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Abstract

losses, and received much attention. Many studies have been made on the focal mechanisms of

The 2014 Ludian Ms6.5 earthquake caused dramatic death and significant economic

this earthquake sequence. However, due to the limitation of the inversion method and the
complex structures of the seismic area, there are still some disputes on this issue, especially
concerned with the dip-angle causative fault of the mainshock. In this work, we use regional
seismic waveform inversion based on the gCAP method and the full waveform modeling to invert
focal mechanism solutions of the mainshock and 9 aftershocks of the Ludian earthquake sequence.
Results show that the azimuthal coverage has a significant effect on the reliability and stability of
gCAP's inversion. To solve this problem, a two-bandwidth method is proposed in this paper, in
which the bandwidths are 0. 01~0. 05 Hz and 0. 01~0. 2 Hz, respectively. With this inversion,
this work determines that the dip angle and rake of the mainshock 76°~83° and 157°~ —164°,
respectively, implying a high-dip strike-slip rupture. The stabilities of the gCAP method and the

full waveform modeling are verified by the good consistence between the derived mechanisms of

the aftershocks. Our research suggests that the high-dip character of the Ludian earthquake

might lead to the fast and complete energy release, which may be the main reason for the

aggravating destruction and the lack of larger aftershocks.
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Fig.1 Map showing epicenters of Ludian earthquake sequence and the distribution of seismic stations

(a) Location of research region; (b) Red star denotes main shock. red triangles denote stations within 300 km from epicenter , green
triangles denote stations within 300~500 km epicenter distance. ANHEF: Anninghe fault, ZMHF: Zemuhe fault, XJF: Xiaojiang fault,
ZT-LDF: Zhaotong-Ludian fault; (¢) Green dots denote aftershocks, black line denotes the Zhaotong-Ludian fault.



1476

i BR 4 B %~ it (Chinese J. Geophys. )

63 &

fE O ERR AL AL = N P EEAE 300 km
LA B 6w 2% 0 = O 52 B 300~ 500 km fY

B .
3 B R Y 5 R IR ALl A 45

3.1 gCAP#BR

H45iE M F-K #7735 (Zhu and Rivera, 2002) it
A AR R K R B 2 BE B R AN BT 2a BT 7R, FE R AN
AEGEHZE TR 300 km DN B BIE S 5 RO, 78
o2 VR ML A B T8 T o 2 % B0 R I MEL L 2 R AL R AR
AR R FEBERE B RUTZ J5 ). s 38 0 2 38 b 7% &
RIS I K5 4 R ] 308 38 5 8 8 . Pl A1 S IR U Y0
FEl 433 4 0. 05~0. 2 Hz 1 0. 02~0. 1 Hz. #&IE
FEAK 1 km, WA K 5°. 38 2 IR A SCR 45 8
DL Rk 7 A 45 (2014) F Xie 25 (2015) 1y 4%

0 n 1 - 1 n 1 L 1

3.2 2REHEER

a4 P B MG T % Ry CPS330 P 4
(Herrmann,2013) , 2 3 3% A 3 % F1 43 : (Bouchon,
1981) 3R fift [+ %F #5 4 5t iz 3 J5 % (Haskell, 19645
Herrmann,1978; Wang and Herrmann, 1980) i}
AR PR T2 IR AR 4 2 AR FPEEAE 500 km LA
P . TR A o BT X R 5 (B L 2Y
W 13 G BE R ) R T\ Z J7 1. S8 I 08 B8 A bk oy
HORVHOIE B0 R BOHA [R) 591 B B I, £ SRR
¥ 0.02~0.1 Hz 19 3 t% &5 Butterworth J& I #5.
RGBT km, ALK 5% K 3 R T A
PPICANG ITIER SR KT 5 (2014) T Xie 55
(2015) [ &4
3.3 SEMAER

I3 AR R TAL B 4 R U5 T 58 4
— R A G TR S R B AR A B &

—V

0_ L |I| 1 s 1 PR

1@ - ERC N — f

] : SO ] . ---Vs k

103 ' E 104 4 E

E - E ! E

1 - 1 E

E ! E E ] E

20 '\ E 207 b E

3] ! 3 ] E

E l £ 3 l :
] 1 == E 1 F

= 30 ' E = 307 ' E
S ! E & ] Y E
5 E I 9] ] £
A E J Ee E : F
403 ' E 403 - 2

] 1 ] ' E

] B ] ‘

50 i E 504 : 3

] ' E ] ' E

] i : ] : :

60 T T T T 3 60 +—— T T T 3

0 2 4 6 8 10 0 2 4 6 8 10

K 2
Fig. 2

Velocity/(km-s™)

*x2

Velocity/(km-s™)

(a) ASSCR R BERLE (A Xie et al. , 2015) 5 (b) 3K Hi 25 (2014) 5 JT Ay i i 452 284
(a) Velocity model used in this paper (from Xie et al. , 2015); (b) Velocity model of Zhang et al. (2014)

A3 gCAP R 5 5% (2014) 1 Xie £ (2015)

Table 2 The results of gCAP in this research and the results of Zhang et al. (2014) and Xie et al. (2015)

gCAP Xie et al. 2015 G
J 5 BRI )

AT/ W/ WL/ AT/ /) AT/
1 2014-08-03 16:30:12.0 163/67/—8 256/83/—157 165/90/34 75/56/180 162/70/—14 257/77/—159
2 2014-08-03 19:07:21.2 277/86/—155 185/66/—4 70/68/—161 332/72/—23 96/90/156 186/66/4
3 2014-08-03 21:47:10.2 185/85/3 95/87/175 186/85/2 95/88/174 184/87/3 94/87/177
4 2014-08-03 22:28:30.5 171/79/—4 261/90/—169 173/85/3 82/87/174 351/76—4 81/90/—166
5 2014-08-04 03:30:31.6 188/66/5 96/85/156 189/73/6 97/84/162 188/68/6 96,/84/158
6 2014-08-04 07 :06 :10.8 105/89/151 196/61/1 105/85/145 198/55/6 — —
7 2014-08-08 14:39:28.8 166/66/—9 260/82/—156 179/67/—38 272/82/—156
8§ 2014-08-10 12:39:12.1 220/37/106 20/55/78 231/40/119 15/55/67 — —
9 2014-08-13 20:16:28.6 98/86/163 189/73/4 99/90/172 189/82/0
10 2014-09-10 16 :59:30. 0 258/56/—149 150/65/—38 258/60/—152 153/66/—33 — —
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Fig.3 The waveform fitting of the best depth of Ludian Ms6. 5 main shock
The black and red traces are observed and synthetic, respectively. The station names are given on the left and the numbers below each

station are the epicentral distance and the relative time shift. The numbers below traces are relative time shift and cross-correlation coefficient.
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of Ludian Ms6. 5 main shock at different depths
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Fig. 5 (a) The depth fitting of the results with bandwidth 0. 01 ~0. 05 Hz of Ludian earthquake; (b) The depth
fitting of the results with bandwidth 0. 01~0. 2 Hz; (c¢) The best depth full-waveforms fitting of the main shock after
deleting the low fitness waveforms in bandwidth of 0. 01 ~0. 05 Hz. The red and blue traces are the observed and
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fitting of the main shock after widening the bandwidth of 0.01~0. 2 Hz
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