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Foreword

By Integrated Ocean Drilling Program Management International, Inc.

The Integrated Ocean Drilling Program (IODP) concluded its decadal program (2003-2013) in September
2013. As envisioned in the Initial Science Plan (ISP), IODP expeditions utilized three scientific ocean drilling
platforms to cover unprecedented areas of wide oceans, from ice-covered shallow water to full ocean depths.
The major advance from the program predecessors, the Deep Sea Drilling Project and the Ocean Drilling
Program, was the ability to drill miles of depth below seafloor. The living Earth is a dynamic system that is
continuously evolving. Among its aims, IODP sought to understand this complex and unique system through
scientific ocean drilling, sampling, and experimenting in deep holes, along with advancement of related
scientific disciplines. IODP has been an international collaboration among scientists and nations with keen
aspirations to attain the scientific goals of the ISP. By the program’s end, IODP included participating
members from 26 nations.

The Proceedings present the scientific and engineering results of IODP drilling projects, each designed to better
understand the past, present, and future of the Earth system.

Each IODP expedition started with scientists who submitted research drilling proposals to test new and
innovative ideas. These proposals then progressed to international scientific advisors (Science Advisory
Structure) who nurtured, evaluated, ranked, and prioritized proposals. Scientists scheduled the science
operations, selected science party members from scores of international scientists qualified to participate,
planned platform operations, readied the drillship, and chose borehole locations. The science party,
collectively and individually, conducted science on board and on shore. The co-chief scientists of each
expedition have been responsible for synthesizing the scientific results and will continue in this role as IODP
postcruise research results become available.

Ocean-drilling achievements help us to understand and interpret phenomena in various parts of the Earth
system. Achievements in the two legacy drilling programs 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. IODP has expanded and extended the scientific research conducted by
the legacy programs, engaging in cutting-edge research concerning topics of global importance.

Three Implementing Organizations (I10s) conducted IODP drilling platform operations. Riserless platform
operations have been conducted by the U.S. Implementing Organization (USIO), comprising the Consortium
for Ocean Leadership, Inc., Texas A&M University through the Texas A&M Research Foundation, and Lamont-
Doherty Earth Observatory of Columbia University. Riser platform operations have been 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 have been conducted by the European Consortium for Ocean Research Drilling (ECORD)
Science Operator (ESO), comprising the British Geological Survey, the University of Bremen, and the
European Petrophysics Consortium. The European IO represented the ocean-drilling efforts of 16 nations in
Europe, plus Canada.

The discoveries presented in this volume build upon layers of knowledge and science developed over roughly
the last fifty years. Through September 2013, expedition Proceedings were published by IODP Management
International for IODP under the sponsorship of the U.S. National Science Foundation (NSF), Japan’s Ministry
of Education, Culture, Sports, Science and Technology, and other IODP members. The material is based upon
research supported under Contract OCE-0432224 from NSE.

Kiyoshi Suyehiro
President & Chief Executive Officer

Integrated Ocean Drilling Program Management International, Inc.
Tokyo
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Integrated Ocean Drilling Program

Integrated Ocean Drilling Program Management International, Inc.,

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) Zurich,
Switzerland

Florida State University, USA
Hokkaido University, Japan

Helmholtz Centre for Ocean Research Kiel
(GEOMAR), Germany

Institut de Physique du Globe de Paris, France

Institut Universitaire Européen de la Mer (IUEM),
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

*At time of expedition.

Rutgers University, USA

Texas A&M University, USA

Tohoku University, Japan

Tongji University, People’s Republic of China
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 Hawaii, USA

University of Leicester, United Kingdom
University of Miami, USA

University of Southampton, National Oceanography
Centre, United Kingdom

University of Tasmania/IMS, Australia
University of Texas at Austin, USA
University of Tokyo, Japan

University of Washington, USA

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 IODP Bremen Core Repository (BCR)
British Geological Survey Center for Marine Environmental Sciences
Murchinson House (MARUM)
West Mains Road University of Bremen
Edinburgh EH9 3LA Leobener Strasse
United Kingdom 28359 Bremen
Tel: (44) 131-667-1000; Fax: (44) 131-668-4140 Germany
E-mail: eso@bgs.ac.uk Tel: (49) 421-218-65560; Fax: (49) 421-218-98-65560

E-mail: bcr@marum.de

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 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, 4th Floor
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 338 science party*

