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PREFACE

In 1954, when I left Germany for a three year stay in Indonesia, I suddenly found myself in an area of seas and islands
of particular interest to the oceanographer. Indonesia lies in the region which forms the connection between the Pacific and
Indian Oceans, and in which the monsoons cause strong seasonal variations of climate and ocean circulation.

The scientific publications dealing with this region show not so much a lack of observations as a lack of an adequate
attempt to synthesize these results to give a comprehensive description of the region. Even Sverdrup et al. in “The Oceans”
and Dietrich in “Allgemeine Meereskunde” treat this region superficially except in their discussion of the deep sea basins,
whose peculiarities are striking.

Therefore I soon decided to devote most of my time during my three years’ stay in Indonesia to the preparation of a general
description of the oceanography of these waters. It quickly became apparent, that such an analysis could not be limited to
Indonesian waters, but would have to cover the whole of the Southeast Asian Waters. In addition to the published data for the
region, the Indonesian research vessel “Samudera,” although she had limited facilities, was able to add some observations.

This book is the outcome of my analysis of all available knowledge of the Southeast Asian Waters. It is hoped that workers
in the region, whether in oceanography or other branches of science may find it a source of information and a stimulus to
undertake further research in these waters.

Some chapters in this book are summaries and condensations of already known facts, but others offer new ideas and
interpretations, particularly those chapters on monsoon circulations and their dynamics, on deep circulation and its relation to
surface circulation, on the energy exchange between sea and atmosphere, and on the quantitative description of the exchange
of water in the deep sea basins.

For the reader not familiar with oceanographical terms, it is suggested that reference be made to Sverdrup ef al. “The
Oceans” for definitions of terms, descriptions of methods, and discussion of the physical principles governing the interaction
of various factors, because such matters cannot be included in a regional description.

I would like to thank the staff of the Institute of Marine Research in Djakarta for carrying out many of the calculations and
for drawing most of the charts. Sincere thanks go to Mrs. L. M. Willings of the Division of Fisheries and Oceanography
in Cronulla for her helpful assistance in correcting my English. I am also much indebted to the Scripps Institution of
Oceanography for publishing the book.*

Klaus Wyrtki
Cronulla, Sydney, November 1960

*Publication of this work was done under International Cooperation Administration Contract ICAc—1085.
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PHYSICAL OCEANOGRAPHY OF THE SOUTHEAST ASIAN WATERS
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CHAPTER I
INTRODUCTION

The waters and islands between Asia and Australia and between the Pacific and the Indian Oceans form a geographical and
oceanographical unit because of their special structure and position. Geographically the whole region is a part of Asia and
is denoted as Southeast Asia; oceanographically, the waters are part of the Pacific Ocean. This is justified not only by the
position of the most obvious boundary between the Pacific and the Indian Oceans formed by Malaya, Sumatra, Java, and the
Lesser Sunda Islands, but also by the fact that these seas are filled with water from the Pacific, to which they have the readier
access.

In scientific literature, the name Austral-Asiatic Mediterranean has been used, but this name is probably too artificial ever
to come into common use. The names Indo-Malayan Archipelago and East Indian Archipelago also appear, but either these
are no longer in use or are applied only to parts of the region. Therefore the more commonly known terms, Southeast Asia,
already introduced into geography by Dobby (1956), and Southeast Asian Waters, are used here.

The Southeast Asian Waters consist of the China Sea, the Java Sea, the Sulu Sea, the Philippine Waters, the Celebes Sea,
the Banda Sea, the Flores Sea, the Arafura Sea, the Timor Sea, and the Andaman Sea. The whole region comprises an area of
8.94 million square kilometres, which is 2.5 per cent. of the surface of all oceans. Together they form a real geographic unit,
even if the region does not belong as a whole to one or other of the two oceans. The boundary between them runs through
the region. The Andaman Sea is undoubtedly part of the Indian Ocean, but must be included in the Southeast Asian Waters as
defined here. The Timor and Arafura Seas and the Gulf of Carpentaria are often regarded as part of the Pacific Ocean, but, as
pointed out by Schott (1935), it would be very hard to explain to a sailor navigating from Timor to the Torres Strait that he is
sailing on the Pacific Ocean. However, an analysis of the water masses demonstrates that these seas derive their water from
the Pacific (see Section 6.5), so for geographical convenience this division may be accepted to fix the standard boundaries
between the oceans.

