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ABSTRACT 

Nichols, G., Hall, R., Milsom, J., Masson, D., Parson, L., Sikumbang N., Dwiyanto, B. and Kallagher, H., 1990. The southern 

termination of the Philippine Trench. In: J. Angelier (Editor), Geodynamic Evolution of the Eastern Eurasian Margin. 

Tectonophysics, 183: 289-303. 

Recent studies of the southern end of the Philippine Trench using GLORIA sidescan sonar and single channel seismic data 

and geological studies on the island of Halmahera suggest that the trench is in the process of propagating south and that some 

of the ESE-WNW convergence is transferred via a broad NE-SW zone of dextral strike-slip across northern Halmahera into 

the Molucca Sea Collision Zone. NE-SW ridges and lineaments on the seafloor can be traced into major faults and structural 

trends on land. The bathymetric expression of the Philippine Trench is lost where it meets an oceanic plateau on the 

Philippine Sea Plate. This elevated and probably thickened plateau appears to have inhibited any further propagation of the 

trench southwards. To the north of the plateau there is a well-developed accretionary prism, but to the south deformation of 

sediments on the seafloor is less intense. A prominent ridge, with sediments passively banked up against it marks the southern 

limit of deformation associated with the Philippine Trench. To the south lies the eastern Halmahera-Waigeo Ophiolite 

Terrane, an area of shallow water and islands underlain by ophiolitic basement between Halmahera and the Sorong Fault 

Zone. There are no bathymetric or structural features to indicate any form of active link between the Philippine Trench and 

the Sorong Fault through or along the northern side of this ophiolite terrane. There is no earthquake evidence for any form of 

fault linking the Philippine Trench to either the Palau Trench or the Sorong Fault, but there are numerous earthquake 

epicentres reported between the southern end of the trench and the Molucca Sea. The island of Halmahera is considered to he 

in a diffuse boundary zone at the margin of the Philippine Sea Plate. Continued collision of the opposing arcs in the Molucca 

Sea will ultimately prevent further E-W convergence between Halmahera and Sulawesi. It is predicted that either the 

Philippine Trench will propagate south along its present line to meet the Sorong Fault or that another trench will develop 

further to the east. In either case the arc and ophiolite terrane of Halmahera might then be accreted onto the Eurasian margin. 

Introduction 

The southern end of the Philippine Trench lies 

in an area of complex plate boundaries in the 

Western Pacific (Fig. 1). The trench forms the 

western boundary of the Philippine Sea Plate 

which is moving west-northwest relative to the 

Eurasian Plate (Ranken et al., 1984). To the south 

lies the Sorong Fault Zone, a sinistral strike-slip 

zone between Australia and the oceanic plates to 

the north (Hamilton, 1979). The Molucca Sea 

between Halmahera and northeastern Sulawesi is 

a zone of collision between the opposing Sangihe 

and Halmahera volcanic arcs (Hatherton and 

Dickinson, 1969; Katili, 1975; Silver and Moore, 

1978; Moore et al., 1981). Further east, the Ayu 

Trough is an area of rough seafloor topography 

and shallow seismicity (Weissel and Anderson, 

1978; Hamilton, 1979) interpreted as an oceanic 

spreading zone. 

The relationship between the various plate 

boundaries in this area is a matter of contention, 
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with different models (Fig. 1) presented by Ham- 
ilton (1979), Cardwell et al. (1980), McCaffrey 
(1982), Moore and Silver (1983) and Hall (1987). 
Hamilton (1979) suggested that the southern end 
of the Philippine Trench was connected to the 
Sorong Fault Zone north of the Bird’s Head of 
Irian Jaya via a strike-slip fault east of Halmahera 
(Fig. 1A). Cardwell et al. (1980) suggested a trans- 
form fault zone extending from north of Morotai 
to the Palau Trench (Fig. 1B) with an extension of 
this “Halmahera-Palau Fault” linking the Philip- 
pine Trench into the Molucca Sea. Both Ham- 
ilton’s (1979) and Cardwell et als.’ (1980) models 
place Halmahera on a plate separate from the 
Philippine Sea Plate. 

