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Abstract: The Savu Basin is located in the Sunda–Banda fore-arc at the position of change from
oceanic subduction to continent–arc collision. It narrows eastward and is bounded to the west by
the island of Sumba that obliquely crosses the fore-arc. New seismic data and published geological
observations are used to interpret Australia–Sundaland convergence history. We suggest the basin
is underlain by continental crust and was close to sea level in the Early Miocene. Normal faulting in
the Middle Miocene and rapid subsidence to several kilometres was driven by subduction rollback.
Arc-derived volcaniclastic turbidites were transported ESE, parallel to the Sumba Ridge, and then
NE. The ridge was elevated as the Australian continental margin arrived at the Banda Trench,
causing debris flows and turbidites to flow northwards into the basin which is little deformed
except for tilting and slumping. South of the ridge fore-arc sediments and Australian sedimentary
cover were incorporated in a large accretionary complex formed as continental crust was thrust
beneath the fore-arc. This is bounded to the north by the Savu and Roti Thrusts and to the south
by a trough connecting the Java Trench and Timor Trough which formed by south-directed thrust-
ing and loading.

The Savu Basin is situated in the fore-arc of the
Sunda–Banda Arc (Fig. 1) at the margin of the
Eurasian plate. It is an area of particular interest
since it is immediately north of the position where
there is a change from subduction of Indian Ocean
crust at the Java Trench in the west to collision
between the Australian continental margin and the
Banda fore-arc to the east.

The Savu Basin has an unusual asymmetrical
triangular shape and narrows eastwards from
c. 200 km at its maximum width to c. 20 km north
of Timor and westwards to c. 50 km north of
Sumba. The basin is bounded to the west by the
island of Sumba and a submarine ridge that
crosses the fore-arc obliquely in a NW–SE direc-
tion. To the north is the active volcanic arc includ-
ing the island of Flores which passes east into an
extinct sector of the Banda arc between Alor and
Wetar. To the south are the smaller islands of Savu
and Roti, and to the east the much larger island of
Timor. Timor has been the subject of many
studies, notably concerned with collision of the
Australian continental margin and the Banda vol-
canic arc. There is now an unusually short distance
between the collision complex on Timor and the
inactive volcanic islands of Alor and Wetar to the
north. There has been considerable controversy
about the significance of the Timor Trough which
is significantly shallower than the Java Trench,
and in particular whether it is a trench or fore-deep.
A sinuous bathymetric trough south of Savu and

Roti and the Savu Basin connects the Timor Trough
to the Java Trench.

We have studied a recently acquired 2D seismic
data set from the Savu Basin. Although there are no
wells in the basin it is possible to correlate the stra-
tigraphy offshore with that on land. The islands of
Sumba, Savu, Roti and Timor all emerged in the
Pliocene or Pleistocene. The stratigraphy and
deformation of Sumba have been well documented
(Effendi & Apandi 1980; Fortuin et al. 1994) and
detailed studies of Savu and Roti (Harris et al.
2009) also provide valuable information that aid in
interpreting the offshore data. In addition, marine
geophysical investigations combined with gravity
and tomographic modelling have recently been used
to interpret the deep crustal structure along a regional
transect crossing the collision zone and the Savu
Basin (Shulgin et al. 2009). The combination of
information from these studies with the new seismic
data set provides the basis for interpreting the
development of the fore-arc basin and the collision
complex south of the Savu Basin from oceanic
subduction to the earliest stages of arc–continent
collision in the context of a new model of Banda
subduction rollback (Spakman & Hall 2010).

Seismic stratigraphy

The seismic data consists of 32 2D seismic lines the
longest of which is 535 km, covering the southern
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and western parts of the Savu Basin, with a total area
of 50 000 km2. Two surveys were combined for this
study. The first was acquired in 2002 and comprises
2 740 km of long-offset 2D data to a depth of 12 s
TWT (two-way travel time). The second was
acquired in 2007 and comprises 3 000 km of long-
offset 2D data to a depth of 8 s TWT (Toothill &
Lamb 2009). The stratigraphic column (Fig. 2)
shows the strata present at the eastern end of
Sumba (Fortuin et al. 1994) and correlation with
the seismic sequences identified in this study.

Unit 1

Unit 1 is the deepest unit and is the sequence below a
package of bright reflectors that can be mapped
throughout the entire area as the lowest continuous
feature identifiable in the dataset (Fig. 3). Below
this feature there is locally some reflectivity and
the sequence can be split into two parts. The upper
part contains some localized reflectors which are
sub-parallel, and very bright, within a sequence
that has almost no reflectivity. In places there is no
clear boundary between the upper and lower parts

of Unit 1 whereas elsewhere there is a sharp bound-
ary, and the lower half of Unit 1 is characterized by
moderately bright, laterally discontinuous reflectiv-
ity which indicates bedding and gives an overall
mottled appearance to the sequence. Bedding can
be traced for distances of up to 20 km. The faults
that cut the top horizon cannot be traced into the
sequence below.

There are commonly between three and five
parallel reflectors at the top of Unit 1 with a max-
imum thickness of 0.4 s TWT. They are offset by
extensional faults, by a maximum of 0.3 s TWT,
and are locally rotated. The tops of fault blocks
vary in depth from 2 s TWT close to Sumba to
a maximum of 7.4 s TWT in the deepest parts of
the basin.