As in most parts of the world, exploration in marine sciences started with biological investigations. All the earlier
expeditions, beginning with the Portuguese, are carefully summarized by Naber in the historical review appearing in van
der Stok (1922). The first information concerning weather at sea, currents and tides was collected by captains who navigated
in these seas for the large shipping companies. Actual oceanographic investigations, including deep sea soundings, bottom
sampling, determinations of temperature and salinity were first carried out by the Challenger in 1874, by the Gazelle in 1875,
by the Valdivia in 1899 and by the Siboga in 1899-1900, to mention only the more important expeditions. On the basis
of these results, the first bathymetric chart of the region was drawn up by Tydeman (1903). Investigations of the Planet in
1906-7 supplied further information, especially on the structure of the water masses. With these expeditions the first period of
exploration of these waters ended, and the period of more systematic oceanographic approach could start.

The Snellius Expedition in 1929-30 investigated comprehensively the oceanography of the deep sea basins of the Eastern
Archipelago between the Sunda and Sahul Shelves (van Riehl, 1932). This expedition was planned using as a model the
Meteor Expedition in the Atlantic Ocean, and its leader, P. M. van Riehl, accepted many suggestions from members of the
Meteor Expedition. The fundamental plan was to obtain a three-dimensional picture of the structure and movements of the
water masses in an enclosed part of the ocean. Now, looking back after thirty years, it is clear that, in planning the Snellius



Expedition, certain fundamental differences between the Atlantic Ocean and the Southeast Asian Waters were disregarded,
though some of these omissions were probably unavoidable at that stage of oceanographic research. The size and topography
of the regions investigated by the two expeditions are so different that it is improbable that the same methods could be used
successfully in each region. In the Atlantic Ocean a large-scale circulation was investigated, whereas in the Southeast Asian
Waters a considerable number of local effects and features had to be expected. The Meteor Expedition, working in a large
ocean, had to investigate quasi-stationary conditions whereas the Snellius Expedition, working in a monsoon region, could
expect a strong annual variation of oceanographic conditions. Consequently, not one but at least two surveys during different
seasons would have been necessary in Southeast Asian Waters. Thus, the data from the upper layers above about 600 m,
cannot give a conclusive picture of the circulation unless observations made during other seasons are available. The influence
of internal waves and tides on the observations is of such an order that in some cases it prevents the obtaining of reliable
results. These difficulties are, however, not yet overcome in present research.

Although these critical remarks are necessary to understand the factors limiting the evaluation of the observations of
the Snellius Expedition, the success of the Expedition consists of a complete presentation of the complicated topography
of the region, an explanation of the flow of bottom water based on very careful observations, and investigations of the
occurrence and the effects of the internal waves and tides in these waters. In addition important geological, meteorological,
and biological results were obtained. Thus, the Snellius Expedition gives a comprehensive picture of the oceanography of this
most interesting part of the Southeast Asian Waters, which, after thirty years, still provides the most dependable information
for any part of the region. An appreciation of the results of this expedition is given by Dietrich (1939).

In 1929 the Dana crossed these waters and occupied a considerable number of oceanographic stations. In some areas,
notably the China Sea, in waters north of New Guinea and southwest of Sumatra, her stations supply the only available
observations.

Between 1928 and 1941 Japanese research ships made numerous observations in the western Pacific Ocean as far south
as the coast of New Guinea, and some in the China Sea. No oxygen determinations were made and most of the stations lie
outside the region of the present study.

The Albatross in 1948, and the Galathea in 1951 also passed through these waters, but they occupied only a few
oceanographic stations in the region, as the interest of both expeditions was directed more to biological and geological
problems.

