IODP/ICDP
Kolloquium 2018
Ruhr-Universität Bochum
14. – 16. März 2018

Poster, Kaffee,
Dinner

Geo-Show

Conference-Dinner: Donnerstag, 15.03.2018, 19:30 Uhr
im Anschluss an das Tagungsprogramm
Bistro der Ruhr-Universität Bochum,
Mensagebäude
Geo-Show
„Unterirdisch“:
Donnerstag, 15.03.2018, 10:30 – 12:00 Uhr
Audimax Ruhr-Universität Bochum
Universitätsstraße 150
44801 Bochum

Veranstaltungsort: Ruhr-Universität Bochum
Hörsaalzentrum Ost (HZO 40), Mensafoyer
Universitätsstraße 150
44801 Bochum

Vorträge

IODP/ICDP Kolloquium Bochum 14.-16.03.2018

Einige Zusatzinformationen:

Mittagessen:
Die Mensa ist von 11.00 - 14.30 Uhr geöffnet. Es kann zwischen mehreren Gerichten ausgewählt werden. Nach
Zusammenstellung des Essens kann eine Barzahlung an den meisten Kassen (Hinweisschilder beachten) erfolgen.
Das Bistro, ebenfalls im Mensagebäude, ist von 11.00 - 16.00 Uhr geöffnet. Hier kann ebenfalls bar bezahlt werden.

Conference Dinner:
Das Conference Dinner findet am 15.3.2018 ab 19.30 Uhr im Bistro des Mensagebäudes statt. Getränke sind nicht in
dem Dinner enthalten, müssen also individuell bezahlt werden.

-----------------

Für die 1- 1.5 Stunden zwischen dem letzten Vortrag am 15.3. und dem Beginn des Conference Dinners gibt es eine
Reihe von Cafés und Gaststätten im Umfeld der RUB (5 Minuten Fußweg).
Q-West :
200 m westlich der Mensa, Campusgelände südlich von Gebäude MA.
Kulturcafé:
100 m nordwestlich des Hörsaalgebäudes im Zugangsbereich zur Uni.
Summa Cum Laude:
500 m nördlich der Mensa, über Fußgängerbrücke in den Eingangsbereich des Unicenters.
Le Clochard:
Über Fußgängerbrücke im östlichen Teil des Unicenters.
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Dienstag, 13. März 2018
Im Vorlauf zum IODP/ICDP Kolloquium:
11:00

GESEP School 2018: “Geoscientific and Environmental Drilling, Sampling and Analysis”

Key topics:
1. Drilling & sampling of rock, sediment and ice
2. Geophysical downhole, environmental and mud logging
3. On-site core, cutting & fluid analyses
4. Visit of active drill site and borehole logging

Ende: Mittwoch, 14. März 2018, 13:00 Uhr

Mittwoch, 14. März 2018
10:00

13:00

Registrierung

13:00

13:30

Begrüßung

Neues aus den Programmen
13:30
13:50

13:50 S. Krastel
ICDP Rückblick auf 2017 - Wie geht es weiter?
14:10 J. Erbacher / A. Bornemann
IODP Rückblick auf 2017 - Wie geht es weiter?

50 Jahre Ocean Drilling I
14:10

14:55 B. Ildefonse
50 years of ocean drilling in the ocean crust: Some milestones

14:55

16:30 Posterpräsentationen & Snacks

IODP & ICDP Themen
16:30

16:50

17:10
17:30

17:50

16:50 S. Müller
A crystallization-temperature profile through paleo-oceanic crust (Wadi Gideah transect,
Oman ophiolite): Application of the ree-in-plagioclase-clinopyroxene partitioning thermometer
& implications for a refined crustal accretion model
17:10 R. Kühn
Texture and modelled elastic anisotropy of oceanic crust formed at the slow-spreading midAtlantic ridge at Atlantis Massif, sampled during IODP Expedition 357 – First results
17:30 A. Türke
Subsurface Observatory at Surtsey, SUSTAIN Drilling Project
17:50 U. Riller
Target-rock fluidization during peak-ring formation of the Chicxulub impact crater inferred
from Expedition 364 drill core
18:10 F. Schulte
Impact melt dynamics during peak-ring formation of the Chicxulub crater, Mexico
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Donnerstag, 15. März 2018
IODP & ICDP Themen
8:30

8:50

8:50

9:10

9:10

9:30

9:30

9:50

9:50

10:10 T. Bauersachs
Cyanobacterial blooms and their role in the formation of bottom water hypoxia in the Baltic
Sea
10:30 H. Simon
Pre-stack depth migration in an anisotropic crystalline environment at the COSC-1 borehole,
central Sweden

10:10

10:30

K. Adler
Impact of geogenic CO2 on deep microbial ecosystems in the Hartoušov mofette system,
NW Bohemia
F. Schubert
Exploring microbial sulphate reduction under high temperature and pressure – Results of a
pilot study on samples from IODP Exp. 370
M. Stranghörner
Microbially mediated alteration and Fe mobilization from basaltic rocks of the HSDP2 drill
core, Hilo, Hawaii
A. Friese
Methanogenesis predominated microbial organic matter mineralization in the ferruginous
sediments of Earth’s early oceans

13:00 Posterpräsentationen & Kaffee-/Mittagspause
parallel stattfindend:

10:30

12:00 Geo-Show „unterirdisch“ (Audimax an der RUB, Universitätsstr. 150)

13:00

13:20 C. Dinske
Rupture Processes and Magnitude Statistics of the 2014 M5.5 Earthquake Sequence Below a
Gold Mine in Orkney, South Africa
13:40 L. Steinmann
3D deep seismic imaging of the magmatic-hydrothermal system and architecture of the Campi
Flegrei caldera to complement an amphibian ICDP/IODP drilling effort
14:00 U. Weckmann
Regional two-dimensional magnetotelluric profile in West Bohemia/Vogtland reveals deep conductive channel into the earthquake swarm region
14:20 F. Bergmann
Channel-levee evolution and stratigraphy at the middle Bengal Fan – Integrating multichannel-seismic data and IODP Expedition 354 results
14:40 S. Prader
Floristic and climatic characterization of the New Jersey hinterland during the OligoceneMiocene transition in relation to major glaciation events
15:00 A. Wittke
Ca isotope geochemistry in marine deep sea sediments of the Eastern Pacific

13:20

13:40

14:00

14:20

14:40

15:00

16:30 Posterpräsentationen & Kaffeepause

IODP Fahrtberichte
16:30

16:45 W. Menapace
IODP Expedition 366 Report: “Mariana convergent margin & South Chamorro seamount”
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16:45

17:00 F. van der Zwan
IODP Expeditions 367/368 Report: “South China Sea Rifted Margin”

17:00

17:15 H.-J. Brumsack
IODP Expedition 369 Report “Australia Cretaceous Climate and Tectonics”

17:15

17:30 M. Brunet
IODP Expedition 372 Cruise Report:
“Creeping Gas Hydrate Slides and LWD for Hikurangi Subduction Margin”
17:45 E. Dallanave
IODP Expedition 371 “Tasman Frontier Subduction Initiation and Paleogene Climate”

17:30

IODP & ICDP Themen
17:45

18:00 T. Haberzettl
Towards an ICDP drilling at Lake Nam Co (Tibet)

18:00

18:15 M. Weber
IODP Expedition 382 – Iceberg Alley Paleoceanography & South Falkland Slope Drift

ab 19:30

Gemeinsames Abendessen (Bistro an der RUB, Mensagebäude)

Freitag, 16. März 2018
50 Jahre Ocean Drilling II
09:00

09:45 P. Wilson
Coupling of ocean and terrestrial climate: Testing the origins of the Sahara Desert after fifty
years of ocean drilling

IODP & ICDP Themen
09:45

10:05

10:05 S. Steinig
Early Cretaceous South Atlantic opening - modelling the effects of geography, bathymetry and
radiative forcing
10:25 B. Petrick
Heat exchange through the Indonesian Throughflow during the Middle Pleistocene Transition

10:25

11:10 Posterpräsentationen & Kaffeepause

11:10

11:30 J. Grützner
A new seismic stratigraphy for the Agulhas Plateau resembles major paleo-oceanographic
changes in the Indian-Atlantic Ocean gateway since the late Miocene
11:50 I. Kousis
Centennial-scale vegetation dynamics and climate variability in SE Europe during Marine
Isotope Stage 11 based on a pollen record from Lake Ohrid
12:10 A. Prokopenko
North American Plio-Pleistocene sedimentary record from the extinct paleo-Lake Idaho, USA
– a progress report

11:30

11:50

12:10

13:00 Posterprämierung und Schlussworte
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TEILNEHMERLISTE
Name

Vorname

Institution und Ort

Adhikari

Rishi Ram

MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen

Adler
Karsten
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
Albers
Elmar
Fachbereich Geowissenschaften, Universität Bremen
Allstädt
Frederik
Institut für Geowissenschaften, Universität Heidelberg
Almeev
Renat
Institut für Mineralogie, Universität Hannover
Amorim Catunda Maria Carolina Institut für Geowissenschaften, Universität Heidelberg
Anagnostou
Eleni
GEOMAR, Helmholtz-Zentrum für Ozeanforschung, Kiel
Andreev
Andrej
Institut für Geologie und Mineralogie, Universität Köln
Bahr
André
Institut für Geowissenschaften, Universität Heidelberg
Bauersachs
Thorsten
Institut für Geowissenschaften, Universität Kiel
Behling
Hermann
Albrecht-von-Haller Institut für Pflanzenwissenschaften, Universität Göttingen
Behrmann
Jan
GEOMAR, Helmholtz-Zentrum für Ozeanforschung, Kiel
Bergmann
Fenna
Fachbereich Geowissenschaften, Universität Bremen
Bickert
Torsten
MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen
Blaser
Patrick
Institut für Geowissenschaften, Universität Heidelberg
Bornemann
André
IODP, Bundesanstalt für Geowissenschaften und Rohstoffe, Hannover
Böttcher
Michael
Sektion Marine Geologie, Leibniz-Institut für Ostseeforschung, Warnemünde
Brandl
Philipp
GEOMAR, Helmholtz-Zentrum für Ozeanforschung, Kiel
Bretschneider
Lisa
GEOMAR, Helmholtz-Zentrum für Ozeanforschung, Kiel
Brumsack
Hans-Jürgen ICBM, Institut für Chemie und Biologie des Meeres, Universität Oldenburg
Brunet
Morgane
MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen
Brzelinski
Swaantje
Institut für Geowissenschaften, Universität Heidelberg
Burmeister
Christian
Institut für Geographie und Geologie, Universität Greifswald
Burschil
Thomas
LIAG, Leibniz-Institut für Angewandte Geophysik, Geozentrum Hannover
Cáceres
Francisco
Institut für Geo- und Umweltwissenschaften, Universität München
Conze
Ronald
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
Cvetkoska
Aleksandra
Department of Animal Ecology and Systematics, Universität Giessen
Dallanave
Edoardo
Department für Geo- und Umweltwissenschaften, Universität München
Davis
Tim
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
De Vleeschouwer
David
MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen
Deik
Hanaa
Geologisches Institut, RWTH Aachen
Dersch-Hansmann
Michaela
Hessische Staatskanzlei, Abteilung Europa und Internationale Angelegenheiten, Wiesbaden
Dinske
Carsten
Fachrichtung Geophysik, Freie Universität Berlin
Drinkorn
Catherine
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
Dultz
Stefan
Institut für Bodenkunde, Leibniz Universität Hannover
Dummann
Wolf
Institut für Geologie und Mineralogie, Universität Köln
Dupont
Lydie
MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen
Düsing
Walter
Institut für Erd- und Umweltwissenschaften, Universität Potsdam
Egger
Lisa
IODP, Bundesanstalt für Geowissenschaften und Rohstoffe, Hannover
Elger
Judith
GEOMAR, Helmholtz-Zentrum für Ozeanforschung, Kiel
Elsner
Danny
Institut für Geowissenschaften, Universität, Kiel
Erbacher
Jochen
IODP, Bundesanstalt für Geowissenschaften und Rohstoffe, Hannover
Erzinger
Jörg
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
Faak
Kathrin
Institut für Geologie, Mineralogie und Geophysik, Universität Bochum
Flechsig
Christina
Institut für Geophysik und Geologie, Universität Leipzig
Flögel
Sascha
GEOMAR, Helmholtz-Zentrum für Ozeanforschung, Kiel
Foerster
Verena
Institut für Geologie und Mineralogie, Universität Köln
Frank
Martin
GEOMAR, Helmholtz-Zentrum für Ozeanforschung, Kiel
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Name

Vorname

Institution und Ort

Friedrich
Friese
Gabriel
Geissler
Geprägs
Gischler
Gohl
Groeneveld
Grunert
Grützner
Gu
Gussone
Haberzettl
Hallenberger
Hasberg
Hathorne
Heeschen
Hennrich
Herrle
Hess
Hesse
Heubeck
Hochmuth
Hofmann
Holbourn
Hörner
Hübscher
Ildefonse
Jakob
Janssen
Jöhnck
Kaboth
Kallmeyer
Kasper
Kästner
Köster
Kotov
Kotthoff
Kousis
Koutsodendris
Kowatsch
Krastel
Krause
Kriegerowski
Krüger

Oliver
André
Gerald
Wolfram
Patrizia
Eberhard
Karsten
Jeroen
Patrick
Jens
Fang
Nikolaus
Torsten
Max
Ascelina
Edmund
Katja
Barbara
Jens
Kai-Uwe
Katja
Christoph
Katharina
Peter
Ann
Tanja
Christian
Benoit
Kim
Christoph
Janika
Stefanie
Jens
Thomas
Felix
Male
Sergey
Ulrich
Ilias
Andreas
Alexander
Sebastian
Mathias
Marius
Johanna
HermannRudolf
Rebecca
Wolfgang
Robert
Anna
Frank
Stefan

Institut für Geowissenschaften, Universität Heidelberg
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
LIAG, Leibniz-Institut für Angewandte Geophysik, Hannover
AWI, Helmholtz-Zentrum für Polar- und Meeresforschung, Bremerhaven
MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen
Institut für Geowissenschaften, Goethe-Universität, Frankfurt
AWI, Helmholtz-Zentrum für Polar- und Meeresforschung, Bremerhaven
MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen
Institut für Geologie und Mineralogie, Universität Köln
AWI, Helmholtz-Zentrum für Polar- und Meeresforschung, Bremerhaven
Albrecht-von-Haller Institut für Pflanzenwissenschaften, Universität Göttingen
Institut für Mineralogie, Universität Münster
Institut für Geographie, Universität Jena
Energy & Mineral Resources Group, RWTH Aachen
Institut für Geologie und Mineralogie, Universität Köln
GEOMAR, Helmholtz-Zentrum für Ozeanforschung, Kiel
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
Institut für Geowissenschaften, Universität Heidelberg
Institut für Geowissenschaften, Universität Frankfurt
Department für Geo- und Umweltwissenschaften, Universität München
Institut für Mineralogie, Universität Hannover
Institut für Geowissenschaften, Universität Jena
AWI, Helmholtz-Zentrum für Polar- und Meeresforschung, Bremerhaven
Institut für Geologie und Mineralogie, Universität Köln
Institut für Geowissenschaften, Universität Kiel
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
Fachbereich Geowissenschaften, Universität Hamburg
Géosciences Montpellier, Universität Montpellier
Institut für Geowissenschaften, Universität Heidelberg
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
Institut für Geowissenschaften, Universität, Kiel
Department of Geosciences, National Taiwan University
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
Institut für Geographie, Universität Jena
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
AWI, Helmholtz-Zentrum für Polar- und Meeresforschung, Bremerhaven
MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen
Center for Natural History, Universität Hamburg
Institut für Geowissenschaften, Universität Heidelberg
Institut für Geowissenschaften, Universität Heidelberg
Institute for Applied Geophysics and Geothermal Energy, RWTH Aachen
Institut für Geowissenschaften, Universität, Kiel
Institut für Geowissenschaften, Universität Kiel
Institut für Erd- und Umweltwissenschaften, Universität Potsdam
Institut für Biochemie und Biologie, Universität Potsdam

Kudraß
Kühn
Kuhnt
Kurzawski
Kutovaya
Lamy
Lauterbach

MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen
GEOMAR, Helmholtz-Zentrum für Ozeanforschung, Kiel
Institut für Geowissenschaften, Universität Kiel
GEOMAR, Helmholtz-Zentrum für Ozeanforschung, Kiel
Institute for Geology and Geochemistry of Petroleum and Coal, RWTH Aachen
AWI, Helmholtz-Zentrum für Polar- und Meeresforschung, Bremerhaven
Leibniz Laboratory for Radiometric Dating and Stable Isotope Research, Universität, Kiel
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Vorname

Institution und Ort

Lay
Lehnert
Leicher
Lindhorst
Link
Linsler
Lippold
Lübbers
Lückge
Lüninger
Mangelsdorf
Matthiessen
McCormack
Menapace
Meschede
Mock
Möller
Müller
Müller
Mutterlose
Najdahmadi
Neave
Nickschick
Nowaczyk
Pälike
Panagiotopoulos
Petrick
Pierdominici
Piller
Pöppelmeier
Prader
Prokopenko
Pross
Reiche
Reifenröther
Reuning
Reusch
Riller
Röhl
Sarnthein
Scheu
Schiebel
Schindlbeck
Schleicher
Schneider
Schubert
Schuck
Schulte
Schulze
Schwab
Schwalb
Schwark

Vera
Oliver
Niklas
Katja
Jasmin
Stefan
Jörg
Julia
Andreas
Guido
Kai
Jens
Jeremy
Walter
Martin
Dominik
Carla
Marcel
Samuel
Jörg
Bita
David
Tobias
Norbert
Heiko
Kostas
Benjamin
Simona
Werner
Frerk
Sabine
Alexander
Jörg
Sönke
Ramon
Lars
Anna
Ulrich
Ulla
Michael
Bettina
Ralf
Julie
Anja Maria
Ralph
Florian
Bernhard
Felix
Nora
Markus
Antje
Lorenz

TU Bergakademie Freiberg, Institute of Geophysics and Geoinformatics
Geozentrum Nordbayern, Universität Erlangen-Nürnberg
Institut für Geologie und Mineralogie, Universität Köln
Institut für Geowissenschaften, Universität, Kiel
Institut für Umweltphysik, Universität Heidelberg
Institut für Mineralogie, Universität Hannover
Institut für Geowissenschaften, Universität Heidelberg
Institut für Geowissenschaften, Universität, Kiel
Bundesanstalt für Geowissenschaften und Rohstoffe, Hannover
DFG Deutsche Forschungsgemeinschaft, Bonn
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
AWI, Helmholtz-Zentrum für Polar- und Meeresforschung, Bremerhaven
Institut für Geologie, Mineralogie und Geophysik, Universität Bochum
Fachbereich Geowissenschaften, Universität Bremen
Institut für Geographie und Geologie, Universität Greifswald
Institut für Mineralogie, Universität Hannover
Università degli Studi di Milano
Fachrichtung Geophysik, Freie Universität Berlin
Institut für Geowissenschaften, Universität Kiel
Institut für Geologie, Universität Bochum
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
Institut für Mineralogie, Universität Hannover
Institut für Geophysik und Geologie, Universität Leipzig
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
MARUM - Zentrum für Marine Umweltwissenschaften, Universität
Institut für Geologie und Mineralogie, Universität Köln
Max-Planck-Institut für Chemie, Mainz
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
Institut für Erdwissenschaften, Universität Graz
Institut für Geowissenschaften, Universität Heidelberg
Center for Natural History, Universität Hamburg
Institut für Geologie und Mineralogie, Universität Köln
Institut für Geowissenschaften, Universität Heidelberg
Institute for Applied Geophysics and Geothermal Energy, RWTH Aachen
Institut für Geologie und Mineralogie, Universität Köln
EMR, Geologisches Institut, RWTH Aachen
Fachbereich Geowissenschaften Universität Bremen
Institut für Geowissenschaften, Universität Hamburg
MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen
Institut für Geowissenschaften, Universität Kiel
Institut für Geo- und Umweltwissenschaften, Universität München
Max-Planck-Institut für Chemie, Mainz
Institut für Geowissenschaften, Universität Heidelberg
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
Institut für Geowissenschaften, Kiel
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
Institut für Geologie, Universität Hamburg
Fachbereich Geowissenschaften, Universität Bremen
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
Institute of Geosystems und Bioindication, Technische Universität Braunschweig
Institut für Geowissenschaften, Universität Kiel
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Name

Vorname

Institution und Ort

Schwenk
Simon
Sonntag
Spieß
Stanislowski
Stein
Steinig
Steinmann
Strack
Stranghörner
Strehlow
Stuch
Süfke
Tangunan
Thomas
Tjallingii
Türke
UenzelmannNeben
Ulfers
Umlauft
Unterfeld
Uzar
van der Zwan
Vogt
Voigt
Voigt
Voigt
Wagner
Weber
Weber
Weckmann
Wefer
Westerhold
Wiersberg
Wilson
Wittke
Wonik
Yilmaz
Zhang

Tilmann
Helge
Iris
Volkhard
Katja
Rüdiger
Sebastian
Lena
Dieter
Marius
Karen
Beatrix
Finn
Deborah
Ariel
Rik
Andreas

Fachbereich Geowissenschaften, Universität Bremen
Institut für Geophysik und Geoinformatik, TU Bergakademie Freiberg
DFG Deutsche Forschungsgemeinschaft, Bonn
Universität Bremen
MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen
AWI, Helmholtz-Zentrum für Polar- und Meeresforschung, Bremerhaven
GEOMAR, Helmholtz-Zentrum für Ozeanforschung, Kiel
Fachbereich Geowissenschaften, Universität Bremen
International Oil & Gas Consultant, Ratingen
Institut für Mineralogie, Leibniz Universität Hannover
GEOMAR, Helmholtz-Zentrum für Ozeanforschung, Kiel
DFG Deutsche Forschungsgemeinschaft, Bonn
Institut für Geowissenschaften, Universität Heidelberg
MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen
Institute for Applied Geophysics and Geothermal Energy, RWTH Aachen
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
Universität Bremen

Gabriele
Arne
Josefine
Christel
Edith
Foukje
Christoph
Maximilian
Silke
Janett
Bernd
Michael
Tobias
Ute
Gerold
Thomas
Thomas
Paul A.
Andreas
Thomas
Tim
Chao

AWI, Helmholtz-Zentrum für Polar- und Meeresforschung, Bremerhaven
LIAG, Leibniz-Institut für Angewandte Geophysik, Hannover
Institut für Geophysik und Geologie, Universität Leipzig
ICDP, Institut für Geowissenschaften, Universität, Kiel
IODP, Bundesanstalt für Geowissenschaften und Rohstoffe, Hannover
GEOMAR, Helmholtz-Zentrum für Ozeanforschung, Kiel
Fachbereich Geowissenschaften, Universität Bremen
Fachrichtung Geophysik, Freie Universität Berlin
Institut für Geowissenschaften, Universität Frankfurt
MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen
Institut für Geologie und Mineralogie, Universität Köln
Steinmann-Institut für Geologie, Mineralogie und Paläontologie, Universität Bonn
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen
MARUM - Zentrum für Marine Umweltwissenschaften, Universität Bremen
GFZ, Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum, Potsdam
University of Southampton, Ocean & Earth Science, National Oceanography Centre, Southampton
Institut für Mineralogie, Universität Münster
Institut für Mineralogie, Universität Hannover
Department für Geo- und Umweltwissenschaften, Universität München
Institut für Mineralogie, Universität Hannover
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ABSTRACTS UND FAHRTBERICHTE
FAHRTBERICHTE:
AUTOR

TITEL

SPP

SEITE

E. Albers, W. Menapace and the Expedition 366 Scientists

IODP Expedition 366: Mariana convergent
margin & South Chamorro seamount

IODP

16

R. M. Kurzawski, J.C. Schindlbeck, F.M. van der Zwan,
and IODP expeditions 367/368 Scientists

IODP Expedition 367/368: South China Sea
Rifted Margin

IODP

17

H.-J. Brumsack, R. Hobbs, B. Huber, K. Bogus, and IODP
Exp 369 Scientific Party
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IODP Expedition 366: Mariana convergent
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Little is known about geologic processes occurring in forearcs of convergent plate margins. While inputs into subduction zones and deep processes are directly accessible by probing downgoing plates prior to subduction and outputs such
as magmas and volatiles in volcanic arcs and backarc basins,
respectively, there are no such means to sample and study forearc systems. Forearcs are, however, key areas where geologic
processes affect geochemical cycling and fluxes, crustal and
mantle evolution, seismicity and natural hazards, and the deep
biosphere. Understanding shallow subduction zone mechanisms is hence extremely important. The Mariana convergent
margin, where the Pacific plate subducts beneath the Philippine
Sea plate, provides a window into this zone. Here, vast active
mud volcanoes have formed by the eruption of fluids and sediments released from the subducting plate or picked up during
the fluids’ rise to the seafloor via deep-rooted faults.
Primary scientific objectives of IODP Exp. 366 were to assess (1) mass transport processes in the Mariana forearc, (2)
spatial and compositional variability of slab-derived fluids, (3)
the metamorphic and tectonic history and physical properties
of the subduction zone, (4) biological activity associated with
deep-derived subduction zone materials.
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Expedition 366 set sail aboard D/V JOIDES Resolution in
Guam (USA) on 8 Dec. 2016 and ended in Hong Kong on 7
Feb. 2017. During the expedition, we drilled and cored summits
and flanks of three mud volcanoes (Yinazao, Fantangisña, and
Asùt Tesoru; Fig. 1). These structures are located at varying distances to the trench, i.e., varying depth to the subducting slab.
A continuous down-subduction profile covering slab depths of
about 13 to 19 km and slab temperatures of estimated 80 to
250–350°C (Maekawa et al., 1993; Fryer et al., 2006; Gharib,
2006; Oakley et al., 2007, 2008; Oakley, 2008; Hulme et al.,
2010) is now available when integrating the results of Exp. 366
into the ones from two additional mud volcanoes drilled during
earlier campaigns (Conical and South Chamorro seamounts,
Leg 125 and 195, respectively).

Fig. 2: Idealised cross-section of the Mariana forearc, including the
relative positioning of serpentinite mud volcanoes. Tectonic zones 1
through 6 in the forearc subduction zone complex are keyed to drill
core images (after Fryer et al., 2017).

Fig. 1: Study area in the Mariana forearc region and IODP Exp. 366
Sites (after Fryer et al., 2017).

Recovered materials are mostly serpentinite muds containing millimetre- to metre-sized clasts of ultramafic mantle
material, derived from the forearc mantle and variably serpentinized by the rising, slab-derived fluids (Fig. 2; Fryer et al.,
2017). Forearc sediments, composed of pelagic materials and
volcanic ash deposits, as well as clasts of mafic forearc crust
are minor components of the cored units. In addition, we encountered clasts of lithified sediments, alkali basalt, and limestone interpreted as recycled parts of the subducted Pacific plate
(Fryer et al., 2017). The variably serpentinised ultramafic rock
and mud materials are largely uniform in major element composition but vary considerably in terms of their trace element
contents. These variations reflect changes in temperature and
pressure conditions in the underlying subduction channel. Likewise, pore fluids hold signatures consistent with the processes
taking place in the downgoing plate with increasing depth, i.e.,
sediment compaction, opal-CT dehydration, clay diagenesis,
and decarbonation. Fluid discharge rates and dissolved gases
(H2, CH4, C2H6) are highest at Asùt Tesoru, the mud volcano
furthest away from the trench. The gas-rich fluids presumably
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support active microbial communities; extensive sampling for
shore-based work was conducted during the expedition. Porosity and bulk density data of serpentinite muds vary strongly over
the drilled sites. Both parameters are higher than expected for
some of the summit sites coherent with active fluid discharge,
which inhibits mud compaction, and with recent sediment expulsion. Thermal measurements revealed considerably higher
heat flow on the seamounts’ flanks compared to their summits.
In addition to coring operations, we installed three screened
borehole casings with ROV landing platforms at the summits of
Yinazao, Fantangisña, and Asùt Tesoru and removed a CORK
body at South Chamorro seamount that was deployed during
Leg 195. Plans for future in situ observatories and sampling
through the implementation of CORK-Lite systems (simplified
CORK plug systems) are currently underway.
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Expeditions 367 and 368 of the International Ocean Discovery Program (IODP) were implemented to study the mechanisms of lithosphere extension and continental breakup at a
non-volcanic (magma-poor) rifted margin, and in particular to
test the scientific hypothesis of “Iberia-type” continental breakup at the northern South China Sea (SCS) margin. Rifting
style and history, as well as the interplay with early magmatic
pulses and the onset of full oceanic spreading are to be compared to other non-volcanic rifted margins, such as e.g. the
Newfoundland-Iberia conjugate rifted margins prominently exhuming serpentinized mantle lithosphere at the sea floor. This
project was carried out as a single science program with 114
days of drilling operations spread across two IODP expeditions
as outlined in the Expedition 367/368 Scientific Prospectus
(Sun et al., 2016).

The drill sites lie on a ~150 km wide transect crossing the
Continent-Ocean Transition (COT) of the western South China
Sea rifted margin (Sun et al., 2016) and target the four main
tectonic features: the Outer Margin High (OMH) and its small
rift basins (interpretated as continental crust) and the nature of
the three ridges within the distal margin (Ridges A, B, and C
that form the COT up to full oceanic spreading) (Figs. 1 ,2).

Fig. 1: Two-way traveltime to basement (Tg unconformity). The drilling transect is marked by a thick black line. Colored circles show
ODP and IODP drill site locations. Locations of the Outer Margin
High (OMH) and the Ridges A, B and C are shown relative to the drill
sites. The figure is modified after Jian et al. (in press).

The expeditions took place from Feburary to June 2017 and
set sail from Hong Kong harbour to the first drill site. Expedition 367 drilled IODP Sites U1499 and U1500 (Figs. 1, 2; Sun et
al., in press). Site U1499 is located on basement Ridge A within
the South China Sea COT about 60 km seaward and SE of the
Outer Margin High. Site U1500 is located on Ridge B, and it
is the most seaward site that Expedition 367 drilled within the
South China Sea continent-ocean transition (COT). Ridge B is
located ~80 km seaward of the Outer Margin High, and ~20
km seaward of Ridge A where Site U1499 was drilled (Fig. 1).
Expedition 368 drilled at five sites (Sites U1501-U1505; Figs.
1, 2; Jian et al., in press), and completed in total operations
at four sites (U1501, U1502, U1504, U1505). The expedition
drilled the two primary Sites U1501 and U1503 at the OMH
and Ridge C (interpreted as full oceanic crust), respectively. For
Site U1502, Expedition 368 chose to insert an alternate site on
Ridge A based on the drilling results of Expedition 367. Site
U1503, however, was not completed beyond casing to 990 m
due to technical problems with the drilling equipment that limited the expedition to operate with a drill string not longer than
3400 m. The new alternate Sites U1504 and U1505 met this
operational condition. Site U1504 was an alternate site located
between the OHM and Ridge A, U1505 was an alternate site for
the already drilled Site U1501.
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Fig. 2: Deep crustal time-migrated seismic reflection data with interpretation. COT= Continent–ocean boundary; OMH= Outer margin high. The major
seismic unconformities are shown in purple and blue. Seismic data is from Line 04ec1555-08ec1555 (courtesy of the Chinese National Offshore Oil
Corporation [CNOOC]).

We conducted operations in two holes at Site U1499. Hole
U1499A penetrated from the seafloor to 659.2 m by advanced
piston corer (APC) and the extended core barrel (XCB) coring
and recovered 417.05 m (63%). We installed casing in Hole
U1499B to 651 m followed by rotary core barrel (RCB) coring
that penetrated from 655.0 to 1081.8 m and recovered 150.64 m
(35%). Coring terminated in gravels before deteriorating drilling conditions prevented further penetration—no crystalline
basement was encountered. Despite challenging conditions in
the lowermost part of Hole U1499B, two successful wireline
logging runs were conducted from 652 to 1020 m. Two holes
were drilled at Site U1500. In Hole U1500A, we drilled without
coring from the seafloor to 378.2 m, cored from 378.2 to 494.6
m and recovered 26.5 m (23%), drilled without coring from
494.6 to 641.2 m, and finally cored from 641.2 to 854.6 m and
recovered 67.2 m (31%). After installation of a casing in Hole
U1500B, we continuously cored the sediment sequence from
846.0 to 1379.1 m (533.1 m cored, 164.7 m recovered, 31%),
and then continuously cored 149.9 m into the underlying crystalline basement from 1379.1 to 1529.0 m (114.92 m recovered,
77%). This made Hole U1500B the eighth deepest hole that the
JOIDES Resolution has drilled. Three downhole logging strings
were run in Hole U1500B from 842 to 1133 m. At Site U1501,
four holes were drilled, from which Holes U1501A and U1501B
recovered a full core barrel but missed the mudline and Hole
U1501C was drilled to 461.8 m deep with a recovery of 447.8
m (96.3%). In Hole U1501D the expedition drilled without coring from the seafloor to 433.5 m to 644.3 m recovering 78.8 m
of core (37.4%). Hole U1501D was logged with a triple combo
tool string downhole from 113 to 299.3 m. At Site U1502, we
conducted operations in two holes. In Hole U1502A we penetrated 758.2 m deep, and cored onwards from 375.0 m depth,
recovered 176.81 m (46%). In Hole B we set 727.7 m of casing
and cored from this depth to 920.95 m depth from the sedimentbasement transition 180 m into the basement, recovering 128 m
(70%). We collected downhole log data from 785.3 to 875.3 m
and seismic data through the 10¾ inch casing. At Site U1503,
we penetrated 995.1 m, setting 991.5 m of 10¾ inch casing, but
no cores were taken. At Site U1504, we took 40 cores over two
holes, both reaching crystalline basement. The cored interval
was 165.5 m with 32% (52.77 m) recovery in Hole U1504A.
An 88.2 m interval was drilled without coring in Hole U1504B,
which is located 200 m southeast of Hole U1504A; subsequently cores were taken down to 200 m, recovering 21.48 m (19%).
Four holes were drilled at Site U1505. Hole 1505A was misfired and recovered only 0.3 m and 3.23 m deep Hole U1505B
was recovered for future education and outreach activities.

Both Holes U1505C and U1505D cored from the seafloor to
480.2 and 184.5 m respectively recovering 480.15 m (100%)
and 191.43 (104%) of sediment. Logging data was collected
from 80.1 to 341.2 m. Except for Sites U1503 and U1505, we
drilled to acoustic basement, which prior to the expedition,
except for Site U1501, had been interpreted to be crystalline
basement.
A continuous sediment sequence from Pleistocene nannofossil-rich clay and calcareous ooze to pre-Miocene sandstones
and breccia has been recovered at Site U1499. At Site U1500
we recovered Miocene claystones to sandstones overlying crystalline basement. At Site U1501 on the OMH, coring ~45 m
into the acoustic basement sampled highly lithified sandstone
to conglomerate of presumed Mesozoic age overlain by siliciclastic Eocene pre- to synrift sediments of Oligocene age and
topped by primarily carbonaceous postrift sediments of early
Miocene to Pleistocene age. At Site U1502, we recovered 180
m of crystalline basement below deep-marine sediments of Oligocene to late Miocene age. Coring was not performed within
the upper 380 m (~Pliocene–Pleistocene) at Site U1502. Coring
at Site U1504 on the OMH ~45 km east of Site U1501 recovered basement samples below late Eocene (?) carbonate rocks
(partly reef debris) and early Miocene to Pleistocene sediments.
At Site U1505, we cored to 480.15 m through Pleistocene to
late Oligocene mainly carbonaceous ooze followed at depth by
early Oligocene to late Eocene siliciclastic sediments.
After 4 months of drilling Expeditions 367/368 ended after
a 4-day transit to Shanghai harbour.
References:
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Expedition 369 “Australia Cretaceous Climate and Tectonics” began on September 26th 2017 in Hobart and ended on
November 26th 2017 in Fremantle, Australia. It aimed at understanding the paleoceanography and tectonics of the Naturaliste
Plateau (NP) and Mentelle Basin (MB) off SW Australia. Five
sites (Fig. 1) in water depths between 850 and 3900 m (U1512
to U1516) were successfully drilled to investigate: (1) The rise
and collapse of the Cretaceous hothouse; (2) the controls on
oceanic anoxic events during major carbon cycle perturbations;
(3) Cretaceous paleoceanography including deep and intermediate water circulation; (4) Cenozoic to recent paleoceanography including influence of the Tasman gateway opening and
Indonesian gateway restriction; and (5) the tectonic, volcanic,
and depositional history of the NP and MB prior to Gondwana
breakup, as well as after separation from India and subsequently Antarctica.

Fig. 1: Location of sites drilled during Exp 369.

The objective for drilling Site U1512 was to obtain a continuous Upper Cretaceous record of marine black shales in the
Great Australian Bight (GAB) across Oceanic Anoxic Event
(OAE) 2, which straddles the Cenomanian-Turonian Boundary
(CTB) interval. Site U1512 lies in 3000 m of water on the continental slope at 34°1.6407’S, 127°57.7604’E. The drilled sedimentary sequence is divided into two main lithostratigraphic
units. These include 10.06 m of calcareous ooze with sponge
spicules (Unit I) of Pleistocene age and 691.32 m of silty clay/
silty claystone of Late Cretaceous (Santonian to Turonian) age
with thin to medium beds of glauconitic and sideritic sandstone
disseminated throughout (Unit II). Lithostratigraphic Unit II is
further subdivided into Subunits II-a (silty clay) and II-b (silty
claystone) based on the degree of sediment lithification. Site
U1512 was the only site drilled during Exp 369, where larger
quantities of interstitial gas (methane) were encountered below
ca. 90 m CSF-A, paralleled by the almost complete depletion of
interstitial water sulfate. For Unit II total organic carbon (TOC)
ranges from 0.20 to 1.42 wt% with dominating Type III kerogen. The CTB interval (OAE-2) was absent at this site.

Site U1513 (33°47.6084’ S, 112°29.1338’ E) lies at 2800 m
water depth on the western margin of the MB. Particularly important goals were to obtain a complete OAE-2 sequence across
the CTB, and to obtain basalt from the base of the sedimentary
sequence to provide stratigraphic control on the age and nature
of the pre-Gondwana breakup succession.
The cored section is divided into six lithostratigraphic units,
five sedimentary and one igneous, based on a combination of
data from Holes U1513A, U1513B, U1513D and U1513E.
Unit I is a 64.93 m-thick sequence of light gray to pale yellow
calcareous ooze and nannofossil ooze with sponge spicules of
Pleistocene to late Miocene age. Unit II is a 182.93 m-thick sequence of Campanian–Cenomanian white to greenish gray calcareous and nannofossil ooze/chalk, clayey nannofossil chalk
and silicified limestone. Unit III is a 21.87 m-thick sequence of
alternating greenish gray, light gray and black nannofossil-rich
claystones that are Cenomanian in age. Unit IV is a 187.12 mthick sequence of black claystone and nannofossil-rich claystone that is Cenomanian to Albian in age. The interval from
Sample U1513D 16R-CC, 15-20 cm through 20R-CC, 17-22
cm contains a succession that spans the CTB. Unit V is a 234.25
m-thick sequence of sandstone with siltstone and silty claystone of Aptian–Valanginian age. Unit VI is a 82.20 m-thick alternation of basalt flows and breccia intruded by a diabase dike, all
with so far unknown ages.
Since sulfate was present in interstitial waters throughout
the whole cores, methane levels were low. The chemistry of
interstitial waters is governed by carbonate recrystallization in
Unit I and basement alteration reactions at depth with strong
depletions in Mg, K, and Na and high Ca and Sr concentrations.
Site U1514 is the northernmost (33° 7.2443’ S, 113° 5.4799’
E) and deepest site targeted during Expedition 369, lying at
3850 m water depth. The greater paleodepth of the site relative to other sites cored in the MB, which is adjacent to the NP,
provides the opportunity to characterize the evolution of deep
water masses and deep ocean circulation during the final phase
of breakup among the Gondwana continents. The sedimentary
sequence recovered at Site U1514 is divided into three main
lithostratigraphic units. Unit I is a 81.20 m-thick sequence of
very pale brown to pale yellow nannofossil ooze, foraminiferal
ooze and sponge spicule-rich nannofossil ooze that is Pleistocene–Eocene in age. Unit II is Eocene–Paleocene in age and
consists of a 308.01 m-thick sequence of light greenish-gray
clayey nannofossil ooze, sponge spicule-rich clay, nannofossilrich clay that gradationally transitions into clayey nannofossil
chalk and nannofossil-rich claystone. Unit III is Paleocene–
Albian in age and consists of a 126.43 m thick sequence of
greenish-gray, brown and black claystone. Soft sediment deformation, including convoluted and overturned bedding, is present in Subunit IIIa. Decreases in interstitial water salinity in
Subunit IIIb seem to be associated with fluids associated with
deformation processes.
Site U1515 is the westernmost (33°16.1890’ S, 114°19.3666’
E) and shallowest site targeted during Expedition 369, lies at
861 m water depth, with the primary objective to provide evidence of the pre-breakup rifting history in the region prior to the
final separation of Greater India and Antarctica. The sedimentary sequence recovered at Site U1515 is divided into two main
lithostratigraphic units. Unit I is a sequence of light greenish
gray calcareous ooze and calcareous chalk with sponge spicules, silicified limestone, chert and sandstone that is Pleistocene
to upper Campanian in age. Unit II (age unknown, possibly Jurassic) consists of a sequence of gray to black silty sand and
sandstones with glauconite, and silty sandstone and claystone
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with variable abundances of organic matter. Due to the limited
recovery, the thickness of each unit could not be specified.
Site U1516 (34°20.9155’ S, 112°47.9585’ E) lies at 2666 m
water depth in the south central MB. The basin is adjacent to
the NP and was located at ~60°S paleolatitude during the midCretaceous. The sedimentary sequence recovered is divided
into four main lithostratigraphic units with Unit I further divided into three subunits. Unit I is Pleistocene to Paleocene in age
and consists of a sequence of white, pinkish gray, and gray calcareous-foraminiferal-nannofossil ooze/chalk, and pale yellow
to grayish green nannofossil-rich claystone (sometimes with
chert) and claystone. Unit II is Turonian in age and consists
of a 38.29 m-thick sequence of white, light olive brown, and
light gray calcareous chalk interbedded with chert that gradually transitions into light greenish gray and greenish gray nannofossil chalk with clay that is interbedded with chert. Unit III
consists of a 10.11 m-thick sequence of Cenomanian claystone
with nannofossils, nannofossil-rich claystone and clayey nannofossil chalk that regularly alternates in color. Unit IV spans the
Cenomanian to the Albian and is a 60.90 m-thick sequence of
black and dark greenish gray claystone that is sometimes nannofossil-rich. The CTB was successfully recovered in Holes C
and D. The diagenetic regime is characterized by carbonate recrystallization and basement alteration reactions. A prominent
feature in IW chemistry is the strong depletion in salinity in
Unit III, possibly associated with downslope movement of larger sedimentary sequences and fluid mobilization within faults.
Overall most of the objectives of Expedition 369 were
achieved, even though weather conditions in part were rough.
The Cenomanian/Turonian OAE- 2 could be recovered from
two sites. In total 230 IW samples were analyzed to characterize the diagenetic regime.
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The Cenozoic tectonic evolution of the Southwest Pacific
area between the Tasman Sea and the Tonga-Kermadec arc
(Fig. 1A) is complex and still not completely resolved. A recent appraisal of seismic reflectors across the Tasman and Northern Zealandia area revealed the occurrence of a widespread
middle Eocene convergent deformation, reverse faulting, and
uplift, followed by a late Eocene–Oligocene large-magnitude
subsidence (>1 km; Fig. 1B; Sutherland et al., 2017). This
particular Tectonic Event of the Cenozoic in the Tasman Area
(TECTA) is interpreted to be related with the Tonga-Kermadec
subduction initiation (Fig. 1C). Intriguingly, this major tectonic
change may also coincide with the global Eocene climate turnover from the warming trend peaking with the early Eocene
climate optimum (EECO) to the ensuing general middle–late
Eocene cooling. Pacific Plate westward-dominated subduction
beneath oceanic crust, instead of subduction only occurring be-
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neath the continental crust of the American cordillera, might
have caused a significant drop in pCO2 (Lee et al., 2013) and
thus global cooling.
IODP Expedition 371 (27 July – 26 September 2017) cored
2506 m of sediment and volcanic rock at six sites located in
the northern Zealandia and Tasman sea area to constraining
the age of the tectonic deformation and to quantify the uplift/
subsidence related the Tonga-Kermadec subduction initiation
as well as to improve paleoceanographic reconstructions since
the Eocene.
At sites U1506 to U1510 nannofossil and foraminiferal
ooze or chalk were drilled containing volcanic or volcaniclastic
intervals, with variable clay content. At the final Site U1511,
a sequence of abyssal clay and diatomite was recovered with
only minor carbonate. The ages of strata at the base of each
borehole were between middle Eocene and Cretaceous. For the
first time the new drill sites provide a substantial basis defining
formal lithostratigraphic units that can be mapped across a considerable part of northern Zealandia and related to onshore records of New Caledonia and New Zealand. The primary science
objectives of the voyage were successfully completed. All six
sites provided new stratigraphic and paleogeographic information that can be put into context through regional seismic-stratigraphic interpretation, and hence provide strong constraints
on geodynamic models of subduction zone initiation. New observations from Exp. 371 can be directly related to the timing
of plate failure, magnitude and timing of vertical motions, and
the timing and type of volcanism. Sedimentological indication
of shallow-water seas and land helps evaluating the amount of
vertical movement. Furthermore, relative variations of iron oxides in the carbonate-free sediments of the Tasman plain abyssal
Site, originated on the Australian continent and transported here
via aeolian media, will give information about the weathering
style and intensity on land through the early–middle Eocene.
This can help evaluating the role of the chemical weathering of
silicate to buffer CO2 variations during time of global climate
change (Dallanave et al., 2010). Secondary paleoclimate objectives were not all completed as planned, but significant new
records of southwest Pacific climate were obtained and are the
subject of post-voyage research.
Expedition 371 had significant media activity (international TV, radio, web, newspapers) associated with both port calls
and during the cruise. Stories ran in the major newspapers of
many countries (e.g., New York Times, Le Figaro, Vangardia,
Sydney Morning Herald, etc.). A total of 53 ship to shore video
links were established with 41 different international education
institutions with approximately 2600 students and teachers participating. Several video clips were uploaded to YouTube, and
the JOIDES Resolution website covering different topics from
leaving port in Townsville, drone footage of the ship, and drilling and core sampling process.
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Fig. 1: A) Bathymetry of the Southwest Pacific-Tasman area. Stars indicate sites drilled during Exp. 371; the black dashed line envelops the northern part
of Zealandia. B) Example of seismic profile (Site U1510), with indication of the main seismic reflectors. C) Schematic model for the Tonga-Kermadec
subduction initiation1. LHR and NR= Lord Howe Rise and Norfolk Ridge; PP= Pacific Plate; TECTA= tectonic event of the Cenozoic in the Tasman
area; NLB and PTK= North Loyalty basin and proto-Tonga Kermadec arc.
Links to video clips:
• HIGH ABOVE THE JOIDES RESOLUTION, http://joidesresolution.org/
video-link-high-above-the-joides-resolution-exp-371
• THE ADVENTURE BEGINS: EXPEDITION 371-TASMAN SEA FRONTIER, http://joidesresolution.org/video-link-the-adventure-begins-expedition-371-tasman-sea-frontier
• EXPLORING ZEALANDIA-EXPEDITION 371 TASMAN SEA FRONTIER, http://joidesresolution.org/video-link-exploring-zealandia-expedition-371-tasman-sea-frontier
• DRILLING 101-EXPEDITION 371 TASMAN SEA FRONTIER, http://
joidesresolution.org/video-link-drilling-101-expedition-371-tasman-seafrontier
• FIRST DRILL-EXPEDITION 371 TASMAN SEA FRONTIER, http://joidesresolution.org/video-link-first-drill-expedition-371-tasman-sea-frontier
• LAST CORE ON DECK-EXPEDITION 371 TASMAN SEA FRONTIER,
http://joidesresolution.org/video-link-last-core-on-deck-expedition-371-tasman-sea-frontier
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ODP Expedition 372 (26 Dec 2017 - 04 Jan 2018) is one of
two related expeditions on the northern Hikurangi subduction
margin (HSM) offshore the North Island of New Zealand. The
joint proposal for both expeditions focusses on the slow slip
events (SSE) on subduction faults with Expedition 372 undertaking logging while drilling (LWD) and Expedition 375 conducting coring and the emplacement of CORK observatories.
Based on the shallow and frequent SEEs every 1.5 – 2.0 years
(Wallace and Beavan, 2010), the northern Hikurangi Margin
offers the opportunity to resolve key questions regarding the
generation of slow slip and the mechanics of subduction interface thrusts (Barnes et al., 2017). The second objective of
Expedition 372 is to investigate the role of gas hydrates in the
slow, “creeping“ deformation of the Tuaheni Landslide Complex (TLC) as postulated from seismic images and gas hydrate
stability considerations (Mountjoy et al., 2014; Barnes et al.,
2017). Drilling at the TLC site covered LWD, coring, and the
deployment of a temperature-pressure probe.
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During Expedition 372 a total of four sites were drilled with
190 m of cores being recovered at the TLC Site U1517 and
LWD conducted at all sites. The HSM sites include HSM-01A
(U1519) targeting a mid-slope basin on the continental plate,
Site HSM-15A (U1518; 2636 m water depth) on the frontal accretionary wedge close to the deformation front, and HSM-05A
(U1520) on the subducting sequence on the incoming plate. The
HSM sites will be cored on Expedition 375 and CORK observatories will be installed at Sites U1518 and U1519 to record
pressure, temperature and fluid flow transients associated with
SSE-propagated strains. The LWD data will be integrated with
seismic reflection data sets to guide coring during Expedition
375 and support the interpretation of sedimentary and chemical
characteristics as well as the interpretation of stress regimes.
The LWD bottom-hole assembly (BHA) was composed of
a maximum of six tools attached behind the bit: geoVISION,
NeoScope, StethoScope, TeleScope, SonicScope, and proVISION. These tools successfully provide data on the gamma ray
(from geoVISION and NeoScope), resistivity (from geoVISION and NeoScope), porosity (from NeoScope and proVISION), and compressional and shear wave velocity (from SonicScope). The formation pressure measurements at Site U1518
using the StethoScope tool was unsuccessful.
LWD data from Site U1518 covered the upper 600 m of the
sediment package, resolving six main units using physical properties. The thrust fault was interpreted close to the predicted
depth from the seismic data, where significant changes in density and porosity occur. Higher electrical resistivities at various
depths of roughly 300 to 500 m indicate the presence of gas hydrates. Borehole U1519A acquired data over a range of 650 m
and has been divided into three main logging units. Intervals of
increased washout were encountered at shallower depths whereas resistive layers and borehole breakouts were identified in
the lower part of the borehole. Fractures occur sparsely throughout the borehole. Site U1520 acquired data down to 750 mbsf,
distinguishing nine main logging units. The log data within
each unit shows significant variations in physical properties
reflecting changes in the clastic trench sequence and inferred
upper pelagic sequence. Bedding is mostly shallowly dipping.
At the TLC site (U1517) we logged 205 mbsf with an almost full core recovery to 190 mbsf, just below the base of the
gas hydrate stability zone. The core is characterized by a clayey
silt lithology with sandy intervals and subdivided into five
units. The stratigraphic succession includes bedded turbidite
sequences and mass transport deposits, as well as background
sedimentation with the upper ~67 mbsf being within the TLC.
Porosities are unusually low. Increased resistivities in the LWD
data at depth between 110-150 mbsf indicate the presence of
gas hydrates. Chlorinity measurements indicate gas hydrates at
depths of ~135 to 165 mbsf.
The main focus of the German participants is on the TLC
site. The first objective is to characterize the gas hydrates and
their role for the observed creep and shear strength of the sediments packages. The second focus is to better constrain composition and origin of the sedimentary record and characterize
creeping deformation based on micro structures.
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Fig. 1: Drill sites of Expedition 372 offshore New Zealand.
Bathymetry data: NIWA, New Zealand.
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Impact of geogenic CO2 on deep microbial
ecosystems in the Hartoušov mofette system,
NW Bohemia
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It is widely accepted that the deep marine subseafloor biosphere plays a major role in global elemental cycles. However,
the state of investigations of the deep biosphere in different
marine subsurface environments is rather limited, for example,
subseafloor biosphere in the Indian Ocean has not been investigated in detail so far. During International Ocean Discovery
Program Expedition 354 (February – March 2015, Singapore
– Colombo, Sri Lanka) we sampled sediments from seven Sites U1449-U1455 along a 8°N transect. Here we present our
first explorative resutls of subseafloor life in the Bengal Fan
sediments in the Indian Ocean. We quantified (i) prokaryotic
cells using epifluorescence microscopy after detaching cells
from the sediment, (ii) bacterial endospores by analyzing the
diagnostic biomarker dipicolinic acid (DPA) through detection
of fluorescence from the terbium-DPA complex, and (iii) microbial activity by analyzing hydrogen utilization potential based
on the activity of hydrogenase enzymes, which are ubiquitous
in subsurface microorganisms. We measured highest cell concentrations of ca. 107 cells cm-3 in shallow sediments close to
the seafloor; these concentrations are lower than in most marine
continental margin settings. At greater depth the concentrations
followed global trend and decreased exponentially with depth.
Endospore concentrations scattered between ca. 105 and 107
cells g-1 sediment. We could not observe a clear relationship of
endospore concentrations and sediment depth; instead, it appears to be linked to lithology and total organic carbon content.
Potential hydrogenase enzyme activity scattered in the nmolar
to µmolar range of H2 g-1d-1. Similar to previous observations,
per-cell hydrogen utilization depends on vertical biogeochemical zones, which could be due to the differences in hydrogen
utilization requirements/efficiency of the respective metabolic
processes such as sulfate reduction, methanogenesis, fermentation etc. We observed interesting shifts in biogeochemical
profiles, for example at around 110 mbsf at Site U1449 right
below a hemipelagic sediment layer (0.8-1.3 Ma). Above and
below such episode of sedimentation, turbidite deposits and
thick sand layers dominated the lithology. Based on our recent
observations, we suggest that the origin and quality of sedimentary material influenced microbial activity and the deep biosphere in Bengal Fan sediment, that are primarily dominated by
terreginic origin.

