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-rn 
The Udrman of the Ioc Regional carmnittee for the western pacific 

(WESITPAC), Dr. John Wzrrt, as Chaixman of the Symposium, welccgned the 
participants to Tbwnsville and to the Sheraton E5makwater Hotel where the 
Symposium was held. He explained that the Symposium had been sponsored by 
the Ioc and organized, on its behalf, by the Australian Department of 
Science. Nevertheless, the Symposium cxxiLd nut have been convened at this 
particular time and place without the generous assistance , in money and/or 
kird, of a large rnnnber of institutions and ccanmercial companies. These 
were, in the city of Tbmsville: 

Australian Institute of Marine science 
Great Barrier Reef Marine park Authority 
James Cook University of North Queensland 
Sir George Fisher Centre for Tropical Marine Sciem=e 
Tamsville City council 
Department of LDcal Governmnt and Administrative 
services 

ard from elsewhere: 

united States National Science Foundation, Washington, D.C. 
F'rench Mhktry of National -cation, Paris 
United States Agenq for Inwtional Development (AID) 
Unesco (RX?EXA), Jakarta 
(aANIIAs, - 
msE!IT, canbema 
Euttemo&hs, London 

Momer, a considerable nunber of institutions presented colorful 
and attxactive displays of their research effort, which complemented the 
themes taken up by the symposium. 

m. m t  also acImmle@ed the invaluable contribution of the 
Keynote speakers, the Tapic cornrenorS and the Discussion Ieaders in guiding 
the symposium. 

In many diverse ways, the aforementioned institutions, cognpanjpc 
and inlividuals greatly assisted the oqmizing ccgmnittee in arranging the 
scientific and social pmgmmnes for the Symposium, the social activities 
often allowing unique cpportunities for ripenins the fruit of the mre 
formal debate and discuss ion of the scientific activities. 

The Symposium was opened by Dr. W.J. M G .  Tkgart, Secretary of the 
tkpartmnt of science, of the Australian Govemmmt. (His address is given 
belm). . 

The main Keynote Speaker was Professor Roger Revelle, of the 
ScripPS Institution of -my, whose intmductory address is 
summarized helm. 
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% symposium cavered four main th- which were so programmed as 
to give as mch chance as possible for interdisciplinary participation: each 
themewasintrodu cedbyaKeymtespaker: 

(i) 

(ii) 

(iii) 

Evolution of the Arc Ccanplex: 

InaOneSia. 

Geology and Speciation - Dr. John 
Katili, D*r General, Geology axd Mineral -, J-, , 

Ocean Variability ard the Links with Clhte - Dr. J. Stuart- 
Godfrey, Division of Ocamgrafiy, csm, Hnbart, mtralia. 
~nterannual~ variability in m i n e  cammm 'ties - Jk. Alan R. 
liqhurst, Bedford Institute of oceanography, Dxtmmth, N.S., 
Canada. 

)Iunran Influences on the Marine Environment - Dr. Ed -2, mine 
Science Institute, university of the Fhilippines, Manila, 
Fhilippines. 

The Tapic convenOrs and Discussion balers are listed at the 
k@nning of each themtic section which contains the abstracts of the 
papers or poster sessions presented within the theme. 

?he discussion of the papers was far too rich to ke. recorded in 
minutes, so each of the four lceynate speakers summarized the =in o u w  
of the debates in each theme: their summaries appear at the end prior to the 
section on the Closure of the synposium. 
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. .  

Ihe Semekuy of the Deparbnent of Scieme, Dr. W.J. Mc G. Tegart, 
made the 0penh-q Address of the Symposium: 

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. 
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. 
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 Australia.. 

. 

Under the enthusiastic leadership of Dr Bunk, 

I believe that some 

The number of-participants, 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. 

Firstly, that there is enormous international 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 
discussions. 

The Australian 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 convening 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 determined and 
measured by the input of its member states. 

From the Australian 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 required to generate relevant 
regional research programs which require collaborative effort. 
I trust that my Department's support over the past 3 years will 
be vindicated. 

Undoubtedly, the marine environment of the Indo-Pacific has 
played and will increasingly play a major role in the 
socio-economic development of south-east Asia, the 
south-westem Pacific and Australasia. Utilization of the 
fisheries and sea-bed resources of the ocean, increasing 
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. 
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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 
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 y0.1 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 
Reef, are based here. Consensus may not always be reached over 
dinner tables in Townsville but the quality of debate is always 
high! 

a steady climb in direct 

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 way 
of the extensive poster displays which have been mounted in 
this and the other conference rooms. The displays provide both 
a colourful and informative backdrop to the week's 
presentations and discussions. 

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 
encourage interaction and discussion in a 
atmosphere. 

as varied, and will 
less formal 
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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 
maintained. 

I trust that all of you will take the opportunity 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 decision-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 
environment 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, 
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 
exploitable resources. 

The traffic is not however entirely one way. No research 
agency or individual scientist can be expected to ignore the 
llpurell aspects of their work for the llappliedt!, 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. 
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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. 
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 I 

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 
opportunities for 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 Committee are to be congratulated on 
the design 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 questions. This process will contribute to further 
R&D in the region's marine science sector. 

In conclusion I wish you every success in this venture and for 
the continued development of the Program Group and I am looking 
forward to participating in your discussions 

The marine environment 

~ - 
days. 
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over the next two 
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~ The@. ofthe-oce Cbmnission, 
professor Inocencio Ronquillo, of the Philippines, then addressed the 
participants: 

Ladies and Gentlemen, 

It is for me a great pleasure to be here at this Symposium, for at 

First, as Chairman of the Intergovenrmental oceanographic 
carmnission, 1 can tell you that the ccaranission attaches great importance to 
pramoting co-opemtion and intellectual exchange amongst marine scientists 
even if, as an inteqovernmental bofiy, it is rnandated to work through the 
com=erted efforts of its Menber States. 

Although these concerted efforts are usually made through CO- 
operation between Goverments, they require co-operation m q s t  scientists 
and scientific institutions, at the national, at the regional and at the 
global level, since oceanography is, perhaps above all other subjects, 
multidisciplinary. 

Today, at the opening of this symposium, we see the two components - goverments and scientists - working wether to promote marine science in 
the westem Pacific, for the principal supporter of this symposium 7 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 canmission - its 
 ember 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 guvemmmt, through your Department and through 
other institutions (which I shall mention in a mament); I should also like 
to thank your government, through you, sir, for its supprt of the work of 
the Ioc Regional m t t e e  for the westem Pacific, as manifested in the 
hosting of this symposium, -and in marry other Ways. 

least three reasons: 

Hmever, the principal supporter also has supporters, to the great 
advantage of the W s s i o n  and the symposium. And therefore, I wish also 
to thank the Australian Institute of W i n e  Science, for its noble a h  in 
helping to convene this slmposium. When I mention AIFE I must at o n e  thank 
John.Wmt, its former Director and the Chief Organizer of the Symposium. 
Dr. Bunt is also the Chairman of the IOC Regional m t t e e  for the Western 
Pacific. 

Then, I wish to thank the James Cook University for its 
significant contribution and its hospitality in housing many of the 
participants. 

The Great I3arrh.r Reef Marine Park Authority has also m d e  notable 
contributions, for which we are grateful. 

Several IOC Memkr States have contributed to ensuring the basis 
for success. The Governments of FYance and the USA have made financial 
contributions to facilitate the attenhce of scientists from developing 
countries, and a number of other governments and governrental .institutions 
of IOC Maker States have assisted scientists f m  their won countries and 
sametimes f m  other, developing, countries to at-. Unesco, through its 
Regional office of Science and Technology for South-East Asia, has also 
assisted some scientists to attend. 

~" 

I 
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?his is what we may understand by the %oncerted effort" the IOC 
Statutes require the Member states to make in order to "learn mre abut the 
ocean and its rescmwd'. 

The second reason for my pleasure in being here, is that so many 
of the meetings I must at- as chairman of the IOC d in other official 
capabilities are of the intergovexmental or policy-makhg kind, and, 
important thaugh they m y  be, they are nat prely scientific, so I hope to 
enjoy learning mre about our ocean and its resources through the concxrtd 
action of the many renamed scientists present here. 

I wish therefore to thank those of you who have m y  agreed to 
play special roles as Keynote spdcers and W i c  ~~nvenors, and those of you 
who will read papers, or who will give poster displays or who have simply 
suhitted ppers, or who have just CCE to exchange intelligence. 

m e  Indo-Pacific ~ ~ n v q e n c e  is a key OceanOQraphic phenmenon our 
hcwlpdqe of which de- largely our capacity to predict the effects of 
the processes that characterize the phemwnon. But it is not simply a 
converym of sea water; it is a conveqene of tectonic plates ard the 
associated geological processes; it is a convergence of a-eric features 
as the southern and perhaps other cscillations of the air-pressure field fix 
their positions relative to these b o  great cceans - the Pacific and the 
Mian; it is a biological conveqence associated, in evolutionary tenns, 
with major tectonic plates, but living organisms die hard arii the sea is 
perhaps as often a barrier as a carrier; and it is a cultural convergence, 
historically dictated by the ocean currents. 

It is therefore appmpriate, ladies and gentlemen, that we 
converge here to learn fmm each other about the guiding forces in our 
scientific lives. 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, aril I wish to thank him and 
the other Departmental staff too. 

My third reason is that I have again the pleasure of caning to 
w i n e  and seeing one of the great natural wonders of the world - the 
Great Barrier Reef. Not for the first the, the Ioc is receiving the 
hospitality of the Mayor and Council and Citizens of Tuwnsville, since the 
Third Session of the IOC Regional Camnittee was held here in 1983. I 
understand that we shall have an opportunity to thank the Mayor for his 
lbmfs hospitality later this week. 

And lastly, it is my pleasure to be here because symposia such as 
this one have proven to be an important mecham 'sm for determining the 
possible new thrusts of the ICC regional subsidiary bodies' actions, for 
focussing the present thrusts, and for enhancing co-opration beween 
scientists and Countries in the search for -lege by which we may hope to 
spur our sccio-econOrnic development, peace and prosperity in all its forms. 

OII behalf of the Intergovernmental oceanographic Cmnission, I 
wish you every success in your intellectual exchaqe and invite you to M e  
practical reccxnmendations to the Cmm.ission on the development of 
international co-operative marine science and its related technology in this 
exciting ocean region. Thank you very much for your kind attention. 



Pmfessor R0Fp.r €&velle then delivered the main Keynote speech to 
the symposium. (Since no formal text was submitt&, the speech is summarized 
here f m  notes.) 

The ocean is already a soure of extractable living and non-living 
resources and provides a d u m  for shipping, Communication and national 

met by the land. There will therefore be gmwing demands on .the ocean as 
terrestrial sourcs are depleted. ?he ocean also rtcderates the climate, 
receives the damestic, agricultural and -trial wastes, and provides a 
source of recreation. Too little is knmn, h m e r ,  about the processes that 
would allow accurate prediction of the consequences of alternative uses or 
maMgement measures. Without adequate knowledge, rescwrc;.es may be wasted, 
used inefficiently or hdvertently destrwyed; inVeStment in the acquisition 
of essential knmledge can therefore return large dividends. 

defence. Hawever, needs for food, mineral s and energy cannot nm7 be fully 

The present symposium covers four main fields of marine sciaitific 
endeavour, with especial taphasis on the. Indo-Pacific region. 

In the field of geology an3 geqhysics, 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 m y  contain high 
concentrations of copper, potassium, calcium, barium, manganese, iron and 
zinc. m l e r  vents are characterized by extensive communities of organisms 
including clams, mssels, crabs and forests of giant tube worn. 

passive contiriental margins are often among the most poorly 
understood areas of the cceanic crust, mainly because m y  of them were 
formed by breakup a long time ago, so that the structures that were 
initially creited and much of their subsequent history often lie buried 
under a thick layer of sediments. The study of passive maqins is very 
important for urdertstanding the mecham 'SIIIS operating when continents 
separated to fonn new oceans, and for the exploration of hy-m. 

Active margins are important sites of present4ay tectonic and 
volcanic activity and there is general agreement about the basic processes 
at work in them. They are zones of convergence where the d c  plate is 
sukiucted under the continental plate. The deep-sea m, the volcanic 
arc, etc. are all manifestations of the subduction process, and the Indo- 
pacific region is particularly interesting in this respect. Nevertheless, 
fundamental questions remain abut the structure and the nature. of tectonic 
and volcanic processes at active margins. perhaps, as the oceanic plate is 
subltucted, the sediments are scraped off and imbricated on the averriding 
plate in the space between the volcanic arc and the trench. W h t s  would 
thus be accreted at the active margin. Hmever, the results of deep- 

accretion may be very small or even entirely absent. The daminant process at 
several active margins appears to be crustal erosion rather than crustal 
accretion. 

drilling in many active margins shm that, in fact, the zone of sedimentary 

- .  

A correct choice of &dcal species as markers of past and 
present biotic processes is fundamentdL to an understarding of the flux of 
matter to the bottam sedhts.  any products of primary synthesis (for 
example, steroids, hydmcarbons and carotenoids) retain their identity in 
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partiailate matter for a long t h e  in the deep ocean and may be found in 
fossil remab of the deep sediments. The direction of modification of these 
chemical fossils pmides clues to the early palae3dmnical e n v h m t .  
The sediment-water interface can also introduce a chain of chemical and 
biotic reactions which d f y  particulate matter drastically before the 
material enters the bulk geochemical cycles. 

The stratigramc record of marine SediXLentation on the 
c0nt-m dong their margins reflects the response of relatively 
ShdLlm depitioxxd mine envirorrmentS to global (eustatic) sea-level 
changes. The mgnitude of --level changes ranges fm a few tens to a few 
hundred metres, h t  pmbably not llylre. Rates and patterns of sea-floor 
spreading have been invokd to explain long-term sea-level changes due to 
volurre changes of the ocean basins, w h m  the short-term, ard scaoetimes 
very rapid, sea-level changes have been attributed to climatic factors which 
 an d t  in volume changes of the world ocean (Le., isolation and 
desiccation of marine bash) as well as t0 changes in the m t  of water 
accumulated in the world ocean (i.e., through the amumlation of laxye ice 
sheets on the continents during glacial ages). It seems clear f m  the 
sediment distributions’ in shallow marine depositional enviro;rrments and from 
the seismic stratigraphies of continental q i n s  that the inferred sea- 
level changes were global phenmena, but the causes for the changes are not 
well established. 

The high-eneryy environment is that in which waves and curents can 
influence gecxnorphology. Most high-energy envhmts cccur nearshore and 
on the inner parts of continental shelves. m l e s  are beaches, tidal 
inlets and tidal channels, suharine deltas, barrier islands, s u h a r h  
bottom forms and river lTlcplths. Generally, these cambine into assemblies such 
as estuaries, barrier island chains and parardllel fllbmarine shallows. 
Ekequently, sand dunes fom an essential part of the sedimentary structure, 
so that wind transport is an additional luovir~~ agency. The central problem 
of the high-energy environment resides in the intmplay between mrphology 
and hydraulic forces. On the shelf, irregular bot- 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. Anothes 
problem is the evolution of high-eneqy e n v h m t s  mast of which are, 
gal@cally speaking, very young. ?his is one reason why they often show 
rapid morpho~ogical changes, but such changes also seem to be a fundamental 
characteristic. The determination of the geographical boundaries of specific 
high-energy environments and the gains and losses through such bourdariw is 
problematical; same environments are clearly open-ended as, for example, 
beaches, which are fed by coastal erosion on one side a d  lose sand by 
offshore tzarsport on the other. In other*,envh-ts, such as tidal 
lagoons, with their inlets and barrier islands, sediments move in a mre or 
less closed system. 

There is also a continuing interest in sandy bedforms and the 
-taxy sequences in them. Theories of sediment transport ard stability 
have recently been devised for sand waves and tidal sandbanks and ribbons. 
Because of their aggregated structure in transport and their cohesive nature 
men deposited, muds are less well understood. 

In’the field of ocean variability and W links with clhate, the 
coupling between the oceans and the abnosphere is particularly strong in the 
tropical regions. There is good evidence that laqe climatic fluctuations 

I 
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are govemed by largescdle tropical 0cean-atmsphex-e interactions, and that 
the dynamics of the equatorial ocean play an inportant role. At the same 
time, the detailed dynamics of western baundary currents and their 
interaction with the rest of the ocean circulation are not well understood. 
Western hurdary currents transport a significant m t  of heat polewards, 
and a strong heat flux frcan the ocean surface to the atmosphexe occurs in 
the current t h d - f m n t  regions. The role of the so-called southern 
millation is certainly an important one in the atmosphere-ocean 
relationship in this region, and is under active study. III the Indo-Tacific 
region, the exchange of water, and therefore of heat and salt, betweent the 
Pacific and Indian -, is of paramunt importance to a full 
understanding of ocean variability. 

