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Foreword
By the National Science Foundation

The National Science Foundation is proud to play a leading role in partnership with the
U.S. oceanographic community in the operation and management of the Ocean Drilling
Program (ODP). We are equally proud of the cooperation and commitment of our interna-
tional partners, who contribute both financial and intellectual resources required to main-
tain the high quality of this unique program. The Ocean Drilling Program, like its
predecessor, the Deep Sea Drilling Project (DSDP), is a model for the organization and
planning of research to address global scientific problems that are of high priority interna-
tionally and of long-term interest to the scientific community and general public.

Major scientific themes guiding the development of specific drilling cruises range from
determining the causes and effects of oceanic and climatic variability to understanding the
circulation of fluids in the ocean crust and the resultant formation of mineral deposits.
Although such studies are at the forefront of basic scientific inquiry into the processes that
control and modify the global environment, they are equally important in providing the
background for assessing man's impact on the global environment or for projecting
resource availability for future generations.

The transition from the DSDP to the ODP was marked by a number of changes. The
471 -foot JOIDES Resolution, which replaced the Glomar Challenger, has allowed larger
scientific parties and the participation of more graduate students, a larger laboratory and
technical capability, and operations in more hostile ocean regions. The JOIDES Resolu-
tion has drilled in all of the world's oceans, from the marginal ice regions of the Arctic to
within sight of the Antarctic continent. Over 1,200 scientists and students from 26 nations
have participated on project cruises. Cores recovered from the cruises and stored in ODP
repositories in the United States and Europe have provided samples to an additional 1,000
scientists for longer term post-cruise research investigations. The downhole geochemical
and geophysical logging program, unsurpassed in either academia or industry, is provid-
ing remarkable new data with which to study the Earth.

In 1994, NSF and our international partners renewed our commitment to the program
for its final phase. Of the 20 countries that supported ODP initially, only one, Russia, has
been unable to continue for financial reasons. As the reputation and scientific impact of
the program continue to grow internationally, we hope to add additional members and new
scientific constituencies. This global scientific participation continues to assure the pro-
gram's scientific excellence by focusing and integrating the combined scientific knowl-
edge and capabilities of its member nations.

We wish the program smooth sailing and good drilling!

Neal Lane
Director
National Science Foundation

Arlington, Virginia



Foreword
By Joint Oceanographic Institutions, Inc.

This volume presents scientific and engineering results from the Ocean Drilling Pro-
gram (ODP). The papers presented here address the scientific and technical goals of the
program, which include providing a global description of geological and geophysical
structures including passive and active margins and sediment history, and studying in
detail areas of major geophysical activity such as mid-ocean ridges and the associated
hydrothermal circulations.

The Ocean Drilling Program, an international activity, operates a specially equipped
deep-sea drilling ship, the JOIDES Resolution (Sedco/BP 471), which contains state-of-
the-art laboratories, equipment, and computers. The ship is 471 feet (144 meters) long, is
70 feet (21 meters) wide, and has a displacement of 18,600 short tons. Her derrick towers
211 feet (64 meters) above the waterline, and a computer-controlled dynamic-positioning
system stabilizes the ship over a specific location while drilling in water depths up to
27,000 feet (8230 meters). The drilling system collects cores from beneath the seafloor
with a derrick and drawworks that can handle 30,000 feet (9144 meters) of drill pipe.
More than 12,000 square feet (1115 square meters) of space distributed throughout the
ship is devoted to scientific laboratories and equipment. The ship sails with a scientific
and technical crew of 51 and a ship's crew (including the drill crew) of 62. The size and
ice-strengthening of the ship allow drilling in high seas and ice-infested areas as well as
permit a large group of multidisciplinary scientists to interact as part of the scientific
party.

Logging, or measurements in the drilled holes, is an important part of the program.
ODP provides a full suite of geochemical and geophysical measurements for every hole
deeper than 1300 feet (400 meters). For each such hole, there are lowerings of basic
oil-industry tools: nuclear, sonic, and electrical. In addition, a Formation MicroScanner is
available for high-resolution imaging the wall of the hole, a 12-channel logging tool pro-
vides accurate velocity and elastic property measurements as well as sonic waveforms for
spectral analysis of energy propagation near the wall of the hole, and a vertical seismic
profiler can record reflectors from below the total depth of the hole.

