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SUIPARY REPORT

SECOND INTERNATIONAL WORKSHOP ON MARINE GEOSCIENCE

(Mauritius, 9-13 August 1976)

1. Opening of the Meeting

The meeting was opened by IMr. John David Ardill, Divisional Scientific
Officer (Fisheries), on behalf of the Government of Mauritius. The Deputy
Secretary of the IOC, Dr. Glinter Giermann, welcomed the group in the name
of the three sponsoring organizations, IOC of Unesco, SCOR of ICSU and
CMG of IUGS. He thanked the Government of Mauritius for hosting and organizing
the meeting. The Group acknowledged with appreciation the considerable financial
contribution made by the Division of Marine Sciences of Unesco, and the US-IDOE
Office of the National Science Foundation, Washington IC. A list of participants
is attached as Annex II. -

2. Arrangements for the meeting

The Deputy Secretary speaking in thevname of the spdnsoring organizations
proposed Dr. Manik Talwani (USA) as Chairman of the meeting and asked whether
there were any objections. Dr. Talwani was elected unanimously.

The Secretary then introduced thé Provisional Agenda, which was adopted
without change (See Annex I).

Four llorking Committees were established by tﬁe;Chairman as follows :
(a) Evolution of Oceanic Lithosphere (Committge”Chairman : J. Ewing)
(b) Passive Margins (Committee Chairman : M,ﬁ;P. Bott)

(¢} Active Margins (Committee Chairman : D. Hussong)

(d) Marine Sediments'(Commitfee‘Chairman : E:nseibold)

3, Programme development

3.1 State of implementation of exercises 4.1 to 4.11 of the Intermational
Workshop on Marine Geoscience, Honolulu, 20-24 September, 1971,

The representatives of IOC and CMG introduced the documents made available

to the Workshop by the I0C, CMG, USA (Office of the IDOE) and IGCP (of Unesco/IUGS).

Dr. T, Gaskell, President ClG, was requested to summarise these do~uments and
to take into account comments received by the Workshop. His final report is
attached as Annex V.
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3.2 Recommendations for continuation or finalization of existing exercises

The matter was discussed partly under item 3.1, and partly under item 4,
by the four Working Committees established under 1tem 2. Recommendations are
therefore contained in the reports in Annexes IV and V.

3.3 Marine oscience mapping in the framework of the Commission for the
Geological Nap of the Worlid R

The Secretary of CMG introduced a document on llarine Geoscience Mapping
in the Framework of the Commission for the Geological Map of the World, prepared
by the Secretary-General of the Commission for the Geological Map of the World
(CGMW), of IUGS. He informed the Workshop that CGMV seeks the co-operation of
marine scientists in order to :

—~ complete the continental thematic (geological, structural, tectonic, etc.)
maps with data on the submerged areas,

- compile and publiéhﬂmaps_cbvering the submerged areas which are not on
the continental maps, ' '

- compile 1nformat10n on the submerged areas for the maps with world-
wide ooverage.

The Secretary of CMG informed the Workshop that the uecretary-General of
CGMW intends to create a special Sub-Commission {which would group together
representatives of the major marine science institutions), to enable marine
scientists to make the fullest use of their data. A first meeting of the
Sub-~Commission is =cheduled to be held in Sydney, in conaunctlon with the
International Geologlcal c ngress (August 1976). It is suggested that, inter
alia, editorial committees ‘will be formed for each ocean (or any sub~-area),
a convenor be designated for the preparation of a draft for the Tectonic
World Wall Map (1:15 million), and a legend be proposed for the geological
and tectonic maps.

The Workshop welcomed the initiative taken by CGMW, and recommended
its support.

4. Consideration of new 1dea8 for advan01ng7the frontlers of marine

EGOBCIGIICB

In order to implement this item, the Chairman had'decided, as stated
in item 2, to establish four Working Committees on the main subjects of
interest : the evolution of the oceanic 11thosphere, passive continental
and active margins, and marine sediments, with partlcular emphas1s on the
sea~seabed and land-sea interfaces. :

Two and a half days for dlscu591on and programme draftlng were
allowed to each Group before the Final- Programme was ‘adopted (see Annex IV)

S
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The Workshop adopted several recommendations addressed to the three
sponsoring organizations of the Workshop, the Division of Marine Sciences
of Unesco, the IGCP of Unesco, IUGS, etc., inviting them, inter alia,
to draw the attention of Member States to the new Programme, to assist,
in particular developing countries, in order to make their collaboration
in the Programme possible, and to >rovide susport for workshops, in rarticular

regional ones, with the aim of further developing details of the Programme.
The recommendations are attached as Annex III).

5. Adoption of the final report including recommendations

The Workshop adopted the final report, with all its annexes, including
recommendations and the Programme.

6. Closure of the meeting

The meeting closed at noon on Friday 13 August 1976.



vl

A

BT

1.
2,

3.

4e

e

Workshop report N°9
Annex I

ANNEX I

Second International Workshop on Marine (eoscience

Mauritius, 9-13 August 1976
AGENDA

Opening of the meeting
Arrangements for the meeting
Programme development

3.1 State of implementation of exercises 4.1 to 4.1l of the
International Workshop on Marine Geoscience, Honolulu,

20-24 September 1971

3.2 Recommendations for cbntinuation or finalization of
existing exercises

3.3 Marine gaosciénce mapping in the framework of the Commission
for the Geological Map of the World

Con91deration of new ideas for advancing the frontiers of
marine geoscience :

Adoption of the final report including recommendations

Closure of the meeting
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Divisional Scientific Off‘cer

(Fisheries) - g ~
Ministry of Flsher1es,

Port Louis R
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M.H.P. Bott

Department of Geological Science
University of Durham E :
South Road

Durham, DH1 3LG

United Kingdom

Tel., 64971

Gabriel Dengo

Director, Institute for Industry
(ICAITI) :
Central American Research

P,0. Box 1552,

Guatemala City

Guatemala C.A. Y
Tels 60631 - Telex 312 - Icaltl - QU

Leroy . Dorman

Geological Research D1v131on*A—015
Scripps Institution of Oceanography
La Jolla, Calif, 92093

UsA

Tel. (714) 452 - 2406

Olav Eldholm

Dept. of Geology, Uh1vers1ty of Oslo,
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Oslo 3

Norway
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Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543

UsA _
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United Kingdom
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0il Industry International Exp101tatlon

and Production Forum . ‘
59, Haymarket

London SW1Y 4QX

United Kingdom
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Unesco, s 3
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75700 Paris
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Bundesanstalt fiir Geow1ssenschaften
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3000 Hannover (0511)

Germany (Fed. Rep.)
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USA

Tel, (808) - 948 - 8711."

John A. Katlll
Ministry of Mines
Jakarta
Indonesia

Tel. 74807

LaVerne D. Kulm L :
School of Oceanography
Oregon State University:
Corvallis, Oregon 97331
Usa S
Tel. (503) 754-2296

Brian Lewis

Dert. of Oceanography and: Geophy31cs
University of Washington :
Seattle, Washington 98195

UsA o

Tel. 20-543 6043

Alberto G..Lonardi

Consejo Nacional de Investlgaolones
Cient{ficas y Técn1cas
Santa Fé 3886 .~ 1°A
Buenos Aires ERAREEEE
Argentina L
Tel. 72 - 7580 C S

XfDan McKenzie .- L :
Dept. of Geodesy and Geophy31cs -
Madingley Rise = |

Madingley Road jj”?ﬁp_5 STy I

Cambridge:: »
United Klngdom R T TR
Tel, 0~223 - 51686 e

Hari Narsin

‘Director, Naticnal Geophysical
"Research Institute

Hyderabad - 7

;=Ind1a,, o
Tel. 71124

Ph111p D. Rablnowltz

Lamont—Doherty Geological Observatory
of Columbia University

‘Palisades,: New York 10964

UsA
Tel. 914 - 359 - 2900

Ronald N. Richmond

Director of lMineral Development
Mineral Resources Division -
Private -Mail Bag.

G.P.0. Suva

Fiji

Tel, 381611

Eugen Seibold .

Geological Instltute Kiel University
Olshausenstr. 40/60

23 Kiel

Germany (Fed. Rep.)

Tel. 8802850

E.S.W. Simpson

National: Research Instltuie for
Oceanology

P.0, Box 320

Stellenbosch 7600

South Africa

Tel, 2916 Telex : 577126

M., Talwan1

Lamont-Doherty Geological Observatory
of Columbia:University : .
Palisades,. N.Y. 10964

UsA

Tel. 914 359 2900

Christopher C. wvon der Borch
School of Earth 3Sciences
Flinders University
Adelaide L

South Australia

Australia

Tel., 275 ~ 22 -~ 13,
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ANNEX 11T

Second Internatlonal Workshog on Marlne Geosclence

Maurltlus, 9—13 August 1976

RECOHMENDATIONo

The Second Internatlonal Iorkshop on Harlne Geosc1ence,

1, Recommends +that- the oecretary of the Intergovernmentil Oceanographic
Comm1sszon ‘bring the Programme which has been developed by the Workshop
to the attention of Member States and the appropriate subsidiary bodies

of the IOC, the Division of Marine Sciences of Unesco, the Scientific
Committee on Oceanic Research (SCOR) of ICSU, the Commission for Marine
Geology - (CMG) of IUGS, the International Geological-Correlation Pro-
gramme (IGCP) of Unesco and IUGS, the IEnginéering Committee on Oceanic
Resources (ECOR), other intergovernmental and non-governmental organiza—
tions, all international and national institutions, laboratories and
scientists interested in marine ‘geoscience, -inviting them to take into
account the recommendations ‘and proposals ‘made by thé Workshop when
preparing their own future international, national or institution
programmes, keeping in mind that the ‘programme: is a firm guideline

for the next three years, and a recommended working basis for the
decade to come, to increase fundamental knowledge of the’ land-sea
interface, of the. geology beneath the .ocean floor, and of global geo~
logical processes, which are 1ndlspensab1e in improving. the accuracy
of locatlon of mineral and hydrocarbon resources.

