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Abstract: There is a complicated stress state in Yunnan and the main research object in this paper
is the Luquan seismic zone. The LLuquan seismic belt is located in the Xiaojiang fault zone in the
southern section of the North-South Seismic Belt within China’s borders. The complexity of the
stress field of the Luquan seismic zone gives it great research value as the focal-mechanism solu-
tion in the area contains a great amount of information about the focus of earthquakes. In this pa-
per, we use the seismic moment tensor of the Yunnan Luquan earthquake and the focal mecha-
nism solution of its main shock and aftershocks from the inversion of previous scholars, and refer

to the Global CMT Catalog for the focal mechanism solutions of several earthquakes based on the
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Luquan earthquake. We transform the seismic moment tensor into a focal mechanism solution and
then use a stress-field inversion program to invert the focal mechanism solution and obtain the
stress field of the Luquan earthquake and surrounding areas. Then, we compare the differences
between the two stress fields. We found the principal compression stress field of the hypocenter in
the Yunnan Luquan earthquake to be in the NNW-SSE direction. Also, we found the principal
compression stress to be equivalent to the principal extensional stress, and that of surrounding
areas to be in the NW-SE direction. Furthermore, the facture surface of faults, mainly down
strike-slip faults have a large slope angle and the principal compression stress is in a dominant po-
sition. However, we found Yunnan to be primarily affected by the principal compression stress in
the NNW-SSE and NW-SE directions, given the impact of its location and the longitude and lati-
tude of its surrounding areas. Therefore, in general, Yunnan is affected by compression stress in
the NW-SE direction, with some areas affected by compression stress in the NNW-SSE direction.
These research results can be used to analyze the mechanism of earthquakes and the seismic geo-

logical background and formation conditions of the faults in the area. They also have some signifi-

cance in promoting relevant research on the geodynamic environment in the Yunnan region.
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Table 1 Focal mechanism from the global CMT catalog

FE RN L - L — e

HE/ ) ZRE/ () /) s/ Waf/ O E /) Wi/ Wi/ O
1 1976-11-06 27.50 101.40 19 66 —6 111 84 —156
2 1980-02-02 27.60 101.38 213 74 —6 304 84 — 164
3 1985-04-18 25.39 102.64 100 57 —170 5 82 —33
4 1986-03-13 25.45 101.02 330 25 —104 165 66 —84
5 1993-08-14 25.63 101.80 209 76 15 115 76 165
6 1998-10-02 27.45 101.52 332 16 —89 151 74 —90
7 1998-11-19 27.25 101.47 31 79 -9 123 81 —169
8 2000-01-14 25.34 101.28 25 77 —2 116 88 —167
9 2000-01-14 25.39 101.40 27 78 —6 118 84 —168
10 2001-05-23 27.53 101.11 8 87 —2 98 88 —177
11 2001-07-09 24.89 101.25 233 50 2 142 89 140
12 2001-10-27 26.36 101.01 35 69 1 305 89 159
13 2003-07-21 25.98 101.32 200 80 —6 291 84 — 170
14 2003-10-16 25.89 101.52 18 88 —1 108 89 —178
15 2004-08-10 27.16 103.78 156 85 1 66 89 175
16 2005-08-05 26.46 103.19 252 73 —178 161 88 —17
17 2008-08-30 26.19 102.04 100 86 180 190 90 4
18 2008-08-31 26.16 102.01 11 77 —7 102 84 —167
19 2009-07-09 25.52 101.17 204 84 —3 294 87 —174
20 2012-09-07 27.47 104.12 350 51 35 236 63 136
21 2012-09-07 27.47 104.19 234 58 155 338 69 34
22 2014-05-07 25.43 102.01 356 72 —15 91 76 —162
23 2014-08-03 27.06 103.50 71 81 —175 340 86 —9
24 2015-03-09 25.26 103.30 183 74 —10 276 80 —163
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Table 2 Focal mechanism of 15 aftershocks
%% No , R , e
E /() Wi/ W/ AW /) Wi/ () Wi/ O
1 224.2 62.3 34.7 116.4 59.7 147.5
2 86.8 88.4 —138.2 355.4 48.2 —2.2
3 237.2 71.6 44.6 129.9 48.3 154.9
4 49.5 90.0 0.5 319.5 89.5 180.0
) 100.8 68.8 39.6 354.2 53.6 153.3
6 247.3 86.8 —174.3 157.0 84.3 —3.2
7 270.7 80.9 —147.7 175.0 58.1 —10.7
8 185.9 78.4 25.8 90.4 64.7 167.2
9 54.6 79.4 121.8 161.2 33.4 19.6
10 359.5 87.1 —11.1 90.0 78.9 —177.0
11 78.7 55.6 136.5 197.0 55.4 43.4
12 265.7 75.6 155.4 2.2 66.2 15.8
13 155.7 71.3 —145.0 53.0 57.1 —22.4
14 131.3 81.2 127.5 232.5 38.4 14.3
15 33.8 75.7 33.8 294.4 57.4 162.9
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Table 3  Verified focal parameters of main shock and several aftershocks in Yunnan Luquan earthquake

