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Request for:
 CHIM INEY SAM PLES

Sam ples of m anganese encrusted chim neys as well
as hydrotherm al or hydrogenous ferrom anganese

sam ples and associated sedim ents collected from  any
other m idoceanic ridge system ".
Contact: Ranadip Banerjee
<banerjee@ darya.nio.org> or
<banerjee@ csnio.ren.nic.in>

SEARCH FOR GRAPHITE

Sedim ent trap deposits collected nearby vents, and/
or grab samples of particulates from vents (0.0X to

1 gram quantities). Old collections are OK.
If such materials are available in your drawers,

please contact: Jacques Jedwab
<jjedwab@ ulb.ac.be>

I wish c uld get
my ands on .....

Would you like to get your hands 
on certain samples;  be they rocks,
crabs or tubeworms!  
Send your ‘wish list’ to the InterRidge office
and we will post it on the IR website and
print it in the next issue of IR news. 
Cooperation is the key to good science! 

InterRidge Office Updates

The InterRidge W ishhhhhhList....
On suggestion of the IR Steering Com m ittee, we have opened the InterRidge W ishhhhhhh list to

facilitate and porom ote sam ple exchange between  ridge scientists.  Please subm it requests for
samples, to the IR Office.  I would like to encourage all ridge scientist to check the W ishhhh list and
share samples with your international colleagues. The success of this initiative is dependent on  YOU!
Below are three requests for sam ples. If you have such sam ples to share, please contact the
appropriate scientists.

I wish I could get my hands on ........

Requested samples.....

ROCK SAM PLES
Rock samples from Laxmi Basin, Laxmi
continental block or any protruding seam ounts
in eastern Arabian sea for physical/chem ical studies
Contact: A. Shivaji (ashivaji@ hotmail.com)
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Coordinator's Update

M em ber Nations
The m em bership of Nations ac-

tively involved in InterRidge activi-
ties continues to grow. This year,
Korea has joined InterRidge as an
Associate M em ber nation. Dr Sang-
M ook Lee, from  the Deep-Sea Re-
sources Research Center is the Steer-
ing Com m ittee representative for
Korea. This brings the total num ber
of countries actively involved in
InterRidge to eleven. Additionally,
Austria has joined as a correspond-
ing member for the first time, with the
hope of upgrading their m em ber-
ship status with InterRidge in the
near future. M onica Bright is the
national correspondent for Austria.

The continually increasing
num ber of nations actively involved
in InterRidge will ensure that a highly
international ridge com m unity will
utilise their expertise to define and
refine scientific questions and fo-
cus interests, thereby, strengthen-
ing the InterRidge program m e and
the future “Project plan”. As a con-
sequence, the highly international
planning process will be of direct
benefit to individual scientists and
national program s for the nations
involved, while at the sam e tim e the
“Project plan” will provide opportu-
nities for the involvem ent of other
nations. For m ore inform ation read
about  Next Decade W orkshop, be-
low.

Upcoming InterRidge meetings
The num ber of InterRidge work-

shops, and other m eetings contin-
ues to increase. An ever increasing
dem and to pool resources and ex-
pertise, on an international level, in
order to m axim ise research output
and m inim ise costs for individual
nations is the driving force for or-
ganising m ore international m eet-
ings.

InterRidge M OM AR W orkshop
The 2nd M OM AR workshop will

take place in June 2002, in the Azores,

Portugal. See also the advertisem ent
in the back of this issue. The latest
inform ation can be obtained from
the IR website.

The 2nd International Symposium
on Deep-sea Hydrothermal Vent
Biology

The 2nd International Sym posium
on H ydrotherm al V ent biology,
Brest, France was a huge success.
Extended abstracts from  this m eet-
ing will be published in the Cahiers
De Biologie M arine (CBM ) in 2002.

InterRidge Theoretical Institute
(IRTI): Thermal Regime of Ocean
Ridges and the Dynamics of Hydro-
thermal Circulation

The first ever IRTI will have a
short course com ponent, which will
focus on the m odelling aspects of
the dynam ics of hydrotherm al circu-
lation in the crust, a field excursion
and a workshop com ponent to syn-
thesize the current m odels, debate
controversies, and outline the fu-
ture directions for collaborative re-
search.  The IRTI will be held 9-13
Septem ber 2002, at the University of
Pavia, Italy, for m ore inform ation
see the back of this issue of IR news
or look on the IR website.

SW IR W orkshop
A workshop to synthesise cur-

rent knowledge and identify areas,
both disciplinary and geographically
that require investigation and de-
cide on future direction of research
in this area is scheduled for 17-19
April, 2002 at SOC, UK. Abstract
subm ission deadline is 15 January.

Next Decade W orkshop
The aim  of this workshop will be

to devise a new InterRidge "Project
plan" for the next decade. The cur-
rent InterRidge program m e is near-
ing the end of its 10 year plan and it
is tim e for the international com m u-
nity to convene together and de-
velop the “Next Decade” InterRidge

Science Plan. Representatives from
Principal and Associate m em ber
nations have form ed the “Next Dec-
ade working group” and will develop
the “Next Decade Project Plan”
based on the discussions during the
Next Decade W orkshop, 10-12 June
2002, Brem en, Germ any. All of the
International Ridge Com m unity is
encouraged to subm it white papers
w ith ideas and opinions to the
InterRidge Office (intridge@ ori.u-
tolyo.ac.jp) with their views about
the next decade of international
Ridge research.

InterRidge Steering Com m ittee
meeting

The next Steering Committee met-
ing will be hosted by Dr Riccardo
Tribuzio, 13-14 Septem ber 2002,
Italy.

Steering Committee
Chris Fox has finished his term

as the Chair of the Event Detection
and Response and Observatories
W orking Group. Thank you to Chris
for his work with InterRidge. This
W orking Group has been renam ed
as “M onitoring and Observations
W orking Group” and is now Co-
Chaired by Javier Escartin (France)
and Ricardo Santos (Azores, Portu-
gal), both of whom  will becom e ad
hoc steering committee member from
next year.

W orking Groups
At the last Steering Com m ittee

m eeting, the W orking Group “Event
Detection and Response and Ob-
servatories” was renam ed to “M oni-
toring and Observations W orking
Group” and is now Co-Chaired by
Javier Escartin (France) and Ricardo
Santos (Azores, Portugal). The m ain
objective of this working group is to
organise the second M OM AR work-
shop and to follow though with es-
tablishing observatories on the sea
floor.

The Biology working group m et
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Florence Pradillion received a
“M agistère “ of cellular and molecular
biology (University Claude Bernard,
Lyon), and a “DEA” of Physiology of
Invertebrates (University Pierre et
M arie Curie, Paris). She started her
DEA project in 1999 in the group of
M arine Biology of Françoise Gaill at
the University Pierre et M arie Curie.
This project w as on Alvinella
pompejana reproduction and devel-
opm ent. After that, she started her
PHD thesis on the same project and is
expecting to finish her PHD in October
2002.

Jason Flores graduated in 1995
from the College of Charleston in South
Carolina (USA) with a Bachelor of
Science in Biology.  W hile there he

was involved in several research
projects including one of his own on
the behavioral ecology of Tursiops
truncatus (the bottlenosed dolphin)
under the direction of Prof. Phillip
Dustan.  Following graduation, Jason
participated in an international re-
search program  conducted at
Kristineberg M arine Research Station
(Sweden) during which he becam e
interested in comparative invertebrate
physiology.  Jason returned to the US
to attend graduate school at M oss
Landing M arine Laboratories (CA)
where he worked with Prof. Jam es
Nybakken studying the respiratory
adaptations of the deep-sea
pennatulidUmbellula lindahli to low
oxygen environm ents.  During this

Abstracts of these outstanding presentations are on page 13 of this issue of InterRidge news.

tim e Jason taught invertebrate zool-
ogy labs at M LM L and also worked
part-time as an intern for the M onterey
Bay Aquarium helping to develop and
maintain their deep-sea exhibit.  Jason
com pleted his M aster of Science in
M arine Science (San Francisco State
University) in 1999 and moved on to
Penn State University to work with
Prof. Chuck Fisher on the structural
and functional characteristics of the
hem oglobins of the polym orphic
tubeworm,Ridgeia piscesae, from the
Juan de Fuca Ridge.  His research has
been supported by a Penn State Gradu-
ate Fellowship and the NOAA W est
Coast National Undersea Research
Center as well as the National Science
Foundation.

IR Outstanding Student Award W innersIR Outstanding Student Award W innersIR Outstanding Student Award W innersIR Outstanding Student Award W innersIR Outstanding Student Award W inners
at the 2nd International Sym posium  on Deep-sea

Hydrotherm al Vent Biology

in Brest, France during the IR Hy-
drotherm al vent Sym posium . Possi-
ble topics of future work were dis-
cussed and are sum m arised on page
10 of this issue.

InterRidge O utstanding Student
Presentations

The IR  Steering com m ittee has
decided to encourage students in-
volved in Ridge research by award-
ing certificates of Excellence and
prize m oney to best student presen-
tations at IR m eetings. The first such
m eeting where the IR Outstanding
Student award was handed out was
The 2nd International Symposium
on Deep-sea Hydrothermal Vent
Biology. The com petition was tough
and from  over 40 students, the best
presentations were awarded to Flor-
ence Pradillion (France) and Jason
Flores (USA). Congratulations to

you both! Background about both
students is provided below and ab-
stracts of their presentations are
included on page 13 of this issue of
IR news.

Students are encouraged to par-
ticipate in future IR m eetings and to
present their work. Outstanding Stu-
dent Awards will be given out dur-
ing the upcom ing SW IR workshop
(UK) and the IRTI (Italy, 2002).

InterRidge hom e page
W e are continuing to upgrade

and im prove our web site to m axim -
ise inform ation transfer and m ake it
user friendly. To m ake our hom epage
m ore interactive we have divided it
into two fram es. The latest inform a-
tion about m eetings, announcem ents
and any other current, ridge related
item s is now at your fingertips, ac-
cessible directly from  the left hand

side fram e on our hom epage. The
larger, right hand side fram e con-
tains the fam iliar m enus with lots of
ridge related inform ation. Due to the
volume of information on our website
a brief outline of what can be found
there is provided on page 9 of this
issue as well as being available from
our website at the following URL:
http://www.intridge.org/latest.htm

W e encourage you to m ake use
of our website and all the inform a-
tion that is available there. As al-
ways, any com m ents and sugges-
tions are welcom e and rem em ber that
I always like to receive updates and
new inform ation about m eetings and
ridge related cruises, as well as job
vacancies and other ridge related
bits and pieces of inform ation.

Agnieszka Adamczewska
InterRidge Coordinator
November 2001

  InterRidge Office Updates
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The following InterRidge publications are available upon request.  Fill out an
electronic request from at http://www.intridge.org/act3.html
or contact the InterRidge office by e-mail at  intridge@ ori.u-tokyo.ac.jp

InterRidge Publications

InterRidge News:

Past issues of InterRidge News, are avalable starting with the first issue published in 1992 until the present. Information
about the research articles published in each issue can be found on the InterRidge website:
http://www.intridge.org/irn-toc.htm

The InterRidge News issues published from  2000 (ie. InterRidge News 9.1 and all following issues) are available as
downloadable PDF files from  the sam e URL address on the InterRidge website, using Adobe Acrobat 4.0 or later
versions.

W orkshop and W orking Group Reports:

InterRidge M OM AR (M Onitoring the M id-AtlanticRidge)workshop report, April, 1999.

InterRidgeM apping and Sam pling the Arctic Ridges: A Project Plan, pp. 25, December 1998.

ODP-InterRidge-IAVCEI W orkshop Report: The Oceanic Lithosphere and Scientific Drilling into the 21st Century, pp. 89.

InterRidge Global W orking Group W orkshop Report: Arctic Ridges: Results and Planning, pp. 78, October 1997.

InterRidgeSW IR Project Plan, pp. 21, October 1997 (revised version).

InterRidge M eso-Scale W orkshop Report: Quantification of Fluxes at M id-Ocean Ridges: Design/Planning for the Segm ent
Scale Box Experim ent, pp. 20, M arch 1996.

InterRidge Active Processes W orking Group W orkshop Report: Event Detection and Response &  A Ridge Crest Observatory,
 pp. 61, December 1996.

InterRidge Biological Ad Hoc Committee W orkshop Report: Biological Studies at the M id-Ocean Ridge Crest,
pp. 21, August  1996.

InterRidge M eso-Scale W orkshop Report: 4-D Architecture of the Oceanic Lithosphere, pp. 15, M ay 1995.

InterRidge M eso-Scale Project Symposium and W orkshops Reports, 1994: Segm entation and Fluxes at M id-Ocean Ridges: A
Sym posium  and W orkshops &  Back-Arc Basin Studies: A W orkshop, pp. 67, June 1994.

InterRidge Global W orking Group Report 1993: Investigation of the Global System  of M id-Ocean Ridges, pp. 40, July 1994.

InterRidge Global W orking Group Report 1994: Indian Ocean Planning M eeting Report, pp. 3, 1994.

InterRidge M eso-Scale W orking Group M eeting Report, Cambridge, UK, pp.6, 1992.

W orkshop and Sym posium  Abstract Volum es:

InterRidge W orkshop: M OM AR (M Onitoring the M id-AtlanticRidge) Abstract Volume, pp. 82, Oct. 1998.
InterRidge W orkshop: M apping and Sam pling the Arctic Ridges Abstract Volume, pp. 30, Oct. 1998.
First International Symposium on Deep-Sea Hydrotherm al Vent Biology Abstract Volume, pp.  118, Oct. 1997.
Fara-InterRidgeM id-Atlantic Ridge Sym posium  Results from  15°N to 40°N.  J. Confer. Abs. 1(2), 1996.
ODP-InterRidge-IAVCEI W orkshop: The Oceanic Lithosphere and Scientific Drilling into the 21st Century, pp. 126, 1996.

Steering Com m ittee and Program  Plan Reports:

InterRidge STCOM  M eeting Report, Kobe, Japan, 2001.
InterRidge STCOM  M eeting Report, W HOI, USA, 2000.
InterRidge STCOM  M eeting Report, Bergen, Norway, 1999.
InterRidge STCOM  M eeting Report, Barcelona, Spain, 1998.
InterRidge STCOM  M eeting Report, Paris, France, 1997.
InterRidge STCOM  M eeting Report, Estoril, Portugal, 1996.
InterRidge STCOM  M eeting Report, Kiel, Germany, pp. 22, 1995.
InterRidge STCOM  M eeting Report, San Francisco, USA, 1994.
InterRidge STCOM  M eeting Report, Tokyo, Japan, 1994.

InterRidge STCOM  M eeting Report, Seattle, USA, pp. 6, 1993.
InterRidge M eeting Report, York, UK, 1992.
InterRidge M eeting Report, Brest, France, pp. 39, 1990.
InterRidge Program Plan Addendum 1997, pp. 10, January 1998.
InterRidge Program Plan Addendum 1996, pp. 10, April 1997.
InterRidge Program Plan Addendum 1995, pp.10, 1996.
InterRidge Program Plan Addendum 1994, pp.15, 1995.
InterRidge Program Plan Addendum 1993, pp. 9, 1994.
InterRidge Program Plan, pp. 26, 1994.
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Nam e(Title, First, Last)
______________________________________________________________
Departm ent/Institute___________________________________________________________

Address______________________________________________________________________

      _____________________________________________________________________
City_________________________________ State/County____________________________
Post Code___________________________ Country________________________________

Phone:______________________________    Fax:___________________________________

E-m ail:_______________________________________________________________________

W W W : _____________________________________________________________________

 http://www.intridge.org/signup.htm
You can use this form to join our regular mailing list to receive InterRidge News, or to be placed on our
electronic mailing list and to be put on the electronic directory on the web (http://www.intridge.org).
Currently there are over 2800 scientists active in mid-ocean ridge research on our mailing list.  The elec-
tronic directory contains a listing of each researcher's field of interest and expertise as well as their full
address information.Links are also provided to personal or departmental web pages.

(country  code) (area  code)    num ber (country code)  (area code)    num ber
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InterRidge  M ailing List
 Sign up Form
Or sign up on the web at:

Indicate whether you would like to

  receive electronic notices and information (include your e-mail address)
  receive the IR news and be on our mailing list
  this is a change of address notice

W hat are your fields of interest/expertise?

 Back-Arc Basins

 Biochemistry

 Biogeography

 Biology

 Crustal structure

 Ecology

 Electromagnetism

 Engineering/Instrumentation

 Event detection and response

 Genetics

 Geochemistry

 Plate kinematics

 Rheology

 Seafloor M orphology

 Sedimentology

 Seismology

 Structural geology

 Sulfide Ores

 Tectonics

 Undersea Technology

 Volcanology

 Other_________________

 Gravity

 Heat Flow

 Hydrology

 Hydrothermal vents/plumes

 Larval Dispersion

 Law/Policy

 M agnetism

 M icrobiology

 M odeling

 Ophiolites

 Petrology
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The InterRidge O ffice
Ocean Research Institute
University of Tokyo,
1-15-1 Minamidai, Nakano
Tokyo 164-8639
Japan
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InterRidge W ebsite
http://www.intridge.org/

The InterRidge office m aintains an extensive web
site containing various types of inform ation including
upcom ing m eetings, scheduled ridge related cruises,
job vacancies as well as 9 different databases. These
databases on the InterRidge website were initiated in
response to a request by the international com m unity
to have a ‘centralised’ clearing house for inform ation
collected by scientists all over the world so that relevant
inform ation is readily available to everybody at one
site. A brief sum m ary of what can be found on the
InterRidge website is available at:
http://www.intridge.org/latest.htm
W e are pleased that the use of the InterRdige website

is steadily increasing and we continue to encourage
you m ake use of this resource and to continue to subm it
the latest information to our office. To make our homepage
more interactive we have divided it into two frames. On the
left hand side frame you now have at your fingertips the
latest inform ation about m eetings, announcem ents and
any other current, ridge related items. The right hand side
frame contains the familiar menus, the general contents of
which are outlined below. As always any comments and
suggestsions are always welcom e.

The new alias for the IR website m akes the URL easy
to rem em ber, you can now access the InterRidge hom e
site by sim ply typing http://www.intridge.org

1) Inform ation section
This section provides links to Ridge related

m eetings, cruises and other m iscellaneous inform ation,
as well as a little bit about InterRidge structure and its
role, including: Latest ridge related N ew s; an
introduction to w hat is InterRidge, w ith a short
description of the InterRidge program m e, outlining the
objectives of the program m e as well as m anagem ent
structure and national m em bership of InterRidge; as
w ell as a calendar of international conferences,
m eetings  and workshops.

2) Activities section
This section is concerned with the scientific and

m anagem ent structure of InterRidge. The m enus in this
section are relatively unchanged from  the ones that
were present on the original hom e page. This section
includes an outline of the scientific purpose of
InterRidge; a description of the activities of the IR
working groups, which are responsible for directing
different aspects of ridge research. An outline of the

current working groups and updates of their activities
can be found here. Here you can also find links to
m ajor projects that InterRidge is currently involved
in and projects that are directly relevant to InterRidge
activities - such as M OM AR and M arine Protected
Areas project. Additionally, in this section, you can
find a list of all the publications distributed by the
InterRidge office as well as a list of the InterRidge
National Correspondents, and their contact details,
from  all of our M em ber Nations.

3) InterRidge databases section
One of the m ajor objectives of InterRidge is to

facilitate the advancem ent of ongoing w ork of
individuals, national and international groups by
providing centralised inform ation and data-exchange
services. Thus, we m aintain a num ber of databases
that contain data subm itted from  Ridge scientists from
around the world. W e rely on contributions from
individuals to continuously update the inform ation
and increase the num ber of records. I would like to
take this opportunity to encourage everyone to
becom e fam iliar with the databases on our website
and contribute inform ation on a regular basis to
ensure that this im portant resource contains current
and up to date inform ation. A list of the databases
m aintained by InterRidge with a brief introduction
can be found on our web site at:
http://www.intridge.org/data1.html

The IR office also maintains a database with contact
details of scientists involved in ridge reserach. To
add your nam e and contact details to the electronic
database just click on the “M ailing list sign up” on
the hom e page and fill in the signup form .

Furtherm ore, you can calculate the spreading rate
of the sea floor at any place around the globe!

H ydrotherm al Ecological Reserves Page:
http://www.intridge.org/reser-db.htm

This page lists all the current ecological reserves
that have been proposed at hydrotherm al vents.
These vary in breadth and scope; at Juan de Fuca
the Canadian governm ent has proposed the
Endeavour vent field as a pilot m arine protected area,
w hile other reserves consist of requests from
individual scientists conducting experim ents in
specific areas.  There is also an on-line form  to subm it
reserves to the page.
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O verview of InterRidge W orking Groups
M ore information on working groups can be found on our website;

http://www.intridge.org/act2.html

 InterRidge Office Updates

Arctic Ridges
O bjective: Coordinate planning

efforts for mapping and sampling
the Arctic Ridges.

Current Activities:Coordination of
international cruise to the Gakkel
Ridge in 2001.

Chair: Colin Devey (Germany)
W G members: G. A. Cherkashov  (Rus-

sia), B. J. Coakley (USA), K. Crane
(USA), O. Dauteuil (France), V.
Glebowsky (Russia), K. Gronvold
(Iceland), H. R. Jackson (Canada),
W . Jokat (G erm any), Y.
Kristoffersen (Norway), P. J.
M ichael (USA), K. J. Young (Ko-
rea), N. C. M itchell (UK), H. A.
Roeser (Germany), H. Shimamura
(Japan), Y. Nogi (Japan), C. L. Van
Dover (USA) .

Back-Arc Basins
Objectives:Summarize past work on

Back-Arc Basins and coordinate
future studies.

Current Activities: Compiling report
on past work in Back-Arc Basins.

Chair: Sang-M ook Lee (Korea)
W G members: Ph. Bouchet (France),

J.-L. Charlou (France), K. Fujioka
(Japan), E. Grácia  (Spain), P. Herzig
(Germany), J. Ishibashi (Japan), Y.
Kido (Japan),  S-M . Lee (Korea), R.
Livermore (UK), S. Scott (Canada),
R. J. Stern (USA), K. Tamaki (Japan),
and B. Taylor (USA).

Global Digital Database
Objective: Establish a database of

global multibeam bathymetry and
other data for m id-ocean ridges
and back-arc basins.

Current Activities: Compiling data.
Chair:Philippe Blondel (UK)
W G members: J. S. Cervantes (Spain),

C. Deplus (France), M . Jakobsson
(Sweden), K. Okino (Japan), M .
Ligi (Italy), R. M acnab (Canada),
T. M atsum oto (Japan), K. A. K.
Raju (India), W . Ryan (USA), and
W . W einrebe (Germany).

Biological Studies
Objectives: Objectives of the New

biology W G are outlined on page
11 of this issue of IR news.

Chairs:F Gaill (France) and S.K.
Juniper (Canada).

W G members: M .  Biscoito (Portugal),
O. Gierre (Germany), J-H. Hyun (S.
Korea), A. M etaxas (Canada) T.
Shank (USA), K. Takai (Japan), P.
Tyler (UK) and F. Zal (France)

Global Distribution of
Hydrotherm al Activity

Objectives: Target key areas of the
global M O R that should be
explored for hydrothermal activity
and coordinate international
collaboration to explore them.

Current Activities: Organizing the
InterRidge Theoretical Institute
on the Therm al regim e of Ocean
Ridges and the Dynam ics of Hy-
drothermal Circulation to be held
9-13 September 2002, Italy.

Chair:  Chris R. German (UK)
W G members: E. Baker (USA), Y. J.

Chen (USA), D. Cowan (UK), T.
Gamo (Japan), E. Grácia (Spain),
P. Halbach (Germany), S.-M . Lee
(Korea), G. M assoth (N.Z), J.
Radford-Knoery (France), A-L.
Reysenbach (USA), D. S. Scheirer
(USA), S. D. Scott (Canada), K. G.
Speer (USA), C. A. Stein (USA),
V. Tunnicliffe (Canada) and C. L.
Van Dover (USA).

HotSpot-Ridge Interactions
Objectives: This W G was formed dur-

ing the 2000 Steering Committee
meeting to promote and facilitate
global research to better under-
stand the physical and chem ical
interactions betw een m antle
plumes and mid-ocean ridges and
their effects on seafloor geologi-
cal, hydrothermal, and biological
processes.

Current Activites:The agenda for this
new W G is being developed.

Chair:J. Lin (USA)
W G members: R.K. Drolia (India), J.

Dym ent (France), J. Escartín
(France), J. Freire Luis (Portugal),
E. Grácia (Spain), D.W . Graham
(USA), K. Hoernle (Germany),  G.T.
Ito (USA), L.M . M acGregor (UK)
N. Seama (Japan), F. Sigmundsson
(Iceland)

M onitoring and Observatories
O bjectives:  D evelop detection

m ethods of transient ridge-crest
seism ic, volcanic and hydro-
therm al events, and the logistical
responses to them .

Current Activites:Organisation of the
second M OM AR workshop. Ob-
jectives of the workshop are listed
on page 12 of  this issue of IR
news.

Chairs: Javier Escartin (France) and
R icardo Santos (A zores,
Portugual)

W G member: K. M itsuzawa (Japan)

SW IR
Objective: Coordinate reconnais-

sance m apping and sam pling of
the Southwest Indian Ridge.

Current Activities:Organisation of
the SW IR workshop.

Chair: Catherine M ével (France)
W G members: M . Canals (Spain), C.

German (UK), N. Grindlay (USA),
C. Langm uir (USA), A. Le Roex
(South Africa), C. M acLeod (UK),
J. Snow (Germany), T. Kanazawa
(Japan) and C. L. Van Dover (USA).

Undersea Technology
Objective: Foster the development of

undersea technology and dis-
seminate information about it.

Chair: Spahr C. W ebb (USA)
W G members:J. R. Delaney (USA),

H. M om m a (Japan), J. Kasahara
(Japan), M . Kinoshita (Japan), A.
Schultz (UK), D. S. Stakes (USA),
P. Tarits (France) and H. Villinger
(Germany).
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 Updates on InterRidge Projects

Ten years ago there was very
little knowledge about this ultra slow
ridge. N ow  w e have com plete
bathym etric coverage of the ridge
from  the RTJ to the BTJ. This is a
m ajor achievem ent which has been
facilitated by the InterRidge pro-
gramme. In parallel to the mapping, a
system atic sam pling of the ridge axis
has been conducted. It is now possi-
ble to evaluate the influence of the
M arion and Bouvet hotspots on the
ridge, both on the m orphology and

SW IR W orking Group

Catherine M ével (mevel@ ccr.jussieu.fr)

Laboratoire de Geosciences M arines, Université Pierre et M arie Curie, France

the chemistry. however, seismic stud-
ies are still required to understand
the deep structure of the ridge.

Hydrotherm al activity along this
ridge is still very poorly known. Sev-
eral nephelom etry signals have been
docum ented with M APRs m ounted
on the TOBI cable between 58° and
65°E. M oreover, dead chimneys have
been collected at 64°E. Hydrothermal
deposits associated w ith
serpentinites have also been docu-
m ented in the eastern portion of the

ridge. To date, however, no active
field with associated biology has been
observed. Further studies are re-
quired to get som e idea about the
distribution of hydrotherm al activity
on this ultra slow spreading ridge.

A workshop to synthesise the
current knowledge gained and to
decide future research on the Indian
Ridge has been scheduled. The SW IR
working group will be term inated at
the workshop to be held in April 17 -
19, SOC, UK.

InterRidge Biology W G M eetings
The InterRidge Biology W orking

Group met in Brest, France on October
7, during the the InterRidge Hydro-
therm al Vent Biology Sym posium .
M em bers discussed possible topics
for future work of the newly reconsti-
tuted working group and identified
the following items for near-term ac-
tion:

1) Code of Conduct/Best Practices
Statem ent

As a follow-up to the InterRidge
W orkshop on the M anagem ent and
Conservation of Hydrotherm al Vent
Ecosystem s, m em bers agreed to de-
velop a brief Code of Conduct or State-
m ent of Best Practices for future re-
search activities at deep-sea hydro-
thermal vents. The document will be
limited to proposing practices for re-
search activities only. However, mem-

bers agreed that development of such
a code and adherence to it would aid
in establishing the InterRidge as an
authority for the provision of advice
on m anagem ent and conservation of
vent ecosystem s to regulatory agen-
cies and to industries, such as eco-
tourism, bioprospecting and deep-sea
mining. A draft code/statement will be
circulated amongst W G members over
the next few months, with the goal of
producing a final docum ent by
1st  M arch, 2002.

An open discussion on conserva-
tion issues was held during the Hy-
drothermal Vent Biology Symposium
in Brest, on the evening of October 10.
M ore than 80 symposium participants
attended the discussion that began
with a brief presentation of legal and
jurisdictional aspects of deep-sea
conservation by Lyle Glowka. M r.
Glowka is an environm ental lawyer

specialising in applications of the
Biodiversity Convention and the Law
of the Sea Convention to conserva-
tion issues.

2) Data Base/Inventory
M em bers agreed to exam ine once

again the possibility of establishing
a data base and inventory of bio-
logical collections from  hydrother-
m al vent ecosystem s. This idea dates
back to the form ation of the original
Biology W G. Voluntary participa-
tion has been disappointing despite
the potential value of the data base
for fostering collaborations and
sharing of sam ples, potentially re-
ducing sam pling im pact on heavy-
use areas and providing opportuni-
ties for research to scientists with-
out access to deep subm ergence
facilities.