Expedition 338 scientists

Michael Strasser (13 Oct-27 Nov 2012)
Co-Chief Scientist

Geological Institute

ETH Zurich

Sonneggstrasse S

8092 Zurich

Switzerland

strasser@erdw.ethz.ch

Brandon Dugan (2 Nov-21 Dec 2012)
Co-Chief Scientist

Department of Earth Sciences

Rice University

6100 Main Street, MS-126

Houston TX 77005

USA

dugan@rice.edu

Kyuichi Kanagawa (25 Nov-13 Dec 2012)
Co-Chief Scientist

Chiba University

Department of Earth Sciences

1-33 Yayoi-cho, Inage-ku

Chiba 263-8522

Japan

kyu_kanagawa@faculty.chiba-u.jp

Gregory Moore (13 Oct-2 Nov 2012 and 21 Dec
2012-13 Jan 2013)
Co-Chief Scientist
Department of Geology and Geophysics
University of Hawaii
1680 East-West Road
Honolulu HI 96822
USA
gmoore@hawaii.edu

Sean Toczko (13-29 Oct, 27 Nov-21 Dec 2012, and
6-13 Jan 2013)
Expedition Project Manager/Staff Scientist
Center for Deep Earth Exploration
Japan Agency for Marine-Earth Science and
Technology
3173-25 Showa-machi
Kanazawa-ku, Yokohama
Kanagawa 236-0001
Japan
sean@jamstec.go.jp

Lena Maeda (3-17 Oct, 30 Oct-27 Nov, and 21 Dec
2012-13 January 2013)
Expedition Project Manager/Staff Scientist
Center for Deep Earth Exploration
Japan Agency for Marine-Earth Science and
Technology
3173-25 Showa-machi
Kanazawa-ku, Yokohama
Kanagawa 236-0001
Japan
maedal@jamtec.go.jp
Yukari Kido (16 Oct-5 Nov and 27 Nov-14 Dec
2012)
Logging Staff Scientist
Center for Deep Earth Exploration
Japan Agency for Marine-Earth Science and
Technology
3173-25 Showa-machi
Kanazawa-ku, Yokohama
Kanagawa 236-0001
Japan
ykido@jamstec.go.jp

Moe Kyaw Thu (26 Dec 2012-6 Jan 2013)
Logging Staff Scientist

Center for Deep Earth Exploration

Japan Agency for Marine-EFarth Science and

Technology

3173-25 Showa-machi

Kanazawa-ku, Yokohama

Kanagawa 236-0001

Japan

moe@jamstec.go.jp

Yoshinori Sanada (5-16 Nov, 4-13 Dec, and 21
Dec 2012-2 Jan 2013)
Logging Staff Scientist

Center for Deep Earth Exploration

Japan Agency for Marine-Earth Science and

Technology

3173-25 Showa-machi

Kanazawa-ku, Yokohama

Kanagawa 236-0001

Japan

sanada@jamstec.go.jp

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

TExpedition scientists who participated in shore-based operations.
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Lionel Esteban (25 Nov 2012-13 Jan 2013)
Physical Properties Specialist

Commonwealth Scientific and Industrial Research

Organization-Earth Science and Resource
Engineering, Australia-New Zealand IODP
Consortium (CSIRO/ANZIC)

26 Dick Perry Avenue

Perth, Kensington

WA 6151

Australia

lionel.esteban@csiro.au

Olivier Fabbri (25 Nov 2012-13 Jan 2013)
Structural Geologist
Chrono-Environment Laboratory
University of Franche-Comté
16 Route de Gray
25000 Besancon
France
olivier.fabbri@univ-fcomte.fr

Jacob Geersen (13 Oct-27 Nov 2012)
Structural Geologist

School of Ocean and Earth Science

National Oceanography Centre, Southampton

University of Southampton

European Way

Southampton SO14 3ZH

United Kingdom

j-geersen@noc.soton.ac.uk

Sebastian Hammerschmidt (16 Oct-1 Dec 2012)
Gas/Pore Water Geochemist

MARUM-Center for Marine Environmental

Sciences

Leobener Strasse

28359 Bremen

Germany

hammerschmidt@uni-bremen.de

Hiroki Hayashi®
Micropaleontologist/Biostratigraphy
Shimane University
Department of Geoscience
1060 Nishi-Kawatsu-cho
Matsue 690-8504
Japan
hayashi@riko.shimane-u.ac.jp

