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Foreword

By Integrated Ocean Drilling Program Management International, Inc.

The Integrated Ocean Drilling Program (IODP) is the most ambitious ocean exploration and drilling program
ever undertaken. With multiple platforms and multiple partners, our research spans the globe and truly
represents international collaboration and diplomacy among scientists and nations interested in attaining
scientific goals.

The Proceedings present the scientific and engineering results of IODP drilling projects, each an important
component of an international program designed to better understand Earth, its environmental changes and
processes, the deep biosphere, and climate change.

The collective effort required to conduct each IODP expedition is colossal. Beginning with scientists who
submit ocean drilling research proposals, there are others who evaluate, rank, and prioritize proposals.
Scientists also schedule the science operations, select science party members from scores of international
scientists qualified to participate, plan platform operations, ready the drillship, and choose borehole
locations. There are onboard logistics to manage and critical communications to coordinate among various
academic institutions, governments, and national science organizations. And the resulting data must be
managed and made accessible to scientists, particularly those who will prepare future proposals. Every aspect
of planning an IODP expedition takes a village—or several. There are many participants and many more
stakeholders.

Ocean-drilling achievements, however complex, help us understand extraordinary linkages and interpret
relationships as they exist in various parts of the Earth system. Achievements in two legacy drilling programs
(the Ocean Drilling Program and Deep Sea Drilling Program) have validated the scientific concepts behind
plate tectonics, contributed to the understanding of ocean circulation changes, and extended our knowledge
of long- and short-term climate change—scientific information at the foundation of our current drilling
program.

IODP drilling platform operations are conducted by three Implementing Organizations (I0s). Riserless
platform operations are conducted by the JOI Alliance, comprising the Joint Oceanographic Institutions, Inc.,
Texas A&M University through the Texas A&M Research Foundation, and Lamont-Doherty Earth Observatory
of Columbia University. Riser platform operations are conducted by the Japan Agency for Marine-Earth
Science and Technology through Japan’s Center for Deep Earth Exploration in cooperation with the Center
for Advanced Marine Core Research at Kochi University. Mission-specific platform operations are conducted
by the European Consortium for Ocean Research Drilling, Science Operator, comprising the British Geological
Survey, Bremen University, and the European Petrophysics Consortium. The European IO currently represents
the ocean-drilling efforts of 16 nations in Europe, plus Canada. At the start of this drilling project, [ODP
involved 20 nations.

The discoveries discovered in this volume build upon layers of knowledge and science developed over roughly
the last fifty years. Expedition Proceedings are published by IODP Management International for IODP under
the sponsorship of the U.S. National Science Foundation (NSF), Japan’s Ministry of Culture, Education, Sports,
Science and Technology, and other IODP members. The material is based upon research supported under
Contract OCE-0432224 from NSE.

Manik Talwani

President & Chief Executive Officer

Integrated Ocean Drilling Program Management International, Inc.
Washington, D.C.

www.iodp.org
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Integrated Ocean Drilling Program

Integrated Ocean Drilling Program Management International, Inc.

Web site: www.iodp.org

I0DP-MI
815 Connecticut Avenue, NW, Suite 210
Washington DC 20006
USA
Tel: (202) 465-7500; Fax: (202) 955-8363
E-mail: info@iodp.org

IODP-MI member organizations*

Alfred-Wegener-Institute fiir Polar und
Meeresforschung, Germany

British Geological Survey, United Kingdom
Cardiff University, United Kingdom

Columbia University, Lamont-Doherty Earth
Observatory, USA

Federal Institute of Technology (ETH), Switzerland
Florida State University, USA
Hokkaido University, Japan

Institut fiir Meereswissenschaften, Department of
Marine Environmental Geology IFM-GEOMAR),
Germany

Institut de Physique du Globe de Paris, France
Institut Universitaire Européen de la Mer, France

Japan Agency for Marine-Earth Science and
Technology, Japan

Kochi University, Japan
Kyushu University, Japan

National Institute of Advanced Industrial Science
(AIST), Japan

Oregon State University, USA
Rutgers University, USA

*At time of expedition.

