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Comment on 'Plate Convergence, Transcurrent Faults, and 
Internal Deformation Adjacent to Southeast Asia and the Western Pacific' 

by T. J. Fitch 

M. G. AUDLEY-CHARLES AND J. S. MILSOM 

Department of Geology, Imperial College of Science and Technology, London, England 

In discussing present-day crustal movements in the Indone- Timor from the north during the middle Miocene orogenic 
sian area, Fitch [1972] classed as erroneous a previous iden-' phase [Audley-Charles, 1968] originated in the Permian 
tiffcation [Fitch, 1970; Fitch and Molnar, 1970] of the Weber 
deep in the Banda Sea as an eastern extension of the Java 
trench. Despite the presence of this deep, which has many of 
the characteristics of a subducting trench, including great 
depth (>7 km) and associated andesite volcanism [Van 
Padang, 1951], he ascribed greater importance to the shallow 
troughs that separate the islands of the outer Banda arc from 
the northeast Australian continental shelf. This interpretation 
is surprising because the seismic evidence also seems to suggest 
that the Weber deep is a subducting trench. As Fitch [1972, p. 
4439] himself remarked, 'The inner wall of this deep is 
seismically one of the more active regions within this arc. For 
example, the only shallow earthquakes of large magnitude 
recorded in the eastern Sunda region are the two events 
located near the inner wall of this deep.' Fitch added that 'the 
larger recent movements in this region, according to recorded 
seismicity, have occurred within the arc and not along the fric- 
tional contact between the convergent plates.' This plate 
boundary, according to Fitch [1972] and to Figure 1 of Fitch 
and Hamilton's reply, is situated in the shallow trough 
between the outer Banda arc and the Australian shelf. Because 

in this area the Australian continent is apparently in collision 
with a subduction zone, the plate boundaries are likely to be 
very confused, but the relationship between, the Weber deep 
and the Java trench may be more simply determined from a 
study of the geological record. Since a line joining these two 
marine deeps passes across the island of Timor, it may be 
argued that the Weber deep can be regarded as an extension of 
the Java trench only if Timor is part of the Australian plate, 
which has moved northward to collide with this trench system. 
Our conclusion [Audley-Charles et al., 1972] that this is the 
case and that Timor could not have formed part of the 
southeast Asian plate is based on stratigraphic and structural 
observations in Timor and the adjacent islands. The major 
points of this evidence are briefly summarized here. 

Facies and faunal characters of the autochthonous Permian, 
Triassic, Jurassic, and Cretaceous formations of Timor 
[Audley-Charles, 1968] are closely related to those of the 
northern Australian shelf as revealed by drilling at Ashmore 
reef [Mollan et al., 1970] and to those of northern and western 
Australia [Teichert, 1939; David, 1950]. Measured sedimentary 
slump directions in Timor have indicated that the 
autochthonous Permian marine sediments were derived from a 

landmass to the south; Permian glacigene deposits around the 
Kimberley block of northern Australia were suggested as the 
source area for the Timor sediments [Audley-Charles, 1965]. 
The Early Permian reef limestones that were overthrust onto 
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tropical belt, which must have lain thousands of kilometers 
north of northern Australia since it was periglacial at that time 
[Brown et al., 1968]. The autochthonous Permian rocks of 
Timor appear to have no facies or faunal relationships with the 
allochthonous Permian reef limestones. 

The Late Triassic rocks of Timor and Ashmore reef (on the 
southern margin of the Timor trough) are of similar lithology 
and facies. In Timor the Jurassic arenites contain large plant 
fragments, and the conglomerates contain algal nodules. These 
observations are in accord with the evidence for emergent land 

in the Ashmore reef area during the J/urassic [Mollan et al., 
1970] and suggest that Timor was adjacent to a continental 
mass. 

The autochthonous Permian and Mesozoic deposits of 
Timor amount to more than 3000 m of marine sediments, 

about 2000 of these being terrigenous. Warris [ 1973] has inter- 
preted these Permian, Triassic, and Jurassic deposits of Timor 
as representing the slope and rise sediments of the Australian 
continental margin, and Audley-Charles [ 1968] considered that 
they were mainly deposited on the outer part of the shelf. Both 
of these interpretations imply that these sediments ac- 
cumulated above the Australian continental crust (Figure 1). 
The oldest known rocks of the inner volcanic arc east of Flores 

date from the Miocene, and these islands could therefore not 
have contributed to the pre-Cenozoic rocks of Timor [Van 
Bemmelen, 1949]. 