From 1947 to 1950 the United States Fish and Wildlife Service made comprehensive investigations of the waters round the
Philippines with the ships Spencer F. Baird and Alor Star. Although the station data have not yet been published, they were
placed at my disposal through the courtesy of the Scripps Institution of Oceanography. Data from all of the oceanographic
stations of the expeditions discussed above and listed in table 3 were used in compiling Chapters 6 and 7.

Compared with the wealth of observations made by these expeditions the data available from the local oceanographic
institutes are rather meagre. The Institut Oceanographique d’Indochine at Nhatrang has been chiefly interested in biological
problems and has carried out little oceanographic work. Its annual reports give information on the activities of the Institute.
Information on tides and tidal currents for that area were obtained from French hydrographic surveys. In the Philippines
the Bureau of Fisheries made some oceanographic observations around 1930; these and other later activities have been
summarized in a handbook on Philippine



fisheries prepared by the Technical staff of the Bureau of Fisheries for the Indo-Pacific Fisheries Council meeting in Quezon
City in 1952 (I.LP.E.C. 1952). In recent years the Royal Thai Navy has started oceanographic work in the Gulf of Thailand and
some results are reported by Penyapol (1957).

Hardenberg (1950, 1952) has reported on the activities and history of the Dutch Laboratorium for Zeeondersoek located in
Djakarta. This institute was chiefly interested in fisheries but has made fairly comprehensive investigations of the waters of
the Sunda Shelf. Oceanographical investigations were also carried out, especially during the periods 1914-19 in the Java Sea,
the southern parts of the China Sea and the Straits of Malacca, and from 1939-1941 in the Java Sea. The results of the latter
have not been published but they have been used in part in Section 4.4. In 1949 the institute investigated the upper layers of
the Celebes Sea from the vessel Siboela. From 1949 onwards an extensive programme of surface sampling from merchant
ships was carried out in Indonesian waters, and was later extended over the whole Southeast Asian Waters. The Indonesian
research vessel Samudera occupied in 1956-57 about 100 oceanographic stations in the Eastern Archipelago, to the south of
Java and on the Sunda Shelf.

The remaining institutes working in the area are concerned almost exclusively with problems in biology and fisheries. The
Indo-Pacific Fisheries Council (1957) has prepared a Directory of Fisheries Institutions which gives details of the work done
by all institutes in this area.

In addition to these scientific investigations, information on oceanographic conditions has been increased considerably by
merchant ships, which navigate in these waters and take observations of currents, winds and temperatures. Hydrographic
offices of the countries interested in the region have analysed and published these observations in many atlases, describing the
currents, as well as meteorological and climatological conditions. These atlases are used as the basic material for Chapters
3 and 5 and they are listed there. Data on tides along the coasts are chiefly taken from surveys of hydrographic offices, and
the tidal constants published by them are used to compile the charts in Chapter 8. The information on mean sea level and its
annual variations, used in Chapter 7, is based on the operation of more or less permanent tide gauges. Another valuable source
of information on weather, climate, local effects of currents and tidal streams are the sailing directions issued by the different
hydrographic offices.

A bibliography, including all the literature cited and various additional papers not mentioned in the text, is given at the
end of each chapter. Since “References on the Physical oceanography of the western Pacific Ocean” published by the US
Navy Hydrographic Office (1946) lists all publications on this subject prior to 1945, early publications and those of minor
importance are not listed here. Three works discussing general aspects of the region are: “Southeast Asia” by Dobby
(1956) dealing with the geography of the region, “Het Klimaat van Nederlandsch Indie” by Braak (1921) containing a
considerable amount of detailed statistical material, and “De Zeeen van Nederlandsch Oost Indie” edited by van der Stok
(1922), summarizing all investigations of the early exploration period immediately prior to that of systematic research started
by the Snellius Expedition.
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CHAPTER 2
CONFIGURATION OF SEAS AND BASINS

The distribution of water and land alone characterizes the Southeast Asian Waters as one of the regions with the most
complex structure on the earth. Numerous large and small islands subdivide the region into different seas, which are connected
with each other by many passages and channels. When considering in addition the structure of the bottom of the seas, and that
of the surface of the land, this unusual character appears still more pronounced. Deep trenches, high mountain chains, rows of
volcanoes, deep sea basins and innumerable coral islands form a complexity of phenomena which are not found over such an
extended area in any other part of the world. Therefore it is not surprising that this region has attracted the interest of research
workers, and that we have a quite advanced knowledge of its topography, geology and tectonics as well as of its geophysical
conditions.

