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Rupture of a continental plate subducted below a forearc produces a fold and thrust mountain belt with fast 

overthrusting of nappes. Post-rupture plate unflexing leading to reflexure provides a mechanism for foreland basin 

formation. Application to the Australia-Banda Arc collision accounts for the origin of the Timor Trough, its 

imbrication and contemporaneous extension in outer arc, as well as reversal of subduction direction after the 

emplacement of nappes. 

Intmduction 

We suggested that where a rifted continental 
margin, converging on an arc-trench system, en- 
ters a subduction trench, the continental litho- 
sphere-bending into the subduction zone as it 
underthrusts the forearc-will rupture (Price and 
Audley-Charles, 1983). In this paper the conse- 
quences of this rupture are considered. The model 
presented here has general application to conti- 
nent-arc collisions. However, we specifically com- 
pare this model with observations made in the 
Australia-Banda Arc collision zone (Fig. 1). 

Model 

The conceptual model was proposed on the 
basis of a theoretical appraisal of the conse- 
quences of the plate rupture mechanism. The de- 
velopment of the proposed mainly qualitative 
model is presented graphically (Figs. 2-6). In Fig. 
2 the flexure of the subducting plate exists because 
of the opposing boundary forces Fl and F2. In 
Fig. 2, F, is shown wholly in the hanging-wall 
plate (based on the widely held assumption that 

the downgoing slab is “pulling”). If, however, the 
downgoing slab is being pushed, F2 will be shared 
between the hanging-wall plate and the downgo- 
ing slab. Elastic strains and their associated 
stresses, which result from the flexure, are in a 
state of equilibrium with the boundary conditions. 
We have indicated (Price and Audley-Charles, 
1983) that fractures can develop that cut through 
the subducting plate and permit detachment of the 
descending slab. Such a fracture, which com- 

pletely cuts through the slab thereby causing asso- 
ciated detachment, changes the boundary condi- 
tions in that F2 ceases to operate. Therefore, the 
elastic stresses induced by flexuring in response to 
the original boundary conditions can no longer be 
sustained and they diminish by causing the 
“straightening” of the subducting plate. Altema- 
tively the downgoing slab is resistive to subduc- 
tion, and straightening is brought about by thrust- 
ing on the listric fault aided by the isostatic re- 
sponse associated with the less dense continental 
lithosphere. One or all of these mechanisms result 
in the vertical motions illustrated in Fig. 3. 

As the subducting plate straightens it will 
therefore give rise to a component of horizontal 
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Fig. 1. Location sketch map to show tectonic interpretation (Audley-Charles, 1986) of part of the Banda-Australia collision zone. 

Brackets show area of projection of earthquakes onto the vertical plane striking N25 o W (McCaffrey et al., 1985). The apparent gaps 

between the Flores and Wetar thrusts are artifacts of the seismic reflection mapping. 

motion and, because the boundary force F, still 
has the potential to operate, the horizontal adjust- 
ment will be one-sided and occur only towards the 
arc. Such a component of horizontal movement 
will, for a period, augment that brought about by 
normal plate convergence. 

The upward motion of the leading “chisel-like” 
ruptured edge of the advancing subducting plate, 

slicing into the forearc accretionary wedge at the 
edge of the hanging wall, initiating “flake tecton- 
ics” is shown in Fig. 3. It was noted (Price and 
Audley-Charles, 1983) that the breakthrough frac- 
ture on the upper side of the descending plate was 
a rejuvenated normal fault that behaved in reverse 
mode after it was rotated into the subduction 
zone. As straightening of the plate takes place, this 
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Fig. 2. Early Pliocene reconstruction (Price and Audley-Charles, 1983) of part of the Banda-Australia collision zone to show the 

buckling in the continental plate before rupture and the position of the incipient rupture. 
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Fig. 3. Mid-Pliocene reconstruction of part of the Banda-Australia collision zone to show the post-rupture straightening of the 

continental plate by unflexing. Note the ruptured Australian plate has converged 110 km on the volcanic arc in 1.5 Ma (i.e. at 7.5 

cm,+, averaged from Smith et al., 1981), that the tectonic flake of allochthonous nappes has been emplaced and that the Sunda 

Trench has already been overridden by 150 km (Price and Audley-Charles, 1983; Audley-Charles, 1986a). 
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breakthrough fracture becomes progressively 

steeper (Figs. 3-6) and will eventually attain dips 

of 60° or more. At such a steep angle this fault 

plane will not readily slip (in a reverse sense) in 

response to horizontal stresses which will be gen- 

erated by the advancing ruptured plate. Thus, in 

effect the two plates become fully re-engaged, so 

that F2 is again brought into existence and condi- 

tions for re-flexuring will be engendered. 

