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Determination of Rupture Propagation for Large Earthquakes from Back-Projection

i Analyses Using Large Arrays
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This thesis applies back-projection methods to analyze the high-frequency source characteristics for 15 recent large
earthquakes. Back-projection is a technique that combines data in waveform stacks for closely spaced stations of a
seismic array, in order to estimate the locations of the sources of radiation. For large earthquakes, these moving sources
are often interpreted to represent the rupture front. So, this method can provide a powerful and robust way to determine
the direction and speed of rupture propagation.

Various factors that can affect the accuracy of the back-projection results were evaluated. These include the effects
of depth phases, structure heterogeneity in the source region, uncertainty in the assumed earthquake location, and
parameter choices for the back-projection analyses. The resolution tests indicate that the effect of the structure
heterogeneity in the source region, is one of the largest causes for error and produces uncertainty in the source locations
of about 20 to 40 km.

In the results from the various earthquakes, there is new and interesting information about the high-frequency energy
radiation and rupture propagation. One important finding is the identification of two strike-slip earthquakes with very fast
rupture speeds, which were faster than the local S-wave velocity. Observations of such supershear earthquakes are rare,
and previously only three other earthquakes in the world had been recognized. At the opposite end of the spectrum, the
rupture velocities of two tsunami earthquakes were shown to be very slow, about 20% of the shear-wave velocity.
Rupture speed is an important parameter for understanding the physical process of large earthquakes. The fast rupture of
supershear earthquakes contributes to enhanced high-frequency shaking, which can cause greater damage. In contrast,
the slow ruptures of tsunami earthquakes are associated with low levels of felt shaking, but large fault displacements
causing large tsunamis.

Another interesting result from the back-projection analyses is the strong frequency dependence for locations of the
sources, in some earthquakes. For the 2002 Alaska, 2010 Chile, and 2011 Tohoku-OKi earthquakes, the locations for
strong high-frequency radiation are quite different from the locations for the low-frequency seismic waves.

This thesis also proposes a new technique to improve the spatial resolution of the back-projection results, using an
empirical correction for the network effects. This smear, which is the spatial pattern caused by variations in waveforms
and travel times, can be estimated using a small earthquake, which is assumed to be a point source in time and space.
The pattern of stack amplitudes for the small earthquake is deconvolved from the stack amplitudes of the large
earthquake, to produce a better estimate of the spatial distribution of the source of the large earthquake. This new
technique was used to analyze the 2012 Off Sumatra earthquake, and able to show that the complex rupture progressed on
a series of four conjugate faults.

The results in this thesis show that back-projection methods are very effective for analyzing the high-frequency data
of large earthquakes, as recorded on large regional arrays. The results give new information about rupture speeds and
locations of high-frequency radiation, which have not been previously obtainable from standard teleseismic analyses.
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