K. Adler1, M. Alawi1, H.-M. Schulz1, B. Plessen1, D. Wagner1,
K. Mangelsdorf1
1

GFZ German Research Centre for Geosciences – Helmholtz Centre
Potsdam

A mofette is a natural cold either dry or wet gas vent releasing CO2-rich gases into the atmosphere. The Hartoušov mofette system is located in the northern Cheb Basin (NW Bohemia,
Eger Rift). The area is characterized by active seismicity in
form of periodically occurring swarm earthquakes and lithospheric mantle-derived gas emanations (> 99 % CO2). The exhaling free gas phase of the Bublak mofette, near the Hartoušov
mofette system, is characterized by a subcontinental mantle
helium isotope signature of 5.9 Ra and a d13C signal of ca. 2 ‰
(Bräuer et al., 2011). The relatively high d13C signal bears the
opportunity to trace the incorporation of geogenic CO2 into microbial biomass. The objective of this study is the investigation
of the impact of geogenic CO2 on deep microbial communities
and their surrounding sedimentary life habitat. Therefore, the
initial environmental conditions are characterized by sedimentological bulk parameters (TC, TOC, TIC, d13Corg, TN, TOC/
TN) and past microbial biomarker signals (Glycerol Dialkyl
Glycerol Tetraethers - GDGTs, Hopanoids) are compared to
microbial life markers (Phospholipid Fatty Acids – PLFAs, intact Phospholipids - PL). A further focus is placed on carbonate
precipitations in consequence of the interaction of the exhaling
CO2 with the sedimentary life habitat.
In early 2016 a 108.5 m deep borehole was drilled by GFZ
as a preliminary study for the PIER-ICDP study - drilling the
Eger Rift (DFG Alawi, AL 1898/1). The drilling was performed
in a mofette system near the village of Hartoušov. During drilling CO2-rich sediments were recovered between 71 m and 81
m depth and at 78.5 m depth a CO2 blow out occurred suggesting a CO2 reservoir in this core intervall related to an aquifer
between 79 m – 85 m. In consequence the core interval between
65 m and 95 m was selected for further investigations. Lithologically, this core section is composed of three different units
that are (from the bottom to the top): a weathered Palaeozoic
mica schist (95 m – 91.5 m depth), a compact, sandy Miocene claystone with lignite fragments and root structures suggesting soil horizons and deposition in a swamp environment
(91.5 m – 78.5 m) as well as a laminated to bedded, calcerous,
sandy or peaty Miocene mudstone interbedded with bioclastic
carbonates, dolomite beds and gypsum layers of lacustrine origin (78.5 m – 65 m). The sediments exhibit natural deformation
structures in form of small faults, dykes and sills all indicating
hydrofracturing and sediment fluidization resulting from high
pore fluid pressures. The sediments in the vicinity of these deformation structures are infrequently cemented by carbonate or
gypsum and can exhibit changes in color (Bussert et al., 2017).
Carbonate is present in all units, but nearly absent in areas with high CO2 content. Carbonate minerals in the deeper
Palaeozoic and Miocene swamp sediments are dominated by
siderite whereas calcite predominates in lacustrine sediments.
Siderite varies in size and zonation is caused by different Mg,
Ca and Mn contents. A correlation of these zones may provide
information about changes in formation water chemistry including a later control by CO2-rich waters.
TOC is absent in the Palaeozoic basement, increases towards the top of the swamp sediments, and is high but variable
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in the lacustrine sediments. A TOC/TN ratio higher than 20 for
all sediments indicates higher plants as main source for organic matter. First results from past microbial biomarker analysis show the presence of branched (bacterial) and isoprenoid
(archaeal) GDGTs with highest contents in the lacustrine sediments. However, TOC-normalized highest GDGT contents can
be observed in the CO2 reservoir interval. Compound specific
carbon isotope analysis will be conducted to examine whether
there is a link between GDGT abundance and CO2 availability. A relative high abundance of branched GDGTs (bacteria) in
swamp and lacustrine sediments points to a dominance of soilderived material. The hopanoid biomarkers also confirm swampy environmental conditions at the beginning of the Miocene
sedimentation and suggest a transition to lacustrine conditions.
Bulk d13Corg data reveal a C3-plant signal which changes in
relation to the lithological units. Interestingly, the bulk d13Corg
of the swamp sediments plot at higher values than those from
the lacustrine sediments. Similar values were determined by
Wohlfart (2008) for CO2 influenced surface soils directly from
the Hartoušov mofette area. Compound specific d13C values of
bacterial hopanoids show a similar trend across the transition
from the swamp to the lacustrine deposits. Unravelling changes
of the isotope data as result of different paleofacies or of different impact of exhaling CO2 on the biomass during the past will
be in the focus of the ongoing studies in the project. In addition to past microbial and vegetational biomarkers also markers
for living microganisms (intact phospholipids and PLFAs) and
their carbon isotope signature will be investigated.
Acknowledgements
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were 2-3°C higher than modern. The existing oxygen isotope
data and temperature reconstructions are mostly based on marine geological records. Although these records tend to detect
the MIS M2 cooling, the exact nature of this event remains
enigmatical. The so-called mid-Pliocene Warm Period (mPWP)
interval (~3.3-3.0 Ma) has intensively been studied by numerical climate modelling, since it is regarded an analogue of the
future global climate. Relatively little, in contrast, is known
about natural processes during this interval, which may help to
understand the long-term effect of increasing CO2 levels on the
environmental conditions.
An important prerequisite for the better understanding of
long-term climate trends during the mPWP, which also includes the significant MIS M2 cooling, is the multiproxy investigation of high-resolution terrestrial records. The sediment record from Lake El´gygytgyn, situated in northeastern Russian
Arctic (67°30’ N, 172°05’ E), is such an archive, which has
stored the information about environmental changes since ~3.6
Myr, i.e. the time when the lake was formed by a meteorite
impact event, in great sensitivity and temporal resolution (for
details see Melles et al., 2012; Brigham-Grette et al., 2013 and
references therein). The relatively high sedimentation rate in
Lake El´gygytgyn during the Pliocene allows millennial and/or
even centennial-scale pollen-based environmental reconstructions for the mPWP. Building on the previous pollen studies
(Brigham-Grette et al., 2013; Andreev et al., 2014), we provide
here a more complete pollen record (Fig. 1) with an average
resolution of ca 400 yr for intervals with sufficient recovery
allowing a more detailed reconstruction of climatically-driven
vegetation and environment changes in the northeastern Russian Arctic. Such a unique high-resolution terrestrial record
is an important step for the better understanding of long-term
environmental trends and forms a possible basis for improvements of climate simulation scenarios.
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The Late Pliocene subepoch, the Piacenzian, spans a critical
period in Earth climate history, with the transition from the relatively warm Pliocene climate to substantially cooler Pleistocene
one. The early Late Pliocene (3.6-3.0 Myr) has been defined as
the most recent period in Earth history with atmospheric CO2
concentration comparable to today but global air temperature

Fig. 1

During MIS MG4 and MIS MG3 (3.382-3.350 Myr) the
area around Lake El´gygytgyn was dominated by pine-sprucefir-larch-Douglas fir forests. After 3.35 Myr the presence of
spruce, fir and Douglas fir decreased. A very pronounced cooling took place at the first half of MIS M2 (3.308-3.283 Myr),
when treeless tundra- and steppe-like habitats became common
in the regional vegetation. Climate conditions were similar to
those of the Holocene. Numerous coprophilous fungi spores
identified in the MIS M2 pollen samples suggest the presence
of grazing animals around the lake. Larch-pine forests with
some spruce started to dominate the area again since ca. 3.285
Myr, thus pointing to a significant climate amelioration during
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the mPWP. However, the forested area decreased, while herband shrub dominated vegetation spread again between 3.236
and 3.223 Myr BP, suggesting a noticeable climatic deterioration and relatively cold and dry conditions during MIS KM6.
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In the modern Baltic Sea, massive blooms of heterocystous
cyanobacteria regularly occur during summer. Such blooms
have considerably increased in frequency and intensity since
the second half of the last century with worrisome consequences for the health of the Baltic Sea ecosystem as the massive
export and decay of cyanobacterial biomass has resulted in the
spread of bottom water hypoxia (dissolved oxygen < 2 mg/L)
and anoxia. As a consequence, the Baltic Sea currently turns
into one of the world’s largest dead zones that experiences a
significant loss of benthic faunal communities, the reduction
of fish populations and major alterations of biogeochemical
cycles (Conley, 2012). The increased anthropogenic loading of
nutrients (in particular phosphorus) to the Baltic Sea is commonly considered to be responsible for the enhanced activity of
cyanobacterial blooms but other factors that may control bloom
formation (such as e.g. the influence of climate warming) are
less well constrained.
Here, we analyzed sediments from the Little Belt, Bornholm Basin, Landsort Deep and Ångerman River Estuary
obtained during IODP Expedition 347: Baltic Sea Paleoenvironment to determine the role of climate warming on the formation of cyanobacterial blooms and their role in the spread
of bottom water hypoxia/anoxia in the Baltic Sea. Bulk geochemistry indicates a significant increase in primary productivity and preservation in the Baltic Sea with the establishment
of brackish conditions at all sites with the Holocene Thermal
Maximum (HTM), the Medieval Climate Anomaly (MCA)
and the Modern Hypoxic Period (MHP) showing exceptional
high concentrations of organic carbon (>8 wt%) and total sulfur
(>3 wt%) burial. In combination with the simultaneously fine
lamination of the sediments across the Baltic Sea basin, this
suggests that the organic-rich deposits were formed in a highly
productive ecosystem and under anoxic to euxinic conditions.
Excursions to lighter nitrogen isotope values during the HTM,
MCA and MHP at all four sites suggests a significant shift in
the phytoplankton community with diazotrophic cyanobacteria
constituting the majority of the preserved organic matter. This

observation is supported by concomitantly high abundances
of heterocyst glycolipids, which represent specific biological
markers for heterocystous cyanobacteria (Bauersachs et al.
2009; 2017) and in combination evidence the massive spread of
cyanobacterial booms during the HTM, MCA and MHP in the
Baltic Sea. Interestingly, periods of increased cyanobacterial
activity and enhanced bottom water anoxia are characterized
by TEXL86 reconstructed sea surface temperatures exceeding
a threshold of 16 °C, indicating that climate warming played
a major role in the formation of cyanobacterial blooms in the
past Baltic Sea. Our results thus provide first evidence that heterocystous cyanobacteria do not only play a major role in the
nitrogen cycling of the modern Baltic Sea but that they repeatedly formed massive blooms that stretched from the Kattegat
to the Bothnian Sea and significantly impacted the ecosystem
of the Baltic Sea by triggering the spread of bottom water hypoxia. The anthropogenic loading of nutrients in concert with
an anticipated ~3 °C increase in sea surface temperature in the
Baltic Sea until the end of this century (HELCOM, 2013) may
thus results in a yet unprecedented spread of cyanobacteria in
the Baltic Sea with yet unforeseen consequences for the Baltic
Sea ecosystem.
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The Bengal Fan – the largest submarine fan on Earth – started to evolve as a direct response to the Indian-Asian collision
and the concomitant Himalayan uplift (Curray et al., 2003). The
fan is of particular scientific importance as it contains the most
complete record of the tectonic and climate history of the Himalayan Mountains/Tibetan Plateau uplift as well as the evolution
of the Asian monsoon from fan initiation in the early Eocene to
present. In the modern situation, sediment is transported from
the Himalayan area to the shelf mainly via Ganges and Brahmaputra rivers and further downslope via episodically occurring
turbidity currents. Since the Late Miocene deposition on the
Bengal Fan is dominated by channel-levee systems (CLSs) initiated and further shaped by these downslope flowing turbidity
currents (Schwenk and Spieß 2009). Frequent channel avulsions and reoccupation of older pathways resulted in a complex
depositional system with lateral depocenter migration over the
entire fan (Curray et al., 2003, Schwenk and Spieß 2009).
In order to further comprehend this depositional system, a
prerequisite to ultimately draw inferences from the sink (Bengal
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Fan) to changes in the source (Himalaya, Tibetan Plateau), the
Bengal Fan was target of IODP Expedition 354 ‘Bengal Fan’
in February/March 2015 drilling seven sites along a 400 km
long west-east transect at 8°N. Main objectives were, amongst
others, to get further insight into the emergence of the Himalaya
and its link to the onset of fan deposition, the Miocene/Pliocene
fan evolution, the monsoonal impact on sediment supply and
flux, the role of the Bengal Fan in the global carbon cycle as
well as the spatial variability of the depocenter.
Within the frame of DfG project SCHW 1551/7-2, IODP
Expedition 354 drilling results are integrated with high-resolution multichannel-seismic (MCS) data gathered during cruises
SO125/126 (1997) and SO188 (2006), allowing the correlation
of stratigraphic time markers in between the 7 drill sites while
also regarding for phases of sedimentation not covered by the
drill sites. This study further aims to investigate the fan architecture, the stacking of channel-levee systems, and the succession of individual Pleistocene channel-levee systems with
respect to environmental changes in the Bengal Basin.
One very prominent stratigraphic marker is a several meter
thick layer of calcareous clay comprising the Brunhes/Matuyama (0.781 Ma) as well as the Cobb Mountain/Matuyama (1.185
Ma) boundary. This layer (HL1) has been recovered at all seven IODP sites and is present as constant layer throughout the
full MCS dataset separating the transect into an upper and a
lower part. Along the MCS Profile GeoB97-020+027 crossing
all IODP 354 sites, 40 individual channel-levee systems occur
above HL1. CLSs cluster on the western and eastern section
of the profile while only small scale channels were found in
the center. Based on thorough tracing of base reflections of all
channel-levee systems a relative stacking pattern composed of
two stages has been developed. The first stage starts with the
transition from a hemiplegic dominated period at 8°N during
the deposition of HL1 back to a turbiditic controlled regime
and the formation of channel-levee systems in the center of the
transect. Subsequently, the location of the active channel-levee
system migrates laterally along the middle and eastern part of
the profile. The distance between two successive systems is quite variable ranging between 5 km to >190 km.
The transition from stage one to stage two occurs around
0.2-0.3 Ma ago, while channel-levee formation concentrates
now in the western third of the transect filling up available accommodation space, whereas the center and east of the transect
is covered by a several meter thick hemipelagic drape. These
large-scale depositional dynamics promote the concept of individual subfans or channel-levee complexes, introduced by
Curray et al., 2003, which govern only parts of the Bengal Fan
while other areas receive no or almost no fan sedimentation.
Average lifetime of CLSs during stage one is about 16-18 ka
when disregarding different sizes of individual systems. This is
significantly longer than average lifetimes known from e.g. the
Amazon Fan where channel avulsion are associated with rapid
variations in sea level (Maslin et al., 2006). The variable size of
CLSs at the middle Bengal Fan, however, indicates a random
distribution of the maturity of individual systems which in turn
suggests autocyclic processes such as upfan avulsions as main
control on the CLS lifetimes.
The CLSs are intercalated by inter-channel sediments
(HARPs) composed of mainly silts and sands deposited from
unchannelized turbidity currents. Calculating the proportion of
channelized and unchannelized sediments (area covered along
GeoB97-020+027) reveals a ratio of ~37% channelized deposition (CLSs) vs. ~63% of unchannelized deposition. This not
only demonstrates the dominance of unchannelized sedimentation to the fan architecture but further shows that the sand
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content in large submarine fans might be higher than expected. While the position of CLSs is variable and builds up topography, the deposition of the unchannelized sands control the
preservation of a nearly flat surface/seafloor along the drilling
transect..
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Within the frame of the IODP Science Plan 2013-2023 we
propose a drilling expedition exploring Neogene climate, ocean productivity and mass sediment transport on the continental
margin of NW Africa. Between Cap Bojador, southeast of the
Canary Islands, and the deltas of Senegal and Gambia rivers,
we propose to retrieve sediment cores in six study areas, that
include also the Cap Verde and Sierra Leone Plateaus. One major objective, targeted with up to four primary sites, is to study
Neogene North African hydroclimate and vegetation to reconstruct the timing and cause of late Miocene to early Pliocene
aridification. Further sites with high- to very high sediment
accumulation rates are planned to explore millennial- to orbital- scale climate change in the subtropics and related sediment
transport regimes. We will focus on the Sahara and/or Mauretania Slides to constrain the causes and frequencies for submarine
landslides at the continental slope. Drilled sediments from the
target sites will also provide key records to study ocean productivity and ecosystem response to climate perturbations in the
upwelling area off Cap Blanc. Among others, we intend to revisit the well-investigated high accumulation site ODP 658 in
a position nearby, to allow for covering the missing mid to late
Pleistocene transition sediment sequence. The planned investigations are related to projects of the MARUM Center for Marine Environmental Sciences, University of Bremen, the Institute
for Geosciences, University of Kiel, the GEOMAR Helmholtz
Centre for Ocean Research Kiel, and the National Oceanography Centre, University of Southampton, in close cooperation
with many other partners.
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Neodymium (Nd) isotopes have become a valuable proxy
for the reconstruction of past water mass provenance and mixing. However, the local water mass Nd isotope signature is
a function of water mass advection and Nd fluxes from weathering and diagenesis. Consequently, Nd isotope signatures of
water mass end members may vary under changing weathering
regimes such as glacial-interglacial cycles. The accurate interpretation of Nd isotopes in terms of changing ocean circulation
requires a precise knowledge of end-member isotopic compositions through time. North Atlantic Deep Water (NADW) presents a major link between the atmosphere and the deep ocean,
but whether or not its Nd isotope composition remained constant through time or to which degree it varied over glacial cycles is debated. The northern North Atlantic is the source region
of NADW and connects the Nordic Seas and the central Atlantic. Weathering fluxes and sources in the North Atlantic varied
significantly through the last glacial cycle, potentially affecting
local deep water Nd isotope compositions.
Aiming to provide improved (de-)glacial end member compositions, we reconstructed the deep water Nd isotope signatures from 10 ODP/IODP sites across the Nordic Seas and the
subpolar North Atlantic from the last glacial to the late Holocene. For this task we scrutinised established methods for the extraction of archived seawater-derived Nd from marine bulk sediments by chemical leaching [1]. With an improved sediment
leaching scheme we are able to reconstruct past deep water Nd
isotope compositions from diverse sediments and verify their
authigenic origin with the help of the elemental composition of
the leachates. Comparison between sites and regions testifies
the general integrity of this approach.
Our results show that the Nordic Seas were characterised
by at least 3 epsilon units less radiogenic Nd isotope signatures
during the Last Glacial than today. Furthermore, water mass
exchange between the deep eastern and western subpolar North
Atlantic basins was limited during the Last Glacial Maximum,
probably due to the weakened admixture of overflow waters
from the Nordic Seas. During the deglaciation, a strong overflow from the Nordic Seas into the North Atlantic was established, leading to the homogenisation of Nd signatures along
the flow paths of the western boundary currents. The changes
to weathering in a warmer climate during the early Holocene
further led to a transient change in the Nd isotope signatures of
the Nordic Seas and consequently of the overflow waters exported to the Atlantic Ocean. These changes in end member water
mass Nd isotope signatures are crucial for more accurate interpretations of Nd isotope records throughout the Atlantic Ocean.
References:
[1] Blaser et al. (2016), Chemical Geology

Geochemistry & Isotope Biogeochemistry Group, Marine Geology
Department, Leibniz IOW, Warnemünde, Germany
2
Microbiogeochemistry, ICBM, University of Oldenburg, Germany

1

Interstitial waters were extracted from long sediment cores
retrieved during Leg 160 of the Ocean Drilling Program (ODP)
and analysed for the stable water isotope (2H/1H, 18O/16O) composition. It was the aim to constrain hydrographic changes in
the eastern Mediterranean Sea prior to modern time. Measurements include samples from ODP Sites 963 to 973, covering
the geographical range between the Strait of Sicily and the eastern end of the Libyan Sea. At most sites, the measurements
demonstrate downcore variations in both water isotope ratios
covering overall dynamics of more than 1 ‰ (d18O) and 8 ‰
(d2H) (Sites 963-968).
The stable isotope results are compared to recent isotope
measurements on modern Mediterranean surface waters from a
transect between the Strait of Gibraltar and the Black Sea retrieved during RV Maria S. Merian cruise MSM 33. The Leg 160
pore waters from shallow sediment depths are close to a Mediterranean seawater evaporation trend as defined by salinitystable isotope and d2H-d18O covariations found for the modern
surface waters (Fig.1). Trends for sites impacted by deep-seated
salty solutions indicate a substantial variation towards a lighter
water isotope composition.

Fig.1: First measurements of the water isotope composition of ODP
Leg 160 pore waters (here: Sites 963-968) compared to surface waters
taken on a a transect through the modern Mediterranean Sea and the
Black Sea water column.

In order to reconstruct the hydrographic evolution of the
Mediterranean Sea hydrography and the composition of the
deeper salty brines, it is further planed to apply an integrated
advection-diffusion model. In addition, diagenetic reactions
and the consequence of pore water compositions on developing
O isotope signatures of dissolved sulfate will be addressed.
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Within the scope of IODP Expedition 342 a 270-m-thick sedimentary succession of Cretaceous and Paleogene age has been
recovered at Site U1407 (Southeast Newfoundland Ridge). The
two deepest holes U1407A and B cover the transition from fine
grained pelagic marls to the basement formed by reefal sediments at ~270 CCSF. The basal short-cores of these two holes
revealed a number of shallow-water fossils such as gastropods,
corals, rudists and larger foraminifera (orbitulinids; Norris et
al., 2014). In addition, a well-developed Cenomanian-Turonian
Boundary (CTB) with its typical black shale expression of the
Oceanic Anoxic Event 2 is also represented in the cores.
Here, we present a high-resolution carbon isotope record
of the 40-m-thick succession from the top of the reef to the
bathyal CTB black shales. Beside the typical δ13C anomalies
associated with the CTB we were able to identify the decline of
δ13C values related to the top of the Albian-Cenomanian boundary interval and the Mid-Cenomanian Event. We further present
new biostratigraphic results based on calcareous nannofossils
as well as 87Sr/86Sr isotope ages for the top of the reef analyzed
on Orbitulina. These new data in combination with the identified, stratigraphically well-calibrated events allow for a detailed comparison with other mid-Cretaceous records around
the world and provide new insights into the subsidence history
of the western Atlantic margin off Newfoundland.
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Strategic metals such as Cu, Au, Ag, As, Tl are essential for
our current economy especially with respect to the development
of energy-efficient green technologies. The majority of these
metals are mined from deposits related to major crustal-scale
fault zones and/or crustal growth at convergent margins (e.g.,
Sillitoe, 2010). Thus, the formation of ore deposits (‘metallogeny’) is closely linked to magmatism at convergent margins and
the subsequent structural evolution of the crust. One area that is
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globally unique in terms of regional metal endowment related
to recent plate tectonic processes, is eastern Papua New Guinea
(PNG). Here, a number of large porphyry Cu-Au deposits (e.g.,
Grasberg, Panguna, Ladolam etc.) formed within the Neogene
(e.g., Sillitoe, 2010). However, the microplate tectonics that ultimately localise magmatism and ore formation remain poorly
constrained.
A key area in the microplate mosaic of eastern PNG, is the
Tabar-Lihir-Tanga-Feni (TLTF) island chain, that forms the
subaerial expression of four alkaline volcanic centres (e.g.,
Wallace et al., 1983) in the sedimentary New Ireland Basin
(Exon & Tiffin, 1984). This basin formed in a forearc setting
relative to southward subduction of the Pacific Plate along
the Manus-Kilinailau Trench prior to docking of the oceanic
Ontong-Java Plateau and subduction reversal in the Miocene.
Ladolam on Lihir is the 3rd largest porphyry-epithermal gold
deposit in the world and all of the island groups in the TLTF
chain except Tanga (at least to our current knowledge) are well
endowed in Cu and Au.
The key process that lead to volcanism along the TLTF
island chain is microplate rotation and lithospheric extension
(e.g., McInnes & Cameron, 1994; Brandl & Hannington, in
prep.) leading to melting of metasomatically enriched portions
of the lithospheric mantle (e.g., McInnes & Cameron, 1994;
Franz et al., 2002; Kamenov et al., 2008). The TLTF island
chain is globally unique in that a sedimentary basin, previously
located in a forearc setting is now being displaced, stretched
and magmatically overprinted. However, the detailed geological processes are yet to be investigated and scientific deep
drilling provide a unique opportunity to study the subseafloor
geology and to reconstruct the geological and geodynamic history of the region. The diverse range of scientific questions to
be addressed in our pre-proposal offer the possibility of multidisciplinary research and we consider this as the only way to
resolve the regional tectonic, magmatic and metallogenic history. However, eastern PNG may work as a modern analogue
for plate tectonic processes of the late Archean. Understanding
the complexity of active microplate evolution may thus provide
important insights into the processes of the Early Earth. Constraints gained from drilling in the TLTF regions will have a
wide impact on research in the fields of structural and economic
geology, understanding modern and ancient plate tectonics, microbiology (subseafloor life linked to hydrocarbons and sulphur
reduction) and paleoclimate (microfossil record and climate reconstruction).
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The development of the Indian or South Asian monsoon has
been connected to Himalayan tectonic events, while others have
suggested that the tectonics in the region have responded to
monsoon induced erosion (e.g. Iaffaldano et al., 2011; Molnar
et al., 1993). There is increasing evidence that the East Asian
(e.g. Clift et al., 2008) and South Asian monsoons (Retallack et
al., 2017) initiated or were already in existence during the early
Miocene. The Miocene epoch (23–5.6 Ma) was characterised
by remarkable global climate change with a period of global
warmth followed by the development of permanent ice sheets
on Antarctica after 13.9 Ma. Understanding how and when the
monsoon first intensified and subsequently developed in relation to various forcing mechanisms is a key component for improving coupled ocean-atmosphere general circulation models.
We are developing high resolution (<5 kyr) records across key
climatic intervals of the Miocene to better understand the roles
of tectonics, global climate and regional monsoon climate on
the weathering and erosion of the watersheds feeding into the
Bay of Bengal. The radiogenic Sr, Nd and Pb isotope compositions of clays are used as provenance tracers, because they
reflect rock type and age. Their isotopic signature is transported
within clay minerals into the central Bay of Bengal, revealing the source rocks of regional erosion. The Bay of Bengal
receives discharge and sediments from the Ganga and Brahmaputra rivers, draining the Himalayas, and the Irrawaddy and
Salween rivers, which supply sediments from the Indo-Burman
Ranges. Previous studies suggest that especially the latter have
served as an important source of material to Site U1443 during
the Miocene (Ali et al., unpublished). This also corresponds to
the locations of the highest modern-day monsoon rainfall over
South Asia, indicating similar sediment sources during the Miocene and today.
In this study, we focus on seven key intervals in the Miocene for which continuous 500 kyr long records will be generated following the splice of IODP Site U1443. To date, we
have analysed samples for two of these intervals: from 15.8 to
15.3 Ma within the Middle Miocene Climatic Optimum, and
from 14 to 13.5 Ma across the first Miocene global cooling step.
These new high resolution data show fluctuations on short timescales for all three isotope systems. These transient excursions
reflect a changing balance of different sediment sources, which
was most likely climatically driven. These new high resolution
data suggest that tectonic events played a negligible role as
such events occur on extended timescales, leading to long-term,
gradual shifts in sources. Future work will include developing a
regional climate record using paired δ18O and Mg/Ca of planktonic foraminifera, in order to distinguish between regional and
global climatic drivers of erosion.
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The transition from a world lacking large-scale continental ice sheets and rapid eustatic sea-level changes to a world
dominated by these factors makes the Oligocene epoch one of
the most interesting episodes of the Cenozoic. The Oligocene
climate system was characterised by recurrent glaciations as
evidenced by a pronounced variability in deep-water δ18O [1, 2]
and sea level (e.g. [3]). The pronounced glaciations of the early
to ‘mid’-Oligocene resulted in sea-level drops of as much as 65
m [4], thus possibly being similar in magnitude to the sea-level
decline at the E/O boundary (e.g., [5]). However, the existence
of Northern Hemisphere ice sheets and their potential contribution to the deep-sea δ18O signal is still controversially debated for large parts of the late Paleogene. Therefore, we have
generated benthic foraminiferal oxygen-isotope (δ18O) and
magnesium/calcium (Mg/Ca) records for two intervals of the
‘mid’-Oligocene from IODP Site 1406 in the Northern Atlantic.
We utilize these data to constrain the magnitudes and durations
of ice-volume and sea-level fluctuations. Our records, which
have a temporal resolution of ~600-800 yr and comprise ~282
and ~185 kyrs, respectively, are positioned between magnetochrons C7A and C8 (25.20–25.98 Ma). Benthic foraminifera
δ18O values range between 1.03 and 2.67 ‰. The older interval (25.78–25.98 Ma) shows continuous, step-wise increases
in benthic δ18O values, with glacial episodes at 25.96, 25.92,
25.86, and 25.82 Ma that correspond to sea-level fluctuations of
~0–70 m. In contrast, the younger interval (25.20–25.48 Ma) is
characterised by abrupt, “termination-like” decreases with four
major terminations (25.32, 25.39, 25.43 and 25.47 Ma) marked
by δ18O increases that suggest a sea-level change of ~45–90
m. In both cases, the δ18O variations point to persistent 41 kyr
obliquity modulations of sea-level change during the ‘mid’Oligocene, comparable in magnitude to the Oi-1 event [5]. The
Mg/Ca-derived bottom-water temperatures document an only
minor contribution of bottom-water cooling to the δ18O signal.
They show only a weak correlation to the δ18O-based sea-level reconstruction; this might be due to an only very gradual
change in bottom-water temperatures over time, whereas the
‘mid’-Oligocene cryosphere was responsive already on shorter
time scales [6]. Considering the lack of large-scale ice sheets in
the northern hemisphere during the Oligocene, our data indicate
substantial, obliquity-paced ice-volume changes on Antarctica.
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ject are (1) the distal Tannwald Basin, located about 50 km
north of Lake Constance (Germany), and (2) the proximal Lienz Basin in Eastern Tyrol (Austria).
Shallow P-wave reflections, in combination with prestack
depth migration processing, improve seismic imaging and enable us to reveal the structure of the basins and to distingush different facies within the sediment succession. For the Tannwald
Basin, we acquired a net of five P-wave profiles that were able
to map the base of the basin. In combination with a research
borehole, we characterise five seismic facies and various subfacies (Burschil et al., 2017). Two pure SH-wave and multicomponent sections also show structural parts of the basin infill that
correlated with P-wave reflections.
The Lienz Basin (LB), which is one of the deepest Quaternary basins in the Eastern Alps, was covered by more than
1500 m ice during the last glacial maximum (Reitner, 2003). In
the Lienz Basin (LB), we acquired four parallel profiles perpendicular to the valley axis, with different wave types (Fig. 1). All
profiles comprise P-wave seismic methods, two of the profiles
were surveyed by 1-component horizontal S-waves, and one
with 6-component S-waves. In addition to LIAG equipment,

Fig. 1: Map of the DOVE sites (after Anselmetti et al., 2016) and 3-D view from SE into the Lienz Basin with locations of seismic profiles.

In the context of climate change and further challenges, the
ICDP project Drilling Overdeepened Valleys (DOVE, Anselmetti et al., 2016) will analyse the sedimentary history of the
glacial overdeepened valleys at seven primary drill sites in the
European Alps. These sites comprise distal and proximal sediment succesions. Boreholes at three locations are planned in a
first stage to prove the feasability of the methodology and a second phase will spread this concept over the entire Alpine ridge.
Associated with DOVE is a DFG-funded project that investigates the benefit of high-resolution seismic reflection using modern multicomponent technology. Survey locations of the pro-

we employed 60 data cubes from GFZ Geophysical Instrument
Pool Potsdam, which improved imaging quality.
The P-wave images the LB structure as well as internal
seismic facies. The LB base reaches a maximum depth of
600 m and shows asymmetric flanks which dip approx. 27 to
41 degrees. All profiles show a comparable succession of different seismics facies (Fig. 2). We interpret the deepest facies,
according to its reflection characteristic, as basal till. Above,
parallel coherent reflections indicate basin fines. Varying thickness of the layer indicates compaction, e.g., due to Pleistocene
ice load. Above, an unconformity marks a change in sedimen-
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tation. Above that, a unit of chaotic seismic facies terminates
about 70 m below surface. We interpret this unit as a till of a
younger glaciation, which suggests at least two glaciations. At
the top, a more chaotic facies completes the sediment succession. A 60 m groundwater well, which is the deepest borehole
in LB until now, identifies this unit as coarse sand and gravels.
Further features are present in the seismic sections: Slumps of
various extent are present in the deepest facies at the flanks of
the LB in profiles 1 and 4. Uplift of the internal horizons at the
valley flank supports the theory of compaction on profile 3. On
profile 4, we interpret a wedge at the northern valley flank as an
alluvial fan. S-wave sections are not processed yet.

Fig. 2: P-wave seismic reflection profile LB-1P with interpretation
(described in the abstract).

At both survey sites, seismic imaging show an remarkable
quality for land seismic data that allows us to interpret various
features in the sediment succession. According to the seismic
data, a drill location was chosen for the Tannwald Basin and
suggested for the LB. In addition to further processing of the
2-D S-wave and multicomponent data, a 3-D multicomponent
survey will follow in the Tannwald Basin.
We acknowledge the GFZ Geophysical Instrument Pool
Potsdam for providing seismic equipement, grant number
GIPP201623.
References:
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it controls the overpressure of the magma in the shallow crust.
Bubbles can grow both by gas expansion for instance due to
decompression and by mass addition via volatile diffusion from
the melt. Both of these mechanisms are dependent on pressure
gradients during ascent, together with composition-dependent
melt properties including volatile solubility, diffusivities and
viscosity. Quite importantly, at (pre-)eruptive conditions volatile solubility is an increasingly strong function of pressure and
temperature, such that both temperature increases or pressure
decreases can cause magma vesiculation. Here we investigate
the role of 1) heating and 2) slow decompression on rhyolite
magma vesiculation. The experiments were conducted using
cores of natural obsidians from Hrafntinnuhryggur, Krafla
volcano with different low initial water contents (0.11-0.15
wt%).
In a first series of experiments, we exposed the obsidian to
slow and fast heating to temperatures of 800-1000°C and at 1
bar ambient pressure using an optical dilatometer. These heating experiments were conducted with initially cylindrical samples, which remained axisymmetrical in shape during vesiculation permitting the application of the solid-of-rotation to obtain
continuous data of volume from ambient to final temperature.
During heating, the volume of the sample increased nonlinearly
as bubbles nucleated and grew. Selected samples were analysed
by X-ray computed microtomography to determine vesicularity, bubble number density and bubble connectivity. In these
experiments, the bubbles grew due to the temperature-induced
supersaturation of water that drove nucleation and diffusion
of water into bubbles. X-ray tomography revealed low bubble
number densities (1-7 mm-3) consistent across a large range of
vesicularities (6-60%). Even samples at the high end of the vesicularity range exhibit a low to very low vesicle connectivity,
indicating isolated bubble growth in this unconstrained, slow
vesiculation scenario. These continuous porosity-time data will
be compared with numerical models for bubble growth in rhyolites.
In a second series of experiments, we are exposing the same
composition of obsidian samples as well as synthetic hydrated
samples (0.3-1.8 wt %) of Krafla obsidian to magmatic temperatures (750-900°C) and varyingly slow decompression scenarios, both linear and non-linear. In these experimental series we
are exploring the effect of pressure changes on bubble nucleation and growth, to mimic the regimes and changes relevant
for the shallow rhyolitic magma reservoir found at Krafla in
Iceland. The decompression and heating textures will then be
compared quantitatively. The results may shed light on the relative roles of decompression and heating in nucleation scenarios
in nature.
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The degassing dynamics of a magma exerts a first order
control on the potential for explosivity at erupting volcanoes as

Fig. 1: 2D X-ray micro-tomography images showing the evolution of
vesicularity in Krafla obsidians foamed at 1000°C during the first
series of experiments using an optical dilatometer. The two samples
shown here were quenched at different stages giving insight into
vesiculation process.
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The current global climate system underwent its last major
reorganization during the so-called Mid-Pleistocene Transition
(MPT). The development of present-day 100-kyr glacial cyclicity [1,2] traces back to this period, between Marine Isotopic
Stages (MIS) 35–15, 1190 kyr - 620 kyr. The shift from the
previous 41-kyr obliquity-paced glacial/interglacial rhythm is
poorly understood, being still a matter of active debate in the
scientific community. Apart from the change in cyclicity, the
MPT is also marked by increased amplitudes in glacial-interglacial cyclicity and the enlargement of North Hemisphere ice
sheets during glacials [3], which may have preconditioned the
prolongation of the post-MPT glacial periods [1]. With respect
to this, a mechanistic understanding of the impact of changes
in oceanic heat transport in the northern Atlantic during the
mid-Pleistocene waxing and waning of northern hemisphere
ice sheets is essential for fully appreciating the dynamics of
Quaternary climate evolution.
The North Atlantic Subtropical Gyre (NASG) plays a central role in the transport of heat and moisture into the higher-latitude North Atlantic. In this project we are exploring changes in
the temperature and salt budget within the gyre and the strength
and spatial configuration of its circulation pattern during MIS
35–15, to shed light on the dynamics of the mid-Pleistocene
meridional heat transport. We are, therefore, generating combined subsurface δ18O and Mg/Ca records from two marine sediment cores: IODP Site U1313 and ODP Site 1058. These two
sites are strategically located at the current northern (U1313)
and western (1058) boundaries of the NASG and thus, highly
sensitive to variations in its extend and circulation strength.
Here, we present Mg/Ca-derived subsurface paleotemperatures (SubT) on the deep thermocline dweller Globorotalia
crassaformis obtained on central North Atlantic IODP Site
U1313. Our SubT record reveals the persistent establishment
of cold (~4°C) subT during glacials after MIS 22, in contrast to
relatively mild glacial subT of ~6°C before MIS 22. We attribute the post-MIS 22 subT cooling to the emerging presence of
Glacial North Atlantic Intermediate Water (GNAIW) on thermocline level, leading to abrupt temperature decreases by up
to 5ºC. Between MIS 35-22 central North Atlantic thermocline
temperatures were relatively stable, with only two major cooling events during early MIS 30 and 22. Also notably, variations
in thermocline depth at Site U1313 (calculated from the difference of sea-surface temperatures [4] and subT) do not follow
glacial-interglacial periodicity, but closely match fluctuations
of dust input into the Eastern Mediterranean Sea [5]. We argue
that phases of high dust input and, hence, pronounced aridity in
the Eastern Mediterranean realm, were characterized by more
vigorous formation of Levantine Intermediate Water (LIW) [6].
The LIW is the key driver of the warm and saline Mediterranean Outflow Water (MOW) [7], which is nowadays a major
source of intermediate waters in the Northern Atlantic [8]. The
increase of MOW production from MIS 24 onwards might have
profoundly changed the status quo of Northern Atlantic upper
ocean circulation as an enhanced MOW presence would have
added heat and salinity to the Northern Atlantic, fueling the
strenght of NASG. A strong NASG in turn might have acted as
a pathway for moisture transport into the higher latitudes.
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Our results from IODP Site U1313 will be compared with
currently generated deep dweller Mg/Ca and δ18O records on
Globorotalia truncatulinoides (sinistral) from ODP Site 1058,
situated along the current Gulf Stream pathway. The combination of both records will generate a complete picture of the North
Atlantic Subtropical Gyre evolution and thus will be instrumental for resolving the puzzle of amplified ice-sheet growth during
the MPT.
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Biological diversity is characterized by a heterogeneous
spatial-temporal distribution, shaped by the complex interplay of ecological and evolutionary processes. Despite numerous studies on present-day diversity and community patterns,
very few ecosystems, such as ancient lakes, offer the potential
to understand the environmental drivers of community structure on long temporal scale. The SCOPSCO project (Scientific
Collaboration on Past Speciation Conditions in Lake Ohrid) is
among the first integrative ICDP campaigns that closely combines geology and biology aiming to understand the drivers of
the unique biodiversity and endemism in an ancient lake setting. The 584 m long sediment record from the DEEP site is
unique in the preservation of diatoms (Bacillariophyceae), particularly for the interval 0-1.4 Ma. Due to the depth of the cor-