The main vertical movements which result from 

this reflexuring of the converging plates are indi- 

cated in Figs. 4 and 5. Downwarp on the con- 

tinental plate gives rise to a foreland basin (Timor 

Trough). The outer arc is uplifted and tilted to- 

wards the continent, while the volcanic arc is 

tilted in the opposite sense. Between these areas 

the relatively sharp anticlinal flexure will reduce 

the lateral stresses in the upper layers of the crust 

to such an extent that a graben will be initiated. 

By a comparable mechanism the synclinal warping 

both in front of and behind the collision zone will 

NW 

engender high lateral stresses in the upper levels of 

the crust. 

It will be seen from Figs. 4 and 5 that, as 

commonly assumed, the continental plate is thicker 

than the much younger back-arc plate. The thicker 

plate will exhibit a greater resistance to flexure, so 

that the curvature of flexure will be sharper on the 

back-arc side of the volcanic arc. Consequently 

the compressive stresses induced by flexuring will 

be smaller outside the Quter Arc than those which 

develop in the back-arc region of the Inner Arc. 

On the continental side of the Outer Arc the 

stresses, derived from both the buckling and from 

horizontal compression generated by continuing 

plate convergence, will be sufficient to cause a 

number of relatively minor thrusts (or cause re- 

shear along pre-existing shears). In the back-arc 

region of the volcanic arc the plate is relatively 

thin, hence, because Fl and F2 balance, the initial 

horizontal stresses in the back-arc plate will be 

higher than they are in the continental plate. The 
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Fig. 4. Late Pliocene reconstruction of part of the Banda-Australia collision zone to show post-rupture re-buckling of the continental 

and back-arc plates. Wetar Thrust probably initiated as re-buckling starts. Note ruptured Australian plate has converged on volcanic 

arc by a further 35 km at 7.5 cm/yr and that the ruptured oceanic part of Australian plate is still underthrusting. Buckling-induced 

subsidence has led to formation of foreland basin (Timor Trough). 
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Fig. 5. Early Pleistocene reconstruction of part of the Banda-Australia collision zone to show re-buckling which steepens the Wetar 

Suture fault causing it to lock-up. The Wetar Thrust evolves to accommodate the continuing plate convergence at 7.5 cm/yr. The 

foreland basin (Timor Trough) cominues to subside by plate buckling which also leads to development of the Wetar Strait graben 

and (enhanced by plate convergence) to contemporaneous imbrication in the foreland basin. Note the detached oceanic part of the 

Australian plate moved more slowly or even stopped after it was displaced by the underthrusting Asian plate. 

relatively sharp flexure in the back-arc plate will 
therefore superimpose these high flexurally-related 
stresses upon high initial horizontal stresses. In 
combination these stresses will cause the develop- 
ment of one or more major thrusts in the upper 
crust of the back-arc region. 

The development of fractures reduces the “ef- 
fective” thickness of the plate and therefore re- 
duces the resistance to flexure. Fractures which 
are initiated at higher levels are able to penetrate 
deeper and deeper into the plate and can so 
increase the horizontal stresses in the lower levels 
of the plate that a major thrust can break through 
completely to form a “sole” thrust or plane of 
detachment at the base of the plate. The sense of 
movement (Figs. 5 and 6) of the continental plate 
dictates that such a major thrust results in the 
hanging wall overthrusting the foot wall towards 
the back-arc plate. Once such a major thrust de- 

velops the bulk of subsequent crustal shortening 
will take place along it. Thus, the continental plate 
will begin to ride over the foot-wall plate on this 
structure. Eventually the over-ridden foot wall 
plate will become a descending plate (Fig. 6) of 
opposite inclination to the hanging-wall (continen- 
tal) plate. which ruptured while inclined away 
(when forming the footwall) from the continent 
(Fig. 2). 

We are aware that the production of the buck- 
ling of the lithosphere proposed by this model 
requires a horizontal compressive stress which is 
in excess of the lithostatic pressure by as much as 
10 K bar. It has been shown (Price et al., 1987) 
that such a differential stress is common in the 
strong layer (from 32-70 km depth) within the 
lithosphere. Moreover, such high stresses are not 
incompatible with average stress drops (10-100 
bar) inferred from seismic events. 
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from the region of northwestern Timor (McCaffrey et al., 1985) projected onto a vertical plane striking N25 o W through western 

Timor. Continuing plate convergence has been accommodated by about 140 km slip on the Wetar Thrust during last 2 Ma. Note the 

concentration of earthquakes along the active Wetar Thrust, associated with the south wall of the Wetar Strait graben and also where 

the oceanic part of the ruptured Australian plate, no longer sinking, is resisting underthmsting of the back-arc Asian plate moving 

southeast at approximately 7.5 cm/yr. The Wetar Suture has now remained locked for 2 Ma and hence does not generate 

earthquakes. M-fault plane solutions by McCaffrey et al. (1985); P-reinterpretation of f.p.s. in this paper. 

