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Anlagen -1 - Expeditionen 

Expeditionen im Rahmen des SFB 313: 1991-1993 

Zeitraum Fahrtleiter Expedition Teilprojekte 

1991 

18.02. - 20.03. J. Rumohr POSEIDON 181 A2.,B3 

15.07. - 08.08. A. Altenbach METEOR 17/1 Al, A2, A3, A4, B.2. B3 

08.08. - 31.08. E. Suess METEOR 17/2 M, Bl, B2, B3 

16.05. - 03.06. J. Mienert VALDIVIA 112 Al, Bl, B4 

1992 

05.06. - 28.06, R. Henrich METEOR 21/4 A2, B3, A3, Bl 

29.06. - 24.07. G.Graf METEOR21/5 Al, Al, A4, Bl, B2, B3 

20.08. - 17.09. J. Mienert LIVONIA Ill 

12.10. - 29.10. J. Rumohr POSEIDON 196 A2 



Anlagen - 2 - Dissertationen 

Aheeschlossene Dissertationen 1991-1993 

TP Al 

VoB, Maren: Raumliche und zeitliche Verteilung stabiler Isotope (Delta 15 N, Delta 13 C) in 

suspendierten und sedimentierten Partikeln im Nordlichen Nordatlantik. 

TP A2 

Blaume, Frank: Hochakkumulationsgebiete am norwegischen Kontinentalhang: Sedimentologische 

Abbilder Topographie-gefiihrter Stromungsmuster. 

Wagner, Thomas: Organisches Material in pelagischen Sedimenten: Glaziale/Interglaziale V ariationen 

im Europaischen Nordmeer. 

TP A3 

Thies, Andrea: Die Benthos-Foraminiferen im Europaischen Nordmeer. 

Thomsen, Laurenz: Untersuchungen zur Bodennepheloidschicht am westlichen Barents See 

Kontinentalhang. 

TP A4 

Koster, Marion: Mikrobieller Abbau von organischem Material an Grenzzonen. 

Paetsch, Hanno: Sedimentation im Europaischen Nordmeer: Radioisotopische, geochemische und 

tonmineralogische Untersuchungen spatquartarer Ablagerungen. 

TP 82 

Bauch, Henning: Planktische Foraminiferen im Europaischen Nordmeer - Ihre Bedeutung fi.ir die 

palaoozeanographische Interpretation wahrend der letzten 600.000 Jahre. 

Struck, Ulrich: Zur Palao-Okologie benthischer Foraminiferen im Europaischen Nordmeer wahrend 

der letzten 600.000 Jahre. 

Weinelt, Mara: Veranderungen der Oberflachenzirkulation im Europaischen Nordmeer wahrend der 

letzten 60.000 Jahre - Hinweise aus stabilen Isotopen. 



Anlagen - 3 - Dissertationen 

Laufende Dissertationen 

TP Al 

Haupt. Olaf: Entwicklung von Modellansatzen zum biologisch medierten FluB von organischem 

Kohlenstoff und Stickstoff im Europaischen Nordmeer. 

Peeken, Ilka: Modifi.kation von Marker-Pigmenten im pelagischen Nahrungsnetz des Europaischen 

Nordmeeres und ihre Abbildung im vertikalen PartikelfluB. 

Reitmeier, Sven: Der EinfluB des Mikrozooplanktons auf den Stoffumsatz im Pelagial hoher Breiten. 

Richter, Claudio: Saisonale Veranderlichkeit des Zooplanktons in der zentralen Gronlandsee. 

Thomsen, Claudia: Verfolgung pelagischer Prozesse mit Hilfe von biochemischen Komponenten am 

Beispiel der Alkenone (C37:3, C37:2). 

Zeller, Ute: Vorkommen und Sekundarproduktion herbivorer Zooplankter im Europaischen 

Nordmeer. 

TP A2 

Goldschmidt, Peter: Lithologie von Sedimentkemen der letzten zwei Glazial/lnterglazial-Zyklen im 

Europaischen Nordmeer. 

Michels, Klaus: Rekonstruktion mit Hilfe von Sinkgeschwindigkeitsverteilungen der Sandfraktion 

zur Bilanzierung des vertikalen und lateralen Partikelflusses. 

TP A3 

Juterzenka, Karen von: Untersuchungen zur Bedeutung von Schlangenstemen (Ophiuroidea, 

Echinodermata) fi.ir den Stoff- und PartikelfluB in der bodennahen Grenzschicht. 

Ritzrau, Will: Produktion und Modifikation von Partikeln durch Mikroorganismen in der bodennahen 

Grenzschicht. 

Witte, Ursula: Reproduktion und metabolische Aktivitat von Tiefseeschwammen im nordlichen 

Nordatlantik. 

TP A4 

Bussmann, Ingeborg: Untersuchungen zur Verbreitung und Aktiitat von methanoxidierenden 

Bakterien an Methanquellen. 

MaaBen, Jorg: Beschreibung von Transportprozessen an Hand von Biomarkem in partikularem 

Material 



An la gen -4- Dissertationen 

TP 81 

Bobsien, Michael: Entwicklung eines hochfrequenten Ozeanbodenseismometers und erste 

Messungen. 

Chi, Jian: Entwicklung eines Multi-Sensor-Core-Loggers - Vermessungen und lnterpretationen der 

erhaltenen Kemdaten. 

Hollender, Franz-Josef: Bearbeitung und Interpretation digitaler Parasound-, Seismik- und 

Seitensicht-Sonardaten. 

TP 82 

Jung, Simon: Wassermassenaustausch zwischen Norwegisch-Gronlandischer See und Nordatlantik 

im Spatquartiir. 

Nees, Stefan: Die Reaktion benthischer Foraminiferen auf schnelle Klimawechsel. 

TP 83 

Andruleit. Harald: Aktuopalaontologische Untersuchungen zu Verbreitung und VertikalfluB von 

Coccolithophoriden sowie ihre raumlich-zeitliche Entwicklung im Jungquartiir des 

Europaischen Nordmeeres. 

Baumann, Astrid: Aktuopalaontologische Untersuchungen zu Verbreitung und VertikalfluB von 

Dinoflagellaten-Zysten sowie ihre raumlich-zeitliche Entwicklung im Jungquartar des 

Europaischen Nordmeeres. 

Kohly, Alexander: Aktuopalaontologische Untersuchungen zu Verbreitung und VertikalfluB von 

Diatomeen sowie ihre raumlich-zeitliche Entwicklung im Jungquartiir des Europaischen 

Nordmeeres. 

Schroder, A: Aktuopalaontologische Untersuchungen zu Verbreitung und Vertikalflu8 von 

Radiolarien sowie ihre raumlich-zeitliche Entwicklung im Jungquartiir des Europaischen 

Nordmeeres. 

TP 84 

Haupt, Bernd: Numerische Modellierung der Palao-Sedimentation im nordlichen Nordatlantik. 

Schafer-Neth, Christian: Numerische Modellierung der Palao-Ozeanographie im nordlichen 

Nordatlantik. 



Anlagen 

1991 

Prof. Dr. William Hay 

Cooperative Institute for Research 

in Environmental Sciences, 

- 5 -

Gastforscher im SFB 313 

01.01. - 30.06. 

University of Colorado, Boulder USA 

Prof. Dr. Barry Hargrave 

Bedford Institute of 

Oceanography, Dartmouth, 

Kanada 

1992 

Dr. Xiuming Liu 

Geomagnetism Laboratory 

University of Liverpool 

Liverpool, GB 

Prof. Dr. William Hay 

Dr. William Ambrose 

East Carolina University 

Greenville, USA 

1993 

Prof. Dr. Dan Seidov 

Akademie der Wissenschaften 

Moskau, GUS 

Prof. Dr. Anna Szaniawska 

Universitat Danzig 

Polen 

15.03. - 30.04. 

01.04. - 30.06. 

01.11. - 31.12. 

11.11. - 16.11. 

01.01. - 30.04. 

28.03. - 07 .04. 

Gastf orscher 

TPB2 

TPAl 

TPBl 

TPB2 

TPA3 

TPB4 

TPA3 



Anlagen - 6 - Kolloquiumsvortrage 

SFB-Kolloquiumsvortrih:e 1991-1993 

05.04.91 

Winter, A., Department of Marine Sciences, University of Puerto Rico: Coccolithophores and 

Global Change. 

11.04.91 

Hargrave, B., Bedford Institut, Kanada: Biogeochemical Investigations in the Arctic Ocean. 

12.04.91 

Hargrave, B., Bedford Institut, Kanada: Importance of Basins for Cycling of Organic Matter on 

Continental Shelves. 

19.04.91 

Goldschmidt, P., SFB 313: Stammen "Sediment Pellets" aus Meereis oder aus Eisbergen? 

26.04.91 

Emeis, K., GPI: Pyrolyse-Gaschromatographie und Py-GC-Massenspektroskopie von marinen 

Sedimenten. 

03.05.91 

v. Bodungen, B., Rumohr, J., Scholten, J. , SFB 313: Erste Ergebnisse der Poseidon-Ausfahrten 

173/2 und 181. 

17.05.91 

VoB, M. , SFB 313: Tragen stabile Isotope (13C, 15N) in der organischen Substanz Informationen 

Uber pelagische Prozesse? 

24.05.91 

MatthieBen, J., GEOMAR: Organische Mikrofossilien im Spatquartar des Europaischen 

Nordmeeres. 

31.05.91 

Piepenburg, D., IPO: Benthische Besiedlungsmuster in arktischen Meeresgebieten - Ergebnisse 

und Perspektiven der Untersuchungen des Instituts fiir Polarokologie. 

07.06.91 

Thomsen, C., Schulz. D ., SFB 313: Erste Ergebnisse der Biomarker-Untersuchungen der Meteor 

Ausfahrt 13/2. 

14.06.91 

Thomsen, L., Linke, P., Graf, G., SFB 313: Flilsse zwischen Bodennepheloidschicht und 

Sediment- erste Ergebnisse vom Bareninselprofil der Sommer- und Winterexpedition Ml3 und 

Pl81. 

21.06.91 

Karpuz, N., Geologisches Institut der Universitat Bergen: Surface sediment diatom distribution 

and Holocene paleotemperature variations in the Gin-Sea. 



Anlagen - 7 - Kolloquiumsvortrage 

28.06.91 

Henrich, R., GEOMAR: Erste geologische Ergebnisse der Polarstem-Ausfahrt VIJ/1. 

Wagner, T., SFB 313: Organische Substanzen in glazial/interglazialen Ablagerungen aus dem 

Europaischen Nordmeer, Voring Plateau. 

05.07.91 

Mienert, J., PreuB, H., Bobsien, M., Chi, J., SFB 313: Vorstellung der Arbeitsgruppe aus dem 

TP B 1: Bearbeitung von hochfrequenten akustischen Daten und ihre Anwendung in der 

Palaoozeanographie. 

12.07.91 

Fabry, V., International Laboratory of Marine Radioactivity, Monaco: Aragonite Fluxes and stable 

isotopic composition of shelled Pteropods in the Sargasso Sea. 

26.08.91 

Fry, B., MBL Woods Hole, USA: DOC metabolism in a salt-marsh estuary. 

04.10.91 

Seidov, D., Akademie der Wissenschaften Moskau: Numerical modelling in the field of physical 

paleoceanography (modelling of the ocean paleocirculation). 

11.11.91 

Hiittel, M., IPO: Bioturbation, Biorauhigkeit und Nischenbildung in marinen Weichboden. 

13.12.91 

Reitner, J., FU Berlin: Benthos-Zonierungen der Vesterisbanken-See (NE-Gronland-See). 

14.02.92 

Koeve, W., lfM: Why care about New Production? 

28.02.92 

Ritzrau, W., SFB 313: EinfluB von Resuspension und Turbulenz auf Bakterien. 

06.03.92 

Thomsen, L., SFB 313: Bodennepheloid-Charakteristika am westlichen Barentssee­

Kontinentalhang. 

13.03.92 

Scholten, J. , SFB 313: Radionuklide in Sedimenten: Tracer filr PartikelfluB und Verweilzeiten von 

W assennassen !? 

20.03.92 

Gerlach, S.A., lfM: GroBenspektren und Bioturbationspotential der Makrofauna auf dem Voring­

Plateau. 

27.03.92 

Haupt, B., Schafer-Neth, C., SFB 313: Drei- und eindimentionale Modelle der Zirkulation und 

Sedimentation im Europaischen Nordmeer - Stand der Dinge im TP B4. 

03.04.92 

Thiede, J., GEOMAR: Die ARKTIS 91 Expedition. 

10.04.92 



Anlagen - 8 - Kolloquiumsvortrage 

Bauch, H., SFB 313: Palao-ozeanographische Bedeutung subpolarer Fauna in der Termination II. 

08.05.92 

Weinelt, M., SFB 313: Schmelzwasserpulse im Nordmeer- zeitliche und raumliche Verteilung. 

15.05.92 

Ramseier, R., A WI Bremerhaven: Femerkundung von Meereseis mit Mikrowellen. 

22.05.92 

Liu, X., University of Liverpool: Rockmagnetic properties of Chinese loess and its paleoclimatic 

significance. 

13./14.11.92 

Berichtskolloquium des SFB 313 

30.11.92 

Eisenhauer, A., Heidelberg: Rekonstruktion holozaner Meeresspiegel-Schwankungen aus UfTh 

(TIMS) und 14C (AMS)-Datierungen an Korallen von den Abrolhos-Inseln (W-Australien). 

11.12.92 

Thomm, M., Inst. f. allm. Mikrobiologie: Archabakterien: Stoffwechsel und ihr Beitrag zum 

Kreislauf des Schwefels und Kohlenstoffs in marinen Hydrothennalsystemen und Sedimenten. 

18.12.92 

Hay, W., GEOMAR: Wasserbilanz der Arktis wahrend der letzten Vergletscherung und wahrend 

des Eisrilckganges. 

15.01.93 

Gradinger, R., IPO: Die Biologie im Eisrandbereich. 

22.01.93 

Rumohr, J., GEOMAR: Der ostgronlandische Kilstenstrom flieBt im Sommer nach Norden. 

29.01.93 

Fu, S., GPI: Lebensspuren a1s palao-ozeanographische Indikatoren: ein Beispiel vom Island­

Faroer-Rilcken. 

05.03.93 

Michels, K., SFB 313: KomgroBenbetrachtungen zum Sedimenttransport. 

Locker, S., SFB 313: Plankton und Tephraereignisse wahrend der letzten Deglaziation in der 

Norwegischen See. 

12.03.93 

von Juterzenka, K., SFB 313: Schlangensterne im Europaischen Nordmeer - welche Rolle spielen 

sie filr Stoffumsatz und Partikeltransport. 

Ritzrau, W., SFB 313: Northeast water polynia 92 - Erste Ergebnisse 



Anlagen - 9 - Koll(X}uiumsvortrage 

19.03.93 

Haupt., 0., SFB 313: Okosystemmodelle im Europaischen Nordmeer. 

Struck, U. SFB 313: Was erzahlen uns die benthischen Foraminiferen Uber Palao-Okologie und 

Palao-Ozeanographie 

26.03.93 

Blaume, F., SFB 313: Advektion in der Norwegischen See. 

31.03.93 

Stein, R., A WI Bremerhaven: Sedimentationsprozesse und Palaoozeanographie am 

ostgronlandischen Kontinentalhang - Laufende und geplante Untersuchungen am A WI 

02.04.93 

Thomsen, C., SFB 313: Verfolgung pelagischer Prozesse mit Hilfe von biochemischen 

Komponenten am Beispiel der Alkenone (C37:3, C37:2). 

Nees, S., SFB 313: Das Abbild dynamisch klimatischer Prozesse in der benthischen 

Foraminiferen-Fauna. 

07.05.93 

Reitmeier, S., SFB 313: EinfluB des Mikrozooplanktons auf den Stoffumsatz im Pelagial hoher 

Breiten. 

14.05.93 

Hollender, F.-J., SFB 313: Untersuchungen des ostgronlandischen Kontinentalhangs mit dem 

Weitwinkel-Seitensicht-Sonar "GLORIA". 

28.05.93 

Schroder, A., Kohly, A., SFB 313: Sedimentation kieseliger Planktonorganismen im 

Europaischen Nordmeer: Ein Vergleich aus Sinkstoffallen der Gronlandsee und der 

Norwegensee. 



Anlagen - 10- SFB-Berichtskolloquium 

BERICHTSKOLLOQUIUM AM 13. UND 14. NOVEMBER 1992 IN KIEL 

Ort: Institut fur Meereskunde {HOrsaal), Dusternbrooker Weg 20 

PROGRAMM 

Freitag, den 13. November 1992 

9.00 - 9.15 Uhr Begrugung durch den 
Dekan der Mathem.-Naturwiss. Fakultat 
und die Sprecherin des SFB 313 

BLOCK I: "PARTIKELBILDUNG, -MODIFIKATION UND -SEDIMENTATION: 
REZENT UND FOSSIL" 

9 . 15 - 11. 4 5 Uhr 

P. Wassmann: 
(TromsO) 

D. Hebbeln: 
{Bremen) 

E. Bauerfeind: 

D. Schulz-Bull: 

A. Schroder: 

A. Kohly: 

vortrage 

Pelagic-benthic coupling and advection in the 
Barents Sea. (30 min) 

EinfluB der Eisbedeckung auf die rezente und 
die spatquartare Sedimentation in der Fram­
Strage. (20 min) 

Pelagische Systeme und Sedimentationsmuster: Ein 
Vergleich GrOnlandische See - Norwegische See. 
(20 Min) 

Biomarker im partikularen Material aus dem 
n6rdlichen Nordatlantik. (20 min) 

Uber die Komplexitat der Planktongemeinschaften 
in der Wassersaule und ihrem Abbild im Sediment 
- Kritische Betrachtung an vier ausgewahlten 
Planktongruppen. (20 min) 

Diatomeen- und Radiolarien-Flux in der GrOnland­
see - Vergleich der Arten-Assoziationen in der 
wassersaule und im Sediment. (15 min) 

11.45 - 12.45 Uhr Postersession mit Kaffee 
{Konferenzraum) 

12.45 - 14.00 Uhr Mittagessen {Restaurant Seeburg) 



Anlagen - 11 - SFB-Berichtskolloquium 

BLOCK II: "PROZESSE UND BILANZEN DES BODENNAHEN 
SEDIMENTTRANSPORTES" 

14. 00 - 16.30 Uhr 

J. Meineke: 
(Hamburg) 

J. Jungclaus: 
(Hamburg) 

F. Blaume: 

J. Rumohr: 

T. Wagner: 

J. Scholten: 

F.-J. Hollender: 

J. Mienert: 

16.30 - 18.00 Uhr 

Vortrcige 

Die Rolle des Europciischen Nordmeeres im 
Klimasystem. (20 min) 

Zirkulation, Tiefenwasserbildung und Ausbreitung 
auf dem Barentssee-Schelf. (20 min) 

Topographisch-gesteuerte Sedimenttransport­
prozesse in hohen Breiten. (20 min) 

Sedimentologische Dokumentation topographisch­
gesteuerter Sedimenttransportprozesse in hohen 
Breiten. (20 min) 

Organisches Material in glazial/interglazialen 
Ablagerungen des Europciischen Nordmeeres. 
(20 min) 

Einflug des lateralen Sedimenttransportes auf 
die Sedimentakkumulation in der Norwegischen See 
wcihrend der letzten 300.000 Jahre: Bilanzierung 
aufgrund des 230Th-Flusses. (20 min) 

Untersuchung des Meeresbodens und seiner 
sedimentphysikalischen Eigenschaften mit Hilfe 
der Analyse von akustischen Signalen (GLORIA, 
Parasound). (20 min) 

zur holozcinen Entwicklung des ostgronlcindischen 
Kontinentalhanges. (20 min) 

Abschliegende Diskussion 

Postersession mit Kaffee 

Anschliegend: gemeinsames Abendessen in der "Forstbaumschule" 



Anlagen - 12 - SFB-Berichtskolloquium 

Sonnabend, den 14. November 1992 

BLOCK III: "BENTHISCHE BESIEDLUNGSMUSTER UND ABBAUPROZESSE: 
REZENT UND FOSSIL" 

9.00 - 11.30 

w. Ambrose: 
(Greenville/USA) 

P. Linke: 

M. K6ster: 

H.D . Schulz: 
(Bremen) 

L. Thomsen: 

D. Piepenburg: 

U. Struck: 

vortrage 

Benthic processes in the new water polynya. 
(25 min) 

Reaktion einer benthischen Tiefseegemeinschaft 
auf einen simulierten Nahrungspuls. (10 min) 

Mikrobieller Abbau und Ablagerung von orga­
nischem Material in Sedimenten der Barentssee. 
(10 min) 

Stoff-Umsatzraten in oberflachennahen Sedimenten 
des Sudatlantik. (25 min) 

Untersuchungen zur Bodennepheloidschicht am 
westlichen Barentssee-Kontinentalhang. (10 min) 

Besiedlungsmuster und Lebensformen der 
benthischen Makrofauna in Beziehung zur Boden­
nepheloidschicht. (15 min) 

Das Abbild fossiler Foraminiferen-Faunen in 
spatquartaren Sedimenten. (10 min) 

11 . 30 - 12.30 Uhr Postersession mit Kaffee 
Konferenzraum 

12 . 30 - 14.00 Uhr Mittagessen (Restaurant Seeburg) 



Anlagen - 13 - SFB-Berichtskolloquium 

BLOCK IV: "PALAO-OZEANOGRAPHIE UND PALAOKLIMA IN VERSCHIEDENEN 
ZEITSCHEIBEN" 

14.00 - 16.10 Uhr 

E. Jansen: 
(Bergen) 

vortrage 

Dynamics of ocean circulation changes in the 
GIN seas. (20 min) 

D. Seidov et al.: Toward a better understanding of the melt-
(Kiel/Moskau) water event near 13.6 ka - A numerical 

modelling approach. (15 min) 

c . Schafer-Neth et al.: Stromungsmuster im Nordatlantik, rezent 
und letzte Maximalvereisung: Erste Ergebnisse 
mit dem SCINNA-Modell. (15 min) 

M. Hald: 
(Tromso) 

A. Baumann: 

16.15 - 17.15 Uhr 

Barents Sea paleoceanography over the past 
30,000 years. (15 min) 

Raum-zeitliche Verteilung von Planktonzonosen 
im Jungquartar des nordlichen Nordatlantik. 
(15 min) 

Postersession mit Kaffee 

17.15 - 17.45 Vortrag 

A. Altenbach: Rezente und fossile Verbreitungsmuster 
benthischer Foraminiferen im Europaischen 
Nordmeer: Abbildung der Dynamik der Ober­
flachenwassermassen. (20 min) 



Anlagen - 14 - SFB-Berichte 

Berichte aus dem Sonderforschungsbereich 313 

1) Thiede, J., Gerlach, S.A., Wefer G.: Sedimentation im Europaischen Nordmeer, Organisation 
und Forschungsprogramm des Sonderforschungsbereichs 313 filr den Zeitraum 1985-1987. Ber. 
Sonderforschungsbereich 313, Univ. Kiel, Nr. 1, 1-110, 1985 

2) Peinert, R.: Saisonale und regionale Aspekte der Produktion und Sedimentation von Partikeln irn 
Meer. Ber. Sonderforschungsbereich 313, Univ. Kiel, Nr. 2, 1-108, 1986 

3) Bathmann, U.V.: Zooplanktonpopulationen dreier nordatlantischer Schelfe: Auswirkungen 
abiotischer und biotischer Faktoren. Ber. Sonderforschungsbereich 313, Univ. Kiel, Nr. 3, 1-93, 
1986 (Vergriffen) 

4) Gerlach, S.A., Thiede, J., Graf, G., Werner F.: Forschungsschiff Meteor, Reise 2 vom 19. Juni 
bis 16. Juli 1986; Forschungsschiff Poseidon, Reise 128 vom 7. Mai bis 8. Juni 1986. Berichte 
der Fahrtleiter. Ber. Sonderforschungsbereich 313, Univ. Kiel, Nr. 4, 1-140, 1986 (Vergriffen) 

5) Gerlach, S.A., Theilep, F., Werner, F.: Forschungsschiff Poseidon, Reise 119 vom 16. Juli bis 
1. August 1985, Forschungsschiff Poseidon, Reise 120 vom 4. August bis 20. August 1985, 
Forschungsschiff Valdivia, Reise 201-48A vom 17. Juli bis 31. Juli 1986, Forschungsschiff 
Poseidon, Reise 137 vom 3. Februar bis 20. Februar 1987. Berichte der Fahrtleiter. Ber. 
Sonderforschungsbereich 313, Univ. Kiel, Nr. 5, 1-94, 1987 

6) Altenbach, A.V., Lutze, G.F., Weinholz, P.: Beobachtungen an Benthos-Foraminiferen 
(Teilprojekt A3). Ber. Sonderforschungsbereich 313, Univ. Kiel, Nr. 6, 1-86, 1987 (Vergriffen) 

7) MeiBner, R., Samthein, M., Thiede, J., Walger, E., Werner, F.: Zur Sedimentation in Borealen 
Meeren: Sedimentverteilung am liuBeren Kontinentalrand vor Nordnorwegen (Pilotstudie Teil B). 
Ber. Sonderforschungsbereich 313, Univ. Kiel, Nr. 7, 1-144, 1988 (Vergriffen) 

8) Thiede, J., Gerlach, S.A., Altenbach, A., Henrich R.: Sedimentation irn Europaischen 
Nordmeer. Organisation und Forschungsprogramm des Sonderforschungsbereiches 313 ftir den 
Zeitraum 1988-1990. Ber. Sonderforschungsbereich 313, Univ. Kiel, Nr. 8, 1-211 1988 
(Vergriffen) 



Anlagen - 15 - SFB-Berichte 

9) Behrmann, G.: Zur Sedimentation von biogenem Opal im nordlichen Nordatlantik und dem 

Europaischen Nordmeer (DSP/ODP- Bohrungen 408, 642, 643, 644, 646 und 647). Ber. 

Sonderforschungsbereich 313, Univ. Kiel, Nr. 9, 1-221, 1988 (Vergriffen) 

10) Hirschleber, H., Theilen, F., Balzer, W., von Bodungen, B., Thiede, J.: Forschungsschiff 

Meteor, Reise 7, vom 1. Juni bis 28. September 1988. Ber. Sonderforschungsbereich 313, Univ. 
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Discussion 

S. Summary 

Microzooplankton form an integral component of pelagic food chains in the East Greenland 

Sea. Using experimental techniques to determine rate processes between microzooplankton, 

their predators and prey, it was possible to demonstrate a close coupling of the three 

communities, which characterized pelagic food web dynamics during summer and autumn in 

the investigation area. High rates of microzooplankton herbivory did not lead to increases in 

their standing stocks, but served rather as a link of phytoplankton carbon to higher trophic 

levels. Although they constituted less than 4 % of total biomass in the euphoric zone, their high 

turnover rates established them as dominant members of the pelagic food web in the 

investigation area. 

The species composition of microzooplankton in the East Greenland Sea was dominated by 

naked ciliates and heterotrophic dinoflagellates, with tintinnids comprising less than 10 % of 

total number. Although the same genera were represented in both June/July 1989 and 

August/September 1990, species diversity was significantly higher during the latter 

investigation. Copepod nauplii, present among the microzooplanton in August/September 1990, 

were absent in June/July 1989. 

Rates of herbivory of microzooplankton were measured by the seawater dilution technique of 

Landry and Hassett (1982), and amounted to between 21 - 39 % and 10 -39 % of chl a standing 

stocks.on a daily basis. A modification of this technique using HPLC analysis of algal pigments 

in August 1990 showed processes of selective grazing among the algae. High rates of 

consumption of dinoflagellates and prymnesiophytes were seen. 

Additionally, the rate of consumption of microprotozoans by copepods of the dominant species, 

Ca/anus hyperboreus, was investigated, and amounted to ea. 18 % of microprotozoan standing 

stocks per day in the upper 25 m of the water column. 

In controlled laboratory experiments the degradation of algal pigments by microprotowan 

grazers was investigated using HPLC analysis. A rapid and complete degradation of chl a was 

seen in all experiments, accompanied by the transitional accumulation of intermediate 

breakdown products. Degradation of algal carotenoids occurred at rates different from those for 

chi a, altering the Chl:Carotenoid ratio during the experiments. It is postulated that 

microprotozoans could be a major pathway for the loss of chl a in marine environments. 
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Discussion 

The production of faecal particles by microzooplankton was investigated in a field population 

using fluorescent microspheres as tracer, as well as in culture experiments in the laboratory. 

Among the microzooplankton assemblage me~oans such as copcpod nauplii were the only 

producers of aggregated particles; no pellet fonnation was seen by protozoan grazers in either of 

the experiments. 

An analysis of sediment trap material does not accurately reflect heterotrophic processes within 

the euphoric zone, as seen by the absence of dominant members of the microzooplankton 

community. Shipboard and laboratory experimentation are thus essential in understanding the 

processes which lead to retention of organic carbon or its loss to deeper water layers. 

Finally, it was seen that microzooplankton play a dual role in the export of organic matter from 

the productive layer of the ocean. Due to their small size and negligible aggregation of ingested 

particles, they hinder expon processes, leading rather to the retention of particles and essential 

nutrients in the euphoric zone. This is countered by their trophic role as a significant link in the 

transfer of small particles to larger metazoans, which arc capable of enhancing sedimentation by 

the formation of large faecal aggregates. The degree of coupling between the microzooplankton, 

their predators and prey, is thus seen to play an imponant role in the relationship between 

prcxiuctivity and export. 
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Abundance, encystment and sedimentation of acantharia during 
autumn 1990 in the East Greenland Sea 

Avan N.Antia, Eduard Bauerfeind, Bodo v.Bodungen and Ute Zeller 

SFB 313 der Universitiit Kiel, Heinrich Hecht Plat: JO, Olshausenstraf3e .JO, 2300 
Kiel, FRG 

Abstract. The abundance and sedimentation of acantharia and their cvsts was recorded in the water 
column and sediment traps in the East Greenland Sea in August-September 1990. Although 
acantharia constituted < l % of total suspended particulate organic carbon (POC) in the water 
column. up to 90% (average 55%) of the POC sedimenting in 100 m was present in the form of 
acantharian cysts during a 9 day drift experiment. Rapid dissolution of strontium sulphate. of which 
their shells and spines are constructed. was evidenced by their disappearance with depth in the water 
column. maximum dissolution occurring betwc:en 500 and 1000 m water depth. Mass encystment and 
sedimentation of this single group of sarcodine protozoa can have dramatic effects on, the 
mc:asurement of particulate tluxes in the open ocean. and may be a recurrent phenomenon in the 
eastern North Atlantic. 
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Copepod grazing potential in late winter 
in the Norwegian Sea - a factor in the control 

of spring phytoplankton growth? 

U. V. Bathmann1, T. T. Noji2 , B. von Bodungen3 

1 Alfred-Wegener·lnstitut fur Polar- und Meeresforschung, Am Handelshafen 12, D-2850 Bremerhaven, 
Federal Republlc of Germany 

2 Marinebiologlsk Avdeltng, Marine Biology Department, Boks 2550 Ser Tromseya, N-9001 Tromse, Norway 
3 Sonderforschungsberelch 313, Universitit Kiel, Olshausenstr. 40, D-2300 Kiel, Federal Republic of Germany 

ABSTRACT: During a winter cruise in the Norwegian Sea, vertical distribution of zooplankton as well as 
grating and defecation by calanoid copepods from different water layers were investigated. An 
enriched population of natural phytoplankton(> 4 µg chl a 1- 11 served as food in grating and defecation 
experiments. Results from chl a measurements and cell counts of the food medium before and after 
incubation with copepods as well as from HPLC analyses of copepod gut contents and scanning electron 
microscopy of the faecal pellets collected during these experiments revealed that copepods from the 
upper water layer (0 to 200 m) were potential active feeders. Copepods from the water layers of their 
maximum abundance (below SOO m) ·did not feed. Results implied that grating of copepods already 
present in surface waters (surface overwinters) in late winter/early spring is a vital factor affecting the 
pelagic biological regime in spring. 
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Sedimentation of pteropods in the Norwegian Sea in autumn 

ULRICH V . B ,HHMANN, .. ToM T . Nont and Booo VON BoouNGENt 

(Received 8 June 1990; in revised form 9 January 1991; accepted 15 January 1991) 

Abstract-Pteropod vertical distribution on the V0ring Plateau (eastern Norwegian Sea) was 
recorded during a 3 week drifting experiment during August 1988. Parallel to sampling of 
hydrographical. chemical and biological properties of the water column. sediment traps recorded 
venical pelagic tlux at five depth strata. Pteropods ( Limacina retroversa) dominated the zooplank­
ton and reached maximum values (> 13.600 individuals m-3) in the upper 25 m of the water 
column: the size spectrum shifted from small ( <1 mm) towards large (>3 mm) specimens during 
the study . 

Vertical tlux at 100 m depth increased from 600 mg dry weight m-1 day- 1 to 1000 mg dry weight 
m-1 day- 1 at the end of the experiment. Trap material during the first sampling intervals consisted 
primarily of phytoplankton and protozoans aggregated within pteropod feeding nets. Thereafter. 
the increase in tlux rates was associated with empty shells of pteropods in che size class 1-3 mm 
indicacing mortalicy prior to mass sinking. Particle tlux during the investigation period totalled 
0.2 g organic C m-1 and l..l g carbonate m- 1 equivalent to 8 and 15% of annual tlux recorded in che 
area in 1988. Through their feeding. reproduction and subsequent mortality pteropods were the 
main concributors to venica l panicle flux in the eastern Norwegian Sea during 1988. 
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Pelagic origin and fate of sedimenting particles in the 
Norwegian Sea 

ULRICH v. BATHMANN1
, ROLP f>EINERr, THOMAS T. Non2 and Bono V. 

BoouNGEN2 

!Alfrtd-WtgtMr-lnstitutfur Polar- und Mttrtrforschung. Am Haridelshaftn 12, D-2850, Brtmer­
havtn, FRG 

1SoNk,forschungsbtrtich JJJ, Olshaustnstr. 40, D-2300 Kiel J, FRG 

Abstract-A 17 month record of vertical particle flux of dry weight, carbonate and organic carbon 
were 25.8, 9.4 and 2.4g.m·ly1• respectively. Parallel to trap deployments, pelagic system structure was 
recorded with high vertical and temporal resolution. 

Within a distinct seasonal cycle of vertical particle flux. zooplanku>n faecal pellets of various 
sizes, shapes and contents were collected by the traps in different proportions and quantities 
throughout the year (range: 0-4,500 1Qlm·1d·1). 1be remains of different groups of organisms showed 
distinct seasonal variations in abundance. In early summer there was a small maximum in the diatom 
flux and this was followed by pulses of tinntinids, radiolarians, foraminiferans and ptcropods 
berween July and November. 

Food web interactions in the water column were important in controlling the qualiry and quantiry 
of sinking materials. For example, changes in the population saucture of dominant herbivores, the 
bfealt-00wn of regenerating summer populations of microflagellates and procozooplanlaon and the 
collapse of a pteropod dominated community. each resulted in marked sedimentation pulses. 

These data from the Norwegian Sea indicate those mechanisms which either accelerate or 
cowueract lou of material via sedimentation. These involve variations in the structure of the pelagic 
system and they operate oo long (e.g. annual plankton succession) and short (e.g. the end of new 
production, sporadic grazing of swum feeders) time scales. Connecting investigation of the water 
colWM with a high resolution in time in parallel with drifting sediment trap deployments and 
shipboard experiments with the dominant zooplankters is a promising approach for giving a better 
understanding of bod\ the origin and the fate of material sinking to the sea floor. 



Abstract 

Particle flux and composition of sedimenting matter in the Greenland Sea 

E. Bauerfeind, B. v. Bodungen, K. Arndt & W. Koeve. 

SFB 313, Christian Albrechts Universitiit, Kiel, 
Heinrich Hecht Platz 10, D 2300 Kiel. Germany 

Sedimentation of particulate matter to deeper layers was recorded by means of moored sediment 
traps in the partially ice covered region of the Greenland Sea at 72° N during 1988/1989. Annual 
sedimentation to 500m amounted to 22.79, 8.55, 2.39, 3.81 and 0.51 gm-2 of dry weight, carbonate, 
particulate silicate, particulate carbon and particulate nitrogen, respectively. The seasonal pattern of 
sedimentation revealed an increase in sedimentation in April, a peak in May-June and constantly 
high sedimentation rates during summer ( 100 mg m-2d-1 ). Several Thalassiosira species were 
the dominant diatoms during the high sedimentation period. High of small pennate algae, which 
dominated the species composition in April, were also present. The increasing flux of biogenic 
particles in April is indicative of a start of enhanced algal growth in early spring. During May-June, 
up to 22% of the Thalassiosira cells observed in the traps were viable looking cells. From this and 
the shifted pattern of faecal pellet flux which peaked after the high sedimentation period, we 
conclude that sedimentation of diatoms was mainly due to the formation of aggregates. From the 
flux of particulate silicate a potential diatom production of 6.4 g C m-2 during the spring period was 
estimated, which amounts to 25 % of new production in the same period. From this we conclude 
that a considerable part of phytoplankton production in the Greenland Sea during spring is due to 
non-diatomaceous organisms and may not be manifested in the samples of the sediment traps. 

eingereicht zum Druck: J. Mar. Syst. 
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VERTICAL PARTICLE FLUX IN THE NORWEGIAN SEA -

RESUSPENSION AND INTERANNUAL VARIABILITY 
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INTRODUCTION 
Considerable seasonal and regional variations in vertical 
particle flux have been established in the Nordic Seas by 
recent sediment trap deployments in annual moorings 
(Honjo et al. 1988; Bathmann et aL. 1991 : Hebbeln & Wefer 
1991). Seasonal maxima in particle flux of organic carbon are 
generally closely related to annual recurring phytoplankton 
blooms within the physico-chemical growth conditions. i.e. 
stabilisation of the upper water column due to ice-melt and/or 
the establishment of a seasonal thermocline during 
spring/early summer and the consequent depletion of winter 
accumulated nutrients and export of phytodetritus (Peinert 
et aL 1989). 

In the Greenland Sea annual flux rates (dry weight) 
between 2.9 , 60 .5 and 149.9 g m·2 were found at sites in the 
East Greenland Current. Central Fram Strait and West 
Spitsbergen Current respectively (Hebbeln & Wefer 1991). 
The extent of ice-cover and onset of ice-melt were 
predominant in determining amount and seasonably of flux 
events. 
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SAMPLING AND ANALYSIS OF SUSPENDED AND SINKING PARTICLES IN THE NORTHERN NORTH 
ATlANTIC 

Bodo v. Bodungen, Marita Wunsch and Heike Ft\rderer 
Sonderforschungsbcrcich 313, Kiel Univc~ity, Heinrich-Hecht-Platz 10, 02300 Kiel l, FRG 

1. Introduction 

Comparative studies of pelagic system structure and 
related particle flux have been conducted in the 
Norwegian Basin and in the Greenland Sea since 
1986/1987. These studies are part of a so-called 
SONDERFORSCHUNGSBEREICH 313 (Special Res­
earch Project), which is entitled: Changes In The 
Environment: The Northern North Atlantic. The 
program also encompasses investigations of the benthal, 
near-bottom transport, sediment accumulation, and 
biogeochemistry of the sediments as well as geophysical, 
paleoecological and oceanographic studies and modelling 
efforts. The overall goal of this program is to establish 
fluxes of biogenic elements and the related sedimentary 
record in the contemporary northern North Atlantic and 
to interpret glacial/interglacial variations in circulation, 
ventilation and sedimentation in this area. 

Within the framework of this program, vertical 
export of particulate biogenic matter is recorded 
continuously at two time-series stations (70° N 00° W; 
and 73° N 07° W) with sediment traps, which are moored 
in three depth horizons with weekly to monthly sampling 
intervals. In different seasons, selected according to 
recurring patterns in quantity and quality of vertical flux, 
process-oriented studies are carried out with high spatial 
and temporal res9lution [Peinert et al., 1987; Bathmann 
et al., 1990]. 

In this program, sampling and analysis of bioele­
ments are done in accordance with widely used standard 
procedures. The investigations in the Greenland Sea are 
part of the JGOFS program; thus, core measurement 
protocols given for the NORTH ATLANTIC SPRING 
BLOOM STUDY are followed in general [JGOFS 
Report No. 6, 1990]. However, sample handling and 
methods are slightly altered with regard to requirements 
of sampling sites and particular problems addressed. 
Prior to such adaptations improvements versus caveats 
are evaluated carefully. 

Marine Panicles: Analysis and Characterization 
Geophysical Monograph 63 
© 1991 American Geophysical Union. 

2. Water Column Sampling and Sample Handling 

Preferably Niskin bottles mounted on a rosette 
sampler combined with CTD and fluorescence probes 
are used. When two or more water bottles are required 
for a discrete depth horizon, the individual water bottles 
are closed with as little delay as possible on the same 
cast. Continuous in situ recording of fluorescence has 
shown that internal waves can alter the vertical distribu­
tion of chlorophyll a-containing particles on time scales 
of minutes to days (R. Peinert and S. Podewski, Institut 
Meereskunde, Kiel, FRG, unpublished data, Figure 3-3, 
1990). Sampling of the surface layer, therefore, is carried 
out as rapidly as possible to avoid biases in the vertical 
profile due to temporal inhomogeneities. At times and 
locations where strong internal wave action is expected, 
sampling at density horizons may be more appropriate 
than sampling from standard depths. 
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Fig. 3-3. Changes in chlorophyll a (CHIA) over the 
course of one day in 60 m water depth measured with 
a self-contained in situ fluorimeter. The recordings 
were taken at 18° N; 20° W on April 2, 1989 during 
METEOR-Cruise Ml0/1 and data were recorded in 
10 min intervals (Courtesy of Peinert and Podewski). 
The time of day is given on the horizontal axis. 

After recovery of the water bottles, the entire 
contents are drained into a large carboy. Immediately 
thereafter the respective subsamples for the various 
measurements are taken. Agitation of the carboy to 
guarantee an even distribution of particles is gentle to 
avoid de novo formation of particles from dissolved and 
colloidal material. In general samples are not 
prescreened as sieves may retain long diatom chains and 
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CONCHOECIA BOREALIS 

6. ZUSAMMENFASSUNG 

Im Rahmen der Untersuchungen des Sonderforschungsberciches 313 wurden in Jahres- und 
Kurzzeiteinsatzen zur Aufnahme des passiven Ausses von Partikcln durch die Wassersaule 
zeitgeschaltete ~inkstoffallen im Europaischen Nordmeer eingesetzt. 
Durch Schwimmer (aktiv in die Fallen gelangtes Zooplankton), die einen aktiven AuB in die 
Fallenglaser reprasentieren, entstehen bei der Auswenung der Probcn vielfaltigc Problemc. 
In dieser Arbeit wurden Sinkstoffallenprobcn aus einer Kurzzeitverankerung, eines 
Driftexperimentes und Sinkstoffallen aus Jahresverankerungen verschiedener Tiefen und 
Seegebiete auf Haufigkeit und Artenzusammcnsetzung der Schwimmer untersucht. Ziel war 
es dabei, den Anteil des akti:V in die Falle gelangten Zooplanktons (Schwimmer) von dem des 
toten, also passiv in die Falle gesunkcncn, Zooplantons abzuschatzcn. 
In einem zehntagigen Driftexperiment wurden zwei Monofallen in lOOm Tiefe nebcneinander 
eingesetzt, deren Fallenglaser mit vergifteten und unvergifteten Losungen versctzt waren. Das 
Zooplankton hatte in der unvergifteten Falle die Moglichkeit, wieder aus der Falle 
hinauszuschwimmen. Unter der Voraussetzung, daB in bciden Fallen des Drifters gleich viele 
Organismen schwimmen, kann angenommen werden, daB die um 93% geringere Anzahl dcr 
Schwimmer in der unvergifteten gegenilber der vergifteten Falle auf aktives 
Herausschwimmen aus der unvergifteten Falle zurilckzufiihrcn ist. Diescr Antell muB dann in 
der vergifteten Falle als Schwimmer bctrachtet werden. Ein Vergleich der Chlorophyll-~­
Aquivalente aus der unvergifteten und der vergifteten Falle ergab, daB die Schwimmer kein 
Material aus der unvergifteten Falle hinausgetragen hatten. Parallel zum Driftcxperiment 
genommene Multinetzproben lieBen cine Affinitat von Ca/anus hyperboreus zu den 
Sinkstoffallen erkennen. Ca/anus hyperboreus wurde in den Sinkstoffallenprobcn in groBeren 
Prozentanteilen an der Gesamtanzahl der Schwimmer gefunden als in den Prozentantcilen an 
der Zooplanktonabundanz aus der Wassersaule. 
Im Vergleich der Kurzzeitverankerung mit dem parallel eingesctzten Drifter wurden in den 
Sinkstoffallenproben der Kurzzeitverankerung 76% wenigcr Schwimmer gefunden. Dieses 
konnte durch erhohte Turbulenzen an den festvcrankenen Sinkstoffallcn und entsprechendcr 
erhohter Meidung der Fallen durch das Zooplankton gcgenilbcr der driftenden Falle 
hervorgerufen werden. Zusatzlich konnen mesoskalige Unterschicde in Menge und 
Zusammensetzung der Zooplanktonpopulation filr diese Befunde von EinfluB sein. 
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FUr den Jahreseinsatz wurden die Infonnationen aus der Litcratur Uber die saisonale 
Vertikalvertcilung der einzelnen Zooplanktonarten mit den Ergebnissen aus den 
Sinkstoffallenproben der Jahresverankcrungcn verglichen. Dabci wurden bestirnmte 
Copepoden- und Amphipodenarten bezUglich der in unterschiedlichen Tiefen eingesetzten 
Sinkstoffallen ganzjahrig gefunden. Wurdc in ciner Sinkstoffallc Zooplankton gefunden, 
<lessen vertikale Verbreitung nicht bis in die Einsatztiefe der Falle reicht, konnte dieses 
Zooplankton dern passiven PartikelfluB zugeordnet werden. Durch ungeni.igende 
Infonnationen Uber die saisonale Venikalvertcilung des in den Sinkstoffallen gefundenen 
Zooplanktons im Untersuchungsgebiet war· dies nur in einem Fall moglich. Die 
Vertikalveneilung von Limacina retroversa (Pteropoda) wurdc in der Literatur als 
oberflachennah beschriebcn, in den Sinkstoffallen wurden jedoch in 500m (Norwegische und 
Gronlandischc See) einige Individuen gefunden, die daher dem passiven PartikelfluB 
zugcordnct werdcn konntcn. Fi.ir allc andcrcn in den Sinkstoffallenprobcn gcfundenen 
Zooplanktonartcn konntc aufgrund von Infonnationen aus anderen Secgebicten nicht 
ausgcschlosscn wcrdcn, daB dicsc lcbcnd in die Falle gclangt sind. 
Der Vcrglcich der Schwimmer aus Sinkstoffallcn, die jewcils cin Jahr in der Norwegischen 
und dcr Gronlandischen Sec verankcrt warcn, crgab cine um die Halftc gcringcrc Anzahl der 
Schwimmer in den Sinkstoffallenprobcn der Norwegischen Sec. Weiterhin ergab die 
Auswcrtung von cinigcn Glasem cincr Verankcrung eines vorhergehenden Jahres in der 
Gronlandischcn Sec, daB die Anzahl der Schwimmer in Sinkstoffallcnprobcn von Jahr zu Jahr 
stark variieren kann. 
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ZUSAMMENFASSUNG 

V. ZUSAMMENFASSUNG 

J In zwei Tankexperimenten (Volumen · der Tanks jeweils lm) im 
Labor in Kiel sollte die DOC-Exsudation durch Phytoplankton 
wahrend einer Phase ilberwiegend neuer Produktion sowie die 
kurzfristige Aufnahme der Exsudate durch Bakterien mit Hilfe 
der 14C-Methode untersucht warden. 
In Tank 3 (S.costatum Kultur) bestand eine lineare Abh~ngig­
keit zwischen Exsudation und C02-Fixierung. Der Anteil der 
Exsudation an der Gesamt-C02-Fixierung (PER~ percent extra­
cellular release) lag w!hrend der exponentiellen Wachstums­
phase des Phytoplanktons zwischen 201 und 26t. Die bakterielle 
Inkorporation van Exsudaten zeigte eine deutliche Abhingigkeit 
van der Exsudation. Insgesamt wurden in Tank 3 zwischen 21 und 
211 des photosynthetisch fixierten Kohlenstoffes in Bakterien­
biomasse eingebunden. 
In Tank 4 (Mischkultur aus der GrOnlandsee) konnten !hnliche 
Abh~ngigkeiten fUr die ersten vier Versuchstage gefunden 
werden. Die PER lag in diesem Tank zwischen 6% und 331. Es 
wurden zwischen ll und 91 des gesamtfixierten Kohlenstoffes in 
Bakterienbiomasse UberfUhrt. 

In sechs Kulturexperimenten wurde die 
(photosynthetisch produzierter gelOster 
staff) in 51 Glasflaschen mit Hilfe der 
sucht. 

Bildung van PDOC 
organischer Kohlen­

l4C-Methode unter-

Kulturflasche Pl wurde an Bord des FS 'POSEIDON' mit Wasser 
0 aus Tank 1 angesetzt, der in der GrOnlandsee (72 40,04N; 

0 
07 35,49W) mit Oberfl!chenwasser (Sm) gefilllt wurde. Die 
Partikelproduktion und die Bildung von PDOC zeigten einen 
deutlichen Tagesrhythmus. Tagsilber wurde eine geringe Produk­
tion von PPOC (photosynthetisch produzierter partikul!rer 
organischer Kohlenstoff) verzeichnet. Bei Nacht nahm die PPOC 
Konzentration ab und die PDOC-Konzentration zu. Ein Vergleich 
mit den in-situ Verh~ltnissen und den Verh~ltnissen in Tank l 
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ergab, daS die geringe C02-Fixierung bei Tag vermutlich auf 

den schlechten physiologische Zustand der Phytoplanktonzellen 

zurilckzufilhren ist, die z.T. in eine winterliche Ruhephase 

eingetreten waren. Die PDOC-Bildung bei Nacht lag vermutlich 

an einer verst~rken Lysis seneszenter Zellen bei Nacht. 

Die Kulturexperimente im Labor in Kiel wurden mit je zwei 

Kulturen aus Tank 3 und Tank 4 durchgefUhrt. In allen Kulturen 

wurde ein starker Biomasseaufbau verzeichnet. Die PDOC-Akkumu­

lation betrug in allen Kulturen zwischen 91 und 14% des 

gesamtfixierten Kohlenstoffes. 

Die Aufnahme des in den Kulturen Klund K4 akkumulierten l4C­

PDOC durch ein Bakterienreinkultur wurde sieben Mal im Ver­

laufe des Kulturexperimentes untersucht. Es konnte eine Zu­

nahme der bakteriellen Inkorporation van PDOC bei steigender 

PDOC-Ausgangskonzentration festgestellt warden. 

Die prozentuale Aufnahme van PDOC innerhalb einer 24-stilndigen 

Inkubation nahm hingegen im Verlaufe der Zeit ab. Da die PDOC­
Aufnahme-Experimente unter konstanten Bedingungen durchgefUhrt 

wurden und die bakterielle Aufnahme von PDOC auf bakterielle 

Aktivitat standardisiert wurde, lag die abnehmende prozentuale 

Aufnahme von PDOC vermutlich an einer Verschiebung der Ouali­

tat ~des POOC zu refraktarerem Material. 
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ZUSAMMENFASSUNG 

VI. ZUSAMMENFASSUNG 

3 
Zwei Tanks (Volumen jeweils l m) wurden in der Gr~nlandsee (72 

40, 04 N, 07 35, 49 W) mit Oberflaehenwasser (5 m) sowie mit 
Wasser unterhalb der Nutrikline (70 m) geftillt. 

die Bilanzierung der N - und P - Komoponenten 

wie hoch der Anteil der gel~sten organischen 

Es sollte dureh 

gezeigt werden, 

Substanz an der 
Primarproduktion in einem regenerierten sowie einem System, vor­

wiegend basierend auf der neuen Produktion, ist. In beiden Tanks 

konnte nur eine geringe Biomasseakkumulation gemessen werden. Aus 

dem Vergleieh mit Messungen aus der Wassersaule ergab sieh, daB 

die Phytoplankter liehtlimitiert waren. Zwei weitere Tankexperi­

mente wurden im Labor durehgeftihrt. In beiden Tanks wurde die 

Nahrsalzkonzentration stark erh~ht sowie konstante Liehtbedingun­

gen gesehaffen, um hohe Waehstumsraten zu garantieren. Der Anteil 

des gel~sten organischen Nan der Primarproduktion lag in beiden 

Tanks bei ea. 10 %. Der Anteil des gelOsten organisehen P bei ea. 

25 %. 

In drei Abbauexperimenten, die in 10 - l fassenden abgedunkelten 

InkubationsgefaBen durehgefUhrt wurden, sollte gezeigt warden, in 

welehem MaBe das partikulare sowie gel~ste Material einem Abbau 

unterliegt. Dazu wurde in Abbauexperiment I und II der Abbau der 

partikularen und der gelOsten Komponente, in Abbauexperiment III 

nur der Abbau der gelOsten organisehen Komponente untersucht. Als 

Inokkulum wurden nitrifizierende Bakterien, die aus der Gr~nland­

see (aus 80 m Tiefe, dem sogenannten Nitritmaximum) stammten, 

hinzugegeben. Es konnte der Abbau bis hin zum P04 und N03 

verfolgt warden, wobei P sehnellere Remineralisierungsraten auf­

wies als N. Des weiteren konnte gezeigt werden, daa der Abbau der 

gelOsten organisehen Komponente ein sehr viel sehnellerer und 

effektiverer ProzeB ist als der Partikelabbau. Auf der anderen 

Seite konnte auch eine refraktare Komponente des gelOsten or­

ganisehen Materials beobaehtet werden. 
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In der Gronlandsee wurden die Konzentrationen von Urea sowie des 

gelosten organischen Pinder Wassersaule ermittelt. Urea konnte 

nur bis in Tiefen von 500 m und im bodennahen Wasserkorper 

nachgewiesen werden. Die Konzentrationen lagen zwischen 0.05 und 

0.3 µM. Urea spielte in diesem Untersuchungszeitraum eine geringe 

Rolle im gelosten organischen N - Pool. Die geloste organische p 

- Komponente konnte in der gesamten Wasers~ule bis in ea. 3000 m 

Wassertiefe nachgewiesen werden. Die Konzentrationen lagen zwi­

schen 0.1 und 0.4 µM. Da das DOP im Tiefenwasser mindestens ein 

Alter von einem halben Jahr haben muSte, handelt es sich hier um 

refraktaren gelosten organischen P, der auch in den Abauver-

suchen festgestellt werden konnte. 
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Chapter 6: Summary 

6. Summary 

Measurements of new production presented in this thesis were conducted during three drift 
experiment in the tropical and subarctic North Atlantic. 

At the tropical study site at 18°N, 3QOW rate measurements of nitrate utilization were carried out with 
the nitrate disappearence technique. Rates of nitrate use peaked at the nitracline and integrated 
nitrate use in the euphotic zone showed a positive correlation with integrated nitrate concentrations. 
Both integrated nitrate use and the depth weighted mean f -ratio were related to the depth of the 
nitracline. Highest integrated nitrate use (4 to 5 mrnol rrr2 (12h)·1) and f-ratio (0.73 to 0.94) were 
observed on stations with a shallow nitracline (44 m to 60 m). Rates of nitrate use between O and 2 
mmol m·2 (12h)-1 were observed at stations with a nitracline depth below 75 m. 

The high variability in the vertical patterns of nitracline depth, chi a concentrations and nitrate use was 
strongly related to the frequent occurence of the subtropical subsurface salinity maximum (SmaJ· 
During the drift study three groups of stations could be separated with respect to the vertical salinity, 
temperature, oxygen and nitrate distribution. The most interesting, and previously unctescribed, feature 
was a subsurface nitrate maximum within the euphotic zone, which was observed at several stations. 

Mechanisms of nitrate supply to the euphotic zone in tropical oceans are discussed in this thesis. 
While deep winter mixing is of less importance in permanently stratified systems, turbulent mixing and 
short term wind induced mixing events are usually proposed as the only mechanisms for nitrate supply 
in tropical seas. Salt fingering and double diffusion, induced by the intrusion of warm and more saline 
Smax over cold and less saline water layers, are proposed as an important additional supply 
mechanism at the study site. 

Two field experiments were conducted in the subpolar Jan Mayen Current (northern North Atlantic). 
During both studies nitrate uptake was measured with the 15N·N03-uptake technique. 

One drift experiment was conducted in late spring 1989 in the vicinity of the pack ice edge. The 
vertical structure of the euphotic zone (1% light depth of 25 (± 4) m) was characterized by shallow 
mixed layer depths (10 to 18 m) with low nutrient concentrations which, however, were not limiting to 
phytoplankton growth, and chi a concentrations of 1 to 2 µg chi a. 

Two groups of stations could be separated with respect to vertical structure and absolute rates of 
nitrate uptake. During a phase with high integrated nitrate uptake rates (3.1 (± 1.5) mmol N rrr2 &1) 
distict maxima of N03 uptake were observed at the surface and nitrate uptake rates decreased rapidly 
with depth. During a phase with low integrated nitrate uptake rates (0.42 (±0.12) mmol N nr2 &1) low 
and constant rates of nitrate uptake were observed throughout the whole euphotic zone. Patterns of 
primary production and of the f -ratio did not follow exactly the patterns of new production, but mean 
integrated primary production rates of 605 (± 93) mg C rrr2 d·1 and 343 (± 133) mg C rrr2 &1 and 
mean f-ratios (0.4 to 0.7 and below 0.2, respectively) resembled overall patterns of new production 
during phases of high and low new production. 

Possible mechanisms that controled nitrate uptake rates during late spring are discussed. Substrate 
availability (cN03), but also substrate inhibition due to NH4, and grazing of metazooplankton appeared 
to be less important in the area. Contrary to other studies from the subarctic, N-specific nitrate uptake 
decreased significantly with depth at several stations. On some of these stations the decrease with . 
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depth appeared to be due to decreasing light availability. A general relation between nitrate uptake 

and radiation, however, was not evident, perhaps due to the lack of good light data. 

A second drift experiment in the Jan Mayen current was conducted during autumn 1990. The vertical 

structure of the euphotic zone was characterized by a very shallow (10 m) nutrient depleted surface 

layer. Chi a concentrations varied between 0.5 and 1 µg drrr3 and no distinct and recurring vertical 

structure was observed. Patterns of new and total primary production were much more homogeneous 

as compared to the spring experiment. Rates of integrated total primary production varied between 

1 oo and 200 mg C rrr2 ct1 while integrated nitrate uptake rates between 0.12 and 0.46 mmol N rrr2 ct1 

were observed. Depth weighted mean f-ratios varied between 0.1 and 0.2. 

The vertical structure of absolute and N-specific nitrate uptake and the f-ratio showed distinct maxima 

just below the nitrate depleted layer. F-ratios as high as 0.6, and absolute and specific uptake rates 3 

to 4 times as high as in the surface layer were observed in this maximum. New production rates below 

the maximum, however, decreased rapidly with depth. 

Field data and additional nitrate uptake experiments are analysed to identify the controling 

mechanisms of nitrate uptake during autumn. Substrate availability limited N-specific nitrate uptake 

rates in the nitrate poor surface layer. The observed decrease of N-specific nitrate uptake rates below 

the uptake maximum could have been either due to increasing NH4 concentrations or decreasing light 

availability with depth. Experiments with samples from different depths below the in situ uptake 

maximum revealed significant light limitation of nitrate uptake. Light saturated N-specific uptake rates 

were 3 to 4 times as high as in situ rates of samples originating from the same water depth. In 

samples incubated at surface irradiance levels, a decrease in N-specific nitrate uptake withe depth of 

sample origin was seen. This is discussed in relation to in situ light adaptation und photoinhibition 

effects on samples from increasing depth below the mixed layer. Based on further evidence from 

analyses of the field data (scatter plots of in situ N-specific nitrate uptake rates vs. irradiance and 

cNH4, respectively) I conclude that light availability, light adaptation and susceptibility to 

photoinhibition explain the observed patterns of N-specific nitrate uptake in situ and in incubation at 

100 % light levels, below the in situ maximum of nitrate uptake. NH4-concentrations, and hence 

changes in NH4-preference with depth, appeared to be less important in controlling nitrate uptake 

during the autumn d~ experiment. 

Seasonal and annual rates of new and export production in the Nordic Seas are estimated from 

seasonal nutrient and PON profiles. Two study sites are compared. The Jan Mayen Current (JMC) is 

depicted as an area characterized by seasonal ice cover and low importance of herbivorous 

metazooplankton. The Lofoten Basin (LB), on the other hand, is ice free during the whole year, but 

charaderized by the early appearence of herbivorous metazooplankton during ear1y spring. 

While annual rates of nitrate use were comparable at the two sites (about 500 mmol N rrr2 y-1), 

seasonal patterns and the degree of coupling between the two rates were obviously different. 

In the JMC the growth season started about two months earlier than at the LB and about 75 % of the 

annual new production took already place under partly ice covered and meltwater stabilized 

conditions. Earty stabilization of the wate~ column enabled this early onset of the growth season; 

variable ice coverage and hence variable light conditions until June-July, however, explained lower 

nitrate use and the longer duration of the spring phytoplankton development, as compared to other ice 

edge blooms, for instance in the Barents Sea. Contradicting to the classical scheme of phytoplankton 

succession, diatoms appeared to be less important as agents of new production during spring. As 
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evident from an analysis of seasonal silicate and nitrate disappearence rates non-silicious flagellates, 

particullarly Phaeocystis pouchetii, are suggested to contribute significantly to new production under 

partly ice covered conditions in spring. Seasonal rates of new and export production were to a certain 

extend decoupled. Export production rates during summer, for instance, were 3 to 4 times as high 

than new production rates. 

Seasonal rates of new and export production at the LB site were similar between late May and early 

September and appear to be strongly coupled. The grazing activity of herbivorous copepods, as 

documented at the nearby Veering Plateau, is discussed as a mechanism controling the slow 

decrease of new nutrients at the surf ace and the strong coupling of new and export production. 

Different seasonal patterns of quantity and quality of winter mixed layer (WML) export, as evident 

from sediment trap measurements at 500 m depth, were observed at the two study sites. In the JMC 

fluxes of PON and carbon increased significantly from winter levels in May-June. Large fluxes of 

particulate silicate, high numbers of diatoms. a significant fraction of them being viable, are discussed 
as indications for the importance of diatom aggregates as vehicles of deep fluxes of organic matter in 

the JMC. Faecal pellets appeared to be of less importance for deep POC flux, particularly in June-July. 

'Excess POC fluxes', as calculated by the difference between POC flux and the Redfield equivalent of 

the PON-flux, were low throughout the whole year as compared to the LB-site. At the LB site fluxes of 

PON and carbon are low until mid of August. Mainly during September and October a significant· 

increase in carbonate and 'excess POC flux' but not in PON or PSi sedimentation was observed. 

Grazing activity of copepods on faecal pellets (coprophagy and coprohexy) are discussed to explain 

the low sedimentation rates and the high midwater recycling of organic matter during spring and 

summer. Autumn sedimentation events, such as those observed in the LB, have been attributed to the 
sinking of the pteropod Limacina retroverse360. 

Although rates of annual new production and deep POC export were similar at the two study sites, 

seasonal coupling and the mechanisms that controled the processes appeared to be quite different. 

Bathmann et al. 1990; Honjo, 1990 
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Summary. Phyto- and protozooplankton were sampled 
.n the upper 10 m of the water column in austral summer 
foring a cruise of RV Polarstern from January 6 to 
February 20 1985 in the eastern Bransfield Strait vicinity 
and in the northern. southeastern (off Vestkapp. twice: I 
and II) and southern Weddell Sea (Vahsel Bay across the 
Filchner Depression to Gould Bay). The plankton assem­
blages are discussed in relation to physical. chemical and 
biological factors in the different geographical areas in 
summer. Phytoplankton biomass (Phytoplankton carbon. 
PPC) ranged from 4-194 µg carbon/I and consisted on 
average of 65% diatoms and 35% autotrophic flagellates. 
Whereas in the northwest phytoplankton assemblages 
were dominated by small nanoflagellates (78% of PPC), 
higher biomass of diatoms (54-94% of PPC) occurred at 
the other sampling sites. In general autotrophic flagellates 
and small pennate diatoms dominated at oceanic stations: 
in n.eritic areas large centric diatoms prevailed. Chloro­
phyll a concentrations ranged from 0.25- 3. l4 µg chi a/I 
with a mean of 1.13 µg chlorophyll a/I and an average 
phytoplankton carbon/chlorophyll a ratio of 39. Pro­
tozooplankton biomass (Protozooplankton carbon, PZC) 
ranged from 0-67 µg carbon/I and consisted of 49% 
ciliates, ~9% heterotrophic dinoflagellates and 2% tintin­
n.ids. Heterotrophic dinoflagellates were more important 
in the northern investigation areas (58%-84% of PZC). 
Ciliates dominated the protozooplankton in the southeast 
and south (56%-65% of PZC); higher abundances of 
tintinnids were observed only in the south ( 11 % of PZC). 
The most remarkable feature of the surface waters was the 
high protozooplankton biomass: protozooplankton 
amounted to 25 % on an average of the combined biomass 
of PPC plus PZC for the entire investigation period. 
Protozoan biomass in the southeastern and southern 
Weddell Sea occasionally exceeded phytoplankton bio­
mass. Temperature, salinity, and inorganic nutrients were 
generally lower in the southern regions; at most of these 
stations a meltwater layer occurred in the upper meters of 

• Contribution no. ~27 from the Alfred-Wegener-Institute for Polar 
and Marine Research 

the water column. We suggest that this physical regime 
allows a well developed summer system with a high 
proportion of heterotrophic microplankton. In the eastern 
Bransfield Strait, in the northern Weddell Sea and close to 
the coast off Vestkapp (I), however, early summer condi­
tions occurred with less protozooplankton contribution. 
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ABSTRACT 
Macrozooplankters can mediate the production. destruction 
and modification of particles in the ocean and, thus. can 
enhance or inhibit vertical particulate flux as well as modify 
the quality of sedimentlng particles. With respect to feces, 
three important processes influencing the fate of particles 
are coprophagy. coprorhexy and coprochaly, which are the 
ingestion, fragmentation and loosening of fecal material. 
respectively. Coprophagy directly promotes the 
remineralization and respiration of fecal material. 
Coprorhexy and coprochaly reduce the sinking velocities of 
fecal particles. i.e increase the pelagic residency time, increase 
particle substrate for aerobic microbes and presumably 
enhance processes of diffusion between the particle interior 
and the fluid medium. In all three cases the vertical 
particulate fltLx of material can be significantly reduced. 
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THE INFLUENCE OF MACROZOOPLANKTON ON VERTICAL 
PARTICULATE FLUX 

THOMAS T. NoH 

SARSIA 

' 
No11. THOMAS T . 1991 07 10. The ini1uence of macrozooplankton on vertical particulate 
flux. - Sarsia i6: l-9. Bergen. ISSN 003~827. 

