H39%H H3M o= M Jﬁ Vol. 39, No. 3
2017 4% 6 A SEISMOLOGY AND GEOLOGY Jun., 2017

doi:10.3969/j.issn.0253-4967.2017.03.009

E T GPS Fask A HHER
2013 £ A1 7.0 3 ER IR ENRE

oA M M ORRE AT BB

([ R SR A — W Ry, 300180 )

wm = FITT GPS 4 22wl 104 85 K i WL 55 RS 21 i [7] S T2 A2 45 SR AE D 2013 4E 7 11 7. 0 iR
Wik 3 YETE L R AT, TEARIBUAR 7] W7 J2 B2 5 58 A9 SR ll B0 R SR IR S RS AT T T, 4
RFW . DUE W Z AR S SO A TR AR RO T LA b SR e i W JE AR A S T 2 R R A 4
FEEH W5 57 IR E 0 W= A B ) ) B A5 R B WA 25 S, O I b R R Y B B ST A5 R
M 6.7, %5 7E W2 T b B9 20 A 4 P 7E 30kmx30km 1 i [ A, DA by A 6 3R A e, e 3R 70 i
HARAL , A28 23 B R T A @A, e — R R A TR AR R

e 4! FlidbE  GPS kil HWEhHEA

hE S %S, P315.72"7 XERARIRAD : A X EHS :0253-4967(2017)03-0561-11

0 5l&

2013 4F 4 7 20 H YN I KA 7.0 RR o %R R AT R T T I B A i e B, AR IX
KT T NE SE B R E AR DA - - T B3R Kok - Bl 7R W7 28 26 & FL AR
WOTZ o AR RS IC SR B L M R BOWLRR rh L T XA — RN W 2R 43, (EL IR Uk M 3 R 3 i A
M m 2RE, DRLIAT 0 L M A ) e R A e i A7 AR R P B AR B 1 45 (2013b ) AR 45 b 3% A2 TP
T DUES 5 AR Y 23 () 2 A RRAE | 5 DROBIL T At 5 BBk, S D00 L 3t 72 TR T S R A TR S M= R
e, HMR IR A I OUE S T R R E SR . SR ATBLAE (2013 ) B M A AR A 45 7 1 1
LA B 3 HERY 5 MR, ELWJZ T R] RE R JE R =G . B L AR A (2013) (T RUZE A X
PR R AR R AN BEAT T E AL, AR IR B R RMZ P REN 1 KPR E
Wrh W o B R AR (2013) ZRA HURR P A 2 A R AL . ERRR IR | B A B R B B S A R
SEAN D I A AR S e T L LT R, AN R R R T AR MR A AE 1A% R AN 1Y JEE BT 2R
KFRMIATRENE . VR TTAF (2013 ) AR 4 32 AR MR AR SE AL 4 R U P I AR Y A R W Z S T I
P BB RUAT - R BT 2 . D7 S A4 (2013 ) BB E AL YRR M AR S5 R B, R X IBAFTE S KR
WrJZ MRS B y 5 B 1) SE BUREY A AT, I D 0t il B R 3 v R L B R R

T AE A P [5] 52 E 74 LA R i 7 90 26 A7 77 1) 52 72 U 2 B0 18 T MR 7 — 28285 21 o Xl
= AEAF(2014) ZEF A IR InSAR JE A AT T [R5 3 70 Al 10 S . 4 W85 45 (2014) & F
13 YR sl G R R AR . L GPS S5 R il TR IRS M, TR (2013) flim 3 i

(s HH) 2016-05-18 I Hi, 2017-03-09 i [6] ,
(BE£MB) EEBHEIEMME T /LT (2015FY210400) % 8,



562 o M B 39 &

GORMRIA BRIBTJZ 7 36 RCGEHAS 1 L 5= 1 52 PR RS o Jiang 2 (2013) SR ] GPS 5 R )2
TR R R s A . d T ORI S L RS AR CR LA AL 0 R 22 S I R AR AE , R L
ARG TE AL YRR, GPS AR 4 T A4 3 JE AL M 0 A9 3 [ K5 B2 A 10mm ( E 4, 2009) 5 K
50 45 (2013) 45 H 19 [ 752 45 # 37 988 23 0 3 1) 3 i) 22 22 > 10mm . InSAR =5 [6] 73 B R B AR vy
WA IR F) mm ZORE B2 B9 1, EJ F AT A 45 SR % CHORS B2 32 LI 2R B8 R e e AR B S, TR A OB R
5/ 1 DX ISR B2 G2 T R I R Y DX X 5 AR S (2014) 45 Y 1) e 1) [ 52 10 B2 B AE em
DK I B, AT GPS I InSAR 459K & H 1ij 3k B 28 WLINRS 2 fe i 09 - B, AT LA E] mm
o PG H A E HE ) SR I D T, K EN AT R 4 A AR AR .

