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Tel: (979) 845-8495; Fax: (979) 458-1617
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Borehole Research Group
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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 (IOs). 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 NSE

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 fir 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.

I0DP-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.ecord.org/eso/eso.html

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 304/305 science party*

Donna Blackman

Co-Chief Scientist
Scripps Institution of Oceanography
University of California, San Diego
9500 Gilman Drive
La Jolla CA 92093-0225
USA
dblackman@ucsd.edu

Benoit Ildefonse

Co-Chief Scientist
Laboratoire de Tectonophysique
Université Montpellier 11
CC49
34095 Montpellier
France
benoit@dstu.univ-montp2.fr

Barbara E. John
Co-Chief Scientist
Department of Geology and Geophysics
University of Wyoming
1000 East University Avenue
Department 3006
Laramie WY 82071
USA
bjohn@uwyo.edu

Expedition 304 scientists

Florence Einaudi
Logging Staff Scientist
Laboratoire de Geophysique et D’hydrodynamique
Université Montpellier II, ISTEEM
Case Courrier 56
34095 Montpellier Cedex 5
France
einuaudi@dstu.univ-montp2.fr

Michael W. Abratis
Metamorphic Petrologist
Institute for Geosciences
University of Jena
Burgweg 11
07749 Jena
Germany
michael.abratis@uni-jena.de

Yasuhiko Ohara
Co-Chief Scientist

Ocean Research Laboratory

Hydrographic and Oceanographic Department
of Japan

5-3-1 Tsukiji, Chuo-ku

Tokyo 104-0045

Japan

ohara@jodc.go.jp

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

Christopher J. MacLeod
Shore-based Contributor
School of Earth, Ocean and Planetary Sciences
Cardiff University
Main Building, Park Place
Cardiff CF10 3YE
United Kingdom
MacLeod@cardiff.ac.uk

Eric S. Andal

Igneous Petrologist
Department of Earth Sciences
Kanazawa University
Kakuma-machi
Kanazawa City, Ishikawa 920-1192
Japan
andal_es@earth.s.kanazawa-u.ac.jp

Muriel Andreani
Metamorphic Petrologist
Laboratoire de Geosciences Marines
CNRS UMR 7097
Institut de Physique du Globe de Paris
4 Place Jussieu—Case 89
75252 Paris Cedex 5
France
Andreani@ipgp.jussieu.fr

*Addresses at time of expedition, except where updated by the participants.
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Department of Geosystem Engineering
The University of Tokyo
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Japan
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Allison Charney
Igneous Petrologist
University of Connecticut
Geology and Geophysics Department
354 Mansfield Road, U-45
Storrs CT 06269-2045
USA
Allison.charney@uconn.edu

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

Marion Drouin
Metamorphic Petrologist
Laboratoire de Tectonophysique
Université Montpellier 1I
Case Courrier 49
Place Eugeéne Bataillon
34095 Montpellier Cedex 5
France
marion.drouin@dstu.univ-montp2.fr

Bryce R. Frost
Metamorphic Petrologist
Department of Geology and Geophysics
University of Wyoming
1000 East University Avenue
Laramie WY 82071
USA
rfrost@uwyo.edu

Jeffrey S. Gee

Paleomagnetist
Geosciences Research Division
Scripps Institution of Oceanography
University of California, San Diego
Mail code 0220
La Jolla CA 92093-0220
USA
jsgee@ucsd.edu

Marguerite Godard

Geochemist
Laboratoire de Tectonophysique
Université Montpellier 1I
Case Courrier 49
Place Fugene Bataillon
34095 Montpellier Cedex 5
France
margot@dstu.univ-montp2.fr

Craig B. Grimes
Structural Geologist
Department of Geology and Geophysics
University of Wyoming
1000 East University Avenue
Laramie WY 82071
USA
cgrimes@uwyo.edu

Nicholas W. Hayman

Structural Geologist
Division of Earth and Ocean Sciences
Duke University
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Durham NC 27708-0230
USA
hayman@duke.edu

Takehiro Hirose
Structural Geologist
Department of Geology and Mineralogy
Graduate School of Science
Kyoto University
Kyoto 606-8502
Japan
hirose@kueps.kyoto-u.ac.jp

James Gregory Hirth

Structural Geologist
Department of Geology and Geophysics
Woods Hole Oceanographic Institution
MS 8
Woods Hole MA 02543
USA
ghirth@whoi.edu

Jinichiro Maeda
Igneous Petrologist
Division of Earth and Planetary Sciences
Graduate School of Science
Hokkaido University
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Proc. IODP | Volume 304/305

viii

y .
w


mailto:Tt36508@mail.ecc.utokyo.ac.jp
mailto:Allison.charney@uconn.edu
mailto:dchristie@coas.oregonstate.edu
mailto:marion.drouin@dstu.univ-montp2.fr
mailto:rfrost@uwyo.edu
mailto:jsgee@ucsd.edu
mailto:margot@dstu.univ-montp2.fr
mailto:cgrimes@uwyo.edu
mailto:hayman@duke.edu
mailto:hirose@kueps.kyoto-u.ac.jp
mailto:ghirth@whoi.edu
mailto:jinmaeda@ep.sci.hokudai.ac.jp

