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INTRODUCTION

The Chairman of the IOC Regional Committee for the Western pacific
(WESTPAC), Dr. John Bunt, as Chairman of the Symposium, welcomed the
participants to Townsville and to the Sheraton Breakwater Hotel where the
Symposium was held. He explained that the Symposium had been sponsored by
the IOC amd organized, on its’ behalf, by the Australian Department of
Science. Nevertheless, the Symposium could not have been convened at this-
particular time and place without. the generous assistance, in money and/or
kind, of a large mmber of mstltutlons and commercial companlw. These
-were, in the c1ty of Townsville: :

Australlan Institute of Marine Science

Great Barrier Reef Marine Park Authority .

- James Cook University of North Queensland

Sir George Fisher Centre for 'I‘roplcal Marine Sc1ence

Townsville City Council

Department of Iocal Goverrment and Admnustratlve
Sexv1ces .

and from elsewhere

- United States National Science Foundatlon, Washmgton, D.C.
- French Ministry of National Education, Paris -~
United States Agency for Internatlonal Development (AID)
- Unesco (ROSTSEA), Jakarta '
. QANTAS, Canberra
ANSETT, Canberra
Butt:erworths Iondon

Moreover, a considerable mumber of institutions presented colorful
arnd attxactlve displays of their research effort, which cmplamted the
themes taken up by the Symposium.

Dr. Bunt also acknowledged the invaluable contrlbutlon of the
Keynote Speakexs the Topic Convenors ard the Discussion Leaders in guiding
the Symposium.

In many diverse ways, the aforementioned institutions, conpanies
and individuals greatly assisted the organizing Committee in arranging the
‘scientific and social programmes for the Symposmm, the social activities
often allowing unique opportunities for ripening the fruit of the more
formal debate and discussion of the sc1e.nt1f1c activities.

The SymposmmwasopenedbyDr.WJ.McG Tegart, Secretary of the
Department of Sc1ence, of the Australian Govermment. (His address is given
below) . o

: The main Keynote Speaker was Professor Roger Revelle, of the
"Scripps Institution of Oceanography, whose introductory address is
sumarized below. s . '



The Symposium covered four main themes which were so programmed as

to give as much chance as possible for interdisciplinary participation; each
theme was introduced by a Keynote Speaker:

(1)

Evolution of the Arc Complex: Geology and Speciatlon - Dr. John
Katili, Director General, Geology amd M.meral Resources, Jakarta
Indonesia.

‘Ocean Variability and the Links s with climate - Dr.. J. Stuart—

Godfrey, Division of Oceanography, CSIRO, Hobart, Australia.
Interannual Varlablllty in Marlne Cammmltles - Dr. Alan R.
Ionghurst, Bedford Institute of 0ceanography, Dartmouth, N.S.,
Canada. ;

Hman Influences on ﬂle Marine Ekivifonment - Dr. Ed Gomez, Marine

'Science: Institute, University of. the  Philippines, Manila,
Philippines. o

The 'Ipr.c Convenors and Discussion Leaders are llsted at the

, begmm.ng of each thematic section which contains the abstracts of - the
papers or poster sessmns presented w1thm the theme. .

The ,dlscuss1on.of the papers was far too rich toberecorded in

minutes, so each of the four Keynote Speakers sumarized the main outcomes
of the debates in each theme; their summaries appear at the exd prlor to the
section on the Closure of the Symposmm. :



OPENING ADCRESSES

. The Secretary of the Department of Sc1ence, Dr. W.J. Mc G. Tegart,
Imwb'duaOQQung‘Hikex;of'Uuaqux51wm'

Mr Chairman,'Ladies and Gentlemen,

A little over 3 years ago, I had. the Pleasure of leading the
Australian delegation to the third plenary session of the
WESTPAC Program Group coincidentally also held here in
Townsville. At that session, Australia took over the
Chairmanship. Under the enthusiastic leadership of Dr Bunt,
the WESTPAC Group  has developed the infrastructure and
credibility to be in a position to convene a. Symposium such as
this and to attract such broad support. I believe that some-
- 23 countries are represented by more than 200 participants and
I welcome you all to Townsville and, in the case of our;
overseas visitors, to Australla.f :

'The number of partlcipants, the quality of the papers to be -
presented, and the calibre of the Symposium keynote speakers.
and discussion leaders augur well for a stimulating week.
Combined, they also demonstrate two things very clearly.

F1rst1y, that there is enormous. 1nternatlona1 interest in the
marine resources and processes of this Indo~Pacific region and
their effective utilization and management based on sound
scientific knowledge and, secondly, that WESTPAC might

" appropriately act as a focal point and catalyst for such
dlscuss1ons.. - v

The Australlan Government has: demonstrated its committment to
WESTPAC by .providing support to Dr Bunt, during his period as -
Chairman, through my Department. - This support has been
extended to assist in the convenlng of this Symposium' and
complements direct financial assistance provided by a number of
other member states and international bodies.. The on-going .
effectiveness of the WESTPAC Group will be both determlned and
measured by the input of its member states.

From the Australlan Government's viewpoint, WESTPAC is at the
crossroads of its development.: A strong base, broadly
representative of the region, has been established and a solid
information exchange mechanism built. This Symposium now
provides the springboard for the Group to demonstrate its
ability to fulfil a coordination role in the region, and to
attract the necessary support requlred to generate relevant
regional research programs which require collaborative effort.
I trust that my Department's support over the past 3 years will
be v1ndicated. ' .

Undoubtedly, the marine environment of the Indo-Pacific,has
played and will increasingly play a major role .in the
soclo-economic development of south-east ' Asia, the

south-western Pacific and Australasia. Utilization of the
fisheries and sea-bed resources of the ocean, 1ncreasing

- maritime traffic and the growing awareness of the impact of the
ocean on our climate guarantees that the marine environment
will continue to be a focal point for both scientific study and
political debate.



The Australian Government fully recognises the importance of
the marine environment to its economic development and, despite
financial restrictions in the public sector, has maintained the:
continuing development of a strong marine research base in this
country. ,

Data on R&D expenditure indicate a steady climb in direct
Commonwealth operational funding for marine research from some
‘$A13 million in 1978/79 to about $A50 million in 1985/86.
These figures do not take account of State Government,
university, and privately sponsored research which add
considerably to the total expenditure.

During this period, there has also been substantial capital
expenditure on the relocation of CSIRO Divisions of Fisheries
Research and of Oceanography to new buildings in Hobart, and -
the construction of a new oceanographic vessel to be operated
as a National Facility by CSIRO. Further, the Bureau of .
Mineral Resources, Geology and Geophysics has chartered a-

specialised vessel for an extensive seismic program in the seas .-

around Australia.

It is most appropriate, from an Australian perspective, that
this Symposium be held-here in Townsville. Townsville is the
centre of this country's tropical marine science effort and )
could lay claim to being a regional centre of excellence. As -
many of yon will be aware, the Australian Institute of Marine
Science, whose facilities and hospitality you will experience
first hand later this week, the James Cook University of

North Queensland and the Sir George Fisher Centre for Tropical -

Marine Studies which is associated with the University are all

. located in Townsville. Similarly, the Great Barrier Reef
Marine Park Authority ‘and the Queensland National Parks and

,‘Wildlife Service which provide the expertise required for the
management of that magnificent resource, the Great Barrier o
Reef, are based here. Consensus may not always be reached over
ginﬁer.tables 1n Townsv1lle but the quality of debate is always
igh!

A great many other agencies play an important role in the
research, development and management of Australia's marine
resources. ' I am pleased to see that a number of these bodies
has taken the opportunity to illustrate their activities: by wvay
of the: extensive poster displays which have been mounted. in-
this and the other conference rooms. The ~displays prov1de both
a colourful and informative backdrop to the week's"
presentations ‘and: discus51ons.

Your discussion program is as varied and interesting as the
displays, and provides a wonderful opportunity for close
interaction between scientists, administrators and the
generalist who has an interest in the ocean its resources and
processes. The social program is. equally as varied, and will -
encourage interaction and discu551on in a less formal
atmosphere.



Of particular appeal to a non-marine person, such as myself, is
the opportunity to move between and across sessions and
subjects.” To listen to presentations in, for example, one of
the oceanographic sessions and then to relate some of the
hypotheses there to discussions of mangrove and seagrass
systems should ensure that a high level of interest will be
maintalned :

I trust that all of you will take the opportunlty to sit in on.
, discussions outside of your immediate field of expertise, for
one of the primary objectives of this symposium is to encourage
a multidisciplinary approach to the marine research and
management questions confronting the region. Similarly, the
Symposium seeks to promote a closer liaison between the men or
women at the bench, or perhaps, at the beach, and their .
counterparts among the dec1s1on-makers.

Pressures on the marine environment, particularly human-induced'
pressures must be investigated, evaluated and monitored in
order that national utilisation and management regimes can be
‘implemented before one's paramount concern becomes.remedy
rather than maintenance. These pressures on a fragile
environment come 'in a number of forms. Tourism, fishing

effort, waste dumping and the like all create a potential
env1ronment in which the hackneyed  old phrase "the. straw that -
broke the camel's back" can have real relevance.-

The prawn fisherman, the tourist operator, the oil rig builder,A
and the Reef Authority are dependent to a very large extent
upon the evaluated results of research undertaken by - scientists
such as yourselves over both the short and long. term. = The.
scientist must therefore be responsive to the needs of - that
client community and should be encouraged to actively pursue.
and answer those questions requiring resolution before
effective management can be undertaken.

I believe that public acceptance of expenditure on marine S&T
will be much easier to obtain if that research has demonstrable
application in management of the environment and of its
exp101tab1e resources.

The traffic is not however entirely one way. No research .
_agency or individual scientist can be expected to ignore the
"pure" aspects of their work for the "applied", merely to
satisfy or remedy an immediate situation. Crisis management is
both inefficient and invariably ineffective. Equally,
development decisions taken without full consideration of
'sufficient data are doomed to failure. In short, the end users
of research must enunciate their long-term objectives, and must
design and implement relevant research programs in close
consultation with the groups who will be expected to provide
the base data for decision making. A cooperative approach to
problem solving will hopefully lead to cost-effective research
and management strategies. :



These observations, whilst obviously stated in a simplistic
manner, are designed to encourage collaboration and cooperation
and are equally as valid in a regional context as in discussion
of researcher/utiliser relationship. The marine environment
knows no boundaries and scientificrcollaboration provides a
useful mechanism to overcome. perceived political difficulties
as well as ensuring that unnecessary duplication of effort is
avoided or, at least,reduced. It is a rare situation indeed,
particularly when discussing marine questions, where a problem
- is totally a local one, or does not have relevance in another .
geographic situation.  Tides, .tunas and typhoons are not ‘
restricted to any particular locale and, to understand,fully
the processes which govern.their behaviour, it is essential
that information and hypotheses be available and freely
discussed by all who study the phenomena.

I would therefore encourage‘all of you to actively explore
opportunitieSxfor the establishment of collaborative research =
programs in the region which may complement or extend your own
domestic programs and which could appropriately be’ encouraged
through the IOC and WESTPAC.

Mr Chairman, you and your Commlttee are to be congratulated on -
the desxgn of an interesting and, more importantly, relevant

- Symposium. You have assembled an impressive array of experts
whose contributions will undoubtedly stimulate discussion and
raise more questlons. This process will contribute to further
" R&D in the reglon s marlne science. sector.

In conclu51on I wish you every success in. this venture and for:
the continued development of the Program Group and I am' looklng

gorward to partlclpating 1n your discu551ons over the next two
ays. : , . . .

]



The Chaimman of the Intergoverrmental Oceanographic Comnission,
Professor Inocencio Ronquillo, of the Philippines, then addressed the
participants: :

Iadies and Gentlemen,

It is for me a great pleasure to be here at thls Sympos:.um, for at
least three reasons:: , '

FJJ’.'St, as Chan:man of the Intergovermnental Oceanographlc
Commlssmn, I can tell you that the Commission attaches great importance to
promotmg co-operation and intellectual exchange amongst marine scientists
even if, as an intergovernmental body, it is mandated to work through the
concerted efforts of 1ts Member States. : : :

Al'chough these concerted efforts are usually made through co-

~ operation between Govermments, they require co-operation amongst scientists -

" and- scientific mstitutlons, -at the national, at . the regional and at the

global 1level, since- oceanography is, perhaps above all ‘other subjects,
mult1d1sc1p11nary IR , ' .

, Today, at the opemng of this Symposmm, we see the two components
- govermments :and scientists - working together -to promote marine science in
the western Pacific, for the principal supporter of. this Symposium:is the
Australian Department of Science, and I wish to convey to you, Dr. Tegart, '
as the Secretary of the Department, the warm thanks of the Commission - its
Member States, its Officers -and its Secretary, Dr. Mario Ruivo, represented
~here by the Senior Assistant Secretary, Mr. .Ray Griffiths - for the
generosity of your country's goverrment, through your Department and through
other institutions (which I shall mention in a moment); I should also like
to thank your-govermment, through you, sir, for its support of the work of
the IOC Regional Committee for the Western Pacific, as manifested 'in the
hosting of this Symposmm, ard in many other ways.

' However, the principal supporter also has supporters, to the great
advantage of the Commission and the -Symposium. And therefore, I wish also
to thank the Australian Institute of Marine Science, for its noble aims in-
helping to convene this Symposium. - When I mention AIMS I must at once thank
John Bunt, its former Director and -the Chief Organizer of the Symposium.
Dr. Bunt is also the Chairman of the IOC Regional Committee for the Western
Pa01f1c. . . :

: Then, I wish to thank the James Cook University for A'its
significant contrlbutlon and ‘'its hospltallty in hou51ng many of the_
participants.- : .

. : The- Great Barrier Reef Marme Park Authorlty has also ‘made notable
contrlbutlons, for Wthh we are grateful -

oo Several IOC Member States have contrlbuted to ensuring the basis
for success.  The .Goverrments of France and the USA have made financial
‘contributions to facilitate the attendance of scientists from - developing
countries, and ‘a mmber of cother govermments and govermmental -institutions
of IOC Member States have assisted scientists from their won countries and.
sometimes from other, developing, countries to attend. Unesco, through its
Regional Office of Science and Technology for South-East Asia, has also
~ assisted some scientists to attend.



This is what we may understand by the "concerted effort" the IOC
Statutes require the Member States to make in order to "learn more about the
ocean ard its resources'. :

The second reason for my pleasure in being here, is that so many
of the meetings I must attend as Chairman of the IOC and in other official
capabilities are of the intergovernmental or policy—making kind, ang,
important though they may be, they are not purely scientific, so I hope to
enjoyleamngmreabmtwroceanardltsrmmesthrmghthecomerted
action of the many renowned scientists present here.

, I wish therefore to thank those of you who have kindly agreed to
play special roles as Keynote Speakers and Topic Convenors, and those of you
who will read papers, or who will give poster displays or who have simply
submitted papers , or who have just come to exchange mtelllgence

The Indo-Pacific Convengenoe is a key oceanographic phenomenon our .
knowledge of which determines largely our capacity to predlct the effects of
the processes that characterize the phenomenon. But it is not simply a
convergence of sea water; it is a convergence of . tectonic .plates and the
" associated geological-processes; it is a convergence of atmospheric features
as the southern and perhaps other oscillations of the air-pressure field: fix
their po<31t10ns relative to these two great oceans - the:Pacific and the -
Indian; it is a biological convergence associated, in evolutionary terms,
with major tectonic plates, but living organisms dle hard and the sea is
perhaps as often a barrier as a carrier; and it is a cultural convergence,
historically dictated by the ocean currents. - - c S

: It 1is therefore appropriate, ladies and gentlemen,  that we
converge here to learn from each other about the quiding forces in our
scientific 1lives. This convergence has been - greatly. helped by the
unstinting efforts of Mr. Bob Harris, of the Department of Science, who is
also the Australian Liaison Officer for WESTPAC, and I w1sh to thank him and
the other Departmental staff too. ‘

My third reason is that I have again the pleasure of coming to
Townsv111e and seeing one of the great natural wonders of the world - the
Great Barrier Reef. Not for the first. time, the IOC is recelvmg the
hospitality of the Mayor and Council and Citizens of Townsv111e, since the
Third Session of the IOC Regional Committee was held here in 1983, I
understand that we shall have an opportunity to thank the Mayor for his
Town's hospltallty later this week.

: Ard lastly, it is my pleasure to be here. because symposia such as

this one have proven to be an important mechanism for determining the
possible new thrusts of the IOC regional subsidiary bodies' actions, for
focussmg the present thrusts,” and' for enhancing co—operation becween :
- scientists and countries in the search for knowlege by which we may hope to
spur our socio-economic development, peace and prosperlty in all its foms

: On behalf of the Intergovennnental Oceanographic Oomrnlssmn, I
wish you every success in your intellectual exchange and- invite you to make
practical recommendations to the Commission on the development of
international co—operatlve marine science ard its related technology in thls
exc1t1ng ocean region. Thank you very much for your kind attentlon.



Professor Roger Revelle then delivered the main Keynote Speech to
the Symposium. (Since no formal text was submitted, the Speech is summarized
here from notes. ) .

The ocean is already a source of extractable living and non-living
resources and provides a medium for shipping, commnication and national
defence. However, needs for food, minerals and energy cannot now be fully
met by the land. There will therefore be growing demands on the ocean. as
terrestrial sources are depleted. The ocean also moderates the climate,
receives the domestic, agrlcultural and industrial wastes, and provides a
source of recreation. Too little is known, however, about the processes that
would allow accurate prediction of the consequences of alternative uses or
management measures. Without adequate knowledge, resources may. be wasted,
used inefficiently or inadvertently destroyed; investment in the aoqt1151tlon
of essential knowledge can therefore return large dividends. . :

The present Sympos:.um covers four main fields of marine 501ent1f1c
endeavour, w1th espec1a1 empha51s on the Indo~Pacific reglon. o

In the f1eld of geology and geophysus, it is only recently that
the distribution of metalliferous sediments close to the mid-ocean ridges
- has confirmed that ocean-floor spreading is accompanied by the  creation of
hydrothermal vents where the hot discharging waters may contain high
concentrations of copper, potassium, calcium, barium, manganese, iron and
zinc. Cocler vents are characterized by extensive communities.of organisms
mcludlng clams, Imssels, crabs and forests of giant tube worms.