2. Recommends that the D1v1s1on ‘of Marlne Sclenoes of Unesco and the IOC
give assistance in the field of tralnlng, education and mutual assistance
in the marine sciences to countries wishing to participate in the Programme
established by. the.. workshOp, with’ partlcular attentlon to. developing
countries .which need urgent aid to bu11d up. their 1nfrastructure- that
countries hav1ng sophlstlcated equipment and manpower, ‘make -this available
to other countries, if so requested; that institutions which sponsor
geological and geophysical research, provide opportunities for scientists
of developing countries, to enable them to partlclpate in the planning
and implementation stage of cruises under this Programme; and that
countries, in general, facilitate the conduct of research recommended
at the workshop, as concerns the provision of visas, custom and research
clearances, logistic support, etc. ... . L

3. Recommends that Unesco, the IOC,and national institutions and foundations,
consider giving strong support to reglonal and topical. workshOps to.
develop further the Programme proposed by the workshop, and for the"
publication of. proceedings, maps, atlases,.bibliographies, etc.. resultlng
from the research conducted under the, recommenaed Programme. S

4. Recommends:ithat the sponuorlng bodles, IQo, SCOR and CMG as well
.as other bodies. 1nterested in marine selsmology, encourage international
- and 1nter-1nst1tutlona1 collaboratlon to enable seismological experlments
to.be carried out whloh are beyond the resources of 1nd1v1dual scientists
and 1nst1tut10ns.‘
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5.

Te

9.

10.

Calls attention to the importance of carrying out concentrated

investigations across passive margins to determine (a) sediment

structure, (b) nature and lecation of the continent-ocean boundary,
and (c) deeper struciure, emphazising in particular the need for
much more extensive deployment of multi-channel seismic reflection
techniques, and for development of ocean bottom seismological and
other equipment for long-term recording;

Recommends that IOC with the assistance of SCOR and CMG, develops
a programme to study the passive_margins of the Indian Ocean;

Recommends further that SCORy CMG and ICG, with the assistance of
I0C and the Division of Marine Sciences of Unesco, take steps to

_organize a symposium, preferably in 1978 dealing with the continent—ocean

boundary at passive margins.

Récommends to IPOD that oonvent,ionai downhole logging be carried out
in all holes, and that encouragement and practical assistance be

&lven to new types of downhole measurements;

recommends further to. IPOD that drilling to the top of seismic layer 3
and along transects of convergent margins remain a major objective;

Recommends that SCOR establishes two Hbrking Groupe on 3

(a) Oceanic Crust and Sea-Water Interaction,
(b) " Sedimentation Problems and Processes at
Continental Margins;

recommends that SCOR, in co—operation with ECOR, establish a Working
Group on High npergy Environments and Sediment Management Problems;

invites SCOR to stress again the importance of studies of fluvial
supply, as defined in Exercise 4.4 of the recommendations of the
First International Workshop on Marine Geoscience, Honolulu, and in
the mandste of SCOR Hbrking Group 46; '

Reoommends tham SCOR and Cﬂﬂ set up Horking Croups on :

" (a) Marine Geochronological Methods,
(b) .Cerozoic History of Ocean Basins, and
(c) Depth Indicators in Marine Sediments;

recommends also to SCOR that, if 80 requeated, a symposia be held on
e & ove subjects; _ _ f

Recommende that the IOC and IHO, being Jointly responslble for GEBCO,
be asked to look into the problems concerned with the provision

of'bathymetrio data in digital form for quick dlesemlnation, on request~

Recommends that the new I0C Association for the’ Caribbean and adaacent
‘reglions ZIOCARIBD), which is at preeent considerlng an active programme
in marine geology and- geOphyulce, be strongly supported in its work.
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Annex IV
INTERGOVERNMENTAL OCEANOGRAPHIC COMMISSION
(OF UNESCO)
SCIENTIFIC COMMITTEE ON OCEANIC RESEARCH COMMISSION FOR MARINE GEOLOGY
(OF Icsu) (FOR 1UGS)

Second International Workshop on Marine Geoscience

Mauritius, 9-13 August 1976
ANNEX IV
Pmmm
SCTENTIFIC REPORT

Preamble

Marine geological and geophysical research in the oceans during
the last twenty years has led to enormous advances in our understanding
of geological processes in the earth, Geologioally speaking, oceans are
simpler than continents., Because this is so, studies in oceanic areas
will continue to provide the key to the question "What are the processes
which have controlled the generation and distribution of continental
and oceanic crust ? " . Plate tectonics up to now has been of more
intellectual than economic interest, but the understanding of crustal
evolution within the framework of plate tectonics bears directly on many
problems of social and economic importance.

Oceans are also simpler than land as far as living conditions and
uniformity of chemical processes are concerned. This simplicity accounts
for the rapid strides in the deciphering of the history of the ocean basins
for the last 200 million years and argues for oontinLed sedimentological
studies in oceanic areas, , _

In the past, development of 1nstrumental techniques in the oceans
has been the single most signifioant factor in advancing our knowledge
of the geology of the oceans. We are on the threshold of developing or
utilizing & new generation of instruments and techniques which would
enable us to learn about the fine and deep structure of the crust and
about eedlmentary and teeton1c processes.

Any successor programme to the Geodynamics Projeot, the International
Decade of Ocean Exploration and the Deep Sea Drilling Project must base
a large component of its activities in the oceans if we are to make the
most rapid advanoes in the most economical WaY. .

We believe that a new programme must take 1nto account the following
points @ ‘
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1.

2.

3.

4.

5.

e must apply the full range of techniques available to geoscience

to studies of the structure of the oceanic lithosphere. Better
knowledge of its evolution and dynamics is crucial to the understanding
of oceanic and continental evolution and of the interactions at ocean-

continent boundaries.

of particular importance are :

a, Geologlcal and geophysical studies, on a fine scale hitherto feasible
only on land, of a number of selected regions where the igneous crust
is exposed, to test and refine tectonic, petrological, hydrothermal
and dynamic models of accreting plate boundaries and to learn how
certain characteristics of new crust change as the plate ages.

b. Long-range seismic refraction and deep seismic reflection experiments,
along with studies in earthquake seismology which enphasize long~
and short-period surface waves and body wave delay times, to study
the internal structure and lower boundary of the oceanic lithosphere
as a function of plate age.

We must intensify study of origin and evolution of passive margins,
particularly by investigating :

a. deep crustal and mantle structure
b. mnature and»locatiOn of continent-ocean boundary and
c. structure of the sediment pile, for margins of various ages.

We emphasize the need fdr extended deep drilling, wider deployment
of multi-channel seismic reflection techniques for fine structure, and
development of ocean bottom seismograph and other equipment for long
term recording for gross structure at depth.

We must improve our resolution of the structure of active margins
in order to understand the nature, extent, and significance of the
transfer of portlons of oceanic llthosphere to the continents.

As the structure of lithospheric margins becoires resolved, we must
extend our model to include the temporal and spatial 1nterre1at10nsh1p
of subduction zone processes, such as seismicity, volcanism, sediment
movement and the vertical motion and deformation of the subducting
plates and the overriding margin.

We have to learn about ongoing processes involved in the formation
of recent sediments in the sea from surface to bottom, from land to

deep sea. .

We must refine the evaluation of the historical record stored in
marine and especially in oceanic sediments to reconstruct the geometry
and oceanography of ancient oceanic basins and their margins together
with a recogn1t1on of changing processes and biological forms. In

‘addition, one should attempt a global correlation of important sedi-

mentary events.
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REPORTS OF WORKSHOP COMMITTEES

(a) EVOLUTION OF THE OCEANIC LITHOSPHERE

Introduction

For the purpose of this report, the lithosphere is defined in a k%ne-
matic sense, i.e., the outer "layer" of the earth that is deparated into more
or less rigid plates which undergo_ large. lateral displacements without
experiencing major deformation within the plate. Although the lithosphere
may be described differently depending upon whether one is using evidence
from seismology, from long term mechanical behaviour, or from thermodynamic
consideré%iOns}“thebe'is reasonable agreement that there is an evolutionary
process by which its thickness and mineralogical composition change from

the time it originates at an acoreting axis.
Salient fundamental questions are :

1) What is the nature and configutafion of the lower boundary of
the lithosphere ? . - A

2) What are the physical properties and compositions of the lithosphere,
and how do they change with time ?

3) What is the driving mechanism of plate tectonics ?

Two classes of experiment seem appropriate to address one or more of
these questions : experiments with deep sensing capability to provide infor—
mation about the gross structure, mechanical properties, composition, and
lower boundary and other. experiments to study,. in considerably more detail
than has been possible heretofore, the fine structure,. composition, and
evolution of the material compriaing,tpg:uppermost,part of the lithosphere.