The intluence of macrozooplankton on sedimentation is quantitative and qualitative. As 
large particles are often the prime vehicles of vertical flux. macrozooplankters enhance 
rates of sedimentation by their production oi carcasses. hard bodily parts and aggregates 
including fecal material. This may be promoted by vertical movements oi zooplankton 
stocks. Macrozooplankton-regulated processes which enhance the recycling of pelagic 
material and thereby inhibit sedimentation are the physiological utilization of particulate 
organic matter and the destruction oi aggregates. both of which promote the retention 
oi essential elements and organic compounds in the upper productive water layers. In 
addition. the composition of sedimenting material is influenced by macrozooplankton 
through the composition of zooplankton stocks. discriminant feeding, selective metabolic 
utilization oi ingested material and the biological and physicochemical properties of fecal 
material and other aggregates. 

T1iomas T . .Voji, lrutitutt of Maritit Rtstarch, P.O.Boz 18i0, N-5024 Btrgtn-.Vordnts, 
Norway. 
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IN{AGE ANALYSIS OF FAECAL :\,{ATERlAL GRAZED UPON BY 
THREE SPECIES OF COPEPOOS: EVIDENCE FOR COPRORHEXY, 

COPROPHAGY AND COPROCHAL Y 

THOtvlAS T. NOJI, KENNETH W. ESTEP 

Institute of ~larine Research, PO Box t8i0, 3024 Bergen-Nordnes, :-Sorway 

FERREN MACINTYRE 

A/S Pixelwerks, Strandkaien 18/ZO, PO Box 1008, 3001 Bergen. Norway 

FREDRIKA NORRBh'f 

Norwegian College oi Fishery Science. University oi Troms0. Dramsvn 201 B. 9000 Troms0. Norway 

Experiments involving three species of copepods (Acartia clausi Giesbrecht 1889, 
Pseudocalanlls elongatus Boeck 1872and C.ilanus finmarchicusGunnerus 1 i63) incubated with 
freshly produced copepod faecal material were conducted and analyzed using automatic 
image analysis. For two species (A. clausi and C. finmarchicus) the bulk of faecal material was 
not ingested but was fragmented. This process, coprorhexy, was accompanied by a shift 
toward smaller particles in the particle size-spectrum. [ncreases in total volume of the faecal 
particles aiter incubation with these copepods led us to propose a process which we refer 
to as ' coprochaly', derived from the Greek xcwxma. (a loosening, as of bandages). Coprochaly 
was promoted by manipulation of the faecal material by the copepods. For the third species 
(P. t!longatllsl, coprorhexy and coprochaly were coupled with coprophagy (ingestion of 
faecal material>. Calculations indicated that the combined effect of coprorhexy and 
coprochaly reduced sinking velocities of the faecal particles by up to 50%. These processes 
increase pelagic residency time of particles, increase substrate area for aerobic microbes and 
presumably enhance remineralization of particulate organic matter. 
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Content of copepod faecal pellets in relation to 
food supply in Kiel Bight and its effect on 

sedimentation rate 

Maren Voss 

Institut fur Meereskunde an der Universitat Kiel, Dilstembroker Weg 20, W-2300 Kiel, Germany 

ABSTRACT: The content of suspended and sedimented copepod faecal pellets in relation to phyto· 
plankton stocks was investigated in Kiel Bight in summer 1986. Sedimentation rates of faecal pellets 
were also measured using sediment traps. Parallel to the field investigation, incubations were con· 
ducted in which the dominant copepods, Acartia sp. and Centropages hamatus, were fed with natural 
phytoplankton. Faecal pellets from field samples and laboratory experiments were analyzed by 
scanning electron microscopy. Results showed a strong relationship between the composition of 
ambient food supply, ingested phytoplankton and faecal pellet content. In addition, faecal pellet 
sedimentation rates in July and August (4400 and 7700 m-2 d- 1 respectively) differed from those in 
September (168 OOO m-2 d- 11. This was attributed to the change in phytoplankton composition. which 
consisted mainly of athecate flagellates in July and August but was dominated in September by 
Prorocentrum minimum. a thecate dinoflagellate. 
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geschattet, so daf3 veranderte lsotopenwerte im sedimentierten Material vorliegen (geringtugige 

Kopplung). Wichtig hierbei sind Aggregationsprozesse, z.B. Grazing, die zu gr0f3eren, dichteren 

Partikeln und demzufolge sinkenden Partikeln in der euphotischen Zone fOhren. Um auf diese 

Prozesse rOckschlie Ben zu konnen, die die Aggregation bedingt hat, ist die Mikroskopie des 

sedimentierten Materials sehr hilfreich (Deuser 1987b, a·athmann et al. 1990, und Michaels et al. 

1990). Aus den Oaten ist eine POC- und PON- AbscMtzung jedoch nicht immer rooglich und die 

Obertragung der Befunde auf andere Parameter, z.B. die lsotopendaten, begrenzt. Schon geringe 

Anteile sedimentierten Materials kOnnen durch eine charakteristische Zuammensetzung das 

Gesamtsignal verandem (Banse 1990). Das gilt mit Sicherheit tar stabile Isotope. Wenn die 

isotopische Modifikation z.B. durch Abbauprozesse nicht bekannt ist, kOnnen zu den Zeiten geringer 

Kopplung aus dem sedimentierten Material auch keine ROckschlOsse auf Prozesse in der 

euphotischen Zone gezogen warden. Umgekehrt sind lsotopendaten im SSF Material interpretierbar, 

wenn isotopisch bekannte Aggregationsprozesse zu rasch sinkenden Partikeln fOhren. 

7 .S.SchluBbetrachtung 

Das Sedimentationssignal im Jahresgang wird zusammen mit den IOckenhaften lnformationen Ober 

lsotopendaten aus der Wassersaule und den vollstandigeren lntormationen Ober die sich saisonal 

wandelnden biologischen Vorgange im Nordmeer betrachtet. Obwohl die Unterteilung der Partikel in 2 

Gruppen, suspendierte und sedimentierte, wahrscheinlich eine starke Vereintachung ist und es einen 

flieBenden Obergang von kaum Ober langsam zu schnell sinkenden Partikeln gibt, mOchte ich diese 

Einteilung Obernehemen. Sie wird von vielen Wissenschaftlern benutzt (Deuser 1987a, Altabet 1988, 

Karl et al. 1988). 
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Abb.59 Zusammenstellung aller Monatsmittelwerte der Sedimentation partikularen organischen 
Stickstoffs (PON) und der dazugehorigen 51sN Werte aus 3 Tiefenhorizonten, 500 m vom VP, 
1000 und 3000 m der NB Verankerung. Das A zeigt den mittleren s1sN Wert des Sediments 
der JM und LB Stationen. 



In beiden Partikelgruppen wurde ein saisonales Muster gefunden. Die Wechselwir1<Ung 

zwischen den beiden Partikelgruppen ist jedoch nicht direkt, sondem man mul3 zwischen den zuvor 

beschriebenen Phasen enger Kopplung, d.h. direktem Export gebildeten Materials und Phasen mit 

geringem und verzOgertem FluB von Partikeln aus der euphotischen Zone unterscheiden. 

Das 1 sN-Sedimentationssignal von Mai bis Juli/ August ruhrt hauptsachlich von der sukzessiven 

Fraktionierung bei der Nitrataufnahme her (Kap.7.1.). Da die Wachstumsperiode ausschlieBlich neuer 

Produktion kurz ist, ist auch der Zeitraum geringer lsotopenwerte nur wenige Monate lang. Dach 

schon gleich nach Wachstumsbeginn sedimentiert offenbar ein geringer Teil aus der saisonalen 

Deckschicht. Denn in den 61SN Werten der NB Proben zeichnet sich 1987 und 1988 ein deutlicher· 

Abt all von 8-9 %0 auf 1-4 %0, ein Fang interval vor dem Maximum des Massenftusses ab. In den 

berechneten Monatsmittelwerten, die nicht den abrupten Abfall auf geringe 61SN Werte zeigen, bildet 

sich der von Jahr zu Jahr variable Beginn und Verlauf des Fruhjahrswachstums ab. Gleichzeitig belegt 

der identisch verlaufende Abfall der Werte von April bis Juli in 500 und 1000 m Tiefe, daB schneU 

sinkende Partikel, wie Kotballen oder Phytoplanktonaggregate, beteiligt sein massen. Und auch in 

3000 m Tiefe wurde bei geringerem Abfall der lsotpengehalte im Juli ein Mittelwert von 3, 1 o/w 

gemessen, in den anderen Tiefenstufen waren es 3,5 °loo (1000 m) und 2,7 °loo (500 m, Anhang. 

Tab.10). Diese im Juli sedimentierte Menge stellt 20 - 30 % der Jahressedimentation des PON dar 

und resultiert aus einem direkten Export aus der euphotischen Zone. 

Anders verlautt die Kopplung zwischen saisonalen Deckschichtprozessen und dem PartikelftuS­

die restliche Zeit des Jahres. Von Juli/August bis Dezember erfolgt ein unterschiedlich starker Anstieg 
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Abb.60 Zusammenstellung aller Monatsmittelwerte der Sedimentation partikularen organischen 
Kohlenstoffs (POC) und der dazugehOrigen 513c Werte aus 3 Tiefenhorizonten, 500 m vom 
VP, 1000 und 3000 m der NB Verankerung. Das 6 zeigt den mittleren 61SN Wert des 
Sediments fur die LB und JM Stationen. 



der d15N Werte in den betrachteten Tiefenhorizonten (Abb.59). Fur das Zustandekommen dieses 

Verlaufs werden 2 Hypothesen vorgestellt: 

1. Es erfolgt eine standige langsame Sedimentation van Material aus der euphotischen Zone, das im 

Laufe der Wachstumsperiode isotopisch immer schwerer wird. Ursachen tor die Zunahme der 

61SN Werte sind die Fraktionierung bei der Nitrataufnahme~und Abbauprozesse, die bereits mehrfach 

er1~utert wurden (Kap.7.2.). Aus diesem Grunde nehmen die s1sN Werte in den SSF Proben 

kontinuierlich zu. Offen bleibt hierbei die Frage, warum in grOBeren Tiefen das sedimentierte Material 

wieder isotopisch leichter wird. 

2. Das im Juli sedimentierte Material disaggregiert teilweise auf dem Weg in die Tiefe und verringert 

damit seine Sinkgeschwindigkeit. Aus diesem Pool wird in den folgenden Monaten die Sedimentation 

gespeist. Gestutzt wird diese Hypothese durch die Berechnung eines mittleren gewichteten Jahres -

61SN - Wertes (berechnet aus der monatlichen PON- und 61SN Sedimentation). Sie ergibt fur 500 und 

1 OOO m Tiefe 5,64 o/oo, fur 3000 m Tiefe 4, 17 o/oo. Diese Zahlen unterscheiden sich nur um 1,5 °/oo, und 

zeigen somit an, daB in alien Tiefenhorizonten auf Jahresebene eine vergleichbare tsotopenmenge 

ankommt. So ist keine unerktarbare Modifikation der tsotopenwerte mit der Tiefe erforderlich. Durch 

eine vollig anders angelegte Untersuchung unterstutzen die Arbeiten van Kart et al. (1988) und Cho 

und Azam (1988) die 2. Hypothese. Die Autoren stellten wenig mikrobielle Aktivitat auf sinkenden 

Partikeln test und schreiben den Abbau in der Wassersaule nicht den an Partikeln angehefteten 

Bakterien sondem den freilebenden Mikroben zu. Bakterien sollen demnach eher den suspendlerten 

Partikelpool, der wesentlich groBer als der sinkende ist, abbauen (Cho und Azam 1988). Dies 

unterstutzt die Erklarung der hohen lsotopengehalte in der Wassersaule im Herbst, die sich zuerst in 

den SSF Oaten in 500 m Tiefe abbilden und nur langsam zu hOheren 61SN Werten in groBeren Tiefen 

fOhren. Warum jedoch der disaggregierte Pool des im FrOhjahr sedimentierten Materials nicht im Laufe 

der Monate isotopisch modifiziert werden sollte, bleibt unklar. 

o·as Sedimentationsereignis im Sommer ist wahrscheinlich fur die isotopische Signatur in den 

SSF Proben im LB von Juni bis Dezember verantwortlich. Denn der Zusammenhang zwischen 

Partikelbildung und Export ist im Herbst und Winter nicht eng genug. Es gibt vermutlich wenig 

aggregationsfOrdemde Prozesse in dieser Jahreszeit, die auch die Sedimentation fordem wurden. 

Die 613C Werte lassen sich nicht in diesem Sinne deuten (Abb.60). Sie zeigen nur in wenigen 

Situationen, wo schnell sinkende Partikel mit eindeutiger Signatur gebildet werden, ein deutbares 

Signal. Als Beispiele kOnnen die Diatomeensedimentation im JM-Strom {hohe Werte) und die 

Kotballensedimentation auf dem VP (niedrige Werte) dienen. 

Das suspendierte Material stammt wahrscheinlich, zumindest teilweise, aus dem sinkenden 

und disaggregierten Material des Sedimentationsmaxirrums im Juli/August. Daraus ergibt sich ein 

Widerspruch zum Schicksal der suspendierten Partikel in der Wassersaule im Jahresgang. Fur sie 

wurde eine durch mikrobiellen Abbau bewirkte Zunahme in den 61SN Werten postuliert. Fur die aus 

demselben Material stammenden sedimentierten Partikel wurde jedoch keine isotopische 

Veranderung getordert, um die isotopisch leichten Partikel in den SSF zu erklaren. Eine LOsung kann 

nur die noch weitgehend unbekannte Wechselwirkung zwischen suspendierten und sedimentierten 

Partikeln im Meer sein. Beispielsweise konnten carnivore Zooplankter durch ihre FreBaktivitat 
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isotopisch leichtes Material in Form von Kotballen produzieren. Diese Partikel warden abgereichartes 

Material in die SSF bringen. lnwieweit dies ein relevanter Prozess ist, kann zur Zeit nicht abgesc.hatzt 

werden. lch mochte jedoch festhatten, daB aufgrund der lsotopenwerte der suspendierten Partikel 

eine mindestens einmalige Zufuhr neuen Materials pro Jahr gegeben sein rruB. Dies stetrt im 

Gegensatz zu Arbeiten von McCave (1975) und Druffel und Williams (1990), die lange Verweilzeiten 

fur suspendierte Partikel aufgrund ihrer Form und Masse vermuten und nach 14C Altersdatierungen 

eine Turnoverzeit von ea. 1 O Jahren angeben. Andererseits zeigen Messungen von Lipiden, Zuckem, 

Aminosauren und Aminozuckern einen Zusammenhang zwischen sinkenden und schwebenden 

Partikeln auf (De Baar et al. 1983, lttekott et al. 1984a und b, Wakeham und Canuel 1988). 

Sedimentiertes Material wurde allgemein eher durch Zooplankton - typische Verbindungen gepragt, 

suspendiertes dagegen von Zoo- und Phytoplankton. Die Bedeutung des Zooplanktons bei der 

Aggregation unterstreichen auch lttekott et al. (1984a). Eine Zunahme der Wachsester mit der nete 

deutet ebenfalls darauf hin, daB Zooplankton beteiligt ist (Wakeham und Canuel 1988). Dieses 

Ergebnis kann jedoch nicht generell getten, da beispielsweise eine absinkende FrOhjahrsblute keine 

Zooplankton-typischen Verbindungen tragen dOrfte. Im suspendierten Material werden Mufig viele 

labile Komponenten gefunden, die nur auf schnell sinkendes und kaum abgebautes Material schlieBen 

lassen (Wakeham und Canuel 1988). Die enge lnteraktion zwischen schnell und langsam sinkenden 

Partikeln wird zuletzt auch durch Aadioisotopenmessungen bestatigt (Bacon et al. 1985). Sie messen 

die Aktivitat (Konzentration) von Mutter-Tochter Paaren radioaktiver Zerfallsreihen, die in gelOster bzw. 

an Partikel adsorbierter Form vortiegen. Daraus sind AOckschlusse auf die HOhe des Exportes 

moglich. Bacon et al. (1985) stellen ein Modell auf, das eine standige Wechselwir1<ung zwischen 

feinen und grof3en Partikeln im Meer fordert. Wahrscheinlich ist diese Wechselwir1<ung im Nordatlarrtik 

wesentlich intensiver als die nach diesen Oaten vorgeschlagene einmalige Zufuhr ·neue(' zu •atten• 

Partikeln _pro Jahr. Um das jedoch zu belegen sind andere Methoden als die Messung stabiler 

lsotopen notig (VoB et al. 1989). Diese Arbeit liefert einen Hinweis auf die hohe Dynamik der Partikel­

lrrteraktionen zwischen der Obertlache und 3000 m Wassertiefe innerhalb eines Jahres. Im 

Zusammenhang mit lipidmessungen, Pigmentuntersuchungen und Mikroskopie warden die einzelnen 

Prozesse, die zur Sedimentation fOhren bzw. suspendierte Partikel produzieren, wesentlich genauer 

beschreibbar sein. 
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INTRODUCTION 
Pelagic systems are potentially capable of retaining and 
recycling all autochthonous organic material, although, some 
losses due to sinking particles Inevitably occur. Relating 
processes In the surface layers quantitatively to vertical 
particle flux ls difficult because only a small percentage of the 
total production ls lost annually via sinking In the open 
ocean. Further. only a few types of particles contribute to this 
flux and only a small proportion of these may actually reach 
greater depths. 

Measurements of vertical flux with sediment traps 
indicate spatial and temporal variations that reflect 
imbalances in the relationship between processes of particle 
formation and degradation. The most extensive data base has 
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Patterns of production and sedimentation in the boreal 
and polar Northeast Atlantic 

PAUL WASSMANN. ROLF PEINERT and VICTOR SMETACEK 

Wassmann. P .. Peinert. R. & Smetacek. V. 1991: Patterns of production and sedimentation in the borcal 
and polar ~ortheast Atlantic. Pp. 209-228 in Sakshaug. E .. Hopkins. C. C. E. & 0rit5land, N. A. (eds.): 
Proceedings of the Pro Marc Symposium on Polar Marine Ecology. Trondheim. 12-16 May 1990. Polar 
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Pelagic systems arc potentially capable of retaining and recycling all autochthonous organic material. 
although some losses due to sinking particles inevitably occur. Relating processes in the surface layers 
quantitatively 10 vertical particle ilux is difficult because only a small percentage of the total production is 
lost annually via sinking in the open ocean. Further, only a few types of particles contribute 10 this ftux 
and only a small proportion of these may actually reach greater depths. 

Measurements of vertical ftux with sediment traps revealed seasonal and regional patterns also within 
the northwcstcrn Atlantic and indicate imbalances between paniclc formation and degradation. The 
classical pattern of spring bloom sedimentation followed by reduced loss rates has been found in shelf and 
shallow water regions such as the Norwegian Coastal Current and fjords and is also cncounterc:d in the 
Barents Sea. In the Norwegian Sea. however. the seasonal pattern appears different as the seasonal 
maximum has been observed during late summer/autumn. 

The physical environment determines nutrient availability and hence the paniclcs potentially available 
for sedimentation. The relationship between phyto- and zooplankton governs vertical Hux seasonality. and 
zooplanktcrs wuh different life cycles and feeding strategics further modify the principle pancms. Her· 
bivores with life-cycle strategics involving overwintering of large biomass and predictable seasonal appear­
ance (copepods. cuphausiids) will have a different impact than opportunistic organisms with very low 
overwintering biomass. for example salps and ptcropods. The latter exhibit much greater intcrannual 
biomass variauon and may thus contribute: to intcrannual variability of the "c:rtical Hux. Shelf systems of 
similar latitude: arc i:cnc:rally comparable: with respect 10 their flux panc:rns and also share similarities wuh 
marginal ice zones. Open ocean systems as the ~orwcgian Sea. however. exhibit different patterns which 
arc similar to the subarctic Pacific. 
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HOCHAKKUMULATIONSGEBEITE AM NORWEGISCHEN KONTINETALHANG: SEDIMENTOLOGISCHE 

ABBILDER TOPOGRAPIIlE-GEFUHRTER STROMUNGSMUSTER 

Diese Arbeit wurde im Rahmen des Sonderforschungsbereiches 313, Teilprojekt A2, angefertigt und 
beschaftigt sich mit dem Sedimenttransport im Bereich der Hochakkumulationsgebiete am 
Kontinentalhang des ostlichen Europaischen Nordmeeres. Die Bathymetrie und Verteilung der 
Sedimentmachtigkeiten in den Untersuchungsgebieten wurden zunachst mit dem 3,5 kHz. 
Sedimentecholot flachenhaft kartiert, um anschlieBend die Sedimente gezielt mit langen und kurzen 
Sedimentkernen zu beproben Die Datierung der Sedimentabfolgen mit der Sauerstoff-Isotopen­
Stratigraphie erbrachte Holozan-Macbtigkeiten van 6 m sowie bis zu 10 m fiir Sedimente der 
Termination I im etwa 25 km *25 km groBen Hocbakkumulationsgebiet vor Gamlembanken 
(67°00'N und 7°45'E). KorngroBenanalysen zeigen, daB maximale Sedimentationsraten bis zu 65 
cm/ky in den holozanen, siltigen Tanen vor Gamlembanken im Zentrum einer annahemd kreisrunden 
Kartiereinheit bauptsacblich <lurch die Akkumulation der KorngroBenfraktion < 20 µm zustande 
kommen. Die ebenfalls feinkornigen, mit IRD durchsetzten, tonig-siltigen Schlamme der 
Termination I dagegen werden mit einer hangnormalen, horizentalen Gradierung in zwei 
"Sedimentationskanalen" mit Sedimentationsraten bis zu 230 cm/ky abgelagert. 

Die Sauerstoff- und Kohlenstoff-lsotopenkurven aus den Kalkschalen planktischer Foraminiferen 
fiinf Ianger Sedimentkerne aus den Untersuchungsgebieten am Kontinentalhang enthalten, zeitlich 
hocbaufgelost, neben dem globalen Erwarmungstrend in der Termination I und dem 
zwischenzeitlichen Kalteriickschlag in der Jiingeren Dryas weitere Feinheiten, wie z.B. eine 
zweigestufte Termination la und hohe Variationen in den Isotopen-Verhaltnissen auch in den 
holozanen Oberflachensedimenten. Dieses wird durch die laterale Advektion von Foraminiferen aus 
isotopisch verschieden charakerisierten Liefergebieten in die Akkumulationsgebiete am 
Kontinentalhang erklart. 

In einer regionalen Vermessung der Hydrographie wurden saisonale und auch kurzzeitige 
Schwankungen der Attenuation in den intermediaren und bodennahen, nepheloiden Schichten am 
Kontinentalhang iiber den Hochakkumulationsgebieten festgestellt. Auf dem westlicben Barents See­
Schelf konnte eine Bodenwasserbildung nacbgewiesen werden. Von dart flieBen dichte 
Wassermassen als Triibestrome vom Schelf iiber den oberen Kontinentalhang bis in die Tiefsee, wo 
sie fiir eine Modifizierung der Tiefenwassermassen sorgen konnen. Die Ursachen fiir die 
Attenuationsanomalien am mittelnorwegischen Kontinentalhang dagegen liegen in der 
Wecbselwirkung von Grenzschichtwellen zwischen den Wassermassen des Norwegen Stromes 
(NAW) und dem Norwegen See Tiefenwasser (NSDW) begriindet. Am Kontinentalhang 
topographisch gefange, zyklonale Wirbelstrukturen sind bier fiir die regionale Verbreitung der 
rezenten, bodennahen Triibezone pragend, was in geologischen Zeitraumen zur holozanen, nahezu 
kreisrunden Sedimentakkumulation gefiihrt hat. 

Durch die Kombination der Ergebnisse aus den Isotopendaten, der regionalen KorngroBenanalyse in 
den Terminationssedimenten und der hydrographischen Vermessung einer ozeanographischen 
ahnlichen Situation an der Polarfront vor dem Barents See-Hang, wurde versucht, die 
palaozeanographischen Verhaltnisse wahrend der Termination I am Kontinentalbang vor 
Gamlembanken zu rekonstruieren. Danach stehen in der Termination I nach dem Riickzug des 
Scbelfeises hangnormale Sedimenttransport-Prozesse in einer nur schwach stratifizierten Wassersaule 
im Vordergrund, die von der Hydrographie (Bodenwasserbildung, Schmelzwasser-Suspension) auf 
dem damals subpolaren Schelf nahe der Eiskante gesteuert wurden. Die Sedimente aus den 
Hochakkumulationsgebieten am Kontinentalhang des ostlichen Europaischen Nordmeeres erlauben 
generell Riickschliisse auf klimatisch induzierte Variationen der kontinentalen Eisschilde im Verlauf 
der letzten Deglaziation. 
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Hochakkumulationsgebiete am Norwegischen Kontlnentalhang: 
Dokumente Topographie-gefuhrter Stromungsmuster 

Im Rahmen des Sonderforschungsbereiches 313 an der Universitat Kiel wurden als Ergebnis mehrerer 
Forscbungsreisen (Poseidon 142, 146, 181 und 196) sowie Meteor 17 und 21 spll.tquartare 
Hocbaldrumulationsgebiete am norwegischen Kontinentalbang und am westlicben Barents See-Hang kartiert. 
Die engmascbige Probenabme mit langen Scbwereloten und Datierung der Sedimentabfolgen in den 
ungest.Onen Ablagerungen erbracbte MAchtiglceiten von bis zu 6 m fur die jetzige Warmz.eit (Holozll.n) sowie 
bis zu 10 m fiir Sedimente der Termination I (Obergang von der letzten Eiszeit in die jetzige Warmzeit) im 
etwa 400 km2 gro6en Hocbakkumulationsgebiet vor Gamlembanken bei 67°00'N und 7°45'E (700 m bis 
1.200 m Wassertiefe). Die siltig-tonigen Sedimente erreichen sebr bohe Akkumulationsraten (bis 65 
an/1000 Jabre) im Zentrum der annll.hemd lcreisrunden Kartiereinheit; die Mlicbtiglceiten nehmen von den mit 
steilen Gradienten radialsymmettisch nach au6en bin innerbalb weniger Kilometer ab. Die Hauptmasse der 
darunter liegenden Terminationssedimente - angeordnet in zwei "Sedimentationskanfilen" - bestebt ebenfalls 
aus feinkOmigem SchJamm mit sebr boben Ablagerungsraten bis zu 230 an/1000 Jahren. 

Sedimentveneilung und -sortierung der holotiinen Einheit weisen auf cine von der Topographic des 
Kootinentalhanges geftibne Sedimentation aus der bodennaben Triibezone (bottom nepbeloid layer=BNL) bin. 
Die Ergebnisse einer ozeanographischen MeBreibe der Forschungsreise Poseidon 181 stiitzen die Annahme, 
da8 die Verbreitung de.r rezenten BNL und damit aucb die Sedimentaldrumulation am Meeresboden durcb 
Wirbelstrulcturen im Wasserkorper gesteuert wird, die wiederum als FoJge der Wecbselwirkung von der 
Topographic des Kontinentalbanges mit den vorherrschenden Stromungen zu deuten sind. Dagegen steben in 
der Termination I typiscb bangnormale Sedimenttransport-Prozesse im Vordergrund (Triibestrome) deren 
Anttieb in der Bodenwasserbildung auf dem zu diesen Zeiten subpolaren norwegiscben Scbelf zu seben ist, 
welche fur einen Export von dichtem sog. "Winterwasser" und damit fur hochenergetiscbe, bodennabe 
Transportprozesse iiber den au6eren Schelf und Kooitinentalbang sorgte. 

Die aus den HochakkumuJationsgebieten am Kontinentalhang des ostlichen Europaischen Nordmeeres 
gewonnenen lnformationen erlauben Riickscbliisse auf sicb verandemde Transportprozesse in der Wassersll.ule . 
Damit ist es moglich, auf Variationen regionaler Stromungsmuster im Verlauf der letzten Enteisungspbase zu 
schlie6en und damit aucb iiber klimatiscbe Veranderungen innerbalb der letzten 20.000 Jahre Auskunft zu 
geben. 

Frank Blaume, Jan Rumohr; Sonderforschungsbereich 313 

Topographisch gesteuerter Sedimenttransport in hohen Breiten 

Auf den Forscbungsreisen Poseidon 181 und 196 sowie Meteor 21-4 wurden in Fortsetzung friiberer Arbeiten 
Areale am norwegischen Kontinentalbang und am westlichen Barents See-Hang kartiert, die sicb durcb 
anormal bohe Machtigkeiten vor junger Sedimente auszeicbnen (Hochakkumulationsgebiete). Die 
Vermessung der regionalen Hydrograpbie minels ozeanographiscber MeBmethoden und die Untersucbung der 
r.iumlicben Verbreitung und zeitlichen Veranderung der bodennaben Triibezone, der nepheloiden Scbichten 
(BNL) im Einzugsgebiet dieser Hocbaklcumulationsgebiete des ostlichen Europiiischen Nordmeeres, soJJte 
AufscbJufi iiber die Entstebungsprozesse dieser Sedimentakkumulationen geben. 

Auf dem westlichen Barents See Scbelfkonnten aufgrund ihrer cbarakteristiscben Temperatur und Salzgebalts­
Eigenschaften spezifiscb dicbte, weil kalt und salzreicb, Bodenwassermassen nacbgewiesen werden, die -
kanalisiert durcb submarine Kanale am auBeren Scbelf - als Triibestrome bodennab vom Schelf bis iiber den 
oberen Kontinentalbang stromten. Die durchgefiihrten Triibemessungen auf Vertikalprofilen durch die 
Wassersaule zeigen, da8 diese Bodenwassermassen an Dichte-Sprungschichten in den freien Wasserkorper 
abbeben und ihre mitgefiihrte Transportfracht in den Zwiscbenwasserkorper eintragen. lst die Dicbte 
ausreichend hocb, so kijnnen sie dagegen bodennab bis an den unteren Kontinentalbang (tiefer als 2000 m) 
absinken und dort Anomalien in der bodennaben· Triibeschicbt hervorrufen. Dieser ProzeB fiihrt einerseits zu 
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einer Auffriscbung des Tiefenwassers mit Sauerstoff, stellt andererseits aber aucb einen nicbt zu 
llllterscbruzeoden Proze8 fur den Import voo Sedimentpartikeln in die Tiefsee dar. 

Am mittelnorwegiscben Kontinentalbang liegen die Ursaclien fur die mit der Trilbungssonde lcartierten 
Anomalien in den bodennaben Wasserscbicbten in der Wecbselwirkung von Grenzscbicbtwellen zwiscben 
zwei unterscbiedlicb cbarakterisierten WasserkOrpem begrtindet: dem nacb Norden stromenden, warmen 
Atlantiscben Wasser (NA W) an der Oberflllcbe und dem kalten Norwegen See Tiefenwasser (NSDW). 
Stehende Wellen filbren dazu, da8 zwiscben 400 m und ea. 800 m Wassertiefe Sedimente am Kontinentalbang 
nicbt zur Ablagerung kommen. Das bobe Energieniveau ermOglicbt sogar Erosion von Sedimentpartilceln, 
welcbe letztlicb bangab in gr08erer Wassertiefen transportiert werden, wo sie scblieBlicb zur Ablagerung 
kommen. Seewllrts Gamlembanken bei 67"N bestimmen von der Topograpbie des Kontinentalbangs 
"eingefangene", statiooare Wirbelstrukturen von etwa 20 - 30 km Durcbmesser bis in den TiefenwasserlcOrper 
binein die regionale Verbreitung der bodennaben Triibezone, was im Verlauf der letzten 10.000 Jabren zu einer 
nabezu krei.srunden Ausbildung der bolozllnen Hocbakkumulation gefiibrt bat 

Frank Blaume, Sonderforschungsbereich 313 

VorUiuflge Ergebnlsse elnes Transektes entlang des Kolbelnsey­
Rucken 

Eines der zentralen Arbeitsgebiete der METEOR-Reise 21-5 warder Kolbeinsey Ridge. Seine Lage zwiscben 
dem Ostgrooland- und dem Ostislandstrom ffi.6t ein deutliches Signal im bodennaben Partikeltransport und den 
benthiscben Siedlungsmustem erwarten. Basierend auf Voruntersucbungen von Sedimentologen und 
Mikropalllontologen wurde ein Profil auf 67° 55'N mit insgesamt 7 Stationen ausgewllblt und in einem 
interdisziplinken Arbcitsprogramm beprobt Erste Ergebnisse lassen cine epibenthiscbe Fauna auf der 
Westflanke gegenilber einer dominaten Infauna auf der Ostflanke des Riickens abgrenzen. Profile des A TP- und 
Chloropbyllgebaltes sowie der milcrobiellen Aktivitllt zeigen einen deutlicben Unterscbied in den Sedimenten 
der beiden Flanken und verdeutlicben den EinfluB der unterscbiedlicben Besiedlungsmuster, was als 
Bestlltigung der aufgestellten Arbeitsbypotbese gewertet wird. 

Angelika Brandt, Karen von Juterzenka, Dieter Piepenburg; lnstitut fur Polarokologie 
Gerd Graf, Maren K6ster, Peter Linke, Ursula Witte; Sonderforschungsbereich 313 

Untersuchungen zum Sedlmenttransport an quartaren glazlalen und 
lnterglazialen Sedlmenten aus dem nordllchen Nordatlantlk 

Die Feinfraktion (< 63 µm Komgro&) und die Grobfralction (> 63 µm KomgroBe) von quart.area Sedimenten 
aus dem nOrdlicben Nordatlantik werden hochauflosend in ibrer KomgrOBenveneilung und 
Sinkgescbwindigkeitsverteilung gemessen. 
Hierzu werden bei der Grobfraktion eine Sedimentationswaage und die Siebmetbode eingesetzt. Die 
Feinfraktion wird ebenfalls mit einer Sedimentationswaage gemessen. Zusatzlicb werden bei der Feinfralction 
nocb Analysen mit einem Lasergranulometer und einem Sedigraphen durcbgefiibrt. 
Die Ergebnisse dicser Messungen macben qualitative und quantitative Aussagen zur Probenzusammensetzung 
und zum Sedimcnttransport mOglicb. Ziel dieser Arbeiten im Sonderforscbungsbereicb 313 ist ein Ansatz zur 
Bilanzierung der verscbiedenen Faktoren der Sedimentakkumulation im nOrlicben Nordatlantik (biogene 
Produktion von Sedimentpartikeln, Eistransport von Sedimentpartikeln und StrOmungstransport von 
Sedimentpartikeln). 

Klaus Michels, Sonderforschungsbereich 313 
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Chapter 18 

GLACIOMARINE ENVIRONMENTS 

"ANCIENT GLACIOMARINE!-:SEDIMENTS" 

A. Elverhsi and R. Henrich 

18.1 INTRODUCTION 

The origin and genesis of ancient (pre-Holocene) glaciomarine sediments is still a 

subject of controversy (for definition of glaciomarine sediments see Chapter 13). 

Until recently, knowledge of modem glaciomarine sediments was limited, in 

comparison to that of terrestrial glacial deposits. Consequently, terrestrial glacial 

sediments were over-emphasized in studies of Cenozoic as well as pre-Cenozoic 

sediments. However, as information on modem environments has progressed, 

reinterpretations of ancient sequences have demonstrated that glaciomarine 

sediments are widespread (Anderson, 1983). Glaciomarine sediments are now well 

documented as an important constituent of all the major glacial episodes in the 

Early Proterozoic, Late Proterozoic (Late Precambrian), Paleozoic, and Cenozoic 

(Hambrey & Harland, 1981) (Chapters 2 & 20). 

1 

A basic problem in interpreting ancient glaciomarine sediments has been, and still 

is, the lack of reliable criteria for differentiating between marine and terrestrial 

glacial sediments. During the last two decades understanding of the glaciomarine 

environment has progressed significantly, in particular, with regard to the proximal 

ice regime, where detailed studies have been conducted (Powell, 1984; Dowdeswell 

& Scourse, 1990; Anderson & Ashley, 1991). For open marine conditions, and 

especially for glaciomarine sedimentation in the deep ocean, knowledge is still 

limited. However, new marine sampling techniques have provided a large number 

of undisturbed deep sea sediment cores. Hence, it has been possible to combine 

conventional methods of glaciomarine fades analysis with micropalaeontological 

and geochemical data analysis to interpret palaeo-oceanographic, ecologic and 
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glaciomarine processes. Furthermore, a high degree of stratigraphic resolution has 

become possible through the use of oxygen isotope stratigraphy and AMS 14C 

dating. 

It is now possible to identify the basic elements of an interglacial-glacial cycle 

within shelf, slope, and deep sea sediments (e.g., Henrich, 1990). In this chapter the 

glaciomarine sedimentary environment will be illustrated by data from Norwegian­

Greenland Sea and the northern Norwegian slope and shelf, including the western 

Barents Sea (Fig. 18.1). In addition, two well-known Early and Late Pre-Cambrian 

sections will be described and discussed with regard to classical conflicts in 

interpreting ancient glaciomarine sediments. 

18.2 GLACIOMARINE SEDIMENTS: CLASSIFICATION AND IDENTIFICATION 

Traditionally, deep sea sediments have not been referred to in discussions of the 

glaciomarine environment (Chapter 13). However, progress in geological marine 

research has demonstrated that deep sea ~sediments represent an important H -'j 
source of information concerning the long term glacial record. In high latitude 

areas, the deposition of the deep sea sediments is largely controlled by the glacial 

conditions onshore and on the continental shelf, e.g., ice-shelf regimes, grounded 

ice-margins, tidewater glaciers. It is crucial to understand the origin of these 

sediments in the Cenozoic record in order to relate them to the correct glacial 

regime. 

In the analysis of deep sea glaciomarine sediments, it is important to realize that 

many glaciomarine processes have daily and/or seasonal fluctuations, and the 

progradation or regression of glacial environments can occur on a scale of years to 

tens of years. In addition, shifts in pelagic sedimentation may occur, but on a much 

longer time-scale. Although seasonal pulses in pelagic particle flux within polar 

oceans are the rule, rather than the exception, the average pelagic accumulation 

rates are more continuous over longer periods, e.g. centuries or thousands of years; 

while glaciomarine sedimentation is generally characterized by fluctuating 



CYCLES, RHYTHMS, AND EVENTS IN QUATERNARY ARCTIC AND ANTARCTIC 
GLACIOMARINE DEPOSITS 

R. HENRICH 
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D-2300 Kiel 14, F.R Germany 

ABSTRACT. Highly variable facies patterns of sub-Arctic glaciomarine continental margin environ­
ments contrast with less pronounced variations in Antarctic deposits. Shallow portions of the sub­
Arctic shelves reveal regressive facies successions comprising basal lodgement till and high energy 
reworked top sequences during glacio-isostatic uplift. Deeper portions of sub-Arctic shelves record 
advance/retreat cycles of continental ice with up to 150 m thick glacigenic units which are separated by 
glacial erosional surfaces. Greatest thiclcnesses occur on the shelf break and upper slope with 
depocenters situated at the mouth fans. Prograding slope sequences reveal a complex sigmoid-oblique 
seismic character formed by alternating build-up during glacial progradation and depositional 
bypass/erosion in the topset during interglacial periods. Antarctic shelf deposits reveal biogenic 
siliceous muds or gravelly diamictons with admixtures of a monogenetic biogenic epifauna deposited at 
low sedimentation rates. 

Sub-Arctic and Antarctic deep-sea sediment records reflect glacial/interglacial variations in 
carbonate and opal productivity and ice-rafted debris input. In Norwegian - Greenland Sea's deep sea 
pelagic environments widespread distribution of dark diamictons indicates extensive advances of the 
continental ice-sheets onto the shelves and permits connection of open ocean with shelf records. In the 
Weddell Sea, glacial, transitional and interglacial facies patterns correspond to advance/retreat cycles 
of the Antarctic ice-sheet, episodic development of floating ice-shelves, variations in the extension of 
sea ice coverage and cyclic development of polynyas within the Weddell Sea sea ice-cover. 

Introduction 

Today the northern and southern polar and subpolar oceans and shelves are strongly influ­
enced by glacial processes. Together with mountain glaciations, about 10% of the Earth's 
surface are covered by ice and snow. During the Cenozoic and also in earlier glacial 
periods, variations in magnitude and dimension of the Earth's ice and snow cover 
document repetitive shifts of global climate. Development of the Antarctic ice-cap in early 
Cenozoic time (Kennett, 1977) and onset of northern hemisphere glaciation in late 
Cenozoic time (Plafker & Addicot, 1976; Armentrout, 1983; Henrich et al, 1989a, band 
references therein) mark a progressive global cooling that is well documented in the 
climatic records of the oceans (Miller et al, 1987). Superimposed on these long-term 
changes in the Earth's climate that correspond to specific plate tectonic and paleoceano­
graphic settings are short-term changes that are primarily controlled by cyclic variations of 
the Earth's orbital parameters, e.g. Milankovitch cycles (Hays et al, 1976). 
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752 Chapter 6 Sequences 

The objectives of this chapter are manifold: 

1. To provide an overview of the principal controls on glaciomarine deposition in 
continental margin environments 

2. To discuss depositional events, cycles and rhythms in Subarctic and Antarctic 
Pleistocene glaciomarine sequences, and their significance for paleoccano­
graphic and paleoclimatic reconstructions. 

3. To compare high input (Subarctic) and low input (Antarctic) glaciomarine 
records. 

1.1 Terminology of Gladomarine Deposits 

The most commonly used definitions of the varieties and subtypes of till are not 
merely descriptive, but incorporate aspects derived from theoretical modeling. Eyles 
et al. (1983) propose that glacial facies analysis should apply a purely descriptive 
nomenclature, which can be easily applied during field work as well as during core 
logging. Use of the term till (and tillite) should be reserved for sediments directly 
deposited at the base of a glacier by sub- and supraglacial aggregation of englacial 
debris, without subsequent reworking (Eyles et al. 1983). The term glaciomarine 
diamicton ( and diamictite) can be employed for any poorly sorted gravel-sand-mud 
mixture (Frakes 1978), deposited directly or indirectly from ice in glaciomarine 
environments. · 

1.2 The Basal Thermal Regime: a Major Control on Glacial Deposition 

The volume of diamicton and lithofacies sequences that is deposited by a glacier 
largely depends on its basal thermal regime. Three thermal or glaciodynamic basal 
regimes are often recognized at modem ice margins (Fig. 1). 

1.2.1 Temperate Glaciers 

The glacier may be wet-based and slide over its bed (e.g., Iceland, Boulton 1972; 
Alaska, Powell 1983; Powell and Molnia 1989). A typical vertical profile (Fig. lA) 
reveals a wide range of diamicton, including basal lodgement till, deposited during 
traction over the bed, and melt-out diamicton interbedded and channeled with 
glaciofluvial facies. Erosional contacts, multiple diamictons with undulating 
geometry, thin stratified units released by subglacial melt-out, as well as resedi­
mented diamictons released from drumlin slumps, are common features in temperate 

glacier lithofacies profiles. 
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6.8 Cycles, Rhythms, and Events 
on High lnf ut and Low Input Glaciated 
Continenta Margins 
R. Henrich 

1 Introduction 

Today, oceans and shelves in the northern and southern hemispheres are strongly 
influenced by glacial processes. Together with mountain glaciations, about 10% of 
the Earth's surface is covered by ice and snow. During the Cenozoic, as well as in 
earlier glacial periods, variations in the magnitude and dimension of the Earth's ice 
and snow cover resulted in repetitive shifts of the global climate through changes in 
albedo and total ice volume. Development of the Antarctic ice cap in the early 
Cenozoic (Kennett 1977) and the onset of Northern Hemisphere glaciation in the 
late Cenozoic (Plafker and Addicot 1976; Armentrout 1983; Henrich et al. 1989 and 
references therein) mark a progressive global cooling that is well documented in the 
climatic records of the oceans (Miller et al. 1987). Superimposed on these long-term 
changes in Earth's climate - which correspond to specific plate tectonic and 
paleoceanographic settings- are short-term changes that are controlled primarily 
by cyclic variations in Earth's orbital parameters, e.g., Milankovitch cycles. 

In addition to the Cenozoic, extensive glaciations are documented during other 
periods of Earth's history, such as the Proterozoic and the Permocarboniferous 
Gondwana glaciations (Frakes and Crowell 1975). During the Pleistocene, more than 
40% of the Earth's continental shelves were glaciated (Climap 1976, 1981). Glacia­
tions also influence continental margins through sea level fluctuations, with the 
consequent migration of facies belts, changes in width of the continental shelves 
(Beard et al. 1982), and variations in the quantity and type of continental erosional 
products and sediment delivery to slope and deep sea environments (Ruddiman 1977; 
Thiede et al. 1986; Henrich et al. 1989). Glaciations indirectly influence nonglaciated 
continental margins by perturbing high level atmospheric circulation, with its as­
sociated variations in aeolian dust supply and oceanic productivity (Samthein et al. 
1982; Stein 1986a). 

Ancient glaciomarine sections have been studied extensively by numerous 
workers (see bibliography in Eyles et al. 1985 and Edwards 1986). Studies of modem 
glaciomarine environments were comparatively few until about 20 years ago, but 
much progress has been achieved since then. A summary of our knowledge on 
glaciomarine environmental settings has been compiled in a special volume on 
Glaciomarine Sedimentation, edited by B. Molnia (1983), and in special issues of 
Marine Geology (Volume 57, 1984; Volume 85, 1989). 

Einsele et al. (Eds.) 
Cycles and Events in Stratigraphy 
CSpringer-Verlag Berlin Heidelberg 1991 



Beckenanalyse des Europaischen Nordmeeres: 
Pelagische und glaziomarine Sedimentfliisse im 

Zeitraum 2.6 Ma bis rezent 

Habilitationsschrift vorgelegt von Rudiger Henrich 

Christian - Albrechts - Universit~t - Kiel 1992 



Beckenanalyse des Europaischen Nordmeeres: Pelagische und glazio­

marine SedimentflUsse im Zeitraum 2.6 Ma bis rezent 

Gliederung 

Zusaaaenf assung . ..........•..................•.....•.............•.... 1 

1. Einleitung 

1.1. Darstellung des Forschungsansatzes ...•..........•....•........... 5 
1. 2. Becken/ Schelf-Topographie ..........................•.•.......... 7 
1.3. Schlilsselgebiete der ozeanischen Zirkulation im Europaischen 

Nordmeer und angrenzenden N- A tlan tik ........•.•....................• 10 
1.4. Zeitskalen der geologischen und mikropal~ontologischen 

Be f t1nde . . . • . • . . • . . • . • . • . • • • • • . . . • . • • • • • • . • . • . . • • . . • • • • • • • • • •••.• 15 

2. Methoden 

2.1. Kernentnahme und Datenermittlung an Bord ....................•.... 16 

2.2. Labormethoden 

2.2.1. Sedimentologische Standardanalysen und Bearbeitungs-

schema . ............................•...•.•...•.•....•.•....•. . 18 

2 . 2. 2. Auswertung von Radiographien ......•....•..•.•....•............ 20 
2. 2. 3. Grobfraktionsanalyse ..........•.........•...•................. 21 
2.2.4. Mikropalaontologische Untersuchungsmethoden ................... 23 
2.2.5. Untersuchungen zum Erhaltungszustand polarer und subpolarer 

pelagischer Karbonate ..............•........•.............•... 24 
2.2.6. Geochemische Analysen zum Redoxpotential des Gesamtsedimen-

tes ........................................................... 30 
2.2.7. Rock EVAL, 6 1 3C Messungen und organische Petrographie an 

der organischen Subs tanz ...........................•......... 31 
2.2.8. Sauerstoff/-Kohlenstoffisotopenstratigraphie .................. 32 
2.2.9. Quantifizierung der Sedimentflilsse ........................ 34 

2.3. Anwendung des Fazieskonzeptes in pelagischen und 

glaztomartnen Sedtmenten des Europaischen Nordmeeres .................. 39 



3. Pelagische, ben thische und glaziomarine Prozesse: 

Auswahl geeigneter Signaltrlger und Interpretationskontlikte 

3 .1. Pelagischer PartikelfluB. . . . • . . • . • • • • • . • • • • • •••..•••.•••••••... 39 

3.2. Benthos~kosysteme und Organismenaktivit~ten an der 

ben thischen Orenze .............................................. 46 

3.3. Sedimenttransport durch Pack-(Meer-)eis versus Eisberg .•.••.•. 50 

3.4. Prozesse des lateralen Sedimenttransportes •••.•..•.•••.•.•..... 60 

3.5. Abgrenzung von Temperatur, Salinit&tseffekten in den 

Sauerstoff­

planktischer 

3.6. Ver~derungen 

und Kohlenstoff- Isotopenverh~tnissen 

Foram.ini f eren. . ................................... 66 

der Bodenwasser- und Porenwasser- Eigen-

s char ten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 69 

4. Rezente pelagische und terrigene SedimenttlUsse ia Europ&ischen 

Nordmeer . ...•.•.........•...•.••.•.••..•••......•.••••••.•••••.••..•. 73 

4 .1. Kar bona tproduktionszen tren. . .•..........•.•.•..•..•..•..••...•• 75 

4. 2. Opalproduktion und Erhal tung. . .•.•.•.........•...•.••..•••.•..• 79 

4. 3. Ein trag organischer Subs tanzen. . ...........•.........•.•....... 80 

4. 4. Terrigener Sedimen teintrag. . ...•.....•........•.•.•......••.... 81 

5. Sedimentologisch- geochemische Charakteristik glazial 

/ interglazialer Sedimentfazies in der Tiefsee ....• ; •••••••.••...... 82 

6. Stratigraphische Korrelation der Tiefseesediaente des Euro-

ptischen Nordllleeres . . ............................................. . 113 

7. Raum / Zeitkonfigurationen pelagischer und glaziomariner 

FaziesklSrper im offshore Bereich des Europ&ischen Nordmeeres . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124 

8. Sedimentologisch- geochemische Charakteristik und 

pallo-ozeanographische Signifikanz rhythaischer und zyklischer 

Faziesabfolgen. . .......................................•.....••.... 132 



9. Regionale Verteilungsmuster pelagischer und glaziomariner Sedi­

mentflilsse im EuropAischen Nordaeer 400ka bis rezent •..••.•••••.... 148 

9.1. Pelagische Karbonatproduktion und Erhaltung in Glazialen und 

Interglazialen. . .......................••.................... 148 

9.2. Variabilit~t benthischer Faunenassoziationen in glazial/ 

interglazialen Sedimenten des Europ!ischen Nordmeeres . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 

9.3. Variabilit~t der terrigenen SedimentflUsse in Glazialen und 

In terglazialen. . .................................. .- ...... .. . 196 

10. Bilanzierung der langfristigen VariabilitAt des Eintrags pela­

gischer und glaziomariner Sedimentkomponenten wl.hrend der letzten 

2 . 6 My ...............................•........•...........•......... 220 

10.1. Variabilit!t der pelagischen Karbonatproduktion und Erhal-

tung im Ostsektor des 

Zeitraum 0.4 Ma - 2.56 Ma. 

Europ!ischen Nordmeeres im 

· · · · · · · · · · . · · .............. .... ... 222 
10.2. Variabilit!t der pelagischen Opalproduktion und Erhaltung im 

Ostsektor des Europ!ischen Nordmeeres w!hrend der vergange-

nen 2. 56 Ma. . ..........................•.......•...•........ . 237 
10.3.Variabilit!t des terrigenen Sedimenteintrags im Ostsek-

tor des Europ!ischen Nordmeeres im Zeitraum 0.4 Ma 2.56 

Ma. . .................................................•. .•.•... 239 
10.4. Variabilit!t benthischer Faunenassoziationen in den 

ODP- Leg 104 Bohrungen w!hrend der vergangenen 2.56 Ma . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255 

11. Faziesspektren von glazialen und interglazialen Schelf und 

Kon tinen talhangsedimen ten. . ...•......•........•..........••..••...• 256 

11.1. Seismische Befunde und erste stratigraphische Einstufungen 

glazial/ interglazialen Schelfsequenzen des Europ~schen 

Nordmeeres . . ................................................ 257 

11.2. Holozane Sedimentfazies der Schelfgebiete ..........•.•..•..•. 259 

11.3. Postglaziale Sediment- und Faunenabfolge auf den Schelfge­

bieten des Europ!ischen Nordmeeres ..••..............•....... 262 

11.4. Karbonat- Restsedimentdecken als Abbild pal!o- ozeanogra­

phisch gesteuerter niedrig akkumulierender Karbonatproduk-

tion auf den Schelfgebieten des Europ~schen Nordmeeres. 



............................................................ 264 

11 .• 5 Die Entwicklungsgeschichte holoz!ner Rotalgenriffe in der 

Sch!renlandschaft Nordnorwegens: Abbildung jUngster Meeres-

spiegelschwanlcungen. . ....................................... 267 

12. Oberfllchen- und Tietenwasserzirkulationsmodelle des Euro­

plischen Nordaeeres: eine vergleichende Diskussion .•.•.•...••••••• 271 

13. Geschichte der Oberfllchen- und Bodenwassermassen 

im Europlischen Nordmeer wlhrend der letzten 2.6 Ma ...... ; •.•...... 280 

13.1. Phase 3 (2.56 Ma - 1.2 Ma): Gem!.Bigt- glaziale Verh!ltnisse 

und relativ stabile, klein- dimensionierte Eisschilde in der 

Umrahmung des Europ~schen Nordmeeres .••..•..••..•••.•••••.•• 281 

13.2. Phase 2 (1.2 Ma - 0.6 Ma): Verst!rkung pal!o -ozeanogra­

phischer Kontraste mit Zunahme des glaziomarinen Sedi 

menteintrags in den Glazialzeiten und Einsetzen hoher pela­

gischer Karbonatproduktion w!hrend der Interglaziale . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285 

13.3. Phase 1 (0.6 Ma - rezent}: Verst~rkte meriodionale Zirkula­

tion auf der N - Hemisph!re mit breiten Intrusionen des 

Norwegenstromes in den Interglazialen und maximaler Effi-

ziens glaziomariner Sedimentationsprozesse wfillrend der 

Glazialzei ten. . ............................... · ............... 287 

Li teraturv-erzeichnis . ............................................... 316 

DanksagtJJlg . .........••....•..•...•.........••....• ..•.• ••..•......•. 344 

Apendix: 

Verzeichnis der Abbildungen 

Verzeichnis themenrelevanter Publikationen des Autors. 



Zusaamenfassung 

Das Europaische Nordmeer ist eine der klimatisch­

Regionen der NordhemisphAre und zugleich eine der 

sensitivsten 

wichtigsten 

Steuerungszentralen der globalen ozeanischen Zirkulation. Heute wird 

von hier ein Gro8teil des Weltozeans mit sauerstoffreichem Tiefenwas­

ser versorgt. Eine wichtige Voraussetzung hierfUr bildet der Einstrom 

salzreicher atlantischer Oberflachenwassermassen auf der Ostseite des 

Beckens bei gleichzeitiger Ausbildung eines K!ltepols in den west­

lichen und nordlichen Regionen mit einer Eiskappe Uber Gronland und 

einer Meereisdecke Uber dem Arktischen Ozean und seinen Randgebieten. 

Schon geringfUgige Schwankungen des globalen Klimas kOnnen starke 

Ver!nderungen in der ozeanischen Zirkulation des Europ!ischen Nord­

meeres verursachen. 

Zahlreiche methodische Ansatze sind in den bisherigen Arbeiten ver­

folgt worden, um diese ozeanographischen und klimatischen Ver!nde­

rungen zu beschreiben und in ihrer Wechselwirkung zu tektonischen 

Vorg!ngen und Schwankungen der Orbitalparameter der Erde zu verstehen. 

Dabei ergeben sich oft kontroverse Modellvorstellungen und wider­

sprUchliche Aussagen. Da alle Einzelparameter aufgrund einer Vielzahl, 

sich oft Uberlagernder Prozesse resultieren, konnen verl~liche Aus­

sagen nur durch einen synoptischen Vergleich, unter kritischer Ab­

wagung der widersprilchlichen Einzelaussagen, getroffen werden. Unter 

diesem Aspekt mu.Bten bei den vorliegenden Untersuchungen vielfach auch 

neue methodische Ansatze verfolgt werden. 

Zu nennen sind: 

eine differentielle Bilanzierung der Grob- und Feinkornanteile der 

karbonatischen und terrigenen Sedimentbestandteile; die verschiedenen 

Anteile ermoglichen eine Abschatzung des Foraminiferenflusses 

(Grobkarbonat), des Nannoplanktonflusses (Feinkarbonat), des fein­

karnigen terrigenen Suspensionseintrags u. a. durch Meereis (terrigene 

Feinfraktion), sowie den Eintrag durch Eisbergfracht (Grobterrigenan­

teil). 

Kartierungen von Dropstoneprovinzen zur Rekonstruktion der Eis­

driftstrome. 

- kombinierte kohlepetrographische und geochemische Untersuchungen am 

organischen Material zur Bestimmung mariner und terrigener Anteile. 

REM - Losungsindices an planktischen Foraminiferen zur Charakteri­

sierung des Erhaltungszustandes pelagischen Karbonates und zur Bestim-
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mung der Bodenwasserkorrosivit!t. 

Unter Anwendung des Prinzips des Aktualismus werden in der vorliegen­

den Arbeit zun!chst die wichtigsten Signaltr!ger der heutigen Ober­

fl!chenwassermassen in den Sedimenten definiert, und die rezenten 

pelagischen, benthischen und glaziomarinen Prozesse in ihrer Ver­

netzung diskutiert. Aufgrund einer vergleichenden Analyse sedimentolo­

gischer, mikropal!ontologischer und isotopischer Parameter wird ein 

Fazieskonzept fUr die pelagischen und glaziomarinen Sedimentfolgen 

entwickelt, das es erlaubt, die verschiedenen Faziesk6rper in ihrer 

r!umlichen und zeitlichen Ausdehnung zu erfassen, und sie spezifischen 

Oberfl!chen- und Bodenwasserkonfigurationen zu zuordnen. Mittels 

charakteristischer Faziesabfolgen kBnnen somit pal!o- ozeanographische 

Entwicklungen w!hrend der glazial/interglazialen Klimaschwankungen re­

konstruiert werden. Anhand der Ergebnisse aus den Tiefsee- Sediment­

kernen und von Schelfsedimenten sowie der klimatischen Befunde von den 

angrenzenden Landmassen wird die pal!o- klimatische und pal!o- ozeano­

graphische Entwicklung der letzten 2.6 Ma in einem dreiphasigen 

Modell beschrieben: 

Phase 3 (2.56 Ma - 1.2 Ma): Gemli.Bigt glaziale Verh!ltnisse und 

relativ stabile, klein dimensionierte Eisschilde in der Umrahmung des 

Europ!ischen Nordmeeres mit einem episodischem Einstrom atlantischer 

Wassermassen in kUstennahen Regionen SUd- und Mittelnorwegens. 

Phase 2 (1.2 Ma - 0.6 Ma): Verst!rkung pal!o- ozeanographischer 

Kontraste mit Zunahme des glaziomarinen Sedimenteintrags in den 

Glazialzeiten und Einsetzen hoher pelagischer Karbonatproduktion w!h­

rend der W!rmespitzen der Interglaziale. 

Phase 1 (0.6 Ma - rezent): Verst!rkte meridionale Zirkulation auf 

der N- Hemisp!re mit breitem Einstrom des Norwegenstromes in Intergla­

zialen und maximaler Wirksamkeit glaziomariner Sedimentationsprozesse 

in den Glazialzeiten. 

Phase 1 (0.6 Ma - rezent) ist durch hohe Kontraste zwischen besonders 

starken Glazialzeiten und warmen Interglazialzeiten charakterisiert, 

wobei eine gro8e Variabilit!t der Oberfl!chen- und Tiefenwasserzirku­

lationsmustern beobachtet wird. Aufgrund der vorliegenden Ergebnisse 

wird ein den heutigen Verh!ltnissen entsprechendes modifiziertes 

anti!stuarines Zirkulationsmodell auch fUr lange Phasen der Glazial-



zeiten angenommen. Da der Golfstrom jedoch in den Glazialzeiten meist 

schon im N- Atlantik nach SUden abgelenkt wurde, stellen sich beia 

Fortbestehen einer antiastuarinen Zirkulation sofort die Fragen nach 

ihrem Antrieb in der Oberflachenzirkulation sowie alternativen Mecha­

nismen der Tiefen- und Zwischenwassererneuerung im Europ~schen Nord­

meer, die einen Tiefenwasserexport auch in den Glazialzeiten weit­

gehend aufrecht erhalten wilrden. Der Autor favoritisiert eine von 

katabatischen Winden von den Eisschilden Uber Skandinavien/ N - Europa 

und Gronland/ N- Amerika angetriebene Oberflachenwasserzirkulation im 

Europaischen Nordmeer. Aufgrund von Klimamodellierungen zeigen Kutz­

bach & Guetter (1986) sehr ~liche Zirkulationsmuster mit ortsfesten 

Hochdruckgebieten Uber den Eisschilden sowie Fallwinden in ihrer 

Umrahmung. Diese Fallwinde wilrden von der Corioliskraft auf der 

Ostseite des Europaischen Nordmeeres nach N und auf der Westseite nach 

S abgelenkt. Insgesamt wurden somit Eisrand- parallele Driftstrome die 

Stromsysteme des Norwegen- und des Gronlandstromes ersetzen. Starke N­

Winde in der FramstraBe wi.irden den ostseitigen Driftstrom nach SW 

abdrehen und in das westseitige Stromsystem einspeisen. Je nach St!rke 

dieser N- Winde konnte das Abdrehen des Ostdriftstromes auch bereits 

weiter im S, beispielsweise am Barentsschelf erfolgen. Im Zentrum des 

Europaischen Nordmeeres wilrden ein oder mehrere zyklonale Wirbel, die 

beiden gegenlaufigen Driftstrome verbinden. Bei einer derartigen 

Oberflachenwasserzirkulation ware eine saisonale Einspeisung von ver­

drifteten Atlantikwassern in den Ostrandstrom moglich. Zus!tzlich 

konnten die Fallwinde offene Wasserflachen schaffen, die durch winter­

lichen Meereiszuwachs zu einer Tiefenwassererneuerung beitragen 

konnten. Durch die ablandigen Winde konnte es an den Eisrandern zu den 

auch im rezenten bekannten lokalen Auftriebserscheinungen kommen. 

Im Detail wird eine gro8e Variation an glazialen und interglazialen 

Oberflachenwasserzirkulationsmuster beobachtet. Das Spektrum umfaBt: 

1. Relativ warme Interglaziale mit einem breiten Ausstrich atlan­

tischer Oberflachenwassermassen, einem hohen Karbonatflu.8 aus dem 

Pelagial, der hohe Gehalte an subpolarem Plankton und hohe Gehalte an 

Coccolithen aufweist (Stadien (15), 13, 11, 5.5.1, 5.1 1). 

Skandinavien war in diesen Phasen nicht vereist. 

2. Temperierte Interglaziale mit einem vergleichsweise schmalen Aus­

strich atlantischer Oberflachenwassermassen, einem mittleren bis hohen 

Karbonatflu8, der ilberwiegend von Planktonforaminiferenkarbonat mit 
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niedrigen Gehalten subpolarer Faunen aufgebaut wird und im Feinkarbo­

nat eine klare Dominanz des kUhl- temperierten Coccolithen C. pelagi­

cus zeigt Isotopenereignisse 9.3, 7.5, 7.3- 7.1, 5.4, 5.3). 

In Skandinavien existierten Inlandvereisungen, deren Apophysen sich 

bis Region der heutigen Fjorde erstreckten, jedoch nicht bis auf den 

Schelf reichten. 

3. Ausgepr!gte K!Utephasen w!hrend der Interglaziale mit einem deut­

lichen RUckgang der Karbonatgehalte, einem erh~hten Eintrag an terri­

gener Grob- und Feinfraktion und einem aus der Karbonatverteilung 

abgeleiteten sehr schmalen Ausstrich atlantischer Wassermassen in der 

sUdOstlichen Norwegensee (Isotopenereignisse 7.4, 5.2). In diesen 

Phasen war Skandinavien von einer Eiskappe Uberzogen, deren Ausl!ufer 

die Innenschelfregion erreichten. 

4. Einen schwachen Einstrom kUhl- temperierter Oberfl!chenwassermassen 

aus dem Atlantik w!hrend kurzer Zeitabschnitte in den Glazialzeiten 

mit einer hohen Karbonatproduktion aber niedrigen Gehalten von sub­

polaren Elementen (Isotopenereignisse 8.6 - 8.5, 6.5 und 3.1) sowie 

starker Eisbergdrift im schelfnahen Sektor vor Skandinavien. 

5. Eine Uber lange Zeitabschnitte gute Karbonaterhaltung in Glazialen 

und Interglazialen sowie kurzfristige LOsungsereignisse, die mit 

ozeanographischen Ver!nderungen w!hrend der Diamiktsedimentation in 

urs!chlichem Zusammenhang stehen und kurzfristige EinbrUche in der 

Tiefenwasserzirkulation markieren. 

6. Glazialzeiten mit besonders hohem !RD Eintrag und weiter Ver­

breitung der Diamikte ( Stadien 6, 10, 12, 14) sowie einem Vorschub 

der kontinentalen Eismassen auf breiter Front bis nahe an die 

Schelfkante. 

7. Glazialzeiten mit geringem IRD Eintrag und mittleren bis hohen 

Karbonatflu.8, der u.a. auch signifikante Gehalte an Pteropoden auf­

weist (Stadium 4, glgtl. im Stadium 8) als Hinweis fUr eine besonders 

intensive Tiefenwasserzirkulation. 
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ABSTRACT 

Records of biogenic and terrigenous components have I?een obtained from the interval 

corresponding to the last 2.6 Mys of ODP Sites 643 and 644 in order to reconstruct surface 

and deep water regimes in the Norwegian Sea. 

Surface water regimes record long lasting moderate glacial conditions during the interval 

2.6 Ma to LO Ma. Small intrusions of Atlantic water episodically penetrated into the 

Norwegian Sea forming a narrow tongue along the eastern margin, which is documented at 

Site 644. The polar front was most probably situated between the Site 644 and 643 locations 

on the outer V ~ring Plateau during these time intervals. Deep water regimes reflect long-term 

persistent corrosive bottom waters, most probably due to a weakly undersaturated water 

column and a low rate of carbonate shell production in surface waters. Deep water production 

in the Norwegian-Greenland Sea may have operated in a different way, e.g. brine formation 

during winter sea ice growth. Bottom waters were oxygenated throughout the entire period, 

and deep water was exchanged persistently with the North Atlantic. 

Increased glacia.l{mterglacial enviromental contrasts are documented, reflecting a 

strengthening of the Norwegian Current and intensified glaciations on the surrounding land 

masses during the interval LO Ma to 0.6 Ma. During this time a major shift in the mode of 

deep water production occurred. 

The onset of large amplitudes in glacia.l{mterglacial environmental conditions with 

maximum contrasts in surface water regimes, different modes of deep water production, and 

exchange rates with the North Atlantic marks the last 0.6 Ma. A broad development of the 

Norwegian Current is observed during peak interglacials, while during-glacials seasonally 

variable sea ice cover and iceberg drift dominate surface water conditions. 

INTRODUCTION 

A major element in the evolution of Cenozoic environments has been the transformation 

from warm Eocene to Lower Miocene oceans into the later type of oceans characterized by 

strong thermal gradients, oceanic fronts, cold deep oceans and cold high latitude surface 

water masses (Thiede et al. 1989, Bohrmann et al. 1990, Jansen et al. 1990, Mudie et al. 

