PROCEEDINGS OF THE
INTEGRATED OCEAN
DRILLING PROGRAM

VOLUME 334 EXPEDITION REPORTS

COSTA RICA SEISMOGENESIS PROJECT,
PROGRAM A STAGE 1 (CRISP-A1)

Expedition 334 of the riserless drilling platform
from and to Puntarenas, Costa Rica

Sites U1378-U1381

13 March-12 April 2011

Volume authorship
Vannucchi, P., Ujiie, K., Stroncik, N., Malinverno, A., and the
Expedition 334 Scientists

Published by
Integrated Ocean Drilling Program Management International, Inc.,
for the Integrated Ocean Drilling Program

Prepared by
U.S. Implementing Organization Science Services, Texas A&M University




Publisher’s notes

Funding for the program was provided by the following agencies at the time of this expedition:
National Science Foundation (NSF), United States
Ministry of Education, Culture, Sports, Science and Technology (MEXT), Japan
European Consortium for Ocean Research Drilling (ECORD)
Ministry of Science and Technology (MOST), People’s Republic of China
Korea Institute of Geoscience and Mineral Resources (KIGAM)
Australian Research Council (ARC) and GNS Science (New Zealand), Australian/New Zealand Consortium
Ministry of Earth Sciences (MoES) India

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, IODP Management
International, Inc., Consortium for Ocean Leadership, Lamont-Doherty Earth Observatory of Columbia
University, Texas A&M University, or Texas A&M Research Foundation.

Examples of how to cite this volume or part of this volume are available at publications.iodp.org/
proceedings/334/334bib.htm.

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).
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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 1O 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 NSE

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/

I0DP-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 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

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

*At time of expedition.

10DP-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

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 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 University of Bremen
United Kingdom Leobener Strasse
Tel: (44) 131-667-1000; Fax: (44) 131-668-4140 28359 Bremen
E-mail: eso@bgs.ac.uk Germany
Tel: (49) 421-218-65561; Fax: (49) 421-218-98-65565
IODP-ESO Petrophysics E-mail: bcr@marum.de

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@Ileicester.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  IODP-USIO Science Services, TAMU

Consortium for Ocean Leadership Integrated Ocean Drilling Program
1201 New York Avenue, NW, Fourth floor Texas A&M University
Washington DC 20005 1000 Discovery Drive
USA College Station TX 77845-9547
Tel: (202) 232-3900; Fax: (202) 462-8754 USA
E-mail: info@oceanleadership.org Tel: (979) 845-2673; Fax: (979) 845-4857

E-mail: information@iodp.tamu.edu

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
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Expedition 334 science party*

Expedition 334 scientists

Paola Vannucchi

Co-Chief Scientist
Earth Science Department
University of Florence
Via La Pira 4
50121 Firenze
Italy
paola.vannucchi@unifi.it

Kohtaro Ujiie
Co-Chief Scientist
University of Tsukuba
Graduate School of Life and Environmental
Sciences
1-1-1 Tennodai
Tsukuba 305-0006
Japan
kujiie@geol.tsukuba.ac.jp

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

Alberto Malinverno
Logging Staff Scientist
Borehole Research Group
Lamont-Doherty Earth Observatory of Columbia
University
PO Box 1000, 61 Route 9W
Palisades NY 10964
USA
alberto@ldeo.columbia.edu

Ivonne Arroyo
Geophysicist
IFM-GEOMAR/SFB 574
Leibniz Institute of Marine Sciences
Gebauede 8B
Wischhofstrasse 1-3
24148 Kiel
Germany
iarroyo@ifm-geomar.de

Udo Barckhausen
Downbhole Tools/Physical Properties Specialist
Federal Institute for Geosciences and Natural
Resources (BGR)
Stilleweg 2
30655 Hannover
Germany
udo.barckhausen@bgr.de

Marianne J. Conin
Downbhole Tools/Physical Properties Specialist
Centre Nationale de la Recherche Scientifique
(CNRS)
Centre Européen de Recherche et
d’Enseignement des Géosciences
de I'’Environnement (CEREGE)
Europole de L'Arbois
13545 Aix en Provence
France
mconin@crpg.cnrs-nancy.fr

Susan Murr Foley
Paleontologist (nannofossils/diatoms)
Geological Sciences
Florida State University
108 Carraway Building
Tallahassee FL 32306-4100
USA
suz32155@gmail.com

Michael J. Formolo

Organic Geochemist
Department of Geosciences
University of Tulsa
800 South Tucker Drive
Keplinger Hall M231
Tulsa OK 74104-9700
USA
michael-formolo@utulsa.edu