The Gross Structure of the Lithosphers ==

'HiSei#moibgic§15dhéiabfefisfics  .

. Present concepts.of the lithosphere have been largely derived from the
kinematics of plate tectonics,-and:our kmowledge of the composition of the
lithosphere, its physical properties‘and’lower boundary and of their evolu~.
tion through .time is meagre. The chief method of ‘studyirng’the interior .
structure of.,the earth has been seismology, but its‘application to the study
of the large:scale-features: of ‘the lithosphere beneath ‘the oceans has until
recently been instrumentally limited. Oceanbottom seismographs’ developed
over the last. few years have overcome many of these limitations. The ing—
trumental advances have-been accompanied by increased’sophistication in the
interpretation of seismograms which allow the extraction of substantially
more information from the observations., The observation of earthquakes and
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explosions by arrays of seismographs on the ocean floor can now be used
to improve our knowledge of lithosphere.

Deep reflection profiling has already proved to be capable of mapping
the M-discontinuity in some areas. With some modification of techniques the
method may become even more effective and possibly also be useful to study
structures within or at the base of the lithosphere.

Experiments which should be particularly fruitful in the coming
decade include :

(a) Long range seismic refraction observations extending out to -
12,000 km, g1v1ng penetratlon to about 400 km depth.

(b) Observatlpns of earthquakes at teleseismic distance to establish
: patterns of time delay and attenuation beneath the receivers.

(¢) Broad band conversations of surface waves over restricted paths
to determine in particular the shear veloclty structure of litho-~

sphere of different ages.

(d) Observations of locally occurring earthquakes to determine the
structure of the upper part of the plates and the nature and
extent of the tectonic processes occuring there.

(e) Deep reflection profiling.
Mechanical Behaviour

The mechanical model of plate tectonics is based on the concept of a
strong outer layer (lithosphere) which rests on a weak underlying layer
(asthenosphere). The principal evidence for a lmthosphere capable of suppor-
ting large stress differences for millions of year : has come from studies
of the manner in which it supports surface loads. The lithosphere has been
modelled as an elastic plate overlying a weak fluid substratum. Deformation
studies near surface loads based on seismic refraction, gravity and bathy-
metry data have enabled a few estimates of the flexural rigidity and elastic
thickness of the plates to be made. These estimates suggest that the thickmess
of the elastic lithosphere is substantially less than that determined from
seismology oxr that deduced from thermal models of the plates. It is important
to continue studies of the deformation.of the lithosphere since these provide
information on the . longhterm mechanioal properties of the plates in contrast
to seismic experiments which measure the short-term mechanical properties,
Better estimates of the flexural rigidity and elastic thickness of the plates
should be made and it should be .established whether or not these parameters
change with age. However, before reliable estimates can be made we need to
improve techniques for estimating surface loads and determining precisely
the geometry of defbrmetion agsociated with these loads. At present estimates
of plate rigidity are ‘based maxnly on bathymetry, eelsmic reflection and
gravity data.
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Eleotrical Propertles ‘

There is general agreement that the earth'e interior is fundamentally
a heat engine, yet little is known of its thermal state. Because of the
strong relationship betweer electrical conductivity and thermal state,
electromagnetic methods offer substantial promise of’ important new constraints
on our thermal models. We encourage experiments based on the observation on
the ocean flcor of magnetic and electric fields with periode”from hours
to weeks. These observations provide information‘ about the electrical con~
ductivity on a vertical scale" appropriate to the study of the lithosphere.
These studies will be especxelly valuable when carried out at the seme loca~

tions as seismic experlmente etudying groee lithoepheric structure.

The Fine: Structure of the

ermoet thhos‘here

Ddfflcultles in correlating between a few oloeely spaced holes drllled
into the igneous crust near the'ridge crest, ag'well as the diversity of
rock types which-have been enoountered, the-Iarge: scatter in heat flow-
measured near ridge axes, and the increasing ‘number of crustal seismic
layers now being advocated,all suggest that the uppermost lxthoephere is
vertically and horizontally much less homogeneous than was previously suspected.
MNore work is needed to estab11eh the reasons for, and ecale of, this variability.

" Many more. detailed etudzee of r;dge oreste,lncludlng thelr associated
transform faults, are needed to provide constraints and teete for tectonic
and petrologic-models of the zone of accretion. The aim is to arrive at
geological and .structural maps of several test areas etraddllng the axis

of slow.(less than 2 cm/yr), medium (2 to 6 cm/yr) and fast (more than

6 am/yr) spreading ridges for lithosphere less than 5 m.y. old. One must
focus on defining the width of the zone in which the major tectonic activity
takes place and the style of the tectonics., It is also important to determine
the spatial and temporal distribution of rock types. The distribution of
magnetic sources in the oceanic crust, inferred from the modelling of the
magnetic anomalies, should be tied to the age and- ‘magnetio properties of
the rocks sampled in‘the study areas, Similarly it is important to model

the ridge crest: gravity: anomaliee whioh have wavelengthe of’ leee than a

few tens of kilometree.¢A , , :

The employment of a variety of recentlyhdeVeIOped, oomplementarv .
techniques ‘will . be needed ‘to:maximize the scientific return for the axial
test areas, for example, multi-nzrrow-beam echo sounders, side-Bcan sonar
(surface and near-bottom), deep~towed instrumentation, photo mosaics,
and eubmere;blee,together with deployment of bottom inetrumente.j

The knowledge of the upper eurface of the lithoephere ehould be
eupplemented by.that -of the shallow structure of the lithoephere. It is
important to. establish the existence (or abeenoe) of magma reservoirs
underneath the. zone. of aocretion,” how they are distributed in space, and
if they. exist. epieodioally or. permanently. The thickness and physical
propertxee of the rigid layer at the axis ehould be determined in the
samefcest areas. .

i
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A seismic experiment with an array of bottom seismometers using
patural local seismic evenis and possibly bottom sources should be
aimed at providing answers to the above and be focused on obtaining the
P and S wave velocity distribution. in the- ax:.al reg:.on and the degree of

hor1zonta1 anieotropy. e e

To study the lateral a.nd vert:.cal va.nab:.l:.ty of the uppermost part
of the lltbggphere, drill. holes about. 1. km apart should:be-located in -
groups in well. eurveyed areas,: preferabl,v young:and: with little sediment,
where fault scarpe .and; other geologic features which may: influence this va~-
riability.are more easily.detectable, :This ‘ghould be carried out so that
observations over distancee .of . tens: of ld.lometree can be- :mterpreted more
meam.ngfully. Such grouped holes shou.ld. be drilled on:slow, medium and

fast spreading ridges. It will be essential to the solution of this

problem to have continuous downhole -logging:.of .such- -parameters-as-density,

veloc:.ty, poroszty, natural gamnia rad:.ation, etc. 1n all the holes.

Concu.rrently, attempts should be made to improve the accuracy of the
determination of. seism:.c veloc:.ties rand . *he resolution of seismic layers -
~to relate them ‘better to the rocke ea.mpled in the holes-drilled into the

:Lgneous cruet Other eeiemic measurements made in reg:.ons w:n.thout d.mll
~ holes ehould hthen become petrolog;cally ‘more . meamngful S T

‘ " The vanabll:xty of heat flcw meaeurements made near ndge crests has
been related to the. c:.rculation of - hydrothermal fluids. The extent and
J.mportance of euch a proceaa in the uppermoet part of the h.thosphere

but probably,,will need the development of new techm.ques to: rap:.dly assess .
small temperature differences in aea—water and' to: measure. the: permeabillty
of crustal rocks. A recommendation to thie eff‘ect m.ll be found in Annex v (d).

that the ‘energy source is thermal convection, and

there are’ good' theoret:.cal reasons to ‘believe that the .convective circu-
lation is complicated and not cloeely related to plate motions. Though
nwner:.cal and laboratory»_ experiments can suggeet the lz.kely form of the

relation between th long wavelength gravity anomal:.es and the var:.atlons
in water depth_. Both are’. believedr:»toﬁbe Aixvect: expressibns of.‘mantle motxons.
Slm:.lar gravit; ex;st continental  regions,: but: ‘there “the'" a

‘ var;ations :i.n deneity.'* 'Ihe maaor 11m1tatzon

8 the
prof:.lee. Bet T global
hemlsphere. ,

A maJor recent'advance in’ determlnlng the grav1ty fleld, partlcularly
.at longer wavelengths, depends on satellite altimeter data, which can
only be used for this purpose over oceanic regzons. Limited theoretical
studies already carried out; suggest that such surveys can be used to
determine the apatlal distribution of mantle circulation. Such knowledge
would represent a magor advance. in’ underetandlng how the mantle acts as
a heat englne to. ma1nta1n the plate motlons. ‘
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Recommendations

I.

IT.

III.