In this book, the study of the topography of the different seas, and of the passages connecting them, has been confined to
those aspects basic to the examination of the exchange of water. Particular attention is given to the topography of the sills,
which are so important in the study of the replenishment of the bottom water and the ventilation of the deep sea basins. The
information given here is based on the soundings of the SNELLIUS Expedition (van Riehl, 1934). In regions outside the area
covered by this expedition data from Dutch, British and United States nautical charts are used. The General Bathymetric Chart
of the Oceans is on too small a scale to show the details in this region. The SNELLIUS Expedition charts give an excellent
presentation of the topography, but since there are relatively few deep sea soundings in the other regions, no new bathymetric
chart is presented here. The preparation of a new more detailed chart of the Southeast Asian Waters is a task for the future,
when additional soundings have been made.

An analysis of the origin of these seas has already been given by a competent author, Kuenen (1935, 1950), who fully
supports the ideas of Molengraaff (1922) on the formation of the Indonesian depressions. Geophysical investigations,
especially gravity measurements by Vening Meinesz (1934), confirm these results. However, Kuenen’s investigations are
restricted to the region of the Indonesian deep sea depressions and do not include the Philippines and the Sulu Sea, in spite of
the fact that their formations are closely related to those of the Indonesian depressions. A description of the distribution and
origin of coral reefs in the Indonesian Archipelago is given by Molengraaff (1929), by Kuenen (1933, 1950) and by Umbgrove
(1947).

In Southeast Asian Waters, practically all types of topographical features are to be found: shelves, deep sea basins, troughs,
trenches, continental slopes of various shapes, and volcanic and coral islands. Sills are formed between the islands by
submarine ridges which divide the deep sea basins and govern the exchange of their bottom water, making them of special
interest for the oceanographer. In this book the depressions of the bottom relief are classified as basins, troughs and trenches,
terms used by Sverdrup et al. (1946). In the new nomenclature proposed by Wiseman and Ovey (1955), the term trough no
longer appears but this term seems desirable to define weaker depressions, which can be classified neither as trenches nor as
basins. But all these terms give no account of the origin of the different depressions, in contrast with the terminology used by
Kuenen (1950) who differentiates between basins, U-troughs and V-troughs. His V-troughs usually correspond to trenches,
while structural U-troughs are often denoted as basins.

The whole of the Southeast Asian waters are considered principally as part of the Pacific Ocean and their southern boundary
is placed at the southern entrances of the Savu and Timor Seas. This is discussed in detail in Section 6-5



where an analysis of the water masses supports this position of the boundary. The subdivision of the surface of the oceans
adopted by the International Hydrographic Bureau (1953) is in agreement with this analysis. Such subdivisions, depending
on surface features, are not always satisfactory; for example the China Sea would unquestionably be classed as a geographical
unit from an examination of surface features, but further examination of deeper features shows that its southern part belongs
to the Sunda Shelf and its northern part is a deep sea basin.

Any subdivision of a region must necessarily separate correlated and neighbouring features, because the limits can be drawn
only from one particular point of view at a time, and will not be conclusive from another. Where it is necessary to define sharp
limits, such as for the determination of the area and volume of a sea, these limits must be more or less arbitrary lines.
For oceanographical or geological study the areas can be separated by boundary zones rather than by lines. Consequently,
in this work, the Southeast Asian Waters have been subdivided into the following areas: the Sunda Shelf, the China Sea,
the Philippine Waters, the Eastern Archipelago, the Arafura Shelf, the Sahul Shelf, and the Andaman Sea, but no precise
boundaries are given.

