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[1] The 2004 Aceh and 2005 Nias events are the two greatest earthquakes of the past 40 years with a total
rupture of 1700 km long and a coseismic slip reaching up to 25 m. These two earthquakes have caused
large stress perturbations which significantly altered seismic activity in the Sumatra-Andaman region.
Using both detailed mapping of failure planes and various slip distributions, we calculate this stress change
along the Sumatra-Andaman-Sagaing fault system from central Sumatra to southern Myanmar. The static
Coulomb stress change DCFF and the observed seismic activity are in very good agreement with a
Coulomb index � 20% greater than the one obtained for random events. Compared to previous studies,
this high Coulomb Index confirms two important issues on the use of static stress change criterion:
unsuited to study near-field aftershocks and only relevant for aftershocks analysis on large and mature
faults at a time scale of several months. The calculated DCFF distribution suggests that the 2004 and 2005
earthquakes inhibit failure on the North Andaman rift and on the Sagaing fault, while failure is encouraged
along the transform Andaman zone, the central Andaman rift, the West Andaman fault, the Sumatra fault
system, and the offshore thrust faults west of Sumatra Island. The maximum value of �15–20 bar (1.5–
2 MPa) forDCFF is reached in the northern part of the Sumatra fault system. This high value together with
the lack of major earthquake in the last 170 years result in a high seismic hazard for this region. Our results
are also consistent with temporal evolution of both earthquakes’ location and focal mechanism prior to and
after the events. In particular, we explain the occurrence and the mechanism of seismic swarms observed in
the central Andaman rift and along the west Andaman fault. Finally, our calculations reveal that the
seismicity in the Andaman rift zone can only be explained if m0 > 0.5. This result leads to two end-member
models: one with a constant and high fault friction and one with spatial variations, for which friction may
depend on either the nature of the lithosphere (oceanic versus continental) or the fault type.
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1. Introduction

[2] The Sunda-Andaman megathrust is one of
the most seismically active structures in the
world, with great earthquakes often followed by
destructive tsunamis. Seismicity results from the
subduction of the India and Australia plates
beneath the Eurasia plate, which includes the
Andaman microplate and Sunda subplate in South-
east Asia (Figure 1). The convergence rate
decreases northward from �56 mm/a in the
Sunda Strait to �37 mm/a offshore south Myanmar
[Socquet et al., 2006; Delescluse and Chamot-
Rooke, 2007]. Because of the large north component
of the India-Australia plate motion, convergence
becomes increasingly oblique from south to north
along the Sumatra and Andaman trenches, which
results in the activation of large-scale shear struc-
tures including the Sagaing fault, the Andaman rift
zone, the West Andaman fault and the Sumatra fault
system (called the Sagaing-Andaman-Sumatra fault
system hereinafter).

[3] Over the last century and before 2004, most of
the large subduction events occurred off the Suma-
tra island and, with the exception of the 1941
event, no major earthquake had been recorded to
the north between Sumatra and Myanmar
(Figure 1). Unfortunately, the 26 December 2004
Mw 9.2 Aceh earthquake released a large amount of
accumulated strain on this northern portion of the
megathrust, which caused one of the worst natural
disasters in modern history. This giant rupture
apparently triggered three months later a second
great earthquake, the Mw 8.7 Nias event, along the
Sunda subduction zone [Nalbant et al., 2005].

[4] It has been observed for more than a century
that aftershocks occur in the vicinity of the main
shock rupture zone [Omori, 1894] and it is now
widely accepted that there is a positive correlation
between the coseismic stress change and the loca-
tion of the subsequent events [e.g., Das and Scholz,
1981; Stein and Lisowski, 1983; Hill, 1993; Harris,

1998; Steacy et al., 2005]. It thus seems natural to
investigate the stress changes associated with the
2004 Aceh and the 2005 Nias earthquakes in order
to evaluate the seismic hazard in the Sumatra-
Andaman region. Under Coulomb failure theory,
previous studies have mainly focused on the stress
change on the Sunda thrust as well as on the
Sumatra fault system [e.g., McCloskey et al.,
2005; Nalbant et al., 2005; Gahalaut, 2005; Pollitz
et al., 2006]. Surprisingly little is known about the
state of stress on the Andaman thrust [Mignan et
al., 2006] and there is no published study of the
normal and strike-slip faults in the region between
Sumatra and Myanmar as well as the offshore
structures in the west of the Sumatra Island.

[5] Here we investigate the stress change on these
structures using detailed 3D description of fault
geometry and a wide set of slip distribution
recently proposed for the 2004 Aceh and the
2005 Nias earthquakes [Vigny et al., 2005; Briggs
et al., 2006; Chlieh et al., 2007; Rhie et al., 2007;
Fujii and Satake, 2007; Banerjee et al., 2007; C. Ji,
Preliminary result of the Mar 28, 2005 Mw 8.68
Nias Earthquake, 2005, available at http://
www.geol.ucsb.edu/faculty/ji/big_earthquakes/
home.html]. Using the earthquakes relocated by
Engdahl et al. [2007] in a time span of 2 years after
the 2004 Aceh earthquake, we discuss the effect of
both Aceh and Nias earthquakes on the Coulomb
stress change distribution along the Sagaing-Anda-
man-Sumatra fault system. Finally, assuming that
the static Coulomb stress is a reliable criterion to
describe the location of seismicity after a major
earthquake, we assess the distribution of field-scale
friction along these major structures.