1990). This transformation is linked with the climatic transition into cold high latitude 

climates and the surface-water connection between higher and lower latitude oceans. A major 

threshold of the climate system was passed with the inception of glaciers and ice-sheets in the 

Northern Hemisphere. The best location to monitor the onset of glaciations in the Northern 

Hemisphere would be in the high northern and western Arctic. So far, ODP has not yet 
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The comment by Thomson on our paper 
presents an alternative model for the early diagene­
sis of the dark diamictons which are intercalated in 
glacial sediments over wide areas of the Norwegi­
an-Greenland Sea. The principle difference in the 
approach of Thomson and our model is that 
Thomson deduces the early reactions to variations 
in flux rates and quality of organic matter without 
changes in bottom-water oxygen levels. We will 
argue instead that early diagenetic processes have 
been triggered essentially by changing bottom­
water properties. 

Thomson's diagenetic model for metal reloca­
tions in sediment sections with dark diamictons 
provides a more detailed and elaborate view of the 
successive diagenetic environments that we only 
briefly discussed in our paper (Mar. Geol., 86: 
312-313, fig.17). In fact downward movement of a 

· secondary oxidation front into the dark diamictons 
is responsible for the observed metal concentration 
profiles within and on top of the diamictons. For 
comparison, see the discussion on oxidation front 
migration into turbidites by Buckley and Cranston 
( 1988). Also, these diagenetic reactions clearly are 
not contemporaneous with deposition of the dia­
mictons. They occur with a time lag ofless than 1 ky 
to 3 ky as suggested by oxic sediment-filled burrows 
truncating the diagenetic iron laminations concen­
trated at the redox boundary. In conclusion, there is 
no discrepancy between Thomson's and our views 
on the succession of diagenetic processes that 
caused the observed metal relocation profiles, but 
we do gratefully acknowledge Thomson's more 
detailed discussion on these aspects. 

Two principally different mechanisms triggering 
the diagenetic reactions have been presented by 
Thomson and us. Indeed, the major open question 
is whether the diagenetic observations can only be 

explained by changes in flux rates and quality of 
organic matter (e.g. Thomson's alternative model), 
or whether these shifts have been essentially 
triggered and accelerated by changing bottom­
water properties (our model). In order to approach 
this difficult problem, we will first summarize other 
circurnstancial evidence for changing bottom­
water conditions during glacials and interglacials 
in the Norwegian-Greenland Sea, and then at­
tempt to evaluate our model in more detail. 

Glacial sediments in the Norwegian-Greenland 
Sea generally reveal a low diversity of benthic 
organisms, and Cibicidoides wue/lerstorfi, a typical 
epibenthic foraminifer adapted to full oxygenated 
bottom-water conditions (Zahn et al., 1986; Lutze 
and Thiel, 1989), does not occur in glacial sedi­
ments. Also, there is a strong glacial/interglacial 
contrast in bioturbation features and intensity with 
a much richer and denser ichnofacies in the 
interglacial sediments. Despite the possibility that 
some of the shallow endobenthic foraminifera might 
have been adapted to low-oxygen conditions, the 
sporadic occurrence of sponge spicules in glacial 
sediments from submarine ridges demonstrate that 
oxygenated bottom waters were present. This is 
further supported by SEM dissolution studies 
indicating overall good carbonate preservation 
during "normal glacial" conditions. In conclusion, 
we assume that during long glacial periods bottom 
waters still were oxygenated, but that the bottom­
water exchange and overall oxygen content was 
lower than during interglacials. This is further 
demonstrated by regional differences in glacial~ 13C 
values in benthic foraminifera in the Norwegian­
Greenland Sea and North Atlantic, with more 
negative values in the Norwegian Sea (Jansen et al., 
1989). The rapidly deposited diamictons are bereft 
of benthic organisms and reveal only very low 
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contents of highly corroded planktonic foramini­
fera. At this point, one may either attribute the 
absence ofbenthic organisms to the high deposition 
rate or invoke changes in bottom-water properties 
(e.g. a lower exchange rate of bottom waters due to 
a more stratified water column). This question can 
only be answered if a distinction can be made 
regarding whether carbonate dissolution is a bot­
tom-water or a pore-water controlled process or a 
combination ofboth. Thomson's model explains the 
observed dissolution phenomena only by increased 
C02 in pore-waters derived from degradation of 
terrigenous organic matter under oxic conditions. 
Support for this assumption is the observed de­
crease in total organic contents in the diageneticaJly 
altered top sections of the diamictons. Since 
dissolution features on planktonic foraminifera 
were not only observed in the diageneticaJJy altered 
sections but also in the deeper, unchanged, dark 
grey parts of the diamictons, we have assumed that 
at least part of the dissolution took place at the sea 
floor. Nevertheless, the possibility of additional 
dissolution under early diagenetic conditions, as 
discussed by Thomson, is strongly evident from the 
shift in the total organic carbon records in the 
topmost diamicton sections. Also, such early dia­
genetic carbonate dissolution processes could con­
tribute C02 to the bottom water masses and thus 
enhance seafloor dissolution processes ( compare the 
discussion in Cranston and Buckley, 1990). 

Hitherto we have not been able to discover any 
difference in the quality of organic carbon within 
the diamictons and the surrounding glacial sedi­
ments. A prevalence of terrigenous organic matter 
is indicated by preliminary Rock EV AL data. 
During microscopic analysis abundant coal frag­
ments have been detected in some diamictons 
(Bischof et al., in press; Henrich, 1990). However, 
because Rock EV AL pyrolysis is only a first and 
rough approach to characterizing the organic 
carbon in young sediments, we have started a more 
detailed geochemical analytical programme for 
more accurately characterizing the shifts in terrige­
nous versus marine organic carbon c~ntent in 
glacial/interglacial sediments. Results are not yet 
available, but they will contribute essential addi­
tional aspects on the relative proportion of sea­
floor dissolution processes. 
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A major precondition in Thomson's alternative 
model excluding bottom-water changes is the very 
rapid deposition rate of the diamictons. This is 
obviously the case for the diamicton occurrences 
discussed in our paper (Mar. Geol., 86: 283-319). 
Additional work on Jong-term shifts in glacial 
interglacial sedimentation patterns in the Norwe­
gian Sea carried out on the ODP Leg 104 cores 
indicates that similar diamictons are intercalated in 
sediments that have been deposited at an overall 
very low sedimentation rate (e.g. Jess than 1-2 
cm/ky; Henrich, 1989). Facies with dark diamictons 
occur repeatedly throughout the entire glacial/inter­
glacial section of the past 2.57 Ma, but from 2.57 
Ma to 1.2 Ma interglacial deposits are restricted to a 
few and Jess-pronounced occurrences at Site 644 
which is situated close to the shelf edge. Strong 
persistent facies-independant carbonate dissolution 
is recorded throughout the sections from 2.57 Ma to 
about 1.2 Ma followed by a long transitional period 
with a gradual decrease in dissolution from 1.2 Ma 
to about 0.6 Ma (Henrich, 1989). The planktonic 
oxygen isotope records of the section from 2.57 Ma 
to 1.2 Ma reflect strongly depleted 0180 values 
compared to the Atlantic records, while the bcnthic 
records in the Norwegian Sea and the North 
Atlantic are similar (Jansen et al., 1988, 1989). The 
light planktonic oxygen isotope values and the large 
deep water to surface water oxygen isotopic 
gradient has been attributed to an overall reduced 
surface-water salinity in the Norwegian Sea. Under 
such conditions the mode of formation of dark 
diamictons may have operated at much lower 
deposition rates because the more general stabiliza­
tion of the water column may have reduced bottom­
water exchange resulting in more persistent dissolu­
tion over longer periods. 

In conclusion, we infer that early diagenetic 
reactions in Norwegian Sea deep-sea sediments 
were triggered by shifts in bottom-water properties 
with episodic short-term dissolution pulses in the 
more recent palaeoclimatic interval (e.g. the last 
600 ky) and more persistent dissolution during the 
earlier period (2.57-1.2 Ma). FinaJly, we wish to 
acknowledge once more the very interesting com­
ment by Thomson that provides additional aspects 
on the early diagenetic processes. He has provided 
us with the opportunity of evaluating our palaeo­
oceanographic model in more detail. 
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L:irge amounts of clay and silt particles from the northern Voring Plaieau 
(Norwegian Sea) accumulaie on a ridge (Voring Plateau escarpment) sirua1ed at 
I ~~5-1 310 m depth on the northern Voring Plateau. Calculated Holocene sedi­
mentation raies are up to 18 cm ky-1, while amounting to less than I cm ky·l on 
the slope souih of the ridge. Six siations were sampled - three on each side of 1he 
ridge - to ob1:iin quantilalive information of different biological components and 
relate these observa1ions to the environment:tl conditions. Pronounced biological 
differences between the southern and northern sites are evident in terms of oxy­
gen consumpiion, meio- and macrofauna composition, mciofauna biomass :ind 
mciofauna dep1h distribution. A specific fauna consisting of pogonophorans :ind 
nematode assemblages of rela1ively large-sized animals inhabits areas on Voring 
Plateau which are characterized by high sedimcnt:ition r:ites and high organic 
carbon content. Accumulation of particles larger than 63 µm in sediment hori· 
zons between 6-10 cm depth is possibly due to vertical particle transports by a 
burrowing enteropncust. 

Octanologica Acta, 1992. 15, 3. 287-296. 

Differences sedimentologiques et biologiques d'un cote a l'autre 
d'une dorsale profonde exposee a l'advection et a !'accumulation de 
fines particules 

D'irnportantes quantites de panicules argileuscs et de vase en provenance du pla­
teau continental de la Mer de Norvcgc sc sont accumulees sur une dorsale, l'escar­
pement du plateau Voring, 111 245-1 310 m de profondeur. Les taux de sedimen­
tation calcules pour !'Holocene y aucignent 18 cm par millenaire alors que, plus 
au sud, sur le talus continental, ils sont inferieurs A I cm par millenaire. Six sta· 
tions ont ete echan1ill0Mees (trois de chaque cote de la dorsale) afin de quantifier 
Jes constiruants biologiques et de comparer ces observations aux caracteristiques 
de l'cnviroMcmcnt. Des differences notables entrc les stations du nord et ceUes du 
sud soot obscrvees dans la consornmation de l'oxygenc, dans la composition de la 
macrofaunc el dans la composition, la biomassc et la repanition verticalc de la 
mciofaunc. Des populations de pogonophon:s et de nematodes, constiruees d'ani-

0399-1784192/03 287 10/$ 3.00/Q Gaulhier-Villars 287 
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Der aktive rnittelozcanische Riicken a1s Sedimentationsraum -
Zusammensctzung und Dynamilc der Sedimente 

am Kolbeinscy-Riickcn (N'Island) 

An active mid-ocean ridge as sedimentary environment -
Sediment composition and dynamics at Kolbcinsey Ridge (N'Iceland) 

Von KLAS SVEN LACKSCHEWITZ, REINHARD OEHMIG und 
HANS-JOACHIM WALLRABE-ADAMS, Kiel 

Mit 6 Abbildungen und 1 Tabelle im Text 

LACKSCHEWITZ, K. S., OEHMIG, R. & WALLRABE-ADAMS, H.-J- (1991): 
Der aktive mittelozeanische Riicken als Sedimentationsraum - Zusammen­
setzung und Dynamik der Sedimente am Kolbeinsey-Riicken (N' Island). 
[ An active mid-ocean ridge as sedimentary environment - Sediment com­
position and dynamics at Kolbeinsey Ridge (N' Iceland).] - Zbl. Geol. 
Paliiont. Teil I, 1990 (11): 1727-1738; Stuttgart. 

Abstract: Sedimentation on mid-ocean ridge north of Iceland (Kolbeinsey 
Ridge) is controlled by several factors. Volcanism is important for the 
active ridge segment by supplying much of its sediments. Currents and 
other processes affect deposition in the morphologically extreme region 
of transform disturbances, resulting in a wide spectrum of possible sedi­
mentary facies. 

Analyses of coarse fractions and settling velocities proved to be valu­
able tools in attempts to define highly variable sedimentary environments 
of the ridge in terms of responsible transport and depositional processes. 

Zusammenfassung: Die Sedimentation am mittelozeanischen Riicken nord­
lich von Island (Kolbeinsey-Riicken) wird von mehreren Faktoren beein­
fluBt. Hervorzuheben ist der vulkanogene Eintrag im aktiven Riickenseg­
ment, der einen bedeutenden Anteil der Sedimentkomponenten liefert. 
Die Oberpriigung der Ablagerungen durch Stromungen und zusiitzliche 
Sedimencacionsprozesse in morphologisch ext rem en Bereichen (Transform­
Storungen) erweitern das Spekt rum moglicher Sedimentfaziestypen. 

Grobfraktions- und Sinkgeschwindigkeitsanalysen erwiesen sich als ge­
eignete ."1ethoden, um die engriiumig wechselnden Sedimentationszonen 
im Riickenbereich den jeweils wirksamen Ablagerungs- und Transoortpro­
zessen zuzuordnen. 

0340-;109/91/1990-li27 S 3.00 
C) 1991 E. SchwCJZcri>att'schc Vcrlagsbuchhandlung. D-i OOO Stuttgan I 
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ABSTRACT 

A high accumlation area on the continental slope west of 
Gamlembanken (67°N-08°E, 1000 m of water depth) provided a 
composite section comprising >900 cm of postglacial sediments, 
which were studied for calcareous and siliceous plankton, and 
tephra particles. 

The first appearance of coccolithophorids, diatoms and 
radiolarians indicates that northern Atlantic surface waters 
entered the area off mid-Norway near 13,300 14c YBP, thus 
establishing a weak precursor of the Norwegian Atlantic Current 
along the shelf edge. According to plankton data, this precursor 
current persisted throughout Boelling/Alleroed times and also 
the Younger Dryas, when the Vedde ash settled in the area at 
10,600 14 C YBP. Due to an increased nutrient supply to surface 
waters, diatoms developed a strong acme at 10,250 14C YBP. 
Coccolithophorids and radiolarians attained higher frequencies 
only subsequent to ice rafting after 9,650 14C YBP, which 
presumably corresponds to the full establishment of the 
Norwegian Atlantic Current off mid-Norway. The maximum of 
radiolarians, amounting to 13,qQQ skeletons/gram sediment, 
appeared only after Atlantic time at about 3,800 14c YBP. 

INTRODUCTION 

During the last years several depositional sites have been 
detected along the Norwegian to Spitsbergen continental margin 
which provided high resolution records of late Pleistocene to 
Holocene paleoceanographic events. The sediments recovered 
have been studied on sediment properties, oxygen and carbon 
isotopes, and various protistan groups (Bjoerklund, Thiede and 
Holtedahl, 1979; Jansen et al., 1983; Jansen and Bjoerklund, 
1985; Rokoengen et al., 1991; Weinelt et al., 1991; Koc Karpuz 
and Jansen, 1992; Sarnthein et al., 1992), which contributed to 
decipher important aspects of the deglaciation history of the 
Norwegian-Greenland Sea. 

One of the most comprehensive sediment sequencies has been 
obtained from the high accumulation area of Gamlembanken, 
located on the continental slope off mid Norway (Figure 1). The 
area has been mapped in detail by 3.5 kHz subbottom profiling 
and sediment sampling (Blaume, 1990, 1992; Rumohr, 1990a, 
subm.). This paper presents the results of sedimentological and 
paleontological investigations performed on cores GIK 23312-1/2 
and GIK 23331-1 / 2 from the highaccumulation area. Both cores 
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Comparing sieve and sedimentation balance analysis of beach, 
lake and eolian sediments using log-hyperbolic parameters 
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ABSTRACT 

Lund-Hansen. L.C. and Oehmig. R .. 1992. Comparing sieve and sedimentation balance analysis of beach. lake and eolian 
sediments using log-hyperbolic parameters. Mar. Geol .. I07: 139-147. 

Sieving and settling analyses of 29 samples from different sedimentary environments have been compared with the use of 
invariant log-hyperbolic parameters. Settling velocities were not converted into millimetre size. The comparison was based on 
kurtosis. skewness and sorting of the distributions. The comparison of the parameter values have been evaluated by a two­
tailed ,-test. The log-hyperbolic parameters values for kurtosis between the two methods differed significantly for the beach 
sediments. Skewness differed significantly in all three environments and sorting only differed significantly for the beach 
sediments. (q-N) a measure of fit between observations and the estimated log-hyperbolic distribution differed significantly in 
the beach and eolian sediments. The study shows that settling velocities give a better fit to the log-hyperbolic distribution 
opposed to sieve analysis. The study shows that the differences in the log-hyperbolic sediment parameter values differ signifi­
cantly in nearly half of the comparisons. It is concluded. that great attention must be paid to the method of grain-size analysis. 



SETTLING-VELOCITY OF SAND-SIZE FRACTION FOR 
COMPARISON OF QUARTERNARY GLACIAL/INTERGLACIAL 
SEDIMENTS FROM NORTHERN NORTH ANTLANTIC 

K. Michels (Special Research Projekt 313, Christian­
Albrechts-University Kiel, Olshausenstr. 40, D - 2300 Kiel, 
Germany) 

Depositional environment varies significantly due to 
changes of the oceanographic circulation pattern during 
glacial/interglacial cycles in quaternary times. Glacial times 
are generally characterized by high amounts of terrigeneous 
detritus whereas interglacial maxima are mainly made up of 
biogenic particles with foraminiferal shells as main 
constituent. 

Based on the determination of the settling velocity in a 
'Settling Tube' it is possible to define specific 
hydrodynamical properties. The settling velocity is 
influenced by size, density, shape and surface roughness of 
the particles. 

The result of a settling-tube-analysis is a settling­
velocity-distribution with several peaks representing the 
modes of different particle-assemblages. 

A next step is to characterize the sediment particles of 
the various peaks. This is done by means of a 'Separator', 
where particles can be distinguished depending on their 
sinking rate (e.g. different species of foraminifers). 

Finally, the peaks are expressed in percentage of the 
total settling-velocity-distribution. 

These results will be presented for samples from 
different core sites in the northern North Atlantic for oxygen 
isotope stages 1 , 2 , 5 and 6. 

Abstrac t: Fourth I nter nationa l Confe r e nce on Pale o c eanography 
Ab s tracts, 21 .-25 . September 1992 , S .198, Kiel 
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Entrainment of Planktonic Foraminifera: 

Effect of Bult Density 

REINHARD OEHMIG 
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ABSTRACT 

Depositional hydrodynamics have been studied by the use of settling rate 

distributions of Norwegian deep-sea sediments (between Jan Mayen Island and 

V</,ring Plateau), together with Shields' critical shear-stress velocities. Planktonic 

foraminifera are the dominant sand component of these sediments. The bulk 

density of the foraminifera was calculated from their settling velocity, sieve-size 

and shape, using the equations and sedimentation instruments of Brezina (1979, 

1989). Density decreases from 2.39 g/cm3 at 0.05 mm diameter to 1.37 g/cm3 at 

0.35 mm diameter. These density and size dat.a were used for construction of a 

threshold sediment movement curve (Shields, 1936). The two components, the 

sand-sized foraminifera and the quartz and carbonate silt, seem to be transport 

equivalent due to the similarity in their Shields' critical shear-stress velocities and 

due to the observed correlation of foraminifera size with decreasing percent.age of 

fine fraction. 
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HYDRODYNAMIC PROPERTIES AND GRAIN-SIZE CHARACTERISTICS OF 
VOLCANICLASTIC DEPOSITS ON THE MID-ATLANTIC RIDGE 
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REINHARD OEHMIG AND HANS-JOACHIM WALLRABE-ADAMS 
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ABSTRACT: Surface sediments from a transect across the mid-ocean ridge north of Iceland (Kolbeinsey Ridge) have been analyzed 
according 10 their compositional. textural and hydromechanical characteristics. The results were used to reconstruct sediment 
formation and depositional processes. 

The ridge sediments are dominated by volcaniclastic particles of hyaloclastic and pyroclastic origin. These particles show a wide 
variety in size, shape and density. Single-grain settling velocities of the different glass types reveal the suitability of this parameter 
as a reflector of the particle properties of size, shape and density, which are also known to be relevant to grain transport. 

Observations concerning different current expositions of central ridge sediments, combined with the parameters of settling velocity 
distribution. grain-size distribution and sediment particle composition, were applied to distinguish between transport association 
with rare. easily movable glass shards and poorly sorted sediments in sheltered ponds. A bimodal settling velocity distribution of 
steep ridge-flank sediments probably indicates the effect of sediment admixture from poorly sorted mass flows. Alternating coarse­
and fine-grained layers characterize the transition between ridge-glass sands and the ridge-adjacent plain, which is dominated by 
slow-settling pelagic material. 
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ADVECTION AND ACCUMULATION OF PELAGIC 

MATERIAL ON A RIDGE, NORTHERN VOERING 

PLATEAU ESCARPMENT 
J. RUMOHR. 
(University of Kiel. Kiel, FRG). 

Mapping of an area 35 x 70 km along the 

Veering Plateau escarpment with a high resolu­

tion sub-bottom profiling system (3,5 kHz) 

revealed regional morphology controlled 

differences in sediment thickness especially 

of layers deposited during interglacial times 

(e.g. the Holocene). The thickness of a layer 

may differ from one to the other place by a 

factor of more than 10. 
Sediment cores on a cross profile can be 

correlated by a typical Holocene to late Gla­

cial sequence of relative down~ore c~rnges of 

the following parameters: ~ 0, ~ C, Ca­

carbonate, C and grain-size distribution. 

The regional ~'fianges of some parameters can be 

interpreted in correlation with the accumula­

tion rates: C - end clay content ere highest 

in the center0 "df an area of maximum accumula­

tion some kilometers north from the top of the 

submarine ridge. Sand (foram) contents very 

between 1.5 \ in the sedimentation center and 

16 ton the slope. 
Long term bottom current measurements are in 

good agreement with the idea of a morphology 

controlled anticyclonic vortex (Taylor column) 

in the area of investigation. This could serve 

for an explanation of relatively high bottom 

current velocities on the southern slope with 

little deposition of fine material and a zone 

of maximum accumulation for Holocene sedimen­

tation north of the top of the ridge. Deeper 

layers show different regional sediment 

thicknesses due to changes in bottom current 

directions during geological times. 
Biological implications and a 

pattern of benthic structures 
discussed in terms of food supply, 
and other physical conditions. 

regional 
will be 

substrates 
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SY04-10 
HIGH ACCUMULATION AREAS ON THE CONTI· 
NENTAL SLOPE OFF NORTHERN NORWAY AND 

THE CONCEPTION OF WINTER WATER CAS· 
CAD ES 
J. RUMOHR•. and F. BLAUME. 
(University of Kiel, Kiel, FRG). 

Along the Norwegian continental slope 
between 65° and 75° N local high accumu­
lation areas can be traced in water dephts 
below 800 m with a tendency towarde greater 
dephts to the north. 

An area of extreme Holocene sediment 
thickness (up to 7 m) and e pre-Holocene unit 
(up to 10 m) with the canter of sediment 
thickness in the same place on !he Norwegian 
continental slope (67° N) was mapped by means 
of 3.5 kHz eub-bottom profiling in water 
dephts of 700 - 1,200 m. The regional distri­
bution of sediment parameters inp.ludinq s1ra­
tigrephic and absolute ages (6 1 0, b •c. 4C) 
in the area of high accumulation - some 25 km 

in diameter - are described. Several mor­
phology controlled oceanographic procaesee 
possibly involved in downslope sediment trans­
port are discussed. Among these, downslope 
cascades of winter water formed on banks near 
the shelf break eeem to be the moat important 
process causing the local concentration of 
edvectad fine sediments. 

The eourca areas are covered by icerafted 
pebbles and coarse sand from the last degla­
ciation period end therefore protected against 
deep erosion. So the Holocene sediment trans­
port mainly effected "fresh" sadimantad 
material. Further downslope in the area of 
high accumulation the corresponding Holo­
cene/pre-Holocene sedimentary record provides 
1n10,,rmation with high resolution about the 
oceanographic regime near the ehelf break . 

Similar local sediment accumulations were 
found along the continental slope up to wast 
of Bear Island (75° N, 14° W). Here in water 
depths of 1,800 • e sequence of late Pleieto­
cene/Holocena age with a high Holocene accumu­
lation rate possibly reflects oceanographic 
procesaee comparable to thoee which generated 
the high accumulation units on the continen­
tal slope at 67"" N. The physical sediment 
properties of these units will be compared and 
discussed. 

These high local sediaent accumulations 
could probably provide sediaentological docu­
ments fqr the contribution of deep water 
formed ori shelfa. 
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Abstract 

An area of extreme Holocene sediment thickness (up to 7 m) and a late 

Weichselian unit was mapped in water depths of 700 - 1,200 m on the Norwegian 

continental slope (67° N) by means of 3.5 kHz subbottom profiling. The regional 

distribution of sediment parameters and accumulation rates in the area of 

accumulation - some 30 km in diameter - are described, and some morphology -

controlled oceanographic processes possibly involved in downslope sediment 

transport are discussed. Among them, cascading winter water formed on banks 

near the shelf break seems to be the most effective sediment transport process. 

The source areas on the shelf and the upper continental slope are protected 

against deep erosion by a lag of ice-ratted pebbles and coarse sand deposited 

during the last deglaciation. Thus the Holocene sediment transport mainly affected 

freshly sedimented and biologicaly resuspended material from the seabottom. 

INTRODUCTION 

The ocean surface currents of the Norwegian Sea are dominated by the inflow of 

warm Atlantic water (Norwegian Current). A frontal system, that generally follows 

the shelf break separates this current from colder and less saline water masses of 

the northward drifting Norwegian Coastal Current (JOHANNESSEN 1986). 

The sea floor of the Norwegian outer continental shelf and the upper slope is 

characterized by areas of surficial erosion and reduced Holocene sedimentation. 

Large areas are covered by lag sediments and ice ratted gravels deposited during 

the last deglaciation (HOL TEDAHL 1981, VORREN et al. 1983). On the inner shelf 

and inner parts of transversal troughs on the shelf as well as in deeper regions of 

the continental slope, the late Pleistocene to Holocene sediment column is more 

complete and can be interpreted in terms of paleoclimatic changes, ice retreat and 

the local oceanographic processes (HALD & VORREN 1987, HOL TEDAHL 1981, 

HOLTEDAHL & B.JERKLI, 1982, VORREN et al., 1984, 1988). During the Holocene 

the outer shelf and upper slope was (and still is) an area of sediment export 

whereas the deeper continental slope accumulated the topographically controlled 

advected material. A regional center of deposition some 30 km in diameter and at 

700-1250 m depth on the Norwegian continental slope (around 67° N; 8° E) was 
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Zusammenfassung/ Abstract 1 

Zusammenfassung 

Organisch-geochemische (TOC. Rock-Eval Pyrolyse. C/N, o13C0r8) und -petrologische Un­

tersuchungen wurden an sieben Kernen aus dem Europaischen Nordmeer (EN). fokussien auf 

die Sedimente der Sauerstoff-Isotopenstadien 6-5 und 2-1. durchgefiihrt. Variationen im Ein­

trag von autochthonem und allochthonem organischen Material (OM) im Wechscl zwischen 

glazialen und interglazialen Klimaphasen konnten so mit maximaler zeitlicher Auflosung er­

faBt werden. Aufbauend auf diesen Grunddaten wurde ein organisches Fazieskonzept filr pe­

lagische. TOC-anne ( < 1 Gew. % ) Sedimente entwickelt Anschlie8end wurden zeitliche und 

raumliche Variationen im organischen Charakter der Sedimente in Bezug zur palao-ozeano­

graphischen und palao-klimatischen Entwicklung des Ablagerungsraums diskutiert Zur Kla­

rung potentieller Liefergebiete fiir TOC-fiihrenden IRD, der verstiirkt in den Sedimenten des 

Isotopenstadiums 6 im ostlichen arktischen Raum, der Fram-Stra8e und dem EN auftritt, 

wurden geochemische (TOC. ol3Corg) sowie kohlepetrologische Untersuchungen durchge-

fiihrt. 

Die Veneilung der organischen Fazies belegt, sowohl ftir glaziale, als auch ftir interglaziale 

Kemabschnitte, cine Dominanz von allochthonem OM. Glaziale und deglaziale Sedimente 

sind durch ansteigende TOC-Gehalte, die auf glaziomarinen Sedimenteintrag zurilckzufilhren 

sind. charakterisiert. Der Ubergang zu interglazialen Klimaphasen ist, insbesondere in den 

Sedimenten der Norwegischen See, durch einen deutlichen RUckgang der TOC-Gehalte rnit 

vorherrschend oxidiertem OM bestimmt. Autochthones OM ist nur in den Sedimenten des 

Isotopensubstadiums 5.5.1 auf dem auBeren V~ring-Plateau und dem slidlichen Gronland­

Becken, bedingt durch deutlich ansteigende Sedimentationsraten, sowie den oberflachenna­

hen Sedimenten mit erhohten Anteilen Uberliefert. 

Die Abfolge organischer Fazieseinheiten mit zunehmender Kemteufe weist auf cine unter­

schiedliche Erhaltungsfahigkeit von autochthonem und allochthonem OM hin. Frilhdiageneti­

sche Prozesse reduzieren selektiv das autochthone OM in den obersten Dezimetem der Sedi­

mente auf 50-60 % des an der Oberflache abgelagerten marinen OM. Insgesamt spiegelt sich 

diese Tatsache auch in der unterschiedlichen Ubereinstimmung organischer und lithofazieller 

Fazieseinheiten wider. Glaziale und deglaziale Kemabschnine zeigen aufgrund des dominant 

allochthonen (abbau-resistenten) OM eine optimale zeitliche Korrelation. Im Gegensatz dazu 

ist die z.T. differenzierte lithofazielle Gliederung der Kemabschnitte des Isotopenstad.iums 5 

im TOC-Signal nicht i.iberliefert. Hieraus konnen Hinweise auf eine intensive diagenetische 

Remineralisation des ursprilnglich abgelagerten (vermutlich autochthonen, labilen) OM ab­

geleitet werden. 



Zusammenfassung/ Abstract 2 

Glaziomarine Sedimcntationsprozesse haben insbesondere in der Norwegischen See wahrend 

glazialer und deglazialer Klimaphasen mit einem verstarkten Eintrag von allochthonem, z. T. 

thermisch reifem OM (Koble- und Schwarzschiefer-Klasten) zur Ablagerung von Diamikten 

gefiihrt. Die in das Beckenzentrum ausstreichenden Horizonte deuten auf TOC-reiche juras­

sisch-kretazische Urprungsgesteine, die entlang der ostlich angrenzenden kontinentnahen 

Schelfe in geringer Wassertiefe anstehen, bin. Eine exakte Eingrenzung der Liefergebiete ist 

jedoch aufgrund der gro8raumigen Vorkommen dieser Gesteine auf dem Norwegischen 

Schelf, der Barents-See und dem zirkum-arktischen Hinterland, sowie der sehr ahnlichen 

thermischen Reife und Mazeralzusammensetzung, nicht moglich. Filr das Isotopensubstadium 

6.3 wurde cine Rekonstruktion der Palao-Eisdrift, basierend auf einem charakteristischem 

geochemischen Signal in den Sedimenten, aus dem Borea_s-Becken und der Jan-Mayen­

Bruchzone, das auf Ton-/Siltsteine auf And0ya als Ursprungsgesteine hinweist, durchgefi.ihrt. 
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lntrodudioa 

Contino:ital shelves and slopes arc ~ main 
areas of sediment dcpogtion in the world ocean. 
Bemer (1982) estimates that up to 90% of particu­
late material produced in or imported into the sea 
are incorporated hece into sedimentary sequcncca 
in which infOIIJ18tion on palcocnvironmcnts are 
8to1ed. Shelves a.id slopc, an, highly dynamic 
c:nvin;1nmeots where scdimcnation is controlled by 
sediment tta.nsport. aod sonin& as well as chemical 
and biological alteration until final deposition on 
the shelf and continental slope below the depth of 
turbulent surface water mix.ng. 

SodimeDt transport on the shelf is to a ~ 
extent driVlm by pcmw1cnt and tidal c:urrcnts 
roughly parallel to the coast line. Oc.ca.sional strong 
energy input due to wiQ<l stress. swell from the 
open ocean, beat loss and other rneteorologically 
fottJed processes may, bowCVCJ", completely change 
the tr,n~ regime (e.g. Kuijpers et aL. 19938, 
this volllJlle} and thereby the quality. direction and 
above all the amc:,unt of material traJJsportc:d. A.$ 
a consequence $CdimC11t sciquc:nc:cs wllh high ~­
mulation rates appear to be m05t probably the 
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tcpe1tcd .. unnormal" short term high enersY 
events. 

Nevcttheleu, it i$ in these rapidly aocm1u.ilatiag 
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ccsscs and cv~ thal controlled the deposition or 
sediment Also Crom geocbemical and micro~ 
ont.olo.aical analyses additional evidence is obtain­
able on past climate&, a .fact which is of particular 
im.portanm in view or the ongoing global c::han,e 
discussion.. 

The Skapnik is a unique fca.turc of the North 
Sea (Fig. l) combining both slope and lhclf mor­
phology. Borderc:d by the coosts of Dcomart. 
Norway and Sweden, it mpresents the dt.epCll part 
of the ptC9CQt North Sea basin. Water ~chs here 
are up to 700 m. Thus. the Skagenu forms a 
natural topographic sediment ttap rcccivins inputs 
from the entire north~ EoropcaA dtaiaa- tY*" 
terns aod thG North Sea coast. 

The northern 51opo of the Sbgerrak shows an 
irregular lOpOgraphy cut into crystalline rocb or 
the Scandinavian basement by glacial proc:iellCI 
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Miliolinella subrotunda ( Montagu), a miliolid foraminifer 
building large detritic tubes for a temporary epibenthic lifestyle 
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ABSTRACr 

Altenbach, A.V., Heegcr, T., Linke, P., Spindler, M. and Thies, A., 1993. Miliolinella subrotunda (Montagu), a miliolid 

foraminifcr building large dctritic tubes for a temporary cpibcnthic lifestyle. In: M.R. Langer (Editor), Foraminifcral 

Microhabitats. Mar. Micropaleo11tol., 20: 293-30 I. 

Live observations, cytological characteristics and biometrical measurements on Miliolinella subrot1111da ( Montagu, 1803) 

sampled from the northern and southern Atlantic Ocean are presented. M. subrotunda facultatively constructs a long, 

dclritic tube lifiing the test several millimeters above the sediment surface. A thickened conical base anchors the construc­

tion on the sediment surface and a long, nexible lube protrudes into the velocity profile of the bottom currents. The 

miliolid lest is placed on top, surrounded by the uppermost part of the tube. This construction allows the organisms to 

feed in the particle stream above the sediment surface. In comparison to species living in and on the surface sediments, M. 

subrotunda apparently shows higher nutritional values in food ingested and larger amounts of reserve substances. Charac­

teristics of the shape and structure that reduce drag on the lubes include a broadened conical base, a nexible tube, and a 

rounded top. From biomelrical measurements it is concluded, that the tubes are constructed over a short period of their 

ontogeny. 

Introduction 

Benthic foraminifera utilize a variety of ad­

aptations to access water levels with faster cur­

rents, such as settling on stones, algae or ma­

crofaunal hardparts protruding from the 

sediment surface into the water column. Sev­

eral agglutinated foraminifera show test con­
structions raised from the sediment (Lipps, 

1983; Altenbach et al., 1988) and one rotaliid 
is known to use sponge spicules to extend the 
range of pseudopodia! activities (Lutze and 

Altenbach, 1988). In the case of miliolids, the 
production of detritic cysts covering the test 

and part of the surrounding area is well de-

Correspondence to: A. V. Altenbach, Sondcrforschungs­

bcreich 313, Universillit Kiel, OlshauscnslraDc 40/60, 

2300 Kiel, Germany. 

Elsevier Science Publishers D. V. 

scribed (Rhumbler, 1936 ). In the present case 
we focus on a special type of organic, tubiform 
cyst on which the test is elevated off the sedi­

ment surface. 

Material and methods 

During cruises Meteor 7, Polarstern Ark Ill/ 

3 and Poseidon 141 multicorer and grab sam­

ples were taken in the northern and southern 
Atlantic Ocean for studies of deep-sea benthic 

foraminifera (Table I). At these locations, 

visual and microscopic observations of the 

sediments revealed benthic foraminifera on top 

of agglutinated tubes extending up from the 
sediment surface. Live organisms were re­

covered with needle tweezers from the sedi­
ment, covered in seawater, examined under·a 

binocular microscope and preserved for sub.: 
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A THINLY ENCRUSTING DEEP-SEA SPONGE WITH A SPECIAL STRATEGY 

Demosponges of the family Hymedesmiidae are of a thinly encrusting (les s 
than l mm thick) growth form. About sixty species of the genus Hymedesmia 
have been recorded from sublittoral and bathyal depths of the Greenland 
and Norwegian Seas, especially from Iceland and parts of the Scandinavian 
coasts (Alander 1942; Burton 1930, 1959; Lundbeck 1910; Tenda!, unpubl. ). 
From depths of more than 2000 m in the Norwegian and Greenland Seas only 
two species, Hymedesmia lacera and H. stylata, had been reported. They 
were described from a station of the Ingolf Expedition, at 2395m, between 
Iceland and Jan Mayen (Lundbeck 1910). 

Although about 80 sponge species were known up to now from the area 
off West Spitsbergen (Svalbard) (Hentschel 1929; Koltun 1959; Steenstrup 
& Tenda! 1982) not a single hymedesmiid was recorded. We therefore were 
able to fill a gap in the known distribution of many species, when we, 
during the Meteor Expedition 13 to that area (July / August 1990), found 14 
species of Hymedesmia. Nine were recorded at depths between 200 and 600 
m, six deeper than 2000 m, but none in between. The six deep-water spe­
cies came from a single station, at 2360-2616 m. H. norvegica, H. occul­
ta, H. similis, H. splenium and H. sp. (mayby n.sp.) were taken only once 
while H. stylata was also taken at two additional locations, at 2560 and 
2570 m. H. similis was found also on three stations at 300-500 m (Barthel 
et al. 1991). 

Despite its softness and loose consistency quite a number of Hymedes­
mia stylata specimens were found in ~the trawl and sledge samples, being 
one of eight species that by frequency of occurrence and abundance def ine 
a widely distributed sponge association in the abyssal basins of the Nor­
wegian and Greenland Seas. While Hymedesmia species in general grow on 
really hard substrate, H. stylata is adapted to soft bottom conditions by 
growing exclusively on a lo~se accumulation of tests from agglutinated 
foraminifers and large sand grains. The sponge tissue with the silic ious 
spicule skeleton covers the particles and holds them together so as to 
form rounded lumps with maximum lengths of up to 15 mm. Although the 
lumps can attain a thickness of several mm, the layer of tissue is always 
thin. 

Knowledge of the biology of H. stylata is fragmentary. The sponge is 
positioned level with or slightly raised over the surrounding bottom. 
Pores for the intake of water are distributed all over the surface, and 
the oscules, which lead away the filtered water, are found on the tip of 
2 mm high papillae. The specimens presumably grow slowly. They can be ex ­
peF-i~need to attain a relatively high age, at least 5 years for the 15 1nm 
large specimens, if comparisons to conditions in shallower depths can be 
used as a minimum indication (Ayling 1983a, 1983b). Slime is produced 
all over the surface, probably either as a means of deterring predators 
and potential epibionts, or in order to deal with particles settling on 
the surface and threatening to clog the canal system. Larvae were not 
seen in our specimens, although we found them in several Hymedesmia spe­
cies of the .shallow water group. 

Hymedesmia stylata on the 
bottom surface, with accumu­
lated foraminifer tests and 
sand grains (schematic). 

___ ..... ______ _ 

Silicious spicules from H. stylata. 
The curved one is magnified 900 x, 
the long ones 170 x. (After Lundbeck 
1910 >. 
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CRUISING ON CUMULUS 

Cumulus is one of the Meteorological Office's Ocean Weather ships. She is 
stationed in the Northeast Atlantic at Ocean Station LIMA (55°N, 20°w>. 
She makes routine port calls at Greenock. At the present time she has 20 
spare berths which Oceanscan Master Services Ltd can offer to researchers 
and students. The company offers taught courses in marine science and 
technology, _observational methods and the realities of sea-going. Alter­
natively, clients can take the ship on a facilities-only basis, in order 
to put on their own courses. The company is also able to take observers 
who want to enjoy the experience of sailing on an ocean weather ship and 
learn about her operation. 

For research workers and people who want to test or calibrate equip­
ment, Cumulus offers an excellent and cheap platform, costing a fraction 
of the price of a dedicated oceanographic research ship. Brochures with 
descriptions of the ship and her facilities and details of costs of trips 
for individuals or groups, can be obtained from Oceanscan Master Services 
Ltd, POBox 63, Godalming GU8 5TQ, UK, or phone 0483 860351. 

Tony Rice 
IOS, Wormley 
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NOTE 

New information on the biology of Antarctic deep-water 
sponges derived from underwater photography 

Dagmar Barthel 1, Julian Gutt2, Ole S. Tendal3 

I Depl ol Marine Dolany, Inslllul fur Meereskunlle, Diislernbrooker Weg 20, D-2300 Kiel, Germany 
2 Allred-Wegener-lnslllul liir Polar- unll Mcereslorschung, Colurnbusslr., D-2050 Dremerhaven, Germany 

3 Zoologlsk Museum, Unlversllelsparken 15, DK-2100 Copenhagen 0, Denmark 

/\DSTRACT: Aspects of the Liioloyy of sponyes from deeper 
pa1 ls of lhc Anlarclic Weddell Sea, clocumenlecl by underwa­
ler pholography, arc described and compared lo malerial from 
bollom trawling. The photographs provide new, important 
information on the biology and ecology of Antarctic sponges, 
such as positioning on the sea I.Jollom, live body form and 
dimensions, as well as on lhe degree of body surface fouling. 
Such information is not obtainable from trawled material. 

During Leg III of the European Polarslern Slutly 
(EPOS), about 1500 pictures of the Weddell Sea bottom 
along transects al Halley Bay, Veslkapp and Kapp 
Norvegia were taken in deplhs between 100 and 1200 m 
at 24 stations (Arntz et al. 1990). The main aim of this 
effort was to elucidate small- and large-scale variations 
in species composition and community structure of 
Antarctic benlhos and to provide additional data for 
biomass estimates of the larger benlhic organisms in 
areas that are out of a diver's reach and can only be 
sampled by bottom trawling, box cores, etc. 

One of the main target groups were sponges (Arntz 
et al. 1990), which greatly contribute to the 'multi­
sloried' (Knox 1970) structure of Antarctic benlhic com­
munities, characterized by high diversity, patchy dis­
tributions, little infauna, as well as a high degree of 
eurybalhy and slow growth of most of its members (see 
reviews by Picken 1984 and While 1984). The large 
hexaclinellids which are dominant in many Antarctic 
habitats (e.g . Beliaev & Ushakov 1957, cited in Gal­
lardo 1987, Dayton et al. 1970, Kollun 1970) including 
the eastern Weddell Sea shelf (Voss 1988) have 
repeatedly been documented in bottom photographs 
(e.g . Bullivant 1961, Dearborn 1977, Dayton 1979) 
while demosponges, which contribute far more species, 
have received less attention. 

A first step. towards a numerical analysis of our 
photographs was the task of recognizing species on the 
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basis of material taken from trawls during the same 
cruise, mostly from the same stations. The pictures 
provided valuable information on the biology of 
Antarctic sponges and helped lo answer some of Lhe 
questions posed by work on trawled material. 

We here present a few 'case studiE:s' in order to 
demonstrate the potential of photographic documenta­
tion in understanding the biology and ecology of deep­
waler sponges. 

Material and methods. Square photographs (Kodak 
Ektachrome 64) were taken with a 70 mm underwater 
camera (Hasselblad 500 EUM with Metz mecablilz 40 
CT4 flash) (Gull 1988). The shutter was released al a 
constant distance from the sea floor by means of a 
trigger weight. Thus, the size of the photographed area 
(0.56 m2

) and the size of the photographed objects 
could be calculated. Pictures were taken 'blind' with­
out control over the exact sampling place. For details of 
methods see l lersey (1967) and Heezen & Hollister 
(1971) . Specimens were collected with Agassiz and 
bottom trawls towed for ea 1 h at a speed of 1 knot. 

'Case study' 1. Cinachyra antarctica (Carter, 1872). 
Common occurrence in many Antarctic areas at depths 
from 18 lo 700 111 (Kollun 1966, present study). Diag­
nosis (by Kollun): 

'Dody more or less rounded, maximum diameter 
6 cm. Surface with conules bearing long bundles of 
spicules al their lips. Conules situated obliquely and 
disposed in a spiral pattern. The bundles of spines are 
especially long in the inferior part of the body where 
they form a radicular tangle. Among the conules there 
are round or oval areas (up to 0.5 cm diameter) which 
are covered with pores. There is also an oscular surface 
which has a maximum diameter of 3.25 mm. Color 
[Kollun refers lo alcohol preserved material): gray, 
grayish brown or light brown. Skeleton radial-spiral.' 

017 1-8630/91 /0069/0303/$ 03.00 
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BJ\RTlll~L, D. & O. TENDJ\L ( 1993). Sponge spicules in abyssal and bathyal sediment 
of the Nl.! J\tlantic. Deep-Sea Newsletter 20: 15-18. 

SPONGE SPICULES IN ABYSSAL AND BJ\THYAL SEDIMENTS OF THE NE ATLANTIC 

Siliceous sponge spicules are concurrently mentioned in deep-sea expeditio n 
repo r ts as constituents of abyssal and bathyal sediments, although generally 
comprising only a few percent of the single samples. 

Abyss a l and lower bathyal depths 

In the North Atlantic, a very comprehensive documentation has been given by 
Murray & Chumley (1924). In 1426 samples, mostly from north of the Equ a t or, 
they fo und sponge spicules in 1365 (96!'6). All the localities were at de pths 
greate r than about 200 m, and by far the largest number came from more than 
1000 m depth. 

Murray & Chumley (192~) mention only few localities north of 50°N, bu t 
the results from the Danish Ingolf Expedition 1895-96 support their main 
views as far as to 70°N. Boeggild (1900) found in the Ingolf material that 
out oe the 1-lJ stations taken, samples from 90 (63?6) contained s po ng e 
spicules; of the 80 stations taken deeper than 1000 m, 64 (80%) contained 
spicules. 

Dahl et al. ( 197 6) mentioned "fairly large quantities of sponges, es­
pecially in the trawl samples from the Greenland basin", taken by the NORBI 
Expedition; most of these are spicule masses and dead skeletons (Tendal, un­
publ.). In the report from the Norwegian North-Atlantic Expedition 1876- 78 
Schme l c k (1882) stat~d that at depths greater than about 1800 m "most o f t he 
samp les were found to contain delicate spicules of sponges"; the exped i ti on 
worked in the whole area east of the island of Jan Mayen, from West Spitz­
bergen to the Norwegian coast. Barthel et al. (1991) found spicules in all 
s ediment samples from bathyal and abyssal depths off West Spitzbergen . Dur­
ing the YMER-80 Expedition spicule masses and dead skeletons were taken a t 
1000-3900 m in the Nansl:!n Basin of the Polar Sea (Tendal, unpubl.) . Ou r 
genera l observations during several cruises with the "H~kon Mosby" (Un i v e r­
sity of Bargen) indicate that silic eo us sponge s picul e s are c ommon in abys ­
sa l s~ mples from the Iceland Sea and parts of the Norwegian Sea. 
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The taxonomic identity of the spicules is stated for only few of th . 
samples mentioned in the literature. In broad terms spicules from abyssal 
depths south of the Scotland-Faroes-Iceland-Greenland Ridge complex seem to 
come from hexactinellids, as do most of those found in the Iceland, Green­
land and Polar Seas, while those f.om the Norwegian Sea and the area off 
West Spitzbergen appear to be mostly from choristids and other demosponges. 

Upper bathyal and lower shelf depths 

Here, sponge spicules have been found in the sediments of many places in the 
NE Atlantic, the amount varying from loose single spicules to mass occurren­
ces, sometimes forming felt-like layers. Reports on mass occurrences so far 
are very s~attered, and the taxonomic identity is not always stated: Off 
Mauretania, 800-900 m, hexactinellids (Lutze & Thiel 1989); Porcupine Sea­
bight, 1000-1300 m, hexactinellids (Bett et al. 1992; Bett & Rice 1992; Rice 
et al. 1990); off Scotland, 800 m, hexactinellids (Thomson 1870); between 
Scotland and the Faroes, 700-1000 m, hexactinellids (Schulze 1882); several 
places around the Farces, 300-900.m, choristids (our observations); nor th 
of the Faroes, 890-1300 m (Boeggild 1900); north . of Iceland, 500 m, demo­
sponges (our observations); southwest of Iceland, 1000-1200 m, hexactinel­
lids (our observations); south of Iceland, 1200 m, demosponges (our observa­
tions); between Iceland and Greenland, 220-365 m (Boeggild 1900); all the 
way from Spitzbergen to western Norway, roughly between 900 and 2000 m, 
Schmelck (1882) found what he called "transition clay" .... "which is abso­
lutely f'nterwoven with these minute silicious needles, so that, on touching 
the dried bottom sample, the hand gets covered with them."; several places 
along t!1e edge of the Norwegian Trough, 500-7 00 m ( r. Brat tegard, per.s. 

· comm.); Troms0flaket off northern Norway, 280 m, demosponges (Konnecker 
1989); off Finmark up to 70°N, · about 200-400 m (Schmelck 1882, Rezvoj 1928 , 
Zenkevi tch 1963) ; off W8s·t Spi tzbergen, 400 m downwards ( Schmelck 18 82; 
demosponges, Barthel et al. 1991); north of Spitzbergen, 650-1000 m, hexac­
tinellids (Schulze 1900, Hentschel 1929). 

Autochthonous and allochthonous spicule deposition 

It is our impression that at abyssal depths the spicules set free after the 
death of the sponges are mainly deposited locally. One example is extensive 
beds of Caulophacus (Hexactinellida) stalks and loose spicules in the deep­
est parts of the Greenland Sea, where the sponge is abundant. Another is 
stalks of Hyalonema (Hexactinellida) commonly dredged in some areas of the 
abyssal plains of the North Atlantic. 

Along the continental slope, downward transport of spicules can be 
caused by currents, resuspension and sediment gliding. Local topography and 
hydrographic events define the spreading pattern. An example is from the 
Farces, where in some places choristid sponges are found at about 250 m 
depth on gravel, and spicules of choristid types occur as thin mats on the 
soft sediment only few km away at 350-400 m depth (own observations). A 
second example is from between Spi tzbergen and B jorn0ya, where large amounts 
of sediment are transported away from land into the deep Norwegian Sea, 
probably by cascading of very cold water from the Barents Sea shelf. Choris­
tid and other demosponge spicule types are here found very far at sea, at 
depths where the sponges in question do not live (Barthel et al. 1991) (Fig. 
1) . If in such cases recognizable spicules are abundant and the distribution 
of sponges living in the area is known, the occurrence of the spicules can 
be taken as an indication of the direction and distance of the sedimen t 
transport. 



Figur~ 1. E.Y.1mples of spicilles fo1111tl at 
;500 m depth off Bjdrneya. 

Le:t: macroscleres (skeleton spicules), 
:!O<J -:J.JO µm long, from ~leL,r.hn~:..owir1 
spinispir:11lurn C,1rter, 1876. Th~ speci~5 
i.; .:,no.·n f:-om the 1t'est2rn Bare:1t;; Ser1 at 
abou~ :!VO m depth. 

Right: microscleres (fre~ spicules), 1.J0-
200 µm long, from Hamacantha sp. 
Hamacant ha has not been ta.ken in the 
area, b11t in the sout,'1western B,i rents Sea 
dok·11 to c1bo11t 360 m. 

Ecological importance 
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Where sponge spicules occur in large masses, and particularly where they 
form thick coherent mats, they have a profound effect on the physical pro­
perties oE the bottom and on the composition of the local fauna (Barthel 
1992, Barthel & Gutt 1992). 

In l ocalities where spicules are abundant, but do not form coherent 
mats, their biological impact is more difficult to assess. They seem to give 
the bottom a loose structure, making it easier for small organisms to find 
space. One might also expect the activities of larger mud eaters and burrow­
ers to be influenced. A certain vertical sorting and concentration of spic­
ules in distinct layers is sometimes seen in box cores, and may be caused 
by bioturbation (J. Rumohr, pers.cornm.). 

For some foraminifers sponge spi ,:ules are a suitable substrate (Jumar s 
& E~kman 1383, Lutze & Thiel 1939), while others use spicules from the sedi­
ment as material for their agglutinated tests (examples are found in: Chris­
tiansen 1958, · 1964 and Heron-Allen & Earland 1912). There are also cases of 
use of sponge spicules for more special purposes, such as expanders for the 
pseudopodial network (Lutze & Altenbach 1988). Certain sponges use foreign 
spicules instead of own spicules in their skeleton fibers, and in such cases 
spicules of many different origins can be found together (Barthel et al. 
1991). 
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DEEP-SEA HYDROTHERMAL LANDSCAPES 

Modern submersibles afford a unique opportunity for direct close-up study 
of deep-sea landscapes. Because of this, the microdistribution of animal 
populations with respect to each other and to environmental conditions (bot­
tom topography, currents, etc.) has become an important aspect of interna­
tional deep-sea research. 
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THE SPONGE ASSOCIATION OF THE ABYSSAL NORWEGIAN­

GREENLAND SEA: SPECIES COMPOSITION, SUBSTRATE 

RELATIONSHIPS AND DISTRIBUTION 

DAGMAR BARTHEL & OLE SECHER TENDAL 

ABSTRACT 

During the 'Meteor' expedition 13 in July and August 1990 to the northern part of 

the Norwegian Sea off west Spitsbergen, 7 stations with a depth of 2000 m or 

more were sampled with Agassiztrawl or hyperbenthos sledge, 14 more with a 

large box corer. Sponges were found at 6 of the trawl stations and in 2 box cores. 

A total of 19 species occurred, most of which were new to the area. Eight of the 

species were encountered more often than the other 11. Literature review and check 

of unpublished samples showed that by distribution, frequency of occurrence or 

abundance these species can be defined as the typical sponge association of the 

Norwegian and Greenland abyssal sea. This sponge association has a wide 

occmTence over the deep Norwegian-Greenland seas and parts of the Arctic basins. 

The analysis of substrate utilization of the 8 core species shows that all of them are 

able to colonize soft bottom, even some that previously had been considered to 

be dependent on hard substrate exclusively. Alternative substrate utilization and, 

in some species, the adoption of an infaunal life style are judged to be major 

reasons for the success of these species in the deep sea. The infaunal life style of 

the species Thenea abyssoru.m, Radie/la sol and Tentorium semisuberites is 

documented and population suucture data are given for the first time. 
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Abstract This paper deals with a poorly known species, Janthopsis pulchra (Hansen, 

1916), found on the Kolbeinsey Ridge, north of Iceland (North Atlantic) during the 

expedition M21-5 with RV Meteor. The species was thought to be a member of the family 

Acanthaspidiidae, however, a detailed study, including comparison with the type material 

of Hansen from the Ingolf expedition, and redescription with complete illustration 

document, that this species belongs to the Janiridae. 

Introduction: 

Specimens of the poorly known janirid species - Ianthopsis pulchra (Hansen, 1916) 

(Asellota, Isopoda, Crustacea) - were discovered in an epibenthic sledge collection from 

the eastern Kolbeinsey-Ridge, north of Iceland. The existing descriptions of this species 

are brief and incomplete, with illustrations of only the dorsal view. Only some mouthparts 

and appendages have been illustrated using very small figures without any detailed 

setation, which is an important feature both for taxonomy and phylogeny (e. g. Brandt, 

1988, 1992a). 

Specimens of this species have been found around South Greenland in the Davis Strait 

until now, but not further north than 65°N. It has now been sampled during the cruise of 

RV "Meteor" (M21-5) on a station off the Kolbeinsey-Ridge, north of Iceland. As the 

species has not yet been fully described, it was difficult to place it into a definite genus. 

Hansen (1916) described the species as a member of the genus Janira and later Wolff 

(1962) synonymized Janira pulchra with Ianthopsis, but did not present a redescription. 

Brandt (1991) presented a review of the Acanthaspidiidae, in which Ianthopsis pulchra 
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Brandt, A. XXX. Notophryxus clypeatus Sars, 1885, a parasitic isopod of 

mysidaceans (Crustacea, Peracarida) from the Kolbeinsey Ridge, north of Iceland.­

Sarsia XX:X. 

Summary 

Notophryxus clypeatus (Crustacea, Isopoda) has been found on the Kolbeinsey 

Ridge, north of Iceland parasitizing on the mysid Pseudomma truncatum Smith, 

1879. A study of the morphology of this poorly known and seldomly reported 

species is presented in line drawings and SEM pictures. 

Angelika Brandt, Institute of Polar Ecology, University of Kiel, Seefischmarkt, 

Building 12, WischhofstraBe 1-3, W-2300 Kiel 14, Germany. 
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Summary. Composition, abundance, and diversity of Crustacea Peracarida were investigated 

on a transect across the Kolbeinsey Ridge, north of Iceland in summer 1992 during the 

M21/5 expedition with RV Meteor. This ridge is influenced by both the cold East Greenland 

Current as well as the warmer East Iceland Current, mixing with warmer Atlantic water. 

Sampling has been performed using an epibenthic sledge modified after Rothlishberg & 

Pearcy (1977). The peracarid crustaceans are one of the most important components of the 

macrobenthic epi- and supraf auna. Their composition, abundance, and diversity was 

significantly different on western and eastern sides of the slope. Isopoda and Amphipoda 

were most frequent at all stations, followed by Cumacea, and Tanaidacea. Mysidacea have 

only been sampled on the eastern slope. Abundance and diversity were highest on the two 

eastern stations in depths of 830 - 940 meters, values decreased on the deepest eastern station 

in 1100 meter depth and were also low on both western stations in 830 and 860 meters 

depth. These differences are probably due to sediment composition and to quality and 

quantity of organic carbon reaching the seafloor, rather than to differences in salinity or in 

hydrographic regimes. The high abundance of peracarid crustaceans, especially of epibenthic 

species, capable of burrowing within the upper centimeters of sediment, indicate their high 

potential for bioturbation and also their importance for benthic carbon cycling. 

Introduction 

The marine environment of the western Greenland-Iceland-Norwegian (GIN) seas is 

characterized by extremely cold polar water masses, long periods of ice cover, large seasonal 

fluctations in light regime and, hence, generally low biological activity (Hempel 1985). 

Recent investigations have revealed, however, that benthic communities can be surprisingly 

rich both in biomass and in diversity at various locations on the Greenland shelf as well as 

on the continental and mid-ocean-ridge slopes (Piepenburg 1988, Svarvarsson et al. 1990). 

These assemblages are supposed to be fed by the high surplus primary production of nearby 

marginal ice zones either of the East Greenland Current or of polynya regions. There is 

evidence that a large amount of the organic material produced in the ice or at the ice edges 

tends to precipitate from the euphotic layer in strongly pulsed sedimentation events (Hebbeln 
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REDESCRIPTION OF JANIRALATA PULCHRA 
(HANSEN, 1916) (JANIRIDAE) 

FROM THE KOLBEINSEY RIDGE, NORTH ATLANTIC 
AND SYNONYMY WITH IANTHOPSIS PULCHRA 
(ACANTHASPIDIIDAE) (CRUSTACEA, ISOPODA) 

Angelika Brandt 
Institute for Polar Ecology, University of Kiel, Seefischmarkt Geb. 12, D-2300 Kiel, Germany 

ABSTRACT 

This paper deals with a poorly known species, lantliopsis puklira (Hansen, 1916), found on the Kol· 

bcinsey Ridge, north of Iceland (Nonh Atlantic) during the expedition M21·5 with RV Mnnr. The 

species was thought to be a member of the family Acanthaspidiidae, however, a detailed study, in· 
eluding comparison with the type material of Hansen from the In golf expedition and rcdcscription 

with complete illustration, document that this species belong, to thejaniridae. 

INTRODUCTION 

Specimens of the poorly known janirid species - lanthopsis pulchra (Hansen, 1916) 
(Asellota, Isopoda, Crustacea) - were discovered in an epibenthic sledge collec· 
tion from the eastern Kolbeinsey Ridge. The existing descriptions of this species 
are brief and incomplete, with illustrations of only the dorsal view. Only some 
mouthparts and appendages have been illustrated using very small figures with­
out any detailed setation, which is an important feature both for taxonomy and 

phylogeny (e.g. Brandt 1988, 1992a). 
Specimens of this species have been found around South Greenland in the Da­

vis Strait until now, but not further north than 65°N. It has now been sarapled 
during the cruise of RV "Meteor" (M21 ·5) on a station off the Kolbeinsey Ridge, 
north of Iceland. As the species has not yet been fully described, it was difficult 
to place it into a definite genus. Hansen (1916) described the species as a member 
of the genusjanira and later Wolff (1962) synonymizedjanira pulchra with lanthop· 
sis, but did not present a redescription. Brandt (1991) presented a review of the 
Acanthaspidiidae, in which lanthopsis pulchra still belonged to this family. 
However, in 1992 Brandt already doubted that this species belongs to the acan· 
thaspidiids (Brandt 1992b: 159) and placed it "incertae sedis". It is indeed very 
difficult to place this species into a genus proper, because its propodus of pereo· 
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Brandt, Piepenburg : Peracarida of the Kolbeinsey Ridge 2 

Summary 

On the Kolbeinsey Ridge 92 species of peracarid crustaceans have been sampled at five 

stations by means of the epibenthic sledge. For an analysis of the multispecies 

distribution pattern across the ridge, a total of 46 species have been considered, which 

occurred at least at two stations and with >=5% significance. The analysis revealed four 

assemblages: a deep species assemblage, an eastern slope assemblage, an ubiquitous 

species assemblage and a Western Slope Assemblage. The western slope assemblage 

consists mainly of Amphipoda, which were most abundant and diverse on the western 

slope. The ubiquitous and eastern slope assemblages, however, are dominated by 

Isopoda, which also comprised most species and individuals on the eastern slope. 

Cumaceans were the most representative species of the deep species assemblage. These 

differences in species composition and abundance can probably be attributed to food 

supply and sediment composition, rather than to salinity or bottom water temperature. 

Introduction 

Benthic communities can be surprisingly rich in biomass and diversity at many locations 

on the Greenland shelf as well as on the continental and mid-ocean ridge slopes 

(Piepenburg 1988, Svarvarsson et al. 1990), although the marine environment of the 

western Greenland-Iceland-Norwegian (GIN) seas is characterized by extremely low, but 

fairly constant temperatures, long periods of ice cover, large seasonal fluctuations in light 

regime and, hence, generally only low biological activity (Hempel 1985). These 

assemblages are probably nourished by the high primary productivity of nearby marginal 

ice zones either of the East Greenland Current or of polynya regions. A high amount of 

the organic material produced in the ice or at the ice edges is sinking in strongly pulsed 

sedimentation events (Hebbeln and Wefer 1991). Reaching the benthic nepheloid layer 

(BNL) the bulk of suspended matter is laterally distributed, mostly by topography-driven 

currents in certain depth zones, to the areas of eventual deposition (Graf 1992; 

Wainwright 1990). Quality and quantity of organic carbon reaching the seafloor has a 

direct effect on the benthic communities (Carey 1991; Graf 1989; 1992; Grebmeier et 

al.,1988; Suess 1980). 

It is, therefore, hypothesized that differences in sedimentation regimes have a strong 

impact on benthos. To assess this relationship a benthic meso-scale case study was 

Manuscript from 12.5 . 93 
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ADSTRACT. Ucnthic foraminirers arc a major clement in deep-sea sediment and hard-substrate 

communities, sometimes accounting for 50% or more or eukaryotic biomass. They foed at a low trophic 

level, consuming mainly planktonic and other detritus and bacteria. Some species have metabolic 

adaptations enabling them lo respond quickly lo pulsed dctrital inputs with rapid rates or reproduction and 

growth. These foraminifors probably assist microorganisms in the breakdown or fresh dctrital material, 

while others arc deposit rccdcrs which convert more refractory organic substances into biomass. DOM 

uptake may be important, although no data exist as yet to substantiate this. Foraminifors arc consumed by a 

wide variety or organisms, including selective and non-selective deposit focdcrs and specialised predators, 

and probably represent an important link between lower and higher levels or deep-sea food webs. A variety 

of non-trophic interactions between metazoans and foraminifors, for example, the provision or physical 

substrates, may facilitate access to enhanced food supplies. Thus, foraminirera play a largely unquantified 

but potentially significant role in deep-sea carbon cycling 

1. Introduction 

Forarninifera arc heterolrophic, amoeboid protozoa, generally considered to be characterised by 

the presence of granuloreticulosc pseudopodia, a test with one or more chambers, and, in at least 
some species, by an alternation of sexual and asexual generations (Bock et al. 1985). However, 
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BENTHIC-PELAGIC COUPLING: A 
UENTHIC VIEW 
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ABSTRACT Uenthie-pclagic coupling is described on a community level re­
viewing examples rrom Kiel Bight (Baltic Sea) anti the Norwegian Greenland Sea. 
An energy llow equation for marine sediments is c.lcvclopcc.J. analogous to the one 
for animals, which includes processes such as bio<leposition, sedimentation, as well 
as lateral ac.lvection, all types or bioturbation, and physical transport mechanisms 
through the sediment-water interface. The fast response and deep-reaching elTects 
or sec.limentation events, the budget problem, and the importance orlateral adveclion 
as well as resuspcnsion for the understanding or a marine sort-bollom ecosystem are 
discussed. 

INTRODUCTION 

l-lctcrolrophic life in the apholic bcnlhic zone of the sea is based on primary 
production that lakes place in the cuphotic pelagic or bcnthic zones. Thus, 
the mere existence of the apholic way of life is already proof of transport 
mechanisms that couple the primary production zones with exclusively 
secondary production habitats. Although during recent years, with the 
detection of deep-sea vents and subduction zones, other energy and carbon 
sources for bcnlhic life have been described, organic matter (OM) produced 
in the pelagic zone is the beginning of the bcnthic food web in most cases. 
Until the 1970s the llow of matter from the pelagial lo the bcnthic zone was 
believed to be a steady rain of particles that settle vertically lo the sea lloor 
(ef. Steele, 1974). Remanc (1940), however, reported that the sediment he 
collected in Kiel Bight during spring was covered by a greenish layer derived 
from pelagic diatoms. This indicates that there may be some imbalances in 
the particle rain. In lakes, Jonasson ( 1964) described the inlluence of settling 
spring and autumn plankton blooms on the development of Chironomidae 
larvae in the sediment. 

