Interval 120-747A-19X-2, 109-
130 ¢cm: lower Eocene to
Danian hardground with large
filled burrows, cracks, pyrite,
and coated grains.

Section 120-747C-4R-CC:
Maestrichtian to Danian
polygenic breccia with
smectite clay matrix and chert,
limestone, soft clay pellets,
and diverse volcanic rocks,
including weathered scoria,
fresh basalt with filled
vesicles, hard phenocryst
basalt, and an inoceramid
fragment.

Section 120-748C-45R-CC:
glauconitic bioclastic rudstone
with bryozoan, inoceramid, red
algal, benthic foraminifer, and
sponge debris.

Section 120-751A-6H-1:
diverse irregular, Pliocene,
lepisphere porcellanite cavings
from a bed at about 20 mbsf,
which was fragmented into
disturbed diatom nannofossil
00ze,

Interval 120-750B-9W-1, 134-
148 cm: Upper Cretaceous,
pale grayish green chalk and
silicification front with darker
silicified limestone below.

Interval 120-747A-21X-4, 104-
122 em: Maestrichtian
nannofossil ooze with
laminated phosphatic
hardground.

Section 120-748C-45R-CC:
glauconitic bioclastic rudstone
with bryozoan, inoceramid, red
algal, benthic foraminifer, and
sponge debris.

Interval 120-748C-32R-1, 32-
38 c¢m: thin section in cross
nicols of a large, obliquely cut
bryozoan fragment, about 1.4
mm long, with well-preserved
zooecia and zones of partial
silicification,

Section 120-747C-16R-3,
Piece 5: aphyric, red,
weathered basalt with irregular
stretched vesicles filled with
zeolites, clay, and minor
calcite.

Interval 120-748C-79R-4, 104-
118 cm: alkaline basalt cobble
conglomerate with analcime
alteration, and sediment infill
with shallow-water molluscs
and volcanic grains.

Interval 120-748C-32R-1, 32-
38 cm: thin section under
cross nicols of a coralline red
algae fragment, about | mm
long, showing rows of
sporangia and dense cellular
laminations. Also shows ovid
crinoid section.

Interval 120-750B-11W-1, 75-
87 cm: greenish gray,
Cenomanian, burrowed
nannofossil chalk with black
marly interbeds.

Interval 120-74RC-79R-4, 113-
114 cm: thin section under
cross nicols across a molluse
fragment from matrix of
basaltic cobbles showing thick
shell and excellent preservation
of laminations.

Section 120-748C-79R-7 at 40
cm: thin section from alkali
basalt with analcime alteration
(gray), red hematite

weathering, and blue-green
celadonite vein and vesicle
fillings.

Interval 120-750A-15R-3, 78-
94 cm: Cretaceous/Tertiary
boundary sequence, with slight
disturbance at boundary.
Danian greenish gray
nannofossil chalk vs. white
Maestrichtian foraminifer-
nannofossil chalk with
scattered dark chert bits.

Interval 120-750B-13W-1, 55-
70 cm: mud pebble
conglomerate with kaolinite
clays, multicolored ferruginous
volcaniclastic components,
siderite, and black coaly

fragments.

Section 120-750B-14R-1,
Piece 3: grayish green, fine-
grained plagioclase phyric
basalt with irregular vesicles
filled with light.green clays
and veins with calcite.
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Foreword

By the National Science Foundation

The scientists of the Ocean Drilling Program (ODP) have
embarked on what could prove to be one of the most important
earth science initiatives of the decade—an initiative rivaling in
scope and impact the exploration of the frontiers of outer space.
The program explores our planet’s last frontier—the Earth’s
structure and history as it is revealed beneath the oceans. The
scope of the program’s scientific goals excites the imagination,
challenges the intellect, and enhances the spirit of cooperation
among peoples in countries around the world.

Between 1872 and 1876, HMS Challenger undertook the
world’s first major oceanographic expedition. That expedition
greatly expanded man’s knowledge of the world’s oceans and
revolutionized our ideas about planet Earth. From 1968 to 1983,
another ship named Challenger logged more than 375,000 miles
on 96 voyages across every ocean for the Deep Sea Drilling Proj-
ect (DSDP), operated by Scripps Institution of Oceanography.
Among the project’s many remarkable discoveries were the con-
firmation of seafloor spreading and the establishment of the
relative youth of the seafloor, thus verifying the dynamic and
changing nature of the Earth’s crust.