2. Method and Data

2.1. Coulomb Stress Change Calculation

[6] A common criterion for aftershocks occurrence
is the static Coulomb stress change [e.g., King et
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al., 1994; Stein, 1999],

DCFF ¼ Dt � m Dsn �DPp

� �
; ð1Þ

which states that an increase of DCFF could
promote failures nearby rupture zone. Here Dt is
the static shear stress change on the failure planes
(positive in the direction of fault slip),Dsn the static
normal stress change (positive if the fault is

clamped), DPp the change in pore fluid pressure
(positive in extension), andm the friction coefficient.

[7] According to Rice and Cleary [1976] the pore
pressure change in an undrained poroelastic medi-
um is related to the mean stress change DP by

DPp ¼ BDP ¼ BDsii=3 ð2Þ

Figure 1. Simplified tectonic map showing the major faults of the Andaman-Sumatra region. SF, Sagaing Fault;
NAR, North Andaman Rift; ATZ, Andaman Transform Zone; CAR, Central Andaman Rift; WAF, West Andaman
Fault; SEU, Seuliman Fault; BT, Batee fault; EB, Equatorial Bifurcation; SFS, Sumatra Fault System; MF, Mentawai
Fault. White stars indicate the location of the largest earthquakes of the last century. Black arrows give the plate
velocities India/Australia relative to Sunda [Socquet et al., 2006; Delescluse and Chamot-Rooke, 2007].
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where sii indicates summation over the diagonal
elements of the stress tensor and B is the Skempton
coefficient. Using equations (1) and (2) the
Coulomb stress change is given by

DCFF ¼ Dt � m Dsn � BDsii=3ð Þ: ð3Þ

[8] Assuming that the change in the mean stress is
proportional to the normal stress change [see
Cocco and Rice, 2002, and references therein]

BDsii=3 ¼ B0Dsn; ð4Þ

equation (3) is commonly replaced by

DCFF ¼ Dt � m0Dsn; ð5Þ

where m0 = m(1 � B0) is the effective friction
coefficient.

[9] Here we describe the previously published
rupture zones by a surface of displacement dis-
continuities in isotropic homogeneous half space.
Each dislocation induces a 3-D stress change field,
which is estimated from the analytical solution of
Okada [1992] using a Poisson ratio v = 0.25 and a
Young modulus E = 75 GPa. The calculation of the
static Coulomb stress change thus requires a well-
constrained coseismic rupture (geometry and slip
distribution) to estimate the static stress change
within the crust, a good knowledge of the failure
planes to calculate both normal and shear stress
change, and information on both friction and
poroelastic properties in the area of interest.

2.2. Rupture Zone and Slip Distribution

2.2.1. Geometry

[10] The geometry of rupture zones is usually
inferred from geological studies, seismic profile
or background seismicity. For the 2004 Aceh and
the 2005 Nias earthquakes the geometry of the
rupture zone is not well constrained. It is mainly

delineated from the geometry of the Andaman-
Sunda trench and from relocated seismicity [Engdahl
et al., 1998], Global CMT of aftershocks and back-
ground earthquakes. This leads to slight differences
between the proposedmodels. For instance,Chlieh et
al. [2007] andRhie et al. [2007] consider a northward
increase in dip angle from �11� to �18�, whereas
Fujii and Satake [2007] used a constant dip angle of
10�. Here, to overcome this issue several geometries
with various degrees of complexity will be tested (see
Table 1).

2.2.2. Slip Distribution

[11] The proposed slip distributions of the 2004
Aceh and the 2005 Nias earthquakes have been
obtained from the inversion of various data sets,
which include GPS displacements, coral observa-
tions, long-period teleseismic data, tide gauge
records and satellite altimetry measurements. Here,
we test three different slip distributions for the
2004 Aceh earthquake (Figure 2) and three for
the 2005 Nias earthquake (Figure 3). Note that we
study the seismicity in time periods of three
months and 2 years after the 2004 Aceh earth-
quake. We thus favor models that include afterslip.
For instance, we use the slip distribution of model
G-M9.22 proposed by Chlieh et al. [2007], which
represents the motion due to the earthquake and
30 days of postseismic deformation.

[12] Altogether the tested slip distributions show
common features: for the 2004 Aceh earthquake,
(1) the rupture is �1300 km long, (2) the maxi-
mum slip is �25 m, and (3) the high-slip patch is
centered 50 km northwest of the epicenter. For the
2005 Nias earthquake, (1) the rupture is �400 km
long, (2) the maximum slip is �10 m, and (3) the
depth of the high-slip patch is �30 km.

[13] However, these slip distributions are quite
different in detail. Inversion of tide gauge and
satellite data [Fujii and Satake, 2007] provides
for the Aceh rupture low slip in the Nicobar Island

Table 1. References of Coseismic Slip Distributions Used in This Study

Nias Earthquakea

Aceh Earthquakeb

Chlieh et al. [2007] Rhie et al. [2007] Fujii and Satake [2007]

Briggs et al. [2006] model 1 model 4 model 7
C. Ji (Preliminary result of the Mar 28, 2005 Mw 8.68
Nias Earthquake, 2005, available at http://www.geol.
ucsb.edu/faculty/ji/big_earthquakes/home.html)

model 2 model 5 model 8

Banerjee et al. [2007] model 3 model 6 model 9

a
See Figure 3.

b
See Figure 2.
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