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Abstract

The stratigraphic and sedimentary history of the Celebes Sea Basin provides the basis for a tectonic model for its evolution

which is consistent with new regional plate reconstructions. Cores drilled on Leg 124 of the Ocean Drilling Program (sites 767
and 770) form a stratigraphic record from the basement to the sea ¯oor in just under 800 metres of sedimentary succession. The
basement itself is basalt with a strong MORB a�nity. Radiolaria in pelagic mudstones at the base of the succession indicate a

late middle Eocene age. A very condensed pelagic sequence (90 m in 20 Ma) suggests a setting which was distal from sources of
terrigenous clastics and volcaniclastics and below the CCD. These characteristics are similar to the West Philippine Sea Basin
(drilled on DSDP Legs 31 and 59), which also has oceanic basement, dated at 44±42 Ma, and Paleogene pelagic strata. These

data are therefore consistent with any plate reconstruction model which has these two basins forming as part of the same ocean
basin.
During the Miocene quartz-rich sandy turbidites were deposited in the Celebes Sea Basin. This in¯ux of terrigenous clastics

occurred for a brief period in middle to late Miocene times (c. 10 Ma). The nearest large continental landmass which could have
acted as the source of this mature siliciclastic detritus was the island of Borneo, and the onset of this clastic supply may be
related to uplift caused by collision events on the island. Cessation of terrigenous clastic supply to the basin centre occurred as
southward subduction of the underlying oceanic crust beneath the northern arm of Sulawesi began. It is speculated that the

development of a trench along the southern margin of the basin acted as a trap for detritus coming from Borneo, diverting
material from the basin centre. # 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

The identi®cation of the origin and history of indi-
vidual terranes may often be di�cult in regions with
complex tectonic history, even if the rocks involved are
relatively young. The history of an individual terrane
is recorded in the stratigraphy of sedimentary and
igneous rocks preserved within the region and on adja-
cent terranes. The stratigraphy and facies of sedimen-
tary rocks can provide information on
palaeobathymetry and the rates of sediment accumu-
lation, whilst provenance data constrain the history of
sediment supply to and from adjacent terranes. The
age, distribution and chemistry of igneous rocks can
be interpreted in terms of the evolution of the tectonic
environment of the terrane and adjacent plate bound-
aries.

In order to assemble this stratigraphic data from a
number of terranes into a coherent story of the evol-
ution of an area, some form of geotectonic model is
required. Such models are based on stratigraphic, tec-
tonic and palaeomagnetic data and their development
is an iterative process of comparison of data and
model. In some circumstances it is possible to test a
``mature'' model using data which did not play a part
in the development. This approach is utilised in this
paper by considering the details of a stratigraphic suc-
cession in a single terrane in terms of a geotectonic
model of the area in which it lies.

2. The Celebes Sea region

The area of the Southwest Paci®c, bordering on
Southeast Asia and Australia, has been a site of
growth, displacement and accretion of oceanic, arc-
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related and continental terranes throughout the
Cenozoic. The overall plate con®guration consists of
the Paci®c Plate moving west towards the Eurasian
Plate as the Indian Ocean/Australian Plate has moved
northwards. Hall (1996, 1997a,b) has presented a
model for the tectonic history of the region between
the Indian/Australian Plate to the south, the western
part of the Paci®c Plate as far as 258N and the
Sundaland sector of the Eurasian Plate. Using palaeo-
magnetic and geological data from throughout the
region a series of reconstructions of the con®guration
of plates are presented at 5 Ma intervals back to 50
Ma (Hall, 1996).

The Celebes Sea is located close to the centre of the
area and is bounded by the north arm of Sulawesi to
the south, the island of Mindanao to the northeast,
the Sulu Islands to the northwest and Borneo to the
west (Fig. 1). This basin is currently separated
from the West Philippine Sea Basin to the northeast
by a complex series of plate boundaries which include
the Sangihe Arc, the Halmahera and Philippine

Trenches and islands of the Philippine archipelago.