Interpretation

The oldest rocks reported from SE Sumba are
Cretaceous marine siltstones and sandstones which
include volcaniclastic interbeds (Fortuin et al.
1997) and represent submarine fan deposits (von
der Borch et al. 1983). They are unconformably

Fig. 1. Geographical features of the Savu Basin and surrounding area. (a) DEM of satellite gravity-derived bathymetry
combined with SRTM topography (Sandwell & Smith 2009). (b) Contoured bathymetry from Gebco (2003) with
contours at 200, 100, 2000, 4000 and 6000 m.
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overlain by shallow marine to non-marine Palaeo-
gene sandstones, limestones and volcanic agglomer-
ates (von der Borch et al. 1983). We interpret the
lower part of Unit 1 to represent the deeper marine
Cretaceous sequence and the upper part to be the
Palaeogene in age. The seismic character of Unit 1
is consistent with the descriptions of these rocks
on land. The bright package at the top of Unit 1 is
suggested to be Eocene–Oligocene or possibly
Lower Miocene Nummulites limestones (von der
Borch et al. 1983; Fortuin et al. 1992, 1997; van
der Werff et al. 1994).

The field relationships described by Fortuin et al.
(1992, 1994) from Sumba with tilted fault blocks
capped by discontinuous carbonates, all overlain
unconformably by Neogene strata, are well matched
by the observations from the seismic data. Fortuin
et al. (1994) suggest these relationships correspond
to breakup of a carbonate platform and rapid subsi-
dence in the early Middle Miocene. Fortuin et al.
(1994) interpret a Late Burdigalian unconformity
with a thin sequence of conglomerates that contain

older shallow water limestones passing up into
chalks and marls. We suggest these probably corre-
spond to the top of Unit 1.

Unit 2

This unit is up to 1.6 s TWT in thickness and fills the
depressions created by the extensional faulting of
Unit 1, onlapping the fault surfaces (Fig. 3). Reflec-
tors are most clear where the unit is thinner and are
typically bright, subparallel and discontinuous,
forming a complex bedding pattern, whereas the
thicker parts of Unit 2 are characterized by a more
transparent, less distinctive seismic character. In
some places a series of three or four very bright par-
allel reflectors are visible in the middle of the unit
and stand out against the more transparent areas.
The seismic character of Unit 2 suggest a facies
change which could be from thin bedded lithologies
such as carbonates to a more uniform lithology.
Overall the amplitude of the reflections increases
towards the top of this unit.

Fig. 2. Seismic stratigraphy of the Savu Basin and correlation with the stratigraphy of east Sumba after Fortuin et al.
(1992). The colours shown next to the seismic section for the four units are used on subsequent seismic profiles.
The vertical scale of seismic sections is two-way travel time (TWT) in seconds.
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The top of this package is truncated by a promi-
nent unconformity; this surface has extremely
strong reflectivity and can be mapped throughout
the basin (Fig. 3). The unconformity cuts across
bedding in the underlying unit at a low angle. It is
now an irregular surface but this appears to be the
result of younger contractional deformation.

Interpretation

Fortuin et al. (1992, 1994) record a significant
change above the thin Late Burdigalian sequence
to volcaniclastic turbidites, which we suggest corre-
sponds to Unit 2. All these rocks are poorly dated
due to reworking and absence of microfossils.
Dates from the volcaniclastic turbidites (Fortuin
et al. 1994) are from NN5 (14.8–13.5 Ma) to
NN11 (8.3–5.5 Ma). Fortuin et al. (1997) suggest
that volcanic input waned during the Tortonian
(11.5–7 Ma) and revived for a short time during
the Messinian. Deposits commonly contain abun-
dant fragments of pumice, lava and orientated plagi-
oclase, along with broken crystals of volcanic zoned
plagioclase, anorthite (40–60%), volcanic quartz,
augite, orthopyroxene, amphibole, hematite and
minor amounts of hornblende, all of which points

to an association with a typical island arc (Fortuin
et al. 1994).

The changes in thickness of this volcanogenic
sequence on land between central and east Sumba
resembles variation seen on the seismic lines.
Thickness is up to 1.6 s TWT, and locally well
bedded parts of the sequence pass laterally into
unreflective packages consistent with rapid depo-
sition of volcaniclastic material as debris flows
and turbidites. Fortuin et al. (1997) suggested that
formation of a basin slope, facilitated by NE–SW
orientated faults, led to subsidence below the car-
bonate compensation depth in east Sumba during
the Middle Miocene and the Late Miocene in
central Sumba. Dissolution of carbonate, but the
presence of calcareous nannofossils in some sam-
ples, indicate depths of 4 to 5 km (Fortuin et al.
1994, 1997). Fortuin et al. (1997) suggest these
deposits were derived from the south and form
part of a 100 km fan that progrades northward.