IODP/ICDP Kolloquium Bochum 14.-16.03.2018

34

ing location (i.e., 243 m) in the centre of the lake, planktonic
diatom taxa dominate the microfossil record. We here present
the stratigraphic succession of planktonic diatom diversity and
test how global climate and local environmental drivers shaped
the community structure over time.
Our biostratigraphic record shows that three types of major
planktonic communities have existed in the lake since the onset
of full lacustrine conditions, ca. 1.4 Ma ago. Low species richness and the dominance of distinct endemic taxa characterized
each community. Community turnovers occurred at glacialinterglacial transitions, caused by the extinction of dominant
endemic species and emergence and/or increase in the relative
abundance of newly evolved ones.
We tested the influence of the climatic and environmental
drivers for each major type of community individually. The results show that different global and local drivers affected the
community structure over time. The diatom community present
in the lowermost stratigraphic interval, between 440 and 330 m
core depth, is primarily structured under the influence of local
habitat structure and nutrient availability, whereas global-scale
climate variability had relatively low effects. The 100 ka cycle,
global and Mediterranean climate variability became more important during the second section, between 330 and 80 m depth.
However, local variations in precipitation, depositional environment, catchment dynamics, nutrient availability and lake
mixis were predominant factors driving community dynamics.
The last community turnover at the MIS 7/6 boundary, ca. 190
ka ago, marks a complete change of the prevailing drivers, with
global-scale changes in temperature, and regional changes in
precipitation having a large effect on the local environment.
Diatom community structure from ca. 185 ka until present appears thus driven by global and Mediterranean climate change
causing, however, no extinction events or irreversible community turnovers.
Our results demonstrate that diatom community structure in
Lake Ohrid was influenced by local environmental and globalscale factors, changing their relative importance over the entire
lake history. This study thus provides a better understanding of
the complex role of the environment in structuring community
and diversity patterns over long temporal scales.
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We have developed a 3D boundary element code to simulate magma propagation paths through a heterogenous stress
field. The code has been benchmarked against analytical solutions for removal/addition of topographic loads. It is shown
this is accurate in computing both the magnitude and direction
of the principal stresses. In our model we approximate dyke
trajectories by aligning these parallel with the most compressive stress in the system. In this sense, our model is an end
member, where the path is not deflected due to magma buoyancy or internal viscous flow. Boundary conditions are applied
such that the stress state for the rift system is a combination of
topographic loading/unloading and far field tectonic stresses,
in 3D. A dyke is seeded at a point with a given start depth and
its trajectory to the surface is calculated. Using this model we
aim to resolve the most likely combination of parameters that

result in the observed vent locations in the Eger rift. We hope to
constrain the parameter space further using geodynamical models, dykes alignments and geochemical constraints. The aim of
such modelling to help constrain physical parameters driving
the crustal evolution of the area. This should in turn allow for
a better knowledge of the source for crustal fluids in the area
and the stresses controlling the damage within the rock volume
hosting these.
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Hardened faecal pellets are classically interpreted to form
in shallow, tropical environments. However, faecal pellets
deposited in deep, non-tropical marine conditions are poorly
studied. IODP Site U1460 on the Carnarvon Ramp (SW Shelf
of Australia, 214.4m water depth) recovered a nearly continuous Pliocene to recent record of outer shelf sediments deposited at the transition between cool and warm water environments. Below a depth of ~20 CSF-A the relative abundance
of sand-sized faecal pellets varies between 0 and 69 %. The
origin and composition of the faecal pellets were investigated
using scanning electron microscopy, binocular microscope and
X-ray diffraction (XRD). The faecal pellets have a uniform
size and shape and tend to occur mainly in relatively deeper
water during interglacial times. They are mainly composed of
skeletal fragments such as ascidians spicules, planktic foraminifera, sponge spicules and coccolith plates in a micritic matrix.
The pellets therefore show an identical composition compared
to the surrounding matrix, indicating that they have formed in
situ. X-ray diffraction shows that the faecal pellets consist of
aragonite, low-Mg calcite and dolomite. The aragonite at this
study reaches up to 30% of the total bulk sediment and generally decreases with depth due to either dissolution or platform
progradation. Aragonite dissolution within the faecal pellets is
visible e.g. at the tips of the ascidian spicules. The presence of
framboidal pyrite within the pellets indicates bacterial-sulfate
reduction (BSR). BSR likely explains the observed aragonite
dissolution, which is accompanied by an alkalinity increase and
in consequence by the precipitation of calcite and dolomite cements. The occurrence of pyrite in a depth starting at 5 CSF-A
(m), indicates that aragonite dissolution and calcite cementation already started in the very shallow burial environment. We
suggested that the faecal pellets are hardened due to this early
cementation by calcite and therefore can be preserved in the
fossil record.
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An unusually short glaciation interrupted the warm Pliocene around 3.3 Ma (Marine Isotope Stage (MIS) M2). Different hypotheses exist to explain why this glaciation event was
so pronounced, and why the global climate system returned to
warm Pliocene conditions relatively quickly. One of these proposed mechanisms is a reduced equator-to-pole heat transfer,
in response to a tectonically reduced Indonesian Throughflow
(ITF). The ITF is a critical part of the global thermohaline ocean circulation, transporting heat from the Indo-Pacific Warm
Pool to the Indian Ocean. When ITF connectivity is reduced,
the water and heat supply for the Leeuwin Current, flowing poleward along Australia’s west coast, is also diminished. To assess the possible relationship between mid-Pliocene glaciations
and latitudinal heat transport through the Indonesian Throughflow, we constructed a multi-proxy orbital-scale record for the
3.9 - 2.7 Ma interval from International Ocean Discovery Program (IODP) Site U1463. The comparison of the Site U1463
record with paleoclimate records from nearby Site 763 (Karas
et al., 2011) and West Pacific Warm Pool Site 806 (Wara et al.,
2005; O’Brien et al. 2014) allows for a detailed regional reconstruction of Pliocene paleoceanography and thus for testing the
proposed hypothesis.
The U1463 oxygen isotope record of the planktonic foraminifer Globigerinoides sacculifer correlates exceptionally well
with the sea surface temperature (SST) record from Site 806 in
the West Pacific Warm Pool, even during MIS M2. Hence, Site
U1463 preserves an uninterrupted ITF signal even during Pliocene glaciations. However, the U1463 δ18OG.sacculifer record exhibits a 0.5‰ offset with the nearby Site 763A record around MIS
M2. This implies that Site 763A, about 500 km west of U1463,
more closely tracks Indian Ocean SST records across MIS M2.
The U1463 data thus reveal that heat-transport through the Indonesian Throughflow did not shut down completely during
MIS M2, but rather its intensity decreased, causing Site 763A to
temporarily reflect an Indian Ocean, rather than an ITF signal.
We conclude that ITF variability significantly influenced latitudinal heat transport by means of the Leeuwin Current and hence
contributed to the relative intensity of MIS M2. We propose
the ITF valve between the Pacific and Indian Ocean as a positive feedback mechanism, in which reduced ITF heat transport
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amplifies global cooling by advancing the thermal isolation of
Antarctica.
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Despite our general understanding of earthquake processes,
it is still not fully understood how earthquake ruptures nucleate
and propagate and why they stop. Furthermore, the controlling
factors of the frequency and the size of earthquakes are subject
of ongoing research. We address these questions with a comprehensive study of seismicity from deep South African gold
mines. Here, we find the unique situation that the seismicity
consists of both mining-induced earthquakes and aftershocks
triggered by the M5.5 Orkney earthquake in August 2014 (Moyer et al., 2017). We hypothesize that the finiteness and geometry of the volume of stress perturbation, either by mining
activities or by a main shock, controls the nucleation and propagation of ruptures and influences the frequency-magnitude
distribution. To test our hypothesis, we apply novel approaches
to the seismcity from the deep mines which involve both waveform-based and probabilistic methods. These methods were
recently elaborated and successfully applied to fluid injection
induced earthquakes and include rupture propagation imaging
(Folesky et al., 2015), rupture directivity analysis (Folesky et
al., 2016), and studies of the scaling of the earthquakes magnitude statistics (Shapiro et al., 2013, Dinske et al., 2017). We
test the applicability of these approaches to the seismicity in
deep South African mines which also occurs in finite volume
where the in-situ stress is perturbed. It contributes to a better
understanding of seismogenic processes and, in particular, to
an improved assessment and mitigation of seismic hazard in
mining environment. First results indicate a unilateral rupture
of the M5.5 main shock, which is in agreement with previous
results (Ogasawara et al., 2017), and we find a clear spatial separation of aftershock hypocenters and the induced seismicity
in the different mining horizons.
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This project aims at statistically analyzing the long
(~278 m) sediment record of the Chew Bahir basin, as part of
the ICDP-funded Hominin Sites and Paleolakes Drilling Project (HSPDP). The aim of the project is (1) to establish a robust
age-depth model for the sediment cores, (2) to correlate the
Chew Bahir record with other records within and outside HSPDP, (3) to detect trends, rhythms and events in the environmental record of the basin, and (4) identify recurrent, characteristic
types of climate transitions in the time series, as compared with
the ones of the other HSPDP sites and climate records outside
HSPDP. The work presented here will provide first results of
age-depth modelling, including cyclostratigraphy, of the long
Chew Bahir cores. Second, it gives an overview of the first results from evolutionary spectral analysis to detect changes in
the response of the Chew Bahir to orbital forcing during the
last 550 kyr. Third, the results of a change point analysis will be
presented to define the amplitude and duration of past climate
transitions and their possible influence on the development of
early modern human cultures.
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Young ocean basins emerging during the break-up of supercontinents provide favorable conditions for drawdown and
burial of atmospheric CO2. Extensive black shale deposition,
the formation of petroliferous sedimentary basins along continental margins and carbon cycle modelling suggest that the
young South Atlantic (subdivided by the Wavis Ridge/Rio
Grande Rise into the Cape-Argentine-Basin to the south and
the Angola-Brazil-Basin to the north) and the Southern Ocean
acted as important carbon sinks during the Early Cretaceous
break-up of Gondwana.
We present a consistent stratigraphic framework for several
South Atlantic (DSDP Sites 361, 327, 511, 364, 363) and Sou-

thern Ocean deep sea drilling sites (DSDP Site 249 and ODP
Site 693) based on high resolution 13C tuning. Our data provide the temporal data basis for an ongoing modelling approach
attempting to quantify the contribution of local carbon burial
within these young emerging basins to the global carbon budget (see abstract of Steinig et al.). Source regions, modes, and
flow paths of deep water are reconstructed based on a twofold
approach combining sea water-derived neodymium (Nd) isotope signatures and a novel general circulation model (Steinig
et al.). Bulk geochemical parameters (i.e., total organic carbon
content) are used to investigate the relationship between deep
water circulation and carbon burial.
Our results show that during the lowermost Aptian, prior
to 124 Ma, the Falkland Plateau hindered water mass exchange
between the South Atlantic (south of the Wavis Ridge/Rio
Grande Rise) and the Southern Ocean as indicated by divergent
Nd-isotopic signatures. General circulation model simulations
(Steinig et al.) indicate that the anti-estuarine, salinity-driven
overturning circulation within the silled South Atlantic was restricted to intermediate water depths (South Atlantic Intermediate Water) and largely stagnant within the deep Cape Basin at
that time. The slow replenishment of oxygen to the deep Cape
Basin promoted marine carbon burial and the periodic expansion of bottom water euxinia as indicated by organic carbon
contents of up to 20 %, abundant sulfur, and enrichment of redox-sensitive trace metals. Similar redox conditions prevailed
within the semi-enclosed Falkland Basin, which was confined
by the African continent to the North, the Maurice Ewing Bank
to the East, and the Falkland Island basement high to the West.
The Angola Basin north of the Wavis Ridge/Rio Grande Rise
was filled with a hypersaline water mass imprinted with unradiogenic Nd isotopic signatures probably derived from local
erosional input of dissolved Nd from the Congo Craton.
From 124 Ma onwards, the progressive westward drift and
subsidence of the Falkland Plateau permitted intermediate water mass outflow of South Atlantic Intermediate Water through
the Falkland Basin into Southern Ocean as recorded by a clear
shift in redox conditions and Nd-isotopic composition. The radiogenic Nd isotope signature of the outflowing intermediate
water mass is consistent with a formation region along the shelves south of the Wavis Ridge/Rio Grande Rise as proposed by
the general circulation model. Nd isotopic gradients between
South Atlantic Intermediate Water and the deep water within in
the Cape Basin indicate a stratified water column persistently
maintaining bottom water anoxia/ euxinia.
Around 122 Ma, the occurrence of planktonic foraminifera
and a redox shift towards suboxic conditions marks the first
marine incursion into the Angola Basin. From this time on, the
progressive oxygenation and a long-term trend towards more
radiogenic Nd isotope signatures indicates the admixture of an
oxic water mass overprinting the local water mass signature.
Although the source region of this water mass remains to be
identified, the clear offset between Nd isotope signatures north
and south of the Wavis Ridge/Rio Grande Rise argues against
significant water mass exchange between the southern South
Atlantic and the Angola Basin.
By ~116 Ma, Nd isotope signatures within the Southern
Ocean, the Falkland Basin, and the Cape Basin converge indicating significant water mass mixing between all sub-basins.
At the same time, anoxic conditions abated and carbon burial
decreased within the deep South Atlantic and Southern Ocean
denoting the onset of an efficient overturning circulation. This
marks the opening of the deep Georgia Basin Gateway due to
the detachment of the Maurice Ewing Bank from the African
continent. Distinct Nd isotope signatures in the South Atlan-
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tic north and south of the Wavis Ridge/Rio Grande Rise until
at least Cenomanian times indicate the continoued presence of
hydrologically separated sub-basins.
Our combined geochemical and modelling approach generated a consistent circulation history of the young South
Atlantic and Southern Ocean emphasizing the importance of
marine gateways. The improved stratigraphic framework will
provide the chronology for the non-transient biogeochemical
model enabling us to investigate the global impact of local carbon burial.
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First results on Core-Log-Seismic-Integration in
hard-rock environments using the ICDP drilling
project COSC-1, Sweden
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Core-Log-Seismic-Integration (CLSI) is an interdisciplinary strategy to integrate core measurements, logging data either
from wireline or core logs or both, and seismic data to bridge
scales from the sub millimetre-scale of core investigations to
metre scale of seismic data. This method has been developed
for soft sediments and non-metamorphic lithified sediments and
has been succsessfully applied in marine and lake environmental (e.g. Gaillot et al., 2007; Riedel et al., 2013).
As part of the ICDP priority program “Collisional Orogeny
of the Scandinavian Caledonides (COSC)” we are investigating
the geophysical properties of the rocks from the Seve Nappe
Complex (SNC) using the COSC-1 borehole (Sweden). This
project has two main objectives. The first, geological aim is to
establish a high-resolution seismic stratigraphy applying CLSI
to a metamorphic setting in order to improve our understanding of the tectonic and structural geological processes that
led to the formation of the SNC in particular how shear was
partitioned and how it affected the geophysical properties. The
second objective is methodological. Here, we aim at learning
how the CLSI techniques can be applied for metamorphic rocks
although they have been developed mainly for hydrocarbon reservoirs in lithified sediment rocks but also for high-resolution
combination of shallow sediment cores and ultra-high resolution seismic data.
In a first step we use information from two sets of wire line
logs and tie them to 3D seismic survey from the SNC (Hedin et
al., 2016), a multi-azimuthal walkaway vertical seismic profile
(Simon et al., 2016), and a high-resolution zero-offset vertical
seismic profile (Krauß et al., 2016), and combine them in the
Log-Seismic-Integration (LSI). From density and sonic information we have generate synthetic seismograms and compared
them to zero offset seismic traces which are extracted from the
processed surface 3D seismic data at the location of the bore
hole.
As expected the results show significant deviations between
synthetic and measured seismograms. These deviations are due
to imperfect coupling of the tools in the boreholes and uncertainty in the depth measurements during logging, seismic wave
propagation artefacts, anisotropy in the seismic velocities and
noise both in the seismic data and in the log data. In the following steps we will minimize the mismatch and analyze depth
intervals at which the mismatch is particularly large in order
to deduce where samples should be taken for seismic anisotro-
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py meansurements as previous work (Simon et al., 2017) have
shown that anisotropy can be up to 15% in these metamorphic
rocks.
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Pre-Quaternary records of the Australian monsoon are
extremely scarce and little is known about the timing for the
onset of modern patterns of rainfall seasonality. Specifically,
the sensitivity of the Australian monsoon to changing climate
boundary conditions such as global ice volume and greenhouse
gas concentrations, the response to changes in interhemispheric thermal asymmetry as well as the dynamic cross-equatorial
coupling with the Indo-Asian monsoon remain highly enigmatic. During IODP Expedition 363, two extended (sedimentation
rate: ~6 cm/ky at Site U1482 and ~10 cm/ky at Site U1483), undisturbed hemipelagic successions spanning the late Miocene
to Holocene were retrieved from the NW Australian continental
margin, at the southwestern edge of the present day Western Pacific Warm Pool (Rosenthal, Holbourn, Kulhanek et al., 2016).
These carbonate- and clay-rich sequences are ideal to chart the
monsoon’s evolution through several episodes of fundamental
climate re-organization that were driven by internal changes
in the response of the ocean/climate system and/or by changes in external forcing. The late Miocene to Pliocene interval
and the Mid-Pleistocene Transition offer, in particular, a challenging opportunity to explore climate-carbon cycle dynamics
on a warmer-than-present Earth, thus, helping to guide models
and constrain predictions of climate change and sensitivity. The
U1482 and U1483 records will additionally shed light on the
temporal and regional coupling between different monsoon
subsystems, including the timing of major re-organizations in
wind (driving upwelling and productivity) and precipitation
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(salinity and terrigenous runoff) patterns. These records will
provide a Southern Hemisphere perspective, complementing
the overarching goal of several recent IODP expeditions to
unravel the Neogene evolution and variability of Indo-AsianAustralian monsoon subsystems over multiple timescales.
Preliminary results at Site U1482 (15°3.32ʹS, 120°26.10ʹE,
water depth: 1466 m), based on XRF-scanning terrigenous runoff proxy and grain size data over the interval 523 to 208 m
ccsf (~8.6 to 4.4 Ma) reveal a major climate shift at ~7 Ma from
an obliquity-controlled phase of precipitation and terrestrial runoff to a more seasonal monsoonal regime paced by precession,
which lasted until ~5 Ma and coincided with a period of global
climate cooling and drying (Herbert et al., 2016). This was followed by a massive intensification in terrestrial runoff during
the early Pliocene warm period (~5 to 4.4 Ma) during an interval of global warmth, characterized by a reduced latitudinal
temperature contrast and prominent 41-kyr climate rhythms.
We are currently developing an orbitally-tuned age model at
Site U1482 (based on high-resolution benthic d18O records)
and will then integrate our XRF-derived runoff records with
sea surface temperature and salinity reconstructions (based on
planktic foraminiferal stable isotopes and Mg/Ca) to comprehensively explore relationships between regional rainfall patterns, high-latitude climate variations and eastern Indian Ocean
surface hydrology. We will extend these analyses to the base
of the core (604 m ccsf) to obtain a continuous climate record
back to –10.7 Ma.
References:
Herbert, T. D., Lawrence, K. T., Tzanova, A., Peterson, L. C., Caballero-Gill, R.,
& Kelly, C. S. (2016). Late Miocene global cooling and the rise of modern
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International Ocean Discovery Program. http://dx.doi.org/10.14379/iodp.
pr.363.2017.

data recorders collect the readings of the observed voltage at
the remote receiving dipole. To record the data, 24 single channel transient recorders REFTEK Texan 125 and ten 3-channel
custom data loggers from LIAG were used in the experiment.
The profile, measured in late June of 2016 by LIAG Hannover and Leipzig university, features a total length of about 6.5
km (see Fig. 1). The central part around the Hartoušov mofette
field consists of 33 electrode pairs with a spacing of 100 m each.
The outer parts consist of an additional ten and eleven electrode pairs of 150 m spacing in the west and east, respectively.
A total of 47 current injections, using two high-voltage transmitter were realized during the survey.
Data analysis and processing of the recorded signals after
extracting the significant injection time sections from the whole
time series, included drift correction and low pass filtering and
was performed in order to minimize the influences of industrial and cultural noise. Selective stacking was applied to improve the signal quality by reducing incoherent noise for all data
sets. Additionally, recorded signals were exemplariliy analyzed
using a Lock-In approach and a Fast Fourier Transformation
approach (FFT), according to Oppermann and Günther (in review).
The quality of the data can be described as good (Fig 1.),
only few datasets with very large spacings between injection
and potential measurements were disturbed by noise, especially
near the small village Kacerov in the east. As a next step, we
will invert the data and carry out the next planned survey about
5 km north of this profile. Integration of data from other sources
(magnetotelluric data from U. Weckmann, GFZ; seismic data
from S. Buske, TU Freiberg, borehole and geologic data) and
modelling will allow an investigation of the subsurface below
the fluid system to a depth of about 500-700m.
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Large-scale geoelectrical survey in the
Eger Rift zone (W-Bohemia) at a proposed
PIER-ICDP fluid monitoring drill site to image
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The NW-Bohemia/Vogtland region is an intra-continental
non-volcanic region and is characterized by outstanding geodynamic activities, which result in earthquake swarms and significant CO2 emanations. Because of these phenomena, the Eger
Rift area is a unique site for interdisciplinary drilling programs
to study the fluid-earthquake interaction. The ICDP project
PIER (Probing of Intra-continental magmatic activity: drilling
the Eger Rift) will set up an observatory, consisting of five monitoring boreholes (Dahm et al., 2013).
In preparation for one major drill, a large-scale geoelectric survey has been carried out to characterize the projected
fluid-monitoring drill site at the CO2 degassing mofette field
near Hartoušov, Czech Republic. We used the dipole–dipole
configuration (CC-PP).Non-polarizable Cu/CuSO4 and Ag/
AgCl electrodes were used as potential probes. Transmitter and
receiver units were physically separated. The transmitter generates the artificial electric field and synchronized automatic

Fig. 1: Location and data processing results of the 6.5 km large-scale
geoelectric survey. The signal can be traced over the whole profile
length after applying filtering and stacking algorithms A and B mark
two respective voltages from the current injection in the east.
References:
Oppermann, F., Günther, T.: A remote-control datalogger for large-scale resistivity surveys and robust processing of its signals using a software LockIn approach, Geosci. Instrum. Method. Data Syst. Discuss., https://doi.
org/10.5194/gi-2017-37, in review, 2017.
Dahm, T., Hrubcova, P., Fischer, T., Horálek, J., Buske, S., Wagner, S., 2013. Eger
Rift ICDP: An observatory for the study of non-volcanic, midcrustal earthquake swarms and accompanying phenomena. Scientific drilling 16, 93-99.

IODP/ICDP Kolloquium Bochum 14.-16.03.2018

39

ICDP

ICDP

Authigenic minerals in the HSPDP-Chew Bahir
sediment cores (southern Ethiopia):
Using mineral alteration as sensitive
paleoclimate proxy

Methanogenesis predominated
microbial organic matter mineralization in the
ferruginous sediments of Earth’s early oceans
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Through Continental Scientific Drilling, six sites in Ethiopia and Kenya, all adjacent to key paleoanthropological sites
have been investigated as part of the Hominin Sites and Paleolakes Drilling Project (HSPDP), aiming at an enhanced
understanding of climatic influences on human physical and
cultural evolution. Together the sites cover the last ~3.5 Ma of
climate change. Initial results show that sediment core records
archive environmental change during diverse milestones in human evolution, and times of dispersal and technological and
cultural innovation. The 280 m-long Chew Bahir lacustrine record, recovered from a tectonically-bound basin in the southern
Ethiopian rift in late 2014, covers the past ~550 ka of environmental history, a time period that includes the transition to
the Middle Stone Age, and the origin and dispersal of modern
Homo sapiens.
To develop a continuous climate history based on sediment
core composition is challenging due to the complex relationship between climate and sedimentary deposits. Our composite
core record represents >90% recovery, verified through multiproxy inter-core correlation, together with high-resolution
µXRF, XRD, and sedimentological data. Initial results suggest
mineralogical and geochemical proxies are potential climate
indicators of wet, dry and hyper-arid climate intervals. Mineral assemblages include salinity indicators such as zeolitic
alteration and authigenic clay minerals. Understanding and
determining the degree of authigenic mineral alteration in the
Chew Bahir records will enable interpretation of µXRF-derived
proxies (e.g. K indicating aridity), and provide direct paleohydrologic data. The high quality geochronology, nearly continuous record, and our growing understanding of site-specific
proxy formation will provide a robust environmental history on
decadal to orbital timescales. This will enable us to test current
hypotheses of the impact of climate change and variability on
human evolution and dispersal.
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Lake Towuti is a tropical, weakly stratified, 200m deep tectonic lake, with anoxic conditions below 130m water depth. Its
catchment is mainly composed of ultramafic rocks and lateritic
soils. As a result Lake Towuti sediment is Fe-rich and can contain more than 20 weight percent iron(oxy)hydroxides. Sulfate
concentrations in the anoxic bottom water and at the sediment
water interface are exceptionally low (<20µM). Such physical
and chemical characteristics lead to a depositional environment
partly analogous to those of the ferruginous oceans that persisted throughout the Precambrian eons. Even though these conditions prevailed through much of Earth’s history, models of the
biogeochemical processes that occurred under these conditions
remain largely conceptual, as modern analogue environments
are rare. In spring 2015 the Towuti Drilling Project retrieved
a ~115 m long sediment core for geomicrobiological investigations. We characterized the biogeochemistry of this ferruginous environment by analyzing cat- and anions dissolved in the
pore water and by modeling net reaction rates of elements and
compounds involved in microbial organic matter degradation.
We further analyzed the concentration and isotopic composition of pore water methane and quantified the total microbial
abundance in the sediment.
Lake Towuti’s sediment has low concentrations of the electron acceptors nitrate and sulfate. Total microbial abundance in
Lake Towuti sediment is relatively high and decreases from 108
cells cm-3 at the top of the core to 105 cells cm-3 at ~50m and
remains constant below. Given the lack of nitrate and sulfate
we suggest that the high microbial abundance is supported by
metabolisms like fermentation and methanogenesis. Methane
accumulates to ~200 µM over the upper 20 m and appears to
remain constant below this depth, even though there is substantial variability that comes from sediment degassing due to
pressure loss after core retrieval. Despite relatively high total
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iron concentrations in Lake Towuti’s sediment, modeled rates
of methanogenesis exceeded those of all other metabolisms
considered, indicating that methanogenesis is the dominant
process in microbial organic matter degradation. This implies
that microbes do not readily utilize the iron that is present in
minerals; together with the scarcity of sulfate and lack of nitrate this likely indicates that there is no appreciable anaerobic
oxidation of methane (AOM). The δ13C values of CH4 in Lake
Towuti sediment range from -73 ‰ to -64 ‰ whereas δDCH4
values are very heavy with values between -176 ‰ and -160‰.
Such isotopic compositions are characteristic for hydrogenotrophic methanogenesis but do not rule out a contribution from
acetoclastic or methylotrophic methanogens. The prevalence
of methanogenesis even in this very iron-rich modern environment implies that methanogenesis may play an important role
in biogeochemical cycling in ferruginous environments more
broadly including in the oceans of the Precambrian eons.
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The modern polar cryosphere reflects an extreme climate
state with profound temperature gradients towards high-latitudes. It developed in association with stepwise Cenozoic cooling, beginning with ephemeral glaciations and the appearance
of sea ice in the late middle Eocene. The polar ocean gateways
played a pivotal role in changing the polar and global climate,
along with declining greenhouse gas levels. The Arctic Ocean
was an isolated basin until the early Miocene when rifting and
subsequent sea-floor spreading started between Greenland and
Svalbard, initiating the opening of the Fram Strait / Arctic-Atlantic Gateway (AAG). Although this gateway is known to be
important in Earth’s past and modern climate, little is known
about its Cenozoic development. The opening history and
AAG’s consecutive widening and deepening must have had a
strong impact on circulation and water mass exchange between
the Arctic and the North Atlantic Oceans. To study the AAG’s
complete history, ocean drilling sites in the Boreas Basin and
along the East Greenland continental margin are proposed.
These sites will provide unprecedented sedimentary records
that will unveil the history of shallow-water exchange between
the Arctic and the North Atlantic Oceans, and the development
of the AAG to a deep-water connection and its influence on the
global climate system.
Getting a continuous record of the Cenozoic sedimentary
succession that recorded the evolution of the Arctic-North Atlantic horizontal and vertical motions, and land and water connections will also help better understanding the post-breakup
evolution of the NE Atlantic conjugate margins and associated
sedimentary basins.
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The Pliocene epoch represents a discrete interval which reversed a long-term trend of late Neogene cooling and is also
the most recent geological interval in which global temperatures were several degrees warmer than today. It is therefore
often considered as the best analogue for a future anthropogenic
greenhouse world. However, there is growing evidence that the
Pliocene was not a stable period but can rather be subdivided in
several distinct climate phases. Our understanding of Pliocene
climate variability in the Southern Hemisphere, and especially
in the Atlantic-Indian ocean gateway, is limited by scarce marine records and poor age control on existing terrestrial climate
archives. At five drilling locations IODP Exp. 361 recovered
high resolution complete late Miocene to Pleistocene sections
(Hall et al., 2017). Our research proposal is based on the Sites
U1474 (Natal Valley), U1475 (Agulhas Plateau), and U1479
(Cape Basin) forming a latitudinal transect. The main focus is
on the interplay between northern and southern sourced deep
water masses in the Atlantic-/Indian Ocean gateway during the
Pliocene and combines chemical, physical property and seismic
methods. Our research is driven by three working hypotheses:
Seismic stratigraphies for the last 6 Ma and sediment
drift growth in the Atlantic-Indian gateway are mainly controlled by bottom water flow changes
Using the sediment archives and physical property records
from IODP Exp. 361 (Hall et al., 2017) we aim to construct
and compare detailed seismic stratigraphies for the Agulhas
Plateau, the Natal valley and the Cape basin for the last 6 Ma.
At all Exp. 361 sites P-wave velocity and density records enable detailed correlations of drilling results and site survey data
through the calculation of synthetic seismograms. Our working
hypothesis implies that seismic reflection patterns and sediment
accumulation during the Pliocene are closely linked to deep water circulation changes associated with climate Pliocene phases. Furthermore four distinct high latitude Pliocene glaciation
events have been identified. We speculate that these phases and
events have led to deep water circulation changes in Agulhas
region, have altered the sediment physical properties and thus
may be recognized as reflectors in the seismic profiles. How
did the sediment input of terrigenous vs. biogenic sediment
components in the gateway change during these events? Are
these changes driven by dilution, dissolution, or productivity?
We strive to answer these questions by interpreting edited and
in-situ corrected physical core scanning records in combination major element variabilty derived from post cruise XRFscanning.
Trajectories and intensities of deep water masses in the
Agulhas region during the Pliocene were influenced by Antarctic ice volume rather then by the closure of the Central
American Seaway.
The Exp. 361 drill sites offer the possibility to inter-correlate different flow speed proxies and to derive a detailed picture
of flow changes during the Pliocene. By comparing core-measurements of sortable silt (S̅S̅), physical properties and XRFcore scanning data with seismic features we will tie the major
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flow speed changes to our seismic grid covering the Agulhas
Plateau such that changing current intensities and pathways can
be mapped together. Here we hypothesize that these changes
are mainly driven by climate (Antarctic ice volume). How have
the sedimentation patterns changed under the growing influence
of North Atlantic Deep Water (NADW) during the Pliocene?
What were the main changes associated with the instability of
Antarctic ice sheets and was the production of Antartic Bottom
Water (AABW) reduced or enhanced during these intervals?
Was there also a potential influence of tectonic processes on the
flow changes in the Agulhas region? Especially the closure of
the Centarl American Seaway (CAS) in various phases between
~14 and ~2.7 Ma is thought to have had a profound impact on
climate.
Changes in physical and chemical sediment properties
in the Agulhas region are largely controlled by earth’s orbital variations and allow a significant improvement of age
models by cyclostratigraphy.
Another primary objective of our research is the detection
and characterization of orbital and sub-orbital cycles in the
Agulhas sedimentary environment in relation to paleoceanographic changes. The presence of orbital cycles in ocean sediments has widely been used to derive high resolution age models in Cenozoic sediments. Typically orbital chronologies are
based on benthic oxygen isotope records (d18O) that are correlated to astronomical forcing functions (“orbital tuning”). However, the generation of such records at high resolution over long
time intervals is time consuming and will likely not be completed for the Exp. 361 sites over the next years. In the absence
of d18O records cyclic changes in high resolution measurements
of physical (e.g. density, colour reflectance, magnetic susceptibility) and chemical (major elements from XRF core scanning)
parameters have been successfully used for orbital tuning. At
the Exp. 361 Sites very regular cyclic amplitude changes are
evident in the Pliocene sections (Gruetzner et al., 2017), but
up to now have not been further investigated. Which orbital
frequency do these cycles represent and how do the dominent
frequencies change over time? What is the potential of the observed cycles for stratigraphic purposes? We will analyse those
cyclicities in the depth and time domain and strive to generate
orbitally tuned time series of sediment provenance.
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The exchange of shallow and deep water masses between
the Indian Ocean and the Atlantic constitutes an integral interocean link in the global thermohaline circulation. In the gateway south of South Africa long-term changes in deep water flow
during the Cenozoic have been initially studied using seismic
reflection profiles. But the seismic stratigraphy was poorly constrained and not further resolved within the time period from
the late Miocene to present. In particular, there were limited
Pliocene records that could be used to investigate the influence
of climatic (e.g. Antarctic ice volume) and tectonic (e.g. closure
of the Central American seaway) on the deep-water variability.
In 2016 the International Ocean Discovery Program (IODP)
Expedition 361 (“SAFARI”) recovered complete high-resolution Plio-/Pleistocene sediment sections at six drilling locations
on the southeast African margin and in the Indian-Atlantic ocean gateway (Gruetzner et al., 2017). Here, we present results
from Site U1475 (Agulhas Plateau), a location proximal to the
entrance of North Atlantic Deep Water (NADW) to the Southern Ocean and South Indian Ocean (Hall et al., 2017). The
site is located over a sediment drift in 2669 m water depth and
comprises a complete carbonate rich (74 – 85%) stratigraphic
section of the last ~7 Ma. We edited high-resolution data sets of
density, velocity and natural gamma radiation measured at Site
U1475 and corrected them to in-situ conditions. Cross correlations show that acoustic impedance contrasts and thus the formation of seismic reflectors are mainly due to density changes
that are caused by climate-induced variations in biogenic vs.
terrigenous sediment input. The calculated synthetic seismograms show an excellent correlation of drilling results with the
site survey seismic field record, provide an accurate traveltime
to depth conversion, and allow preliminary age assignments (±
0.3 Ma) based on the shipboard bio- and magnetostratigraphy.
The most prominent reflectors are associated with compositional changes related to late Pleistocene glacial/interglacial variability, the middle Pleistocene transition, and the onset of the
northern hemisphere glaciation. Furthermore, a peculiar early
Pliocene interval (~ 5.3 – 4.0 Ma) bounded by two reflectors
is characterized by 3-fold elevated sedimentation rates (> 10
cm/ka) and the occurrence of sediment waves. We argue that
this enhanced sediment transport to the Agulhas Plateau was
caused by a reorganization of the bottom current circulation
pattern due to maximized inflow of NADW. Rhythmic bedding
within the Pliocene sediment wave sequence likely reflects the
100-kyr orbital cycle. On the other hand, colour reflectance and
natural gamma radiation show highest variability in the precession band. The very regular response of the core logging data
to orbital forcing suggests that the shipboard age model can be
significantly improved by cyclostratigraphy.
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The opening of the Gibraltar Strait at 5.3 Ma ago marked
the beginning of renewed water mass exchange between the
Mediterranean Sea and the Atlantic Ocean. Mediterranean
Outflow Water (MOW) is a considerable source of heat and
salt for today’s North Atlantic and is considered to contribute
to maintaining the Atlantic meridional overturning circulation
(AMOC). There is evidence that MOW intensity varied on glacial/interglacial and stadial/interstadial timescales in the past,
and that phases of MOW intensification potentially preconditioned thermohaline circulation for its interglacial mode in the
late Pleistocene. Until recently, however, efforts towards a better understanding of MOW behavior through time and potential climatic feedback mechanisms between MOW, the African
Monsoon, AMOC, and eustatic sea-level fluctuations have been
impeded by the limitation of available sample material largely
to the uppermost Pleistocene and Holocene. In 2011/12, IODP
Expedition 339 drilled several sites in the Gulf of Cadiz and
off the western Iberian Margin, recovering a total of 4.5 km of
Pliocene to Holocene contouritic deposits of MOW.
In this paper, we summarize new findings on early MOW
history and Mediterranean-Atlantic exchange from IODP Sites
U1387 and U1389, specifically its onset after the Messinian Salinity Crisis and its behavior at the transition from the Pliocene
warmhouse to Pleistocene icehouse climate. Micropalaeontological and geochemical data suggest that Mediterranean water

reached IODP Site U1387 shortly after the opening of the Gibraltar Strait and before the onset of contourite drift deposition,
representing the first indications of Mediterranean-Atlantic
exchange (García Gallardo et al., 2017). At IODP Site U1389,
a refined age model for the time interval between 3.6 and 2.5
Myrs allows the evaluation of long- and short-term trends in
data from XRF core-scanning and stable isotope analyses, and
their comparison to proxy records from the Mediterranean and
North Atlantic (Grunert et al., 2017). Cyclostratigraphic analysis of Zr/Al records and grain-size data in well-recovered intervals suggest that the long-term strengthening of MOW at the
onset of Northern Hemisphere Glaciation is punctuated by a
strong precessional control on bottom current strength. Intensified Mediterranean–Atlantic exchange is further indicated by
flat gradients of planktic δ18O for the severe glacial Marine Isotope Stage (MIS) M2 and the initiation of the NHG (MIS G22,
G14, G6–104) (García Gallardo et al., under review). These
periods correlate with the occurrence of ice-rafted debris (IRD)
at low latitudes and weakening of the Atlantic Meridional Overturning Circulation (AMOC). Our results may thus suggest the
development of a negative feedback between AMOC and exchange rates at the Strait of Gibraltar in the latest Pliocene as it
has been proposed for the late Quaternary.
Research for this study was funded through project P25831N29 of the Austrian Science Fund FWF (2013–2017), ECORD
(2014) and the Max Kade Foundation (2014–2015).
References:
García Gallardo, A., Grunert, P., Van der Schee, M., Sierro, F.J., Jiménez-Espejo,
F.J., Alvarez-Zarikian, C.A., Piller, W.E., 2017. Benthic foraminifera-based
reconstruction of the first Mediterranean-Atlantic exchange in the early Pliocene Gulf of Cadiz. Palaeogeography, Palaeoclimatology, Palaeoecology
472, 93–107. https://doi.org/10.1016/j.palaeo.2017.02.009.
Gracía Gallardo, A., Grunert, P., Piller, W.E., under review. Variations of Mediterranean–Atlantic exchange across the late Pliocene climate transition.
Climate of the Past, discussion paper. https://doi.org/10.5194/cp-2017-134.
Grunert, P., Balestra, B., Richter, C., Flores, J.-A., Auer, G., García Gallardo, A.,
Piller, W.E., 2017. Revised and refined age model for the upper Pliocene of
IODP Site U1389 (IODP Expedition 339, Gulf of Cadiz). Newsletters on
Stratigraphy. https://doi.org/10.1127/nos/2017/0396.

IODP

Late Quaternary palaeoenvironmental
dynamics inferred from marine sediment cores
of the western South Atlantic
F. Gu1, K. A. F. Zonneveld2, C. M. Chiessi3, H. W. Arz4, J. Pätzold2,
H. Behling1
University of Goettingen, Department of Palynology and Climate
Dynamics, Untere Karspüle 2, 37073 Göttingen, Germany,
2
University of Bremen, MARUM – Center for Marine Environmental
Sciences, Leobener Str. 8, 28359 Bremen, Germany
3
University of São Paulo, School of Arts, Sciences and Humanities,
Rua Arlindo Bettio, 1000, CEP03828-000 São Paulo, SP, Brazil
4
Leibniz Institute for Baltic Sea Research Warnemünde (IOW),
Marine Geology Department, Seestraße 15, 18119 RostockWarnemünde, Germany
1

1400 km long transect have been studied by pollen, spores,
fresh water algae and dinoflagellate cysts to reconstruct vegetation, climate and ocean environmental dynamics since the early
last glacial period.
During glacial times, in particular during the last glacial
maximum (LGM), grassland was the dominant vegetation in
southeastern South America, indicating cold and dry climatic
conditions. Araucaria trees were relatively frequent on the
southern Brazilian highland between 73.5 and 65 cal kyr BP,
similar to the late Holocene, suggesting not so cold and dry
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climatic conditions. The Atlantic rainforest started to expand in
northern South Brazil at 14 cal kyr BP while in southern South
Brazil the stronger expansion to the south occurred due to wetter conditions after 5 cal kyr BP.
The dinoflagellate cysts indicate the stronger presence of
warm surface water of the Brazil Current since 15 cal kyr BP in
the northern South Brazil and since 9 cal kyr BP in the southern
South Brazil.
Dinocysts suggests that cold water masses transported by
the sub-polar Malvinas Current and Brazil Coastal Current had
a markedly stronger influence during the glacial period, in particular during the LGM period. The occurrence of Nothofagus
pollen in the marine cores, which derived from the southern
South America, suggests an efficient transport by the southern
westerlies and Argentinean rivers, then by the Malvinas Current
and finally by the BCC to the study sites.
Studies on the three marine sediment cores contributes to a
better understanding of vegetation dynamics, climate change,
marine surface water and ocean current changes in southeastern
South America over long time periods.
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Scleractinian reef corals play an important role within
the System Earth and for unraveling past changes in climate
dynamics. As one of the main producers of continental shelf
carbonates, coral growth is of great relevance, because of their
social-economic importance e.g. in coastal protection, as they
can stabilize shore areas, and because of their great potential
as recorder for paleoclimatic information. Several geochemical
and isotopic proxies, such as Sr/Ca or oxygen isotope ratios
have been developed and successfully applied for temperature
and salinity reconstructions on coral material. For instance,
paleoenvironmental fluctuations during the last glacial termination have been reconstructed with fossil Porites corals from
Tahiti during IODP Exp. 310 (e.g., Felis et al., 2012). However,
corals do not only record changes in the climate system, but due
to their large contribution to the oceanic CaCO3 formation, they
are linked to the global C-cycle and thus related to environmental changes. One important parameter affecting the oceanic C
chemistry is the Ca concentration of the seawater, as it controls
via the CaCO3 solubility the precipitation of Ca carbonate mi-

43

nerals, and subsequntly the fixation of carbon. During calcium
carbonate precipitation, light Ca and Sr isotopes are enriched in
the solid phase, leading to a relative enrichment of heavy isotopes in the residual fluid. The Ca and Sr isotopic composition
of past seawater, recorded in marine carbonates can therefore
be used as tool to reconstruct changes in the oceanic Ca and Sr
budgets through time. Following this approach, a careful determination of isotope fractionation of marine biogenic carbonates
is necessary to determine the isotopic composition of the sedimentary Ca and Sr output fluxes, as well as for the calculation
of the isotopic composition of past seawater from fossil carbonate shells. Because corals belong to the dominant marine
CaCO3 producers, the determination of their isotope fractionation in response to environmental changes, as well as gaining
an understanding of the fractionation mechanisms involved in
biomineralisation, is of special importance.
Experiments on multiple colonies of Porites corals cultured
under temperature, pH and light controlled environments that
investigated the relationship between δ44Ca in coral skeleton
grown during the culture period and each environmental parameters, showed that only temperature has a significant effect
on the Ca isotope fractionation during coral biomineralisation
(Inoue et al. 2015), consistent with observations for other coral
species (cf. Böhm et al. 2006). The small temperature sensitivity of 0.02‰/°C observated for the temperature range from 21
to 29°C is similar to inorganic aragonite (Gussone et al. (2003),
but the degree of isotope fractionation is about +0.4 ‰ offset in
corals relative to inorganic aragonite. 88Sr/86Sr ratios analysed
on these samples do not demonstrate a significant dependence
on temperature. Due to coral-specific biomineralization processes, the overall mean δ44Ca of scleractinian corals including
results from previous studies are different from other biogenic
aragonites like screlosponges and pteropods, which resemble
inorganic aragonite. Apparently, coral Ca isotope ratios are
more similar to those of calcitic coccolithophores, which Ca
isotope composition was suggested to be governed by biological fractionation processes. Other factors such as pH (7.4 to
8.0) and photon flux density were shown not to influence the Ca
isotopic composition of the coral skeleton (Inoue et al. 2015) or
the 88Sr/86Sr ratio.
To investigate, if the experimentally determined Ca and Sr
isotope fractionation characteristics also apply to natural corals
from downcore material, we determined Ca and Sr isotope ratios of natural Acropora sp. and Isopora sp. corals drilled during
IODP expedition 325 from the shelf edge seaward of the modern Great Barrier Reef, covering the time between 24 and 11
ka (Yokoyama et al., 2011). Calcium and Sr isotope ratios were
determined by TIMS doublespike techniques at the University
of Münster and MPI Mainz, respectively. Our results show a
gradual increasing of δ44Ca from the LGM towards the Holocene and no shift in the Sr isotopes. Given the small temperature
dependence of Ca isotope fractionation in corals, the temperature rise towards the holocene can account for half the δ44Ca increase observed at the Great Barrier Reef. The remaining δ44Ca
signal can most likely be atributed to δ44Ca changes of the local
seawater by increased surface or subsurface discharge related
to weathering of the exposed carbonate shelf during the LGM.
This observation suggests a significant Ca flux to the ocean and
points to potential bias in near shore proxy archives.
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Plateau ecosystems including the deep biosphere over long
time scales. A continuous, high-resolution, record for these long
time scales from Nam Co will further enable to study sediment
budget changes under varying climatic and tectonic settings,
and contribute to a better understanding of the Quaternary geomagnetic field.
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Nam Co is one of the largest and deepest lakes on the Tibetan Plateau. Due to this location at the intersection of Monsoon
(increased precipitation) and Westerlies (increased evaporation,
Fig. 1) paleoclimate proxies derived from sediments of Nam Co
clearly reflect the spatial and temporal interplay and thus the
dominance of one of the two circulation systems. Considering
that almost one third of the population of the world depends on
the water supply from the Tibetan Plateau the future hydrological development which is dependent on the interplay of the two
systems will clearly have a major societal impact. To define parameters for future climate change scenarios (IPCC) and their
consequences for ecosystems, it is of paramount importance to
improve our knowledge of timing, duration, and intensity of
past climatic variability and environmental impact, especially
on long geologic time scales. Situated on the central Tibetan
Plateau, Nam Co is also ideally located to fill a gap of missing long-term paleoclimate information in two ICDP/IODP
transects (Fig. 1) to allow comparisons of climatic evolution/
behavior on a continental scale.
Seismic data show an infill of >800 m of well layered undisturbed sediments in the central part of the lake. Sediment
accumulation rates measured on a 10.4 m reference core, seismostratigraphic investigations, and molecular clock analyses
suggest an age of the seismically imaged sequence of >1 Mio
years. However, a basement reflector has only been found occationally indicating even older sequences. Multiproxy studies
on the reference core provide an excellent high-resolution paleoclimate record covering the past 24 ka cal BP validated by
extensive modern process studies and multi-dating approaches.
Furthermore, the Tibetan Plateau is characterized by a
high degree of endemism of organisms that are dependent on
continuously existing water bodies. Nam Co likely served as a
dispersal centre for these organisms, as other shallower lakes
desiccated during dry glacial periods of the Cenozoic. Nam Co
appears to be a first class example for studying the link between
geological and biological evolution in highly isolated Tibetan

Fig. 1: Strategic location of Nam Co on the Tibetan Plateau (orange)
with respect to further potential and drilled ICDP/IODP sites. Numbers represent IODP expeditions, ISM: Indian Summer Monsoon,
EAM: East Asian Monsoon. map: Google Earth 2014.

