Frontispiece. The seafloor instrumentation that is part of the borehole geophysical observatory NEREID-2
(ODP Site 1151) as photographed by the JAMSTEC remotely operated vehicle (ROV) Dolphin 3K in Septem-
ber 1999. The polygonal-shaped object at the bottom of the photograph is the top portion of the reentry
cone. The battery frame sits on top of the reentry cone and contains the batteries and storage acquisition
module (SAM). The riser assembly, which is the top part of the borehole instrument string, passes through
the middle of the battery pack. The borehole instruments are connected via four cables to the multiple-
access expandable gateway (MEG), which is a stainless steel canister filled with electrical components that
sits on the riser (both the MEG and the riser are visible at the top of the photograph). The bright lever at
the top of the battery frame can be used by the ROV to eject the SAM. The slanted protective cover on the
SAM is removed by the ROV to allow access to a temporary recording and communication device, referred
to as the back from ocean bottom (BOB) module. The handle to the left of the lever is an underwater mate-
able connector that connects the MEG to the battery and to the SAM unit (yellow cable lying on the grid-
work). The ROV makes this connection, thus providing battery power to the borehole instruments. The
large circular holes in the gridwork allow access to the battery anodes, which can be replaced by an ROV
when consumed.






PROCEEDINGS
OF THE
OCEAN DRILLING PROGRAM

Volume 186
Initial Reports
Western Pacific Geophysical Observatories

Covering Leg 186 of the cruises of the Drilling Vessel JOIDES Resolution
Yokohama, Japan, to Yokohama, Japan

Sites 1150 and 1151

14 June-14 August 1999

SHIPBOARD SCIENTISTS

I. Selwyn Sacks, Kiyoshi Suyehiro, Gary D. Acton,

Michael J. Acierno, Eiichiro Araki, Maria V.S. Ask, Akihiro Ikeda, Toshiya Kanamatsu, Gil Young Kim, Jingfen Li,
Alan T. Linde, Paul N. McWhorter, German Mora, Yanina M.R. Najman, Nobuaki Niitsuma, Benoy K. Pandit,
Sybille Roller, Saneatsu Saito, Tatsuhiko Sakamoto, Masanao Shinohara, Yue-Feng Sun

SHIPBOARD STAFF SCIENTIST
Gary D. Acton

VOLUME EDITOR VOLUME GRAPHIC DESIGNER VOLUME PRODUCTION EDITOR
Ginny Lowe Jennie L. Lamb Amy Brundeen

Prepared by the

OCEAN DRILLING PROGRAM, TEXAS A&M UNIVERSITY

in cooperation with the

NATIONAL SCIENCE FOUNDATION and JOINT OCEANOGRAPHIC INSTITUTIONS, INC.



Reference to the whole or to part of this volume should be made as follows:

Printed booklet citation for Chapter 1:
Shipboard Scientific Party, 2000. Leg 186 summary. In Sacks, LS., Suyehiro, K., Acton, G.D., et al., Proc.
ODP, Init. Repts., 186: College Station TX (Ocean Drilling Program), 1-37.

CD-ROM volume citation:
Sacks, L.S., Suyehiro, K., Acton, G.D., et al., 2000. Proc. ODP, Init. Repts., 186 [CD-ROM]. Available from:
Ocean Drilling Program, Texas A&M University, College Station TX 77845-9547, USA.

CD-ROM chapter citation:

Shipboard Scientific Party, 2000. Site 1150. In Sacks, 1.S., Suyehiro, K., Acton, G.D., et al., Proc. ODP, Init.
Repts., 186, 1-209 [CD-ROM]. Available from: Ocean Drilling Program, Texas A&M University, College
Station TX 77845-9547, USA.

This volume also appears on the World Wide Web. See www-odp.tamu.edu/publications for available
volumes and Web citation formats.

Effective publication dates of ODP Proceedings

According to the International Code of Zoological Nomenclature, the date of publication of a work and
of a contained name or statement affecting nomenclature is the date on which the publication was
mailed to subscribers, placed on sale, or when the whole edition is distributed free of charge, mailed to
institutions and individuals to whom free copies are distributed. The mailing date, not the printing date,
is the correct one.

