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PREFACE

The Workshop was jointly sponsored by the Committee for Co-ordination
of Joint Prospecting for Mineral Resources in South Pacific Offshore Areas
(CCOP/SOPAC), the Intergovernmental Oceanographic Commission (IOC) of UNESCO,
and .the United Nations University (UNU, Tokyo), to review and update the .
Programme of Research which had been developed by the CCOP/SOPAC-IOC Second
International Workshop on Geology, Mineral Resources and Geophysics of the -
South Pacific, held in Noumea, New Caledonia, in October 1980 (see IOC
Workshop Report No. 27). A keynote lecturer emphasized the importance of
mineral resources research for the developing island states, and described
‘socio-economical aspects relating to their exploration and exploitation.

The Workshop was the third of a series of Workshops developing programmes and
projects for the benefits of the South Pacific countr1es°A ‘the flrst was held
in Suva, in 1975,7the second in Noumea, in 1980.
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SUMMARY REPORT

1. OPENING OF THE WORKSHOP AND ADOPTION OF THE AGENDA

‘The participants ‘were welcomed by Mr. ‘Cruz Matos of - CCOP/SOPAC and the .
meeting was then- formally opened by the Acting Minister of Energy- and Mineral -
Resources, The Hon. L1va1 Nasilivata, whose opening address is attached as
ANNEX TIIT. :

Dr.' Gunter Giermann representing 10C, conveyed the greetings of the
Secretary of 10C, Dr. Mario Ruivo, to the Workshop. He introduced some new
I0C concepts which bear on ‘the South Pacific, "including’ the overall programme -
called Ocean’ Science ‘and: Living Resources (OSNLR). This new programme imple- -
‘ments Article 1 of the Commission's Statutes,’ which states that in 301n1ng

the Commission Member States will learn more about "the'Ocean and its Resources". -

. It is co-sponsored by the United Natioms Ocean Energy and Technology Office
(OETB), located in New York.

He informed the Workshop that the Programme Group for WESTPAC, the arm
of the IOC in the Pacific, has just formed a Group of Experts and has adopted
two programmes in marine geology and geophysics of particular interest to IOC.
WESTPAC also agreed to co- sponsor a joint body with CCOP/SOPAC which will be
known under the name of STAR. WESTPAC recommended that the IOC Executive
Council in its February 1984 meeting, formally approve SOPAC-STAR.

, Dr. Giermann invited the Workshop to also take into consideration, when

updating the programme, the recommendations of the Third International Work-
,shop on Marine Geoscience, held in Heidelberg, July 1982, and of the WESTPAC
Workshop on the Marine Geology and Geophysics of the NW Pacific, held in Tokyo,
March 1980.

) He thanked the representative of the United Nations University for the
generous financial contribution of UNU to the Workshop, and expressed the wish
~ that this cooperation be continued.

‘He finally stated that the outcome of the present Workshop will not
only update CCOP/SOPAC's own programme, but will also allow STAR and IOC/
WESTPAC to choose some of the projects for their own support and implementation.
In this connection he informed the Workshop that WESTPAC will be particularly
concerned with research relating to sea level, enviromments and tectonics
(SET), and to margins of active plates (MAP). He made it clear to the Work-
- shop that it was by no means the intention of WESTPAC to duplicate or super-
. vise SOPAC activities, but to be complementary in order to provide an even
better variety of services for the benefit of the countries of the South
Pacific region. The new SOPAC~-STAR Group will certainly serve as focal point
for the co-ordination of all the diverse research activities of the UN bodies
in the region.
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The representative of the UN University (Tokyo), Dr. Eric C. Blrd
then took the floor and made the follow1ng statement:
"The United Natlons Univer51ty, ‘established in Tokyo in 1975, has’

" a programme designed to stimulate, support and co-ordinate research -
and advanced training in a variety of fields, including Development’
Studies. 1Its work is organised in a global network with Associated
institutions, and as well as supporting UNU Fellowships for advanced
study, it sponsors .and co-sponsors workshops on specific themes.
The present workshop is one of these, and as Project Co-ordinator
for Coastal Resources Management in the UNU's Development Studies
Division,my task here is to develop proposals for possible co-opera-.
tion with CCOP/SOPAC on environmental and socio-economic aspects
of marine mineral resources prospecting and exploitation in the
South Pac1f1c region.

I hring you from the United'Nations University the greetings of
‘Rector Soedjatmoko, and of my Vice-Rector, Dr. Miguel Urrutia, with
their good wishes for a useful and productlve workshop here in Suva.‘

The Workshop was attended by 55 scientists of 13 countries (1n alpha-
betical order): - Australia, Cook Islands, Fiji, France, Federal Republic of
Germany, Japan, Kiribati, New Zealand, Papua New Guinea, Solomon Islands,
United Kingdom, United States of America, and Vanuatu. Scientists from the
USSR in a message to the Workshop regretted that ‘they were unable to attend
due to reasons beyond their control.«

Mrs. Mary B. Flsk represented UN/OETB a co-sponsor of the I0OC OSNLR-
programme. Mr. L. Machesky represented ESCAP A list of part1c1pants'1f at-
tached as ANNEX II. T o S

The Agenda was adopted without change'andfis attached as ANNEX T.

2. ELECTION OF COMMITTEE CHAIRMLN AND NOMINATION OF RAPPORTEURS

Dr. Giermann was proposed as Workshop Chairman by the representative of

. CCOP/SOPAC and was subsequently elected. Dr. D. Tiffin was nominated plenary

session rapperteur. . The Workshop decided to establlsh two Working Committees.

Committee A on Geological Evolution of Island Arcs and Arc Basins, and the
Genesis of Metal and Hydrocarbon Concentratlons, “and -

Committee B on Distrlbution, Character and Genesis of Offshore Metalliferous
- Dep051ts.- - : ST : -

1

Dr. C. Helsley was elected Chairman of Working Committee A, with Dr. B. Taylor
as rapporteur; .

Dr. N. Exon was elected Chalrman of Commlttee B with Dr. B. Bolton as
rapporteur. ' : - : S - ' s
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:The Chairman then informed the Workshop on how the meeting would be
conducted: He stated that after a 2-day review session. (symposium), a 2-day
Workshop would follow in which the two Committees would meet separately to update and
re~-formulate programmes and projects. The last afternoon of the Workshop
would be reserved -for adoption of the Summary, Report including. the Committee
programmes and projects, and the general recommendations.

3.  .GENERAL REVIEW AND BACKGROUND PRESENTATIONS, and

4. . SPECIFIC GEOLOGICAL AND BACKGROUND PRESENTATIONS'
| .
The general and the specific presentatlons (totalllng 19 papers) are
listed in the order of presentation in ANNEX VI. .

One of the presentations led to the formulation of a General. Recom-
mendation on the use of manned and unmanned submersibles (ANNEX IV Rec. 4).

After the presentations, a small seminar was held deallng w1th results

of .the Tripartite I.Cruises, and outlining plans ~for: Tripartite I1.This meeting
was chaired by Dr. N. Exon. .- , . : . :

5. . DEVELOPMENT OF FUTURE'PROGRAMMES'ANDf?RojEcTs'

. 'The two Committees met separately and formulated the programmes and
progects outlined -in ANNEX V.. - co o

In d01ng so the Committees took 1nto account:

- CCOP/SOPAC—IOC-IDOE International Workshop on Geology, Mineral Resources
and Geophysics of the South Pacific, Suva, Fiji, September 1975;

-  the Report of the CCOP/SOPAC-IOC Second International Workshop on
Geology, Mineral Resources and Geophy51cs of the South’ Pacific, Noumea,
9-15 October, 1980 . -

gf—- .The Report of the WESTPAC Workshop on the Marine Geology and Geophysics
//6f the Northwest Pacific, Tokyo, 27-31 March 1980

- The Report of the Th1rd International Workshop on. Marine Geosclence,v
He1de1berg, 19-23 July 1982;

- 'The report called "Ocean Sc1ence for the Year 2000", of an. Experts
consultation organised by SCOR/ACMRR, with the support of IOC and the
D1vision of Marine Sciences of UNESCO, at Villefranche,’ France March

19833 . L ‘

- The Proposal of a Programme of Ocean Science in Relation to Non-living -

Resouces (OSNLR), prepared by SCOR, with the assistance of CMG, in

Heidelberg, July 1982, and the Report called "Preparatory Consultation
on,the 10C Programme of OSNLR, Paris, 6-8 April 1983.
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-  The Report called Expert Consultation on Marine Geological and Geophy-
sical Research in the WESTPAC region, Townsville, ‘Australia, 15-17
September 1983, and the relevant paragraph (4.3) of the 3rd session of
the Programme Group for WESTPAC held in Townville, 19—24 September 1983.

Soviet scientists, who were unable to attend, submitted a proposal for
an international Expedition to Study the Southwestern Pacific, which had already
been tabled a year ago at the 1llth Session of SOPAC in Welllngton. The Workshop
felt that the.Soviet colleagues should provide a detailed research programme
for such an expedition, and that only after its presentation, the decision
could be taken whether a mechanlsm like the proposed expedltion was the right
vehicle to implement it. A recommendatlon was formulated and 1s attached as -
ANNEX IV (Rec. 3).

Committee A discussed the state of knowledge and past work in the SOPAC
region in the fields of hydrocarbon resources in island arc’ sedimentary b331ns
as well as island arc tectonic processes. It was decided to divide into two
sub-committees, each of which produced key project recommendations:

A-1: Sub-programme on Sedimentary Basin Development in Island’ Arcs

A~1.1: Stratigraphlc Correlation in the Southwest Paclfic,.
A-1.2: Evolution of Coral Reefs and Associated Environments;
A-1.3: Hydrocarbon Source, Maturation and Entrapment Models in
Island Arc Settings and Collision Terrains; :
: Sedimentary ‘Basin Delineation and Resource Assessment'
A-1.5: Data Management

A-2: Sub-programme on the Tectonics and Resource ‘Potential of Island Arcs
- A=2.1: Forearc and Backarc processeS'in the Tonga-Lau region; -
A-2.2: Backarc and rifting processes in the Fiji Platform—North Fiji
. '~ Basin-New Hebrides Arc region;
‘A-2.3: Arc reversal and forearc processes 1n the’ Solomon and New
Hebrides Arcs;
Initiation and Early Stages of back.-Arc Basin Evolution;
Evolution of Major Geomorphic Terralns in the Papua New Gu1nea
'Reglon ("Project 42'); :
A—2.6: Pre-Pilocene Break-up History of the Southwest Pac1f1c' A
‘Regional Framework Study

A-2.4
A 5

Projects A-1.1 and A-l.4 and all of A-2 continue the general thrust of
projects established at the earlier Suva and Noumea Workshops. Project A-l.1
links with ESCAP's current Sedimentary Basins Correlation Project which is
IGCP Project 32. Project. A-1.2 is a new project which follows a recommendation
from WESTPAC-III (Sub-programme CREST). Project A-1.3 and A-1.5 are wholly
new concepts focusing on regional exploration models and the management of
exploration and scientific data respectively.

Committee B discussed the state of knowledge and past work in the
SOPAC region in the field of offshore mineral derposits. It was agreed that
five projects under the general programme title "Distribution, character and
genesis of offshore metallic deposits” were needed to address outstanding
regional scientific problems. These are: '
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-B.1: Phosphorite, phosphatic sediments and associated ferromanga-
, ~ _ nese crusts; 7 . T
" B.2: Near-surface submarine volcanoes: metallogenesis and
N assessment of volcanic hazards; I o
B.3: Nature, origin and development of metalliferous deposits along
o active rifts;
B.4 . Distribution, comp051tion ‘and . environment of deposition of
R ' cobalt-rich ferro-manganese crusts;
B.5 Environments of dep051tion of potentlally economlc nodules.

ProJects B'l 2, 3 and 5 contlnue the‘generel thrust of’progects esta~
blished at the earlier Suva and Noumea Workshops, whereas Project B.4 is a
new one. Llnkages are apparent with the WESTPAC-III programme "Back—arc
tectonics", and.IGCP PrOJects 111 and 156.-

' As several part1c1pants expressed 1nterest in m1nera1 resources of ‘
nearshore areas,.a small ad hoc Working Party was formed The Party developed
one project ‘called’ C.1l: Sedlment budgets in reef—frlnged lagoons’ (see ANNEX V).