Robert N. Harris

Downhole Tools/Physical Properties Specialist
College of Oceanic and Atmospheric Sciences
Oregon State University
104 COAS Administration Building
Corvallis OR 97331-5503
USA
rharris@coas.oregonstate.edu

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

Structural Geologist
Géosciences
Université de Montpellier 11
CC 060
Place Eugene Batallion
34095 Montpellier
France
heuret_arnauld@yahoo.fr

Gary J. Huftile

Structural Geologist
Biogeosciences Discipline
Queensland University of Technology
GPO Box 2434
Brisbane QLD 4001
Australia
g.huftile@qut.edu.au

Jun Kameda
Sedimentologist
University of Tokyo
Department of Earth and Planetary Science
Graduate School of Science
7-3-1 Hongo, Bunkyo-ku
Tokyo 113-0033
Japan
kameda@eps.s.u-tokyo.ac.jp

Gil Young Kim
Downbhole Tools/Physical Properties Specialist
Petroleum and Marine Research Division
Korea Institute of Geoscience and Mineral
Resources (KIGAM)
92 Gwahang-no, Yuseong-gu
Daejeon
Republic of Korea
gykim@kigam.re.kr

Steffen Kutterolf

Sedimentologist
IFM-GEOMAR/SFB 574
Leibniz Institute of Marine Sciences
Wischhofstrasse 1-3
24148 Kiel
Germany
skutterolf@ifm-geomar.de

Amanda J. Martino
Microbiologist
Department of Geosciences
Pennsylvania State University
220 Deike Building
University Park PA 16802
USA
ajk16@psu.edu

Gillian A. McCay
Sedimentologist
School of Geosciences
University of Edinburgh
Kings Building
West Mains Road
EH9 3JW Edinburgh
United Kingdom
G.A.McCay@sms.ed.ac.uk

Marianne Nuzzo
Organic Geochemist
Marine Geology Department
Geological Survey of Portugal (LNEG)
Estrada do Zambujal
Apartado 7586
2721-866 Alfragide
Portugal
marianne.nuzzo@ineti.pt

Ken’ichi Ohkushi
Paleontologist (foraminifers)
Kobe University
Graduate School of Human Development
and Environment
3-11 Tsurukabuto, Nada-ku
Kobe 657-8501
Japan
ohkushi@penguin.kobe-u.ac.jp

Saneatsu Saito
Logging Scientist/Structural Geologist
Japan Agency for Marine-Earth Science
and Technology JAMSTEC)
Institute for Research on Earth Evolution (IFREE)
2-15 Natsushima-cho
Yokosuka 237-0061
Japan
saito@jamstec.go.jp
Peter B. Sak
Sedimentologist
Earth Sciences
Dickinson College
Carlisle PA 17013
USA
sakp@dickinson.edu

Evan A. Solomon

Inorganic Geochemist
School of Oceanography
University of Washington
1501 Northeast Boat Street
Seattle WA 98195-7940
USA
esolomn@u.washington.edu
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Structural Geologist/Petrologist
IFM-GEOMAR
Leibniz Institute of Marine Sciences
Wischhofstrasse 1-3
24148 Kiel
Germany
mstipp@ifm-geomar.de

Marta E. Torres
Inorganic Geochemist
College of Oceanic and Atmospheric Sciences
Oregon State University
104 Ocean Adminstration Building
Corvallis OR 97331-5503
USA
mtorres@coas.oregonstate.edu

AKkito Tsutsumi
Structural Geologist
Kyoto University
Department of Geology and Mineralogy
Graduate School of Science
Kyoto 606-8502
Japan
tsutsumi@kueps.kyoto-u.ac.jp

Masaoki Uno
Petrologist
Tokyo Institute of Technology
Department of Earth and Planetary Sciences
2-12-1 Ohokayama, Meguro
Tokyo 152-8551
Japan
uno@geo.titech.ac.jp

Yoichi Usui
Paleomagnetist
University of Rochester
Department of Earth and Environmental Sciences
Rochester NY 14627
USA

Present address (April 2011):
Japan Agency for Marine-Earth Science
and Technology (JAMSTEC)
Institute for Research on Earth Evolution (IFREE)
Mantel and Core Dynamics Research Team
2-15 Natsushima-cho
Yokosuka, Kanugawa 237-0061
Japan
kujiie@geol.tsukuba.ac.jp

