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Abstract :   
 
The transition along the strike of the Sunda subduction zone, from oceanic subduction in the west to 
subduction of continental Australian lithosphere in the east is envisioned as one of the canonical examples 
of the structural changes that take place within an overriding plate when a continental lithosphere wedge 
enters a subduction zone. Yet, the along-strike offset of the trench toward the Australian margin 
represents a structural response opposite to the predictions of numerical models. To understand this 
paradox, we analyse the morphotectonic evolution of Sumba island located at the transition from oceanic 
to continental Indo-Australian lithosphere subduction. Drainage evolution allows us to constrain the 
topographic evolution of the island since the Pliocene. Flights of uplifted coral reef terraces document 
Quaternary deformation. Focal mechanisms of shallow crustal earthquakes constrain the current stress 
field. Together, these data reveal that the island is affected by dextral en-échelon folding. Offshore, west 
of the island, reverse and strike-slip focal mechanisms evidence an active dextral transpressional zone. 
The emergence of the island and dextral shearing of the accretionary prism were triggered by subduction 
of the western lateral boundary of the Australian continental margin. We contend that the Plio-Quaternary 
tectonic evolution of the region, with transpression and migration of the trench toward the Australian 
margin is primarily dictated by shear stress transfer from the lower plate to the overriding plate, favored 
by strong interplate coupling, and by southwestward escape of the Savu-Sumba block following the 
impingement of the Australian continental margin against Timor island. 
 
 

 

 

 

https://doi.org/10.1016/j.jseaes.2022.105316
https://archimer.ifremer.fr/doc/00780/89196/
http://archimer.ifremer.fr/
mailto:christine.authemayou@univ-brest.fr


2  

Please note that this is an author-produced PDF of an article accepted for publication following peer review. The definitive 
publisher-authenticated version is available on the publisher Web site.  

Highlights 

►  The Australian margin boundary collision produces forearc dextral transpression. ►  Interplate transfer 
of shear stress and forearc block escape induce trench migration. ►  Northeastward folding has been 
propagating across Sumba Island since the Pliocene. ►  One-third of Sumba Island was inundated by 
flexure and gravitational collapse. 

 

Keywords : Sumba, tectonics, drainage reorganization, coral reef terrace sequences, transition oceanic 
subduction/ continental subduction 
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 1. Introduction

The entrance of a continental lithospheric wedge into a subduction zone, where oceanic 

lithosphere was previously subducted, generates marked structural changes in the forearc 

region of the overriding plate. Numerical and analogue models (Royden and Husson, 2009; 

Boutelier et al., 2012; Guillaume et al., 2013; Magni et al., 2014; Moresi et al., 2014) suggest 

that subduction stalls in front of the buoyant downgoing continental margin, while the 

subduction of surrounding oceanic slabs continues unabated. The roll-back of these oceanic 

slabs relative to the stalled continental margin progressively offsets the trench across the 

transition between the oceanic and continental lithospheres (Harris, 1992). This offset 

accommodates most of the gradient in subduction rates that result from the slowing down 

of subduction in front of the continental lithosphere. Additionally, this offset allows the 

extrusion of the overriding plate away from the colliding continental margin, toward 

surrounding oceanic subduction zones. These models also predict lateral bending of the 

downgoing slab where the plate boundary is offset, which may ultimately lead to the tearing 

of the downgoing slab (Guillaume et al., 2013; Magni et al., 2014). 

The along-strike transition from oceanic subduction to incipient continental collision along 

Sunda-Banda arc is one of few such transitions currently occurring on Earth (Fig. 1). 

However, over geological time, such geodynamic arrangements occur frequently. Much 

knowledge is to be gained, therefore, from the study of modern examples. In the case at 

hand, no lateral offset of the trench toward the oceanic domain is observed at the transition 

between oceanic subduction and incipient continental collision. The extent of the continental 

and oceanic domains in the down going slab remains controversial, and the seismic imaging 
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of the slab does not resolve the details of slab deformation across the transition zone 

(Widiyantoro and van der Hilst, 1996; Hall and Spakman, 2015; Zenonos et al., 2019; Harris 

et al., 2020). Within the overriding plate, the ocean-continent transition is marked by a rapid 

enlargement of the accretionary prism in the southwestern part of the Savu basin, below the 

southern part of Sumba ridge (Harris, 1991; Rigg and Hall, 2011, Fig. 1). The lack of slab 

retreat toward the oceanic domain, together with the absence of an obvious slab tear (Harris 

et al., 2020), may attest of the youth of the subduction of the continental margin. In the 

meantime, however, the structure of the accretion prism and the activity of the back-arc 

Wetar thrust (Baillie et al., 2019) suggests that the subduction of the Australian continent 

has already significantly deformed the overriding Sunda arc. 

We investigate the morphotectonic evolution of Sumba Island in order to better document 

the changes associated with the under-thrusting of the Australian continental wedge below 

the Sunda-Banda arc. Sumba Island is conveniently located in the fore-arc of the Sunda-

Banda arc within the transition zone, behind the area of widening of the accretionary prism 

(Fig. 1). The island emerged during Pliocene times and has kept uplifting ever since (Fortuin, 

1997, Fleury et al., 2009; Nexer et al., 2015). We conducted a tectonic and 

geomorphological analysis of the island by measuring structural markers of deformation, 

and by analyzing the deformation of Holocene to Pleistocene coral reefs fringing the 

western, northern, eastern and, for the first time, southern coasts of the island. Deformation 

at higher elevation, and over longer time scales is assessed using the evolution of Pliocene 

and younger river networks. We use these data to reconstruct the pattern of uplift during 

different time intervals. We then integrate these results within the current regional tectonic 

stress field, inferred from shallow earthquake focal mechanisms. We finally discuss the 

contribution of interplate coupling to the evolution of upper plate deformation and trench 

migration over time, and propose a tectonic evolution involving lateral changes in crustal 
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thickness in the downgoing and overriding plates, as well as lateral motions of upper plate 

forearc basement blocks. 