6. ORGANIZATIONAL ARRANGEMENTS “AND ‘RECOMMENDATIONS ‘FOR 'CO=ORDINATION ‘AND
TMPLEMENTATION OF FUTURE WORK

The, Workshop noted with great satlsfactlon that- several organizatlons
such as CCOP/SOPAC IOC/WESTPAC and their joint body called STAR, decided to
coordinate and assist in the implementation of marine geosc1ence projects in the
South Pacific. It felt that there should be no new coordinating bodies in the
-South Pacific in the fields of marine geology, geophysics and resources research. -
It therefore was doubtful whether it was necessary to call for an international
Expedition to’ ‘Study " the Southwestern Pac1f1c, as the Sov1et 'scientists wanted '

(see ANNEX IV, Rec. 3). \\\5\\\\\ L

. CCOP/SOPAC and WESTPAC are requested to not ‘only implement JOlnt prOJects
under SOPAC-STAR, but also to consult each other and industry on sc1ent1f1c
projects implemented individually by either. of these bodies.

B “n\
TN P
"
—

7.  ADOPTION OF SUMMARY ‘REPORT INCLUDlNG'RECOMMENDATIONS'NOR'NEW'PROJECTS

The Workshop adopted the Summary Report ‘and the ANNEX IV (Recommendatlons)
and ANNEX V (Programmes of Research) contalned therein,

8.  CLOSURE OF THE WORKSHOP

ﬂThe'Workshop"closed'on Friday afternoon, 7 October 1983.. In its name, the
Chairman thanked the organisers for the excellent arrangements for the Workshop
and their kind hospitality.

N
N
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ANNEX I

‘AGENDA

Opening of the Workshbp and édoption of the'égenda

Election of Coﬁmittee éhéirﬁan éndynomination of rapporteurs
Genera; review én& bagkground presentations-

Speéific ggologica} and background presenfations

Developmeqt of fﬁturerprogrammes and projects

Organizational arrangements and recommendations for co-ordination and
implementation of future work '

Adoption of Summary Report including recommendations for new programmes

Closure of the Workshop
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ANNEX IX

LIST OF PARTICIPANTS
In Alphabetical Order.

Mr. Ward H. AUSTIN ‘ '
Pacific Energy and Minerals Ltd.
P.0. Box 664 '
. SUVA

.Mr. V. BALEIVANUALALA
Mineral Resources Department
Private Mail Bag GPO
SUVA
Fiji

Dr. Eric C.F. BIRD : : ~ UNU Representative -.
Department of Geography ’ ; :
University of Melbourne
PARKVILLE, Vic. 3052

" Australia

Mr. Barrie R. BOLTON
Department of Geology -
La Trobe University
BUNDOORA,Vic. 3083
Australia .

Dr. Robert V. BURKNE .
CCOP/SOPAC Technical Secretariat
c/o Mineral Resources Dept.
Mead Road =~ 7 - -
SUVA
Fiji

Dr. Jim COLWELL

Bureau of Mineral Resources
P.0. Box 378 ‘
CANBERRA, ACT.2601 .
Australia

" Dr. David CRONAN
Department of Geology
Imperial College
Prince Consort Road -
LONDON, SW7 2BP’
-England ‘

Dr. Keith A. W. CROOK
Department of Geology
" Australian National University
P. 0. Box 4
CANBERRA, ACT.2601
Australia



. Dr., David CULLEN
NZ Oceanographic Institute
P. 0. Box 12346 - ~
WELLINGTON NTH
New Zealand i

Mr. H.F. DOUTCH
Circum-Pacific Map Project
Bureau of Mineral Resources
P. 0. Box 378
CANBERRA, ACT.2601
Australia

Mr. J.V. EADE
NZ Oceanographic Institute,
P. 0. Box 12346
WELLINGTON NTH .
New Zealand ‘

Mr. Robert EDEN .
Mineral Resources Department
Mead: Road : .

_SUVA
Fiji .

Dr. Neville E. EXON

 Bureau of Mineral Resources
P. O. Box. 378

"- CANBERRA, ACT. 2601

" Australia

Dr. David FALVEY
Bureau of Mineral Resources
P.0. Box 378 -
CANBERRA, ACT. 2601 .

* Australia

Ms., Mary B. FISK
Ocean Economics and . Technology Branch '
United Nations '
1 UN Plaza
NEW YORK, N.Y. 10017
USA

Dr. Edgar FRANKEL
University of Queensland
St. Lucia 4067 e
Queensland '
Australia

Dr. Gunter GIERMANN
.Alfred-Wegener-Institute for Polar Research
Columbus Center ‘
2850 BREMERHAVEN
Federal Republic of Germany

Dr. Geoff GLASBY
NZ Oceanographic Institute
P. 0. Box 12346
WELLINGTON NTH
New Zealand
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UN/OETB.Representétive

Chairman, IOC Representative,
UNU Consultant
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Dr. H. Gary GREENE
Branch Pacific Marine Geology
US Geological Survey
345 Middlefield Road
MENLO PARK '
Calif. 94025
UsSA

Mr. Michael HAMBURGER
Mineral Resources Department
Private Mail Bag
SUVA E
Fiji

Dr. C. HELSLEY
Hawaii Institute of Geophysics
2525 Correa Road :
HONOLULU . | '
Hawaii 96822
USA

Dr. Rick HERZER
NZ Geological Survey
P. 0. Box 30368
LOWER HUTT
New Zealand

Dr. Eiichi HONZA
Geological Survey of Japan
1-1-3 Higashi
Yatabe
IBARAKI
305 Japan .

Dr. David HOWELL ‘
Branch of Pacific Marine Geology
US Geological Survey - MS99
345 Middlefield Road
MENLO PARK
Calif. 94025
-USA
Mr. M. IRATA ~
- Ministry for Natural Resources Development
P. 0. Box 64 ‘
Bairiki
TARAWA
Kiribati

Dr. H. Rudi KATZ
.Pacific Geoconsultants
.6 Wairere Road '
LOWER HUTT
New Zealand

Dr. David KEAR
Dept. of Scientific and Industrial Research’
Private Bag
WELLINGTON
New Zealand



Dr. Loren W. KROENKE .
Hawaii Institute of Geophysics
2525 Correa Road
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ANNEX III

'OPENING ADDRESS AND KEYNOTE LECTURE

A Openlng Address by. the- Actlng Minister for Energy and M1nera1 Resources,
The Hon. L1va1 L. Nasilivata ‘ . . .

On behalf of- the Government of F131, I extend to all of- you our very
warm welcome. ‘ : :

" We. consider ourselves privileged and honoured to be able to host .this
gathering of eminent men and women of science. - We thank the Committee for, Co-
-ordination of Joint Prospecting for Mineral Resources in South Pacific Offshore

Areas, better known as CCOP/ SOPAC, the United Nations University, -and .10C/ -
UNESCO for the1r efforts in- initiating, organizlng, and fundlng thlS Workshop.

Because of the recent successful completlon of the Law of the Sea Treaty,
all the small island nations of the Southwest Pacific now have full legal '
entitlement to the resources of very large Exclusive Economic Zones. .To a -
considerable extent these areas abut 'against each other and together they con-
stitute a major segment of ‘the surface of our globe. The island nations still .
depend’ heavily on imported petroleum and other minerals, and are susceptible.
to the effects of changes in world prices of these commodities. .It is therefore
our hope that investigations of the large areas of. ocean floor now under natiomal’
Jurlsdiction will lead to local production of some of the minerals which we
require, and in partlcular to productlon of petroleum.—

We are, however, well aware that despite recent great advances, An-
vestigation of oceanic geology is still a frontier area of science, and in large
part high technology science at that. Much of the required research has .to.be -
on a regional basis, because many geological structures cut across national .
boundaries: and it has to be carried out in collaboration with the international-
community, since none of the island nations possesses the necessary research
resources to tackle d1ff1cu1t scient1f1c 1nvest1gat10ns far beyond their coastal
zones. ' S . S

, This Workshop will be considering useful and practical objectives and me-
thods - for such research, and the concentration of so much brain power on the -
problems can do nothing but good. We realize that much of the economic potential
may require what has been called. 'Twenty-first Century' technology for its
development, and we realizé too that a lot of the international research interest
in the area arises from its importance to fundamental studies of how the crust .
of the earth evolves. It is the good fortune of the region that the interest.is
there. We are happy -to collaborate and learn, and when the opportunity arises
to try and guide the long term research in the direction of our shorter term:
economic needs.- In the past we have always received a favourable response to
our requests, and I am sure that will continue to be the case.
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One of the themes of the Workshop will be the 'Geological Evolution of
Island Arcs and Arc Basins and the Genesis of Metal and Hydrocarbon Concen-
trations'; this seems to hark back directly to the similar 1979 Workshop, also
held here in Suva. Since then Fiji has had seven wells drilled for petroleum,
so far without success. We are, of course, disappointed, but we are not down-
hearted. I understand that the first eight wells in the northern North Sea
were dry, so we have one more to go. Many of the indications are favourable and
you will all know of the oil seeps in Tonga, which prove conclusively that oil
can be generated in an island arc situation. You will know, too, of the origin
of metallic sulphide deposits in' oceanic crust and its emplacement on land
as a result of earth movements. In the southwest Pacific we can study such
sequences and their associated metals on land, and with the necessary resources
we can also study the present-day ocean floor processgs in action.

,Another theme of -the Workshop relates,to the economic significance of the
_heat conditions and crustal structure of the Southwest Pacific, and this is of
course closely related to the evolution of the island arcs, and indeed of all -
the Pacific islands. How did they come to form as they. did, and why are the
rocks and metal deposits as they are? Here also we may hope to learn from .
comparison of past and present processes, and perhaps.obtain leads as to where
economic mineral potential can most usefully be sought.

Finally, a third theme is 'Manganese Nodules, Cobalt Crusts, and ]
Metalliferous Muds: : Origin, Distribution, and Economic Significance'. - This.
is an area of high hopes for 'Twenty First Century Technology' or even
'"Twentieth Century Technology'. It is a known fact that these deposits are
vast, widespread and: many are capable of being mined. Now that the legal ..

"position is clarifying we -can expect big economic developments in this area, at
least in some parts of the Pacific. ‘It has been estimated that manganese
nodules of the Pacific Ocean contain three times the known land reserves of
copper alone. It very much looks as if sea. floor nodules in the Pacific will
become ‘the main future world source of a number of important metals. Unfor-

~ tunately, parts of the Southwest Pacific, 1nc1ud1ng Fiji, do not seem to be

too well endowed with these nodules, this is why Fiji is particularly interested
in the possibility of metalliferous muds-at the oceanic spreading centres in

the - region,'and is. pushlng for' their further study.

- I cannot -close w1thout specially thanklng the staff of CCOP/SOPAC for
all thelr efforts in the region, on behalf of the ten member nations of the
organization. We specially value their continuing presence, their technical
help and their coordination of international effort on our behalf: and,of
course they have other functions for which -we are grateful.

When opening the 1979 Workshop on a similar subject in Suva, the then
‘Minister responsible for mineral resources referred to.the growing consensus
amongst scientists of every discipline that-the South Pacific is one of the
new exciting frontiers of science. The activities in the years that have
passed since then have proved the above statement. Many people regard the
South Pacific as a region simply endowed with good beaches and palm trees.

It is indeed a greatcoincidence if such attributes are combined with scientific
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~activities which could lead to existing growth prospect for the region. Your
presence here today gives me the.confidence that research and exploration in
the region would continue. .From what I know of there is much work to be domne
and that is what this workshop is all about. :

Gentlemen, I w1sh you every success in your efforts and 1ndeed have
great. pleasure in declaring this workshop open.

B. = Lecture by Dr. David Kear, DSIR, New Zealand, '"The Science Progranmes
for M1nera1 and - Hydrocarbon Explorat1on " DI :

INTRODUCTION

I am honoured and pleased - to be able to give this address to CCOP/SOPAC s
Third International Workshop on Geology, Mineral Resources and Geophysics of
the South Pacific.