Yatheesh Vadakkeyakath
Downhole Tools/Physical Properties Specialist

National Institute of Oceanography

Council of Scientific and Industrial Research
Dona Paula

403-004 Goa

India

yatheesh@nio.org

Yuzuru Yamamoto
Structural Geologist

Japan Agency for Marine-Earth Science

and Technology (JAMSTEC)
Institute for Research on Earth Evolution (IFREE)
3173-25 Showaqg-machi, Kanazawa-ku
Yokohama 236-0001
Japan
yuzuru-y@jamstec.go.jp

Xixi Zhao
Paleomagnetist

Earth and Planetary Sciences
University of California Santa Cruz
1156 High Street

Santa Cruz CA 95064

USA

xzhao@ucsc.edu

Junjiang Zhu
Downbhole Tools/Physical Properties Specialist

South China Sea Institute of Oceanology
Chinese Academy of Sciences

164 West Xingang Road

Guangzhou

China

zhupeter618@hotmail.com
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Education and outreach

Jennifer Saltzman
Education Officer

Department of Geological and Environmental

Sciences
School of Earth Sciences
Stanford University
Palo Alto CA 94305
USA
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Core descriptions

Visual core descriptions (VCDs), smear slide data tables, thin sections, and core images are included in this
section. VCDs, smear slides, and thin sections are combined into PDF files for each site. The entire set of core
images in PDF is available in the IMAGES directory.
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Visual core descriptions - Smear slides
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Expedition research results

Data reports
Titles are available in HTML.

Syntheses

See “Syntheses” in the Expedition-related bibliography.

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 334 site map
IODP map (Expeditions 301-334)
ODP map (Legs 100-210)

DSDP map (Legs 1-96)
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IODP publications

Scientific Prospectus

Vannucchi, P., Ujiie, K., and Gamage, K., 2010. Costa Rica Seismogenesis Project (CRISP): sampling and
quantifying input to the seismogenic zone and fluid output. IODP Sci. Prosp., 334. do0i:10.2204/
iodp.sp.334.2010

Preliminary Report

Expedition 334 Scientists, 2011. Costa Rica Seismogenesis Project (CRISP): sampling and quantifying input to
the seismogenic zone and fluid output. IODP Prel. Rept., 334. d0i:10.2204/iodp.pr.334.2011

Scientific Drilling journal*
Pending.

Proceedings volume

Vannucchi, P, Ujiie, K., Stroncik, N., Malinverno, A., and the Expedition 334 Scientists, 2012. Proc. IODP, 334:
Tokyo (Integrated Ocean Drilling Program Management International, Inc.). doi:10.2204/
iodp.proc.334.2012

Expedition 334 Scientists, 2012. Expedition 334 summary. In Vannucchi, P., Ujiie, K., Stroncik, N.,
Malinverno, A., and the Expedition 334 Scientists, Proc. IODP, 334: Tokyo (Integrated Ocean Drilling Program
Management International, Inc.). doi:10.2204/iodp.proc.334.101.2012

Expedition 334 Scientists, 2012. Methods. In Vannucchi, P., Ujiie, K., Stroncik, N., Malinverno, A., and the
Expedition 334 Scientists, Proc. IODP, 334: Tokyo (Integrated Ocean Drilling Program Management
International, Inc.). doi:10.2204/iodp.proc.334.102.2012

Expedition 334 Scientists, 2012. Site U1378. In Vannucchi, P., Uijiie, K., Stroncik, N., Malinverno, A., and the
Expedition 334 Scientists, Proc. IODP, 334: Tokyo (Integrated Ocean Drilling Program Management
International, Inc.). doi:10.2204/iodp.proc.334.103.2012

Expedition 334 Scientists, 2012. Site U1379. In Vannucchi, P., Uijiie, K., Stroncik, N., Malinverno, A., and the
Expedition 334 Scientists, Proc. IODP, 334: Tokyo (Integrated Ocean Drilling Program Management
International, Inc.). doi:10.2204/iodp.proc.334.104.2012

Expedition 334 Scientists, 2012. Site U1380. In Vannucchi, P., Uijiie, K., Stroncik, N., Malinverno, A., and the
Expedition 334 Scientists, Proc. IODP, 334: Tokyo (Integrated Ocean Drilling Program Management
International, Inc.). doi:10.2204/iodp.proc.334.105.2012

Expedition 334 Scientists, 2012. Site U1381. In Vannucchi, P., Uijiie, K., Stroncik, N., Malinverno, A., and the
Expedition 334 Scientists, Proc. IODP, 334: Tokyo (Integrated Ocean Drilling Program Management
International, Inc.). doi:10.2204/iodp.proc.334.106.2012
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