The management of the Ocean Drilling Program involves a partnership of scientists
and governments. International oversight and coordination are provided by the ODP
Council, a governmental consultative body of the partner countries, which is chaired by a
representative from the United States National Science Foundation (NSF). The ODP
Council periodically reviews the general progress of the program and discusses financial
plans and other management issues. Overall scientific and management guidance is pro-
vided to the operators of the program by representatives from the group of institutions
involved in the program, called the Joint Oceanographic Institutions for Deep Earth Sam-
pling (JOIDES).

The Executive Committee (EXCOM), made up of the administrative heads of the
JOIDES institutions, provides general oversight for ODP. The Planning Committee
(PCOM), with its advisory structure, is made up of working scientists and provides scien-
tific advice and detailed planning. PCOM has a network of panels and working groups that
screen drilling proposals, evaluate instrumentation and measurement techniques, and
assess geophysical-survey data and other safety and siting information. PCOM uses the
recommendations of the panels and committees to select drilling targets, to specify the
location and major scientific objectives of each two-month drilling segment or leg, and to
provide the science operator with nominations for co-chief scientists.

Joint Oceanographic Institutions, Inc. (JOI), a nonprofit consortium of U.S. oceano-
graphic institutions, serves as the National Science Foundation^ prime contractor for
ODP. JOI is responsible for seeing that the scientific objectives, plans, and recommenda-
tions of the JOIDES committees are translated into scientific operations consistent with
scientific advice and budgetary constraints. JOI subcontracts the operations of the pro-
gram to two universities: Texas A&M University and Lamont-Doherty Earth Observatory



of Columbia University. JOI is also responsible for managing the U.S. contribution to
ODP under a separate cooperative agreement with NSF.

Texas A&M University (TAMU) serves as science operator for ODP. In this capacity,
TAMU is responsible for planning the specific ship operations, actual drilling schedules,
and final scientific rosters, which are developed in close cooperation with PCOM and the
relevant panels. The science operator also ensures that adequate scientific analyses are
performed on the cores by maintaining the shipboard scientific laboratories and computers
and by providing logistical and technical support for shipboard scientific teams. Onshore,
TAMU manages scientific activities after each leg, is curator for the cores, distributes
samples, and coordinates the editing and publication of scientific results.

Lamont-Doherty Earth Observatory (LDEO) of Columbia University is responsible for
the program's logging operation, including processing the data and providing assistance to
scientists for data analysis. The ODP Data Bank, a repository for geophysical data, is also
managed by LDEO.

Core samples from ODP and the previous Deep Sea Drilling Project are stored for
future investigation at four sites: ODP Pacific and Indian Ocean cores at TAMU, DSDP
Pacific and Indian Ocean cores at the Scripps Institution of Oceanography, ODP and
DSDP Atlantic and Antarctic cores through Leg 150 at LDEO, and ODP Atlantic and Ant-
arctic cores since Leg 151 at the University of Bremen, Federal Republic of Germany.

Scientific achievements of ODP include new information on early seafloor spreading
and how continents separate and the margins evolve. The oldest Pacific crust has been
drilled and sampled. We have new insights into glacial cycles and the fluctuations of
ocean currents throughout geological time. ODP has also provided valuable data that shed
light on fluid pathways through the lithosphere, global climate change both in the Arctic
and near the equator, past sea-level change, seafloor mineralization, the complex tectonic
evolution of oceanic crust, and the evolution of passive continental margins.

Many of the scientific goals can be met only with new technology; thus, the program
has focused on engineering as well as science. To date, ODP engineers have demonstrated
the capability to drill on bare rock at mid-ocean-ridge sites and have developed techniques
for drilling in high-temperature and corrosive regions typical of hydrothermal vent areas.
A new diamond coring system promises better core recovery in difficult areas. In a close
collaborative effort between ODP engineers and scientists, a system has been developed
that seals selected boreholes ("CORKs") and monitors downhole temperature, pressure,
and fluid composition for up to three years. When possible, ODP is also taking advantage
of industrial techniques, such as logging while drilling, to obtain continuous downhole
information in difficult-to-drill formations.

