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ABSTRACT 

The margin of the western equatorial Pacific changes trend abruptly from an E-W to aN-S orientation in the region immediately 
north of the Bird's Head region of Irian Jaya. With Eurasia almost stationary, the Pacific moving west at a rate in excess of 10cm/yr 
and Australia moving north at about 8 cm/yr, and with the complications introduced by the presence of a number of subplates, a high 
degree of tectonic activity would be expected. However, seismicity is very low and neither the Philippine Trench nor the New Guinea 
Trench can be traced into this area. The latter seems, in any case, toplay little or no part in present-day plate interactions. The problems 
presented are compounded by the rather small amount of data that has been collected using modem marine geophysical techniques. 
However, significant amounts of potential field, seismic and long-range side-scan sonar data were obtained during the 1988 cruise of 
the RRS Charles Darwin. These showed the area to be occupied by a number of oceanic plateaus which are probably island-arc 
remnants, separated by small basins which may be floored by oceanic crust. The densities of the upper parts of the plateaus are close 
to those considered normal for continental crust, but crustal thicknesses seem to be of the order of only 12-20 km. There is no evidence 
of any extension of the New Guinea Trench west of the young crust of the Ayu Basin, and the plateaus may well be fragments of a 
southwards extension of the Philippine Sea bounding arc which has been disrupted by collision with the New Guinea margin. 

INTRODUCTION 

The Pacific Ocean is bordered around almost its entire 
circumference by zones of active subduction. The western 
equatorial Pacific is especially complex, being characterized by 
multiple subduction zones which accommodate not merely the 
gross westward movement of the Pacific Plate but also the 
sometimes widely divergent movements of sub-plates and 
microplates of various sizes (Figure I). Near I SON, forexample, 
plate convergence is being taken up by west-directed subduction 
at the Marianas and Philippine trenches and by east-directed 
subduction at the Manila Trench, whereas at the equator all 

three of these trenches have disappeared and collision is taking 
place further west between accretionary complexes associated 
with the short west-facing Halmahera and east-facing Sangihe 
arcs. Plate interactions in this region should be at their most 
complex where the Pacific margin bends through a right-angle 
just north of the western-most tip of New Guinea and the 
kinematic problems are accentuated because the New Guinea 
Trench, which is ideall y placed to accommodate theconsiderable 
convergence between the Pacific and Indo-Australian Plates, 
appears to be either totally inactive or is, at the most, active only 
at a very low level. Despite its obvious potential as a testing 
ground for models of tectonic processes, there have been 
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l5O"E now been integrated with information from other, earlier 
600 km geophysical cruises and with other bathymetric soundings to 

provide an improved picture of the area. 
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Figure 1. The western Pacific. The box shows the area covered by 
the bathymetric and Bouguer anomaly maps (Figures 2 and 6) 

comparatively few modern marine geophysical studies of this 
corner of the Pacific. 

In February 1988, some of the gaps in coverage were 
infilled during CD30, the East Indonesia leg of the global 
cruise of the UK research vessel RRS Charles Darwin. The 
primary tool employed was the GLORIA long range side
scan sonar system, which in water of oceanic depths provides 
sea-bottom imagery over swathes of the order of 40 km wide 
in a single pass. The imagery obtained at the southern end of 
the Philippine Trench has been discussed by Nichols and 
others (1990) and at the western end of the New Guinea 
Trench by M i1som and others (1989). In much ofthe i nterven
ing area, large subsea plateaus rise several kilometers above 
the level of the ocean floor and the GLORIA swath width is 
very much reduced. Given the time constraints on the cruise 
program, and the numerous fascinating GLORIA targets 
available in deep water in eastern Indonesia, the close net
work of lines needed to provide comprehensive coverage of 
the plateau region could not be justified. Nevertheless, a 
significant amount of new data was obtained, and this has 