Andrew M. McCaig
Metamorphic Petrologist
Earth Sciences, School of Earth and Environment
University of Leeds
Leeds LS2 9]T
United Kingdom
andrew@earth.leeds.ac.uk

Antony Morris
Paleomagnetist
School of Earth, Ocean, and Environmental
Sciences
University of Plymouth
Drake Circus
Plymouth PL4 8AA
United Kingdom
amorris@plymouth.ac.uk

Tatsunori Nakagawa
Microbiologist
Department of Mineralogy, Petrology, and
Economic Geology
Tohoku University
Aoba, Aramaki-Aza
Aoba-ku, Sendai
Miyagi 980-8578
Japan
n-takko@ganko.tohoku.ac.jp

Expedition 305 scientists

Heike Delius

Logging Staff Scientist
Department of Geology
University of Leicester
University Road
Leicester LE1 7RH
United Kingdom
hd21@le.ac.uk

Natsue Abe
Igneous Petrologist
Deep Sea Research Department
Japan Marine Science and Technology Center
2-15 Natsushima-cho
Yokosuka, Kanagawa 237-0061
Japan
abenatsu@jamstec.go.jp

James S. Beard

Metamorphic Petrologist
Department of Earth Sciences
Virginia Museum of Natural History
1001 Douglas Avenue
Martinsville VA 24112
USA
jbeard@vmnh.net

Roger C. Searle

Physical Properties Specialist
Department of Earth Sciences
University of Durham
South Road
Durham County
Durham DH1 3LE
United Kingdom
r.c.searle@durham.ac.uk

Anette von der Handt

Igneous Petrologist
Abeilung Geochemie
Max-Planck-Institut fiir Chemie
PO Box 3060
55020 Mainz
Germany
avdhandt@mpch-mainz.mpg.de

Daniele Brunelli
Igneous Petrologist
Laboratoire Pierre Stie-DRECAM
CNRS
91191 Yvette Cedex
France
brunelli@drecam.cea.fr

Adélie G. Delacour
Metamorphic Petrologist
Institut fiir Mineralogie und Petrographie

Eidgendssische Technische Hochschule-Zentrum

Sonnegstrasse 5

Ziirich 8092

Switzerland
adelie.delacour@erdw.ethz.ch

Javier Escartin
Structural Geologist
Marine Geosciences
Université Pierre et Marie Curie
Case 89 IPGP
4 Place Jussieu
75252 Paris
France
escartin@ipgp.jussieu.fr

Proc. IODP | Volume 304/305

y .
w


mailto:andrew@earth.leeds.ac.uk
mailto:amorris@plymouth.ac.uk
mailto:n-takko@ganko.tohoku.ac.jp
mailto:r.c.searle@durham.ac.uk
mailto:avdhandt@mpch-mainz.mpg.de
mailto:hd21@le.ac.uk
mailto:abenatsu@jamstec.go.jp
mailto:jbeard@vmnh.net
mailto:brunelli@drecam.cea.fr
mailto:adelie.delacour@erdw.ethz.ch
mailto:escartin@ipgp.jussieu.fr

Patricia B. Fryer
Metamorphic Petrologist

School of Ocean and Earth Science and Technology

University of Hawaii at Manoa
1680 East-West Road
Honolulu HI 96822

USA

pfryer@hawaii.edu

Angela Halfpenny
Structural Geologist

Department of Earth and Ocean Studies

University of Liverpool

4 Brownlow Street

Liverpool, Merseyside L69 3GP
United Kingdom
a.halfpenny@liverpool.ac.uk

Heidi-Elisabeth Hansen
Igneous Petrologist
Department of Earth Science
University of Bergen, Norway
Allegaten 41
Bergen
Norway
st08759@student.uib.no

Amber C. Harris

Physical Properties Specialist
Graduate School of Oceanography
University of Rhode Island
Narragansett RI 02882
USA
aharris@gso.uri.edu

Akihiro Tamura Hasebe

Igneous Petrologist
Department of Earth Sciences
Kanazawa University
Kakuma, Kanazawa 920-1192
Japan
kamui@kenroku.kanazawa-u.ac.jp

Eric Hellebrand

Igneous Petrologist
Abteilung Geochemie
Max-Planck-Institiit fiir Chemie
Postfach 3060
55020 Mainz
Germany
ehelle@mpch-mainz.mpg.de