JOI is pleased to have been able to play a facilitating role in the Ocean Drilling Pro-
gram and its cooperative activities, and we are looking forward to many new, exciting
results in the future.

r^y James D. Watkins
1 / Admiral, U.S. Navy (Retired)
^ President

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



Preface

The Scientific Results volumes of the Proceedings of the Ocean Drilling Program con-
tain specialty papers presenting the results of up to one and one-half years of research in
various aspects of scientific ocean drilling. I acknowledge with thanks the authors of the
papers published in this volume, who thereby have enabled future investigators to gain
ready access to the results of their research.

Each of the papers submitted to a Scientific Results volume undergoes rigorous peer
review by at least two specialists in the author's research field. A paper typically goes
through one or more revision cycles before being accepted for publication. Our goal is to
maintain a peer-review system comparable to those of the most highly regarded journals
in the geological sciences.

The Editorial Review Board for a Scientific Results volume 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 area investigated. In addition, the ODP
staff editor assigned to the volume helps with any manuscripts that require special atten-
tion, such as those by authors who need assistance with English expression.

Scientific Results volumes may also contain short reports consisting of good data that
are not ready for final interpretation. Papers in this category are segregated in a section in
the back of the volume called Data Reports. Although no interpretation is permitted, these
papers ordinarily contain a section on methodology or procedures. Data Report papers are
read carefully by at least one specialist to make sure they are well organized, comprehen-
sive, and discuss the techniques thoroughly.

In acknowledgment of the contributions made by this volume's Editorial Review
Board, the members of the Board are designated Editors of the volume and are listed on
the title page as well. Reviewers of manuscripts for this volume, whose efforts are so
essential to the success of the publication, are listed in the front portion of the book, with-
out attribution to a particular manuscript.

On behalf of the Ocean Drilling Program, I extend sincere appreciation to members of the
Editorial Review Boards and to the reviewers for giving so generously of their time and efforts
in ensuring that only papers of high scientific quality are published in the Proceedings.

Philip D. Rabinowitz
Director
Ocean Drilling Program
Texas A&M University

College Station, Texas



REVIEWERS FOR THIS VOLUME

Susan M. Agar
Richard Arculus
John F. Bender
Suzanne Beske-Diehl
Lori Bettison-Varga
Mike J. Bickle
Ulrich Bleil
Gunter Borm
Richard L. Carlson
John F. Casey
Bernard Célérier
David M. Christie
Francois K. Cornet
Dave Craw
Malcolm J. Drury
Rob L. Evans
Andrew Fisher
Richard V. Fisher
Kathryn Gillis
James Grau
Stephen Hickman

Naoshi Hirata
Michael Hobart
David Goldberg
Kiichi Horai
Susan E. Humphris
Richard D. Jarrard
Deborah Kelley
Paul Kelso
Pamela D. Kempton
Wolfgang E. Krumbein
John Ludden
Christopher J. MacLeod
Bernard Marty
Catherine Mével
Aaron L. Mills
Gautam Mitra
Carolyn A. Morrow
Michael J. Mottl
John C. Mutter
James H. Natland
Roger Nielsen

W. 0'Reilly
Janet E. Pariso
CO. Patterson
Donald R. Peacor
Michael Perfit
Ben Van der Pluijm
Jennifer R. Reynolds
Paul T. Robinson
Pierrick Roperch
Peter Schiffman
Douglas R. Schmitt
Jeffrey S. Schweitzer
Peter Shearer
Guy M. Smith
A.V. Sobolev
Joel W. Sparks
Ralph Stephen
Stephen Swift
C. Geoffrey Wheat



OCEAN DRILLING PROGRAM

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

University of California at San Diego, Scripps Institution
of Oceanography

Columbia University, Lamont-Doherty Earth Observatory

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

University of Miami, Rosenstiel School of Marine and
Atmospheric Science

Oregon State University, College of Oceanic and
Atmospheric Sciences

University of Rhode Island, Graduate School of
Oceanography

Texas A&M University, College of Geosciences and
Maritime Studies

University of Texas at Austin, Institute for Geophysics

University of Washington, College of Ocean and Fishery
Sciences

Woods Hole Oceanographic Institution

Canada/Australia Consortium for the Ocean Drilling
Program, Department of Energy, Mines and Resources
(Canada) and Department of Primary Industries and
Energy (Australia)

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

Federal Republic of Germany, Bundesanstalt für
Geowissenschaften und Rohstoffe

France, Institut Français de Recherche pour 1'Exploitation
de la Mer

Japan, University of Tokyo, Ocean Research Institute

United Kingdom, Natural Environment Research Council

PRIME CONTRACTOR

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

David A. Falvey
Director, Ocean Drilling Programs

OPERATING INSTITUTION

College of Geosciences and Maritime Studies
Texas A&M University
College Station, Texas