2. Geological setting

Within the Indonesian Archipelago, the 80 km wide, 200 km long Sumba Island is located in 

the Sunda-Banda fore-arc, north of the transition from oceanic to continental subduction 

(Fig. 1). West of Sumba, the Indian-Australian oceanic plate subducts northward at 80 

mm·yr−1  (relative to a fixed Sunda shelf reference frame) beneath the Sundaland part of the 

Eurasian plate along the Java trench, with weak interplate coupling (Pacheco et al., 1993; 

Simons et al., 2007, Nugroho et al., 2009; Hall et al., 2011). East of Sumba, the rifted passive 

margin of the Australian continental lithosphere is overridden by the Banda arc at 21 mm·yr-1 

along the Timor trench, beneath the Banda oceanic domain, with strong interplate coupling 

(Bock et al., 2003; Nugroho et al., 2009, Fig. 1). South of Sumba Island, the plate boundary 

is offset 150 km-long to the south, linking the Java trench and Timor trough. Termination of 

oceanic subduction along the Java trench and transition to arc-continent collision along the 

Timor trough has triggered transcurrent reactivation of NE-SW-trending mesozoic syn-rift 

structures of the Australian passive margin (Hengesh and Whitney, 2016; Fig. 1A). Within 

the overriding plate, the transition zone coincides with Sumba Ridge, an isolated rigid block 

between the trench and the active volcanic arc, embedded within more deformable accreted 

sediments of the prism (Fig. 1B). It is interpreted as the basement of a volcanic arc that 

formed during Late Cretaceous-Paleocene time, south of the Sundaland block (Rangin et 

al., 1990; Wensink and Bergen, 1995; Rutherford et al., 2001; Hall, 2012; Hall and Smyth, 

2008; Satyana and Purwaningsih, 2011). Sediments above this basement have been 
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interpreted as autochtonous sediments deposited in the Late Cretaceous-Paleocene at the 

back of the accretionary prism (Fortuin et al, 1992, 1997; Abdullah et al., 2000; Fleury et al., 

2009; Satyana and Purwaningsih, 2011). The inner and younger Banda volcanic arc has 

formed northeast of Sumba Island over the past 15 Ma, as a result of the subduction of a 

Jurassic oceanic basin, bounded by continental crust, within the Australian plate (Hamilton, 

1979; Spakman and Hall, 2010).

Sumba Ridge marks the transition from the western Lombok fore-arc basin to the eastern 

Savu fore-arc basin (Hamilton, 1979; Rutherford et al., 2001; Hall and Smyth, 2008; Harris 

et al., 2009; Harris, 2011). The Lombok basin is underlain either by 9 to 11 km-thick oceanic 

crust, formed during the Cretaceous to middle Eocene opening of the Indian Ocean (Planert 

et al., 2010), or by thinned rifted continental crust, transitioning eastward into a crust of 

mixed continental/oceanic composition (Lüschen et al., 2011), and overlain by > 4-5 km of 

tertiary sediments (Planert et al., 2010; Kopp, 2011; Lüschen et al., 2011). Below the Sumba 

Ridge and the Savu Basin (Fig. 1B), the upper plate Moho lies at depths of ~26-27 km 

(Shulgin et al., 2009). The floor of the Savu Basin was close to sea level in the Early 

Miocene, but subsequently underwent extension and rapid subsidence during the Middle 

Miocene (Shulgin et al., 2009; Spakman and Hall, 2010; Rigg and Hall, 2011). On Sumba 

Island, this extensional event generated down-to-the-east normal faults, major subsidence 

in the eastern part of the island, mega-slumps, turbidites and intra-formational fault scarps 

(Von Der Borch et al., 1983; VanderWerff et al., 1994; Fortuin et al., 1994; 1997). The 

eastward deepening of depositional environments is indicated by shallow-water carbonate 

platform deposits (Waikabubak formation), which are restricted to the western part of the 

island and pelagic sediments (Kannanggar formation) deposited at depths of ~5000 m in the 

east. During the Late Miocene and Early Pliocene, the arrival of the Australian continent into 

the trench shortened and uplifted the fore-arc domain (e.g., Harris, 1991; Fortuin et al., 1997; 
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Hall and Smyth, 2008; Haig 2012; Tate et al., 2017, Miller et al., 2021). Its earliest 

manifestation, offshore eastern Sumba, is a northward tilting of the Tortonian sediments of 

the Kannanggar formation (Fortuin et al., 1992; 1997; Fig. 2). Emergence of the eastern part 

of the Sumba Island occurred around 3 Ma ago (Roep and Fortuin, 1996). Deformation then 

propagated southeastward (Rigg and Hall, 2011), leading to the emergence of Savu island 

at 1.9 Ma (Harris et al., 2009), and then of Rote island since 0.2 Ma (Roosmawati and Harris, 

2009). Continued uplift on Sumba Island during the Quaternary is recorded by the 

emergence of coral reef terrace sequences (e.g., Pirazzoli et al., 1991; 1993; Bard et al., 

1996, Fig. 2). Fleury et al. (2009) noticed that the sequences are tilted to the north and are 

affected by gravitational collapse in the south. They consider that tilting and collapse 

resulted from the subduction of a seamount beneath Sumba. Miller et al. (2021) used 

ambient noise tomography and geochemistry of the volcanic arc to conclude that the rapid 

uplift of Sumba is related to the subduction of a volcanic ridge, ahead of the Australian 

continental crust. Gravitational collapse has generated normal faults along the southern 

flank of the island. Faulting has progressively expanded northward, and now also affects the 

northern side of the island (Fig. 2). Authemayou et al. (2018) proposed that the western part 

of Sumba is a broad asymmetric E-W anticline, and that the northward tilting of the coral 

reef terraces occurs along the shallow-dipping northern limb of this anticline.  
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Figure 1:  Geodynamic settings of Indonesia (A) and of Sumba Island (B), modified 

from Rigg and Hall (2011; 2012) and Lűschen et al (2011). Focal mechanisms of 

shallow earthquakes (<50km) from GCMT solutions (http://globalcmt.org; Dziewonski 

et al., 1981; Ekström et al., 2012). Colors indicate focal mechanism types (green: 

normal faulting, red: strike-slip faulting, purple: reverse faulting). C) NS-striking 

section across the Sumba Ridge, east of Sumba Island, modified from Shulgin et al. 

(2009). (D) NS-striking geological section across Sumba Island, modified from Fleury 

et al. (2009).

3. Methods

3.1. Morphological identification of land surface deformation

We mapped fault traces on Sumba Island based on drainage analysis and their geomorphic 

expression using the 12 m-resolution TanDEM-X Digital Elevation Model, and the 10.5 m- 

to 1.5 m-resolution Pleiades and 6-7 SPOT satellite images, provided by the CNES (i.e. 

Centre National d’Études Spatiales). The mapping of remote sensing data was ground-

checked in 2017 and included collecting measurements of the orientation of Miocene beds 

(Fig. 2).