M em bers agreed to explore the

Biology W orking Group

Kim Juniper1 (juniper.kim@ uqam.ca) and Françoise Gaill2(francoise.gaill@ snv.jussieu.fr)

1GEOTOP, Université du Québec à M ontréal, Canada
2Laboratoire de Biologie M arine, Université Pierre et M arie Curie, France
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 Updates on InterRidge Projects

The m andate of M O M A R
(M Onitoring the M id Atlantic Ridge)
is to encourage multidisciplinary stud-
ies at the M id-Atlantic Ridge, with the
ultimate goal of developing observa-
tory-type efforts on the Azores area,
encom passing the Lucky Strike,
M enez Gwen and Rainbow hydrother-
mal vents, to characterize this portion
of the ridge and understand the inte-
gration of tectonic, volcanic, biologi-
cal and hydrothermal systems in space
and tim e. The chosen site is logisti-
cally favourable for repeated or per-
m anent observations due to its close
proximity to the Azores islands (Lucky
Strike <200 nm from Faial island). Back-
ground inform ation on the area of
interest and on scientific goals of the
M OM AR project may be found in the
Scientific Report of the first M OM AR
W orkshop (Lisbon, Portugal, 1998):
http://triton.ori.u-tokyo.ac.jp/
~intridge/momar/report.htm

The immediate task is the organi-
zation of a II M OM AR W orkshop,
that will take place in M ay 2002 in
Horta (Azores, Portugal), hosted by
the University of the Azores, IM AR
and the ISR - Associated Laboratory.
This workshop intends to bring to-

gether scientists working on active
mid-ocean ridge processes interested
in long-term , in-situ observations in
the M O M A R area. D ue to the
m ultidisciplinary nature of observa-
tory studies, and the technological
challenges posed, the W orkshop will
encom pass all disciplines, including
B iology, Fluid C hem istry,
Geochemistry, Geology, Geophysics,
Oceanography, and Engineering. The
W orkshop should:
a) define the scientific objectives to be

pursued in the next 5-10 years:
integration of biological, volcanic,
tectonic, hydrotherm al and
oceanographic processes in tim e
and space

b) identify the technology and
instrum entation available for
observatory-related studies, and
future developm ents required:
A U V s, m oorings, R O V s,
subm ersibles, data collection/
storage/transm ission, etc.

c) define the type of experim ents to
carry out in the future and establish
a realistic im plem entation plan
based on the scientific goals, as
well as technological and funding
constrains

possibility of obtaining funding from
a private foundation, to develop the
data base, placing em phasis on the
contribution of the effort to knowl-
edge of marine biodiversity. Funding
would be used to hire a post-doc to
visit laboratories holding significant
collections of vent organism s and
develop a data base.

3) Rem ote Observation Applications
for Biology - W orkshop

M em bers pointed out the need
for vent biologists to catch up with
other disciplines in developing tech-
niques and approaches that would
allow them  to take advantage of ca-
bled and autonom ous seafloor ob-
servatories that are presently at vari-

ous stages of development and plan-
ning. A location and date for an
InterRidge workshop on "Rem ote
Seafloor Observation Tools and Ap-
plications for Hydrothermal Vent Bi-
ology" will be explored by the W G
over the coming weeks, with the goal
of holding a workshop with the next
year.

M O M AR

Javier Escartin1 (escartin@ ccr.jussieu.fr) and Ricardo Serrão Santos2 (ricardo@ dop.uac.pt)

1Laboratoire de Géosciences M arines, Université Pierre et M arie Curie, Paris, France
2IM AR - Dept. of Oceanography and Fisheries, University of the Azores, Horta, Portugal

d) define the procedures for m ana-
gem ent and integration of
scientific data

e) establish links w ith existing
national and international
observatory-related projects:
data and connector standards,
transfer of technology

f) discuss and evaluate m anagem ent
proposals of study sites, and
aspects related with scientific
interpretation and dissem ination
for the general public

g) discuss and evaluate possibilities
and strategies for funding of the
observatory

W e plan to have two days of
discussions am ong different work-
ing groups, with very few key talks,
and one day to write the results. The
working groups will be determ ined
based on the num ber of attendants
and their expertise. The precise for-
m at of the W orkshop, details on the
schedule, official announcem ent
and registration will be announced
at a later tim e, not later than January
2002. Visit the InterRidge hom e page
for the latest inform ation on the
M OM AR workshop.

II M OM AR W orkshop – Towards planning of seafloor observatory program s for
the M AR region.  June 2002, Horta (Azores, Portugal)
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Temperature sensitivity is one key
factor that controls the distributions
of m arine organism s. The role of tem -
perature m ay be particularly im por-
tant at deep-sea hydrotherm al vents,
where steep tem perature gradients
occur at centim eter scales and organ-
isms are unusually thermotolerant. The
polychaeteAlvinella pompejana build
tubes on the walls of hydrotherm al
chim neys, where they are exposed to
high tem peratures (20-50°C and ex-
ceptionally higher). The influence of
tem perature on early life-history
stages rem ains com pletely unknown.

Tem perature sensitivity in em bryos of the therm ophilic hydrotherm al worm
Alvinella pom pejana

Florence Pradillon1, Bruce Shillito1, Craig M . Young2, Françoise Gaill1

1Université Pierre et M arie Curie, FRANCE.
2Department of Larval Ecology, Harbor Branch Oceanographic Institution, FL 34946, USA.

Studies of em bryology and larval de-
velopm ent at vents are im portant to
our understanding of how these highly
specialized species locate and colo-
nize new sites in a dynamic and ephem-
eral habitat. However, the study of
em bryos and larvae from  hydrother-
m al vents is always problem atic be-
cause of the high pressures at which
the larvae m ust be reared.  The larvae
of siboglinid polychaetes
(“vestim entiferan” tube worm s) have
now been reared from  both cold seeps
and hydrotherm al vents. Here, we use
pressure vessels to rear early em bryos

ofAlvinella pompejana for the first
tim e, and to investigate tem perature
sensitivity in these early life-stages.
Our results show a large difference in
tem perature tolerance betw een
adults and em bryos, that precludes
the possibility of direct developm ent
in adult colonies. The data also sug-
gest that early em bryos m ight dis-
perse long distances with currents,
in a state of developm ental arrest,
com pleting developm ent only when
encountering the m oderate tem pera-
tures found near the bases of hydro-
therm al chim neys.

All vestim entiferan tubeworm s
require hydrogen sulphide (H

2
S) to

fuel carbon fixation by their
endosymbionts and some species may
be exposed to potentially lethal lev-
els. The key to handling H

2
S in

vestimentiferans lies in the extracellu-
lar hem oglobins contained in the vas-
cular blood and coelom ic fluid which
are capable of reversibly binding oxy-
gen and sulfide. D ifferent
vestim entiferan species are exposed
to very different environm ental H

2
S

levels.Riftia pachyptila is routinely
exposed to relatively high sulfide con-

centrations in its ephemeral, high flow
hydrotherm al vent habitats along the
East Pacific Rise while cold seep spe-
cies such as Lamellibrachia luymesi
are adapted to stable, low-sulfide en-
vironm ents. The polym orphic
vestim entiferanRidgeia piscesae, in-
habiting sites along theJuan de Fuca
Ridge (JdFR), offers a unique oppor-
tunity to observe one tubeworm  spe-
cies that can thrive in either ephemeral
high-sulfide or diffuse low-sulfide
habitats. W e have begun a detailed
analysis of the vascular blood and
coelom ic fluids from  two very differ-

Structural and functional plasticity of the extracellular coelom ic fluid
hem oglobins from  the polym orphic vestim entiferan tubeworm , Ridgeia piscesae

Jason F. Flores1, B.N. Green3, A.D. Jones2, S. Hourdez1, J.K. Freytag1, R. Thompson1, and C.R. Fisher1

1Penn State University, Dept. of Biology, 2Penn State University, Dept. of Chemistry, 3M icromass Ltd., UK

ent m orphotypes of R. piscesae from
very distinct environm ents. One
m orph (short-fat)inhabits areas of
relatively active, diffuse flow chim -
neys, and the other (long-skinny)
m orph is found in areas of very low
flow on the basalt. Our results to date
show that structural differences in
the 400 kD a coelom ic fluid
hem oglobin between R. piscesae
m orphotypes appear to relate to dif-
ferences in the sulfide binding char-
acteristics which m ay be a result of
environm ental adaptations along the
JdFR.

  InterRidge Outstanding Student Award W inners

Presentation abstracts from  the the 2nd International
Sym posium  on Deep-sea H ydrotherm al Vent Biology
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Seam ounts are both prom inent
and widely distributed features in
the m arine environm ent. However,
within the New Zealand region very
little is known about their physical
and biological processes. Since
1998, NIW A scientists have studied
a variety of seam ount habitats to
better understand the role and dy-
nam ics of seam ounts in the m arine
environm ent, particularly their eco-
logical uniqueness. One aspect of
this is the discovery of a diverse
vent fauna associated with the

active hydrotherm al venting of
southern Kerm adec arc volcanoes.

Associated with the convergent
Pacific – Australian plate boundary,
the southern Kerm adec arc volca-
noes form  an active arc front of 13
edifices between 37° and 35°S
(W right, 1997). A num ber of these
volcanoes have active hydrother-
m al vents (de Ronde et al., 1999),
including Rum ble III, Rum ble V, and
Brothers (Fig. 1). Aspects of their
volcanism  and venting are becom -
ing better known, but to date there

has been no description of the vent
biology. Here we present a first pre-
lim inary description of the southern
Kerm adec vent biology.

In Novem ber 2000, NIW A un-
dertook a short still-cam era and
towed-sled survey of Rumble III from
R/V Kaharoa, during which hydro-
therm al-vent fauna new to science
or to New Zealand waters was re-
corded.  One key indicator species
of vent fauna proved to be an unde-
scribed species of bivalve, genus
Bathymodiolus – the sam e species
known previously from  a dead valve
from  the Brothers seam ount, north-
east of Rum ble III.  Two sled trawls
caught appreciable num bers of this
species, from  those very recently
settled to specim ens of shell length
150 mm.

A second survey on R/V Tanga-
roa was carried out in M ay 2001.
The objectives included faunal in-
ventory of several seam ounts, based
on photographic records and ben-
thic sam pling principally from  Rum -
ble III, Brothers caldera, and Rum -
ble V volcanoes. Photographic
transects were carried out in a star-
burst pattern centred on the sum m it
of each of Rum ble III and Rum ble V
seam ounts. Video and still cam eras
were m ounted in an acoustic fram e,
and tow ed slow ly along each
transect at 3–4 m  above the sea
floor, from  each sum m it to 1000–
1100 m  on the flanks. W hile video
pictures were taken continuously,
the digital cam era was activated re-
m otely; fram e position was contin-
uously m onitored using an acoustic
system  from  the ship. In addition, a
total of 52 epibenthic tows were
com pleted from  all three seam ounts.

H ydrotherm al vent and seam ount fauna from  the southern
 Kerm adec Ridge, New Zealand

M .R.Clark and S. O’Shea

National Institute of W ater and Atmospheric Research, PO Box 14-901, W ellington, New Zealand

  International Ridge-Crest Research: Biological Studies

Figure 1. Location of the southern Kermadec seamounts, to the northeast of the
North Island of New Zealand.
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Species diversity, density and sub-
stratum  type proved to be highly
variable, indicating that the distri-
bution of bottom  type and fauna
was very “patchy”, both within and
between seam ounts. This was par-
ticularly evident on Rum ble III for
Bathymodiolus, the distribution of
which, based on cam era and video
work, appeared localized to a single
transect, and to about 100 m  dis-
tance. Bathymodiolus was m ore
widespread in distribution on Rum -
ble V.

On inactive seam ounts large or-
ganism s, particularly the cnidarians:
Gorgonacea (especially species of
Keratoisis, Narella, Paragorgia,
M etalogorgia and Chrysogorgia),
Scleractinia (especially species of
Enallopsam m ia, Solenosm ilia,
Desmophyllum and Caryophyllia),
Antipatharia (especially species of
Antipathes, Parantipathes, Bath-
ypathes and Leiopathes) and to a
lesser extent the sponges, Porifera
(Hexactinellida: gen. et. spp. indet.),
characterize sessile m acrofauna.
Such sessile m acrofauna is effec-
tively absent from  active seam ount
features, except for isolated regions
on their flanks or bases.

The fauna of the actively vent-
ing seam ounts is appreciably differ-
ent from  that of adjacent inactive
seam ount and ridge-system s. A pro-
visional list of taxa from  these
seam ounts contains som e 100 spe-
cies, but a num ber of Phyla await
processing.  Groups for which we
have a m ore com plete description
are the Crustacea, M ollusca and
Echinoderm ata, upon which the fol-
lowing account is based.

Am ongst decapod Crustacea a
suite of species belonging to the
hydrotherm al-vent specific genus
Alvinocaris (prelim inary sorting
identifies 3 species), and several
additional presently unidentified
shrim p genera and species, are rec-
ognized.  These are all associated
with the m ost actively venting envi-
ronm ents.

The brachyuran fauna associat-
ed with these vents com prises four
closely related Carcinoplax species,

including one likely new to science;
three species attributed to Pilumno-
plax, two possibly new to science;
one of Bythograea (for the first tim e
recognized from  New Zealand wa-
ters); one to a sim ilarly sized crab
species that presently cannot be
attributed to genus or species; three
m ajiids (spider crabs), one hitherto
unknown species attributed to Sphe-
nocarcinus, the near-cosm opolitan
Archaeopsisthomsoni (also for the
first tim e recorded from  New Zea-
land waters), and one leg of a large-
bodied species attributed to the
genusPlatymaia (although the spe-
cies is unlike any other in the rela-
tive proportions of leg segm ents,
and in the extent of spination); the
bizarre parthenopid Tutankhamen,
also newly reported for New Zea-
land waters; and one portunid, pro-
visionally attributed to Ovalipes
molleri.  Of these, Bythograea, Gen.
et. sp. indet. and possibly one spe-
cies attributed to Pilumnoplax are
likely vent specific, whereas m ost
others, despite their presently be-
ing known only from  vent and prox-
im al environm ents, or newly record-
ed from  New Zealand waters, are
likely to represent am bient deep-sea
intruding fauna.  The occurrence of
Ovalipes?molleri is unusual, as this
species is known from  northernm ost
New Zealand from  shallow water,
and central-eastern New Zealand
(Chatham  Rise) from  approxim ately
400m  depth; it has not earlier been
recorded from  seam ount habitat, nor
from  the depths at which it occurs
here; portunid crabs are known from
vent environm ents, but are not eco-
logically lim ited to them .  Of the 14
species recognised from  this region,
only species of Carcinoplax,Pilum-
noplax,Archaeopsis and Ovalipes
are recognized with m ore widespread
regional distributions.

The galatheid fauna (Crustacea:
Anom ura) com prises 13 species, of
which only one can be attributed to
species (Phylladiorhynchus pusil-
lus —  a widespread and com m on
species, historically referred to
Galathea); 12 of these galatheids
are known only from  this com plex of

vents.  Of these 13 species, 8 are
referable to the genus M unida, and
only one of them  is known from  any
other deep-sea location around New
Zealand.  Two of the species are
referable to M unidopsis (s.l.), with
both presently known only from  the
m ost active venting region on Broth-
ers seam ount; one further species is
referable to each of the genera Eu-
munida and Alainius.  The anom u-
ran fauna of Brothers seam ount com -
prises one further sm all-bodied li-
thodid —  a species of Paralomis,
sim ilar to but not conspecific with P.
jamsteci.  This vent-dwelling Par-
alomis also differs from  P. sp. (sensu
M acpherson, 1990), a species rarely
found in, but widely distributed
throughout our waters.

Twelve barnacle species (Crus-
tacea: Cirripedia) are represented in
vent- and proxim al sam ples, of which
a relatively high proportion can be
attributed to genus and species (re-
flecting both relatively intense and
recent interest in this group); 8 of
them  appear to be unique to this
com plex of active seam ounts.  New
records for New Zealand waters are
m ade for species in the genera An-
nandaleum,M etaverruca,Triangu-
loscalpellum and Amigdoscalpel-
lum, but m ost are replacem ent nam es
for species previously recorded in
the genera Verruca and Arcoscal-
pellum (Foster, 1978; Buckeridge,
1983). Neolepas, a vent-specific
genus of barnacle represented in
our waters by N. osheai only, is
known from  Brothers seam ount,
solely from  areas of active venting
(Buckeridge, 2000).  Another remark-
able find for the region is from  the
genus Chionelasmus, of which a
unique specim en from  Rum ble III is
only the second-known from  New
Zealand waters; the specim en is pro-
visionally attributed to C. darwini,
the sam e as that recorded by Foster
(1981) from  the Kerm adecs; Chione-
lasmus is not indicative of vent en-
vironm ents.  Only two of the species
known from  this area, Poecilasma
kaempferi and Smilium acutum, are
widely distributed throughout New
Zealand waters, and both are abun-

  International Ridge-Crest Research: Biological Studies: Clark and O'Shea, cont...
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dantly represented in collections
from  non-venting environm ents.

M ollusca num erically dom inate
the fauna from  these vents, with the
largest and m ost abundant being at
least one, but possibly two species

of m ussel referable to Bathymodio-
lus.  Specim ens that reach total
lengths of ~ 350 m m  have now been
recovered, with species being m ost
abundant on Rum bles III and V. Live
individuals are unknown from  Broth-

ers.  Large gastropods are uncom -
m on, but one, a species attributed to
Gmynobela, appears lim ited to are-
as of active venting; these speci-
m ens differ from  any referred to the
genus Phymorhynchus typical of
vents (W arén and Bouchet, 2001) or
am bient deep-sea environm ent (sen-
su Bouchet and W arén, 1980: 25-27,
Figs 70-73).  At least locally, Bathy-
modiolus,Gmynobela, and a num ber
of sm aller presently unidentified
gastropod species found am ongst
vent sam ples are likely to be true
vent fauna.  Surprisingly, the two
largest and m ost frequently collect-
ed gastropods from  and proxim al to
these vent sites are Fusitriton mag-
ellanicus and Ranella olearium -
neither vent specific, with both wide-
ly distributed throughout New Zea-
land waters, m ost often on soft sed-
im ents of the continental shelf and
plateau.  The m ost abundant gastro-
pod from  this region is the sm all
Nassarius ephamillus, a species
also widespread in geographic and
bathym etric distribution throughout
our waters.

The asteroid (Echinoderm ata:
Asteroidea) fauna of these active
seam ounts is not particularly di-
verse, in the sense that only 10 spe-
cies are known, but its com position
is rem arkable in that a dispropor-
tionate num ber of these species are
new to science or to New Zealand in
general.  In addition to one new
genus and species of large asteroid
(Fig. 2), the fauna contains a further
3 new species, and a further genus
and species newly reported from  the
southwest Pacific.  The following
have been identified to date: Allos-
tichaster sp., Anseropoda sp., Co-
ronaster sp., Cosmasterias dyscri-
ta, Henricia compacta, Leilaster
radians (previously known from  the
North Pacific and Atlantic Oceans),
M ediaster sp., “New genus new
species”, Plutonaster complexus
andSmilasterias sp.  Am ongst these
species only Cosmasterias dyscrita
and Henricia compacta are, else-
where, both com m on and widely dis-
tributed.  Four groups, Anseropoda
sp.,Smilasterias sp., M ediaster sp.,
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Figure 2. A new genus of large bodied asteroid, on a dense bed of Bathymodiolus
sp., from Rumble III seamount at a depth of 380 m.

Figure 3. The soft coral Anthomastus robustus, at 500 m depth from Rumble V
seam ount.
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and the large starfish referred to as
“New genus new species”, are known
only from  this region - the latter
likely the only true vent endem ic.

The ophiuroid (Echinoderm ata:
Ophiuroidea) fauna of this region is
quite diverse, with 19 species recog-
nized, although 11 have not been, or
presently cannot be attributed to
species.  At the generic level the
m ajority are widely distributed, but
at the species level, Asteroschema
bidwillae,Ophiomyces sp. and Ophi-
oscolex sp. are rare, and Ophiomy-
ces sp. and Ophioscolex sp. proba-
bly represent new species, the form er
seem ingly endem ic to Rum ble III.

The dissim ilarity in fauna be-
tween active-venting and inactive
seam ounts north of New Zealand
m ay reflect a variety of factors in-
cluding the obvious spatial control
of unique vent-fauna and substrate
stability. The lack of the latter m ay
preclude establishm ent of long-lived
sessile species, and likely lim it the
establishm ent of associated sm all-
er-bodied sessile and m obile com -
m unity structures.  Carbon dating
(C14) of two large-bodied (to ~ 3m
colony height) gorgonian species
of Keratoisis and Paragorgia re-
veal m inim um  colony ages of ~ 350
and 500 years respectively (with, no
way of determ ining natal and m ost
recent portions of any given colony
due to dam age and growth form ,
thus, absolute age cannot be deter-
m ined).  The degree of substratum
stability required for such long-lived
species is unlikely to exist in an
environm ent associated with active
volcanism .  W ith the exception of
the byssally attached Bathymodio-
lus m ussel, the fauna of these active
seam ounts is accordingly charac-
terized by a diverse assem blage of
sm all-bodied m obile species.

In brief, the fauna of each
seam ount can be characterized as
follows:
R um ble III: the m ain groups

represented were crustaceans
(especially Brachyura and
Galatheidae), Gastropoda, and
echinoderm s (O piuroidea
contained 10 species). There are
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likely to be two species of the large
vent m ussel Bathym odiolus.
Starfish were often observed on
the mussel beds, in particular a
large bodied asteroid, similar to
Scleracterias, but warranting
separate generic recognition
(Fig. 2).

Rum ble V: Brachyura, Galatheidae,
and Ophiuroidea again dominate
the identified fauna. The mussel
Bathymodiolus and small prawns
of the genus Alvinocaris are vent
species. The bizarre solitary soft
coral Anthomastus robustus,
previously known only from the
Gulf of M exico, is locally abundant
(Fig. 3).

Brothers: Barnacles and Galatheidae
were dominant crustaceans, with
echinoderms and vent prawns also
notable.
M any of the species now report-

ed from  these seam ounts are new
records for the New Zealand region,
and/or new species.  At least 33
species have not been recorded from
other seam ounts in New Zealand.
Few species proved com m on to each
of the active seam ounts.  M oreover,
the vent fauna of the deeper Broth-
ers caldera differs appreciably from
that of shallower Rum ble III and V
seam ounts, with the form er charac-
terised by barnacles and prawns and
the latter by extensive Bathymodio-
lus-based com m unities.  A com par-
ison of fauna taken from  sites of
active venting with that from  inac-
tive seam ounts identifies the vent
fauna to be truly unique.
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Hydrotherm al vents present ex-
trem e environm ental conditions
where, nonetheless, life can thrive,
exposed to high hydrostatic pres-
sure and fluid tem perature, bathed
in water enriched in toxic com pounds
such as heavy m etal, hydrogen sul-
phide, and even radionucleids, tox-
icity of which is well known espe-
cially concerning their potential
dam age to DNA. Despite the harsh
conditions, vents are colonised by a
luxuriant and very productive fauna
based on bacterial chem osynthesis
that is apparently well adapted to
living in such conditions.

The hydrotherm al environm ent
provides a natural pollution labora-
tory in  which to study the potential
for resistance and adaptation in
m arine species exposed to chem ical
and physical contam inants pro-
duced by natural geological forces.
The data obtained in these “natural
laboratories” can be used o m odel
perturbations in non-vent m arine
species, which are being exposed to
anthropogenic pollution for a short-
er tim e period. Hydrotherm al vents
are also characterised by the abun-

dance of m icro organism s that could
play an im portant role in detoxica-
tion and rem ediation.

ATO S (ROV Victor / L’Atalante)
is the single oceanographic cruise
of the European project VENTO X
(EVK3-CT1999-00003) co-ordinated
by David Dixon (SOC, UK) and in-
cluding 10 English, Portuguese and
French partners. It is a 3 years
project, which started in M arch 2000.

The aim  of this interdisciplinary
project is to carry innovative re-
search into the specialised adapta-
tions and processes found in repre-
sentatives of the m id-Atlantic deep-
sea hydrotherm al vent fauna and its
associated m icrobial populations
under a potentially toxic environ-
m ent. The project is based on the
com parison of 3 hydrotherm al vent
fields on the m id-Atlantic Ridge
(M enez Gwen, Lucky Strike, and
Rainbow ) presenting different
depth, geological, geochem ical and
biological characteristics (Fig. 1).
This zone has been intensively stud-
ied during past European projects;
M ARFLUX/ATJ (3rd PCRD) and
AM ORES (4th PCRD). This 1 m onth

long ATOS cruise provided an op-
portunity to perform  19 dives of the
French ROV Victor (from  8 to 20
hours on the bottom ) on the hydro-
thermal fields M enez Gwen (37º51’N,
31º31’W , 850 m ), Lucky Strike
(37º17’N, 32º16’W , 1650 m) and Rain-
bow (36º13’N, 33º54’W , 2350m).

To reach the scientific objectives
of the program , the cruise com bined
in an integrated m ultidisciplinary
approach:
1) video observation, imaging and

mosaicking,
2)in situ analysis (ALCHIM IST, Fig. 2),
3) sam pling (organism s, water,

substrate) for on board or on shore
analysis,

4)in vivo experiments at atmospheric
pressure or in situ sim ulated
conditions (using IPOCAM P flow -
through pressure chamber (Fig 3),
linked to the chemical regulation
device SYRENE).
The m ooring during the cruise

on the M enez Gwen vent field of 6
acoustically retrievable cages filled
with m ussels will allow to carry out
experim ents on live organism s after
the cruise in the land-based labora-

ATO S cruise
R/V L’Atalante, ROV Victor, June 22nd - July 21st 2001

P.M . Sarradin1, D. Desbruyères1, D. Dixon2, A. Almeida3, P. Briand1, J.C. Caprais1, A. Colaço4, R.
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tory located at Horta (LABH ORTA).
The strategy adopted was iden-

tical on the 3 study fields. The video
recognition of known sites allowed
to choose the working spots. Au-
tonom ous probes (tem perature and
pH) were deployed within designat-
ed study sites which were subject to
sm all scale video im aging to deter-
m ine the m ain faunal assem blages
constituting the ecosystem . Chem i-
cal characterisation of the ecosys-
tem  at the m icro habitat scale was
carried out using in situ analysis (in
situ analyser ALCHIM IST, T/pH probe,
trial of a flowm eter) and discrete

water sam pling in order to quantify
the rates of exposure to various
“toxic” com pounds (e.g.sulphide,
m etals,∑CO

2
). Finally, the organ-

ism s, which inhabited the environ-
m ent within the study areas were
sam pled (with their substrate when-
ever possible) and preserved for lat-
er analysis to determ ine their tem -
perature adaptation ability or m etal
bioaccum ulation.

Concurrently,in vivo experim en-
tations at am bient pressure or in situ
sim ulated conditions (using IPOC-
AM P flow through pressure cham ber
connected to the chem ical regula-

tion device SYRENE) represented an
im portant part of the workon board.
The bivalve Bathymodiolus azori-
cus, present in the 3 study fields was
the preferred experim ental target.
The m ain objectives of this in vivo
part of  the  project  were the study
of:
- the background levels of DNA

damage, DNA repair efficiencies in
vent organisms and their responses
to mutagen challenge.

-  uptake rates of methane and sulphide
by vent mussels under different
environm ental conditions and
establishing the lim its on the
conditions necessary to maintain
the sym biotic associations
between mussels and sulphur- and
methane- oxidising bacteria.

- the bioaccumulation of metals by
vent fauna. Sampling was done in
conjunction with the microhabitat
studies and comprised of two parts:
firstly the study of m ercury
bioaccumulation in the food web
by sampling of different species of
each site and secondly to
understand the bioaccumulation
and detoxication processes
developed by the bivalve B.
azoricus.

- the selective adaptation of
hydrothermal fauna to temperature.
The study species w ere the
bivalve,B. azoricus and the shrimp,
M irocaris fortunata. Sampling was
done in conjunction with the
m icrohabitat studies. The
experimental work was based on in
vivo acclimatisation to temperature
or thermal shock to obtain evidence
about either a selective adaptation
to temperature and/or an adaptive
response by induction of heat
shock proteins.

- adaptation of hydrotherm al
crustaceans to hypercapnia. The
shrim p, Rimicaris exoculata,
present in large densities on the
Rainbow field and the crab,
Segonzacia mesatlantica, were
subjected to enriched CO

2

environments, under atmospheric
orin situ pressure to determine the
effects of hypercapnia, combined
with hypoxia, on the respiratory
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Figure 1.  Schematic design of the ATJ and of the hydrothermal vent fields
studied during the ATOS cruise.

Figure 2.In situ chemical analysis obtained with ALCHIM IST
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acid base balance and metabolic
status of the crustaceans.

- sulphur and iron recycling by the
vent shrimp R. exoculata and their
associated bacteria. A combination
of sam pling of organism s and
m ineral substrates and in vivo
experiments were developed to
determine the functioning of the
association between the shrimp
and m icro-organism s with a
particular focus on the adaptations
to mineral sulphides.
A specific set of sam ples (water,

organism s and substrates) were col-
lected to isolate new extrem ophilic
m icro organism s or extrem ophiles
able to perform  bio-transform ations
potentially useful for bio-rem edia-
tion.