There is no evidence for the presence of oceanic crust 
anywhere between Timor and the north Australian coast. We 
interpret the Timor trough and its eastward extensions 
(depressions south of Tanimbar and Kai) as a downbuckle in 
continental crust consequent on the late Pliocene collision 
between the northern margin of continental Australia 
(represented by Timor, Tanimbar, and Kai) and the subduc- 
tion zone to the north. Limited underthrusting probably oc- 
curs in the downbuckled continental crust below the Timor 

trough and its extensions in a manner analogous to that 
proposed by Rabinowitz and Ryan [1970] to account for 
features of the eastern Mediterranean. Such underthrusting is 
suggested by the late Pliocene imbrication, which has affected 
part of southern Timor where it increases in intensity towards 
the south coast. However, it seems unlikely that a true con- 
ve3gent plate boundary can develop in such a situation. 

We have also seen the reflection profile to which Fitch and 
Hamilton refer in their reply, but we do not agree with their in- 
terpretation of this profile. It does not in our opinion show 
clearly any relationship between the Timor section and the sec- 
tion in the Timor trough. This seismic reflection profile does 
not extend far enough north to allow the interpretation placed 
on it by Fitch and Hamilton, 
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Fig. 1. Relationship of the Weber deep and the Java trench to the main features of southeast Indonesia and northern 
Australia. The A indicates Alor; W, Wctar; R, Romang; BI, Banda Islands' and W deep, Weber deep. Bathymctric con- 
tours are in meters. 

There is general agreement that much of the Timor 
stratigraphic section is imbricated and complex, but that is not 
evidence that subduction has occurred in the Timor trough. 
We still find that there is no evidence of subduction between 

Timor and the Australian shelf. 
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The tectonic elements consistently present in active subduc- 
tion systems can be recognized by their geologic and 
bathymetric features, by their seismicity and their gravity 
anomalies, and by their appearance on seismic reflection 
profiles. Where sediments are available in large volume near 
the trace of the subduction zone, these elements include a 
gentle-sided trench, a wedge of melange and imbricated 
materials whose surface rises to form an outer arc ridge, an 
outer arc basin ('interdeep'), and an inner ridge upon which 
volcanoes stand. These elements are continuous throughout 
the 7500 km of the arcuate Indonesian-Banda system, 

ß 

although irregularities near Timor complicate the pattern. The 
large island of Timor is an exposed part of the outer arc ridge, 
and it is separated from Australia to the south by a shallow 
trench, the Timor trough, and from the volcanic ridge to the 
north by an outer arc basin, the Weber deep. 

On the basis of an ambiguous interpretation of the geology 
of Timor alone and without considering the other criteria for 
recognizing features of an island-arc system, Audley-Charles 
and Milsom postulate that the trench south of Timor, and the 
continuation of that trench eastward around the rest of the arc 

system, is merely a 'downbuckle in continental crust,' that the 
outer arc ridge, including Timor, is the raised autochthonous 
rim of the continent of Australia, and that the trace of the sub- 
duction zone'has always been north of the outer arc ridge and 
is now in the outer arc basin between the outer arc ridge and 
inner arc volcanoes. These postulates are disproved by 
geologic and geophysical data, and we further regard as un- 
tenable the geologic interpretation of Timor upon which the 
postulates are based. Various other papers by Audley-Charles 
and his colleagues [Audley-Charles, 1965a, b, 1966a, b, 1968, 
1972, 1973; Audley-Charles and Carter, 1972; Audley-Charles 
et al., 1972] are based in substantial part upon the same inter- 
pretation and postulates. 

TIMOR AND THE TIMOR TROUGH 

The island of Timor is a tectonic chaos. Many of its rocks 
closely resemble those known in the subsurface of the 
northwestern Australian continental shelf, as Audley-Charles 
and Milsom rightly emphasize, but these are imbricated 
chaotically with sedimentary rocks of utterly different facies 
and with crystalline rocks. Audley-Charles worked extensively 
in Portuguese Timor and developed, in the papers just noted, 
an elaborate rationale for the tectonic evolution of the island 

based on the assumption that those sedimentary rocks of 
Timor that are in Australian shelf facies are autochthonous 

and lie with depositional contact on an unseen continental 
basement. Exotic rocks and complexes are then viewed as hav- 
ing slid southward onto Timor from uplifted ocean floor or 
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from an island arc. This assumption provides the basis for the 
conjecture by A udley-Charles and Milsom that the Timor 
trough is a syncline. 

