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FOCUS
As this office moves to Texas, I'll use this of the Poliution Prevention and Safety
final opportunity in FOCUS to thank Panel, but the Technical and
those in the JOIDES advisory structure Engineering Development Committee
who have aided ocean drilling for these and the Downhole Measurements Panel
past two years that Hawaii has hosted are also filled largely with scientists and
the JOIDES Planning Office. Basic to all, engineers of private and public industry
of course, has been the terrific support and research laboratories. A few of
and cooperation afforded by the Science these are also on other panels. The
Operator at TAMU, by the Borehole intense level of questions, the scrutiny of
Research Group and Data Bank at records, the depth of background
LDGO, and by the staff, officers, and knowledge, and the general seriousness
Board of Governors of JOI. My thanks of purpose show that we are well served.
include those here in Hawaiji: my It is 10 these drilling engineers,
secretary, Harriet lwamura, the glue that exploration geophysicists, logging
held everything together; Guy Waggoner experts, and petroleum geolegists, and
and Pat Cooper, for their work with to their companies that allow them their
PCOM, EXCOM and JOIDES Journal, pro bono time, that | send my
and Laurent d'Ozouviile, who maintained compliments and thanks for tasks wall
order in the potential chaos of proposals, done.
revised proposals, and first, second, and
third addendums to revised proposals. Viva ODPI
Laurent will be attached to the French
Embassy in Canberra, and we wish him Aloha to all in JOIDES,

well. I've expressed my appraciation to
fellow PCOM members and panel chairs,

and now also thank panel members. M
All of us in PCOM and many others in

JOIDES are academic scientists, and |

believe we are not fully appreciative of Ratph Moberly

the immaense contributions made by non- Planning Committee Chairman
academic professionals who give so

much of their time and expertise to the

benetit of the Ocean Drilling Program. ‘_'-E

From my own duties | became most
familiar with the members and activities

Alohs,
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A CHANGING OF THE GUARD

This summer, one "old salt” left the
Ocean Drilling Program, and another
experienced sailor was piped aboard.
Dr. Louis E. Garrison, deputy director for
the program since its inception, has
retired, and Dr. Timothy Francis has
assumed the number two slot in the
Director's Office.

Lou Garrison

Lou takes with him a lifetime of

geologic experience, a passion for ODP,
and the love and respect of friends and
colleagues worldwide. For the past six
years, he lived the minutiae and
machinations of drilling permits, the
routing and drama of the ship's daily
reports and the frustration and thrill of
airline flight schedules and frequent flier
plans.

Lou knew aboul scientific ocean

drilling long before his May 1983 arrival
in College Station. During Deep Sea
Drilling Project days, he was a member
of the Poliution Preventicn and Safety
Panal, and its chair for 10 years. When
ODP became more than just a gleam in
Dr. Philip Rabinowilz's eye, the call
came...

"Phil asked me if | would be

interested in becoming deputy director of
the Ocean Drilling Program, should
Texas A&M get the contract,” Lou
explained. "I thought for two whole
seconds before saying 'yes. ODP then
consisted of Phil, Syivi (Sylvia DeVoge),
me and a secretary. At that time we
weren't 100 percent sure that Texas A&M
would get the program. So our days -
and nights - were spent writing the
proposal. By the spring of 1984, we had
the proposal accepted. Texas A&M was
chosen Science Operator and things
really began to move," he said.

According to the plan, some yet-
to-be-identified ship was to set sail
January 1985. In less time than it takes to
birth a baby, a ship had to be found and
converted, a staff had to be interviewed
and hired, and a program plan had 1o be
written and accepted. After looking at dirill
ships around the world, the skeleton

crew at ODP chose SEDCO/BP 471. "It
was drilling commercially in the Gulf of
Mexico,” Lou said. "As soon as that
contract was up in November, we sent it
to Pascagoula for conversion. People
like Barry Harding, Dan Reudelhuber
and Vernon Grief really earned their
keep during the conversion. The techs,
too, put in untoid hours to get the ship
ready to sail.”

"By now we had 20 to 25 people. We

slill had to buy the instruments for the
ship, purchase and install the computers
and find space for all these people who
kept pouring in every day.” The first
pricrity was to equip the labs with the
scientific instruments needed for a
program of 1his scale. "Phil told us to list
cur ideal pieces of aquipment; he
wanted state of the ant. He was truly
visionary on 1his project. He knaw the
standards the equipment had to meet to
survive ship's conditions, and the
hundreds of users over at least 10
years,” Lou said. Another huge project
was to select the main computers for ship
and office, as well as all of the personal
computers. "The bill was humongous. |
just wasn't used to dealing in these kinds
of numbers," said Lou.

One of Lou's many responsibilities

was to get the clearances for the first few
cruises. Some, the ones needed to drill
in the Bahamas on Leg 101, were pretty
much under way, but others down the
line needed his immediate attention. "I
had never obtained a ciearance in my
life,” he said. "This was truly on-the-job
training.” What he learned never could
be explained in some imaginary
clearance textbock. Clearances, like
countries, are unique, and there's no
cookbook formula to follow. "i's part
instinct, part common sense, and a lot of
luck,” Lou observed.

State Department guidelines, for
instance, don't tell you about dealing
with the Saudi royal family, or how to get
somathing from ltaly during Christmas, or
what to do when sulky officials turn
stubbarn at the flip of a site map.

The Saudi story centers on the iil- '




fated cruise in the Red Sea, which
ultimately never took place. But it wasn't
for lack of trying. Lou knew that the
clearance was going 10 be tricky, so he
started 18 months ahead to get blessings
from Egypt, Saudi Arabia and Sudan.
"Cairo had no problem with our drilling,”
Lou said. "And the competent Sudanese
authorities immediately gave their
psrmission. But we could get no
acknowledgement from the Saudis.”

So Lou got to work. Suzanne

O'Connasll, former staff scientist, had
been the roommate of a Middle East
specialist who then worked at the
Brookings Institution. This parson set up
an intaerview betwean Lou and the
naphew of a Saudi prince. In an
elaborate social situation, Lou met the
princeling for cocktails. Promises of
favors given and favors returned ensued.
Lou also went through a widow in
London whose deceased husband had
been a member of the royal family. She,
too, promised 1o help, sending har young
Saudi son to Prince Saud to intervene
an bahalf of ODP. After several months of
this Tinkers-to-Evers-to-Chance gambit,
permission was still not granted.

Other problems, such as technological
limitations and staffing, probably would
have precluded to cruise anyway, but
Lou ruefully remembers all the elaborate
Machiavellian moves.

You naver know when a clearance -

or lack of one - will turn around and bite
you. Leg 117 seemead a cinch. No
problem. Four hundred miles ottshore.
International waters, no need for a
permit. Lou was about to learn Chapter
Two in Clearance Studies 101.

Lou had already flown to the paort

call in Sri Lanka when the agent
informed ODP thal they were indeed
drilling in Sri Lankan waters. A permit
was mandatory. And, the agent solemnly
declared, these sorts of things take at
least a year. Sri Lankan authorities
basically contended that through some
arcane section in the Law of the Sea, as
incorrectly interpreted by a certain
functionary at an oceanographic institute,
the country's continental shelf exiended
400 miles offshore. Ergo, ODP would be
drilling in Sri Lankan waters. If ODP
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proceseded 1o drilt, Sri Lanka would
blacklist the organization with all third-
world countries, which could play havoc
with future permits, not to mention bad
public relations for an international
drilling program.

"The State Department wouldn't -

touch it. So | drew up a Memorandum of
Agreement (MOU) between Texas and
the National Agency of S¢i Lanka. Init,
ODP admitted that, yes, it was drilling in
Sri Lankan waters, although we didn't
believe that for a minute. We also agreed
t0 take three of their scientists; two
backed out. It was a lot of saber rattling,
but | wanted to see the ship sail.”

After a prolonged lunch at the

hotel, the MOU sat unsigned on the
table. Seems there were some minor
corrections and the Sri Lankans wanied
a clean copy. Certain parties to the
agreement also wanted a tour of the
ship. Lou finally got the lunch over, the
bill paid and the official and his lawyers
and public relations people to the ship.
The Sri Lankan contingency not only got
a redrafted MOU, but they also received
the quickest ship's tour an record.

Seeing the ship sail gracefully into

port - and sail out again on a new ODP
leg - has been one of the highlights of
Lou's career at ODP. "It fascinates me
how such a complicated procedure
works,” he said. "No other drili ship in
the world has the technical and logistical
problems that the Resolution faces every
two months. And despite all the millions
of details, it works.”

Lou hasn't severed his ties with

ODP. He'll be called to consult from time
to time. "My box of memories is jammed
full,” he said with a wistful smile. I've
never worked with such a great bunch of
people in my life. It amazes me how you
can get such a concentration of young,
talented people in one place. | fesl
privileged and fortunate to have been a
part of this program. To end my career
on a note like this ....

| couldn't ask for anything else.”

Tim Francis

Dr. Timothy J. Francis has been
appointed deputy director of the Ocean
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Driling Program. Dr. Francis was
previously an independent consultant in
ocean research and technology in the
United Kingdom. His expserience
includes work for the Natural
Environment Research Council and a
term as Head of Geology and
Geophysics at the Institute of
Oceanographic Sciences in the United
Kingdom. Dr. Francis has served as
chief scientist on 10 oceanographic
expaditions and has participated in 25
others. He has wrtten, or co-written 60
scigntific papers. His fields of interest
have ranged from seismicity at mid-
ocean ridges {o the feasibility of
disposing high-level radioactive waste in
the sediments of the ocean fioor.
Currently, his primary interest is ridge-
crast driling. These formations, into

which ODP will be drilling in 1991, will
give scientists the opportunity to
invastigate a number of fundamental
geologic processes including
hydrothermal circulation, sulfide
deposits, and the formation of oceanic
crust.

Or. Francis has been involved with

ODP almost from its inception, and was
instrumental in helping the United
Kingdom become a full partner.
Approximately 60 scientists from the
United Kingdom have sailed as scientists
or chief scientists with the program. Dr,
Francis’ duties as deputy director include
ensuring the safety of selected drill sites,
helping schedule upcoming cruises, and
monitoring daily drilling operations and
ship's activities.
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LEG 131: NANKAI TROUGH PRELIMINARY REPORT

TECTONIC SETTING

The Nankai Trough is a topographic
manitestation of the subduction
boundary between the Shikcku Basin, a
pan of the Philippine Sea plate, which is
moving about 4 cm/yr to the northwest
(Seno, 1977), and the Honshu Arc, a part
of the Japanese Islands, which extends
approximately east-northeast to west-
southwest. To the east, the trough
convarges with a major arc-arc collision
boundary between the Honshu and |zu-
Bonin arcs (Fig. 1).

The sediments that are being brough to
the deformation zone are composed of
two sequences: An upper turbidite layer
and a lower hemipelagic layer (Kagami,
Karig, Coulbourn, et al., 1986). The
turbidites have been transported laterally
along the axis of the trough from the
mountain ranges of the arc-arc collision
zone (Taira and Niitsuma, 1986). The
sedimeantation rate in the trough is
greater than 1 km/m.y. The thickness of
the tranch turbidite layer varies from
place to place, chiefly owing to the
configuration of the oceanic basin (Le
Pichon, liyama, et al, 1987).

The Shikoku Basin is a backare basin
formed behind the lzu-Bonin Arc by
mostly east-west-directed spreading
accompanied by a late-phase northeast-
southwest spreading episode during the
tate Oligocene to middle miocene (25-12
Ma; Kobayashi and Nakada, 1978;
Chamot-Rooke, et al., 1987). The fossil
spreading axis lies in the central part of
the Shikoku Basin and has been
subducted at the middle part of the
Nankai Trough. Ridge-transform
topographies produce a local ponding of
turbidites in the trough by acting as
"dams" for turbidity currents. Owing to the
general shallowness of the Shikoku
Basin, especially over the fossil
spreading axis, the trench turbidite layer
is thinnest in this area. The oceanic-
basement configuration in the area ot
Site 808 is smooth and flat, which aided
the creation of rather laterally continuous
structural features at the toe region.

The entire sedimentary sequence in the
central Nankai Trough is 1.1 seconds of
two-way traveltime (s twt) thick; the

hemipelagic portion of this sequence is
about 0.3 s thick. The structure of the
accretionary prism is well imaged by
seismic sections. The deformation front is
defined as the location of initiation of the
incipient thrust with several meters of
displacement, as identified on 3.5-kHz
profiles. This is the proto thrust zone; it is
followed by a series of imbricated thrusts
that show a structure typical of thrust-foid
belts. The décollement can be identified
within the hemipelagic layer. The zone of
imbricate thrusts extends landward (to
the northwest) about 30 km with a master
detachment surface, while the prism
thickens to 1.9 s and is covered by lower-
slope hemipslagic sediments. This zone
then abruptly changes to a steep slope of
vaguely defined internal structure.

A bottom-simulating reflector {BSR) is
ubiquitous in this region. It first appears
at the front of the imbricate thrust zone,
about 0.15 s (one-way traveltime) below
the seafloor, and steadily increases in
depth below the seafloor landward,
reaching a maximum depth of 0.3 s twt
under the slope at about 3000 m water
depth. The BSR becomas shallower
toward the upper part of the slope. The
anomalously shallow BSR at the toe
region has been interpreted as resulting
from high heat flux (Yamano et al., 1982).

DRILLING OBJECTIVES

Drillsites in the Nankai Trough were
occupied by D/V Glomar Challenger on
DSDP Legs 31 (Karig, Ingle, et al., 1975)
and 87 (Kagami, Karig, Coulbourn, et al.,
1986). Leg 131 was a continuation of
studies begun during Leg 87, but with a
much stronger emphasis on physical
properties, logging, and downhole
expatiments. The drilling location of Site
808 is positioned in the accreted and
deformed sediments at the toe of the
prism, where drilling planned to intersect
both the frontal thrust and the
décollement, and o recover basement.

The main objectives of Leg 131 scientific
drilling included elucidation of the
following thematic issues: (1) influence of
pore fluids and the hydrogeology of the
accretionary prism; (2) mechanical state
and physical properties of deformed
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Figure 1. Map of the Nankai Trough, the Shikoku Basin, and Japan, showing bathymetry,
DSDP and ODP sites, and the Shimanto Belt (ancient accretionary prism).

sediments; and (3) fabrics and structural
styles of accreted sediments.

These objectives are closely interrelated
and waere studied by a variety of methods
with a range of spatial scales, including
downhole experiments {(e.g. water
sampler with temperature and pressure
{(WSTP), Lateral Stress Tool (LAST),
wireline logging, and laboratory
analyses of sedimentology, physical
properties, and structural fabrics. These
different measurements were combined
to achieve a knowledge of seven primary
aspects of accretionary prism
development and evolution; (1) fluid flow;
{2) porosity and density; {3) stress and
strain; {4) elastic moduli; {5)
sedimentology, structure, and fabrics; (6)
geochemistry; and (7) stratigraphy.-

DRILLING RESULTS

Leg 131 drilled 7 holes at Site 808
(proposed site NKT-2) in the toe of the
Nankai accretionary prism (Figs. 1-3).
The site was located at shotpoint 1720
on A/VFred Moore Line NT62-8. During
the 67 days of Leg 131 operations, 56.3

days were spent on site whereas 6.8
days were spent underway.

Hole 808A penetrated 111.4 mbsf, with
79.6% racovary, but had to be
abandoned prematurely when the
unstable sand in the top 100 m
collapsed, trapping the bottom hole
assembly (BHA). This was severed with
a back-off charge and the pipe
recovered.

Hole 808B successiully penetrated to
358.8 mbsf using extended core barrel
(XCB) drilling, but was stopped owing to
slow rate of penetration. Core recovery
was 24.1%. Attempts to log the hele
using the sidewall-entry sub {(SES) wera
terminated after only one log run when
the lithoporosity tool jammed in the bit/bit
sub. Part of the tool was lost while pulling
out of the hole. Fishing atiempts having
failed, the hole was cemented and
abandoned.

Hole 808C started with the first
successful ODP deployment of 86 m of
drill-in casing to prevent collapse of the
sands from 19 to 105 mbsf. The hole was
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Figure 2. Location of ODP Site 808 with respect to R/V Fred Moore line NT62-8.

washed to 298.5 mbsf and rotary core
barrel (RCB) cored to 1327.0 mbsf with
55.7% racovery. Attempts at wireline
logging were frustrated by poor hole
conditions despite numerous wiper trips.
Through-pipe logs of lithoporosity and
gaochemical tools were obtained for the
intarval from about 750 mbsf to the
seafloaor,

Hole 808D was designed to be a deep
penetration hole with reentry cone and
casing to 750 mbsf. After 6 days of
operations, the 750 m of 11-3/4" casing
buckled during emplacement, and the
hole was abandoned.

Hole 808E was a sacond attempt at the
same operation, except that the casing
length was only 540 m, the total length of
remaining casing. This time the casing
was successiully set, and the hole drilled
ahead to 1200 mbsf for downhole
measurements. Again, despite numercus
wiper trips and heavy-mud and KCI
treatment, the hole below the casing
continued to show instability with

swelling clays from 600-800 mbsf and
collapse at the numerous fault zones.
Attempts to obtain open-hole logs
achieved only 100 m of log below the
casing. A vertical seismic profiling (VSP)
experiment was carried out from a depth
of just over 600 mbsf to the top of the
casing. The rotatable packer was
deployed but failed to operate correctly
on two attempts. The go-devil appeared
to suffer damage in the pipe on
deployment owing to drill-string vibration.
The ONDO tool deployment was
attempted repaatedly, but the landing
pads would not pass through the BHA.

Hole 808F was designated for relatively
shallow instrumental measurements to
300 mbsf using the WSTP, LAST and
Pressure Core Sampler (PCS). This hole
had to be abandoned at a depth of 140
mbst aftar only a few measurements
when the cutting shoe of the XCB tool
failed and left debris in the hole, Hole
808G was respudded at the same ship's
position and was used for instrumental
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runs until the pipe had to be puiled for
the end of the leg. The LAST and PCS
ware successiully deployed in this hole.

The major lithostratigraphic units
recognized in the sedimentary sequence
are as follows:

®Unit I: Lower slope apron (0-22.6
mbsf), Pleistocene. Interlayered clayey
silt, fine-grained sand, bioturbated clayey
silt, sandy clayey silt, and very thin ash
layers. Gas expansion affected most of
this unit. The fine-grained sands show
typical Bouma Tanda SEQUENCES.

sUnit lI: Tranch-fill deposits (20.6-556.8
mbsf), Pleistocens.

Subunit lIA: Upper axial-trench sandy
daposits (20.6-120.6 mbsf), Pleistocene.
Silty to very coarse-grained sands with
variable bed thickness and internal
structures. Beds show typical Bouma
Tape and rare Tgqe SEQUences.
Disseminated plant material in some
intervals. Slide deposits occur near the
base of this subunit.

Subunit 11B: Lower axial-trench silty
deposits {120.6-263.4 mbsf),
Pleistocene. The interval from 219 to
263.4 mbst is duplicated below the
frontal thrust from 365.0 to 409.5 mbsf,
Subunit 1IB comprises very thin- to thin-
bedded very fine-grained sandstonaes,
siltstones and mud, with minor ash; it has
finar mean grain size and thinner mean
bed thickness than Subunit IIA. The
sandstones and siltstones show partial
Bouma Tiede SEQUENces. A mudstone
pebble conglomerate at 263.4 mbsf
provides an important correlative deposit
that is duplicated across the frontal
thrust.

Subunit IC: Quter marginal trench
deposits (409.5-556.8 mbsf),
Pleistocene. The interval from 409.5 to
511 mbst is stratigraphically equivalent
to the interval 263.4-365.0 mbsf above
the frontal thrust. The major lithology is
bioturbated clayey siltstone/silty
claystone with interbedded, usually
graded, thin-bedded, very fine-grained
sandstones and coarse siltstones
showing Bouma T4, Sequences,

=Unit lll: Trench to basin transitional
deposits (556.8-618.5 mbsf),
Pleistocena. Bioturbated ctayey
siltstone/silty claystone with thin ash/tuff

Voal. XVI, No. 3

layers. Unit Ll occurs from the first thick
tuff bed to the last siltstone turbidite.

s Unit IV: Shikoku Basin deposits (618.5-
1243 mbsf), middle Miocens-
Pieistocane. -

Subunit IVA: Upper Shikoku Basin
deposits {618.5-823.7 mbsf), Pliocene-
Pleistocene. Interval from the last
siltstone turbidite to the last occurrence
of abundant ash/tuff iayers.
Characterized by abundant thin layers of
tuff and volcanic sandstone intercalated
within a thoroughly bioturbated mud
succession rich in foraminitera tests.
Subunit IVB: Lower Shikoku Basin
deposits (823.7-1243.0 mbsf), middle
Miocene-Pliocene. A succession of
thoroughly bioturbated claysy siltstones
and silty claystones with traces of
disseminated volcanic glass/tuff.

»Unit V: Acidic volcaniclastic deposits
(1243.0-1289.9 mbsf), middle Miocene.
Very thin- (1-3 cm) to very thick-bedded
(>100 cm) varicolored tuffs, including: (1)
a thick quartz-rich acid tuff; (2) a gray to
greenish gray altered tuff, (3) a
varicolored tuffaceous mudstene; and (4)
thin, dark olive-gray mudstones.

#»Unit VI: Basaltic basement (1289.9-
1327.0 mbsf), middle Miccene. Basalt
sills overlying pillow basalts, with some
intercalated baked sediment containing
age-diagnostic calcareous nannofossils.

The major surprise in this sequence is
the appearance of beds of rhyodacitic
tuffs (Unit V), reaching 4.5 m thick, over
an interval of some 40 m just abovae the
basalis. The source region for these is
not clear.

Calcareous nannofossil stratigraphy
proved useful for age assignments, and
ties well with the paleomagnetic data. Of
particular interest was a date of 13.6-16
Ma obtained from nannofossils in red
mudstone recovered between basalts in
the base of Hole 808C.

Most of the core proved to be
satisfactorily stable for remanence
determinations using the whole-cors
cryogenic system. With judicious use of
the biostratigraphic ages as an initial
guide, it was possible to provide
considerable additional constraints on
the age dating of the sediments. The
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agreement between the paleémagnetic
and biostratigraphic data is very good.

From the age dating above, accurate
sadimentation rates can be calculated.
The turbidite sedimentation oceurred
with a deposition rate well in excess of 1
km/m.y. since 0.46 Ma, preceded by a
slower and smoothly varying rate,
averaging a little over 40 m/m.y.
Extrapolation of this rale to the basalt
surface gives an approximate age of
15.6 Ma.

The frontal thrust of the accretionary
prism was pensetrated at a depth of 365
mbsf and the décollement at 945-965
mbsf. Steep bedding and mesoscopic
structures above the thrust have been
oriented using paleomagnetics and
imply a consistent northwest-southwest
shortening direction. The thrust has
developed as a rupture through an
overturned fold, as evidenced by
overturned bedding cbserved below the
thrust plane. Pervasive deformation in
the zone between the thrust and the
décollement changes in nature with
depth, with shear bands occurring mainly
above 500 m and fault structures below
that. A complete absence of vein
structures, except in the basaltic
basement, indicates a lack of
concentrated fiuid flow even at the
faulted zones.

Analysis of interstitial water shows
distinct chemical trends, marking several
prominent boundaries. There are clear
offsets in concentration trends of Ca, Mg,
and Li at the thrust, and changes in
gradients of Ca, Cl and silica at 560 mbsf
correspond to the lithological boundary
between the trench-fill turbidites (Unit
IIC) and the transition zonae (Unit 111). At
820 mbsf changes in Ca, Mg, silica and
suifate corraspond to the lithologic
boundary at the base of the abundant
ash/tuft layers (Unit IVA). A chloride
minimum associated with the
décollement may imply a past fluid-flow
event. There is no clear evidence for
presently active fluid flow.

Crganic geochemistry reveals a pattern
of anomalously high hydrocarbon
maturity. Peaks in the abundance of
thermogenic hydrocarbons, pentanes,
butanes, and propanes in the depth
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ranges from 650 to 800 mbsf and from
1060 to 1280 mbsf suggest in sity
formation at temperatures above those
inferred from the present geothermal
gradient.

First-order discontinuities in physical
properties are observed at the thrust and
décollement. Compaction trends have
normal gradients above the thrust and
below the décollement, but
discontinuities appear in the compaction
trends at these two structures. Porosity
increases downward across the thrust
from about 40% to 47%, and density
correspondingly decreases from about
2.1 to 2.0 g/cmz2. This is taken to indicate
that the sediments have not
reequilibrated to the loading owing to the
thrust displacement, confirming its young
age. Across the décollement, porosity
again increases downward from about
30% to 40%, and bulk density
decreases. This evidence of relatively
lower compaction below the décollement
is taken to indicate higher pore
pressures in this zone. Lithologic
boundaries are also detected as
changes in gradients of physical-
propenrty trends. Additicnally, in the zone
between the thrust and the décollement,
seismic-velocity anisotropy decreases
with depth.

Six WSTP temperature measurements in
the depth range 91-346 mbsf give a
combined gradient of 111°C/km, and,
when combined with the thermal
conductivity data, give a calculated heat
flow of 126 mW/mZ2. This value agrees
well with the predictions of a purely
conductive cooling model for oceanic
lithosphere of the age observed at this
site. .

