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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 Project) 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 (IOs). Riserless 
platform operations are conducted by the U.S. Implementing Organization, comprising the Consortium for 
Ocean Leadership, 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, IODP 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 NSF.

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/

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

IODP-MI member organizations*
Alfred-Wegener-Institute für Polar und 

Meeresforschung, Germany

British Geological Survey, United Kingdom

Columbia University, Lamont-Doherty Earth 
Observatory, USA

Federal Institute of Technology (ETH), Switzerland

Florida State University, USA

Hokkaido University, Japan

Liebniz, Institute of Marine Sciences (IFM-
GEOMAR), University of Kiel, Germany

Institut de Physique du Globe de Paris, France

Institut Universitaire Européen de la Mer (IEUM), 
France

Japan Agency for Marine-Earth Science and 
Technology (JAMSTEC), Japan

Kochi University, Japan

Kyushu University, Japan

National Institute of Advanced Industrial Science 
(AIST), Japan

Rutgers University, USA

Texas A&M University, USA

Tohoku University, Japan

Tokai University, Japan

Universität 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 Southampton National Oceanography 
Centre, United Kingdom

University of Texas at Austin, 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.eso.ecord.org/

IODP-ESO Coordinator: Science, Logistics,
and Operations

British Geological Survey
Murchinson House
West Mains Road
Edinburgh EH9 3LA
United Kingdom
Tel: (44) 131-667-1000; Fax: (44) 131-668-4140
E-mail: ESO@exchange.edinburgh.bgs.ac.uk

IODP-ESO Petrophysics
European Petrophysics Consortium

Department of Geology
University of Leicester
Leicester LE1 7RH
United Kingdom
Tel: (44) 116-252-3611; Fax: (44) 116-252-3918
E-mail: sjd27@leicester.ac.uk

IODP-ESO Curation and Laboratories
Integrated Ocean Drilling Program

Bremen Core Repository
Center for Marine Environmental Sciences
DFG Research Center for Ocean Margins
Bremen University
Leobener Strasse
28359 Bremen
Germany
Tel: (49) 421-218-65561; Fax: (49) 421-218-98-65565
E-mail: BCR@marum.de

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

Web site: www.jamstec.go.jp/chikyu/eng/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
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
Web site: www.iodp-usio.org/

IODP-USIO Systems Integration Contractor
Consortium for Ocean Leadership

1201 New York Avenue, NW, Suite 400
Washington DC 20005
USA
Tel: (202) 232-3900; Fax: (202) 462-8754
E-mail: info@oceanleadership.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 314/315/316 science party*
Chief project scientists
Masataka Kinoshita
Chief Project Scientist

Institute for Research on Earth Evolution
Japan Agency for Marine-Earth Science and 

Technology
2-15 Natsushima-cho, Yokosuka 
Kanagawa 237-0061 
Japan
masa@jamstec.go.jp

Harold Tobin
Chief Project Scientist

Department of Geology and Geophysics
University of Wisconsin-Madison
1215 West Dayton Street
Madison WI 53706
USA
htobin@wisc.edu

Expedition 314 scientists
Masataka Kinoshita
Co-Chief Scientist

Institute for Research on Earth Evolution
Japan Agency for Marine-Earth Science and 

Technology
2-15 Natsushima-cho, Yokosuka 
Kanagawa 237-0061 
Japan
masa@jamstec.go.jp

Harold Tobin
Co-Chief Scientist

Department of Geology and Geophysics
University of Wisconsin-Madison
1215 West Dayton Street
Madison WI 53706
USA
htobin@wisc.edu

Moe Kyaw Thu
Expedition Project Manager

Center for Deep Earth Exploration
Japan Agency for Marine-Earth Science 

and Technology
3173-25 Showa-machi
Kanazawa-ku, Yokohama 
Kanagawa 236-0001
Japan
moe@jamstec.go.jp