Later models considered Halmahera as part of 
the Philippine Sea Plate: McCaffrey (1982) in- 
voked an E-W transform fault between the 
Molucca Sea and the southern end of the Philip- 
pine Trench (Fig. lC), but rejected its extension 
further east on the grounds of a lack of seismo- 
logical evidence. The position and orientation of 
the transform across Morotai were determined 
using the southern limit of earthquake activity 
associated with the Philippine Trench and a 
“sparse but linear zone of shallow earthquakes 
[which] extends from the northern edge of the 
central Molucca Sea seismic zone into Morotai” 
locating the transform at around 2’30’N. An E-W 
dextral offset on the transform was necessary on 
geometrical grounds considering the relative mo- 
tions between the Sangihe Arc, the Philippine Sea 
Plate and Halmahera (McCaffrey, 1982). A 
tectonic reconstruction by Moore and Silver (1983) 
assumed that the Snellius Ridge to the northwest 
of Morotai was continuous with the Halmahera 
Arc (Fig. 1D). The Philippine Trench was consid- 
ered by these authors to be a very recently devel- 
oped feature which is continuing to propagate 
south and no connection was made between it and 
any other plate boundary. Hall (1987) suggested a 
dextral strike slip zone across northern Halmahera, 
rather than the single transform fault of McCaf- 
frey (1982). In this model the development of the 
Philippine Trench and the Halmahera Trench are 
considered to have been synchronous, with a dif- 
fuse zone of deformation north of Halmahera 

allowing the Philippine Sea Plate and the Molucca 
Sea Plate to subduct. 

The objectives of this present study were to 
define more precisely the position and form of the 
southern termination of the Philippine Trench and 
to determine which of the plate boundary models 
is most applicable. 

The geology of the Halmahera region 

Studies of the structure of Halmahera and the 
adjacent smaller islands have been undertaken as 
part of a continuing programme of fieldwork in 
Eastern Indonesia (Hall et al. 1988a,b; Hall and 
Nichols, 1988). The main structural units of base- 
ment, sedimentary cover and volcanic rocks are 
shown in Fig. 2 together with the principal linea- 
ments identified on aerial photographs. 

The basement of Eastern Halmahera is a ter- 
rane of largely dismembered ophiolite associated 
with forearc volcanic and sedimentary sequences. 
The ophiolite is pre-Late Cretaceous in age (Hall 
et al., 1988a) and the forearc sequences are Late 
Cretaceous to Middle Eocene in age (Hall et al., 
1988a; Hall and Nichols, 1988). Similar ophiolitic 
rocks are found on Waigeo, which lies im- 
mediately to the north of the Bird’s Head of Irian 
Jaya (Fig. 3) and on Gebe and Gag, small islands 
between Waigeo and the southeastern arm of 
Halmahera. These fragments are all considered to 
be parts of a single Eastern Halmahera-Waigeo 
Ophiolite Terrane (Sukamto et al., 1981) which 
extends from the Central Halmahera fold belt in 
the west to beyond Waigeo in the east. On the 
eastern arms of Halmahera, Miocene to Pliocene 
limestones and marls form the cover to the ophio- 
litic basement (Hall et al., 1988b; Hall and Nichols, 
1988) and Miocene to Pliocene calcareous sedi- 
ments also occur on Waigeo (Van der Wegen, 
1963; Supriatna and Apandi, 1982). 

The basement in Western Halmahera is a pre- 
Middle Miocene volcanic arc (Fig. 2). On the 
southwestern arm this is overlain unconformably 
by E-dipping Miocene to Pliocene calcareous and 
volcaniclastic sediments which extend out under- 
neath Weda Bay (Hall and Nichols, 1988). A 
similar sequence of rocks is described from the 
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northern tip of Halmahera and on Morotai by 
Supriatna (1980). Most of the northwestern arm of 
Halmahera is covered by Quaternary volcanics. 
Active and recently active volcanoes form a chain 
through Northern Halmahera and continue off- 
shore through the islands of Temate and Tidore 
and as far south as Makian (O”2O’N). The most 
northerly of the volcanoes is at around l”45’N. 
This volcanic arc is related to the subduction of 
the Molucca Sea Plate eastward beneath 
Halmabera (Hatherton and Dickinson, 1969). 