 A detailed review of the geomorphic evolution and the processes driving river 

rearrangement of western Sumba is provided in Authemayou et al. (2018). The analysis is 

here extended to the central and the eastern parts of Sumba (Figs. 3, 4). The theoretical 

map of the drainage network was extracted from the 12 m resolution TanDEM-X Digital 

Elevation Model using standard overland water routing procedures that involve the filling of 

closed topographic depressions. However, because karstic water routing is substantial on 

http://globalcmt.org/CMTsearch.html
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some parts of the Island, a visual rectification of the drainage lines was conducted using the 

optical satellite images (Pleiades and SPOT 6-7 satellite images). The comparison of 

predicted overland water routing and actual water routing helped us to assess the extent of 

endokarstic river networks (Authemayou et al., 2018). Stream segments of the surficial 

drainage were then classified according to their flow azimuth. The drainage network displays 

abundant river rerouting and flow reversal. To document river rerouting, we inventoried wind 

gaps left after rerouting events. To identify flow reversal, we inventoried fish hooks in the 

course of river tributaries close to their junctions with reversed trunk streams (Middleton et 

al. 1995). Windgaps consist of low-elevation, often flat-floored notches incised across ridges 

that separate conterminous river catchments. The windgaps have a distinctive morphology 

that allow them to be distinguished from common passes produced by the simple lowering 

of ridge crests by slope erosion. Their steep, ridge-transverse flanks stand in sharp contrast 

to the very shallow, ridge-transverse gradient of their floor. Such shallow gradient can only 

be achieved by bedrock erosion and sediment dispersal by fluvial processes, transverse to 

the ridges. The former flow direction through these windgaps relies on the identification of 

flow reversal in one of the two catchments now separated by the windgap. In the area of 

interest, flow reversal is evidenced by hooked tributaries present in the drainage of one of 

the two rivers that used to be connected through the windap. The current flow direction along 

the hooked tributaries is opposite to that of the trunk river, and represents the former 

direction of flow along the trunk river, toward the windgap.

3.2. Morphological delineation and correlation of uplifted reef terraces

Coral reef terraces were mapped to determine the recent deformation pattern of the island. 

The terraces are formed by different reefal limestone units constructed and eroded during 

successive Quaternary sea-level highstands (Chauveau et al., 2021). Maximum and 
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minimum elevations were extracted from the 12m-resolution TanDEM X elevation model 

along topographic swath profiles perpendicular and parallel to the long axis of Sumba Island. 

The TanDEM X elevation model was loaded into ESRI’s ArcGIS 10 software and used to 

map the inner edge or back-edge, of the terraces using hillshade, contour, and slope maps 

and were validated in the field. The location of the inner edge was then refined using satellite 

images from Google. Particular care was given to the delineation of the terrace flights along 

the northern coast, which represent the most lateraly extensive and continuous 

geomorphological markers of deformation. 

Efforts were focused on the terrace level represented by a thick black line on Figure 5, which 

was initially mapped along the whole northern coast of Sumba Island and correlated to MIS 

11 (400 ± 20 ka) by Nexer et al. (2015). This terrace lies at an elevation of 190 ± 10 m at 

Cape Laundi (Pirazzoli et al., 1993). Lateral correlation of reef terraces across valleys, is 

based on the continuity of elevations, planform width, and equivalent position in the terrace 

sequence. A correlation of terraces based on these sole geomorphic criteria across the 

Kambaniru River valley (fig. 3) cannot be established with certainty, however, the continuity 

and expression of the MIS 11 terrace suggests it extends around the island.  The 

morphological mapping was finally refined through direct observation in the field. At one site 

on the southern coast, a topographic survey of the coral reef terraces sequence was 

conducted using a real-time kinematic differential global positioning system (RTK DGPS). 

The reef terraces were then projected onto the swath profiles, in order to document 

Quaternary uplift patterns. The different reef terraces were identified starting at Cape Laundi, 

where the chronostratigraphy of the terraces is well established (Pirazzoli et al., 1991; 

Pirazzoli et al., 1993; Bard et al.,1996), and from there were extended laterally throughout 

the entire coastal stretch (~350 km, Nexer et al., 2015). Tilting and folding of the terrace 

levels was analyzed by projecting the elevation of terrace inner edges along various strikes, 



12

until the steepest dip angle was found (thus minimizing projection artefacts). Tilted coral reef 

terraces plot as straight lines on stacked-swath projections. Folded terraces display their 

maximal flexure when profiles are perpendicular to the fold axis.

3.3. Dating of uplifted coral reef terraces

At the site where the DGPS survey was undertaken, we sampled the lowest coral terrace 

for radiogenic 14C and U/Th dating. A gastropod (sample SUM 18-12) was dated using 14C 

accelerator mass spectrometry (Orsay, GEOPS). The gastropod shell was also dated using 

U/Th dating. Its calcite and aragonite contents were obtained using a XRD Brucker D8 at 

the LCG (Laboratoire d’étude des “Cycles Géochimiques et Ressources”, IFREMER) in 

Brest (France). U/Th isotopic analysis was performed by multi-collector inductively coupled 

plasma mass spectrometry (MC-ICPMS) at the Institute for Geoscience, University of Mainz, 

Germany. For a detailed description of the methodology, the reader is referred to Obert et 

al. (2016), Yang et al. (2015) and Gibert et al. (2016).

3.4. Distribution of instrumental earthquakes

Focal mechanism solutions for earthquakes (Mw>5) were extracted from the Global 

Centroid Moment Tensor catalog for the period from 1976 to 2019 (GCMT, Dziewonski et 

al., 1981; Ekström et al., 2012, www.globalcmt.org) and were superposed on our structural 

and bathymetric maps (Fig. 1). A cut-off depth of 50 km depth was chosen to eliminate most 

earthquakes produced at the subduction interface and in the downgoing plate, in the fore-

arc region. Nodal planes were interpreted as fault planes when their direction corresponded 

to the direction of a major bathymetric lineament located in their vicinity and/or when their 

direction corresponded to an alignment of focal mechanisms.
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4. Results 

4.1. Structural mapping 

Miocene beds dip at shallow angles (<8° to 12°) on the northern and southern sides of the 

island. They are gently dipping (<4°) to flat-lying along the median axis of the island (Fig. 2). 

Strata dip conforms to the topography: Miocene beds are inclined towards the north along 

the northern side of the island, and towards the south along the southern side of the island, 

defining a broad E-W-trending anticlinal flexure. This flexure is best expressed in the 

westernmost and easternmost parts of Sumba. Two anticlines are mapped along the south 

coast of the island and are referred to as the eastern and western anticlines (Fig. 2). In the 

central region, however, the structural organization is more complex. Along the southern 

coast, in Keradu Bay and Tarimbang Bay, Miocene strata are tilted southeastward (5°), but 

10 km to the south these deposits dip 9° to the northeast,  revealing the nose of a tight 

syncline between the western and eastern anticlines (Fig. 2). 
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Figure 2: Geology and tectonics of Sumba Island. (A) Shaded relief with main 

geological units, faults, and drainage lines. Fold axes are deduced from the structural 

measurments. (B) Photographs illustrating spatial variations in the dip of Miocene 

formations throughout the island (a, c, b, d, e, f). See Fig. 2A for location.

The faults manifest themselves as long lineaments that disrupt the topography and that do 

not coincide with lithological changes. Fault scarps were identified as sharp slope breaks 

that offset planar surfaces and streams. Differential uplift across the fault scarps has resulted 

in a change in fluvial dynamics across the upslope-facing fault scarps (Authemayou et al., 

2018). We divided the distribution of normal faults into three zones (Western, Central and 

Eastern Sumba, Fig. 2A), based on changes in fault trace shape and fault array 

arrangements (Authemayou et al., 2018). In Western Sumba, the normal faults that disrupt 

the Waikabubak Plateau and the southern slope of the island are cuspate, imbricate, and 

have a down to the south sense of displacement (Fig. 2). In Central Sumba, the density of 

down to the south faults decreases, and NW-SE- to N-S-trending, short, down to the west 

normal faults are observed. In Eastern Sumba, a cluster of short, cuspate, down-to-the-

south normal faults affect the top of the eastern part of the Kannanggar massif. 