That drilling into the oceanic crust by IPOD/DSDP be continued
with vigour at carefully surveyed sites,

Conventional downhole logging be carried out in all holes, and
that encouragement and practical assistance be given by IPOD/DSDP
to new types of downhole measurement,

New geophysical techniques be rapidly developed to study and map
the upper kilometre or so of the crust so that a better choice of
drill site can be made and so that drilling results can be related
better to geophysical measurements.,

It is particularly recommended that :
a) holes be drilled on the axes of spreading ridges;

b) carefully chosen, closely spaced holes be drilled to establish the
degree of lateral homogeneity of the igneous crust;

¢) drilling at least to the top of seismic layer 3 remain a major
objective of IPOD.

ile recommend the application of the full range of seismological tech-
niques to studies of the oceanic lithosphere. Of particular importance

are @

a) Long-range seismic refractionbexperiments;
b) Observations of body-waves from teleégismically occurring earthquakes;
c) Surfacé-wave meaéurements; |

d) Local observation of earthquakes on the ridge axes;
e) Deep éeisﬁic reflection éxperiments; f

We recommend the study of the uppermost part of the oceanic lithosphere,
with a wide range of geological and geophysical techniques, on a scale
hitherto feasible only on land. This fine scale approach, initially
applied to a small number of areas on the ridge axes and flanks, would
allow tectonic, petrological, hydrothermal and dynamic models of
accreting plate boundaries to be tested and developed. These studies
should be extended to. older parts of the ocean in order to understand
the complete evolution. of the upper lithosphere. L

We recommend that quantitative studies should be made of the long-term
rheology of the outer layers of the Earth. 'le propose that studies of
the deformation of the lithosphere caused by surface loads should be
continued in order to determine the mechanical properties of the plates.
Je also propose studies of the relationship between long~wavelength
gravity anomalies and residual depth anomalies because of the infor-
mation they may contain on deep processes occuring not only Within,

but beneath the plates.
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(b) W

!
H

Introduotion ~ The mein problen

Passive Margins mark the area between continental and oceanic crust
within plates, Such Margins formed at plate ‘boundaries either by rifting
at an accretionary boundary or by transform: faulting at a ridge offset.
Crustal structure has been extensively investigated beneath ocean basins
and continents, but knowledge of the nature of the intervening zone
(sediment. and deep structure) is rudimentary. Neverthelees, these are
regions of strong differential vertical movementa. -

Tectonics at plate boundaries has received nmch attention during
the last decade and there have been great advances in our understanding
of the underiying processes. Comparable advances have yet to be made in
understanding the tectonic and sedimentary sequence of events asmsociated
with foma.tion and development of pa.esive ma.rg:l.na. The main questions are 3

(1) ' How have passive M&rg:lns evolved 2.

(2) vhat are the underlying tectonic mechanisms ?

These questions apply to each of the three suocessive stages H
(1) pre—r:lfting; (2) early openinci (3) matm'e stage.

An answer to these questions depends ‘laxgely on determination of the
shallow and deep structure, and on interpretation of its geological develop-
ment. The questions pose a fundamental geologiocal problem which is now
becoming prominent, but their solution is also important in evaluating
potential resources of a passive Margin. The most promising oceanic areas
with regard to economic potent:lal are expected to be in the vicinity of

margins, 3
The passive mar, ins var.y greatly in atmeture but are div:.sz.ble
into (1) rifted, and (2) sheared typaes. It is. importa.nt that attention
is given to both types in future investigations. Microcontinents provide
a specific case of the problem. These need to be distinguished from other

‘queei—continen'ba.l features,. othdmise we consider tha.t they can be inves-

t:lgated by the Bame . approaohes. PR

cj.eesification of E:_'oblem o

The Intex\-un:l.on COnun:lseion on Geodynamice Working Group 8 mid-term
report oleasiﬁ.ed the specifioc problem ersas as follows ¢ -

(1) Continen‘t-ooea.n baundary
" ':}(2),-‘.".Vertioa1 morvemerts |

| (3):‘,??1)861) B‘tructnre
(4) f“l‘ranaverae structures . - ¢ :

(5) Quasi-continental features (e.g. m:.orocontinents)
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In order to answer the major questions as to how passive margins
evolve and thus develop a geodynamic model in 'space and-time the group
suggested investigations of three specific types as outllned below.
These are closely 1nterrelated and 1nterdepenaent.

Approach to'solution b_

1. Structure of Sedimentary layers

The thlck sediment sectlons 1n most passive contlnental marg1ns
provide valuable evidence of the vert1cal movements which are evidently
a characterlstlc feature of thls tectonlc zone whlch separates continent
from ocean basin. Of partlcular practlcal and sclentlflc significance
is the evidence which sediments prov1de about env1ronment of deposition.
‘Improved criteria and 1ndlcat10ns are urgently requlred of the amount
sense and rate of vertlcal crustal movements.

“The 1mportance is’ stressed of 1mproved knowledge of the whole
sedlment succession from the most recent to the basal sedlments. These
should provide valuable information relatlng to the initial stages of
r1ft1ng, contlnental drlft and vertlcal movements of opposing ‘continental

marglns.

In order to determlne the subs1dence h1story of pass1ve marglns,
detailed studies should be made of palaeoenvironments with special emphasis
on facies s equences, hlatuses, cnd palaeodepths,together with an exact
chronology of margin sediments,

Studies of the detailed structures within margin sediments should
be related to the causative mechanisms of the dominantly vertical gross
movements which are superimposed upon primary, penecontemporaneous, and
dlagenetlc edlmentary structures. . , : ‘ :

- Acoustic stratlgraphy to the- base of - the sedlments should be esta-
bllshed over wide areas by closely—spaced traverses using deep—penetration
hlgh-resolutlon seismic techniques (which require 1mprovement).

-The-latter: data must’ be supplemented by sampling by conventlonal
technlques ‘and eSpe01a11y by deep dr1111ng to basement at carefully
selectéd localities. The ‘DSDP and IPOD. programmes of JOIDES represent
a promising start and .the earnest hope "is "expressed that appropriate data
from resource-oriented deep~drilling will be made available for scientific
purposes.’ Deep—drlllzng for scientiflc purposes should also include the
routine use of” downhole logg;ng technlqueso’ .

These approaches will enable the establrshed acoustic stratlgraphy
to be interpreted in ‘terms of ' llthology and ‘age. This in turn will permit
stratigraphic correlations with known successions- onshore. (where they can
‘be studied in more’ detaxl) and in the deep ocean bas1ns. .Hence, we may
have'a means ‘of br1dg1ng the gap, 1n tlme and space, between continents
and ocean baslns. e )

* The. ev1dence ‘thus. derlved for vertlcal moé)ments 1n contlnental
B marglns ‘should ‘be’ 1nterpreted (l) w1th1n the broad framework of; conti-

nental-épeirogenic movements’ of regional extent and’ (2) in relatlon to
the detalled hlstory of plate evolution, ‘




Workshop report N°9
Ammex IV - page 10

2.  Ocean—continent boundary

The mapplng of the zone between oceanic .and contlnental ‘basement
is required for any precise pre~drift reconstructzon and for determining
the processes involved during the stages of rifting. A number of inves—
tigators have demonstrated that this zone is not necessarlly associated
with constant bathymetric contours or any dlstlnct morphologlcal features.

The nature of this zone is poorly known at the pas51ve margins. lle
have no knowledge of whether there is a sharp boundary or a gradational
zone conslstlng of dlfferent blocks of mixed’ oceanlc ‘and. continental crust
(either altered or unaltered). The solution ‘to thlS 1mportant problem is
compllcated by the _presence in many reglons of magnetlc qulet zones, eva~
poritic b351ns, rough sea—floor t0pography, post—rlftlng volcanlc act1v1ty,
large sedimentary overburden, uncertainties in e11m1nat1ng the isostatic
"edge effect" from the free-air. grav1ty anomaly, interpretational diffi-
culties in seismic refraction work (as a result of the steep topography
and lack of knowledge of structure ‘and veloclty dlstrlbutlon within the
sediments), and llmitatlons 1n conventlonal analogue reflectlon technlques.

Integrated detailed geophysical‘and geological'Studies are mandatory
for the determination of the nature of the zone between ascertained oceanic
and continental crust. These studies include R

(a)vithe mapplng of the sedlment d1str1builon and conflguratlon
of basement in this region ut111z1ng multl-channel digital

seismic techniques.

(b)”°determ1n1ng the type (compos;tlon) of basement and overlylng
"”,‘Sed-lments by’ o

velocity determination from comblned multl-channel and

. seismic refractlon measurements (ocean bottom seismographs,
o long and short range sonobuoys, two-shlp refraction, and ,
o w1de angle reflection comblned with land. recordlngss

- determinatlon of density. dlstrlbutlon from detailed surface
[ sh1p grav1ty measurements..(Knowledge obtalned from seismic.
measurements 'will be“of great. slgnlfmcance in 1nterpretat10n
of grav1ty meas'jements).Hu;;, s TN S

'u;5> determinatlon of magnetlzatlon contrasts obtalned by detalled
A surveys, partlcularly 1n the deep water magnetlc quiet zones.

-~ locating areas suitable for sampllng (dredglng and corlng)
: ‘of basement and pre/pos,—rlft sedlment outcrops. TR

{,7‘ - :rﬂ«

very deep drill1ng‘onfthe well survexédﬂﬁtypzcal“ pass1ve

downhole measurements 1o accompany drilllng.

