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Introduction

It is with great sadness that I write this introduction to the JOIDES Journal. | am sure that all readers are aware
by now that Rob Kidd died on Sunday June ¢ this year. Below there is an obituary and a tribute from the Site
Survey Panel, with whom Rob was closely associated for many years. Many of you who knew Rob personally
will be only too aware of how he always looked to the future, and with your help we can make at least a part of
what he had planned for come to fruition.

By this [ am of course referring to a proposed new JOIDES advisory structure, one that wilt both benefit the
scientific “users” of the drill ship, and that should also help to streamline the management process, allowing the
Program to become much more efficient and remain the world’s premier geoscience research program. The
basis of the new advisory structure is that it will be a three-tiered arrangement, with proponents sending proposals
to Science Steering and Evaluation Panels 'who will, when appropriate, arrange for each proposal to be mail
reviewed externally. Then the top science committee will evaluate each proposal in terms of how it fits with the
goals of the ODP Long Range Plan and it will produce global rankings for the very best of the drilling proposals.
Once all the details of the proposed new advisory structure have been finely tuned, which PCOM aims to do at
the forthcoming meeting in Townsville in August, the details will be published both in the JOIDES Journal and
on the WWW,

Another change that will shortly be evident is in the format of the JOIDES Journal. You will recall that about a
year ago we asked readers to respond to a questionnaire regarding a new fournal format. The response (at under
10% of circulation) was disappointing, but nevertheless gave us a pointer in which direction the Journal should
evolve. Many of the detailed reports from the Science Operator and Wireline Services Operator will be greatly
reduced, probably to simple abstracts, and the Journal will become much more of a news magazine. Readers
who wish to obtain details of the Science Operator and Wireline Services Operator reports can still do so either
via the WWW, or by writing to either of these service providers and requesting the reports. The current JOIDES
Directory, which incidentally most of those who responded to our survey said they found to be one of the most

- useful sections, has for some time been available on the WWW via the JOIDES Office home page. We will be

keeping this as part of the Journal at least for the time being. The new format will begin with the next (October
1996) issue of the Journal.

Finally I must apologise for the lateness of this combined February/June 1996 issue. With the many tasks that
the JOIDES Office has had to undertake this year (the Long Range Plan, International mid-term Review, and
new JOIDES Advisory structure to name but a few), culminating with the death of Rob Kidd, there were simply
too many tasks and not enough time.

Julian Pearce
PCOM Chair

Obituafy: Robert Benjamin Kidd

Robert Kidd, Professor of Marine Geology in the University of Wales, Cardiff, was both an eminent scientist and
a distinguished servant of marine geoscience. Rob obtained his first degree at Kingston Polytechnic, then moved
to the University of Southampton, studying the sediments of the Tyrrhenian Sea for his PhD. Rob joined the
UK's Institute of Oceanographic Sciences in the summer of 1973, and almost immediately was seconded to the
Deep Sea Drilling Project at Scripps Institute of Oceanography near San Diego as a staff scientist. On his return
to 108, Rob and his colleagues there pioneered work on combining the data from sediment cores with the
imagery being obtained from the GLORIA side-scan sonar technology then being developed in the Institute.

In 1979 Rob was appointed Head of Science Operations for the Ocean Drilling Program at Texas A&M University.
Rob's success in this post opened the way for him to return to the University College of Wales at Swansea in
1986 as Professor of Geology. Having been raised in west Wales it was a source of pride and joy to him to return
there as a professor. He oversaw the merger of Geology and Oceanography Departments in Swansea before
moving to Cardiff where he built a thriving marine geology research group. Rob was one of the strongest
proponents of marine geological research in the UK and he worked tirelessly to promote the activities of the
Ocean Drilling Program. Rob sailed on five drilling cruises, three as chief scientist. '
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When, in 1985, the opportunity arose for the Natural Environment Research Council (the UK member of ODP)
to bid to lead the scientific planning of the Program (for the first time outside of the US), Rob was by general
acclaim the person to turn to for the crucial role of scientific leader. He had the respect of the community, a clear
vision of where the Program should go, and an understanding of what was practical and politically possible.
Through his leadership, the geoscience community around the world developed a new vision of the role of
ocean drilling in future scientific advance, which has brought ODP to the threshold of renewal into the next
century. Rob had strong views on many aspects of marine geology and it is a tremendous tribute to his character
that he was able to promote these views without making enemies. One always knew that Rob was promoting
science and not himself. He considered the role of PCOM chair to be the pinnacle of his scientific career.

Rob had borne stoically for many years the pains and uncertainties associated with heart problems. He was
struck down at the very moment of receiving the accolade of his peers in British earth sciences by the award of
the Major Edward Coke Medal of the Geological Society, at Burlington House on 4 June. The citation for this
award records the wide acclamation that his research in palaeo-oceanography, sediment drift and high resolution
stratigraphy have received. Equally or even more enduring will be the affection and respect of all who worked
or relaxed with him, and those who argued with him as well.

Rob loved his work and was immensely proud to be PCOM Chair. But, above all, he loved his family. Those of
you who have had the privilege of knowing Rosalie and their sons will realise and understand that his family
was his greatest achievement.

A tribute to Rob Kidd from present and past associates of Site Survey Panel

It would be difficult to find any JOIDES panels in ODP that Rob did not influence, one way or another, However,
one panel where he had an everlasting influence was the Site Survey Panel. Rob’s association with this panel
goes back to the early days of ODP (1983) when he was the Science Operations manager at TAMU and attended
this panel as a TAMU liaison. After moving back to the UK (1986), it was not long before he found his way back
to this panel as the UK representative. He remained with SSP until his resignation in 1993.

Although the role of this panel in guiding PCOM on site survey readiness of various proposals was well recognised
in the ODP, it was not until Rob took over the helm in 1988 that some firm guidelines about data submission to
the Data Bank were established. His guidelines, although they have undergone some revisions since, are still
followed by this panel. They were designed not only to help the proponents of various proposals on the type of
data needed as prerequisite for site selection for drilling in different environments, but also to assist panel
members in judging uniformly the readiness of proposals for drilling. Rob also introduced the concept of
“proposal watchdogs” to SSP. He was most instrumental in conveying to PCOM and to other thematic panels
the importance of site survey assessment of a proposal. He believed strongly that the success of a Leg depended
largely on proper site selection and this he advocated strongly to the panel members. He understood the
importance of this panel, and he pushed hard for SSP
to become an effective, proactive panel instead of just
a rubber stamp for site proponents. It was in large part
his energy that fuelled the reshaping of this panel into
its current form. Because he loved looking at different
kinds of data, he used to watchdog one or two
proposals besides chairing the meetings, a task
subsequent chairs have not been able to do. Even
though Rob resigned from the panel when he became
UK representative to PCOM in 1993, he maintained a
keen interest in SSP and was able to attend a few of its
meetings either as a UK alternate member or, most
recently, as a substitute PCOM liaison member.

Another of Rob's characteristics was to be able to make
time to get to know most of the people connected with
SSP. This included people from the Data Bank, the
JOIDES Office and many of the liaisons who attended
the meetings. He made a point of spending enough
time with the Data Bank staff to know how they
handled large quantities of data efficiently and
effectively. Because Rob was so approachable, others
felt comfortable working with him. The oceanographic
community has lost an energetic, articulate scientist,
advocate and friend. He will be long remembered and
greatly missed.
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Committee
Reports

Planning Committee (PCOM)
La Jolla, California, 49 December 1995

The Planning Committee held its annual meeting in
La Jolla adjacent to Scripps Institution of Oceano-
graphy. The main business of the meeting was
discussion of the FY97 science plan, discussion and
implementation of the new ODP Long Range Plan
(LRP) and budgetary considerations.

FY97 Science Plan - Ship Schedule

PCOM heard presentations of the drilling proposals
in the 1996 Drilling Prospectus from the Thematic Panel
Chairmen, and, based upon these and the thematic
panel rankings, requested the science operator to
produce a ship schedule which is as follows:

171A Transit

171B Barbados LWD

171C Blake Nose

172  NW Atlantic Sediment Drifts
173 Iberiall

174A New Jersey Shelf

174B  CORK Site 395A /Engineering
175 Benguela

176 Hole 735B

The FY97 ship schedule ends with the JOIDES
Resolution in Cape Town, South Africa in December
1997, allowing for a favourable weather window for a
Southern Ocean leg in early 1998 and the ship to move
into the Indian Ocean, continuing along the path
outlined by PCOM in April 1995,

Long Range Plan - Implementation

By the time this article goes to press, the new ODP Long
Range Plan should be available to the community. In
December PCOM reviewed the processes that it had
gone through to produce the document and unani-
mously endorsed its publication. This plan builds on
the first ODP Long Range Plan, published in 1990, and
envisages at least two further Phases of the ODP. The
current, Phase II, comes to an end in 1998, when the
member nations and consortia will be asked to re-
commit to ODP for a further 5 years onto Phase I11.

The start of Phase III (1999-2003) will represent the
first fully operational period where the Planning
Committee will be asking the Science Operator to
schedule proposals that address specific scientific
problems identified in the LRP. However, the Program
wil! retain its proposal-driven remit, and therefore will
still have flexibility to schedule the drilling of exciting

scientific proposals that were not envisioned when the
LRP was formulated. Phase III will be characterized
by ODP collaborating with other major geoscience
initiatives to achieve joint goals. This will include the
use of other platforms and also the investigation of
problems that require multiple-leg drilling, in line with
the formal call for proposals for muiti-leg and multi-
platform drilling which will be issued shortly by the
JOI office in Washington DC.

In Phase IV, JOIDES anticipates the additional availa-
bility of deep drilling with a riser system. The call for
proposals mentioned above will also invite proposals
now to begin planning for these operations, as they
will be very complex and require long-term planning
and site survey.

The JOIDES Executive Committee addressed the
question of the implementation of the LRP with some
fundamental challenges for the whole of the ODP
advisory structure (see EXCOM Report, below).

Budgetary matters

The flat budget proscribed by ODP funding through
to the end of Phase Il is beginning to have some very
serious implications for the Program. In December
PCOM received a presentation from the JOI Program
Director, Dave Falvey, on how the implementation of
Project Management would help with budget forecasts,
and also on engineering and the JANUS Projects at
ODP-TAMU. At the request of the TEDCOM represen-
tative at the annual meeting, PCOM agreed to postpone
a decision of the continuance of the DCS project until
their April meeting. As regards other engineering
activity at ODP-TAMU, this has been drastically
reduced so that, apart from operational items required
for scheduled legs, there are only two true ‘develop-
ment’ projects underway at present. These are the
Motar Driven Core Barrel upgrade, and the develop-
ment of a new Hammer Drill-in Casing system (these
should make high-angle bare-rock spud-ins almost a
routine operation}. PCOM was very impressed with
the potential of the Hammer Drill-in Casing system,
and a sea-test for this piece of equipment will form
part of Leg 174B.

Publications

PCOM spent considerable time discussing the issue of
ODP publications and leaned heavily on the expertise
of the Information Handling Panel (IHP) and the
survey carried out by the publications sub-committee.

PCOM also requested that the price of the Results and
Proceedings Volumes be increased to $60, and that the
distribution of volumes be widened rather than to cut
the size of the production run.

Other PCOM business

PCOM supported a recommendation from the PANCH
(JOIDES Panel Chairs) meeting which asked that each
of the thematic panels designate one of their US panel
members, with appropriate expertise, as ad-hoc
liaisons to SSP. The rationale behind this is that they
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can then be called on by the SSP Chair to substitute for
occasional US absentee SSP members, as there is no
formal alternate system for US advisory panel
members.

PCOM agreed to try to lighten the workload of SSP by
giving the following instructions to the thematic panels
and SSP.

1. SSP will only consider the top 5 ranked proposals
from each thematic panel during their meetings.

2. Thematic panels will identify proposals ranked in
the top 5 that lack adequate data and are thus
unlikely to make it into the prospectus within two
years. 55F may exclude these proposals from con-
stderation and may instead include, after consult-
ation with the PCOM Chair, proposals ranked
lower than 5th place.

Also PCOM agreed to support the SSP recommend-
ations that require, from now on, proponents to submit
both primary and aiternate site locations in proposals
where the area of operations is to be in ice-infested
waters. The. alternate sites should be located so that
they can be realistically occupied in the event of ice
preventing drilling of the primary site(s).

Planning Committee (PCOM)
Aix-en-Provence, France, 22-25 April 1996

The Planning Committee held its spring meeting at
CEREGE in Provence. The main items of business were
the evolution of the JOIDES advisory structure,
deciding upon a- four-year ship track for the JOIDES
Resolution, Publications, DCS and a number of
budgetary matters. The meeting concluded with a joint
session with representatives from JAMSTEC.

Evolution of the JOIDES Advisory Structure
Foliowing the international mid-term review report
(see JOIDES Office WWW home page), and publication
of the new ODP Long Range Plan (LRP; available from
JOI Inc.), EXCOM tasked PCOM with developing an
implementation strategy for the LRP, which included,
if deemed necessary, changes to the JOIDES advisory
structure.

PCOM, in considering this charge and the EXCOM
directive that “Drilling proposals submitted to ODP
should henceforth be evaluated in the context of the
LRP”, determined that a complete revision of the way
that ODP science is planned and implemented would
produce significant benefits, in both the management
of the Program and for the scientific ‘user’ community.

During its deliberations, PCOM developed an initial
3-tier science advisory structure model (proponents
and working groups, internal nurturing/proposal

review and external mail review, and finally, ranking
/scheduling) that was presented to EXCOM in June
1996 for its consideration. EXCOM (see report below)
commented on that initial model and is expected to
give its formal approval to begin the transition to the
new advisory structure in either late 1996 or early 1997.

PCOM will refine the advisory model atits August 1996
meeting prior to final presentation to EXCOM. Once
the model has been approved for implementation,
details will be published in the JOIDES Journal and on
the WWw.

Publications

This has been a controversiat issue for some time. The
PCOM publications sub-committee made a series of
recommendations at this meeting, most of which were
endorsed by the full Planning Committee, but, since
then, a focused group with representatives from the
PCOM publications sub-committee, ODP-TAMU and
JOI held a meeting in College Station to try to deter-
mine a long-term (5 years or more) publication strategy
that would achieve two aims: (a) to reduce costs; and
(b) to make ODP publications more widely available
and open to the general scientific community. This
revised publications strategy will again be discussed
at the August PCOM and once the details are finalised,
it will be published.

Diamond Coring System

PCOM received encouraging reports on the develop-
ment of the heave controller for the Diamond Coring
System, and recommended to JOI that funding be made
available to produce a working system. Currently the
schedule aims for a sea test in FY99. C

Other Business

In terms of the JOIDES Resolution track, PCOM
confirmed its general direction would be from the
Indian Ocean into the western Pacific for FY99. Also
PCOM recommended some priority changes in budget
allocations which will allow Leg 170 (Costa Rica
Margin) to use LWD technology.

PCOM also constituted an Antarctic Detailed Planning
Group (DPG). This was because there are a significant
number of highly ranked proposals in that geographic
region, and, with a very restricted weather window, it
may be possible to fulfil the goals of different proposals
by combining some of them into logistically feasible
drilling packages. The DPG was tasked to.look at all
proposals in the Southern Oceans and to produce a
prioritised drilling plan that would be discussed b
PCOM at its August meeting when it chooses whic{
highly ranked proposals will be placed into the drilling
prospectus (from which the final selection of proposals
for scheduling will be selected).
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Executive Committee (EXCOM)
Chantilly, Virginia, 29-31 January 19%6

The prime item of business at this EXCOM was to
develop an initial response to the findings of the report
of the International Mid-Term Program review
committee, chaired by Dr. Gordon Greve. This mid-
term review was viewed as crucial by all members of
the Program, as its findings will be used by individual
member nations as they decide whether or not to
commit to Phase 11l of the Program, from 1998-2003.
The issues explored by EXCOM included Program
management, advisory structure evolution and
budgetary matters.

EXCOM endorsed the new ODP Long Range Plan and
expressed its enthusiasm, shared by PCOM and the
Mid-term Review Committee, for the new focus of
ODFT and the exciting science it will make possible.
EXCOM said that it is committed to the implement-
ation of the plan, although it recognised that this will
require significant changes in current management and
planning practices. EXCOM also neted that the tech-
nical and financial challenges that the Long Range Plan
places before the entire JOIDES community are
considerable and indicated, from past experience, that
the JOIDES advisory structure as a whole will need to
work together to establish clear scientific, technical and
administrative priorities in order to ensure that the
Program meets the challenges it has set itself.

EXCOM intend that the ODP scientific and manage-
ment implementation plans will be completely linked
to the goals of the Long Range Plan, and thus enable a
clear demonstration of the accountability of the entire
Program - from panels through to ODP Council —in
terms of the Long Range Plan. EXCOM stated that it
thought these changes will be essential to both
maintain the viability of the Program, and provide the
most compelling rationale for the continuation and
evolution of ocean drilling into the 21st century.

EXCOM stated that, as an initial part of the implement-
ation strategy of the LRP, drilling proposals submitted
to ODP should henceforth be evaluated in the context
of this Long Range Plan and each year’s Program Plan
should clearly identify how each leg contributes to the
goals of the Long Range Plan. EXCOM also requested
the Planning Committee to develop a detailed imple-
mentation strategy for the LRP, including necessary
changes to the scientific planning structure. EXCOM
will review this implementation strategy at its June
1996 meeting.

The LRP explicitly states that the Program will work
in partnership with other global geoscience Programs
to investigate joint objectives. EXCOM strongly
endorses these closer ties with international groups
and, so long as the science goals of those Programs
complement those of ODF, encourages them to submit
proposals to ODP to utilise the unique capabilities of
the JOIDES Resolution.

As part of the continuing efforts to look for cost savings
and encourage innovation, EXCOM requested both JOI
and PCOM to provide, by June 1996, recommendations
on specific services, and their related costs, that are
currently provided, for Wireline Logging Services and
Site Survey Data Bank Services to ODP. This informa-
tion will be used by EXCOM to advise JOI on the scope
of RFP’s that will be issued for provision of these
services from 1998 to 2003.

EXCOM also recognised a need for immediate and
concerted actions to secure the necessary funds for
evolution and growth of ODP through Phase I to the
time when ODP becomes a two-ship operation in Phase
IV (2003). The International Review committee also
embraced the ODP Long Range Plan, and recom-
mended that to achieve its short-term goals (pre-2003)
would require real growth in the budget of about 2.5%
per year. : ’

In the light of this recommendation, EXCOM requested
that the following actions be taken:

e JOI in consultation with the Planning and Budget
Committees, examines the important new innova-
tions in the Program (Borehole Utilisation, Legacy
Holes, inter alia) and detail their costs. EXCOM
have also asked these committees to advise JOl on
what existing components {publications, logging,
indeed all components) might be dropped or
reduced to accommodate these new initiatives and
clearly label the costs, benefits and losses. The
Executive Committee believes that this step is
fundamental to addressing concerns from the
national funding agencies that all cost-cutting
measures have been examined prior to requesting
additional funds. EXCOM have asked for action
on this by June 1996.

¢ JOI, with appropriate consultation, should develop
full financial projections for the Long Range Plan
with the goals of presenting EXCOM, before June
1996, with the information to allow all EXCOM
members to advocate increases in contributions
with their respective funding agencies, possibly at
the real growth level of 2.5% per year (98-03).

= EXCOM at the 1994 Kyoto meeting recognised the
necessity for a leadership role by one or more
nations if the Program is to engage in riser drilling
as advocated by the LRP. EXCOM requested all
partners on ODP Council to begin immediately to
consider possible new meéchanisms and partner-
ships to build the required financial structure to
support the two-ship Program.

EXCOM then turned its attention to the longer term
(Phase IV). The committee voiced its appreciation of
all the efforts made by the Japanese authorities (in
particular, the Science and Technelogy Agency and the
Japanese Marine Science and Technology Center) for
their studies in application of riser capability in scien-
tific ocean drilling, and recommended that Japanese
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authorities continue work towards construction of a
new drilling vessel with riser capability beyond that
of the current JOIDES Resolution. In order to facilitate
planning for this vessel and its use, EXCOM recom-
mended that the PCOM and OD21 science planners
organise a series of discussions on scientific research
as soon as possible (and asked that the discussions
identify the relationships between the goals of the ODP
and the OD21 Science Programs and report back to
EXCOM at its June 1996 meeting}.

In looking at the technological requirements for the
Program, EXCOM recommended that the TEDCOM
and OD21 discuss the engineering development needs
of OD21 as soon as possible. They asked that engi-
neering development workshops identify the technical
and engineering development needs of OD21 and a
timeline to meet these needs (they requested a full
report back to EXCOM by January 1997, with a
progress report in June 1996).

EXCOM explicitly identified STA/JAMSTEC,
MONBUSHO and JOI as key organisations in the
current and expected future ocean drilling operation
and requested that these organisations discuss options
for international operation and management of Phase
IV of the ODP LRP and their funding implications.
(EXCOM requested a report inJanuary 1997, again with
a progress report in June 1996), :

EXCOM alsc wished to express its gratitude to the
shipboard personnel of Leg 163. This they did with
the following Consensus statement:

Facing extreme hurricane conditions, 60 to 70 foot seas,
and damaie to critical navigation and manoeuvring
systems while in iceberg-laden waters off Greenland,
the crew of the JOIDES Resolution extracted the vessel
from danger and brought her safely to Halifax. The
Executive Committee recognises the courage, skill and
fortitude displayed by the participants of Leg 163-and
expresses its most sincere thanks to the crew, staff and
scientists, who even in the most trying of circumstances
epitomised the character and spirit of research, explor-
ation and the pursuit of excellence,

Executive Committee (EXCOM) Report |
Oslo, Norway, 24-25 June 1996 ’

The main business of this meeting was consideration
of PCOM’s draft Long Range Plan Implementation
strategy and the proposed new JOIDES science advi-
sory structure. The outcome of EXCOM’s deliberations
are well surnmarised in the following EXCOM Motion:

EXCOM Motion 96-2-3 :
(1) The EXCOM endorses the concept of a 3-tier
planning structure for ODP that includes:
(a} long and short-term science, technology and
operations planning;

(b) detailed development of themes and thematic
review of proposals; and

(c) programmatic proposal planning (working
groups).

(2) The EXCOM endorses the concept of separating
long-term strategic planning from shorter-term
operations strategy by: :

(a) the formation of a Sctence Advice Committee

© {SCICOM) that will be responsible for long-
term strategic science, technology and budget
planning and for accountability of the ODP to
the Long Range Plan. This committee should
have proportional representation, but EXCOM
urges PCOM to develop a consultative mecha-
nism with the ODP members to maintain a
thematic balance;

(b) the formation of an Operational Advice
Committee (OPCOM) that will interact with
SCICOM and be responsible for the shorter-
term scientific, technical and operational
planning necessary to develop each year's
scientific drilling. :

(3) The EXCOM endorses the concept of establishing
two thematic review panels (Earth’s Environment,
Earth’s Interior) responsible for:

(a) advising and interacting with SCICOM on
thematic development within ODP;

(b} obtaining reviews of drilling proposals, and
evaluating and synthesizing those reviews for
SCICOM;

(c) communicating and interacting with program-
matic planning groups (a.k.a. working groups).

(4) The EXCOM endorses the concept of having
SCICOM establish programmatic planning groups
of finite lifetime. These planning groups will use
unsolicited, solicited, and self-developed proposals
to develop or contribute to mature drilling
proposals.

Programmatic Planning Groups will be established
based on: SCICOM perception of need and/ or recom-
mendations of other JOIDES committees and/or
requests from global programs and/or recommend-
ations of other individuals in JOIDES.

EXCOM had a number of concerns over the details of
the PCOM model and an EXCOM/PCOM sub-
committee met in Washington in early July to clarify
these points. The resulting science advisory model will
again be discussed by PCOM in August, and will be
returned to EXCOM for ratification either later in 1996
or early in 1997.

At this meeting, EXCOM also tasked PCOM with
producing a 5-year science plan that, after preliminary
budgeting, will be used as part of the case for renewal
of the Program into Phase III (1998-2003).
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A complete Scientific Preliminary Report for this leg (and others} is available from
Ocean Drilling Program, 1000 Discovery Drive, College Station, Texas 77845-9547, USA,
or via the Internet World Wide Web at http:/fwww-odp tarmu.edufpublications/

ABSTRACT
Leg 162 is the second of two legs designed to investigate what role
three major northern geographical areas {the Northern Gateway
region, the Greenland-Norway sea, and the Southern Gateway
region) have played in regulating the global climate system. To
accomplish this goal the biogenic fluxes (CaCO,, opal, and organic
carbon), lithologic fluxes, and geochemical records contained in the
cores were, and will continue to be, analyzed in order to reconstruct
the temporal and spatial variability of the oceanic heat budget, the
history of intermediate and deep water formation, and the history
of glaciation on the surrounding land masses on millennial,
Milankovitch, and tectonic time scales. In addition, because of the
very high sedimentation rates (10-20 cm/ky) at some of the drilled
sites, we will be able to analyze the sediments on century
(Dansgaard—Oeschger events) time scales. Perhaps more importantly,
these paleoceanographic reconstructions will span millions of years
instead of the 100,000-year time-spans typical of piston cores. Before
generating time scales for these sedimentary sequences, composite
records were constructed at each site based on continuous data
obtained by the multisensor track (including magnetic susceptibility,
natural gamma radiation, and gamma-ray attenuation, or GRAPE,
which measures bulk density), as well as on color spectral reflectance
measurements. The sites are arrayed, in combination with the Leg
151 sites, as broad north-south and east-west transects to examine
the evolution of vertical and horizontal gradients in water-mass
properties over time and to date the inception of high northern
latitude glaciation.

Figure 1. Bathymetric map (in meters)
of sites cored during Leg 162, which
departed Edinburgh, Scotland, on 8
July and returned fo Reykjavik,
Iceland, on 3 September, 1995. Sites
980-984 form a depth transect and a
surface-water transect from warm to
cool areas of the North Atlantic. Sites
907, 985, and 387, together with
previous ODP sites, form a transect  %. J
from temperate areas off Norway to the %
polar waters off Greenland. Site 986 is
positioned off the location of the
Svalbard{Barents Sea Ice Sheet in the
European Arctic, and Site 987 off the
Greenland Ice Sheet.

The drilling schedule included 56 days at sea with coring operations
at nine sites (Sites 907, 980, 981, 982, 983, 984, 985, 986, 987). We
began on the sediment drifts south of Iceland, eventually moving
northward to the Svalbard Margin, Fram Strait, and the East
Greenland Margin as sea ice retreated through the month of August.
Overall, we recovered 6730.74 m of core, setting a new record for
recovery during a single leg, and made over 1 million shipboard
measurements.

INTRODUCTION

Understanding the causes and consequences of global climatic and
environmental change is an important challenge for society. The
northern polar oceans are of great relevance to this task, because
they directly influence the global environment through the forma-
tion of permanent and seasonal ice-cover, transfer of sensible and
latent heat to the atmosphere, and by deep-water formation and
deep-ocean ventilation which control or influence both oceanic and
atmospheric carbon content. Thus, any serious attempt to model
and understand the Cenozoic variability of global climate must take
into account the climatic processes occurring in this region.
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Figure 2. Bathymetry (in meters) of the Southern Gateway region
of the northeast Atlantic showing major physiographic featyres.
Norwegian Sea Overflow Water (NSOW) originates in the Nordic
seas, and in this region spills across the Greenland—Scotland Ridge
as Wyville-Thompson Ridge Overflow Water (WTRO) or Iceland

Sea Overflow Water (ISOW). RR = Reykjanes Ridge.

Leg 162 represents the second in a two-leg program designed to
investigate three geographic locations in the high northern Iatitudes
(the Northern Gateway region, the Greenland-Norway transect, and
. the Southern Gateway region; Fig. 1). Qur goal is to reconstruct the
temporal and spatial variability of the oceanic heat budget, the
history of intermediate- and deep-water formation, and the history
of glaciation on the surrounding land masses. Ultimately, we want
to understand the role played by the high northern latitude seas in
the global climate system on time scales ranging from decades
{Heinrich / Dansgaard—Oeschger events) to millions of years.

Overali, the choice of sites for Leg 162 was guided by two primary
scientific objectives. First, we wanted to recover sequences with
sedimentation rates high enough to delineate millennial-scale
variability in lithologic, biologic, and geochemical characteristics.
This goal was attained by recovering sedimentary sequences at five
sites located on sediment drifts in the North Atlantic (Fig. 2) and on
rapidly accumulating continental slope regions in the Nordic seas.
Both of these areas have average accumulation rates greater than 10
cm/ky. Continuous sediment recovery was documented over
millions of years at almost all the sites, and clear evidence was found
for variability of sediment physical properties on millennial time
scales over many different time pericds (Fig. 3). In addition, the drift
sites (980, 981, 983 and 984) open a new window of exploration in
the pelagic realm of the deep sea, and will allow us, for the first
time, to study the evolution of millennial-scale climate variability in
the North Atlantic over millions of years. In particular, we will be
able to evaluate the amplitude and frequency of millennial-scale
variability during the mid-Pliocene, a period warmer than today.

The second objective of Leg 162 was to recover sequences in a spatial
array suitable for examining the evolution of vertical and horizontal
gradients in water-mass properties. The North Atlantic sites form a
depth transect in the northeastern basins spanning the depthinterval
of glacial intermediate water-mass formation (specific depths of sites:
Site 982 - 1150 m, Site 984 — 1660 m, Site 983 — 1995 m, Site 980 — 2180

m, and Site 981 - 2184 m). Likewise, two of the sites (983
and 984) are located just south of waters spilling over
the Iceland-Faeroe Ridge while the other sites (981 and
982} are just south of the Wyville-Thompson Ridge
Overflow. These sites will allow us to examine the history
of North Atlantic thermohaline circulation both on
millennial and Milankovitch time scales. In addition, the
sediment records of two sites, 981 at 2157 m and 982 at
1150 m, extend back to the upper Miocene and lower
middle Miocene, respectively. These long sediment
sequences will allow us to examine how North Atlantic
thermohaline circulation responded to tectonic changes
in the sill depth of the Greenland-Scotland Ridge, as well
as other tectonic {e.g. the Isthmus of Panama) and climatic
events (e.g. the middle Miocene glaciation of Antarctica)
that may have influenced the physical oceanography in
the source areas of bottom-water formation.

The sites in the North Atlantic also form a NW-SE
surface-water transect (Fig. 2),"which crosses the major
area of polar front movement on glacial-interglacial (G-
I} cycles. Thus, we should be able to compare E-W
gradients in surface-water temperature and iceberg
trajectories on suborbital time scales, and further improve
our understanding of the dynamics of Heinrich events
and the even shorter duration Dansgaard-Oeschger
events. Likewise, in the Nordic sea, Sites 987, 907 and
985 complete an E-W transect originally begun with Leg
104 Sites 642, 643 and 644. With these sites we will be
able to reconstruct the history of the strong climatic
gradients in the Nordic seas caused by warm-water
inflow (the “Nordic heat pump”) in the east. This warm
inflow is compensated by outflow of cold, polar waters
in the west and cold deep-water outflow across the
bottom of the Southern Gateway ridge,

Lastly, with the addition of Site 986 on the Svalbard Margin and Site
987 on the Greenland Margin, the Nordic sea sites are situated to
determine the long-term initiation and growth history of the three
major regional ice sheets: the Barents Sea Ice Sheet, the Scandinavian
Ice Sheet, and the Greenland ice Sheet.

CORING STRATEGY

Our strategy at most sites was to core three holes to refusal using
the Advanced Hydraulic Piston Corer (APC) followed by the
Extended Core Barrel (XCB). On the deepest holes the Rotary Core
Barrel (RCB) was used. This approach allowed the retrieval of
continuous sedimentary records without gaps due to core breaks or
drilling disturbance. At every site, interhole comparison of magnetic
susceptibility, GRAPE bulk density, natural gamma radiation, and
spectral reflectance data permitted the development of continuous
composite sequences. Furthermore, as these data were collected and
compared in real time, we were able to adjust the coring strategy at
each hole to provide maximum recovery of intervals that fell at core
breaks in the first or second holes.

Triple APC coring was also necessary to exceed normal ODP
sampling density guidelines, and thus to permit ultra-high resolution
paleoceanographic studies. At some sites, a 5-cm sample interval
will give a temporal resolution of about 300 years. Likewise, triple
APC coring provides enough material to generate continuous U-
channel sequences with which to study century- to millennial-scale
variability in the intensity of the Earth’s geomagnetic field, as well
as other magnetic properties of the sediments.

Coring began on the Feni Drift located on the southeast flank of the
Rockall Plateau, at Sites 980 and 981. We gained time at this site
despite APC recovery that was significantly deeper than projected.
Using this extra time in addition to time gained by an early departure
from Leith, we chose to deepen the next site by about 100 m more
than was criginally planned. As a result, Site 982 on the Rockall
Plateau was drilled by APC and XCB to refusal at a depth of ~610
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Figure 3. Example of millennial- and suborbital-scale
variability on top of longer orbital periods af 40 ky in the
magnetic susceptibility of sediments from Site 983. The

susceptibility signal reflects changes in mineral input to the

site twohich varies with the state of climate. This interval is
fraen gbout 1.9 Ma. Depth is based on a composite scale
obiaired from correlating results fram the Site 983 holes.

mbsf. Departing Site 982, with significant time savings, we steamed
to 2 second priority, alternate site that was o our cruise track: Stte
983 on the Gardar Drift. We spent about two days recovering three
APC holes to approximately 250 mbsf. After coring Site 983, we
moved 1o the nearby Bjorn Drift {Site 984) where we completed our
proposed drifling objectives.

After moving north of Iceland, we cored two additional APC holes
at Site 907 (9078 and WP ) visited previously an Leg 151 (Hole 907A).
Following Site 907, we would have proceeded to EGM-¢, but for
heavy ice cover in that region. As we heeded to remain near lceland
to wait for resupplies (L.e. core liners), we elected to drill our second
afternate lceland Plateau site (Site 985). As soon as possible, we pro-
ceeded north ta Site 986 on the Svalbard Margin. As we were finish-
ing operations at this site, it was apparent that the preposed sites on
the Yermak Plateau (including contingency sites) were well within
the area of sea ire and hence could not be cored, We thus proceeded
to our fast target on the East Greenland Margin, Site 987 (EGM~4).

Four holes cored deeper than 400 m were logged on Leg 162: Sites
982, 984, 986 and 987, We typically chose to run the Formation
MicroScanner (FMS), the Geologieal Righ-Sensitivity Magnetic Too!
{GHMT-A), and the Geochemical Logging Tool (GLT}after the Quad
Combo. These tools were run in order to measure in situ propertes
characteristic of the lithology such as bedding structisres, downhole
magnetic susceptibility, and major element abundances, as well as
magnetic polarity sequence. The downhole logs are particularly
useful in intervals where shipboard measwrements were not possible
due to a lack of recovery or coring disturbance, and proved to be
extremely interesting when combined with discrete physical proper-
ties, pare-water chemistry measurements (e.g. see “Site 982" section
of “Results”}, and seismic stratigraphy. With these data we have also
been able to develap synthetic seismagrams in order to fink the cored
sequences fo the seismic sequences of the region more directly; an
abjective that was particutarly impaortant on the Svalbard and East
Greentand Margins. Likewise, the logping data will allow us to scale
the recovered and typically expanded sedimentary sections back to
their true subsurface depths.

RESULTS
Overview
One of the mostexdting results of this leg ia that so many continuous
sequences with high sedimentation rates were recovered from areas
where major components of the climate system can be monitored.
in addition, a complete magnetostratigraphic recard trom the

interval of the Northern Hemisphere Ice Ages was obtained at nearly
every site. Sedimentation rates for four of the five North Atlantic
drift sites are shown in Fig. 4. Almaost all of these sites have upper
Pletstocene sedimentation rates greater than 10 cm/ky, and Site 984
has upper Pliocene seditmentation rates in excess of 15 cm/ky. [t is
clear from many of the records collected that detailed sampling will
allow us to investigate changes in surface- and deep-water chemistry
and sediment lithology on the time scale of hundreds to thousands
of years.

The drift sites are interesting for two reasons. First, these sequences
will provide information about the chemistry of water ymasses in
these regions through time by isotopic and trace element analyses.
Second, we will also be able to infer paleacurrent velacities through
sedimentological analyses. Such investigations will allow us to test
the response of thermohaline circulation to climate changes on many
time scales and in many different climate regimes.