Philippe Gaillot
Logging Staff Scientist

Institute for Research on Earth Evolution
Japan Agency for Marine-Earth Science 

and Technology
3173-25 Showa-machi
Kanazawa-ku, Yokohama 
Kanagawa 236-0001
Japan
gaillotp@jamstec.go.jp

Sylvain Bourlange
LWD Specialist (physical properties)

Ecole Nationale Supéieure de Géologie
Centre de Recherches Pétrographiques 

et Géochimiques (CNRS)
15 Rue Notre Dame des Pauvres
54501 Vandoeuvre-les-Nancy
France
bourlang@crpg.cnrs-nancy.fr

Chandong Chang
LWD Specialist (physical properties)

Department of Geology
Chungnam National University
220 Gung-dong, Yuseong
Daejeon 305-764
South Korea
cchang@cnu.ac.kr

*Addresses at time of expedition, except where updated by the participants.
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Marianne Conin
LWD Specialist (physical properties)

CEREGE—College de France
Europole de l’Arbois, Bat Trocadero
BP 80
13545 Aix en Provence Cedex 04
France
mconin@crpg.cnrs-nancy.fr

Sean Gulick
LWD Specialist (log-seismic correlation)

Institute for Geophysics
Jackson School of Geosciences
University of Texas at Austin
10100 Burnet Road (R2200)
Austin TX 78758-4445
USA
sean@ig.utexas.edu

Maria José Jurado Rodriguez
LWD Specialist (log characterization and 

lithologic interpretation)
Geophysics and Geohazards Department
Institute of Earth Sciences, CSIC Barcelona
Lluis Solé Sabarís s/n
08028 Barcelona 
Spain 
mjjurado@ija.csic.es

Kylara M. Martin
LWD Specialist (log characterization and 

lithologic interpretation)
Institute for Geophysics
Jackson School of Geosciences
University of Texas at Austin
10100 Burnet Road (R2200)
Austin TX 78758-4445
USA
kylara@mail.utexas.edu

Lisa McNeill
LWD Specialist (structural geology and 

geomechanics)
National Oceanography Centre, Southampton
School of Ocean and Earth Science
University of Southampton
Southampton SO14 3ZH
United Kingdom
lcmn@noc.soton.ac.uk

Ayumu Miyakawa
LWD Specialist (physical properties)

Department of Civil and Earth Resources 
Engineering

Kyoto University
C1-1-118 Kyotodaigakukatsura, Nisigyo-ku
Kyoto 615-8246
Japan
miyakawa@earth.kumst.kyoto-u.ac.jp

J. Casey Moore
LWD Specialist (structural geology and 

geomechanics)
Earth and Planetary Sciences Department
University of California, Santa Cruz
Santa Cruz CA 95064
USA
cmoore@es.ucsc.edu

Yasuyuki Nakamura
LWD Specialist (log-seismic correlation)

Ocean Research Institute
University of Tokyo
1-15-1 Minamidai, Nakano-ku
Tokyo 164-8639
Japan
saru@ori.u-tokyo.ac.jp

Saneatsu Saito
LWD Specialist (log characterization and 

lithologic interpretation)
Institute for Research on Earth Evolution
Japan Agency for Marine-Earth Science 

and Technology
2-15 Natsushima-cho, Yokosuka 
Kanagawa 237-0061
Japan
saito@jamstec.go.jp

Dale S. Sawyer
LWD Specialist (log-seismic correlation)

Department of Earth Science
Rice University MS-126
6100 Main Street
Houston TX 77005
USA
dale@rice.edu

Joanne Tudge
LWD Specialist (log characterization and 

lithologic interpretation)
Department of Geology
University of Leicester
Leicester LE1 7RH
United Kingdom
Jt58@le.ac.uk

Yasuhiro Yamada
LWD Specialist (structural geology and 

geomechanics)
Civil and Earth Resources Engineering Department
Kyoto University
Katsura, Nishikyo
Kyoto 615-8540
Japan 
yamada@earth.kumst.kyoto-u.ac.jp
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Expedition 315 scientists
Juichiro Ashi
Co-Chief Scientist