I am honoured, because CCOP/SOPAC has been recognised by the;leaders of
many South Pacific member countries and their senior officials as the most
important collaborative effort in science between South Pacific Island States,
~ and perhaps the best venture in any field.. In.addition, its programmes have
been carried out by many first-class scientists who have devoted significant
parts of their careers to work on the’ geology, geophys1cs and oceanography of
this part of the world o . )

.. I am pleased because I have enJoyed very much my own associatlon with
CCOP/SOPAC. This began several years before T personally attended any meetings,
through a-close association with the late Dr.. R. W. Willett when he was de-
veloping the several options for consideration by South Pacific member countries
to create the same kind of collaborative . offshore prospecting act1v1ty as that
already enjoyed by South-East Asia. Since attending meetings I have travelled
widely in the South Pacific, and made many friends. :

It is therefore good to be able to address you, particularlyvas this
will be my last major scientific conference before I retire in less than 4 weeks
time. \ ‘ :

. There are two particular topics that I would like to discuss to-day.
First, the place of science in the search for mineral and hydrocarbon resources,
and second the desirable procedures and-objectives for. developlng a science
programme in an organlsat1on like CCOP/SOPAC : :

THE PLACE OF SCIENCE IN ASSESSING NATURAL RESOURCES

(a) Minerals '
In stressing the importance: of science in searching for and assessing
natural resources - minerals and hydrocarbons - I am no doubt preaching

to the converted in this Workshop.  The methods of prospecting for the
two are of course significantly different from each other.
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It is well recognised that there is a direct relationship between

geology and/or marine environment, and the specific minerals that

may be present. The best known global illustration of this is of -

course in the ancient rock assemblages of Gondwanaland having a

mineral potential far greater than that of most other parts of -

the world. Their ancient 'shield" rocks are hosts for a wide. -~ .~ -
variety of valuable minerals, giving Australia, South Africa, and

South America the mineral wealth for whlch they are all well known

Most of the eastern CCOP/SOPAC region comprlse islands formed of
young basalt, coral, and very little else. The mineral prospects

of such countries on land are therefore severely limited, by nature, ".
. to such materials as building aggregates, lime, and groundwater, with
perhaps a purely scientific interest in unworkable baux1te depos1ts )
in the older intensely weathered rocks. ‘ )

Further west, the variety of age of rocks increases, and new mineral
possibilities arise. One of the more important world m1nera1 develop-
ments of the last several decades has been that of the "porphyry copper"
~ at Bouganyille, Papua New Guinea. Such occurrences comprise very large-
quantities of low grade copper ores, and man's. ability to.work these on a
large scale led to a major increase in world copper reserves. - Geology.
showed clearly that these deposits are found in the root zones of large.
volcanos, of which the Tertiary volcanics of the South Pacific area
are important examples. Although no other workable porphyry copper
-'deposits have yet been located in the CCOP/SOPAC region, the occurrence
- of gold and base metals in complex eroded volcanic systems are known' -
- ‘eg, Waihi's Martha Mine in New Zealand and the Emperor Mine'in Fiji. - -

" Although these mineral ‘occurrences are not the normal regime of . . - -
CCOP/SOPAC because they are land-based, they are examples of where
reconnaissance geology has identified areas in which specific minerals’
may occur. More expensive detailed geological mapping, geophysical

- surveying and/or drilling can be restrlcted to these more-prospectlve-
than-normal regions. - : - ‘

At sea, the 1mportant minerals and comparable natural substances are also
restricted to specific enviromments that science can identify. ‘The
eastern: part of CCOP/SOPAC's region may lack on-shore metalliferous -
dep081ts but off-shore it includes areas where water depth-and chemistry
have allowed the deposition of manganese nodules containing valuable
metals as minor constituents. Although we may understand generally

‘what causes manganese nodules to form, we still have something to learn
‘about what specifically causes the nodulés of some areas to .be’ relatively
r1ch 1n useful metals, while those of others to be relatlvely poor.

In the waters of many CCOP/SOPAC member countries, precious corals may
well exist. The colours of corals, and their relative abundance, are
clearly related to specific oceanographic environments. Hence, coral )
[can be prospected for 1nd1rect1y, with well-known physical oceanographlc
techniques. :
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The thickness, the physical characteristics, and the composition of
materials that occur in and around South Pacific lagoons are well-
documented in some areas, and this information can be extrapolated to

‘places where little is yet known. This, and similar geological

extrapolation, is an important technique that allows immediate
initial advice on topics as widespread as the environmental factors
in the economic use of lagoonal areas, and the search for. gold
dep051ts off—shore from the 1slands such as the Solomons.

i - . . .. ;o . [

L T N Wy “.,{

- The 1mportance of a good knowledge of the geological environment of a
‘ .resource, is nowhere more important than in the search for hydro-

carbons. ‘These most important energy sources occur only in the very
special’circumstances of there being an appropriate reservoir bed,
an appropriate capped structure, a nearby adequate source, and a
degree of "maturation" that has allowed natural gas and/or oil to
develop, without that development being subsequently destroyed by an
over-abundance of heat and/or pressure. Because of the requirement
for an effective caprock, there are usually few surface showings of

' the presence of 0il and natural gas, and, certainly in New Zealand's

case, there is little precise correlation between :the position of

_surface seeps and of the location of a major economic field at depth.

This concealment of hydrocarbon deposits means that the geologist's

- co-workers in earth science, the geophysicist and the oceanographer

have key roles to .play in the location of places where condltlons are
‘correct for the accumulatlon of hydrocarbons. e :

!
4 i . , ’ e . ©)

f-?etroleum exploration'is becoming an 'increasingly complex scientific

operation. Past techniques located the more accessible hydrocarbon
deposits. A number of reviews by non-earth-scientists have concluded
that the world's hydrocarbon resources would be worked out in the fore-
seeable future. It is of course true that they are indeed limited;

but new developments in exploration techniques have-extended the range '
of prospective areas into new and exciting fields, and the world's

. resources become extended correspondingly. In recent years, interest

in the o0il prospects of volcanic arc areas, such as the South Pacific,.

‘has increased significantly. Although the successes are admittedly
' not ‘as large as in the rather more traditional non-volcanic sedimen-:

tary basins, there have been successes; and, a number of speakers, ‘.

‘. such as Michel Halbouty, in last year's Circum-Pacific Minerals and

Energy Conference in Hawaii, are convinced that there is ‘a great deal

‘more hydrocarbon resources to be dlscovered in volcanlc areas . yet.

In the case of assessing the prospects of any spec1f1c reglon, the
important initial ‘step is a ‘review of total regional geology, to
identify. those general areas where additional geological and initial -

geophysical work could usefully be done. That latter second step would.

itself define more specific areas for undertaking more detailed geophy-
sical and possible investigative—-drilling in a third stage which
would aim to locate actual. targets for final drilling. These proce- -
dures .are well-established. . The point that needs: stressing is.that .
the sequence must start from the initial purely scientific investi- -~
gations of the geologist, the geophysicist and the oceanographer.

s
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Before the advent of modern plate-tectonics thinking, many earth
"scientists had somewhat simplistic ideas of sedimentary basin de-
velopment. As earth scientists they certainly realised that the
geological processes of the world are dynamic even though they may
be slow..- Detailed scientific investigations of the South Pacific
and adjacent global regions in the last two decades have however
provided. important basic information on plate tectonics. These
have also given important evidence on how the sedimentary basins
of this region have developed, and on the regional sequence of
volcanic and tectonic events. Plate tectonic influences affected
directly the geography and the timing of the development of a
number of sedimentary basins. Thus-a knowledge of the regional' ge-
ology, and particularly the geological history, is a most important
input into -the assessment of where prospective basins may be found,
.and -of their size and structure. Detailed geophysics is expensive,
and drilling is very expensive, so it is most important that these
.- activities are restrlcted to the most prospectlve areas. -

- Once drillholes have gone down there is very little d0ubt as - to
© what the subsurface geology is at that place.. Once the detailed
vgeophyslcs has been completed, there is little doubt as to where the
basins are located. The importance of the earth scientist's work
-is to 'show, with. the very best of. his.work, where the geophysics
' should be concentrated in the first place, and where the drilling
~shou1d .take place in the second. Both of these depend very strongly
upon the high quality of the regional geological and geophysics
- work, and on the fact that those scientists have adequate backing
from regional surveys that will allow them to have the right con-
ceptual thoughts to put their conclusions on a secure basis. - The
excellence of the total effort will.mean that. the.chances of loca-
ting hydrocarbons willbe that much greater for any g1ven level of
. technical and financial resources.

SELECTION OF WORK PROGRAMME

. It is partlcularly approprlate that I talk here on the questlon of the
ideal selection of a work programme for CCOP/SOPAC, because I have been
doing a parallel exercise to this in New Zealand over the past few months..

I have been talking:on the subject of "DSIR in the 80's" to the many scien-
tific institutions and sub-stations that collectively go to make the De-
partment of Scientific and Industrial Research (DSIR) in New Zealand. The
talks .have concentrated on the scientists' part, and the scientists'
responsibility, in the total planning exercise that ‘leads to- the development
of DSIR's scientific and technological research programme.

I w1ll describe the New Zealand 51tuation in some deta11 because there
are important parallels to the development of a. research programme for an
organlsation llke CCOP/SOPAC S

’
*

In New Zealand the field. of- government science undertakes about half
the total effort, of which DSIR is overseen generally by the National
Research Advisory Council: (NRAC). -NRAC has, in the past, carried out an
investigatory and auditing role of the work of individual institutions, and
| . :
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has also played a major role in the redistribution of staff into areas of
higher national priority.

' The Minister of Sc1ence and Technology is currently seeking adv1ce
w1dely on possibly changing the role of the scientific advisory council to
government from that of NRAC towards a Science and Technology Council " That
Council, among other act1v1ties would develop an overall’ annual Science and
Technology Plan for New Zealand, to which individual departmental research

programmes would conform. NRAC itself is currently producing the first such
annual Plan. New Zealand has had an Energy Plan for several years now,‘which—
shows quite clearly the way in which national energy programmes will develop.
It is updated every year. - The Science and Technology Plan would emphasise
growth areas, such as horticulture, fish proce351ng, ‘and manufacturing, and
one would hope that the Plan, when produced will have the courage to say in
which areas of science less effort is required and recommended

" The programme ‘for an 1ndiv1dual scientific’ department or institution‘
must realistically conform with the resources that are available, and must
allow for the talents of current staff in specific areas of scientific“”
endeavour,and how much the country can afford the minimum required resources
that will let them do their job effectively. 'Adequate notice must be taken
of what recent break-throughs have taken place in that’ particular area of
science, and, most importantly, what break-throughs are’ likely to take place
in the next few years. It is further necessary to determine what the customer
of science requires by submitting what 1s effectively a ‘11st of sé¢ience pro-
gramme options to industry at all levels, and to the politicians. The pro—r
gramme will be modified and added to, but will not be seriously changed if "
the options are sensibly developed 1n the first place. .

The 1ndividual scientist ("he" and "his" are used below, but these '
words are intended to include male and female) must be’ ‘quite clear that ‘his
senior science management his customers, and his political masters will" be~
less able than he to understand the opportunities his disc1p11ne ‘offers, -
"and particularly what opportunities might become available by scientific"“f
developments that are 'just around the corner". His immediate non-sc1enti-i
fic neighbours at home, who pay the taxes. that ‘fund his salary and his work
will have even less idea as to what science should be done for ‘the beneflt
of the country. This means that he has a very important ‘input - into’ ‘the °
Science Programme of his institution and department, and ‘towards a sen31b1e
Science and Technology Plan for the nation. His ideas may get changed and
certainly some choice will 'be made between his ‘options, as the programme '

"~ filters upwards to become part of the Plan; but he has a maJor responSibility

to ensure that the plan does contain the best programmes that could be worked
in his research area. ’

» , The sc1entist needs to put himself in the shoes of his neighbours to
determine what options he should put forward as being the best in his dis-“
cipline for the benefit of all those neighbours. He cannot ‘expect ‘that .
decisions in the detail of his science can be reached by senior administra-’
tors or politicians who simply do not have the breadth of knowledge and'ex-:
perience to be able to determine programme detail, ‘even though’ they will ‘have
determined’ in the first place, "the broad areas of the Institution s work and
the spec1alists it will employ.
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The main problem in scientist's considering ideal options in this way,
is the danger that he may misinterpret what is good for his fellow-citizens.
It is most important that the programme that is developed has the right mix
of short-term and long-term research and projects. Background information
must be established upon which the short-term projects of future years can
be based The regional ‘surveys of the land and oceans must be carried out
if indeed the institution is to be able to undertake a detailed investi-
gation into spec1f1c mineral and hydrocarbon resources which will be planned
71n a few years tlme._'

It is equally important however that the scientist, while holding o
the correct view that the right balance of long-term research must go ahead,
should not take the attitude that "long-term research will be good regardless
of the areas in which it is undertaken. It is most important that it is
undertaken in relevant areas. 'Mission-oriented" research is essential in
any government sc1ent1f1c effort, but this fact need not disadvantage the
scientists in any way. There is a virtually limitless amount of research
that mlght be done, and.the quality of work is in no way determined by whether
it is "m1851on—or1ented" and therefore of long-term value, or whether it is
oriented in no useful d1rect10n at all, and 1s of no reasonable use to those
,who are fundlng 1t in the long term.