Strucaval implications of the conceptual model for 

the Australia-Banda collision zone 

A number of predictions can be made from this 
model which are testable in the Australia-Banda 
colhsion zone. These are: 

(1) The isostatic uplift related to the plate un- 
flexing leads to high rates of overthrusting of 
nappes because the tectonic flake (nappes) will 
tend to be emplaced at the same rate as the plate 
closure plus that short term advance which is 
related to the “straightening” of the continental 
plate. Together these effects give rise to rates of 
closure an order of magnitude greater than the 
reported rates of nappe movements in other types 
of Mesozoic-Cenozoic erogenic belts (Spencer, 
1974). 

(2) The re-engaging of the continental and 
back-arc plates will result in a build-up of hori- 
zontal stresses in the plates which will cause buck- 
ling and flexure of the re-engaged plates and so 
result in a second phase of vertical movements, 
leading to the formation and subsidence of the 
foreland basin. 

(3) It will also cause the generation of a graben 
with outward tilting of both the inner and outer 
arcs. Zones of thrusting will develop in front of 
and behind the graben. 

(4) The dominant thrusts develop compression 
in the back-arc plate so that one or more major 
thrusts will cut completely through that plate per- 
mitting the continental plate to ride over the back- 
arc plate. 

(5) On the continent side of the graben, imbri- 
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cation will develop in the subsiding foreland basin 
associated with shortening of the cover rocks of 
the crust. 

Comparison of conceptual model with geological 

and geophysical observations 

Five major structural implications outlined 
above are now considered: 

(1) Micropalaeontological dating of the youn- 
gest rocks in the nappes and the deposits uncon- 
formable upon the nappes in Timor (Kenyon, 
1974) has shown that the flat lying allochthon 
travelled at least 50 km southwards towards 
Australia in about 0.6 Ma during the Middle 
Pliocene (Audley-Charles, 1986a). This rate of 
nappe emplacement of about 8.3 cm/yr is faster 
than the estimated rate of plate closure and is an 
order of magnitude greater than nappe emplace- 
ment rates in other, types of Mesozoic-Cenozoic 
orogen (Spencer, 1974). We showed (Price and 
Audley-Charles, 1983) that in Timor the nappes 
were emplaced as a tectonic flake by the ruptured 
lithospheric plate (Australia) converging on the 
Asian volcanic arc. Thus initially the nappes 
(tectonic flake) moved under the triple action of 
(a) isostatic uplift of the ruptured plate, (b) 
straightening of ruptured plate by flexing and (c) 
the continuing plate convergence. 

(2) The model predicts that the foreland basin 
(Timor Trough) will develop after nappe emplace- 
ment in the Outer Arc as a consequence of rebuck- 
ling of the continental plate (Figs. 4 and 5). The 
presence of about 30 km thick continental crust 
below the Timor Trough (Jacobson et al., 1978) 
which is located between the evolving Banda 
orogen and the Australian craton, indicate it is 
indeed a foreland basin. The DSDP site 262 in the 
axis of the Timor Trough indicated that the Trough 
has subsided from shelf-like depths in the late 
Pliocene to 2300 m at the present time (Veevers et 
al., 1978; Johnston and Bowin, 1981). Thus there 
is considerable evidence to indicate that the pre- 
sent bathymetric axis of the Timor-Tanimbar 
Trough began to subside about 1 Ma after the 
nappes were emplaced in Timor in the Middle 
Pliocene (Audley-Charles, 1986b). 

(3) The predicted development of a graben in 

the collision zone where the two plates are buck- 
ling ‘is confirmed by the formation of the Wetar 
Strait now as much as 3 km deep between the 
Inner and Outer arcs (Audley-Charles and Hooijer, 
1973). The graben structure is demonstrated by 
the evidence of uplift of the arcs relative to the 
Wetar Strait since about the middle Pleistocene. 
The uplift is revealed by the elevated reef terraces 
of Alor and Wetar of 700 m and 820 m respec- 
tively (Van Bemmelen, 1949), while on Timor 
Pleistocene reefs are found up to 1200 m (Milsom 
and Audley-Charles, 1986). The predicted buck- 
ling is also confirmed by the evidence of the 
northward tilt of the islands of the volcanic arc 
shown on the recently published geological maps 
(Ratman and Yasin, 1977, Koesoemadinata et al., 
1981) and in the Quatemary sediment fill seen on 
unpublished oil company seismic reflection lines 
across the Wetar Strait. The southward tilt of 
Timor is revealed by Pleistocene uplift of northern 
Timor and subsidence of much of southern Timor 
(Audley-Charles, 1986a; Milsom and Audley- 
Charles, 1986). 