Satoko Ishimaru
Igneous Petrologist

Division of Environmental Science and Engineering

Kanazawa University

Graduate School of Natural Science and
Technology

Kakuma, Kanazawa 920-1192

Japan

jaja@earth.s.kanazawa-u.ac.jp

Kevin T.M. Johnson
Igneous Petrologist

Department of Geology and Geophysics/SOEST
University of Hawaii and Manoa

1680 East-West Road

Post 606B

Honolulu HI 96822

USA

kjohnso2@hawaii.edu

Garry D. Karner
Physical Properties Specialist

Lamont-Doherty Earth Observatory
of Columbia University

PO Box 1000, 61 Route 9W

Palisades NY 10964

USA

garry@ldeo.columbia.edu

Margaret Linek
Logging Trainee

Angeandte Geophysik

Rheinisch-Westfadlischen Technischen Hochschule
Aachen

RW Technische Hochschule

Lochnerstrasse 4-20

52064 Aachen

Germany

m.linek@geophysik.rwth-aachen.de

Olivia U. Mason
Microbiologist

College of Oceanography

Oregon State University
Giovannoni Laboratory

104 COAS Administration Building
Corvallis OR 97331-5503

USA
omason@coas.oregonstate.edu

Proc. IODP | Volume 304/305

y .

w


mailto:pfryer@hawaii.edu
mailto:a.halfpenny@liverpool.ac.uk
mailto:st08759@student.uib.no
mailto:aharris@gso.uri.edu
mailto:kamui@kenroku.kanazawa-u.ac.jp
mailto:ehelle@mpch-mainz.mpg.de
mailto:jaja@earth.s.kanazawa-u.ac.jp
mailto:kjohnso2@hawaii.edu
mailto:garry@ldeo.columbia.edu
mailto:m.linek@geophysik.rwth-aachen.de
mailto:omason@coas.oregonstate.edu

Katsuyoshi Michibayashi
Structural Geologist
Institute of Geosciences
Shizuoka University
Faculty of Science
836 Oya
Shizuoka 422-8529
Japan
sekmich@ipc.shizuoka.ac.jp

Toshio Nozaka

Metamorphic Petrologist
Department of Earth Sciences
Okayama University
3-1-1 Tsushima-naka
Okayama 700-8530
Japan
nozaka@cc.okayama-u.ac.jp

Martin Rosner
Geochemist
Department of Marine Chemistry and
Geochemistry
Woods Hole Oceanographic Institution
Clark Building, MS 23
Woods Hole MA 02543
USA
mrosner@whoi.edu

Guenter Suhr

Structural Geologist
Mineralogisch-Petrographisches Institut
Universitdt Koln
Zilpicher Strasse 49b
50674 Koln
Germany
suhr@min.uni-koeln.de

Masako Tominaga
Paleomagnetist

Department of Oceanography
Texas A&M University

3F Oceanography Building
3146 TAMU

College Station TX 77843-3146
USA
masako@ocean.tamu.edu

Toru Yamasaki
Geochemist

Department of Earth and Planetary Sciences
Hokkaido University

Graduate School of Science

N 10, W8

Sapporo, Hokkaido 060-0810

Japan

toru@ep.sci.hokudai.ac.jp

Xixi Zhao
Paleomagnetist

Center for Study of Imaging and Dynamics
of the Earth

Institute of Geophysics and Planetary Physics

University of California, Santa Cruz

Earth and Marine Sciences Building

1156 High Street

Santa Cruz CA 95064

USA

xzhao@es.ucsc.edu

Proc. IODP | Volume 304/305

y .

w

xi


mailto:sekmich@ipc.shizuoka.ac.jp
mailto:nozaka@cc.okayama-u.ac.jp
mailto:mrosner@whoi.edu
mailto:suhr@min.uni-koeln.de
mailto:masako@ocean.tamu.edu
mailto:toru@ep.sci.hokudai.ac.jp
mailto:xzhao@es.ucsc.edu

Operational and technical staff

Transocean officials

Alexander Simpson

Master of the Drilling Vessel

Overseas Drilling Ltd.

Wayne Malone
Drilling Superintendent
Overseas Drilling Ltd.