The SUNDA SHELF connects the three large islands Sumatra, Borneo and Java with the mainland of Asia and includes the
southern parts of the China Sea, the Gulf of Thailand and the Java Sea, as well as the shallow parts of the Straits of Malacca.
The southern part of the China Sea is a very flat trough, being about 40 m deep at its periphery and up to 100 m in its central
part, so that a stratification of the water can
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Fig. 2.1. Echo profiles across conspicuous structures on the bottom of the Sunda Shelf. A and B, submerged river
valleys south of Borneo. C submerged coral island. D sand waves in the Malacca Strait near One Fathom Bank. For
positions see fig. 2.2.



develop seasonally. The adjoining Gulf of Thailand is about 70 m deep in its central part. To the south, between Sumatra and
Borneo, the shelf becomes shallower and the depths decrease south of the equator to less than 40 m.

The connection with the Java Sea is by the Karimata, Gaspar and Banka Straits; the first two, through which almost the
whole water exchange occurs, are of the same depth as the surrounding areas. The Banka Strait is narrow and is closed at its
southern end by a bank with a threshold of only 13 m. The depths in the Java Sea increase from about 20 m off the coast of
south Sumatra to more than 60 m in its eastern part. Although the Sunda and Malacca Straits form the only connections with
the Indian Ocean, the water exchange through them is comparatively weak. The Sunda Strait, in its narrowest part, is only 24
km wide, deeper than the Java Sea and of very irregular bottom topography.

The Malacca Strait, in its narrowest part, is about 30 m deep and 35 km wide, the depth increasing gradually to about 100
m before the continental slope to the Andaman Sea begins. On the bottom of this strait, in which strong tidal currents occur,
large sand ripples of considerable uniformity are formed, with crests rectangular to the direction of the tidal currents. These
ripples are shown in an echogram (fig. 2.1), which demonstrates clearly the regularity of their appearance over a considerable
distance. The height of the ripples is between 4 and 7 m and their wave length varies between 250 and 450 m. In addition to
these ripples at right angles to the direction of the tidal currents,

BORNEO B ¢

Fig. 2.2. Chart of the submerged river valleys on the Sunda Shelf, chiefly according to Kuenen. Depth contours
indicated. ... deeper channels, probably due to the action of tidal currents. A, B, C, positions of echograms, shown in
fig. 2.1.



other forms of long ridges, parallel to the direction of the tidal currents and of larger dimensions appear in the strait. So, the
One Fathom Bank rises from a depth of 30 to 40 m to only 2 to 15 m and is about 25 km long and 1500 m wide. These
features are in general very similar to those in the Straits of Dover, which were extensively investigated and described by van
Veen (1936).

On the bottom of the Sunda Shelf, there are a number of submerged river valleys, which all flow together into two large
streams, the Java and Sunda Rivers, flowing into the Bali Trough and the China Basin, respectively. These systems of
submerged rivers have already been presented and described by Molengraaff (1922) and Kuenen (1950), but are shown in
figure 2.2 because of their peculiarity. Although these submerged rivers were discernible on charts based on wire soundings,
their full details were only brought out by echo soundings. Echo profiles of two such submerged valleys south of the Sampit
River off south Borneo are shown in figure 2.1A and B, and their positions are indicated in figure 2.2. The different tributaries
are cut into the bottom of the sea and are 400, 1200 and 5400 m wide. In the river valley itself, a layer of sediment 8 to 15 m
thick is found. The echo from the original river bottom, being between 17 and 24 m below the surroundings, can be clearly
seen in figure 2.1 A, and being 13 m below the bottom in figure 2.1 B.

At the edge of the continental slope, near the submerged mouths of the Sunda and Java Rivers, and between the islands
of the Natuna and Kangean groups, deep valleys are found. These, however, seem to be more of the nature of tidal inlets
deepened by strong tidal currents, than natural river valleys. West of Kangean Island, these tidal inlets have 120 to 150 m
maximal depth in contrast to their surroundings, which are only 80 to 90 m deep. They are also shown in figure 2.2.

Large bars are formed off the mouths of the various rivers, which drain the rainy land around the Sunda Shelf, transporting
enormous masses of deposits. These are often serious obstacles to navigation and some of them rise to about 1 m below low
water.