In the field of inte~ lal variability in marine cummitiesf 
classical focd-dnin work has concentrated on the consurrpstion of relatively 
larye phytoplankton cells such as diatoms and dinoflagellates by %et 
zoo plankton^^; e.g., cope@s. Nm, evidence from a number of directions 
s h m  that very small primaxy producers (nanoplankton and picoplankton) are 
responsible for a significant portion of the organic flux, ard that they are 
grazed by small copepods, ciliates and mucus-net feeders such as salps. 
Vertical profiles of biochemical properties in the water column (RNA, DNA 
and EIS) are beginriing to provide esthtes of biamass, respiration and 
gnxJth rates within the water column. 

Biologists are now studying the ecological consequences of such 
mesoscale f-tures as upelling, rings and fronts, but, to understand 
biological processes, it is often essential also to knuw the wind, 
turbulence and currents that fonn 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 biologicdl oceanography. Turbulence, 
eddy diffusion, t h d  stratification, internal waves, etc. regulate the 
supply of nutrients to the photic zone, and the nutrient q l y  ultimately 
limits the prcductivity of the area. 

&muse of the need to e x p r h t  with ecosystenrs, a considerable 
effort has been made during the last decade to develop emla=& mine 
eccsystems (variously called mirrocosrns or ~llesocosms) for exprirru=ntal 
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 o q d s m s  and carmudties do well, and that the major features of 
biogeochemical cycling, in sane coastal regions at least, can be well 
sirrrulated. on laryer time/space scales, many important probl- arise that 
are both scientifically stimulating and immediately relevant to the rational 
exploitation and m g e m e n t  of oceanic eccsystems. Same of these problems 
are under investigation, such as seasonal phenomena, the biological effects 
of yariations in the onset of stratification, and the description of the 
laryescale biogeographical patterns of species and d t y  Orpeso The 
response times of biological aJmrrnrnities to physical changes vary widely but 
may sametimes be tens of years, which is important on the time-scale of 
human life and observation. 

CL,IMAP (climate LO- Range Investigation, ~apping and prediction) 
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 
ostracods. 
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In the field of human hfluerce on the m d r ~  . I  the 
last fifty years have seen a significant hcrease in man's input of prcx3uct.s 
and wastes into the marine enviromt. Research and monitoring of the 
cx>nsequent impacts have also increased , h t  basic research in this field is 
still not in a position to prwide an adequate scientific basis for 
pollution management decisions. 

&lease of potentially hannful substam=es continue to OCCUT via 
such sources as oil-well blow-outs, tanker accidents at sea, chemical dmp- 
sites, and discharges of heavily polluted rivers, etc. And new ccRnpOundS and 
their by-products may a m  as future pollutants. 

DUT, its derivatives, and PCBS are halogenated hydrocarbons for 
which sensitive analytical procertures exist. ?heir presence in the 
ernrhnment may help in the detemuna tion of large-scale proesses such as 
atmospheric distillation and condensation ( f m  warm .to cold regions). 
Analysis of individual PCBS could also help in llfingerprintWt water 
bodies. several organocNorhe pesticides (e.g. , Dar) m y ,  be replaced by 
toxaphenes which are likely to have as great an irnpact on the marine 
environment as but the analysis of which is much mre difficult. 
Information on the production, use and release of toxaphenes to the 
envhment will be needed for the evaluation of the hazard they generate 
and of their suitability as tracers. 

!the release of freons (Chlorofluomns) to the a-ere has 
contaminated ocean water, so that the analysis of such water can be 
used to identify areas of vertical water exchange and to study the flaw at 
depth frcxn such areas. 

m e  levels of metals have tumea out to be lower than 
reported previously. =Biological systems may therefore be more sensitive to 
these heavy metals to the ocean than had keen thought. Capper, zinc and lead 
are of special interest since they are produced ard used in h-e quantities, 
and IMI~ has appreciably inrreased the mass of merrury circulatig in nature. 
Methcds have been developed for determining methyl xremxy species in sea 
water and air. other elements such as tin, arsenic, anthny ami sulphur are 
also methylated, so that methylation prohbly plays an important role in the 
flow of a nunher of elements, and may reveal the degree of a h  exchange 
of different chemical species, reduction-oxidation processes, etc. 
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The evolution of the Sunda, Banda and Solomon 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. 
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 Eurasia, 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. 

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, the 
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 
Borneo. 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. 
Probably about the same time, back-arc spreading had formed a 
ContinUoUs Solomon-New Britain arc to the northeast of the 
island 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 
rotation of New Guinea about 10 million years ago and 
continuous northward movement of Australia trapped the Banda 

These volcanic arcs were 
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Sea and caused Iltectonic shavingm1 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 Minahasa-Sangihe arc. 

Thus, the convergent movement of the Australian-New Guinea and 
the Pacific Plates could be held responsible for the various 
tectono-volcanic 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-volcanic 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 Caledonian mass and the North American 
cordillera. 
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I B e p I H A W D ~ o F ~ I N m N E w ~ m A N D ~ ~ :  
aNsmAms-  AND^^^ 

Deprtment of Earth, Atmospheric and Planekuy Sciences, Massachusetts 
Institute of Technology, Cambridge, USA 

Weseismic long-period and short-period waveforms and P-wave first- 
motions were used to d e w  ' reliable focal mechanisms and source depths 
for the largest h the New Guinea fold qnd thrust belt since 
1961. 
depths between 5 and 20 km and smaller events were located as'deep as 45 
km. 
imply that active defonration in the fold ard thrust belt is not thin- 
skinned (i.e., limited by a shallm 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 P a p  New 
Guinea border, were characterised by strike-- ' withthepreferred 
fault plane orient& E-W so that displacement was left-lateral. 
prdminance of left-lateral strike-slip mtion can explain the discrepancy 
between abserved E-W striking thrust: faults 
direction of Pacific-Australian plate conveqence. 
mechanisms ard depths of the earthquakes suggest that seismic defomtion 
in the New Guinea fold and thrust belt is damhated by high-angle thrust 
faults that petrate crystalline basanent and that a major zone of left- 
lateral shear d s t s  throughout the fold belt. 

we are in the process of using giavity data to investigate the possibility 
that the Central Highlands are supported by the flexural straqth of the 
dexexbng ' Australian continental platform. If so, gravity and toposraphy 
data will be used to constrain the extent of underuuusting since the , 
muntains started fonning in the la& Miocene. 

The two largest events (Ms 2 7.0) w q  faurd to have occxured at 

The depths of these earthquakes and the steep dips of nodal planes 

The 

folds and the ENE-WSW 
Therefore, the 

- 

. 

c l m 3 u N G o F m < ; u I F m ~ :  R r E T R G o F ~ ~ A s I A ,  
AND QxzOIClTx2lnu~ 
s?wGADEmoPAs 
Geological Survey Division, Deprhmt of Mineral Rsmrces, m b k ,  
?hailand 

The Gulf of W a r d  an the west of the south China Sea is floored by very 
thick (up to uan) mainly fresh-water sediments that include bds at least 
as old as Oligocene, and possibly cansiderably older. 
the sediments suggests a basement of y q  mtle4erived rocks urder the 
thickest part of the sedimnts. seismic pmspectq ' data indicate many 
north-sauth-trerding nonnal faults that have m e d  progressively during 
deposition of sedinents. Rifting was &+E&, at right angles to the 
trend of the no& faults, ard the northwest trerd of the Gulf of Wiland 
is nut related to the riftkg trerd, but is inherited from a line of 

Fault zone. 

High heat flm in 

wealmess along the Mesozoic northwest-- sinistral Three l?agaIas 

Approxirrately northeast-trerding dextral faults in peninsular W a r d  lie 
roughly at 45 dqrees to the east-west sense of extension of the Gulf ard 
accummdate increasing separation, towards the sauth, of peninsular 
milard from Irdochina (the -tern Gulf coast). 
evidence, the m a y  Peninsula has rotated anticldwke away frum Indochina 
with a pole of rotation near or in western krneo, ard its northern &,my 

 ram pdlaeomagnetic 

ke ov- southernpeninsularzhailard. 
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%e trenjs of the lamwn 2u'd inferred Cenozoic faults on lanil are of the 
same age as the trerds of the horsts ard grabens in the northern Gulf of 
?hailand. Evidently, the east-west extensional tectaru 'c regime that caused 
the opening of the Gulf exterded north thrcfflc3h the entire length of 
western, central, ard northern ?hail&, and even further north into wuxa 
and Laos. 

~nttracratonic spreading in the Gulf of W a r d  and extensional tectonics 
on land are probably related to the current sukduction of the W a n  Plate 
uder southeast Asia along the Java Trench and the --Nicabar Islard 
c~lain. spreading in the south china sea ard rift- of the Wfle sap- 
Wrq Depression and offshore basin are prabably also related to this 
brealap of continentdl SCRltheast Ash. A few basins north of the surds 
Shelf contahimj hydmcahm deposits are pmbably related tectOnics. The 
time when the t e n s i d  faulting cammced in W a r d  to the north of the 
Gulf, in -'Gulf, in north surds Shelf and in south Vietnam is uncertain, 
but pr~bably nlany-ba~ins, if not a ~ ,  cam inta existence not later than 
Oligocene  tin^^, ard have hen cantinuausly infilld with clastics since 
then. W i n e  deposition is widespread fram the Pliocene onward. 

Tbe clirrax of Cenozoic tensional faulting is'probably indicated by the 

%he climax prabably coincided 
smallbutwidespread 
basaltsinThailardanlsouthIndochina 
with the main phase of uplift of the present mountains of W a r d  and 
adjacentareas. Themuntams ' haverraturelydis~tops~youthful 
gecmmrpholcqy on their margins, and con- infrequent but significant= 
Qua- deposits upliftea to great elevations, Wcating prabably rapid 
uplift during the Quaternary. 

fields of late Tertkry and early Quaternary decline 

A plate 
cantinerrtal smthead Asia fram early Palaeozoic to late Mesozoic are also 
briefly Summarized. 

'CIS mDdel an the geologic evolutim of W a r d  ard 

? h e ~ ~ t a l o c e a n o g r a p h i c c a m r m s s  * ion (I=) and theunited 
Nations Ocean. E a n d c s  -and Technology Branch (UN-OEZB) jointly 
established a Programme on Ocean Science in Relation to Non-fivhq 
Resaurces (OSNLR) in 1985. The OSNLR 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 partid= 
%eed for knmledgelf in many parts of the world. It is also an are2~ of 
great econcdc significance. With this in minl, a project is proposed O ~ I  
sea-level chalxJs, - aldlkctonl '(3s in the last Million Years 
w i t h t h e a c m n y m ~ .  'IfreGuidingc;rcerpofE>rpertsalsoproposedthat 
Ttmnuq, partiallarly as it relates to ccastal zones, placers, sard ard 
gravel and -tes, iS given a high priority anl should be a focus of 
effort by TEMA. Sane trainiq an m t e  deposits i s ' a ~ ~  recarmnerdsd". 
TI&S paper will xwiew SNLR SEINY possible research directl 'on in the 
future and potential areas of t?zam#g. 

. .  I 

0 .  
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The stmctwe and evolution of the northem New Guinea collision zone is 
deltuced from ISC seismicity (1964-1985), new ard prwicusly published focal 
mechaniSlIls 21ly1 a -tian of perthent geological data. A 'tectonic 
lrodel for the Nev Guinea margin is derived which illustrates the sequential 
stages in the collision ard suturing of the Bewaniaricelli-Adelbert- 

subduction polarity reversal in the west. 
plate is being skduckd bath to the north anl south bringhg,the New 
Britain and Tmbrhrd fore-arcs towards collision. West of 149'E, the 
fore-arcs have collided ard, wether, they override a fold in the doubly- 
sukducted Solanmn % plate lithosphere which has an axis that is pardlld 
to the strike of the m+brkham suture arad that pluqes westward at an 
angle of 5' beneath the axst ranges of northern New Guinea. 
volcanism off the north codst of New Guinea is relaw to sukduction of the 
Solamon Sea plate beneath the Bismarck Sea plate. 'Active volcxmkm of the 
papuan Peninnla arzl Quaternary volcanism of the Ned Guinea I-€,ic$iLards are 
related to slm 
Australian plate aloq the Trobriard ?kough ard the trough's fonner 
extension to the west, respctively. 
mchankm reveal that comeryeme between the sutured Bis~mxk andIrd0- 
Australian plates is accmrcdated by rampiq ard wedgirq within the 
Finisterre an3 Adelbert rang-, cumpression of the New Guinea orogenic 
belt, together with basemnt-involved foreland folding and thmstmg ' tothe 
south. 
southward4ipping Wadati-Benioff zone, and focal lrvxhanisms M a t e  
oblique sukhcti an. 
has progressed past suturing to a full reversal in sukduction polarity. 

Finisterre- Huon-New Britain Arc to central New Guinea fOllWed by 
East of 149'E, the Solamm Sea 

Active 

'on of the Solarmsn sea plate beneath the -0- 

Fram 144-148'E, seisnicity ard fccal 

Alang the New Guinea Trench, west of 144'E, sekdcity defines a 

Only this oldest, we&emm& portion of the collision 

Lithofacies data dined with palaeontolcgical ard 14C d a w  yield 
uplift rates for Lae and the lower Markham Valley, PNG, on the boundary 
between the -bard SXlth B W  plates. 

4m/1000 yrs, averaged over the past 1 million years. 
a rate of 6m/1000 yrs is indicated for the past 20,000 yrs, with tilting 
prior ta 8000 yxs-bp. 
uplift is oc=zlrrh-g by creep or by episodic large increxumts, because the 
mDde of qlift has implications for urban seismic risk. 'Be uplift is a 
result of plate conve.tyence, triple-junction migration and elision of the 
S0l-n Sea plate. 

Rates for the north 
flank of the Max.kham Valley, as far west as the Leron River, may exceed 

In the Lae urban area 

Ekperhts are needed to determine whether this 
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sw lzvErs IN !mE PACIFIC - TEE !sEmmEs IN - REEm QF P2ssIvE 
~ A N D € x Y I s F m ~ ~  
-SWYlE 
Bureau of Minesal -, Canberra, ACT, A.ustmlia 
llrough their shallm water and tenpera-pendmt ccrmposition, reefs 
encamate a record of vertical and h o r i z m  =CS, sea-level 
change, subsidence hisbry, paladimate ard Naeo-oceanography. 

Reefs are strul=tures which achieve their maximum gruwth within 25m of sea 
level and are bocm=ied top and bottam by sea-level W c a t i v e  criteria: an 
individual reef rep- ' a period of reef growth is usually sardwiched 
between a basal unconfonnity and an upper surface Qljkded wit@ sea-lev& 
imprints. 0x1 this basis and at this level, therefore, reefs are c l ~ ~ ~ y  

coral reefs contain a strong sea level signature within their framework 

Qinozoic sea-level changes have been kpid ccnrrpared with the geologi%-3 
nom. Tmqressive and regressive changes in the -ternary of 10-20m 
years differ frnm Tertiary rates only for the shorter lengths of time for 
which they omxr&. the hotqmt-generated volcanic i s l e  of the 
mamtus and the passivemangin generaw reefs of northeast Australia, 
~~lccene sea-level history has follow& a similar caurse of very rapid 
-ion follmed by a long period of stillstand. 
reef facies prodwed, together with their gearnetrid relatianships, are 
similar, reflect acauately the course of sea level and contain detailed 
signatures. Reefscanmintam ' pace with a rapidly rising sea level for a 
short period of time. 

Refs of passive mqins and hotspot regions preserve a record of 
vertical and horizontal plate motion. 
iaentifid in both settinqs. 

good indicators of the prmrimity of sea level. Howwer, and in additian, 

which is often diaqnostic of sea level to within centimetres. 

III both areas ths 

l e  "Darwin mintst' can be 
 he temerate/tmpid bourdaripc identifikd - 

define the rates of plate-eon. 

_ _  r --------I .,-- 

university of Tasmania, Bay,  as, Australia 
m m  m u m  

Stmctuml defomtim of the central New Hebrides Arc (Vanuatu) resulted 
fram a oamplex tectoxll 'c history of 
zcme-am collision. 

'on polarity reversal fracture 
pardllel, no& faults along the length of an 

western belt of islards formad at approxifiately 25 Ma frcnn thennal 
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u@cwing of the arc during the first (vitiaz) westward subductian phase. 
Reversal of E.Xk&&l 'on fram westxard to edstward (New Hebrides) at 
a~radmatdy 8-10 Ma led to the eneKyen% of the eastexn belt of isla& 
where parallel, n o d  faults were contQlrporaneously pxpga-. Oblique 
collision of the d'Entrecabax fra- zone (LE) .at approximately 6 Ma 

'cs with the formation of wide fault zones initiated --fault tectom 

collision for approximately how many years since then caused the elevation 

fomation of an intervening intra-arc basin (graben). 
enhaxed horst ard graben stsuctures, fo& transpressional-tid 
struc=tural wedges an3 ratated blocks. D i s p l a m t  aloq the tranmecze 
fault zones tappea magma chamkrs alorq the Benioff zone, thus allowing the 
-on of picritic volcanoes. A major transcUrrent fra- zone, 
the Aaba fra- zane, &its approxiTnately 20h of d i s p l a m t  and 
offsets the intra-arc basin. 
appmximately 1 Ma caused the migration of the active volcanic chain 
westward to its present location along the central. axis of the arc. 
Continued collision of the DEZ is exhibited in recent Uplift of Espiritu , 
Santa Islanl and prutrusion of an accretionary wedge westward hb the New 

'on axti .transversetothelcolgaxisofthearc. (3nthKW- 

of horslzi that !Xpprt bath western ard eastern belt islands and the 
wrerach faulting 

steepening of the Benioff zone at 

Hebrides Trench.- 

- .  

