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Foreword 
By Integrated Ocean Drilling Program Management International, Inc.
The Integrated Ocean Drilling Program (IODP) is now in the latter half of its decadal program (2003–2013). As 
envisioned in the Initial Science Plan (ISP), IODP expeditions take advantage of three scientific ocean drilling 
platforms that enable us to cover unprecedented areas of wide oceans, from ice-covered shallow water to full 
ocean depths. Drilling miles of depth below seafloor, now part of IODP capabilities, is the major advance from 
the program predecessors, the Deep Sea Drilling Project and the Ocean Drilling Program. The living Earth is a 
dynamic system that is continuously evolving. IODP seeks 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 is an international collaboration among scientists and nations with keen 
aspirations to attain the scientific goals of the ISP. IODP currently includes participating members from 24 
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.

IODP expeditions begin with scientists who submit research drilling proposals to test new and innovative 
ideas, then the proposals progress to international scientific advisors (Science Advisory Structure) who 
nurture, 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. The science party, collectively and individually, conducts science 
on board and on shore. The co-chief scientists on each expedition are responsible for synthesizing the 
scientific results as hallmark of expedition.

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 is truly an expansion and extension of the scientific research 
conducted by the legacy programs, engaging in cutting-edge research concerning topics of global importance.

IODP drilling platform operations are conducted by three Implementing Organizations (IOs). Riserless 
platform operations are 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 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 (ECORD) 
Science Operator (ESO), comprising the British Geological Survey, the University of Bremen, and the European 
Petrophysics Consortium. The European IO currently represents 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. 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 Education, Culture, Sports, 
Science and Technology, and other IODP members. The material is based upon research supported under 
Contract OCE-0432224 from NSF.

Kiyoshi Suyehiro
President & Chief Executive Officer
Integrated Ocean Drilling Program Management International, Inc.
Tokyo
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
1001 Connecticut Avenue, NW, Suite 504
Washington DC 20036
USA
Tel: (202) 465-7500; Fax: (202) 955-8363
E-mail: info@iodp.org

IODP-MI
Tokyo University of Marine Science and 
  Technology
Office of Liaison and Cooperative Research,
  3rd Floor
2-1-6, Etchujima, Koto-ku, Tokyo 135-8533
Japan
Tel: (81) 3-6701-8-3181; Fax: (81) 3-6701-3189

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

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 (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

Rutgers University, USA

Texas A&M University, USA

Tohoku University, Japan

Tongii University, People’s Republic of China

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 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

Woods Hole Oceanographic Institution, USA

*At time of expedition.
Proc. IODP | Volume 331 iv

www.iodp.org/
mailto:info@iodp.org


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@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
University of Bremen
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 331 science party*
Expedition 331 scientists
Ken Takai
Co-Chief Scientist

SUGAR Project and
Precambrian Ecosystem Laboratory
Japan Agency for Marine-Earth Science and 

Technology
2-15 Natsushima-cho
Yokosuka 237-0061
Japan
kent@jamstec.go.jp

Michael Mottl
Co-Chief Scientist

Department of Oceanography
School of Ocean and Earth Science and Technology 

(SOEST)
University of Hawaii at Manoa
1000 Pope Road
Honolulu HI 96822
USA
mmottl@soest.hawaii.edu

Simon H. Nielsen
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
micropora@gmail.com

Jean-Louis Birrien
Microbiologist

Laboratoire Microbiologie Environnements 
Extremes, IUEM

UMR 6197 Place Nicolas Copeinic
29280 Plouzane
France
Jean-louis.birrien@univ-brest.fr

Stephen Bowden
Sedimentologist

Department of Petroleum Geology
University of Aberdeen
Aberdeen AB2A 3UE
United Kingdom
s.a.bowden@abdn.ac.uk

Leah Brandt
Microbiologist

Department of Geosciences
The Pennsylvania State University
03 Deike Building
University Park PA 16802
USA
ldb163@gmail.com

Anja Breuker
Microbiologist

Bundesanstalt für Geowissenchaften und Raustoffe 
(BGR)

Stilleweg 2
30655 Hannover
Germany
Anja.Breuker@bgr.dk

Juan Carlos Corona
Petrologist

Department of Geological Sciences
Binghamton University
PO Box 6000
Binhamton NY 13902-6000
USA
jcorona1@binghamton.edu

Sebastian Eckert
Microbiologist

Institute for Chemistry and Biology of the Marine 
Environment

University of Oldenburg
Carl-von-Ossietzky-Strasse 9-11
26129 Oldenburg
Germany
sebastian.eckert@uni-oldenburg.de