BT RF e 1L 2R R W I AL, AN T A A X R L AR TR AR A RS i 2 T SN IR 22 5
DA K 2 75 W 2 144 3 A B 0F F B T 245 SR ] REAT R B2 A o R SCZ3 & AT GPS K i WLy ¢
b, S S AN R A A R W2 AL, SR A [+ ) SO0 00 5 40 e SO SR R AT B, O R AT A kA X
LA, A BEAE O LI MR A AR A B E WA IR S TRABE TR IS %

1 Bl o 5 4b B

ASSCR L T G MR oA [ 100km 56 FFIPY 15 -9 8 345 F 14 - 23 1 GPS BERY,
AT IRE 3 AR R b S I A A 4 B L 2013 4 4 J1 16 H % 23 H 3t 8d
(AR A 75 1 0 T 4 9 B JE T 2000 4 | 2010 42 2011 4F | 2013 42 4 I 44
R EEAREL, A 2 A U 3,

KM 31 X S0 T2 B2 0 1AL BT 1 B A LMK , 2010 4 1 1 36 2011 4
DAL 2013 4F S—11 A 2 SUECHE . K e KA A B 1L D01 Mt 5% Sl AT 5 25 25 4
T80T X T 1) M T T 25245 R o TR Y 100K S5 1A 119 120 A K o 15030 47 5 52 1 b

é}*ﬁo 102°00’ 102°30’ 103°00’ 103°30' 104°00’
GPS O AbFR 5 3 He 3826 (2013) SCikef O | o mmmmsta - mma |

B77 KL, SR GAMIT/ GLOBK #1452 Y Cromd R ‘9«»&

Mo TN LRBUGE RO ITRF2000 ]

BHNER, —IFAL I T 2RI 80 4 1GS i1y 2 T ;ﬁ @} aPIXI

Bl @R H R EE AN, KB o Lso%@:.m

R 16S AN DRI TR R VAT

P SRR B A L B Oy 2D 22 e

190 96 IR 0 i Ay o 0L 00 B £ 1 57 A7 I e

GPS il o7 5 1158 5 7 A2 220 1 0 2% o 180 | SRS 1 ¥ s
KB B 1185 1 35 2a 75 47, FUE 2% A

fi5 0, FF 2 3500 R I B0 B 135 8, 7 BE9 I ; W72 .

W 2P WA 3 A K% GPS 1% 45 b '

29°30/

SCTQ. SCSM Al SCXJ ([ 2a) s MO BT o sy 0 s el ] 100K S5

2010 4E 1 H 1 HZE 2013 4 4 H 19 H {1 [ GPS % 3 5 K M 54 i
th f*ﬂf?ﬂﬁﬁ T *ﬂ%%ﬂ [3/% N ﬁ%‘ﬂ jr:"lIJ LA &}% Fig. 1  Distribution of the GPS stations and

WG A8, I3 A5 2 18 T B ) /3 40 4R TR 3 5 leveling points used in this paper.



33 W% MNEE: T GPS FIZK HERE B9 2013 45 11 7.0 2 M 5 5 YR i gl 4 Y 563

A AE JE Y 18 B A E (B NS, 2012) o SR AL B3R U5 SRS SCTQ . SCSM ., SCXJ il f 3 4]
S AR R )R (1. 76+0. 26) mm/a, (0.06+0. 13) mm/a Fil(-0.89+0. 17) mm/a, {HF5 i
I 2 LR GPS T 5 75 3 Ay A2 Kb vy, /K E D B2 45 3 A 2 1B &, H2 A CHESE 2 el 2 4
o R AR G B AR AL 22 ) 22 S B/ Al LA R A5 (B 52 N5, 2000) o i TR R R BGE R GPS &
Zruli AT 3 A, DT SR v 2065 56 25 (] 4005 05 oK 13 52 th BT 9B A2, A SCR R 25
BRI J5 2 AT I AR BUIE o SROK ME £ 22 ] 45 R a0 (1) s
si= /(e —x)  + (y —y)7
1

s, (1)
T zl o

2
A, (x, y) v 23 5 AR ) 4 3 R A AR AR S AROR A (v, y,) o, 230900 & R [6)
A R A bR ] R s, RIS CORR E Z BB Y, n R E AR R TTI Jr vE SR
Aot AU 10 52 TR 2 ) R A, L (] B Ik ] ) 3fe AR RP Shy 52 (B A%, K i 30 A B ) K 5 2R

