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SUMMARY

Forearc tectonics at accretionary convergent margins has variously been studied using analogue
and numerical modelling techniques. Numerous geophysical investigations have targeted the
subsurface structure of active forearc settings at convergent margins. However, several critical
details of the structure, mode of tectonic evolution and the role forearcs play in the subduction
seismic cycle remain to be further understood, especially for large accretionary margins.
In this study, we present a high-resolution deep seismic reflection image of the northern
Sumatran subduction forearc, near the 2004 December 26 Sumatra earthquake epicentral
region. The profile clearly demarcates the backthrust branches at the seaward edge of the
Aceh forearc basin, along which the inner forearc continues to evolve. Sharp bathymetric
features at the seafloor suggest that the imaged backthrusts are active. Coincident wide-angle
seismic tomographic image of the Sumatra forearc allows us to image the geometry of the
seaward dipping backstop buttress, with which the imaged backthrust branches are associated.
The presence of forearc backthrusting confirms model predictions for the development of
backthrusting over seaward dipping backstops. The West Andaman fault at the seaward edge
of Aceh basin appears to be a shallow tributary of the backthrust and sheds light on the
complex deformation of the forearc. Uplifting along the backthrust branches may explain the
presence of forearc islands observed all along Sumatran margin and help further constrain
the tectonic models for their evolution. Moreover, if these backthrusts slip coseismically, they
would contribute to tsunamigenesis and seismic risk in the region.

GJI Seismology

Key words: Forearc backthrusting; Seismic reflection image; Seismic tomography; Subduc-
tion zone processes.

& Scholl 1991). For a large accretionary wedge, there could be a

1 INTRODUCTION

In subduction thrust settings, about ~8200 km of the length of con-
vergent margins are marked by the presence of large accretionary
wedges (von Huene & Scholl 1991). The growth of accretionary
wedges is governed by the process of removal of sediments from
the downgoing slab and their attachment to the upper plate referred
to as subduction accretion (Scholl et al. 1980), which can occur as
sediment underplating beneath the wedge or by frontal accretion
(Platt 1989). Alternatively, sediment mass along with the downgo-
ing oceanic slab is subducted beneath the overlying plate by the
process of sediment subduction (Shreve & Cloos 1986; von Huene

1772

significant surface erosion as well. At several convergent margins,
subduction erosion processes dominate, which mark the removal of
material from the upper plate (von Huene & Scholl 1991). The mass
balance for large parts of those convergent margins, where wide ac-
cretionary wedges exist, is distinguished by net subduction accretion
at geological timescales (Clift & Vannucchi 2004), posing unique
conditions for subduction contact. Accretionary wedge mechanics
is usually modelled in terms of critical wedge theory (Dahlen 1990;
Wang & Hu 2006), which provides a conceptual framework for the
relation between basal dip, wedge taper, stress regime and frictional
strengths of wedge and basal mass. Understanding the dynamics
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of accretionary wedges and the forearc has been a recurring theme
owing to their importance for (1) quantifying the factors dictating
forearc deformation patterns, (2) the role forearc structure plays in
defining the seismogenic locked zone and the associated subduction
seismic cycle (Byrne er al. 1988; Fuller et al. 2006; Wang & Hu
2006).

Inner forearc deformation patterns have been widely studied
using analogue and numerical modelling techniques explaining
several geological observations, and predicting possible mecha-
nisms for forearc evolution (Byrne et al. 1993; Willett et al. 1993;
Lallemand et al. 1994; Wang & Davis 1996; Beaumont ef al. 1999).
On its landwards edge the accretionary wedge usually culminates
at the forearc high that evolves against the backstop buttress, de-
fined as material with higher yield strength as compared to the
wedge material trenchwards of it (Silver & Reed 1988; Byrne et al.
1993; Beaumont ef al. 1999). The backstop buttress could be either
of continental or sedimentary origin. Seismic studies have imaged
the landward dipping backstop and associated accretionary com-
plex in Cascadia (Tréhu et al. 1994), and seaward dipping backstop
structure in Lesser Antilles subduction zone (Bangs et al. 2003;
Westbrook et al. 2008), south Sumatra and Java (Kopp & Kukowski
2003). The presence of backthrusting within the accretionary wedge
has been observed along segments of the Sunda Arc (Karig et al.
1980; Silver & Reed 1988), however its relationship with backstop
is not clearly defined, particularly at depth.