Owing to the poor hole stability, few
open-hole logs were obtained. The
limited data for the depth ranges 80-160
mbsf and 650-650 mbsf show good
correlation with the recovered core. In
the upper interval, where core recovery
was poor, this will allow detarmination of
lithology for unrecovered intervals.
Lithoporosity and geochemical logs were
abtained through combinations of casing
and drill pipe for most of the interval from
50 to 750 mbsf. Results of these through-
pipe logs require detailed correction for
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attenuation by pipe/casing and have not
yet been analysed.

The PCS and LAST tools were both
successfully deployed but the data await
later analysis. While thare was a high
failure rate with these, this is always a
high risk, especially with new tools.

SUMMARY AND CONCLUSIONS

Leg 131 investigated the hydrogeclogy,
physical properties, and structural styles
of deformed sediments in the toe of the
Nankai accretionary prism. Initial results
of Lag 131 show that:

(1) The Shikoku Basin basaltic basement
in the Nankai region is middle Miocene
(approx. 15.6 m.y.) in age, and is
overlain by hemipelagic mudstones of
middle Miocene to Pleistocene age. The
onsat of major turbidite deposition
occurred less than 0.5 Ma.

(2) The first major thrust fault, intercepted
at 365, occurs within an overturned fold
and has a vertical stratigraphic throw of
145 m. The décollement zone, about 20
m thick, occurs from 945 to 965 mbsf
within a lithologically homogeneous
hemipelagic sequence.

(3) Structural style and orientations
change with depth and age in the prism,
with shear bands common in the
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shallower part of the section and small
faults predominating at depth. The
absence of vein structures throughout
the sedimentary section indicates a lack
of concentrated fluid flow.

{4) Physical-property data show major
discontinuities at the thrust faukt and
décollement. A porosity increase below
the décollement may indicate high pore
pressures at this level. The first in situ
stress and pore-pressure measurements
in ocean drilling history were made, and
should constrain the modals for
deformation and compaction in the
accretionary prism.

(5) Interstitial pore-water gecchemistry
shows changes associated with
lithologic boundaries but shows no
evidence for active channeled fluid flow.
A chloride minimum associated with the
décollement may indicate a past fluid-
flow event along this fault.

(6) In situ temperature measurements
give a calculated heat flow of 126
mW/mz2, which agrees with conductive
cooling models of the Philippine Sea
lithosphere. However, hydrocarbon gas
distributions suggest higher maturity
levels than those expected from the
present geothermal gradient.
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LEG 132:

ONDO Tool Deployment, Hole 808E

After leaving Pusan, Republic of Korea
on 8 June 1990, Leg 132 first saited to
the Nankai Trough region east of Japan
to complete the unfinished business of
Leg 131. Three participants from Leg
131, including one of the co-chiet
scientists, remained on board to carry out
the work, The principal objective was to
lower a temperature probe (the "ONDO
tool") into Hole BOBE, which was drilled
through the décollement of the Nankai
Trough accretionary prism. Attempts to
deploy this tool during Leg 131 were
unsuccessful. Modifications were made
during the Pusan port call, and the tool
was emplaced in the hole on 11 Juns.

Site S Site 809
Latitude: 31° 03.50'N
Longitude: 139° 52.72'E
Water Depth: 1802 m

Operations Summary

Leg 132 operations began at Site 809
(proposed site ENG-5; Fig. 1) on 13 Juns
1990, with a survey passing north-south
over the crest of a line of small volcanic
ridges to locate ourselves precisely
within the HIG Seabeam bathymetric
survay. Two short surveys of the sea floor
were carried out using a Masotech
acoustic scanner and TV camera, one
before each of the first two holes wa
drilled. The sea floor consists of slightly
sedimented scoriaceous pillow lava, with
pillow diameters ranging from less than
0.5 m to morg than 2 m. The chosen site
was within an area of flat sea floor,
deemed suitable for setting of a guide
base.

The beacon itself is located near a 10-m
high flow front, but the flow is fairly flat
upslope to the west. Thirty meters south
and 34 m west of the beacon Hole 809A
was spudded. The hole was drilled using
the variable-displacement coring motor
to test the capability of a newly-designed
11-5/8 inch bit/center-bit assembly in
coring voleanic rock. Using the coring
motor, and low weight on bit, the hole
reached 8.3 metars below the seafloor in
7 hours, a rate ot 1.2 m/hr. No cores were
taken, but a tiny piece of very vesicular
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basalt scoria was retrieved in the core
bit. Wear on the bit itself was negligible.
The TV monitor revealed a crater about 2
m in diameter around the pipe, indicating
that caving had occurred around the top
of the hole. The caving was probably
aggravated by the "whipping” action of
the coring motor during the unsupported
spudding operation.

The next test hole, Hole 809B, was
drilled in the same manner with a
smaller, newly-designed core bit 9-7/8
inches in diameter. The hole was about
100 m farther to the northwest, on a
similar, but probably somewhat oider,
flow of pillow lavas with ponded
sediment between the pillows. Closer to
the presumed rift axis, smoother drilling
conditions and even less basement relief
were expected. The bit indeed produced
a narrower hole with less caving, and
reached 13.4 mbstf in 8.3 hr, arate of 1.6
m/hr, Again, bit wear was negligible.
Using the Mesotech acouslic scanner,
we identified a particularly flat area away
from local flow fronts or piliow ridges that
produced backscatter shadows of 2-3 m
at distances of 20-30 m on the display.
The coordinates of the flat patch relative
to the beacon were noted for referance
during the guide-base operation. That
was fortunate because the Mesotech
scanning sonar failed during the guide-
base lowering and has not functioned
since.

The guide base was lowered to start
Hole 809C, and reached the sea floor at
1100 br on 16 June. Setting the base an
the sea floor was done blindly, since the
VIT frame holding the TV camera was too
tar above the guide base 10 see the
bottom. Wiih the weight of the base
relieved from the drill string, the pipe was
disconnected by rotating a jay-tool and
backing cut of the cone. The cone
quickly lurched away from the camera to
one side, and then leaned into cne
corner of the central cavity within the
hard-rock base. Initially, it was feared
that the basement surface was too steep,
but examination of video tapes and
subsequent operations established
instead that the problem was likely
insufficient syntactic foam to provide
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buoyancy to right the cone to the vertical
above iis gimbal assembly. With the jay-
tool still down, a test reentry was
performed, and, using the weight of the
drill string plus the ship's dynamic
positioning system, the cone was pulled
upright.

With some reentry capability established,
the pipe was retrieved and run in with a
core bit and drill-in bottom-hole
assembly (BHA). The design was
intended to case off about 6 m of hole
and thus provide sidewall stability at the
outset of diamond coring operations, and
simultaneously to lock the cone into a
vertical position. After drilling 6 m, the
pipe was to separate automatically from
the BHA by means of a tapered back-off
sub, leaving the casing in the hole befow
the jay-slot. Unfortunately, the back-off
sub rotated free after only 4 m of
penetration, leaving the top of the casing
above the jay-slot. This was confirmed
during our next re-entry with the jay tool.
The pipe was tripped and a tool sent
down to fish the casing. The reentry and

fishing operation went smoathly, but the
cone--freed of the supporting casing--
once again fell to the south corner of the
weighted base. This time it was decided
to drill a “rat-hole,” into which the same
backoff system could simply be lowered
without fear of premature operation of the
back-oft sub. However, on this reantry
attempt, it was very difficulty to pull the
cone upright. The throat of the cone was
entered, but at an angle that did not
allow the BHA to pass through the casing
hanger to the sea floot. Reentry in such
circumstances requires pivoting the cone
to a nearly upright position, and then
working the bit into the casing hanger.
Alternatively, the string can be slid down
one side of the inclined cone at an angle
(produced by draping the pipe into the
cone by means of offsetting the ship).
The angle may come close to that of the

" gimbaled casing hanger. The risk is that

such opetations can produce strong
excursions of ithe cone about the pipe as
it rotates about its gimbal assembly. The
situation was exacerbated by rocking of
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the weighted base itself on two legs as
the cone swung and lurched into the
sides of the box. This occurred because
the four-legged base can only sit on
three legs on an irregular basemsent
surface. Bit weight on the sides of the
cone applies moments to either side of
the base which is centered on a line
between the two stable legs. Thus it must
wobble.

During one such pirouette on this re-
entry attempt, the cone swung out of a
pinned position and the drill string itself
fell away, imparting a sharp lateral blow
to the inner lower surface of the cone.
This caused the cone to separate
partially from its welded base and gusset
support assembly where it joinad the
casing hanger. The cone could not safely
be reentered in this condition, so it was
pushed completely cff the casing hanger
using the drill string. The cone fell to the
sea floor upside down, confirming that
the flotation was inadequate to support
the cone aven without thal portion of the
casing hanger above the gimbal,

The casing hanger itself, however,
offered a small, 24-inch diameter
opening through which reentries might
be accomplished. The hanger would stili
have 1o be pulled to an upright position,
but there was no reason not to attempt it.
Regrettably, although the end of the
string was placed in this tiny opening
several times, and with more than one
configuration of a BHA during two
additional pipe trips, the drill-in BHA
never was pushed past the jay-lool slots
in the casing hanger succasstully.
Almost certainly, this was because the
end of the string could not be held in the
top of the hangsr and to relieve enocugh
weight to drag it into a vertical position.
The rocking hard-rock base complicated
these attempts.

At this point, discussions turned to
abandoning the guide base and setting
another one onto the sea floor. The
fiotation problem still existad, however.
The only way to solve it was to retrieve
the inverted cone with its flotation
material from the sea floor and use it
together with the flotation for the second
guide base, all on one assembly. A
fishing tool with four arms arranged like a

17

moly-bolt was lowered to the sea floor
and speared through the inverted
opening at the cone's base. The simple
tool worked well, and the cone was back
on deck within a few hours.

Emboldened by this success, fishing
operations for the guide base were
begun. If it could be retrieved, then the
site planned for the second guide base
later in the leg would not be lost. A
double jay tool was lowared on flexible
5-inch drill pipe. No other BHA
components were used. The hard-rock
base was located with the TV scanner,
and the 24-inch opening in the casing
hanger reentered. The hanger was
pulled from the south to the north corner
of the base by offsetling the ship to allow
a maximum alignment of the flexible pipe
with the tilted end of the hanger. After
rotating the jay-tool with the coring motor,
we finally found an orientation which
allowed it to slip into the jay- assembly.
Anocther partial turn engaged the tool,
and we lifted the guide base from the sea
floor to the moon pool.

The reincarnated guide base was then
refitted by lightening the cone, doubling
up the flotation material, and reattaching
the cone to its base. A tilt beacon was
constructed to ensure that the base
would rest on sufficiently flat bottom, and
added markings and inclinometers to the
base to determine its orientation after we
disconnected from the cone.

After lowering the reconstructed guide
base to start Hole 809D, several
additional difficulties with the sea-floor
installation had to be overcome before
we established a viable hole. At Hole
809D, although latching the drill-in BHA
in the casing hanger and stabilizing the
reentry cone was successfu), a failure cf
the jay-in tool left a 6-inch slab of metal
in the throat of the guide base. The
damaged tool was retrieved and the
remaining tool on board strengthened.
This was then tripped back down to the
cone, jayed in, and then used to lift the
base over the drill-in casing, leaving the
casing embedded in the sea floor. The
hard-rock base was moved a few meters
to Hole 809E. Using the TV monitor, the
metal slab was seen resting on the top of
the drill-in BHA after we lifted the base.
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"% Hole S0SE, after some hours
ciempting o drill in another BHA,
LPerations eroded and undercut the
irasalt undetlying ene leg of the hard-
‘ock base, causing tha base to tilt

yond the 20° maximum aliowed by the
reanity-cone gimbal assembly. The
casing was retrievad, tripped back o the
cone, jayed in, and once again the base
was moved across the sea floor 1o a new
location, Hole BOSF, where drilling in and
latching a BHA to 5 depth of 5.8 metlers
below the sea fioor {mbsf) was
successiully accomplished.

There foflowsd a period of assembly and
testing of the diamond coring system
{DCB), which is operated from a heave-
compensated platform about 14 m above
the rig floor. Saveral problems were
discovered with the secondary hoave
compansation system, most of them
having to do with noise imparted to
controlfing accelerometars mounted on
the DCS platform. The most serious
complications ware resenance sent
down the pips {which was held in
tension against the weight of the hard-
rock base) and returned to the ship, and
naise from the DUS platform's hydraulic
feed cylinders. Both would changs
sometimas hourly as sea-stats, wind,
and ship's orientation changed.
Eventually, the problem was overcoms
by shifling the sensor system to the
shig's hull in the moon poot, thereby
bypassing the fluctuating, high-frequency
motiong of the platform ang hydraulic
system. During most of the coring at Hole
BOSF, however, the full heave
compansation system was not in use.

Coring with the DCS began on & July.
Adjustments had to be made 1o put
paramsters in the controliing computer
program, inasmuch as changes in
weight-on-bit caused simply by landing
the bit on the bottom of the hole wers
intially interpretad by the computer as
break-throughs ia the formation {“vaid"-
hits). This triggered automatic pull-backs
of the driff string. Also, about 2 m below
the boftom of the casing, the bit
ancountered what is interpreted as a
flow-top brectia which was extremely
rnsickly dritled, and which took almaost no
T rhimaglly none of this

ety

because it was either washed out ahead
ot the bit by down-the-pipe circulating
fluids, or because i fell out of the core
barrels as they were retrieved.
Throughout this ime, there were several
indications of possible core jams, hased
on pressure readings of the fluid pumped
down the tubing. At leasi one such
reading may have bean caused by
aggregation of lumps of gel separated
from the tubricant added to the drlling
fluid. Also, some core barrels may not
have latched in because of accumulatsd
debris {lost cora) lodged above the bit.
We finafly concluded 1hat the core
harrels indeed were functioning proparly,
but that the formation ilself was oo
friable to be cored and retained.

Coring preceedsd in harder formation,
but soon stopped, unable to advance
bocause of bif failure at 14.3 mbst. The
tubing was fripped, tha drilt string
unjayed, the string suspanded in the
dertick, the DCS platform set back, and
the DCS tubing tripped for a bit change.
Reversing this sequence, driliing was
rasumed.

This second bit advanced through
several highly vesicular basalt flows or
pillows, with substantial recovery [64%)
to a depth of 28 mbsf. Coring was fairly
smooth and rapid.

Below 28 mbsf, unconsolidated
formation was again encountered, and
hera the most significant weaknaess of the
conng system was evidant, For nearly 50
m of subsequent penstration, virtually
nothing was recovered. Two of three
small chips of basalt would oocasionally
arrive on dack, but otherwise alt that
could be discoversd about the formation
was basad on panicles of sand twice
found in returned core barrels, and once
on the chiseled face of a bit deplugger.
The sand suggasts the presence of
crystal-vitric tuffs, bt the small particle
size is probably a consequence of
drilfing. The rate of advance was rapid; af
times, there were abrupt drop-throughs
of up to 1 m, possibly representing voids
it the formation. For most of this intervat
waight-on-bit was low and impogsibie
sustain for much distance, Circutation
was reduced to a bare minimum {at on

point io nearly hall the minimum 5

o

at
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recommended by the bit manufacturer)
and improvised traps were placed in the
plastic core liners in an attempt to
recover anything at all. But no amount of
coaxing, no trick devised, could
persuade material even to enter the core
barrels. At one point, a center bit was
lowered and, after drilling ahead for
some meters, it was recovered without so
much as a scratch on its painted surface.

With a limited degree of understanding,
the problem is a combination of the
design of the core catcher, the bit chosen
for the coring, and the unconsalidated
nature of tha formation. First, the core
catcher is designed to capture fractured
but competent rock recovered at full
round core diameter. It has a wide throat.
There was no expectation that
unconsolidated breccias of such
thickness would be at this location, thus
there was no core catcher on board with
fingers to capture gravel-sized or smaller
rock fragments.

Secondly, operations continuously
pumped a viscous fluid combining sea
water, weighted mud, and lubricant down
the pipe while coring. The mixture
passed through a narrow annulus at the
base of the seated core barrel between it
and the inner wall of the bit. The force of
the spray was directed at the formation
immediately ahead (1.5 cm) of the core
barrel, evidently jetting the
unconsolidated material away. That
explains why nct even the paint was
remaved from the center bit when it
occupied the place of the core barrel,

Nonetheless, the bit eventually worked
its way into more massive basalt flows
once again, recovering a few fully cored
pieces before the second bit expired at
79.2 mbsf, Probably, bit wear was
accelerated or caused by a sand-
blasting effect in the long interval of
unconsolidated material we had just
penetrated.

At this point, the DCS was set back on
the platform, and rigged for logging
through the DCS tubing. The slim-line
combined caliper and gamma tool made
it down the tubing, but did not pass an

" abstruction at the bit. The cbstruction
could not be cleared with the bit
deplugger, so the tubing was retrived,

Vol. XVI, No. 3

revealing 34 cm of basalt tightly wedged
just above the throat of the bit. Sandy
particles coated some of the rocks. Once
again, the logging tool was lowered, this
time through the drill pipe, but another
obstruction was encountered 2.3 m
below the drill-in BHA. The logging tool
worked this down to 13.7 mbsf, but no
further. As the tubing string was no
longer in place to drill out the obstruction,
the site was abandoned after one month
and five days of operations, leaving for
Shatsky Rise.

In all, 79.2 m were drilled or cored , with
73.3 m of this using the diamond coring
system. Although it took some days
longer than planned, the full DCS
eventually was brought completely on
ling, including the secondary heave
compensation system, which operated
well, keeping weight on bit to £200-500
pounds. Operational efficiency and
understanding of the system increased
daily, and toward the end, the SEDCO
drili crew was handling most of the
operation. We learnad a tremendous
amount about how to place a hard-rock
base on locally complex sea floor.
Design medifications that are obvious
now will make this a truly flexible and
much simpler system for ridge-crest
deployments in the future.

Although the recovery was
disappointing, this was the first
successful bare-rock coring of basalt in
an active submarine volcanic field. The
hole, though partly obstructed by a piece
of basalt near the top, is still open for
future drilling.

Science Summary

In Hole BO9F, three chemically distinct
basalt types were encountered in the
73.3 m of igneous formation penetrated
by the diamond coring system below the
casing shoe at 5.9 mbst. Successively
these are (1) fairly strongly fractionated
ferrobasalt (Mg# = 0.43) from 5.9 to 21
mbsf; (2) moderately fractionated olivine
tholeiite (Mg# = 0.60) from 21 to 29 mbsf,
just above the 50 m interval with very low
recovery; and (3) another moderately
fractionated olivine tholeiite {Mg# = 0.60)
from just below this interval in the last
core obtained, between 78.9-79.2 mbsf.
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The basalts are all extremely sparsely
phyric, highly vesicular tholeiites similar
to basalts dredged, drilled, and sampled
by submersible from this incipient
backarc rift. They are pillows or thin flows
with glassy exteriors and more crystailine
interiors. All the rocks are extremely
fresh, with only minor oxidative alteration
evident near some fractures. Most
vasicles are partially lined with unaltered
glass; only a few are lined with pale
green clays or iron oxyhydroxides. The
vesicles are a very prominent feature of
these basalts. All the rocks contain
mytiad irregular to round pin-hole
vasicles, but there are some very large
vesicles (to 1-cm diameter) especially in
the more evolved upper ferrcbasall. In
this basalt, some of the larger vesicles
are arrayed in trains across the rock face
within pillow or flow interiors. Many of the
larger vesicles are segregation vesicles,
being partly filled w:th frozen melt, itself
vesicular, which leaked into them as their
walls ruptured durmg crystalllzatlon of
the rock. One rock contains a fracture
into which melt also leaked, annealing it
completely. There|is a good correlation
between physical properties (velocny.
density) and veswle distribution in the
basalts.

The basalts are glassy to spherulitic near
quench margins, and mare crystalline in
the pillow/flow mtenors The less
fractionated basalts carry minor olivine
(no spinel) and have less abundant
titanomagnetite than the ferrobasalt.
There are a tew rare plagioclase
phenocrysts. Apart from the olivine, the
crystallization sequence in all the basalts
was the same: co-precipitating
plagioclase and clinopyroxene were
followed in mtergranular spaces by
spectacularly skeleial titanomagnetite
and rara, tiny rods of iimenite. Even tinier
pyrrhotne spherules decorate the rims of
the oxide minerals, thus segregated only
during the very hnal stages of
crystallization of the basalts.

The uppermost ferrobasalt and
immediately underlying olivine tholeiite
have the typical elevated K20 (0.60 and
0.32%, respectively), Rb (10 and 5 ppm)
and Ba (61 and 45 ppm) abundances,
and the relatively low TiOz (1.7% at Mg#
= 0.43; 1.2% at Mg# = 0.60), Zr (72 and
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56 ppm) and Y (27 and 19 ppm) of many
backarc-basin basalts. They are virtually
identical to basalts previously sampled
from this volcanic ridge. The lowermaost
basalt, obtained below the 50-m interval
with virtually no recovery, is similar in
most respects 1o the olivine basalt above
the interval of low recovery, but it has
somewhat lower K20 (0.29%) and much
lower Ba (19 ppm) contents. In these
respects it resembles basalts from Site
791 drilled during Leg 126 which are
interpreted to represent syn-rift basalts
dating from the early stages of the
opening of the Sumisu Ritt.

We speculate that the interval of very low
recovery represents highly vesicular and
expanded basaltic glass similar to the
basalt "mousse” recovered at Site 791.
The rock compositions and stratigraphy
suggest that we cored through a thin
carapace of backarc basalts into syn-rift
volcanic rocks: deposited on subsided
pre-rift basement, which projects on
seismic profiler records to a shallow
elevation at this location.

i mm i
Latitude: 32° 25.36'N

Longitude: 157° 50.73'E
Water Depth: 2634 m.

The principal objective of Site 810
(proposed site ENG-6) was to drill
interbedded cherts and chalks of
Mesozoic age on Shatsky Rise using the
diamond-coring system (DCS). This
objective was not achieved because of
quality control problems with the
modified reentry cone that was to be
deployed on the seafloor, drill-in bottom-
hole assembly (DI-BHA) problems,
shortage of time toward the end of the
leg, and approaching typhoons that
made operations on the suspended DCS
platform in the derrick too dangerous.
Leg 132 cored a shortened section of
Cretaceous (Maestrichtian)-Cenozoic
nannofossil oozes with the advance
piston corer (APC), and deployed a
modified reentry cone before
abandoning the site.

Operations Summary

Shatsky Rise was approached from the
southwest, and the ship passed over
previously drilled DSDP Sites 305 and
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306 to link them to Site 810 with a
continuous seismic reflection profile.
Steaming from south to north, the profile
traced the principal chert horizon to a
point where the pelagic sediments
capping it were only 0.07 s thick. A single
APGC core was obtained in Hole 810A. A
wash-in test was conducted in Hole
810B 1o a depth of 60 mbsf to determine
the length of conductor casing needed
below the reentry cone. Hole 810C was
continuously APC-cored from a precisely
located mud line to the uppermost
substantial chert horizon at 125 mbsf.
One additional core was taken with the
extended core barrel in Hole 810C
before retrieving the drill pipe to deploy
the reentry cone.

The principal difficulties with the reentry
cone installation concerned latching
casing in the casing hanger. Even before
the reentry cone was lowered, one
casing siring was inadvertently dropped
to the seafloor; evidently it became
unthreaded while attempting to land the
casing hanger. The hanger was removed
and moedified, but then became wedged
in the cone an a test and could not be
removed. No casing could be suspended
from it. The cone was lowered as it was,
with 14 drums of pig-iron ingots added to
the skirt at the base of the cone in order
to replace the weight the casing would
have provided the assemble on the
seafloor. This weight was required to
tension the drill string properly during
anticipated DCS coring operations.

After this cone was landed on the
seafloor, it was difficult to seat a drill-in
bottom-hole assembly (DI-BHA). When
the drill string was retrieved for
inspection, it was found that the
mechanism had landed properly, but the
key-siots that allow the DI-BHA back-off
nut to unscrew had failed, thus
preventing back-off. The DI-BHA was
lowered again without tightening the
back-off nut, so that with only a small
amount of frictional resistance it would
unscrew. Once again.the mechanism did
not work, and the DI-BHA became stuck.
After freeing it and retrieving the drill
string, it was discovered that a proper
landing had occurred, but the backoff nut
had fused or jammed into its landing
shoulder, possibly by means of the
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fricticnal heat produced by rotation, or
loads imposed by various seating
attempts. This unintentional "weld" held
the entire 45,000-pound DI-BHA on its
trip back to the ship.

A final attempt to land the DI-BHA was
made using a new beveled C-ring in the
landing assembly. Howevaer, the landing
shoulder was too narrow, and simply
compressed the C-ring on the bevael,
allowing the entire DI-BHA to slip
through the cene and penetrate 25 m
into the chert/ooze. Because this
appeared to be a proper landing of the
DI-BHA, the problem was only
discovered while attempting to get a
sinker bar to the anticipated bottom of the
DI-BHA in order to recover the center bit.
When the drill string was retrieved, the
back-off nut again was found to be fused
or wedged into the landing sleave. Back-
off had actually occurred, but this time
the DI-BHA had fallen out of the cone.