Today, the Ocean Drilling Program, which began in 1983,
brings new resources to bear on scientific ocean drilling. A new
drillship is in operation—the JOIDES Resolution—one of the
world’s most modern and best equipped drillships with enhanced
capability for drilling and coring in polar areas and rough weath-
er, expanded laboratory space, facilities for more scientists, and
a major drill-hole logging program. The name of the ship was
derived from the international scientific partnership that directs
the program—the Joint Oceanographic Institutions for Deep
Earth Sampling (JOIDES)—and from the flagship of Captain
Cook’s second voyage to the Pacific Ocean in the late 18th cen-
tury. Texas A&M University is responsible for science operations
in the program, and Lamont-Doherty Geological Observatory is
responsible for the logging program.

The Ocean Drilling Program truly has international partici-
pation. In 1975, the International Phase of Ocean Drilling be-
gan with member nations—the U.S.A., U.S.S.R., the Federal Re-
public of Germany, Japan, the United Kingdom, and France—
all providing funds and scientific guidance for the project.
Today, ODP partners include the U.S.A., the Canada/Australia
Consortium for the Ocean Drilling Program, France, the Fed-
eral Republic of Germany, Japan, the United Kingdom, and the
European Science Foundation, which represents Sweden, Fin-
land, Norway, Iceland, Denmark, Belgium, the Netherlands,

Spain, Switzerland, Italy, Greece, and Turkey. The National Sci-
ence Foundation, with funds contributed by the United States
and international partners, supports the scientific operations
and planning for the ODP through a contract with Joint Ocean-
ographic Institutions, Inc. (JOI).

The information gained by the program leads to a better un-
derstanding of the Earth and its dynamic processes. Drilled sed-
iment cores and logs reveal clues to past climatic history and
tie into parallel studies of paleoclimates from glacial ice cores
drilled on the continents. Understanding these sediment cores
will enable scientists to complete the map of major geologically
active regions of the Earth, and to identify processes that lead
to dynamic change such as earthquakes, volcanic eruptions, and
mountain and continental growth. We are far from being able to
predict such changes accurately now; but with the new tools and
understanding, the accuracy of such predictions can be improved.
This better understanding of the Earth’s system(s) will allow us
to identify regions of potential mineral and energy resource de-
velopment, an issue of worldwide human interest. The Ocean
Drilling Program is not in itself aimed at finding resources, but
the knowledge of the Earth’s processes that is gained through
such a basic research program will inevitably provide pieces of
information required for such resource discovery and exploita-
tion.

The program is fully under way in its aim to further the un-
derstanding of the Earth’s dynamic systems. People of our planet
will benefit directly and indirectly from this research in both
their daily living and work activities. This multinational en-
deavor will perhaps foster other cooperative efforts in science or
among societies. The Ocean Drilling Program has distinguished
ancestors in the original Resolution and Challenger expeditions
and the Deep Sea Drilling Project. The National Science Foun-
dation is proud to be playing a leading role in this program, and
we are looking forward to significant and innovative science for

many years to come.
e
L]

Erich Bloch
Director
National Science Foundation

Washington, D.C.
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Foreword

By Joint Oceanographic Institutions, Inc.

This volume presents results from the Ocean Drilling Pro-
gram (ODP), where scientists use a specially equipped ocean
drilling ship to sample and measure the properties of the sub-
merged part of the Earth’s crust. These data are then synthe-
sized with other information to yield new insights into earth
processes.

These results address the scientific goals of the program,
which include providing a global description of geological and
geophysical structures and materials, studying in detail areas of
major geophysical activity such as mid-ocean ridges and the as-
sociated hydrothermal circulations, and studying passive and ac-
tive continental margins. In addition, the ODP data support the
study of sea-level and ocean-circulation changes, the effects of
the Earth’s orbital variations on climate, and the study of pro-
cesses and mechanisms of evolution from the biological records
in the cores which are recovered from drilling.

The Ocean Drilling Program is a partnership of scientists
and governments. Overall scientific policy and management guid-
ance is provided by Joint Oceanographic Institutions for Deep
Earth Sampling (JOIDES), which consists of committees and
panels made up of representatives of the participating institu-
tions and other scientific and engineering experts. The JOIDES
Executive Committee (EXCOM) provides general oversight; the
JOIDES Planning Committee (PCOM) is the focal point for all
scientific planning for the ODP and is key to the scientific suc-
cess of the program.