Pa551ve oontmental marglns are often among the most poorly
understood areas of the oceanic crust, mainly because many of them were
formed -by breakup a long time ago, so. that the structures that were
initially created and much of their subsequent history often lie buried
under a thick layer of sediments. The study of passive margins is very
important for undertstanding the mechanisms operating when continents
separated to form new oceans, and for the exploration of hydrocarbons

.. Actlve margins are important sites of present—day tectonic and
volcanic act1v1ty and there is general agreement about the basic processes -
at work in them. They are zones of convergence where the oceanic plate is
subducted under the continental plate. The deep-sea trench, the volcanic
" arc, etc. are all manifestations of the. subduction process, and the Indo-
. pacific region is partlcularly interesting in this respect. Nevertheless,
fundamental questions remain about the structure and the nature of tectonic
and volcanic processes at active margins. Perhaps, as the oceanic plate is
subducted, the sediments are scraped off and imbricated on the overriding
plate in the space between the volcanic arc and the trench. Sediments would
thus be accreted at the active margin. However, the results of deep-sea
drilling in many active margins show that, in fact, the zone of sedimentary
accretion may be very small or even entlrely absent. The dominant process at
several active margms appears to be crustal erosion rather than crustal
aocretlon. o . o

o A correct choice of chem1ca1 species as markers of past and

present biotic processes is fundamental to an understandmg of the flux of
matter to the bottom sediments. Many products of primary synthesxs (for
example, steroids, hydrocarbons- and caroten01ds) retain thelr 1dent1ty in .



particulate matter for a long time in the deep ocean and may be found in
fossil remains of the deep sediments. The direction of modification of these
chemical fossils provides clues to the early palaeochemical envirorment.
The sediment-water interface can also introduce a chain of chemical and
biotic reactions which modify particulate matter drastically before the
material enters the bulk geochemical cycles. : S

: The stratigraphic record of marine sedimentation on the
continentsand ‘along their margins reflects the response of . relatively
shallow depositional’ marine enviromments to global (eustatic) sea-level
changes. The magnitude of sea-level changes ranges from a few tens to a few
hundred metres, but probably not more. Rates and patterns of sea-floor
spreading have been invoked to explain long-term sea-level- changes’ due to
volume changes of the ocean basins, whereas the short-term, and sometimes
‘very rapid, sea-level changes have been attributed to climatic factors which
can result in volume changes of the world ocean (i.e., isolation and
desiccation of marine basins) as well as to changes in the amount of water
accumulated in the world ocean (i.e., through the accumilation of large ice
sheets on the continents during glacial ages). It seems clear from the
‘sediment distributions’' in shallow marine depositional enviromments and from
the seismic stratigraphies of continental margins that the inferred sea-
level changes were global phenomena, but the causes for the changes are not
"well established. : o : : o e

: -~ The high-energy enviromment is that in which waves and curents can
influence geomorphology. Most high-energy enviromments occur nearshore and
on the imner parts of continental shelves. Examples are beaches,. tidal
‘inlets and tidal channels, ' submarine deltas, barrier islands, submarine
bottom forms and river mouths. Generally, these combine into assemblies such
~as estuaries, barrier island chains and pararallel submarine ' shallows.
Frequently, sand dunes form an.essential part of the sedimentary structure,
so that wind transport is an additional moving agency. The central problem
of the high-energy enviromment resides in the interplay between morphology
and hydraulic forces. On the shelf, irregular bottom topography causes tidal
residuals, but tidal residuals also cause irregular topography. The
interaction is difficult to characterize in any quantitative sense. The same

- holds, in shallower water, for incoming waves and -sand banks. Ancther
problem is the evolution of high-energy enviromments most of which are,
geologically speaking, very young. This is one reason why they often show

rapid morphological changes, but such changes also seem to be a fundamental -
characteristic. The determination of the geographical boundaries of specific
high-energy enviromments and the gains and losses through such boundaries is
"problematical; some enviromments are clearly open-ended as, for example,
beaches, which are fed by coastal erosion on.one side and. lose sand by
offshore transport on the other. In other ‘enviromments, such' as tidal
lagoons, with their inlets and barrier islands, sediments move in a more or
‘less closed system. - : - T e

There is also a continuing interest in sandy bedforms and ‘the
' sedimentary sequences in them. Theories of sediment transport amd stability
 have recently been devised for sand waves and tidal sandbanks and ribbons.
Because of their aggregated structure in transport and their .cohesive nature . .

- when deposited, muds are less well understood.. =« .- o ,

- ' "In‘the field of ocean variability and the links w1t:h climate, the:
couplmg between the oceans and the atmosphere is particularly strong in the
tropical regions. There is good evidence that large climatic fluctuations

_10—



are governed by large-scale tropical ocean-atmosphere interactions, and that
the dynamics of the equatorial ocean play an important role. At the same
time, the detailed dynamics of western boundary currents and their
interaction with the rest of the ocean circulation are not well understood.
Western boundary currents transport a significant amount of heat polewards,
and a strong heat flux from the ocean surface to the atmosphere occurs in
the current thermal-front regions. The role of the so-called Southern
Oscillation is ' certainly an important one in the atmosphere-ocean
relationship in this region, and is under active study. In the Indo-Pacific
region, the exchange of water, and therefore of heat and salt, betweent the
Pacific and Indian Oceans, is of paramount importance to a full
understanding of ocean var1ab111ty

In the field of interanmual variability in marine cammmities,
classical food-chain work has concentrated on the consumption of relatively
large phytoplankton cells: such as- diatoms and dinoflagellates by 'net
zooplankton"; e.g., copepods. Now, evidence from a number of directions
shows that very small primary producers (nanoplankton and picoplankton) -are
responsible for a 51gn1f1cant portion of the organic flux, and that they are
grazed by small copepods, ciliates and mucus-net feeders such as salps.
Vertical profiles’ of biochemical properties in ‘the water colum (RNA, DNA
and ETS) are beginning to provide estimates of biomass, respiration and
growth rates within the water column :

Biologists are now study_mg the ecological consequences of such
meso-scale features as upnlellmg, rings and fronts,. but, to understand
biological ‘processes, -it is often essential " also to ]mow the wind,
" turbulence and currents that form the dynamic matrix in which the processes
take place. The physical processes associated with the upper 300 metres of
the ocean dominate many problems of biological oceanography. Turbulence,
eddy diffusion, thermal stratification,. internal waves, etc. regulate the
supply of nutrients to the photic zone, and the nut.rlent supply ultimately
limits the pmduct1v1ty of the area ‘

Because of the need to exper_lment w1th ecosystens, a con51derab1e
effort has been made during the last decade to develop enclosed marine
" ecosystems (variously called microcosms or mesocosms) for experlmental
purposes. While there is in every case a limit to the size of the organisms
that maintain themselves in such systems, it is clear that very often the
smaller organisms and communities do well, and that the major features of
biogeochemical cycling, in some coastal regions at least, can be well
similated. On larger time/space scales, many important problems arise that
are both scientifically stimilating and immediately relevant to the rational
exploitation and management of oceanic ecosystems. Some of these problems
are under investigation, such as seasonal phenomena, the biological effects
of variations in the onset of stratification, and the description of the
large-scale biogeographical patterns of species and community types. The .
response times of biological communities to physical changes vary widely but
may sometimes be tens of years, which is important on the time-scale of
human life and observatlon. :

: CLIMAP (Clmate Iong Rarnge Investlgatlon, Mapping and Predlctlon)
illustrated the ' usefulness of recent studies of palaeontology in

. establishing long time-series against which the fluctuations in present-day

communities can be compared. Many of the interpretations of
micropalaeontology are based on the results of investigations of the present
.ecology of groups such as Foraminifera, Radiolaria, Coccolithophorida and
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In the field of human influence on the marine enviromment, the
last fifty years have seen a significant increase in man's input of products
and wastes into the marine enviromment. Research and monitoring of the
consequent 1mpacts have also increased, but basic research in this field is
still not in a position to prov1de an adequate scientific basis for
pollution management decisions.

Release of potentially harmful substances contimue to occur via
such sources as oil-well blow-outs,  tanker accidents at sea, chemical dump-
sites, and discharges of heavily polluted rivers, etc. And new oompoxmds and

their by-products may appear as future pollutants

DoT, its derivatives, and PCBs are halogenated hydrocarbons for
which sensitive analytical procedures exist. Their presence in the
enviromment may help in the determination of large-scale processes such as
atmospheric distillation and condensation (from warm .to cold regions).
Analysis of individual PCBs could also help in "fingerprinting" water
bodies. Several organochlorine pesticides (e.g., DDT) may be replaced by
toxaphenes which are 1likely to have as great an impact on the marine
enviromment as DDT but the analysis of which is much more difficult.
Information on the production, use and release of toxaphenes to the
envirorment will be needed for the evaluatlon of the hazard they generate
and of their suitability as tracers.

: The release of freons- (chlomfluorocarbons) to the at:nosphere has

contamlnated ocean surface water, so that the analysis of such water can be:
used to identify areas of vert1cal water. exchange ard to smdy the flow at"
depth from such areas. :

'Ihe levels of  some metals have turned out to be lower than
reported previously. -Biological systems may therefore be more sensitive to
these heavy metals to the ocean than had been thought. Copper, zinc and lead
are of special interest since they are produced and used in huge quantities,
and man has appreciably increased the mass of mercury circulating in nature.
Methods have been developed for determining methyl mercury -species in sea
water and air. Other elements such as tin, arsenic, antimony and sulphur are
- also methylated, so that methylation probably plays an .unportant role-in the
flow of a mmber of elements, and may reveal the degree of air-sea exchange
of dlfferent chemical species, reductlon—omdatlon processes, etc.
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KEYNOTE SPEECH BY DR. JOHN KATTILI: EVOLUTION OF THE ARC OOMPLEX: GEOLOGY AND
SPECTATION

The evolution of the sunda, Banda and Solombn Arcs over the
last 150 million years has been strongly affected by the
convergence of the Indian-Australian} Pacific and Eurasian

" Plates.

It is envisaged that, before the arrival of India, double
“arc-trench systems with opposing subduction zones existed in
the western part of southeast Asia. These volcanic arcs were
formed around an older nucleus of micro-continents welded
together by collision to form the ProtoSundaland, consisting
of parts of Thailand, Malaysia and perhaps West Borneo. :

The collision of India with ﬁurasia, which occurred around 50

' " million years ago, resulted in a clockwise rotation of the

sundaland accompanied by the generation of major wrench faults
in the continental part of east and southeast Asia and
Sumatra, followed by the forming of pull-apart basins in
Sumatra. T o . : o

while subduction continued around Sundaland, the opening of
marginal seas and back-arc basins in the South China Sea
(17-30Ma) and the Andaman Sea (10-20Ma), respectively, still
demonstrated the after-effect of the collisional process
between India and Eurasia. . '

The break-up of Gondawana resulting in the development of a
‘major spreading axis in the Indian Ocean was subsequently
followed by a major reorganization in the subduction pattern
of the Indonesian region. About 20 million years ago, an
8000km-long, east-west trending arc-trench system developed,
stretching from the western tip of Sumatra to Buru and even
"further eastwards to the Melanesian arc by way of Java, th
lesser Sunda Islands, Timor, Tanimbar, Kai and Ceram. :

‘Prior to the arrival of the Australian continent at the
southeast Asian continental margin, a north-south oriented
Sulawesi-Mindanao volcanic arc existed about 800km east of
Borgeo. Further to the southeast the older east-west trending
Sepik and the younger inner Melanesian Island arcs separated
the Australian-New Guinea Plate from the Eurasian Plate.

As Australia drifted northwards, New Guinea first collided
with the Sepik Island arc about 30 million years ago. '
Probqblyyabout the same time, back-arc spreading had formed
continuous Solomon-New Britain arc to the northeast of the
islgnd of New Guinea. Ten million years later, New Guinea and
Sepik, now welded into a bigger micro-continent, collided with
the inner Melanesian Island arc. This opened the Australian
Plate to the influence of the NNW-moving Pacific Plate. Arc
reversal occurred in the North Solomon arc. Anti-clockwise
rotaylon of New Guinea about 10 million years ago and
‘continuous northward movement of Australia trapped the Banda
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Sea and caused "tectonic shaving" of the Bird's Head of

New Guinea along the Sorong transform fault system.
Subsequently, Buton and Sula and other micro-continents
collided with Sulawesi and Halmahera transforming the double
island arcs into a K-shape form. A small west-dipping
subduction zone developed in northern Sulawesi accompanied by
active volcanoes in Minahasa and the Sangihe Islands. Other
"small subduction zones with reverse polarities subsequently
developed in northwestern Sulawesi and Halmahera, which can be
held responsible for the generation of the active Una-Una
volcano in the Gulf of Gorbntalo, central Celebes, and the
volcanoes in the western Halmahera arc. Active collision
accompanied by: emplacement of ophiolites is presently taking
place between the west-facing Halmahera arc and the
east-facing Mlnahasa-Sanglhe arc.

Thus, - the convergent movement of the Australian-New Guinea and’
the Pacific Plates could be held responsible for the various
tectono-veolcanic features in eastern Indonesia such as the
loop-shaped Banda arc, the K-shape form of Sulawesi and’
Halmahera, the back-arc thrusts of Halmahera and Sulawesi,.
large transcurrent faults in Sulawesi and Irian Jaya and
extinct volcanoes in certain sections of an active
plutono-volcanlc arc. .

Assuming that the high convergence rates in this region -
continue for another 50 million years or so, Australia will
move further northward to close with southeast Asia. This
complex region of arc-continent and arc-arc collisions, of
accretion of allochthonous terranes, of large horizontal and
vertical movements, of rifting and small sea-floor spreading
" in back-arc and marginal basins will ultimately be squashed
" between Australia and Asia. In the future, the region from
the Sumatran to the Solomons arc will resemble a broad and
complex mountain system such as we now see in the Alps, the
Hercynian and Caledonlan mass and the North Amerlcan '
cordillera.
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Mmmwmmmmmmmmm
CONSTRAINTS FROM EARTHUAKREX AND GRAVITY DATA

GHEOFFREY A ABERS and ROBERT MOCAFFREY

Department of Earth, Atmospheric and Planetary Sciences, Massachusetts
Institute of Technology, Canbridge, USA ‘

Teleseismic long-period and short-period waveforms and P-wave first- :
motions were used to determine reliable focal mechanisms and source depths
for the largest earthquakes in the New Guinea fold and thrust belt since
19641. The two largest events (Ms > 7.0) were fourd ‘to have occurred at
dept.hs between 5 and 20 km and smaller eventS were located as ‘deep as 45
km. The depths of these earthquakes and the steep dips of nodal planes
imply that active deformation in the fold and thrust belt is not thin-
skinned (i.e., limited by a shallow detachment surface) but must involve
the crystalline basement. The three largest events, which occurred under
the crest of the Central Highlands in eastern Irian Jaya near the Papua New
Guinea border, were characterised by strike-mechanisms with the preferred

. fault plane oriented E-W so that displacement was left-lateral. The

- predominance of left-lateral strike-slip motion can explain the discrepancy
between cbserved E-W striking thrust faults and folds and the ENE-WSW
‘direction of Pacific-Australian plate convergence. ’Iherefore, the -
mechanisms and depths of the earthquakes suggest that seismic deformation
in the New Guinea fold and thrust belt is dominated by hJ.gh-angle thrust -
faults that penetrate crystalline basement and that a major zone of left-
lateral shear exists throughout the fold belt.

We are in the process of using gravity data to investigate the possibility
that the Central Highlands are supported by the flexural strength of the:
descerding Australian continental platform. If so, gravity and topography
data will be used to constrain the extent of urderthrusting smce the .
mountains started fornung in the late Mlocene. '

OPENDGOF'IBEGJIFOF'IBAJIAND mwmmm
ANDIA'IECIIDZOIC'I&ZI!NICS

SANGAD BONOPAS

Geological Survey Dlvz.smn, Depar'cment of Mineral Rescurces, Bangkok
Thailand

'IheGulfof‘maJ.landonthewestoftheSouthdmeea1sflooredbyvery
thick (up to lkm) mainly fresh-water sediments that include beds at least
as old as Oligocene, and possibly considerably older. High heat flow in
the sediments suggests a basement of young mantle-derived rocks urder the
thickest part of the sediments. Seismic prospecting data indicate many
north-scuth-trending normal faults that have moved progressively during
deposition of sediments. Rifting was east-west, at right angles to the
trend of the normal faults, ard the northwest trend of the GuUlf of Thailand
: isnotrelatedtotherlftmgtrend but is inherited fram a line of
weakness along the Mesozoic northwest-trending sinistral Three Pagodas
Fault Zone. ‘

Approximately northeast-trerding dextral faults in peninsular Thailand lie

roughly at 45 degrees to the east-west sense of extension of the Gulf ard

- accamnodate increasing separation, towards the south, of peninsular
Thailard fram Indochina (the Eastern Gulf Coast). Frcm palaecmagnetic
evidence, the Malay Peninsula has rotated anticlockwise away from Indochina

with a pole of rotation near or in western Becrmeo, and its northern end. may

be overthrusting southern peninsular Thailand.
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The trernds of the known and inferred Cenozoic faults on land are of the
same age as the trends of the horsts and grabens in the northern Gulf of
Thailarnd. Evidently, the east-west extensional tectonic regime that caused
the opening of the Gulf extended north through the entire length of
western, centxal andnorthe:m'maz_larxi andeven furthernorthmtoBunna
ard ILaos.

Intracratonic spreading in the Gulf of Thailand and extensional tectonics
on lard are probably related to the current subduction of the Indian Plate
under southeast Asia along the Java Trench and the Andaman-Nicobar Island
Chain. Spreading in the South China Sea and rifting of the Tonle Sap-

- Mekong Depression amd offshore basin are probably also related to this -

. breakup of continental southeast Asia. A few basins north of the Surda -
Shelf containing hydrocarbon deposits are probably related tectonics. The
time when the tensional faulting cammenced in Thailand to the north of the
Gulf, in the'Gulf, in north Sunda Shelf and in south Vietnam is uncertain,
butprobablynanybasms, if not all, came into existence not later than
Oligocene times, ard have been contirmously infilled with clastics s1nce
then.. Marme depos:.tlon is w1despread fram the Pllooene onward .

The climax of Cenozo:.c tensmnal faulting is probably mdlcated by the
amall but widespread fields of late Tertiary and early Quaternary decline
basalts in Thailand and south Indechina. The climax probably coincided
with themamphaseofupllft ofthepresentmmtams of Thailard and
adjacent areas. 'Ihemuntamshavemab.lrelydlssectedtops andyouthful
geamorpholeyy on their margins, and contain infrequent but significant .
Quaternary deposits uplifted to great elevatlons p mdlcat:x.ng probably rapid
‘uplift during the QJaternarY . _ _

A plate tectonics model an the geologlc evolutlon of 'IhaJ.land ard .
continental southeast Asia from early Palaeozoic to late Mesozoic are also
briefly smmar:.zed.

mmm,mmm@mmmm&tm

( -
PETER J OOCK '
chief, BMR Division of Ccrxt:.ne:rtal Geology, Canberra, ACT, Australla, and

VJ.ce—Chalman, ION-UN (CETB) Guiding = Group of Experts_OSNIR_

The Intergoverrmental Oceanographic Caomission (IOC) and the United
Nations Ocean. Economics -and Technology Branch (UN-OETB). jointly
established a Programme cn Ocean Science in Relation to Non-Living
Resources (OSNIR) in 1985. The OSNIR Programme is at an early stage but
progress has been made in establishing likely priorities. One of these
priorities is the coastal zone, which is seen as an area of particular
''need for knowledge" in many parts of the world. It is also an area of
great economic significance. - With this in mind, a project is proposed on
Sea-level Charges, Enviramments and Tectonics in the last Million Years
w:.ththeacmonymsm ﬂw@aldangrmxpofbcpertsalsoproposedtrmt .
"Training, particularly as it relates to coastal zones, placers, sard amd .
gravel and carbonates, -is given a high priority and should be a focus of
effort by TEMA. Some training on phosphate deposits is’ also recammended".
This paper will review OSNIR SEIMY possible research direction in the

futureanipotentialareasoftrammg
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SEISMOTECTONICS OF NEW GUINEA: A MOCEL FOR ARC REVERSAL FOLIOWING ARC-
COONTINENT COLLISICON L

PATRICTA COOPER arnd BRIAN TAYIOR ,

Hawa.u. Institute of Geophysics, Honolulu, HawaJ.J., UsA

The structure and evolution of the northern New Gu.mea collision zone is
deduced fraom ISC seismicity. (1964-1985), new and previcusly published focal
mechanisms and a re-examination of pertinent geological data. A tectonic
model for the New Guinea margin is derived which illustrates the sequentlal
stages in the collision and suturing of the Bewani-Toricelli-Adelbert-
Finisterre-Huon-New Britain Arc to central New Guinea. followed by :
subduction polarity reversal in the west. East of 149°E, the Solamon Sea
plate is being subducted both to the northarx:lsmthbrlrgmgther
Britain and Trobriand fore-arcs towards collision. West of 149° E, the
fore-arcs have collided and, together, they override a fold in the doubly- -
subducted Solamcn Sea plate lithosphere which has an axis that is parallel
toﬂiestrmeoftheRazm—Markhamsumreandthatplmmgeswestwardatan..
angle of 5° beneath the coast ranges of northern New Guinea. Active .