T — i

R/ i 5 3 5 S s 5 X S
FEm/ ) ifh/ Wahfm/ ¢ A1/ fiff/ Wwahfm/ ¢
T 237.880 2 53.422 3 58.304 2 103.87 3 49.595 7 125.343 2

No.13 217.128 5 57.478 6 22.956 1 117.873 5 68.839 1 155.773
No.18 206.931 7 77.369 7 36.623 8 107.693 7 54.337 9 164.300 6
No.20 200.602 1 74.937 5 29.612 8 102.235 7 61.503 1 162.872 5
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Table 4 The optimal state of stress of main shock and aftershocks in Luquan earthquake

T — T P & B & T %
A I s WSS 7 17 s W3 Er R Em RS Em RS
/() ) /() /() /() /(D /() /() /() /() /(D /()
28.3 72.3 27.1 289.5 64.3 160.3 157.50 5.28 59.00 58.00 250.75 31.46
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Table 5 The optimal state of stress in background research regions

A i — A P % B il T #h
7E 1] s WA iE 8] s WA Em AR A Em AR S N
/() /(D /() /() /() /(D /(%) /(D /(D /(%) /(D /()
353.4 58.0 —42.1 109.0 55.4 —139.9 319.82 50.96 143.00 39.00 51.74 1.55
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Fig.1 The state of stress of main shock and aftershocks

in Yunnan Luquan earthquake
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Fig.2 The state of stress in background research regions

2.5 o
XiF L A 2 R JRAN () B4 52 DML A A 45 1 A T 51X

I 1375 BRZS T, Ak 0 = s IR AL B 1 13
JE I F7 B35 15 NNW-—SSE, 32 3K i 7 4 {35
Jrial i NEE—SWW, M58 % A X 3 DL E W 45 sh ok
FL X FEEZ KA IE . DL EEE T
O R A B A N 2° RN > 2°FF 4Bk CMT H
SR HH A TR 3 10 2 R AL TR AR B0 0 2 B T P b A R
J13 R R 175 16 A NW—SE J7 [, 5K 8 f1 05
]R3l NE—SW J5 [, LASE W W2 B2 7 4R 4&8 k3=
HorpJe 26 T IE W2 R IR A .

3 Zigfitig

R FI it A L ST T Ak Ry b £ AR R AL 1 1 )
Yy A5 I POl A 200 K % M X M R DL E T
EWFE R FRAS R 3. B Bl T sk A g kL =
U5 4k 22 NNW-—SSE Jr[a] 09 £ R /B . Dhgk ol
MR AR D B TE G b X P Al BAR K
Bk Z, T fif /N, 2223 NW-—SE Jy[n iy £
JER TIER .

MR A b SBT3 1) 18 ) 3 B 25 2 L Ak 3 1 iR
T4k 0 3 W 1 5 B PE 5 W 2 NNW-—SSE, 5K Ji
FIEJ5 1 NEE—SWW ., 575 58 58 X 48 5 b b
1) 32 N T W R # a3 NW—SE J7 1], 5K v )
Ji 18 2R3 NE—SW J5 [ AR 3T 5 45 65 2= 1 b X 1)
Jo KL 1 R B 1 U8 A A, R R 3 3 0 0 B D 1) S
NNW-—SSE J7 [n] Fl 25 g H#b X 3 R 77 3 09 R R
7711 NNW-—SSE S, H 5 M CMT 48k ih =
57 e 358 JBCA b 72 2 VR AL A A5 L ) A SR A T DX Y
N7 AFTE 26 5% . 2~ B L X B R &2 NNW-—SSE
5 ) 4 3 R 3 45 1 7 JRy 3 b DX A b 2R b AR A
2% NW-—SE [a] (1) 32 F 0 7 9 45 i o 43 0 s A 9 e b
5 BT RO AR B A2 31 B RE Al e iy % s, DA B B JE Al
Bt 5 7 o JE 00 VR {8 45 7 8 e T A e A RN 4 I
WA L I X 52 NW-—SE [ fil NNW-—
SSE [n] i I S A . R R X N 3 S S 0F
GE XY N T3 B ORAG 22 00 (B A A i XA BT
SO TR RV

