Representative photographs of cores collected from the Mississippi Fan and Orca and Pigmy basins during
DSDP Leg 96. Fining-upward channel sequences recovered in midfan channel Sites 621 and 622 contain
(A) a basal gravel channel lag (621-33,CC), overlain by (B) sands (621-33-2, 105—123 cm), overlain by (C)
a passive clay and mud channel fill (621-10-2, 115—133 em). The sequence drilled at Site 615 on the lower
fan includes (D) a carbonate debris flow (615-50-4, 115—133 cm), overlain by (E) thin, cross-stratified
silts (615-12-2, 85—103 cm) and interbedded (F) silt and clay laminae (615-11-3, 105—123 cm). Sediments
recovered at fan margin Site 616 document an upper mass movement deposit, 100 m thick and typified
by (G) high-angle slump material (616-6-6, 20—38 c¢m). Sediments recovered from intraslope basin Sites
618 and 619 consist of (H) pelagic and hemipelagic clay laminae (619-11-3, 100—118 cm).
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Foreword

The world’s first major oceanographic expe-
dition took place between 1872 and 1876. This
expedition, aboard the H.M.S. Challenger cov-
ering nearly 70,000 nautical miles and gathering
oceanographic data from 362 stations, expand-
ed our knowledge of the ocean and provided a
solid foundation for future studies in marine geo-
logy. A century later, another vessel also named
Challenger continued to expand our knowledge
of the world’s ocean and helped revolutionize our
concepts of how the seafloor and the continents
form and change. The drilling vessel Glomar
Challenger sailed the same waters as its historic
counterpart, seeking answers to new questions
concerning the history of our planet and the life
it supports. The continued advancement of
knowledge about the fundamental processes and
dynamics of the earth is leading to a greater un-
derstanding of our planet and more intelligent
use of its resources.

Since 1968, the Deep Sea Drilling Project
(DSDP) has been supported by the National Sci-
ence Foundation, primarily through a contract
with the University of California which, in turn,
subcontracted to Global Marine Incorporated for
the services of the D/V Glomar Challenger.

Through contracts with Joint Oceanographic
Institutions, Inc. (JOI, Inc.), the National Sci-
ence Foundation supported the scientific adviso-
ry structure for the project and funded predrill-
ing geophysical site surveys. Scientific planning
was conducted under the auspices of the Joint
Oceanographic Institutions for Deep Earth Sam-
pling (JOIDES). The JOIDES advisory group
consisted of over 250 members who made up 24
committees, panels, and working groups. The
members were distinguished scientists from ac-
ademic institutions, government agencies, and
private industry all over the world.

In 1975, the International Phase of Ocean
Drilling (IPOD) began. The I[IPOD member na-
tions, Federal Republic of Germany, Japan, Uni-
ted Kingdom, Soviet Union, and France, partial-
ly supported the project. Each member nation
actively participated in the scientific planning of
the project through membership in JOIDES. Sci-
entists from these countries also took part in the
field work aboard the D/V Glomar Challenger
and postcruise scientific studies.



The first ocean coring operations for the Deep
Sea Drilling Project began on August 11, 1968.
During the ensuing years of drilling operations
in the Atlantic, Pacific, and Indian oceans, the
Gulf of Mexico, Caribbean Sea, Mediterranean
Sea, and Antarctic waters, the scientific objec-
tives that had been proposed were successfully
accomplished. Primarily, the age of the ocean ba-
sins and their processes of development were de-
termined. The validity of the hypothesis of sea-
floor spreading was firmly demonstrated and its
dynamics studied. Emphasis was placed on broad
reconnaissance and testing the involvement of
mid-oceanic ridge systems in the development of
the ocean basin. Later legs of the Challenger’s
voyages concentrated on the nature of the oce-
anic crust, the sedimentary history of the pas-
sive ocean margins, sediment dynamics along ac-
tive ocean margins, and other areas of interest.
The accumulated results of this project have led
to major new interpretations of the pattern of
sedimentation and the physical and chemical cha-
racteristics of the ancient oceans.