4.2. Drainage pattern 

The main drainage divide of the island lies closer to the south coast than the north coast 

except at its western end (Fig. 3). While most streams flow away from the divide, some 

streams on the Waikabubak Plateau and around the Keradu Bay initially flow toward the 

divide before being captured by west-flowing, southwest-flowing or south-flowing streams 



16

(Figs. 3 and 4). In some cases, the changes in flow directions are so large that they have 

the appearance of typical fish-hook tributaries (Fig. 3). The largest concentration of fish-

hook tributaries is found near Keradu Bay between east-flowing and north-west-flowing 

streams (Fig. 4). 
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Figure 3: Geomorphologic map of the drainage pattern and tectonics features.

In the western and central parts of Sumba, numerous windgaps breach the normal fault 

scarps (Fig. 3). Authemayou et al. (2018) used these windgaps to establish that an initial 

parallel, north-flowing drainage was defeated by the rise of upslope-facing normal fault 

scarps across stream courses. This defeat led to a incremental, northward migration of the 

drainage divide. Several windgaps straddle the current divide between north-flowing and 

south-flowing streams, indicating that the northward migration of the drainage divide is still 

ongoing. Other windgaps (Fig. 4C) are not associated with normal faults. These are found 

along E-W-trending streams in the south-central part of the island near the Keradu Bay (Fig. 

3), close to fish-hook tributaries (Fig. 4A). They reveal that, in this area, east-flowing rivers 

(Fig. 4B) were captured by southwestward- to southward-flowing coastal streams. 

Longitudinal profiles along the course of the former river valleys (Fig. 4D) reveal that the 

paleodrainage has been affected since its capture by southwestward tilting (Fig. 4C). 
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Figure 4: Windgaps and E-W trending streams in the south-central part of Sumba. (A) 

DEM showing the current drainage network and the location of windgaps and faults. 

(B) Comparison of the reconstructed drainage and the current drainage in the same 

area as figure 4A. (C) Field view of a large E-W-trending wingap. See location on figure 

4A. (D) Topographic profiles along the floor of abandoned river valleys, evidencing 

back-tilting. Red lines represent former flow directions along these valleys. See 

location on figure 4A.

 4.3. Topographic and coral reef terraces analyses

The accordance of regional hillslope and bedding over most of Sumba Island demonstrates 

that its relief is essentially structural (Authemayou et al., 2016). Low precipitation rates (300 

mm.yr-1), high infiltration rates in the carbonates, and the recent emergence of the island 

together best explain the low degree of dissection associated with the uplift. Therefore, the 

general relief of Sumba represents the integrated deformation of the island since its 

emergence during the Pliocene. Its coral reef terraces, by contrast, specifically record a 

more recent, Quaternary pattern of deformation.

The general shape of the island changes across the Kambarinu River (Fig. 5). West of the 

river, Sumba is dominated by the E-W trending, elongated and flat Waikabubak massif, 

which reaches a maximum elevation of ~900 m (Fig. 5B). East of the river, Sumba is 

dominated by the Kannanggar massif, which culminates at 1,225 m. The Kambarinu 

drainage catchment almost connects the northern coast to the south coast (Fig. 5A). The 

drainage catchment is associated with a change in the style of structural deformation on 

either side of the river (Fig. 5A). The topographic asymmetry is noticeable on the N-S-
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trending swath profiles of the central and eastern parts of the Island (Figs. 5D, E). On the 

western part of the Island, the topography is symmetric, but afterretro-deformation of normal 

faulting, the topographic profile becomes asymmetrical (Fig. 5C). 

Uplifted coral reef terraces are preserved along the northern, western and eastern 

coastlines. A prominent coral reef terrace, formed during MIS 11 at Cape Laundi (Pirazzoli 

et al., 1993), was mapped  from Cape Karoso to Cape Undu by Nexer et al. (2015) (Fig. 5). 

Along-shore variations in the elevation of the MIS 11 coral reef terrace along the northern 

coast (black line, Fig. 5B) reveal a progressive eastward increase in uplift, from uniformly 

low values (10-20 m) between Cape Karoso (at the western end of the island) and the 

western boundary of Cape Sasar, to high values from Cape Sasar to Waingapu Bay (up to 

220 m), followed by a decrease to Cape Undu (down to 130 m) (brown line, Fig. 5B). An 

homothetic pattern of uplift with a higher degree of tilting affects higher, more dissected coral 

reef terraces (blue and green lines, on Fig. 5F). It does not match, however, the uplift field 

documented by the overall asymmetric shape of Sumba Island. In western Sumba, 

northward tilting is evidenced along the western coast by the tilt of the coral reef terraces. 

The lower coral reef terrace also exhibits several discrete vertical offsets across E-W 

trending normal faults. The variations in the elevation of the coral reef terraces conform to 

the topography of the western island.  (Fig. 5B). 

Coral reef terraces located in the Western zone along a N-S transect are offset by down-to-

the-south normal faulting and the upper terrace shows a northward tilting (Fig. 5C).  

Projections of terrace elevations in the central zone and in the eastern zone along NE-SW 

transects do not show clear evidence of a deformation pattern (Fig. 5D and Fig. 5E).  But, a 

100 km long N-S profile of terrace elevations from Cape Sasar to Cape Undu illustrates the 

deformation of the terrace sequence (Fig. 5F). The overlapping lines (terrace back-edge 

elevations) for the central zone and eastern zone transects illustrate the progressive change 
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in terrace elevation that occurs along the north coast of Sumba east of Cape Sasar (Fig. 

5F). The progressive changes in elevation are consistent with folding and tilting of the 

terrace surfaces. Based on the elevation pattern, we infer the presence of a fold axis at the 

apex of the folded terrace sequence, located near Waingapu Bay, and a second near Cape 

Sasar (Figs. 5A and 5F). 
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Figure 5: Distribution of coral reef terraces in map view and along cross sections, 
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compared to the topography of Sumba Island. (A) Spatial distribution of coral reef 

terraces around Sumba Island, projected onto the Tandem-X DEM. White broad line 

corresponds to the upper boundary of the coral reef terraces. White lines indicate 

inner edge of the major coral reef terraces. Green, brown, black, blue, pink, orange 

lines show the most continuous terraces. (B) Projection of coral reef terraces on a 

NW-SE-trending elevation swath profile. (C), (D), (E) Projection of coral reef terraces 

in the western zone, central and eastern zones on a N-S, NE-SW, NE-SW-trending 

elevation swath profiles, respectively.  Black dotted lines and thin lines show the 

inferred topographic flexure with and without erosion and after retro-deformation of 

normal faulting, respectively. Slope values of the northern island flank are indicated 

on profiles. (F) North-south coral reef terrace elevation transect from the eastern side 

of Cape Sasar to Cape Undu.