At all the sites, high-tesolution continuous measurerents of key
Iithologic parameters were made, such as magnetic susceptibility
and spectral reflectance. Such data allowed development of
camposite sequences and continuous time series of alt parameters
with no significant gaps in the triple APC sections. Ground-truthing
the cause of variation in these non-intrusively measured parameters
will be a high priority for initial shore-based studies. For instance, it
appears that spectral reflectance may be a good indicator of carbonate
content in the sedimentary sectionss.

in order to understand the transformation of the Earth's climate
system into an ice age world during the Neogene, it is imporntant to
identify where and why ice sheets started to form. Data on the
inception, variability, and dynamics of these ice masses needs to be
assessed for each ice sheet individually in order to understand which
areas are the most sensitive o early ice sheet growth. For example,
when did glaciation shift from mountain and fjord style glaciation
to fully fledged ice sheets, and when did marine-based ice sheets
begin fo extend to the ouier continents} shelf? To obtain this
information, we cared Sites 986 and 987 close to the Svalbarad and
East Greentand margins, respectively. These last two sites of Leg
162 wese planned in order to core continental margin sediments
proximal to major Northern Hemisphere ice sheets: namely, the

. Barents /Svafbard Ice Sheet in the European Arctic and the Graenland

1ce Sheet. With these sequences we will be able te document and

date the main phases of glaciation of the respective jce sheets, ag’

well as ground-truth the seismic network used to map the main
glacial sequences on the margins. The successful coring of deep holes
at both locations was a major achievement of the leg. Shipboard
analyses document very different evolutionary histories of the two
ice sheets, and provide new insight inte stmilarities in the dynamics
of glacial deposition between the two sites. At Site 987, glacial
deposits exist throughout the sediment section, suggesting
continuous glaciation on Greenland since the late Miocene, with
major ice sheet expansion and depasition in the early and late
Pliocene. The Barents/Svalbard Ice Sheet appears to be much
younger, probably starting in the late Pliocene with major expansion
to the shelf break occurring in the Pleistocene. '

Finally, at almost every site an interesting discovery was made fror
the pore-water profiles. A downhole decrease in interstitial sulfate
was observed at al! sites. This decrease appears ta be rejated ta
sedimentation rate; that is, greater and more rapid depletions of
dissolved sulfate are observed during faster rates of deposition. This
decrease may occur because fluxes of organic matter are greater at
higher sedimentation rates, or because rapidly deposited sediments
may restrict diffusive communication with averlying seawater to
relatively shallow depths within the sediment. Besides the reduction
of arganic matter, the other important pracess which controls pore-
water geochernistry is the alteration of basement rock a5 well as
volcanic material within the sediment column, The degree of
depletion in the Mg® profiles at these sites refiects the age and nature
of the basement and the proximity of the site to a velcanic source.
Sites 980, 981 and 282 exhibit the smaltest Mg depletions, reflecting
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Figure 4. Age vs. sedimentation
_ rates for North Atlantic Drift Sites
y 980, 981, 983, and 934.
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the influence of a rifted continental block (i.e. the Rockall Plateau)
and the great distance from a volcanic source. The remaining sites
are all located on oceanic basement and many receive significant

inputs of volcanogenic sediment from Iceland. High heat-flow at

Sites 907 (121°C/km) and 986 (152°C/km) may also contribute to
the extent of Mg?* depletion by accelerating reaction rates between
interstitial waters and basement (and/or sedimentary volcanic
material).

Several of the most unexpected geochemical results are reflected in
the dissolved chloride profiles. Dissolved chloride usually behaves
conservatively in sediment pore waters, but three of the Leg 162
sites display downhele depletions in chloride concentrations (985,
986 and 987), four show little to no change (907B, 980, 981 and 983),
and two sites record downhole increases in chloride (982, 984),
Several processes were considered to explain such anomalous
chloride behavior: (a) decomposition of methane hydrates feg <
400 mbsf at Sites 982 and 985); (b) hydration (Site 982) or dehydration
(e.g. > 400 mbsf in Site 982) of clay minerals; and {c) variable
paleosalinity of the ocean (Sites 982 and 985). Additional shore-based
work is necessary to test these hypotheses.

Sites 980/981

Sites 980 and 981 are located on the Feni Drift, east of the Rackall
Bank, in the northeast Atlantic. The drift was deposited along the
northwestern flank of Rockall Trough under the influence of
geostrophic currents formed by Norwegian Sea overflow waters
flowing across the Iceland-Scotland Ridge and deeper waters
originating from the south (including Antarctic bottom water). The
excess deposition of fine-grained sediment on the Feni Drift
produced expanded sediment sections (> 10 cm / ky) that are ideally
suited for high-resolution paleoceanographic studies.

The extremely high sedimentation rates and strong magnetic signal
at Site 980 will permit high-resolution studies of paleomagnetic
transitions, as well as secular variation in the intensity of the magnetic
field. Likewise, these two sites, ~4 km apart, provide a natural
laboratory for investigating the effects of sedimentation rate on pore-
water chemistry and organic matter preservation. In particular,
sulfate reduction appears to be more prevalent in the upper sections
of Site 980 vs. 981, with Site 980 displaying approximately 25% higher

accurnulation rates. Major ion and stable isotopic studies on pore-

water samples collected on the ship will be completed on shore.

Site 982
Site 982 (NAMD-1), the site with the shallowest water depth (1145
m), will allow documentation of the evolution of intermediate waters

of the North Atlantic during the Neogene. This record will help
reconstruct water-mass behavior in the North Atlantic on glacial-
interglacial time scales of the Pliocene / Pleistocene, as well as during
the middIe to late Miocene interval when the Iceland-Scotland Ridge
subsided to depths that allowed deep water exchange between the

.Nordic seas and the North Atlantic. This site should also enable

reconstruction of the intermediate water-mass structure of the North
Atlantic during the latest Miocene Messinian events. In addition,
the recovery of a lower middle Miocene section should document
North Atlantic water-mass circulation at times when no North
Atlantic Deep Water (NADW) was thought to exist.

Age control for the sequence is primarily based on magneto-
stratigraphy, and on calcareous nannofossil and foraminiferal
biozonation. The magnetic signal is too weak to provide reliable
polarity sequences below the Matuyama/Gauss boundary (2.6 Ma)
and calcareous fossils provide the primary age control below this
boundary. The bottom of the drilled sequence is about 19 Ma, and
no major breaks in sedimentation are indicated by shipboard
analyses, Sedimentation rates average about 25 m/my for the mid-
Pliocene to Pleistocene. Below this level sedimentation rates increase
to about 32 m/my.

A sharp horizon was identified at 268 mbsf consisting of a poorly
recovered, silicified foraminiferal sand cobble. This horizon, in
sediments 7-8 Ma, marks the upper regional seismic reflector of the
Rockall Basin (reflector R1), Downhole logs indicate that the silicified
material is a 4 m-thick sequence which we tentatively interpret as a
turbidite. This silicified layer apparently formed a barrier that
dampened or disabled pore-water diffusion, as indicated by distinct
differences in pore-water profiles above and below the layer. This
apparent lack of diffusion may open possibilities for studying
differences in ocean chemistry {especially salinity} before and after
the Messinian salinity crisis.

Site 983

Site 983 (GARDAR-1) is located on the Gardar Drift at a water depth
of approximately 1995 m on the eastern flank of the Reykjanes Ridge.
This is the approximate mid-depth of Glacial North Atlantic
Intermediate Water (GNAIW) during the last glaciation. Obtaining
along-term history of this water mass is one of the primary scientific
objectives of this site. In conjunction with Sites 980, 981 and 982 to
the east, this site will alsa be used to assess E-W gradients in surface-
water conditions as well as to monitor Norwegian-Greenland Sea
overflows across the Greenland-Scotland Ridge. In particular, Site
983 lies on the northwest margin of the Iceland Basin directly
downstream of overflows from the Iceland-Faroe Ridge. The high
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sedimentation rates expected (and found) here will provide an
unprecedented record of both glacial-interglacial and millennial-
scale variations in thermohaline circulation, surface-water tempera-
tures, and ice-rafting history during the late Pliocene and Pleistocene.

Site 984

Site 984 (BJORN-1) is located on the Bjorn Drift at a water depth of
approximately 1660 m on the eastern flank of the Reykjanes Ridge.
This is within the core of GNAIW during the last glaciation. The
major objectives of this site were the same as for Site 983 to the south
(see above).

Site 307

The primary objective of drilling operations at Site 907 was to recover
an undisturbed pelagic sedimentary sequence with carbonate and
IRD records. Shore-based studies of the one hole cored by Leg 151
at Site 907 in 1993 provided a reliable stable isotope record of the
last 1 Ma, and a record of IRD back to more than 7 Ma. Given that a
detailed paleoclimatic record can be extracted from these sediments,
we wanted to return to this site and finish the planned triple coring
to provide a complete and undisturbed high-latitude section for
much of the Neogene. Thus, the site was reoccupied by Leg 162 and
two additional holes were cored (Holes 907B and 907C).

High-resolution shipboard multisensor track (MST) data allowed
us to combine the MST records from Legs 151 and 162 to generate a
spliced composite section. We were thus able to fill in recovery gaps
over core breaks in Hole 907A and will now be able to complete the
high-resolution paleoclimate studies begun on Leg 151.

Site 985

Site 985 (ICEP-3) is located on a gentle slope of the [celand Plateau,
at a water depth of 2799 m, and is part of the palecenvironmental
transect with Sites 907 and 987. The site was a second-priority site
for Leg 162, and was cored due to operational constraints which
required our staying in the vicinity of Iceland. With the recovered
sequences we intend to (a) monitor the history of oceanic and climatic
fronts moving east and west across the Norwegian Sea, (b) derive
an open-ocean record of IRD and carbonate accumulation, and {c)
document the history of formation of northern-source deep waters.

Site 986

Site 986 (SVAL-1B) was drilled on the Svalbard Margin to examine
the onset of glaciation in the European Arctic and establish the history
of the Svalbard-Barents Ice Sheet, including a probable transition
from a terrestrial to marine-based ice sheet in the Barents Sea. Four
holes were cored with a maximum penetration of 964.6 mbsf. The
sequence penetrated all the main regional seismic reflectors (R1-
R7) of the Svalbard-Barents Sea margin, with good ties to the
reflectors and main seismic sequences from core physical property
measurements and wireline logging. These data will allow us to
document the main phases of glacial erosion and deposition on the
margin. The sediments recovered are predominantly fine- to coarse-
grained siliciclastics with varying amounts of gravel. Dropstones (>
1.0 cm in size) are abundant in most cores of the upper sedimentary
sequence {0-561.8 mbsf). Sedimentary rocks are common throughout
this sequence, whereas igneous and / or metamorphic rock fragments
are more common in the interval from 380-550 mbsf. OCver 500
dropstones greater than 1.0 cm in size are present from 2.58 mbsf to
845.3 mbsf.

High methane content in the rapidly deposited sediments and a high
dropstone content led to variable recovery. However, all main seismic
units are documented by recovery, and important additional
information from wireline logging of the upper 500 m of the sequence
enables a comprehensive description of the formations.

Although age constraints are relatively uncertain throughout the
sedimentary sequence, sedimentation rates at Site 986 appear to have
remained between 160 to 360 m/my from the Pliocene to Holocere.
Foraminifer and calcareous nannofossil evidence indicate an age
between 3.6 and 2.4 Ma for the sequence below 700 mbsf, whereas a

N

dominant reversed magnetization in the lower sequence may
indicate an even younger age. The shipboard results suggest that
the fan buildup on the Svalbard Margin happened in the Pliocene—
Pleistocene due to glacial erosion/ deposition. A major shift in glacial
style and ice sheet size took place in the Quaternary, and is charac-
terized by the onset of excessive debris-flow sedimentation, which
probably originated from ice sheets grounded at the shelf break.
Debris flows are more conspicuous and thicker during the initial
phase of this development than those flows during the later stages.

Methanogenesis occurs as shallow as 20 mbsf at Site 986 due to the
high sedimentation rates. High methane content prevails throughout
the section with higher-mass hydrocarbons becoming more
abundant with burial depth. A low salinity level at about 50 mbsf
indicates that methane clathrates may be decomposing, whereas a
strong reduction in chlorine content and salinity below 400 mbsf
may be attributed to dewatering of clays due to high heat flow.
Downbhole temperature measurements and shipboard thermal
conductivity measurements documented a higher heat flux at the
site than previously anticipated,

Site 987

Five holes were cored at Site 987. Maximum penetration was 859.4
mbsf, which is estimated to be within a few meters of the oceanic
basement. All major seismic sequence boundaries were penetrated,
and there was overall good recovery. Despite gas expansion problems
in the upper few hundred meters of the section, offsets between holes
could be determined for approximately the upper 180 mbsf, and a
continuous spliced section was produced for the upper 100 mbsf
(approximately the last 1 Ma). Paleomagnetic data provided time
control, which enabled detailed documentation of the glacial history
of the Greenland Ice Sheet back to the late Miocene. Biostratigraphic

" age information is scarce due to the predominance of intervals

lacking microfossils. The recovered sediments are mostly fine- to
coarse-grained siliciclastics. Evidence of glacial depositional environ-
ments prevails throughout the recovered section.

Turbiditic downslope sediment transport seems to have been an
important sedimentary process during the Pleistocente and late
Pliocene at this location. Units II (upper Pliocene} and IV (lower
Pliocene) are very similar, and appear to have originated from
gravity-driven debris flows. Units III (lower to upper Pliocene) and
V (lower Pliccene to upper Miocene) appear to have a higher
component of hemipelagic deposition with less downslope sediment
transport than in Units [, [T and IV.

The high deposition rates at this site are reflected by the change
from sulfate reduction to methanogenesis at shallow burial depth
(30 mbsf). Methane content as high as 68,000 ppm was observed at
74 mbsf, and it decreased somewhat downsection. No evidence for
gas hydrates was found, and natural gas profiles reflect normal
biogenic processes. The organic matter content is variable, primarily
reflecting marine organic matter with low C/N ratios.

The seismic stratigraphy, lithostratigraphy, sediment physical
properties, and wireline logging results at Site 987 reflect variations
in the frequency and amount of gravity-driven sediment transport
from the East Greenland Shelf, which is in accordance with the site
being located on the northeastern flank of the Scoresby Sund glacial
fan. Intervals of more frequent debris flows form the most distinct
seismic reflectors. Results of the shipboard paleomagnetic studies
indicate a late Miocene age for the lowermost cored sediments
immediately above basement. A main result of coring at Site 987,
based on the paleomagnetic data, is that new and younger ages than
previously proposed can be assigned to the main buildup of the
Scoresby Sund Fan. The main phase of fan construction took place
in the late Pliocene to Pleistocene. Although glacial marine deposition
and downslope transport is characteristic of most of the drilled
sequence, two phases, one in the early Pliocene and another in the
late Pliocene, are the most noticeable intervals of thick debris-flow
deposition, presumably from an ice margin at the paleo shelf break.
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ABSTRACT

ODP Leg 163 was the second of two drilling legs to the Southeast
Greenland margin to core a sequence of subaerially erupted basalts
associated with continental breakup that occurred in the early
Tertiary. Together with Leg 152 this program addressed the nature
of rifting and breakup at this rifted continental margin and, in
particular, assessed the impact of the Iceland mantle plume on
breakup and early spreading. These investigations build on earlier
DSDP and ODP drilling of seaward-dipping reflector sequences
(SDRS) on the Rockall and Voring Plateaus (Legs 81 and 104), with
these SDRS occurrences and associated extensive subaerial exposures
of Tertiary basalts on Greenland, the Faeroe Islands, and the western
British Isles collectively forming the North Atlantic Voleanic
Province. Principal results are as follows:

(1) completion of the record of volcanic evolution of the East
Greenland margin at latitude 63°N, from continental
breakup to oceanic crustal production;

(2)  fundamental constraints on the age of SDRS volcanism,
from preliminary identification of the first two magnetic
polarity reversals yet discovered in the East Greenland
SDRS; and

(3)  theidentification that the Iceland plume mantie component
is more strongly expressed in the composition of the basalts
at latitude 66°N compared with 63°N.,

The third result, together with previous evidence from DSDP Leg
81 and ODP Leg 104, provides sufficient information to map the
basic compositional structure of the mantle melting regime that
existed during the initiation of the Iceland plume and breakup of
the North Atlantic. ©

INTRODUCTION

Strategy

The Southeast Greenland margin is a type example of a volcanic
rifted margin. The margin is characterized by a broad seaward-
dipping reflector sequence (SDRS) composed of basalt that onlaps
continental (mainly Precambrian) crust to the west and terminates
eastward in oceanic crust of early Tertiary age (Figs. 1, 2). In the
Northeast Atlantic, seafloor-spreading anomalies 24n-24r are the
oldest identified pair of anomalies. Anomaly 24n is developed off
Southeast Greenland as a double-peaked anomaly, reflecting the
three short positive events C24n.1 through C24n.3 and relatively high
spreading rates during this interval (approximately 3 em/yr.half-
‘rate).

The minimum age of the Southeast Greenland SDRS is constrained
by the seaward occurrence of well-developed seafloor-spreading
anomalies (Fig. 1). In the north, close to the Iceland-Greenland Ridge,
.the SDRS extends seaward to chrons €22n-C21n (49-47 Ma).
However, most of the Southeast Greenland SDRS is found landward
of and is older than C24n.1 (53 Ma; Cande and Kent, 1992). Weak

and semnilinear magnetic anomalies are present over the main SDRS
and may represent either low-amplitude anomalies older than C24n
{e.g. C25n-C27n, 56-61 Ma) or short magnetic events within C24r.

Evidence for significant magmatism and tectonism during conti-
nental breakup is not restricted to the offshore areas. A coast-parallel
dike swarm and assoctated seaward flexuring of the crust one present
from 63°N along the east Greenland coast and northward. Within
this zone, gabbroic and syenitic intrusions are present {Fig. 1) and
locally associated with basaltic lavas overlying thin sediments.
Farther north, a much more extensive and thick flood-basalt province
is preserved (Fig. 1). Comprehensive studies of the onshore region
are being conducted in parallel with ODP drilling and will be
augmented in 1996 with a program of deep crustal seismic imaging
that includes the region. In particular, ODP.drilling and field
geological studies will aim at correlating the on- and offshore parts
of the crustal flexure zone and the volcanic stratigraphy within the
two areas.

Drilling was positioned along two margin transects, located distal
(Legs 152 and 163) and proximal (Leg 163) to the Iceland plume
center. The two transects were named EG63 and EG66, respectively,
in reference to their approximate latitudes. At each transect, drilling
was targeted at the pre-rift crust, the breakup unconformity and
earliest volcanism, the transition from initial continental volcanism
to ocean crust volcanism, and, most seaward, a reference hole in
steady-state spreading crust. This drilling strategy was designed with
two primary objectives: '

(1)  investigation of the development with time along each
transect would tell us about the progressive weakening of
the continental crust and the associated magmatic
development;

(2)  thestudy of magmatic development and the magma source
at different offsets from the iceland plume would enable
us to evaluate possible radial zonation in the original
plume structure.

Additional reference peints for the second objective are provided
by the earlier DSDP Leg 81 drilling at the Hatton Bank margin (most
distal southern offset} and ODP Leg 104 drilling at the Vering margin
(intermediate northern offset).

Geophysical Database

Legs 152 and 163 were based on a large set of seismic data over the
Southeast Greenland margin (Fig. 3). The database comprises three
different sets of seismic data: (1) regiona! to detailed grids of shatlaw,
high-resolution multichannel seismic (MCS) data; {2)a regional grid
of deep 7-s (two way traveltime, TWT) MCS data; and (3)deep 145
(TWT) MCS data. In addition, aeromagnetic and regional marine
gravity data exist.
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Figure 1. Geological map showing the
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Atlantic are shown. Subaerially erupted

basalts show flood basalt structure

landward of the inferred continent/ocean

boundary and have a SDRS structure

seaward of the boundary. The part of
northwestern Iceland that shows an-
SDRS-like structure is included. Note that

the spreading history of the Iceland

Plateau north of the GIR (Greenland—

Iceland Ridge) is different from that south

of the GIR. In the young crust north of
the GIR, the typical SDRS structure is not

continuously present and extends to a

depth of only about 2 km. However, below

the GIR itself, the SDRS may attain a

thickness of 10 km.

Leg 152 Results and Implications for Leg 163

A number of important observations made during Leg 152 drilling
into the Southeast Greenland SDRS significantly affected the detailed
planning of Leg 163. These include the following: (1) highly tilted to
subvertical pre-rift sediments occur below the inner part of the SDRS;
(2) an early, continentally hosted and contaminated basaltic to andes-
itic volcanism of 61-62 Ma overlies these sediments; {3) the upper
limit of these lower lavas is a sharp transition - possibly a hiatus -
into picritic to tholeiitic lavas followed by basalts of a rather uniform
composition that resemble depleted thoieiites from Iceland and
appear to make up the main part of the SDRS; and {(4) all recovered
igneous units were erupted subaerially. Thus, Leg 152 confirmed
that the SDRS is a wedge of predominantly basaltic material extruded
subaerially in accord with the model for crustal accretion in Iceland
and with the interpretation of seismic data.

The Leg 152 findings imply the presence of a rapid transition from
continental to oceanic crust below the inner part of the SDRS. During
formation of this continent to ocean transition, pre-rift sediments
were deposited in a basin of unknown width and, later, in a zone
close to the final line of breakup, subjected to faulting and crustal
extension, uplift and erosion prior to volcanism,

The Leg 152 data are deficient in a number of aspects. These include
a lack of suitable material for age determination of the oceanic
succession (i.e. the main part of the SDRS), non-continuous sampling
of the transition from initial picritic to depleted tholeiitic volcanism
within the oceanic succession, and non-recovery of-the oldest part
of the continental volcanic succession. In addition, the pre-rift
sediments were poorly sampled because of their subvertical
orientation, and they have been too strongly metamorphosed to yield
any age-diagnostic fossils or palynomorphs.

Leg 163 was planned to overcome these deficiencies within the
southern EG63 transect, as well as to sample the breakup and early

" seafloor spreading volcanism in a more proximal position to the

proposed Iceland “hot spot” track along the northern EG66 transect.
The faint signature of the Iceland plume in the Leg 152 rocks suggests

that a stronger plume imprint could be present at this location closer
to the former plume axis, which, if true, would indicate a radial
Zonation within the original plume structure.

Integration of observations from drilling, field geology, and
geophysics on crustal structure and deformation, timing of volcanism
and the involvement of Iceland plume material in the breakup
process eventually will enable a critical review of current models of
plume structure and the impact of mantle plumes on the process of
continental breakup.

Drilling Plan

In order to meet the main objectives, a total of six first-priority sites
was planned for the two transects. Three sites were planned for the
innermost part of the EG63 transect. Two sites were targeted to
increase the sampling of the pre-rift crust and oldest volcanic cover,
and one site was to deepen Site 915 in order to provide stratigraphic
overlap with Site 917 (Figs. 2, 3). Three sites were also planned for
the northern EG66 transect. The two sites within the innermost part °
had objectives roughly similar to the inner sites of the EG63 transect,

- although less ambitious in terms of stratigraphic coverage. The

additional seaward site was planned in SDRS-type oceanic crust of
Anomaly 22 age {i.e. in steady-state accreting Icelandic-type oceanic
crust).

Changes in the Drilling Plan Imposed by Drilling Problems and
Weather

Damage to the ship sustained during shallow-water coring and
extreme storm conditions reduced the scientific drilling operations
at Leg 163 to less than half of the planned program. Recoil from a
break in the drill pipe on 10 September 1995 damaged the top-drive
assembly after only one day of drilling at the first, shallow-water
site. A port call to Reykjavik, Iceland, was made in order to make
the necessary repairs. Permission to drill in water depths shallower
than 300 m was temporarily withdrawn by ODP/TAMU, pending
review of safety procedures and the delivery of supplemental drilling
hardware. Operations therefore resumed at the deeper water sites
along the southern EGé63 transect on 16 September. Drilling
progressed, though with interruptions, because of heavy seas and
icebergs drifting across the drill sites, until 29 September.
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Figure 2. Seismic track map and regional bathymetry.
Previously drilled holes and Leg 163 drilled sites and planned
sites are shown. Ice-free, subaerial bedrock outcrop is
stippled.

Extreme hurricane conditions built rapidly through the night of 29
September. Several times the NNE wind exceeded 100 kt, and it
remained at hurricane force for at least 26 hr. By the morning of 30
September, the ship was being battered by short-period, 60-70 ft
high waves, and she was unable to maintain position without risking
severe damage. The ship’s bridge took water through a broken
window, which caused both radars to fail and threatened the
computers for the dynamic-positioning system. Numerous thrusters
were mechanically damaged or became inoperable because of
flooding. In spite of reduced manoeuverability, the ship was able to
maintain heading in the wind and sea while it was being forced
south at a speed of up to 4 kt. While drifting in this manner, there
was an increased potential of colliding with icebergs. When the storm
abated to gale force on 1 October, the ship was turned to the south
and the transit to Halifax, Nova Smﬁa, for repair was started.

At this point, major repairs and a thorough examination of the ship’s
structure and systems were needed. This ruled out the possibility of
further drilling operations during Leg 163. As a result of these
untimely events, only three of the planned six sites were occupied.

RESULTS

Site 988

Site 988 is located 56 km east of the East Greenland coast, within the
northern drilling transect EG66 (Figs. 2, 4). The site was selected to
penetrate deeply into the feather-edge of the SDRS that overlies the
transition zone between continent and ocean crust. The primary
drilling objectives at this site were to determine the composition,
age, and eruption environment of the SDRS in a position close to
the Iceland-Greenland Ridge for comparison with the distal SDRS
cored during Leg 152.

Lithologic Unit [ is a thin layer (0-10 mbsf, estimated from seismic
profiles and the drillers’ log; 0.4 m recovered in Core 163-988A-1R)
of Quaternary(?) glaciomarine sediments, including rounded cobbles
of gabbro, white and pink fine-grained granite, dark gray to black
aphyric basalt, and gneiss. The compacted diamicton recovered at
Leg 152 Sites 914 through 916 (Figs. 2, 4) to the south is absent at this
site. The glaciomarine rocks unconformably overlie basaltic
basement (igneous Units 1 and 2) at about 10 mbsf.

Two flow units were recognized in the core recovered from the
interval 10-32 mbsf. Igneous Unit 1 is a dark, greenish-gray,
plagioclase-pyroxene-olivine-phyric basalt. The upper contact was
not recovered, but the lower contact is preserved in Section 163-
98BA-5R-1, (Piece 10); the thickness of the unit is between 19 and 21
m. The unit has a massive aspect and is sparsely vesicular; the
vesicles are filled with smectite/saponite and some contain the
zeolite chabazite. The glassy groundmass and the majority of the
sparse olivine phenocrysts have been replaced by brown smectitic
clay. Other phases are unaltered. Igneous Unit 2, of which only 90
cm was recovered from the interval 29 to 32 mbsf is, by contrast,
highly to completely altered, with relict clinopyroxenes in a clay
matrix. Texturally, this unit appears to represent the top of a
fragmental, perhaps scoriaceous, basalt flow top. Shipboard X-ray
fluorescence (XRF) data show that both units have high Nb/ Zr (0.12)
and Ce/Y (1.2), identical to Tertiary basalts from Iceland (Fig. 5).
The low Ni content and low Mg# of Unit 1 {about 74 ppm and 0.50,
respectively) are consistent with the evolved three-phase phenocryst
assembiage of this basalt. Both units were most likely emplaced as
lava flows, but the absence of an upper contact in Unit 1 means that
we cannot eliminate the remote possibility that it is a sill. The highly
oxidized aspect of Unit 2 is consistent with emplacement as a flow
in a subaerial environment.

The basalts at Site 988 are subhorizontal to gently dipping, and show
only modest amounts of brittle deformation. Subhorizontal
magmatic flow-banding is noted locally. Subhorizontal calcite-filled
veins occur at a spacing of 0.5-1.0 m. Joints and veins filled by calcite
and clay were also found in a subhorizontal and subvertical bimodal
distribution. An alteration halo around one subvertical fracture was
noted.

Paleomagnetic data for the Site 988 basalts were obtained from the
archive-half sections of Cores 163-988A-1R through 5R using the
shipboard cryogenic magnetometer. The initial natural remanent
magnetization (NRM) intensity of the core was between 5 and 10
A/m. Demagnetization of each section by up to 30 mT removed a
steep downward-dipping remanence, possibly acquired by drilling,
and reduced intensities to 5-10% of initial values. The core has a
consistent reversed polarity with two exceptions. One interval
(section 163-988A-1R-2, 5-55 cm) of apparent normal polarity eccurs
within what appears to be a single thick flow. As this is-an unlikely
occurrence, we conclude that two pieces of core were inverted during
labelling and splitting. Another interval of normal polarity is located
in the highly altered clay-rich flow top material of Unit 2 present
near the bottom of the last section (section 163-988A-5R-2, 0-10 crn).
The magnetic orientation of this material was probably affected by
the high degree of secondary alteration observed or possibly by the
drilling process. .

Measurements of index properties from minicores yielded an average
bulk density of 2.907 g/cm? an average grain density of 2.969 g/
cm?, porosities of 10% or less, and P-wave velocities from 4.94 to
5.73 km /s for igneous Unit 1. P-wave velocities measured directly
in the working half of the split core increase downcore through Unit
1, from values of 5.5-5.7 km /s at the top of Unit 1 to 6.0 km/s near
its base. An intermediate level (25.14-26.18 mbsf) with unusually
high velocities appears to correlate with flow banding observed at
that level (Section 163-988A-4R-1,Piece 5, 32-38 cm). The highly
vesicular, fragmented, altered basalts from Unit 2 were not measured.

Site 989
Site 989 is located 23 nmi east of the East Greenland coast. It is one
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of the three drill sites planned for the southern drilling transect EG63
(Figs. 2, 4). Drilling at Leg 152 Sites 915 and 917 had penetrated a
thick lava sequence that recorded development from an early
continental crust-contaminated volcanism, through transitional
picritic and tholeiitic volcanism contemporaneous with breakup, into
steady-state oceanic volcanism. Site 989 was selected to penetrate
and sample the very oldest lavas of the SDRSs that overlie the
breakup unconformity and underlying, layered pre-rift crust. The
primary drilling objectives at this site were to (1) determine the
stratigraphy, composition, age, and eruption environment of the
volcanic rocks above the breakup unconformity; {2) determine the
nature and age of the breakup unconformity; and (3) determine the
nature and deformation of the continental basement and / or pre-rift
sediments beneath the volcanic sequence,

Lithologic Unit [ is a thin layer (0-4 mbsf) of Quaternary(?)
glaciomarine sediments unconformably overlying basaltic basement
(igneous Units 1 and 2). The only material recovered consists of
discrete rock fragments, including gneiss, aphyric basalts/ meta-
basalts, guartzite and dolerite. The lithologies of these clasts are
consistent with an ice-rafted origin, even though no finer-grained
matrix was recovered. The relatively weak nature of the sediments
recovered at Site 989 suggests that these are glaciomarine deposits,
rather than overcompacted giacdial tills.

Two igneous flow units were recognized in the core recovered from
the interval 484 mbsf (Hole 989B). From seismic data, these are
interpreted to lie stratigraphically below the lavas drilled at Site 917
and represent the oldest part of the SDRS. Igneous Unit 1 is at least
69 m thick, the thickest lava flow yet reported from an SDRS. It is
notable for its constant grain size, constant vesicularity, high
mesostasis content, and repeated bands showing quench textures.
These features indicate rapid cooling during solidification through-
out the lava flow. We interpret Unit 1 as a compound lava flow
consisting of numerous individual flow units 0.1-10 m thick. The
large number of thin flow units, together with the absence of sharp

flow contacts, may indicate both (1) proximity to the eruptive vent
and (2) rapid eruption of the entire lava flow. The observed decrease
in maximum flow unit thickness upward in the lava may reflect an
exponentially diminishing eruption rate with time.

Unit 1 is essentially aphyric. The groundmass consists of plagioclase,
augite, magnetite, trace olivine, and mesostasis. Clay alteration is
total for both mesostasis and olivines, whereas plagioclases and
augites are generally fresh. The textures vary between two extremes:
(1} a very fine-grained rock with quench textures of spherulitic,
acicular, and skeletal plagioclases (and sporadit augites) within a
vesicular and mesostasis-rich matrix; and (2) a “normal” fine-grained
intersertal, intergranular to variolitic and sub-ophitic rock with large
disseminated vesicles (up to 20% and up to 4 mm across). The
transition between quenched and normal textures may be sharp
(internal flow boundaries) or gradational.

Igneous Unit 2 is porphyritic with phenocrysts of plagioclase, augite,
and trace olivine in a very fine-grained matrix. Olivine phenocrysts
occur as individual disseminated grains that are now totally altered
to clay. Plagioclase and augite phenocrysts are fresh, commeonly
strongly zoned and resorbed {plagioclase), and in glomerocrystic
clusters. The groundmass has a seriate texture defined by micro-
phenocrysts of very elongate plagioclases (4-5% of groundmass).
Stubby olivines {trace to 2%) and anhedral augites (<1%} also form
microphenocrysts. The groundmass (up to 0.2 mm grains) consists
of plagioclase laths, equant augites, euhedral to skeletal magnetite,
and mesostasis in an intersertal / intergranular to variolitic texture.

The two units recovered at Site 989 are both strongly depleted in a
number of incompatible elements such as Zr, Nb, Ti'and P and
presumably melted from a depleted mantle source (Fig. 5). Both lava
flows are composed of evolved basalt, which implies storage in a
magma chamber underlying this part of the volcanic succession,
Similar crustal magma chambers were invoked for the lavas in the
Lower Series at Site 917, which have assimilated a Sr- and Ba-rich
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Figure 3. Seismic cross-section through
Site 988 (top). Interpretations shown in
line drawing (middle) and migrated

section (bottom). The Eocene age of the
postrift sediments is inferred through
correlation with the EG63 transect.
Seismic velocities used in the depth

conversion and migration are in km/s.
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crustal component. The low Sr and Ba contents in the Site 989 lavas
preclude a direct correlation with the Lower Series in Site 917. In
contrast, the lavas at Site 989 have either escaped crustal contami-
nation or have assimilated a crustal component very different from
that which contaminated the lavas in Site 917.

Physical property measurements (P-wave velocity, bulk and grain
densities, porosity) of Unit 1 are quite constant with depth and
correlate well between the holes. The transition from Unit 1 to Unit
2is clearly recognized, with average P-wave velocity increasing from
5.2t06.0km /s, density increasing from 2.8t0 3.0 g/ cm?’, and porosity
decreasing from 12% to 2%. The 3% average reduction between P-
wave velocity measurements performed on minicores vs. half-rounds
may be due to drilling-induced fractuting of the outer edges of the
cores.

Deformation of the cored sequence at Site 989 is principally in the
form of brittle fracturing, manifest as veining and jointing. Veining
is commonly present as two conjugate sets, one postdating the other,
but both infilled with a combination of green clays and zeolites.
Measured dips within Unit 1 for flow banding and other forms of

" textural variation, such as vesicular layers, are scattered but are
concentrated between 15° and 45°. These features are interpreted to
be chilled surfaces of flow units within a compound flow.’

Unit 1 recovered in both holes appears to carry a normal magnetic
polarity with a mean inclination of 68.4°. If confirmed, this will be
the first flow of normai polarity reported from the East Greenland
margin, and current stratigraphic evidence correlates this normal
event with Chron C27n. Unit 2 appears to contain both normal (top)
and reversed polarity. The top part of the flow was possibly
remagnetized during the emplacement of the normally magnetized
Unit 1. All discrete samples from Holes 989A and 989B sections,
demagnetized to 80 mT and measured on the cryogenic magneto-
meter, carry normal polarity. Discrete samples from the lower part
of Unit 2 contain revefsed polarity. Confirmation of the magnetic
polarity must await further alternating field and thermal
demagnetization studies on shore.

889 990

Site 990

Site 990 is located 28 nmi east of the East Greenland coast, within
the southern drilling transect EG63. It was one of three drill sites
planned to complete the stratigraphic sampling of the earliest
volcanism along this margin (Figs. 2, 4). The site was located at the
position of previous ODP Site 915 in order to penetrate more deeply
the lava succession to test the hypothesis that Iceland-type oceanic
crustal accretion and steady-state production of Iceland-type
tholeiites were injtiated within this stratigraphic interval. Another
important objective at the site was to sample material suitable for
precise radiometric and magnetostratigraphic age determinations
in order to assess the magnitude of a suspected hiatus in volcanic
activity, located between the Middle and Upper series lavas at Site
917.

Because the sedimentary section had been cored at Site 915 during
Leg 152, Site 990 was washed to a depth of 182.0 mbsf and rotary
cored below that level. Sediments were recovered in the interval
182.0~202.3 mbsf and subdivided into two lithologic units. According
to ODP convention, these two units are termed lithologic Unit [ and
lithologic Unit II, even though data from Site 915 indicate that the
material above 182 mbsf probably forms two additional lithologic
units. As a result, we correlate lithologic Units I and IT at Site 990
with lithologic Unit Il at Site 915. The ages of both Site 990 units are
unknown, but the ages of the overlying sediment and underlying
basalt at Site 915 suggest an early Eocene age.

Lithologic Unit I is a calcite-cemented mixed-cobble conglomerate,
dominated by clasts of altered basalt, gabbro, and dolerite; quartzite
and siliciclastic siltstone form the remainder of the cobbles. The
cobbles are generally rounded to well rounded and range in size
from 4 to >12 cm in diameter. The matrix is a poorly sorted silty
sand, with angular grains, sand-sized mudstone intraclasts, and
calcite cement.

