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Introduction  

 
The following material gives technical details on the modeling technique and 
modeling approach used to develop the study, as well as the compilation of data from 
the literature and complementary data.  
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Text S1: Modeling strategy and additional simulations: 
 
The initial surface layout of the lithosphere of the 5 different setups explored in this study are 
presented as top views in Figure S3. Setups I and II represent simplified frameworks of the SE Asia 
system ~25 Myr ago. In these setups, the Australian plate is simplified as an 1800 km wide square 
plate. In model I Sundaland is simplified as a square shape of similar size while in model II the 
front edge of Sundaland is curved to account for the actual curvature of the Java-Sumatra trench. 
Models III, IV and V are variations of a more realistic plate configurations mostly adapted from 
the reconstructions (5,8,10,11,16). The simulation integrates the Sula Spur, a land promontory that 
belongs to the Australian continent and circumscribes the Banda embayment on its northern side. 
Model III shows a simplified trench line, nearly straight from the eastern to the western wall of the 
model, while model IV uses a more complex trench line. In both models III and IV, Wallacea is 
solely made up of an oceanic lithosphere. Model V (preferred simulation, see main text) 
geodynamic reconstruction. In this setup, Wallacea exhibits a more complex tessellation of oceanic 
and continents lithosphere (including Sulawesi continental block, and an agglomerated package of 
islands that represents the archipelago of very small unit prior to the collision, now distributed from 
Halmahera to the Bird’s Head and Western Papua). In all simulations, the Indian plate is initially 
subducting below a thinner and narrow (< 300km) overriding continental plate margin representing 
the volcanic arc. 
 
Model I (Fig. S4) 
The subduction of the Indian plate below the overriding plate (Fig. S4A) leads to collision of 
northern Australia at ca. 20 Myr (model time, Fig. S4B). Subsequent slab breakoff of the slab along 
the northern margin of Australia occurs between 20 and 30 Myr (Fig. S4B,C). After slab breakoff 
the system locks and no subduction polarity reversal is observed along the southern margin of the 
Philippine plate (Fig. S4D-F). The slowdown of convergence and absence of subduction polarity 
reversal can be attributed to the relatively short along trench distance between the Sundaland and 
Australia continental units, which leads to strong lateral coupling during collision and ultimately 
to results in a lockdown of the convergent system (Fig. S4D-F). Although model I captures the 
subsidence of Sundaland and Sahul during collision (Fig. S4B-D), the Indian plate slab breakoff 
along the northern, and the system lock down do not match other essential geodynamic features 
such as slab rollback in the Banda embayment. 
 
Model II (Fig. S5) 
Simulation II yields nearly identical results with respect to simulation I. The curvature to the Java-
Sumatra trench does not influence the overall geodynamics of the system. The only noticeable 
difference is marked by a slightly less pronounced subsidence of Sundaland (Fig. S5B-D). 
 
Model III (Fig. S6) 
The collision initiated at the northwestern tip of the Sula spur between 4 and 17 Myr (model time, 
Fig. S6A,B). During that stage, the slab breaks off at the collision point and then propagates 
eastwards until 31 Myr (Fig. S6D). As the northern Australian promontory is being transferred 
along eastern Sundaland (Fig. 6B-E), subduction of Wallacea starts and slab polarity reverses along 
the southern margin, underneath Australia (Fig. S6D-E). Similar to simulations I and II Sundaland 
dynamically subsides above the subducting Indian lithosphere (Fig. S6B-D). After 36.6 Myr, the 
southward subduction of Wallacea takes over the global system and the Banda oceanic plate is not 
being subducted nor rolls back into the Banda embayment. Regardless, after the first collision of 
the Sula spur between 4 and 17 Myr, the model fails to reproduce first order characteristics of the 
convergent system. 
 
Model IV (Fig. S7) 



 
 

4 
 

Initial conditions of simulation IV are comparable to those of simulation III with the exception of 
a less pronounced land promontory at the northern margin of Australia plate and in the initial 
geometry of the trench (Fig. S7A). Collision between northern Australian promontory occurs 
between 4.7 and 10.2 Myr (model time, Fig. S7A,B). Contrary to model III, slab breakoff occurs 
nearly synchronously along the margin as a consequence of its orientation with respect to the 
Australian margin. While subduction initiation and slab polarity reversal along the southern edge 
of Wallacea is observed as in simulation III, simulation IV also shows subduction initiation and 
rollback of the Banda oceanic slab (Fig. 7D-F). Although this simulation captures most geodynamic 
characteristics, it does not strictly match the timing of events, and the geometry of some tectonic 
features. 
 
Model V (Fig. S8) 
Simulation V is the preferred model presented in the main manuscript. Most outcomes compare to 
simulation IV but simulation V better adjusts with the kinematics and tectonic framework. The 
main differences with models III and IV are: a smaller Sula spur, and the addition of continental 
units in Wallacea (Fig. S8A). In this simulation, the smaller promontory allows the subduction to 
wrap around and to form the Banda arc, while the Sulawesi continent blocks increases the buoyancy 
of Wallacea, which delays subduction initiation and polarity reversal (Fig. S8D-F). 
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Fig. S1: Morphotectonic map of SE Asia. Tectonic structures (faults: red curve; 
subduction trenches: red bold curves), envelope of the subducting plate (depth 
isocontours 20 m), uplift rates (triangles, see Materials and Methods), selected focal 
mechanisms (Mw>6.5, Wetar-Flores backarc thrust), geodetic velocities (21), gray bar in 
Sahul shows approximate location of swath profile as in Fig. 5, gray bars in Sundaland 
show the location of predicted profile and location of composite seismic profile (small 
bar) as in Fig. 7. 
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Fig. S2: Graphic derivation of subsidence rates from high resolution seismic 
stratigraphy. The number of incised sedimentary units is contingent on the bathymetry, 
sea level oscillations, and subsidence rates. Each time a subsidence line crosses the sea 
level curve (53) the stratigraphic series are fingerprinted by a river-incised sedimentary 
unit (corresponding to the main Marine Isotopic Stages) or sedimentary subunit (Marine 
Isotopic substages). 
  



