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Ground-Motion Velocity from Large Earthquakes
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Resolved Focal Mechanism (BATS) for Earthquakes since 2008
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Filtering at low pass 0.5Hz, the leading event as noted as S1 phase in Meinong

earthquake was filtered out, and a phase shift for S2!
= The danger in filtering the data for source mapping; the slip distribution mainly

for the S2, and shifted source lo

cation.
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Identification of P1, S1; P2, S2 from
Southern lineup Palert-RTD array (marked red framed stations)

P1, S1: Foreshock
P2, S2: Mainshock
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The travel-time curves for (a) vertical and (b-c) both horizontal components from the stations with a red frame mentioned
in Fig. 1. The T1 and T2 markers are the P- and S-wave arrival times calculated by the 3D H14 model (P1 and S1 phases).
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amplitude scale. The P2 phases are marked by the gray lines.



Events Locations Determinations Using SSA
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Rupture Process
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Modeling velocity waveforms In Western Direction (Tainan city ) Palert + RTD: Killer pulse
Using circular fault modeling with 1-D shallow velocity structure™ Vs=1 km/sec at top 1.5km

« 1-D model averaged from the 3-D model of
Kuo-Chen ef al. (2012)
* 1-D model of Lin erf al. (2009) for Western
= Plain (WP)
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Modeling the Western stations using circular fault model (Asperity) constraints from source
time function (STF), using moment with Mw®6.4, focal mechanism (RMT) s/d/r: 274.6/22.1/17.7
Most of the stations with STF~ 2sec, Amplitude varied from 1 to 1/3

Well explained in E- and W-components.  Considering shallow 1.5km of low Vs~1km/sec
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Source Scaling
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Mainshock (blue)Mw
6.40

STF~ 2 sec
Rupture Speed:
2.5-3.0 km/sec

Slip Patch Radius™
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Western Stations,

STF=2sec, Vr-2.5-3.0km/sec, => Source Radius, R=5.0-6.0km

Examination on Directivity

RupLen=10 km, RupAzi=280 deg, Vr=2.5 km/s, C=3.5 km/s

7s

6s

5s

4s

Tc

3s

2s

1s

Os

Broader Tc from bac
Or, contribution fro

shallow earthquake
Huang et al., GRL, 2

240

Azimuth(deg)

300

360

tkward rupture directivity?
m another NS strike
observed in GPS data?
D16

Most of stations with STF-
2 sec, except the
Az:120-160, southern
stations with STF>5 sec



m
-

15 T 15 T T
i EW disglacement |[—— insar (original) — t Vertical displacement
g 10 7| |[—— 1nSAR {main siip removed) | § 10
~ A Guanmiao - Lo A ——— InSAR (main & shaliower -~
ip removed) 5
©  GPS (original)
0 'PQ‘N‘* % = . e o GPS {main slip removed) 0
.i \ i W’ O  GPS (main 5 shallower sip
g~ | d M A Tosograpny g~
i A —— Topogs:
-10t 2 = = = - -10

Static Coulomb
stress change

N
o

NS Mw5.94
shallow fault
5-15km

Northing (km)
o

Northing (km)
Depth (km)

0
-20 -15 10
Easting (km)

Easting (km) 20 <20
30 20 10 0 10 20 0 02 04060810 1.2 Coulomb stress gee———my
Easting (km) Slip (m) change (MPa) —0.1 0 0.1
d
2.10
Surface geodesy
. 1-80 P TGE
” - 0
%_ 1.73 5
> w8
1.65 S
5§
=3
&
~
§
5
]

Huang et al.,
GRL, 2016



Comparison to the aftershocks distributions
Most of the aftershocks did not coincide with mainshock fault plane as shallow northern
dipping, but within the regime of Qs/Qp>1 (Mud Diapirs related?)

Qp Qp, Qs Tomographx from Wang, Ma et al., 2008
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(Mud Diapier related?) Qs/Qp>1 => indication of fluid contribution
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Conclusions:

* Meinong Earthquake with 3 episodes

1. Small patch Foreshock Mw5.6

2. Strong patch, Mainshock Mw®6.4

3. Triggered Shallow NS shallow fault (Mud Diapier related?)

 Dense seismic array from EEW Palert stations providing
direct observation on source to give less bias in location
of asperity (patches) using less filtering data

* The source of the observed Killer pulses were contributed
from mainshock Mw6.4 strong patch with radius of about
5-6km and stress drop of about 100-200 bars



Thank you!
SR



South

(b)