T A B ST A A 2 T e e R R R AL Y 1
bk 25 0 L T5 SO 5E X380 17 77 5 RS R [ 1) i 1R
B T IV A ot il 45 7 FH A0 o] BB SR A 4 T LA

(1) R IEA ] 5

(2) T2 DA 1 72 1) 72 DR AL T ik B v i 7
F1 35 R3S R R G /N B i 7 %) 5= R AL S 3 A



F39% E 2 JE SCH

S5 2 Rk o8 M e R AL B R D 35K i

267

TGRS ARTA
(3) CMT #7% H 5% 2 2 14 5% W5 AL i 18
— A AHXT AR B Y X, AT A 1 T R A R
— AN TR B S IR AS . T AR Y b R R
FIA 2 T AR W 28 20 B 3 AR /1N, 45 1 00 B 3% 02 —
AN /N DRI ] B I T AR
(4) = P 52 7% 1 b Jo A 3a PR B 3 i 1 3% IX el A2
R AR A AR Mﬁﬁ@ﬁ%%/\d\tiﬂﬁﬁw}
I ARAFAE 22 57 T LUAS [] 1) DX 3 A B o 36 A [R] 79
INPARZ RN
(5) B FAATEIL SR 25 . L0 7 RS A ok 250 A 2
VA MR bR R T Y i 25 T SRR IR RN A VR AL 22 T
(4 Qi 25 JIF LA ST 1) e 758 4 2 L B A5 1 1, X AR
SR A5 RA — B S
(B2 B T A I 58458 1 B 7 ) 3 B T R A 23 B
A SR FR AR AR LT 25 SRR IR AL A 9 AR A5 2 s
4[] ) 30 B A5 3] 400 5% 22 55 /N 19 f 45 LR AR 34, LA
-2 D0 N I ESE S A PR | 4 N I el A
(CNTIEAEE S A

5 % 3L HK (References)

(1] WRSLfE,. % ¥, FH KL, %1985 En b [ &,
1986,6(2) :20-27.
CHEN Li-de .LUO Ping.,LEI Su-hua,et al. The 1985 Luquan
Earthquake of M6.2 in Yunnan Province [ ]J]. Earthquake,
1986,6(2) :20-27.(in Chinese)

(2] AHiT, E48%, e bW, 5. 7 1 i 72 )5 5 1 72 WAL 6 4 A
(). E B 5. 2009,32(3) : 253-257.
FU Hong, WANG Shao-jin, LONG Xiao-fan, et al. Analysis of
Focal Mechanism of the Ning’ er Earthquake Sequencel[ ] ].

Journal of Seismological Research, 2009, 32 (3): 253-257. (in

Chinese)
(3] e, fal B L 0 Pl . e 224 /0N b R 4 B8 ) 42 b b DX HA) 38 17 )

Yy i (1] M 78 £ 42, 1983,5(3) : 268-278.
XU Zhong-huai, YAN Ming.ZHAO Zhong-he.Evalution of the
Direction of Tectonic Sttess in North China From Recorded
Data of a Large Number of Small Earthquakes[]J]. Acta Seis-
mologica Sinica,1983,5(3) :268-278.(in Chinese)
C4] JoKkEE e op b = LA A 3 17 g 5 L)) S b g 32
(3):18-29.
WANG Yong-ge, SHENG Shu-zhong. Contemporary Tectonic
Stress Field in China[J]. Translated World Selsmology, 2011
(3):18-29.(in Chinese)
(5] b4, 0 B, S0 PGV VG b B 408 IX B AR A 35 17y 3 ()], 4t
MR ,1994,16(4) :329-338.
XIE Fu-ren, LIU Guang-xun, LIANG Hai-qing.Recent Tecton-

M, 2011

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

ic Stress Field in Northwest Yunnan Province and Its Adjacent
Areas[ ] . Seismology and Geology, 1994,16 (4) :329-338. (in
Chinese)

FREYE M3 BT A5 AR R 4B XA 10 3 3 B 3 (D] 78 4 3
2008,30(1) :59-66.

