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Fig.1. The flow chart shows how to identify rupture plane of earthquake by Finite Dimension Source
Method.
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Fig.2. Schematic diagram shows the geometry between an earthquake rupture plane and a seismic

recorder. (A) When the hypocentral distance and the range of rupture plane are considerable, it

is highly possible to identify the rupture plane by the waveforms from the source to the recorder.

(B) When the recorder is far away from the source or the earthquake magnitude is small, it is

difficult to identify the rupture plane from the waveforms.
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Fig.3. Schematic diagram shows the sub-events on a rupture plane. The sub-events are all point
sources distributed apart on the equidistant lattice on the rupture plane to regard the focus as the
center of the earthquake hypocenter. They rupture in an order that follows circular wave-front
transmission, supposing that the rupture velocity (¥¥) is constant. The rupture area of earthquake
is represented by the rectangle shade, ¢ represents the azimuth of rupture plane on the surface, 6

represents the dip angle of rupture plane.
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Fig.4. The relationship between M, and M, obtained from the historical earthquakes occurred in the
Taiwan region. The earthquake data include 154 data of M, from the Harvard CMT solutions
and 811 data of Mw from BATS during 1995 and 2004. The data of M, are taken from Central

Weather Bureau. There are 965 data in total and make the result analyzed in linear regression.
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Fig.6. Synthetic waveforms on R, T, and Z components are calculated from double-couple focal
mechanism by Finite Dimension Source Method. The existence of difference on the waveforms

means the success of key point for the research.
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Fig.7. The star symbol represents the epicenter of the Ruili main shock (M,6.2) occurred on July

17, 1998. The solid and hollow triangles show the locations of 247 strong-motion stations

established from TSMIP. Each of them recorded the seismic waveforms of the main shock. It is

altogether 24 of the solid triangles for epicentral distance shorter than 30 km and the waveforms

recorded by these stations are applied to identify the source rupture plane by FDSM. The focal

mechanism is obtained by the CMT solutions from BATS.
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Fig.8. Recorded (solid lines) and synthetic (dotted lines) waveforms calculated from two double-

couple fault planes can be used to identify the rupture plane by minimum misfit and can be
recognized. Upper left: The resulted focal mechanism of this study event used the FDSM
method which shown by equal-area projection of the lower focal hemisphere. The solid line
shown the rupture plane determined by this study. The top of the middle: Rupture velocity from
2.0 to 3.25 km/sec response to misfit. The lowest misfit is 0.165 and rupture fault determined.
Upper right: The best data of Misfit is 0.165, which has strike 340.0°, dip 32.0°, and slip
36.0° of the fault plane solution. Below: The synthetic waveforms of rupture and nodal plane
comparison with observation in R, T, Z components. TSMIP station: CHY074. Vr (km/sec): the
velocity of the rupture plane. This is especially obvious after band-pass filtering the waveforms
between 0.05 and 0.2 Hz.



1. 1998/07/17% B L FREVEE SREE/ N 30km L HIGEZR} - WA HIBATS Z 28HCMTHEFE AR
MEE R IR - BEHE ST R2.0~3.25km/sec R AT IR B & (Misfit) R - H
1 AMisfit=(Misfit B)-(Misfit A) °

Tablel. Comparison of the minimum misfits between recorded and synthetic waveforms for the Ruili
main shock on July 17, 1998. The synthetic waveforms are calculated from the two double-
couple fault planes by FDSM, assuming the rupture velocity is between 2.0 and 3.25 km/sec.
The two fault planes are taken from the CMT solutions of BATS. The epicentral distances of the
24 stations are shorter than 30 km. AMisfit=(Misfit B)-(Misfit A).