Qualitatively there was never any doubt about the dependence of benthic 
life on pelagic processes and the above statements may be regarded as trivial. 
Things grew complicated, however, when attempts were made to develop 
a quantitative description of bcnlhic-pelagic coupling. Hargrave (1973) 
described a model in which pelagic primary production is related lo the 
oxygen demand of the sediment; as a third variable he introduced the depth 
of the mixed layer in the water column. 
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ABSTRACT. Al 12 locations on the Antarctic cruise 56{2 with RV Meteor cxlrcmcly low ratios or Lhc 

a<lcnosine nucleotides ATP : AMP were found in surracc scdimcnlS ranging from 0.03 Lo 0.28. The same 

low ratios were measured in isolated bcnlhic foraminifora, Cribro.ftomoidcs subglobosum, from 

1hcVttring-Pla1cau (Norwegian-Greenland Sea). These organisms showed a physiological awakening res­

ponse to input or organic mailer by phosphorylation or AMP Lo ATP. They increased their A TP levels wit­

hin a ractor or ten in 20 days. The same strong increase in ATP content was also described from sediments 

. or lhe same area artcr the deposition or raccal pellets. Thus, the rapid changes in adcnosine nucleotide le­

vels and the ATP: AMP ratio arc good indicators or deep-sea bcnthic metabolism. 

L Introduction 

TI1e strong scasonaliLy or food supply in polar and subpolar regions or U1e deep sea (Wefcr et al. 

1988, Oathmann et al. 1990) means Uial benthic organisms must be specially adapted in order 10 

survive long periods or low food supply and to compete during those short periods when food be­

comes plenLifol. A similar problem exisL~ for deep-sea scavengers, which depend on occasional 

rood foils. SmiLh and Baldwin ( 1982) described the strategy of U1esc organisms, which have de­

veloped special adaptations in terms of respiratory activity, behaviour and morphology. 

In U1is paper we describe some biochemical results which help 10 explain the adaptation of 

deep-sea henlhic organisms 10 nuctualions in rood supply. During a cruise 10 the AnLarcLic in 

1981 some unusual adcnosine nucleotide values were obtained, showing very high AMP concen­

Lralions and low ATP: AMP ratios. Recent results from sediments and isolated benlhic foramini ­

fcra from Lhe Norwegian-Greenland Sea may provide an appropriate explanation. 
In shallow waters the nucleotide pool of protozoans such as rhizopods and ciliates represents 

an inlennediale position between bacteria and melazoans (Linke 1986, Sich 1985). In Lbc deep 

sea, benthic foraminifcra respond rapidly Lo Lhc deposition of phytodctritus (Gooday 1988). Since 

foraminifcra arc extremely abundant in Arctic regions (Feller 1973, Oasov and Khusid 1983), il 

is likely that these organisms exhibit special adaptations to life in polar deep-sea environmenls. 
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Abstract 

Eight new and one less known nematode species arc described from VOring Plateau at 970 m to 1426 m 
depth and adjacent deep-sea plain at 3062 m depth in the Norwegian Sea: Acti11011ema graft sp. nov., 
Desmodora pilosa Ditlcvscn, 1926, Leptolai11111s meyer-reili sp. nov ., Tarvaia heegeri sp. nov ., Diplopeltoides 
li11kei sp. nov., Diplopellis bat/1111a1111i sp. nov., Southemiella nojii sp. nov, Pararaeolaimus rumohri sp. nov. 
and Theristm alte11bacl,i sp. nov. Differential diagnoses to the eight new species are given. 

Acti11011e111a graft, Leptolai11111s meyer-reili and Theristus alte11bachi arc frequently found on YOring 
Plateau and belong to the most dominant species, whereas Desmodora pilosa and Pararaeolaimus rumoltri 
arc dominant species at few sites only. The other species occur sporadically, in few numbers, and be­
long - as do Pararaeolaimus r11111ol,ri - to seldomly reported nematode genera. 

Introduction 

/\ large collection of nematodes was sampled dur­
ing two cruises of R/V Meteor in 1986 and 1988 
to the Norwegian Sea because nematodes turned 
out to be suitable biological tools in discriminat­
ing environmental heterogeneity in the deep-sea 
benthos (cf. Jensen, l988a; Jensen et al., 1991). 
More than 100 nematode species were found of 
which only few species were known ( cf. J cnscn, 
l 988b, 199 la). Present study includes the descrip­
tions of eight new species and redcscription of a 
poorly known species, and is part of a sc.rics of 
papers describing nematode species from the 

Contribution No. 111 from Sun<lcrforschungsbcrcich 313 <lcr 
UnivcrsiHlt Kid, Germany. 

deep-sea benthos of the Norwegian Sea (Jensen, 
1988b, l99la,b). 

Material and methods 

Benthos samples were collected with a box corer 
(50 cm x 50 cm x 50 cm) from R/V Meteor dur­
ing a cruise from 19 J unc to 2 July 1986 in the 
Norwegian Sea. Further samples were obtained 
with a multicorer (a series of cylindrical tubes, 
10 cm in diameter) penetrating about 30 cm deep 
into the sediments during a second cruise from 19 
to 30 August 1988. Sediments consisted mainly 
of clay; results of a detailed granulometrical anal­
ysis arc given by Jensen et al. (1991). Station data 
arc shown in Table I. Subsamplcs were immcdi-



BODONEMATIDAE FAM. N. (NEMATODA, MONHYSTERIDA) 
ACCOMMODATING BODONEMA VOSS! GEN. ET SP. N. FROM THE 
DEEP-SEA BENTHOS OF THE NORWEGIAN SEA 

PR EBEN JEN SEN 

SARSIA JENSEN, PREIIEN 1991 01 10. Dodoncmalidae ram.n. (Nematoda, Monhysterida) accommo­
dating Bodontma vossi gen. et sp. n. from the deep-sea benthos or the Norwegian Sea. 
- Sarsia 76:11-15. Bergen . ISSN 0036-4827. 

The free-living nematode Bodontma vossi gen. n. et sp. n. is described based on adults 
and juveniles rrom the deep-sea bcnlhos or lhe Norwegian Sea. B. vossi is unique by its 
dirrcrenliated pharynx into three regions consisting or: a tubular buccal cavity with sclero­
tizcd walls continuing into a long tubular portion with sclerotized walls and surrounded by 
a sheet or musculature, a mid-pharynx region with a series or bulbs each with sclerotized 
inner walls, a posterior region without sclerolized inner walls consisting of a narrow part 
and terminating with a pyriform bulb. The combination or these pharynx regions jus1iry 
lo establish a new family Dodonematidae with Dodontma as lhe lype genus. Bodonemati­
dac are placed in Monhyslerida because lhe ovaries arc oulslretched; the presence or a 
progaslcr in Dodontma also indicates such a relationship. The equally long selae of sec­
ond and third crown of cephalic sense organs suggest a relationship within Axonolaimoidea. 

Prtbt11 ltnstn, Mari11t Biological Laboratory, Univtrsity of Copt11/1agtn. Strandpromtna­
dtn 5, DK-3()()() Htlsing,r, Dt11mark. 

INTRODUCTION 

Since 1986 several benthos samples were taken from 
the deep-sea benlhos of the Norwegian Sea in or­
der to examine regional and local relationships be­
tween sediments and fauna (cf. JENSEN 1988a; Kos­
TER & al. in press, JENSEN & al. in press; ROMERO· 
WETZEL & GERLACH in press). More than 100 meio­
benthic species were found and one of them turned 
oul to be a new nematode which could not be in­
cluded in one of the more than 500 nematode gene­
ra known. This species is described and its syste­
matic position discussed. 

MA TERI AL AND METHODS 

Benthos samples were collected with a USNEL box corer 
(50 cm x 50 cm) from RIV Mtttor during the cruises 2.1 
(19 Junc-2 July 1986) and 7.4 (17 August-4 September 
1988) in the Norwegian Sea. Present specimens derive 
from two silly clay stations; i.e. Stn 61 (67°43' N, 05°55' E 
1245 m, and Stn 70 (67°00' N, 07°46' E), 970 m. Extrac­
tion, concentration and fixation or material is outlined in 
JENSEN (1988b). The material is deposited in lhe nemato­
de collection or the AUred-Wegener-Institut £iir Polar- und 
Meeresforschung, Bremcrhaven, Federal Republic or Ger­
many (NSIMO) . 

Contribution No. 114 from Sonderrorschungsbereich 313 
dcr Universiliil Kiel , Federal Republic of Germany. 

DIAGNOSES 

Bodonematidae fam. n. 

Monhyslerida, Axonolaimoidea. A characteristic 
pharynx differentiated into: a long, tubular anterior 
region with sclerotized walls and surrounded by 
musculature, a mid-pharynx region developed into 
bulbs with sclerotized inner walls , and a posterior 
region without sclerotized inner walls consisting of 
a narrow portion and terminally with a pyriform 
bulb. Gonads opposite and outstretched. 

Type genus: Bodo11ema gen. n. 
Etymology : Named after Dr Bodo von Bodun­
gen, marine biologist at the Marine Research Insti­
tute, University of Kiel, FRG, chief-scientist and 
poet on Meteor cruise 7.4. 

Dodo11ema gen. n. 
Axonolaimoidea, Dodonemalidae. Cephalic sense 
organs in three separate crowns with second and 
third crown of setae equally long. Copulatory ap­
paratus with gubernacular apophyses and lateral 
differentiation. Duels from caudal gland cells ap­
parently alrofied, I ail tip with subterminal dorsal 
outlet. 

Type species: Bodonema vossi sp. n. 
Etymology : Named after Dr Maren Voss, marine 
biologist in Sonderforschungsbereich 313 and mem­
ber of the research leam on Meteor cruise 7.4. 
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'AN ENTEROPNEUST'S NEST': RESULTS OF THE 
BURROWING TRAITS BY THE DEEP-SEA ACORN WORM 
STEREOBALANUS CANADENSIS (SPENGEL) 

PREBEN JENSEN 

SARSIA JENSEN, PREBEN 1992 09 10. 'An enteropneust's 'nest': results of the burrowing traits by 
the deep-se:i acorn worm Stereobalanus canadensi.s (SPENGEL). - Sarsia 77: 125-129. Ber­
gen. ISSN 0036-4827. 

The burrowing enteropneust Stereobalanus canadensi.s occurs in abundances of 8-24 speci­
mens per m2 in the deep-sea benthos of the Norwegian Sea. Highest numbers are corre­
lated with dense burrow systems where the sediment surface is slightly raised as a mound. 
A burrow system consists of several horizontal galleries of dichotomously branched bur­
rows, 6 mm in diameter, down to c. 10 cm depth and connected with each other by verti­
cal shafts. 'An entcropneust's nest' is introduced as a tenn denoting the aggregation or 
S. canadensi.s in such a burrow system below a mound resulting in considerable transport 
of particles and exch:inge of chemical constituents in the sediments. Faeces are deposited 
as small elongated pellets :and in lots of up to 1300 in numbers in a burrow system. This 
suggests th:it the inhabitants of 'an entcropneust's nest' have a common faecal deposit. 

Preben Jensen, Marine Biological Laboratory. Universiry of Copenhagen, Strandpromena­
dcn 5, DK-J(}()() Hclsingi,r, Denmark. 

INTRODUCTION 

Only three deep-burrowing species weighing about 
l g or more wet weight and in abundances of less 
than 25 specimens per m1 have up to now been 
found in the deep-sea benthos of the Norwegian 
St:a (ROMERO-WETZEL & GERLACH in press), i.e. the 
burrowing enteropncust Stereobalanu.s canaden.sis, 
the tube-living anthozoan Cerianthu.s vogti DANIELS­

SEN (cf. JENSEN 1992) and an unidentified burrowing 
echiuran. ROMERO-WETZEL (1989) described the 
branched burrow system of S. canaden.sis and esti­
mated tlie abundance of up to 16 specimens per 
m2

• The contents of brominated metabolites in S. 
ca11aden.sis and their negative effects on biological 
activity in its burrow wall lining were dealt with by 
JENSEN & al. (1992), and KOSTER & al. (1991) 
dealt with exo-enzymatic activity and bacterial num­
bers in its gut, faecal pellets and burrow wall lin­
ing. As a continuation of these observations on 
ecological aspects of the natural history of S. ca11a­
den.sis this study focuses on the effects of the bur­
rowing traits by this acorn worm. 

MATERIAL AND METHODS 

Thirty three samples with a modified USNEL box core 
sampler (50 x 50 cm), penetrating about 40 cm deep into 
the sediments, were taken at three stations on the V0ring 
Plateau, Norwegi:in Sea in July 1988. Twenty seven sam­
ples were from Stn 61 (67°43.l' N, 05°55 .4' E; 1245 m 
depth), 2 samples from Stn 70 (66°59.9' N, 07°45.7' E; 
970 m depth), and 4 samples from Stn 84 (67°41.9' N, 
03°43.0' E; 1255 m depth); for station data: cf. JENSEN 

(1988). Observation of burrows systems were obtained 
after removing one side wall of a box corer. Sediment 
w:is removed by gently washing the sediment with water 
(cf. Fig. IA), by breaking pieces of sediment ore by hand 
(d. Fig. IB), and with the aid of spoons and small spatu­
lae. Several sediment sections were photographed and 
burrow systems depicted by pencil drawings in order to 
reconstruct the three-dimensional pattern of burrow sys­
tems. These simple methOC:s optimized the sampling of 
fresh, undamaged animals and faecal pellets in the bur­
rows as well as yielding a good estimation of burrow 
sizes, and precise sampling of burrow wall and adjacent 
sections of sediments. Innermost 0-1 mm and subsequent 
1-2 mm wall sediment were scraped off by a 5 mm wide 
spatula to give samples of 2-10 ml. Control samples were 
taken with a 10 ml syringe which was pushed into sedi­
ment horizons 10-20 mm from the burrow walls. Samples 
for faun:il analyses were fixed in 4 % formalin, stained 
with Bengal Rose, gently sieved on a 45 µm sieve, and 
sorted under a stereomicroscope. For scanning electron 
microscopy (SEM) samples from faecal pellets, and sam­
ples from surface and adjacent sediments were fixed in 
4 % form:ilin, washed in distilled water, dehydrated and 
critical point dried (Balzer Union CPD 010). Samples 
were coated with 20 nm of gold using a Balzer Union SCD 
004 sputterer, and examined on a Zeiss Nanolab 7 scan­
ning electron microscope. 

RESULTS 

Two to six specimens of Stereobalanu.s canaden.sis 
were found in their burrows in each box corer (1/4 
m2

). The burrows are circular in cross section, 6 
mm in diameter, and smooth. A burrow system 
consists of several horizontal galleries of dichoto­
mously branched burrows down to 10 cm depth, 
connected with each other by vertical shafts; this 
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CERIANTHUS VOGT/ DANlELSSEN, 1890 (ANTHOZOA: 

CERIANTHARIA). A SPECIES INHABITING AN EXTENDED TUBE 

SYSTEM DEEPLY BURIED IN DEEP-SEA SEDIMENTS OFF NORWAY 

PREBEN JENSEN 

SARSIA JENSEN, PREIIEN 1992 05 08. Ctriantlrus vogti DANIELSSEN, 1890 (Anthozoa: Ceriantharia). 

A species inhabiting an extended tube system deeply buried in deep-sea sediments off 
Norway. - Sarsia 77: 75-80. Bergen. ISSN 0036--4827. 

Box core sampling, dredging and photographic records or sea noor structures at 1244--2926 
m c..lepth in the Norwegian Sea show the presence of the tube-dwelling anthozoan Ctrian­
tlrm vogti DANIELSSEN, 1890 in an abundance or up to 3.5 specimens per m2 • This species 
has not been reported since the original description. C. vogti builds an extended, bran­

ched, horizontal tube system, probably several metres long, below the oxic-anoxic bound­

ary layer. This lube system is considered to be a kind of 'gas pipeline' through which CH, 

and l-12S might accumulate and pass to supply chemoautolithotrophic bacteria living in 
body tissue as symbionts or in the tube itself, i.e. a bacterial gardening system. Through 

each of these two processes C. vogti may satisfy its fooc..l requirements in the oligotrophic 
deep-sea environment. 

Prtbtn ltnstn, Mari11t Biological Laboratory, U11iversity of Copt11lragen, Strandpromt· 
11adt11 5, DK-J()(J() Helsing,,, De11111ark. 

INTRODUCTION 

Ceriantharians are known as tube-dwelling sea ane­

mones. It is generally believed that they live in a 
vertical tube somewhat longer than the body itself 
(SCHAFER 1962) or up to 1 m long (REMMIE 1940). 
1l1ey occur from shallow waters to the deep-sea. 

During a study of the biology or the entero­
pneust Stereobalanus car1adensis in deep-sea sedi­
ments of Vfl}ring Plateau, Norwegian Sea (KOSTER 

& al. 1991; JENSEN, EMRICH & WEDER in press; JEN· 
SEN in press) several 40-cm deep box core samples 
contained a greenish-grey felt-like substance at­

tached along the lower edges. Previously RoMERO­

WETZEL (1989) suggested that this substance could 
derive from the tube of an echiuran worm. How­

ever, since an echiuran was found in its burrow 
(KOSTER & al. 1991; own obs.) without any trace 
of a tube, the above suggestion can be abandoned. 
ln the present study, three anthozoan specimens 
were found in such felt-like substances. The speci­
mens belong to Ceriar1thus vogti DANIELSSEN, 1890, 
a species not reported since its original description 
from the Vfl}ring Plateau, Norwegian Sea, when 

DANIELSSEN (1890) described two new Ceria11tlius 
species, C. vogti and C. abyssorum. The two spe­
cies were considered synonymous by CARLGREN 
(1912) who selected C. vogti as the valid name. 

By means or box core sampling and photographs 
of the sea floor from the deep-sea benthos or the 

Norwegian Sea the abundance of Cerianthus vogti 
is estimated and an impression of the extension of 

its deeply buried tube system is given. A 'gas pipe­
line' hypothesis is finally presented where the tube 
system is suggested to accumulate and pass reduced 
compounds as supply for chemoautolithotrophic 
bacterial symbionts in its body tissues or as supply 
for a bacterial gardening system. 

MATERIAL AND METllODS 

Nine modified USNEL box core samples (50 x 50 cm), 
penetrating about 40 cm deep into the sediments, were 
taken in August 1988 at five stations between 1244 and 
1393 m depth on the Y~ring Plateau, Norwegian Sea 
(Table I). The upper 10 cm of sediment consisted of 
brown silty-clay (cf. Fig. I) , with a water content of 
50-70 %. The deep sediment horizon is grey with a water 
content less than 50 %. Observations on the location of 
tubes in the sediment were obtained after removing one 
side or a box corer. Sediment was removed by hand and 
by gently washing with water. Tubes were recognized by 
their greenish colour and by texture. The extension of 
each tube was recorded and photographs were taken of 
partly excavated tubes. One fresh specimen of Ctrianthus 
vogti found within a tube was photographed. Two tenta­
cles of this specimen were cut off and fixed in glutaralde­
hyc..le for an ultrastructural study of possible cndosym­
biotic bacteria; the remaining part of the body and all the 
tube fragments were fixed in 4 % formalin in sea water. 
Subsequent laboratory analyses of the preserved tubes 
revealed two adc..litional specimens. Specimens were weigh­
ed artcr blotting on filter paper. The three specimens arc 
deposited in the National Museum of Natural History, 
Leiden, The Netherlands. 
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Large amounts of clay and silt particles from the northern Voring Plateau 
(Norwegian Sea) accumulate on a ridge (Voring Plateau escarpment) situated at 
I ~45-1 310 m depth on the non hem V oring Plateau. Calculated Holocene sedi­
mentation rates are up to 18 cm ky·I, while amounting to less than I cm ky·I on 
the slope south of the ridge. Six stations were sampled - three on each side of the 

ridge - to obtain quantitative information of different biological components and 
relate these observations to the environmental conditions. Pronounced biological 

differences berween the southern and northern sites arc evident in terms of oxy­
gen consumption, meio- and macrofauna composition, meiofauna biomass and 
meiofauna depth distribution. A specific fauna consisting of pogonophorans and 
nematode assemblages of relatively large-sized animals inhabits areas on Vtiring 
Plateau which are characterized by high sedimentation rates and high organic 

carbon content. Accumulation of particles larger than 63 µm in sediment hori­

zons between 6-10 cm depth is possibly due to vertical particle transports by a 
burrowing enteropneust. 

Oceanologica Acra, 1992. 15, 3, 287-296. 

Differences sedimentologiques et biologiques d'un cote a l'autre 
d'une dorsale profonde exposee a l'advection et a l'accumulation de 
fines particules 

D'importantes quantites de particules argileuses et de vase en provenance du pla­
teau continental de la Mer de Norvege se sont accumulees sur une dorsale, J'escar­
pcment du plateau Voring, al 245-1 310 m de profondeur. Les taux de sedimen­

tation calcules pour J'Holocene y atteignent 18 cm par millenaire alors que, plus 
au sud, sur le talus continental, ils sont inferieurs a l cm par millenaire. Six sta­

tions ont ete echantillonnees (trois de chaque cote de Ja dorsale) afin de quantifier 
les constiruants biologiques et de comparer ces observations aux caracteristiques 

de l'environnement. Des differences notables entre Jes stations du nord et ceUes du 
sud sont observees dans la consommation de l'oxygene, dans la composition de la 
macrofaunc et dans la composition, la biomasse et la repartition verticale de la 
mciofaune. Des populations de pogonophores et de nematodes, constituecs d'ani-

0399-1764192/03 287 10/$ 3.00/© Gauthier-Villars 287 
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Metabolic adaptations of deep-sea benthic 
f oraminifera to seasonally varying food input 

Peter Linke 

Sondcrforschungsbcrclch JlJ, lleinrlch-llechl-Plalz 10, W-2300 Klei 1, Germany 

ADSTRACT: ATP content and metabolic ilclivily or bcnlhic lornminircra were determined from cleep­

scil scdiuwnls o! lhe Norweyi,111-Grcenland Seil. Mclt1bolic a<:livily wc1s tmalysed by rneasuremeuts of 

Electron Transport System (ETS) activity and heat production. This, combined with Jive observations, 

revealed 2 survival strategies. Ruperlina stabilis, an obligate suspension feeder, is adapted to 

conditions in which it receives a steady input or particles throuyhoul the year, enabling it to maintain a 

relatively high ATP content (153 ± 23 ng ATP ind." 1
) with a reduced ATP turnover rate (0.008 s"1) . In 

contrast Cribrostomoides subglobosum, Pyrgo rota/aria and Rhabdammina abyssorum undergo large 

(up to 10-fold) fluctuations in seasonal values of ATP and heat production, but retain a high, relatively 

constant ATP turnover rate (i.e. seconds). Such a rapid turnover allows these !oraminilera to take quick 

advantage of sudden nutrient inµuls ; this stale o! readiness, however, is maintained at lhe cost o! the 

protoplasm, which benlhic loramini!era are apparently capable of metabolizing in times of starvation. 

C. subglobosum and P. rolalaria responded lo several sedimentation events with an increase in ETS 

activity; single cells sometimes showed extremely high ATP values (50· lo 100-lold increase), rellecting 

an individual physiological response to food input lo the deep-sea . 

INTRODUCTION 

The abundance of benthic foraminifera in the deep­

sea is reported lo be greater than that of any other 

eukaryotic taxon (Tietjen 1971, Hessler 1974, Smith 

et al. 1976, Tenda! & Hessler 1977, Snider et al. 1984, 

Gooday 1986, 1990, Alongi & Pichon 1988, Altenbach 

& Sarnthein 1989, Gage & Tyler 1991). In the deep-sea 

of the Arctic oceans they account for a major part of the 

benlhic biomass (Feller 1973, Dasov & Khusid 1983). 

New techniques are already being used lo measure 

the biomass of benthic foraminifera directly by or­

ganic carbon (Allenbach 1987) and adenosine-5'­

triphosphale (ATP) assays (DeLaca 1986). Little infor­

mation, however, is available on their metabolism. 

Since protozoa have a high growth potential they may 

be expected to be of importance in terms of turnover 

rates in biotopes where they are especially abundant. 

The Norwegian-Greenland Sea is influenced by 

different currents and water masses, varying processes 

which may be expected to control particle sedimenta­

tion. The Norwegian Atlantic Current imports warm 

O lnler-Resemch/Prinled in Germc111y 

Atlantic water; on the Norwegian Shelf the Norwegian 

Coastal Current flows with less saline water to the 

Northeast; the East Greenland Current brings in a cold 

water mass from the Arctic (Fig. 1). Mackensen and 

co-authors (1985) conducted the first large-scale 

studies on foraminiferal distribution patterns in the 

Norwegian-Greenland Sea and concluded that the 

oxygen content of the bottom water and the organic 

carbon load of the sediment are among the environ­

mental parameters that influence foraminiferal assem­

blages. The following investigations were guided by 

the growing realization that adaptation to nutritional 

conditions rather than water mass properties or 

physical parameters alone controls foraminiferal distri­

bution (Allenbach 1985, Lutze et al. 1986, Mackensen 

1987, Linke 1989, Lutze & Thiel 1989, Thies 1991, 

Gooday et al. 1992). 
It is already evident that the response _by a bathyal 

benthic community lo a pulse of natural organic matter 

occurs within clays (Graf 1989). A direct response of 

shallow-water benthic foraminifera to food input 

has been documented in the Kiel Bight, Baltic Sea 

0171-0630/92/000 I /0051/$ 03.00 
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Microhabitat preferences of benthic foraminifera-a static 
concept or a dynamic adaptation to optimize food acquisition? 
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•so11derfvrschu11gsbereicl, (SFB) 1 I 1, 0/JhausenstrajJe 40-60, Kil'/ UnivC'rsity, 1100 Kiel, Germany 

bGeologisch-Paliio1110/ogisc/1es fostitut, 0/shausenstrajJe 40-60, Kiel Unii'ersity, 1100 Kiel, Germany 

( Received February 20, 1992; revision accepted August 15, 1992) 

ABSTRACT 

Linke, P. and Lutze, G .F., 1993. Microhabilal preferences ofbcnthic foraminifcra-a static concept or a dynamic adapta­

tion to optimize food acquisition? In: M.R. Langer (Editor), Foraminiferal Microhabitals. Mar. Micropaleonto/., 20: 

215- 234. 

In silu observations of microhabilat preferences of living benthic foraminifera arc presented from sediments of the 

Norwegian-Greenland Sea, the upwclling area off northweslcrn Africa and the shallow-water Kiel Bight (Baltic Sea ). 

Certain foraminiferal species (e.g. Cibicidoides wuel/erstorji and Rupertina stabilis) can be regarded as strictly cpibcnthic 

species, colonizing elevated habitats that arc strongly affected by botlom water hydrodynamics. Large cpibenthie forami­

nifera (e.g. Rhabdammina ab)'ssorum and 1/yperammina crassatina) colonize the sediment surface in areas where strong 

bottom currents occur and might have by virtue or their own size an impact on the small-scale circulation pallcrns of the 

botlom water. Motile species changing from epifaunal to infaunal habitats (e.g. Pyrgo rota/aria, Melonis barleeanum, 

E/phidium excavatum clavatum, Elphidium incer/11111, Ammotium cassis and Splraeroidina b11/loides) arc regarded here as 

highly adaptable lo changes in food availability and/or changing environmental conditions. This ncxible behaviour is 

regarded as a dynamic adaptation lo optimize food acquisition, rather than a static concept leading lo habitat classilication 

of these ubiquitous rhizopods. 

Introduction 

Benthic foraminifera have been reported 

from virtually all marine environments indi­

cating a broad ecological adaptability. In oxy­

genated deep-sea sediments, foraminif era oc­
cupy epifaunal and shallow ( 0-2 cm) or deep 

( > 2 cm) infaunal microhabitats (Corliss, 

1985; Gooday, 1986; Altenbach and Sarnth­

ein, 1989; Mackensen and Douglas, 1989; 

Thies, 1990). Some taxa which live infaunally 
in well-oxygenated sediments also occur near 

the sediment surface in dysaerobic environ-

Correspondence to: I'. Linke, Kiel University, Sondcrfor­

schungsbcrcich (Sf-B) 313, Olshauscnstra!lc 40-60, 2300 

Kiel, Germany. 

ments suggesting that an ability to tolerate low 

oxygen concentrations allows these species to 

survive within the sediment (Mackensen and 

Douglas, 1989). Some epifaunal species live 

attached to firm substrates which elevate them 

above the sediment surface. At bathyal depths 

stones and biogenic structures offer suitable 

and readily available attachment surfaces 

(Lutze and Altenbach, 1988; Lutze and Thiel, 

1989; Mackensen and Douglas, 1989; Gooday 

et al., l 992b ). In the Norwegian-Greenland 

Sea the miliolid Miliolinella subrotunda 
achieves elevation by perching on top of a self­

constructed agglutinated tube that may be up 
to 6 mm long (Altenbach et al. , 1992, this vol­

ume). Encrusting foraminifera also occur on 

surfaces close to hydrothermal vents (Van 

0377-8398/93/$06.00 © 1993 Elsevier Science Publishers B. V. All rights reserved . 
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T echnik und Signifik:inz der Lebendfarbung benthischer 
For:iminiferen mit Bengalrot 

GERHARD F. Lu"TZE & ALE..'<ANOER ALTENBACH 

Fonminifer.i, lebendes Tuon, Pnpar:ition, F:irbung. Geh:iuse, Artengemeinschatt 

Kurzfassung: Die von WALTON (1952) beschriebene Anfiirbung lebender Foraminiferen mit Jem 

Farbstoff Bcngiliot (engl. Rose Bengal, C. I. -45-HO) hat inzwischen verschiedene methodische Verbesserun· 

gen erfahren und liefert bei Reih,mauswertungen cin zuverlassiges Kriterium zur Untcrscheidung leerer und 

plasmagefiillter Gehiuse benthischer Foraminiferen. Durch die Mikromengenbestimmung von org:mischc:m 

Kohlenstoff kann ernmab quantimiv nachgewiesen werden, datl bei sorgf:iltiger Bearbeitung und der Einhal­
tung gewisser .\!beiumethoden mehr als 96% der Ansprachen exat erfolgen. Zusammen mit den restlichen 

Bruchteilen, die zumindest zum Teil auf stark ausgezehrten, von Parasiten befallenenen oder ger:ide :ibgestor· 

benen lndividuen beruhen, wird ein sicheres_ und reales Abbild der lebenden Artengemeinsch:tften. geliefert. 

[Technique for Staining Living Bcnthic For.iminifera with Rose Bcng:il] 

Abstract : The technique for staining living benthic fora.minifera with Rose Bengal, described by WAL· 

TON ( 1952), has since undergone some improvements that now provide reliable criteria for systematic dis­

tinctions between empry and plasma-filled tests. Micro-analyses of organic carbon can verify quani:itatively 

that careful work. when done in strict compliance with certain procedures, leads to over 96% correct identifi­

cations. lncluding the remaining uncertainties, at le:ist partially due to specimens that have been essentially 
starving. suffer from parasites or presently died, a realistic picture of the vivid community is provided. 
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Abstract 

The epibenthic fauna in the polar waters off Northeast Greenland was investiga­
ted in 1985 and 1990 by trawl catches and sea floor imaging. Echinoderms were 
dominant faunal elements in the samples. Distribution and composition of the various 
species assemblages are supposed to be related to sea floor properties and patterns 
in current regime, sea ice cover, pelagic and sympagic production, and sedimenta­
tion. The basic results of the present study lead to the following hypotheses to be 
tested by future investigations: 

(1) There is evidence that the Northeast Water (NEW), a shelf polynya off 
Northeast Greenland, has a key influence on the distribution, abundance and 
composition of the benthos. Locally high abundances of brittle stars on the shelf 
banks are thought to be sustained by a pelagic and/or sympagic production which is 
relatively high in the polynya and from which a large proportion is partitioned to the 
benthal. 

(2) A convergent anti-cyclonic gyre with its centre over the Belgica Bank may act 
as a retention mechanism and probably leads to an accumulation of organic particles 
and meroplanktonic larvae, thus favouring (a) the sedimentation and flux of food to 
the benthos, and (b) the survival and spatfall of meroplanktonic larvae. 



Abundance, biomass and small-scale dispersion pattern of brittle 
stars (Echinodermata: Ophiuroidea) on the Kolbeinsey Ridge north 
of Iceland 

Dieter Piepenburg, Karen v. Juterzenka 

Institut fur Polar6kologie, Universitat Kiel, WischhofstraBe 1-3 
(Geb.12), D-2300 Kiel 14, Germany 

summary 

Species composition, abundance, biomass and spatial distribution 
pattern of brittle star assemblages of the Kolbeinsey Ridge, north 
of Iceland, were investigated by analysing seafloor photographs 
and epibenthic sled catches . Sampling was conducted in July 1992 
along a 34km-wide cross-ridge transect at 67°55'N in depths 
ranging from 500 to llOOm. The analyses were part of a 
multidisciplinary meso-scale field study on benthic community 
structures and particle flux carried out in the framework of the 
"Sonderforschungsbereich 313" of the University of Kiel. The 
analyses of exposures and samples indicated the existence of an 
ecological cross-ridge gradient. 

The ridge top was inhabited by a typical hard-bottom fauna 
dominated by sessile suspension-feeders. Bottom morphology and 
community properties appeared to be controlled by strong bottom 
currents. Both ridge slopes were characterized by soft bottom 
habitats. However, there is evidence from photographies as well as 
from trawl catches that the epibenthic megafauna (ophiuroids like 
Ophioscolex glacialis and Ophiopleura boralis as well as large 
crinoids and asteroids) is more abundant at the western slope. The 
by far most abundant brittle star species was Ophiocten gracilis 
occurring in densities up to 753 ind.m-2. These findings may 
indicate differences between the slopes in terms of bottom current 
regimes and, hence, patterns of lateral particle advection. 

A total of 5 brittle star species were found at the 5 stations. 
Generally, ophiuroid densities were significantly larger on the 
eastern slope. Biomass of Ophiocten gracilis extrapolated from 

photographically determined abundances reached up to 120.2 mg m-2. 

Dra ft from 5/12/93 
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A program for computer-aided analyses of 
ecological field data 

Dieter Piepenburg and Uwe Piatkowski' 

Abstract 

. -t pmgrwn for IBM-compatible microcomputers is introduced 
wl11ch combines several complementary analyses of species­
starion-tables generated in ecological field investigations. Tire 
scope of the program encompasses table editing functions, 
rowines for communitv delimitation bv cluster analvsis and 
procedures for the ww/;·sis of properties. related both t; stations 
(e. IJ· diversities) and species (e.g. abundance statistics and 
association indices). The essential reasoning behind the 
application of community studies is presented briefly, as well 
as the multi-step analytical approach implemented in the 
program. 

Introduction 

One main objective in ecological field studies is the delimitation 
of species assemblages and/or faunistic zones. and the 
description of their spatial (and/or temporal) distribution and 
composition. These investigations. widely known as community 
analyses, are often based on extensive species-station-tables. 
i.e. data arrays typically in the form of abundance measures 
of the various species represented in a series of stations or 
collections. Based on experience in studying marine zooplankton 
and benthos communities (Piepenburg, l 988: Piatkowski. 1989) 
a computer program was developed to assist in performing 
analyses of species-station-tables. 

The conceptual basis of species-station-table analyses is the 
'community' of co-occurring species. This concept is one of 
the most important rationales of ecological research (Odum, 
1973), but there are various definitions reflecting different 
theoretical approaches (see Gray, 1981). The definition also 
applied in the present paper was formulated by Mills ( 1969); 
·community means a group of organisms occurring in a 
particular environment, presumably interacting with each other 
and with the environment, and separable by means of ecological 
survey from other groups.· This pragmatic approach is based 
on methodology and avoids an ecological interpretation which 
may be controversial (see Petersen, 1989). The differences of 
the various theories refer mainly to the degree of integration 
of communities and the role of the biological self-regulation 
of community structures, i.e. the question whether the spatial 

lnsritw far Po/ardlwlogie ckr UnivusiUU Kiel. Olrhllusenstrasse 40 and 1 !nrtrn,t far Mureslamde an der Univers11iJr Kiel, Dastembr~r We~ 20. W-ZJOO Kiel. 
Gennany 

;. Oxford U nivcrs1ty Press 

distribution of species is mainly influenced by biological 
interactions or rather by abiotic gradients (Gray. 1981) . 

Following a multi-step strategy for the study of multi-species 
distribution patterns (see Bolter et al., 1980; Field er al .• 1982). 
which encompasses a suite of multivariate and analytical 
techniques, quite a number of computations are usually involved 
(Legendre and Legendre, 1987). For computer-aided analyses 
a variety of spreadsheet and statistical software is available, each 
offering a subset of the tools necessary to perform the various 
tasks. such as table editing, data handling, differentiation of 
intrinsic data fractions by cluster analyses, and computation of 
station-specific and species-specific parameters. A computer 
program. however, which combines the whole suite of these 
procedures is harder to find. Here, we introduce a 
comprehensive computer program, integrating the different parts 
of a multi-species data analyses, in order to conduct this often 
time-consuming work in a quick and safe way. 

Analytical approach 

Ecological field investigations usually result in complex sets 
of biotic (and/or environmental) data from which panerns or 
relationships are to be extracted. For instance. community 
studies are based on a faunistic inventory in a well-defined area 
by collecting or observing organisms at several stations , i.e. 
at certain locations and/or at certain time intervals. The 
methodological rationale of the analysis of the resulting species­
station-table may be stated as follows: the distribution of the 
various species represented in a series of stations is not random, 
but displays a certain pattern, i.e. certain species groups 
(assemblages) are limited or at least concentrated in their 
occurrence to certain station groups (faunistic zones). This 
' multispecies distribution pattern ' is discernible from species­
station-tables by multivariate analytical techniques. Field et al. 
( 1982) have provided an overall strategy for the analyses of 
multispecies data sets. Most of its various stages can be 
performed by the program introduced in the present paper. 

Classification techniques are methods to extract patterns from 
complex data sets, e.g. to delimitate station groups and species 
assemblages from species-station-tables and to discern their 
resemblance structure. They are not the end of a community 
study but rather the starting point for further data analyses and 
ecological interpretations. The 'intrinsic' structures of 
communities may be described, for instance, by certain station­
specific and species-specific properties (e.g. diversities and 
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Abstract 

The abundance and biomass of bacteria in bottom waters is known to increase upon 

sediment resuspension. Whether this is due to passive introduction of many and larger 

bacteria from the seabed or to metabolic stimulation of the resuspended sediment (or 

existing pelagic) bacteria is not known. To better understand the resuspension effects on the 

sediment bacteria , we resuspended intertidal sediments into sterile pre-filtered (0.2µm) 

natural seawater and into an artificial sea-salt solution, subsequently and measuring 

comparative rates of 14C- and 3H-amino acid utilization in agitated versus still samples 

over a 36-h period at 13°C. Under the nutrient conditions of natural seawater, agitation 

significantly stimulated amino acid utilization, almost doubling the measured rates on a per 

cell basis (both tracers). Under more limiting nutrient conditions, the agitation effect, in 

general was more pronounced, with a tripling of the rate in one case. After considering 

substrate collector efficiencies under different conditions examined, we attribute the 

turbulence - stimulated bacterial activity in our samples to a combination of : 1) increased 

activity of bacteria resuspended a free-living cells. due to increased encounter of nutrient hot 

spots in the agitated samples; 2) increased activity of resuspended bacteria attached to 

particles, due to relief of diffusion limitation on substrate delivery to the cell by turbulence. 

The stronger stimulatory effects, observed in a low-nutrient regime indicate the importance 

of determining kinetic parameters for bacteria in oligotrophic environments. 



Particle properties and microbial transformation in the North East 

Water Polynia; preliminary results. 

W. Ritzrau§, J.W. Deming•, E. Bauerfeindt 

§ SFB 313, A3, t SFB 313, Al 

• University of Washington, WB-10, Seattle, WA 98195 

In July and August 1992 an American science party with German participation 

visited the Nonh East Water Polynia off the nonheastem coast of Greenland The 

NEWP is the largest, coldest and most northerly of the summer polynias in the 

Arctic environment. Previous investigations revealed high primary productivity 

within in the polynia supporting a general biological richness. 

Preliminary results on total suspended matter, particulate organic carbon and 

nitrogen as well as bacterial abundance, size distribution and activity in the water 

column at selected stations in the NEWP are presented. Spatial heterogeneity of 

microbial activity was found to be dependent on the ice-conditions. Vertical 

gradients appear to be governed hydrographical setting of polar vs. Arctic 

intermediate water masses. 

Poster: International Workshop on Artie Polynyas. Seattle, Washington, U.S.A. 

January 11-13, 1993. 
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Increase of microbial biomass in the benthic turbidity zone of 
Kiel Dight after resuspension by a storm event 

Abstract-Near-bollom wa<cr samples were 
collected al 7, 12, 20, 40, and 300 cm above <he 
seabed in situ at two stations in Kiel llight during 
calm hydrographic condi<ions and during a storm­
induccu subsequent rcsuspension event in fall 
1989. Measurements of ses<on, par<icula<e or­
gallic C, particula<e organic N, and microbial bio­
mass revealed s(orrn-rela<ed diflcrences in the 
co1111msition of <he particulate mailer in the ben­
lhic turbidity zone restricted to a height of -40 
cm above the seabed at both sites. Al the olfshore 
si<e seston levels during the storm were about 
twice as high as during calm conditions (signcd­
rnnk I' 5 0.005). lncrcascd bacterial numbers and 
enlarged median cell sizes during the storm re­
sulted in significant (er, 0.069--0.01) increases in 
bacterial biomass to a height of -20 cm above 
the seabed. Therefore, stimulation of microbial 
growth by resuspension can provide an addition­
al energy source to the bcnlhic community. 

Both benthic and pelagic microbial bio­
mass can contribute energetic support to the 
benthic hcterotrophic community of higher 
organisms (Loo and Rosenberg 1989). This 
support is most significant at aphotic depths 
in the oceans and at shallow depths during 
winter when the input of pelagic primary . 
production to the benthos is minimal. In 
these shallow areas, the effects of atmo­
spheric storms during autumn, winter, and 
spring can penetrate to a water depth of well 
over 17 m causing rcsuspension of particles 
at the sediment-water interface in the bcn­
thic turbidity zone (UTZ; Rhoads et al. 
1984). This resuspcnsion not only passively 
increases bacterial abundances near the sea­
bed but also appears to stimulate bacterial 
growth there (Wainwright 1987, 1990). 
Thus, due to large bacteria known to inhabit 
aggregates generated at the sediment-water 
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interface (Rhoads et al. 1984) or to stimu­
lated growth (cell enlargement) upon resus­
pcnsion, the size distribution of bacteria in 
near-bed waters of the UTZ can be expected 
to shift to larger forms. Within a few hours 
of particle resuspcnsion both physico­
chcmical processes and microbial activity 
further enhance aggregate formation (Mus­
chcnheim 1987). The predictable result of 
all of these processes is to increase the 
amount of particulate organic material 
available for suspension feeders in the near­
bcd water mass. 

M uschcnhcim et al. ( 1989) described gra­
dients of particle quantity and quality in a 
water layer I O cm above the sediment. Their 
findings, as well as those of Wainwright 
(1987, 1990) were based on flume experi­
ments. This note reports in situ gradients 
of total suspended matter (seston), partic­
ulate organic C (POC), particulate organic 
N (PON), and microbial biomass in a water 
layer 7-300 cm above the sediment at a 
station in Kiel Uighl. A comparison is made 
between the common autumn hydrography 
of a stratified water column and an unusu­
ally intense storm to demonstrate the effects 
of wind-induced resuspension on these pa­
rameters. 

During two cruises aboard the RV Lit­
tori11a on 21 November and 12 December 
1989, near-bottom water samples were taken 
at station "Gabelsflach" 8.4 km offshore 
(54°33,30'N 10°05,70'E) and at nearshore 
station "Boknis-Eck" 2.1 km offshore 
(54°32,33'N !0°03,0S'E) in Kiel Bight with 
a modified near-bottom water sampler (Fig. 
I) described by Evers berg ( 1990). This de­
vice allows for collection of distinct water 
samples at variable heights above the sea­
bed (in this study at 7, 12, 20, and 40 cm). 
Use ofa redesigned, four-footed frame with 
centercd sampling snorkels reduces hydro­
dynamic artifacts in the area of sampling; 
virtually undisturbed near-bottom water 
reaches the water inlets at the ends of the 
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Abundance, biomass, size-distribution and bioturbation 

potential of deep-sea macrozoobenthos on the V0ring Plateau 

(1200-1500 m, Norwegian Sca)1 
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lmti1111 fiir Mccmk1111dc, Kiel, FRG 

Al,stract 

MS. received 4. 7. 1990 

MS. ttcccpted 23. 4. /991 

17 hox corer samples wcrl' rnllccted at a watl'r depth of 1200-1500111 on the V .. ring Plateau (about 

67°-68° N; OJ"-08° E). Sediment was sieved through 0.5 111111 meshes aml analysed for macror.ooben­

thos and ilS burrows. Tax:1. which were present in more than 50 % of the samples indmletl the hi valve 

Mallctw ob111sa, pulydrnets (l'ttm111phi110111c jcffrcysii, Aricidea ttbrttncbittttt, Chttetozont sctosa, 

Notomastus lttterictus, Myriochclc sp. and M. frttgilis), the sipunculid Golfi11gitt (Nephasoma) sp., the 

ophiurid Opbioctc11 gracilis and the enteropneust Stereobttlanus ca11ademis. Other macrowobenthic 

species were not present in sufficient abundance to be sampled in significant numbers within the 17 

samples (each mostly 0.125 m2
) covering a total of 2.J m2

• 

Notomastus latcriccus and Partt111pbi11omc jeffrcysii penetrate I O cm into the sediment, and a 

Gol(mgia sp. lives in vertical burrows which extend deeper than 20 cm. Stcrcobalanus canadensis 

buifds horizontal galleries 6-10 cm into the sediment. The Anthozoa Ccritt111/ms vogti and uniden­

tified Echiurida live in large deeper burrows. 
Using a,ltlitional tbta from the literature, a loi; size spectrum was constructed starting with species 

of 0.01 to 100 11g wet body mass (meiofouna), which runs up to very brge macrozoohenthic species 

such like Stereobalanus ca11adcmis (up to 1.5 g), Cerittllllms vogti (3 g) and unidentified Ecluurida 

(15 g wet body mass). l11ough these J very large endofauna taxa occur with a total abundance of onll 

about .f ind./1112, their biomass (wet weight) can tentatively be estimated to be in the order of 7 g/111 . 

This represents 70 % of the total macrofauna biomass (about 10 g wet weight/m2
). 96 ind./m2 of 

"laq;cr macrofauna" (10 mg to I g wet body mass) represent a biomass of 2.5 ~/n,2• 514 ind./m2 of 

"small macrofouna" (0.1-10 mg wet bo,ly mass) represent a hiomass of 0.78 g/m . 110000 intl.lm2 of 

"large meiofauna" (1-100 II& wet body mass) represent 0.8? (llm2
• The importance of biomass 

relationships for bioturbation and for deep-sea benthic metabolism is discussed. 

Kurzfassung 

Abu11d.111z, lliumassc, Gro/Jcnvcrtci/1111g ,md 8iot11rbtttions-l'otc11tittl des Ticfscc-Mttkrozoube11thos 

auf ,lcm Veri11g-l'ltttcau (1200-1 JOO 111, Norwcgische Sec) 

17 GroBkastengreifer-Proben wurden in 1200-1500 111 Wassertiefc auf dem Vering Plateau (ctwa 

67°-68° N; 03°-08° E) genommen. Das Sediment wurde durch 0,5 111111-Maschcn 17esicb1, da~ Makro­

zoobcnthos analysiert. Taxa, die in mehr als 50 % tier Proben vorkommen, sind: die Muschel Mallttia 

ob11m1,die Polychaeten Paramphi110111c jcffrcysii, Aricidca abr,111d,ittltt, Cbttetozo11c sctostt, Notoma­

stus latcricc11s, Myriocbclc sp. and M. fragilis, der Sipunculide Golfi11gitt (Ncpbttsomtt) sp., der 

Schlani;enstern Ophiucte11 gracilis und der Entcropneust Stercob,dtt1111s ctt11ttdcmis. Die iibrigen 

Makrofauna-Arten warcn nicht haufig genug, als daB man ihre Verbreitung signifikant mit 17 Proben 

von in der Regel 0, 125 m2 (2,3 111
2

) hatte erfasscn kiinnen. 
Notomastus latericcus und Pttrttmpbi110111e jcffreysii dringen 10 cm tief in das Sediment ein. 

Golfingia sp. lcbt in vertikalen Bauten, wclchc ticfer als 20 cm nach unten rcichen. In 6-10 cm 

Scdimcnt-T1cfc baut Stcrcobttl,m11s cttnadensis horizontalc Galericn. In weiten ticfcrcn Gangen leben 

Anthozoa (Ccria111hus vogti) und nid11 niihcr identifizierte Echiurida. 

Unter Verwendung ,:u~iitzlicher Oaten von wderen Autoren wird ein logarithmischcs GriiBen­

spektrum konstruicrt, wclches bei 0.01-100 11g feuchtgewicht-Korpermassc bcginnt (Meiofauna) und 

I Publication No. 90 from Sonderforschungsbcrcich 313 "Sedimentation im Europaischen Nordmeer" 

of Kiel University. The research has been financed by Deutsche l'orschungsgc111einscl1aft. 

U.S. Copyright Clearance Center Code Statement: 0341-6836/91/3304/0247 $ 02.50/0 
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CIIONDROCLADIA GIGANTEA (DEMOSPONGIAE) -
TIIE GIANT CLUBSPONGE OF TIIE NORTHEAST ATLANTIC 

cm 
20 

10 

0 

Chondrocl adi a gigan tea is a most remarkable stalked sponge living on soft bottoms and attaining a height of 60 cm or more (Fig. 1) . An elaborate branched "root"-system can reach 20 cm down into the bottom, anchoring the club-shaped sponge body, which is sup­'ported by a thick, spirally twisted stem of fibers of siliceous spicules and spongine. The surface of the sponge is velvetlike, light pink in life and has nume­
rous longer or shorter papillae with spherical distal 
ends. 

c. gigantea was first found by "The Norwegian North­
Atlantic Expedition" (1876-1878) and desi::ribed by Hansen (1885). Taken again by The Danish Ingolf Expe­dition 1895-96 and the Norwegian Michael Sars Expedi­tion 1902, it was redescribed by Lundbeck (1905). Later, published and unpublished records have added substantially to the knowledge of its geographic and bathymetric distribution (Figs. 2, 3). 

Most records are . from the southern part of the Notwegian Sea and the Iceland Sea (the area between the island of Jan Mayen and Iceland), on the northern flank of the ridge from Scotland to Greenland. A sin­gle record south of the ridge, at 1960 m, is uncertain 
(Lundbeck 1905). Another well documented area is the 
Davis Strait and Baffin Bay (Br0ndsted 1933). If it turns out that c. gigantea and C. grandis Verril, 1879 are synonyms, a third area is off Nova Scotia. Three records are outside the mentioned areas; one is be­tween Greenland and Svalbard (Koltun 1964), and two are in the Northwest Pacific, off Sakhalin and the Ku­riles (Koltun 1958). 

Koltun (1958, 1959) gave the bathymetric distribu­tion -as 238-615 m and 1450-2127 m. Because the 1450 m depth in the station list seems to be given as "970-14 50 m" ( Kol tun 196 4) , his opinion about the dis tribu­
tion gap is not clear. The two Pacific records seem to have come from 200-400 m depth. In the deep i~terval 
four records are known of which the two Jeepest must be considered uncertain so far. One is referred to a­bove (Lundbeck 1905, 1960 m), and the other is a small fragment from off the Norwegian coast (Hansen 1885, 2127 m). In the collections of the Zoological Museum, University of Copenhagen, there is a perfect specimen 
from 1600 m off West Greenland, and the fragmentary 
specimen taken deepest off Iceland originates from "860-1200 m". Our present records thus place the reli­
ably known ba thyme tric distribution of C. gi gan tea 
from 240 to 1600 m, with the main occurrence between 500 and 1000 meters. 

Fig. 1. Chondrocladia g1gantea from 893 m depth, north of Iceland. The largest specimen ever recorded. BIOICE St. 208:J. July 4, 1992. 
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Tlle te rn pe::-a t ur- ·~ range for the species, according to Kol tun (1959), is 
+0.66 - -2.7?C. However, these are the temperatures for the two Pacific rec ­
ords, and Koltun ma y have ov~rlooked that Lundbeck (1905) concluded the mai~ 
oc~urre nc e of C. g igantea to be in water of negative temperature, a mJtte r 
f u::- ther s upported by the information given by Br~ndsted (1933). All old and 
new reco rds deeper than 500 mare from water of negative temperature (-1.1'­
- 0 . J? C), e ~ce~t f ~r the dubious one at 1960 m (J.l?C). 

The s hallowe st ::-e•:ord fr om West Greenland is at about JOO m depth with 
about 2~c , and ano ther one is at 490 m with +0.7°C. Off East Greenland there 
is ong r ecord at abo ut 240 mat 0-l?C. North of Iceland the shallowest rec­
ord is at 285 m with about 2cc, and on the top of the Iceland-Farces Ridge 
t here is one at 490 m with 2.S'C. The shallowest record from the Norwe7i an 
coast is at 669 m and -0.5?C. Thus, it seems possible that the upper distri­
bu t i o n limit of C. gigantea is determined by temperatures of 2-J°C, th e 
s pecie s accordingly occurring at shallower depths in West Greenland than of f 
the Norwegian coast under the warm North Atlantic Current. 

The lower distribution limit has another explanation than temperature. 
Judged from the distribution pat terns (Fig. 2) it seems that at depth s 
g re a t e r than about 1500 m the ecological niche occupied by a stalked, large, 

Fig . J. The distribution of Chcndrocladia giqantP.a c1ncl Caulophacus arctica. Records are 
published by U.S . Comm. Fish. Fisheries (188:J), Hansen (1885), Fristedt (1887), Lundbeck 

(1905), I'opsent (1911), Burton (1928), Brnndsted (19JJJ and Kol tun (1959, 1964, 1967). 
Unpublished records are from the Tjalfe Expedition 1908-1909, the NORBI Expedition 1975, 
the ".'feteor" Cnlise 1J (SFB JlJ) and cruises with the Faroese "Nagnus Heinason" and the 
Norwegian "H,Uon Nasby" around the Faroes and Iceland. Open s_ymbols are unpublished re­
cords . Filled symbols are published records. 

8 Cho11droclatlia gigantea +chondrocladia grandis ...._ Caulophacus arcticus 
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flat-bottom sponge in the Greenland and Norwegian Seas is taken over by t h~ 
hexac tinellid sponge Caulophacus arcticus (Hansen, 1885). This species a t ­
tains stem lengths of more than 25 cm, and the body can be at least 15 cm 
in diameter, with the form of a mushroom, although with a somewhat fo lded 
edge. It lives at temperatures of -1.1 to +0.4°C (in a single case at 
2.4°C), at 1450-4379 m (Koltun 1967). The change may be related to the lower 
sedimentation and food availability at great depths. 

ffi.6. 
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Fig. J. The depth distribution of the records of 
Chondrocladia gigantea oft ffest Greenl,1nd (l(G), Ice­
land & the Faroes (IF) and the Norwegian coast (NC). 

A number of problems concerning the mor­
phology and biology of C. gigantea are 
tackled now as more material is collected 
during the ongoing BIOFAR and BIOICE pro­
grammes around the Farces and Iceland: 
1) Our present material partially supports 
the observation of Koltun (1959) that s pec­
imens from the lower end of the bathymetric 
range have short knoblike papillae, while 
specimens living at greater depths have 
long ones. We observe specimens with rather 
long papillae over the full depth range, 
while it seems that those with short ones 

occur only in the shallower 
related. 

part. The ~ondition does not seem to be size 

2 l Very large ( up to 5 mm in diameter) "embryos'' containing spicules 
were described by Lundbeck (1905). We only find them in some specimens, but 
there they often fill the interior of the sponge. So far they have been seen 
in material collected during.May, June and July (different years). 

3 l According to Lundbeck ( 1905 l the papillae may bear the oscules .- We 
have the impression that, additionally, they may serve in asexual reproduc­
tion as buds, falling off and growing into small sponges. However, we lack 
the early stages of this process and will carry th~ough a special search for 
them during future cruises. 

Oles. Tenda! 
Zoologisk Museum, K0benhavn 
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Zusammenfassunq 

Dissertation, Juni 1992 

Untersuchungen zur Bodennepheloidschicht am westlichen 

Barents See Kontinentalhang 

Laurenz Thomsen 

ZUSammenfassung 

In der vorliegenden Arbeit wurde die Bodennepheloidschicht am westlichen Barents See 
Kontinentalhang mit einem tor den Einsatz in der Tiefsee neu konstruierten BodenwasserschOpfer 
in 1 O, 15, 25 und 40 cm HOhe sowie mit einem KranzwasserschOpfer In 500 cm HOhe Ober Grund 
beprobt. 
Die Untersuchungen fanden wahrend dreier Ausfahrten in das Seegebiet im Sommer 1990 
(Meteor 13), Winter 1991 (Poseidon 181) und Sommer 1991 (Meteor 17) statt. 
Die Probennahmen wahrend der Meteor 13 Expedition erfolgten vom Barents See Kontinental­
scheH in 370 m Tiefe, etwa entlang 75° N bis zum 170 km entfemten Kontinentalsockel in 2500 m 
Tiefe. Im Zentrum des Untersuchungsgebietes auf 75° N 14° E befand sich ein Hochakkumula­
tionsgebiet mit einer Ausdehnung von -500 km2. Im Bodenwasser der Stationen konnten deutli­
che Partikel-Konzentrationsgradienten nachgewiesen warden. Von den 14 untersuchten Parame­
tern wurden auf den Stationen der Meteor 13 Expeditionen Sauerstoff, Seston, 
ChlorophyllAquivalente, POC und das GrOBenspektrum der Bakterien genauer betrachtet. 

- Die Sauerstoff-Konzentrationen im Bodenwasser umfaBten wahrend des Untersuchungszeit­
raumes einen Bereich von 266 - 376 µmo11-1 . 

- Seston lag im Konzentrationsbereich 1,2 - 11,3 mg 1-1 [Median Wert 8 mg 1-11. 

- Es wurde kein Zusammenhang zwischen den Sauerstoffkonzentrationen im Bodenwasser und 
der Entfemung zum Meeresboden sowie den Sestonkonzentrationen und der Entfemung 
zum Meeresboden festgestellt. 

- Die Chlorophyllaquivalent-Konzentrationen umfaBten einen Bereich von 0,0 bis 0, 13 µg 1-1 
[Median Wert 0,05 µg 1-11 und nahmen in die Wassersaule hinein ab [P ~ 0,011. 

- Die POC-Konzentrationen schwankten zwischen 16 - 107 µg 1-1 [Median Wert 52 µg 1-11 und 
nahmen bis in 40 cm HOhe Ober Grund zu [P ~ 0,011. 

- Auf den Stationen der Meteor 13 Expedition kam es innerhalb der bodennah beprobten Was­
serschichten zu einer Verschiebung des Biomasse-GrOBenspektrums der Bakterien von 10 bis 
40 cm HOhe Ober Grund zu grOBeren Bakterien. In diesen Wasserschichten waren 35-65% der 
Bakterien partikelgebunden, wahrend in 500 cm HOhe mindestens 85% des Bakterioplanktons 
freilebend war. 

Im Sommer 1991 wurde wahrend der Meteor 17 Expedition ein in situ Experiment am mittleren 
Kontinentalhang im Zentralbereich der Hochakkumulation in 1340 m Tiefe durchgefOhrt. Auf 
drei jeweils eine Seemeile in StrOmungsrichtung voneinander entfemten Stationen mit der am 
Kontinentalhang dichtesten Besiedlung an Suspensionsfressern wurde der Einflu B der Makro­
fauna auf Transportvorgange innerhalb der Bodennepheloidschicht untersucht. 



Zusammenfassung 

- Eine Abnahme des Sestongehaltes in StrOmungsrichtung um bis 41 % . der anorganischen 

Partikel um 59%, der organischen Partikel um 48% sowie die Reduzierung der Bakteriendichte 

um 35% spiegelte den deutlichen EintluB eines tiltrierenden Polychaetenrasens aut den bo­

dennahen WasserkOrper in 1 O - 25 cm HOhe Ober Grund wieder. 

- Der POC-Gehalt des Bodenwassers wurde in StrOmungsrichtung um 23% verringert, der Chlo­

rophyllgehalt hingegen um 85% erhOht. Der Chlorophyllgehalt im Sediment erhOhte sich 

stromabwarts um 58%. Die Abundanz der suspensionstiltrierenden Polychaeten verringerte 

sich stromabwarts um 63%. 

Autgrund dieser Ergebnisse wurden tolgende Thesen autgestellt : 

• lnnerhalb des bodennahen WasserkOrpers tindet eine hydrodynamische Sortierung der orga­

nischen Fraktion nach leichten und schweren Partikeln statt. 

• Der partikulare organische Kohlenstoff (POC) nimrnt mit Abstand zum Meeresboden zu. Par­

tikel dieser Fraktion mit geringer Dichte und Sinkgeschwindigkeit tolgen der StrOmung und 

bleiben langer in Suspension. Dadurch gewinnt das StrOmungsregime innerhalb der 

Bodennepheloidschicht eine hohe Bedeutung tar die Verbreitung von POC. 

• Die in Bodennahe zunehmenden Chlorophyllkonzentrationen im Barents See Untersu­
chungsgebiet zeigen die ZugehOrigkeit des Phythodetritus zur "schweren" organischen 

Fraktion. Diese organischen Partikel mit hoher Sinkgeschwindigkeit haben nur geringe 

Autenthaltszeiten in der bodennahen Wasserschicht, das StrOmungsregime wirkt sich nur 

geringfOgig aut ihre Verteilung aus 

• Der Eintrag trischen Materials aus der euphotischen Zone erfolgt pulsartig, wobei der Phytode­

tritus durch Biodeposition und Bioturbation autgrund seiner geringen Autenthaltszeiten in den 

bodennahen Wasserschichten schnell in das Sediment eingetragen wird. 

• Faines organisches, retraktares Material im tortgeschrittenen Abbauzustand oder Partikel li­

thogenen Ursprungs warden in der BodenstrOmung angereichert und Oberregional verteilt. 

Die Verbreitung dieses Materials in die Bodennepheloidschicht erfolgt langfristig. Es wird ver­

mutet, daB es in Bodennahe zu anorganischer Partikelflocculation, physikochemischer und 

mikrobiell-induzierter Aggregatbildung sowie Pelletbildung durch Organismen innerhalb der 

"leichten" organischen Fraktion (POC) komrnt. Aut Aggregate spezialisierte Suspensionstres­

ser sorgen tor die Deposition dieses Materials, welches durch die Besiedlung mit Bakterien 

eine zusatzliche Nahrungsquelle tar Benthosorganismen darstellt. 

• Die Ausbildung einer vom Benthos beeintluBten "lnternen Boundary Layer" konnte bis in 25 

cm HOhe Ober Grund nachgewiesen werden. 

Die Untersuchung zur groBraumigen Verteilung partikularer Substanzen in einer HOhe von 500 cm 

o. Gr. mit einer CTD mit Transmissiometer und WasserschOptern wahrend der Winterexpedition im 

Februar-Marz 1991 ergab tolgendes Bild: 

Maximale Attenuationswerte von 23 und 24% wurden um das Kerngebietes des Hochakkumu­

lationsgebietes sowie nordwestlich davon ermittelt. 

Maximale Sestonkonzentrationen von 4 bis 7 mg 1-1 wurden mit einer Ausdehnung von - 400 

km2 etwa 1 O sm sOdOstlich des Hochakkumulationsgebietes Ober der 1500 m Tietenlinie ge­

messen. 

Ober dem Hochakkumulationsgebiet wurde der nOrdliche Bereich einer von Sud nach Nord 

ver1aufenden 240 km2 groBen POC-Wolke mit Werten ~ 24 µg 1-1 testgestellt, dessen Lage 

mit dem nOrdlichen Attenuationspeak Obereinstimrnte. 

Ein Bereich mit ~ 3 x 107 Bakterien 1-1 erstreckte sich sicheltOrmig Ober das Hochakkumula­

tio nsgebiet. 



Zusammenfassung 

Aufgrund dieser und der oben genannten Ergebnisse wurden folgende Thesen aufgestellt: 

• Eine !anger anhaltende Versorgung mit frischem Material in das Hochakkumulationsgebiet ist 
bei einer mittleren, an Kontinentalhangen vorkommenden StrOmungsgeschwindigkeit von 1 o 
cm s·1 nicht rooglich, da die Kohlenstoffquelle "ScheH" schnell erschOpft sein muB. 

• Geschatzte PartikeHIOsse im bodennahen Bereich des Hochakkumulationsgebietes lassen 
sich lediglich Ober die massive horizontale Versorgung von den produktiven ScheHgebieten, 
durch wirbelartige Stromungen, die Ober dem Gebiet eine Resuspensionswolke erzeugen 
und Ober KontourstrOme herantransportierte Partikelwolken bilanzieren. Die mOglichen Ein­
zugsgebiete mOssen auch bei geringen StrOmungen um ein Vielfaches grOBer als die 
Depositionsgebiete sein . 
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Vertical and areal distribution of foraminiferal abundance and 
biomass in microhabitats around inhabited tubes of marine 

echiurids 

ABSTRACT 

Laurenz Thomsen and Alexander V. Altenbach 
SFB JJJ. Heinrich-Hecht Platz JO, 2100 Kiel J, Germany 

( Received March 14, 1992; revision accepted September I, 1992) 

Thomsen, Land Altenbach, A. V., 1993. Vertical and areal distribution offoraminiferal abundance and biomass in micro­

habitats around inhabited tubes of marine echiurids. In: M.R. Langer (Editor), Foraminiferal Microhabitats. Mar. 

Micropa/eontol .• 20: 303-309. 

Three examples of microhabitats of foraminifera around inhabited macrofaunal tubes ( Echiurus echiunu) from the 

German Bight are given. Compared to ambient sediments, abundances and biomass of foraminifera were up to 3 times 

higher within the tube. Bacterial abundances were about 2 times higher and bacterial biomass was up to S times higher 

within the tube. Data suggest that tubes and burrows provide microhabitats with increased food concentrations and fora­

miniferal abundances. 



subm. to Joum. of Exp. Mar. Biol. 

An in situ experiment to investigate the depletion of seston above a suspension feeder 
field on the continental slope of the western Barents Sea. 

Thomsen (1), Graf (2), Juterzenka (3), Witte (4) 

ABSTRACT 

During "METEOR" Cruise 17 in July 1991 bottom water and sediment sarll)les were taken from 3 stations on 
a 2 nm long transect on the continental slope of the western Barents Sea (Fig. 1) at 74° 59' N, 14° 40' E. 
Field profiles of oxygen, total particulate matter, chlorophyll equivalents, calzium carbonate, particulate 
organic carbon and bacterial abundance in the benthic boundary layer (10 - 40 cm height above sea floor) 
were taken on the stations upstream across a suspension feeder field at 1370 m water depth. Over a 
distance of 2 nm between the upstream and downstream stations total particulate matter, particulate organic 
carbon and bacterial abundance were reduced by 41 %, 23% and 35% respectively beween 10 - 25 cm 
height above bed. Chlorophyll equivalents in the bottom water increased by 85%, in the sediments by 
58%.Abundance of macrof auna showed no significant correlation to bottom water and sediment data. 
Compared to sediment trap particle fluxes, real particle sedimentation had to be corrected by a lateral 
advection factor of 0.7 to 1.7. 