Northern Sumatra subduction megathrust is one of the largest
accretionary margins anywhere on the planet, with the lateral extent
of wedge being from 160 to 180 km (Singh et al. 2008), compa-
rable to the accretionary wedges observed in Java (Schluter et al.
2002; Kopp & Kukowski 2003) and at Aleutian margin (Clift &
Vannucchi 2004). It is also a very active subduction setting generat-
ing one of the largest earthquakes ever recorded on 2004 December
26 with an estimated magnitude of M, 9.3 (Ammon et al. 2005),
comparable to the great earthquakes of Alaska in 1964 (M, 9.2)
and Chile earthquake of 1960 (M., 9.5) (Ishii et al. 2005). The
Sumatra—Andaman earthquake resulted in a massive tsunami that
caused immense destruction along the coastlines of Southeast Asia
(Geist et al. 2007). The region has been the subject of surface mor-
phological studies (Henstock et al. 2006; Graindorge et al. 2008),
and subsurface investigations of limited resolutions (Fisher et al.
2007; Seeber et al. 2007). Sumatra megathrust provides a unique
opportunity to understand the forearc deformation processes along
an obliquely convergent boundary where the downgoing plate trans-
ports about 5 km of sediment thickness forming a rapidly evolving
accreting margin (Singh et al. 2008).

We present results from a portion of a combined deep seismic
reflection and refraction survey at the northern Sumatra subduction
system, elaborating on the backstop geometry and related backthrust
branches. We correlate the imaged backthrusts with bathymetric
features and published regional aftershock patterns to identify its
activity. Measured geological uplift rates of forearc islands and their
coseismic uplift patterns provide additional constraints on the back-
thrust activity, highlighting the role backthrusts play in the evolution
of the forearc ridge and slip-partitioning. We discuss the role back-
thrusts may play if they rupture coseismically during megathrust
events, with substantial consequences for tsunami generation.

2 STUDY AREA

The study area is located offshore the northern tip of Sumatra Island,
where the Indo-Australian plate obliquely subducts underneath the
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overriding Sunda plate at a rate of ~50—-55 mm yr~! (Prawirodirdjo
& Bock 2004). This segment of the Sumatra subduction system
broke during the 2004 December 26 earthquake, from Simeulue
to Andaman Islands (~1300 km) (Ammon et al. 2005). All the
rupture models for the 2004 December 26 event predict an area
of high slip ~150 km north of the epicentre (Ammon et al. 2005;
Chlieh et al. 2007). The corridor located offshore the northern tip of
Sumatra is thus well suited to study the structure of the subduction
megathrust and further investigate the tsunami source localization.
Fig. 1 displays the bathymetric map of the study area, which high-
lights active deformation at subduction front, a very wide accre-
tionary wedge, forearc ridge in line with Simeulue-Nicobar islands,
West Andaman fault (WAF) traces, Aceh forearc basin, and the
right-lateral Sumatra fault nearly coincident with the volcanic arc.
Slip vectors of recorded seismicity and geodetic measurements in-
dicate that slip-partitioning is almost complete at the megathrust
(McCaffrey et al. 2000). The strike parallel component of conver-
gence is taken up on-land by the Sumatra fault with variable rates
of slip and associated seismicity (Sich & Natawidjaja 2000).

In July—August 2006, a coincident deep seismic refraction and
reflection profile was shot using the French R/V Marion Dufresne
and the WesternGeco M/V Geco Searcher vessel carrying 8260
(~135.35 litre) and 10170 (~163.87 litre) cubic inch sources, re-
spectively. The 520-km-long profile is oriented ~20° anticlockwise
from the trench normal on which 56 ocean-bottom seismometers
(OBS) spaced at 8.1 km were deployed and shots were fired at
150 m intervals (Fig. 1). A 12-km-long streamer was used for the
reflection survey at 50 m shot interval, to image the deeper structure
of the megathrust (Singh et al. 2008). For deep seismic reflection
study, the air gun array and long streamer (12 km) were towed at
15 m water depth, providing dominant frequency at 25 Hz for
imaging deep structures (Singh et al. 2008). Another 5.5-km-long
streamer was towed at 7.5 m water depth to acquire high-resolution
data with a dominant frequency of 50 Hz, to better image the near
surface features (sediments and faults).

