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Discrimination between explosions, mine collapses
and earthquakes in capital region of China
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(Institute o f Geophysics, China Earthquake Administration , Beijing 100081, China)

Abstract: Choosing seismic data of explosions, collapses and earthquakes with
M, in the range of 2. 0—2. 2 during August 2008 to September 2009 in capital
region, and analyzing and comparing the data in time and frequency domain,
this paper studies how to identify the explosion, mine collapse and earthquake.
In time domain, vertical component first motion of explosion seismic records is
upward, and that of mine collapses is downward, while that of earthquakes de-
pends on station distribution. The surface wave of explosion and mine collapse
develops well. The S to P wave amplitude ratio (As/Ap) of earthquakes are lar-
ger than that of explosions and collapses. Moreover, energy attenuation of ex-
plosions and collapses is faster than that of earthquakes. In frequency domain
the energy attenuation of high frequency wave is faster than that of low frequen-

cy one. For the events with similar magnitude, the corner frequencies of ampli-
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tude spectrum for earthquakes are the highest, and that for explosions are sec-
ondary high, while the corner frequencies for mine collapses are the lowest.
When epicenter distance is smaller than 200 km, the peak frequencies of explo-
sion amplitude spectrum are mainly 5—7 Hz, and that of collapses are 2—4 Hz,
while the peak frequencies of earthquakes are high in the range of 10—18 Hz.
The wave frequency range of earthquakes is the widest, and that of explosions
and collapses are next-wide.
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Table 1 Catalogue of the explosions with seismic data used
Iig R T W ] (AL 5 b o ol %/r kg R W B] (b ) 5 M, %{'l:
5 4-H-H P Y Wik | 5 4E-A-H 1N % ik
1 2008-08-20  03:10:56 WPiLEZ 2.2 A, B||11 2008-12-12 09:47.58 dumilkiy 2.0 A, B
2 2008-08-22  12:03:29  II¥EWIM 2.0 B |12 2009-01-18 11:33:12  jdtPEd 2.0 B
3 2008-09-03 12:30:08  ILPHWIM 2.1 A, B| 13 2009-03-08 02:38:19  dbmpril 2 A, B
4 2008-09-30 12:02:00  INPEHM 2.1 A, B| 14 2009-03-12 17:34.16  JdtFEW 2.0 A, B
5 2008-09-30 15:50:29 1L PG 9 2.0 B |15 2009-04-06 00:51:42 dJbmilIki 2.0 B
6 2008-10-07 06:52:36 e 5 B 2.0 A. B| 16 2009-06-04 22.50.28 AL AT 2.0 A.B
7 2008-10-14 12.03:08  INPEHM 2.0 B |[17 2009-06-05 17:42:30 /il 2.0 A, B
8 2008-10-16 12:04:58  INPEFHMM 2.0 B |18 2009-06-06 12:00:35  JWdt#EH 2.1 A, B
9 2008-11-18 10:28:50 iy N 2.1 A, B|[19 2009-06-22 13.:25:52 db st 5 2.0 A, B
10 2008-11-23 08:02:14 ks B 2.0 A, B[ 20 2009-06-29 00:05:31 L5 Bl 2.1 B
T A SRR R U B R 2 2 S BT AN IR 25 S0 5 B 3R SR SR O 2 8 5 b W 72 5 T 43 N B AL
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Table 2 Catalogue of mine collapses
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5 4E-H-H i Y Wik |5 4E-A-H 1N % i BN
1 2008-08-07 20:23:55 PG KIE 2.1 B |11 2009-01-29 05:20:16 PGk 2.2 B
2 2008-08-14  14.52.51 IPE AR 2.1 A, B|[12 2009-03-16  10:55:05 WPgRE 2.2 B
3 2008-09-06 07:12:20  WWP§K[FE 2.2 A, B|[13 2009-05-11 04:05:.52 WP KRFE 2.1 A, B
4 2008-09-11 05:47.27 IHPEKE 2.0 A, B| 14 2009-05-11 20:43:15 i kF 2.0 A, B
5 2008-11-26 23.39:55 WWP§ KR 2.2 B |15 2009-06-07 19:44:20 WP KR 2.0 A, B
6 2008-12-03 00:14:39 11175 K [F] 2.2 A, B| 16 2009-06-24 07.00.44 I RE 2.2 B
7 2008-12-27 20:54:43  IWPEKIE 2.0 A, B| 17 2009-07-26 01:31.08  dvmippili 2.1 A, B
8 2008-12-28 05:53:56  INPE KA 2.1 A, B| 18 2009-08-14 05:02:24 ¥ KF 2.2 A, B
9 2009-01-06 10:44:07  IUPGKF 2.2 A, B[ 19 2009-08-21 08-42-12  WIPHZEM 2.1 B
10 2009-01-07 14-34-55 NIV 2.1 A. B| 20 2009-08-22 07.54.15 11175 K [R] 2.1 B
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Table 3 Catalogue of earthquakes
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3 2008-09-03 04-39-28  JtHIEA 2.0 B |13 2009-06-15 19-05-27  jdtTEH 2.0 B
4 2008-09-28 22.32:44  JA4LEEE 2.0 B |14 2009-06-29 18:19.56  jdt¥EE 2.0 B
5  2008-10-01 15:50.01 4L & H 2.0 B |15 2009-08-15 18:45:31 Ak B 2.0 B
6 2008-11-05 04:01:23  IHP§3C/K 2.0 B |16 2009-08-21 08:42.25  jdvifpss 2.1 B
7 2008-11-14 17.13:13  WMdtHEsEm 2.0 B |17 2009-08-31 16:48:25  JdbfEl 2.0 B
8 2009-02-01 06:59:18  JtELAEK 2.1 B || 18 2009:09:04 14:32:24 At 2.0 B
9 2009-03-05 01-18-44  INPEWEHR 2.0 B |19 2009-09-05 01:32:04  J#W4tT®H 2.0 B
10 2009-03-28 19:15:35 WG 2.0 B |20 2009-09-08 02-29-58  IPEf 2.1 B
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Fig.1 Seismic stations in capital region