1. GEOMAR, Wischhofstr. 1-3, 2300 Kiel 14, F.R.G 

2. GEOMAR, Wischhofstr. 1-3, 2300 Kiel 14, F.R.G 

3. Inst. f. Polarokologie, Wischhofstr. 1-3, 2300 Kiel 1, F.R.G 

4. SFB 313, Heinrich Hecht Platz 10, 2300 Kiel 1, F.R.G 



subm. Oceanol. Acta 

Benthic boundary layer characteristics of the continental margin of the western Barents 

Sea 

Laurenz Thomsen (1) and Gerhard Graf (2) 

ABSTRACT 

Benthic boundary layer characteristics of the continental margin of the western Barents Sea were 

studied during three cruises in July 1990, Winter and Summer 1991 by collecting water samples 10, 15, 25, 

40 and 500 cm above the sea-floor. On all stations gradients of oxygen and particulate matter within the 

benthic boundary layer could be determined. Oxygen varied between 266 and 376 µmol 1-1 and did not 

correlate with height above the sea-floor. Total particulate matter concentrations ranged from 0.75 to 11 .3 

mg 1-1 . Particulate organic carbon concentrations ranged from 16 to 107 µg 1-1 and Chlorophyll equivalent 

concentrations ranged from 0.0 to 0.18 µg i-1. Bacterial biomass measured on 5 stations varied between 

0.05 and 2.07 µg bacterial organic carbon 1-1 with highest values at 25 and 40 cm height above sea-floor. 

From 10 to 40 cm above the sea-floor the distribution of individual bacterial volume shift to higher size 

classes. 1 O to 40 cm above the bed 35 to 65 % of the bacteria were particle-associated, while more than 85% 

of the bacteria were free-living 500 cm above the sea-floor. 

Data from the Barents Sea site indicate that, within the suspended matter in the near-bottom water layers 

particle stratification due to hydrodynamic sorting occurred. Generally particulate organic carbon increased 

from the seabed into the watercolumn with decreasing values between 40 and 500 cm above the sea-floor. 

Chlorophyll equivalents decrease above the seabed into the watercolumn. The chlorophyll equivalent I 

particulate organic carbon ratio in the near-bottom water did not exeed 0.5 %. Data from the Barents Sea site 

suggest that different processes acting at different time scales control the carbon input to the benthos: 

Pulse like vertical fluxes of aggregated fresh phyto -and zoodetritus from the euphotic zone at distinct times 

of the year, with high settling velocities and low residence times within the benthic boundary layer. 

Long time horizontal fluxes of organic debris of low nutritional value attached with a bacterial epiflora, with low 

settling velocities and high residence times within the benthic boundary layer. Carbon input of this material to 

the benthos could occur via aggregate -and fecal pellet formation. 

1,2. GEOMAR, Wischhofstr. 1-3, 2300 Kiel 14, F.R.G 
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AN INSTRUMENT FOR SAMPLING WATER 

FROM THE BENTHIC BOUNDARY LAYER 

Laurenz Thomsen, Gerhard Graf, Volker Martens and Eric Steen 

Abstract: The BIOPROBE system, an instrumented tripod is described. It collects water samples and time-series 

data on physical and geological parameters within the benthic boundary layer in the deep sea at a maximum depth 

of 4000 m. For biogeochemical studies, four water samples of 15 I each can be collected between 5 and 60 cm 

above the sea-floor. BIOPROBE contains three thermistor flow meters, three temperature sensors, a 

transmissiometer, a compass with current direction indicator and a bottom camera system. During "METEOR" 

Cruise 17 in July 1991 BIOPROBE was succesfully used on the continental slope of the western Barents Sea at a 

depth of 1370 m. Analyses of dissolved and particulate matter in layers of 10, 15, 25 and 40 cm above the sea-floor 

showed strong vertical gradients. 
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Zusammenfassung 

Zusammenfassung 

Der in dieser Arbeit vorgestellte Stromungskanal eignet sich fur die Simulation 

von Feldbedingungen. 

Die Messung der Stromungsgeschwindigkeit mit der Thermistorsonde lieferte 

vertikale Stromungsprofile mit einem charakteristischen Kurvenverlauf, der fur 

die Ausbildung einer bodennahen Grenzschicht kennzeichnend ist. 

ErwartungsgemaB nimmt bei zunehmender Stromungsgeschwindigkeit die 

Dicke der Bodengrenzschicht ab und die Schubspannungsgeschwindigkeit zu. 

Die hohe MeBempfindlichkeit und sehr gute raumliche Auflosung der Sande er­

moglichte auBerdem die Feststellung einer viskosen Unterschicht, bei einer 

Stromungsgeschwindigkeit von 1,5 cm s-1 mit .einer Schichtdicke von 5 mm. 

In einem Resuspensionsversuch wurde die Auswirkung der Erhohung der 

Stromungsgeschwindigkeit von 1 ,5 cm s-1 auf 5,5 cm s-1 und damit einer 

Erhohung der Schubspannungsgeschwindigkeit von 0,28 cm s-1 auf 0,88 cm s-1 

auf die Partikelresuspension untersucht. Mittels isokinetischer Probennahme 

wurde der Sestongehalt innerhalb der Bodengrenzschicht ermittelt und ergab 

eine Konzentrationerhohung um 58 %, von 8,2 mg 1-1auf 12,6 mg 1-1. Das bedeu­

tet eine Partikelresuspension (Efflux) aus dem Sediment in die Wassersaule von 

1,og m2. 

Aus der Partikelkonzentration und der Stromungsgeschwindigkeit in der ent­

sprechenden Hohe uber dem Sediment konnte der PartikelfluB errechnet war­

den. In einer Hohe von 8 und 15 mm uber der Sedimentoberflache stieg er bei 

diesem Experiment um 800 %. 

Es wurde eine Methode entwickelt, um Mikrospharen (fluoreszierende 

Latexpartikel) vom Sediment zu trennen. Die hohe Wiederfundrate von 45 % er­

moglichte die Verfolgung des Partikeltransportes von der Wassersaule ins 

Sediment, und damit eine Abschatzung der Depositionsraten. 

Die Moglichkeit, einen intakten Sedimentkern mit naturlicher Besiedlung in die 

Anlage so einzufugen, daB er mit der Kanalbodenflache, die mit gesiebten 

Sediment der selben Station bedeckt ist, eine ebene Flache bildet, ermoglicht 

den Vergleich zwischen Biodeposition und gravitativer Deposition. 

Es konnte gezeigt warden, daB Makrofaunaorganismen wesentlich zur 

Deposition partikularen Materials beitragen. Die Biodeposition war auf der 

Sedimentkernflache um den Faktor 3,5 gegenuber der Vergleichsflache erhoht. 
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Zusammenfassung 

Die Mikrospharen konnen als interner Standard genutzt warden, um die 

Gesamtdeposition abzuschatzen. Der Eintrag partikularen Materials aus der 

Wassersaule ins Sediment betrug demnach auf der Kernoberflache 232 mg m-2 

d-1 im Vergleich zu 66 mg m-2 d-1 auf der unbesiedelten Flache. 

Es konnte gezeigt warden, das besonders die Deposition feinen Materials, das 

sonst nicht absinken wurde, durch den EinfluB der Makrofaunaorganismen um 

ein Vielfaches gesteigert wurde, die Anzahl kleiner Partikel (1 µm, 2 µm, 3 µm 

und 6 µm) erhohte sich um das 6 -10 fache. 

Die Betrachtung eines 'Mikrokosmos' ermoglichte die genaue Untersuchung der 

lnteraktionen der Makrofauna mit dem horizontalen Partikelflu B und ihrer 

Bedeutung fur die Biodeposition. Allain durch die Veranderung der Oberflache 

(Mikrotopographie) und damit des kleinskaligen Stromungsregimes Ober der 

Sedimentoberflache tragen die Organismen indirekt zu einer erhohten 

Deposition bei. (Faktor 1,7). 

Die untersuchte Tiergemeinschaft bestehend aus Macoma baltica und Pectinaria 

koreni kann mit einem Suspensionsfresser- Depositionsfresser Modell 

dargestellt werden, das einen interspezifischen Nahrungstransfer beschreibt und 

auf die Bedeutung von Biodepositen als Nahrungszufuhr fur Depositionsfresser 

hinweist. Unter dem EinfluB einer Bodenstromung leistet M. baltica als 

Suspensionsfresser mit 38 bis 56 % den groBten Beitrag zur Biodepostion. Das 

unter der Sedimentflache in Form von Pellets deponierte Material steht hier dem 

Depositionsfresser P.koreni zur Verfugung. 
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ABSTRACT 

Botz. R .. Erlenkeuser, H .. Koch. J. and Wehner. H .• 1991. Analysis of sedimentary organic mailer of a glacial/interglacial 

change (oltygen isotope stage 6/5) in the Norwegian-Greenland Sea. Mar. Geol., 98: 113-119. 

Organic petrographical investigations of Norwegian Sea sediments deposited during oxygen istope stages 6 and 5 show 

significant changes in the relative amounts of '"reactive" (vitrinite and liptinite) and '"inert" (inertinite and graphite) particles. 

The <5 13C values of the total organic fraction possibly reflect the variable content of reactives. i.e. the isotopic composition is 

more negative (to - 23.9%.) when the reactive components increase. The n-alkane distribution shows that the soluble organic 

mailer deposited during late stage 6 and Se reveals relatively low odd-even-predominance indices (OEP) associated with shorter 

chain lengths. This indicates a relatively higher marine algal contribution during stage 6 and Se compared with stage 5d to Sa. 

Introduction 

Sediments from the Norwegian Sea area show 

various lithofacies types ranging from brownish 

foraminiferal ooze to very dark grey mud relatively 

rich in organic matter (Eldholm et al., 1987; Hen­

rich et al., 1989). These various sediment types are 

thought to be related to the paleoceanographic 

conditions in the Norwegian Sea (Henrich et al., 

1989). The comparatively organic-rich sediments 

occur in all sediment cores investigated from the 

Norwegian Sea. However, the distinct organic-rich 

layers may be the result of one or diverse sedi­

mentation processes. The presence of high amounts 

of algal-derived organic matter in the sediments is 

either related to bioproductivity maxima (or very 

low sedimentation rate of inorganic material) or 

it could also reflect a low decomposition rate 

within the water column or sediment. On the other 

hand, based on n-alkane investigations, organic 

matter of terrestrial origin was found to signifi-

cantly contribute to the organic content of the 

sediments too (Debyser et al., 1977). Thus, paleo­

ceanographic conclusions if based on the variable 

amounts of organic matter (OM) in sediments 

alone are possibly misleading. Instead, the type 

and composition of the organic matter may be 
more help in distinguishing whether its character 

is autochthonous or allochthonous, and, thus, 

should allow speculation about the paleoceano­
graphic conditions prevailing during sedi­

mentation. 

Materials and methods 

This study concentrated on sediment core 23059-
3 from the Norwegian-Greenland Sea (Fig. I). The 

core was retrieved from a water depth of 2258 m 

and it is 615 cm long. The lithofacies and sediment 

stratigraphy have been discussed in detail by Hen­
rich et al. ( 1989). The samples taken for the present 

study were from a core depth of 150-258 cm. 

0025-3227/91/S0).50 © 1991 - Elsevier Science Publishers B.V. 
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zusammenfassung 

oiese Arbeit beschaftigt sich mit dem mikrobiellen Abbau und der 

Ablagerung von organischem Material in Sedimenten der Nordsee und 

des Europaischen Nordmeeres. Geschwindigkeitsbegrenzender Schritt 

bei der mikrobiellen Oxidation von organischem Kohlenstoff ist 

die enzymatische Hydrolyse von hohermolekularem organischen 

Material. Die aus der Hydrolyse resultierenden niedermolekularen 

Spaltprodukte konnen von den Mikroorganismen aufgenommen werden 

und dienen teils der Respiration und teils der Biomasseproduk­

tion. Die Abbauprozesse von organischem Material wurden insbeson­

dere an Grenzzonen, wie Sedimentoberflache, Redoxsprungschicht 

und biogenen Strukturen der Epi- und Infauna, untersucht. Gene­

rell waren diese Grenzzonen durch ausgepragte Gradienten chemi­

scher und physikochemischer Parameter sowie durch erhohte mikro-­

bielle Aktivitaten gekennzeichnet. 

In Sedimenten der Nordsee steuerten saisonal und lokal vari­

ierende Umgebungsfaktoren den enzymatischen Abbau von organischem 

Material. Neben Temperatur und Nahrstoffversorgung beeinfluBte 

die Bioturbation der Makrofaunaorganismen wesentlich die Konzen­

tration, den Abbau_ und die Ablagerung von organischem Material. 

In bioturbaten Sedimenten wurde eingetragenes organisches Mate­

rial schnell in das Sediment eingearbeitet und ilberwiegend in 

intermediaren Sedimenthorizonten modifiziert und abgebaut. Die 

Aktivitaten der Makrofaunaorganismen filhrten zu relativ homogenen 

Profilen von mikrobiellen Besiedlungsmustern und Abbauaktivita­

ten. Weitgehend unbesiedelte Sedimente wiesen hingegen stark 

ausgepragte Gradienten chemischer, physikochemischer und mikro­

bieller Parameter auf. In diesen Sedimenten wurden insbesondere 

an der Redoxsprungschicht erhohte mikrobielle Aktivitaten festge­

stellt. 

In pelagischen Sedimenten des Europaischen Nordmeeres konnte 

experimentell durch einen Eintrag van organischem Material in das 

Sediment nachgewiesen werden, daB die Verfilgbarkeit von Nahrstof­

fen der wichtigste Steuerungsfaktor filr mikrobielle Substratum­

satze war. Natilrlicher Detritus wurde schnell in das Sediment 
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eingearbeitet und induzierte mikrobielle enzymatische Abbauakti­

vitaten. In pelagischen Sedimenten wirkte sich der Druck nicht 

stimulierend auf die enzymatischen Abbauaktivitaten aus. Der Pool 

hydrolytischer Enzyme zeigte weder barophilen noch psychrophilen 

Charakter. 

Abbau- und Ablagerungsmuster von organischem Material wurden 

zudem wesentlich durch unterschiedliche benthische Besiedlungs­

strukturen gepragt. stark ausgepragte Gradienten mikrobieller 

Abbauaktivitaten in Oberflachensedimenten der Jan Mayen Bruchzone 

waren mit dem Vorkommen von epibenthischen Foraminiferen asso­

ziiert. In bioturbaten Sedimenten des V~ring-Plateaus konzen­

trierten sich mikrobielle Abbauaktivitaten vornehmlich an Infau­
nastrukturen. In Sedimenten am Kontinentalhang der westlichen 

Barentssee wurden verschiedene Abbau- und Ablagerungsmuster von 

organischem Material in Abhangigkeit von der Nahrstoffversorgung 

und benthischen Besiedlung beobachtet. In Sedimenten auf dem 

Schelf mit einer hohen Nahrstoffzufuhr kam es im Zuge der suboxi­

schen Diagenese mit zunehmender Sedimenttiefe zu einer bevorzug­

ten Mineralisierung von organischem Stickstoff (N-Abreicherung). 
Demgegenilber begrenzte in Sedimenten am KontinentalfuB der orga­

nische Kohlenstoff die benthischen Abbauaktivitaten. Aus einer 

bevorzugten Mineralisierung von Kohlenstoff resultierte eine 

relative Anreicherung von Stickstoff gegenilber Kohlenstoff. 
Hingegen· zeigte sich an Stationen mit hohen Akkumulationsraten am 

Kontinentalhang generell hinsichtlich der Zusammensetzung an 

organischem Kohlenstoff und Stickstoff keine Veranderung des 

organi~chen Materials in den Sedimentprofilen. 

Die in den Untersuchungen aufgezeigten Beziehungen zwischen 

enzymatischen Abbauaktivitaten, Konzentration an organischem 

Material, Respiration, Bakterienzahl und Biomasseproduktion ver­

deutlichen die Schlilsselstellung des enzymatischen Abbaus von 

organischem Material. Wahrend sich in Sedimenten des Europaischen 

Nordmeeres direkte Wechselbeziehungen zwischen den genannten 

Parametern nachweisen lieBen, filhrten in Nordseesedimenten va­
riierende Umgebungsparameter zu saisonal und raumlich stark 
variierenden Wechselbeziehungsmustern. 
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zusammenfassung 

Die Heterogeni~at mariner Sedimente wird durch eine Vielzahl 

komplexer Lebensraume charakterisiert, zu denen insbesondere 

Grenzflachen bzw. Grenzzonen zahlen, denen bei mikrobiellen 

Substratumsatzen eine besondere Bedeutung zukommt. Zu den wich­

tigsten Grenzzonen, deren Bedeutung filr den mikrobiellen Abbau 

von organischem Material in diesem Kapitel diskutiert wird, 

zahlen die bodennahe Grenzzone ("benthic boundary layer"), die 

Sediment/Wasser-Kontaktzone, die Redoxsprungschicht sowie biogene 

Strukturen der Meio- und Makrofauna. 

An Grenzzonen, wo verschiedene Lebensraume miteinander in 

Wechselbeziehung treten, entstehen ausgepragte Gradienten biolo­

gischer, chemischer und physikochemischer Parameter, die Ausdruck 

mikrobieller Aktivitaten sind und sich in charakteristischen 

Besiedlungs- und Aktivitatsmustern widerspiegeln. Da der liberwie­

gende Teil des in das Sediment eingetragenen organischen Materi­

als partikularer Naturist, stellt die enzymatische Hydrolyse den 

einleitenden und geschwindigkeitsbegrenzenden Schritt in der 

mikrobiellen oxidation organischen Kohlenstoffs dar. Deshalb 

kommt der Messung d~s enzymatischen Abbaus von partikularem 

Kohlenstoff in Sedimenten besondere Bedeutung zur Charakterisie­

rung mikrobieller Abbauaktivitaten zu. 

Da die Nahrstoffversorgung mariner Sedimente generell durch 
Sedimentation aus der Wassersaule erfolgt, sind wesentliche 

Abbauprozesse an der Sediment/Bodenwas~er-Kontaktzone lokali­

siert, an der eine hohe Variabilitat in den Konzentrations- und 

Abbaumustern von organischem Material beobachtet wird. Mikrobiel­

le Populationsstrukturen und Abbauaktivitaten an der Sedi­

ment/Bodenwasser-Kontaktzone werden dabei durch die Dynamik der 

bodennahen Grenzzone ("benthic boundary layer") beeinfluBt. 

Nahrstoffeintrage flihren zu einer unmittelbaren stimulation 

benthischer Aktivitaten. Der liberwiegende Teil des in das Sedi­

ment eingetragenen organischen Materials wird in oberflachennahen 
Horizonten modifiziert und abgebaut. 
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In klistennahen Sedimenten besitzt die Redoxsprungschicht eine 

besondere Bedeutung ftir die Diagenese von organischem Material. 

In dieser Grenzzone, die durch die groBte Anderung des Redoxpo­

tentials angezeigt wird, bedingen heterotrophe Abbauprozesse 

sowie die Oxidation reduzierter Komponenten des anaeroben Stoff­

wechsels die Koexistenz unterschiedlicher physiologischer Gruppen 

von Mikroorganismen. Lage und Ausdehnung der Redoxsprungschicht 

unterliegen einer hohen saisonalen und lokalen Dynamik und werden 

wesentlich durch die Nahrstoffzufuhr und die daraus resultieren­

den mikrobiellen Aktivitaten bestimmt. 

Neben groBflachigen Grenzzonen spielen im kleinraumigen Be­

reich biogene Strukturen eine bedeutende Rolle als Orte intensi­

ver mikrobieller Abbauaktivitaten. Durch Aktivitaten der Meio­

und Makrofauna werden Fltissigkeits- und Partikeltransporte inten­

siviert. Gangsysteme und fecal pellets benthischer Invertebraten 

stellen Mikrohabitate ftir Mikroorganismen dar, die verstarkt 

besiedelt werden und eine stimulation mikrobieller Abbauprozesse 

bedingen. Zudem ist ein wesentlicher Teil des Abbaus von organi­

schem Material in Verdauungssystemen von Benthosorganismen loka­

lisiert. Am Beispiel von Sedimenten des Europaischen Nordmeeres 

konnte gezeigt werd~n, daB der Abbau und die Ablagerung von 

organischem Material in charakteristischer Weise durch die ben­

thische Besiedlung gepragt werden. 

Die Ausftihrungen unterstreichen die Bedeutung feinskaliger 

Untersuchungen zur Erfassung mikrobieller Abbauprozesse in Sedi­

menten. Hierftir sind Methoden erforderlich, die eine raumliche 

Auflosung im Wirkungsbereich von Mikroorganismen gewahrleisten. 

Messungen rnikrobieller Substratumsatze rnlissen von abiotischen und 

biotischen Parametern zur Charakterisierung des diagenetischen 

Milieus begleitet werden. 
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Availability of nutrients to a deep-sea benthic microbial 
community: results from a ship-board experiment 

Abstract 

M. Koster, 0. Charfreitag and L.-A. Meyer-Rell 
lnstitut fur Meereskunde an der Universitat Kiel 
Dusternbrooker Weg 20, D-2300 Kiel, Germany 

Intact sediment cores from the V"ring-Plateau (Norwegian Sea) were incubated 
under Jn sltu temperature on board ship with and without the addition of natural 
detritus to follow the reaction of deep-sea benthic microbial communities to 
nutrient enrichment. Concentration and enzymatic decomposition of organic ma­
terial, total microbial number, biomass and production were followed in time­
course experiments. The addition of decomposable organic material caused an 
immediate stimulation of microbial metabolic processes: following the induction 
of enzymatic activity, microbial biomass production increased. 
During the initial period of incubation metabolic processes were also stimulated 
in the untreated "control" sediments. This "inc:ubation effect" competed with the 
"feeding effect" caused by the enrichment with organic material. 

Introduction 

Distribution and activity of microbial communities in deep-sea sediments are 
governed by the supply with organic material (TURLEY and LOCHTE 1989) 
which only episodically enters the seafloor. As described by several authors (e.g. 
HELDER 19891 MURRAY and KUIVILA 1990), most of the sedimented organic 
material is oxidized by oxygen and secondary oxidants at the sediment surface. 
Very little, however, is known about the degradation of organic material in 
deep-sea sediments as well as about the organisms involved. Therefore a labo­
ratory experiment was carried out, in which the reaction of deep-sea benthic 
microbial communities to an input of natural detritus was investigated. 

Material and methods 

Sampling. Sediment cores from the Norwegian Sea (V111ring-Plateau; water depth 
1240 m; 67°44' l"N, 05°55'0"E) were incubated on board ship under in situ tempe­
rature (- 0.5 °C). After 4 days of ,"acclimatization", one set of the cores was 
enriched with detrital material, the remaining untreated cores served as con­
trols. The response of microbial communities to the enrichment was followed by 
analysing various chemical and microbiological parameters in the sediment pro­
files. For the analyses, sediments were dissected in 0.5 and l.O cm intervals, 
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19 
Hydrolytic Activities of 
Organisms and Biogenic 
Structures in Deep-Sea 
Sediments 

Marion Koster, Preben Jensen, and Lutz-Arend Meyer-Reil 

19.1 Introduction 

Benthic activities such as feeding, burrow construction, and locomotion sig· 

nificantly affect the distribution and rate of organic matter decomposition (Aller, 

1982; 1988; Aller and Aller, 1986; Aller and Yingst, 1985; Andersen and Kris· 

tensen, 1988; Kristensen, 1988; Kristensen and Blackburn, 1987); for instance, 

the capture of organic-rich particles by the proloplasma net of foraminiferans, 

the transport of freshly sedimented organic particles into deeper sediment lay­

ers by bioturbation, and the accumulation of organic mailer in the digestive 

tract of organisms all cause organic mailer degradation to be concentrated at 

special sites in the sediment. 

Previous investigations of the impact of biogenic structures on the turnover 

of organic matter have concentrated on shallow-water coastal sediments. II has 

been shown that burrows and fecnl pellets of macrofaunal organisms offer mi· 

croenvironments for a broad spectrum of physiological groups of micro· and 

meiofouna (Meyers et al., 1987; Reichardt, 1988; Reise, 1987). Microbial decom· 

position rates are usually elevated in these microhabitats (Aller and Aller, 1986; 

Alongi, 1985; Reichardt, 1986). However, very little is known about the con· 

lribution of benlhic organisms lo organic mailer decomposition in deep-sea 

sediments. Sediments of the Norwegian-Greenland Sea, located in the Jan Mayen 

Fracture Zone (water depth between 1,200 and 1,800 m) were colonized by 

mass abundances of epibenlhic foraminiferans (belonging to the genera Hyper­

n111111i11n and Reo}'lrnx), whereas sediments from the V0ring Plateau (water depth 

1,240 m) were characterized by biolurbating macrofauna organisms, such as 
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enteropneusts, echiurans, anthozoans, and sipunculans (Romero-Wetzel, 1987; 

1989). These in· and epifaunal benthic organisms significantly affect organic 

matter decomposition rates in deep-sea sediments of the Norwegian-Greenland 

Sea. 
The enzymatic hydrolysis of particulate organic mailer is the initial and 

rate-limiting step of the organic carbon oxidation process in sediments. How­

ever, at the present time, the direct measurement of organic mailer degradation 

under in situ conditions is limited by a number of methodological problems. 

Therefore radioactive or dye-labelled artificial substrates represent useful tools 

in the study of organic mailer hydrolysis. Among the dye-labelled substrates, 

fluorescein diacetate (FDA) has been proved as a suitable model substrate, which 

is hydrolyzed rather unspecifically by esterases (see Chapter 5). 

In this study, sediments from the Norwegian-Greenland Sea were ana­

lyzed for hydrolytic activity associated with biogenic structures (meio- and mac­

rofauna organisms as well as their tubes and burrows) using fluorescein di­

acetate as a model substrate. In comparison with the hydrolytic activity measured 

in the bulk phase sediment, the importance of biogenic structures for organic 

mailer decomposition in deep-sea sediments becomes obvious. 

19.2 Methods 

Sediment samples from the Norwegian-Greenland Sea were taken by a large 

Reineck box corer during two expeditions with R.S. "Meteor" in August/Sep­

tember 1988 (cruise M7 /4-5) and in June/July 1989 (cruise MI0/3). The posi­

tions of the stations are indicated and specified in Figure 19.1. Sediments were 

screened for dominating meio-and macrofauna organisms. lnfaunal organisms 

were prevailing at the station on the V0ring Plateau (station 533), whereas sta­

tions located in the Jan Mayen Fracture Zone (stations 576, 625, 635, and 681) 

"were generally characterized by a rich fauna of epibenthic foraminiferans (lly­

pern111111i11n and Reoplrnx spp.). Beside the organisms, sediment was collected 

from the burrows of the organisms as well as the surrounding sediment. Al 

the time of sampling, the temperature of the sediment surface ranged between 

-1·c and + 1·c. 
In order to analyze the hydrolytic activity associated with biogcnic struc­

tures in deep-sea sediments, individuals of enteropneusts (Slereobnln1111s cnnn­

densis), echiurans (not identified), and anthozoans (Cuin11tl111s vogtir) were dis­

sected. In the case of echiurans and anlhowans, only one individual tube 

dwelling organism was available for enzymatic analyses. All the organisms were 

hom?genized with a teflon pestle and diluted in filter-sterilized bottom water. 

Organisms, that were too small to be dissected (polychaetes, ophiuroids, si­

punculans, and foraminiferans) were treated as a. whole. The selected dilution 

was dependent on the amount of homogenized material. Se
1

diment cores were 

dissected at 2.5-mm intervals and diluted 1:5. 

The enzymatic assay was started by adding fluorescein diacetale (Serva) at 
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VARIATIONS IN THE DISTRIBUTION OF HYDROCARBONS AT THE 
WESTERN BARENTS SEA CONTINENT AL SHELF: A COMPARSION OF 
SEDIMENT TRAP MATERIAL AND SURF ACE SEDIMENTS 

Abstract: 

J. MAABEN, D. SCHULZ-BULL and J.C. DUINKER 
SFB 313 University Kiel 

Institut of Marine Research, Kiel 

Seasonal variations of fluxes of n-alkanes, n-alkenes and isoprenoids were 
analysed in particulate matter during a sediment trap exposition period 
from March to July 1991. Therefore three sediment traps with a resolution 
of 7 days were moored at the edge of the western Barents Sea Continental 
Shelf. The particulate matter sampled in depths of 610 m, 1800 m and 
1900 m was compared with several surface sediments within the sampling 
area. Gas chromatographic and gas chromatographic-mass spectrometric 
techniques were used to seperate and quantify the hydrocarbons. 
The strong input of fresh biogenic material from the euphotic zone during 
the summer time is shown by an unbranched alkene with 22 carbon atoms 
and 6 double bonds, n-C22 :6 with a flux of about 700 ng m-2d-1 in the 
deeper traps. The seasonal variation of the n-alkanes is in good correlation 
with the POC flux. The I: n-alk(C14 to C37) increases about ten times up to 
700 ng m-2d-1 at 610 m during the summer phytoplankton bloom, while 
deeper traps show maximum fluxes with values of 200-260 ng m-2d-1. 
The n-alkane distributions in the deeper traps show lateral inputs of 
organic poor material. This events were found in the early spring, while the 
productivity in the surface waters was low. Comparsion with the surface 
sediments indicate an input from the Barents Sea Continental Shelf. 

to be submitted to Cont. Shelf Res. (1993) 
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Ecological Aspects of 
Enzymatic Activity in 
Marine Sediments 

Lutz-Arend Meyer-Reil 

5.1 Introduction 

The supply of organic material is a key factor determining the structure and 

activity of benthic microbial communities. The overwhelming portion of the 

organic matter entering the sediment via sedimentation is particulate organic 

carbon, which has to be extracellularly decomposed by enzymes prior lo in· 

corporation into microbial cells. The enzymatic hydrolysis of higher-molecular· 

weight material is considered to be the rate-limiting step in the process of or· 

ganic matter oxidation in sediments (Billen, 1982; Meyer-Reil, 1987b). The 

decomposition processes are controlled by microbial (exclusively bacterial?) en­

zymes which degrade polymeric compounds extracellularly, and their oligo­

meric products become available substrates for uptake by microbial cells. If the 

hydrolysis products are not taken up directly, they are fed into the pool of 

dissolved substrates in sediments. Through microbial attack on particles, re­

fractory organic carbon becomes more easily assimilable for higher trophic lev­

els (Meyer-Reil, 1983). 
The direct measurement of enzymatic activity by chemical analysis of the 

dcgrndation products in natural ecosystems is usually limited by a number of 

methodological problems (e.g., unknown spectrum and composition of natural 

substrates and decomposition products, incorporation of products of enzymatic 

catalysis into microbial biomass). Therefore, radioactive or dye-labelled model 

substrates represent useful tools in the study of enzymatic activity in sedi· 

menls. In this chapter, only dye-labelled substrates will be considered. 

Extracellular enzymes, as opposed to intracellular enzymes, are defined as 

those acting outside the cell, however, they may be localized on the outer cell 

membrane. The term exoenzyme, as opposed lo endoenzyme, is used lo char­

acterize the location of enzymatic hydrolysis. Exoenzymes attack polymers at 
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terminal locations, liberating oligomeric or monomeric substrate subunits. En­

doenzymes cleave the central structure of polymers, liberating relatively large 

units. According to the definitions given above, an enzyme that is bound to 

the outer cell membrane and releases small subunits from biopolymers has to 

be characterized as an extracellular exoenzyme in the strict sense. However, as 

will become evident from the discussion below, our limited knowledge of en· 

zymes acting in natural sediments does not allow their unequivocal character· 

ization according to their localization and mode of attack. 

This article summarizes the ecological aspects of enzymatic activity in ma­

rine sediments. Beside the methodological approach, observations on the lo­

calization of enzymes, their spatial distribution, and the regulation of activity 

will be discussed. From these presentations it will become obvious that our 

present knowledge of the functioning of enzymes in natural sediments corn· 

prises a narrow range of casual observations and measurements which are far 

away from a detailed understanding of the enzymatic processes controlling or­

ganic matter degradation. 

5.2 Methodological Approach 

Although dye-labelled particulate enzyme substrates have been available for 

some lime, they have not been extensively used in ecological studies (e.g., Kim 

and ZoBell, 1974; Little et al., 1979; Meyer-Reil, 1981; 1983). Recently, the dye· 

labelling of structural biopolymers with "reactive" covalent-bound dyes has been 

proposed by Reichardt (1986; 1988) as a simple method to label natural sub­

strates for measuring their enzymatic solubilization. The decomposition pro· 

cesses can be easily followed as an increase of absorbance resulting from the 

release of soluble, dye-containing, hydrolytic products. The advantage of this 

method is that a broad spectrum of both chemically-defined and complex nat­

ural substrates can be labeled with reactive dyes. However, the assays have to 

be ca.refully standardized with regard lo concentration and particle size of the 

substrate, extraction of enzymes from the sediment, and adsorption of dis· 

solved reaction products to sediment particles (Reichardt, 1988). My own in­

vestigations using commercially available particulate dye-labelled substrates 

(Amylopectin Azure, Hide Powder Azure) have shown that microbial coloni­

zation was necessary for hydrolytic attack in natural sediments. This obser­

vation provides a possible explanation for the dependence of the hydrolysis 

rates on substrate-particle size reported by Reichardt (1988). 

Beside the above mentioned dye-labelled insoluble particulate substrates, 

soluble fluorogenic analogs of organic substrates have been applied lo natural 

sediment samples (King, 1986; Meyer-Reil, 1986; 1987a). Among these sub­

strates, fluorescein diacetale (FDA) and methylumbelliferyl (MUF) derivatives 

of various organic compounds are probably most commonly used, Where.is the 

dye derivative is relatively nonfluorescenl, the hydrolytic degradation product 

is highly fluorescent, thus facilitating the sensilive determination of em~ymatic 

hydrolysis rates after relatively short incubation times. 
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zusa:mmenfassung 

Ein Charakteristikurn rnikrobiellen Lebens in Sedirnenten ist die 

Besiedlung von Partikeln. Moderne mikroskopische Techniken stel­

len den einzigen direkten Weg dar, um die Besiedlung sowie die 

Gesamtzahl und Biornasse von Mikroorganisrnen (Bakterien) in Sedi­

menten zu erfassen. Auch wenn die epifluoreszenzmikroskopische 

Analyse von Bakterienpopulationen heute als Routinernethode ange­

sehen wird, so rnuB berucksichtigt werden, daB die Methode insbe­

sondere in Sedirnenten rnit einern erheblichen . subjektiven "Fehler" 

belastet sein kann, der sich durch die Urnrechnungsmultiplikatoren 

schnell fortpflanzt. Hier sind dringend Methoden erforderlich, 

die die eindeutige Identifizierung von Bakterien erlauben. Die 

Extrapolation mikrobieller Biomasse auf Kohlenstoff unterliegt in 

Abhangigkeit von den verwendeten Umrechnungsfaktoren einer be­

trachtlichen Variationsbreite. Die Ve~endung che~ischer Zellkom­

ponenten als Indikatoren fur mikrobielle Biornasse ist problema­

tisch. Die Komponenten sind entweder universell bei Pro- und 

Eukaryonten verbreitet (z.B. Phospholipide), sie sind spezifisch 

fur einzelne physiologische Gruppen von Bakterien (z.B. Lipopoly­

saccharide) oder sie liegen in unterschiedlichen Konzentrationen 

in verschiedenen physiologischen Gruppen vor (z.B. Murarninsaure). 

Hinzu komrnt das Problem der -Umrechnung auf Biomasse ( Kohlen­

stoff). 

Die Mikroorganismen auf den Partikeloberflachen sind eingebet­

tet in eine organische Matrix aus extrazellularen polymeren 

Substanzen, die die Zellen vor plotzlichen Veranderungen ihrer 

Umgebungsparameter schutzen und ein interzellulares Kornmunika­

tionsmediurn darstellen. Uber die Dynamik der rnikrobiellen Besied-
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lung von Partikeloberflachen sowie uber die Struktur und Funktion 

mikrobieller Biofilme in naturlichen Sedimenten ist bislang wenig 

bekannt. Mikrobielle Zellzahlen und Biomasse unterliegen ausge­

pragten standortbedingten und tief enabhangigen Variationen. Die 

Zahlen variieren zwischen 108 und 1010 Zellen g-l Sediment, die 

Biomasse zwischen 1 und 1 OOO µg Kohlenstoff g-l. Generell bilden 

die kleinsten Gr6Benklassen die gr6Bte mikrobielle Biomasse. Im 

Vergleich zu sandigen Sedimenten beherbergen schlickige Sedimente 

h6here Zellzahlen und Biomasse. Mikrobieller Kohlenstoff bildet 

nur einen relativ geringen Anteil am organischen Kohlenstoff der 

Sedimente (0,6 - 8,5%). 

Die mikrobiellen Populationen unterliegen ausgepragten jahres­

zei tlichen Variationen, die neben der Temperatur entscheidend 

durch den Eintrag von Nahrstoffen in das Sediment gesteuert 

werden. Mikroorganismen reagieren unmittelbar auf die Verfugbar­

kei t von Nahrstoff en mi t einer kraftigen Biomasseproduktion , 

wobei drastische Verschiebungen im Gr6Benspektrum der mikrobiel­

len Biomasse beobachtet werden. Erst nachfolgend wird die Tei­

lungsaktivitat stimuliert. In Flachwassersedimenten zeigen mikro­

bielle Aktivitaten tagesrhythmische Fluktuationen in enger Abhan­

gigkeit van der Primarproduktion. Methoden zur Bestimmung der 

bakteriellen Produktion, insbesondere die Inkorporation van 

Vorlaufern der Nukleinsauresynthese in Makromolekule, werden i n 

der Literatur diskutiert. Die bislang vorliegenden Oaten zeigen , 

daB zwischen 0,1 und 10 g c m-2 a-1 durch bakterielle Sekundar­

produktion gebildet werden. Die Effektivitat, mit der das in das 

Sediment eingetragene organische Material in mikrobielle Biomasse 

uberfuhrt wird, liegt zwischen 2 und 10%. 
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Observations on the microbial incorporation of thymidine and 
leucine in marine sediments 

Abstract 

L.-A. Meyer-Reil and 0. Charfreitag 

lnstitut fur Meereskunde an der Universitat Kiel 

Ousternbrooker Weg 20, 0-2300 Kiel, Germany 

The simultaneous incorporation of radiolabelled thymidine and leucine was fol­

lowed in intact muddy sand sediments from the North Sea. As it could be shown, 

incorporation activities covaried over sediment depth. Parallel analysis of the 

enzymatic decomposition of organic material (by means of the hydrolysis of 

fluoresceindiacetate) revealed that stimulations of microbial biomass production 

coincided with stimulations of enzymatic activities although maxima of both 

processes occurred at different sediment depths. 

Introduction 

To evaluate the role of microorganisms in mineralization processes and biomass 

production in marine sediments, measurements of microbial activity are essen­

tial. Of the various methods applied to estimate microbial activity, measure­

ments of microbial biomass production seem to be most desirable since extra­

polations on microbial growth rates may be derived. For the determination of 

microbial biomass production, the incorporation of radiolabelled thymidine into 

DNA and leucine into protein (FUHRMAN and AZAM 1982, KIRCHMAN et al. 

1985) have been applied. Although a number of technical and conceptual prob­

lems exists (KIRCHMAN et al. 1986, McDONOUGH et al. 1986), the estimation 

of protein synthesis can complement estimates of DNA synthesis. As shown by 

CHIN-LEO and KIRCHMAN (1988) incorporation rates of leucine and thymidine 

covaried in marine microbial assemblages. We report here on observations of the 

simultaneous microbial incorporation of thymidine and leucine in marine sedi­

ments. 

Material and methods 

Cores were withdrawn using a multiple corer in August 1989 from a muddy sand 

sediment (water depth 35 m) located south of the island of Helgoland (North 

Sea). Intact subcores were taken in plexiglas tubes perforated at 0.5 cm inter­

vals and sealed with silicone rubber. Through the ports 10 µI of a mixture of 'H­

thymidine (90 Ci/mmol; final concentration 0.4 µCi) and 1~C-leucine (342 mCi/ 

mmol; final concentration 0.024 µCi) were injected (for details of the core-injec-
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Fine-scale distribution of hydrolytic activity associated with 
foraminiferans and bacteria in deep-sea sediments of the 

Norwegian-Greenland Sea 

Abstract 

L.-A. Meyer-Reil and M. Koster 

lnstitut fur Meereskunde an der Universitat Kiel 
Dusternbrooker Weg 20, 0-2300 Kiel, Germany 

Pronounced fine-scale gradients of enzymatic degradation of organic material 
were observed in the uppermost horizons of deep-sea sediments of the Norwe­
gian-Greenland Sea. Since these gradients coincided with the occurrence of 
dense populations of epibenthic agglutinated foraminiferans, it was hypothesized 
that the foraminiferans were the main contributors to the large pool of hydro­
lytic enzymes observed. Parallel analyses of the enzymatic activity associated 
with individual foraminiferans selected from the sediments confirmed this hy­
pothesis. Measurements of bacterial biomass (by epifluorescence microscopy) and 
production (incorporation of tritiated leucine) suggest that in the specific eco­
logical situation analysed, bacteria benefit from the metabolism of foraminifer­
ans rather than being the main decomposers. The immediate degradation at the 
sediment surface without incorporation of the sedimented particles into the sedi­
ment may have an impact on the early diagenesis of organic material and its 
sedimentary record in. these deep-sea sediments. 

Introduction 

It seems to be generally accepted that the sedimentation of detrital material 
from euphotic waters represents the most important contribution to the nutrient 
supply of benthic communities in pelagic sediments (e.g. LOCHTE and TURLEY 
1988, GRAF 1989). Very little is known, however, about the decomposition pro­
cesses at the seafloor as well as about the organisms involved (JAHNKE and 
JACKSON 1987, GRAF 1989). Among these, a key role in the turnover of organ­
ic carbon is attributed to bacteria (ROWE and DEMING 1985) although fora­
minifera may be involved in carbon decomposition processes as well (GOODAY 
1988, GOODAY and LAMBSHEAD 1989). Most of the organic material entering 
the sea floor is oxidized in surface sediment horizons by oxygen and eventually 
secondary oxidants (e.g. BENDER and HEGGIE 1984) at rates much more rapidly 
than it was previously thought (REIMERS and SMITH 1986, COLE et al. 1987). 

We report here on observations of pronounced fine-scale gradients of enzymatic 
degradation of organic matter at the surface of deep-sea sediments of the Nor­
wegian-Greenland Sea. These gradients co incided with the occurrence of dense 
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Microbial life in pelagic sediments: the impact of 
environmental parameters on enzymatic 

degradation of organic material 

Lutz-Arend Meyer-Reil, Marion Koster 

Instilul liir Meereskunde an der Unlversilat Kiel, Abteilung Marine Mlkrobiologie, Diisternbrooker Weg 20, W·2300 Kiel 1, 
Germany 

ABSTRACT: The impact of environmental parameters, such as salinity, temperature, pressure, and 

nutrients, on microbial activity was investigated in pelagic sediments of the Norwegian·Greenland Sea 

(water depth between 1400 and 2000 m}. As a general characteristic of benthic microbial activity, the 

enzymatic degradation of organic material, which represents the initial and rate·limiting step m carbon 

oxidation, was measured. For the enzymatic analysis, fluoresceindiacetate was used, a fluorogenic 

model substrate which is hydrolyzed non·specifically by hydrolytic enzymes. The substrate was added 

at saturation level, and potential enzymatic activity rates were derived from the slope of the linear part 

of time-dependent activity curves. From the investigations it can be concluded that the pool of 

hydrolytic enzymes in the pelagic sediments was not specifically adapted to ambient parameters such as 

salinity, temperature. and pressure. There was no indication of a psychrophilic and/or barophilic 

response. Enzymatic degradation of organic material was more regulated by the supply of organic 

material than by cold temperature and elevated pressure. Boiled detritus added to sediment cores 

incubated under in situ temperature on board ship caused an immediate stimulation of hydrolytic 

enzymes. The location of microorganisms in the sediment and the unique characteristics of microbial 

metabolism must both be considered as possible strategies for using the incoming organic material 

effectively and for surviving the long periods of nutrient deficiency in pelagic sediments. 

INTRODUCTION 

Compared to that in shallow.water sediments, micro­

bial life in pelagic sediments is still under·investigated. 

This undoubtedly reflects the considerable logistical 

effort that is necessary to sample sediments in deeper 

waters. Furthermore, until recently the deeper regions 

of the seafloor attracted only limited scientific interest. 

Pelagic ( deep-sea) sediments were understood as 

potentially hostile environments where low tempera­

ture, elevated pressure and low nutrient levels 

restricted microbial metabolic activity. During the last 

decade, however, the study of deeper waters (including 

sediments) has gained increasing attention, and exten­

sive joint research programs have been established to 

study the parameters influencing the flow of organic 

material and microbial activity in the deep sea. Based 

on these studies, the conventional view of the seafloor 

as a nutrient·poor environment that continuously 

receives a low input of organic matter of low nutritional 

value (Jannasch 1979) had to be modified. It became 

~ Inter-Research/Printed in Germany 

quite obvious that pelagic sediments are supplied with 

pulses of relatively fresh organic material via sedimen­

tation from euphotic waters. Quantity and quality of the 

sedimented material were found to be subject to pro­

nounced seasonal variations, which were reflected in 

the metabolic activity of the microbial assemblages 

(Lochte & Turley 1988, Graf 1989). Most of the organic 

matter oxidation occurred at the sediment surface and 

involved oxygen or possibly secondary oxidants (Ben­

der & Heggie 1984). The metabolic rates measured 

were much more rapid than had been previously 

thought, considering the low temperature and elevated 

pressure (Deming 1986, Reimers & Smith 1986, Cole et 

al. 1987, Graf 1989). The regulation of microbial activ­

ity by temperature and pressure in the deep sea is still a 

matter of investigation. Although obligate barophilic 

bacteria have been cultured from deep-sea samples (cf. 

literature cited by Chastain & Yayanos 1991, Turley et 

al. 1988), the question still remains as to whether the 

degradation of organic material in the deep sea is 

governed by barophilic (and psychrophilic) responses. 

Ol 7 l ·8630/92/0081/0065/S 03 .00 
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7 Zusammenfassung 

In der vorliegenden Arbeit wurden Obcrflachcnsedimentc und Sedimentkernc aus dcm Europai­

schen Nordmeer geochemisch und mineralogisch bearbeitet. Die geochemischen Untersuchungen 

beinhalteten die Bestimmung von Radionukliden, die Bcstimmung der Haupt- und Spurenelemen­

te im Gesamtsediment und des Cd-Gehaltes in Foraminiferenschalen. 

Die wichtigsten Ergebnisse dieser Untersuchungen sind: 

Die geochemische und tonmineralogische Zusammensetzung der Sedimente im Europaischen 

Nordmeer ermoglicht Rilckschltisse auf das Liefergebiet und die Transponwege des Sedi­

ments. So spiegeln erhohte Montmorillonitgehalte, sowie erhohte Mg/Al- und Ti/Al-Verhalt­

nisse sowohl raumlich als auch zeitlich den Einflu~ des Norwegenstroms wider. Erhohte 

Kl Al- bzw. Si/ Al-Verhaltnisse zeigen einen verstiirkten Sedimenteintrag von den Kontinenten 

an. 

Die Radionuklidbestimmungen in den Oberflachensedimenten ermoglichen eine Quantifizie­

rung des Sedimenteintrages im Europaischen Nordmeer. Dabei zeigt sich, da~ der lithogene 

Partikelflu~ aus dem Pelagial in weiten Bereichen des Europaischen Nordmeeres relativ 

konstant bei 750 ± 200 mg*cm-2*ka-l liegt. 

Die V ariationen im 230Thex • Tiefenprofil, die fur die Gebiete hoher Breiten typisch sind, sind 

zum gro~ten Teil auf unterschiedliche Verdilnnung und nur zu einem kleineren Teil auf 

Sediment focusing oder Winnowing zurilckzufilhren. Andere Prozesse haben keinen Einflu~ 

auf die 230'fhex· Yeneilung im Sediment. 

Fiir die Datierung von Sedimentkemen aus dem Europaischen Nordmeer wird eine Kombina­

tion aus 230'fhex·Stratigraphie und constant-flux Modell vorgeschlagen. 

Durch die Kombination verschiedener geochemischer und mineralogischer U ntersuchungsme­

thoden in Sedimentkernen der Norwegischen See wurde versucht, die palaozeanographische 

Entwicklung wahrend der Termination II zu rekonstruieren. Es zeigte sich als wichtigstes 

Ergebnis, da~ die Tiefenwassemeubildung in der Norwegischen See erst 5.000 bis 10.000 

Jahre nach dem Wiedererstarken des Norwegenstromes einsetzte. 

Der bearbeitete Sedimentkern aus der Gronlandischen See ist gekennzeichnet durch eine 

stromungskontrolliene Sedimentation. Veranderungen in den Stromungsbedingungen zeigen 

bier cine deutliche Abhangigkeit von den Klimazyklen. 
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ABSTRACT 

Paetsch. H., Botz, R., Scholten. J.C. and Stolfers, P .. 1992. Accumulation rates of surface sediments in the Norwcgian­
Greenland Sea. Mar. Geol.. 104: 19-30. 

Assuming a constant flux of z3°Th to the sediment, surface, accumulation and sedimentation rates of surface sediments in 
the Norwegian-Greenland Sea have been calculated. The accumulation rates range from 0.7 to 4.0 gcm- 2 ka - 1• and the 
sedimentation rates range from 0.87 to 6.58 cm ka - 1

• Applying a simple box model it can be shown that the effects of 
bioturbation on the calculation arc of minor importance for the area studied. 

The input of biological material indicated by the flux of CaC03 is the highest (up to 1.2 g cm -z ka - •) in areas influenced 
by the Norwegian Current. whereas in the Southern Greenland Sea the flux of CaC03 is one order of magnitude lower. 

The pattern of the terrigenous input calculated by the difference between bulk sediment and CaC03 flux reflects the 
importance of the Norwegian continent, the Greenland continent and the island Jan Mayen as source areas for terrigenous 
matter delivered to the Norwegian-Greenland Sea. 

Introduction 

Quantitative sedimentation models rely on the 
accurate determination of sediment fluxes. During 
the past, transport mechanisms of various sediment 
components (particles. major and trace elements, 
radionuclides) have been studied in order to deter­
mine accumulation rates of either selected sediment 
components or bulk sediment (Thiede et al., 1982; 
Schmitz et al., 1986). In particular, radionuclides 
eiopb, 2JOTh, 234U, 2JLPa, lOBe, etc.) have been 
measured in the water column, in sediment traps 
and in the sediment in order to quantify sediment 
fluxes (Bacon et al., 1985, 1989). 

The radionuclide 230Th is produced at a constant 
rate within the water column (2.63 dpm cm - 2 

ka - 1 
/ I OOO m of water; Bacon, 1984) by the radio­

active decay of 234U (Ku, 1965). As thorium is 
strongly particle-reactive, its mean residence time 
in seawater is short (30-40 years; Ku, 1976; Bacon 
and Anderson, 1982; Bacon, 1984). Hence it is 
assumed that 230Th, after being produced in the 

water column, is rapidly transported into the sedi­
ments below this column (Suman and Bacon. 
1989). However, under certain circumstances (e.g. 
sediment erosion or focussing) the calculated 23°Th 
flux based on sediment 230Th activities is lower (in 
the case of sediment erosion) or higher (in the case 
of sediment focussing) than the "expected" 230Th 
flux (calculation based on the production in the 
water column) (Mangini, 1984). The aim of the 
present study is to quantify recent sedimentation 
processes in the Norwegian-Greenland Sea by 
applying the constant flux model of 230Th on 
surface sediments of the region. 

Material and methods 

Sediment cores were taken from the Norwegian­
Greenland Sea (Fig. I) as part of the activities of 
the " Sonderforschungsbereich 313, Sedimentation 
in the Norwegian- Greenland Sea" at Kiel Univer­
sity, Germany. For the present study 44 macro-
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230 Thex FLUX INTO NORWEGIAN-GREENLAND SEA SEDIMENTS: EVIDENCE FOR 

LATERAL SEDIMENT TRANSPORT DURING THE PAST 300,000 years 

J. Scholten; R. Botz; H. Paetsch & P. Stoffers 

Abstract 

230 Th was determined to investigate the influence of climatic 

cycles on the 230 Thex flux into Norwegian-Greenland Sea 

sediments . The Fa/Fp ratios, i. e. the ratios between the 

measured 230 Thex flux (Fa) into the sediments and the production 

rate of 230 Th in the water column (Fp), vary considerably in the 

four cores investigated. There were no systematic variations of 

the ratio with the climatic cycles to be observed. Furthermore, 

variations in the Fa/Fp ratios cannot be correlated from core to 

core. 

Lateral sediment transport, which is due to bottom currents and 

down slope sediment transport, is likely to be responsible for 

Fa/Fp ratios different from 1. The results suggest that sediment 

winnowing (and/or erosion) and sediment focusing have a major 

influence upon sediment accumulation in the Norwegian-Greenland 

Sea. 

Introduction 

The distribution of natural radionuclides in both water masses 

and related sediments is of major importance in evaluating fluxes 

of sedimentary components in the ocean [1]. studies 

on the distribution of 230Th (half life T112=75,200) in the 

marine environment, for instance, resulted in most useful 

sedimentation models for the last 300.000 years (2,3,4]. 230 Th is 

1 
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Abstract 

The ages of four long sediment cores from the Norwegian-Greenland 

Sea were determined by using various 230 Th dating models. The 

results were then related to an independent time control (01 a O) 

which was available for the cores under consideration. Average 

sedimentation rates were calculated from 230 Thex vs. depth 

profiles. These rates are similar to rates obtained by the 01 8 0 

stratigraphy (if the cores cover the past 300,000 years) . 

Furthermore, average sedimentation rates can also be determined 

by a 2a0Thex stratigraphy. 

A high time resolution is achieved for sediment cores which are 

not influenced by lateral sediment transport by a 230 Th 

constant-flux model. A powerful tool for chronostratigraphic 

studies of (carbonate-poor) sediment cores appears to be the 

combination of 2 3 0 Th measurements and 01 8 O stratigraphy which 

allows the determination of individual sedimentation rates for 

each core layer. 

Introduction 

Ocean sediments give information on the paleoclimatic evolution 

in the geological past. The oxygen isotope composition of 

calcareous foraminifera depends on climatic conditions and can 
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ABSTRACT 

We present data on the average sedimentation rates (ranging from 1.6 c~yr to 3 cm/kyr) for the last JOO.OOO years based 

on &110 analyses of foraminifera in a core from the Norwegian Sea and 1 Th.,. measurements in cores from the Norwegian 

Sea and the Fram Strait (Arctic Ocean). Furthermore, we relate 130Tb.,. variations downcore to the various oxygen isotope 

stages. This correlation is tentatively interpreted as being a result of the paleoceanographic and paleoclimatic control of 

bioproductivity. It is shown that based on the average sedimentation rates and characteristic 13011t .. variations carbonate-poor 

sediment cores from northern latitudes can be correlated. 

1. Introduction 

Recently, much attention has been paid to the 

paleoceanographic and paleoclimatic record of 

sediments recovered from oceans world-wide. Sta­

ble-isotope stratigraphy gives detailed information 

on both the age of the sediments and the paleo­

ceanographic and paleoclimatic conditions during 

sedimentation (1-3). This technique is generally 

restricted to carbonate-(foraminifera)-containing 

sediments from low latitudes. High-latitude sedi­

ments usually lack carbonate matter due to the 

comparatively low organic productivity under cold 

(with variable salinities) water conditions. There­

fore 8180 records of long sediment cores from 

high latitudes are scarce, and other similarly 

powerful dating techniques for non-calcareous 

sediments are yet to be developed. 
One possible way to date sediments is with the 

230Th 230 230 . 
excess ( Thm non-supported Th m 

sediments) method which can be used to date 

sediments up to 300.000 years old [4-6). This 

method relies on a constant flux of 230Thex to the 

seafloor, where the radionuclide is deposited on 
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the sediment surface. With increasing sediment 

age the 230Thex concentration decreases with a 

half-life of 75,200 years. As a consequence, aver­

age sedimentation rates can be calculated. 

In order to overcome the chrono-stratigraphic 

problems in sediments of high latitudes, we have 

measured the 230Thex concentration profile of core 

23059 (70 ° 25.4'N; 4 °1.3'E; 2281 m water depth) 

and compared the results with the 818 0 record of 

the core. 

2. Methods 

The sediment core was collected during R/V 

Meteor 2 / 2 cruise (1986, Fig. 1). The core consists 

of continuously deposited sediments which have 

been investigated in detail for paleoceanographic 

purposes (7 ,8). These studies also included mea­

surements of 8180 in planktonic foraminifera, 

which yielded a high-resolution stratigraphy for 

the Norwegian Sea. For 230Thex measurements in 

core 23059, sediment samples were taken continu­

ously (each sample represents a homogenized 5-10 

cm sediment slice) and prepared by chemical sep-
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M 800,jen (SFB 313), J. Mienert (GEOMAA, KieQ 

Entwlcklung und Elnsatz alnes HF • Ozean • Boden • S.ismographen zur 
Bestlmmung van P • Wallen geschwlndlgkaiten 

Oer am SFB 313 entwidtelte HF-OBS (FrequenzOereich 1 kHz· 10 kHz) hat :um Ztel, die?· 

Wellengescnwincllgktit der oberen 100 m Stdlmente mit der maximal trreichbaren Aul~sung 

zu bestimmen.Wahrend des Melleinsatus wird der OBS unternalb tiner piezoelektrischen 

akustischen Quelle rw,gend ditekt uber dem MeeresCOden ausgekllnkt. Oanach entfemt sich 

die OueHe von dem OBS. die ea. 20 m uber dem Meeresgrund mittels !ines Einleiterdratiles 

gescnleppt wird, wahrend sie im Sekun<lentakt akustlscne Signale aussendet Olese Signale 

durcnlaulen die verscniedenen Sedimentscnicttten. ·Nerden relltktiert und deM von dem OBS 

digital aulgezeichnet. 

Oie curcn den •,anaolen Offset (Enrtemung Cuelle • Emptanger) in den Seismogrammontac;en 

entstenenden Aellexionshypertleln werden :ur aestimmung der lnttrvallgescnwindigkeiten 

t>enutzt (tiormal-Mov~t-Korrektur in der Rellexionsseismik). 

Oie aestimrrung der ?-Wellengescnwindlqkeit ist •,111ientig um: 

a) gasar,gereicnette Stdimente naher ru unterwcnen und ru besc:ire,ben; 

b) in Seismogrammen Lautuiten in warire Title umZ\.lrechnen. 

Zudem kOnnen autgrund der dig11a1en Oaten lmpedanzkurven berecnnet werden. Erste 

Ansatze. dall lmpedanzkurven innernalb der oberen Sedimente mit klimabedingten 

Veranc:1erungen korrelieren. l<onnte oere,ts mil Hilfe von Kem-Logger-Oaten (Chi; Mienert) 

gezatgt warden. 
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Physikallscher Meeresbodenaufbau: Eine 
Zeitreihenanalyse orbitaler Zyklen 
Sensor-Kern-Logging" Oaten 

anhand von "Multi· 

Oar Multi-Sensor-Kern-Logger (MSKL) miBt drei physikalischt 
Sedimanteigenschaften wahrend dar automatlsch gesteuerten Vorwartsbewagung der 
Sedimentkeme (Abb. 1 ): (1) die Lautzeit eines akustlschen Signals transversal durch 
die Probe, aus der die Kompressionswellengeschwindigkeit bertehnet wird; (2) die 
Zahlrate ( -Quella 131 CS) nach der Abschwachung durch das Sediment, welche 
anschlieBend auf Feuchtdichte. Porositat und Wassergehall umgerechnet werden kann; 
(3) die magnetische Suszeptibilitat. Oamit kOnnen entlang von Sedimentkemen die 
Kompressionswellengeschwindigkeit. die Oichte und die magnetlsche Suszeptibilitlt 
fur jedes lntervall (cm-Bereich), das einer bestimmtan Sedimenttiela entspricht, im 
zerstOrungsfreien MaBvarfahren bastimmt warden. 
Die magnetisehe Suszeptibilitat und die Kompressionswellengeschwtndigkeit werden 
direkt gemessen, die Feuchtdichte wird dagegen indirekt Ober das Scnwaehungsgasett 
fur Rontgen· und -Strahlung ermittelt. Aus dlasam .. Grund wurda tor die 

,! 
Kalibrierung der Oichtemessung mit Aluminium, Ouaruand und Sadimentan dar 
Massenscnwaehungskoetfitient exakt fur Sedimente bestimmt. Oat:,ei wurden die vom 
MSKL gemessenen Oichtadatan mit den manuell berechneten MeBwerten desselben 
Sedimenixerns kalibriert (Abb. 2). Die so gewonnane Kalibrierung wurde durch eine 
zweite Vergleichsmessung mit einem weiteren Kern Qberpruft und die Genauigkait 
bestatigt (Abb. 3). Neben den oben genannten drai MaBgr<)Ben werden noch die 
Korrektur des Liner-Ourchmessers (o O in der Oarstellung) und die Amplitude des 
empfangenen akustischen Signals zur Oualitatskontrolle der 
Schallgeschwindigkeitsmessung mit registriart. Zur Oualitatskontrolle dlent aueh die 
Korrelation zwischen der Oichte und der Sct1allgeschwindigkeit. Im nachsten Schritt 
wird aus der Kompressionswellen-geschwindigkeit und Oichte ein synthetisches 
Seismogramm berechnet und mit der Parasound·Autzeichnung verl<nuptt. um die 
punkttormigen sedimentphysikallschen lnlormationen mit Hilfe der Parasound· 
Profile in den Raum zu Qbertragen (Abb. 4). Um far die Logging-Oaten eine indirekte 
Alterseinstufung durchzutohren (Abb. 5), wurde die zeitgeeichte S?:CMAP· 18Q. 
Kurve mit dem Karbonatgehalt sowie der magnetischen Suszeptibilitat korrelien. 
Eine Zeitreihenanalyse anhand dieser Oaten son die orbitalen Einllusse aul die 
Sedimentation bestimmen. Zwei Beispiele vom Rockall Plateau warden hier 
prasentien (Abb. 6). 
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TERTIARY SEA LEVEL CHANGES ON ICELAND-FAEROE RIDGE 

Ch. Krawczyk (GEOMAR, Kiel , Germany), A. Omlin and F. Theilen 

The Iceland-Faeroe Ridge was formed in Paleocene and Eocene during the 
opening of the Northeast-Atlantic. It prevented the free exchange of water masses 
between the Iceland Basin and the Norwegian-Greenland Sea in the Early Tertiary. 

The subsequent thermal subsidence of the Iceland-Faeroe Ridge is documented 
in the sedimentary strucrures investigated by high-resolution reflection seismic 
measurements. The correlation with geological epochs is given by DSDP site 336, 
leg 38, where all sequences expect Miocene have been observed. This prominent 
hiatus is mapped at the upper part of the ridge while a sedimentary sequence of 
probably Miocene age has been found further downslope to the Norwegian­
Greenland Sea. 

The Eocene sediments are characterized by a high degree of transparency. 
Nevertheless, some internal reflectors can be recognized. A series of parallel 
reflectors is visible above the basaltic basement, partly overlain by foreset beds. 
This might indicate the onset of sea-level changes at the northern flank of the 
Iceland-Faeroe Ridge already during Eocene. 
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ABSTRACT 

Mienerl, J .• Andrew~. J.T. and Milliman, J.D .. 1992. The Ea~I Greenlnnd cnntinenlal margin (6S"N) since lhe la~I deglaci;itinn: 
Change, in scaRoor properties and ocean circulalion. Mar. Grof .• 106: 217-238. 

Nine gravily cores collected on lhe Ea~I Greenland conlincnlal m.1rgin nlT Kangerdlug~suaq Fjord reveal a dnutic dccrea~e 
in average sedimentation rates rrom the cross-shelf lrnugh In lhc conlinental slope (rrom 43.2 cm/liyrs In 2.2 cm/lcyrs. respectively). Since lhe hut deglaciation, beginning al < I S.000 yrs R.P .. bolh carbon11te and non-c;ubonate 11ccumulalion mtes 
h11ve bttn controlled by the decre11Se in glaciers and ~;i ice and lhe increa!le in ~urrace-w111er circuh1tion. CaCO, and non­CaCO, accumul11tion rates al about 14.000 yn R.P. were high on lhc outer shclr, followed hy high v11lues at the inner shelr 
11boul 9000 yrs B.P .• suggestive or r11pid glacier rclrc;il. About 9000 yrs O.P .. the norlherly Rowing lrmingcr Current and lhe 
southerly Rowing F..ast Greenland Current may h11ve increa!led inlensity lc;iding In distinct incre11ses in CaCO, 11ccumul111ion 
( > 2 g/cm1kyrs). Al 4000 yrs B.P .• both CaCO, 11nd non-CaCO, accumulation ralcs bcc:lmc high ( < 10 1!/cm1kyrs): since 
3000 yrs R.P. lhcse rnle! di!linctly decrcued. Mcltinl! or glaciers and currcnl activity, which ctrastic11lly ch11nged in ~pnce and 
lime. controlkd the lcrrigcno119 sediment input. And lhus lhc grnin-~i1c distrihution :tnd the phy~icnl prnrcrt~ of sediment~. 
Acro~9 the shelf. The!!e omcrv11tion9 snggc!ll that currcnl winnowinl! on ~dimcnls i9 one or the dominnnl prncCS.q!S nl prc:~nt . 
This i! ,cen in lhe Acoustic rcRcctivity And in the 11co11~1ically h;ird ~caRnor. pnrticulnrly al lhc urrcr conlincntnl ~lope. In 
addition. iceberg! transported !OUlhward along the conlinental m11rgin. have scoured the sediment surface in WAier dei,lh9 
<JSO m. 
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FURROWED SEDIMENT WAVES ON THE BARENTS SEA CONTINENTAL SLOPE 

J. Mienert {GEOMAR, Kiel, Germany) and M. Bobsien (SFB 313) 

A deep-towed sidescan sonar and 3.5 kHz survey of the Barents Sea continental 

slope {75°N, 12°W) mapped several types of bedforms. They are sediment waves, 
furrows and sediment slides which may shed light on the occurrence and interaction 

of a number of processes. Previous studies of continental slopes in the Atlantic 

show that sediment waves tend to occur at about 4500 m water depth along the 
slope, but little is known about their origin. We discovered buried and exposed 
sediment wave like features that clearly occur within approximately 1.5 km wide and 

several km long lobes of a slide complex at 2500 m water depth. The wave troughs 
tilt towards the slide complex indicating slump faults. On top of these wave like 

features preferential sedimentation occurs, which may be attributed to a directed 

sediment transport by bottom water currents. Thus we anticipate that the primary 

origin of the sediment waves is caused by an instability event of the slope and the 
secondary feature shown in the upper few meters of the sediment is contour current 

controlled. This hypothesis is supported by the occurrence of furrows that are 
aligned towards 340 almost parallel to the 2450 m contour. Most of these furrows 
are parallel and as much as 1 O to 40 m apart, possibly several tens of kilometer long 
and 1 to 4 m deep. While they cover an area of about 300 km2 their spacing 

decreases towards the 2500 m isobath line. 
The furrows appear to parallel the direction of the warm northward flowing 

Norwegian Current. The distribution and sedimentation of these furrows and 
sediment waves may correlate with variations in current strength across the 

continental slope. At the present time the site is exposed to variable current speeds 

but furrow erosion and sediment wave deposition may provide a long term record of 

the Norwegian Current activity if calibrated by current flow meters. 
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1''6, Paleo-oceanography of the North Atlantic region 

.. J MienerJ (GEOMAR, Kiel, F.R.G.), F.-J. Hollender (SFB 
313, Kiel, F.R.G.), N. Kenyon (Institute of Ocean Sciences, 
Wormley, U.K.) 