- volcanism off the north coast of New Guinea is related to subduction of the
Solamon Sea plate beneath the Bismarck Sea plate. :Active volcanism of the
Papuan Peninsula and Quaternary volcanism of the New Guinea Highlands are
related to slow subduction of the Solamon Sea plate beneath the Indo— -
Australian plate along the Trobriand Trough and the trough's former -
extension to the west, respectively. ' From 144-148°E, seismicity and focal
meduanisnsrevealﬂuatcmwexgemebetweenthesubxedesmmkarﬂhﬁo—_
Australian plates is accammodated by ramping amd wedging within the |
Finisterre and Adelbert rarges, campression of the New Guinea orogenic :
belt, together with basement-involved forelamd folding and thrusting to the
south. Alang the New Guinea Trench, west of 144°E, seismicity defines a
southward-dipping Wadati-Benioff zone, and focal mechanisms indicate ‘
cklique subduction. Only this oldest, westerrmost portion-of the collision
has progressed past suturing to a full reversal in subduction polarity.

QUATERNARY UPLIFT RATES AT A PIATE BOUNDARY: -mxmasmsmszﬂc
RISK, IAE URBAN AREFA, PNG : ' ‘
KEITH A W CROCK ‘

Geology Department, Australlan Naticnal Umvex:s:.ty, Canberza ACT,
Australia X :

thhofac1e£ data combined with palaeontologlcal and 14C datmg yield
uplift rates for lae and the lower Markham Valley, PNG, on the boundary -
between the Australian and Scuth Bismarck plates. Rates for the north
flank of the Markham Valley, as far west as the Leron River, may exceed
4m/1000 yrs, averaged over the past 1 million years. In the Lae urban area
a rate of 6ém/1000 yrs is indicated for the past 20,000 yrs, with tilting
prior to 8000 yrs_bp Experiments are needed to determme whether this
uplift is occurring by creep or by episodic large increments, because the
mode of uplift has implications for urban seismic risk. The uplift is'a
result of plate convergence, trlple-jtmctlon migration and ellslon of the .
Solamon Sea plate. '
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Sﬂ&IEVEISIN'IHEPACIFIC 'IBES[Q{A'IUREINCIRALREEESOFPASSIVE
mmmmmmvmm

PETER J DAVIES

Bureau omeeralResources, Canberra, ACI‘, Austmlla

'mrwgh then: shallow water and temperature—dependent ccnpos:LtJ.on, reefs
encapsulate a record of vertical and horizontal tectonics, sea-level -
change, subsidence history, pa.laeocllmate and palaeo—oceanography

, Reefsarestzuc‘b.lresmchadnevetheirmammmgrwthmﬂnnzsmof sea -

.level and are bourded top ‘and bottom by sea-level indicative criteria: an
individual reef :representing a pericd of reef growth is usually sandwiched
between a basal unconformity and an upper surface crowded with sea-level -
imprints. On this basis and at this level, therefore, reefs are clearly
good indicators of the proximity of sea level. However, and in additien,
coral reefs contain a strong sea level signature within their framework
whlch is often dlagnosta.c of sea level to wn.ttun centimetres.

camozom sea—level changes have been rapid compared with the geologn_r:afo_3
norm. © Transgressive and regressive changes in-the Quaternary of 10-20m

_ years differ from Tertiary rates only for the shorter lengths of time for -
- which they occurred. In the hotspot—generated volcanic islards of the
Tuamotus and the passive-margin generated reefs of northeast Australia,
Holocene sea-level history has followed a similar course of very rapid
transgression followed by a long period of stillstand. In both areas the
reef facies produced, together with their geometrical relationships, are
similar, reflect accurately the course of sea level and contain detailed
signatures. Reefs can malrrtaln pace with a rapldly r:.s;ng sea level for a
short perlod of tnne ]

Reefs of passwe margins ard hot—spct regions preserve a record of
vertical and horizental plate motion. The "Darwin Points" can be -

~ identified in both settings. The temperate/troplcal bov.mdarles 1dem:1f1ed
© define the rates of plate motlon. ' .

SIRI:IURAL mmm:m{ OF AN IS!:AND ARC

H GARY GREENE o

US Geological Suzvey, Menlo Park Gallforma, Usa
ATEXANDER MACFARIANE '
British Geological Survey, Keyworth, Nott.mgham Ehgla.nd UK
DAVID P JUBNSON

James Cock University, Townsv:.lle, Qlid, Australla )

ANTHONY J CRAWFORD

University of Tasmania, Sandy Bay, Tas, Australia

DAVID FALVEY

Bureau omeeral Resources Canberra, Acr, Australia

‘ stmct:ural defomatlon of the central New Hebrldes Arc (Vanuatu) resulted
fram a camplex tectonic history of subduction polarity reversal fracture
zone-arc collision. Parallel, normal faults along the length of an
: emexgmg western belt of 1slands formed at approxunately 25 Ma fmm themal
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upbowing of the arc during the first (Vitiaz) westward subduction phase.
Reversal of subduction from westward to eastward (New Hebrides) at S
approximately 8-10 Ma led to the emergence of the eastern belt of islands:
where parallel, normal faults were contemporanecusly propagated. - Oblique
collision of the d'Entrecasteaux fracture zone (DEZ)-at approximately 6 Ma
initiated wrench-fault tectonics with the formation of wide fault zones
transverse to the long axis of the arc. Caontinuous subduction and _
collision for approximately how many years since then caused the elevation
of horsts that support both western and eastern belt islands and the
formation of an intervening intra-arc basin (graben). Wrench faulting
enhanced horst ard graben structures, formed transpressiocnal-transtensicnal .
structural wedges ard rotated blocks. Displacement along the transverse
fault zones tapped magma chambers alang the Benioff zane, thus allowing the
construction of picritic volcances. A major transcurrent fracture zone,
the Acba frachure zone, exhibits approximately 20km of displacement and
 offsets the intra-arc basin. Steepening of the Benioff zone at - . -

" approximately 1 Ma caused the migration of the active volcanic chain
westward to its present location aleng the central axis of the arc. -
Contimied collision of the DEZ is exhibited in recent uplift of Espiritu .. -
Santo Island and protrusicn of an accretionary wedge westward into the New -

NANRKAT TROUGH, SOUTHWEST JAPAN , ‘ ‘
Ocean Research Institute, University of Tokyo, Tokyo, Japan:

The sedimentary wedge across the Nankai Trough can be divided into three -

deformaticn zones according to their tectonic style and distribution of the -

campressional wave speed at the basal part of the wedge. These zones are

~ labelled cne to three from the trench axis landward. Dewatering ard slip
regime are cbtained from the observed campressiocnal wave speed.

1  Basal decollement o Prinary dewatering o stai:le slip .
2 Multiple decollement Secondary dewatermg . ransitional
U ’ ' - (Dehydration of clay) - S o

3 Seismic thrusting = Third-stage dewatering stick-slip

(Tsxmami earthquake)

The fore-arc region along the Nankai Trough has been divided into 150km

- long segments by seismic activities (Ando, 1975), and they are hereby
defined by shearing stress conditions on the subducting plate boundaries

ard by shortening of the wedge. : AP o ' '
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PITOT PATAROMAGNETTC RESULTS FROM THE BIRD'S HEAD, IRTAN JAYA
CHRIS KIOOIWLJK, CHRIS PIGRAM and JCHN GIDDINGS

Bureau of Mineral Resources, Canberra, ACT, Australia

WAHYU SUNATA

Geological Research and Development Centre Bandung Indonesia

'mednfthistoryoftheBlrd'sHeadstlllremalnsamatterofdlswssmn.
Hypotheses to date contain little or no quantitative data of the sort that
would provide same measure of the type and scale of relative motian
postulated. Palaeamagnetic data on Bird's Head rocks are clearly required
to contribute part of this missing element.

We report pilot results from a palaeomagnetic stidy of a sequence of 9
Bird's Head formations, camprising clastics and carbonates that cutcrop
alang the southwestern margin of the Kemm Block (132.7E, 1.25). The ages
of the formaticons fall within the range ILate Carbonifercus to Middle :
Miocene. Briefly, 7 formations each yield 2 companents of magnetization.
One campanent, similar for all, has shallow, upward inclination ard is, in
general, northerly directed: it is interpreted as a late Tertiary
overprint, possibly of chemical'origin. The other camponent is different

. for each formation and is interpreted, at this stage, as primary. Results
fram the remaining 2 formations prov:Lde no useful pa.laeomagnet.lc

information.

Poles derived from the prmary magnet:.zatlons are in ovemll gross SR
agrecment with the updated apparent polar wander path for eastern Gondwana:
they demonstrate the absence of large-scale motion of the Bird's Head :
relative to Australia since the Iate Carbonifercus; in particular, large
clockwise rotation since the Neocgene. Rather, the reésults point to only
small rotations and translations. They suggest same clockwise rotation
between the Iate Carbonifercus and Middle to late Eocene, followed by same

north-northeast - displacement campleted by about Early to Middle Miccene. A
small, post-Early to Middle Miocene camponent of anti-clockwise rotation
could be present, reflecting oolllslon of the Bird's Head with the margm
.of the Pac1f1c Plate . : :

Immmmﬂmwmmmwmmnmm

GHRTS L KIOOIWLIK, JUHNWGDJIDKS CHIUZSPIGQAH HISHmVJEardiID
FATVEY

Bureau of Mlneral Resources, GeologyandGeophysms, Canberra, ACT,
Australia

In 1984 the EMR in co-cperation with the Geological Survey of Papua New
Guinea initiated a palaeamagnetic study of the Central Highlards of Papua
New Guinea. A pilot collection of over 500 samples was assembled from
three regions:. (1) the Triassic to Miocene sedimentary and volcanic
- sequence overlyl_ng and northwards adjacent to the Kubor Massif;. (2) Lower
to Middle Miccene carbonate, calcarecus mdstonearxigreywacke of the .
Yaveufa Syncline; and (3) Eocene to Miocene carbaonate, calcarecus mudstone
and greywacke from the Papuan Fold Belt in the Merdl-Iallbu region. Pilot
demagnetization studies from region (3) show a primary magnetization
irdicative of minor clockwise rotation. Extensive p:Llot studies from the
other two regions (1,2) show the presence of a pervasive overpr:nt, most.
prebably induced during a Middle to ILate Miocene phase of major ignecus
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activity. These secondary magnetizations (and a single primary
magnetization result from region (2) have westerly declinations and
indicate a rather ccherent pattern of anticlockwise rotation varying in
magnitude from about 60 degrees to about 110 degrees. The general -
consistency of individual rotation cbservations throughout the Central and
Eastern Highlands suggest bodily rotation of a ccherent tectonic unit,
starting after the Middle Miocene. These rotations are tentatively
attributed to telescoping amd translation of the northern edge of the :
Austmllancratonduetodoc}cnganiaccretionoftheEastPapua ccmpos:Lte
terraneandthelestereterranemtheMlddleaniI.ateMlocene o

E‘MIUHQIOFVESMPACIFICHAKI[NALBASDS ANEPISGJICHISKRY
CHAO-SHING IEE - .
Bureau of Mineral Resources, Canbe.rra, ACl‘ Anstralia
THMAS W C HIIDE

GeodynamlcsResearchInstltxrte 'I‘exasAarxiMUmversJ.ty, Texas, USA

'Ihemarglnal basms ofsotrtheastAs:Laareajlgsawpuzzle ofdeepand
relat.wely short-lived (less than 30 Ma) basins that are separated by .
active and inactive arcs, rifted and collided crustal blocks. The major

" line of the subduction system, the Japan-Rytﬂcyu—Talwan-mlllppme arc-. -
trench systen, appearstndlvz.dethesemargmalbasms into two types: the
continent-affiliated basins (e.g., the Japan Sea, Okinawa Trough and South
ChJ.naSea) and the oceanic basins. The oceanic basins olderthan40mybp
have a similar E-W magnetic lineation pattern and a tendency to became
younger towards the north (e.g., the West Philippine Basin, Sulu, Celebes
ard Ba.nda Basms) ‘They are often mterpreted as entrapped ocearu.c crust.

Based on magnetlc anomalles, cxustal structure, palaeomagnetlc data and
DSDP results, the evolutionary history of these marginal basins can be |
understocd in termms’of five major episodes of plate reorgamzat.lcn. ‘the
Neoccmian, Iate Cretacecus, Eocene, Oligocene and Miocene. For each: - .

, eplsode, the tectonic development seems to be initiated by the collision of
massive crustal blocks and followed by a change of plate motion, the L
development of new subduction systems-and the alteration ard initiation of
spreading centres. The configuration of plate moticn, subduction and '

spreading then appears.to remain relatively steady until ancther cycle of .
collision. This type of collision-transformation-subductien history can be
drawn fram the chronologlcal and spatlal develcpment of western Pac1flc

PIATE BOUNDARY PROCESS AND mmm BOITIDOING

SHIGENCORT MARUYAMA -

Department of Earth SClenceS, Faculty of E‘ducatlon, Toyama Umversxty,
Toyama, Japan

. The recent progress on the plate boundary process of divergent, corrvergent
arnd transform bcmxiarles, is brlefly summarized with speCJ.a.l reference to .
mmmtam buJ.ldlng

The specific effects’ of the colllslons of contJ.nents island arcs, oceanic
plateaus or rises, and seamounts, areexaminedbyon-landandmﬁersea '
examples around circum-Pacific regions. The collision-related orogenic
phenamena, i.e., (1) igneous activity, (2) uplifting of regional
metamorphic belts, (3) evolution of geologic structure, and
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(4) sedimentation, are summarized as follows: (1) Absence of volcanoes
along the collision boundary may suggest the lack of subducticon-related -
magmatism due to collision, but the older examples in Asia do not support
the idea; instead, dominantly plutcnic syn- or post—collision magmatism
occurs. (2) The uplifting of low-P/T regional metamorphic belt coincides
with the time of collision, but the uplift of high-P/T rocks occurs before -
the collision in most cases. (3) Two fundamental geologic structures,

i.e., imbricated thrust sheets and their rearranged nappes, are cbserved in
the collision zones together with the collision-related transform-fault
deformaticns. (4) The episodic zoned growth of accretionary complex may be
related to rapid sediment supply by collisien. . Most accreted oceanic '
materials are pelaglc sediments, reefal limestone, and fragments of - . '
seamounts or rise (plateau), and are rarely mid-ocean ridge basalts (MORB)
'melrmdesofocmrremesuggestuxelrmlxmgsastrenduollstostrmneas
observed in modern t:renches -

EXPIOSTON MEIANGE

Department of Earth Sc1enc&s, Faculty of Education, 'Ibyama Un:x.vers:.ty,
Toyama, Japan

" R L SEDIOCK

Department of Geology, School of Earth Sc1ences, Stanford Umvers:.ty,

Callfornla, USA . ‘

'nmtemnelar)gelsaxrrentlyusedtodescmbeseveral dlffe.rentklndsof
mudstone-rich rocks that are broadly characterized by an ocbscure -
‘ strdtlgraphy, stratal disrupticon, or a chactic "block-in matrix" fabrlc.
Proposed origins of mélanges include: -(1) layer-parallel extension (HsQ,
1968; Cowan, 1982), (2) muddy debris flow (olistostrame) (Maxwell, 1974);
(3) tectonic mlxmg (Suppe, 1973; Cowan, 1974); (4) flow mélange (Cloos,
1982); (5) mud diapirism (ILarue & Speed, 1984);and (6) cambinations of (1)-
(5) (HsG, 1973; Cowan, 1985). The term "explosion mélange" is presented
heretodesc:r:bescmechaotlcxmlts as inferred from ubiquitous
of gas hydrates in arc—tre.nch gaps, the binary phase diagram of
-H20 together with the effects of the third camponents of 0,, NaCl, ,
: ﬁ 3 and H S, the offscraping structures-near the toe of czaocretlonary
Wi es, a feff an-land examples. The instantanecus 170-fold volume
expansion of gas hydrate diapir by the depressurization, triggered by
earthquakes, would hJ.ghly disrupt the unconsolidated subduction camplex.
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TECTONICS OF THE FASTERN SUNDA AND BANDA ARCS INFERRED FROM THE SOURCE

DEPTHS AND FAUILT-PIANE SOIUTIONS OF IARGE, SHAIIWW

ROBERT McCAFFREY :
of Earth, Atmospheric, and Planetary Science, MIT, Cambrldge,

Massachusetts and AF Geophysics Iaboratoxy, Hanscam AFB, Bedford,

-~ Massachusetts, USA

Oneoftheimportantproblemscoxwemlngthetectom&softheeastem »
SmﬁaarﬁBarﬁaaxcsmBﬁon%m;smemechanismbywkudxmeAustxahan
continent converges with the SE Asian plate. I address this problem by
determining accurate focal depths and fault-plane solutions of the region's
largest earthquakes by inversion of the:Lr teleselsmlc, long-perlod P and SH
waves.