At this point there was no time left for
DCS coring. As inclement weather
approached, the DCS tubing was
removed from the derrick and broken
down into joints for storage on the riser
hatch. Time remained to fish the DI-BHA.
This was accomplished and all drill
collars were on deck by 29 July 1990.
All additional DCS hardware was then
secured.

Since weather reports indicated that a
day remained before departure would be
mandatory, a seismic survey of a portion
of the summit of Shatsky Rise was
conducted.

Science Summary

At Holes 810A and 810C, 129.8 m of
Cenozoic and Upper Cretaceous
nannofossil coze was recovered. The
shortenad section records hiatuses in the
upper Miocene-lowar Eocene, lower
Eocene-upper iower Paleocene, and
lower Paleocene-upper Maestrichtian.
The oldest sediment recovered was early
Maestrichtian. A complete Cretaceous-
Tertiary boundary was not present. The
hiatuses represent intervals of erosion
and redeposition. Many of the sediments
contain reworked foraminiferal
assemblages and show structural
evidence for the action of currents. Five
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lithologic units are distinguished as
follows:

»Unit | {0.0-4.2 mbsf): Pleistocene
brown to dark gray nannofossil ooze with
cut-and-fill structures, and evidence for
mixing of cooler- and warmer-water
faunas.

»Unit Il {4.2-76.0 mbsf): Lowser Plicceng
to Pleistocene light gray to white
nannofossil coze characterized by
evidence for increasing dissolution and
mixing downsection, This unit contains a
number of thin and one thick (14 ¢m) ash
beds and rounded puniceous
dropstones derived from arc systems 10
the west.

= Unit {1l (76.0-99.5 mbsf): Upper(?)
Miocene to lower Pliocene pale tan to
tan clayey nannofossil ooze and
calcareous clay, with rhythmic color
alternations corresponding to varying
clay contents (highest estimated 70%).
Foraminiferal assemblages show
evidence for strong dissolution. The base
of the unit is at a hiatus.

#Unit IV (89.5-113.3 mbst): Upper
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Paleccene and lower Eocene pale tan
nannofossil ooze, separated by a hiatus.
Paleocene foraminiferal assemblages
are strongly reworked, and include some
Cretaceous forms. There is evidence for
slumping and size sorting.

®Unit V {113.3-136.1 mbs{}: Upper
Cretaceous to upper Paleocene white
nannofossil coze with large coccolith
plates and small chert nodules. The pale
color and coring deformation in the lower
10 m makes the identification of
structures difficult, but there is a hiatus
across the Cretaceous-Teriary
boundary.

The excellent array of measurements for
physicat properties and magnetic
susceptibility show strong correlations
with cyclical lithologic variations in the
sediments. Although the section is
broken by hiatuses, the upper two
lithologic units carry detailed information
relating to the development of eolian
transport from the Asian mainland during
the climatic deterioration that occurred
between the Pliocene and Pleistocene.
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LEG 134: SCIENTIFIC PROSPECTUS VANUATU
(New Hebrides) '

INTRODUCTION

The New Hebrides island arc lies in the
southwestern Pacific Ocean, marking the
subduction zone of the Australia-India
plate, which moves eastward beneath
the North Fiji Basin and Pacific plate.
The complex tectonics of this arc
involves the d'Entrecasteaux zone
(DEZ), which is an aseismic ridge that is
colliding with the central New Hebrides
arc, clogging the trench, deforming the
arc, and providing an opportunity 1o
investigate by drilling the processes
governing such collisions. Other major
geologic problems that can be
investigated by drilling in this arc include
(1) the processes invotved in the
evolution of an intra-arc basin located
within the zone of influence of arc-ridge
coltision and (2) the magmatic evolution
of arcs during major changes in tectonic
envircnment, including arc-ridge
collision and a possible change in the
polarity of subduction.

REGIONAL GEOLOGIC SETTING AND
TECTONIC EVOLUTION OF THE NEW
- HEBRIDES ARC

The New Habrides island arc is part of a
narrow, sinuous Cenozoic valeanic chain
that extends fram Papua New Guinea
through the Solomon Islands, Vanuatu
(New Hebrides), Fiji, Tonga, and the
Kermadec Islands to New Zealand. The
New Hebrides arc extends for a distance
of 1700 km frem the Santa Cruz Islands
(eastern part of the Solomon Islands) in
the north to the Matthew and Hunter
islands (eastern part of the tarritories of
New Caledonia) in the south. The
territorial istands of Vanuaiu extend for
1450 km from north to south (Chase et
al., 1988; Fig. 1).

The New Habrides Trench trends
northwest-southeast and marks the
boundary between the Australia-India
plate and the Pacific plate {Fig. 1). The
maximum depth of this trench ranges
from over 8000 m in the north, near the
west-trending San Cristobal Trench of
ihe Solomon Islands, to over 7500 m at
its southern terminus near the east-
trending Hunter Trench. The geomorphic

trench is absent opposite Malakula and
Espiritu Santo islands where the
d'Entrecasteaux Zone (DEZ) abuts the
west flank of the arc.

Relative motion between Australia-India
and Pacific plates is about 10 cm/yr, with
the Australia-India plate moving N 76-°-E
(Minster and Jordan, 1978; Pascal et al,
1978; Isacks &t al., 1980). Louat and
Pelletier (1989) indicate that the
convargence rate between the Australia-
India plate and the New Hebrides island
arc varies from 12 em/yr near the
southern part of the trench to 16 cm/yr
near its northern termination and
reaches only @ cm/yr near the arc/DEZ
collisien zone.

Between the southern New Hebrides
Trench and the Loyalty Ridge (to the
west) lies the North Loyalty Basin where
the ocean is about 4000-5000 m deep.
The Deep Sea Drilling Project (DSDP)
drilled into rocks of this basin (DSDP
Site 286; Fig. 1} in 1973 and found that
the basement consists of middle Eocene
oceanic crust {Andrews, Packham et al.,
1975). The Loyalty Ridge trends
northwest through this oceanic basin and
includes volcanic and carbonate rocks
that are presently being subducted at the
southern New Hebrides Trench.

West of the Loyalty Ridge lies the New
Caledonia Ridge, which extends
northwestward and becomes the
submarine ridge of the DEZ. The DEZ
may have been a subduction zone in the
late Eocene lhat was uplifted and
exposed in Miocene time (Daniel et al.,
1981%; Maillet ef al,, 1983). The DEZ
comprises horsts and grabens and is
approximately 100 km wide. It extends
eastward to end in the central New
Hebrides Trench, where it is presently
being subducted near Malakula and
Espiritu Santo islands (Collot et al.,
1985). Near these islands, the DEZ
comprises the high relief (2-4 km), east-
trending North d'Entrecasteux ridge
(NDR) and the South d'Entrecasteaux
Chain (SDC) which includes the
Bougainville guyot. Paleogene MORB
and volcaniclastic rocks were dredged
from the NDR (Maillet et a/., 1983) and
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Figure 1. Regional bathymetry of the southwest Pacific showing approximate locations of
drill sites proposed for Leg 134 (modified after Kroenke et al., 1983).

andssites and carbonate rocks were
dredged from Bougainville guyot. The
NDR is being subducted beneath the arc
with little noticeable disturbance of the
arc-slope, but subduction correlates with
a wide bulge of uplifted arc-slope rocks.
The SDC largely deforms the arc-slope
and generates well-developed
compressive features in arc-slope rocks.
The Bougainville guyot may be a piece
of the SDC that is being subducted or
obducted. The east-dipping Benioff zone
is irregular but continuous despite the
subduction of the DEZ (Pascal et al.,
1978, Isacks et al, 1980; Louat et al.,
1988; Macfarlane, et al., 1988). North of
the DEZ lies the oceanic West

Torres Plateau, which has an unknown
crustal affinity. Water depth over this
plateau is as shallow as 750 m.

East of the New Hebrides arc lies the
North Fiji Basin (Fig. 1), an active
marginal sea of middle to late Miocene
age {Malahoff et al., 1982) that has
evolved through four tectonic stages in
the last 10 millicn years {(Auzende et al.,
1988). It is a relatively shallow, open-
ocean basin with water depths generally
not greater than 3000 m. The basin is
floored by oceanic crust that exhibits
high heat flow (Larue et &/, 1982). The
Norh Fiji Basin is bounded on the north
by a ridge that supponts the inactive
volcanic islands of Mitre and Anuta,
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Figure 2. Geographic features of the New Hebrides island arc, DSDP Site 286, sites
proposed for ODP Leg 134, and active volcanoes are shown. The barbed line indicates
subduction.




which may have been formed duting
Miovene southwestward subduction of
the Pacilic plate at the Vitiaz Tranch
{dezek of al, 1977}, The Narth Fiiil Basin
is separated from the Oligocens South
Fiji Basin by the nartheast-trending
Huntar fracture zong.

The toreare of the New Hebrides islands
includes a flai-toppad ddge, 100-150 km
wide, from which Malakuia, Espiritu
Santa, and the Torres isfands project.
Scuth of the istand of Anatom
{Aneityum), tha forearc ridge is poorly

. developed, consisting primarily of a
ngriow ridge with sharp ralisf along the
crast (Karg and Marmsticky, 1972;
Monzigr ef al., 1984). The volcanic are
lies aast of the forearc area and consists
of a chain of volcantes, many of which
ars active, Most of the volcanaes lig
130-150 km east of the trench; nowever,
volcanpes on Elate, Matthew, and Hurler
islands fie within 100 km east of the
sranch, The backare area les batween
the voleanic are and the North Fiji Basin
and includes an uplifled horst that
suppornts the islands of Maewo and
Pantecost. Also included in this area ate
tha backare troughs, & seriss of northem
froughs that extends nonthward from
Maewn {Chandis and Pellefier, 1989);
and a {single) southern trough, the
Coriolis Trough that trends southward
{rom Pgntecost ishand (Karig and
Mammarickx, 1872; Oubois of 3/, 1975;
Racy ¢t al, 1886). The volcanic islands
Vot Tande ang Fuluna are percied on
the steep westarn scarp of the Cuoriplis
Trough.

The summit basins of Vanuatu ware first
described by Luyendyk #f &, {1974) who
interpratad them as late-giags
axtensional leatures. These basins larm
a nearly continutus "median
sedimentary basin™ (Havenns &f 4,
1977). The North and South Aaba basins
nave grester bathymatric axpression
ihan doeas any other basin on the New
Hebiridas arc summit. Both basins ara
over 70 ki wide and lie bensath 2000-
3000 m of watgr. They are divided by the
active volcano forming Aoba Isiand
{Camey and Macfariane, 1980, atz,
1981}. Camaey and Maclarane {1880}
Bescribod thase basing as asymmatnic in
1ast-wast cross-section and comaining
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ot
thick deposits of Miocene o Halocene,
sediments. Seismic-refraction data
suggéest that both basing contain 50 6
km of sedimentary rocks {Molmes, 1888

Rocks axposed an the New Hebrides
fefands show that thres volcanic arcs
were active in differant areas {Camey ot
al., 1885). The oldast arc yielded
voluminous lower Mincene volcanic
rocks that are exposed chiefly atong the
western chain of islands--Egpintu Santo
and Malokuta islands. During the iate
Miocene and Pliocens, the volcanic arg
iay along the eastern island chain
formed by Pentecost and Maswo islands.
The youngast veicanic arg, active during
anhd since the Pliatens, has built the
middle ehain of islands that extends from
Matthow and Hunter islands in the south
o the Tinakula volcano in the Banta
Cruz islands o the nodh,

The evolution of the Now Hebtides arc is
poorly understood and many hypotheses
have been advanced 10 explain
foreaation of the lorsare ddge, volcanic
are, and backaw (8.g., Chase, 1971,
Pascal ef al., 1978; Falvay, 1575,
Coleman and Packham, 1978; Havenne
&t af, 1977, Carney and Macfarlane,
1877, 1980; Katz, 13988). in one
hypothesis, a revarsal of subduction
patarity sceurred in fale middie Miocene
time, Prior o this reversal, the Vitiaz
Tranch was an active subduction zone
formed as a west-dipping slab of the
Pacific plate that was being subducied
bensath the Australia-india plate. The
diregtion af subduction shifled ta an sast
dipping Beniolf zong, with the Australia-
indiz plate being sulkiucted beneath the
Pacific piate {Chase, 1971; Camey and
Maclariang, 1977, 1980; Camey ¢t af,
1985). tn an ahernative hypothesis, no
shift in subduction direction ocourred,
and the prasent are configuration is the
rasuit of a continuous east-dipping
subduction zone (Luyendyk ef al, 1974,
Carnay and Maclariane, 1977; Hanus
and Vanek, 1983; Katz, 19881 Onthe
basis of the distribution of earthguake
foci along the Naw Hebrides Beniol
zone, Hanus and Vansgk {1983)
concluded that two differently inclined
slabs exist &t intermediate depths. Thev
argued thal these slahs wevs -

from fwn rees




of the same polarity and that these two
cycles could sxpiain the shifting volcanic
axis and the formation of the North and
South Aoba basins. Similarly, Louat of
al., {1988} conciuded that there has only
heen eastward subduction, and that a
steepening BenicHf zone has been
responsidle for the migration of the
voleanic axis,

SCIENTIFIC OBJECTIVES

Drilling in the cantral part of the New
Hebrides arc will permil the investigation
of the overall response ofthe arcto a
wide variety of tectonic events within a
small geographic area. Six sites forming
two groups are proposed within the
contrai pan of this arc. The first group
consists of four sitas in the collision zone
petwaen the New Habrides are and the
d‘Entrecasteaux zone (DEZ sites in Fig.
2). Tha second group contains two sitas
in the intra-arc Aoba basin (1AB sites in
Fig. 2}. These two groups of sites will
form a transect across the arc and will
provide crucial information about the arc
processss involved in arc-ridge collision,
subduction-polarity raversal, and the
formation of intra-arc basins.

The impingement of the DEZ against the
arc has allared greatly the ant’s
morphology and sttucture ia that near the
impact zone, mountainous islands
{Espiritu Santo, Malakula} have nsen
adjacent to the trench. A large, intra-arc
basin {the Acba basin), substantialfy
deeper than any oiher basin in this arc,
formed directly east of the impact 2one.
Furthermore, in the backarc area an
axtensional province that extends nearly
continuously along the arc disappears
abruptly, directly east of the collision,

Soveral marine geophysicat cruises
have heen conducted aboard U.S. and
French vesselis over the eastern
d'Entracasteaux zone and the confral
New Hobrides island arc 10 locate the
drilling sites. During the 1885 SEAPSO
and 1987 MULTIPSO cruises of the A/V
J. Charcot, Seabsam bathymatric data
were obtained aver both the DEZ-are
collision zene and the eastern thank of
the Aoba basin, In 1882 and 1984, the
&, P. Leo cruises (L6-82-SP and 1.5-84-
SP}) acquired high-quality multichanaal
selsmic data over the entire Acba basin
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and the accretionary complex of theutiié
coliision zone. These data were SO0
augmanted in 1987 by other se of
multichanne! seismic lines coliscted
during the MULTIPSO site survey Cru-4, -
In addition to gaophysical data, sevet
dives of the French submersible Nawt
waore conductad in the DEZ-arc colisit
zone during the 1983 SUBPSO cruise™
the R Nadir,

Arc-Ridge Coliision Sites: DEZ-1, -2, -4,
5

Gaological data suggest that the NDR 8
and the SDC of the DEZ differ greally in
morphology, genesis and lithology.
These differences are misrored by the
contrasting arc-slope deformation
caused by the collision of ridge and arc.
Geophysical data indicate that across the
accretionary complex, the slightly
ablique {14°) subduction of the NDR has
producsd an asymmetric tecionic pattem
which results in strong tectonic erosion
(Collot and Fishar, 1988); in this coliision
zong, large mass wasting daposits
formed across the arc slope instead of a
bow wave of farge anticline and thrust
fauits (Fisher of al, 1986). The
Bougainvills guyct largely impinges the
are-slope (Daniel & al., 1986} and
generates well-developed compressive
featuras in arc-siope rocks (Coliot and
Fisher, 1989). Howsver, observations
made during a recent deep-sea
submersible survey {Collot ef al, 1989}
ravealed that the bedding of tha are-
slope rocks, which generally slope
trenchward in this collision zong (Fisher,
1986), dips stesply arcward near the
contact of both colliding features. Rocks
sampled duting these dives indicate that,
in the collision zone, the arc slops is
primarily composed of volcanic and
volcaniclastic rocks but also includes
brownish clay or mudstone and some
limestone. The proposed drill hotes will
help characterize tha contrasting
machanisms of subgduction and aceration
by showing the composition, physical
propattias, and age of rocks in each
ridgs. Other holes will penetrata the arc-
slope rocks, not only to determine their
iithology but also to provide an estimate
of the amount of ridge rocks that are
incorporated inig the acrreb=~
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rocks form large blocks. The role of pore
fluids in the development of collision
structures will be determined by
measuring pore-fluid pressure at these
drill sites.

Sites within the collision zone are
designed to determine what influence
ridge ¢omposition' and structure eXart on’
the style of accretion and type of arc
structures produced during collision.
Sites DEZ-1 and DEZ-2 are located
where the north ridge of the DEZ and the
arc coliide (Fig. 2). Site DEZ-1 will
document the nature and age of the NDR
and will provide a critical reference
section of north-ridge rocks to enable
recognition of thase rocks in other drill
holes. Information collected at this site
will be used to determine the reaction of
the accretionary wedge to the impact of
the north ridge. Site DEZ-2 will penetrate
the lowermost accretionary wedge, the
interplate thrust fault, and the north ridge
itself. This site will show whether north-
ridge rocks have been accrated onto the
arc and will also reveal the age and
mechanical propenties of rocks where,
despite the great relief of the subducted
ridge, the collision has caused little
large-scale forearc deformation. Other
objectives include stress analysis and
the study of fluid circulation.

Proposed sites DEZ-4 and DEZ-5 are
located where the Bougainville guyot
has collided with the arc, causing
considerable forearc deformation (Fig.
2). Site DEZ-4 will penetrate imbricated
arc rocks to test whether these rocks are
part of an uplifted old accretionary
wedge, recently accreted guyot rocks, or
island-arc basement. Other objectives
include the study of stress orientation,
fluid circulation, and Late Cenozoic uplift
of the forearc. Site DEZ-5 will panetrate
the platform of the Bougainville guyot
and reach volcanic basement; this site
will show the lithology, age,
paleobathymetry, and mechanical
properties of the guyot. This information
will be used to determine the reaction of
the accretionary wedge to the impact of
the guyot.

Results obtained from drilling near the
guyot will be contrasted with those
obtained near the north ridge to
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determine why arc structures induced by
the collision are so different. The rate of
uplift of the accretionary wedge will be
determined and compared to the rate at
which onshore areas emerged; this
emergence occurred synchronously with
collision, and onshore areas rose at
Holocene rates exceeding-5 mm/yr -
(Taylor et al., 1987).

Intra-Arc Basin Sites: Sites IAB-1,-2,

The purpose of driliing in the Aoba Basin
is to investigate how arc-ridge collision
affected the development of the intra-arc
basins and the evolution of the magmatic
arc. In addition, volcanic ash within basin
rocks may contain a record of the
hypothesized reversal in arc polarity.

To investigate the evolution of intra-arc
basins, two holes will be drilled in the
summit basin, the North Aoba Basin.
The crucial topic to be resoclved is the
age of a major discordance in the basin
fill that appears to corretate temporally
with the beginning of collision of the DEZ
with the arc, providing one of the best
estimates for the age of this event. This
basin contains racks of probable
Mioccene and younger age. The drill
holes in the North Aoba Basin will show
the provenance, age, paleobathymetry,
and lithology of basin fill, from which the
rate and timing of basin subsidence and
filling can be derived.

The magmatic evolution of this island arc
can be investigated using data from the
proposed drill sites in tha intra-arc
basins. The main goals are to establish
major compositicnal trends of volcanic
ashes and the timing of volcanic pulses.
An important facet of this study is to
relate volcanic processes to the
unsteady tectonic environment of this arc
caused by the collision of the DEZ and
the hypothesized Late Cenozoic flip in
subduction polarity, The chronology and
chemistry of volcanic ashes will be most
useful when the results from sites near
the collision zone of the DEZ are
compared to results from the site away
from this zone. If the polarity of
subduction reversed, ash chemistry may
show a distinct change that marked
magma generation first from crust of the
Pacific plate and later from crust of the
Australia-India plate.
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Proposed site I1AB-1 is located within the
center of the Aoba Basin (Fig. 2). Crucial
information to be obtained at this site
includes the age of a major unconformity
that likely correlates with the onset of arc-
ridge collision and will provide one of the
better estimates of when this onset
occurred. The chemistry of Quaternary
‘volcanic ashes may show whether the
magmatic arc has been affected by
subduction of the DEZ.

Proposed site IAB-2 is located along the
eastern flank of the Aoba Basin (Fig. 2},
where basin rocks include two
unconformities. The shallower one will
show when the backarc area was
deformed, possibly as a direct result of
the collision. The deeper unconformity
lies along the top of the oldest basin
rocks, and drilling at this site will show
the Late Cenozoic evolution of the
magmatic arc. The chemistry of volcanic
ash should show whether the magmatic
arc was affected by arc polarity change.

OPERATIONS PLAN

Leg 134 is scheduled to depant
Townsville, Australia, on 16 Qctober
1990 after a five-day port call and arrive
in Suva, Fiji, on 17 December 1990 atter
62 operational days at sea. Six sites
have been identified to meet the cruise
objectives of Leg 134; four sites (DEZ-1, -
2, -4, and -5) in the forearc and two {JAB-
1 and -2) in the intra-arc basin.

Leg 134 will transii (4.3 days) to the
Vanuatu region and core the DEZ sites
first (Table 1). The first hole at DEZ-2 will
be APC/XCB-cored to refusal {(estimated
at 500 m); the second will be washed to
that depth, then RCB-cored to 800 m and
logged. Standard Schlumberger,
formation microscanner, and digital
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borehole televiewer data will be
collected. Proposed site DEZ-1 will be
APC/XCB-cored to 300 m, then logged
using the standard Schlumberger suites
and the formation micrescanner. The first
hole at proposed site DEZ-4 will be
APC/XCB-cored 1o refusal (estimated at
500 m); the second will be washed to
500 m, then RCB-cored to 1000 m.
Logging of the second hols will include
the standard Schiumberger suites and
the formation microscanner. Proposed
site DEZ-5 will be RCB-cored to 750 m,
then logged with the standard
Schiumberger suites and the formation
microscanner. APC cores will be
oriented at proposed sites DEZ-2, -1, and

Leg 134 will then transit (0.3 day) to the
intra-arc basin sites. The first hole at
each of the |AB sites will be APC/XCB-
cored to refusal (estimated at 500 m at
IAB-1 and 300 m at IAB-2), and the
second will be washed to the refusal
depth, then RCB-cored 1o total depth
(700 m at IAB-1 and 1000 m at IAB-2).
Logging at the intra-arc basin sites will
include the standard Schlumberger
suites and the formation microscanner.

Two new tools will be employed to log
downhole magnetic propetties (the
natural remanent magnetization tool, or
NRMT, and the magnetic susceptibility
tool, or SUMT) at DEZ-5 and 1AB-1. The
tools, which meet Schlumberger
requirements, have been developed by a
French team (CAE-Total CFP). These
logs will complement the paleomagnetic
measurements performed on board and
augment the knowledge of magnetic
properties downhole.
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TABLE 1: LEG 134 PROPOSED DRILL SITES

Site Latitude/ Water Penetration  Time Estimates (days)

Numt I tud Depth (m! sed) (bsmt) _ Diil I Total

DEZ-1 15°17.4'S 3200 300 --- 3.3 0.8 4.1
166°17.4'E

DEZ-2 15°19.6'S 2650 790 10 8.5 2.2 10.7
166°21.3'E

DEZ-4 15°56.6'S 925 1000 -- 7.9 1.4 9.3
166°47.3'E

DEZ-5 16" 01.1'S 1050 700 50 5.4 1.6 7.0
166°40.6'E

IAB-1 14°47.8'S 3098 700 - 8.1 2.1 10.2
167°34.4'E

IAB-2 14°52.4'S 2600 1000 - 115 1.6 131

167°53.0'E
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Leg 130, Onlong-dava Piateau, had 3
objectives: (1) fo describg the Neogena
palecceanography along a depth
transect approximately parallsi to the
equator; {2) to determine the origin and
subsequent tectonic movament of the
Ontong-Java Plateau; and (3) to sample
a deep-Pacific Mesozoic sedimentary
section 10 determine paleoceanograpic
frends and to search for basinwide
anoxic events. Two deep holes {8030
and 807C) ware drilled to satisfy the
basement and Masozoic cbjectives, and
a transact of sites (B03 1o 806) was
drilied for Neogene paleoceancgraphy.

All sites except Site 804 wers logged, for
a record-setling total of 3654 meters of
open-hole logging data. High quality
sonic valocity, density, and slecirical
ragistivity logs ware collected from each
site, and good gecchemical data ware
gatherad for the natural gamma-gmitting
elements (KU, Th) and Al Due to an
intermittant tool failure by the induced
gamma-ray spectrat tool, which
measures Ca,8i, Fe, Ti, CIL H, 8, and Gd,
only about 500 meters in two holes
(BOSC and BOSB) wers lngged.
However, these will prove highly ussful
for the study of early to middie Miocene
calcite deposition. The two basement
holes {8030 and BO7C) were also
logged with an imaging resistivity tool
{ihe FMS or formation microscanner) to
detamine bedding in the sediments and
structura in the basalts.

