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Supplementary Information on model resolution
Model-resolution tests are performed as sensitivity tests with synthetic velocity anomaly models following
the method of Spakman and Nolet (1988). Basically, a synthetic velocity anomaly model is created and is
replacing the real tomography model. Synthetic travel times are computed by integration of the synthetic
anomaly field along the seismic ray paths of the real seismic travel-time data. Synthetic noise can be added
to mimic the effects of data errors. Next, the same tomographic equation is inverted except that the synthetic
data vector replaces the real-data vector. Comparison between the synthetic model and its tomographic
image leads to inferences on (lack of) model quality.
We show sensitivity results from Bijwaard and Spakman (2000) belonging to tomography model BS2000
used here. Results from two synthetic models are shown in Figure S1. A good recovery of the synthetic
patterns is taken as evidence for good spatial resolution meaning that the model amplitude in a well
resolved location is (largely) independent of amplitudes elsewhere in the model. To avoid that this
inference is dependent on the type of synthetic model used (Leveque et al. 1993) the resolution
analysis should be based on a range of sensitivity tests using a (geometric) variety of synthetic models
(Bijwaard et al. 1998). This maximizes the chance that one or more (parts of) synthetic models are in
the null space of the inverse problem and consequently lack of spatial resolution can be detected.
The results shown in Fig. S1 demonstrate that the Banda slab (Supplementary-TomographyMovie1) is
well imaged on scales between 100 (panels a-f) and 200 km (panels g-l). Lack of resolution for smaller
scales (panels a-f) is evident under the Banda Sea and above the slab where seismic ray sampling is
reduced. The imaging of larger structures is not influenced and generally shows good resolution (panels
g-l). First order features interpreted here such as the spoon-shape of the slab, the flat lying part of the slab,
or the slab detachment under Buru, are spatially well resolved.
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Figure S1 | Sens itivity test res ults for the mantle of the Banda region. Results from two
sensitivity models are shown here at depths indicated. The synthetic models consist of isolated synthetic
wave-speed anomaly blocks of which the outlines are plotted with a black line. The synthetic blocks have a
lateral dimension of 1.2o and thickness of ~50 km (panels a-f) or of 1.8o and a thickness of ~100 km (panels
g-l). The synthetic anomaly blocks receive alternating synthetic anomaly values of ± 5% and the block
patterns are shifted laterally with increasing depth. The isolated synthetic blocks are surrounded on all sides
by 0%-anomalies, which allows detection of possible anomaly smearing along locally dominant seismic ray
directions. The colour contouring in Figure S1 shows how the synthetic patterns are recovered by the
tomographic imaging procedure.
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Supplementary Method:
Crustal deformation and flow field of the Banda-Australia region
We have used the GPS motion data of Bock et al. (2003), Simons et al. (2007), and Nugroho et al.
(2009) for an analysis of the crustal deformation and surface motions of the Banda region. The
inversion method of Spakman and Nyst (2002) is applied to obtain a model for the strain rate and
rotation rate fields of the region. Next, from the velocity gradient field and the GPS data the
prediction of the crustal flow field is computed. We analyze results in the context of our tectonic
evolution model for the Banda region and link surface deformation to interaction between the Banda
slab and the ambient mantle.

The GPS data sets are all tied to the same global geodetic reference frame ITRF2000 (Altamimi et al.,
2002). Nevertheless, for technical reasons, small relative rotations between the GPS networks may
still exist. The inversion method used here allows for their determination and correction. The Bock et
al. (2003) data set is used as the reference data set. After determination of the relative Euler pole of
the networks, the other two GPS networks are rotated into the Bock et al. (2003) frame. Figure S1a
shows the 3 data sets for the region after correction for network rotations. The motion vectors are
represented with respect to the Eurasian plate given in ITRF2000 by the Eurasia pole 0.260 o/Myr
about 99.37 oW, 57.97 oN (Altamimi et al. 2002). The Simons et al. (2007) data set required a rotation
of -0.087 ± 0.018o/Myr about an Euler pole at 124.28oE, 7.56oS and the Nugroho et al. (2009)
network required a rotation of -0.087 ± 0.022 o/Myr about 141.24 oE, 14.21 oS. Figure S1b shows the
rotation rate field and the computed prediction of the crustal flow field as well as the data vectors. The
motion predictions in Figure S1b are computed as follows: In general, relative motion between any
two points can be obtained by integration over the velocity gradient model (the sum of strain- and
rotation-rate) along the great circle arc (or any other path) connecting both points (Spakman and Nyst,
2002). The predicted motion in the reference frame (here the ITRF2000 frame of Bock et al. 2003) is
obtained by rotating the prediction of relative motion into the reference frame. This can be done if the
reference frame motion (here our GPS data vectors) is known at one of the two points. Each of the
motion predictions plotted in Figure S1b is obtained as the average of 68 predictions involving all
great circle connections to the 68 GPS data vectors. The 1-sigma error ellipse plotted is computed
from the scatter in the 68 predictions in this way including effects of data error and model error.

