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FOREWORD

BY JOINT OCEANOGRAPHIC INSTITUTIONS, INC.

This volume presents scientific and engineering results from the Ocean Drilling Program (ODP). These results 
address the scientific and technical goals of the program, which are focused on the study of the dynamics of 
Earth’s interior and environment, the evolution of oceanic crust, the fluctuations of climate, and the study of the 
Earth’s deep biosphere.

Although ODP ended operations in 2003, science results from ODP’s expeditions on the JOIDES Resolution 
continue to emerge. The results represent the contributions of scientists and research institutions from 22 ODP 
member countries. International oversight and coordination of the program was provided by the ODP Council, 
which was made up of representatives from the member countries. Scientific and management guidance was 
provided by representatives from the Joint Oceanographic Institutions for Deep Earth Sampling (JOIDES).

Joint Oceanographic Institutions, Inc. (JOI), a nonprofit consortium of 20 U.S. oceanographic institutions, serves 
as the National Science Foundation’s prime contractor for ODP. JOI implemented scientific objectives, plans, 
and recommendations of the JOIDES committees through subcontracts to Texas A&M University (TAMU) for 
science operations and to Lamont-Doherty Earth Observatory (LDEO) of Columbia University for geochemical 
and geophysical well-logging services.

JOI, TAMU, and LDEO worked together successfully for many years to manage the Ocean Drilling Program. We 
look forward to many exciting discoveries and continued international collaboration on the Integrated Ocean 
Drilling Program as we further our scientific mission.

Steven R. Bohlen
President of the Joint Oceanographic Institutions and Executive Director of the Ocean Drilling Programs

Washington, D.C.
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PREFACE

THE VOYAGES OF DISCOVERY

The Scientific Results volumes of the Proceedings of the Ocean Drilling Program are about Earth and her oceans.

These volumes contain contributions to a better understanding of the history of our planet through time. This 
exploration of Earth’s past is based on scientific analyses of layers of strata sampled by the JOIDES Resolution at 
key locations throughout the global ocean. These volumes are a tribute to the scientific exploration carried out 
by the men and women who contributed to these voyages of discovery. Like the pioneering exploration and 
research of Captain Cook aboard the first Resolution, these volumes are a credit to the human spirit, which sees 
no boundaries. 

The papers in this volume are published in a new online format that will be archived on CD-ROM. The 
Proceedings contents are available to students, scientists, and the public throughout the world. Volumes, once 
housed in the libraries of the member nations of ODP, are now published on the Internet for a worldwide 
audience and are also available in CD-ROM format. This electronic publication enables future investigators to 
gain easier access to the results of ocean drilling research. I acknowledge and thank the authors for their 
contributions and willingness to participate in this new venture.

Each Scientific Results volume has an Editorial Review Board that is responsible for obtaining peer reviews of 
papers submitted to the volume. This board usually is made up of the two co-chief scientists for the cruise, the 
ODP staff scientist for the cruise, and one external specialist who is familiar with the geology of the investigated 
area. ODP staff coordinate the peer-review process and also edit and produce each paper. 

Each Scientific Results volume contains one leg synthesis paper and other peer-reviewed papers that present the 
results of extensive research in various aspects of scientific ocean drilling related to each leg. Each paper 
submitted to a Scientific Results volume undergoes rigorous peer review by at least two specialists in the author’s 
research field. Volumes may also contain short reports of useful data. These Data Reports do not include 
interpretation of results and are peer-reviewed by at least one specialist. We seek to maintain a peer-review 
system comparable to those of the most highly regarded journals in the geological sciences.

To acknowledge the contributions made by this volume’s Editorial Review Board, the Board members are 
designated Editors of the volume. Reviewers of manuscripts for this volume, whose efforts are so essential to the 
success of the publication, are listed without attribution to any particular manuscript.

On behalf of the Ocean Drilling Program, I extend sincere appreciation to the members of the Editorial Review 
Board and to the reviewers for generously contributing their time and effort. This process ensures that only 
papers of high scientific quality are published in the Scientific Results volumes.