Robert A. Duce
Dean

OCEAN DRILLING PROGRAM

Paul J. Fox
Director

Timothy J.G. Francis
Deputy Director

Richard G. McPherson
Administrator

Jack G. Baldauf, Manager
Science Operations

Ann Klaus, Manager
Publications

Russell B. Merrill, Curator and Manager
Information Services

Robert E. Olivas, Manager
Technical and Logistics Support

LOGGING OPERATOR

Borehole Research Group
Lamont-Doherty Earth Observatory
Columbia University
Palisades, New York

David Goldberg, Head



PARTICIPANTS ABOARD THE JOIDES RESOLUTION FOR LEG 148

Jeffrey C. Alt
Co-Chief Scientist

Department of Geological Sciences
University of Michigan
1006 C.C. Little Building
Ann Arbor, Michigan 48109-1063
U.S.A.

Hajimu Kinoshita
Co-Chief Scientist

Earthquake Research Institute
University of Tokyo
1-1-1 Yayoi, Bunkyo-ku
Tokyo 113
Japan

Laura B. Stokking
ODP Staff Scientist/Paleomagnetist

Ocean Drilling Program
Texas A&M University Research Park
1000 Discovery Drive
College Station, Texas 77845-9547
U.S.A.

Simon Allerton
Structural Geologist/Paleomagnetist

Department of Earth Sciences
University of Oxford
Parks Road
Oxford 0X1 3PR
United Kingdom

Wolfgang Bach
Igneous Petrologist/Geochemist

Institutfür Geowissenschaften und Lithospharenforschung
Universitat Giessen
Senckenbergstrasse 3
D-6300 Giessen
Federal Republic of Germany

Keir Becker
JOIDES Logging Scientist

Division of Marine Geology and Geophysics
Rosenstiel School of Marine and Atmospheric Science
University of Miami
4600 Rickenbacker Causeway
Miami, Florida 33149-1098
U.S.A.

Volker K. Boehm
JOIDES Logging Technical Engineer

Bundesanstalt für Geowissenschaften und Rohstoffe
Stilleweg 2
D-3000Hannover 51
Federal Republic of Germany

Timothy S. Brewer
Igneous Petrologist/Geochemist

Department of Mineral Resources Engineering
University of Nottingham
Nottingham NG7 2RD
United Kingdom

Yildirim Dilek
Structural Geologist

Department of Geology and Geography
Vassar College
P.O. Box 205
Poughkeepsie, New York 12601
U.S.A.

Frank Filice
LDEO Logging Technician

Borehole Research Group
Lamont-Doherty Earth Observatory
Columbia University
Palisades, New York 10964
U.S.A.

Martin R. Fisk
Igneous Petrologist

College of Oceanographic and Atmospheric Sciences
Oregon State University
Corvallis, Oregon 97331-5503
U.S.A.

Hideyuki Fujisawa
Physical Properties Specialist

Earthquake Research Institute
University of Tokyo
1-1-1 Yayoi, Bunkyo-ku
Tokyo 113
Japan

Harald Furnes
Igneous Petrologist/Geochemist

Geological Institute
University of Bergen
Allégaten 41
N-5007 Bergen
Norway

Gilles Guerin
LDEO Logging Trainee

Borehole Research Group
Lamont-Doherty Earth Observatory
Columbia University
Palisades, New York 10964
U.S.A.

Gregory D. Harper
Structural Geologist

Department of Geosciences
State University of New York, Albany
Albany, New York 12222
U.S.A.

José Honnorez
Metamorphic Petrologist

Institut de Géologie
Université Louis Pasteur
1 rue Blessig
67084 Strasbourg Cedex
France

* Addresses at time of cruise.



Hartley Hoskins
JOIDES Logging Scientist

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543
U.S.A.