Unit 3

This unit is a particularly distinctive at the top of the
seismic lines crossing the southern part of the Savu
Basin. It is characterized by a series of flat sheet-like

Fig. 3. Uninterpreted and interpreted seismic line from the northern edge of the Sumba Ridge illustrating the
relationships between Units 1, 2 and 3. Inset map shows location of seismic lines used in this study and the location of
this line in red.
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deposits, picked out by alternations of very bright
and lower amplitude reflectors (Fig. 3). The reflec-
tors become less bright towards the top of the
section. The unit typically has a thickness of about
1 s TWT (maximum thickness of 1.8 s TWT) and
isochron maps suggest it was derived from the
south because it thickens north into the deep Savu
Basin from the present-day NW–SE trending sub-
marine Sumba Ridge, and then becomes thinner
still further north in the basin. Unit 3 appears to
downlap onto the underlying unconformity to the
north of the Sumba Ridge (Fig. 4). On the Sumba
Ridge Units 3 and 2 are broadly conformable, and
on the few undeformed sections south of the
Sumba Ridge Unit 3 onlaps the unconformity.

Onlap between the individual layers of this unit
can be seen throughout although there is no apparent
pattern. A number of slumped packages are present
within Unit 3, some of which are very well imaged
by marked contrasts in reflector character. They are
commonly between 0.1 and 0.2 s TWT in thickness,
at different levels in Unit 3, and are localized fea-
tures that can often only be correlated within a
25 km radius. The slumped packages are character-
ized by a more transparent seismic character than
the overlying and underlying well bedded sequences
with high amplitude reflectors. There are also a
number of more discrete slumped units within the

top part of this unit, which are on average 0.5–1 s
TWT in thickness. These are slumps with a well
defined base, which detached at a bedding plane,
and at their distal end the basal thrust ramps up
against underlying sediment. Their lack of internal
seismic character makes them stand out from the
sheet-like deposits that make up most of Unit 3.
This unit is also cut by many small displacement
high angle normal faults, with spacing of 8–10 km.

Interpretation

Unit 3 is interpreted as Tortonian to Pliocene, with
foraminiferal chalks and marls containing varying
amounts of hemipelagic nannofossil oozes and vol-
canogenic muds (von der Borch et al. 1983; Fortuin
et al. 1992, 1997). There are also some thickly
bedded volcanic mass flow deposits. The increase
in foraminiferal chalks up-section is probably the
reason why reflectors become less bright towards
the top of the unit.

We suggest the apparent downlap north of the
Sumba Ridge is the result of uplift of the ridge rotat-
ing the former onlapping sequence, supported by the
relatively steep dip of beds (up to 5–68) which for
these fine grained sediments is unlikely to relate to
an original depositional slope. The onlap between
the layers within the correlative unit on Sumba

Fig. 4. Uninterpreted and interpreted seismic line from north of Savu showing apparent northward downlap and tilting
of sediments of Units 2 and 3 away from the elevated Sumba Ridge.
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was observed by Fortuin et al. (1997) and is sug-
gested to be the result of shifting fan lobes.

The increasing abundance of slumps in the upper
parts of the unit suggest that uplift of the Sumba
Ridge occurred during deposition of Unit 3. The
slumped units with downslope ramps resemble fea-
tures described by Bull et al. (2009) interpreted as
due to pre-existing weaknesses in the mechanical
properties of the basal shear surface or stresses gen-
erated as material moves downslope.

Unit 4

The boundary between Units 3 and 4 is often unclear,
but in places onlap between these sequences can
be recognized. The strata of Unit 4 are characterized
by a weakly reflective seismic background within
which numerous erratically distributed and ran-
domly orientated high amplitude reflectors can be
seen. Unit 4 is universally present at the base of
the slope north of the Sumba Ridge. Isochron
maps indicate that material was derived from the
south and movement into the basin was facilitated
by extensional faulting at the top of the slope,
which can be seen clearly throughout Unit 3.

Four phases of slump infill can be identified
(Fig. 5). These are separated by minor unconformi-
ties and backstep towards their source as the basin
was progressively infilled. Large blocks are often
present within these deposits which in places retain
some of the bedded character of the original deposit.

In the northern part of the basin, deposits are
better bedded with flat, parallel and bright reflectors
which are less prominent at greater depths. These
interfinger with the slumps. The well bedded
sequences could represent turbidite deposits at the
distal ends of debris flows but could also represent
material carried into the deeper parts of the basin
from a different source.

An important point is that basin infill varies sig-
nificantly from east to west. In the SE, close to
Timor and Roti, Unit 3 is thin (up to 0.25 s TWT)
and Unit 4 is thick (about 1 s TWT). Close to
Sumba the thicknesses of Units 3 and 4 are reversed.
The sediment slides associated with Unit 4 increase
in importance towards the east.

Interpretation

These deposits formed by simultaneous uplift and
downslope transport of debris into the northern part
of the Savu Basin during the early Pliocene (van
der Werff et al. 1994). Ongoing tilting is fundamental
to the generation of the 4000 km2 of superimposed
slumps seen on Sumba (Fortuin et al. 1992; Roep
& Fortuin 1996) and on offshore seismic lines.
These deposits are associated with acoustic voids,
which is a direct result of water expulsion, caused
by a considerable overburden being deposited dur-
ing a short time period (van Weering et al. 1989a).