Technological advances have provided new
tools which in turn have opened new dimensions
of scientific discovery. The introduction of the
Hydraulic Piston Corer in 1979 permitted virtu-
ally undisturbed cores of soft sediment layers to
be obtained. This technological advance has
greatly enhanced the ability of scientists to study
ancient ocean environments, as recorded by sed-
iment characteristics and flora and fauna pre-
served in these deposits.

A second major advance has been the use of
the hole after drilling. The project routinely log-
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ged holes and performed geophysical and geo-
chemical studies before, during, and after drill-
ing. Long-term downhole geophysical seismic
monitoring devices have been implanted success-
fully in DSDP holes. These new listening devices
and geophysical studies have provided valuable
information about the origin and nature of the
dynamic processes of plate tectonics.

These reports contain the results of the initial
studies of the recovered core material and the as-
sociated geophysical information. All the world’s
people benefit either directly or indirectly from
this fundamental research. Knowledge about past
and present conditions and processes are the
foundations for future predictions and develop-
ments. Both short- and long-term benefits are ob-
tained by advances in drilling technology and in-
strumentation. Information is being obtained
about the origin and geographic distribution of
natural resources. Just as the H.M.S. Challeng-
er had a profound impact on scientific thought
for over a century, this second Challenger expe-
dition has given a greater understanding of the
oceans and the processes that form and shape the

earth.

Erich Bloch,
Director

Washington, D.C.



Preface

Recognizing the need in the oceanographic
community for scientific planning of a program
to obtain deep sedimentary cores from the
ocean bottoms, four of the major oceanograph-
ic institutions that had strong interests and
programs in the fields of marine geology and
geophysics formed, in May 1964, the Joint
Oceanographic Institutions for Deep Earth
Sampling (JOIDES). This group, Lamont-
Doherty Geological Observatory; Rosenstiel
School of Marine and Atmospheric Science,
University of Miami; the Scripps Institution of
Oceanography, University of California at San
Diego; and the Woods Hole Oceanographic In-
stitution, expressed an interest in undertaking
scientific planning and guidance of the
sedimentary drilling program. It was the pur-
pose of this group to foster programs to in-
vestigate the sediments and rocks beneath the
deep oceans by drilling and coring. The
membership of this original group was later
enlarged in 1968 when the University of
Washington became a member, and again in
1975 when University of Hawaii Institute of
Geophysics, the Oregon State University
School of Oceanography, the University of
Rhode Island Graduate School of Oceanogra-
phy, and Texas A&M University Department of
Oceanography became members. In accordance
with international agreements, institutions
of participating nations became members of
JOIDES. Thus, during 1974 to 1976, the
Bundesanstalt fiir Geowissenschaften und
Rohstoffe of the Federal Republic of Germany,
the Centre National pour I’Exploitation des
Océans of France, the Natural Environment
Research Council of the United Kingdom, the
University of Tokyo of Japan, and Academy of
Sciences of the USSR became JOIDES members.

Through discussions sponsored by the
JOIDES organization, with support from the
National Science Foundation, Columbia
University’s Lamont-Doherty Geological
Observatory operated a drilling program in the
summer of 1965, on the Blake Plateau region
off Jacksonville, Florida.
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With this success in hand, planning began
for a more extensive deep sea effort. This
resulted in the award of a contract by the
National Science Foundation to the Scripps In-
stitution of Oceanography, University of Cali-
fornia at San Diego for an eighteen-month
drilling program in the Atlantic and Pacific
oceans, termed the Deep Sea Drilling Project
(DSDP). Operations at sea began in August
1968, using the now-famous drilling vessel, the
Glomar Challenger.

The goal of the Deep Sea Drilling Project
is to gather scientific information that will help
determine the age and processes of develop-
ment of the ocean basins. The primary strategy
is to drill deep holes into the ocean floor, rely-
ing largely on technology developed by the
petroleum industry.

Through the efforts of the principal or-
ganizations and of the panel members, who
were drawn from a large cross section of lead-
ing earth scientists and associates, a scientific
program was developed.