Paul J. Fox
Director
Ocean Drilling Program

Texas A&M University
College Station, Texas



9

REVIEWERS FOR THIS VOLUME
Jeffrey Alt
Neil R. Bannerjee

Brooks B. Ellwood
Tracy D. Frank

Roy Wilkens
Edgardo Cañón-Tapia Jeffrey Ryan



10

OCEAN DRILLING PROGRAM*
National Science Foundation
4201 Wilson Boulevard
Arlington VA 22230, USA
Tel: (703) 306-1581; Fax: (703) 306-0390
Web site: www.nsf.gov

MEMBER ORGANIZATIONS OF THE JOINT OCEANOGRAPHIC INSTITUTIONS FOR DEEP EARTH 
SAMPLING (JOIDES)

Columbia University, Lamont-Doherty Earth 
Observatory

Florida State University

Oregon State University, College of Oceanic and 
Atmospheric Sciences

Pennsylvania State University, College of Earth 
and Mineral Sciences

Rutgers, The State University of New Jersey, 
Institute of Marine and Coastal Sciences and 
Faculty of Arts and Sciences

Stanford University, School of Earth Sciences

Texas A&M University, College of Geosciences

University of California at San Diego, Scripps 
Institution of Oceanography

University of California, Santa Cruz

University of Florida

University of Hawaii, School of Ocean and Earth 
Science and Technology

University of Miami, Rosenstiel School of Marine 
and Atmospheric Science

University of Michigan, College of Literature, 
Science, and the Arts

University of Rhode Island, Graduate School of 
Oceanography

University of South Florida, College of Marine 
Science

University of Texas at Austin, Institute for 
Geophysics

University of Washington, College of Ocean and 
Fishery Sciences

Woods Hole Oceanographic Institution

Australia/Canada/Chinese Taipei/Korea 
Consortium for Ocean Drilling: Department of 
Primary Industries and Energy (Australia), 
Natural Resources Canada, National Taiwan 
University in Taipei, and Korean Institute for 
Geology, Mining and Minerals

European Science Foundation Consortium for 
Ocean Drilling (Belgium, Denmark, Finland, 
Iceland, Ireland, Italy, The Netherlands, Norway, 
Portugal, Spain, Sweden, and Switzerland)
*At time of completion of ODP cruises in September 2003. See Publisher’s Notes, p. 5, for list of funding agencies at time
of cruise. 

http://www.nsf.gov


11

Federal Republic of Germany, Bundesanstalt für 
Geowissenschaften und Rohstoffe

France, Institut National des Sciences de 
l’Univers–Centre National de la Recherche 
Scientifique (INSU-CNRS)

Japan, University of Tokyo, Ocean Research 
Institute

People’s Republic of China, Marine High-
Technology Bureau of the State Science and 
Technology Commission of the People’s 
Republic of China

United Kingdom, Natural Environment Research 
Council 

ODP PROGRAM MANAGER

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
Web site: www.joiscience.org

ODP SCIENCE OPERATOR

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
Web site: iodp.tamu.edu

ODP LOGGING SERVICES OPERATOR

Borehole Research Group
Lamont-Doherty Earth Observatory 
of Columbia University

PO Box 1000, 61 Route 9W
Palisades NY 10964, USA
Tel: (845) 365-8341; Fax: (845) 365-3182
E-mail: borehole@ldeo.columbia.edu
Web site: www.ldeo.columbia.edu/BRG/ODP

ODP SITE SURVEY DATA BANK

Lamont-Doherty Earth Observatory 
of Columbia University
PO Box 1000, 61 Route 9W
Palisades NY 10964, USA
Tel: (845) 365-8542; Fax: (845) 365-8159
E-mail: odp@ldeo.columbia.edu
Web site: ssdb.ldeo.columbia.edu

mailto:info@joiscience.org
http://www.joiscience.org
mailto:information@iodp.tamu.edu
http://iodp.tamu.edu
mailto:borehole@ldeo.columbia.edu
http://www.ldeo.columbia.edu/BRG/ODP
mailto:odp@ldeo.columbia.edu
http://ssdb.ldeo.columbia.edu


12

LEG 192 PARTICIPANTS*

SHIPBOARD SCIENTIFIC PARTY

J. Godfrey Fitton
Co-Chief Scientist
Department of Geology and Geophysics
University of Edinburgh
West Mains Road
Edinburgh EH9 3JW
United Kingdom
godfrey.fitton@glg.ed.ac.uk