The thinning of Unit 3 to the east in the Savu
Basin reflects a greater distance from the sediment

Fig. 5. Uninterpreted and interpreted seismic line crossing the Savu Basin showing the units identified in the deeper
part of the basin. On this section Unit 2 is thin and Unit 3 is missing in parts of the section. In contrast Unit 4 is
much thicker and can be subdivided into several sub-units.
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source which was the Sumba Ridge. In contrast, the
greater thickness of Unit 4 in the east is likely to be
linked to increased uplift and subsequent slumping
from Timor. The well bedded sequences in the
most northern parts of the basin may have been
derived from the Banda Volcanic Arc to the north,
or represent finer material carried further into the
basin as part of the slumped packages from the
rising Sumba Ridge. There is some interfingering
of these bedded deposits with Unit 4 and this
favours a Banda Arc origin. There are a number of
slumped horizons at the very top of the seismic
section closest to the island of Flores and these
almost certainly relate to downslope deposition
from the Banda Arc.

Structures

The principal structures mapped from the seismic
dataset are shown on Figure 6. These are described
from north to south.

Savu Basin

Extensional faulting is clearly visible on the north-
ern edge of the Sumba Ridge, and there are numer-
ous normal faults further north into the Savu Basin.
Stretching of the Savu Basin, facilitated by rotation
on domino style fault blocks, created a series of full
and half graben. The main normal faults are com-
monly 15 km apart, and although the extension
direction cannot be precisely determined because
of the wide spacing between seismic lines, it is
broadly north–south. The faults have not been
inverted. Displacement on these high angle faults
has contributed to the subsidence of the top of
Unit 1 from depths of 2 s on the ridge to 7 s TWT
in the deepest parts of the basin. There has been
tilting of Units 2 to 4 which in part reflects uplift
of the Sumba Ridge but also greater subsidence in
the northern part of the basin.

Savu Thrust

The Savu Thrust is actually a zone of thrusting at the
northern margin of Savu Island (Harris et al. 2009).
The faults dip south and at the rear of this zone some
have displacements of more than 2 s TWT (Fig. 7).
The most important thrust reaches the seabed
whereas others are blind. The geometry of the main
Savu Thrust is obscured by poor seismic quality in
uplifted areas. There are numerous smaller reverse
faults both behind and in front of the main thrust,
which in some places break through to the surface.
Immediately in front of the main thrust there is a
footwall syncline in Unit 3 associated with minor
thrusts that do not reach the seabed. Folds further
north of the main thrust are associated with

inversion of older extensional faults that have
been reactivated as blind thrusts which cut up
section to Unit 3. Behind the main thrust, faults
and associated folds are progressively steepened,
leading to the formation of back thrusts. Fault
propagation folds in the form of hanging wall anti-
clines and footwall synclines can be seen above
the tips of all thrusts. No bends in the fault planes
can be seen and there are steep front limbs and
some forelimb thinning (Fig. 7).

The main Savu Thrust is two separate thrust
traces offset by roughly 5 km just east of Savu
(Fig. 6). The western thrust can be traced on land
into north Savu (Harris et al. 2009) and the eastern
thrust is offset to the south and can be traced from
the eastern side of the island. The displacement is
greatest in the middle of each of these faults, and
diminishes to the east and west.

There are several episodes of deformation
associated with the thrust zone, marked by promi-
nent unconformities in deformed Unit 3. The first
major phase of movement folded deeper parts of
Unit 3 and folds are onlapped by younger reflectors.
There are numerous subsequent subtle onlaps of
reflectors near the top of Unit 3, associated with syn-
deformation thickening away from the main fault.

Roti Thrust

This thrust zone (Fig. 8) is located to the NW of Roti
and has a similar style to the Savu Thrust. It is
located offshore 20 km north of Roti, has the same
NNE–SSW orientation as the island, and runs paral-
lel to it for its entire 70 km length. The faults dip
southward and again displacement is greatest in
the centre of the fault zone. The thrust zone is about
25 km south of the eastern strand of the Savu Thrust.
The thrust zone is wider but the maximum dis-
placement on the most important thrusts is less
than in the Savu thrust zone, at roughly 1 s TWT.
The net displacement on both zones appears com-
parable (Fig. 6).

Like the Savu Thrust, several phases of defor-
mation can be identified by mapping of minor
unconformities in the deformed zone with onlap
and thickening of packages in front of the main
thrust. A difference between the two thrust zones
is that the Roti thrust is associated with fewer back-
thrusts and there are more inverted normal faults in
front of the main thrust (Fig. 8).

NE–SW thrusting south of Sumba

On the south side of the Sumba Ridge, in the area SE
of Sumba there are numerous northward dipping
thrust faults. They are associated with a number of
anticlines which are very well imaged on seismic
lines and are 1000–1400 m across. The orientation
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Fig. 6. (a) Location of seismic lines in the Savu Basin area. The parts of seismic lines shown in this paper are marked in
green with the corresponding figure number in square brackets. (b) Summary structure map with the principal
tectonic features identified in the area of study. The coloured shaded area north of the Java Trench and Timor Trough is,
from west to east, the transition from the accretionary fore-arc complex, which passes east into a deformed zone
including fore-arc and Australian sedimentary cover forming the Savu–Roti Ridge, into the arc–continent collision
zone of Timor. The dashed blue line crossing the Savu–Roti Ridge and Timor is the approximate position of the
former Banda Trench. The dotted black line north of Timor is the inferred northern limit of continental basement. The
dashed red line below Sumba is the inferred northern and western limits of the subducted Scott Plateau. See text for
discussion. The heavy black line marks the position of the section drawn in Figure 10.

