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Abstract: To further insights into the seismogenic mechanism of great earthquakes
within the Bayan Har Block, this study revisits and synthesizes the previous research
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on the seismic hazard associated with the late-stage seismogenic phase of the 2001 M
8.1 Western Kunlun Pass earthquake and the 2008 M8.0 Wenchuan earthquake, with
particular focus on the spatiotemporal evolution of seismic activity patterns prior to
the two great earthquakes; furthermore their common features are also comparatively
discussed and mechanically interpreted by the deformation localization theory
validated by rock mechanics experiments. This study found that both great
earthquakes occurred in the late-stage seismogenic gaps characterized by fault locking,
increased stress, and very high elapsed rate, exhibiting quasi-periodic recurrence
behavior. The low level of seismicity near the seismic source during the late-stage
seismogenic period, coupled with similar spatiotemporal evolution, represents a
typical stress-dependent precursory process. The anomalies of seismic activity
patterns and their spatiotemporal evolution observed years to several decades before
the earthquakes are essentially manifestations of crustal deformation localization
driven by continuously increasing stress during the late-stage seismogenic period. The
sustained seismic quiescence in the source zone is related to the
resistance-uniformization of the fault plane during the deformation localization.

Key Words: Seismicity activity; Deformation localization; Dilation model; 2001 M
8.1 Western Kunlun Pass earthquake; 2008 8.0 Wenchuan earthquake; Bayan Har
Block
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Fig.1 Tectonic setting and strong earthquake activities around the Bayan Har Block. F1
the Kunlun fault zone; F2 the Ganzi-Yushu-Xianshuihe fault zone; F3 the Longmenshan fault

zone.
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Fig.2 Evolution of seismic activity patterns prior to the 2001 M8.1 Western Kunlun Pass
earthquake. (a) M =6 seismic gaps since 1960; (b) M=5 seismic gaps since 1966; (¢) M=5
seismic belts and M <<5 seismic gaps since 1997; (d) Seismic gaps are formed by strong and
small earthquake swarms, and the swarms are displayed by the maximum earthquake in each

swarm.
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Fig.3 Evolution of seismic activity patterns prior to the 2008 M8.0 Wenchuan earthquake. (a)
Seismic belts formed by earthquakes of different magnitudes since 2001; (b) M =5 seismic
gaps/quiescence since 1990; (c) seismic gaps associated with M =4 earthquakes since 2000
and M=3.5 earthquakes since 2002; (d) seismic gap/quiescence formed by strong and small

earthquake swarms, and the swarms are displayed by the maximum earthquake in each
swarm.
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Fig.4 Temporal and spatial evolution of seismic activity patterns prior to the two great
earthquakes. (a) associated with the 2001 Western Kunlun Pass earthquake; (b) associated
with the 2008 M8.0 Wenchuan earthquake.
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Fig.5 Seismogenic model of great earthquakes within the Bayan Har Block. (a)

Schematic seismic activity model prior to a great earthquake (modified from Kanamori,
1981); (b) Schematic model for the mechanical explanation of seismicity patterns (modified
from Mogi, 1990).
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Fig.6 Seismogenic stress environment prior to the two great earthquakes (modified from
Ma et al., 2024). (a) and (b) display the principal strain field prior to the 2001 Western Kunlun
Pass earthquake and the 2008 Wenchuan earthquake, respectively. The illustrations show the
corresponding Anderson fault stress model.
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