KANG Ying, YANG Xuan, CHEN Xing, et al. Inversion of
Stress Field in Guangdong and Its Adjacent Area[ J]. Acta Seis-
mologica Sinica,2008,30(1) :59-66.(in Chinese)
Gephart ] W,Forsyth D W, An Improved Method for Determi-
ning the Regional Stress Tensor Using Focal Mechanism Data:
Application to the San Fernando Earthquake Sequence[ ]J].]
Geophys Res.1984,89(B11) :9305-9320.
Gephart J] W.FMSI: A Fortran Program for Inverting Fault/
slickenside and Earthquake Focal Mechanism Data to Obtain
the Regional Stress Tensor [ J]. Computer & Geosciences.,
1990,16(7):953-989.
FOHE 2L PR AR ST A X ot 7R AR U AL R A K
4 3 157 71 3 o L) ) MR TR 23R . 2014, 36(3) :599-607.
GUO Xiang-yun, CHEN Xue-zhong, WANG Sheng-wen, et al.
Focal Mechanism of Small and Moderate Earthquakes and Tec-
tonic Stress Field in Sichuan— Yunan Areas[ J].China Earth-
quake Engineering Journal,2014,36(3) :599-607.(in Chinese)
T3 K A AR AR = PR AL ) SR A AR 3 0 1 B i RO AR I R e [T ]
B i 7% 31 75, 2012(6) : 19-19.
WANG Yong-ge.Solving the Grid Search Method of the Tectonic
Stress Field Based on Focal Mechanism Solution[ J ].Recent Devel-
opments in World Seismology,2012(6) :19-19.(in Chinese)
(S JUIFS = I e e L B WA i P A B
B 38 35 2l e AE A R [ 3R 4 B 24 40, 1977, 20(2)
96-109.
KAN Rong-ju,ZHANG Si-chang, YAN Feng-tong,et al. Dis-
cussion of Recent Tectonic Stress Field and Characteristics of
Recent Tectonic Movement in Southwest Chinal J]. Chinese ]
Geophys,1977,20(2) :96-108.(in Chinese)
TR E R EAERE R R TR SR LML AL 5 B
J§AL: 2001 :3-4.
ZHANG Gou-min,FU Zheng-xiang, GUI Xie-tai, et al.Intro-
duction to Earthquake Prediction[ M]. Beijing: Science Press,
2001:3-4.(in Chinese)
K #F SO A B 30 GPS BERHE 7R 1 /I V17 245 332 3
fELT]. HbRZ 5%, 2012,35(2) . 207-212.
SHI Fa-qi, YOU Wei, FU Yun-wen. Recent Crustal Move-
ment Characteristics of Xiaojiang River Fault Based on the
GPS Data[ ] ].Journal of Seismological Research,2012,35(2) :
207-212.(in Chinese)
XUAE B 95 A B L 28 5% B 55,20 20 25 m MR 16 sh [ M. dE e
MR AL, 2002 24-47.
LIU Zu-yin, SU You-jin, QIN Jia-zheng, et al. Seismicity in
Yunnan in the 20" Century[ M].Beijing : Seismological Press,

200:24-47.(in Chinese) (F# 277 ®)



B39% H2 M

SRR A ¢ H AR I M DX T S B I T IR T = 4k AR

277

[30]

[31]

JIA Shi-xu,ZHANG Xian-kang.Study on the Crust Phases of
Deep Seismic Sounding Experiments and Fine Crust Struc-
tures in the Nortneast of Tibetan Plateau[ ] |.Chinese Journal
of Geophysics,2008,51(5):1431-1443.(in Chinese)

A T G R R, AR T IR A P A A AR IR Y 2013 4F
HA U B B Ms6.6 Hu R 2R AR SRS ) ] MU RR M It L 2015,
37(2):541-554.