We strongly recommend that the above studies: be undertaken at. pas91ve
continental’ marglns ‘of d:fferent ages as well as at passlve cont1nenta1
margins located at conaugate posztions on elther side of the ridge azls. s

o=
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3. Deep transition

Gravity observations indicate a gradational transition between
continental and oceanic structure, but the nature of the crustal and
upper mantle transition cannot be assessed from present information
or using: present methods. An. understanding of the deep structure at
different stages’' of margin development'is'essential for understanding
the mechanism of tectonic development.'The main problem is to determine
the ve1001ty, density and thermal structuye: with depth as it varies
laterally beneath the margin, In- addition to existing grav1ty and
seismic’ approaches, we-’ suggest that new 1n1t1at1ves as follows w1ll

be needed

(a) 'Long?rangelrefractién’experiment37carried out in carefully

planned lines across and parallel to the margin. The full
range of modern methods of instrumentation and interpretation

- will be’needed’ {ocean~bottom seismometers, ‘ocean-bottom

¢~ hydrophones, S-waves, ‘amplitude- studles, etc), Digital seismic
reflection should- also be uséd in- attemp+s to yield information
on the lower crust and- perhaps even upper manxle. thls maJ
‘requlro veny 1ong arrays ‘

{b) ourface ‘wave and teleselsmlc bouy wave Studies are needed
- to determine the deeper structure (mantle) ‘beneath margins.
©.This will nécessitate deployment of seismometers at the ocean
bottom, with:long ‘recording capabllltles. We see the develop~
- .ment:ofsuch ‘long’ record1ng equlpment as’ an 1mportant Ainstru~
- -mental development :whi¢h needs to be made,

(e) At present passive margins are regarded as selsmlcally inactive,
-~but there may be 'small magnitude earthquakes undetected by the
‘present seismic network. ‘HMicro—earthquake studies’ u51ng ocean
“bottom seismoméeters or hydrophones ‘may y:eld 1mportant 1nformat10n

on stress release.

(d) Heat flow is virtually unknown across passive margins. This is
important for evaluation of processes 1n the deeper crust and
mantle, and of the thermal’ evolutlon. IR A :

(e) ~ Magnetic variation ‘studies (1nc1ud1ng magnetotellurics) need
- .-to.be pursued in an’attempt to ‘determine’ the deep electrlcal
- - conductivity dlstrlbutlon,thls belng related to temperature

* . distribution beneath: passzve ‘marging., ‘i

(f) HMeasurement of earth tides by recording gravimeter and other
means- across:margins’ may’ be ‘ugeful to: study lateral var1at10n
of rheologlcal propertles in the lzthosphere. S

e P
] { tha

Recommendatlon

We call attentlon to the 1mportance of carryitig out’’concentrated
investigations across passive margins to determlnen%e) sediment structure,
(b) nature :and:location.ofcontinent~ocean: boundary, ‘and (e)* deeper struc-
ture. In particular we. ‘emphazisesthe ‘need fortiuch:: ‘more’ extensive” deployment
of multi~channel seismic reflection techniques, and for development of
ocean . bottom selsmological and other equlpment for long-term recordlng.
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(c) ACTIVE MARGINS

Introduction‘

While recognizing that active lithospheric plates also have boundaries
undergoing divergence and shear, for the purposes of this Workshop we
concentrated- on consideration of convergent margins. The divergent margins
are regarded, as the starting point for the considerations of the evolution
of the lithqsphere,ngnd‘are~coveredAelsewhere in. this workshop report.
Shearing plate boundaries are.beingrgiven_considerable attention by non-
marine geoscientisis, particularly for obvious reasons of earthquake
hazard related studies (e.g. the study of the San Andreas fault system).
The location and delineation of shearing margins beneath the oceans
remains essential, ... S :

R L L T U PR IV T v . A

We recognize that-many basic problems of convergent margin structure
and evolution,.including the inter-relationships of the rate and direction
of plate_gonyergengé,,thegcqnfigurqtign,of«thehBenioff‘zone, the amount
of subductedgas oppéseq:to.acgreted sediments, the distribution of sub-
duction zone associated vulcanism, the formaiion of back-arc and inter-arc
basing, etcs, have been raised by previous workshbps as by individual
investigatqrg,,yet;thesehproblems_remainulargely unresolved, -In many regions
even theﬁlbcatiog,quplate;mapgins,uincluding,minieplates“and complex
islandfarc‘and'basin%cqni;gurationg,.arevnot adequately .defined. Studies
of these problems are essential and we fully support them. We feel, however,
that these‘prpb;ems,willayield_to‘present.d@y,geological‘and geophysical
exploration techniques and,scientific\attitudes, 50 we will not reiterate
them in this report.

Oﬁij@iscussions:h#vq léfuus.tqufhe identification'of those fundamental
problemsjwhoseﬁsolutionhremains,elusive.;After~enumeration of these problems

we cohélﬁde'bﬁrgrépOrt_with some recommendations for the study of these

i

fundamental problems.

Fundamentalgproblems e 7o ’VV;

l. The nature of the éébrétiﬁnéiyipiish} .

Although most marine geoscientists agreed that some oceanic :material
is generally emplaced. on the, overriding lithospheric plate as the oceanic
plate isAsubdpctgd,uthe,gxtgnx,hcpmpqsition,mand'stability,of‘this prism
of accreted material is still a matter .of conjecture, It is essential
that we understand :

(Q)f;%ﬁé”ﬁéphéhicéﬂbﬁAgubdudtibh,reléfé&>td f:§n6hxén&ais1énd'

“arc formation . . ..

(b) +the amount of oceanic sediments and/or crustal rock that -~ - .. .-
is subductedi(and thus is potentially available as a source
wmaterial for magma related to the subduction zone), and . -
: (¢)f iﬁg,péégibié¢&ig@iiﬁﬁtibﬂiaﬁ&;éignificéhéé1of:ovéiriding conti=
_,nep@glémgqgipggﬁhqt;arggbeingneroded,%rather than.accreted,
B foepena s 0 b sl GBI AT s e i
ThéﬁgpmeSition,Mstability,ggndiatructure'ofathewaccretionary*prism‘;”“*‘
isy of course, of particular importance to an evaluation of these large .

sediment bodies as a potential location of economically valuable hydrocarbons,
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2e The fate of the'descending slab

The deformation and character of the descending oceanic plate has
only been traced for a few kilometres after it is overridden, if we hope
to understand the seismic structure of the subduction zone, as well as the
temperature, pressure, and geochem1ca1 requlrements for magma generation,
we have to improve our knowledge of what happens to the subduction oceanic
plate. Beyond the obvious scientific appeal of using this knowledge to
understand the mechanics, origin, and eventual termination of subduction,
we are opt1m1st1c ‘that ‘such knowledge will be useful as an aid towards
understanding and predlctlng contemporary vulcanism and the location of
past plutonism responsible for emplacement of economic ore deposits.

3. The significance of obduction

Obduction is frequently called upon as a tectonic process ‘responsible
for the esmplacement of ophiolitic suites of rocks, and sometimes associa-
ted economically valuable statiform sulphide ore deposits. In our opinion,
however, the existence of a presently active obducting convergent margin
is not apparent. Further study of ophiolites as possible oceanic crustal
material is necessary in order to establish- the significance of obduction

as a v1able tectonlc process.

Recommendatlons for further study

In the previous section generarlzed problems which we regard as being
of particular importance to the understanding of convergent plate boundaries,
have been described. lMany other important problems are not mentioned,
often because it was felt that they are, or will soon ‘be, given approprlate
attention. Similarly, in this section some -ideas for’ ‘future study that
it is hoped might help resolve some of the gaps in our knowledge of active
converging plate boundaries, will be put forth., Again, the list is not
all-inclusive., For example, the deployment of arrays of seismometers has
proven invaluable for resolv1ng the fine structure of the Benioff zone.
However, these studies are expected to contlnue, S0 they have not been
included. Only studles which may be overlooked w111 be descrlbed.

It is dlfflcult to dlssemlnate and synthesize all the marine geolo-
gical and geOphy31cal data available on the active. converging plates.
Synthesis is: .required in‘order to sw1tch efflolently from-a broad recon-
naissance approach to active margin studies to a programme of detailed
study of partlcularly slgnlflcant locatlons.“

\_l. Concentratlon of studles 1n 51gg&flcant transects

It is reoognlsed that actlve marglns are structurally complex and
require - detailed, multl-dlscxplinary study employlng higher resolution
data -acquisition technlques, not “just more - sh1p tracks. "To accompll h
such expensive ‘and time-consuming studies, we recommend that efforts, f;'
be concentrated along a limited number of transects across margins that
are carefully selected as likely to ‘yield maximum scientific benefit
from detailed study. Marine surveys adjacent to well mapped and understood
land areas are, for example, particulariy useful. The chosen transects
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will be across what would then effectively become "type sections" of
various styles of convergent margins. The concentration of data aqui-
sition would permit full usage of recent advances in marine geophysical
instrumentation at the chosen transects. Such studies should include,
for instance, ‘multi-channel reflection seismic proflllng to provide as
much structural detail as possible, particularly in the accretionary
prism and inner trench wall., We would also suggest the relatively
long-term (a2 month or more) deployment of arrays of ocean bottom
seismometers that would provide detailed information on the low-
magnitude seismicity that should accompany oceanic slab deformation
both before and after subdnct;on, as well as earthquakes generated in
the accretionary prism and inner trench wall by imbricate thrusting,

slumping, etc.