A land-based aquarium  and ex-
perim ental laboratory facility (LA-
BH ORTA) was set up on the island
of Faial, Azores, to which quanti-
ties of vent organism s have been
transported by shuttle craft from
the M enez Gwen vent field by the
Portuguese vessel l’Archipelago.
Up to late Septem ber, four out of
six cages have been recovered to
supply work going on in that lab-
oratory. Im m ediately after the
ATOS cruise, scientists worked on
a variety of species (crabs,
shrim ps, lim pets and m ussels),
which were obtained in a variety of
different ways, but m ore recently
the work has concentrated largely
onBathymodiolus azoricus, a spe-
cies m ost suited to cage m ainte-
nance and recovery. Experim ents
have been conducted, both at am -
bient and high pressure, on a vari-
ety of different aspects of their
biology,  including blood physiol-
ogy, anim al behaviour and growth,
DNA dam age, and heavy m etal
bioaccum ulation and toxicity. It is
envisaged that work will continue
at LABH ORTA until the weather con-
ditions deteriorate in Novem ber.

Prelim inary results show that
the condition of the m ussels m ain-
tained in the cages was better than
anything achieved before using
other recovery m ethods.

The French ROV Victor dem on-

strated during its first cam paign,
devoted to the study of the hydro-
therm al ecosystem , an im portant
working potential regarding its abil-
ity to work at the m icro-habitat scale
to study the m ixing zone of hydro-
therm al fluid and seawater as well as
the ecology or ethology of benthic
invertebrates. Even though it has
been designed for longer dives, it
was proven efficient for short dives
(12 hours) com bining video obser-
vations,in situ analysis and sam -

Figure 3. The IPOCAM P flow through pressure chamber.

pling of fresh organism s for subse-
quentin vivo experim ents.
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Hydrotherm al vent m ussels, pre-
viously placed in cages over active
vents on the m id-Atlantic Ridge,
have been brought to the surface in
25 m inutes, using acoustic recov-
ery,  to supply an aquarium  and vent
biology laboratory set up in Horta,
Azores, Portugal.  This new devel-
opm ent allows access to living hy-
drotherm al vent fauna long after a
dive cruise has ended, thus signifi-
cantly extending organism  availa-
bility and offering exciting new pos-
sibilities for physiological, behav-
ioural, reproductive and biotechno-
logical studies.

Previously, experimental work on
deep-sea hydrotherm al vent organ-
ism s has been seriously ham pered
by anim al availability, and biologi-
cal studies on living vent fauna have
tended to be restricted to shipboard
studies carried out on specim ens
recovered using either a deep-sea
subm ersible or ROV.   During recov-
ery, anim als are often subjected to
extended transit periods, regularly
taking several hours, from  the tim e
that they were first collected, using
either a suction device (slurp gun)
or a telem anipulator.   This protract-
ed collection undoubtedly leads to

stress, which affects the condition
of the anim als and therefore the
quality of the results.  Here we de-
scribe the novel use of acoustically-
retrievable cages to recover vent
m ussels (Bathymodiolus azoricus),
their associated epi-fauna (Lepeto-
drilus sp. etc.) and crabs, Chaceon
affinis, from  a deep-sea vent site
(M enez Gwen: 37º 50  ́N 31º 31  ́W ,
828 m etres bathym etric depth), 144
nautical m iles from  Horta.

The cages, 1.25m  square, had a
fram e constructed of glass reinforced
plastic angle plate, fixed with stain-
less steel bolts, which were covered
in 2cm  wide plastic m esh.   A weight-
ed rubber skirt around the cage base
diverted sulphide- and m ethane-lad-
en fluid through the bottom  to sup-
ply the m ussels with the conditions
they need for survival.  In order to
prevent the m ussels, both inside and
out, from  irreversibly anchoring the
cages to the seabed with a m ass of
tough byssus threads, the cages
were supported on short legs, 15 cm
high.  The flotation spheres used for
recovery were m ade of 1000 m  rated
syntactic foam .  The cages, with
their floats, transponders and acous-
tic releases (Sonardyne, UK) at-
tached, were first dropped to the
seabed using 100 kg sinker weights.
These drop weights were then re-
leased by the French ROV Victor
6000, which then m anoeuvred the
cages into position over a suitable
diffuse vent fluid outlet (Fig.  1).
M ussels were cleared from  around
the cage base using the ROV m anip-
ulator and placed in the open-top
cages (each cage took between 2
and 3 hours to fill).  A tem perature

Retrievable cages open up new era in deep-sea vent research.

David R. Dixon1, Paul R. Dando2, Ricardo S. Santos3,Justin P. Gwynn1

and the VENTOX Consortium

1 Southampton Oceanography Centre, Empress Dock, Southampton S014 3ZH, UK
2 School of Ocean Sciences, University of W ales-Bangor, M enai Bridge, LL59 5EY, UK
3 Department of Oceanography and Fisheries, University of Azores, Horta, Azores, Portugal

Figure 1.   Three cages in position on a mussel dominated part of the M enez Gwen
vent field.
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probe inserted through the cage
m esh indicated that vent fluid was
reaching the m ussels.

Six cages were filled with approx-
im ately 500 m ussels each at M enez
Gwen during the EU-funded ATOS
cruise, 21 June-19 July 2000, and the
first cages were successfully recov-
ered on July 31st (Fig.  2) and August
6th.Further recoveriesare planned
over the next 4 m onths.  Cage recov-
ery is being carried out by the Portu-
guese R/V Arquipélago operated
out of Horta.   Each cage was fitted
with its own acoustic release and
following an appropriate signal from
the surface, an anchor weight was
released which allowed the cage to
float to the surface.  A transponder
signal was used to confirm  the posi-

tion of the cage, both on the bottom
and on the surface.   During the 15
hours transit, the m ussels were held
in chilled seawater at 7-8ºC, their
natural am bient tem perature, and
were subsequently held in a con-
tainerised cold room  at Horta at a
sim ilar tem perature.

Despite the m arked change in
am bient pressure they experienced
during recovery, am ounting to
around 80 bars, the m ussels showed
signs of norm al behaviour (as ob-
served previously with the Nautile
subm ersible),i.e. syphon and foot
extension, within a few m inutes of
being placed in tanks on board the
R/VArquipélago. Anim al condition
after several weeks in the cage, based
on gill colour and thickness, m antle

Figure 2.   Cage at the time of recovery on board the R/V Arquipélago.  The
broken shells date back to when the cage was loaded using the ROV.

thickness, and readiness to extend
their syphons and secrete new bys-
sus, was good, as was their survival
both before and after recovery.
Those dead shells that were present
in the cage (<2%  of total) were clear-
ly the result of m ortalities that had
occurred during the original cage
loading using the ROV m anipulator
claw, som e of which were observed
at the tim e, since the shells were
crushed.  The presence of the dead
m ussels attracted two large Cha-
ceon affinis specim ens into the cage.
The m ussels are now being m ain-
tained in the laboratory (LabHorta)
in aquaria (Fig. 3) fitted with oxygen

Figure 3.   M ussels in the aquarium at LabHorta, showing extended feet
and syphons.
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Introduction
To date, regulation of activities

(including scientific research), in and
around hydrotherm al vents under
international law has been virtually
non-existent.  Two m ain internation-
al treaties are of direct relevance,
nam ely the United Nations Con-
vention on the Law of the Sea (done
at M ontego Bay, Jam aica, 10 De-

cem ber, 1982, hereinafter referred to
as UNCLOS) and the Convention
on Biological Diversity (done at
Rio De Janeiro, June, 1992, hereinaf-
ter referred to as the Biodiversity
Convention). However neither of
these treaties adequately deal with
the conflict between preservation of
these ecosystem s on the one hand,
and scientific research and the ex-

ploitation of hydrotherm al vent m in-
eral, biological and genetic resourc-
es on the other.  This is due, in large
part, to the fact that m any hydro-
therm al vents are found in the high
seas beyond the jurisdiction of any
one State.

W hile neither UNCLOS  nor the
Biodiversity Convention  adequate-
ly resolve this conflict som e efforts

Captains and crew s of  R/V
l’Atalante and N/I Arquipélago, and
the pilots and technicians of ROV
Victor, for their generous help with
this endeavour.  W e are also grate-
ful to IFREM ER for Figure 1,  Sonar-
dyne UK and Nikon UK for sponsor-
ship.  This study form s part of the
work programme of VENTOX, an EU-
funded Fifth Fram ework project
(EVK3 CT1999-00003).

and m ethane diffusion tubes and are
being pulse fed with a solution of
sodium   sulphide to give a  final
concentration in the aquaria of up to
100 µmol/L.

Other vent organism s currently
being m aintained in aquaria at Horta
include the shrim p, M irocaris fortu-
nata, the crab Segonzacia mesat-
lantica, lim pets, Lepetodrilus sp.
and a pycnogonid.

Experim ents are currently in
progress, at 1 and 80 bars pressure,
on a range of physiological and
m olecular processes, including
DNA repair.  Vent organism s inhab-
it an environm ent that is typified by
high levels of heavy m etals and
radioactive radon gas.  Given their
long evolutionary history, their
special adaptations to living in what
is arguably the m ost naturally con-
tam inated environm ent on the face
of the planet, holds prom ise for
im portant new breakthroughs of
relevance to biorem ediation and
biotechnology.  Apart from  the dra-
m atically im proved anim al quality,
this new approach to recovery
opens up deep-sea vent biology to
experim ental studies over tim e
scales, and at a level of experim en-
tal sophistication, which is sim ply

Figure 4. Interior views of LabHorta laboratory complex showing high pressure
chamber (IPOCAM P – Universitié Pierre et M arie Curie, Paris) and stock and
experimental aquaria.

not possible using a research ship.
Coupled with the establishm ent of
LabHorta (Fig. 4), a perm anent land-
based laboratory for vent studies,
in the Azores, heralds the begin-
ning of an im portant new era in
deep-sea vent research.

Acknowledgem ents
W e wish to thank P-M  Sarradin

(Chief  Scientist, ATOS cruise), the

  International Ridge-Crest Research: Biological Studies: Dixonet al., cont...

Recent developm ents in international law relating to activities around
hydrotherm al vent ecosystem s.

D. Leary1

University of New South W ales, Sydney, Australia



InterRidge News24

are now underway at both regional
and national levels to bring hydro-
therm al vents within regional and
national regim es of m arine protect-
ed areas (M PA’s).

This paper provides a brief over-
view of existing legal regulation of
the activities around hydrotherm al
vents as well as som e of the recent
developm ents at regional and na-
tional levels.

M ultilateral treaties
UNCLOS has established a com -

prehensive international legal regim e
for the regulation of deep sea-bed
m ining. This regim e is set out in Part
XI of UNCLOS and in the subse-
quent Agreement relating to the
Implementation of Part XI (1994).
However, as Glowka has noted, the
genetic resources of hydrotherm al
vent ecosystem s, not m ineral re-
sources, are their “m ost im m ediately
exploitable and potentially lucrative
natural resource” (Glowka, 2000).

Yet genetic and other biological
resources are not specifically m en-
tioned in UNCLOS or the 1994
Agreement. The deep sea-bed m in-
ing regim e only applies to hydro-
therm al vents’ “solid, liquid or gas-
eous m ineral resources”. Biological
and genetic resources fall outside
the scope of this regim e.

The deep sea bed m ining regim e
does not specifically refer to either
hydrotherm al vent ecosystem s or
their potential resources sim ply be-
cause their existence and potential
use was not known at the tim e of its
negotiation (United Nations, 1995).
To read into the provisions of Part
XI of UNCLOS an intention that was
clearly not held by the parties to the
treaty at the tim e of its negotiation
would be contrary to accepted prin-

ciples of treaty interpretation.
As such, hydrotherm al vent ge-

netic and biological resources are
freely accessible under the high seas
legal regim e. This is reinforced by
the provisions of UNCLOS that deal
specifically with m arine scientific
research. Under Article 238 of UNC-
LOS “all States irrespective of their
geographical location, and com pe-
tent international organizations have
the right to conduct m arine scientif-
ic research”. W hile UNCLOS recog-
nises the right to carry out m arine
scientific research on the high seas
it does not specifically regulate how
that research m ay be carried out.

To a lim ited extent, and to their
credit, m any scientists recognise
both the absence of legal regulation
of their activities, and the need for
them  to adopt a precautionary ap-
proach to their research and its im -
pact on hydrotherm al vent ecosys-
tem s (see for exam ple, M ullineaux,
et. al., 1998).  This has led in turn to
the creation of a series of inform al
research reserves. However, this
reserve system  is one regulated en-
tirely by consensus within the sci-
entific com m unity conducting re-
search in these areas. Sim ilarly it
seeks to preserve hydrotherm al vent
ecosystem s for further scientific re-
search; research which of itself m ay
at tim es be destructive of the very
ecosystem s in need of protection.

One also suspects that it will not
be long before both com peting re-
search interests and, m ore signifi-
cantly, com m ercial interests under-
m ine the effectiveness of the infor-
m al arrangem ent within the scientif-
ic com m unity.

The Biodiversity Convention
The only other m ultilateral trea-

ty of potential relevance is the Bio-
diversity Convention. Article 1 of
the Biodiversity Convention lists
its objectives as the “conservation
of biological diversity, the sustain-
able use of its com ponents and the
fair and equitable sharing of the
benefits arising out of the utilization
of genetic resources.” It establishes
a fram ework of general flexible obli-
gations aim ed at im plem enting the
objectives listed in Article 1. These
include obligations to create plans,
strategies, or program s for conser-
vation and sustainable use under
Article 6. (Downes &  Fontaubert).
States m ust identify and regulate
activities that threaten biodiversity
under Articles 7, 8 and 9.

However, these obligations are
subject to several very significant
qualifications. Firstly, these obliga-
tions are subject to, and therefore
secondary to a State’s sovereign
right to exploit its own resources
and to set its own environm ental
policies.

M ore significantly, Article 4 re-
stricts the Biodiversity Conven-
tion’s application to the territory of
States that are parties to the Con-
vention. It has no application be-
yond the lim its of national jurisdic-
tion. Given that the overwhelm ing
m ajority of   hydrotherm al vent eco-
system s are located on the deep
ocean floor of the high seas, an area
beyond any State’s jurisdiction, the
Biodiversity Convention will gen-
erally not apply to hydrotherm al
vents and their surrounding eco-
system s.  Since the Biodiversity
Convention is the m ain internation-
al legal instrum ent dealing with Bio-
diversity, it is, as Glowka  has noted,
ironic that such unique, com plex and
diverse ecosystem s  fall outside its
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scope (Glowka, 1996).
Despite this, to date the interna-

tional com m unity has shown little
inclination to revisit the issue of
hydrotherm al vents and their genet-
ic and biological resources or the
question of preservation of hydro-
therm al vents within the context of
the Biodiversity Convention. The
issue has been raised (but not de-
bated) in several international fo-
rum s in recent years, including the
Biodiversity Convention Subsidi-
ary Body on Scientific, Technical
and Technological Advice in Jakar-
ta in 1995, at the fourth m eeting of
the Biodiversity Convention Con-
ference of Parties, in Bratislava in
1998, and in several United Nations
fora (Glowka, 2000).  Despite there
being widespread recognition of the
need for action, a com prehensive
m ulti-lateral resolution of this issue
seem s a long way off.

European m easures to protect
hydrotherm al vent ecosystem s

UNCLOS recognises that States
often co-operate on a regional ba-
sis. An exam ple of this is the  Paris
Convention for the Protection of
the M arine Environment of the
North East Atlantic (1992), other-
wise known as the OSPAR Conven-
tion.

The sea area covered by the
OSPAR Convention is the North-
East Atlantic extending westwards
to the east coast of Greenland, east-
wards to the continental North Sea
coast, south to the Straits of Gibral-
tar and northwards to the North Pole
(W W F: 2000). The OSPAR Conven-
tion has been signed and ratified by
Belgium , Denm ark, the Com m ission
of the European Com m unities, Fin-
land, France, Germ any, Iceland, Ire-
land, the Netherlands, Norway, Por-
tugal, Spain, Sweden, the United
Kingdom , Luxem bourg and Switzer-
land.

Annex V of the OSPAR Conven-
tion sets out two im portant obliga-
tions of the contracting parties. They are:
- “protection of the maritime area

against the adverse effects of
hum an activities… to conserve

marine ecosystems and ... restore
marine areas,

- to develop strategies…  for the
conservation and sustainable use
of biological diversity” (W W F,
2000)
Following the Sintra Statement,

OSPAR is now also com m itted to
prom oting “ the establishm ent of a
network of m arine protected areas to
ensure the sustainable use and pro-
tection and conservation of m arine
biological diversity and ecosys-
tem s.” (Sintra Statement 1998).

Considerable work is now being
carried out by parties to the OSPAR
Convention and other interested
parties, such as W W F,  to design
m echanism s to im plem ent these ob-
ligations, the m ost significant being
to develop an overall fram ework for
M PA’s within the context of the
OSPAR Convention.

It is still very early days, and it
will be quite som e tim e before a com -
prehensive regim e is in place.  How-
ever, m uch work has been done to
identify what further steps are re-
quired for the parties to the OSPAR
Convention  to set up a network of
M PA’s.

M uch of this m irrors what is al-
ready being done within the context
of im plem enting the European Com -
m unitiesHabitat Directive (Coun-
cil of the European Com m ., 1992),
which  also envisages a com prehen-
sive network of protected areas on
land and at sea (W W F, 2000). Under
the Habitat Directive, threatened
species and habitats or species and
habitats in rapid decline are the m ain
priorities for a protected area sys-
tem   currently being established.
(W W F, 2000)

In term s of M PA’s, the  m ost
im portant provisions of the Habitat
Directive are contained in Articles
3, 4, and 6.  Article 3(1) provides for
the establishm ent of “a coherent
European ecological network of spe-
cial areas of conservation”. This
network is to be com posed of sites
hosting the natural habitats listed in
Annex 1 and habitats of the species
listed in Annex II of the Habitat
Directive. These sites are to be se-

lected with a view to “enable the
natural habitat types and the spe-
cies habitats concerned to be m ain-
tained, or where appropriate, re-
stored at (sic)  a favourable conser-
vation status in their natural range.”
(Habitat Directive, Article 3(1)).

Under Article 4(1), M ember States
are obliged to propose a list of sites
(selected in accordance with criteria
set out in Annex III) with natural
habitat types set out in Annex I or
which contain species set out in
Annex II native to their territory.

Following agreem ent with the
relevant M em ber State under Arti-
cle 4(2), under  Article 4(4) the Com -
m ission of the E.C. can then desig-
nate such sites as a site of Com m u-
nity im portance. As soon as a site of
Com m unity im portance is listed on a
draft list the site in question be-
com es subject to the provisions of
Article 6.

Under Article 6 if the M em ber
State in which the site is located
enacts legislation and conservation
m easures then such areas becom e
known as special areas of conserva-
tion. Those are then subject to re-
strictions on uses that are likely to
have significant im pact on habitats
or species.

Lucky strike
Both the OSPAR Convention and

the Habitat Directive have poten-
tial application to the Lucky Strike
vent field situated southwest of the
Azores and located within Portu-
gal’s Exclusive Econom ic Zone
(W W F, 2001). The actual vent sites
are of very lim ited size and like all
known hydrotherm al vents have a
very fragile ecosystem . Yet there is
extensive scientific research going
on at this site, which is largely un-
regulated (W W F, 2001).

Given the work that has already
been done by OSPAR in relation to
M PA’s, it would  appear to be a
prim e candidate to be designated as
an M PA under the OSPAR Conven-
tion. W W F, am ongst others, has
recognised this and has m ade sub-
m issions and recom m endations to
OSPAR that Lucky Strike  be pro-
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posed as an M PA to OSPAR by
Portugal.  Although this proposal
has not yet been fully form ulated
and m uch work rem ains to be done
(including developing suitable m an-
agem ent plans), such designation
would be a positive developm ent.

In addition to W W F’s proposal
toOSPAR, it would also appear that
theHabitat Directive has potential
application to Lucky Strike. Under
Annex I of the Habitat Directive
“Subm arine Structures m ade by leak-
ing gases” are designated as natural
habitats of Com m unity im portance.
Lucky Strike could potentially be
brought within   the provisions of
the Habitat Directive discussed
above.

H ydrotherm al Vents as M arine
Protected Areas under Canada’s
O ceans Act

One of the very first hydrother-
m al vent areas discovered, the En-
deavour Hot Vents Area, is also one
of the first such areas to be desig-
nated a M PA under dom estic legis-
lation.  The Endeavour Hot Vents
Area has been designated as a pilot
M arine Protected Area (‘M PA’)
under Canada’s Oceans Act, 1996.

TheOceans Act lays the founda-
tion for Canada’s developm ent of a
“com prehensive Oceans strategy,
based on the principles of integrat-
ed m anagem ent, shared steward-
ship, the precautionary approach
and sustainable developm ent” (Can-
ada: 1998).  It has one underlying
policy objective: “ to further conser-
vation and protection of living m a-
rine resources and their habitats.”
(Canada, 1998)

Pilot M PA’s are the first stage in
im plem entation of this policy, which
stem s from  Canada’s obligations
under Article 194.5 of UNCLOS and
theBiodiversity Convention (Cana-
da, 1998). The m ain purpose in es-
tablishing pilot areas is to provide
an opportunity to “learn and test
different applications of M PA iden-
tification, assessm ent, legal desig-
nation, and m anagem ent” (Canada
&  British Colum bia, 1998).

However, upon com pletion and

evaluation of this pilot area, form al
designation as an M PA m ay or m ay
not occur. It is therefore to early to
say whether or not the Canadian
m easures will be effective in regulat-
ing activities around hydrotherm al
vent ecosystem s. They are none-
theless an im portant first step.

The Canadian experience m ay
yet act as a m odel for an effective
legislative response elsewhere in the
world and possibly as a m odel for
future international co-operation.

Conclusion
It is clear that the existing inter-

national regim e, and in particular
UNCLOS and the Biodiversity Con-
vention, provide inadequate protec-
tion for the com plex ecosystem s of
hydrotherm al vents. M any issues
surrounding the risks posed by sci-
entific research and the exploitation
of the genetic, biological and m iner-
al resources of hydrotherm al vents
rem ain unresolved. Yet these eco-
system s are of im m ense im portance
in term s of preserving biodiversity,
and in their potential for future sci-
entific research and com m ercial ex-
ploitation.

Developm ents at both regional
and national levels are encouraging.
However, the greatest need for reg-
ulation appears to be on the high
seas. There is clearly a need for a
com prehensive international re-
sponse. It is not yet clear when that
will occur.
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Introduction
The different geochem ical pa-

ram eters of residual peridotites as
well associated basalt’s can be used
as efficient indices to estim ate petro-
genetic conditions typical of m id-
ocean ridges, and reconstruct geo-
dynam ic regim ens occurring during
accretion of the oceanic lithosphere.
By now a big data set on isotope
geochem istry of basaltic glasses
sam pled along the 60 000km  M id-
Ocean Ridge System  has been accu-
m ulated. In contrast, such data for
m antle derived peridotite recovered
at m id-ocean ridges are scarce. The
m ain reason for the sm aller data set
lies in analytical difficulties of iso-
tope com position of m antle derived
peridotites because the concentra-
tions of trace and rare earth ele-
m ents in these rocks are very low.
Other contributing reasons include
a strong influence on isotope char-
acterestic of abyssal peridotites al-
teration processes: serpentinization
and carbonate form ation. This prin-
cipal point for use of isotope data for
interpretation of abyssal peridotites
origin is discussed in detail in (Snow
et al., 1993). In this study we are
trying to consider spatial distribu-
tion of the isotope signatures in M AR
peridotites along the ridge axis strike
between 12 and 36oN in term s of
prim ary (m agm atic) and secondary
(m etam orphic) processes that ac-
com panied accretion of the oceanic
lithosphere.

O bject of Investigation
W e have used representative

collection of M AR-Peridotites that
includes all of m ineral types of oce-
anic m antle derived peridotites. This
collection consists of up to 50 sam -
ples already analysed by XRF for
bulk chem istry and Electrone Probe
for m ineral chem istry. Thirty two
sam ples were selected from  this col-
lection and analysed by m ass-spec-
trom etry using a m ultichannel m ass-
spectrom eter (“Finnigan-M AT 261”,
see bellow). Sam ples exam ined were
collected during expeditions of the
R/Vs: “Akademik Boris Petrov”
(1985-1991),“Akademik Fersman”
(1990-1999),“Professor Logachev”
(1995-2000) and “L’Atalante”
(1992). The data presented in Fig. 1
for sam ples obtained at Sites
12ABP-17; 16ABP-25,56,68,71,75;
FR-03,12,16,23 were published earli-
er (Silantyev et al., 1995; 2000) or are
in process of subm ission (Silantyev
et al., in press).The new data on
concentration and isotope com po-
sition of Sr, Rb and Nd in M AR
peridotites sam pled between 12o and
36oN are presented in Table 1.

Significant parts of the sam ples
exam ined, judging by relic spinel
com position, are representing a typ-
ical abyssal harzburgites character-
ized by different m elting degree.
Usually these rocks consist of or-
thopyroxene altered to bastie ser-
pentine, olivine replaced by serpen-
tine and relics of brown- red acces-

The distribution of isotope signatures in M AR peridotites between 12 and
36oN and two m ain kinds of m antle substratum  bellow ridge axis

S.A.Silantyev1, B.V.Belyatsky2, V.E.Beltenev3, and I.V.Vikentyev4

1Vernadsky Institute of Geochemistry and Analythical Chemistry, RAS, M oscow, Russia.
2Institute of Precambrian Geology and Geochronology, RAS, St. Petersburg, Russia.
3Polar M arine Geosurvey Expedition, Lomonosov, Russia.
4Institute of Geology of Ore Deposits, Petrography, M ineralogy and Geochemistry, RAS, M oscow, Russia.

sory spinel. Rarely, relic clinopyrox-
ene is present in rocks exam ined.
Am phibole of pargasite or edenite
com position and sm all am ount of
brown phlogopite were detected in
som e sam ples from  the 15o20’N re-
gion, Atlantis FZ, and Oceanogra-
pher FZ.  A m inor group of peridot-
ites selected for this study was char-
acterised by dunites com posed of
olivine com pletely replaced by ser-
pentine and relic spinel. An unusual
type of peridotites from  this group
was recovered from  the east slope of
the Rift Valley im m ediately to the
north of the 15o20’ FZ: this rock was
a phlogopite-bearing dunite.

Analytical m ethods
About 500-700m g of peridotite

sam ple was placed into the closed
quartz-glass beaker and is washed
with dilute nitric acid on a hot plate
for 15 m inutes. After drying, the
sam ple was crushed with a jasper
m ortar, weighed, spiked with m ixed
146Nd-149Sm  and 84Sr-85Rb solutions
and is placed in an oven at 120°C for
2-5 days in a mixture of HF and HNO

3
.

Som e of the sam ples are treated with
concentrated nitric acid at 150oC for
2 h to evaluate the influence of con-
tam ination processes. The results
showed good reproducibility and
on whole, no signs of secondary
processes in studied isotopic sys-
tem atics. Rb, Sr, Sm  and Nd separa-
tion was then carried out according
to the standard m ethod of two-stage
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ion-exchange and extraction chro-
m atography. The detailed descrip-
tion of the analytical procedure can
be found in (Am elin and Sem enov,
1996). All the m easurem ents were
perform ed with a Finnigan M AT-
261 m ass spectrom eter equipped
with 8-collectors under static m ode
at the Laboratory of Isotopic Geo-
chronology and Geochem istry of the
Institute of Precam brian Geology
and Geochronology, St.Petersburg.
The143Nd/144Nd ratio were norm al-
ized within-run to 148Nd/144Nd =
0.241570 and then adjusted  to a

143Nd/144Nd value of 0.511860 for La
Jolla. The Sr isotope com position
was norm alized within-run to 88Sr/
86Sr = 8.37521. The value of Sr iso-
tope standard SRM -987 during this
work was 87Sr/86Sr = 0.710238 ± 15
(2s, 6 runs). Assigned errors (2s) for
147Sm /144Nd and 143Nd/144Nd were
±0.3%  and ± 0.000015, 87Rb/86Sr
±0.5% ,87Sr/86Sr ± 0.000025 accord-
ing to the results of m ultiple analy-
ses of standard (external reproduc-
ibility). The 2s errors cited in Table
1 for 143Nd/144Nd and 87Sr/86Sr reflect
in-run precision and dem onstrate the

quality of these analyses. The blank
level for Sm  was 0.01 ng and 0.05 ng
for Nd, 0.05 ng for Rb and 0.2 ng for
Sr. The data obtained for BCR-1
during the course of this analytical
w ork w ere: [Sr]=335.8 ppm ,
[Rb]=47.16 ppm , [Sm ]= 6.487 ppm ,
[Nd] = 28.45 ppm, 87Sr/86Sr = 0.705053
± 11, 87Rb/86Sr = 0.40615, 143Nd/144Nd
= 0.512663 ± 9, 147Sm/144Nd = 0.13829.
The La Jolla standard varied during
course of this work from  0.511875 to
0.511912 (143Nd/144Nd ratio) with
m ean value of 0.511882 ± 7 (n = 57).