The trough, however, is not a syncline, and the Australian 
facies rocks on Timor are not autochthonous. Offshore reflec- 
tion profiling shows that the strata of the Australian shelf in- 
flect downward at the shelf edge and dip northward into the 
trench [Veevers, 1971 ] and beneath Timor, which is composed 
of severely deformed rocks. Beck [1972, p. 15] described Royal 
Dutch/Shell Group deep-penetration reflection profiles across 
the north side of the Timor trough: 'Large-scale southward 
directed overthrusts accompanied-by imbrications, com- 
pressional folds and extensive gravity slides are observed on 
seismic reflection profiles south of the Timor-Kai Islands 
trend.' We have seen an excellent reflection profile, which 
we hope will be published, by another oil company that 
shows unequivocally that little-deformed strata, continuous 
with those of the Australian continental shelf, dip gently 
northward beneath Timor, which is the top of a thick wedge 
of imbricated material above those strata. The Australian 

shelf strata of Timor are adrift from the basement on which 

they were deposited. 
In the Timor chaos, widely different rocks (deep- and 

shallow-water sediments of all ages from Permian to early late 
Miocene, metamorphic rocks including glaucophane schist, 
serpentine and peridotite, pillow basalt, abyssal manga- 
niferous chert, and others) are jumbled randomly together. 
Practically all reports, including those by Audley-Charles 
[1965a, 1968], emphasize the chaotic structure, which has 
been given varied interpretations of tectonic and gravitational 
thrusting, normal faulting, submarine slumping, and land- 
sliding. In central Indonesian Timor de Roevet [1940] mapped 
an imbricate stack of moderately dipping rocks whose 
major tectonic units are, in order updip, (1) variably dis- 
rupted Permian and Triassic terrigenous clastic sediments, (2) 
a melange several kilometers thick of schist, ophiolite 
fragments, pink Cretaceous pelagic limestone and radiolarite, 
and Permian and Triassic oceanic island and fringing reef 
complexes, and (3) another melange of intersheared fragments 
of schists and ophiolite. Van West [1941] mapped nearby a 
steeply dipping melange, consisting of randomly intercalated 
lenses of undated terrigenous clastic rocks, Cretaceous pelagic 
sediments, and Triassic, Eocene, and lower Miocene shallow- 
water limestones, all lying between larger lenses of schist and 
ultramafic rocks. Tappenbeck [1940] found in western Timor a 
southeast-dipping melange of metamorphic rocks (including 
glaucophane and kyanite schists), shallow-water clastic 
Triassic sediments, serpentine, abyssal chert, Cretaceous 
graywacke, Permian and Triassic reef limestone and basalt, 
and Eocene shallow-water limestone. The clastic Permian and 

Triassic rocks in these and similar examples are all clasts and 
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slices in melanges and imbricate complexes and are not, as 
postulated by Audley-Charles and Milsom, autochthonous. 
The rest of the island is similarly chaotic. 

The 'b•ickground' material of much of the Timor chaos is 
sheared, soft scaly clay: the 'Bobonaro scaly clay' of Audley- 
Charles [1965a, 1968] and much of the 'Mesozoic flysch' of 
Gageonnet and Lemoine [1958] and of the 'Sonnebait series' of 
Brouwer [1942] and other Dutch geologists. Lenses of all sizes 
from tens of kilometers in length down to single mineral grains 
occur in this matrix. Internally coherent lenses large enough to 
show at reconnaissance mapping scales are depicted separately 
on the various geologic maps, whereas smaller lenses of the 
same rocks are left in the background units by Audley-Charles 
and others. These small fragments and lenses include all the 
types noted in the preceding paragraph, including the 
Australian shelf facies rocks that provide the foundation for 
the conclusions by Audley-Charles and Milsom. 