REGIONAL SETTING 

In discussing the geology of the western Paci fic it is 
necessary to make the slightly awkward distinction between 
the Pacific Ocean and the Pacific Plate. The ocean is bounded 
by the Philippines and the island chains of Melanesia but the 
plate boundary is generally much further east. In the north it 
lies along the Marianas Trench, while near the equator it is 
defined by the Sorol Trough and the Mussau Trench, which 
are linked by a region of complex deformation , and by the 
Outer Melanesian Trench. The region between ocean bound
ary and plate boundary is occupied by the Philippine Sea and 
Caroline Sea sub-plates. Relati ve motion between the Caroline 
Sea and Pacific Plates is rather small and variable, being 
convergent at the Mussau Trench and a combination of strike
sl ip and extension at the Sorol Trough (Weissel and Anderson 
1978; Hegarty and others, 1983), but between the Pacific and 
the Philippine Sea there is generally strong convergence 
which is accommodated at the Marianas Trench. The Philip
pine Sea is internally complex, having suffered several phases 
of back -arc extension which ha ve stranded remnant arcs such 
as the Palau-Kyushu and West Marianas ridges in mid-plate. 

The Caroline-Pacific pole of rotation lies close to Palau 
Island (Ranken and others, 1984) and at the Palau Trench the 
relative motion of the two plates is almost purely transcurrent. 
Further south, the boundary in theAyu Trough is extensional 
but separation is taking place at a rate of less than 1 cm/yr 
(Weissel and Anderson, 1978). Virtually the entire conver
gence of the Pacific and Eurasia plates must therefore be 
absorbed either at the Philippine Trench or still farther to the 
west. Nichols and others (1990) have described the gradual 
termination of the Philippine Trench between 3°N and 1° 
20' N and suggest that motion is transferred via a di ffuse zone 
of faulting to the Halmahera subduction zone. This places 
Halmahera and the region to the east as far as the Ayu Trough 
on the Philippine Sea Plate, but there seems to be little true 
oceanic crust present. The oceanic plateaus in the area, which 
include the East Morotai Plateau of Nichols and others (1990) 
and parts of the East Halmahera-Waigeo ophioli te terrane of 
Sukamto and others (1981), are thought to be largely of island 
arc affini ~y. In the case oftheophiolite terrane this hypothesis 
is based on geological mapping on both Halmahera and 
Waigeo. Cruise CD30 provided much new information on the 
submerged parts of these plateaus, which can be placed in a 
context provided by reasonably well substantiated informa
tion from the surrounding areas. This basic background data 
can be summarized as follows: 

1. The western Philippine Plate was formed by rapid 
sea-floor spreading in the period between 60 and 45 Ma, after 
which rates decreased slowly to zero at 35 Ma(Hilde and Lee, 
1984). The spreading axis is still identifiable and now trends 
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roughly ESE. The Palau-Kyushu Ridge is a remnant part of 
an Eocene arc which originally marked the boundary be
tween the Philippine Sea and the Pacific but which became 
inactive as the Parece Vela back-arc basin developed. The 
West Marianas Ridge is a second, younger, remnant which is 
separated from the acti ve arc by the Marianas Trough (Ranken 
and others, 1984). 

2. The Philippine Sea Plate as a whole has undergone 
a steady clockwise rotation of 1_3 0 per Ma since the Oli 
gocene, possibly following a period of more rapid rotation 
wi th a similar sense in the Early Oligocene (Haston and 
others, 1988). 

3. The Philippine Trench at the latitude of Mindanao is 
associated with a west-dipping Benioff Zone but there is no 
seismic or bathymetric evidence for its extension southwards 
past Morotai (Cardwell and others, 1980). 

4. The accretionary wedgeofthe present-day Halmahera 
arc is colliding with the east-facing Sangihe Arc of north 
Sulawesi . The Benioff Zone beneath Halmahera extends to 
depths of more than 200 km and is over 250 km long 
(Cardwell and others, 1980). 

5. The Caroline Sea Plate developed during the Oligo
cene about a roughly E-W spreading axis. The Euaripik Rise, 
which runs from north to south across the central part of the 
basin, was formed along a "leaky" transform fault during thi s 
spreading phase (Weissel and Anderson, 1978). 

6. The Ayu Basin was formed by sea-floor spreading at 
the Ayu Trough, beginning in the Late Miocene. Extension 
averaged about 2 cmlyr from 12 to 6 Ma and continues at 
about 0.4 cmlyr to the present day (Weissel and Anderson, 
1978). 

7. Arc rocks of Cretaceous to Oligocene age form the 
basement ofWaigeo and Halmahera (Hall and others, 1989; 
Charlton, 1990), of New Ireland, Manus and the Solomons 
(Dow, 1977), and of the Finisterre-New Britain arc, a part of 
which was emplaced on the northern margin of east New 
Guinea in the Pliocene (Jaques and Robinson, 1977). 