Isotope geochem istry of M AR
Peridotites

It has been m entioned earlier that
heavily serpentinized abyssal peri-
dotites characterized by   87Sr/86Sr
values close to ones in SW  (sea
water) 0.7090 and even m ore, and
low 143N d/144N d values close to
0.512000 (SW  also) (Snow et al.,
1993). Extrem ely high 87Sr/86Sr val-
ues detected in som e abyssal peri-
dotites have been interpreted by
Snow et al., (1993) as evidence for
participation of detrtic contam inant
in SW  circulation in the oceanic crust.
Detrtic contam ination could be used
for explanation of very low 143Nd/
144Nd values in these rocks. W ith
this assum ption in m ind we look at
the spatial distribution of 143Nd/
144Nd and 87Sr/86Sr ratios in peridot-
ites sam pled along M AR axis strike
between 0 and 36oN.

This distribution based on data
presented in Table 1 is shown in Fig.
1.  Additionally, data from   (Roden et
al., 1984) as well data that will be
published soon have been used also.
As illustrated in this figure, all sam -
ples exam ined are divisible into a
num ber of groups by their 87Sr/86Sr
signature (Fig. 1a). One of these
groups has 87Sr/86Sr  values that are
sim ilar with SW  as well lower than
this.  The second group is character-
ized by 87Sr/86Sr  values higher than
SW , as in the case described by
(Snow et al., 1993). Variation of Sr
isotope com position in peridotites
belonging to first group is m ost like-
ly caused by different degree of ser-
pentinization or presence of second-

  International Ridge-Crest Research: M id-Atlantic Ridge: Silantyev et al., cont...

Figure 1. The distribution of isotope signatures in peridotites and associated
basalts along the M AR axis strike. (A) - for 87Sr/86Sr; (B) - for 143Nd/144Nd.
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ary Aragonite.
Extrem ely high 87Sr/86Sr values

characteristic of peridotites in sec-
ond group are m ost easily under-
stood in term s discussed by Snow et
al., (1993).  However, it is difficult to
explain the big variation range of Sr
isotope ratio established in perido-
tites sam pled at the sam e dredge site
(e.g. 16ABP56) and characterized by
sim ilar alteration degree. An signif-
icant shift toward 87Sr/86Sr decreas-
ing, observed in Spinel and Am phi-
bole bearing peridotites from  St. Paul
(Rodenet al., 1984), m ay reflect very
low degree of alteration of these
rocks which is unusual for M AR

peridotites. Referring to Fig. 1a, a
lone sam ple from  M AR just to the
South of the 15o20’FZ also had a low
87Sr/86Sr value that corresponds to
about 0.1 according to the W /R cal-
culations. It can be seen graphically
in Fig. 1a that m ost higher 87Sr/86Sr
values in peridotites are correspond-
ing to two M AR regions: M AR seg-
m ents close to 15o20FZ, and near
Hayes FZ.  One of these regions is
located in an area of big 14o48 geo-
chem ical anom aly, second one is
adjacent to the south term ination of
the Azores superplum e.

According to the sim plified geo-
dynam ic m odel of the oceanic litho-

sphere accretion, basalts and resid-
ual peridotites, exposed at the sam e
areas of axial zone of the m id-ocean
ridges, are genetically related. It
m eans that their com positions m ust
be com plem entary. Therefore, the
143Nd/144Nd and 87Sr/86Sr  values char-
acteristic of basalts (m ostly unal-
tered glasses) from  M AR between 0o

and 40oN presented in (Dosso et al.,
1999; Roden et al., 1984) are plotted
in Fig. 1 also. It should be realized
that in these diagram s fresh basaltic
glasses are com pared with strong
altered peridotites. The surprising
thing is that a weak correlation be-
tween the distribution of 87Sr/86Sr
values in basalts and associated
peridotites exists. It is seen in Fig. 1a
that increasing values of 87Sr/86Sr
near 15o20 FZ and at M AR near 34oN
are accom panied by higher than usu-
al87Sr/86Sr in peridotites from  the
sam e region. Perhaps such a correla-
tion im plies that m etam orphic proc-
esses in the oceanic crust m ay be
linked to m agm atic activity in the
M AR crest zone.

The distribution of the 143Nd/
144Nd values in the M AR peridotites
along ridge axis strike are plotted in
Fig. 1b. Based on this diagram , it is
possible to infer, by the isotope com -
position of Nd, that two m ain kinds
of peridotites are widespread along
the M AR axis strike between 0o and
36oN. The first kind of peridotite in-
cludes the m ajority of sam ples exam -
ined. The value of143Nd/144Nd ratio
in the first kind of peridotites is var-
iable along the M AR axis strike in
the sam e fashion as in the associat-
ed basalts. This isotopic correspond-
ence can be followed from  the St.Paul
region (1oN) to the Rainbow area
(36oN). The Nd isotopic variations in
the peridotites of the first kind, as
well as in the associated basalts are
consistent with the distribution of
alternating plum e and spreading
M AR regions, including the Equa-
torial area 14o48 anom aly, and the
Azores superplum e.

The second  kind of M AR peri-
dotites are characterized by very low
values of 143Nd/144Nd and do not
exhibit a correlation with isotope

  International Ridge-Crest Research: M id-Atlantic Ridge: Silantyev et al., cont...

Figure 2.  Sm/Nd versus 143Nd/144Nd ratios in peridotites from the M AR and two
compositional fields corresponding to the main kinds of M AR peridotites.
Composition of sub-continental mantle shown by the example of Zhokhov
Island (Laptev Sea, Eastern Arctic Basin).
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com position of Nd in the associated
basalts. In other words, this kind of
peridotite is not related isotopicaly
with the products of m agm atism  in
the Rift Valley. As Fig. 1b shows,
peridotites of this kind are located
m ainly at the M AR near 15o20FZ
and, perhaps, at M AR, 25oN and
near the Hayes FZ.

It is apparent that the behaviour
of Sm  and Nd in peridotites in the
m antle is determ ined by the follow-
ing processes: 1) partial m elting, and
2) interaction between m antle sub-
stratum  and m agm atic m elts or flu-
ids. The value of Sm /Nd ratio in
residual peridotites is determ ined

by partial m elting degree because
preferential accum ulation of Nd as
com pare with Sm  takes place in the
residual m elts. On other hand, re-
peated enrichm ent of m antle m atter
in open m agm atic system s (such as
bellow the m id-ocean ridges) is lia-
ble to essentially decrease the Sm /
Nd ratio. M any early published stud-
ies dem onstrate that in trace ele-
m ent acid-leaching experim ents with
altered M ORB, the Sm /Nd ratio in
these rocks decreases by no m ore
than 5% . Serpentinization takes place
under sam e tem perature conditions
as well the alteration of M ORB.
Therefore, it is logical to assum e

that the Sm /Nd ratio changes insig-
nificantly in abyssal peridotites dur-
ing serpentinization. If this is true,
then the values of the Sm /Nd ratio
given in Tab.1, as well all other al-
ready published data, correspond
(or are close) to the prim ary values
of this ratio in the sam ples exam ined.
The variations of Sm /Nd ratio in the
two kinds of M AR peridotites m en-
tioned above are presented in Fig. 2.
It is evident from  this figure that
points corresponding to M AR peri-
dotites of the first kind fall within the
com position field related to the M AR
array reflecting m ixing between DM
(Depleted M antle) and HIM U or SHC
(St. Helena) com ponents. The upper
com position field showed in Fig. 2
includes two m antle peridotite types
characteristic of spreading and
plum e M AR segm ents (right and left
part of the figure respectively). It is
obvious that plum e and spreading
peridotite types are in close associ-
ation, indicating that m agm atic proc-
esses in spreading and plum e ridge
segm ents are intim ately related.

The M AR peridotites of the sec-
ond kind fall into lower com posi-
tional field in Fig. 2. This field is
interm ediate in the diagram  Sm /Nd -
143Nd/144Nd between PM  and the
point corresponding to the com po-
sition of recrystallized subcontinen-
tal m antle (Zhokhov Island, see bel-
low). Alm ost all peridotite sam ples
from  M AR between 14 and 15oN, and
two sam ples from  M AR, 25oN, and
Hayes FZ corresponded to this com -
positional field. The m ost unusual
com position am ong sam ples from
the second kind of M AR peridotites
was a Phlogopite-bearing dunite
(FR12-04) from  the M AR, North of
15o20FZ. The geochem ical features
of this sam ple were very close to
those representative of subconti-
nental m antle.

It should also be noted that sam -
ple FR12-04 was characterized by
values of Sm /Nd and 143Nd/144Nd
close to ones in different types of
oceanic sedim ents (Fig. 3).

The com parison of isotope
com position of peridotites of the
second kind with the ones in M AR

  International Ridge-Crest Research: M id-Atlantic Ridge: Silantyev et al., cont...

Figure 3. Sm/Nd versus 143Nd/144Nd ratios in the M AR basalts compared with
two compositional fields of M AR peridotites and different types of oceanic
sediments. Composition of sub-continental mantle and associated within
plate volcanics shown also by the example of Zhokhov Island (Laptev Sea,
Eastern Arctic Basin).
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basalts is interesting from  the point
of view of interpretation of origin of
these rocks.  The com positional
variation in M AR basalts sam pled
between 55oS and 65oN is shown in
Fig. 3. Both main compositional fields
of M AR peridotites are plotted in
Fig. 3 for com parison with the com -
positional variation in M AR basalts
sam pled between 55oS and 65oN.

Our interpretation of the data
represented in Fig. 3, i.e. the varia-
tion of Sm /Nd and 143Nd/144Nd val-
ues, is that all of the North M AR and
part of the South M AR basalts cor-
respond to the ones in the M AR
belonging to first kind of peridotites
(plum e and spreading assem blages).
In contrast, basalts of within plate or
OIB affinity from  Discovery, Tristan
da Cunha, Shona m antle plum es, and
W alvis Ridge and som e from  the
North Oceanographer com pare fa-
vourably with M AR peridotites of
the second kind. Origin of isotope
signatures in basalts from  South
Atlantic plum es by (Douglas and
Shilling, 1999) can be associated with
three-com ponent m ixing between
am bient astenosphere, the m elts of
plum e origin, and low-µ (LOM U)
com ponent, which possibly repre-
sents subcontinental lithospheric
m antle m aterial. The isotope signa-
tures of W alvis Ridge basalts could
occur if they were form ed from  the
following m antle sources: enriched
m antle and depleted m antle (DM ),
as proposed by other investigators
(Hum phris and Thom pson, 1983;
Richardson et al., 1984). The iso-
tope data on the basalts from  the
North Oceanographer region (North
M AR)  are consistent with the in-
volvem ent of subcontinental m ate-
rial in their form ation (Dosso et al.,
1999). Thus, the principal point of
discussion on the origin of M AR
peridotites with very low 143Nd/144Nd
is a possibility of interaction be-
tween m elts of plum e origin and
m antle sources different from  DM .

As an exam ple of this m agm atic
association, in this article our m ain
focus was on the geological objects
with clearly m anifested assem blage
of m antle xenoliths of EM  or PM

origin and host basaltic lavas of with-
in plate origin. The rock assem blage
recovered at Zhokhov Island volca-
no (De Long Archipelago, Eastern
Arctic) is a good exam ple that illus-
trates the interaction between prim -
itive m antle sources and typical with-
in plate m agm as. Olivine phyric ba-
salts are the m ain type of extrusive
rocks on the Zhokhov Island. M an-
tle xenoliths from  these volcanics
are represented by Spinel lherzo-
lites a large num ber of them  shows
distinct signs of high-tem perature
interaction with m agm atic m elts. The
isotope com position of xenoliths and
host basaltic rocks from  Zhokhov
Island is plotted in Fig. 2 and Fig. 3
for com parison. It is clear from  these
figures that isotopic signatures of
M AR peridotites belonging to sec-
ond kind are attributable to the inter-
action of m antle substratum  of PM
origin with within-plate (or OIB in
our case) m agm as.

Conclusion
The above results m ay be

sum m ed up as follows:
1) Two main kinds of peridotite-basalt

assemblages exist in the M AR. First
one includes residual peridotites
and associated basalts those
related with melting of DM  sources
by different degree of participation
of HIM U or SHC (St. Helena)
com ponents. This type of
assemblage belongs to spreading
or plume M AR regions.  Both
magmatic suites; spreading as well
plumes are in close association.

2) The second kind of M AR peridotite-
basalt assemblage, characterised
by their isotope signatures were
postulated to have been formed by
participation in melting below the
M AR com ponent, which could
represent subcontinental
lithospheric mantle material. The
isotope signatures in the M AR
peridotites of the second kind could
also be attributed to incorporation
of sedim ent m aterial from
hydrotherm al circulation into
oceanic crust. However, in this
case the most challenging question
is posed by the sharply defined

differences in the ratio of 143Nd/
144Nd in mantle peridotites sampled
at single sites along the ridge axis,
w hile concurrently,
serpentinization of abyssal
peridotites obtained at different
M AR areas generally appeared to
be closely allied by temperature
and W /R conditions.
Despite obvious effects of sec-

ondary processes, the data present-
ed poses som e intriguing questions
on the prim ordial properties of the
m antle below the M AR along its
axis.
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During the DIVERSExpedition
(cruise 05 Leg 03 of the R/V ATLAN-
TIS, Chief Scientist: Cindy Lee Van
Dover) we conducted CTD investi-
gations in bottom  waters of several
A tlantic hydrotherm al fields:
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cruise of the R/V YUZHM ORGEO-
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vations, m apping and sam pling of
active and non - active vents by
dives sim ultaneously perform ed by
DSRV Alvin led us to attem pt to
relate these plum e characteristics to
seafloor sources.

Results
At each site, from  3 to 5 still CTD

stations in bottom  waters with tow -
yo casts between stations were con-
ducted. Hydrotherm al plum es were
surveyed using a CTD equipped
with a transm issom eter, relay trans-
ponder and a rosette of 23 10 L Ni-
skin bottles.

On recovery of the package, sam -
ples of plum e waters were withdrawn
for filtration under clean conditions
through sterilized 0.2 µm  M em brane
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ile centrifuge polypropylene tubes
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analyses upon return. Sam ples ofFigure 1. Location of sites of CTD investigations along the M id - Atlantic Ridge
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high - tem perature (348oC, Logatch-
ev and 338oC, Snake Pit) hydrother-
m al fluids during Alvin dives at the
Logatchev and Snake Pit areas were
collected using Ti syringes. The
sam ples were filtered and stored
acidified (20 m L acid to 1000m L of

the fluid) with 0.5 norm al solution of
HNO

3
. The tem perature of the fluid

was m easured using a probe insert-
ed into the clear fluid ~5 cm  above
the chim ney orifice.

A background CTD - transm is-
som eter plot was obtained at the

DSDP Hole 395A, 22o45.3519’N/
46o04, 8609’W . No evidence of hy-
drotherm al activity in bottom  waters
were observed at this station.

Logatchev. Three stations were
sam pled over the m ain active field
and Irina - 2 com plex. At all profiles

Figure 2. Examples of CTD - transmissometer plots at the six vent fields.
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two distinct layers with high particle
concentrations according to trans-
m issom eter data were observed (Fig.
2 a). A m ost pronounced transm is-
sivity signal (- 0.284% ) was obtained
from  the interval of 2500 - 2600 m
depth (400 - 500 m  above the bot-
tom ). It coincides with distinct neg-
ative tem perature and salinity anom -
alies. The less pronounced signal
(up to – 0.1% ) corresponds to a
lower horizon at 2700 - 2780 m  depth
(200 - 300 m  from  the seafloor) in
conform ity with positive anom alies
of tem perature and salinity. On the
CTD - transm issom eter plots, reflect-
ing the structure of bottom  waters
above the Irina - 2 site the 3rd m ax-
im um  particle concentrations occur
30 - 60 m  above the sea floor accom -
panied by the negative tem perature
and salinity anom alies.

Snake Pit. Five stations were
sam pled over the hydrotherm al field.
The strongest transm issivity re-
sponse (- 0.1 - 0.2% ) was observed
at 3180 - 3350 m depth (50 - 250 m from
the seafloor) with no accom panied
tem perature and salinity variations
in bottom  waters (Fig. 2 b).

Broken Spur. Four stations were
sam pled over the active hydrother-
m al field. At least two particle rich
horizons in accordance with transm -
issom eter m easurem ents were ob-
served (Fig. 2 c). Unlike the Logatch-
ev site, the m ost particle - rich layer
occupied a lower position in the
section of bottom  waters (2900 - 3000
m  depth) not far from  the seafloor (30
- 50 m ). The m axim um  deviation of
light transm ission from  background
level was - 1.98% . The positive tem -
perature anom alies and strong os-
cillations in salinity were character-
istic in this horizon. In the water
sam ple from  this horizon a lot of
particles were observed. An extrem e-
ly strong signal was observed at a
tow-yo profile to the North from  this
point during 180 m  but then it disap-
peared sharply. At 2700 - 2800 m
depth (~250 m  above bottom ) a less
intense, but a m ore stable, (- 0.36 -
0.67% ) transm issom eter signal was
observed. It was accom panied by
distinct negative anom alies of tem -

perature and salinity.
Rainbow. Four stations were

sam pled along a S - N transect across
the hydrotherm al field. The strong-
est signal (- 1.34% ) was received
from  the horizon, 2125 m  depth (150
m  from  the bottom ) at a tow-yo cast
w ith coordinates 36o13.80N /
33o54.055W  (Fig. 2 d). No noticeable
tem perature nor salinity variations
corresponding to this layer were
detected. This signal was observed
during 900 m  from  its m axim um  at N
- S tow-yo profile and then cam e to
an abrupt end. M ore stable was an
anom alous layer at 1900 - 2050 m
depth with 0.38%  m ax deviation of
light transm ission from  background
level. It was observed along the
entire profile. Variations of tem per-
ature and salinity at this horizon
showed little distinction.

Lucky Strike. Four stations were
sam pled over the active hydrother-
m al field on a S - N transect. Only
very weak anom alies of transm issiv-
ity (- 0.05 to  - 0.08% ) were observed
30 - 60 m  above seafloor, accom pa-
nied by distinct negative anom alies
of tem perature and salinity (Fig. 2 f).
Significant variations of the latter
param eters were also observed in a
400 - 500 m  segm ent of bottom  wa-
ters. The tem perature of the vent
waters according to the Alvin probe
was 317oC.

Discussion
The structure of bottom  waters

above hydrotherm al fields reflects
the influence of different venting
types. As a result, m ost plum es are
distinctly layered. Each layer m an-
ifests itself in a decreasing of the
transm issivity profile and (in m ost
cases) associated anom alies in po-
tential tem perature and salinity.

For instance, different styles of
venting observed at the Logatchev
vent field lead to form ation of three
types of hydrotherm al plum es in the
ocean waters: buoyant, neutral buoy-
ancy (effluent layer) and reverse
buoyancy. The variations in the flu-
id buoyancy m ay be due to the ef-
fects of the vapour-liquid phase
separation in the geotherm al sys-

tem  at som e depth below the sea-
floor. As a result, chlorinity of the
liquid can be increased approxim ate-
ly three fold and the bulk of the
gases CO

2
 and H

2
S m ust fractionate

into the vapour - phase (Bischoff
and Rosenbauer, 1987). W hen dis-
charging, brines should form  re-
verse plum es spreading not verti-
cally upwards as usual buoyant
plum es do, but descending to the
bottom  (Turner and Cam pbell, 1987;
Sudarikov and Roum iantsev, 2000).

The strongest decrease of light
transm ission from  background lev-
els were observed in neutrally buoy-
ant plum es. They were accom pa-
nied by the negative tem perature
and salinity anom alies form ed by
the entrainm ent of cold and less
saline bottom  waters, in accordance
with the Atlantic m odel for plum e
form ation (Speer and Rona, 1989).
At som e Atlantic hydrotherm al
fields, a positive tem perature re-
sponse is recorded in a buoyant
plum e at water levels of 50 - 60 m
above the seafloor (Rudnicki, 1995).
In the case of the Logatchev field,
these close-to-bottom  tem perature
anom alies are negative. The tem -
perature drop could be the response
for reverse plum es rather than buoy-
ant plum es.

Influence of buoyant plum es
should be reflected in the CTD -
transm issom eter plots as signals
corresponding to positive anom a-
lies of tem perature and salinity.

Observations during Alvin dives
throughout the cruise show that on
som e fields num erous discharge
zones of diffuse flow (shim m ering
waters) through the sedim ents or
pores in rocks and sulphide ores
m ay play a significant role in fluid
output. Though, its contribution to
plum e form ation does not seem  to be
so great. Strong signals in buoyant
and neutrally buoyant plum es (e.g.
Broken Spur, Rainbow) correspond
to intense discharge of high tem per-
ature fluids. In cases where the dif-
fuse flow prevails over high  tem per-
ature venting, it form s close-to-bot-
tom  (30 - 60 m ) weak anom alies of
transm issivity accom panied by sig-
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nificant variations in tem perature
and salinity in a larger segm ent of
bottom  waters (as was observed at
the Lucky Strike area). Sim ilar char-
acteristics of the close to bottom
part of the water colum n were ob-
served at the Logatchev site, which
is also characterised by shim m er-
ing waters. At the Snake Pit site it
was observed in Alvin dives, that
the greater part of the fluid dis-
charge is diffuse flow. The data
from  CTD  transm issom eter plots
for bottom  waters in this area in-
deed show weak anom alies of trans-
m issivity and absence of tem pera-
ture and salinity variations.

It is interesting to com pare the
CTD data obtained at the Neptune’s
Beard area with data from  the Lucky
Strike hydrotherm al site. In both
cases we observed sim ilar anom a-
lies of transm issivity (~ - 0.1% ) im -
m ediately above the seafloor and
tem perature/salinity anom alies at
several layers (Fig. 2 e,f).

Along with the decrease in m eas-
ured fluid tem peratures during Alvin

dives, the alteration of the am pli-
tude of the transm issivity signal at
Lucky Strike was less than at Snake
Pit and at Snake Pit it was less than
at Logatchev. The sam e trend was
observed in fluid tem peratures m eas-
ured during the cruise at these sites.
Thus, in the Neptune’s Beard area
the prevalence of diffuse discharge
could be expected rather than high
tem perature venting.
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H ydrotherm al fluids at the M id-Atlantic Ridge: Prelim inary results from  sub-
seafloor electrom agnetic sounding

N.D. Barker1, M .C. Sinha1, L.M . M acGregor1, and the ISO-3D group2

1 School of Ocean and Earth Science, SOC, Empress Dock, Southampton, SO14 3ZH, UK.
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TheM ADRIGALS (M id-Atlantic
Deep-towed Resistivity and Induc-
tion Geophysics at Lucky Strike)
cruise, undertaken in September 1999
on the RRS Charles Darwin,  was a
central com ponent of the ISO-3D
research project: an international
research project, funded by the Eu-
ropean Union under the M ast III
program m e. As part of this research
cruise, a m arine controlled source
electrom agnetic (CSEM ) sounding
experim ent was carried out on the
Lucky Strike segm ent of the M id-
Atlantic Ridge (Fig. 1). The topogra-

phy of this segm ent is dom inated by
a 1500 m etre high, 20 kilom etre wide
seam ount, where both diffuse and
high tem perature venting have been
observed. Previous sonar, diving
and sam pling investigations have
yielded excellent inform ation on the
surface geological and geochem ical
characteristics of the hydrotherm al
system  (e.g. Langm uir et al., 1993;
Fouquetet al., 1995; W ilson et al.,
1996). By determ ining the electrical
resistivity structure within and be-
neath the seam ount (at a resolution
of tens of m etres, to depths of sev-

eral kilom etres), the large-scale prop-
erties of the crust through which the
fluid flows can now be investigated.

In a CSEM  experim ent, a low fre-
quency electrom agnetic signal (of
the order of 0.1 to 10 Hz) is transm it-
ted through the oceanic crust to an
array of electric field receivers placed
on the seafloor. The signal detected
by the instrum ents is dom inated by
fields that have diffused through
the crust, because of the rapid atten-
uation of fields in the water colum n.
The distribution of electrical resis-
tivity of the rocks below the seabed
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is determ ined by m easuring the var-
iation of electric field strength and
phase as a function of source re-
ceiver separation and geom etry, as
the source is towed through the ar-
ray of instrum ents.

During the cruise, the DASI
(Deep-tow Active Source Instru-
m ent) transm ission system  (from  the

Southam pton Oceanography Cen-
tre) and LEM UR (Low-frequency
ElectroM agnetic Underwater Re-
ceiver) receivers (from  the South-
am pton Oceanography Centre and
University of Lisbon) were used.
Previous CSEM  experim ents over
other sections of m id-ocean ridge
have already proven the capability

of this instrum entation in such a
setting (Evans et al., 1994; M acGre-
goret al., 1998; M acGregor et al.,
2001).

The DASI transm itter consists
of a 100 m  long, neutrally buoyant,
horizontal electric dipole (HED)
stream ed behind a towed vehicle.
The height of this vehicle is control-
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Figure 1. A swath bathymetric chart of the Lucky Strike segment of the M id-Atlantic Ridge showing the locations of DASI
as it was towed along the nine experiment lines, and the deployment positions of the LEM UR ocean bottom instruments.
The contour interval is 100 m.
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Figure 2. Data recorded by LEM UR 16 plotted with modelled halfspace responses.
The black squares with error bars are 1 Hz data points recorded during Line
1, when the transmitter was to the north of the LEM UR, up to a source-receiver
offset of 4 km. The five curves correspond to the predicted response of a
uniform halfspace, for the resistivities indicated. All models shown were
overlain by a halfspace of resistivity 0.3 �m, representing the seawater.

led using the deep-tow winch and
m onitored acoustically using an al-
tim eter m ounted on the towed vehi-
cle. For m ost of the cruise DASI
transm itted a 1 Hz signal, whilst be-
ing flown 70-80 m  above the sea-
floor. It was necessary to fly DASI at
a height of approxim ately 40 m  when
the transm ission frequency was in-
creased to 4 Hz, due to the faster
attenuation of EM  signals by sea-
water at higher frequencies. DASI
transm ission tows (Fig. 1) were ar-
ranged in order to provide good 3-
dim ensional coverage over the tar-
get area. Five LEM URs recorded
data in this study. These instrum ents
consist of an orthogonal pair of 13.5
m  horizontal electric dipole sensors,
and a 24-bit recording system .

The DASI transm itter was de-
ployed for a period of eight days,
and successfully transm itted over
tracks totalling 212 km  in length.
The quality of data recorded by
the LEM URs was excellent during
this tim e, with a good signal to
noise ratio being m aintained up to
source-receiver separations of 10
km , the m axim um  offset attained in

the experim ent.
Prelim inary m odelling of the data

has been in term s of 1-dim ensional
resistivity structures. M odelling
strategies used included: halfspace
and layer-over-halfspace m odelling
(Chave and Cox, 1982) for the 1 Hz
data recorded by each LEM UR; and
1-D Occam  inversion (Constable et
al., 1987) of subsets of the data from
LEM UR 16, the instrum ent located
at the sum m it of the seam ount.

Figure 2 shows a portion of the
data recorded by LEM UR 16, plot-
ted against the response predicted
by uniform  halfspace m odels. It can
be seen that, whilst the recorded
data is alm ost fully bound by the 1
�m  and 100 �m  halfspace lines, it is
not adequately predicted by such a
sim ple m odel. The short-range sig-
nal (corresponding to shallow
depths beneath the seafloor) fol-
lows the 1 �m  halfspace line, whilst
data at ranges greater than about
1300 m  lie closer to the halfspace
responses predicted by 5 and 10 �m .
This result is consistent with in-
creasing resistivity with depth.

The data can be better m odelled

by a resistivity halfspace, overlain
by a single layer of a second resis-
tivity (corresponding to the crustal
layer 2A, overlying a m ore resistive
layer 2B structure). Best-fit layer-
over-halfspace m odels were ob-
tained for each of the five LEM URs.
However, investigation of the m od-
el space associated with this sce-
nario revealed that a significant
trade-off existed between layer thick-
ness and layer resistivity when only
1 Hz data were used. Such a trade-off
reflects that this portion of the data-
set is m ore sensitive to the conduct-
ance of layer 2A (that is, the thick-
ness divided by the resistivity), rath-
er than the resistivity. The conduct-
ance was found to vary system ati-
cally between 94 S at LEM UR 11, the
instrum ent furthest from  the ridge
axis, and 250 S at LEM UR 16, the
instrum ent near the sum m it of the
seam ount. A greater conductance
would be expected near the ridge
axis where hydrotherm al fluids with
a potentially elevated tem perature
and/or salinity circulate in the crust.

One way to visualise the higher-
dim ensional structure present in the
EM  data is to norm alise the electric
field strength recorded by an instru-
m ent against that predicted by a
sim ple 1-D resistivity m odel for the
sam e source-receiver geom etry. This
has the effect of rem oving the range-
dependent variation in the signal
strength, highlighting areas that are
experiencing an anom alous electric
field strength (with respect to the 1-D
m odel used). For this purpose, a 1-D
layer over halfspace resistivity m odel
(consisting of a 100 �m  halfspace,
overlain by a 200 m -thick layer of 2
�m ) was chosen, based upon a typ-
ical result from  the forward m odels
obtained.

