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1970-01-01—2005-02-27

2005-02-28—2020-03-29

M=6.0

2020-03-30 M 4.5

BT A v A6 A Sl i i SR B A
M EEFRR 1970 4F 1 4 1 H—2005 42 7 27 H M, 4.0 A EHFEZ P ALE ; 35 05 58K 2005 45 2 7 28
H-—2020 4 3 129 H M, 4.0 DL |- 5% 5% P07 8 5 2068 A AL O 2020 4F 3 1 30 H FIMR#E /R M, 4.5 HhERE
D7 SR 5] s R 1970 4F DIOK B I g2 s B iy 6 R DL bR 0 R A SR A AR AE SRR M 4.0 L) |
T X

A 52 1 B P o0 B A EE 2R o

MR H 7 B AR A 0 56 A 0 A e R T ML R R 81 AR A BT 4 R R B A A
AL {5 1 (Woessner et al, 2005 ;75 2 K| %5, 2012 ; 188 1% 45, 2014) o FIARHG IR M, 4.5 Hi 5% Al 5
BT ZUHT AR o KL ) P[] — b A R M AR, A ]l 752 5 A9 30 St BB A L
B IS [ IS FUARAR 2K BT TE 18 P9 52 vy v 3 b X b 52 6 3k 8 i g (X1 D5 45, 2013a,2013b
2014) AXHCEE N T 52 2 B i it 2 H 5% B — B p gt T o )R BRAT I &R e 7
PN AN TE R KA AR H SR AH TR, W R A S Sk R R B

HATC ) 20 T E R A R RE G M52 B Zh PO kA e, — KR 1 1
Ji ¥k, HOR R A ) 1 RE 4 e (STA/LTA) 93531 M 5% =F 4 9] 2 2| i) ( Stevenson, 19765 Allen,
1978 ; Baer et al,1987;Earle et al,1994) , F£- 75 g SE Al b DA I ] 380 490 3 388 A 41 70 A 8 B 42
T U A5 T T 25 0 A P ) R S F (AR, 2004) o 2 5 — 862 3 g | R IR 4 4
T N FR E AL J5 % (SSA) (Kao et al, 2004 ) , $2 H 1 4k T I 8 40 5 #9 P 52 AH SR O
(Zahradnik et al,2015) , 5 —35J7 ¥ /& VL e € I 4% R ( Matched Filter Technique , MFT) , X F
T3 1 T EOAH ST ARG I 5 5 At = R AR L A9 b 5= A, & &2 M W TR L
Jik 2l 55 AR M 72 BIF 5 | v iR M R AR RR FE A1) 5€ M I O3 A RRALE 23 it A5 5 T Y AJF 5T ( Gibbons
et al,2006 ,2007 ; Shelly et al, 2007 ; Tang et al,2010; Peng et al,2007,2009 ; Schaff,2010; Meng
et al,2012) , Zhang 4§ (2015a) £ F SSA F1 MFT $ A, £ 4 7 VT & %E {7 7 ¥ ( Match &
Locate, M&L) , Jf: X} 2011 4- 75 H A M, 9.0 M7= 1 i 52 L 5 & — IR 2 o 42 03 A H A 5 K
L & iy Y R £ 4T 1 A ( Zhang et al ,2015a,2015b,2015¢) . M&L J5 ik 5 FiR W2 U5 vk
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(M&L) A = AL 1 CAP J7 3k IR I i AR i 28 n o 15, WS FIMAR R M, 4.5
Mo AR Hp 200km LA 5 3l B9 S0 POE , IR H b M, 2.0 LLE i RR AR B A, £l FH A
22 RE N7 9 X R AR M 52 HEAT B L, P AR AR M R L 6 4 SR D v R T M&L T i A
FI 5% bt T 1) 3052 S 1R 0 4 th AR AL B 315 M 4.5 MR i R IR A , fi s 2k T 2 TRAL
3t R R A A T S TR AL 45 2R R IR 2K Ml 72 e 47 Y R R A
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i i A2 %E 51 )7 3% hypoDD ( Waldhauser et al,2000) Xt & W H 5% /1 25 H 09 10 4~ M, 2.0 LL
R E A o A L RS R BE 200km Y9 A 6 3k 0 52 A B B (3 a6 fn g
B R A B I 28 P B O R AR R I R (IR R 55, 2014) AR IE, U8 B8 B
2~8Hz XS B IR 22 HE 1A RAE LA, JLAS T B FR AR 138 4%, K& A0 iH58 i) 46 07 1 ik
HNFEH MR GRS R M 4.5 FREFREME, RETHE R SVD Jr ik, 2% wi b B 4
(2018) 25 i 1 P B BERG AN A5 44, BOE Y P P B S5 AN 1R 0, /v PR LB 1,73,
HOE ARG 710 A M, 2.0 L EMFR AR IEALE . hypoDD T 45 H 1 B2 % 22 7K - 1)
290y 15m , FE B A 292 65m YT 2 I B O 5 AR AS I 4 AR D6E 3 IR 2278 0.01s DAY,
FEAl S AL 45 AR ZETE 100m LN o 2554 R AH Eod RS 53 3 Jl0 ) 2 22 , R X 7 o 25 2R v
e LB IR 100m DL IR EEIRZE LN 150m ZEfi o



