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Here we study the evolution of stress and its rotations in the Sumatra–Andaman Subduction Zone (SASZ)
after the 2004 Mw 9.2 megathrust earthquake, using moment tensor stress inversions. Models indicate
returning of North Andaman stress regime to the inter-seismic oblique-compression, after a short stint of
extension. Likewise, Little Andamans experience extension indicating a trench-ward guidance of extensional stresses. Similarly, Nicobar regime is presently normal-oblique, from early post-seismic reverseoblique, and North Sumatra experiences pure-reverse regime. The inCuence of the Wharton Basin stress
Beld and 2012 earthquakes on the SASZ fore-arc deformation is also probed. A near-complete co-seismic
stress-relief is observed at Nicobar, followed by North Sumatra and Little Andaman. Co-seismic and postseismic model comparisons indicate strong correlation with zones of co-seismic stress relief and regions of
rapid post-seismic reloading. The North Andaman shows a northward compressive shear than the marginnormal component of subduction, as evident from prominent oblique stress regime with lower co-seismic
stress relief and lack of post-seismic back rotations. At Andaman Spreading Ridge (ASR), transition from
oblique to extensional stress indicates lateral shear to back-arc spreading enhancement.
Keywords. Subduction zones; megathrust earthquakes; stress rotations.

1. Introduction
Global plate motion causes stress built-up, which is
released as earthquakes, mostly along the plate
boundary zones. Large earthquakes are known to
regionally change the accumulated inter-seismic
stress Beld through co-seismic stress relief and its
redistribution (e.g., Michael 1987; Zoback and
Beroza 1993). InCuence of similar stress changes on
the ensuing tectonic deformation helps to improve
our understanding on the earthquake cycle related
processes. It is reported that the great subduction
zone earthquakes would cause rotation of the

lithospheric principal stress axes and has been
largely observed after megathrust ruptures (e.g.,
Hasegawa et al. 2011, 2012; Hardebeck 2012; Chiba
et al. 2012; Yang et al. 2013; Hardebeck and Okada
2018). This indicates that the lithospheric stress
and the dynamics of megathrust rupture do have
some inCuence on the seismic cycles at subduction
zones. For example, a rapid post-seismic back
rotation indicates the stress reloading and other
transient processes like visco-elastic deformation and afterslips (Hardebeck 2012). A closer
look at the spatio-temporal distribution of inter-,
co- and post-seismic stress rotations helps us
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understanding the loading/unloading of the stress
and the change in seismicity surrounding the
mainshock rupture zone. Thus, modelling the spatio-temporal variations in stress orientations can
shed light on tectonic processes like, co-seismic
stress relief, post-seismic stress evolution, fault
reloading, and stress Beld heterogeneity, etc. By
inverting for pre- and post-earthquake stress orientations, we can understand how the regional
stress Beld is perturbed after an earthquake.
The earthquake moment-tensor inversion is a
promising and indirect tool to decipher the relative
amplitude of principal stress axes than the in-situ,
sparse and expensive shallow borehole breakout
measurements.
Many studies on large global earthquakes have
successfully reported this spatio-temporal variations in stress Beld and its rotation, which is
essential in studying the underlying earthquake
physics of various tectonic regimes. Michael (1987)
is one of the Brst study which reported such stress
changes happened during the Mw 6.2 1983 Coalinga,
California aftershock sequence and inferred that the
horizontal maximum compressive stress axis
(SHmax) rotated, followed by a post-seismic back
rotation. Similarly, for the Mw 6.9 1989 Loma Prieta, California earthquake, Zoback and Beroza
(1993) found an extremely weak source zone with
near-complete shear stress relief. However, there
are instances where the stress Beld along the
mainshock rupture did not return to its original
orientation even after a decade of the event, like the
Mw 7.3 1992 Landers sequence (Hauksson 1994),
where a rotation in the r1 (maximum compressional
axis) axis over the entire rupture length is observed
(Hardebeck and Hauksson 2001). The Mw 6.7 1994
Northridge earthquake also induced similar stress
rotations (e.g., Zhao et al. 1997; Hardebeck and
Hauksson 2001). Interestingly, the stress rotation
followed by the Mw 7.9 2002 Denali earthquake
showed an anti-clockwise rotation of  20° at the
epicentral region and a clock-wise rotation in the
rest of the rupture zone (Ratchkovski 2003). Similar to the Denali earthquake, the Mw 7.4 1999 Izmit
earthquake also showed a spatio-temporally varying style of rotation (BohnhoA et al. 2006). They
also found stress partitioning and change in the
stress regime after the earthquake.
Several previous studies have been carried out to
understand the stress Beld rotations and regional
stress changes at different subduction zones which
hosted large earthquakes (Mw [8) (e.g., Hardebeck
2012; Hasegawa et al. 2011, 2012). The Mw 9.0
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2011 Tohoku-Oki and Mw 8.8 2010 Maule earthquakes showed a notable stress rotations in r1 and
changes in the stress regimes following the
megathrust rupture, which correspond to a nearcomplete co-seismic stress drop. Similarly, Hardebeck (2012) studied the 2004 Mw 9.2 Sumatra–
Andaman earthquake, coming-up with varying
degrees of along the arc stress rotations and stress
relief mechanisms. They also found that the coseismic stress relief varies along the arc and major
rotations of recent great earthquakes are found to
be at the depth of 15 to 35 km (Hardebeck 2015).
Our study is largely inspired from Hardebeck
(2012), but with better spatio-temporal extends
and data segmentation based on the along-arc
trench strike variations. For this, we incorporated
eight more years of data, hence taking into consideration of other great earthquakes in the vicinity
as well, including the Mw 8.6 and 8.2, 2012 Wharton Basin (WB) events. Additionally, we included
data from the Sumatra–Andaman Subduction
Zone (SASZ) back-arc region, as there are reported
faulting pattern variations, post-2004 megathrust
rupture (e.g., Diehl et al. 2013). Here, we take a
closer re-look at the spatio-temporal distribution of
inter-seismic, co-seismic and post-seismic stress
Beld orientations and its rotations in the SASZ,
after the recent large seismic event occurrences.
Further, we try to link the Bndings with the
ongoing tectonics and deformation.