An echo profile across a submerged coral island is shown in figure 2.1 C, and its position indicated in figure 2.2. Near the
edge of the Sunda Shelf the island rises from a depth of about 70 m. It extends about 10 km in a west-east direction and shows
a very irregular topography. The highest points, however, reach to about 10 m below the surface, but are not shown in this
echogram.

The CHINA SEA is the large sea extending from Formosa to Singapore. This name is a simplification and follows Schott
(1935) thus employing the name popularly used by navigators and avoiding confusion with the East China Sea. It is the largest
continuous sea in Southeast Asian Waters; its southern part belongs to the Sunda Shelf and has already been discussed in that
section. Its northern part, on the other hand, is a deep sea basin with a maximal depth of 5016 m. At depths of more than 4000
m the China Basin is divided into three parts; in its central part, an abyssal plain with a depth of about 4300 m is found. The
continental slope is rather steep near Palawan and Luzon, and the deepest sounding is to be found off the latter island. Off the
coast of China, a shelf extends about 300 km into the sea and includes the Formosa Strait and the Gulf of Tonkin. The islands
of Formosa and Hainan are situated on this shelf. The Gulf of Tonkin deepens from the coast gradually to the centre, where
the maximal depth is only 70 m. In the Formosa Strait, which is about 150 km wide, a number of reefs and banks are situated.
The sill depth of this strait, about 70 m, is only a little below the average depth, which is 60 m in the northern part and 50 m
in the southern part.

The main entrance to the China Sea from the Pacific Ocean is the deep Bashi Channel, through which also the replacement
of its bottom waters occurs. Although the few soundings in the neighbourhood of the sill indicate a threshold of about 2600
m, temperature observations
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suggest a much higher sill (see Section 6-7). Another somewhat higher sill exists between the Koto Syo Islands and Formosa,
the sill depth, according to soundings, appearing to be 1800 m.

In the China Sea, there is a large number of peaks, which appear as coral reefs, atolls or banks. The extensive reef area
west of Palawan needs special consideration in this connection. In the General Bathymetric Chart of this region, published in
1940, this area appears as a shelf, separated from Palawan, Borneo and the Sunda Shelf by a trough more than 1500 m deep.
The soundings of that region entered in the British Admiralty Charts, however, show the whole area as being rather deep with
the different reefs rising steeply. Also, Tydemann (1922) and van Riehl (1934) had already realized and clearly indicated this
fact in their depth charts of the East Indian Archipelago.

A depth chart of this region based on British Admiralty Charts (fig. 2.3) demonstrates clearly, in spite of the relatively small
number of soundings, that the different reefs and islands stand on a comparatively deep and level plateau. This varies between
1700 and 2500 m. Only the Reed Bank in the northeast is shallower, its base appearing to lie in 300 to 500 m depth. The
Palawan Trough extends along the steep continental slope between Palawan and Borneo on the one side and these reefs on the
other. It has a maximal depth of about 3475 m. Its deepest
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Fig. 2.3. Bathymetric chart of the reef region in the China Sea.
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connection with the China Basin is a deep channel through the reef region with a sill depth of about 2050 m. The sill to the
north between Palawan and the Reed Bank is only 1400 m deep. Further soundings in this region might add interesting details
to this picture.

The SULU SEA is outstanding because of the height of its sill, which is only 420 m deep and encloses a large basin of
5580 m maximal depth, in which exceptional biological conditions are found. The Sulu Basin is nearly rectangular in shape,
its bottom sloping from about 1500 m in the west to more than 5000 m in the east. Off the Philippines and along the Sulu
Archipelago, the continental slope is very steep. The deepest connection with the China Sea is through a channel running
along the western side of Mindoro and Panay Islands. The sills in this channel are south of Mindoro and west of Panay, with
between them the Panay Trough of 1400 m depth. As the bottom relief in this area is extremely irregular, the density of the
soundings is not sufficent to determine the exact depth of the two sills, which are estimated at approximately 450 m. However,
the temperature observations in these basins indicate that the western sill is deeper (470 m) because colder water is found in
the Panay Trough than in the Sulu Basin. The sill governing the water exchange of the Sulu Basin lies in a depth of about 420
m south of the Panay Trough (see also Section 6.7).