R RIEAL , RAF R RIE AR LR . k. GPS A5 B[R 5= L% 4n 18] 2 Fir 7l o

101°30’ 102°00' 102°30’ 103°00’ 103°30’ 104°00’ 101°30’ 102°00’ 102°30’ 103°00’ 103°30’ 104°00’  101°30’' 102°00’ 102°30’ 103°00’ 103°30' 104°00’
r 1 1 1 1 1 o U 1 1 1 1 1 1 1

31°30 L 31°30" L
b c
31°00" 31°00’ . LlJ ’ 31°00'
30°30' 30°30' S 30°30"
GUACENC? |
. \Global CMT
2 [ L EFTENY i
30°00' 30°00' 6 30°00"
7 T { . l »
29°30" 29°30'-|4 GPSHELH, 29°30"
© GPSHLFI 4 GPSHELEY
* R © GPS¥i 3%
20mm 20mm
29°00" 29°00’ — 29°00"
B2 R M TS R K LR A GPS [R) = A %
Fig. 2 The surface displacement(2010—2013) before and after the Lushan M 7. 0 earthquake.
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Table 1 The frameworks of fault models

LT ] Bk L E W HIEH W HTE %
Ers) 212 208 208
mifh/(°) 54~35 43 43

T3 TR %/ km 7 7 0
KB /km 46 46 46
G5 BE/km 38 38 38

% B A/ /km 2x2 2x2 2x2
7 2 7 (30.400°N, 103.175°E) (30.400°N, 103.175°E) (30.400°N, 103.175°E)

PR RGO R SRS (1), WK SRR (0, 0) B (181 3) 6

GPS F/KHEXT T A2 I3 5 Y LY RAFTE 22 57, [l I 1 3 A By oA FEAS 0 1, T W 00 438 2 2
BRGSO T oMo B BUBG T GPS FUK R, LA K 2% Bk 7K i 504k 7% 18] B 248 X B i BY
S, BT T T R BT 56 (3R 2) BEAT RS EE AT

®2 REHEERFTRIZT

Table 2 Data selection scheme of the inversion
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Table 3  Crustal velocity model used in this paper
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50+ 7.85 4.40 3.30
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Table 4 Statistics of the inversion results
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Table 5 Source parameters of the Lushan earthquake from different institutes

Bl o R A 0 e Global CMT® UsGs® GFz®
B/ (°) 103 103.12 102.97 102.91
AR/ (°) 30.3 30.22 30.28 30.32

¥ /km 13 21.9 12 10

ER Mg7.0 My 6.6 My 6.6 My6.7

FEms ) 220 212 198 204
i/ (°) 35 42 33 43
wahfs (o) 101 100 71 84
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Fig. 3 The inversion results of different fault models using Scheme 5 with the data
within the epicenter distance of 50km.
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Fig. 4 The observed and predicted co-seismic displacement caused by Lushan M 7.0 earthquake.
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GPS AND LEVELING CONSTRAINED CO-SEISMIC SOURCE
AND SLIP DISTRIBUTION OF THE LUSHAN M/7.0
EARTHQUAKE ON 20 APRIL 2013

CHANG Liu YANG Bo ZHANG Feng-shuang
XU Ming-yuan YANG Guo-hua

(First Crust Deformation Monitoring and Application Center,

China Earthquake Administration, Tianjin 300180, China)

Abstract

Co-seismic deformation results calculated by the observations of GPS continuous sites and precise
leveling are used as three-dimensional constraints for the deformation field of Lushan M 7.0
earthquake on 20 April 2013.The inversion of seismic source parameters are calculated based on the
consideration of different value-taking schemes and fault models. Seven data type selection schemes,
three fault models and two data coverage selection schemes are designed in order to discuss the effect
of data selection and fault model selection on the inversion results.

The results show that the fault model using blind reverse fault for the inversion is superior to the
model using the fault that ruptures from its upper boundary to the earth’surface, which may indicate
that the Lushan earthquake fault is most likely a blind reverse fault; there are no obvious differences
in the inversion results between the blind listric reverse fault models and the rectangle blind reverse
fault models.

The best inversion result of Lushan earthquake seismic moment is M 6. 7.And it also shows that
the distribution of dislocations on the fault plane is concentrated in the range of 30km x30km, the
northern flank of the seismogenic fault of Lushun earthquake is of dextral faulting and the southern
flank of the fault is of sinistral faulting, the sinistral component is larger that dextral component,
showing a wedge deformation mode.

Key words Lushan earthquake, GPS, leveling, slip model
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