However, plate reconstructions for the Palaeogene pre-

sented by Hall (1996) indicate that these two basins

were formerly connected and it is this aspect of the

reconstructions of the area which is tested in this

paper.

The origin and history of the Celebes Sea has been

discussed by Murauchi et al. (1973), Hamilton (1979),

Weissel (1980) and Silver and Rangin (1991). The

Eocene age and origin by spreading of basaltic crust

was established by Weissel (1980), who showed

that magnetic anomaly data were consistent with

formation in middle Eocene times. Recent discussion

(Silver and Rangin, 1991) has concentrated on three

alternative models for the Celebes Sea Basin: a

fragment of an older ocean basin (for example the

northern Indian Ocean, West Philippine Sea Basin or

the Molucca Sea), a back-arc basin, or a basin formed

by rifting from a continental margin (such as SE

Asia).

Fig. 1. The Celebes Sea Basin and West Philippine Sea Basin in the southwest Paci®c/southeast Asia region. The location of DSDP (Deep Sea

Drilling Project) and ODP (Ocean Drilling Program) sites in these two basins drilled on Legs 31, 59, 124 are shown.
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2.1. Ocean drilling program leg 124

One of the primary objectives of ODP Leg 124 in
1988/89 was to establish the nature and age of the
basement of the Celebes Sea. Furthermore, the sedi-
mentary record of the stratigraphic succession from
the basement up to the sea ¯oor can provide con-
straints on the history of the Celebes Sea Basin and
surrounding terranes. Two holes were drilled in the
Celebes Sea (Rangin et al., 1990). The ®rst (767) was
located in one of the deepest parts of the basin in the
northeast in a water depth of 4900 m; continuous cor-
ing provided nearly 800 m of sedimentary section
down to basaltic basement. The second hole (770) was
on a shallower area of raised basement in a water
depth of just over 4500 metres and was 50 km to the

NNE of hole 767 (Fig. 2). A thinner sedimentary
succession was encountered (420 m) and this was
continuously cored only in the lower 80 m, as the
primary objectives of this hole were to sample the
basement lithologies. The lithologies and approximate
ages of the units in these two holes are summarised in
Figs 3±5.

Fig. 2. A cross-section through the basement and sedimentary cover in the north-eastern part of the Celebes Sea, based on seismic data in Ocean

Drilling Program Initial Reports Vol 124 (Shipboard Scienti®c Party, 1990a,b).

Fig. 3. Summary lithostratigraphy of the ODP Leg 124 holes drilled

in the Celebes Sea. Adapted from Smith et al. (1990).

Fig. 4. Sedimentation at ODP Leg 124 Site 767 presented chronos-

tratigraphically. The in¯ux of thick quartz-rich turbidites occurred

over a relatively short period of time, perhaps as little as 1 Ma.
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3. Stratigraphy of the Celebes Sea

3.1. Middle Eocene to middle/upper Miocene

The basement encountered in both holes is basalt
with a strong MORB a�nity, indicated by the geo-
chemistry of the rocks (Silver and Rangin, 1991;
Spadea et al., 1996). The lowest part of the succession
drilled at site 767 consisted of 80 metres of brown
pelagic claystone containing radiolaria, ®sh teeth and
manganese micronodules. Rates of sedimentation of
this unit were slow at 2±6 m/Ma (Fig. 6: Shipboard
Scienti®c Party, 1990a). The same rates of sediment ac-
cumulation were found at Site 770 over a similar thick-
ness of strata (Fig. 6: Shipboard Scienti®c Party
1990b) but deposition is considered to have occurred
in shallower water as the preservation of calcareous
nannofossils indicates deposition at or above the car-
bonate compensation depth. The Eocene to Oligocene
CCD in the Celebes Sea would have been at a depth
between these two sites (Smith et al., 1990).