In addition to the replacement of the bottom water of the Sulu Basin across this threshold, there is an exchange of surface
water with the China Sea through the Balabac Strait. This Strait is narrowed by extensive coral reefs and contains in its
narrowest part a channel 200 m deep, which is probably eroded by strong tidal currents. At its eastern entrance the strait is
closed by a sill only 105 m in depth, but in the west the sill is somewhat deeper, being about 135 m. A considerably wider
entrance for surface water exists through the Sulu Archipelago; this is very shallow in large areas and consists of numerous
coral banks. Two channels, one east of Jolo with a sill of about 200 m depth, and another east of Sibutu, with a sill of about
270 m depth, form slightly deeper, but very narrow thresholds.

Through the PHILIPPINE ISLANDS an exchange of surface water with the Pacific Ocean is possible through the San
Bernardino and the Surigao Straits; in these two straits not only strong tidal currents but also residual currents are observed.
They transport only water of the surface layer over a sill of 110 m depth in the San Bernardino Strait and of 65 m in the
Surigao Strait. Between the islands of the Philippines a number of smaller troughs are situated, the more important of which
are listed in table 7. They are connected by several passages, but are of minor importance for water exchange.

The term EASTERN ARCHIPELAGO is used to denote the whole region between the Sunda Shelf in the west, the
Arafura Shelf in the east, Mindanao in the north and the Indian Ocean in the south. It is the only deep connection between the
Pacific and the Indian Oceans in lower latitudes. It is topographically and oceanographically a homogeneous region, but in the
SNELLIUS Expedition reports it was given the rather clumsy title ‘Eastern parts of the East Indian Archipelago.” The name
Eastern Archipelago is not substantially new, it has been used in British Admiralty Charts to denote the whole Indonesian
waters, but here it is given more precise definition. The topography of this region was intensively explored by the SNELLIUS
Expedition. The numerous soundings, especially in the neighbourhood of the various sills, are discussed by van Riehl (1934)
in connection with the spreading of the bottom water. He gives a large scale map of the whole region and several detailed
charts of important sections, which still constitute the best information on this area. The supply of the different basins with
bottom water is, oceanographically, an extremely interesting process and is dealt with in Section 6.7. A list of the different
basins with their maximal and sill depths is given in table 7, and the general topography can be seen in plate 37. Because of
the excellent SNELLIUS description of this region only the general structure is discussed here.
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Between Mindanao and Halmahera, the Molucca Basin is closed by a ridge with a sill of 2340 m. Its bottom is divided into
five smaller basins, which have maximal depths between 3400 and 4800 m and are connected below the sill of the Molucca
Basin. The Sangihe Trough, extending along the ridge which connects North Celebes with Mindanao, has a shallower sill
depth of only 2050 m and a maximal depth of 3820 m. This ridge is crowned by a number of islands and has four narrow
thresholds, each about 1400 m deep through which the large Celebes Basin is supplied with bottom water. In its central parts a
large abyssal plain is situated in a depth of about 5100 m. Directly connected with the Celebes Basin is the Macassar Trough,
whose deeper portions are about 2300 m. In the south it is closed by a ridge connecting Celebes with the Sunda Shelf in a
depth of less than 800 m.

The Molucca Basin is closed in the south by a ridge running from Celebes to New Guinea, and on which the islands of
Taliabu, Mangole and Obi are situated. The deepest threshold through this ridge is the Lifamatola Strait with a sill depth of
1880 m, which governs the replacement of the bottom water of all basins south of it. The 2000 m isobath includes, south of
this ridge, the whole Ceram Basin, the Banda Basin with the Weber Deep, the Flores Basin and the Sawu Basin. The different
secondary basins of this region have maximal depths between 3350 and 7440 m (table 7), and some are separated from the
others only at levels deeper than 4000 m. It is remarkable that the Sawu Basin, although situated south of the Lesser Sunda
Islands, still belongs to this large basin.