Black triangles demote stations, red circles indicate earthquake epicenters, blue circles

stand for explosions, and purple circles represent mine collapses
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Table 4 First motion and attenuation Table 5 First motion and attenuation
time of explosions time of collapses

z SR wa am o oma o z: SR ws awm o owa s
1 2008-08-22 LM WKW+ 35 1 2008-09-11  ILPEK[A 8 1l - 38
2 2008-09-03  ILTEEAM  WEAKWT + 32 2 2008-11-26  ILP§KI[A 1 1Ly — 34
3 2008-09-30  ILVEEWAM  WEAKET + 37 3 2008-12-03  ILP4 KA 1L - 36
4 2008-09-30  ILNFEFIM  VEKW + 38 4 2009-01-06 1175 K[ 1 1 - 28
5 2008-10-07 ik 5y 5t 8 + 30 5 2009-01-07  ILPE A 1 1Ly — 30
6 2008-10-14 LI PG M TR + 31 6 2009-01-29 (LG KA 1 1L — 31
7 2008-10-16 LG M HE + 35 7 2009-06-07 P4 KA 18 10 - 33
8  2009-06-04  {ILFTRE Hz + 29 8  2009-06-24 1LI7G KA 18 1l — 37
9 2009-06-05 wAeEIL Bk + 33 9  2009-08-14 INEpNE] e 1l - 39
10 2009-06-06 AL uE 1L + 31 10 2009-08-22 PG K[FH i 1 — 35
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Table 6 First motion and attenuation time of earthquakes

6 KR MR 0 Sl A Uk ] 3%

2) WP EEHEN. KR EALLZ P
200 km DA FEAFRAHA Pg fl Sg B

TOAERM aw e s VEEORBENE, W —MAKE. T
CR iR _ A B 7 R . AR
1 2009-06-03  IGP§H A2 T + 61 FRBEHID 3537 2 O BOU A . 7
2 2009-06-11 LRI AL + 52 WA b, nT LU B B B A E . A
320090605 EHLTE B © 53 W, R A BN A
4 2009-06-29 e B o — 58 ]
5 2009-08-15 L EL AR — 55 Ak
6 2009-08-21 L M T TE B A R 3t XY B B R BT R e SR R
Toa000ss1 MBI BRI b S EREECURE. B2 4T ARBEAR
8 2009-09-04  J[ALREIL MREAR + 60 = = —

S | v — lj_:f ¥
9 2009-09-05 LI A AR - 56 %%JE}’JK!EthPEE\ A S R B
10 2009-09-08 I  EMIR + 56 A5 v 0 18T 9555 1.