‘(j M K

2 B R 45 . 2020 4F FIARAR /R M, 4.5 Ho 5% 180 VG 0 52 37 I 2 7% 4 v 4R F 433

B3 b R W R G o A
PE] P B A0 26 O 0 Sl BT 2 5 200 €8 ffy 2 0 2020 4F 3 3 30 HOHIARAR IR M 4.5 R A R P L E s = A I A BF
FEBTEE R B B b AL B, e g (0 S S 5 G G E L R X 2R 8 AL TR B L I O LS 5 W E L A
Py R AT, Fy SRR Z Wb G R 1y FIUMAR R T 288, By o D0 LA B 2R F s - 5 W -3 TE T 2 3 7l
G P BERRIR DRy AESERE - R I W 2L, I - 528 M 2

*1 3 7 HE TE oL A0 F IR LG BRI BT R A R R
=314 1 2 3 4 5 6
R B 15 B/ km 0~3 3~10 10~25 25~30 30~45 =45
PR/ (km s7h) 6.2 6.3 6.4 6.6 7.1 8.0

DA SE A5 B9 M 2.0 DL E R AR 9 B, >R I M&L J7 3% (Zhang et al,2015a) BEAT 152

R FE (L o BT ] 65 3t O 0 7 M 7 £ MR LU 50 1 22 B 100km N 5 A 5 3l (8] 3 Hp 4

Gl) o B G Taup FAF (Crotwell et al, 1999) TH5 1A S I Y BLI& 2 if Al /K SF- |3 F
18 B2, ] A S 07 ik BB IR BGR A B o BREUCBEAR LR S PRI AT 1s 25 3s BB 18 &
PP AT S HA T . DU T PR AR UL O O AORS AR  A A H
RFMFHATEM . R RIEE Dy +0.1°, Ly +3km R Ky 0.01°H1 Tkm, Hf &4
13 0 2% i ) W Sl A 5C Fe 50 X0 0 ) B T 98 2 HEASAR B Xk B2 4 S B I D025 3% I R
7 B B B A — > 5 il 1 B I 22 R AT O B IE , e R BT A Gl R T Sl R R
FBCIEAT BN TV BI(EL, 15 232 I R 510 B 9 Sl EL AR 56 A R0 R = B R S5 R KL
PP 337, 543 20 (4 46 X6 fi 22 {EL ( Median Absolute Deviation, MAD ) S ## 2% i 7% , 1 Fl 1L
HHSE F B n A% A9 MAD A5 2 40 51 3 752 1) B {EL ( Peng et al ,2009; Shelly et al,2007) .