The Lesser Sunda Islands, situated in the prolongation of Java, continue in a ridge, running in a large arc from Wetar by
way of Damar, Manuk and the Banda Islands to Ceram. The thresholds between the different islands of this chain become
deeper to the east. Thus, the Bali Strait is only about 60 m deep, Lombok Strait reaches a depth of 300 m, the strait between
Alor and Wetar more than 1200 m and the threshold to the Weber Deep as much as 4300 m. Consequently the basins south
and east of this island chain, the Weber Deep, the Wetar Basin and the Sawu Basin, still belong to the Banda Sea group of
deep sea basins.

The second ridge, which separates the Bali Trench from the Java Trench south of Java, continues through the islands of
Sawu, Roti and Timor and from there it runs parallel to the first ridge in a large arc, also ending at Ceram. On this ridge,
Babar, the Tanimbar and Kai Islands are situated. The two deepest thresholds in this ridge are between Timor and Babar with
sill depths of approximately 1600 m. The island of Sumba, south of Flores, connects these two ridges, and south of it the
deepest connection between the Bali and the Java Trenches is found, and here occurs a disturbance of the parallel structure
of these two island chains and adjoining trenches. The southern entrances of the Sawu Sea are formed on both sides of Sawu
Island by sills about 1150 m deep.

The second ridge is separated from the Sahul and Arafura Shelves again by a depression, which is an extension of the Java
Trench in the form of the Timor Trough and the Aru Basin, and which extends further into the Ceram Basin. The Timor
Trough is separated from the Indian Ocean by a sill 1940 m deep, and is supplied with Indian Ocean water. From the Timor
Trough a long narrow channel of very even bottom depth of about 1600 m leads to the Aru Basin. This basin, with a maximal
depth of 3680 m, is connected by a channel, also 1600 m deep with the Ceram Basin, so that replacement of its bottom water
takes place from both the Pacific and the Indian Oceans. Three sections through this system of trenches and ridges at 110°E,
126.5°E and 6°S are shown in figure 2.4. They demonstrate clearly the sequence of depressions and island chains in this
wave-like folding structure.

The ARAFURA SHELF, connecting New Guinea and Australia, is 30 to 90 m deep and includes the Aru Islands in its
northwestern part. A slightly deeper channel leads in a west-east
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Fig. 2.4. Profiles across the system of trenches and ridges in the Indonesian Archipelago. I Java and inner Banda arc. 11
Outer Banda arc. Profile A in 110°EE, B in 126.5°EE, and C in 6°ES. Vertical exaggeration: 25:1.

direction to the Torres Strait, which is blocked by large coral reefs. Some small channels up to 12 m in depth lead through
these reefs permitting only a weak water exchange. The tidal currents, on the other hand, are of considerable strength in the
strait. The SAHUL SHELF, situated off the northwest coast of Australia, extends about 300 km into the sea with average
depths of 80 to 100 m. Near the edge of the shelf, a number of reefs, banks and some islands are situated.

The ANDAMAN SEA contains a relatively extensive basin with a maximal depth of 4360 m, but its bottom is rather
uneven. Its western boundary is a ridge on which the Andaman and Nikobar Islands are situated. This must be considered as
a prolongation of the mountain chain of Sumatra. Off Burma and the Malayan Peninsula, the shelf is broad and has a rather
gradual continental slope. The deepest threshold to the Indian Ocean lies between Sumatra and the Nikobars, near Great
Nikobar Island. Its sill depth appears to be between 1800 and 2000 m, but as there are no deep oceanographical stations in the
Andaman Sea, it is not possible to confirm this by temperature observations. The Ten Degree Channel between the Nikobar
and Andaman Islands has a sill only 900 m deep, and the Andaman Islands themselves are connected with the mainland within
the 200 m line, with a sill depth in the Preparis Channel of only 180 m.

In the INDIAN OCEAN, the large India-Australia Basin is situated to the south and west of Java and Sumatra. It can be
subdivided into several smaller basins as shown by Stocks (1960).
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The Java Trench (max. 7450 m) off the coast of th