(4) The model predicts thrust faults developing 
contemporaneously in zones north and south of 
the graben, as a consequence of plate convergence 
and flexure. The southwards dipping back-arc 
thrust system developed below the volcanic is- 
lands of Flores, Alor and Wetar (Hamilton, 1979; 
Silver et al., 1983), seen on seismic reflection lines, 
have been shown by gravity modelhng (McCaffrey 
and Nabelek, 1984) to be deep-seated thrust sys- 
tem. Mechanical and spatial considerations re- 
quire that such a decollement allows detachment 
at the base of the plate by joining, at depth, the 
Wetar Suture. This geometrical structure could 
accommodate the shortening of about 210 km 
associated with a plate convergence at 7.5 cm/yr 
(based on global calculations by Minster and 
Jordan (1978) which agree with the Australia-In- 
donesia convergence indicated by the Smith et al. 
(1981) palaeogeographical reconstructions aver- 
aged over 40 Ma) postulated to have occurred 
after the Middle Pliocene nappe emplacement on 
Timor (Audley-Charles, 1986a). Such accommo- 
dation is required because thrusting on the Wetar 
Suture ceased soon after nappe emplacement, as 
indicated by the lack of compressional structures 
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in the exposed Quatemary deposits onshore Timor 
(except possibly in the southernmost part around 
Kolbano which is discussed below) where exten- 
sional deformation is widespread. 

(5) A major controversy over the structure of 
the Banda Arc concerns the origin of the imbrica- 
tion observed in the seismic reflection data from 
the rocks in the foreland basin (Timor Trough). 
The general view (Silver et al., 1983) is that this 
imbrication is a feature of forearc accretionary 
wedge structures which, according to that concept, 
extends from the axis of the Timor Trough north- 
wards to include the islands of the Outer Banda 
Arc such as Timor. The Banda forearc accretion- 
ary wedge is thus generally considered to continue 
westwards into the undoubted Sunda forearc 
accretionary structures exposed in Nias (Silver et 
al., 1983; Moore and Karig, 1980). That concept 
has been challenged (Audley-Charles, 1983) on the 
basis of the stratigraphy and structure exposed in 
Timor and other islands of the Outer Banda Arc 
being incompatible with the accretionary wedge 
concept. 

Conclusions 

The model put forward in this paper provides a 
new basis for considering the origin of the imbri- 
cation observed in the Timor Trough. The devel- 
opment of imbrication in the foreland basin (Timor 
Trough) after nappe emplacement, predicted by 
the model, is indicated by the seismic reflection 
data for the Tanimbar end of the Trough (Schluter 
and Fritsch, 1985). The elevation of Timor by 5 
km since nappe emplacement in the mid-Pliocene, 
initially at 3 mm/yr for about 700,000 yrs, then at 
about 1 mm/yr for 2.7 Ma (Audley-Charles, 
1986a), has been accompanied by 2.3 km subsi- 
dence of the Timor Trough at about 1 mm/yr 
(Audley-Charles, 1986b). This unflexing and re- 
buckling of the ruptured Australian lithosphere 
has deformed the cover rocks of the foreland basin 
(Timor Trough) by compression and the cover 
rocks of the orogen (Timor island) by extension 
(Fig. 5). Locally, as in parts of southern Timor, 
the boundary between the compressional and ex- 
tensional deformation has been exposed above sea 
level. During the Late Pliocene and Early Pleistoi 

cene, when the Wetar Suture was steepening and 
before the Wetar Thrust had fully developed (Figs. 
4 and 5) compression (by plate convergence) of 
the upper crustal rocks in the foreland basin was 
at its maximum (Schluter and Fritsch, 1985). 
Onshore, as also in the offshore region of the 
foreland basin, the compression is expressed by 
imbrication. It is revealed offshore by seismic 
reflectors dipping towards the outer arc and away 
from Australia (Schluter and Fritsch, 1985). Such 
features are typical of forearc accretionary prisms 
(Hamilton, 1979; Silver et al., 1983) and it is this 
that has led to the popular and, we consider, 
incorrect interpretation of the Timor Trough and 
Outer Banda Arc islands as part of a forearc 
accretionary prism. 
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