Hilairy Hartnett
Physical Properties Specialist

School of Earth and Space Exploration
Department of Chemistry and Biochemistry
Arizona State University
Tempe AZ 85287
USA
h.hartnett@asu.edu

*Addresses at time of expedition, except where updated by the participants.
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Steven P. Hollis
Petrologist

National Oceanography Centre
University of Southampton
European Way
Southampton S014 3ZH
UK
sph1e08@soton.ac.uk

Christopher H. House
Organic Geochemist

Department of Geosciences
The Pennsylvania State University
18 Deike Building
University Park PA 16802
USA
chrishouse@psu.edu

Akira Ijiri
Organic Geochemist

Department of Earth and Planetary Science
University of Tokyo
7-3-1 Hongo, Bonkyo-ku
Tokyo 113-0033
Japan
ijiri@eps.s.u-tokyo.ac.jp

Jun-ichiro Ishibashi
Sedimentologist

Faculty of Science
Kyushu University
6-10-1 Hakozaki, Higashi-ku
Fukuoka 812-8581
Japan
ishi@geo.kyushu-u.ac.jp

Yuka Masaki
Physical Properties Specialist

IFREE
Kochi University
200 Monobe, Nanko-ku
Kochi 783-8502
Japan
yuka5n@jamstec.go.jp

Sean McAllister
Microbiologist

Department of Biology
Western Washington University
Bellingham WA 98225-9160
USA
mcallis2@gmail.com

James McManus
Inorganic Geochemistry

COAS
Oregon State University
104 Ocean Administration Building
Corvallis OR 97330-5503
USA
mcmanus@coas.oregonstate.edu

Craig Moyer
Microbiologist

Department of Biology
Western Washington University
Bellingham WA 98225-9160
USA
cmoyer@hydro.biol.wwu.edu

Manabu Nishizawa
Inorganic Geochemist

Precambrian Ecosystem Laboratory
Japan Agency for Marine-Earth Science and 

Technology
2-15 Natsushima-cho
Yokosuka 237-0061
Japan
m_nishizawa@jamstec.go.jp

Takuroh Noguchi
Inorganic Geochemist

Center for Advanced Marine Core Research
Kochi University
200 Monobe, Nanko-ku
Kochi 783-8502
Japan
jm-noguchit@kochi-u.ac.jp

Takuro Nunoura
Microbiologist

SUGAR Project and
Precambrian Ecosystem Laboratory
Japan Agency for Marine-Earth Science and 

Technology
2-15 Natsushima-cho
Yokosuka 237-0061
Japan
takuron@jamstec.go.jp

Gordon Southam
Paleontologist

Department of Earth Science
The University of Western Ontario
151 Richmond Street
North London ONT N6A5B7
Canada
gsoutham@uwo.ca
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Katsunori Yanagawa
Microbiologist

Department of Earth and Planetary Science
University of Tokyo
7-3-1 Hongo, Bonkyo-ku
Tokyo 113-0033
Japan
yanagawa@eps.s.u-tokyo.ac.jp

Shouye Yang
Sedimentologist

School of Ocean and Earth Science
Tongji University
State Key Laboratory of Marine Geology
Shangai 200092
P.R. China
syyang@tongji.edu.cn

Christopher Yeats
Petrologist

CSIRO Earth Science and Resource Engineering
PO Box 1130
Bentley WA 6102
Australia
Chris.Yeats@csiro.au
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Operational and technical staff
Shipboard personnel and technical representatives
Yuji Onda

Captain (Mantle Quest Japan)

Seizaburo Higuchi
Offshore Installation Manager 

(Mantle Quest Japan)

Stephen Krukowski
Offshore Installation Manager 

(Mantle Quest Japan)

Tomokazu Saruhashi
Operations Superintendent (CDEX)

Ikuo Sawada
Operations Superintendent (CDEX)

Satoshi Hirano
Curator (Marine Works Japan)

Toshikuni Yabuki
Assistant Curator

Lim Ah Chai
Guidebase Installation (Magnum Subsea)

Wang Jian
Guidebase Installation (Magnum Subsea)

John Xavier
H2S Engineer (Rutledge)

Chua Yew Song
ROV Technician (Oceaneering International)

Jason Dow
ROV Technician (Oceaneering International)

Brett Strange
ROV Technician (Oceaneering International)

Richard Devoe
Coring Services (Baker-Hughes Inteq)

Richard Rooney
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Michael Morgan
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Drilling Engineer (CDEX)

Daiji Ikenomoto
Drilling Engineer (CDEX)
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Drilling Engineer (CDEX)

Toru Aoki
Drilling Engineer (CDEX)

Yasuyuki Yamazaki
Engineer (CDEX)

Kazumasa Kato
Engineer (CDEX)