2. Seismo-tectonics background
The SASZ is one of the most seismically active
subduction zone in the world with numerous great
plate boundary ruptures in the last two centuries.
These include the 1833 (M 8.8–9.2), 1861 (M
8.3–8.5), 2004 (Mw 9.2) and 2005 (Mw 8.7) events.
On 26 December 2004, the Mw 9.2 Sumatra–
Andaman earthquake (00:58:53 UTC, 3.295°N,
95.982°E) nucleated north of Simeulue island and
in about 500 s propagated NNW, rupturing  1300
km long plate boundary (Chlieh et al. 2007; Ammon
et al. 2005; Subarya et al. 2006; Menke et al. 2006;
Rajendran et al. 2007) (Bgure 1). Three months
later, on 28 March 2005, Mw 8.7 Nias earthquake
(16:09:36 UTC, 2.085°N, 97.108°E) ruptured bilaterally (Briggs et al. 2006; Konca et al. 2007).
Seismicity of the SASZ prior to the 2004 Sumatra–Andaman rupture is mostly restricted around
the dipping slab of the fore-arc region, illuminating
the BenioA zone. These events are distributed to

Page 3 of 17 187

J. Earth Syst. Sci. (2020)129:187
(a)

(b)

Figure 1. (a) Faulting mechanism moment-tensor map of the Sumatra–Andaman subduction zone from GCMT catalog
(Ekstr€
om et al. 2012). Thin black coloured continuous lines are the segments discussed in the text. Segmentation is based on the
variation in strike of the trench. Moment-tensor mechanisms with coloured compressional quadrants are used in the stress
inversion analysis, where colour represents the time span the data belongs to (Blue: December 1976 to 26 December 2004; Red:
27 December 2004 to 01 August 2019). Grey coloured mechanisms are plotted for continuity and not used in the study. Green
stars represent the locations of 2004 Mw 9.2 Sumatra, 2005 Mw 8.6 Nias and the 2012 Wharton basin (Mw 8.6 and Mw 8.2)
earthquakes. Yellow contour indicate the rupture area of 2004 Mw 9.2 Sumatra megathrust earthquake (Chlieh et al. 2007).
Thick continuous black line with dip direction is the Sumatra–Andaman trench (Bird 2003). Thick continuous line with dextral
motion is the Sumatran Fault, which passes through the Andaman spreading ridge and continues north as the Sagaing Fault.
Grey vectors are along arc Indian plate convergence rates with respect to Sunda plate (Argus et al. 2011). ASR: Andaman
spreading ridge, SF: Sumatra fault and WB: Wharton basin. (b) Cross-arc nature of faulting at respective segments. Triangles,
circles and crosses are used to represent strike-slip, normal and thrust faulting earthquakes, respectively. Blue and Red colours
represent pre- and post-2004 scenarios. Grey symbols are mechanisms plotted for continuity which are not used in the analysis.
Trench line is marked by inverted black triangle. Note the along arc variations in the nature of faulting at the respective outerarc regions of our segments of interest, post-2004.

the depths of  200 km, with an increase in
hypocentral depths from north to south (Bgure 1b).
The near-trench region is mostly devoid of any
seismicity and the BenioA zone events are mostly
compressional in nature. Interestingly, other than
the North Andaman segment, normal and strikeslip faulting earthquakes are seen at the Little
Andaman, Nicobars and North-Sumatra segments,
which are sourced within the sinking slab, as they
are located at deeper down-dip sections. The tensional earthquakes at this depth indicate down-dip
extensional stresses at a coupled SASZ (e.g., Astiz
et al. 1988). The back-arc seismicity prior to the
2004 megathrust rupture is shallow and mostly
normal or strike-slip faulting, where normal faulting is prevalent in the northern segments and
strike-slips in the south.
The recent megathrust ruptures incited a
significant boost of seismic activity in the

Sumatra–Andaman region. Unlike the global
tendencies observed so far, the post-megathrust
seismicity here featured a mixture of reverse, normal,
and strike-slip earthquakes, which is unique in
nature (Dewey et al. 2007; Engdahl et al. 2007;
Andrade and Rajendran 2011; Craig and Copley
2018). The unusual occurrence of shallow thrust
faulting earthquakes beneath the trench also points
to the distinctive nature of the deformation (Craig
and Copley 2018) (Bgure 1b). We are not sure
whether these events are sourced at the interface
zone or within the slab, though recent studies point
towards the deformation within the plate (e.g.,
Craig and Copley 2018). Dewey et al. (2007) suggested that the mixed nature of faulting mechanisms near the trench likely reCects the intraplate
stresses due to both bending and highly oblique
convergence of the downgoing plate. Besides, the
occurrence of intraplate events further seaward,
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beyond the outer rise Cexed zone, has also been
observed here (e.g., Andrade and Rajendran 2011),
like the 11 April 2012 Mw 8.6 WB earthquake, the
largest recorded intraplate strike-slip event. The
back-arc seismicity is largely a mixture of shallow
normal and strike-slips, where Nicobar segment
shows an enhancement in seismic activity
(Bgures 1b(iii) and 3b(ii)). The southern segments
indicate prominence of strike-slip faulting and
northern segments show an increase in normal
faulting, especially at the Little Andaman region
(Bgures 1b(ii) and 3b(iii)). It is noted that, at
 10°N, this region hosted a large swarm of
earthquakes in 2006 and 2009, and is attributed to
dike intrusion at ASR (Andaman spreading ridge)
(Diehl et al. 2013).
The SASZ is considered as a classical case of slip
partitioning plate boundary where the oblique
Indian plate convergence is believed to be partly
dissipated between slip on the megathrust and sliver plate strike-slip faults (Fitch 1972; McCaffrey
1991, 1992). The oblique convergence, rifting at the
ASR, partial subduction of 90°E Ridge (NER)
below Andaman trench and diffuse tectonics in the
nearby WB, are believed to be the major drivers for
lithospheric stresses at this region. These processes
lead to the development of prominent tectonic
features along this margin, comprising the Andaman sliver plate and dextral fault systems like West
Andaman Fault (WAF) and Sumatran Fault (SF)
at the fore-arc region (Sieh and Natawidjaja 2000;
Curray 2005) (Bgure 1a).
Our understanding of the lithospheric stress of
SASZ is primarily based on the focal mechanism
solutions of earthquakes. Initial studies on stress in
the Indo-Australian plate, attributed the main
driver as the Indian plate collision with the Eurasian plate. The principal horizontal deviatoric
stress at the SASZ fore-arc is the NE–SW trending
compression (Cloetingh and Wortel 1986; Zoback
1992; Coblentz et al. 1998) and is found to be
parallel to the Indian plate motion (Rajendran and
Gupta 1989; Rajendran et al. 1992) in a mean
direction of N23°E (Krishna and Sanu 2002),
indicating that the plate boundary forces dominate
(Gowd et al. 1992). Finite-element models on the
long-term stress evolution by (Mu€ller et al. 2015)
conBrm heterogeneous elastic strengths since Oligocene. These studies indicate predominant compressive stresses in the fore-arc region and crustal
thinning at the Andaman sea. Co-seismic stress
rotations and back rotations from the SASZ were
Brst reported by Hardebeck (2012), in the
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background of 2004 Mw 9.2 Sumatra–Andaman
megathrust rupture. She observed a rapid back
rotation in the Sumatran region and minimal in the
Andaman segment. ModiBcation of sinking slab
stress Belds due to varying stress regimes in the
post-seismic phase are reported by Khan et al.
(2020), where the stress perturbations are mainly
attributed to interactions between NER and SASZ.