Neogene Paleoceanographic Transect
Palesceanography has evolved from the
important eatly broad-drush studies to
mare quantitative higher resofition
approaches. The evalution of
knowledge about the different geologic
periods are growing al different rates, but
primarily due to the eflorts of ODP,
knowiedge about the changing Neogene
oceans is increasing particularly rapidly.
One of the impentant goals for the
logging program on Lag 130 was to
obtain high-resoltion logs of the
Neogene sedimentary section to
determine climalte-driven sedimentary
~vcles and to provide detailed dapth

- “ehwaan the different sites.

A secondary goal was to splice fogging
data with shipboard physical-properties
data in order that in situ corrections could
be developad for the shipboard data and
to make complete physical properties
profiles from the sea floor to the bottom of
each hole. The profiles of density and
sonic velocity are particularly useful for
detailed correlation between the
sedimantary section and seismic
reflaction profiles collected on the site
suvey.

To achieve high resolution studies, it is
first necessary 10 demonstrate that the
logging is capable of recording
information at high resolution. Logging
two holes at Site 807 {807A and 807C)
provided the means 16 test the
replicability of the logging, as shown in
Fig. t. This figure is a small part of the
cverlappad sonic velocity logs from the
two holes. Tha primary ditference
between the twe are minor depth shilts of
velocity peaks and troughs causad by
slightly different sedimentation rates in
tha two holes. The Jogs are reproducible
on high resolution scales. Shore-based
analysis of the Leg 130 logging data
should greatly increase our
understanding of sedimentary cycles on
the Ontong-dava Plateau.

A comparison of the raw logs from sites
on top of the Ontong-Java Plateau (Fig.
2} indicates that detailed stratigraphic
correlations between sites an the
Ontong-Java Piateau are possible,
which will prove to be particularly helpful
for examination of differential
sedimentation between sites. Nustrated
in Fig. 2 are sonic velocity logs from Site
588, drilled on DSDP leg B3, and Site
BOS, dritled on OOP leg 130, The two
sites are both above 2600 m and are
about 75 nautical miles gpart on the cre
of the plateau. An extramsiy good maty
batween the two logs can be achieveds
the avarage ssedimentation tate at Site
80€ is slightly greater than at Site 586
as illusirated by the slightly offset dep!
scales on the figure. Atthe scale 6! pq
figure 2 it is obvious that the two 0gS,4.n
be easily correlated; correlations in d if
are also simple. in the depth transec,

a6
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Figure 1. Comparison of sonic velocity logs from Holes 807A and 807C provided the

means to test the replicability of the logging.
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Figure 2. Sonic velocity logs from Site 586, drilled on DSDP leg 89, and Site 806,
drilled on ODP leg 130. The two sites are both above 2600 m and are about 75 nautical
miles apart on the crest of the plateau.
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{Sites 803, 804, 805, and 806) it is more
difficult to correlate features, but with the
help of biostratigraphic tie points a high
degree of correlation batween holes can
still be achieved.

Shipboard physical-properties
measurements and the logging data
were successfully spliced on Leg 130.
The two are partly redundant, but
shipboard core measurements are best
and most abundant in the softest oozes
near the surface, while logging data are
particularly useful lower in the hole,
where core recovery decreases and
coring-induced artifacts increase
dramatically. The redundancy has
enabled the shipboard party to remove
dubious sections of data from both data
sels. _

D l 130 Objecti

Logging data was particularly useful for
delineating structure and sedimentation
in the Paleogene-Mesozoic sedimentary
sections and in basement of Sites 807
and 803, where core recovery was
moderate to poor. The best set of logging
data was from Hole 807C, whare
standard velocity and resistivity logs
prove to be extremely useful for
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delineating chert horizons and chalk
interbeds in the sediments. These logs,
with density and chemical logging data,
show flow boundaries and sediment
interbeds in the basement. Rasistivity
images from the formation microscanner
also show basement fractures and pillow
basalis. In the sediments the formation
microscanner images show both nodular
and bedded cherts, as well as
compaction structures around large chert
nodules. The images also highlight clay-
rich incipient solution features
associated with diagenaesis.

At Hole 803D (656 m tolal penetration)
the logging was less successful primarily
because a bridge that formed at 600
mbst after the first logging run prevented
a return to the deepest sediment section
and basement. Nevertheless, the
Paleogene section was logged with
resistivity, density, sonic velocity, natural
gamma ray, aluminum, and formation
microscanner logging tools. Detailed
comparisons can be made betwesn this
site, now at 3415 m, and 807C, now at
2820 m to discern Paleogene depth-
related sedimentation trends.

PROPOSALS RECEIVED BY THE JOIDES OFFICE

May, 1990 through September, 1990

Ref. Date
No.  Theme/Area Author(s) Country _ Revd
383/A Aegean Sea: Continent-Continent Collision K.A. Kastens & al. US/ESF  5/90
317/E Add-2 Seafloor bottom simulating reflectors, N. Cascadia R.D. Hyndman us 6/80
265/D Add. Waestern Woodlark Basin S.D. Scott & al. CAN/AUS/PNG 6/90
384/A Rev. Venezuela Basin and Aruba Gap A. Maufiret & al. FRAUS 7/80
385/E Pateomag., sed., stratig.: ODP Qahu Hole B. Keating us 8/80
385/E Add. Paleomag., sed., stratig.: ODP Oahu Hole C. EHelstey us 8/90
J86/E Rev. California margin drilling M. Lyle & al. us 8/90
233E Rev-3 Ceniral Oregon accretionary complex J.C. Moore & al. us 8/30
355/E Rev-2 Formation of a gas hydrate R. von Huene & al. FRGUS  8/90
387/E Rev. Deep crustal drilling: Hess Deep K. Gifiis & a. us 8/90
247/E Add. Woater mass conversion, Glac. Subarctic Padific R. Zahn & al. CANUS  9/90
286/E Add-2 Layer 2/3 transition in Hole 5048 K. Becker us $/90
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PLANNING COMMITTEE MEETING SUMMARY

INTRODUCTION

The Summer Meeting of the Planning
Committee was held 14-16 August, 1990
in La Jolla at the Scripps Institution of
Oceanography. The discussions at this
meeting centaered around: reports of the
recent engineering tests of the diamond-
coring system {Leg 132); adjustments to
the FY91 drilling schedule; ways to aid
renewal of the Ocean Drilling Program;
reports by the Joint Liaison Groups with
FDSN and GSGP; and establishment of
DPGs and WGs to facilitate planning for
the drilling beyond FY 1992. At PCOM's
next meeting (28 November-1 December
1990 in Kailua-Kona, Hawaii) the
agenda will focus on preparation of the
FY 1992 Program Plan from those
programs in the Pacific Prospectus.

ENGINEERING LEG 132

Mike Storms reported on the results of
the joint engineering development and
science leg (Leg 132). The Diamond
Coring System Phase Il (DCS) had a
thorough evaluation in the backarc, bare,
fractured-rock environment, The system
was not evaluated in interbedded chalks
and cherts or shallow water atoll and
guyot carbonates as originally planned.

Overall, the DCS system has proven
itself for deployment from the Resolution
and shown the capability to drill and core
in bare, fractured rocks. The mini-hard
rock guidebase design proved to be
successiul after minor modifications and
the "pogo” concept worked very well.
Two important unresoived guestions for
the EPR drilling are bit life and rates of
advancement in fractured basalts.

Because of the uncertainty about the
DCS performance at the EPR, a propaosal
was made to insart a leg at Loihi
because of its location en route to the
eastarn Pacific, shallow depth, well-
surveyed shallow summit of appropriate
lithology, and scientific objectives.
Counter arguments were that LITHP has
higher priorities, and a major change in
the present schedule might delay the
vessel's appearance in the Atlantic.
PCOM dacided that the next test of the
DCS will be at the East Pacific Rise.

ADJUSTMENTS TO FY 1991 PLANS

The nsed for a brief on-site survey 1o
satisfy safety requirements for a Tonga
tforearc site led to a change in the order
of drilling of the Lau-Tonga leg. PCOM
also discussed several proposed "add-
on” programs for the Oahu Pilot Hole.
These include: 1) moving the site 10
south of Oahu for a coring program to
study windblown ash deposits from the
Hawaiian volcanoes, as well as
paleomagnetism and physical properties
ot sediments and basement; 2) a test of
the ODP reentry cone plug at the Oahu
Pilot Hole; and 3) additional logging
recommendations from DMP, PCOM
approved the addition of 3 days for
scientific coring, borehole seal test and
logging; making a 17 day science leg.

The Science Operator recommended
additional time be added to the planned
enginearing leg at Site 504B to improve
the chances for success to clear the hole
by fishing or milling and to explore
options for dnilling ahead. PCOM
approved the addition of six days to
Engineering Leg 137 at 504B. The
thematic panels have been asked to
prioritize various options for proceeding
with the remaining time in the event the
hole has to be abandoned.

PCOM also discussed the request by the
Joint Global Ocean Flux Study (JGOFS)
fer non-interfering physical and chemical
oceanography measurements and water
sampling during the Eastern Equatorial
Pacific Neogene Transect Leg. Since
this work can be done without addition of
time to the leg and represents studies
complementary to the ODP goals, PCOM
recommended their accommodation,

ADDITION OF INNOVATIVE SCIENCE

The absence of regional panets and the
restricted mandates given to detailed
planning groups has caused some
concern that worthwhile scientific
objectives are being missed if those
aspects are not included in the original
proposal being reviewed by a thematic
panel or sent to a DPG. Moreover, there
may be instances where an objactive
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can be met along the transit between
sites or to or from ports.

Most PCOM members believe that a
mechanism for allowing some last-
minute innovation is important for the
future success of ODP, but there is a
concern that "add-ons” are not being
handled evenly. PCOM is asking the
panels 1o help to inform the community
that "add-ons™ will be considered. The
panel chairmen will also be asked to
discuss the aspects of fairness, lateness,
review, etc., and provide recommended
guidslines for how PCOM should handle
*add-ons" at the Annual Meeting.

FACILITATION OF RENEWAL OF ODP

An ad hoc committee to determine
strategy to aid renewal had an excellent
start, soliciting important supplemenial
information for the Long Range Plan
(LRP)} brochure, and oblaining a "ringing
endorsement” of the Ocean Drilling
Program by the JOI Board of Governors.
A proposal was made to PCOM that 6
themes becoma a focus for future ocean
drilling. After a lengthy discussion,
PCOM decided that ODP will stick with
the broader themes of the LRP.

PCOM members remain concerned that
the objectives and phasing of the LRP
may not succeed unless the advisory
structure considers carefulty how to carry
it out. PCOM, therefore, charged the
thematic panels to: 1} Identify the
appropriate way to integrate existing
individual proposals into the larger
thematic programs identified by their
global prioritization and by the LRP; 2)
Plan to cbtain proposals for themes or
theme elements that are not presently
representad; 3) Integrate interdisciplinary
interests into the program effectively; and
4) Determine whether it is necessary to
identify coordinators or proponents for
the theme program.

JOINT LIAISON GROUPS

Members of the Liaison Groups with the
Federation of Digital Seismic Networks
(FDSN) and the Global Sedimentary
Geology Program {GSGP) attended the
meeting and exchanged views with
PCOM. A Liaison Group with the
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Nansen Arctic Drilling Program (NADP)
was established and its membership set.

FORMATION OF DETAILED PLANNING
GROUPS AND WORKING GROUPS

In order to facilitate planning for the
drilling beyond FY 1992, PCOM
approved the formation of 2 Detailed
Planning Groups and 2 Working Groups,
made appointments, and set mandates
for all four groups.

The North Atlantic Arctic Gateway DPG is
to examine the three existing North
Atlantic Arctic paleoceancgraphic
gateway drilling proposals and provide a
prioritized plan for a drilling program.

The North Atlantic Rifted Margin DPG is
to examine the various propasals for
drilling volcanic and non-volcanic Notth
Atlantic rifted margins and recommend a
prioritized plan for a drilling program,
specifying the number of legs required to
answer fundamental unanswered
questions about these margins.

The Deep Drilling Working Group is 10
prepare a document that identifies
technologies that exist or need to be
developed to achieve scientific drilling
goals in those areas that require deep
penetration (i.e. greater than 2 km
beneath the seafloer). The group will
evaluate the altematives identified in
terms of likely costs and suggest long-
term strategies for achieving a deep
drilling program in the oceanic crust and
deep sedimentary sections. In addition,
the group will fulfili a long-term function
in advising ODP on deep drilling.

The Sealevel Working Group is to
formulate an approach for a worldwide
attack on the problems of sealevel
change utilizing the drilling capabilities
of the JOIDES Resolution. A focussed
drilling program should be formulated,
specifying the number of legs required to
answer fundamental questions about
eustalic sealevel change and outlining
the areas that will bring the greatest
scientific return. A multi-disciplinary
approach is recommended that
incorporates lithospheric, ocean history,
saedimeniary, geochemical, and tectonic
objectives.
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CASCADIA MARGIN DETAILED PLANNING GROUP
* FINAL REPORT

INTRODUCTION

A series of proposals for drilling in the
Cascadia margin (Fig. 1) have been
presented and modified in response to
thematic panel input. Vancouver Island
proposals have addressed progressive
diffuse regional fluid expulsion from the
accralionary wedge. Oregon margin
proposals have addressed fluid
movements focused by fractures and
permeable strata. Recognizing the
tectonic and geochemical thematic
interest of drilling the Cascadia
Accretionary Prism, bul lacking the
information necessary to choose those
parts of the proposals of highest purity,
PCOM established a Cascadia Margin
Detailed Planning Group (DPG) in
January, 1990. PCOM charged the DPG
to examine the Cascadia Accretionary
Drilling proposals and provide a
prioritizad pian for drilling. If the highest
priorities could not be addressed in cne
leg, PCOM instructed the DPG to make
suggestions for later drilling.

The DPG met in Quinault, Washington
during August 9-11, 1990 and
developed, as reported below, a
minimum one-leg drilling plan (Cascadia
l) that addresses the highest priority
scientific issues on the Cascadia Margin
in a coordinated fashion. A follow-up leg
(Cascadia Il) was also planned that
would greatly enhance the drilling
program and build upon the
accomplishments of the first leg.

THEMATIC GOALS

COSOD Il gave high priority to drilling
convergent margin accrelionary prisms
because of their importance to
interpretation of ancient accretionary
wedges now exposed on land; to
understanding the coupling of tectonic
processes and fluid flow and fluid
overpressuring; and because of their
geochemical contribution to the budget
of greenhouse gases, the chemical
balance of the oceans and arc
volcanism. This interest has been
iterated by the thematic panels. The
Tectonics Pansl (TECP) has identified
drilling to determine deformation

processes at convergent plate
boundaries as a major theme and
specifically noted the importance of fluid
prassure and chemical reactions in
influencing tectonic deformation and
processes in this setting. TECP stressed
the need to establish sediment and fluid
budgets in a few selected regions and
the benelits of establishing downhole
observatories in these same areas. The
benefits of concentrating efforts on a few
end-member examples has also been
noted by an ODP Working Group on
Drilling to Understand the Fiuid Regimes
of Accretionary Wedges. The
Sedimentary and Geochemical
Processes Panel (SGPP) has identified
the circulation of fluids as a high priority,
and circulation in active margins as the
highest priority over the next few years.
SGPP has ranked drilling in the
Cascadia margin as their highest priority
for 1991 drilling; TECP has ranked
Cascadia drilling as their third highest
priority.

SCIENTIFIC OBJECTIVES

One of the major scientific problems may
be reduced to several time-dependent
mass balances or budgets. inorganic
and organic compounds and water enter
the prism in water-saturated sediments
riding on the subducting oceanic plate.
As the sedimentary wedge thickens, the
organic material in the sediments is
transiormed by bacteria or heat, or a
combination of thosa two factors, and
breaks down, preducing methane and
CO,. Deformation, heating, and volalile
genaration propel and pressurize the
pore fluids. The scientific problem
consists of defining the budget and
ultimate fate of sediment, water and
dissolved chemicals. The probiem is
complicated by the non-linear nature of
almost all of the interactions. For
example, pressure exens a strong non-
linear influence on permeability as it
approaches lithostatic values, which, in
urn, exerts a tremendous influence on
the direction, rate, and style of fluid flow.
Chemical precipitation and dissolution
affect the permeability in a power-law
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tashion, which can similarly affect
chemical and fluid migration.

The synergistic changes in physical
properties and consequent evolution of
structural style caused by fluid flow is
anothar critical scientific problem to be
addressed in accretionary compexes.
Porosity loss through consolidation and
cementation reduces rock permeability
and increases strength, which, in tumn,
alters the delormational style and leads
to creation of alternate fiuid conduits.
This coupled structural-hydrogeologic
system is ideally studied in accretionary
prisms because in that region saturated
sediments are presently being
transformed to rock at high strain rates.
Information gleaned from the analysis of
drill cores taken from these active areas
and determination of the pressure,
temperature, and fluid composition
conditions that pertain during
deformation provides the best basis for
intarpretation of rocks in ancient
accretionary prisms now subaerially
exposed.

This DPG repon describes a program
that will substantially define the water
and chemical mass balance, and the
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Figure 1. Continental margin of
scuthwestern Canada and
northwastern United Statas showing
the plate-tectonic regime and main
tectonic elements. (A) Vancouver
Island margin and (B) Oregon
margin study areas.

style of fluid movemaent within and
through the Cascadia margin
accretionary complex {Figs. 2, 3, & 5).
The program will also define the
synergistic structural and hydrogeologic
evolution and cementation of the
sediments. The Cascadia margin, as
briefly summarized below, is an
unusually active accretionary margin of
particular societal interest and scientific
accessibility. It has been particularly well
surveyed in two areas from ditfering, but
complimentary, scientific perspectives.
Specifically, the coordinated program of
drilling will:

(1) Measure the fraction of pore fluid
expelled in a diffuse (i.e. not fracture-
controlled) fashion (Fig. 2).

(2} Determine the source of fluids moving
in fractures and determine the different
geochemical consequences of the
diffarent fluid sources (Fig. 5).

(3) Determine, in a comprehensive way,
how fluids control geotechnical
propenties and structural fabrics
developed in association with the
various expulsion processes.
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Figure 2. Schematic cross-section of an accretionary prism illustrating the fluid expulsion

model for Bottom Simulating Reflector (BSR) hydrate formation.
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Many of the important scientific
objectives of the Cascadia margin
investigation can be achieved in one
drilling leg. However, the DPG strongly
recommends a second leg (Cascadia )
to retrieve instrumentation from the two
initial observations {installed during
Cascadia l), test new instrumentation in
these holes, install seismic
instrumentation, and, depending on the
results of the long-term observatory
experiments and the results of the first
leg, carry out additional drilling and other
critical and complemsntary experiments.

STRATEGY AND SCIENCE PLAN

The nonhern Cascadia transect drilling
plan is directed at testing and calibrating
three techniques for determining the
progressive fluid loss and fluid mass -
balance across the accretionary prism.
Information on the partitioning of fluid
loss through diffuse expulsion and
focused venting may also be obtained by
the differences between the estimates
that give total fluid loss and those that
measure primarily diffuse loss. These
essential data are required to constrain
theoretical models of fluid expusion (Fig.
3). The three techniques are:

(1) The reduction in porosity landward in
the wedge as inferred from seismic-
velocity data. Calibration of the
applicable porosity-velocity relation
should be an important result. This
technique gives the total fluid loss.

(2) The inferred downward decreasing
temperature gradient from seafloor heat-
probe data and the temperature at the
hydrate bottom simulating reflector (BSR)
from the hydrate stability field.
Calibration of the BSR hydrate stability
field should be an important result,

(3) The thickness of the hydrated
sediment layer at the base of the stability
field, estimated from seismic data, which
is postulated to be proportional to the
total fluid diffusely expelled upward.,
Drilling through the BSR will also provide
a more general test of the new model for
the farmation of hydrate BSRs that
depends on upward fluid expulsion (Fig.
2).

Preliminary application of this
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methodology of subtracting estimates of
the diffuse flow (i.e., over scales of
saveral hundred meters; thermal profile,
and hydrate thickness) from those of the
total flow (porosity loss) suggests that at
least half the water expulsion budget can
be attributed to diffuse expulsion. The
main outstanding uncertainties in the
fluid expulsion estimates that can be
addressed by drilling are: the applicable
velocity-porosity relaticns, the trus
temperature-depth profiles, and thus the
upward fluid advection, the temparature
at the BSR, the thickness of the BSR
hydrate layer, and the relation between
fluid expulsion and hydrate layer
thickness. The methane concentration in
porewatars above and beglow the hydrate
layer as a tunction of depth, the salinity
and CO; contant of the hydrate, and the
amount of methane in the hydrate layer
are all important additional objectives.
Once the methodology is calibrated,
high-resolution seismic data and heat-
probe data may be employed to
determine fluid expuision over broad
areas on the Cascadia margin, and on
other accretionary wedges.

The second complimentary half of the
Cascadia drilling program is the
definition of fluid venting that is focused
by fractures. Of particular interest is the
fact that fluids of different origin (e.g.
source, depth, efc.) appear to produce
different styles of carbonate cementation
with different isotopic signatures. If the
pattern can be understood in the
comparatively simple context of a
currently active prism, much information
on fluid movement and expulsion might
be unlocked from the gealogic record of
older prisms - the classic uniformitarian
geologic approach.

Preliminary results suggest that the fluid
sources vary primarily as a function of
distance into the prism and the type of
focusing fault. For example, faults
dipping toward the seaward side of the
margin (landward vergent) sole just
above the basaltic oceanic crust and
appear to produce fluids with greater
amounts of mantle helium. Vents along
landward-dipping faults {(seaward
vergent) may tap fluids from the prism
interior. Vents on the shelf (farther into
the margin) appear to be more gas-rich
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and are characterized by pericdic gas-
bubble release, which builds chimneys.

The program wiil drill several end-
member structures associated with active
vents. Determination of the deep fluid
chemistry, when combined with
chemical-flux measurements from
geochemical sampling barrels deployed
by ALVIN at the vent sites, will allow
direct measurement of the fluid flux. The
approximate validity of this technique
has been demonstrated by comparison
to mechanical-flux measurements
assuming a plausible deep-water
chemistry. The technique needs to be
calibrated by drilling.

tn addition, core samples in the faults will
sample cements that may record the
history of fiuid venting. Fabric analysis
will reveal much about the history of fault
movement, especially if the fabric can be
related to cement paragenesis or
otherwise dated.

The Cascadia | leg is proposed to start
with the highest priority site on the
Vancouver Island margin profile, the
hydrate calibration hole (VI-5; Figs. 4a &
b). This hole will be cased and fitted with
a reentry cone for logging. Upon
completion of the scientific work it will be
plugged with an instrumented bore-hole
seal to monitor long-term changes in
pore pressure and temperature. The
change in porosity in the area will then
be addressed by drilling a reference hole
in undeformad sediments and holes in
the coherent and incoherent stages of
sediment deformation.

After 26 days, regardless of the progress
of this initial portion of the program, the
ship will move south to the Oregon
margin and emplace a similar
cbservatory in the frontal thrust that taps
the basal décoliement (Figs. 5-7, & 9).
The remainder of the leg will address a
seaward dipping fault which extends to
basement (Figs. 5, 8), a fault in an older
portion of the prism (associated with a
domed hydrate horizon), and venting
associated with proto-deformation
seaward of the prism toe. Although it is
more difficult 10 assess the integrated
rate of fracture venting because of the
high variability, it is expected that the
results will allow a first-order inventory.
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Areal mapping of the carbonate cements
with GLORIA and SeaMARC-1A
sidescan sonar profiling will assist the
inventory. The history of venting inferred
for deep cementation will be particularly
important in this regard.

Tha overall result of the leg should be an
excellent first assessment of the fluid and
chemical budget of an important
accretionary margin, and the installation
of two observatories with the potential to
indicate the temporal variability of margin
hydrogeclogic processes as well as
carrying out long-term permeability
experiments and obtaining fully
equilibrated temperatures.

ADVANTAGES OF THE CASCADIA
MARGIN

The Cascadia margin has several
features that make the scientific studies
required to assess the mass-balance
relations particularly feasible.

(1) The margin is shallow. Water depths
in the active accretion zone are less than
3 km, and in places less than 1 km. The
shallow water depths significantly reduce
drilling time, but mare importantly allow
stacking velocities from a normal-length
seismic streamer to be used to determine
the accurate sediment velocities and
thus porosity. Also at the shallow depths
of the Cascadia margin, the stability of
the saline hydrates containing CO, that
are likely to be found can be addressed
with little extrapolation of laboratory data.

(2) In the critical areas, a uniform laysr of
hemipelagic sediment covers the margin,
allowing unusually complete and high-
resolution heat-flow surveys.

{3) The prism is one of the most intense
in terms of fluid and volatile expulsion.
This is because the mass tlux of
sediments inte the prism is large and
because, due to ocean upwelling at this
eastern Pacific site, the organic content
of the sediments is large. The large fluid
and volatile flux increases all signals (for
example, the thermal perturbation signal
is resolvable), and thus reduces the
errors in the mass-balance calculations.