Kyoma Takahashi
IT Specialist

Yoshihiro Shiga
IT Specialist

Hiroaki Muraki
Laboratory Officer (Marine Works Japan)

Toru Fujiki
Assistant Laboratory Officer (Marine Works Japan)

Lena Maeda
Assistant Laboratory Officer (Marine Works Japan)

Soichi Moriya
Assistant Laboratory Officer (Marine Works Japan)

Yuji Fuwa
Laboratory Technician (Marine Works Japan)

Kentaro Hatakeda
Laboratory Technician (Marine Works Japan)

Ei Hatakeyama
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Yuya Hitomi
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Stomi Kame
Laboratory Technician (Marine Works Japan)

Kenichi Kato
Laboratory Technician (Marine Works Japan)

Tatsuya Kawai
Laboratory Technician (Marine Works Japan)

Sayaka Kawamura
Laboratory Technician (Marine Works Japan)

Yoshiki Kido
Laboratory Technician (Marine Works Japan)

Yutaka Matsuura
Laboratory Technician (Marine Works Japan)

Shunsuke Miyabe
Laboratory Technician (Marine Works Japan)

Masahiro Nishimura
Laboratory Technician (Marine Works Japan)

Masumi Sakaguchi
Laboratory Technician (Marine Works Japan)
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Operations Geologist (CDEX)
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Expedition research results
Data reports
Titles are available in HTML pending completion of the volume.

Syntheses
See “Syntheses” in the Expedition-related bibliography.

Supplementary material
Supplementary material for this volume includes alteration logs in Microsoft Excel format; Formation 
Microscanner images in .JPG and .TIF formats; scanning electron microscope images and accompanying files 
in .IMG, .EDS, .ASW, .INI, .ICO, .BMP, .JPG, and .TIF formats; and smear slide data in Adobe PDF format. 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 331 site map

IODP map (Expeditions 301–327 and 331)

ODP map (Legs 100–210)

DSDP map (Legs 1–96)
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Expedition-related bibliography
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Takai, K., Mottl, M.J., and Nielsen, S., 2010. Deep hot biosphere. IODP Sci. Prosp., 331. doi:10.2204/
iodp.sp.331.2010

Preliminary Report
Expedition 331 Scientists, 2010. Deep hot biosphere. IODP Prel. Rept., 331. doi:10.2204/iodp.pr.331.2010

Scientific Drilling journal*
Pending

Proceedings volume
Takai, K., Mottl, M.J., Nielsen, S.H., and the Expedition 331 Scientists, Proc. IODP, 331: Tokyo (Integrated 
Ocean Drilling Program Management International, Inc.). doi:10.2204/iodp.proc.331.2011

Expedition 331 Scientists, 2011. Expedition 331 summary. In Takai, K., Mottl, M.J., Nielsen, S.H., and the 
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Expedition 331 Scientists, 2011. Site C0013. In Takai, K., Mottl, M.J., Nielsen, S.H., and the Expedition 331 
Scientists, Proc. IODP, 331: Tokyo (Integrated Ocean Drilling Program Management International, Inc.). 
doi:10.2204/iodp.proc.331.103.2011

Expedition 331 Scientists, 2011. Site C0014. In Takai, K., Mottl, M.J., Nielsen, S.H., and the Expedition 331 
Scientists, Proc. IODP, 331: Tokyo (Integrated Ocean Drilling Program Management International, Inc.). 
doi:10.2204/iodp.proc.331.104.2011

Expedition 331 Scientists, 2011. Site C0015. In Takai, K., Mottl, M.J., Nielsen, S.H., and the Expedition 331 
Scientists, Proc. IODP, 331: Tokyo (Integrated Ocean Drilling Program Management International, Inc.). 
doi:10.2204/iodp.proc.331.105.2011

Expedition 331 Scientists, 2011. Site C0016. In Takai, K., Mottl, M.J., Nielsen, S.H., and the Expedition 331 
Scientists, Proc. IODP, 331: Tokyo (Integrated Ocean Drilling Program Management International, Inc.). 
doi:10.2204/iodp.proc.331.106.2011

Expedition 331 Scientists, 2011. Site C0017. In Takai, K., Mottl, M.J., Nielsen, S.H., and the Expedition 331 
Scientists, Proc. IODP, 331: Tokyo (Integrated Ocean Drilling Program Management International, Inc.). 
doi:10.2204/iodp.proc.331.107.2011
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Syntheses*
Pending

Journals/Books*
Pending

Conferences*
Pending

*The Expedition-related bibliography is continually updated online. Please send updates to PubCrd@iodp.tamu.edu.
Proc. IODP | Volume 331 xv

http://publications.iodp.org/proceedings/331/331bib.htm
mailto:PubCrd@iodp.tamu.edu


*Directory structure reflects the Expedition Reports content and volume material produced on DVD-ROM.