Cores recovered from deep beneath the
ocean floor provide reference material for a
multitude of studies in fields such as biostratig-
raphy, physical stratigraphy, and paleomag-
netism that afford a new scope for investigating
the physical and chemical aspects of sediment
provenance, transportation, deposition, and
diagenesis. In-hole measurements, as feasible,
provide petrophysical data to permit inference
of lithology of intervals from which no cores
were recovered.

A report, describing the core materials and
information obtained both at sea and in lab-
oratories onshore, is published after the com-
pletion of each cruise. These reports are a
cooperative effort of shipboard and shore-
based scientists and are intended primarily to be
a compilation of results which, it is hoped, will
be the starting point for many future new and
exciting research programs. Preliminary inter-
pretations of the data and observations taken at
sea are also included.

Core materials and data collected on each
cruise will be made available to qualified scien-
tists through the Curator of the Deep Sea Drill-
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ing Project, following a Sample Distribution
Policy (p. xix) approved by the National Sci-
ence Foundation.

The advent of Glomar Challenger, with its
deep-water drilling capability, is exceedingly
timely. It has come when geophysical investiga-
tion of the oceans has matured through 20 to 30
years of vigorous growth to the point where we
have some knowledge about much of the for-
merly unknown oceanic areas of our planet.
About one million miles of traverses have been
made which tell us much about the global pat-
tern of gravity, magnetic and thermal anoma-
lies, and about the composition, thickness, and
stratigraphy of the sedimentary cover of the
deep sea and continental margin. The coverage
with such data has enabled the site selection
panels to pick choice locations for drilling. The
knowledge gained from each hole can be ex-
tended into the surrounding area. Detailed geo-
physical surveys were made for most of the
selected locations prior to drilling.

The earth sciences have recently matured
from an empirical status to one in which sub-
stantial theories and hypotheses about major
tectonic processes are flourishing. Theories
about the origin of magnetic fields and mag-
netic reversals, about ocean floor spreading and
continental drift, and about the thermal history
of our planet have led to specific predictions
that could be tested best by an enlightened pro-
gram of sampling of deep sea and continental
margin sediments and underlying rocks.

In October 1975, the International Phase
of Ocean Drilling (IPOD) began. This in-
ternational interest, and the true participation
of both the scientists and governments of a
number of nations, are eloquent testimony to
the importance of the work being done by the
Deep Sea Drilling Project.

The members of JOIDES and DSDP and
the scientists from all interested organizations
and nations who have served on the various ad-
visory panels are proud to have been of service
and believe that the information and core ma-
terials that have been obtained will be of value
to students of earth sciences and to all human-
ity for many years to come.
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SAMPLE DISTRIBUTION POLICY*

Distribution of Ocean Drilling Program and of Deep
Sea Drilling Project samples is undertaken in order to
(1) provide support to shipboard scientists in achieving
the scientific objectives of their cruise, and support
shorebased investigators who are preparing contribu-
tions to DSDP and ODP reports; (2) provide individ-
ual investigators with materials to conduct detailed
studies beyond the scope of ODP reports; (3) provide
paleontological reference centers with samples for
reference and comparison purposes; and (4) provide
educators with samples for teaching purposes.

Funding for sample-related activities must be secured
by the investigator independently of requesting the
samples.

The Ocean Drilling Program Curator is responsible
for distributing samples and for preserving and con-
serving core material. The Curator, who may accept
advice from chairmen of the appropriate JOIDES
advisory panels, is responsible for enforcing the pro-
visions of this sample distribution policy. He is re-
sponsible for maintaining a record of all samples that
have been distributed, both onboard ship and subse-
quently from the repositories, indicating the recipi-
ents and the nature of investigations proposed. This
information is available to interested investigators on
request.

Every sample distributed from the ship or from a re-
pository is labeled with a standard identifier, which
includes leg number, hole number, core and section
numbers, and interval within the section from which
the sample was removed. It is imperative that this
standard identifier be associated with all data report-
ed in the literature, and that residues of the sample
remain labeled throughout their lives, so that later
workers can relate the data to the cores.