3 SEISMIC REFLECTION RESULTS

To image deeper structures, where low-frequency energy dom-
inantly penetrates, the seismic reflection data acquired on the
12 km streamer were resampled to 8 ms from 2 ms sampling length,
consistent with a bandwidth of 540 Hz. The data were also deci-
mated to a 25 m group interval, yielding a common midpoint (CMP)
spacing of 12.5 m, sufficient for deep structural imaging. Seismic
processing steps included swell noise attenuation, multiple suppres-
sion using iterative Radon filtering, velocity analysis at 1 km spacing
and stacking of the 120-fold data. Post-stack 2-D Kirchhoff migra-
tion was applied using a smooth velocity model based on picked
velocities (Singh et al. 2008). To obtain a complementary higher
resolution image of the near surface features the 5.5 km data set
was sampled at 4 ms, with a group interval of 12.5 m and corre-
sponding CMP spacing of 6.25 m. This data set was also processed
and post-stack time migrated using similar processing flow steps as
described above.

The time-migrated seismic reflection image of the Sumatran fore-
arc is shown in Figs 2 and 3. The Aceh forearc basin contains 1s
sediments. The upper sediments are nearly flat although lower sedi-
ments show some sign of folding. The acoustic basement is clearly
imaged, which seems to be connected with a reflection that con-
tinues down to 8 s two-way traveltime (TWTT). There is a veneer
of thin sediments (150 ms) on NE slope of the forearc ridge. The
slope break is marked by a small basin (distance 183 km), which
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Figure 1. Map of the study area, bathymetry compiled from the data acquired by the British (Henstock ez al. 2006) and the French surveys (Singh ef al. 2005),
with GEBCO data set in background. The OBS positions are marked by red circles, section of the WG2 seismic profile presented is marked as black line.
Aftershock locations from EHB catalogue are plotted with corresponding Harvard CMT solutions. Blue events are underneath the Aceh forearc, red around
Simeulue plateau, green events at the deformation front and black are other miscellaneous events. Location of the 2004 December 26 main event has also been
marked. WAF: West Andaman Fault. Inset shows the location of study area on the Earth. White box shows the region in Fig. 3(a).

has been identified as a small pull-apart basin associated with the
WATF (Seeber et al. 2007). Based on the bathymetry image (Fig. 3a),
Singh et al. (2005) interpreted this feature as a lithospheric scale
boundary. The high-resolution seismic image (Fig. 3¢c) suggests that
it could be due to a combination of small pull apart and push-up
ridge, leading to an inverse flower structure, which is generally as-
sociated with a strike slip fault. The shallowest part of the forearc
ridge (~ distance 152—175 km) is underlain by 1-1.5 s thick folded
and faulted sediments, where the acoustic basement is also heav-
ily deformed. The acoustic basement is near the seafloor along the
rest of the forearc ridge (~ distance 125-150 km). The presence
of deformed sediments at the shallowest part of the forearc ridge
surrounded by acoustic basement near the seafloor suggests that
the forearc ridge has been uplifted. Both bathymetry and seismic

reflection data suggest that NE margin of the forearc ridge is steeper
than that on SW side of the ridge, implying that uplift is dominant
on the NE side of the ridge.