Structural trends 

Northwestern arm of Halmahera 

The recent volcanism tends to obscure the un- 
derlying structure of most of the northwestern 
arm. Near the northern tip of the island, linear 
features with a NE-SW trend are clearly evident 
on aerial photographs in the Tertiary volcanics 
and sediments. The NE-SW coastline of the 
northern end of the nortwestem arm also appears 
to be structurally controlled (Fig. 2). 

Morotai 

NE-SW structural controls on the northwest- 
em coastline of Morotai appear to be an extension 
of those structures on the northwestern arm. A 
NE-SW fabric across the island is strong, al- 
though there is also a clear N-S structural trend 
in the southern part of the island. No sense of 
offset can be determined on air photographs. 

Northeastern arm and Central Halmahera 

Aerial photographic interpretations of the 
southern and eastern part of Halmahera have been 
supplemented by fieldwork (Hall et al., 1988a,b; 
Hall and Nichols, 1988). An arcuate fold and 
thrust belt across Central Halmahera separates the 
western province of volcanic basement from the 
ophiolitic basement area of the eastern arms. A 
strong NE-SW structural trend can be seen on 
aerial photographs of the northeastern arm: these 
can be traced across the central fold and thrust 
belt to the west coast of the island. A dextral 

offset in one of the major thrust faults in the 
central zone may indicate dextral movement along 
a NE-SW fault or a dextral ramp structure in the 
thrust belt. In the central part of Halmahera a 
WNW-ESE trend is observed, continuing into the 
southeastern arm. 

Southeastern and southwestern arms of Halmahera 

There are few NE-SW structures on the south- 
ern half of Halmahera, although occasional faults 
of this trend are sent in the southeastern arm and 
on Bacan. The 110’ trend is more prominent and 
is also dominant in the southwestern arm, where it 
controls the western coast. NE-SW structures 
dominate the overall structural pattern on Morotai 
and the northern part of Halmahera but become 
less important in Southern Halmahera where a 
WNW-ESE trend is more significant. These two 
major structural trends (NE-SW and WNW-ESE) 
are considered to form a conjugate set: both are 
very clear on aerial photographs and there is no 
evidence of one trend being older than the other. 
The evident control of parts of the coastline by 
both structural trends suggests that this control is 
very young and may be active today. 

Earthquake patterns 

A summary of the earthquake epicentres in the 
region is shown in Fig. 3: the data have been 
taken from Hamilton (1974) and Hegarty and 
Weissel (1988). The high concentration of epi- 
centres in the Molucca Sea and to the west of the 
Philippine Trench is striking. The distribution, 
depth and focal plane solutions for these earth- 
quakes have been used by Hatherton and Dickin- 
son (1969), Hamilton (1979), Cardwell et al. (1980) 
and McCaffrey (1982) to construct a model which 
has the Molucca Sea Plate subducting west be- 
neath the Sangihe Arc and east beneath 
Halmahera; north of 3”N there is no further evi- 
dence for eastward subduction. Seismicity associ- 
ated with the westward subduction of the Philip- 
pine Sea Plate extends southwards to l”45’N. In 
the Molucca Sea a collision complex has formed 
over the trenches on both sides of the disappear- 
ing Molucca Sea Plate (Silver and Moore, 1978; 
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Fig. 4. The bathymetry of the area around and east of Halmahera and the track of the R.R.S. Charles Darwin cruise CD30. A-B and 
C-D are the locations of two seismic reflection profiles shown in Fig. 7. Compiled from GEBCO charts and new bathymetric data 

acquired on cruise CD30. 

McCaffrey et al., 1980). Seismicity indicating Trench area there is a very marked absence of 
strike-slip motion in the northeastern arm of earthquake epicentres in the Southern Philippine 
Halmahera has been reported by IEffendi and Sea. A few shallow events mark the line of the 
S.A.F. Murrell (pers. commun. in Hall, 1987). Palau Trench, the Ayu Trough, the New Guinea 

In contrast to the Molucca Sea-Philippine Trench and the Sorong Fault system, but between 
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these boundaries and the Philippine Trench area 

there is no reported seismic activity (Fig. 3). 