 
 

7 
 

 
 

 
Fig. S3: Alternative model setups. Reference simulation corresponds to panel E. 
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Fig. S4: simulation #1 
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Fig. S5: simulation #2 
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Fig. S6: simulation #3 
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Fig. S7: simulation #4 
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Fig. S8: simulation #5 (reference simulation) 
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Fig. S9: Subduction dynamics, viewed 
from below. Vectors indicate mantle 
flow. The oceanic lithosphere is in blue, 
the Australian continent in brown, the 
upper/lower mantle interface in gray.  
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Fig. S10: observed and modeled strain rates. “Observed” strain rates are as 
interpolated in the World Strain Map (Kreemer et al., 2014). Both maps show focused 
deformation in the Banda embayment, and westward propagation of the back-arc thrust 
into the Sunda shelf, to the North of Java island, and equally to the north of Papua. 
Sulawesi is less prone to deformation in our simulation than in the World Strain Map. 
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latitude longitude Uplift rate Reference 
6.65 104.24 -0.2 Alqahtani et al. (2015)* 
0.6 103.75 -0.125 Bird et al. (2006) 
-8.26 125.58 0.475 Chappell and Veeh (1978) 
-14.18 121.86 -0.45 Collins et al. (2011) 
-13.89 121.85 -0.29 Collins et al. (2011) 
-15.5 123.15 -0.2 Collins and Testa (2010) 
-14.07 121.86 -0.04 Collins and Testa (2010) 
-3.39 126.19 0.75 DeSmet et al. (1989) 
-3.18 129.51 2.5 DeSmet et al. (1989) 
-7.52 131.48 0.5 DeSmet et al. (1989) 
-8.8 125.96 10.0 DeSmet et al. (1989) 
-5.44 122.77 0.75 Fortuin et al. (1990) 
3.14 107.31 -0.25 Hanebuth et al. (2011) 
4.24 109.52 -0.95 Hanebuth et al. (2011) 
-8.29 124.77 1.1 Hantoro et al. (1994) 
-8.27 127.36 0.5 Harris et al. (2009) 
-10.55 121.87 0.2 Harris et al. (2009) 
-9.76 118.12 0.5 Harris et al. (2009) 
-10.2 123.6 0.3 Jouannic et al. (1988) 
-7.87 127.13 0.55 Major et al. (2013) 
-9.9 120.2 0.6 Miller et al. (2021) 
-10.1 124.0 0.3 Miller et al. (2021) 
-8.2 127.0 0.8 Miller et al. (2021) 
-8.3 120.2 0.2 Miller et al. (2021) 
-8.2 124.4 1.0 Miller et al. (2021) 
-7.9 126.2 0.6 Miller et al. (2021) 
8.13 102.75 subsidence Morley and Westaway (2006) 
-9.8 119.5 0.1 Nexer et al. (2015) 
-9.9 120.0 0.5 Nexer et al. (2015) 
5.63 100.34 subsidence Parham et al. (2016) 
5.17 118.88 subsidence Parham et al. (2016) 
-5.31 123.57 0.14 Pedoja et al. (2018) 
-5.31 123.16 0.12 Pedoja et al. (2018) 
-5.64 122.65 0.16 Pedoja et al. (2018) 
-5.31 123.16 0.12 Pedoja et al. (2018) 
-5.54 122.73 0.14 Pedoja et al. (2018) 
-5.53 122.5 0.29 Pedoja et al. (2018) 
-5.72 122.47 0.25 Pedoja et al. (2018) 
-5.5 122.6 0.3 Pedoja et al. (2018) 
-9.67 119.98 0.49 Pirazzoli et al. (1993) 
9.7 123.8 0.075 Ringor et al. (2004) 
9.5 123.9 0.19 Ringor et al. (2004) 
9.6 123.8 0.07 Ringor et al. (2004) 
9.5 123.8 0.07 Ringor et al. (2004) 
-2.99 107.9 -0.25 Sarr et al. (2019)* 
-16.09 123.6 -0.12 Solihuddin et al. (2015) 
1.36 125.16 0.18 Sumosusastro et al. (1989) 
-5.9 111.1 -0.2 Susilohadi and Soeprapto (2015)* 
-5.9 112.2 -0.175 Susilohadi and Soeprapto (2015)* 
-6.1 112.9 -0.175 Susilohadi and Soeprapto (2015)* 
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-6.6 113.1 -0.175 Susilohadi and Soeprapto (2015)* 
6.61 110.17 -0.27 Wong et al. (2003) 
4.33 110.15 -0.17 Wong et al. (2003) 

 
Table S1: mean Pleistocene uplift and subsidence rates, from published and new 
(italicized) estimates. *For subsidence rates derived from shallow seismic stratigraphy, 
see graphical depiction of the method on Fig. S4. References below. 
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Movie S1: Model simulations of the Indo-Australian subduction zone (model time in 
My), showing the continental topography and Indian oceanic lithosphere (blue surface 
and thermal structure, eastern side view). 

 
Movie S2: Close ups of the Banda subduction zone, southward view. Indian oceanic 
lithosphere (blue surface) and continental units in brown (Australia) and white contours 
(Wallacea islands). Streamlines show mantle flow. 

 