Below the acoustic basement, the reflectivity is very poor. How-
ever, two strong seaward-dipping reflections are imaged beneath
the shallowest portion of the forearc ridge towards and beneath NE
margin of the ridge. These reflections are imaged down to 8 s. The
upper reflection event reaches its shallowest point below the slope
of the forearc ridge (Fig. 3a), where the WAF was identified in
bathymetric and single-channel seismic data (Curray et al. 1979;
Singh et al. 2005; Seeber et al. 2007). It seems to branch into thrust
and normal faults near the seafloor, resulting in the flower structure
(Fig. 3c). The lower reflection event continues up to the base of
the Aceh basin sediment fill, and seems to branch onto an active
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Figure 2. Time-migrated seismic image of part profile WG-2 at the Sumatran forearc, location on Fig. 1. The data were processed using a standard processing
technique (Singh et al. 2008). Black and green triangle pointers have been marked to highlight reflections from the top of downgoing oceanic crust and the
continental upper plate moho, respectively. All distances marked are from the subduction front. Vertical exaggeration is 1:6 at 1.5 kms~!

backthrust marking the edge of the basin, earlier observed on the
bathymetric data (Singh et al. 2005) and previously acquired seis-
mic profiles (Malod & Kemal 1996). Localized deformation at the
western edge of the Aceh forearc basin can be observed along the
lower reflection, marked in Fig. 3¢ along the green contours for
sediment horizons. These results combined with the near surface
information above suggest that these two reflections are seaward
dipping backthrust responsible for uplifting of the forearc ridge. On
the SW side of the forearc ridge, a landward dipping reflection event
is imaged, which could be a conjugate thrust.

A band of strong reflection energy is observed at 11s TWTT
(distance 125-175 km, Fig. 2) beneath the forearc ridge, which is
at appropriate depth for the downgoing oceanic crust (Singh et al.
2008; Dessa et al. 2009). Although the coherency of reflections
is poor beneath NE slope of the forearc ridge, they seem to dip
towards land beneath the shallowest portion of the forearc ridge as
expected for the downgoing oceanic crust, similar to that observed
further south near the epicentral region (Singh ez al. 2008). Beneath
the NE slope of the forearc ridge and Aceh basin, a sub-horizontal
reflection is observed at 11 s TWTT, which could be the reflection
from the continental Moho.

4 WIDE ANGLE SEISMIC
TOMOGRAPHIC RESULTS

Performing the tomographic inversion of a 520-km-long profile
that traverses the 5—7 km thick oceanic crust, 10-20 km thick ac-
cretionary prism sediments, continental crust and volcanic arc is a
challenging task. The OBS recorded energy to offsets that varied
from 40 km to 150 km, depending upon the subsurface structure.
For example, the OBS placed on the forearc ridge (Fig. 4a) recorded
arrivals from accreted sediment to an offset of 50 km towards SW,
whereas the same OBS recorded crustal arrival (Pg) to an offset
of 80 km (Fig. 4b) towards NE. First arrival traveltime picks were

© 2009 The Authors, GJI, 179, 1772-1780
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made manually on the 51 OBSs which had useful data, with about
~30000 picks in total, used as input for tomographic inversion. To
obtain the tomographic image of the subsurface from the traveltime
picks data an adaptive traveltime inversion algorithm was imple-
mented (Trinks et al. 2005). The velocity cells were parametrized
with an adaptive triangular gridding scheme, the starting value for
the triangle side was chosen as 5 km. The adaptive triangle side
width was successively refined to 2.5 km and 1.25 km with smooth-
ing regularization oriented accordingly, to obtain the final velocity
model (Figs 4 and 5a). The root mean square misfit of the final
model was reduced to 132 ms, where picking uncertainties are in
80-200 ms range. In Fig. 4b, we show the fit between observed and
calculated arrival times for the final model for OBS 27 placed on
the forearc ridge (Fig. 4a). Fig. 4(a) shows the ray coverage within
the study area for all the OBS to highlight the accuracy of the tomo-
graphic model. The ray diagram clearly shows that the resolution
is very high down to 10 km and the OBS data provide the P-wave
velocity model to depths of upto ~30 km; here we elaborate on the
structure of the forearc region only (Fig. 5a).