Along the southern coast, we found previously undocumented coral reef terraces to the east 

of Cape Karoka (Figs. 5A and 6). Their presence implies that the south coast is also uplifting. 

At this location, near the village of Waiwuang, we surveyed an unmapped sequence of coral 

reef terraces, trackable up to an elevation of 250 m (site 1). The sequence includes 11 main 

coral reef terraces (Figs. 5A, 6A and 6B). Their extent is restricted to a paleo-embayment, 

on the eastern side of Cape Karoka. They may owe their preservation to their location in this 

bay, sheltered from the rapid coastal erosion that otherwise affects all the southern, 

windward coast of Sumba Island. The sequence is discontinuous and its remnants are found 

at various sites (site 1, site 2 and site 3). The DGPS profiles (Figs. 6B to 6D) reveal: 1st, that 

at site 1, the topmost terrace (250 ± 10 m a.s.l.) has a flat top hosting preserved coral heads 

(Fig. 6B); 2nd, that at site 2, the inner shorelines of the lowest terraces (T1, T2 and T3) stand 

at elevations of 4 ± 1 m, 22 ± 2 m, and 50 ± 2 m (Fig. 6C); and 3rd, that at site 3, the inner 
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shoreline angles of terraces (T5, T6, T7 and T8) stand at elevations of 102 ± 2 m, 125 ± 2 

m, 153 ± 2 m  and 166 ± 2 m. Terrace T1 contains beach sands (site 2, Fig. 6C). We dated 

a gastropod shell enclosed in these beach sands (sample 18.2, Fig. 6C, Table 1) using14C 

and U/Th dating yielded ages of 0.15 ka and 3.4 ka, respectively (Table 1). Despite the 

scarcity of recrystallization of aragonite to calcite, the shell may have undergone post-

depositional diagenesis or detrital contamination (Szabo and Rosholt, 1969; Kaufman et al., 

1971), which would account for the discrepancies between 14C and U/Th dating. Regardless, 

these ages imply that terrace T1 formed during the Holocene. 



26

Figure 6: Sequences of coral reef terraces east of Cape Karoka. (A) Shaded DEM 

showing the location of the topographic profiles and field photographs displayed on 
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panels B, C, and D. (B) Site 1: field photographs and DGPS topographic profile 

showing coral reef terrace numbers and site location. (C) Site 2: topographic profile 

and field photographs of the lowermost terraces (T1, T2 and T3) south of the village 

of Waiwuang. (D) Site 3: topographic profile and field photographs of the intermediate 

terraces T5, T6, T7, and T8. Photograph shows inner shoreline angle of T7.

4.4. Focal mechanisms

The spatial distribution of shallow earthquake focal mechanisms (<50 km) highlights the 

styles of deformation occuring around Sumba island. To the southwest, along the trench 

axis, a cluster of focal mechanisms characterized by dominant normal motion (green beach 

balls, Figs 1B) and E-W trending nodal planes is interpreted to be related to the bending of 

the oceanic plate along the E-W-striking Java trench. Such focal mechanisms are absent 

east of 120E longitude, suggesting that the lower plate does not bend as vigorously into the 

trench to the east. The change in the pattern of earthquake occurrence coincides with the 

transition from oceanic crust to continental crust and a change in style of deformation, 

consistent with the introduction of higher-buoyancy continental crust into the subduction 

zone. North of Flores and Sumbawa islands, E-W oriented thrust faults (Flores thrust zone) 

are likely related to back-arc thrusting along the eastern Sunda arc (e.g. McCaffrey and 

Nabelek, 1984). South of the western part of the Sumba island, numerous events with 

reverse focal mechanism (purple balls on Figs. 1B and 7) reveal the presence of E-W 

oriented reverse faults or events on the interface. Farther east, some events with dominantly 

reverse focal mechanisms occur at the toe of the offshore slope, south of the central part of 

Sumba island. These events indicate that subduction shortens the fore-arc basin as well as 

the back arc domain on the Flores thrust. Rotations of the strike of reverse faults from E-W 

to NW-SE, south of Sumba, suggest that these offshore thrusts follow the sigmoidal shape 
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of the Sumba island. Scattered strike-slip focal mechanisms occur between the two clusters 

of reverse earthquakes, mainly west of Sumba island (red balls on Figs. 1B and 7) on N-S 

to NNW-SSE and E-W to ENE-WSW-striking faults. N-S to NNW-SSE-striking faults are 

inferred to accommodate dextral motion and appear associated with N-S to NNW-SSE 

discontinuities in the seafloor bathymetry (Fig. 7). The style of deformation and topographic 

discontinuities define a large-scale left restraining bend in a dextral shear couple above the 

transition zone between oceanic and continental subduction; referred to here as the West 

Sumba Shear Zone (WSSZ, Fig. 7). NNW-SSE fault segments extend approximately 100 

km from the inflection in the trench axis northward (Fig. 7). They then bend westward (south 

of western Sumba) and extend another approximately 100 km toward Lombok Basin, and 

bend back to a NW direction along the series of dextral transpressional faults mapped by 

Luschen et al. (2011) (Fig. 7). The fold and thrust belt south of western Sumba and the 

folding of western Sumba Island may be the result of contraction across this broad left 

restraining bend.

Few focal mechanisms are found offshore, east of Sumba: two E-W trending thrusts and a 

single E-W normal solution (Figs 1B and 7). In the Savu basin (Fig. 1B), focal mechanisms 

are also rare; they show sinistral strike-slip deformation on the NE-SW planes in the 

southern and middle parts of the basin, and dextral motion along E-W plane north of the 

basin. Reverse focal mechanisms with EW oriented nodal planes appear in the northeastern 

corner of the Savu basin (Fig. 1B). They are related to the arc/continent collision localized 

in central Timor (Harris, 1991). Focal mechanisms with vertical and horizontal planes, mostly 

north of the Savu basin, could be produced by flat thrusting along the interplate subduction 

boundary or on a detachment level. Overall, the triangular Savu basin behaves as a rigid 

tectonic block only affected by modest transcurrent deformation. Along the Timor trough two 

focal mechanisms (strike-slip and reverse) indicate sinistral transpression along this 
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boundary (Fig. 1B). On the Australian margin, dextral strike-slip focal mechanisms have 

been recorded (Keep et al., 2012) . 

Figure 7: Structural map around Sumba island, and focal mechanisms of shallow (<50 

km) earthquakes from GCMT solutions (www.globalcmt.org). Beachball size scales 

with earthquake magnitude; colors indicate kinematics (green: normal faulting, red: 

strike-slip faulting, purple: reverse faulting). White lines are one-shore faults revealed 

by the topographic and drainage analyses, yellow solid lines are faults mapped by 

Rigg and Hall (2011, 2012) and Lűschen et al. (2011) and our study, black lines with 

arrows show anticline axis deduced from orientations of Miocene strata and blue 

lines with arrows show anticline axis deduced from coral reef terrace deformation 

patterns. WSSZ, West Sumba Shear Zone.
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5. Discussion 

5.1. Geomorphic and deformational evolution of the Sumba Island

The attitude of Miocene beds and the aspect of structural slopes of Sumba (Figs. 2 and 5C, 

5D, 5E) indicate that the western and the eastern parts of the island are folded by two broad 

E-W trending south-verging asymmetric anticlines with axis located near the southern coast. 