The results of norm alising a por-
tion of the 1 Hz data received by
LEM UR 18 are shown in Figure 3.
The norm alised trend can be inter-
preted as im plying that the resistiv-
ity is lower than the m odel within the
axial zone. Clear system atic trends
are also visible on this and other
sections of norm alised data. The
shortest wavelength of these are
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Figure 3. (a) Normalised electric field data, derived from a portion of the 1 Hz data recorded by LEM UR 18 (black triangle).
The grey scale corresponds to the normalised electric field strength (data value divided by the corresponding result
for a 200 m thick/2 �m layer over a 100 �m halfspace). Normalised data are plotted at the appropriate source location,
in km East and North of the LEM UR. Receiver locations are shown by black triangles. The Lucky Strike seamount and
median valley walls are outlined by the 1900 m depth contour. (b) The same data plotted against distance along the
tow line.

(a)

(b)

due to variations in resistivity struc-
ture at scales which are within the
resolution of this experim ent, and
not sim ply short-wavelength scat-
ter. Indeed, the level of scatter in the
data from  this experim ent is signifi-
cantly lower than that from  previous
CSEM  studies. This reflects the con-
tinuing developm ent of, and im -
provem ents in, the instrum entation
used.

Future analysis of this EM  data
will include 2-D inversion (Unsworth
et al., 1993), and 3-dim ensional for-
ward m odelling, using code devel-
oped as part of the ISO-3D research
project (Flosadóttir and M acGregor,
2001). W e hope that this will provide
new inform ation concerning the na-
ture of the axial hydrotherm al sys-
tem  fluid circulation.
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Introduction
The com plex geom etry of the

convergence boundary between the
Australian and Pacific plates in the
Tonga-New Hebrides region results
from  the active tectonic processes
which have taken place since the
early Cenozoic. The Cenozoic evo-
lution of this relatively sm all region
involved repeated changes in the
configuration of plate boundaries
and subduction polarity associated
with opening of the North Fiji Basin
(Danielet al., 1977; Carney et al.,

1985; Taylor et al., 2000). The present
boundary between the two plates
runs along the North and South New-
Hebrides trenches, Hunter and Fiji
fault zones and the Tonga trench
(Fig. 1).

The existing geodynam ic and
tectonic m odels of the recent evolu-
tion of the Tonga-New-Hebrides
region are based on synthetic anal-
ysis of bathym etry, satellite-derived
gravity, seism icity, m agnetism , and
GPS m easurem ents, as well as petro-
logical, geological, geochem ical, and

stratigraphic evidence. The struc-
ture of the plate convergence zone
and the direction and rate of plate
m otions acquired the present form
about the N eogene-Q uaternary
boundary. In the early Cenozoic,
Santa-Cruz, Vanuatu, Fiji, and Lau
islands belonged to the Australian
plate and m ade up a single island
arc. The Oligocene and M iocene
volcanism  produced calc-alkaline to
shoshonitic island-arc volcanic se-
ries. At that tim e, the Pacific plate
subducted westward beneath the
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Australian plate along the Vitiaz and
Tonga trenches. The initiation and
developm ent of spreading zones
there led to the opening of the Fiji
basin. The plate convergence along
the Vitiaz trench ceased, and a new
opposite-dipping subduction zone
arose to the south-west, along which
form ed the Vanuatu island-arc sys-
tem . Paleom agnetic studies provide
evidence of 90° counter-clockwise
rotation of the Fiji plate and 30° - 40°
clockwise rotation of the Vanuatu
island arc (M alahoff et al., 1982).
The North-Fiji basin opening was
chiefly controlled by the develop-
m ent of Central and East spreading
ridges (Fig.1). The spreading cent-
ers in the Lau basin opened later,
about 3 M a ago, as attested by ab-
solute dating and detailed airborne
m agnetic studies. Sim ultaneous
spreading of the oceanic lithosphere
in the North-Fiji and Lau back-arc
basins caused destruction of the
Vitiaz trench (south of 12° S as far as
the junction with the Tonga trench),
induced the developm ent of the Fiji
fault zone, and displaced the Tonga
trench axis to the east. However, the
exact tim e of the last spreading re-
versal and the onset of the North-
Fiji basin opening rem ains unclear
and varies from  11 - 13 to 3.5 M a,
depending on the source.

The opening of back-arc spread-
ing centres in the North Fiji and Lau
basins accelerated convergence in
the two subduction zones, up to 24
cm /year in the northern part of the
Tonga trench (16°S) and about 16
cm /year in the south (22°S), based
on GPS data. The spreading rates in
the corresponding latitudes of the
Lau basin are 16 and 8 cm /year, re-
spectively (Pelletier et al., 1998). In
the Vanuatu island arc, the subduc-
tion rate varies from  15 - 17 cm /year
(North New Hebrides trench) to 10 -
12 cm /year (South New Hebrides
trench), but the pure convergence
rate of the Australian and Pacific
plates is lower. The spreading rates
in the back-arc spreading centres in
both Vanuatu and Tonga collision
zones are about 8 - 10 cm /year. How-
ever, at the junction of the Vanuatu

island arcwith the D’Entrecasteaux
fault zone, the convergence rate is
as low as 4 - 5 cm /year (Pelletier et
al., 1998; Taylor et al., 1995), possi-
bly, because the relatively thick and
heterogeneous crust of this block
im pedes its subduction beneath the
island arc.

The results of original geochem -
ical and geochronological investi-
gations presented in this paper al-
low us to define m ore exactly the
tim e of m ain events in the geody-
nam icdevelopm ent of Tonga-New
Hebrides region and gives the basis
for interpretation of deep structure
of this area obtained from  the tele-
seism ic tom ography.

G eochem istry and absolute age of
the m agm atic unites

The rock sam ples studied were
collected in 1988 during the 13thR/V
“Academician Alexandr Nesmey-
anov” cruise under dredging on two
sections from  east and west slopes
of New Hebrides trench (Fig.1). For
com parison of sam pled rocks with
recent volcanic unites the dragged
m aterial from  station H13 - 43 locat-
ed in central part of Vanuatu arc was
used. The m ajor oxides were deter-
m ined by XRF. For dating, the K-Ar
m ethod was used. M easurem ents
were carried out using a m ass-spec-
trom eter, M I1201. All analytical pro-
cedures were perform ed at the Unit-
ed Institute of Geology, Geophysics
and M ineralogy SB RAS. All rocks
were divided into groups using clus-
ter analysis with the tree-ring recon-
struction. Euclidian distances were
used for the construction of dendro-
gram m s. The optim al distance func-
tion was calculated on the basis of
oxide content difference between the
nearest points. The square root of
m ean-square difference of concen-
tration between nearest points was
taken as a m etric coefficient for eve-
ry com ponent. The total inform ation
about the collection used is availa-
ble from  the following web site URL:
http:/www.uiggm .nsc.ru/geody-
nam/lab820/index.html or it m ay
be received by e-m ail:
kolobov@ uiggm.nsc.ru.

The geochem ical surveys show
that there are two m agm atic series in
the area of New Hebrides trench:
tholeiitic and subalkaline. At Van-
uatu arc the island arc tholeiitic and
calc-alkaline series are present, the
later being m ore widespread. Statis-
tical analysis allows to divide the
rocks of New Hebrides trench into 5
groups (Table 1). The only group of
rocks from  New Hebrides trench
belongs to the tholeiitic series
(group 1). The com positional char-
acteristics of this group are akin to
BABB at the m ain North Fiji basin.
The basalts of this type have the
m ost ancient age (27.4 - 17.0 M a).
Am ong the subalkaline basalts there
are sodium  and potassium  unites.
The sodium  basalts are m ore differ-
entiated and they include three
groups. (groups 2, 3 and 4). Group 2
is m ore plentiful but, nevertheless,
has respectively a narrower tim e in-
terval (17.2 - 14.0 M a). Subalkaline
basalts of groups 3 and 4 were found
only in the southern part of New
Hebrides trench. They cover the
older time interval of origination (20.8
- 18.0 M a). Am ong them selves all
these groups differ in contents of
Al

2
O

3
, FeO* and CaO. The sodium

subalkaline basalts have affinity with
OIB. The presence of potassium
subalkaline basalts in the New Heb-
rides trench (group 5) is m ost re-
m arkable because the shoshonitic-
latitic series is form ed exclusively in
the rear of the active well-developed
continental m argins and in conti-
nental rifts. The m ajority of these
rocks are the usual shoshonites with
high contents of K

2
O, Rb, Sr, Li and

Ba. The age of these rocks varies
from  5.5 to 5.4 M a.

Calc-alkaline basalts predom i-
nate at the station H13 - 43 located in
the northern part of the Vanuatu arc.
Statistically, the rocks from  this sta-
tion can be divided into two groups
(6 and 7). The form er corresponds to
m agnesia island-arc tholeiites, the
later to calc-alkaline basalts of is-
lands and subm arine volcanoes from
Vanuatu arc form ed in the Pliocene-
Pleistocene age. Our data show the
age of these basalts to be 4.5 - 3.6
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M a, which is consistent with the
period of early island arc volcanism
in this area.

Tom ography code
Understanding of the m echa-

nism s driving the geological evolu-
tion in a region is im possible with-
out reliable data on its upper m antle
structure, for which seism ic tom og-
raphy is a m ost powerful tool. Here
we apply our tom ographic code to
get the 3D seism ic structure beneath
the Tonga-New-Hebrides region
down to the depth of 650 km .

The upper m antle structure was
studied using the Inverse Teleseis-
m ic Schem e. The m ain idea is to use
teleseism ic rays from  earthquakes in
a region recorded by the worldwide
seism ological network (Koulakov,
1998), whereby the deep structure of
any active seism ic area can be im -
aged without data of regional net-
works. In this research, we used
about 800 000 P teleseism ic rays (epi-
central distances from  20° to 91°)
from  over 20000 shallow (<50 km )
earthquakes that occurred in the
Tonga-New-Hebrides region and
were recorded by m ore than 2000
stations of the worldwide seism o-
logical network. The inform ation was
taken from  the ISC catalogues for
the period from  1964 to 1996. The
procedure of travel tim e processing
for this code was described in detail
in (Koulakov, 1998). The tomograph-
ic inversion is based on node param -
eterization, in which velocity param -
eters are com puted in the nodes of a
3D grid, and the velocity pattern
between the nodes is approxim ated
continuously (constant velocity
gradient).

The ITS code is applied to a
num ber of overlapping fragm ents of
the study region, which is a way to
test the stability of the results by
their com parison in the overlap are-
as on the one hand, and, on the other
hand, a way to avoid the effect of
lower m antle anom alies due to the
sm all size of the fragm ents. In this
context, the best for teleseism ic ap-
proxim ation is the aspect ratio of a
scanned region within 1.4 – 1.8. The

results for different fragm ents were
com pared, averaged, and sum m ed
up. The general result of this re-
search has been com puted on the
basis of five fragm ents located along
the highest seism icity zone. In each
fragm ent the grid was installed on
seven depth levels: 50, 150, 250, 350,
450, 550, and 650 km , with 60 nodes
on each level, distributed according
to the ray density.

The tom ographic results are pre-
sented in a horizontal section at a
depth of 150 km  and three vertical
sections (Fig. 2). Hatched fields m ark
negative seism ic anom alies (low-
velocity zones) and unhatched fields
m ark positive seism ic anom alies
(high-velocity zones), m ost often
interpreted as cooler m antle fields.
Black dots on the vertical sections
show the hypocenters of deep earth-
quakes located near the section
plane (± 50 km ).

Discussion
The tom ographic im ages of the

Tonga-New-Hebrides region we
obtained clearly show subduction
zones traceable as boundaries of
cool slabs whose penetration into
the m antle depends on the duration
of subduction. The upper m antle
structure beneath the Tonga trench
is consistent with the tom ographic
model by R.van der Hilst (1995) which
shows the position of the Pacific
slab down to 1400 km . From  the ob-
served rate of subduction of ~8 cm /
year, its duration in the Tonga trench
can be estim ated at 30 - 35 M a, which
coincides with the geological recon-
struction by J. Daniel et al. (1977). It
was shown that in the Eocene the
convergence of Pacific and Austral-
ian plates occurred between New
Caledonia and Loyalty islands, with
subduction of the Australian plate
under the Pacific one. About the
Eocene/Oligocene boundary, the
subduction changed polarity and
the subduction zone m oved to the
Lau islands and the Vitiaz trench. So
during the M iocene the Pacific plate
subducted beneath the Australian
plate along the eastern foot of the
Lau-Colville ridge and Vitiaz trench.

The effusions of BABB (group 1)
relate to this period of geodynam ic
evolution of New Hebrides region.
As the spreding zones opened, the
deeper parts of m antle began to m elt
form ing basaltic series with subal-
kaline geochem ical profile. Thus, the
subalkaline basalts of OIB type
(groups 2, 3 and 4) are form ed here.
Their age is younger, correspond-
ing to the second half of the M i-
ocene.

There is a knee of the Pacific
plate slab under the Tonga trench at
a depth of 400 - 700 km  (van der Hilst,
1995). The width of the horizontal
segm ent of the slab depends on the
convergence rate increasing to-
wards the equator and coincides with
the m agnitude of displacem ent of
the trench axis from  its M iocene
position. Between 5 and 6 M a, calc-
alkaline island-arc volcanism  in Fiji
islands gave way to the shoshonitic
series typical of back-arc environ-
m ents, and the subduction zone
m oved to its present position locat-
ed along the Tonga islands.

As is seen in the tom ographic
sections, the slab of the Austral-
ian plate under the New-Hebrides
trenches has its lower end at 300 -
400 km . W ith the convergence rate
in this area of 8 - 10 cm /year, sub-
duction has continued for less than
4 - 5 M a, which is consistent with
other geological and geophysical
evidence. The absence of sedi-
m ents in the New - Hebrides trench-
es and the sym m etrical distribu-
tion of volcanites of sim ilar age
and com position on both sides of
the trenches attest to a relatively
short duration of subduction.
M oreover, 5.5 – 5.4 M a shos-
honites (group 5) sam pled on both
sides of the trenches indicate that
this region was then the back area
of a m ature island arc. Com posi-
tional sim ilarity of those shosho-
noites with post-M iocene shos-
honites in Fiji islands proves that
in the M iocene, the New-Hebri-
des, Fiji, and Lau islands com posed
a single island-arc system  that ex-
tended along the Tonga and Vitiaz
trenches (Taylor et al., 2000).
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The inclined positive seism ic
anom aly in the central parts of S2
and S3 (Fig 2) m ay be a fragm ent of
the ancient Pacific slab subducted
along the Vitiaz trench in pre-
Pliocene tim e. The anom aly is m ore
pronounced in section S2, possibly,
because of partial destruction of the
slab by the m antle plum e seen in the
right side of S2. The slab plays a role
of a “heat screen” as hot m aterial
from  the transition zone and from
the lower m antle ascends along its
bottom . The absence of deep seis-
m icity along the detached slab is
evidence of slow sinking, probably
at a rate under 1 cm /year, as it sinks
m erely by negative buoyancy with-
out pushing from  the Pacific plate.
Hence, for the last 5 M a after detach-
m ent the slab has sunk as shallow as
50 km . During the sam e tim e span,
active back-arc spreading caused
significant north-eastward displace-
m ent (600 - 800 km ) of the Vitiaz
trench off the detached slab.

The new tom ographic data, along
w ith paleom agnetism  and geo-
chronology call for som e revision in
the existing ideas of the geodynam ic
evolution of the Tonga-New Hebri-
des region (Carney et al., 1985).
Nam ely, we suggest that a signifi-
cant reorganization of the geody-
nam ic regim e occurred 5 M a ago, at
the M iocene/Pliocene boundary.
Before that tim e, the Pacific plate
subducted in the east-west direc-
tion along the Lau-Colville subduc-
tion zone and the Vitiaz trench. Since
the earliest Pliocene, the New Heb-

rides island arc sprung up to the
west, together with the opening
North Fiji basin. The Pacific – Aus-
tralian plate convergence boundary
m oved to the present New Hebrides
trench, whereby the Australian plate
started an eastward subduction be-
neath the Pacific plate. Based on the
rate of plate m otion (Pelletier et al.,
1998) and the depth of the Austral-
ian slab (400 km ), the duration of the
Vanuatu subduction m ay be esti-
m ated at 4 - 4.5 M a. This is consist-
ent with the 4.1 - 3.9 M a K-Ar ages
of island arc tholeiitic and calc-alka-
line basalts (groups 6 and 7 respec-
tively) that erupted at the early sta-
geof the island-arc evolution. About
the sam e tim e (early Pliocene), the
subduction zone in the southern New
Hebrides region m oved to the east,
from the foot of the Lau-Colville ridge
to the Tonga-Kerm adec trench, but
the subduction preserved its west-
ward polarity.
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In February 2000, Korea Ocean
Research and Developm ent Insti-
tute (KORDI) launched a new pro-
gram  to investigate active hydro-
therm al vent fields in the western
Pacific.  This new program , referred
to as “Daeyang” (m eaning a large
open ocean in Korean), is an initia-
tive by KORDI to expand its m arine
scientific effort in the Pacific and to
provide new platform  for the Korean
scientists to collaborate with scien-
tists from  other countries, which are
leading research activities on m id-
ocean ridges. Since its start two
years ago, the program  has paved
the way for the Earth scientists,
physical oceanographers, chem ists
and biologists to conduct joint
research projects in the western
Pacific.

Brief H istory
KORDI’s interest in the Pacific

Ocean can be traced back to the late
80s starting with the investigation
of m anganese nodules in the central
Pacific.  Since the m id-70s, m any
countries have explored the seafloor
in the east and central Pacific be-
tween the Clipperton and Clarion
Fracture Zones, and in the early 90s
Korea becam e the latest m em ber to
join the list.  Dom estically, an im por-
tant turning point was reached in
1992 with the launch of Onnuri, a
1500-ton research vessel.  KORDI’s
activity in the Pacific grew and di-
versified with the addition of this
new research vessel.  In 1995, a pro-
gram  was initiated to investigate
m anganese crust that form ed around
the rim s of old Cretaceous and
Jurassic seam ounts in the western
Pacific.  From  1998 to 2000, three

reconnaissance surveys were con-
ducted in the western and equatorial
Pacific to assess the econom ic fea-
sibility of sulfide deposits.  During
this period, the surveys were con-
ducted around the Yap trench and
arc region in 1998, in the M anus
Basin, Papua New Guinea in 1999
and in the W oodlark Basin in the
Solom on Islands in 2000. The Dae-
yang Program differs from these early
m ineral reconnaissance surveys in
that its m ain focus lies on building a
basic scientific foundation. The
Daeyang Program  is entering its
second phase.  The first phase of the
Daeyang Program  was conducted in
2000 and 2001.  During the first phase,
scientists conducted, for the first
tim e, an extensive geological survey
of the Ayu Trough, the southern-
m ost sector of the Philippine Sea.

The First Phase
Background

The Ayu Trough was chosen as
the study area because it is the only
m argin along the Philippine Sea Plate
(PSP) that is not a subduction zone
(Fig. 1).  For exam ple, the Izu-Bonin-
M ariana subduction system  and the
Yap and Palau Trenches com prise
the eastern boundary of the PSP,
and the Nankai Trough and Ryukyu
and M anila and Philippine Trenches
the western boundary.  Som e of the
trenches are very active subduction
zones, whereas others are signifi-
cantly less active, as dem onstrated
by the present-day seism icity data
and the presence of active volca-
noes.

Although scientists generally
agree about the large northward
m ovem ent of the PSP during the

Tertiary, there is a debate regarding
the rotational history of the PSP.  For
exam ple, Rangin et al. (1990) and
Hall et al. (1995) argue that the PSP
has undergone a m ajor clockwise
rotation in the last 50-60 M a.  On the
other hand, Daly et al. (1991) and
Lee and Lawver (1994) disagree with
the clockwise rotation of the PSP.
One of sources for the controversy
lie in the fact that there is very little
reliable paleom agnetic inform ation,
in particular, regarding the declina-
tion of the PSP. Som e investigators
have used the paleom agnetic m eas-
urem ents taken from  the island arc
region.  However, m any island arcs
lie too close of convergent bounda-
ry and therefore the declination m ay
be affected by local deform ation of
the islands and not represent the
m otion of the PSP.  Presently, m uch
of the useable inform ation on the
declination of the PSP com es from
paleom agnetic observations m ade
on land at the southern end of the
PSP such as those from  Halm ahera
(Hall et al., 1995).

The plate m otions are in general
determined by taking magnetic anom-
aly pairs across the spreading axis
and deducing the rate of opening
and direction from  them .  As a result,
accretionary boundaries are where
the relative velocity of the plate can
be derived.  In the case of the PSP,
however, the resolution of plate
velocity is difficult because it is al-
m ost entirely surrounded by sub-
duction zones, except for a few plac-
es, including the Ayu Trough.

The Ayu Trough has been con-
sidered as a possible site where
m agnetic analyses m ight provide an
im portant constraint on the relative

New Program  by KORDI Focuses on the Geological and Biological Issues
of Hydrotherm al System s on Active Plate Boundaries in the W estern Pacific

Sang-M ook Lee

Deep-Sea Resources Research Center KORDI, Ansan, P.O. Box 29, Seoul 425-600, Korea.
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m otion of PSP.  However, the con-
ventional m ethods of m easuring
m agnetic field and subsequent anal-
ysis pose a problem  because the
Ayu Trough is close to the m agnetic
equator and the general direction of
spreading is east and west.  The
conventional m eans of m easuring
m agnetic field is to m easure the sca-
lar total field values using proton
precession m agnetom eter.  Howev-
er, a sim ple geom etric consideration
will show that a m id-ocean ridge

located at the m agnetic equator and
spreading east-west will have a
greatly subdued total field anom aly.
Another factor which m ay hinder
this effort is that, on the basis of
bathym etric inform ation from  earlier
investigations, Ayu Trough appears
to be spreading at a very low rate.  If
so, the discrim ination of different
anom alies m ay be quite difficult.

Despite its significance, only a
handful of surveys have been m ade
in the Ayu Trough to date. An early

notable work on the Ayu Trough
w as by W eissel and A nderson
(1978) who exam ined the bounda-
ries of the Caroline Plate including
Ayu and Sorol Troughs.  On the
basis of sedim ent thickness ob-
served along seism ic profiles and
sedim entation rates derived from
nearby DSDP site 62, they inferred
that the Ayu Trough began opening
during the m id-M iocene, perhaps
10-12 M a.  However, this is a rough
estim ate and further studies are need-
ed including age dating on rock sam -
ples to validate the tim ing of open-
ing.  Another question regarding
the Ayu Trough is whether it is ac-
tively spreading at the m om ent or
not.  According to W eissel and
Anderson (1978), the spreading of
the Ayu Trough appears to have
slowed down or even halted since 6
M a.  Until high-resolution near-bot-
tom  m agnetic vector field m easure-
m ents are obtained, however, a di-
rect estim ation of spreading rate m ay
also be quite difficult.  M ore recent-
ly, a survey of the Ayu Trough was
carried out in 1992 by the University
of Tokyo onboard R/V Hakuho-
M aru (Segawa, 1993). The survey
perform ed a m ultidisciplinary geo-
logical investigation of the western
Pacific which included the Ayu
Trough and collected underway
geophysics and m ultibeam  bathy-
m etric survey north of 3°25’N at the
Ayu Trough.  However, the prim ary
focus of this investigation was to
docum ent the crustal accretionary
processes at the axis, and therefore
the ship track lines of this survey did
not extend far from  the axis to ad-
dress the opening history of the
basin.

KORDI’s Investigation
The m orphology of Ayu Trough

at firsthand in plan view resem bles a
triangle or reversed fan with Tobi
and M apia Ridges form ing the outer
rim s of the Ayu Trough.  This obser-
vation led W eissel and Anderson
(1978) to postulate that the Euler
pole of the Ayu Trough is located
just south of the Palau Island near
7°N and 133°E.  However, it is im por-

120û 130û 140û 150û

0û

10û

20û

30û

40û

PSPPSP

CARCAR

PACPAC

Figure 1. Location of the Ayu Trough at the southern end of the Philippine Sea
Plate.  Determining the motion of the Philippine Sea Plate remains controversial
because it is surrounded by trenches expect along the Ayu Trough (shown
in box), which is a divergent margin.  The Philippine Sea Plate is denoted as
PSP, Caroline Plate as CAR, and Pacific Plate as PAC.  The contours represent
bathymetry at 200-m interval.
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tant to recognize that this argum ent
is based on general m orphological
trends and not on geophysical evi-
dence.  The exact pole of rotation
between the Philippine Sea and Caro-
line Plates therefore rem ains an open
question.

KORDI’s investigation of the
Ayu Trough was perform ed in two
stages.  In M ay 2000, R/V Onnuri
conducted m ultibeam  bathym etric
m apping and gravity and m agnetic
survey of the Ayu Trough between
3°30’N and 2°N.  This was a short
survey with 6 - 7 days of ship tim e.
In M ay 2001, KORDI scientists re-
turned to the Ayu Trough.  This
tim e, during 15 days at the site, we
covered the area south of 2°N all the
way down to the equator.  In addi-
tion to the standard underway geo-
physical m easurem ents and m ulti-
beam  bathym etric m apping, the sur-
vey perform ed three m ultichannel
seism ic profiles, 9 dredge sam plings,
num erous CTD m easurem ents, two
piston cores and three m ultiple
cores, which sam pled the upper few
tens of centim eters.  In both 2000
and 2001, in addition to the total
field m easurem ents, shipboard vec-
tor m agnetic fields were also m eas-
ured. Figure 2 is a bathym etric m ap
of the Ayu Trough between the Pal-
au Island and the equator.  It was
produced by com bining m ultibeam
bathym etric data collected by KOR-
DI in 2000-2001 and University of
Tokyo from  1992 cruise (Fujiwara et
al., 1995).  The m ultibeam  system
used by KORDI represents an up-
graded 121-beam  system , providing
cross-track coverage of 3.5 tim es
the water depth, whereas that of
University of Tokyo at the tim e was
a 16-beam  system , which provides a
narrower coverage.  The location
of dredge sites and m ultichannel
seism ic profiles are presented in
Figure 2.

An im portant observation of our
study is that, on the basis of m ulti-
beam  bathym etric data (Fig. 2), the
Ayu Trough reveals evidence of
oblique spreading rather than fan-
shaped opening as previously sug-
gested.  A detailed study is under-

way to determ ine the exact pole of
rotation and its im plications for the
m otion of PSP.

One of the tasks perform ed by
KORDI scientists was to look for
possible hydrotherm al plum es.  Nu-
m erous CTD m easurem ents were
m ade along the axis in 2001.  The
CTD was lowered to within a hun-
dred m eters from  the seafloor for
this purpose. In spite of our efforts,
no direct evidence for hydrotherm al
venting was found at this tim e.  In-
stead, only a m inor anom aly in water
tem perature at greater than 4 km  was
observed along the axis to the south.
This is attributed to increasing heat
flux at the axis as one approached
the south.

The Next Phase
The second phase of Daeyang

Program  is expected to be a five-
year program  from  2002 to 2006.
During this period, a greater em -
phasis will be given to geological
and biological studies of active
hydrotherm al vent fields and the
basins that contain them .  Som e of
the target areas that are being con-
sidered for 2002 include the New
Ireland forearc basins, the eastern
M anus Basin and previously un-
surveyed areas in the western Bis-
m ark Sea in Papua New Guinea.  The
New Ireland Forearc basin hosts a
group of Pliocene to Recent alkaline
volcanoes, which represent the
Tabar-Lihir-Tanga-Feni island
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Figure 2.  Bathymetric map of the Ayu Trough compiled from different sources.
The multibeam bathymetric data to the north of 3°30’N are from 1992 survey
by the University of Tokyo [Segawa, 1993] (courtesy of Toshiya Fujiwara).
The bathymetric data south of 3°30’N were collected by this study in 2000
and 2001.  The solid lines represent multichannel seismic profiles and the solid
circles the location of dredge rock sampling during 2001 survey.  The
bathymetric contours are at 250-m interval.

  International Ridge-Crest Research: M id-Ocean Ridge: Lee, cont...



49Vol. 10(2), 2001

chain.  One of the islands in the
chain, Lihir, is a locus of one of the
largest epitherm al gold deposits
known currently.  In 1994 a survey
by scientists m ainly from  University
of Freiberg, Germ any discovered a
num ber of seam ounts between Lihir
and New Ireland, including the Con-
ical, Edison and TUBAF Seam ounts.
Several pieces of evidence suggest
that m agm atic activity in the forearc
basin is controlled by lithosphere
extensions which generally strike
north-south.  However, the nature
of such north-south trending tec-
tonic features is poorly understood.
One of the objectives of KORDI’s
cruise in 2002 is to docum ent tecton-
ic structures in the forearc basin
using a com bination of bathym etric
and seism ic m ethods.  In addition,
biological sam pling is planned at
the Edison seam ount and eastern
M anus Basin.

Another area that is being consid-
ered is the Sorol Trough.  The Sorol
Trough is tectonically sim ilar to the
Ayu Trough in m any ways.  Previous
studies suggest that the Sorol Trough
represents a transtensional boundary
between the Caroline and Pacific Plate
and that the Caroline Plate is undergo-
ing counterclockwise.  If so, the
spreading at the Ayu Trough will also
affect the plate motion along the Sorol
Trough.  Therefore, in order to deter-
m ine the m otion of the Caroline Plate,
we can not consider the two troughs
separately.