This careful thinking by individual sc1entlsts in New. Zealand is
1mportant, but I believe that he will find it an 1nterest1ng, absorblng
and rewarding challenge.;f 4 N , ,

 When we turn from developlng a science programme in New Zealand for
DSIR to that for~ CCOP/SOPAC s work in the South Pacific, there is no change
- of anythlng but organlsation and place. The same,obJectives and thought
processes Stlll need to be maintained.. CCOP/SOPAC requires both long-term
and short-term' research the former in the nature of regional surveys that will
_have relevance to the short ~term work that is. coming later on, and the short-
term work to look for spec1f1c mineral deposits, or to investigate where
, sedimentary basins may occur in the search for hydrocarbons. Later on those -
individual basins’ will be. subJected to even more detailed 1nvest1gat10n, and
chopefully drill-51tes will be determlned 3
An 1mportant additional factor needs to be con51dered in the case of
CCOP/SOPAC. Partlcularly in the hydrocarbons field, many South Pacific nations
.are finding the burden of financing their energy requirements a major obstacle.
.There is therefore a real degree of’ urgency for locating potential hydrocarbon-
‘bearing basins, should they exist. Thus, while it is clear that any long-
term research,which is to be considered as a part of the CCOP/SOPAC Programme,
must be very carefully mission-oriented, there is a major reason to concentrate
1onger-term research in those areas which can be selected even now as having
a somewhat higher potential than other parts of the region. It may be that,
by so d01ng, some prospectlve areas of which there is not the slightest hint
at the present time, will be _put to one side; but at worst they will merely’
be left for posterity. At best, by concentrating on what appear to be the
better areas for our 1onger term research now, we will hopefully hasten the
day when the shorter-term work can be carried out with some degree of success.
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, This does not mean of course that no other oceanographic work can
be done elsewhere in the South Pacific area. It means simply that there
should be no attempt to pretend that all work must be a useful part of
the total CCOP/SOPAC programme, nor any attempt to justify scientifically
interesting research under the CCOP/SOPAC banner, that has no relevance

to CCOP/SOPAC's aims. This Workshop, and the CCOP/SOPAC session that will
follow it in the Kingdom of Tonga, should concentrate on developing both long-
- term and short-term research work, that is as relevant as it can be made
towards the mission of effective off-shore prospecting for minerals and for
hydrocarbons in the South Pacific for the benefit of CCOP/SOPAC member
countries. In doing so the scientific plammers will be contributing effec-
tively to one of the most important coordinating scientific efforts in

the South Pacific at the present time.



I0C Workshop Report No. 35

Annex IV

ANNEX IV

RECOMMENDATIONS

The Workshop .

69

(2)

(3)

Recommends that the Chairman transmit for approval the adopted
Workshop Report (including Recommendations and Programmes of Re-~
search) to the next Session of CCOP/SOPAC, to be held in Nuku'alofa,
Tonga, 11-20 October 1982, and to the Secretary IOC for submission
to the next session of the IOC Executive Council, to be held in
Paris, 1-10 February 1984, as well as to the next session of the
Programme Group for the Western Pacific (WESTPAC), to be held 1n
1985;

Taking»Note of a proposal by Soviet scientists, dated November 1982,
to organise an intermnational Expedition to Study the Southwestern
Pacific, an exercise 51milar in scientific approach to the IIOE of
the late fifties;

Recommends that the Soviet scientists make available a more detailed
Programme of Research, with individual research projects, to put the
Workshop members in the position to judge whether such an important
new vehicle like an international expedition will really be needed,
or whether the present mechanisms consisting of CCOP/SOPAC, WESTPAC
and SOPAC-STAR are sufficiently suited to supervise the proposed
Programme of Research;

Recommends the use of manned and unmanned submersibles in programmes
designed to explore, study and understand the nature, extent and

»s1gnificance of hydrothermal deposits in the region, and invites the

co-sponsoring organisations-of the Workshop, particularly CCOP/SOPAC

- and I0C, to find ways and means to make available the use of sub-

(4)

mersibles.

Recommends that in view of the interest of island states in the South
Pacific in exploitable mineral resources of their nearshore zones,
countries of the region should give increased attention to scienti-
fic problems concerned with the prospecting, mining and environmental

- management of these sea floor resources. A Workshop on these topics

(5)

should be held in the near future.

Taking Note of the paucity of good, cloud-free satellite imagery in
the SOPAC region,

Recommends that NASA and other agencies be strongly ufged to collect
and make available satellite imagery in the Southwest Pacific area
including coverage out to at-least 150 metres water depth.
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PROGRAMMES OF RESEARCH -

As A Fleport of Commlttee A on Geoloqlcal Evolution of Island Arcs and Arc Baslns and

the genesls of Metal and Hydrocarbon Concentratlons

introduction

, From a geologlcal and mlneral/hydrocarbon resources vlewpotnt, tvvo. malor'envlron-
ments are present In the CCOP/SOPAC reglon. These are best identified in plate tectonic ,
terms as the Paclfic Plate province and the convergent margln province at Its westemn boundary
with the Australla-India Plate., The earth shaplng processes within this convergent margin
are complex and In places poorly understood. The complex evolution of plate boundarles
In this region makes thetectonlc','sedlmentologlcal‘ and detormatlonal histories difficult to
Interpret. Nevertheless It Is essential that this history be understood If we are to adequately

understand the framework and assess the resource potentlal of the region.

The integration of marlne geologlcal and geophyslcal data with the llmlted Iand derlved
data for the reglon is an essential element in derlving the overall understandlng necessary
for.an assessment of the mineral and hydrocarbon resources of the’ reglon. we must not only
develop a fundamental understandlng of the crustal history of the region but we must also

understand the fundamental processes that control the parameters that Influence resource
dlstrlbutlon.

The reglon aflords excellent examples of‘many important tectonlc, geomorphologlcal
and sedimentary feafures associated with the active margins of oceanic plates.. These lnclude. :
the active volcanic island arcs and their assoclated trenches which characterlze the zones
of plate convergence along the Melaneslan Borderland and Tonga—Kermadec chain; fossil
convergence zones such as the northern margin of the North Fljl Basin; aclively formlng and
Inactive marginal basins with passive, oblique-slip, and actlve trench marglns, actlve and
Inactive Interarc basins diverse in slze and sedimentary fill; and reglons where the polarity

of subduction may have been reserved following a collision.

Reglonal plate and microplate boundarles all have complex evolutlonary hlstorles. The
geomorphologlcal and tectonic diversity of the region thus produced compllcates the search _
for resources but also provides necessary elements required for the concentration of potentlal
resources such as hydrocarbons and mineral deposits. Only through an adequate understan-
ding of the processes involved In the evolution of the various Island arcs baslns and plateaus
of the reglon can we adequately assess the resource potential. This understandlng will involve
general studies of'reglonal'tectonics, seismiclty, heat flow, sediment dlst_rlbutlon, as well as
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focused studies on speclfic areas where present background knowledge Is adequate to suggest

potentlal presence of resources.

The 1975 CCOP/SOPAC Workshop held In Suva proposed a number of research _pro-
jects that would assist in provldlng the background knowledge necessary for thls evaluatlon.
The 1980 CCOP/SOPACZIOC Workshop held in Noumea (10C Workshop Report No. 27) refined
. these objectives and identified a number of specific projects that need to be undertaken for
progress to continue toward an overall assessment, Some of these projects have now"
been cornpleted and a review of the progress to date has suggested additional lines of inves~
tlgatlon that would be worthwhile In order to continue and extend the overall reglonal assess~ .

ment.

~The pro]ects cited below are largely recommended extenslons of these pre- ,. .
vious pro]ects In light of our current knowledge and Incorporate the recommendatlons and , "
strategles proposed in the recent JOC-WESTPAC meeting held in Townsvll_le in September |
1983. 'In view of the importance of thls additlonal work, we recommend that these ne’\l«i .
proposals b“e'enc':lorsed as part of the overall work programme of the CCOP/SOPAC resources”

framework and aeéessmerit project. The proposals are not listed In any order of priority. - .

« Co=chalirmen for this Com:nittee report were Dr C. Helsley and Dr D. Falvey. . .

A-1: Sub-committee’ on Sedimentary Basin Deveiopment in island Arcs. |

: ‘Su‘b-commlttee A-1 Panlclpents:'

e T

“BALEIVANUALALA, V,
'BURNE, Robert v.
COLWELL, J. " (Rapporteur)
CDOUTCH,F.
FRANKEL, E.
| GREENE,H.G. . (Chalrman)
HERZER, R, o
KATZ, H. Rudi
MARLOW, M.
MOAINA, R.B.
RODDA, Peter
SIMPSON, Alt
THRASHER, G.
VEDDER, J.G.
WALSHAW, R.D,
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Project K;l.fl: Stratigraphic Correlation In the Southwest Pacific

At the 1980 Noumea Workshop, a ma;or pro]ect (A 1) was proposed almed at the
study ot lslanq arc sedlmentary basins: correlatlon of reference sectlons and selsmlc stratl-
graphy. The flrst part of that study was initlated through the multlchannel selsmic programme
~ of the S P. LEE under tr(e Trlpartlte Agreement Its contlnuatlon appears below as Project
A-1.4,

However, the blostratigraphic correlation of sedimentary bodies In the SW l’aclflc Region .
.as a whole has not been undertaken at an approprlate level, Recent blostratlgraphlcrevlslons |
-carried out In PNG (by systematic re-sampling of some sedimentary sections) and In Fiji (by

stratigraphic drilling) have led to substantial changes In iocal time-stratigraphic definitions.

A rellable tlme-stratlgraphlc correlation Is the only posslble basis for confident appralsal
of the most likely settings In which economic mineral and energy resources may occur. .ln
~ order to achieve such a regional stratigraphic framework, It Is recommended that the follow-

ing programme be undertaken:

1. Coliatlon, revislon and synthesis of existing time-stratigraphlc and palaeogeographlc
.data within the SW Pacific (*Refer also to ProjectA—1.5 - Regional geologlc data
development for the SOPAC area); '

2. . Any tuture basln assessment must ln_cludenew,i detalled time-stratigraphic studies.

" This may be accompllshed by

(a) Palaeontologx, especlally the detalled examlnatlon ot mlcro-fosslls ln order to correlate

the rocks in which they are found with standard world sequence5°

{b) Land based studies: with the advlce and concurrence of natlonal Geologlcal Surveys
0} ‘amend and/or redel‘lne key onshore stratlgraphlc unlts crltlcal to reglonal off=""

shore stratlgraphy where this Is consldered deslrable-‘

@) . dril stratlgraphlc sequences to acquire a better understandlng of thelr tactes,
" . and to'revise and/or deflne stratlgraphlc unlts to extend and enhance

blostratigraphic correlation;

{c) Selsmic stratigraphy: to Identify oflshorestratlgraphlc unlts, and tc correlate with’

onshore stratigraphy whenever posslble° to examine possible’ stratlgraphlc play concepts and

hydrocarbon traps, '

(d) Non-palaeontological projects: these Include development of local ‘'sea-level change curves,

| magneto-stratigraphic measurement pro]ects, and  appropriate radiometric dating. .
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Project A-12Eolution of coral reets and assoclated environments

In the Southwest Pacttlc reglon, coral reets exist In a variety of tectonic settlngs in
the form of frlnglng, barrier and atoll systems. Slmllar systems may have occurred throughout
the Calnozolc. Anclent reet systems may be Important to many SOPAC countrles as potentlal
hydrocarbon reservolrs,/whlle modern reefs are clearly Important as resources for mInIng,

fishing and tourlsm.
y The maln objectlves ot thls programme are:

ta) ‘ : to deflne the extent, age and geometry of reef systems ina varlety ot _regional settanS°

(b) - to establish the relatlonshlp between reef growth and (1) volcanlc activity, (i) tectonism,

'(III) eustatlc sea-level change, and (Iv) world-wlde cllmatlc change'

() to evaluate the Inter-relatlonshlps between terrlgenous volcanogenlc and biogenic
) Inputs' N o
~(d) to determlne the orlgln and preservation of organlr carbon In reef and assoclated

deposits; and

(‘e) to study related environmental issues (see report of Ad Hoc Worklng Party on Mineral

 Resources of Nearshore Areas).

Methods of Investlgatlou*should lnclude shallow hlgh-resolutlon (Includlng multlchannel)
selsmlc, sediment mapping, stratlgraphlc coring, shallow vibrocoring, blostratlgraphy, radio-
 metric datlng and geochemtstry. Comparltlve studles should be undertaken wlth reets In a

range of geographlc and’ tectonlc setttngs. o

" TJoa large extent thls programme Is based upon objectlves determlned at the 1983 -
IOC-WESTPAC Meeting In Townsville,  Although applying to the western Pacll‘lc as a whole,
these objectlves are consldered partlcularly relevant to the SOPAC reglon. ,

ProlectA 1.3: Hydrocarbon Source, Maturatlon and Entrapment Models in Island Arc Settlng_

and Colllslon Terralns

The basls of hydrocarbons exploratlon ls to.