8. The north coast ranges of New Guinea west of the 
Finisterre region are built up of Cretaceous-Oligocene island 
arcs which collided with the northern margin of the Austra
lian continent in the earliest Miocene, and of sediments 
derived from erosion of upraised blocks of this arc material 
(cf. Norvick and Hutchison, 1980). The region is now domi
nated by strike-slip faulting. 

9. New Guinea is flanked to the north by the New 
Guinea Trench which, although morphologically similar to 
subduction trenches and therefore sometimes regarded as the 
southern boundary of the Caroline Sea Plate (cf. Hamilton, 
1978; Cooper and Taylor, 1987), lacks a clearly defined 
Benioff Zone and shows few signs of current activity . Middle 
to Late Miocene volcanics distributed throughout New Guinea 
may be related to the main phase of subduction . 

10. Australia has been drifting almost due north since 
the Late Cretaceous. At the start of the Oligocene (56 Ma) it 
lay approximately 300 south of its present position and had 
moved some 700 km north by the end of the Oligocene (26 

Ma) and and a further 900 km north by the end of the Middle 
Miocene (12 Ma) (ldnurm, 1985). 

All the above statements had been made prior to the 
Darwin cruise and were in some cases further supported by 
the cruise results. Thus, it can now be said that: 

II. The Philippine Trench extends as a recognizable 

subduction feature southwards to about 2°30 ' N, where it 
terminates against the East Morotai Plateau. South of the 
Plateau there is evidence of compressive deformation east of 
northern and central Halmahera but no clear trench or defor
mation front (Nichols and others, 1990) 

12. The New Guinea Trench is terminated by the Mapia 
Ridge, which forms the eastern boundary of the Ayu Basin. 
It shows no sign of present-day activity . In particular, well 
de fined sediment channels crossing the southern trench wall 
(assumed accretionary complex) suggest that there has been 
very little in the way of recent deformation (Milsom and 
others, 1989). 

13 . The Ayu Basin is bounded to the south by a narrow 
trough which is 4 km deep, lies close to the New Guinea coast 
and has some of the characteristics of both a subduction and 
of a strike-slip boundary (Milsom and others, 1989) 

BATHYMETRY OF THE 
HALMA HERA - WAIGEO - PALAU TRIANGLE 

A revised bathymetric map of the area between Halmahera 
and the Ayu Basin has been prepared using the Darwin results, 
data from the oceanographic survey files held at the National 
Geophysical Data Center and conventional wide-beam echo
sounder data compiled by the Indonesian Navy (Figure 2). The 
area is most easil y discussed in terms of a number ofbathymetric 
features to which informal names have been given. These 
include the East Morotai Plateau (Nichols and others, 1990), the 
Sayang Shel f, the Waigeo Platform, the Gag-Gebe Rise and the 
Tobi Ridge. Two deep-water areas, the KatherinaBasin and the 
Asia Embayment, are also identified. Water depths in these 
exceed 4 km and they are probably underlain by oceanic crust 
with a sediment cover which seismic reflection profiling has 
shown to be more than a kilometer thick in places. 

The Gag-Gebe Rise and the Waigeo Platform can be 
regarded as forming a single unit which, together with East 
Halmaheraitself,makeuptheEastHalmahera-Waigeoophiolite 
terrane. The Tobi Ridge is a discontinuous and complex feature 
which forms the western bou ndary of the Ayu Basi n; the eastern 
side of the basin is marked by the still less continuous and more 
complex Mapia Ridge. Prior to the spreading at the Ayu 
Trough, these two ridges would ha'/e formed a single feature 
continuous with the Palau-Kyushu remnant arc. Fomari and 
others (1979) report recovery of a possible arc-tholeiite rock 
assemblage in a dredge haul from the Tobi Ridge and it seems 
reasonable to regard both ridges as parts of the original arc
margin of the Philippine Sea Plate. 