3. Data and methods
For this study, we made use of Global momenttensor (GCMT) data (Ekstr€
om et al. 2012) from
1976 to 2019. Further, we limited the data within a
60 km depth, so as to deal only with the crustal
stress Beld variations. We made spatial and temporal segmentations based on the change in trench
strike and major great earthquake event markers.
Spatially, entire arc is segmented as the fore-arc,
region between the east of the Sunda–Andaman
trench and SF/WAF, beyond which is considered
as the back-arc. Further spatial segmentation is
done based on the change in the strike of the trench
as North Sumatra, Nicobar, Little Andaman and
the North Andaman regions and the corresponding
fore-arc and back-arc sections (Bgure 1).
There are large earthquake occurrences near
Sunda–Andaman trench after the 2004 Mw 9.2
megathrust rupture, viz., Mw 8.7 2005, Mw 8.2
2007, Mw 8.6 and Mw 8.2, 2012 earthquakes. These
events can possibly inCuence the regional stress
Beld. Hence, for looking at the temporal stress Beld
variations (e.g., Hardebeck and Hauksson 2001;
Hardebeck 2012), we segmented the fore-arc focal
mechanism data time-span with respect to these
large event occurrences at or near SASZ. Based on
this, the data classiBcation is as follows: Preseismic (1-Jan-1976 to 25-Dec-2004), Co-seismic
(26-Dec-2004 to 27-Mar-2005) and Post-seismic
(28-Mar-2005 to 11-Sept-2007, 12-Sept-2007 to
10-Apr-2012 and 11-Apr-2012 to 1-Aug-2019). The
back-arc data is also segmented as Pre-seismic
(1-Jan-1976 to 25-Dec-2004), Co-seismic (26-Dec2004 to 25-Jun-2005) and Post-seismic (26-Jun2005 to 1-Aug-2019).
Before initiating the formal stress inversion
(FSI), we visually inspected the distribution of P
and T axes of the GCMT data used in this study, to
see the faulting mechanism diversity and minimum
number of event availability (Bgure 2). A best-Bt
stress tensor solution can be obtained by nonlinear
grid-search methods (Gephart and Forsyth 1984;
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Gephart 1990; Arnold and Townend 2007), Monte
Carlo methods (Angelier 1984; Xu 2004) or by
linearizing the inversion problem by least-squares
technique (Michael 1984; Hardebeck and Michael
2006). We carried out the linearized FSI for the
above-mentioned periods using the updated routines of Martınez-Garz
on et al. (2014, 2016), which
invert for the principal stress axes orientations
from GCMT data with bootstrap re-sampling
uncertainty assessment. Here, we jointly inverts for
stress Beld and fault orientations (e.g., Michael
1984; Vavrycuk 2014), using fault instability criterion of Vavrycuk (2011). We considered the
respective spatial segments in our computation as a
single grid point and performed an undamped FSI
(e.g., Hardebeck and Michael 2006) with 2000
bootstrap re-samplings of the original dataset.
The FSI solution has orientations of the principal stress axes (r1 : maximum compressive stress,
r2 : intermediate compressive stress and r3 : the
minimum compressive stress) within 95% conBdence intervals and the relative stress magnitude
r3 )/(r1
r3 )) (after Angelier 1984).
(/ = (r2
The / value represents the closeness of relative
stress magnitudes of r2 to r1 or r3 axes, at each
grid. Further, we made use of the misBt angle as a
measure of the robustness of our results or to
decipher the nature of heterogeneity in the stress
Beld, which is the angle between the observed slip
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vectors and model-predicted ones (e.g., MartınezGarz
on et al. 2016). The Bnal solutions are interpreted for equivalent tectonic stress regimes based
on Andersons fault parameter value (A/) (Simpson 1997) and the maximum horizontal stress
(SHmax) orientation (e.g., Levandowski et al.
2018), where A/ = (n + 0.5) + ( 1)n (/ 0.5) and
n is the number of principal components larger
than the vertical normal component. For the FSI,
we considered at-least a minimum number of 12
earthquakes per grid point which can return a
moderately varying stress Beld with misBt value of
 45°. In case of any speciBc segments lacking this
minimum criterion, we have considered P and Taxes orientations or the ternary distribution of
available faulting mechanisms (Frohlich 1992) to
have a Brst-order approximation of the stress orientation and plunge (e.g., Zoback and Zoback
1989; Rajendran et al. 1992). As the average principal axes uncertainty of GCMT is  15° (e.g.,
Helffrich 1997; Frohlich and Davis 1999; Frohlich
2001), we do not expect large variations while
inverting for stress and has included all solutions
from the GCMT catalogue in the analysis. We
admit that any inclusion of regional focal mechanism data of smaller earthquakes, if any available,
will certainly improve the results.
Hence obtained stress orientations for respective
spatial and temporal segments are considered

(a)

(b)

(c)

(d)