N-S shortenmgocwrsacmsstheentireBandaBasm, bythrustfaultmgat
its northern and scuthern margins ard by strike-slip fault.mg within its
interior. The strike-slip faulting falls within a series of NE trerding
'rldg&smdmstluelyawmmdat%therEMmofmeSEBardaBasm
relative to SE Asia. , strike-slip faulting dominates the seismic
enexgyreleasemthefore-amfm&mbawatohmrmﬁnxhcatesﬂ)atthe
fore-arc responds to the collision by N-S shortening and E-W elongation.
Very few earthquakes indicate under-thrusting and are concentrated near
- Sumba Island (and of small seismic moment) and south of the Seram Trough. -

. ' large thrust earthquakes with roughly N-S trending slip vectors are

prmnmentsmzthofwmstemSemmanialongthebadc—amslcpesoftheSmﬁa
~ island arc from Bali to Wetar. ‘

Iconclw:lethatconvergencebetweenm:strallaandSEAsmlsnot
acconnwdatedloczuybytlmusmngattheTmortrmghmtramertrmtltls
taken up by campressive deformation distriluted over a 700km-wide area. -
The eastern Banda Basin is migrating E away from SE Asia and over the- .
Arafura Shelf, thereby forming the southern Aru Trough. 'Im.smechanlsmcan
explain the decrease in convergence at the Timor Trough and can account for
the berd and apparent NW. convergence direction at the eastern erd of the

arc. 'IhedefomatlonmtheBaxﬁaBasmlsanalogcustothathsmnorth
of the Himalaya. . ‘
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THE EFFECTS OF QUILISION ON THE FASTERN AND PAPUAN PIATFAINS IN EASTERN NEW
GUINEA ) :

CHRTS PIGRAM and PHIL SYMONDS ,

Bureau ofMJ.neralResources, Canberra, ACI‘, Australla

The Eastern and Papuan Plateaus form a southeasterly prolongation of the
Australian craton situated between the Coral Sea Basm/Osprey Bnbayment and
thePap.zanPenmsulameastemPapuaNewGumea :

The collision of these plateaus with the East Papuan Camposite Terrane in
 the Miocene formedﬂleeasternpartoftheNewGlmeaOrogen. The effects
on the plateaus of this collision include reactivation and reversal of
movement on some plateau-form;mg normal faults, tilting and subsidence of
the northern margin of the plateaus and the formation of foreléand style .
basins. Despite their camparatively small size, the ocean/continent
bourdary aleng the south side of the plateaus appears to be unaffected by .
the collision events aleng the northern margin. The plateaus appear to N
have respoended to the collision in a similar fashion to the craton further -

smwmmmwmmusmsmmmmmmm RAYONG
PROVINCE, EASTERN THATIAND ’

AMPAT PORAWANVIT

vmneralResourcesDepart:nent Bangkok 'I‘hallarx:l

The origin of heavy minerals at Maptapert Beach is still controversial.
To prove the source, 54 surface samples were collected from nearshore and '
offshore zones off the beach. These samples were then processed through
heavy-mineral separation. Optical investigation and grain-counting were
also canducted . in order to determine the content of each mineral. The .
_krasultobtanmdmdlcatesthattheheavymneralsmthestudyareaare :
- daminated by tourmaline, zircon and ilmenite, with small amounts of rutile,
. leucoxene and monazite, and very small quantitites of cassiterite, anatase,
xenotime, topaz, gamet, pyrite, magnetite, siderite and: alterlte. Amounts
of tow.mnaline rutile, leucoxene, anatase, xenotime and topaz, the lighter
minerals, increase landwards from offshore to nearshore, while zircon, :
ilmenite, monazite and cassiterite, the heavier minerals, display the
reverse character _This. relationshlp reflects hydnadynamlc sorting;
aword:.ngly, offshore- exploratlon should be undertaken to delineate and
evaluabe the source. ‘ .
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STORM MORPHOIOGIES OF WESTERN KIRTBATT ATOIIS
BROCE M RICHMND and PETER S ROY
CQOOP/SOPAC, Suva,FIJ’I

The Gilbert Islamd atolls of western Kiribati are developed on md-plate
oceanic volcances. Numercus low-lying coral islets on their cuter rims are
best develcped along south and east windward margins. The islets, ~
-generally less than 5 metres abovepresentmeansealevel exmbltmmercms
features interpreted as resultmg fram severe stonn act:.v:.ty 'Ihese ‘
features :anlude _ _

(1) Islet d_lssect:.on by channels, typlcally w:.th armured maxgms of
cemented coral rubble. Clast-size decreases from ocean to lagoon 51de
where sediment lobes often pmtrude .

(2)- stmre-normal tongues of coral conglcmerate develcped oan’ seaward reef- |
flats. With heights greater than 1m above the modern reef flat surface, ,
'cheedgesareccmonlyanexpslonalscarp PR

‘, (3) Islet surfaces strewn with loose reefal debris up to boulder size.

All of these features can be attrlbuted to stom acta.v:.ty under present
mean-sea-level condltlons without :anokmg a Holocene sea level higher .than
~at present

mmmmmoammmosmmsms
WALTER D ROOTS
Macquarie Umvers:.ty, Sydney NSW, Australla

The calculated top-cool:.n:_; rate for oceanic mantle, being three tlmes )
greater than that for cantinental mantle, explains sub~continental rising

* . -canvection plumes, andcentralcorrtmerrtalrlfta.ng Ascontmxtsdrlft

from over the convection cells that rifted them, they are replaced by

oceans, - acceleratang top—cooling of cells ard starting cell deczy. The new "

plumes forming under drifting continents will expand while their parent
continents remain intact, bypusmngbacktheirccmxbcnxdarymtholder ‘
adjacent cells. Common cell boundaries move from an initial position
beneath continents, towards COBs. On passing beneath COBs, the interface"
between cells cames beneath (subductable) oceanic lithosphere. Subduction

- starts as an edge of oceanic lithosphere is pulled into the interface -

. between cells (where flows from adjacent cells converge and turn down)., .

' Cell boundaries then cease normal steady movement, due to the resistance of
trapped slabs to seaward movement, even though cells are still changing in
relative power. Eventual breaking of the slab from the lithosphere (by .
increasing stress between upper opposed flows) allows convection flows to
meet again, to find an equilibrium position well to seaward of the last
positien, and to start subducting a nappe of oceanic lithosphere leading to
back-arc spreading and formation of a marginal sea. More marginal seas
then form as occasicnal fractiring of the slab is followed by further jumps
of subduction seaward. Eventually, the new cell rifts its parent

. continent, and all marginal seas are accreted to the continental fragment
that moves to the active subduction zane, forming Andean-type margins.
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GEOLOGICAL STRIXCIURE AND MAGNETIC PATTERNS IN’ MARGTINAIL,
WALTER D ROOTS
Macquarie University, Sydney, NSW, Australia

All well mapped arcuate marginal seas have chactic magnetic ancmaly
patterns, whereas well mapped linear marginal seas have ordered linear
magnetic anomaly patterns. This empirical relationship results from
differences in the mode of marginal-sea opening in each case. Linear ..
marginal seas can and do develop long mid-ocean ridge (MOR). spreading -~ -
segments - fram the start of true spreading, so that long linear magnetized
areas-are formed on the sea floor and can be mapped and correlated. . In
contrast, marginal seas that begin spreading with an arcuate shape will
have a large proportion of. their margins oriented at an acute angle to the
spreading direction, and so can develcp only short spreading segments (and
magnetic anamalies). Only after considerable cpening can long spreading
segments 'form{ and most marginal seas have ceased spreading before this -
lont_ger than when spreading began (Japan Sea, Mariana). are more complex.
again, since this gecmetry involves two-dimensional spreading. Magnetic .
. ard seismic data used together can aid interpretation of camplex spreading .
patterns, as in the Labrador Sea where similar spreading gecmetry has
produced a magnetic quiet zeone over rough basement, a characteristic of
acute-to-margins spreading. - S ‘ | ‘

COASTAL, SEDIMENTATION AND DELTATC PROGRADATION ON A TILIING COAST,
" 'PETER S ROY and BRIXE M RICHMOND
OOOP/SOPAC, Suva, Fiji

In the coastal plain and nearshore zane of northeastern Guadalcanal, seven
relatively large rivers form coalescing deltas whose morphology is strongly
. modified by waves. Except for the Iungga River which is discharging
directly into deep water, the deltas are prograding over a relict shelf
platform less than 60m deep. This platform is thought to represent a
Pleistocene deltaic plain that has subsided due to tectanic tilting of the
island. The prograding delta lcbes are rather steep and convex in profile
whereas the intervening embayments between lcbes are flatter and concave
upward. - Nearshore sediments are mostly terrigencus muds, sarnds and gravels
 which correspond to different deltaic facies whereas further offshore
‘ ‘calcaxeousmzdsarrlsanispredcminatemtheamnt-sweptshelf. Lower
river—channel morphologies. vary from braided coarse-sediment types to
incised and meardering fine-grained forms. Response to flooding varies
greatly between the different channel morphologies. Mineral. assemblages of
_ the beach sediments on each delta correlate well with its river catchment
lithology suggesting little lateral mixing. o g
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TECTONIC REQCNSTRICTIONS IN EASTERN INDONESTA
ELI A SOVER and HARDI PRASETYO
Earth Sciences, University of (}allforma, Santa Cruz, USA -

Reconstructions are based on global plate movement histories, local
palaeamagnetic information, and regicnal geology. For reconstructions over
the past 40 Ma, we have two samewhat uﬁeperdent approaches. One assumes.a
fixed hotspot framework, to which all major plates can be referred. The
other examines relative plate motion through a global circuit, including -
. the Pacific, Antarctic,. Australia-Indian, .African, North American, and:
' Eurasian Plates. We have used both methods and find little significant -
difference in results. A major uncertainty is the history of deformation
mAsm,andthatmtroducessomeerrormtoallrwonstxuctlons An .
equatorial seaway connected the Pacific and Indian oceans until almost 10
Ma ago. - Crustal fragments from Irian Jaya can be backtracked to potential
initial positions along major - plate trajectories. Lithologic data fram the
Banda Sea show initial separation of the Banda ridges from Irian Jaya in
middle to late Miocene, and gecchemical studies of the Banda ridges and the
Banda arc volcanics imply that subductlon beneath the Banda arc orlgmated .
prior to 7 Ma ago. T

mmmwmmmmmmvzmm :L
University of the South Pac1f1c, sSuva, Fljl

Smgle-statlon group veloc1tle£ over the periocd range 15-100 s are ,
camputed -for nine fundamental-mode Raylelgh-wave—propagatlon paths that
cross tectonic provinces of the Fiji region. These camputations are based
onrecordlngsoftheearthquakesammdtheFljl islands by the WWSSN ..
stations AFT, HNR ard WEL.. The inversion of the derived dispersion curves
for shear velocity - depth structure shows that uppermost mantle velocity
beneath Socuth Fiji Basin, Iau Basin and North Fiji Basin is slightly lower
than that derived for the Pacific Ocean region of similar age by Yu ard .
Mitchell (1979). The uppermost mantle LID is' almost absent beneath these
marginal basins, andtheshearveloc1tylsbetween4 0 ard 4. 3km/s mt‘ne
depthrange fromMohodmmtozzo km. .

Interstation phase veloc:.tles between WEL-AFI are computed for one - , '
earthquake. Whentlusdlspexsimcurvelsmtexpretedmtermsofaflat—
earth parallel-layer model it indicates a higher mantle velocity. 'IhJ.s
could be taken as the indication of the pnesence of subduction.
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PRELIMINARY RESULTS OF A PALAFCMAGNETTC STUDY OF MISOOL, IRTAN JAYA
GORDON A THROPP, E A SIIVER, H PRASETYO
Earth Sciences, University of California, Santa Cruz, USA

Parts of the Indonesian islands arocurd the Banda Sea, and the Banda Ridges
within this Sea, have basements of Australian affinity; they were probably
displaced by stm.ke—sllp faulting from Irian Jaya.

‘The island of Misocol, just west of the "Bird's Head" promorrtory of -

-Irian Jaya has excellent coastal exposures of a Palaeozoic through
Quaternary sequence of carbonate and clastic rocks. We are utilizing the
palaeamagnetism of these rocks to investigate the tectonic relationships
between Misool, Irian Jaya, arnd ‘Australia. The palaeamagnetic data will
also provide a framework in which to evaluate the dlsplacement of the
various allochthonous slivers in the Banda Sea reglcn. o .

We collected 614 oriented core samples from 107 51tes for pa.laeofnagnetic
study of 14 formations in the Misool archipelago. Detailed pilot thermal
"demagnetization’ experments on representative samples from each formation
demenstrate that secondary overprints can be removed allowing isolation of
a stable magnetic directien. Very weak magnetization of most of the .
Tertiary carbonates makes accurate measurement of these rocks difficult.

" The Late Cretacecus Fafanlap ard Waaf formations, however, retain well
defined, pre—folding magnetic directions that suggest substantlal ‘
counterclockwise rotatlon of Miscol relatlve to Australia.
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SEDIMENTARY PROCESSES RETATED TO FORE-ARC DEVEIOPMENT: THE IOMBOK AND
' SAVU BASINS, FASTERN INDONESIA ,. ,
‘TJEERD C E VAN WEERING = ' ) ,
Netherlands Institute for Sea Research, Texel, The Netherlands st

ard D KIOSNTDA, Pmnmmoanismuxmsamm c

Marine Geological Inst:.tute, Barxiung Indonesm

, 'I.heIombokarxiSaquasms formfom-ambasmsofthecentralarxieastem
Indonesian fore-arc system, and have been studied until now only to a '
llmltedextent . i ..

Seismic and acoust.lc profJ.lJ.ng carried out during the Snell.ms IT <

. expedition in 1984-1985, complemented by extensive pisten: coring, shcws
matmtheImzbokBasmunderthrustJ.ngresultedmthe formation and -
uplift of the Lambok Ridge but that uplift is much less than along the
Sumba-Savu-Roti-Timor Ridge. The latter has resulted in large-scale B
gravitational gliding and slumping fram S to N into the Savu Basin and
causesthemdespreadocalrrenceof ‘acoustic voids in the turbidites o
formmgthepresentseafloorofﬂmeSaquasm. Uplift of the Icmbok
‘Ridge has resulted in the widespread occcurrence of growth faults along the
ridge margins, and of small-scale slumping. Sedimentation rates in the :
Savu Basin are twice as high as in the Lombok Basin: preliminary rates are
25. cm,/looo year for the Savu Basin and 9-11 cm/lOOO years for the ILombck
Basin sedlmerrts

mmmm—mmmmmmc
JACQUES DANTEL, B PONTOISE, JRE(XardﬂPSOSupboardScmnt.xﬁcParty
Oxstom BPAS NoumeaCedex New Caledonia

‘Ihe fustandflfthlegsoftheR.V J’EANCHARQ:II‘SEAPSOmusewere
devoted to the study of three arc-rldge collisions alang the New Hebrides
and Tonga subduction zanes, using SeaBEAM bathymetry, magnetics, gravity
and single chamnel seismic reflection profiling. d'Entrecasteaux Ridge,
Loyalty. Rldge ard Icuisville ndge 11lustrate, respect:.vely, the cases of a
ridge arriving perpexxhcularly, in parallel and obllquely to the trench.

During the secord leg, we surveyed the New Hebrides back-arc area

especially the troughs externding northward (Vanikoro and Vot Tande 'I‘mughs)
and southward (Efate and Coriolis Troughs). ‘

meposterstwwsthemmrestntsofthesethreelegs, emphasizmgthe

structural aspects with 3-D colour block dlagrams Detailed SeaBEAM maps
are also presented. ,
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SUMMARY REMARKS ON TOPIC 1: EVOLUTION OF THE ARC COMPLEX: GEOLOGY AND
SPECTATION .
BY IR. Jammnll

In the section on the Evolution of the Arc Catplex. Geology ard
Speciation, two main lines of discussion were envisaged: Plate Tectonics and
Palaeogeography; and Sea-level Enviromments and Tectonics. It turned out
that the papers- presented fell predominantly in the first body of
discussion. There were eleven papers on plate boundarlos, including arc
evolution and plate . movements; ‘four papers on. stratigraphy and/or
sedimentation; three on basin evolution; two on local geology and
seJ.smology “two on sea—level in general- and cne on r1ft1ng ‘

Cooper/Taylor, in dlscussmg ‘a model of arc reversal following
arc—continent collision for the Bewani-New Britain arc and its suturing to °
central New Guinea, showed that the Solomon Sea plate is being subducted to
the north and south thus movmg the New Britian and Trobrland arcs towards
colllslon. ,

, ‘ " Green and his co-authors descrlbed J.n detall the palaeotectonlc ‘
history of the central New Hebrides arc.

McCaffrey, reporting on tectonics of two island arcs (East Surda
‘ and Banda) inferred from accurate determination of focal depths and fault-
~ plane solutions of large earthquakes in the region, described the
convergence of the Australian and south-east Asian plates, and the fore-arc
response to the collision by N-S shortening and E-W elongation. The
. convergence appears not to be accommodated locally by thrusting at the Tlmor
. Trough but rather by comprosswe deformation over a wide area.

. Crook informed us of specific uplift rates for two parts of Papua
New Guinea as a result of plate convergence, involving trlple—junctlon
mlgratlon and the ellslon of the Solomon Sea Plate.

Maruyana rev1ewed recent progress in the study and interpretation
of plate boundaries (divergent, convergent and’ transform) with special
reference to mountain building, particularly the relation of the timing of
upllftlng to that of collision, noting that accreted materlals are rarely
, mld-ocean rldge basalts. - :

. Plgram/Symorﬂs described the effects of the collision between the
- Australian and the Eurasian plates on the Eastern and Papua Plateaus, noting
that the collision events along the northern margin of these Plateaus do not
appear to affect their southern margin; this- suggests- that collision,
although a major manlfestatlon of tectomc ac:t1v1ty, is 'a comparatively
localized phenomenon. , Co - '

Sudamllrgam described upper mantle velocities of earthquake waves
cross:.ng tectonic provinces in the Fiji reglon, suggestmg that this is a
region of subduct1on. ) : ) ‘ ’

) ’ Abers/mfﬂ'ey detenmned rellable focal mechanisms and source
depths for large eart'hquakes in the New &unea fold and thrust belt. 'Ihe ‘

37 A text not having been made avallable, these renarks are developed
here from notes ‘

- 31 -



considerable depths of the smaller events show that active deformation
itself may operate at considerable depths. They showed also that deformation
in the fold and thrust belt is dominated by high-angle thrust faults
penetrating the crystalline basement.

In oontrast Klootwijk and his co-authors provided palaecmagnetic
evidence that, after the Middle Miocene, a bodily anticlockwise rotation of
a coherent tectonic unit occurred, th.ch they tentatively attributed to
telescopmg anc'l translation of the northern edge of the Australian craton.

Sleer/Prasetyo ‘showed that two approaches to the tectonlc_
reconstruction of eastern Indonesia - one assuming a fixed hot-spot
framework, the other, relati‘ver plate movements world-wide - 1lead to

g comparable results.

. 'nm;p/suver/Prasetyo reported on a palaeomagnetlc study of the.
island of Misool, Irian Faya, just west of the Bird's head, comparing the
results with those for Australia. They found that certain formatlons retain
"well: defined pre-folding -magnetic directions, suggesting substantial
counter—clockwme rotation of- MlSOOl relatlve to Australia. ‘

Kagami reported results of a study of the sednnentary wedge across
the Nankai Trough; he showed that the wedge is characterized by three
deformation zones with different tectonic regimes, which illustrates the
complexity of the tectonics of the western Pacific reglon. : ‘ '

Kloobn]k and his co-authors, presentlng palaeomagnetlc results
. from the Bird's Head in Papua New Guinea, showed that seven of nine outcrops
covering the period lLate Carboniferous to Middle Miocene indicated a shallow
upward inclination more or less northward which probably represents a late
Tertiary overprint. A possibly primary component, different for each of the
~seven formations, wBas also observed. Somewhat surprisingly, two formations
- yielded no useful ,palaeomagnetic information. The inference is that the
"~ Bird's Head in Papua New Guinea has remained attached to Australia since the
Iate Carbonlferous, but with some clockwise notation up to the Eocene. This
contrasts with the results presented by Thripps, Silver and Prasetyo.