3.2. Middle/Upper Miocene

A sharp change in the character of the succession
drilled at Site 767 occurs at about 700 m below the sea
¯oor (Fig. 3). The brown coloured pelagic claystone is
replaced by a bioturbated, green-grey hemipelagic
claystone, although there is no change in the clay
mineralogy at this point (Shipboard Scienti®c Party
1990a; Smith et al., 1990). At about 650 m below sea

Fig. 6. Rates of sedimentation at ODP Leg 124 sites 767 and 770 (Shipboard Scienti®c Party 1990a,b) calculated from biostratigraphic dating of

the strata. The high accumulation rates at about 10 Ma at Site 767 are attributed to the in¯ux of quartz-rich turbidites which were deposited

only in the deeper part of the basin.

Fig. 5. Sedimentation at ODP Leg 124 Site 770, presented chronos-

tratigraphically. Turbidites are apparently absent from this site,

either as a result of incomplete coring or the location on a ridge

above the basin ¯oor where the turbidites ponded.
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level, the ®rst distinct turbidites occur in the succes-
sion. The majority of the redeposited units are made
up of silty claystone and are interpreted as distal ®ne-
grained turbidite deposits (Betzler et al., 1991), but
there are a number of thicker units (up to 3.6 m)
which consist of quartz sand and silt in sharp-based,
normally-graded units. Carbonaceous material is com-
mon within these quartz sandstones, mostly as ®nely
disseminated coali®ed plant remains occurring along
laminae, but also as larger (over 1 cm) coal clasts.
Rates of sedimentation at Site 767 are one to two
orders of magnitude higher (up to 109 m/Ma) in this
section of the stratigraphy (Fig. 6) as a consequence of
the in¯ux of turbidites.

In addition to the in¯ux of siliciclastic turbidites,
redeposited limestone beds make up about 10% of this
stratigraphic interval (Figs. 3 and 4). These are a few
centimetres to tens of centimetres thick and are typi-
cally graded carbonate siltstone and calcareous clays-
tone with small amounts of terrigenous clastic
material. These carbonate turbidites contain foramini-
fera and nannofossils which provide age constraints on
the upper part of this unit.

Neither the quartz-rich or carbonate turbidites were
recovered at site 770 (Figs. 3 and 5). This absence of
redeposited units may be because the gravity currents
were restricted to the deeper parts of the basin,
although the discontinuous coring at this site may
mean that turbidite units were missed.

3.3. Upper Miocene-Holocene

The upper half of the cored stratigraphic succession
at Site 767 is late Miocene to Holocene in age (Fig. 3).
Sediments consist mainly of hemipelagic silts and
clays: the silts are of volcanic lithic and crystal frag-
ments, and the clay fraction is dominated by smectite.
Thin ash layers occur in the Pleistocene part of the
succession. The proportion of carbonate in the sedi-
ments is very low (3±4%: Smith et al., 1990) as a con-
sequence of continued residence of this part of the
basin below the CCD through to the present day.
Sediment accumulation rates for this interval ranges
from 33 to 60 m/Ma (Fig. 6). Coring was incomplete
for this interval at Site 770 (Figs. 3 and 5), but the
claystone recovered contained a higher proportion of
carbonate as nannofossils and marl, than was encoun-
tered at Site 767. Sedimentation at this shallower site
was therefore above or close to the CCD during this
period.

3.4. Provenance

A plot of the proportions of detrital quartz sand in
cores from site 767 (Fig. 7) highlights the absence of
quartz from any beds older then about 18 Ma and

younger than 8 Ma. The proportion of quartz as a
proportion of detrital sand grains, identi®ed in
samples, increases through the succession of thin turbi-
dite beds to up to 90% in the package of quartz-rich,
sandy turbidites, before abruptly declining in Upper
Miocene strata. Heavy minerals identi®ed within the
quartz turbidites include zircon, apatite, tourmaline,
and monazite (Shipboard Scienti®c Party, 1990a), an
assemblage which suggests an ultimate source area of
acid igneous rocks (Pettijohn, 1975). The presence also
of rutile and glauconite indicates that reworking of
sedimentary rocks as second cycle material was also
important (Pettijohn, 1975).