The 3 kms™! velocity contour gently follows the seafloor to-
pography, and is thickest beneath shallowest part of the forearc
ridge where folded and faulted sediments were imaged (Fig. 3b),
suggesting the presence of relatively un-compacted sediments. The
4 km s~! velocity contour shows similar features. However, it seems
to correspond to the basement imaged beneath the Aceh basin on
seismic reflection profile (Fig. 3). By contrast, the 5 kms™! veloc-
ity contour significantly departs from a seafloor-parallel pattern;
it is ~3 km below seafloor (bsf) beneath the Aceh basin, how-
ever suddenly deepens to ~10 km bsf under the forearc ridge. The
6 kms™! velocity contour shows a similar behaviour. A reverse pat-
tern through the forearc basin/ridge transition is observed at the
7 kms~! contour, which lies 10 km below the 6 kms~! contour be-
neath the Aceh basin, however decreases to 5 km below the 6 km s™!
contour beneath the forearc ridge. It is always difficult to
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Figure 3. (a) 3-D perspective view of surface features related to backthrusting at the Sumatran forearc on bathymetry section, from SE Aceh basin. Location
of seismic line shown in Fig. 3b is marked. (b) Blow-up seismic image in the time domain showing the backthrust faults (arrows), horizontal sediments in
Aceh basin and folded sediments on the fore arc high (boxed area on Fig. 2). (c) Interpreted image of the high-resolution time-migrated seismic section of near
surface features at the forearc obtained by 5.5 km streamer data set. Backthrust branches have been marked, location of WAF indicated as interpreted in earlier
studies (Curray et al. 1979; Singh et al. 2005; Seeber ef al. 2007). Green contours mark sediment horizons in Aceh basin. Yellow contour marks the basement
reflections.
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Figure 4. (a) Ray coverage within the velocity model presented in this study (Fig. 5a), position of OBS 27 has been marked. (b) OBS 27 seismic record plotted
at reduced velocity of 8 kms™!, various picked phases and multiples have been marked. The picked arrival times (green) and predicted from the inverted
velocity model (red) are plotted, picking uncertainty shown as the error bar. Pycc,: refractions from accreted sediments, P,: refractions from crust.

demarcate precise structural boundaries on the smooth velocity
models provided by tomographic methods. Nonetheless, the tomo-
graphic image obtained here suggests that the Aceh basin is un-
derlain by a high-velocity basement of continent crustal origin and
possibly a continental backstop buttress beneath the north-eastern
slope of the forearc ridge. The flat character of the 8 km s~! contour
may be due to the proximity of continental and oceanic mantle,
sparse ray coverage at that depth and lateral smoothing applied in
the inversion (Trinks et al. 2005).

The time-migrated deep seismic reflection image was depth con-
verted (Fig. 5b) using the velocity model derived from tomographic
inversion (Fig. 5a). Because the seafloor topography is complex and
the tomographic velocity model is smooth, reflections from deeper
events have been slightly distorted through post-stack depth conver-
sion (Fig. 5b). We discuss the joint interpretation of the two results
in the next section.

5 COMBINED INTERPRETATION

The combined interpretation of seismic reflection and tomographic
images allows us to define the structural boundaries much more

© 2009 The Authors, GJI, 179, 1772-1780
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precisely (Figs Sa and b). We interpret the reflections from the
basement beneath the Aceh Basin and lower backthrust as the con-
tinental backstop (Fig. 5¢). The velocity just below these reflections
is slightly lower (4 km s ') than expected for continental crust, how-
ever this could be due to the vertical smoothing. The continental
crust underneath the Aceh basin is marked by a high vertical veloc-
ity gradient within the first 10 km, similar to high-velocity gradient
observed in upper crystalline crust in other instances (McCaughey
et al. 2000). Beneath the Aceh basin and forearc ridge, there is a
band of reflectivity at ~25 km depth (11 s), which we interpret
as the continental Moho. The velocity at this interface is slightly
lower (~7.5 kms™!), which could again be due to a smoothing
effect. There is a weak reflection at ~20 km depth (9 s) near the
7 kms~! velocity contour, which could be another candidate for
the continental Moho, or some intracrustal feature. In any case, the
continental crust is thin beneath the Aceh basin (18-23 km), which
is consistent with the crustal thickness observed farther south on
deep seismic reflection and tomographic results (Singh et al. 2008;
Dessa et al. 2009). The downgoing oceanic crust is marked by a
combination of reflectivity and high velocity (7.0-7.5 kms™1); it
ovetlies the oceanic mantle marked by a velocity of 8 kms™!, and
intersects the continental Moho at ~25-27 km depth (11 s).
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Figure 5. (a) 3-D block diagram showing the P-wave velocity model ob-
tained by first arrival traveltime tomography along the black line on Fig. 1,
and seafloor bathymetry. All distances marked are from the subduction
front. Contours are marked for every 1 kms~!. The water depth varies from
~2700 m in the Aceh basin (purple) to ~255 m on forearc ridge (red).
White triangles are the positions of OBSs within the length (87.5 km) of the
profile shown. (b) 3-D block diagram of depth converted seismic reflection
image of Fig. 2b. Locations of backthrusts, conjugate fault, reflections from
top of the oceanic crust and continental Moho have been marked. Black and
green triangle pointers have been marked to highlight reflections from the
top of downgoing oceanic crust and the continental moho, respectively. (c)
Schematic diagram of interpreted tectonic features at the forearc high of
the north Sumatra Margin. Continental backstop and Moho are determined
from the interpretation of the seismic reflection and refraction results.