Figure 2. Distribution of P (Red circles) and T (Blue circles) axis azimuths and plunges of the faulting mechanisms used in this
study at respective tectonic segments and temporal spans.
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further for Bnding the stress Beld variations. These
variations can be represented as rotations of horizontal SHmax orientations or plunge of principal
axes. As the region of interest is a subduction zone,
we mainly considered the evolution of r1 and r3
plunges for the stress rotation analysis, where the
slab dip also taken in consideration, which is based
on Banerjee et al. (2007) at respective segment
locations. Hence obtained h (the angle between the
r1 plunge of preceding seismic phase and the dip of
the slab) and Dh (the angle between the preceding
and succeeding r1 (Bgure 7) values are used to
compute the stress rotations (Hardebeck and
Hauksson 2001; Hardebeck 2012).
4. Results and discussion
The seismicity distribution of SASZ shows a
diverse range of faulting mechanisms, indicating
varying styles of deformation in the inter-seismic,
co-seismic and post-seismic periods. Here, we Brst
discuss our results on stress regimes and principal
stress axis rotations of the respective segments.
Then, we interpret the stress-Beld rotations in
terms of earthquake cycle processes.
4.1 The 2004 rupture and the regional stress
environment
Our analysis shows a pre-seismic reverse-oblique
stress environment at the North Sumatra, which
continued to the phases immediately after. But, in
the later post-seismic stages, this stress Beld shifted
to a pure reverse stress regime (table 1). This
enhancement of the reverse stress regime can also
be inferred from the gradual increase of the A/
values in the later post-seismic phases. The fewer
oblique compressional earthquake occurrences, as
seen lately in the North Sumatran fore-arc region
also adds to this observation (Bgure 3a(i)). Likewise, there are unusual occurrences of near-trench
thrust faulting earthquakes in this vicinity and was
reported earlier by Engdahl et al. (2007), Dewey
et al. (2007), Andrade and Rajendran (2011) and
Diehl et al. (2013). It is imperative to understand
whether these compressional events are associated
with the megathrust interface (e.g., Chlieh et al.
2007; Gunawan et al. 2014) or due to the deformation within the slab (e.g., Craig and Copley
2018). We Bnd it difBcult to conBrm the source
zone of these compressional earthquakes. Despite
the prominence of reverse faulting earthquakes at
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this segment, our bootstrap solutions show a
heterogeneous stress Beld after the 2012 WB
earthquakes (Bgure 4a(v)). This indicates the
inCuence of 2012 earthquakes on the North Sumatra trench zone stress Beld. The reason for this
heterogeneity might be, either due to the activation of faults within the slab and interface zones, or
the differing tectonic forces in play at this segment.
Moving north, the Nicobar segment also shows
comparable pre-seismic stress Beld of reverse-oblique nature. Here, the stress regime shifted to
reverse environment after the megathrust rupture.
The presence of down-dip afterslips at this region
(Gahalaut et al. 2008) might have been inCuenced
by this increased reverse environment. This regime
shifted again to reverse-oblique stress Beld during
the initial stages of the post-seismic period. This
change in increasing obliquity, from co-seismic to
initial post-seismic period, is visible from the focal
mechanism solutions of the earthquakes at this
region (Bgure 3a(ii)). For 2007–2012, the faulting
mechanism data availability is not enough for an
FSI (Bgure 2b(iv)). Subsequent FSI solution for
2012–2019 shows a normal-oblique stress regime
(table 1). We consider this solution as unreliable
due to very less number of faulting mechanism
availability. Similarly, the P and T axes orientations do not provide any particular trend either
(Bgure 2b(v)). But, a closer look at the ternary
distribution of earthquake mechanisms shows few
events during the 2012–2019 phase which are
inclined towards the normal to strike-slip axis and
tends more towards the normal component
(Bgure 3a(ii)). This observation supports the FSI
solution of the normal-oblique environment in the
Bnal stage of the Nicobar segment deformation.
Noticeably, the larger misBt angle and the heterogeneous bootstrap solution at this phase reveal the
possibility of a heterogeneous stress Beld here,
similar to the North Sumatra, which can be related
to the eAect of 2012 Indian ocean earthquakes. We
cannot neglect the inCuence of the relict ocean
fabric stresses (e.g., Krishna et al. 2012), presence
of NER (e.g., Gahalaut et al. 2010) or tear faults
(Kumar et al. 2016) as the reason for this stress
heterogeneity.
The lower earthquake occurrences in the preseismic phase of Little Andaman region makes the
stress inversion results unreliable. A Brst-order
approximation of stress Beld from the azimuth and
plunge of the P and T axes orientations show a
NE–SW compressional axis trend with a shallow
plunge of  15° (Bgure 2c(i)). Here, the tensional

Fore-arc
North Sumatra
(1976–25/12/2004)
(26/12/2004–27/03/2005)
(28/03/2005–11/09/2007)
(12/09/2007–10/04/2012)
(11/04/2012–01/08/2019)
Nicobar
(1976–25/12/2004)
(26/12/2004–27/03/2005)
(28/03/2005–11/09/2007)
(11/04/2012–01/08/2019)
Little Andaman
(1976–25/12/2004)
(26/12/2004–27/03/2005)
(28/03/2005–11/09/2007)
(12/09/2007–10/04/2012)
North Andaman
(1976–25/12/2004)
(26/12/2004–27/03/2005)
(28/03/2005–11/09/2007)
(12/09/2007–10/04/2012)
(11/04/2012–01/08/2019)
Back-arc
North Sumatra
(1976–25/12/2004)
(26/12/2004–25/06/2005)
(26/06/2005–01/08/2019)
Nicobar
(1976–25/12/2004)
(26/12/2004–25/06/2005)
(26/06/2005–01/08/2019)
Little Andaman
(1976–25/12/2004)
(26/12/2004–25/06/2005)
(26/06/2005–01/08/2019)
North Andaman
(1976–25/12/2004)
(26/06/2005–01/08/2019)

Segment

157.93/20.14
131.32/38.29
134.67/27.4
120.42/23.97
119.55/21.46
150.46/17.09
115.32/41.03
29.35/12.62
61.01/55.15
116.02/1.16
123.46/42.21
104.53/36.65
127.16/61.18
98.93/18.68
126.66/32.25
76.94/47.19
135.36/7.03
124.69/18.26

11.71/7.06
7.94/22.22
8.53/26.61
28.65/3.36
18.88/42.73
6.08/32.38
99.87/77.09
178.41/63.43
169.19/86.93
134.95/58.37
146.66/85.39

10
36
16
6

6
27
11
21

12
23
5
14
18

13
4
30

33
152
81

22
17
60

20
13

r1 (°)

36
95
81
28
32

N

45.92/31.63
47.88/4.46

62.04/12.29
3.72/26.55
65.11/0.75

159.68/86.6
143.85/45.95
147.22/54.63

112.15/55.64
153.64/63.69
165.64/61.46

138.11/58.14
83.46/53.9
55.44/31.98
0.16/80.2
29.43/69.86

25.76/12.77
31.51/2.15
114.45/46.25
2.72/19.44

107.81/33.47
19.65/6.47
123.82/19.16
177.83/19.81

61.46/17.06
40.44/1.11
42.88/3.45
148.32/2.83
149.66/2

r2 (°)

44.32/0.39
42.21/1.15

152.89/3.89
86.71/0.85
24.93/2.98

61.38/0.49
117.03/8.73
104.28/12.69

82.97/33.42
87.63/13.37
86.31/9.57

0.06/24.81
27.28/14.48
162.52/25.2
133.8/6.8
142.58/8.2

148.89/77.18
60.85/47.71
1.55/20.42
100.27/20.42

37.88/51.33
77.64/48.22
92.11/66.78
77.08/27.39

65.77/63.1
50.96/51.69
53.73/62.35
52/65.84
54.59/68.44

r3 (°)