The oceanic crust being subducted at the Philippine 
Trench east of Mindanao seems to be of normal type, and the 
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Figure 2. Bathymetry of the southern Philippine Sea. The strong 
continuous line is the track of the RRS Charles Darwin on cruise 
CD30. Thickened sections of this line indicate the locations of the 
profiles reproduced in Figures 4, 5, and 7. Contours are based on 

water depths are also typical of the deep oceans. Further south, 
however, the crust changes, and this change may have been 
instrumental in preventing the further southward propagation 
of the trench. It can hardly be coincidence that the trench ends 
just where thin oceanic crust on the down-going plate is 
replaced by the thickened crust of the East Morotai Plateau. 
There is a region of deeper water south of the plateau but a steep 
submarine slope only a little further south marks the boundary 
ofthe region of elevated sea-floor here termed the Sayang Shel f. 

The Sayang Shelf lies at the northern margin of the Gag
Gebe Rise but is separated from that feature's continuation on 
to the Waigeo Platform by the deeper (4000-4500 m) water of 
the Asia Embayment. Fourcrossi ngs were made of the northern 
boundary of the shelf and one of the southern boundary before 
the Darwin headed southeast for the narrow channel between 
Waigeo and the reefs around Ayu island. 

Bathymetry of 
the Southern 
Philippine Sea 

o km 100 . . . 

" 

,"" 

results from RRS Charles Darwin cruise CD30, on data from the 
marine geophysical holdings of the National Geophysical Data 
Center. Boulder. Colorado and on soundings plotted on charts 
compiled by the Hydrographic Office of the Indonesian Navy. 

ACOUSTIC IMAGERY OF THE SA YANG SHELF 

DuringCD30, sound waves with frequencies in the range 
15-150 Hz produced by a single air gun were used to obtain 
seismic reflection data beneath the ship's track, and signals at 
frequencies of the order of 6 kHz provided the GLORIA 
imagery (Somers and others, 1978). The two systems together 
constitute a powerful tool for investigating the geology of deep 
water areas. 

The track pattern east of Halmahera was rather complex 
and has allowed a GLORIA mosaic to be produced which. 
although providing little coverage over areas of shallow water, 
shows the northern margin of the Sayang Shelf over a distance 
of more than 100 km (Figure 3). There is also a single crossing 
of the southeastern shel f margi n and the southwestern end of the 
Asia Embayment. Over the embayment the side-scan image is 
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Figure 3. GLORIA side-scan sonar mosaic of the Sayang Shelf region. Ship tracks are 
indicated by the narrow linear zones of poor data down the centers of the individual 
images (see also Figure 8). Note the asymmetry about the track line south of ION, 
produced by the difference in water depths to northeast and southwest. Light areas 
indicate high backscattering of acoustic energy and usually correspond to areas of 
exposed basement and/or to sediments with high sand content. The E-W zone of high 
backscatter at about I °20'N marks the northern margin of the Sayang Shelf and the 
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similar zone striking roughly NE-SW at ION is the southeastern margin. The high 
backscatter west of track south of ION marks the steep slope at the southwestern end of 
the Asia Embayment. Possible sediment channels discussed in the text lie east of track 
in the AsiaEmbaymentandroughly along 1300 E on the Sayang Shelf. High backscatter 
west of 129°E is largely related to channels funneling sediment into deep water from the 
Halmahera region. Stress patterns within the Katherina Embayment have been discussed 
by Nichols and others (1990). 
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Figure 4. Single-channel seismic reflection record, free-air gravity 
profile and simple true-scale geological model for the CD30 profi Ie 
across the southeastern margin of the Sayang Shelf. One second 
two-way-time is approximately equivalent to 750 m of water. For 
location of profile, see Figure 2. Northwest is to the left. 

asymmetric about the track Ii ne because of the rapid rise i n level 
of the sea floor to the southwest. The orientation of this slope 
must increase the level of backscatter but the high intensity is 
probably due also to seafloor roughness associated with coarse 
sediments and exposed basement. 

The zone of high backscatter which crosses the ship's 
track almost at right angles at about ION marks the scarp at the 
edge of the Sayang Shelf. With this orientation to the GLORIA 
beam, any slope contribution to the backscattered energy is 
likely to be small and sea floor roughness is probably the major 
factor. The seismic section (Figure 4) shows a steep sided 
bathymetric high at the top of the slope and the igneous rocks 
of which this is likely to be composed would be expected to 
produce just such an effect. Unfortunately, although the 
backscatter zone obviously extends for considerable distances 
on either side of track, it is not possible to say for certain on the 
basis of the side-scan image whether the high is an isolated 
pinnacle on a generally much less dramatic ridge or whether 
such elevations are normal. Some degree of cross-track 
elongation does seem probable. 