J. W. D. RIGG & R. HALL232



of faults and fold axes is difficult to determine
because of the wide spacing of seismic lines in this
area but they are clearly not parallel to the Sumba
Ridge and our best estimate is that they have a
trend of about 0308 (Fig. 6).

This zone of thrusting is roughly 60 km across
and is overlain by an almost undeformed sequence
of sediments which dips northwards and is almost
1 s TWT thick. This sequence appears to be the
equivalent of Unit 3 in the Savu Basin and sediments
were probably derived from the NW, originally
thinned to the SE, and have now been tilted by the
rise of the Savu–Roti Ridge. The zone of thrusting,
which is now a sedimentary basin, widens towards
the Lombok basin to the west.

NE–SW thrusting within the Savu–Roti Ridge

Within the Savu–Roti Ridge are numerous thrust
faults which are visible in the upper 1 s TWT of
the seismic lines. The trend of these faults is very

similar to those seen to the south of Sumba. There
are two particularly clear zones of deformed
material, shown on Figure 6. The southern zone is
characterized by small, well imaged northward-
dipping thrusts, which become progressively rotated
and steepened towards the north. The majority of
faults within the northern, slightly broader, zone of
deformation closer to Sumba dip north, although
some smaller antithetic faults can also be seen.
Between these two zones some faults and reflectors
can be seen in places but overall the Savu–Roti
Ridge appears to be a seismically opaque mass of
deformed material.

Discussion

From the Eocene to the Early Miocene there had
been subduction of oceanic lithosphere at the Java
Trench as Australia moved north (Hall 2002). The
region around Sumba was situated at the SE

Fig. 7. Seismic section showing the Savu Thrust north of Savu Island. The upper part of Unit 3 could correspond to
Unit 4 in the deeper parts of the basin.
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corner of Sundaland in the Early Miocene, at the
eastern end of the Sunda Arc, when Australian
continental crust of the Sula Spur began to collide
with the North Sulawesi volcanic arc. South of the
Sula Spur was the Banda embayment, an area of
Jurassic–Cretaceous ocean crust within the Austra-
lian continental margin with Timor on its south side.
At about 15 Ma there was a major change with
initiation of new subduction in the Banda region
(Spakman & Hall 2010). The Java Trench became
aligned with southern side of the Sula Spur and
oceanic lithosphere of the Banda embayment
began to subduct due to its negative buoyancy and
the subduction hinge rolled back to the SE, form-
ing the west-plunging lithospheric fold defined
today by seismicity. Figure 9 shows our interpre-
tation of the Savu Basin in the context of subduction
in the Banda region. Collision of the volcanic arc
with the Australian continental margin in Timor
began at about 4 Ma (Audley-Charles 1986; Hall
2002).

We suggest that the SE corner of Sundaland
which includes the region around Sumba and the
Savu Basin was underlain by continental crust that
had been accreted to Sundaland in the mid

Cretaceous (Hall et al. 2009). This suggestion is
supported by crustal thicknesses and densities for
this region presented by Shulgin et al. (2009).
Volcanic activity between the Paleocene and
Eocene marked a brief phase of subduction which
ceased during the Oligocene when shallow water
carbonates were deposited on Sumba. We interpret
the oldest rocks, which make up Unit 1 in the Savu
Basin, to represent the Late Cretaceous to Early
Miocene interval. We correlate the distinctive
bright reflectors at the top of Unit 1 with the Palaeo-
gene or Lower Miocene shallow marine limestones
described on Sumba (von der Borch et al. 1983;
Fortuin et al. 1994, 1997; van der Werff et al.
1994). This horizon can be traced across the whole
of the Savu Basin implying that the whole region
was close to sea level in the Early Miocene.

Subsidence and volcanism

Burollet & Salle (1982) suggested subsidence on
Sumba began in the Early to Middle Miocene.
Based on dating by Fortuin et al. (1994) it appears
to have begun at about 15 Ma with breakup of a car-
bonate platform leading to rapid subsidence in the

Fig. 8. Seismic section showing the geometry of the Roti Thrust, 25 km NW of Roti Island. The upper part of Unit 3
could correspond to Unit 4 in the deeper parts of the basin.
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early Middle Miocene (Fig. 9). The shallow water
Oligo-Miocene limestones have equivalents in the
east, on Timor, in the Cablac Limestone (see
Audley-Charles 2011), implying that most of what
is now the Banda fore-arc between Sumba and
East Timor was at sea level before the early
Middle Miocene. On Sumba, subsidence coincided
with a significant change to volcaniclastic turbi-
dites, marking the beginning of volcanic activity
(Fortuin et al. 1992, 1994), that we correlate with
Unit 2 offshore. Volcanic input is recorded on
Sumba from NN5 (14.8–13.5 Ma) to NN11 (8.3–
5.5 Ma) with a possible decline in the Tortonian
(11.5–7 Ma).