POLAR MARGINS: GLORIA STUDIES OFF 
EAST GREENLAND FROM 70° TO 80° NORTH 
GLORIA, lhe 1.0.S. long range side scan sonar, has been used 

In t 992 on a RV Livonia cruise to map large scale changes in 

sediment patterns and deduct from II lhe sedimentary 

processes along Iha East Greenland continental margin. 

During this cruise we produced a side scan sonar coverage of 

the complete Greenland basin and margin to a total area of 

about 250.000 km2 . The Boreas basin, Iha East Greenland 

basin and a small basin just north of Jan Mayen Fracture 

Zone are one of Iha keys to the understanding of the glacially 

Influenced margins. Sedimentary features of the lhree basins 

give lhem a strikingly different appearance. Based on Iha 

prellminary lnlerpretatlon of Iha GLORIA sonographs we 

may conclude lhat: (1) lillle direct evidence for along slope 

transport of sediments have been found along the East 

Greenland margin and basin invesllgated, (2) In contrast. 

strong evidence exisls for down slope transport processes in 

the Greenland basin, (3) sediment wave fields may indicate 

the processes of bottom water current or turbidity current 

activity at specific site locations. (4) circular high back 

scatter regions give hints of large areas of gas venting which 

needs to be ground truthed by coring and seismic studies. 

(5) there exists a large con1rast lo the Norwegian margin in 

lhat the Norwegian margin exhibits wide areas of sediment 

slide complexes that were not observed on lhe East Greenland 

margin. 
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GLORIA STUDIES OF POLAR MARGINS: EAST GREENLAND 
FROM 70° TO 80° NORTH 

GLORIA, the 1.0.S. long range side scan sonar, has been used in 1992 on a RV 

Livonia cruise to map large scale cnanges in sediment patterns and deduct from it 

the sedimentary processes along the East Greenland continental margin (J. 

Mlenert & N. Kenyon, 1992). Curing this cruise we produced a side scan sonar 

coverage of the complate Greenland basin and margin to a totat area of about 

250.000 km2. The working area is permanenuy hindered by sea ice apart for 

the period from August to September when sea ice starts to melt and decays 

towards the shelf &dge. During this period of time GLORIA made its first survey 

to u,e polar regions of the East Greenland m~in. 

Transform ridges divide the area between Fram Strait and Jan Mayen into three 

basins. These are from north to soutn, me smalr,NW-Sc oriented 3200 m deep 

aoraas basin, the large NE-SW aligned 3600 m deep East Greenland basin, and 

the small E·W oriented 2400 m deep basin just north of Jan Mayen Fracture 

Zone. The tnree basins are one of the keys to the understanding of the glacially 

intluenced margins. Sedimentary features of the three basins give them a 

strikingly different appearance. Based on the preliminary interpretation of the 

GLORIA sonograpns we may conclude that: (1) little direct evidence for along 

slope transport of sediments have been found along the East Greenland margin and 

basin investigated. (2) in contrast, strong evidence exists for down slope 

transport processes in the Greenland basin, (3) sediment wave fields may 

indicate the processes of bottom water current or turbidity current activity at 

specific sire locations, (4) circular high back scatter regions give hints of large 

areas of gas venting which needs to be ground truthed by coring and seismie 

studies. (5) there 9xists a large contrast to the Norwegian margin in that the 

Norwegian margin exhibits wide areas ot sediment slide complexes that were not 

obseNed on the :ast Greenland margin. 
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PHYSIOGRAPHY OF POLAR CONTINENTAL MARGINS: GLORIA 
STUDIES OFF EAST GREENLAND FROM 70° TO 80 ° NORTH 

J. Mienert1 ,2, N. Kenyon3, J. Thiede1 ,2 and F.-J. Hollender2 

1 GEOMAR, Forschungszentrum fur marine Geowissenschaften der Christian-Albrechts­
Universitat zu Kiel, Wischhofstr. 1-3, 0 -2300 Kiel 14, F.R.G. 

2 Sonderforschungsbereich 313 (SFB 313) der Christian-Albrechts-Universitat zu Kiel, 
Olshausenstr. 40-60, 0-2300 Kiel 14, F.R.G. 

3 Institute of Ocean Sciences (IOS). Brook Road. Wormley, Godalming, Surrey, GUS SUB, U.K. 

The passive continental margin off East Greenland has been shaped by tectonic and 

sedimentary processes. Typical physiographic trades have evolved over the past few million 

years under the influence of the late Cenozoic northern hemisphere glaciations, in particular 

the Greenland ice shield. 

GLORIA. the 1.0.S. (Institute of Ocean Sciences) long range side scan sonar, has been used in 

1992 on a RV Livonia cruise to map large scale changes in sedimentary p_atterns along the East 

Greenland continental margin . The overall objective of this research programme was to 

determine the variety of large scale sea floor processes in order to improve our understanding 

of the interaction between ice sheets. current regimes and sedimentary processes. In co­

operation with the Institute of Oceanographic Sciences (IOS). Wormley (U.K.) and the RV 

Livonia tram Tallinn (Estonia) a high quality set of sea floor data has been produced. GLORIA's 

first survey to the polar regions of the East Greenland continental margin covered several 

1 OOO km long and 50 km wide track lines (Figure 1) and as a result an impressive side scan 

sonar image of the complete Greenland Basin and margin (about 250.000 km2l. Based on our 

GLORIA tracks a mosaic of the data was made at a scale of 1 :375,000. The base map was 

prepared with a Polar Stereographic Projection having a standard parallel of 71 degrees. 

The working area (Figure 2) is permanently covered by sea ice apart for the period from 

August to September when sea ice starts 10 melt and decay and when its eastern margin relocates 

towards the shelf edge. Along this margin southward flowing currents such as the East 

Greenland Current (EGC) are carrying cold water masses from the Arctic Ocean through the 

Denmark Strait into the North Atlantic. While these currents may cause vigorous along slope 

transport of sediments the calving of glaciers from the Greenland ice sheet and melt water may 

entrain large amounts of sediments. which are carried across the shelf and finally deposited in 

the deep sea by gravity flows . This hignly dynamic system appears 10 be very sensitive to 

changes in ice sheets extent and current activities which are driven by changes in northern 

hemisphere climate. Certainly . East Greenland is one of our best analogues for "glacial" polar 
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PHYSICAL AND ACOUSTIC PROPERTIES OF ARCTIC OCEAN DEEP • SEA 

SEDIMENTS: PALEOCLIMATIC IMPLICATIONS 

J. MIENERT1, LA. MA YER2, G. A. JONES3, and J. W. KING4 

1GEOMAR, Forschu11gsze111rum fur Marine Gi:owisse,aschaften 

Wuchlwfxtra/Je J • 3 
D-2300 Kiel 14, F.R.Gennany 

2 Dalhousie University 
Department of Ocetu1ography 
Jlulifax, Nova Scotia, BJH-111, Canad.a 

Jwoods Hole Oceanographic ltastitutio11 

Woods Hole, Ma 02543, U.S.A. 

4U11ivenity of Rhode Island 

Gr""""le School of Oceunogruphy 
Nurrugwisett, R.I 02tJ82-l 197, U.S.A. 

ABSTRACT. Six sediment cores from lhc: Euruiaa Basin were $ludied lo dctermiac and uadcr5taad 

clirua1icaUy Jrivca chaages of Acelic Occaa b~ Dc:lailcJ lime coalcol of scdimcnls for 1hc: 111$1 4S 

I.yr i:. basc:J oa accclcc.&lOc m.w spi:Clromc:lry (AMS) Cl4-Jaling of biogcnic cacbon.&lc (N. puchy­

derm", li:fl coiliag). The most importaol rc:sulls from our $luJy arc: sumruariud as follows. From 4S lo 

13.S ka low scdimeatalioa ra!es prev;uled (0.3S cca/kyr). They increased Jrastiully at the tran.siliua 

Crom lhe l.ist glacial to iotecglaci.al (Termination la, 13.S ka) leading into high Holoccac 5Cdimentatioa 

rates (1.06 cm/kyc). Low carbonate coacentcatioD5 ( < 4%) prevailed from 13..S to 9 ka at Tc:rmuiwoa 

I. Occ.:n:asc:d salini1ics caa be expc:clc:d for Tc:rminalioa la (Zaha et "'-· 1985, Joacs & Keipio, 1988, 

Mienccl et "'-· 1989) due lo glaci.&1 meltwater iafiucacc po5,5ibly acco1apao~d by ~ ice melting. A.$ a 

ccswl of uac Cceibwater iafiueacc, pcoductivi&y of planktic foraa1inifc:cs deacased aad uaii, ia tura, 

rcsullc:J in a Jra$lic dc:ueasc ia cacbooatc conccnuatioa during Termiaatioa la. Although cacbooate 

coucc:nlratioa var~ oaly bctweea O aad 9%, it distinctly changes bolh the comprcssiooal-w11vc velocity 

(Croan 1485 to lSlO ra/,) aad the w.&vc atteolllltioa (from 0.1 lo 0.4S dB/m/~H4 ia the scduneat. 

Clim.&tie&lly Jrivea cJaugca ia m.&pelic ,uscc:ptibilily have proved lo be a valu11blc paleoclimatic tuol 

foe ialercore correlatiou. Our rC1wU iadicitlc thill 1he same gcncral conchwoas arc valid for pcl.tgic 

c:nviroamenls of both Atlaa1ic and Arelic °""" basins. 
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SUBSIDENCE AND SEDIMENTARY HISTORY SOUTH-WEST OF THE FAEROE 
ISLANDS 

J. Posewang (Institute of Geophysics, Kiel University, Germany) and Fr. Theilen 

The evolution of the area southwest of the Faeroe Islands has mainly be 
influenced by massive volcanic extrusions in Late Paleocene. Lavaflows propagated 
from the Faeroe Islands in southwesterly direction. They are now covered by 
sediments of Eocene age and younger. 

During the Eocene a number of seamounts, intrusive and extrusive centres 
developed in this area. Reflection seismic have been carried out on two of these 
features: The Bill Bailey and the Lousy Bank. Seismic data show two lavaflows of 
different origin and flow direction below the Lousy Bank, which is suggested to be an 
extrusive centre. 

The analysis of the sedimentary structures reveals that the top of the banks are 
void of sediment. Deposition is concentrated in the trough between the two banks 
and the surrounding areas. Onlap structures evidence the crustal subsidence 
between the banks, erosional horizons mark sea level changes and downlap 
structures document the direction of sedimentation and changes in sediment 
transport within this region due to the subsidence of the Iceland-Faeroe Ridge. The 
transition between the banks and the Iceland-Faeroe Ridge is characterized by a thin 
cover of sediments and a small trough associated with the Faeroe Bank Channel. 
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GLORIA SIDE-SCAN SONAR MOSAIC OF THE EAST GREENLAND 

CONTINENTAL MARGIN FROM 70° TO 80° NORTH 

The technique and interpretation of side scan sonar was pioneered at IOS (Institute of 

Oceanographic Sciences, Deacon Laboratory, Wormley, U.K.) (Somers, M. L., et al., 1978). 

The transducer of GLORIA, the long range side scan sonar has 2 rows with 30 elements each, 

it works with a horizontal angular beam width of 2.5_«symbol» and a vertical angular beam 

width of 30_ «symbol». The operating frequency is 6.2 to 6.8 kHz, the peak electrical power is 

12 kW per side and the peak power into the water is 10.5 kW per side. The range is from 7 to 

30 km on each side. GLORIA is 7. 7 S meters long and has a diameter of 0.66 meters, the length 

of the active part is 5.33 meters, the total weight of the vehicle in air is 2.04 tonnes, the overall 

weight including cable, power pack, etc. is 13 tonnes. It is towed 400 meters behind the survey 

ship at a speed of up to 10 knots and a nominal depth of 50 meters. The output of GLORIA 

data was stored on magnetic tape in a digital format and on-line on analogous images from 

which we produced the side-scan sonar mosaic (Fig. xx). 

On the cruise with the RV Livonia in 1992 GLORIA the long range side scan sonar has been 

used to map large scale changes in sedimentary pattern along the East Greenland continental 

margin. The goal of the cruise was to determine the variety of large scale sea floor processes in 

order to improve our understanding of the interaction between ice sheets, current regimes and 

sedimentary processes. The working area encompassed the Fraim Strait, the Boreas Basin, the 

Greenland Basin and a small basin just north of the Jan Mayen fracture zone. The area is 

permanently covered by sea ice, only from August to September the sea ice starts to melt and 

removes towards the shelf edge. 

The Boreas Basin has a very uniform medium to low level backscatter apart from a single 

weakly backscattering feature that looks like a channel. This channel is discontinuous and is 

thus believed to be inactive and perhaps filled by a fine grained abandonment facies (Mienert et 

al., 1993). In all son~graph images of this area is an outstanding acoustic artefact. it is believed 

to be interference fringes caused by multiple paths taken through the uppermost layers of soft 

sediment Therefore penetrates into the sea floor and this implies that the sediment layers have 

different acoustic properties and are fine grained. We also find circular patches of high 

backscatter some of them has a positive relief, the patches are equidimensional and up to half a 

kilometer across. They might be indicative of gas venting and show some kind of gas venting 

feature such as pockmarks and hard grounds. 

The Greenland Basin shows a variety of backscattering where the overall backscatter level is 

much higher than that of the Boreas Basin. In the south there are four channel systems whereas 

in the north there are no channel systems. In the north the shelf is at its widest and is believed to 
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Short term processes and patterns in the foraminiferal response 
to organic flux rates 

ABSTRACT 

A. V. Altenbach 
Geologisch-Paliiontologisches lnsticuc. 0/shausenstr. 40. 1300 Kiel. Germany 

(Revision accepted November 9, l 99 l) 

Altenbach .. \.V., 1992. Short term processes and patterns in the foraminiferal response to organic flux rates. In: G.J. van 

der Zwaan. F.J. Jorissen and W.J. Zachariasse (Editors) . Approaches to Paleoproductivity Reconstructions . .\-far. ,\,fi­

cropaleonco/., 19: 119-1:?9. 

The measurement of the benthic response to the input of organic matter derived from the photic zone ~ves insight into 

the relationship between sea surface productivity and growth. reproduction and population fluctuations of benthic fora­

minifera. At Kieler Bucht ( Kiel Bight), biomass and reproduction cycles of £/phidium excavatum clavacum are directly 

related to the development and sedimentation of phytoplankton biomass over the entire year. Deep-sea foraminifera from 

the Norwegian Sea fed in a microcosm show a lag time of food ingestion and growth rates quite similar to what has been 

observed in shallow water communities. In response to the food pulse, Cribrostomoides subglobosum nearly doubled indi­

vidual bodymass (ori. C) over a period of 7:? hours by ingestion of organic matter into food vacuoles. In both studies, 

approximately 6 to lO'lli of the total organic flux arriving on the sediment surface is ingested by benthic foraminifera, 

indicating that foraminifera play an important role in the cycling of organic matter in marine benthic environments. 
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Henning A. Bauch (1993): Planktische Foraminiferen im Europaischen Nordmeer: 
ihre Bedeutung fur die palao-ozeanographische Interpretation wahrend der letzten 
600.000 Jahre 

ZUSAMMENFASSUNG 

Quantitative und biometrische Untersuchungen an planktischen Foraminiferen 
sowie die Bestimmung der Artenzusammensetzung ihrer Gemeinschaft wurden an 
Sedimentkernen aus dem Europaischen Nordmeer durchgefOhrt. Die Ergebnisse 
wurden fur die zeitliche und raumliche Konstruktion der palao-ozeanographischen 
Entwicklung herangezogen. Mithilfe der 0-lsotopenstratigraphie konnten die 
Veranderungen von Verbreitungsmuster einzelner Arten und ihre Beziehung zu 
spezifischen Wassermassen erkannt werden. Die Fluktuationen der 
Faunenzusammensetzung sind dabei primar eine Reaktion auf veranderte 
Lebensbedingungen, wobei subpolare und polare Arten in Abhangigkeit zum 
EinfluB einstromender atlantischer Wassermassen und dem daraus entstehenden 
Zirkulationssystem stehen. 
Die Konzentrationen der subpolaren Art Globigerina guinqueloba zeigen 
besonders nach dem letzten und vorletzten Glazial eine gute Ubereinstimmung mit 
der klimatischen Entwicklung, wie sie durch die 0-lsotopen beschrieben wird. lhr 
maximales Auftreten korrespondiert exakt mit den interglazialen Klimaoptima. 
Wahrend dieser Phasen zeigt sie eine weite Verbreitung und ihr bevorzugtes 
Wassermassen-Habitat liegt im Bereich der gut durchmischten Arktischen Front. In 
kalteren lnterglazialabschnitten ist sie dagegen Oberhaupt nicht oder nur 
geringfugig vertreten. Neben G. quinqueloba sind auch anders haufigere 
Subpolararten wie Globigerina bulloides, Globigerinita glutinata und Globigerinita 
uvula prinzipiell auf interglaziale Maxima beschrankt. Die Verbreitung von G. 
bulloides bezieht sich jedoch nur auf den 'warmeren' EinfluBbereich des 
Norwegenstroms (Atlantische Domane), wogegen G. glutinata und G. uvula im 
gesamten Untersuchungsgebiet auftreten. Weitere Subpolararten sind nur in 
geringen Anteilen an der Faunenzusammensetzung beteiligt und wurden, da sie 
hauptsachlich im sudlicheren Tail des Europaischen Nordmeeres vorkommen, 
durch nordatlantisches Wasser eingedriftet. 
Eine lateral ausgedehnte Verbreitung der atlantischen Art Beel/a megastoma 
konnte fur die Abschmelzphasen der Termination II, III und fur das Stadium 15 
belegt warden, wobei als Ursache ein 'pulsartiges' Einstromen von atlantischem 
Zwischenwasser angenommen warden kann. Dieser ProzeB, der zumindest in 
Termination II zeittransgressiven Charakter aufweist, war ein kurzzeitiges 
ozeanologisches Phanomen, das durch die Etablierung des jeweils nachfolgenden 
interglazialen Zirkulationssystems beendet wurde. 
Detaillierte biometrische Analysen von G. quinqueloba, die Ober den letzten 
glazial/interglazialen Wechsel bis in die jungsten Sedimente durchgefuhrt wurden, 
beweisen eine systematische 'Klimaabhangigkeit', die sich in kleineren Gehausen 
wahrend kalterer Phasen und groBeren Gehausen im Klimaoptimum ausdruckt. 
Qualitative Abschatzungen an Teilfraktionen zeigen, daB dieses auch auf altere 
Stadien Obertragbar ist. Besonders in den Stadien 7, 9, 11 und 13 herrschte 
demnach nicht die interglaziale Stabilitat des Stromungssystems vor, wie sie fur 
das Stadium 5.51 und das Holozan erkennbar ist. 



MICROPALAEONTOLOGY NOTEBOOK 
J. Micropalatontol. 11 (1): S8, June 1992 

First record of the genus Beela Banner & Blow, 1960, in upper Pleistocene 

sediments (past 600Ka) from the Norwegian-Greenland Sea 

HENNING A. BAUCH 

GEOMAR ksordi Cmtrt fr,r Mllrint Gtoscintas 
WisdthofstnsSt 1·3 

2300 Kitl, 
Gmnany 

Planktonic foraminifers from Pleistocene sediments from the 

Norwegian-Greenland Sea (NGS) have been subject to intense 

investigation during the past 20 years. This is majn}y due to 

their almost continuous presence in glacial and interglacial 

times, and hence, their utility for establishing sound 0 18-

isotopic curves. Traditionally, all are assigned to a polar and 

subpolar group. Nt0globoqumlrina pachydmna (sinistral) is the 

only polar species, whereas the subpolar group is made up of 

Globigmna quinqutloba, G. bulloidts, G. univtrsa, N. pachydmna 

(dextral), N. duttrtrti, Globigtrinita glutinata, Gl. ut1ula, 

Globorotalia inflata, Glr. truncalutinoidts, Glr. scitula. N. 

pachydmna (sinistral) is almost continuously present during 

glacial/interglacial times. This is in contrast to the subpolar 

species that show main abundances in interglacial maxima 

only. Prior to this study, a species belonging to the genus Bttla 

has never been mentioned to occur in Pleistocene sediments 

north of 55° latitude (Holmes, 1984). My specimens exhibit a 

thin-walled spinose test; trochospiral becoming streptospiral; 

last chamber radially elongated but never pointed or digitate; 

aperture very variable from small umbilical to larger 

extraumbilical-u.mbilical. lts size ranges from 200-660µm, but 

is mainly confined to the 250-SOOµm mesh-size fraction. 

These general characteristics agree well with the emendation 

of the genus Bttui by Holmes (1984). Accordingly, the described 

species will in future be assigned to Bttui mtgastcmuJ (F.arland). 

There is good evidence that &tui mtgastoma is not simply a 

'warmer water form' being swept into the NGS by North 

Atlantic Waters as some of those mentioned above, but a 

species that seems to be tied to certain recurring deglacial 

parameten. All this needs further investigation and more 

detailed results will be published elsewhere. 

REFERENCES 
Holmes,N.A. 1984.Anemenditionofthegenera Bttla BaMer& Blow, 

1960, and Turborotalita Blow &r BaMer, 1962. with notes on ()ra,dia 

Boltovsky &r Wat1nabe. 1982. /. Foram. Rn. 14 (2). 101·110. 



SIGNIFICANCE OF FORAMINIFERAL TEST SIZE VARIABILITY 

FOR NORWEGIAN-GREENLAND SEA PALEOCEANOGRAPHIC 

INTERPRETATIONS 

Henning A. Bauch, GEOMAR, Research Center for Marine Geosciences, 

WischhofstraBe 1-3, 2300 Kiel, Germany (submitted to Marine Geology) 

ABSTRACT 

For the first time biometric analyses on shells of Globigerina quinqueloba 

(Natland) are used for paleoceanographic interpretations in the Norwegian­

Greenland Sea (NGS). Several box cores have been investigated along a 

transect (V0ring Plateau-Kolbeinsey Ridge) with sediments covering the 

climatic changes since the Last Glacial Maximum (LGM). 

G. quinqueloba proved to be extremely valuable because it is the most 

abundant of all subpolar planktic foraminifers in interglacial NGS and also 

almost ubiquitous during Holocene times. Hence, it is bound to reflect the 

oceanographic changes that occurred since first interglacial warming. 

Methods were carried out by measuring the largest diameter of the test 

across the umbilical side from appropriate samples of the 63-SOOµm size­

fraction. Both, median and mean size variations exhibit a steady increase 

after LGM. After Termination I sizes eventually reach a constant level with 

only minor fluctuations. In contrast, peak abundances of specimens occur 

somewhat later during the climatic optimum (-6000yrs.) and rapidly 

decrease again in youngest sediments. Essentially, test sizes are much 

larger at the V0ring Plateau in vicinity of incoming Atlantic Water than 

further to the west. Moreover, there are strong indications that G. 

quinqueloba first appeared in the south-western part of the NGS with a 

preliminary major peak in abundance and size well below the Younger 

Dryas. In fact this species seems to have been present in sizes <125µm in 

this area during almost entire oxygen isotopic Stage 2. This cannot be 

observed in the more easterly located cores. 

It seems likely that size variations as 'tool' for paleoceanographic 

interpretations are not only valuable for the time since LGM, but can also be 

applied to older isotopic Stages where abundances of G. quinqueloba are 

low or even non-existing in > 125µm size-fractions but appear to be high in 

the 63-125µm fraction (e.g., Stage 7, 9, and 11). 



STRATIGRAPHIC OCCURRENCE OF BEELLA MEGASTOMA 

(EARLAND) IN PLEISTOCENE SEDIMENTS FROM THE 

NORWEGIAN-GREENLAND SEA 

Henning A. Bauch, GEOMAR, Research Center for Marine Geosciences, 

Wischhofstrasse 1-3, D-2300 Kiel, Germany (submitted to Journal Foraminiferal 

Research) 

ABSTRACT 

Prior to this work, a planktic foraminifer belonging to the genus Beel/a Banner and 

Blow (1960) has never been mentioned in detail to occur in Pleistocene sediments 

from the Norwegian-Greenland Sea (NGS). Test sizes range from 200-700µm, but 

specimens are mainly confined to the 250-500µm mesh-size fraction. The general. 

characteristics of this species agree well with the most recent emendation of the 

genus Beel/a. Accordingly, the described species is considered to be Beel/a 

megastoma (Earland). Interpretations of stable isotopes and other 

micropaleontological data indicate that this type is not simply a 'warm-water form' 

being swept into the NGS by North Atlantic water e.g., as some other rare 

foraminifera found in the more south-easterly part of the NGS during oxygen 

isotopic Stage 5.5, but a species of paleoceanographic significance since it is 

strongly tied to major meltwater events. Its stratigraphic distribution is confined to 

Termination II, Termination III, and Termination VI (oxygen isotopic stage 

boundary 5/6, 7/8, and 15/16) where it always preceeds the interglacial. maximum. 

Hence, these 'Beel/a-Events' represent a particular oceanographic phenomenon 

and are attributed 81, 82, and 83 respectively. 
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Die palao-oz.eanographische Entwicklung der Islandsee 

in den letzten 550 OOO Jahren 

Lovisa Birgisd6ttir 

ZUSAMMENFASSUNG 

Auf einer Kerntraverse entlang 70"N von der Ostseite des Jan-Mayen-Ruekens bis zur Westseite 

des Kolbeinsey-Riiekens wurden Untersuehungen iiber die pallloozeanographisehe Ver:inderlich­

keit der Islandsee in den letzten etwa 550000 J .v.H. durehgefuhrt. Es !assen sieh 5-7 relativ gut 

korrelierbare Abfolgen von tonigen quarzreiehen Sedimenten gegeniiber foraminiferenreichen 

Schiehten unterseheiden. 

Eine stratigraphisehe Einstufung wurde mit Hilfe der Sauerstoffisotopenbestimmungen an zwei 

Kernen ermOglieht. Fiir die Festlegung der lsotopenstadiengrenze 4/ 5 ist das Auftreten der 

benthischen Foraminifera Pullenia bulloides benutzt worden. Die Aktivitlt der nahegelegenen 

Vulkangebiete (Jan-Mayen, Island, Eggvingrunn) zeiehnet sieh in gut korrelierbaren Tephralagen 

ab z.B. in den 0-Isotopenstadien I ea. 11.000a, 2 ea. 14.000a, 5 ea. 127.000a, 7 ea. 211.000a und 

ea. 228.000a, 8 ea. 272.000a, 11 ea. 400.000a. 

Die zeitliehe Verllnderliehkeit spiegelt sieh in dem Kalziumkarbonatgehalt wider, der eine 

komplizierte Weehselwirkung zwisehen versehiedenen Wassermassen dokumentiert und 

Riieksehlilsse auf eine erhOhte Produktivitlt und Erhaltung des Materials erlaubt. Der 

Kalziumkarbonatgehalt nimmt generell naeh Westen hin ab. Anseheinend kommt die voile 

Beeinflussung der kalten Wassermassen des OstgrOnlandstromes erst im Gebiet westlieh des 

Kolbeinsey-Riiekens zur Geltung. Dort sind die Gew.-% des Quarzes generell hOher. Quarzfreie 

Zonen gibt es nur im Stadium 11 im Kern 23243 und in Stadium Se in den 4 Ostliehen Kernen. 

Das vollkommene Fehlen von Karbonat vor 330000 J .v.h. fllllt mit den tonigen grau-/griin­

/ roten Litho-Faziesabfolge zusammen. Dies kOnnte bedeuten, dal3 wahrend der Uteren Kaltzeiten 

(bis vor ea. 330000 J .v.h.) das Tiefenwasser besonders korrosiv war und das vorhandene kalkige 

Skelettmaterial aufgelost wurde. Moglieherweise war die lslandsee wahrend dieser Zeitabsehnitte 

vollkommen eisbedeekt, wodureh jegliehe Kalksehalerproduktion "unterbunden• wurde. Fiir die 

darauf folgenden jilngeren Kaltzeiten (ab 300000 J .v.h.) ist anzunehmen, dal3 die Islandsee 

wenigstens saisonai offen war und eine geringe Produktion ermOgliehte. 

Ein maximaler EinfluB von "warmen• nordatlantisehen Wassermassen ist im Stadium 11 (etwa 

423000-362000 J .v.h. ) dureh sehr hohe Kalziumkarbonat- und Foraminiferengehalte sowie das 

Fehlen voo eisverfraehtetem Material (Quarz, Gesteinsbruehstileke, Feldspat, Schwerminerale und 

Glimmer) in den 3 Ostliehen Kernen dokumentiert. Ein ahnliehes Bild zeigt sieh im lsotopensta­

dium Se, etwas weniger ausgepragt im Holouin. 

Untersehiedliehe Sedimentationsraten spiegeln wahrseheinlieh eine komplexe Weehselwirkung 

zwisehen der Bathymetrie (Bodenstromungen, selektive LOsung) und wandernden Fronten­

systemen hoehvariabler Wassermassen dieses Gebietes (n:1hrstoffreicheres warmeres Wasser. mehr 

Produktion) wider. 
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Dropstoncs in Europaischen Nordmeer -

lndikatoren fur Meeresstromungen 

in den letzten 300 OOO Jahren 

Jens Bischof 

ZUSAMMENF ASS UNG 

Glanl'l'\Anne Tiefseesed1mente im Europaischen Nordmeer CNorwegisch-Gronlindische See} 

enthalten unterschiedliche Proportionen von Dropstones (eistransportiene Gesteinsfragmente}, die 

ein Abbild der Eisdrih darstellen. Die qualitative Dropstone Zusammenseuung gibt AuischluG 

uber ihre Herltunitsgebiete und ermoglicht in Verbindung mit dem Fundort eine Rekonstruktion der 

Transportrichtungen. lm Rahmen dieser Studie wurden Dropstones der 0.5 • 2 mm Fraktion 

aus GroSkastengreifem (Gl<G). Kasten·, Kolben- und Schwerelotltemen von 51 Stationen in der 

Norwegisch Gronlandischen See qualitanv und quantitativ bearbeitet. Aus jedem GJ<G wurden 

bis zu 13 Proben gewonnen. Das Matenal wurde petrographisch klassifiz1ert und der quantitative 

Anteil definierter Lithologie-Gruppen fur jede Probe bestimmt. Daraus ergaben sich 

dw'akteristische regionale und zeitabhingige Verteilungsmuster, die als Ausdruclt 

verinderlicher Eisdriftrichtungen interpretiert werden konnten. 

Dropstones aus der Norwegischen See sind grundsatzlich anders zusammengesetzt als Dropstones 

aus der Gronland· und lslandsee, was fur eine ausgesprochen dauerhafte Trennung der 

Eisdriftnchtung zwischen diesen Meeresraumen spricht. In der westlichen Gronlandsee bestehen 

Dropstones aus Gesteinen von Ost- und Nordostgronland, wa.hrend in der ostlichen Gronlandsee 

Gesteine arktischen Ursprungs dominieren. Die Eisdrih war damit dem Verlaui des re.zenten 

Ostgronlandstromes sehr ihnlich. 

In der Norwegischen See bestehen Dropst0nes vorwiegend aus Quarz, Feldspat, Granit und 

Gneis bei nur geringen Anteilen von Sedimentgesteinen, unter denen Silt· und Sandsteine 

iiberwiegen, wihrend Karbonate seltener sind. Es wurden Geste1ne gefunden, die eine einwandfreie 

Zuordnung zu definienen Herkunftsgebieten ermoglichen. Aus dem siidostlichen Randbereich 

stammen Kreide, Feuersteine und Rhombenporphyre, die in der Norwegischen See bis ea. i20N 

und 3oW verbreitet sind. Aus Spitsbergen stammen Spikulite und charaltteristische Biotit· 

Gneise, die bevorzugt in der westlichen Norwegischen See gefunden wurden. 

Die Dropstones stammen fast ausschliefilich aus ostlichen Randgebieten der Norwegischen See. 

Der Einzugsbereich erstrecltt sich von Nordwest-Spitsbergen iiber die gesamte Norwegische 

Westkii.ste bis nach Nordwest-Schottland und zu den Faeroer lnseln. Zusammen mit anderen 

Merkmalen der Dropstone Zusa.mmensetzung ergibt sich das Bild einer zyklonischen (gegen den 

Uhneigersinn drehendenl Drift in der Norwegischen See. Gesteine aus dem siidskandinavisch· 

baltischen Raum wurden bevorzugt in die zentrale Norwegische See transportlert, wahrend das 

nordliche Voring-Plateau und die westliche Norwegische See ihr Material vorwiegend aus 

Nordnorwegen und Svalbard erhielten. 

Zwischen 16 und 14 ka veranderte sich dieses Bild grundlegend. Die vormals dominierenden 

Kristallingesteine werden durch hohe Anteile klastischer Sedimentgesteine ersetzt, die von 

Svalbard und dem Barents Schelf swnmen und von Eisbergen des absdunelzenden Barents See 

Eisschildes in siid· und ~iidwestliche Richtung transportiert wurden. Diese Stromung ist bis zum 

siidwestlichen Voring-Plateau nachweisbar. 

Nach 14 ka wird die siidwarts gerichtete Stromung zunehmend von 2 nach Norden vor­

dnngenden Wassermassen eingeschlossen. Der ostliche Ann dieses Systems entwickelte sich zu 

einem Vorlaufer des Norwegischen Kustensrromes und erre1chte um ea. 9.7 ka Nordnorwegen. 

Durch die zentrale Norwegtsche See drang eme Art 'Proto Norwegenstrom' nach Norden vor. 

Zwischen beiden Stromungen blieb der siidwarts genchtete Ausstrom aus der Barents See bis ea. 9 lta 

erhalten und wurde danach von den nordwarts gerichteten Stromungen in den Bereich der 

Barents See zuriickgedrangt. Seme verkiimmerten Reste ex1stleren dort als Ost-Sp1tsbergen- und 

Bareninsel Strom. lm Holo:zan ist der emst bedeutende Ausstrom aus der Barents See zeitwe1se 

wieder reaknviert worden. 



MIOCENE TO QUATERNARY PALEOCEANOGRAPHY IN THE NORTHERN NORTH 
ATLANTIC: VARIABILITY IN CARBONATE AND BIOGENIC OPALACCUMULATIO~ 

G. BOHRMANN1, R. HENRICH2 and J. TillEDE2 

1 Alfred-Wegener-Instirut fur Polar- und Meeresforschung 
· Columbusstrafle 
D-2850 Bremerhaven, F. R Germany 

2GEOMAR, Forschungszenrrwn fur Marine Geowissenschaften 
WLSchhofstrafJe 1-3 
D-2300 Kiel 14, F. R Germany 

ABSTRACT. Based on accumulation rates of the bulk sediment and some pelagic: components (carbo­
nate, total organic: c:arbon, and biogcnic: opal fractions) major changes in the palcoceanography of the 
northern North Atlantic: from Miocene to Recent arc discussed. Interactions of various processes could 
have created a stepwise evolution of c:old climates in the northern hemisphere. Prominent events were 
the onset of deep water export across the Grccnland-Sc:otland Ridge with the first significant overflow 
across the Iceland-Scotland segment oc:c:urring most probably between 13 - 11 Ma and at about 7 Ma 
across the Denmark Strait. Oscillations of sea-level around the c:ritic:al sill depth in the early phases of 
the subsidence may have influenced the oc:can.ic: circ:ulation in the North Atlantic as well as in the 
Norwegian-Greenland Sea. Furthermore the potential of the Norwegian-Greenland Sea to form and 
export dense deep water, increased the mcridionality in the northern hemisphere. During 10.2 - 9.3, 8.7 
- 8.2, 5.8 • 5.4 and 4.8 - 3.2 Ma representing times of increased water mass exchange to the central 
North Atlantic:, carbonate deposition oc:c:urrcd. On the other hand, higher opal accumulation rates and 
decreased water mass cxc:hangc (9.3 - 8.7 and 5.4 - 4.8 Ma) may be correlated with sea-level oscillations 
around the critic:al sill depth of the Greenland-Scotland Ridge. The build-up of northern hemisphere 
cooling c:an probably trac:cd baclc to late Miocene times with modest ic:c-raftcd debris input. A signifi­
cant stepwise increase of northern hemisphere cooling oc:c:urrcd around 4 Ma and finally resulted in 
the first large extension of sea ice and ice-rafting in the entire North Atlantic: at ca_ 2.6 Ma. 

U. Bleil and J. Thiede (eds.), Geological History of the Polar Oceans: Arctic VersllS Antarctic, 641-61S. 
C 1990 Kluwer Academic PublisMrs. Printed in the NetMrlands. 

CYCLES, RHYTHMS, AND EVENTS IN QUATERNARY ARCTIC AND ANTARCTIC 
_ GLACIOMARINE DEPOSITS 

R.HENRICH 
GE OMAR Forschungszenrrwn fur Marine Geowissenschaften 
WLSchhofstrafle 1-3 
D-2300 Kiel 14, F.R Germany 

ABSTRACT. Highly variable facics patterns of sub-Arc:tic: glaciomarinc continental margin environ· 
mcnts contrast with less pronounced variations in Antarctic deposits. Shallow portions of the sub­
Arctic shelves reveal regressive facics successions comprising basal lodgement till and high energy 
reworked top sequences during glacio-isostatic uplift. Deeper portions of sub-Arctic shelves record 
advance/retreat cycles of continental ice with up to 150 m thick glacigcnic units whic:h are separated by 
glacial erosional surfaces. Greatest thic:kncsscs occur on the shelf break and upper slope with 
dcpoccntcrs situated at the mouth fans. Prograding slope sequences reveal a complex sigmoid-oblique 
seismic character formed by alternating build-up during glacial progradation and depositional 
bypass/erosion in the topsct during interglacial periods. Antarctic shelf deposits reveal biogcnic 
siliceous muds or gravelly diarnictons with admixtures of a monogcnctic biogcnic cpifauna deposited at 
low sedimentation rates. 

Sub-Arctic and Antarctic deep-sea sediment records reflect glacial/interglacial variations in 
carbonate and opal productivity and ice-rafted debris input. In Norwegian - Greenland Sea's deep sea 
pelagic environments widespread distribution of dark diamic:tons indicates extensive advances of the 
continental ice-sheets onto the shelves and permits connection of open ocean .,~th shelf records. In the 
Weddell Sea, glacial, transitional and interglacial facics patterns correspond to advance/retreat cycles 
of the Antarctic ice-sheet, episodic development of floating ice-shelves, variations in the extension of 
sea ice coverage and cyclic: development of polynyas within the Weddell Sea sea icc-c:ovcr. 

U. Bleil and J. Thiede (eds. ), Geological History of the Polar Oceans: Arcric \/ersu.s Antarctic, 21~244. 
IC) 1990 Kluwer Academic Publishers. Primed in tht Netherlands. 
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Analysis of sedimentary organic matter of a glacial/interglacial 

change (oxygen isotope stage 6/5) in the Norwegian­
Greenland Sea 
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ABSTRACT 

Boiz. R .. Erlenkeuscr, H .. Koch. J. and Wehner, H .• 1991. Analysis of sedimentary organic matter of a pacial·inter&Jacial 

change (oxygen isotope stage 6/S) in the Norwegian-Greenland Sea. Mar. Gcol., 98: 113-119. 

Organic petrographical investiptions of NorweJian Sea sediments deposited during oxygen istope stages 6 and S show 

significant changes in the relative amounts of " reactive" (vitrinite and liptinite) and ''inen·· (ineninite and iraphiteJ panicles. 

The .;uc values of the total orpnic fraction possibly reffect the variable content of reactives. i.e. the isotopic composition is 

more negative (to -13.9"") when the reactive components increase. The 11°alkanc distribution shows that the soluble organic 

matter deposited durin1 late stage 6 and 5e reveals relatively low odd-even-predominance indices (OEP) associated with shoner 

cham lengths. This mdicates a relatively higher marine algal contribution durin1 stap 6 and Sc compared with sta1e Sd to Sa. 

A climatic record for the last 12,000 years from a 
sediment core on the Mid-Norwegian ·continental 
Shelf 

KARS ROKOENGEN. HELMUT ERLENKEUSER. MAGNE L0FALDLI & ODDVAR SKARB0 

R.okocnlffl. IC.. Erlenkeuscr. K.. I.Afaldli. ~. ~ Sltarbe. 0 .: A climalic record for tile last ll.000 ycan from a scdim.nt core oa 

the Mid-Norwcpaa Coalillental Shelf. .Von/c Gcolofis/c Titlulut(t. Vol. 71. pp. 7S-90. Oslo 1991. ISSN 00'29- 196X. 

The lo=! depositional environment in ute Weichsclian :ind Holocene tame is ialem:d from iffVfltiptions includin!I 

scdimc1110iov. sec,tech-1 properua. bioAratippby. stable isoiopes and radioc:ut,c,11 <laces lroaa a :65 c:m lon1 vibrocorer 

sample from 16.S m wuer dcptb u 6'"S9'!'{ llld 9"l4'E. i1w lower pan ot cbc core is interpm.ed IO be extensively remoulded by 

iccber1 scounn1. wtw. cbe cop 160 cm jives a concinuoua record for tile last 12.000 yean. Three radioc:lrbon dates ind i volc:inic: 

uh zone (Yeddo Asb Bed} Pfl"idc :lFS ea. c,,cry 600 yean for cllc period 12.000 co LO.OOO yean BP. Minimum content of bor~ 

foraaunilera (rcpresenan1 clle - irc:ac: condiaonsl occutTCd from beiore 12.000 co ~t lt.:IOO ;and from l l .000 co 10 . .IOO · 

vc:an BP. The cnnsiaon ltoal uc:uc: co botul conditions i1 very marked .u ibout 10.JOO : :00 ye= BP. ucer minima of bore:al 

Conmwfera (colder c,,eats) .ire recorded uound ID.OOO co 9000 yun BP. willl variacions sboncr clwl eh• rime resolution. The 

core provides I decailed record <Nrin1 clle dqlaaacion period of Seaadinavia ;after 12.000 )'an BP. i1lld show, 5ood correlauon co 

land dau. The upper pan of tile core. rcpresenan1 cllc 1-, 9000 yean. sllows IIIUUIIWII contenc of cbe bore~ Tttforut4 ""'"'°'• 
(opnmal dimaDc: condicioall &round SOOD yun BP :uid chCII dccre111n1 valua 1&p co present time. 

KJn RoicofflJOI. /ICU (C"""1WN1M Slwif w Pmollum Ttdutolor, Ranrclt /111MA#J. ,V. 70]4 TfOlldJwim. .Vorway: lfrlmwt 

Erl~. /,utiaM of ,Vudn, Plty1ia. "C-t..Mx,rou,ry, U,uumll'f of !Ci.ri. O/s>t..11,1c,vtr. 40JJD. D·lJOO !Cill. G~,.,,.,,,.,: .Wafllc 

i.JfaJ4Ji. /ICU. PreOtl """-1: S""""'1. H,,__ 4 . . V-1011 Sicimm. ,Vorwov: Odduor Slcarbe. IKU. Pn,~,,, addru1: .WRB 

(,W_ Of ~4'M fhdri{Ur4'1ft1111Utf.) . 81itt4Juunufll6rff • .V~IZ Ala&ut4. .Vorway. 



OXYGEN ISOTOPE STAGE 5 IN THE NORWEGIAN­
GREENLAND-SEA: OCEANOGRAPHIC AND ECOLOGICAL 
ASPECTS FROM ISOTOPIC AND BENTHIC FORAMINIFERAL 
EVIDENCE 

H. Erlenkeuser and F. Haake (Special Research Project 313, 
Univ. of Kiel, Kiel, Germany) 

Oxygen isotope stage 5 (OIS 5), with particular emphasis on 
substage Sa, was stucied with high (up to 1 cm) resolution 
through isotopes of planktic and benthic foraminifera, both epi­
and endobenthic taxa, benthic foraminiferal abundancies, shell 
weights, and total organic carbon isotopes in cores from the 
Norwegian/Greenland Sea (NGS). 

The isotopic records reveal a fine structure which is well 
consistent among the different cores and partly reflects global 
climatic events superimposed on the well-known broader isotopic 
pattern. Isotope differences between C. wuellerstorfi and 
0. umbonatus suggest that the 31ao signal of C. wuellerstorfi 
from NGS sediment samples could be biased toward deep­
convected light <5180 of brackwater brines, the effect depending 
on core location, water depth and paleoceanographic context. 

The benthic foraminifer P. bulloides indicates phases of 
North Atlantic water being advected to the NGS at the surface 
and readily mixed to the bottom. In this sense formation of deep­
waters was most direct and thorough in the NGS including the 
Fram Strait in late OIS Sa. Interestingly and in contrast to OIS Sa, 
there is no evidence in our cores that during OIS Sc North 
Atlantic waters reached the NGS as surface waters, except 
perhaps in the Iceland Sea. 

As to OIS Se, ecological conditions appear to improve 
according to our eastern cores only under the cooling climate in 
the trailing phase of this warm stage. If deep water formation was 
generally reduced in the NGS under peak interglacial conditions, 
greenhouse warming might become accentuated in the future as 
the uptake of anthropogenic C02 by the NGS waters would be 
substantially reduced. 



Isotopic and ecological evidence on deep convection in the 
~orwegian Sea from a highly resolved sediment record of 
oxygen isotope stage 3. 

H. Erlenkeuser md F. Haake 
(Special Rese:irch Programme 3 13 "Environmental Changes: 
The Northern Nor.h .A.clan tic", Kid L" niv., Germany) 

A high-sedimentation core from a climate-sensitive 

position (core 23071, 71 °N, 3°E, 1308 m, east Norwegian Sea 

off mid Norway) provided well resolved details of the 

oceanographic response under climatic conditions intermediate 

between the limiting states of the extreme glacial and the peo.k 

interglacial. 

Oxygen isotope stage 5 was studied with high (up co · 

l cm) resolution through isotopes of planktic and benchic 

foraminifera, both epi- and endobenthic taxa, benthic 

foraminiferal abundancies, single-shell weights, and total 

organic carbon isotopes. 

The isotopic record reveals a fine structure which partly 

reflects global climatic events superimposed on the well-known 

broader isotopic pattern. Abundance of the epibenthic species 

C. wuellersro']1 reveals pronounced peo.ks in the incerscadials Sc 

and 5a, in the cnnsitions 5a/4 and Se/Sd, but is low in the 

interglacial stage icself. This pattern is corroborated by the 

single-shell weights of both the epibenthic species and the 

planktic foraminifer (N. pachyderm.a, left coiling). The benthic­

planktic carbon isotope difference suggests an intensified 

exchange between the bottom water story and the surface layer 

in the interstadials, particularly in stage Sa and the transition 

Sa/4. An extended meltwater signal, possibly double-peaked 

and followed by a Younger-Dryas-like cooling phase, and poor 

of foraminif era.I shells, precedes stage Se. 

These findings indicate that ecological conditions for the 

growth of both epibenthic and plan.ktic species improve when a 

less stable stratific::uion of the water column develops and 

favours the water turnover - and recycling of nutrients · under 

colder climatic conditions as compared co the times of 

deglaciarion or interglacial warmth. 

As a conclusion, a C02-induced greenhouse effect might 

become accentuated in the future if the stability of the water 

column in the Nordic Seas increased in general as the sea 

suriace cemperarures rise. 
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Pullenia bulloides (Orbigny) in Sediments of the 

~orwegian/ Greenland Sea and the Northeastern Atlantic Ocean: 
Paleo-Oceanographic Evidence 

F.-W. Haake 
Gc:ologisch·P:iliiontoi0gisches lnstitut der L'ni\·:rsitat. :?300 Kiel, Gc:rmany 

H. Erlenkeuser 

lnstitut fur K.:rnphy;1k der Universit:it, C-1-L-L.ibor, 2300 Kiel, Germany 

U. Pflaumann 
Gc:ologisch-P:iliiontoiogisches lnstitut der l.:niversicac, 2300 Kiel, Germany 

ABSTRACT: The dimibution of Pullenia builo,de (ORBIGNY) in sediments of the Holocene (isotope state l ). ,he late :sotope ;caie 

5. and the isotope substaie 5e from the :-.orwe~:ir.. Greenland Sea is discussed. The different depth ranges durin1 these isotopic ;t.iics 

ue obviously governed by the intensity of the .:::;, water formation. 

l:"lTRODL'CTION 

The benchic foraminifer P!,llenia bulloides (Or;,ign'y) is a 

nc:arly cosmopolitan spcc:cs (Brady, 1384). In the :--ior:h Atlantic 

Ocean ic reveals a widespre:id occurrence in :he ;urface sedi­

.nencs as well as in the deeper .:ore sections (Phlege: !: al., 1953). 

By concrasc. che Norwegian sedimencary records have only 
encouncered this ,pecies during interglacial periods. including 

,he Holocene; che glac:al ;equenc:s are entirety barren of 

Pullenia bulloides (Scre::er .:c al .. 198:!; Haake and ?:1aumann, 

1939). 

PALEO-OCEA~OGRAPHIC EVIDE~CE 

Holocene 
During Terminacion Ib (10,000-8,000 yrs. B.P.) a pioneer 

population of Pullenia bulloides began to ;~~cle in the ~or­

wegian/ Greenland Sea (Figure I) along wich other ;pecies like 

Episrominella exigua, Cribroscomoides subilobosus, and 
G.vroidina lamarckiana (Sejrup ec al. , 1984}. By contrast, the 

Cib1cidoides wuellersrorJi populacion was alreldy escablishcd 

during Termination Ia ac some places. Sediment ;urface samples 

of ;everal large box cores from the :-lorwegian, Greenland Se:i 
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The Vesterisbanken Seamount ( Greenland Basin): Patterns of 
morphology and sediment distribution 
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ABSTRACT 

Hempel P., Schreiber, R., Johnson, Land Thiede. J., 1991. The Vesterisbanken Seamount ( Greenland Basio ): Patterns 

of morpholoSY and sediment distribution. Mar. Geol., 96: 175-185. 

A closely spaced grid of seismic reflection profiles has permitted a description of the structure of the Vesterisbanken 

Seamount (Greenland Sea) and the distribution of the surrounding sediments. This isolated seamount is situated at 

73" 30' N, 9° IO'W in the Greenland Basin and rises from the basin floor at a water depth of about 3100 m to - 130 m 

below sea level: the muimum inclination of its slope is 26°. It is of basaltic origin. and reveals chaotic reflectors on the 

seismic profiles. No inhomogeneities arc visible within the volcanic rocks of Vesterisbanken and the basement complex 

surrounding it. Dredge samples from the summu of Vesterisbanken reveal an age of - I 00,000 years. In the seismic rec­

ords. there was no sediment cover discernable on top of or on the flanks of the seamount. At the base of Vesterisbanken. 

the seismic reflection characteristics sugest an alternation of sediments and basaltic rocks, the latter probably being the 

result of young lava flows. In some places the volcanic rocks disturb the sedimentary sequence to such a high degree, that 

the stratification is vinually eliminated. Volcanic activity also occurs in the vicinity of the seamount: for example. about 

~O km northwest ofVesterisbanken an intrusion bas pierced through 1000 m of sediment. almost reaching the seafloor. 

The sediment thickness is variable and it smooths the irregular basement topography. In addition. the sediment is charac­

terized by local unconfonnities associated with onlap structures. 

T«10t1oph.vsics, 190 (1991) 95-108 

Elsevier Science Publishers B. V .• Amsterdam 

Spinifex basalts with komatiite-tholeiite trend 
from the N ansen-Gakkel Ridge ( Arctic Ocean) 

R.K. Miihe a, H. Bohnnann a. P.K. Hormann b, J. Thiede c and P. Stoffers a 

• ~log,sch-Palaon1ologisch~ lnsmw wtd Mus~ du Un11Hrsi1ii1. ]JOO Ki~L FRG 

b Min,ra/ogischu l"stllUI tkr UnitHrsitiit, lJOO Ki~I. FRG 
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ABSTRACT 

MUhe. R.K .. Bohrmann. H .• Hormann. P.K. Thiede. J. and Stoffers. P., 1991. Spinifex basalts with lcomatiite-tholeiite trend 

from the Nanscn-Gakkel Ridge (Arctic Ocean). In: J . Francheteau. 0 . Eldholm and P. Miles (Editors). The Geology. 

Geophysics and Metallogeny of the Present-Day Oceans. Tu1onophys1cs. 190: 95-108. 

During cruise ARK IV /3 with RV Polarsurn (1987) volcanic rocks were recovered from the Nansen-Gakkel Ridge 

(NGR). a slow spreading (half rate approximately 0.5 cm) ndge with an axial depth of more than 5000 m. The NGR ,s one or 

the slowest and deepest mid-ocean ridges so far known and calculations based on the distance of sampling location from the 

ax.ial valley yielded ages of approximately 600 lea !or the rocks investigated here. . 

According 10 petrog,aphic and geochenucal results. i.e. spinifex textures. mg > 70 and MgO > 9 wt.%. the v~lcarucs are 

termed lcomatiitic basalts. Dark sphencal droplets of basanitic composition within the lcomatiitic basalts are beheved to be 

relicts of an incomplete magma-rruxing whose basanitic end-member could well account for the enriched character of the 

NGR basalts in terms of rare canh elements. Ti and incompatible trace elements. 

Based on Nd-isotope as well as high Sm/ Nd rauos. mantle metasomatism (i.e. veined-mantle model) could be responsible 

ror the enrichment of incompatible trace elements in the source region of lcomatiitic basalts of the NGR. 



6.8 Cycles, Rhythms, and Events 
on High Input and Low Input Glaciated 
Continental Margins 

R. Henrich 

1 Introduction 

Today, oceans and shelves in the northern and southern hemispheres are strongly 

influenced by glacial processes. Together with mountain glaciations, about 10% of 

the Earth's surface is covered by ice and snow. During the Cenozoic, as well as in 

earlier glacial periods. variations in the magnitude and dimension of the Earth's ice 

and snow cover resulted in repetitive shifts of the global climate through changes in 

albedo and total ice volume. Development of the Antarctic ice cap in the early 

Ccnozoic (Kennett 1977) and the onset of Northern Hemisphere glaciation in the 

late Cc:nozoic (Plafker and Addicot 1976; Armentrout 1983; Henrich et al. 1989 and 

references therein) mark a progressive global cooling that is well documented in the 

climatic records of the oceans (Miller et al. 1987). Superimposed on these long·term 

changes in Earth's climate - which correspond to specific plate tectonic and 

paleoceanographic settings - arc short-term changes that arc controlled primarily 

by cyclic variations in Earth's orbital parameters, e.g., Milankovitch cycles. 

In addition to the Cenozoic, extensive glaciations arc documented during other 

periods of Earth's history, such as the Protcrozoic and the Pcrmocarboniferous 

Gondwana glaciations (Frakes and Crowell 1975). During the Pleistocene, more than 

40% of the Earth's continental shelves were glaciated (Climap 1976, 1981). Glacia­

tions also influence continental margins through sea level fluctuations , with the 

consequent migration of facies belts, changes in width of the continental shelves 

(Beard et al. 1982), and variations in the quantity and type of continental erosional 

products and sediment delivery to slope and deep sea environments (Ruddiman 1977; 

• Thiede et al. 1986; Henrich et al.1989). Glaciations indirectly influence nonglaciated 

continental margins by perturbing high level atmospheric circulation, with its as­

sociated variations in aeolian dust supply and oceanic productivity (Sarnthein et al. 

1982; Stein 1986a). 
Ancient glaciomarine sections have been studied extensively by numerous 

workers (see bibliography in Eyles et al.1985 and Edwards 1986). Studies of modern 

glaciomarinc environments were comparatively few until about 20 years ago, but 

much progress has been achieved since then. A summary of our knowledge on 

glaciomarine environmental settings has been compiled in a special \'Olume on 

Glaciomarine Sedimentation, edited by B. Molnia (1983), and in special issues of 

Marine Geology (Volume 57, 1984; Volume 85, 1989}. 

Ein~lc et al. (Eds.) 
Cycle~ and Events in Stratigraphy 
C,Springer-Vcrlag Berlin H.:1ddri.:rg 1991 



Sedimentary f acies of glacial-interglacial cycles in the 
Norwegian Sea during the last 350 ka - reply 

Rudiger Henrich and Jorn Thiede 

GEOMAR , Forschungs:entrum _iur Marine Geo,nssenschaften . Geb. 4 , f.Vischhof strasse 1-3. D-2300 Kiel /4, F.R.G. 

<Received April 10. 1990: accepted June 19. 1990) 

The comment by Thomson on our paper 

presents an alternative model for the early diagene­

sis of the dark diamictons which are intercalated in 

glacial sediments over wide ·areas of the Norwegi­

an-Greenland Sea. The principle difference in the 

approach of Thomson and our model is that 

Thomson deduces the early reactions to variations 

in flux rates and quality of organic matter without 

changes in bottom-water oxygen levels. We will 

argue instead that early diagenetic processes have 

been triggered essentially by changing bottom­

water properties. 
Thomson·s diagenetic model for metal reloca­

tions in sediment sections v.ith dark diamictons 

provides a more detailed and elaborate view of the 

successive diagenetic environments that we only 

briefly discussed in our paper (Mar. Geol. , 86: 

312-313, fig.17). In fact downward movement of a 

secondary oxidation front into the dark diamictons 

is responsible for the observed metal concentration 

profiles within and on top of the diamictons. For 

comparison, see the discussion on oxidation front 

migration into turbidites by Buckley and Cranston 

(1988). Also, these diagenetic reactions clearly are 

not contemporaneous with deposition of the dia­

mictons. They occur with a time lag ofless than 1 ky 

to 3 ky as suggested by oxic sediment-filled burrows 

truncating the diagenetic iron laminations concen­

trated at the redox boundary. In conclusion, there is 

no discrepancy between Thomson's and our views 

on the succession of diagenetic processes that 

caused the observed metal relocation profiles, but 

we do gratefully acknowledge Thomson·s more 

detailed discussion on these aspects. 
Two principally different mechanisms triggering 

the diagenetic reactions have been presented by 

Thomson and us. Indeed. the major open question 

is whether the diagenetic observations can only be 

explained by changes in flux rates and quality of 

organic matter (e.g. Thomson's alternative model ). 

or whether these shifts have been essentially 

triggered and accelerated by changing bottom­

water properties (our model). In order to approach 

this difficult problem, we will first summarize othe~ 

circumstancial evidence for changing bottom­

water conditions during glacials and interglacials 

in the Norwegian-Greenland Sea. and then a t­

tempt to evaluate our model in more detail. 

Glacial sediments in the Norwegian- Greenland 

Sea generally reveal a low diversity of benthic 

organisms, and Cibicidoides wue/lerstorfi, a typical 

epibcnthic foraminifer adapted to full oxygenated 

bottom-water conditions (Zahn et al., 1986; Lutze 

and Thiel, 1989), does not occur in glacial sedi­

ments. Also, there is a strong glacialiinterglacial 

contrast in bioturbation features and intensity with 

a much richer and denser ichnofacies in the 

interglacial sediments. Despite the possibility that 

some of the shallow endobcnthic foraminifera might 

have been adapted to low-oxygen conditions. the 

sporadic occurrence of sponge spicules in glacia l 

sediments from submarine ridges demonstrate that 

oxygenated bottom waters were present. This is 

further supported by SEM dissolution studies 

indicating overall good carbonate preservation 

during .. normal glacial" conditions. In conclusion. 

we assume that during long glacial periods bottom 

waters still were oxygenated, but that the bottom­

water exchange and overall oxygen content was 

lower than during interglacials. This is further 

demonstrated by regional differences in glacial c5 1 3C 

values in benthic foraminifera in the Norwegian­

Greenland Sea and North Atlantic. with more 

negative values in the Norwegian Sea (Jansen et al.. 

1989). The rapidly deposited diamictons are bereft 

of benthic organisms and reveal only very lo'-' 
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Introduction 
K.J. HSU 1 and J. TI IIEDE2 

1E111-7.enlrum, Geologisches lns1i1111, Sonncggslr. 5, 8092 Zurich, Swilzerland 
2GEOMAR-Forschungsunlmm fiir marine Geowisscnsclrnflcn, Wischhors1r. 1-3, Gch. 4, 

2300 Kiel 14, F.R. Gcmiany 

The scafloor covers a vast expanse of our planet. The resources in its shallow and deep 

parts have been used and exploited at an ever-increasing pace since humankind has 

learned to travel across the seas and to use its living and nonliving resources . The 

marine science community from many countries, therefore, is concerned that lhe use 

of global seafloors might soon turn into a misuse, damaging major sectors of the even 

today, mostly pristine submarine surface of our planet. This misuse would produce a 

legacy of unknown and potentially very dangerous consequences for future human­

kind. Scientists, therefore, are obliged lo assess nol only lhe properties of lhe nalural 

marine environments and their resource potential, but also to hinder industry, govern­

ments, and researchers from misusing this treasure belonging to the whole of human­

kind. Mineral riches are an archive of present and past global environments; they also 

support a great diversity of marine life. 1l1erefore, the results of this Dahlem workshop 

are directed not only to the scientific community but also to politicians, governments, 

industry, as well as national and international agencies. 
Leaders of the marine geosciences community meet periodically to evaluate what 

has been recently achieved and to make recommendations concerning the emphasis 

of our research efforts in the near future. Workshops have been organized by the 

Commission on Marine Geology (CMG) of the International Union of Geological 

Sciences (IUGS). The first was held at Honolulu, llawaii in 1971, the second al 

Mauritius in 1976, and the third at Heidelberg, Germany in 1982. 1l1e assessments 

which emerged have proven successful, with resulting recommendalions being im­

plemented by oceanographical researchers from various institutions, and by the 

international ocean drilling program, which has been active since 1968. 
Eric Simpson, a past chairman of CMG, proposed in 1980 to schedule a conference 

to assess non living resources on sea floor . In addition, the rcporl of the third workshop 

of CMG (Thiede 1983) pointed out that known resources include manganese nodules, 
phosphates, polymelamorphic sulfidcs, and, of course, oil and gas in offshore areas . 

I lowever, it also spelled out the need for hcttcr exploration tactics, hctter cxploilation 

Us,• u11d Mi<1ur 11/ 1111• S,·11/1()()( 
L:Jitcd hy K.J lhii and J. Thiede Q 19112 J,~rn Wiley & Son~ 1 td 



LAMINATED GLACIAL SEDIMENT HORIZONS IN THE 

NORTH ATLANTIC (MAURY CHANNEL, 3300M WATER 

DEPTH) 

S.J.A. Jung (Geologisch- Palaontologisches lnstitut der 

Christian - Albrechts - Universitat zu Kiel, Kiel, Germany), H. 

Erlenkeuser, A. Rosell, M. Sarnthein 

Sediments in the NE Atlantic are crucial for 

reconstructing past changes in the surface and deep water 

circulation between the North Atlantic and the Norwegian­

Greenland Sea especially, the variations of the North Atlantic 

Drift and the Norwegian overflow water, i.e. the source of the 

North Atlantic Deep Water. 
Sediment core 17049 was retreived from 3331 m on the 

Hatton Sediment drift at the southeastern Maury Channel, 

which today forms under the control of bottom currents of 

southern (Antarctic) origin. Oxygen isotope stratigraphy shows 

that in this core, peak and early glacial stages 8.4, 6.4 , 3/2 

and the Younger Dryas are marked by up to 30 cm thick 

laminated yellowish- gray and dark olive grey foram free mud. 

These are the first laminated sediments ever described from 

the deep northern Atlantic. Interesting to note that the 

concentrations of organic carbon in the dark laminae are 

lower than 0, 1 %, suggesting very low ocean productivity at 

that time. This is also supported by the high epibenthic a13 C 

values at the top and the base of each laminea horizon. Based 

on Uk(37)- values, sea surface temperatures reached an 

absolute minimum lower than 8-10° C. 
By now the laminated intervals are difficult to interpret 

since they were neither controlled by excessive carbon fluxes 

nor by unusually low oxygen content of the bottom water. A 

drastic lack of nutrients and strong remineralisation are 

discussed as the possible origin. 



ABSTRACT 

Quantitative radiolarian slides 
prepared from soft marine sediments 

Sigurd Locker 
Sonderforschungsbereich 313 

Christian-Albrechts-Universit~t 
D-2300 Kiel, Germany 

A technique for preparing quantitative slides from soft marine 
sediments is described. This technique can be applied to 
radiolarians and other coarse sediment particles. The preparation 
procedure comprises four steps: Freeze drying, chemical treatment, 
wet sieving of the bulk sediment, and sedimentation of the dry 
coarse fraction. Four formulas which refer to three general cases 
of calculating radiolarian or other particle frequencies are 
included. 

INTRODUCTION 

In the marine geosciences, quantitative slides of coarser sediment 
particles (between 5 and 300 µm} are used to determine 
sedimentological and biocoenotical parameters. These data are 
applied to develope paleoenvironmental and paleoceanographical 
scenarios. Depending on the size of particles, several 
techniques are introduced to prepare quantitative slides from 
various sediment samples. Related to these techniques, different 
methods have been desribed to calculate particle frequencies of 
bulk sediments. 

At present, three methods of preparing slides from coarser 
sediment particles are preferred. All provide statistically 
sufficient data for quantitative interpretations. 

(1) During the 1970's a pure pipetting method which uses volume 
aliquots of the suspended bulk sediment was applied to diatom 
studies (Schrader, 1974; Schrader and Gersonde, 1978}. But this 
method has the disadvantage that particles are distributed non­
statistically, forcing total cover glasses to be counted. The 
indicated disadvantage was remedied by the settling dish method 
(Batterbee, 1973; Abelmann, 1985; improved by Gersonde in Koc 
Karpuz and Schrader, 1990), which combines pipetting and settling 
techniques. According to this method the particles are distributed 
statistically over the cover glasses, thus making it possible to 
conduct representative counts of selected traverses. Both the 
described methods are restricted to smaller particles (usually 
>5 µm}. Frequency calculations of diatoms or other small 
particles are referred to defined counting areas and defined 
volumes of the sample. 

(2) The indicator grain method was originally introduced to 
pollen and spore analysis (Benninghoff, 1962; Stockmarr, 1971; 
Laws, 1983) but is applied now also to diatom (Kaland and 
Stabell, 1981) and dinoflagellate studies (Miller, Mudie and 
Scott, 1982). Defined quantities of marker or indicator grains, 
which may be spores or microspheres, are added to the unsieved or 
sieved but suspended sediment sample, and aliquants are prepared. 
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PLANKTON AND TEPHRA EVENTS ON THE CONTINENTAL MARGIN 

OFF MID-NORWAY DURING TERMINATION I 

Sigurd Locker and Frank Blaume 

Sonderforschungsbereich 313, Universit~t Kiel 

Helmut Erlenkeuser 
Institut ftir Reine und Angewandte Kernphysik, Universit~t Kiel 

Jan Rumohr 
GEOMAR, Forschungszentrum ftir Marine Geowissenschaften, Kiel 

ABSTRACT 

A high accumlation area on the continental slope west of 

Gamlembanken (67°N-08°E, 1000 m of water depth} provided a 

composite section comprising >900 cm of postglacial sediments, 

which were studied for calcareous and siliceous plankton, and 

tephra particles. 