ZHAO Ling-qiang, ZHAN Yan, ZHAO Guo-ze, et al. The
Seismogenic Environment of the 2013 Minxian-Zhangxian
M 6.6 Earthquake Based on the Deep Electrical Structure[]].
Seismology and Geology,2015,37(2) :541-554.(in Chinese)
LN, BT T JRE O A8 T 80 e D M 58 = Ak S5 A B R
ST ] M Bk 4 BE 2 3k i, 2009, 24 (2) : 448-455.

KE Xiao-ping, WANG Yong,XU Hou-ze,et al. The Three-di-

[32]

[33]

mensional Crustal Density Structure of the Tibetan Plateau
from Grovity Inversion. Progress in Geophys, 2009, 24 (2):
448-455.(in Chinese)

TKICA LR K Ak R AT IR 2 T RHR T 2013 AR IR
Himh 6.6 MR R[] ] A TR 24t 2013,35(3)
319-424.

ZHANG Yuan-sheng, FENG Hong-wu, ZHANG Ji-feng, et al.
Study on Seismogenic Structure of 2013 Minxian—Zhangxian
Ms6.6 Earthquake with Seismological Data[ J].China Earthquake
Engineering Journal,2013,35(3) :319-424.(in Chinese)

o [ AR B I o b AR A B 5 IR S R 4L
http://www.csndme. ac. cn/newweb/index. jsp China Earth-
quake Networks Center,Seismic Data Management and Serv-

ice System.http://www.csndme.ac.cn/newweb/index.jsp.

e Az Az Az Ve Az Ve Az Az e A e A e A e A e A e e e A e e e e e e A e A e A e e e e e e e e e e e e e e e e

(k3267 70

[15]

[16]

(171

XUFH, FA BRIV, SRR, 2005 4F 43 % 5.3 P 5 /M T
22 7R 3 B 6 RS ] RR T . 2006, 29 (4) :332-337.
LIU Xiang, WANG Shao-jin, QIAN Xiao-dong, et al. Relation
between the 2005 Huize M5.3 Earthquake and the Seismicity
of Xiaojiang Fault[]J].Journal of Seismological Research,2006,
29(4):332-337.(in Chinese)

ARIZR S 37 s L R 22 2 /N VI IR 284 v BE B 48 DX A 3 7 )
Yy o AR ] B R . 2010,26(2) £ 192-200.

LIN Xiang-dong, XU Ping, WU Min-jie, et al. Inversion of
Stress Field in Middle Section of the Xiaojiang Fault and Its
Adjacent Area[ J]. Earthquake Research in China, 2010, 26
(2):192-200.(in Chinese)

R TR A BRI B W b DX B AL 3 R ) 3 4 L .t
EWFFT.2005,28(2) :178-184.

WANG Shao-jin, LONG Xiao-fan, YU Qing-kun. Analysis on
recent Tectonic Stress Field in the Yunnan Region[ ] ].Journal

of Seismological Research,2005,28(2):178-184.(in Chinese)

[18]

[19]

[20]

VLW ik #EE Bae, A5./IN T I 4 A R L TR 0 4t DX A 3 R g
WREL) ] Z M K22 40 A AR B 24 R, 2012, 34(3) : 308-314.
SHEN Ya-hong, ZHANG Jian-guo, MAO Yan, et al. Chara-
creter of Tectonic Stress in Xiaojiang Fault Zone and Sur-
rounding Areas[J].Journal of Yunnan University: Natural Sci-
ences,2012,34(3) :308-314.(in Chinese)

B R HRIE % ATC L 55T R R AR 10 S 1 M R R Ok
S LI]. R 2 4, 1994, 16(2) 1 141-152.

WU Zhong-liang, CHEN Yun-tai, NI Jiang-chuan, et al. The Seis-
mic Moment Tensor Inversion of Near Source Broadband Records
[J].Acta Seismologica Sinica,1994,16(2);141-152.(in Chinese)
BAVLIN B2 2%, E 08, 55 25 g 4 3 b 78 8 43 A 7R 1 0 9K A I
WL ] M AE 2, 1991, 13(4) 1 412-419.

NI Jiang-chuan, CHEN Yun-tai, WANG Ming., et al. Moment
Tensor Inuersion of Some Aftershocks of the April 18,1985,
Luquan, Yunnan, China, Earthquake [ ] ]. Acta Seismologica

Sinica,1991,13(4) :412-419.