Fortuin et al. (1997) suggest these deposits were
derived from the south and form part of a fan that

prograded northwards across what is now east
Sumba and the offshore region to the east, which
implies a short-lived volcanic arc to the south of
Sumba. We agree that material was derived from
the south but there are several problems with the
southern arc interpretation. It would have been
unusually close to the subduction trench (van der
Werff et al. 1994), significantly south of other
Middle Miocene volcanic activity along the Sunda
Arc from Java to Sumbawa, and would require
an exceptionally steep dip on the subducted slab
from the trench to the typical 100þ km depth to
the Benioff zone for volcanoes between Java
and the Banda Arc at the present day (England
et al. 2004). The shift of the position of the arc
to its current position in Sumbawa–Flores would

Fig. 9. Cartoon showing evolution of the geometry and tectonic features of the Savu Basin and surrounding region from
the Middle Miocene to the present-day. Inset maps show reconstructions of the Banda region based on Spakman & Hall
(2010). See text for detailed discussion. In the Middle Miocene the formerly shallow marine are subsided as trench
rollback began. The dashed blue line continuing east from the Java Trench on the 3 and 0 Ma maps is the inferred
position of the former Banda Trench. By 3 Ma continental crust of the Australian margin had arrived at the trench, and
today has been subducted beneath the Sumba Ridge.
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require a dramatic reduction in slab dip to its
present angle.

An alternative is that volcaniclastic input may
have originated in the volcanic islands to the NW
of Sumba and was transported by movement of
material as turbidite flows SE through the Lombok
Basin and then northward into the Savu Basin. We
suggest that Sumba, although submerged, was con-
sistently a relative bathymetric high in the fore-arc
approximately parallel to the present orientation of
the Sumba Ridge from about the Middle Miocene
onwards. West Sumba was at very shallow depths
through the Neogene (Fortuin et al. 1997) and to
the west of Sumba sediment thicknesses are much
thinner than further west in the Lombok Basin
(van Weering et al. 1989b), implying an east–
west to NW–SE orientated ‘proto-Sumba Ridge’
extending from Sumbawa to East Sumba. NE–SW
orientated faults in Sumba, which allowed East
Sumba to subside to depths of 4 to 5 km (Fortuin
et al. 1994, 1997) before the Tortonian, and would
have opened a passage into the Savu Basin from
the SW (Fig. 9).

Because of the orientation and spacing of
seismic lines it is difficult to be certain of the orien-
tation of extensional faults. Fortuin et al. (1994,
1997) observed NE–SW faults on Sumba. Offshore
to the north of Sumba, based on those that can be
correlated between seismic lines, faults appear to
be oriented close to north–south. In the Savu
Basin extensional faults have a broadly east–west
trend, curving from WNW in the west to ENE in
the east.

The Sumba Ridge is a feature with inverted
normal faults on its north and south sides indicating
WNW–ESE trending extensional faults continued
as far east as the present longitude of Savu
(Fig. 9). We suggest the WNW-trending Sumba
Ridge is parallel to a deep basement trend that was
inherited from Australian continental basement
which accreted to the SE corner of Sundaland in
the mid Cretaceous (Hall et al. 2009). In contrast,
north–south faults close to the volcanic arc were
probably formed by along-arc extension, and we
interpret the east–west to ENE-extensional faults
in the basin to have formed in response to subduc-
tion initiation and rollback into the Banda embay-
ment which began at about 15 Ma, based on
regional arguments (Hall 2002, 2009, 2011;
Spakman & Hall 2010). Fleury et al. (2009) report
unpublished K–Ar ages of 16 Ma from Hendaryono
(1998) for the oldest volcanic rocks on Flores con-
sistent with this age estimate.

Thrusting

The oldest thrusts are those north of the Savu–Roti
ridge to the SE of Sumba. These have a ENE–WSW

trend and are now covered by up to 1 s TWT of sed-
iment. It is not possible to correlate these sequences
with the Savu Basin as there are no lines that cross
from SW to NE of the Sumba Ridge but the
seismic character of the thrusted sequences is very
similar to Unit 3. We interpret these as structures
formed in the accretionary complex north of, but
close to, the former Banda Trench. Thrusts with
similar strike are found in the Savu–Roti Ridge
within narrow zones all within a much broader
zone of seismically opaque, apparently highly
deformed material, that forms most of the ridge
and resembles accretionary complexes close to
subduction trenches.

The Sumba Ridge has clearly been elevated
during the collision process. The uplift of the ridge
postdates the thrusts south of Sumba which are over-
lain by up to 1 s TWT of sediment but predates the
Savu and Roti Thrusts. This uplift clearly postdates
Unit 3 which now dips northwards from the ridge.
Unit 4 in the Savu Basin includes numerous slumped
sequences that have moved northwards from the
ridge. There is no observable inversion of normal
faults, or thrusting associated with the uplift of
Sumba Island and the Sumba Ridge which appears
rather to have deformed as a broad upwarp. We
suggest this marks the first arrival of the Australian
margin at the Banda Trench in the Sumba region,
probably at about 2–3 Ma, which postdated col-
lision of the volcanic arc and Australian continental
crust in East Timor. In the Savu Basin there are
slumps in Unit 4 which are directed basinward
from Sumba and Timor but it is not possible to
identify relative timing from the seismic data set.
East Timor uplift began at about 4 Ma (Audley-
Charles 1986; de Smet et al. 1990). On Sumba
there was uplift from depths of more than 5 km to
emergence of up to 1 km above sea level since
4 Ma (Pirazzoli et al. 1993; Fortuin et al. 1997).