Katrien Heirman (25 Nov 2012-13 Jan 2013)
Sedimentologist

Department of Geology and Soil Science

Renard Centre of Marine Geology

Ghent University

Krijgslaan 281 S8 (WE13)

B-9000 Gent

Belgium

Katrien.Heirman@gmail.com

Andre Hiipers (13 Oct-1 Dec 2012)
Physical Properties Specialist
MARUM-Center for Marine Environmental
Sciences
Leobener Strasse
28359 Bremen
Germany
andre.huepers@uni-bremen.de

Maria José Jurado Rodriguez (13 Oct-1 Dec 2012)
Logging Specialist (sedimentology)

Instituto de Ciencias de la Tierra Jaume Almera

(CSIC)

Lluis Sole Sabaris s/n

E-08028 Barcelona

Spain

mjjurado@ictja.csic.es

Koji Kameo'
Micropaleontologist/Biostratigraphy

Chiba University

Department of Earth Sciences

1-33 Yayoi-cho, Inage-ku

Chiba 263-8522

Japan

kameo@faculty.chiba-u.jp

Toshiya Kanamatsu'’
Paleomagnetism/Biostratigraphy

Institute for Research on Earth Evolution

Japan Agency for Marine-Earth Science and

Technology

2-15 Natsushima-cho

Yokosuka

Kanagawa 237-0061

Japan

toshiyak@jamstec.go.jp

Hiroko Kitajima (25 Nov 2012-13 Jan 2013)
Physical Properties Specialist

Geological Survey of Japan

National Institute of Advanced Industrial Science

and Technology

Central 7, 1-1-1 Higashi

Ibaraki 305-8567

Japan

h-kitajima@aist.go.jp

Harue Masuda (25 Nov 2012-13 Jan 2013)
Geochemist

Osaka City University

Department of Geosciences

3-3-138 Sugimoto, Sumiyoshi-ku

Osaka 558-8585

Japan

harue@sci.osaka-cu.ac.jp
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Kitty Milliken (25 Nov 2012-13 Jan 2013)
Sedimentologist

Bureau of Economic Geology

University of Texas at Austin

Austin TX 78713

USA

kittym@utexas.edu

Ravi Mishra (13 Oct-1 Dec 2012)
Sedimentologist
National Centre for Antarctic and Ocean Research
(NCAOR)
Ministry of Earth Sciences, Government of India,
NCAOR, Headland Sada
Vasco
Goa 403 804
India
ravimishra@rediffmail.com

Isao Motoyama'®
Micropaleontologist/Biostratigraphy

Yamagata University

Department of Earth and Environmental Sciences

1-4-12 Koishikawa-cho

Yamagata 990-8560

Japan

i-motoyama@sci.kj.yamagata-u.ac.jp

Katelyn Olcott (13 Oct-1 Dec 2012)
Physical Properties/Downhole Measurements
Specialist
Department of Geosciences
Rock and Sediment Mechanics Laboratory
The Pennsylvania State University
312 Deike Building
University Park PA 16802
USA
katelyn@psu.edu

Kiyokazu Oohashi (25 Nov 2012-13 Jan 2013)
Structural Geologist

Chiba University

Graduate School of Science

1-33 Yayoi-cho, Inage-ku

Chiba 263-8522

Japan

oohashik@earth.s.chiba-u.ac.jp

Kevin T. Pickering (13 Oct-27 Nov 2012)
Sedimentologist

Department of Earth Sciences

University College London

Gower Street

London WCI1E 6BT

United Kingdom

ucfbktp@ucl.ac.uk

Sebastian G. Ramirez (25 Nov 2012-13 Jan 2013)
Sedimentologist

Institute for Geophysics

University of Texas at Austin

10100 Burnet Road, Building 196, 3.102]

Austin TX 78758

USA

sgramirez@utexas.edu

Harunur Rashid (13 Oct-1 Dec 2012)
Gas/Pore Water Geochemist

School of Earth Sciences

The Ohio State University

1090 Carmack Road

Columbus OH 43210

USA

rashid.29@osu.edu

Derek Sawyer?