(4) The Cascadia margin is unusual in its
widespread carbonate cemaentation.
These cements, which probably play an
important role in the evolution of




52

permeability across the prism, also
provide a historical record of fluid flow
and composition.

(5) Potentially key variables differ along
the strike of the margin. This feature may
be particularly important for subsequent
investigations. Convergence rate
increases by a factor of 4 from south to
notth along the margin as the strike-slip
compenent of convergent matian is
reduced to nearly zero. Fault vergence
changes from landward to seaward and
back. Some faults penetrate to basement
while others sole out in the sedimentary
section. :

(6) The margin is particularly close to
major ports and oceanographic
institutions. This is important for the
sarvicing of observatory instrumentation,
and increases the relevance of the
monitoring and tectonic investigations
that could relate to earthquake
prediction.

(7) Parts of the Cascadia margin are
exceptionally well surveyed with closely
spaced seismic coverage, seismic
refraction, heat flow, GLORIA and
SeaMARC | and Il coverage, and
accurate high-resolution heat-flow
surveys. More than 40 ALVIN dives to
active vents (defined by biologic
communities) off Oregon allowed
definition and mapping of prevalent
carbonate pavements associated with
the vents.

(8) The main groups of proponents have
addressed the margin from
complementary perspectives. The DPG
considers this healthy competition and
difference in viewpoint a particular
advantage.

Perhaps the most unique aspect of
Cascadia compared to other siliciclastic
accretionary margins is the measurable
diffuse discharge. The diffuse expulsion,
as contrasted to focused venting, is
uniquely suscaptible to quantitative
measurement at Cascadia and appears
to be a significant fraction of the tota!
expulsion there. Once diffuse expulsion
is determined, focused discharge can be
obtained by subtraction from the total
compactive expulsion. Quantitative
determination of focused venting is
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difficult to estimate by local
measuraments because of its high areal
and tempaoral variability.

DRILLING PLANS

Table 1 presents the plan for the
Cascadia | drilling program. The holes
are listed in order of priority for both the
Vancouver and Oregon transects. After

' 26 days, the ship will transit from the

Vancouver to the Oregon sites. The
objectives of each drill hole are
discussed below.

. .
MMMWE id Exoulsion T
Drilling along the Vancouver Island
transect will concentrate on diffusive fluid
flow through the accretionary prism and
will test the gas hydrate model described
in Figure 2. The proposed sites (Figs. 4a
& b, Table 1) were selected from a list of
sites described in the gas hydrate
proposal recently submitted to JOIDES,
and older JOIDES proposals 237/E,
317/E , and 317/E Addendum.

VI-1: Cascadia Basin deep-sea
reference site

The operations plan specifies an
approximately 500-m single-bit hole;
coring, standard logging, good HPC and
WSTP tamperatures, and limited
geotechnical measurements.

This site provides a reference for the
velocity-porosity relation and the
porosity-depth function of the incoming
sedimentary section prior to accretion
and deformation. It also gives the
reference temperature-depth and heat-
flow profile, and pore-fluid geochemistry.

ViI-2d: Region of coherent seismic
stratigraphy landward of main
deformation frontal thrust

The operations plan specifies an
approximately 500-m single-bit hole;
coring, standard logging, good HPC and
WSTP temperatures, and geotechnical
measurements; a VSP is desirable.

This site documents the porosity
reduction and associated physical
properties changes resulting from the
initial “coherent” phase of deformation. In
this zone there are well defined and
separated thrusts that cut through most, if
not all, of the sedimentary section. The
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porosity loss and temperature-depth data
will document the total fluid loss and the
rate of expulsion. Multichannel seismic
velocity and velocity-porosity relations
will be calibrated. Core and downhole
measuremants will determine the
change in physical properties and pore
pressures associated with the fluid
expulsion.

VI-5: Hydrate Hole

The operations plan specifies an
approximately 700-m hole with casing for
long-term monitoring instrumentation
and packer pore pressure measurement;
coring, logging, good HPC and WSTP
temperatures, detailed downhole
geotechnical measurements, and VSP.

The three techniques for gephysically
(remotely) determining fluid expulsion,
i.e., the porosity loss from velocity, the
thermal technique and the seismically
determined thickness of the hydrate layer
should all be compared and calibrated in
this hole.

The site is located in a region of
incoherent deformation, where the prism
has doubled its incoming thickness and
whaere there is a continuous and clear
BSR meeting drilling safety
requirements. This site defines the
distribution of hydrate associated with
the BSR, determines the concentrations
of methane, CO; and other pore fluid
constiuents as well as differences in
sediment diagenesis above and below
the BSR, and calibrates seismic
infarences about BSRs. This hole tests
the fluid expulsion model for BSR
hydrate formation. This is the top-priority
hcle in the Vanccuver Island margin, and
should be drilled first. After coring and
measurement it will be sealed with the
instrument to monitor downhole
temperature and fluid pressure. It will
then become one of the two downhole
cbservatory holes to be established on
the leg.

If the hole cannot penetrate the BSR for
safety reasons, it should penatrate into
the hydrate layer as close to the BSR as
possible (<300 m, single bit) and VI-3
should penetrate to greater depth
elsewhere in the incoherent deformation
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zone whaere there is no BSR, to meet the
other fluid expulsion objectives.

VI-3: Region of incoherent deformation
where prism has doubled its incoming
thickness

The operations plan specifies an
approximately 700-m hole, cased for.
long-term measurements, with coring,
high-quality logging and downhole fluid
sampling and measurement, good
temperatures, geotechnical
measurements, and VSP. This site
documents the porosity reduction and
associated physical-properties changes
resulting from the phase of pervasive
"incoharent™ deformation. The porosity
loss and temperatura-depth data will
document the totat fluid loss and the rate
of fluid expulsion, and calibrate the
regional seismic-velocity and thermal
techniques for expuslion monitoring. The
hydrate objectives may be incorporated
in this hole. If a BSR cannot be
penetratad for safety reasons, this hole
must be sited in incoherent deformation
zone whare the BSR is absent.

Transect

Drilling spanning the Oregon margin will
concentrate on conduits of focused fluid
flow occurring principally along faults
(Fig. 6). The overall goals of the program
are to study the synergism of fluid flow
and structural evolution and evaluate
how flow may affect the geochemical
cycle. The proposed drill sites will
examine the frontal thrust in two areas,
first, where it roots in a décollement
beneath the accretionary prism and,
second, where it verges landward and
penetrates completely to the young, hot
oceanic crust. The fluid and structural
evolution in the frontal thrust will then be
compared to up-slope sites through a
backthrust in the hanging wall of the
thrust and an out-of-sequence thrust 15
km landward. Every site will penetrate a
conduit traced from a surface vent or a
conduit that shows an acoustic signature
consistent with high fluid content or fluid
flow (negative polarities or upward
deflection of a hydrate layer).

The proposed sites (Figs. 7-9; Table 1)



are selscted from a more extansive fist in
the August, 1990 revision of the QOregen
Margin driliing proposal, recently
submitted to JOIDES, and oider
proposals 23%E and 233/E Bevision-2.
The sites are located in seaward and
lancward vergernt areas of the,
tespectively, Southeran and Notthern
Arpas of Figure 8.

Sites OM-3 & 3A; Penelration of the
frontal thrust and sources beneath the
aceretionary prsm

Site OM-3 or OM-3A, penetrating the
frontal thrust, will test whethear it and the
associated décollement provide &
conduit for deeply sourced fluids {Figs. 7,
9. Site OM-3, on seismic line OR-5 (Fig.
8}, has a high probability of encountering
active fluid flow because the frontal-
thrust zone in that region suppors & vent
hiolegical community and a significant
amplitude anomaly with probable
reversed polatity is observed along the
fault. Site 3A, on ling OR-8, also shows a
significant amplitude anomaly, but the
frontal thrust was barren of biclogical
activity in a 1284 ALVIN dive program,
in)dicating no active fiuid expulsion {Fig.
7).

Drilling will encounter the frontal thrust
betwean 400-500 m. If active fluid flow is
confirmed by gecchemical or
temperature anomalies, the hole will be
cased through the thrust and a packer
will be set in a perforaled irterval to
determing fluid prassure and
permeabiiity in the thrust, Finally, the
borshole will be plugged with the
instrumented borehole seal.

Sites OM-7 & OM-7A: Fluid flow from
clder sources, cul-of-sequencs thrusts

Sites penetrating the out-ol-sequence
thrusts cutting the second rdge will
graming the fluid How and synergistic
structural svoltion rom sources in the
older, mora structurally evoived portion
of the accrationary prism (Fig. 7). On the
second ridge, the principal drilling
targets are two areas of very high back-
scatter in SeaMARC-1A and GLORIA
images that correlate with faulls on the
seismic lines, i is believed that back-
scatter patlerns may raveal carhonate
geposits or winnowad sand around vents

L]
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and, therefore, proposed sites OM-7 ¢
OM-7A on Line CR-8 should penetrald
the faults. The fault at OM-7 cuts the
slope cover and is associated with a py
up in the hydrate; this hydrate pull-up
suggesis active fluid flow which would
bleed off any Huid trapped within the
hydrate. Site OM-7 wouid be cored and ar
logged,

Site OM-8: Fiuid from the oceanic crust

Site OM-8, iocated on Line OR-22 {Fig.
8} pengtratas the frontal thrust of the
landward vergent area and would
determine i fluids can have sources near
the oceanic crust through a thick
sedimentary section. In this region the
frontal thrust roots within several tenths
of a second above the gceanic crust
undar nearly 4 km of sediment. The
oceanic crust is young (8 m.y.) and
presumably hot, and probably still
undergoing alteration at 200-300°C. The
goal is 1o ascenain how thase young, hot
fluids alter and otherwise affect the
structural ovolution of the fault. The
occurrence of clam beds along this fault
and the high-amplitude reversed polarity
reflections at dapth bath argue for attive
fluid flow. Total drifling depth is estimated
at about 700 m. This site would te drilled
and logged wilizing the GEQPROFS and
LAST toals.

Site OM-4: Evolution of Ruids in the
hanging wall of the backthrust

Bite OM-4, located on Line OR-9, is
designed to evaiuate the source depths
for the fluids and 1o determine whather
the fluids flow up the backthrust, parhaps
from its anastomosing indarsaection with
the frontal thrust {Fig. 5}. Froma
geochemical perspective, the site would
examineg fiuid evolution in the hanging
wall of the frontal thrust, Additionally, site
OM-4 could provide information on the
permaability structure of the fault and
ascartain how it might capture fluid flow
from the adjacent stratified rocks.

The topographic slope marking the trace
of the back thrust in the seaward vargent
area supports several well developed
active vents with bictogical communities,
cabonatas, and methane- ar hydrogen
sulfide-bearing fluids, or both. |+~ 77~
would involye «t~~-
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and logging. f GEOPROPS is available,
pere pressure and pemeability
measurements will be made.

DSDP Site 174: Reference Site

The Cascadia drilling program does not
explicitly include a reference site.
Howaver, DSDP Site 174 is located
along the transect (about 100 km
seaward of the deformation front) on the
Astoria Fan and will provide useful
baseling data. Site 174 penetrated 879
m, nearly reaching the oceanic crust. The
site includes basic physical-property
measurements, as well as
determinations of the isotopic
composition of methane and carbon
dioxide. If the Cascadia | leg
demonstrates exciting results off Oregon,
a complete reference site is anticipated
in a follow-up leg (Cascadia l).

STRATEGY FOR CASCADIA |
DOWNHOLE-MEASUREMENTS
PROGRAM

Downhole Measurements

The downhote-measurements program
at Cascadia has three major goals: fluid,
dissolved gas, and methane hydrate
sampling; (2) measuremeant of sediment
physical and geotechnical properties;
and (3) the contruction of temperature vs
depth profiies under in situ conditions in
the drillheles {(Table 1). Many of the mora
important parameters are collected
redundantly and are complementary to
cora measuremants so that a single tool
failure will not jeopardize the entire
program.

Much of the in situ sampling will be
carried out using the WSTP during
drilling; together with the HPC-T
recorder, these will be the primary toocls
used to measure subsurface
temperatures. The pressure core barrel
will be deployed during coring to bring
back solid samples and hydrates for
analysis. Additionally, the wirsline
packer will collect larger fiuid samples

. ., from intervals of interest. All of these

samplers retain in situ pressure so that
dissolved gases can be studisd.

. The standard suite of ODP logging tools
.. will provide high resolution profiles of the
. physical propertias {sonic velocity,

; porosity, electrical resistivity, and
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density} and lithology (elemental
composition) needed to assess the
pregressive dewatering and cementation
of the accretionary prism. They will also
be used to calibrate geophysical
observations, especially for the velocity-
porosity correlation, which provide the
ragional framework describing this
margin. To further calibrate the reflection
seismic profiles, the planning group
racommends that vertical seismic profile
experiments (VSP) be carried out at the
two long-term monitor sites and at Vi-2d.
The planning group also recommends
that all holes be logged with the
Formation Microscanner (FMS) to image
sedimentary structure and hole elipticity
in general, but, in particular, 1o image the
structure of the clathrate sections and
fault planes. The high resistivity contrast
between hydrates and normal deep-sea
sediments and the stabilizing effect of
hydrates on the borehole should make
the imaging task simple to perform.

While the FMS is useful for imaging
sedimentary structure and fracture, it
cannot provide total coverage of the
borehole. For this reascn, the group
recommends bore-hole televiewer
(BHTV) togging of important intervals
where structural orientaticn is of critical
interest. A new digital BHTV is being
tested on Leg 134, and should be
available for Cascadia drilling.

The changes in geotechnical properties
associated with progressive fluid loss will
be measured in situ by the Lateral Stress
Tool {LAST1 and LAST2) and the
GEOPRCPS probe, as well as through
core measurements.

Changes in downhole heat-flow
gradients and the regional pattern of-
heat flow on the Cascadia margin are
extremely important for assessment of
fluid expulsion rates and diffuse versus
focused tluid flow. /n situ temperature will
be measured in each of the holes with
the APC temperature shoe and the
WSTP during the drilling phase.
Temperature logs will be collected on
each of the standard logging runs; the -
multiple temperature logs can be used to
estimate equilibrium gradients in the
sedimentary section. The high-resolution
temperature profiles will also delineate
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zones of fluid flow into the borshole as
distinct temperature anomalies.

Long-T Moniter Si

The long-term monitor sites are a major
tocus of the downhole measurements
program. They will be loci of major
logging and fluid-sampling efforts, and
will also be used to measure
geotechnical properties of the
accretionary prism. Each monitor site will
have a minimum 500-m-deep cased
hole, to be perforated at zones of interest
for fluid studies. During the first leg, each
monitor hole will be packed off in casing
for a hydraulic seal now being
developed for use on the sedimented
ridges drilling program, Leg 138.

The hydraulic seal will have an attached
thermistor chain, differential pressure-
measurement and fluid-sampling
capability. The data and fluid samples
can be collected by either the drillship or
a submersible.

The pressure measurements will provide
a long-tarm estimate of the permeability,
based upon the recovery of borehole
pressure through time in the sealed hole;
while both temperature and pressure
time series will provide information about
long-term variation in fluid flow and also
an estimate of fully equilibrated
temperature and pressure.

TECHNICAL ASPECTS

Subduction complexes have proven to
be difficult environments for drilling, Hole
collapse has severely curtailed the
downhole measurements program on
several ODP and DSDP legs; this
working group has designed the
Cascadia drilling to minimize these
problems. On Leg 131, the most recent
subduction-zone drilling in the Nankai
Trench, tachnical difficulties associated
with hole stability were substantially
increased because of drill-pipe
"strumming” induced by the strong
Kuroshio Current. The majority of
downhole measurement failures were
causad by instruments being vibrated
aparl while passing down the drill string.
Nevertheless, hole closure was also a
serious obstacle to the successful
completion of the downhole
measurament program; possible causes
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that resulted in hole collapse during Leg
131 included clay swalling, formation
overpressure, and high formation straess.

Environmental conditions at Cascadia
should be much better than at Nankai for
two reasons. First, the surface currents
off Cascadia are weak and variable, thus
drilling in this margin will not face the
formidable "pipe-strumming” problem
that caused such damage at Nankai.
Second, the lithology of Cascadia is
much mare favorable to hole stability.
DSDP Site 174 in the Cascadia Basin
and Site 175 on the Oragon subduction
complex during Leg 18 both had good
hole cenditions, and showed no
evidence of swelling clay problems.
Unconsolidated sands hampered core
recovery but did not affect drilling, as
there seemed to be sufficient mud
interbeds to maintain the hole. Howevar,
drill-in casing should be available on
Cascadia drilling legs in case
unconsolidated sands should prove to
be a problem. This technique proved
successful for stabilizing the upper 100
m of unconsolidated material at Narikai.
Diagenetic carbonate cementation will
also help stabilize the Cascadia drill
holes: The lower unit of Site 175 (120-
233 mbsf) is a firm mudstone cemented
with carbonates; surface observations on
core and exposed canyon outcrops on
the Oregon margin indicate that
cementation in the area is pervasive.

Hole closure at Nankai could also have
been associated with formation
overpressure. To maximize the potential
for success, the first leg of drilling will be
devoted to shallow objectives (300-700
mbsf) which present fewer technical
difficulties and are less likely to be
affected by formation overpressure.
Packer experiments will be camried out in
perforated casing at the two cased long-
term monitoring sites {Table 1); the
monitor program itself depends only
upon the successful emplacement of the
reentry cone and casing. The newly
redesigned side-entry sub (SES) will
also make logging operations saferand "
more efficient. More ambitious objectives -}
have been left for a second leg of drilling -. .
which can be carried forward more easily ;7
based upon the results of the first leg. '




-~

Given the above considerations, the
Cascadia DPG believes that the
proposed program has a high potential
for success; howaever, it racognizes that
the problems dependent upon hola
stability in aocretionary prisms are stif
reafizable at Cascadia. While the
planning groups knew of some technical
rmeans of stabilizing holes (e.9. the uss,
after drilling, of heavy mud and KCi},
none of the members of the DPG are
axperts in hole stabifity. Thus the BPG
endorses the recommeandation of the
DMP that & working group consisting of
the co-chiet scientists, TEDCOM
members, and TAMU engineers continue
te explore means ta maximize hole
stability well belora drilling on Cascadia
commences.

CASCADIA I DRILLING PROGRAM

The second Cascadia drilling leg will
foilow the first leg by about two years and
will provide the opportiunity 1o: {1} update
ang axpand the downhole obsarvatorias;
{2) conduct a comprehensive
geotechrnical program; and (3) establish
reforence sites for the Huid-geotechnical
transect off Cregon. Cascadia If dilling
witl accupy 4-5 sitas (Table 2).
A top priortity for the second leg will be fo
rencoupy the downhole obsarvatory
sites, retrieve and redeploy the pressure-
temparaturg instrument packages.
Emplacement of downhole
seismomaeters for lang-term monitoring of
subduction-zone seismicty is a high-
priority objective. Downhole titmeters
would also provide useful long-term
information on iocal deformation. The
GEQPROPS and LAST-2 instrumants
should be fully operational and refiable
by the time of Cascadia Ii. Extensive use
of thase instruments is planned for the
saveral new holaes that would be dritled
on the second leg, providing a
comprehensive gegtachnicat
measurement program. This program
wourld yleld high-resolution data on the
+ vartical gvolution of physical and
mechanical propenties at sevaral siles.
Whan integrated with data from the
Lascadia f sites and seismic velocitiss,
"5 data sot will detine, for the first tims,
a9 fateral gradients in physical and

" %, hechanical properties across an

zecrationary prism,

rd

DSDP Site 174 undoubtedly will provi

a useful seaward referonce for the
Cascadia | sites, but dritling a seaward
referance sita is of high priority tor
Cascadia ll. This sile will establish 5
baseline reference for physical~ and '€
mechanical-propsrties measurements
acrogs the Qregon prism.

The proposed drill sites for Cascadia i
are as falows:

{1) A 1-km~deep hole will be drilled in the
abyssal plain off Oregon (OM-1) to
provide bassline data on Huid contents
and physical and mechanicat propertias,
Extensive use will be made of
gaotechnical instruments af this site.

{2} A 700-m-~deep hole will be drilled inta
the prote-thrust zone off Oregon (OM-2)
in order to sample fluids being expelied
seaward of the frontat thrust and fo
document changes In physical and
mechanical properties in the proto-thrust
zone. This site would be a candidate for
an additional downhole obssrvatory.

{3} A second hole would be drilled near
Cascadia | Site OR-3 which would
penetrate the frontal thrust at a differert
depth, This hole wauld provide
information on fluid-flow rates as weli as
additional structural and physical-
properties data around the fronial thrust.
The single-bit hole would be drilled to
about 580G m.

{4) A second hole would aiso be drilled
at the Vancouver BSR site {VI-5) o
furthaer test the diffuse-flow mode! for
BSA formation. This hole would attempt
1o panetrate the hydrate zong in an artea
without a clear BSR {or comparison o
site VI-5, which will penetrate a strong
BSR. This hole should be dritied to at
least 1 km. The hole will provide
additional structural data in the zone of
incoherent deformation and directly
avaluate the affect of hydrate on
diagenesis.

(5} A landwatd reterence hole will be
drilied on the Oregon margin upper
siope to document the subsurface
geclogy in this region of poor seismic
imaging, and provide a tie to extensive
land geologicat studies. The hole watdd
be drifled to about 1 ke~ =~

gasort ~— *
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JOIDES MEETING SCHEDULE (09/01/90)

Date

2-3 October, 1990
8-10 October, 1990
9-13 October, 1990
11-13 October, 1990*
11-13 October, 1990
19-21 October, 1990
1-3 November, 1990
2-3 November, 1990
27 Novamber, 1990
2B Nov.-1 Dec., 1990
5-6 March, 1991*
23-25 April, 1991*
June, 1991*

June, 1991*

June, 1991*

20-22 August, 1991
22-23 October, 1891*
3 December, 1991"*
4-7 December, 1991*

Blace

Villefranche, France
Basel, Switzerland
Townsville, Australia
Tokyo, Japan
Townsville, Australia
Canberra, Australia
Parns, France

Paris, France

Kona, Hawalii

Kona, Hawaii
College Station, TX
Narragansett, RI
San Diego, CA
Cardiff, Wales

San Diego, CA
Hannover, FRG
Halifax, Canada
Austin, TX

Austin, TX

Committee/Panel
EXCOM

IHP

SMP

LITHP

DMP

OHP

TECP

SGPP

Panel Chairmen
PCOM

SMP

PCOM
TEDCOM

ex-lOP & Co-Chiefs

EXCOM

PCOM

SMP

Panel Chairmen
PCOM

* Tentative meeting; not yet formally requesied and/or approved.

.......................................................

ODP/TAMU PANEL LIAISONS:

‘Downhole Measurements Panel - ANDREW FISHER
Information Handling Panel -RUSS MERRILL
Pollution Prevention & Safety Panel - TIM FRANCIS
Site Survey Panel - AUDREY MEYER

Technology & Engineering Development Committee - BARRY HARDING

Executive Committee - PHILIP RABINOWITZ
Planning Committee - TIM FRANCIS

Shipbeard Measurements Panel - JACK BALDAUF & DENNIS GRAHAM
Sedimentary and Geochemical Processes Panel - MARTA VON BREYMANN

Ocean History Panel - TOM JANECEK
Tectonics Panel - LAURA STOKKING
Lithosphere Panel - JAMIE ALLAN
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FUNDING FOR SITE SURVEY AUGMENTATION

The JOWU.S. Science Suppont Program has Site Survey Augmaentation funds available to
supplement drilling site data sets that are in all phases of planning. This program
element includes support for:

+ acquiring and/or processing data for sites being considered by JOIDES;

+ mini-workshops that would bring together scientists to coordinate site-
specific data for integration into a mature drilling proposal;

+ “augmentation” surveys on ships of opponrtunity that would significantly
enrich drilling-related science and/or acquire needed site survey data;

+ U.S. scientists to participate in non-U.S. site surveys.

Site Survey Augmentation proposals may be submitted at any time. Priority will be given
to augmentation of sites and/or themes that are high priority within JOIDES. As with all
JOI/USSSP activities, it is important to clearly state how the wark would contribute o U.S.
plans or goals related to the Ocean Drilling Program. Note that the Site Survey
Augmentation funds cannot be used to supplement NSF/ODP funded work. Please
contact Ellen Kappel at the JOI office for further information and proposal guidelines:
(202) 232-3900.

A WORKSHOP ON PALEOGENE PALEOCENOGRAPHY

Lake Arrowhead, California
January 4-6, 1991
Sponsored by the JOI/US Science Support Program

Participants in the workshop will discuss and plan future scientific initiatives that focus on
the Paleogene marine record and will require an integrated, multidisciplinary approach.
Specialists in various fields of earth science will help to develop specific themes that will
ferm the basis of future proposals for new deep-sea drilling and collaborative research.
Applications are invited from indivuals in any field of earth science whose research
focuses on global change and those specifically intarested in the record of change
during the Paleogene. Participants may apply for funds 1o defray the cost of travel and
lodging. Applications should be sent to Dr. Lowell D. Stott, Dept. Geological Sciences,
University of Southern California, University Park, Los Angeles, CA 90089-0740.