Marine geophysical survey 

The area of ocean floor to the northeast of 

Halmahera was surveyed as part of cruise CD30 

of the Natural Environment Research Council re- 

search vessel R.R.S. Charles Darwin between 

February and March, 1988 (Masson, 1988). The 

survey tools used in this area were GLORIA II 

long-range sidescan sonar, a single-channel airgun 

seismic profiler, a 3.5 kHz high-resolution profiler, 

a 10 kHz echosounder profiler, a magnetometer 

and a gravimeter. GLORIA operates at a 

frequency of 6.5 kHz and a swathe width of 45 km 

is possible in deep water. Detailed descriptions of 

the sidescan sonar have been published elsewhere 

(Somers et al., 1978; Somers and Searle, 1984). 

Sonograph images, seismic reflection profiles and 

bathymetric data have been used in the present 

study. The track for this part of the cruise is 

shown in Fig. 4 with details of the instruments 

deployed. 

A new compilation of bathymetric data from 

GEBCO charts (Indonesian Hydrographic Service 

soundings, Jakarta, 1979) with additional informa- 

tion from the 10 kHz profiler used on cruise CD30 

is presented in summary form in Fig. 4. Figure 5 is 

a summary of the features which have been inter- 

preted from the GLORIA sonographs (Fig. 6) and 

seismic reflection profiles recorded during the 

cruise. The main features are described below. 

The Philippine Trench 

In the northern part of the study area, de- 

formed sediments forming an accretionary prism 

with a clear deformation front are well displayed 

on the west side of the trench. Seismic reflection 

profiles perpendicular to the trench show the 

trough as a well-defined feature and there are 

signs of the subducting slab of the Philippine Sea 

Plate beneath the accretionary prism (Fig. 7A). To 

the east, strong backscattering linear targets on 

the ocean floor are clear on the sonographs: these 

are interpreted as normal fault scarps caused by 

extension in the oceanic plate as it bends into the 

trench (Hilde, 1983). A marked westerly embay- 

ment in the line of the trench and the deformation 

front of the accretionary prism at 3”30’N is asso- 

ciated with a seamount on the subducting plate. 

Similar expressions of a seamount in the process 

of being subducted have been reported at the 

Japan Trench (Lallemand and Le Pichon, 1987) 

and at the Java Trench (Masson et al., in prep.). 

East of Halmahera 

The Philippine Trench can be traced as far 

south as 2”50’N (Figs. 5 and 6). From this point 

there is a rapid southward decrease in water depth 

from over 5 km to less than 2.5 km (Fig. 4). To the 

southeast of the apparent end of the trench there 

is a large area of relatively shallow water, as little 

as 2 km deep. Sonar images of the western margin 

of this area (Fig. 6A) show bright backscattering 

targets which indicate a steep W-facing slope. 

Similar shallow areas in the Philippine Sea and the 

Western Pacific have been described as oceanic 

plateaus (Nur and Ben-Avraham, 1982). This 

steep-sided area of shallow water is here referred 

to as the “East Morotai Plateau”. The western 

side of the plateau is not marked by a trench, but 

there is evidence of deformation of sediments (Fig. 

6A); this deformation appears less intense than 

that observed in the accretionary prism to the 

north. The southern limit of the East Morotai 

Plateau is marked by a steep NE-SW scarp which 

extends towards the northeastern arm of 

Halmahera as a well-defined feature (Fig. 5). To 

the south the water is deeper (over 4.5 km), and 

the sediments are slightly deformed along NE-SW 

to NNE-SSW trends. There is a poorly defined 

possible deformation front (Fig. 5) with flat-lying 

sediments further east (Fig. 6B) and a trench-like 

bathymetric deep, but no clear evidence of active 

subduction. A prominent E-W trending ridge is 

seen at l”20’N: GLORIA sonograph images (Fig. 

6B) and seismic profiles (Fig. 7B) indicate that 

this is a ridge of basement. Flat-lying sediments 

are passively banked up against both sides of the 

basement ridge, but on the south side the water 

depth is only 2 km with sediments ponded up 

almost to the top of the basement high (Fig. 7B). 

To the south and east there is a complex pattern 
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of steep-sided basement ridges and areas of ponded 
sediment (Fig. 5): this is the northern part of a 
region of shallow water between Eastern 
Halmahera and Waigeo. 