10 SR HH TR A IR L SR A AR B

WA PRIEAR 2. (HR R F A — R . TR, AR,
R PRAR RIS+ 7552 BEAR /DAY b 2 30 S5 v A3 R U0 21 B . T 90

1

(a)

0.5pg Sg Lg
\
0
—0.5F
" (b)
£ 0.2
§ Pg Sg Lg
S 0
& —0.2

|
20
t/s

2 SRR T PO K
(a) B0 R0 1L TE 22 5 421 (2008-08-20 03:10:56, My =2.2, A=35.52 km); (b) £ E&ILTM
Ly PG 58 JH R B (2008-09-30 12:02:00, My =2.1, A=54.39 km); (¢ )1l & 514 L 1§ K A
B35 (2008-08-14 14:52:51, My =2.1, A=44.40 km); () )1l &id F 1L 4 K F 515

(2008-11-26 23:39:55, M. =2.2, A=34.41 km)

Fig. 2 Surface wave of explosions and mine collapses
(a) Explosion in Zuoyun, Shanxi, recorded by ZCH station (2008-08-20 03:10:56, M. =2.2, A=35.52 km);
(b) Explosion in Shuozhou, Shanxi, recorded by YUY station (2008-09-30 12:02:00, My =2.1, A=54.39 km);
(¢) Mine collapse in Datong, Shanxi, recorded by ZCH station (2008-08-14 14.52.51, My =2.1, A=44.40 km);
(d) Mine collapse in Datong, Shanxi, recorded by ZCH station (2008-11-26 23:39:55, M. =2.2, A=34. 41 km)
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(a) B &IC R A 1LY 22 = # B (2008-08-20 03:10:56. 7, M. =2.2, A=35.52 km); (b) 5 K Hic M 1LY
77 7R (2008-08-20 03:10:56. 7, M. =2.2, A=52.17 km); (o) 1l {8 &ic T 19 1L 75 K [ 5 1 (2008-09-
06 07:12:20.5, Mi.=2.2, A=49.95 km); () 47 £ G ICTM PG K [F 415 (2008-09-06 07:12:20. 5, M. =2. 2,
A=61.05 km); (e) & A0 3 1L TG 42 AL AZ (2009-08-21 08:42:12, M;=2.1, A=73.26 km); () K4
B0 T 00 1L G 22 AU 2 (2009-08-21 084212, M =2.1, A=73. 26 km)
Fig.3 Waveforms of explosion, mine collapse and earthquake

(a) Explosion in Zuoyun, Shanxi, recorded by ZCH station (2008-08-20 03:10:56. 7, M, =2.2, A=235.52
km); (b) Explosion in Zuoyun recorded by YUY station (2008-08-20 03:10:56.7, M. =2.2, A=52.17
km); (c) Mine collapse in Datong, Shanxi, recorded by SZZ station (2008-09-06 07:12:20.5, M. =2.2, A=
49.95 km); (d) Mine collapse in Datong recorded by YUY station (2008-09-06 07:12:20.5, M. =2.2, A=
61. 05 km); (e) Earthquake in Zuoquan, Shanxi, recorded by XTT station (2009-08-21 08:42:12, M. =2.1,
A=173.26 km); () Earthquake in Zuoquan recorded by YON station (2009-08-21 08:42:12, M, =2.1, A=
73.26 km)
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928 i (BRiz 28 55 20000, FRATTHE B8 4 A W3 Job s ol 722 0 Bl JOT 6F 107 1) 450 % 4 95 f 32 Oy

1 100
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= 08 ® |
§ 0.6 §
Lo ‘: 102
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/e i /My
1
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(a1), (ap) T =B AIC TR 5 IR M (2009-03-08 02:38:19, M =2.1, A=52.17 km);

