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[1] The Mw 7.9 Wenchuan earthquake of 12 May 2008 was the most destructive Chinese earthquake since
the 1976 Tangshan event. Tens of thousands of people were killed, hundreds of thousands were injured,
and millions were left homeless. Here we infer the detailed rupture process of the Wenchuan earthquake by
back-projecting teleseismic P energy from several arrays of seismometers. This technique has only recently
become feasible and is potentially faster than traditional finite-fault inversion of teleseismic body waves;
therefore, it may reduce the notification time to emergency response agencies. Using the IRIS DMC, we
collected 255 vertical component broadband P waves at 30–95� from the epicenter. We found that at
periods of 5 s and greater, nearly all of these P waves were coherent enough to be used in a global array.
We applied a simple down-sampling heuristic to define a global subarray of 70 stations that reduced the
asymmetry and sidelobes of the array response function (ARF). We also considered three regional
subarrays of seismometers in Alaska, Australia, and Europe that had apertures less than 30� and P waves
that were coherent to periods as short as 1 s. Individual ARFs for these subarrays were skewed toward the
subarrays; however, the linear sum of the regional subarray beams at 1 s produced a symmetric ARF,
similar to that of the groomed global subarray at 5 s. For both configurations we obtained the same rupture
direction, rupture length, and rupture time. We found that the Wenchuan earthquake had three distinct
pulses of high beam power at 0, 23, and 57 s after the origin time, with the pulse at 23 s being highest, and
that it ruptured unilaterally to the northeast for about 300 km and 110 s, with an average speed of 2.8 km/s.
It is possible that similar results can be determined for future large dip-slip earthquakes within 20–30 min
of the origin time using relatively sparse global networks of seismometers such as those the USGS uses to
locate earthquakes in near–real time.
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1. Introduction

[2] The Mw 7.9 Wenchuan earthquake of 12 May
2008 occurred at the eastern margin of the Tibetan
plateau. It was felt as far away as Shanghai, a
distance of 1,700 km, and it led to 374,640 injuries,
17,939 missing, at least 69,225 deaths, and left
about 5 million people homeless as of 11 August
2008 (SinaNewsAgency, http://news.sina.com.cn/z/
08earthquake/index.shtml, last accessed 24 October
2008). It was the deadliest Chinese earthquake since
the 1976 Tangshan event, and the second most
deadly earthquake in this century after the 2004
Sumatra earthquake.

[3] After a large earthquake, one of the most
important tasks for earthquake monitoring agencies
is to determine a finite source rupture model as
quickly as possible so that a map of regions with
the strongest shaking can be provided to guide
emergency response and rescue. In many cases, the
epicenter is not the most severely damaged region.
For the Wenchuan earthquake the region of max-
imum slip was offset from the epicenter by tens of
kilometers, and the rupture continued for over
250 km northeast of the epicenter. This complicated
early relief efforts, which had initially concentrated
resources in the immediate vicinity of the epicenter.

[4] Finite fault rupture models of large earthquakes
are routinely inferred using two approaches: after-
shock location and finite source inversion of tele-
seismic waveforms. In the two weeks following the
event, the USGS located over 500 aftershocks with
magnitude larger than 4.0 mb that delineated a fault
zone approximately 300 km long striking toward
the northeast. However, this approach is effective
only on the time scale of hours to days, and it can
be difficult to detect the earliest aftershocks in the
coda of the main event. Furthermore, aftershock
locations do not necessarily correspond to regions
of high slip and strong ground shaking.

[5] Finite source inversions give a more detailed
picture of earthquake rupture. An initial finite
source model for the Wenchuan earthquake clearly
showed that the rupture spread roughly 240 km
from southwest to northeast over 120 s on a plane
dipping to the northwest (C. Ji, Preliminary result
of the May 12,2008 Mw 7.9 eastern Sichuan,
China earthquake, available at http://www.geol.
ucsb.edu/faculty/ji/big_earthquakes/2008/05/12/
ShiChuan.html, last accessed 8 June 2008). How-
ever, this approach is effective only on a time scale
of 1–2 h and requires knowledge of the fault plane
and the moment tensor solution. Furthermore, the

inverse problem is highly underdetermined and
requires constraints and damping which can bias
the result. Often times there is a strong trade-off
between rupture length and velocity, though rup-
ture duration is usually well constrained.

[6] In this work we apply a new and potentially
faster method of rupture imaging that is based on
back projection of teleseismic P waves [Ishii et al.,
2005; Krüger and Ohrnberger, 2005; Walker et al.,
2005; A. R. Hutko and T. Lay, Back-projection of
teleseismic P-waves and point-spread function
deconvolution for imaging earthquake finite-source
rupture processes, paper presented at IRIS Work-
shop, IRIS Consortium, Stevenson, Washington,
2008]. The approach is complementary to tradi-
tional finite-source modeling, but is more direct
and the only a priori information required is a
radial velocity model and a hypocentral estimate.
It has the capability of providing detailed rupture
information within 20–30 min of the origin time.
We use three regional subarrays (in Alaska, Aus-
tralia, and Europe) of the global broadband seismic
network as well as a down-sampled global sub-
array to track the rupture of the Wenchuan earth-
quake in space and time. We investigate how
different alignment and stacking techniques affect
the rupture images, and in particular, we investi-
gate how subarrays can be used to mitigate artifacts
that are inherent to the technique. We also deter-
mine the relative robustness of the rupture property
estimates.

2. Study Area

[7] The 2008 Wenchuan earthquake occurred on
the NE-SW trending Longmen Shan Thrust Belt
which separates the high-rising Tibetan Plateau to
the west from the low-lying Sichuan Basin to the
east (Figure 1). Across the boundary the elevation
descends rapidly from 6,000 m to 500 m over a
distance of less than 50 km, making it one of the
steepest slopes on Earth. The Tibetan Plateau was
produced by the collision between the Indian and
Eurasian plates about 50 Ma and the subsequent
northward indentation of India into the interior of
the Eurasian continent. Pushed by India from the
south and blocked by the rigid Tarim craton to the
north, the Tibetan Plateau grows vertically and
extrudes eastward. Part of the eastward extrusion
is, however, resisted by the Sichuan Block, an old
and strong piece of continental lithosphere with a
deep cratonic root as revealed by seismic tomog-
raphy [Yao et al., 2008; C. Li et al., 2008a, 2008b].
As a result, the upper crust of the Tibetan plateau
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