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ABSTRACT
Spatial variation of the occurrences of large and great earthquakes along the subduction margin 
can be linked with various plate tectonics parameters viz. converging plate velocity vector, plate 
obliquity, age of the subducting plate, depth of plate flexing and inter-plate coupling. Present 
study addresses many of these parameters for understanding the seismotectonic status along the 
eastern subduction margin (i.e., Mayanmer-Andaman-Sumatra) of India analyzing earthquake 
dataset with magnitude mb > 4.5 taken from the Harvard Centroid Moment Tensor (CMT) 
catalogue for the period starting from January 01, 1976 to December 09, 2009. The dataset was 
divided into two categories: pre- and post-events based on the occurrence of 26 December 2004 
off Sumatra mega-event (Mw = 9.3). The study area between Myanmar and Sumatra was divided 
into 12 sectors based on plate obliquity.

Analysis shows that area near Sumatra record highest seismicity concentration, and area 
past the north Andaman has least concentration, preceding the 2004 mega-event, and further 
increases marginally towards north. Instead, following the mega-event, concentration though 
decreases towards north, phenomenally reduces past the sector 7 (near the central part of the 
arc). The seismic moment energy release decreases more than two orders of magnitude past the 
sector 7 towards north during post-seismic deformation phase. It is, thus, may be inferred that 
stress energy was mainly confined between Sumatra and Andaman after the 2004 event. These 
observations are clearly accounted for tectonic subdivision of the margin into northern and 
southern near transition zone around the central part of the arc. It was also appreciated in the 
literature that the transition zone apparently countered spreading motion of the Andaman Sea 
in the back-arc area. It was furthermore reported that the 2004 off Sumatra mega-event rupture 
did not move further towards north past the North Andaman area. It is thus, may be proposed 
that the two arcs along this subduction margin are tectonically playing differently behind the 
generation of moderate earthquakes along this margin. 

INTRoduCTIoN

The Myanmar-Sumatra subduction margin, concern 
of the present study, extends over 3000 km with a 
lateral dimension of ~200 km (Fig. 1a). It appears to 
be a transitional domain between the zones of frontal 
subduction of the Indo-Australian plate beneath the 
northeast Himalaya in the north and the Java arc 
in its south, and is characterized by widely varying 
subduction character all along this margin (Le Dain 
et al., 1984; Maung, 1987; McCaffrey et al., 2000; 
Dasgupta et al., 2003). The  26  December 2004 off 
Sumatra earthquake was the first giant earthquake 
(moment magnitude Mw > 9.0) to have occurred 
since the advent of modern space-based geodesy 

and broadband seismology at the south of this 
transition domain, and has provided an unprecedented 
opportunity to understand the features viz. rupture 
evolution, tsunami generation, geoid changes, co- and 
post-seismic deformation, changes in the rotation 
and oblateness of the Earth, etc. (Ammon et al., 
2005; Ishii et al., 2005; Lay et al., 2005; Kreemer 
et al., 2006; Subarya et al., 2006; Khan, 2007). The 
rupture propagation character from the source region 
was resolved effectively (Ishii et al., 2005; Kruger 
and Ohrnberger, 2005; Lay et al., 2005), and the 
rupture processes and tsunami generation have been 
understood in terms of along-trench change in plate 
geometry as well as plate driving forces (Khan, 2007, 
2010). Source dynamics/kinematics was explained, 
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Figure 1. Map on the right showing various physiographic and tectonic features around the Myanmar-Andaman- 
Sumatra subduction margin (after Curray, 2005). The dashed block on the left map (after Tapponnier et al., 1982) 
represents the study area. Left bottom solid arrow indicates Indian plate velocity vector and right top open arrow 
is for major block motion with respect to Siberia since the Miocene. Open triangles represent the significant 
historical earthquakes of three different magnitudes. Note the preferential incidences of mega-events near Sumatra. 
Also note the absence of any great historical earthquake in the central part of the arc. 
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and the associated estimated parameters did not 
support the interplate hypothesis for subduction zone 
mega-shocks. Aftershock distribution following this 
2004 earthquake though was studied under local 
scale, never been attempted on regional perspective. 
Historic database for the occurrences of great 
earthquake events over last 200 years reveal their 
preferential confinement in the northern and southern 
parts of Myanmar-Andaman-Sumatra tectonic belt 
(e.g., 1950 Assam, MW = ~8.8; 2004 Sumatra; 2005 
Sumatra, MW = 8.6) (Fig. 1b). In contrast, no great 
earthquakes have occurred towards its central part 
and the gap in seismicity (Khan et al., 2010) was 
explained in terms of margin tectonic variation from 
south to north between Sumatra and Myanmar. In 
the present study, we have addressed issues like the 
spreading of aftershocks along the entire Myanmar-
Andaman-Sumatra margin, relationship between 
pre- and post-seismicity distribution, and possible 
tectonic controls on their distribution. 