OF qEE lux3EEaARY WEIZE AND ?HE sEz!xIC - AIINz 'IHE 
rllU?mI-,-- 
rrrra;aKzGAMI 
ocean Researr=h Institute, University of Tdkyo, "0, Japan 

'an of the 
'Ihesedinwstary 
deformation zanes am- to their tectmu 'c style and dkh3xta 
ccnnpressional. wave .sped at the basal part of the wedge. 
labelled one to three fram the tren& axis lardward. 
regime are abt2uned ' fruxn the abserved ampressiondl wave speed. 

ZoNEmCIuRE lYmNmmG SLIP REGm 

1 Basaldecollement Primary dewatering Stable slip 

wedge across the Nan)oi Trcugh can be divided into three 

These zmes are 
DaJatering ard slip 

2 MUtipledecollemmt secandarydmaterirq 
~ (Dehydration of clay) 

.~ransitional 

3 SeismicthmStbJ --stage dewatering stick-slip 

The fore-arc region along the Nankai Trough has been divided into E O k m  
long segmnts by seiSmic activities (Ardo, 1975), ard they are hereby 
defined by shearing stress conditions on the subduct- plate baundaries 
ard by s h o w  of the wedge. 

(- 'earthquake) 
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E m . m ~ c ~ m ' 1 o B E B I R D ' s H E A D , l R I A N J A y A  
~ x L m I w m K , c B H I s ~ ~ ~ J o B H ~  
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Geological Reseach ard I33vel-t centre, E!anhq, Indonesia 
m€MJmN?tI!A 

The drift history of the Bird's Head still remaifls a matter of discvss ion. 
Hypathesestodateccolt2Lm ' little or no quarrtitative data of the sort that 
wmld provide same masure of the tVpe and scale of relative d o n  
postulaw. Palaecwaptic data on Bird's Head rocks are clearly required 
to- part of this missing element. 

We report pilot results fran a palaeamagnetic s&dy of a seqence of 9 
Bird's Head fomations, Camprisirg clastics and m t e s  that outcrop 
al- the southwestern margin of the Kemum Blcck ( ~ 2 . 7 ~ ~  1.2s). % ages 
of the formatians fall witbin the range  ate 
Miocene. 
0ne campanent, similar for all, has shallcw, upard indination ard is, in 
g-I N*lY - : 
oveqrint, possibly of chemical origin. 
for each f o m t i m  ard is interpreted, at this stage, as primary. 
frcan the ?mdning 2 f o m t i m s  provide IM useful palaemapetic 
illfOnIlatiOIl. 

poles derived frum the primary magnetizations are in overall gross 
agreement with the qdated apparent polar wander path for eastern Gardwana: 
they demnstrate the absene of largescale d o n  of the Bird's Head 
relative to Austxalia since the Late carboniferous; in particular, large 
c1- ' mtation s h  the Neqene. Rather, the re'sults point to d y  
SIMU rotations a d  translations. 
between the Ute -niferous and Middle to Late -, followed by 
mrth-mrthmst.displacement ccmrpleted by about Early to Middle M i m e .  

could be present, reflecting collision of the Bird's Head with the rrrargh 
of the Pacific Plate. 

'eroustoMiddle 
Ekhfly, 7 formations ea& yield 2 annpomnts of magnetization. 

?he other CQmPonent is different 
it is interpret& as a  ate Tertiazy 

~esults 

They sugyest sae clockwise rotation 

A 
snal.1, pst-mly to Middle Miocene CQmPonent of anti-clcckwxse ratation 

In 1984 the E!NR in amperation with the Geolcgical Survey of Fapua New 
Guinea initiated a palaeaaqnetic study of the 
New Guinea. A pilot collection of mer 500 samples was assanbled frnm 
three regions: 

to Middle Miocene mrbamte, calcareous mudstone and greywacke of the 
Yaveufa Syncline; ami (3) Eocene to Miocene carbmate, calcareous mudstone 
ard greywacke fram the Papuan Fold Belt in the M-Ialibu region. 
demagnetization studies fram region (3) show a primary magnetization 
indicative of minor dlcchqse ' rotation. 
other two regions (1,2) show the presence of a penrasive overprint, mst 
P-lY - during a Middle to  ate Miocene phase of major igneous 

Highlards of P a p  

(1) the Triassic to Miocene sedimentary an=i volcanic 
overlying ard northwards adjacent to the W r  Massif; (2) m e r  

Pilot 

Esrtensive pilot studies frum the 
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activity. 
magnetization result frum region (2) have westerly declbtions and 
irdicate a rather coherent pat- of anticlcdmse ' rotation ~ l r y h q  in 
magdtude frum about 60 degrees to abcRlt 110 -. 
cmsistency of inaiviltual rotation abservat=ians thmqhmt the central. ard 
Eastent Highlanls suggest bodily rotation of a akerent tectanr 'c unit, 
starting after the Middle Miocene. 
attributd to telescoping ad translation of the northern &ge of the 
Australian craton due to dccking ard accretion of the East mpua camposite 
terxane ard the Finistere terrane in the Middle and Late Miocene. 

These secordary magnetizations (and a siqle primay 

The general. 

nese rutations are tentatively 

l i s m D r t a i c i F ~ ~ c ~ ~ :  ANI3xsoMc- 
aam+aIKIEEE- 
Blxeau of Mineral -, cdnberra, ACT, Australia 
!tl33QswcHnDE 
e c s  Research Institute, Texas A an3 M ~ v d ~ ,  Texas, USA 

The marqinal basins of southeast Asia are a jigsaw puzzle of deep ard 
relatively short-lived (less than 30 Ma) basins that are separated by 
active ad inactive arcs, rifted ad collided crustal blodks. 
line of the mkductt 'on System, the Japn-Ryu&u~wan-€hi.lipphe are 
trench system, appears to divide these marginal basins into two types: 
mntkent-affilhted basins (e.g., the Japan Sea, Okinawa Tmugh and South 
China Sea) ard the Oceanic basins. The d c  b a s h  older than 40 mybp 
have a similar E-W magnetic lineation pattern and a terdency to became 
y q e r  towards the north (e.g., the West Philippine Win, Sulu, Celebes 

The major 

the 

and Bards Basins). They are often interpreted as entrapped oceanic crust. 

Based on magnetic anamlies, crustal structure, palaeomgnetic data and 
ESDP results, the evolutionary kistory of these n3ryindl basins Can be 
urderstood in terms of five major episodes of plate reorganization: the 
Neccmbn, Late cretaceous, Eocene, Oligocene an3Micce.x~. For each 
episode, the tectonic developm?nt seems to be initiated by the mllisian of 
massive crustal blocks ard followed by a change of plate motion, the 
devel-t of new 
spreading centres. ?he configuration of plate motian, sukduch 'an and 
spreading then appears to remain relatively 
collision. 
drawn fram the ChronolcqicdL and spatial devdogmnt of wstern pacific 
marginal basins. 

1 
I 

'on systems.and the alteration a d  initiatian of 

until another cycle of 
% type of collision-transfomtion- 'anhistorycanbe 

. ?he recent pragress on the plate boundary process of divergent, canvergent 
and transform bourdaries, is briefly Sumrrarized with special reference to 
mxrntainbuilding. 

?he specific effects of the collisions of cmthnts , islardarcs, OCeMic 
plateaus or rises, ard seammts, are examined by an-land and UTderSea 
examples around ciramt-mcific regions. 
phenama, i.e., (1) ignems activity, (2) upliftiq of regional 
metarmrphic belts, (3) evolution of geologic structure, ard 

!&e collision-related orogenic 
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(4) sedimentation, are summarized as follms: (1) Absence of V O l ~  
along the collision boundary may sugyest the lack of 'on-relat& 
magmatism due b collision, but the older examples in ~ ~ i a  do not w r t  

dominantly plutonic syn- or post-collision magmatism 

with the  tin^ of collision, but the uplift of high-~/T mcks 
the collision in mxt cases. (3) n ~ o  geologic structures, 
i.e., imbricated thrust sheets and their reaxmnged nappes, are abserved in 
the collision zones *ether with the collision-rehted transform-fault 
defoxmations. (4) The episodic zmed growth of accretionary rrnrrplex m y  be 
related to rapid sdmnt supply by collision. 
ma teridLs are pelagic Sedilme, reefal linstun e, a'na fragments of 
Seamxrnts or rise (plateau), and are rarely mid-ocean ridge basdlts (mm) . 
?heir lxdes of - suggest their mixiqs as tsench olisk&mme as 
absewed in lmdern tmnche5. 

before 

Most accreted cceanic 

ExETExmMEuuGE 
SHIGmmI- I r  

Deprbent of Eaxth Sciences, Faculty of E3ucation, 'Ityam University, 
ToyazM, J a w  
RL- 
Department of Geology, school of Earth Sciences, stanford University, 
California, USA 

mudstmerich rocks that are broadly chracterized by an abscure 
stratigraghy, stratal disruptian, or a chaotic Yblcck-in matrix" fabric. 
Proposed origins of m&laxqes include: (1) layex-parallel extension (tIsii, 
1968; Cawan, 1982), (2) mddy debris flow (01- 1 (Maxwell, 1974); 
(3) - 'C mixing (suppe, 1973; ccx~an, 1974); (4) flow &-e (cloos, 
1982); (5) mud di.apiriSm (m & speed, 1984);and (6) am?bhti(XlS of (1)- 
(5) (M, 1973; Cowan, 1985). The term %xplosian Wangefl is p-M 
here to ~S&JX= so[0(113 chaotic units, as inferred fram ubi&- 
occu~re~=es of gas hydrates in -trench gaps, the binary phase &- of 
CH -30 wether with the effects of the third ampon- of 03 
c h , c 3 ~ d  S, the offscraping structures*near the toe of 3Atio- 
w a s ,  
apnsion of gas hydrate diapir by the depressurization, trig- by 
-, wmld highly disrupt the uncansolidated 

%e term nklarqe is anrently used to descnbe ' severaldifferentkindsof 

Nacl, 

a f 3 o n - M  examples. 12re insta.ntaneouS 170-fold v0lun-e 

'on cmplex. 
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one of the important prablems 
flrnda ard Bards ams in Irdanesia is the xaechanismbywhich the Australian 
w t  carrverges with the SE Asian plate. 

accurate focal depths and fault-plane solutions of the region's detJ2mmq 
largest earthqudkes by inversian of their teleseismic, long-period P and SH 
waves. 

N-S shortening occurs across the entire Bands Bash, by thrust faulting at 
its northern and southern margins ard by strike-slip faulting within its 
interior. Ple -lip faulting falls within a series of NE trerding 
ridges ard mDst likely a-- the NE motion of the SE M -in 
relative to SE AS&. 
eneqy release in the fore-arc fram Smhwa to T h r  and hdicates that the 
f o e =  respards t0 the collision by N-S shortening and E-W elOngatian. 

andarecmCentmtEdnear 

the tectonl 'cs of the eastern 

1 address this problem by 
a .  

Also, -lip faulting dminates the seismic 

very few earthquakes inlicate lmler-- ' 

~ I s l a n d ( a n d 0 f s m a l l ~ C n m n e r r t ) a r d s o u t h O f t h e S e r a m ~ .  

prcnninent SCIuth of western seraxu and along the ba&-arc slapes of the flrnda 
Large thrust earthqudkes with rougNy N-S trerdiq slip vectors are 

islard arc fram Bali to Wetar. 

I cnnchde that canvqence between Australia ard SE Asia is not 
' at the T h r  izrcugh but rather that it is accammodated locally by thmstuq 

takm up by q m s s i v e  deformatian 
a2e eastezTI Banla Basin is migrathq E away frcan SE Ash and wer the 

q1ai-n the decrease in corrvergence at the Tlmor Truugh and can account for 
the bend ard apparent Nw comexyence djzectl 'on at the eastern end of the arc. 
of the Kimalaya. 

wer a 700km-wide area. 

ArafuzaShelf, ther&yfOrmingthesautheSn~Tnxlgtr. 'IhislE&ania can 

'Ihe defomtion in the Bards Basin is analogous tf3 that in Asia north 
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W Eastern aryl Papan Plateaus fonn a southeasterly prolongation of the 
Australian craton situated between the mral Sea ~asi~/Osprey Embaymnt a d  
the -F=n Peninsula in eastern P a p  New Guinea. 

w collision of these plateaus with the East pap~an -ite Terrane in 
the Miocene formed the eastexnpart of the New Guineaorcgen. T h e e f f e  
on the plateaus of this collision include reactivation ard reversal of 
wvemxrt on soaae plateau-forming normal faults, tilting and subsidence of 
the northern muyin of the plateaus arxl the formatian of foreland style 
basins. 
boundary along the south side of the plateaus appears to be unaffected by 
the collision wents alang the northern margin. The plateaus appear to 
have resporded to the collision in a similar fashion to the craton further 
west. 

Despite their cmpratively 9Mu size, the ocean/wntinent 

Ihe origin of heavy minerals at Maprtaphut Beach is still controversial. 
To pruve the source, 54 surface sanples were collect& from nearshore and 
offshore zanes off the beach. These samples were then processed thmu#l 
heavy-mineral separatian. 0Z;tical investigation and gnin-cmntmg ' w e r e  
also cc&uctd in oder to determine the content of each mineral. 
result Cbtalnd Mmtesthattheheavymineral sinthestudyareaare 
e t e d  by tourmaline, zircon and W t e ,  with small. amunts of rutile, 
leuaxem ard monazite, ard very srnall cpantitites of cassiterite, anatase, 
xemtime, topaz, garnet, pyrite, magnetite, siderite ard alterite. Amxrnts 
of tcumaline, rutile, leucaxene, anatase, xemtme ' ard tapaz, the lighixx 
minerals, hcrease fram offshore to nearsfiore, while zircan, 
ilmenite, m i t e  aril cassiterite, the heavier minerals I display the 
reverse character. 
accordingly, offshore exploration should be urdertaken to delineate a d  

Cmis relationship reflects hydroayMrm 'c so-; 

evaluate-ure source. . - 

. .  
.. 

.. , 
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The Gilbert Islard atolls of WeSteM Kiribati are deyeloped on mid-plate 
oceanic volcanoes. Nunrerc3us lw-lyirq coral islets on their cuter rims are 
best developed aloq south and east whlwaxd -ins. W islets, ~ 

generally less than 5 metres above present HEUI sea level, exhibit fnrmerous 
features interpreted as resultirq frnm severe stom activity. ?hese 
features include: 

(1) Islet 'on by channels, typically with artlysured margins of 
cemented coral ruhble. Clast-size decmass fram ocean to lagoan side 
where sediaent labes often protsude. 

(2). shore-nomal tangues of coral c o n g l m t e  developed an seaward reef- 
flats; With heights greater than B.U above the xcdern reef flat surface, 
the edges are COlTmKlnly an erosional sczxp. 

(3) Islet surfaces strewn with loose reefal debris up to bcerlder size. 

All of these features can be attributed to storm activity d e r  present 
meansea-level carditions without invoking a Holocene sea levd higherrthan 
at present. 

me -mated top-cooliq rate for cceanic mantle, k b q  three tims 
rishg 
drift 

mantle, explainssub-continerrtal 
rifting. - AS mnthenk greater than that for 

(xnvdon plumes, and central CCoTtinerrtal 
fmm over the convection cells that rifted them, they are replaced by 
oceans, accelemtiq -ling of cells anl starthg cell decay. 
plumes forming under drifting continents will e W e  their parent 

adjacentcells. camoncell- 'es move fmm an initial position 

' on between cells beneath (subductable) oceanic li-. suhduch 
starts as an edge of oceanic lithosphere is pulled into the interface 
bebeen cells (where flms frnm adjacent cells merge and turn dcrwn). 
CeU bundaries then cease normal sb&iymavement, due to the resistance 

relative power. Eventual b- of the slab fmm the liulosphere (by . 

met again, to finl an equilibrium position well to seaward of the last 
pition, and to start a nappe of ocednic liMosphere leading to 
back-ar~ spreading and foxmatian of a mrginal sea.  re margindl seas 
then form as occasimd. fracturh~ of the slab is followed by further jumps 
of subttuctian seaward. 
continent , and all margirdl seas are accreted to the CQntinentdl fragwnt 
that w e s  to the active 

The new 

corrtinents renrain intact, by EnEhing back their cammpl baurdary with older 

. b eneathconw , towards COB. on pass- beneath ems, the interface 

of 
trapped slabs to seaward movanent, even thou#l cells are still Chqing in 

increasing stress between upper opposed flows) allows CQINeCtion flows to 
' 

~~entually, the new C&I rifts its parent 

'on zone, formFng Andean-typ q i n s .  
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All well mapped m t e  marginal seas have chaotic magnetic m y  
patterns, whereas well mapped linear marginal seas have ordered linear 
magnetic m y  mttems. ?his empirical relationship m t s  from 
differences in the mde of marginal-sea opening in ea& case; Linear 
mrginal seas can arrl do develop long mid- ridge W R )  s p m  

areas are f o e  on the sea floor and CM be mapped and correlated. 

have a large proportion of their.margins oriented at an acuteprmgle to the 
spreading- 'on, and so can develop anly short spreading segments (an3 
magnetic anamlies). Only after considerable Opening can long spreading 
secpmts fom, ard FDst marginal seas have ceased spreading before this 

l q e r  than when spreadhq kegan (Japan Sea, Mark) a n  rare cconplex 
again, since this geamztry involves ' ionalspreadixq. tbgnetic 
ard seismic data used wether can aid htezpretatian of complex spreading 
patterns, as in the Labrador Sea where similar spreading geometry has 
produced a magnetic N e t  zone over rough basemmt, a &aracteristic of 
acute-to--ins spreading. 