ST ZHSHA S, X3 H 30 H B9 S0 s P8 R A7 R0, Mg i A A 2 80 B 1
R R o MRS R R R AP B A G R BOR T 0.2 A KT 11 £% MAD [ B {H 2 %K
(F3CRIE A 0.2/11) K BORBF o A3 2 i, 24 B0 BRI {EL I (0.2/10) , 46 00 21 Y
e EECR R, ELRE BRI 2 5 W H sk 2y /9 3 A 30 H 4 25 SR HA — AR 2 7
0 F) - PF A R R P Bl 9 HLG A QSH 5 JGE AN TH A, BEHGRAL I A Fe Bl B e o O3 —
J7 G, Y B E AR e (0.3/11 A 0.2/12) , Joyk A il ) & B H ¢ 45 i) il e o [ ek 4%
0.2/11 A S 6 I 2 6L 19 2 %5, R LAAS S AR X B A BRI 245 2R
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0.2/10 86 67 25 42 19

0.2/11 61 61 25 36 0

0.3/11 23 23 20 3 0

0.2/12 59 59 22 37 0
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FIFH CAP J77: (Zhao et al,1994;Zhu et al,1996) 144 M, 4.5 HuiZ (19 52 AL % . 12
T A2 EEAE 400km LA P ) 8 A~ £ 3k (14 5 T8 B840, 1A e U DB AR B Sk 005 ~ 0. 2Hz, T 8 9 I8 47
Bt R 0.05~0. 1Hz, JIrfili FH 3 B2 2540 W36 1o THEEE5 Sy - ARUSAIL I A 9 180 1 5 ] 80° fBiff 44° .
T Bl M —60°, 15 IIE ) 221° fiiff 53° WM -116° 45 R % M 3.9, E 7 i,

Surf R
WLH
153.6/-0.11
(2
90
DSH
157.6/-0.30

BTO
180.6/-0.49

YULG
183.9/-0.09

BLM
211.7/-0.12

WL ER=80° , i fi=44° , W3hf1=—60°
Ti2: Em=221°, fifi=53° , ¥W3hf=-116°

XSZ
273.1/-0.27

WJH
344.3/-0.11

RLT
393.8/0.24

B 7 M\ 4.5 35R H R IR AL

DE P E o7 155 20 th A 52 3 ) E 2 25 R AN 1] 8 7 o 5 R R MR AR R S B NE i)
SN AR AE (] 8 (a) ), 5 M 4.5 AR 52 PR LI A NE (i) 35 1E ) 45008 . o 5= IR 3
NE 5[] 40°H1 NW & 7] 130°f9 2 4% 1 I, 75 NE (5] #] 5 AA b M= 73 A7 Bl , e NW i)
T BB L 5= o A O S b, o R R E O NW ]

N T B2 RE R Al W2 0 LA 250, AR VR P (7 T4 H 0 RR 81 i 2
R T 7K 25 (2008) 4 B BEAG T 05 3% % FIARAS ZR M 4.5 MU= B = 10 2 808 AT T 5 .
THRAE RN 9, W2 15E R 0 2307, FRifEZE A 1.3 55RO 81°  ARifEZEy 1.4° 1]
NW i) o 5 PEHIL I 45 5 b 3 i I8 5 W7 )2 1 40045 45 SRAH T, 81 249 0 NW i i JH A2 £ /)
TR WA A5 R o 85 W72 AU 4 2R R R PRAL 0 A, 40 I FARKS JK M, 4.5 HURR P8 Kk
Al o NE SE [/ (NW BT 1] 9 W7 )2

3 REMSITE

ARG LIRS S5 R X TS IR M 4.5 H0R% 0 A R K i E 4T 70 A o DT I R {67 1 UK )2 T 41
FHRERRS R NE [ 20k 0 A7 R AL, HOR FR M & O NE SE [ JNW i iy i = 72 98
HLH A NE [ 35 100 09 A e b i, T sl A - 116° FURs Sl M o LB sk o =, ey A /OB TR 4y
o AU AR TS IR M 4.5 #5210 & AL i R NE S [ jk P 24
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TRANGE (1978) (FMANARSE (1990) Xof FIAK A 2% 1 X Y L 52 b 5 R A5 1 PR 40 8145 (181 10) .
HIMHE R s X NE NW Hil NNE [i] 3 270 A 7, NE [i] B 202 X P 19 £ 204 5, B NW ]
Wi H NNE [ Iy 28 B U, 2 By 2 i W 2Rl , JL 2= A D) 3 3t e 2 iR 2 TR IUBE B Y M e
W L TR W22 s NW i) W7 RN K, — B 1) N30° ~50°W  fi o) AN — , fHiL 5 2 60° ~85°, Z 4k
W2 e 58 B IR AEVEAL T s NNE (5] By 286 7] N20° ~30°E  fiii ] NW, 571 2 50° ~80°, Herf i B
A TS DR Sl AR A AR 3 o AAS SCHY FIARAS ZR M 4.5 HRR P85 45 R A, HOR R 5 X
BN NE (6] Wi 2 U S HEAR — 2, M, 4.5 M i v 7 8007 T 115 ¥ - 20 R ¥ 71 b m 5% W7 28 o
([ 10) , H.3t Jooif & s IR BT B i NE ) Wy 28 Js T35 2 (BE R4, 2012) , M M, 4.5
MR ¥ 9 e st 3 Dy NE S [ia (4 85 9 - 0 U T 7 3t Pl Gk BT 224