Mororai 

Sediments on the ocean floor northeast of 
Morotai are deformed with a NNW-SSE struc- 
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Fig. 6. Sonographs taken by GLORIA II sidescan sonar on cruise CD30 (see Fig 5). (A) The southern end of the Philippine Trench at 

2’50’N: the bright area on the right is the edge of the East Morotai Plateau, to the west lie deformed sediments. (B) The E-W ridge 

at 1’20’N is clear at the bottom of this image; sediments to the north are undeformed in the east, but show some clear fold traces in 
the west. 

tural trend close to the well-developed accre- 
tionary prism, turning into a NE-SW trend closer 

to Morotai (Fig. 5). North of Morotai a N-facing 
slope is dissected by ridges, troughs and canyons 
with NE-SW trends. An offset in the line of one 
of these ridges indicates dextral motion along a 
NE-SW line, interpreted as a fault with a dextral 
strike-slip component (Fig. 5). A pattern of NE- 
SW lineations on the seafloor also occurs around 
the eastern side of Morotai and continues off the 

coast of the northeastern arm of Halmabera. Most 
of these lineaments appear to be paths of sediment 
transport down from the landmass: however, the 
consistency of the NE-SW orientation of these 
paths suggests an underlying structural control. 
The Morotai Basin lies northwest of Morotai and 
is recognised by Moore and Silver (1983) as a 
bathymetric and gravity low between the Snellius 
Ridge and the remainder of the Halmahera Arc; 
Cardwell et al. (1980) and McCaffrey (1982) con- 
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Fig. 7. Single. .channel seismic profiles across (A) the southern end of the Philippine Trench and (B) the basement 

location, see Fig. 4. 

ridge at l”2OW. For 

sider that the Morotai Basin may be the site of an area of almost undeformed sediments. It is 

E-W transform fault. Sonographs and seismic bounded on the eastern side by a N-S trending 

profiles across its eastern side show that it is an extensional fault which is presently covered by 
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sediments; the northern and southern margins 

trend NE-SW on the bathymetric map (Fig. 4). 

Discussion 

The new data presented here from recent field- 

work and the surveys undertaken on the R.R.S. 

Charles Darwin can be used to test previous 

tectonic models of this area. A connection be- 

tween the southern end of the Philippine Trench 

and the Sorong Fault via an oblique-slip fault 

trending NW-SE proposed by Hamilton (1979) is 

considered unlikely on the grounds that there is 

no seismic activity along this zone, that it is not 

compatible with observed structural and bathy- 

metric trends and that the sediments observed in 

the area appear to be undisturbed by recent fault- 

ing. Similarly, the model requiring a strike-slip 

fault across the Philippine Sea Plate to the PaIau 

Trench tentatively proposed by Cardwell et al. 

(1980) is not supported by seismic or bathymetric 

evidence. An E-W transform fault linking the 

Philippine Trench to the Molucca Sea across 

Morotai at 2”3O’N (McCaffrey, 1982) is consistent 

with the earthquake data; however, there is no 

structural evidence for such a fault on Morotai or 

offshore and this model does not account for the 

deformation observed further south, east of 

Halmahera. Moore and Silver (1983) and Hall 

(1987) suggest that the Philippine Trench east of 

Morotai is very young and has been propagating 

southwards from east of Mindanao in the past 3 

Ma. Moore and Silver (1983) indicate that the 

trench has reached as far as l”4O’N while Hall 

(1987) terminates the trench at 2”30N at a single 

NE-SW strike-slip fault across Northern Halma- 

hera. 

This new study of the geology of Halmahera 

and the structures on the ocean floor to the north 

and east has resulted in the development of a 

more refined model for the tectonics of the area 

(Fig. 8). The Philippine Trench is a clear feature 

as far south as 2”5O’N, where it apparently 

terminates against the East Morotai Plateau. We 

interpret this plateau as an area of thickened 

oceanic crust similar to other plateaus in the 

Philippine Sea and Pacific Ocean described by 

Nur and Ben-Avraham (1982). In this case, the 

thickened crust of the East Morotai Plateau may 

be preventing (or at least slowing) further south- 

ward propagation of the trench. However, the area 

between the East Morotai Plateau and Halmahera 

is seismically active as far south as 1”45’N, sug- 

gesting significant compression. Evidence of sedi- 

ment deformation is also seen on GLORIA and 

seismic profiling data south of the plateau in a 

N-S bathymetric deep as far as a prominent E-W 

trending basement ridge at l”20’N. 