An ICDP workshop was funded and and will be held in Beijing from 22 to 24 May 2018. Participants from Canada, China,
Denmark, France, Germany, Iceland, India, Israel, Italy, Spain,
Switzerland, The Netherlands, UK and USA will bring in their
expertise in logistics, seismics, tectonics, drilling, core curation, down-hole logging, various dating methods (incl. 14C-, optical, 10Be-, U-Th- and AAR-dating), chronological modelling,
paleomagnetism, environmental magnetism, geochemistry, sedimentology, micropaleontology, palynology, pigments, DNA/
RNA analysis, data management as well as outreach. This will
be complemented by medical experts interested in high-altitude
medicine from the German Aerospace Center (DLR).
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The widely used “highstand shedding” concept predicts
that carbonate production on flat-topped platforms and distallysteepened ramps peak during sea-level highstand when the inner platform is flooded. In contrast, surface-sediment sampling
at the distally steepened ramp of the North West Shelf of Australia (NWS) indicate that very little aragonite mud is produced
during modern highstand conditions. Instead it has been proposed that considerable amounts of aragonite have been produced
during the last glacial maximum forming a regional aragonite
lowstand wedge with a volume which could rival typical highstand systems. To test this hypothesis, we investigated the upper 70 m of Site U1461, which has been cored during IODP
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Expedition 356, using a combination of geophysical log interpretation, thin-section and SEM petrography, stable oxygen and
carbon isotope analysis, and XRD derived mineralogy (n>100).
XRD data has been further used to calibrate a nearly continuous
XRF-Scan, providing a high resolution record of mineralogical
variation (e.g. aragonite).
The investigated section displays a distinct pattern with alternating changes in core color from dark to light. Dark sections
are dominated by a calcitic mineralogy and elevated amounts
of siliciclastics, while the lighter sections are mainly aragonitic
with little to no amounts of siliciclastics. Based on texture the
aragonite rich sections are further subdivided into parts which
are rich in mud and parts which contain high amounts of nonskeletal grains such as peloids and ooids. Ooids, although not
well developed, are a clear indication for a very shallow paleo
water depth as well as a high carbonate saturation. They are
proposed to have formed during glacials, when elevated aridity
and a low sea-level guaranteed favorable conditions for ooid
formation along the NWS. The first ooid rich section in particular is thought to have formed during the last glacial maximum
(LGM), when a large fall in sea-level (-120 m) brought Site
U1461 within very shallow water depths.
Crystal morphology, isotope signatures and mineralogical
composition of aragonite micrite indicate formation as a seawater precipitate at times of elevated carbonate saturation. Micrite production and redeposition is therefore proposed to have
peaked during sea-level lowstands.
During sea level highstands (i.e. interglacials) a combination of strong riverine input, the unimpeded influence of strong
oceanic currents, and a low salinity hindered aragonite production. Instead a calcitic pelagic ooze forms, presently overlying
the aragonitic lowstand wedge.
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Geochemical characterization and genetic
interpretation of mass movement deposits at
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The major aims of the TDP are the reconstructions of: (i)
the major climate changes in the region during the past ca. 600
ka, their frequency, and their triggering mechanism, (ii) the development of the lake basin and the hydrological lake history,
and (iii) the special faunal and floral Fe-dominated microbiological setting as well as the biological evolution of the dominating endemic flora and fauna. Our part of the project focuses
on the development of the lake, especially on the hydrological
connectivity of the upstream Lakes Matano and Mahalona via
the Petea and Mahalona River to Lake Towuti. Consequently,
our analyses focus on TDP Site 2, which is located within the
Mahalona River Delta area and in the upper 60 m of the 136 m
long drill core contains sediments dominated by mass movement deposits.
Here, we present the results of high-resolution (5 mm) XRF
half-core measurements and of wider spaced analyses of the
grain-size distribution, the mineralogical composition, and the
total organic carbon (TOC), total sulfur (TS), and total nitrogen
(TN) concentrations, which were conducted on the composite
sediment cores from TDP Sites 2A, B, and C at the laboratories
of the University of Cologne (UoC). The data are compared
to spectroscopy data measured at the Brown University, Providence (USA). The results are evaluated by statistical analyses
as well as Principle Component Analysis (PCA) using the Excel
software add-in XLSTAT, and by endmember modeling using
the Matlab software package ‘AnalySize’.
The geochemical and mineralogical data show distinct
groups of 355 mass movement deposits appearing within the
upper 60.5 m of the TDP Site 2 composite profile. Geochemical endmember modelling suggests two potential trigger areas
combined with different processes: (i) mass movements from
the Mahalona River Delta, and (ii) slope failure at the northeastern part of Lake Towuti shoreline. The source areas of the
turbidites can be identified based on provenance analyses that
have been conducted on an extensive surface sediment data sets
from Lake Towuti. However, the results are partly hampered
by insufficient information concerning the source rocks in the
Towuti Lake catchment.

IODP

Character of the enhanced South Asian
Monsoon during the mid Holocene revealed by
oxygen isotope analysis
of individual foraminifera

1

Within the scope of our DFG funded project “Decadal- to
orbital-scale climate variability in the Indo-Pacific Warm Poolduring the past ca. 650,000 years” we successfully investigated
the tropical Lake Towuti (2.5°S, 121.5°E), which is of tectonically origin and situated on Sulawesi Island (southeastern Indonesia), within the heart of the Indo-Pacific Warm Pool (IPWP).
The oligotrophic lake got drilled at three sites by the International Continental Scientific Drilling Program (ICDP) Towuti
Drilling Project (TDP) in late spring 2015 with a total sediment
core recovery of ~1100 m.
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The South Asian Monsoon (SAM) is a seasonal climatic
phenomenon with distinctive inter-annual and decadal modes
of variability that have significant impacts on human timescales. The monsoon provides vital water resources for billions of
people but has proven difficult to predict. With only one century of instrumental data for the Indian Monsoon we must look
to palaeoclimate proxy records to better understand past SAM
variability and improve future predictions. As some planktonic foraminifera species calcify the major part of their shells
within lunar periods, the analysis of many single shells has the
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potential to reveal the range of conditions prevailing on subseasonal, seasonal, and inter-annual timescales. The SAM causes a strong seasonal salinity signal in the Andaman Sea where
the NGHP Site 17 and IODP U1447 and U1448 sediment cores
were obtained. We have measured oxygen isotope compositions of many individual N. dutertrei and G. sacculifer shells
and have modelled individual foraminifera pseudo-δ18O data
based on observational time series for this location (Thirumalai
et al., 2013). The distribution of individual shell oxygen isotopes from a nearby core top sample agrees very well with the
modelled distribution providing confidence in this technique to
reconstruct past variability. The recent and last glacial maximum δ18O distributions are relatively similar although the mean
values are offset as expected. In contrast, the distributions from
three samples from the early to mid Holocene exhibit a significant skew towards negative values reflecting increased freshwater addition to the mixed layer. Kurtosis is a measure of the
„curvedness“ of a distribution and provides a useful approach
to infer past monsoon variability. For these early-to-mid Holocene samples, this statistic supports stronger monsoon variance
and indicates heightened variablity of mixed layer salinity.
Reference:
Thirumalai, K., J. W. Partin, C. S. Jackson, and T. M. Quinn (2013), Paleoceanography, 28(3), 401-412..

Principal questions include:
(1) Is there a stratigraphic rhythmicity preserved in the finegrained prodelta sediments ? What is the origin of its clay minerals ? How do coastal BIFs and jaspilites relate to nearby tidal
microbial mats ?
(2)What is the ecology, 3-D morphology and metabolism(s)
of the abundant (oxygenic photosynthetic ?) microbial mats in
minimally compacted tidal-facies sandstones ? What is their
C-isotope microstratigraphy, preservation pathway(s), origin
of early diagenetic chert, and the degree of thermal overprint
? Can we constrain net O2 production rates and the early N
cycle ?
(3) What global surface conditions can be inferred? What
was the redox state (sulfate, redox-sensitive metal isotopes),
temperature and composition of ocean water and of early diagenetic fluids, and the relevance and processes of weathering
and early diagenesis by paleosols formation ?
(4) What does the paleomagnetic record imply about the
strength of the Earth’s magnetic field ?
(5) What is the association between a thick mid-section lava
and Moodies basin collapse ? Can high-precision U-Pb dating
of air-fall tuffs quantify rates of sedimentation and subsidence
on a permobile lithosphere dominated by vertically-dominated
tectonics ?
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Paleobathymetric grids of the
Cenozoic Southern Ocean – paving the way
towards improved reconstructions of the
Southern Ocean’s past

Barberton Archean Surface Environments
(BASE)
C. Heubeck1 and the BASE Team
Institut für Geowissenschaften, Friedrich-Schiller-Universität Jena,
Burgweg 11, 07749 Jena
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We report on a submitted ICDP Full Proposal with the
objective to drill sedimentary rocks of the Early Archean Barberton Greenstone Belt, South Africa. There, sedimentary (and
minor volcanic) units of the Moodies Group (~3.22 Ga, ~3.7
km thick) were deposited within ~1-14 Ma and thus record at
very high resolution Archean surface processes in fluvial to
prodeltaic depositional environments. Despite tight regional
folding, metamorphic grade is only lower greenschist-facies;
widespread early-diagenetic silicification preserved abundant
micro- and macrotextures virtually without strain. Moodies
strata thus allow the regional and temporal contextualization of
high-resolution analytical data, in many aspects equal or superior to Pilbara strata. They record numerous bio-geo-atmo-hydrosphere interactions and are ideal to investigate Archean terrestrial-marine transitions, particularly those related to diverse
and well-documented microbial life. These “earth system” and
“global environmental change” topics provide an excellent
match to the themes of a nascent UNESCO world heritage site
to be declared in the Barberton Mountain Land.
We conducted a field workshop in October 2017 in
which 48 scientists from 11 countries participated. We inspected, discussed and prioritized potential sections. Four
focus groups (life, paleoenvironment, “hard rock”, and sedimentation dynamics) defined eight inclined drillholes of
300-600m length each, targeting transitions between thick
tidal microbial mats, fluvial and coastal gypsiferous paleosols, shoreline systems, delta complexes, potentially eolian
strata, and prodeltaic jaspilites and banded-iron formation.
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2
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3
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4
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5
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Paleo-ocean circulation models of the Southern Ocean suffer from missing boundary conditions, which accurately describe the geometries of the seafloor surfaces at their geological
epoch and their dynamics over time-scales. The accurate parameterisation of these models controls the meaning and implications of regional and global paleo-climate models. Existing
paleobathymetric models consider only the top of the oceanic
basement based on paleo-age models from magnetic seafloor
spreading anomalies or simplify the sedimentary cover by outdated isopach maps. Therefore, the available multichannel seismic reflection (MCS) data have been re-evaluated and linked to
DSDP, ODP or IODP drill sites to calculate paleobathymetric
grids for the Cenozoic. This project is a community-based effort and with our wide network of cooperation partners, who
provide additional data as well as interpreted horizon data, we
successfully unified the seismic stratigraphy of the Southern
Ocean. The ultimate goal for the final year of this project is to
enable the reconstruction the paleobathymetric grids in approx.
2 m.y. steps throughout the Cenozoic in order to match the time
periods used by ice sheet and paleoceanographic modellers.
The calculated grids for time-slices such as i.e. the Eocene-Oli-
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gocene transition or the Mid-Miocene Climate Optimum will
be made available by publications linked with data repository
entries such as in PANGAEA.
Drill site information is of the utmost importance to provide
reliable reconstructions of the geometry of the sedimentary cover. Therefore, we carefully re-evaluated the physical sedimentary parameters, downhole-logging data and age information
of more than 200 drill sites recovered by IODP and its predecessor programs DSDP and ODP within the Southern Ocean.
The current efforts of IODP within the Ross Sea (Exp. 374)
and the Amundsen Sea (Exp. 379), will supply much needed
further constraints on the sediment composition within the West
Antarctic sector within the next years, which can be integrated
swiftly into the created database.
The Eocene/Oligocene Boundary marks a drastic change
within the Southern Ocean. The opening of the Drake Passage as well as of the Tasman Gateway, allows the establishment
of the Circum Antarctic Current, finalizing the isolation of the
Antarctic continent from the other continents of Gondwana.
Additionally, this boundary marks the onset of the continental
glaciation of Antarctica and therefore introduces the Antarctic
ice sheets as crucial players in the regime of the Southern Ocean. Paleobathymetric maps of this timeframe show the extent
of the ocean gateways and the important role of magmatic edifices such as Large Igneous Provinces (e.g. Kerguelen Plateau)
but also seamount provinces (e.g. Marie Byrd Seamounts) in
shaping the sedimentation and circulation patterns. To enable
more sophisticated reconstructions the Antarctic continent prior
to the immense erosion of a continental ice sheet, we calculated sedimentary thickness maps describing the glacially derived
amount of sedimentation and the sedimentation prior to glaciation. Those charts also pinpoint the areas of immense sedimentation and shelf progradation since the onset of glaciation.
The position of the shelf break proves to be a vital ingredient in
paleocurrent modelling, e.g. leading to enhanced bottom water
production throughout the Southern Ocean.
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fills of these basins will enable access to a complete record of
the sedimentary, environment, tectonic and volcanic evolution
of the CSK line since the Pliocene, enabling high-resolution
reconstruction of the evolution of the rift and its volcanoes.
A MagellanPlus workshop in Athens on 21-23 November
2017 assembled a working group to prepare a drilling proposal
for submission to the International Ocean Discovery Programme (IODP). The meeting was extremely productive, and created strong support for the CSK line as an outstanding drilling
target for addressing fundamental issues related to volcanism
in a rifted arc environment. A pre-proposal will be submitted to
IODP on 2 April 2018.
The drilling initiative is founded on many years of intensive
onland and offshore research on the rift and it volcanoes. Several geophysical campaigns since 2001 have generated a dense
network of sub-seafloor seismic reflection profiles, and highresolution bathymetric surveys have imaged volcanic edifices,
tectonic fault zones and caldera floors.
Six sites with existing seismic coverage of high quality
were selected as most appropriate for addressing the science
questions (Fig.1), including:
(1) the volcanic histories of the volcanic centres of the CSK
line,
(2) the tectonic, sedimentary and sea-level histories of the rifts,
(3) the links between volcanism, tectonics and sea level,
(4) the mechanisms of shallow to emergent volcanism,
(5) the effects of the iconic ~1630 BCE eruption of Santorini on
the late Bronze-Age Mediterranean world,
(6) the generation and evolution of CSK magmas,
(7) the mechanisms of caldera collapse, and
(8) hydrothermal and deep microbial activity within volcanic
accumulations.
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Volcanic, tectonic and hydrothermal processes
in an island-arc caldera environment.
Development of an IODP Drilling Proposal at
Santorini-Kolumbo Marine Volcanic System
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3
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The relationships between tectonics, sea level change and
volcanism are fundamental questions in modern Earth Sciences.
How do volcanoes react to external forcings, how sensitive are
these interactions, and what are the feedbacks? The Christianna-Santorini-Kolumbo (CSK) volcanotectonic line in the Southern Aegean Sea (Greece) is an excellent natural laboratory for
the study of these questions, lying as it does in a 100-km-long,
45-km-wide rift zone that cuts across the Hellenic Volcanic arc.
The line hosts volcanic centres including the extinct Christianna Volcano, Santorini caldera with its intracaldera Kameni
Volcano, Kolumbo seamount, and 25 other submarine cones
of the Kolumbo chain. It is one of the most important volcanic fields in Europe, having produced more than 100 explosive
eruptions in the last 400,000 years, the mass flows from which
have poured into the surrounding submarine basins. Drilling the

Fig. 1: Synthetic topographic map of Christianna-Santorini-Kolumbo
(CSK) volcanic line (modified from Hooft et al., 2017, Tectonophysics
712–713, 396–414), showing the proposed drilling sites in red.
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Sea-level rise resulting from the instability of polar continental ice sheets represents a major socio-economic hazard
associated with future anthropogenic warming (IPCC, 2014).
While the response of the Greenland (GIS) and West Antarctic
(WAIS) ice sheets to global warming is relatively well understood, the behavior of the largest component of the Earth’s
cryosphere – the East Antarctic Ice Sheet (EAIS) – is more
uncertain (Hanna et al., 2013). Recent studies consider atmospheric CO2 concentrations (pCO2) to be the dominant factor in
controlling EAIS stability, questioning its stability under Anthropocene-like pCO2 (~400 parts per million by volume [ppmv];
Cook et al., 2013; DeConto & Pollard, 2016) and suggesting
that a return toward preindustrial pCO2 (~280 ppmv) may allow
the EAIS to stabilize (Foster & Rohling, 2013).
The transition from the Pliocene to the Quaternary represents the most recent interval in Earth’s history that captures the
range of pCO2 levels from those that are suggested to promote
EAIS instability (i.e., Anthropocene-like values ~400 ppmv) to
those that have been postulated to allow for a stable ice sheet
(i.e., “standard-Quaternary”, preindustrial-like levels ~250–
300 ppmv; Seki et al., 2010). This pCO2 decline goes along
with progressive cooling and finally led to the expansion of
Northern Hemisphere ice sheets (Lisiecki & Raymo, 2005; DeConto et al., 2008) – a time interval termed the “intensification
of Northern Hemisphere Glaciation” (iNHG), typically being
considered to span ~3.6–2.4 Ma (Mudelsee & Raymo, 2005).
In this study, we test EAIS behaviour during the final phase of
iNHG. Therefore, we quantified sea-level/ice-volume changes
via generating new, high-resolution (~375–1500 yr) benthic
foraminiferal (Oridorsalis umbonatus) Mg/Ca and oxygenisotope (δ18O) data from a sediment core recovered by IODP
Expedition 306 in the North Atlantic (Site U1313) for the latest
Pliocene to earliest Quaternary (~2.75–2.4 Ma, Marine Isotope
Stages [MIS] G7–95).
The sea-level values that we reconstructed from our proxy
records fluctuate between a maximum of ~50 ± 25 m above
present-day sea-level during MIS 101 and a minimum of ~120
± 25 m below modern values during MIS 96. Our sea-level record indicates a clear glacial-interglacial cyclicity, with lower
amplitudes before MIS 100 (typically ~50–90 m) and higher
fluctuations from MIS 100 onward (typically ~80–120 m).
Complete melting of the present-day GIS and WAIS can
only account for a 12.4 m higher-than-modern sea level (Lythe & Vaughan, 2001; Vaughan, et al. 2013). Sea-level highstands of ~25 to 50 m above modern values as resulting from
our data indicate a substantial melt of the EAIS (by at least ~24
% relative to its present size) during late Pliocene interglacials
MIS G7 and G1 and early Quaternary interglacial MIS 101.
Therefore our record suggests that the EAIS was highly unstable even under preindustrial-like pCO2 and responded dynamically to glacial-interglacial cycles until the earliest Quaternary
(~2.5 Ma). It only stabilized with the final phase of the iNHG.
In this context, we propose that ocean-cryosphere interactions
play a decisive role in controlling EAIS (in)stability: A drop in
mean-state sea level due to an increase in global ice-volume
not only during glacials, but also during interglacials since MIS
100 as documented by our data indicates that the marine-based
margin of the EAIS that existed during Pliocene interglacials
(DeConto & Pollard, 2016) became extremely reduced, turning
the EAIS into a predominantly land-based ice sheet from that
time onward. As a consequence, basal melt became less effective, which stabilized the EAIS since MIS 100. To conclude, our
data suggest a fundamental link between EAIS (in)stability and
Northern Hemisphere ice volume, thereby providing evidence

that another pivotal factor except pCO2 – i.e., basal melt – controlled EAIS dynamics.
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The long- and short-term variability and drivers of IndoAsian-monsoonal circulation and precipitation patterns remain intensely debated. In particular, the sensitivity of the
Indian Monsoon to insolation forcing and to changing climate boundary conditions in the Earth’s most important geographic regime of monsoonal influence, the margins of the Bay
of Bengal, is still poorly understood. Two sites from IODP Expedition 353 (iMonsoon) drilled in the Andaman Sea, U1448
(10°38.03’N/93°00.00’E, 1098 m water depth) and U1447
(10°47.40’N/93°00.00’E, 1392 m water depth), provide extended upper Miocene successions, thus offering an outstanding opportunity to assess the timing and boundary conditions
of Indian monsoonal circulation and high-latitude climate
change during the late Miocene (Clemens et al., 2016). This
interval is characterized by transient Northern Hemisphere
cooling events (TG Events) with mean-state background climate conditions close to today’s. We are currently developing
an orbitally tuned isotope stratigraphy based on a composite record of Sites U1447 and U1448 over the interval 10 to 5 Ma as
well as high-resolution monsoonal run-off records from XRFscanning elemental data coupled with sea surface temperature/
salinity reconstructions from paired stable isotopes and Mg/Ca
paleothermometry. We applied minor adjustments to the shipboard splice and generated new tie points based on comparison
of XRF-derived Log(Ca/Fe) and benthic stable isotope data.
Cold stages T4 to TG34 were identified in the interval between
5 and 6 Ma, which are associated with obliquity minima and
maxima in precession parameter (Northern Hemisphere cooling). These TG Events are strongly imprinted in Indian Ocean
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temperature records from surface and intermediate waters. During TG Events, decreasing Log(Ca/Fe) values indicate minima in carbonate production and decreasing Log(K/Ti) values
suggest that the erosion of the Himalayan foothills became less
intense due to summer monsoon failure, as during Pleistocene
glacial stages.
References:
Clemens, S.C., Kuhnt, W., LeVay, L.J., Anand, P., Ando, T., Bartol, M., Bolton,
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The dynamics of Northern Hemisphere ice-sheets during
Late Quaternary glacials have so far been dominantly examined from a Laurentide Ice sheet perspective. The resulting
insights have shaped the idea of moisture-starved glacials and
small-scale ice volume variability. However, the waxing and
waning of European Ice Sheets (EIS) cast doubt on this perception. A mechanistic understanding of EIS dynamics is crucial
because its melt-water masses have the capacity to influence
global climate by weakening deep-water formation in the North
Atlantic Ocean. Here we show that the advection of subtropical
water towards the continental margin of western Europe lead
to enhanced moisture availability on the continent and fuelled
the rapid re-growth of EIS during glacials. Our results from
IODP 339 Site U1389 document precession-driven pulses of
warm water masses reaching up to ~40 °N caused by enhanced
Mediterranean Outflow Water (MOW) production that dragged
subtropical surface waters towards the European margin. The
increased thermal gradient between warm waters and cold landmasses thereby invoked snow accumulation over continental
Europe boosting ice growth. As MOW dynamics are driven by
the North African monsoon this mechanism presents a hitherto
unrecognized marine-terrestrial pathway that allows low-latitude forcing to shape high-latitude glaciations.
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Sulphate reduction is the quantitatively most important
process in the anaerobic degradation of organic matter in the
sea floor. Due to cryptic sulphur cycling it can proceed even if
sulphate concentrations are near or below our detection limits.
While the effects of elevated pressure and temperature on microbial sulphate reduction have been studied for decades, almost all studies were carried out in hydrothermal systems like
Guaymas Basin, whereas sedimentary non-hydrothermal systems did not receive much attention.
Expedition 370 (Temperature Limit of the Deep Biosphere
off Muroto) of the Integrated Ocean Drilling Program (IODP)
was specifically planned to explore the upper temperature limit
of life in a sedimentary system off the coast of Japan (Heuer et
al., 2017).
Due to the high heat flow in the area the geothermal gradient is high enough (ca. 100°C km-1) to sample the putative temperature-dependent biotic–abiotic transition zone at relatively
shallow sediment depth but still sufficiently gradual for the establishment of distinct, thick depth horizons (>10 m) with suitable conditions for psychrophilic (optimal growth temperature
range: < 20°C) mesophilic (20-45°C), thermophilic (45-80°C)
and hyperthermophilic (>80°C) microorganisms. Site C0023
allows exploring the putative biotic fringe at a relatively shallow depth, but with high resolution of the temperature gradient.
Radiotracer measurements of microbial turnover was one of the
key aspects of this expedtion, and each parameter that can be
measured by radiotracer (methanogenesis, anaerobic oxidatio
of methane, hydrogenase enzyme activity, sulphate reduction)
will be measured by a different group that has specialized in
this kind of analysis.
Due to several logistical limitations it was decided to carry
out those experiments mostly on shore, only for methanogenesis and sulphate reduction a small subset of samples was incubated at their approximate in-situ temperature and atmospheric
pressure.
The sulphate reduction rate samples from the on-board incubations were processed at GFZ Potsdam to guide subsequent
incubations with radioisotopes. Further experiments with additions of electron donors (e.g. volatile fatty acids, methane)
explored not just the upper temperature limit of this important
biogeochemical process but also the transition from mesophilic
to thermophilic communities. Together with previous data from
ODP Leg 190, Site 1174, which was drilled in close proximity
to Exp. 370 site C0023, sulphate reduction could be detected
down to over 1000 mbsf.
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The Amazon/Andes of tropical South America is a key region on Earth, and its rainforests host over half of all terrestrial
plant species. The forests and their biota have evolved together
with the physical landscape, closely linking processes in the
Earth‘s interior with surface climate and landscapes, ecosystems, and biodiversity. The proposed Trans-Amazon Drilling
Project will address fundamental questions about the geologic
and biotic evolution of the Amazon, focusing on (1) how Cenozoic climate and geologic history, including uplift of the Andes
and development of the Amazon fluvial system, influenced the
origins of the Amazon rainforest and its incomparable biodiversity; and (2) the origin of the Amazonian “Pentecaua” diabase sills, one of Earth’s largest intrusive complexes, and the
impacts of this intrusion on the atmospheric gas composition
and mass extinction at the Triassic/Jurassic boundary. These
goals require long sedimentary records, which, in most of the
Amazon region, can only be obtained by drilling. We propose to drill the entire Cenozoic sequence in three continental
sites in different ancient sedimentary basins that are aligned
along the modern Amazon River and that transect the entire
near-equatorial Amazon region of Brazil, from the Andean foreland to the Atlantic Ocean. The transect of sites is essential
for distinguishing basin-wide and continental-scale patterns of
climate, landscape, and biotic evolution; evaluating questions
about west-to-east gradients and hydrologic connectivity; and
correlating the continental strata with a site dated using marine
biostratigraphy. In addition, in the Amazonas Basin, we propose to drill both the Cenozoic sedimentary sequence and the
entire 1100 m thick underlying diabase sequence along with
its interbedded host meta-sediments. Drill sites have been chosen that are all near large navigable rivers of the Amazon or
roads that are easily accessible from these rivers. This transect,
coupled with proposed IODP sites on the Amazon continental
margin, will span 40°W to 73°W, thus encircling nearly 10% of
Earth’s equatorial circumference. We believe that this work will
provide transformative understanding of Amazonian geological
and biotic evolution that addresses important and long-standing
questions about the linkages between the geophysical environment and its biotic history. ICDP granted this project in 2017,
currently the proponents are submitting proposals to their national funding agencies to obtain the required co-funding. There
are plans among the proponents from Switzerland, Austria and
Germany to prepare a joint D-A-CH proposal. The plan is to
start drilling in 2020. The complementary IODP proposal is still
under revision.
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Although in recent observations the Indian Summer Monsoon (ISM) and the Pacific climate oscillation known as El NiñoSouthern Oscillation (ENSO) reveal mutual influence, evidence
for a link between both systems on millennial time scales is
still missing. Based on minerogenic input into lacustrine systems on the Tibetan Plateau, a high-resolution reconstruction
of Holocene ISM variability is derived. This reveals a distinct
decoupling from lake level (volume) reconstructed from bulk
stable isotope data, emphasizing the need of process-oriented
precipitation proxies, because lake levels are not directly linked
to ISM rainfall intensity on the TP. Compared to long-term
ENSO records from the tropical Pacific, ISM changes reveal
an in-phase pattern during the Early and mid-Holocene from
11,000 to ca. 5,000 cal BP. This is likely driven by the synchronicity of insolation in both regions. During this period, phases
of ISM strengthening were concurrent with phases of more frequent and stronger El Niño events (=in-phase). This coupling
was reversed to an anti-phase pattern with strong and frequent
El Niño phases and a weakened ISM, most likely caused by the
inversion of the insolation parameters after ca. 5,000 cal BP. A
remarkable shift to strong El Niño contemporaneous with dry
conditions in the ISM region at 2,000 cal BP highlights this
climatic teleconnection during the Late Holocene.

Fig. 1: ISM variations during the Holocene derived from Nam Co (A)
with the mean JJA insolation at 30° N (B) as main driver. Records
from the Tropical Pacific reflecting El Niño strength and frequency
variations (lithic flux from marine sediment core 106KL off Peru
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(Rein et al., 2005) (D), sand content El Junco lacustrine sediment
record from the Galapagos archipelago (Conroy et al., 2008) (E)).
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As part of the ICDP priority program “Collisional Orogeny
of the Scandinavian Caledonides (COSC)” we investigate the
integration and linkage of geophysical properties of the subsurface by laboratory investigations, borehole measurements and
reflection seismic data.
The COSC project aims to better understand the deep orogenic processes in mountain belts in a major mid-Paleozoic
orogen in western Scandinavia (Gee et al., 2010). The COSC-1
borehole was drilled in 2014 as the first of two proposed scientific boreholes in the Jämtland region, close to the town of Åre
in central Sweden. It was drilled into the lower part of the Seve
Nappe Complex (SNC) of the middle allochthon of the central
Scandinavian Caledonides, which is characterized by ultra-high
pressure metamorphism. The almost 2.5 km deep, almost fully cored borehole is dominated by homogenous gneisses with
only subordinate mafic bodies and an unexpectedly thick basal
thrust zone (> 800 m), whereas the lowermost section of the
Seve Nappe is mainly composed of lower-grade metasedimentary rocks and garnetiferous mylonites (Lorenz et al., 2015).
In a multi-scale approach, we aim to construct a high-resolution seismic stratigraphy of the SNC at the COSC-1 drill
site and nearby areas by core-log-seismic integration (CLSI)
method. Together with a 100 percent core recovery, the COSC
project provides an excellent coverage of seismic, borehole,
and core data, and therefore represents the ideal case study for
CLSI. Although the method of CLSI has been already successfully applied in marine and lake environments (e.g., Thu et al.,
2002), this is the first application of CLSI in a crystalline, hardrock environment and it represents a scientific challenge.
The investigation across multiple scales of data such as
seismic (two- and three-dimensional information reflecting
regional geologic structures), downhole logging (continuous
information at intermediate scale, in the direct vicinity of the
borehole), and core data (small-scale, detailed petrophysical
properties and geological age information), contributes to improve the confidence of each data set. Integration of core-logseismic data needs careful adjustments and calibration. Especially, synthetic seismograms created from density and velocity
data (downhole and laboratory) are used to correlate and link
the different datasets during the integration process. Thus, three
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main steps are required for a robust and reliable investigation:
(1) core-log integration providing essential rock-physical and
in-situ geophysical properties, (2) log-seismic integration and
calibration providing a synthetic seismic trace based on reflection coefficient series which subsequently may be used to (3)
create a 3D geological model of the 2D or 3D seismic reflection
data using different inversion techniques.
Ongoing work focuses on collecting and calibrating the
different datasets. Moreover, P-wave velocities are determined
from the drill core with a multi-sensor core logger (MSCL, provided by BGR core repository in Spandau, Berlin), which, due
to technical issues, were not measured on site. These high-resolution velocity data will be used to select a set of core samples
for small-scale anisotropy measurements in the laboratory. The
combination of core and log measurements provides fundamental information about geological formation and its physical
properties, while its usage is twofold: First, integrate the dataset from different measurement methods, and second, bridges
scales from the sub millimeter-scale of core samples to the decimeter scale of logging data, which investigate a different volume of rock (e.g., Lovell et al., 1998). Essentially, the primary
purpose of core-log integration is to control the log evaluation
using data measured under laboratory conditions (e.g., MSCL).
Another requirement is to reconcile the different vertical resolutions by, for instance, depth averaging of core data or signal
enhancement of log data. Important to this process is the adoption of so-called key intervals (e.g., prominent horizons or stratigraphic markers) as control zones for data integration. These
procedures can reduce uncertainties, which can be transferred
to the evaluation of the subsurface by a better petrophysical
definition of the lithological units. Consequently, it can help to
better understand the seismic response of the complex nappe
tectonics and its evolution.
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Ongoing advances in DNA extraction and sequencing have
made it possible to obtain sequences of organisms, that have
died up to hundreds of thousands of years ago.1 This ancient
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DNA (aDNA) reveals insights into evolutionary processes and
past population distributions2, often with surprising results and
conflicting with conclusions, that are based on modern samples
alone.
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Enhanced Principal Tensor Analysis as a tool
for 3-way geological data reconstructions
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1
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Principal tensor analysis (PTA) is considered as a potentially useful tool in geosciences, particularly for reconstructions
of paleo-climate multi-way (time -- space -- proxies) datasets.
Possible restrictions and main reasons of the method limitation
are discussed. We introduce an advanced method of PTA: PTA
enhanced with Singular Spectrum Analysis (SSA). The method
has been applied to 4-way data tensor (time -- space -- proxies
-- delay-time) constructed from marine sediment proxies. The
algorithm has been implemented as an R function.

Fig. 1: Scheme of the sediment core
Selected samples of the upper 10 m have been roughly analyzed. A
detailed analysis, using “hybridization capture“4 will follow and include samples of the upper 70 m.

The Chew Bahir Drilling Project3 is a good example for the
usage of aDNA in a palaeoclimatic and evolutionary context.
The main aim of the project is to recover aDNA from two ~270
m long sediment cores that have been retrieved from a lake in
the Ethiopian desert. Since the sampling site is known for many
fossils of early humans, the examination of these sediment
cores might provide interesting information about climate, flora
and fauna at important stages of human evolution. The genetic analysis of selected samples of the cores aims at providing
evidence for the presence of certain taxa of animals, algae and
plants, which are informative about environmental conditions.
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Fig. 1: Scores of 4-way PTA vs age. On the right side - periodograms
(period vs amplitude).
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To better understand climate variability during Marine Isotope Stage (MIS) 11, we present a new, centennial-scale-resolution pollen record from Lake Ohrid (Balkan Peninsula). Our
palynological data are derived from sediment cores retrieved
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during an International Continental Scientific Drilling Program
(ICDP) campaign in 2013. Augmented by quantitative pollenbased reconstructions, they provide insight into the vegetation
dynamics and thus also climate variability in SE Europe during
one of the best orbital analogues for the Holocene. The comparison of our palynological results with other proxy data from
Lake Ohrid as well as with regional and global climate records
shows that the vegetation in SE Europe responded sensitively
both to long- and short-term climate change during MIS 11.
Our study indicates that MIS 11c (~426–398 ka) was the warmest interval of the MIS 11 interglacial, with mean annual temperature (TANN) ranging between 5 and 130C and mean annual
precipitation (PANN) between 340 and 1000 mm. The younger
part of the interglacial (i.e., MIS 11b–11a; ~398–377 ka) exhibits a gradual cooling trend. It is characterized by lower TANN
values than MIS 11c, ranging from 3 to 90C, and higher PANN
values between 600 and 1200 mm. This interval is marked by
considerable millennial-scale variability as documented by six
sub-millennial- to millennial-scale forest contractions. Interestingly, a profound, ca. 2-kyrs-long forest setback centered
at ~405 ka occured during full interglacial conditions of MIS
11c. This event was characterized by a substantial reduction
in PANN and was likely associated with strong seasonality as
suggested by the combination of high summer and low winter insolation. The integration of our data with other regional
records suggests that the onset of millennial-scale variability
during MIS 11 in Southern Europe was ca. 7 kyrs before the
end of MIS 11c, which is earlier than in the marine realm where
such a variability occurred only from MIS 11b onwards. This
conclusion gains support by the detection of a new tephra layer
(i.e., Vico-α, 415±6 ka (Marra et al. (2011)) within MIS 11c,
which unequivocally supports the orbitally tuned age model for
the Lake Ohrid record (Francke et al., 2016). Finally, our study
provides new insight into the presence of several vegetation elements from Europe during the Middle Pleistocene that are now
rare and/or extinct, including thermophilous taxa (i.e., Carya,
Cedrus, Parrotia, Pterocarya and Tsuga) and Tertiary relics
(i.e., Picea omorika, Zelkova). Our observations underscore the
notion that the Lake Ohrid region served as a refugium for tree
taxa during Pleistocene glacials.
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The flow of terrestrial groundwater to the sea is an important part of the hydrological cycle. One of the best-documented
examples of an offshore groundwater system is the occurrence
of low-salinity groundwater below the New Jersey continental
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shelf, US. This region was targeted by several drilling campaigns (AMCOR, ODP Expedition 150, 174A and IODP Expedition 313) revealing the presence of a complex, low-salinity
groundwater distribution up to 400 m below the sea floor. To
gain insight and further knowledge on this freshwater system,
we aim to perform groundwater flow simulations at the New
Jersey shelf using a detailed three-dimensional subsurface model based on seismic, core and logging data. The meaningfulness of such a groundwater model is strongly dependent on the
input data and the geological model building workflow applied.
To determine the geometrical patterns of geological objects and
their associated petrophysical properties, spatial prediction and
interpolation techniques must be applied. Kriging, for instance,
is a widely-used modeling technique that assumes sediment or
rock properties at two points likely to be more similar if these
points are located closely together. Correspondingly, as the distance between two points increases, a distance may be reached
where a spatial correlation no longer exists. Since well data offshore New Jersey is sparse, often with large distances between
individual sites, conventional geostatistical techniques may not
be suitable for generating a hydrogeological model.
In this study we test an alternative approach, based on
stratigraphic forward modeling in order to reproduce the lateral
distribution of sedimentary facies by following a process-based
approach. This modeling technique uses the principles of sequence stratigraphy, based on the concept that the depositional
record can be subdivided into unconformity-bound units that
reflect the sedimentological response to sea-level changes, subsidence, and sediment supply. The value of sequence stratigraphy is to predict the sedimentary facies distribution within the
hydrogeological model domain.
The deterministic stratigraphic forward modeling software
Dionisos (Granjeon & Joseph, 1999) is used to generate a subsurface model of Miocene prograding sequences by simulating
geological processes from late Aquitanian to late Serravallian
times. Input parameters and boundary conditions incorporated
in the modeling process are derived from seismic and well interpretations and literature data. The simulation is based on gravity- and water-driven diffusive transport processes for different
lithologies in continental and marine environments. At each
time step, Dionisos accounts for accommodation, sediment
supply and sediment transport. As an alternative approach to
conventional geostatistical modeling techniques and by honoring key factors such as eustasy, subsidence/uplift and sediment
supply, we are presenting a preliminary facies model calibrated
to available well data as a basis for subsequent groundwater
flow simulations.
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most layer of hydrated mantle could, therefore, potentially be
used as proxy for seismic anisotropy and vice versa. The pattern
of seismic anisotropy at slow-spreading ridges is very heterogeneous and localized. This has to be discussed with regard to
seismic tomography data from slow-spreading ridges, generally
showing lower elastic anisotropy than for oceanic crust and lithosphere created at fast-spreading ridges.

1

At slowly spreading ridges discontinuous melt flow is
counterbalanced by movement along large faults and shear zones, which can lead to the exhumation of upper mantle rocks.
At such locations, ultramafic and mafic rocks are highly altered, resulting in new mineralogies, e.g. talc-amphibole-chlorite
schists and serpentinites. Most minerals in these altered lithologies have high single crystal anisotropies, prominent examples being antigorite and talc. Plastic deformation of these rocks
leads to a pronounced crystallographic preferred orientation
(=texture), predicting high bulk rock elastic anisotropies. IODP
Expedition 357 to the Atlantis Massif sampled sheared and altered ultramafic and mafic rocks on an east-west transect across
the southern wall of the Massif.
Texture analysis reveals the degree of crystallgraphic preferred orientation from which the texture-related portion of the
elastic anisotropy in these rocks can be modeled. Because of
large differences in grain size of fresh and altered rocks, two
different methods were used. Neutron texture analysis was applied for coarse grained fresh rocks like gabbros. Experiments
were conducted at the SKAT texture goniometer at the Frank
Laboratory for Neutron Physics in Dubna, Russia. This instrument is especially suited for large sample volumes necessary
to quantitatively determine the texture of coarse-grained rocks.
Neutron diffraction, however, cannot be successfully applied to
hydrated rocks, like talc schists or serpentinites because neutrons are absorbed. Thus, finer grained, hydrated samples were
measured using synchrotron radiation at beamline ID11 at the
European Synchrotron Research Facility in Grenoble, France.
To compensate for the small beam size of ~1 mm, several slices
of the samples were measured in transmission, i.e. measuring
the full sample diameter of 15 – 20 mm. Data of both methods
were analyzed using Rietveld Texture Analysis leading to the
calculation of orientation distribution functions of the major
constituent mineral phases, which are then combined with single crystal elastic constants, to model the elastic anisotropy of
the rocks studied.
First results show no or weak texture for gabbro, with probably magmatically aligned plagioclase crystals causing the
weak texture. This results in weak elastic anisotropies of ~1%.
Talc-amphibole-chlorite schists show a strong texture of the
included phyllosilicates, a result of ductile shearing in detachment zones. This generates a strong seismic anisotropy of these
rocks. Serpentinites so far analyzed show only a weak texture
and resulting elastic anisotropy. This unexpected effect may be
caused by unconventional lattice disorder of some of the constituent serpentine minerals.
We suppose that syntectonic alteration leading to talc-bearing lithologies might be important in defining shear zones of
high seismic anisotropy. Shear zone abundance in the upper-
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The Costa Rica Seismogenesis Project (CRISP; IODP Expeditions 334 and 344) was designed to study fault zone behavior during earthquake nucleation and rupture propagation at a
convergent plate boundary characterized by tectonic erosion.
In particular, lithological controls on the onset of seismicity at
the updip limit of the seismogenic zone were in the focus of
attention. The CRISP study area is located offshore Osa Peninsula (Costa Rica), where active and long-lived subduction
erosion occurs along the Middle America Trench. This area is
characterized by low sediment supply, fast convergence rate,
abundant plate interface seismicity, and a change in subducting
plate relief along strike.
The spectrum of slip modes occurring along shallow portions of the plate boundary décollement in subduction zones
includes aseismic slip, slow slip, and seismogenic slip. The
factors that control slip modes directly influence the hazard
potential of subduction zones for generating large magnitude
earthquakes and tsunamis. Here, we report on results from hydrothermal rotary shear experiments conducted on simulated
fault gouges prepared from CRISP samples. The velocity dependence of friction was explored using all major lithologies,
and covering a wide range of conditions representative for the
initial stages of subduction. Temperature, effective normal
stress, and pore fluid pressure were varied systematically up to
140 °C, 110 MPa and 120 MPa respectively. Sliding velocities
up to 100 µm/s, relevant for earthquake rupture nucleation and
slow slip, were investigated. The only sediment type that produced frictional instabilities (i.e. laboratory earthquakes) was the
calcareous ooze carried by the incoming Cocos Plate, which by
virtue of its slip weakening behaviour is also a likely candidate
for triggering slow slip events. We evaluate this mechanism of
producing unstable slow slip and consider alternatives. Locking
and unlocking of plate boundary megathrusts are not only related to variations in pore fluid pressure, but may also depend on
the presence of pelagic carbonate-rich lithologies. Subduction
systems containing such input are likely low-latitude, with buoyant (i.e. young and/or thick) lower plates.
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IODP Expeditions 353 and 362 drilled in the Indian Ocean,
~800 km west of the volcanic front of the Sunda arc. The recovered sediments are intercalated with tephra layers that reach
down to the Campanian.
The objectives of the cruises were to determine the material
properties causing the seismogenic slip (362) and to reconstruct
and understand changes in Indian monsoon circulation (353).
In this project we aim to establish a marine tephrostratigraphic framework for the entire region by correlating widespread
tephra layers between the different sites and if possible, to terrestrial eruptions. Therefore we will combine the tephra records
of Expeditions 353 and 362 with marine tephra layers from previous ODP drillings from the whole Indian Ocean, and on the
Ninetyeast Ridge in particular. Geochemical, petrological and
volcanological approaches for tephra and sediment characterization will be used to quantitatively and qualitatively decrypt
their provenance and the eruption succession. Additionally, we
will perform absolute age dating to improve and confirm the
existing age models. Robust age models are needed to study the
temporal and spatial changes in eruption processes, magnitudes
and frequencies of large volcanic eruptions from the Sunda arc,
or so far unknown volcanic sources.
This study will help to learn more about the temporal evolution of different volcanic systems and establish long time series
of explosive volcanism in this region. Within our record we will
identify large, known, but also previously unknown, eruptions,
which will enable us to study the respective recurrence rates
from Pleistocene volcanic centres of the Sumatran arc and to
elaborate on cyclicities in the tephra record. Finally, we will
also study the Miocene to Pleistocene sediment record of the
Nicobar Fan to detect potential episodes of enhanced volcanism
or single events hidden in the background sedimentation.
Especially the determination of the amount and character
of volcanic matter that is incorporated in the sediments is important to characterize the material and how it acts, when it is
subducted at the seismogenic and tsunamogenic Sumatran convergent margin.
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IODP Expedition 383 will investigate the Pliocene-Pleistocene atmosphere-ocean-cryosphere dynamics of the Pacific
Antarctic Circumpolar Current (ACC), and their role in regional and global climate and atmospheric CO2 based on sediment
records with the highest possible stratigraphic resolution.
The ACC is the world’s largest current system connecting
all three major basins of the global ocean (the Pacific, Atlantic
and Indian Oceans) integrating and responding to climate signals throughout the globe. By inducing strong upwelling and
formation of new water masses, the ACC also fundamentally
affects the global meridional overturning circulation (MOC)
and the stability of Antarctica’s ice sheets, and has been recognized as a key mechanism in regulating variations in atmospheric CO2 and global climate.
The expedition will test two major scientific hypotheses:
(1) ACC dynamics and Drake Passage throughflow conditioned
the global Meridional Overturning Circulation and high-low
climate linkages on orbital and submillennial time-scales since
the Pliocene. (2) Variations in the Pacific ACC determine the
physical and biological characteristics of the oceanic carbon
pump and atmospheric CO2.
IODP Expedition 383 and will target six primary sites on
a transect in the central South Pacific between the modern Polar Front and the Subantarctic Zone, and at the Chilean Margin
close to the Drake Passage. Central Pacific sites will document
the Plio-Quaternary ACC paleoenvironmental history at water
depths ranging from 5100 to 3600 m. At the Chilean Margin
the sites provide a depth transect (~1000–3900 m) across the
major Southern Ocean water masses that will document PlioPleistocene changes in the vertical structure of the ACC—a key
issue for understanding the role of the Southern Ocean in the
global carbon cycle.
The planned drilling strategy is designed for recovering sediment sequences suitable for ultra-high-resolution studies. The
proposed sites are located at latitudes and water depths where
sediments will allow the application of a wide range of siliciclastic, carbonate, and opal-based proxies for reconstructing
surface to deep ocean variations and their relation to atmosphere and cryosphere changes with unprecedented stratigraphic
detail.
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Fig. 1: Map showing the location of the proposed drilling sites in the
Pacific ACC (CSP, ESP, and CHI proposed sites with site survey
cores; red dots) and of previously collected cores during various expeditions in the eastern Pacific referred to in text (white dots; ODP Leg
202 Sites 1232–1240;; ODP Leg 178 Sites 1095–1102) in context of
the modern oceanography. WSI=winter sea-ice; SAF=Subantarctic
Front, modern locations after Orsi et al. (1995) and Reynolds (2002;
2007); dotted lines show inferred LGM positions; SPC= South Pacific
Current; HCS= Humboldt Current System; CHC= Cape Horn Current;
EPR= East Pacific Rise. Small inlet figures show vertical water mass
structure along two transects in the central and eastern South Pacific
(oxygen content; AABW=Antarctic Bottom Water; AAIW=Antarctic
Intermediate Water; CDW=Circumpolar Deep Water; PDW=Pacific
Deep Water).
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Understanding the global climate system and its large-scale
climatic teleconnections and feedback mechanisms in the past
provides key information for assessing its future behaviour
under the influence of anthropogenic climate change and the
resulting consequences for modern societies and economies
more reliably. This is particularly true for the Asian monsoon

system, whose variability influences the daily life of billions of
people and is consequently also of major importance for global
economy. Regarding the evidence for past changes in monsoonal rainfall intensity, there are already many long marine
proxy records of Indian summer monsoon (ISM) variability
from the Arabian and South China Sea available (e.g. Clemens
& Prell, 2003; Schulz et al., 1998; Sirocko et al., 1993; Wang
et al., 1999), but the number of comparable records from the
Bay of Bengal, i.e. from the core zone of the ISM, is still rather
limited. In addition, the latter either provide only information
about monsoon-driven paleoceanographic changes (e.g. ocean
surface salinity; Kudrass et al., 2001), cover only relatively
short time intervals (Contreras-Rosales et al., 2014) or suffer
from low temporal resolution, consequently leaving important
uncertainties regarding long- and short-term changes of the
ISM as well as their terrestrial impact.
Nonetheless, previous studies on Asian palaeomonsoon
archives, particularly on Chinese and Indian speleothems (e.g.
Cai et al., 2015; Kathayat et al., 2016; Wang et al., 2001) but
also on marine sediments (e.g. Saraswat et al., 2013), have provided evidence for centennial- to millennial-scale reductions in
monsoonal precipitation across Asia, so-called weak monsoon
intervals (WMIs). These WMIs occurred synchronously to cold
Heinrich events in the North Atlantic realm. This points towards a large-scale climatic teleconnection between the North
Atlantic and the Asian monsoon system also on shorter than
orbital time scales and thus a different forcing than Northern
Hemisphere summer insolation. However, the exact mechanisms behind this relationship as well as possible influences of
low-latitude and/or Southern Hemisphere forcing on ISM variability are still not fully understood.
Drilled during Leg 353 in January 2015, IODP site U1446
(Clemens et al., 2016) provides a well-suited marine sediment
record from the northwestern Bay of Bengal that will be analysed for the stable hydrogen and carbon isotope composition
(δ2H, δ13C) of terrestrial leaf wax n-alkanes preserved in the
sediments, aiming to reconstruct ISM variability during the
last 70 kyr at centennial-scale resolution. IODP site U1446 is
characterized by a very high sedimentation rate (~16 cm kyr-1;
Clemens et al., 2016) and is ideally located at a relatively nearshore position, ensuring high input of terrestrial organic matter
via river runoff. As it is furthermore located within the reach
of the Ganges–Brahmaputra river system, which drains a large
part of the ISM core zone, δ2H and δ13C records of terrestrial
leaf wax n-alkanes from IODP site 1446 are supposed to directly reflect past precipitation and vegetation changes on the Indian subcontinent at high temporal resolution. In combination
with other proxy data obtained from the same sediment core
(e.g. µXRF, pollen, alkenone-based Uk’37 sea surface temperature) and in comparison with other regional proxy records, the
project is therefore expected to provide a comprehensive view
on ISM changes and their trigger mechanisms during the last 70
kyr and particularly on centennial- to millennial-scale WMIs.
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In addition, various receiver systems recorded the seismic
wavefield at the surface: (i) an array of 160 three-component
receivers, moved successively along the valley during the
survey, (ii) two lines of 400 Aries vertical-component receivers
parallel to source lines, (iii) five Reftek stations and (iv) a
small-aperture far-offset vertical-component geophone array.
In the following, we will discuss the data set for the threecomponent receiver array in more detail. First, the receivers
were widely distributed within the Whataroa valley during the
multi-offset source lines. This data set is used to verify and
improve the existing velocity model derived from a previously
acquired 2D reflection line (Lay et al., 2016).
Second, a source loop with 71 different source locations
was acquired with a total of 3502 sweeps. The 160 receivers
were set up as an array with a spacing of 10 m perpendicular and
20 m parallel to the main strike of the Alpine Fault. The whole
array was moved successively along the valley twelve times to
record reflections from the main Alpine Fault zone over a broad
depth range. Altogether, 1916 receiver locations were recorded
for the 71 source locations. Thus, the detailed 3C array densely
covers an area within Whataroa valley of approximately 1800
m inline along the river (i.e., perpendicular to the fault strike)
and 600 m crossline perpendicular to the river (i.e., parallel to
the fault strike).
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Introduction
The plate-bounding Alpine Fault in New Zealand is an 850
km long transpressive continental fault zone that is late in its
earthquake cycle. The Deep Fault Drilling Project (DFDP) aims
to deliver insight into the geological structure of this fault zone
and its evolution by drilling and sampling the Alpine Fault at
depth (Townend et al., 2009). Results from the drilling reveal
an active hydrothermal circulation system in the hanging wall
with a wider damage zone around the main Alpine Fault core
(Townend et al., 2017), however, the detailed structures of the
fault system remain unknown.
Previously analysed 2D reflection seismic data image the
main Alpine Fault reflector at a depth of 1.5-2.2 km with a dip of
approximately 48° to the southeast below the DFDP-2 borehole
(Lay et al., 2016). Additionally, there are indications of a more
complex 3D fault structure with several fault branches which
have not yet been clearly imaged in detail.
Data Set
For that reason we acquired a 3D-VSP seismic data set at
the DFDP-2 drill site in January 2016. A zero-offset VSP and a
walk-away VSP survey were conducted using a Vibroseis source.
Within the borehole, a permanently installed “Distributed
Acoustic Fibre Optic Cable” (down to 893 m) and a 3C Sercel
slimwave tool (down to 400 m) were used to record the seismic
wavefield. A first analysis of both borehole data sets shows a
good correlation of both recording systems (Constantinou et al.,
2016). Furthermore, the velocity features coincide with results
obtained previously from borehole logging.