Both the deep sea-floor of the Asia Embayment and the 
much shallower sea-floor on the Sayang Shelf are regions of 
generall y low backscatter which the seismic sections show to be 
covered by rather flat-lying sediments (Figures 4 and 5). A 
rather faint feature on the floor of the embayment which 
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Figure 5. Single-channel seismic reflection record, free-air gravity 
profile and simple true-scale geological model for the CD30 profile 
across the northern margi n of the Sayang Shelf. For location of 
profile, see Figure 2. North is to the left. 

converges with the ship's track near the base of the scarp is 
probably a sediment channel and may be feeding the narrow 
trough shown on Figure 4. This trough may be an effect of 
faulting which controls the margin of the shelf; it seems, as 
discussed in the next section, to be underlain by very thin crust. 

A stronger feature trending at about 30° to the track 
across the Sayang Shelf may also be a sediment channel, and 
can also be correlated with a trough visible on the seismic 
section (Figure 4). It appears to be feeding sediment out across 
the northern shelf edge, which in this area is rather broad and 
involves rather gentle gradients (cf. Figure 3), The broadening 
does not seem to greatl y affect the width of the GLORIA image 
ofthe margin, which extends for over I ()() km across the mosaic 
with a linear and almost precisely E-W trend and which 
terminates abruptly at the N-S oriented scarp which marks the 
edge of the East Halmahera block. Backscatter intensity does, 
however, increase from east to west, in line with the increasing 
slope steepness and increasing elevation as the Sayang Shelf 
merges with the Gag-Gebe Rise. The high levels of backscatter 
are due to exposures of basement rocks and to coarse sediments 
in channels which funnel sediment down from the elevated 
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Figure 6. Bouguer anomaly map ofthe southern Phi lippine Sea. The 
reduction density used, 2.67 gm/cc, minimizes the local correlation 
between bathymetry and anomaly levels. Marine data from CD30 
and from National Geophysical Data Center files . Land data from 

blocks into the Katherina Basin. Figure 5 shows that the shelf 
edge is fonned by a ridge which, although rising only a little 
above the level of the ponded sediments to the south, may be 
expected to expose basement rocks on its northern flank. 

Complicated patterns of back scattering in the Katherina 
Basin have been attributed by Nichols and others (1990) to 
folding and faulting resulting from the compressional tectonics 
associated with westward movement of the Philippine Sea 
Plate, but whether these forces have produced any convergence 
between the Sayang Shelf and the Halmahera block is not clear. 
The change in strike at the junction ofthese two units is certainly 
very abrupt, and arcuate features which might have been 
fonned as a result of compressive defonnation can be identified 
in this area, but tectonic effects are locally often obscured by 
intense sediment channeling. 

The strong east-west trend of the northern boundary of 
the Sayang Shelf, maintained over a distance of more than 100 
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Dow and others (1986) and from unpublished surveys carried out 
jointly by the University of London and the Geological Research 
and Development Centre, Bandung. 

km, suggests a possible relationship with the similarly oriented 
New Guinea Trench. If, prior to initiation of the Ayu Trough, 
the trench extended both east and west of the line of the future 
spreading axis, a remnant trench-like feature might be expected 
in the area immediately east of Halmahera. The seismic profi Ie 
in Figure 5 is not unlike the seismic profile obtained in the 
course ofCD30 near the western end ofthe New Guinea Trench 
(Figure 7), although there is no indication of subduction 
asymmetry. The possible relationshi ps between the two regions 
can be evaluated by using the additional geophysical data which 
is now available from the two areas. 

GRA VITY AND MAGNETIC DATA 

Gravitationally, the Sayang Shelf lies at the edge of the 
East Halmahera-Waigeo ophiolite terrain, being characterized 
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Figure 7. Single-channel seismic reflection record, free-air gravity 
profile and simple true-scale geological model for the CD30 profile 
across the southern margin of the New Guinea Trench. For location 
of profile , see Figure 2. North is to the left. 

by Bouguer anomalies, at the 2.67 gmIcc reduction density, in 
the range + 200 to +300 mGal (Figure 6). CD30 gravity profiles 
were obtained running at right angles to the northern and 
southeastern boundaries of the shelf and these boundaries are 
generally sufficiently linear for two-dimensional (2-D) 
interpretation, although the "2.5-D" strike-limited approximation 
(Cady, 1980) has been used in modelling the Asia Embayment 
to allow for its rather abrupt termination southwest of the 
profile. 