IODP-USIO shipboard personnel and technical representatives

Expedition 304

Michael Storms

Supervisor of Operational Support

Stephen Midgley
Operations Superintendent

Burnette Hamlin
Laboratory Officer

Timothy Bronk
Assistant Laboratory Officer

Paul Teniere
Assistant Laboratory Officer

Christopher Bennight

Marine Laboratory Specialist: Chemistry

Lisa Brandt

Marine Laboratory Specialist: Chemistry

William Crawford
Imaging Specialist

Jason Deardorff

Marine Laboratory Specialist: X-Ray

Randy Gjesvold

Marine Instrumentation Specialist

Kevin Grigar
Drilling Engineer
Expedition 305

Ronald M. Grout
Operations Superintendent

Roy Davis
Laboratory Officer

Lisa K. Crowder
Assistant Laboratory Officer

Chieh Peng
Assistant Laboratory Officer

Margo Cortes
Yeoperson

Margaret Hastedt
Marine Computer Specialist

Jennifer Henderson
Marine Laboratory Specialist: Core Laboratory

Karen Johnston
Marine Laboratory Specialist: Underway
Geophysics

Peter Kannberg
Marine Laboratory Specialist: Downhole Tools/
Thin Sections

Deepak Kannoju
Programmer Specialist

Michael Meiring
Marine Instrumentation Specialist

David Morley
Marine Computer Specialist

Heather Paul
Marine Laboratory Specialist: Physical Properties

Jennifer Presley
Yeoperson

Steven Kittredge

Schlumberger Engineer

Charlie Endris
Marine Laboratory Specialist: Downhole Tools/
Thin Sections

Dennis Graham
Marine Laboratory Specialist: Chemistry

Michael J. Hodge
Marine Computer Specialist

Leah Shannon Housley
Imaging Specialist

Proc. IODP | Volume 304/305

y
w

xii



Eric Jackson

Marine Laboratory Specialist: X-Ray

Jan Jurie Kotzé

Marine Instrumentation Specialist

Lena Maeda

Marine Laboratory Specialist: Core

Erik Moortgat
Marine Computer Specialist

Michael Murphy

Marine Laboratory Specialist: Physical Properties

Pieter Pretorius
Marine Instrumentation Specialist

Paula Weiss
Marine Curatorial Specialist

Robert M. Wheatley
Marine Laboratory Specialist: Chemistry

Yasmin Yabyabin
Marine Laboratory Specialist: Underway
Geophysics

Javier Espinosa
Schlumberger Engineer

IODP-USIO Publication Services staff*

Karen Benson
Production Specialist 11

Anthony Tyler Caviness
Student Assistant

Gudelia (“Gigi”) Delgado
Senior Publications Coordinator

Patrick Edwards
Production Specialist II

Jaime A. Gracia
Supervisor of Production

Jennie L. Lamb
Graphics Specialist 11

Shana C. Lewis
Editor

Ginny Lowe
Reports Coordinator

Nancy H. Luedke
Graphics Specialist II

Amy McWilliams
Editor

Angeline T. Miller
Manager of Publication Services

* At time of publication.

Mary Elizabeth Mitchell
Publications Coordinator Assistant

Linda Orsi
Graphics Specialist 11

Deborah L. Partain
Supervisor of Graphics

Brooke Perry
Student Assistant

Lorri Peters
Supervisor of Editing

M. Kathleen Phillips
Publications Specialist

Barbara Riggs-Turner
Administrative Assistant

Jennifer Pattison Rumford
Electronic Publications Specialist

Kenneth Sherar
Production Specialist II

Katherine Steuer
Editorial Assistant

Ann Yeager
Distribution Specialist

Proc. IODP | Volume 304/305

xiii

w



Acknowledgments

Many people helped generate the results that are presented by the Expedition 304/305 Science Party in this
volume, and we recognize these contributions as an important part of the project. Both operations crews on
the JOIDES Resolution deserve many thanks: Captains Pete Mowat and Alex Simpson, the bridge and dynamic
positioning groups, the drilling supervisors and ever-attentive drillers, the rig floor crews, the engine room
and deck crews who kept everything running, and the Catermar groups that never ran out of ideas for the
next meal and always kept things shipshape. Steve Midgley, Mike Storms, Rick Goebel, and Kevin Grigar, with
the drill crew led by Tim McCown, spent many long hours during Expedition 304 trying to devise an
approach that would work in the difficult hanging wall conditions. Their success in establishing a hard rock
reentry system in the footwall cleared the way for the overall success of the project. Ron Grout and Wayne
Malone oversaw steady and conservative operations, despite periods of rough weather, which allowed
impressive core recovery throughout Expedition 305 and finished with the hole in good condition for future
work. The logging engineers persisted throughout several 2-3 day continuous periods of downhole work,
dealing with both routine wireline operations and sorting out problems encountered along the way. The
shipboard technical staff were unfailingly enthusiastic and helpful despite our tendency to ask for just one
more tweak to this software or the creation of some new gadget to do just that other thing.

On shore, contributions came from nonsailing coproponents (John Collins, Gretchen Friith-Green, and
Monique Seyler) and colleagues on earlier work in the area (Joe Cann, Jeff Karson, and Deb Kelley), whose
efforts helped provide the context and motivation for IODP drilling at Atlantis Massif.

Proc. IODP | Volume 304/305 Xiv

y .
w



Contents

Expedition reports
Chapters

Expedition 304/305 summary
Expedition 304/305 Scientists

Methods
Expedition 304/305 Scientists

Site U1309
Expedition 304/305 Scientists

Site U1310
Expedition 304/305 Scientists

Site U1311
Expedition 304/305 Scientists

Core descriptions

Visual core descriptions (VCDs), thin section data tables, and digital images are included in this section. VCDs
and thin section data tables are included in PDF files for each site. There are four VCD files and one thin
section file for Site U1309, and Sites U1310 and U1311 have one file each for VCDs and thin sections.

