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Ministry of Science and Technology (MOST), People’s Republic of China
National Science Foundation (United States)

Any opinions, findings, and conclusions or recommendations expressed in this publication are those of the
author(s) and do not necessarily reflect the views of the participating agencies, Integrated Ocean Drilling
Program Management International, Inc. (IODP-MI), or the Integrated Ocean Drilling Program Implementing
Organizations.

Abbreviations for names of organizations and publications in IODP reference lists follow the style given in
Chemical Abstracts Service Source Index (published by American Chemical Society).

The bulk of the shipboard-collected core data from this expedition is accessible from Integrated Ocean
Drilling Program U.S. Implementing Organization (IODP-USIO) Science Services, Texas A&M University
(TAMU), at iodp.tamu.edu/database/index.html. If you cannot access this site or need additional data,
please contact:

Data Librarian

Integrated Ocean Drilling Program
Texas A&M University

1000 Discovery Drive

College Station TX 77845-9547

USA

Tel: (979) 845-8495; Fax: (979) 458-1617
E-mail: database@iodp.tamu.edu

A complete set of the logging data collected by ODP-USIO Science Services, Lamont-Doherty Earth
Observatory (LDEO), is available at iodp.ldeo.columbia.edu/DATA/IODP. If you have problems
downloading the data, wish to receive additional logging data, or have questions regarding the data, please
contact:

Database Administrator

Borehole Research Group

Lamont-Doherty Earth Observatory of Columbia University
PO Box 1000, 61 Route 9W

Palisades NY 10964

USA

Tel: (845) 365-8343; Fax: (845) 365-3182

E-mail: logdb@ldeo.columbia.edu
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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, 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 NSFE.

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.

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

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.eso.ecord.org

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 309/312 science party*

Damon A.H. Teagle

Co-Chief Scientist (Expedition 309)
School of Ocean and Earth Science
National Oceanography Centre
University of Southampton, European Way
Southampton SO14-3ZH
United Kingdom
dat@noc.soton.ac.uk

Susumu Umino

Co-Chief Scientist (Expedition 309)
Department of Biology and Geosciences
Shizuoka University
Ohya 836
Shizuoka 422-8529
Japan
sesumin@ipc.shizuoka.ac.jp

Jeffrey C. Alt

Co-Chief Scientist (Expedition 312)
Department of Geological Sciences
University of Michigan
1000 North University
Ann Arbor MI 48109-1005
USA
jalt@umich.edu

Expedition 309 scientists

Florence Einaudi
Logging Staff Scientist
Laboratoire de Géophysique et d’'Hydrodynamique
en Forage
ISTEEM, cc 056
34095 Montpellier Cedex 5
France
florence.einaudi@dstu.univ-montp2.fr

Akram Belghoul
Logging Trainee
Laboratoire de Géophysique et d’'Hydrodynamique
en Forage
ISTEEM, cc 056
34092 Montpellier Cedex 5
France
belghoul@dstu.univ-montp2.fr

Sumio Miyashita

Co-Chief Scientist (Expedition 312)
Department of Geology
Niigata University
8050 Ikarashi
Niigata 950-2181
Japan
miyashit@geo.sc.niigata-u.ac.jp

Neil R. Banerjee
Staff Scientist/Expedition Project Manager
(Expeditions 309 and 312)
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA

Present address:

Department of Earth Sciences
University of Western Ontario
London ON N6A 5B7

Canada
neil.iodp@gmail.com

Carole Cordier
Igneous Petrologist
Earth Sciences
Universite de Bretagne Occidentale, IVEM
1 Place Copernic
UMR 6538 Domaines Océaniques
29280 Plouzané
France
carole.cordier@sdt.univ-brest.fr

Laura Crispini
Structural Geologist
Dipartimento per lo Studio del Territorio e delle sue
Risorse
Universita degli Studi di Genova
Corso Europa 26
16132 Genova
Italy
crispini@dipteris.unige.it

*Addresses at time of expedition, except where updated by the participants.
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Laura Galli

Metamorphic Petrologist
Department of Earth Sciences
Universita degli Studi di Milano
Via Mangiagalli, 34
20133 Milano
Italy
lauragallil@alice.it