John J. Mahoney
Co-Chief Scientist
Department of Geology and Geophysics/SOEST
University of Hawaii at Manoa
1680 East-West Road
Honolulu HI 96822
USA
jmahoney@soest.hawaii.edu

Paul J. Wallace
Staff Scientist
Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
Present address (1 October 2001):
Department of Geological Sciences
1272 University of Oregon
Eugene OR 97403-1272
USA
pwallace@darkwing.uoregon.edu

Maria J. Antretter
Physical Properties Specialist
Institut für Allgemeine und
Angewandte Geophysik und Geophysikalisches 
Observato

Ludwig-Maximilians-Universität München
Theresienstrasse 41/IV
80333 München
Germany
maria@geophysik.uni-muenchen.de

Neil R. Banerjee
Metamorphic Petrologist
School of Earth and Ocean Sciences
University of Victoria
PO Box 3055
Victoria BC V8W 3P6
Canada
Present address (20 August 2001):
Department of Earth and Atmospheric Sciences
University of Alberta
1-26 Earth Sciences Building
Edmonton AB T6G 2E3 
Canada
banerjee@ualberta.ca

James A. Bergen
Paleontologist (nannofossils)
Department of Geological Sciences
University of North Carolina
CB 3315, Mitchell Hall
Chapel Hill NC 27599-3315
USA
jabergen@flash.net
*Addresses at time of cruise, except where updated by the leg participants before publication.

mailto:godfrey.fitton@glg.ed.ac.uk
mailto:jmahoney@soest.hawaii.edu
mailto:pwallace@darkwing.uoregon.edu
mailto:maria@geophysik.uni-muenchen.de
mailto:banerjee@ualberta.ca
mailto:jabergen@flash.net


13

Graeme Cairns
Logging Staff Scientist
Laboratoire de Mesures en Forage
ODP/NEB
ISTEEM cc 049
Université de Montpellier II
Place Eugéne Bataillon
F-34095 Montpellier Cedex 5
France
Present address (19 February 2003):
PO Box 692
Eldora ON N0B 1S0
Canada
graeme.cairns@sympatico.ca 

Paterno R. Castillo
Igneous Petrologist
Geosciences Research Division
Scripps Institution of Oceanography
University of California, San Diego
La Jolla CA 92093-0212
USA 
pcastillo@ucsd.edu

Lynne M. Chambers
Igneous Petrologist
Department of Geology and Geophysics
University of Edinburgh
Grant Institute
West Mains Road
Edinburgh EH9 3JW
United Kingdom
lynne.chambers@glg.ed.ac.uk

William J. Chazey III
Inorganic Chemist
Department of Civil Engineering and Geological 
Sciences

University of Notre Dame
156 Fitzpatrick Hall
Notre Dame IN 46556
USA
william.chazey.1@nd.edu

Millard F. Coffin
Geophysicist/JOIDES Logging Scientist
Institute for Geophysics
University of Texas at Austin
Building 600
4412 Spicewood Springs Road
Austin TX 78759-8500
USA
Present address (1 October 2001):
Ocean Research Institute
University of Tokyo
1-15-1 Minamidai, Nakano-ku
Tokyo 164-8639
Japan
mcoffin@ori.u-tokyo.ac.jp

Marguerite M. Godard 
Igneous Petrologist
Laboratoire de Tectonophysique–CNRS UMR 
5568

Case 49
Institut des Sciences de la Terre, de l’Eau et de 
l’Espace de Montpellier

Université de Montpellier II
Place Eugéne Bataillon
F-34095 Montpellier Cedex 5
France
margot@dstu.univ-montp2.fr

Stuart A. Hall
Paleomagnetist
Department of Geosciences
University of Houston
Houston TX 77204-5503
USA
sahgeo@uh.edu

José Honnorez
Metamorphic Petrologist
EOST-Géologie
Université Louis Pasteur
1 rue Blessig
F-67084 Strasbourg