The ratios of di�erent clay minerals in mudrocks
(Fig. 8) shows a change from a dominantly smectite
plus illite mixture in the older, pelagic succession to a
more mixed provenance, including larger amounts of
chlorite and kaolinite in the middle Miocene, through
the same interval as the appearance of detrital quartz
in the strata. Late Miocene to Holocene clays are
dominated by smectite. A continental provenance is
indicated by a high proportion of illite and chlorite
with respect to smectite (Shipboard Scienti®c Party,
1990a).

Fig. 7. The proportion of quartz from the total of identi®ed detrital

grains in sand and silt grade material in samples collected from beds

at Site 767 (Shipboard Scienti®c Party, 1990a).
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The petrological data indicates that the source ter-
rain for these turbidites consisted of sedimentary rocks
derived ultimately from the erosion of continental
crust, and the presence of coali®ed material suggests
that these sedimentary rocks were deposited in a conti-
nental to paralic (possibly deltaic) environment.

3.5. Late Neogene events in the Celebes Sea

The in¯ux of quartz turbidites and clays with a con-
tinental provenance in middle to late Miocene times in-
dicates that there was some change in an adjacent
terrane to cause this change in sediment supply. The
western edge of the Celebes Sea Basin borders the
northeast coast of the island of Borneo, and there has
been no relative motion between Borneo and the adja-
cent parts of the Celebes Sea (Hall, 1996). Borneo is
part of the Sundaland craton, the edge of the Eurasian
continental plate, and as such is the most likely source
of continentally-derived material for the Celebes Sea
Basin. There is some continental crust in southern
Mindanao, but it is small by comparison with Borneo,
and is part of a complex of amalgamated arc and con-

tinental terranes which make up the Philippine archi-
pelago. Similar, quartz-rich turbidites were also
deposited in the SE Sulu Sea Basin in the Late
Neogene (Nichols et al., 1990). Hutchison (1992, 1996)
suggested that the only suitable provenance terrain
was the Crocker Ranges of Sabah, which were under-
going uplift at that time (15±9 Ma).

The timing of the onset of this in¯ux of continental
detritus is not well constrained biostratigraphically,
but is thought to be around 18 Ma (Smith et al.,
1990). The main succession of quartz sandy turbidites
occurs in an interval which is better constrained at a
period between 10.8 and 9.0 Ma (Shipboard Scienti®c
Party, 1990a; Betzler et al., 1991), and may have been
deposited over a period of only a million years.

The cessation of the supply of continentally-derived
material to Site 767 at about 8.5 Ma may be attributed
either to an abrupt reduction in clastic supply from
the source area (Borneo), or to a change at that time
in the pathways of turbidity ¯ows in the Celebes Sea,
which would have diverted material away from the
northern part of the basin. Drainage systems are well
developed on the eastern side of Borneo, with large
rivers feeding deltas at the present day. It seems most
probable that supply of terrigenous clastics from these
or ancestral drainage systems to the northern part of
the Celebes Sea became diverted during the late
Miocene. During this period the North Sulawesi
Trench was developing (Hall, 1996) due to southward
subduction of the Celebes Sea Plate under the northern
margin of Sulawesi (Fig. 9). It is speculated that the
trench has formed a bathymetric low which traps sedi-
ment supplied from the south and west and prevents
any terrigenous material from Borneo reaching the
northern part of the basin. Sediment supply from
Mindanao may be similarly trapped in the Cotobato
Trench which lies to the north (Betzler et al., 1991).