The Timor chaos has all the features now recognized by 
many geologists as indicative of subduction melange and im- 
brication. The random juxtapositions of totally unlike facies 
(such as Permian cold-water clastics and correlative tropical 
limestones, properly emphasized by Audley-Charles and 
Milsom), the presence of glaucophane schist and other high- 
pressure metamorphic rocks and of slabs of oceanic crust and 
mantle, the severe shearing, and the abundant scaly clay are 

these otherwise remarkably even and parallel arcuate features 
in the 900-km sector between 118 ø and 126 øE, which includes 
the western two thirds of Timor, but here also each feature is 
obvious. 

, 

Audley-Charles and Milsom assume that the trough that 
passes eastward south of Timor and thence curves to form the 
outer boundary of the Banda arc is not the subduction trench 
but that the trench is instead the shallow trough between 
Timor and the islands to the north of it and, farther east, the very 
deep arcuate Weber deep. The trough that they infer to be the 
trench is, however, the outer arc basin, which lies, as it does 
everywhere farther west along Java and the other islands, 
between the outer arc ridge of melange and the inner arc of 
volcanoes. 

Gravity and seismic patterns are complementary, and their 
features maintain constant relationships with one another and 
with the dominant bathymetric and tectonic components of 
the island-arc system, regardless of position along the arc 
(Figure 1). Most regions, both continental and oceanic, have 
isostatic gravity anomalies near zero when these anomalies are 
reduced from surface observations. The outer arc melange 
ridge of the Indonesian subduction system and other subduc- 
tion systems is, however, characterized by a unique coincident 
belt of an extremely negative regional isostatic gravity 
anomaly. This anomaly was discovered by F. A. Vening- 

features that characterize the late Mesozoic and Tertiary sub- Meinesz and used by him as the basis for the tectogene con- 
duction complexes identifiable around much of the Pacific 
margin. The exposed Timor complex is very young (its scaly 
clay matrix includes pelagic foraminifera as young as late 
Miocene [Audley-Charles, 1968]), as is appropriate for its set- 
ting within a still-active subduction system. 

Audley-Charles [1965b, 1966a] and Audley-Charles and 
Milsom assume that during Permian and Mesozoic time 
Timor lay at the outer edge of the Australian continental shelf. 
Recent offshore drilling on the northwestern Australian shelf, 
however, shows that Upper Permian, Triassic, and Jurassic 
rocks are dominantly clastic sediments derived from a con- 
tinental terrain (India?) that lay to the northwest but that was 
rifted away in Cretaceous time [Kaye, 1972]. Correlative and 
similar strata are among the Australian facies materials in 
Timor. 

REGIONAL RELATIONSHIPS 

Timor and the directly adjacent troughs are parts of a con- 
tinuous arcuate subduction-controlled system about 7500 km 
long. A continuous trench trends southward past Burma and 
the Andaman and Nicobar islands, arcs southeastward past 
Sumatra and then eastward past Java and Timor, and then 
curves tightly around the outer Banda arc to Seram. Parallel- 
ing the trench on the Indonesian side are other arcuate 
features. First is an outer arc ridge, largely submarine. Many 
islands, the largest of which is Timor, stand upon this ridge, 
and the geology of all'of them indicates that they are formed of 
subduction complexes. Next inward is an outer arc basin or in- 
terdeep, a generally broad basin that, except east of Timor, 
carries a thick fill of sediments. These sediments lap onto the 
landward side of the basin but are seen on reflection profiles to 
become increasingly deformed toward the outer arc ridge and 
to merge with its chaotic materials, of which they are an im- 
portant component. And finally there is the 'inner arc of 
volcanoes, many of them active, which stand on continental 
crust in Sumatra and Java but rise from deep water around the 
eastern part of the system. There are marked irregularities in 

cept, precursor of subduction and plate tectonics. In Indonesia 
the anomaly follows the entire outer arc ridge, past Sumatra 
and Java, through Timor, and along the ridge on the outside of 
the Weber deep to Seram (Figure 1; Vening-Meinesz [1954, 
plate 1]). The part of the anomaly centered on Timor and the 
outer arc ridge joining it to Seram has axial values mostly 
between -100 and -150 mGal. The Weber deep, like the rest 
of the outer arc basin of the Indonesian system, lies across the 
boundary between the inner flank of this anomaly and the 
broader slightly positive anomaly inside it. 