France
honnorez@illite.u-strasbg.fr

mailto:graeme.cairns@sympatico.ca
mailto:pcastillo@ucsd.edu
mailto:lynne.chambers@glg.ed.ac.uk
mailto:william.chazey.1@nd.edu
mailto:mcoffin@ori.u-tokyo.ac.jp
mailto:margot@dstu.univ-montp2.fr
mailto:sahgeo@uh.edu
mailto:honnorez@illite.u-strasbg.fr


14

Stephanie P. Ingle
Igneous Petrologist
Département des Sciences de la Terre et de 
L’Environnement

Université Libre de Bruxelles
CP 160/02
Avenue F.D. Roosevelt, 50
B-1050 Brussels
Belgium
Present address (1 August 2003):
Department of Earth and Planetary Sciences
Tokyo Institute of Technology
2-12-1 Ookayama, Meguro-ku
Tokyo 152-8551
Japan
single@geo.titech.ac.jp

Loren W. Kroenke
Physical Properties Specialist
Hawaii Institute of Geophysics and Planetology/
SOEST

University of Hawaii at Manoa
1680 East-West Road, POST 808
Honolulu HI 96822
USA
kroenke@soest.hawaii.edu

Kenneth G. MacLeod
Stratigrapher
Department of Geological Sciences
101 Geological Sciences Building
University of Missouri
Columbia MO 65211
USA
macleodk@missouri.edu

Hajime Naruse
Sedimentologist
Department of Geology and Mineralogy
Faculty of Science
Kyoto University
Sakyo-ku Kitashirakawa Oiwakecho
Kyoto 606-8502

Clive R. Neal
Igneous Petrologist
Department of Civil Engineering and Geological 
Sciences

University of Notre Dame
156 Fitzpatrick Hall
Notre Dame IN 46556
USA
neal.1@nd.edu

James G. Ogg
Sedimentologist
Department of Earth and Atmospheric Sciences
Purdue University
CIVL Building 1397
West Lafayette IN 47907-1397
USA
jogg@purdue.edu

Peter Riisager
Paleomagnetist
Danish Lithosphere Centre
Øster Voldgade 10
DK-1350 Copenhagen
Denmark
pri@dlc.ku.dk

Takahashi Sano
Igneous Petrologist
College of Environment and Disaster Research
Fuji Tokoha University
Ohbuchi 325
Fuji 417-0801
Japan
sano@fuji-tokoha-u.ac.jp

Paul J. Sikora
Paleontologist (foraminifers)
Energy and Geoscience Institute
University of Utah
423 Wakara Way, Suite 300
Salt Lake City UT 84108
USA
psikora@egi.utah.edu
Japan
naruse@kueps.kyoto-u.ac-jp

mailto:single@geo.titech.ac.jp
mailto:kroenke@soest.hawaii.edu
mailto:macleodk@missouri.edu
mailto:naruse@kueps.kyoto-u.ac-jp
mailto:neal.1@nd.edu
mailto:jogg@purdue.edu
mailto:pri@dlc.ku.dk
mailto:sano@fuji-tokoha-u.ac.jp
mailto:psikora@egi.utah.edu


15

Wietze van der Werff
Sedimentologist
Department of Earth Sciences
University of Liverpool
Jane Herdman Building
Brownlow Street
Liverpool L69 3BX
United Kingdom
Present address (12 November 2001):
Avenido Araure
Residencias Canaima
Piso 9, Numero 91
Caracas
Venezuela
wietzevanderwerff@hotmail.com

Rosalind V. White
Igneous Petrologist
Department of Geology
University of Leicester
University Road
Leicester LE1 7RH
United Kingdom
rvw1@le.ac.uk

Xixi Zhao
Physical Properties Specialist
Center for Study of Imaging and Dynamics of 
the Earth

Department of Earth Sciences
University of California, Santa Cruz
1156 High Street
Santa Cruz CA 95064
USA
xzhao@es.ucsc.edu

TRANSOCEAN SEDCO FOREX OFFICIALS

Tom Ribbens
Master of the Drilling Vessel
Overseas Drilling Ltd.