I0DP-MI
CRIS Building, Room 05-101
Hokkaido University
N21W10 Kita-ku, Sapporo 001-0021
Japan
Tel: (81) 11-738-1075; Fax: (81) 11-738-3520

Texas A&M University, USA
Tohoku University, Japan
Tokai University, Japan
Universitit Bremen, Germany
University of Bergen, Norway

University of California at San Diego, Scripps
Institution of Oceanography, USA

University of California at Santa Cruz, USA
University of Florida, USA

University of Hawaii, USA

University of Leicester, United Kingdom
University of Miami, USA

University of Michigan, USA

University of Rhode Island, USA

University of Southampton, United Kingdom
University of Texas, USA

University of Tokyo, Japan

University of Washington, USA

Vrije Universiteit, The Netherlands

Woods Hole Oceanographic Institution, USA
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Implementing organizations

IODP European Implementing Organization: European Consortium
for Ocean Research Drilling, Science Operator (ESO)

Web site: www.ecord.org/eso/eso.html

IODP-ESO Coordinator: Science, Logistics, IODP-ESO Curation and Laboratories
and Operations Integrated Ocean Drilling Program
British Geological Survey Bremen Core Repository
Murchinson House Center for Marine Environmental Sciences
West Mains Road DFG Research Center for Ocean Margins
Edinburgh EH9 3LA Bremen University
United Kingdom Leobener Strasse
Tel: (44) 131-667-1000; Fax: (44) 131-668-4140 28359 Bremen
E-mail: ESO@exchange.edinburgh.bgs.ac.uk Germany
Tel: (49) 421-218-65561
IODP-ESO Petrophysics Fax: (49) 421-218-98-65565

European Petrophysics Consortium E-mail: BCR@marum.de

Department of Geology

University of Leicester

Leicester LE1 7RH

United Kingdom

Tel: (44) 116-252-3611; Fax: (44) 116-252-3918
E-mail: tim.brewer@leicester.ac.uk

IODP Japanese Implementing Organization: Japan Agency for
Marine-Earth Science and Technology (JAMSTEC)

Web site: www.jamstec.go.jp/chikyu/index.html

IODP-Japan Science Operator

Center for Deep Earth Exploration (CDEX)

Japan Agency for Marine-Earth Science and
Technology

Yokohama Institute for Earth Sciences
3175-25 Showa-machi
Kanazawa-ku, Yokohama City
Kanagawa 236-0001
Japan
Tel: (81) 45-778-5643; Fax: (81) 45-778-5704
E-mail: cdex@jamstec.go.jp
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IODP U.S. Implementing Organization: JOI Alliance

Web site: www.iodp-usio.org

IODP-USIO Systems Integration Contractor

Joint Oceanographic Institutions, Inc.
1201 New York Avenue, NW, Suite 400
Washington DC 20005
USA
Tel: (202) 232-3900; Fax: (202) 462-8754
E-mail: info@joiscience.org

IODP-USIO Science Services, LDEO

Lamont-Doherty Earth Observatory
of Columbia University
PO Box 1000, 61 Route 9W
Palisades NY 10964
USA
Tel: (845) 365-8672; Fax: (845) 365-3182
E-mail: borehole@ldeo.columbia.edu

IODP-USIO Science Services, TAMU

Integrated Ocean Drilling Program

Texas A&M University

1000 Discovery Drive

College Station TX 77845-9547

USA

Tel: (979) 845-2673; Fax: (979) 845-4857
E-mail: information@iodp.tamu.edu
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Expedition 303/306 science party*

James E.T. Channell
Co-Chief Scientist
Department of Geological Sciences
University of Florida
241 Williamson Hall
Gainesville FL 32611-7340
USA
jetc@nersp.nerdc.ufl.edu

Toshiya Kanamatsu
Co-Chief Scientist
Institute for Research on Earth Evolution
Japan Agency for Marine-Earth Science and
Technology
2-15 Natsushima-cho
Yokosuka, Kanagawa 236-0061
Japan
toshiyak@jamstec.go.jp
Tokiyuki Sato
Co-Chief Scientist
Institute of Applied Sciences, Mining College
Akita University
Tegata-Gakuencho 1-1
Akita 010-8502
Japan
toki@quartet.ipc.akita-u.ac.jp