Site U1309
Visual core descriptions - Thin sections
Site U1310
Visual core descriptions - Thin sections
Site U1311

Visual core descriptions - Thin sections

Expedition research results

Data reports

Titles are available in HTML pending completion of the volume.

Syntheses

Titles are available in HTML pending completion of the volume.

Proc. IODP | Volume 304/305 XV

y .
w


http://iodp.tamu.edu/publications/exp304_305/30405toc.htm#Expedition_research_results
http://iodp.tamu.edu/publications/exp304_305/30405toc.htm#Expedition_research_results

Supplementary material

Supplementary material for this volume includes expanded coring summary tables, Formation MicroScanner
data, geochemistry data, glass log, igneous petrology logs, alteration logs, vein logs, microbiology logs,
metamorphic petrology logs, thin section metadata, paleomagnetism data, thin section photo sheets, physical
property data, and structure logs. 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).

I0ODP Expedition 304/305 site map
IODP map (Expeditions 301-312)
ODP map (Legs 100-210)

DSDP map (Legs 1-96)

Proc. IODP | Volume 304/305 XVi

y
w


http://gmt.soest.hawaii.edu

Expedition-related bibliography
IODP publications

Scientific Prospectus

Blackman, D.K., [ldefonse, B., John, B.E., MacLeod, CJ., Ohara, Y., Miller, D.J., and the Expedition 304/305
Project Team, 2004. Oceanic core complex formation, Atlantis Massif—oceanic core complex formation,
Atlantis Massif, Mid-Atlantic Ridge: drilling into the footwall and hanging wall of a tectonic exposure of deep,
young oceanic lithosphere to study deformation, alteration, and melt generation. IODP Sci. Prosp., 304/305.
doi:10.2204/iodp.sp.304305.2004

Preliminary Reports

Expedition Scientific Party, 2005. Oceanic core complex formation, Atlantis Massif—oceanic core complex
formation, Atlantis Massif, Mid-Atlantic Ridge: drilling into the footwall and hanging wall of a tectonic
exposure of deep, young oceanic lithosphere to study deformation, alteration, and melt generation. IODP Prel.
Rept., 304. doi:10.2204/iodp.pr.304.2005

Expedition Scientific Party, 2005. Oceanic core complex formation, Atlantis Massif—oceanic core complex
formation, Atlantis Massif, Mid-Atlantic Ridge: drilling into the footwall and hanging wall of a tectonic
exposure of deep, young oceanic lithosphere to study deformation, alteration, and melt generation. IODP Prel.
Rept., 305. doi:10.2204/iodp.pr.305.2005

Scientific Drilling journal

IODP Expeditions 304 and 305 Scientists, 2005. IODP Expeditions 304 and 305: oceanic core complex
formation, Atlantis Massif. Sci. Drill., 1:28-31. d0i:10.2204/iodp.sd.1.05.2005

Proceedings volume

Blackman, D.K., lldefonse, B., John, B.E., Ohara, Y., Miller, D.J., MacLeod, C.J., and the Expedition 304/305
Scientists, 2006. Proc. IODP, 304/305: College Station TX (Integrated Ocean Drilling Program Management
International, Inc.). doi:10.2204/iodp.proc.304305.2006

Expedition 304/305 Scientists, 2006. Expedition 304/305 summary. In Blackman, D.K., Ildefonse, B., John, B.E.,
Ohara, Y., Miller, D.J., MacLeod, CJ., and the Expedition 304/30S Scientists, Proc. IODP, 304/305: College
Station TX (Integrated Ocean Drilling Program Management International, Inc.). doi:10.2204/
iodp.proc.304305.101.2006

Expedition 304/305 Scientists, 2006. Methods. In Blackman, D.K., Ildefonse, B., John, B.E., Ohara, Y., Miller,
DJ., MacLeod, CJ., and the Expedition 304/305 Scientists, Proc. IODP, 304/305: College Station TX (Integrated
Ocean Drilling Program Management International, Inc.). doi:10.2204/iodp.proc.304305.102.2006

Expedition 304/305 Scientists, 2006. Site U1309. In Blackman, D.K., [ldefonse, B., John, B.E., Ohara, Y., Miller,
D.J., MacLeod, CJ., and the Expedition 304/305 Scientists, Proc. IODP, 304/305: College Station TX (Integrated
Ocean Drilling Program Management International, Inc.). doi:10.2204/iodp.proc.304305.103.2006

Expedition 304/305 Scientists, 2006. Site U1310. In Blackman, D.K., [ldefonse, B., John, B.E., Ohara, Y., Miller,
DJ., MacLeod, CJ., and the Expedition 304/305 Scientists, Proc. IODP, 304/305: College Station TX (Integrated
Ocean Drilling Program Management International, Inc.). doi:10.2204/iodp.proc.304305.104.2006

Expedition 304/305 Scientists, 2006. Site U1311. In Blackman, D.K., [ldefonse, B., John, B.E., Ohara, Y., Miller,
D.J., MacLeod, CJ., and the Expedition 304/305 Scientists, Proc. IODP, 304/305: College Station TX (Integrated
Ocean Drilling Program Management International, Inc.). doi:10.2204/iodp.proc.304305.105.2006