1976-04-06 M 6.3

2020-03-30 M 4.5

Bl 10 FIBRAS ZR b DX BT 288 53 A DL S FIARAR R M 6.3 Hi R B B S5 B4 o A
B H RO TR AL W RO B SRR AR W I RIR 1976 SEFIMRAE R Ms6.3 M RE 1 BV R P AL
LL(8 L AL R 2020 AR FIBRAS SR M 4.5 M A% 10 5% T B By RUMOHS SR BT 24, F, 08 ¥ -3 00 4200 7 % G
ZF DN AT, Fy B K-SR H T, By Al 3 PR A7 0k ) BT 24 5 BT )2 M I AR IR R 45 (1978) £l , 21
JBE SRR LR AR AR AR (1990) 2 1]

2020 AERIMAG R M 4.5 HiE 5 1976 4 MIBRAR K M6.3 M7= (1 A 52 14 & A1 BT AN [
1976 AF MM IR M6.3 M7 TR il 72 X ZU B O VI 56k (11 10) , VI IX AR RR 2K KAl 0 NNE
[6] , 75 WL BROUL R v B 7 1 X G 3 (MBS 1990) o R FLEU L SE AR L 7 A AX 7 7 TR L
OrA R REALE S5 B ARARAE (1978) AMINARAE (1990) Ak 1976 4 FIARHE /K M 6.3
Mo A A M I D9 NNE S 1] (9 5 -UF R Wi 8 o X FE RUMRAR ZR M 6.3 iR 5 M 4.5 =
R IR BLE (& 10) Y T i) LA AP AE 22 5 o BARRIARHS K M6.3 17 55 M 4.5 MR
R L B (H 2 YOt R I AR AR AR Rl — M5 o MRS IR M 4.5 M= i 52 BRHL ) 31
PEEE RS BN S A R AR AN AT o ARYE GPS LI AT 5T 25 2R Wos , SR Z W R L G 3t B 5
TR B _E B A LKk 32 S A T T8 LT A I T B A D NE [] B K PR K A A R
W2 (PR IE RS, 2003 5 5K AR 45, 2004) o 85T W7 BE 17 25 5 7= RUHL A A7 A9 9 K 44 | &2 NEE
li] , 5 74 X 3 W SRR A o SO 1) b g — B, B 1A 9 W B At B4 B T R A O ke 2 (R
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5%, 2015) o U UIE RV 4B 45 5 iR FUR A 61 (HLG ) il i 7 161 0 0 NE 5041
35307167, T 2 T I T 05 i 0 B K55, 2020) . LA A S0 5, 2020 42
BRARAR ML 4.5 BRE R Ry NE S [0 3K P 5 0 98 80 1 — B, 05 B Sk
5 B TR S — 3

AR5 (1978) Y AR A A B B R 141190 3 SFLIST 244038 of 6 SR NEE [ 32 16 1
T N [ WA B 86 5 % 68 30 R T 0 0 B AR (1L 1976 4 ML6.3 i %
A NNE 50, T J ot T NW 1 702 O S 2 M A 1 i, 2 4 96 52 A
0 N 6 50 DA 4 S5 A5 A TS AP B 6 56 99 5 (2018) S P 3 E A 1 % 9L
AR AR LK A7 16T 9 7 D, DAt T A 2 4 97 22 59 D 2 4 76K
B L 52 16 M0 R 25 WA T S0E— 25 08 E T 224 36 I 0 A X M0 78 P RE SR B0 46 W0, NE
o 54 6 0 4 T 2040 /2 R O 0 52 0 0 10 3 5 3 58 10 B R G
K.2012) 7 A0 2 NE (61T 2070 1) B ot 280 11 P 0 PR BB S 0 B 2 47 1
{525 5 (R %, 2018 ) 5% 5 HEI 3.0 P ¢ T 2005 D P 3 95 A 9 X, — AR A
AL M2 A TR W55 L 14750 M R0 A5 A B 55 WO 47 1 25 R T 1
R AR 38 A I A, 2000) 2020 AE LB A M, 4.5 MR P A2 NE [ 7 2
T P 57 £ DN 3 B M S 45 (73 8 L S