We suggest that the upper backthrust reflection event is the main
backthrust (MBT) bounding the internal deformation zone along
which the inner forearc wedge continues to deform. Thick high-
velocity accreted sediments (3—5 km s 1) lie to the immediate south-
west of the MBT, suggesting that these sediments have been highly
compacted. The southwestern side of the forearc ridge seems to be
bounded by a landward dipping thrust, which might be a conjugate
fault. We call the lower backthrust, which emerges at the seafloor
on the southwest border of the Aceh basin, the frontal backthrust
(FBT). On its eastern edge, the FBT deforms the sediment hori-
zons of the Aceh forearc basin (Fig. 3¢) in its near surface reaches,
showing localized deformation patterns seawards of the forearc
basin that confirm predictions from numerical studies on bivergent
wedges (Willett ef al. 1993). Our results, which clearly demarcate
the presence of backthrusts associated with a seaward dipping back-
stop, also confirm results from analogue modelling studies which
predict that seaward dipping backstops are indeed conducive for the
development of backthrust structures along which the inner forearc
deforms (Byrne et al. 1988; Wang & Davis 1996).

Our results suggest that the backthrusting extends down to
15 km. The dip of the backthrust is about ~25-30°, with less steep
angles in the shallower zone. In the vicinity of the epicentral re-
gion of the 2004 December 26 earthquake, Singh ef al. (2008) have
imaged a now inactive backthrust located in the Simeulue forearc
basin at ~170 km from the trench. Further south, based on field
geological work, presence of backthrusting has been inferred on the
northeastern edge of the Nias Island (Karig ef al. 1980; Silver &
Reed 1988; Briggs et al. 2008). Taken together, these results sug-
gest that seaward dipping backthrusts are persistent feature along the
northern Sumatra subduction zone at the northeast side of forearc
ridges and islands.

6 BACKTHRUSTING AND FOREARC
EVOLUTION

Teleseismic aftershocks do not show any shallow events that could
be associated with the forearc backthrust, however display a deeper
band of thrust activity underneath the forearc in the vicinity of
the plate contact (Engdahl et al. 2007) (Fig. 1). However, regional
aftershock studies using OBS data indicate the presence of seismic
events underneath the forearc ridge (Araki et al. 2006; Sibuet et al.
2007) with a group of shallow events near our proposed backthrust
structure, suggesting that these faults are seismically active. Using
3-D velocities for their revised relocation of aftershocks recorded
after the 2004 December 26 event, Lin et al. (2009) have reported
the presence of an active backthrust at the western edge of the
Aceh basin. Sharp bathymetric lineaments, at the seaward edge of
the Aceh basin, can be traced for upto ~150 km where the FBT
arrives at the sea floor, which indicate that FBT is active (Figs 1
and 2). The MBT branch arrives at the sea floor where WAF was
previously identified using bathymetric, morphological and shallow
seismic reflection profiles (Singh et al. 2005; Seeber et al. 2007).
Further south, forearc islands present along the northern Sumatra
margin have been documented to be uplifting during the recent ge-
ological past, and are reported to have uplifted coseismically during
recent Sumatra events (Vita-Finzi 2007; Briggs et al. 2008). Briggs
et al. (2008) estimate the average Holocene uplift rates for Nias
to be about ~0.5mm yr~! (maximum rates ~1.5 mmyr~'), which
they attribute to elastic uplifting. However, alternative models of
deformation patterns on Nias (Karig et al. 1980; Vita-Finzi 2007),
and the recorded coseismic uplifts of Nias and Simeulue islands
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favour the possibility of active backthrusting. The slip along the ac-
tive backthrust could either be aseismic or co-seismic. The uplifted
folded and faulted sediments on the forearc ridge (Fig. 3b) and the
link between the backthrust image and sharp bathymetric features
at SW side of the Aceh basin (Fig. 5b) suggest that the forearc ridge
is uplifting in a manner similar to the Simeulue and Nias islands
along the backthrust.