. Haruyam' descrlbed explosmn melang% - cllaot;c geological
structures (obscure stratigraphy, stratal disruption, chaotic block-in

matrix) - and suggested several possible processes leading to their
formatlon. ‘ - L

B Roy/Rlchmond descrlbed coastal’ sedimentation and deltalc
progradatlon on a lifting coast (north-easterm Guadalcanal). The deltas
cover a Pleistocene plain tilted by tectonic act1v1ty, w1th little lateral
mJ_xmg between channels. .

Chao Sung/wldde descrlbed the evolutlon of western Pacific
marglnal basins; they are relatively short-lived and of two types:
continental and oceanic, the latter possibly being trapped oceanic crust.
The basins reflect five major episocdes of plate reorganization: collision
' followed by change of plate motlon, with new subduction and spreadlng zones
.being established. This again suggests the complexity of the tectomcs of
this region.

Roots described the formation and compaction of marginal seas in
terms of differences in the cooling rates of convection cells beneath.
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continental crust and beneath oceanic crust. Convergence beneath ocean crust
subducts a nappe of oceanic lithosphere leading to back-arc spreading and
formation of a marginal sea. This subduction leads to cell decay in the
mantle and, later, to reformation of the cell seaward of the previous
subduction. Roots also described same geological structures ard magnetic
patterns in marginal seas, showing that the palaeomagnetism of marginal seas
is generally related to their mode of formation and of spreading; linear
" marginal seas therefore have more regular palaecmagnetic features than do
arcuate marginal seas (stretched outer edge relative to the rift). ‘

- Bunopas described the rifting of Thailand and the related
tectonics, stressing its relation to subduction of the Indian Plate under
south-east Asia along the Java Trench and the Adaman-Nicobar Island chain.

On a more local scale, Pokawanvit described the distribution of
heavy minerals off Maptaphut beach in eastern Thailand, and Ri
described the effects of severe storms on the morphology of the Gilbert
Island atolls of western Kiribabi. They attributed the observable features
to storms at present mean sea level without the need to move invoke a hlgher
Holocene sea level.

Davies described how coral reefs provide a record of vertical and
horizontal tectonic movements, of sea-level changes, palaeoclimate and
palaeo-oceanography because of the strong correlation between coral growth
and the depth at which this growth naturally occurs. >

Cock outlined the IOC-UN Programme of Ocean Science in Relation to
Living Resources, with specific reference to the Sub-Programme on Sea-level
Charges, Enviromments and Tectonics in the last Million Years.

o Appllcatlon of the results of marine geologlcal and geocphysical -
studies is .unportant in many ways: in prospecting for hydrocarbons and
metallic minerals; in assessing and possibly mitigating the effect of
geological hazards such as earthquakes. Study of the stratification of
ocean-bottom sediments has made possible a determination of climatic changes
in the past and has increased understanding of such changes, which, should
‘ help us to predict future climates.

The results of recent mvestlgatlons suggest that the zone between
the trench and the volcanic arc appears in some areas to be more like a
passive margin consisting of older rocks that have been eroded and subsided
rather than a "stack" of geologically very young sediment slices scraped off
the oceanic plate. The back-arc basins are often thickly covered with
sediments of terrestrial origin. The sediments are young but the high values
of heat flow that have been measured in many such basins may indicate that
the organic content in the sediments is mature, making these areas important
for the exploration of hydrocarbons. :

The papers given at this Symposium have indicated that, although

aspects of plate tectonics are still imperfectly understood, and some

many ) »
results do not seem to fit current hypotheses, a great deal is to be gained
from further exploration using state-of-the-art technology. - :
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KEYNOTE SPEFCH! BY DR. J. STUART GODFREY: OCEAN VARTABILITY AND LINKS WITH
CLIMATE.

This talk was to have been given by Professor Klaus Wyrtki, who was
unfortunately unable to attend due to illness. It is a great pity that
Professor Wyrtki could not come, because it is he more than anyone else who
has put oceanography on'a sound basis in the WESTPAC region. From his early
work while in Indonesia in the 1950s up to the present time, Professor
- Wyrtki has introduced a steady stream of useful, simple ideas about how the
ocean works in this area. In partlcular, he has played a pioneering role in-
showing how ocean behaviour in this region is. intimately 1linked to
variations in the world's climate, such as the El Nifo-Southern Oscillation’
events that, in some years, cause serious drought in Australia, Indonesia
and elsewhere In this talk I will try to show what these links between the
“ocean and climate are, and to explain why further study of the region's
oceanography is essential if we care to understand (and-hopefully predlct)
climate changes in our reglon.

why is the ocean heat budget in the equatorlal West Pacific 1mportant for
understandmg cllmate var1at10ns9

‘Regardlng the mean distribution of cloud cover in the Pacific Ocean
throughout the year, two well defined bands of cloud form an unsymmetrical V
pattern, with. the tip of the V north of PNG. One band, roughly parallel to
the equator at 5°-10°N,.-is the Inter-Tropical Convergence Zone (ITCZ); the
other, angling east—southeast from PNG, is the South Pacific Convergence
Zone (SPCZ). Heavy rainfall occurs in each of these bands; the latent heat
- released in them is the main driving force for both the Hadley and Walker
circulations, and hence for Pacific tropical winds. The winds in turn drive
the ocean currents and contrlbute to determmmg the sea-surface temperature
(SST) dlstrlbutlon. :

The resulting annual mean SST pattern contains two ridges of maximum SST-
and the cloud bands lie almost directly over the SST ridges. This is not a
coincidence, and seems to indicate a positive feedback loop from rainfall
through winds, currents and SST back to rainfall. This impression is
confirmed by recent analysis of ENSO events (e.g. Gill and Rasmusson, 1983):
in the 1982-83 event, the entire system - cloud bands, rainfall, winds,
currents and SST maxima - move eastward as much as 3 000 km and, in the
process, rainfall continues to occur most strongly above SST maxima and
ridges. As a result, Indonesia and much of Australla become drler, and the
central Pacific experiences heavy ram. .

If this p051t1ve feedback link idea is accepted ‘then it seems likely that
Pacific (and global) climate should be extraordinarily sensitive to small

1 pr. Godfrey kindly replaced Prof. Klaus Wyrtki as Keynote Speaker
on this topic and based .his Keynote Speech on his formal
presentation of a paper on Air-Sea Interaction in the Tropical
Pacific and Indian Oceans. This paper has been edited, without
specific reference to the original Figures and without specific
bibliographic references, for the purpose of presenting Dr.
Godfrey's Keynote Speech in a suitable form here.
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SST charges in this region. For example, an increase of about 0.5°C at
(0°S,170°E), combined with a decrease of about 0.5°C near (0°S,140°E), will
drive the SST maximm about 2 000 km eastwards. Precisely such an event is
seen at the start of an ENSO event.

Further confirmation that global climate is extremely sensitive to SST in
this region is provided both by mumerical model results, and by correlation .
studies of SST on Australian crops. Thus, Palmer and Mansfield performed a
control run of their atmospheric General Circulation Model (GM) with a
typical SST pattern; then they ran two other runs, with Pacific equatorial
SST anomalies of quite different types. In one, the model shows that massive
. 8ST anomalies occur near South America (as observed in an ENSO event), but
there is no SST ancmaly in the western Pacific. In the other, the eastern
- Pacific anomalies are removed, but small SS'I"anomalies, occur in the western
Pacific. The area integral of the anomalies in the first case is about 20
times that of the anomalies in the second, yet the GM response was
substantially stronger to the anomalies of the second case than to those of
the first.

Turning to the correlation of SST on' Australijan crops, Nicholls obtained a
. time series of the values (in 1983 Australian dollars) of five crops-

wheat, oats, barley, sugar cane and potatoes - from 1953-1982. After
© removing the long-term trends due to technology change etc., by a cubic
spline fit over the period, the gross value of all five crops shows a strong
correlation with the annual mean SST from merchant ship reports from a large.
region north of Australia.’

The rms magnitude of the crop variations is about $ 300 mllllon, but the ms -
magnitude of the SST varlatlons is only about 0. 3 C.

These examples show that global and’ Austmllan clunate do appear to be
~ sensitive to changes of as little as 0.3°C in SST north of Australia. This
is probably particularly true within 1000km or so of the annual mean SST
maximum north of Papua New Guinea. Evidently, it becomes important to know
what . causes these SST changes to occur, and hence whether they are likely to
be predictable. This involves unierstarximg the heat budget for the ocean's
surface mixed layer, in this reglon.

Recent progress in understandmg heat-flux varlatlons in the equatonal
western Pacific has shown that the heat input into the surface mixed layer
is the algebraic sum of J.nputs through the sea surface (Qtot), through the
base of the mixed layer by mixing  (Qmix), and through horizontal advection
(Qadvect)

DIt = Qtot+Qm1x+Qadvect' (1)

where D is mlxed—layer depth. (One might think the tlme—dependent term on
the left should be (D- T) , but the term DIt accounts for variations of mixed-
layer depth due to passing planetary waves etc., and should be left out of a
' thermodynamic equation for surface temperature, T). Meyers et al. have
recently used (1) v estimating only Qtot on the right 51de, to show that
cbserved changes in DTt correlate rather well with changes in Qtot through
1979-83. The observed sea-surface temperature (SST) between New Caledonia
and Japan shows that equatorial SST was rather constant until early 1982,
vhen a strong coolmg tock place. From then. tlm1gh 1983, the normal winter
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coolings in each hemisphere penetrated more deeply than usual towards the
equator.

The value of Qtot as a. function of time near 2°N, along the Noumea—Japan
route was estimated from normal ship's observations of cloud cover, wind
speed and direction, air speed and humidity and SST, using a mumber of
empirical formulae for the different terms (latent and sensible heat flux,
solar and infra-red radiation) contributing to Qtot: Negative values in the -
observed rate of change of heat content of the mixed layer indicate cooling
events. They tend to correspond to negative values of Qtot, of about the
right magnitude. : : : ' :

on further examination, Meyers et al. found that the main contribution.to
the changes in heat flux came from the latent heat term; in particular,
cooling events tended to occur when winds from the winter hemisphere blew .
across the equator. The observed wini field from the Australian Bureau of
- Meteorology data, during two cooling events . (one each for the winters of
each hemisphere), and the corresponding wind fields durlng two wmtens in
which cooling events did not occur, supportmg Meyer s v1ew.

These - results glve us the first Jndlcatlon of how the.small temperature ,
changes that precede an ENSO event. probably occur. -

However, Meyers et al 's mean value of Qtot was qulte 1arge - about 80
watts/m? . Since they did not try to estimate Qadvect or Qmix, this result
implies either that QOmix + Qadvect also have a mean of about 80 watts/m* and
relatively small interannual variations, or that there are systematic errors
in estnnatmg Qtot

The “systematlc error" hypothe515 is supported by examining annual mean
values of Qtot estimates by various authors (Hastenrath and Lamb; Weare et
al., Esbenson and Kushnir; Hsiung). All these .authors estimate Qtot as the
sum of a number of cont.rlbutlons' ’ .“ ,

Qtot=Qr=@-Q -0 . . (2)

where Qr is J.nconung total radiation, Q,b is back radlatlon, and Qe and Qs
are the latent and sensible heat losses. Different authors differ by as much
as 60 wat1:s/m2 in their estimates of the annual mean of some of these terms,
at least in the eastern Indonesian region, with which Hastenrath and Lamb's
Indian Ocean studies can be compared. :

However, it is recent oceanographlc data that highlight the problem with the
estimates of Qtot. These data suggest that Qadvect and QOmix are both no
larger than perhaps 5 watts/m’. Since we need to estimate this sum to
“roughly 10 watts/m* if we are to understand how SST changes of 5°C occur
over 3-month perlods such an error in the annual mean is unacceptable. '

Iet us now con51der the different terms m equatlons (1) and (2) in a 11tt1e
more detail. . .

Regard_mg heat fluxes across the air-sea mterface,‘ from maps of total
anmual mean heat flux, from various authors, and from similar maps of
- individual components of this flux, approximate values (within one contour
interval) have been estimated near (0°S, 120°E). The results (all values are
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in watts/m’) are tabulated below. The years listed beneath each author give
the period in which the data were taken, where available. Comments on
possible reasons for the discrepancies follow.

Author (s) Contour Qr (6 o) Qe Qs Qtot -
and lamb 20 : 180 40-501 60 <5 60
(1911~70) - :

Weare et al. = 20,5 . 220 40 120 - 5 60 .
(1975-76) . : : ' :

Esbenson and . ' S :

Kushnir3. 20,5 160 40 80. - <5 .40
Reed - 25,100 - 225 30 75 <5, 75-100
(1970-79) - T e

Hsiuhg \ | - - - -~ 60
(1946=79) , o - L

Range I 60 720 60 0. - 40

Regarding solar radiation, these data .show that  individual estimates of
solar radiation differ from one ancther by as much as 60watts/m?, near 0°S,
120°E. The . differences depend primarily on different formulations of the
dependence of downward solar radiation on cloud cover - as reported by the
(subjective) shipboard observer. The region of interest contains heavy
cloud; the emp1r1ca1 formula used by Reed and Weare et al. is due to Reed,
and was tested in the eastern Pac:.flc, a region of stratus or trade cumulus
cloud. The formula may break down in the high cumilus towers of the western

Pacific. Hastenrath and lamb's formula is due to Bernhardt and Philipps; it

is considerably more sophisticated than Reed's, and their value (180

watts/m?*), if correct, goes some way to reducing the high net heat flux
" found by Reed. Esbenson and Kushnir used an algorithm due. to Berliand; it
contains a quadratic. term in cloud amount that was ‘absent in the Reed
formula. Esbenson ard Kushnlr's estJ.mate is also substantlally lower than
Reed's.» : . -

"1 E‘stnnated by averagmg from four seasonal maps, rather ‘than an
annual map ‘ ' , C ’

2 rlFor minor. oomponents (b, Qs) the authors use the smaller of the

o contour J_ntexvals shown

3‘ Some relevant contours are not 1abe11ed in Esbenson and Kushm.r s
- map; the values. quoted are subject to confirmation with the
authors. .
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However, none of the formulae make any attempt to allow for regional
differences in cloud type - nor in any subjective bias by observers, in
estimating cloud amount in cmnulus-tower conditions.

- Regarding back radiation, oon51derable differences occur between different
authors' formulae; however, since the range of values obtained is small, we
shall not examine these in detail here. : :

All estimates of latent heat loss have been made using a fonnula of the
form:

Qe' Ce (U, ™ - Ta) U (qw - qa)' (3)

where gw, ga are spec1f1c humidities appropriate to water at tempexature Tw,
air, respectively; U is wind speed, and (Tw-Ta) is the air-sea tezrperature
difference. Different authors  use different expressions for the "bulk
transfer ooeff1c1ent“ Ce (U, 'Iw-Ta)

Values of Qr ard Qe may differ by as much as 60 watts/m? . Part of the error
may lie in neglect of a "salt correction" -~ Weare et al. estimated gw with a
formula appropriate to fresh water. Not all authors give their formulae in
sufficient detail to be able to track down such subtle pomts. ~

However, (3) must break down in sufficiently light winds, because free
convection can carry moderate (and prmtly poorly known) evaporatlve heat
fluxes even under zero-wind conditions; i.e. , Ce (U, Ta-'I‘w) is singular at
- zero wind speed ‘

Presently used formulations for Ce (U, Ta-Iw) for light wind. condltlons are
due to Bunker, and to Liu et al. Reed, Weare et al. and Hsiung all used
Bunker's formulation; Esbenson and Kushnir used Liu et al's formula while
Haste.nrath and Iamb used a constant Ce of 0.0014.

However, Bunker s fom is based on BOMEX observatlons that are rather sparse
at low wind speeds, and all wind speeds below 5 m/s are given a single value
of Ce; i.e., the singularity is ignored. Liu et al's formula seems better,
but it was not tested well agamst observatlon at low wind speed. :

In practlce, the smgularlty is likely to manlfest itself when winds are so
light that the Monin-Obukhov length - which is essentially the thickness of
‘the layer in which the ordinary bulk formula can be-applied - is less than
the typical height of the ship's observation platform, -typically 10 m; under
such conditions, the observation platform is likely to sample spasmodic
"thermals" rather than a mechanically turbulent boundary layer. This occurs
for wind speeds less than about 3 m,/s.

on a moorlng at 0°S, 150°E, such wind speeds occurred nearly 50% of the
time, . in August-September 1985, so we could expect significant errors.in
estimating latent heat fluxes in this region. Furthermore, Tw-Ta was seldom
less than 1.5°C; such large air-sea temperature differences imply large.
" values of Ce. There is a further minor puzzle here: Hastenrath and Iamb,
Ware et al., and Reed agree that an average value of (Tw-Ta) from merchant- -
ship data is only 0.5°C. Hopefully, this puzzling discrepancy will be
resolved. ' : ‘ . :
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More fundamentally, however, there is a need for direct observations of
latent and sensible heat fluxes, and calibration of them agamst a revised,
lw-—wnxi version of the bulk formula (3).

So far, we have not discussed the oceanographic reasons for bellevmg that
the net heat flux estimates tabulated above are all too high. The first
attempt to see how the ocean disposed of such large net heat fluxes in the
western equatorial Pacific is due to Niiler and Stevenson, who considered
the anmual mean heat budget of the waters enclosed by the annmual mean 28C
isotherm in the Pacific Ocean (also the 26°-C isotherms in the Pacific and
Atlantic Oceans). Mass continuity ensures that anmual mean flows cannot
advect heat through an anmual mean isotherm; however, seasonal flows can
~ generate an "eddy flux" of heat across the isotherm - e.q., if seasonal flow
anomalies are into the enclosed region in winter when the water is below .
annual mean temperature a net cooling will occur.

- Niiler and Stevenson concluded that (in the Atlantic) the Ekman contribution
to this "seasonal advection" term should only be about 0.04 watts/m2 with a
contribution of similar magnitude from the geostrophic flow; i.e., they
concluded that seasonal advection was negligible. 'I‘hough their argument was

. loose, it seems unlikely that their estimate could be in error by the factor

of over 100 needed to be significant compared to the fluxes tabulated above.

On the other hand, Niiler and Stevenson estimated eddy diffusion through the
broad base of the 28:C pool, using estimates from Crawford and Osborn's
turbulence measurements: they found that, away from the equator, heat fluxes
4-12 watts/m* could pass through the 28°~C isotherm from this cause, while .
within 1 degree latitude of the equator, heat fluxes of 40-150 watts/m were
possible. The area average was about 5-19 watts/m* over the 28°~C pool; this
compared quite well with the area average of the net surface heat flux from
" Weare et al., which was 22 watts/m?.

