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Rupture process of 6 April 2009 L'Aquila, Italy, My6.3 earthquake
—a comparison between apparent source time function method

and direct wave inversion method

ZHANG Yong, CHEN Yun-Tai*, XU Li-Sheng
Institute o f Geophysics, China Earthquake Administration, Beijing 100081, China

Abstract The characteristics of apparent source time function (ASTF) method and direct wave
inversion method were discussed and the spatio-temporal rupture process was investigated by
application of the two methods to L' Aquila earthquake. ASTF results show that there were two
sub-events in this earthquake and the rupture mainly propagated southeastwards as indicated by
the obvious seismic Doppler effect of the second sub-event. The spatio-temporal rupture
processes obtained by the ASTF method, direct wave inversion method with fixed and without
rake consistently show that there were two slip-concentrated patches which were located at the
hypocenter and 5~10 km along strike direction and have the maximum slip of 1.2 m and 1. 0 m,

respectively. The source rupture duration time is about 9.5 s and the maximum slip-rate is about
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0.6~0.7 m/s. The high slip-rate and the hanging wall /foot wall effect were responsible for the

tremendous damage in L' Aquilacity.
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Fig. 1 Distribution of seismic stations used in the
rupture process inversion of the L'Aquila earthquake
White aniseed star denotes the epicenter and

black triangle denotes the seismic station.
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Fig. 2 Variation of apparent source time functions with azimuth (a) and the averaged apparent source time function (b)

The two thick gray curves in (a) denote the temporal variation of the two peaks of the apparent source time functions.
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Fig. 3 Static slip distribution on the fault plane
(a) Results inverted from apparent source time function
method; (b)Results inverted from direct wave inversion method
with rake fixed; (¢) Results inverted from direct wave inversion
method without rake fixed. The white aniseed star is the
position of rupture initiation point on the fault plane, and the

gray arrow denotes the slip vector.
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Fig. 5 Distribution of source time functions of sub-faults on the fault planes (left),

and the source time functions of the earthquake (right)

(a) Results inverted from apparent source time function method; (b) Results inverted from direct wave inversion method with rake fixed;

(c) Results inverted from direct wave inversion method without rake fixed. Aniseed star on the left panel is the rupture initiation point.
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Fig. 7 Comparison between observed and synthetic waveforms

In each sub-graph, green line is the observed waveform and red line is the synthetic waveform. (a) Comparison between observed and

synthetic seismograms of apparent source time function method. Panels (b) and (c¢) are the comparison between observed and

synthetic waveforms of direct wave inversion methods with and without rake fixed, respectively. The wave amplitude is in m/s. In

each sub-graph, on the left from top to bottom are the maximum amplitudes of observed waves, correlation coefficients of observed

and synthetic waves , and the maximum amplitudes of synthetic waves , respectively . On the right from top to bottom are the stations

names, component names and phase names, respectively.
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Fig. 8 Projection of final static slip distribution on the fault plane of L"Aquila earthquake on ground surface

(a) Results of apparent source time functions method. (b) Results of direct wave inversion method with rake fixed. (c¢) Results of

direct wave inversion method without rake fixed. White aniseed star is the epicenteral location. Black square denotes the location of L

Aquila city. Red lines are the active normal faults'2] in the epicentral region of L' Aquila earthquake. Solid black lines are the fault

traces, i. e. the intersection of fault plane and ground surface. Dashed black line is the projection of the 3 other edges of fault plane on

ground surface. Cyan circle represents the location of aftershocks of L' Aquila earthquake occurred within 1 month after the occurrence

of the main shock.
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