Proc. IODP | Volume 304/305 Xvii

y .
w


http://dx.doi.org/10.2204/iodp.sp.304305.2004
http://dx.doi.org/10.2204/iodp.pr.304.2005
http://dx.doi.org/10.2204/iodp.pr.305.2005
http://dx.doi.org/10.2204/iodp.sd.1.05.2005
http://dx.doi.org/10.2204/iodp.proc.304305.2006
http://dx.doi.org/10.2204/iodp.proc.304305.101.2006
http://dx.doi.org/10.2204/iodp.proc.304305.101.2006
http://dx.doi.org/10.2204/iodp.proc.304305.102.2006
http://dx.doi.org/10.2204/iodp.proc.304305.103.2006
http://dx.doi.org/10.2204/iodp.proc.304305.104.2006
http://dx.doi.org/10.2204/iodp.proc.304305.105.2006

Journals/Books*

Blackman, D., Ildefonse, B., John, B., Ohara, Y., Miller, D.J., MacLeod, C., and IODP 304/305 Shipboard
Science Party, 2005. Geophysical constraints on the nature of Atlantis Massif, 30°N MAR. Eos, Trans. Am.
Geophys. Union, 86(52):T33G-05. (Abstract)

Blackman, D.K., Karner, G.D., and Shipboard Scientific Party, 2005. Relationship between strong seismic
reflectors in young igneous oceanic crust and borehole/core measurements of physical properties. Eos, Trans.
Am. Geophys. Union, 86(18):T43A-02. (Abstract)

Frost, B.R., Beard, ].S., Abratis, M., Andreani, M., Delacour, A., Drouin, M., Fryer, P., McCaig, A., Nozaka, T,
Ohara, Y., and IODP 304/305 Shipboard Science Party, 2005. Importance of silica activity to the
serpentinization processes: insights from microrodingites in IODP Hole U1309D. Eos, Trans. Am. Geophys.
Union, 86(52):V51B-1483. (Abstract)

Hirth, G., Escartin, J., Grimes, C., Halfpenny, A., Hayman, N., Hirose, T., Michibayashi, K., Suhr, G., and IODP
304/305 Shipboard Science Party, 2005. Structural constraints on the evolution of Atlantis Massif based on
results from IODP Expedition 304/305. Eos, Trans. Am. Geophys. Union, 86(52):T41D-1334. (Abstract)

Ildefonse, B., Blackman, D., John, B.E., Ohara, Y., Miller, D.J., MacLeod, C.J., and IODP Expeditions 304-305
Scientific Party, 2006. A revised model of oceanic core complex structure? Indications from IODP Expeditions
304-305, Mid-Atlantic Ridge, 30°N, and previous ocean drilling results. Geophys. Res. Abstr., 8:05723.

1I0DP 304/305 Shipboard Scientific Party, 2005. Drilling at Atlantis Massif oceanic core complex: IODP
Expeditions 304 and 305. Geophys. Res. Abstr., 7:05896.

John, B.E., Blackman, D., lldefonse, B., Ohara, Y., Miller, D.J., and IODP 304/305 Shipboard Science Party,
200S. Crustal accretion and denudation processes at slow spreading MOR—insight From IODP Hole U1309D
(MAR 30°N). Eos, Trans. Am. Geophys. Union, 86(52):T33G-04. (Abstract)

Johnson, K.T., Hellebrand, E., Abe, N., Andal, E., Brunelli, D., Charney, A., Christie, D., Hansen, H., Ishimaru,
S., Maeda, J., Ohara, Y., Suhr, G., Tamura, A., van der Handt, A., Yamasaki, T., and IODP 304/305 Shipboard
Science Party, 2005. Igneous petrology of Hole U1309D, IODP Expeditions 304/305 at the Atlantis Massif,
MAR 30°N. Eos, Trans. Am. Geophys. Union, 86(52):T41D-1336. (Abstract)

McCaig, A., Abratis, M., Andreani, M., and Drouin, M., 2005. Reaction-induced microcracking and fluid flow
into the oceanic crust beneath an extensional detachment fault at 30°N, IODP Site U1309. Geophys. Res. Abstr.,
7:09676.