N45.92E
N47.88E

N62.04E
N3.72E
N65.11E

N28.65E
N18.88E
N6.08E

N11.71E
N172.06E
N171.47E

N81.07E
N53.54E
N55.44E
N44.64E
N55.31E

N63.98E
N56.54E
N75.47E
N2.72E

N29.54E
N64.88E
N150.65E
N177.83E

N22.07E
N48.68E
N45.33E
N59.58E
N60.45E

SHmax

0.8
0.69

0.64
0.41
0.46

0.33
0.93
0.93

0.06
0.34
0.46

0.06
0.41
0.12
0.59
0.43

0.18
0.27
0.22
0.41

0.19
0.79
0.32
0.75

0.2
0.12
0.16
0.57
0.63

/

0.8
0.69

0.64
0.41
0.46

1.67
1.07
1.07

1.94
1.66
1.54

1.94
1.59
0.12
1.41
1.57

2.18
2.27
1.78
0.41

2.19
2.79
2.32
0.75

2.2
2.12
2.16
2.57
2.63

A/

16.41
8.01

13.47
24.38
11.29

14.03
13.68
9.04

21.13
3.7
24.38

24.166
30.07
21.54
22.33
26.63

10.21
38.27
29.41
32.73

32.03
25.18
28.78
37.20

40.40
31.23
26.14
11.68
29.52

MisBt angle (°)

Normal-oblique
Normal-oblique

Normal-oblique
Normal
Normal

Oblique-reverse
Oblique-normal
Oblique-normal

Oblique-reverse
Oblique-reverse
Oblique-reverse

Oblique-reverse
Oblique-reverse
Normal
Oblique-normal
Oblique-reverse

Reverse-oblique
Reverse-oblique
Oblique-reverse
Normal

Reverse-oblique
Reverse
Reverse-oblique
Normal-oblique

Reverse-oblique
Reverse-oblique
Reverse-oblique
Reverse
Reverse

Regime

Table 1. Summary of stress inversion results for the different tectonic segments mentioned in the text. For each stress axis (r1 , r2 and r3 ) the resulting azimuth and plunge is given
along with the value of /, A/ and the misBt angle. N is the number of focal mechanisms used in the inversion from respective segments. The bold values represent the vertical axis (rv ).
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(a)

(b)

Figure 3. Ternary diagrams of the faulting mechanisms from respective segments of this study, which is represented as a function
of the orientation of the P, T and B-axes for different faulting mechanisms (Thrust (T), strike slip (S), and normal (N)) (Frohlich
1992). (a) Fore-arc and (b) back-arc of our study region. Colour coded symbols are used to represent the temporal phases of the
data used.

(a)

(b)

(c)

(d)

Figure 4. Segment-wise stress axes from the inversion at fore-arc and back-arc regions are shown in a lower-hemisphere
projection with uncertainty distribution. Red: maximum compressive stress, r1 . Green: intermediate compressive stress, r2 .
Blue: minimum compressive stress, r3 .

axis also orients in the same direction, but with a
steeper plunge. Likewise, an FSI with the available
focal mechanism data also gives a comparable azimuth for SHmax similar to P axis (table 1,
Bgure 4c(i)). This pre-2004, as well as the co-seismic
stress regimes of this region, are reverse-oblique.
This shifts to oblique-reverse in the initial

post-seismic phase and later behaves more like a
normal stress regime zone. This transition to a pure
normal stress regime indicates the trench-ward
guidance of present-day extensional stresses, which
can be observed immediately after or after several
years following a megathurst earthquake (e.g.,
Kanamori 1971; Ammon et al. 2008; Lay et al. 2011).
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The North Andaman fore-arc behaves somewhat
different from other SASZ segments. The interseismic and co-seismic stress regimes here are
oblique-reverse, which shifts to normal in the early
post-seismic period and later as oblique-normal, till
2012 (table 1). Due to the low number of available
focal mechanisms during 2005–2007, we adopted
similar measures as discussed in the earlier sections
and compared the P and T-axes orientations
(Bgure 2d(iii)) and the ternary distributions
(Bgure 3a(iv)). An increase in overall normal
faulting from a reverse environment is observed in
the initial stages of the post-seismic period. But in
the later stage, a reversal of stress regime, similar
to the inter-seismic era, is seen with the obliquereverse setting (table 1). This possibly indicates
that the region has recently entered again to its
inter-seismic phase. The steady and lower nature of
misBt values indicate a comparatively homogeneous stress Beld in this region.
A careful look at the along-arc temporal stress
regime changes show that the North Andaman has
reversed back to the inter-seismic oblique-reverse,
after a short stint of extensional stress regime.
Moving south, the Little Andaman region is presently transformed as a pure extensional segment
from a compressional one. Similarly, Nicobars are
currently experiencing a normal-oblique regime,
which was prominently reverse-oblique in the initial post-seismic phases. Near the nucleation zone
of the 2004 event, the stress is still compressional,
with minimal obliqueness eAects lately. All together, the southern segments are experiencing initial
stages of an extensional regime or tending towards
such a scenario. Additionally, we suggest that there
is a spatial and temporal variability in the alongarc extensional stress regime, which is prominent
in the northern segments.

4.2 Temporal SHmax rotations and the 2004
Sumatra–Andaman earthquake
The along-arc inter-seismic SASZ SHmax orientations are nearly parallel to the Indian plate convergence direction at the southern segments and is
oblique at the northern segments. Our analysis
shows co-seismic SHmax rotations due to large
earthquake occurrences at the SASZ or its vicinity.
It is observed that, after the 2004 megathrust
earthquake, SHmax has significant rotations in all
the segments, where it is maximum at the Nicobar
region (  35 ). The North Sumatra as well as the