Fig. 1: The tomographic P-wave velocity model using all subsets of
the data set is shown for parts with sufficient ray coverage. The borehole trajectory of the DFDP-2B borehole (black) and the assumed
Alpine Fault surface trace (red) are marked. Top: x-y plane at a depth
of z=-60 m. Bottom: x-z-slice at y=900 m. Note that the location of
the respective other slice is marked by a dashed line.

Processing and Results
A detailed 3D velocity model was derived by first arrival
tomographic inversion (see Fig. 1). Subsets of the whole data
set were analysed separately to estimate the corresponding
ray coverage and the reliability of the observed features in
the obtained velocity model. After testing various inversion
parameters and starting models, the final detailed near surface
velocity model reveals the significance of the old glacial
valley structures. Shallow high velocities correlate with the
southwestern valley flanks (circa at y=1100 m) and indicate
3D structures that were not detectable with the previous 2D
data set. Additionally, analyses of the first-arrivals recorded in
the borehole show systematically slower P-wave velocities in
comparison to arrivals at surface recorders. Taking into account
the different raypaths, this can be explained by anisotropy
which would be in agreement with the geologically identified
foliated schists and mylonites dipping ~50° to the Southeast
(Toy et al., 2017).
First simple data processing results shows clear reflections
on both inline and crossline profiles. Correlating single reflection
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events enables us to identify the origin of reflections recorded
in the data and reveal their 3D character. Already preliminary
interpretations from this array data set reveal strong evidence
for reflections coming presumably from the steeply dipping
valley flanks along the Whataroa river side, possibly from the
valley flanks. Further detailed analysis is ongoing and will
help to understand the 3D subsurface structures causing these
reflections.
Outlook
The data will be further analysed using advanced seismic
imaging methods to derive a 3D structural image of the valley
and the Alpine fault zone at depth. Finally, the results will provide a detailed basis for a seismic site characterization at the
DFDP-2 drill site. The existing borehole did not intersect the
Alpine Fault at depth, but ended within 200-400 m distance of
the principal slip zone, i.e. the fault plane (Toy et al., 2017).
Thus, detailed seismic images will be of crucial importance for
further structural and geological investigations of the architecture of the Alpine Fault zone in this area.
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The sedimentary archive of Lake Ohrid, located on the
Balkan Peninsula, was drilled in 2013 within the scope of the
International Continental Scientific Drilling Program (ICDP)
and the Scientific Collaboration on Past Speciation Conditions
in Lake Ohrid (SCOPSCO) project. It is one of the very few
terrestrial archives that cover the last 1.4 Ma continuously and
provide high-resolution information about the regional geologi-

cal and paleoclimatic processes, as well as triggers of evolutionary patterns and endemic biodiversity.
At the main drill site DEEP in the centre of the lake a continuous composite profile (584 m) has been compiled out of
4 neighbouring bore holes and was logged (XRF, MSCL) and
subsampled for biogeochemical (TIC, TOC, TN, TS) and sedimentological (grain size) analyses. Lithological information
from the DEEP site record implies shallow water conditions
between 584 and 456 m. The deposition of this sedimentary
facies is correlated to the establishment of the lake between 1.9
and 1.4 Ma ago, after the Ohrid basin formed, according to geotectonic, seismic, and biological information, by transtension
during the Miocene and opened during the Pliocene and Pleistocene. Since 1.4 Ma (ca. 456 m sediment depth), biogeochemical, and sedimentological proxy data indicate pelagic sedimentation that reflects global glacial/interglacial variability, with
warm periods being characterized by high TIC and TOC concentrations and cold periods by negligible TIC and low TOC
contents, respectively.
Within the upper 456 m of the sequence 56 tephra horizons
were identified so far, 48 of which are macroscopic tephra layers. Juvenile glass fragments of all of these layers were analysed for their major element composition using SEM-EDS/
WDS systems (see Leicher et al., 2016 for details). Their geochemical fingerprint suggests a volcanic origin exclusively
from the Italian comagmatic provinces. Their active volcanic
centres during this time include: the Vulsini, Vico, Sabaitini,
Colli Albani, Ernici-Roccamonfina, Pontine Islands, Vulture,
the Aeolian Islands, and unkown-Campanian volcanoes.
The tephrostratigraphic work and correlation of tephra to
other records is limited as only few other Mediterranean records
cover the period from the Early Pleistocene up to recent times
continuously. These records include the Calabrian Ridge core
KC01B (Lourens, 2004; Insinga et al., 2014) and the peat record from Tenaghi Philippon, Greece (St. Seymour et al., 2004;
Tzedakis et al., 2006; Pross et al., 2015). However, tephrostratigraphic information of these two records are published for the
late Pleistocene (max. ca. 192 ka) so far only, from which also
additional information from other shorter records exist. The
tephrostratigraphic knowledge about the period older 200 ka
is based on individual, non-continous records from various
mid-distal Italian intermontain continental basins or continental margin marine basins only (e.g. such as Sulmona, Acerno,
Mercure, or Montalbano Jonico) and still relatively poorly understood. Therefore, the Lake Ohrid record provides the unique
opportunity to investigate the distal dispersal of tephra from the
Italian volcanoes in a continuous record covering the last 1.4
Ma for the first time.
In the interval between 456 and 248 m, representing 1.4
– 0.65 Ma, 15 tephra layers were identified, three of which
between 290 and 267 m could successfully be correlated with
40
Ar/39Ar dated tephra layers from the Sulmona basin (e.g. Giaccio et al., 2015). These tephra layers bracket the Brunhes/
Matuyama transition in both archives and allow a detailed
investigation of the timing of the last magnetic pole reversal
across different archives. The (so far) uncorrelated tephra layers provide valuable new information about the volcanic activity especially for the time interval >0.8 Ma, and could become
important first marker horizons for future tephrostratigraphic
work in the region. Additional age control for the lower part of
the DEEP site section is given by the detection of the base of
the Jaramillo subchron at 374 m (1.07 Ma). Unfortunately, the
diagenetic formation of greigite in the sediments mask the top
of the Jaramillo subchron (0.99 Ma).
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The upper 248 m (<0.65 Ma) contain 41 tephra layers that
are important chronological tie points and marker horizons.
Thirteen of those layers are described and correlated to known
tephra layers in other records in Leicher et al. (2016). New
investigations could also allow the correlation of two tephra
layers in MIS 6 with eruptions originating from Pantelleria,
which were also found in ODP Site 963A in the Sicily Channel
(Tamburrino et al., 2012). Trace element compositions of single
glass shards of tephra layers from unknown volcanic eruptions
were studied by LA-ICP-MS in order to obtain more information about the origin of these eruptions. We could identify new,
so far unknown eruptions from the Italian volcanic centres e.g.
of Ischia, the Aeolian Arc, or Roccamonfina. In combination
with isotopic studies (Sr, Nd) this methodological approach
shall also be applied for tephra layers of the interval older 0.65
Ma.
First cryptotephra studies of selected intervals of the DEEP
site record emphasize the tephrostratigraphic potential of the
Lake Ohrid record. Downcore XRF data indicate six cryptotephra horizons within the sediments of the last 15 ka. Their
isochrone position was precisely determined by physical separation and glass shard concentration counting. During MIS 11,
the recognition of a cryptotephra correlated with the Vico α
eruption (ca. 415 ka) is fundamental for a high-resolution pollen study (Kousis, this issue).
Tephrochronology and magnetostratigraphy are the pivotal
tools to develop a chronology for the upper 456 m of the DEEP
site sequence. Age modelling is based on the chronological approach that was already successfully applied for the upper 247
m (Francke et al., 2016). The small grain size of crystals of the
Lake Ohrid tephra layers has so far prevented direct radioisotopic dating of these layers, but ages of radioisotopically dated
equivalent tephra from more proximal sites were imported to
the Ohrid record. As the published 40Ar/39Ar ages come from
different laboratories and were processed with different constants and standards, we recalculated all ages with the same
constants and flux standards in order to obtain a homogenous
set of ages. The tephrochronological and the paleomagnetic age
information provide first order tie points for the age-depth model. Second order tie points from tuning biogeochemical proxy
data to orbital parameters support the age model down to 456
m. The partly independent and well-established chronology is
the backbone to fulfil the major aims of the SCOPSCO project
and e.g. allows paleoenvironmental reconstructions or investigations of the origin of Lake Ohrid.
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The North Atlantic Ocean plays a crucial role in the global
climate as it is one of the regions, where the atmosphere and the
deep ocean are in direct contact. Therefore, the understanding
of the (paleo)oceanography of this region is one of the key challenges for climate research.
Neodymium (Nd) isotopes are a powerful tool to track
past changes of water mass pathways. They are expressed as
εNd, which is the deviation of the measured ratio of 143Nd/144Nd
from that of the chondritic uniform reservoir times 10,000.
The continental Nd isotope signal is imprinted into the oceans
and therefore different water masses can be distinguished. To
establish a record of the past ocean circulation, the Nd isotopic composition can be retrieved from sediment cores. Here,
the authigenic ferromanganese coatings of sediment particles,
which carry the Neodymium isotopic signature of the past bottom water, are extracted via the protocol of Blaser et al. (2016).
In this project, a sediment core from the Northwest Atlantic, ODP Site 1063 located at the Bermuda Rise at 4584m water
depth, was studied. The already existing εNd record for the past
150 ka (Böhm et al., 2015; Gutjahr and Lippold, 2011; Roberts
et al., 2010) was extended back to one million years. For homogeneity and continuity reasons, the previous age model of
Poirier and Billups (2014) (250-1030 ka) was complemented
by a new age model for the time period between 150 and 250
ka. Therefore, the δ18O signal of the benthic foraminifera species Oridorsalis umbonatus and Cibicidoides wuellerstorfi was
aligned to the LR04 stack of Lisiecki and Raymo (2005). In this
way, a continuous and homogeneous age model from 150 to
1030 ka was established.
The neodymium isotope signal at the core site shows in
general a typical record of glacial-interglacial variability. During most of the glacials of the past 900 ka, εNd values between
-11 to -12 are recorded, which point to an enhanced presence
of a water mass with southern origin (southern-sourced water,
SSW). An exception to this typical pattern of more radiogenic
εNd values during glacial maxima is MIS 14, during which the
εNd signal remained unusually unradiogenic. However, this possible absence of SSW at the core site fits well with other climate
records from the Northern Hemisphere, which identified MIS
14 as an exceptionally mild and weak glacial (Hao et al., 2015;
Lang and Wolff, 2011).
Before MIS 22, which displays the first glacial accompanied by a strong incursion of more SSW to the core site, the
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glacials are characterized by rather unradiogenic water mass
values.
During each glacial termination (except T-VI), the retrieved
εNd signal changes to unradiogenic values, which indicates the
shift to northern-sourced water masses. Hereby, more negative
values (εNd of -16 to -17) were recorded at the start of each interglacial, but usually returned to more modern-like values in
their course until they start to fluctuate again during the glacial
inceptions. However, during MIS 11 and 13, the local water
masses stayed markedly unradiogenic for an unusually long
time period. Those values indicate that there must have been a
stronger influence of the northeastern American continent and
of (a potentially ice-free) Greenland to the εNd signal compared
to today.
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The process of subduction is considered as one of the major
manifestations of a dynamic Earth. However, little is known
about how subduction starts and proceeds. According to one
of the first conceptual model of Stern and Bloomer (1992), in
the course of subduction initiation, the old and relatively dense oceanic lithosphere begins to sink into the asthenosphere.
Lithosphere in the upper plate adjacent to the sinking lithosphere rapidly extends into the gap left as the dense lithosphere sinks. In this setting, mantle flows into the nascent mantle
wedge and interacts with a small and variable contribution of
fluids from the sinking plate. Melting induced by the fluid augments that resulting from decompression, leading to a higher
degree of melting than at mid-ocean ridges. These MORB-like
lavas with arc-signatures originating in this setting have been
recently termed as forearc basalts (FABs, Reagan et al. 2010).
Combination of rapid decompression melting with fluid enhanced lowering of the solidus leads to more extensive melting of
the shallow asthenospheric wedge, creating refractory Mg-rich
and Si-rich lavas such as boninites and high-Mg andesites and
leaving an extremly refractory harzburgitic residue (Shervais,
2001). In the Stern-Bloomer model, the presence of boninites

at the top of a FAB lava sequence is a major indicator of a subduction-initiation setting (Pearce, 2014). Thus, the knowledge
on the main changes in magma origin and magma evolution
conditions at the transition from FAB to boninite is crucial to
understand the general process of subduction initiation, the
role of mantle reorganization and specifics of mantle melting
regimes.
In 2014 IODP Expedition 352 succesfully recovered 1.22
km of igneous basement of FABs and boninites at four drilling
sites (Expedition 352 Scientists, 2015). The expected sequence
of FABs underlain by boninites was however not encountered.
In contrast, dikes at the base of FABs (Sites U1440 and U1441)
and boninite (Sites U1439 and U1442) sections provided rather
an indication for independent conduit systems for FABs and
boninite magmas which were offset more horizontally than vertically (Expedition 352 Scientists, 2015). Here we present the
results of petrological and experimental investigations of the
recovered fore-arc basalts.
FABs are typically aphyric to sparsely phyric, plagioclase-pyroxene-phyric basalts and dolerites. Olivine phenocrysts
are not present in lavas, only sporadically crystalls have been
met in less differentiated glassy samples with more than 8wt%
MgO. Its composition ranges from 81 to 76 mol% Fo. Anorthite contents of plagioclase and Mg# number of clinopyroxene
pheno- and subphenocrysts cores are ranging from 86 to 60
(mol%) and from 0.86 to 0.53 respectively. Across the Hole
U 1440 An in Plag and Mg# in Cpx behaves s-shaped in which
the units 2, 3, 7,8 and 14 show higher An and #Mg values than
the remaining units of 3, 6 and 13. Bigger units like 7,8 and 14
exhibit a higher variability of these values between different
sample cores.
The whole rock compositions of FAB lavas erupted at Sites
U1440 and U1441 range between 5 and 8 wt% MgO. FAB glass
compositions are generally in the range of whole rock compositions. However, they have slightly higher FeO and systematically lower Al2O3, Na2O and K2O contents. The differentiation
trends obtained from whole rock major element compositions
(from basalt to andesite) indicate that the analyzed samples can
only be derived from slightly different parental magma compositions. For example, the most primitive FAB magmas from
UNIT 3 are too poor in TiO2 to be parental for the less evolved
magmas from other groups. Results of our phase equilibria simulations conducted for several representative starting compositions indicate that a slight variability in primitive FAB magmas is required to let them follow natural liquid lines of descent
and match the natural glass compositions. It should be noted
that all calculations have been conducted in the range of low
melt H2O contents (0.1 to 0.8 wt%). This low water content was
confirmed by FTIR analyses of the dissolved H2O in naturally
quenched glasses. An interesting feature of the FABs is the
very narrow compositional range of glass compositions sampled at the top (UNIT 2), the middle (UNITs 7 and 8) and bottom
(UNIT 14) of the core in site U1440, indicative of similar magma storage conditions over time. However, this homogeneity
of magma storage conditions is sometimes interupted as demonstrated by the eruption of magmas representative of Units
6 (andesites) and 13 (H2O-rich). The most evolved glasses from
UNIT 6 and intermediate Al2O3-enriched glasses from UNIT
13 cannot be produced by fractional crystallization of primitive
melts from the UNITs 2, 7, 8 and 14 and require even more contrasting parental melt compositions. The Unit 6 andesite also requires more than 85% fractionation of magnetite-bearing phase
assemblage and has trace element pattern somewhat different
from other FABs. The basaltic glass from UNIT 13 strongly differs from other FABs showing anomalously high H2O contents
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(~2 wt%), higher Al2O3 and lower FeO indicative of crystallization under hydrous conditions (Danyushevsky, 2001).
The good match of modelled and natural liquid lines of decent observed for UNITs 2, 7, 8 and 14 demonstrate that modelled intensive parameters can be considered as pre-eruptive
conditions: low H2O (0.1-0.8 wt%), and low-pressure (most
likely below 100-200 MPa). The low pressure conditions (~100
MPa) have been confirmed by the modelling the conditions of
multiple saturation in less differentiated glasses saturated with
olivine, plagioclase and clinopyroxene (using the approach
from Almeev et al., 2008). It should be noted, however, that application of cpx-melt and plag-melt geothermobarometers (Putirka, 2008) revealed systematically higher pressures and also a
larger pressure range of partial crystallization (200-600 MPa).
However, such higher pressures are not realistic. At high pressure, FAB melts with their high CaO/Al2O3~0.9 (in MORBs:
CaO/Al2O3<0.85) should exhibit clinopyroxene alone crystallization on their liquidus. This contradicts with natural observation of the presence of both clinopyroxene and plagioclase (+
olivine in some primitive samples) phenocrysts in lavas.
Crystallization experiments in FABs were designed to
address three major goals:
(1) Determination of liquidus phases: in our calculations
we were not able to produce Olivine-free Plag-Cpx cotectic
crystallization. The modeling predicts that olivine crystallization is expected over a long crystallization interval, even after
30-40% crystallization with melts having 6 to 8 wt% MgO contents, which is predominant in natural FABs. Howver, olivine is
rare in the natural samples and natural FABs with similar MgO
concentrations are olivine-free lavas. Therefore one important
question is to understand which parameters control the nearliquidus phase assemblage Plag-Cpx in primitive FAB;
(2) Determination of depth of magma storage: the experimental constraints are helpful to resolve the discrepancy in
pressure estimates obtained from phase equilibria simulations
of FAB crystallization (model COMAGMAT) and from results
of mineral-melt geothermobarometry (using Putirka, 2008 formulations);
(3) Determine the role of fractional crystallization in genesis of the FAB magmas.
Two synthetic analogues of the FAB glasses 352-U1440B12R-2W-67cm and 352-U1440B-24R-1W-13cm (with 8.5 and
7.5 wt% MgO respectively) have been used to determine experimentally equilibrium phase assemblages at 100 MPa under
nominally dry conditions in internally heated pressure vessels
under intrinsic oxygen fugacity conditions. Two capsule configurations were used to model (a) anhydrous (<0.1 wt% H2O)
and reduced (FMQ-1) conditions using Pt-lined graphite capsules and (b) low H2O (~0.6 wt% H2O) and oxydized (FMQ)
conditions in Fe-presaturated Au20Pd80 capsules. Plagioclase
and clinopyroxene were present in products at 1175, 1150 and
1125°C under both anhydrous and low H2O conditions. This
perfectly fits to the phenocrysts assemblage observed in natural
FABs. The experimental liquid lines of decent are in a good
agreement with those defined by natural glass compositions
(Figure 1). This allows us to conclude that thermodynamic conditions utilized in our experiments (100 MPa; 1175-1125°C;
FMQ-1<logfO2<FMQ+0.5) can be potentially considered as
conditions of partial crystallization of the Units 7-8-14 and 13
FABs. However natural mineral compositions are not fully reproduced (experimental plagioclase is too calcic and clinopyroxenes are too magnesian). In addition, clinopyroxene alone
was observed in experiments at high temperature (1200°C) and
not the cotectic assemblage Cpx+Plag, which is always observed in the natural Plag+Cpx bearing FAB lavas. This incon-
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sistency can be explained either by (1) too high experimental
pressure which favours crystallization of the clinopyroxene, or
(2) by slight differences between our synthetic starting compositions and the natural FAB glasses. However, strong deviations of the starting compositions from the natural glasses are
not observed and the most important changing parameter is the
CaO/Al2O3 ratio (0.92 in the starting materials and 0.9 in natural counterpart).
To check and constrain the effect of pressure, additional
set of experiments at 50 and 200 MPa have been conducted
for both dry an low H2O conditions. At both pressures, only
clinopyroxene was observed at 1200°C. Due to the submarine character of FAB magma eruptions, there is no geological
evidence to assume partial pressure of crystallization below 50
MPa. Therefore the problem of early Cpx crystallization can be
attributed to the slight discrepancy between synthetic starting
material and natural glass compostion. This does not affect the
general results of our experimental simulations (e.g., equilibrium compositions between melts and minerals). However, our
observations show that very small variations of CaO/Al2O3 ratio influence significantly the phase equilibria and possible the
trace element distributions in residual melts.

Fig. 1: Comparison of natural FAB whole rock compositons (open
diamonds, whole rocks, on-board data, Expedition 352), natural FAB
glasses (grey diamonds, microprobe data), residual melt compositions
produced in experiments at 100 MPa on 40-8 and 40-22 starting FABs
(blue – under FMQ, and green – under CCO redox conditions (~FMQ1)). Orange dashed lines are liquid lines of descent calculated for
starting composition 40-8 in the range of pressures from 1 atm to 800
MPa.

In summary, according to our experimental investigations
and results of the modelling we suggest that crystallization of
typical FAB magmas should have proceeded in shallow level
systems at ~100 MPa. The H2O content of melts with 6-8 wt%
MgO is low (<0.8%). Our experimental data show that residual liquids produced under FMQ-1 and FMQ conditions are
nearly identical on Harker diagrams, indicating that variations
of redox conditions in the range FMQ-1 - FMQ + 0.5 (corresponding to reducing conditions) are not expected to influence
significantly liquid lines of descent. The similar liquid lines of
descent are mostly explained by the absence of magnetite in the
crystallizing phase assemblage, which is only expected at more
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reducing conditions. An additional constraint on the prevailing
oxygen fugacity could be obtained by comparing the Fe2+/Fe3+
ratios in the natural and experimental glasses.
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We present high-resolution X-ray fluorescence (XRF) elemental data, carbonate accumulation rates and benthic foraminiferal stable isotopes at an average temporal resolution of ~4.5
kyr from IODP Expedition 353 Site U1443 (5º 23.01’N, 90º
21.7’E; at 2925 m water depth) on the northern extension of
the Ninetyeast Ridge in the northeastern Indian Ocean. Comparison of overlapping high-resolution XRF and benthic isotope
data initially confirmed that the shipboard sediment splice is
accurate and only needed minor adjustment across tie points.
We then generated a new chronology by correlating the benthic
δ18O and δ13C curves from IODP Sites U1443 and 1146 (South
China Sea, Holbourn et al., 2013), using a minimal tuning approach. The benthic δ18O curve reveals a pronounced warming
episode at 10.8-10.7 Ma, which was previously reported from
ODP Site 1146 and is used as a primary tiepoint between the
two records. This transient warming coincides with a marked
negative δ13C shift and is reminiscent of high-amplitude thermal events, which are paced by 100 kyr variability and characterize the warmer climate mode of the “Miocene Climatic
Optimum” (~16.4–14.6 Ma).
Our new records closely track changes in the carbonate
cycle and climate during the late middle and early late Miocene (~13.5 to ~7.5 Ma). Decreasing carbonate content together
with a marked decrease in sedimentation rates from 0.6 to
0.2 cm/kyr at ~13.2 Ma signal the onset of a prolonged and
intense carbonate dissolution episode in the northeastern tropical Indian Ocean, which lasted until ~8.5 Ma and correlates
with the “Carbonate Crash” identified in the Equatorial Pacific and Atlantic Oceans (Lyle et al., 1995; Diester-Haass et al.,
2004; Preiss-Daimler et al., 2013). The middle to late Miocene

carbonate crash in the tropical Indian Ocean exhibits a twophase evolution. An older substage is characterized by a series
of intensifying carbonate dissolution events and low Log(Ba/
Ti), indicating low primary production. At ~11.4 Ma carbonate preservation starts to improve again, Ba/Ti increases markedly, and sedimentation rates show a gradual increase in the
second phase of the carbonate crash. The end of the carbonate
crash (~8.5 Ma) is marked by increased carbonate preservation,
MARs and sedimentation rates.
Global carbonate dissolution events in the open deep ocean
may be related to either (1) shelf-basin partitioning of carbonate
accumulation, resulting in preferential carbonate deposition on
the shelves and depletion of the deep sea carbonate reservoir
during periods of sea-level highstands or (2) transient changes in ocean chemistry such as enhanced deep sea carbonate
dissolution following regressions, when organic carbon from
shallow-marine/terrestrial carbon reservoirs was transferred
to the deep ocean, or (3) northward expansion of corrosive
southern-sourced water masses following the growth of the
East Antarctic ice sheet during the middle to late Miocene. We
speculate that carbonate dissolution during the late Miocene
carbonate crash was associated with sea level regressions and
related release of organic carbon to the ocean system from transient shallow marine-terrestrial carbon reservoirs (e.g., shallow
marine organic-rich sediments, marshes, swamps, soil and forests) and/or northward advection of corrosive southern-sourced water masses. In contrast, early to middle Miocene “hyperthermal” dissolution events during the “Miocene Climatic
Optimum” (~16.4–14.6 Ma) appear to have been linked to deep
ocean acidification, sustained by shelf-basin partitioning of carbonate during periods of overall higher sea-level.
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Dinoflagellate cysts are valuable microfossils for both
biostratigraphy and paleoenvironmental reconstructions in the
high northern latitudes. Initial studies on sub-arctic sequences
with excellent independent chronostratigraphy demonstrate
that robust numerical ages may be defined for bioevents in the
Neogene and Quaternary but the biostratigraphic potential has
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not been evaluated in the Arctic Ocean. Dinoflagellate cysts are
more continuously present in the marginal seas (e.g. Barents
Sea, Bering Sea) than in the Arctic Ocean itself throughout the
Quaternary. Most species have long stratigraphic ranges, are
temporarily absent and show abundance variations on glacialinterglacial timescales. Of the more than 30 taxa recorded, only
Habibacysta tectata and Filisphaera filifera became extinct in
the Pleistocene, and their highest persistent occurrences at ca.
1.8 Ma and at ca. 2.0 Ma, respectively, can be used for supraregional stratigraphic correlation between the Arctic Ocean and
adjacent basins. These events corroborate a slow sedimentation
rate model for the Quaternary section on the central Lomonosov Ridge but a combination of different methods will have to
be applied to provide a detailed chronostratigraphy for the central Arctic Ocean.
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Despite more than 200 years of research, the key factors
controlling dolomite occurrence in geological records remain
speculative and debated. Modern dolomite-forming environments are often limited to evaporitic settings such as lagoons
and sabkhas. Beside microbial mediation, high temperatures
and Mg2+ concentrations in solution are factors considered important in aiding dolomite formation. Accordingly, episodic occurrence of dolomite in lacustrine successions is commonly uncritically associated with enhanced evaporation, low lake levels
and a higher Mg/Ca ratio. This was also the case for the presence of dolomite within deep sediments of alkaline Lake Van
(Turkey) (Degens et al., 1984; Landmann et al., 1996; Lemcke
& Sturm, 1997; Çağatay et al., 2014).
We systematically studied Lake Van´s carbonate inventory
in a sedimentary profile covering the last ca. 250 kyr, recovered
during the ICDP PALEOVAN drilling campaign in 2010. We
document, by means of XRD, SEM and stable isotope (δ18O
and δ13C) mass spectrometry, a cyclic occurrence of dolomiterich intervals (20 – 85 % relative carbonate content). A comparison with published data (ICDP PALEOVAN) suggests that
these intervals coincide with periods of high lake level and
increased humidity related to suborbital climate variability
(Dansgaard-Oeschger cycles). Here, we propose a link between
abrupt climate change and dolomite formation.
Combined evidence of SEM imaging showing large, euhedral dolomite crystals interwoven with clay minerals, individual crystals grown together, and heavy δ18O signature indicate
early diagenetic formation within the sediment below a thick
water column at constantly low temperatures (ca. 3 °C). This
interpretation is supported by lake level reconstructions (Tomonaga et al., 2017) claiming water depth of at least 150 m at the
coring site throughout the interval of interest.
Taking advantage of the independent ICDP PALEOVAN
proxy data we investigated the relationship between dolomite
nucleation and environmental factors. Early diagenetic, deep
water and low temperature dolomite in Lake Van questions the
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necessity of evaporative conditions for this mineral formation.
We propose that dolomite precipitation in Lake Van (with or without a precursor phase) is a product of a microbially influenced
process triggered by ecological stress resulting from episodic
re-ventilation of the water-sediment interface following the
lake level fall. Independently from the validity of this hypothesis, our results call for a re-evaluation of the palaeoenvironmental conditions often invoked for early diagenetic dolomite-rich
intervals within ancient sedimentary sequences (e.g., periods
of enhanced aridity and evaporation). False environmental association and overlooking dolomite occurrence in sedimentary
records, can compromise carbonate-based palaeolimnological
and palaeoclimatic interpretations.
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The Samail Ophiolite in the Sultanate of Oman and the United Arab Emirates is regarded as the largest and best-exposed
analogue of fast-spreading oceanic crust on land. During two
drilling phases (December 2016 to March 2017 and November
2017 to March 2018), nine drill cores, each with a length of
either 300 or 400 m, were obtained. These cores sample the
lower gabbros (GT1), lower to mid-level gabbros (GT2), the
dyke-gabbro transition (GT3), listvenites and the basal thrust
(BT1), active alteration zones (BA sites) and the crust-mantle
boundary (CM sites). The cores of drilling Phase 1 (GT1–GT3
and BT1) were described by the Oman Drilling Project Phase
1 Science Party in summer 2017 on board the Japanese IODP
drilling vessel CHIKYU, establishing a close link between
IODP and the Oman Drilling Project (OmanDP).
Here, we present the very first results of a project that aims
to constrain details of the accretion of the lower oceanic crust,
by using two OmanDP cores GT1 and GT2 obtained in the Wadi
Jidya (Wadi Tayin Massif, Samail ophiolite). The quantification
of textural, petrological and geochemical features should provide information about the origins of different layering types
in the lower oceanic crust (e.g., modal layering, cryptic layering, grain size layering) at fast-spreading mid-ocean ridges.
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Furthermore, our results will be interpreted in terms of lower
crustal formation mechanisms, taking the two most popular
end-member models sheeted sill model [1] and gabbro glacier
model [2] into account.
In order to study layer-forming processes, samples of different lithologies and of coherent layer transitions were chosen.
In addition to measuring major and trace element compositions,
we aim to quantify crystallographic preferred orientations
(CPO) and to estimate crystallisation temperatures of the samples, applying a new REE-in-plagioclase-clinopyroxene thermometer [3]. Analyses will be performed in Hannover (electron
probe microanalysis), Kiel (laser ablation inductively-coupled
plasma mass spectrometry) and Montpellier (France; electron
back-scattered diffraction).
The primary lithologies observed in GT1 and GT2 range
from gabbros to olivine-rich gabbros; thin ultramafic layers of
troctolite or wehrlite can also be observed, which represents a
significant improvement in sample quality compared to sampling strongly weathered outcrops at the surface. Moreover,
they fundamentally improve the coherence of the crustal section in terms of lithological representativeness. Secondary features like hydrothermal veins or fault zones are very common
in the cores. Both cores show clear modal layering at mm- to
m-scales. Grain size layering is observed as well, but is not as
common as modal layering. Changes in grain size are not necessarily correlated with changes in modal proportions. Beside
the main phases plagioclase, clinopyroxene and olivine, small
amounts of spinel and orthopyroxene are observable in some
individual samples. First mineral analyses reveal Mg# ((Mg /
Mg+Fe)*100; molar basis) between 83 and 86 in clinopyroxene and an anorthite content in plagioclase varying between 80
and 87 mol%. Due to secondary alteration processes, most of
the the olivine grains are strongly serpentinized and therefore
not analysable for primary compositions. Single grains in the
uppermost samples of the profile have a Mg# of 80. Chemical
zoning is observed in plagioclase and clinopyroxene, while olivine shows constant major element contents in core and rim.
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Strata of late Valanginian age (Early Cretaceous, 139.8132.9 Ma) record a 1.5 ‰ positive carbon isotope excursion
(CIE), the Weissert Event. This event is thought to be related
to the volcanic activity of the Paraná-Etendeka large igneous

province. In contrast to the Mesozoic Oceanic Anoxic Events
(OAEs), black-shales, organic-rich marine sediments related
to perturbations of the marine carbon-cycle, are not commonly
associated with the Weissert Event.
Recent biometric studies observed size reductions of certain
calcareous nannofossil species along with global environmental
perturbations in the Cretaceous. Dwarfism has specifically been
described for the mid Cretaceous (~125 - 90 Ma) OAE1a and
OAE2. Our biometric analyses of selected nannofossil taxa in
samples from the Western Atlantic (DSDP Site 534A), northern
Germany (Scharrel 10, Wiedensahl 2), and sections in southern
France revealed size reduction of Biscutum constans coccoliths
in the upper Valanginian.
The implications of coccolith size changes for paleoceanographic questions are still a matter of debate. The paleoenvironmental factors that possibly induced the production of smaller
coccoliths include ocean acidification due to excess atmospheric CO2, high concentrations of toxic trace metals in the ocean
water because of strong submarine volcanism, as well as the
availability of light and/or nutrients resulting from changes in
climate and continental weathering regimes.
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The accretion mechanisms forming oceanic crust at fast
spreading ridges are still under controversial discussion. Thermal, petrological, and geochemical observations predict different end-member models, i.e., the gabbro glacier and the sheeted
sill model. They all bear implications for heat transport, temperature distribution, mode of crystallization and hydrothermal
heat removal over crustal depth. In a typical MOR setting, temperature is the key factor driving partitioning of incompatible
elements during crystallization.
LA-ICP-MS data for co-genetic plagioclase and clinopyroxene in gabbros along a transect through the plutonic section
of paleo-oceanic crust (Wadi Gideah Transect, Oman ophiolite)
reveal that REE partitioning coefficients are relatively constant
in the layered gabbro section but increase for the overlying foliated gabbros, with an enhanced offset towards HREEs. Along
with a systematic enrichment of REE‘s with crustal height,
these trends are consistent with a system dominated by in-situ
crystallization for the lower gabbros and a change in crystallization mode for the upper gabbros.
Sun and Liang (2017) used experimental REE partitioning
data for calibrating a new REE-in-plagioclase-clinopyroxene
thermometer that we used here for establishing the first crystallization-temperature depth profile through oceanic crust that
facilitates a direct comparison with thermal models of crustal
accretion. Our results indicate crystallization temperatures
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of about 1220±8°C for the layered gabbros and lower temperatures of 1175±8°C for the foliated gabbros and a thermal
minimum above the layered-to-foliated gabbro transition. Our
findings are consistent with a hybrid accretion model for the
oceanic crust. The thermal minimum is assumed to represent
a zone where the descending crystal mushes originating from
the axial melt lens meet with mushes that have crystallized in
situ. These results will be used to verify and test thermal models
(e.g., Maclennan et al., 2004, Theissen-Krah et al., 2016) and
their predictions for heat and fluid flow and temperature distribution in the oceanic crust.
The current project provides support for the ICDP Oman
Drilling Project (http://www.omandrilling.ac.uk/ and https://
twitter.com/OmanDrillProj), which started its active phase in
December 2016, with drilling of the crustal transects in the
Wadi Gideah (Wadi Tayin Massif, Oman ophiolite). We performed several field campaigns, in order to provide a reference
frame for the individual crustal drillings within the Oman Drilling Project. Our current project within the SPP ICDP aims to
provide constraints on the accretion and evolution of the Oman
paleocrust with focus on depth logs with respect to (1) petrology, (2) major and trace element geochemistry on rocks and
minerals, (3) crystallographic preferred orientations (CPO),
(4) the evolution of hydrothermal alteration and (5) the sulfur
cycle. More than 400 collected samples cover the whole oceanic crust from the mantle/crust boundary up to the dike/gabbro
transition zone.

the waveform analysis from this network will be presented and
discussed.
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The Ganos fault has been activated in a M7.4 event in 1912
and is believed to be a first-order linear and vertical fault that
is currently locked down to ~15 km depth. A 40-station seismic
network has been deployed in September 2017 at the northeastern part of the Ganos Fault to study the fault-zone geometry at
depth. The station layout comprises a higher station density on
top of the fault core/damage zone as well a larger inter-station
distance away from the fault in different azimuths to ensure
both high-resolution fault- zone imaging and good azimuthal
coverage for locating local seismic events. Having a network
across the fault is an efficient tool to gain a high resolution
image of the fault at depth for example by using signals such
as fault zone head waves (Najdahmadi et al., 2016) to explore
bimaterial interfaces across the fault. The progress report on

65

7

8

GFZ German Research Centre for Geosciences, Section 5.2,
Telegrafenberg, 14473 Potsdam, Germany
Bayerisches Landesamt für Umwelt / Bavarian Environment
Agency, Leopoldstraße 30, 95615 Marktredwitz, Germany
GFZ German Research Centre for Geosciences, Section 3.2,
Telegrafenberg, 14473 Potsdam, Germany
Bayerisches Landesamt für Umwelt / Bavarian Environment
Agency, Haunstetter Straße 112, 86161 Augsburg, Germany
Institute of Earth and Environmental Science,
University of Potsdam, Germany
Institute of Geophysics CAS, Bocni II 1401, 141 31 Praha 4,
Czech Republic
Senckenberg Research Station of Quaternary Palaeontology
Weimar, 99423 Weimar, Germany
University of Greifswald, Institute of Geography and Geology,
17489 Greifswald, Germany

The Neualbenreuth dry maar, discovered just a few years
ago, turned out to be a complete climate archive for the penultimate glaciation in middle Europe. The former maar lake is hidden in a spruce forest close to the small Upper Palatinate village
Neualbenreuth. It aligns along a tectonic fault zone, together
with two scoria cones, Železná hůrka and Komorní hůrka, already known for some hundred years, and another dry maar
close to Mýtina, just discovered 10 years ago. First evidence for
a possible maar eruption were provided by geological/tectonic
investigations. By a comprehensive field-geophysical survey,
using gravimetric and geomagnetic probing as well as seismic
and geoelectric profiling by the Bavarian Environment Agency
a hidden maar structure could be discovered close to the german
village Neualbenreuth. Finally, a scientific drill core recovered
by the Bavarian Environment Agency revealed a sequence of
100 m of lake sediments.
The geophysical, sedimentological, and geochemical analyses of this drill core were performed at the German Georesearch Centre (GFZ) Potsdam. Palynological investigations at
the Senckenberg Research Station for Quaternary Palaeontology Weimar supplied additional informations on the vegetational
history.
The joint analyses of first results could show that the eruption that formed the Neualbenreuth dry maar must have occurred
about 280.000 to 300.000 years ago. The subsequently formed
lake compiled sediments with time and got finally silted up
about 85.000 years ago. Thus, this recently discovered climate
archive provides detailed information about the environmental
history of the penultimate glaciation, the so-called ‚Saalian glacial‘ and the subsequent interglacial, the ‚Eemian‘ warm period. Due to advancing glaciers during the last glacial in middle
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Europe this time interval was documented only fragmentarily
up to now.
Based on the results obtained from the Neualbenreuth drill
core, for the first time, geoscientists now could prove the existence of three pronounced warm phases within the ‚Saalian‘
glacial, characterized by a mixed deciduous forest, alternating
with a glacial steppe vegetation.
These new findings were obtained within the project
“DRILLING THE EGER RIFT – Crust, mantle, and deep
biosphere processes in an active continental rift”, mainly funded by the International Continental Scientific Drilling
Project (ICDP), focussing on the active geodynamics (swarm
earthquakes, rising magma, volcanism), the deep-biosphere,
and the climate dynamics in the German-Czech borderland.
References:
J. Rohrmüller, H. Kämpf, E. Geiß, J. Großmann, I. Grun, J. Mingram, J. Mrlina,
B. Plessen, M. Stebich, C. Veress, A. Wendt , N. Nowaczyk (2017): Reconnaissance study of an inferred Quaternary maar structure in the western part
of the Bohemian Massif near Neualbenreuth, NE-Bavaria (Germany), International Journal of Earth Science (Geologische Rundschau), DOI: 10.1007/
s00531-017-1543-0

ICDP

Early Pleistocene vegetation and environmental
history from Lake Ohrid
K. Panagiotopoulos1, J. Holtvoeth2, R. D. Pancost2, B. Wagner1,
M. Melles1
Quaternary Geology Group, Institute for Geology and Mineralogy,
University of Cologne, Germany
2
Organic Geochemistry Unit, School of Chemistry, University of
Bristol, UK

1

Palynological data with a millennial temporal resolution
from the Lake Ohrid DEEP record corresponding to the Early
Pleistocene (Marine Isotope Stages 43 to 35) confirm that the
Ohrid catchment fostered numerous subtropical species during
this interval. Tree species such as Cedrus, Tsuga, Carya, Pterocarya, Cathaya, Parrotia, Liquidambar, Taxodium and Eucommia formed important constituents of the Early Pleistocene
flora of the Ohrid catchment (such as Cedrus and Tsuga with up
to 40% and 20% respectively). Pollen percentages of relict tree
species (i.e. absent in modern flora of the region) indicate continuous presence in the catchment during interglacials, which
are characterized by a remarkable species diversity. These
findings are in good agreement with pollen records from Southern Italy and point to the refugial characteristics of the Italian
and Balkan peninsulas. Ongoing palynological analyses of the
Ohrid DEEP core suggest receding populations of these trees
within the catchment throughout the Mid-Pleistocene Transition (MPT) and they become extinct gradually during post-MPT
high amplitude climatic cycles (Chalk et al., 2017). There is
an increase of conifer tree percentages observed over the study
interval with pines dominating pollen spectra during the MIS
38 and MIS 36. Pollen and biomarker data suggest a rather forested landscape with relatively limited erosion activity during
interglacial and glacial intervals of the Early Pleistocene.
Maxima in tree pollen and fern spore concentrations in MIS
41 and MIS 35 suggest high terrestrial productivity within the
catchment that led to the accumulation of significant plant biomass and to an increased fire frequency within these intervals.
Aquatic vascular plant concentrations also show maxima in
MIS 41 and MIS 35, but green algae (comprising Pediastrum
and Botryococcus species) values indicating lake productivity
are higher within the older half of the study interval (i.e. MIS 43

and MIS 41). Maxima of aquatic vascular plant, herb (mostly
grasses including reeds) and green algae concentrations indicate changes in the littoral zone and a higher lake productivity
most likely linked to changes in nutrient availability and lakelevel fluctuations.
These findings support the working hypothesis presented
in the original proposal, namely that a shallower Lake Ohrid
is most likely characterized by an extensive littoral zone and
more eutrophic conditions in comparison to the deeper oligotrophic lake described in the Late Pleistocene (Sadori et al.,
2016, Wagner et al., 2017). Pollen and biomarker findings suggest that Lake Ohrid during the early stages of its existence
was an entirely different ecosystem resembling the one found
in the Prespa catchment: shallow, with more extended littoral
zones, including wetlands, and significantly more productive
(Panagiotopoulos et al., 2014; Cvetkovska et al., 2015). Increasing pollen sample resolution (centennial) and concluding biomarker analyses over the entire study interval will significantly
improve our understanding of drivers of terrestrial and aquatic
ecosystem change in the early stage of the existence of Lake
Ohrid.
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The Mid-Pleistocene Transition (MPT; ~1.4 – 0.4 Ma)
represents a climatic shift from obliquity forced climate vari-
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ability towards the quasi-100-kyr cyclicity of the Pleistocene
ice ages. While high-resolution data covering the MPT from is
available from globally distributed archives, there is only sparse evidence on changes in heat exchange between the Pacific
and Indian Oceans, which represents a crucial part of the global
thermohaline circulation. Deciphering the influence of this heat
exchange via the Indonesian Throughflow (ITF) is an important
step in understanding the causes of the MPT.
The Leeuwin Current off Western Australia is directly influenced by the ITF and can therefore be used as a tracer of
ITF variability during the MPT. We present the first continuous
reconstruction of changes in the Leeuwin Current during the
MPT using data from IODP Expedition 356 Site U1460, located at 29°S in the path of the Leeuwin current. We reconstruct
paleoenvironmental variability by combining XRF, organic
geochemistry, ICP-MS and XRD data to reconstruct Leeuwin
Current and ITF variability. High sedimentation rates (~30 cm/
ka) at Site U1460 provide the opportunity for high-resolution
reconstruction of the MPT.
Initial results show clear indications that upwelling off Western Australia intensified during the MPT, indicated by increased primary productivity related to increased nutrient levels,
from 900-600 ka. However instead of changes in the Leewin
Current these changes seem to be more related to strengthening
of the West Australian current (WAC) bringing more nutrients
to the site. This intensification of the WAC may have had major
implications for the global Thermohaline Circulation increasing
the amount of cold water input into the Indian Ocean leading
to a possible Indian Ocean cooling around 900 ka. This seems
to be coupled with an intensification of the Leeuwin current
bringing more rainfall to western Australia. There seems to be
an indication that the modern ocean circulation at this site was
not establihed untill after 600 ka. Therefore it suggests that a
combnation of changes in the ITF and the WAC both had major
impact on indan ocean and Global Thermohaline Circulation.
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were drilled with the goal to obtain both high-resolution paleoclimate records from lacustrine sediments and to reconstruct the
history of the continental records covering the glacial-interglacial cycles. The boreholes reached a maximum depth of 110.08
m and continuous coring was performed at three sites with 11
boreholes. An extensive geophysical downhole logging campaign was performed on five boreholes (1A, 1C, 1D, 2A and
3B) by the Operational Support Group of ICDP and comprise
total and spectrum gamma ray, magnetic susceptibility, borehole geometry, temperature, and sonic p-wave velocity. Downhole
logging data reveal information about the lithology and lithological changes along the boreholes mostly due to changes in
element compositions (K, Th, U). In particular Th and K values
are used as a proxy for a first estimate and characterization of
clay content in the lake sediments, which are present as montmorillonite, smectite, illite, and kaolinite in different amounts.
A more detailed mineralogical and geochemical characterization of the rocks can only be done when analyzing the rock itself.
We have personally selected core material from boreholes 3B
(103 m) and 1D (110 m) at the LacCore repository in Minneapolis (USA) that showed changes in element distribution first
determined in logging data. The samples are selected based on
the content and type of silt (massive, medium bedded, mottled,
thinly bedded silt). Subsequently X-ray diffraction (XRD) analysis at GFZ laboratory is performed to investigate in detail
the bulk mineralogy as well as the clay mineralogy at depth.
Linking the clay minerals in core samples with the downhole
logging data will allow assessing the geological history of the
lake and the relationship to climate change processes.
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The Lake Junín drilling project, co-funded by the International Continental Scientific Drilling Program (ICDP), was
performed during the summer season 2015. This drilling project aims to obtain high-resolution paleoclimate records from
lacustrine sediments to reconstruct the history of the continental records covering the glacial-interglacial cycles. Lake Junín
is located at 4000 m a.s.l. (what does this stand for?) in the
tropical Andes of Peru, and is characterized by a thick (> 125
m) sediment package deposited at a high rate (0.2 to 1.0 mm yr1). It is one of the few lakes in the tropical Andes that predates
the maximum extent of glaciation and is in a geomorphic position to record the waxing and waning of glaciers in the nearby
Cordillera, hence making the lake a key site for investigating
the Quaternary climate evolution in the inner-tropics of the
Southern Hemisphere (Rodbell et al., 2012). Several boreholes
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The notion of a shallow northern-sourced intermediate water mass is a well evidenced and widely accepted feature of the
Atlantic circulation scheme during the Last Glacial Maximum
(LGM; e.g. [1,2]). However, recent observations from stable
carbon isotopes (δ13C) at the Corner Rise in the deep North
West Atlantic suggested a significant contribution of a Northern
Component Water mass to the abyssal (> 5000 m water depth)
North West Atlantic basin that has not been described before
[3]. Here we test the hypothesis of this northern-sourced water
mass underlying the southern-sourced Antarctic Bottom Water
by measuring the neodymium (Nd) isotopic composition from
the identical sediment material, IODP Site U1313 and ODP
Sites 1059-1061 from Blake Ridge. Neodymium isotopes act
as a water mass tag capable of distinguishing between Northern and Southern Component Waters at the North West Atlantic
(e.g. [4]).
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Our new Nd isotopic record resolves various water mass
changes from the LGM to the early Holocene in concert with
existing Nd based reconstructions from all over the West Atlantic Ocean. Especially pronounced are the changes during the
Younger Dryas and Bølling-Allerød with amplitudes never reported before. For the LGM we found evidence for a northernsourced water mass contributing to abyssal depth, thus being
in agreement with the previous δ13C data. Overall, however,
the deep North West Atlantic was still dominated by southernsourced water, excluding the possibility of a distinct northernsourced water mass. Furthermore, this new record indicates that
carbon and Nd isotopes are partly decoupled, hinting to nonconservative behavior of one or more likely of both water mass
proxies during the LGM.
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Shatsky Rise is a large igneous plateau in Central Pacific,
which was formed at a triple-ridge junction in the Early Cretaceous. The compositions of the Shatsky Rise magmas are
similar to those of mid-oceanic ridge basalts (MORB) but the
magma supply rate during the plateau formation exceeded significantly a typical rate of crust accretion at mid-ocean ridges
and implies specific conditions and/or magma source characteristics. In 2009, Integrated Ocean Drilling Program Expedition 324 has cored the Shatsky Rise oceanic plateau to test its
plume vs. non-plume origin (Expedition 324 Scientists, 2010).
Post-cruise petrological and geochemical studies including isotope determinations of Sr, Nd, Hf and He in the rocks testified that the majority of the Shatsky Rise magmas originated
from a slightly enriched MORB-type source and underwent
MORB-like crystal fractionation. However the data provided in
previous studies, have no conclusive evidence for the Shatsky
Rise formation by either deep-sourced mantle plume melting
or by melting of a shallow upper mantle enhanced by tectonic
processes and/or its fertile composition (e.g., Sano et al., 2012;
Husen et al., 2013; Heydolph et al., 2014).
DFG project AL1189/9-1 is aimed to reconcile the origin of
the Shatsky Rise using systematics of chalcophile (Cu, Ag, Au,
Se) and siderophile (Pt, Ir) elements in volcanic glasses. In the
first year of the project, we obtained such data for 48 volcanic
glass samples from three IODP sites on Shatsky Rise (U1346,
U1347A, and U1350A). The glasses were analysed by LAICP-MS using specially designed analytical protocol, which
included a number of improvements to precision and sensitivity
compared to a conventional analysis and allowed us to quantify
low abundance chalcophile elements in natural samples with
detection limit as low as 0.2 ppb at spatial resolution of 160
µm. Pressed nanoparticulate powder pellets (Garbe-Schönberg,
Müller, 2014) made of 14 international reference rock samples
(BHVO-2, BIR-1, JA-2, TDB-1 etc.) were used for calibration

and testify our ability to measure concentrations of rare metals
with accuracy of 20% at 1 ppb concentration level. In addition
to the aforementioned elements, 50 other trace elements were
analysed in the same laser spots, providing consistent and the
most comprehensive geochemical data set of Shatsky Rise volcanic glass compositions to date.
The data show that all Shatsky Rise glasses are enriched in
Cu (112-375 ppm), Ag (0.04-0.08 ppm), Au (0.6-9.5 ppb) and
Pt (0.5-22 ppb) compared to typical MORB. Low-MgO glasses
from the oldest Tamu Massif (U1347A site) are extremely enriched in chalcophile and highly siderophile elements (>10x
MORB), whereas primitive glasses from Ori (U1350A) and
Shirshov (U1346) massifs are less enriched but still plot outside
the typical MORB range (e.g. Jenner and O’Neill, 2012). The
most primitive (MgO~8.2 wt%) glasses from Ori Massif have
Cu and Au contents similar to some Reykjanes Ridge glasses
(Atlantic), which are strongly influenced by the Icelandic mantle plume (Webber et al., 2013).
We conclude from the first data that Shatsky Rise magmas
were formed by mantle plume melting, which is responsible
for the elevated concentrations of chalcophile and highly siderophile elements due to deeper depths and higher degrees of
melting compared to MORB. Our future efforts will focus on
quantification of the Shatsky magma origin and understanding
distinctive enrichments observed for different volcanic massifs
comprising the plateau.
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Mid-Oligocene to Early Miocene sediments from the New
Jersey hinterland (eastern North America: IODP-Expedition
313) were analysed for their terrestrial palynomorphs assemblages. Using light microscopy and scanning electron microscopy, altitudinal spatial and long-term temporal vegetation migration in context of global climate change was inferred. The
mesophytic forest was the most widespread vegetation type in
the hinterland, with Quercus (Group Quercus, Quercus/ Lobatae and aff. Group Protobalanus) being the dominant taxon.