Expedition 303 scientists

Stuart Robinson

Logging Staff Scientist
Borehole Research Group
Lamont-Doherty Earth Observatory

of Columbia University

PO Box 1000, 61 Route 9OW
Palisades NY 10964
USA
stuartr@ldeo.columbia.edu

Lucia de Abreu

Physical Properties Specialist
Department of Earth Sciences
University of Cambridge
The Godwin Laboratory
Pembroke Street—New Museums Site
Cambridge CB2 3SA
United Kingdom
1d206@cus.cam.ac.uk

Ruediger Stein

Co-Chief Scientist
Alfred-Wegener-Institut fiir Polar und

Meeresforschung

Columbusstrasse 2
27568 Bremerhaven
Germany
rstein@awi-bremerhaven.de

Carlos A. Alvarez Zarikian
Expedition Project Manager/Staff Scientist
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
zarikian@iodp.tamu.edu

Mitchell J. Malone
Expedition Project Manager/Staft Scientist
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
malone@iodp.tamu.edu

Gretta Linda Bartoli

Sedimentologist
Institute for Geosciences
Christian-Albrechts-Universitit zu Kiel
Olshausenstrasse 40
24118 Kiel
Germany
gb@gpi.uni-kiel.de

Shun Chiyonobu

Paleontologist (nannofossils)
Institute of Geology and Paleontology
Tohoku University
Graduate School of Science
Aramaki-aza-Aoba
Aoba-ku, Sendai 980-8587
Japan
chiyonobu@dges.tohoku.ac.jp

*Addresses at time of expedition, except where updated by the participants.
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John (Jed) E. Damuth
Sedimentologist
Department of Geology
University of Texas at Arlington
PO Box 19049
500 Yates Street, Room 107
Arlington TX 76019-0049
USA
damuth@uta.edu

Anne De Vernal

Palynologist
GEOTOP
Université du Québec a Montréal
CP 8888, Succursale Centre Ville
Montréal QC H3C 3P8
Canada
devernal.anne@uqam.ca

Atsuhito Ennyu

Inorganic/Organic Geochemist
Department of Earth and Planetary Sciences
Hokkaido University
N10W8
Sapporo 060-0810
Japan
aennyu@nature.sci.hokudai.ac.jp

Estela Vazquez Esmerode
Sedimentologist
University of Copenhagen
Geologisk Institut
Oster Voldgade 10
1350 Copenhagen
Denmark
estelav@geol. ku.dk

Satoshi Funakawa
Paleontologist (radiolarians)
Department of Geology, Faculty of Agriculture
Utsunomiya University
Utsunomiya, Tochigi 321-8505
Japan
funakawa@msg.biglobe.ne.jp

Samuel S. Henderson

Physical Properties Specialist
Department of Geological Sciences
Rutgers, The State University of New Jersey
610 Taylor Road
Piscataway NJ 08854-8066
USA
samhend@rci.rutgers.edu

David A. Hodell
Stratigraphic Correlator
Department of Geological Sciences
University of Florida
214 Williamson Hall
PO Box 112120
Gainesville FL 32611
USA
dhodell@geology.ufl.edu

Masashi Ito
Inorganic Geochemist
Institute for Frontier Research
on Earth Evolution (IFREE)
Japan Agency for Marine-Earth Science and
Technology
2-15 Natsushimacho
Yokosuka 237-0061
Japan
masasitou@jamstec.go.jp

Kiichiro Kawamura
Sedimentologist
Research Group 3
Fukada Geological Institute
2-13-12 Honkomagome
Bunkyo-ku 113-0021
Japan
kichiro@fgi.or.jp

Noriko Kawamura
Sedimentologist
Graduate School of Human and
Environmental Studies
Kyoto University
Yoshida-Nihonmatsu-cho
Sakyo-ku, Kyoto 606-8501
Japan
kwmr@gaia.h.kyoto-u.ac.jp