TAKE NOTICE

ODP has a new poster: "Scientific Coring Beneath the Sea,” available for distribution.
The poster features individual coring systems developed for scientific ocean drilling
including the rotary core bit, advanced piston cering and extended core barrel. Eric
Schulte of Engineering and Drilling Operations designed and produced the poster. Write
to Karen Rigdel, ODP Public Relations, for copies.

Reprints of the 1990 Offshore Technology Conterence paper, "The Ocean Dirilling
Program: After five years of field operations,” is available from Karen Riedel. The paper,
written by P.D. Rabinowitz, L.E. Garrison, et al., features the significant results of Legs
100-124. The paper also describes in detail Legs 124E-135. An ODP Operations
Summary outlines the data from each cruise including number of sites, numbear of holes
and percent recovery.

gp%atled ODP brochures in French, Spanish, and German are now available from Karen
iedsl.
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WORKSHOP REPORTS AVAILABLE

The following reports are available. For copies please write to JOVUSSAC Workshop
Report, 1755 Massachusetts Ave. NW, Suite 800, Washington, D.C. 20036-2102.

Scientific Seamount Drilling, Tony Watts and Rodey Batiza, conveners.

, John Mutter

and Al Balch, conveners.
Dating Young MORR?, Rodey Batiza, Robert Duncan and David Janecky, conveners.
Downhole Seismometers in the Deep Ocean, Mike Purdy and Adam Dziewonski,

conveners.

pnce Ooportusiitia aate Nire
Langseth and Fred N. Speiss, conveners.

Wellbore Sampling, Richard K Traeger and Barry W. Harding, conveners
i j iling, James A. Austin, convener.

g8, Marcus G.

Measurements ¢ ica perties and Mechanical State in the Ocean Drilling
Program, Daniel K. Karig and Matthew H. Salisbuty, conveners.

i jecti i . Kenneth L. Verosub,
Maureen Steiner and Neil Opdyke, conveners.

Cretaceous Black Shales, Michael A. Arthur and Philip A. Meyers, conveners.
Caribbean Geological Evolution. Robert C. Speed, convener.

Drilling the Qceanic Lower Crust and Mantle, Henry J.B. Dick, convener.

, Joel S.
Watkins and Gregory S. Mountain, conveners.

ODP OPEN DISCUSSION LIST VIA BITNET

Recently ODP instituted a BITNET LISTSERVER. This is an open discussion service to
which individuals subscribe via Bitnet. It permits exchange of information among all
subscribers. Currently, the list administrator (Anne Graham of ODP Science Operations)
sends a report of the previous week's shipboard scientific and operations activities to all
subscribers. Site summaries are distributed as soon as they are received at ODP from
the ship, usually the day after a site is completed. Periodically, an updated cruise
schedule and brief descriptions of upcoming cruises are sent out. Any subscriber may
send files to the list for distribution. A file sent via Bitnet to the list address (ODP-
L@TAMVM1) will be distributed automatically to a!l subscribers.

Anyone with a Bitnet computer link can subscribe. At present there are subscribers in
the U.S., Canada, Europe, Australia and Japan. There is no charge for subscribing to
the listserver.

To subscribe, send a brief Bitnet command to LISTSERV@TAMVM1 consisting of the
words "SUBSCRIBE ODP-L YOUR_NAME" (where YOUR_NAME really is your first and
last names). For example, people on VAX/VMS systems using the JNET networking
software will send a command that locks like this: $SEND LISTSERV@TAMVM1
"SUBSCRIBE ODP-L YOUR_NAME" but it may be different according to the command
language your computer system uses. If you have any questions, your own friendly local
system manager should be able to help. As a last resort, you may send a Bitnet
message to Anne Graham (ANNIE@TAMODP} raquesting that you be added to the
ODP-L subscription list.
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BIBLIOGRAPHY OF THE OCEAN DRILLING PROGRAM

The publications below are available from ODP Subcontractors. ltems from ODP/TAMU
are available at 1000 Discovery Drive, College Station, TX 77840. Items from LDGO can
be obtainad from the Borehole Research Group, LGDO, Palisades, NY 10964.

ODP/TAMU. T A & M Universi

1. Proceedings of the Ocean Drilling Program, Initial Reports

Veolumes 101/102 (combined} Dec 86
Volume 103 published Apr 87
Volume 104 published July 87
Volume 105 published Aug 87
Volume 107 published Oct 87
Volume 108 published Jan 88

Volume 116 published Jan 89
Volume 117 published June 89
Volume 118 published May 89
Volume 119 published Sept 89
Volume 120 published Nov 89
Volume 121 published Nov 89

Volumes 106/109/111 (combined) Feb 88 Volume 122 published Jan 90

Volume 110 published Apr 88

Volume 112 published Aug 88
Volume 113 published Sept 88
Valume 114 published Nov 88
Volume 115 published Nov 88

Volume 123 published June 90
Volume 124E published June 90
Volume 125 published Aug 90
Volume 126 published Aug 90

2. Proceedings of the Ocean Drilling Program, Scientific Results

Volumes 101/102 {(combined) Dec 88
Volume 103 published Dec 88
Volume 104 published Oct 89
Volume 105 published Oct 89
Volume 108 published Dec 89

3. Technical Notes

Volume 111 published Dec B9
Volume 106/109 published Jan 90
Volume 110 published May 90
Volume 112 published May 90
Volume 113 published Aug 90

#1 Preliminary time estimates for coring operations {(Revised Dec 86)

#3 Shipboard Scientist's Handbook (Revised 1990)

#5 Water Chemistry Procedures aboard the JOIDES RESOLUTION (Sept 86)
#6 Organic Geochemistry aboard JOIDES RESOLUTION - An Assay (Sept 86)
#7 Shipboardg Organic Geochemistry on JOIDES RESOLUTION (Sept 86)

#8 Handbook for Shipboard Sedimentologists (Aug 88)

#9 Deep Sea Drilling Project data file documents {Jan 88)

#10 A Guide to ODP Tools for Downhole Measurement {June 88)

#11 Introduction to the Ocean Drilling Program (Dec 88)

#12 Handbook for Shipboard Paleontclogists (June 88)

4. Scientific Prospectuses
#27/28 (April 89) Legs 127 & 128

#29 (Aug B9) Leg 129
#30 (Oct 89) Leg 130
#31 (Oct 89) Leg 131
#33 (May 90) Leg 133
#34 (Jung 80) Leg 134

6. Engineering Prospectuses
#2 (Nov 89} Leg 132

7. Other ltems Available

5. Preliminary Reports

#27 (Sept838) Leg 127
#28 (Oct89) Leg 128
#29 (Feb 90) lLeg 129
#30 (May 90) Leg 130
#31 (June 80) Leg 131

. Engineering Preliminary Report

#2  (Sept 90) Leg 132

« Brochure: The Data Collection of the ODP - Database Information
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Bibliography of the Qcean Drilling Program, continued

- * & - - - -

Ocean Drilling Program brochure (English, French, Spanish, German or Japanese)
Onboard JOIDES RESOLUTION (new edition, 24 pp.)

ODP Sample Distribution Policy

Micropaleontology Reference Center brochure

instructions for Contributors to ODP Proceedings (Revised Oct 90)

ODP Engineering and Drilling Operations

Muttilingual brochure with a synopsis of ODP (English, French, Spanish, German
and Japanese)

ODP Posters (Ship poster and corinmg systems poster)
ODP After Five Years of Field Operations (Reprinied from the 1990 Ofishore
Technology Conference proceedings).

-

LAMONT-DOHERTY GEOLOGICAL OBSERVATORY
* Wireline Logging Manual (3rd Edition, 1988)

DATA AVAILABLE FROM THE NATIONAL GEOPHYSICAL DATA CENTER

Computerized data from the DSDP are now available through NGDC in compact-disc
read-only-memory (CD-ROM) format. The DSDP CD-ROM data set consists of two CD-
ROMSs and custom, menu-driven, access software developed by NGDC with support from
JOIWUSSSP. 500 complimentary copies of the DSDP CD-ROMs are being offered to U.S.
researchers in academia and government, courtesy of JOI/USSSP. An additional 200
copies of the set are available on a cost recovery basis.

Velume | of the 2-disc set contains all computerized sediment/hardrock files, the
Cumulative Index (Paleontolegy, Subject, and Site), bibliographic information, age and
fossil codes dictionaries, an index of DSDP microfilm, sediment chemistry reference
tables, and copies of DSDP documentation for each data and reference file.

Volume [l contains all digital downhole logging data from the DSDP, including some data
digitized for the CD-ROM set by the Woods Hole Oceanographic Institution under
contract to JOI/USSSP. All of the data are in the Schiumberger Log Information
Standard (LIS) format, some ASCII and Gearhart-Owen data have been translated to LIS
by WHOI for the CD-ROM. All DSDP underway and geophysical data are on disc 2,
including bathymetry, magnetics, and navigation in the MGD77 format (no data for Legs
1-3; navigation only for Legs 4, 5, 10, 11; SEG-Y single channel seismic data not
included). Volume |l also contains the DSDP Core Sample Inventory and
color/monochrome shaded relief images from several ocean views,

Data are also available on magnetic tape, floppy diskette, or as computer listings. Costs
for services are: $90/2-disc CD-ROM data set, $90/magnet|c tape, $30/floppy diskette,
$25/microfilm reel. Costs for computer listings and custom graphics vary. Prepayment is
requires by check or money order (drawn on a U.S. bank), or by charge to VISA,
Mastercard, or American Express. A $10 handling fee is added to all shipments ($20 for
non-U.S. shipments}), rush orders are extra. Data Anncuncements describing DSDP
data sets are avaiiable at no charge, as are inventory searches of correlative {non-
DSDP} geoclogical and geophysical data available from NGDC. For details, call
{303)497-6339 or write to: Marine Geology and Geophysics Division, NOAA/NGDC
E/GC3, Dept. 334, 325 Broadway, Boulder CO 80303 (Fax 303-497-6513). Internet
address ¢jm@ngdc1.colorado.edu.
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DSDP AND ODP DATA AVAILABLE
" ODP Data Availabl Data Available from National
Geophysical Data Center (NGDC}

ODP databases cﬂrrently available
include all DSDP data files (Legs 1-96),
geological and geophysical data from
ODP Legs 101-127, and all DSDP/ODP
core photos (Legs 1-127). More data are
available as paper and microfilm copies
of original data collected aboard the
JOIDES Resolution. Underway geo-
physical data are on 35 mm microfilm;
all other data are on 16 mm microfilm.

All DSDP data and most ODP data are
contained in a computerized database
{contact the ODP Librarian to find out
what data are available electronically).
Data can be searched on almost any
specified criteria. Files can be cross-
referenced so a data request can
include information from mutltiple files.

Computerized data are currently
available on hard-copy printouts,
magnstic tape, or through BITNET.

Photos of ODP/DSDP cores and seismic
linas are available. Seismic lines, whole
core and close-up core photos are
available in black and white 8x10 prints.
Whole core color 35-mm slides are
available.

The following are also available: (1)
ODP Data Announcements containing
information on the database; (2) Data
File Documents containing information
on specific ODP data files; (3) ODP
Technical Note #9, "Deep Sea Drilling
Project Data File Documents,” which
includes all DSDP data file documents.

To obtain data or information contact:
Kathe Lighty, Data Librarian, ODP/
TAMU, 1000 Discovery Dr., Cellage
Station, TX 77845-9547, Tel: (409) 845-
8495, Tx: 792779/0DP TAMU, BITNET:
%DATABASE@TAMODP, Omnet:

~ Ocean.Drilling. TAMU  Small requests
can be answered quickly, free of charge.
If a charge is made, an invoice will be
sent and must be paid before the
request is processed.

DSDP data files can be provided on
magnetic tape according to user
specifications {see table below). NGDC
can also provide correlative marine
geological and geophysical data from
other sources. NGDC will provide a
complimentary inventory of data
available on request. Inventory searches
are tailored to users’ needs.

Information from DSDP Site Summary
files is fully searchable and distributable
on floppy diskette, as computer listings
and graphics, and on magnetic tape.
NGDC is working to make all DSDP data
files fully searchable and available in
PC-compatible form. Digital DSDP
geophysical data are fully searchable
and available on magnetic tape. In
addition, NGDC can provide analog
geological and geophysical information
from DSDP on microfilm. Two summary
publications are available: (1) "Sedi-
mentology, Physical Properties, and
Geochemistry in the Initial Raports of
Deep Sea Drilling Project Vols. 1-44: An
Ovarview," Rept. MGG-1; (2) "Lithologic
Data from Pacific Ocean Deep Sea
Drilling Project Cores,” Rept. MGG-4.

Costs for services are: $30/magnetic
tape, $30/floppy diskette, $20/microfilm
reel, $12.80/copy of Rept. MGG-1,
$10/copy of Rept. MGG-4. Costs for
computer listings and custom graphics
vary. Prepayment is required by check
or meney order {drawn of a U.S. bank),
or by charge to VISA, Mastercard, or
American Exprass. A $10 surcharge is
added to ali shipments ($20 for foreign
shipments), and a $15 fee is added to all
rush orders. Data Anncuncements
describing DSDP data sets are available
at na charge. For details, call (303) 497-
6339 or write to: Marine Geology and
Geophysics Div., Natl. Geophys. Data
Center, NOAA E/GC3 Dept. 334, 325
Broadway, Boulder, CO 80303.
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ODP EDITORIAL REVIEW BOARDS (ERB)

For each ODP cruise, an editorial board is established to handle review of the
manuscripts intended for publication in the "Scientific Results” volume of the

i ill . These boards consist of the Co-Chief
Scientists and the ODP Staff Scientist for that cruise, one other scientist selected by the
Manager of ODP Science Operations in consultation with the cruise Co-Chief Scientists,
and an ODP Editcr. These boards are responsible for obtaining adequate reviews and
for making decisions concerning the acceptance or rejection of papers. The names of
scientists serving on ERBs for Legs 116 through 127 are listed below. Please note that:
*indicates Co-Chief Scientist; **indicates Staft Scientist; ***indicates Qutside Scientist.

Leg 117:

Dr. Nobuaki Niitsuma* (Sizuoka Univ., -
Japan)

Dr. Warren Prell* (Brown Univ.)

Dr. Kay-Christian Emeis™ {Kiel Univ.,
F.RG)

Dr. Phil Meyers™* (Univ. of Michigan)

Leg 118:

Dr. Paul T. Robinson* (Dalhousie Univ.,
Canada)

Dr. Richard P. Von Herzen* (WHOI)

Dr. Amanda P. Julson** (ODP/TAMU)
Dr. Paul J. Fox*** {URI)

Leg 119:

Dr. John Barron* (USGS, Menlo Park)
Dr. Birger Larsen™ (Technical Univ. of
Denmark, Denmark)

Dr. Jack Baldauf** (ODP/TAMU)

Leg 122:

Dr. Bilal Hag"* (National Science
Foundation, Washington, DC}

Dr. Ulrich von Rad* (Bundesanstall fuer
Geowissenschaften und Rohstoffe, FRG),
Chairman

Dr. Suzanne O'Connell** (Wesleyan
Univ., Conn.)

Dr. Robert B. Kidd*** (University College
of Swansea, U.K.)

Leg 123:

Dr. Felix Gradstein* (Bedford Institute of
Oceanography, Canada), Chairman
Dr. John Ludden® (Univ. of Montreal,
Canada)

Dr. Andrew Adamson** (ODFP/TAMU)

Dr. John B. Anderson*** (Rice Univ.)

Leg 120:

Dr. Roland Schiich* (Institut de Physigue
du Globe, Strasbourg, France)

Dr. Sherwood W. Wise, Jr.* (Florida
State Univ.), Chairman

Dr. Amanda Palmer Julson**
(ODP/TAMU)

Dr. Ellen Thomas**" (Wesleyan Univ.,
Connecticut) :

Leg 121:

Dr. John Peirce* (Petro Canada,
Calgary)

Dr. Jeffrey Weissel" (LDGO), Chairman
Dr. Elliott Taylor™ (Univ. of Washington,
Seattle)

Dr. Jefirey Alt*** (Washington Univ., St.
Louis)

Dr. Wylie Poag™* (USGS, WHOI)

Leg 124:

Dr. Eli Silver* (UC Santa Cruz),

Dr. Claude Rangin* (Univ. Pierre et
Marie Curie)

Dr. Marta Von Breymann** {ODP/TAMU)
Dr. Martin Fisk*™* (OSU)

Leg 125:

Dr. Patricia Fryer* {Univ. Hawaii)

Dr. Julian Pearce® (Univ. Newcastle-
Upon-Tyne, U.K.)

Dr. Laura Stokking** {(ODP/TAMU}
Dr. Patrick*** {Cottesloe, Westemn
Australia)
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Leg .126:

Dr. Brian Taylor* {Univ. Hawaii),
chairman

Dr. Kantaro Fujioka* (Univ. Tokyo,
Japan)

Dr. Thomas Janecek** (ODP/TAMU)
Dr. Charles Langmuir*** (LDGO)

Leg 127:

Dr. Kensaku Tamaki* (Univ. Tokyo,
Japan), chairman

Dr. Kenneth Pisciotto*(El Cerrito, CA)
Dr. James Allan** (ODP/TAMU)

Dr. John Barron***(USGS, Menlo Park,
CA) '

Leg 128:

Dr. James Ingle* (Stanford Univ.)

Dr. Dr. Kiyoshi Suyehiro* (Univ. of Tokyo,
Japan)

Dr. Marta von Breymann** (ODP/TAMU)
Dr. Michael McWilliams*** (Stanford
Univ.) ’
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Leg 129:

Dr. Roger Larson* (Univ. of Rhode
Island)

Dr. Yves Lancelot*{Univ. Pierre et Marie
Curie)

Dr. Andrew Fisher** (ODP/TAMU)

Dr. Edward L. Winterar***(Scripps Inst. of
Oceanography, UCSD)

Leg 130:

Br. Loren Kroenke* {Univ. Hawaii)

Dr. Wolfgang Berger*(Univ. Bremen,
West Germany) '

Dr. Thomas Janecek** (ODP/TAMU)

Dr. William Sliter***{USGS, Menlo Park,
CA)

* indicates Co-Chief Scientist
** indicates Staff Scientist
*** indicates Qutside Scientist.
A chairman for each ERB, usually a Co-

Chief Scientist, has been elected since
Leg 120.

-
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ODP SAMPLE DISTRIBUTION

The materials from ODP Leg 126 and 127 are now available for sampling by the general
scientific community. The twelve-month moratorium on cruise-related sample distribution
is complete for Ocean Drilling Program Legs 101-127. Scientists who request samples
from these cruises are no longer required to contribute to QDP Proceedings volumes, but
may publish in the open literature instead.

All sample requests received at ODP are entered into the Sample Investigations
Database. Anyone may request a search. Some common types of searches include on-
going research for particular holes or legs, current research in a specific field of interest,
or publications resulting from DSDP or ODP samples. At present, the most efficient way

1o access this database is to request a search by contacting the Assistant Curator of
QDP.

Request processing (number of weeks to receive samples) during the period April 1989
through March 1990:

Repository Avg. No. Weeks Total No.
Processing Samples
ECR 11 13,954
GCR 8 11,424
WCR 8 4,171

At e e e e e iAo i s A A A AT A A

FU TV WU VOCUYE U UTOTTOTOTTOwTORTPUYwy




October, 1990 69

£03040%5040%5050230502050023045602304
i Notice

JOIDES
Plaming Office Alocha,

Octobex 1, 1990 Qa
Q University of Texas Q‘E JOIDES HIG
at Austin s t

The JOIDES Office rotated 1 October 1990 to the Institute for Geophysics at
the University of Texas at Austin. The new chairman of the Planning
Committee is James A. Austin. The rest of the staff is: Peter Blum, Non-US
Liaison; Craig Fulthorpe, Science Coordinator; and Kathy Moser, Office
Coordinator. The staff of the Hawaii JOIDES Office wishes everyone AloAa.

For communications with the UTIG JOIDES Office use the following:

JOIDES Planning Office

The University of Texas at Austin
Institute for Geophysics

8701 Mopac Blvd., Room 300
Austin, TX 78759-8345

Phone: (512) 471-0471

Fax: (512) 471-0999

Tmail: JOIDES.UTIG

Email; joides@utig.ig.utexas.edu
Telex: 7408994 JOID UC

A REMINDER - In order to help speed up communications, FAX numbers
have been included in the Directory section of the JOIDES Journal. If we do
not have your Fax number and would like it included, please let us know. As
always the editorial staff of the JOIDES Journal appreciates your help in
keeping the Directory listings up-to-date. Please send any revisions or
corrections to: JOIDES Planning Office, The University of Texas at Austin,
Institute for Geophysics, 8701 Mopac Blvd., Room 300, Austin, TX 78759-
8345, USA
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Cila-Seroni, Dr, Maria B, {Liaison to SMP)
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Tel: (39)-2-236998240 or 236881, Fax: (39)-2-
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Leinen, Dr. Margaret (Liaison to SMP)
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Elizabeth Ave., St. John's, Newfoundland AiB
3X5, Canada, Tel: (709) 737-4708, Fax: (709)
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Tel: (409) 845-1371, Fax: (409) B45-6780

ITILIIE I
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511-643-3247, Fax: (49) 511-6432304
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P.O. Box 6666, New Haven, CT 06511

Dipartimento di Scienze della Terra, University of
Milan, via Mangiagalli 34, 1-20133 Milano, Haly,
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2296, Fax: (503) 737- 2400

(See TECP)

Wasthrook, Dr, Graham K.
{See TECP)

LLL 2 ITLE 2Lt ]

PCOM Llaison: Langseth

DOWNHOLE MEASUREMENTS PANEL
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Tel: (44) 932-763263, Fax: (44) 932-763352
[Alt: Dr. Dr. M.A. Lovell, Dept. Gecl., Univ. of
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3259155, Fax: (61) 89-2212157
[Alt: Dr. David Nebes, Dept. of Earth Sciences,
Univ. of Waterloo, Waterloo, Ontario N2L 3G1,
Canada, Tel: (519) 885-1211 X6109,
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Tmail; (BITNET) HSPALL.ISDRES
Spiess, Dr, Volkhardt
Fachbereich Geowissenschaftan, Postfach
330440, 02800 Bremen 33, Federal Republic of
Germany, Tel: (49) 0421-218-3387, Fax: (49)
0421-218-3116 [Alt; Dr. Wamer Brickmann,
GECOMAR, Res. Center for Marine Geoscience,
Wischhofstrasse 1-3, D-23 Kiel 14 Federal
Republic of Germany, Tei: (49) 0431-720-2148,
Fax: (49} 0431-725650]

Iamaki, Dr. Kensaku
Ocean Ressarch Institute, Univ. of Tokyo, 1-15-1
Minamidai, Nakano-ku, Tokyo 164, Japan,
Tel: (81) 3-376-1251, Fax: (81) 3-375-6716,
Tmail: ORI Tokyo

Wise, Dr, Sherwood W,
Dept. of Geology, Florida State University,
Tallahassee, FL 32306, Tel:(904) 644-6265

sEnAERARRR

PCOM Ligisons: Lancelot
TAMU Liaison: Memill or Meyer
Wireline Logaing Services Liaison: Broglia

LITHOSPHERE PANEL (LITHP)

Humphris, Dr, Susan E, (Chaiman)
Dept. of Chemistiry, Woods Hole Oceanographic
Inst., Woods Hole, MA 02543, Tel: {508) 540-
3854 or 548-1400X2523, Fax: (508) 457-4673,
Tmail: WHOI.Geol.Geoph

Batiza, Dr, Rodey
Dept. of Geology & Geophysics, Univ. of Hawaii,
2525 Correa Rd., Honolulu, Hl 96822,
Tel: (808) 956-5036, Fax: (808) 956-2538,
Tmail: R.Batiza

Brocher, Dr, Thomas
U.S. Geological Survey, 345 Middlefield Road,
W/S 977, Menlo Park, CA 94080, Tel: (415) 329-
4737, Fax: (415) 329-5163, Tmail:
brocher@andreas.menlo.usgs.gov
Browning, Or, Payl
Dept. of Earth Sciences, Cambridge Univ.,
Downing St., Cambridge CB2 3EQ, UK.,
Tel: (44) 223-333-415, Fax: (44) 223-333-450,
Tmall: Earthsci.Cambridge [Al: Dr. Julian A.
Pearce, Dept. of Geol. Sdi., Univ. of Durham,
South Road, Durham, DH1 3LE, UK, Tel: (44)
91-374-2528, Fax: (44) 91-374-3741]

Cathles, Dr, Lawrence M, (Lialson to SGPP)
Dept. of Geological Sciences, Snee Hall, Comell
Univ., Ithaca, NY 14853, Tel: (607) 255-7135,
Fax: (607} 254-4780
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Vrije Universiteit, Instituut voor Ardweten-

schappen, Postboks 7161, 1007 MC Amsterdam,

The Netherlands, Tel: (31) 20-548-4741, Fax:
{31) 20462457 [Alt: Dr. Kurl Bostram, Inst. Geol.,
Univ. Stockholm, £-10691 Stockholm, Sweden,
Tel: (46) 8-317409,164754)

inst. fur Geowissenschaften und
Lithosphaerenforschung, Univ. Giessen,
Senckenbergstr. 3, 6300 Giessen, Federal
Republic of Germany, Tel: {49) 641-702-8390,
Fax: (49) 641-39265 [Alt: Dr. H. Puchett, Inst. fur
Petrographie und Geochemie, Univ. Karlsruhe,
Kaiserstr. 12, 7500 Karisruhe, FRG]