The first appearance of coccolithophorids, diatoms and 

radiolarians indicates that northern Atlantic surface waters 

entered the area off mid-Norway near 13,300 14C YBP, thus 

establishing a weak precursor of the Norwegian Atlantic Current 

along the shelf edge. According to plankton data, this precursor 

current persisted throughout Boelling/Alleroed times and also 

the Younger Dryas, when the Vedde ash settled in the area at 

10,600 14 C YBP. Due to an increased nutrient supply to surface 

waters, diatoms developed a strong acme at 10,250 14C YBP. 

Coccolithophorids and radiolarians attained higher frequencies 

only subsequent to ice rafting after 9,650 14C YBP, which 

presumably corresponds to the full establishment of the 

Norwegian Atlantic Current off mid-Norway. The maximum of 

radiolarians, amounting to 13,~00 skeletons / gram sediment, 

appeared only after Atlantic time at about 3,800 14C YBP. 

INTRODUCTION 

During the last years several depositional sites have been 

detected along the Norwegian to Spitsbergen continental margin 

which provided high resolution records of late Pleistocene to 

Holocene paleoceanographic events. The sediments recovered 

have been studied on sediment properties, oxygen and carbon 

isotopes, and various protistan groups (Bjoerklund, Thiede and 

Holtedahl, 1979; Jansen et al., 1983; Jansen and Bjoerklund, 

1985; Rokoengen et al . , 1991; Weinelt et al., 1991; Koc Karpuz 

and Jansen, 1992; Sarnthein et al., 1992), which contributed to 

decipher important aspects of the deglaciation history of the 

Norwegian-Greenland Sea. 

One of the most comprehensive sediment sequencies has been 

obtained from the high accumulation area of Gamlembanken, 

located on the continental slope off mid Norway (Figure 1). The 

area has been mapped in detail by 3.5 kHz subbottom profiling 

and sediment sampling (Blaume, 1990, 1992; Rumohr, 1990a, 

subm.). This paper presents the results of sedimentological and 

paleontological investigations performed on cores GIK 23312-1/2 

and GIK 23331-1/2 from the highaccumulation area. Both cores 
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Haliclona oculata (Porifera) aus den Littorina-Schichten 
von L0kken, Jutland, Danemark. 

Mit 1 Abbildung und 1 Tabdle. 

ER.LEND MARTINI & StGUllD LOCllEll. 

Kurzfassung. 

Aus den quartaren liccorina-Schichten von Lekkens Blanaese, Jutland, Danemark, wer­
den Reste eines Schwammes beschrieben und der Art Haliclona oculata (LINNAEUS 1759) 
zugeordnet. 

Abstract. 

[MAII.TJNJ, EuENO, & Locull, S1cu1to: Haliclona oculata (Porifera) from the littorina Beds 
at Lekken, Yilland, Denmark. - Senckenbergiana lethaea, 71 (5/6): 377-382, text fig. I, tab. 
1; Frankfurt am Main, 1.6.1992.] 

From the Quaternary littorina Beds at Lekkens Blanaese, Yilland, Denmark, remains 
of a sponge are described and are placed with Haliclona oculata (LINNAEUS 1759). 

Einleitung . 

Isolierte monaxone Schwammnadeln sind aus verschiedenen tertiaren SiiBwas­
ser-Ablagerungen bekannt geworden und konnen in bestimmten Lagen angerei­
chert vorkommen. Derartige Funde sind z.B. aus dem Mittel-Eozan von Messel 
(HEIL 1964; MAllTINI & RtETSCHEL 1978), aus dem Unter-Oligozan von Sieblos/ 
Rhon (MAllTINI & ScHllADEll 1988) und aus dem Miozan vom Oberelsbacher 
Graben/Rhon (MAllTINI, unveroffentlicht) dokumentiert. Vollstandige Gemmulae 
von SiiBwasserschwiimmen konnten im Mittel-Eozan von Messel nachgewiesen wer­
den (MOLLEll & ZAHN & MAIDHOF 1982). Alie diese Funde konnen wahrscheinlich 

Anschriften der Verfasser: Prof. Dr. E. MAJt.TtNI, Gcologisch-Palaontologischcs Institut dcr 
Universitat, Scnckenberg-Anlage 32-34, D-6000 Frankfurt am Main 1. - Dr. S. Locull, 
Gcologisch-Palaoncologisches Institut der U nivcrsitat, Olshauscnstr. 40-60, D-2300 Kiel. 
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11. CLUSTERS OF SPONGE SPICULES FROM QUATERNARY SEDIMENTS 

AT SITES 685 AND 688 OFF PERU• 

Erlend Martini2 and Sigurd Locker1 

ABSTRACT 

Clusters of sponge spicules found in Quaternary deep-water sediments at Sites 685 and 688 off Peru represent 

single individuals of small sponges or fragments of larger sponges. The spicule assemblages constituting these 

clusters probably represent a few demosponge species of the subclass Tetractinomorpha and order Astrophorida, 

because triaenes and microscleric euasters, as well as abundant monaxons, are present. As proved by incorporated 

Neogene diatoms, these spicule clusters are allochthonous. The sponge individuals probably inhabited deeper 

neritic environments during late Neogene time. 

INTRODUCTION 

Sponge spicules were noted as minor constituents of the 

regular siliceous microfossil assemblages in most of the lower 

Miocene to Holocene sequences drilled during Ocean Drilling 

Program Leg 112 off Peru (Fig. 1). These spicules are associ­

ated with common diatoms , few silicoflagellates, and scat­

tered radiolarians. From 10 sites drilled (679 through 688), the 

Quaternary sequences of Sites 685 and 688 were selected to 

study the occurrence of isolated sponge spicules and of 

frequently observed clusters of sponge spicules. 

Site 685 (9"06.78'S, 80°35.01 ,W) is situated on the lower slope 

of the Peru Trench, at a water depth of 5070.8 m. The Quater­

nary sequence consists of 200 m of diatomaceous mud and 

contains fossils of Pleistocene age, most of which were trans­

ported from the shelf. Site 688 (11"32.26'S, 78°56.57'W) is also 

located on the lower slope of the Peru Trench, in a water depth 

of 3819.8 m and about 30 km landward of the trench axis. Its 

upper 339 m is composed of biorurbated Quaternary diatoma­

ceous muds, from which sponge spicules and clusters were 

recovered and studied. Evidence of reworking and downslope 

transport is apparent in several fossil groups, but benthic fora­

miniferal assemblages are representative of present water depths 

(Suess, von Huene, et al. , 1988). 
Isolated sponge spicules have been sporadically described 

and/or depicted in DSDP/ODP publications (Dumitric:1, 1973; 

Haj6s , 1973, 1975; Kennett, Houtz, et al., 1975; Bukry, 1978, 

1979, 1980a, 1980b; Martini, 1982; Ivanik, 1983; Locker and 

Martini, 1986; McCartney, 1987; Palmer, 1988), but this study 

is the first to describe common occurrences of sponge spicules 

in clusters. 

METHODS 

All core-catcher samples from the Quaternary sequences of 

Holes 685A (Cores l 12-685A-IH through -22X) and 688A 

(Cores l 12-688A-IH through -37X) were checked for sponge 

spicules in routine smear slides. From clusters of sponge 

spicules observed after core splitting, several specimens were 

I Suess, E., von Huene, R .• et al ., 1990. Proc. ODP, Sci. Results, 112: 

College Station, TX (Ocean Drilling Program). 
2 Geologisch-Palaontologisches lnstitut der Universitat. Scnckenbcrg-An­

lage 32-34, D-6000 Frankfurt am Main, Federal Republic of Germany. 
1 Gcologisch-Palaontologisches Institut der Universitat, Olshausenstrasse 

40-60, D-2300 Kiel. Federal Republic of Germany. 

selected. spread over slides, and mounted in Canada balsam 

for inspection. Abundances of spicules were estimated from 

three traverses of 35 mm long. However, in some slides at 

least 10 traverses were inspected to obtain data about the 

diatoms Goniothecium odontella and Diploneis cf. bomboides 

that were included in the clusters. In Table 1, three classes are 

used to indicate the number of spicule types found: rare to few 

(<5%), common (5% to 25%), and abundant to dominant 

(> 25% of the total spicule assemblage). 

TERMINOLOGY 

In Table 1, sponge spicules have been differentiated into 

megascleres, comprising monaxons and tetraxons, and micro­

scleres. Megascleres make up the principal skeleton in Ho­

locene sponges and are usually longer than 100 µ.m. Micro­

scleres provide an additional skeleton and are usually smaller 

than 100 µ.m. Both categories of scleres may be subdivided 

into some morphotypes as a result of their function of sup­

porting different parts of the soft body and the dermal layer 

(see Hartman, 1981). 
Most of the sponge spicules found in the spicule clusters at 

Sites 685 and 688 represent megascleres; their morphologies 

and dimensions are shown at the top of Table I . Within the 

basic types of monaxons and tetraxons, megascleres were 

classified into specific types of spicules (oxes, strongyles, 

tyles, styles, caltrops, tripods, and triaenes), which are further 

distinguished by prefixes, according to Schulze and Lenden­

feld (1889) and Rauff (1893/1894). 
Small microscleres may have been lost from most of the 

spicule clusters during deposition; thus, mainly some larger, 

but nevertheless diagnostic, spicule types (oxes , sigmas, 

diancisters, and asters) were noted. lf possible, these types 

were also characterized by prefixes. 

As noted above, the terminology of Schulze and Lenden­

feld (1889) and Rauff (1893/ 1894) was adopted here to label 

these sponge spicules. In general , for their terminology 

these authors relied on Greek words, from which the Greek 

endings were omitted. Thus , all special terms received the 

same orthographic level, which contrasts with later usage, 

where words having deviated endings (such as chela. oxea, 

tylote, a.o.) and those without endings (such as strongyle, 

style, a .o.) were mixed to describe taxonomy (see Lauben­

fels , 1955; Bukry, 1978; Wiedenmayer, 1977). To accommo­

date common English, respective endings have been added 

to certain terms. 
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EPISODIC MAXIMUM RESPONSE ON 
PRODUCTIVITY ANO SEA· SURFACE· 
TEMPERATURES BY BENTHIC 
FORAMINIFERA 
S.NEES 
(SFB 313, University of Kiel, OlshausenstraBe 40, 
0-2300 Kiel, Germany) 

ThiJ work is bosed on in-..estigotions of the be­
nthic lorominilerol louno and the 6 'l(: and 6 'O 
ratios in two long sediment cores from the cen­
tral Norwegian-Greenland-Seo. The fluctuations ot 
the benthic lorominilerol accumulation ro'9 (tests 
per crrr x 1.000 y.) appear to be in phase with 
maximum peolu of the 6 'l(: and 6 -ao cur-.,es. 
Although the isotopic data were measured on 
plonktonic forominilero the response by its benthic 
pendants shows a close COU$CI connection 
through the whole woter column. 

Maximo ol seo-surfoce-lemperotures. recon­
structed by 6 1-o dolo. cause a distinct increase 
ol the benthic lorominiferol accumulation rote 
~e~ mox!mum peaks appear synchronously Of 

w,th little hme shift and with extrem high values. 
A use for ecological in-.,estigotions seems lo be 
obvious. · 

. ~e. short. ~rm ·rorominiferol blooms· document 
optrmrzed hving conditions with on o-.,erobundont 
reproduction immedio'91y followed by a 
wide-spread dying-olf. This is closely controlled by 
seo-surloce-<::enditions and productivity. 

THE RELATIONSHIP BElWEEN 
PLANKTONIC ANO BENTHIC PRODUCTIVITY 
BASED ON FORAMINIFER.AL EVIDENCE 
H. A. BAUCH and U. STRUCK 
(OlshaustraBe 40, SFB 313, University of Kiel, 0-2300 
Kiel, Germany) 
tn this study th~ee lone box cores rroa 
dirrerent wate~ aasses or the ~orwe1~an· 
Creenland Seas, which cove~ the past 50Cl.OOO 
years. were analysed ror their benthlc and 
planktonic rorsainlreral content. The st~s­
ti&raphic rraaework ror calculatlni the 
rLux rate~ is bas•d on 6 ''O· a1es. 

DurLnC Che investliated clae interva l, 
1t is shown that the raunal productivity or 
both Che surrace and bocto• water environ· 
aenc is closeti tle~ co :he oxycen isotop1c 
staces. ThLs becoaes even aore obvLous by 
coaparlnc the benchLC and ~lanktonic rauna . 
Here, d•cailed correlacLons indicate II 
,:ronc inrLu-.nc-. or :he surrace pro· 
ductlvLty on :he benthLC abundance. 9ottoa 
·-11ter currencs. th-.rerore, seea to be les, 
,aport11nt in th• studied area. 

Hence. strst1(r11pnLc11l o•clllations or 
:~ese producc1v,t1•sensitlv-. raunaa and 
theLr Lncerre:11tLon are ,ood aeens rur 
~~ter~reta:1ons or clLaaclcaLly tr111ered 
ev•nts or Late ?Le1~:ocane and R•cent tl•e . 
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Oas Abbild glacialer/ i ntarglaz i aler Obergange in der benthischen 

roram1niferenfauna des europaischen Nordmeeres 

Die bedeutendsten klimatischen Veranderungen im spaten Pleistozan waren 

die sogenannten Terminationen, Ubergange von glazialen zu interglazialen 

Phasen. Um den Einflul3 und die Entwicl<lung dieser Veranderunoen in der 

Tietsee zu untersuchen, wurden drei lange Sedimentkerne antlang eines 

Nord-Sud Transsec-..s in der Norwegisch-Gronlandischen See analysiert. Im 

Bereic:, der Terminationen wurden Proben in 2 bis 3 cm lntervallen 

genommen und die Gehause benthischer Foraminiferen ausgezahlt 

Im Vergte,ch mit den Oaten aus S.&uerstctfisotopen Arlatysen zeigen die 

benthischen Foraminiferen eine wesentlich deutlichere und extremere 

Aeaktion ~uf die sic."'I andernde- Umwelt. Sehr geringe Vorl<ommen in den 

Glazialen (< 10 Gehause pro Gramm TrOcl<ensediment • G/gr) werden van 

e,nem extremen Maximum (< 1130 Glgr) und generell hohen Vorkommen in 

den lnterglazialen (JOO • 600 Gigr). nach Konsolidierung stabiler 

zwisc:ieneiszeitlicher Bedingungen, abgelOst. Dieses Maximum markiert 

ain wic!'ttige Modifizierung der okologischen Verhaltnisse der neisee. 

Wahrand agglutinierende Foramtniferen und lnfauna Arien die glaziale 

Fauna der nefsee dominieren (maximal 71 %), erfahren Epifauna Arien wie 

Pyrgo murrhina (maximal 56%) und vorallem uber dem Sediment 

angeheftete Arien, wie Cibicidoides wuellerstorfi (maximal 68o/o) eine 

regelrec:ite Slute. In der zentralen Norwegischen See ist die Termination 

(Sauerstoffisotopen Stadium 2 zu 1. 15 bis 8 kj vor heute) durch eine 

stufenweise Zunahme der benthischen Foraminiferen bis zu einem 

Maximum von 950 Glgr gel<ennzeichnet. Wahrend der Termination II 

(Sauerstoffisotopenstadium 6 zu 5, 135. 1 bis 125 kj vor heute) erreichen 

die benthischen Foraminiferen in alien Kernen das Maximum von 638 G/gr 

sehr rasch. 
Das Auftreten benthischer Foraminiferen zeigt deutlich den starken 

E:nfluB des Oegtaziationsprozesses auf die nefsee. Die statischen 

okotogischen Bedingungen wahrend der Glaziale bedingen stabile 

Verhaltnisse. gekennzeichnet durcn niedrigen Nahrstofflul3 und Arten, die 

an den hohen Sedimenteintrag angepaBt sind. SobaJd der Eisruckzug 

einsetzt. sinkt aufgrund der neu inizierien Oberflachenproduktivitlt neuer 

Nahrstcff durch die Wassersaute bis zum Meeresboden. Das ebenfalls neu 

etablierie System von BodenstrOmungen sorgt fur tine Verteilung der 

Nahrstotfe in Sodennahe, wo epibenthische Foraminiferen nun ideate 

Lebensbedingungen vorfinden. 

•) Sonder!orschungsb•ra4ch JlJ · v vr~nde:ungvn der Umwelt : de: 

n~rdl~che Atl~nt i k" , Univ. Ki el 
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THE BENTHIC FORAMINIFERAL RESPONSE TO GLACIAUINTERGLACIAL TRANSITIONS IN A HIGH-P.ESOLUTION CORE SEEN AS A POSSIBLE CHANGE IN PALAEOPROOUCTIVITY 

S. Nees (Special Research Project 313. Christian-Albrechts Univ., Kiel. Germany) 

The glacial/interglacial transitions (terminations) reflect the most profound climatic changes of the Late Pleistocene. To analyze the palaeoenvironmental changes in the deep-sea for such periods three long sediment cores along a north-south transect in the Norwegian-Greenland Sea were examined in detail. Samples were taken in inteNals of 3 cm and for each the benthic foraminiferal content of the sediment was counted. 
In comparison with the oxygen isotope data. the benthic foraminiferal community shows a more distinct and different response to climatic and subsequently oceanographic changes. An extremely low abundance (e.g .. < 10 tests per gram dry sediment= t/g) is followed by a maximum peak (e.g.,< 1130 t/g) and general high abundances (300 - 600 t/g) occur after interglacial conditions.are well established. This maximum peak marks a major environmental modification of the deep sea. Whereas agglutinated foraminifers and infaunal species in glacials predominate (max 71 %), epifaunal species like Pyrgo murrhina (max. 56%) and especially clinging species like Cibicidoides wuellerstorfi (max. 68%) display apparent "blooming" conditions. In the Central Norwegian Sea at the termination I (oxygen isotope stage boundary 2/1, 15 - 8 ky bp) the benthic foraminifers show a stepwise increase in abundance going up to a maximum of 950 tests per gram dry sediment. At termination 11 (oxygen 

isotope stage boundary 6/5, 135.1 - 125 ky bp) the benthic foraminiferal content increases in all cores and reaches a maximum peak of up to 638 t/g very rapidly. The benthic foraminiferal community clearly displays a major impact of the deglaciation processes on the deep-sea environment. At glacials static habitat conditions on the sea floor generate a stable balance between low nutrient flux, and thus species, which are also adapted to the high sediment input. As soon as the ice cover retreats, productivity in the upper layers of the ocean near the sea surface commences(= "ice edge blooming effect") and a surplus of nutrient thus starts to travel through the water column. New initiated ocean currents than transport the nutrient down to the sea floor, where clinging benthic foraminifers and other epibenthic species thrive. 
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Tiffi DYN~\1IC BENTHIC FORAMINIFERAL RESPONSE TO 

GLACIAL/I1'\ITERGLAOAL TRANSmONS IN NORWEG!Ai~­

GREENLAND SEAS 

S. Nees (Special Research Project 313, Kiel University, Germany) 

The glacial/interglacial transitions (terminations) reflect the most 

profund global climatic changes of the Late Pleistocene. To analyze the 

impact to the environment in the deep-sea three long sediment cores along 

a nonh-south transect in the Norwegian-Greenland Sea were examined in 

detail. Samples were taken in intervalls of 3 cm and for each the benthic 

forarniniferal content of the sediment was counted. 

Compared with O and C isotope data, the benthic foraminiferal 

community shows, with respect to the deep-sea environment a more 

distinct and rather different response to climatic and subsequently 

oceanographic changes. A remarkably low abundance (e.g.< 10 tests per 

gram dry sediment= r/g) is followed by a maximum peak (e. g.< 1130 

r/g). General high abundances (300 - 600 t/g) occur after interglacial 

conditions are well established. This maximum peak marks a major 

environmental modification of the deep sea. Whereas agglutinated 

forarninifers and infaunal species in glacials predominate (max 71 % ), 

epifaunal species like Pyrgo murrhina (max. 56 %) and especially 

clinging species like Cibicidoides wuellerstorfi (max. 68 %) display 

apparent "blooming" conditions. At termination I (oxygen isotope stage 

boundary 2/1, 15-8 ky bp) in the Central Norwegian Sea the benthic 

forarninifers show a stepwise increase in abundance up to a maximum of 

950 tests per gram dry sediment At termination 11 (oxygen isotope stage 

boundary 6/5, 135.1-125 ky bp) the benthic foraminiferal content 

increases in all cores and reaches a maximum peak of up to 638 t/g very 

rapidly. 

The benthic foraminiferal community clearly displays a major 

impact of the deglaciation processes on the deep-sea environment At 

glacials static habitat conditions on the sea floor are generated by a stable 

low nutrient flux with adapted species. As soon as the ice cover retreats, 

productivity in the upper layers of the ocean near the sea surface 

commences ( = "ice edge blooming effect ?") and a surplus of nutrient 

thus starts to travel through the water column. New initiated ocean 

currents than transport the nutrient down co the sea floor, where clinging 

benthic forarninifers and other epibenthic species thrive. 
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Bathymetrie und Plattentektonik 
der Fram-Strafie 
zwischen Gronland und Svalbard 
Schliisselregion fiir die geologische Geschichte der Arktis Stephanie Pfimzan. Jorn Thiede 

Die Fram-Stralle innerbalb der Kontinental­
rander zwischen Svalbard und Ostgronland 
stellt eine Tiefwasserverbindung zwischen dem 
Nordpolarmeer und dem Europaischen 
Nordmeer her und ist daber von iiberragender 
Bedeutung fiir die Ozeanographie dieser 
beiden Tiefseebecken. Heute ist die Fram­
Stralle eine der wichtigsten Tiefwasserstrallen 
des Weltmeeres, weil sie das geologisch jiingste 
Segment einer durchgehenden Verbindung 
zwischen den Kaltwassergebieten der Arktis 
und der Antarktis darstellt. Wassermassen, 

die ihre wichtigsten bydrographischen 
Eigenschaften in den polaren und subpolaren 
Tiefseebecken und auf den angrenzenden 
Schelfen erhalten, konnen daher in niedrige 
Breiten einstromen und die Hydrographie des 
gesamten Weltmeeres pragen. Die spezielle 
Morphologie des Atlantischen Ozeans spielt 
eine besondere Rolle. Mit seiner Erstreckung 
iiber alle Klimazonen und seinen Verbin­
dungen zu den iibrigen Teilen des Weltmeeres 
ist der Atlantik von groller Bedeutung ftir das 
globale Ozean-Klima-System. 

I
n den _ _vergangenen Jahren ist eine Reihe 
von Ubersichtskarten mit den Tiefen­
verhiiltnissen des Nordpolanneeres 

( vgl. Abb. /) und der angrenzenden Meeres­
·becken publiziert worden. :-lachdem in den 
Jahren unrninelbar nach dem 2. Weltkrieg 
entsche1dende Beitriige von sowjetischer 
Seite (Gorshkov 1980) geleistet wurden. 
sind die be1den heute vertugbaren w1chtig­
sten Kartenwerke vor allem von nordameri­
kanischen A.utoren ( vgl. .~bb. /) zusammen­
gestellt worden !Johnson et al. 1983: Perry 
et al. l 986). Be1de Karten iihneln s1ch in we­
sentlichen Ziigen. aber bei beiden sind <lurch 
die erfolgreichen Expeditionen der Po/ar­
scern in den Jahren l 987 und l 9Q l in die ost­
lichen Teilbecken des Nordpolanneeres we­
sentliche D1skrepanzen untereinander w1e 
auch zu den wirklich an11:etrotfenen bathv­
metrischen Verhalmisse~ beobachtet wor­
den ( T11iede l 988 l. so dal.l diese Kartenwer­
ke nur sehr vereinfochie. z.T. schemansche 
Wiedergaben der 1a!S.ichlichen Bathymeme 
enthalten. die ttir die Zukunft noch w1chm1e 
Enideckungen erwarten !assen. Die Eraeb­
nisse der . .\-RCTIC 1991 Expedition IF iiue­
rer et al.. im Druck) habc:n z.B. wesentliche 
neue Beobachrungen zur :\.lorpholog1e des 
. .\mundsen-Beckens und des Lomonosov­
Riickens ernebc:n. 

Die h,e; bc:nutzten :,!amen und geo11ra­
ph1schen Grenzen folgen Jer von Pc!n~· e1 
JI. 19>!6 herausgegebc:nen KJne des 'lord-

polanneeres, die auch die wichtigsten Ele­
mente der \1orphologie der Fram-SiraBe 
mit ihren Namen detiniert. Unter Fram­
Stra!le wird in dieser Arbc:it das Gebiet in der 
siidlichen Verliingerung des Lena-Troges. 
das nach Siiden durch das Boreas-Becken 
begrenzt wini versra.nden. 

Selbst so stark vereinfachte Darstellun­
gen wie die bisher verotfentlichten Karten 
!assen die weiter unten im Detail beschrie­
bene kompliziene Struktur dieses Te1les der 
Planengrenze mit ihren Transfonnverwer­
fungen und den vennutlich dazwischenlie­
genden kurzen Segmenten des aktiven mit­
telozeanischen Riickens erkennen. lrn We­
sten wird die Fram-Stralle <lurch den don 
breiten Kontinentalrand vor Ostgronland 
m1t der Belg1ca-Bank begrenzt. 1m Osten 
begleitet s1e der schmale Kontinentalrand. 
der dem Svalbard-. .\rchipel vorgelagert 1st 
und durch eme komplizierte Gesch1chte von 
truh- und mineltemiirer Tektomk der Kom­
pression und der Transfonn-Bewegungen 
mn bedeutenden relativen laieralen Ver­
sch1ebun2en von Gronland und dem Ba­
rents-Sch~lf !!ekennze1chnet 1st (luwn:'r .:t 
al. IQQO). -

Die t;mersuchungsprogramme des 
deutschen Forschunizse1sbrechers PfJ!ar­
Hern des Altred-Weiz.:ner-lnsurutes rur Pol­
Jr- und ;vleeresforschung in Bremerhaven 
haben u.J. w11:hti2e neue Daren zur Ph\Stll· 
graph1e der Fram:Srralle gesammelt. die: .:1-

ne wesentliche Erganzung der bisher beste­
henden Datenbasis iiber die Strukrur des 
Meeresbodens in der Fram-Stralle und den 
nordlich wie auch siidlich anschliellenden 
Tiefseebecken darstellen. In dieser Arbe1t 
wollen wir daher versuchen. 
• in grollen Ziigen die bisher gele1Stete .\r· 
beit der geographischen Aufnahme der 
F ram-Stralle und der angrenzenden Kiisten-
2ebiete darzustellen: 
• neue geowissenschaftliche Ansiitze zur 
Beschre1bung der Detailmorphologie der 
Fram-Stralle und ihres srrukturgeolog1schen 
Autbaus zu beschreiben: 
• den Zusammenhang zwischen dem \i!r­
lauf der Grenze zwischen der euras1schen 
und der nordamenkamschen Plane und der 
daraus resultierenden \llorpholog1e der 
F ram-Stralle herauszuarbeaen und 
• auf neue Prommme zur Errorschuniz der 
Sedimentations11esch1chte in den Tietse:­
becken nordlich-und siidlich der Fram-Stra-
13e hinzuweisen. 
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SINNAX, A TRANSFER TECHNIQUE TO DEDUCE ATLANTIC 

SEA SURFACE TEMPERATURES FROM PLANKTON IC 

FORAMINIFERA - THE 'EPOCH' APPROACH. 

Uwe Pflau•annl, Joaette Duprat', 

Laurent D. Labeyriel 

Claude Pujol', and 

IGeologisch-Pallontologisches Institut Universitlt Kiel, 

Geraany 

'Departe•ent de Geologie et Oceanographie, Universite de 

Bordeaux l. Talence, France 

scentre des Faibles Radioactivites, Laboratoire •ixte 

CNRS-CEA. Gif-sur-Yvette, France. 
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Abstract. The CLl~AP t~unsfe~ function wa s highly 

suc~essful in generating a sea surface teaperature (SST) 

data base that led to a revolution in the concepts of 

global cli•atic change . However, this technique suffered 

fro• significant deviation& in the past species 

aaae•blagea fro• the •odern fauna, so-called 'no-analogue 

saaplea' that do not fit in the •odern SST regreasion 

model and hence 11ay produce data gaps and a reduced 

resolution in •any SST records fro• the deep sea . 

Moreover, the selection of the faun al end ae•bers , the 

'factors', as base for the regression is arbitrary or 

biased to so•e extent. Recent work by U.S. colleagues 

(e.g. Molfino , Mcintyre, Prell) overcaae these problems 

using the Modern Analogue Technique (MAT), based on the 

degree of siailarity between fossil and •odern faunal 

aaseablages in a specific SST field . 

The new EPOCH transfer technique follows this approach 

and is based on a joint EPOCH set of 73e selected 

of the genuine sedi•ent surface from the Atlantic 

between 87"N and ~o·s, 35"E and 60"W (Figure ! ). 

saaples 

Ocean 

These 

data are linked to Levitus modern SST data for the four 

caloric seasons and four depth ranges . The results from 

the EPOCH transfer technique will provide records , i) to 

be co11pared with U'37 based teaperature data from the 

very sea surface , ii) to reconstruct the variability in 

the surface current regiaes, i ii) to estimate variations 

in the thickness of the ocean mixP.d layer , and 1v) to 

decipher the temperature component in the planktonic 6 1 '0 

records for deducin~ paleosel i ~:t~. 



6180 TIME-SLICE RECONSTRUCTION OF MELTWATER ANOMALIES 

AT TERMINATION I IN THE NORTH ATLANTIC BETWEEN 50 AND 80 ON 

M. Sarnthe1n 1>, E. Jansen2'. M. Arnold3>, J.C. Duplessy3>, H. Erlenkeuser4 >, A. Flatoy2l, T. Veum2>, 

E. Vogelsangl> and M.S. We1ne1t1> 

l>Geologisch·Palaontologisches lnstitut. Universitat Kiel. Olshausenstr. 40, D-2300 Kiel. Germany 
2>Geologisk lnstitutt avd.B. Universitetet i Bergen. Allegaten 41 . N-5007 Bergen. Norway 
3:centre de Faibles Radioactivites. Laboratoire mixte CNAS·CEA F-91190 Gil sur Yvette, France 
4)C t 4-Labor. Universitat Kiel. Olshausenstr. 40, D-2300 Kiel. Germany 

ABSTRACT 

Based on about 55 lime-calibrated planktonic 6 180 records, we reconstructed live time slices. 

deciphering massive changes in surface-water paleoceanography of the Norwegian-Greenland Sea 

and northeastern North Atlantic across glacial Termination I. The Last Glacial Maximum (LGM: about 

15.000-18.000 YBP) showed a uniformly cold Norwegian-Greenland Sea, whereas the eastern North 

Atlantic margin was marked by either lowered salinity, implying meltwater, or slightly Increased 

sea-surlace temperatures. suggesting a weak incursion of warm water lrom the south. The lirst 

deglac1al meltwater event culminated about 13.600 YBP. Clockwise and counter-clockwise !low 

patterns are discussed lor explaining the distribution of meltwater and icebergs, emanating lrom the 

Barents ice shell. Here a second meltwater event culminated near 12,300 YBP. then linked to a 

clearly counter-clockwise circulation and various eddies. This current pattern continued during the 

Younger Dryas. which thus markedly differed lrom the LGM. despite the general extreme cooling. The 

Holocene circulation and temperature regime started near 9.000 YBP, locally still linked to 

weak mettwater inlluence. Maximum warmth was reached only about 7.000 YBP. The two meltwater 

'\~TO ~SI '\enc,. Vul I ~ 
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Deep-Water Circulation 
Eight-Time-Slice Record 

over the 

by Michael Samthein, Kyaw Winn, and Simon Jung, Geologisches 

Institut, University of Kiel, Germany; Jean-Claude Duplessy and 

Laurent Labeyrie, C.F.R., CNRS-CEA, Gif-sur Yvette, France; Helmut 

Erlenkeuser, Cl4-Labor, University of Kiel , Gerinany; Gerald Ganssen, 

Inst. voor Aardtwetensch., VU Amsterdam, Netherlands. 

ABSTRACT 

Based on more than 90 epibenthic 61 3 C records eight time-slices were recon­

structed, which trace the distribution of East Atlantic deep and intermediate 

water masses over the last 30,000 years and show three modes of deep-water 

circulation. Near the stage 3-2 boundary the origin of NADW was similar to 

today . A reduced NADW flow also persisted during the Last Glacial Maximum 

(LGM), with constant preformed o 13C values. After late Stage 3 the source region 

of the NADW endmember, however, shifted from the Island-Greenland Sea to 

areas south of Iceland. The nutrient content of NADW increased markedly near 

the Azores FZ from north to south, probably due to the admixture of upwelled 

AABW from below, then debouching much stronger into the northeast Atlantic. 

Later, the spread of glacial meltwater over the North Atlantic led to a marked 

short-term ventilation low below 1800 m about 13,500 14C y ago. The formation of 

NADW recommenced abruptly north of Iceland 12,800-12,500 y ago and reached 

an extent approaching the Holocene in the Younger Dryas. Another short-term 

shutdown of deep-water formation followed near 10,000-9,600 y B.P., linked to a 

further major meltwater pulse in the Atlantic. Each renewal of deep-water 

formation led to a marked release of fossil C02 from the ocean, the likely cause of 
. . 

the contemporaneous 14C plateaus. Over the last 9000 y deep-water circulation 

varied little from today, apan from a slight maximum in AABW about 6500 y ago. 

The variations in the oxygenated Mediterranean Outflow were largely indepen­

dent of the variations in deep-water circulation over the last 30,000 y. 
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Die stratigraphische Verbreitung von Siphotextularia rolshauseni 
(PHLEGER & PARKER) in Sedimentkernen aus dem Europaischen 

Nordmeer 

ULRICH STRUCK & STEFAN NEES 

Bohrkern, Textulariina (Siphocc:culari4.). statistische Verteilung, 018, Sauernoffisotopcn-Stadium 2, 
stratigraphische Verbreitung, Pleistozan, glazialcs Milieu 

Norwcgen-See, Gronland-Sce 

Kur zf ass u n g : Quantitative U ntersuc:hungen an 12 Sedimentkernen aus dem Europaischen Nord­
meer ergaben, dail Siphocexculari4. rolshauseni nahezu aussc:hlieBlic:h im Sauerstoffisotopcnstadium 2 vor­
kommt. Die prozentualen Haufigkeiten erreic:hen maximal 48 %. Das Auftreten in anderen Stadien erlaubt 
cine regionale Differenzierung der Kerne. 

[The Stratigraphic Distribution of Siphotextularia rolshauseni (PHLEGER & PARKER) in Sedi­
ment Cores from the Norwegian-Greenland Sea] 

:\ b s t r J. c: t: Quantitative analyses of 12 long sediment cores from the Norwegian-Greenland Sea were 
.::irried out. Investigations show Siphocexcul:.ri4. rolshausmi as being indicative of isotopic stage 2 with a maxi­
mum of up co 48 %. The occurence in other stages allows J. regional geographic subdivision of che cores. 
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Zur Palao-Okologie benthischer Foraminiferen im Europaischen Nordmeer wahrend der 

letzten 600000 Jahre 

lkich Struck. SF8 313. OlshaLSenstraBe 40. D-2300 KEL 1 

ZLSarrmenf assu,g 

Dte fossilen Vergesellschaftu,gen benthlscher Fornrririferen in elf Sedimentkemen aus dem sl.dlichen E11opaischen 

Ncrdmeer w11den qualtaiv Uld quantitativ Ullersucht Sauerstoffisotopenstratigrapne wa die Grl.Jldlage fiir die DalierUlg 

der Kerne. wobei gut delirierte biostratJgrari)ische Leilhorizonte z11 Absicheru,g der Sauerstoffisotopenstratigraphie 

geoutzt w11den 42 Arlen bentnscher Foramiriferen wurden sicher bestirrmt Uld 5 Artengn.ppen deliniert Die wichtigsten 

Arlen der fossilen Fau1€11 der letzten 600000 Jatre snd Oridorsais umbonatus (REUSS). Cibicidoides wue//erstorfi 

(SCHWAGER). Cassiduina teretis TAPPAN. Tr'i/ocuina tricarinata d' ORBIGNY Uld Pyrgo rota/aria LOEBLICH & 

TAPPAN. Biostratigrapnsche Horizonte bilden Siphotextularia rolshauseni PHLEGER & PARKER. Pullenia bu/loides ~ 

ORBIGNY) U1d G/obocassidulina subg/obosa (BRADY~ Die rneisten lnterglaziale sind gut abgegrenzt durch das 

Vcrkoomen von C. wue/lerstorfi. Die Berectn.ng van hiw:luenakkl.lflUationsraten (INDAR) hat gezeigl daB die 

Produktivitat bentnscher FCX'arririferen in den lntergfazialen mast drei bis vier mal hdler ist als in Glazialen. Vier Phasen 

rrit deutlich erhohter INDAR zeigen hochproduktive Phasen im Europaischen Nordmeer an. n diesen Abschnitten (entspr. 

lsotopenslbstadien 113. 9.3. 7.1 Uld 5.5.1) sind geograpnschen Verteill.ngsmuster durch einen deutlichen Gradienten van 

Si.idosten mit den hbchsten INDAR rrit abnehmender Tendenz nach Norden Uld Westen ausgebildet Durch 

Faktorenanalyse komte bestatigt werden. dal3 Schwanku,gen abiotischer Parameter wie Komgi:i6e. Gehalt an 

orgarischern Kohlenstoff Uld Kalzit.mkarbonat keine bedeutende Auswirku,g auf die Gemeinschaft bentnscher 

Foramniferen der letzten 600000 Jahre zeigEn Die Interpretation von Habitatanspruchen der fossilen FaUlet1 hat gezeigt. 

daB sich 1m Europaischen Nordmeer n11 in den lnterglazialen dorrinante filtrierende EpifalJ'len etabliert haben In den 

Glazialzeiten dominierten detritivore Epi-/EndofaUla-Arten. Dies wurde in den ZLSammenhang gesetzt rrit einer nur in 

den lnterglazialen wirkenden Advektion van Nahn.ngspartiken durch laterale BodenstromUlgen. Laterale Strtimlllgen 

wurden aLSgeschlossen in Glazialzeiten. wo detritivore Epi-/EndofaUla dorririerte. Diese Ergebnisse w11den interpretiert 

afs Anzeiger fur die An- oder Abwesenheit der thermohafinerl Zrkuation. die die BodenstrtimUlgen im heutigen 

E11opaischen Nordmeer speist 

Abstract 

Eleven long sediment cores from the Norwegan Greenland Sea have beeo investigated on their benthic foraminiferal 

content Oxygen isotopic stratigraphy was the basic method to dale the cores with the help of biostratigrapnc marker­

hCX'izons. 42 bentnc foraminiferal species were IOUld and 5 taxonorric grol.4)s were described. The most important 

species dt.mg the past 600000 years are Oridorsais umbonatus (REUSS). Cibicidoides wuel/erstorfi (SCHWAGER). 

Cassiduina teretis TAPPAN. Tri/ocuina tricarinata d' ORBIGNY and Pyrgo rota/aria LOEBLICH & TAPPAN. Stratigaphic 

LSeh.J layers are marked by Siphotextularia ro/shauseni (PHLEGER & PARKER) (in Stage 2). Pullenia bul/oides ~· 

ORBIGNY) (in Substage 5.1) ard G/obocassidulina subg/obosa (BRADY) (in Substage 113i Interglacial conditions are weH 

docunented by ngi amou,ts of C. wuel/erstorfi. The calculation of 'individuaJ-accumuation- rates· (INDAR) shows three 

or IOU' times ngier forarririferaf productivity in interglacial periods than in glacials. Four higi productivity events were 

observed in INDAR results. These periods (located in slbstage 1t3. 9.3. 7.1 and 5.5.1) show a regonal strongly reducing 

lal.llal content from southeastern parts of Norwegan Greenland Sea with nghest amoUlts to lower INDAR northern- ard 

westernmost The interpretation of fossil habitats shows a distnct dominance of sLSper1sion-feeding epifaUla dlJ'ing 

interglacial periods. Glacial periods are dominated by detritivore epi-lendofat..nal lorarririlers. These resuts have been 

connected with the recent bottom current system. v.tlich is the transport rnechalism of teed material for sLSpension­

teeders. H()(izontaf currents can therefore be preclwed dLring glacial times. This col.id be interpreted as indicator for the 

'Thermohaine Circuation System' in nterglacials. 



Early decay of the 
Barents Shelf Ice Sheet -
spread of stable isotope 
signals across the eastern 
Norwegian Sea 

~(ARA S. WEINELT. 
~!ICHAEL SARNTHEIN. 
ELKE VOGELSANG & 
HELMUT ERLENKEUSER 

We,nelt. M. S .. Sarnthe1n. M .. Vogelsang. E. & 
Erlenkeuser. H.: Early decay of the Barents Shelf 
Ice Sheet - , pread of stable isotope signals across 
the eastern :-lorwegian Sea . .Vorsk Gcologisk 
Tidssknfr. Vol. 71. pp. 137-140. Oslo 1991. ISSN 
0029-196X. 

Based on plank tonic o"O records from 16 sediment 
.:ores obtained from the :-lorwegian Sea. we traced 
J mcltwater signal marking the onset ofTenmnation 
I. From 1ts discharge point south of Bear Island. it 
,pread alongshore the :-lorwegian margin up to 
1,3•:,1. thereby suggesting a clockwise-directed drift 
oi icebergs and surface water in the :-lorwegian Sea. 
the opposite oi the present circulauon pattern . 

. Wara S. WtiMlt, .Wichatl Samthtin cl: Elke 
Voit£rang, Deparrnw,u of Geology. 0£rhawsensrr. 
-IO: Helmus Erlenkewser. 14C laboraiory, Uniuersiry 
of Kiel, 2100 Kiel, Gemta1ty. Correspondence 10 

.WichMI Sarnthein. Gtologisch-Palatontologischo 
lnstitul. 0£rhawsensrrasst .JO. 1300 Kit/, Gemta1ty. 

Jones & Keigwin ( L 988) and Leh­
man et al. (L99L) presented the first 
AMS-1"C dated oxygen-isotope evi­
dence from the Fram Strait sug­
gesting that the marine-based 
Barents Shelf Ice Sheet had dis­
integrated rapidly about l-U00-
13.500 years ago. This melting pro­
cess occurred very early in the chain 
of deglacial events during Termin­
ation IA. 

Based on seven sediment cores 
with high average sedimentation 
rates (~100 cm/ 1000 years) (Table 
l} from the Bear Island sediment 
fan and nine cores with medium high 
to low sedimentation rates from the 

central '."orwegian Sea and the Fram 
Strait ( l.5-l5 cm/1000 years) (Fig. 
l). we were able to map the oxygen 
and carbon isotope signals of the 
planktonic foraminifer N. pach.v­
derma I.e.. signals linked to this 
catastrophic event. and to identifv 
the source and the probable region~! 
distribution pattern of the meltwater 
spike. as defined by its <5 1110 ampli­
tude (Fig. 2). 

Oxygen isotope measurements 
from sediment records with medium 
to high resolution (e.g. cores 23258 
to 23262) suggest that the meltwater 
event ( <5180 shift) of the Barents Ice 
Sheet ~mediately succeeded the 
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ZUSAMMENFASSUNG 

Mith ilfe van hochauflosenden stabilen lsotopenkurven wurde die wechselnde zeitliche und 
raumliche Verbreitung der Oberflachenwassermassen im Europaischen Nordmeer fur die letzten 
GO.OOO Jahre rekonstruiert. Die ldentifizierung gleichaltriger 0- und C-lsotopensignale in ea. 60 
Tiefseekernen beruht auf einer verfeinerten Regional-Stratigraphie, die anhand von 12 absolut 
datierten lsotopenkurven entwickelt wurde. 

Es zeigte sich, daf3 instabile palao-ozeanographische Verhaltnisse die Zeitraume von 55.000-
25.000 (14c-) J.v.h. (lsotopenstadium 3) und von 15.000-10.000 (14c-) J.v.h. (Eiszeittermination I) 
pragten. Wiederholt lassen sich in diesen Zeitspannen niedrigsalinare Wasserkorper auskartieren, die 
durch das Abschmelzen groBer Eisbergscharen enstanden und im Extremfall eine Umkehr der 
Oberflachen-Stromung und ein astuarines System zwischen Nordmeer und Nordatlantik bewirkten 
(z.B. vor 13.500 und vor SS.OOO Jahren). Umgekehrt konnte aber in Stadium 3 und in Termination I 
immer wieder salzreiches atlantisches Wasser weit in das Nordmeer eindringen, das unter winterticher 
Abkuhlung zu einer Tiefenkonvektion fuhrte (z.B. vor 26.000 Jahren und in der Jungeren Dryas) 

Im Wesentlichen stabile ozeanographische Verhaltnisse pragten das Nordmeer hingegen wahrend 
des Letzten Glazialen Maximums und im Holozan seit 9.000 (14C) Jahren, als sich das heutige anti­
astuarine Stromungssystem mit Oberflacheneinstrom und Tiefenwasseraustrom etablierte. Im 
ebenfalls weitgehend stabilen LGM estreckte sich im zentralen Nordmeer eine homogene, vollsaline 
Wassermasse , wahrend der ostliche NE-Atlantik durch eine ausgedehnte Schmelzwasseranomalie 
bestimmt wurde. Die Umschwunge von einem zum anderen Stromungsregime erfolgten dabei in 
Zeitspannen, die die Auflosung de 14c-Datierung unterschreiten. 



MarrN G~ology, IOI (1991) 83-102 

Elsevier Science Publishcn B. V., Amsterdam 

History of terrigenous sedimentation during the past 10 m.y. in 

the North Atlantic (ODP Legs 104 and 105 and DSDP Leg 81) 

Thomas C.W. Wolf and Jorn Thiede 

GEOM AR Research Centre/or Marine Geosciences. Christian Albrechts University, Wischhofstrasst 1-J, Building 4, 

D-2100 Kiel 14, FRG 

(Received Marcb 1, 1990; revision accepted September 21, 1990) 

ABSTRACT 

Wolf. T.C.W. lllld Thiede, J .• 1991. History of terrigenous sedimentation during the past 10 m.y. in the Nonh Atlantic (ODP 

Lep 104 and IOS and DSDP Lq 81). In: T.O. Vorren. H. Sejrup andJ. Thiede (Editon), Cenozoic Geology of the Nonhwest 

European Continental Marlin and Adjacent Deep Sea Areas. Mar. Geol., IOI: 83-102. 

Built sediment measurements and analyses of the input of > 63 µm terrigenous panicles have enabled us to reconstruct the 

variability of sediment Iba in the Norweaian and the Labrador seas as a function of paleoceanographic and paleoclimatic 

changes 
In both areas. minor amounts of coane terrigenous panicles occur in sediments that were deposited between 9.5 :md 7.0 

Ma. The higher amounts are only documented in the Norweaian Sea around 5.7-5.4 Ma. Variations in built sediment 

accumulation are related to a strengthenin1 of Denmark Strait Overflow, which is closely connected with the production of 

Norwepan Sea Deep Water between 8.3 and 7.8 Ma. 6.9 and 6.1 Ma and 5.3 and 4.2 Ma. In the Labrador Sea. reduced 

bottom water activity coincided with the highest levels of organic carbon accumulatio.n and an increase in built sediment 

accumulation. and may correlate with the latest Miocene Messinian EvenL 

In both the Labrador Sea and the Norweaian Sea a drastic increase in the amount of coane terrigenous panicles (rock 

fragments and quanz) staned at around 4.0 Ma. recordin1 a nearly simultaneous on.set of large-scale ice rafting. This was 

ultimately caused by a deterioration in the northern hemisphere climate, possibly related to the nnal closure of the Isthmus of 

Panama. 

Martnt Geology. 99 11991) 187-207 

Elsevier Science Publishers B. V .. Amsterdam 

Late Pleistocene sedimentation on the Norwegian continental 

slope between 67° and 71 °N 

S.H. Yoon•, S.K. Chough", J . Thiedeb and F . Wemerb 

"Department of Oceanograph.r, Seoul National Ciniversit.l', Seoul IJJ.74:!. Korta 

-Geomar-Forschungs=entrumfiir Marine Geoll'issenschaften. Wischhofstrasse 1-J. D·:!J{X) Kiel, FRG 

(Received May 14. 1990: revision acxepted January 7. 1991) 

ABSTRACT 

Yoon. S.H .. Chough. S.K .. Thiede, J. and Werner. F .. 1991. Late Ple1stocene sedimentation on the Norwegian continental 

slope between 67' and 71'N. Mar. Geol.. 99: 187-207. 

The northern Norwe,ian continental margin between 67' and 71 ' N comprises the gentle slope off the Barents Sea. the 

relatively steep Lofoten Islands slope. and the step-like slope of the Voring Plateau. During the late Ple1stocene. these slopes 

received large amounts of terrigenous sediments from an ex1ensively glaciated Norwegian continental margin. Throu!!h the 

analyses of 17 gravity cores. lugh·resolution (3.5 kHz) and airgun seismic profiles. and Sea-Beam bathymetric data. we have 

examined the late Pleistocene sedimentation pattern of this region. 

Eight sedimentary facies from the gravny core analysis and seven types of 3.5 kHz echo characters indicate 1ha1 the slopes 

were moulded by hemipelagic sedimentation commonly associated with iceberg rafting. slope failure tslump•slide and debns 

llow). turbidity currents. downslope bottom currents. and contour-following bouom currents. Jee-rafted debns was dispersed 

over a broad area . includin11 the lower slopes off the Barents Sea and the Lofoten Islands. and the Voring Plateau and us outer 

slope. Slope failures prevailed on the Lofoten Islands and Voring Plateau slopes where the broad glacial margin directly 

released unsoned glacial sediments during glacial periods. On the Barents Sea slope. glac11l and reworked shelf sediments were 

supplied by underflows which were probably caused by cooling of surface shelf water dunng glacial periods: on the upper 

slope sediments were funher transponed by turbidity currents and slopc-cross1ng bottom currents which excavated numerous 

small-scale channels. There are indications of deep-sea contour currents at the base of slope and the upper slope olf the Barents 

Sea. and on the Voring Plateau. These currents probably resulted from water exchange between the Norwegian- Greenland 

Sea and the Nonh Atlantic Ocean during interglacial periods. 



Tatigkeitsbericht 1991-92-93 Kurzf assungen 

Teilprojekt BJ; 

PALQKOLOGIE DES PELAGIALS 

Kurz{wunun 



TERRA 
abstracts 

Abstract supplement No. 1 to TERRA nova. Volume 5. 1993 

EUG VII 
Strasbourg, 
France 
4 - 8 April 1993 

Synoptlcal studies of Holocene pelagic and 

benthic communities of the 

Rockall Plateau 

H, Andruiejt, A. Baumann, S. Fu#, S. Jung, A. Kohly, 

S. Nees, and A. Schroder 

(Sonderforschungsbereich 313, #Geologisches 

lnstitut und Museum, Christian-Albrechts· 

Universitat Kiel, D-2300 Kiel, Germany) 

The composition of nanno- and microfossil 

communities express paleo-climatic changes and its 

subsequent paleo-oceanographic reaction. In a high 

resolution sampling density (2 • 5 cm) the Holocene 

sediments of core 23414 were analysed for its fossil 

record {planktic and benthic foraminifera, 

radiolarians, dinoflagellate cysts, diatoms and 

coccolithophorids), the oxygen isotope ratio of N. 

pachyderma and Cibicidoides wuellerstorli and 

sedimentary structures. 
The results of the oxygen isotope investigations 

reveals a reliable stratigraphy with an average 

sedimentation rate. The bulk carbonate content 

increases from low glacial values up to 80 o/o in 

modern samples. The total accumulation rate, the 

abundance of particular species and the relationship 

of the pelagic and benthic groups may reflect the 

vertical marine coupling processes in the water 

column. All groups show a significant change in 

composition and accumulation rate since the last 

degtaciation. These results prove a changing trophic 

quality of the surface water masses and an 

increasing organic matter flux. Prediagenetlc 

processes (e.g. solution in agressive porewater) were 

taken into consideration with regard to sensitive 

fossil tests. The x-ray radiographs show a very low 

impact of bioturbate action. 



Kiel: Fourth International Conference on Paleoceanography, 21.9. -25.9.92 

HOLOCENE PLANKTON ASSEMBLAGES IN THE NORTH ATLANTIC: A 
COMPARISON OF THE COCCOLITHOPHORID-DIATOM-OINOFLAGELLATE­
RADIOLARIAN ASSOCIATION ON A SOUTH-NORTH TRANSECT 

H. Andruleit (Special Research Project 313, Kiel, Germany), 
A. Baumann, A. Kohly, and A. Schroder 

The plankton assemblages comprising coccolithophorids, diatoms, 
dinoflagellates, and radiolarians have been investigated in five box/piston cores 
of late Pleistocene to Holocene age. The cores are located on a transect from 
Rockall Plateau to west off the Barents Shelf following the main route of the 
North Atlantic drift and the Norwegian current. 

An identical set of samples has been used to define the temporal and 
spatial distribution of the different groups in order to evaluate changes in the 
paleo-environment since Termination I. 

The four groups are compared to study the environmental parameters of 
the coexistence and syn-ecology of plankton communities in a pelagic realm. 
Thus, the recent association and the assemblages in the sediments are 
considered synoptically to obtain a most complete record of their common 
development. 

Variations in accordance to latitude and core depth can be seen at all four 
groups reflecting environmental changes. Absolute abundancies and diversities 
show similar trends in the northern part of the transect, whereas in the south the 
distribution patterns are more complicated. 



---
Kolloquium des DFG-Schwerpunktprogramms "ODP/DSDP", Hamburg, 4.-6. Marz 1992 

Coccolithen als Anzeiger fiir die klimatische Entwicklung 

der letzten 1 mio. J ahre im Nordatlantik 

Baumann, K.-H. 

GEOMAR, Forschungszentrum fi.ir marine Geowissenschaften, 

Wischhofstr. 1-3, Geb. 4, D-2300 Kiel 14 

Das Vorkommen von Coccolithen in Sedimenten des Nordatlantiks variiert stark in Abhangigkeit 

von den klirnatischen Verha.ltnissen. Im Europaischen Nordmeeres sind sie hauptsachlich in 

interglazialen Sedirnenten zu finden, kommen in diesen Zeitabschnitten aber auch irn angrenzenden 

Nordatlantik in sehr viel groBeren Haufigkeiten vor. Innerhalb der Interglaziale werden prinzipiell 

gleichartige Abfolgen, gekennzeichnet durch sukzessives Einsetzen und Ausscheiden verschiedener, 

an unterschiedliche Temperaturbereiche angepaBter Arten festgestellt, die analoge Klimaablaufe in den 

verschiedenen Interglazialzeiten belegen. 

In den verschiedenen Interglazialen werden die Gemeinschaften jedoch durch unterschiedliche 

Arten dominiert. Dieses ist einerseits auf jeweils unterschiedliche okologische Bedingungen, aber 

auch auf die Evolution der Gephyrocapsaceae zurilckzufiihren. Coccolithen der Gattung 

Gephyrocapsa dominieren die Gemeinschaften der untersuchten quartiiren Ablagerungen. 

Gephyrocapsa zeigt eine morphologische Entwicklung, die bei den meisten anderen Arten nicht 

beobachtet wird. Daher sind Arten biometrisch untersucht warden, von denen angenommen werden 

kann, da8 sie okologisch stabil geblieben sind, um so ein zusatzliches Hilfsmittel fiir die 

Interpretation palokologisch-ozeanographische Veranderungen zu erhalten. 

Es zeigt sich, daB die Coccolithen von C. pelagicus in ihrer GroBe, wahrscheinlich in 

Abhangigkeit von den okologischen Bedingungen, deutlich variieren. Wesentlich kleinere 

Coccolithen (um bis zu 25%) werden im statistische Mittel in den Zeitabschnitten beobachtet, in denen 

diese Art einen dominierenden Anteil an der Gemeinschaft ausmacht. 

GroBenunterschiede werden auch bei Coccolithen von C. leptoporus festgestellt Die beobachteten, 

schon in frilheren Arbeiten beschriebenen, V arietaten werden als Okophanotypen derselben Art 

interpretiert. Auch in den untersuchten Sedirnentproben lassen sich unterschiedliche okologische 

Abhangigkeiten der beiden V arietaten verdeutlichen. 



Abstract. 11. GEM-Meeting, Blagnac, 21.-25. September 1991 

II. GEM Workshop, Global Emiliania Modelling Initiative, Blagnac, 
Frankreich, 21.-26. September 1991. 

Coccolithophore Communities, Coccoliths Sedimentation and 
Coccolith Assemblages in the Norwegian-Greenland Sea 

K.-H. Baumann 
(GEOMAR Research Center for marine Geosciences, Wischhofstr. 1-3, D-2300 Kiel 1) 

Coccolithophores constitute a significant part of the epipelagic phytoplankton. Variations in 
occurence and species frequency appear to depend on ecological conditions in near-surface 
water masses. Coccoliths, their skeletal elements, are a main component of the pelagic 
carbonate and these coccolith assemblages are often used for paleoecological and 
paleoceanographic reconstructions. But more actuopaleontological background infonnation is 
necessary for ecological and oceanographic interpretations of coccolith distributions in areas 
like the Norwegian-Greenland Sea. 
Therefore, the living and fossil plankton associations from a series of selected stations in the 
northern North Atlantic have been and will be studied in order to examine 
- the distribution and composition of the coccolithophore communities and their bloom phases, 
- the particle transport through the water column and changes in the biocoenosis, 
- the particle sedimentation and changes in the thanatacoenosis, 
- and the temporal and spatial distribution of coccoliths in the late Quaternary. 

Preliminary analyses have shown that coccolithophores are one of the main Phytoplankton 
groups in the Norwegian-Greenland Sea. They occur in large cell densities (up to 300,000/1) in 
the epipelagic realm and approximately 20 species have been identified. The largest number of 
species occur in the area of the warm Norwegian Current, away from which the numbers 
gradually decrease to the north and west towards the arctic waters. All of the species take part in 
blooms, but the largest portion of the high cell counts in the bloom phases consists of Emiliania 
huxleyi (up to 80% or more). 
Isolated coccoliths were found floating in the water column at all depths. But E. huxleyi and 
Coccolithus pelagicus are the only species making up floating coccolith assemblages in the 
lower part of the water column. C. pelagicus generally increases in frequency with greater 
depths in most of the transects due to its high corrosion resistance. 
The coccolith accumulations in deep sediment traps (4-500m above the seafloor) also contained 
almost entirely these two species. Their proportions dominated the flux of both nannoplanlcton 
carbonate and numbers of individual coccoliths. The coccolith flux recorded in the sediment 
traps displayed a time-lag of one to two month with respect to phytoplankton productivity in the 
euphotic zone. This can be accounted for by the estimated sinking interval of fecal pellets and 
macroaggregates, which represent the main downward transport mechanism for coccoliths. 

Samples from the sediment surface contain significantly less coccolithophorid species than are 
included in living communities in the same area. E. huxleyi and C. pelagicus make up the main 
portion of coccolith assemblages in the surface sediments. Additionally Calcidiscus leptoporus 
and Gephyrocapsa muellerae were regularily found in small amounts only. This becomes even 
more remarkable when one consider the fact that this two species are rarely found in the living 
communities. The ratios of the two dominant coccolith species in surf ace sediments reflects the 
various water masses in the Norwegian-Greenland Sea. While E. huxleyi makes up more than 
80% below the Norwegian Current, C. pelagicus becomes dominant in the Arctic area. 
The occurrence of coccoliths in late Quaternary sediments of the Norwegian-Greenland Sea 
varies with climatic conditions. High abundances of coccoliths are present during interglacial 
times, whereas intervals with very sparse occurrences represent glacial conditions.With the help 
of the variability of calcareous nannoplankton communities, ecological differences between 
individual interglacials can be described. 



Abstract, Fifth INA Conference, Salamanca, Spanien, 30. August - 2. September 

Morphometrical variations of Quaternary Coccolithus pelagicus coccoliths 

from northern North Atlantic and their paleoceanographical implications 

K.-H. BAUMANN 
(GEOMAR Research Center for marine Geosciences, Kiel, Germany) 

Consistent variations in the morphometrical distribution patterns of Coccolithus pelagicus 

coccoliths are observed in upper Quaternary sediments of the Norwegian-Greenland Sea. In 

general, the distal shield of C. pelagicus coccoliths show a wide range of size variations, 

typically 8-16 µm in length and 6-14µm in width. Element count for the distal shield is 30-65. 

Length, width, and the number of distal shield elements are strongly correlated to each other. 

This indicates that coccolith size can be determined by the length alone. 

The coccolith assemblages in sediments of the Norwegian-Greenland Sea are drastically 

influenced by glacial-interglacial climatic changes. C. pelagicus occurs in high abundances 

only during oxygene isotope stage 7 and during the Holocene. Within these intervals there is 

a drastic decrease in size while the interspecific proportions do not change. Although all 

samples contain specimens up to 15µm the absolute majority is 8-12µm in length. 

Assemblages from below and above these intervals only contain larger specimens (generally 

>lOµm). 

Investigations of C. pelagicus coccolith size variations in surface sediments of the northern 

North Atlantic show that a decrease in size of the proximal shield occurred towards the north. 

Whereas on the Rockall Plateau a wide range of size variations occur, the bulk of specimens 

are always <12µm in length in the Norwegian-Greenland Sea. In contrast, in sediments from 

the Fram Strait only very small coccoliths (7-1 lµm) were observed. Thus, it can be inferred 

that variations in size and abundance of this species seems to reflect ecological differences on 

a genetically unchanged population. 



7th Meeting or European Union or Geosciences (EUG VII), 
Stra6burg, April 4-8, 1993 

Glacial history or the Scandinavian Ice Sheet: A marine­
terrestrial correlation 

K.-H. Baumann1, R. Henrich1, K. Lackschewitz1• R. Spielhagen1, 
T.C.W. Wolfl and J. Mangerud2 

( 1 GEOMAR, Research Center for Marine Geosciences, 
Wischhofstr. 1-3, D-2300 Kiel 14, Germany) 
(2 Univ. Bergen, Dept of Geology, Sect. B, Allegt 41, N-5007 
Bergen, Norway) 

Late Pleistocene climatic changes are observed in seven deep-sea 
sediment cores from the Norwegian Sea by investigating variations 
in calcium carbonate content versus amount of coarse terrigenous 
detritus. Glacial and interglacial cycles reveals a number of 
terrigenous particle events as well as differentiated calcium 
carbonate production which can be correlated to major 
paleoclimatic shifts. Time control is based on high-resolution 
oxygen isotope stratigraphy of all analyzed sediment cores. 
The deep-sea sediments of the Norwegian Sea contain layers with 
high contents of terrigenous detritus and low amounts of calcium 
carbonate. These layers record marked decreases in sea surf ace 
temperature and salinity, decreases in the flux of biogenic 
carbonate, and massive discharges of icebergs. The composition of 
the coarse terrigenous detritus indicate that most of the debris was 
derived from Scandinavia. Therefore, variations in the terrigenous 
particle input appear to be the result of oscillations of the 
Scandinavian Ice Sheet A simplified model of the Scandinavian 
Ice Sheet variations during the last 130,000 years correlates well 
with the marine data. Thus, the phases with an increased input of 
ice-rafted detritus reflect repeated advances of the Scandinavian 
Ice Sheet Since the dating of the terrestrial record of Scandina-via 
is still uncertain, this correlation will also improve the age 
assignments to the individual glacial events. 



Abstract. Third Annual PONAM Workshop, Wildeshausen, 23.-26. November 199l. 

VARIATIONS IN ICE RAFTED TERRIGENOUS INPUT AND CARBONATE 

FLUX IN NORWEGIAN-GREENLAND SEA IN RESPONSE TO CLIMATIC 

CHANGE DURING THE LAST 350,000 YEARS. 

K.-H. Baumann, B. Junger, K. Lackschewitz, R.F. Spielhagen, T.C.W. Wolf, A. 

Henrich 
(GEOMAR, Research Center for Marine Geosciences, Wischhofstr. 1-3, D-

2300 Kiel 14, Germany) 

Late Pleistocene climate changes are observed in twenty long sediment 

cores from entire Norwegian-Greenland Sea (NGS) and Fram Strait by 

investigating variations in calcareous biogenic versus coarse terrigenous 

input. Time control is based on high-resolution oxygen isotope stratigraphy of 

all analyzed cores. 
Detailed studies on the composition and distribution of terrigenous 

components in the coarse fraction (125-500µm) show important episodic 

fluctuations which reflect variations in ice rafting. Generally high amounts of 

lithogenic material in glacial sediments from the eastern and central NGS 

reflect enhanced deposition of coarse ice rafted detritus (IRD) indicating that 

melting of ice occurred in this area. Carbonate content is highest in peak 

interglacials (e. g. oxygen isotope stages 1, 5.1, 5.5), indicating maximum 

intrusion of warm Atlantic surface waters. 
In contrast, northern Greenland Sea and Fram Strait sediments from peak 

interglacials and also from intervals of maximum glaciation (e. g. stages 1, 2, 

5.5, 5.1, 6.2) are characterized by relatively low amounts of coarse terrigenous 

material. Relatively high carbonate contents indicate only little dilution by fine 

grained terrigenous material and a minimum of ice melting. However, during 

times of intermediate conditions, terrigenous input was strongly dominating 

and carbonate flux was extremely low, indicating extensive ice melting and 

I RD-deposition. 
Regional and spatial variability of these parameters allows the 

reconstruction of changes in surface current systems, ice covers and biologic 

productivity in the Norwegian-Greenland Sea and Fram Strait in response to 

global climatic changes. 



ICP IV • Fourth International Conference on 
Paleoceanography, Kiel, 21.-25. September 1992. 

CLIMATIC CHANGE IN THE NORWEGIAN-GREENLAND SEA 
AND FRAM STRAIT DURING THE LAST 300,000 YEARS: ICE 
RAFTED TERRIGENOUS INPUT VERSUS CARBONATE 
FLUX. 

K.-H. Baumann, B. JOnger, K. Lackschewitz, R.F. Spielhagen, 
T.C.W. Wolf, R. Henrich (GEOMAR, Research Center for 
Marine Geosciences, Wischhofstr. 1-3, D-2300 Kiel 14, 
Germany) 

Late Pleistocene climate changes are observed in twenty 
long sediment cores from entire Norwegian-Greenland Sea 
(NGS) and Fram Strait by investigating variations in 
calcareous biogenic versus coarse terrigenous input. 

Time control is based on high-resolution oxygen isotope 
stratigraphy of all analyzed cores. Detailed studies on the 
composition and distribution of terrigenous components in the 
coarse fraction {125-500µm) show important episodic 
fluctuations which reflect variations in ice rafting. 

Generally high amounts of lithogenic material in glacial 
sediments from the eastern and central NGS reflect enhanced 
deposition of coarse ice rafted detritus (IRD) indicating that 
melting of ice occurred in this area. Carbonate content is 
highest in peak interglacials (e. g. oxygen isotope stages 1, 
5.1, 5.5), indicating maximum intrusion of warm Atlantic 
surface waters. 

In contrast, northern Greenland Sea and Fram Strait 
sediments from peak interglacials and also from intervals of 
maximum glaciation (e. g. stages 1, 2, 5.5, 5.1, 6.2) are 
characterized by relatively low amounts of coarse terrigenous 
material. Relatively high carbonate contents indicate only little 
dilution by fine grained terrigenous material and a minimum of 
ice melting. However, during times of intermediate conditions, 
terrigenous input was strongly dominating and carbonate flux 
was extremely low, indicating extensive ice melting and IRD­
deposition. 