In figure S1, the data and the predicted flow field show a counter-clockwise rotation of the entire
northern Australian region with largest rotation rates concentrating in Seram and above the northern
segment of the Banda slab. Model rates of 1.05x10-7/yr to 1.50x10-7/yr convert to tectonic rotation
rates of 5.7o/Myr to 8.6o/Myr. If such high rotation rates were present in the geological past the
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velocity change of northward Australian plate motion to more westward motion north of Seram could
have built up in less than 10 million years.

Australia plate motion and Pacific plate motion are not well represented in the GPS data set and
consequently not well predicted in Figure S1b. Also the possible effects of these plate motions on the
velocity gradient model of the Banda region need to be assessed. In an additional experiment we
extended the data set with 15 synthetic motion vectors for the Australia plate using an Euler pole
relative to Eurasia of 0.636 ± 0.001 o/Myr about 44.90 oE, 11.65 oN computed from the six GPS sites
in Australia (not shown here). For the Pacific plate, 8 synthetic vectors were created using an Euler
pole relative to Eurasia of 0.67 ± 0.01o/Myr about 110.3 oE, 65 oS (Bock et al. 2003). The synthetic
vectors were assigned a 1 mm/yr error in both East and North directions and are all tied to the ITRF
reference frame of Bock et al. (2003) (Figure S2a). With these synthetic vectors we constrain
Australia plate motion to the south and east-southeast of the Banda arc assuming no internal
deformation (as suggested by the few real data vectors, Figure S1a). The Pacific vectors in the north
help to assess the effects of Australia-Pacific plate interaction. We can also determine how edge
effects propagate into the model.

The rotation rate field and predicted crustal flow field are displayed in Figure S2b. In Figure S3a we
plotted the predicted flow field relative to the Australian plate and the dilatation and strain rate field in
Figure S3b. The synthetic data led to modifications of the model near its perimeter. Collision along
the Java trench is now better represented and Australian plate motion is well predicted. The coupling
between the Pacific and Australian plates produces slightly more rotation rate in the north and strong
counter-clockwise rotation far to the northeast in Irian Jaya. The patterns of Figure S1b in the region
enclosed by the real GPS data are, however, hardly affected. Predicted crustal motion (Figure S3a),
strain rate and dilatation patterns (Figure S3b) demonstrate that the southern limb of the Banda arc
(from Timor to the east) is not deforming strongly and follows Australian plate motion closely, i.e.
within 1 cm/yr. The present-day zone of contraction is found in the Banda Sea directly north, or
corresponding to, the Flores-Wetar thrust belt. More to the north, contraction is strong in the region of
Seram while strike-slip / shear deformation dominates to the east in Irian Jaya. The latter can express
westward transport of crust/lithosphere (Figure S3a) accommodated by the strong counter-clockwise
rotation of the region directly to the west, i.e. the region from Seram up to Bird’s Head allowing. The
flow field of Figure S3a clearly shows that the Banda region is lagging behind with respect to
Australia plate motion while the Bird’s Head region is moving almost with the Pacific plate. The
westward component of crustal velocity reflects the coupling with the Pacific plate to the north. There
is only minor indication of collision between the Bird’s head region and the Pacific plate. Collision is
stronger to the northeast (Irian Jaya).
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We infer from these experiments that the cause of the rotation- and strain rate patterns, as well as the
crustal flow field, must be largely confined to processes within the Australian plate, i.e. south of
Bird’s Head and east of Irian Jaya. We conclude that a strong correlation exists with the location of
the northern arm of the Banda slab and the region of largest rotation, which we explain in the main
text as resulting from the coupling of the slab with the mantle slowing down the Australian
lithosphere north of the Banda Sea. This causes the contraction within the Banda Sea – Seram region
and may explain the southward underthrusting occurring at the Flores-Wetar fault system as Australia
is not slowing down south of the Wetar thrust zone. The southern limb of the Banda arc shows much
less deformation and crustal motion is close to that of the Australian plate. Here the slab is steepening
and being overridden by the Australian plate. Overall, the crustal deformation field is consistent with
the qualitative predictions of our tectonic evolution model.