!seglwnb fram the start of true spreading, so that long linear magnetized 

cantrast, marginal seas that kegin spr&ling with an arcuate shape will 
In 

caxrs. mqinal seas which cease spreading with their outer arc stretched 

alASlXL -(X AND EEIXKC -CX? CX? A m  CXIXSl', -- 
~ S I 7 0 Y a r r d ~ H R I ~  
ccOP/sopAc, Swa, Fiji 

relatively large rivers form coalescing deltas whose mrpholw is -ly 
modified by waves. Except for the ~ungga River which is aischarg i-w 
directly irrt0 deep water, the deltas are pmgradmg ' over a relict shelf 
platform less than 60m deep. 'Ilhis plafform is thought: to rep- a 

isld. ?hepnqndlIq ' delta leks are rather steep and -ex in profile 

qmxd. 
which correspord to different deltaic facies whereas further offshore 
calcarecrus mLzds arrl sands prdanina~ on the atrrent-swept shelf. 
rivercchawtel xmrphologies.vary from braided 
i n c i s e d a r d I I e a & x i n J f ~  forms. ~esponse to flocdiq varies 
greatly between the different channel mrpholqies. 
the beach sdimnts on each delta correlate well with its river catchrent 
litholcqy sugyesting little lateral mixing. 

In the coastal plain aTxl nearshore zone of northeastern Guadalcanal, seven 

Pl- deltaic plain that has subsided due to tectaru 'c tilting of the 

the intemenixq embaymnts between lcbes are flatter axxi coM=dve 

LrxrJer 

Nearshores&hents are lnostly terrigenms muds, sards ard gravels 

M i n e r d l , ~ l a g e s  of 
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-0ns are based on g l w  plate merent dstories, 
palaeomgnetic hfomatim, and r e g i d  geology. 
the past 40 Ma, we have two sawwhat Meperdent approaches. 
fixed hotspat f m r k ,  to which all mjor plates can be referred. The 
other examines relative plate motian through a glabal circuit, including 
the Pacific, Antarch 'c, Australia-Irdian, African, North American, and 
Eurasian Plates. 

' ty is the history of defonmtian 
. A n  

difference in results. A major unertam 
in  AS^, and that intxcducs saw3 error into all rem- 
equatorial seaway came&& the pacific and Irdian oceans until almst 10 
Ma ago. 
initial positions alang major plate trajectories. 
M Sea show initial sepntim of the Bands ridges fnan Irian Jaya in 
middle to late Miocene, and gecdmu 'cal studies of the 

For recanstructions aver 
One aSSUmeS,a 

We have used bath mthcds and fird little significant 

Cmstal fragn'ents frnm Irh Jaya can be backtradked to potential 
Lithologic data frum the 

ridqes and the 
M arc volcanics imply ulat -&,on 
prior to 7 Ma ago. 

_ .  

beneath the ~anda a~.: ;righted 
.* 

c 

UpPwMANIm vlxocnY a? FIJI: IiE13(rr EFfx soRFa(lE FIzlvE -m 
KANDilAEI- 
University of the south Pacific, Sun, Fiji 

shqk-station grrxrp velocities over the period range 15-100 s are 
amput& for nine furdamental-mode Rayleighweprupagatinn paths that 
crosstectolu 'c pmvinces of the Fiji regian. These amputations are based 
on recordings of the arourd the Fiji islards by the WWSN , 
stations AFI, HNR and m. % inversion of the derived disprsian ames 
for shear velocity - depth structure shows that 
beneath South Fiji Basin, Lau Bash ard North Fiji Basin is slightly lower 
than that derived for the Pacific Ocean region of similar age by Yu and 
Mitchell (1979). 
marginal bash, ard the shear velocity is between 4.0 an3 4.3 lan/s in the 
depth range frnmMah0 down to 220 km. 

Interstation phase velocities between WEL~AFI: are ccnxputed for one 
-. 

mantle velocity 

The qpenmst mantle LID is almost absent beneath these 

when this disperkian m e  is interpreted in tenseof a flat- 
earth 
could 

parallel-layer xrodel it irdicates a higher mantle velocity. 
be takn as the irdication of the presence of suMucti on. 

W 



~ R E S J E I S C I F A ~ C S I W Y O F ~ , ~ J P ; Y A  
Or%lM3NA!IBKPP, EA-, HFRASEEO 
Earth Sciences, university of Qlifornia, Santa cruz, USA 

parts of the Inaonesian islards aramd the Banza sea, ani the Bards Ridge3 
within this sea, have basemmts of Australian affinity; they were probably 
displaced by strikeslip faulthq fram Irian Jaya. 

* 

?he island of Misool, just west of the "Birdts Headtt -q of 
I r h  Jaya has excellent coastal expmres of a Palaeozoic through 
Quaternary sequene of carbonate and clastic rocks. 
palaeumgnetism of these mcks to investigate the tectoru 'c +ationships 
between Misool, Irian Jaya, and Australia. The palaeomagnetie data will 
also provide a framework in which to evaluate the displacement of the 
various allochthonous slivers in the Barada sea region. 

We are utilizhq the 

We collected 614 oriented are samples frum 107 sites for palaeomgnetic 
study of 14 fomrations in the Misool archipelago. Detailed pilot thennal 
demgnetization experknts an representative sampls frm each formation 
demnstmte that secondary overprints can be m e d  allwing isolatian of 
a stable magnetic directi on. 
Tertiary CarbQnateS makes accurate 
!the Late cretaceous Fafanlap and Waaf formations, howwer, retain well 

ccanrterdloclcknse ' rotation of Miso01 relative to Australia. 

Very weak maqnet-ization of mDst of the 
of these rocks difficult. 

Mined, pre-folding magnetic directl 'om that suggest substantidl 

_.  
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m e  &'savu wins 
Inaonesian fore-arc system, 
limited extent. 

form fore-arc basins of the erltral and eastern 
ard have been studied until now d y  to a 

seismic and acQustic profilm carried aut durirq the snellius U: 
expedition in 1984-1985, cmp1emenM by w i v e  pktcm coring, shcws 
that in the Basin ' resulted in the formatian and 
uplift of the lmhk Ridge but that uplift is mu& less than along the. 
Smba-Savu-Roti~ir Ridge. The latter has result& in large-scale 
gravitational gliding and slmqing frnm S to N into the Savu Basin antl 
causes the widespread oc(xu~e~1ce of acoustic voids in the turbidites 
forming the present sed floor of th& Savu Basin. uplift of thf2 Lihxbok 
Ridge has resulted in the widespread occur~e~=e of growth faults along the 
ridge -ins, anl of m - s c a l e  slqiq. s€dimentatian rates in the 
savu Basin are twice as hi* as in the Lambok Basin: preliminary r;3tes are 
25 Qn/lOOO year for the Savu Basin ard 9-11 Cm/1000 years for the Lcnnbak 
Basin sedimerrts 

. 

. . .  

lhe fhst and fFfth legs of the R.V. JEAN CMLRQlll SEAPso cruise were 
devotd to the study of three arc-ridge collisions along the New Hebrides 

and single charmel seismic reflection profilhg. dt-ux Ridge, 
Layalty Ridge and Irxrisville ridge illustrate, 
ridge arriving perpendicularly, in parallel and abliqudy to the tren&. 

and-- 'an zanes, using SeaBEAM bathymtry, mgnetics, gravity 

'vely, the cases of a 

Ixu"iq the secord leg, we surveyed the New Hebrides back-arc area, 
especially the troughs ' northward (vanikoro and vot Tande Troughs) 
and southward (Efate an3 Coriolis Troughs). 

structural aspects with 3-D colcur block diagrams. Detailed SeaBEAM rraps 
mepostershmsthernainresultsofthesethreelegs, amlh;lsizingthe 

are also preserrted. 
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SUMfARY RJiMARS ON TDmC 1: mIIJl3ON OF !U-JE AWJ CXIWlXX: GEDlDX AM) 
-cN 
BY DR. JCXIN KA!ITLX ' 

~n the section on the Evolution of the Arc Ccanplex: Geology and 
speciation, two main lines of discuss ion were envisaged: Plate Tkctonics and 
pdlaeogeography; ard %-level ~snrironments and I'ectonics. It turned out 
that the papers presented fell predcaninantly in the first body of 
disoussion. There were eleven papers on plate hurdaries, including arc 
evolution and plate mvements; f a r  papers on stratigra&y and/or 
sedimentation; three on basin evolution; two on local geology and 
seismology; two on sea-level in general and one on rift-. 

(.-P=/TaYlor, in - ing a mddel of arc rev- following 
arc-continent collision for the Bewarn '-New J3ritah arc and its suturhg to 
cerztral New Guhxi , shcrwed that the Solawn Sea plate is be- fllbctucted to 
the north and south, thus wing the New Britian and Trobriand arcs tmmds 
collision. 

Green and his CO-authos'described in detail the palaeotectonic 

=-, reporting on tectonics of two island arcs (East sunda 
and Banda) inferred frum a h t e  detennination of focal depths and fault- 
plane solutions of laxye earthquaks in the region, described the 
conveqence 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 
convqence appears not to be accomrAaW locally by thrusting at the T h r  
Trough but rather by compressive deformation mer a wide area. 

croo3c informed us of specific uplift rates for two parts of Papua 
New Guha as a result of plate converyence, involving triple-junction 
migration and the elision of the Solcanon Sea Plate. 

m.myani reviewed recent progress in the study and interpretation 
of plate boundaries (divergent, convexqent and transform) with special 
reference to mtain building, particularly the relation of the timing of 
uplifting to that of collision, noting that accreted materials are rarely 
mid- ridge basalts. 

PigraqISymxds described the effects of the collision between the 
Australian and the Eurasian plates on the Eastern and P a p  Plateaus, noting 
that the collision events along the northern margin of these Plateaus do not 
appear to affect their southexn margin; this suggests that collision, 
although a major manifestation of tectonic activity, is a ccxnparatively 
localized phenomenon. 

Su3axalkgam described upper mantle velocities of earthquake waves 
crossing tectonic provinces in the Fiji region, suggesting that this is a 
region of subduction. 

reliable focal mecham 'sII1s and source 
fold and thrust belt. The 

=m=ff=?Y de- 
depths for large earthcpakes in the New Guinea 

history of the central New Hebrides arc. 

t. 

A text not having been made available, these remarks are developed 
here frum notes. 

, 
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considerable depths of the smaller events shm that active deformation 
itself may aperate at considerable depths. They &wed also that deformation 
in the fold and thrust belt is dcaninated by high-angle thrust faults 
penetrating the crystalline basement. 

In contrast, Kloobd-jk and his co-authors pruvided palaecanagnetic 
evidence that, after the Middle Miocene, a bodily anticloclwke rotation of 
a coherent tectonic unit occurmd, which they tentatively attributed to 
telescoping and translation of the northern edge of the Australian craton. 

Silver/prasetYo shmed that two approaches to the tectonic 
reconstruction of eastern Indonesia - one asfllming a fixed hot-spot 
framemrk, the other, relative plate xmvemmts worldwide - lead to 

! U m i p p / S i l ~ ~  reported on a palaecanagnetic study of the 
islaxd of Misool, Irian Faya, just west of the Bird's head, CCBnparing the 
results with those for Australia. They found that certain formations retain 
well defined pre-folding magnetic directions, suggesting substantial 
counter?=lcckwise rotation of Misool relative to Australia. 

results. 

reported results of a study of the sedimntary wedge across . 
the Nankai Trough; he show& that the wedge is characterized by three 
deformation zones with different tectonic regimes, which illustrates the 
cc~nplexity of the tectonics of the western Pacific region. 

K l m - j k  and his co-authors, presenting palaeomgnetic results 

covering the period Late -niferous to Middle Miocene indicated a sballm 
upward inclination more or less northward which probably represents a late 
Tertiary overprint. A possibly primary cmpnent, different for each of the 
seven formations, w- also observed. somewhat surprisingly, two formations 
yielded no useful palaeomagnetic information. ?he inference is that the 
Bird's Head in Papua New has remained attached to Australia since the 
Late carboniferous, but with some clochise~notation up to the Eocene. 'ihis 
contrasts with the results presented by Wipps, Silver and prasetyo. 

Manam described explosion melanges - chaotic geological 
structures (obs<ure stratigramy, stratal disruption, chaotic block-in 
matrix) - and suggested several possible prcceses leading to their 
formation. 

Roy/Richmond described coastal sedimentation and deltaic 
prcgradation on a lifting coast (north-eastem Guadalcanal). The deltas 
m e r  a Pleistocene plain tilted by tectonic activity, with little latad 
mixing between channels. 

'Czrao SunqWidde described the evolution of western Pacific 
marginal basins; they are relatively short-lived and of two types: 
continental and oceanic, the latter possibly being t r a m  cceanic czust. 
The basins reflect five major episodes of plate reorganization: collision 
follawed by change of plate motion, with new subduction and spreading zones 
being established. mis again suggests the complexity of the tectonics of 
this region. 

f m  the Bird's Head in P a p  New Guinea , shmed that seven of nine outcrops 

Rmts described the formation and compaction of l~lginal seas in 
tern of differences in the cooling rates of convection cells beneath 
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continental cxust and beneath oceanic crust. ~nveqence beneath ocean crust 
m c t s  a nappe of oceanic 1ith-m leading to back-am spreading and 
formation of a marginal sea. ?his SuMUction leads to cell decay in the 
mantle and, later, to reformation of the cell seawaxd of the previous 
subduction. also described sane geological stxuctures and magnetic 
patterns in marginal seas, shming that the palaearnagnetism of q i n a l  seas 
is generally related to their d e  of formation and of spreading; linear 
marginal seas therefore have mre regular palaemmgnetic f e a w  than do 
arcuate mrginal seas (stretched outer edge relative to the rift). 

Bunopas described the rift- of Thailand and the related 
tectonics, stressing its relation to subduction of the Irdian Plate under 
mth-east Asia along the Java Trench and the Pdaman-Nidxir Island chain. 

't described the distribution of 
heavy - s off Maptaphut beach in eastern Thailand, and RidmrcpryRoy 
described the effects of severe S t o m  on the morphology of the Gilbert 
Islami atolls of western Kiribabi. They attributed the obsewable features 
to stom at present mean sea level without the need to m e  invoke a higher 
Holocene sea level. 

M e s  described h m  coral reefs provide a record of vertical and 
horizontal tectonic mements, of sea-level changes, palaecclhte and 
pala-my because of the strong correlation between coral grawth 
and the depth at which this growth naturally occurs. 

coak autlinea the Ioc-UN programme of Ocean sciem=e in Relation to 
Living ~esources, with specific reference to the flrb-programme on Sea-level 
changes, ~nviromts and Tectonics in the Last Million Years. 

Application of the results of marine geological and geophysical 
studies is important in many ways: in prospecting for h w n s  and 
metallic mineral s; in assessing and possibly mitigating the effect of 
geological hazazds such as earthguakes. Study of the stratification of 
ocean-bot- sediments has made possible a deterrmM tion of clinntic changes 
in the past and has im=reased understandiq of such changes, which, should 
help us to predict future clhates. 

m e  results of recent investigations suggest that the zone between 
the trench and the volcanic arc appears in sane areas to be mre like a 
passive margin consisting of older rocks that have been eroded and subsided 
rather than a lWacktl of geologically very young sediment slices scraped off 
the oceanic plate. ?he back-arc basins are often thickly covered with 
sediments of terrestrial origin. ?he sediments are young but the high values 
of heat flm that have been measured in many such basins may indicate that 
the organic content in the s e d h t s  is mature, these areas important 
for the exploration of hydrocarbons. 

On a r n ~  local &e, 

The papers given at this symposium have indicated that, although 
many aspects of plate tectonics are still imperfectly understccd, and some 
results do not seem to fit current hypotheses, a great deal is to be gained 
frcnn further aploration using state-of-the-art technology. 
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This talk was to have been given by Professor Klaus wyruci, who was 
unfortunately unable to attend due to illness. It is a great pity that 
Professor Wyruci could not came, because it is he more than anyone else who 
has put oceanography on'a sound basis in the WESrpAC region. l?mn his early 
work while in Irdonesia in the 1950s up t0 the' present t h ,  Professor 
wyrtlci has introauCea a steady stream of useful, simple ideas about h m  the 
ocean works in this area. In particular, he has played a pioneering role in 
shming hcrw ocean behaviour in this region is inthtely linked to 
variations in the world's clhte, such as the El NEo-Southern Oscillation 
events that, in sane years, cause serious dmught in Australia, Indonesia 
and elsewhere. In this talk I will try to shm 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 predict) 
climate changes in our region. 