The WAF, which has been proposed to be as a lithospheric-
scale boundary, appears to be a tributary of the backthrust structure
(Singh et al. 2005); and dextral slip along WAF, if any, is yet to be
estimated. Our data do not allow us to image a vertical fault that
might be associated with a strike slip fault. Therefore, we suggest
that the backthrust is the dominant tectonic structure controlling the
surface expression of displacement and resulting ridge-like features
along the WAF, observed as flower structure on seismic reflection
images (Malod & Kemal 1996; Singh er al. 2008). The exact spatial
and temporal relationship of the backthrust and WAF is difficult
to estimate based on just bathymetric and seismic data sets. The
relationship is intricate and deserves further investigation to obtain
comprehensive understanding of slip partitioning.

7 DISCUSSION AND CONCLUSIONS

Our results suggest that at north Sumatra megathrust, uplifting of
inner forearc ridge occurs along active backthrust branches, which
are associated with continental backstop lying underneath Aceh
forearc basin. We confirm model predictions that seaward dipping
backstops are conducive to backthrusting along which the forearc
continues to deform (Silver & Reed 1988; Byrne ef al. 1993). The
uplifting of the inner forearc has been observed in both interseismic
and coseismic periods resulting in the formation of forearc islands.
Seismicity and sharp bathymetric features indicate that the back-
thrusting is persistent feature along the Sumatra megathrust, and is
capable of accommodating such slip.

These results are in conformation with similar observations made
earlier based on field investigations along the sunda arc (Karig et al.
1980; Silver & Reed 1988). Similar to backthrusting within biver-
gent wedges on-land (Silver & Reed 1988), backthrusting within
the accretionary wedges at subduction margins has been observed
in other instances, for example Lesser Antilles accretionary wedge
(Torrini & Speed 1989). The deep sub-surface seismic image of
backthrusts, related with the seaward dipping backstop presented
here, strengthens the argument that backthrusting is an important
tectonic process at accretionary convergent margins. Forearc struc-
tures are known to have first-order influence on defining the limits
of the seismogenic locked zone of subduction thrust faults (Byrne
et al. 1988; Fuller et al. 2006; Wang & Hu 2006). Our results add to
the knowledge of forearc tectonics at the northern Sumatra margin,
and will provide further constraints to address questions regarding
seismogenic behaviour of Sumatra subduction system.

These results have important implications for forearc processes
and tsunamigenesis. In case of the 2004 December 26 tsunami,
based on early tsunami arrival times and high run-up heights in the
near field, Plafker e al. (2006) postulated the presence of a sec-
ondary tsunami source near the forearc ridge. Sea surface heights
measured on transect of Jason-1 satellite recorded double-peaked
lead wave suggesting the possibility of a dual source for this tsunami
(Smith et al. 2005). Coseismic slip along the imaged backthrust
during the 2004 earthquake might provide a geologically viable
secondary source and improve the understanding of the tsunami.
Simultaneous slip on backthrust faults might be difficult to notice
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on seismological records of the main earthquake, as these faults
dip in a nearly orthogonal direction to the megathrust. Simultane-
ous conjugate earthquake slip has been observed in other instances
(Robinson et al. 2001). If slip along backthrusts indeed occurs co-
seismically, then it might have wider implication for subduction
zones of similar constitution, and should be paid attention to while
designing the networks of early tsunami warning system.
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