Physical Properties/Structure
Earth and Environmental Sciences
University of Kentucky
103 Slone Building
121 Washington Street
Lexington KY 40506
USA
derek.sawyer@uky.edu

Anja Schleicher (13 Oct-1 Dec 2012)
Sedimentologist

Department of Earth and Environmental Sciences

University of Michigan

1100 North University Avenue

Ann Arbor MI 48109

USA

aschleic@umich.edu

Yehua Shan (25 Nov 2012-13 Jan 2013)
Structural Geologist
Laboratory of Marginal Sea Geology
Guangzhou Institute of Geochemistry
Chinese Academy of Sciences
511 Kehua Street, Tiande District
Guangzhou 510640
China
shanyh@gig.ac.cn
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Robert Skarbek (25 Nov 2012-13 Jan 2013)
Logging Specialist (physical properties)
Department of Geological Sciences
University of Oregon
1272 University of Oregon
Eugene OR 97403
USA
rskarbek@uoregon.edu

Insun Song (13 Oct-1 Dec 2012)
Physical Properties Specialist
Korea Institute of Geoscience and Mineral
Resources
124 Gwahangno, Yuseong
Daejeon 305-350
Korea
isong@kigam.re.kr

Toru Takeshita (13 Oct-1 Dec 2012)
Structural Geologist

Hokkaido University

Natural History Sciences

N10 W8 Kita-Ku

Sapporo Hokkaido 060-0810

Japan

torutake@mail.sci.hokudai.ac.jp

Tomohiro Toki (25 Nov 2012-13 Jan 2013)
Geochemistry

University of the Ryukyus

Faculty of Science

1, Senbaru, Nishihara

Okinawa 903-0213

Japan

toki@sci.u-ryukyu.ac.jp

Joanne Tudge (25 Nov 2012-13 Jan 2013)
Logging Specialist (lithostratigraphy)

Department of Geoscience

University of Wisconsin-Madison

1215 West Dayton Street

Madison WI 53706

USA

jtudge@geology.wisc.edu

Susanna Webb (13 Oct-1 Dec 2012)
Logging Specialist (structural geology)

Department of Geoscience

University of Wisconsin-Madison

1215 West Dayton Street

Madison WI 53706

USA

siwebb@wisc.edu

Dean J. Wilson (25 Nov 2012-13 Jan 2013)
Logging Specialist (structural geology)
School of Ocean and Earth Science
National Oceanography Centre, Southampton
University of Southampton
European Way
Southampton SO14 3ZH
United Kingdom
d.j.wilson@soton.ac.uk

Hung-Yu (Sonata) Wu (25 Nov-14 Dec 2012)
Logging Specialist (structural geology)
Institute for Research on Earth Evolution
Japan Agency for Marine-Earth Science and
Technology
3173-25 Showa-machi
Yokohama
Kanagawa 236-0001
Japan
sonata@jamstec.go.jp

Asuka Yamaguchi (13 Oct-1 Dec 2012)
Structural Geologist

The University of Tokyo

Atmosphere and Ocean Research Institute

5-1-5 Kashiwanoha

Kashiwa Chiba 277-8564

Japan

asuka@aori.u-tokyo.ac.jp
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NanTroSEIZE chief project scientists

Masataka Kinoshita
Chief Project Scientist
Kochi Institute for Core Sample Research
Japan Agency for Marine-Earth Science and
Technology
200 Monobe B
Nankoku
Kochi 783-8502
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

NanTroSEIZE specialty coordinators

Toshiya Kanamatsu (14 Dec 2012-2 Jan 2013)
Paleomagnetism/Biostratigraphy

Institute for Research on Earth Evolution

Japan Agency for Marine-Earth Science and

Technology

2-15 Natsushima-cho, Yokosuka

Kanagawa 237-0061

Japan

toshiyak@jamstec.go.jp

Gaku Kimura
Structural Geology
Department of Earth and Planetary Science
Graduate School of Science
University of Tokyo
7-3-1 Hongo, Bunkyo-ku
Tokyo 113-0033
Japan
gaku@eps.s.u-tokyo.ac.jp
Gregory Moore (25-29 Nov 2012)
Core-Log-Seismic Integration
Department of Geology and Geophysics
University of Hawaii
1680 East-West Road
Honolulu HI 96822
USA
gmoore@hawaii.edu

Demian Saffer (27-29 Nov 2012)
Physical Properties
The Pennsylvania State University
Deike Building
University Park PA 16802
USA
dsaffer@psu.edu