The PCOM has a network of panels and working groups
which screen drilling proposals, evaluate instrumentation and
measurement techniques, and assess geophysical survey data and
other safety and siting information. PCOM uses the recommen-
dations of these panels and committees to select drilling targets,
to specify the major scientific objectives of each two-month drill-
ing segment or leg, and to provide the science operator with
nominations for co-chief scientists. The science operator, Texas
A&M University, in turn is responsible for planning the detailed
ship’s operations, actual drilling schedules, and final scientific
rosters, which are developed in close cooperation with PCOM
and the cognizant panels.

Many of the scientific goals can be met only with new tech-
nology. Thus the program has identified engineering goals, which
include the ability to start a hole and to core on bare rock at
mid-ocean ridge sites, to drill in high-temperature and corrosive
regions typical of hydrothermal areas, and to core in high lati-
tudes with minimum interference from high seas and sea ice.
To meet these needs, the program operates a specially equipped
drillship, the JOIDES Resolution, which contains laboratories
and equipment that are state-of-the-art, and carries a major new
logging program.

The ship, registered as SEDCO/BP 471 after her owners and
her length in feet (144 meters), is 70 feet (21 meters) wide, and
has a displacement of 16,595 long tons. Her derrick towers 200
feet (61 meters) above the waterline, and a computer-controlled
dynamic-positioning system stabilizes the ship over a specific lo-
cation while drilling in water depths up to 27,000 feet (8230 me-
ters). The drilling system collects cores from beneath the sea-
floor 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 de-
voted to scientific laboratories and equipment. The ship sails

with a scientific and technical crew of 50 and a ship’s crew of
65.

Logging is a major part of the overall operation. The pro-
gram provides a full suite of geochemical and geophysical mea-
surements 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 borehole televiewer
is available for imaging the well-bore wall, a 12-channel logging
tool provides accurate velocity and elastic property measurements
as well as sonic waveforms for spectral analysis of energy propa-
gation near the well bore, and a vertical seismic profiler records
reflectors from below the total depth of the hole.

Texas A&M University serves as science operator for the
Ocean Drilling Program. In this capacity, they operate and staff
the drillship to collect cores from JOIDES-designated sites from
around the world. The science operator also ensures that ade-
quate scientific analyses are performed on the cores by main-
taining the shipboard scientific laboratories and by providing
logistical and technical support for shipboard scientific teams.
Onshore, Texas A&M manages scientific activities after each leg,
is curator for the cores, distributes samples, and coordinates the
editing and publication of the scientific results. Lamont-Doherty
Geological Observatory (LDGO) of Columbia University man-
ages the program’s logging operations, which include processing
the data and provision of assistance to scientists in data analy-
sis, The ODP Data Bank, a repository for geophysical data, is
also managed by LDGO. Core samples from ODP and the pre-
vious Deep Sea Drilling Project are stored for future investiga-
tion at three sites: ODP Pacific and Indian Ocean cores at Texas
A&M University, ODP and DSDP Atlantic and Antarctic cores
at Lamont-Doherty Geological Observatory, and DSDP Pacific
and Indian Ocean cores at Scripps Institution of Oceanography.

International oversight and coordination are provided by the
ODP Council, a governmental consultative body of partner
country representatives, chaired by the United States, which pe-
riodically reviews the general progress of the program and dis-
cusses financial plans and other management issues. Joint
Oceanographic Institutions, Inc., a nonprofit consortium of
U.S. oceanographic institutions, serves as the National Science
Foundation’s prime contractor and manages the ODP. JOI is re-
sponsible for seeing that the scientific objectives and plans are
translated into scientific operations consistent with JOIDES rec-
ommendations and budgetary constraints.

Scientific achievements of the ODP already include new data
on early seafloor spreading and how continents separate and
their margins evolve. We have new insight into glacial cycles and
the fluctuations of currents throughout geological time. Techni-
cal achievements include the first bare-rock coring, and logging
data more accurate and complete than ever before. JOI is pleased
to have played a facilitating role in the Ocean Drilling Program.