Page 9 of 17 187
North Andaman regions reported co-seismic SHmax
rotations of  26°–27°, whereas Little Andaman
recorded the least value of  7 (Bgure 5). Furthermore, we observed margin-normal clock-wise
SHmax rotations at Nicobar and North Sumatra
regions. Hardebeck (2012) linked this rotations to
the release of most of the right-lateral slip during
the 2004 rupture. This favours the continuation of
compressional stress environment at the southern
segments even after the Mw 9.2 plate boundary
rupture (table 1), favouring the sense of stress
reloading towards trench normal. But, this rotation is anti-clock-wise in the northern segments
and moves away from the trench normal, where the
convergence is oblique (Bgure 5). This opposing
nature of post-seismic SHmax rotations along the
SASZ can be due to the locally varying strike of the
subducting margin with respect to the local stress
Beld, which can lead to temporally varying stress
loads (e.g., BohnhoA et al. 2006).
It is known that the SASZ convergence obliquity
is least at the southern segments and higher at the
northern segments. The ternary distributions show
that the slip obliquity also increases from Little
Andaman to North Andaman regions (Figure 3). In
fact, the convergence obliquity variations make the
margin-normal and the margin-parallel components prominent at the southern and northern
segments, respectively (Fitch 1972; McCaffrey
1992; Bradley et al. 2017). We believe that the
SHmax orientations are largely controlled by the
convergent forces than other stress drivers like slab
pull or earthquake cycle eAects (e.g., Spence 1987;
Lallemand and Funiciello 2009). The rotations
induced by large earthquake occurrences on the
SHmax, hence seemingly are inCuenced by any of
the margin-normal or margin-parallel components
of oblique convergence, the question being which is
the dominant part. The dominant margin-normal
components of plate convergence in the southern
segments and the margin-parallel northern segments may be the crucial factors controlling the
clock-wise or counter clock-wise rotations of the
post-2004 SHmax trends.
For example, the higher obliquity makes the
margin-perpendicular component of convergence
very minimal at these northern segments, which
is mostly dissipated in the subduction zone
earthquake cycles. This favours the northward
drag of the Indian plate motion to have a higher
inCuence on the stress regime than the marginnormal convergence at the Little and North
Andaman segments. This drag, as well as the
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Figure 5. Rotation of SHmax at different observation periods at different spatial segments. Brown arrows are along arc Indian
plate convergence rates with respect to Sunda plate (Argus et al. 2011). The stress rotation at the fore-arc and back-arc regions of
each segments are shown in left and right hand side of the map. The solid coloured lines indicate the SHmax orientations at the
fore-arc at each time periods; Red: 1976–25/12/2004, Green: 26/12/2004–27/03/2005, Blue: 28/03/2005–11/09/2007, Cyan:
12/09/2007–10/04/2012 and Yellow: 11/04/2012–01/08/2019. The dashed coloured lines indicate the SHmax orientations at the
back-arc at each time periods; Red: 1976–25/12/2012, Green: 26/12/2004–25/06/2005, Blue: 26/06/2005–01/08/2019. NA:
North Andaman, LA: Little Andaman, CN: Car Nicobar, ASR: Andaman Spreading Ridge, SF: Sumatran Fault, Si: Simeulue
Island. Red star indicates the epicentral location of the 2004 megathrust earthquake.

inCuence of upward guidance of slab-pull forces
near-trench post-2004 rupture, can lead to
northward shear within the slab (e.g., Liu et al.
1995) and is evident from the strike-slip seismicity there (Bgure 3).
The SHmax back rotation eAects are observed at
all the segments except at Nicobar. Interestingly,
in the early post-seismic period (2005–2007),
Nicobar region showed a drastic rotation in SHmax
from NNE–SSW to NNW–SSE (Bgure 5), with a
heterogeneous bootstrap solution (Bgure 4b(iii)).
This NNW–SSE SHmax orientation strikes similar
with the pre-existing stress Beld of the nearby
north-east WB (e.g., Cloetingh and Wortel 1986;
Delescluse et al. 2012; Aderhold and Abercrombie
2016). This change in SHmax orientation might be
because of the co-existence of WB stress Beld at the
fore-arc region of Nicobar segment. The late postseismic SHmax rotation is well observed in all the
segments of SASZ, after the 2004 megathrust,
except at Little Andaman, where data availability
is poor.

4.3 Stress relief and reloading
Co-seismic rotations of r1 and r3 are observed after
a megathrust rupture in several subducting plate
boundary zones where, the inter-seismic shallow r1
rotates steeper and a steeper r3 becomes shallower
(e.g., Hasegawa et al. 2011; Hardebeck 2012). A
back rotation to the previous inter-seismic period is
also observed in some cases, but not at every plate
boundary which showed a co-seismic rotation
(Hardebeck 2012). These rotations are associated
with the co-seismic stress drop and/or other postseismic processes like afterslips, poroelastic
rebound and viscoelastic relaxation (Hardebeck
and Okada 2018). During the 2004 Mw 9.2 Sumtra–Andaman megathrust rupture, the inter-seismic plunge of r1 co-seismically rotated from
 15°–21° to about 30 –40 along the SASZ.
Figure 6 shows temporal evolution and changes in
stress Beld along the SASZ during the period from
1976 to August 2019, in which the plunges of r1
(red circle) and r3 (blue triangle) are presented as a
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(a)

(b)

(c)

(d)

(e)

(f)

Figure 6. (a–d) Rotation of the maximum and minimum compressional axes plunges of r1 (red circles) and r3 (blue triangles) at
different time periods of respective segments (Pre-Seismic (1-Jan-1976 to 25-Dec-2004), Co-Seismic (26-Dec-2004 to 27-Mar2005) and Post-Seismic 1: 28-Mar-2005 to 11-Sept-2007, Post-Seismic 2: 12-Sept-2007 to 10-Apr-2012 and Post-Seismic 3: 11Apr-2012 to 1-Aug-2019). The large earthquake occurrences are marked as dashed red lines at respective event occurrence times.
(e) Co-seismic stress rotations, where h is the angle between the pre-seismic plunge of r1 and the dip orientation of the
megathrust interface. Dh is the change between the inter-seismic and co-seismic r1 . Theoretical values of the ratio of the stress
drop to the background deviatoric stress (Ds=s) and Dh as a function of h are based on (Hardebeck and Hauksson 2001). Slab dip
values at respective segments are based on Banerjee et al. (2007). (f) Estimated post-seismic stress rotations at the four SASZ
segments, where hpost is the angle of r1 to the megathrust interface during the Brst post-mainshock time period and Dhpost is the
stress rotation between the preceding and succeeding post-mainshock time periods. Theoretical values of Dhpost as a function of
hpost and (Dspost =spost ) are shown. Note the systematic reloading of stress at the Nicobars and North Sumatra and during the
initial post-seismic stages at Little Andaman. These estimations are based on FSI solution availability for any speciBc period or
segment.