This fold vergence is consistent with the location of major offshore topographic escarpments 

south of Sumba Island, with reverse focal mechanisms likely produced by south-directed 

reverse faults (Fig. 7). The fold orientation is in agreement with contraction generated by 

15° convergence and the E-W orientation of the plate boundary between the Sunda Block 

and the Australian plate.

The stream morphology reveals that the drainage has evolved since the emergence of the 

island by folding. The development of a first order, strongly asymmetrical drainage 

correlated with the asymmetric folds, accompanied the progressive emergence of the island 

during the Pliocene (Fig. 8A and B), but this drainage has since readjusted to adapt to the 

changes in deformation patterns. The drainage first rearranged in response to the growth of 

normal faults in Western Sumba, where windgaps are found over the footwalls of the E-W-

trending normal faults (Authemayou et al., 2018; Fig. 3). In Eastern Sumba, more moderate 

diversions of the drainage divide is inferred to be due to the activation of short, cuspate 

normal faults associated to gravitational collapse within the Kannanggar massif (Figs. 3 and 

8A). River diversions resulted in a northward migration of the drainage divide (Fig. 8A). This 

migration records the northward expansion of normal faulting, resulting from continuing 
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gravitational collapse of the southern flanks of the asymmetric folds (Authemayou et al., 

2018). 

Within the syncline between the two Pliocene anticlines, stream deflections occur in an area 

seemingly devoid of clear tectonic dislocations (Figs. 3, 4). While the drainage divide lies in 

this area very close to the southern coast, these deflections indicate a large east-flowing 

paleo-drainage and a former extension of this drainage at, or more probably beyond the 

southern coastline (Fig. 8A). Therefore, we infer the presence of a former drainage divide 

located near, or beyond the southern coast of the island. It implies that a large piece of the 

southern part of the Pliocene Sumba Island has been submerged. This beheaded east-

flowing drainage flowed within the synclinal depression between the two anticlines (Figs 8A 

and 8B). In this zone, the southward bending of the some paleovalleys could result from the 

northward migration of the Eastern Sumba folding during the Quaternary (Figs. 4D, 8A and 

8C). 

The pattern of Quaternary deformation has been constrained using the uplifted coral reef 

terraces around the island. Terrace uplift along the west coast documents an unchanged 

pattern of deformation since Pliocene time with a maximum uplift on the south side of the 

island, as the morphology of Quaternary marine terraces mimics Pliocene deformation 

responsible for the asymmetric drainage and the overall shape of the western part of the 

island (Figs. 3 and 5C). Along the south coast, near Cape Karoka (Fig, 5A), a major coral 

reef sequence was observed. An uplift rate cannot be calculated at this site with the elevation 

and age of the Holocene terrace because the uncertainty on this value is too high due to the 

unknown value of the glacial isostatic adjustment in the area, which may be more or less 

preponderant on the low elevation of the Holocene terrace (4+/-2m). However, given that at 

Cape Laundi where the uplift rate is maximum on the island, the terrace sequence peaks at 

470 m with an uplift rate of about 0.5 mm/yr (Chauveau et al., 2021), the presence of the 
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terrace sequence more than 250 m high on the south coast of Sumba indicates a non-

negligible uplift rate. 

By contrast, in Eastern Sumba, Quaternary uplift is greater in the north than in the south, 

which is opposite to the Pliocene pattern of uplift, responsible for the initial emergence of 

the island (Figs. 5E, 8A). The highest Quaternary marine terrace deposits on Sumba (470 

m elevation) are located near Cape Sasar, on the north tip of the island. This requires either 

formation of a younger more active fold along the north coast, or a migration of the 

deformation field in Eastern Sumba (Fig. 8C). Some uplift is also recorded in coral reef 

terraces south of Cape Undu (Figs. 5E and 5F). Major submarine scarps, in close proximity 

to the southern coast of the Eastern Sumba, are inferred to be the result of south-verging 

reverse faults (Fig. 7). Farther offshore, folded and thrusted Pliocene formations have been 

identified on seismic cross-sections south of the island (Rigg and Hall, 2012). Collectively 

these deformations indicated that the southern part of Eastern Sumba continues to undergo 

basement uplift, and that its surface keeps rising in elevation despite the gravitational 

collapse of its southern flank.

 The evolution of deformation on Sumba Island deduced from the geomorphological analysis 

highlights an enlargement of the shortening zone in Quaternary time in Eastern Sumba 

(Figs. 8B and 8C). Growth of the contractional deformation field is coeval to the arrival of 

Scott Plateau, a promontory of thinned Australian continental crust, into the Banda trench 

east of Sumba Island. The greater buoyancy of the continental crust results in a lower 

contribution of down-going slab pull to the stress regime, promoting stronger coupling across 

the subduction interface between the Australian and Eurasian plates, thereby promoting 

shortening within the overriding plate, and more contractional strain along the fore-arc (Hall 

and Smyth, 2008; Haig 2012; Tate et al., 2017, Miller et al., 2021). 
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Figure 8: Morpho-tectonic evolution of Sumba Island. A- Temporal variation of uplift 

and drainage network in Sumba. B and C- Structural evolution of Sumba Island 
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since ~3 Ma.

5.2. Effects of the lateral transition from oceanic to continental subduction on the 

overriding plate

Fleury et al. (2009) proposed that deformation on Sumba Island results from the subduction 

of a topographic asperity on the Australian continental margin beneath the forearc region 

(Fig. 1D). If this were the case, however, the zone of maximal uplift, located above the 

asperity, would progressively drift northward as subduction of the asperity proceeds. We 

find instead that uplift on the Sumba Ridge broadens, rather than migrates. It is therefore 

better explained by more pervasive shortening in the overriding plate. However, more than 

a local asperity of the overriding plate, one can evoke a more global change of the nature of 

the crust with the subduction of a volcanic margin protrusion (Miller et al., 2021).

The Savu Rote accretionary prism, located south of Sumba, represents a significant 

broadening of the Sunda accretionary arc, from 130 km west of Sumba to 200 km, south of 

the island. This thickening results from greater retention of sediments within the accretionary 

prism, as continental crust gets subducted east of Sumba. The dextral transpressional shear 

zone (WSSZ, Figs. 7 and 8) that involves the western part of  Sumba Island and generates 

a NNW-SSW trending positive flower structures (Luschen et al., 2011), lies next to a 150 

km-long dextral offset of the subduction zone, from the Java trench to the Timor trough (Figs. 