Yongjun Gao
Geochemist/Igneous Petrologist
Department of Geosciences
University of Houston
4800 Calhoun Road, SR1 Building
Houston TX 77204
USA
yongjungao@uh.edu

Jorg Geldmacher
Igneous Petrologist
IFM-GEOMAR
Leibniz Institute for Marine Sciences Kiel
Wischhofstrasse 1-3
24148 Kiel
Germany
jgeldmacher@ifm-geomar.de

Lisa A. Gilbert

Physical Properties Specialist
Maritime Studies Program
Williams College and Mystic Seaport
75 Greenmanville Avenue
Mystic CT 06355
USA
lisa.gilbert@williams.edu

Emilio Herrero-Bervera
Paleomagnetist
Hawaii Institute of Geophysics and Planetology
University of Hawaii at Manoa
Petrofabrics and Paleomagnetics Laboratory
1680 East West Road
Honolulu HI 96822
USA
herrero@soest.hawaii.edu

Sara Ann Holter

Student Trainee
Department of Geology
University of St. Thomas
2115 Summit Avenue
St. Paul MN 55105
USA
sara.holter@gmail.com

Christine Laverne

Metamorphic Petrologist
Université Paul Cézanne Aix-Marseille III
Laboratoire de Pétrologie Magmatique-Case 441
Faculté des Sciences de Marseille Saint Jérome
Avenue Escadrille, Normandie Nieman
13397 Marseille Cedex 20
France
christine.laverne@univ.u-3mrs.fr

Haroldo L. Lledo Vasquez
Inorganic Geochemist
Geological Sciences and Environmental Studies
Binghamton University
4400 Vestal Parkway East
Binghamton NY 13902-6000
USA

Present address:
Department of Geoscience
University of Las Vegas
4505 Maryland Parkway
Box 454010

Las Vegas NV 89154-4010
USA
haroldo.lledo@UNLV.edu

Sedelia Rodriguez Durand

Igneous Petrologist
Department of Earth Sciences, PC 344
Florida International University
University Park Campus
11200 Southwest 8th Street
Miami FL 33199
USA

Present address:

Lamont-Doherty Earth Observatory of Columbia
University

61 Route 9W, PO Box 1000

Palisades NY 10964

durand@ldeo.columbia.edu

Tetsuya Sakuyama

Inorganic Geochemist
Earth and Planetary Science
University of Tokyo
7-3-1 Hongo
Bunkyo-ku, Tokyo 113-0033
Japan
tetsuya-saku@eps.s.u-tokyo.ac.jp
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Takashi Sano
Igneous Petrologist
College of Environment and Disaster Research
Fuji Tokoha University
325 Ohbuchi
Fuji 417-0801
Japan
sano@fuji-tokoha-u.ac.jp

Christopher E. Smith-Duque
Metamorphic Petrologist
School of Ocean and Earth Science
University of Southampton
European Way
Southampton SO14 3ZH
United Kingdom
csd2@noc.soton.ac.uk

Masako Tominaga

Physical Properties Specialist
Department of Oceanography
Texas A&M University
3F Oceanography Building
3146 TAMU
College Station TX 77843-3146
USA
masako@ocean.tamu.edu

Teacher at Sea

Alan C. Gelatt

Romulus Central School
5705 Main Street
Romulus NY 14541
USA
Work: (866) 810-0345
agelatt@rcs.k12.ny.us

Expedition 312 scientists

Marc Reichow

Logging Staff Scientist
Department of Geology
University of Leicester
University Road
Leicester LE1 7RH
United Kingdom
mkré6@le.ac.uk

Paola Tartarotti

Structural Geologist
Department of Earth Sciences
Universita degli Studi di Milano
Via Mangiagalli, 34
20133 Milano
Italy
paola.tartarotti@unimi.it

Eugenio A. Veloso Espinosa
Paleomagnetist
Graduate School of Life and Environmental
Sciences
University of Tsukuba
Tennodai 1-1-1
Tsukuba Science City, Ibaraki 305-8572
Japan
eveloso@arsia.geo.tsukuba.ac.jp
Douglas S. Wilson
Geophysicist
Department of Geological Sciences
University of California, Santa Barbara
1006 Webb Hall
Santa Barbara CA 93106-9630
USA
dwilson@geol.ucsb.edu