(b)), (by) + =B Aic R AYIL S B 1L 3 (2009-07-26 01:31:08, ML=2.1, A=51.06 km);
Cer) s (ep) % G0 FAYAL 5L PEHLAZ (2009-02-01 06:59:18, My =2.1, A=55.5 km)
Fig. 4 Amplitude spectrum of waveforms
(a;), (az) Explosion in Fangshan, Beijing, recorded by SSL station (2009-03-08 02:38:19, M. =2.1,
A=52.17 km); (by), (by) Mine collapse in Fangshan recorded by SSL station (2009-07-26 01:31:08,
M;=2.1, A=51.06 km); (c;), (cz) Earthquake in Yanqing, Beijing, recorded by ZHT station
(2009-02-01 06:59:18, M. =2.1, A=55.5 km)

http://www.dizhenxb.org.cn



210

L

%?

Eiid 34 3%

L
B

TRET AT HOR . T R R R T A 2t A — A Ak B

3.2.2

SEEMS TSR

i 2 X HE o B A B, A R M X, R ORI R A MR BT R AR AR MR . BT

R e 335 11 A LU A B Y 22 5

3 11 00 25 S 4R R 3 v A0 4 20 A5 AT S A A S s R Xz B 6 A% i B 11— A
flt . S2bs B Rl TR IR RUBE /N 1 B (s 28 5 . 20000, P35 A9 85 A 0T R 5 R TR
2 TS HOCA O B RO T M 30 i A A0 A ek 9 20 A R AIE LD % 5 ) 0 D A A R AE
ASSCH I TSR G A BRI L 07 55 0 K R M R ) 53 £ A5 R T AR A P (R 5L 6D s

25
* AR
o o =g
o o O RRMGE
20F O o [
O 000 OO
15 O O O O
N
& o o
e o
10F He * *
d* K *
* ok *
oo * o
# LT S 3
5t & i XS
=3 R 33 e 38 &
£=3 i 3t 4 3
b4
=3
0 2‘0 4‘0 60 8‘0 ldO 12‘0 14‘0 16‘0 léO 200
4/km
B S BRI, &R R AR MR 9 A A0 R 4 A
Fig. 5 Corner frequency versus epicenter distance for
explosions, collapses and earthquakes
25
L 21
'O
o O R&xdiE
20F
o
O
15 O
N
z o o o
= 3 o ®
) O o O
10F o
O o
* o
* *
4k« o+ ¥
s e+ % *
k3 - * * *
$¥ L . -4 L 3 &
# 3 Rrag & &
&
0 éO 4‘0 60 8‘0 ldO léO 1’1‘0 léO 18‘0 200
4/km
Bl 6 HRME . 4 5 0 R AR b 52 THOUE A3 2% 43 A [

Fig. 6 Peak frequency versus epicenter distance for

explosions, collapses and earthquakes

http://www.dizhenxb.org.cn



2 39 X PP A TSR DB AR . IR R K AR = B4 U BT 5 211

P bR B A RS SRS B DL SOR B 2. ML 5 AT RAFE . K AR i 5 10 455 A AR B B A K
RV CRY 3 R SRV RS

OIHTRRR . TR T O AR MR Y T B AR o0 A [ (AT 6) nl DLAE AR AR B X, R
FEAE 200 ke Y[Rl A o R A4 TOUMEE A3 R I A 72 4—7 Hz JERE . B8 1 T 01 4 o A 7 2—
5 Hzo RERMUGRAN B . o0 A7 LA HG, KRB0 fE 1020 Hz JE . X8R B R
ISRANAT RUA B, 5—7 Hez AR B il i IR i fe K 2—4 Hz SR BOF™ 38 A9 R IR 4 K. R AR
MR A B R R B4R P fE 10— 18 Hz.