Hideo Ishizuka
Metamorphic Petrologist

Department of Geology
Kochi University
2-5-1 Akebonacho
Kochi 780
Japan

Christine Laverne
Metamorphic Petrologist

Laboratoire de Pétrologie
Faculté des Sciences et Techniques de St. Jerome
Av. Escadrille, Normandie Niemen
13397 Marseille Cedex 13
France

Andrew W. McNeill
Igneous Petrologist/Structural Geologist

Geology Department
University of Tasmania
G.P.O.Box252C
Hobart, Tasmania 7001
Australia

Andrew J. Magenheim
Chemist

Graduate Department, A208
Scripps Institution of Oceanography
University of California, San Diego
La Jolla, California 92093-0208
U.S.A.

Sumio Miyashita
Igneous Petrologist

Department of Geology and Mineralogy
Faculty of Science
Niigata University
2-8050 Ikarashi
Niigata 950-21
Japan

Philippe A. Pezard
LDEO Logging Scientist

Institut Méditerranéen de Technologie
Technopδle de Chàteau-Gombert
13451 Marseille Cedex 13
France

Matthew H. Salisbury
Physical Properties Specialist

Atlantic Geoscience Centre
Geological Survey of Canada
Bedford Institute of Oceanography
P.O. Box 1006
Dartmouth, Nova Scotia B2Y4A2
Canada

Paola Tartarotti
Metamorphic Petrologist/Structural Geologist

Dipartimento de Geologia, Paleontologia e Geofisica
Università degli Studi di Padova
Via Giotto I
1-35137 Padova
Italy

Damon A. Teagle
Metamorphic Petrologist

Department of Geological Sciences
University of Michigan
1006 C.C. Little Building
Ann Arbor, Michigan 48109-1063
U.S.A.

David A. Vanko
Metamorphic Petrologist

Department of Geology
Georgia State University
Atlanta, Georgia 30303
U.S.A.

Roy H. Wilkens
JOIDES Logging Scientist/Physical Properties Specialist

Institute of Geophysics
SOEST
University of Hawaii
2525 Correa Road
Honolulu, Hawaii 96822
U.S.A.

Horst-Ulrich Worm
Paleomagnetist/Logging Scientist

Bundesanstalt für Geowissenshaften und Rohstoffe
Stilleweg 2
D-3000 Hannover 51
Federal Republic of Germany

SEDCO OFFICIALS

Captain Anthony Ribbens
Master of the Drilling Vessel

Overseas Drilling Ltd.
707 Texas Avenue South, Suite 213D
College Station, Texas 77840-1917
U.S.A.

Robert C. Caldow
Drilling Superintendent

Overseas Drilling Ltd.
707 Texas Avenue South, Suite 213D
College Station, Texas 77840-1917
U.S.A.



ODP ENGINEERING AND OPERATIONS PERSONNEL

Barry W. Harding Operations Superintendent

ODP TECHNICAL AND LOGISTICS PERSONNEL

Wendy Autio
Timothy Bronk
Brenda Jo Claesgens
Julio Cesar Flores
Dennis K. Graham
Margaret Hastedt
Kazushi ("Kuro") Kuroki
Jaquelyn K. Ledbetter
Jon S. Lloyd
Erinn McCarty
Matt Mefferd
William G. Mills
Dwight E. Mossman
Shan Pehlman
Anne Pimmel
William Stevens
Mark Watson

Marine Laboratory Specialist/XRF, FMS
Marine Laboratory Specialist/Thin Section/Storekeeper
Marine Laboratory Specialist/Yeoperson
Marine Computer Specialist
Marine Laboratory Specialist/Chemistry
Marine Laboratory Specialist/Magnetics
Assistant Laboratory Officer/XRF-XRD
Marine Laboratory Specialist/Thin Section
Marine Laboratory Specialist/Physical Properties
Marine Laboratory Specialist/Curatorial Representative
Marine Computer Specialist
Laboratory Officer
Marine Laboratory Specialist/Underway Geophysics
Marine Laboratory Specialist/Photographer
Marine Laboratory Specialist/Chemistry
Marine Electronic Specialist
Marine Electronic Specialist

Ocean Drilling Program Publications Staff"

Manager of Publications
Ann Klaus

Editors
Lona Haskins Dearmont
Eva M. Maddox
Jennifer A. Marin
Angeline T. Miller
Ruth N. Riegel

Chief Production Editor
Jennifer Pattison Hall

Production Editors
Karen O. Benson
Jaime A. Gracia
Amy Knapp
Christine M. Miller (this volume)
William J. Moran

