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Earthquakes]canlhavelnearlyjidenticalfseismicjsignature

as shown by the events that occurred at different year here
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To have nearly identical waveforms, you
need to have the same station, nearly the
same source and path effects.

Such earthquakes do exist in natural fault
system, they occurred at different time with
highly similar seismic signatures are called
repeating earthquakes.



Definition]of{iRepeating]Earthquakes

1) The same source location

2) Highly similar waveform
3) Identical focal mechanism

4) Similar size

Nearly Identical Waveforms (Nadeau and McEvilly, 1999) The same source location
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-ReplelatinglEarth!q u! akes_ imp!ortant-

Because they provide the information of recurrence time of earthquakes
and slip rate at depth.
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can be used to determine the slip rate at each repeating earthquake site.

This method will be introduced shortly.
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Taking Chihshang fault as
example, where you have
repeaters (red circles) is away
from where you have
aftershocks of M5 mainshock in
2003 (opencircles). Using spatial
distribution of repeating
earthquakes Chen [2008]
characterize the 30-km-long
Chihshang fault to be

and locked
in the south.
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¢ Mainshocks of M>5 events
o Aftershock of 1992 M5.4 event
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Rurposesiofithisystudy;

* To understand the deep slip rate in different fault
zones of Taiwan

*To discriminate creeping segments from locked
segments if possible
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studyjhaveldonews
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The reason is, for smaller earthquakes, there are a lot more data to

. L : : is Chan
process and analyze = this work is time consuming but important! L &
study [2013]
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e S A VS S
cb ] 120.0 ~ 120.5 ] 25.0 ~ 25.5 0 0
cc 11200 ~ 120.5 | 24.5 ~ 25.0 4 1
cd ] 120.0 ~ 120.5 1 24.0 ~ 24.5 19 10
ce 11200 ~ 120.5 | 23.5 ~ 24.0 443 37
cf 1120.0 ~ 120.5 ] 23.0 ~ 23.5 1842 244
cg 1 120.0 ~ 120.5 ) 22.5 ~ 23.0 171 37
ch 1120.0 ~ 120.5 1 22.0 ~ 22.5 457 92
ci 1120.0 ~ 120.5 1 21.5 ~ 22.0 336 70
db | 120.5 ~ 121.0 ] 25.0 ~ 25.5 0 0
dc 1 120.5 ~ 121.0 ) 24.5 ~ 25.0 22
dd ] 120.5 ~ 121.0 ] 24.0 ~ 24.5
de ] 120.5 ~ 121.0 ) 23.5 ~ 24.0
df 11205 ~ 121.0 | 23.0 ~ 23.5
dg ]120.5 ~ 121.0 ] 22.5 ~ 23.0
dh ] 120.5 ~ 121.0 ] 22.0 ~ 22.5
di |120.5 ~ 121.0] 21.5 ~ 22.0
eb | 121.0 ~ 121.5] 25.0 ~ 25.5
ec | 121.0 ~ 121.5 ] 24.5 ~ 25.0
ed | 121.0 ~ 121.5] 24.0 ~ 24.5
ee | 121.0 ~ 121.5 ] 23.5 ~ 24.0
ef |121.0 ~ 121.5] 23.0 ~ 23.5
eg | 121.0 ~ 121.5] 22.5 ~ 23.0
ch | 121.0 ~ 121.5] 22.0 ~ 22.5
ei |121.0 ~ 121.5] 21.5 ~ 22.0
fb | 121.5 ~ 122.0 ] 25.0 ~ 25.5
fc 1 121.5 ~ 122.0] 24.5 ~ 25.0
fd | 121.5 ~ 122.0 | 24.0 ~ 24.5
fe | 121.5 ~ 122.0] 23.5 ~ 24.0
ff 11215 ~ 122.0 ] 23.0 ~ 23.5
: : ; fo [ 1215 ~ 1220] 225 ~ 230
120° 121° 122° th | 121.5 ~ 122.0 ] 22.0 ~ 22.5
fi | 121.5 ~ 122.0] 21.5 ~ 22.0




'Searchiforgrepeatingmicroearthquakeslinjlaiwan’

Study period: 2000-2010

Magnitude range: M, 2~3

Number of similar earthquakes (ccc >0.7): 33197
(areas dd,dg,ef,eg,fd are not included — need more time to process)

Unfiltered,
30 sec — long,
vertical seismograms
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Methoddldentifylrepeatinglearthquakes
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Methodqdetermineldeep]slip]rates;

Time deviation of cumulative moment release on a
RES site 1s shown by:
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While average rate of moment release on a patch of 150 4—1 1 .7 | 7 |
the fault is - - 220903

M, = uAd COV:0.28

The average slip rate at the sequence site:
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Using this methodology, the worldwide
repeating earthquake are later found to
follow an empirical relationship between slip
and seismic moment, which is used in this
study for slip estimate.

d, =10"M}

0=-2.3610.16 and p=0.1710.01 [Nadeau and Johnson, 1998]
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Methodfdetermineldeep]slipJrates}

For each repeating earthquakes you can calculate “slip”
based on the event magnitude

d =10"M/

a=-2.3610.16 and B=0.17%0.01

!

If the time period is considered to be the time span between the first and last repeating
events, it is so called short-term slip rate; While the time period considered as the overall
data period, it is so called long-term slip rate.

L 4
*

short-term: V(i) =d./T.(i) T(i)
Long-term: V, =3Yd /T, "© ® @000 e
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ResultdE€haracterizationfoffrepeatingfsequences

Different types of repeating earthquake sequences
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Result¥Spatial[distribution
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ResultgSpatial[distributionfof{deepls!iplrate)

1. 30 quasi-periodic sequences
inferred deep slip rate
2. Slip rate ranges from 2.0~9.7
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* These greater than 5 cm/yr slip rate

Inferred slip rate (cm/yr)

are likely due to the short
recurrence interval in that

sequence.
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Summary.

* Due to the large number of M2 earthquakes in Taiwan,
identification of repeating microearthquakes has been a
challenge.

* In this summer I've processed 33197 similar earthquakes
carefully, to identify repeating earthquake sequences and
understand their characteristics.

* The result shows that among the processed data, there are 259
M2 repeating earthquake sequences in Taiwan. 58% of them
have short lifetime, while 42 % have lasted longer than 3 years.

* The slip rate inferred from the 30 quasi-periodic sequences
ranges from 2.0~9.7 cm/yr. Greater than 5 cm/yr is a result of
short recurrence interval, which is taking place in Hualien and
offshore Taitung.

* The control of deep slip rate, its relationship with surface
deformation needs further exploration.



* This is just a beginning.

* Complete the repeating earthquake identification for areas
dd,dg,ef,eg,fd.

* Combine with the previous studies on M4, M>3 repeating
earthquakes, to make an integrated repeating earthquake
catalog in Taiwan.
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Thank you for listening™



|dentification]of{repeatinglearthquakes

pleti

40 —
[e.qg., Vidale et al., 1994, Ellsworth, 1995; Rubin et al., 1999, Schaff and 20
Beroza, 2004] 0
Remarkably successful in regions with well 20

distributed station coverage and accurately timed — —
60 -40 -20 0 20 40
data [Schaff and Beroza, 2004]

[Nadeau et al., 1995, Nadeau and McEvilly, 2004, Matsuzawa et al.,
2002; Igarashi et al., 2003; Matsubara et al., 2005]

Criterion selection is arbitrary without location ®
constraint.

In this study we start from the similar earthquake
catalog (waveform cross-correlation coefficient

greater than 0.7). is

[Nadeau and McEvilly, 1999]