X HE S DX L A R R K R SRR (AT 4) Wl AR H i 7% A% 4 oo 7 op I A2
PR REIE - 3R AL H e R v S P AR AR AR IR, AR T AN [R) 90 4% 1) BB AR T AN ] X T AR
OSBRI R SR R i A0 B P RE SR R T IO, 8T 4 Ze Pl LS 2 b R . R AR
IR B 5 WA R AT IR 2T 53 A0 . R AR R A R, KRR M
o 1o T RE B T RS . R T s MR . T SRR R R

4 Wie54e

AR SCH XS 2008 4F 8 H 2009 4F 9 H E #P B M X R AL 2. 0 2. 2 Yl N AR A . 4
3 RR SR 3t 52 AR R AT X FE 20 A o A 1) = 38 A I Sl AR 000 3l 5 v ) 1A e 22 5

e 57 T R R W) B — e e) b AR B0 B — e R L TR SR R S — i #7119
orAins INBOE EF . BRECAET S8 I B K 7 IR HURR S B RAR IR 5 P i
RIRME L As/Ap RTBBATIRE) S P55 P PR RIRIEEL As/Ap s [5]I1% B MB35 1) fiE
R LR AR MRS B s MR BSCANAT IR S A (N IR L M B R SR AR A R

il 17 M A= LA 200 ke S5 LN A9 I G0 S m B3 . AR DU 458 KRR MR I 4
PR RO 35 10 55 A 0 AR SR/ s AR I TOUUEE A3 7 A /8 5—7 Hz JE [ A
A 350 1) THOUAE A3 3R 73 A3 L2 24 Hzo 10 K R M 72 19 OO 3T SR A X ok, A 10— 18 Hz Ji
FEL P9 s M 0 P i i A v o o B 0 1) B B S s bR TR s R AR M AR Y TR B o 2 O
AR TE. T HL IR AR M e L B S DA A RO I A X AR

FERBSE L B 45 0 S 9K 3t 52 7 AR ] S AR A0 23 Bl 1) 3 8 R R D) S R IR AL L AR R IR TR A
K (Kiszely, 2005). ¥ 55, MR Ay REIEMLH BN R . MRS e A — O 30 W7 J2 58 b i
JI R R S R I e R 2 7 A A B B Bl . AT i — 2 D7 L 1 A T %
He o TERURAE . 55— T GRS B T U KB ik A0 IR, 1978). MBS BT J= 19 5 Bl fi
5 M 7R 1 S A BEAH N 248 — S8 (Yang et al s 2004). 17 HH J2 I i R, 2 il 12k A1) 3k ) R
o Jo1 1B A o 4 Bt 52 B IR 4 A5 0 - B A BT 7 A2 B P el sl i) b5 6 35 66 45 A B9 o T
U AR 32 BB . FEPTA R 5 AL b PR B WIS T

73— N FR IR IR - MR 2 R A e R A IR T2 o U BEARM . 1 AT
() A DA i I ik o s A BT o R B AR 14 DT A0 Sl R SR B . PR IR i 3 AR
Ko 5 S PARMEH L 2E KT S PdRiE (S FEFERE, 1990). B8 — ek B 7E 15 km #3
RILHE N . POE RIS EE s KIRHGENW R AETEH T ILTRBJL TR, L FHAERKAHXL
AR WRNOE S BUE A A R AL 1% . BE R Km0 AR 2> DRI R 30 45 22 i a)
R e FE RS . R R B RO R PR AN O R A AR S LR
U R S 3 BEBMC1 Z2 (2 A7 S 4, 2009) . i LA DRE I 55 o 4 A 1) v A0S 43 1) T o o 0 L

http://'www.dizhenxb.org.cn



212 H = 2 Bl 34

ROR MR 2R J 5 BT SRR X PO & o R AR PR A TR R USRS T I . (HE
TERRIRIRIL b W 22 52 AN K T RAAE e [R)RE (9 AR 29 S0 P 3t J2 ) 8 080 1 R A i
A7 5 A0 3 ) SO0 T S 538 v s D R AR R X D R

HT AR SCCER (9 B30 BORHA R X T DX M 5 07 338 9 I A e AN [R) IR SOR
75 U SR 3 oF M 7 I 1Y 1 7 B AR R 10 %™ AR B2 R L 7 B D T ARG — 28 AR

AU AT I 72 £ R ER A T R BORE . SRR DB A2 5 AR U T 1 25 T T AR B AR A
XA SCHE OB T T BRI, TR — I 2 m R &

& % x #

ERAE. 2002, j5tfE BP 2678 b AR AR BOR A T ag R LT, R F 4. 24(5) . 516524,

PREAR. 2005. B RSB IM]. dbat. sl Bl 150-158.