Why is the ccean heat budget in the equatorial West Pacific' inportant for 
- understanding clhte variations? 

Rqa~dir~g the mean distribution of cloud m e r  in the Pacific Ocean, 
thmughout the year, two well defined hrds 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+l?ropical Convergence Zone (ITCZ) ; the 
other, angling east-southeast f m  FNG, is the south Pacific rnnveqence 
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 contribute to determining the sea-surfaa tenperatwe 
(SST) distribution. 

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 
cohidence, and seems to indicate a positive feedback loop f m  rainfall 
through winds, currents and SST back to rainfall. ~s impression is 
confirmed by recent analysis of ENS0 events (e.g. Gill and Ramusson, 1983): 
in the 1982-83 event, the entire system - cloud bands, rainfall, whds, 
currents and SST maxima - m e  eastwazd as much as 3 000 km and, in the 
procks, rainfall continues to cccur mst stmrqly m e  SST maxima arii 
ridges. As a result, Indonesia and mch of Australia become drier, and the 
central Pacific experiences heavy rain. 

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

~ r .  Godfrey m y  replaced Prof. Maus wyrtki as ~eynote s m e r  
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  ocean^. This paper has been edited, without 
specific reference to the original Figures and without specific 
bibliographic references, for the pupose of presenting Dr. 
Godfrey's Keynote Speech in a suitable form here. 

1 
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SST changes in this region. For example, an increase of about 0.5"C at 
(0°S,170"E), ccrmbined with a decrease of about 0.5"C near (O'S,14OoE), will 
drive the SST maxirmrm about 2 000 Ian -. Precisely such an event is 
seen at the start of an ENS0 event. 

Further confirmation that global. climate is w l y  sensitive to SST in 
this region is provided both by numerical rrcdel results, and by correlation 
studies of SST on Australian crops. !mus, Palmer and Mansfield performe3 a 
control run of their aixnqheric General Circulation W e 1  (m) with a 
typical SST pattern; then they ran two other nms, with Pacific equatorial 
SST anordies of quite different types. In one, the model shms that massive 
SST anamalies m near Smth America (as observed in an ENS0 event), but 
there is no SST anomdly in the western Pacific. In the other, the eastern 
Pacific anaTlldLies are remved, but small SST anmalies occur in the western 
Pacific. 'Ihe area integral of the anafialies in the first case is about 20 
times that of the anomalies in the second, yet the response was 
substantially stronger to the anarralies of the second case than to those of 
the first. 

m h g  to the correlation of SST on Australian crop, Nicholls obtained a 
time series of the values (in 1983 Australian dollars) of five crops- 
wheat, oats, barley, sugar cane and potatoes - frcnn 1953-1982. After 
removing the long-tenn trends due to technology -e etc., by a cubic 
spline fit over the period, the grass value of all five crops shms a strong 
correlation with the annual mean SST from merchant ship reports frcnn a large 
region north of Australia. 

The rrrts magnitude of the clop variations is about $ 300 million, but the rms 
magnitude of the SST variations is only about 0.3"~. 

These examples shm that global and Australian clhate 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 1000hn or so of the annual mean 
maximum north of P a m  New Guinea. Evidently, it kecumes important to knuw 
what causes these SST changes to occur, and hence whether they are likely to 
be predictable. This involves urderstaxting the heat budget for the ccean1s 
surface mixed layer, in this region. 

Recent progress in und- ' heat-flux variations in the equatorial 
western Pacific has sham that the heat input into the surface mixed layer 
is the algebraic sum of inputs through the sea surface (Qtot), thmugh the 
base of the mixed layer by miXing (Qnix), and thrcugh horizontal advection 
(QadveCt) : 

Mt = Qtot + Qnix + Qadvect 
where D is &&-layer depth. (One might think the th-dep-dent term on 
the left should be (D T), but the term & accountS for variations of mixed- 
layer depth due to pass- planetary waves etc., and should be left out of a 
thermodyMrm 'c equation for surface tenperature, T). Meyers Kt al. have 
recently used (1) , esththg only Qtot on the right side, to show that 
observed changes in correlate rather well with changes in Qtot through 
1979-83. m e  observed sea-surface tenperature (SST) between Ned Caledonia 
and Japan s h m  that equatorial SST was rather constant until early 1982, 
when a strong  cool^ took place. FrrJm then throqh 1983, the n o m 1  wintxr 

- 37 - 



coolings in each hemisphere penetrated mre deeply than usual towards the 
equator. 

The value of Qtat as a function of time near 2'N, along the NaumeaJapan 
mute was estimated from normal ship's abservations of cloud m e r ,  wind 
speed and direction, air sped and humidity and SST, us- a number of 
empirical fomulae for the different terns (latent and sensible heat flux, 
solar and infra-red radiation) contrihting to Qtat: Negative values in the 
w e d  rate of change of heat content of the mixed layer irdicate cooling 
events. They tend to correspond to negative values of Qtot, of about the 
right mgnitude. 

on further examination, Wyers et a. faund that the main contribution to 
the changes in heat flux came f m  the latent heat term; in particular, 
cooliq events tesded to occur when winds f m  the winter hemisphere blew 
arro5s the equator. The observed wind field f m  the Australian l3ureau of 
~teorology data, during two cooling events (one each for the winters of 
each hemisphere), and the correspordbq wind fields during two winters in 
which cooling events did not oc(=uz-, supporting Ikyer's view. 

These results give us the first indication of how the. small temperature 
changes that precede an ENS0 event probably occur. 

However, Wyers et al.'s mean value of Qtot was quite l q e  - about 80 
wattsp. Since they did not try to estimate Qadvect or Qnix, this result 
implies either that 0n.k + Qadvect also have a mean of about 80 watts/d and 
relatively small intemmual variations, or that there are systemtic errors 
in estimating Qtot. 

The %systematic errorvf hypothesis is supported by eXamining annual mean 
values of Qtat estimates by various authors (Hastenrath and Lamb; Weare _et 
al., Esbenson and ; Hsiung). All these authors estimate Qtot as the 
sum of a nuber of contributions: 

Qtot = Qr 2 Qb - Qe - Qs (2) 

where Qr is imxXning tatdl radiation, Qb is back radiation, and Qe and Qs 
are the latent and sensible heat losses. Different authors differ by as much 
as 60 watts/nf in their estimates of the annual man of some of these terms, 
at least in the eastern Indonesian region, with which Hastemath and Lamb's 
Indian cbxin studies can be compared. 

However, it is recent OceaTlOgraphic data that highlight the problem with the 
estimates of Qtot. These data suggest that  advect and csnix are bath no 
larger than perhap 5 watts/nf. Since we need to esthte this sum to 
roughly 10 watts/nf if we are to understan3 h m  SST changes of 5°C cccur 
over 3-month periods, such an error in the annual mean is umcceptable. 

I& us naw consider the 'different terns in equations (1) and (2) in a little 
more detail. 

Rqanlbg heat fluxes amass the air-sea interface, from  ma^ of total 
annual mean heat flux, from variuus authors, ard f m  similar maps of 
inaividual cmponents of this flux, approximate values (within one contour 
interval) have been estimated near (O'S, 120"E). 'ihe results (all values are 
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in watts/~) are tabulated belcx~. %e years listed beneath e a ~ h  author give 
the period in which the data were taken, where available. camrents on 
possible reasons for the 

Hasterlrath 
&Iamb 
(1911-70) 

Weare et al. 
(1975-76) 

Esbenson and 
Kushnir3 

Reed 
(1970-79) 

Hsiuhg 
(1946-79) 

cxmtmr 
Intenmls 

20 

20,5' 

20,5' 

25,102 

discrepancies 

cti 

180 

220 

160 

225 

60 

foll&. 

CB 

40-501 

40 

40 

30 

- 
20 

Qe 

60 

120 

80. 

75 

- 
60 

<5 60 

5 60 

. .  

<5 . 40 

<5. 75-100 

- 60 

0 '  40 ' . 
. .  

Regardhq solar radiation, these data show that individh. estimates of 
solar radiation differ from one another by as mch as 6owatts/m2 , near OoS, 
120"E. The differences depend primarily on different formulations of the 
de@- of dmmwani solar radiation on clcud cover - as reported by the 
(subjective) shipboarri observer. The region of interest contains heavy 
cloud: the empirid. fomolla used by Reed and Weare & al, is due to Reed, 
and was tested in the eastem Pacific, a region of stratus or trade cumulus 
cloud. ?he formula may break d m  in the high curmilus towers of the western 
Pacific. ~tenrath and Iamb's formula is due to Bernhardt and Philip; it 
is considerably more sophisticated than Reed's, and their value (180 
watts/d ) , if correct,' goes saw 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. =benson ard Kushnir's esthte is also substantially lower than 
-'S. 

1 Estimated by averaging from faur~seasoMl maps, rather than an 
annual map. 

2 For minor CampOllMts (Qb, Qs) the authors use the smaller of the 
contour intewals shm. 

some relevant contours are not labelled in Esbenson and Kushnir's 
map; the values quo- are subject to confinration with the 
authors. 

3 
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However, none of the formulae make any attenpt to allm for regional 
differ- in cloud type - m r  in any subjective bias by abservers, in 
estimating c l d  amount in amnilus-tuwer conditions. 

Regarding back xadiation, considerable differences occur between differat 
authors' formulae; however, s b  the range of values obtained is small, we 
shall not examhe these in detail here. 

All esthtes of latent heat loss have been made us- a foxmula of the 
fom: 

Qe = Ce (U, m - U (9w - qa) (3) 

where qw, ga are specific humidities appropriate to water at tempexatme m, 
air, respectively; U is wind speed, and (ma) is the airsea temperature 
difference. Different authors use different expressions for the !'bulk 
transfer coefficientgg, Ce (U, mqa). 

Values of Qr and Qe may differ by as much as 60 watts/m2. Part of the error 
may lie in neglect of a 'Isalt correction1t - Weare et al. estimated qw with a 
formula appropriate to fresh water. Not all authors give their formulae in 
sufficient detail to be able to track down such subtle points. 

However, (3) must break down in sufficiently light winds, because free 
convection can carry mdemte (and presently poorly knmm) evaporative heat 
fluxes even under zero-wind conditions; i.e., Ce (U, Ta+) is singular at 
zero wid speed. 

Presently used formulations for Ce (U, Ta-) for light wind conditions are 
due to wuiker, and to Liu & al. Reed, Weare & d. and Biung all used 
-1s formulation; Esbenson and Kushnir used Liu & d's formula, while 
Hastenrath and Lamb used a constant Ce of 0.0014. 

However, Ekmker's fonn is based on BCNEX obsemtions that are rather sparse 
at low wind speeds, and all wind speeds below 5 m/s are given a single value 
of e; i.e., the singularity is ignored. Liu et alms formula seems better, 
but it was not tested well against observation at lm wind speed. 

In pmctice, the singuhrity is likely to manifest 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 obemation platform, typically 10 m; under 
such coditions, the obsewation platform is likely to sample spasmodic 
ggthermalsgg rather than a mechanically turbulent baundary layer. ?his occu~s 
for wind speeds less than about 3 m/s. 

I 

On a mooring at OOS, 150"E, such wind speeds occurred nearly 50% of the 
time, in August-September 1985, so we could expect significant e m r s  in 
estimating latent heat fluxes in this region. F'urthemre, ?tJ-ITa was seldrnn 
less than 1.5"C; such large air-sea temperature differences inply large 
values of Ce. There is a further minor puzzle here: Hastemath and Lamb, 
Ware et al., and Reed agree that an average value of (W-a) f r m  merchant- 
ship data is only 0.5"C. Hopefully, this puzzling discrepancy will be 
resolved. 
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More funaamentally, hmever, there is a need for direct obsewations of 
latent and sensible heat fluxes, and calibration of them against a revised, 
lcrw-wird version of the hi& fonnula (3). 

So far, we have not discussed the oeamgramc reasons for believing that 
the net heat flux esthtes tabulated above are all too high. The first 
attempt to see h m  the ocean disposed of such large net heat fluxes in the 
western equatorial Pacific is due to Niiler ard Stevenson, who considered 
the annual mean heat m e t  of the waters enclosed by the annual mean 28C 
isotherm in the Pacific Ocean (also the 26O-C is0the.m~ in the Pacific and 
Atlantic  ocean^). Mass continuity ensures that annual mean flows cannot 
advect heat through an annual mean isotherm; hmever, seasonal f l m  can 
generate an If&dy fluxt1 of heat across the isotherm - e.g., if seasonal flm 
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 ElaMn contribution 
to this ltseasondl advectiont1 term should only be about 0.04 watts/lrt, with a 
contribution of similar mgnitude from the geostrophic flm; i.e., they 
concluded that seasonal advection was negligible. Though their argument was 
loose, it seents unlikely that their estimate axlld be in error by the factor 
of mer 100 neded to be significant CCRnpared to the fluxes tabulated above. 

On the other hand, Niiler and Stevenson estimated &dy diffusion thrcugh the 
broad base of the 2 8 X  pool, us- estimates from Crawford and Osbomts 
turbulence masmemnts: they found that, away frrnn the equator, heat fluxes 
4-12 watts/mz wuld pass through the 28O-C isothenn 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/d over the 28"s pool; this 
ampared guite well with the area average of the net surface heat flux f m  
Weare et al., which was 22 watts/nf . 
More recently, hcrwever, (3sIRO scientists have obtained results suggesting 
that Niiler and Stevensonls estimate of turtxilent heat flux throU#l the base 
of the surfam mixed layer are too larye. The argument is based on the 
observation of a number of temperature and salinity profiles in the western 
equatorial pacific; typically, salinity starts to increase rapidly below 
about 4Om, while tenperatwe r e m h  muglily Constant dam to 60 or 8Om. 
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. ?his diffusivity 
can then be used to estimate heat fluxes. The salt balance places an upper 
bound on the diffusivity of 2 x 10-5 m2/s leading to a heat flux of less 
than 3 watts/lrt. 

The error in Niiler and Stevensonfs argument regarding turbulent heat fluxes 
is primarily due to extrapolating crawford ard osbornls ObSesMtions f m  
the central Pacific to the western Pacific, a m& quieter and less 
turbulent region. If we accept their conclusion reganling seasonal advection 
of heat as being correct within two orders of magnitude, it folluws from the 
recent cSIw3 results (and equation (1)) that the heat-flux esthtes 
tabulated above are all incorrect. 

Evidently, substantial progress has be& made in understarding h m  the small 
SST variations that are so important to ENS0 take place. Hmever, before 
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n eyers et &. 1s results can be turned into useful quantitative tools for 
understarding climate change, mre must be done on improving the empirical 
formulae used in their calculation. 
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The medmmms ' of a&ange between the shelf sea and the coral Sea in the 
Great Barrier Reef province include very low-frequency (seasonal) 
fluctuations in the poleward-flowing East Australian -t, upw?=.llixq at 
the shelf break hluced by relaxations or reversals of the prevailing 

peculiarities of circulation around reefs on the outer shelf. -s in 
over the past decade but r[lost activity and 
during the 1980s. The me&axhs are presented within the CO- of ocean 
dynamics ard their amymm=s for the 
Reef, inclwdeterrmM tion of residence and 
water, nutrient fluxes into the shelf sea fram upelling processes d the 
trajecbries and fate of living or other material released into the shelf 
sea fram the reefal systems. 

southeast tradaJinds, tidal mixing involvi.tq flcrws and intemal waves, and 

identifyiw, ' andquantify~theseprocesseshasoccurred 
has taken place 

of the Great Barrier 
times for lagcan 

-- - 
II EXPBXTICXl1984-1985, RESJELS) 
~ A B A A E ~ S ~ ~ X ~ J J Z D I X E I A  

ma3 pEIA(IIc -CIF !Im3 BANW SEA (SNEnXm 

Netherlands Institute for Sea Research, Den wlrg, TW&, TIE Netherlands 

m e  faJ hydrographic data available on the upper wa- of the sea 
tend to suggest upellirxj canditions during the smthea&lrronsoon and a 
strong stratsification with dmmelling dur* the n0-t wird m n s  (w, 1957). Assuchchaqesbetweenseasanscouldbeepctedto 
affect nutrient Concentrations and hence biological activity in the surface 
waters of the area (e.g., Biruwo and Ilahude, 1975), a annprehensive study 

characteristics durixrj both mmnal periods. Preliminary results suggest 
inaeed up and acrwn-welling CQrKlitions as Mcated, in particular in the 
eastern part of the area, notwi- ' the presence of stratification . 
during both seasolls. Nutrient concentrations were f& to be 
significantly hi- &ring the southeast mnsoon, again in particular in 
the eastern part. 
P- 'on, microbiology, algal assemblage, meso- and macro-zooplankton, 
acouStic surveys) biamass ard bio-activity in the area were clearly 
enhanced during the southeast mnsmn. 