In 2003 and beyond, Daeyang
Program  plans to extend its opera-
tion beyond the western Pacific.  One
scenario is to explore the hydrother-
m al vent fields in the northern East
Pacific Rise and around the Galapa-

gos Islands. In order to conduct an
effective vent biological study, it is
im portant to have access to tools for
taking biological sam ples from  the
deep seafloor.  This will require em -
ploym ent of a deep-sea subm ersible
or rem otely operated vehicle (ROV).
At present, KORDI does not own
either of these tools.  A project is
underway within the engineering
division of KORDI to build a ROV
that is fitted for a full-ocean-depth
survey and sam pling.  However, the
vehicle will not be ready until 2004.
In the m eantim e, alternative ways
are being sought to sam ple biolog-
ical m aterials from  the vent sites.
This m ay be accom plished through
cooperation with countries that have
access to or by hiring of subm ersi-
bles and ROVs.
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Introduction
The Huatung basin, east of Tai-

wan, is underlain by Early Creta-
ceous (115-131 M a) oceanic crust
(Descham pset al. 2000). This con-
clusion was based on paleontolog-
ical dating of cherts and radiom etric
dating of gabbros collected from
Lanyu Island and the subm arine
Gagua ridge, respectively, as well as
the evaluation of m arine paleom ag-
netic lineations (Descham ps et al.
2000). The crust of the Huatung
basin could extend even farther to
the south, possibly as far as the
basem ent of Luzon island (insert in
Fig. 1, Descham ps et al. 2000).
Am ong several exposures of ocean-
ic crust-m antle sequences in Luzon,
those found in its north-eastern
portion are actually directly south
of the Huatung basin and separated
from  the W PB (W est Philippine Ba-
sin) by the East Luzon Trough (in-
sert in Fig. 1). In this short com m u-
nication, we present prelim inary ge-
ochem ical data from  representative
crust and m antle rocks collected
from  the Isabela-Aurora coastline,
north-eastern Luzon during the sum -
m er 2000 cam paign of the Philippine-
France Cooperative Project in Geo-
sciences (M agm atism  and related
m ineralizations).

G eology and age of the ophiolite
The basem ent of north-eastern

Luzon is com posed of dism em bered
fragm ents of peridotites, gabbros,
basalts and m inor pelagic sedim en-
tary sequences, which we collec-
tively refer to as the Isabela-Aurora
ophiolite (Fig. 1). The peridotites
include lherzolites (A U 06 and

AU08), harzburgites (AU05) and
dunites (AU04). The dunites exhibit
transitional contacts with the harz-
burgites. These peridotites com -

m only display textural features sug-
gesting plastic and brittle deform a-
tions sim ilar to those recorded by
upper m antle peridotites. W e there-
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fore believe that they represent re-
sidual m antle rocks.

The layered mafic-ultramafic rock
com plex is com posed of, from  bot-
tom  to top, dunites (AU03), pyrox-
enites and gabbros (PH00-203, PH00-
204, PH00-209 and PH00-210). In
general, the layered com plex dips
towards the east (i.e., the direction
of the Huatung and the W PB).

The volcanic unit of the ophio-
lite outcrops in the northern portion
along with volum inous residual peri-
dotites (Fig. 1). It is dom inantly com -
posed of pillow basalts (PAL28B
and PAL31B), which are in structur-
al contact with the underlying peri-
dotites and overlain by sedim entary
beds of pelagic provenance. Cherts
from  these sedim entary deposits
have yielded Early Cretaceous radi-
olarian assem blages (Okam ura, 1986

in Billedo et al., 1996). In addition,
rare outcrops of intercalated calcar-
eous and siliceous sedim ents over-
lying pillow basalts also yielded Late
Cretaceous faunas (Billedo et al.,
1996). On the one hand, radiom etric
dating of a pillow basalt (PAL28B)
using the K-Ar isotopic m ethod gave
an age of 87.15 ± 5.82 M a, while
am phibole separates from  an am phi-
bolite collected from  the layered ul-
tram afic-m afic rock com plex depict-
ed in the southwest portion of Fig. 1
yielded an age of 92 ± 0.5 M a (Billedo
et al., 1996).

Volcano-sedim entary form a-
tions, the oldest of which is dated to
M iddle to Late Eocene, are either in
structural contact or unconform a-
bly overlie the ophiolite (Billedo et
al., 1996), (Fig. 1). Plutons dated to
M iddle to Late Eocene and Early

Oligocene to Early M iocene also
intrude the basem ent com plex.

G eochem ical  data
The entire data set is available

from  the first author upon request.
Representative com positions of ol-
ivines, orthopyroxenes and spinels
from  the upper m antle peridotites
are given in Fig. 2. The plots of
orthopyroxene (OPX) Al

2
O

3
 (wt% )

contents show a negative correla-
tion with the X

M g
 (M g/M g+Fetotal) of

olivines (OL) from  the lherzolites to
the harzburgite, which is consistent
with higher degrees of m antle m elt-
ing for the latter (Fig. 2a). The m in-
eralogical com positions displayed
by the lherzolites are sim ilar to those
of peridotites collected from  slow-
spreading m id-oceanic ridge (M OR)
environm ents (Dick, 1989), whereas
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that of the harzburgite is equivocal
between M OR and arc-related envi-
ronm ents (Dick and Natland, 1996;
Parkinson and Pearce, 1998).

Spinels (SP) display increasing
X

Cr
 (Cr/Cr+Al) from  the lherzolites to

the harzburgite, in agreem ent with
the partial m elting trend exhibited
by the OPX and the OL (Fig. 2b).
However, the X

Cr
 plots of SP from

the dunites appear sim ilar to the sig-
natures of reactions between m antle
rocks and ascending basaltic m ag-
m as. Com parison of the Al

2
O

3
 (wt% )

and TiO
2
 (wt% ) contents of SP from

the Isabela-Aurora peridotites with
the com pilation of the SP com posi-
tions shown by M OR and suprasub-
duction related peridotites
(Kam enetsky et al., 2001) suggest
that such com positions can exist in
both of these geodynam ic settings
(Fig. 2c).

M ulti-elem ent spectra norm al-
ized to the Prim itive M antle values
of Sun and M cDonough (1989) of
representative sam ples from  the crus-
tal sequence are presented in Fig.3.
The basalts display relatively flat
patterns, essentially sim ilar to the

spectra shown by norm al m id-oce-
anic ridge basalts (N-M ORB).  The
gabbros also exhibit the sam e
sm ooth flat m ulti-elem ent patterns,
often broken by a negative anom aly
in Nb but not in Ti. Com m on acces-
sory phases in these gabbros are
alum inous spinel containing essen-
tially no Ti (PH00-204) and rare
opaques. There are no obvious fea-
tures that would relate the decou-
pling of Ti from  Nb to the accum ula-
tion of Ti-rich phases from  post-
cum ulus interstitial fluids. Rare
am ounts of am phiboles in these rocks
are alteration products and, thus,
are unlikely sources of dram atic
changes in m agm atic signatures. The
Nb anom aly could be a fractionation
rather than a source geochem ical
feature.

A prelim inary conclusion from
the patterns of the spectra would be
that the gabbros m irror those of the
associated basalts and, thus, sug-
gest their derivation from  liquids
with M ORB-like com positions rath-
er than supra-subduction related
m agm as since, the latter, norm ally
display clear negative anom alies in

both Nb and Ti.
Interestingly, coexisting

clinopyroxenes and plagioclases
from  these gabbros display rela-
tively high X

M g
 (M g/M g+Fe2+) val-

ues and An (Ca/Ca+Na+K) con-
tents, respectively (insert in Fig. 3).
These com positions are unlike
those shown by gabbros collected
from  slow-spreading M OR system s
such as the Southwest Indian Ridge,
nor those sam pled from  the M ari-
ana Trough (M eyer et al., 1989;
Bloom eret al., 1995). Instead, they
are sim ilar to the plots displayed by
som e Hess Deep (East Pacific Rise;
Dick and Natland, 1996) and M ari-
ana arc-forearc gabbros (Bloom er
et al., 1995). Although the Hess
Deep and M ariana sam ples origi-
nate from  very different geodynam -
ic settings, they both appear to be
derived from  liquids whose upper
m antle sources have undergone ei-
ther relatively high degrees of par-
tial m elting or several m elting epi-
sodes on the basis of clinopyrox-
ene and plagioclase com positions.

Prelim inary observations and their
im plications

Our prelim inary results suggest
that the Isabela-Aurora ophiolite
includes:
1) a volcanic unit with N-M ORB

affinity;
2)  a layered ultramafic-mafic complex

derived from  basaltic m elts
originating from a highly depleted
m antle source;

3) a residual upper m antle sequence
displaying m ineral com positions
sim ilar to m antle peridotites
underlying m odern M O R
environm ents.
Therefore, if the Luzon base-

m ent were an extension of the Hua-
tung basin as suggested by their
sim ilarity in age and their spatial
proxim ity, then, the prelim inary ge-
ochem ical data from  the Isabela-
Aurora ophiolite would suggest
that the Huatung and the ophiolite
basem ent of, at least, north-eastern
Luzon were part of a larger Creta-
ceous Oceanic Basin, which dis-
plays geochem ical signatures sim -
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ilar to those shown by rocks collect-
ed from  m odern M OR environm ents.
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A SPECIAL ISSUE ON ANCIENT AND M ODERN SEAFLOOR
VOLCANOGENIC M ASSIVE SULFIDE DEPOSITS

A special double issue of the journal, Exploration and M ining Geology, was published on M arch 21, 2001 (Vol.
8, Nr  3 and 4, Jul. and Oct. 1999), dedicated to the memory of the eminent Russian ocean ridge geologist Sergey
Krasnov (1952-1996). The special issue accesses for the first time new Chinese work on volcanogenic massive
sulfide (VM S) deposits, as well as related seafloor hydrothermal research by the international community. The
Chinese papers report a surge in exploration for and discovery of ancient VM S deposits in P.R. China stimulated
by discoveries of active systems at ocean ridges and volcanic island arcs.

Peter A. Rona and Zengqian Hou, Guest Editors

The issue include: Ancient Volcanogenic M assive Sulfide Deposits In China  and M odern Seafloor Hydrothermal
Deposits (Volcanic Island Arcs and Ocean Ridges)

M ore detailed information about the contents of this special  issue can be obtained from the InterRidge homepage
at:http://www.intridge.org/emg.pdf

The special issue m ay be ordered from  the publisher: The Geological Society of the Canadian Institute of M ining,
M etallurgy and Petroleum, Suite 1210, 3400 de M aisonneuve Blvd. W ., M ontreal, Quebec, H3Z 3B8, Canada
Tel.: (514) 939-2710, ext. 320; Fax: (514) 939-2714; e-mail: cim@ publications.org                        .
Price:CDN $40.00/US $27.00  PREPAYM ENT  REQUIRED  IN  CANADIAN  OR  U.S.  FUNDS
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Crustal accretion
The M ohns and the Knipovich

ridges are characterized by oblique
and ultraslow spreading. En éche-
lon volcanic ridges have been dem -
onstrated to occupy parts of the rift
valley  of M ohns ridge (Geli et al.,
1994). During the last two years,
m ultibeam  m apping of the entire
M ohns ridge (Fig. 1) has been car-
ried out by the Norwegian Petrole-
um  Directorate in cooperation with
the SUBM AR program  (SUbsurface
Biosphere, hydrotherm al and M ag-
m atic activity along the Arctic Ridg-
es). The m ultibeam  data dem onstrate
that en échelon volcanic ridges oc-

cupy the rift valley of the entire
ridge. The en échelon ridges are typ-
ically 20-30 km  long and approxi-
m ately 20 degrees oblique to the
general trend of the rift valley.  The
distance between the volcanic ridg-
es increases northeastwards from
10 km   in a region 100-200 km  north
of the Jan M ayen fracture zone,  to
30-50 km  in the northeastern part of
the ridge. This is accom panied by a
general northeastward increase in
the water depth from  around 2000 to
around 3000 m eters. Further north
along the Knipovich ridge, the spac-
ing between oblique volcanic ridges
increases to around 100 km  - again

accom panied by a further increase
in water depth. The increase in the
distance between the oblique vol-
canic ridges m ay be related to a gen-
eral northward decrease in the m ag-
m atic productivity of these ridges.
This is currently being tested by
basalt geochem istry and geophysi-
cal studies.

The location of the southwest-
ern m ost segm ent of the M ohns
ridge has been poorly defined. M ulti-
beam mapping combined with dredge
sam pling and ROV studies suggest
that the neovolcanic zone intersects
the Jan M ayen fracture zone about
60 km  east of Jan M ayen.  This vol-
canic island, therefore, does not
define the southernm ost tip of the
M ohns ridge. The southwestern
m ost segm ent is m arkedly different
from  other M ohns ridge segm ents.
It is longer (approxim ately 80 km ),
shows no well-developed rift valley,
and the water depth over the m iddle
part of the segm ent is very shallow
- only around 500 m eters. W e are
presently evaluating whether these
features m ay be related to ridge-
transform  or hot spot-ridge interac-
tions.

A particularly shallow northern
flank is another characteristic fea-
ture of the M ohns ridge. Som e of the
m arginal highs and ridges are only
600 m eters below sea level, towering
alm ost 3000 m eters above the deep-
est parts of the adjacent rift valley
floor. ROV dives to a m arginal high
at 72º 40’95N,  2º 50’83E demonstrat-

Crustal accretion, hydrotherm al activity and m icrobial colonization along
the M ohns and the Knipovich ridges: Prelim inary results from  the

SUBM AR-2000 and 2001 cruises

R. B. Pedersen 1, I. H. Thorseth1, T. Torsvik2, J. Einen2,B. Hellevang1, K. Kruber1, K. Lysnes2, T.E.
Nygård1, M . Sand3, B. O. Steinsbu1andW . Svellingen1

1 Department of Geology, University of  Bergen, N-5007 Bergen, Norway.
2 Department of M icrobiology, University of  Bergen, N-5007 Bergen, Norway.
3 Norwegian Petroleum Directorate, 4003, Stavanger, Norway.
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Figure 1. M ap of  the M ohns ridge showing the area covered by the new
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ed that pillow lavas are exposed on
the top. These lavas are com posi-
tionally sim ilar to the rift valley la-
vas, showing that the very shallow
flank region is com posed of uplift-
ed axis crust.  Other shallow re-
gions of the flank also yielded ba-
saltic dredge sam ples with com po-
sitions sim ilar to the axis lavas. No
ultram afic or gabbroic rocks have
yet been recovered from  the M ohns
ridge. This m ay be an artifact of
incom plete sam pling, or it m ay re-
flect that the oblique spreading and
non-transform  character of this
ridge disfavor extensive tectonic
exposure of the lower crust and
upper m antle.

A detailed sam pling program  of
the M ohns ridge and the subm arine
parts of  Jan M ayen was carried out
during the two cruises.  Ongoing
elem ental and isotope analyses of
the sam ples will hopefully cast light
on hot spot-ridge interactions and
crustal accretion processes along
the Arctic ridges. Som e of the ba-
salts recovered are extraordinarily
rich in plagioclase phenocrysts.
Sam ples with up to 40%  plagioclase
phenocrysts and with crystal sizes
up to 4 cm  were recovered. Individ-
ual crystals show m ultiple growth/
dissolution features, and com plex
com positional zoning, with An-con-
tents ranging from  An

89
 to An

77
.

Single crystals contain several m elt-
inclusion rich bands that show dis-
tinctly lower An-contents. These
features are com patible with form a-
tion of the bands during periods of
strong undercooling.  Single sam -
ples contain plagioclase crystals
that, despite being sim ilar in size,
appear to have contrasting growth/
dissolution histories, indicating ex-
tensive crystal m ixing. The large
plagioclase phenocrysts, crystal
dissolution and renewed growth
textures, m ultiple m elt-inclusion
bands, and crystal populations with
different growth/dissolution histo-
ries, witness a dynam ic m agm atic
system  and that m agm a m ay reside
for considerable tim e within the
m agm atic plum bing system  below
ultraslow spreading ridges.

Hydrotherm al  activity
Only a few hydrotherm al fields

have been found along the Arctic
spreading ridges. Two active fields
are located in shallow waters just
north of Iceland, close to the Kol-
beinsey and Grim sey islands  (Olaf-
ssonet al., 1989, Hannington et al.,
in press). An extinct hydrotherm al
field with num erous sulfide chim -
neys was recently discovered on a
flat-topped volcano at around 1200
m eters water depth on the Kolbein-
sey ridge (Pedersen et al., 1989).
Another inactive field with chim -
neys of yet unknown com positions
was discovered this year in the m id-
dle of the southernm ost segm ent of
the M ohns ridge in 500 m eters water
depth.

D uring the SU BM A R-2000
cruise, heavily sulfide-m ineralized
fault breccias were recovered at 72º
39’33 N; 2º 40’87 E by dredging up a
bounding fault wall of the M ohns
ridge.  The breccias consist of fine-
grained basaltic clasts, with fracture
and cavity fillings dom inated by
quartz, pyrite and chalcopyrite.  The
m ineralized breccias m ust have
form ed by high-tem perature hydro-
therm al circulation along a m ajor
fault, and give hope that deep water
hydrotherm al venting m ay eventu-
ally be discovered along the Arctic
spreading ridges.

M icrobial  colonization
An im portant aim  of the SUB-

M AR project is to assess the overall
m icrobial diversity at oceanic
spreading ridges. W hile m uch at-
tention has been focused on m icro-
bial life associated with hydrother-
m al venting, little is known about
the m icrobial diversity of the cold,
non-hydrotherm al environm ent at
oceanic ridges. M icrobes seem  to
play an im portant role in the degra-
dation of ocean-floor basaltic glass,
and traces of a deep biosphere have
been docum ented to several hun-
dred m eters depth in the crust by
m eans of glass alteration/dissolu-
tion textures, DNA-staining experi-
m ents, and carbon isotope ratios
from  various ODP holes (Thorseth

et al., 1995, Torsvik et al., 1998). So
far, little is known about the nature
of these organism s, and how and at
what stage a deep biosphere is es-
tablished. A deep biosphere m ay
develop sim ply by gradual burial of
colonized surface lava flows, and
knowledge of the biodiversity and
colonization rates of basaltic lava
flows are im portant for understand-
ing the m icrobial colonization of new
crust that apparently takes place at
spreading ridges.

During the SUBM AR-2000 and
2001 cruises, basalts dredged and
sam pled by ROV from  the  M ohns
and the Knipovich ridges were incu-
bated by a team  of m icrobiologist
soon after the sam ples were recov-
ered. A few sam ples taken by ROV
were placed in a pressure-releasing
container at the sea floor to avoid
contam ination en route to the sur-
face. Sedim ent and seawater sam -
ples that were treated in the sam e
m anner as the basalts served as
controls. Sam ples of  basaltic glass
and associated palagonite were
transferred to bottles with m edia to
which various carbon and energy
sources were added. The cultures
were incubated either aerobically or
anaerobically. The aerobic cultures
were m ade to enrich for iron- and
m anganese-oxidizing bacteria, m eth-
anotrophic and m ethylotrophic bac-
teria, sulphur oxidizers and general
aerobic bacteria. The anaerobic cul-
tures were m ade to enrich for iron
and sulphate reducing bacteria and
for m ethanogenic Archaea. All cul-
tures were incubated at 4º C. Sam -
ples were also fixed in ethanol for
later analysis by electron m icrosco-
py, epifluorescence m icroscopy and
for DNA/RNA extraction for PCR,
DGGE, sequencing and slot blot
hybridisation analysis. In addition,
aliquots of unfixed sam ples were
centrifuged on board ship and the
pellets stored in a freezer for later
whole-cell PCR DNA am plification.

Enrichm ent cultures, chem ical
analysis of m etabolic products, PCR,
DGGE and 16S-rDNA sequencing
have so far shown the presence of
iron- and m anganese-oxidizing and
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reducing bacteria, m ethanotrophic
bacteria and m ethanogenic Archaea
in the basalt sam ples. Sulphate-re-
ducing bacteria were rare in the ba-
salt sam ples, but were com m on in
the seawater and sedim ent sam ples.

Electron m icroscopy of  the ba-
saltic glass on which biom olecular
m ethods were applied, revealed suc-
cessive stages from  incipient  m icro-
bial colonization to well-developed
biofilm s along variably-altered frac-
ture surfaces (see Thorseth et al., in
press). Filam entous, coccoidal, oval,
rod-shaped and stalked m icrobial
m orphologies were observed (Fig.
2).  Precipitation of alteration prod-
ucts around m icrobes has developed
hollow subspherical and filam entous
structures. The precipitates are of-
ten enriched in Fe and M n indicating
that these elem ents are utilized in
m etabolic processes, in accordance
with our biom olecular results.
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Overview
The Arctic M id-Ocean Ridge Ex-

pedition (AM ORE 2001) returned in
early October 2001 after an incredibly
successful nine-week study of Gakkel
Ridge and its surrounding basins in
the high Arctic.  AM ORE 2001 was an
international effort involving two ice-
breakers: PFS Polarstern, from  the
Alfred W egener Institute in Brem er-
haven, Germ any, and the new U.S.
icebreaker, USCGC Healy. It was Hea-
ly’s maiden scientific voyage, and she
proved to be an excellent icebreaker
and scientific platform . This historic
and highly successful expedition far
exceeded anyone’s expectations and
went well beyond the goals set forth
by InterRidge in charting and sam -
pling Gakkel Ridge.  Some of the high-
lights of the expedition are:
- Basalts and peridotites w ere

recovered from  over 200 sites
within and near the axis of Gakkel
Ridge, about three tim es as m any
sites as were planned.

- H ydrotherm al plum es w ere
discovered and sampled along this
ultraslow spreading ridge.

- A high-resolution, well-navigated
map of the ridge was unexpectedly
produced using the hull-m ounted
m ultibeam  sonar system s, which
worked far better in the ice than

anticipated.
- Successful seism ic m easurem ents

showed that crustal thickness
varies strongly along the axis of
G akkel Ridge, m ost likely
according to distinct volcanic
centers.

- The crustal thickness in the Nansen
Basin does not follow theoretical
models, which predict thin crust at
slow spreading rates. The crust
thickens towards the Gakkel Ridge.

Introduction
Gakkel Ridge is an end-member of

the global spectrum of mid-ocean ridg-
es in many respects, and offers a unique
com bination of characteristics (e.g.
spreading rate, geographical location,
obliquity, segm entation) which m ay
control the com position of the erupt-
ed m agm as, the crustal thickness and
the presence of hydrotherm al activi-
ty. Its spreading rate is by far the
slowest of any m id-ocean ridge and
varies by a factor of two along its
length. AM ORE 2001 has thus greatly
extended the range of values over
which we can investigate the relation-
ships between ridge properties and
spreading rate. Gakkel Ridge has an
exceptionally deep rift valley, and the
thinnest known crust for a norm al
ridge (<4 km ). It has no large offsets,

so it allows examination of the roles of
ridge obliquity (transform  faults) ver-
sus m antle upwelling in causing ridge
segmentation. Gakkel Ridge is far from
the Indian Ocean, and therefore al-
lows separation of the effects of
spreading rate from  the anom alous
Indian Ocean m antle source in the
geochem istry of basalts.  Analysis of
a few sm all basalt and peridotite sam -
ples from  Gakkel Ridge suggests the
extents of m elting m ay be very low
(M üheet al., 1997; Hellebrand et al., in
press). This has im plications for the
ratio of peridotite to basaltic crust that
m ay be present in the ridge axis.

W hile so far there is little doubt on
the existence of thin crust in the rift
valley, the situation off-axis is differ-
ent. Past observations and a recent
study (W eigelt & Jokat, 2001) indicate
that there m ight be no sim ple relation
between spreading velocity and crus-
tal thickness away from the Gakkel rift
valley. Although spreading velocity
decreases, sparse seism ic refraction
data and gravity m odeling suggest a
thickening of the oceanic crust.  It is
not clear whether this observation is
typical or if it represents only local
variations in the com position of the
oceanic crust. In any case it challeng-
es currently accepted theoretical mod-
els. M aybe Gakkel Ridge represents a

Results of the Arctic M id-Ocean Ridge Expedition - AM ORE 2001 –
Seafloor Spreading at the Top of the W orld
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threshold spreading environm ent,
where existing global m odels fail in
general.

How the m antle beneath the Arc-
tic Ocean is related to the m antle be-
neath the northernm ost Atlantic
Ocean and the rest of the planet, and
how it m ay have been influenced by
the nearby continents are additional
basic questions that will be addressed
by geochem ical study of the igneous
rocks. Gakkel Ridge is our sole oppor-
tunity to sam ple this portion of the
earth’s interior.

G akkel Ridge
Gakkel Ridge stretches 1800 km

across the Eurasian Basin of the Arc-
tic Ocean, all of it beneath Arctic sea
ice (Fig. 1).  It is the m ost rem ote and
slowest spreading portion of the glo-
bal m id-ocean ridge system . To the
west it passes via Lena Trough and
the M olloy Fracture Zone into Knipov-
ich Ridge, the m ost northern part of
the M AR.  Its eastern end runs into the
continental m argin of the Laptev Sea,
where rifting continues (Drachev et
al., 1998). Spreading rates decrease
from  1.33 cm /yr (full rate) at the west-
ern end to 0.63 cm /yr at the eastern
end in the Laptev Sea.  Spreading is

nearly orthogonal to the strike of the
ridge and there is only one m ajor off-
set in the ridge axis at about 60°E
(Kovacs et. al., 1985).

Cruise Operation
The ships left Trom sø July 31 and

approached Gakkel Ridge from east of
Svalbard at about 15°E (Fig. 1). The
ships first joined Gakkel Ridge at 20°E
after the seism ic reflection survey
crossing the entire Nansen Basin. Both
ships then traveled westward along
the axis to 8°W  performing bathymet-
ric m apping and sam pling and acquir-
ing seism ic refraction data along axis
between the sam pling stations. The
ships then sam pled the rift axis and
walls intensively as they returned
eastward to 20°E, operating somewhat
independently because of favorable
ice conditions.  The northern and
southern walls of the rift valley were
m apped during this return. During all
seism ic reflection experim ents in the
Nansen and Am undsen basins as well
as the seismic refraction profiles along
the Gakkel Ridge, both ships operated
jointly. Here, Healy led the convoy to
break ice for Polarstern that towed the
stream er and the airguns (Fig. 1). For
both transects in the Nansen and

Am undsen basins this setup was crit-
ical for the excellent data quality
achieved. Because of ice conditions,
the latter transect took place at 72°E
instead of the prim ary geographical
objective which was to have been a
long transect perpendicular to the ridge
at 85°E.  At the end of the survey, both
ships visited the North Pole, where a
brief celebration was held.  USCGC
Healy returned to Gakkel Ridge at 87°E
for intensive sam pling of a recent lava
flow (Edwards et al., 2001) while Po-
larstern returned to Gakkel Ridge along
the seism ic survey’s path to the west
and occupied heat flow stations in the
basin. The ships rejoined on Gakkel
Ridge at 72°E for the return trip west-
ward along the ridge that involved
intensive sam pling and m ore bathy-
m etric m apping, with a wide angle
seism ic study carried out concurrent-
ly.  Ice and fog conditions worsened
around Septem ber 11, so sam pling
becam e m ore difficult and som e tar-
gets were forsaken.  Still, Healy and
Polarstern sampled and mapped some-
what independently but in a coordi-
nated program  until the tim e at which
they left the ice around 24°E on Sep-
tem ber 27, 2001.  USCGC Healy re-
turned to Trom sø on October 2, 2001
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Figure 1. M ap of the seafloor of the Arctic Ocean showing the cruise tracks of USCGC Healy and PFS Polarstern during
the AM ORE 2001 expedition.
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while Polarstern went to Bremerhaven
on October 7.

New bathym etric m ap of G akkel
Ridge produced

Surprisingly, the ships’ bottom
mapping sonar systems (Seabeam 2112
on Healy and Hydrosweep on Po-
larstern) were able to generate superb
m aps of the seafloor even while the
ships were breaking ice. The bathy-
metric results far exceeded our expec-
tations. The total surveyed region
covers ~1000 km of the axis from 8°W
(Lena Trough) to 88°E, providing the
first data for the western Gakkel Ridge.
The resolution of these data is signif-
icantly better than previously existing
bathym etryfrom  SCICEX (Cochran
et al., in prep.) and reveals geologic
detail critical to understanding the
segm entation and volcanic and tec-
tonic processes of this ultra-slow
spreading M OR. The new bathymetry
data show three distinct m agm atic-
tectonic regions within the area
mapped.

Rock  recoveries
There was som e doubt about

whether we would be able to dredge in
ice covered waters. After a steep learn-
ing curve, the success rate for dredg-
ing was fairly high. Flexibility in choos-
ing targets was important, and in a few
cases, large ice floes kept us away
from  entire regions.  Each dredge
operation had to be carefully set up
and planned, using leads through the
ice pack and taking into account ice
drift velocities.  In addition to dredges
on both ships, USCGC Healy em -
ployed wax cores to recover glass and
PFS Polarstern had a TV-Grab. These
m ethods required less open water to
succeed.  Rock sam ples were recov-
ered from  m ore than 200 sites along
the axis and flanks of Gakkel Ridge,
m ostly by dredging.

M ore than 120 basalt glass sam -
ples were analyzed on board USCGC
Healy for major elements, Sr and Ba by
direct current plasm a spectrom etry.
Because the cruise track encompassed
a double-pass along m ost of the ridge,
the on board data perm itted testing of
hypotheses form ulated on the first

pass by further sam pling on the sec-
ond pass. M odels for the effect of
decreasing spreading rate on m elt
com position that predicted progres-
sively sm aller extents of m elting at
greater depths eastward along the
ridge will be tested using these data.