function of time. The Bgure shows a well observed
rotation for r1 , which is shifted from a very lower
value at the pre-seismic period to a higher angle
after the mainshock. Simultaneously, a reduction
in r3 plunge from steeper to gentle is also observed.
A back rotation from the steep r1 to shallow is

observed in the early post-seismic phase at all the
segments except the North Andaman. These
observed co-seismic rotations and back rotations
are not equal in all the segments and hence indicate
spatio-temporally varying degrees of deformation
at different regions.
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The maximum co-seismic rotation is seen at the
Little Andaman region, which decreased towards
the south, from the Nicobar to North Sumatra. The
North Andaman region, where we could observe
only a minimal value of r1 or r3 rotations, was
showing a steeper r2 (i.e., r2 is the vertical stress
axis (rv )), rather than r3 being vertical, as normally seen during the pre-seismic period. Similar
scenario is also observed during the co-seismic and
later stages of post-seismic phases of North Andaman, which in-fact favours a strike-slip faulting
environment. In addition to the North Andaman,
similar post-seismic scenarios of steeper r2 is also
seen at Little Andaman.
The post-seismic stress rotation at SASZ seems
to be taking place with along-arc differences in
catching-up of r1 and r3 to the pre-seismic trends
(Bgure 7). The most significant post-seismic stress
rotation characteristics we observed are: (a) at
North Sumatra, Nicobar and Little Andaman segments, steeper co-seismic r1 plunges are returning
back towards the shallow trends in the early postseismic period itself. In addition, our stress rotation
models predict the near-complete back rotation of
r1 at the southern segments. At North Sumatra,
this trend continues to the later post-seismic periods as well. But, Nicobar shows a vertical r1
(r1 =rv ) in the later post-seismic phases, indicating
extensional forces. This observation depicts a
sudden transition of Nicobar stress regime to
extension with minor strike-slip component, than
the earlier compressional regime. At Little Andaman segment, the later post-seismic period has
vertical r2 and hence the reason for the increase in
strike-slip mechanisms or oblique nature in the
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faulting. (b) On the other hand, the co-seismic r1
does not rotate back at the Northern Andaman.
Here, the plunge of r1 increases again and favours
an extensional stress regime (r1 =rv ) in the early
post-seismic period itself. Comparing the plunge of
r1 and r3 , this segment shows always a steeper r1
and a shallower r3 .
A quick post-earthquake stress rotation is
possible for a near-complete co-seismic stress relief,
which leaves a small amount of background deviatoric stress at the initial stage of the post-seismic
period (e.g., Hasegawa et al. 2011). We checked the
inter-relation between the stress rotation and the
co-seismic stress relief (e.g., Hardebeck and
Hauksson 2001; Hardebeck 2012). The stress relief
is a function of pre-seismic r1 to the interface slab
dip (h) with the angle of rotation of r1 before and
after the megathrust event (Dh) and the ratio
between stress drop to the background deviatoric
stress, Ds/s. We found a variation in co-seismic
stress relief along the SASZ (Bgure 6e) where, the
stress relief was near-complete at the Nicobar and
continued towards North Sumatra regions. Our
analysis shows  80% of co-seismic stress relief at
the Little Andaman region, whereas North Andaman region relieved only  65% of the interseismic stress (Bgures 6e and 7).
Similar to co-seismic stress relief, post-earthquake stress reloading can be represented by
identical parameters like, the Dhpost on hpost and
Dspost on spost , where post-seismic stress reloading
of the fault is represented by negative Dhpost values.
Our post-seismic stress reloading models for the
North Sumatra region show a reloading eAect at
all the temporal spans and is still continuing

Figure 7. Synoptic view of stress axes and its rotations due to the 2004 Mw 9.2 Sumatra–Andaman megathrust rupture during
various phases of earthquake cycle. Left panel represents the pre-seismic era: note the shallow r1pre and a steeper r3pre plunges,
centre panel represents co-seismic stress axes rotation: here the r1co becomes steeper and r3co shallower. Dashed lines represent
the pre-seismic positions of respective axes. The right panel is for the post-seismic phase: Colour Blled arrows represent the postseismic r1 orientations of respective tectonic fore-arc segments of this study. Colour Bll represents the extent of co-seismic stress
relief at these respective segments. Black Blled line represents the co-seismic (r1co ) and dashed line pre-seismic (r1pre ) trends.
Note that the zones where r1 was returning towards the pre-seismic trends had a near complete or larger co-seismic stress reliefs.
The North Andaman segment has a post-seismic rotation moving away from the inter-seismic trend, where the co-seismic stress
relief was lesser.
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(Bgure 6f). Moreover, we could observe a reduction
in this reloading eAect with time, which is also
evident from the gradual returning of r1 plunge to
its pre-seismic phase (Bgure 6a). At the same time,
the Nicobar region shows higher reloading eAects
compared to North Sumatra, where the steeper coseismic r1 has returned to shallower, than that of
pre-seismic r1 plunge (Bgure 6b). But, later stress
rotation constraints on Nicobar post-seismic
reloading are hindered by insufBcient data. In the
case of Little Andaman region, the reloading eAect
is evident only during the initial stages of postseismic period (Bgure 6e). Interestingly, the postseismic deformation at the North Andaman region
behaves some what anomalous compared to all the
other segments. We were unable to constrain the
early post-seismic deformation pattern at this
region due to lack in data. But, our model does not
show any back rotation or reloading eAects in the
later post-seismic phases (Bgure 6e). It is pertinent
to note here that the segments where our models
predicted the maximum co-seismic stress relief are
the regions where quick post-seismic reloading
eAects are estimated.
Post-seismic stress rotations at a subduction
zone are cumulative expressions of poroelastic,
afterslip and viscoelastic deformations and each
can have considerable inCuence on the subduction
zone stress changes. There are variations in the
earthquake induced stress rotations, as these postseismic processes too differ over space and time
along any subducting boundary. For example, the
afterslip occurrences along the arc are believed to
occur mostly at the early post-seismic period.
Whereas, viscoelastic relaxation processes are largely driven by decadal scale processes. Interestingly, along the SASZ, geodetic observations as
well as rheological models have noted large inCuence of afterslips at the Little Andamans and North
Sumatra regions (e.g., Gunawan et al. 2014) and
prominent viscoelastic as well as poroelastic processes at both Sumatra and Nicobar regions (e.g.,
Hughes et al. 2010; Qiu et al. 2018). Our FSI
models are also predicting quick stress reloading at
the early post-seismic period of these segments.
Incidentally, the Nicobar region showed a very
high post-earthquake stress reloading, a region
where Gahalaut et al. (2008) and Gunawan et al.
(2014) suggest of frictional afterslip localization
towards the down-dip edges of the co-seismic rupture with considerable amount of reported poroelastic and viscoelastic deformations (e.g., Hughes
et al. 2010).
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The lack of post-seismic reloading eAects at the
North Andaman region synchronize well with the
low co-seismic stress relief there. The stress regime
here being dominantly strike-slip indicates the
prominence of obliquity eAects. This is even evident from the post-seismic northward SHmax rotations (Bgure 5). But, the reported afterslips from
this region conBrms significant post-sesimic deformation (e.g., Gahalaut et al. 2010; Paul et al.
2012). Our results indicate that the northward
compresive stresses due to the Indian plate motion
and its obliquity at this region are more prominent.
Thus, the low co-seismic stress relief, lack of postseismic back rotations, steeper r2 values and hyper
obliquity indicate prominence of right-lateral shear
motion than the margin-normal subduction at
North Andamans.