WRiz4s. RER . WA, W4, 25, RHE. 20000 HeEmm ML deat. s b At . 145-150.

T, XU, 22302, 1980, MIEFEHRE CFIH M. dbat: s dptkt : 127-130.

BOL, HARAT . IR, IR VE, 2R 2010, RARMEE S A THRBEM POV /NP IEBFZEL) ). Al . 32(3) . 270~
276.

BH I, IR, K CF. 2009, BREEEE S 40T e SEORIMT JEat. Blag st 26-27.

S, WL 2010, FETRER LAY KRR 5 TRBE A shif BB LT ], s, 30(1) . 34-39.

gk, XUBHE . FEICRL 1990 JRIEFEK (47 4 497 50 b DRI E B A5 5 0 RUM LI ], N RE SRR . 4(1): 6873,

BRI, g IR, BGRE, RITSE. REEM, REE. SARW. 19900 MR TAEFMIMI. Jbut: M pak . 27-30.

PR M, BRI 2003, RRUEMERAGEIE AL HER, 25(1): 47-54.

RER, B, RHRE 1994, R EREME M. dtat: MR . 83-92.

ok, ERF . BEY]. 2001, 158 R 5 I I M X/ AT ST LT ). REBAE . 15(1) : 30-38.

k. 1988, AR HrEEAL (M. dbat. AR AL . 98-107.

TR B HEE, WAL, AR SR, 2005, MREE. 0T SR B2 R LT]. R RO 5 BT . 26(3) : 24-34.

JRAR. 1978, ERAFHTLMI. dbat. MR Ak . 21-29.

KRIIRE (). 1976, BHH . WAL (). 1980, HuFEZ ARG AT ATTIMI. dbat. Huf ikt . 87-96.

Chael E P. 1998. Spectral discrimination of NTS explosions and earthquakes in the southwestern United States using
high-frequency regional data [J]. Geophys Res Lett, 15(6);: 625-628.

Douglas R B, Kathleen A Z. 1988. Spectral evidence for source multiplicity in explosions: Application to regional discrim-
ination of earthquakes and explosions[J]. Bull Seism Soc Amer, 78(5): 1733—1795.

Dowla F U, Taylor SR, Anderson R W. 1990. Seismic discrimination with artificial neural networks: Preliminary results
with regional spectral data[ J]. Bull Seism Soc Amer, 80(5); 1346-1373.

Dysart P'S, Pulli J J. 1987. Spectral study of regional earthquakes and chemical explosions recorded at the NORES array
[R]//SAIC Technical Report, C87-03.

Kim W Y, Lernerlam A L, Richards P G, Aharonian V. 1997. Discrimination of earthquakes and explosions in southern
Russia using regional high-frequency three component data from the IRIS/JSP Caucasus network[ J]. Bull Seism Soc
Amer, 87(3): 569-588.

Kim W Y, Simpson D W, Richards P G. 1993. Discrimination of earthquakes and explosions in the eastern United States
using regional high frequency data[J]. Geophys Res Lett, 20(14); 1507-1510.

Kiszely M. 2005. Discrimination of quarry-blasts from earthquakes using spectral analysis and coda waves in Hungary
[J]. Acta Geodaetica et Geophysica Hungarica , 36(4) : 439—448.

Mark D F. 2006. Source spectral modeling of regional P/S discriminants at nuclear test sites in China and the former Sovi-

et Union[J]. Bull Seism Soc Amer, 96(6) : 2348-2367.

http://www.dizhenxb.org.cn



2 39 XU PRSI R i DX AT A SR AR M A TR T 5 213

Mohammed B, Adil D, Khalid B, Aomar 1. 2005. Discrimination of seismic signals using artificial neural networks[]J].
Engineering and Technology , 4(2) . 4-17.

Niksa O, Sven L. 2010. Earthquake-explosion discrimination using genetic algorithm-based boosting approach[J]. Com-
puter & Geosciences , 36(2); 179-185.