»

(1) Identity source rocks, from which hydrocarbons (ot} and gas) are generated

(2) Identity source maturatlon lrom emplrlcal data or from the tectonlc history, l.e. burlal

and thermal geohistory,

(3) ldentlfy the play concept. This includes identification of potential reservolir rocks into

which hydrocarbons can migrate and accumulate. This process Is necessary In order
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to attain concentrations and amounts which can be economically explolted, A reservolr
rock Is any type of rock that has sufficient porosity and permeability (pore space which
‘Is connected and through which fiulds or gas can circulate), Additionally some sort

- of trap Is needed which Involves an up~dip seal on the reservolr,

The condltlons for source rocks, reservoir petrology and quallty, hydrocarbon genera-
tion and entrapment (the play concept) vary'wlth‘tec’tonlc setting, and differ greatly between
island arc settlngs and collision terrains as opposed to continental and contlnental margin
areas. ‘

It Is therefore recommended that: . :

A, The posslble occurrence of source rocks be lnvestlgated by taklng sultable samples
both onshore and ottshore (by drllllng lf necessary) and carrylng out the relevant geo-
chemlcal analyses. ‘ o ' ‘

B. Studles be carried out ot model play concepts through analysls of burial, thermal and
tectonlc hlstory '

c. : Studles be made ot the reservolr rocks types and their tectonic settings (such as reets
and non-fan turbidites). The existence and extent of poroslty and permeability should
~ be.determined, and occurrence of suitable rocks In sufficient extent and volume in

appropriate type locations should be verified,

D. In order to achleve the above objectlves in the best possible way, l‘acles models should
be developed by a study of contemporary envlronments and processes where possible,
including the accumulation of organic carbon, Particular attenticn should be given to
modern reef systems(Project A-1.2) and modern non-fan turbldrtes (such as In the Huon

. Gulf and possibly the New Brltaln Trench).

E. - Studies should also be made of the selsmic definition and selsmic slgnatures (through

model and fleld studies) of relevant envlronmental settlngs and conceptual model plays.

Project A-1.4: Sedrmentary Basin Delmeatlon and Resource Assessment

In the prevlous 1980 Noumea Workshop, ' recommendatlons were made
for the study of island arc sedlmentary basins (Project A-1),- These proposals resulted in
" the multichannel selsmic survey conducted by the S.P. LEE under the Trlpartlte Agreement
(Tripartite - 1 and 2). A significant number of fore-arc and Intra-arc sedlmen_tary baslns N

have been redefined and their. resource framework outlined. A continuation of the -
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programme ot basin delineation, review and assessment Is strongly recommended. Indeed,
the IOC-WESTPAC geosclence programme recommendatlons (Townsvllle, September, 1983),
proposed a major subprogramme on Sedimentary Evolution on Active Margins (SEAM), and

this proposal involves - implementation of thils subprogramme In the SOPAC region,

The occurrence of hydrocarbons Is generally confined to sedimentary basins where
rock formations are sullable for the generatlon and accumulation of oll and gas. - To determine
the sultabtllty of these rocks a detalled study of the basin's hlstoryl and Its sedimentary content
Is therefore essential, Both the original outline of the depositional area and the present form -
of the basin must be considered. In addition, an understanding of facies development In time
and space (vertlcally and hortzontally) must be obtained before a comprehenslve evaluation
of hydrocarbons potential can be made. Thls project concentrates on reglonal aspects whiie

the previous project (A 1.3) concentrates on exploratlon and play concepts in genera[

it is therefore recommended that: - -

A. Compllatlon of avallable geologic and geophysical data In the form ot structure and
- Isopach maps, Including overlays deplcttng facies changes In selected Intervals be

undertaken,
B. New geologlcal and geophysical data, Includlng'rnUtl‘lchannel selsmic reflection profiles
where appropriate, shosld be collected In areas of relatively poor basin ‘definition such

as: - : .

1.~ The ln'sular margins of the Bismarck Sea, -
" 2. Northern contlnuatton of the Tonga Ptattorm
‘ 3. Lau Ridge, ' ‘ '
4 Rennell Rldge,' , ‘ ,
5. . . The hlgh plateaus between the Coral Sea and Northern New Hebrtdes Trench

c. Synthesls of basin’ types (i.e. definition and classification of basins); thls effort should
be Incorprated Into the CCOP/SOPAC geophysical atlas,

Project A- .1 5:Data Management

Geosclentltlc data collected by past present; and future researchers represents a -
very valuable storé of knowledge to any natton. In order to obtaln ‘maximum benefit from
sclentlttc Investlgatlons, not only must the tnterpretatlons and results of those Investigations
be preserved for future reference, the data upon which those tnterpretatlons and results are
based must also be preserved., Future lnvestlgators, both public and private, must have access
tc past data in order-to obtaln maximum results from their own programmes. The high cost

ot geological and geophyslcal Investigations means that past data can be archlved and retrieved
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for much less money than would be required to replace it.

_ Present gleosclence investigations generate several types of Information, all of which

should be preserved for future reference. This information Includes:

1) Published results and Interpretations;
2)  Unpublished Investigations; _
- 3) - Raw dafa, such as geological and geophyslcal measurements, field notes,
and laboratory results; ,
4) - Geological samples and reterence collectlons;

" 5)  Maps, alr photos, satellite lmages, selsmlc record sectlons, and other lmage-type' .
' data; :
6) computer magnetlc tapes of selsmic reflection, navlgatlon, well log and slmllar

data.

‘Some CCOP/SOPAC member natlons, such as Papua New Guinea and New Zealand,

. have adopted regulatlons which require the submittal of these data by lndustrlal investigators,
and have set up systems yfor lts storage and retrleval. Fiji has various data banks and legls-
lation exIsts requiring the lodging by companies of varlous data (though not- original magnetlc
tapes or coples). ,The Fijl petroleum exploration data bank was set up with the asslstance

of BMR, Papua New Guinea has recently set up an archive system with the help of a World
Bank loan and assistance from CCOP/East Asla and from its neighbours, It accesses all types
of petroleum exploration data, Other nations are attemptlng to operate data storage systems
for government research lnstltutlons and lndustry collected data. None of these systems ) |

appear to be operatlng as etflclently as they could be.

- The amount of data collected by the geoscience communlty'ls rapidly Increasing and
the sooner all member nations have efticlently operating archive systems the easier it will
be to keep up with Incoming data. The sooner archive systems which include as much-exis-.

ting data as possible are In place, the more value they will be to the member natlons.

‘ A conslderable amount of geologlcal and geophyslcal data already exlsts for the
CCOP/SOPAC reglon. Much- of this data, or coples of I, Is'not: currently held by the res~

ponslble government departments wlithin the member natlon rather the data Is held by 7 |

numerous different research Institutes, toreign government departments and lorelgn mdustrlal

organizations. "Any attempt to maintain archives of CCCP/SCPAC sponsored data,’ along‘

with future research or industrial data should also allow for the acquisition of as much existing-

data as possible.
!
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The response of exploration compnntes to voluntarily contribute to archives has been
impressive. This has been the experience ot New Zeatand and Papua New Guinea, To Iden~

tity and obtaln existing research Institute and government data however, ls often trustratlng

and time’ consumlng.

‘Through CCOt?/SOPAC,' the member nations have the opportunity to act as a unified
organtsatlon to Identify what data has been collected ‘wtthtn'each member country, what
the avallabllity of that data te, and help each member nation to obtain copies of that pertaining
' td them. CCOP/SOPAC could also assist the member countries In upgrading their data archive
systems'to be able to meet the present and future needs ot mineral resource prospectors, '

‘Much modemn geophystcal and downhole electrlc log data are collected on computer
magnetic tape. Both the Papua New Gulnea and New Zealand Geologtcal Surveys have
discovered that these magnetic tapes are a valuable ald to hydrocarbonexploratlon companies
operating within thelr countries. Unfortunately the storage, duplication, and processing of, .
these tapes requires speclalized equipment only avallable at a very tew locations within out- .
region. For the present it may be necessary for some'mem_ber natlons to arrange for storage
or computer magnetic tapes at an outside facliity. . Because. of the rapidly expanding, explora-
tion technology many other types of computer collected and stored data may be available -

in the future and should be allowed for In an archive system,

Many reterence collectlons, most. notably mlcrotossll collectlons, have a very regtonat
and Internatlonal Importance, Because of this CCOP/SOPAC and the Iarger geosclence com-
munity must continue to support the development of regtonal reterence collections at loca-
tlons where those collections will be maintained and made accessable to-all users, The devel-
opment of national reference collections should also be encouraged as a-part of tndlvtdual

: member nations data archive systems. "

RECOMMENDAT!ONS:

1 .CCOP/SOPAC t‘lnd ways and means to asslst member c0untrles in archtvlng geosclence
‘ data and related products. This asststance shoutd tnclude tralntng lndtvlduals trom

member countrles In the ettlclent operatlon of archlve systems. ,

2) -CCOP/SOPAC develop a directory of previous geological and geophyslcal Investigations
. within the member natlons and Identify the avallability of data and related products

i

generated by these Investigations.

3) CCOP/SOPAC asslist the member countries in the acquisition and archiving of exIsting
data.
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5) CCOP/SOPAC assist the member countrieé in the seeure'storage.énd accession of geo-‘

physical magnetic tape data,

5) CCOP/SOPAC encourage and support the further development of the ESCAP micro-
fossll reference collection to cover the Southwest Paclfic region. '

6)  Those oountrles within CCOP/SOPAC which have not drafted regulations or legislation - ?
- requlrlng the |odgement of all data and results obtalned by future geosclence Inves- .
ﬂgations should be encouraged and assisted to do so, This ‘should lnclude tegulatlo.ns

for the lodgement of any magnetlc tape or other computerlsed data.
. o -

A-2: Sub-comrnlttee'on the‘Tectonlcs énd Resource Potentlal of Island Arcs‘ ‘

Sub-comrnlttee A-2 Partlclpants.

CROOK, K.AM.
EADE, JV. . L |
HONZA,E. . . . T
KROENKE,L.W..  .(Chatman) .
' MACFARLANE, A, o
MITCHELL, A.

RECY, J.C.

RICHMOND, R.N.

SCHOLL, D.

Project’ A-2.1:Forearc and Backarc Processes In the Tonga-Lau Region .

Tonga Forearc
| Reconnalssance geophyslcal and geologlcal exploratlon of the Tonga forearc has " 7
been sporadlcally lnltiated during the past two decades, but no coherent plan of study has ~ ’
emerged. As a consequence the structural and rock framework of the Tonga forearc Is virtu-
ally unknown and its geologlc evolution has not been deduced although analogles to the -

Marlana forearc seem ]ustltled.

" It Is recommended that a coherent plan of geological and geophysical studies to determlne
the type, dlstrlbutlon, and geometry of the major rock units forming the Tonga forearc, and '
the processes that emplaced deformed, and altered them, should be Initiated. The work should
Initially involve multichannel reflection profllmg as refraction seismology and surface rock
sampling., DSDP-type drilling should be promoted. Evidence should be sought conoemlng the
origin of the forearc's basement complex; the history of subsidence and uplift (e.g. vertical tectonics);

magmatic.activity; emplacement of ultrabasic masses; tectonic reaction to the subduction-
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drlven collision of the Tonga torearc and the Loulsvllle Ridge, and; the direct tectonlc conse-

quence ‘of the subduction process ltself thick sequence

Tonqa Backarc (Lau Baslnl

Geoloalc evaluatlon ot the petroleum resource pctentlal of the Tonga Ridge requlres
an understandlng of thé' fundamental process that created the Lau Basin, It is believed that
the opening of the basin (1) rifted, and then geographlcally separated the eastern and westem
- parts of the Tonga plattorm section thereby lsolatlng potential source. beds from reservolr
units by hundreds of kilometers,.(2) heated the platform sectlon and may have generated
hydrocarbons and forced their mlgratlon prior ta rifting, and (3) created new lithospheric crust,
- magmatic centers, and assoclated magma chambers capable of clrculatlng mlnerallztng hydr-

othermal fiuids In the vicinity of the active Tofua arc and In the Lau Basin, =~

The openlng processes formlng the Lau Basln are not understood in detall, blut the -

- cause of lhe’ generation of new mafic crust resides In problematical concepts assoclated with
the subduction ot Paclfic oceanic crust beneath the Tonga Ridge. The time of the openlng B
is poorly known but probably was between 3 and 5 m.a. Cnly vague notlons exist about
pre-rift events (for example thermal uplift of the then Tonga-Lau Ridge, or the formation
of pre-rift baslns) that could have proloundly influenced the formation and locatlon of petro-

leum and petroleum resources.