1B, 7 and 9). Luschen et al. (2011) consider that these wrench faults accommodate the 

differential shortening in the overriding plate, between the oceanic subduction in the west 

and the continental subduction/ incipient arc-continent collision in the east. The remarkable 

absence of normal focal mechanisms produced by the flexure of the down-going slab under 
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the thick prism is consistent with the rapidly changing nature of the down-going crust, as the 

buoyant Australian continental margin enters the trench (Fig. 1). Millet et al. (2021) consider 

that this change coincides with the edge of the volcanic margin protusion of the Australian 

continental margin.

Figure 9: Geodynamic interpretation of the Lesser Sunda islands area. (A) 3D block 

diagram showing the lateral transition from oceanic to continental subduction, and 

associated fore-arc deformation. (B) Location of earthquake hypocenters along two 

transects across the subduction zone, under the Sumba Ridge (Submap, Heuret and 

Lallemand, 2005). Location of the green and orange transects on Fig. 9A.
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Analogue and numerical experiments aimed at exploring deformation produced  in the 

overriding plate at the oceanic-continental crust transition (Guillaume et al., 2013; Li et al., 

2013; Duretz et al., 2014; Burov et al. 2014; Magni et al. 2014; 2017; Sternai et al. 2016) 

consistently indicate that the trench becomes increasingly deformed, as subduction stalls in 

front of the continent, while subduction proceeds by relative slab roll-back over the oceanic 

domain. As a result, the plate boundary is progressively offset at the ocean/continent 

transition, where a transcurrent regime may be established in both the downgoing slab and 

the overriding plate. In the area of study, such twisting of the slab across the 

oceanic/continental subduction remains poorly imaged by earthquake location data (Fig. 9B) 

and seismic tomography (Widiyantoro and van der Hilst, 1996; Hall and Spakman, 2015; 

Zenonos et al., 2019; Harris et al., 2020).  The recent ingress of the continental crust into 

the trench (< 4Ma; Harris, 2011) may account for the absence of clear slab tear observed 

above the transition zone. Numerical modelling suggests that this process may require up 

to 15 Ma, at a contraction rate of 3 cm.yr-1 for a tear to develop (Duretz et al., 2014). Even 

the compression rate in this study area is more than twice that used in the numerical 

modeling, which can halve the response time of slab tearing, the 4 Ma age of continental 

Australian margin subduction initiation is not sufficient to see any effect.

Besides, these rates have probably decreased following the arrival of the Australian 

continent into the trench, which has been documented along the Timor trough (Harris, 1991; 

Nugroho, 2009). The subducting leading edge of the Australian continental lithosphere 

(Scott Plateau) is continuing to migrate northward, but at a slower rate than the Indo-

Australian oceanic crust beneath Lombok Basin. The leading edge of the subducted 

continental crust is beneath northern Sumba, in the area where the highest uplift rates were 

observed. The area from Cape Sasar to Cape Undu (Eastern Sumba) and south to the island 
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(on the east side of the WSSZ) is considered as a unique tectonic domain characterized by 

pervasive crustal shortening along a series of thrust faults above the marginal Australian 

continental crust (Figs. 8, 9).  A second tectonic domain lies along the west side of 

continental crust, where the differential motion between the continental and oceanic 

elements of the subducting Indo-Australian plate is accommodated along the WSSZ. 

Deformation along the shear zone involves a combination of dextral and reverse faults that 

follow the continental margin. Because the oceanic domain is moving northward at a higher 

relative velocity compared to the part of the Australian continental domain underlying Sumba 

(Scott plateau) (Fig. 9), the inherited shape of the continental margin is controlling the shape 

of the deformation zone (Husson et al., 2021). Some of the strain is transmitted into the 

backstop resulting in the formation of the folds on Sumba Island, which are recorded through 

the drainage basin evolution and deformation of Quaternary marine strandlines on the 

Island.

To accommodate the increasing difference in subduction rate between the oceanic 

subduction in the west and the slowing continental subduction in the east, other structures 

are involved. In particular, the Australian passive margin has been reactivated into a 

1,400km-long dextral shear zone (Hengesh and Whitney, 2016) (Fig. 9A). As this shear 

zone enters the trench, shear stress could be transferred, across the subduction interface, 

into the overriding plate, favored by the higher degree of interplate coupling occurring north 

of the Australian continent. Such transfer has been documented at the Kamchatka triple 

junction (Pedoja et al., 2013). 

Spatial variations in forearc rheology and crustal thickness could also help focus  

deformation within Sumba Ridge. Indeed, the ridge is regarded as a 22-24 km-thick fragment 

of continental arc crust, flanked to the west by the 9-11 km-thick oceanic crust of the Lombok 
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basin (Hall and Smyth, 2008; Shulgin et al., 2009; Planert et al., 2010). The variations in 

crustal composition affecting the downgoing slab are therefore mirrored by similar variations 

in crustal thickness and nature within the overriding plate (Planert et al., 2010; Lüschen et 

al., 2011). Such configuration reinforces, 1st, lateral variations in interplate coupling, 2nd the 

fragmentation of the overriding plate into discrete tectonic blocks, and last, the concentration 

of dextral shear along lithological boundaries, and in particular at the boundary between the 

Lombok basin and the Sumba Ridge producing the West Sumba Shear Zone (Fig. 9).  

The transcurrent structure bounding the west side of Sumba Ridge  can be envisioned as a 

conjugate of the NE-SW left-lateral transpressional zone of western Timor Island (Charlton 

et al., 1991; Koulali et al., 2016; Nugroho et al., 2009; Figs. 1B and 9A). Right-lateral shear 

also occurs farther north within the Banda arc according to GPS data (Koulali et al., 2016), 

focal mechanisms (Fig. 14 in Lüschen et al., 2011), and en-échelon structures along the 

Lesser Sunda Islands (Muraoka et al., 2002). Convergence and incipient collision with the 

Australian continent therefore appears to be accommodated by pervasive shortening of the 

Australian continental margin in eastern Timor and by more localized wrenching on discrete 

transpressional zones farther west (Harris, 1991; Duffy et al., 2013). These later allow 

incipient southwestward lateral escape of the Savu-Sumba block (Fig. 9A), which had 

already been identified as a semi-rigid block by Nugroho et al. (2009), Koulali et al. (2016) 

and Hengesh and Whitney (2016). The extrusion of this block could explain the southward 

migration of the deformation front in the Savu Rote accretionary prism, and the apparent 

dextral offset of this deformation front west of the Sumba ridge. However, the bulge of the 

deformation front in the Savu Rote accretionary prism is also explained by a lowering in the 

taper angle due to lowering coefficient of friction along the basal decollement consisting of 

a 1000 m thick deposit of mostly smectite (Harris, 1991).
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Conclusion

The deformation pattern across Sumba Island varies in time and space in a pattern 

consistent with the geodynamics of the Indian-Australian and Eurasian plate boundaries. 