IODP/ICDP Kolloquium Bochum 14.-16.03.2018

Pollen grains of the extinct genus Eotrigonobalanus (Fagaceae)
were also documented, as well as Diospyros, Reevesia or Gordonia.
In order to assess topographic palaeovegetation movements
during the selected time interval, terrestrial palynomorphs were
assigned to six vegetation units. Their relative abundances
show only weak temporal and spatial fluctuations, with the
units comprising bisaccate pollen grains showing the most pronounced variations and of different intensions.
Periodic changes in vegetation units imply that movements
of the plant cover responded to orbital-scale glacial-interglacial
changes. Relative abundances of several taxa (e.g. Carya) did
not change significantly during the Oligocene, but alterations
are recognizable when compared with an already published
late Middle Miocene record (Prader et al., 2017) from the same
area, this probably indicates biotic responses to environmental
change. A pollen-based bioclimatic analysis with four standard
parameters (mean annual temperature, mean temperatures of
the coldest and warmest month, mean annual precipitation) was
performed to reconstruct palaeoclimatic changes indicating
weak fluctuations in temperature and precipitation.
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Core sediments from IODP-Expedition 313 to the New
Jersey Shallow Shelf (NJSS) bear a diverse and very well
preserved marine and terrestrial fossil assemblages, including
palynomorphs (e.g. Prader et al., 2017; Prader et al., 2018),
allowing the reconstruction of Cenozoic palaeoenvironments.
The chronostratigraphic control performed by Browning et al.
(2013) permits studying of long-term vegetation dynamics and
climate history of eastern North America during the Cenozoic,
particularly the Miocene and estimating the relation to global
climatic evolution. The Miocene is divide into to two general
phases of climatic conditions, a warm time-period during the
Early to Middle Miocene (18-14 Ma) and a subsequent cooling
and glaciation period (14-5 Ma; Mudelsee et al., 2014).
The orbital configuration, which determined the Miocene
climatic conditions and the formation of Antarctic ice sheets
were coupled to long-term (400 k.y.) and short-term (100 k.y.)
eccentricity cycles minima (Zachos et al, 2001, Abels et al.,
2005; Pälike et al., 2006; Holbourn et al., 2007; Liebrand et
al., 2011)
Information about episodic vegetation responds during the
Miocene related to specific orbital configuration, indicate for
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example a coupling of obliquity-triggered spreading of thermophilous elements and a contemporaneous retreat of mesothermic-riparian elements in Spain (Jiménez-Moreno et al.,
2007). The observed downward directed movement of a conifer forest of the mid latitudes of Europe however, were most
likely dominated by short-term eccentricity minima (JiménezMoreno et al., 2009). The most pronounced Miocene glacial
phases, like the Mi-1 event (23.03 Ma), the Mi-3a (14.2 Ma) or
the Mi-2b (13.8 Ma) have comparable orbital configurations,
in which eccentricity cycles minima coincidence with maxima
of long-term (1.2 Myr) obliquity modulations (Zachos et al,
2001b, Abels et al., 2005; Pälike et al., 2006; Holbourn et al.,
2007; Liebrand et al., 2011). Obliquity highly influenced the
seasonality in high latitudes resulting in significant reduction of
insulation and low seasonality during obliquity maxima, which
pushed the waxing of Antarctic ice sheets (Zachos et al., 2001).
In the light of the above, we have analysed sediment cores
from Site M0027 (IODP Exp. 313) in a relative high-temporal
resolution to identify orbitally influenced palaeovegetation
variability in the hinterland of the NJSS during the Burdigalian
(18.0 Ma to 17.7 Ma). Sixty-five samples of the Burdigalian
Sequence m5.45 were analyzed for marine and terrestrial palynomorphs. Identified terrestrial palynomorphs were grouped
according to Prader et al. (2017) into 7 palaeovegetation units
(PVUs). Additionally, mean annual temperature (MAT), mean
annual of the coldest month (CMMT) and warmest moth
(WMMT), mean annual precipitation (MAP) were calculated
using the bioclimatic analysis after Greenwood et al. (2005)
and Prebble et al. (2017) in order to describe the palaeoenvironmental conditions. To detect periodicities (orbital cycles)
within the pollen dataset, Blackman-Tukey spectral analyses
were performed using AnalySeries 2.0 (Paillard et al., 1996).
Relative abundances of PVU´s (1-5) were previously plotted
against interpolated ages. A Gaussian broad- band filter (Paillard et al., 1996) was assessed to each PVU to clarify the orbital
oscillation signal.
The Blackman-Tukey spectral analyses of Burdigalian
PVUs show clear cyclic orbital forced changes, with different
responding signals. The spectral analysis suggest an obliquitytriggered responds of PVU-5 (mesophytic forest growing on
moist/wet soils) and an eccentricity-triggered forcing of relative abundances of PVU-1 and PVU-2 (high-altitude conifer
forest/mid–altitude conifer forest). Our results indicate that
eccentricity and obliquity operated in different altitudes and
most likely modified specific threshold values, which regulated
regional plant productivity and their competition. According
to this, the small but significant continental palaeovegetation
changes documented during a relatively warm time period with
only modest amplitude of climatic variability (Liebrand et al.,
2017), emphasises that the palaeovegetation of the New Jersey
hinterland was not stable, in opposite to what various climate
models indicate (von der Heydt and Dijkstra, 2006; Herold et
al., 2011; 2012).
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A progress report is presented on the current project exploring the potential of a new Plio-Pleistocene sedimentary record
recovered in a drill core from the extinct large rift paleo-Lake
Idaho, Western USA. This project is a spin-off of the ICDP
“Project HOTSPOT”, a.k.a “The Snake River Scientific Drilling Project“ (2010-2012), as this lake drill core became a ‚bonus‘ of drilling for under- and overlying volcanic sequences of
the Snake River Plain. After the Lake Baikal and Lake Elgygytgyn Drilling Projects, the paleo-Lake Idaho sediment sequence
is in fact the third ICDP-funded lake drill core record to have
recovered the warm Pliocene period, the Plio-Pleistocene transition and the initiation of the Northern Hemisphere glaciations
at ca. 2.7 Ma, all in one sequence. It is the first record of this
kind in continental North America.
Of the ca. 800-meter lake sediment sequence recovered
by MHAFB11 drill cores, the Pliocene portion potentially of
interest to the paleoclimate studies comprises ca. 320 m and
consists primarily of fine calcareous hemipelagic mud. Wholecore magnetic susceptibility record indicates large-scale cycles
in sediment deposition. Split-core images and initial description reveal finer variations on centimeter and mm scale, apparent from lamination and variable silt content. The extinction
of deep paleo-lake at the study site is marked by the onset of
deposition of medium to coarse sand capped by series of thin
(8 to 32 cm) basalt flows with hot basal contacts and cold top

contacts with embedding lake sediments. Fine sequence of lake
mud pre-dates 2 Ma. It was previously believed that the lake
drained because of headwater erosion at its outlet. The new data
in the current project suggest, however, that even during the
deep-water phase the lake experienced series of repeated significant lowstands which may have been driven by changes in the
regional hydrologic balance. The full potential of this new Pliocene sediment archive as a regional paleoclimate record will
become better understood with the progress of age model construction based on magnetostratigraphic measurements and with
proxy development based on the initial geochemical studies.
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A better understanding of the global W cycle between the
Earth’s different geochemical reservoirs is of great importance
for numerous petrological and geochemical models, e.g., for
the correct interpretation of the 182Hf-182W age of core formation. So far, the geochemical behaviour of W in different tectonic settings, such as in fresh oceanic basalts or subduction zones
has already been studied [1]. However, it remains uncertain,
whether all processes that potentially affect the geochemical
cycle of W, i.e. by fractionating W from Th, U and Ta in different geochemical reservoirs have already been fully identified.
Due to similar incompatibility of the elements involved, ratios
of W/Th and W/U have long been regarded as being constant
in most silicate reservoirs and were taken to mass-balance the
W cycle.
In contrast to this long-standing view, W enrichments relative to Th and Ta in many arc lavas have recently been found
and were explained by fluid-controlled W enrichment in the
subarc mantle wedge [2]. However, very little is known, as to
whether hydrothermal alteration of the oceanic crust on its path
to the subduction factory could already trigger W redistribution
and enrichment of W in distinct portions of the oceanic crust.
This can be tested by measuring W together with similarly incompatible elements like U, Th or Ta in different sections of the
oceanic crust.
Here, we present high-precision W-Th-U-Ta data obtained
by isotope dilution for samples from altered oceanic crust.
Measurements were performed using mixed U-Th and W-TaZr-Hf-Lu tracers using the Thermo Neptune MC-ICPMS at Cologne. Our sample suite covers well characterised samples from
IODP Hole 1256D, covering all major alteration styles within
the upper as well as the uppermost part of the lower oceanic
crust at a high depth resolution (7-20 m steps). The segment
of oceanic crust sampled in IODP Hole 1256D formed at the
Cocos-Pacific plate boundary between 19 and 12 Ma ago during an interval of superfast (< 220mm/a) spreading rates. It is
the first in-situ borehole comprising a complete section of upper
oceanic crust down to the gabbros [3].
Our results demonstrate that systematic fractionation of W
from Th, U and Ta within the altered oceanic crust is clearly resolvable, pointing towards a progressive enrichment of W in the
Lava and Sheeted Dike Complex sections of Hole 1256D. Additionally, elemental ratios of W/Th, Ta/W and W/U show now
overlap with pristine MORB ratios and indicate even larger W

IODP/ICDP Kolloquium Bochum 14.-16.03.2018

enrichment than reported for arc lavas worldwide that were
analysed in previous studies [4].
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Site U1464 drilling during IODP Expedition 356 and locate
in the Roebuck Basin on the Northwest Shelf of Australia contains a well dated Miocene sequence containing three distinct
black layers in close association with evaporites and dolomites
(Groeneveld et al., 2017). A similar association of organic matter rich layers in carbonate and evaporite dominated sediments
can be found in the coastal sabkha of Abu Dhabi. A modern
analogue study including petrographic and geochemical analysis was conducted to show if the Miocene carbonate-evaporite
deposits at Site U1464 were deposited in a sabkha environment
and will explain the related processes of dolomitisation. The
lowermost black layer was deposited during an overall rise in
sea-level, whereas the upper two were deposited following a
sea-level fall. The carbonates interbedded with these upper two
black layers host sulphate minerals (celestite, gypsum, bassanite, anhydrite) and halite also typical for the costal sabkha of
Abu Dhabi. Bright luminiscent dolomite at Site U1464 with
a lighter oxygen isotope signature likely formed from normal
marine Miocene seawater. Dull luminiscent dolomite with a
heavier oxygen isotope signature likely formed by reflux dolomitisation from circulating brines. In summary, sediments at
Site U1464 are more similar to the hyperarid coasal sabkha of
Abu Dhabi than to the modern more humid sabkha sediments
of Australia.
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Lake Issyk-Kul in Kyrgyzstan became a potential target for
ICDP drilling through a group of scientists who organized an
ICDP workshop in 2011 in Baet/Kyrgyzstan (Oberhänsli and
Molnar, 2012). Lake Issyk-Kul, located in the Kyrgyz Republic, is one of the deepest and largest lakes in the world. The lake
floor is between 600 and 700 m deep. It occupies a deep basin
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within the Tien Shan mountain range in Central Asia, which is
presently one of the Earth’s tectonically most active intra-continental mountain belts. Up to 3500 m of terrestrial sediments
have been deposited in the basin, including glacial, fluvioglacial, fluvial and lacustrine formations (Fortuna, 1993), of which
the oldest are believed to date back to Oligocene – Miocene
times (Abdrakhmatov et al., 1993; Chedia, 1986).
Lake sediments can act as important “recorders” of the regional processes active during and after their deposition. Lake
Issyk-Kul’s sediments comprise a promising record of tectonic
events and past climate changes in the region, potentially ranging back to Miocene times. In order to gain a better understanding of the deeper lake basin, a multichannel airgun seismic survey was organized, jointly funded by the Museum für
Naturkunde Berlin, the University of Bremen, the AWI Bremerhaven, Centre of Seismology, Bishkek, Research Group Marine
Technology/Environmental Research, Geosciences, Bremen
and the ICDP coordination in May 2013. With these multichannel seismic data, it is possible to investigate the lake history
further back in time, including reconstruction of the tectonic
evolution, paleoseismic activity as well as climatic indications
such as water level fluctuations. Preliminary results indicate
seismic penetration down to 500ms TWT in shelf areas (~350
m) and down to the first multiple (~1.8 s) ~675 m below lakefloor, probably deeper, in the deeper basin. Furthermore, anticline structures may be used for ICDP drilling of the complete
lake sequence, and an gradually increasing tilt may indicate
asymmetric subsidence. Further processing and interpretation
work is needed to identify deeper sediment packages. However,
due to logistical limitations regarding the equipment during the
2013 campaign, seismic penetration could not reach the target
depth of 2 km, and horizontal resolution suffered from a short
streamer and low shot rates. Also, due to operational and time
limitations, the overall coverage of the large lake was very limited. Since drilling targets had not yet been defined, dedicated
site survey was not carried out. Therefore, a new proposal was
submitted in August 2017 to DFG for a further seismoacoustic
survey campaign as part of parallel proposals for a complimentary coring and seismoacoustic survey campaign and to cooperate on preparing an ICDP drilling proposal in the near future.
We propose to collect a high quality multichannel seismic dataset and carry out more dedicated survey grids across potential
drill sites, e.g. in the vicinity of the anticline ridge. Also, we
propose to collect narrow beam sediment echosounder data in
order to support a coring campaign and map in detail sedimentary features in the deep basin. The joint research strategy has a
focus on drilling the deep lake basin, in the contrary to the 2011
plans where shelf and land drilling had been proposed.
References:
Abdrakhmatov, K. E., Turdukulov, A. T., and Khristov, E. B., 1993, Detailed seismic zoning of the Issyk-Kul basin.: Ilim Publications. Frunze.
Chedia, O. K., 1986, Morphology and neotectonics of the Tien Shan: Ilim Publications. Frunze, p. 313.
Fortuna, A. B., 1993, Detailed seismic profiling of the Issyk-Kul depression.: Ilim
Publications.
Oberhänsli, H., and Molnar, P., 2012, Climate Evolution in Central Asia during
the Past Few Million Years: A Case Study from Issyk Kul: Sci. Dril., v. 13,
p. 51-57.

72

IODP/ICDP Kolloquium Bochum 14.-16.03.2018

IODP

IODP
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The floors of large impact structures are largely flat and
contain one or more morphological rings. The formation of the
innermost topographic ring, the so-called peak ring, and the
causes of target rock weakening leading to observed flat crater
floors are not well understood. Constraining these mechanisms
is the prime structural geological objective of Expedition 364
“Drilling the K-Pg Impact Crater”, using the Chicxulub impact
structure, Mexico, as a terrestrial analogue for the formation
of planetary impact basins. A total of 829 meters of core was
recovered from borehole M0077A drilled into the peak ring of
the Chicxulub crater. From bottom to top, the core is crudely
composed of: (1) pervasively shocked granitoid target rock
hosting meter- to decameter-thick impact melt rock and suevite
dike-like bodies, (2) a 130 m thick impact melt rock and suevite
unit overlying the target rocks, and (3) a 112 m thick section of
post-impact pelagic carbonate rocks. Based on visual appraisal
of the drill core, we determined prominent impact-induced deformation structures in target rock pertaining to rock fluidization during cratering.
In addition to microscopic planar structures formed by
shock metamorphism, the target rocks are replete with impactinduced, mesoscopic planar deformation structures. These
structures include: (1) cataclastic deformation zones, (2) striated shear faults, (3) crenulated mineral foliations, and (4) ductile shear band structures. Structural overprinting criteria point
to a relative age for these structures. Zones of cataclasite are
consistently displaced or utilized by shear faults. Cataclasite
bands in target rock fragments included in suevite are cut by the
latter and a striated target rock fragment was found in impact
melt rock. Suevite and impact melt were emplaced in zones
of dilation, often localized by shear faults. Collectively, these
observations suggest that cataclastic deformation was followed
by shear faulting, followed in turn by emplacement of sue-vite
and melt into dilation zones. This succession of deformation
mechanisms is corroborated by the observation that suevite and
impact melt bodies are devoid of cataclasite and shear faults.
These lithologies were still viscous when they were deformed
by ductile band structures. Thus, the shear band structures
formed after the shear faults. Based on the structural overprinting relationships, we relate the mesoscopic planar structures to
cratering stages known from impact mechanics.

Institute of Earth Sciences, University of Heidelberg,
69120 Heidelberg, Germany

The South China Sea (SCS) is a large, relatively young
(Mid- to Late Cenozoic) basin in eastern Asia and located in a
tectonically complex area at the junction of the Eurasian, Australian, Indian, and Pacific plates. The marine sediment record
of the SCS basins record terrestrial input from diverse source
regions (e.g., South China, Indochina, Borneo, Sumatra, Taiwan, Philippines) including volcanic input from active volcanic
regions, especially from the Philippine and Sumatra volcanic
arcs (e.g., Ku et al., 2008, 2009). Longterm explosive eruption records for most of the adjacent volcanoes are not available
on land because of erosion or overlying younger sediments or
lavas. The marine tephra record therefore provides the opportunity to study the evolution of the explosive volcanism on a
longer timescale.
The SCS has been the target area of ODP Expedition 184 in
1999 (Prell, Wang, Blum et al., 1999), IODP Expedition 349 in
2014 (Li, Lin, Expedition 349 Scientists, 2015) and the recent
Expeditions 367/368 in 2017 (Stock, Sun, Klaus and the Expedition 367 Scientists, in press; Jian, Larsen, Alvarez Zarikian
and the Expedition 368 Scientists, in press) that aimed to study
the tectonic and sedimentary history of the different basins.
Within this project I will analyze ash, sediment mixed with
ash and sandstone samples from all three expeditions for correlation and provenance studies (collaboration with K. Dadd,
Sydney University, C. Liu, Louisiana State University and S.
Kutterolf, GEOMAR Kiel). Volcanic ashes found in the sediment sections provide constraints on the activity of the volcanic
arcs of the region whereas the sandstones recovered as basement lithology may provide a window in the early basin history.
In detail, I have the following scientific objectives.
(1) Establish a tephrostratigraphy for the South China
Sea, which includes provenance studies as well as
correlations between the different sites.
(2) Determine temporal variations and cyclicities in the
volcanic productivity and input of the adjacent arca.
(3) Investigate the provenance and depositional environment of the sedimentary basement to derive the
source areas of the clastic components and track their
origin temporally with respect to the early basin history and their relation to transport pathways.
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The transpressive Alpine Fault is the main structure forming the Australian and the Pacific Plate boundary through New
Zealand’s South Island. It exposes rocks from 35 km depth
with a long-term exhumation rate of 6 – 9 mm a-1 (Little et
al., 2005). The Alpine Fault is currently locked and it has been
demonstrated that it is capable of generating large (i.e. Mw > 8)
earthquakes with an assumed recurrence interval of 250 years
(Nicol, 2016).
The Alpine Schist forms the hanging wall. Over a distance
of about 1 km to the fault’s principal slip zone (PSZ) it is progressively deformed into an ultramylonite. Fractured ultramylonites and cataclasites comprising the fault’s damage zone outcrop within 50 m of the PSZ. The fault core is characterized by
a 2 to 30 cm thick package of cataclasites and fault gouge (Toy
et al., 2015). The footwall comprises Quaternary fluvio-glacial
sediments, overlying metasediments intruded by Paleozoic to
Cretaceous granitoids.
The seismogenic zone and the underlying brittle-ductile
transition are located at very shallow depths (likely < 8 km)
due to the fast uplift rates. This provided motivation to drill the
Alpine Fault to investigate seismogenic and brittle-ductile transition processes (Townend et al., 2009). In 2011, two shallow
boreholes penetrated the Alpine Fault at 91 m and 128 m depth,
respectively, during the first phase of the Deep Fault Drilling
Project (DFDP-1) (Sutherland et al., 2012).
We are currently investigating outcrop samples and the
DFDP-1 cores to describe and understand strain localization in
the fault’s PSZ. In this contribution we compare microstructural, mineralogical and geochemical analyses obtained from
a transect across the fault core at the Waikukupa Slip location.
At this exposure the PSZ is identified as a thin (<5 cm) and
continuous band, which is formed by a complex structure consisting of several, clearly distinguishable layers ranging in size
from < 1 to 2 cm. X-ray diffraction analysis indicates the mineralogy is mostly quartz, plagioclase, calcite, chlorite, illite and
mica. Qualitatively, the mineralogical composition does not
vary significantly from the hanging- to the footwall, but there
are marked changes in the amount of individual mineral phases.
High-resolution scanning and transmission electron microscopy demonstrates characteristic microstructural variations along
the investigated transect. Grain sizes in the hanging-wall decrease towards the PSZ, within which pulverized rigid particles
range down to 100 nm in size. The PSZ comprises distinct domains, each displaying different microstructures. These characteristically include fragments of mylonite as well as reworked
gouge clasts (up to 1.5 and 0.5 cm, respectively) and chemically
altered feldspars in a fine-grained matrix that includes newly
grown phyllosilicates (mostly illite). Within distinct domains
of the PSZ, calcite veins generated during multiple crack-seal
events form a dense and anastomosing network with various
cross-cutting relationships. These microstructures point to a va-
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riety of different deformation mechanisms such as grain scale
fracturing, twinning, pressure solution and sealing.
The results presented imply that the PSZ served as pathway
for large volumes of Ca-rich fluids circulating within the fault
gouge. Additionally, fluid pulses resulted in the precipitation of
several vein generations, which represent episodes of dilatant
fracturing and sealing of the PSZ. This is notable, because the
PSZ acts as an impermeable hydraulic seal in the current interseismic period (Menzies et al., 2016).
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Drill core of IODP/ICDP Expedition 364 consists from
bottom to top of: (1) 587 m shocked granitoid target basement
rock, (2) 36 m of impact melt rock, (3) 95,5 m of suevite, and
(4) 112 m of post-impact platform carbonate rocks. Furthermore, a 96 m thick zone of impact melt rock and polymict breccia occurs in granitoid basement rock at the bottom of the drill
core. Based on visual inspection of line scans, microstructural
and electron microprobe analyses, we compare the structural
and chemical characteristics of the two melt rock zones to better understand respective processes during emplacement and
solidification of melt.
The upper impact melt rock zone is layered and can be divide into four subunits. From bottom to top these are: i) A 9
m thick basal subunit consists of two black, silicate melt rock
phases evident by the plagioclase composition and rock texture.
This subunit contains fragments that are derived predominantly
from the underlying granitoid basement rocks. The glassy and
mottled texture of the melt rock phases points to quenching and
auto-brecciation of a solidifying melt. ii) A 16 m thick subunit
is characterized by two interlayered melt rock phases. One phase consist of pitch-black silicate, the other phase is bright green
and derived from carbonate rock. Both phases display convoluted, centimetre-scale folds. Cusp-and-lobe geometry of the melt
rock phases indicates that the silicate phase was more viscous
than the carbonate phase during folding and solidification. iii) A
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6 m thick melt breccia unit consists of the same melt rock phases as the previous ones. Flow-textured, carbonate melt rock
envelopes angular to sub-rounded silicate melt rock fragments
displaying an enhanced contrast in mechanical competency. iv)
Finally, a 5 m thick unit is composed mostly of quenched fragments set in a brown calcareous matrix. Collectively, the structural and chemical characteristics of the upper melt rock zone
point to incomplete separation of a silicate and a carbonate melt
during solidification and less severe deformation.
Melt rock of the lower zone is composed of silicates mixed
with polymict breccia showing evidence for viscous flow. The
breccia consists of highly diverse basement rock and melt rock
fragments, but is devoid of carbonate fragments. The structural
characteristics of the lower portion of the melt rock point to
juxtaposition of brecciated basement rocks, thereby entraining
impact melt between basement rock slivers. This process can be
explained by overthrusting of surficial impact melt by granitoid
basement rock during peak-ring formation.

ross southern Tibet (e.g., Armijo et al., 1986). The onset of normal faulting on the TP is locally different (e.g., Blisniuk et al.,
2001). For southern Tibet, an initiation between 4 Ma (Mahéo
et al., 2007) and 2.5 Ma (Armijo et al., 1986) was determined.
The Nam Co basin is located in the Karakorum-Jiali-Fault
Zone, which separates the southern TP zone of predominant
rifting from the northern TP zone where normal faulting is
subordinate to minor strike-slip faulting (Armijo et al., 1986).
The basin was most likely created as a pull apart basin. Nowadays, the basin extents are limited by a chain of hills and a
dextral NW-SE strike-slip fault towards the north, to the east
by a mountain range and the proximal extensional N-S Gulu
graben, which connects to the sinistral SW-NE strike-slip and
normal fault system of the Nyainqentanglha Mountain Range
in the south (Fig. 1).
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Fig. 1: Overview map of the Tibetan Plateau and and adjacent regions.
Major faults with demonstrated Cenozoic displacement are highlighted Abbreviations: ATF, Altyn Tagh fault; HFTS, Himalayan Frontal
Thrust System; ITS, Indus-Tsangpo suture; KKF, Karakorum fault;
KLF, Kunlun fault; STDS, South Tibetan Detachment System; YG,
Yangbajian graben; GG, Gulu graben; NC, Nam Co (after Blisniuk
and Sharp [2003].

Nam Co is a 100 m deep and hydrologically closed lake
located on the central Tibetan Plateau (TP) at the intersection
of westerly and monsoonal air masses. As the influence of the
Tibetan Plateau on the Indian monsoon system is of particular
importance for the atmospheric circulation and for the global
water cycle, Nam Co’s high-resolution sedimentary paleoclimate archive will help to decipher the timing and the influences
of past climate changes.
In the context of the ICDP project ‘Seismic Pre-Site Survey for ICDP Drilling Locations at Lake Nam Co’ multichannel
seismic surveys have been jointly conducted by the Institute
of Tibetan Plateau Research and the Universities of Jena and
Bremen in 2014 and 2016. The surveys confirmed the existence
of several hundred meters of mostly undisturbed sedimentary
deposits.
Intense mapping and interpretation of the high-resolution
2D seismic data allow us a detailed understanding of the tectonic evolution in the lake area. The comprehension of the tectonic evolution is the basis for assessing the sedimentation history
of the basin and, therefore, the sedimentary paleoclimate archive, especially as we assume syn-sedimentary faulting during
the last 100,000 yrs.
It is mostly accepted that north-south crustal shortening and
thickening, in a state of isostatic equilibrium, has built the Tibetan Plateau (e.g., Tapponnier et al., 2001) and that a major
change in its development occurred long after collision, when
roughly north-south trending graben structures developed ac-

With the high resolution seismic data, we were able to reveal a narrowly spaced pattern of normal faults within Lake
Nam Co. The fault planes strike mainly N-S, following a trend
of striking NNE-SSW in the western part to striking NNW-SSE
in the eastern part of the basin.
By measuring the vertical offset (throw) of hanging and
foot wall of the normal faults, two clusters of major faults became visible. The clusters describe two major graben structures
within the center of the lake, with fault offsets of up to 40 m.
These grabens acted as depocenters for sediments. According to
our interpretation of the seismic data the sedimentation rate of
deposits younger than Marine Isotope Stage (MIS 5) age inside
the grabens is 1.5 mm a-1 in contrast to the sedimentation rate
outside the graben structure of 1.1 mm a 1.
By plotting cumulative fault throw versus stratigraphic horizons in T-H-plots, as introduced by Hongxing and Anderson
(2007), we were able to assess styles, timing, and kinematic
history of the normal faults. The initiation of the tectonic activity started between MIS 7 and MIS 5, approximately 200100 ka ago. Older sedimentary deposits show post-depositional
faulting, while from MIS 5 until Holocene times, active synsedimentary faulting takes place. Holocene sediments bury the
majority of the faults, indicating the modern inactive tectonic
phase.
Calculated cumulative vertical displacement rates of maximal 0.3 mm a-1 fit the slip-rate measurements of Blisniuk and
Sharp (2003) on normal faults in the central Tibetan Shuang Hu
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graben. However, they are distinctly lower than the slip rate of
1.9±0.6 mm a-1 inferred for normal faults bounding the Gulu
graben system by Armijo et al. (1986). In an ongoing study, we
compare the tectonic setting of the Nam Co normal faults to the
Gulu graben in the east to identify whether the same stress field
is present in the two settings and whether the Nam co faults
are a parallel extension of the Gulu graben. These results will
support the ICDP workshop ‘Nam Co’, 22nd to 24th of May
2018 in Beijing.
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the modular, limited weight design. Cost of operations depend
mainly on mobilization, i.e. shipping of the 20-foot containers,
wear parts and consumables. A minimum of one or two coring
experts plus at least two helpers will be needed to operate the
rig and instrument efficiently and safe.
The acquisition and initial test are funded by the Deutsche
Forschungsgemeinschaft, DFG. Central equipment like the hydraulic hammer-coring device had been already successfully
tested on Lake Mondsee, Austria in November 2016. Meanwhile, in winter 2017/2018 the completel barge and drill rig
system including its auxiliary parts have been assembled and
the hydraulic DTH hammer, rod handling, casing setting system as well as anchor winches are being finally tested. Final decommissioning will include sampling runs and borehole measurements on the Lakes Mondsee and Constance in March and
April 2018. Interested parties can apply to visit the test sites.
Hipercorig will be available for scientific projects for merely the maintenance fees and upkeep, guaranteeing to sustain the
rig functionality including repairs, spare parts and improvements. The device will be provided primarily to science teams
with funded drilling projects. Additional costs to be covered are
an operations and mobilization crew of at least four and transportation for four 20´ sea containers with complete equipment
including service boats. In addition to scientific coring projects,
Hipercorig will also be used for demonstration and training purposes, e.g. GESEP School or other trainings courses and limited
industrial use if availability allows.
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Hipercorig – A modular Direct Push Coring Rig
for extended reach in unconsolidated sediments
on- and offshore and its operation
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A new and efficient compact rig to recover continuous sediment cores from up to 100 m depth in water depths of up to
300 m is currently being released for use by the scientific community. The very mobile device will close the gap between simple, man-powered piston corers that may only reach sediment
depths a few meters and large, heavy-duty drill rigs capable
of reaching depths well beyond 1.000 m while also requiring
a professional drill crew and intense, expensive logistics with
limited access capabilities.
A crucial issue with today’s piston coring is the loss of power along the drill string due to dampening effects as forces
are being applied uphole. This can be eliminated by deploying
a down-the-hole hydraulic hammer directly above the piston
with the drill string. This makes for the novel central design
of Hipercorig, thus integrating advanced, inexpensive piston
coring with field-proven, hydraulic hammer techniques powered by a high-pressure pump in a modular, mobile system. This
includes a modular barge platform, the complete coring system, iron roughneck, winches, service boat and other auxiliary
equipment all transportable in four 20-foot standard containers.
Areas of operation do not only include lakes, estuaries and
shallow marine areas, but also land-based utilization in bogs,
environmental sites etc. are possible. Barge deployment can
be achieved manually without docks and heavy cranes due to

T. Schwenk1, V. Junge1, V. Spiess1 and Expedition 353 Scientists
1

Marine Technology/Environmental Research, Department of
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The Bengal Fan covers the floor of the whole Bay of Bengal
from the continental margins of India and Bangladesh to the
sediment-filled Sunda Trench off Myanmar and the Andaman
Islands, and along the west side of the Ninetyeast Ridge. Its
southern end is located at about 7°S. The length of at least 2800
km, a maximum width of 1430 km, the area of 3x106 km2 and
the volume of 12.5x106 km3 make the Bengal Fan the largest
submarine fan on Earth (Curray et al., 2003). The Bengal Fan is
fed by the Ganges-Brahmaputra river system which drains approximately ¾ of the Himalayan mountain range and recently
delivers more than 1 Gt/yr of terrigenous sediment. One third of
these sediments is transported to the deep sea fan via a deeply
incised shelf canyon by turbidity currents. This makes the Bengal Fan to the most complete recorder to study interactions
among the growth of the Himalaya and Tibet, the development
of the Asian monsoon, and processes affecting the carbon cycle
and global climate. Because sedimentation in the Bengal Fan
responds to both, climate and tectonic processes, its terrigenous
sediment records the past evolution of both the Himalaya and
regional climate.
IODP Site U1444 was drilled in 2015 in the north-western part of the Middle Bengal Fan in 3133 mbsl at 14°N,
84°49.74′′E. In total, four distinct units over a core length of
331 m could be identified (Clemens et al., 2016):
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1) Unit I is a 95 m (0 - 95 mbsf) thick layer which mainly
comprises turbidites (2.54/m) with lithologies extending from
silty sand to silty clay.
2) Unit II ranges von 95 - 169 mbsf, covering a thickness of
74 m, and is a mostly hemipelagic interval of nannofossil-rich
clay and clay with nannofossils with silty clay.
3) Unit III is about 87 m thick and ranges from 169 - 256
mbsf. The main lithology consists of silty sand comprising intervals of silty clay. The recovery of only 11% of the sediment
indicates that the missing intervals are likely composed of unconsolidated sand brought by turbidity currents.
4) Unit IV ranges from 256 - 324 mbsf and covers a thickness of 68 m. It Is a largely hemipelagic unit, turbidites occur
more frequent (2.39/m) compared to Unit II, but they are thinner than in Unit I.
The multichannel seismic Profile GeoB97-041 crosses
IODP Site U1444 at its westernmost part, just on top of the
so-called 85° Ridge. East of the 85° Ridge, a basin developed,
which is again bordered to the east by a ridge, namely the Ninetyeast Ridge. Tracing of the mainly hemipelagic Unit II into
the basin reveal, that this unit splits into three layer, which are
separated by turbiditic sediments including channel-levee systems. The top of theses layers appear as angular unconfomities in the seismic data and correspond to the already identified
unconformities described by Schwenk & Spieß (2009). This
pattern shows in general, that before and/or during depostion
of Unit II at Site U1444 an uplift of the 85° Ridge must have
been occured. As a result, no turbidite was deposited on top of
the 85° Ridge, but turbidity currents were guided into the basin
between the both ridges. Dating of drilled sediments suggests,
that this uplift must have started in the late Pliocene and stopped latest in middle Pleistocene.
A main focus of this study was the stacking pattern of channel-levee systems in Unit I. Overall, 64 channel-levee systems
were identified within Profile GeoB97-041 over a distance of
520 km. Since the uppermost hemipelagic sediments of Unit
II were deposited 0.4 Myrs ago, an average lifetime of 6.25
kyrs per systems can be assumed. However, tracing of bases of
individual channel-levee systems to continuous horizons makes
it posibble to separate Unit I into four subunits, and it turned
out that the lifetimes of individual liefetimes must have varied
between 2.77 kyrs and 11.11 kyrs. This irregular pattern suggests, that levee breaks and channel avulsion further upfan is
an autocyclic process, and not controlled by any cyclic events
like sea-level changes etc.. A comparison shows, that the average lifetime of channel-levee systems at 14°N is much less as
further south at 8°N, where channel-levee systems were drilled
during IODP Expedition 354 (France-Lanord et al., 2016; see
presentation of Bergmann et al.). Since channel-levee systems
drilled at 8°N had developed during a different timeframe (0.8
-0.3 Ma) as the channel-levee systems at 14°N (0.4 Ma - recent), this result suggests that the Bengal Fan is build-up by
different subfans with significant different dynamics.
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The Scandinavian Caledonides, a part of the North Atlantic
Caledonides, represent a well preserved deeply eroded inactive Palaeozoic orogen. Today, after four hundred million years
of erosion along with uplift and extension during the opening
of the North Atlantic Ocean, the geological structure of central western Sweden consists of allochthons, underlying autochthonous units, and a shallow west-dipping décollement that
separates the two (see Fig. 1). This surface is closely associated
with a thin layer of Cambrian black shales. The structure of the
basement underneath the décollement is highly reflective and
apparently dominated by mafic sheets intruded into either late
Paleoproterozoic granites or Mesoproterozoic volcanic rocks
and sandstones. The ICDP project COSC (Collisional Orogeny
in the Scandinavian Caledonides) focuses on the Caledonide
Orogen in order to better understand orogenic processes from
the past and in recently active mountain belts, like the Himalayas (Gee et al., 2010). Therefore, the structure and physical
conditions of the orogen units, in particular the Seve Nappe
Complex (as part of the Middle Allochthons), the Lower Allochthon and the underlying basement will be investigated with
two approximately 2.5 km deep fully cored scientific boreholes
in central Sweden. Thus, a continuous 5 km tectonostratigraphic profile through the Caledonian nappes into Baltica’s basement will be recovered.

Fig. 1: Simplified geological sketch section showing the main structural units in relation to the borehole COSC-1 (after Juhlin et al.,
2016).

The first borehole COSC-1 was successfully drilled to 2.5
km depth in 2014 (Lorenz et al., 2015) near the town of Åre
(ICDP drill site 5054-1-A). Thus, a continuous cored section
through the seismically highly reflective Lower Seve Nappe
and the underlying mylonite zone was obtained. The Seve Nappe Complex, mainly consisting of felsic (gneisses) and mafic
(amphibolites) rocks, has been deformed ductilely and emplaced hot onto the Lower Allochthons during the collisional orogeny that formed the Scandinavian Caledonides.
In order to allow the extrapolation of results from core analysis and downhole logging to the structures around the bore-
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hole, several surface and borehole based seismic experiments
were conducted right after drilling completed. These included:
1) a high-resolution zero-offset Vertical Seismic Profile (VSP)
(Krauß et al., 2018), 2) a spatially limited 3D seismic survey
(Hedin et al., 2016) and 3) a multi-azimuthal walkaway VSP
in combination with three up to 10 km long surface profiles
centred around the borehole (Simon et al., 2017).
In this study the data from the walkaway VSP and the long
offset lines were used to image the structures in the vicinity of
the borehole. In a first step a detailed P-wave velocity model
around the COSC-1 borehole was derived by a tomographic approach (Simon et al., 2017). Clear differences in vertical and horizontal velocities, observed by comparing velocities from the
tomography results (mainly horizontally traveling rays) with a
1D velocity function calculated from zero-offset VSP first arrivals (mainly vertically traveling rays), made it necessary to also
account for anisotropy during velocity model building. The
resulting anisotropic VTI (transversely isotropic with vertical
axis of symmetry) model consists of the 1D vertical P-wave velocity function from zero-offset VSP and homogeneous Thomsen parameters of δ = 0.3 and ε = 0.03. The latter were derived
from lab measurements (Wenning et al., 2016) and the seismic
walkaway VSP data. This anisotropic model explains first arrivals for both, surface and borehole data, very well and provides the basis for the subsequent application of seismic imaging
approaches, like Kirchhoff-based pre-stack depth migration,
including calculation of Green’s functions using an anisotropic eikonal solver (Riedel, 2016). The resulting images were
compared to the corresponding migration results based on an
isotropic velocity model. Both images are dominated by strong
and clear reflections. However, they appear more continuous
and better focused in the anisotropic result. Most of the reflections originate below the bottom of the borehole and therefore
are probably situated within the Precambrian basement or at the
transition zones between Middle and Lower Allochthons and
the basement (Fig. 2). The deeper reflections might also represent dolerite intrusions or deformation zones of Caledonian or
pre-Caledonian age. Their origin remains enigmatic and might
only be revealed by drilling the proposed borehole COSC-2,
which is supposed to penetrate some of these reflectors.

Fig. 2: 3D view of anisotropic pre-stack depth migration results of the
three independently processed surface profiles, showing dominant
reflections below the borehole COSC-1 down to a depth of 9 km. The
used shot and receiver positions are marked in red and green,
respectively.
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The Eger Rift zone (Czech Republic) is an intra-continental
non-volcanic region and is characterized by outstanding geodynamic activities, which result in periodically occurring earthquake swarms and significant CO2 emanations (e.g. Fischer et
al., 2010; Weinlich et al., 1998). Because fluid flow and fluidinduced stress can trigger earthquake swarms, both natural phenomena are probably related to each other (e.g. Heinicke et al.,
2018; Heinicke et al., 2009; Horálek and Fischer, 2008; Kämpf
et al., 1989). The epicentres of the earthquake swarms cluster
at the northern edge of the Cheb Basin near the village Nový
Kostel (Fischer and Michálek, 2008). Although the location of
the cluster coincides with the major Mariánské-Lázně Fault
Zone (MLFZ) the strike of the focal plane indicates another
fault zone, the N-S trending Počátky-Plesná Fault Zone (PPFZ)
(Bankwitz et al., 2003). Isotopic analysis of the CO2-rich fluids
revealed a significant portion of upper mantle derived components, hence a magmatic fluid source in the upper mantle was
postulated (Weinlich et al., 1999).
Because of these phenomena, the Eger Rift area is a unique
site for interdisciplinary drilling programs to study the fluidearthquake interaction. The ICDP project PIER (Drilling the
Eger Rift: Magmatic fluids driving the earthquake swarms and
the deep biosphere) will set up an observatory, consisting of
five shallow monitoring boreholes (Dahm et al., 2013).
The main geological structures in the survey area are the
Cheb Basin, the crustal-scale MLFZ and the potentially seismically active PPFZ. The Cheb Basin is a small intra-continental
basin which covers the northwestern part of the Bohemian massif. It is situated in the western part of the Eger Rift at the intersection of the SW-NE striking Eger Graben and the MLFZ. It
covers mainly granites and Lower Paleozoic series. The basin
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is deepening towards the east where it is limited by the MLFZ.
The thickness of the Neogene sediments of the Cheb Basin is at
its maximum less than 300 m and they are underlain by Paleozoic metamorphics and granites. So far, only shallow geophysical imaging studies have recovered subsurface structures in the
Cheb basin (e.g. Flechsig et al., 2010; Fischer et al. 2012). Several deep seismic profiles in the West Bohemia/Vogtland area
were acquired and recently re-processed, e.g. 9HR (Mullick et
al., 2015) and MVE (Bleibinhaus et al., 2003). They revealed
structures throughout the entire crust but the extent of the fault
zones MLFZ and PPFZ could not be imaged at all.
In preparation for the drilling, the goal of this study is the
characterization of the projected fluid-monitoring drill site at
the CO2 degassing mofette field near the village Hartoušov.
Therefore, a 6 km long reflection/refraction profile with dense source and receive spacing was acquired in October 2017.
The W-E trending profile crosses the proposed drill site and the
surface traces of the MLFZ and the PPFZ (see Fig. 1). Up to
1200 Vibroseis shots were recorded with 312 single-component
geophones deployed in two spreads along the profile, resulting
in maximum offsets of 4 km. The Vibroseis truck (32 tons, 250
kN peak force), owned by the Institute of Geophysics and Geoinformatics, TU Bergakademie Freiberg was used as the seismic source and generated 3-5 sweeps at each source position
with a length of 16 s and a frequency bandwidth of 10-120 Hz.
The data quality is generally good, although bad coupling of
the geophones (due to soft ground) and strong noise from traffic
and a nearby factory had a strong impact on the data acquisition. Nevertheless, in most cases the first breaks can be identified
for the entire offset and some near surface reflections are visible
even in the raw data (Fig. 2). Processing of these recently acquired new data is now ongoing and includes first arrival tomography and the application of focusing pre-stack depth migration
methods, like Fresnel Volume Migration.