+

Lithologic Unit IT directly overlies basalt and is a clayey volcaniclastic
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Figure 4. Seismic cross-section through Site 989 (top). Interpretations shown in line drawing (middle} and migrated
interpretation (bottom). Steeply dipping to subvertical pre-rift sediments were encountered in the rotated fault block located
below the lava sequence at Site 917. Seismtic velocities used in the depth conversion and migration are given in km/s.
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Figure 5. N-MORB normalized minor-element and trace-element
spidergrams of cored basalts from the SDRS along the EG66
fransects (Site 988) and EG63 (Sites 915, 917,918, 989, and 990).
The Site 917 data include only samples with 6-9% MgQ; samples
with high Nb/Zr were also excluded. The Site 990 lavas are virtually
identical in composition to lavas recovered from Site 918, 72 km
farther offshore and in the center of the seaward-dipping reflector
sequence. This observation implies that seafloor-spreading-type
magmatism was established soon after breakup of the continental
margin (represented by the Site 917 Upper Series). The Site 988
lavas are considerably enriched in the incompatible elements
compared with those from the EG63 transect. The Site 988 lavas
are about 300 km closer to the GIR than lavas from the EG63
transect and are similar to Tertiary basalts from Iceland and
Scoresby Sund, East Greenland. The offset from the Iceland plume
and its palaeoposition (GIR), at which we observe this marked
enrichment are similar to that mapped by DSDP Sites 406408
(Fig. 2) and along the Reykjanes Ridge. This observation suggests
that the generation of enriched, Iceland-type tholeiites has been
limited to about the same (~200-300 km) offset from the center of
the Iceland hot-spot since the inception of rifting and ocean floor
formation.

breccia, dominated by basaltic debris. Clasts in the breccia are altered
basaltic material. The matrix of the brecda is dominated by clay and
iron oxides, probably derived from the alteration of basaltic material,
and minor well-rounded silt to fine sand-sized quartz grains. The
presence of poorly developed flow indicators, the repeated vertical
changes between clast-supported and matrix-supported fabric, and
the absence of macroscopic pedogenic features indicate that Unit II
was deposited by a moving fluid, such as a matrix-rich debris flow,
after a limited distance/energy of transport. The large size and the
rounding of the clasts in lithologic Unit I suggest that this unit was
deposited in a high-energy environment, possibly a high-gradient
stream, a shallow, wave-influenced marine setting, or a fan delta.
Additional sedimentary material, apparently untransported, was
recognized as red, brecciated to clayey material on the tops of flow
units within the basalt basement. This material has been described
as part of the igneous sequence, but reflects in sit alteration and
soil development.

Thirteen flow units were recognized in the core recovered from the
interval 212-325 mbsf, on the basis of changes in the phenocryst
assemblage or the presence of weathered and / or vesicular flow tops.
Lava flows fall into one of three types: aa, pahoehoe, and transitional.
Pahoehoe flows dominate in the lower part of the drilled sequence,
whereas aa flows are ubiquitous in the upper portion. The top of the
volcanic section at this site (and the previously drilled Site 915) is
deeply weathered and oxidized, indicating that eruption occurred
subaerially with some time gap between successive flow units.

Flow units cored at Site 990 range from aphyric to highly olivine or
plagioclase-olivine-clinopyroxene phyric basalt. The olivine content
decreases upward in the section, whereas both grain size and flow
thickness increase upward. There is a subtle but systematic composi-
tional variation in trace-element contents from the base to the top of
the sequence (i.e., decreasing Cr and Ni and increasing V, Nb, Zr
and Y). In general, the lavas are moderately evolved, with low trace-
element abundances, and geochemically similar to the one unit
recovered from Site 915 and all units at Site 918 (72 ki to the east;
Fig. 5}. No lavas similar to the Upper Series units cored at Site 317 (3
km to the west} were found, indicating that the transition from the
breakup-related series to the Iceland-type tholeiitic series that
dominates the oceanic SDRS is abrupt and occurs over a stratigraphic
interval of <100 m.

The basaltic rocks recovered at Site 990 exhibit numercus planar,
primary magmatic features that consist of vesicular layers, elongated
patches of filled vesicles, and widely developed diffuse, thin flow
bands. Many of these magmatic features occur in an almost hori-
zontal attitude. The only evidence of deformation consists of a
relatively dense network of veins and, to a lesser extent, of fractures,
some of which show the development of slickensides. The veins,
usually 1-2 mm thick, are commonly lined and filled with green
clay. Other minerals less commonly seen in veins include zeolite
minerals, carbonates, native copper and gypsum.

Paleomagnetic data for the Site 990 basalts reveal a magnetic reversal
between the upper two normally magnetized flows and the lower
11 reversely magnetized flows. Integration with Leg 152 results
suggests that the normal polarity interval may be correlated with
either magnetochron C25n or C26n and the underlying reverse
polarity interval with C25r or C26r. The discovery of normal polarity
intervals, together with results from future radiometric dating, offers
the promise of a precise chronology for East Greenland margin
volcanism.

Measurements of index properties from half-round cores and discrete
minicores correlate with the flow structure. Specifically, P-wave
velocities and bulk densities vary from 2 km/s and 2.3 g/em? in
altered, vesicular flow tops to 6 km/s and 3.0 g/cm?® within the
central, more compact portions. From the high rates of recovery and
detailed sampling, it is apparent that the often reported differences
between velocity and density measurements on discrete core samples
and estimates derived from seismic reflection or downhole logging
result from preferential recovery of the compact, central flow mate-
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rial. Magnetic susceptibilities range from 100 x 10 to 5000 x 105 SI.
Thermal conductivity values are similar to those measured at Hole
9898, namely ~2 W/m/K.

CONCLUSIONS
Despite the significant loss of operational time because of environ-
mental conditions, extraordinary recovery of core at three critical
sites provided the material to address most of the high-priority
objectives of the leg. However, the main tectonic objective of drilling
through the breakup unconformity and sampling the pre-rift crust
(presumably sediments) was not fulfilled.

The following are the initial, major results of the cruise:

(1) There now exists a virtually complete record of the volcanic
evolution of the East Greenland margin at latitude 63°N, from

earliest, depleted and continentally contaminated, relatively -

deeply segregated magmas, through breakup-related picritic -
and tholeiitic magmas derived by shallower and larger
degrees of melting, to a steady-state oceanic magma series.

(2)  Preliminary identification of two magnetic polarity reversals,
the first ever recorded from the early Tertiary age volcanic
materials of East Greenland, and the recovery of fresh,
feldspar-phyric flow units suitable for radiometric dating,
offer the promise of a detailed and precise time scale for the
volcanic activity. This basic chronology will reveal the timing
and rates of voleanic and tectonic processes.

(3)  The Iceland plume mantle component is more strongly
expressed in the compositions of basalts at latitude 66°N
compared with 63°N. Together with evidence from DSDP Leg
81 (Hatton Bank, Rockall Plateau) and ODP Leg 104 (Vering
Plateau), we now have sufficient information to map the basic
compositional structure of the mantle melting regime that
existed during the initiation of the Iceland plume and breakup
of the North Atlantic.
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ABSTRACT

Leg 164 was devoted to refining our understanding of the amounts
and in situ characteristics of natural gas hydrate stored-in marine
sediments. Drilling on the Blake Ridge at Sites 994, 995 and 997 found
" that finely disseminated gas hydrate occupies a minimum of 1% of
the sedimentary section between 200 and 450 m below seafloor
{mbsf). Some solid gas hydrate nodules also occur. Free gas is
dispersed throughout a zone a few hundred meters thick below the
gas hydrate-bearing zone. Coupied with geophysical data indicating
that sedimentary gas hydrate occurs throughout a laterally extensive
portion of the Blake Ridge, the results of Leg 164 confirm that
enormous amounts of methane are contained in these sediments.

Sites 994, 995 and 997 were drilled to 700-750 mbsf on the Blake
- Ridge and penetrated through the predicted depth of the bottom-
simulating reflector (BSR) into the sediments below. The Blake Ridge
sediments consist largely of a monotonous sequence of nannofossil-
rich clays that were deposited from contour currents at rates varying
from 40 m/My in the Pleistocene to 150-350 m /My for the Miocene—
Pliocene sequences. Minimal compositionai or facies changes occur
near the depth of the BSR {~450 m). Cores from all three sites are
very gassy and underwent vigorous expansion, which resulted in
low recovery. Some nodules of hydrate and one massive gas hydrate
zone greater than 30 cm thick were recovered. Decomposition
experiments on gas hydrate samples yielded volumetric ratios of
gas to water of 130-160, and demonstrated that the gas filling the

hydrates was ~99% methane. As anticipated, the ephemeral nature’

of gas hydrate under surface conditions' made sampling difficult.
Therefore, emphasis was placed on proxy sampling and downhole
tool measurements that allow the in situ conditions of the gas hydrate
to be reconstructed.

Closely spaced pore-water samples were taken because interstitial
water chloride concentrations can be used to make quantitative
estimates of the amount of gas hydrate present in the sediment before
coring. During gas hydrate formation, water and methane are taken
out of the pore waters, leaving the residual pore waters increasingly
saline. Over time, locally elevated chloride concentrations associated
with gas hydrate formation diffuse away. When gas hydrate in
sediments decomposes during drilling and core recovery, water and
gas are released back into the pore space, freshening the pore waters.
Pore-water profiles from Sites 994, 995 and 997 are very similar and
indicate three distinct chloride concentration zones: (1) a zone of
progressive freshening with depth to ~200 mbsf; (2) a zone that
extends to the approximate depth of the BSR (~450 mbsf) of highly
variable chloride values characterized by local anomalously fresh
values; and (3) a zone of nearly constant chloride beneath the BSR.
These anomalies are interpreted to indicate that a minimum of 1%
of the sedimentary section within the zone from 200 to 450 mbsf is
filled with gas hydrate.

An unprecedented level of success was achieved using the pressure
core sampler (PCS}, a device that returns a short core to the surface
at formation pressures so that gases are not lost. Gas volumes
captured by the PCS indicate that gas concentrations are grossly in
excess of gas saturation, thus demonstrating that free gas exists
beneath the BSR. Gases also occur throughout the sedimentary
section below.

Vertical seismic profiles were used to locate the precise depth of the
BSR and indicated no significant lateral changes in velocity above
the BSR. However, velocities as low as 1400 m/s were measured
beneath the BSR at Site 997. Well-logs disclosed distinct zones of
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higher elecirical resistivity and velocity that coincided with cdaride
ancrealy zones indicative of gas hydrates. Preliminary well-fog
analysis of the resistivity data indicate that gas hydrate occupies 3
5% of sediment volume throughout this zone, A minimum of 13 in
situ temperature measurements were made in each hole to establish
temperature gradients. Bxtrapotation af these thermal gradients
makes it possible to estimate the maximum depth at which gas
hydrate is stable, based on expesimentally-deferinined phase bous-
daries. The results indicate that the base of gas hydrate stability s
30 m {Site 997) to ~100 m {Site 994} betow the observed BSR depth.

INTRODUCTION

Gas hydrate is 2 solid phase composed of water and low-molecular-
* weight gases {predominantly methane) that forms under conditions
of low temperature, high pressure, and adequate gas concentrations
~ conditions that are common in the upper few hundred meters of
rapidly accumulated marine sediments. Although gas hydrate may
be a common phase in the shallow geobiosphere, it is unstable under
normal surface conditions, and thus surprisingly little is known
about it in natural settings.

Large quantities of natural gas may be stored in gas hydrate-bearing
sediments because as much as 164 times the saturation concentration
of gas at STP conditions exists in these solid phases per wnit volume.
It is estimated that there are about 10° Gt (Gt = 10" gm} of carbon
stored in gas hydrate in sediments, which is about twice the estimate
of carbon in all other fossil fuel deposits. Mareaver, there may be
considerable volumes of free gas trapped beneath the overlying gas
hydrate-cemented zones associated with the bottom-simulating
reflector (BSR), as well as dissolved gas in the pore fluids.

Gas hydrate is belisved to be common in continental margin sedi-
ments because sefsmic reflection data have indicated its presence in
every ocean basin. Gas hydrate is usually detected in seismic reflec-
tiorydata by the presence of a BSR. The BSR often cuts across sediment
bedding planes, thus cearly distinguishing itseff as an acoustic
response to a diagenetic change rather than a depositional horizon.
The BSR is believed to represent the base of the gas hydrate stability
zane, which occurs at depths between about 200 and 600 m below
seafloor (mbsf) on continentat rises. The pore spaces of sedintents
above the BSR are partly filled with gas hydrate, which may increase
the sediment density, whereas decper sediments may contain free
gas, resulting in a sharp contrast in aconsticimpedance and a strong
reflector at the base of the gas hydrate stability zone. The Carolina
Rise, particularly along the Blake Ridge, was the area where rearine
gas hydrate was first identified on the basis of a BSR {Fig. 1} and is
art area where gas hydrate appears to be especially extensive.

Figure 1. Location ntap of Leg 164 sites on the southeastern
North American continental margin. Contours are in meters.
The shaded region along the Blake Ridge and Carclina Rise
indicates the areq where gas hydrale occurrenrce has been
inferred on the basis of B5Rs.

£DP Leg 154 was devoted to refining our understanding of the in
situ charactesistics and amounts of natural gas hydrate stored in
marine sediments, The pragram involved dritling three sites on the
Biake Ridge to 750 m depths, which extend through the zone where
gas hydrate is stable and into the sedimentary section below. Shatt
holes (50 ) were drilled at four sites on the crests of two diapirs on
the Caroline Rise where gas hydrate-bearing sedimentary sections
have been disturbed by the intrusion of diapirs (Fig. 1). Because of
the ephemeral nature of gas hydsate, emphasis was placed on
downhole measurements and sampling sirategies that allow in situ
conditions of gas hydrate to be reconstracted.

The objectives of Leg 164 included:

{1}  assessing the armourt of gas trapped in hydrate-bearing .

sediments;

2} understanding iateral variability in gas hydrate abun-
dances; -

{3)  understanding the relationship between BSRs and gas
hydrate development;

{4} investigating the distribution and in situ fabric of gas
hydrate within sediments;

(%) establishing changes in physical properties {porosity,
permeability, P-wave velocity, thermal conductivity, etc.)
associated with gas hydrate formation and decomposition
in continental margin sediments;

{6) determining whether gas contained in gas hydrate iz
produced locally or migrated from elsewhers;

(7)  investigating the rale of gas hydrate in formation of
authigenic carbonates;

{8) determining the chemical and isotopic compositions,
hydration number, and crystal structure of natural gas
hydrate;

%) determining the role of gas hydrate in stimulating or

. modifying fluid circulation;

{10} investigating the potential connection between large-scale
sediment failures and gas hydrate decompuasition;

{11} establishing the origin of the Carolina Rise Diapirs and
their influence on associated sedimentary gas hydrate.

RESULTS
Sites 991/992/993
Short holes were drilled at three sites on the crest and flanks of the
Cape Fear Diapir (Fig. 1). The diapir is one of about 20]arge structures
that originate from deep within the sediments of the Carolina Trough
and penetrate through the Carolina Continental Rise. Although the
core material of these diapirs is unknown, many investigators believe
they are salt cared. The crest of the Cape Pear Diapir breeches the
seafloor within the scar of the giant Cape Fear Slide. Although the
Cape Fear Diapir occuss within a region where a BSR is present, the
continuity of the BSR is loston the fanks of the diapir. The objectives
of Sites 991, 992, and 993 were to invastigate the effects of diapir
inteusion and large-scale sediment failure on the regional gas hydrate
field and on the transport of fluid and gas through the sedimentary
sequence. A second major objective was establish the nature of
the core material of the diapir.
Lithologic variations, physical property changes, and narmofossi
bipstratigraphy indicate that a discontinuous Neogene sediment
sectipn was recovered at Hole 991 A, Sections of core from 2.05-12.67
mbsf and 18.37-47.66 mbsf are characterized by zones of steeply
dipping, discordant and truncated beds and Jaminae of variegated
colors; beds deformed by flowage, folding and {aulting; and mud
clasts of various sizes, shapes and colors. The portian between 12.67-
18.37 mbsf s apparently undefarmed. This section is interprered as
a large slide block. Along hiatus, correlating with earliest Pleistocene
to late early Plivcene times, was also detected.

The upper portion {0-9.1 mbsf} of Hole 9924 is compased of strangly
deformed gray nannofossil silty <lay beds that appears to represent
a mase-transport deposit emplaced by slumping, The bottom portion
(9.1-50.75 mbsf} is a homogeneous olive gray diatom-rich nanno-
fossil clay, which appears to be undeformed. Most af the -~
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Pleistocene sequence is missing. Another long hiatus corresponding
to early Pleistocene to late Miocene times was identified, and the
oldest sediment recovered was middle late Miocene in age (CN%a
Zone). The lithologies did not reveal the composition of the under-
lying diapir.

Hole 993A contains one major unit, from 0 to 47.27 mbsf, that is
predominantly gray nannofossil clay. The only exception is a short
interval from 4.43 to 4.9 mbsf that contains an indurated carbonate
and overlies a carbonate silty clay. The entire sequence is of early
late Miocene age (Zone CN7).

Atall three sites, the methane concentrations increased with depth,
ranging from 5 to 29,000 ppm at Site 991, from 2 to 81 ppm at Site
992, and from 6 to 18,000 at Site 993. The methane-to-ethane ratios
of most samples indicate a microbial origin for the methane.

Detailed pore-water profiles from Holes 991A and 9934, both of
which are located on the flanks of the diapir, show that chloride
concentrations increase at 2 rate of 2 millimolar per meter (mM/m).
However, in Hole 9924, located on the crest of the diapir, the gradient
is significantly iess (about 0.8 mM/m). No significant trend in the
Na*/CT ratio exists. There are several possible explanations for the
greater pore-water chloride content at Sites 991 and 993 relative to
Site 992. High dissolved chloride content may indicate that the core
of the diapir is composed of evaporitic salts. The variations in
<hloride concentration of the interstitial waters analyzed from these
sites may have been modified by fluid-circulation patterns around
the diapir. The variations in the profiles also may indicate that major
slumps have truncated the sedimentary sections on the flanks of the
diapir more recently than those on the crest of the diapir. Thus, the
present pore-water profiles on the flanks are still steeper than the
pore-water gradients on the crest of the diapir. Alternatively, the
variations in interstitial water chloride contents could be produced
by ion exclusion associated with gas hydrate formation on the flanks
of the diapir. Seismic reflection profiles indicate a strong BSR in the
sediments surrounding the diapir. Sites 991 and 993, on the flanks
of the diapir, are closer to the saline waters that are generated as a
consequence of gas hydrate formation. Conclusions about the cause
of the high pore-water chloride content await shore-based analysis.

Dissolved sulfate content in interstitial-water samples from Site 9914
decreases linearly with increasing depth, declining to negligible
concentrations at ~4( mbst. At this depth, there is a corresponding
alkalinity maximum in the interstitial-water samples. Ammonium
contents increase linearly with depth, passing through the base of
the sulfate reduction zone without inflection. Active anaerobic
methane oxidation is suggested by these profiles.

Both PCS runs at Hole 991B were only partly successful. Core 164-
991B-1P was pressurized at ~2500 psi, about 70% of that expected
for hydrostatic pressure at the coring depth, but contained only
water. Core 164-991B-2P was pressurized at 63 psi, but contained
1.04 m of homogenous nannofossil-bearing clay.

Magnetic intensities are very weak throughout the sedimentary
sequence at all three sites, and no consistent magnetostratigraphy
can be recognized. Rock-magnetic analysis (saturation isothermal
remanent magnetization (IRM), back-field IRM, and partial anhyste-
retic remanent magnetization (ARM) acquisition) indicate the
presence of two magnetic carriers. This paleomagnetic and rock-
magnetic behavior is probably caused by dissclution of single-
domain magnetite and reduction to magnetic iron sulfides.

In swnmary, the sediments recovered at Sites 991, 992 and 993 are
typical Neagene continental rise deposits and do not directly indicate
the composition of the underlying diapir. The sedimentary sequence
has numerous stratigraphic gaps. Pre-Quaternary sediments occur
between 0.5 and 30 mbsf at all three sites, indicaling that the upper
Quaternary section has been substantially truncated. Pervasive soft-
sediment deformation was observed within the Pleistocene to
Pliocene sequences from Sites 991 and 992, especially near the tops
of both sections, suggesting that these unconformities resulted from

vigorous mass-transport processes associated with sediment failures.
The sediments near the surface tend to be over consolidated for their
current burial depths. The relative absence of Holocene and late
Quaternary age materials in a region where the Holocene and late
Pleistocene sedimentation rates are known to exceed 20 cm/ky
indicates that the most recent deformation occurred within the late
Quaternary and Holocene, The paucity of recent sediments around ,
the diapir suggests that the diapir is still active.

Site 994

Site 994 is part of a transect of holes on the southern flank of the
Blake Ridge that extends from an area where a BSR is not detectable
to an area where an extremely well-developed and distinct BSR exists
(Fig. 2). The transect is situated where variations in the development
of the BSR and seismic blanking are especially distinct. However,
the geology and topography along this transect are relatively simple
(Fig. 3), which provides an opportunity to assess basic properties of
hydrate-bearing sediments and to understand lateral hydrate varia-
tions caused by local lithologic, chemical, and hydrologic factors.
Site 994 is situated at the end of the transect where the BSR is not
detectable and, thus, serves as a background or reference site.

AtSite 994, we recovered a 700-m-thick sequence that is dominantly
compaosed of clay and calcareous nannofossils (Fig. 3). Three major
lithologic units were identified, based on downward decreasing
contents of calcareous nannoplankton. The sediments at Site 994 are
lithologically homogeneous which makes it an ideal reference
section.

The section obtained in Hole 994C contains a continuous record
spanning from the Holocene to latest Miocene (~6 Ma) in age. All
nannofossil zones and subzones were present, and no obvious
hiatuses were identified. Measurement of discrete paleomagnetic
samples allowed determination of approximate positions for the
Brunhes/Matuyama (40 mbsf) and Gauss/ Matuyama (150 mbsf)
magnetochron boundaries and for the Olduvai subchron (90-115
mbsf). Estimated sedimentation rates increased consistently down-
section, reachirig a maximum of 400 m/My.

Sediments in many cores were very gassy. Most cores underwent
extensive gas-driven self-extrusion, sometimes splitting the liners
near the shoe, and one core burst its iiner within the core barrel on
the drill floor. Distuption of the cores due to gas expansion began
occurring at ~60 mbsf. Poor recovery below 190 m is largely a result
of vigorous degassing. The gas is mostly methane with secondary
amounts of CO,. Slight increases in ethane contents with depth were
observed; however, the sediments did not reach the zone of thermo-
genic hydrocarbon production.
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Figure 2. Seismic reflection profile (CH-06-92 Line 31) for
the transect of Blake Ridge Sites 994, 995 and 997. The profile
crosses perpendicular to the topography of the Blake Ridge.
BSR = bottom-simulating reflector.
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Figure 3. Composite stratigraphic section for Sites 994, 995 and 997 showing simplified lithostratigraphy, depth of lithologic
unit boundaries, biostratigraphic ages, and total carbonate contents (wit% CaCO,) of the sediments.

The chloride profiles from Holes 994A, B, and C contain anomalously
low-chloride spikes superimposed on a trend of generally decreasing
chloride concentration from typical seawater values at the top of
the section, to ~90% of seawater at 300400 mbsf. A slight increase
in chloride toward the bottom of the hole is present. The lowest
measured chloride concentration is 438 mM. In the interval from
100 to 450 mbsf, chloride anomalies were found in 50% of the
interstitial water samples, and they are particularly abundant and
well developed at 380440 mbsf. Detailed studies on cores from Hole
994D revealed that the anomalous low-chloride spikes extend over
less than 1.5 m. The spikes are interpreted as evidence for the
presence of gas hydrate, which melts and dilutes the interstitial water
during coring and processing.

Gas hydrate was sampled from two cores. Section 164-994C-31X-7
{258 mbsf) contained several white nodules of hydrate that ranged
in volume from ~4 to 25 an’. Gas volume, gas composition, and
water volume of a solid piece of hydrate were determined. The gas
composition of the hydrate was 98.78% methane, 1.22% CO,, 86 ppm
ethane, and 2 ppm propane. Volumetric calculations show that the
cage occupancy (percentage of potential gas molecule sites in the.
hydrate crystal lattice that are actually filled) of the hydrate sample
is at least 80%. In Section 164-994D-4X-1 (261 mbsf), a piece of hydrate
that was less than 1 cm® was found. In the region where solid hydrate
was recovered from the cores, the physical properties data do not
reveal any significant changes in any sediment properties. Many
cores recovered from 240 to 430 mbsf contained anomalously cold
zones {measured using temperature probes on the catwalk) indica-
ting that gas hydrate had decomposed within these cores, even
though hydrate was not visually observed.

Fourteen in situ temperature measurements were attempted between
0 and 445 mbsf in Hole 994C. Based on data from eight successful
deployments of the Adara temperature tool and water sampler
temperature probe (WSTP) tools, the average geothermal gradient
in the uppermost 320 m is estimated at 38.6°C/km. Average heat
flow is 35 mW / m? over the entire depth range of the measurements,
but 45 mW /m? within the upper 106 m of the hole. Anomalously
low temperature measurements (6—8°C) were made at four depths
between 300 and 425 mbs{. Although there is no simple explanation
for the shape of the equilibration paths associated with the
anomalous records, the low in situ temperatures are consistent with
those measured close to solid hydrate in the recovered cores. Such
anomalously low temperatures might be produced by the
endothermic decomposition of solid hydrate.

Rock-magnetic studies indicate two prominent features super-
imposed on a continuous sequence of magnetite to pyrite reduction.
At 260 mbsf, immediately below the hydrate recovery in Core 164-
994C-31X, and at 365 mbsf, coincident with an anomalously low
interstitial-water chloride content, rock-magnetic signatures are
similar to those found on samples from Leg 146 at the base of hydrate
concentrations and “fossil hydrate zones.”

A suite of wireline logs was run, including neutron density, neutron
porosity, resistivity, P-wave sonic, shear sonic, and geochemical logs.
In addition, several measurements with the geochemical tool in the
inelastic mode were made in an attempt, for the first time in ODP
history, to determine carbon/oxygen ratios. Initial analysis of the
neutron density, resistivity and sonic logs shows distinct changes in
P-wave velocity and resistivity in two important regions. The first
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correspands to the zane below 220 mibsf from which gas hydrate
was recovered. In this zone, velocity and resistivity have pronounced
posttive spikes. The secand region at 420 mbsf, where velocity and
resistivity decrease sharply, is near the predicted base of the hydrate
stability field, In contrast, the density log daes not show changes at
corresponding depths. The formation factor (observed resistivity/
seawater resistivity} increases with depth from 220 to 420 mbsf and
then abruptly decreases to lower values. The relatively constant
density throughout this interval suggests that the rise in resistivity
is not entirely due to changes in porosity and may reflect increasing
amaunts of gas hydrate with depth in this zone.

Verfical seismic profiles were conducted at depths of 110-650 mbsf
during tive towerings of the three-camponent Woods Hole Oceano-
graphic Institution (WHOI) borehole seismometer in Hole 534D,
Difficuities with the clamping arm restricted the acquisition to two
walkaway VSPs at 6530 and 482 mbsf and eight zero-offset clamps
over the same depth range. Zero-offset air-gun shots were fired with
the toof suspended in the hole at 20 m intervals from 570 to 110
mbsf. A stacked record section shows clear first areivals from 250 to
650 mbsf. A preliminary P-wave velocity model (Fig. 4) shows
efevated velocities {with respect to background leveis}in a zone from
320 to 420 mbsf and a pronounced low-velocity zone from 550 to
650 mbsf. The law-velocity zone may be due to the presence of free
gas bubbles dispersed in the sediments at this depth.

Estimates of gas hydrate amounts in the sediments before recovery
at Site 994 are made by assuming that diffusive equilibration
prohibits significant and non-systematic interstitial chloride concen-
trations from oceurring between closely spaced samples. Thus,
<hloride spikes are only a result of gas hydrate decomposition during
sample recovery, To produce an estimate of the intersiitial-water
salinity through the zone between 200 and 450 mbsf, where erratic
chloride values were measured, a polynomial was fit to the relatively
simooth chloride data above 200 m and below 450 m. All but one of
the measured chloride concentrations in this zone have lower values
than the calculated in situ values, with some significantly lower.

. The differences batween the calculated in situ chloride concentrations
and the measured chivride contentrations were used to establish
the refative chloride anomaly that is associated with each sample.
The caleulated chioride anomalies enable the amount of gas hydrate
that was present in these samples to be estimated. Correctians for
the porosity of the sampies were made using the shipboard physical
properties data. The estimated percentage volume of the sampies
that was occupied by gas hydrate had a skewed distribution, ranging
to as much as 7% (a1 391 mbst), with a2 mean value of 1.3% + 1.8%
and a median value of 1% for afl the interstitial-water samples that
were collected berween 200 and 450 mbst.

Calculations of the percentage of gas hydrate that is required to
explain the observed change in the well-logging resistivity trend
indicate that the general trend through this inferval {between 212.0
arndd 428.8 mbs() can be explained by the pervasive addition of up to
2.5% gas hydrate. The same calculation indicates that the horizon
with the highest concentration {~239 mbsf) containg as much as9.5%
gas hydrate. It is remarkable that independent estimation of the
amounts of gas hydrate from different data sets {chloride anomalies
and logging data) yield similar values of a few per cent gas hydrate
disseminated in the sediments. )

In summary, although very little gas hydrate was recovered from
Site 994, the interstitial-water chloride anomalies, teraperature
anomalies in recovered cores, and patterns in the well-log data all
indicate that gas hydrate occupies an average of 1% or more of the
sedimentary secton from 220 to 430 mbst. The hydrate is inferred to
occur as finely dispersed crystals within homogenous sediments.
All of the inferved hydrate accurs well above the predicted base of
gas hydrate stability at this site.

Site 995 7
Site 995 was the first site on Leg 164 at which drilling penetrated
below the base of the gas hydrate stability zone and through a strong
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Figure 4. Velocity profiles based on the results of the zero-
offset VSP af Sites 994, 995 and 997. From the flank of the
Blake Ridge to the crest, the profiles show similar, possibly
slightly increasing, velocifies above the hydrate stability zone
{~450 mbsf} and a significant decrease in velocity towsard
the crest below this zane. These preliminary velocity~depth
Functions were produced by inverting the air gun first-arrival
times using a weighted, damped, least-squares inversion that
weights mean traveltimes by the inverse of their standard
ervor. The velocity-—depth curpes were produced by assigring
equal weight to fitting the traveltime data and to producing
r smooth velocity—depth function.

BSR {Fig. 2). The site is located on the southern flank of the Blake
Ridge, 3.0 km nostheast of Site 994, and within the same stratigraphic
interval as Site 994. However, a strong BSR is present at Site 995 at
.53 s sub-boHom, which is not observed at Site 994 (Fig. 2}. Sites
994 and 995 are coupled sites that were intended to establish the
nature of the BSR and to understand the causes of profound differ-
ences in acoustic characteristics within essenually the same
sedimentary sequence.

At Site 995 we recovered a 700 s thick sedimentary sequence that is
dominantly composed of clay and nannofassils {Fig. 3). Three major
lithologic units were identified, primarily based on downhole
variations in carbonate contents and diatom and nannofossit abun-
dances.
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Nannofossil biostratigraphy indicates that the sequence recovered
at Site 995 is mostly continuous except for a short hiatus or gap
detected within the uppermost Miocene. The sedimentation rates
for the Quaternary and lower Pliocene sequences are almost identical
to those at Site 994. However, the rate for the upper Pliocene (110
m/My) is about 10% higher than at Site 994. The upper Miocene
sequence is estimated to have been deposited at a rate of approxi-
mately 260 m/My. The age of the oldest sediments cored at Site 995
(704.6 mbsf) is estimated to be 6.1 Ma. A magnetostratigraphy was
determined for Hole 995A, despite remanences of <0.5 milliampere/
m(mA/m), and major chron boundaries were recognized as follows:
C2An/C2r (Gauss/Matuyama), 125-145 mbsf; C2Ar/C2An
(Gilbert/Gauss), 295-320 mbsf; C3n/C2Ar, 320-350 mbsf; C3r/C3n,
545-580 mbsf; and C3An/C3r (Anomaly 5/Gilbert), 620-640 mbsf.

Concentrations of methane in headspace gas samples increase from
0.021 ml/kg of sediment near the sediment-water interface, to a
maximum of 114 ml/kg at a depth of 42.7 mbsf. Headspace methane
contents then steadily decline to about 10 ml/ kg near 240 mbsf and
remain at 1 to 10 m1/kg throughout the rest of the hole. Methane-
to-ethane ratios decrease with depth and reach a minimum of 146 at
699.4 mbst. Higher molecular weight hydrocarbons are present in
<10 ppm concentrations from 171.2-699.4 mbsf, and heptane occurs
in the lower sections of Hole 995A, suggesting a small amount of
thermally mature gas has migrated to the site. The total organic
carbon contents of the sediments are near 1%, and the organic matter
is immature, containing both terrestrial and marine components.

Interstitial-water geochemical data from Site 995 are remarkably
similar to those found at Site 994. In particular, anomalously low
values of interstitial-water chloride concentrations occur at the same
depths at both sites. The low chloride values (as low as 466 mM)
occur between 195 and 450 mbsf, coincident with the zone of
anomalously low sediment temperatures measured on the catwalk
after recovery, indicating that gas hydrate recently decomposed in
these cores. These results imply that sites 3 km apart possess similar
vertical distributions and amounts of gas hydrate.

Eleven WSTP runs from 78.7 to 200.2 mbsf were made at Site 995.
The recovered samples contain 0.1-94% interstitial water, with the
proportion of interstitial water decreasing with increasing depth.
After correction for the effects of dilution by borehole water, the
WSTP water samples indicate that in situ chloride concentrations
are generally comparable to those measured for water squeezed from
whole-round core samples recovered from corresponding depths.

The PCS was successfully deployed 11 times at Site 995. Gas samples
taken from the PCS are methane, with approximately 1% CO,, that
evolves from the tool at pressures below 500 psi (at 0°C). The amount
of gas recovered from certain cores exceeds that expected from
methane saturation of the interstitial waters at in situ pressures.
Because some of these same cores were recovered from above the
base of gas hydrate stability in the zone associated with the erratic
interstitial-water chloride concentrations, the "excess” gas is
probably derived from decomposition of methane hydrate.

Physical properties data for sediments from Hole 995A are neariy
coincident with those found at Site 994. The data do not reveal major
differences that could account for the remarkable lateral variability
in the strength of the BSR between the sites. The data also show a
390 m thick interval (220-610 mbsf) in which the wet-bulk density
values are constant as a function of depth, an unusual observation
in sediments undergoing normal compaction.

Rock magnetism defines a trend of magnetite-greigite-pyrite
conversion in which greigite develops within the first 20 mbsf in
response to bacterial oxidation of organic material and is progres-
sively reduced to pyrite downhole. Below this a second generation
of greigite extends downward to ~260-300 mbsf, approximately
coinciding with the zone of high gas hydrate concentration inferred
from interstitial-water chloride values. This sequence of reduction
steps is similar to that documented at Site 994.

Twenty in situ temperature measurements were attempted at Site
995 using the Adara and WSTP tools and a new prototype
temperature probe , the Davis-Villinger temperature probe (DVTP)
. Based on 15 successful deployments of the temperature tools, the
geothermal gradient is estimated at 33.5+0.9 °C/km between 0 and
381 mbsf. Taking into account vertical variations in thermal conduct-
ivity, the average heat flow from 0 to 381 mbsfis 34.2+ 1.7 mW/m?,
which is 35% lower than previous measurements from this region.
Preliminary extrapolation of the thermal gradient to 440 mbsf, the
depth of the BSR at Site 995, yields a temperature of 18.3°C. This is
well within the experimentally determined pressure-temperature
stability field for methane hydrate.

A complete suite of wireline logs (natural gamma, resistivity, sonic,
neutron porosity, lithodensity, geochemistry, FMS, and the experi-
mental shear wave tool) was run in Hole 995B from 130 to 630 mbsf,
Preliminary analysis of the acoustic and resistivity logs shows a
pattern similar to that at Site 994, with low acoustic velocities {~1600
m{s) in the top of the hole that begin to increase at 220 mbsf to a
maximum of 19060 m /s at 450 mbsf before decreasing again to 1600
m/s at 600 mbs{. The zone from 220 to 450 mbsf has higher resisti-
vities than are found cither above or below. The resistivity and
acoustic velocity measurements are consistent with the presence of
hydrate in the zone from 220 to 450 mbsf and with the presence of
gas bubbles in the section below 450 mbsf.

VSPs were conducted at depths of 144-664 mbsf during two lower-
ings of the three-component WHOI borehole seismometer in Hole
995B. Walkaway V5Ps were shot by the Cape Hatteras and recorded
ateight depths from 176 to 680 mbsf. A stacked record section shows
clear downgoing first arrivals and upgoing reflections, including a
strong reflection from the BSR. The intersection of the downgoing
first arrival and the upgoing BSR reflection indicates that the BSR is
located at 440 + 10 mbsf. A preliminary P-wave velocity model (Fig.
4) shows that compressional velocity reaches a maximum of 1850
m/s at 400 mbsf. Velocities decrease below this depth, reaching a
minimum of about 1550 m /s at 590 mbsf, suggesting the presence
of gas bubbles.

Site 996

Site 996 is located on the crest of the Blake Ridge Diapir, the
southernmost in a series of ~20 diapiric structures rising from deep
within sediments of the Carolina Trough {(Fig. 1). The objectives at
this site were to investigate: (1) methane migration and gas hydrate
formation in a pockmarked fault zone where methane is leaking
out of the continental rise; (2} the source of fluids and gases in a
seafloor seep; and (3} the influence of these fluids on the host
sediments.

Five short holes were drilled at Site 996 in sediments overlying the
Blake Ridge Diapir (Fig. 5). Holes 996A, 996B and 996C are located
within a seafloor pockmark that contains an active chemosynthetic
community dominated by mussels. Holes 996D and 996E were
drilled on the flanks of this pockmark. Overal} core recovery was
poor. The sedimentary sequence consists primarily of nannofossil-
bearing clay and nannofossil-rich clay, both with varying amounts
of foraminifers (0~15%) and diatoms (0-25%). Contorted and steeply
dipping beds in parts of the sequence provide evidence of soft-
sediment deformation that is probably related to diapir uplift. The
uppermost 2 m of sediment within the pockmark consist of
nannofossil-rich aragonitic clayey silt with abundant bivalve shell
fragments. The shell fragments and surrounding sediments
commonly show initial stages of calcite and aragonite cementation.
Indurated carbonate zones occur from ~5 to 15 mbsf and from 30 to
50 mbsf. Rapid decreases in the calcium and magnesium concen-
trations of interstitial waters within the upper 10 mbsf and a
corresponding increase in the alkalinity indicates the precipitation
of carbonate within the uppermost sediments.