Deliberately, the models, illustrated in Figures 4, 5 and 7, 
have been kept very simple; more complex solutions can, of 

course, be found but most will differ from the simple ones only 
in detail. The density contrast across the crust/mantle interface 
is set at 0.4 gmIcc in all the models, regardless of the nature of 
the crust. A greater contrast would require a compensating 
change in crustal thickness but would not involve any other 
significant alterations. The contrast selected for the sea-floor 
interface is more critical but can to a considerable extent be 
determined from the models themselves in areas of rapid 
bathymetric change. The standard 1.64 gmIcc value (i.e., a 
crustal density of 2.67 gmIcc and a sea-water density of 1.03 
gmIcc) produces excellent agreement with observation and 
cannotbechangedsignificantlywithoutintroducingconsiderable 
lateral density variations in the uppermost crust. Because the 
topography is produced by the plateau elements and the ocean 
floor is generally rather flat, the density estimated in this way is 
that of the upper parts of the plateaus and not of oceanic crust. 

Surprisingly close agreement with observation can be 
obtained using only the sea-floor and mantle interfaces and 
allowing only gradual changes in the latter. However, the fits 
can be considerably improved by some minor modifications. 
Over the Asia Embayment a better match is achieved by 
supposing the narrow, sediment-filled trough at the base of the 
slope to be underlain by a sharp rise in the mantle (Figure 4). 
Such a narrow zone of crustal thinning could probably only be 
produced by strike-slip faulting, and indeed the seismic profile 
in this area is reminiscent of some of the profiles obtained across 
oceanic fracture zones. It does not seem necessary to suppose 
a higher density than 2.67 gmIcc for the basement ridge or 
pinnacle which marks this edge of the plateau provided that it 
extends sufficiently far on either side of the line of track for the 
2-D approximation to be valid. Since the results from the 
northern edge of the shelf, discussed below, rather suggest that 
such a feature would have a high density, it may be that the 
bathymetric high is, in fact, rather localized. 

At the northern margin of the Sayang Shelf, an almost 
perfect match can be obtained simply by introducing a body of 
rather higher density beneath the slope between the shelf and the 
Katherina Basin (Figure 5). Since the seismic profile clearly 
shows a basement high in this region, the existence of such a 
body might well be expected. The crust beneath the Sayang 
Shelf seems, on the basis of these two models, to be some 12-
15 km thick, and thus not greatly different from the crust of the 
shallower parts of the Asia Embayment. Notably, there appear 
to be no great changes in thickness across the shelf. 

The sediments in the KatherinaBasin have been assigned 
a density 0.3 gmIcc below that of normal crust; a more 
complicated, or simply different, density structure would merely 
require compatible changes in crustal thickness If the basin does 
represent a western extension of the New Guinea Trench, there 
should be similarities in the gravity patterns in the two areas, and 
a simple model has therefore also been prepared for the CD30 
profile across the ·southern flank of the trench (Figure 7) The 
2.67 gmIcc contrast provides an almost perfect fit with 
observation in this area also, but there is no need to postulate a 
dense body beneath the bathymetric slope. The crust beneath 
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Figure 8. Magnetic anomalies over the Sayang Shelf, from CD30 
results. Anomaly levels have been corrected for the International 
Geomagnetic Reference Field. Dotted lines are bathymetricw ntours, 

the assumed accretionary wedge is shown as having roughly the 
same thickness as that beneath the Sayang Shelf but it is notable 
that in the New Guinea Trench model' erustaI thickening 
continues up to the southern end of the' model profile and 
presumably beyond it. 