Distribution of sample materials is made directly from
the repositories (Lamont-Doherty Geological Observ-
atory, Scripps Institution of Oceanography, or Texas
A&M University) by the Curator or his designated
representative.

1. Distribution of Samples for Research Leading to
Contributions to ODP Reports

Any investigator who wishes to contribute to the re-
ports of a scheduled cruise may write to the Curator,
Ocean Drilling Program, Texas A&M University, Col-
lege Station, Texas 77843-3469, U.S.A., in order to
request samples from that cruise. Requests for a spe-
cific cruise must be received by the Curator at least

*Revised October 1984

TWO MONTHS in advance of the departure of that
cruise, in order to allow time for the review of the re-
quest in conjunction with other requests, so that a
suitable shipboard sampling program can be assem-
bled. The request should include a statement of the
nature of the proposed research, size and approxi-
mate number of samples required to complete the
study, and any particular sampling technique or equip-
ment which may be required. Requests will be re-
viewed by the staff representative and co-chief scien-
tists of the cruise and by the Curator. Approval/dis-
approval will be based upon the scientific require-
ments of the cruise as determined by the appropriate
JOIDES advisory panel(s). The scope of a request
must be such that samples can be processed, that
proposed research can be completed, and that the pa-
per can be written in time for submission to the rele-
vant ODP cruise report.

Except for rare, specific instances involving ephem-
eral properties, the total volume of samples removed
during a cruise-related sampling program will not ex-
ceed one-quarter of the volume of core recovered, and
no interval will be depleted. One-half of all recovered
materials will be retained in the archives in as pristine
a condition as is practicable. Investigators requesting
shipboard samples of igneous materials may receive a
maximum of 100 igneous samples per cruise.

Because many sample requests are received for ship-
board work and because the time of the shipboard
party is at a premium, co-chief scientists are strongly
urged to limit shipboard sampling to the minimum
necessary to accomplish the cruise objectives. Shore-
based investigators whose requests for cruise-related
samples are approved should expect that they will re-
ceive the samples after the cores are returned to the
repository, and should schedule research activities ac-
cordingly.

Co-chief scientists may invite investigators who are
not cruise participants to perform special studies of
selected core samples in direct support of shipboard
activities. If this occurs, the names and addresses of
these investigators and details of all samples loaned
or distributed to them must be forwarded to the Cu-
rator, via the ODP Staff Representative to that cruise,
immediately after the cruise. These investigators are
expected to contribute to the cruise reports as though
they had been cruise participants. All requirements
of the Sample Distribution Policy apply.

Any publication of results other than in ODP re-
ports within twelve (12) months of completion of the
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cruise must be approved and authored by the whole
shipboard party and, where appropriate, shorebased
investigators. After twelve months, individual inves-
tigators may submit related papers for open publica-
tion provided they have already submitted their con-
tributions to ODP reports. Investigations which are
not completed in time for inclusion in ODP reports
for a specific cruise may be published in a later edi-
tion of ODP reports; however, they may not appear
in another journal until the ODP report for which
they were intended has been published.

2. Distribution of Samples for Research Leading to
Publication Outside of the DSDP and ODP Reports

A. Researchers who wish to use samples for stud-
ies beyond the scope of the DSDP or ODP re-
ports should obtain sample request forms from
the Curator, Ocean Drilling Program, Texas
A&M University, College Station, Texas 77843-
3469, U.S.A. Requestors are required to spe-
cify the quantities and intervals of core re-
quired, to make a clear statement of the nature
of the proposed research, to state the time
which will be required to complete the work
and to submit results for publication, and to
specify funding status and the availability of
equipment and space for the research.

Additionally, if the requestor has received sam-
ples from ODP or from DSDP previously, he/
she will be required to account for the dispo-
sition of those samples by citing published
works, six (6) copies of which must be sent to
the Curator. If no report has been published,
this requirement can be fulfilled by sending a
brief (two or three page) report of the status
of the research. Unused and residual samples
should be returned and data should be sent to
the Curator if the project has terminated. Pa-
leontological materials may be returned either
to the Curator at ODP or to one of the desig-
nated paleontological reference centers. If ma-
terial is returned to a reference center, notify
the Curator when it is sent.