All of the sediments recovered at Site 996 are Quaternary in age.
The lowermost cores from Holes 996A, 9960 and 996E are early
Pleistocene, with a maximum age of about 1.0 Ma. Because of poor
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Figure 5. Single-channel seismic line acquired over the Blake Ridge Diapir showing the location of Site 996. Data have
undergone constant velocity migration (1500 mfs) and a mild three-trace mix. Note the highly reflective sediments in the
center of the figure bounded above by a reversed polarity reflector interpreted as the base of hydrate stability.

recovery, the magnetostratigraphy is very poorly defined. In Hole
996E, the Matuyama/Brunhes boundary is tentatively placed at
about 33 mbsf, and the top of the Jaramillo subchron at ~40 mbsf.

Gas hydrate was recovered from all five holes (Holes 996 A through
E). The hydrate was white and occurred in three different forms: (1)
massive pieces, cylindrical to round in shape and as much as 5to 8
cm long, were found in sedirments recovered from the uppermost 9
mbsf; (2) platy, 1-4 mm thick veins that filled wavy vertical fractures;
and (3) vertically oriented rod-shaped nodules about 1 c¢m in
diameter and 3-12 cm in length that tapered downcore. Numerous
pieces of hydrate were sampled both for shipboard analyses and for
storage in pressure vessels for shore-based studies.

Magnetic susceptibility and rock-magnetic studies suggest that the
zene of bacterial magnetite authigenesis, present in the uppermost
few meters at all other Leg 164 sites, is absent from Site 996. High-
resolution gamma-ray attenuation porosity evaluator (GRAPE) data
for sediments from Hole 996E indicate little variation in wet-bulk
density with depth, with values averaging 1.8 g/cm? Porosities
decrease from 75% to 50% in the uppermost 12 m of the hole, but
water content decreases exponentially over the same interval, which
is similar to the pattern observed in the uppermost 100 m at Site
995.

The methane (C,) content of headspace gases in sediments from
Holes 996A, 996C and 996D increases from 1300 to 11000 ppm with
increasing depth to 60 mbsf. Ethane (C,) concentrations ranged from
1to 10 pp, yielding C, / C, ratios near 1000. In contrast, near-surface
sediments from Hole 996E, which is located outside of the pockmark,
were relatively poor in C|. However, at depths below about 10 mbsf,

C, concentrations and C,/C, ratios were comparable to those from
Holes 996A, 996B, and 996C. The free gases consist almost entirely
of C, (greater than 90%), CO, and H,S in the upper sections of each
hole. H.S concentrations were as high as 50,000 ppm. Maximum
values for C, and C, were 940 and 25 ppm, respectively.

Chloride concentrations increase to 1.8 times that of seawater with
increasing depth (57.7 mbsf) at Site 996, suggesting the influence of
evaporites at depth. Increasing Na/Cl ratios and a two-fold increase
in K* concentrations are consistent with a salt source. Large (20-
30%) negative anomalies in chloride concentration also occur,
probably due to gas hydrate dissociation. Large decreases in
dissolved calcium and magnesium concentrations in interstitial
waters from sediments within the uppermost 10 mbsf, and alkalinity
maxima at approximately 15 mbsf, indicate precipitation of carbonate
within the top 10-15 m of the sedimentary sequence. Sulfate
approaches negligible concentrations near the seafloor (Holes 996C
and 996D), and together with high levels of interstitial YHS and
methane, suggests active sulfate and methane consumption near the
seafloor. Active pore-water advection is also suggested by the wide
difference in interstitial waters sampled immediately below the
seafloor chemosynthetic community (Holes 996A, 996B and 996C)
and sampled at depth in Hole 996E.

Site 997 .
Site 997 is located on the topographic crest of the Blake Ridge in an
area where an extremely well-developed and distinct BSR exists (Fig.
2). It was the last of three sites drilled along the Blake Ridge transect.

The three lithostratigraphic units recognized at Site 997 are very
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similar to those documented at Sites 994 and 995 (Fig. 3). The 750 m
sequence recovered at this site is Holocene to late Miocene in age.
Three short hiatuses were detected in the upper Lower Pleistocene
and upper Lower Pliocene, and the fourth short hiatus is likely in
the Upper Miocene. Sedimentation rates increased with depth
throughout the sedimentary sequence. Because of a hiatus and coring
gap, the Quaternary sedimentation rate at Site 997 (40 m/My) is
only two-thirds of the value observed at Sites 994 and 995. The
Pleistocene rates (129-194 m/My), calculated by excluding the
hiatuses, are the highest among the three sites. The minimum rate
for the upper Miocene is more than 342 m/My, very close to the
value obtained for the uppermost Miocene sequence at Hole 994C.
The oldest age estimated at Hole 997B is approximately 6.4 Ma.

A well-defined magnetostratigraphy was determined for the upper
part of Site 997. The lower boundary of the Clr.1n subchron
(Jaramillo normal chron) is at 52 mbsf, the upper and lower
boundaries of the C2n {Olduvai normal chron) are at 72 and 84 mbsf
respectively, and the C2An/C2r boundary (Gauss/Matuyama
boundary) is at 122 mbsf. The Cln/Clr boundary (Brunhes/
Matuyama boundary) and the upper boundary of the Clr.1n (top of
Jaramillo normal chron) are tentatively defined at 36 and 41 mbsf,
respectively.

Sediment physical properties at Site 997 are generally similar to those
at Sites 994 and 995. Most notably, all three sites have a well-defined
lowermost unit (upper boundary at 610-625 mbsf) in which wet-
bulk density increases with depth more rapidly than in the overlying
and largely homogeneous unit that makes up most of the sediment-
ary section. All three sites are also characterized by an interval in
which water contents increase with depth in at least one 50 m thick
section between 50 and 200 mbsf. At Site 997, the major interval of
increasing water content and porosity with depth (approximately
88-177 mbsf) corresponds to a diatom-rich layer.

Rock magnetism defines a similar downhole sequence of reduction
steps to that seen at Sites 994 and 995. Magnetite authigenesis from
0 to 2 mbsf is followed by reduction of magnetite to pyrite via
magnetic sulfides. Two reduction styles are apparent. The first is a
trend of magnetite-greigite-pyrite conversion in which greigite
apparently develops within the first 20 mbsf in response to bacterial
oxidation of organic material and is progressively reduced to pyrite
downhole. A second generation of greigite extends downward to
~260-300 mbsf, as observed at Sites 994 and 995. Rock-magnetic data
suggest that the second generation greigite has been largely reduced
to pyrite below 300 mbsf.

Seventeen in situ temperature measurements were obtained between
¢ and 414.1 mbsf in Hole 997 A using the Adara, WSTF, and DVTF.
The data indicate that Site 997 is characterized by a linear geothermal
gradient of 36.9 £ 0.4 mK/m, which is within one standard deviation
of the estimated gradient at Site 994 (36.4 1.3 mK/ m), and 9% higher
than the gradient at Site 995 (33.5 = 0.9 mK/m). The estimated
temperatures at the BSR are 18.7°C (440 mbsf) at Site 995 and 20.0°C
{450 mbsf) at Site 997. At Site 994, where there is no BSR, the temp-
erature at a comparable depth (440 mbsf) is estimated at 20.1°C. On
the Blake Ridge, sediments overlying a BSR (Sites 995 and 997} are
not unifermly cooler than those at a comparable depth in a location
with no BSR (Site 994).

The concentration of methane in headspace gas samples increases
-from 0.022 ml/ kg of sediment near the sediment-water interface to
amaximum of 180 mi/ kg at a depth of 50.4 mbsf. The concentration
steadily declines to about 6.6 ml/kg near 210 mbsf, and thereafter
remains at concentrations ranging from 0.4 to 61 ml/kg. Notable
spikes in methane concentrations occurred in the same intervals in
which gas hydrate was found or inferred by temperature measure-
ments. Methane-to-ethane ratios increase with depth and reach a
minimum of 109 at 725.8 mbsf. Higher molecular-weight hydro-
carbons are present throughout the hole in <100 ppm concentrations
and increase with depth. Heptane occurs from 153.3 mbsf to 750.0
mbsf. The total organic carbon (TOC) contents of the sediments are

near 1% above 200 mbsf and ~1.5% in the interval from 200 to 700
mbsf. The amount and composition of volatile and non-volatile
organic matter is very similar to that found at Sites 934 and 995.

The interstitial-water chemistry at Site 997 is very similar to that
documented at Sites 994 and 995. Downhole profiles of all dissolved
species show the same general trends with the same approximate
depths for maxima and minima as those seen at the other Blake Ridge
sites. Chloride profiles were used as a proxy indicator of the amount
of in situ gas hydrate, The chloride excursion zone occurs at approx-
imately the same depths (~200 to 440 mbsf) over the 10 km transect.
Furthermore, the two depth intervals showing the largest chloride
excursions, at ~250 and 400 mbsf, are also depth correlative. Thus,
the similarity of the CI- profiles at the ridge sites strongly suggests
that gas hydrate is correlative over the expanse of the Blake Ridge.

The PCS was successfully deployed 11 times at Site 997, including
one deployment to determine the volume and composition of gas in
sediment immediately below the prominent BSR at 462 mbsf. The
volume of methane evolved from this particular PCS core suggests
that interstitial waters at this depth are 10 times oversaturated with
methane. Chemical analyses also show that pore waters at this depth
do not have the low chloride concentrations associated with the
presence of gas hydrate. Together these observations provide the
first direct evidence for significant free gas immediately below a
BSR.

Preliminary analysis of the acoustic velocity and resistivity logs
shows a pattern similar to that at Sites 994 and 995. Low acoustic
velocities (about 1600 m/s) in the top of the hole begin to increase at
186 mbsf to a maximum of 2000 m /s at 450 mbsf, before dramatically
decreasing again to below 1200 m/s. The interval from 186 to 450
mbsf also exhibits higher resistivities. In addition, the resistivity log
reveals three conspicuous high electrical resistivity intervals near
210, 365 and 440 mbsf. The anomalously high resistivities and
velocities measured in the zone from 186 to 450 mbsf are likely to be
because of the presence of gas hydrate. Numerous low-velocity zones
are observed within the depth interval below 440 mbsf in Hole 997B.
These apparent low-velacity zones probably contain free gas.

The VSP program at Site 397 consisted of two lowerings of the three-
component WHOI borehole seismometer, each of which provided
complete coverage of the hole from ~160-700 mbsf. Preliminary
velocity inversions from the two lowerings yield the same back-
ground velocity structure, thus verifying the repeatability of the
experiment. Stations on the second lowering were interleaved with
stations from the first lowering to provide 4 m trace spacing
throughout most of the hole. Results show that velocities decrease
sharply from 1800 m /s to 1400 m /s at the BSR {464 mbsf) and remain
low to the base of the hole. Average velocities beneath the BSR at
Site 997 are substantially lower than at Sites 994 and 995 (Fig. 4),
providing evidence for increased concentrations of gas beneath the
crest of the Blake Ridge.

CONCLUSIONS
ODT Leg 164 was devoted to furthering our understanding of the in
situ characteristics of gas hydrates and gas hydrate-bearing sedi-
ments and to ground-truthing the nature of BSRs. The Blake Ridge
gas hydrate field was targeted for drilling because it is associated
with an extensive and well-developed BSR that could be considered
the archetypal section for BSRs.

Most of the materials recovered were deposited during the Pliocene
and Miocene at very rapid rates {as much as 350 m/My) by the
southerly flowing Western Boundary Undercurrent, which sweeps
along the Atlantic Margin. The stratigraphic sequence is composed
of lithologically monotonous hemipelagic clays; this allows the
distribution of gas hydrate and the origin of the BSR to be studied
with minimal lithologic complication. The sediments are moderately
organic carbon rich (~1.5%) and thus have the raw material to
produce quantities of biogenic gas.
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The following conclusions were determined for the scientific
objectives of this leg.

(1) Amounts of gas trapped in hydrate-bearing sediments
Preliminary analysis from Leg 164 drill sites on the Blake Ridge
indicates that gas hydrate occupies 1-2% of the sediment volume in
a zone that is 200-250 m thick. In fact, the site without a BSR also
contained ~1% gas hydrate through a similarly thick zone. If the
rest of the ~26,000 km? region around the Blake Ridge where BSKs
are present contains as much gas hydrate, rough estimates indicate
that about 10 Gt of methane carbon is stored in this region. Given
the number of localities worldwide in which gas hydrate occurs,
the results of ODP Leg 164 provide further evidence that methane
stored as gas hydrate in marine sediments represents a significant
component of the global fossil fuel reservoir.

(2) Lateral variability in gas hydrate abundances

Interstitial water chemistry is very similar at the three deeply drilled
(~750 mbsf) sites on the transect along the Blake Ridge (Sites 994,
995 and 997). Downhole profiles of all dissolved species show the
same general trends with the same approximate depths for maxima
and minima. Chloride profiles were used as a proxy indicator for
the amount of in situ gas hydrate. When gas hydrate forms in
sediment, water and gas are removed from the pore spaces, causing
the residual pore waters to become saltier. Over long periods of time
the local salinity anomalies produced by gas hydrate formation
diffuse away. However, many of the cores that were recovered
contained surprisingly fresh interstitial waters, indicating that gas
hydrate had decomposed within these sediments during drilling
and core recovery. A zone with anomalously low chloride vatues
occurs at approximately the same depths (~200 to 440 mbsf) over
the 10 km transect. Furthermore, the two depth intervals showing
the largest chloride excursions, at approximately 250 and 40C mbsf,
are also depth-correlative. Thus, the similarity of the Cl- profiles at
the ridge sites strongly suggests that gas hydrate is correlative over
the expanse of the Blake Ridge, including Site 994 where no BSR is
present in the seismic profile. ' :

(3) Relationship between bottom-simulating reflectors and gas
hydrate development

Downhole sonic log and vertical seismic profile data indicate
decreasing interval velocities near the depth of the BSR. The change
in sediment velocity may be related to either changes in the amount
of hydrate above the BSR or the presence of gas bubbles below. Both
types of sonic data indicate that gas bubbles are present at greater
depths, but simple shipboard analyses of the absolute velocities do
not require that the gas be present immediately below the BSR at all
these sites. This issue can be resolved by combining pressure core
sampling data, temperatures of cores measured after recovery, and
interstitial-water chloride concentrations. Whereas the pressure core
sampler data indicate that there must either be hydrate or gas bubbles
present, the temperature and interstitial-water chloride data demon-
strate that gas hydrate is not present below the BSR. Thus, there are
gas bubbles beneath the BSR at these sites.

(4) Distribution and in situ fabric of gas hydrate within sediments
As anticipated, the recovery of gas hydrate proved to be difficult.
The cores were very gassy, causing sediment to extrude from the
liners as the cores arrived on deck. Some large pieces of gas hydrate
were recovered. Gas hydrate recovered at Site 996 occurred as
massive pieces, as veins filling vertical fractures, and as rod-shaped
nodules. Fine-grained hydrate was not directly observed in sedi-
ments from any of the sites, but proxy measurements, such as the
chioride concentration of interstitial pore waters, indicated that fine-
grained hydrates had been present prior to core recovery. Calcula-
tions indicate that sediments in the zone from 200 to 450 mbsf had a
minimum average gas hydrate content of 1% and that some indivi-
dual samples contained more than 8% gas hydrate.

(5) Changes in physical properties associated with gas hydrate
formation and decomposition in continental margin sediments
Well-log measurements show the gas hydrate-bearing and free gas-

bearing zones are associated with distinct characteristics, whereas
shipboard lithologic and physical properties measurements did not
indicate any differences in these sediments. The distinctions between
shipboard and downhole measurements are believed to result from
the presence of gas hydrate in situ and will be the subject of shore-
based research.

(6) Source of gas contained in gas hydrate (local production or
migration)

As discussed below, the interstitial-water chemical data at Site 996
suggest that methane is transported upward along faults from
underlying gas hydrate-bearing sediments. This is consistent with
the occurrence of hydrate as vein fillings. At Sites 994, 995 and 997,
constraints on the sources of gas contained in gas hydrate must await
shore-based isotopic and organic geochemical studies, as well as
detailed analysis of the PCS data that will delineate the distribution
of hydrate, free gas, and methane dissolved in interstitial waters.

(7) Role of gas hydrate in formation of authigenic carbonate
Fine-grained, disseminated authigenic carbonate was present in
sediments at all sites. Indurated diagenetic carbonate was recovered
primarily at Site 996 but also from one horizon at Site 993. At Site
996, intersititial-water chemical data suggest that carbonate precipi-
tation is caused by intense microbial oxidation of methane, which
results in high alkalinity and high bicarbonate concentrations. The
methane arriving at the seafloor at this site is largely biogenic and
has a composition similar to that of the gases from Sites 994, 995 and
997. Fluids and gases venting at Site 996 have probably been trans-
ported upward from the underlying gas hydrate-bearing sediment
section that slopes up around the diapir.

(8) Chemical and isotopic composition, hydration number, and
crystal structure of natural gas hydrate .

Gas hydrate decomposition experiments indicate that volumetric
ratios of gas:water range from 130 to 160, and show that the gas of
the hydrate is ~99% methane. Numerous hydrates were sampled
for storage in pressure vessels and will be used for shore-based
isotopic and crystallographic studies.

(9} Role of gas hydrates in stimulating or modifying fluid
circulation

An intriguing association of pore waters was documented. Pore
waters are systematically fresher than seawater within the gas
hydrate-bearing sections. One of the potential explanations of such
a pattern is that salinity changes associated with gas hydrate decomp-
osition may be stimulating fluid circulation in these sedimentary
sections. Other anomalies await shore-based isotopic and modeliing
studies, including variations in the amounts of free gas and gas
hydrate and the sedimentary section, the occurrence of beth thermo-
genic and biogenic hydrocarbon gases, and unexplained patterns of
both the major and minor elements in dissolved pore waters.

(10) Connection between large-scale sediment failures and gas
hydrate decomposition :

Drilling along the top of the Cape Fear Diapir, which breeches the
seafloor within the scar of the giant Cape Fear Slide, revealed soft-
sediment deformation features and several biostratigraphic gaps.
Both are the result of mass-transport processes associated with
sediment failure and were caused by the Cape Fear Slide or emplace-
ment of the diapir. The results of drilling did not provide any direct
evidence as to whether large-scale sediment failures are related to
gas hydrate decomposition.

(11) Origin of the Carolina Rise Diapirs and their influence on
associated sedimentary gas hydrate

The chloride concentrations of interstitial waters from sediments
overlying the Cape Fear Diapir (Sites 991, 992, 993) and the Blake
Ridge Diapir (Site 996) are high; the ratio of CI to other ions suggests
nearby sources of evaporitic salts. Thus, it seems likely that both
diapirs are salt cored. Presumably the salt has risen from deep within
sediments of the Carolina Trough, the base of which is approximately
8 km below the seafloor at these sites.
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ABSTRACT
Although sea-level fluctuations are known to have occurred
throughout the Earth’s history, their global synchroneity, amplitude
and rate are still largely unknown. A better understanding of global
changes in sea level is contingent upon coverage in a variety of
tectonic and sedimentary settings, such as the deep sea, carbonate
platforms and atolls, and continental margins.

The primary objective of Leg 166 will be to address fundamental
questions regarding sea level. To attain this objective, five sites in
the Straits of Florida will be drilled during Leg 166, completing a
transect through prograding carbenate sequences formed in response
to sea-level fluctuations along the western margin of the Great
Bahama Bank. Two boreholes drilled previously on the western Great
Bahama Bank as part of the Bahamas Drilling Project represent the
shallow-water sites of the transect. The primary goal of the transect
is to document the platform-margin record of the Neogene-Holocene
sea-level changes by determining the ages of the major unconform-
ities and to compare the timing of these unconformities with ages

predicted from the oxygen isotopic record of glacio-eustasy. Core
borings along the complete transect will document the facies
variations associated with oscillations of sea level and, thus, the
sedimentary response of the carbonate environment to sea-level
changes. The correlation between the two independent records of
sea-level changes, sequence stratigraphy and oxygen isotope proxy,
has the potential to evaluate rate and amplitude of eustatic vs. relative
sea-level changes and to establish a causal link between glacio-
eustasy and the stratigraphic pattern.

Leg 166 also will core a number of holes through the sediments on
the upper slope to measure the composition of the recharged waters
retained in the sediment to assess rate and flow mechanisms through
the bank. One of the distal sites of the transect will be deepened to
determine the onset of the Florida Current, acquire a low-latitude
record of the Paleogene “Doubthouse” and its transition into the
Neogene “Icehouse,” potentially sample the Cretaceous / Tertiary (K/
T) boundary, and core the middle Cretaceous sequence boundary to

‘assess the cause of the platform demise in the middle Cretaceous.
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ABSTRACT

Lég 167 will investigate the evolution of oceanographic conditions
in the north Pacific Ocean and will document changes in flow of the
California Current system and associated changes in coastal
upwelling. These data will be used to reconstruct north Pacific
climate conditions through the Neogene, concentrating upen the
time period since the advent of northern hemisphere glaciation, from
~2.5 Ma to the present. Approximately one third of the proposed
drill sites will also sample lower and middle Miocene sediments to
reconstruct a Neogene history of the California Current. The results
of Leg 167 drilling will also be used to understand better the links
between climates of the north Pacific Ocean and western North
America, particularly in terms of temperature change and changes
in precipitation.

Thirteen proposed sites and five alternates are organized into three
transects across the California Current (Baja Transect, ~30° N;
Conception Transect, ~35° N; and Gorda Transect, ~40 ® N) and one

coastal transect extending from northern Baja California to the
California/Oregon border {30° to 42°N). Each of the three transects
will compare deep-water sites near the core of the California Current
to coastal upwelling sites near shore. The coastal transect will
examine variations in upwelling and productivity along the
California margin, and will also examine intermediate water
properties in many of the basins of the California Continental
Borderland.

The proposed drill sites were chosen based upon two sites surveys
{W9406 (R/V Wecoma) and EW9504 (R/V Ewing)). Much of the
survey data (bathymetric swath maps, seismic profiles, and
preliminary physical properties data from the sediment cores), for
those sites that require it, can be obtained from the following WWW
site: http:/ /kihei.idbsu.edu/EW9504 /camargin.html. SEG-Y
versions of the seismic reflection data are also available from the
National Geophysical Data Center (NGDC) where the digital data
have been archived.
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Logging
Operator

Report
Leg 161

Leg 161 was the second in a two-leg ODP program to address both
tectonic and paleoceanographic objectives in the Mediterranean Sea.
During Leg 161, the JOIDES Resolution drilled a transect of six sites
across the Western Mediterranean, from the Tyrrhenian Sea to the
Alboran Sea immediately east of the Strait of Gibraltar. Sites 974
(Tyrrhenian Sea) and 975 (South Balearic Margin) were dedicated to
paleoceanographic objectives. Sites 976 (Western Alboran Sea), 977,
978 and 979 (Eastern Alboran Sea) focused mainly on tectonic goals,
but also involved paleoceanographic objectives.

Five of the six sites drilled during Leg 161 were logged (Holes 974C,
975C, 976B and E, 977A, and 979A} with the following tools: Quad
combination (Quad combo), Formation MicroScanner (FMS),
Geochemical tool (GLT), Lamont-Doherty Temperature Logging
Tool {TLT), and Borehole Televiewer (BHTV). Data recorded (i.e.
natural radioactivity, sonic velocity, resistivity, neutron porosity) are
generally good to excellent, but in most of the logged holes, caliper
measutements indicated a variable borehole diameter over a substan-
tial part of the logged interval in the sedimentary sequence, which
affected the quality of some of the measurements sensitive to hole
diameter, notably the density log. The main observations made
during Leg 161 are the following:

(1) Themain log units {(identified on the basis of the log response
in the sediment) generally show a good agreement with those
identified by the sedimentologists from lithologic criteria on
core observations. Comparisons between logs and cores, in
terms of natural radioactivity for example, will provide a
useful core-log integration (identification of organic-rich
layers, volcanic ash layers, lithologic unit boundaries, etc.),
even if the vertical resolution of the sensor is larger than the
generally thin layers observed in the cores.

(2)  The XCB coring appears to generate erratic variations in hole
diameter and modifications of the sediment lithology
{("biscuiting” of the muddy sediments) and physical proper-
ties. The APC-cored part of the hole and the lower part of the
XCB-cored interval (in harder sediment) showed much less
variability in the borehole diameter.

(3)  In some cases, the calipers, either from the Quad combo or
FMS tools, also detect sudden and local increases in the
borehole diameter every 9.0 or 9.5 meters: the main application
of this may be to provide a precise comparison of cores and
and logs, i.e. a core-log integration. This will be aided by the
high core recovery (around 100%) in the holes penetrating
the Plio-Pleistocene sediments.

{4)  inthe metamorphic basement, the logs allow us to reconstruct
the entire lithologic section, as core recovery is rather low
{(between 15 and 30%).

One of the most exciting results obtained during Leg 161 has been
the extensive logging through the basement at Site 976. A full suite
of logging was carried out in Hole 976B, during three successive
passes, due to the instability of the borehole and serious washout;
the first two were obtained in the Neogene sediments. For the third
pass, the drillpipe was set below the sediment-basement interface
(at 696.0 mbsf), to maximize the chances of success in basement
logging. Quad-Combo and GLT tool strings were run and obtained
excellent results. High quality FMS images and BHTV data {transit
time and amplitude) were recorded in the same interval (from 910

Mediterranean Sea II

to 700 mbsf in Hole 976B), providing a 200 m long high-resolution
profile of the high-grade metamorphic basement (metasediments
and gneiss). Preliminary analysis of the logging data and FMS images
shows three main log units in the basement of Hole 976B, in accord-
ance with core descriptions made on board Joides Resolution.
Brecciated fault zones (characterized by poor recovery) are clearly
identified, with a more conductive pattern. Granitic or migmatitic
rocks are also clearly identified, being correlated with higher values
in the photoelectric factor and, for the former, increases in the radio-
genic potassium concentration due to crystallization of K-feldspar.
This will allow the nature of the unrecovered intervals (mean core
recovery: 19% in Hole 976B, 29% in Hole 976E) to be partially defined.

Logging operations in Hole 976E covered the transition between
basement and sediments, a zone that was not possible to log in Hole
976B. A single run of the Quad Combo from the basement into the
sediments and a short repeat run within the sediments were
obtained. Twenty meters of sediment fill was found in the bottom of
the hole, and the Quad Combo had to penetrate a bridge at the
sediment-basemnent contact. During the logging run upwards out
of the hole, the sediments had closed in upon the logging cable above
the tool, and the tool was extracted from the basement only with
difficuity. The repeat run was only in the sedimentary sequence as it
proved impossible to penetrate down to the basement, because the
bridge was several meters thicker than during the first run. In the
electrical response, there was a smooth transition over about 7m
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Figure 1. Transition of sediment to metamorphic basement
in Hole 976E.
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from the sediments to the basement. In other logs (caliper, bulk
density, potassium content, neutron porosity, photoelectric factor),
the change is more abrupt and places the basement top at 652.0-
653.0 mbsf.

In conclusion,.the log data are of excellent quality in the basement
in Hole 976B, but are degraded by the large borehole diameter found
in the two logging sections within the sediments. In Hole 976E, poor

hole conditions prevented running the FMS across the transition
between basement and sediments, but excellent data have been
recorded with the Quad Combo string. Downhole measurements
made at Site 976 will provide much data on the lithology, orientation
of structures, stress orientation, and the tectonic deformation of the
basement in this part of the Alboran Sea. The full suite of measure-
ments will allow extensive analysis and core-log integration of high-
grade metamorphic basement.

North Atlantic Arctic Gateways II

During ODP Leg 162, the second of two Arctic Gateways expeditions,
wireline logging operations were undertaken at four of the eight
new sites drilled. Two of these sites (982 and 984) were south of
Iceland and were located in eastern N. Atlantic sediment drift sites
along the Rockall Plateau and Reykjanes Ridge, respectively. The
other two sites (986 and 987) were located along the Svalbard and
East Greenland margins, respectively. Logging at Site 985 in the
Norwegian Basin, east of the Icelandic Plateau and NE of Iceland,
was attempted but unsuccessful due to poor hole conditions follow-
ing coring operations. For the location of all sites occupied during
ODP Leg 162, see the Science Operator report on page 7.

The standard suite of logging tools was used on this leg: the Quad
combination which includes the sonic, electrical and nuclear tool
strings, the Formation MicroScanner (FMS), and the Geochemical
toolistring,. In addition, the Geological High-resolution Magnetic Tool
{GHMT), which is made up of a total field measuring tocl and a
magnetic susceptibility tool, was also deployed. The natural gamma
tool (NGT) was also run on every toolstring to provide a means for
intercalibration.

The quality of logging data during Leg 162 was generally very good
for most of the toolstrings. The logs provided important data both
for core-log integration, stratigraphy, and potentially for geochrono-
logic control with the GHMT data. The following table and indivi-
dual site summaries provide information on the type and quality of
data available. Any additional questions regarding wireline logging
tools or data collected during Leg 162 should be directed to the
Borehole Research Group at the Lamont-Doherty Earth Observatory.

LOGGING CONTRIBUTIONS TO SITE OBJECTIVES
Site 982 (NAMD-1)
The objective of drilling at this relatively shallow site on the Rockall
Plateau was to provide information on the long-term evolution of
North Atlantic Intertnediate Water (NAIW) and drculation patterns

Logaing
Operator

Report
Leg 162

over the last ~18 My. Wireline logging data from Hole 982B provided
stratigraphic control by filling in gaps in the core data through the
use of natural gamma ray (NGR) and shallow focused resisitivity
{SFLU) logs. These logs also helped identify exact depths of impor-
tant reflectors seen in seismic records. Interpretation of FMS logs
provided additional information on the type of sediments and the
internal structure of the reflectors.

Site 984 (Bjorn Drift)

The high sedimention rate (120-170 m/My?) area of the Bjorn Drift,
on the east flank of the Reykjanes Ridge SW of Iceland, was targeted
for high resolution Plio-Pleistocene climate evolution studies. The
entire suite of logging tools were run in Hole 984B, and thé overall
log data quality is probably the best of all the sites. Wireline logging
provide improved stratigraphic control and sedimentation rates
through integration of core and log natural gamma and magnetic
susceptibility data.

Possible geochronologic control for the interval between 2-5 My may
come from analyses of GHMT data through the very strong in situ
paleomagnetic measurements in these sediments. The GHMT
measures both the earth’s total field and the magnetic susceptibility
within the sediments. The estimated age of sediments at the bottom
of the borehole is approximately 4-5.5 My. However, good chronolo-
gic control from onboard biostratigraphic markers and paleomag-
netic measurements on the cores were limited to the upper 2 My.

Site 986 (Svalbard Margin)

The glacial history of the Barents Sea region was the primary interest
in drilling along the Svalbard margin. Previous coastal drilling and
seismic work had identified seven main seismic reflectors. In Holes
986C and 986D, several logs including the density, natural gamma,
and resistivity logs helped to locate 6 of the 7 main seismic reflectors,
which turned out to be large mass flow deposits.

Site 982 Site 984 Site 986 Site 987
Water depth {m) Hole B: ~1144 Hole B: ~1660 Hole C: ~2063 Hole E: ~1682
Hole D: ~2062
Depth cored {mbsf) ~615 ~503 Hole C: ~408 ~860
Hole D: ~965
Interval logged (m) ~80-615 ~80-500 C: ~80-408 ~77-495
D ~325-490
Toolstrings Quad*, FMS, Quad, GLT, NGT Quad, FMS Quad, FMS
deployed NGT FMS, GHMT GHMT, NGT GHMT, NGT
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FMS logs provided a closer look at the structure of these dense mass
flows. GHMT data may help te tighten up age control, as onboard
measurements were not possible below ~100 m because of poor core
recovery and the fractured condition of cores that were recovered in
the lower 850 m. Unfortunately, the logging data covers only the
upper ~500 m, since poor hole conditions in Hole 986D prevented
logging below that level.

Site 987 (East Greenland Margin)
The history and development of the Greenland Icesheet was the
primary interest in drilling a thick sediment sequence of ~850 m,

This sedimentary sequence was located near the base of the slope
off Scoresby Sound fjord, which is a major drainage pathway for the
interior Greenland icesheet. Wireline logging in the upper 500 m of
this 860 m borehole showed a long sequence of primarily glacial
sediments and dropstones, interrupted by a massive 60m mass flow
deposit. Resistivity, density, and gamma logs should provide good
stratigraphic control and the means for core-log depth integration.
GHMT data may help fill in gaps in the already well-developed
onboard paleomagnetic stratigraphy, and provide a good testing
ground for this tool.

Logging
Operator

Report
Leg 164

Leg 164 was designed to investigate the occurrence of methane
hydrates in the sediment section beneath the Blake Ridge. The
presence of hydrates in this area has long been suspected due to
seisrnic reflection data showing a strong bottom-simulating reflector
(BSR) at the base of a zone of low amplitude reflections (the so-called
blanking zone). The primary objectives of the drilling included:

(1} anassessment of the amounts of gas trapped in extensively
hydrated sediments;

(2)  an investigation of the lateral variability in the extent of
gas hydrate development;
an investigation of changes in the physical properties

1©)]
: associated with gas hydrate formation (see Leg 164
Scientific Prospectus).

A corollary to these objectives was to establish a quantitative
relationship between seismic characteristics and hydrate occurrence
in the sediment section. To this end it was necessary to measure the
concentration of hydrate with depth and to measure physical
properties that influence the acoustic response of the sediment
column - in particular density and velocity - at a wide range of
scales. A complicating factor in this investigation is that hydrate is
not stable at normal shipboard conditions, so measurements at
conditions as nearly in situ as possible were required. The various
wireline log measurements were, therefore, critical to understanding
hydrate occurrence within the Blake Ridge.

SHIFBOARD RESULTS
The geochemical (Aluminum Activation Clay tool (AACT) and
Gamma Ray Spectrometry tool (GST)) logs and lithology (sonic,
density, resistivity) logs were critical to the Leg 164 effort. In gamma
ray spectroscopy well logging, each element has a characteristic
gamma-ray that is ernitted from a given neutron-element interaction.
Specific elements can be identified by their characteristic gamma-
ray signature, with the intensity of emission related to the atomic
elemental concentration. By combining elemental yields from
neutron spectroscopy well logs, reservoir parameters including poro-
sities, lithologies, formation fluid salinities, and hydrocarbon
saturations (including gas hydrates) can be calculated. The G5T can
be operated in two timing modes: inelastic, which mainly measures
the neutron reactions in the high energy range (elements quantified:
carbon, calcium, iron, oxygen, sulfur, silicon); and capture-tau mode
which measures the gamma rays emitted from neutron capture
(elements quantified: calcium, chlorine, iron, hydrogen, sulfur,

Gas Hydrates

stlicon). In ODP wells the GST has historically been operated in
capture-tau mode; however, on Leg 164 a selected number of inelastic
mode measurements were made (45 stations). Preliminary interpre-
tation of the geochemical logs onboard ship suggests that the inelastic
carbon/oxygen data can be used to assess gas hydrate saturations.

In theory the porosity log {compensated neutron log measured by
the compensated neutron tool: CNT-G) provides a direct measure
of porosity. The sonic and litho-density (HLDT) logs provide the
necessary information to determine the acoustic response. However,
in reality, because of poor hole conditions and inadequate tool design,
the porosity tool provided little immediately useful information, and
the sonic and density tools provided data contaminated by noise.

. Initial onboard attempts to generate synthetic seismograms that bore

any resemblance to the observed vertical incidence seismograms in
the vicinity of the driliing sites were not satisfactory. Our best
onboard estimates of porosity were obtained from the resistivity logs
via Archie’s Law and calibration with the porosities measured in
core samples in the laboratory. Even this estimate of porosity is,
however, somewhat suspect since there was very little range in
observed resistivity from which to calculate a regression equation,
In{FF) = -m"In{F) + In{a), and few or no independent measurements
of pore water resistivity from which to determine the formation
factor. Shipboard we determined these constants by using core-
derived porosity measurements to calibrate the extremes of the
observed log resistivity measurements. We assumed seawater
resistivity for the pore water resistivity with a correction for the
temperature increase downhole.

Preliminary shipboard analyses included estimates of porosity and
hydrate saturation from resistivity logs and estimates of elemental
content including carbon/oxygen ratios from the geochemical tool
string (GLT) measurements. The geochemical data can be used to
estimate porosity and hydrate saturation independently from other
log measurements.

During post-cruise log analysis the various wireline logs will be more
extensively analyzed and integrated with core measurements,
including pore water chemistry data and vertical seismic profile
(VSP) results in order to obtain more reliable estimates of hydrate
concentration, porosity, and a synthetic seismogram. In addition,
the acoustic logs obtained with the new shear sonic tool and the
Schlumberger sordc tool will be integrated with the results from the
V5P and walk-away offset reflection data.
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The 1997 ODP Science Plan

The 1997 schedule for the JOIDES Resolution was set in December
1995 at the Annual Meeting of the JOIDES Planning Committee. At
the completion of ODP Leg 170 (Costa Rica accretionary wedge),
the ship will sail from the Pacific Ocean through the Panama Canal
and the Caribbean into the North Atlantic Ocean for a series of legs
{Legs 171B, 171C, 173, 174A and 174B). The JOIDES Resolution will
then conduct one leg of drilling in the South Atlantic (Leg 175) before
going to the Indian Ccean for Leg 176.

See back cover for the JOIDES Resolution schedule to Leg 176.

LEG 171A: PHYSICAL PROPERTIES AT THE BARBADOS .