Mt?/yh-a éob\/'

D. James Baker
President
Joint Oceanographic Institutions, Inc.

Washington, D.C.
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DEDICATION

This volume is dedicated to the memory of Lamar P. Hayes,
long-time Operations Superintendent for the Ocean Drilling Pro-
gram and the Deep Sea Drilling Project, who deeply touched the
lives of all of us and made our scientific dreams come true, La-
mar died on 27 March 1988 of a heart attack suffered while su-
pervising operations on board the JOIDES RESOLUTION at
Site 749 on the central Kerguelen Plateau.

The Operations Superintendent is perhaps the key position
on a scientific drillship, the hub about which all life and activity
revolves. At sea, he serves not only as the primary liaison be-
tween the Ocean Drilling Program and the drilling contractor,
but also between the scientific/technical staff and all other sup-
porting groups on the ship. He must translate goals and objec-
tives, problems and needs into a common language and under-
standing so that the overall mission of the cruise can be accom-
plished.

Lamar Hayes was no ordinary Operations Superintendent.
By virtue of his talent and experience, he was the Dean of all
such men who have performed this extraordinarily difficult task
throughout the life of this unique 21-year old program. His
death midway through ODP Leg 120, which was beset con-
stantly with difficult weather conditions in one of the most re-
mote sectors of the world’s oceans, was felt immediately and
profoundly not only by his 120 shipboard companions but by
friends and colleagues around the world.

Born on 23 March 1928 in Lampkin, Texas, Lamar had
gained experience as a roughneck by the time he graduated from
high school in Sidney, Texas. After attending Howard Payne Col-
lege in Brownwood, Texas, he began his professional career as a
derrickman and driller in the oil patches of Midland, Texas,
with time out only for duty with the U.S. Air Force during the
Korean conflict. In the oil fields, he rose rapidly through the
ranks, first as a toolpusher in South America and later as Field
Superintendent and Senior Field Supervisor in Midland before
joining Brown and Root in Houston. There, in the mid-1960s,
he designed changes and supervised modifications of equip-
ment and tools for Project Mohole, the program that gave birth
to scientific deep-sea drilling.

During his long career, Lamar served in a variety of supervi-
sory positions with petroleum and engineering companies, but
he always maintained a keen interest in scientific drilling. He

came to Scripps Institution of Oceanography in August 1970 as
an Operations Superintendent for the Deep Sea Drilling Proj-
ect. His first voyage on the Glomar Challenger was Leg 18 to
the Gulf of Alaska, which was also the first cruise for Sherwood
W. Wise, Jr., one of the eventual co-chief scientists on Ocean
Drilling Program Leg 120, who remembers well his gentle man-
ner and unorthodox but winning approach to the game of
ocean-going ping pong. Lamar went on to sail on six more
DSDP legs before leaving DSDP to work as rig and operations
manager on commercial drilling rigs around the world.

When ODP started up, Lamar returned in January 1984 to
his interest in scientific drilling and was Operations Superin-
tendent on the JOIDES Resolution for the inaugural cruise of
the new program (Leg 101). His communication and “people”
skills were extraordinary, a key to his success in translating the
wildest of scientific ideas into a workable, realistic plan that
could be carried out by the men on the rig floor. His talent for
mobilizing the shipboard team to innovate and prove out new
drilling techniques and systems at sea is the stuff of legends,
and he was always looking for new ways to improve the quality
and efficiency of shipboard operations. He was pleased and
gratified when the crew was able to surpass a previous drilling
or coring record or level of accomplishment,

On Leg 120, his pioneering use of the free-fall reentry cone
for hard-rock drilling not only made possible two holes that
could not otherwise have been drilled under the existing weather
conditions, but also set records in the process. He also intro-
duced an imaginative new technique that saved the site he was
drilling on the night he became ill. Equally memorable during
the leg were the informal daily gatherings for coffee in Lamar’s
office where, with a free flow of participants from the bridge to
the rig floor, from the science office to the labs, much of the
business of the ship would be transacted and coordinated with a
good dose of humor and the latest anecdotes.

In recognition of his contributions to science through his ser-
vice to DSDP/ODP, Leg 120 scientists have named in his honor
a new fossil discovered during the leg, Bolboforma lamari (see
Mackensen and Spiegler, this vol.). He will long be remembered
by all of us who went to sea with him, and his influence on the
art of deep-sea drilling will be part of the inheritance Lamar has
left for the ocean science community.
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