Regional and spatial variability of these parameters allows 
the reconstruction of changes in surface current systems, ice 
covers and biologic productivity in the Norwegian-Greenland 
Sea and Fram Strait in response to global climatic changes. 



Abstract, Nansen C9ntennial Sy~osium, Solstrand/Bergen, Norwegen, 21-25. Juni 1993. 

Late Quaternary continental glaciations and bioproductivity in the 

Norwegian-Greenland Sea area: The marine sediment record. 

Baumann, K.-H., JOnger, B., Lackschewitz, K.S., Spielhagen, R.F., Wolf, T.C.W. 

& Henrich, R. 
(GEOMAR, Research Center for Marine Geosciences, Wischhofstr. 1-3, 0-

2300 Kiel 14, Germany) 

Variations in calcium carbonate content versus amount of coarse terrigenous 

detritus in sediment cores provide evidence for the impact of Late Quaternary 

climatic changes on continental glaciations and biogenic calcium carbonate 

productivity in the Norwegian-Greenland Sea area. Time control is based on 

high-resolution oxygen isotope stratigraphy and AMS-14C. 

Deep-sea sediments of the Norwegian-Greenland Sea contain layers with 

high contents of terrigenous detritus and low amounts of calcium carbonate. 

These layers are time equivalent to repeated advances of the Scandinavian 

and Svalbard Ice Sheets and record marked decreases in sea surface 

temperature, decreases in the flux of biogenic carbonate, and massive 

discharges of icebergs. Their composition indicates that most of the debris 

was derived from Scandinavia and the Svalbard/Barents Sea region. Thus, 

continental ice advances are reflected by high amounts of ice-rafted detritus. 

High calcium carbonate contents indicate the inflow of warm Atlantic surface 

water. Inflow of the North Atlantic Current was strongest in the Norwegian Sea 

during peak interglacials and decreased towards the north and the west. Low 

but constant values in the westernmost cores document a relatively stable 

environment during the last 300,000 years. Weak influences of warm surface 

water masses were present only during interglacials. Deposition of 

terrigenous detritus also decreased towards the west and to the north, most 

probably due to a relatively high stability of the Greenland Ice Sheet and little 

ice melting. 



Mar. Geol., in press 

LATE QUATERNARY CALCIUM CARBONATE SEDIMENTATION 
AND TERRIGENOUS INPUT ALONG THE EAST GREENLAND 

CONTINENTAL MARGIN 

BAUMANN, K.-H., LACKSCHEWITZ, K.S., ERLENKEUSER, H., 
HENRICH, R., J0NGER, B. & KASSENS, H. 

GEOMAR, Research Center for Marine Geosciences. Wischhofstr. 1-3, D-2300 Kiel 14, Germany 

Abstract 

Nine giant gravity corer collected in the western Greenland-Iceland-Norwegian 
(GIN) Sea were analyzed for calcium carbonate content and coarse fraction 
component records. Stratigraphic control is based on oxygen isotope records 
performed on four of the cores. All cores have been correlated to each other based on 
fluctuations in calcium carbonate content. coarse terrigenous particle content and the occurrence of volcanic ash beds. 

Glacial and interglacial cycles are documented by a number of terrigenous 
particle events and differentiated calcium carbonate production which can be 
correlated to major paleoceanographic and paleoclimatic shifts. Major shifts in 
terrigenous input and pelagic carbonate records were identified close to stage 9/8 and 6/5 boundaries and within early stage 1. High ratios of ice-rafted lithic fragments were observed especially at the end of glaciations close to the Terminations, indicating the 
melting of massive influxes of icebergs into the western GIN Sea. These enormous 
inputs of debris were followed by a drastic increase in calcium carbonate production 
caused by maximum intrusion of warm Atlantic surface waters. Relatively high calcium 
carbonate contents also shows that only little dilution by fine grained terrigenous 
material and a minimum of ice melting occurred. 

Extensive IRD deposition occured untill about isotope stage 9 and document a 
relatively stable environment in this area, strongly influenced by relatively cold surface 
water masses. The following interval was characterized by more variable changes in the general surface water circulation pattern, although high amounts of IRD are still 
present in Iceland Sea sediments. During stage 5, conditions were more uniform 
indicating a less pronounced westward penetration of Atlantic waters as compared to 
the Holocene. A distinct contrast between the northernmost cores and the cores in the south is indicative of a rather strong westward Atlantic water influx in the north and of a 
cold water dominated area east of the Kolbeinsey Ridge during the Holocene. 
However, conditions west of Jan Mayen seem to have remained constantly dominated 
by cold surface waters throughout the whole time investigated. 



Second Annual Workshop PONAM: Polar North Atlantic Margins, Late 

Cenozoic Evolution, Hanstholm, Danemark, 25.-28. November 1991. 

LATE QUATERNARY CARBONATE SEDIMENTATION AND TERRIGENOUS 

INPUT ALONG Tiffi EAST GREENLAND CONTINENTAL MARGIN 

K.-H. Baumann, K.S. Lackschewitz & R. Henrich 

GEOMAR, Forschungszentrum fiir marine Geowissenschaften, Wischhofstr. 1-3, D-

2300 Kiel 14, Germany 

Eight large box cores collected in the western GIN-Sea were studied for carbonate content 

and coarse fraction components. Stratigraphic control is based on oxygen isotope records 

performed on three of the cores. Based on the fluctuations of calcium carbonate content 

and the occurrence of volcanic ash beds the eight cores are correlated. Major stratigraphic 

boundaries are dated according to these correlations with isotopically dated cores. 

Additional biostratigraphic information is provided by benthic foraminifera Pullenia 

bul/oides (Orbigny) showing a peak abundance near the end of isotopic stage 5. 

Calcium carbonate distribution of surface sediments reflect the present major surface 

water circulation pattern. Relatively high carbonate contents are observed in the central 

and northern Greenland Basin underlying warmer surface water masses, whereas west of 

Jan Mayen and on the Kolbeinsey Ridge only very low carbonate values have been 

measured indicating relatively cold surface water masses. 

Calcium carbonate are rare to abundant in the sediment surface samples with highest 

abundances (>30 wt-%) over parts of the central GIN Sea and decreasing abundances 

towards the Greenland continental margin. Highest carbonat values are found where a 

branch of the Norwegian Atlantic Current enters the Iceland Sea and Greenland Sea 

contributing to the East Iceland Current and Jan Mayen Current Lowest carbonate values 

occur in the western GIN Sea sediments underlying the cold East Greenland Current The 

Jan Mayen Current transport small amounts of polar water in region of the Jan Mayen 

Fracture Zone indicated by low carbonate values. 

Sediment cores from the Kolbeinsey Ridge are characterized by generally low carbonate 

values with low amplitudes and does not have a high carbonate zone at the top. Highest 



contents of carbonate are observed in oxygen isotope stage 5 indicating an intensified 
inflow of relatively warm North Atlantic water into this region. 
Cores west of Jan Mayen are characterized by the lowest carbonate values and the lack of 
an obvious carbonate pattern. This makes precise dating and correlating of the cores 
difficult The situation recorded here represents uniform paleoceanographic conditions in 
this area during the last two glacial-interglacial cycles. These conditions were only 
interrupted by a very short incursion of warmer water indicated by the short increase in 
carbonate content during oxygen isotope stage 5. 
The carbonate variations in cores of the central and northernmost Greenland Basin reflect 
a spatially and temporally more differentiated surface water circulation. Carbonate values 
and amplitudes are higher than in the southern part of the studied area. On the contrary to 
the southern cores, highest carbonate contents are observed in the Holocene sediments, 
whereas carbonate levels corresponding to oxygen isotope 5 are more equal in height to 
the carbonate contents of the cores from Kolbeinsey Ridge. 

Detailed studies on the composition and distribution of the terrigenous components in the 
coarse fraction (125-500µm) show important episodic fluctuations which reflect 
variations in ice-rafting. In generall, glacial age sediments contain layers with high 
amounts of lithogenic material. These layers result from deposition of ice rafted debris 
produced by the melting of this ice. Highest accumulation of terrigenous material are 
found in levels corresponding to the end of glacial stages 6 and 2. Its rapid and drastic 
decreases during or shortly after stage 6/5 and 2/1 transitions point to the onset of 
inflowing warm North Atlantic surface waters into the western GIN-Sea. 



Abstract. SEDIMENT 93, 8. Sedimentologen-Treffen, Marburg, 3.-5. Juni 1993 

DAS ABBILD DER ZIRKUM-ARKTISCHEN EISSCHILDE IN 

SPATQUARTAREN SEDIMENTEN DES EUROPAISCHEN 

NORDMEERES 

Baumann, K.-H., Lackschewitz, K.S., Spielhagen, R.F., Wolf, T.C.W. & R. 

Henrich (GEOMAR, Forschungszentrum filr marine Geowissenschaften, 

Wischhofstr. 1-3, 2300 Kiel 14) 

Die Sedimentationsgeschichte des Europtiischen Nordmeeres stand im 

Quartar unter dem unmittelbaren EinfluB der groBen Inlandeisschilde. 

Wahrend der Kaltzeiten hat sich der skandinavische Eisschild mehrfach bis 

weit nach Mitteleuropa ausgedehnt und anschlieBend zuriickgezogen, 

wahrend das Festlandseis iiber Gronland im Verhaltnis dazu relativ stabil 

geblieben ist. Wenn das Inlandeis die damalige Kiistenlinie erreichte, 

wurden groBe Mengen von Eisbergen in den Ozean freigesetzt, die 

erodiertes Gesteinsmaterial enthielten. Der wechselnde Gehalt an 

eistransportiertem Material (IRD) in den Tiefseesedimenten stellt somit ein 

Abbild der Entwicklungsgeschichte der zirkum-arktischen Eisschilde dar. 

Fiir diese Untersuchung wurden 17 Sedimentkeme aus dem Europaischen 

Nordmeer sedimentologisch bearbeitet. Neben der Bestimmung der IRD­

Gehalte wurde an alien Kernen der biogene Kalziumkarbonatanteil 

ermittelt. Die zeitliche Einstufung der Sedimente aller Kerne wurde mittels 

hochauflosender Sauerstoffisotopen-Stratigraphie erreicht. 

Es lassen sich Abfolgen von Terrigen- und Karbonat-"Ereignissen" 

beobachten, die weitgehend den Glazial- und Interglazialzyklen entsprechen 

und mit Anderungen in der Palao-Ozeanographie und dem Palaoklima 

korreliert werden konnen. Hohe Gehalte an grobem terrigenem Material in 

glazialen Sedimenten des Europaischen Nordmeeres spiegeln das vermehrte 

Abschmelzen von Meer- und Gletschereismassen wider. Dagegen deuten 

hohe Karbonatanteile auf den Einstrom von warmen atlantischen 

Oberflachenwassermassen hin. 

Auffiillig hohe IRD-Ablagerungen wahrend der Glaziale und der 

Abschmelzphasen werden besonders im Bereich der Norwegischen See 

beobachtet. Dagegen ist in der Gronland und Island See, vor allem wahrend 

des Zeitabschnittes 180 - 125 ka, nur relativ wenig IRD abgelagert worden. 

Grund hierfiir ist wahrscheinlich die relativ hohe Stabilitat des 

gronlandischen Eisschildes und die damit verbundenen geringeren 

Abschmelzraten. 



Abstract. SEDIMENT 93, 8. Sedimentologen-Treffen, Marburg, 3.-5. Juni 1993 

Die petrographische Zusammensetzung des IRD in Kernen aus dem 
ostlichen und zentralen Europaischen Nordmeer zeigt, daB der 
tiberwiegende Anteil des terrigenen Materials von Skandinavien angeliefert 
wurde. Daher muB angenommen werden, daB Anderungen im 
Terrigeneintrag durch Oszillationen des skandinavischen Eisschildes 
hervorgerufen wurden. Die im Modell von Mangerud (1991) dargestellten 
Anderungen in der Ausdehnung des skandinavischen Eisschildes wahrend 
der letzten 130 ky lassen sich auBerordentlich gut mit den hier vorgestellten 
IRD-Daten korrelieren. 

Mangerud, J. (1991): The last interglacial/glacial cycle in northern Europe. - In: Shane, 
L.C.K. & Cushing, E.J. (Hrsg.); Quaternary Landscapes; Minneapolis, S. 38-75 
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HOLOCENE COCCOLITH AND DINOFLAGELLATE CYST 

ASSEMBLAGES IN SEDIMENTS FROM NORWEGIAN 

SEA 

K.-H. BAUMANN & J. MATIHIESSEN 
(GEOMAR, Forschungszentrum fur marine Geowissen­

schaften, Wischhofstr. 1-3, D-2300 Kiel 1) 

Coccolith and dinoflagellate cyst assemblages have been 

investigated in five sediment cores from the Norwegian­

Greenland Sea. Both fossil groups are characterized by 

similar composition. The assemblages are of low diversity 

and contain high proportions of single species. The 

coccolith flora consists almost entirely of Coccolithus 

pelagicus and Emiliania huxleyi. The dinoflagellate cysts 

are generally dominated by Operculodinium centrocarpum 

and Nematosphaeropsis labyrinthea. Other species some­

times contribute considerable to the assemblages. 

Based on the concentration and diversity of the assem­

blages and the ratio changes between the dominating 

species it has been possible to establish three distinct steps 

of major paleoceanographic changes. Sparse occurrences 

of coccoliths and dinocysts have been observed before 

10,000 yrs B.P., indicating harsh environ-mental conditions 

with dominant influence of meltwater and very small inflow 

of Atlantic water. The surface-water circulation pattern was 

reinitiated after the Termination 18 . The assemblages 

suggest slightly cooler conditions than today with a similar 

circulation pattern untill 7,500 yrs B.P .. A considerable 

change in composition of coccolith and dinoycsts assem­

blages occurrs corresponding approxi-mately to the onset 

of the Holocene climatic optimum. Since 6,000 yrs B.P. the 

Norwegian current with its modern oceanographic and 

ecological properties was completely established. 
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Variations in surface water mass conditions in the N orwegia 
Sea: Evidence from Holocene coccolith and dinoflagellate cys. 

assemblages 

K.-H. Baumann and J. Matthiessen 
GEOMAR. Research Center for Marine Geosciences. WischhofstrajJe 1-1. D-2300 Kiel 14, Germany 

(Received January 31 , 1992; revision accepted September 9, 1992) 

ABSTRACT 

Baumann, K.-H. and Matthiesscn, J., 1992. Variations in surface water mass conditions in the Norwegian Sea: Evidence 
from Holocene coccolith and dinoflagellate cyst assemblages. Mar. Micropaleontol., 20: 129-146. 

Coccolith and dinoflagellate cyst assemblages have been investigated in five sediment cores from the Norwegian Sea and 
Fram Strait. Both fossil groups are characterized by similar patterns of composition. The assemblages contain high pnr 
portions of single species. The coccolith flora is of low diversity and consists almost entirely of Coccoli thus pelagicus and 
Emiliania huxleyi. The dinoflagellate cysts are generally dominated by Operculodinium centrocarpum and Nematosp~ 
ropsis labyrinth us. Other species. especially Bilectatodinium cepikiense, Peridinium faeroense and I mpagidinium pal/idum, 
sometimes contribute considerably to the assemblages. 

Based on the abundance of the assemblages and the ratio change between the dominating species it has been possible to 
establish three intervals of distinct major changes in surface water mass conditions. Sparse occurrences of coccoliths and 
dinoflagellate cysts have been observed before 10,000 yrs B.P., indicating harsh environmental conditions with a distinct 
influence of meltwater and temporarily very slight inflow of Atlantic water. The modem surface-water circulation panem 
was reinitiated during Termination 18• The assemblages suggest slightly cooler and probably less saline surface water con­
ditions than are present today until 7500 yrs B.P. Solar insolation may have caused a first temperature peak which is 
responsible for the early Holocene productivity maximum. A considerable change in the composition of dinocyst and 
coccolith assemblages occurs corresponding approximately to the onset of the Holocene climatic optimum. This change 
was most probably linked to an almost synchronous reorganization of the hydrographic properties in the entire North 
Atlantic realm after the ice sheets had vanished. Since 6000 yrs B.P. the Norwegian Current with its modern oceanographic 
and ecological properties has been fully established. 

Introduction 

The Norwegian-Greenland Sea is an area of 
remarkable meridional and zonal hydrograph­
ical contrasts in surface water conditions. Rel­
atively warm and saline North Atlantic water 
penetrates across the Iceland-Scotland Ridge 
forming the Norwegian Current, which cools 
substantially on its way north and then sinks 

Co"espondence to: K.-H. Baumann, GEOMAR, Re­
search Center for Marine Geosciences. Wi.schhofstra.Be 1-
3, Building.4, D-2300 Kiel 14, Germany. 

and flows as a subsurface current into the Arc­
tic Ocean. Cold, less saline, seasonally ice-cov­
ered polar waters intrude from the Arctic 
Ocean through the Fram Strait (Fig. 1 ), form­
ing the East Greenland Current. Arctic surface 
water masses cover the central part of the 
Greenland and Iceland Se~ forming the Arctic 
domain ( Swift, 1986), which consists of At­
lantic and Polar waters. 

Phytoplankton, especially coccolithopho­
rids and diatoms,. are a: sensitive indicator of 
these environmental conditions ( cf. Paasche, 
1960; Samtleben and Bickert,. 1990~ Samtle-

0377-8398/92/$05.00 © 1992 Elsevier Science Publishers B.V. All rights reserved. 
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ABRUPT PALEO-CL™A TIC AND -OCEANOGRAPHIC 

INTERACTIONS IN THE NORWEGIAN SEA SINCE 1 Ma 

(ODP-LEG 104 SITE 643) 

BAUMANN. K.-H .. WOLF. T.C.W. & THIEDE J., (GEOMAR 

Research Center for marine Geosciences at Christian-Albrechts University, 

Wischhofstrafie 1-3, Bldg. 4, D-2300 KIEL 14, F.R.G.) 

One of the goals of global change research is the study of basic 

components which control paleoceanographic and paleoclimatic 

variations and which are able to explain the evolution of 

oceanographic and climatic changes during the past 1 my. Stable 

oxygen isotopes (N. pachyderma sin.), calcareous nannofossils, 

anorganic- and organic carbon content and coarse terrigenous 

particle analyses have been investigated in sediments of ODP LEG 

104 Site 643 (Norwegian Sea) since 1 Ma. Sampling intervals of 5 

to 10 cm have been used to represent time intervals of 2500 years, 

enabling us to establish a high-resolution oxygen isotope 

stratigraphy. The calculation of accumulation rates provides the 

opportunity to recontruct variations in sediment mass balances 

which can then be used as recorders of global paleoclimatic and 

paleoceanographic events. Several periods of abrupt and drastic 

sediment mass balance variations can be distinguished in the 

Norwegian Sea and will synthesized as long- and short-term 

interactions of paleoceanography and paleoclimate. 
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BIEBOW, N. & MATIHIESSEN, J.: Poster: Dinoflagellate cyst assemblages from Recent sediments offshore Peru and east Greenland, Programm and Abstracts, 14. 

DINOFLAGELLATE CYST ASSEMBLAGES FROM RECENT SEDIMENTS OFFSHORE PERU AND EAST GREENLAND 

BIEBOW, Nicole and MATIHIESSEN, Jens 
Research Center for Marine Geosciences, Kiel University, Wischhofstr. 1-3, 0-2300 Kiel 14, Germany 

Recent dinoflagellate cyst assemblages from the upwelling region offshore Peru (5-10°s. 80-85°W) have been compared with assemblages from Scoresby-Sound, East Greenland ( 70-71 °N; 20-28°W). Both environments are characterized by strongly contrasting surface water conditions. The upwelling region is influenced by warm temperate water masses (T =15,8-18°C; 8=35,0-35.5 PSU) whereas the Scoresby-Sound is dominated by polar water masses (T = 0-2°C; 8=26,0-31 ,0 PSU) which are most of the year ice-covered. 
The dinoflagellate cyst assemblages have been analyzed both quantitatively and qualitatively. Peridiniacean dinoflagellate cysts always contribute considerable to the assemblages in both environments. The occurrence of different morphotypes of peridiniacean dinoflagellate cysts, especially of the genus Brigantedinium, show that these cysts may be useful proxy-indicators of extreme hydrographic conditions, such as upwelling or ice-cover. 

BAUMANN; A. & MATIHIESSEN, J.: Poster: Late Quaternary dinoflagellate cyst assemblages from Rockall Plateau to Fram Strait, Progam and Abstracts, 10. 

LATE QUATERNARY DINOFLAGELLATE CYST ASSEMBLAGES FROM ROCKALL- PLATEAU TO FRAM STRAIT 

BAUMANN, Astrid 1 and MATIHIESSEN, Jens 2 
1 SFB 313, Kiel University, Heinrich-Hecht-Platz 10, 0-2300 Kiel 1, Germany 
2Research Center for Marine Geosciences, Kiel University, Wischhofstr. 1-3, D-2300 Kiel 14, Germany 

Dinoflagellate cyst assemblages have been investigated in several box cores containing Holocene and late glacial sediments. These cores are located on a transect from Rockall-Plateau to Fram Strait which is influenced by surface water of the North-Atlantic Drift and Norwegian Current. 
The surface water masses show a wide range in temperature from about15 to 4°C in August and 10 to -1 °C in February along the transect. Salinities are more uniform and range from 35,3 to 35, 1 PSU, with the exception of salinities in Fram Strait which only reach 34,5 PSU. 
The temporal and spatial distribution of the dinoflagellate cyst assemblages has been described in order to evaluate changes in the paleoenvironment since Termination I. The assemblages are dominated by few species. lmpagidinium spp., N. labyrinthus and 0 . centrocarpum are always important components of these assemblages. 



Unlike most assemblages ? I. pallidum achieves higher percentages in sediments 

from Fram Strait. 
The dinoflagellate cyst record will be compared with other planktic microfossils 

(radiolarians, diatoms, coccolithophorids and foraminifers) to obtain a complete and 

distinct record of surface water changes in late glacial and Holocene times. 

MA TTHIESSEN, J.: Vortrag: Distribution patterns of Recent dinoflagellate cysts in 

Norwegian-Greenland Sea sediments. Program and abstracts, 100. 

DISTRIBUTION PATTERNS OF RECENT DINOFLAGELLATE CYSTS IN 

NORWEGIAN-GREENLAND SEA SEDIMENTS 

MATTHIESSEN, Jens 
Research Center for Marine Geosciences, Kiel University, Wischhofstr. 1-3, 0-

2300 Kiel 14, Germany 

Dinoflagellate cysts have been examined in surface sediments from the 

Norwegian-Greenland Sea. This environment is characterized by remarkable 

hydrographical contrasts in surface water conditions. Relatively warm and saline 

North Atlantic waters pass across the Iceland-Faeroe Ridge forming the Norwegian 

Current on the east side of the Norwegian Sea which cools substantially on its way 

north and then sinks and flows as a subsurface current into the Arctic Ocean. Cold, 

less saline, seasonally ice-covered polar waters intrude from the Arctic Ocean 

through the Fram Strait into the Greenland Sea, forming the East Greenland 

Current. Arctic surface water masses, which consist of Atlantic and polar waters 

cover the central part of the Greenland and Iceland Sea. 

The distribution of individual species and assemblages is related to the bathymetry 

and oceanography of the Norwegian-Greenland Sea. Oceanographic fronts 

separating the polar, arctic and Atlantic water masses appear to be 

biogeographical boundaries both for individual species and assemblages.Thus, 

single assemblages are restricted to certain surface water masses in the 

Norwegian-Greenland Sea. This has also been shown for calcareous and siliceous 

microfossil assemblages such as planktic foraminifera, coccoliths and diatoms. The 

occurrence of most cyst species is related to the warm Atlantic surface waters. 

The distribution patterns of individual species suggest that even on a small scale 

hydrographic features such as branches of cold waters transported from the East 

Greenland Shelf eastward can be recognized in the distribution patterns of 

individual species. 

Kiel: Fourth International Conference on Paleoceanography, 21 .9. -25.9.92 



Zusa.mmenfassung des Vortrages auf der 21.Jahrestagung des APP am 28.5.92 in GOttingen 

Dinoflagellaten-Zysten 
ischen Nordmeeres 

in spatquart!iren Sedimenten 

Jens Matthie8en( GEOMAR, Kiel) 

des Europl-

Das Europllische Nordmeer stellt ein relativ engraumiges Sedimen­tationsbecken dar, das durch deutliche hydrographische Kontraste in den Oberfl~chenwassermassen charakterisiert wird. Der OstgrOnlandstroa transportiert kalte, meereisbedeckte polare Wassermassen (Temperaturen unter a·c, Salinit!ten geringer als 34,4·/··) nach Saden, wlhrend durch den Norwegenstrom relativ warme, nordatlantische Wassermassen (Temperaturen hOher als 3·c, Salinitaten gr~8er als 34·,9·/·•) nach Norden gelangen. Im zentralen Teil des Europaischen Nordmeeres exi­stieren im wesentlichen zwei zyklonale Wirbel, die durch nach Osten bzw. Westen driftende polare und atlantische Wassermassen erzeugt werden. Diese arktischen Wassermassen k~nnen saisonal mit Meereis bedeckt sein und weisen Temperaturen zwischen 0-4·c und Salinit&ten um 34,6-34,9·; •• auf. 
Palynologische Untersuchungen zeigen, da8 die Verbreitung von Dinofla­gellaten Zysten und Acritarchen in den rezenten Sedimenten in Beziehung zu diesen Oberfl!chenwassermassen stehen. Mit Hilfe der Faktorenanalyse lassen sich 4 Gemeinschaften definieren, die jeweils eine deutliche Praferenz far bestimmte Wassermassen aufweisen. Kalte polare Wassermassen werden durch ?AZgtdasphaertdtU11t mtnutt.an und runde braune protoperidinoide Zysten (Uberwiegend Brtgantedtntum spp.) cha­rakterisiert. ?Inrpagtdtntum paZZtdwn und Nematosphaeropsts 1.abyrtnthus dominieren in den Sedimenten unter den arktischen Wassermassen. Relativ warme nordatlantische Wassermassen werden durch OpercuZodtntWI centrocarpum gekennzeichnet. Auf den Schelfen vor Nordisland und Norwegen dominiert P./aeroense die Gemeinschaften. Weitere Arten zeigen ebenfalls deutliche Pr~ferenzen fUr bestimmte Wassermassen, wobei die h~chste Diversit!t der Gemeinschaften in den Sedimenten unter den atlantischen Wassermassen erreicht wird. Das Vorkommen von Dinoflagellaten-Zysten in Sedimentkernen ermOglicht es, die pal!o-ozeanographische Entwicklung des Norwegenstromes in den letzten 15.000 Jahren zu rekonstruieren. Mit Ausnahme kurzer Zeitab­schnitte mit vermutlich erhOhtem Schmelzwassereintrag haben nordatlan­tische Wassermassen immer die hydrographischen Eigenschaften der Oberfl!chenwassermassen beeinflu8t. Mit Hilfe des Phytoplanktons la.Bt sich zeigen, da8 jedoch erst vor 6000-7000 Jahren der Norwegenstrom seine heutigen hydrographischen Eigenschaften erhielt. 



Abstract, ICP IV· Fourth International Conference on Paleoceanography, Kiel, 21.·25. September 

1992. 

THERMAL EVOLUTION OF NORTH ATLANTIC SURFACE WATER 

MASSES OVER THE LAST 200 KA - GEOCHEMICAL AND 

MICROPALEONTOLOGICAL INDICATIONS 

D. Nurnberg (Alfred Wegener Institute, Bremerhaven, Germany) & K.-H. 

Baumann 

The geochemical and paleontological investigations of deep-sea 

sediment cores located along a N-S-trending profile in the northernmost 

North Atlantic and the Norwegian-Greenland Sea indicate new aspects 

in the paleoceanographic development of the Norwegian Current. 

Geochemical analyses on fossil tests of the planktonic foraminifer 

Neogloboquadrina pachyderma sin. reveal that magnesium in 

foraminiferal tests reflects relative surface water temperature changes. 

Since the incorporation is uninfuenced by salinity changes of surface 

waters, magnesium provides an exclusively •thermal• signal. Studies on 

coccoliths in the Norwegian-Greenland Sea reveal that abundances 

strongly vary in accordance to climatic changes. Coccoliths are mainly 

restricted to interglacial core sections, indicating variable oceanographic 

regimes through time. 
The combination of quantitative coccolith data and magnesium in 

foraminiferal tests makes a differential paleoceanographic reconstruction 

of the Norwegian Current possible. Significant magnesium variations in 

N. pachyderma sin. during isotopic stages 6 and 3 charactrize a more 

variable surface-water circulation than previously assumed. At the 

beginning of stage 5, the drastic increase of magnesium concentrations 

accompanied by a successive appearance of various coccolith species 

indicates the starting influx of relatively warm North Atlantic surface water 

masses. In accordance to coccolith data, magnesium data indicate an 

establishment of the Norwegian Current even during substages 5.3 and 

5.1, whereas during substages 5.4 and 5.2, a drastic cooling of surface 

waters and/or a complete reduction of inflowing North Atlantic surface 

water occurred. For the glacial stages 4 and 2, the interruption of 

inflowing surface waters has to be considered due to very low 

magnesium concentrations. The climatic change to the Holocene is 

reflected both in a drastic increase in magnesium concentrations and 

high coccolith abundances indicating a severe of relatively warm North 

Atlantic surface water amasses. During Termination IA, these surface 

waters presumably reached V0ring Plateau, but established in the Fram 

Strait not before Termination le. 



Abstract. Fifth INA Conference, Salamanca, Spanien, 30. August· 2. September 

Living coccolithophore communities in the northern North Atlantic 

C. SAMTLEBENl & K.-H. BAUMANN2 
(lGeol.-Pal. Inst., Univ. Kiel, Gennany) 
(2GEOMAR Research Center for marine Geosciences, Kiel, Gennany) 

Since 1987 investigations of living coccolithophore communities have been carried out to record occurrence, distribution, and abundances of species in the northern North Atlantic. Up to now, a set of more than 200 plankton samples from about 80 stations have been examined. According to coccolithophore occurrences and abundances three species groups can be distinguished in the Norwegian-Greeenland Sea as a result of specific ecological preferences: 
(1) A relative varied "Atlantic Group" which, above all, contains species of the Syracosphaeraceae (Syracosphaera borealis, S. corolla, S. molischi,) and holococcolith bearing forms (e.g. Corisphaera gracilis). They were found primarily at stations within the Norwegian Current at temperatures above 9-10°C. Only a few of these species tolerate slightly cooler conditions. 
(2) An "Arctic Group" that is distinctly less varied also inhabits the relativly warm Norwegian Current but extends further westward into the area of Arctic mixed surface water. This group is heterogeneous as well and not equally distributed: While Algirosphaera robusta and Ophiaster hydroideus are found primarily in areas with prominent Atlantic water influence, Emiliania huxleyi , Alisphaera unicornis, and Calciopappus caudatus can be observed up to directly on the polar front. 
(3) A "Polar Group" that is composed only of the two cold-adapted species Coccolithus pelagicus and Papposphaera sagittifera. These species do occur in the Norwegian Current, but their primary area of distribution is within Arctic water which is colder than 6°C. C. pelagicus was almost always found in the resting stage as well as in the motile phase, the Cristallolithus hyalinus stage, without significant differences in cell numbers. 
Moreover, south of the Iceland-Scotland Ridge there is a varied coccolithophore community of the North Atlantic which first of all contains E. huxleyi, species of the genus Gephyrocapsa (G. muellerae, G. ericsonii), Syracosphaera (e.g. S. orbiculus, S. protrudens, S. pulchra) and holococcolithophorid species (e.g. Calyptrosphaera oblonga, Zygosphaera bannockii, Calyptrolithophora papillifera). Parts of this group are drifted to the northern regions of the Norwegian-Greenland Sea in late summer. The generally northward decrease in species number can primarily been explained by the limiting influence of water temperatures. 
The coccolithophore communities are subject to strong seasonal variations that lead to big differences between summer and winter/spring. Thereby, the abundances of single species change within the regional groups, producing strong bloomsmainly by the species E. huxleyi in summer (> 3 mill. cells/liter). The seasonal variations of the species groups shift to the north/north-west with the drift of the Atlantic surface water masses. While south of Iceland first blooms occur in May/June, a high cell density is observed in the region of the V ~ring Plateau in July, near Bear Island in August, and west of Jan Mayen not until September. The vertical flux of coccolithophorid material corresponds to these observations. In deep sediment traps in the Lofoten Basin and near Bear Island sedimentation maxima of coccoliths are observed one month after the main production phases in surface waters. 
Besides, distinct variations between the observation years have been revealed by our investigations. These differences include composition and species abundances of the regional species groups as well as time and intensity of production phases. However, there is always a close connection between the distribution of the regional species groups and the different water masses. 
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LIVING COCCOLITHOPHORE COMMUNITIES IN THE 

NORWEGIAN-GREENLAND SEA AND THEIR DISTRIBUTION 

IN SURFACE SEDIMENTS 

C. Samtleben1, K.-H. Baumann, A. Schroder 

(1 Geol.-Palaont. lnstitut, Univ. Kiel, Olshausenstr. 40, D-2300 

Kiel 1 , Germany) 

Epipelagic coccolithophore communities have been 

investigated in a series of plankton samples which have been 

taken together with salinity and temperature measurements 

during five cruises to the Norwegian-Greenland Sea since 

1988. Abundance and species diversity of coccoliths in 

surface sediments have been examined in 75 samples of the 

entire Norwegian-Greenland Sea. 

Living coccolithophore communities in the Norwegian­

Greenland Sea can be classified in three regional groups 

tracing the corresponding surface water masses: (1) an 

Atlantic group, (2) an Atlantic-Arctic group, and (3) an Arctic 

group. These assemblages are decomposed and altered 

during descent in the water column. Destruction and solution 

of delicate heterococcoliths and of all the holococcoliths leave 

only few species at deeper water levels. These species are 

further influenced by differential dissolution and destruction at 

the sediment-water interface. 
As a result, the original composition of the living commu­

nities becomes increasingly obscured in the impoverished 

taphocoenoses. Samples from surface sediments contain 

significantly less coccolithophorid species than those which 

are included in living communities of the same area. However, 

based on their concentration and diversity and the ratio 

changes between Emiliania huxleyi and Coccolithus 

pelagicus it was possible to establish biogeographic zones. 

Thus, the coccolith distribution in surface sediments of the 

Norwegian Sea seems to give a good description of the 

various locations of various water masses in the area. 

29.06.1992 
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Abstract 

Samtleben, C. and Bickert, T., 1990. Coccoliths in sediment traps from the Norwegian Sea. Mar. Micropaleontol., 16: 39-64. 

The fine fraction of surface sediment samples in the Norwegian Sea shows an unexpectedly high amount of calcar· eous nannoplankton. Investigations, using time-series sediment traps in the Lofoten Basin (69°N, 1983/84). near Bear [sland (75° N. 1984/85 J and.in the Fram Strait (78° N, 1984/85) provided information about the accumulation of this material in relation to the strong seasonality of biological production. 
Coccolith identification and counting, by means of a scanning electron microscope, indicated that the coccolith assemblages in the traps consist almost entirely of the two species Emiliania hu:cleyi and Coccolithu.s pelagic us. These species dominated the flux rate of the nannoplankton carbonate. A further eigi'\t species only made minor contribu­tions to the flux. 
In the Lofoten Basin a distinct seasonality could be recognized in both standing crop and carbonate flux. Also the relationship between the two main species and the proportion of intact coccospheres showed an annual cycle. In the sample series of the two northerly traps the seasonality was less distinct. In general, the coccolith flux decreases towards the North. This was particularly evident for the smaller species E. hu:cleyi, while the number of massive C. pelagicus coccoliths - and so the coccolith carbonate t1ux - diminished only slightly. 
Additional investigations on water samples from the Norwegian Sea revealed species compositions that differed greatly irom those in the sediment traps. This suggests that selective processes change the relative species proportions during sedimentation. 

Introduction 

The Norwegian Sea is characterized by strong 
seasonal changes which are mainly controlled 
:ly cycles of insolation, water temperature, and 
ice cover. These seasonal changes result in vari­
ations in the biological productivity that are as­
sociated with different groups of organisms. The 
sedimentation in this oceanic region is inter­
connected with biological productivity and is 
also influenced by oceanographic conditions. 

The surface sediments in the Norwegian Sea, 
on the V 0ring Plateau and in the Lofoten Basin 
·onsist for the most part of calcareous nanno­
fossils and can be described as a coccolith ooze 

( See Plate III, 4). The fact that, in a number of 
places, this sediment has been observed to ex­
tend for several tens of centimeters to the Hol­
ocene/Pleistocene boundary, indicates the 
considerable significance of coccolithophorids 
to the post-glacial sedimentation of this region. 
To date however, little work bas been done 
either on the relationship between the produc­
tion of biogenic particles and their sedimenta­
tion, or on the mechanisms of their transport 
to the seafloor. 

Investigations using sediment traps that were 
begun in 1983 in a joint program of the Woods 
Hole Oceanographic Institution and the Uni­
versities of Kiel and Bremen (Honjo et al., 

0377-8398/90/$03.50 © 1990 Elsevier Science Publishers B. V. 
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Living coccolithophore communities in the Norwegian­

Greenland Sea and their record in sediments 

Christian Samtleben and Andrea Schroder 
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ABSTRACT 

Samtleben, C. and Schroder, A., 1992. Living coccolithophore communities in the Norwegian-Greenland Sea and their 

record in sediments. Mar. Micropaleontol., 19: 333-354. 

Investigation of epipelagic coccolithophore communities along a transect from the Vering Plateau (off Norway) to 

Scoresbysund ( East Greenland) and comparison with coccolith assemblages in underlying surface sediments reveal that 

sedimentation of coccoliths is dependent on the following factors: ( I ) Composition of the coccolithophore communities 

and their bloom phases, ( 2) grazing and selective destruction by zooplanktonic organisms, ( 3) type of vertical flux in 

fccal pellets, and ( 4) varying carbonate dissolution in different water masses. Dissolution increases towards the bounda­

ries of carbonate sedimentation. As a result, the original composition of the living communities becomes increasingly 

obscured in the impoverished taphocoenoses. However, differential resistance to dissolution of the two primary calcareous 

nannoplankton species Emiliana huxleyi and Coccolithus pelagicus is such that occurrence and ratio of the two species in 

surface sediments reflect the various water masses in the Norwegian-Greenland Sea. 

Introduction 

Coccolithophores constitute a significant 

part of phytoplankton in the epipelagic ( i.e. 

photic) zone of the oceans. Variations in oc­

currence and species frequency appear to de­

pend on ecological conditions in near surface 

water masses such as water temperature, light 

intensity, nutrient content, and water move­

ment. Coccoliths in Late Quaternary sedi­

ments from the Norwegian-Greenland Sea 

have been used for paleo-oceanographic and 

ecostratigraphic studies by Eide ( 1987), Gard 

( 1988) and Baumann ( 1990) . However, in­

vestigation of coccolith material from sedi­

ment traps and comparison with living coccol-

Correspondence to: C. Samtleben, Geologisch-Palaonto­

logisches Institut, Universitat Kiel, OlshausenstraBe 40-

60, D-2300 Kiel, Germany. 

ithophore communities from the Norwegian­

Greenland Sea reveal significant differences in 

occurrence and species frequencies ( Samtle­

ben and Bickert, 1990). Obviously, alongside 

phytoplankton production, zooplankton activ­

ities and redeposition processes are involved 

in coccolith sedimentation and effect an alter­

ation of the species composition in the sedi­

ment by selective destruction of a part of the 

flora. 
With the present study we intend to analyse 

the information content of coccolith assem­

blages in Recent sediments of the Norwegian­

Greenland Sea specifically with respect to the 

following questions: 
( 1 ) How are living coccolithophore com­

munities correlated to surface water masses?. 

(2) How are living coccolithophore com­

munities altered during descent through the 

water column? 

0377-8398/92/$05.00 © 1992 Elsevier Science Publishers B.V. All rights reserved. 
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Response to climatic changes in the Norwegian Sea: Pleistocene plankton and terrigenous sediment records (ODP-Leg 104 Site 643) 

Wolf, T.C.W., Baumann, K.-H., Schulz, M. & Thiede, I. 
( 1GEOMAR, Research Center for Marine Geosciences, Wischhofstr. 1-3, D-2300 Kiel 14, Germany) · 

The Norwegian Sea is a key region for understanding the development of glaciaVinterglacial climatic changes in the Northern Hemisphere. These changes have drastically affected the polar and subpolar regions of the Northern Hemisphere, creating variable oceanographic gradients. To obtain a high-resolution record, stable oxygen isotopes ( N. pachyderma sin.), coccoliths, anorganic and organic carbon content, and coarse terrigenous particle analyses have been investigated in sediments from ODP Leg 104 Site 643 (Norwegian Sea) since 1 Ma. Sampling intervals of 5 to 10cm have been used to represent time intervals of 2500 years, enabling us to establish a high-resolution oxygen isotope stratigraphy. 
Several periods of abrupt and drastic sediment balance variations can be distinguished in the Norwegian Sea. An increased abundance of coccoliths and planktic foraminifers documents time intervals of strong Atlantic surface water intrusions into the Norwegian Sea especially during oxygen isotope stages 5, 11, 13, 15, whereas during stages 7 and 9 coccolith data record a much weaker Atlantic water influence. The same trend can be observed in the bulk accumulation rate of calcium carbonate. It is remarkable that the abundance of coccoliths decreases between 1.0 and 0.6 Ma. On the other hand terrigenous particle input reflects time intervals of clear glacial conditions during stages 2, 4, 6, 8, 10, 12, 14. A continous input of these particles is revealed between 1.0 and 0.6 Ma, indicating - together with decreasing abundances of coccoliths during this timespan - limited Atlantic surf ace water transport into the Norwegian Sea. 
In addition, terrigenous particle input is clearly related to the orbital frequencies in the Milankovitch band, with mean periods of 100, 41, and 21 kyr for the past 0.6 Ma. 
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NUMERICAL MODELLING OF THE PALEO-CIRCULATION AND 

SEDIMENTATION IN THE NORTHERN NORTH ATLANTIC 

B. J. Haupt, C. Schafer-Neth, D. Seidov, K. Stattegger 

University of Kiel, Special Research Project 313, 24118 Kiel, Germany 

SCINN A, an adapt ion of the new Princeton Ocean General Circulation 

Model, based on the Primitive Equations with conservation of mass, mo­

mentum, energy, heat and salt, and IMOC, an Intermediate Geostrophic 

Circulation Model, are used to study the three-dimensional circulation of 

the Northern North Atlantic. 

Coupling to sedimentation is achieved by SENNA, a newly developed sedi­

mentation/ erosion model which takes as input the velocity and tracer fields 

produced by SCINNA and IMOC. In this model, sediments are supplied 

from the continental margins and the sea surface. Additionally, sediments 

are allowed to resuspend again, thereby offering the possibility of stepwise 

transport. 

Numerous experiments have revealed a very high sensitivity of the North­

ern North Atlantic's circulation and tracer field to even small changes 

in boundary conditions, which is reflected in the resulting sedimentation 

patterns. For the Late Quaternary, the circulation and sedimentation his­

tory have been reconstructed using the available sets of proxy-data from 

different time slices. 



TOWARDS MODELING THE PALEOCIRCULATION AND 
SEDIMENTATION OF THE NORTHERN NORTH ATLANTIC 

B.J. Haupt, c. Schafer-Neth, K. Stattegger 
sonderforschungsbereich 313 der Universitat 
Kiel 

Models: For studying the 3-dimensional 
circulation of the Northern North Atlantic, 
MOM ( Modular Ocean Model) , the successor of 
the well-known Princeton Ocean General 
Circulation Model is used. This model is based 
on the Primitive Equations including 
conservation of mass, heat, salt, and 
momentum. High resolution {1 degree zonal, 0.5 
degrees meridional, 8 levels vertical) allows 
realistic representation of topography. 
Coupling to sedimentation is achieved by a 
model containing sediment transport equations 
which takes the velocity field produced by MOM 
as input. In this model, sediments can be 
supplied from the continental margins and the 
sea surface. 

Sensitivity studies: First, the model's 
response to various modern forcing data has 
been tested: wind (Hellerman & Rosenstein, MPI 
Hamburg T21 model results), ice cover 
(CLIMAP), and thermohaline forcing (Levitus). 

Selected time slices: Based on the available proxy-data (olBo, a13c), the ocean's 
circulation has been modeled for selected Late 
Quaternary time slices, with emphasis on the 
Last Glacial Maximum ( 18000 bp). Taking 
sedimentation rates from core data, sediment 
fluxes with resulting deposition/erosion 
patterns are computed to reconstruct the 
history of the sediment fill between time 
slices. 
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Cold Surface Ocean Ventilation and Its Effect on Atmospheric co2 

ROBIN S. KEIR 
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The pocential for grca1cr air-sea exchange rates in the nonhem Atlantic to decrease a1mospheric COz 

during the ice ages is examined wing a simple model of the solubility pump. This pocential is shown to 

depend on whether the modem ocean's rc&ion of sinking cold water is rcequilibrating with atmospheric 

C02 at a rate comparable to the poleward transpon of warm sudace water. If this is the cue, i1 is possible 

that grca1cr ice age polar ventilation may have produced as much as 60% of the decrease observed in ice 

cores. In this scenario, lhe cold surface water COz pani.a1 prcJsure doe1 not covary with the almosphere but 

instead would remain approximately conttanL 

INTRooocnON 

Most of the explanations of the lower ice age atmospheric 

co2 content have focused on either the "biological pump" 

(i.e., net carbon production versus upwelling flux) or 

"alkalinity mechanisms" in which a shift of dissolved 

inorganic carbon from intermediate to deep water occurs 

[Broecker, 1982; Knox and McElroy, 1984; Sarmiento and 

Toggweiler, 1984; Siegenthaler and Wenk, 1984; Boyle, 

1988]. Both of these general theories have deficiencies. For 

example, in order to decrease the atmospheric CQi 80 ppm. 

carbon pwnp mechanisms increase oxygen consumption in the 

deep sea to the point that a substantial volume would become 

nearly anoxic [Ennever and McElroy, 1985; Toggweiler and 

Sarmiento, 1985; Keir, 1988], while alkalinity mechanisms 

would require a much greater vertical shift in nutrient proxies 

such as 613C and Cd/Ca in forarninifera than is observed. In 

these considerations, the role of C02 solubility has largely 

been discounted, because the estimated 1.5° to 2°C temperature 

decrease in overall surface ocean temperature would not 

decrease atmospheric CQi more than about 20 ppm and about 

half of this decrease would be counteracted by the increased 

salinity of the glacial ocean [Broecker, 1982]. However, 

dynamical considerations concerning the "solubility pump" 

have largely been ignored in this appraisal. Here the question 

of whether polar ventilation may be playing a role in 

controlling Pleistocene atmospheric C02 concentration is 

examined. 
In the present ocean. well-ventilated warm surface waters 

flow northward in the Atlantic, lose heat. and eventually sink 

in the subpolar North Atlantic and in the Greenland and 

Labrador seas. Along the flow path, the total dissolved 

inorganic carbon concentration of the water increases as the 

C02 solubility increases (Figure 1; see also Broecker and Peng 

[1992]), and therefore the total CQi of the northern Atlantic 

surface waters is greater than in low latitudes. This overall 

process has been termed the "solubility pump" by Volk and 

Hoffert [1985] because it tends to maintain a constant total 

C02 gradient between the warm water and the polar cold water 

downstream. This in tum contributes to the vertical total C02 

gradient because of the thermohaline circulation. 

Copyright 1993 by the American Geophysical Union 

Paper number 92JC02323 
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In this paper, a two-box model of the ocean surface is used to 

examine whether changes in the solubility pump could 

substantially contribute to the ice age atmospheric C02 

decrease. Of particular interest is the sensitivity of 

atmospheric C02 concentration to increased ventilation of 

poleward transported, cooled surface waters prior to sinking. 

An increase in ventilation of high-latitude waters could be 

caused either by an increase in the gas exchange flqx as a result 

of greater wind speeds or by an increase in the surface area of 

the sinking, cold water mass. Both of these increases appear 

possible for the last glacial maximum, the former being 

indicated by increased dust and aerosol concentrations in the 

continental ice cores [Hammer et al., 1985; De Angelis et al., 

1987]. The CL/MAP [1981] reconstruction of ice age sea 

surface temperature suggests that warm surface ocean 

temperature was little changed, while the areal extent of cold 

temperature water expanded. In the North Atlantic, it appears 

that sea ice was well north of the polar front. and the ocean 

between about 45° and 60°N was a cold gyre which was largely 

free of ice [Ruddiman and MclrJlyre, 1981]. If so, the area of 

open water with temperatures less than 5°C would have been 

considerably greater during the ice age than in the modern 

ocean (Figure 2). It may be that the northern Atlantic was not 

a source of deep water during the ice age, but it appears that 

sinking to middepths (1600 m) did occur [Boyle and Keigwin. 

1987], although perhaps at a slower rate than the present 

production of North Atlantic Deep Water. 

MODEL DESCRIPTION 

The overall modelling approach is similar to that of Volk 

and Liu [1988] in their study of CQi disequilibrium patterns in 

the surface ocean. which is considered here as a simple warm­

cold two-box system with poleward surface transport (Figure 

3). The deep ocean is treated as an external source that is 

supplied only to the warm box (1) with a fixed total C02 

concentration Io, The source concentration represents the net 

effect of low-latitude upwelling and biological production of 

both organic carbon and calcium carbonate. The allcalinity 

that results from these processes is assumed to be constant 

throughout the surface ocean. Part of the source (U2) is 

transported to the cold box (2), and part ( U 1) simply 

downwells from the warm box without cooling. 

The model is a simplication of three-box whole ocean 

models previously used to investigate the "polar nutrient" 

hypothesis [Knox and McElroy, 1984; Sarmiento and 
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THE EFFECT OF VERTICAL NUTRIENT 
REDISTRIBUTION ON SURFACE OCEAN 613C 

Robin S. Keir 

GEOMAR, Forschungszentnun fUr Marine Gcowissenschaften 
an der Christian-Albrcchts-UniversiUlt zu Kiel, 
Kiel, Gennany 

Abstract. Processes that shift nutrients from mid to lower 
ocean depths may or may not increase the ocean's vertical 
carbon pump. Redistribution of 613C produced by these 
processes is compared in two box models: a vertical three-box 
ocean and a thirteen-box ocean. In the former there is no 
613c fractionation laterally between surface waters, and the 
ocean nutrient and snc distributions are linearly correlated. 
This correlation is not changed when these tracers become 
redistributed, and if the model surface ocean is nutrient limited, 
the surface 613c cannot change. In the 13-box ocean there is 
a transfer of negative snc from the cold surface water 
through the atmosphere into the warm ocean. Its 613C is 
therefore lower than it would be as a result of the carbon pump 
by itself. If a middepth nutrient depletion occurs because of 
lower nutrients in Antarctic waters, the warm surface snc 
increases. If the vertical nutrient shift occurs because of ocean 
circulation or biological recycling changes, the warm surface 
water 613c change depends on the ratio of its vertical COi 
fluxes, i.e., exchange of atmospheric COi versus upwelling 
total COi and net biological production. If this ratio remains 
about the same, then little change occurs in surface i;l3c, and 
the sIJc of Pacific deep Water decreases about 0.3'L. In this 
case, no change in the average ocean 613C is required to 
explain observations from sediment data. This would imply 
that the ice age land biota carbon mass was about the same as 
that of today. The vertical COi flux ratio could be an 
important consideration if greater wind-driven upwelling is a 
factor in the nutrient redistribution. 

Copyright 1991 
by the American Geophysical Union. 
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INTRODUCTION 

Cd,'Ca and oI3c ratios in benthic forarninifera suggest that 
lower nutrient concentrations existed at intermediate depths in 
the glacial North Atlantic Ocean [Boyle and Keigwin, 1987; 
Oppo and Fairbanks, 1987; Zahn et al., 1987]. It is not yet 
certain whether this decrease was widespread throughout 
middepths in the ocean globally, as there are conflicting 
interpretations from 613C measurements made on Pacific 
sediments [Duplessy et al., 1988; Mix et al., 1991]. There are 
several mechanisms that could have caused a nutrient shift: 
some of them also reduce the atmospheric COi and increase 
the difference between surface and deep ocean 613c [Boyle, 
1988; Keir, 1988: Lyle and Pisias, 1990]. However, the 
various scenarios do not produce this increase in the same 
way: in some cases the 613c gradient increases mostly by an 
increase in surface ocean i;I3c, and in others it inacases 
mostly by a decrease in deep Water 613C, Each of these 
possibilities has a different implication concerning the ice age 
terrestrial biosphere, and therefore the question of how the 
different processes cause the vertical slJc distribution to 
change is examined here using two ocean box models. The 
results indicate that the ratio of upwelling total COi to gas 
exchange flux could be an important consideration for the 
surface 51Jc change, panicularly since it appears that greater 
average wind speeds drove a greater glacial ocean upwclling. 

The earliest explanations for the ice age decrease in 
atmospheric COz [Delmas et al., 1980; Neftcl et al., 1982] 
were based on an inaease in the ocean carbon pwnp efficiency, 
due either to a greater glacial ocean nutrient inventory, greater 
C/P ratio in the plankton, or a more effJCient utilization of 
nutrients in the polar regions [Broecker, 1982; Knox and 
McElroy, 1984; Sarmiento and Toggweiler, 1984; 
Siegenthalez and Wenk. 1984]. Geochemical models of these 
processes produce an increase in the surface ocean i;l3c of 
about 0.5%o but liule change in the deep ocean i;I3c 
[Broecker and Peng, 1984; Berger and Keir, 1984; Ennever and 
McElroy, 1985: Toggweiler and Sarmiento, 1985; Wenk and 
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ON TiiE LA TE PLEISTOCENE OCEAN GEOCHEMISTRY 

AND CIRCULATION 

Robin S. Keir 
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San Diego, La Jolla 

Abstract. A box model of the atmosphere and ocean was 

developed to investigate how geochemical distributions extant 

during the late Pleistocene may have come about The model 

simulates the regional distribution of calcium carbonate 

dissolution as well as the chemical oceanoi;raphy and 

atmospheric C02, 613C, and radiocarbon. If the downward 

biological f1 ux of particulate carbon increases by a factor of 2 

to 3 in the Antarctic and if this increase is combined with a 

relative increase of the Atlantic sector Ant.lrctic Bouom Water 

(AABW) versus North Atlantic Deep Water (NADW) source 

ratio from 1:3 to about 2:1, then the model predicts several 

changes that seem lO be recorded in the sedimentary record, as 

follows: (1) A global redistribution of nutrients and 12C from 

the intermediate to deep water takes place with the Atlantic 

intermediate water phosphate decreasing 0.6 µmole kg-1 and 

the 613C increasing 0.3 to 0.5 %o. (2) The dissolved oxygen 

level of the deep sea is reduced from an average of about 180 

to 70 µmole kg-1, but the intermediate water oxygen declines 

only a small amount (3) The decrease in intermediate water 

nutrient concentration results in lower average organic carbon 

and calcium carbonate production in the warm surface ocean. 

(4) The atmospheric CC>i decreases by 90 to 110 ppm. (5) 

Initially, a global increase in calcium carbonate dissolution 

occurs, which is followed by a relaxation toward better 

preservation than exists for the present ocean. In the model in 

this paper the reduction of NADW by itself does not produce 

these effects. Rather, the nutrient decrease that does occur is 

found mostly in North Pacific intermediate water, and the 

model atmospheric COi decrease is only 10 to 30 ppm. It is 

, Copyright 1988 
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observed that 92% of the atmospheric C02 change talces place 

according to a 200-year time constant in the model. This 

corresponds to the response time of the upper ocean and 

atmosphere to a change in the stationary state atmospheric 

Pco,. Thus, according lO this model, the time lag between the 

nutrient-based cause and the atmospheric CC>i response is not 

expected to be particularly large. 

1. INTRODUCTION 

During the Pleistocene Epoch, climate on the earth's 

surface has been characterized by a rhythmic expansion and 

contraction of the polar ice sheets, with the extrema often 

referred to as "glacial" or "interglacial." The climate 

oscillation appears to be a nonlinear response to variation of 

the orbital configuration of the Earth about the Sun [Hays et 

al .. 1976: lmbrie and lmbrie, 1980). Analysis of the CC>i 

concentration of air trapped in polar ice has indicated that the 

atmospheric C(h partial pressure was about 30% less during 

the last (Wisconsin) glacial than the preindustrial present 

[Delmas et al .. 1980: Neftel et al. , 1982: Stauffer et al .. 1984). 

The results from the Vostok Antarctic core suggest that the 

rise and fall of the atmospheric C02 is approximately 

coincident with that of ice volume [Barno/a et al., 1987). 

In addition lO the ice core data, marine sedimenlary records 

of '3C/12C, Cd/Ca and calcium carbonate dissolution in the 

late Pleistocene ocean provide the potential means for 

reconsuucting how the ocean geochemistty and circulation 

varied during this time and what their relationship to the 

climate has been. Toward this goal, a hierarchical series of 

compartment models of the ocean and atmospheric 

geochemical system have been employed to investigate the 

effects of various hypotheses, beginning with Broecker' s 

[1982a. b) suggestion of an increased ocean nutrient inventory 

during the glacial. Alternative hypotheses enhance the 

particulate carbon pump relative to the vcrtic:i.l circulation by 



STROMUNGSMUSTER IM NORDATLANTIK, REZENT UND LETZTE MAXIMALVER­
EISUNG: ERSTE ERGEBNISSE MIT DEM SCINNA-MODELL (TP B4) 

Schafer-Neth, c. & Haupt, B. J., Stattegger, K. 

zur Untersuchung der Sensibilitat und Zirkulation des nordlichen 
Nordatlantiks wird SCINNA eingesetzt, eine erweiterte Version des 
neuen Princeton OGCMs, MOM. Dieses prognostische Modell enthalt 
in der Form der Primitiven Gleichungen die Erhaltung von Masse , 
Warme, Salz und Impuls. Die Topographie ist durch die Auflosung 
von zonal 1 Grad, meridional 1/2 Grad und 8 Schichten in der 
Vertikalen realistisch wiedergegeben. 

Die Verbindung zur Sedimentation besteht in SENNA, einem Sedi ­
menttransportgleichungs-Modell, das basierend auf dem dreidimen­
sionalen Geschwindigkeitsfeld aus SCINNA und der Vorgabe von 
Sedimentquellen an den Kontinentalrandern bzw. der Meeresober ­
flache die Sedimentation und Erosion im nordlichen Nordatlantik 
modelliert. 



INTERMEDIATE MODEL FOR LARGE 

SCALE OCEAN CIRCULATION STUDIES 

D.G.SEIDOV 

(Present Address: Geological-Paleontological Institute, Kiel University, 01-

shausenstr. 40, W - 2300 Kiel, Germany) 

ABSTRACT 

Design and purposes of an intermediate model are disrnssed along 

with fundamentals of the model and test numerical experiments. 

The main goal of the use of the model a.re reconstructions of t he 

schemes of the ocean paleocirculation. For this problem numerical 

effectiveness is the key factor. Parameterization of the side Ekman 

boundary layers was introduced to enable the use of geostrophy 

for calculating baroclinic velocity. Preliminary numerical experi­

rrwnts with simple basin geometry and idealized forcing aimed at 

qualitative comparison with primitive equation models were carried 

out. The results of the experiments are discussed in context of the 

applicability of intermediate models for studying large-scale ocean 

dynamics. 
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ABSTRACTS 

TOWARD A BEDER UNDERSTANDING OF THE NORTH ATLANTIC 
RESPONSE TO THE MEL TW ATER EVENT NEAR 13.6 KA - A NUMERICAL 
OCEAN CIRCULATION MODEL 

D. Seidov (P.P. Shirshov Institute of Oceanology, ·Moscow, Russia, and 
Geological-Paleontological Institute, Kiel, Germany), I. Yushina, M. Sarnthein, 
and K. Stattegger 

The ocean response to local changes in winds and themohaline conditions 
of the surface is not yet well understood. The rates and scales of changes of the 
ocean currents and the thermohaline structure are of primary interest for 
identifying the spreading of low-salinity waters. Therefore, we tested a 
paleoreconstruction of a major meltwater event subsequent to the Last Glacial 
Maximum (LGM). The 6180 maps reveal steep salinity gradients formed in 
subpolar regions of the eastern North Atlantic at that time. We modelled the 
North Atlantic ocean large-scale circulation using model winds for 18 ka BP 
simulated by Lautenschlager'and Herterich in the framework of T21 
atmospheric GCM. Special attention was paid to shifts of the polar front, linked 
to strong melt water injection 13,600 years ago. The main interest was directed 
to the problem of possible switches of water overturn process and its connection 
to the changes in circulation in the subtropical North Atlantic. Preliminary results 
of our numerical study indicate noticeable changes in the position of the 
isopycnal outcrops, which mark the thermohaline fronts. Changes in the overall 
currents system also suggest, in harmony with the results of proxy data 
reconstructions, that variation of the surface salinity in subpolar eastern North 
Atlantic might have triggered a switch in the Atlantic salinity con~eyor. 

MAGMATIC EVOLUTION OF THE URAL PALEO OCEAN 

I. Seravkin (Institute of Geology, Bashkir Scientific Center, Ural Division, 
Academy of Sciences, Ufa, Russia) 

The Paleozoic ocean in the Urals is indicated by geologic formations: I) 
shelf and bathyal complexes of the East-European plate margin preserved at 
the western slope of the Ural; 2) fragments of the ocean-type crust (ophiolite 
triad) occuring within the melange of the suture zone and major thrusts; 3) arc 
volcanogenic formations of the Magnitogorsk belt; 4) volcano-plutonic 
formations of continental-marginal belts in the eastern zones. All these units 
form an asymmetrical magmatic, facial and metallogenic zonation that shows 
both western passive and eastern active contintental margins corresponding to 
02.3 to be present. 

The evolution of chemical composition in volcanic rocks according to main 
and satellite elements (Rb, Sr. Ni, Cr, Co, Ti, Zr, REE, etc.) suggests the most 
complete development of J. Wilson · s cycle. Splitting of the continent was 
accompanied by eruptions of trachibasalts (C-0) while spreading of the volcanic 
basin - by mass effusions of ocean-type tholeiites (0-S); development of 
submarine riftogenic structures - by contrast ryolite-basaltic volcanism (S); 
subduction along the eastward dipping Benyoff zone - by arc volcanogenic 
formations of alkali-lime and shoshonite series (0 2.3); and collision - by volcano­
plutonic subalkali and alkali-lime Andes-type belts (C1.2) as well as intrusions of 
granite batholites (PZ3). 

Latitudinal variations in composition of synchronous riftogenic and arc 
volcanogenic complexes have been recognized. Facial zonation, approximate 
evaluation of rate under spreading and chemical behaviour of ancient versus 
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NUMERICAL MODELLING OF THE OCEAN CIRCULATION AND PALEOCIRCULATION 

D.G. Seidov 

Shirshov's Institute of Oceanology, USSR Academy of Sciences, Krasikova, 23, 117 218 Moscow, USSR 

Abstract. A. numerical model of the ocean circulation 

has been developed and applied to the problem of paleo­

circulation reconstruction. The physical basis of the 

model is presented as well as a sketch of the numerical 

approach as a method are discussed. The model has been 

tested in numerical experiment's aimed to reproduce 

modern circulation and hydrology patterns. Then, the 

model has been used to reconstruct schemes of currents 

and hydrology of the Late Mesozoic and Cenozoic eras. 

The atmosphere has been assumed to be zonal, and 

continents drifted after the breakup of Pangaea as it is 

proposed by geodynamics. The results of the numerical 

experiments are discussed and major feedbacks are 

identified which regulate the climatic changes of the 

ocean. 

Introduction 

There has always been great interest among paleo­

ecologists, paleoclimatologists and geologists in geologic 

history of the earth's climate and the paleoenvironment of 

the World ocean. However, paleogeography has operated 

mainly with currents reconstructed using indirect data, 

i.e. paleoecological data (e.g. Gordon, 1973; Westermann, 

19&0; Berggren and Hollister, 1974) or using analogies 

between modern and ancient circulations of the 

atmosphere (Parrish and Curtis, 1982). Although such 

reconstructions are helpful to some extent in paleo­

geographical studies, they too often are arbitrary or 
inconsistent with hydrophysics. The data are unevenly 

distributed in time and space and generally insufficient 

for reconstructions of the global or large-scale current 

systems. The reconstructions themselves are not based on 

the laws of physical oceanography such as conservation of 

mass (i.e. the mass of water which flows into certain 

volume of fluid should be equal to the mass which flows 

out), hydrostatic stability, conservation of angular 

momentum, etc. The only study of the ocean paleo­

circulation by physical methods has been carried out using 

a laboratory model (Luyendyk et al., 1972). '1/e should 

also mention here a laboratory reconstructions performed 

by Lazarev (19.50), although these were based on a fixed 

continental position approach. There is a lot of evidence 

now that continents move over the earth's surface. It is 

absolutely clear that for different position of continents 

there would be accompanying different resulting patterns 

of the ocean circulation. We are not going to discuss any 

aspect of plate tectonics or geodynamics technique. We 

will simply deal with a hypothesis that the continents 

were situated in very different places than they are at 

present time. We will also use geodynamical reconstruc­

tion of previous continental configurations on the globe. 

Inferences from this hypothesis (using paleobio­

geographical data and geological records) have already 

been exploited by some authors (Gordon, 1973; Kennet, 

1977 and others; see for example Lisitsin, 1980). The role 

of continents may be easily seen from their present 

constraints on the ocean circulation. The earth's 

atmosphere generally is able to circulate around the globe 

since the air has no meridional borders on its circumzonal 

way. The ocean currents evidently are in very different 

situation. There is only one circumglobal ocean current 

at present time, namely the West Wind Drift current. 

Meridional ocean boundaries produce most general 

features of the circulation such as subtropical anti­
cylcones or subpolar cyclonic gyres. This major 

characteristic quality of the circulation patterns gave a 

basis for well known idealized theoretical studies (e.g. 

Stammel, 1948; Munk, 1950; Veronis, 1966 and others). In 

these studies rectangular basins with flat bottoms and 

with homogeneous fluid approximations were used as 
conceputal models. The only real geophysical features 

were rotation of the earth, its spherical geometry (para­

meterized by meridional change of the Coriolis 

parameter), and the wind stress which itself was highly 

idealized and even had been introduced into the model as 

a zonal field (e.g. Stammel, 1984). Significant success of 

such enterprises may be interpreted only as a proof of the 

priority of the meridional boundaries plus differential 

rotation (or spherical geometry) in formation of the ocean 

circulation patterns. It should be stressed, however, that 

specific current systems are formed with different 

specific causes, and especially under effects of the 

specific geometry of different oceans. 
At the same time one has available the possibility of 

reconstructing the ocean circulation of past geologic 

periods using numerical simulation techniques. This 

possibility emerges from certain encouraging results 

achieved in numerical studies of present ocean circula­

tion. A. t least major features of global ocean circulation 

are reflected by these models in qualitative agreements 

with observations, or with existing images of present day 

circulation and hydrology patterns. If one raises not too 

rigorous demands and does not wait for detailed mapping 




