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Earthquake dynamics-from macroscopic to microscopic
examples learnt from the 1999 Chi — Chi earthquake in Taiwan

MA Kuo-Fong®
Department of Earth Sciences & Institute of Geophysics National Central University Taiwan Chungli 32001 China

Abstract Determining the seismic fracture energy during an earthquake and understanding the associated crea-
tion and development of a fault zone requires a combination of both seismological and geological field data. The anal-
ysis of earthquake kinematics from seismic waveform data which we call macroscopic seismology can help us un-
derstand the temporal and spatial slip distribution and furthermore the possible associated hazard pattern. The ac-
tual thickness of the zone that slips during the rupture of a large earthquake is not known and is a key seismological
parameter in understanding energy dissipation rupture processes and seismic efficiency. This analysis requires the
investigation of fault gouge related to an earthquake and we call it microscopic seismology. The overall understand-
ing of earthquake dynamics requires the integration of macroscopic with microscopic studies. The 1999 magnitude-7.
7 earthquake in Chi-Chi Taiwan produced a large slip 8 to 12 m at or near the surface which was accessible to
borehole drilling and provided a rare opportunity to sample a large slip fault. The Taiwan Chelungpu-fault drilling
project retrieved samples from the fresh slip zone associated with the 1999 Chi-Chi earthquake. The surface fracture
energy estimated from grain sizes in the gouge zone of the fault was directly compared to the seismic fracture energy

determined from near-field seismic data. The chemical and physical characteristics of the retrieved core
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helped us give the constraints on the faulting dynamics as thermal pressurization which yielded the large slip

and slip velocity with less acceleration observed at the northern portion of the fault. The opportunity of linking

earthquake studies from the macroscopic to the microscopic is rare and unique. The 2008 Wenchuan earth-

quake is another possible earthquake for this integrated seismology study.
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