We anticipate that the proposed International Phase of Ocean
Drilling (IPOD) sampling along transects of convergent margins will
provide invaluable geologic samples. It is imperative, however, that
these very expernsive samples be fully utilized by acquisition of a
complete, multi-disciplinary set of complementary geologic and geo-
. physical data along the drill hole transect. iVle recommend that any
" 1IPOD active convergent margin transect include :

(a) a complete marine survey, or set of surveys, including con-
ventional geophysical profiling and sampling, high quality
multi-channel reflection seismic profiles, and ocean bottom
seismometer refraction studies to provide adequate data for
the most efficient selection of drill—site locations;

(b) downhole logging of the IPOD drill holes $o acquire all
possible data.on the in situ properties of the crust;

(¢) instrumentation of(appropriate drill holes with strain meters
which can record these data after the drilling ship departs;

(a) approprlate post—drzlllng 31te surveys whlch ‘are. designed to
answer questlons ar151ng from the comparison of the sampled
rocks with what was anticipated as a result of the site
selection BUrveys.

2e Implications of contrast 1n aggroacheu 1o study the oceanic and

contlnental sldes of active marglns

e are concerned that inadequnxe attentlon may have been given
to the potential ampllflcatzon of the differences between oceanic and
continental geology and: crustal structure across a ‘convergent margin
thay may be the result of e different experimental and observational
techniques used to interpret these regions. In effect, practically all
marine studies are remote aensing experiments, while most land geology
is interpreted by more direct observation. - The danger is . that in the
oceans we see the forest, but not the trees, while on land we may
see only the trees and the forest is obscured. :
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Where possible it may be helpful to try to investigate each
region with similar techniqués. For example, we would urge the study
of the oceanic regions with deep~towed (near bottom) seismic reflection
instruments (acknowledging that such instruments must still be ‘developed)
in order to obtain higher resolution structural data in deep water.
Such data would then be directly comparable- to seismic reflection data
collected in shallow water and on land. Similarly, comsideration should
be given to using submersibles for direct ‘observation of the sea-floor
geology at convergent margins for comparison with geologic features - -
observed on land. e T TR L T ‘

3. Dynamics of convergent plate margins -

It is essential that the active convergent plate margins be modelled
as dynamic features, At this time'very little data'exist which can be
applied to such modelling, except on a coarse and relative scale. !le
recommend, as a start towards assembling the required data, that some
generalized types of experiments be considered. - - :

We would encourage the direct measurement of short-term plate motion;
rates of convergence, and the vertical component of plate motions during
convergence. This might be accomplished by a form of laser-earth satellite
ranging, or by some other precise geodetic technique. The reconciliation
of the commonly envisaged long-term- steady motion of lithospheric plates
with the short-term spasmodic motion demonstrated by subduction zone
earthquake activity should provide valuable constrzints on the precise
modes G deformation and stress/strain relationships in plate collision.

We also recommend systematic consideration of the temporal relationships
and interaction of the various dynamic components of the subduction zone,
including seismicity, vulcanism, sediment characteristics and distribution,
oceanic plate deformation, vertical motions of the colliding plates, and
inter-arc and back-arc basin formation. What time delays exist between the
occurrence of these activities ? 'Which of these dynamic’ events trigger
other events, ‘and then by what mechanism do these ‘processes interact ?

Of course in many cases ‘these data: must 'be acquired over long periods of
time, The very long time-period:tectonics have to be considered by ana~
lysis of converge:zt margins ‘in various stages of development, including
examples .of the:various types ‘of convergent margins ‘(oceanic-oceanic,
oceanic~continental, and continental-continental) that are in an initial
formation stage, are undergoing major alteration or are becoming inactive.

As part of the considération of subduction zone dynamics, attention
should be given to the indications of long-range stress propagation
suggested by investigators who have documented statistically significant
migrations of earthquake and. volcanic activity around and between plate
margins. If these relationships ‘prové valid, they may have important
implications-for the' interpretation of lithospheric physical characteris—
tics and the driving mechanisms of-plate motion 'and collision.

Iy
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(d) HARINE SEDIMENTS

Introduction

Sediments formed in the sea and on land are really the most
important constituents of the Outer Earth's Crust. They contain
the most detailed and easily interpreted information of the Zarth's
History during the last 500 million years which includes the time
scale, the changing environments and deformations. o

{Jithin the scope of this Norkshop«an__attempt has been made to
define : s o -
(a) the most crucial gaps in our. present knowledge on marine
sediments R _ o :

(b) a few fundamental queétions_that_can be at léast partly
answered using new material and techniques available in
the recent past and the near future and . g

(c) activities that would benefit by international co-operation.

_Only two aspects wére‘thérefprelcongentrated upon: the processes

involved in' the formation of recent marine sediments and the reconstruc-

tion of marine palaeo—enviromments.

Sea~seafloor interactions

In general the qualitative properties and distribution patterns

of recent marine sediments are known. However, most processes in the
water column, from the surface to the bottom and within the interstitial
water, are poorly understood, These processes affect input, distribution
and losses of organic and inorganic. particles, .their.accumulation rates
and early stages of diagenesis. A more comprehensive understanding of
these factors will help to.improve interpretation of modern and ancient.
marine deposits as well as to.solve economic. problems ‘such as the origin
and occurrence of marine mineral resources and the ‘management :of the
coastal areas in.their function as a general resource for -many nations.

A multidisciplinary approach together with the development of new
techniques and instrumentation will be necessary to attack these pro-
blems,quantitatively. = ‘ e IR

’The'foiiéﬁingtarégﬁgééed s

'(a)_infsith'bbﬁérv@tidns and measurements. of movement chemistry
. and’ particle content of water masses,. of energy transfer and.
- element fluxes at. the benthic boundary,: of sediment movement:
and benthos activities; =~ = = B

(v) long~term experiments to detect isolated critical events; and

(c) satellite and aircraft observations of sea state conditions,
temperatureygnd turbidity of surface waters for productivity
and river input studies, etc. The experience of space technology,
using remote controlled instrumentation could make important
contributions to the above experiments.
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Areas of specific investigatior should include the sediment
component inputs from various sourqés, starting with the elemental
fluxes out of and into the seaflooi in areas of magmatic activity,
such as regions of new crust formation and vulcanism, The-influence
of these elements upon the alteration p:ocgsses‘in,th9 upp9rEpart
ofitﬁé”crust“and‘uﬁgnlﬁhe’combGSitibqwa,metaf¥richAdapqsits,gpdv
manganesé‘noduléS”and’Sediménts“inJgénéral, need further study,

The total biogenic input of calcium carbonate, silica, organic
fractions and associated trace elgmgntsﬁshquld,beuqeﬁermipeq with
special emphasis placed upon the less well studied siliceous and
organic components. An estimate ofﬁthe_amoupx_and.:gﬁesgoffrecycling
of these cbnstitpahts’withihgthgﬂwat§?‘gclumd;andhaj,thgibgnihic
boundary should be made to determine the relation between surface
productivity and the net accumulation of biogenic sediment on the
deep-sea floor. -

"Thé'inﬁﬁt‘of“féfrigenbﬁs“hatéiiéIJby“fluViaI,vice and aeclian
transport and the biogenic input,.particularly in upwelling regions,
‘provide: the bulk of the components for the hemipelagic. sediments
'found on and near thé continental mérging_Becguseﬂﬁhgsaﬁcomponents
are dispersed by boundary and other currents and internal waves,
as well as by benthic life activities,ﬁ;oqg-tgrm&measu:gments_should

~ be made of the currents with special emphasis placed on the .manner
in which these dymamic processes control sedimentation on the conti-
nental s;gpenand;rise.,Bqttqushearastpqss measurements .should be
made in the environments where these fine sediments accumlate to
evaluate critically the,enosiopallandt@epqgiﬁiona; pProcesses. Field
measurements should be complemented by laboratory studies. The flux
of suspended material to the segﬁflqgr,_jhehresuspensionvof existing
sediment and the recycling proéééseé“éppareﬁtly‘éiéfréléted to these
water movements. Better in situ methods of sampling these suspended
materials, particularly at the benthic bouhdary,’ Will be required

if “the flux of cOmﬁbnénté”bf"theQbéa'floof:ié'fO“Be,quéntified; These
sediment analyses should be co~ordinated on a worldwide basis to
ensure that the same sediment properties are being measured so that

ccmparatiVe“Stﬁdiéé“of“hémipélagidﬁéédimﬁnjé'ngQEQifférent.margins
can be made. A comparison of thé"ééé%ern'ahd‘ﬁééférn‘margin in the
°ame ocean or ip different oceans may, be especially. fruitful,

- Although the high energy regime of The. inner continental shelf

 2nd coastal region has ‘been gtudied in greater detail than shs mon
tinental slope, virtually all nations that have, an..oceanic border

are experiencing great difficulties. in controlling the natural processes
that are shaping the nearshore and,shore. regions, Man-made structures '
have disrupted the natufal'equilibriumvconditippgqu sand transport |
and created additional copplex problems .in sediment management. .

While thié”léﬁa-éééfrééiﬁn;ié_of_great.economic impqrtance;fthere ,
are only a few national co-ordinated. studies: and: virtually no inter-
nh%ibﬁal”éthdiéb“to’cbpéfﬁi%hV%his situation. More integrated studies
from Both, an .goeanographic and, engineering. point, of. view. will be

T
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3 necessary in the next decade to meet the demands society will place
i on this hlgh energy reglon.._, y :

Recommendatlons j"ﬂi"“_jf,j'f:‘ ;f..