- wering hydrography, and various biological 

on mst criteria tested (e.g., chlorophyll, primary 
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WIND FmmE INIx#H) BY 
HYO am1 
mrea ocean Research and Development Institute, Panwol, Republic of Korea 

m e  surface winds generated by tropical stonns were investigated usiq the 
wid data abtained at the 10-m high beach tmer in meju Islard, near the 
East China Sea, in August 1985. As the isallobaric low praportional to the 
gradient of the isabars approaches the coast the rapid incmase of wind 
speed is sirmlltaneously ahibited due t~ mass flux collvergence tc;rwards 
falling pressure. 
M c a t i o n  of the PlDvement of tropical stoms in the East china sea. 

DI general, the real. wind fields may constitute gradient, isallobaric and 
frictional retarded wind ccnnponents. W relationships of ageostrophic, 
isallabaric and gradient wind ccnnponents to the absenred ones are discussed 
considering the dynamic concepts and given here with an analytical lllDdel 
for the prediction of marine wind speed and directi on. 

- IN T€E MARINE - IAYER 
m e  nature of isallobaric distributions may give a good 

~us.tralian Institute of Marine Science, Townsville, Qld, Australia 

~easurement of phytoplankton primary prduction over several years in the 
centrdl m t  Barrier Reef prwince and adjacent East Australian currmt 

sedsonal and spatial variability in pxcduction are of similar magnitude. 

associated with major meteomlogical events such as mnsmM rains or 
cyclones, but no clear association between p- 'on antI intrusive 

could be -ted. H i a - p w  'vity events are usually 
dcnninated by laryer (>lo um) phytoplanktan. m n v d y ,  under appropriate 
low-eneqy wird and tidal conditions, phytoplankton bloams m y  develop 
within enclcsed or semi-enclosed reef lagoons and thereafter be flushed 
into- ' waters. on a regional d e ,  early summer primary 
P- 'on rates in the oceanic caral. sea were low and relatively uniform. 
Hi- P- 'on was measured near Papua New Guinea and the Solumn 
IS~&, westing local upelling or tlisland masstt effects. abserved 
levels of variability in phytoplanMan standing crop and primary p- ' on in the GBR shelf system require that sampling designs ant~ frequencies 
sufficiently dense to capture p w  'vity events of short duration ani 
limited spatial extent. 

inaicates that % o m t 1  levels of primary prduch 'on and SeaSondL, within- 
Pronounced short-tezm increases in p~~&~ction (UP to lo-fold)  an be 
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satellite photosraphs shcrw, in the mean, t w  narrcrw bancls of cloud that 
form an assymmetrical I V  shape in the tropical Pacific: one band lies 
along 5-10'N, the ather angles eastsoutheast fram Papua N W  Guinea. 
Rainfall and latent heat release in these bards, and in the Irdonesian- 
Australian mnsoon rain bards to their west, drive the major wind systems 
of the tropical Indian and Pacific  ocean^. % winds in turn I ,  drive the 
ccean CUlTents of the region, and play a larye role in d e t ~ r m l q  sea 
surfa~tmperatures(SST); buttherainfallterdstocccuraVermaxFmain 
SST, so the a- and ocean circulations act on one another in a 
closed, feed&& loop. The system is unstable: one dramtic manifestation 
is the El Nino-sauthern Oscilla~on phenomenon, which every few years 
brirrgS drought to Irdonesia and Australia, and heavy rain to Peru. To 
predict these droughts, we nust understard the coupled tropical ocean- 
atmsphere system &te deeply on all time scales - the diurnal to the 
interanrrual; present understanding of the system is briefly reviewed. 

m e  annual mean depth-integrated steric height P a d  stream function 
the world ccean are calculated fram a Sverdnxp mDdel of the world ocean; 
with Helleman and Rosendein's (1983) annual mean winds. The 
parameterization of friction is unspecified, but friction is assumd to be 
importarrt only a l q  western b0UTdarie.s. W circulations arcrurd 
Australasia, New Zealand and Malagasy are calculated as 17+4 Sv, 29+7 Sv, 
ard 4+3 sverdrcq?s, respectively. 
mre accurate flow edmtes in the Southern Hemisphere than have 
previously been obbmed ' fram sv- Xdels. 

of 

li.rclusion of island effects results in 

The calculated world field of P is campred with w e d  depth-intqrated 

Levitus world data set; agreaent with observations is generally good, in 
both hemispheres, though a large unrealistic zonal jet occurs west of the 
south tip of south Africa. The observed difference in annual man P frum 
Western Australia to Irdonesia suggests a Pacific-Indian ccean throughflcrw 
of about I2 sverdrups. 

m e  d e l  caldatians are repeat& with the Indonesian passages closed. 
In the nsodel, the Indian ocean lxccm2s very much "colder"; the predickd 
drcpinPwuldbecreatedbyauniformdrwpof temperatureof 6'Chthe 
top 500 m over the en- southern Indian Ocean, with snraller changes 
elsewhexe. 

steric height, relative to various depths of no motion, abtained fram the 
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A ~ ~ a F T € E I E E D W I N c U R K l X C , ~ ~  
JSJ!U?RCGCOEREYi3IXiDJXXEIT 

Division of oceanography, Habart, Tas, Australia 

The w i n  Current accelerates down a pressure gradient into the 
prwailw wird. In the present model, this gradient is maintained by 
convective coolins of the k m ~ i n  ctxrm=nt waters towards an ecnrilibrium 
temperature that k i e s  with latitude. 
eastern pm%ry current behaviour, the 
h t = e s b g n o n - l i n e a r l p .  - 

l ? x z F I * ~ ~ - ! l E E - s E A s  
-L- 
Iamnt-Daherty Geolcgical Obsewatory of Colunbia University, Palisades, 
New York, USA 

?he Idonesian seas -resent the only tropical i n n  link, 
connectirq the reservoir of warm and fresh surface water of the western 
Pacific with the eastern m a n  m, while transforming it thmugh 
vertical mixing and 
water flux between bath oceans thruugh this link is estirrated to be 
considerabLe and have large-scale, per ha^ glabdlde, imp& on the 
ocean and climate. 

Various estimates of the mean throughflaw transport have been made, using 
different methods. A summary of these estimates, which also briefAy 
indicates how they are derived, is discussed. clearly, there is agreement 
a21y3119 all of them that the mean flm is from the Pacific to the Indian 
Ocean, but there is a wide raqe of estimates of its magnitude. 
little evidence is available as a basis for speculations on magnitude  an^ 
time scales of throughflaw variability. 

interaction on its way. The heat and fresh- 

Very 

KTMIO I324tam 
Department of Geophysics, Taho3ar University, Sendai, Japan 

An outmop area of the North Pacific Subtropical Mcde Water (SMW) was 
investigaw, mainly 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. ~n the cooliq 
season, the bandmoves southward and crosses the KbmsJu '0 Axis whose 
poSitianS lie between 37' and 35' N. Then the band rapidly widens and 
stagnates there during winter. ?zlis fact reflects the formation of SMW, 
wfiichwassupprtedbyacancsete~ieofthe existence of a deep mixed 
layer at 300-400 m depth. The intemmual variability of the outcrop areas 
was also preserrted. Years of l m  temperature correspording to a larye 
m t  Of SMW formation Were 1974, 1977, 1978 and 1984. 
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WALL- 
Jarnes cook University of North Queensland, Townsville, Qld, Australia 

obsemations of m t s  in the -t few xetres of the ocean are now 
possible with  in^ gmundwave HF radar techniques.' These 
observations are restricted to the ccast (0-2OO)an) because the groundwave 
mode of radio-wave propagation is particularly lossy. However, the 
backscattered echoes are not contaminated by ionospheric dynamics as in the 
overthehorizon radars which use the same badkscatter process. 

horizontal Scale of variations is that of the Wina field when the wird is 
fluctuatiq as in squalls or Storms. Divergence (+ and -) in the &a- 
velocity field identifies localized upell- ard siriking. It is argued 
that the observed scales of horizontal fluctuations, an3 the associated 
diveryence ard canvezgence patterns in the surface flaw field lead to the 
accmnulation of buoyant material in oceanic front lines. 

Alffsw lNmacrKa? RI 'IHE WEXcEm €!?aFxC 
mNIDNHI 
Institute of oceanolcgy, Acaderm 'a S-Ca, 7 Nanhai R6ad, Q-0, China 

wrtance of the wester Pacific in air-sea jnteraction is addressed with 
shcrwihg a strong codation between the eddy streqth in the East china 
Sea ard El N& events, for which a hypoulesis has been praposed. 
project of Qlinese -deny of Sciences;, which will last for 5 years, has 
started this year in the Philippine sea to examine the hypthesis and to 
really urderstard the meridional process. 

preliminary results from the first QNlise ampleted by the end of 
CtAnber 1986 were showed. 
revealed. 
dnracteristic of eddies, which is different frum traditianally - acoepted 
m e  - a northward man flow. - (11) Branduq ' of the western baundary 
current near Bashi channel -the current gets into the sauth Qlina Sea fram 
north of w o n  atd a r n ~ ~  back to the western Pacific fram south of Taiwan. 
(111) High salinity core at abut lOOM in the south and l5Om in the north 
of the mippimi sea suggests that the water mass in the Fhilippine Sea is 
samewhat characteristic of the subtropical water, which needs further m. 

A 

Some striking circulation features were 
(I) western boundary calrrent edst of Luzon and Taiwan is 
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Naval Ocean Research an3 Develqnnent Activity, NSrL, Mississippi, USA 

Aglobdl, rnrmericalmcdelisusedtoexaminetheseasonalandinteranrrudl 
variability of the pacific to Indian ccean througfrflow. 
equatiuns are the nun-linear, shallow-water wave equations for a single- 
layer redfuced-gravity rmdel on a spherical grid. The latitudinal extent of 
the model is 71'N to 66's. The grid spacing is 1.25' in the midiondl 
directian and 1.5' in the zonal. TD within the resolution of the model, 
realistic coastline g-try and island chains are utilised throughaut the 
mdel damain. Although the horizontal and vertical resolution of the -el 
are very coarse, the study is presented in the spirit of providing a 'first 
order' a~xrximation to the seasom and i n t e ~ m  wiability of the 
Indanesian throughncw between the Pacific and Irdian Oceans. 
forcing utilises.the Hellerman-Rosenstein clhatolqy for the first 20 
years of the mDdel integration in order to arrive at statistical 
equilibrium; dsecpently, the Fleet Numerical oceanographic center marine 
win% fram 1977 to 1 9 8 4 , ~  applied. Prelhhaq exprhents reveal a mean 
thpphflcw of 7.3 x 10 m /sec with a seasonal variation of +3.5 x 
10 m /sec. m e  mal swations also revealed significant interannual 
variations of the throughflow precjepq and during the 1982-83 ENS0 event 
with magnitudes of up to 4.5 x 10 m /sec. -bents in which the 
throughflcw is blocked were also examined in order to assess the effects of 
this inter-hsin transport on the circulation within anti near the Irado- 
pacific ~~nveqence region. 

% model 

?he wind 

Institute of oceanography, Nha Trang, Vietnam 

% geosbropNc current of the East Vietnam sea (south china Sea) was 
calculated fmm the seasdnal mean density distribution by the dyMmic 
method relative to the 6004ecibar reference surface. 

It is clear that, in bath main mDflsoolls, the cyclonic current always 

the centre of Vie- the c=urrent near the coast is dkected to the south. 
existsinthewesternpartoftheEast,Vietnamsea.  th the north and at 

m e  divergent zone is situated along the coast and it m e s  near the coast 
inthesOuthernpartFnsumnaer. Alongthemainaxisoftheseathe 
currentis- to the northeast, but in summer this dinktion is mre 
-le than in winter. ?his tenclency of the current exists only in the 
layer fmm the surface t0 depths of 200-300111. Below this depth the 
current has the inverse tendency. 

- 48 - 



Isapycnal analysis of mixing between water masses of the lidanesian 
archipelago ard the Indian Ocean has been shown to overesthate the flux of 
Pacific waters through the axhipelago. M l y ,  the overestimation can be 
LIP to fifty pement in volucw. 

TO quantify volumetric exchange rates accurately, the analysis of mixing 
must be irdependent of the type of mixing a d  the layering of the water 
masses. RMS nniltiparameter analysis involves a minimum of assuqtions and 
(3ctraCts the maximcrm of information fram oceanographic data. 
estimates for transport through the Inaonesian archipelago based on rms 
multiparameter analysis ard currents in the outflaw area into the ndian 
Oceanwillbepreserrted. 

V0lLn.e 

A SW-mvEL lmclmlx NEnKEa IN mlz XEm? RXzm 
GW- 
Flinders University of South Australia, Adelaide, SA, Australia 

A Development Aid Project has been negotiated between Australia and the 
ASm countries for the study of tides d tidal menarena. 
opration is of prim impartance for many reaso~ls: 

(1) 

W region of 

In this extensive shallm-water zone cuqrising a cmplex collection 
of gulfs and straits, the variability of the tidal signal is very 
great ard possibly greater than in any other region. 

TIE region is unique in that it provides interconnection between two 
xuajor oceans. -re its gecgraphical position, straddlm the 
equator, allcrws for the transport of heat over vast spatial scales. 

(2) 

The ASEAN sea-level d t o r b q  axray of som 27 new inshmen tal 
installations, supp1emnti.n~ a similar rnrmber of existing stations, 
represents a strategic facility in the continuing study of the inter-ocean 

. .  

. ,  

*. . .  
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l l a E ~ ~ l N ! I H E W . E Z E Z W ~ C o c E A N  
IXEJIJMEIXM 
csm Divhion of oceanography, Hobart, Tas, Australia 

 re -torial Umkarrent (EuC) is one of the primary eastward-flowing 
currents of the tropical oceans. U- of the variations in its 
transport in the western Pacific is imprtant-in our UnderStatxtbg of 
oceanic heat fluxes and the dynamics of El N h  Southern Oscillation (ENSO) 
event initiation. 
ocean circulation skrdy (WEpoCs), a joint Australiaw-ican project 
studying the cirarlation of waters of the tropia ocean between 140"E anii 
l55'E. 
primarily CID, nutrient and velocity data. current-=- 
M3oriTlgs aMained six-month records of velocities in Vitiaz Strait, St 
George's channel, and the -torial urderaurent at 150"~. 

?2re mc is one foc=us of the Westem Equatorial Pacific 

Quises were cmpleted in mid-1985 and early 1986 which collected 

Early results indicate the follawing: 

4) 

5) 

strorq northwestward flaw through Vitiaz Strait which does not appear 
to vary seasonally, thus providing a ccoltinuous source of southem 
waters to feed the Euc. 

A sixqle eastward flmhg core of the Undercurrent amml200 m depth 
of magnitude 30 cn/sec dur- the southern winter and wring. . 

~eversal of the westward flm Wing the southern samer, 
resulting in the developxmt of a second and distinct -twaxd flm in 
the upper 100 m. 

, 

~n increase in the speed of, and miability in, the EUC core bing 
thesouthernflzrmner. 

Large amplitude (20 cn/sec) semi*- barodlinic tidal signals 
extending frnm the surface into the core of the urdercurrent. 

Joint Institute for Exine and A-ic Research, Honolulu, Hawaii, USA 

ming the Western Equatorial Pacific ocean circulation study (WEPDC;) , 
tw9 joint US-Australian expeditiom were made to the region north and east 
of Papa New Guinea. The first e>rpedition took place during June-A~qust 
1985, during which the southeast made Winas influenced the ccean 

cakhctd W h g  January-Febm 1986, at the height of the Northwest 
Mrmsoan. 
Northwest Monsoon, and was absent during the Southeast Trades. 
Guinea coastal Underaurent (NGCU) was abserved during bath periods, 
sugyestixq that it is a permanent feature of the c-ation. 

circulation in the Solanrm and Bismarck seas. T h e ~ ~ t i o n w a s  

w i n g  along the PNi: Coast was pmnounced bixqthe 
The New 

- 50 - 



IXrhJ the Sautheast Trade wh, the hia-salmty of the NGCU is 
fend at a depth of about 160 m at 143'E, and lcw salinity fram river 
runoff extends to a depth of ahout 50 m. '12re high-salinity core is faund 
at about the same depth during the Northwest Monsoon; however, high 
salfnity water is upelled to the surface near the ccast, and the fresh 
river runoff is generally confined to the upper 15 m. 
struzbm also clearly reflects the coastal UpwellixJ during this period. 

 he thermal 

l!mmmxnm BsxxL OF SIImaYs tmm32ITrn IN PIE 
LFMJRXRW 
Eastern Scientific Catre, Vladivostok, USSR 
ALURINEEV 
scientific Research Institute of -lied Mecham 'cs and mtheInatics, 
-, IJSsR 

Horizantdl tempera- and salMW gradients can be great at hydrolcgical 
fronts. 

and salinity gradients at the layer baunaaries has been suggested on the 
bask of the hypthesis of sideways convection connecting the temperature 
hersion in the T h r  Sea with the advection of waters with higher 
salinity due to evaporation on the Australian shelf. 
solutions of equatians of oceanic convection were found for various types 
of boundary coladitions m e  analysis of these solutions shows that the 
spatial oscillatims of the vertical *cteristics caused by B-effect 
take place in the ocean ard their frequency is defined by the ElaMn 
parameter value. 