The Savu and Roti Thrusts are much younger
than all other structures and are currently active.
Strictly speaking, these are zones of deformation
that include multiple thrusts rather than single
faults. Both zones include thrusts that emerge at
the sea floor and blind thrusts that are associated
with deformation of the sequence above and
folding of the seabed. The two main thrust fault seg-
ments associated with the Savu Thrust identified on
the seismic lines can be correlated onshore with
fault segments identified by Harris et al. (2009)
which generate topography on the island itself.
According to Harris et al. (2009) there are up to
seven forward propagating limbs, some of which
break through, closely resembling what is seen on
the seismic lines. Harris et al. (2009) suggest that
most structural features are generally oriented
ENE–WSW, sub-parallel to the structural grain of
the Scott Plateau and Australian continental margin
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to the east. This is true close to Savu but over a
larger area the Savu Thrust zone is closer to east–
west. North of Roti the second thrust zone is very
similar to that north of Savu, but has a different
NNE–SSW orientation, broadly parallel to the
island. This too is a zone of active thrusting. The
Savu and Roti Thrust are separated by about
25 km and do not link up. Both die out to the east
and west. Roosmawati & Harris (2009) show that
significant and rapid uplift from water depths of
more than 2 km to emergence of the islands of
Savu and Roti began at about 2 Ma and they are
the first parts of the accretionary wedge west of
Timor to emerge. This is supported by the seismic
evidence which shows that the area south of the
two thrust zones is generally seismically opaque
with localized zones in which north-vergent
thrusts can be recognized. We assume that this
accretionary zone includes material from both the
Banda fore-arc and the deep Australian continental
margin, and this is also suggested by observations
on land in Roti and Savu (Harris et al. 2009;
Roosmawati & Harris 2009).

The seismic lines show clearly that the Savu and
Roti Thrusts are young and not lithosphere-scale
features as they die out rapidly to the east and
west. There are no other thrust zones north of
them in the Savu Basin, which rules out the continu-
ous major thrust zone that is often traced from East
Timor to the south of Sumba (e.g. Fortuin et al.
1997; Audley-Charles 2004; Shulgin et al. 2009).
In the Savu Basin the only contractional defor-
mation seen on the seismic lines are slumps in
Unit 4, and there are no significant features on the
seabed which is essentially flat or gently sloping.
It appears that the accretionary complex that
formed north of the Banda Trench during oceanic
subduction has been overridden and/or incorpor-
ated in the wedge of deformed material south of
the Savu and Roti Thrusts, except in the extreme
SE where it is seen beneath flat lying sediments
south of Sumba.

The Benioff zone thrust of the Banda subduc-
tion zone has no surface expression and is beneath
the Savu–Roti Ridge. Most of the convergence
between the Australian continent and the Banda vol-
canic arc is concentrated in a zone of contractional
deformation about 120 km wide within which are
Savu and the Savu–Roti Ridge, and further east
the island of Roti. The southern limit of this zone
is a trough where there is south-directed thrusting
which can be traced west to the Java Trench and
east to join the Timor Trough and is entirely
within the Australian margin. East of Roti the con-
tractional zone becomes wider and more substantial
with elevations on Timor of more than 3 km and the
zone of thrusting has overridden the former fore-arc
to the north and reduced the distance to the former

volcanic arc. This is the reason for NE-narrowing
of the Savu Basin.

The shape of the Australian continental margin
was the cause of the deformation history and the
complex shape of the collision zone. In the region
south of Savu and Timor there were rectilinear
steps in the continental–ocean boundary similar to
those seen today at the Scott and Exmouth Plateaus
of the NW Australian shelf. The first volcanic arc–
continent collision was north of East Timor and
deformation propagated west with time. Harris
(1991) and Roosmawati & Harris (2009) suggested
that this sector of the collision can be understood in
terms of the present convergent rate between SE
Asia and the Australian plate, which is broadly
true. However, in addition to the shape of the conti-
nental margin and the plate convergent vector it is
also important to recognize that there was a com-
ponent of convergence due to the SE-rollback of
the Banda Trench into the Banda embayment
(Spakman & Hall 2010). After collision in East
Timor most oceanic crust had been subducted as
far as the west edge of the Scott Plateau, whereas
to the east a significant area of oceanic crust
remained which has been subducted since 2 Ma.