4.4 Back-arc stresses and 2004 rupture
The ASR region is primarily a pull-apart basin
with a present-day kinematic spreading rate of 37.4
mm/year (Raju et al. 2004) oriented NW–SE. The
pre-2004 seismicity was very much limited to
strike-slips at the back-arc regions of North
Sumatra and Nicobar segments and mostly with
normal faulting at the Little and North Andamans
(Bgure 3b). It is widely believed that the co-seismic
stress by the 2004 Sumatra–Andaman megathrust
rupture closed transforms and set-in rifting motion
in the ASR region (Sevilgen et al. 2012). Our FSI
solutions, for the pre-, co- and post-seismic phases,
bring-out the near vertical r2 at back-arc regions of
the North Sumatra and Nicobar segments, whereas
r1 is near vertical in the Little and North Andaman
back-arc segments (table 1). There is no change in
the stress regime of North Sumatra and NorthAndaman back-arcs during all these phases and the
regime is oblique-reverse and normal-oblique,
respectively. But in the Nicobar region, the FSI
solutions show an oblique-reverse stress regime at
the pre-seismic period which changed drastically to
an oblique-normal environment in the post-earthquake period, which is continuing till present. In
the case of the Little Andaman, the normal-oblique
stress regime shifted to a pure normal environment
and is continuing.
The inter-seismic SHmax orientations at the
SASZ back-arc regions show along arc variation,
where it is nearly parallel to the Indian plate convergence at the southern segments and oblique at
the northern segments (Bgure 5). The co-seismic
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NW SHmax rotations were observed in all the backarc segments. The North Andaman SHmax rotations are not constrained well due to the poor data
availability. The maximum co-seismic stress rotation is observed at Little Andaman back-arc
region, where it shows a near NS oriented normal
stress regime (Bgure 5). This transition from a
compressional to extensional environment is evident from the large amount of normal faulting
earthquakes reported from this region (Diehl et al.
2013). The minimum co-seismic stress rotation is
observed at back-arc region of Nicobar segment
which shows a drastic change in the pre-2004 stress
regime of oblique-reverse to oblique-normal environment. It is also noted that this region holds the
intersection of structural features, where the WAF
connects with ASR to the north and SF to south.
This particular region, has hosted a swarm of
seismicity with more than 150 earthquakes and is
the most energetic one recorded globally (Kamesh
Raju et al. 2007). The present day back-arc stress
orientation shows along arc differences with respect
to its inter-seismic counterparts. In both the
northern segments, the current stress orientation
merges well with that of the inter-seismic phase.
But the southern segments does not show this
catching-up of the inter-seismic stress orientation
(Bgure 5).

5. Conclusions
We present a quantitative analysis of the along-arc
spatio-temporal variability in the SASZ faulting
style, stress regimes and principal axes rotations
associated with the Mw 9.2 2004 Sumatra–
Andaman earthquake. The spurt in the mixed
nature of faulting post-2004 rupture represents the
along-arc changes in tectonic processes in response
to the megathrust rupture and associated stress
perturbations. Below listed are the major conclusions of our study.
We conclude that the North Andaman segment
has reverted to the inter-seismic oblique-reverse
stress Beld, after a short stint of extensional stress
regime. Presently the Little Andaman segment
has transformed as a pure extensional segment
from compression. The southern segments are
experiencing initial stages of an extensional regime
or tending towards such a scenario, where the
current stress regime at Nicobar is normal-oblique,
which favours an extensional stress regime with a
minor oblique component. The North Sumatra
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segment presently experiences compression, with
minimal obliqueness eAects. There is a spatial and
temporal variability in the along-arc extensional
stress regime which is prominent in the northern
segments.
Our FSI solutions conBrm spatio-temporally
varying SHmax orientations due to the megathrust
rupture, where the southern segments showed a
margin-normal co-seismic rotation which tend
towards a compressional environment. At the
northern segments, the SHmax rotated towards
margin-parallel and favours the northward drag of
the Indian plate motion to have a higher inCuence
on the post-seismic stress regime. The NNW SHmax
rotation in the Nicobar region from 2005 to 2007
suggests the inCuence of NE Wharton Basin stress
Beld at the fore-arc region of the Nicobar segment.
The present-day heterogeneous stress Beld at
North Sumatra and Nicobar fore-arcs may be
linked with the eAect of 2012 Wharton basin
events.
A co-seismic rotation of r1 and r3 plunges is
observed along the SASZ, where the inter-seismic
values of r1 increased from  15 to 21 to about
30 –40 . We observed a post-seismic back rotation
in all the segments, except the North Andaman.
These back rotations are catching-up the preseismic trends with some along-arc differences.
Co-seismically the r1 steepened and returned back
towards the shallow pre-seismic trends at the early
post-seismic period itself at the North Sumatra,
Nicobar and Little Andaman segments. In addition, we observed the near-complete back rotation
of r1 at the southern segments. On the other hand,
at northern segments, the r1 does not revert back
towards the inter-seismic counterparts.
The rapid post-seismic rotation in the Little
Andaman, Nicobars and North Sumatra are due to
the combined eAect of the post-seismic processes
like the afterslip, poroelastic rebound and viscoelastic relaxation, in addition to the co-seismic
stress relief, which is near-complete at the Nicobar
region followed by North Sumatra and Little
Andaman. The North Andaman region shows only
 65% of co-seismic stress relief. This lower stress
relief, lack of post-seismic back rotations with
steeper r2 axis and hyper obliquity at this region
indicate dominant northward compressive shear
stresses than the subduction process. Similar to the
post-seismic rotations, the stress reloading eAects
are also inCuenced by the co-seismic stress relief.
Our reloading models show significant stress
reloading at North Sumatra, Little Andaman and
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with a maximum at the Nicobar regions. The
North Andaman region does not show any signatures of stress reloading. Our model comparisons
indicate a strong correlation with the zones of the
maximum co-seismic stress relief and regions of
quick post-seismic reloading eAects.
The inter-seismic back-arc SHmax is nearly
parallel to the Indian plate convergence at southern segments and becomes oblique at the north.
Co-seismically, the SHmax rotated towards the NW
direction. During all the phases, there is no change
in the stress-regime of the North Sumatra and
North-Andaman back-arcs and is oblique-reverse
and normal-oblique, respectively. But, the obliquereverse stress regime during the pre-seismic period
of Nicobar back-arc presently continues to be an
oblique-normal stress regime. Similarly, in the
Little Andaman, the normal-oblique stress regime
shifted to a pure normal environment. In the
northern back-arc segments, the current stress
orientation merges well with that of the interseismic counterparts. But the southern back-arc
segments does not show this catching-up of the
inter-seismic stress orientation.
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