4 G

AR S HTVE E R (67 77 75 (M&L) X% 2020 4EFIMAS 28 M, 4.5 MR8 Fe 5 FEAT 1 o= 6 i Al
R AL, T T Z R B SR URAL N o U= A IS5 2R B, JEAG I OF 52 AL MR 11 61 A,
AN M HE SRR 1345, Al @R A NG M H 0 2.9 %, R = E (7 B2 18 L5 TR
PEALH 45 R s, FObRAS 2K M 4.5 HuR2 77 41 & AR A NE SE [  NW B ) 19 437 5K 1k I8 )2
S5 5 DXt 52 b SRR 3, HE I FARAS 2K M, 4.5 3 5R FF 9 K SR A O NE SE 1) /4 15 1 - 3 1 i
U G RE

Bt P EB R BOR KRB LR T M&L Jr kit R I R R s AT 4 T R I I,
R LA I E SR B R L A SCER 3 B AF R GMT #5014 L ( Wessel et al, 1995) 22l , 75 i — Jf 20
TR

2% Uk

BRI , 2012, I W B A I S 1k 5 MR SE I MR AT S AL 038 3. b AT E RO (R .

W), A M WL B, 4F L2002, H R IR A 00 M R S b AR H S SERE RSP AT SRR A, 34(5) 1646~ 658.

FRLEN], X005, dk WL, 45,2018, SRR BHIHARARALG 10 P Pl BERS AN A5 4. MR MBS ,40( 1) :215~231.
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Microseismic Matching Location of the 2020 Horiger M, 4.5 Earthquake

Sequence and the Seismogenic Structure Analysis

Zhang Hui'’  Tan Yipei’’ Ma Ting” Zhai Hao' Zhang Ke"  Li Juan"
1) Earthquake Agency of Inner Mongolia Autonomous Region, Hohhot 010010, China
2) Tianjin Earthquake Agency(Key Laboratory of Earthquake Engineering Simulation and Seismic Resilience,

CEA) ,Tianjin 300201, China

Abstract  Horinger of Inner Mongolia is located in the Yinshan seismic zone on the northern
margin of the Ordos block ,and in which strong earthquakes of magnitude 6 or above are frequent in
history. A M,4.5 earthquake in Horinger on March 30, 2020 broke the long quiescence of
earthquakes above M, 4.0 in the Yinshan seismic zone since 2005. The analysis of the seismogenic
structure of the 2020 Horinger earthquake sequence is of great importance to the regional stress
and seismic risk research. However, the stations around Horinger are sparse and earthquake
monitoring capacity are relatively weak in comparison to other areas in North China, which has a
negative impact on the analysis of the Horinger 2020 earthquake sequence. In this paper,we used
Match and Locate method ( M&L) to detect the micro-earthquakes missed in network catalog,
relocated the earthquakes detected, and used Cut and Paste method ( CAP ) to calculate the
mechanism of M 4.5 earthquake. Using M&L we detected a total of 61 locatable earthquake
events,,which is about 1.3 times as much as that in the network catalog, and the number of
locatable earthquakes is about 2.9 times as much as that in the network catalog. The relocation
result shows that the epicenters of earthquake sequence are in NE direction distribution, which is
basically consistent with the north-east plane of M ;4.5 earthquake mechanism obtained by CAP
method. Considered the relocation result and source mechanism, the seismogenic structure of the
2020 Horinger earthquake sequence is a normal fault in NE strike direction and NW dip direction.
Combined with regional seismic geological structure characteristics, we conclude that the
seismogenic structure of the M,;4.5 earthquake sequence is the south margin fault of
Daihai-Huanggihai Basin.

Keywords: Micro-earthquake detection; Match and locate; Seismogenic fault; Horinger