A mathemti& mDdel describing the stratified seawater layer 
motion on the mtatiq Earth in the presence of predetermined temperature 

mct s t a t i m  

E - - - m I D M B C l R m  
!ZER3DJPMJR€?AY 
coastal Studies Institute, rpuisiana state University, ~ a t m  m e ,  
Imisians, USA 
m24mAAKEF 
Centre for Oceanolcgical Research and Developmmt, Jakarta, lrdonesia 

A sigd.ficant flux of m s ,  salt ard heat f r m  the Pacific to the Indian 
Ocean basin via the Indonesian archipelago has been suggested by various 
investigators to bear crucially on the b a l m  of heat, fresh water, and 
mss in the Pacific and the Indian Oceans. 
of 1.5 sverdrcrps (Sv), more recent workers have by inairect mans 
detennmed ' significantly higher d u e s  for the possible thmqhflcrw: 
Gdfrey and Gelding (l981), 10 Sv: Piola an3 Gordon (1984), 14 Sv; Fine 
(1985) , 5-6 Sv; 
transport. 

Since WyrUci's (1961) estimate 

and FU (1986) , us- herse methods, 6-7 SV net 
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lzre prechhant pathways are generally believed to be the deep passages 
mrth ard south of Tbr. 
between Bali and Irnrrbok I s l e ,  iS SecQTd only to the T h r  passages. An 
array of 21 current meters, supplemented with pressure gauges, and 
quarkr-annual CID surveys were run aver a 14-mnth period (~arruary 1985- 
March 1986) to study the dynamics of exd-nnge through the Lmbk Strait. 
Our STD data shcrw that the Pacific Subtropical mer Waters ard Northern 
IntenEdla ' te Waters have penetrated thraugh the Jatd Sea, into the Lmhk 
strait, and out into the m a n  Ocean. Our current-meter data dur* the 
northern winter indicate that a persistent southward net flm into the 
Inlian ocean is 
strong northerly pulses are driven by typhoons ard tropical cyclones 
transiting the T h r  Sea fram east to west. 

In transport capacity, the Lnmbok Strait, 

by 4-7 day pulses of north.. flm. ?he 

our secx3ld current-meter deployment, during the - m- W Y  to 
July), shows an even stranger mean flaw into the InliaIl ocean, as -. cur estimate of 1.5 SV net transport througfi the Lmbok Strait 
alone cyclone phases) from uur current-~ter data supports the 
hi* vdlues of thmqhflow for the entire archipelago deduced by Piola and 
Gordon and -rey and Golding. 

# 

CX!EANCUREENfFIEIDINTEE-~C 
HIlxDNIsImh 
Hydrographic Dqarhent, J a m  Marithe Safety Agmcy, WO, Japan 

oceanographic abservation cruise * to the equatorial region every 
winter. It was intaxled to mnitor long-term variation of the ccean 

current -ts have 
been rnade by CID, shipborne Doppler current meter and drifting buoys. 
Fram three cruises, it is beccmzirrJ clear that the Ocean-current field is 
not simple, as shown in the statistid current map. currerrt directim 
and/or speed change year to year and meso-scale eddies seem to exist 
fnainly 
February, a westward flow of the south quatorial currerrt had been 
replaced by an 
5Om, asso~iated with a relatively strang flow of the Equatorial counter 
current. I 

Since 1984, the I@kup'aphiC Deparbimt has been ' a n  

in the western Pacific circulation. 

the area north of about ="N. It was observed that, in 

flow in the surface layer above a depth of abuut 

The &-west CCrmpQnent of current velocity ( W s )  along 143-142'E in 
February of 1985 and 1986 were cxnnpared. 
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of Faculty of Fkheries - IPB, Campus Draxqa, 
m r ,  bionesia 

Dm effect of the regional Mplsoonal wind on the ocean transport in the 
Indanesianseashasbeenewrmned ' by means of a barotrapic primitive 
mrmF?rical model, w l y h q  the monthly mean wind field as the driving 
force. Realistic bttm toposraphy and linear dissipation were 
hrpomted in the mdel. 

'Ihe exper- meal intemtlng ' results which suggest that the regional 
seasonal tiae scale, but is.neg1igible on an annual basis. 

. wind field has a significant effect on the associated transport an a 

mil33 the sauthern Halk@ms winter, the wind field drives a flow into 
the Indian Ocean with a magnitude of 4 Sv, wheseas during the southem 
annmer the flcw is in the opposie direction; i.e., into the Pacific 
ccean, with a similar magnitude. 
circulation will also be &.sa=&- 

connections with the lary-e 

Typical profiles of temperature, salinity and oxygen within the basins of 
the zone and the present knowledge of their intenxnnections are reviewed. 
Rates of inflow of Pacific waters into the basin system and cunpmsabw 
outfluws into the W a n  ocean are estimated. The large-scale distribution 
of these outflcwing waters at in- ' te depths in the eastern equatorial 
Indian Ocean is shown. Sam evidence of time changes at depths helm 
2000 m in the Java Trench is presented. 
about the lq-term stability of these deep basin waters is discussed. 

Other more lhnited infomation 

sm z E v H ; w A N D  -G IN !IHE sarra (EINA sw, mix aF 
!ImnANDANDMAIALxaslzzAlIT -- 
Marine Science Department, Faculty of Science, QrulalaIqkOrn University, 
Bangkok, a'lailanl 

principal muse of fluctuations in sea levd is the tide. 
'he type of tide is analysed us- the ratio of the anplitudes of the 
diuxnal and semidiurnal c!on!stitllE?nts. In the south mina sea, the tide is 
p12Linly ai-, while in M a &  Strait, it is semidiurnal. Frrpn the 
muthtotheheadoftheGulfofThailard, thetidesvaryfrummixed 
(principally d i e )  to diurnal to mixed (principally ddiuxnal) . ?zre 
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mean range in the Gulf is about 1 m. 
occurs in November and mhhnum 
south coast of w a n d ,  they are Mae& in June or July and lowest in 
February and March. Lang-term variation of yearly E L  at mid-Gulf and on 
the Andaman coast is relatively stable, but stations near the head of the 
Gulf of ?hailand show rising sea level or submeryence of land. 

mnthly MsL-in the Gulf 
June or July. In Malacca S b d t  and the 

Department of ~ e t e o r o l c g y ~ ~  oceanogra~hy, Quezon city, Philippines 
-A- 
Rosenstiel School of Marhe an3 Atmospheric Science, Miami, Florida, USA 

ional, non-linear numerical IllDdel is used to investigate the 
perdent winl forcing such as 

A- 
baratropic circulation generated by time-de 
the land and sea breezes. 
withstrorgandm2ezatebreezps, dabaywithreefandtroughunderthe 
influence of strong breezes. The results of m i &  simulation showed 
intarstlq ' circulation patterns changw in consonane with the veering 
winds. 

' 

Four cases were cansidered: a flat-bottam bay 

-aF THE €!fwxQxL axuIlTKm OF laX.Ez3- =KIAA- 
SiUEUZEA-wrlaINplE-aF- 
-!mNammm 
Env-tal Section, Mining Technology Division, kpartrmt of 
Resources, Ba@mk, W a n d  

The physical condition of water masses in the Gulf of Thailand is 
investigated with seven 512x512 scens of NaAAsatellite digital Advanced 
Very H~#I Resolution Radiometer (AVHRR) data. Digital data process- was 
prfoxmed using q e  software and 
Imaging system (I s). ple albedo patterns of channel 1 are mppd for the 
studies of turbidity and riverine sedimentary plumes. S e a d a c e  
tenperatme (SST) mapsareproducedframchannels4ard5byapplyiqthe 
Strang and McClain (1984) a-ic c o ~ o n  eqyation. With 
turbidity, river-plume and SST maps the water is detect& to drift frwrn 
the Gulf into the South china sea during the southeast m m n  season. 
'1zle reverse water circulation is detected when the northeast monsoon 
becanres- . 
upelling, are abserved near the west and east coasts of the Gulf in 
August and November, respectively. 

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

systems of the Inkmatianal 

zones of high albedo and low SST, possibly areas of 

from four main rivers entering the Bight of Bangkok. The -* No sedimentary pl- are detected 
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p he Andaman Sea wakr has, in August, a surface temperature approxinrately 
2.0'~ lower than the Gulf water. a'lus, W i n g  this period, there are very 
different water masses with varying circulation patterns in this region. 
The result of this study M a t e s  that the AVHRR data are definitely 
usable for W y  investigation and mnitoring of the physical codtion of 

features over the ?hai region. 

CN TSE TmXL asmxmls AND !mE SEA-= I!mcmXErn aumm BY ImExxNs 
ANDTYnmaSINTllEINM 
~ N G E T E l u Y  
-teorolcgical service of the SR Vie-, Hanoi, Vietnam 

were applied to coastdl and estuarine conditiolls in Vie- which has 
varims types of tides with significant tidal range, and the influence of 
mnscas and typhoans on thex~ is important. % multifarious stmctwe of 
periodic fluctuations of tidal type with many high-order harmxll 'c shallw- 
water ccerrponents is evident. In the classical hamom 'c analysis SChenE by 
Darwin, a few cmpmnts might be omitted. At the same tine, the 
non-tidal sea-level fluctuations caused by the mDTlsoon with one-year 
period, half-year period, 3,6-mnth period, 3 to 10 day period and t h a  
caused by typhoans with a 26 to 78-hour period, are indicated. 

The spectml and harmonic methkds of analysis of sea-level fluctuations 

Theresearchresults 
understanding of the 
Vietnam. 

allowed us to acquire a full ard mre accurate 
peculiarities of tide ard sea-level fluctuations in 

~ ~ O F ~ ~ I N T S E O C W A L S E A  
lmlm€ms- 
Marine Studies centre Fo5, ?he University of Sy3ney, NSW, Australia ' 

?he water mass of the oceanic thenmcline, amnmnly hewn as central Water, 
is believed to be f o m  at the subtrapid cunvergence. 
South Pacific ocean, the subtropical convergen~e reaches its lllDst poleward 
position, coinciding partly with the southern limit of the W A C  region. 

In the western 

The role of the subtropical ~ n v q e n c e  as a source of mtral Water for 
the  oral sea is ~anfhned by the close similarity of t e q e r a m h i t y  
cumes in &e thenrrxline of the Coral Sea, M a n  and South Atlantic 
 ocean^. profiles in the Coral 
Sea indicates, however, that the water is not advected along the shortest 
path, that is, no- thmu@ the Tasman Sea, but westwad fram the 
central south pacific Ocean. 

zero and first derivative analysis of 
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?he analysis also shows that salinities in the upper thermocline are higher 
than those found in the subtropical ~~nveryence W c a t i q  a secad source 
for central Water. Evidence will be presentd that this source iS located 
in mlynesia where high salinity water appears to be formed at the surface 
ard sink to about 20Om depth. 
will be discussed fkum Qbservations. 

The p t h  of this water into the coral Sea 

History, Po Bax 9517, 2300 RA Leiden the 

center for oceanolcgid ~esearch ani Developrent, 
Jakarta 11001, Indonesia 

FOS 580 ~ J C  

Of CCUS= the snellius-a expedition in eastern Indonesian waters, the 
center of the world fxum the point of view of coral reef scientists, 
included coral reef research. Most issues of the prqzmue were purely 
scientific but because of the great economic importance of the reefs quite 
same attention was given to aspects of exploitation, dtoriq and 
management. 

gmxp of scientists of different disciplines can be transported to remote 
areas with all saphisticated equipment they need and that they can work 
there efficiently in cumfortable circumstances. 

eqedition was mainly ship--, which I& the -tage that large 

Eastem Indonesia is a vast area with an enormous surface of coral reef, a 
great variety of reef carmnunities and many different ways of exploitation. 
Relative to the magnitude of the managenat tasks the available research 
capability is still m e l o p d .  arxi developent of feasible 
research and mnitorirq methods were important tupics of the expeditim. 

Methods indluded aerial phatosraphy, field censuses urder 
standardized reef transect studies, taxanarm 'c inventories 
of organisms, sea grass carmrmni.ty studies, and studies of 
aspects, particularly fisheries. 

In general the nine different areas visited p m e d  to be in a better 

taken in tirne. 
blasting, pruved to be enforced strictly in mst areas. m e  area that was 
found to be most diverse, the sea arouTd the island of -0, has ludkily 
already been declared a marine park. Hcwever, because of the size and 
qlexity of the area as a whole and the generally increasing human 
pressure on the system, more basic research is uryently needed, frum 
fieldstations but also fram ships. 
cauld be of great help. 

d t i o n  than was expcted. COIEequently InanagaEIlt Iwasxes can still be 
W m t  important one already taken, a ban on fish 

III this respect other westpc countries 
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A field acperiment was Carried out to !Study water circulation and benthic 
biological p- 'vity near a passage through the Ribbon Reefs in the 
northern Great m i e r  Reef of Australia. The currents through the 
passage were phase-locked with the tide. Ixlrirrg rising tides, strong 
currents thraugh the passage generated localized upelling oq the upper 
COntltlMtal slope, enriching the depleted surface waters in nutrients, 
particularly nitrate and phosphate. Shnultaneously, on the shelf side of 
the passage, a tidal jet-vortex pair system developed, which separated 
frnm the Ribbon Reefs so that the coral reefs themselves received little 
of the upelled water. 
towards the meadas of the calcareaus alga Halimeda situated several 
kilametres inshorn of the reefs. Halimeda can acx=urrmlate nutrients, 
particularly nitrate, f m  the relatively lcw concentrations available 

than sufficient to supply the total nitmgen requirements of the Wixleda 
vegetation. 

was propagated as a bottam-trapped layer 

fram the upwelling events. m e  vtity of nitrogen lxp2lled was mre 

A tidal jet also f o d ,  offshore frum the reef passage, dur- falling 
tides ard the coral-covered offshore side of the Ribbon Reefs may be 
sustained by the mbseqwnt vertical turbulent entrahnent into the jet of 
deep, mrtrient-rich water irmrsaiately offshore fram the reef passages. 
?2le processes re&= a continuous barrier reef with only narrclw passages 
several kilarmetres apart. 

Numerical mlels successfully reprcduce the absewations of jet-driven 
cq-?wellbg and of the dynamics of the tidal jet-vortex pair system. 
lTlodel predictians are very sensitive to the details of the bathptry of 
reef passages. since such data are presently mvailable, it is not yet 
possible to use these mDdels to calculate the jetdriven nutrient 
q~ellhq for the whole Great Barrier Reef. 

?he 
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PIEWEXQZ4Nl24CIETCOCE3N: AC=RAD[IEaFCI;IMAIIE- 
m w y R I K I :  

University of Hadi, Honolulu, Hawaii, USA 

western equatorial Pacific and the Southeast-Asian Waters are the 
region of the world cceans where sea-surface tempexatme is highest and 
where rainfall is -test aver the largest contiguQus area. (2onsqmtly, 
this region harburs the largest a-ic heat source and the largest 
regia of conv&a on the globe. The region of lILaxirmrm convectian is 
subject to large north-south fluctuations of its 1-tion with the annual 

related to the sovthem Oscillation and the El N&. 
the heat is also subject to-a large net heat gain, chiefly because 
of a lack of emprative cooling. 
insufficient to remove this net heat gain effectively, which results in a 

Departarent of oceanography 

cycle, and to interannual variations in the east-west direction, which are 
?he & u&=rneath 

Horizontal ccean circulation is 

El N i b  is the process by which this 
tropical ocean.- . 

slow ammulation of stared heat. The 
excess stored heat i& remved fram the 

. .  
1 

. .  

. .  
. . .  . .  
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(xinmnzm- 
HIUjAELJ- 
National climate Centre, Bureau of Meteorology, Melbmme, Vic, Australia 

?Ire traditional notion of climatology CQnjcRUs 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 one does not 
deny the value of such work for a vast range of man's activities, there is 
a strong realisation now for the need to mnitor variations in the climate 
system in a Veal-timell m. 
deny the value of such work for a vast range of man's activities, there is 
a strong realisation now for the need to mnitor variations in the climate 
system in a Veal-timell m. 
With the recent establhhent of a National Clhte Centre, the Bureau of 
Meteorology has joined a number of other  tio on^ in prepring mnthly 
climate bulletins which, through the b r o a d d e  analysis of a variety of 
climate parameters, attempt to mnitor the cmthwus variability that is a 
feature of the climate system. 

W poster display will present a selection of, a d  short CarmTlerrtary on, 
the analyses and climatic irdices which are routinely prepared for the 
southern hemisphere and the Australian region each mnth by the National 
climate centre. 

OCWN (ZlXmmTcN m !t%E !lmiwxE - Nw2umRmJAm l3axmsm 
CSIIED, Division of oceanography, Hobart, Tas, Australia 

Satellite-tracked drifters were released on d near the continental shelf 
of northwestem Australia in 1982-83 as part of a survey of fisheries 
resources and the marine environment. 
triangle betwen northwestern Australia aril Indonesia was a source region 
for the w i n  current and the South Equatorial current of the Indian 
Ocean. The triaqle itself is subject to input fram the Archipelago. 
nature of the circulation revealed by the drifters is examined and cunpred 
with historical and contenpoxary f- and data. 