Magnetic field patterns can also becompar;ed, the zig-zag 
CD30 track across the northern edge of the' Sayang Shelf 
allowing a contour map to be drawn in, that area (Figure 8) 
Unsurprisingly, since such features are usually of igneous 
origin, thereisaquite strong magnetic effectassociated.with the 
ridge or pinnacle at the southeastern edge of1 the shelf. The 
strong magnetic anomalies elongated param~ll to1 ilie northern 
shelf margin are probably of greater importance since itis in iliis 
area that similarities are sought with the New Guinea Trench Ih' 
fact there is little resemblance, the total magnetic.relief on the 
trench profile being less than 100 m. The: Sayang Shelf
Katherina Basin anomalies cannotloo'attributed to any single ' 
source, magnetization of the high density body beneath the 
slope being required, as well as different magnetizations of the 
upper crust on either side. 
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at 500 meter intervals , Dashed lines show the track of the RRS 
Charles Darwin and the limits of the GLORIA coverage, for 
comparison with Figure 3. 

Subduction zones, and forearc ridges in particular, vary 
considerably in geophysical character along their length, and 
too much should not, perhaps, be made of differences between 
the geophysical patterns in the area east of Hal maher a and along 
a single traverse across the New Guinea Trench. However, there 
is a sufficient lack of similarity to suggest that the Katherina 
Basin does not represent a continuation of the New Guinea 
Trench and that the Sayang Shelf is defined by transcurrent 
faults and not by thrust contacts. 

CONCLUSIONS 

The region between Halmahera and the Ayu Basin is 
occupied by a number of blocks of thickened, island-arc crust 
andby regions of deeper water underlain by thinner, oceanic, 
crust, It seems unlikely that the New Guinea Trench ever 
extended into the area, which forms an integral part of the 
Philippine Sea Plate. 

The geological history of the area is still obscure but a 
highly, speculative reconstruction can be offered, based on 
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observations from the area itsel f and on the wider relationships 
throughout the western equatorial Pacific. Palaeomagnetic data 
suggest that an "East Philippine Sea Arc", which is now 
represented by the Marianas, Yap, Palau and the remnant arcs 
east of and including the Palau-Kyushyu ridge, formed during 
the Eocene, had an east-west strike in the Oligocene and 
reached its present roughly north-south alignment as a result of 
gross rotation of the Philippine Sea Plate. At about half way 
through this rotation process, i.e. in the earliest Miocene, a 
second arc terrane, which also included Eocene volcanics, was 
being welded onto the New Guinea margin, which at that time 
lay more than 2000 km to the south of its present position. 

With Australia and New Guinea moving northward and 
absorbing parts of the Caroline Sea Plate, and with the Phi Iippine 
Sea Plate rotating clockwise, collision between the fragmenting 
boundary arc and the New Guinea margin became inevitable. If 
our identification of the Ayu and Mapia ridges as extensions of 
this arc is correct, then either the end of the system lies, 
coincidentally, at precisely the latitude now attained by the New 
Guinea margin or other fragments of this arc formerly lay 
beyond (originally east of but later south of) Ayu and Mapia. 
Since subduction of crust of this thickness is unlikely, these 
fragments should still be identifiable. 

One obvious possibility is that there are links with the 
Solomons and the arcs which now surround the Bismarck Sea. 
These have Eoceneorolder arc basements and complex histories, 
and might at one time have linked with arcs further west to form 
a plate boundary stretching across much of the present western 
Paci fic . If so, however, the link fractured , perhaps in the Middle 
Miocene when there was a break in arc activity in the Bismarcks 
(cf. Dow, 1977). Another possibility, perhaps equally obvious, 
is that some of the submerged plateaus east of Halmahera, and 
hence probably parts of Halmahera itself, are made up of 
fragments of the arc; the blocks of relatively buoyant crust, 
having nowhere else to go to escape the advancing Australian 
margin, have been forced into this area where they have 
probably both overthrust and sheared past fragments of ocean. 

One implication of this reconstruction is that the 
Halmahera-Waigeo ophiolite terrane may need further 
subdivision. A direct relationship with the arc rocks ofthe north 
New Guinea coast would imply arrival at the New Guinea 
margi n in the 0 Iigocene, which would be far too earl y and much 
too far south for an arc that in the Eocene formed the northern 
margin of the Philippine Sea Plate. Just as in eastern New 
Guinea it seems necessary to suppose two collisions, separated 
by most of the Miocene, to explain the differences between the 
north coast ranges east and west of 144 °E, so in the extreme west 
of New Guinea two arc terranes may have become jumbled and 
intermixed in the relatively recent past. 
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