West

1{Ss0e s} 11 waire Az=264.4°
—1] Dist= 215k \/S' " " | _qqDst=197km .t
11 sete f  Az=1940° i T1 wosse N M g Az=p32ge I
0 ——O—AAA/W’\/WV\/\/\’V\’K 0 “—./\\O/\}B\MW\N’
—14 Dist=225km ° ... . L -1q40Dst=230km W . . N I
11 masee A Az=1652° | T ecunze 7 Az=3i28 [
) et VAWMV EVVLE BT -
@ ;] oist=356km =~ NV " | _q]oDist=2s0kmV .}
-g 1 Wisee T aemese 11 w2188 Az=2082° [
= o ——G——*’D\/}\ﬁ’\fw 0 ""Q\}L\/\/‘W
Q. 14 DiSt.: 44.5 km. ) . . ) ) . | -1 4 Dis$= 27.1 km. " " ’ . " : L
E 1 figprrrhaiet ot e, 11 w23e " p Az=263.0°
< o M’Vﬂ\f 0 .
QR W PRI ST X P,
N 1 L TERRE R e e R L Sy s 11 wazse Az=274.7° I
® o ——v~/‘k/\/e\/f\/»\/w\ 0""‘“\/\0\/\/\MW’
£ 1] os=ozakm et T e R st
o Ve T paAstesye | 11 Tane Az=292.3° I
= 0 -———Q————D*J\-/\%\A/\/’J\,/\r— 0 L
i Dist= vz, oo e b g DIste 3a0Km o
1 e - 11 Loose C o Az=2839° I
0 ° OAMV\AW— 0o '\fﬂW»
_1 ] pist= 103.4km . T Pists Baakm 9 o ; ; s . : ]
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Time (s) Time (s)
(c) East (d) North
11 ewoe Az=586° I 191 wa33e Az=351.6° i
o «—\MV"WV'A,/WV\/\/\/\&/\\/\— 0 A\._,Az,uy\ I
-1 Dist.= 56;8 kml ; n : g < : . =7 Distl= 17‘.0 m 2 ; £ B . > B
T wnse . Az=1258° [ T{ w21e = . Az=198 i
0 A‘_&JWMM/‘W\A/\\/- 0 «\‘/Iv\w’\——\r’\/w»
- Dist.: 58‘.4 km_ ) . . . . i 1 < Distl= 26j7k 5 = 5 : |
T wiz2e " pa p Az=jor8° [ 1
0 -——MN\/\'?/\W’ 0

Dist.= 68.2 km A g " : . L

=1

1 w216\ . Az=3348 -
| $ i
{ oist= a13km W )

1 wiae e Az=835° -

Dist.= 7615 km | | X | N L

cHKE éﬁ: 76.7° ﬂ’ -
4 Dist= 86.5km . )

1 wo20e 'Aiﬁsé';i j
Diss: 89:0 km z : . A X

Normalized Amplitude

1 waore ’ ' ’ 'Az=13'55°' Al
Diss: 101AA2 km. 4 " N % L

"
t

11 woiBe T Az=583°) -

0 M/\.\/z\f\/\}_

—1 { Dist= 1143 km |
0 5 10 15 20 25 30 35 40 45 50

Time (s)

1
0

=]
1

0

=]
1

(0]

-1
1

0

=1
1

(0]
==}

1 w213

i ; ' Az=344.4° -
4 Dist.= 49;5km‘ ‘u : ; . |

W205E T A ' ' Az= 62° -
4 Dist.= 57;6km. ; : ; . |

Wis0E | T Az= 720 i
] o I

4 Dist= 61.8 kml . ; . )
1 waoce =, A | Az=196° -
«%‘—\C’WW\N/\\[\,\/\/\M-
4 Dist=_ 625km, 3 A i » ; i -
1 wisee  Az=3398° -
A d (©] -
4 Dist= 62.9 km L
0 5 10 15 20 25 30 35 40 45 50

Time (s)

Normalized Displacement, E-comp.
- Palert + RTD + BATS

1930
23'30' R 23130
e
23°00" 23°00'
2230 230
Pingtung City
e wiss |
]
3
L T
A BATS _  » - oy
2200 f ¢ RTD 50km " 'Kywm 2, 2200
| P-alert
Blue dots: —
¢ 119'30' 120°00' 120°30° 12100 12130

P1 and S1 phase for the foreshock.
Yellow circles:
P2 and S2 phases for the mainshock.

Waveform in red is the contribution of
the S2 phase in each trace.

e Broader Phase in the South
(backward rupture direction)
compared to other regions

e Western Directivity was well
modeled,. (SJ Lee and MC Hsieh)
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Foreshock, M,,~5.64 by comparison of the amplitude ratio to the 20081223 M5.3 event
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Location, CWB 20160206 location
Mainshock, M,,~6.4 ~4-10 sec after Foreshock from SSA
Location, down-dip from the foreshock depth, and to the west of the foreshock

23°00"

22730

22°00"

A BATS
<& RTD
| P-alert

50 km

e 2330

119730"

120°00"

120730"

23°00"

22°30'

22°00

Asperity or double events? Asperity for sure as a large slip patch at the mainshock location.

But, we call it Foreshock and Mainshock as the clear observations of P1, S1, and P2, S2.



Western Stations,
STF=2sec, Vr-2.5-3.0km/sec, => Source Radius, R=5.0-6.0km

Examination on Directivity

RupLen=10 km, RupAzi=280 deg, Vr=2.5 km/s, C=3.5 km/s

7s

Broader Tt

= from bac

tkward rupture directivity?