‘ It Is recommended that the formation of Lau Basin and the consequent thermal and
rifting events of the former Tonga~Lau volcanic arc recelve thorough sclentltlc'attentlon.
Geologic sampllng Including DSDP-type sclentlflc.drllllng, Is em‘phaslzed. VMultlchannel refle-
ction profiling intended to'resolve pre-rift, rift and post~rift structures bordering both the Tonga -
and Lau-Rldge flanks of the basin Is needed. Geophysical techniques (e'.g.umultlchannel
and refractian slesmology, heatflow measurements, etc.) are needed to locate magma cham~

bers and thermal anomalles where mlnerallsatlon processes may be concentrated,

“tis turther recommended that the collectlon of reglonal Informatlon locus on resolvlng
a number of key relations, which Include (1) the timing of initial pre-rift thermal events along
the length of the basin, (2) the Initiation and lateral progress of rlftlng (lengthwlse) along the
margins of the basin, (3) the age and magmatic- evolution of the actlve Tolua arc, (4) the
style and progress of the spreading process that has expanded the basin to its present size,
and (5) the entlrle opening process in relatlon to subduction events occurring at the regional

plate boundary along the Tonga Trench.
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Project A-2.2:Backarc and Rifting Processes In the Flji Platform-North Flji Basin-New Hebrides ,

Arc Region -
Magmatlc arcs ln the regton are Identlfled and the subduction polarlty of some

of the arcs ‘ has now been defined. The Fore Arc and Back Arc Terraln and '

the timing ot the development ot the structures need to be ldentltled

Masslve sulphldes may occur along recently active spreadlng axes wIthln the North
Fiji Basin, Kuroko-type sulphlde deposits additional to those already lnvestlgated may have

tormed accompanylng voluminous rhyolitic eruptlons on Vanua Levu.

- Conslderable progress has been made toward lmprovlng the deflnltlon of the Indian- .
Paclfic plate boundary north of Fiji (Project A.3, 10C Workshop Report No. 27). .Two cruise
legs of the R/V KANA KEOKI in 1981 fccused on the complex junction between the Lau Basln,
the North Fijt Basin and the paclflc Plate. The geology of Wallis and Futuna Islands has been
compared with that of Hunter, Matthew and Kandavu. These all appear to have slmllar struc-

tural settings. Addltlonal work, however, needs to be done,

Re-examlnatlon of the data collected since 1970 on earthquake actlvlty In the North "
Fiji-Lau Basins area has begun. The telemetered selsmic network In Fijl has been lmproved |
by the provlslon of an on-llne computer for lnterpretation of data. Since the accuracy of locatlons
still needs to be lmproved, It is recommended that selsmic stations be lnstalled on Islands such as

wallis, Futuna, Rotuma and Niu'a'fou.

Formatlon of North Fnl Basin andjpreadluHrstory and the evaluatlon of hydrothermal metalllc

mineral deposrts

Within the North Fl;l Basin tossll spreadlng pattems and parts of an actlve spreadlng

system have been ldentified. Current stress release within the reglon suggests that these
patterns have recently changed. In order to evaluate potentlal metallic mineral resources -
associated with hydrothermal activity, it will be necessary to map and examine both the presen-

tly active and * tormerly actlve spreading systems.  Although some of these Investigations
‘ were initiated during the 1982 Tripartite Cruises, It Is recommended that geophysical/geological
lnvestlga‘tlons’ of the North Fiji Basin be expanded. Ty‘pes of'surveys should include high resolution
sea floor mapping techniques (SeaMARC I or équlvalent), bottom-water sampling/bottom camera,

and midwater geochemical anomaly detection.

‘Rifting on the Fljl Piatform: Extenslon tectonlcs'and the posslble'development of sulphide

ore bodles

Posslble rift graben development and recent alkalic volcanism in northern FI]l artl-
“cularly around Natewa Bay, may be evidence of the requisite extensional regime conducive -
to the formation of Kuroko-type sulphide ore bodies, submarine deposits.of which are found
on Vanua Levu. Kuroko-lype deposits characteristically occur in linear belts contalning - -
numerous deposits (e.g.-Japan, N. Turkey) and here there Is potential for discoverles of further
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deposlts in the area. The tectonic and alkalic volcanic activity may be related to contiguous
" basin dilation to the north and east, l.e. In the eastern part of the North Fijl Basin and in the
Lau Basin, ltis recommended that comprehenslve geophystcal/geologlcal studles of the
northern margln ot the Fljl platlorm be lnltlated Shelt and basin morphology °hould be dellneated |
using hlgh resolutlon bathymetrlc and selsmlc methods. Bottom geochemlcal sampllng should '

also be undertaken to-detect anomalous metal concentrations.

Fiii Platform Arc Development Terraln recognltlon asa gulde to the evaluatlon of derocarbon :

‘ gotentlal

Formation of arc terraln in the Oligocene and Late Miocene may have provlded a
sultable substrate“for platform carbonate deposition which could become the requisite source/
reservolr rock for hydrocarbon accumulation, Arc deformation and everthrustlng may also
provide sltes for the development’ ‘of pinnacle reefs. Massive and recurrlng plutonic Intrustions -

' may have signiticantly elevated the regional thermal regime provldlng for the maturation of -
hydrocarbons. “Several magmatic arcs have already been Identified In the Fiji Platform area,””
Subduction polarity needs to be confirmed. Forearc and backarc environments need to be -
identlfied. It is recommended that compllatlon ot exlsting selsmic data be understaken and
that addltlonal slngle- and multl-channel selsmlc data be acqulred in the nearshore and off-
’shore waters of the Fljl Plattorm proxlmal 1o the arcuate structure. Dellneatlon of the contl-
guous seafloor magnetlc anomaly conflguratlon may also provlde lnslght lnto rotatlon and

_tectonism of the platform.

New Hebrldes Arc Development° The potentlal tor hydrocarbon accumulatlon and metal enrlchment

Potentlal exlsts tor both hydrocarbon accumulatlons and hydrothermal metal rlch concen-
trations ‘within the New Hebrides Arc. With respect to the former, a study of known sedlmen- '
tary basins has already begun. lt ls recommended that '

a) ~detalled.marine.geophysical surveys lncludlng the collection of slngle and multl-channel
.. reflectlon, gravity and magnetics be undertaken in the eastern margin of the Central

Basin and across the less well-known basins off the Banks, Torres and Santa Cruz .

Islands; - - : : - L ) S
b) - heat flow data to test the thermal regime be acquired from all basins;
c). . onshore blo- and Iithostratigraphic correlation be made between adjacent iIslands In

the forearc and back arc regions and that comparisons be made with dredged samples
in the tntra-arc basin between; ’
d) the limited prellmlnary source rock studies undertaken to date be ‘continued and augmen--
ted by sampling from all formations with potential for hydrocarbon generation;
e) with respect to the potential for hydrothermal metal concentrations, detalled samplllng

is'required over the known hydrothermal lron deposit associated with submarine volcanism '

3
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ott Epl a search be made in approprlate areas along the complete Iength of the mag- |
. o matlc arc (Central Chaln) tor slmllarly sltuated deposits; o |
. N _supplementary Investigations be undertaken with relevance to the development of
- the are lncludlng radiometric dating of Miocene andesltlc intrusives of the forearc -
Westem Belt volcanlcs and a survey of the little known West Santo Basin and West

Torres Masslt to the north of the D* Entrecasteaux Zone,
[

Pro;ect A-2 3:Arc Reversal and Forearc Processes in the Solomon and New Hebrides Arcs

New Hebrldes Solomon Islands Arc Reversal

. ln Vanuatu and the Solomon Islands a change in subduction polarlty trom southwest-
ward to northeastward was preceded by emplacement of serpentlnlte dlaplrs on Pentecost
and ophlolltlc bodles on Malalta In the eastern chaln of the archlpelago. This raises the possl-
bllity that, as suggested for some arc systems elsewhere in the world arc reversal and ophlollte_
emplacement were triggered by collision of the arc system with a continental fragment Inac-
tive tsland arc, or oceanic plateau. Colllslon, in the late middle Miocene, would have Involved
southwestward underthrusting and possible loss of the colliding block beneath both the eastern
chaln and the Aoba Basin and New Georgla Sound.

Analogy with other reglonc suggests that the postulated colllslon was accompanled T
and followed by northeast-dlrected thrustlng in and beneath the eastern chaln, and southwest-' "
~ directed back-thrusting with formatlon of assymetric antlcllnes in the late Miocene to Pliocene B
‘successions of the Aoba Basin and New Georgia Sound. It also suggests that late Miccene
subsidence in the Aoba and New Georgla Sound basins was genetically related to the collision,
was probably not accompanied by graben formation, and that the late Miocene sediments -
might be underlain at depth by older de'poslts of the pre-collision fore-arc basin. The back-""
thrustlngprovldes a possible explanation for the submarine ridges in the Aoba Basin east
of Malekula and Esplrltu Santo. Back-thrustlng further tc the southeast, west of Malekula - -
and Esplrltu Santo, could have initlated northeastward subductlon which propagat‘ed laterally
v along the length of the archlpelaoo at the end of the Mlocene, and which contlnues today.

Addltlonal evidence for this postulated collislon, together with more detailed knowledge - '
of the. geologlcal processes accompanying it, would result In a major advance In understanding
of the Miocene-Pllocene geologlcal evolutlon of the Vanuatu-Solomon Islands arc system,
could provide a tectonic model broadly appllcable to collisions, assoclated ophlollte emplacement
and reversals In arc polarlty elsewhere in the southwest Paclfic, and would yleld turther data

on geologlcal events accompanying late Pliocene or Quaternary colllslon with the ar Entrecas- ‘

teaux fracture zone,

" 'The Aoba and New Georgla Sound basins contain sedimentary sections of late Miocene -

to Pliocene age with possible petroleum potential. In the Aoba Basin north-trending anticlines -
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occupy a tectonic position, relative to serpentenite diapirs and a late Cenozoic volcanic
arc, analogous to that'of the oil- and gas;bearing back-thrust related assymetric- anti-
cline of the Central Lowlands fore-arc basin in Burma. An understanding of the post-
0ligocene regional tectonic evolution of the Vanuatu-Solomon Island arc system would have
major implications for the oil potential of the Aoba Basin structures, of similar struc-_
tures which might be expected in New Georgia Sound, and of analogous structures in other
Southwest Pacific arc systems in which back-thrusting'ﬁight be expected. The results
could also provide new evidence for mechanisms of ophiolite obduction and diapirism, with
implications for the chromite potential of ophiolitic bodies elsewhere,

It is recommended that a work programme be implemented to include (a) evaluation
of existing data to indicate areas for limited on-land geologicalfinvestigations to
obtain the c]osest possible time constra1nts on the emplacement age of the ophiolite
bodies and t1me of arc reversal, together w1th (b) offshore mu1t1channe1 se1sm1c reflect1on
prof111ng to 1dent1ty gent1y 1nc11ned thrust surfaces beneath and east of the eastern '
chain, and - southwestward-verg1ng thrusts or assymetr1c ant1c11nes in the Aoba and New
Georg1a Sound Bas1ns ’ o ' ‘

Fore-arc magmatism and mineralisation in the Solomon Arc’

The western Solomons is a site of modern fore-arc magmatism associated with sub-
_duction of an active spreading centre. Investigations undertaken as part of Project.
"~ A4 (I0C Workshop No. 27) identified .one act1ve submarine. vo1can1c centre, Kavach1, as

being mineralised. Strat1form copper pyrite dep051ts of Bessh1-type have been ascr1bed
broadly to this k1nd of tecton1c sett1ng i

The termal effects of spread1ng-r1dge subduct1on are poorly known as are the. mecha-
nisms. by wh1ch fore-arc magmas are generated..