ACCRETIONARY PRISM. The Barbados accretionary complex is
the best studied of four areas worldwide that have been selected by
' JOIDES as type examples for studies of active margin processes. Leg
171A represents a continuation of ODP's efforts to understand
margin processes at the Barbados accretionary complex by employ-
ing Logging While Drilling (LWD), state-of-the art industry standard
logging technology, for the in situ evaluation of physical properties,
including transient borehole conditions. Leg 171 A will acquire more
LWD data in four additional holes in the Barbados accretionary
prism. In order to determine the characteristics of the negative
polarity reflections at Barbados, measure the physical properties of
faults, and assess the physical properties of the incoming sedimen-
tary sequence. Extensive previous drilling at the Barbados accretion-
ary prism and 3-D seismic surveys provide a rich framework for log
interpretation, seismic calibration and process evaluation. The results
will assist interpretation of similar but less active systems in
sedimentary basins elsewhere, contributing to the analysis of
groundwater, hydrocarbon migration and earthquake processes,

The continuation of ODP efforts to understand active margin
processes at the Barbados prism is relevant to the objectives of the
US MARGINS initiative, the I{ON program, and other Japanese
collaborative programs, especially those projects focusing on the
Nankai Trough.

LEG 171B: BLAKE PLATEAU/BLAKE NOSE. Much recent

attention has focused on reconstructing the Cenozoic history of deep
water chemistry and carbonate dissolution by drilling depth tran-
sects in the equatorial oceans. While sequences of Cretaceous and
Paleogene sequences have generally been too deeply buried to be
recovered either completely or consistently along depth transects,
these sequences are of great interest as they record climates and
patterns of water-mass development under conditions very different
from those of modern oceans. In order to investigate the chemistry
of intermediate to deep-water masses and their circulation in the

northern hemisphere during the Cretaceous and early Cenozoic, as -

well as test the hypothesis of the existence of a “warm saline deep
water mass” during this time, ODP Leg 171B aims to drill five holes
along a depth transect across the Blake Plateau. Sediments on the
Blake Plateau and Blake Nose offer an ideal record for reconstructing
water mass chemistry and circulation because the northern
subtropical location of the Blake Plateau and its position adjacent to
the western opening of the Tethys Seaway place the area in the
mixing zone between water-masses of different origins during the
Paleogene and late Cretaceous. An additional objective of Leg 171B
is the examination of events surrounding the K/T boundary, since
it should be penetrated by four of the planned holes.

The 1996 ODP Long Range Plan identifies the study of the ocean’s ‘

record of past environmental change as a major research initiative
that will increase our understanding of the sensitivity of different
parts of the climate system, permitting the further refinement of
models used to predict future climate change. The objectives of Leg
1718 are not only relevant to this goal, but also to the aims of the
IMAGES, MESH and MARGINS geoscience programs.

LEG 172: WESTERN NORTH ATLANTIC SEDIMENT DRIFTS.
The primary goal of Leg 172 is to obtain a detailed history of late
Neogene paleoceanography and paleoclimate in the North Atlantic
by drilling Neogene hemipelagic sediments which have been
deposited at accelerated rates on western North Atlantic sediment
drifts. Specifically, the drilling program aims to investigate the
millennial-scale oscillations of stable isotopes (C, O), carbonate and
trace metals in drift deposits, the nature of cyclicity of these oscilla-
tions, and how these cycles are related to the history of northern
hemisphere glaciations during the Late Neogene. In addition, this
drilling program will investigate sediment wave migration and drift
sedimentation processes, detailed variations of the Earth’s magnetic
field (secular variations, reversals), and the geotechnical/acoustic
properties of deep-sea sediments.

These objectives will be tackled through a series of sites, with
multiple APC-XCB cored holes, arranged in a depth transect across
the Blake-Bahama Quter Ridge, the Bermuda Rise, and the Carolina
Slope. Because of the very high deposition rates in this area, only
ODP drilling can recover cores that are long enough to permit
investigation of the ocean-climate system at high resolution on
Milankovitch (orbital) time-scales and to trace the evolution of this
system since the inception of northern hemisphere glaciation. Leg
172 drilling will provide scientists with the first ODP depth transect
in the North Atlantic, enabling scientists to monitor the history of
North Atlantic Deep Water production, glacial intermediate water
production, and changing sediment fluxes with depth.

LEG 173: NORTH ATLANTIC RIFTED MARGINS - THE IBERIA
MARGIN. Rifted margins contain the principal record of the break-
up that follows continental rifting and the onset of sea-floor
spreading. ODP drilling contributes uniquely to rifted margin studies
because it provides the only means of directly characterising the
nature, age and emplacement conditions of igneous, metamorphic
and / or sedimentary rocks formed, deposited or tectonically exposed
during margin formation. Non-voicanic margins, in particular,
provide opportunities to investigate and understand the tectonic
aspects of rifting, since faults which penetrate deep into the crust
and uppermost mantle may cause deeper rocks to be exposed at the
top of acoustic basement.

The west Iberia margin is an excellent example of a non-volcanic
rifted margin. The Galicia Bank and Iberia Abyssal Plain segments
of the margin were drilled during ODP Legs 103 and 149 respectively,
and have also been extensively studied geophysically. Legs 103 and
149 have revolutionised ideas about rifted margins by demonstrating
the existence of mantle along these margins. This information,
together with the recognition of low angle faulting and ‘core-
complexes’ provided a new dimension for looking at deformation
of the continental crust during break-up. ODP Leg 173 will be a
sequel to Leg 149. Leg 173 will aim to drill a small number of holes
on basement highs, mainly within the Ocean-Continent Transition
(OCT), to characterise the OCT, to test the simple-shear lithospheric
extension hypothesis for this probable lower-plate margin, to
determine the extent of synrift magmatism, and to determine the
existence and nature of the first-formed oceanic crust. These observa-
tions in combination with the improved quality and quantity of
seismic images, will permitbetter structural interpretation and allow
the time frame and nature of generation of melts from the mantle
during break-up and earliest generation of ‘normal’ oceanic crust to
be addressed.

The goals of Leg 173 drilling are closely tied to the objectives of a
number of European MAST community programs, the US
MARGINS initiative, and many national programs which have
funded research on the [beria-Galicia rifted margin.
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LEG 174A: NEW JERSEY MID-ATLANTIC TRANSECT.
Determining the age, amplitude, mechanism and stratigraphic
response to sea-level change continues to be a fundamental goal of
the Ocean Drilling Program. The general goals of the New Jersey
Mid-Atlantic Transect {MAT} are to determine the geometry and age
of Oligocene to Miocene depositional sequences, and to evaluate
the role of relative sea-level changes in developing this record. When
completed, the New Jersey MAT will evaluate possible causal links
between glacio-eustatic changes inferred from the deep sea "0
record and depositional sequences from this “Icehouse World”.

Significant progress has since been made towards completing the
entire New Jersey sea-level transect through the accomplishments
of ODP Leg 150 and the New Jersey Coastal Plain Drilling Project
(Project 150X}. Leg 174A will drill four sites on the outer shelf and
slope, which will address all but the lower Miocene-Oligocene
objectives of the overall program. The additional intervening shelf
samples that must be drilled to advance the New Jersey MAT project
to a meaningful conclusion lie in water depths too shallow for the
capabilities of the JOIDES Résolution and will have to be drilled with
an alternate platform.

The New Jersey margin is one of two study areas recently selected
by the US Office of Naval Research for a multi-year injtiative that it
has termed “Stratal Formation” (STRATFORM). Together with
studies of the contrasting margin off Northern California, the goal
is to understand the range of factors affecting shelf and slope
sedimentation. Clearly, the missions of STRATFORM and the sea
level transect coincide off New Jersey. The New Jersey MAT is also
directly relevant to the US MARGINS initiative, and will preduce a
test of oil-industry models of sea-level change.

LEG 174B: CORK 395A. Leg 174B will carry out a selected suite of
downhole experiments in Site 395A, which was drilled during DSDP
Leg 35 (1975), and then emplace an instrumented borehole seal or
CORK with thermistor cable and pressure sensor. Site 395 is located
in7 My old crust in an isolated sediment pond considered typical of
the structure and hydrogeological setting of thinly sedimented crust
formed at slow spreading rates. Since it was drilled in 1975-76,
extensive downhole measurements have been obtained during
multiple visits to the site which indicate a strong downhole flow of
ocean bottom water into the permeable upper oceanic crust that has
continued virtually unabated in over 20 years since the hole was
drilled. The primary goal of the CORK experiment at Site 395A is to
monitor how the hydrological system varies with time as natural
hydrogeological conditions are re-established ence the hole is sealed.
The experiment will provide essential information about the forma-
tion pressure and permeability structure, which are the real keys to
understanding the crustal hydrogeology, and which control the
active off-axis hydrologic system around Site 395A. The natural
thermal regime will allow determination of whether the observed
downhole flow is dynamically maintained due to active circulation
in the basement, regardless of whether or not a borehole is present,
instead of flow induced by the geothermal gradient.

For the past five years, ODP engineers have been involved in a
collaborative effort with scientists to establish borehole observatories
to collect time-series measurements of parameters such as tempe-
rature and pressure. The effective post-drilling use of boreholes
represents an expansion of ODP’s focus from mainly acquiring
samples and downhole geophysical data while the drill ship is
present, to making long-term observations or doing active
experiments in concert with other earth science programs, including
ION. The new 1996 LRP for ODP will emphasise as one of the ODP's
three major initiatives the location of geophysical and geochemical
observatories in the uniquely quiet environment of sea floor
boreholes to provide both a clearer view of earth structure and as a
means to monitor earth processes.

Part of Leg 174B will be used to test a hammer drill-in casing system,
which, if successhul, will replace the time-consuming setting of the
current hard rock guidebases.

LEG 175: BENGUELA CURRENT. The goal of ODP Leg 175 is to
reconstruct the Cenozoic history of upwelling off Angola and
Namibia using data from sites located between 5° and 32°S. The
individual fransects reflect examinations of specific “end-member”
upwelling environments which coliectively comprise one of the most
concentrated centres of ocean productivity. One of the major aims
will be to monitor the evolution of the Benguela Current system
and its relationship with the onset of Northern Hemisphere and
Antarctic glacial cycles. Many of the proposed sites are expected to
have high sedimentation rates, offering an opportunity to develop
very detailed paleoceanographic records. Sediments will be largely
diatomaceous and carbonate-rich clays with variable, and occa-
sionally very high, organic carbon contents,

Of principal interest is the period since the Miocene, when a pattern
of oceanic circulation akin to the modern circulation became estab-
lished in the Atlantic. The sites of this program have been selected
to record the development of the Benguela Current system, product-
ivity variations, seasonal upwelling, pelagic offshore divergence, and
provide a detailed correlation between the margin record and the
pelagic record. The environment of the Angola /Namibia margin also
provides an excellent setting for natural experiments in diagenesis
and for the formatien of economically important resources such as
petroleum and phosphate.

The Benguela Current is linked to the exchange of heat between the
South Atlantic and North Atlantic. Today, the extent and intensity
of the modern Benguela Current directly influence the South
Equatorial Current and its transport of heat from the South Atlantic
to the North Atlantic. This energy transport, operating over great
distances, is involved in the formation of polar ice caps and influences
their magnitude. Undoubtedly, the development of the Benguela
Current has had an important bearing on the evolution of the climate
of the northern hemisphere, and particularly that of northern Europe.

The ocean’s vital role in climatic change, especially through heat
transport and control of carbon dioxide, has prompted the initiation
of large integrated efforts in physical oceanography (WOCE,
TOPEX), chemical oceanography (GOFS, JGOFS), and marine
geology (IMAGES, MESH, MARGINS) whose goals are to better
understand the mechanisms of climate change. The sites that
comprise ODP Leg 175 drilling are intended to contribute informa-
tion about the paleoenvironment of the Benguela Current and
Angola /Namibia upwelling system which will help answer major
questions about global palecenvironments.

LEG 176: RETURN TO 735B. The exposures along the shoal bank
at the Atlantis [I Fracture Zone offer an unique setting to investigate
the composition and structure of the lower oceanic crust. ODP Site
735B, is located on a 15 km long wave-cut terrace 18 km east of the
Atlantis IT transform fault. It was originally drilled on Leg 118 and
represents the only existing deep penetration into plutonic basement
in the oceans. The goal of Leg 176 drilling is to deepen Site 735B to a
nominal depth of 2 km sub-basement to determine directly the nature
of the magmatic, metamorphi, tectonic and hydrothermal processes
in the lower ocean crust at a slow-spreading ocean ridge. While it is
hypothesised that deepening Site 735B may reach the petrologic
MOHO, the recovery of a truly representative section of plutonic
crust, will, by itself, be a major breakthrough in understanding the
geologic processes occurring beneath ocean ridges.

The new ODP Long Range Plan identifies two major research themes
that encompass the vast range of fundamental scientific questions
that can be explored by ocean drilling: the dynamics of Earth's
environment and the dynamics of Earth’s interior. Within the second
theme, ODP will emphasise the goal of penetrating hitherto inacces-
sible regions beneath the sea floor to explore the underlying processes
that form continents, rifts, oceanic crust and economic resources
(precious metals, ores, energy) as a spedial initiative. The scientific
abjectives and technological initiatives of Leg 176 clearly represents
a start towards meeting this challenge.
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International News, Meetings

and Announcements

InterRidge News
Membership -

Since our last update, the InterRidge community has continued to
grow. Atthe beginning of 1996, Germany upgraded its membership
from Associate to Principal. The German ridge crest research

community has energetically undertaken development and coordi-

nation of the DeRidge Program, recently publishing the first formal
issue of the DeRidge Newsletter. InterRidge is also very pleased to
welcome Norway as a new Associate Member. Norway announced
its intention to become an Associate Member for 1996, 1997 and 1998
at the start of this year. The number of Corresponding Members
has also grown with the welcome addition of Denmark. For 1996,
InterRidge now counts 6 Principal Members {France, Germany,
Japan, Spain, the United Kingdom, the United States), 2 Associate
Members {(Norway, Portugal) and 11 Corresponding Members
{Australia, Canada, Denmark, Iceland, India, Italy, Korea, Mexico,
Russia, Sweden, Switzerland).

InterRidge Office Transfer:

The University of Durham's 3-year term as host to the InterRidge
Ofifice will end in December 1996. In anticipation of the scheduled
transfer of the InterRidge Office to another member nation, a call
for bids was announced in January 1996 using the e-mail list.
Individuals, groups or institutions from any 1997 Principal Member
Nation were invited to submit bids to become hosts. Further details
are available from the InterRidge Office.

Forthcoming Events

Planning is underway for two large symposia/workshops in con-
junction with three international programs.

The Ocean Lithosphere & Scientific Drilling into the 21st Century will be
convened by Drs. H. Dick and C. Mével at Woods Hole, MA, USA
on 26-28th May. This joint effort of the JOIDES Ocean Drilling
Program, the International Association of Volcanology and
Chemistry of the Earth’s Interior, and InterRidge, aims to plan an
integrated program of scientific ocean drilling to evaluate and extend
current models for the formation of a laterally complex and hetero-
geneous ocean lithosphere.

Reykjavik will be the site of a joint FARA-InterRidge Mid-Atlantic
Ridge Symposium to be held at the Nordic Volcanological Institute of
the University of [celand on 19-22th June. The Symposium will be
convened by Drs. C.H. Langmuir and H.D. Needham and is being
planned in collaboration with Drs. K. Gronvold, R.C. Searle and H.
Sloan. The Symposium marks the end of the five-year FARA Project
of Franco-American co-operative study of the Mid-Atlantic Ridge.
A carefully planned program of invited and contributed presenta-
tions will synthesize the extensive body of work carried out under
the auspices of FARA. Inaddition to two half-day field trips included
in the Symposium program, a three-day pre-Symposium field trip
is planned, giving participants the rare opportunity to make real-
time, direct observations of the ridge.

WWw

The InterRidge World Wide Web home page continues to evolve
with the addition of a series of pages announcing Piggy-back
Proposals and offers of ship time. There are also newly updated
schedules of ridge crest cruises - many thanks to all of the Principal
Investigators who sent information on their upcoming cruises. As
the Phase 2 Project activities get underway, new pages will appear
reporting their progress.

MEETING ANNOUNCEMENT
In the Wake of the Swedish Deep-Sea Expedition:
Development of Paleoceanography as a New Field of Science
Commemorating the 50th Anniversary of the Albatross expedition 1947-48

Stockholm and Géteborg, Sweden, August 25-28, 1997

Organized by: The Royal Swedish Academy of Sciences
Convenors: Jan Backman and Kurt Bostrdm, Stockholm University, and Anders Stigebrandt, University of Gothenburg, Sweden

A two day international conference will be arranged at the Royal Academy of Sciences in Stockholm. The theme of the meeting will be
historical developments and recent advances in paleoceanography, in the spirit of the Swedish Deep-Sea Expedition. Invited talks will be
presented by Gustaf Arrhenius, Margaret Delaney, Eystein Jansen, Larry Mayer, Nick Shackleton and Rainer Zahn. Afternoons will be-
devoted to poster sessions.

The conference will be followed by a one day symposium in Géteborg, organized by the Earth Science Centre. The theme will be
paleoceanography of semi-enclosed seas.

A limited number of travel stipends for graduate students/ post-docs will hopefully be available.

Expressions of interest to participate/ present a poster should be sent to Margareta Wiberg, Royal Swedish Academy of Sciences, Box 50005,
5-104 05 Stockholm, Sweden. Telephone: +46 8 673 95 00. Fax: +46 8 15 56 70.

E-Mail: marga@info.kva.se.

Questions can also be addressed to Jan Backman {jbackinan@geol.su.se) and Anders Stigebrandt (anst@oce.gu.se).

Please subrmnit your interest before 1 September 1996.
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THE OCEAN DRILLING PROGRAM
"RETURNS TO ITS ROOTS

In Memory of Cesare Emiliani
contributed by

ANDRE DROXLER

In January of 1996, the Ocean Drilling Program returned to its roots
by drilling ODP Site 1000 on the west side of Pedro Channel, one of
a seties of channels that dissects the northern Nicaraguan rise, where
30years ago in December 1963, Cesare Emiliani led a scientific ocean
drilling expedition to recover the first ever long core at LOCO Site
1. Cesare Emiliani’s LOCO (LOng COres) expedition was the
predecessor of the Deep Sea Drilling Project (DSDP) and the Ocean
Drilling program (ODP). Moved by the fortuitous location of ODP
Site 1000 on the same oceanic feature as LOCO 1, the northern
Nicaragua Rise, and in recognition of Cesare Emiliani's outstanding
contribution to scientific ocean drilling, the shipboard science party
of Leg 165 have dedicated their Initial Results Volume to his memory.

The LOCO drilling was carried out on the B/V Submarex, a 174 foot
long vessel owned and operated by Global Marine. The vessel was
equipped with a skid-mounted Howard Turner drilling rig, capable

of drilling in maximum water depths of about 835 meters. The
objective of the LOCO expedition was to recover continuous deep-
sea sedimentary sections, representing as much of the geological
time-scale as possible. Because pelagic sediments usually occur at
water depths greater than 2000 meters, however, the restricted range
of the D/V Submarex, was a severe limitation to the pelagic drilling
and coring objectives of the LOCO expedition. This consideration
led Cesare Emiliani and his colleagues to attempt the first deep sea
drilling of a continuous pelagic sequence in water depths of less
than 650 meters in the western Caribbean between Jamaica and
Nicaragua/Honduras, Potential drilling targets were selected on the
northern slope of the Rosalind Bank and the Walton Basin. Drilling
in the Walton Basin was successful and the first ever long core
measuring 23 meters (56.4 m of penetration) was obtained at LOCO
1. The core contained a record of the Pliocene—Pleistocene boundary.
Prior to the LOCO expedition, pelagic sequences recovered from
stratigraphic and paleoceanographic studies had been limited to the
length of a 15-20 m piston core.

On Leg 165, coring at ODP Site 1000 recovered a 696 meter thick,
almost turbidite-free sedimentary sequence of periplatform sedi-
ments and sedimentary rocks, interbedded with volcanic ash layers
and intervals of redeposited periplatform/pelagic and neritic
carbonate sediment. This excellent record, which spans a continuous
20 million year period, promises to provide many new insights into
the history of Caribbean subthermocline (intermediate) water
masses, the segmentation and subsidence history of the Northern
Nicaragua Rise, the seismic stratigraphy of the region, and a record
of explosive volcanism during the Neogene.
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International Conference
Neogene Mediterranean Paleoceanography
Trapani, Sicily, 28-30 September, 1997

An International Conference on Neogene Mediterranean Paleoceanography will be held in Erice (Trapani,
Sicily) under the auspices of the International School of Applied Geophysics, ¢/ o “Ettore Majorana Center
for Scientific Culture” on 28-30 September, 1997, preceded by a 3-day field trip. The meeting will be
sponsored by the Geological Society of Italy and the European Consortium for Ocean Drilling (ECOD).

Convenorsare:  M.B. Cita (University of Milano), representing the Geological Society of Italy; and
J.A. McKenzie (ETH, Zurich), representing the ECOD-ESCO (ESF Scientific Commitee for the ODP).

The aim of the conference is to discuss and improve our knowledge of the post-alpine orogeny evolution
of Mediterranean paleoceanography, taking into account the results of the ODP Legs 160 and 161 which
were dedicated in part to unravelling the origins of Mediterranean sapropels.

Session leaders will be appointed to focus discussion on problems related to physical oceanography,
inorganic geochemistry, cyclic stratigraphy, sequence stratigraphy, paleoecology, and paleoclimatology

"and eventually to prepare a synthesis of events related to specific time-slices, e.g. present day, last
deglaciation, glacial-interglacial Quaternary, Pliocene climatic deterioration, early Pliocene flooding,
the Messinian Salinity Crisis, and Miocene paleoceanographic evolution with special emphasis on the
interruption of the connections with the Indian Ocean, and the effects of the onset of monsoon regime
conditions.

The field trip will focus on the following themes:

1 - Paleoceanographic conditions leading to cyclic sedimentation in pre-salinity crisis time.
2 = Messinian Salinity Crisis: cyclic sedimentation in basinal and piggy back setting.

3 — Paleoceanographic conditions leading to cyclic sedimentation in post-salinity crisis time.

The number of conference participants is limited to 100 persons. Total cost for the 3-day stay in Erice will
be US$400. The excursion will be limited to 50 persons and will cost approx. US$350 for transportation,
room and meals. :

The 2nd circular wili be sent only to those who respond to the 1st circular.

Since the total number of participants to both the conference and excursion is strictly limited, we must
begin planning well in advance. Deadline for response to the 1st circular is 30 September, 1996.

I plan to attend the meeting ~ yes no (circleone) Iplantoattend the excursion yes no
I intend to present a contribution on the following topic: ............... ... ..o

Oral preferred Poster preferred  (circle one)

Please return to: Mrs. Eva Pour, ETH-Zentrum, Geologisches Institut, Sonneggstrasse 5, Zurich,
Switzerland by 30 September, 1996.
Tel: +41-1-632 3680, Fax:+41-1-632 1030, e-mail: pour@erdw.ethz.ch
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JOIDES PROPOSAL SUBMISSION

There are two options to get your ideas into the system.

A LETTER OF INTENT

A Letter of Intent is a three to four page outline of your idea(s) for scientific ocean drilling. It may be submitted
as an alternative to a full proposal and will be forwarded to the panels for comment. Based on panel responses,
the preparation of a formal proposal may be recommended. :

FULL PROPOSAL
An QDP drilling proposal must contain an abstract (400 words or less) and the following information to be
accepted and forwarded to the four thematic panels for review:

* Scientific objectives must be linked to the themes of the ODP Long Range Plan (LRP), which is available
from the JOI, :
Drilling sites that are tied to the stated scientific objectives and justified by appropriate site survey data.
Completed ODP Site Summary Forms. Blank forms are available from the JOIDES Office on disk or
hard copy.

In addition:
Ten hard copies of the entire proposal must be sent to the JOIDES Office. The JOIDES Office would also appreciate
receiving a copy of the proposal via electronic mail or on floppy disk.

JOIDES PROPOSAL DEADLINES

ALL JOIDES PROPOSAL DEADLINES, FROM JULY 1996, WILL BE
ADHERED TO. PROPOSALS WILL BE RETURNED IF RECEIVED AFTER
THE DEADLINES.

Please note that if you submit a revision or addendum to an existing proposal in which you have modified the
proposed drilling sites or changed their location, you must follow the JOIDES Office Drilling Site Designation
Policy (available from the JOIDES Office). Proposals that do not follow this scheme will be returned to proponents
before being sent out for review. THERE WILL BE NO EXCEPTIONS TO THIS. Failure to follow the JOIDES
Office Drilling Site Designation Policy could delay the review of your proposal by up to six months.

DEADLINES FOR SUBMISSION OF SITE SURVEY DATA PACKAGES ARE
JULY 1 AND NOVEMBER 1.

Proposals prioritized by thematic panels as being highly ranked are reviewed by the Site Survey Panel (SSP).
Proponents are urged to submit as complete a data package as possible, as early as possible, once their proposals
are highly ranked (refer to the Spring 1996 Global Ranking Table in this issue), Site survey data in support of
proposals is to be submitted to the JOIDES/ODP Site Survey Data Bank, Lamont-Doherty Earth Observatory,
Palisades, NY 10964 (US); Tel: (914) 359-2900; Fax: (914) 365-2312; Email: odp@ldeo.columbia.edu. The guidelines
for submission of site survey data are available from the JOIDES Office at any time.

As of October 1, 1996 the new JOIDES Office address will be: JOIDES Office
Department of Geology and Geophysics
Woods Hole Oceanographic Institution
Woods Hole, MA (02543 USA
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PROPOSAL REVIEW CRITERIA FOR ODP THEMATIC PANELS

A. Thematic Relevance

Al
A2
A3
A4

A5
A6

(AS OF 1 JAN 1996)
D3 Technology under development
Highly relevant to top thematic objectives D5 Recommend proposal be reviewed by DMF,
Relevant to thematic objectives {HP, SMP, or TEDCOM
Portions are relevant, interdisciplinary D4 Technology not available
approach required Dé Possible safety problems; early PPSP review

Could be relevant with minor revisions
Not relevant to thematic objectives
Could be relevant to thematic objectives
with revisions.

B. Scientific Merit

B1

B2

Objectives B1.1 Well formulated
- B12 Needs revision
B 1.3 Poorly formulated
Location B 2.1 Appropriate
B 2.2 Notappropriate

C. Scientific Feasibility

' C1

C2

| c3

! Cc4

D1
} D2

High probability of achieving scientific
objectives

Needs more supporting data to achieve
objectives (e.g. will need other sorts of data
to interpret drill results)

Insufficient data to assess scientific
feasibility

Scientific feasibility highly questionable

. Preliminary Technical Feasibility Assessment

Te¢hnology in hand and tested
Technology in hand, untested

is recommended.

E. Proposal Completeness (indicate where deficient)

EO
E1l
E2
E3
E4
E5
Eé6
E7
E8

No deficiencies

Abstract

Site {ocation map

Survey coverage map

Regional geologic setting

Balanced cross-section (where appropriate)
Site summary forms

Reference list

Other deficiencies specified in review
comments

E  Recommended Action (to proponent)

F1

F2

F3

Fd4

F5

Ship position

Proposal is of high priority; no further action
is necessary

Proposal is of high priority, but recommend
revision as indicated

Proposal is of low priority, but could become
high priority

Proposal is of low priority, and unlikely to
become high priority.

Of interdisciplinary interest

Satellite image of the storm at 1201 GMT on 29 September
1995, showing the relative positions of the East Greenland
coast and the JOIDES Resolution. This exceptional storm

" developed rapidly out of two easferly moving low-pressure

systens that merged into a system that was more intense
and niore northerly-meoving than initially forecast.
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1996 Spring ODP Thematic Panel Global Rankings

Rank LITHP OHP SGPP TECP
Number  Title Number  Title Number Title Number  Title
1 448-Rev  OntonglavaLIP 464 Southern Ocean 481 Red Sea Deeps 450 Taiwan Arc-
Paleoceanography Continent collision
2 480 Caribbean 441-Rev  SW Pacific 445-Rev2  Nankai Trough 447-Rev2  Woodlark Basin
Cretaceous Basalt Gateway
Province
3 481 Red Sea Deeps 465-Add  SE Pacific Generic  Antostrat 431-Rev  Western Pacific
Paleoceanography Seismic Network
4 451-Rev3 Tonga Forearc 367-Rev3  Cenozoic 367-Rev3  Cenozoic 445-Rev2  Napkai Trough
Carbonates in Carbonates in
the Great the Great
Australia Bight Australia Bight
5 Generic  Seismic Boreholes 484 East Asian 484 East Asian “u2 Northern
Monsoon History Monsoon History Mariana Rift
6 457 Kerguelen LIP 485 Southern 476 Hudson Apron 484 East Asian
Gateway — Monsoon History
Australian
Antarctica
7 472 lzu-Mariana 449 + 488 Mesozoic 472 [zu-Mariana Mass 451-Rev3 Tonga Forearc
Mass Balance Weddell Sea & Balance
Southern Ocean
Circulation
8  426-Rev  Australia- 452-Revl AntarcticGlacial 455-Rev  Laurentide Ice Generic  Crust Structure
Antarctica History of Sea Sheets Qutlets
Discordance Level Change .
9 420 Evolution of 455-Rev  Laurentide Ice 453 Bransfield Strait ~ Generic  Mass Balance
Ocean Crust Sheets Qutlets Antarctica
10 442-Rev  Northern 483 ACC-S5cotiaSea  355-Rev5 Gas Hydrates/ 457-Revd  Kerguelen Plateau
Mariana Rift and Fatkland Pera Margin
Trough .

DRILLING SITE DESIGNATIONS

As directed by PCOM in December 1994, and so that each
point on the seafloor that has ever been considered for drilling
is known by one and only one name, and that name is never
used for any other point on the seafloor, the JOIDES Office
has adopted and ODP will use the following format
henceforth: ,

AAAAANNX

AAAAA is up to 5 alphanumeric characters (although 4 is
preferable) indicating the area of the proposed drill site, nn
is two numerals indicating the number of the site within that
area.

X is one letter indicating variants (alternates or revisions) of
that site. The first time a site is proposed, X=A. If altemative
sites are proposed in close geographic proximity and sharing

scientific objectives, they would have X=A, X=B, X=C, etc.
Every time a site is moved, a new value of X would be used
to identify the relocated site.

The site designator should not attempt to encode information
about the priority of the site (i.e. no “alt.” designators).
Because site priorities often change as the proposal passes
through the advisory system, a site name that encodes
priority may became obsolete or misleading by the time the
site is drilled.

Why are sites moved?

As a proposal moves through the advisory system, it
occasionally becomes necessary or advisable to shift the
position of a site in response to new data, new hypotheses,
safety concemns, international clearance issues, or man-made
seafloor hazards.




Prop. no,
348-Add4
334-Add2
334-Add3
367-Add2
367-Rev3
421-Rev2
H1-Rev
442-Add
445-Rev2
447-Rev2
451-Rev3
452-Rev2
455-Rev2
457-Rev3
461-Add2
463-Add
465-Add
472-Rev
476-Add
478-Add
482

483

484

485

484

487

488

489

490

491

432

433

494

495

New Proposals in the ODP System

(reviewed in spring 1996)

Date received Abbreviated title

Nov. 1995
Sept. 1995
Jan. 1, 1996
Oct. 1995
Jan. 1, 1996
Jan 19, 1996
fan. 5, 1996
Jan. 2, 1996
Jan. 2, 1996
jan. 5, 1996
Jan. 2, 1996
Jan. Z, 1996
Jan. 15, 1996
Jar. 15, 1996
Nov. 1995
Jan. 2, 1996
Jan. 1, 1996
Jan. 2, 1996
Nov. 27, 1998
Jan. 2, 1996
Jan. 2, 1996
jan. Z, 1996
Jan. 9, 1996
lan. 2, 1996
Jan. 2, 1996
Jar. 2, 1996
Jan. 2, 1996
Jan. 2, 1996
Jan. 2,1996
Jan. 2, 1996
Dec. 22, 1995
Feb. 7, 1996
Jan. 15, 1996
fan. 1, 1994

New Jersey MAT: NJ Realism
Galicia Margin §' Reflector
Galicia Margin 5" Reflector

Great Australian Bight Site Survey Cruise Proposal
Cenozoic rarbonates of the Great Australian Bight

Alkali-acidic rocks of the Volcano Trench
Southwest Pacific Gateway / Deep Pacific Source
Rift Initiation in the Northern Mariana Trough
Nankai Trough Accretionary Prism

Woodlark Basin

Tonga Forearc

Antarctic Glacial History of Sea Level Change
Laurentide Ice Sheet Qutlets {LISO)
Kerguelen Plateau

Return to Jbesta

Shatsky Rise Plume Impact Hypothesis

SE Pacific paleoceanographic depth transects
Marianas-lzu Mass Balance

Hudson Apron Submarine Slope

. Eastern Nankai Multiple Shortening

Wilkes Land margin

ACC - Scotia Sea and Falkland Trough

East Asian Monsoon History /South China Sea .
Scuthern Gateway - Australia and Antarctica
Paleogene Equatorial Pacific APC Transect
Palau-Kyushu Ridge and Shikoku Basin
Southern Ocean Circulation ~ Weddell Sea
Ross Sea Shelf ~ Glacial History and Sea Level
Prydz Bay - Cooperation Sea/Glacial History
Cyclic Crustal Accretion - Angola Basin
Taiwan Are-Continental Collision

Rifting & Crustal Fluid/Okinawa Trough
Deformation and Evaolution of South China Sea
Rifting and Isolation of Microcontinents

Contact

Ken Miller
Gilbert Boillot

Gilbert Boillot .

David Feary
David Feary

B. I Vasiliev
Robert Carter
Robert Stern
Greg Moore
Brian Taylor
Chris MacLeod
Peter Barker
David Piper
Fred Frey

Bob Whitmarsh
Will Sager
Alan Mix

Terry Plank

" Loncoln Pratson

H. Tokuyama
Carlota Escutia
Peter Barker
Pinxtan Wang
Neville Exon
Mitch Lyle
Yasuhiko Ohara
Y. Kristoffersen
Fred Davey

P. O'Brien

Karl Hinz'

Serge Lallemand
Naisheng Li
Bochu Yao

W.E. Stephens

New LOIs in the ODP System

{reviewed in spring 1996}

Date received Abbreviated title

Jan. 9, 1996
jan. 9, 1996
Jan. 2, 1996
Jan. 2, 1996
fan. 2, 1996
Jan. 21, 1996

H,O Seafloor Observatory *

Eastern Australia Margin

Dike~Gabbro Transition - Central Cocos Plate
Basement of the Marsili (South Tyrthenian Sea)
W. FPacific ION /OSN Seafloor Observatories”
Paleoproductivity of Antarctic coastal waters

T ™ o~mn Natwork (FON).

Contact
Ralph Stephen
Ran Boyd
Doug Wilson
C. Savelli
Joha Orcutt
Eugene Domack
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Prop. no.

079
079-Rev
079-Rev2
300——
300-Rev
300-Add2
300-Rev-Add
334——
334-Rev
334-Rev2
334-Rev3
334-Add?2
334-Add3
348-Add3
348-Rev
348-Add4
354—
354-Add
354-Add2
354-Add3
354-Rev
354-Rev2
354-Add4
355——
355-Rev
355-Rev2
355-Rev3
355-Rev4
355-Rev5
355-Add
367——
367-Add
367-Rev
367-Rev2
367-Add
367-Rev3
376——
376-Rev
376-Rev2
376-Rev3
404——
404-Rev
404-Add2
416——
416-Rev
419-——o
419-Rev
420——
421——
421-Rev
421-Rev?2
424—

Date rec’d

28/08/84
31/07/92
28/06/93
18/02/88
01/08/92
03 /05/95
03/01/95
28/07/89
27/12/90
27/07/92
30/06/93
09/1995

01/01/96
05/11/94
30/06/95
Nov. 1995
18/09/89
30/07/92
01/07/93
01/07/94

30/01/92

30/12/93
03/01/95
18/09/89
04/10/89
30/08/90
27/12/93
30/06/94
04/01/95
03/07/95
07/02/90
05/10/92
23/12/93
04/01/95
10/95 .

01/01/96
07/03/90
16/09/91
27/07/92
27/01/94
11/09/91
04/01/95
03/07/95
11/03/92
27/01/94
28/07/92
31/12/92
30/07/92
30/07/92
28/07/93
19/01/96
31/07/92

Abbreviated title

Tethyan stratigraphy and oceanic crust, Indian Ocean
Tethys and the birth of the Indian Ocean

Tethys and the birth of the Indian Ocean

Deep crustal drilling, Site 735B, SW Indian Ridge
Return to ODP Hole 735B

Return to 735B

Return to ODP Hole 735B

Detachment faults/ Galicia margin

Galicia Margin S reflector

Galicia Margin S reflector

Galicia Margin 5’ reflector

Galicia Margin S’ Reflector

Galicia Margin §’ Reflector

TIE: US Mid-Atlantic Transect

New Jersey TIE: US Mid-Atlantic Transect

New Jersey MAT: NJ Realism

Late Cenozoic upwelling system, Angola/Namibia
Benguela Current and Angola/Namibia upwelling
Benguela Current and Angola/Namibia upwelling
Benguela Current and Angola /Namibia upwelling
Benguela Current and Angola/Namibia upwelling
Benguela Current and Angola/Namibia upwelling
Benguela Current

Formation of a gas hydrate

Formation of a gas hydrate

Formation of a gas hydrate

Formation of a gas hydrate

Formation of a gas hydrate: Peruvian Margin
Peruvian Margin/Gas Hydrates

Peruvian Margin Gas Hydrates .