Lawrence A. Krissek
Sedimentologist

Department of Geological Sciences

Ohio State University

130 Orton Hall

155 South Oval Mall

Columbus OH 43210-1308

USA

krissek@mps.ohio-state.edu
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Sasha N.B. Leigh
Sedimentologist
School of Geography and Geosciences
St. Andrews University
Irvine Building, North Street
St. Andrews, Fife
Scotland KY16 9AL
United Kingdom
snbl@st-andrews.ac.uk

Chuanlian Liu

Paleontologist (nannofossils)
School of Ocean and Earth Science
Tongji University
1239 Siping Road
Shanghai 200092
People’s Republic of China
clliu@online.sh.cn

Alain Mazaud
Paleomagnetist
Laboratoire des Sciences du Climat
et de I'’Environnement (LSCE)
CNRS
Domaine du CNRS, Avenue de la Terrasse
Gif-sur-Yvette
91198 France
mazaud@lsce.cnrs-gif.fr

Stephen Obrochta
Sedimentologist
Division of Earth and Ocean Sciences
Duke University
Durham NC 27708
USA
spo@duke.edu

Oscar E. Romero
Paleontologist (diatoms)
Department of Geosciences
Universitdt Bremen
PO Box 33 04 40
28334 Bremen
Germany
oromero@uni-bremen.de

Ralf Schiebel
Paleontologist (foraminifers)
Earth Science

Eidgendssische Technische Hochschule—Zentrum

Sonneggstrasse 5

8092 Ziirich
Switzerland
schiebel@erdw.ethz.ch

Chieko Shimada
Paleontologist (diatoms)
Graduate School of Life and Environmental
Sciences
University of Tsukuba
1-1-1 Tennodai
Tsukuba 305-8572
Japan
cshim@arsia.geo.tsukua.ac.jp

Joseph S. Stoner
Paleomagnetist
Institute of Arctic and Alpine Research
University of Colorado at Boulder
1560 30th Street
Campus Box 450
Boulder CO 80309-0450
USA
joseph.stoner@colorado.edu

Roy H. Wilkens
Stratigraphic Correlator

Hawaii Institute of Geophysics and Planetology

University of Hawaii at Manoa
1680 East West Road
Honolulu HI 96822

USA

rwilkens@hawaii.edu

James D. Wright

Sedimentologist
Department of Geological Sciences
Rutgers, The State University of New Jersey
Room 238 Wright Geological Laboratory
610 Taylor Road
Piscataway NJ 08854-8066
USA
jdwright@rci.rutgers.edu

Makoto Yamasaki
Paleontologist (foraminifers)
Institute of Applied Earth Sciences
Faculty of Engineering and Resource Science
AKkita University
1-1 Tegata-Gakuencho
Akita 010-8502
Japan
yamasaki@keigo.mine.akita-u.ac.jp
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Expedition 306 scientists

Sean M. Higgins

Logging Staff Scientist
Lamont-Doherty Earth Observatory

of Columbia University

Borehole Research Group
PO Box 1000, 61 Route 9W
Palisades NY 10964
USA
sean@ldeo.columbia.edu

Essam Aboud
Logging Scientist/Physical Properties Specialist
Earth Resources Engineering Department
Graduate School of Engineering
Kyushu University
6-10-1 Hakozaki
Higashi-ku, Fukuoka 812-8581
Japan
Present address:
Geomagnetic and Geoelectric Department
National Research Institute of Astronomy (NRIAG)
and Geophysics
Helwan, Cairo
Egypt
eaboud@gmail.com
Gary D. Acton
Stratigraphic Correlator
Department of Geology
University of California, Davis
One Shields Avenue
Davis CA 95616
USA
acton@geology.ucdavis.edu

Kazumi Akimoto

Paleontologist (foraminifers)
Center for Marine Environment Studies
Kumamoto University
Kurokami 2-39-1
Kumamoto 860-8555
Japan
akimoto@sci.kumamoto-u.ac.jp