Scott Pederson
Drilling Superintendent
Overseas Drilling Ltd.
707 Texas Avenue South, Suite 213D
College Station TX 77840-1917
USA

707 Texas Avenue South, Suite 213D
College Station TX 77840-1917
USA

mailto:wietzevanderwerff@hotmail.com
mailto:rvw1@le.ac.uk
mailto:xzhao@es.ucsc.edu


16

ODP SHIPBOARD AND TECHNICAL PERSONNEL

Tyler Baird
Marine Laboratory Specialist (Core)

Timothy Bronk
Marine Laboratory Specialist (Chemistry)

Leah Shannon Center
Marine Laboratory Specialist (Photography)

Roy Davis
Laboratory Officer

Sandy Dillard
Marine Laboratory Specialist
(Downhole Measurements/Thin Sections)

Peter G. Esmay
Marine Laboratory Specialist (Curator)

Joseph Greer
Marine Electronics Specialist

Ronald M. Grout
Operations Manager

Scott Herman
Marine Laboratory Specialist
(Underway Geophysics)

Dwight Hornbacher
Information Services Programmer

Jacque Ledbetter
Marine Laboratory Specialist (X-Ray)

David Morley
Marine Computer Specialist

Anne Pimmel
Marine Laboratory Specialist (Chemistry)

Pieter Pretorius
Marine Electronics Specialist

Cyndi J. Prince
Marine Laboratory Specialist 
(Physical Properties)

Mads Radsted
Marine Laboratory Specialist
(Core, Paleomagnetism)

Jo Ribbens
Marine Laboratory Specialist (Yeoperson)

Johanna M. Suhonen
Marine Laboratory Specialist (Core)
Michael J. Hodge
Marine Computer Specialist



17

Karen Benson
Production Specialist II

Anthony Tyler Caviness
Student Assistant

Gudelia (“Gigi”) Delgado
Senior Publications 
Coordinator

Jaime A. Gracia
Supervisor of Production

Mendy A. Harrison
Assistant Editor

Michiko Hitchcox
Yeoperson

Kathryn K. Johnson
Graphic Specialist

Jennie L. Lamb
Graphic Specialist II

Ginny Lowe
Editor

Nancy H. Luedke
Graphic Specialist II

Amy McWilliams
Editor

Angeline T. Miller
Interim Publication Services 
Manager

Mary Elizabeth Mitchell
Publications Coordinator 
Assistant

Heather M. Nevill
Editor

Deborah L. Partain
Supervisor of Graphics

Lorri L. Peters
Interim Supervisor of Editing

Katerina Petronotis
WWW Administrator

M. Kathleen Phillips
Publications Specialist

Barbara Riggs-Turner
Administrative Assistant

Jennifer Pattison Rumford
Electronic Publications 
Specialist

Kellie C. Scamardo
Production Specialist II

Kenneth Sherar
Production Specialist II

Katherine W. Steuer
Student Assistant

Ann Yeager
Distribution Specialist

PUBLICATION SERVICES STAFF*
*At time of publication.



18

CD-ROM CONTENTS: SYNTHESIS AND CHAPTERS

SYNTHESIS

1. Leg 192 Synthesis: Origin and Evolution of the Ontong Java Plateau
J.G. Fitton, J.J. Mahoney, P.J. Wallace, and A.D. Saunders
Manuscript number: 192SR-101

CHAPTERS

SEDIMENTARY GEOCHEMISTRY AND PALEOCEANOGRAPHY

2. Apparent Cooling in the Tropical Pacific during the Maastrichtian and Diagenetic Artifacts
in Late Cretaceous Stable Isotopic Trends in Bulk Carbonate from Ontong Java Plateau
Kenneth G. MacLeod and J.A. Bergen
Manuscript number: 192SR-108

3. Strontium Isotope Stratigraphy of Cretaceous Sediments at Sites 1183 and 1186, 
Ontong Java Plateau
Timothy J. Bralower, Paul D. Fullagar, Taylor A. McCay, Kenneth G. MacLeod, James Bergen, and Eglée Zapata
Manuscript number: 192SR-106

4. Data Report: Boron Contents of Leg 192 Sediments
Takashi Sano, Hajime Naruse, Toshiaki Hasenaka, and Takaaki Fukuoka
Manuscript number: 192SR-102

