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Temporal velocity changes in the deep crust driven by
aseismic afterslip of the great Sumatra earthquakes

HEEND

W study temporal velocity changes associated with the great 2004 Sumatra (Mw 9.2) and 2005
Nias (Mw 8.7) earthquakes, using repeating earthquakes. The observations show several major features: (1)
lag-times of high frequency coda waves grow monotonically as a function of lapse time for the 2005
repeating earthquake sequences; whereas lag-times of high frequency coda waves measured from the 2004
sequences fluctuate around zero and are sometimes negative against lapse time; (2) lag-times of S-wave
coda are much larger than that of P-wave coda for the first few measurements immediately after the main
shock, and lag-times of S-wave coda display a more prominent temporal decrease compared to that of
P-wave coda; (3) normalized lag-time of high frequency S coda and long period Rayleigh waves display a
progressive temporal recovery as a function of calendar time. In particular, the rate of temporal recovery of
high frequency S coda is similar to the continuous GPS displacement time series at station LHWA near the
2005 Nias earthquake; (3) lag-time of long period Rayleigh waves is over 3-4 times larger than that of
long period Love waves. Through forward modeling, we  find two zones of temporal velocity reduction: A
strong velocity reduction dVs of about -3% within a 250 meters superficial layer is primarily constrained
by the relative amplitude in lag-times between Rayleigh waves and Love waves. We also find a weak,
localized velocity reduction dVs of about -0.2% in the depth range of post-seismic afterslip in the
overriding crust, determined by fitting the lag-time behavior of high frequency coda waves. A strong
velocity reduction near the surface is most likely induced by co-seismic damage, and the subsequent
temporal recovery is probably due to fault healing. The subtle velocity reduction would correspond to
increase in crack density and the subsequent velocity recovery would correspond to decrease in crack
density through diffusion of fluids in the deep crust.
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