Requests for samples from researchers in in-
dustrial laboratories will be honored in the
same manner as those from academic organi-
zations. Industrial investigators have the same
obligations as other investigators to publish all
results promptly in the open literature and to
provide the Curator with copies of all reports
published and of all data acquired in their re-
search.

In order to ensure that all requests for highly
desirable but limited samples can be consid-

ered together, approval of requests and distri-
bution of samples will be delayed until twelve
(12) months after completion of the cruise or
two (2) months after official publication of the
core descriptions, whichever occurs earlier. The
only exceptions to this policy will be made for
specific requests involving ephemeral proper-
ties. Requests for samples may be based on
core descriptions published in ODP reports
produced by the shipboard party, copies of
which are on file at various institutions
throughout the world. Copies of original core
logs and data are kept on open file at ODP,
and at the repositories at Lamont-Doherty Ge-
ological Observatory and at Scripps Institu-
tion of Oceanography.

. Most investigations can be accomplished hand-

ily with sample volumes of 10 ml or less. In-
vestigators must provide explicit justification
of requests for larger sample sizes or for fre-
quent intervals within a core. Requests which
exceed reasonable size or frequency limits will
require explicit justifications and more time to
process, and are unlikely to be granted in their
entirety.

Requests for samples from thin layers, from
stratigraphically important boundaries, from
sections which are badly depleted or in unusu-
ally high demand may be delayed in order to
coordinate requests from several investigators
or while the Curator seeks advice from the
community. Investigators who submit such re-
quests may expect to receive suggestions for
alternative sampling programs or that they
join a research consortium which will share
the samples. In any event, such exceptional re-
quests will require more time for processing
than will more routine requests.

Investigators who wish to study ephemeral
properties may request a waiver of the waiting
period; however, such requests will be referred
automatically to the relevant co-chiefs. If ap-
proved, the investigator will join the shore-
based contributors to the shipboard science
effort, and will incur the obligations thereof
(see section 1).

. Samples will not be provided until the reques-

tor assures the Curator that funding for the
proposed research is available or unnecessary.
If a sample request is dependent in any way
upon proposed funding, the Curator is pre-
pared to provide the proposed funding organi-
zation with information on the availability (or
potential availability) of suitable samples.



D. Investigators who receive samples incur the fol-

lowing obligations:

(1) To publish significant results promptly;
however, no contribution may be submitted for
publication prior to twelve (12) months fol-
lowing the termination of the relevant leg un-
less it is approved and authored by the entire
shipboard party.

(2) To acknowledge in all publications that the
samples were supplied through the assistance
of the international Ocean Drilling Program
and others as appropriate.

(3) To submit six (6) copies of reprints of all
published works to the Curator, Ocean Drill-
ing Program, Texas A&M University, College
Station, Texas 77843-3469, U.S.A. These re-
prints will be distributed to the repositories, to
the ship, to the National Science Foundation,
and to the Curator’s reprint file.

(4) To submit all final analytical data obtained
from the samples to Data Base Manager, Ocean
Drilling Program, Texas A&M University, Col-
lege Station, Texas 77843-3469, U.S.A. Please
consult recent issues of the JOIDES Journal
or call (409-845-2673) for information on ac-
ceptable data formats. Investigators should be
aware that they may have other data obliga-
tions under NSF’s Ocean Science Data Policy
or under relevant policies of other funding
agencies which require submission of data to
national data centers.

(5) To return all unused or residual samples, in
good condition and with a detailed explana-
tion of any processing they may have experi-
enced, upon termination of the proposed re-
search. In particular, all thin sections and
smear slides manufactured onboard the vessel
or in the repositories are to be returned to the
Curator. Paleontological materials may be re-
turned either to the Curator at ODP or to one
of the designated paleontological reference cen-
ters.