Fig. 1: Map of the new seismic reflection/refraction survey showing
the source and receiver point distribution along the profile. The approximate surface traces of the Mariánské-Lázně Fault Zone (MLFZ) and
the Počátky-Plesná Fault Zone (PPFZ) are marked in grey.

The outcome of this work will be a detailed near-surface
velocity model, high-resolution structural images of potential
reflectors (within the Cheb Basin and related to the fault systems of MLFZ and PPFZ) and will provide crucial constraints
on the petrophysical properties of the prevailing rock formations. During interpretation of the seismic data, a resistivity model derived from a geoelectrical survey acquired along the same
profile line will provide important constraints, especially with
respect to the suspected fluid pathways related to the earthquake swarms and the CO2 emanations.

Fig. 2: The first 1.8 seconds of an exemplary shot gather. So far
processing only included bandpass filtering (30-80 Hz) and automatic
gain control. First breaks are visible for almost the entire shot gather
and near surface reflections can be clearly identified.
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Geological evidence, for instance turbidite deposits, of past
megathrust earthquakes on the Cascadia subduction zone is a
valid reason to assume that another event will occur in the future. Consequences of such an earthquake pose an enormous
hazard for the population in the coastal areas of western North
America. The nucleation of earthquakes and also various types
of slow slip are controlled by the frictional fault slip behavior
of geologic material in the subduction system. Laboratory friction experiments on natural material from the system deliver
essential information on fault slip and the processes controlling
it. However, there are very few friction studies for the Cascadia
subduction zone.
Here, we performed friction experiments on natural material from the Juan de Fuca plate being input to the Cascadia
subduction zone. The material was obtained from cores recovered during IODP Expedition 301. In total, four samples of
hemipelagic clay, silt turbidites, and sand turbidites from depths
of 65 to 259 mbsf were tested. Using a direct shear device, the
samples were sheared under in-situ effective normal stress
conditions, at room temperature, and saturated with simulated
seawater. In our experiments, we measure the steady-state frictional strength and cohesion, and also conducted velocity step
tests ranging from plate convergence rates of 0.0017 µm/s (5
cm/yr) up to 30 µm/s. We observed a significant decrease in the
coefficient of sliding friction from 0.65 to 0.2 with increasing
depth, bulk phyllosilicate content, and calcite content. For all
our tested samples, the rate-dependent friction parameter a-b
predominantly shows velocity-weakening frictional behavior, a
key requirement for unstable fault slip and earthquake nucleation. These results demonstrate that even the frictionally weak
strata on the Juan de Fuca plate have the potential for earthquake nucleation when being subducted.
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Paleoceanographic data indicate large-scale perturbations
of the Early Cretaceous (i.e. Aptian-Albian) global climate system associated with severe changes of the marine carbon cycle (Jenkyns, 2010). At the same time, the ongoing break-up of
Gondwana and the related opening of the South Atlantic and
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Southern Ocean led to the emergence of young ocean basins,
characterised by vast shelf areas and limited circulation (PérezDíaz and Eagles, 2017). Several studies relate these evolving
basins and their restricted environments to periods of increased
black shale formation and carbon burial (Trabucho-Alexandre
et al., 2012) with a particular importance of the developing
South Atlantic (McAnena et al., 2013).
Within this project, we target the question whether increased carbon burial in the early Cretaceous South Atlantic influenced or even triggered global climate perturbations. We
further test the hypothesis that the development and destruction of regional marine carbon sinks in the South Atlantic are
primarily controlled by the progressive opening of several key
oceanic gateways. For this purpose we tightly combine a new
stratigraphical framework for several sites across the South Atlantic and the Southern Ocean (see abstract of Dummann et al.)
with a joint physical and biogeochemical modelling approach.
The model simulations are designed to test hypotheses generated from sea water-derived neodymium (Nd) isotope signatures
and to assess possible influences of regional circulation changes on the marine carbon cycle.
In a first step we employ a global atmosphere-ocean general circulation model, the Kiel Climate Model (KCM), under
Early Aptian (120 Ma) boundary conditions and evaluate the
simulated large-scale dynamics and mean climatic conditions
of the reference simulation. Land topography and ocean bathymetry are based on reconstructions from Müller et al. (2008)
and Blakey (2008). Surface freshwater routing strictly follows
the model topography (Hagemann and Dümenil, 1998). We apply a zonal mean, climatic zone dependent surface vegetation
with no continental ice and glaciers (Ando et al., 2009). The
solar constant is reduced by 1% and three different atmospheric pCO2 concentrations of 300, 600 and 1200ppm are used to
reflect the large range of available reconstructions (Jing and
Bainian, 2017). Additional experiments with different ocean
bathymetries representing key stages of the South Atlantic opening are used to assess the sensitivity of the regional oceanic
circulation to changes in geography and bathymetry. Varying
levels of atmospheric pCO2 are applied to distinguish between
signals caused by local tectonic or global radiative processes.
Simulated sea surface temperatures at pCO2 leveles of
1200ppm show highest agreement with available proxy data.
Corresponding steady state global mean surface air temperatures in the control simulation are elevated by nearly 10°C compared to pre-industrial and reach 23.5°C. The surface warming
is mainly radiatively driven by the higher atmospheric pCO2
levels (~70% of the warming) and a surface albedo reduction
(~30% of the warming). High-latitude surface albedo changes reduce the global meridional surface temperature gradient
(MTG) by 15°C. Cloud feedbacks partly compensate the polar
amplification and strengthen the MTG by up to 4°C compared
to a pre-industrial reference simulation.
High atmospheric pCO2 levels lead to an enhanced hydrological cycle with amplified evaporation over the coastal shelf
areas and a subsequent halokinetic circulation with warm and
saline intermediate and bottom waters in the South Atlantic. We
find a high sensitivity of the South Atlantic and Southern Ocean
circulation and water mass stratification to the local basin geometry and gateway depths. A sufficient northward extension of
the young South Atlantic strengthens the evaporatively driven
intermediate water production and therefore also the basin wide
meridional overturning circulation. Higher rates of rainfall and
river runoff in the northern Angola Basin potentially suppress
the local formation of intermediate water at lower pCO2 levels
and reverse the sign of the meridional circulation. The opening
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of the Georgia Basin gateway leads to a net export of the dense, saline bottom waters produced in the South Atlantic into
the Southern Ocean. These scenarios can be matched to distinctively different paleoenvironments found in the proxy data.
Ongoing geochemical modelling aims to transfer these circulation changes into responses of key biogeochemical cycles and
carbon burial variations.
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The Campi Flegrei caldera (CFc) – situated in southern Italy at the border of the densely populated city of Naples – represents one of the world’s highest volcanic risk areas as proven
by its history of catastrophic eruptions, caldera resurgence, as
well as volcanic unrest. The caldera complex was formed in the
course of two large-scale eruption, being the Campanian Ignimbrite (CI, 39 ka) and Neapolitan Yellow Tuff (NYT, 15 ka) eruptions. In fact, the larger of the two (CI) has even been invoked
as trigger for the decline of the Neanderthals, thereby considerably influencing human evolution. Also in the post-collapse
phase, volcanic activity continued with at least 60 eruption of
which the most recent one occurred in AD 1538. In particular,
the causes of the ongoing unrest remain strongly debated and
may either be attributed to hydrothermalism, magmatism or a
combination of both, in each case with different implications
for the hazard and risk assessment. As a future eruption of the
CFc poses an imminent threat to millions of people living in
its vicinity with potential impacts also on a global scale (e.g.
air traffic, climate), understanding the unrest’s mechanisms and
their role in the generation of eruptions is of paramount importance. Therefore, the CFc has become subject to an amphibious
ICDP-IODP approach with the overarching scientific objective

of understanding the most explosive and dangerous volcanism
on Earth related to large collapse calderas.
Here, we present a 3D low-frequency multichannel reflection seismic dataset (25 m line spacing; 20-200 Hz) from the
submerged portion of the CFc, providing an outstanding signal penetration in the range of the ICDP-IODP target depth of
~2-3 km. This deep-penetrating dataset complements a preceding 3D high-frequency multichannel seismic study (up to 1000
Hz, 100-150 m line spacing), allowing for a detailed investigation of the interconnection between shallow hydrothermal and
magmatic features and their deep-seated roots. In fact, these
datasets are unprecedented, thereby holding the potential to
revolutionise our understanding of the hydrothermal/magmatic
features within an active caldera setting.
In detail, the main scientific aims of the present study are
to (1) investigate the deep-seated caldera architecture (e.g.
fault zones, magma ascent pathways, maximum thickness of
caldera fill), (2) shed light on the mechanisms of large-scale
caldera-forming eruption as well as estimating volume and distribution of volcanic zones, and (3) examine the manifestation
of hydrothermalism (e.g. fluid escape pathways, hydrothermal
reservoirs) and magmatism (e.g. feeder dykes, sills) at depth
and their connection to previously identified shallow features
(e.g. shallow trapped fluids, submarine vents). Such information is fundamental to fully understand eruption kinematics
of large-scale caldera-forming eruptions as well as magmatichydrothermal processes. Ultimately, the study’s outcomes will
provide the ideal foundation for the final adjustment of the marine drilling locations and for the spatial extrapolation and linkage of ICDP-IODP drilling results.
So far, our seismic analysis has shown clear evidence for
the existence of a deep fracture zone (vertical low-amplitude
to reflection-free zone) along the southern caldera margin. Following the idea of a so-called leaky caldera fault, as established
during a 2017 Campi Flegrei Drilling Magellan Workshop, it
is likely that this fracture zone represents an eruption site of
the CI. The quick ejection and emplacement of the CI deposits could for instance explain the acoustic transparency. This
fractured area is associated with the presence of intrusions and
submarine vents and, thus, may be regarded as a weak, permeable caldera segment, favouring magma ascent. In the same
area, local low-frequency seismoacoustic indications (incoherent, high-amplitude patches) for the presence of a hydrothermal
reservoir were found at ~1.5 s TWT (~1.3 km). Also, the highfrequency data revealed shallow (<40 m) anomalous patches
(high-amplitude, reversed phase reflection) along the fault zone
interpreted as fluids. Therefore, we hypothesize that these fluids originate from a hydrothermal reservoir at ~1.3 km depths,
migrating along the highly permeable fault zone to shallower
levels. Hence, this fault zone seemingly has a strong control on
the ascent of both fluids and magma, thereby depicting a key
location for the interconnectivity between the surface and the
deep magmatic-hydrothermal system. Thus, they may also play
an important role during the recent unrest episodes, for instance
by acting as pressure release conduits. Moreover, the shallow
fluids cover an area four times larger than the main onshore
degassing site around the Solfatara crater, indicating that the
marine portion of the CFc plays a substantial role for hydrothermal activity and for the overall degassing budget.
Overall, our findings update the hypothesis of an extension
of the hydrothermal system into the offshore sector of the CFc.
Furthermore, the fracture zone is seemingly prone to the rise
of magma and, thus, may represent a favourable site for future eruptions, which in return has crucial implications for the
hazard and risk assessment. Moreover, this study demonstrat-
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ed the effectiveness of 3D seismic data in providing reliable
constraints on the structural framework and magmatic-hydrothermal processes in (partly) submerged volcanic settings. In
summary, our work clearly showed that the submerged portion
must be considered to be able to fully understand magmatic,
hydrothermal, and volcanic processes at partly marine or lacustrine calderas.
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Weathering of volcanic rocks is a key factor for the transport and the geochemical cycle of elements between lithosphere and hydrosphere. Young volcanic islands comprising both,
relatively fresh as well as altered chemical reactive rocks are a
potential source for increased Fe supply to ocean surface waters. The supply of the micronutrient Fe to ocean surface waters
plays a critical role since it controls phytoplankton growth and
hereby affect the global carbon cycle (Tagliabue et al. 2014).
Dissolved Fe in the Pacific surface waters was found to increase
near the Hawaiian Islands from 0.1 nM to 0.6 nM with a maximum of 1.56 nM close to the Kauai Coast (Brown et al. 2005).
The majority of the chemical weathering products of volcanic
islands is transported via submarine ground- and seawater discharge to the oceans (Rad et al. 2007, Schopka & Derry 2012).
However, the contribution of microorganisms to the release of
elements and especially mobilization of Fe from basaltic rocks
is still not completely understood.
To better understand the role of microbial activity on alteration and Fe mobilization, we investigated the interaction
of a single bacterial model species (Burkholderia fungorum)
with basaltic rocks from the HSDP2 drill core and synthetic
basaltic glasses in batch experiments. The microorganism was
found in basaltic aquifers of Snake River Plain as well as Hawaiian volcanic deposits (Sebat et al. 2003, Dunfield & King
2005) and is known to weather rocks for nutrient acquisition
(Wu et al. 2007, Mailloux et al. 2009). Two types of experiments were performed: (I) incubation experiments with core
samples (pillow basalts, hyaloclastites, basaltic flows) at different temperatures (8 °C and 30 °C) for 41 days in the dark and
(II) colonization experiments with synthetic basaltic glasses of
different Fe redox states and strain at 30 °C for 42 days in the
dark. A nutrient depleted medium was used which entirely lacks
most base cations (Wu et al. 2007). Concentrations of dissolved
major elements, pH, bacterial growth and glucose consumption
were measured over time (I) or at the end of the experiment (II).
In abiotic experiments with core samples and synthetic
glasses, pH changes were negligible compared to biotic experiments where strong pH variations were observed between
samples with different specific surface areas (SSA) and Fe redox states. The influence of B. fungorum in incubation experiments on elements released to solution strongly depends on the
SSA. For core rocks with a high SSA (> 20 m²/g), we observed
less release of Fe and other major elements (e.g. Si, Al, Mg) to
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solution in presence of B. fungorum compared to their abiotic
analogues. In contrast, core rocks with low SSA (< 4 m²/g)
showed higher concentrations of dissolved major elements in
presence of bacteria. We assume that for rocks with high SSA
abiotic alteration alone released sufficient nutrients to solution
for growth of B. fungorum, thus the bacterium is not forced to
actively scavenge nutrients from the rock. Results from a sequential extraction on HSDP2 core rocks, where high amounts
of oxalate soluble Fe (amorphous secondary Fe oxides) were
observed for samples with high SSA, confirm this assumption.
However, using solely the concentrations of dissolved elements
as a measure of alteration excludes the possibility that the bacterial cells and the biofilm can be a sink for released elements
as well. From observations of biotic colonization experiments
with synthetic basaltic glasses, it was deduced that the release
of major elements to solution increased with increasing strain
and Fe(II) content. SEM analysis revealed that cells in incubation experiments with HSDP2 core samples are concentrated
on glassy surfaces as well as in cracks and holes and are nearly
absent on smooth mineral surfaces. In contrast, in colonization
experiments with synthetic basaltic glasses with high strain and
high Fe(II) surfaces are intensely covered with cells and biofilm whereas glasses with low Fe(II) or low strain are sparsely
colonized only.
We therefore conclude that structurally bound Fe(II) is
most probably used by B. fungorum as a nutrient. Furthermore, we assume that microbial activity increases rock dissolution
and Fe mobilization as soon as the microorganisms are forced
to acquire micronutrients from the rock itself. Our results from
experiments with synthetic basaltic glasses indicate that besides
surface morphology also physicochemical factors such as redox
state and strain are important parameters controlling microbial
behavior and therefore alteration of basaltic rocks and glasses
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Oceans and climate are a tightly coupled system interacting with each other in various ways such as storage of carbon
dioxide in the deep ocean. Within the global conveyor belt the
Atlantic Meridional Overturning Circulation (AMOC) holds a
key function, transporting warm salty surface waters from the
tropical to the northern Atlantic where deep water formation
takes place. Following the continental rise of North America
this newly formed deep water propagates southward as Western
Boundary Undercurrent (WBUC) ventilating the deep Atlantic.
In the past (e.g. the last glacial cycle) strength and geometry of
the AMOC have changed significantly [1]. This study aims to
provide a better understanding of the temporal and spatial (also
depth depended) evolution of the AMOC in the western Atlantic sector since the last glacial (~30 ka). We have investigated
four sediment cores of the Blake Outer Ridge (30°N, 74°W;
ODP 1059 to 1062) in a depth transect from 3000 to 4700 m
water depth in the main flow path of the WBUC. We measured
four down-core profiles of neodymium (εNd) and 231Pa/230Th
isotopes for the reconstruction of water mass provenance and
circulation strength of the last ~30 ka. In contrast to published
Nd isotope [2] and 231Pa/230Th [3] records from the Blake Ridge
area our records are of unprecedented resolution, resolving
climate key features of the North Atlantic region: Heinrich
Stadials (HS) 1 and 2, the Last Glacial Maximum (LGM), the
Bølling-Allerød and Younger Dryas (YD). Radiogenic Nd isotope signatures during the LGM reveal AABW to be the prevalent water mass in the deep western North Atlantic. The trend to
more unradiogenic signatures during the deglaciation point to
an increased formation of NADW which was again replaced by
AABW during YD. The Holocene shows the most unradiogenic
signatures and therefore established NADW. The circulation
strength-proxy 231Pa/230Th indicates reduced LGM deep circulation, a pronounced slowdown during HS1 and a strong and deep
circulation during the Holocene. Compared to isotopic records
from the Bermuda Rise (ODP 1063; [4]) we found depth depended geometry changes of the WBUC which have occurred
through the last glacial. Here, we focus on how deep northern
sourced water has reached during phases of reduced circulation
(indicated by increased 231Pa/230Th ratios) and the timing of this
southward progradation of lower NADW.
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Frontal zones are crucial players in marine ecosystem of
the subpolar regions because of their ability to absorb large
quantities of carbon dioxide, which impacts the biological carbonate pump and the global carbon cycle (Read et al., 2000).
It is thought that the efficiency of carbon export through the
biological pump is controlled by surface water biogeochemistry and abundances of different phytoplankton groups in the
photic layer (e.g., Arrigo et al., 1999; Toggweiler et al., 2003;
Matsumoto and Sarmiento, 2008). Thus, these regions are key
locations to explore the link between nutrient availability and
the climatic factors that drive changes in phytoplankton distribution and production, and its consequent impact on the global
biogeochemical cycle. One of these frontal regions is located in
the southern Indian Ocean, where meridional shifts in the Southern Ocean subtropical front (STF) were suggested to have occurred over the last 800 kyr. Using sediment material recovered
from International Ocean Discovery Site U1475 on the Agulhas
Plateau (41°25.61′S; 25°15.64′E, 2669 m water depth), where
surface water hydrography is influenced by the STF and associated water masses, this proposal is set to answer the following
key questions: 1) Did coccolithophore calcification alter the
carbonate system and impact regional and global climates since
the Miocene?; 2) Can coccolithophore morphological characteristics be used to infer local carbonate chemistry changes in the
water column?; and 3) How did the individual coccolithophore
taxon respond to changes in water column characteristics driven by changing STF hydrodynamics (e.g., frontal migration,
stratification)? These questions will be addressed by morphological characterization of different species belonging to the
coccolithophore genus Scyphosphaera and quantification of its
carbonate contribution over the past 7 Myr (~25 kyr). A contemporaneous high-resolution (~1.5 kyr) productivity reconstruction of the upper 500 kyr will also be generated based on
coccolithophore assemblage, accumulation rate, and alkenone
concentration. Results from this research will therefore shed
light on the dynamics of coccolithophore communities in the
Indian-Atlantic Ocean Gateway and resolve the long standing
puzzle of the potential of these organisms to alter the carbonate
system and impact regional and global climates.
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The existence of offshore fresh groundwater has been observed in several regions around the world. The New Jersey
passive margin represents one of the best documented occurrences of this phenomenon, with the first discovery of fresh
groundwater dating back to the U.S Geological Survey Atlantic
Margin Coring Project, 1976 (Hathaway et al., 1979). Subsequent drilling during ODP Expedition legs 150, 174A and IODP
Expedition leg 313 revealed fresh water reservoirs that occur
down to 400 m below the sea floor. This study is part of a project ultimately aiming to understand the mechanisms responsible for fresh groundwater emplacement offshore New Jersey
based on numerical simulations. A detailed hydrogeological
model, which accounts for the highly heterogeneous shelf environment as well as porosity compaction trends, is key to the
validity of this numerical analysis. In this study, we use newly
re-reprocessed, depth-migrated seismic data tied to IODP 313
wells to perform a detailed seismostratigraphic interpretation
along a 2D line extending from the New Jersey coast to the
shelf break. A facies distribution model was generated using
this structural framework and facies probability trend derived
from well data.
The distribution of facies in the shelf environment is the
first order control on grain size and shape which are key determinants of porosity. We thus used the facies model as a basis for
populating our model domain with petrophysical properties. In
order to obtain model porosities, we used IODP 313 core data
and extracted porosities according to our facies classifications
of sand, silt and shale. This approach allowed for the capture of
different compaction trends exhibited by different grain sizes.
An exponential regression trend was fitted to data in each facies
group for all wells associated with IODP Expedition 313. Mean
compaction trends were applied to the entire model domain. The
porosity model therefore integrates two key aspects influencing
regional groundwater flow: the reduction of porosity with depth
due to overburden as well as the contribution of facies heterogeneity to the specific compaction rate at any given part of the
shelf. Considering the limited permeability data available from
IODP 313 wells measured by Lofi et al. (2013), the hydrogeological model has been assigned permeability values conistent
with facies classifications. Sand, silt and shale correspond to
high, medium and low permeability, respectively.
Initial numerical simulations performed with this model
give key insights into the mechanisms related to preservation of
fresh water deposits in the shelf environment. We simulated a
period of 15000 years using the simplified assumption that fresh
groundwater saturated the upper shelf by the end of the last glacial period. Simulation results indicate that saline groundwater
permeates more rapidly into coarser grain sediment packages,
while fresh water in fine grained, low permeability sediments
survived for longer periods. These results suggest that fresh
water reservoirs can survive until present day, with their distribution being primarily controlled by permeability variations.
Finally, our simulation results are consistent with observations
made by pore water analysis of Expedition 313 wells, where
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fresh water was encountered mainly in fine grained sediment
intervals.
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The strong precipitation gradient and extreme environment of the Levante region is exceptionally sensitive to shifts
of atmospheric circulation pattern and related hydrological
conditions of mid-latitude climatic zones (Kushnir and Stein,
2010; Neugebauer et al., 2016; Torfstein et al., 2015). Investigate origin and mechanisms driving hydrological and environmental changes are emerging challenges for the population in
this region. The PALEX (‘Paleohydrology and Extreme Floods
from the Dead Sea ICDP sediment core’) project addresses all
aspects of extreme hydro-meteorological events in this region
through a joint effort of scientist from Israel, Palestine and Germany. PALEX has been designed as a project within the DFG
Trilateral program with the aim of fostering scientific cooperation in the Near East (grant no. BR2208/13-1/-2).
The long sediment cores obtained by the ICDP (‘International Continental Scientific Drilling Program’) drilling from
the deep basin of the Dead Sea (DSDDP) provide a unique archive to reconstruct the natural hydro-climatic variability for
the last 220 kyrs. Our novel approach of combining the observation of recent flash floods using cutting-edge technologies
with advanced reconstructions of long flood time-series over
several thousand years from the Dead Sea sediment record at
high temporal resolution. This approach provided new evidence
of an increased frequency of localized torrential rainstorms during a multi-century late Holocene drought in the eastern Mediterranean associated with changes in the synoptic atmospheric
circulation pattern (Neugebauer et al., 2015). Our latest results
reveal that only local rainstorms exceeding a threshold of 30
mm h-1 for at least one hour can trigger the debris flows at the
central western Dead Sea margin (Ein Gedi), which are an exceptional feature Active Red Sea Trough synoptic atmospheric
circulation patterns (Ahlborn et al. in press).
Local rainstorm events detected in sediment records of
the western Dead Sea margin mark extreme events but local
precipitation events and direct linking of these events with the
sediment records of ICDP site 5017-1 is still ambiguous. Exact chronological markers and spatial distribution of event layers can improve our interpretation of event layers recorded in
core 5017-1. Newly found tephra glass particles of the early
Holocene S1 tephra (Neugebauer et al., 2017) allows detailed
chronological correlation of event layers between the western
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Dead Sea margin and ICDP site 5017-1. Additionally, new
exposure of early Holocene lacustrine sediments at the northwestern Dead Sea margin (Ein Feshkha) that provide additional
sediment sequence complementary to the existing profiles at
the south (Ze’elim) and central (Ein Gedi) Dead Sea margin.
The second phase of the PALEX program (2018-2020) will focus on the chronological correlation of these three sites using
thephra-chronology to provide new details on the distribution
of local rainstorms along the western Dead Sea margin. This
chronology in combination with chemical characterization of
detrital event layers using XRF core scanning data in combination with Nd and Sr isotopes, will be used to determine the
origin, frequency and sedimentology of event layers observed
sediment record of ICDP site 5017-1.

Fig. 1: Coring locations of the Dead Sea basin and sediment profile of
Ein Gedi after Neugebauer et al. (2015) and Ahlborn et al. (in press).
The increase frequency of grades layers found in the Ein Gedi sediment profile indicate debris flow deposits triggered by local rain
stroms that require intense rainfall (>30 mm/hr) directly at the slope of
the western margin.
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The Chew Bahir Drilling Project (CBDP) aims to test hypothesized linkages between climate and mammalian (including
hominin) evolution in tropical-subtropical eastern Africa by
the acquisition and analysis of long (~280 m) sediment cores
that have recorded environmental change in the Chew Bahir
basin. In our statistical project, we describe the Chew Bahir
paleolake as a dynamical system composed of interacting components, such as the water body, the sediment below the bottom
of the (paleo-)lake, and the organisms living in the lake and its
surroundings. A common feature of dynamical systems is the
property of recurrence, where patterns of recurring states reflect typical system characteristics whose description contribute
significantly to understanding its dynamics. In our example it
could be a recurrence of changes in the state variables precipitation, evaporation and wind speed, which lead to similar (but not
identical) conditions in the lake (e.g., depth and size of the lake,
alkalinity and salinity of the lake water, species assemblage in
the water body, diagenesis in the sediment). A recurrence plot
(RP), first introduced by J.P. Eckmann in 1987, is a graphical
display of such recurring states of the system, calculated from
the distance (e.g. Euclidean) between all pairs of observations
x(t), within a cutoff limit. To complement the visual inspection
of recurrence plots, measures of complexity were introduced
for their quantitative description to perform the recurrence
quantification analysis (RQA). Here we present and discuss
preliminary results of a RQA of the ~550 kyr long environmental record from the Chew Bahir basin.
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Subsurface Observatory at Surtsey,
SUSTAIN Drilling Project
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Surtsey is a 50-year-old volcanic island in the southern offshore extension of the SE Icelandic rift zone and provides a uniquely well-documented record of the explosive eruption of basalt into seawater and the rapid alteration of basaltic glass and
crystals in an active hydrothermal system. The ICDP SUSTAIN drilling project, builds on prior results from a 181-m-deep
cored drill hole achieved in 1979 (SE-1) which provided highly
precise time-lapse observations of the hydrothermal system at
15°C to 141°C, the mineralogical, geochemical, geomagnetic
and microbiological processes.

IODP/ICDP Kolloquium Bochum 14.-16.03.2018

Drilling in 2017 in the Surtsey Natural Reserve and
UNESCO World Heritage site re-occupied the 1979 drill site
and produced nearly 700 m of core, of which samples will
be available after the sampling party (anticipated for summer
2018). We deployed a Subsurface Observatory, a 187 m deep,
47.6 mm diameter (NQ) chamber with T 6061 anodized aluminum casing and five perforated sections at 38, 63, 106, 136,
and 161 mbs. These flow-through chambers contain miniature
temperature loggers and perforated PEEK (polyetherketone)
incubators, hung on Vectran rope. A two-year incubation experiment using basaltic glass granules melted from Surtsey lava
was installed.
We investigate pore space evolution in the hydrothermally
altered tephra and its effect on the Surtsey microbial biosphere.
We present details on the in situ incubation experiments and
laboratory based supporting flow through cell experiments that
will be carried out in the following months.

IODP

Prydz Bay sediment drifts: Archives of
modifications in East Antarctic climatic and
oceanographic conditions
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cyclostratigraphic studies of sediments from
tropical Lake Towuti obtained from downhole
logging
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Lake Towuti is a tectonic lake in the Mailili lake system
in central Sulawesi, Indonesia. Its location (2.75°S, 121.5°E)
within the Indo-Pacicfic-Warm-Pool (IPWP) points out its
uniqueness for the reconstruction of terrestrial paleoclimate in
this globally important environment which delivers the highest amounts of heat and moisture into atmospheric convection.
(Lehmusluoto et al., 1995; Visser et al., 2003)
Pre-site surveys using seismic applications and piston corers showed the potential of the lake to investigate its age and
the climate history. (Russell & Bijaksana, 2012; Russell et al.,
2014)

G. Uenzelmann-Neben1
Alfred-Wegener-Institut Helmholtz-Zentrum für Polar- und Meeresforschung, Am Alten Hafen 26, 27568 Bremerhaven
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The detailed onset of the Antarctic glaciation during the
Eocene/Oligocene and the later ice sheet dynamic in response
to warm phases during the Miocene and Pliocene is still under
discussion. Attempts to solve the open questions by scientific
drilling have been limited by the fact that early Oligocene to
early Miocene sediments, which bear witness to the onset of
glaciation and early dynamics of the ice sheet, have been eroded from the continental shelf or are buried below thick Neogene sequences and could thus not be sampled during ODP Legs
119 and 188. Several hypotheses place the onset of bottom
water formation as the result of down welling due to strong
cooling into the Miocene, the late Oligocene, or the late Eocene, which shows the range of uncertainty in dating this event.
The dynamical response, e.g., of the Lambert Glacier-Amery
Ice Shelf drainage system to climate variability is recorded in
the sediments of Prydz Bay and the adjacent slope and rise of
the Cooperation Sea. Thus a study of sedimentary features and
structures and the prevailing sediment transport patterns can
help to understand the development of this system and its sensitivity to climate change.
The analysis of seismic reflection data allows to reconstruct
sediment input and sediment transport patterns. This represents
an important tool, even if an indirect one, to infer past changes
in climate and oceanography in the absence of direct information from drilled geological samples. A large dataset of highquality seismic lines has been acquired along the Prydz Bay
margin, is available via the SCAR seismic data library system
an d will be analysed with respect to documents of down-slope,
i.e., the result of material input via advancing the ice sheet, and
along-slope, i.e., features resulting from the shaping of bottom
and deep water, to infer past changes in climate and oceanography in combination with results from ODP Leg 119 and 188.
This way we also intend to close the gap, which could not be
sampled by drilling (the early Oligocene to early Miocene).

Fig. 1: Overview map of the study area (a) the location of Sulawesi in
the Indo-Pacific region, (b) the regional geology of Sulawesi (modified after Kadarusman et al., 2004), and (c) the configuration of the
Malili lake system with the logged drill sites 1 & 2 indicated by red
stars. (modified after Russell et al., 2016)

During the drilling campaign in May/June 2015, a set of
logging tools (e.g. spectral gamma ray, magnetic susceptibility, resistivity, sonic velocity, dipmeter, ultrasonic image of the
borehole wall) was applied in two drill sites to obtain physical
and chemical properties of the sediment. Site 1 is charcterised
by a lacustrine facies in the upper ~103 meters below lake floor
(mblf) followed by a pre-lake facies until ~162 mblf and bedrock below 162 mblf. In site 2 drilling was executed down to
the border of the lacustrine to pre-lake facies at ~133 mblf.
(Russell et al., 2016)
These datasets will be used to reconstruct the paleoenvironmental history of the lake, to construct a continous lithological log and to link with data gained by seismic surveys. Global
climate cycles will be investigated by using cyclostratigraphic
methods. This enabels the estimation of an age-depth realtionship, the sedimentation rates and their changes over time, respectively.
References:
Lehmusluoto, P., Machbub, B., Terangna, N., Rusmiputro, S., Achmad, F., Boer,
L., Brahmana, S.S., Priadi, B., Setiadji, B., Sayuman, O. & Margana, A.
(1995): National inventory of the major lakes and reservoirs in Indonesia.
General limnology. - FAO-FINNIDA.
Kadarusman, A., Miyashita, S., Maruyama, S., Parkinson, C. D., and Ishikawa, A.
(2004): Petrology, geochemistry, and paleogeographic reconstruction of the
East Sulawesi ophiolite, Indonesia, Tectonophysics, 392, 55–83.
Russell, J. & Bijaksana, s. (2012): The Towuti Drilling Project: Paleoenvironments, biological evolution, and geomicrobiology of a tropical pacific lake.
– Scientifc Drilling, 14: 68-71.

86

IODP/ICDP Kolloquium Bochum 14.-16.03.2018

Russell, J., Vogel, H., Konecky, B.L., Bijaksana, S., Hunag, Y., Melles, M.,
Wattrus, N., Costa, K. & King, J.W. (2014): Glacial forcing of central Indonesian hydroclimate since 60,000 y B.P.. – PNAS Early edition; 6p.
Russell, J. M., Bijaksana, S., Vogel, H., Melles, M., Kallmeyer, J., Ariztegui, D.,
Crowe, S., Fajar, S., Hafidz, A., Haffner, D., Hasberg, A., Ivory, S., Kelly,
C., King, J., Kirana, K., Morlock, M., Noren, A., O‘Grady, R., Ordonez, L.,
Stevenson, J., von Rintelen, T., Vuillemin, A., Watkinson, I., Wattrus, N.,
Wicaksono, S., Wonik, T., Bauer, K., Deino, A., Friese, A., Henny, C., Imran,
Marwoto, R., Ngkoimani, L. O., Nomosatryo, S., Safiuddin, L. O., Simister,
R., and Tamuntuan, G. (2016) : The Towuti Drilling Project: paleoenvironments, biological evolution, and geomicrobiology of a tropical Pacific lake,
Scientific Drilling, 21: 29-40.
Visser, K., Thunell, R. & Stott, L. (2003): Magnitude and timing of temperature
change in the Indo-Pacific warm pool during deglaciation. - Nature, 421:
152-155.

ICDP

Imaging fluid channels using ambient seismic
noise (Hartoušov Mofette Field (CZ))
J. Umlauft1, H. Flores-estrella1, M. korn1
Universität Leipzig, Institut für Geophysik und Geologie,
Talstraße 35, 04103 Leipzig

1

Presently ongoing geodynamic processes within the intracontinental lithospheric mantle give rise to different natural phenomena in the NW Bohemia/Vogtland region (CZ), among others: earthquake swarms, mineral springs and degassing zones of
mantle-derived fluids (mofettes). Their interaction mechanisms
and relations are not yet fully understood, therefore they are
intensively studied using geophysical, geological and biological approaches.
The PIER-ICDP project focuses on the location and investigation of near-surface channels that conduct mantle-originating
fluids as well as CO2. It is aimed to detect and image the fluid
channel structure, to determine their depth of origin as well as
to characterize the degassing activity at the surface in terms of
temporal and spatial variations.
The Hartoušov Mofette Field within the Cheb Basin (NW
Bohemia/Vogtland region) is a key site to study fluid flow as
it is characterized by strong and constant surface degassing of
CO2. On this field, we installed a dense instrumental array of 95
seismic sensors (45 Data Cubes + 50 Summit XOne Channels)
within 1.0 x 0.5 km² extent and measured ambient seismic noise
continuously during 3 days in November 2016.
To locate mofette structures on that field as well as adjacent
fluid channels into the depth, we applied Matched Field Processing (Vandemeulebrouck et al. 2010, Flores-Estrella et al.
2016), considering the signals generated by surface degassing
and subsurface fluid flow as seismic noise sources. Time-lapse
analysis of several hours of data shows two stable source areas,
that can be followed into the depth and which can be linked to
CO2 degassing zones. However, we also observed small-scale
spatio-temporal changes of the source shape and activity. We
compared that to continuous wellhead pressure and gas flux
data from a gauging well situated within the array at the test
site. The MFP outputs and the well-log-data show similar intensity trends over the time.
Hence, it can be shown, that the CO2 flow acts as an ambient seismic noise source and that we are able to detect degassing areas, small-scale changes of mofette activity in space
and time as well as fluid channels into the depth using Matched
Field Processing.
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Continental breakup and ocean basin formation has occurred for at least half of Earths history. However, details on the
initial break-up processes, the petrological and geochemical
characteristics of the first oceanic crust and its associated hydrothermal systems remain unknown. To study these breakup
processes IODP Expedition 367 and 368 (Spring 2017) drilled
multiple sites on a transect across the transition zone between
continental and oceanic crust in the rifted margin of the South
China Sea (SCS). The SCS breakup is unrelated to magmatic
plume activity and shows seismic characteristics of a ‘hyperextended margin’ (Sun et al., 2016). To determine if the SCS
exhibits the exposure of sub-continental lithospheric mantle,
similar as e.g. the Iberia margin the expeditions cored the continent-ocean transition (COT) zone by Holes U1499, U1500 and
U1502 into the acoustic basement to determine its nature, as
well as the outer margin high (OMH), interpreted as continental
crust, and the more mature oceanic crust (Sun et al., in press;
Jian et al., in press; Fig. 1).
One of the main questions of the South China Sea Rifted
Margin Expeditions is the timing of the first magmatic activity related to ocean crust formation. Also the characteristics of
these first basaltic melts and their mantle source as well as processes driving melting rifted margins have poorly been studied.
Investigating the characteristics of the sources (e.g. chemistry,
depth, temperature) the reasons for melting can be determined,
which is the key for understanding the breakup mechanisms of
the SCS. Magma reservoir contamination processes give insights into the nature of the deeper crust as well as into the extend of the magmatic system. Complimentary to the magmatic
system, hydrothermal (cooling) processes are highly important
for the formation of the oceanic crust, but the first hydrothermal systems at ocean formation are hardly investigated because
they are usually covered by sediments or lava and therefore out
of reach. Studying minerals formed by hydrothermal alteration
can give information on the temperatures, depths, activity and
resource potential of young volcanic-hydrothermal systems.
Here we present our proposed post-cruise research plan to
investigate the deep magmatic and the hydrothermal systems
of the SCS rifted margin by a combination of different geochemical techniques. The deep magmatic system and its mantle
source as well as the melting characteristics will be examined
by the study of major, trace and volatile elements of melt inclusions in minerals of igneous rocks. The chemistry of the melt
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Fig. 1: Deep crustal time-migrated seismic reflection data on a transect across the South China Sea Rifte Margin with interpretation. COT= Continent–ocean boundary; OMH= Outer margin high. The major seismic unconformities are shown in purple and blue. The location of the drill holes
U1499 to U1505 of Expeditions 367/368 are indicated on the seismic transect. Seismic data is from Line 04ec1555-08ec1555 (courtesy of the Chinese
National Offshore Oil Corporation [CNOOC]) and the figure is after Sun et al., 2016).

inclusions also gives information on assimilation processes in
the deep crust and on the nature of this crust. The physicochemical characteristics of the hydrothermal system will be evaluated by a direct study of the major and trace elements, S-isotopes and fluid inclusions of hydrothermal minerals. The deep
hydrothermal system will be assessed by chlorine markers in
magmatic rocks and their melt inclusions as chlorine is a sensitive tracer for hydrothermal circulation (e.g. van der Zwan et
al., 2017). The study of the complementary heating (magma)
and cooling (hydrothermal) aspects of continental plate rupture
and oceanic crust formation will help in forming a model for
the initial breakup mechanisms at the SCS and gives a better
global understanding of continental breakup and the formation
of oceanic lithosphere.
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Full pattern quantitative phase analysis from X-ray diffraction (QXRD) was performed on approx. 700 samples of the
upper 60 composite depth meter of the Arctic Coring Expedition (IODP Leg302) to provide for the coverage of abrupt sedimentation events in the Central Arctic Ocean. This sequence
records the approx. last 3.5 Ma of the dominantly terrestrial,
glacial and sea-ice dominated sedimentation at the Lomonosov
Ridge, Central Arctic Ocean. During that time multiple changes

in the glaciation of the northern hemisphere, the reorganisation
of the Arctic Oceanography, the sea-ice producing areas and
sea-level changes influence the transport of terrestrial materials towards the coring sites. Based on former work on short
sediment cores, some particular mineral assemblages delineate
transport events like deglacial events of the surrounding large
ice sheets.
Based on a detailed cyclostratigraphy of the upper 60 m
sediment at the Lomonosov Ridge (O’Regan et al., 2010), Central Arctic Ocean, this presentation illustrades the paleoceanography of the Arctic Ocean during the step-wise glaciation of the
Northern Hemisphere. The Lomonosov Ridge is situated in the
confluence of the Transpolar Drift which today transports seaice (sediment) from the Eurasian Siberian shelves towards the
Fram Strait between Greenland and Svalbard and the Beaufort
Gyre which is known to transport sea-ice and icebergs of Canadian/Alaskan origin towards the centre of the Arcitc Ocean.
Knies et al. (2009) have pointed out the stepwise glaciation (3
phases:3.5-2.4, 2.4-1.0 and after 1.0 Ma) of the Barents/Svalbard region while the initiation of the Laurentian Ice Sheet
(Canada/Alaska) and/or Ice Shelf Ice Sheets in the Amerasian
Siberian Arctic are not as well constrained.
Former work of the author and others has illustrated that
input from the Canadian Arctic can be traced by the content of
detrital carbonate minerals related to ice rafted debris (IRD)
in the Lomonosov sediments. According to our new data the
initiation of that transport occurred around approx. 0.7 Ma just
during the Mid-Pleistocene Transition.
A mineral assemblage tracing the input of Laptev and Kara
Sea derived materials (see Vogt & Knies, 2008) shows enhanced
input from about 1.8 to 2 Ma onwards in the ACEX cores. The
amplitudes and frequencies of the contents of these minerals
are strongly increased. One can assume frequent changes of the
Transpolar Drift / Beaufort Gyre system trickered by deglaciation events of the surrounding ice sheets including flooding and
aerial exposure of big parts of the shallow Eurasians shelves
of Siberia.
These terrestrial input signals are partly masked by authigenic diagenetic processes exemplified by several occurences
of Mn-carbonates and siderite below 20 m core depth. The later
in combination with pyrite.
Only QXRD allows for the detrending of the different influences on the mineral assemblage in unprecedented resolution at the ACEX site.
References:
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The Oligocene is a climate epoch of interest as it marks
the establishment of the icehouse world following the warm
greenhouse climate of the Palaeocene and Eocene. The first
permanent, large continental ice sheets formed on Antarctica at
the onset of the Oligocene at ~34 million years ago (Ma) (e.g.,
Miller et al. 1991; Zachos et al. 2001a). Benthic foraminiferal
δ18O records show a >1‰ increase during the Eocene-Oligocene transition (EOT), consisting of two distinct steps that are
interpreted as an initial cooling step, followed by a step of combined cooling and ice growth (e.g., Coxal et al. 2005; DeConto
et al. 2008; Lear et al. 2008). The high δ18O values (≥~2.5‰)
after the EOT indicate permanent ice sheets on Antarctica and
cold bottom water temperatures of ~4°C, in contrast to warm
Eocene bottom water temperatures (up to ~12°C) (Zachos et al.
2001b). This currently accepted interpretation of the stepwise
increase in foraminiferal δ18O values was long debated because
conventional temperature proxies, such as Mg/Ca ratios of benthic foraminifera, did not show a decrease across the transition
(e.g., Lear et al. 2004). The lack of bottom water temperature
decrease was caused by changes in the carbonate saturation
state resulting in biased benthic foraminiferal Mg/Ca values
(e.g., carbonate ion effect) (Coxall et al. 2005). Therefore, estimates of absolute bottom water temperatures across the EOT
are still controversial because of the uncertainties derived from
traditional temperature proxies (e.g., Coxal et al. 2005). Thus,
estimates of the ice extent during the EOT are compromised
and very variable (~40-130% of the modern Antarctic ice volume; Zachos et al. 2001b; Coxall et al. 2005; Lear et al. 2008;
Liu et al. 2009).
Carbonate clumped isotope (Δ47) thermometry is thermodynamically based and therefore provides temperature estimates independent of the isotopic composition of the source
water, in contrast to other carbonate temperature proxies (δ18O
and Mg/Ca ratios) (e.g., Gosh et al. 2006). Thus, Δ47 allows the
calculation of the δ18O composition of the water, from which
the carbonates precipitated, and estimation of global ice volume changes. Furthermore, Δ47 is independent of biological
processes and pH (e.g., Ghosh et al. 2006; Kele et al. 2015)
which causes large uncertainties in reconstructions of seawater
temperatures based on traditional temperature proxies. Using
clumped isotope analyses, Δ47, δ18O and δ13C values of the same
aliquot can be determined, thereby enabling a direct comparison of the values. Recent technical advances of the measurement of clumped isotopes allow measurements of small samples (e.g., Schmid and Bernasconi 2010; Meckler et al. 2014).
This is important as in palaeoclimate research sample size is

often limited. This method provides data with an analytical error comparable to other temperature proxies and as small as
±1-2°C depending on the number of replicate measurements
(e.g., Grauel et al. 2013; Thornalley et al. 2015; Fernandez et al.
2017). Another recently developed approach is the paired measurement of clumped isotopes and Mg/Ca ratios on the same foraminiferal tests providing independent temperature estimates
and eliminating differences in depth habitat or seasonality when
different archives are used (e.g., temperatures derived from biomarkers and foraminiferal tests) (Breitenbach et al., submitted).
Petersen and Schrag (2015) focussed on the Eocene-Oligocene transition at Southern Ocean Site 689 (64°S) using
clumped isotopes showing no evident temperature change
across the transition. This result is unexpected because a highresolution δ18O record of this site clearly shows a steep increase,
which is supported by temperatures derived from biomarkers at
a nearby site, showing a temperature change across this interval
(Liu et al. 2009). This lack of temperature change could arise
from uncertainties in the Δ47-T calibration at low temperatures.
Therefore, the aim of the proposed study is to 1) establish a
Δ47-T calibration of surface-, thermocline-dwelling and benthic
foraminifera of high latitude Southern Ocean sites to better constrain published clumped isotope calibration equations on the
low-temperature end, and 2) reconstruct reliable temperatures
for bottom and surface seawater at different sites using paired
measurements of foraminiferal Δ47 and Mg/Ca ratios of specific
time intervals of the Oligocene (such as the EOT, Oi-2b, Mi-1
glaciations) to evaluate the seawater temperatures, seawater
δ18O composition and global ice volume changes.
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and the crystals handpicked. SEM and TEM imaging showed
that siderites exist as both micritic phases and mosaic monocrystals, developing strong twinings and aggregation in deeper
samples. Elemental mapping revealed Mn/Fe zonations with
Mn enrichment in the center of the minerals, implying mineral formation and growth under variable pore water chemistry.
Green rust (Fe6[OH]12×[CO3×2H2O]) and magnetite (Fe3O4)
were observed in association within individual siderite specimens, suggesting multiple and variable diagenetic pathways
and potential oxidative overprinting. The presence/absence of
siderite and vivianite may reflect dynamics at the paleo water–
sediment interface, and ensuing variability in the relative burial
of ferric iron, phosphorus, and organic matter and subsequent
diagenetic processes in the sediment. Notably, we observe siderite-rich intervals that are entirely devoid of vivianite. These siderites display heavy d13C but light δ56Fe compositions. In contrast, siderites, which are less abundant in vivianite-containing
intervals, display persistent light d13C and δ56Fe compositions.
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Lake Towuti is a deep tectonic basin surrounded by ultramafic rocks and lateritic soils. Its geographic position in central
Indonesia and relatively great age (estimated >500 ky) makes
the lake a prime location to record paleoclimatic changes in the
tropical Western Pacific warm pool in its sedimentary sequence
(Russell et al., 2016). It was therefore chosen as a drilling target by the International Continental Drilling Program (ICDP).
Ultramafic rocks and lateritic soils eroded from the catchment
supply Lake Towuti with little sulfate but considerable amounts
of iron oxyhydroxides/oxides (Vuillemin et al., 2016, 2017). In
the monimolimnion, bottom water anoxia allows for microbially-mediated iron reduction. The extreme scarcity of sulfate
and nitrate/nitrite in Lake Towuti’s anoxic bottom water represents conditions analogous to those of the Archean Ocean. Nevertheless, Lake Towuti may mix on occasion, resulting in transient oxygenation of its bottom water, which could profoundly
change paleoclimatic and microbiological proxies (Costa et al.,
2015). These geochemical conditions, which are relatively rare
on the modern Earth, make Lake Towuti an ideal site to study
Fe mineral formation and diagenesis under conditions relevant
to the early Earth.
In May to July 2015, the ICDP Towuti Drilling Project recovered a total >1000 m of sediment cores from three sites,
including a 114 m long core dedicated to geomicrobiological
studies (Friese et al., 2017). Siderite (FeCO3) was recovered
from 50 distinct layers and investigated to assess authigenesis.
Vivianite (Fe2[PO4]2⋅8H2O) was found in 5 different horizons
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The Fucino Basin is located at ~650 m a.s.l. in the Central
Apennine, Italy. Its formation started during the Plio-Pleistocene and was driven by the currently active Fucino Fault System
(e.g., Galli et al. 2008). During glacial periods, the basin was
not glaciated, but glaciers covered the surrounding mountains
and reduced the hydrological budget (e.g., Giraudi & Giaccio
2015). Until historical time the Fucino Basin hosted the Lake
Fucinus, which covered a surface area of 150 km2. The lake was
partly drained during the 1st-2nd century AD and drainage was
completed at the end of the 19th century. Thus, the Fucino Basin
is likely the only Central Apennine basin that documents continuously the sedimentary history since the Early Pleistocene
and up to the historical times (Giaccio et al. 2015).
Its good range of distance downwind of the peri-Tyrrhenian
volcanic centres (< 150 km) makes the Fucino Basin the best
candidate available in the central Mediterranean that allows
the assemblage of a long and continuous tephrochronological
record independently dated by the 40Ar/39Ar method. The chronology can be directly anchored to a comprehensive time series of proxies from the lacustrine sediments, which are highly
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sensitive to climate variations (Giaccio et al. 2015). Transferring chronological and stratigraphic information and long- and
short-term climate variability derived from the Fucino record
to the network of long terrestrial Mediterranean records further
to the East (e.g. Dead Sea, Lake Van, Lake Ohrid and Tenaghi
Philippon) and to the West, i.e. North Atlantic climate records,
sets the framework for a better understanding of the spatiotemporal variability, the magnitude, and the different expressions of Quaternary orbital and millennial-scale paleoclimatic
changes.
The sediment architecture of the Fucino Basin is relatively
well defined by several seismic lines (Cavinato et al. 2002,
Patacca et al. 2008), which depict a semi-graben geometry in
the basin with increasing thickness of the sedimentary infilling from the West to the East and from the north-western and
south-western tips to its central part. Based on the seismic information available, a ~82 m-long sediment succession (F1-F3)
was recovered from the eastern-central area of the Fucino Basin
in June 2015. The lithology of the sediments is rather homogeneous and is dominated by fine-grained lacustrine sediments
composed of grey calcareous marl with variable proportions of
clay and organic matter. 23 tephra layers, five of which were
newly dated using the 40Ar/39Ar method, constrain the chronology of the core continuously back to 190 ka (Giaccio et al.
2017). The tephra layers originate from different Italian volcanoes, and comprise key Mediterranean marker tephra layers,
such as the Neapolitan Yellow Tuff, Y-7, C-22, X-5, and X-6.
The tephrochronological information is the basis for the establishment of an age model for the F1-F3 core and to correlate
geochemical and bio-geochemical data from the F1-F3 record
to climate variability.
Based on the promising results from the F1-F3 core, an international consortium of scientists formed and raised funding
from different institutions, including IGAG-CNR (Italy), IGGCNR (Italy), INGV (Italy), LIAG (Germany), and the Universities of Pisa (Italy), Rome (Italy), Cologne (Germany), Geneva
(Switzerland), and Nottingham (UK), for a new coring campaign and borehole logging. A new site (F4-F5) was selected,
where seismic and pollen data from a previous drilling indicated a lower sedimentation rate compared to the F1-F3 site. In
June 2017, two ca. 86 m long cores were recovered at the new
site and borehole logging was carried out in hole F4 down to
ca. 80 m . First core analyses comprise multi-sensor core logging (MSCL, GEOTEK Co.), line scan imaging, and XRF scanning (ITRAX, COX Ltd). Based on these data and on optical
information after core opening, the individual, overlapping 1.5
m long sediment sequences are correlated to a core composite.
Subsampling of discrete sediment samples and tephra horizons
for paleomagnetic, geochemical, sedimentological, and tephrostratigraphical studies started in autumn 2017 and we already
found more than 130 tephra or cryptotephra horizons back to
ca. 415 ka (MIS 11).
For the establishment of a deep drilling campaign within
the scope of ICDP, the main objective is to assemble a highprecision 40Ar/39Ar dated tephrochronological record anchored
to a detailed paleoclimate record that may be regionally to
globally spread via tephrostratigraphic synchronizations and
paleoclimatic alignments. Arising aims of this main objective
are (i) to determine the sequence, the timing, the duration and
the dynamics of past climate events of terrestrial and marine
records and related biodiversity changes, (ii) to improve the
knowledge on volcanology, petrology and geodynamics, and
(iii) to improve the knowledge on the age, dynamics and tempo
of paleomagnetic excursions.