Senior Publications Coordinator
Gudelia ("Gigi") Delgado

Publications Coordinator
Shelley Rene Cormier

Publications Specialist
M. Kathleen Phillips

Data Entry/Copier Operator
Ann Yeager

Senior Photographer
John W. Beck

Photographer
Bradley James Cook

Chief Illustrator
Deborah L. Partain

Illustrators
Melany R. Borsack
L. Michelle Briggs
Katherine C. Irwin
Nancy H. Luedke

Production Assistants
Sharon L. Dunn
William T. Harper
Mary Elizabeth Mitchell

Student Assistants
Pamela Ivette Baires, Maria Barbéy, Katherine Jackson, Lisa Larson, Weyland M.A. Simmons, Alan Toon, Yvonne C. Zissa

At time of publication.



PUBLISHERS NOTES

Current policy requires that artwork published in Scientific Results volumes of the Proceedings of the Ocean Drilling Program be
furnished by authors in final camera-ready form.

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).



TABLE OF CONTENTS

VOLUME 148—SCIENTIFIC RESULTS

SECTON 1: IGNEOUS PETROLOGY AND GEOCHEMISTRY

1. Downhole variation of nitrogen in Hole 504B: preliminary results 3
J. Erzinger and W. Bach

2. Geochemistry of lavas from Hole 896A 9
T.S. Brewer, W. Bach, and H. Furnes

3. Composition and crystallization temperatures of primary melts from Hole 896A basalts:
evidence from melt inclusion studies 21
A.W. McNeill and L.V. Danyushevsky

SECTION 2: ALTERATION

4. Chemistry of the lower sheeted dike complex, Hole 504B (Leg 148): influence of magmatic
differentiation and hydrothermal alteration 39
W. Bach, J. Erzinger, J.C. Alt, and D.A.H. Teagle

5. Stable and strontium isotopic profiles through hydrothermally altered upper oceanic crust,
Hole 504B 57
J.C. Alt, D.A.H. Teagle, W. Bach, A.N. Halliday, and J. Erzinger

6. Chemistry and origin of secondary minerals from the deep sheeted dikes cored during Leg 148
(Hole 504B) 71
D.A. Vanko, C. Laverne, P. Tartarotti, and J.C. Alt

7. Nature of fluid inclusions in samples of the deep sheeted dikes cored during Leg 148
(Hole 504B) 87
C. Gu and D.A. Vanko

8. Metasomatic and metamorphic peculiarities of the diabase dike alteration in Hole 504B,
Leg 140 97
N.N. Pertsev and E.B. Kurdyukov

9. Simulation of borehole fluid mixing on the basis of geochemical observations, Hole 504B 111
A.J. Magenheim and J.M. Gieskes

10. Alteration of upper ocean crust in a ridge-flank hydrothermal upflow zone: mineral, chemical,
and isotopic constraints from Hole 896A 119
D.A.H. Teagle, J.C. Alt, W. Bach, A.N. Halliday, and J. Erzinger

11. Alteration mineralogy and chemistry of the upper oceanic crust from Hole 896A,
Costa Rica Rift 151
C. Laverne, A. Belarouchi, and J. Honnorez

12. Correlation among the changes with alteration in the mineralogical, chemical, and magnetic
properties of upper ocean crust, Hole 896A 171
J. Honnorez, B.M. Honnorez-Guerstein, H.-U. Worm, and C. Laverne

13. Microbial activity in the alteration of glass from pillow lavas from Hole 896A 191
H. Furnes, I.H. Thorseth, O. Tumyr, T. Torsvik, and M.R. Fisk



14. Genetic evidence for endolithic microbial life colonizing basaltic glass/seawater interfaces 207
S.J. Giovannoni, M.R. Fisk, T.D. Mullins, and H. Furnes

SECTION 3: PALEOMAGNETISM

15. Paleomagnetic and rock magnetic properties of Hole 896A 217
S. Allerton, H.-U. Worm, and L.B. Stokking

SECTION 4: STRUCTURAL GEOLOGY

16. Structure of the sheeted dike complex in Hole 504B (Leg 148) 229
Y. Dilek, G.D. Harper, P.A. Pezard, and P. Tartarotti