It was suggested that the processes underpinning 
the earthquake activities along subduction margins 
are normally understood in terms of dip and age of 
subducting plate, plate obliquity, subduction rate, etc. 
(Khan and Chakraborty, 2005, 2009 and references 
therein). Many researchers have interpreted the 
earthquake rupture propagation and the along-strike 
variation in seismic activity in terms of several plate 
tectonic parameters i.e. plate converging velocity, age 
of the subducting plate, dip of the Benioff zones, 
nature of crust of the upper plate, etc. (Ben-Menahem 
et al., 1974; Jarrard, 1986; Newcomb and McCann, 
1987; McCaffrey et al., 2000; Dasgupta et al., 2003; 
Khan, 2005, 2007). The variation in the penetration-
depth of seismic activity and inconsistency in the 
lateral dimension of the seismic-contours along the 
Myanmar-Andaman-Sumatra margin are also being 
explained in terms of similar tectonic parameters 
(Dasgupta et al., 2003). In the present study, a 
qualitative assessment of along-strike unusual 
stress accumulation under pre- and post-seismic 
deformation is also attempted.  

RegIoNAl TeCToNIC FRAMewoRK

Internal deformation and crowding of a number of 
oceanic and continental sub-plates at the leading 
edge of indenting Indian subcontinent framed the 
complex Cenozoic tectonics of Southeast Asia (Fitch, 
1972; Mitchell, 1981; Tapponnier et al., 1986; Hall, 

1996, 2002). Subduction is considered to have started 
along the western Sunda arc following the break-up of 
Gondwanaland in the early Cretaceous (Scotese et al., 
1988). Deformation of Eocene-Oligocene-Miocene-
Pliocene sediments on the Andaman Islands, accretion 
of Cretaceous-Eocene sediments, arc volcanic activity 
in the Miocene-Pliocene, and the occurrence of 
young volcanoes in the Andaman and Nicobar 
islands suggest that subduction-related processes 
in the Myanmar-Java Trench were operative either 
continuously or intermittently from the Cretaceous 
onwards (Pal et al., 2003; Chakraborty and Khan, 
2009). Myanmar-Andaman-Sumatra subduction 
margin, concern of the present study, belongs to a 
transitional domain delimited by the zones of frontal 
subduction of the Indian plate beneath the Himalayas 
and the Australian plate beneath the Java arc 
(Gansser, 1981; Curray, 2005). Along-strike tectonic 
characterization of the Sunda plate margin reveals i) 
increase in the converging plate obliquity exceeding 
critical limit (200±50, McCaffrey, 1992) between 2 
and 4°N latitudes (Khan and Chakraborty, 2005), 
and ii) youngest age for the subducting oceanic crust 
(~47 Ma) in the northwest Sumatra region (~67 
and ~120 Ma ages around the north Andaman and 
northern Myanmar regions) (Müller et al., 1997). The 
convergence obliquity between the Indian and Asian 
plates is primarily being accommodated by several 
on-land strike-slip fault systems (e.g., Sagaing Fault, 
Semangko Fault, West Andaman Fault, Kabaw Fault, 
etc.) (cf. Mitchel and McKerrow, 1975; Diament et 
al., 1992) developed all along the margin. It is also 
appreciated (Replumaz and Tapponnier, 2003; Khan, 
2005; Khan and Chakraborty, 2005) that the widely 
varying plate-dip-angle, subduction rate and plate 
convergence obliquity forced the opening of several 
basins (e.g., Mergui-Sumatra, Andaman, Central 
Myanmar Basins, etc.) on the overriding Asian 
plate between Myanmar and Sumatra over different 
tectonic episodes.    