Forty-six thin sections and hun-
dreds of hand sam ples of m antle peri-
dotites were exam ined during the
course of the expedition. M ost of
these peridotites are altered 60-90% ,
like m ost abyssal peridotites. Som e
however are stunningly fresh, con-
taining no detectable serpentine in
thin section. The distribution of m an-
tle rock types is sim ilar to that from
other m id-ocean ridges, but peridot-
ites from  Gakkel Ridge seem  to have
undergone low degrees of partial
m elting in accordance with theoreti-
cal predictions.

Hydrotherm al  activity  along  Gakkel
Ridge

M iniature Autonom ous Plum e
Recorders from  Ed Baker of NOAA
PM EL were used on dredges and rock
cores to identify sites of hydrothermal
venting through light scattering and
temperature anomalies associated with
hydrothermal plumes. In all, there were
118 M APR deploym ents from  Healy
and 19 from Polarstern.  Several plumes
were found, and several had corre-
sponding tem perature anom alies.  On
board analysis and interpretation of
the M APR data were used to target
CTD/rosette deployments, which were
collected from  Healy at six stations
along the Gakkel Ridge. Plum e water
sam ples were collected for M n, m eth-
ane, and 3He to confirm the hydrother-
mal nature of the light scattering anom-
alies and provide som e estim ate of
source strength. Unweathered hydro-
thermal sulfide chimneys were dredged
at one site.   In addition, a potential
fossil hydrotherm al upflow zone as
evidenced by abundant epidosite
rocks was also dredged from  a tecton-
ically uplifted portion of the ridge
flank.

Biological specim ens
M any of the 98 recovered dredges

by USCGC Healy contained biologi-

cal sam ples from  the benthos and
water column. Animals, mollusk shells,
fossils, associated rocks, and all other
evidence of biological activity were
collected. Organism s were preserved
using m ultiple m ethods for planned
m orphological and genetic studies.  A
surprising num ber of dredges yielded
sponges and shrimp. Though the sam-
pling was not biologically targeted,
the recovered anim als are uniquely
valuable to science.  Sessile species
hold clues to the m inim um  age of re-
cent lava flows and sulfide deposits.
If the organism s are hydrotherm ally
associated, their distributions will in-
dicate or confirm  active venting areas
along the ridge, and could extend bi-
ogeographic inferences into another
ocean basin. Pending funding, com -
plete taxonom ic sorting of sam ples
and species identifications will be
conducted, new species will be fully
described, and correlations between
biological distributions and extant
venting will be investigated.

Geophysical  Experim ents
To provide a consistent geo-

physical/petrological m odel for the
super-slow Gakkel Ridge, sufficient
inform ation on the crustal thickness
and the com position of the upper
m antle beneath the rift valley and its
flanks is required. Several different
geophysical m ethods were applied
to m eet these objectives. Both con-
ventional ship-based experiments like
seismic reflection experiments as well
as m easurem ents located on drifting
ice floes were conducted. The results
are briefly reviewed here.

Seismic Reflection Experiments. To
determ ine the crustal structure of the
Eurasian Basin north and south of
Gakkel Ridge, two long seism ic
transects in Am undsen and Nansen
basins were acquired. A 24 l airgun
cluster in com bination with a 300 m
long stream er (48 channels, 6.25 m
group spacing) was used. In addition,
36 sonobuoys were deployed in order
to provide inform ation on sedim ent
and crustal velocities for a depth con-
version of the seism ic data. All three
profiles provided excellent data and
m ost of the oceanic basem ent was
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clearly im aged after processing. The
sonobuoys provided signals from
even deeper levels of the oceanic crust
and in a few cases, signals from  the
M oho are visible. This allowed a m in-
im um  estim ate of the crustal thick-
ness. Gravity modeling of the transects
will provide more reliable crustal mod-
els than in the past.

Seismic Refraction Experiments. To
investigate the crustal thickness along
the rift valley of Gakkel Ridge both
ships had to work together. For this
type of reconnaissance survey, only
a few stations were deployed along
each profile. In case of reverse shoot-
ing at m axim um  two seism ic data ac-
quisition units were deployed on ice
floes to record the airgun signals.
During profiling, USGCC Healy led
the convoy, while RV Polarstern towed
an airgun array (in total 24-l) to gener-
ate the acoustic signals. Crustal thick-
ness was m easured at 18 different
locations. All stations worked with-
out problem s. M ost of the record sec-
tions show clear Pn arrivals from  the
crust/m antle boundaries with veloci-
ties between 7.8 and 7.9 km /s. The
crustal thickness along the rift valley
varies between 2 and 6 km .

Gravity m easurem ents. A fixed
mounted gravity meter KSS31 onboard
the FS POLARSTERN gathered grav-
ity data during the entire cruise. The
instrum ent worked without any prob-
lem s during the entire cruise. Harbor
values were taken in Trom sø and
Bremerhaven.

Helicopter based M agnetics. This
program  intended to fly a detailed
m agnetic survey across the rift valley
of Gakkel Ridge. Unfortunately m ost
of the planned survey could not be
conducted, due to constantly foggy
weather conditions. M easurem ents
were performed during only 14 days of
the cruise.  M agnetic data were gath-
ered for a total flight tim e of 56 hours
(4480 nm ) with a line spacing of 2 km
across the ridge. The data are of good
quality and were flown across prom i-
nent bathym etric features, so a contri-
bution towards better understanding
of spreading processes along the
Gakkel Ridge can be expected.

Heat Flow m easurem ents. Thirty

eight heat flow m easurem ents were
m ade at fourteen heat flow stations
along the rift valley of Gakkel Ridge,
and seven along an off-axis seism ic
transect into the Am undsen Basin.
Here, good control for the sedim ent
thickness was provided by the seis-
m ic reflection data acquired on the
way to Lom onosov Ridge. In the rift
valley, it was difficult to find sediment
patches of a sufficient extent to per-
form  the m easurem ents. The Para-
sound data clearly showed that sm all
volcanoes covered m ost of the sea-
floor with only a few sedim ents in
between.

Rem ote M agnetotelluric Experi-
m ents and Seism ological Array. The
deploym ent of the seism ological and
m agnetotelluric stations on the ice
faced two problem s. The constantly
bad flight conditions in the beginning
of the cruise in com bination with the
relatively fast sam pling of the petrol-
ogy program  did not allow the sta-
tions to be deployed a reasonable
distance to the ship. The risk involved
in finding the stations after several
days of deploym ent and with flight
distances of more than 50 NM  was too
large. Secondly, the tim e of 3 hours
plus lim ited flight windows needed to
construct one M T station restricted
the num ber of instrum ents.

Five M T-experiments were con-
ducted along Gakkel Ridge to investi-
gate the conductivity of the earth’s
crust and the mantle below this mid-
ocean ridge. The stations were recov-
ered after 3 - 9 days. Critical to the
interpretation of these data is the rota-
tion of the ice floe on which the instru-
ments are located. Although the floes
showed significant drift paths, their
rotation was not so strong. So the
instruments acquired reasonable data
for most of the deployment periods.

W hile the crustal thickness along
Gakkel Ridge was determined by seis-
m ic refraction experim ents, seism o-
logical data are necessary to probe the
upper m antle. For this experim ent a
m obile network consisting of 3-4 sta-
tions was deployed on an ice floe. The
deploym ent of the array was m ostly
finished in three hours. The RefTek
recording units had alm ost no failures

during their deploym ent on the floes.
A first view of the seism ological data
showed that teleseism ic as well as
local events were recorded. The m ost
spectacular quakes were recorded
from  the Pacific-Antarctic ridge with
sufficient S/N ratio. A careful data
analysis will show to which extend
local seism icity along the ridge was
recorded.
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Map

No.
Country PI Institution Cruise ID/Location Research Objectives Ship Dates

France,

Denmark

E. Humler SWIFT-SWIR 49-35E Mapping and sampling of 

the west of SWIR

Marion

Dufresne

Feb-Mar '01U. France16

France Y. Fouquet Ifremer IRIS-Rainbow Investigate biology and geoscience L'Atalante

ROV Victor

21 May-

08 Jun '01

4

France P.M. Sarradin

D. Dixon

Ifremer ATOS-VENTOX project Resarch into the specialised adaptations 

and processes in deep-sea hydrothermal vent 

fauna and microbinal populations

L'Atalante,

ROV Victor

20 Jun-

21 July '01

4

Germany,

Canada,

 USA

P. Herzig HydroArc,Bransfield Strait-

Antactic Peninsula

Investigation of hydrothermally active 

volcanoes in a sedimented marginal basin

SONNE 9 Feb -

28 Mar '01

Freiberg19

Germany,

France,

Canada

P. Stoffers,

P. Herzig

SO157-FOUNDATION 3,

Pacific-Antarctic spreading axis 

near 38S

Detailed dredge sampling of the spreading 

axis close to Foundation hotspot 

SONNE 15 Jun -

14 July '01

13 Kiel U.

Germany,

USA

P. Michael,

C. Devey,

J. Wilfried

Gakkel Ridge First ever geophysical and petrological 

investigation of the Gakkel spreading axis 

between 0 and 90E

Healy,

Polarstern

31 July-

7 Oct '01

U.Tulsa1

Kiel U.Germany K.Hoernle,

F.Hauff

SO 158, North of Galapagos platform

and Galapagos Spreading Center,

3S-2N,85W-95W

Sampling of volcanic rocks,sulfide and

manganese deposits, and deep-sea fauna

along the GSC and of seamount volcanoes. 

SONNE 15 July -

20 Aug. '01

11

France,

USA,

Portugal

J. Goslin U. Brest SIRENA-North Atlantic Deployment of six moored autonomous 

hydrophones to monitor seismicity for 

a tomographic model.

Le Suroit 23 May - 

10 Jun '02

4

Canada,

USA

R.E.Thompson,

M.Tilley,

S.F.Mihaly

GSC Endeavour Ridge Middle vally rapid risponse, 

mooring recovery

2 Oct - 

15 Oct '01

3 J.P.Tully

France F.Gaill

N.Bris

U. Pierre PHARE - EPR In-situ experiments and biogeochemical

interactions.

L'Atalante

ROV Victor

 May '0212
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Japan M. Arima Yokohama 

National Univ.

Mariana Trough and Mariana Arc Sediments and microbio sampling at 

the hydrothermal area

Kairei 08 Jan - 

24 Feb '02

9

JAMSTECJapan E. Kikawa SW Indian Ridge Survey outcrops of lower oceanic crust Kairei,

ROV Kaikou

5-29 Sep 

'01

16

Japan J. Ishibashi Kyushu Univ. Ogasawara (Bonin) Arc Geochemical water sampling at 

the hydrothermal sites

Kairei 7 Dec - 

27 Dec '01

8

Japan T. Matsumoto JAMSTEC SWIR-Atlantis II FZ Shinkai 6500 submersible dives at lower 

crust and mantle outcrop

Yokosuka 21 Dec - 

15 Jan '02

16

Japan K. Tamaki ORI Southern Okinawa Trough Deep tow sidescan sonar survey of 

the rift zone

7 May -

24 Jun '02

7

Japan M. Kinoshita Ogasawara (Bonin) Arc Shinkai 2000 submersible dive for 

installing monitoring instruments at the 

hydrothermal site

19 Aug -

17 Sep '01

JAMSTEC8 Natsushima

Japan A. Maruyama JAMSTEC Ogasawara (Bonin) Arc Shinkai 2000 submersible dive for 

microbiological study at the hydrothermal site

5 Oct - 

27 Oct '01

8 Natsushima

India Damesh Raju,

PS. Rao

Adaman Sea Multibeam mapping,geophysics,sampling Sagar Kanya 8 Jan-

11 Feb '01 

NIO10

India R.Mukhopadhyay Central Indian Ridge Multibeam mapping, 

geophysics sampling, CTD

Sagar Kanya 25 May-

28 Jun '01

NIO14

Okinawa Trough Sediments and microbio sampling 

at the hydrothermal area

Japan K.Takai Kairei 27 Jun.-

17 July '01

JAMSTEC7

Germany,

USA

K. Haase,

U. Tulsa,

A. Dehghani

SO160-GARIMAG, fossil Galapagos 

Rise at about 11S,95W,SE Pacific

Bathymetric,gravimetric,and magnetic study 

and gredge sampling of a segment of the 

fossil Galapagos Rise spreading axis

SONNE 18 Sep-

10 Oct '01

11 Institut fur 

Geo-

wisenschaften

Hakuho-maru
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No.
Country PI Institution Cruise ID/Location Research Objectives Ship Dates

UK P. Tyler,

C. German

CD 128/ Rodrigues Triple Junction,

25-26S

Hydrothermal Plume Processes

(Biogeochemistry) in the Indian Ocean

RRS Charles

Darwin

27 May-

27 Jun '01

SOC15

MARUSA D. Smith Atlantis 06 Mar- 

01 Apr '01

WHOI Mooring recovery5

UK L. Parson,

C. German,

B. Murton

CD 127/ CIR,19-26S Ridge-Hotspot Interaction & hydrothermal 

activity on the CIR

RRS Charles 

Darwin

22 April -

23 May '01

SOC14

Japan M. Shinohara ERI Australia - Antarctic Discordance OBS/OBM crustal structure, 

deep-tow magnetics, SeaBeam mapping

Hakuho- maru 27 Jan-

12 Feb '02

18

Russia M. Sorokin, MAR,10-30deg.N Focused survey at four previously 

discovered  hydrothermal sites

Logachev Sep - Nov

'01

PMGE5

New

Zealand

I.Wright NIWA,

U.Kiel

VUW

Southern Kermadec arc,35-30S multibeam mapping, rock dredging, seafloor

photography, and epibenthic fauna sampling

volcanoes of the arc front.

Tangaroa 24 May - 

14 Jun '02

17

Norway R.Mjelde U.Bergen Svalbard 01, Knipovith ridge Multichannel  reflections seismics, gravity 

and magnetic measurements.

Haakon Mosby 9 Sept - 

3Oct '01

2

New

Zealand

C.Ronde,

G.Massoth

GNS,

NOAA,

U.Kiel,

Kyushu U.

Southern Kermadec arc,35-30S CTD and  in site chemical mapping and fluid

sampling of hydrothermal plume associated

with active volcanoes.

Tangaroa 16 Jan - 

29 Jun '02

17

USA H.Dick,

J.Lin

SWIR Rock dredging and geophysical survey Knorr 8 Dec. 

21 Jan.'01

WHOI16

Japan K. Takai JAMSTEC Rodriguez triple junction Shinkai 6500 submersible dives 

at hydrothermal sites

21 Jan -

24  Feb '02

15 Yokosuka
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USA K.Von Damm U.New 

Hampshire

EPR Alvin 5 dives at 21N and 20 dives in 5 areas

between 9-52N.

Atlantis 6 Jan-

10 Feb '02

12

USA C. Van Dover W&M Blake Ridge  Studies of divesity in mussel beds. 22 -30  Sep. 

'01

6 Atlantis

Hydrothermal systemUSA P. Johnson UW Juan de Fuca Thompson 17 Jun  -

03 July '01

3

USA,

Canada

B. Emley Axial Volcano, Juan de Fuca Ridge

centered at 46 deg.N; 130deg.W

Sampling of biology, chemistry and geology, 

mapping and recover and deploy instruments

Ron Brown 12 July - 

30 July '01

NOAA3

USA E. Baker Axial Volcano and southern 

Juan de Fuca Ridge

CTD plume mapping and sampling

Mooring deployments and  recoveries

Wecoma 16 July - 

02 Aug '01

NOAA3

MARUSA R. Lutz Atlantis,

Alvin

Rutgers5 imaging of hydrothermal vent and ambient 

environments by IMAX and HDTV systems

USA,

Russia

C. Van Dover,

S. Sudarikov

Sampling of vent sites along MAR 

Exploration of a new vent field at 13N

 Bore-hole site data recovery

Atlantis 26 Jun - 

30 July '01

W&M,

U Miami,

MBARI

5 MAR

EPRUSA C. Cary Atlantis,

Alvin

15 Oct - 

02 Nov '01

W&M12 Biological studies at EPR, sample collection

EPRUSA H. Shouten Atlantis,

Alvin, ABE

06 Nov - 

05 Dec '01

WHOI12 Near-bottom mapping of CAMH on the EPR

EPRUSA J. Childress,

C. Van Dover

Atlantis,

Alvin

09 Dec- 

01 Jan '02

UCSB,

W&M

12 Biological studies of vent communities

03 Aug  -

30 Aug '01
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  National News....

France: Dorsales

For more information on  DORSALES contact:

Catherine M ével,  DORSALES President
Laboratoire de Geosciences M arines

Université Pierre et M arie Curie
4 Place Jussieu, Tour 26, 3ème étage
75252 Paris Cedex 05,  FRANCE

Tel: 33-1-44-27-51-93
Fax: 33-1-44-27-39-11
E-mail:mevel@ ccr.jussieu.fr

2001 budget
Dorsales is funded by CNRs (2/3)

and IFREM ER (1/3). The budget of
120 000 $ is used to pay the InterRidge
contribution (20 000 $) and  to support
Dorsales workshops and participa-
tion to m eetings, as well as a few
selected scientific projects.
Because of the limited budget, the call
for proposals is always focused. Fol-
lowing two workshops organized in
Januray 2001, in Roscoff,  respectively
by M . M aïa and J. Escartin in Paris,
and D. Jollivet  the following themes
were chosen:

- ridge/hotspot interaction
- population genetics and evolu-

tionary sciences in vent taxa

Dorsales Cruises in 2001
- SW IFT (PI : E. Humler) - M apping

and sam pling the SW IR between 35
and 49°E, Feb - M arch 2001, R/V
M arion Dufresne

- IRIS (PI : Y. Fouquet) - ROV
Victor dives on Rainbow hydrother-
mal field , joined cruise investigating
biology and geosciences.

- ATOS (PI : P.M . Sarradin) - ROV
Victor dives - biology. Partly EC
funded cruise to the M AR, Lucky
strike and Rainbow

Cruises in 2002
Scheduled
 - SIRENA - PI : J. Goslin, monitor-

ing seism icity of the M AR North of
the A zores w ith autonom ous
hydrophones. Hydrophones provided
by C. Fox

 - PHARE - PI : F. Gaill and N. Le
Bris biology, EPR 9°N and 13°N,ROV
Victor cruise

W ell evaluated but not yet sched-
uled

 - TOM SW IR - PI : D. Sauter, seis-
m ic tom ography of a very cold por-
tion of the SW IR (Jourdannes m oun-
tains). Look at the deep structure of
the ridge

 -  PACANTARCTIC 2 - PI: L.
Dosso and H. Ondreas. M apping and

sampling the Pacific - Antarctic ridge
in the area of the geochemical bound-
ary (39 - 52°S)

 - LUCKY STAR - PI: J. Escartin
and S. Singh. Deep structure of the
Jussieu Plateau and of the Lucky Strike
segment, M .A.R south of the Azores

Dorsales Digital database
The French site is developped at

SISM ER, under the responsability of
C. Deplus (CNRS), together with E.
M oussa (SISM ER, IFREM ER). Seven
areas where bathym etric data col-
lected wity French R/Vs are particu-
larly dense have been selected for the
database, which can be found at:
http://www.ifremer.fr/sismer/pro-
gram/dorsale/

Funding of OBSs
A project to acquire 25 OBSs has

been funded by CNRS (PI:  S. Singh).
The instrum ents should be available
by 2002. They will be available to the
whole CNRS community in France and
in particular to the Dorsales commu-
nity.

M ore funds are being sought to
increase the num ber of instrum ents
during the next years.

New R/V
The replacem ent of the R/V NA-

DIR has been approved by the M inis-
try. The NADIR will most likely end
operations next year. The new ship
will be a carrier for the subm ersible
NAUTILE  and  ROV  VICTOR. It  will
be shared with the Navy, and so will
have constraints, as yet underm ined.
The ship should be ready by 2004.

Future of Dorsales
The Dorsales program  was re-

newed in 1998 for four years. It is in its
last year of funding and the funding
agencies have specified that they will
not renew it in its present form.

CNRS has started a new program
on "Geom icrobiology in extrem e
environem ents" that covers parts of
the present Dorsales program but not
everything.

To discuss the actions that the
Dorsales com m unity wants to pro-
mote during the next decade, a work-
shop was organized in Roscoff (Oct
29-31) by J. Dyment, F. Gaill and C.
M ével on "Long term observations at
m id-ocean ridges". Fifty persons at-
tended (half biologists, half  earth
scientists). The aim  was to under-
stand active processes at m id-ocean
ridges, with a particular focus on the
link between geoscience and biologi-
cal processes.  This requires repeated
observations and m easurem ents and
possibly long term  observatories.
Identified targets are the M OM AR
area (M .A.R. south of the Azores)  and
the EPR at 13°N. A project plan will
com e out of this workshop and be
distributed to funding agencies for
evaluation. But it is also obvious that
efforts for long term  observation at
m id ocean ridges should be coordi-
nated at an international level and
France wants to be active in the
M OM AR project supported by IR.

If the funding agencies agree on
the new program , it will not  start
before 2003. M eanwhile, CNRS has
com m itted to pay the French
InterRidge contribution.
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New Zealand

RIDGE science projects in New
Zealand continue to focus on the
Kermadec – Havre arc – back-arc sys-
tem  to understand processes of arc
rifting and new oceanic crust accre-
tion, hydrotherm alism , including as-
sociated mineralisation and vent biol-
ogy, and petrogenesis of arc and back-
arc magmatism.

M uch of the ongoing work has
been further analysis and publication,
in collaboration with French, German
and US groups, of research results
from the Yokosuka 1997, Sonne 1998,
and Tangaroa 1999 cruises to the
region. Som e of the m ore recent re-
sults have been presented at the Intra-
Oceanic Subduction System s: Tec-
tonic and M agmatic Processes meet-
ing in the UK by Gary M assoth (GNS)
and Ian Smith (Uni. Auckland).

A m ajor new initiative has been
the commencement of vent-biological
studies at three known active hydro-
thermal systems on Rumble III and V,
and Brothers caldera (see Clark and
O’Shea, this issue). Cruises during
Novem ber 2000 and M ay 2001 have
begun to docum ent a rich vent fauna
using seafloor photography, video
transects and epibenthic sledge tows.
Rumble III and V represent shallow-
water habitats (shoaling to 220 and
450 m , respectively) whereas the
Brothers caldera, particularly the vents
on the northern caldera wall, lie within
water-depths of 1550–1800 m. M uch
of the recovered material is now being
distributed to relevant taxonomic ex-
perts for identification, with the fauna
com prising m any new species and
some new genera. Preliminary identi-
fications have recognised a variety of
vent fauna, including at least one spe-
cies of Bathymodiolus, a large gastro-
pod attributed to Gmynobela,and
three separate species of the caridean
Alvinocaris shrim p. Likewise, a
galatheid fauna is recorded (13 spe-
cies) that appears to be limited to vent
and adjacent areas, whilst 12 barnacle
species are recorded, including the
vent-specificNeolepasfrom  Broth-

ers caldera. Sim ilarly, the anom uran
fauna of Paralomis is restricted to
Brothers. M ollusca numerically domi-
nate the recovered fauna. The avail-
able data also show species diversity,
density and substrate type are highly
variable and “patchy”, both within
and between volcanoes. Discovery of
these vent-faunas will stim ulate new
avenues of research in vent faunal
diversity, distribution, and colonisa-
tion. Related genetic research is cur-
rently planned.

Forthcoming New Zealand cruises
will involve a consecutive two-voy-
age program m e using RV Tangaroa
during M ay – June 2002 to m ap the
active Kermadec arc front and possi-
ble associated hydrotherm alism  be-
tween 30° and 35°S. The first cruise
(PI: Ian W right, NIW A) with collabo-
ration of T. W orthington (Kiel Univer-
sity) and J. Gamble (VUW ) will use the
newly installed EM 300 m ulti-beam
system on Tangaroa to swath map 7-
9 arc volcanoes indicated from satel-
lite gravity data, with concurrent rock
dredging sampling and seafloor pho-
tographic studies. The cruise will fo-
cus on documenting the petrogenesis
and submarine volcanology of the arc
front with particular emphasis on es-
tablishing the presence of silicic
calderas. Benthic biologists from
NIW A will also participate in this first
cruise. The second cruise (PI’s: Cornel
de Ronde and Gary M assoth, GNS)
with collaboration of E. Baker and J.
Lupton (NOAA) and colleagues from
Kiel and Kyushu universities will fo-
cus on mapping hydrothermal plumes
using a continuous hydrographic,
optical, and chemical profiling system

along the same segment of Kermadec
arc front using the swath m apping
results from the first cruise. This cruise
will be the m aiden deploym ent of a
new CTD / rosette / in-situ chem ical
sensing system  designed by Gary
M assoth and built at GNS. This cruise
will extend northward the earlier plume
mapping studies from south of 35° (de
Rondeet al., 1999) and will hopefully
discover a sim ilar frequency and in-
tensity of gas / particulate em issions
(at least 55%  of volcanoes surveyed
to date) to that of the 37°- 35°S seg-
ment (de Ronde et al., 2001, submit-
ted). Further hydrothermal studies are
being planned for 2002 in collabora-
tion with German and Australian col-
leagues that include possible vent-
specific sam pling and further plum e
mapping along the arc north of 30°S.

References
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vent and seamount fauna from the
southern Kermadec Ridge, New Zea-
land.InterRidge News, this issue.
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I.C. W right, and Shipboard Scientific
Party. First systematic survey of
submarine hydrothermal plumes as-
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southern Kermadec arc, New Zea-
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and R.R. Greene. Intra-oceanic sub-
duction – related hydrothermal vent-
ing, Kermadec volcanic arc, New
Zealand.Earth and Planetary Sci-
ence Letters, submitted 2001.

Ian C. W right
National InterRidge Correspondent
National Institute of W ater and Atm ospheric Research
P O Box 14-901,
Kirbirnie, W ellington,
NEW  ZEALAND
E-mail: i.wright@ niwa.cri.nz
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India: InRidge

The InRidge program m e (India’s
Ridge Research initiative) aim s to
understand the tectonic and oce-
anic processes along the Carlsberg
Ridge (CR), Central Indian Ridge
(CIR) and the Andam an back-arc
basins (ABAB). These areas were
selected essentially to obtain suffi-
cient data to fill in the knowledge
gap. The research issues addressed
included: tectonic architecture,
ridge-transform  interaction, incipi-
ent triple junction form ation, rela-
tion of spreading kinem atics with
increased seism icity on the Indian
Sub-continent, petrological varia-
tions, search for hydrotherm al sig-
natures and to develop a genetic
m odel for hydrotherm al processes
and m etallogenesis.

The year 2001 saw a spurt in
ridge-related research endeavour in
India. Eighty ship-days were allot-
ted onboard R/V Sagar Kanya to
survey the Northern Central Indian
Ridge (NCIR) and the ABAB. In
addition, a collaborative effort with

Japan resulted in two Indian scien-
tists participating onboard R/V
Hakuho-maru during its traverse
along the CR during Dec. 2000-Jan.
2001.

The NCIR was surveyed on board
R/V Sagar Kanya during M ay-July
2001. The main objective of the cruise
was to acquire geological and geo-
physical data at the intersection of
CIR with the W ide Deformation Zone
(W DZ), located between 4° - 8°S, to
understand ridge axis m agm atism
and plate geom etry. Also a study of
the crustal fabric at the intersection
between the ridge and transform  was
carried out.

The ABAB is a young basin. Its
study is significant since the nature

of rifting can be exam ined here in
term s of juvenile spreading or tran-
sitional, from  rift segm entation to
spreading segm entation. W e have
also to address the issue of low
tem perature hydrotherm al process
giving rise to gold m ineralisation in
the Andam an region. At the tim e of
com m unicating this update, a cruise
onboard R/V Sagar Kanya is visit-
ing the ABAB to detail the spread-
ing segm ent characteristics and as-
sociated hydro-therm alism .

The Indian funding agencies
have extended their support to
InRidge by identifying it as a na-
tional thrust program  that form s a
part of the 10th five year plan (2002-
2007).

For more information on InRidge contact:

Ranadhir M ukhopadhyay
National Institute of Oceanography, Dona Paula,
Goa  403 004, India
Fax:  + 91 832 223 340
E-mail:ranadhir@ csnio.ren.nic.in

  National News....

InterRidge - Japan

For the last 6 m onths, Archaean
Park program , a com prehensive pro-
gram  to study active hydrotherm al
system , has been m ost active with
three research cruises at the Izu-
Ogasawara Arc and an additional
cruise in Decem ber 2001. A work-
shop, the Second Archaean Park
Project W orkshop, was also held on
Novem ber 16-18, 2001 at Shuzennji
hotspa resort in Izu Peninsula to
discuss the results of the four re-
search cruises conducted at Suiyo
Seam ount, which is a dacitic arc

volcano of the Izu-Bonin arc, west-
ern Pacific. The 3 day m eeting was
attended by 68 researchers includ-
ing 28 graduate students.