More recently, however, CSIRO scientists have obtained results suggesting -
that Niiler and Stevenson's estimate of turbulent heat flux thxmlgh the base
of the surface mixed layer are too large. The argument is based on the
observation of a number of temperature and salinity proflles in the western
equatorial ‘Pacific; typically, salinity starts to increase rapidly below
about 40m, while temperature remains roughly constant down to 60 or 80m.
Within the depth range 40~80, the stratification is so strong that mixing
can only occur by wind-induced turbulence: an eddy diffusivity can be
estimated by considering the salt balance of the top 60 m. This diffusivity
can then be used to estimate heat fluxes. The salt balance places an upper
bound on the dlffllSlVlty of 2 x 10-5 m/s leading to a heat flux. of less

than 3 watts/m¢ . :

The error in Niiler and Stevenson's argument regarding turbulent heat fluxes
is primarily due to extrapolating Crawford and Osborn's cbservations from
the central Pacific to the western Pacific, a much quieter and less .
turbulent region. If we accept their conclusion regarding seasonal advection
of heat as being correct within two orders.of magnitude, it follows from the
recent CSIRO results (and equation (1)) that the heat-flux estimates
tabulated above are all incorrect. ' oo

Ev1dently, substantial progress has been made in unde.rstarximg how the small -
SST variations that are so important to ENSO take place. However, before
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Meyers et al.'s results can be turned into useful quantitative tools for
understanding climate change, more must be done on improving the empirical
fornulae used in their calculation.
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CORAL SEA - SHELF WATER EXCHANGE IN THE GREAT BARRIER REEF -
JOHN C ANIREWNS

Australian Institute of Marine Science, Townsville, Qld, Australia

C[henecl'mxismsofexchangebetweenthe shelf sea and the Coral Sea in the
Great Barrier Reef province include very lcw-frequency (seasonal) - -
fluctuations . in the poleward-flowing East Australian Current, upwelling at
the shelf break induced by relaxations or reversals of the preva:.lmg ,
southeast tradewinds, tidal mixing involving flows and internal waves, and
peculiarities of c1rculatlon around reefs on the cuter shelf. Progress in
identifying, understamding and quantifying these processes has occurred
werﬂxepastdemdebtﬁnostactlvaandadvancenenthastakenplace
during the 1980s. The mechanisms are presented within the context of ocean
: dynamlcsardthelrconsequencesfortheecosysbensoftheGreatBarrler

~ 'Reef, mclud:.ng determination of residence and exchange times for lagoon -
wate.r, nutrient fluxes into the shelf sea from upwelling processes and the
trajectories and fate of living or other material released into the shelf
sea from the reefal systems. _

MMMHEEMCWOFEEMSE(M
IT EXPEDITION 1984-1985, FIRST RESULTS)
HARHENABAAE;aniJJZ:DISIRA

Netherlands Institute for Sea Research Den Burg 'I'exel 'Ihe Net‘herlands

'Ihe few hydrographlc data avauable on the upper waters of the Barxia Sea

-~ tend to suggest upwelling conditions during the scutheast monsoon and-a

' strong stratification with dowrwelling during the northwest wind seasons
(Wyrtki, 1957). As such changes between seasons could be expected to
affect mutrient concentrations and hence biological activity in the surface
waters of the area (e.g., Birowo and Ilahude, 1975), a camprehensive study

. was made covering hydrography, chemistry and various biological -
characteristics during both monsoonal periocds. Preliminary results:suggest
indeed up and down-welling conditions as indicated, in particular in the

- eastern part of the area, notwithstanding the presence of stratification ..
during both seasons. : Nutrient concentrations were found to be’
significantly higher during the scutheast monsoon, again in particular in-
the eastern part. On most criteria tested (e.g., chlorophyll, primary

- production, microbiology, algal assemblage, meso~ and macro-zooplankten,
acoustic surveys) biamass and bio-activity in the area were clearly Co

enhanced durn.ng the southeast monsoon.:
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HYO CHOI ‘
Korea Ocean Research and Develcpment Institute, Parwol, Republic of Korea

The surface winds generated by tropical storms were investigated using the
wind data obtained at the 10-m high beach tower in Cheju Islarnd, near the
East China Sea, in August 1985. As the isallobaric low proporticnal to the
gradient of the iscbars approaches the coast the rapid increase of wind
speed is simultanecusly exhibited due to mass flux convergence towards -
falling pressure.  The nature of isallcbaric distributions may give a good
indication of the movement of tropical storms in the East China Sea. -

In general, the real wind fields may constitute gradient, isallcbaric and
frictional retarded wind camponents. The relationships of ageostrophic,: ‘
isallcbaric and gradient wind camponents to the cbserved ones are discussed
considering the dynamic concepts and given here with an analytical model
for the prediction of marine wind speed and direction. :

MITES J FURNAS and ATAN W MITCHELL — ‘ :
Australian Institute of Marine Science, Townsville, Qld, Australia

. Measurement of phytoplankton primary. production over several years in the
central Great Barrier Reef province and adjacent East Australian Current
indicates that "normal" levels of primary production and seasonal, within-
seasonal and spatial variability in production are of similar magnitude.
Pronounced short-term increases in production (up to 10-fold) can be
associated with major meteorological events such as monsocnal rains or
cyclones, but no clear association between production and intrusive
upwelling could be demonstrated. High-productivity events are usually . .

- daminated by larger (>10 um) phytoplankton. Corversely, under appropriate -
low-energy wind and tidal conditions, phytoplankton bloams may develop -
within enclosed or semi-enclosed reef lagoons and thereafter be flushed .
into swrrounding waters. On a regional scale, early summer primary o
production rates in the oceanic Coral Sea were low and relatively uniform.
Higher production was measured near Papua New Guinea and the Solamon =
Islands, suggesting local upwelling or "island mass" effects. The cbserved
levels of variability in phytoplankton standing crep and primary production
in tl}e'GBR shelf system require that sampling designs and frequencies be

~sufficiently dense to capture productivity events of short duration ard

- limited spatial extent. :
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m—smmmmmmcm;mcmmoams
J STUART GODFREY
CSIRO Division of Oceanography, Hobart, Tas, Australla

Satellite photographs show, in the mean, two narrow bands of cloud that
form an. assymmetrical "V shape in the tropical Pacific: one band lies
aleng 5-10°N, the other angles east-southeast from Papua New Guinea.
Rainfall and latent heat release in these bards, and in the Indonesian-
Australian monsoon rain bands to their west, drive the major wind systens
of the tropical Indian and Pacific Oceans. The wirnds in turn drive the
ocean currents of the region, and play a large role in determining sea
surface temperatures (SST); kut the rainfall tends to occur over maxima in
SST, sot‘neatnosphereandoceancmﬂatlons act on cne ancther in a ‘
- cleosed, feedback loocp. The system is unstable: one dramatic manifestation
is the El1 Nino-Southern Oscillation phengmenon, which every few years .
brings drought to Indcnesia and Australia, and heavy rain to Peru. To
predlctthesedroughts we must understand the coupled tropical ocean~ .
atmosphere system quite deeply on all time scales from the diwrnal to the .
J.nterannual present understandlng of the system is brlefly reviewed.

ASVERIIIJP!DIIILOF'.!BEFMDMN AND']BEMESEN'IHMFIW
J STUART GODFREY

CSIRO Division of 0ceanography, Hobart Tas, Austmlla

The anmual mean depth integrated steric height P and stream function ' of
the world ocean are calculated from a Sverdrup model of the world ocean,
with Hellerman and Rosenstein's (1983) anmial mean winds. The '
parameterization of friction is unspecified, but friction is assumed to be
~important only along western boundaries. The circulations around
Australasia, New Zealand and Malagasy are calculated as 17+4 Sv, 29+7 Sv,
and 4+3 Sverdrups, respectively. Inclusion of island effects results in
more accurate flow estimates in the Scuthern Hemlsphere than have
previcusly been cbtained from Sverdrup models.

 The calculated world field of P is canmpared w1th obsexved depth-integrated
steric height, relative to variocus depths of no motlon, cbtained fram the
Levitus world data set; agreement with cbservations is generally good, in
both hemispheres, though a large unrealistic zonal jet occurs west of the
south tip of South Africa. The cbserved difference in anmual mean P from

Western Australia to Indonesia suggests a Pac.LfJ.c-Irxiian Ocean . tlmghflw
of about 12 Sverdrups :

The model calculations are repeated with the Indonesian passages clesed.
In the model, the Indian Ocean becames very much "colder";  the predicted
drcpmPcouldbecreatedbyauzuformdropofterrperatureofGCmthe

top 500 m over the entJ.re southern Indian Ocean, w1th smaller changes
elsewhere."
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A CONVECIVE MODEL OF THE ITEEUWIN CURRENT, WESTERN AUSTRALIA
J STUART GODFREY and D JACKETT

CSIRO Division of Oceanography, Hobart, Tas, Australia

'Iheleeuwmcnrrentacceleratesdoomapressuregradlentintothe o
prevailing wind. In the present model, this gradient is maintained by
convective cooling of the Leeuwin Current waters towards an equilibrium
temperature that varies with latitude. Unlike most (wind-driven) models of
eastern bourdary current behaviour, the present model displays same
J.nte.restmg non-lmear phencmena o

PACIFIC—INDIAN m WITHIN 'IHE MDN SEZS ‘
" ARNOID L GORDON
Lamont-Doherty Geological Observatory of Columbia Um.vexs:.ty, Pallsades,

. New York USA

The Irxionesmn seas represent the only troplcal inter-ocean link,
connectjngthereservouofwamandfreshsurfacewaterofthewestern
Pacific with the eastern Indian Ocean, while transforming it through ’
vertical mixing and air-sea interaction on its way. The heat and fresh-
waterfluxbetweenbothoceansthroughthmlukxsestmatedtobe .
considerabie arnd have large-scale, perhaps global-scale, 1mpact on the
ocean and climate. .

Various estimates of the mean tm'oughflw transport have been made, using
different methods. A summary of these estimates, which also brlef_.y o
indicates how they are derived, is discussed. Clearly, there is agreement
‘amongallofthemthatttmmeanflwisfrcmthepacﬁlctothelndlan o
Ocean, but there is a wide range ‘of estimates of its magnitude.. Very -

: little evidence is available as a basis for speculatlons on magmb.lde and
- time scales of ’chroughﬂcm variablllty

mmmcmmmmmmm VAmncms'chntmpARmm,
KIMIO HANAWA

Department of Geophy51cs, 'I‘ohoku Umversity, SendaJ., Japan

An cutcrop area of the North Pac::.flc Subtroplcal Mode Water (SMW) was
investigated, mamly based on the published surface temperature maps. .
Following a series of studies by Masuzawa, we regarded the 16°-19° C
temperature band in winter as the outcrop area of SMW. In the cooling
season, the band moves southward and crosses the Kuroshio Axis whose
positions lie between 37° and.35° N. Then the band rapidly widens and
stagnates there during winter. This fact reflects the formation of W,
which was supported by a concrete example of the existence of a deep mixed
layer at 300-400 m depth. The interanmual variability of the outcrop areas
was also presented. Years of lcwtempexaturecorrespordingtoalarge
amount of SMW formation were 1974, 1977, 1978 and 1984.
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SURFACE SLICKS
MAL L HERON
James Cock University of Nort.h Queenslard, Townsvule, Qld Australia

Observations of currents in the uppermest few metres of the ocean are now
possible with remote-sensing groundwave HF radar techniques.: These
cbservations are restricted to the coast (0-200km)- because the groundwave
mode of radio-wave propagation is particularly lossy. However, the
backscattered echoes are not contaminated by ionospheric dynamics as. in the
over-the-horizon xadars which use the same backscatte.r process. _

Resultsshow’dlatthesurfacealrrentmtheflrst fewmetres of water is
influencedbytldesandthelarge-scalemnifleldisaspred:ictedby
hydrodynamical mmerical modelling. However, in fluctuating winds, the -
surfaceazrrentisseentobecloselycoupledtolocalwm The - -
horizontal scale of variations is that of the wind field when the wind is -
fluctuating as in squalls or storms. Divergence (+ and =) in the surface
velocity field identifies localized upwelling ard sinking. It is argued
that the cbsexrved scales of horizontal fluctuations, and the associated '
- divergence and convergence- patterns in the surface flow field lead to the
accumulat:.on of buoyant mater:.al J.n oceam.c front lines. ,

Am-smmmmmmmmgvmmmmc
DUONXIN HO

Inst:.b.lte of Oceanology, Academia Sinica, 7 Nanhal Read, Qingdao, China

Importance of the wester Pacific in air-sea interaction is addressed with
shwmgastmrgcorrelatmnbetweentheeddystrengﬂ1mtheEastduna'
SeaandElNlnoevents, for which a hypothesis has been proposed. A
project of Chinese Academy of Sciences, which will last for 5 years, has
startedttusyearmthepmllppmeSeatoexamnethehypothesmandto
really understand the merldlonal process. e

Prellmmaryresultsfromtheflrstczulsecompletedbytheendof

Octcber 1986 were showed. - Same striking circulation features were:
revealed. (I) Westembomxiarycurrenteastof Iuzen and Taiwan is :
characteristic of eddies, wh_xch is different from traditicnally - accepted
cne ~ a northward mean flow. - (II) Branching of the western boundary
current near Bashi Charnel - the current gets into the Socuth China Sea from
north of Iuzon and cames back to the western Pacific from south of Taiwan.
(III) High salinity core at about 100M in the south and 150m in the north
of the Philippine Sea suggests that the water mass in the Philippine Sea is
samewhat characteristic of the subtropical water, which needs further
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mmmmmormmcmmmnmm
JCEN C XINDIE, G W BEBURN and R C RHOCES

Naval Ocean Research and Develocpment Activity, NSTL, Mississippi, UsA

A global, mmerical model is used to examine the seascnal and interanmual
variability of the Pacific to Indian Ocean throughflow. The model @ -
equations are the non-linear, shallow-water wave equations for a single-
layer reduced-gravity model on a spherlcal grid. The latitudinal extent of
the model is 71°N to 66°S. The grid spacing is 1.25° in the meridicnal
direction and 1.5° in the zcnal. To within the resolution of the model, -
realistic coastline geametry and island chains are utilised throughout the
model domain. Although the horizontal and vertical resolution of the model
are very coarse, the study is presented in the spirit of providing a 'first
order! approximation to the seasonal and inter-anmual variability of the-
Indonesian throughflow between the Pacific and Indian Oceans. The wind
- forcing utilises the Hellerman-Rosenstein climatolegy for the first 20
years of the model integration in order to arrive at statistical ,
equilibrium; subsequently, the Fleet Numerical Oceanocgraphic Center marine
winds from 1977 to 19843a§e applied. Preliminary experiments reveal a mean
th’sogghflwof73x10m/secw1thaseasonalva.r1atlonof+35x S
10°m”°/sec. - The mumerical simulations also revealed significant interanmual
 variations of the throughflow p regegng and durmg the 1982-83 ENSO event
w1thmagn1tudes of up to 4.5 x 10°m" /sec. Experiments in which the
throughflow is blocked were also examined in order to assess the effects of

this inter-basin transport on the c:.rculatlon w1thm ard near the Indo-
Pac:.flc COnvergence region.

mmcmmrormzmvmmusm
VO VAN IANH

Institute of Oceanography, Nha Trang, Vietnam

' 'megeostrophiccn.lrrerrtoftheEastVJ.etnamsea (SCuthdm'iaSea) was
calculated from the seascnal mean density distribution by the dynanuc
method relative to the 600-decibar reference surface.

It:.sclearthat mbothmammonsoons,thecycloniccurrentalways .
exlstsmtheweste.rnpartoftheﬁ‘astVJ.etnamsea In the north ard at
the centre of Vietnam the current near the coast is directed to the south.
The divergent zone.is situated along the coast ard it moves near the coast
1nthesouthernpartinsxmmer Along the main axis of the sea the
current is directed to the northeast, but in summer this direction is more
stable than in winter. Mtexﬁencyoftheamnte:ustsonlymthe

layer from the surface to depths of 200-300m. Below this depth the -
current has the inverse tendency. .
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mmnmmmmwmmmzmmmcm
FROM VWOIIMETRIC RMS MOLTTPARAMETER ANALYSIS
DANTET, IARGE and M TOMCZAK

Marine Sstudies Centre FOS5, University of Sydney, Sydney NSW, Austral:.a

Iscpycnalanalysm of mixing between water masses of the Indonesian

ardupelagoardmelndlanOceanhasbeenshamtooverestimtetheflmcof
Pacific waters through the archipelago. Iocally, the overestimation can be
‘uptoflftypercentmvoltme o ,, o ,

To quantify volumetric exchange rates accurately, the analysis of mixing

must be -independent of the type of mixing and the layering of the water

masses. RMS multiparameter analysis involves a minimm of assumptions and

extracts the maximm of information from oceanographic data. Volume

estimates for transport through the Indonesian archipelago based cn rms

nmltlparamteranalysisandazrrents mmeoutflwamamtothelndlan
Ocean will be presented. .

A SEA—IEVEL MONTTORING NEan IN THE ASEAN REGION -
G W IENNON
Flinders Umvers1ty of South Australia, Adela.lde SA Australia

A Development A1d Project has been negotiated between Australia ard the
ASEAN countries for the study of tides and tidal phenamena. 'Ihe region of
cperation is of prime mportance for many reasons: -

(1) In this extensive shallow-water zone comprlsn.ng a camplex eollectlon
of gqulfs ard straits, the varlablllty of the tidal signal is ver.y
great and pOSSJ.bly greater than in any other reglon.

(2) The region is unique in that it provides intexrconnection between two
major oceans. Furthermore its geographical position, straddling the
equator, allows for the transport of heat over vast spatial scales.

The ASEAN sea-level monitoring array of same 27 new instrumental
installations, supplementmg a similar mmber of existing stations, . :
represents a strateglc fac:.llty in the contimiing study of the mter—ocean'
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THE PQUATORTAL UNDERCURRENT IN THE WETERN PACTFIC G'FAN
FRIC J LINDSTR(M
CSIRO Division of Oceanography, Hobart, Tas, Australia

The Equatorlal Undercurrent (EUC) is one of the primary eastward-flowmg

" currents of the tropical cceans. Urderstarximg of the variations in its
transport in the western Pacific is important in our understanding of
oceanic heat fluxes and the dynamics of El Nino Southern Oscillation (ENSO)
event initiation. The EUC is one focus of the Western Equatorial Pacific
‘Ocean Circulation Study (WEPOCS), a joint Australian-American project
studying the circulation of waters of the tropical ocean between 140°E and
155°E. Cruises were completed in mid-1985 and early 1986 which collected
prn.marily CID, nutrient and upper-ocean velocity data. CQurrent-meter -
moorings cbtained six-month records.of velocities in Vitiaz strait, st
George's Channel, and the Equatorial Undercurrent at 150°E. :

Early results indicate the following:

1) Strong northwestward flow through Vitiaz Strait whlchdoesnotappear
to vary seasonally, t’rmsprcv:LdJ.ngacontnnuoussourceofsouthem
waters‘oofeedthemc.