In view of the above, and the’ necesslty to conduct ‘some of ‘these

experiments by 1nternat10na1 co—operatlon, 1t is recommended that :
l)l SCOR establish a Yorking Group
"Oceanic*crﬁst”andfsea:water”interaction",

to stlmulate 1nvest1gat10ns in areas of mid ocean;c ridges,.
submarlne volcanoes, the central Red oea, etc.;

2) SCOR establish a Working Group

"Sedimentation problems and processes at Continental Margins"

P

- '+o stlmulate 1nvest1gatlons of hemtpelaglc sedlments, espec1ally
" with their relations to’ water depth contour and other currents,

‘ upwell1ng phenomena and‘ A

to define- Key areas on both 51des of the oceans for 1nternatlonal
experlments, ,ﬂf;r~:

3) SCOR, 1n co-operatlon w1th ECOR, establlsh a WOrklnb Group

"ngh Energy Env1ronments and Sed1ment Management Problems" ;

- to evaluate case hlstory examples

“to st;mulate fﬁrther mult1d1801p11nary 1nvest1gat10ns of complex
,.1nteractlons between morphology, sedlments, water movements ‘and

"benthlc life S

.%o evaluate the consequences of dlsturbzng natural equlllbrlum
"51tuat10ns by human act1v1tles and ‘

Sl

to propose‘selected areas for concentrated’research'

4) that’ exist;ng act1v1ties be ‘encouraged and that the IGCP of Unesco
“gtimulate’ co-ordinated 1nvestigat10ns of undlsturbed Holocene_

"uedlment Sequence kR

v e
A . ,ﬂ,‘l .

'»véfw1th maxlmum'tlme esolutlon‘and accuracy

x) -','J,, . .-J,x....n'l A

- w1th spec1al empheszs on cllmetic and vegetatlon changes

rw'e asia geologlcal agent.

5) again’ that*the scientlfic and~general importance ‘6f ‘Studies of
Fluvial Supply, as defined in Exercise 4. 4 of the recommendations
of the first Workshop on Marine Geoscience, Honolulu, and in
the terms of reference of SCOR Working Group 46
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lHarine Palaeoenvironmental Anal 3%; s

Geodynamic studies increasingly require input. of historical infor-
mation which can only be derived from the record of events preserved
in the marine sediment column. Palaeo~oceanographic and related palaeo—
climatological studies likewise lean heavily'on precise environmental
interpretations. Our abilitywtOJinterpret"thlsyre9ord of past events )
is at best highly inadequate, and becomes increasigly so as such §tud1es
are extended back in time, However;. results:of these studies a?p}zed on
a global scale to the Quarternary record have been&highly;promls%ng and
should encourage us to extend the research back through the Tertiary
and Mesozoic when our present.oceanibasins:were:evolving through ear}y
formative stages. Obviously much greater precision than p;esently exists
will be:required:for such works :The ultimaierpayaoff ?ould be grgat,
however;vfrométhewviewsp0intfof;immediate éeonomicagalps.(gag.v01% and
gas¢in“continenta1:margin¢basins)ﬁand fopclqnghterm»sc;entlflcmobgec—
tives related to our understanding of the:evolution-of oceanic-envi-
ronments and life, causes of global climate changes and vertiggl and

horizontal -displacement of. the earth's:crust.. = . ..

A major weak link in marine palaecenvironmental analysis is lack
of detailed quantitative information -on-oceanographic, climatological,
sedimentological, geochemical and ecological aspects of present-day
oceanic environments. -This-knowledge=is the most: useful key to‘past
oceanic environments. :Such:studies shouldrinclude co~ordinated:research
in;present—day;baains;;ranging;fromﬁthose;offa:reﬁtrictedvnature (e.g.. the
Black Sea) to fully oceanic areas. Concurrently with the above,
research on the historical. aspects of the .ocean basins -should ' be
accelerated. ilore detailed and refined analysis of sedimentary facies.
should be carried out using sedimentologicadl, mineralogical, geo—chemical
and ecological methods. Special emphasis should be given to deposits

 such as black shales, evaporites and .unfossiliferous:sediments. These
‘studies will require more-.sophisticated geochronological methods. This

last point .is particularly important for the problem.of correlating
and understanding widespread oceanic .events. i oo oo

' Finally, models of oceanic circulation should be produced for
past ocean-basin morphologies. For these investigations, we need more
precise plate reconstructions with an emphasis on palaeo~depths and

the positions of former continental mg;ginb.

A large volume of suitable core material is readily available
from existing and proposed Deep Sea Drilling Project and IPOD holes
and "open-file" o0il company drillholes. Much of {this material can
be utilized even by small institutions for only a modest capital
outlay, and use of this huge backlog of core data should be encouraged.
Emerged oceanic sediments which outcrop in convergent plate boundaries
provide an additional relatively low-cost source of sedimentary data
for such studies., ' '

For precise future studies; we need:

(a) improved drilling and recovery techniques; in particular,
development of technology for recovery of undisturbed cores
from the uppermost 50 metres; ‘

(b) ‘better navigated bottom sampling, located precisely with
. respect to morphology and structure, in order to gain infor-
mation from areas not.drilled, particularly when outcropping

seismic reflectors.are sampled; -
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(c) a refinement of methods of interpreting seismic profiles

Recommendatlons- ix. :sﬁe

and correlating these with 11tholog1es and facies changes
(acoustlc straxlgraphy) o :

In v1ew of the above, 1t is: recommended that

1)
-v‘zWorklng Group :- peml L e T

GLnmpore sy !

SCOR, in co-operatlon w1th Uneeco (IGCP), establlsh a

RN

'f"Harlne geochronologlcal methods" jln»,_

2)

3) .

l" Depth 1nd10ators. 1n marlne sedlments"

(RS S

:to 1mprove 1ntercorrelat10n of the faunal and floral groups,
. including:statistical approaches, -absolute age: determinations
c.and’ magneto-stratlgrap s with/ empha51s on. cross-correlatlon
-.-of ;all- the above methods. = ;1¢;u- SRR S TR :

'SCOR Norklng Group 40, or-a newly constltuted working group, -

promote studzes on

f" cenoz01c hlstory'of ocean basins" _ g_ing S ,‘; R

s

df;lnclugzng reglonal events such as: early Tertlary charts,
--excursions.of CaCO compensat:on depth,: sediment ‘cycles and
Jhlatuses,\w1th em a51s on reglonalxcorrelatlon‘of these events.

STy
o e sl e INBE ST

¥

hore 1nten81ve research be carrled out on

1nclud1ng specxal 1nvest1gations of benthlc organlsms, authlgenlc

~minerals and -sedimentary ‘facies as- depth’ 1nd4ca$ors, ‘further
,,1nvest1gat10ns combined ‘with: "Sea~Seaflocr interactions (See
page 16 above) in order+to revise palaeodepth vesults ‘and: pro~

posals for suitable deep sea dr1111ng 81tes.

PR
ot

lmaroang e r.}‘ v
TR T 'JH

i Yy Miwcimun::mg

e v g
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Second International Workshop on Marine Geoscience

Hauritius, ‘9-13 August 1976

STATE OF INPLEMENTATION OF EXERCISES 4.l.to 4.11 OF THE
INTERNATIONAL UORKSHOP ON MARINE GEOSCIENCE

(anolulu, 20-24 September 1971)

1. -Internatlonal horpholqglc Happlng of the Ocean Ploor

oCOR UG 41 was . establlshed and at the Internatlonal Hydrographlc
COnference in: 1972 a. resolutlon was agreed that IIB should co-operate
with. marine geoscientists on :ocean floor mapplnb.’A new. I0C-IH0 joint
Guiding Committee for GEBCO has ‘been: formed with Dr. A.S5. Laughton as
SCOR ‘nominee,: :and Dr; . S.W. Simpson, Secretary of CMG, as CHG nomlnee
and also as Chairman of the Committee. S

New: bathymetrlc charts (GEBCO 5th edition) are in preparatlon
and it is planned to set up a GEBCO International Geoscience :Unit to
help w1th the compllatlon of further sheets of the serles.

The IOC Assembly, at 1ts eaghth sesslon, tin November 1973, endorsed
the need to prepare a new and precise: large-soale bathymetric chart of
the Mediterraneun as a base for charts of other parameters such as
gravity, magnetics, etc. In order .to implement .this, the International
Co~ordination Group for the. Co=operative: Investigations in the Hedi-
terranean set up an ad hoc group of specialists to develop the Inter—

. national Bathymetric Chart of the Mediterranean (IBCH), Hercator pro-
Jeotlon, le: .,1 mJll:l.on, using only reeen'b sou.ndmgs of hxgh accaracy.

It has been suggested that GEBCO be asked to look lnto the pro-
. blems concerned with holding ajcatalogue of uathymetrlc data 1n d1g1ta1
Hform for qulck dlssemlnatlon on: request.:~uhm» :

2. Studles of Contlnental Harglns

o ‘4‘\',

(a) Actlve Reg1ons b

: LN . s . .
e IL ~:\-‘ 3 —-\«- S RS H

The IOC, 301 uly w1th ths CCOPM(of E“‘AP), held a successful
workshop in:Bangkok in 1973.(IDOE: Workshop on’Metallogenesis and Tectonlc
Patierns.in Bast.and. South~east 'Asia): ‘The report of this workshop "
(Metallogene51s, .Hydrocerbonsiand Tectonic'Patteérnsin Bastern Asja)™ ‘was
commented upon by SCOR, The work of CMG and!'SCOR: ensured,that the" scienti~
fic work was of a fundamental nature, as well as looking after practical

rnterests of finding new mineral resources.