The main topic was the BM S drill-
ing which produced 7 cores/holes
with average depth of 5 m eters. Six
holes show fluid discharge with tem -
peratures ranging from  9°C to 308°C.
The cores and fluids were sam pled
during the BM S/ Hakurei #2, suc-
cessive ROV Hakuyo 2000 cruise,
and two Shinkai 2000 cruises for
geological, geochem ical and m icro-

biological studies. W e conducted
long-term  m onitoring for tem pera-
ture, heat flow, fluid velocity and
chem ical fluctuation besides in situ
culture of m icrobes. W e are plan-
ning to go back to the Suiyo
Seam ount to drill again by BM S in
late July 2002, which will be followed
by ROV Hakuyo 2000 cruises for
sam pling and long-term  m onitoring.
The Archaean Park project will have
a m ajor review next autum n and will
be continued for another two years,
provided that the program  is suc-
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K orea

In M ay and June 2001, Korea
Ocean Research and Developm ent
Institute (K O RD I) conducted a
m ultidisciplinary survey of the Ayu
Trough using R/V Onnuri under the
Daeyang Program  (PI: Sang-M ook
Lee).  The Ayu Trough is divided
approxim ately in half, with respect
to 2°N, between the Republics of
Palau and Indonesia.  The survey is
a continuation of the last year’s sur-
vey in which the area north of 2°N
was studied.  Last year’s survey
included m ultibeam  bathym etric
m apping, gravity and m agnetic field
m easurem ents for 7 days.  This year,
in addition to m apping and conduct-
ing underway geophysics in the area
south of 2°N, the survey perform ed
three 12-channel seism ic profiles, 9
dredge rock sam plings along the
trough axis, 2 piston corings, and
num erous CTD profiles of the water
colum n in search of hydrotherm al
plum es.  Also m ultiple cores were
used to take sedim ent for biological
studies.  The survey took m ore than
15 days.  After m aking a port call at
Biak, Indonesia, R/V Onnuri m ade a
couple transects across the eastern
boundary of the Caroline Plate, where
the boundary with the Pacific Plate
is not clear, during a physical ocea-
nographic study to investigate
sm all-scale m ixing along the equa-
tor.  Prelim inary results of this work

will be presented at the Korean Ocea-
nographic Society sem i-annual m eet-
ing (Novem ber 2-3, 2001) and the
Fall AGU.

Currently, preparations are be-
ing m ade for the next year’s survey.
Som e of the areas the Daeyang Pro-
gram  will focus on 2002 are the
forearc basin of New Ireland and
M anus backarc basin, Papua New
Guinea.  The survey of the New Ire-
land forearc basin w ill include
m ultibeam  bathym etric m apping,
gravity and m agnetic field m easure-
m ents, dredging, CTD and, if possi-
ble, biological sam pling at Edison
seam ount.  The New Ireland survey
will be held in collaboration with the
University of Freiberg, Germ any.
One of our objectives in the M anus
backarc basin is to conduct a near-
bottom  deep-tow m agnetic survey
over the ODP Leg 193 drill sites.
There is also a plan to investigate
parts of the Sorol Trough, a
transtentional boundary between
the Caroline and Pacific Plates.

Sang-M ook Lee, National Correspondent
Deep-Sea Resources Research Center
Korea Ocean Research and Development Institute
Ansan, P.O. Box 29
Seoul 425-600, KOREA

Tel: + 82 345 400 6363
Fax: + 82 345 418 8772
Email: smlee@ kordi.re.kr

This year KORDI has started a
new program  to build ocean bottom
seism om eters (OBS) for crustal and
earthquake studies (PIs: Sang-M ook
Lee and Sup Hong).  Although there
have been studies using OBSs in
Korea in the past, this is the first tim e
that OBSs are being built in Korea
for scientific purpose.  The plan is to
build and upgrade a couple of OBSs
each year and so after a few years
KORDI will have its own set to con-
duct crustal and earthquake studies.

Recently K O RD I has been
granted funding from  the Korean
governm ent (PI: Pan-M ook Lee) to
build a rem otely operated vehicle
(ROV) .  The ROV will be fitted for
full-ocean depth operation and will
be an im portant tool for ridge-re-
lated studies after 2004.

Sung-Hyun Park
D eep-Sea Resources Research
Center, KORDI, Ansan P.O. Box 29,
Seoul 425-600, Korea

Em ail: shpark@ kordi.re.kr
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For more information on InterRidge-Japan contact:
Kensaku Tam aki
Ocean Research Institute,
University of Tokyo
1-15-1 M inamidai, Nakano,
Tokyo 164-8639,  Japan

Tel: + 81 3  5351 6443
Fax: + 81 3  5351 6445
E-mail:tamaki@ ori.u-tokyo.ac.jp

cessful in getting high scores.
Com ing cruises of InterRidge Ja-

pan other than Archean Park are two
Shinkai 6500 submersible expeditions
in the Indian Ocean; one is at Kairei
and Edm ond hydrotherm al sites in
the Central Indian Ridge (PI: K.
Takai), and the other is at the Atlantis
II Fracture Zone at the Southwest-
ern Indian Ridge (PI: T. M atsum oto).
A n intensive high resolution

deeptow survey (bathym etry, im age,
and m agnetics) will be done at the
active rifts in the southern Okinawa

Trough by R/V Hakuho-maru in
June 2002 (PIs: H. Tokuyam a and K.
Tamaki).
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Austria

Austrian biological research at
hydrotherm al vents is concentrated,
for the most part, on chemoautotrophic
sulfur-oxidizing (thiotrophic)
sym bioses. The m ost relevant of our
studies to InterRidge are those focus-
ing on Riftia pachyptila
(Vestimentifera), one of the most con-
spicuous and w ell-studied of
thiotrophic sym bioses from  the East
Pacific Rise, Galapagos Rift and
Guyamas Basin. Similar to many inver-
tebrates, the worm’s life cycle is char-
acterized by a pelagic larva and a
benthic adult. These two phases are
linked by a settlement event that trig-
gers a major morphological transfor-
m ation during m etam orphosis. In
Riftia pachyptila, this life cycle is
additionally impacted by another event
– the uptake of a specific symbiont in
the early juvenile phase that triggers
a transform ation from  a non-sym bi-
otic, heterotrophic animal and a free-
living, autotrophic microbe to a ‘sym-
biotic entity’. This process builds the
framework of our studies in which we
attempt to directly follow adaptations
and study interactions in order to gain
insight in the evolution of this asso-
ciation.

In the past years we concentrated
on nutritional interactions and stud-
ied som e aspects of the carbon m e-
tabolism in Riftia pachyptila symbio-
sis. By pulse-chase experim ents in
high-pressure aquaria and calcula-
tions of carbon incorportion rates
using 14C bicarbonate autoradiogra-
phy and of carbon storage rates by
quantitative electron m icroscopy we
found that translocation of organic
carbon from the symbionts to the host
is a very fast process and is m ainly

facilitated by release of low molecular
weight products. The single microbial
symbiont, morphologically variable in
size and form , was found to behave
differently physiologically with re-
spect to carbon incorporation and
storage according to its morphotypes
(Brightet al., 2000, Sorgo et al., in
press). These m orphotypes are hy-
pothesized to represent different
stages in a complex microbial life and
terminal differentiation cycle that might
be an adaptive strategy to an
endosym biotic life style (Bright &
Sorgo, in press).

Ongoing research focuses on the
morphological and ultrastructural ad-
aptations during the life cycle of the
host from  early non-sym biotic, ses-
sile stages in the size rage of 250 µm to
a symbiotic later stage already devel-
oped in 150 µm larger individuals. W e
are especially interested in the tim e
fram e and location as w ell as
specificity of sym biont uptake.

This research at the East Pacific
Rise has been m ade possible by ex-
tensive cooperations with USA (C.R.
Fisher, H. Felbeck, L. M ullineaux, J.J.
Childress) and France (F. Gaill), and
fundings from  the Austrian Science
Foundations (FW F H0087-BIO,
P13762-BIO). Participation on sev-
eral cruises during the last years,
where collections of anim als and ex-

perim ents could be carried out, are
greatly acknowledged. Currently, we
are invited by C.R. Fisher to join a
cruise to the East Pacific Rise in De-
cember, 2001 in order to continue our
studies.

W e would like to build a platform
of Austrian scientists in order to unite
researchers in any discipline of natu-
ral science involving ridge-crest stud-
ies for exchange and cooperations
within Austria and with other m em -
bers of InterRidge. W e anticipate to
strengthen our presence in the Aus-
trian as well as international scientific
com m unity and becom e an active
member in InterRidge.

References
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For more information  contact:
M onika Bright
M arine Biology, Institute for Ecology and Conservation Biology

      University of Vienna
Althanstr. 14
A-1090 Vienna
Austria

Tel: + 43-1-4277-54331
Fax: + 43-1-4277-9542

E-mail: monika.bright@ univie.ac.at

Previous updates from  various Nations can be found on the IR web site
under the m enu "M em ber Nations" or by going directly to:

http://www.intridge.org/act4.htm l
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 Calendar of M O R Research related events (2001)
M ore details about all of the following meetings can be found via the M eetings menu on the InterRidge homepage:

http://www.intridge.org/info3.html

  Upcoming M eetings and W orkshops

10 - 15 June, 2001 10th W ater-Rock Interaction Sym posium . Sardinia, Italy

25 - 26 July, 2001 B-DEOS Town M eeting. Cardiff University, UK

18 - 24 August, 2001 Second International Conference of Com parative Physiol
ogy &  Biochem istry in Africa. Chobe National Park, Botwana

25 - 27 August, 2001 Joint Geosciences Assem bly (JGA).
International Convention Center, Taipei, Taiwan

8 - 10 Sept., 2001 Sym posium  on the Icelandic Plum e and Crust.
Reykjanes Peninsula,  Iceland

24 - 26 Sept.,2001 Endeavour Observatory W orkshop/Results Sym posium .
Seattle, W A, USA

8 - 13 October, 2001 Second International Sym posium  on Deep-Sea
Hydrotherm alVent Biology.Brest, France

28 Oct. - 3 Nov. 2001 International Tectonic Sym posia.
M oscow - St. Petersburg, Russia

31 Oct. - 3 Nov. 2001 The 31st Underwater M ining Institute Conference.
Hilo, Hawaìi

10 - 14 December 2001 AGU 2001 Fall M eeting..San Francisco, CA, USA

11 - 15 February 2002 Ocean Sciences M eeting. Honolulu, Hawaii

5 - 8 M arch, 2002 Oceanology International 2002. London, UK

16 - 19 April, 2002 Underwater Technology 2002 International Sym posium .
Tokyo, Japan

17 - 19 April, 2002 SW IR W orkshop.SOC, UK

20 - 25 April, 2002 "M inerals Of The Ocean" - International Conference.
St. Petersburg, Russia

10 - 12 June 2002 IR Next Decade W orkshop. Bremen, Germany\

June 2002 M OM AR  W orkshop, Horta (Azores, Portugal)

9 - 12 July, 2002 W estern Pacific Geophysics M eeting.
W ellington, New Zealand

4 - 7 September, 2002 Plum e M agm atism . Petrozavodsk, Russia

13-14 September 2002 Steering Com m ittee M eeting. Italy

9 - 13 September, 2002 InterRidge Theoretical Institute (IRTI)Therm al Regim e
ofOcean Ridges and Dynam ics of Hydrotherm al Circula
tion.University of Pavia,Italy.
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 Upcoming M eetings and W orkshops

Am erican Geophysical Union Fall M eeting

10-14  December 2001, San Francisco, CA, USA

http://www.agu.org/meetings/fm01top.html

Ridge related Sessions

1) “Hotspot-Ridge Interactions” (AGU T-Section)
2) “Structure and Evolution of the Galapagos Volcanic Province” (AGU T-Section)
3) “The Initiation and Early Evolution of Young Ocean Basins” (AGU T-Section)
4) “Ophiolites and Continental M argins of the Pacific Rim and the

Caribbean Region” (AGU T-Section)
5) “Seismic and Hydro-acoustic Constraints on Ocean Crustal Dynamics,

Volcanism and Hydrothermal Fluid Circulation in the NE Pacific” (AGU S-Section)
6) “The RIDGE Endeavour Segment Seafloor Observatory: Results of

Coordinated Experiments” (AGU OS-Section)
7) “Hydrothermal Activity in Back-arc Basins” (AGU-OS Section)
8) “Pushing the Envelope: A Tribute to the Career and Accomplishments of

John M . Edmond” (AGU-OS03)

South W est Indian Ridge W orkshop (SW IR)
17-19 April 2002

Southampton Oceanography Centre, UK

15 January - deadline for abstract submission

Organizing Com m ittee: C. M ével, Co-chair (mevel@ ccr.jussieu.fr),
L. Parson, Co-chair  (lmp@ soc.soton.ac.uk),
A. M . Adamczewska (intridge@ ori.u-tokyo.ac.jp)
H.J.B. Dick (hdick@ whoi.edu),
D. Sauter (Daniel.Sauter@ eost.u-strasbg.fr),
K. Tamaki (tamaki@ ori.u-tokyo.ac.jp).

http://www.intridge.org/swirwksp.htm



73Vol. 10(2), 2001

 Upcoming M eetings and W orkshops

InterRidge Next Decade W orkshop
Call for white papers!

10-12 June 2002, Bremen, Germany

http://www.intridge.org

2nd M OM AR W orkshop
June 2002, Horta (Azores, Portugal)

Convenors: Javier Escartin, France, (escartin@ ccr.jussieu.fr)

Ricardo Serrão Santos, Azores, Portugal (ricardo@ horta.uac.pt)

W orkshop Objectives:
a) define the scientific objectives to be pursued in the next 5-10 years: integration of biological,

volcanic, tectonic, hydrothermal and oceanographic processes in time and space
b) identify technologies/instrumentation available for observatory-related studies, and future

developments required: AUVs, moorings, ROVs, submersibles, data collection/storage/
transmission, etc.

c) define the type of experiments to carry out in the future and establish a realistic implementa-
tion plan based on the scientific goals, as well as technological and funding constrains

d) define the procedures for management and integration of scientific data
e) establish links with existing national and international observatory-related projects: data and

connector standards, transfer of technology
f) discuss and evaluate management proposals of study sites, and aspects related with scientific

interpretation and dissemination for the general public
g) discuss and evaluate possibilities and strategies for funding of the observatory

Co Chairs :  Colin Devey (Germany) and Kim Juniper (Canada)

All of the International Ridge Community is encouraged to submit white papers to
the InterRidge Office (intridge@ ori..u-tolyo.ac.jp) with their views about the next
decade of international Ridge research.

The latest information about the registration for the workshop is available from the
left hand panel of InterRidge website.

Towards planning of seafloor observatory program s for the M AR region

For the latest information go to: http://www.intridge.org
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Organising Com m ittee: C. German (Co-Chair), J. Lin (Co-Chair),

A. Fisher, M . Cannat, R. Tribuzio & A. Adamczewska

W e are pleased to announce the first IRTI to be held in Italy in Septem ber 2002.
The principal objectives of this theoretical institute will be:

(1) To foster exchange of information on recent progress in observational, experimental, and
modeling studies of hydrothermal circulation and their implications for thermal evolution
of the oceanic lithosphere.

(2) To identify key scientific issues that could be addressed in coming years and discuss a
general plan for more focused international collaboration in this important research field.

(3) To educate a broad spectrum  of international researchers, post-docs, and graduate
students on the state-of-the-art research approaches, especially experimental and theoretical
modeling capabilities.

The Institute will take place over 4 1/2 days’ duration comprising 2 days’ short-course and
one day’s field excursion to study hydrothermal alteration in the northern Apennine ophiolites
followed by a further 1 1/2 days’ workshop for a subset of the short-course/field trip
participants.

W e have arranged for 19 Invited Speakers and Discussion Leaders from  across the
international community to lead the proposed short-course.

The short-course and workshop will be held in the historic lecture theatre of the University
of Pavia, situated approximately 30miles/50km south of M ilano.  The field course will be to
the northern Apennine ophiolites, where exceptional hydrothermal alteration exposures can
be observed.

Participation:  W e anticipate 50-100 attendees for the short course and field excursion and
about 30 attendees for the workshop.  Because space is likely to be limited, those interested
in participating, either to the short-course and field excursion or for the full duration of the
w hole IRTI, should register their interests w ith A gnieszka A dam czew ska at
(intridge@ ori.u-tokyo.ac.jp).

W e look forward to seeing you in Italy!
Chris Germ an (cge@ soc.soton.ac.uk) &  Jian Lin (jlin@ whoi.edu)

1stInterRidge Theoretical Institute (IRTI)
Thermal Regime of Ocean Ridges and Dynamics of

Hydrothermal Circulation

9-13 September 2002, University of Pavia, Italy

Upcoming M eetings and W orkshops

Latest information about registration can be found at:

http://www.intridge.org/irti.htm
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InterRidge N ational Correspondents

Australia
Dr. Trevor Falloon
Geology Departm ent
University of Tasm ania
GPO Box 252C, Hobart
Tasm ania 7001, Australia
E-m ail: Trevor.Falloon@ utas.edu.au

Austria
Dr. M onika Bright
M arine Biol., Institute for Ecology
and Conservation Biology
University of Vienna, Althanstr. 14,
A-1090 Vienna , Austria
E-m ail: m onika.bright@ univie.ac.at

Brazil
Dr. Suzanna Sichel
Dept. de Geologia - Lagem ar UFF
Av. Litorânea s/nº 4° andar
CEP: 24210-340
Gragoatá Niterói RJ Brazil
E-m ail: Susanna@ igeo.uff.br

Canada
Dr. Kim  Juniper
GEOTOP
Universite du Québec à M ontréal
P.O. Box 8888, succursale Centre Ville,
M ontréal, Québec, H3C 3P8, Canada
E-m ail: juniper.kim @ uqam .ca

and
Dr. Kathryn M . Gillis
School of Earth and Ocean Sciences
University of Victoria, M S 4015
Victoria, BC  V8W  2Y2, Canada
E-m ail: kgillis@ uvic.ca

China
Dr. W ang Zhihong
Laboratory of Lithosphere Tectonic
Evolution
Institute of Geology and Geophysics
Chinese Academ y of Sciences
Beijing 100029, P.R. China
E-m ail: z-hwang@ 263.net

Denm ark
Dr. John Hopper
Danish Lithosphere Centre
Oester Voldgade 10, Kobenhavn
DK-1350, Denm ark
E-m ail: jrh@ dlc.ku.dk

France
Dr. Catherine M ével
Laboratoire de Geosciences M arines
IPGP - Université Pierre et M arie Curie
Case 110, 4 place Jussieu,
75252 Paris cedex 05,  France
E-m ail: m evel@ ccr.jussieu.fr

Germ any
Dr. Colin Devey
Fachbereich 5 Geowissenschaften
Universität Brem en
Postfach 330440
D-28334 Brem en, Germ any
E-m ail: cwdevey@ uni-brem en.de

Iceland
Dr. Karl Gronvold
Nordic Volcanological Institute
University of Iceland
Grensasvegur 50
IS 108  Reykjavik, Iceland
E-m ail:  karl@ norvol.hi.is

Philippines
Dr. Graciano P. Yum ul, Jr.
National Institute of Geological Sciences
University of the Philippines
Dilim an, Quezon City, 1101, Philippines
E-m ail:rwg@ i-next.net

Portugal
Prof. Fernando Barriga
Departam ento de Geologia
Facul. de Ciencias
Universidade de Lisboa
Edificio C2, Piso 5, Cam po Grande
PT 1700 Lisboa, Portugal
E-m ail:fernando.barriga@ cc.fc.ul.pt

Russia
Dr. Sergei A. Silantyev
Vernadsky Inst. of Geochem istry
Russian Academ y of Sciences
19, Kosygina Street
M oscow 117975,  Russia
E-m ail: silant@ chat.ru

SOPAC
Dr. Russell Howorth
SOPAC,
Private M ail Bag,
Suva, Fiji
E-m ail: russell@ sopac.org.fj

South Africa
Dr. Anton P. le Roex
Departm ent of Geological Sciences
University of Cape Town
Rondebosch 7700, South Africa
E-m ail: alr@ geology.uct.ac.za

Spain
Dr. Juan José Dañobeitia
Inst. Jaim e Alm era de Ciencias de la
Tierra, CSIC
C/Lluis Sole i Sabaris s/n
08028 Barcelona,  Spain
E-m ail: jjdanobeitia@ ija.csic.es

Sweden
Dr. Nils Holm
Dept. of  Geology and Geochem istry
University of Stockholm
S-106 91 Stockholm , Sweden
E-m ail: nils.holm @ geo.su.se

Switzerland
Dr. Gretchen Früh-Green
Departm ent of Earth Sciences
ETH-Z, Sonneggstr. 5
CH-8092   Zurich, Switzerland
E-m ail: gretli@ erdw.ethz.ch

United  Kingdom
Dr. Chris Germ an
Challenger Division for Seafloor Processes
Southam pton Oceanography Centre
European W ay, Em press Dock
Southam pton, SO14 3ZH, UK
E-m ail: cge@ soc.soton.ac.uk

USA
Dr. David M . Christie, RIDGE Chair
RIDGE Office
Oregon State University
104 Oceanography Adm . Building
Corvallis, OR  97331-5503, USA
E-m ail: dchristie@ oce.orst.edu

India
Dr. Sridhar D. Iyer
E-m ail:iyer@ csnio.ren.nic.in
                                    and
Dr. Abhay V. M udholkar

E-m ail: abhay@ bcgoa.ernet.in
National Institute of Oceanography
H.O. Dona Paula
Goa  403 004, India

Italy
Prof. Enrico Bonatti
Instituto di Geologia M arina C.N.R.,
Universita di Bologna,
Via P. Gobetti 101,
I-40129  Bologna, Italy
E-m ail: bonatti@ ldeo.colum bia.edu

and
Dr. Paola Tartarotti
Dipartim ento di Geologia, Paleontologia
 e Geofisica, Universita di Padova,
Via Giotto 1, 1-35137 Padova, Italy

E-m ail: tar@ dm p.unipd.it

Japan
Prof. Nobuhiro Isezaki
Departm ent of Earth Sciences,
Faculty of Science, Chiba University,
Yayoi-cho 1-33, Inage-ku, Chiba-shi,
Chiba 260, Japan
E-m ail: ishi@ eqchem .s.u-tokyo.ac.jp

Korea
Dr. Sang-M ook Lee
M arine Geology and Geophysics Division
KORDI, Ansan, P.O. Box 29
Seoul 425-600, Korea
E-m ail: sm lee@ kordi.re.kr

M exico
Dr. J. Eduardo Aguayo-Cam argo
Inst. de Ciencias del M ar y Lim nologia
U. Nacional Autonom a de M exico
Apartado Postal 70-305
M exico City, 04510, M exico
E-m ail: jaquayo@ m ar.icm yl.unam .m x

M orocco
Prof. Jam al Auajjar
Universite M oham m ed V
Agdal Ecole M aham m adia des Ingenieurs
Departem ent de Genie M ineral
Avenue Ibn Sina, BP 765
Agdal, Rabat 10 000, M orocco
E-m ail: auajjar@ em i.ac.m a

New Zealand
Dr. Ian W right
Nat. Inst. of W ater and Atm ospheric
Research, P.O. Box 14-901
W ellington 3,  New Zealand
E-m ail:i.wright@ niwa.cri.nz

Norway
Prof. Rolf Pedersen
Institute of Solid Earth Physics
University of Bergen
Allegt. 41, 5007 Bergen,  Norway
E-m ail:rolf.pedersen@ geol.uib.no



76 InterRidge News

InterRidge Steering Com m ittee

Dr. Kensaku Tamaki
InterRidge Chair
Ocean Research Institute,
University of Tokyo
1-15-1 M inam idai, Nakano,
Tokyo 164-8639, Japan
Tel: + 81 3 5351 6443
Fax: + 81 3 5351 6445
E-mail:tam aki@ ori.u-tokyo.ac.jp

Prof. Fernando Barriga
Departamento de Geologia
Facul. de Ciencias
Universidade de Lisboa
Edificio C2, Piso 5, Campo Grande
PT 1700 Lisboa, Portugal
Tel: +351 1 750 0066
Fax: +351 1 759 9380

E-mail:fernando.barriga@ cc.fc.ul.pt

Dr. Phillippe Blondel, ad hoc
Departm ent of Physics
University of Bath
Bath BA2 7AY, UK
Tel: + 44 1225 826 826
Fax: + 44 1225 826 110
E-mail: pyspb@ bath.ac.uk

Prof. Enrico Bonatti
Instituto di Geologia M arina C.N.R.
Universita di Bologna
Via P. Gobetti 101
I-40129  Bologna,  Italy
Tel: + 39 51 639 8935
Fax: + 39 51 639 8939
E-mail: bonatti@ ldeo.columbia.edu

Dr. Spahr C. W ebb, ad hoc
Lam ont Doherty Earth Observatory,
Colum bia University
61 Route 9W  Palisades
New York 10964, USA
Tel: + 1 845-365-8439
Fax: + 1 845-365-8150
E-mail: scw@ ldeo.columbia.edu

Dr. Dave M . Christie
COAS, Oregon State University
104 Oceanography Adm . Building
Corvallis, OR  97331-5503, USA
Tel: + 1 541 737 5205
Fax: + 1 541 737 2064
E-mail: dchristie@ oce.orst.edu

Prof. Paul R. Dando
School of Ocean Sciences
University of W ales-Bangor,
M enai Bridge
Anglesey, LL59 5EY, UK
Tel: + 44 1248 382 904
Fax: + 44 1248 382 620
E-mail: oss109@ sos.bangor.ac.uk

Dr. Colin W . Devey
Fachbereich 5 Geowissenschaften
Universität Brem en
Postfach 330440
D-28334 Brem en, Germ any
Tel: + 49 421 218 9205
Fax: + 49 421 218 9460
E-mail: cwdevey@ uni-brem en.de

Dr. Jérôme Dyment
CNRS UM R 6538
Institut Universitaire Europeen
de la M er
Universite de Bretagne Occidentale
1 Place Nicolas Copernic
29280 Plouzane, France
tel : + 33 2 9849 8720
fax : + 33 2 9849 8760
e-m ail : jerom e@ univ-brest.fr

Dr. Christopher G. Fox, ad hoc
NOAA/PM EL/VENTS Program
2115 S.E. OSU Drive
Newport  OR  97365, USA
Tel: + 1 541 867 0276
Fax: + 1 541 867 3907
E-mail: fox@ pmel.noaa.gov

Dr. Kantaro Fujioka
Deep Sea Research Departm ent
Japan M ar. Sci. & Technology Centre
2-15 Natsushina-cho, Yokosuka-shi
Kanagawa 237, Japan
Tel: + 81 4 6866 3811
Fax: + 81 4 6866 5541
E-mail: fujiokak@ jamstec.go.jp

Dr. Françoise Gaill, ad hoc
Laboratoire de Biologie M arine
CNRS UPR 7622
Université Pierre et M arie Curie
(Paris 6), 7 Quai Saint-Bernard
F-75252 Paris Cédex 05, France
Tel: + 33 1 44 27 30 63
Fax: + 33 1 44 27 52 50
E-mail: francoise.gaill@ snv.jussieu.fr

Prof. Toshitaka Gam o
Division of Earth and Planetary
Sciences Graduate School of Science
Hokkaido University
N10 W 8
Sapporo, 060-0810, Japan
Tel: +81 11 706 2725
Fax: +81 11 746 0394
E-mail: gamo@ ep.sci.hokudai.ac.jp

Dr. Christopher R. German
Challenger Div. for Seafloor Processes
Southam pton Oceanography Centre
Southam pton, SO14 3ZH, UK
Tel: + 44 1703 596 542
Fax: + 44 1703 596 554
E-mail: cge@ soc.soton.ac.uk

Dr. Kim Juniper
GEOTOP
Université du Québec à M ontréal
P.O. Box 8888, Station A
M ontréal, Québec, H3C 3P8, Canada
Tel: + 1 514 987 3000 ext. 6603
Fax: + 1 514 987 4647
E-mail: juniper.kim@ uqam.ca

Dr. Jian Lin, ad hoc
Departm ent of Geology &  Geophysics
W oods Hole Oceanographic Institution
W oods Hole,  M A  02543-1541, USA
Tel: + 1 508 289 2576
Fax: + 1 508 457 2187
E-mail: jlin@ whoi.edu

Dr. David Kadko
Rosenstiel School of M arine &
Atm ospheric Sciences
University of M iam i
4600 Rickenbacker Causeway
M iam i, FL  33149, USA
Tel: + 1 305 361 4721
Fax: + 1 305 361 4689
E-mail: dkadko@ rsmas.miami.edu

Dr. Sang-M ook Lee
Deep-Sea Resources Research Center
Korea Ocean Research and
Developm ent Institute
Ansan, P.O. Box 29
Seoul 425-600, Republic of Korea
Tel: +82 31 400 6363
Fax: +82 31 418 8772
Email:  sm lee@ kordi.re.kr

Dr. Catherine M ével
Laboratoire de Geosciences M arines
IPGP - Université Pierre et M arie Curie
Case 110, 4 place Jussieu,
75252 Paris cedex 05,  France
Tel: + 33 1 4427 5193
Fax: + 33 1 4427 3911
E-mail:mevel@ ccr.jussieu.fr

Dr. Randhir M ukhopadhyay
National Institute of Oceanography
Dona Paula, GOA 403 004, India
Tel: + 91-832 221-322 ex 4322
Fax: + 91-832-223-340
E-mail: ranadhir@ csnio.ren.nic.in

Prof. Rolf Pedersen
Institute of Solid Earth Physics
University of Bergen,
Allegaten 41,
N-5007 Bergen, Norway
Tel: + 47 5558 3517
Fax: + 47 5558 9416
E-mail:  rolf.pedersen@ geol.uib.no