- R m A N D J L m  

The drifters shcrwed that the 

The 
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?he patterns of the taperature and salinity spatial distribution at the 
standard levels for the winter and sunmr are ~~nst?xcted. Sore 6685 

current meter data were utilised to 
analyze the surface layer pattern. 
hydmlcgical Okexvations are used. 

The inflow of ampmtively cold waters is frum the north through Taiwan 
channel while warm water inflcrw is fmn the south through mimata 
channel. 

In summer along the Vietnam coast at 14'N - 16'N are 
temperamandincreased salinity at the subsurface 

markedaecreased 
levels. 

The wlreau of Meteorology is develop- its m i n e  services to 
range of operational oceanographic pm3uct.s. aurerrt 

Australia 

include an 
sewices 

such as mn&id &-state pdction being e. A surface 
current prediction system is being developed for areas arourd the 
Australian coast. 
is being planned for the tropical Inciian and Pacific Oceans and for the 
Australian -ion oceans. 
these developing and planned marine services. 

An upper-ocean analysis s y s a  (using BAlmY-c dab) 

'Ibis poster describes som of the features of 

Pacific weanolcgid mstitute of th;t F=  astern scientific centre, USSR 
Academy of Science, Vladivcstok, USSR 

on the based of a many years' CID data the peculiarities of space 
distribution and spa--tim variability of fine stmcture characteristics 
in the main structural zones and the Far-EAstem seas are revealed. It is 
established that the regions with different conditions of the fine 
structwe generation are distixqukhed by their forms and values of 
statistid characteristics. We have faund SOIIP& widen- for the presence 
of relatively stable ard typical sfiall-scale stsuctures in various 
regions. These structures characterised by different forms, .space-th 
scales and profile disturbance amplitudes. 
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XXmE nrrrrrsler-x l I m x a w T - a F C ! t m ~ m ~  
M2ssIs-INm~-c 
ID-, IA-, GI- 
Pacific Oceanological Institute of the Far Eastern Scientific Centre, USSR 

of Sciences, Vladivostok, USSR 

Based on mean terqerature and salinity data isolated are structural zones 
and layers. 
developmt of double diffusion processes. It is shown that distribution 
of their parameters is corrditioned by location of inlxzmech ‘ate water 
masses baundaries anl fronts. Available energy of instability of 
temperature or salinity stratification is transformed by larye scale 
motians and dissipated in small scale salt finger or Illayer corrvectionff. 

Within their limits there are favourable conditions for the 

%e eastem Bands Sea an3 western Arafura sea are strongly influenced by a 
M311soon type climate. ?he SE ~311soon (June-Septmber) causes enriched 
upelling CorditioTlS and the Wrrronsoan (-) impoverishes 
stratified wrditions. Related to this phemremn an alterrating axrent 
pattern occurs in the area, with an influx of Pacific water during the SE 
MMSOQ~ and a p d h q  Java Sea/Indian Ocean influx (iurbq the NW 
monsoan. Ihe fauna of the -ian waters has endemic species, but is 
influenced by Pacific and Indian oceans faunas. These factors together 
make the Bands Sea area, fram a biological point of view, very cunplex. 
~n the context of the snellius 11 Expdition, two cruises, that is, Ausust 
1985 (SE nu=olsoon) ard February 1986 (NW monsoon), have been W-Kried aut to 
investigate the ~3flsoan effect on the zooplankton populations in this 
area. 

Zooplankton samples collected during these Cruises shaw that biamss, 
vertical distribution, diel migration, and species ccorrposition differ 
between the seasons and that parallels can be drawn with areas of constant 
U’gMellhg and areas of stratification in the North Atlantic Ocean. 
Biamass and resphtmy activity were two times lmer in February than in 
August, while the activity, estimated with E xbeasureslbents, per unit of 
sample remained the same. The zooplankton population reacts to the 
changing situation by an adaptation in biomass and abundance but not IT,’ a 
change in metabolis~~. Diel vertical migration is fourrd to be enhamed 
during the poor stratified pericd, sugyestirq that the availability of 

diel migratory activity. food plays a role in detennmmg a .  
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of ptempoas ai0 pyrami data ard Diacria quadridentata 
influx of the Pacific fauna in this area during the SE 

size of -hestigated taxa was ~raller CIW~XXJ the w a m x  stratified period, 
showiq an adaptation to the lower water densities. 
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5xM4?MYREwARKscNmPIc2: a x A N ~ A N D m ~ m ~  
ByIR.GEmGEcm!swEm 

I should like to start by thanking IOC, WESTPAC, John Bunt, Bob 
Harriss and their team. I also thank Keynate speaker Stuart ~odfrey, dong 
with Discussion Leaders Arnold Gordon, Matt Tamczak and David Rochford for 
their excellent work. 

After decades of inadequate ceanagmphk scrutiny, the WFSTPAC 
region, and the Indo-mcific C~nveqence that it contains, have kcare the 
fccus of attention of weamgraph- world-wide. The reasons for this 
attention are wrappd in the uniqueness and complexity of the region. 

Klaus WyrtM described it as a cradle of clkte variability: 
slight charges to its sea-surface tempera- produce aw- far-mchixq 
changes in the atmosphere. ?he thraqhflm from one tropical ocedn to 
another is unique and has effects far beyond the WESTPAC region. The 
processes of enrichment in the WESTPAC region appear to be complex in the 
extreme, and they choose to wear different disguises in different areas. 

?he equatorial region, with its currents and u n d m t s ,  and 
cOuntercuTrentS, resembles a stack of assorted squashed nocdles being drawn 
variously east and west, at differing speeds. 

'Ihe presentations cwered all the recent major expeditions, 
contemporary mdels, inbxpretations of historical data, and plans for 
continuing or future work. 

%ins and Adjacent Seas, Exchange of Water between the Oceans. 
'Ihe sessions were on: Upelling Ocean/Atmosphere Interaction, Deep 

?he group of papers on UPJlellhq included the follawing: 

- Tanchotikul discussed seasonal upelling revealed by 
satellite in the Gulf of 'Ihailand; 

- scfialk, Baars and Zijlstra described preliminary results on 
upwelling in the ~anda sea as part of the Snellius 11 
w i t i o n .  'Ihese camprehensive obsewations from a data-poor 
region were particularly welcome. velocities of 31qlday 
were measured. Flow into the Bands Sea was from the mcific 
in the south-east monsoon ard from the Java Sea and Indian 
ocean in the north-west mnsoon. 

~ultas presented data fram earlier this year shming upell- 
near the P a p  New Guinea coast during the north- west 
mmns. 

- 

- %l&, Ikew, Abel and ~'Brien dis<xlssed the transport of 
nutrients by a tidal jet vortex pair in the Great Barrier 
Reef. 

- Jmms and Mitchell described variability of production 
through the CentrdL part of the Great Barrier Reef due to 
causes such as cyclones and intensive upellings. 
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The 

described the response of the central part of the 
Great Barrier Reef waters to the meridiondl Werings of the 
weather bard. Wind events proctuced bottom enrichments of 
large horizontal extent that propagate3 inshore at W t  20 
W h y  

subsequent discussion revealed that, in many cases, the 
processes described-as upwelling did not bring mtrients -@te the 
surface. The surface productiviy was high thcRlgh. What was happening? 
perhaps transient wind mixing was involved, h t  the general inability of 
oceanography to COKE up with vertid mixing coefficients was highlighted. 
Miles Fumas advised us that the phytoplankton primary production could take 
up nutrients in a matter of an haur. What then, it was askd, do the 
ecosyste~~ do to survive during the non-upwelling season? Bhtt Tbczak 
pointed out that we oceanographers wrnplah that the mteorologists do not 
give us data on appropriate time and space scales: zt the same t k ,  we do 
not give the biologists the information that they need. 

The coastal-zone color scanner aboard the NlMBuS satellite can 
solve same 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 WO-, Drew, Abel and O'Brien. It had sampling appropriate 
to the problem, which was: Why are there calcareous Halimeda mead= several 
kilcm~tres inshore of the passages of the Ribbon Reefs? 

The mad- lie on 
15-m thick banks of dead Halimeda. The authors Surmised that tidal inflm 
may have been punping nutrients f m  below the shelf &ge into the lagoon in 
the manner of Thonpon and Golding. They observed and modelled the flow ard 
found that certain combinations of reef passage width and both topcgraphy 
could generate localized upwelling and that this water was carried along the 
bottom to the mead= by a tidal jet vortex pair. 

m e  nutrient input was found to be sufficient to satisfy the 
Halimeda meadows - in fact the authors calculated that the 15-m thick banks 
had been established by 1 million wellings in the past io 000 years. 

Halirneda is capable of accumulating nutrients. 

The Ocean-At~mqhe~ Interactim presentations were lead by Stuart 
He elaborated on his Keynote Spee&. Gcdfrey. 

Hemn presented the results of using a 10-m 1 radar for studies 
of nearsulface currents and their responses to the wind. 

Hyo m i  discussed stonns in the East china Sea. 

sodusta and presented numerical model results of wind- 

K' 

driven bay circulations. 

particularly those relating to climate monitoring and tropical meteorology. 
Lh and cbughlan described E?ureau of Meteorology prducts, 

parkjer described the wrreau of Meteoroiogy~s entry into 
Opexatioml oceanography and this prmpted some spirited and, 1 think, 
healthy debate with Australian sections of the audience. 
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LI the session on ~eeg, Basins and waent seas, 
presentations were mde: 

discussed subtrxpical mcde-water formation 
and deep mixing to 400-500 m that is capped ovez in summer. 

the folluwing 

- the cooling 
The water is 

advected to the scQlth--west. The arrrount fonned shcrws an intemnmal 
variability. 

Wen described frontal phenomena associated with the Yelluw River. 

sit-ipmq presented analyses of tides in south-east Asia. , 

Immn described the ASEAN --level mnitorhg array and outlined 
the value that it will have for studies of tides, tidal PhenCgneM, and 
interannual variations. He presented Australian sea-level data to shuw that 
an El Niiio year is primarily a recovery year after a --level event in the 
previous year, 

Rochford reviewed the water characteristics of the deep basins of 
the Indonesian Seas. He had to rely on Snellius I, I3aM and SIR0 data frm 
the 1960s. Obviously, the region needs more study. He also shmd the 
Banda Intermediate Water spreading f m  the Archipelago as a plume at about 
1 000-m depth mer to Madagascar. 

papers were &citing -use 
they dealt with ccanprehensive research vessel data sets for roughly the same 
region fran the past year. It 
was a bonus for WESTPAC to get these OceaTlOgrapherS together. Incidentally, 
we learned that there were 7 ship f m  5 nations working in the western 
tropical Pacific early this year. 

The J3u, Nkhida and 

They described complex current situations. 

Godfrey presented a model 
reprcduas many of its features. 

I presented a poster on 
Sea. 

of the Lseuwin curre;lt that successfully 

satellite-tracked drifters in the T h r  

Wmczak discussed the water masses of the Coral Sea and haw they 
had a component frcnn as far south as the subtropical converyence off 
T d a ,  but reading the Coral Sea via the South Pacific. Another, highly 
salhe, component had to corne from the salinity maXirmrm in the central 
Pacific. The mture of the T and S properties also gave indications of the 
type of mixing processes involved. In the discussion, Tamzak criticized the 
Australian oceanographic anmmnity because, in general, it would not camnit 
itself to repeatd deep sections; for example, in the manner of china and 
Japan. Part of the redson for this, hmever, is that the clxzntry has a 
single civilian resear& vessel for oceanography and it has pressures on it 
to work in many places. 

The session on the Exdnnge of Water betwecm the Ooeans was lead 
by Arnold Gordon. possibly the flagship of our sessions was on the exchange 
of water between the oceans - or throughflm frwm the Pacific to the Indian 
Ocean. This really is a hot subject and this Sympcsium was its first 
airing. Collectively, the speakers left no stone unturned - historical data 
were re-analysed, &ern observations were presented, no less than three 
numerical models were described, and the plans for the Indonesian Seas 
Experiment ( I N m )  , scheduled to start in 1988, were outlined for amunent. 
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What did we find out? 

lhat the observations and models give a scatter of transport 
values for the IrxbPacific exchange, the transports ranging up to 20 m/s. 

lhat sane authors think that the thrcnqhflw ames f m  the North 
Pacific; sane, from the South Pacific. Arnold Gordon claims that the water 
properties point to the North Pacific. 

'Ihat the favoured pathway of the mvemmt is the strait of 
Makassar. 

That the models do a good jcb of showing a seasonal signal. 

The G ~ ~ L E ? Y  model showed that, if we look ahead to when the 
throqhflow is squeezed off (10 million years), the Indian Ocean will became 
6% cooler and the East Australia aUrent will sweep d m  to and around 
Tasmania like the Agulhas current sweeps south of South Africa. 

We learned frcrm m y  of the problems of instrumenting the 
Straits that carry the throughfluW. The tidal currents in Imbok Strait are 
well in excess of 6 knots. One satellite picture shmed a warm plume 
headirq tens of kilometres southward fmm this passage. The non-tidal flow 
thrcugh the passage was 2.8 Mt/s and it was found to reverse when T h r  Sea 
cyclones changed the-sea-surface slope. 

'Ihis important p h e n m n ,  the thnxlghflcrw fmm the Pacific to the 
Indian ocezn, with its consequm for climate control, dispersal of marine 
life, and perhaps modification of sediment beds, seems inadequately 
described and modelled, and mre work is needed. 

We were able to m c h  the following conclusions: 

For the processes of upwelli.rq and enrichnent, sampling arrays and 
frequencies must be designed to enable us to see what is ha-. 

More observations are needed on current responses to seasonal and 

~ n t i n u d  ohsemational and modelling efforts are needed for the 

Nevertheless, the recent e t i o n s  by many Countries have given 

short-tenn wind changes. 

study of the throughflaw between the Pacific and Indian Oceans. 

us a quantum leap in our hmledge of the Indo-Pacific region. 
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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 pelagic species, and especially those of the open ocean, 
do not so strongly follow this pattern. 

The Indo-Pacific contains 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 Micronesia,' 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 discharged by all the rivers 
of the world, so the Indo-Pacific is rich also in shallow, 
turbid, muddy seas. 

.The Indo-Pacific conjunction is a region of complex geography, 
a function of movement of the Australian plate and many small 
continental blocks. Within the Philippine , Indonesian, 
Melanesian and-Micronesian archipelagos, ventilation of 
several deep basins is constrained by sill depths ranging from 
several hundred to several thousand metres. 
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 archipelagos 

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 
the text of this 

of this Reprt, references are not included with 
Keynote speech. 
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gulfs and shelf-edges so not only are dynamic oceanographic 
processes highly complex, localised and little known, but 
there are two independent sets: one during the northerly, one 
during the southerly, monsoon river discharge and the status 
of coastal wetlands is highly seasonal, driven by the 
alternation between wet and dry seasons. 

The basic description of this complex part of our planet is so 
far from complete that variability is well known only for some 
of the fundamental climate variables, and only for some 
places. 
data for a synthesis of the between-year biological 
variability of this region, and I shall attempt no such thing. 
Rather, I shall briefly outline some of the environmental 
changes that can be expected to occur between years, and then 
suggest how some of the more important biological processes 
may be expected to respond to such changes. 

We are certainly very far indeed'from assembling the 

m i d  m h q  

It is now well established 
interannual variability of tropical sea-surface temperature, 
and so of many other environmental variables, is related to 
change of the Southern Oscillation Index (SO1 = Tahiti minus 
Darwin normalised sea-level pressure) and to the El 
Nino-Southern Oscillation (ENSO) events that occur after the 
SO1 shifts from a positive to a negative value as a weakening 
of the Trades occurs. However, even when the Walker 
Circulation is well developed, and the Trades are blowing 
strongly, there are differences between years in monsoon 
rainfall in regions further to the west. These differences 
may drive the coastal marine environment where the continental 
shelf is dominated by river discharge, as in the Bay of 
Bengal, the Gulf of Tonkin or the Gulf of Carpentaria. 

.that the principal mode of 

The environmental changes that ensue when the sign of the SO1 
shifts from a positive to a negative value are now well 
described, especially since the 1982-83 mega-event and 
especially in the eastern Pacific. 
trades and the occurrence of sustained westerly winds in the 
western Pacific foreshadows a series of Kelvin wave pulses 
that propagate eastwards in very low latitudes. Each causes a 
lowering of sea-level and a rapid rise of the previously deep 
thermocline of the western Pacific. 

Sea-level may fall by as much as 25-30cm, and mixed-layer 
.depths may be reduced from 200 to less than lOOm in just a few 
weeks. Over a wide region of the western Pacific, negative 
SST anomalies occur very early during the onset of an ENSO 
event, and the area of highest sea-surface temperatures 
(>28.5"C) extends eastwards depending on the duration and 
strength of the ENSO event. Some northerly extension of the 
warm-water pool may also occur during some ENSO events, 
producing positive SST anomalies in the central South China 
Sea. During a normal ENSO-event, SST anomalies are of 
shorter duration in the western than the eastern Pacific. 
Usually, return to their normal values after about two 
months, and the 1982-83 event was quite unusual in that these 
anomalies persisted for about one year. 

The slackening of the 
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