In order to implement the Programme of Research, a CCOP—IOC J01nt
Working Group was formed (IOC resolution EC-V.18) and held its first
.. session in Tbkyo, 13-14 August 1975, 1n congunction with the twelfth
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session of CCOP, At this session the group decided to change its name to
"GCOP-IOC Joint Working Group on IDOE Studies on East Asia Tectonics

and Resources" (SEATAR). The second session of this group is scheduled
for November 1976, in Kuala Lumpur, in conjunction with the thirteenth
session of CCOP. The report of the first session was adopted by the

I0C Assembly, at its eighth session, in November 1975 (resolution IX-2),

At a speciax session of CCOP held in 1976 at Bangkok, the acti-
vities of many ships in the South-east Asian area were reported. The
work at sea was supported by measurements on land.

(b)~'InactivefRQgions

It was decided by the IOC that there was no need for a special
IOC group since the South Atlantic continental margins were studied
by many multi-national expeditions over several years often with the
help of the US Natlonal Science Poundatlon (IDOE)

The work on both actlve and 1nact1ve marglns ‘has 1mproved the
knowledge of both recommended areas, and in some cases is continuing.
The inception of this work is:owed to a large extent to the proposals
of the first International Workshop on Harine Geoscience, Honolulu,

The problems of passive margins have come increasingly into: focus during
the past few years and a continuation of the programmes in more detail

is recommended.,

3. Geological and Geopgy31cal Studies of the Medlterranean and
Marginal Seas e e o

The meetlng reuommended by the flrst Internatlonal Workshop on
. Marine Geoscience has been arranged for October 1976 by the Instltut
Frangais du Petrole (IFP), CHG and IAPSO.

Other work is bexng o*ganlsed in the Hedlterranean by I0C through
the International Co-ordznatlon\Group for Co—operative Invest1gat10ns
in the Medlterranean.v R ”;wwr“,~

Other marg1na1 areas under 1nveatigation w1th the help of IOC
CCOP ‘and US National Science Foundation (IDOE) are uouth-east As1a
(2a above, the South Paclfic and the Carlb*ean.u~x>%~

A successful IDOE Workshop, convened ,)o:mtly by 100 and CCOP/SOPAC,
and held in Fiji in 1975, recommended projects associated with mineral
resources in the South Pacific, and some of these:projects are underway
using the limited resources of the South Paclfic countrles.

Implementatlon of recommended work in the Carlbbean has been
disappointing. However, in this area; which is:considered to ‘be  impor-
. tant .for the. study of ‘Marine Goosciencey the new ICC A590c1at10n for "
the Caribbean and adjacent.regioms. ( I0CARIBE) ‘is-at.the presert - time
‘consldering an aotive . pProgramme.. which zn the opinion of the Workshop
,should be strongly supported. Tt b o PR
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4. Studies of Fluvial Supply of Sedimentary Matter to the Sea
and its Longshore and Offshore Dispersal

SCOR establlshed Worklng Group 46 (Rlver Inputs to Ocean eystems)
in 1974. This group consisted of geologists, -engineers, biologists,
geochemlsts and hydrologists and planned to hold a fact-finding
sympesium in 1977 to ascertain what gaps in knowledge exist in the
subject. A second stage programme is planned in which at least three
large rivers of the world will be monitored.’ There have been some
difficulties in- obtalnlng funding from the United Nations Environment
Programme but it is now known that a solution to these difficulties
is to hand, The UNEP, although interested in conservation, had agreed
that the working group should confine its activities to finding funda-
mental facts about the processes involved and should not be concerned

at all w1th pollutlon problems.

It was agreed that the or1g1na1 concept of this working gr
which was formulated in April/May 1969 at the joint ACIIRR/eCOR/WIv’O (acomr)
meeting on the Scientific Aspects of International Ocean Research (Ponza
and Rome), was excellent, and it was regretted that such a long time had
elapsed to produce so:little action.

However it was agreed that the original concept should be continued.

Se Deep Drilling in the Oceans

The recommendations were to find out ways in which other countries
might help the US finance the Deep Sea Drilling Project, and to assist
in organising symposia to allow rapid dissemination of ‘the results of
the project. Flnanclal participation has been agreed by some countries
and the initial seven year phase of reconmnaissance deep sea drilling
(DSDP) has been succeeded by the International Phase of Ocean Drilling
(IPOD) ‘Symposia have been arranged at the 1nst1gatlon of CMG at many
1nternatlonal conferences to emphaslze deep ocean dr1111ng results.

6. Actlve dege Crests and Actlve Practure Zones

A Symposium covering these subjects was held at the XVIth General
Assembly of IUGG, Orenoble, in Aug./Sept. 1975 and further symposia
will be held at: the 25th Internatlonal Geolog1ca1 Congress, Sydney,
Australia, -August 1976, '

Good examples of the modern practlcal approach are provided by
the experiments FAMOUS and CAYMAN in which'different ‘geophysical tech-
nlques were deployed backed by the use of submerszbles. '

It was agreed that this subject should be 1ncluded in the present ;/
workshop consideration of lithospheric problems. -

\\
Te Palaeo—Oceanography

SCOR Work;ng Group 40 was established in 1973. The group has

-« been active in preparing a survey of the subject and in meetings

in UK, USA and Germany (Fed. Rep). WG 40 is preparing for their first
big symposium to be held during the Joint Oceanographic Assembly in
Edinburgh in September 1976.

The meeting agreed that consideration should be'giVen to extending
this project both in scope and in time to be a general study of past
marine environments.



Workshop report N°9
Annex V - page 4

8. Continuation of. Magnetlc Studles of WOrld Oceans

Hagnetic measurements over the past feu years have nroved to be an
extremely useful tool in-support of morphological input {o.maps of the
ocean floor and in advanclng theories of:crustal, movement.

The meetlng agreed wholeheartedly w1th the recommendatlons of the
first -International : Workshop: on-Marine Geosclence, Honolulu, and agreed
that magnetic measurements:should be firmly- encouraged; in particular
in the study of basement.age of ocean floors and of magnetlc quiet zomes,
and in other SpPCIal areas of the world. g .

9. Deep Sea Hlneral Resources -

The recommended symposium is belng arranged as part of the Inter-
national Geological Cong*ess, to be held in Sydney in 1976. CMG is
convening-the symposium in:close.co-overation with the Commisczion on
Hanganese: of . the.: Internatlonal Assoclatlon on. the.Gene31s of Ore Deposits
(IAGOD) and with ECOR, — o

The subject:is rece1v1ng practlcal attentlon in IOC sponsored :
activities in South-east Asia, the South Pacific and the Caribbean.

. Mineral Resources .of - the oceans were considered further by the
workshop, as part of a general study of sea—bed sedlmentatlon and
other processes (Annex IV(d) above). o »

10, - Invest;gatlon of.. Anomalous Oceanlo Areas ST B

, Several symposxa and 1nvest1gatlons as proposed by the Honolulu
1971 Workshop. have been -held by the International Geodynamics Project
and other groups. Studies include those of.the.Iceland region, the -
Azores, H;cro-contlnents ‘and, the Walvis ridge. Since this:was only
a beglnnlng of studies of. the many -anomalous areas, it was agreed -
that contlnuatlon of this. subgect should be recommended, for example
an extension of previous work in +be Western Indlan Ocean between
the Seychelles and Afrlca. Jc,_jh\‘j\- : S : -

ll., Geotraverses

Long lines of geologlcal and geophy51cal observatlons crossing
land and sea are proposed and are being started as part of the South-
east Asia, South Pacific and Car1bbean work, Com

. The Workshop supported multl—dlsclpllnary studles of the geotra-
verse type in key areas... v
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ANNEX VI

Second International Workshop on Marine Geoscience

Mauritius, 9-13 August 1976

LIST OF ACRONYMS

Advisory Ccmmittee on Marine Resources Research

Advisory Group on Ocean Research

Committee for Co-ordination oi Joint Prospecting for Mineral Resourc:
in Asian Offshore Areas

Committee for Co-ordination of Joint Prospecting for Mineral Resourc:
in South Pacific Offshore Areas

Commission for the Geological Map of the World

Commission for Marine Geology

Centre National pour 1'Exploitation des Océans (France)

Deep Sea Drilling Project

Engineering Committee on Oceanic Resources

Economic and Social Commission for Asia and the Pacific

French-American Mid-Ocean Underwater Study

Food and Agriculture Organization

Ceneral Bathymetric Chart of the Oceans

International Association on the Genesis of Ore Deposits

International Bathymetric Chart of the Mediterranean

Instituto Centroamericano de Investigacién y Tecnologia Industrial

Inter-Union Commission on Geodynamics

International Council of Scientific Unions

International Decade of Ocean Exploration

Institut Frangais du Pétrole (France)

International Geological Correlation Programme

International Hydrographic Bureau

International Hydrographic Organization

ICC Association for the Caribbean and adjacent regions

International Phase of Ocean Drilling

International Union of Geodesy and Geophysics

International Union of Geological Sciences

- Joint Oceanographic Institutions feor Deep Earth Sampllng

Scientific Committee on Oceanic Research

CCOP-IOC Joint Working Group on IDOE Studies on FEast Asia Tectonics
and Resources

United Nations

Inited Nations Environment Programme

United Nations FEducational, Scientific and Cultural Organization

wOr}q Meteorological Organization
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