Eranklin, Dr, James M,
Geological Survey of Canada, 601 Booth St.,
Ottawa, Ontario K1A 0EB, Canada,
Tel: (613) 995-4137, Fax: {613) 996-9990,
Tmail: [frankkin.jm@ telecom] telecom/canada
[Alt: Dr. David Green, Geoclogy Dept., Univ.
Tasmania, GPO Box 252C, Hobart, Tasmania
7001, Australia, Tel: (61) 002-2024786,
Fax: {61) 002-232547]

McClain, Dr, James
Department of Geology, University of California,
Davis, CA 95616, Tel: (916) 752-7093,
Fax: (916) 752-6363, Tmail: JMCCLAIN

Mevel, Dr, Catherine (Liaison to TECP)
Petrologie Metamorphique, Univ. Pierre et Marie
Curig, Tour 26.3e Etage, 4 Place Jussieu, 75252
Paris Cedex 05, France, Tel: (33)1-43-362525,
Fax: (33) 1-43-544097

Mogs, Dr, Daniel
Depart. of Geophysics, Stanford Univ., Stanford,
CA 94305, Tel: (415) 723-3484, Fax: (415) 725-
7344, Tmail: moos@pangea.stanford.edu
Berfit, Dr. Michael B,
1112 Turlingten Hall, Dept. of Geology, Univ. of
Florida, Gainesville, FL 32611,
Tel: {904) 392-2128, Trmail: Perf@UFFSC

Scripps Institution of Oceanography, Univ. -
California San Diego, La Jolla, CA 92093-2015,
Tel: (619) 534-3205, Fax: (619) 534-0784, Tmall:
J.PHIPPS MORGAN

Smith. Dr. Guy M. (Liaison to OHP)
Department of Earth and Atmospheric Sciences,
St. Louis University, 3507 Laclede, St. Louis, MO
63103, Tel: (314) 658-3128, Fax: 314) 658-3874
Tmail: SMITHGM@SLUVCA

Tatsumi. Dr. Yoshivuki
Department of Geology and Mineralogy, Kyoto
University, Oiwake-cho, Kitashirakawa, Sakyo-ku,
Kyoto, 606, Japan, Tel: (B1) 075-753-4163,
Fax: (81) 075-753-4189
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T IT I T

PCOM Liaisons: Becker & Malpas
SGPP Liaisgn:  Goldhaber
IECP Liaison: Buck

TAMLU Liaison:  Allan

QCEAN HISTORY PANEL (OHP)

Shackleton, Dr, Nicholag (Chairman)
Godwin Laboratory for Quaternary Research,
Cambridge Univ., Free School Lane, Cambridge
CB2 3RS, U.K,, Tel: (44) 223-334738, Fax: (44)
223-334748, Tmail: N.Shackleton [Ak: Dr. P.
Weaver, I0S Deacon Laboratories, Brook Road,
Wormley, Godalming, Surrey GUS 5UB, UK., Tel:
(44) 42879-4141, Fax: (44) 42879-3066)

Barron, Dr John A,
US Geological Survey, MS 915, 345 Middlefield
Rd., Menlo Park, CA 94025, Tel: (415} 325-
4971, Fax: (415) 329-5110

Berger, Dr, Wollgang ‘
Scripps Inst. of Oceanography, University of
California at San Diego, La Jolla, CA 92093,
Tel: (619) 534-2750

Berggren, Dr, William A, .
Department of Geology and Geophysics, Woods
Hole Oceanographic Institution, Woods Hole, MA
02543, Tel: (508) 548-1400x2593, Fax; (508)
548-1400x6013, Tmail: WHOI.GEOL.GEOPH

Bralower, Dr. Timothy
Department of Geology, CBi# 3315, Mitchell Hall,
University of North Carolina, Chapel Hill, NC
27599-3315, Tel: {919) 962-0704,
Fax: (919) 966-4519,

Davies, Dr, Peter
Division of Marine Geosciences, Bureau of
Mineral Resources, GPO Box 378, Canberra,
ACT 2601, Australia, Tel: (61) 62-499345, Fax:
(61) 62-488178 [Alt: Dr. Tom Pedersen, Univ. of
British Columbia, Dept. Oceanography, 6270
University Boulevard, Vancouver, BC, Canada,
Tel: (604) 228-5984, Fax: (604) 228-6091]

Delaney, Dr. Margaret L.
Institute of Marine Sciences, University of
California, Santa Cruz, CA 95064, Tei: (408) 459-
4736, Fax; (408) 429--0146, Tmail: m.delansy
Hine, Dr, Albe C,
Department of Marine Science, University of
South Florida, St. Petersburg, FL 33701,
Tel: (813) 893-9161, 9130, Fax: (813) 893-9189

Jansen Dr. Eysiein

Dept. of Geology, Secl. B, Universily of Bergen,
Allegt. 41, N-5007 Bergen, Norway, Tel: (47) 05-
213491, Fax: (47) 05-315729, Tmail: E.Jansen
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fAlt: isabella Primoli-Silva, Dipartimento di
Scienze della Terra, University of Milan,
via Mangiagalli 34, I-20133 Milano, Haly,
Tel: (39)-2-23698248 or 236981]

Kent, Dr, Dennis
Lamont-Doherty Geological Observatory,
Palisades, NY 10864, Tel: (814) 359-2900 x544,
Fax: {914) 365-2312, Tmail; D.Kent

Loutit, Dr. Tom S, {Liaison to TECP)
EXXON Production Research Company, P.O.
Box 2188, Houston, TX 77001, Tel: (713) 966-
6114, FAX: (713) 965-4497, (713) 966-6026

Mix, Dr. Alan.C,
College of Oceanography, Oregon State Univ.,
Corvallis, OR 97331-5503, Tel: (503) 737-2296,
Fax: (503) 737-2400, Tmail: A Mix

Okada, Dr, Hisatake
Depl. of Earth Sciences, Yamagata Univ.,
Shirakawa-cho, Yamagata -shi, Yamagata, 990,
Japan, Tel: (81) 0236-31-1421 x2585, Fax: (81)
0236-31-1891 [Alt: Dr. Tsunemasa Saito)

Pratt, Dr. Lisa M,
Departmen of Geology, Indiana Universtiy,
Bloomington, IN 47405, Tel: (812) 332-0211

Vincent, Dr, Edith
Dept. de Geologie Dynamique, Univ, Pierre et
Marie Curie, 4 Place Jussieu, 75252 Paris Cedex
05, France, Tel: (33)1-43-36-25-25 x5162

Weter, Dy, Gerold

Fachberelch Geowissen-schaften, Univ. Bremen,

Bibtothekstrasse, 2800 Bramen 33, Federal
Republic of Germany, Tel: {49) 421-218-3389

AddARA R

PCOM Lizisons: Duncan & Jenkyns
SGFPP Liajson:  Froelich

LITHP Liaison: ~ Smith

JAMU Liaison:  Janecek (alt. Firth)

POLLUTION PREVENTION AND SAFETY
PANEL (PPSP)

Ball Or, Mahlon M. (Chairman)
U.S. Geological Survey, Petroleum Geology
Branch, P.O. Box 25046, MS 940, Denver Fedl.
Center, Denver, CO 80225, Tel: (303) 236-
5784, Fax: (303) 236-8822

Aok, Dr, Yutaka
Japex Geoscience Inst., Inc., Akasaka Twin
Tower Bldg., East Wing 3rd Floor, 2-17-22
Akasaka, Minato-ku Tokyo 107, Japan, Tel: {81}
3-584-0511, Tmail: ORLTokyo
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Claypool, Dr. George
Mobil Research & Production Corp., 13777
Midway Rd., Dallas, TX 75244-4312,
Tel: (214) 851-8460

Delas, Mr, Claude
Tolal/CFP, Cedex 47, 92069 Paris La Delense
France,Tel: (33) 42-91:40-00:. = . .-: o

Deluchi, Dr, Lucio
AGIP Sp.A., P.O. Box 12069, San Donalo
Milanase, 20120 Milano, laly, Tel: (39)-2-
5205189, Fax: (39)-2-52022065 [Alt: Dr. M.
Hovland, STATOIL, P.O. Box 300, 4001
Stavanger, Norway, Tel: (47)-4-80-71-30]

Eorier. Dr. Mimi
Resource Evaluation Branch, Canadian Oil & Gas
Lands Admin., 355 River Rd., Ottawa, Ontario
K1A OE4, Canada, Tel: {613) 993-3760 x328,
Fax: {613) 993-2897 [Al: Dr. Trevor Powell,
Division of Continental Geology, Bureau of
Mineral Resources, GPO Box 378, Canberra,
ACT 2601, Australia, Tel: (61) 62-499397, Fax:
(61) 62-488178]

Green, Dr. Atthur R,
EXXON, Basin Exploration Div., P.O. Box 2189,
Houston, TX 77001, Tel: (713) 965-4172

Haseldonckx, Mr, Paul
Deminex, Dorotheenstrasse 1, 4300 Essen,
Federal Republic of Germany, Tel: {(49) 201-726-
3911 [Alt: Dr. Dietrich Horn, DEMINEX,
Dorotheenstr. 1, 4300 Essen, Federal Republic
of Germany, Tel: (49) 201-726-3905)

Texaco EPTD, P.O. Box 770070, Houston, TX
77215-0070, Tel: {713) 954-6093,
Fax: (713) 954-6113

MacKenzie, Dr, David B,
1000 Ridge Rd., Littleton, CO 80120,
Tel: (303) 794-4750

Boberis, Dr, David G,
BP Exploration Inc., 9401 Southwest Freeway,
Suite 1200, Houston, TX 77074, Tel: {(713) 552-
8500, Fax: (713) 599-8114 [Alt: Dr. James
Btanchard, Enterprise Oil plc, 5 Strand, Londen
WC2N 5HU, UK., Tel: (44) 1-830-1212, Fax: (44)
1-930-0321]

PCOM Ligisan:  Austin

S.S.El.ialsan: Lewis
Francis

Qﬂlﬂhﬂn&hﬂu‘ﬂﬂ Brenner




October, 1990

SEDIMENTARY AND GEOCHEMICAL
PROCESSES PANEL (SGPP)

Suess, Dr, Envin (Chairman) (Member-at-arge)
GEOMAR, Research Center for Maring
Geoscience, Wischhofstrasse 1-3, D-23 Kiel 14
Federal Republic of Germany, Tel: (49) 431-720-
020, Fax: (49) 431-720-2293, Tmail: E.Suess 1

Alt. Dr, Jeffray C,
Department of Geological Sciences, 1006 C.C!
Litile Building, University of Michigan, Ann Arbor
M| 48109-1063, Tel: (313} 764-8380,
Fax: {313} 763-4690

Geochemie et Metallogenie, Université Pierre et
Marte Curie, 4 Place Jussieu, 75252 Paris Cedex
05, France, Tel: (33)1-43-362525, Fax: (33)1-43-
544097

Chistie-Bfick, Dr, Nicholag
Lamont-Dohenty Geological Observatory,
Palisades, New York 10964, Tel: (914} 359-2300
x221, Fax: (914) 359-5215

Dreiss, Dr, Shidey (Liaison to TECP)
Board of Earth Sclences, University of Califomia,
Santa Cruz, CA 95064, Tel: (408) 459-2225,
Fax: (408) 429--0146, Tmail:
FRGSJD@UCSCD.BITNET

Eiderfield. Dr, Heory (Member-at-large)
University of Cambridge , Department of Earth
Sciences, Downing Street, Cambridge CB2 3EQ,
U.K., Tel: {44) 223-333408, Fax: (44) 223-
333450, Tmail: H.Ellerfield

Marine Sciences Research Center, State
University of New York Stony Brook, NY 11794-
5000, Tel: (516} 632-6971 or 8700; Fax: (516)
632-8820, Tmall: M.SCRANTON or
RFLOOD@SBCCMAIL.BITNET

Eroglich, Dr. Philip N, (Liaison to OHP)
Lamont-Doherty Geological Observatory,
Palisades, NY 10964, Tel: (914) 359-2900 x485,
Fax: {(914) 365-2312, Tmail: P.Froelich

Goldhaber, Or, Martin B, (Uiaison to LITHP)
U.S. Geological Survay, Box 25048, MS/973,
Denver Federal Ctr., Denvar, CO 80225,
Tel: (303) 236-3200, Fax; (303) 236-3200

Hay. Dr. Willam W,
Campus Box 218, Univarsity of Colorado,
Boutder, CO 80309, Tel: (303) 492-7370,
Fax: (303) 492-2606

Hiscolt, Dr. Richard N,
Earth Sciences Dept., Memorial Univ., St. John's,
Newtoundland A18 3X5, Canada, Fax: {709)
737-2589, Tmail: RHISCOTT@KEAN.UCS.MUN
{On sabbatical until 1 May 1991)
[Alt: Dr. Chiis von der Borch, School of Earth
Sciences,Flinders University, Bedford Park,
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South Australia 5042, Australia, Tel: (61) 8-
2752212, Fax: (61) 8-2752676)

Ito, Dr, Makato

Department of Earth Sciences, School of Liberal
Arts (Kyoyo-bu), Chiba Univ., 1-33, Yayoi-cho,
Chiba 260, Japan, Fax: (81) 0472-51-8373

[Alt: Dr. Y. Ogawa, see TECP} -

McKenzie Dr, Judith A,
Geologisches Institut, ETH-Zentrum, CH-8092 -
Zurich, Switzerland, Tel: (41) 1-256-3828, Fax:
(41) 1-252-7008 [Alt: Dr. Tore Vorren, Institutt for
Biologi og Geologi, Postboks 3085, Guleng,
2001 Tromsa, Norway, Tel: (47) 83-44000]

GEOMAR, Research Center for Marine Geoscienc
Wischhofstrasse 1-3, D-23 Kiel 14, Federal
Republic of Germany, Tel: (49) 431-720-0249,
Fax: (49) 431-725-391

Prahl, D1, Frederick
College of Oceanography, Oregon State Univ.,
Corvallis, OR 97331, Tel: (503) 737-4172, Fax:
{503} 737-2064, Tmail: OREGON.STATE

Stow, Dr,_ Dok
Dept. of Geology, University of Southampton,
Southampton, NG7 2RP, UK., Tel: {44) 703-
59500, Fax: {44) 703-593939 [Alt: Dr. P.
Farmeond, Organic Gecchem. Unit, Dept. Geol.,
Drummeond Bldg., The University, Newcastle-
Upon-Tyna NE1 7RU, U.K., Tel: (44) 91-232-
8511, Fax: (44) 91-261-1182)

LR L LTS

PCOM Liaisons: Moberly & von Rad
OHP Lialson: Droxier

JECP Lizison: Westbrook

LITHP Liaison:  Cathles

JAMU Ljaison;  von Breymann

SHIPBOARD MEASUREMENTS PANEL
{SMP)

Moran, Dr, Kata {Chairperson)
Atlantic Geoscience Centre, Geclogical Survey of
Canada, P.O. Box 1006, Badford Inst. of
Oceancgraphy, Dartmouth, Nova Scotia B2Y
4A2, Canada, Tel: (902) 426-8159, Fax: (902)
426-7827, Tmail: [MORAN.KM/GEMS]
TELECOM/CANADA

Gibson. Dr. lap L, {Member-at-large)
Dept. of Earth Sciences, Univ. of Wateroo,
Waterloo, Ontario N21. 3G1, Canada, Tel: {519)
885-1211 X2054, Fax: (519) 888-4521,
Tmall: GUELPH2@WATDCS

King, Dr, John W,
Graduate School of Oceanography, University of
Rhode Island, Naragansett, Rl 02882-1197,
Tel: (401) 792-6594, Fax: (401) 792-6160,
Tmail: JKING
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Mottl, Dr. Michael J.
School of Ocean and Earth Science and
Technology, Marine Geochemistry Div., Univ. of
Hawaii, 1000 Pope Rd., Honolulu, HI 96822,
Tel: (808) 956-7006, Fax: (808) 956-2538

Bhodes, Dr, J, Mike
Dept. of Geology and Geography, Univ. of
Massachusetts, Amherst, MA 01003, Tel. (413}
545-2841, Fax: (413) 545-1200

Richards. Dr. Adri
Adrian Richards Company, Uiterweg 309, 1431
AJ Aalsmeer, The Netherlands, Tel: (31) 2977-
40723 [Alt: Br. Anders Solheim, Norwegian Polar
Research Institute, P.O. Box 158, 1330 Oslo
Lufthavn, Norway, Tel: (47)-2-123650}

Thomas, Dr. Elieq (Member-at-large)
Depl. of Earth Sciences, Cambridge Univ_,
Downing St., Cambridge CB2 3EQ, UK.,
Tel: (44) 223-333-428, Fax: (44) 223-333-450,
Tmail: ET103@UK.AC.CAM.PHX
Tokuyama, Dr, Hidekazy
Ocean Research Institute, Univ. of Tokyo, 1-15-1
Minamidai, Nakano-ku, Tokyo 164, Japan,
Tel: (81) 3-376-1251, Tmail: ORL.Tokyo
Valet, Dr.Jean:Plemre
Inst. de Physique de Globe, Lab. de
Paleomagnetisme, Tour 24-25, Univ. Pierre et
Marie Curie, 4 Place Jussieu, 75252 Paris Cedex
05, France, Tel: (33) 1-43-362525x3566,
Fax: (33) 1-43264029
Whilmarsh, Dr, Robed B,
Inst. of Oceanographic Sciences, Deacon
L.aboratory, Brook Rd., Wormley, Godalming,
Surrey GUS 5UB, UK., Tel: (44) 42-879-4141,
Fax: {44) 42-879-3068, Tmail: IOS.Wormley
[Aft: Or. N.R. Brareton, British Geol. Survey,

Keyworth, Nottingham NG12 5GG, Tel:(44) 6077-
6111, Fax: (44) B077-6602]

(IS ITELY

PCOM Liaisons: Leinen & Cita-Seroni
DMP Liaison:  Gieskes
JAMU Ligison: Baldauf or Graham

SITE SURVEY PANEL (SSP)

Kidd. Dr, Bobet B, (Chaimman)
Dept. of Geology, Univ. of Wales, College of

Cardift, P.O. Box 914, Cathays Park, Cardiff CF1

3YE, UK, Tel: (44) 222-874830, Fax: (44} 222
874326 [Alt: Dr. M.C. Sinha, Dept. of Earth
Sciences, Cambridge Univ., Bullard Laboratories,
Madingley Road, Gambridge CB3 0EZ, UK., Tel:
{44) 223-333400, Fax: (44) 223-332332]
Hirata, Dr, Naoshi
Dept. of Earth Sciences, Faculty of Science,
Chiba Univ., 1-33 Yayoicho, Chiba, 260, Japan,
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Tel: (81) 0472-81-1111, Fax: (81) 0472-56-5793
[Alt: Dr. Kiyoshi Suyehiro)

Kastens, Dr. Kim
Lamont-Dohenty Geological Observatory,
Palisades, NY 10964, Tel: {914} 353-2900 x236,
Fax: (914) 365-0718,
Tmail: Kastens@lamont.ldgo.columbia.edu

I DL Bi
Geological Survey of Denmark, Thoravej 8, DK
2400 Copenhagen NV, Denmark, Tel: (45)
31106600, Fax: (45) 31196868 [All: Dr. Renzo
Sartori, IGM/CNR, Via Zamboni 65, 1-40127
Bologna, Italy, Tel: (39) 51-22-54-44]

Lewis, Dr, Steve
Pacific Marine Geology Branch, U.S. Geological
Survey, MS/99, 345 Middlefield Rd., Menlo Parik,
CA 94025, Tel: (415) 354-3041, Fax: (415) 354-
3363

Louden, Dr, Kefth
Dalhousie Univ., Dept. of Oceanography, Halifax,
Nova Scotia B3H 4J1, Canada, Tel: {S02) 424-
3557, Fax: (902) 424-3877, Tmail:
Dalhousie.Ocean (presently ¢/o Dr. J.C. Sibuet,
IFREMER, Centre de Brest, BP 70, 25263
Plouzane, France) (Alt: Dr. Phil Symonds,
Division of Marine Geosdences, Bureau of
Mineral Resources, GPO Box 378, Canberra,
ACT2601, Australia, Tel: (61) 62-499480, Fax:
(61) 62-488178]

M Dr. Heinict
Bundestanstalt fur Geowissenschaften und
Rohstoffe, D-3000 Hannover 51, Federal
Republic of Germany, Tel: (511) §43-3128
[Alt: Or. Wilfried Weigel, Inst. fur Geophysik, Univ.
Hamburg, Bundessirasse 55, D-2000 Hamburg
13, Federal Republic of Germany, Tel:{49) 40-
4123-2981]

Department of Geology and Geophysics, Univ. of
Hawaii, 2525 Comrea Road, Honolulu, Hf 96822,
Tel: (808) 956-6854, Fax: B08-956-2538,

Tmail: moore@kalani.soest.hawaii.edu

Pautot, Dr, Guy
IFREMER, Centre de Brest, BP 70, 29263
Plouzane, France, Tel: (33) 98-22-40-40, Fax:
{(33) 98-05-04-73 [Alt; Dr. Vincent Renard,
IFREMER, Tel; {33) 98-22-42-26]

Yon Herzen, Or, Richard B,
Woods Hole Oceanographic Institution,
Woods Hole, MA 02543, Tel: (508) 548-1400
%2465, Fax: (508) 548-1400x6013,
Tmail: WHOI.GEOL.GEOPH
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PCOM Ligisons: Lancelot & Watkins
PPSP Lialson:  Ball

SMP Lizison: Moran

Databank Ligisen: Brenner

JOI Liaison: Pyle

IAMU Ligisony:  Meyer

TECHNOLOGY & ENGINEERING
DEVELOPMENT COMMITTEE ({TEDCOM)

Sparks. M, Chares (Chairman)
{(Member-at-large) Instilut Francais du Petrole,
BP 311, 92506 Rugil Malmaiscn, France,

Tel: (33}1-47-52-63-95, Fax: (33)1-47-48-04-11

Fullmoto. Or. Hiromi
Ocsan Research Inst. Univ. of Tokyo, 1-15-1
Minamidai, Nakano-ku, Tokyo 164, Japan, Tel:
(81) 3-376-1251, Tmail: ORI.Tokyo [Alt: Dr.
Junzo Kasahara, Earthquake Research Institute,
University of Tokyo, 1-1-1 Yayoi Bunkyo-ku,
Tokyo 113, Japan, Tei: (81) 3-812-2111 X5713]

Grassick, Dr, David
Enterprise Oil, plc., 5 Strand, London WC2N
SHU, UK., Tel: {44) 1-930-1212, Fax: (44) 1-830-
0321 [Alt. Dr. A. Skinner, Marine Geophysics &
Offshore Services Res. Program, British Geol.
Survey, Murchison House, West Mains Road,
Edinburgh EHS 3LA, Tel: {44) 31-867-1000,
Fax: (44) 31-668-2683]

Manchester, Mr, Keith
Atlantic Geoscience Ctr., Becord Inst. of
Oceanography, P.Q. Box 1006, Dartmouth, Nova
Scotia B2Y 4A2, Canada, Tel: (902) 426-3411,
Fax: (202) 426-4265, Tmail: Bediord. Inst
[Al: Dr. Roxanne Christ, Director, Program for
Continuing Education in Ofishore Engineering,
Faculty of Engineering, Monash Univ., Clayton,
Victoria 3168, Australia, Tel: (61) 3-5653402,
Fax: {61) 3-5434061]

Marx, Dr. Claus
Institut fur Tiefbohrkunde und Erdolgewinnung,
TU-Clausthal, 10 Agricotastrasse, D-3392 Clausthal-
Zellerteld, Federal Republic of Germany,
Tel: (49) 5323-722239
[Alt: Dr. Ulrich Deutsch, Tel: (49) 5323-722450]

Milheim. Mr. Keilt
AMOCO Production Co., P.Q. Box 3385, Tulsa,
OK 74102, Tel: {(918) 660-3381

Nicholls. Mr. Philip J
Chevron Services Co., Drilling Technology
Center, P.O. Box 4450, Houston, TX 77210, Tel:
(713) 230-2650, [Alt: Mr. John §. Combes)
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Bischmiller, Prof, Heiprich {Member-at-large)
Niedersachsisches Landesamt fir
Bedenforschung, KTB-Projektiirfitung, Postfach
510153, D-3000 Hannover 51, Federal Republic
of Garmany, Tel: (49) 511-643-2669, Fax: (49)
511-643-2686

Schub, Mr, Frank.J,
5808 Wavertree, Suite 1000, Plano, TX 75075,
Tel: {214) 380-0203

Shanks, Mr, F, Eard
Mobii Exploration and Producing Services Inc.,
Drlling Technology, P.O. Box 650232, Dallas, TX
75265-0232, Tel: (214) 951-3271, Fax: (214)
951.2512

Shatto. Mr. Howard L,
13630 Perthshire, Houston, TX 77079, Tel:
(713) 467-8616, Fax: (713} 465-1716 (cali first)

Stanton. Dr. Paul N,
EXXON Production Research Co., P.Q. Box
2189, Houston, TX 77001, Tel: (713) 940-3793