4. Comparisons with the West Philippine Sea Basin

The characteristics of the Celebes Sea and the West
Philippine Sea basins are summarised in Table 1.
There are a number of key similarities (for example,
age and early sedimentary histories) and di�erences
which may be reconciled by an appropriate geotectonic
model (Fig. 9).

4.1. Basement age and magnetic anomalies

The palaeomagnetic patterns on the ¯oor of the
Celebes Sea were originally interpreted by Weissel
(1980) as representing a sequence through anomalies
20±18, indicating that the spreading was occurring in
the middle Eocene. This interpretation was con®rmed
by biostratigraphic information from radiolarians

Fig. 8. The proportion of four main clay minerals in samples of the

sub-2 micron fraction of material collected from beds at Site 767.

Clay mineral analysis was carried out by on-board XRD (Shipboard

Scienti®c Party, 1990a).
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Fig. 9. (a)±(f) A series of cartoons showing the plate con®gurations for the SE Asia/SW Paci®c area drawn using Hall's (1996, 1997b) model for

plate tectonic evolution of the area. See text for discussion.
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Fig. 9. (continued)
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Fig. 9. (continued)
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found in the pelagic sediments overlying the basaltic
basement at Site 767 (Rangin et al., 1990).
Interpretation of magnetic anomalies in the West
Philippine Sea Basin also indicate a middle Eocene
age, but with a more complete series of anomalies con-
tinuing into the late Eocene (Lewis et al., 1982; Hilde
and Lee, 1984). 40Ar±39Ar dates from basaltic rock
cored near the centre of the West Philippine Sea Basin
on Leg 58 of the Deep Sea Drilling Project (Ozima et
al., 1980) are consistent with the ages indicated by the
magnetic anomalies. The basement of each basin is
therefore of similar age, with the main di�erence being
the orientation of the magnetic anomalies: if the ¯oors
of these basins were formed from the spreading centre,
the basement of the West Philippine Sea Basin has
undergone clockwise rotation with respect to the
Celebes Sea Basin.

4.2. Spreading rates

Silver and Rangin (1991) noted that the spreading
rate in the Celebes Sea between anomalies 18 and 20
(middle Miocene) was 47 km/Ma whilst the rate over a
similar time period in the West Philippine Sea Basin
was calculated to be 93 km/Ma. This di�erence in
spreading rate was one of the lines of argument used
by Silver and Rangin (1991) to suggest that these two
basins had di�erent origins. However, if the two basins
are considered to have been part of an area of crust
which was being generated by a spreading centre
which showed an increase in spreading rate along the
ridge, these di�erences in rate are compatible (Fig. 10).
According to Hall's (1996) reconstructions, the com-
bined basin was opening in a `scissor-like' fashion,
increasing from a point in the northern part of the
Makassar straits in the west to the eastern margin of
the West Philippine Sea Basin in the east. The impli-
cation that the northern part of the Makassar strait is
also of middle Eocene age is supported by gravity
modelling of the area (Cloke, 1997).

4.3. Water depth

The present water depths in the Celebes Sea and
West Philippine Sea basins are between 5000 and 6000
metres in the central, abyssal parts of these basins,
with depths in the West Philippine Sea Basin generally
deeper. Analysis of the relationship between ages and
depths of marginal basins in the West Paci®c region
by Park et al. (1990) concluded that both basins lay on
a trend of age±depth relationship which these authors

Fig. 10. Cartoons of the development of the Celebes Sea and West

Philippine Sea basins at 42 Ma and 35 Ma based on Hall's (1996,

1997b) tectonic reconstructions. The di�erence in spreading rate

between these two basins can be attributed to a ``scissor-like'' open-

ing of a basin, with the rate of opening increasing from the west (the

northern end of the Makassar strait) towards the east (the eastern

margin of the West Philippine Sea Basin).