2) A single eastward flwmg core of the Undercurrent around 200 m depth
of magnitude 30 cny/sec: during the southern winter and sprmg

3) Reversal of the near-surface westward flow during the southern smnmef,
mult:minﬂxedevelopmentofasworxianddlstmcteastwazdflowm
theupperlOOm. . L .

4)‘ Anmc:reasemthespeedof, andvarlabnltym,meEUCcoreszrlrxg
thescmtlmrnsxmmer

5) Large ampl:Ltude (20 cm/sec) seml-d.mrnal baroclmlc t1da1 s:.gnals
- extending fram the surface into the core of the Undercurrent. :

mmmmmmmmm
ROGER IDKAS

“Joint Institute for Mar:.ne ard A‘mospherlc Research, Honolulu, Hawan, USA

During the Western Equatorial Pacific OGean Circulation Study (WEPOCS) '

- two joint Us-Australian expeditions were made to the region north ard east

_ of Papua New Guinea. The first e:q:edltlon tock place during June-August
1985, during which the Southeast Trade Winds influenced the ocean

circulatlon in the Solomon and Bismarck Seas. The second expedition was

conducted during January-February 1986, at the height of the Northwest

Monsoon. Upwelling along the PNG coast was pronounced during the

~ Northwest Monsoon, and was absent during the Southeast Trades. The New
Guinea Coastal Undercurrent (NGCU) was cbserved during both pericds,

suggesting that it is a permanent feature of the cxrculat:.on.
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During the Southeast Trade regime, the high-salinity core of the NGCU is
found at a depth of about 160 m at 143°E, and low salinity from river
runoff extends to a depth of about 50 m. The high-salinity core is fournd
at about the same depth during the Northwest Monsoon; however, high
salinity water is upwelled to the surface near the coast, and the fresh
river runoff is generally confined to the upper 15 m. The thermal '
structure also clearly reflects the coastal upwelling during this peried.-

HAEIBEHA'ZE[@L MODEL OF SIMEYS CDWEIZHQ‘ ]N THE CIEAN

L F MORATOV

Eastern Scientific Centre Vladivostok, USSR

A L URINTSEV

SC1entif1c Research Institute of Applied Mechanlcx.' and Mathematims ’

Horizontal temperature and salinity gradients can be great at hydrological
fronts. A mathematical model describing the stratified sea-water layer
motion on the rotating Earth in the presence of predetermined temperature
armd salinity gradients at the layer boundaries has been suggested on the
basis of the hypothesis of sideways convection connecting the temperature
inversion in the Timor Sea with the advection of waters with higher '
salinity due to evaporation on the Australian shelf. Exact stationary
solutions of equations of oceanic convection were found for varicus types
of boundary conditions. The analysis of these solutions shows that the
spatial oscillations of the vertical characteristics caused by B-effect
takeplaceintheoceanandtheirfrequencyisdefinedbytheEkman ’
parameter value. -

- PACTFIC-INDIAN INTFRBASIN EXCHANGE THROUGH THE Im STRAIT
- STEPHEN P MORRAY
Coastal Studies Institute, Iouisz.ana State Umvers:.ty, Baton Rouge,
Iouisians, USA &~ : o o
Centre for Oceanological Research ard Development, Jakarta, Indonesia

A significant flux of mass, salt and heat frem the Pacific to the Indian
Ocean basin via the Indenesian archipelago has been suggested by variocus
investigators to bear crucially on the balances of heat, fresh water, ard
mass in the Pacific and the Indian Oceans. . Since Wyrtki's (1961) estmate
of 1.5 Sverdrups (Sv), mrerecentworkershavebymdirectmeans ,
determined significantly higher values for the possible throughflow:

ard Golding (1981), 10 Sv; Piola and Gorden (1984), 14 Sv; Fine
(1985), 5-6 Sv; anmd Fu (1986), using inverse methods, 6-7 Sv net
transport. A o
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The predaminant pathways are generally believed to be the deep passages
north and south of Timor. In transport capacity, the Lombok Strait, -
between Bali and ILombok Islands, is second only to the Timor passages. 2An
array of 21 current meters, supplemented with pressure gauges, ard -
quarter-anmial CID surveys were run over a l4-month pericd (Jarmuary 1985-
March 1986) to study the dynamics of exchange through the Lombok Strait. .
Cur STD data show that the Pacific Subtropical Lower Waters and Northern
Intermediate Waters have penetrated through the Java Sea, into the Lambok
Strait, and ocut into the Indian Ocean. Our current-meter data during the
. northern winter indicate that a persistent southward net flow into the
Indian Ocean is interrupted by 4-7 day pulses of northward flow. The
strong northerly pulses are driven by typhoons and troplcal cyclones
transiting the Timor Sea fromeasttowest

Our secord current-meter deployment, during the eastern mensoon (May to
July), shows an even stronger mean flow into the Indian Ocean, as

: . OurestmateoflSSvnettransportthroughthemmbokStralt
alone (excluding cyclone phases) from our current-meter data supports the
high values of throughflow for the entire archipelago deduced by Piola ard
Gordon amd Godfrey ard Goldmg _

mmmmmmmc
HIDEO NISHIDA

Hydrographlc Deparunent Japan Maritime Safety Agency, Tokyo, Japan

Since ‘1984, the Hydrographic Department has been conducting an
oceanographic cbservation cruise exterding to the equatorial region every
winter. It was intended to monitor long~term variation of the ocean

~ structure in the western Pacific circulation. Current measurements have
beenmadebyCI‘D, shlpbomeDopplermrrentmeterarxidnftlngbuoys
From three cruises, it is becaming clear that the ocean-current field is
not simple, as shown in the statistical current map. Current direction
arxi/orspeedchangeyeartoyearandmeso—scaleeddlesseemtoexist
mainly in the area north of about 15°N. It was cbserved that, in
February, awestwardflwoftheSoutthuatorialo.lrrenthadbeen o

, replacedbyaneastwardflowinthesurfaoelayeraboveadeprthofabout

- 50m, associated with a relatively strong flow of the Equatorlal Counter

The east-west component of current veloc1ty (cm/s) along 143-142°E in
Februaxy of 1985 and 1986 were cconpared.
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MONSOONAILY WIND-TRIVEN TRANSPORT IN THE INDONESIAN
JUHN I PARTWONO ' C
Department of Oceanography, Faculty of Fisheries - IFB, Campus Dramaga,
Bogor, Indonesia :

'meeffectoftheregimalmnsoonalwirximtheoceantransport‘inﬂie
Indonesian seas has been examined by means of a barctropic primitive
numerical model, applying the monthly mean wind field as the driving
force. Realis:'.tic bottam topography and linear dissipation were
incorporated in the model. , '

The experiments reveal mterestmg results which suggest t'.hat the regional
-wind field has a significant effect on the associated transport onrzig

seasonal time scale, but is.negligible on an anmual basis.

During the Southern Hemisphere winter, the wind field drives a flow into-
the Indian Ocean with a magnitude of 4 Sv, whereas during the southern -
summer the flcw.lg in the opposite direction; i.e., into the Pacific
Ocean, with a similar magnitude. Connections with the larger-scale
circulation will also be discuseed. A -

SOME GENERAL: FEATURES OF THE WATERS BEIOW 1000 M IN THE PRINCIPAL BASINS
OF THE PACIFIC-INDIAN OCFAN CONVERGENCE ZONE

DAVID J ROCHFORD

9 Dudley Avermue, Caringbah, NSW, Australia

Typical profiles of temperature, salinity and oxygen within the basins of
the zone and the present knowledge of their interconnections are reviewed.
Rates of inflow of Pacific waters into the basin system and campensatory
outflows into the Indian Ocean are estimated. The large-scale distribution
of these cutflowing waters at intermediate depths in the eastern egquatcrial
Indian Ocean is shown. Same evidence of time changes at depths below

2000 m in the Java Trench is presented. - Other more limited information
about the long-term stability of these deep basin waters is discussed.

Marine Science Department, Faculty of Science, Chulalengkern University,
The principal cause of fluctuations in sea level is the astroncmical tide.
The type of tide is analysed using the ratio of the amplitudes of the
diurnal and semidiurnal constituents. In the Scuth China Sea, the tide is
mainly diurnal, while in Malacca Strait, it is semidiurnal. From the
mouth to the head of the Gulf of Thailand, the tides vary from mixed
(principally diurnal) to diurnal to mixed (principally semidiurnal). The
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mean range in the Gulf is about 1 m. Maximm monthly MSL-in the Gulf
occurs in November and minimm in June or July. In Malacca Strait and the
south coast of Thailand, they are highest in June or July and lowest in
February and March. Iong-term variation of yearly MSL at mid-Gulf and on
the Andaman ccast is relatively stable, but stations near the head of the
Gulf of Thailand show r:.smg sea level or sukmergence of lard.

MQLSMIMWQFAMWWMEE‘WMMSEA
JAIME A SODUSTA
Department of Meteorology and 0ceanography, Quezon CltY, Phllippmes

MARTANO A ESTOQUE -
Rosenstlel School of Marine and A‘mosphenc Sc:.ence, Mlaml, Flor:.da USA

A two—dmxens:.onal nen-linear mmerical- model is used to mestlgate the
barctropic circulation generated by time-dependent wind forcing such as
the land and sea breezes. Four cases were cansidered: a. flat-bottam bay

" with strong and moderate breezes, arxiabayw:.threefandtrmmmnderthe

influence of strong breezes. The results of mumerical similation showed
interesting circulation patterns dzangmg in consonance with the veering
- winds.

, ‘mmwmmmmmwmmssmmm-
- SATELLITE AVHRR DATA IN ']BE GJLF OF THAIIAND
ANONG - TANCHOTTRUL,
Envirormental Section, M.mmg 'I‘echnology Dlvn.sz.on, Department of Mineral
Resources, Ba.ngkok, 'Ihailan:l

‘ ’mephysical condition ofwatermasses mt'heGulfof'mallarxiJ.s \
investigated with seven 512x512 scenes of NOAA-satellite digital Advanced
Very High Resolution Radicmeter (AVHRR) data. Digital data processing was

' perfomedusuxgtgesoftwareanihardwaresystemsofthelntematmnal
Imaging System (I°S). The albedo patterns of chanmnel 1 are mapped for the
studies of turbidity and riverine sedimentary plumes. Sea-surface o
temperature (SST) mapsareproducedfrcmcharmels4and5byapply1rgthe
Strong and McClain (1984) atmospheric correction equation. With
turbidity, river-plume and SST maps the water is detected to drift from
theGulfmtotheSouthdumSeadurmgthesoutheastmnsoonseason.‘
The reverse water circulation is detected when the northeast monsoon
becames dominant. Zones of high albedo and low SST, poss:.blyareasof
upwelling, are cbserved near the west and east coasts of the Gulf in
‘August and November, respectively. No sedimentary plumes are detected
from four main rivers entering the Bight of Bangkok. The sedimentary.

- plume of the Mekong River is, in contrast, cbserved throughout the year.

- 54 -



"The Andaman Sea water has, in August, a surface temperature approximately
2. 0010werthantheGulfwater Thus, durmgttuspe.rlod the.rea.revery ,
different water masses with varying circulation patterns in this region.
The result of this study indicates that the AVHRR data are definitely
usable for daily mestlgatlon and mmtor.mg of the physical condition of
sea features over the Thai region.

mmmmmmm—mm&smm
AND TYPHOONS IN VIEINAM ‘
NGUYEN NGOC THOY ‘ ‘
Hydrcmeteorologlcal Service’ of the SR VJ.etnam Hanc>1, V;Letnam

The spectral and harmonic methods of analysis of sea-level fluctuations
were applied to coastal and estuarine conditions in Vietnam which has
~ various types of tides with significant tidal range, and the influence of
monsomsanityphoonsonthemismportant The multifariocus structure of
- periodic fluctuaticns of tidal type with many high-order harmenic shallow- -
water camponents is evident. ' In the classical harmonic analysis scheme by
Damn,afewccmponentsmghtbecnmtted At the same time, the '
non-tidal sea-level fluctuations caused by the monsoon with one-year
period, half-year period, 3,6-month period, 3 to 10 day period and those
caused by typhoons with a 26 to 78-hour perlod are J.ndlcated

'Iheresearchresultsallcwedustoacqulreafullaxximoreaccurate
understanding of the pecullarltles of tide and sea-level fluctuatlons m
Vietnam. :

mmwmmmmzmsm ,
Marme Studies Cerrt:xe FO5, 'IheUmvers;Lty of Sydney NSW, Australla '

'Ihewatermass of the oceanic thermocline, ccmwnlyknownas CerrtralWater, _
is believed to be formed at the Subtropical Convergence. In the western
South Pacific Ocean, the Subtroplcal Cenvergence reaches its most poleward ’
pOSlthI{, coinciding part'_ly w1th the sou.rthern lmlt of the WES'I'PAC reg:.on.

The role of the SUI:rtroplcal Corxvergence as a source of Central Water for
the Coral Sea is confirmed by the close similarity of temperatxme—salinlty :
curves in the thermocline of the Coral Sea, Indian and South Atlantic
Oceans. Zero ard first derivative analySLS of CID profiles in the Coral
Sea indicates, however, that the water is not advected along the shortest
path, that is, northward through the Tasman Sea, but westward frcm the
.central South Pacific Ocean.
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The analysis also shows that salinities in the upper thermocline are higher
than those found in the Subtropical Convergence indicating a second source
for Central Water. Evidence will be presented that this source is located
in Polynesia where high salinity water appears to be formed at the surface
and sink to about 200m depth. ‘Ihepathofthn.swatermtotheCoral Sea
will be dlscussed from cbservations.

. OORAL REEF RESEARCH OF THE INDONESIAN-DUTCH SNELLIUS-IT EXPEDTTTON

VAN DER IAND, JACOB - |
Natlonal Museum of Natural History, PO Box 9517, 2300 RA Leiden the ,
Netherlands ‘ , _ o , ,
Center fer OCeanolog:Lcal Research and Development Kotak POs 580 Dak
Jakarta 11001, Indonesia - ‘

Of course the Snellius-II expedJ.tJ.on in eastern Indones:.an waters, the
center of the world from the point of view of coral reef sc:Lentists .
included coral reef research. Mostlssuesofﬂzeprogmmrewerepurely
scientific but because of the great econcmic importance of the reefs qulte
same attention was glven to aspects of exp101tat.1.on, momtormg and :
management. - ‘ _

The exped.:.tlon was mamly shlp-based, which has the advantage that large
groups of scientists of different disciplines can be transported to remcte
areasmﬂuallsoplustlcatedequipnenttheyneedmﬁthatmeycanmrk
there eff1c1ently in caomfortable c1rcumstances . ‘

Eastern Indones:.a is a vast area with an enormous surface of coral reef, a
great variety of reef cammmities and many different ways of explo:.tatlon
Relative to the magnitude of the management tasks the available research.
capability is still underdevelcped. Training and develcpment of feasible
research and monitoring methods were important topiw of the expedition.

Methods included aerial photography, field censuses under wate.r -

- standardized reef transect studies, taxonamic inventories of several g'rcups
- of organisms, sea grass cammmnity studles, and studles of socio-econamic

" aspects, particularly flsherlesL ‘ :

Ingenemlthenmedlfferentareasvmltedprovedtobemabetter .
- condition than was expected.. Consequently management measures can still be
taken in time. The most J.nportantonealreadytaken a ban on fish
blasting, proved to be enforced strictly in most areas. The area that was
found to be most diverse, the sea arourd the islard of Kamodo, has luckily
already been declared a marine park. However, because of the size and
ccmplentyoftheareaasawholearxithegenexallymcreasinghmnan .
pressure on the systems, more basic research is urgently needed, from .
fieldstations but also fram ships. In this respect other Westpac countrles
could be of great help.
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TIDAL JETS, NUTRIENT UPHELLING, AND THEIR INFIDENCE ON THE PRODOCTIVITY COF
THE AICA HALIMEDA IN THE RIBBON REEFS, GREAT BARRIER REEF

ERIC WOIANSKI, EDWARD IREW, KAY M AEEL

Australian Institute of Marine Science, Townsville, Qld, Australia

JCHN O'BRIEN | 7 4
Warrnambool Institute of Advanced Education, Warrnambool, Vic, Australia .

A field experiment was carried out to study water circulation and benthic
biological productivity near a passage through the Ribbon Reefs in the
northern Great Barrier Reef of Australia. The currents through the
passage were phase-locked with the tide. During rising tides, strong
currents through the passage generated localized upwelling on the upper
 continental slope, enriching the depleted surface waters in mutrients, = -
particularly nitrate and phosphate. Similtanecusly, on the shelf side of
the passage, a tidal jet-vortex pair system developed, which separated -
fram the Ribbon Reefs so that the coral reefs themselves received little -
of the upwelled water. This was propagated as a bottom-trapped layer
' towards the meadows of the calcareocus alga Halimeda situated several
kilcmetres inshore of the reefs. Halimeda can accumilate mutrients,
particularly nitrate, from the relatively low concentrations available
from the upwelling events. The quantity of nitrogen upwelled was more
_ than sufficient to supply the total nitrogen requirements of the Halimeda
vegetation. , :

A tidal jet also formed, offshore froum the reef passage, during falling
tides and the coral-covered offshore side of the Rikbon Reefs may be
_sustained by the subsequent vertical turbulent entrairment into the jet of :
deep, mutrient-rich water immediately offshore from the reef passages.

The processes require a contimious barrier reef with only narrow passages

- several kilametres apart.

Numerical models successfully reproduce the observations of jet-driven
upwelling and of the dynamics of the tidal jet-vortex pair system. The
' model predictions are very sensitive to the details of the bathymetry of
. reef passages. Since such data are presently unavailable, it is not yet
possible to use these models to calculate the jet-driven nutrient

upwelling for the whole Great Barrier Reef. o
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THE WESTERN PACIFIC OCEAN: ACRADI.EOFC[MW
KIADS WYRTKI

Department of Oceancgraphy
Um.versity of Hawaii, onolulu, Hawa:u., Usa

The western equatorial Pacific and the Southeast-Asian Waters are the
region of the world oceans where sea-surface temperature is highest and
where rainfall is greatest over the largest contiquous area. Consequently,
this region harbours the largest atmospherlc heat source and the largest
region of convection on the glabe. The region of maximm convection is
subject to large north-south fluctuations of its location with the anmual
cycle, and to interannual variations in the east-west direction, which are
related to the Southern Oscillation and the El Nino. The ocean underneath
the heat source is also subjecttoalargenetheatgain chleflybecause _
of a lack of evaporative cooling.- Horlzontal ocean circulation is -
insufficient to remove this net heat gain effectlvely, which results in a
slow accumilation of stored heat. The E1 Nino is the process by which th:.s
emsstoredheatmrawved frcmthetroplcalocean -
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CLIMATE SYSTEM MONITORING -
MICHAEL J COUGHLAN
National Climate Centre, Bureau of Meteorology, Melbourne, Viec, Australia

The traditional noticn of climatology conjours up an image of tables and

. atlases of long-term averages of meteorological variables and synthesized
classifications of the world into fixed climatic zones. While ocne does not
deny the value of such work for a vast range of man's act1v1t1es, there is
a stxong realisation now for the need to monitor variations in the cl:unate
system in a "real-time" mode

With the recent establishment of a National Climate Centre the Bureau of
Meteorology has joined a mumber of cther nations in preparing monthly
climate bulletins which, through the broad-scale analysis of a variety of
climate parameters, attempt to menitor the continuocus var:.abz.lity that is a
feature of the climate system.