Michael B. Underwood (23-29 Nov 2012)
Sedimentology

University of Missouri

307 Geology Building

Columbia MO 65211

USA

underwoodm@missouri.edu

Geoff Wheat (23-27 Nov 2012)
Geochemistry

School of Fisheries and Ocean Sciences

University of Alaska Fairbanks

PO Box 475

Moss Landing CA 99775

USA

wheat@mbari.org
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Operational and technical staff

Shipboard personnel and technical representatives

Captains (Mantle Quest Japan)
Yasushi Minoura
Yuji Onda

Offshore Installation Managers (Mantle Quest

Japan)
Peter Hetherington
Masayuki Kawasaki

Operations Superintendents (CDEX)
Tomokazu Saruhashi
Ikuo Sawada

Drilling Engineers (CDEX)
Daiji Ikenomoto
Sho Kataoka
Tadashi Otani
Koji Takase
Takahiro Yokoyama

Downhole Tool Engineers (Schlumberger)
Fifai Achmad
Tomas Cosendey
Wang Feng
Kai Shao
Tan Chee Sing

Mud logging Engineers (Geoservices)
Pawan Kumar
U Myo Kyaw
Nguyen Quang Luc
Maung Ya Wai
Sorab Talati
Tasmin

Mud Engineers (Telnite)
Hiroki Ishikawa
Katsuki Mori
Masato Sawaguchi

Laboratory Officers (Marine Works Japan)
Satoshi Hirano
Hiroaki Muraki
Tomoyuki Tanaka

Curators (Marine Works Japan)
Yohei Arakawa
Toshikuni Yabuki
Masaru Yasunaga

Laboratory Technicians (Marine Works Japan)

Mitsuru Arata
Nobuhiro Anraku
Akihiko Fujihara

Chisato Fujita

Yuji Fuwa

Kazuki Harumoto
Kazeta Hashimoto
Kentaro Hatakeda
Hiroyuki Hayashi
Takehiro Higashi
Yuya Hitomi
Hiroshi Hoshino
Asuna Kamijo
Yasuhiro Kawaguchi
Tatsuya Kawai
Sayaka Kawamura
Yoshiki Kido
Shunsuke Miyabe
Ayako Miura
Yoshitomo Mochizuki
Soichi Moriya
Teina Nakashima
Masahiro Nishimura
Atsushi Ohashi
Satomi Saito
Masumi Sakaguchi
Kiyoshi Shiono
Hiromichi Soejima
Fuko Sugimoto
Takahiro Suzuki
Kazuma Takahashi
Yasumi Yamada
Nagisa Yamamoto
Kazuhiro Yoshida

Operations Geologists
Kan Aoike (CDEX)
Taiki Sawada (JGI)
Takamitsu Sugihara (CDEX)
Takanao Yoshii (JGI)

Coring Specialist (CDEX)
Yuichi Shinmoto

Technical Engineers (CDEX)
Eigo Miyazaki
Yasuyuki Yamazaki

Publications Assistants
Yoko Okamoto (Marine Works Japan)
Jean Wulfson (USIO)

Outreach Manager (CDEX)
Tadashi Yoshizawa
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Tool Pushers/Coring Supervisors (Mantle Quest Undereamer Engineers (NOV)
Japan) Glyn Christopher Edwards
Geoffrey Cook Robert Hershberger

Teruyuki Koyama
Atsushi Oikawa
Paul Thornton

IODP-USIO Publication Services staff*

Lyndal Arceneaux Amy McWilliams
Student Assistant Editor IV
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Supplementary material

Supplementary material for this volume includes cuttings experiments data in Microsoft Word, Microsoft
Excel, JPEG, and Adobe [llustrator formats; geochemistry data in Microsoft Excel format; logging data and
operations reports in PDF format; raw figure data in Microsoft Excel format; scanning electron microscope
data in PDF format; sonication data in Microsoft Word, JPEG, and Adobe Illustrator formats; smear slide and
thin section data in Microsoft Word, Microsoft Excel, PDF, and JPEG formats; structural data in Microsoft
Excel and PDF formats; and visual core/cuttings descriptions in PDF format. See README.TXT in the
SUPP_MAT directory for a full listing of directories and files.

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 338 site map

IODP map (Expeditions 301-340 and 342-343/343T)
ODP map (Legs 100-210)

DSDP map (Legs 1-96)
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