During the Pliocene, the arrival of the Australian continental margin into the subduction zone 

produced folding in the fore-arc and the emergence of Sumba Island. On this island, 

maximum uplift of the southern part induced the gravitational collapse and dismantling of 

one third of the island. Remnants of the paleo-drainage of this paleo-relief are still present 

near the southern coast and attest of this evolution. During the Quaternary, folding 

propagated northward and eastward in eastern Sumba while the subduction of the 

Australian continental margin proceeded under the Eurasian plate. The numerous 

strandlines of coral reef terraces along the northern coast of the island result from the 

widening of the deformation zone and subsequent uplift. South of Sumba, we report a 

previously unmapped sequence of coral reef terraces of restricted lateral extension and 

offshore focal mechanisms with reverse motion, which together indicate that shortening and 

uplift are still ongoing all along the accretionary prism. The boundary between Sumba ridge 

and Lombok basin was reactivated in a dextral transpressive regime in order to 

accommodate the lateral variations of convergence rates along the plate boundaries from 

the Java trench to the Timor trough. We infer this boundary to be a several hundred km-long 

dextral transpressional shear zone with a large left restraining bend south of Sumba Island. 

The eastward decrease of subduction rate is caused by the longitudinally increasing 

interplate coupling. Meanwhile, the impingement of the Australian margin on Timor island 

may have triggered the southwestward extrusion of the Savu basin/Sumba ridge block, 

accommodated along the West Timor sinistral transpressive structure, the Banda arc dextral 
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transpressive zone and the Sumba ridge dextral transpressive zone. This block escape 

promoted the enlargement of the Rote-Savu accretionary prism south of Sumba amplifying 

the dextral offset of the Eurasian-Indian-Australian plate boundary. These displacements, 

however, were not accompanied by a southward displacement of the trench as predicted by 

lithospheric deformation models. The crustal deformation and heterogeneity of the Savu 

basin partially masks this behavior.
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Table caption :

Table 1: 14C dating and U/Th dating of sample 18.2 (119°26'38.88'’E, 9°45'14.46''S).

Figure captions :

Figure 1:  Geodynamic settings of Indonesia (A) and Sumba Island (B), modified from Rigg 

and Hall (2011; 2012) and Lűschen et al (2011).. Focal mechanisms of shallow earthquakes 

(<50km) from GCMT solutions (http://globalcmt.org; Dziewonski et al., 1981; Ekström et al., 

http://globalcmt.org/CMTsearch.html
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2012). Colors indicate focal mechanism (green: normal faulting, red: strike-slip faulting, 

purple: reverse faulting). C) NS-striking c section across the Sumba Ridge, east of Sumba 

Island, modified from Shulgin et al. (2009). (D) NS-striking geological section across Sumba 

Island, modified from Fleury et al. (2009).

Figure 2: Geology and tectonics of Sumba Island. (A) Shaded relief with main geological 

units, faults, and drainage lines. Fold axes are deduced from the structural measurements. 

(B) Photographs illustrating spatial variations in the dip of Miocene formations throughout 

the island (a, c, b, d, e, f). See Fig. 2A for location.

Figure 3: Geomorphologic map of the drainage pattern and tectonics features.

Figure 4: Windgaps and E-W trending streams in the south-central part of Sumba. (A) DEM 

showing the current drainage network and the location of windgaps and faults. (B) 

Comparaison of the reconstructed drainage and of the current drainage in the same area as 

figure 4A. (C) Field view of a E-W-trending large wingap. See location on figure 4A. (D) 

Topographic profiles along the floor of abandoned river valleys, evidencing back-tilting. Red 

lines represent former flow directions along these valleys. See location on figure 4A.

Figure 5: Distribution of coral reef terraces in map view and along cross sections, compared 

to the topography of Sumba Island. (A) Spatial distribution of coral reef terraces around 

Sumba Island, projected onto the Tandem-X DEM. White broad line corresponds to the 

upper boundary of the coral reef terraces. White lines indicate inner edge of the major coral 

reef terraces. Green, brown, black, blue, pink, orange lines show the most continuous 

terraces. (B) Projection of coral reef terraces on a NW-SE-trending elevation swath profile. 
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(C), (D), (E) Projection of coral reef terraces in the western zone, central and eastern zones 

on a N-S, NE-SW, NE-SW-trending elevation swath profiles, respectively.  . Black dotted 

lines and thin lines show the inferred topographic flexure with and without erosion and after 

retro-deformation of normal faulting, respectively. Slope values of the northern island flank 

are indicated on profiles. (F) North-south coral reef terrace elevation transect from the 

eastern side of Cape Sasar to Cape Undu.

Figure 6: Sequences of coral reef terraces east of Cape Karoka. (A) Shaded DEM showing 

the location of the topographic profiles and field photographs displayed on panels B, C, and 

D. (B) Site 1: field photographs and DGPS topographic profile showing coral reef terrace 

numbers and site location. (C) Site 2: topographic profile and field photographs of the 

lowermost terraces (T1, T2, T3) south of the village of Waiwuang. (D) Site 3: topographic 

profile and field photographs of the intermediate terraces T5, T6, T7, and T8. Photograph 

shows inner shoreline angle of T7.

Figure 7: Structural map around Sumba island, and focal mechanisms of shallow (<50 km) 

earthquakes from GCMT solutions (www.globalcmt.org). Beachball size scales with 

earthquake magnitude; colors indicate kinematics (green: normal faulting, red: strike-slip 

faulting, purple: reverse faulting). White lines are one-shore faults revealed by the 

topographic and drainage analyses, yellow solid lines are faults mapped by Rigg and Hall 

(2011, 2012) and Lűschen et al. (2011) and our study, black lines with arrows show anticline 

axis deduced from orientations of Miocene strata and blue lines with arrows show anticline 

axis deduced from coral reef terrace deformation pattern. WSSZ, West Sumba Shear Zone.
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Figure 8: Morpho-tectonic evolution of Sumba Island. A- Temporal variation of uplift and 

drainage network in Sumba. B and C- Structural evolution of Sumba Island since ~3 Ma.

Figure 9: Geodynamic interpretation of the Lesser Sunda islands area. (A) 3D block 

diagram showing the lateral transition from oceanic to continental subduction, and 

associated fore-arc deformation. (B) Location of earthquake hypocenters along two 

transects across the subduction zone, under the Sumba Ridge (Submap, Heuret and 

Lallemand, 2005). Location of the green and orange transects on Figure 9A. 
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14C dating

mg C  Delta C13 pMC Err pMC Age BP Err âge BP 

1.15 0.50 93.18719 0.20274 145 145

U/Th dating

Calcite (%) Aragonite (%) 238U [µg/g] 232Th [ng/g] (234U/238U) (230Th/238
U)

age 
uncorrected  

[ka]
age corrected 

[ka]
(234U/238U)initi

al

< 1 > 99 0,0253 0,979 1,0989 0,0337 4,42 3,40 1,0998

± ± ± ± ± ± ±

0,0001 0,005 0,0024 0,0051 0,13 0,52 0,0025
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