6 Or, contribution from another NS strike
shallow earthquake|observed in GPS data
Huang et al., GRL, 2P16
5s
4's
O
—
3s
) Most of stations with STF-
S 2 sec, except the southerr
1 stations with STF>5 sec
S
O0s
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Comparison to the aftershocks distributions
Most of the aftershocks did not coincide with mainshock fault plane as shallow northern dippin;

120 Hrs aftershocks with proposed Mainshoce source zone
A A

0 20 40 60
5 : :
/ Profile across NS fault plane

Cl

20 |
Meinung

|"* aftershock

o]
30 | gree Mainshock Source
T Zone
20°- '7/( ¢ i 40
B B C &

— 0 10 20 30 0 10 20 30 40
\ 0 1 1 1 1 1 L 1
7IA' Depth Profile across EW fault plane

(km)

20+

Meinung R REE,
aftershock o

: T 30
120.0° 120.5° 121.0°

25 Feb., 2016 Vertical
% ] , , distributed
Aftershocks surround the Mainshock source zone aftershocks

Aftershocks suggest possible conjugate faults rupture
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Amplitude (cm/s)

Amplitude (cm/s)

Observations (MASB)
— Source duration
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Velocity structure Sources

» 1-D model averaged from the 3-D model of Location:

Kuo-Chen ef al. (2012) '
* 1-D model of Lin e7 al. (2009) for Western Foreshock: CWB hypocenter

Plain (WP) Mainshock: The result from SSA

Wave Speed (km/s)

e Focal mechanism:
| 7§
[ - | Foreshock: CWB first motion
Mainshock: RMT

)
T
H
=
=
)
-]
=
™~
(]
Fl=—
=
=]

7 T R I Magnitude:
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[ Kuo-Chen et al. (2012) Mainshock: varying
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(from Ming-Che’ TGA talk)



Synthetic parameters

Foreshock (red)
Mw 5.64
Mainshock (blue)
Mw 6.40

Time Delay of Mainshock
4.4 s

Focal mechanism
Foreshock (P first motion)
254/11/-27

Mainshock (RMT)
274.6/22.1/17.7

Source duration

t, =2.4x10"°xM"°

(Duputel et al., 2013)

Foreshock
3.7s
Mainshock
8.85s

Velocity model
Taiwan 1D velocity model
Chen, 1995 (CWB)
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Normalized velocity waveforms of E-component In Western Direction

(Tainan city ) Palert + RTD: Killer pulse
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120 Hrs aftershocks with proposed Mainshoce source zone
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Aftershocks suggest possible conjugate faults rupture



Conclusions

Denoted the Foreshock and Mainshock directly from dense seismic array of
Palert+RTD+BATS

Foreshock, M, ~5.64 Location, CWB 20160206 location
Mainshock, M,,~6.4 ~4-10 sec after Foreshock from SSA
Location, down-dip and west from the foreshock
Circular fault rupture, but, mainly for West and North

Asperity or double events? Asperity for sure as a large slip patch at the
mainshock location. But, we call it Foreshock and Mainshock as the clear
observations of P1, S1, and P2, S2.

Killer pulses observed in western Taiwan are the direct S-wave of the circular
source, rather than mostly from surface wave for earthquake destruction.

Aftershocks patterns
Association with Conjugate faults, rather than the initiated ruptured fault?
=> First shock triggered conjugate fault for Mainshock event and aftershocks

Doubts. Not yet good explanation of the N-comp (Basin effect?)
No significant surface waves, why?



e Suggestions to paper
1. Modeling the FK also for MASB station.
Using near-field term to constrain the depth of the Mainshock source zone
How are the waveform fits in NS components?

pptl14, showing good fits for far-field S-wave, but, near-field term is too large.
Adjust the contribution of the near-filed term from the size of the source, the depth,
and the amount of slip.

2. SSA or Palert location as the initiation of the mainshock? The implications of the
locations differences from Palert or SSA? (Or the source zone as in between of Palert
and SSA locations?) | can ask The-Yang during TGA on this.

3. Plot the F+M source zone and SJ slip distribution to aftershock distribution.

4. Emphasize the killer pulse from direct S-wave not the surface wave. (reference to
1995 Kobe, and 2016 BEAHNE )

5. I have question. Where is the surface wave of this earthquake. 15km is not too
deep, but, why no surface waves were observed....?

Minor to Figure
1. Normalize displacement records. Give the PGDmax values in the record.

2. Show focal mechanisms of the 0206 event and also the 2008 event somewhere
in the paper. (No focal mechanism was shown in any figure).

3. If the FK modeling is good, show the similar Figure of ppt14, and also a
comparison for MASB station.
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Normalized Amplitude
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Palert Observations of S2 Phase
FK synthetics

=>2"d event with similar focal mechanism with magnitude of
about M6 from 10km west of hypocenter
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