Earthquake cycle, fault zones,
and seismicity patterns in a
rheologically layered
lithosphere
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1.Introduction
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2.Model of Crustal Stress Distribution
> [ RB 52 AE > T T )LDLLER

Elsasser

— OBt Z=> — ~=2D
— XEBBHREMERIK
Generalized Elsasser

— OEBZEMER

— XU EARESLREEED
Full 3D

Generalized
Elsasser

2
o
£
g
g
E
&

Horizontal wavelength (km)

— XBEHLHHDHD
Figure 2. Relaxation time versus horizontal wavelength for

Hybrid
the Elsasser and generalized Elsasser models (heavy lines). y
The numerically calculated relaxation time for the hybrid = @good!!
model (symbols) is similar to that of the generalized Elsasser
model for very short length scales, but it approaches the
Elsasser solution for long wavelengths (viscosity of the lower
crust n=5 10" Pas).




2.1 Generalized Elsasser Model(i)
2. R711E

Distributed Damage
(Famlt zones)

Figure 1. A layered elastic/viscoelastic half-space model.
The brittle upper crust (H=15 km) is governed by damage
rheology model and is coupled to a viscoelastic lower crust
(h=20 km) driven by mantle movement (F,,.).
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2.1 Generalized Elsasser Model(ii)
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2.2 Hybrid Model Incorporating 3-D GF
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Figure 2. Relaxation time versus horizontal wavelength for
the Elsasser and generalized Elsasser models (heavy lines).
The numerically calculated relaxation time for the hybrid
model (symbols) is similar to that of the generalized Elsasser
model for very short length scales, but it approaches the
Elsasser solution for long wavelengths (viscosity of the lower
crust n=5 10" Pas).
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Figure 3. Fault-parallel velocity at two normal distances 10
and 20 km from the fault as a function of time after a seismic
event, calculated with the generalized Elsasser model [Li and
Rice, 1987, equation (A6)] and simulated with the hybrid
model.




3 Upper Crust Deformation and
Damage Evolution

> Seismic cycle
1. Preseismic
2. Coseismic
3. Postseismic
4. Interseismic

»Mode-switching activity

3.1 ASingle Fault System
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3.2 Regional Earthquakes and Fault Networks
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3.1 A Single Fault System(i)
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Figure 4. Velocity profiles 100 years after a large earthquake 1c
sir?‘;ulalcd for model relaxation times 1,,=5, 12.5, and 25 years. ?7 = 5 X 1 {] 19 PaS
The shaded line represents the best fit of geodetic data with )

dislocation model after Savage [1990]. Two asymptotic P‘_ a = 6[:] G Pa
solutions (time—<c) for Elsasser and England-McKenzie "

boundary conditions are also shown.
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Figure 6. Correlation between -earthquake magnitudes
calculated using seismic moment and potency based on model
runs with different parameters.
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3.2 Regional Earthquakes and Fault
Networks
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Slow healing

Figure 8. Typical distribution of the cumulative strain for the
model with slow healing. The slip and high damaged material
(Plate 1 on the left) are concentrated in relatively narrow and
regular zone.
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Figure 9. Cumulative and noncumulative frequency-size
statistics of seismic events for slow damage healing (long
material memory) and different 1. The statistics have a
preferred event size manifested as a narrow local maximum in
the noncumulative distribution.
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Figure 10. Frequency-size statistics of seismic events for
medium damage healing and different damage rate constants
C,  The cumulative number of large events may be
approximated by a linear relation with b=2.5, a value
significantly larger than typically observed b values near
unity.




Fast healing

Figure 11. Cumulative strain for a model with fast healing,
Large conjugate structures accommodate significant amount
of displacement.
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Figure 13. Frequency-size statistics of seismic events for fast
damage healing and small spatial variations of material
strength. The statistics are compatible with the
Gutenberg-Richter power law distribution for the entire
simulated magnitude range (compare with Figure 12).




Mode switching activity
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Figure 14. Seismicity record with mode-switching activity, consisting of time intervals of several large

earthquake cycles with clusters of large events, separated by intervals of similar duration with only small and
intermediate size earthquakes. The insets show a variety of different event sequences before and after the

largest model earthquakes.
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