17. Structural evolution of upper Layer 2, Hole 896A 245
G.D. Harper and P. Tartarotti

18. Structure of upper Layer 2 in Hole 896A 261
Y. Dilek, G.D. Harper, J.E. Walker, S. Allerton, and P. Tartarotti

19. Crack-seal veins in upper Layer 2 in Hole 896A 281
P. Tartarotti, D.A. Vanko, G.D. Harper, and Y. Dilek

SECTION 5: BOREHOLE MEASUREMENTS

20. Temperature measurements and heat-flow analysis in Hole 504B 291
G. Guerin, K. Becker, R. Gable, and P.A. Pezard

21. Electrical conduction in oceanic dikes, Hole 504B 297
A. Revil, M. Darot, P.A. Pezard, and K. Becker

22. Fracture distribution from downhole electrical images at the base of the sheeted dike complex
in Hole 504B 307
M. Ayadi, P.A. Pezard, and F.D. de Larouzière

23. Fractures, porosity, and stress in the dolerites of Hole 504B, Costa Rica Rift 317
P.A. Pezard, K. Becker, A. Revil, M. Ayadi, and P.K. Harvey

24. Implications for the sources of marine magnetic anomalies derived from magnetic logging
in Holes 504B and 896A 331
H.-U. Worm, V. Böhm, and W. Bosum

25. Vertical seismic profile into upper oceanic crust in Hole 504B 339
S.A. Swift, H. Hoskins, and R.A. Stephen

26. Effect of the ship's hull on seismic sources 349
H. Hoskins

27. Permeability measurements in Hole 896A and implications for the lateral variability of
upper crustal permeability at Sites 504 and 896 353
K. Becker

28. Microstructure and physical properties of samples from Hole 896A 365
R.H. Wilkens and M.H. Salisbury

29. Downhole measurements and electrical images in Hole 896A, Costa Rica Rift 375
F.D. de Larouzière, P.A. Pezard, M. Ayadi, and K. Becker



30. Neutron absorption cross section (E) of basaltic basement samples from Hole 896A,
Costa Rica Rift 389
T.S. Brewer, P.K. Harvey, J. Locke, and M.A. Lovell

SECTION 6: PHYSICAL PROPERTIES

31. Effect of hydrostatic pressure on the thermal conductivity of basalt from Hole 504B,
with some reassessment of the shipboard data 397
H. Kinoshita, H. Fujisawa, N. Sakai, H. Sato, and H. Watanabe

32. Relationships between strengths and physical properties of samples recovered during
Legs 137, 140, and 148 from Hole 504B 401
D. Moos and P.A. Pezard

33. Nature of the Layer 2/3 transition from a comparison of laboratory and logging velocities
and petrology at the base of Hole 504B 409
M.H. Salisbury, N.I. Christensen, and R.H. Wilkens

SECTION 7: SYNTHESES

34. Hydrothermal alteration of a section of upper oceanic crust in the eastern equatorial Pacific:
a synthesis of results from Site 504 (DSDP Legs 69, 70, and 83, and ODP Legs 111, 137,
140, and 148) 417
J.C. Alt, C. Laverne, D.A. Vanko, P. Tartarotti, D.A.H. Teagle, W. Bach, E. Zuleger, J. Erzinger,
J. Honnorez, P.A. Pezard, K. Becker, M.H. Salisbury, and R.H. Wilkens

35. Ridge-flank alteration of upper ocean crust in the Eastern Pacific: synthesis of results for volcanic
rocks of Holes 504B and 896A 435
J.C. Alt, D.A.H. Teagle, C. Laverne, D.A. Vanko, W. Bach, J. Honnorez, K. Becker, M. Ayadi,
and P.A. Pezard

SECTION 8: DATA REPORTS

36. Data Report: Gold content in upper crustal rocks from Hole 504B 453
A.F. Korobeynikov and N.N. Pertsev

37. Data Report: Trace-element geochemistry of the lower sheeted dike complex, Hole 504B,
Leg 140 455
E. Zuleger, J.C. Alt, and J. Erzinger

38. Data Report: Magnetic properties and magnetic oxide mineralogy of upper crustal rocks
from Holes 504B and 896A 467
L.B. Stokking, E.A. Heise, S. Allerton, and H.-U. Worm

39. Data Report: Major-element chemistry of Hole 896A glass 483
M.R. Fisk, A.W. McNeill, D.A.H. Teagle, H. Fumes, and W. Bach

SECTION 9: POLICY

JOIDES Advisory Groups 491

Sample and Data Distribution Policy 497

SECTION 10: INDEX

Index 503