Cool water carbonate margin, southern Australia
Cool water carbonate margin, southern Australia
Great Australian Bight cool-water carbonates
Cenozoic carbs. of the Gt. Australian Bight

Great Australian Bight Site Survey Cruise Proposal
Cenozoic carbonates of the Great Australian Bight
Layer 2/3 (and crust/mantle} boundary, Vema F.Z.
Layer 2/3 boundary and vert. tectonics, VEMA F.Z.
Vema F.Z.: Upper mantle, gabbro/dyke, limestone cap
Vema F.Z.: Upper mantle, gabbro/dyke, limestone cap
Western North Atlantic sediment drifts

Late Neogene paleoceanography

Western North Atlantic sediment drifts

Glacial history, Svalbard margin -

Glacial history, Svalbard margin

Convergence at Azores—Gibraltar plate boundary
Convergence at Azores-Gibraltar plate boundary
The evolution of oceanic crust

Alkali-acidic rocks of the Volcano Trench
Alkali-acidic rocks of the Volcano Trench
Alkali-acidic rocks of the Volcano Trench

To CORK Hole 395A

Active ODP Proposals, Spring 1996

Contact

Coffin, M.F.
Coffin, M.F,
Coffin, M.F.
Dick, HJ.B.
Dick, H.].B.
Dick, HJ B.
Natland, ].H.
Boillot, G.
Boillot, G.
Boillot, G.
Boillot, G.
Boillot, G.
Boillot, G.
Austin, J.
Miller, K
Miller, K
Wefer, G.
Wefer, G.
Wefer, G.
Wefer, G.
Wefer, G.
Wefer, G.
Wefer, G.

Von Huene, R.
Von Huene, R.
Von Huene, R.
Von Huene, R.
Von Huene, R.
Von Huene, R.
Von Huene, R.
James, N.P.
James, N.P.
James, N.P.
Feary, D.A.
Feary, D.A.
Feéry, D.A.
Auzende, .M.
Auzende, J.M.
Bonatti, E.
Bonatti, E.
Keigwin, L.D.
Keigwin, L.D.
Keigwin, L.
Solheim, A.
Solheim, A.
Zitellini, N.
Zitellini, N.
Purdy, G.M.
Vasiliev, B.L.
Vasiliev, B.L
Vasiliev, B.L.
Becker, K.
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424-Rev 31/12/92 To CORK Hole 395A Becker, K.
425-Rev 01/07/93  Mid-Antlantic Ridge Offset Drilling Casey, |.F.
426—— 20/08/92  Australia—Antarctic Discordance Christie, D.
426-Rev 30/06/95  Australia-Antarctic Discordance Christie, D.
430—— 31/12/92 Subantarctic SE Atlantic Transect (ghost of 464) Hodell, D.A.
431—— 31/12/92  Western Pacific Seismic Network Suyehiro, K.
431-Add 01/01/94 Western Pacific Seismic Network Suyehiro, K.
431-Add2 05/01/95 Western Pacific Seismic Network Suyehiro, K.
431-Rev 03/07/95  Western Pacific Geophysical Network Suyehiro, K.
435—— 01/07/93  Nicaragua/lzu-Marianas Mass Balance Plank, T.
435-Add 28/06/94 Mass Balance: Nicaragua Margin (Ghost of 471) Plank, T.
435-Rev 01/0t/94 Mass Balance: Nicaragua Margin (Ghost of 471) Plank, T.
435-Rev2 01/01/94 Mass Balance: Mariana—Izu (Ghost of 472) Plank, T.
435-Add2 04/01/95 Mariana-lzu Margin (Ghost of 472) Plank, T.
- 436—— 20/12/93  Campeche Bank Stratigraphy Fulthorpe, C.S.
C437— 23/12/93 Lau-Havre-Taupo rift to drift Parson, LM.
438—— 01/01/94  Test of reflecting interfaces in oceanic crust Mutter, J.
439—— 01/01/94 Marquesa Islands, mass budget of hot spots McNutt, M.K.
441— 27/12/93  Southwest Pacific Gateway I & II Carter, RM.
441-Add 05/01/95 Southwest Pacific Gateway Carter, L
441-Rev 05/01/96  Southwest Pacific Gateway/Deep Pacific Source Carter, L.
442 27/12/93  Rift Initiation in Back-Arc Basins: N. Mariana Stern, RJ.
442-Rev 05/01/95  Rift Initiation in Back-Arc Basins /N. Mariana Stern, R.
442-Add 02/01/96  Rift Initiation in the Northern Mariana Trough Stern, R.
443—— 29/12/93  Faults, crustal heterogeneity & hydrology at 504B/896A Alt, J.C.
444 01/01/94 Joban margin sea level ‘ Soh, W.
445-Rev 05/01/95 Deformation & fluid flow in the Nankai Trough Prism Moore, G.F.
445-Add 03/07/95 Nankai Trough Accretionary Prism Moore, G.F.
445-Rev2 02/01/96 Nankai Trough Accretionary Prism Moore, G.F.
446—— 01/01/94 Ocean drilling in the Tonga forearc Bloomer, S.H.
447—— 01/01/94 Continental extension in W. Woodlark Basin Taylor, B.
447-Rev 04/01/95 Extension in the W. Woodlark Basin Taylor, B.
447-Rev?2 05/01/96 Woodlark Basin Taylor, B.
448—— 01/01/94 History of the Ontong Java Plateau Kroenke, L.W.
448-Rev (1/07/94 History of the Ontong Java Plateau Kroenke, L.W.
448-Add 04/01/95  Origin and evolution of the Ontong Java Plateau Kroenke, L.W.
448-Add2 30/06/95 Origin and evolution of the Ontong Java Plateau Kroenke, LW.
49— 01/01/94  Evolution of the Mesozoic Weddell Basin Wise, S.W.
450—— 01/01/94 Taiwan arc-continent collision Lundberg, N.
450—Rev 05/01/95 Taiwan arc-continent collision Lundberg, N.
450-Add 03/07/95 Taiwan Arc Continent Collision Lundberg, N.
45]—— 01/01/94 Tonga Ridge Island Arc Transect Tappin, D.
451-Rev 01/07/94 Tonga forearc Tappin, D.
451-Rev2 05/01/95 Ocean drilling in the Tonga Forearc Tappin, D.R.
451-Rev3 02/01/96  Tonga Forearc MacLeod, C.J.
452—— 27/12/93  Antarctic glacial history and sea-level change Barker, PE
452-Add 17/02/94  Antarctic glacial history and sea-level change Barker, PE.
452-Rev 05/01/95  Antarctic glacial history and sea-level change Barker, F.
452-Rev2 02/01/96  Antarctic glacial history of sea-level change Barker, PF.
453—— 01/01/94 Bransfield Strait, Antarctica Fisk, M.
454— 14/01/93  East Australian Current Jenkins, C.
455—— 27/06/94 High res. record of sediment fluxes: NW Atlantic Occhietti, S.
455-Rev 30/06/95 NWAMP Piper, D.J.W.
455-Rev 15/01/96  Laurentide Ice Sheet Qutlets (LISO) Piper, D.J.W.
456—— 28/06/94 Tjornes FZSB: Paleoceanography and Sedimentation Fridleifsson, G.O.
457 01/07/94 Large igneous province in Kerguelen Plateau Frey, FA.
457-Rev " 05/01/95 Kerguelen Plateau and Broken Ridge (LIP) Frey, EA.
457-Rev2 30/06/95 Kerguelen Plateau and Broken Ridge (LIP) Frey, FA.
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457-Rev3
458——
45
NARM-Ad443
Ty EEe
461-Add
461-Rev
461-Add2
461-Add3
462
462-Rev
463—o
463-Add
464 m-—m
464-Add
465
465-Add
466—-
467
468—
468-Rev
469—
470
47—
A7 2
472-Rev
NARM-Add
473
473-Add
473-Add
474
475—
476~
477 —
478~
478-Add
479
480—
481 —~
482

483

484

485

486

487

488

489

430

491

492

493

454

495

15/01/96
01/07/94
01/07/94
22/12/93
01/07/94
03/01/95
03/07/95

1171995

15/02/96
04,/11/94
03/07/95
04/01/95
02/01 /96
04/01/95
03/07/95
04/01/95
01/01/96
04/01/95
04/01/95
05/01/95

30/07/95

05/01/95
05/01/95
01/01/94
01/01/95
02/01/96
30/06/93
10/04/95
30/05/95
30/06/98
30/04/95
30/06/95
04407795
04/07 /95
04/07 /95
02/01/9%
083/07/95
03/07/95
03707795
02/01/96
02/01/98

Kerguelen Plateau and Broken Ridge {LIP)
Southern Ocean Transect (Ghost of 454}
Norwegian Sea overfiow

Basement sampling of OCT west of Iberia

Basement of GCT W. of Iberia {former NARM-Add3)

OCT - Return to Iheria

Ocean~Continent Transition west of Iberia
QCT — Return to theria

OCT -~ Return to Iberia

Blake Plateau ard Blake Nose

Blake Plateau and Blake Nose

Plume-Impact at Shatsky Rise

Shatsky Rise Plume Impact Hypothesis
Southern Ocean Paleoceanography (Transo)
Southern Paleoceanography Transect

5E Pacific Paleoceanograply

SE Pacific Paleoceanographic Depth transects
GAB/Continental Margin .
Sea-level changes in the Western Mediterranea
Carbonate platforms at the Romanche F. Z.
{Carbonate platforms/Romanche Fracture Zone
Argo Abyssal Plain

Red Sea/ Atlantis Il Deep

Mass Balance: Nicaragua Margin
Marianas—Izu Mass Balance

Marianas~Izu Mass Balance

Newfoundland Basin

Saanich Inlet

Saanich Inlet

Saanich Inlet

Offset Engineering Leg

Physical Properties in Accretionary Prisms

Hudson Apron Submarine Slope Stability Transect

Sea of Okhotsk and Beting Sea

Eastern Nankai Multiple Shortening
Eastern Nankai Multiple Shortening

Felsic Volcanic, Bast Manus Back-Arc Basin
Caritbean Cretaceous Basalt Province

Red Sea Deeps

Wilkes Land margin*

ACC - Scotia Sea and Falkland Trough™

03/01/1996 East Asian Monsoon History /South China Sea

02/01/96
02/01/96
02/01/96
02/01/96
02/01/96
02701796
02/01/96
22/12/95
31/01/96
15/01/96
01/01/96

Southern Gateway ~ Australia and Antarctica™
Paleogene Equatorial Pacific APC Transect
Palau-Kyushu Ridge and Shikoku Basin
Southern Ocean Circulation — Weddell Sea™
Ross Sea Shelf ~ Glacial History and Sea Level*
Prydz Bay-Cooperation Sea/ Glacial History*
Cyclic Crustal Accretion- Angola Basin
Taiwan Arc-Continental Collision

Ritting and Crustal Fluid /Okinawa Trough
Deformation and Evolution of South China Sea
Rifting and Isolation of Microcontinents

Gersonde, R.
Kuijpers, A.
Reston, T.].
Whitmarsh, R.B.
Whitmarsh, R.B.
Whitmarsh, R.B.
Whitmarsh, R.B.
Whitmarsh, R.B,
Norris, RD.
Narris, R.D.
Sager, WW.,
Sager, WW.
Gersonde, R.
Gersonde, R.
Mix, A.C.
Mix, A.C.
Willcox, 1.B.
Droz, L.
Bonatti, B,
Bonatti, E.
Symonds, P.A.
Sichler, B,
Plank, Terry
Plank, Terry
Plank, Terry
Austin, LA, Jr.
Bornhotd, B.D.
Nagihara, 5.
Bornhold, B.D,
Pettigrew, T.L.
Moore, ].C.
Pratson, 1.
‘Takahashi, K.
Tokuyama, H.
Tokuyama, H.
Binns, R.A,
Diriscoll, N.
Ludden, .
Escutia, Carlota
Barker, Peter
Wang, Pinxian
Exon, Neville
Lyle, Mitch
Chara, Yasuhiko
Kristoffersen, Y.
Davey, Fred
{Brien, P
Hinz, Karl

Laltemand, Serge

Li, Naisheng
Yao, Bochu
Stephens, W.E.

Please note that proposals scheduled for drilling in FY97 retain their active status as proponents continue to make minor

T MTORTRAT proposals

modifications to the programs, since these changes must be reviewed by the Thematic panels.
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RS Jouraal Distsitastion

1755 Massachusetts Ave., N.W,, Suite 800
Washington, D.C. 20036-2302 USA
. Tel: 202 /232-3900
Fax; 202/7232-82013

Internet: joi@brook edu

JOIDES Office

Departoent of Earth Scignces
University of Wales, PO Box 914,
Cardiff, CF1 3YE, United Kingdom
Tel: +44 1222 874541
Fax: +44 1222 B74943
Internet: joides@cardiff.ac.uk

Mew address as of October 1,19%
JOUDES Office
Dreparttment of Geology and Geaphysics

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543 USA

ODP Site Survey Data Bank

Submission of Sie Survey Data

S Survey Data Revuests

Lamant-Doherty Barth Qbservatory
FO. Box 1000, Rt $W
Palisades, NY 10964, USA
Phone: $14-365-8542
Fax: 914-365-B159
email: odp@ldec.columbiz.edn

OUP/P

myprhes Requesis
Ley Btaffing
QUP Publicitions

Crozan Drilling Program
Texas A&M University
1000 Discovery Drive
College Station, Texas 77845-9547 USA
Tel: 409-845-2673
Fax: 409-845-4857
Internet Addresses:
Science Operations & Leg Staffing: Cooley@cank tamuedu
Sample Requests: Chris@cook. twmuedn
Public Information: Aaron_Woods@odp tamu.edy

Bremen Core Repository

Sample Request Forms*

Sample Infrmation
esidoes and Thin
P Ly 151 onwe

Avaifibitity
{romm )

Bremen University
Cieean Drilling Program
Bremen Core Repository

KonsubSmidt Str. 30

Schuppen 3
28217 Bremen
Germany
Tel: 49 421 396 6334
Fay: 49 471 396 A884

ODP-LDEO

Wireline

Borehole Research Group
- Lamont-Doherty Earth Observatory
Palisades, New York, 10964, USA
Tel: 914-345-8672
Fax: 914-365-3182
Internet: borshole @ldec.columbia.edu

International Wireline Logging Servee Pariners
{Note: all requests for data should go to DDP-LDEQ)

Laboratoire de Mesures en Porage
hastitut Méditerranéen de Technologie
Technopéle de Chiteau-Gombert
F-13451 Marseille Cedex 20
Prance
Tel: 3391054499
Fax:33910584501
Indernet: pezard@imimerlimt-mars.fr

Borehole Research
Department of Geology
University of Leicaster
Leicester, LE1 7RH
United Kingdom
Tel: 44 116 2523 796
Fase 44 116 2824 918




JOIDES / ODP Panel Directory

Beiersdorf, H.

Brown, 0.8,
Dalrymple, G.B.
Detrick, RS,
Duce, R.A,
Eldholm, O
Lancelot, ¥.
Leinen, M.
Mayer, LA,
Mutter, J.
Nowell, A.
Orcutt, J.
Stofta, PL.
Taira, A,
Taylor, B.

Carter, RM.
Carde, 5.
Dick, H.1.B.
Johnson, H.P.
Kudrass, 4.
Larson, R,
McKenazie, J.
Mével, C,
Mix, A.C.
Maore, G.F,
Mountain, G.
Nattand, J.H.
Pearce LA,

Sager, WW.
Shipley, TH.
Suyehiro, K.

Alternate

Sumniethayes, C.P.

Comas, M.C,

Schilting, 1.G.
Loutit, T.S.
Langseth, M.
Sternberg, RW,

Scott, 5.
Kastner, M.
Curry, WB.

Beiersdorf, H.
King, ].
Kristoffersen, Y.

Levi, 8.

Swart, PX.

Coffin, ME
Tamaki, K.

Liai

OHP

LITHP
SMPp

55p

SMP

SGPP
LITHP
QHP

oMp

5P
TEDCOM
EXCOM, BCOM, PPSP
IHP

PPSE TECP
TECP

Technel { Engineesing Devel Commi
JERCOM) .

Luy, R.

Maidla, E.
Marsh, G.L.
Rasmussern, B.
Schah, EJ.
Shanks, FE.
Shatto, H.L.
Skinner A
Sparks, C.
Summerour, A.
Svendsen, WW.
Takagawa, S.

Eickelberg, D.
Rebertson, P

Vallini, A.

Thematic Panels

Lithosphere Panel (LITHP)
Member = Alternate ™ Liaisonto

Arai, 5.
Carbotte, S.M.
Caress, D
Castilio, PR,
Fisher, A.T.
Fitton, G.
Gee, J.
Gillis, K.M.
Ludden.
Rihm, R. -
Koski, R. .
Mahoney, J.
Maoare, |.
Sheehan, A.
Weis, D.

Armentrout, .M.
Clement, .M.
Crowley, T].
OrHondt, S.1.
Etba, E.
Gersonde, R.
Hodell, DA,
Karpeff, A-M
Kemp, AES.

Loutit, L&,
Moore, T.C.
Gppo, D
Popp, B.N.
Prefl, W.L.
Ravelg, A.C.
Takahashi, K.

Baker, P.A.
Bekins, B.

Buchardt-Larsen, B. Frith-Green, G.

Eberli, G.

France-Lanord, C.

Hag. WW
Kastrier, M.
Brumsack, H.
Macko, SA.
Parkes, R.J.

Pesamentier, H.W.

Shanks, W.C.
Soh, W.

Underwood, M3,

Whiticar, M.

Murton, B.J.

Crawford, T.

Torssander, P,

Kuijpers, A,
Zahs, R.

Kroon, D.
Eyles, C.

Yagishita, K.
Exon, N.E

TEDCOM
SMP
OHP
sGre

TECP

TECP

SGPP
TECP

OHP (US)

OHP {non-US)
TEDCOM, IHP

LITHP
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Tectonics Panel (TECE)

Ashi, J.

Bleil, U.

Brown, KM. SMP
Byme, T.B.

Hurst, 5.D.

Karner, G.

Lin, J. LITHP
Lorenzo, J.

Mauffret, A.

Mueller, RD. Hyndman, R.
Roberison, AHE Parson, L.M.

Scholle, D.

Skogseid, J. Tartarotti

Stock, J.M. IHP
Yin, A.

Service Panels
Downhole Measurements Panel {DMP)
Member Alternate Liaison to
Amold, DM, -~
Carson, R.
Cheng, A.
Dubuisson, G.
Green, A.SP.
Herrick, D.C.
Jarrard, R
Lysne, P. SMP
Moos, D.
Nelson, PH.
Romine, K. Salisbury, M.
Wendiandt, R.E.
Wohlenberg, J. Draxler, J.K.
Woodside, J. Planke, S.
Yamano, M. Kinoshita, H.

Aita, Y. Tamaki, K.
Briickmann, W.
Diver, B

Fryer.P. .
Glenn, G. Henderson, R,
Huber, B.T. OHP
Loughridge, M.S.

MacLeod, CJ. . Kay RLF
Malmgren, B. Knappertsbusch, M,
Maudire, G.

Moore, C.

Riedel, WR.

Spall, H.

Watney, L.

Wilkens, R.

Pollution I" " 1 Safety Panel (PPSP)
Ball. MM, ssp
Claypool, G.E.

Delahaye, T. .

Green, AR Farre, .

Horn, D.

JuvKam-Wold, H.

Katz, B.

Lowell, ].D.

MacKenzie, D.B.

Nicolich, R. Saettem, J.

Okuda, Y.

Purdy, E.G. Blanchard, J.

Watkins, ].S. :
Worbets, B. Powell, T.

Member
Brereton, N.R.
Chaney, R.C.
Edwards, L.

Hawkins, J.
Lallemant, 5.
Musgrave, R.
Nakajima, S.
Pariso, J.
Sarti, M.
Villinger, H.

Member

Casey, J.E
Diebold, ].
Enachescu, M.E.
Flood, R.

Hinz, K.

Lykke-Andersen, H. Argnani, A.

Paull, CK.
Peterson, L.C.
Scrutton, R.
Sibuet, ].C.
Srivastava, S,
Tokuyama, H.
Toomey, D.

Alternate  Liaisonto

IHP

Alternate = Liaisonto

Prime-Contractor

Falvey, D.A.
Kappel, E.
Watkins, J.D.

PCOM, EXCOM
BCOM
EXCOM

Sub-Contractors

Acton, G.
Blum, P.
Firth, J.

Fox, PJ.
Francis, T.].G.
Klaus, A.
Klaus, Ann
Merril}, R.B.
Miller, D.].
Mills, B.
Pettigrew, T.
Richtet, C.
Wallace,P.

-de Menocal, P. B.

Goldberg, D.
Harvey, PK.H.
Tturrino, G.
Pezard, P.
Pirmez, C.
Reagan, M.
Yin, H.

S6P

SGPP

OHP
EXCOM
PCOM, PPSP

OHP

PCOM, EXCOM, BCOM
SGFPP

LITHP

TECP

DMP

BCOM, [HP

SMP
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Liai
Quoidbach, D. SSP, PPSP Member COU ntry
JOIDES Office Administrative Offices
Ellins, K.K. SSP
}::;g: L ESF Consortium for Ocean Drilling (ECOD)
Pearce, J.A. EXCOM, PPSP '
. ESF Scientific Committee for ODP (ESCO)
Other Representatives Secretariat
- Dr. Judith McKenzie, Chair

Budget Committee (BCON)
Member Alternate Liaison to ECOD is the acronym for the ESF Consortium for Ocean Drilling. It
Leinen, M. consists of eleven European Countries (Belgium, Denmark, Finland,
Humphuis, S.E. Holland, Iceland, Italy, Norway, Spain, Sweden, Switzerland, Turkey}
Orcutt. I, and has been constituted under the umbrella of the European Science
Pearce, J.A. EXCOM, PPSP Foundation (ESF).
Riddihough, R.

The Scientific Office of ECOD is called the ESCO Secretariat, ESCO

is the acronym for the ECOD Scientific Committee for the ODP.
Egelund, S. Larsen, G. Address: Geological Institute
Ehlers, C. ETH-Zentrum
Everell, M-D. Riddihough, R. Sonneggstrasse 5
Gorur, N. CH-8092 Zurich
Heinrichs, D. EXCOM Switzerland -
Hertogen, |. -
Krebs, J. Telephone: 41-1-632-5657
Kristjannson, K. Fax: 41-1-632-1080
Loutit, T. Internet: ESCO@erdw.ethz.ch
Madelain, F. Science Coordinator: Dr. Silvia Spezzaferri
Maronde, D.
Miyaki, Y. ECOD Management Committee for the ODP
Pedersen, T. (EMCO) Secretariat
Pérez-Estarin, A. Dr. Michele Fratta, EMCO Secretary
Sartort, R. Backman, J.
Van der Kroek The ultimate decision-making body for matters of interest to the
von knorring, M. Consortium is EMCO, which reports to the appropriate ESF bodies.
Weber, }.-B. Fricker, P.

Address: European Science Foundation

1 Quai Lezay-Mamnesia

National Science Foundation (NSF) F-67080 Strasbourg Cedex
Dauphin, J.P.
Heinrichs, D. EXCOM Telephone: 3388767114
Malfait, B. PCOM Fax: 3388370532
Shor, A.N. sSSP Internet: LESC@esf.c-strasbourg.fr

Administrative Officer: Ms. M.-Aimée Comte

.German ODP Office

Dr. Helmut Beiersdorf, Director

Address: Bundesanstalt f. Geowiss. und Rohstoffe
Stilleweg 2, Postfach 510153
D-30631 Hannover
Germany

Telephone: 49 (511) 643-2413 or ext, 2782

Fax: 49 (511) 643-2304

Internet: beiersdorf@gatel bgr.d400.de

or kudrass@gatel.bgr.d400.de
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- ODP Japan Office
Dr. Tetsuya Hirano, Director

Address: Qcean Research Institute
University of Tokyo
1-15-1 Minamidai, Nakano-ku
Tokyo,164, Japan

Telephone: 81-3-5351-6435

Fax: 81-3-5351-6527

Internet: ataira@ori.u-tokyo.acjp

Administrative Officer: Ms. Chizuru Kinoshita

The primary task of the ODP Japan Office is to distribute and handle
information, to coordinate domestic ODP activities, to arrange
traveling and to support public relations. The office publishes the
Japan ODP Newsletter several times a year and hosts several
workshops and symposia per year.

Secrétariat ODP-France
Dr. Catherine Mével

Président du Comité Scientifique, ODP-France
Address: Secrétariat ODP-France
Université Pierre et Marie Curie
Case courrier 118 '
4 Place Jussieu
75252 Paris Cedex 05
France
Telephone: 33(1)44 275155
Fax: 33(1)4427 3893
Internet: odpfr@ccrjussieu.fr
Administrative Officer: Mme Martine Cheminée

Institut Francais de Recherche pour I'Exploitation de la Mer
(IFREMER)
Dr. Pierre David .

Président du Comité Directeur, ODP-France

Dr. Francois Madelain,
Directeur des Recherches Océaniques

Address: Technopolis 40
155 Rue Jean-Jacques Rousseau
92138 Issy-les-Moulineaux Cedex
France

Telephone: (1) 46 48 21 00

Telex: 631912

Fax: {1} 46 4822 24 (DRO)

Internet: bmetayer@paris.ifremer.fr

Administrative Officer: Mlle Bernadette Metayer

Australia - Canada Consortium

Canadian ODP Secretariat
Dr. Steve Scott, Director

Address: Department of Geology
University of Toronto
22 Russell Street
Toronto, Ontario M55 3B1
Canada

Telephone: 1 (416) 978-4922

Fax: 1 (416) 978-3938

Internet: odp@quartz.geology.utoronto.ca

Assodiate Director: Dr. Glenn Brown

Australian ODP Secretariat
Dr. Robert Carter, Director

Address: Ocean Drilling Program, Australian Secretariat -
Department of Earth Sciences
James Cook University
Townsville 4811
Australia
Telephone: +61 77 814-597
Fax: +61 77 §15-522
Internet: ausodp@jcu.edu.au

Associate Director: Dr. Rowena Duckworth

United Kingdom

UK ODP Office
Dr. Roger Padgham, Programme Manager

The UK ODP Office manages the naticnal UK ODP Science
Programme (ODPSP) and coordinates information exchange
between the international elements of ODP (JOI, JOIDES} and the
UK community.

Address: Earth Science and Technology Board Secretariat
Natural Environment Research Council
Polaris House
North Star Avenue
Swindon SN2 IEU
United Kingdom
Telephone 44 (0) 1793 411573
Fax: 44 (0) 1793 411502
Internet: rcpad@wpo.nerc.ac.uk
UK ODP Newsletter

Produced and distributed by Natural Environment Research
Council. For copies, or to be placed on the distribution list contact
Mr. P. Mason at the above address.
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UK = United Kingdom US = United States of America
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Utsunomiya University Stockholm University Tel:  (619) 534-2750
356 Minecho, Utsunomiya () Kungstensgatan 45 Fax:  (619) 534-0784
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La Jolla, CA 92093-0212 (US) ODP/Texas A&M University Fax: 3545254492
Tel:  (619)534-2836 1000 Discovery Drive Internet: axel@norvolhiis
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Internet: maltalo@ucsd.edu TX 77845-9547 {(US) Blake, Gregg H.
Tel:  (409) 8459297 Unocal
Aral, Shoji Fax:  (409) 845-0876 14141 Southwest Freeway
Dept of Earth Sci, Faculty of Sciences Internet: jack_baldauf@odp tamu.edu Sugarland, TX 77476 (US)
Kanazawa University, Kakuma-machi Internet: 06195ghb@wwexplo.unccal.com
Kanazawa 920-11 (J} Ball, Mahlen M. :
Tel: 81 (762) 64-5726 Petroleum Geology Branch Bleil, Ulrich
Fax: 81 (762) 64-5746 US Geological Survey Fachbereich Geowissenschaften
Internet: ultrasa@ Box 25046, MS-940, Universitit Bremen, Postfach 33 04 40
kenroku-ipc kanazawa-u.acjp Denver Fedl. C. D-28334 Bremen (G)
’ Denver, CO 80225 (US) Tel: 49 (421) 218 3366
Argnani, Andrea Tel:  (303) 236-5784 Fax: 49 (421) 218 7008
Istitute per la Geologia Marina - CNR Fax:  (303) 236-8822 Internet: bleil@geomarin.uni-bremen.de

Via Gobetti 101

140129 Bologna (T)
Tel: 39 (51) 639 8886
Fax: 39 (51) 639 8940

Internet: andrea@boigm2 bo.cnr.it

Amold, Dan

1310 Kelliwood Oaks Drive
Katy, TX 77450 (US)

Tel:  (713) 492-1423

Armentrout, John M,

Mobil Research & Development Corp.
300 Pegasus Park Drive

Dallas, TX 75265-0232 (US)

Tel:  (214) 951-2865

Fax: (214)951-2265

Internet: jmarment@dal.mobil.com

Internet: loliver@bpgsvr.cr.usgs gov

Banda, Enrique

Consejo Superior de Invest. Cientificas
Instutut de Geologia-Jauma Almera
Marti i Franquez s/n
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Tel: 34 (3)330-2716
Fax: 34 (3) 411-0012

Beiersdorf, Helmut

Bundesandstalt fur Geowiss. und Rohstoffe
Stilleweg 2,

D-30655 Hannover (G)

Tel: 49 (511) 643-2413

Fax: 49 (511) 643-2304

_ Internet: beiersdorf@gate1.bgr.d400.de

Bloomer, Sherman H,
Department of Geosciences
Wilkinsen Hall 104

Oregon State University
Corvallis, OR 97331-5506 {US)
Tel:  (508) 737 1205 or 1201
Fax: (503} 737 1200

Internet: bloomers@bcc.orst.edu

Blum, Peter

ODP/Texas A&M University

1000 Discovery Drive

College Station, TX 77845-9547 (US)
Tel:  (409) 845-9299

Fax:  (409) 8450876

Internet: peter_blum@odp.tamu.edu
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Brandt, Bjéim

Naturvetenskapliga Forskningsraadet, NFR
Box 7142, S-103 87 Stockholm (S)

Tel: 46 (8) 4544200

Fax: 46 (8) 454 4250

Internet: bjorn@nir.se

Brereton, Robin

Regional Geophysics Group

British Geological Survey

Kingsley Dunharm Centre, Keyworth
Nottingham NG12 5GG (UK)

Tel:  +44(1602) 363-351

Fax:  +44 (1602) 363-145

Internet: K_NRM@vaxanerc-keyworth.ac.uk

Briden, James C.

Department of Earth Sciences

* University of Oxford

Parks Road, OXFORD, OX1 3PR (UK)
Tel:  -+44 (1865) 272049

Fax:  +44 (1865) 376970 (Home)
Internet: Jim Briden@earth.ox.ac.uk

Brown, Kevin M.

Geological Research Division
Scripps Institute of Oceanography
University of California, San Diego
La Jolla, CA 92093-0220 (US)

Tel:  (619)534-5368

Fax:  {619) 534-0784

Internet: kmbrown@ucsd.edu

Brown, Otis B.

Rosenstiel School of Marine & Atm. Sci.
University of Miami

4600 Rickenbacker Causeway

Miami, FL 33149 (US)

Tel:  (305) 361 4000

Fax: (305) 3614711

Internet: obrown@rsmas.miami.edu

Briickmann, Warner

GEOMAR

Research Center for Marine Geoscience
Wischhofstrasse 1-3, Gebdude 4
D-24148 Kiel (G)

Tel: 49 (431) 5002313

Fax: 49 (431} 600 2925

Internet: wbrueckmann@geomar.de

Brumsack, Hans J.

Institut fiir Chemie und, Biologie

des Meeres, Postfach 2503

D-26111 Oldenburg (G)

Tel: 49 (441) 798 3584

Fax: 49 (441) 798 3384

Intemnet: hbrumsack@geo.icbm.uni-
oldenburg.de
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Internet: bjomb@geo.geolku.dk

Bytne, Timothy B.

Dept. of Geclogy & Geophysics
University of Connecticut
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Internet: byrne@geol.ucon.edu
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1-34016 Trieste (I)

Tel: 39 (40} 214-0253

Fax: 39 (40) 327-307

Internet: angelo@macant.ogs.trieste.it
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Scripps Institution of Oceanography
University of California, San Diego
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La Jolla, CA 92093-0215 (US)
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Internet: scande@ucsd.edu
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Lamont Doherty Earth Cbservatory
Columbia University
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Internet: cheng@erl mit.edu

Chivas, Allan R.
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Northfields Avenue
Wollongong, NSW 2522 (AUS)
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Tel:  (508) 457-2000
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Tel:  (512) 471-0429
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Tek: (512} 471-6186
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Fax:  33{1) 4135372

de Menncal, Peter B,

Borehole Research Group
Lamwont-Doherty Banth OChservatory
Palisades, NY 10964 (US)

Tel  (914) 365-8483

Fax:  {914) 365-2312

internet: peter@idec columbiaedu

Detrick, Robert, 5,

Dept. of Geology and Geophysics
Woods Hole Oceanographic Institution
Woods Hobe, MA 02543 (US}

Tel:  (S08} 4573335

Fax:  (508) 457-2150

Internet: rdetrick@whaot.edu

D’Hondt, Steven L.
Graduate School of Oceanography
University of Ritode Island
Narragansett Bay Campus
1, R1 02882 (US)
Tel:  (401) 874-6B08
Fax: {401} 5746811
Intemet: drondt@gsosunl geo.uriedu

Dick, Heary LB,

Dept. of Geology and Geaphysics

Wards Hole Oveanographic Iratitution
T MA02543 (US)

Diebold, John B

Lamant-Doherty Barth Observatory

PO Box 100

Falisades, N'Y 10964-8000 (U5}

Tel:  (914) 365-B524

Fax: (914 365-2181

Internet: johnd@tamaont tdea.columbia.edu

Diver, PL.

Araaco Corp

561 Westlake Park Blvd

P.C. Box 392 :
Houston, TX 772533052 {(J5)
Telk  {713)366 220

Fax:  {13) 366 7565

Internet: pldiver@amoco.com

Doglieni, Cario

Centro Geodinamica
Vruversita Basilicata

Via Anzio, §5100 Potenza (I}
Tel:  39{973)474411

Fax: 399713474 411

Draxler, Johann XK.

Niedersiichs. Landesarat f. Bodenforschung
Wulfspark 38

[-30559 Hannoves-Kirchrode (G)

Tel:  494{5311)513067 ’

Internet: draxker@gatel bgr.de

Duabuisson, Gilles
Diépartment de Géologie

Ecule Mormale Supérieute

24, ree Lharnond

F-75231 Paris Cedex (5 {F)

Tel {33)1443222%

Fax: [R)14322000
rdgrnet: gilles@magnetit.ens.fr

Duce, Robest A

Room Z04A, O%M Building
Gessciences & Maritime Studies
Texas A&M Liniversity

College Station, TX 77843 {US)
Tel:  {(409) 8453651

Fax: {409} 845-0056

Internet: duce@orean.tamu.edu

Eberti, Gregar B

Rosenstiel School of Marine & Atin. Sci.
Uriversity of Miami

4600 Rickenback Causeway

Miasni, FL 33142 (US)

Tel:  (305) I61-4678

Fax: {305} 3614632

Trdernet: GEberli@rsmas miami.edy

Edwards, Lucy E

U.8. Geological Survey
970 National Center
Feston, VA 22092 1S}
Tel: (703) 648-5272

Egeberg, PX.

Agder Callege
Tordenskicldsgate 65
N-4604 Kristiansand (N}
Tel: 47 (42) 78557
Fax: 47 {42) 79501
Internet: perke@adhno

Egelund, Sosanne
Farskningsministeriet
Bregade 43

1260 Copenhagen X (DK}
Tk W45)8297 00

Fax: &5 323501
Internet: SE@forskerazd dk

Departomgnc o .
Aabo Akaderd University
Domkyrkotorget 1
5820500 Aabo (SF)

Tel: 358212654153
Fax: 358217654318
Internet: cehlers@ra.abo.§

Eickelberg, Dleter
EBichenstrafle 10
D-48455 Bentheirm {G}
Tl 49 {5922) 421

Eldholm, Olav

Diepartment of Geology

University of Osle

PO. Box 1947

Blindern:

N-3316 Osto 3 (N}

Tel: 47 (22) 856-676

Fax: 47 {22) 854215

Internet: olaveldholmigeologi.vio.no

Ellins, Katherine X.

JOBOES Office, Dept of Earth Sciences
University of Wates, Cardiff

PO, Box 914,

Cardiff CF1 3YE (UK}

Tel 44 {1222) 874578

Fow, 44 [1222) 874943

Internet: joides@cardifac.uk

Enachescu, Michael B,
Husky Oil Operatons Lid,
707 Bth Ave. S.W.