Ryo Anma
Structural Geologist
Graduate School of Earth and Environmental
Sciences
University of Tsukuba
Ten-no dai 1-1-1
Tsukuba, Ibaraki 305-8572
Japan
anma@arsia.geo.tsukuba.ac.jp
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Julie Carlut
Paleomagnetist
Laboratoire de Geologie
Ecole Normale Supérieure
24 rue Lhomond
75231 Paris
France
jcarlut@geologie.ens.fr

David M. Christie
Igneous Petrologist
College of Oceanic and Atmospheric Sciences
Oregon State University
104 Ocean Administration Building
Corvallis OR 97331-5503
USA
dchristie@coas.oregonstate.edu

Rosalind Coggon
Igneous Petrologist
Department of Geological Sciences
University of Michigan
1000 North University
Ann Arbor MI 48109-1005
USA
rmc01@soc.soton.ac.uk

Laura Galli

Structural Geologist
Dipartimento di Scienze della Terra
Universita degli Studi di Milano
Via Mangiagalli 34
20133 Milano
Italy
lauragallil@aliceposta.it

Nicholas W. Hayman

Structural Geologist
Division of Earth and Ocean Sciences
Duke University
Box 90227, 103 Old Chemistry Building
Durham NC 27708
USA
hayman@duke.edu

Nobuo Hirano

Inorganic Geochemist
Graduate School of Environmental Studies
Tohoku University
6-6-20 Aza-Aoba, Aramaki
Aoba-ku, Sendai 980-8579
Japan
nhirano@mail.kankyo.tohoku.ac.jp

Stephanie Ingle
Inorganic Geochemist

Department of Oceanography/SOEST
University of Hawaii at Manoa

1680 East-West Road, Post 606
Honolulu HI 96822

USA

ingle@hawaii.edu

Juergen Koepke
Igneous Petrologist

Institut fiir Mineralogie

Universitit Hannover

Callinstrasse 3

30167 Hannover

Germany
koepke@mineralogie.uni-hannover.de

Christine Laverne
Metamorphic Petrologist

Laboratoire de Pétrologie Magmatique, Case 441
Université Paul Cézanne Aix-Marseille III
Faculté des Sciences et Techniques

Avenue Escadrille Normandie-Niemen

13397 Marseille Cedex 20

France

christine.laverne@univ.u-3mrs.fr

John MacLennan
Igneous Petrologist

School of Geosciences
University of Edinburgh
West Mains Road
Edinburgh EH9 3JW

United Kingdom
john.maclennan@ed.ac.uk

Sally Morgan
Metamorphic Petrologist

School of Earth Sciences
University of Leeds

Leeds, West Yorkshire LS2 9]T
United Kingdom
sally@earth.leeds.ac.uk

Natsuki Neo
Inorganic Geochemist

Department of Geology

Niigata University

Faculty of Science

2-8050 Ikarashi

Niigata 950-2181

Japan
f05j007a@mail.cc.niigata-u.ac.jp
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School of Earth and Environmental Sciences
Seoul National University
Building 25-1, Room 318
Sillim-dong, Gwanak-gu
Seoul 151-747
Korea

Present address:

Korea Polar Institute, KOPRI
Songdo Techno Park

7-50 Songdo-dong
Yeonsu-gu

Incheon 406-130

South Korea
shpark314@kopri.re.kr
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Institut fiir Mineralogie und Geochemie
Universitdt Karlsruhe
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76131 Karlsruhe
Germany
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Department of Geology and Geophysics
Woods Hole Oceanographic Institution
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USA
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USA
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Department of Oceanography
Texas A&M University
3F Oceanography Building
3146 TAMU
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USA
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Structural Geologist
Graduate School of Earth and Environmental
Sciences
University of Tsukuba
Tennodai 1-1-1
Tsukuba Science City, Ibaraki 305-8572
Japan
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soconnell@wesleyan.edu Japan
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