ROCK MAGNETISM

5. Magnetic Fabric Studies of Ontong Java Plateau Basalts from ODP Leg 192
Stuart A. Hall, Peter Riisager, Maria Antretter, and Xixi Zhao
Manuscript number: 192SR-105

BASALT ALTERATION

6. Data Report: Low-Temperature Alteration of Upper Oceanic Crust from the Ontong Java 
Plateau, Leg 192: Alteration and Vein Logs
Neil R. Banerjee and José Honnorez
Manuscript number: 192SR-103

7. Relationships between Physical Properties and Alteration in Basement Rocks 
from the Ontong Java Plateau
Xixi Zhao, Maria Antretter, Loren Kroenke, Peter Riisager, and Stuart Hall

Manuscript number: 192SR-109



19

CD-ROM CONTENTS: SUPPLEMENTARY MATERIAL
The Scientific Results CD-ROM contains supplementary data files presented in a Microsoft Excel 97/98 
spreadsheets. The files present alteration and vein logs. Supplementary files are located in the 
SUPP_MAT directory.

CD-ROM CONTENTS: DRILLING LOCATION MAPS
A site map showing the drilling locations for this leg and maps showing the drilling locations of all 
Ocean Drilling Program (ODP) and Deep Sea Drilling Project (DSDP) drilling sites are available in PDF 
format.

ODP Leg 192 Site Map

ODP Map (Legs 100–192)

DSDP Map (Legs 1–96)

CD-ROM CONTENTS: INDEX TO LEG 192 INITIAL 
REPORTS AND SCIENTIFIC RESULTS VOLUMES
The index covers both the Initial Reports and Scientific Results portions of Volume 192 of the 
Proceedings of the Ocean Drilling Program. The index contains a subject and taxonomic index.

Index to Leg 192

CD-ROM CONTENTS: COMPILED ELECTRONIC INDEX
The Compiled Electronic Index of the Proceedings of the Ocean Drilling Program contains the indexes of 
Volumes 101–178, 180–183, 186, 188, 189, and 192. The indexes are contained in the directory titled 
ODPINDEX and are named ###NDX.PDF (### = the leg number). These indexes can be searched 
individually or collectively. For information on using the Acrobat search function, see “Searching a 
PDF Document” in README.PDF.
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CD-ROM DIRECTORY STRUCTURE

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

192SR.PDF
(Preliminary pages and table of contents)

README.TXT

VOLUME
(Leg 192 Scientific Results volume)

README.PDF
(Information about the volume CD-ROM)

README.TXT
(ASCII version of information about the volume CD-ROM)

MAPS
(Drilling location maps)

ODPMAP.PDF
(ODP map, Legs 100 through 192)

CHAPTERS
(Volume chapters)

192_MAP.PDF
(Leg 192 site map)

108.PDF (Chapter 2: Tropical Pacific Cooling 
and Diagenetic Artifacts)

106.PDF (Chapter 3: Strontium Isotope 
Stratigraphy)

102.PDF (Chapter 4: Data Report: Boron 
Contents)

105.PDF (Chapter 5: Magnetic Fabric Studies)

103.PDF (Chapter 6: Data Report: 
Low-Temperature Alteration)

109.PDF (Chapter 7: Physical Properties and 
Alteration)

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

MAC

WINDOWS

UNIX

SYNTH
(Overview chapter)

SYNTH.PDF (Chapter 1: Leg 192 Synthesis)

INDEX.PDX
(Acrobat file used to enable Acrobat Search of the
192 Scientific Results)

192NDX.PDF
(192 Proceedings volume index)

SR192103
(Alteration and Vein Logs in Microsoft 
Excel 97/98 format)

ALT_LOG (Chapter 6 files)

VEIN_LOG (Chapter 6 files)  

SUPP_MAT
(Supplementary Material)

101NDX.PDF through 178NDX.PDF, 
180NDX.PDF through 183NDX.PDF, 
186NDX.PDF, 188NDX.PDF, 189NDX.PDF, 
and 192NDX.PDF
(Index files)

NDX.PDX
(Acrobat file used to enable Acrobat Search of the
Compiled Electronic Index)

ODPINDEX
(Compiled Electronic Index of the
Proceedings of the Ocean Drilling
Program)

README.TXT
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