Failure to honor these obligations will preju-
dice future applications for samples.

. Cores are available for examination by inter-
ested parties at the repositories. Investigators
are welcome to visit the repositories in order to
inspect cores and to specify sample locations
when that is required for their research; how-
ever, time and space in the workrooms are lim-
ited, so advance appointments are required.
Occasionally, the space may be fully booked
several weeks in advance, so investigators are
urged to call for appointments well ahead in

order to avoid disappointment. Only the Cu-
rator or his delegate may actually remove sam-
ples from the cores.

F. A reference library of thin sections, smear
slides, and archive photographs is maintained
in the repositories for the use of visting inves-
tigators. All thin sections and smear slides pro-
duced onboard the ship or in the repositories
belong to this library.

3. Distribution of Samples to Paleontological Refer-
ence Centers

As a separate and special category of repository ac-
tivity, selected samples are being distributed to pale-
ontological reference centers, where the prepared ma-
terial may be studied by visitors. As of this writing
(mid-1984), Foraminifera and Calcareous Nannofos-
sils can be viewed; Radiolaria and Diatoms will be
prepared in the future. The present centers are Scripps
Institution of Oceanography, California (W. R. Rie-
del, tel. 619-452-4386); Basel Natural History Muse-
um, Switzerland (J. B. Saunders, tel. 061-25.82.82);
and New Zealand Geological Survey, Lower Hutt,
New Zealand (A. R. Edwards, tel. 699.059). Future
centers are likely to include Texas A&M University,
College Station, Texas (S. Gartner, tel. 409-845-8479);
Smithsonian Institution, Washington, D.C.; Lamont-
Doherty Geological Observatory, Palisades, New
York; and an as yet undesignated center in Japan.

Further details concerning the paleontological refer-
ence centers are reported periodically in the JOIDES
Journal.

4. Distribution of Samples for Educational Purposes

Samples may be available in limited quantities to col-
lege-level educators for teaching purposes. Interested
educators should request application forms from the
Curator, Ocean Drilling Program, Texas A&M Uni-
versity, College Station, Texas 77843-3469, U.S.A. Re-
questors are required to specify preferred sample size
and location, to make a very clear statement of the
nature of the coursework in which the samples will be
used, to explain how the core samples will be pre-
pared and how they will be used in the classroom, to
explain in detail why they cannot use similar materi-
als derived from outcrops or dredge hauls (it is NOT
acceptable to argue that it requires less effort for the
requestor to obtain samples from ODP than to as-
semble them from other sources), and to certify that
funds are available to prepare the materials for class-
room use. In general, only samples of materials which
are abundant in the collection and which are in little
demand for research purposes should be requested
for educational purposes. The Curator will not ap-



prove requests for materials which are limited in sup-
ply or for which demand (real or potential) is great,
including most paleontological materials.

5. Distribution of Data

The Deep Sea Drilling Project and the Ocean Drilling
Program routinely capture much of the data gener-
ated onboard ship and published in Program reports.
Additionally, data supplied by investigators who have
received samples are incorporated into the data bases,
so data sets which are larger than can be published
are available to investigators. Magnetics, downhole
logging, seismic reflection, bathymetric data, and oth-
er data collected by the drilling vessel become avail-
able for distribution to investigators at the same time
as core samples.
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At least through mid-1986, DSDP data will continue
to be distributed by the Data Base Manager, Deep
Sea Drilling Project, A-031, University of California,
San Diego, California 92093, U.S.A. A charge will
be made to recover expenses in excess of $50.00 in-
curred in filling individual requests. If required, esti-
mates of charges can be furnished before the work is
performed. As DSDP phases down, DSDP data will
be available primarily from the National Geophysical
Data Center, Boulder, Colorado.

Requests for ODP data should be addressed to the
Data Base Manager, Ocean Drilling Program, Texas
A&M University, College Station, Texas 77843-3469,
U.S.A. Many varieties of DSDP data will be included
in ODP data bases. Information on sources of DSDP
data will be available from the ODP Data Base Man-
ager.
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