Calgary, Atherta

T2P 1H5 {Can)

Tel: {403} 298 7204

Fax (403} 298 6378

Emeis, Kay-Christian

Instivute fur Ostseeforschung

Seestrafls 15

D-1811% Wamnemitnde (G}

Teh 49 (3B1) 5197 34

Fax: 4% (381) 5197 382

Internet: emeis@comserv.io-wamemuende.d400.de

Erba, Elisabetta

Dipartimento di Scienze della Terra
Universita deglt Stadi

Vis Mangiagalli 34

120133 Milano (I}

Tel:  39(2)23593 257

Fax: 39 (2} 706 38 261

Internet: erba@hp8Z5.gp terraurdm.it

Everetl, Marc-Denta

Natural Resources Canada

580 Booth 54, 1th Foor
Ottawa, Ontasio K1A OE8 (CANY
Tel:  (613) 992-9983

P (513} 992-8874

Falvey, David A,

Joirt Oceanographic Institutions Inc.
£755 Mass. Ave, NW, Suite 800
Washington DC, 20034-2102 (US)
Tel:  (202) 232 3900 {(Ext 217)

Fax:  QU2Y232 8203

Internet. dialvey@brook.edu

Fairrell, John

Joint Oceanographic Institutions Inc.
1755 Mass. Ave, NW, Suite 500
Washington DT, 20036-2102 (L5}
Tel: (202} 232 3900 (Bxt 211)

fax:  {202)232 8203

Internet: jfarrell@brook.edu




aaos LY

-
wntversity of Newrastle upon Tyme
Newcastle upan Tyne NE1 TRU (UK)
Tel: 44 (191) 222 6000 {x65L1)
Fax: 44 (191) 261 1182
Internet: paul farritnond@newcastle ac.uk

Filice, Frank -
Borehiole Research Group
Lamont-Boherty Earth Observatos
Columbia Urniversity :
Palisades, NY 10964 )

Tel:  (914] 365-8336

Fax:  {914) 365-3182

Interret: filice@ldeo cohunbiaedn

Firth, John

QDF/ Texas AkM University

1004 [rscovery Drive

College Stadon, TX 77545 {US)
Tel:  (409) 845-0507

Fax:  (409) 845-0876

Intemnet: john_firth@odp tama.edu

Fither, Andrew T,

Earth Sciences Departinent
University of California, Santa Cruz
Earth & Marine Sciences Building
Santa Cruz, CA 95064 (US)

Tel:  (408) 459-5598

Fax: (40834593074

Internet: afisher@earthsel.ucse edu

Fitton, Godfrey

Grant Institute of Geclogy
Uiniversity of Edinburgh
West Mains Road
Edinburgh, EHS 3JW (UK)
Tel:  {0131) 6671081
Fax: (0131) 668 3184

Flood, Roger D,

Marine Sciences Research Center
State University of New York

Stony Brook, NY 13794-5000 {US)
Tel: {516} 632-6971

Fax: {516} 632-8820

Internet. rflood@conatl sunysh edu

Fortier, Mimi -

Dept. of Indian and Northem Affairs
Worthern Oif and Gas Directarate

10 Wellington Street, 6th Floor
Ottawa, Ontario KI1A OHE {CAN)
Tel:  (819}953-8722

Fax:  {§19)953-5828

Fox, F. Jeff

QDP/ Texas AdcM University

10 Discovery Drive

College Station, TX 778459547 (US)
Tel: (4093458450

Fax:  (409) 345-1026

Internet: feff_Fox@odp.tams.ed

Franee-Lanord, Christian
CRPG-CNRS

15, sue Notre Dame des Fauvres
B.P.20

F-54501 Vandoewve-les-INarcy (F)
Tek  (13}83512213

Fax  (33)835131798

Enternet: cfi@crpg.enrs-nancy.fr

Francis, Timothy 1.G.

ODP/ Texas AM University

1006 Discovery Drive

College Station, TX 17845-3547 (US)
Tel: {408} B45-8480

Fax:  (409) 845-1026

Internet: Tim, Francis@odp tarnu.eduy

Fratta, Michale

European Science Foundation
1 Quai Lezay-Marrésia
F-67080 Strasbourg Cedex (F)
Tel:  33(84)76-71-14

Fax: 33 (8%) 370532
Interoet: LESC@est.org

Frickes, Peter

Buropean Science Foundation |
3 Chiai Lezay-Marnésia

F-67080 Strashourg Cedex ()
Tel:  33(88) 76-71-14

Fop: 33 (88) 370232

Intemnet: LESC@esf.ong

Frieman, Edward A.

Seripps Insbhption of Oceanography
Univ. of Califormia, Ban Diego

La Jollz, CA #2093-0210 {US}

Tel: (619} 534-28%6

Fax:  (619) 453-0167

Intermet: efrieman@ucsd.edu

Friih-Green, Gretchen

inst. for Mineralogy & Petrology
ETH-Zenbrum

Sonneggstrasse 8

CH-$892 Zurich (CH)

Tel:  41{1)632 3792

Fax: 41 (13632 1088

Intemmet; gretli@erdwethz.ch

Fryer, Gerard .

Schoot of Ocean & Earth 5. & Tech,
Vrdversity of Hawali

2525 Correa Read

Honoluly, HY 96822 (US)

Tel: {808} 956-7475

Fax; {808} 956-2538

Insernes: glryer@soest hawaiiedu

Fryer, Patrdcia

Dept. of Geolngy and Geophysics
University of Hawaii at Manoa
2525 Correa Road

Honokuly, H1 96827 (U5}

Tel:  (80B) 956-3146

Fax:  (808) $56-6322

intemnet: piryer@soest hawail.edn

Fujimato, Hiromi

QOcean Research Institute

University of Tukyo

1-15-1 Minamidai, Nakano-ku

Tokyo 164 ()

Tel: 81 (3) 53516429

Pax:  81(3)5351-6429

Internet: fujimotod@aixd.on.u-tokyo.acjp

Gagosian, Robert B,

Woods Hole Ceeanographic Institution
Waoods Hole, MA 02543 (US)

Tel: {508} 457-200¢

Fax:  1508) 457-2190

Internet: igagosian@whoieds

Garrgon, Robert

Division of Eanth Sdences, Room 735
National Science Foundation

4201 Wilson Bivd.

Arlingtom, VA 22238 (U5)

Intermet: rgarriso@nsf.gov

Ges, Jeffrey 8.

Seripps institution of Oo ke
Mailcode 0215

La jolla, CA 520930215 (US)

Tel: {619} 5344707

Faw:  (619) 5344707

Internet: sgee@uesd.edu

Gersonde, Ralner
Alfred-Wegener-Institut fily
Pular- und Meeresforschung
Postfach 120161
1327515 Brepwerhaven (G}
Tel 49 (471) 4831203
Fax: 49 (471) 483 1149
Internet: RGersonde@AWI-Bremerhaven.de

Gibaen, fan L.
Deparanent of Barth Sciences

. University of Waterloo

Waterloo, Onitario ML 3G1 {CAN)
Tel:  {519) 8551211 x2054

Fax: {5191 746-7454

Intemet: igibson@sciborg uwaterloo.ca

Glegkes, Joris M.

Seripps Institution of Oceanography
University of California, San Diego
La folta, CA 92053-0215 (US)

Tel: (619} 534-4257

Fax:  {639) 5362997

Internet: jgieskes®@uesd.edu

Gillls, Kathryn M.

School of Earth & Ocean Sciences
University of Victoria

MS 4015

Victeria, BC VAW 2Y2 (Can}

Tel:  {604) 472-4023

Fax:  {604) 4724016

Irndemet: kgitlis@pustoffice. uvicca

Girardeas, Jacques

Laboratoire de Pétrolagie Structurale
Universitd de Nantes

2 rue de fa Houssinidre -

F-44072 Nantes Cedex 03 {F)

Tel: 3340374935

Fax: 3340374948

Internet: girardeau@chimie undy-nantes.fr

Glenn, Grabam

Marine Environmental Data Services
Drept, of Fisheries and Oceans

200 Kent Street, Room 1207

Cttawa, Omtario K1A 0BG (CAN)
Teb  {613) PO-R57

Fax:  {613) 9934658

Internet glenn@ottmed. meds.dfo.ca

Goldberg, David

Borehole Research Growp

Lamont-Doherty Easth Observatory
Columbia University

Palisades, NY 10964 {115}

Tel: {914} 3658674

Fax: {914} 365-3182

Invemnet: goldberg@lamant.idec.columbiaedu

Gorur, Nadi

TUBHITAK

Scientific and Technical Research Council
Atarurk Bulvari 221, Kavaklidere
TR-P611 Ankara (TR}

Tel:  SQ{312p427-74-83

Fax: 90 (313 4277489

Creen, Arthur R,

Bxxon Exploration Company
PO Box 4788

Housten, TX 772104778 (US)
Tek (713} 77E7RI9

Fax: (713} 7757780

Green, Andsew 5.2,
C5M Associates Lid.
Rosemanowes, Hemiss

, Cornwall TRIJ 90U A0
Tel: 44 {120me=n"
o




ram

Ce

Ms

5t

Hrout, Ron

B3P i Fexas Af:M University

L0006 Discovery Drive

College Station, TX 77845-9347 (US)
Tek: {309 345-2144

Fax: (409} 845-2308

Intetniet: Ron_Grout@odg. tamw.edu

Hall, Jeremy

Centre for Earth Resources Research
Memerial University of Newfournddland
5t. john's, Newfoundiand ALB 3X5 (Can)
Tel:  {709) 7374519

Fax:  {(J00) 747589

Internet: jeremyBkean.ucs.runca

Harria, Julie

JOIDES Office, Dept of Barth Sciences
Univetsity of Weles, Cardiff

PO, Box 914, Cathays Park

Cardiff CF1 FYE {UK)

Tel: 44 {1222)874 541

Fax: 44 {E222) BM 43

Internet: joides@eardiff ac.uk

Harrison, Christopher G.A.

Rosanstief School of Marine & Atm. 5ol
University of Miami

4600 Rickenbacker Cavseway

Miami, FL 33149 {05

Tl (305) 3614619

Fax: {305) 3614712

Internet: CHanvisan@rsinas. cami. edu

Harvey, Peter K.H. -
Borehole Research
Department of Geology
University of Leivester
Leicester, LEL 7RH {UK)

Tel: 44 (1162) 523 756
Fax: 44 {1162} 523 918
Internet: pkh@leicestorar.vk

Hawking, James W.

Soripps Inst. of Qeeanography
University of Californda

Sar Diego, 9500 Gilman Drive
La Jolla, CA 920930215 (U5}
Tel: (619} 5342151

Fax. (6195340784
{rsternet: fhawkins@uesd .edu

Hay, William W.

GEOMAR ’
Research Centey oy Marnine Gegsciente
Wischhof 1)_3"& biade 12
P24148 Kiel (G}

TFel: 49 (431 7202-148

Faw: 49 (4313725391

Internet: whay@geomarde

Hay, William W.

‘Geological Sciences

University of Colorade

Campus Box 250

Bouldes, CO 80309-0216 (US)

Tel:  (302) 4927200

Fax: {303 4922606

Internet: whay@cires coloradoedu

Hayes, Dennis E.

Lamont-Doterty Eazth Observatory
Calumbia University

. Depastment of Geological Sciences
Paliswdes, NY 10964 (US)

el (914) 359-2900 X470

Fax:  (914) 3650718

Internet: dephélamont ldgo.cofumbia.edu

Heath, G. Ross

President

Monterey Bay Aquarinm Research Instinte
PO, Box 628, 7700 Snadholdt RA

Muss Landing, CA 35039 (U5)

Fel:  (408) 775 170D

Fax: {408} 775 1620

Guernet: theath@wave.abar.otg

Heinrichs, Domald

Nationai Science Foundation, OCE
4201 Wilson Boulevard

Aslington, VA 22230 (LS)

Tel: (703} 3061585

Pax: {703} 306-03%0

Internet: dhetnrichs@rs!.gov

Repick, David

3033 Irving Bivd.
Dallas, TX 75247 (US)
Tek  {214) 951-3048
Fax: {2343 637-2310

Hertogen, fan

Afdeling Fysico-chemische geologis
Kathalieke Unjversiteit Lenven
Celesrijneniaan 200 C

B-2001 Leuven (B}

Tel:  3216) 327537

Fax: 32 {16) 32-79-81

Internet: janheriogen@ges kulenven.ac.be

Herxig, Peter Michael

Inst. fiir Minevalogie

TU Bergakademie Fretberg
Breaphaysgasse 14

D-09596 Frelbarg (G)

Tel: 49 {2731) 322662 or 3626

Fax: 49 {3731) 29-2610

Inierrat: herzig@mineral ha-freiberg de

Hickiran, Stephen H.

Branch of Tectonaghysics

5. Gealogical Survey

345 Middlefield Road, MS 977

Menlo Park, CA 94025 (US)

Tel: {415} 3254807

Fax:  (415) 3299163

Internet: hickman@thedup wrusgs.gov

Hinz, Kasd

Bundesansialt fiir Geowiss. u. Rohstoffe
Postfach 510153, D-30631 Hannover (G}
Tel 49 (511) 6433247

Fax: 49 {511} 643-3663

Internet: odpasplgatel bgrde

Hirano, Tetsuya

Ocean Resenech Institute

University of Tokyo

1+15-1 Minfrrdedai, Nakanodu

Tokyo 164 ()

Tel: 81353516435

Fax: B135381 6438

Internet: ataira@aixd.oriu.-lokyo.acip

iscolt, Richard N.

Departinent of Earth Sciences

Memaoriz! University

St john's, Newfoundland A8 3XE {CAN)
Ted: {709} 737835418142

Fax:  (709) 737-2583

mternet: thiscott@hean. ucs mun.ca

Hodell, David A,

Deparment of Geodogy

University of Flosde

Y112 Turkingson Hall

Gainesville, FL 32611 {U5)

Tel:  {904) 392-6137

Fax:  {964)392-9294

Terapnel: hodell@nervimnerdcufledu

ey

DEMINEX, Uotve.
P-45130 Essen (1)

Tek 49 201) 7262905
Fax: 49201 7262944

Havlasd, Martin
STATOIL, PO. Box 4035
N-4001 Stavarger (N}
Tel. 47 {4} B07-130
Fax: 47 (§) 805670

Internet. mattin hoviand@sistatoll telemax.no

Hubez, Brian T,

Department of Palecbitlogy, NHB 1121
National M vaf N 3 Fighory
Smithsopian Institution

Washington, DC 20560 (US)

Tek  (207)786-2658

Fa:  [202) 766-2802

Internet: mahpbd07@sivins.edu

Hurt, Stephen D,

Geology Department

Dhake University

Durham, NC 277068 (US)

Tel  (919) 681-8285

Fax. {919 684-85833

Internet: steve@rogue.geo.duke edu

Humphris, Susan £

Departrnent of Ceology & Ceophysics
Wonds Hole Oceanographic Instination
Woexis Hale, MA 02543 (US)

Tel: {508} 457-2000 Bxt. 3451

Fax:  (S0B}457-3150

Internet; susen@copperwhol.edu

Eahii, Teroakd

Ocean Research Institute
University of Tokyo

15-1, 3-Chome, Minamidai
Nakano-ku, Tokyo-164 (3

Iturrine, Gerardo

Barehole Research Group
Lamae-Doherty Barth Observatory
Columbia University

Palisades, NY 1964 (US)

Tel, (94 365 8655

Fax: (914} 345 1162

fnternet: iturrinodiden.columbia.edu

Jacobs, Colin

JOIRES Office, Dept of Earth Sciences
Urdversity of Wales, Cardiff

RO. Box $14, Casdiff CFY 3YE (UK}
Tel: AN IS

Fax: 44 (1227) 874940

des@egrdith ac uk

7

Jasvard, Richard

Dept uf Gealogy & Geophysics
University of Utah

717 W.C. Browuing Bldg

Saht Lake City, UT 54112-1183 (U8}
Tel:  (B01) 5853964

Fax:  (BDY) 5817065

Enternet: jarrabd@mines vtah.edu

Jerkins, Chris

Ooean Seience Instihae
University of Sydney

108 Dastington Raad H34)
Sydrey. NSW 2006 {ALS)

Tel 61 {2} 6924068

Fax: 61 (2) 6924207

Internet: chrisj@extoo.ucc.su.0z.0u




Feb./June 1956

53

Johnson, David

Department of Geology

James Caok University, N. Queensland
Townsville, QLD 4811 {AUS)

Tel:  61(77} 814-536

Fax: 61 (77) 251-501

Internet: glkgh@marlin jcu.edu.au

Johnson, H, Paul

School of Oceanography

Box 357940

University of Washington

Seattle WA 98195-7940 (US)

Tel: 206-543-8474

Fax: 206-543-0275

email:  johnson@ocean.washington.edu

JuvKam-Wold, Hans

Texas AdM University

205 Emberglow Circle

College Station, TX 77840 (US)

Tel:  (409) B45-4093

Fax:  (409) 845-1307

Internet: juvkam-wold@spindletop.tamu.edu

Kappel, Ellen -

Joint Oceanographic Institutions Inc.
1755 Massachusetts Ave., NW, Suite 800
Washington, DC 20036-2102 (US)

Tel:  (202) 232-3900 {Ext 216)

Fax:  (202) 232-8203

Internet: ekappel@brook.edu

Karner, Garry

Lamont Doherty Earth Observatory
Columbia University

Palisade, NY 10964 (US)

Tel:

Fax:

Internet:

Karpoff, Anne-Marie

C.N.RS., Centre de Géochimie de la Surface
Université Louis Pasteur

1, tue Blessig

67084 Strasbourg Cedex (F)

Tel:  (33)88358565

Fax: (33)88367235

Internet: amk@illite.u-strasbg.fr

Kasahara, Junzo

Earthquake Research Institute
University of Tokyo

1-1-1 Yayoi, Bunkyo-ku
Tokyo 113 ()

Tel: 81 (3)3812-2111 X5713
Fax: 81 (3)3812-6979

Kastens, Kim A.

Oceanography 109F

Lamont-Doherty Earth Cbservatory
Calumbia University

Palisades, NY 10964 (US)

Tel:  (914) 365-8836

Fax:  (914) 365-8156

Internet: kastens@lamont.ldeo.columbia.edu

Kastner, Miriam

Scripps Institution of Oceanography
University of California, $an Diego
Geological Research Division

La Jolla, CA 92093-0210 (US)

Tel:  (619) 534-2065

Fax:  {619) 534-0784

Internet: mkastner@ucsd.edu

Katz, Barry

TEXACQ EFTD,

PO, Box 770070

Houston, TX 77215-0070 {US)
Tel:  (713) 954-6093

Fax: (713)954-6113

Kemp, Alan

Southampton Oceanography Centre
Empress Dock

European Way

Southampton SH14 3ZH (UK)

Tel: 44 (1703) 595-000

Fax: 44 (1703) 593-052

Internet: ak@soc.soton.ac.uk

Kent, Dennis V.

Lamont-Doherty Earth Observatory
Columbia University

Palisades, NY 10964 (US}

Tel:  (914) 365-837C (or 8544)

Fax:  (914) 3652312

Internet: dvk@lamont.ldeo.columbia.edu

King, Terri

Graduate School of Oceanography,
University of Rhode Island,
Narragansett, RI 02882-1197 (US)
Tel:  (709) 8744519

Fax: (709) 874-6811

Internet: tking@gso.uriedu

Kinoshita, Chizuru

Ocean Research Institute

University of Tokyo

1-15-1 Minamidai, Nakano-ku

Tokyo 164 ()

Tel: 81 (3)5351-6435

Fax:  B1(3) 5351-6438

Internet: ataira@aix3.ori.u-tokyo.acjp

Kinoshita, Hajimu
Earthquake Research Institute
University of Tokyo
Bunkyo-ku, Tokyo 113 ()

Tel:  81(3)3812-9417

Fax:  B1(3)3816-1159

Klaus, Adam

ODP/Texas A&M University

1000 Discovery Drive

College Station, TX 77845-9547 (US)
Tel:  {409) B45-3055

" Fax:  (409) 845-0876

Internet: Adam_Klaus@odp.tamu.edu

Klaus, Ann

ODP/Texas A&M University

1000 Discovery Drive

College Station, TX 77845-9547 (US)
Tel:  (409) 845-2729

Fax:  (409) 845-0876

Internet: Ann_Klaus@odp.tamu.edu

Knappertsbusch, Michael
Natural History Mussum Basel
Augustinergasse 2

CH-4001 Basel (CH)

Tel: 41 (61) 266 5564

Fax: 41 (61) 266 5546

Kosld, Randelph A,

US. Geological Survey

Mail Stop 999

345 Middlefield Road

Menlo Park, CA 94025 (US)

Krebs, John

Natural Envirorunent Research Council
Polaris House, North Star Ave.
Swindon SN2 IEU (UK}

Tel: 44 (1793) 411654

Fax: 44 (1793) 411501

Intemnet: hgpo@mail nsw.ac.uk

Kristjannson, Kristjan

Icelandic Research Council
Laugavegur 13

I5-101 Reykjavik

Iceland (IS}

Tel: 354 5621320

Fax: 3545529814

Internet:  krisjank@centrum.is

Kristoffersen, Yngve

Institute of Solid Earth Physics”

University of Bergen

Allégaten 41, N-5007 Bergen (N)

Tel: 47 (85)213407

Fax: 47 (55)320009

Internet:  yngvekristdffersen@ifif ulb.no
{duplicate to both} yngve@ibg uit.no

Kudrass, Hermann

Bundesanstalt fiir Geowiss. u. Rohstoffe
Stilleweg 2, D-30655 Hannover (G)

Tel: 49 (511) 643 2782

Fax: 49 (511) 643 2304

Internet: kudrass@gatel bgr.d400.de

Kuijpers, Antoon

Geological Survey of Denmark & Greenland
Thoravej 8

DK-2400 Copenhagen NV (DK)

Tel:  45(31) 1066 00

Fax: 45(31) 1968 68

Internet: aku@dgul.dgu.min.dk

Kuramoto, Shin"ichi

Marine Geology Department
Geological Survey of Japan

1-1-3 Higashi, Tsukuba

Tbaraki, 305 ()

Tel:  81-298-54-3768

Fax:  B1-298-54-3589

Internet: kuramoto@gsjrstn.gsj.go.jp

Lagabrielle, Yves

Department Sciences de la Terre
Université de Bretagne Occidentale
B.P. 809, F-29285 Brest Cedex (F}
Tel: (33)98316186

Fax: (33)98 316620

Internet: yvesla@univ-brest.fr

Lallemant, Siegfried
Laboratoire de Geologie
Ecole Normale Supetieure

24 rue Lhomond

75231 Paris Cedex 05 (F)

Tel: (33)44322256

Fax:  (33)44 322000
Internet: sieg@geologie.ens.fr

Lancelot, Yves

Lab. de Geologie du Quaternaire
CNRS

CEREGE, BF 80

F-13545 Aix-en-Provence Cedex 4 (F}
Tel: 3342971570

Fax:- 3342971595

Internet: ylancelo@cerege.fr

Larsen, Hans-Christian

Danish Lithosphere Centre &
Geological Survey of Greenland
Oster Voldgade 10

DK-1350 Copenhagen ¥, (DK}
Tel:  45(33) 47 86 50

. Fax: 45(33)110878

Internet: larsenhc@dle.ggu. min.dk

Larson, Roger L.

Graduate School of Oceanography
University of Rhode Island
Narragansett, R102882 (US)

CTel:  (401) 874-6265

Fax:  (401) 874-6811
Internet: rlar@gsosunl.gso.uri.edu




54 JOIDES Journal
Leckie, R. Mark Luy, Ralf Malmgren, Bjorn

Dept. of Geology and Geography Inst filr Tiefbohrkunde und Erdglgewinnung Department of Marine Geology

University of Massachusetts Agricolastrafie 10 University of Goteborg

Ambherst, MA 01003 (US) D-38678 Clausthal-Zellerfeld {G) Box 7064

Tel:  (413) 545-1948 Tel: 49 (5323) 722450 5-40232 Goteborg (S)

Fax:  (413) 545-1200
Internet: mleckie@eclogite.geo.unass.edu

Leinen, Margaret

Graduate School of Oceanography
University of Rhode Island
Narragansett, RI 02882-1197 {US)

Tel:  {401) 874-6222

Fac  (401) 874-6160

Internet: mleinen@gsosun1.gso.uri.edu

Levi, Shaul

College of Oceanic & Atmoespheric Sciences
Oregon State University

Corvallis, OR 97331 (US)

Tel:  (503) 737-2296

Fax:  (503) 737-2400

Lewis, Brlan T.R.

School of Oceanography WB-10
University of Washington

Seattle, WA 98195 (US)

Tel:  (206) 543-7419

Fax:  (206) 543-6073

Internet: blewis@ocean.washington.edu

Lin, Jian

Dept of Geology & Geophysics

Woods Hole Oceanographic¢ Institution
Woods Hole, MA 02543 (US)

Tel:  (508) 457-2000, x2576

Fax:  (508) 457-2187

Internet: jian@galilec.whoi.edu

Lorenzo, Juan M.

Dept. of Geology & Geophysics
Louisiana State University

Baton Rouge, LA 70803-4101 (US)
Tel:  (504) 388 4249

Fax:  (504) 388 2302

Internet: juan@kong.geol.1su.edu

Loughridge, Michael §.

Marine Geology and Geophysics Div.

Natl. Gecphys. Data Center, E/GC3, NOAA
325 Broadway, Boulder, CO 80303 (US)

Tel:  (303) 497-6487

Fax:  (303) 497-6513

Internet: msl@mail ngdc.noaa.gov

Loutit, Tom §. .
Australian Geological Survey Organization
GPO Box 378, Canberra, ACT 2601 (AUS)
Tel: 61 (6) 249-9357

Fax: 61 (6) 249-9983

Intetnet: Houtit@garmet bmr.gov.au

Lovell, Mike

Department of Geclogy
University of Leicester
Leicester (UK)

Tel: 44 (1162) 522-522
Fax: 44 (1162) 522-200
Internet: mtl@leicester.ac.uk

Lowell, James D. X
2200 W. Berry Avenue, Suite 1
Littleton, CO 80120 (US)

Tel:  (303) 730 3161

. Fax:  (303) 730 6549

" Ludden, John
CRPG

15 rue N.D. des Pauvres

54501 Vandoeuvre-les-Nancy

BP20 (P

Tel: 3383512213

Fax: 3383511798

Internet: ludden@crpg.cnrs-nancy.fr

Fax: 49 (5323} 723 146
Internet: ralf luy@tu-clausthal.de

Lykke-Andersen, Holger
Geophysical Institute
University of Aarhus
Finlandsgade 8

DK-8200 Aarhus (DK)
Tel:  45(89)424340
Fax:  45(86) 10-1003
Internet: geofhla@aau.dk

Lysne, Peter

Department 6111

Sandia National Laboratories
F.Q. Box 5800

Albuquerque, NM 87185 (US)
Tel:  {505) B44-8885

Fax:  (505) 844-3952
Intemet: pclysne@sandia.gov

MacKenzie, David B,

278 S Milwaukee St

Denver, CO 80209 (US)

Tel:  (303) 722-1362

Internet: dbmackenzie@msn.com

Macko, Stephen A, |

Department of Environmental Sciences
University of Virginia

Halsey Hall, Room 209

Charlottesville, VA 22903 (US)

Tel:  (804) 924-2967 or 982-2967

Fax:  (804)924-7761

Internet: sam8{@faraday.clas.virginia.edu

MacLeod, Christopher j.

Dept. of Earth Sciences

University of Wales Cardiff

PO Box 914

Candiff CF13YE (UK)

Tel:  +44 (1222) 874 830 Ext 5181
Fax:  +44 (1222) 874 326
Internet: macleod@cardiff.ac.uk

Madelain, Frangois

IFREMER Technopolis 40

Direction des Recherches Océaniques
155, rue Jean-Jacques Rousseau
92138 Issy-les-Moulineaux Cedex (F}
Tel: 33(1)46482217

Fax: 33(1)4648222H

Internet: fmadelai@ifremer.fr

Mahoney, John

Hawaii Institute of Geophysics
University of Hawaii

2525 Correa Road

Honolulu, HI 96822 (US)

Tel:  (808) 956-8705

Fax:  (808) 956-2538

Internet: jmahoney@soest.hawaii.edu

Maidla, Eri¢

CSIRQ Petroleum

PO Box 3000

Glen Waverley

Victoria 3150 {AUS)

Tel: 61 (3)9831 1288

Fax: 61 (3) 9803 2052
Internet: e.maidla@dpr.csiro.au

Malfait, Bruce

National Science Foundation

4201 Wilson Boulevard

Arlington, VA 22230 (US)

Tel:  (703) 306-1581 or 1585, x7239
Fax:  (703) 306-0390

Internet: bmalfait@nsf.gov

Tel: 46 (31) 773 4500
Fax: 46 (31) 773 4903
Internet: mgibm@marine-geology.gu.se

Malpas, John

Memorial Univ,, Earth Resources Research Center
Elizabeth Avenue, 5t. John's

Newfoundland A1B 3XS (CAN)

Tel:  (709) 737-4708

Fax: = (709) 7374702

Internet: odp@kean.ucs.mun.ca

Maronde, Dietrich

Deutsche Forschungsgemeinschaft
Kennedy-Allee 40

D-53175 Bonn (G)

Tel: 49 (228) 885-2328

Fax: 49 (228) 885-2599

Mamsh, Gary L.

RR Box 3021

Reeds Spring, MO 65737 (US)
Tel:  {417) 338-2380

Maudire, Gilbert
SISMER/IFREMER

Centre de Brest, B.P. 70
F-29280 Plouzané Cedex (F)
Tel:  (33)98224216

Fax: (33)98224644
Internet: gmaudire@ifremer.fr

Mayer, Larry A,

Dept. of Survey Engineering
University of New Brunswick

PO Box 4400, Fredericton

New Brunswick E3B 5A3 (CAN)

Tel:  (506) 453-4698

Fax:  (506) 4534943

Internet: Imayer@jupiter.sun.csd.unb.ca

McCann, Clive

PRIS, University of Reading
P.O. Box 227, Whiteknights
Reading RG6 2AH (UK}
Tel:  44(1734) 318-940
Fax:  44(1734) 310-279

McCann, D.

British Geological Survey
Regional Geophysics Group
Kingsley Dunham Centre

Keyworth

Nottingham NG12 5GG (UK}
Tel: 44 (1602) 363 380

Fax: 44 (1602) 363 145

McKenzie, Judith

Geologisches Institut
ETH-Zentrum

Sonneggstrasse 5

CH-8092 Ziirich (CH)

Tel:  +41 (1) 632-3828

Fax:  +41 (1) 632-1080

Internet: sediment@erdw.ethz.ch

Merrill, Russell B.

ODP/Texas A&M University

1000 Discovery Drive

College Station, TX 77845-9547 (US)

Tel:  (409) 8459324

Fax:  (409) 8454857

Internet: Russell Merrill@odp.tamu.edu




Feb./June 1996

55

Métayer, Bernadette

IFREMER, Direction des Recherches Océaniques

155 rue Jean-Jacques Rousseau
92138 Issy-les-Moulineaux Cedex (F)
Tel: 33(1}4648 2217

Fax: 33(1)46482224

Internet; bmetayer@ifremer.fr

Metcalfe, Ian

Dept. of Geology and Gecphysics
University of New England
Armidale, NSW 2351 (AUS)

Tel: 61 (67) 73-2860

Fax: 61 (67) 71-2898

Internet: imetcalfe@metz.une.edu.au

Mével, Catherine

Laboratoire de Pétrologie

Université Pierre et Marie Curie, Boite 119
4 Place Jussieu, Tour 26, 3me étage
F-75252 Paris Cedex 05 (F}

Tel:  33(1)44-27-51-93

Fax: 33 (1) 44-27-39-11

Internet: cam@ccr jussieu.fr

Meyer, Audrey

SEA Education Association Inc.
PO Box 6

Woods Hole, MA 02593 (US}
Tel:  (508) 540 3554

Fax: (508) 457 4673

Internet: audreym@mbl.edu

Meyer, Heinrich

Bundesanstalt fiir Geowiss. u. Rohstoffe
Postfach 510153, D-30631 Hannover (G)
Tel: 49 (511} 643-3128

Fax: 49 (511) 643-3663

Internet: odp.ssp@gatel bgr.de

Mikkelsen, Naja

Geological Survey of Denmark & Greenland
{GEUS)

Thoravej 8

DK-2400 Copenhagen NV (DK)

Tel:  45(31) 10-66-00

Fax:  45(31)19-68-68

Internet: nm@geus.dk

Miller, D. Jay

Texas A & M University

1000 Discovery Drive

College Station, TX 77845-0876 {US)
Tel:  (409) 845-2197

Fax:  (409) 845-0875

Internet: Jay_Miller@cdp.tamu edu

Mills, Bill

ODP/Texas A&M University

1000 Discovery Drive

College Station, TX 77845-9547 (US)
Tel:  (409) 845-2478

Fax: {409} 345-2830

Internet: Bill Mills@odp- tamu.edu

Mix, Alan C.

College of Oceanic & Atmospheric Sciences
Oregon State University

QOceanography Admin. Bldg. 104

Corvallis, OR 97331-5503 (US)

Tel:  (503) 737-5212

Fax:  (503) 737-2064

Internet: mix@oce.orst.edu

Moberly, Ralph

School of Ocean and Earth Sci. & Techn.
University of Hawaii at Manoa

2525 Correa Road

Honolulu, HI 96822 (US)

Tel:  (B0B) 956-8765

Fax:  (808)956-2538

Internet: rmoberly@soest.hawaii

Moore, Carla

NGDC, E/GC3 325 Broadway
Boulder, CO 80303 (US}

Tel:  (303)497-6339

Fax:  (303) 457-6513

Internet: ¢jm@rimmerngdc.noaa.gov

Moore, Gregory F,

Department of Geology and Geophysics
University of Hawaii

2525 Correa Road

Honolulu, HI 96822 (US)

Tel:  (808) 956-6854

Fax:  (808) 956-2538

Internet: moore@soest hawaii.edu

Moore, James.

U.S. Geological Survey M5-910

345 Middlefield Road

Menlo Park CA 94025 (US)

Tel:  (415) 329-5244

Fax:  (415) 329-5203

Internet: jmoore@mojave.wr.usgs.gov

Moore, Theodore C.

Cent. for Great Lakes & Aquatic Sci.
University of Michigan

2200 Bonisteel Blvd.

Ann Arbor, M1 48109-2099 (US)

Tel:  (313) 747-2742

Fax:  (313) 747-2748

Intemnet: ted .moore@um.cc.umich.edu

Moran, Kate '

Geological Survey of Canada Atlantic
Bedford Institute of Oceanography

Box 1006, Dartmouth, NS B2Y 4A2 (CAN)
Tel:  (902) 426-8159/5596

Fax: (902) 4264104

Internet: moran@agerr.bio.ns.ca

Moos, Daniel

Department of Geophysics

Stanford University

Stanford, CA 94305 (US)

Tel:  (415) 723-3464

Fax:  (415) 725-7344

Internet: moos@pangea.stanford edu

Mountain, Gregory

Lamont-Doherty Earth Observatory

Columbia University

Palisades, N'Y 10964 (US}

Tel: (914} 365-8540

Fax:  (914) 365-3181

Internet: mountain@lamont.ldeo.columbia.edu

Mueller, R. Dietmar

Dept. of Geology & Geophysics
University of Sydney

Sydney, NSW 2006 (AUS)

Tel:  61(2) 3512003

Fax:  61(2) 3510184

Internet: dietmar®es.su.oz.au

Musgrave, Robert

Department of Geology

La Trobe University

Bundoora, Victoria 3083 (AUS)
Internet: geofjm@lure.latrobe.edu.au

Mutter, John

Lamont-Doherty Earth Observatory
Columbia University

Palisades, NY 10964 (US)

Tel: (914) 365-8525

Fax: (914} 365-8162

Internet: jom@lamont.ldeo.columbia.edu

Mutti, Maria

Geologisches Institut

Swiss Federal Institute of Technoloj
Scnneggstrasse 5 .
CH-8092 Zurich {CH)

Internet: maria@erdw.ethz.ch

Mwenifumbo, Jonathan

601 Booth Street

Ottawa, Ontario K1A 0E8 (CAN)
Tel: (613} 992-6520

Fax:  (613)956-9295

Internet: jarako@gsc.emr.ca

Nakajima, Satoru

Geological Institute

University of Tokyo

7-3-1 Hongo, Bunkyo-ku

Tokyo 13 (I} .

Tel: 81 (3) 3812-2111, X4515

Fax:  81(3) 38159490

Internet: satoru@tsunami.geol.s.u-tokyo.acjp

Natland, James H.

Rosenstiel School of Marine & Atm. Sci.
University of Miami

4600 Rickenbacker Causeway

Miami, FL 33149 (US)

- Tel:  {305) 361-4123

Fax:  (305) 3614632
Intemet: jnatland@umigw.miami.edu

Nelson, Philip H.

USGS.

Denver W Building 2, Room 110

P.O. Box 25046, MS 964

Lakewood, CO 80225 (US)

Tel:  (303) 236-1322

Internet: pnelson@musette.cr.usgs.gov

Nicolich, Rinaldo

University of Trieste

Dept. of Naval Architecture

Ocean & Envr. Engineering (DINMA)
via Valerio 10

[-34127 Trieste (T)

Tel: 39 (40) 676 3497

Fax: 39 (40) 676 3497

Internet: nicolich@min730.univ.trieste.it

Nowell, Arthur

School of Oceanography

University of Washington, WB-10

121 Ocean Teaching Building

Seattle, WA 98195 (US)

Tel:  (206) 543-6487

Fax:  (206) 543-6073

Internet: nowell@ocean, washington.edu

O'Reilly, Suzanne

Discipline of Physical Earth Science
Macquarie University

North Ryde, NSW 2109 (AUS)

Tel: 61 (2)805-8418

Fax: 61 (2) 505-8428

Okuda, Yoshihisa
Geological Survey of Japan
1-1-3, Higashi, Tsukuba
Ibaraki 305 ()

Tel:  81(298) 54-3594
Fax:  81(298)54-3589

Oppo, Delia

Dept. of Geology and Geophysics
Woods Hole Oceanographic Institution
Woods Hole, MA 02543 (US)

Tel:  (508) 548-1400 x681

Fax:  (508) 457-2187

Internet: doppo@whai.edu




56

QOrcult, John

IGFP (0225)

Scripps Institution of Oceanography
University of Califarnia, San Diega
La Jolla, €A 92093-0225 (UUS)

Tel:  (619)534-2687

Fax:  {619) 534-2902

Tivbernet: jorcutt@igpp.ucsd edu

Pak, Namit Kemal

TUBITAK

Scjentific and Technical Research Council
Ataturk Bulvari 221, Kavaklidere
TR-0611 Ankara (TR)

Tel: 90 {4) 427-74-83

Fax: 504 427-74-83

. Pariso Sempere, lanet
c/a]-C Sempers
GRGS Observatoire Midi-Pyrenees
18 Avenue E. Belin
31055 Toulomse Cedex (F)
Internet: pariso@ocean. washington edu

Parkes, R.}.