Table 1

Comparison of the characteristics of the Celebes Sea and West Philippine Sea basins. Data on the Celebes Sea Basin is from Weissel (1980),

Rangin et al. (1990), and information about the West Philippine Sea Basin is from Karig et al. (1975), Lewis et al. (1982)

Celebes Sea Basin West Philippine Sea Basin

Magnetic anomalies 20±18 (50±42 Ma) 20±16 (50±37 Ma)

Age of basalt basement 42 Ma Centre 49±42 Ma (Ar±Ar)

(Radiolarian biostratigraphy) North 59±47 Ma (Ar±Ar)

Average spreading rate 47 mm/a 93 mm/a

Abyssal water depths 5000±5400 m 5600±6000 m

Mid-Eocene to mid-Miocene

sedimentation

Pelagic (radiolarian) claystone

(calcareous in shallower parts of the basin)

Pelagic claystone (Radiolarian and partly calcerous)

Late Miocene to Pliocene sedimentation Terrigenous turbidites, calcareous turbidites,

ashes

Pelagic clay
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considered characteristic of formation in a back-arc
setting. Basins formed by dismemberment of larger
areas of oceanic crust were found to lie on distinct and
separate age-depth trends (Park et al., 1990). The pre-
sent water depths are therefore consistent with a for-
mation of these two basins by the same process of
back-arc spreading.

4.4. Basin histories

A striking feature of the middle Eocene to middle
Miocene history of the Celebes Sea Basin is the
very low rates of sedimentation. In Eocene times sedi-
ment accumulation rates were between 2 and 6 m/Ma
and during the Oligocene rates were consistently
around 2 m/Ma at both sites drilled (Fig. 6). Similar
slow accumulation rates (4 m/Ma) are also noted at
site 291, the closest of the DSDP sites drilled in
the West Philippine Sea Basin (Karig et al., 1975;
Silver and Rangin, 1991). In both basins these
are pelagic sediments, deposited very slowly, as radi-
olarian and nannofossil oozes with variable amounts
of clay.

Input of terrigenous and volcaniclastic detritus was
therefore very limited in the central parts of both
basins during the ®rst 30 Ma of their histories, with
the exception, in the West Philippine Sea Basin, of
shallower areas adjacent to sub-sea ridges and plateaux
in the northern part of the basin, where coarser clastics
and shallow water limestones were encountered at
DSDP sites 445 and 446 (Klein and Kobayashi, 1981).
The Celebes Sea locations drilled on ODP Leg 124
were sheltered from any signi®cant amount of clastic
input until early to middle Miocene times.

A change in the style of sedimentation occurred
with the in¯ux of terrigenous clastic material rich in
quartz in the Celebes Sea in the middle to late
Miocene. No comparable event is recorded in any part
of the West Philippine Sea Basin, indicating that by
this stage (from about 18 Ma) the two areas were iso-
lated from one another in separate tectonic settings.

5. Tectonic model for the development of the Celebes
Sea/West Philippine Sea Basins

Using the model and computer visualisation outlined
in Hall (1996, 1997a,b) a series of cartoons for the geo-
tectonic development the area centred around the
Celebes Sea have been selected for time periods which
appear to have been critical in the evolution of the
Celebes Sea and West Philippine Sea basins (Fig. 9).
These can be compared with the stratigraphic histories
of these areas determined from the DSDP and ODP
drill sites discussed above.

5.1. 42 Ma (Fig. 9(a))

Sea¯oor magnetic anomalies indicate that spreading
was occurring in both the Celebes Sea and West
Philippine Sea basins at this time. The spreading
centres line up if the West Philippine Sea Basin is
rotated anticlockwise from its present position.
Subduction of Indian Ocean Plate crust at a north-dip-
ping subduction zone is likely to have been a factor in
causing this spreading, although there was also sub-
duction occurring on the northern side of the area.
Pelagic sedimentation was occurring in most of the
basin at this time.