The new project here applied for will use the F4-F5 (and
also the F1-F3) record (i) to establish a master record for Mediterranean tephrostratigraphy by detailed geochemical characterisation and direct 40Ar/39Ar dating, (ii) to prove undisturbed
and continuous sedimentation in the basin after the Mid-Brunhes event, (iii) to provide detailed chronological information on
the timing and duration of climatic and paleomagnetic events,
(iv) to improve the knowledge of the eruptive activity, the recurrence, and geodynamic evolution of the main volcanic districts of southern and particularly of central Italy during the last
415 ka, and (v) to allow investigation of the lower limits of
crystal size requirements for 40Ar/39Ar dating by a methodological approach.
The project will be carried out in close collaboration with
national and international partners. Major and minor geochemical elements will be measured in cooperation with B. Giaccio
(IGAG-CNR, Rome, Italy), who is the leading expert for the
tephrostratigraphic work in the project. Analysis of trace elements of tephra layers will be carried out in cooperation with R.
Fonseca from the University of Bonn, Germany. Isotope analysis (Sr-Nd) on tephra will be conducted within the geochemistry working group of C. Münker at the University of Cologne,
Germany. 40Ar/39Ar will be carried out in cooperation with S.
Nomade (CEA-CNRS-UVSQ, Gif-sur-Yvette, France). Multiproxy sedimentological and geochemical analyses and joint
paleoclimatic interpretation of the proxies will be carried out
in cooperation with G. Zanchetta, E. Regattieri, and G. Manella
(Università di Pisa, Italy). Paleomagnetic analyses on the F1-F3
and on the new F4-F5 sequence will be carried out in cooperation with Fabio Florindo (INGV, Roma, Italy). Palynological
studies on the F1-F3 and on the new F4-F5 sequence will be
coordinated by Laura Sadori (University of Roma “La Sapienza”, Italy).
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The Snake River Plain-Yellowstone (SRPY) province is
among the most voluminous expressions of magmatic activity
at the Earth’s surface and also represents one of the best examples of bimodal basalt-rhyolite volcanism (Bonnichsen et
al., 2008; Ellis et al., 2013). Drilling by the ICDP HOTSPOT
project at Kimama was performed between September 2010
and January 2011 and reached a final depth of 1912 m. The Kimama drill hole is dominated by basalt, with thin intercalations
of sediment in the upper 200 m and lower 300 m. Detailed lithologic and geophysical logging have documented ~557 basalt
flows, comprising at least 30 flow groups (13 to 170 m thick)
representing distinct time periods, and magma batches, with
the oldest lavas being dated at ~6 Ma (Bradshaw et al., 2012;
Champion and Duncan, 2012; Potter et al., 2012). In this study,
we conducted a detailed petrological study of the rocks from
the Kimama drill core that we combined with crystallization
experiments. The aims are to understand the mechanisms of basaltic differentiation in the crust, the magma storage conditions
and the petrological link between basalts and rhyolites.

Fig. 1: FeOtot vs SiO2 binary diagram in 300MPa showing the liquids
experimentally produced in this study compared to the range of bulkrock compositions of natural samples observed in the SRPY province.
Colored squares represent different starting compositions and colored
circles represent different residual melts. Grey circles represent all the
compositions of the natural samples from Kimama drill cores. The
600MPa experiments are not shown but two run products show immscibility features.

Hundred and ninety core samples were studied carefully
for petrography. Out of them, 105 samples were measured for
major and trace elements analyses and 25 representative samples were chosen for detailed microprobe analyses. Kimama
rocks range from highly-phyric to crystal-poor lavas with less
than 10% of phenocrysts. The typical mineral assemblage of
phenocryts contains olivine (some with Cr-spinel inclusions)
and plagioclase. Clinopyroxene is abundant in the groundmass
along with plagioclase, olivine, magnetite, ilmenite and apatite. Whole rock compositions plotted on Harker diagrams and
along stratigraphic column demonstrate that fractionation is
evident across different flow groups, showing a gradual change
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from more primitive basalts at depth to evolved basalts in the
upper section. The major and trace element variations are consistent with the fractionation of the observed mineral assemblage (Ol + Plg ± Cpx). The most evolved Fe-Ti-rich basalts with
17-19 wt% total Fe2O3 and 3.2 - 4.8 wt% TiO2 occur in two
stratigraphic intervals (1045-1047 m and 1731-1797 m). These
rocks have a very fine-grained groundmass with abundant Fe-Ti
oxide mineral.
Plagioclase phenocrysts core and rim compositions were
obtained for 115 crystals. Core compositions of plagioclase
phenocrysts can be classified into four groups by calcium contents, i.e., ~An80, ~An75 ~An65, and ~An55. Pyroxenes are
represented by augite and pigeonite. Analyses of 290 crystals
show that clinopyroxene compositions vary from Mg# 82 to
Mg# 32, with a prominent peak at ~ Mg# 70. Olivine compositions vary from Fo82 to Fo32. Detailed microprobe profiles
(with intervals of ~4-6µm) of major (Si, Fe, Mg, Mn) and minor (Ca, Ni) elements were measured in a total of 100 olivine
crystals from various samples. Based on the range of Fo values
and the shape of zoning patterns observed in all our analyses we
distinguished four types of olivine zoning. Olivine crystals are
characterized by zoning patterns ranging from 1) ‘normal’ (decreasing Fo towards the rim) to 2) ‘reverse’ (lower Fo core with
higher rim), or more complex zoning, with reversely zoned
interiors and normally zoned rims (3&4). Different zoning types in olivine crystals and the quantitative interpretation of the
compositional profiles will be helpful to resolve the timescales
of magmatic processes during magma storage (e.g., time between different replenishment events).
In order to better understand the pre-eruption storage conditions, we conducted diffusion modeling, which is useful to obtain time-scale information. The diffusion profiles correspond
to Fe-Mg exchange between the core and rim of the crystal.
To increase the accuracy and precision of timescales, we also
determined crystallographic axis orientations of the minerals
by electron backscatter diffraction (EBSD, Prior et al., 1999).
The electron backscatter patterns (EBSP) were obtained using
Stereo32 software developed to calculate the angles between
measured electron microprobe traverses and crystallographic
axes in olivine (Costa and Chakraborty, 2004). This allowed
us to correct the strongly anisotropic diffusion of Fe and Mg in
olivine, where diffusion along the [001] crystallographic orientation is around six times faster than along [100] or [010] (Dohmen and Chakraborty, 2007). The residence timescales range
from ~3 to 420 days, reflecting the diversity of crystal histories
within magma chambers in depth. A possible interpretation is
that olivines stored in deeper chamber(s) are subsequently introduced into a different magmatic environment. These results
are of importance to interpret seismic and geodetic data in term
of pre-eruptive magma storage and transport of masgmas in the
crust.
The petrological link between basalts and rhyolites was
investigated by high pressure phase equilibria experiments
conducted with different starting materials. We initially selected four mafic representative compositions that were used as
starting compositions for high-temperature(>1,020°C) experiments. The four selected evolved ferrobasaltic compositions
as starting materials for high temperature experiments include
three compositions represent the most evolved basaltic lavas
from the Kimama core (S1, S2, C4-1), and one composition
S3 with 55 wt% SiO2 represents ferrobasalt from the Crater
of the Moon (Leeman et al., 1976). To simulate and characterize the liquid lines of descent, especially at conditions where
high crystal contents were observed, we synthesized new starting compositions based on the microprobe data of the glass
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compositions obtained from the experimental products of mafic
starting materials. To achieve this goal, six new compositions
have been synthesized (SiO2 contents in the range 51 to 58 wt%
SiO2).
The six evolved compositions were selected along the liquid lines of descent for relatively low temperature experiments
(<1,020°C), which are required to produce SiO2-rich compositions similar to those of natural SRP rhyolites.
Accordingly, 54 individual experiments have been conducted using all these ten compositions. All starting materials are
synthetic glass analogues matching natural compositions and
prepared using high purity reagent grade oxides, silicates and
carbonates. All experiments have been conducted at 300 and
600 MPa, under nominally dry conditions (the water content of
the melt is estimated to be less than 0.4 wt% H2O; Husen et al.,
2016). The intrinsic redox conditions correspond to ca. FMQ
buffer at nominally dry conditions. Different experimental procedures were applied. For some experiments, the sample was
held above the liquidus temperature for ca. 24 h before dropping to the target temperature and equilibrating for 2-4 days.
Other experiments were performed with a cooling rate of 1.2
°C/h between liquidus and target temperature and then equilibrated at the final temperature for 1-2 additional days. To increase the size of the mineral phases so that accurate analyses are
possible, we applied a temperature cyling in some experiments
following the method (Erdmann and Koepke, 2016).
Experimental liquid lines of descent of the studied ferrobasalts and their evolved products are summarized in Fig.1. We
obtained measurable glass pools up to the level of 82% of crystallization. The solid phase of the samples was always represented by Cpx + Pl ± Mt ± Ilm ± Ap mineral assemblage. Olivine
was not observed in our experimental products, indicating that
it was not stable at such high crystallization degrees. Experimental residual liquids contained up to 73.8 wt% SiO2 (Fig.1),
thus fully approaching the compositions of less evolved natural
rhyolite (>72% SiO2). Clinopyroxenes [augite (Aug) and pigeonite (Pig)] are stable phases in all experiments. Plagioclase
(Pl) is only absent occasionally in two 600 MPa runs at higher
temperature (1080°C). The crystallization order of S1 composition is Aug + Mt à Ap à Pl Pig. The crystalline phases of
S2 composition is Pl + Aug + Mt at 300 MPa and 600 MPa. At
300 MPa Ap, Pig and Ilm are observed at lower temperatures.
The composition S3 is unique compared to other three compositions, as its crystallization products always resulted in formation of two residual immiscible liquids at the two investigated
pressures. It is emphasiued that the formation of immiscible Sirich and Fe-rich liquids has been experimentally demonstrated
at high pressure (600 MPa) for the first time (Fig.2). Except for
one experiment (1,060°C /600 MPa), all the immiscible pairs
are comparable with those obtained in tholeiitic system in previous experiments. Figure 2 shows that with cooling, immiscible melt pairs become increasingly contrasted in composition.
Felsic end members with very high Silica contents were observed (73.8 wt.% SiO2; 4.6 wt.% FeOtot; 11.9 wt.% Al2O3).

Fig. 2: Compositions of conjugate immiscible melts in this study
compared to previous experimental melt pairs in tholeiitic systems and
native iron-hosted melt inclusions in lavas of the Siberian Traps (Kamenetsky et al., 2013). DSi, the partitioning of SiO2 between the Ferich and Si-rich melts, expresses the compositional gap between the
two melts, plotted as a function of elements partitioned into the
Fe-rich melts.

The crystallization experiments are pertinent to test the potential development of silicate liquid immiscibility along basalt to
rhyolite differentiation in Snake River Plain. Particularly, the
range of alkali (Na2O+K2O) and P2O5 contents of the selected
compositions is a critical parameter for the development of a
two-liquid field (e.g. Charlier and Grove, 2012). It is also remarkable that the Si-rich immiscible liquids obtained both at
600 MPa and 300MPa also approaches natural SRPY rhyolite
compositions, providing new evidences for the importance of
liquid immiscibility in magma genesis of rhyolites from the
SRPY and other bimodal volcanic provinces.
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Several decades of research on the paleoceanography and
paleoclimatology of the Scotia Sea using short cores and remote-sensing data have revealed a wealth of information on
Late-Pleistocene ice sheet-ocean-climate interactions, but deep
drilling is required for understanding the evolution of these interactions and their sensitivity to different boundary conditions
over longer timescales. Drilling deep sites in Pirie Basin and
in Dove Basin shall decipher the geological history back to the
Miocene and to test competing hypotheses in this important yet
undersampled region.
International Ocean Discovery Program (IODP) Expedition
382 is scheduled to start in Punta Arenas, Chile, on 20 March
2019 and to end in Punta Arenas, Chile, on 20 May 2019. Expedition objectives shall be achieved through the first deep drilling in the Scotia Sea. Six sites should recover up to 600 m
long Late Neogene sequences to reconstruct past variability in
Antarctic Ice Sheet (AIS) mass loss, oceanic and atmospheric
circulation.
We will deliver the first spatially integrated record of variability in icebergs flux from Iceberg Alley, where a substantial
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number of Antarctic icebergs exit into the warmer Antarctic
Circumpolar Current (ACC). In particular, we will characterize the iceberg flux during key times of AIS evolution: Middle
Miocene glacial intensification of the East Antarctic Ice Sheet,
mid-Pliocene warm interval, Late Pliocene glacial intensification of the West Antarctic Ice Sheet, mid-Pleistocene transition,
warm interglacials of the last 800 kyr, and glacial terminations.
We will use the geochemical provenance of detrital material
to determine regional sources of AIS mass loss, address interhemispheric phasing of ice-sheet and climate events, and the
relation of AIS variability to sea level.
We will also provide critical information on changes in
Drake Passage throughflow, meridional overturning in the Southern Ocean, water-mass changes, CO2 transfer via wind-induced upwelling, sea-ice variability, bottom water outflow from
the Weddell Sea, Antarctic weathering inputs, and changes in
oceanic and atmospheric fronts in the vicinity of the ACC by
comparing N-S variations across the Scotia Sea.
Comparing changes in dust proxy records between the Scotia Sea and Antarctic ice cores will provide a detailed reconstruction of changes in the Southern Hemisphere westerlies on
millennial and orbital time scales for the last 800 kyr. Extending
this comparison beyond 800 kyr will help evaluating climatedust couplings since the Pliocene, its potential role in iron fertilization and atmospheric CO2 drawdown during glacials, and
whether dust and changes in Antarctic ice volume played a role
in the mid-Pleistocene transition.
Post-cruise analytical work will include: magneto-, bio-,
and tephrostratigraphy, combined with dust tuning, stable isotopes, and relative paleointensity to establish the chronology;
production of seawater-derived radiogenic isotope records,
iceberg-rafted debris, physical properties, XRF scanning, and
provenance studies to constrain ice dynamics; geochemistry,
sortable silt, stable isotopes, biomarkers, and diatom assemblages to reconstruct ocean temperature, current strength, productivity, and sea-ice extent. Models will help investigating possible physical mechanisms causing changes in ice-sheet dynamics,
ocean-atmosphere interactions, and sea-level changes.
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The Eirik Drift south of Greenland records the changes
in sediment transport by the deep ocean currents of the North
Atlantic. The most influential bottom current is the Western
Boundary Undercurrent (WBUC) which plays a major role in
the global meridional overturning circulation and is driven by
deep water formation in the Greenland, Labrador, Norwegian
and Iceland Seas. Tectonic events and changing climate conditions have altered the pathway and strength of the WBUC over
the last millions of years (Uenzelmann-Neben et al. (2016)).
These changes are recorded in the sediments of Eirik Drift. By
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means of seismic profiles (e.g., Müller-Michaels and Uenzelmann-Neben (2014, 2015)) and drill cores (Expedition 303 Scientists (2006), Shipboard Scientific Party (1987)), sedimentation rate and grain sizes can be determined since the late Miocene
and the Pliocene. Both time slices have attracted interest of the
climatological community due to their resemblance to possible
future anthropogenically modified climate states (Salzmann et
al. (2009)). Several numerical climate and ocean studies have
linked local temperature and precipitation proxies to global
climate changes during the late Miocene and the Pliocene. In
the project TRANSPORTED we will link tectonic events and
climate change to alterations of the strength and flowpaths of
the WBUC and, hence, to sedimentation rates and grain sizes
recorded in the cores from Sites 646 and U1305-1307 in the
Eirik Drift.
The numerical simulations will be carried out with the Regional Ocean Modeling System (ROMS, Shchepetkin and McWilliams (2005)). A regionalization to the North Atlantic enables us to simulate the areas of deep water formation in the North
Atlantic and the Nordic Seas at unusually high spatial resolution and to resolve sediment transport by the WBUC in time and
space. ROMS is a modern and highly modular ocean model
code that uses terrain following sigma coordinates. The resulting higher resolution of oceanic bottom layers and the state of
the art sediment and sea ice modules make ROMS a suitable
choice for the proposed sensitivity simulations (cf., Li (2012)).
This will lead to quantitative comparisons between simulated
and reconstructed sediment transports at the Eirik Drift for the
first time. Variations in sedimentation rate, sediment transport
and grain sizes can be linked to climatic and tectonic events.
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The West Bohemia/Vogtland region, characterized by the
intersection of the Eger (Ohře) Rift and the Mariánské Lázně
fault, is a geodynamically active area exhibiting repeated occurrence of earthquake swarms, massive CO2 emanations and
mid Pleistocene volcanism. The Eger Rift is the only known
intra-continental region in Europe where such deep seated, active lithospheric processes currently take place. We present an
image of electrical resistivity obtained from two-dimensional
inversion of magnetotelluric (MT) data acquired along a regional profile crossing the Eger Rift (Muñoz et al., 2018). At the
near surface, the Cheb basin and the aquifer feeding the mofette
fields of Bublák and Hartoušov have been imaged as part of a
region of very low resistivity. The most striking resistivity feature, however, is a deep reaching conductive channel which extends from the surface into the lower crust spatially correlated
with the hypocentres of the seismic events of the Nový Kostel
Focal Zone. This channel has been interpreted as imaging a
pathway from a possible mid-crustal fluid reservoir to the surface. The resistivity model reinforces the relation between the
fluid circulation along deep-reaching faults and the generation
of the earthquakes. Additionally, a further conductive channel
has been revealed to the south of the profile. This other feature
could be associated to fossil hydrothermal alteration related to
Mýtina and/or Neualbenreuth Maar structures or alternatively
could be the signature of a structure associated to the suture between the Saxo-Thuringian and Teplá-Barrandian zones, whose
surface expression is located only a few kilometres away.

Fig. 1: Electrical resistivity model obtained from 2D inversion. Red
stars show the locations of Bublák (B) and Hartoušov (H) mofettes
and Mýtina Maar Volcano (MM). White and red dots correspond to
the projected locations of earthquake swarm events in the Nový Kostel
focal zone. Overall high resistivity (> 1000 Wm; R1 and R2) relates to
the old crystalline basement. Near surface shallow conductive anomalies are found beneath the Cheb Basin (C1) and the Hartoušov and
Bublák mofettes. A deep reaching conductive channel extends from
C1 at the surface down to a conductive feature (C2). To the south,
another deep reaching conductive feature (C3) is spatially correlated
with the surface expression of Mýtina Maar.
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Since we planned to obtain a full image from mid-crustal
to drillable (<100 m) depth, we conducted different MT experiments. Near-surface pathways of mineral fluids containing CO2
can be imaged in detail with the Radio-Magnetotelluric (RMT)
method (Rulff, 2018). Two- and three-dimensional models indicate that the subsurface below wet degassing sites such as
the Hartoušov mofette is characterised by an increase in electrical conductivity in form of a electrically conductive channels
connecting deeper aquifers. Gaseous CO2 is more resistive and
consequently inversion result of the northern measurement area
seems to correlate with a dry mofette structure. These models
can be compared with electrical resistivity tomography (ERT)
profiles (Flechsig et al., 2008; Nickschick et al., 2015) and logging data from the nearby Hartoušov borehole (Bussert et al.,
2017).
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bulk carbon isotope data from North Atlantic (Newfoundland
Margin) IODP Site 342-U1403 exhibit that the bulk carbon-isotope stratigraphy in its deails is much more complex. At the moment no high-resolution bulk carbon isotope record is available
from the equatorial Atlantic.
Here, we present new data from the latest Campanian to
Maastrichtian equatorial Atlantic ODP Sites 1258 and 1259
(Leg 207, Demerara Rise) section. X-ray fluorescence (XRF)
core scanning data and core images were utilized for correlation to fill recovery gaps and to revise the composite records
of both sites. Scanning XRF Fe records from both sites are dominated by eccentricity modulated precession cycles, similar
to the observations made at the Zumaia section (Batenburg et
al. 2012, 2014; Dinares-Turell et al. 2013). We also XRF scanned latest Campanian to Maastrichtian cores from Hole 516F
(Rio Grande Rise, DSDP Leg 72), as well as from Sites 525,
527, and 528 (Walvis Ridge, DSDP Leg 74), which also exhibit
eccentricity modulated precession cycles throughout the investigated interval. In combination with published records from
ODP Sites 1262 and 1267 (Westerhold et al. 2008) we were
able to compile a Maastrichtian Equatorial to South Atlantic
framework that allows validating of the available bio- and magnetostratigraphy. Subsequently a cyclostratigraphic age model
based upon the stable 405-kyr eccentricity cycle was developed, similar to the approaches of Westerhold et al. (2008), Hussone et al. (2011), Dinares-Turell et al. (2013), and Batenburg
et al. (2014).
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The latest Cretaceous is characterized by much higher
concentrations of greenhouse gases and warmer mean global
temperatures than today. The latest Campanian to Maastrichtian (75-66 Ma) interval is of particular interest, because Earth’s
overall warm climate cooled to an extend that possibly allowed ephemeral glaciations of the poles (Friedrich et al. 2012).
Mainly bulk stable isotope records from deep-sea and land sections have been used to compile a Campanian-Maastrichtian
carbon-isotope stratigraphy (Voigt et al., 2012). Very detailed
astronomical age models for the Maastrichtian and Late Campanian have also been developed recently using classic outcrops in Bidart, Hendaia, Sopelana, Zumaia (all Bask Country;
Spain/France) and deep-sea records (DSDP 525A, ODP 762C,
1258A, 1267) utilizing cyclic variations in lithology, color and
magnetic susceptibility (Batenburg et al. 2012, 2014; Hussone
et al. 2011, 2014; Dinares-Turell et al. 2013). Bulk δ13C data
are commonly used to correlate between different sections because of uncertainties in biostratigraphic events (e.g. Voigt et al.
2012). Although the overall results are more or less convincing,
most stable isotope data originate from incomplete, single holes
(DSDP 525A, ODP 762C, 1210B). Recently, late Maastrichtian

Fig. 1. New ODP Site 1258 bulk stable isotope and X-ray fluorescence
data from 304 to 311.5 rmcd of Core 1258A-31R. Also shown are
low-resolution bulk isotope data (MacLeod 2006). Please note the
overall strong correlation between color of the core image, Fe intensities and bulk stable isotope data. Our record clearly shows that sampling at resolutions lower than 10 cm will result in serious aliasing of
the true signal.

We analyzed a total number of 1865 bulk stable isotope
samples (1569 from Site 1258; 296 from Site 1259) resulting
in an almost 95-m long bulk carbon isotope record at 5 cm resolution. This record is crucial for validating the existing Campanian–Maastrichtian carbon-isotope stratigraphy (Voigt et al.
2012, Wendler 2013). Sample positions were selected based on
XRF core scanning data in order to avoid aliasing. Our new
data cleary show that Sites 1258 and 1259 can be correlated in
detail and that the material is suitable for stable isotope analysis. A previous study at Sites 1258 and 1259 (MacLeod 2006)
severly aliased the high-frequency precession signal due to the
coarse sample resolution and thus could not establish a correlation. Our new bulk isotope data exhibit spectacular, unprecedented cyclicity. Carbon isotopes values range from 1.2 to
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2.0 ‰ in the late Maastricht during magnetic polarity chron
C30n to C31n. After an overall 0.35 ‰ shift towards lighter
values, the data vary between 0.9 and 1.6 ‰ close to the Campan/Maastricht boundary. During the late Campanian the bulk
carbon isotope data show a much larger amplitude of 0.1 to
1.8 ‰. Most interestingly the precessional bulk carbon and
oxygen isotope cycles co-vary with the XRF Fe intensity variation (Fig. 1). The observed shifts are in line with globally
distributed bulk isotope records and thus reinforces the application of bulk stable isotopes, at least looking at the general
pattern, for global correlations. But our study also demonstrates
that most of the other bulk stable isotopes records spanning the
latest Campanian to Maastrichtian very likely have not been
sampled in high enough resolution to resolve the individual
precession cycle, which led to severe aliasing of the signal and
thus making global correlation difficult. On an individual cycle
scale at 1258/1259 heavier, more positive bulk isotopes values
correspond to higher Fe intensities and darker intervals in the
core images – see from 308 to 309 rmcd in Figure 1. This phase
relationship is opposite to other records (e.g., Zumaia) and is
currently explored in more detail. The next step in our project
will be to compare the Sites 1258/1259 data to the new bulk
stable isotope record from the North Atlantic Site U1403 (IODP
Exp. 342 Newfoundland, Batenburg et al. 2017).
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Noble gas abundance and isotope data from drilling mud
gas samples obtained during IODP Expedition 338 between
October 2012 and January 2013 and Expedition 348 between
September 2013 and January 2014 provide new insights on the
origin and migration of fluids in the southern rim of the Kumano forearc basin offshore SE Japan. Drilling mud gas was
sampled from three adjoining boreholes (C0002F, C0002N and
C0002P) and depths between 950 and 3050 meter below sea
floor (mbsf), samples are composed of air with variable contribution of mantle-derived and crustal fluids.
The air-corrected 3He/4He ratios of samples from Exp.
338 are highly variable and fall between 0.44±0.24 Ra and
3.26±0.28 Ra. Samples #1400 and #1800 (sample number denotes depth in mbsf) are strongly dominated by crustal helium,
while the air-free helium isotope composition of #950 is the
highest observed in our study and in good agreement with the
estimated helium isotope value (3.4 Ra) of the subducting Phillipine Sea Plate (PSP) in southwest Japan (Umeda et al., 2012).
In contrast, samples collected during Exp. 348 in the depth interval 1700-3050 mbsf show only binary mixing between air
and a mantle-derived component with a 3He/4He ratio of 2.4 Ra
and no significant depth variation.
Helium isotope and radon data from Exp 338 indicate channelized and active fluid flow through permeable strata from the
subducting PSP for #950, while active fluid flow from another
source enriched in crustal helium accounts for the helium isotopic composition in #1400 and #1800. We interpret the findings
from Exp 338 as a short-term episodic fluid flow event, maybe
caused by reactivation of buried trust faults.
Elevated 222Radon activities observed during Exp 338 were
not found during drilling one year later (Exp 348), which suggest pervasive migration of fluids through pore space along
mineral grain boundaries with little input of in-situ produced
crustal helium for Exp 348. Application of the fluid-flow model
from Kennedy et al. (1997) results in flow rates of ~7cm per
year in the accretionary prism of the Kumano Basin. These
values agree well with calculated average diffusion lengths for
helium in marine sediments.
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Changes in marine pore water chemical composition are
important indicators of early diagenetic processes and fluid
fluxes. The Ca isotope ratio (δ44/40Ca) is a powerful tool to investigate diagenetic reactions in marine sedimentary porewater
systems, as it is sensitive to processes such as carbonate dissolution, precipitation and recrystallization, due to the isotopic
difference between dissolved Ca and solid carbonate minerals, and is also affected by ion exchange as well as deep fluid
sources (e.g. Teichert et al. 2009; Ockert et al. 2013). Thus, it
is part of the CO2 cycle and directly linked to climate changes. In the past decade, the Ca isotope system has been applied
as proxy for diagenetic reactions such as CaCO3 dissolution
CaCO3 precipitation, ion exchange and recrystallization. To extract the pore water from a sediment core, the so-called whole
round (WR) method has been successfully used for decades.
The WR method has some limitations: It is usually applied at
relatively low depth resolution because it disturbs the sediment
record (Dickens et al., 2007) and the press has to be cleaned
between every sampling to avoid contamination. Further, the
pressure exerted in the hydraulic press to extract the pore fluid
(250-300 MPa) destroys microbial cells and was suggested to
cause carbonate contamination due to release of cytoplasm and
carbonate dissolution (Schrum et al., 2012) since the pressure
is much higher than any water pressure in the deep ocean sediments (Miller et al., 2014). A more recent method to retrieve
pore water is the so-called Rhizon sampling technique, first
applied to marine sediment cores by Seeberg-Elverfeldt et al.
(2005) and Dickens et al. (2007). Applying a gentle vacuum,
the pore water is sucked out of the sediment without major disturbance of the sediment record. In addition, achieving a higher
sampling resolution is more feasible using the Rhizon sampling
techniques. There are only a few studies that evaluate the comparability of both sampling techniques, especially for isotope
ratios. Initial results indicate possible differences between
whole round and Rhizon sampling techniques, e.g. for alkalinity, Cl- concentration, oxygen and hydrogen isotope ratios and
dissolved inorganic carbon (DIC) (Schrum et al., 2012, Miller
et al., 2014). In this study, we systematically compare Rhizon
and WR sampling techniques in terms of their effect on stable
calcium isotope ratios in the extracted pore waters. The WR and
Rhizon sampling methods have been applied during IODP Exp.
320/321 at Site U1332 at the parallel Holes A and C (Pälike et
al., 2010). The parallel sediment cores were selected for Ca isotope analyses because they show a difference in the pore water
concentrations of Ba2+, Ca2+, Li+ and Mg2+ (Pälike et al., 2010).
We recognized a systematic offset in δ44/40Ca between both sampling techniques with higher values for the Rhizon sampling
technique. Rayleigh fractionation and mixing calculation models indicate that the whole round sampling technique is most
likely more representative for the pristine pore water than Rhizon sampling. Further, we conducted a press test to determine,
if different time or pressure during WR sampling may have an
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effect on the Ca isotope composition of the porewater sample.
The outcome of this experiment demonstrates that different
time or pressure during WR sampling do not have an effect on
the Ca isotopy of the extracted porewater sample. Although the
offset between WR and corresponding Rhizons is systematic,
the deviation is generally within analytical uncertainties, but
may become more important with increasing analytical precision or other sediment composition.

Fig. 1: Comparison of δ44/40Ca of pore water (PW) retrieved by WR
(Hole U1332A) and Rhizon (Hole U1332C) sampling (this work),
corresponding CaCO3 concentration (Pälike et al., 2010) and three
δ44/40Ca values (this work) of the sediment (SC; Hole U1332A). Ca
isotope measurements of WR and Rhizon samples show the same
overall pattern, but Rhizon samples have slightly higher δ44/40Ca values. The CaCO3 content ranges mostly between 20 and 90 wt% (Pälike
et al., 2010).

Further, we studied diagenetic reactions in deep sea sediments from the Equatorial Eastern Pacific by analysing Ca isotope ratios of porewater and sediment on eight sediment cores
from IODP Exp. 320/321. Two sediment cores show Ca isotope
profiles that start at the sediment/water interface with seawaterlike values, then decrease to sediment-like values due to recrystallization and then increase in the bottom part again to seawater-like values. The other studied cores show different degrees
of flattening of this middle bulge. We interpret this systematic
either as an effect of sediment thickness, decreasing recrystallization rates and/or fluid advection at the respective sampling
sites. Element concentration profiles and Sr-isotope varations
on some of these sediment cores show a similar behavior,
supporting our findings (Pälike et al. 2010; Voigt et al. 2015).
The seawater-like values at the buttom of the sediment pile are
supposed to be caused by fluids migrating though the oceanic
basement, fed by seawater influx at (inactive) seamounts (e.g.
Villinger et al. 2017). There are two hypotheses for such a fluid
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flow: a) two seamounts or bathymetric pits are connected, with
a recharge and a discharge site (Bekins et al., 2007), or b) uptaken fluids could be released through the surrounding seafloor
as well due to diffusive exchange with the underlying oceanic
crust (e.g. Mewes et al., 2016). Our Ca isotope results combined with a transport reaction model approach support the latter hypothesis, since the recristallization rate and fluid velocity
rate depends on the sediment composition and length, thus it is
not a time depending series.

Fig. 2: δ44/40Ca of the pore water, sediment and basalt (both carbonate
and silicate phases) compared to 87Sr/86Sr of the pore water of all sites
(this work; Voigt et al., 2015) and the sediment of site U1334-U1338
(Voigt et al., 2015).
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Thermal Expansivity Between 150 and 800°C of
Hydrothermally Altered Conduit Dyke Samples
from USDP-4 Drill Core
(Mt Unzen, Shimabara, Japan)
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When hot magma intrudes the crust, the surrounding rocks
expand. Similarly, the cooling magma contracts. The expansion
and contraction of these multiphase materials is not simple and
often requires empirical constraint. Therefore, we constrained
the thermal expansivity of Unzen dome and conduit samples
using a NETZSCH® DIL 402C. Following experiments, those
samples were scanned using a Phoenix v|tome|x m to observe the cracks that may have developed during the heating and
cooling. The dome samples do not show petrological or chemical signs of alteration. However, the alteration of the conduit
dykes is represented by the occurrence of the main secondary
phases such as chlorite, sulfides, carbonates, R1 (Reichweite
parameter) illite-smectite, and kaolinite. These alteration products indicate an (I) early weak to moderate argillic magmatic
alteration, and a (II) second stage weak to moderate propylitic
hydrothermal alteration.
The linear thermal expansion coefficient aL of the dome
material is ~5 ´ 10-6 K-1 between 150°C and 800°C and shows
a sharp peak of up to ~2.5 ´ 10-5 K-1 around the alpha-betaquartz-transition (~573°C). In contrast, aL of the hydrothermally altered conduit samples starts to increase around 180°C
and reaches ~1.5 ´ 10-5 K-1 at ~400°C (Fig 1). We interpret this
effect as being due to the water content of the kaolinite and the
R1 illite-smectite, which induces larger expansions per degree
temperature change. Furthermore, the altered conduit samples
show a more pronounced increases of aL between 500°C and
600°C of up to peaks at ~1.3 ´ 10-4 K-1 (Fig. 2), which is generated by the breakdown of chlorite, iron-rich dolomite solid
solutions, calcite, and pyrite.
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Fig. 1: Temperature vs. linear thermal expansion coefficient aL plot of
heating cycle 1 between 0°C and 400°C.

IODP/ICDP Kolloquium Bochum 14.-16.03.2018

We use a 1D conductive model of heat transfer to explore
how the country rock around the Unzen conduit zone would
heat up after intrusion. In turn, we convert these temperature
profiles to thermal stress profiles, assuming the edifice is largely
undeformable. We show that these high linear thermal expansion coefficients of the hydrothermally altered conduit rocks may
large induce thermal stresses in the surrounding host rock and
therefore promotes cracking, which may in turn lead to edifice
instability.
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Fig. 2: Temperature vs. linear thermal expansion coefficient aL plot of
heating cycle 2 between 0°C and 600°C.
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Melt-peridotite interaction at crust-mantle
boundary: An experimental perspective
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experiments were run starting from a high temperature (near
liquidus) and to finish at a lower temperatuer, in between with
slow cooling rate, similar to the approach of Saper and Liang
(2014). Melt-peridotite interaction is supposed to be most active near the liquidus, whereas it should be negligible at the
lower temperature. The 3rd type experiments contain two independent steps, with the first step at near-liquidus temperature
for efficient melt-peridotite interaction, and second step at a
lower temperature for crystallization using a synthesized starting glass composition identical to the modified melt from the
first step experiment. The experiments were performed in the
Internally Heated Pressure Vessels (IHPV) at dry and reduced
conditions with a constant pressure of 2 kbar (corresponding
to the depth of the base of the oceanic crust). Melt-peridotite
interaction experiments were in all cases performed simutaneously with equilibrium crystallization experiments using pure
a primitive MORB glass, which allows easy assessment of the
effect of melt-peridotite interaction. Up to now, the 1st and 2nd
type experiemnts are completed, and the 3nd type experiments
are still under work.
Our experiments show that interaction between MORB
melt and peridotite can effective increase SiO2 content without
changing MgO largely in modified melts (Fig. 1a), evolving towards compositions that favor orthopyroxene saturation. In one
melt-peridotite interaction expeirment at 1180 °C, magmatic
orthopyroxene is observed coexisting with magmatic olivine
and plagioclase and a large proportion of melt (Fig. 1b), clearly
demonstrating that orthopyroxene can crystallize at a early-tomiddle magmatic stage from the modified melt. Therefore, our
experiments provide strong evidence for melt-peridotite interaction as an important mechanism for dissolving orthopyroxene in the peridotite at crust-mantle boundary and consequently
generating melts close to opx-saturation which migrate to lower
crust resulting in opx-rich gabbros.
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3
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The coherent cores of layered gabbros drilled by IODP (International Ocean Discovery Program) Expedition 345 at Site
1415 at the Hess Deep Rift validates the use of Penrose model
based on ophiolites for interpreting the structure of fast-spreading oceanic crust. One remarkable founding is the occurance
of orthopyroxene as an abundant phase in these deep-level cumulate rocks , which is however unexplainable by crystallizaiton experiments from primary MORB melts. The current model
(Coogan et al. 2002) invokes interaction between MORB melt
and mantle rocks and subsequent crystallization of modified
MORB melt in an isolated environment. In this experimental
study, we performed (and will perform more) melt-peridotite
interaction experiments and consequent crystallization of mofied melts, aiming to shed light on the origin of the orthopyroxene-rich layered gabbors in the lower oceanic crust as well as
the formation of dunite at the base of oceanic crust.
To simulate melt-peridotite interaction experiments, we
mixed a starting glass that has a primitive MORB composition estimated based on bulk crust of Hess Deep (Gillis et al.
2014), and a natural lherzolite. Three types of experiment were
designed. The 1st type experiments were run the at a constant
temperature, which serve as poiner for investigating phase stabilities at the melt-peridotite mixed environment. The 2nd type

Fig. 1: (a) Experimental melts in comparison with MELTS modeled
melts and natural glasses from East Pacific Rise. Melt-peridotite interaction-modified melts show strong increase in SiO2 content. (2) Magmatic assembalge of olvine + orthopyrxene + plagioclase together
with a large proportion of melt.
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Geomorphology of the Belize Barrier Reef
margin: a survey for IODP drilling

How near source region double difference
attenuation in North-West Bohemia can benefit
from ICDP borehole seismometry
M. Kriegerowski1, S. Cesca2, M. Ohrnberger1, F. Krüger1
University of Potsdam, Institute for Earth and Environmental Science
Helmholtz Centre Potsdam, GFZ German Research Centre for Geoscience
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We developed a differential attenuation (1/Q) tomography
technique exploiting amplitude spectral ratios to gain insight
into the rock properties of the North-West Bohemian earthquake swarms.
Attenuation of this seismically active region has been
tackled in previous studies on regional scales using methods
that focus on frequencies below the corner frequency. However,
these applied approaches are not suited to resolve attenuation
within the source region on scales down to few tens of meters
which can be easily assessed from Fresnel volumes. Our proposed method uses higher frequencies, above the corner frequency of S and P phases. This allows to draw conclusions on
properties in between couples of sources sharing a common ray
path from the source region to a receiver.
The method and analysis approach is validated using simulated realistic seismograms with additive noise recorded by the
WEBNET seismological network. Furthermore, we discuss the
effect of source directivity, rupture dimensions and magnitudes on our tomographic approach based on synthetic tests and
conclude that either rupture directivities need to either closely
resemble each other or require random distribution.
From our analysis we estimate that P and S phase attenuation (1/Q) within the source region are significantly reduced in
comparison to background attenuation. We observe significant
scatter of solutions which is dominated by high frequency noise
and limited bandwidth. As an attempt to further enhance resolution and investigate high frequency limits of different event
magnitudes, the University of Potsdam installed short period
seismometers sampling at 1000 Hz in Saxony, Germany close
to the Czech border in October, 2017. We discuss the benefit of
the increased bandwidth by means of several case study events
which were recorded during the installation period. It becomes
evident that events with magnitudes down to Ml0.0 have exploitable frequency content (signal-to-noise ratio > 3) at 200
Hz and above, expressing the need for increased sampling rates
and supporting the ICDP plans of borehole seismometry in that
region.
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As precondition for IODP drilling along the Belize Barrier
Reef, a systematic bathymetric study along selected sections
of the forereef area between ca. 20-150 m water depth of this
major reef margin using multibeam bathymetric and shallow
seismic techniques is planned. To date, no detailed and GPScontrolled bathymetry and continuous high-resolution seismic
data of this barrier reef margin exists. Based on the data to be
acquired, we intend to select suitable sites for IODP drilling.
We aim at locating fore-reef sites, which will be suitable to recover postglacial (20-10 kyr BP) and underlying older Pleistocene deposits along a series of core traverses. Furthermore, an
international workshop is planned to bring together interested
scientists to explore the possibilities of developing a drilling
proposal for the IODP.
Based on a successful pre-site survey and workshop, an
IODP proposal would have four potential objectives including
(1) the reconstruction of postglacial sea-level rise, (2) to analyze and quantify postglacial reef composition and architecture
as response to sea-level and climate change, and (3) to obtain
environmental data on temperature and carbonate saturation
during that time window. In addition, (4) aspects of Pleistocene reef initiation and paleoecology may be investigated, depending on recovery of older Pleistocene successions. In the
light of the modelled 21st century increases in sea-level rise,
especially postglacial drowned reef sequences along the Belize
margin can potentially be used for future sea-level projections.
In contrast to the Indo-Pacific region where several highly
resolved and scientifically robust reef-based postglacial sea-level records have been acquired (Huon Peninsula, Tahiti, Great
Barrier Reef), there is only one such record in the tropical western Atlantic (Barbados, eastern Caribbean). As valuable as the
Barbados sea-level record is, it remains controversial because
the sea-level data from Tahiti (IODP leg 310) and the Great
Barrier Reef (IODP leg 325) only recorded meltwater pulse
(MWP) 1A whereas MWP 1B is missing. In addition, abundant
postglacial microbialite facies as found in Tahiti and the Great
Barrier Reef and many other early Holocene reefs is apparently
absent in Barbados for hitherto unknown reasons. This asks for
the investigation of additional and independent sites. Because
microbialite facies in postglacial reefs were formed by simple
organisms (bacteria), they may provide key proxy data (thickness, volume) that are largely environmentally controlled and
presumably easier to interpret as proxy data (growth and calcification rates, δ18O, Sr/Ca) from encymatically controlled reefbuilders such as corals. In summary, a second postglacial reefal
archive from Belize would certainly help to answer these open
and debated questions and to constrain the nature of postglacial
sea-level rise in the western Atlantic / Caribbean realm.