McCaig, A., Frost, B.R., Beard, J.S., Abratis, M., Andreani, M., Delacour, A., Drouin, M., Fryer, P., Ozaka, T.,
Ohara, Y. and IODP 304/305 Shipboard Science Party, 2005. Alteration and fluid flow recorded in a 1400 m
section of oceanic gabbros beneath a detachment fault at 30°N Mid-Atlantic Ridge, (IODP Site U1309). Eos,
Trans. Am. Geophys. Union, 86(52):T41D-1335. (Abstract)

Miller, J., Awaji, S., Godard, M., Rosner, M., Yamasaki, T., and IODP 304/305 Shipboard Science Party, 2005.
Geochemistry of Site U1309 gabbros, IODP Expeditions 304/305 at the Atlantis Massif, Mid-Atlantic Ridge
30°N. Eos, Trans. Am. Geophys. Union, 86(52):T41D-1337. (Abstract)

Conferences*

Abratis, M., Frost, B.R., Searle, R., and IODP Expedition 304/305 Shipboard Scientific Party, submitted.
Systematic compositional and susceptibility variations in basaltic dykes of Atlantis Massif, 30°N Mid-Atlantic
Ridge (IODP Leg 304/305) [IODP-ICDP Kolloquium 2006, Greifswalder, Germany, 27-29 March 2006].

Awaji, S., Abe, N., Andal, E., Awaji, S., Hirose, T., Ishimaru, S., Maeda, J., Michibayashi, K., Nakagawa, N.,
Nozaka, T., Ohara, Y., Tamura, A., Tominaga, M., Yamasaki, T., and IODP Expedition 304/305 Shipboard
Scientific Party, 2005. Petrography and geochemistry of basalt and diabase from Site U1309, IODP Expeditions
304 and 305, Atlantis Massif, Mid-Atlantic Ridge [2005 Japan Earth and Planetary Science Joint Meeting,
Chiba, 22-26 May 2005].

*The Expedition-related bibliography is continually updated online. Please send updates to PubCrd@iodp.tamu.edu.

|

Proc. IODP | Volume 304/305 A xviii


http://iodp.tamu.edu/publications/exp304_305/30405bib.htm
mailto:PubCrd@iodp.tamu.edu

Expeditions 304 and 305 Science Party, 2005. Initial results from IODP drilling at Atlantis Massif, Mid-Atlantic
Ridge 30°N [International MOMAR Implementation Workshop, Lisbon, 7-9 April 2005].

Hirose, T., Michibayashi, K., Abe, N., Andal, E., Awaji, S., Ishimaru, S., Maeda, J., Nakagawa, T., Nozaka, T,
Ohara, Y., Tamura, A., Tominaga, M., Yamasaki, T., and Expedition 304/305 Shipboard Scientific Party, 2005.
Structural features of the Mid-Atlantic Ridge core complex at 30°N: preliminary results from IODP Expeditions
304 and 305 [200S5 Japan Earth and Planetary Science Joint Meeting, Chiba, 22-26 May 2005].

Maeda, J., Abe, N., Andal, E., Awaji, S., Hirose, T., Ishimaru, S., Michibayashi, K., Nakagawa, T., Nozaka, T.,
Ohara, Y., Tamura, A., Tominaga, M., Yamasaki, T., and IODP Expedition 304/305 Shipboard Scientific Party,
2005. A multiply-intruded gabbroic oceanic crust drilled at Site U1309, IODP Expeditions 304 and 305,
Atlantis Massif, Mid-Atlantic Ridge: a preliminary result [2005 Japan Earth and Planetary Science Joint
Meeting, Chiba, 22-26 May 2005].

Ohara, Y., Abe, N., Andal, E., Awaji, S., Hirose, T., Ishimaru, S., Maeda, J., Michibayashi, K., Nakagawa, N.,
Nozaka, T., Tamura, A., Tominaga, M., Yamasaki, T., and IODP Expeditions 304/305 Shipboard Scientific Party,
2005. IODP Expeditions 304/305 at an oceanic core complex: Atlantis Massif, Mid-Atlantic Ridge [2005 Japan
Earth and Planetary Science Joint Meeting, Chiba, 22-26 May 2005].

Suhr, G., and Helebrand, E., submitted. Cruise report IODP Leg 305: Atlantis Massif, 30°N (Mid-Atlantic
Ridge) [IODP-ICDP Kolloquium 2006, Greifswalder, Germany, 27-29 March 2006].

Suhr, G., and IODP Expedition 305 Scientific Party, submitted. First geochemical results of gabbros from IODP
Leg 305 (30°N, Mid-Atlantic Ridge) [IODP-ICDP Kolloquium 2006, Greifswalder, Germany, 27-29 March
2006].

Nozaka, T., Abratis, M., Andreani, M., Beard, ].S., Delacour, A., Drouin, M., Frost, B.R., Fryer, P., McCaig, A.,
Ohara, Y., and the Shipboard Scientific Parties of IODP Expeditions 304 and 305, submitted. Multiple vein/
dike-related alteration, metasomatism and thermal metamorphism of the oceanic lower crust at IODP Site
U1309, Mid-Atlantic Ridge [19th General Meeting of the International Mineralogical Association, Kobe,
Japan, 23-28 July 2006].