Plafcan D, Seber D, Barazangi M, Ibenbrahim A, Cherkaoui T E, Sandvol E. 1997. Regional discrimination of chemical
explosions and earthquakes: A case study in Moroccol J]. Bull Seism Soc Amer, 87(5): 1126—1139.

Pulli J J, Dysart P'S. 1990. An experiment in the use of trained neural networks for regional seismic event classification
[J]. Geophys Res Lett, 17(7); 977-980.

Richard A M, John R M. 1971. Seismic characteristics of underground nuclear detonations[J]. Bull Seism Soc Amer . 61
(6): 1675-1692.

Richards P G, Zavales J. 1990. Seismic discrimination of nuclear explosions[J]. Ann Rev Earth Planet Sci, 18; 257~
286, doi:10. 1146/annurev. ea. 18. 050190. 001353.

Walter W R, Kevin M M, Howard J P. 1995. Phase and spectral ratio discrimination between NTS earthquakes and ex-
plosions[J]. Bull Seism Soc Amer, 85(4);: 1050-1067.

Walter W R, Matzel E, Pasyanos M E, Harris D B, Gok R, Ford S R. 2007. Empirical observations of earthquake-ex-
plosion discrimination using P/S ratios and implications for the sources of explosion S-waves [ C]// 29" Monitoring
Research Review : Ground-Based Nuclear Explosion Monitoring Technologies. Livermore: Lawrence Livermore Na-
tional Laboratory: 684-693.

Yang X H, Shen P, Liu X Q, Zheng Z Z. 2004. Application of the wavelet packet method in discrimination between nu-
clear explosion and earthquake[ J]. Earthquake Research in China, 18(1): 88-96.

Zhao L F, Xie X B, Wang W M, Yao Z X. 2008. Regional seismic characteristics of the 9 October 2006 North Korean
nuclear test[ J]. Bull Seism Soc Amer, 98(6): 2571-2589.

M 5. 1B 6 PR TR s S R 5 B 3R

Appended The seismic events list used in Fig. 5, 6

o EACE R I 1] CIE BU ) ] I . .
TS o T 14 G ETH/km f/Hz  fu/Hz
== RS R AP
1 31 2008-08-20 03:10:56 W74 £ % LHESG 51 7.3 2.8
2 203 2008-12-12 09:47:58 ek ) 18. 87 3 7
3 Mg 2008-12-12 09:47:58  JLmtIIk +=Ka 13. 29 9 6
4 MR 2008-08-22 12,0329 117G 1 ANES) 48.84 10 6
5 203 2008-08-22 12:03:29 1L 7 5 9 EEG 51.06 6 33
6 AT 2008-09-03 12:30.08 L1 P 3 LESG 57.72 9 6
7 M 2008-09-30  12:02:00 1L 75 9 1 Wk & 61.05 7.3 7
8 31 2008-09-30 12:02:00 L7 35 1 TG 82. 14 7 6.5
9 203 2008-09-30 12:02:00 1L 75 95 0 A 104, 34 7 4
10 AT 2008-11-18 10:28:50 PN FikE 107. 67 10 5
11 203 2008-10-16 12:04:58 P FMkMIRE  108.78 7.5 7
12 P 2009-06-04 22:50,28 AL AT fiil & 133.2 9 4
13 e 2009-04-06 00:51:42 ALk +=ka 17.73 7 5
1 Mz 2009-04-06 00:51:42  dLsiIkE XDRER 72.15 6.5 6
15 203 2008-10-14 12:03:08 P HER 85. 47 6 1
16 1t e 2009-03-08 02:38:19 Jem i KK & 28. 86 8 5
17 40 2009-03-08 02:38:19 JE Rt 5 NEG 48.84 7 6.8
18 1R 2009-03-08 02:38:19 e[Syl X B 79.92 6.2 6
19 23 2009-01-18 11:33:12 Tt Ve U5 fHIl A 127. 65 10 5
20 203 2009-03-12 17:34:16 b = ELHG 16. 62 10 55
21 L 2008-08-07 20:23.55 NG Hill G 54 5.5 1.3

http://www.dizhenxb.org.cn



214 weooo® ¥ il 34 %
E s S A2 A (b 5t . i i
75 .- P o A Bl W /km  fo/Hz  fu/Hz
s “J1° Mo JT