Cross section

The cross section (Fig. 10) illustrates the key fea-
tures of the convergence between the Scott Plateau
and the Savu Basin. The section is located along
one of the long north–south seismic lines just east
of Savu and is close to the line of section of
Shulgin et al. (2009). We have used the crustal
thicknesses and densities of their section which are
based on seismic reflection, refraction, tomographic
and gravity data. We suggest the position of the sub-
ducted ocean–continent boundary is now north of
the elevated Savu–Roti Ridge and it was the
arrival of the edge of this thickened continental
plateau which has driven the young thrusting at
the Savu and Roti Thrusts. The crust of the Banda
fore-arc and the Australian margin have similar
thicknesses and densities because both are continen-
tal, and both are ultimately Australian. The Scott
Plateau was stretched during Late Jurassic rifting
but remained part of the Australian continent. In
contrast, the continental crust beneath the Savu
Basin was stretched during Late Jurassic rifting
but then separated from Australia before accretion
to the Sundaland margin in the mid Cretaceous
(Hall et al. 2009). It was then stretched again
during Middle and Late Miocene subduction roll-
back into the Banda embayment (Spakman & Hall
2010).

Thick Middle Miocene to Pliocene sediments
(Unit 2 and lower Unit 3) of the Savu Basin dip
and thin northwards into the basin from the elevated
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Sumba Ridge, whereas Pliocene to Recent sedi-
ments (upper Unit 3 and Unit 4) thicken northwards
due to slumping from the Sumba Ridge into the
basin. On the north side of the basin Unit 4 probably
thickens southward because of sediment carried
south from the volcanic arc. There is no significant
deformation in the basin. The elevated ridge is an
accretionary complex composed partly of Banda
fore-arc sediments and partly of Australian margin
sedimentary cover. To the south the surface of this
wedge dips south and is formed entirely of detached
Australian margin sedimentary cover.

Conclusions

The Savu Basin records the Miocene to Recent
history of convergence between Australia and the
SE part of Sundaland. We interpret this region to
be underlain by continental crust that was added to
the Sundaland margin in the mid Cretaceous.
Before the Middle Miocene the region including
Sumba and the Savu Basin was close to sea level
and subsided rapidly in the late Middle Miocene
in response to extension induced by subduction
rollback at the Banda Trench as the Java Trench
propagated east into the Banda Embayment. The
extension is marked by widespread normal fault-
ing. A thick succession of volcaniclastic turbidites
was deposited in the basin and was derived from
the SW. This material is interpreted as derived
from the Sunda Arc to the west of Sumba with flow

being influenced by the relatively shallow Sumba
Ridge which caused turbidity currents to flow first
SE and then NE into the Savu Basin. The Sumba
Ridge is likely to be a feature that reflects the deep
structure of the Sunda margin. The western part
remained a shallow bathymetric feature during the
Neogene although the SE part subsided to depths
of more than 4 km.

The Sumba Ridge was elevated as continental
crust of the Australian margin arrived at the Banda
Trench and was flexed into a broad upwarp that
tilted the volcaniclastic turbidite sequence and
later caused debris flows and turbidites to flow
northwards into the basin. Slumps seen on seismic
lines came from both Sumba and Timor. Fortuin
et al. (1992) noted that slumping affects the area
between Sumba and Timor more than areas with
similar or steeper slopes such as those offshore
Flores where there is also abundant seismicity.
This may reflect the combination of tectonic stee-
pening and the layered turbidites and chalk inter-
beds which detached along bedding surfaces as the
collision complex was elevated. Apart from tilting
and slumping the Savu Basin is little deformed
and there are no thrusts within it.

South of Sumba a small part of the original
accretionary complex is preserved, now buried
beneath almost 1 s of sediment. Most of the pre-
collisional accretionary complex has been incorpor-
ated in a large accretionary zone which is south of
the Savu and Roti Thrusts and includes both
Banda fore-arc material and Australian sedimentary

Fig. 10. Cross section along a north–south transect close to Savu Island (see Fig. 6 for location) sub-parallel to the
longest seismic line crossing the Savu Basin which illustrates how the Australian plate and the Banda fore-arc interact in
the Savu region. Faults are shown schematically in red. Thicknesses of seismic units are slightly exaggerated for clarity.
Crustal densities and deep structure were inferred using information from a transect by Shulgin et al. (2009).
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cover. This deformed complex is bounded to the
north and south by north- and south-vergent thrusts;
the former trench is now deep beneath this complex
and the lithospheric faults do not emerge at the
surface. This deformed zone has developed as the
Australian continental crust has been thrust beneath
the Banda fore-arc—we suggest the northern edge
of the Scott Plateau is now beneath the Sumba
Ridge, contributing to the young thrusting north of
Savu and Roti. These thrusts reflect the shape of
the pre-collisional Australian margin and have
caused the islands of Savu and Roti to rise from
depths of more than 2 km since 2 Ma and emerge
very recently. Underthrusting of the Sumba Ridge
by the Scott Plateau is probably contributing to the
continued elevation of Sumba and extensional col-
lapse seen on the island. The Timor Trough con-
nects to the Java Trench as a bathymetric feature
along the southern zone of south-vergent thrusting
but it is entirely a shallow feature entirely within
the Australian margin. The trough may have
formed at the site of an earlier deeper bathymetric
feature within the continental margin but its
primary cause is south-directed thrusting and
loading by the collisional complex now about
120 km wide south of Savu.
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