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for the tsunami source area, based on assumptions
of instantaneous rupture and total slip on the fault. If
we allow for the delay in tsunami excitation due to
finite rupture propagation time to the Nicobar re-
gion (È3 to 4 min), along with delay in excitation
due to finite-slip rise time (1 to 5 min), the effective
tsunami source area may extend to 10-N, giving a
total source region about 800 km long.
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S P E C I A L / R E S E A R C H A R T I C L E

Rupture Process of the 2004
Sumatra-Andaman Earthquake

Charles J. Ammon,1* Chen Ji,2 Hong-Kie Thio,3 David Robinson,4 Sidao Ni,5,2 Vala Hjorleifsdottir,2

Hiroo Kanamori,2 Thorne Lay,6 Shamita Das,4 Don Helmberger,2 Gene Ichinose,3 Jascha Polet,7 David Wald8

The 26 December 2004 Sumatra-Andaman earthquake initiated slowly, with small
slip and a slow rupture speed for the first 40 to 60 seconds. Then the rupture ex-
panded at a speed of about 2.5 kilometers per second toward the north northwest,
extending 1200 to 1300 kilometers along the Andaman trough. Peak displacements
reached È15 meters along a 600-kilometer segment of the plate boundary offshore of
northwestern Sumatra and the southern Nicobar islands. Slip was less in the north-
ern 400 to 500 kilometers of the aftershock zone, and at least some slip in that
region may have occurred on a time scale beyond the seismic band.

Seismic waves are excited by rapid and varying

sliding motions that initiate with a frictional

instability. Slip begins as the rupture front

spreads across the fault with a velocity usually

less than the ambient shear wave speed. Both

rupture propagation and local slip history (the

temporal variation and total slip at a particular

position on a fault) influence the frequency and

strength of radiated seismic waves. Different

positions on the fault generally have different

displacement histories, including variations in

the rate and amount of slip. Seismic waves

sense these differences, and by using ground

motions observed far from the source seismol-

ogists can reconstruct the spatial and temporal

slip history of faulting.

Several phenomena affect seismic wave

excitation during faulting. One is the stress drop

at the rupture front. As the rupture front

expands, short-period P and S waves are

generated from the local stress reduction. For

large events, these waves can be used to map

the earthquake_s rupture expansion. The speed

of rupture front propagation, which can be

related to the energy partitioning during the

faulting process, is an important quantity. The

potential energy released during earthquakes is

partitioned into seismic radiation, mechanical

processes such as creation of fractures, and

frictional heat (1). The amount of heat gen-

erated by frictional processes during the rup-

ture depends on the absolute stress, total slip,

and rupture area. The partitioning of energy

between mechanical processes and seismic

radiation varies from earthquake to earthquake

and provides one method of classifying

different faulting processes. Fast ruptures can

be associated with a relatively large fraction of

seismically radiated energy (1, 2). For many

well-studied earthquakes, the rupture speed is

70 to 95% of the shear wave velocity, but

important variations have been observed as

complex ruptures cross fault-segment bounda-

ries (3). Another important observation is the

spatial pattern of slip in large earthquakes. For

many shallow earthquakes, slip near the

hypocenter is relatively small, indicating to

some extent that the earthquake began at a

weak region and grew into a much larger event

(1). These observations are extracted from

analysis of the seismic wave field. The 26

December 2004 Sumatra-Andaman and the 28

March 2005 earthquakes (4) produced the

most extensive high-quality broadband seismic

data ever recorded for great earthquakes. Here,

we exploit signals across a broad bandwidth

and every part of the seismic wave field to

construct an integrated seismic view of these

earthquake ruptures. Our focus is on the first

and larger of the two events.

Short-period P-wave directivity. Short-

period P-wave radiation (5) for large earth-

quakes provides direct information about the

rupture front propagation. The energy radiated

by an expanding rupture front can be observed

with the use of the global seismic networks

(6 ) or regional seismic and hydroacoustic

arrays (7–9). One of the simplest measures

that can be made is the duration of short-

period P-wave radiation from the source

region (10, 11). For a long-duration earth-

quake, a major challenge for P-wave analysis

is the interference of later-arriving seismic

waves reflected from the surface and disconti-

nuities in the Earth with P waves radiated

from later portions of the rupture. Fortunately,

most secondary phases involve additional path

segments in the highly attenuating upper man-

tle, and their short-period content is sup-

pressed (12). Applying a high-pass filter can

reduce the effects of secondary arrivals. The

durations of short-period P waves will be short-

er in the direction of rupture propagation and

longer in the direction away from the mov-

ing source (the rupture front). Data for the

Sumatra-Andaman earthquake (Fig. 1) indi-

cate a north-northwest rupture propagation

with a speed of about 2.5 km/s and an overall

fault length of 1200 to 1300 km, a length con-

sistent with the aftershock distribution (4).

The amplitude of the short-period wave-

forms generated during the rupture also var-

ied about a relatively uniform level. At least

three large (from 50 to 150 s, 280 to 340 s, and

450 to 500 s) and several additional seismic
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