5.2. 33 Ma (Fig. 9(b))

By this time sea-¯oor spreading in the Celebes Sea
and West Philippine Sea basins had ceased, as west-
ward subduction of Paci®c crust on the eastern edge of
the West Philippine Sea Basin became more important.
The deposition of pelagic material was apparently not
a�ected by the cessation of spreading. Between 42 and
33 Ma southward subduction of the proto-South
China Sea propagated west to produce subduction
beneath NE Borneo.

5.3. 24 Ma (Fig. 9(c))

The two basins become separated as the Philippine
SeaÐAustralian Plate margin becomes a strike-slip
plate boundary (the Sorong Fault) and the Parece Vela
Basin starts to open as a back-arc basin in response to
westward subduction of the Paci®c Plate.

5.4. 20 Ma (Fig. 9(d))

Anticlockwise rotation of Borneo to the west and
continued development of the Sorong Fault to the
south led to a change in plate boundaries: the Sangihe
Arc formed as a convergent plate boundary on the
eastern edge of the Celebes Sea Basin. Terranes on the
southern margin of the Philippine Sea Plate were mov-
ing northwards as the plate began to rotate clockwise.
These changes in plate motions were followed by a
change in the provenance of material in the Celebes
Sea Basin; continentally-derived material started to
reach the Celebes Sea at about 18 Ma. This probably
re¯ects the subduction of thinned continental crust
beneath Borneo at the north Borneo trench, resulting
in rapid uplift of central Borneo.

5.5. 10 Ma (Fig. 9(e))

Terrane accretion and uplift in Borneo resulted in
an in¯ux of quartz-rich terrigenous clastic material
into the Celebes Sea Basin as a series of turbidites.
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This reached its peak at about 10 Ma, with a thick
succession of sandy quartz turbidites. Terranes of the
Philippine archipelago lie between the Celebes Sea
Basin and the West Philippine Sea Basin. At about
this time rotation of Borneo ceased.

5.6. 5 Ma (Fig. 9(f))

Subduction at the North Sulawesi trench
would have caused a change in the bathymetry of the
Celebes Sea in late Miocene to Pliocene times.
Development of the trench may have resulted in a di-
version of terrigenous clastic material away from the
central and northern parts of the Celebes Sea Basin.
The size of the accretionary wedge at the North
Sulawesi Trench may be partly accounted for by input
of clastic material along the trench from the west
(Borneo).

6. Conclusions

1. The basement age, chemistry and the nature of the
overlying stratigraphic succession are consistent
with the formation of the Celebes Sea and West
Philippine Sea basins as part of the same basin
during middle Eocene time (50 Ma±37 Ma). This
basin formed by spreading behind a north-dipping
subduction zone accommodating the northward
movement of the Indian Ocean Plate.

2. Spreading in the Celebes Sea±West Philippine Sea
Basin ceased in the late Eocene and by the end of
the late Oligocene the two areas were becoming sep-
arated, ®rstly by strike-slip and later by convergent
plate boundaries. The West Philippine Sea Basin
subsequently underwent clockwise rotation towards
its present position.

3. During the early part of the basin histories (up to
the middle Miocene) sedimentation in the Celebes
Sea Basin and the deeper parts of the West
Philippine Sea Basin was dominated by very slow,
pelagic deposition and there was little or no input
from terrigenous siliciclastic or volcanic source ter-
rains.

4. Detritus reworked as second cycle material from
rocks derived from continental crust was introduced
as turbidites in the middle Miocene, reaching a
peak at about 10 Ma. Given that the only substan-
tial area of continental crust adjacent to the Celebes
Sea at that time was Borneo, the most likely source
of the quartz turbidites would have been from
uplifted terrains in southern and eastern Borneo.

5. The supply of continental detritus into the central
and northern parts of the Celebes Sea ceased in late
Miocene time. The supply of material from Borneo

is unlikely to have stopped, so it is more likely that
a change in the bathymetry in the Celebes Sea, due
to the formation of the North Sulawesi Trench,
caused a diversion of turbidites into the southern
part of the Celebes Sea Basin.
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