From north to south the tectono-geomorphic belt 
is represented by the Myanmar orogen at the north 
and runs southward to Andaman and Nicobar Islands 
and further south to the Mentawai islands, southwest 
Sumatra. Myanmar and India were juxtaposed 
since the end of Eocene times (Mitchell, 1985); the 
arc and forearc development of the Andaman and 
Nicobar Islands can have parallels with the southern 
part of subduction complex, i.e. Sumatra and Java. 
The dextral displacement along the Sagaing fault 



Prosanta Kumar Khan, Anand Mohan and Suparna Chowdhury

90

and spreading of the Andaman Sea accelerated the 
separation of the Myanmar plate from northwest 
Sumatra in the middle Miocene (Maung, 1987; Hall, 
2002). Sumatra, forming the southwestern margin of 
Sundaland, is constituted of fragments of continental 
plates and magmatic arcs that were derived from the 
Gondwana during the late Paleozoic and Mesozoic 
(Metcalfe, 1996; Barber and Crow, 2003). The 
Myanmar orogen is subdivided into Eastern Highland 
(Shan Plateau), the Central Lowland and the Indo-
Myanmar Ranges on an east-west transect (Mitchel 
and McKerrow, 1975; Bertrand and Rangin, 2003). 
The north-south running Sagaing fault separates the 
Shan plateau from the Central Trough; the Kabaw 
fault delimits the Central Lowland from the Indo-
Myanmar Range. Besides, the north-South running 
right-lateral fault systems, the other salient features 
include i) andesitic volcanism between Eastern and 
Western Troughs of Central Lowland, and ii) ~ 400 
km westward offsetting of the Irawaddy River from 
its former, the Chindwin River (Maung, 1987). A 
number of N-S-trending dismembered ophiolite slices 
of Cretaceous age, occurring at different structural 
levels with Eocene trench-slope sediments, were 
uplifted and emplaced by a series of E-dipping thrusts 
(Pal et al., 2003). Frontal accretion eventually led 
to a gradual increase in the slope of the wedge and 

ultimately to extension during late Eocene-Oligocene 
times (Pal et al., 2003; Chakraborty and Khan, 2009). 
Subsequently, E–W normal and N–S strike-slip faults 
resulted in the development of a forearc basin with 
deposition of Oligocene and Mio-Pliocene sediments 
(Metapelites and metabasics of green schist to 
amphibolite grade in a melange zone of ophiolites).  

dATA, MeThodology ANd ReSulTS

The earthquake data (mb 4.5) were taken from 
Harvard Centroid Moment Tensor (CMT) catalogue 
for the period between January 01, 1976 and 
December 09, 2009. The whole dataset has been 
divided into two groups viz. pre- and post-events 
with respect to the occurrence of 26 December 2004 
off Sumatra mega-event. The study area is divided 
into 12 sectors (S1-S12) based on the plate obliquity 
and trends of major tectonic elements. A relative 
comparison of seismic activities between sectors 
along the Myanmar-Andaman-Sumatra margin has 
been assessed (Table 1, Figs, 1 & 2). Furthermore, 
the moment energy release per unit arc length per 
year between segments along this margin has also 
been compared.

Figure 2 illustrates the distribution of moderate 
magnitude earthquakes along the Myanmar-

Sector Arc Length (km) Plate Obliquity 
(deg.)

No. of Historical 
Event

No. of Pre-Event No. of Post-
Event

Sector 1 386 131 4 9 1

Sector 2 333 93 9 39 5

Sector 3 319 75 6 31 5

Sector 4 206 58 1 9 3

Sector 5 359 62 2 11 3

Sector 6 306 85 0 8 3

Sector 7 326 105 1 15 24

Sector 8 286 75 2 16 13

Sector 9 326 55 0 35 82

Sector 10 566 50 3 80 153

Sector 11 426 40 4 67 122

Sector 12 433 18 5 41 71 

Table 1. Sector specific arc-parameters and the pre- and post-seismicity concentrations along the Myanmar-Andaman-
Sumatra subduction margin. 
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Sumatra subduction margin. It is observed that the 
concentrations of pre- and post-seismic activities 
in different sectors are not of similar character, 
with respect to the locations of different tectonic 
elements. In sectors 1-5 (Fig. 2a-e), no specific trend 
of distribution is observed, and however, in sectors 
7-12 (Figs. g-l), the pre-seismic activities are more 
dominant in areas away from the trench-axis and the 
post-seismicity is likely shifted towards the trench 
areas. Before the incidence of 2004 off Sumatra mega-
event, the maximum seismicity concentration was 
noted in sectors 10 and 11 (i.e., 80 and 67, Table 
1), and the similar trend with relatively phenomenal 
change observed for post-seismic events (i.e., 153 
and 122, Table 1) in those sectors. Relatively lower 
level of seismic activities with nearly similar order 
of jump is noted in sectors 9 and 12 both towards 
south and north. Further towards north in sectors 7 
and 8, although the seismicity has decreased sharply, 
a minimum is noted in sector 6 (i.e., 8 events) and 
becomes maximum in sector 2 (i.e., 39 events) under 
pre-seismic regime (Table 1), and more surprisingly, 
the activities have not increased under post-seismic 
dynamic stress condition (cf. Khan, 2007) beyond 
sector 6 towards north. 