It is recommended that the following investigations in the western Solomons be |
implemented with the aim of developing a predictive-process model of forearc magmatism'
and associated mineralisation: a) petrogenesis of. fore-arc magmas; b) aeromagnetic and
areal grav1ty character1st1cs of fore-arc magmat1c zone; c) prec1se dating of adJacent '
volvanic centres in order to determ1ne their re1at1onsh1p to deformatlon in the fore-z
arc; d) mode111ng of tr1p1e Junct1on behaviour and its effects on the asthenosphere '
beneath the fore- arc, e) closely spaced sediment samp11ng in the vicinity of fore-arc -
volcanic centres such as Kavachi to study the local volcaniclastic contribution;
and anomalous trace metal concentrations in sediments. A

Project A-2.4: Initiation and Early‘Stages'of Back-Arc Basin Evolution

The western Woodlark Basin- East Papua region is a contemporary examp1e of an
active small ocean basin extendlng by rift propagat1on through the crust of an ancient
island arc comp1ex The Lau Basin-Havre Trough-While Island-Taupo region provides another
example, in this case of a back-arc-basin associated with a magmatic arc. Study of the two
regions would help to elucidate the relation between the locus of rifting and earlijer
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magmatic arcs and also the relationship between rifting and the establishment of
a new volcanic arc.

tis recommended that to understand the processes involved, detalled marine geological
" ‘and geophysical surveys be undertaken Including precision swath mapping and submer_slble
Investigations. It'ls als/o recommended that development of hydrothermal systems during.

ritting al old crust, particularly as related to metallogenic implications, be lnvestlgated.

This:project forms part of sub-programme BAT (Back-Arc Tectonics) of the lOC (WEST-
PAC) Marlne Geology and Geophysics Research Programme.

Pro)ect A-2.5:Evolution of Major Geomorphic Terrains in-the Papua New Guinea Reglon.
("Project 42") '

Collision tectonlcs and arc reversals are known to have occurred across East Papua
and the New Gulnea nghlands. These are fundamental tectonic processes- thelr importance
to the development of mineral resources having been repeatedly recognised by varlous sclen-
tific groups, Most recently, hlghllghted In the lOC/WESTPAC Il Geosclence programme recom-

,- mendatlon {subprogramme: Colllslon Tectonics). These tectonic events, accompanled by

'arc magmatlsm and back arc basln formation in the Blsmarck Sea and Woodlark Basin and
perhaps even tn the Solomon Sea seem to have controlled mlnerallzatlon ‘and sedlmentary
basln development tactlltatmg known hydrocarbon ‘accumulation. Understandlng of the plate
klnematlc and tectonlc hlstory would substantlally enhance chances of dlscovery of yet un-

detected resources.

In view of the foregolng, the WESTPAC 1] recommendatlons concernlng the posstble
Tertlary arc-contlnent and arc-arc colllslon in Northern New Gulnea are considered to be
partlcularly relevant it Is recommended that a single broad-transect style ot lnvostlgatlon g
embodytng the attnbutes of the prevlous SEATAR transects proposed tor the PNG reglon, ’
be inlttated This will be partlcularly well sulted to the solution ot the major goodynamlc prob-

Iems relattng to the accumulatlon of mlneral and hydrocarbon resources ln the reglon.

The methods that need to be applled tnclude among others, geologlcal mapplng, paleo-
magnetlc studies, deep crustal studles, airborne and marlne geophyslcs, Determlnatlon of

' the age ot the Solomon Sea Basin Is critical to understandlng the ktnematlcs of the reglon.-

‘P‘:roject A-2.6:Pre-Pliocene break-up history of the Southwest Paclfic: A Reglonal Framework

Study
Upper Mesozolc and early Tertiary sedlmentary history is recorded in rocks beneath
the ridges In the Southwest Paclfic. These ridges have moved alway vtrom Australia In east

and northeasterly directions separating associated rock sequences (terrains). .
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Reconstructions of crustal elements In this area by returning the ridges to their original
positions reunites a) island arcs, b) sedimentary sequences assoclated with those arcs, and
* ¢) basal rocks of the original terrans assoclated with the pre-breakup Australian continental
margin. In the northern part of the region the single extenslonal picture has been compllcated
by other lectonic events, tfor example arc reversals and arc movement in.the opposite dlrectlon.
In the south, south of New Caledonla and Fijl, a baslcally simple picture of eastward migrating

ridges remains.

Reconstructions of Tonga-Kermadec, Lau, Three Kings, Loyalty, Norfolk, and Lord
-Howe rldges wlll establish not only the tectonlc hlstory but will bring together the broken - .
up sedimentary basins associated with the volcanic arcs.- A study of each basin as a complete
unit will assist greatly with the evaluatlon of the hydrocarbon potential of the eastern parts

- of the older baslns which now lie on the Tonga and Lau Ridges, -

- A review of the tectonlc hlstory has revealed that whlle much progress has been made
lntormatlon In som.e areas Is Iacklng and there ls speculatlon about early break-up hlstory.
More lntormatlon Is needed on magmatlc events especlally the posltlon of arcs In the Mlocene.
lnformatlon trom outcrop studies on 'Eua, drllllng on Tongatapu, slngle and rrultlchannel selsmlc ‘
retlectlon and sea ﬂoor dredglng on the stratlgraphy structure of the Tonga Ridge have ldentl-
fied sedlmentary sequences that thlcken to the west thtle Is known of detalled stratlgraphy
and structure of the Lau Rldge and other rldges further to the west Slngle channel selsmlc Lf‘ '
retlectlon has reconnalssance cover only and multlchannel lines are tew and are llmlled to
the currently active arc, Lord Hewe Rise and near New Caledonla (”. Sedimentary sequences

that outcrop along the edges of the rldges have barely begun to be sampled

it ls recon‘mended that the tollowlng pro]ect elements be lmplemented These will
lead toa greater understandlng of the breakup history ot the Australlan contlnental margin
and the tectonlc evolutlon of. the reglon, partlcularly the sedlmentary hlstory and recognition
of terralns, : _' o .
a) east-vt est multlchannel selsmlc reﬂectlon llnes across Lau, Three Klngs, Loyalty and .
Norfolk rldges and thelr margins with ad;acent basins, to establish structural relatlonshlps

“of sedlmentary baslns present and allow better correlatlon between rldges

b}y . rock dredging of Mlocene and older sedlmentary sequences along the marglns of these
' rldges In areas where they have been least affected by subsequent volcanic events,
to establish the nature of the sedlmentary sequences the orlgm ot the sedlments and

environment of deposltlon' ‘

c) rock dredging of basement sequences to establish pre-break up form of the Australlan
continental margin, present distribution of pre-break up terrains and subsequent vertical

tectonic hlstory of each rldge system.
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B.' Report of Commlttee B on Dlstrlbutlon Character and Genesls of Offshore Metallic

Degoslts i

~

Sub-commlttee Partlclpants.

BOLTON B.R. (Rapporteur)
CRONAN, D.S, .

CULLEN, D.J.

EXON, N.F. (Chairman) .
FISK, M.B.

" GLASBY, G.P.
'HOWELL, D.G,

" "KEAR, D.

- KRUTEIN, M.
MACHESKY, L.F.
McMURTRY, G.M,
ROWLAND, R.W.
SHIMAZAKI Y.
.TAYLOR B.

AUTANGA A T,

Introductlon

The 1975 Suva Workshop recommended fleld 5ur\)eys ln. the Soutn' Paelflc for manganese
nodules and metalliferous sediments.” A considerable amount of manganese nodule work
was done before the 1980 Noumea Workshop, at whlch 5 pro]ecfs dealing wlth.metallogenesls »
were proposed. These Included speclfic projects on phosphorltes, manganese nodules, and

metalllferous sedlments.

Since the Neumea Workshop considerable work has been .done in all these areas.i_n‘

" Phosphate has been sought by CCOP/SOPAC in lagoons, and by CCOP/SOPAC and NZOI

on offshore ridges and seamounts, with som.e scientific success.. Major reviews of manganese
nodule occ.urrences anq some sampling were carried out by CCOP/SOPAC, reviews of nodule
data were prepared by NZOl, and the Japanese Geologlcal Survey was active in the:northern
part of the region. A review of geochemlcal data for CCOP/SOPAC pointed to a nurrber '

of reglons where metalliferous sediments mlght be found. Metalliferous sediments were found

by CCOP/SOPAC off Eplin Vanuatu and by a Trlpartlte crulse ln the North Fljl Basin, . A joint

NZOl/imperial College crulse dlscovered hydrothermal manganese crusts on the western Kerm- .

adec Rldge, and metal enrlchments in Lau Basin sediments.

Cobalt-enriched crusts and nodules have been found on sediment-free upper slopes
-of Islands and seamounts in the western Pacitic, Their economlic potential stems from the fact

that cobalt concentrations up to about 2% in samples from the upper slopes of the Hawallan
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archipelago, Mid-Pacltic Mountalns, Line Islands and elsewhere have been measured These

enhanced cobatt concentrations, make the upper slopes attractlve targets tor exploratlon.

The recent reviews of manganese occurrences In the reglon have shown clearly that
oreégrade noduies are only likely to be present beneath the ‘bloloélcal hlgh-productlvlty zone
along the equator from 1p°$to 10°N, hetween the Gllbert and Line Islands. The subcommittee
believes that reconnalssance sampling should largely be replaced by detalled studies of smaller

‘prospective areas.

Metalilferous deposits In shallow;-water areas are assoclated with volcanoes or vents
in Island ares. In spreading centres.In deep water elsewhere In the world sulphide deposits '
commonly contain such rnetals as copper, zine, lead and sllver in varylng concentratlons 7

“up to 10,-50, 0.25, and 0. 05%, respectively. These values are 10 to 100 times the concen-
trations In deep-sea ferromanganese nodules. The masslve sulphldes and assoclated "black
smoker" chimneys discovered so far are located along the axes of medium to fast spreading

centres In the Paclfic (6-10cm/yr).

Thls subcommittee recommends that 5 projects should be pursued in the near future:
studlies of phosphorite and lagoonal phosphate, metalliferous deposlts ln shallow-water arc
environments and deepwater back-arc envlronments, cobalt-rich manganese crusts, and

manganese nodules. The phosphor!te and lagoon phosphate studies (B.1) continue the

- Noumea Workshop's Project C3.1, the metalliferous deposit studies In shallow water |8.2) -

" form a new project, the metalliferous deposit studies In deepwater (B.3) continue C2,1, the

~ cobalt-rich crust studies (B.4) are new, and the manganese nodule studies (B.5) continue

C2.2 and C2.3. There are strong linkages between Project B.3 and the WESTPAC Back-arc
Teétonlce Prbgrantnre.' There lé nb‘o'_rde’r 'df prlorlty, In_tended br Implled, in listing these proj‘ects.

The subcommlttee also stresses that opportunltles should be taken to study hazards
assoctated with arc volcanoes, and to gather oceanographlc data/, such as the physical and
chemical propertles of water masses and on deep ocean currents. These data will be of pot-‘\
ential value, for example, for OTEC studres and any possible plans for dumping of hazardous- .
wastes, The subcommitiee believes that a future workshop should consider past and future

research Into nearshore mineral‘occurrences, such as sand, gravel and placer minerals.
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Project B~1: Phosphorites, phosphatic sediments and assoclated terrornagganese crusts

1. Areas of Interest

South Paclttc north of 23°S, and between .150°E and 155°W concentrating on shallow
banks along the northern margin ot the North Fljl Basln, on the sea floor around known phos- ‘
phorlte-rlch lslands, on the northern Tasman Sea and Coral Sea seamounts, guyots and banks, :

selected lagoons and east of New Zealand on the Chatham Rtse.

2., Sclentltlc and resource oblectlves

Determlnatlon of the dlstrlbutlon of phosphatlc and assoclated terromanganese deposlts
in the deslgnated area radlometrlc datlng of such materlal geochemlcal anatysls with a vlew
to dlscoverlng the provenance, and mode of deposltlon as well as geologlcal assoclatlon (e g.
phosphate-terromanganese assoclations); and lnterpretatlon of relationships, if any, between
phosphorltes on seamounts and those exposed on Pacitic islands; Location of commerclally

exploitable deposits. .

S3. Methods of Invesgatlon B

‘(a) High resolutlon protlllng .

, () Plpe and mesh dredging.
(c) Piston and box cofing
(d) Underwater rotary drllllng. .
(e) . Vibrocoring and rotary drllllng In tagoons.

(M) Underwater photography.
_(g)‘ Submerslbte observatlons and sampling.
(h) Shlpboard spectrophotometry to allow preliminary Identltlcatlon and estlmatlon
_of phosphorus.
m Partlcle-track autoradlography and/or alpha spectrometry. '
() Geochemlcal anatysts. ]

o

Prtoj'e'ct B-2: Near-surface submarine volcanoes: metallogenesis and assessment of volcanic

hazards

1., Areas of Interest

- Actlve near-surtace submarine volcanoes of the southwest Paclfic, lncludlng offshore

“Epl, Rabaul harbour, Kavachl and the submarlne volcano east of the D'Entrecasteaux Islands, -
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2. Scientific and resource objectives

To locate and study hydrothermal deooslts, and to evaluate the potenttal hazards,

of active near-surface submarine volcanoes.