Ian Bailey
Sedimentologist
Earth Sciences
University College London
Gower Street
London WCI1E 6BT
United Kingdom

Present address:

National Oceanography Centre
European Way

Southampton SO14 3ZH
United Kingdom
izb@noc.soton.ac.uk

Kjell R. Bjorklund
Paleontologist (radiolarians)
Natural History Museum
Department of Geology
University of Oslo
Postboks 1172
0318 Blindern, Oslo
Norway
k.r.bjorklund@nhm.uio.no

Helen Evans
Sedimentologist
Department of Geological Sciences
University of Florida
241 Williamson Hall
PO Box 112120
Gainesville FL 32611-2120
USA
geohelen@ufl.edu

Niangiao Fang

Sedimentologist
Center of Marine Geology
China University of Geosciences
29 Xueyuan Road
Beijing 100083
People’s Republic of China
fangnq@cugb.edu.cn
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The Godwin Laboratory for Paleoclimate Research
University of Cambridge
Downing Street
Cambridge CB2 3EQ
United Kingdom
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Stratigraphic Correlator
Universitdt Bremen
Postfach 33 04 40
28334 Bremen
Germany

Present address:
MARUM-Universitat Bremen
Leobener Strasse

38359 Bremen

Germany
jgruetzn@allgeo.uni-bremen.de

Yohan J.B. Guyodo
Paleomagnetist
Laboratoire des Sciences du Climat et
de I'Environnement (LSCE)
Campus du CNRS
12 Ave de la Terrasse
91198 Gif-sur-Yvette Cedex
France
guyodo@lsce.cnrs-gif.fr
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Institute of Geology and Paleontology
Tohoku University
Aramaki Aoba, Aoba-ku
Sendai 980-8578
Japan
k_hatake@dges.tohoku.ac.jp
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Physical Properties Specialist
Department of Geology and Geophysics
University of Utah
135 South 1460 East, Room 719
Salt Lake City UT 84112-0111
USA
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Oregon State University

104 COAS Administration Building

Corvallis OR 97333

USA

rharris@coas.oregonstate.edu

Kyoko Hagino
Paleontologist (nannofossils)
Department of Earth and Planetary Sciences
Hokkaido University N10 W8
Kita-ku, Sapporo 060-0810
Japan
hagino@nature.sci.hokudai.ac.jp
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Alfred-Wegener-Institut fiir Polar und
Meeresforschung
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27568 Bremerhaven
Germany
jhefter@awi-bremerhaven.de
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Sedimentologist
Department of Geological Sciences
Ohio State University
275 Mendenhall Laboratory
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Columbus OH 43210
USA
judge.4@geology.ohio-state.edu
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Sedimentologist
Earth and Planetary Science
University of Tokyo
7-3-1 Hongo
Benkyo-ku, Tokyo 113-0033
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Henan University
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People’s Republic of China
zhaiqiumin@yahoo.com
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Core descriptions

Visual core descriptions (VCDs), smear slide data tables, and digital images are included in this section. VCDs
and smear slide data tables are combined into one PDF file for each site.
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Expedition research results

Data reports

Titles are available in HTML pending completion of the volume.

Syntheses

Titles are available in HTML pending completion of the volume.

Supplementary material

Expanded coring summary tables are presented as supplementary material in Excel 97/98 spreadsheet format.
Images in TIFF format of nannofossil species, sediment samples, and smear slide photomicrographs are also
presented as supplementary material. See README.TXT in the SUPP_MAT directory for a full listing of
directories and files, or see the Directory structure for the names of the main subdirectories.

Drilling location maps

A site map showing the drilling locations for this expedition and maps showing the drilling locations of all
Integrated Ocean Drilling Program (IODP), Ocean Drilling Program (ODP), and Deep Sea Drilling Project
(DSDP) drilling sites are available in PDF format. These maps were produced using Generic Mapping Tools
(GMT) of Paul Wessel and Walter H.F. Smith (gmt.soest.hawaii.edu).

IODP Expedition 303/306 site map
IODP map (Expeditions 301-312)
ODP map (Legs 100-210)

DSDP map (Legs 1-96)
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