Index

Pending

Proc. IODP | Volume 304/305 Xix

y
w



Directory structure*

304305.PDF
(Preliminary pages and table of contents)

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

ACROREAD MAC_OS

(Acrobat Reader installation UNIX

software and instructions for

different platforms) WINDOWS
README.TXT

EXP_REPT CHAPTERS 0405_101.PDF (Expedition 304/305 summary)
(Expedition Reports section of (Expedition Reports chapters) 0405_102.PDF (Methods)

Proc. IODP, 304/305) 0405_103.PDF (Site U1309)

0405_104.PDF (Site U1310)

0405_105.PDF (Site U1311)

CORES U1309_1.PDF (Site U1309 VCDs Part 1)
(Visual core descriptions, thin section ETTETTEBR (Site U1309 VCDs Part 2)
data tables, and digital core images) —

U1309_3.PDF (Site U1309 VCDs Part 3)
U1309_4.PDF (Site U1309 VCDs Part 4)
U1310.PDF (Site U1310 VCDs)
U1311.PDF (Site U1311 VCDs)
TS_U1309.PDF (Site U1309 thin sections)
TS_U1310.PDF (Site U1310 thin sections)
TS_U1311.PDF (Site U311 thin sections)
IMAGES (PDF files of core images)
PHOTOMIC (PDF files of photomicrographs)

TABLES 0405_103 (Site U1309 files)
(ASCII files of data tables) README.TXT

OVERSIZE 0405_102 (Methods files)
(Large-format files of data tables) 0405_103 (Site U1309 files)

SUPP_MAT CORESUMM 304_CS.XLS (Expedition 304)
(Supplementary material) (Extended coring summaries) 305_CS.XLS (Expedition 305)

FMS 1309BFMS.PDF (Hole U1309B)
(Formation MicroScanner information)

GEOCHEM ICP (ICP data)
(Geochemistry data) Lol (LO! data)

VOLATILE (Volatiles data)

GLASS 304GLASS.XLS (Expedition 304 glass log) ‘
(Basalt glass data)

IGN_PETR DOWNHOLE (Graphics files)
(Igneous petrology data) MACRO (Downhole macro)
PIECELOG (Unit and piece logs)
T_SECT (Modal compositions)

(Continued on next page) VCD_SUMM (Summary of visual descriptions)

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

Proc. IODP | Volume 304/305 €’ xx



Directory structure (continued)

SUPP_MAT
(Continued)

MAPS

(Drilling location maps)

LOGS
(Alteration and vein logs)

MBIO
(Microbiology data)

MET_PETR
(Metamorphic petrology data)

METADATA
(Close-up and thin section data)

PALEOMAG

(Paleomagnetism data)

PHOTOS
(Images)

PHYSPROP
(Physical property data)

STRUCTUR
(Structural geology data)

README.TXT

0405_MAP.PDF
(Expedition 304/305 site map)

IODPMAP.PDF
(IODP map, Expeditions 301-312)

ODPMAP.PDF
(ODP map, Legs 100-210)

DSDPMAP.PDF
(DSDP map, Legs 1-96)

ALTLOG.XLS (Alteration log)

VEINLOG.XLS (Vein log)

MICROPHO.XLS (Image data)

ALT_LOG (Alteration logs)

DOWNHOLE (Graphics files)

VEIN_LOG (Vein logs)

XRD (X-ray diffraction data)

CLOSEUPS (Photograph metadata)

THIN_SEC (Photomicrograph metadata)

U1309B (Hole U1309B files)

U1309D (Hole U1309D files)

U1309B (Hole U1309B images)

MAD (Discrete moisture and density data)

MST (Multisensor track data)

PWS (Velocity data)

THER_CON (Thermal conductivity data)

BRITTLE (Brittle structures log)

CRPL_MAG (Magmatic structures log)

IMAGELOG (Structure image logs)

MATLAB (Routine code and data)

STRAIN (Strain log)

VEINS (Vein logs)

Proc. IODP | Volume 304/305

MAh
w




	Volume 304/305 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: JOI Alliance
	IODP-USIO Systems Integration Contractor
	IODP-USIO Science Services, LDEO
	IODP-USIO Science Services, TAMU

	Expedition 304/305 science party
	Expedition 304 scientists
	Expedition 305 scientists

	Operational and technical staff
	Transocean officials
	IODP-USIO shipboard personnel and technical representatives
	IODP-USIO Publication Services staff

	Acknowledgments
	Contents
	Expedition reports
	Chapters
	Expedition 304/305 summary
	Methods
	Site U1309
	Site U1310
	Site U1311

	Core descriptions
	Site U1309
	Visual core descriptions · Thin sections

	Site U1310
	Visual core descriptions · Thin sections

	Site U1311
	Visual core descriptions · Thin sections



	Expedition research results
	Data reports
	Titles are available in HTML pending completion of the volume.

	Syntheses
	Titles are available in HTML pending completion of the volume.


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

	Journals/Books
	Conferences

	Index

	DVD-ROM Directory Structure
	DVD-ROM Directory Structure (continued)


	Expedition 304/305 summary
	Methods
	Site U1309
	Site U1310
	Site U1311
	Core descriptions
	Site U1309
	Site U1310
	Site U1311