The printing date of this volume: August 2000

The mailing dates of recent Proceedings of the Ocean Drilling Program:
Volume 182 (Initial Reports): February 2000

Volume 183 (Initial Reports): March 2000

Volume 184 (Initial Reports): April 2000

Volume 164 (Scientific Results): January 2000

Volume 165 (Scientific Results): February 2000

Volume 166 (Scientific Results): May 2000

Copies of this publication may be obtained from Publications Distribution Center, Ocean Drilling
Program, Texas A&M University, 1000 Discovery Drive, College Station TX 77845-9547, USA. See the
ODP publication list at www-odp.tamu.edu/publications or contact ODP for prices and ordering
information. Orders for copies require advance payment.

ISSN
Printed booklet: 0884-5883; CD-ROM volume: 1096-2522; World Wide Web volume: 1096-2158
Library of Congress 87-642-462

Printed in Canada by Friesens

The paper used in the printed booklet meets the minimum requirements of American National
Standard for Information Sciences—Permanence of Paper for Printed Library Materials, ANSI 239.48-
198400™



PUBLISHER’S NOTES

This publication was prepared by the Ocean Drilling Program, Texas A&M University, as an account of
work performed under the international Ocean Drilling Program, which is managed by Joint
Oceanographic Institutions, Inc., under contract with the National Science Foundation. Funding for
the program was provided by the following agencies at the time of this cruise:

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

Deutsche Forschungsgemeinschaft (Federal Republic of Germany)

European Science Foundation Consortium for Ocean Drilling (Belgium, Denmark, Finland, Iceland,
Italy, The Netherlands, Norway, Portugal, Spain, Sweden, and Switzerland)

Institut National des Sciences de I'Univers—Centre National de la Recherche Scientifique (INSU-CNRS)
(France)

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

National Science Foundation (United States)
Natural Environment Research Council (United Kingdom)

University of Tokyo, Ocean Research Institute (Japan)

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 National Science Foundation, the
participating agencies, Joint Oceanographic Institutions, Inc., Texas A&M University, or Texas A&M
Research Foundation.

Abbreviations for names of organizations and publications in ODP reference lists follow the style given
in Chemical Abstracts Service Source Index (published by American Chemical Society).

The bulk of the shipboard-collected data from this leg is available on the World Wide Web and is
accessible at www-odp.tamu.edu/database. If you cannot access this site or need additional data,
please contact the ODP Data Librarian, Ocean Drilling Program, Texas A&M University, College Station
TX 77845-9547, USA. E-mail: database@odpemail.tamu.edu.

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 on the
volume CD in PDF format.

Beginning with Initial Reports Volume 176 and Scientific Results Volume 169, all Proceedings volumes will
be published on CD-ROM and the World Wide Web at www-odp.tamu.edu/publications.

Initial Reports Scientific Results
Booklet format: ISSN 0884-5883 Booklet format: ISSN 0884-5891
CD-ROM format: ISSN 1096-2522 CD-ROM format: ISSN 1096-2514
WWW format: ISSN 1096-2158 WWW format: ISSN 1096-7451

Cover photograph by Alan T. Linde is of a battery pack for a borehole geophysical observatory being
lowered from the JOIDES Resolution to the seafloor during Leg 186.



vi

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.

ODP, an international partnership of scientists and research institutions from 22 countries, operates
the drillship JOIDES Resolution. This state-of-the-art research vessel contains seven levels of laboratories
and other scientific facilities required for carrying out the program’s objectives.

The management of ODP involves a partnership of scientists and governments. International oversight
and coordination are provided by the ODP Council, which is made up of representatives from the
member countries. Overall scientific and management guidance is provided by representatives from the
Joint Oceanographic Institutions for Deep Earth Sampling (JOIDES).

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

JOI, TAMU, and LDEO have worked together successfully for many years to manage the Ocean Drilling
Program. We look forward to many exciting discoveries and continued international collaboration as
we further our scientific mission, especially the planning for the future of ocean drilling beyond 2003.

James D. Watkins

Admiral, U.S. Navy (Retired)
President

Joint Oceanographic Institutions, Inc.
Washington, D.C.
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