HIEE Ui FififA Misfit A Misfit B AMisfit
1 CHY003 330 0.778742 0.808039 0.029297
2 CHY006 308 0.703169 0.714193 0.011024
3 CHY009 263 0.534559 0.891446 0.356887
4 CHY024 349 0.580650 0.934810 0.354160
5 CHY028 338 0.363622 0.394798 0.031176
6 CHY029 312 0.674895 0.668632 -0.006263
7 CHY034 280 0.703686 0.805525 0.101839
8 CHY037 284 0.602557 0.922757 0.320200
9 CHY042 207 0.537139 0.876679 0.339540
10 CHY046 262 0.505860 0.988660 0.482800
11 CHY 047 268 0.444725 0.959806 0.515081
12 CHY048 262 0.478903 0.846718 0.367815
13 CHY052 214 0.852537 0.657850 -0.194687
14 CHY073 269 0.674300 0.988727 0.314427
15 CHYO074 87 0.164666 0.771259 0.606593
16 CHY080 9 0.468391 0.560246 0.091855
17 CHY083 341 0.778852 0.921291 0.142439
18 CHY086 175 0.719813 1.019080 0.299267
19 CHY088 234 0.611224 0.597836 -0.013388
20 CHY102 190 0.583401 0.805545 0.222144
21 CHY103 329 0.853226 0.853406 0.000180
22 CHY106 255 0.585022 0.754875 0.169853
23 KAU054 168 0.388247 0.959423 0.571176
24 TCUI126 3 0.524364 0.836205 0.311841
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Fig.9. Recorded (solid lines) and synthetic (dotted lines) waveforms calculated from two double-

couple fault planes can consult the rupture plane by higher misfit but can be recognized and for

reference. The contents explain the same as in Fig.§.
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Fig.10. Recorded (solid lines) and synthetic (dotted lines) waveforms calculated from two double-

couple fault planes cannot be used to identify the rupture plane by minimum misfit and both

cannot be recognized. The contents explain the same as in Fig.8.
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Fig. 11. Recorded (solid lines) and synthetic (dotted lines) waveforms calculated from two double-

couple fault planes cannot be used to identify the rupture plane by higher misfit and cannot be

recognized. The contents explain the same as in Fig.8.

ChenF A(199NFE LR AR - AEEEN
AT DA IRF B R A RO SR BR R LB A -
M E - GREEFPH MU & R E A7 Joint
Hypocentral Determination, JHD) » K53k

BB Y BB R M RE 2 M - WudE
A(2003) 7 E DA IR 5 1B A6 15U A B 5 st 7
TE A By 5 B 2= 7 fi7 (Double-difference
earthquake location, hypoDD) » 5 DL =
S R 3% B {7 (three-dimensions velocity
structure location, 3DLOC) Jz DL = #f 39 &
6 38 1 AGE JE I 2 {& 1F (three-dimension

velocity structure with stations corrections
location, 3DCOR)EF £ EFYIEHE »
Hrp3DCORAKKIE = A HEFFIIZER
SrATRE RS R - [ 16 (GREEHL, 2004) By
By FL 4t R P AR FH 3D CORGF B AR & SE (7]
AATEIE - BARRSE 5k < A RAHIE - 3E
TN E L FEEN i A(strike = 340° 5

2° 5 slip = 36°) Ry sthEE R g il KA - 1
JE THIB(strike = 218° ; dip = 71.9° ; slip =
116.8°) ki 2= B Jg il B -

dip =
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Table2. Comparison of the minimum misfits between recorded and synthetic waveforms for the Ruili
main shock on July 17, 1998. The synthetic waveforms are calculated from the two double-
couple fault planes by FDSM, assuming the rupture velocity is 2.75 km/sec. The two fault planes
are taken from the CMT solutions of BATS. The epicentral distances of the 24 stations are
shorter than 30 km. AMisfit=(Misfit B)-(Misfit A).

DA uh Jikifg Misfit A Misfit B AMisfit
1 CHY003 330 0.781700 0.812033 0.030333
2 CHY006 308 0.703736 0.714645 0.010909
3 CHY009 263 0.540250 0.930633 0.390383
4 CHY024 349 0.582632 0.971409 0.388777
5 CHY028 338 0.364093 0.395472 0.031379
6 CHY029 312 0.674895 0.668632 -0.006263
7 CHY034 280 0.703686 0.813100 0.109414
8 CHY037 284 0.607163 0.943641 0.336478
9 CHY042 207 0.563136 1.030900 0.467764
10 CHY046 262 0.507155 1.035440 0.528285
11 CHY 047 268 0.444794 0.994442 0.549648
12 CHY048 262 0.506612 0.894262 0.387650
13 CHY052 214 0.889611 0.759901 -0.129710
14 CHY073 269 0.684842 1.042320 0.357478
15 CHY074 87 0.174055 0.792305 0.618250
16 CHY080 9 0.506863 0.609698 0.102835
17 CHY083 341 0.784607 0.926079 0.141472
18 CHY086 175 0.733440 1.134080 0.400640
19 CHY088 234 0.626287 0.606672 -0.019615
20 CHY102 190 0.583401 0.849865 0.266464
21 CHY103 329 0.854259 0.854458 0.000199
22 CHY106 255 0.605089 0.773962 0.168873
23 KAU054 168 0.400599 0.999489 0.598890
24 TCU126 3 0.539769 0.873869 0.334100