Strand, Or, Harald
Norsk Hydro A/S, Box 196, 4033 Forus, Norway,
Tel: (47)-4-678066 [Al: Dr. Gregory Vrellis,
Drilling Department, Public Petroleum
Comoration (DEP-EKY-S.A) 199 Kiffissias
Avenue, 15124 Maroussi, Athens, Greece, Tel:
{30) 1-8069314]

Sverndsen Mr, Walter W,
Longyear Co., P.O. Box 1368, Minneapolis, MN
55414, Tel: {612} 331-1331,

Texier. Mr. Michel
Production and Research Advisor, SNEA (P},
Allied Bank Plaza, 1000 Louisiana, Suite 3800,
Houston, TX 77002 [Al: Dr. Robert Collin, EH-
Aquitaine (Production), Tour Elf, Cedex 45,
52078 Paris La Defense, Tel: (33) 1-47-444546]

FENERENERE

PCOM Liaison: Natland
DMP Liaison: Wonrhington
IAMU Ljaison: Harding
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TECTONICS PANEL (TECP)

Dakiel Dr. lan W.D. (Chainman)
Inst. for Geophysics, Univ. of Texas, Austin,
8701 Mopac Blivd., Austin, TX 78759-8345,
Tel: (512) 471-6158, Fax: (512) 471- 8844,
Tmait: UTIG.AUSTIN

Atwater, Dr, Tanya M.
Department of Geological Sdences, Univarsity of
Califomia, Santa Barbara, CA 93106, Tel: (805)
961-4483, Fax: 805-961-2314

Behrmann, D, Jan H,
Geologisches Inst. der Univ., Sanckanbergstr. 3,

6300 Giessen, Federal Republic of Germany, Tel:

(49) 641-702-8367

Bourgois, Dr. Jacques
Université Pierre et Marie Curie, Departement de
Geotectonique, T26-00, E1, 4 Place Jussieu
75005, France, Tel: (33)1-43-36-2525 X5257,

Buck, Dr, Roger (Liaison to LITHP)
Lamoni-Doherty Geological Observatory,
Palisades, NY 10984, Tel; (914) 359-2900 x592,
Tmail: Lamont

Engebretson, Or, David C,
Dept. of Geology, Western Washington Univ.,
Bellingham, WA 88225, Tel: (206) 676-3581

23 Barallier St, GPO Box 378, Griffiths, Canberra,
ACT 2803, Australia, Tel: (61) 62-958102,
Fax: {61) 62-488178 [AX: Dr. Robin Riddihough]

Kiitgord, v, Kim D,
U.5. Geological Survey, Woods Hole, MA 02543,
Tel: {508) 548-8700x243, Fax: {508) 457-2310

Larsen. Dr. Hans Chiistian
Granlands Geologiske Undersagelse, Oster
Voldgade 10, D-1350 Kabenhavn, Denmark,
Tel: {45) 1-118866, Fax: (45) 33935352
[Alt: Dr. R. Wortel, Instit. of Earth Sclances, P.O.
Box 80-021, 3508 TA Utracht, The Netherlands,
Tel: (31) 30-535086]

Moora, Dr. J, Casey
Earth Sciences Board of Studias, University of
California, Sarta Cruz, CA 95064, Tel: (408)
459-2574, Fax: 408-426-0146, Tmail:
casey{@ucsc.bitnet

Mcoras, Dr, Eidridga.M. {Next Chairman)
Geology Department, University of California,
Davis, CA 95616, Tel: {916) 752-0352,

Fax: (916) 752-6363
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Dept. of Geology., Kyushu Univ. 33, Hakazaki,
Fukucka 812, Japan, Tel: {(81) 92-641-1101
x4320, Fax: {81) 92-631-4233, Tmall: OR1.Tokyo
[A: K. Tamaki, sea IHP]

Purdy, Dr. G, Michaet
Department of Geclogy & Geophysics, Woods
Hole Oceanographic Institution, Woods Hole, MA
02543, Tel: (508) 548-1400x2826, Fax: (508)
548-1400x6013, Tmail: WHOIL.GECL.GEOPH

Sawyer. D1, Dale S,
Dept. of Geology & Geophysics, Rice Universily,
P.Q. Box 1892, Houston, TX 77251,
Tel: (713) 285-5106, Fax: (713) 523-4117,
Tmail: dale@RICE.EDU

Westbrook, Dr, Graham K, (Liaison to SGPP)
School of Earth Sciences, Univ. of Birmingham,
P.Q. Box 363, Birmingham B15 2TT, UK.,

Tel: (44) 21-414-6153, Fax: {44) 21-414-3971
[Al: Dr. A.H.F. Robestson, Grant Inst. of Geology,
Univ. of Edinburgh, West Mains Rd., Edinburgh
EH9 3JW, UK., Tel: (44) 31-667-1081x3569,
Fax: {44) 31-668-3184]

aasansnees

PCOM lLigisons: Taira & Tucholke
LITHP Ligison:  Mevel

SGPP Ligigon:  Dreiss

JAMU Ligison:  Stokking
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UNITED STATES

Heinrichs, Dr. Donald
Oceanographic Centers & Facilities Section
{OCFS), Room 613, Natl. Science Foundation,
1800 G Strest NW, Washington, DC 20550, '
Tel: (202) 357-9639, Fax: (202) 357-7621,
Tmait: D.HEINRICHS

FEDERAL REPUBLIC OF GERMANY

Maronde, Dr, Dietrich
Deautsche Forschungsgemeinschatft,
Kennedyallee 40, 5300 Bonn 2, Faderal
Republic of Germany, Tel: (49) 228-885-2328,
Fax: (49) 228-885-2221

FRANCE

~

IFREMER, 66 Avenue d'lena, Paris 75116,
France, Tel: (33) 1-47-23-55-28, Fax: {33)1-47-
230279, Tmalil: B.Biju.Duval

CANADA-AUSTRALIA CONSORTIUM

Department of Energy, Mines and Resources,
Earth Sclences Sector, 580 Booth St., Ottawa,
Ontario, Canada K1A OE4, Tel: {(613) 992-5910,
Fax: (613) 995-3082

Bureau of Mineral Resources, GPO Box 378,
Canberra, ACT 2601, Australia,
Tel: (61)062 499111, Fax:(61)062 488178

JAPAN

Asal. Dr. Tomio
Ocean Research Institute, Univ. of Tokyo, 1-15-1
Minamidal, Nakano-ku, Tokyo 164, Japan, Tel:
(81} 03-376-1251x201, Fax: (81) 03-375-67186,
Tmail: ORLTokyo [Alt: Dr. Kazuo Kobayashi]

UNITED KINGDOM

Butile Dr. E.,
Natural Environment Research Council, Polaris
House, North Star Ave., Swindon SN2 1EU,
UK., Tel: (44) 793-411654, Fax: (44) 793-
411501, Tmail: NERC.Science. HO
EUROPEAN SCIENCE FOUNDATION

Michot, Prof,_.lean
Laboratoires Associés, Géologie-Pétrologie,
Univ. Libre de Bruxelles, 50 avenue F.D.

Roosevell, B-1050 Bruxelles, Belgium, Tel: (32)
2-642-22-36

Egalund, Dr. Suzanpe
Danish Research Administration, H.C. Andersons
Boulevard 40, DK-1553 Copenhagen V,
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Denmark, Tel: (45) 33-114300, Fax: (45) 33-
323501

knatius. Dr, Heikld
Geological Survey of Finland {GTK),
Kivimiehentie 1, SF-02150 Espco 15, Finland,
Tel: (358) 0-469-31

National Technical Univ., @ Heroon Polytechniou,
GR-15773 Zographou, Athens, Greece, Tel: (30)
1-777-36-13

Magnugson, Dr, Magnus
lcelandic Council of Science, Barugdtu 3, 1S-101
Reykjavik, kceland, Tel: (354) 1-10223, Fax: (354)
1-21331

Bosellini, Prof, Affonso
Istituto di Geologia, Univ. di Ferrara, Via Ercole |
dEste 32, 1-44100 Ferrara, htaly, Tel: (39) 532-
35968

Stel. Dr. Jap H.
Netherlands Marine Research Foundation {S0Z),
Laan van Nieuw Oost Indid 131, 2593 BM The
Hague, The Netherands, Tel: {31)3-70-440780,
Fax: (31)3-70-832173

Westgaard, Dr. Laif
Royal Norwegian Embassy, 2720 34th Strast,
NW, Washington, DC 20008, Tel: (202) 333-
6000, Fax: (202) 337-0870

- Almazan, Prof, Josa Luisg

. SECEG, ¢/Estebanez Calderon 3, Madrid 20,
Spain, Tel: (34) 1-450-0250, Fax: {34) 1-279-
6086

QOttosson, Dr, Mats-Ola
Swedish Natural Science Research Council, Box
6711, S-113 85 Stockholm, Sweden,
Tel: (46) 8- 15-15-80, Fax: (46) 8-612-13-86

Erdcker, Dr, Peter (ECOD Lizison Delegate)
Swiss National Science Foundation, Postfach
2338, CH-3001 Bern, Switzerand, Tel: (41) 31-
24-54-24, Fax: {41) 31-23-30-09

senglr. Dr. AM, Celal
Faculty of Mining, Istanbul Technical Univ.,
Istanbul CAD.46, Yesilkoy, Istanbul, Turkey,
Tek:(90} 1-1433-100

Eratta, Dr, Michele (ECOD Liaison aflemate)
European Science Foundaticn, 1 Quai Lezay-
Mamesia, F-67000 Strasbourg, France, Tel: {33)

" 88-35-30-63, Fax: (33) 88-37-05-32
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ALPHABETIC TELEPHONE/TELEX DIRECTORY

[* Indicates that telemall address and/or Fax number is sted under panel directory]

NAME PANEL
Almazan, J. QDPC
Anderson, R. LGBO
Acki, Y. , PPSP
Austin, J.* PCOM
Avocato, N. TEDCCM
Babcock, E.* ODPC
Backman, J. PCOM
Baecker, H.* SRDPG
Baker, J.* JOI

Ball, M.* PPSP
Baliing, N. DMP
Baragar, R. LITHP
Barron, E.* OHP
Barnes, C. EXCOM
Batiza, R.* LITHP
Becker, K.* LITHP,FPAPWG,SRDPG
Behrmann, J. TECP
Beiersdorf, H. CEPDPG,EXCOM,PCOM
Bell, S.* DMP
Berger, W. OHP
Berggren, W.* OHP
Biju-Duval, B.* EXCOM,0DPC
Blum, Peter JOIDES
Bonnasse-Gahot, J. TEDCOM
Bosellini, A, QOPC
Bostrom, K. LITHP
Boulague, .J. SGPP
Bourgois, J. CEPOPG, TECP
Bowman, ..* QDPC
Bralower, W.* OHP
Brass, G.* PCOM
Brenner, C. LGDC
Briden, J.* EXCOM
Brocher, T.* LITHP
Broghia, C. LGDO
Brooks, K. WPDPG
Browning, P." LITHP
Brumsack, H-J. CEPDPG
Bryan, W. SROPG
Buck, R.* TECP
Bums, A. JOI
Caldwell, D. EXCOM
Carson, B. DMP
Cassano, E. PPSP
Cathles, L. LITHP
Chapman, D. SRDPG
Chase, R." CEPDPG
Chenevert, M.* TEDCOM
Christ, R.” TEDCOM
Christie-Blick, N. SGPP
Cita-Seroni PCOM
Claypoal, G. PPSP
Cloetingh, S. LITHP
Coffin, M. SMP
Collin, R. TEDCOM
Collins, W. ODPC
Cotten, W. TEDCOM
Cowan, D." PCOM
Crawford, T.* PCOM
Crocker, H.* DMP

JELEPHONE

(34)1-450-02-50
{914)359-2900X335
(81)3584-0511
{512)471-0450
{713)230-2650

{613) 992-5910

not avatiable
{49)431-72002-28
{202)232-3900
{303)236-57840r5722
{45)6-161666
(613)995-4864
(814)865-161%
(613)992-5265
(808)948-5036
(305)361-4661
(49)641-702-8367
(49)511-643-2412
(403)284-0336
(619)534-2750
(508)548-1400
(33)1-47-23-55-28
(512)471-0450
(33)1-47-44-45-46
{39)532-35968
(46)8-31-74-09
{33)1-43-36-25-25
{33)1-43-36-25-25
(44)793-411500
(305}554-3085
(305)361-4690
{914)359-2900X542
{44)793-411500X501
{415)329-4737
{814)353-2800X671
{45)1-11-22-32
{44)223-333416
{49)551-393-981
{508)548-1400X2582
{914)359-2900X592
{202)232-2900

(503)754-3504
{215)758-3660
(39)-2-5205826
(607)255-7135
(801)581-6820
(604)228-3086
(512)471-7270
(61) 3-5653402
(914)359-2900
(39)-2-236998240
(214)851-8460
(31) 20-548-4741
(61) 62-439634
(33)1-47-44-45-46
(709)737-4708
(713)230-2650
(206)543-4033
(61) 2-202470
(61) 9-3259155

TELEX/ANSWERBACK

48207/SCEG E
7105762653LAMCNTGEO
25607/ORIUT J
9108741380/UTIG AUS
9108814851/CHEVRON GT HOU

0533117/EMAR OTT

not available
175118325/PREMT D
7401433/BAKE UC

910 2504346/PETROL D Q
64767/AAUSCI

not available

not available

not available
7238861/MHIGCY HR
317454/ VOFM RSMAS MIA
482956/1NI GI D
923730/BGR HAD
03825686/1SPG CQY
9103371271/UCWWD SI0Q SDG
951679/0CEANIST WOOH
610775NFREMER F
9108741380/UTIG AUS
615400/ELFA F
510850/UNIV FE
8105199/S

200145/UPMC SIX F
200145/ UPMC SIX F
444293/ENVRE G

not available

317454/VOFM RSMAS MIA
7105762653/LAMONTGEQ
444293/ENVRE G

not available
7105762653/LAMONTGEQ
19066/GGUTEL DK
81240/CAMSPL G
96703/UNIGEQ D
951679/OCEANIST WOOH
7105762653/LAMONTGEQO
7401433/BAKE UC

5105960682/05U0 COVS
7106701086/LEHIGH UNIV UD
310246/ENI

6713054/WUI

not available

0454245/GEOP UBC VCR
9108741305/UTINTERNAT AUS
not available
7105762653/LAMONTGEO
312800/PP ML I

205838/MDRL DAL
10399/INTVU NL

not available

615400/ELFA F
0164101/MEMCRIAL SNF
9108814851/CHEVRON GT HOU
9104740096/UW LI

AA58150

not available




Cronan, 0.

Dalzied, 1.
Davies, P
Davies, T.”
Pavis, D.
Davis, E.*
Delariey, J,
Delaney. M.*
Delag, €.
Dannig, B.
Dalrick, R*
Deutsch, L.
Dorman, C.*
Dryiss, 5.
Draxier, A,
Duce, &
Duannebier, F*
Dunean, R,
Diirhaum, |,

Eade, J.
Elderfield, H.*

Engebratson, D.

Erzinger, J.
Etharidge, M.
Exon, N
Eysfein 4.4

Fabvey, 1"

Fisher, A,
Flower, M.
Floyd, P.
Forster, C.
Fortier, M.
Fouchsr, J-B.*
Franchefeau, J.
Frankin, J.*
Frafta, M.
Fricker, P.
Frietnan, E.*
Froefich, P.*
Fugi, T.*
Fujimoto, H.*

Sasrigon, L7
Gibson, 1*
Gioskes, J
R, J,
Goldhaber, M.

Golovchanko, X,

Gradstaia, F.*
Grangar, 1.
Grassick,

Green, a.
Green, 00
G, R,

Harding, B.
Harrison, ©.*
Haseldonckx, P,
Hay W
y&s .
Goalh, G.
gedbem. D
adberg, J.D."
Siarichs, D.~
Halsley, C.

Ha
bina

TECP
CEPDPG,SRDPG
SRUPG

- OHP

PPSP
TEDCOM
SAGPG
TEDCOM
EXCOM
sGpPp
OHP
EXCOM
55p
PCOM
EXCOM

WPDPG
sGep
TECP
LIHP
TECP
WPDPG
OHP

PCOW

QDPTAMU
CEFDPG
CEPDPG
SRDPG
PPEP

DMP
CEPDPG,SADPG
LITHP,SRDPG
ODPC

ODPC
EXCOM
SGPP

LTHP

SROPG,TEDCOM

QOPTAMU
SMP, IHP
OMP
WRDRG
SGPP
LOGO
SGPP

o
TEDCOM
PRSP
LeTME
ODPITAMU

ODPITAMUY
EXCOM

PRSP

SGPP

EXCOM, PCOM
EXCOM

IHP

sSSP
NSF,0DPC
EXCOM

{44)4-588-5111

(5121471-0431
(81} D62-499111
(5121471-0409
(516)632-8217
(604)356-6453
(206) 543-4830
(408)429-4736
(33)42-91-40-00
{605)687-5697
{401)792-6926

{49} 5323-722450
{508)543-1400X2500
{408}429-2225
(713)527-4880
(401)792-5222
{808}948-8711
{B08)737-2248
{49514 -543-3247

(6791381139
{44]223-333408
{206)676-3581
(491841-702-8390
{61] 62.499745
{61] 62-453347
{47} 5-213491

{61) 52 499327

{402)845-2197
{312)996-9662
{44)782-62-1111
{8011750-1247
(6131993-3780X328
(33) 99-22-10.40
{33)1-43-54-13.22
{612)995-4137
{33)8825-3083
(41)31-24-54-24
(619)534-2B26
(314)358-2900X485
(81)3-812-21 44 X5751
(81)3-376-1251

(409)B45-3480

{519} BB5-1221X2054
(619)534-4257
[408)425-2428
(303)235-1621%
{514)359-2000X236
{302)428-4870
{202)232-3900

{713)365-4172
{684} 2.202476
{4091845.2144

(406)845-2024
(305}361-4610
{49)201-726-3811
{303}492-7370
{914]359-2800X470
(206)543-6605
(46)-8-151-580
(713)973-3240
(202)357.7837

{B aﬂ L La Bkt

i BTBK

261503MPCOL G 3

F108741380UTIG AUIS

et availabla
NOSTNIBAUTIC AUS
510226776 7/SUNNADMIN &
DL9728HOFO PAT BAY
not available
T607338/UCSC UC
B15700/E

S604051.08 ALAMDS LAB
257582/DETR UR
S53B1TUITED
951879/00EANIBT WOOH
TEOTEIGAICEC UG

not gvatlable

257EA0/KNALL LR
T23BEBIHIGEY HER
SR87070OID LR
923730/BGR HA D

ZIDISOPACPHO FJ
S1240/CAMPEL G

ot availabie
AB2GEE/GRIWOTY UNIGE D
not available

mat avallabie
BA41023/NBTA N

nol available

S2760290/R8L UD
253848UNIV 1L CCC €GO
Ig11aUNKLIB O
JPBI42UTAHSTATEY LOGAN
U534366/EMR RMCE OTT
B408Z7/OCEAN F
202810VOLSIGM ¥
0SAIHENAR 1T
89044/ESF F

$12423/CH
FI3IN2TUCWWD SiI SDG
7105762653 AMONTGEQ
2BECT/ORILT J

25807/0RIUT

527602S0/ESL LD
0B955258/0 OF W WTLOD
HOWAA27VUCWWD 510 8DG
7807938AITSC UG
SIDUIT07IIGEA FIS LKWD
V105782653 AMONTGED
PISIIBHRIO DRT
Ta01433BAKE UG

SBRIIS4WUBEPR TEX HOU
ARSB150
S2750280/ESL UD

62760200/E8L LD
317454V GFM RSIMAS Mia
EST11410DX O

hot available
710576265 3L AMONTGEG
2104740086/0W Ui
13535/RESCOUN =
7raten
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Hey, R,
Hertogen, 4.
Hinz, K,
Hom, D.
Hoviand, M.
Howard, S5.*
Howell, E,
Huchon, £h.
Hurnphiis, S.*
Huichinson, M.*
Hyndman, R.*

ignatius, H.
Ingersoll, R.
to, M.*

James, N.
Jansen, E.*
Jamard, R.*
Jankyns, H.
JOIDES Office
Jones, E.
Jones, M.*
Jung, R.

Kappel, E,
Karg, 0.*
Kasahara, J.
Kastens, K.*
Kastner, M.*
Katz, B.*
Kent, D.*
Kidd, R.

King, J.
Kinoshita, H.*
Kaobayashi, K,
Korsch, R.*
Knstjansson, L.
Xroenke, L.*
Kudrass, H.

Ladd, J.
Lancelot, Y.
Langsath, M."
Larsan, 8.
Larsen, G.
Larsen, H-C.
Larson, R."
Last, A
Laughton, A.*
Le Pichon, X.
Lee, G-S.
Leinen, M.*
Levi, 8.
Lawis, B.
Lewis, S.
Louden, K.*
Loughridge, M.*
Loartil, 7.
Lyla, M.
Lysne, P.*

Macdonald, K.

MacKenzia, 0.

Magnusson, M.
Maldonado, A.

Malfait, B.*

Maipas, J.*

S5pP
SRDPG
TECP
PPSP
PPSP
SROPG
ompe
WPDPG
LITHP
DMP

WPDPG FPAPWG

ODPC
HP
SGPP

SGPP
oHP

LDGO
PCOM

SSP
IHP
DMP

JOI

DMP FPAPWG
TEOCOM

55P

PCOM

PPSP

OHP

5sp

SMP

oMP

EXCOM, PCOM
GEPDPG
ODPC,S5RDPG
CEPLPG
WPOPG

NSF
PGOM
PCOM
§sp
CBPC
TECP
PCOM
PPSP
EXCOM
FPAPWG
HP
PCOM
PCOM
EXCOM
sse
38P
iHP
OHP

. SRDPG

oMpP

SRDPG
PPSP
ooPC
FPAPWG
NSF
PCOM

(808)348-8972
(32) 16201015

{49)511-643-3244
(49)201-726-3905

[47) 4-80-71-30
(409)845.2265
{214j422-6857
{33)1-43291225

{508)548-1400X2523

{604)656-8438

{358)0-465-31
{213)825-8634
not available

(613) 545-6170
(47)05-21-3491

{3a14)353-2300X343

(44)865-272023
{808)345-7939
{44)1-387-7050

{44)051.653-8633
{49} 511-643-2857

(202)232-3900
(607)255-3672

(81)3-812-2111%X5743
{914)359-2900X236

{619)534-2065
{713)954-6093

{914)359-2900X544
(44)0792-295149

{401}792-6594

(61)3-472-54-4413

{81)3-376-1251
{51) 62-488178
{354)1-213-40
(808)948-7845

{49)511-643-2787

(2021357-7543

{33)1-43-362525X5155
(914)359-2900X518
{45)2-884022X2210

{45)6-12-82-33
(45)1-118866
(401)792-8185
(44)1-588-8000
{44)42-879-4141

{33)4-14-31-84-88
[61)062-495240 -

{401)792-6268
(503)754-2295
(202)543-7419
(415)856-7096
{902)424-3557
{303)497-5487
(713)966-6114
(503)754-2749
(505)846-6328

(805)961-4005
(303)794-4750
not availabla
{3433-310-64-50
{202)357-9849
{7D9)737-4708

Yol XV, No. &

7238861/HIGCY HR
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7401424/NSFO LC
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McLerran, A.
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Maver, A
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Moore, J.C.
Moore, T.C.*
Moores, €.
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Mutter J *
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Nobas, P.*
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Pascal, &
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Parfit, M.
Paters, P.
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Phipps-Morgan, J.*

Powell, T.7
Prah), F.*

Praft, L. M.
Framoi-Sitva, {.
Puchel, H.
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Habinowilz, P.*
Raleigh, 8.*
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Ranard, V.
Raynolds, R.
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EXCOM
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LiITHP

EXGOM., OOPO

DMP

55P

TEDCOM
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UTHP, SRDPG
JOI
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LITHP
PRSP
5GPP
OHe
QHP
LiTHP
TECP
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EXCOM
CEPDPG
58P

LOGO
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SMP

{902)4268-3411

{49)225-p85-2327
{4B)5323-722239

(512)471-4860

(33)1-43-29-61-84
(916]752-7093,0350

{41)1-266-38-28
(819)481-0482
{409)740:4403
{409)845-9324

[3%)1-43-36-25-29

{4091845-5208
(511)843-3128
{32)2-642-22.36

{49) 431-720-0248

{218)6E€0-3381
{503)754-2296
{808)048-8765
(808)348-6854
{408}420-2574
(313)747-3742
(916)752-0352
{802)426-8159
{303)236-5813
(619)534-2836
{508}948-7006

{914)359-2900X525

(619)534.5977
{81)3-376-1251

{§19)885-1211%6108

{415)856-7045
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(202)357-9849
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{B1192641-1101X4301
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Sehilling, J-G.
Schianger, S.
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Schuh, F.
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Smaii, L.
Smith, G.*
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Tokuyama, H.*
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CEPDPG {312)491-5097
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QDPC {31)370-440780
DMP (920)91359

DMP. SRDPG {5081548-1400X2583
ODPITAMU {409)845-2101
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DMP {49)471-483-1215
OHP

SGFPP (61) 8-2752212
sSSP (508} 548-1400
FPAPWG {45)431-7202271
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