Department of Geology

University of Bristol

Wills Memorial Building, Queen’s Road
Bristol BS8 1R) (UK)

Tel: 44 (117) 9287797

Fax: 44 (117) 925 3385

Internet: j.parkes@bristal.ac.uk

Parson, Lindsay M.

Southampton Oceanography Centre
Challenger Division for

Seafloor Processes

Empress Dock

Southampton SO14 3ZH (UK)

Tel: 44 {1703) 596541

Fax: 44 (2703) 596554

Intemet: lmp@sor.soton.ac.uk

Pasquiet, Johanra

Joint Oceanographic Institutions Inc.
1755 Massachusetts Ave., NW, Suite 800
Washington, DC 20036-2102 {US)

Tel: {202} 232 3900 (Ext 236}

Fax;  {202) 2028203

nternet: jopasqui@brook.edu

Paudl, Charles K.

Department of Geology
University of North Carolina
213 Mitchell Hall

Chapel Hill, NC 27599-3315 (US)
Tek  (919) 966 4516

Fax:  (919) 966 4519

Internet. pauli@email une.edo

Pearce, Julian A.

Department of Geological Sciences
Unjversity of Durham, South Road
Durham, OH1 3LE (UK)

Tel: 44 (191) 374-2528

Fax: 44 {191) 374-2510

Internet: j.a.pearce@durham.ac.uk

Pederaen, Laust B.
Department of Geophysies
Uppsala University, Box 556
5-751 22 Uppsala {5}

Tel:  46(i8) 182385

Fax:  46{18)501-110
Internet: Idp@geofys.uu.se

Pedersen, Toratein

Research Council of Norway
Stensbergsgatan 26-28

PO Box 2700, 5t Hanshaugen
N0121 Oslo (N)

Tel: {47)Z2037363

Fax: (47}22037362

Pedersen, Thomas F.
Depariment of Oceanography
University of British Columbia
6270 University Boulevard
Vapcouver, BC. V6T 124 {CAN)
Tel:  (604) 822-5984

Fax:  (6504)822-6091

Internet: tip@unixg.uby.ca

Pérez-Estatin, Andrés

Inst. de Ciencias de la Tierra
“Jaume Almera”

CSIC

Lluis Sole § fabaris s/n

(18028 Barceiona {E)

Tel: 34 {93) 450 0552

Fax: 34{93)14110012

Internet: andres@ija.csic.es

Peterson, Larry C.

RSMAS, Uinjversity of Miami

4600 Rickenbatker Causeway

Miard, FL 33149-1098 (LIS}

Tel:  [305) 361-4692

Fax:  (305) 361-4632

Internet: PetersonL@rcf. rsmas. miamiedu

Pezard, Philippe

Laboratoire de Mesures en Forage
Institut Méditerranéen de Technologie
Technopdie de Chateau-Gombert
E-13451 Marseille Cedex 13 [F}

Tel: 3391054501

Fax: 3391054343

Internet pezard@imimer?. imt-murs.fr

Pheasant, Jack

Marine Geophysics & Ofshore Survey
British Geological Susvey

Muzrchison House, West Mains Road
Edinburgh EHY3LA (UK)

Tel:  44{131) 65D 0414

Fax: &4 (131) 668 4140

Pirmesz, Carles

Lamont-Doherty Earth Observatory
Columbia University

Palisades, NY 10964 (JS)

Tel:  {914) 36% 8695

Fax: (%14} 3652312

Internet: Pirmez@ldeo.columbiaedu

Pistas, Nicklag G,

College of Oceanic & Atmospheric Sciences
Oregon State University

Corvallis, OR 97331 (US)

Tel:  (503) 737-3504

Fax:  (503) 737-2064

Internet: pisias@oce.orst.edu

Plank, Sverre

Depariment of Geology
University of Oslo

B(O Box 1047 Blindern

N-0316 Oslo (N}

Tel: 47 {22) 856 678

Fax: A7 {22)854 215

Internet: planke@geologi-uione

Popyp, Brian N.

Dept. of Geology, Geophysics & Oceanography

University of Hawaii

2525 Correa Road

Hondlulu, Hawaii 96822 [US)

Tel: (808} 956 6206

Fax:  (BOS) 556 5225

Internet: Popp@Kiawe.soest. Hawaii.edu

Posamentier, Henry W.

ARCO Explaration & Production Technology

2300 West Plano Parkway
Plano, TX 75075 {US)

Tel:  {214) 509 3068

Fax: {214} 509 6813
Internet: hpasamen@arco.com

Powel), Trevor

Division of Continental Geology
Bureau of Mineral Resources
GPO Box 378

Carberra, ACT 2601 (AUS)

Tel: 61 (6} 249-5111

Fax:  61{6) 257-4614

Prefl, Warten L.

Department of Geological Sciences
Brown University, Box 1846
Providence, R1 02512 {US)

Tel: {401} 863-3221

Fax:  {401) 863-2058

Internet: warren_prell@brown.edy

Purdy, Ed

PetroQuest Intemational, Inc.
93/99 Upper Richmond Road
London SW15 2T9 (UK)

Tel: 44 {181) 780-1067

Fax: 44 (181) 785-1812

Quoidbach, Daniel

Site Survey Databank
Lamont-Doherty Earth Observatory
Columbria University

Palisades, NY 10964 [US)

Tel: {914} 365-8542

Fax: (914} 365-2312

fntermiet; daniel@ldeo.columbia.edu

Rasmussen, Bjom

Narsk Hydro Research Centre
N-5020 Bergen (N}
Tel: 4755996559
Fax: 4755996 600

Ravelo, Anna

Marine Sciences

University of California

Banta Cruz, CA 25064 (US)

Tel: (408} 459-3722

Internet: acr@aphrodite.ucsc.edu

Reagan, Mary

Barehole Research Group
Lamont-Doherty Earth Observatory
Palisades, NY 10964 (U5}

Tel: (914} 365-8672

PFax:  (9M)365-3182

Internet: mreagan@ldeo.columbia.edu

Rhodes, §. Mike

Department of Geology and Geography
University of Massachusetts

Amberst, MA 61003 (US)

Tel:  13) 545-2841

Fax: {413} 545-1200

Richtes, Carl

ODP/ Texas A&M University

1000 Discovery Drive -
CTollege Station, TX 77845-9547 (US)
Tel  (409) 8452522

Fax.  (409) 845-0876

Internet: Carl_Richter@odp.famu.edu

Riddihough, Kobin

Energy, Mines and Resources
Geological Survey of Canada
501 Boath Street, Rm 240
Citawa, Ontario K1A GBS (CAN}
Tel: (613} 995 4482

Fax:  (613) 9% 8058

Internet: riddihough@gsc.emr.ca




Riedel, William R.

$10 Gealagical Research Uivision
University of California, San Diego
1340 Ritver Hall

La Jolia, TA 92093-0220 {US)

Tel:  {619) 534-4386

Fax:  {61%) 534-0784

Internet: wriedel@uosd.eduy

Ribkm, Roland

GEOMAR

Forschungsrentrum fitr Marine Geowiss.
Wischhofstrafle 1-3, Gebliude 12
0-24148 Kiel {G}

Tel: 49 {431) 600 2630

Fax: 49 ($31) 600 2872

Inenet: rrihm@geomarde

Robertson, Alastair YL E

Dept. of Geology & Geophysics
The Grant Insiisute

West Mains Road

Edinburgh £H4 3fW (UK}

Tel: 44 (131) 650 8546

Fax: 44 (131) 668-3184

Intermet: A RobertsonBglg ed.acuk

Roehl, Unsula

Fachbereich Geowisgenschaften
Bremen Unfversity

PO Box 3304 40

28334 Bremen [G)

Tel: 49 (421) 2152482

Fax: 49 (421)218 346

Internet: wroehiBallgeo.uni-bremen.de

Romine, Karen

Australian Geologicat Survey Org
GFO Box 378

Canberra, ACT 2661 {AUS])

Tebk  §1{8) 249959

Fax. &) () 249 9580

Rowe, Gilbert T,

Depariient of Oceanography
Texas Adehd University
College Station, TX 77843 [US}
Tel: {409y 8457211

Pax:  {409) 845-6331

Rutland, Raye

Australian Geological Survey
Organisation, GPO Box 378
Canberra, ACT 2601 (AUS)
Tel &% {6 2499111

Fax:  61{5) 2574614

Saeltem, foar

KU Petrolenm Reseasch

M-403 Trondheim (N}

Tel: 47 (731591 250

Fax: &7 (T3 591102

Interret: joassettemn@ilo sintef.no

Bager, William W,

 Department of Ocezstography
Texas A&M Urniveseity

College Station, TX 778433146 {US)
Tel:  (409) B45-0H2B

Fax:  {409) 4456331

Internet: sager@ocean tamm.edu

Sajto, Trunamasa

Trept. of Geneswironmentat Seiences
Tehaku University

Senda; 980 G}

Tek B (22) 2221800 x3419

Fax: A1 1222626805

Salisch, Henty

Centre for Petrolevan Engineering
University of New South Wales

PO. Box 1, Kensingion, NSW 2033 (AUS)
Tel: 63 (2 497-51M

Fax:  61(2} 862-b540

interaes: hsalisch@unswedw.au

Sarg, [ Frederick

Maobil Exploration Technology
PG, Box 530232

Dallas, TX 752650232 (US)
Tel: {214} 951-3060

Fax: (214} 637-2310

Internet: Sarg Rick /dallQ_jfsarg@dalmobilcom

Sarti, Massime
Lniversita di Ancona
Via Brecre Bianche
160131 Ancong ()
Tel 39 {71y 2204521
Fax:  39(71) 2204513

Sartorl, Renao

Dipartmente di Scienre Geologiche
Universitd di Bologna

via Zarnboni 85

1-40127 Bologna (1)

Tel 59 (51) 354 551

Fasc  33{F113m4522

Sayles, Frederick 1.,

Depariment of Chemdstry

Waords Hole Oceanograpliuc Institution
Wavads Hiale, MA 02543 (US)

Telr {508 457-2000 k2561

Fax:  {508) 4572193

Schilling, Jean-Guy
Schaol of Oceanography
University of Rivode land
Kingston, Ri 07881 (LiS)
Tel: (401} B74-6222

Fax; (4013 874-4160

Scholl, David W.

Pacitic Marine Geology

1S, Geological Survey

345 Middietield Road, M599%
Menlo Park, CA 94025 (UIS)
Tel: {415} 354-3127

Pax: {4157 354

Schuch, Frank J.

Drilling Technology inc.
5B0B Wavertree, Suite 1000
Plarg, TX 75075 (LUS)

Tel {214} 38000203

CFax: {214) 386-2193

Scott, Steven 3.

Canadian Secretarial for Ocean Deilling
Dept. of Gealogy, University of Toronto
22 Russel Street,

Teronts, G MSS 381 {CAN)

Tel {416y 978-4922

Faw:  (#16)97B-3938

Internet: odp@quartz.geslogy.utoronto.ca

Scrutton, Rager

Dept. of Geology & Geophysics

The Grant Institule

West Mains Road

Edinburgh EH8 3W U1K}

Tek: 44 {131} 650 8512

Fax: 44 (131} 658 3184

Internet: rascrutiBiglg edinburgh.ac.uk

Shanks, F Eayd

Dreilling Yechuiology

Mabil Exploration and Prod. Serv. Inc.
FO0. Box 650232

Dafias, TX 75265-0232 {US)

Tk (214} 9513271

Fax: (214} 9532812

Interne: feshanks@dal mobil.com

Shanks, 111, Wayne C.

13.8. Gevlogical Survey

973 Derwver Federal Center

Denver, CO 50225 (US)

Tel:  {303)236-2497

Fa:  (303) 736-3200

Interner: pshanks@helios.cusgs gov

Shatty, Howard L.

444 Kalpp Daks 1

Houston, TX 77024-5055 (US}
Tel: (713} 4678618

Fax: {713} 465-1716 [call first)

Sheehan, Anne F

TIRES, Campus Box 116
University of Colorada at Boulder
Roulder, CO 80383-0216 {1J3)

Tel:  (305)451-1143

Fax:  (303) 4921149

Insernet: afsi@icires.colorado.edu

Shipiey, Thomas H.

Institute for Geophysics
University of Texas at Austin
8701 N Mopac Expressway
Austin, TX 7B759-8397 {U5)

Tel:  {512)471-6156

Fox {912 4748844

Interpet: tom@utigigutexas.edy

Shar, Alexander N.

National Science Foundation

2261 Wilson Boulevard

Arlington, VA 22236 {US)

Tel: (P03} 305-1581 or 1585, K239
Fax: (703 3060390 -

Intemet: ashor@nal.gov

Sibuet, Jean-Claude

IFREMER, Centre de Brest

B.P. 70, 29280 Flouzang Cedex (F)
Tel:  G3I98124233

Fax. {33)98774549

Intemet: jesiboet@ifremerfr

Sinha, Martin

Depactoent of Earth Scieaces
Cambidge University, Bullard Labs.
Madingley Road

Cambridge CB3 6AZ [UK)

Tel: 44 {1223) 333-406 °

Fax: 44 (1223) 333450

Skinaey, Alister C.

Marine Geology & Operations
British Geological Survey .
Murchison House, West Mains Hoad
Edinburgh EH49 3LA (UK)

Telt: 44 {131} 6E7-1000

Fax; 44 (131} 6684140

Internet: askirmer@bgs ac.uk

Skogseid, Jakel

Department of Geoltogy

Unaversity of Oslo

P3. 17, Blindem

N-0316 Oslo {N)

Tel: 47 2D BS6 643

Fax: 47 {22)854 215

Internet: jakob skogseid@geniogiuiv.ne




58

Smalf, Lawrence .

College of Oteanic & Atmospheric Sciences
Oregon State University

Caorvallis, OR 97331-5503 (U5)

Tek:  (503) 7375195

Fax:  {507) 737-2064

Internet: lsmall@oce.orst.edu

Sok, Wonn

Dept, of Barth & Planetary Sciences
Kyushu Universisy

Hakozaki, Fukuoka, 812 (1)

Tel:  B1(92) 641 1101 (axt.4302)

Fax: 81 (92) 6322736

Intetnei: soh@planet.geo kyushu-u.acip

Spall, Heary

Office of Scientific Publications
U.5.G.S., National Center, M5-904
12201 Sunirise Valley Drive
Restom, VA 22092 {US)

Tel:  (702) 645-6078

Fax: (703) 648-6135

Internet: hapall@usgs.gov

Sparks, Charles

European Comenission DG XVE
Rue de la Lei

Welstraat 200

B-104% Brussels [B)

Tel 32D

Fax: 32(229501 30

Internet: sparks@cLifp fr

Spexzaferd, Slivia

ESCO Secretariat

Geological Institute
ETH-Zentrum
Secnaeggstrasse 5

{H-8092 Zurich (CH)

Tel: 41 (1) 632 5697

Fax: 41 {1} 632 1080
nternet: ESCO@erdw.ethz.ch

Srivastava, Shid

Geological Survey of Canada Atlantic
Bedford Institute of Oceancgraphy
PQ. Box 1006

Dartmouth, N.S. B2Y 442 {CAN)

Tel:  {902)426-0148

Fax:  (902) 426-6152

Internet: srivasta@age bions.ca

Stagg, Howard
Marine Geascience & Petroteum Geology

Program

Austratian Geolagical Survey
isation, GPQ Box 378

Canbetra, ACT 2601 (AUS)

Tel: 61 (6)249-9111

Fax: 61 (6) 2574614

Steckler, Michael

Oceanography 108%

Lamont-Doherty Barth Qbservatory
Calumbia University

Palisades, NY 10964 (U5}

Tel: (914} 365-8479

Fax:  {914) 359-2951

Internet: steckler@lamont.ldes.columbia.edu

Stel, Jan B,

Netherlands Marine Res. Foundation (SOZ}
Laan van Nieuw Ocst Indie 131

NL-2593 BM The Hague {(NL)

Tel: 31 (70} 3440780

Fax: 31{70}353-2173

Stock, Joanu M.

Seizmatogical Laboratory 252-21
California Institate of Technology
Pasadena, CA 91125 (US)

Tel:  (818)356-6938

Fax:  (B18) 5640715

Intemnet: jstock@gps.caltech edu

Sternberg Richard W.

School of Oveanegraphy

University of Washington, WB-10
205 Ocean Research Building
Seattle, WA 98195 (L'5)

Tel: {206 5430589

Fax: (206} 543-6073

Invernet: rws@ocean. washington. edw

Stoffa, Paul L.

Institute for Geophysics

University of Texas

8701 N Mopac Expressway

Austin, TX 76755-8397 (US)

Tel:  (512)471 0464

Fax: (512)471 2379

Internet: pauls@tau-p.ig.utexasedu

Starms, Michael

Engineering/ Drilling Opermnns
1000 Discovery Drive

Callege Station, TX 778459547 (US)
Tel:  (408) 845-2101 -

Fax:  {(409) 845-2308

Internet: Mike_Storms@odp.tamu.edu

Strand, Kad
Department of Geology
University of Qulu
SF-S0570 Linnanmaa (SF}
Tel: 253 (B1) 553 1451
Fax: 358 (81) 553 1484
Internet: geol-ks@finou

Sullivan, Lawrence

Borehole Research Group

Lamont-Doherty Barth Observatory
Palisades, NY 10964 (US)

Tel:  (914) 345-3805

Fax: (914} 365-3182

Internet: sullivan®lamontldeo.columbia.edy

Summerhayes, Colin P.

Southampton Oceanography Centre

Empreas Dock

Southampton $Q14 3ZH (UK)

Tel: 44 {1703) 536-020

Fax:  44(1703) 596-554

Internet: Colin. ESummerhayes@
SOC50L0T.AC.UK

Summerour, Alex

Drilling Technology Center
Chevron Services Co.

2202 Jil Contor Caurt, PO Box 4450
Houston, TX 77073 (US)

Tel. {713} 230-2793

Fax:  (713) 230-266%

Internet: ahsu@chevron.com

Surlyk, Finn

Department of Geology
University of Copenthagen
Pster Voldgade 10

DK-1350 Copenhagen K {DK)
Tel. 45(35)3226126

Fax: 45{35)3224 %9
Internet: firns@geo.geclkudk

Suyehiro, Kiyoshi

Dcean Research Institute
Uriiversity of Tokyo

1-15-1 Minamidai, Nakane-ku
Takyo 164 (1)

Tel:  81(3) 5351-6439

Fax: 81 (3)5351-6438

Internet: suyehiro@ori.u-tokyo.acjp

Svendsen, Walter W.
1275 Highview Drive
New Brighton, MN 56112 (US)
Tel:  (H12) BIO0698
Fax:  {B01)477-3374

Swart, Peter K.

Rosenstiel Schaoal of Marine & At 5.
University of Miami

4600 Rickenbacker Causeway

Miazi, FL 33149 (US)

Tek  (305) 314103

Fax:  (3D65) 3614632

Internet: PSwart@rsmas.miamd. edu

Symonds, Phillip
Tivision of Marine Geoscience
Austratian Gealogical Survey
ton, GPQ Bux 378
Canberra, ACT 2501 (AUS)
Tel: 61 {6) 249-9450
Fax: 61 (6)257-6041
Internet: p_symonds@frend bmr.govau

Yada, Ryujl

Geological Institute, University of Tokyo
7-3-1 Hongp, Bunkyo-ku

Tokywo 113 {§}

Tel: 81 (3) 3512-2111, X4523

Fax: 51 (3) 3815-94%0

Internet: ryu}i@tsunami.geol.s.y- mkyn acjp

Taira, Asahiko

Ocean Research Institute

University of Tokyo

1-15-1 Minamidai, Nakano-ku

Tokyo 164 (7)

Tel: 81 (3) 53516435

Fax.  81(3)5351-6438

Internet: ataica@trout.ori.u.-tokyo.acjp

Takagews, Shinichl

Deep Sea Technology Department

Japan Marine Sci & Tech Center JAMSTEC)
2-15 Natsushima—cho

Yokosuka 237 (J)

Tel: 81 (468) 66-3811 ext.262

Fax:  §1(3) 3580 8421

Takatushi, Koxo

Dept of Marine Sci & Tech, Sch of Engineering
Hakkaido Tokai University

5-1-1-1, Minamisawa, Minami-ku

Sappore 005 [

Tel: Bl {11)571-5111, k615

Fax: 81 (11)571-7879

Tamaki, Kensaku

Ocean Research Institute
University of Tokyo

1-15-1 Minarmidai, Nakano-ku
Tokya 164 G}

Tel: 81 {3)5051-643

Fax: 51 {3)5351-6445

Tarduno, John A.

Department of Geological Sciences
fntchison Hall .

University of Rochester

Rochester, NY 14627 (US)

Tel:  {Fif)275-2410 or 8810

Fax: (714) 244-5689

Internet: john@skyline. geclogy rochester.edu




'Feb./June 1996

59

Tartarotti, Paola
Dipartimento di Geologia
Via Giotto 20

Padova ()

Tel: 39 (49) 664 528
Fax: 39 (49) 875 0367

Taylor, Brian

School of Ocean & Earth Sci. & Tech.
University of Hawaii

2525 Correa Road

Honolulu, HI 96822 (US)

Tel:  (808) 956-6649

Fax:  (80B) 956-2538

Internet: taylor@mano.soest.hawaii.edu

Ten Brink, Urd

Branch of Atlantic Marine Geol.

U.5. Geological Survey

Quissett Campus

Woods Hole, MA 02543 (US)

Tel:  (508) 548-2396

Fax: (508)457-2310 .
Internet: tenbrink@nobska.er.usgs.gov

Thomas, Ellen

Dept. of Geology and Geophysics
Yale University, Whitmey Avenue
New Haven, CT 06511 (US}

Tel:  (203) 432-3169

Fax:  (203) 3d2-3134

Thorhallsson, Sverrir
Orkustofrun
Grensdsvegur 9

[5-103 Reykjavik {I5)
Tel: 354 (1) 696-000
Fax: 354 (1) 688-896
Internet: s@os.is

Tokuyama, Hidekazu

Ocean Research Institute

University of Tokyo

1-15-1 Minamidai, Nakano-ku

Tokyo 164 (J)

Tel:  81(3)5351-6441

Fax:  B1(3)5351-6438

Internet: tokuyama@aix3.ori.u-tokyo.acjp

Toomey, Douglas

Department of Geology

University of Oregon

Eugene, OR 97403 (US)

Tel:  (503) 346-5576

Fax:  (503) 346-4692

Internet: drt@mazama.uoregon.edu

Torssander, P.

Dept. of Geology & Geochemistry
Stockholm University

$-10691 Stockholm (S}

Tel: 46 (8} 164745

Fax: 456(8)345808

Internet: peter.torssander@geol.su.se

Tréhu, Anne M,

College of Oceanic & Atm. Sci.
Oregon State University
Oceanography Admin. Bldg. 104
Corvallis, OR 97331-5503 (US)
Tel:  (503) 737-3504

Fax: (503) 737-2064

Omnet: Oregon.State

Internet: trehu@oce.orst.edu

Underwood, Michael B.

Department of Geologic Sciences

University of Missouri

Columbia, MO 65211 (US)

Tel:  (314) 882-4685

Fax:  (314) 882-5458

Internet: geoscmbu@mizzoul.
missouri.edu

Valet, Jean-Pierre

Inst. de Physique du Globe
Université Pierre et Marie Curie
4, Place Jussieu, Tour 24-25
F-75252 Paris Cedex 05 (F)

Tel: 33 (1) 4427-3566

Fax:  33(1) 4427-3373
Internet: valet@ipgp jussieu.fr

Van der Kroef, Dick A.

Stichting Geologisch, Oceanografisch
en Atmosferisch Onderzoek (GOA)
Laan van Bieuw-Cost Indje 131
NL-2593 BM The Hague (NL)

Tel:  (31) 70-3440 780

Fax:  (31)70-3832173

Internet: kroef@nwo.nl

Villinger, Heinrich

FB Geowissenschaften

Universitit Bremen

Postfach 330440

D-28334 Bremen (G)

Tel: 49 (421) 2184509

Fax: 49 {421) 218-7163

Internet: vill@alf.zfn uni-bremen.de

Von Damm, Karen L.

Department of Earth Sciences

University of New Hampshire

Durham, New Hampshire 03824-3589 (US)
Tel:  (603) 862-0142

Fax:  (603) 862-2649

Internet; K_Vondamm@unhh.unh.edu- .

von der Borch, Chris
School of Earth Sciences
Flinders University
Bedford Park

South Australia 5042 (AUS)

CTel:  61(8) 275-2212

Fax: 61 (8)275-2676
Internet: mgevv@cc.flinders.edu.au

Von Huene, Roland

GEOMAR

Research Center for Marine Geoscience
WischhofstraBe 1-3, Gebiude 12
D-24148 Kiel (G}

Tel: 49 (431) 720-2272

Fax: 49 (431) 720-2293

Internet: ngm12@geomar.de

von Knorring, Mary

Swedish Natural Science Research Council
Box 7142

5-103 87 Stockholm (5)

Tel: 46 (8)4544200

Fax: 46 (8) 454 4250

Internet: mary@nfr.se

Vrellis, Gregory

Drilling Department -
Public Petroleum Co., (DEP-EKY-5.A)
199 Kiffissias Avenue

GR-15124 Maroussi, Athens (GR)

Tel: 30 (1) 806-9314

Wadge, Geoff

NUTIS, University of Reading

P.O. Box 227, Whiteknights
Reading RH6 2AH (UK)

Tel: 44 (1734) 318-741

Fax: 44 (1734) 755-865

Internet: gw@mail.nerc-nutis.ac.uk

Watkins, James D.

Jeint Cceanographic Institutions, Inc.
1755 Massachusetts Ave,, N.W., Suite 800
Washington, DC 20036-2102 (US)

Tel:  (202) 232-3%00 (Ext 209)

Fax:  (202)232-8203

Internet: jwatkins@brook.edu

‘Watkins, Joel 5.

Department of Geophysics

Texas A&M University

College Station, TX 77843 (US})

Tel:  {(409) 845-1371

Fax:  (409) 845-6780

Internet: jsw7651@geopsun.tamu.edu

Watney, Lynn

1930 Constant Avenue

Lawrence, KS 66047 (US})

Tel:  (914) 864-3965

Fax:  (914) 864-5053

Internet: watney@kuhub.cc.ukans.edu

Weber, Jean-Bernard

Swiss National Science Foundation
Postfach 8232

CH-3001 Bern (CH)

Tel:  41{31)3082222

Fax: 41 (31)3013009

Internet: joweber@snf.e-mail.com

Weis, Dominigue

Pétrology-Chemical Geodynamics

CP 160/02 -Université Libre de Bruxelles
Av. ED. Roosevelt 50

B-1050 Brussels (B)

Tel: 32 (2) 650-3748

Fax: 32 (2) 650-2226

Internet: dweis@resulb.ulb.ac.be

Weissert, Helmut
Geological Institute
ETH-Zentrum
Sonneggstrasse 5
CH-8092 Zurich (CH)
Tel:  41(1) 256-3715
Fax:  41(1) 632-1080

Wendlandt, Richard -

Dept. of Geology & Geological Engineeting
Colorado School of Mines

Golden, Colorado 80410 (US)

Tel:  (303)273-3809

Fax:  (303) 273-3859

Whiticar, Michael

Room 103, E-Hut

School of Earth & Ocean Sciences
University of Victoria

PC Box 1700

Victoria, BS VW 2Y2 (C)

Tel: 604 721 6514

Fax: 604 721 6200

Internet: whiticar@phastf.phys.uvic.ca

Wilkens, Roy

Hawaii Institute of Geophysics

University of Hawait at Manoa

2525 Correa Road

Honolulu, HI 96822 (US)

Tel:  (808) 956-5228

Fax;  (808) 956-5373

Internet: wilkens@elepaio.soest hawaii.edu

Williams, Adrian

Division of Geomechanics
CSIRO, PO, Box 54

Mount Waverley, VIC 314% (AUS)
Tel: 61 (3)881-1355

Fax: 61 (3) 803-2052

Williams, D. Michael

Research Dept., Dallas Research Lab
Mobil Research and Development Corp.
P.O. Box 819047

Dallas, TX 75381-9047 (US})

Tel:  (214) 851-8589

Fax: (214)851-8185

Internet: dmwillia€@dal. mobil.com




JOIDES Journal

60

Witson, Douglas S. Worbets, Barry " Yin, Hezhu

Department of Geological Sciences Husky Oil Operations Ltd Borehole Research Group
University of Califoria, Santa Barbara 707 8th Avenue, SW Lamont-Doherty Earth Observatory
Santa Barbara, CA 93016 (US) Columnbia University

Tel:  (805) 893-8033
Fax: (805)893-2314
Internet: wilson@rapa.geol.ucsb.edu

Winterhalter, Boris

Geological Survey of Finland (GTK)
- Kivimiehentte 1, SF-02150 Espoo 15 (SF)
Tel: 359 (0) 469-31

Wohlenberg, J.

Angewandte Geophysik

RW Technische Hochschule

Lochnerstrae 4-20

D-52064 Aachen (G)

Tel:  49(241) 804 825

Fax:  49(241) 888 8132

Internet: jwohlen@sun.geaphac. rwth-aachen.de

Woodside, John

Inst. voor Aardwetenschappen

Vrije Universiteit, De Boelelaan 1085
NL-1081 HV Amsterdam (NL)

Tel: 31 (20) 548-5587

Fax: 31 (20) 646-2457

Internel: wooj@geo.vu.nl

Calgary, Alberta (C)
Tel:
Fax: 403 298 6227

Yamano, Makoto

Earthquake Research Institute
University of Tokyo

1-1-1 Yayei, Bunkyo-ku, Tokyo 113 ()
Tel:  B81(3)3812-2111

Fax: 81 (3) 3812-6979

Internet: yamano@eri.u-tokyo.acjp

Yilmaz, Yiicel

Istanbul Teknik Universitesi
Maden Fakiiltesi, Maslak
TR-80626 Istanbul (TR}

Tel: 90 (1) 276 6060

Yin, An

Department of Earth & Space Sciences
UCLA, Mail Code: 156704

Los Angeles, CA 90024-1564 (US)
Internet: yin%fault.span@sdsc.edu

Palisades, NY 10964 (US)

Tel: 914 365 8656

Fax: 914 365 3182

Internet: hyin@ldeo.columbia.edu

Zahn, Rainer

GEOMAR

Research Center for Marine Geosciences
Wischhofstrafe 1-3, Gebiude 4

D-24148 Kiel (G)

Tel: 49 (431) 6002314

Fax: 49 (431) 600 2941

Internet: rzahn@geomar.de

Zierenberg, Robert A,

Department of Geology

University of California-Davis

Davis, CA 95616 (US)

Tel: (916} 752-1863

Fax:  {916) 752-

Internet: zierenberg@geology.ucdavis.edu

JOIDES - ODP World Wide Web Servers

There are now four on-line ODP-related world wide web servers (though all are still under
development) available for the marine geoscience community to browse. These are located

at:

JOIDES Office, Cardiff at http://servant.geol.cf.ac.uk
Currently you can look at PCOM and EXCOM Motions, the International Mid-term
Review Report, a full JOIDES directory (as per this volume), a calendar of JOIDES panel
meetings and the JOIDES Resolution schedule (with co-chiefs), Panel Minutes, and an ‘on-

line’ JOIDES Journal.

ODP-TAMU, Texas at http:/fwww-odp.tamu.edu
With an Overview of ODP (including the ship schedule), Publications and Curation,
Science Operations, Engineering and Drilling Operations, General News and Information,
International Participation and the JANUS project.

ODP-LDEO, New York at http:/fwww.ldeo.columbia.edu/BRG/brg_home.html
These pages contain an Introduction to the Borehole Research Group, and information on
the Wireline Logging Services and the ODP Logging database as well as connections to

N

other ODP-related sites on the web.

Joint Oceanographic Institutions, Inc. at http:/fwiw.joi-odp.org
This site provides information about ODF, as well as details on funding opportunities
available through the JOI/U.S. Science Support Program.
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Sciences, University of Wales, Cardiff, CF1 3YE, United Kingdom. |
Tel: +44 1222 874541

N Fax: +44 1222 874943

A Internet : joides@cardiff.ac.uk

3 World Wide Web : http:/ /servant.geol.cf.ac.uk

) The JOIDES Journal is published and distributed by the Joint
: Oceanographic Institutions (JOI) Inc., Washington D.C,, for the Ocean
: Drilling Program under the sponsorship of the National Science

Foundation and participating countries. The material is based upon
research supported by the National Science Foundation under prime
contract OCE-9308410.
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The purpose of the JOIDES Journal is to serve as a means of
communication among the JOIDES advisory structure, the National
Science Foundation, the Ocean Drilling Program, JOI sub-contractors
thereunder, and interested earth scientists. Any opinions, findings,
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 information contained within the JOIDES Journal is preliminary
and privileged and should not be cited or used except within the
JOIDES organisation or for purposes associated with ODP. This
journal should not be used as a basis for other publications.

Publication History

The JOIDES Journal is published in yearly volumes which normally consist of three issues published in February
{No. 1), June (No. 2), and October (No. 3}). Publication commenced in 1975 with volume 1 and has continued
since then.

In addition, there are occasional special issues of JOIDES Journal which are listed below:

Special Issue No. 1: Manual on Pollution Prevention and Safety, 1976 (Vol. IT)

Special Issue No. 2: Initial Site Prospectus, Supplement One, April 1978 (Vol. IIT)

Special Issue No. 3: Initial Site Prospectus, Supplement Two, June 1980 {Vol. VI)

Special Issue No. 4: Guide to the Ocean Drilling Program, September 1985 (Vol. XI)

Special Issue No. 4: Guide to the Ocean Drilling Program, Suppl. One, June 1986 (Vol. XII)

Special Issue No. 5: Guidelines for Pollution Prevention and Safety, March 1986 (Vol. XII)

Special Issue No. 6: Guide to the Ocean Drilling Program, December 1988 (Vol. XIV)

Special Issue No. 7: Ocean Drilling Program Guidelines for Pollution Prevention and Safety, Oct., 1992 (Vol. 18)
Special Issue No. 8: Guide to the Ocean Drilling Program, June 1994 (Vol. 20}




JOIDES Meeting Schedule

Panel/
Committee

Dates Location

SSP 29 July-- 1 August '96
PCOM 19 - 22 August '96
IHP 11 - 13 September '96

Palisades, New York
Townsville, Australia
Kiel, Germany

PPSP 19 - 20 September '96 College Station, Texas
SGPP 3 - 6 October 96 Nancy, France
LITHP 7 - 9 October '96 Kanazawa, Japan
OHP 7 - 9 October '96 Strasbourg, France
TECP 19 - 21 October *96 Sultan Qaboos University, Oman
*DMP 18 - 23 October 96 (3 days) San Diego, California
*3SP 11 - 13 November '96 Palisades, New York
PCOM 7 - 13 December 96 Biosphere I, Arizona
EXCOM February '97 Washington, DC
*OHP Spring '97 Santa Cruz, California
PCOM April '97 College Station, Texas
PCOM August '97 Davos(?), Switzerland
EXCOM 10 -12 June '97 Brest, France

* meeting not yet formally requested or approved

OIDES Resolution Operations Schedule

Total On
Leg Destination Cruise Dates Part of Origint Days Transit Site
167  Califomnia Margin 21 Apr-16 Jun'96 Acapulco 20 Apr’'gs 5 11 45
168  Juan de Fuca Hydroth. 21 Jun - 16 Aug 96 San Francisco 16-20 Jun '96 56 4 52
1685 Saanich inlet 19-21 Aug’96 Victeria 16-18 Aug'96 2 - 2
169  Sedimented Ridges II 22 Aug-17 QOct'96 Victoria 21 Aug'96 56 6 50
170 Costa Rica Margin 22 Qct-17 Dec'96 San Diego 17-21 Oct’'96 56 11 45
171A Barbados LWD 210ec’96-8Jan'97 Panama 17 -20 Dec'96 18 7 N
1718 Blake Nose 9Jan- 14 Feb’'97 Barbados 8Jan'97 36 6 30
172 NW Atlantic Sed. Drifts 19 Feb- 16 Apr'97 Charleston 14-18 Feb'97 5 15 41
173  Iberia | 21 Apr- 16 Jun"97 Lisbon 16-20 Apr'a7 5 10 48
174A  New Jersey Shelf 21 Jdun-19Jul'97 Halifax 16-20Jun'97 28 3 2
174B  CORK/Engineering 20Jul- 18 Aug'97 New York 19 Jul'97 2 14 15
175 Benguela 23 Aug - 18 Oct '97 Las Palmas 18-22 Aug'97 56 19 37
176  Returnto Site 7358 23 Qct- 18 Dec'97 Cape Town 18-22 Cct '97 8 16 40

. Cape Town 18-22 Dec'97

t Although five day port calls are generally scheduled, the ship sails when ready.