CHY003

Dist.: 27.7
Az.:3315
Bp.:0.05~0.15Hz

CHYOOG

Dist.: 14.3
Az.:308.3

Bp. :0.05~0.10Hz

CHY009

Dist.: 25.8
Az.:262.6
Bp.:0.05~0.15Hz

CHY(O24

Dist.: 29.2
Az.:350.0
Bp.:0.08~0.201z

CHY028

Dist.: 5.3
Az.:340.5
Bp.:0.08~0.20Hz

CHYD29

Dist.: 18.0
Az.:312.6
Bp.:0.06~0.15Hz

Wy e L

from two double-couple fault planes are compared. The waveforms are recorded at those stations

1998/07/17 04:51:14.96
(Lat.=23.500, Lon.=120.660, Depth=012km, Mw=5.66)
Fault Plane Nodal Plane
(strike=340.00,dip=32.00,slip= 36.00) (strike=218.00,dip=71.90,slip= 116.80)
Ave.Misfit=0.588 Ave.Misfit=0.814

Time(sec) Time(sec)

0 20 V] 20
R AN\~ R
T LN T A
Z Misfit=0.7787 5 Z Misfit=0.8080 R

0 0
R >~ R~

| o | J—

Tr Tr -
Misfir=0.7032 Seam Misfit=0.7142 -

0 20

R ) =l R|———t—.-‘./\/-“\_

Misfit=0.5346
20
R |—Ll.v‘\/-\'~_‘_.-_—.--
T I_.fo T —~ - AN -
| PRt o~ - Z e -
Z Misfit=0.5807 =" Misfit=0.9348 " ~+"
4] 0
R
T W

RI———-'N‘;')(”___ — R}———-a';“)(u_\a-——-—_ ——
| "~ ~ -
o — —-w }__—fw
Z| Misfit=0.6749 = - YA Misfir=0.6686 T

0

fi 12. $th 52 SR 3 Ok PR3 iy 7 JHII A BT L 90 JE2 B P 2 R R IR TR e P B 2 & B ER BB A

Fig.12. The misfits between recorded (solid lines) and synthetic (dotted lines) waveforms calculated

with epicentral distance shorter than 30 km.
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Fig.13. The relationship between minimum misfit and azimuth is obtained from the 24 stations whose
epicentral distances are shorter than 30 km. The azimuths are calculated from the stations to the

epicenter of the Ruili main shock on July 17, 1998.
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the change of rupture velocity. The rupture plane cannot be identified before making sure of the
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to determine the rupture plane from the stations with azimuth 210°~240° and 290°~330°.
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The Determination of Earthquake’s Rupture Plane
by Finite Dimension Source Method: Examination by
using Ruili, Chiayi Earthquake Sequence
in 1998 as the example

Rong-Yuh Chen',  Honn Kao’,  Chien-Hsin Chang'

]Seismological Center, Central Weather Bureau, Taiwan, R. O. C.

*Geological Survey of Canada, Pacific Geoscience Centre, Sidney, British Columbia, Canada

The purpose of this study uses near-field strong motion earthquake waveforms to determinate
earthquake’s rupture plane from double couple source parameters. By differences in the space
geometry distributions between sub-sources and recorders, we compared the observation data with
two synthetic waveforms in order to identify the rupture plane which has the minimum misfit and the
other is nodal plane. Structure with the geometry of seismogenic is expected to be found through this
research method and also more concreted information of source parameters can be provided. The main
shock for the example of earthquake sequence in this study occurred in Ruili, Chiayi on July 17, 1998.
The focal mechanisms are obtained from CMT by Broadband Array in Taiwan for Seismology(BATS)
of Institute of Earth Sciences, Academia Sinica. We obtained the source parameters of rupture plane
as strike 340°, dip 32°, slip 36°. The trends of our result and the aftershocks distribution of earthquake
sequence and geological structure characteristics were quite identical, which has proved the accuracy
of this research approach, and it can be applied to other earthquakes research with relevant focus

characteristics.

Key words: rupture plane, focal mechanism, Centroid Moment Tensor