Ocean Research Institute
The University of Tokyo
1-15-1 Minamidai, Nakano-ku
Tokyo 164-8639
Japan
ashi@ori.u-tokyo.ac.jp

Siegfried Lallemant
Co-Chief Scientist

Département des Sciences de la Terre et de 
l’Environnement

Université de Cergy-Pontoise
5 mail, Gay-Lussac, Neuville-sur-Oise
95031 Cergy-Pontoise Cedex
France
siegfried.lallemant@u-cergy.fr

Hideki Masago
Expedition Project Manager

Center for Deep Earth Exploration
Japan Agency for Marine-Earth Science and 

Technology
3173-25 Showa-machi
Kanazawa-ku, Yokohama
Kanagawa 236-0001
Japan
masagoh@jamstec.go.jp

Jan H. Behrmann
Structural Geology

Leibniz Institute of Marine Sciences
IFM-GEOMAR
Wischhofstrasse 1-3
24148 Kiel
Germany
jbehrmann@ifm-geomar.de

Babette Boeckel
Micropaleontology

Department of Geosciences
Bremen University
Klagenfurterstrasse
28359 Bremen
Germany
bboeckel@uni-bremen.de

Timothy Byrne
Structural Geology

Center for Integrative Geosciences
University of Connecticut
U-2045, 354 Mansfield Road
Storrs CT 06269
USA
tim.byrne@uconn.edu

Gerome Calves
Sedimentology

Department of Geology and Petroleum Geology
University of Aberdeen
Meston Building, Kings College
Aberdeen AB24 3UE
United Kingdom
g.calves@abdn.ac.uk

Vincent Famin
Structural Geology

LSTUR-IPGP
Universite de la Reunion
15, Avenue Rene Cassin, BP7151
97715 Saint Denis messag Cedex 9
France
yfamin@univ-reunion.fr

Junhua Guo
Sedimentology

Department of Geological Sciences
University of Missouri
101 Geology Building
Columbia MO 65211
USA
jg2kc@mizzou.edu

Yoshitaka Hashimoto
Sedimentology

Department of Natural Environmental Science
Faculty of Science, Kochi University
Akebonocyo 2-5-1
Kochi 780-8520
Japan
hassy@cc.kochi-u.ac.jp

Hiroki Hayashi
Micropaleontology

Department of Geoscience
Interdisciplinary Faculty of Science

and Engineering
Shimane University
1060 Nishikawatsucho, Matsue
Shimane 690-8504
Japan
hayashi@riko.shimane-u.ac.jp

Pierre Henry
Physical Properties

CNRS, CEREGE—College de France
Europole de l’Arbois BP80
13545 Aix en Provence Cedex 04
France
henry@cdf.u-3mrs.fr
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Tetsuro Hirono
Physical Properties

Department of Earth and Space Science
Graduate School of Science
Osaka University 
1-1 Machikaneyama-cho, Toyonaka-shi
Osaka 560-0043
Japan
hirono@ess.sci.osaka-u.ac.jp
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Inorganic Geochemistry

Hawaii Institute of Geophysics and Planetology
1680 East-West Road, POST 504
Honolulu HI 96822
USA
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Tampere University of Technology
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anna.kaksonen@tut.fi
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Chiba University
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Japan
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Technology
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Japan
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Bremen University
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Germany
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Indiana University of Pennsylvania
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Engineering

University of Missouri
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USA
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2534 CCL Building
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Organic Geochemistry

Department of Natural History Science
Hokkaido University
N10 W8, Kita-ku, Sapporo 
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Center for Advanced Marine Core Research
Kochi University
B200 Monobe, Nankoku
Kochi 783-8502
Japan
jm-hsaito@kochi-u.ac.jp

Friederike Schmidt-Schierhorn
Physical Properties/Heat Flow

FB Geowissenschaften
Universität Bremen
Postfach 330 440
28334 Bremen
Germany
fss@uni-bremen.de
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