The poster display will present a selection of, and short commentary on,
the analyses and climatic indices which are routinely prepared for the

souﬂlemhemlsphereandtheAustrallanregloneachmnﬂlbytheNatlonal '
Climate Centre.

mmmmmmmmmmm
GEORGE R CRESSWELL AND J L PETERSON

CSIRO, Division of Oceanography, Hobart, ‘I‘as, Australla |

Satelllte-tracked drifters were released on and near the continental shelf
of northwestern Australia in 1982-83 as part of a survey of fisheries
resources and the marine ernvirorment. The drifters showed that the
triangle betwen northwestern Australia and Indonesia was a socurce region
for the Ieeuwin Current and the South Equatorial Current of the Indian ,
Ocean. The t.rlangle itself is subject to input from the Archipelago. The
nature of the circulation revealed by the drifters is examined and ccnrpared
with historical and contemporary fmdlngs ard data. S
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CLIMATIC CHARACTERISTICS OF THE SOUTH CHINA SEA WATERS
M A DANCHENFOV
Pacific Oceanological Institute, Vladivostcok, USSR

The patterns of the temperature and salinity spatial distribution at the
standard levels for the winter and sumner are constructed. Scme 6685 '
hydrological cbservations are used. CQurrent meter data were utilised to
analyze the surface layer pattern.

The inflow of camparatively cold waters is from the north through Taiwan
chamnel while warm water inflow is from the south through Karimata

In sumer along the Vietnam coast at 14°N - 16°N are marked decreased
- temperature and increased salinity at the subsurface levels.

PHITIOP R PARKER
Services Pollcy Branch, Bureau of Meteorology, Melbourne, VJ.c, Austral:.a

The Bureau of Meteorology is developmg its marine services to include an
expanded range of cperational oceanographic products. Current services
such as mmerical sea-state prediction are being upgraded. A surface
current prediction system is being developed for areas around the
Australian coast. An upper-ocean analysis system (using BATHY-TESAC data)
is being planned for the tropical Indian and Pacific Oceans and for the
Australian region oceans. This poster describes same of the features of
these developlng and planned marine serv1ces

FINE STROCIURE OF WATER MASSES IN THE NORTHWEST PACIFIC

I D ROSTOV

Pacific Oceanological Instltute of the Far Eastern Sc1ent1f1c Centre USSR
Academy of Science, Vladivostok, USSR . .

On the based of a many years' CID data the peculiarities of space :
distribution and space-time variability of fine structure characteristics
in the main structural zones and the Far-Eastern seas are revealed. It is
established that the regions with different corditions of the fine
structure generation are distinguished by their forms and values of
statistical characteristics. We have found scme evidence for the presence
of relatlvely stable and typical small-scale structures in variocus
regions. These structures characterised by different forms, space-t:.me
scales ard profile dlsturbance amplitudes.
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MASSES TRANSFORMATION IN THE NORTH PACIFIC

I D ROSTOV, I A ZHAEIN, G I YURASOV

Pacific oCeanologlcal Instlmte of the Far Eastern Sc1ent1f1c Centre, USSR
Academy of Sc1ences, Vladivostok, USSR

Based on mean temperature and salinity data isolated are structural zones.
and layers. Within their limits there are favourable conditicns for the
development of double diffusion processes. It is shown that distribution
of their parameters is conditioned by location of intermediate water
masses boundaries and fronts. Available energy of instability of
temperature or salinity stratification is transformed by large scale
motions and dissipated in small scale salt finger or "layer convection.

MONSOON nu?mmcs ON ZOOPLANRTON POPULATIONS OF THE INDCNESIAN
ARCHTPEIAGO

PETER H SGJAIK

Netherlands Institute for Sea Research, Texel; Instlttrte for Taxoncmic
Zoology, Amsterdam, The Netherlands

The eastern Banda Sea and western Arafura Seaarestrongly influenced by a
monsoon type climate. The SE monsoon (June-September) causes enriched
upwelling conditions and the NW monsocn (December-March) impoverished
stratified conditions.. Related to this phencmenon an alternating current
pattermn occurs in the area, with an influx of Pacific water during the SE
monsoon and a prevailing Java Sea/Irx:hanOceanmflwcdnrirgther
mensocn. The fauna of the Indonesian waters has endemic species, but is
influenced by Pacific and Indian Oceans faunas. These factors together
make the Banda Sea area, from a‘biological point of view, very camplex.

In the context of the Snellius II Expedition, two cruises, that is, August
1985 (SE mensocon) and February 1986 (NW monsocon), have been carrled out. to
investigate the monsoon effect on the zooplankton populations in this
area. ,

Zooplankten samples collected during these cruises show that blcmass ’
vertical distribution, diel migration, and species composition differ
between the seasons and that parallels can be drawn with areas of constant
upwelling and areas of stratification in the North Atlantic Ocean.

Biamass and resplratory activity were two times lower in February than in
August, while the activity, estimated with ETS measurements, per unit of
sample remained the same. The zooplankton population reacts to the
changmg situation by an adaptation in bicmass and abundance but not by a
change in metabolism. Diel vertical migration is found to be enhanced

- during the poor stratified pericd, suggesting that the ava11ab1.11ty of
focd plays a role in determining diel migratory activity.
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Meristical data of pteropods Clio pyramidata and Diacria quadridentata

showed an influx of the Pacific fauna in this area during the SE
_monsoonperiod, which is not the case in the NW monsoon pericd. The mean
size of investigated taxa was smaller during the warmer stratified period
showing an adaptatlon to the lower water densities.
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SUMMARY REMARKS ON TOPIC 2: mummmmmmwmam
BY DIR. GBEORGE, CRESWELL

I should like to start by thanking IOC, WESTPAC, John Bunt, Bob
Harriss and their team. I also thank Keynote Speaker Stuart Godfrey, along
with Discussion lLeaders Arnold Gordon, Matt 'Ibmczak and David Rochford for
-their excellent work.

: After decades of madequate oceanographlc scrutiny, the WESTPAC
region, and the Indo-Pacific Convergence that it contams, have become the
focus of attention of oceanographers world-wide. The reasons for this
attention are wrapped in the unlqueness ‘and complexlty of the region. '

Klaus Wyrtkl described it as a cradle of climate var1ab111ty
'sllght changes ‘ its sea-surface temperature produce awesome far-reaching
changes in the ahnosphere. The throughflow from one tropical ocean to
.another is unique and has effects far beyond the WESTPAC reglon. The -
processes of enrichment in the WESTPAC region appear to be complex in the
ext.reme, and they choose to wear dlfferent dlsgulses m different areas.

The . equatorlal region, with its currents and undercurrents, and . -
countercurrents, resembles a stack of assorted squashed noodles being drawn
variously east anc‘l west at differing speeds.

- The presentations covered all the recent major expedltlons,

‘contemporary models, interpretations of historical data ard plans for
contJ.nang or future work.

The sessions were on: Upwelling Ocean/At:nosphere Interactlon, Deep .
Basms and Adjacent Seas, Exchange of Water between the Oceans.

The group of papers on Upwelling. J.ncluded the follow;mg' I

- ‘Tanchotn_kul dlscussed _ seasonal upwellmg revealed by
satellite in the Gulf of ’I‘halland :

- Schalk, Baars and le]stta described prel:.mmary results on
-upwelling in the Banda Sea as part of the Snellius II
Expedltlon. These comprehensive observations from a data-poor
"region were particularly welcome. Upward velocities of 3m/day
were measured. Flow into the Banda Sea was from the Pacific
in the south-east monsoon and from the Java Sea’ and Indian
Ocean in the north-west monsoon. -

- Iukas presented data from earlier th.lS year showmg upwelhng
near the Papua  New Guinea coast durmg the north- west
monsoons. .

-  Wolanski, Drew, Abel and O'Brien discussed the transport of
a nutrlents by a tldal jet vortex pair in the Great Barrier
Reef. ,

- Furnas and - Mitchell described var1ab111ty of productlon

through the central part of the Great Barrier Reef due to-
causes such as cyclones and intensive upwellmgs.
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- Andrews described the response of the central part of the
Great Barrier Reef waters to the meridional wanderings of the
weather band. Wind events produced bottom enrichments of.
large horizontal extent that propagated inshore at almost 20

¥myday.

The subsequent discussion revealed that, in many cases, the
processes described as upwelling did not bring ‘mutrients quite to the’
surface. The surface product:.v:.y was high though. What was happening?
Perhaps transient wind mixing was mvolved but the general inability of
oceanography to come up with vertical mixing coefficients was highlighted.
Miles Furnas advised us that the phytoplankton primary production could take
up mutrients in a matter of an hour. What then, it was asked, do the
ecosystems do to survive during the non-upwelling season? Matt Toamczak
pomted out that we oceanographers complain that the meteorologists do not
give us data on appropriate time and space scales; at the same tJ_me, we do -
not give the blologlsts the information that they need.

The coastal-zone color scanner aboard ‘the NIMBUS satelllte can
solve some of these sampling problems - unfortunately it is on its last legs
and no plans ‘exist for a replacement. .

One of the papers in the. session that bridged several 'disciplines
was that of Wolanski, Drew, Abel and O'Brien. It had sampling appropriate
to the problem, which was: Why are there calcareocus Halimeda meadows several
kilometres inshore of the passages of the ijbon Reefs?.

Halimeda is capable of accumilating nutrlents The meadows lie on

15-m thick banks of dead Halimeda. The authors surmised that tidal inflow

‘may have been pumping nutrients from below the shelf edge into the lagoon in

the manner of Thompson and Golding. They observed and modelled the flow and

found that certain combinations of reef passage width and bottom topography .

could generate localized upwelling and that this water was carried along the
bottom to the meadows by a tidal jet vortex pa1r A

‘ The nutrient input was found to be suff1c1ent to satlsfy the
Halimeda meadows - in fact the authors calculated that the 15-m thick banks
had been established by 1 million upwellings in the’ past 10 000 years. B

Co The Ocean-Atmosphere Interactlon presentations were lead by Stuart
Godfrey. .He elaborated on hls Keynote Speech.

' Heron presented ‘the results of u51ng a 10-m >\ radar for studies
of near-surface currents and their responses to the wind. .

Hyo cho1 dlscussed storms 1n the East Chma Sea.

Sodusta and Estoque presented numer1ca1 model results of wmd-
drlven bay circulations. o

Klnormonth and Ooughlan descrlbed Bureau of Meteorology products
partlcularly those relating to cllmate monitoring and tropical meteorology

Parker descrlbed the Bureau . of Meteorology s entry © into

Operational Oceanogxaphy and this prompted some spirited and, I think,
healthy debate with Australian sections of the audience.

- 64 -



In the session on Deep Basins and Adjacent Seas, the following
" presentations were made:

Hanawa discussed subtropical mode-water formation - the cooling

. and deep mixing to 400-500 m that is capped over in summer. The water is
advected to the south-west. The amount  formed shows an interanmual
variability. '

| Wen described frontal phenomena associated with the Yellow River.

Siripong presented analyses of tides in south-east Asia.

Lermon described the ASEAN sea-level monitoring array and outlined
the value that it will have for studies of tides, tidal phenomena, and -
interannual variations. . He presented Australian sea-level data to show that

an El Nifo year is primarily a recovery year after a sea—level event in the
prev1ous year, ‘ .

Rochford rev1ewed the water characterlstlcs of the deep basms of

 the indonesmn Seas. He had to rely on Snellius I, Dana.and CSIRO data. from

the 1960s. Obviocusly, the region needs more study He also showed the
Banda Intermediate Water spreading from the Archlpelago as a plume at about
1 000~m depth over to Madagascar.

The Hu, Nishida and Ia:ﬂstzm/hﬂcas papers were ex01t.mg Jbecause
they dealt with comprehensive research vessel data sets for roughly the same
~ region from the past year. They described complex current situations. It
was a bonus for WESTPAC to.get these oceanographers together. Incidentally,
we learned that there were 7 ships from 5 nations work_'mg in the western
tropical Pacific early this year

Godfrey presented a model of the Leeuwm Current that successfully
reproduces many of its features.

I presented a poster on satellite—tracked' drifters in the Timor
Sea. ‘

Tonczak discussed the water masses of the Coral Sea and how they
had a component from as far south as the subtropical convergence off
Tasmania, but reaching the Coral Sea via the South Pacific. Another, highly
saline, component had to come from the salinity maximum in the central
Pacific. The nature of the T and S properties also gave indications of the
type of mixing processes involved. In the 'discussion, Tomczak criticized the
Australian oceanographic community because, in genexal it would not commit
itself to repeated deep sections; for example, in the manner of China and
Japan. Part of the reason for this, however, is that the country has a
single civilian research vessel for oceanography and it has pressures on it
to work in many places..

The session on theEb«:hargeofWaterbetxeentleceaxswaslead
by Arnold Gordon. Possibly the flagship of our sessions was on the exchange
of water between the oceans - or throughflow from the Pac:.flc to the Indian
Ocean. This really is a hot subject and this Symposium was its first
" airing. Collectively, the speakers left no stone unturned - historical data
were re-analysed, modern observations were presented, no less than three
nuerical models were described, and the plans for the Indonesian Seas
Experiment (INSTEP), scheduled to start in 1988, were outlined for comment.
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What did we find out?

That the observations and models give a scatter of transport
values for the Indo-Pacific exchange, the transports ranging up to 20 Mt/s.

: That same authors think that the throughflow comes from the North
Pacific; some, from the South Pacific. Arnold Gordon claims that the water
properties point to the North Pa01f1c. .

That the favoured pathway of the movement 1s the Strait of
Makassar. ‘

That the models do a good job of showing‘ a seasonal sig'nal.

The Godfrey model showed that, if we loock ahead to when  the
tl1m.19hflow is squeezed off (10 million years) , the Indian Ocean will become
6°C cooler and the East Australia Qurrent will sweep down to and around
. Tasmania like the Agulhas Current sweeps south of South Africa.

We learned from Murray of the problems of - instrumenting the '

Straits that carry the throughflow. The tidal currents in Lombok Strait are
well in excess of 6 knots. One satellite picture showed a warm plume
heading tens of kilometres southward from this passage. The non-tidal flow
through the passagewas 2.8 Mt/s and it was found to reverse when Timor Sea
cyclones changed the sea-surface slope.

: This important phencmenon, the throughflow from the Pac1f1c to the .
Indian Ocesn, with its consequences for climate control, dispersal of marine
life, and perhaps modification of sediment beds, seems inadequately
dm1bed and modelled, and more work is needed.

We were able to reach the follow1ng conclus:.onS' ‘

For the processes of upwelling and enrichment, sampllng arrays and
frequencies must be designed to enable us to see what is happening. -

More observations are needed on current responses to seasonal and
short-term w1nd changes.

- Continued observational and modellmg efforts are needed for the
study of the tlm1ghflw between the Pacific and Indian Oceans.

Nevertheless, the recent expeditions by many countrles have glven _
us a quantum leap in our knowledge of the Indo—Pac1flc reglon.
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TOPIC 3: INTERANNUAL VARIABILITY IN MARINE COMMUNITIES

Topic Convenor: Dr Peter Rothlisberg
CSIRO Marine Laboratories
PO Box 120
~Cleveland . Qld 4163
AUSTRALIA
Keynote Speaker:. Dr Alan R Longhurst
: Director

Bedford Institute of Oceanography'.
PO Box 1006 ’ )
. Dartmouth Nova Scotia
- CANADA B2Y 4A2

Discussion Leaders: (a) Crustacean Resources

Dr Derek Staples :

- CSIRO Marine Laboratories
PO Box 120
Cleveland Qld 4163
AUSTRALIA

(b) cCoral Reefs and their Communities

Dr Peter Isdale

Australian Instltute of Marine Sc1ence
" PMB No 3 o

Townsville MSO Q1ld 481Q
~ AUSTRALIA

(¢) Coastal Vegetation - Mangrove and -
Seagrass Communities .

. Dr Ong Jin-Eong
School of Biological Sciences
Unversiti Sains Malaysia

.. Penang 11880 '

~ MALAYSIA

(d) Fish Stocks

Dr John McManus
Marine Science Instltute
‘University of the Philippines
Diliman ..
_ Quezon city 3004
PHILIPPINES.

(e) Biological Oceanography

Professor Takahisa Nemoto
Director

Ocean Research Instltute
University of Tokyo
1-15-1 Minamidai

Nakano Tokyo

JAPAN :
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KEYNOTE SPEECH 1 BY DR. AIAN IONGHURST: INTERANNUAL VARTABILITY IN MARINE
QOMMONTIES

In this Symposium, we are asked to review variability in a
region for which we need superlatives just to describe the
status quo, so our task will not be easy.

on a planet still affected by the Pleistocene glaciations it
is in the western Indo-Pacific that tropical marine ecosystems
are most fully developed. - Here the warm-water world of the
early Tertiary has been most completely preserved, and only
here can we experience the rich fauna of the Tethys Sea that
. girdled the tropics throughout the Mesozoic, and on into the
early Tertiary. Beyond the East Pacific Barrier and in the
Atlantic, the fauna of the tropical seas is impoverished, and
- an east-west gradient in biological diversity of almost an
order of magnitude exists between the Gulf of Guinea and the
western Indo-Pacific. This is best known for coral genera,
but occurs also in all other benthic and demersal biota: only
“the pelaglc species, and especially those of the open ocean,
do not so strongly follow this pattern.

The Indo-Pac1f1c contalns the. largest, deepest pool of warm
tropical surface water that exists today, with mixed layer
temperature exceeding 29°C over a very large part of the
Philippine Sea ‘and Mlcrones1a, where thermocline depths reach
150-200m. This region of clear, warm seas supports profuse
development of all kinds of coral reef: three major barrier
reefs, hundreds of oceanic atolls, and innumerable examples of
fringing and platform reefs on the shallow continental
shelves. Paradoxically, the rivers between the Ganges and the
Huangho carry 40% of all the silt dlscharged by all the rivers
-0of the world, so the Indo-Pacific is rich- also in shallow,
turbld muddy seas. -

. The Indo-Pacific conjunctlon is a region of complex geography,;
a function of movement of the Australian plate and many small
continental blocks. Within the Pphilippine , Indonesian,
Melanesian and-Micronesian archipelagos, ventilation of
several deep basins is constrained by sill depths ranging from
several hundred to several thousand metres.. The archipelagos
themselves stand on, or lie eastwards from, the largest single
areas of continental shelf anywhere today: at least eleven
_Grand Banks of Newfoundland could fit onto the continental

'shelf between northern Australia and Thailand, and another
four or five up through the east China Sea.

The reversal of the monsoons over the Indo-Pacific conjunction
is reflected as a seasonal reversal of flow through the maze
of channels, some extremely shallow, that lie between the
islands. The reversing currents sweep past countless capes,

- For the purposes of this Report, references are not included with
the text oftjus Keynote Spaxh
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