These observations support the proposition of a 

southwards propagating trench (Moore and Silver, 

1983; Hall, 1987; Nichols and Hall, 1988) al- 

though this is complicated by the presence of the 

East Morotai Plateau. The well-developed Philip- 

pine Trench north of 2”50’N gives way south- 

wards to a shallower, seismically active area where 

a subduction zone morphology has not evolved. 

South of l”45’N there is less deformation of the 

sediments and no seismic activity, indicating lower 

convergence rates. However, it is clear that al- 

though the tip of the propagating convergent zone 

has reached the E-W trending basement ridge at 

l”20’N the fully developed propagating subduc- 

tion zone is lagging some 200 km behind. 

A strong NE-SW structural trend can be traced 

from the ocean floor on the west side of the 

Philippine Trench across onto the islands of 

Morotai and Halmahera in a zone 150 km wide. 

Dextral offsets on NE-SW faults in this zone 

observed on the GLORIA images are considered 

to be the means of transferring the convergence 

across the Philippine Trench to the southwest into 

the Molucca Sea (Fig. 8). WNW-ESE structures 

are present in southern Halmahera as trends in the 

bathymetric contours, coastline and lineaments 

observed onland on aerial photographs. These two 

major trends (NE-SW and WNW-ESE) are con- 

sidered to form a conjugate set. This geometric 

arrangement is consistent with E-W slip vectors 

between the Philippine Sea Plate and the Molucca 

Sea Plate near the southern end of the Philippine 

Trench (Ranken et al., 1984). There is probably a 

component of compressive movement across the 

NE-SW faults. The connection between the trans- 

fer zone and subduction in the Molucca Sea would 

be obscured beneath the collision complex, the 
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latter resulting from the E-W convergence of the 

opposing Sang&e and Halmahera arcs (Fig. 8). 

The southern limit of major NE-SW structures 

can be traced from l”20’N offshore on to the 

northeastern arm and Central Halmahera. To the 

south lies the East Halmahera-Waigeo Ophiolite 

Terrane and Weda Bay between the southern arms 

of Halmahera: these areas display a WNW-ESE 

structural trend related to the Sorong Fault to the 

south. There is no evidence for any connection 

between the Philippine Trench and the Sorong 

Fault through the East Halmahera-Waigeo 

Ophiolite Terrane. 

Conclusions 

(1) The southern end of the Philippine Trench 

is considered to be linked to the Molucca Sea 

Collision Zone via a diffuse NE-SW dextral 

strike-slip zone. This zone has been identified on 

the seafloor to the north and east of Morotai and 

across the island of Morotai and Northern 

Halmahera. 

(2) The arc and ophiolite terranes of Halmahera 

lie in a diffuse boundary zone at the margin of the 

Philippine Sea Plate. 

(3) South of 2’50’N the Philippine Trench dis- 

plays the characteristics of a subduction zone 

which is propagating south. The accretionary prism 

of deformed sediments produced by convergence 

becomes a less pronounced feature southwards 

and dies out at l”2O’N. Seismic activity occurs as 

far south as l”45’N and the bathymetric expres- 

sion of the trench is only developed between 2”N 

and l”2O’N. 

(4) The East Morotai Plateau is considered to 

have acted as a barrier to southward propagation 

of the trench because it is too thick for a subduc- 

tion zone to develop within it and it would be too 

buoyant to be subducted easily. Another terrane 

of thickened oceanic crust, the East Halmahera- 

Waigeo Ophiolite Terrane, marks the southern 

boundary of deformation associated with the 

Philippine Trench. These terranes of thickened 

oceanic material are thought to be an important 

factor in controlling the positions and histories of 

subduction zones in the Southwestern Pacific (Hall 

and Nichols, in press). 

(5) It is predicted that as the Molucca Sea 

Collision Zone becomes “locked up”, convergence 

between the Philippine Sea Plate and the Eurasian 

margin will lead to the development of a new 

subduction zone. This zone will be a southward 

extension of the present Philippine Trench or a 

new subduction zone will develop further out in 

the Philippine Sea Plate. When this occurs, 

Halmahera and the oceanic crust immediately to 

the east of it will become separated from the 

Philippine Sea Plate and will be accreted onto the 

Philippine-Sulawesi part of the East Eurasian 

margin. 
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