3. ' Methods of Investigation -

a) Detalled bathymetry and side~-scan Imagery uslng swath-mapplng technlques. '
" b) . Deep-towed underwater photography. C
c) Precision sampling with cores and dredgesi _
d) Submersible observations and sampling of the active vents, and studles of
. the morphology, tectonlcs, and extent ot hydrothermal deposlts. '

e) Submerslble deployment of geophyslcal and geochemlcal monltorlng equlpment.

N Geochemlstry and sedlmentology of recovered materials,

Project B-3} Nature1 origin and development of metalliferous depoétts elond active rifts '

“t

1. Areas of interest

Teclonically actlve rifts and spreading centres within the o marginal basins
of the Southwest Paclfic, Such as the Manus Basin, the North Fijl Basin, the Lau Basin,

and the Woodlark Basin.

2 Scientlfic and resource objectives

To locate and study submarine hydrothermal metalliferous deposlts In baslns contatnlng
_active rifts, Comparison ‘should be made with rift-related hydrothermal deposlts on mid-ocean

ridges.
3. - Methods of investigation
(a) Compllatlon of existing marine geological and geopnyslcalﬁ'data,' and data covering
selsmic actlvlty, ’submarlne volcanic actlvity, rifting and faulting, with a view
to delineating active rifts where hydrothermal activlty'mlght occur.
. {b) High | resolutlon bathymetry, :.ide scan sonar, magnetics gravimetry and seismlc

reflection protlllng In areas of lnterest outlined by (a) above, ustng swath-mapplng

techniques such as SeaMARC.
(c) Deep-towed photography.

(d); ‘ Measurements of the thermal and chemical propertles ‘of the bottom waters,
in particular analysls of hydrocasts to detect anomalous 3He Mn and CHQ

in the water column.
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(e) Sampling with corers and dredges, precisely located.

(f) -~ Submersible observations along selected areas of the rifts In order to collect
e samples and study the tectonlcs, morphology, physical propertles and extent

of hydrothermal deposits,

(9) Geochemlstry, petrology, and s’edlmentology of recovered materlals.

Project B-4: Distrlbutlon, composltion and envlronment of deposltlon of Cobalt-rlch ferro- '

mang nese crusts

1. ’ Areas of Interest

Bathymetrically favourable sites in the Line Islands, Phoenix lslands, Cook lslands,

northern Tonga and Samoa.

2. . Sclentlflc and resource objectives

To investigate the extent, composition and environment of deposition of Cobalt-rich

ferromanganese crusts In the southwest Pacific,

3. Methods of investigation
(a)  High resolution bathymetric and selsmic reflection (including 3.5kHz) profiling.
(b) Precisely Iocated bottom sampling using grabs, corers and dredges.’
(c) Detalled Investlgahon of seafloor topography and posslbie delineation of crust

'materlal by seafloor Imaging systems, lncludlng bottom photography, television

and side-scan sonar.

(d)‘ Measurements_of bottom-Water'propertles includlng temperature, salinity and,
density. ' '
(e) Geochemistry, mineralogy and petrology of recovered materials,

Project B~5: Environments of depaosition of potentlally'economlc nodules

1. Areas of Interest

The equatorial basins between about 10°N and 10°S, and In particular the region between

the Line and Gilbert Islands and the northern Cook Islands. . RN

2.  Sclentific and resource objectives

To determine the locations and environments of potentially economic nodules in the

equatorial western Pacltic,
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3.

Methods of Investigation

(a) = High resolution bathymetric and seismic reflection (Including 3.5 kHz) proflling.
(b)  Precisely located bottom sampling using grabs and corers Including box corers,

(c) Measurements of bottom-water propertles including temperature, salinity,and
denslty. _

(d) . Bottom-current measurements.

(e)  Seafloor Imaglng, lncludlng bottom photography, televlslon and slde-scan sonar.

(f) Geochemlstry ‘and mlneralogy of recovered malerlal. 3

RECOMMENDATIONS

(o
(2)

(3

N

Committee B re&:dmmends'; s

TO CONTINUE studies on the nature, extent, environment of depaosition and economic

potential of offshore metalliferous deposits In the soGthwest Pacilfic. -

TO CONTINUE mvestlgatlons of the distributlon and geologlcal relationships of submarine

'Iagoonal phosphorltes I the southwest Pacific.

"TO ENCOURAGE and prg,mote closer cooperation with IGCP Projects 111 (Manganese)i’

and 156 (Phosphorltes).

TO STUDY nearshore, shallow-water areas surrounding island countrles td assess

‘the extent and distribution of industrial/construction materials, placer and lode mlnerals,

and the potentlal environmental impact of thelr extraction.

Report of the Ad Hoc Working Party on Mineral Resources of Nearshore Areas

Working Party Partl'cvlpants: ‘

BIRD, E.C.F. (Chalrman)
CROOK, K.A.W.
FRANKEL, E.
GLASBY, G.

- MACFARLANE, A.

Introduction

Although the mineral resources of nearshore areas were not considered In detall In

the Workshop Committees, several participants expressed interest in these, and an ad hoc
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working parly was set up, It recommended that a sclentlfic programme should be outlined
for turther development at a subsequent Workshop on Marine Research in Nearshore Areas.
Such a Workshop ‘would beneflt studies almed at the assessment of nearshore mineral resour-

ces. - , '

Such a programme should Include geomorphologlcal sedlmentologlcal and related
blological studies of exlstlng reel laqoon and caastal envlronments- the mapplng and car-
relation of submerged palaeocoastal and palaeotluvlal features (notably Inclsed and lnfllled
river valleys traverslng nearshore shelves and slopes), wlth reference to tectonlcs and Iso-
static adjustments; the mapplng of patterns of seagrass and mangrove communltles in relatlon
to nearshore sedlment distribution and flow; analysis of beach and nearshore hydrodynamics;
documentation of sea level changes; and quantification of sediment yields from rlvers, and

from the eroslon of coastal clitts, rock platforms, and reef formatlons. :

PR

It is also recommended that pilot research projects in at least some of these fields
be Initiated with the support of IOC and other UN agenciles, In assoclation with universities
and research Institutes In the South Paclflc'.':A pliot project on the budgeting of reefal sediment
* Inputs to the Suva lagocn, where coralline sand and gravel are being extracted, has already
“been planned, and vvlllf'pr'ep'are the way tor more extenslve assessments of nearshore sand
and gravel resources and of the environmental etfects of their mining from nearshore lagoonal

areas.

Project C-1: Sedlment budgets in reel-frin_cgd lagoons

It Is known that large quantities of sand and gravel occur beneath the floors of lagoons
between outlying coralireefs and Island-mainland coastlines. Scme of this material Is of terri=
genous (mainly fluvial) orlgln, but the bulk of it is coralline detritus produced by wave erosion
of reef tronts and reef crests, followed by landward overwash, Some reef sectors are actively
generatlng such overwash; others show only meagre, lf any, coralline sediment lnputs in the
‘lagoon. Where sand and gravel extraction Is contemplated, it may be preferable to exploit
lagoon sectors recelving such overwashed sediment rather than those where the bottom sedi-
ment Is evidentlv largely relict. Geomorphological and.ecologlcal studies of reef sectors are
needed as a basls for the classlfication and mapping of nearshore environments In terms of
contemporary sediment budgets, supplemented by studies of the nature and abundance

of fluvial sediment yield, and the distribution of the resultlng lagoon-fldor depaosition,



"10C Workshop Report No. 35
Annex V - page 24

1. - Area of Interest -

nitially, as a pllot project, the Suva lagoon, S.E, Viti Levu, Fiji; e\'/éhtua:lly thé near-

shore zones of all coral-fringed South Pacltic islands.

2. . ..Sclentlfic objectives

Determination of se'dlmént budgets, flow batterné, and depositional distributions In
Iagoon sectors between outlylng coral reefs and Island-mainland coastlines as a basls for

generally appllcable classlfk.atlon and mapplng of these dynamlc envlronments.

3, ~ ~Methods of Investligation
(a) Geomorphologlcal ecologlcal, and sedlmentologlcal mapplng.
(b) - Reef front and reef crest surveys using remote sensing and grdund measure-
ments, ' , . '
{c) Quantification of trans-reef sediment flow using interceptor troughs and dams.
(d) ~ Fleld monitoring of movemen‘t of sand cays and splays Into lagoon environ-
' ments, - ‘

(e) Fluvial sediment yield quantitication from sampling and Interceptors,
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LIST OF SCIENTIFIC PRESENTATIONS

Speakers are undérllhed. Only the affillatlon of the speaker Is given,

CENOZOIC TECTONIC EVOLUTION OF THE SOUTHWEST PACIFIC

L.W. Kroenke
Hawail Institute of Geophyslcs

ISLAND ARCS AND SEDIMENTARY BASINS IN THE NW PACIFIC RIM :

Ellchl Honza -
Geological Survey of Japan

ISLAND ARC BASINS AND PETROLEUM PROSPECTS IN THE SW PACIFIC: A SYNOPSIS o

H.R. Katz
New Zealand Geologlcal Survey

MAXIMUM UTILIZATION OF SATELLITE IMAGERY IN THE SEARCH FOR OIL AND GAS ONSHORE
AND OFFSHORE '

Wward H, Austin -
Paciflc Energy & Minerals Ltd., Fl]l

GEOMORPHOLOGICAL IMPLICATIONS FOR SEA FLOOR MINERAL PROSPECTING

Erfc C.F, Bird
University of Meibourne, Australla

MANGANESE NODULE DEPOSITS IN THE CCO.P/SOPA‘..': REGION

N.F. Exon
Bureau of Mineral Resources, Australia

SOME AREAS FOR FUTURE WORK ON MAHINE METALLIC RESOURCES .+ '~

Y. Shimazakl
Geologlcal Survey of Japan

A PRELIMINARY INVESTIGATION OF POLYMETALLIC CRUSTS FROM THE D' ENTRECASTEAUX
ZONE, SOUTHWEST PACIFIC

B.R. Bolton & R.V. Burne
La Trobe University, Australla
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SOME TECTONIC CONTROLS ON METALLOGENESIS IN ARC SYSTEMS

A.H.G. Mitchell
United Natlons, Philippines

GEOLOGY OF NORTH FiJI BASIN

J.V. Eade & L.W. Kroenke
New Zealand Oceanographic Institute

. GEOCHEMISTRY OF METALLIFEROUS SEDIMENTS FROM THE NORTH CENTRAL NOR/H FIJI
. BASlN

Gary M. McMurtry ‘
Hawali Instltute of Geophysics

RECENT WORK ON FlJI HYDROCARBONS PROSPECTS RELATED TO THE GEOLOGICAL EVO-~ -
LUTION OF VITI LEVU

R.A. Eden & R. Smith -

Mineral Resources Department, Fijl

THE WESTERN EXTENT OF SAMOAN VOLCANISM AND THE MARINE GEOLOGY OF SEDIMEN=+A
TARY BASINS SOUTH OF VITI LEVU, FIJI

R.M. Brocher, R. Duncan, J. Sinton, R, Holmes, & C. Helslex
Hawail Institute of Geophyslcs

LOW STRESS DROP . EARTHQUAKE IN SOUTH VANUATU: A FACTOR OF LOW HAZARD

R. Louat
ORSTOM, New Caledonia

THE RENNELL ARC -

R.V. Burne ,
CCOP/SOPAC Technlcal Secretarlat

1982 KANA KEOKI CRUISE IN THE WOODLARK-SOLOMONS REGION .- -

8. Taylor
Hawall Institute of Geophyslics

EVOLUTION OF .THE WESTERN SOLOMONS AND WOODLARK BASIN: EVIDENCE FROM SEDIMEN-
TARY PETROLOGY AND GEOCHEMISTRY"

Keith A.W. Crook & Gordon R, Taylor
Australlan Natlonal University

REVIEW OF PALEOMAGNETIC RESULTS FROM PNG - REGIONAL TECTONIC FRAMEWORK

D.A. Falvex '
Bureau of Mineral Resources Australla
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HYDROTHERMAL METALLIFEROUS SEDIMENTATION IN THE TONGA-KERMADEC RIDGE AND -
IN ADJACENT MARGINAL BASINS: IMPLICATIONS FOR SULPHIDE METALLOGENESIS IN THE
SW PACIFIC ‘

D.S. Cronan , with S, Moorby, G. Glasby, and K. Knedler
" Imperial College, England

TRIPARTITE GEOSCIENCE CRUISE PRESENTATIONS
Presentatlons were made by:

‘Tongan R/V LEE Cruise ~ D. Scholl (USGS)
Vanuatu R/V LEE Cruise - G. Greene (USGS)
Solohons R/V LEE Crulse - J. Vedder (USGS) '
Tripartite It MOANA WAVE cruises -~ B. Taylor (HIG)
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