Figure 3 illustrates the annual seismic moment 
energy release per unit arc-length in different sectors 

along the margin. In the release pattern, a seismic 
transition in sector 6 is identified. The transition 
divides the entire subduction margin into two clear 
tectonic domains, namely, south and north. Under 
post-seismic status (i.e., dynamic stress regime) 
of this part of Sunda subduction margin, a sharp 
change of average seismic moment energy release 
(more than two-orders), is noted between north and 
south domains, (cf. Fig. 2), while a relatively very 
small change in average energy release (less than 
one-order) is noted under pre-seismic status between 
the domains.

dISCuSSIoN ANd CoNCluSIoNS

Stress energy release in the form of moderate to great 
earthquake incidences along subduction margins 
are usually correlated with age and speed of the 
descending plate (Uyeda and Kanamori, 1979; Ruff 
and Kanamori, 1980). Later studies based on more 
reliable dataset revealed these correlations to be 
less compelling (Pacheco et al., 1993) or possibly 
related to nonmechanical factors (McCaffrey, 1997). 
The major seismic energy bursts near Sumatra and 
Car-Nicobar with a minimum energy release near 
Great Nicobar (Ishii et al., 2005) do not corroborate 
with these relationships. Several other plausible 

Figure 2. Maps (a-l) showing the distribution of seismicity in different sectors (S1-S12) along the margin.
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mechanical explanations were suggested (Ruff, 1989; 
McCaffrey, 1993; Scholz and Campos, 1995; Ruff and 
Tichelaar, 1996), but all have significant exceptions 
when compared to the actual earthquake history. 
Recent studies of Khan and Chakraborty (2009) 
and Khan (2010) clearly reveal the bearing of plate 
geometry, plate rheology and plate driving forces 
on the incidence of 2004 off Sumatra mega-event. 
Khan (2007) also showed the preferential release of 
seismic energy compatible with plate obliquity and 
plate deformation variations for the region between 
Sumatra and Car-Nicobar. In other studies of Khan 
(2005), Khan and Chakraborty (2005) and Khan et al. 
(2010), the depth of flexing of the descending Indian 
oceanic lithospheres and the depth of continuity 
of earthquake activities in different sectors from 
Sumatra to Myanmar were identified and correlated 
with the plate obliquities and subduction rates of the 
slab.  It is thus imperative to state that the change 
in orientation of the strike of trench, relative plate 
convergence and the geometry of the descending 
lithosphere must have a definite role on the release 
of seismic energy in the form of moderate to great 

earthquakes along this margin.
The highest seismicity concentration near 

the Sumatra region appears to be correlated with 
the shallowest depth of flexing of the descending 
lithosphere (~25 km depth) and minimum plate 
obliquity (~18°) between Myanmar and Sumatra 
(Khan and Chakraborty, 2005). The nucleation with 
~ 15 m slip initiated from a depth of ~ 25 km in 
the descending lithosphere in Sumatra area triggered 
~ 30 m high Tsunami. The second energy burst with 
~5 m slip was accompanied with the zone of deeper 
level of flexing near Car-Nicobar area, and towards 
further north the rupture died out rapidly. The dying 
out or stopping of rupture near North Andaman 
may be correlated with the northeastward veering 
of Andaman Sea Ridge (ASR) and the uplifting of 
oceanic crust in post-middle Miocene time in the 
form of Alcock and Sewell seamounts, and possibly 
controlled the plate curvature changes past the North 
Andaman. It is thus may be proposed that the double 
arc (Maung, 1987) is clearly divided by a tectonic 
transition zone at the central part and that is not 
allowing the stress transfer between south and north. 

Figure 3. Plot showing the sector-specific distribution of annual seismic moment energy per unit length of the 
arc. AB and A’B’ and CD and C’D’ are average levels of seismic moment energies released under post- and pre-
seismic stress regimes. Note the sharp change (AB to A’B’) in average energy from northern to southern part of 
the arc under post-seismic stress regime.
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The sudden drop in concentration of seismicity and 
depth of continuity of earthquake events for both 
pre- and post-seismic deformation, and the sharp 
change of average seismic moment energy release 
from south to north segment under post-seismic 
deformation near the central part of the arc clearly 
support this observation. 
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