Directory structure*

ACROREAD
(Acrobat Reader installation
software and instructions for
different platforms)

331.PDF 
(Preliminary pages and table of contents)

331_101.PDF (Expedition 331 summary)EXP_REPT
(Expedition Reports section of
Proc. IODP, 331)

README.TXT
(Information about the Expedition Reports DVD-ROM)

MAPS
(Drilling location maps)

IODPMAP.PDF
(IODP map, Expeditions 301–327 and 331)

CHAPTERS
(Expedition Reports chapters)

331_MAP.PDF
(Expedition 331 site map)

331_102.PDF (Methods)

331_103.PDF (Site C0013)

331_104.PDF (Site C0014)

331_105.PDF (Site C0015)

331_106.PDF (Site C0016)

ODPMAP.PDF 
(ODP map, Legs 100–210) 

MAC_OS

UNIX

WINDOWS

SUPP_MAT
(Supplementary material)

DSDPMAP.PDF
(DSDP map, Legs 1–96)

README.TXT

331_107.PDF (Site C0017)

C0013D-1H-1 3MBSF.JPG (Hole C0013D image)

C0014B-2H-10 14MBSF.JPG (Hole C0014B image)

FM_IMAGE
(Formation Microscanner images)

C0014E-1H-6 22 MBSF.JPG (Hole C0014E image)

C0015B-1H-1 0.3MBSF.JPG (Hole C0015B image)

C0017A-1H-1 0.65MBSF.JPG (Hole C0017A image)

C0013 (Site C0013 files)

C0015 (Site C0015 files)

C0017C-1H-5 25MBSF.TIF (Hole C0017C image)

TSSS_DESCRIP.PDF (Smear slide file) 

SEM_IMAGE
(Scanning electron microscope
images and accompanying files)

SMEARSLD
(Smear slide data)

README.TXT

CORC0013.PDF (Site C0013)

CORC0014.PDF (Site C0014)

CORC0015.PDF (Site C0015)

CORES
(Visual core descriptions, thin 
sections, and digital core
images)

C0013ALTMIN.XLSX (Site C0013 log)

C0014ALTMIN.XLSX (Site C0014 log)

ALTMIN
(Alteration logs)

OVERSIZE
(Large-format files of data tables)

331_103 (Site C0013 file)

CORC0016.PDF (Site C0016)

IMAGES (PDF files of core images)

C0015ALTMIN.XLSX (Site C0015 log)

C0016ALTMIN.XLSX (Site C0016 log)

C0017ALTMIN.XLSX (Site C0017 log)

CORC0017.PDF (Site C0017)

331_104 (Site C0014 file)

331_107 (Site C0017 file)

C0017C-1H-7 27MBSF.TIF (Hole C0017C image)

C0014 (Site C0014 files)

C0017 (Site C0017 files)
Proc. IODP | Volume 331 xvi


	Volume 331 Expedition Reports
	Preliminary pages
	Publisher’s notes
	Foreword
	Integrated Ocean Drilling Program
	Integrated Ocean Drilling Program Management International, Inc.
	IODP-MI member organizations

	Implementing organizations
	IODP European Implementing Organization: European Consortium for Ocean Research Drilling, Science Operator (ESO)
	IODP-ESO Coordinator: Science, Logistics, and Operations
	IODP-ESO Petrophysics
	IODP-ESO Curation and Laboratories

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

	IODP U.S. Implementing Organization
	IODP-USIO Systems Integration Contractor
	IODP-USIO Science Services, LDEO
	IODP-USIO Science Services, TAMU


	Expedition 331 science party
	Expedition 331 scientists

	Operational and technical staff
	Shipboard personnel and technical representatives
	IODP-USIO Publication Services staff

	Contents
	Expedition reports
	Chapters
	Expedition 331 summary
	Methods
	Site C0013
	Site C0014
	Site C0015
	Site C0016
	Site C0017

	Core descriptions
	Site C0013
	Visual core descriptions · Thin sections

	Site C0014
	Visual core descriptions · Thin sections

	Site C0015
	Visual core descriptions

	Site C0016
	Visual core descriptions · Thin sections

	Site C0017
	Visual core descriptions



	Expedition research results
	Data reports
	Syntheses

	Supplementary material
	Drilling location maps
	Expedition-related bibliography
	IODP publications
	Scientific Prospectus
	Preliminary Report
	Scientific Drilling journal
	Proceedings volume

	Syntheses
	Journals/Books
	Conferences


	Directory structure





