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Outline

Foreshocks and potential applications
Previous foreshock studies

Foreshocks in Chengkung earthquake (ML=6.6)

Examine other foreshocks I1n Tailwan

Discussion and conclusions
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Five Precursors listed by IASPEI

(International Association for Seismology and Physics of the Earth’s interior)

* Ground-water Chemistry and Temperature
Izu-Oshima-Kinka Earthquake (M=7.0), Japan, 1978

* Ground-water Level (Roeloffs and Quilty)
Kettleman Hills earthquake (M=6.1), California, 1985

* Foreshocks (days or weeks) (Wu et al., 1991)
Haichen earthquake (M=7.3), China, 1975

* Preshocks (1-year before) (Bowman, 1997)
Tennant Creek earthquake, Austria, 1988

* Seismic quiescence (Matsu’ura, 1986, 1991)
Several cases In Japan
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What’s foreshock ¢
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Mechanisms
Dilatancy model:
Micro-cracking in Lab < Foreshocks?

Low confining
Undeformed pressure



* Why not all of the mainshocks
with foreshocks?

e \What’s foreshock mechanism?

e Are there some foreshocks In
Talwan?



Previous Studies
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Foreshocks < focal depths

100 d (Abercrombie and Mori, 1996, Nature)
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Foreshocks < Fault types

[} (Abercrombie and Mori, 1996, Nature)
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Foreshocks were largely found at normal and strike-slip faults:
Foreshocks < normal stress



Foreshocks In Talwan?
(Reverse-faulting)
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Chengkung Earthquake Sequences

1. Foreshock (M=5.1) in mantle

2. Foreshock (M=4.1) in mid-crust
3. Mainshock (M=6.6) in lower crust
4. Aftershocks in crust
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The major plate boundary between the Philippine
Sea plate and the Eurasian plate along the suture In
the eastern Taiwan area could be clearly delineated
by a variable-dip plane according to the 2003
earthquake sequence (foreshocks, the mainshock
and aftershocks) from the surface down to at
least.
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Foreshocks < Heterogeneity

The foreshocks In the reverse faulting system
might not be associated with normal stress on
the fault plane,

but they may largely depend on a higher degree
of heterogeneity In the crust.




Potential Precursors

All of six larger earthquakes (M>5) had
significant foreshocks in the Chengkung area of
eastern Taiwan during the past two decades.

Therefore, foreshocks might be considered as a
precursor for the future large earthquake in the
Chengkung area, eastern Taiwan.



How to identify Foreshocks?

If a felt earthquake (1.e., M=5) occurs now,
how do we know it Is the mainshock

or just a foreshock?

If we can know 1t Is a foreshock,

then a short-term earthquake warning can
be issued.



Foreshock characteristics
(~15,000 events/year)- .
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Examine 161 events
(M>5) In the past.

Foreshock criteria:
1. Time <5 days
2. Distance < 15 km

3. M>4.0 (felt events)
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How to distinguish foreshocks

from the mainshock?

The absence of clustered earthquakes after the
felt foreshocks =

a criterion to distinguish foreshocks from the
main shock.
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Conclusions

1. Repeated foreshocks in the Cheng-Kung area imply
they might be considered as a precursor for future
larger earthquakes.

2. The foreshocks may largely depend on a higher degree
of heterogeneity in the crust, particularly along the
suture zone.

3. The absence of clustered earthquakes after the felt
foreshocks may provide a criterion to distinguish
foreshocks from the main shock and may add to our
ability of earthquake warnings.

Thanks!



Foreshocks <& Normal stress

Normal stress increases with both of

(1) focal depths and
(2) also from normal to reverse faulting

environments.

Therefore, increasing normal stress inhibits
foreshock occurrence!?



Foreshocks <& Normal stress

Therefore, increasing normal stress inhibits
foreshock occurrence!?
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