References:
Altamimi, Z., Sillard, P., Boucher, C., ITRF2000: a new release of the International Terrestrial
Reference Frame for earth science applications. J. Geophys. Res. 107 (B10), 2214.
doi:10.1029/2001JB000561 (2002)
Bock Y. et al. Crustal motion in Indonesia from Global Positioning System measurements. J.
Geophys. Res., 108 (B8), 2367, doi:10.1029/2001JB000324 (2003)
Nugroho H., Harris R, Lestariya A.W., Maruf B. Plate boundary reorganization in the active Banda
Arc–continent collision: Insights from new GPS measurements. Tectonophysics 479, 52-65 (2009)
Simons W.J.F. et al. A decade of GPS in Southeast Asia: Resolving Sundaland motion and
boundaries. J. Geophys. Res., 112, B06420, doi:10.1029/2005JB003868. (2007)
Spakman W., Nyst M.C.J. Inversion of relative motion data for estimates of the velocity gradient field
and fault slip. Earth Planet. Sc. Lett. 203, 577-591 (2002)

Stevens, C. W. et al., Evidence for block rotations and basal shear in the world’s fastest
slipping continental shear zone in NW New Guinea. In Plate Boundary Zones, edited by S.
Stein and J.T. Freymeuller (American Geophysical Union, Geodynamic Series, 2002), Vol.
30, pp. 87.

nature geoscience | www.nature.com/naturegeoscience

5

supplementary information

6

doi: 10.1038/ngeo917

nature geoscience | www.nature.com/naturegeoscience

doi: 10.1038/ngeo917

nature geoscience | www.nature.com/naturegeoscience

supplementary information

7

supplementary information

8

doi: 10.1038/ngeo917

nature geoscience | www.nature.com/naturegeoscience

doi: 10.1038/ngeo917

supplementary information

Supplementary-ReconstructionMovie.mov
Tectonic Reconstruction 0-30 Myr – QuickTime movie shows the tectonic reconstruction of
southeast Asia, particularly of the Banda region, since 30 Myr. It reveals amongst other things
the origin of the subducted lithosphere under the Banda region and illustrates the evolution of the
subduction trench system in response to slab rollback.
Format Type: mov (QuickTime)
File Size: 1.1 MB
Supplementary-TomographyMovie1.mov
Tomography movie 1: horizontal view – QuickTime movie shows the seismic tomography image
of the mantle under southeast Asia, particularly the Banda subduction system, from the crust to a
depth of 900 km. It illustrates the strong curvature of the Banda slab, the flat lying slab in the
mantle transition zone, and the transition between deep mantle subduction in the west to the
upper mantle subduction under the Banda region.
Format Type: mov (QuickTime)
File Size: 4.7 MB
Supplementary-TomographyMovie2.mov
Tomography movie 2: cross-sectional view – QuickTime movie shows the seismic tomography
image of the mantle under southeast Asia in cross sectional view from Bali in the west to eastern
Banda. Cross sections are oriented from S to N in the direction of Australian plate motion. The
movie shows amongst other things the transition from lower mantle subduction in the west to
upper mantle subduction under the Banda region, the flat slab southeast of Sulawesi, the slab
detachment under Buru and the complex spoon-shape of the Banda slab.
Format Type: mov (QuickTime)
File Size: 6.8 MB
Supplementary-GPSAnalysis.pdf
Crustal deformation and flow field of the Banda-Australia region – A brief account is presented
of the present-day velocity gradient field and crustal flow field as obtained from the inversion of
available GPS motion vectors of the Banda region and surroundings. Observed crustal rotations,
contraction, and crustal motions support the subduction evolution model presented in the main
paper, particularly mantle resistance to northward slab transport and its predicted surface.
response.
Format Type: PDF
File Size: 7.7 MB
Supplementary-Resolution.pdf
The local resolution of the tomography model – A brief account is given concerning the type of
tomographic resolution analysis and of typical resolution results used in the evaluation of the
local spatial resolution of the tomographic model used in the study.
Format Type: PDF
File Size: 2.2 MB

nature geoscience | www.nature.com/naturegeoscience

9