Although the Weber deep, lying between the outer arc ridge 
and the inner arc of volcanoes, is much deeper than the trough 
between the outer arc ridge and the Australia-New Guinea 
shelf, it is the trough, not the deep, that displays subduction on 
reflection profiles, as was noted previously for Timor and as is 
shown also by other profiles in other sectors, including Seram. 
The islands on the outer arc ridge, around the outer side of the 
Weber deep, consist of complexes that, like those on Timor, 
are hashes of shallow-water sediments of the same ages and 
facies as those of the nearby Australia-New Guinea shelf, in- 
tersheared with deep-water sediments, ophiolite slices, and the 
other usual indicators of subduction complexes. The 
shallowness of the trench is apparently due to the subduction 
here of the thick light shelf strata. Whether continental crust 
has been deeply subducted is uncertain, and an explanation for 
the great depth of the Weber deep sector of the outer arc basin 
is not yet apparent. 

A Benioff zone of earthquakes slopes northward deep into 
the mantle behind the Sumatra-Java-Timor trench system. 
This earthquake zone tracks part of the Indian Ocean plate 
that has descended into the upper mantle from a subduction 
zone. The deeper part of the zone is reasonably well defined by 
available earthquake data (Figure 1). The active volcanoes of 
the island arc are concentrated in a narrow belt above the part 
of the zone that is about 150 km deep, and the zone reaches 
depths greater than 500 km farther north. The upper southern 
part of the Benioff zone, shallower than about 100 km, is 
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defined only poorly by available data from Timor west, for this 
melange-wedge part of the zone has a broad horizontal extent, 
and further computed depths of earthquakes are poorly con- 
trolled, and earthquakes near 100 km are infrequent. 
However, the top of the Indian Ocean plate can be traced on 
one superb reflection record south of eastern Java for a 
horizontal distance of 45 km inland from the trench [Beck, 
1972, Figure 13]. This record shows the top of the plate to be 
inclined with an average dip of only 7 ø beneath the imbricated 
wedge that forms the slope between trench and outer arc ridge. 
Other profiles across the inner side of the trencfi show similar 
geometry. 

Audley-Charles and Milsom conjecture that the inclined 
seismic zone beneath the Banda Sea reaches the surface in the 

Weber deep. The earthquake data show otherwise. Earth- 
quake activity at intermediate depths is much greater in this 
sector than it is farther west in the arc system, and the seismic 
zone can be located here with considerable confidence. The 

earthquake zone is at a depth of nearly 100 km beneath the 
axis of the Weber deep (Figure 1). The volcanoes of the inner 
arc, which separates the Weber deep from the floor of the Banda 
Sea, are at the usual height of about 150 km above the 
Benioff zone. 

There are major irregularities in the elements of the arcuate 
system in the Sumba-Timor sector (Figure 1). The outer arc 
ridge is uniquely close to the inner volcanic arc at Sumba and 
at eastern Timor; the trench jogs northwestward to the west of 
Timor; and the negative gravity belt is much diminished in the 
Sumba region. There are no currently active volcanoes on the 
inner arc ridge north of eastern Timor. A possible partial ex- 
planation for these irregularities is that within late Quaternary 
time the subduction site south of eastern Timor has been aban- 

doned and a new one activated between Timor and the inner 

arc ridge (but not farther east in the Weber deep), so that the 
two ridges are now being drawn together. 

OVERVIEW 

We agree with A udley-Charles and Milsom that Timor is a 
product of the collision of the Banda island-arc system with 
the continental shelf of Australia and New Guinea. The ad- 

vancing arc has ramped up onto the shelf, bulldozing the shelf 
strata, not merely warping them, and incorporating them into 
the imbricated and melanged material riding at the front Of the 
arc. The Timor trough, like the Java trench with which it is 
continuous to the west, is the dihedral angle between a gently 
dipping undersliding southern plate and a wedge of shuffled 
material above it to the north. Farther north, approximately 
beneath Timor and the rest of the outer arc ridge, the subduct- 
ing plate tips markedly downward and planes deep into the 
mantle, as is recorded by the seismic Benioff zone. The weight 
of the melange wedge depresses the undersliding plate to 
produce the exposed gentle downturn in it at the south side of 
the trench, whereas the steep downturn hidden beneath the 
outer arc ridge marks the fundamental plate boundary. 
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