22 ! 2008-09-06 07:12:20 I PNE] G 21.09 5 4.5
23 ] 2008-08-14 14:52:51 11 76 K [ "Il & 47.73 5 3
24 Wi 2008-08-14 14:52:51 IINEpNE] WA 67.71 4 2
25 e 2008-09-11 054727 I PNE] FMAE R & 106. 56 5 2
26 5 2008-09-11 05:47:27 PN NP SERE 113. 22 4 3
27 ] 2009-05-11 20:43:15 PN G 25.53 4 3.7
28 ] 2009-01-29 05:20:16 1176 K JR) G 29. 97 6 2
29 ] 2008-12-28 05:53:56 11176 K [ RS 63.27 3 2
30 5 2009-01-06 10:44.07 1IN HILE 78. 81 4 3
31 ] 2009-05-11 04,05:52 NP NE| FMAE R & 105. 45 6 2
32 ] 2009-05-11 04:05:52 VPN KT & 126. 54 3 2
33 e 2009-06-24 07:00:44 1176 K I & 24. 42 2.5 2
34 o] 2008-11-26 23:39.55 IITiPNE] IR 49. 95 4.2 4
35 ] 2008-11-26 23:39:55 I PNE] s & 68. 82 4 3
36 ] 2009-06-24 07:00:44 I PNE] FMAE R & 112.11 5 3
37 ] 2009-06-24 07:00:44 INiipN| W& 139. 86 6.5 3
38 ] 2009-03-16 10:55:05 P NE| Hi G 23. 31 3 2
39 ] 2009-03-16 10:55:05 PN W A 69.93 3.2 3
40 e 2009-06-07 19:44:20 I PNE] FIMAE R & 113.92 3.2 3
41 ] 2009-06-07 19:44:20 111 75 K Il k& 180. 93 4 2
42 B 2009-07-26 01:31:08 b5 L NFEILA 49. 95 4 2.5
43 KR 72 2008-08-11 03:30:13 b 5% TH& 53 21 13
44 KR b 7% 2008-08-22 13:15.08 WAL R % WaE 21.09 15 12
45 K IR Hh 7 2008-08-22 13:15.08 ik 22 i H & 41,07 17 15
46 TR Hb 2 2008-09-28 22.32.44 [ Jp s EL B4 46. 62 18 12
47 KSR 72 2008-09-28 22:32.44 s B Wie s 65. 49 18 11
18 KR HLE 2008-11-14 17.13.13 IOEl4 R & 65. 50 21 9
49 KR 5= 2009-03-05 01:18:44 1 PE 5 4 TG 102.12 22 12
50 TR M E 2009-03-05 01:18:44 1 7Y V5 HRE 129. 87 13 11
51 KR b= 2008-11-05 04:01.:23 WL PG 3ok W RE 164. 28 20 9
52 KR 7% 2009-03-28 19: 111 7 55 ARE S 42.18 15 13
53 KK = 2009-02-01 06:59: At 5T AE R WA 58.83 15 14
54 TR M 72 2009-02-01 06:59: Jb 5T 4E PR BB 77.7 13 10
55 KR HLE 2009-06-15 19.05.27 TOE[Ashts R%ZH 102.12 18 16
56 KR 7= 2009-06-15 19:05.27 WAL T TEE 128.76 20 8
57 TR H = 2009-09-05 01:32:04 IUE A RR3 TR A 32.19 23 21.5
58 KR ML= 2009-09-05 01:32:04 T i3k & 55.5 18 15
59 KR 5= 2009-06-03 00:01:30 TR TG 79.92 22 12
60 KoK Hh 7% 2009-08-15 18:45:31 L B R A 103. 23 15 12
61 KR H 72 2008-10-01 15:50:01 w4k M FEHEME 9.99 15 13
62 KIR 7R 2009-09-04 14.32.24 7 b B N 59. 94 18 17
63 KR b= 2009-09-04 14:32:24 AL RE L VU R 109. 89 18 13
64 PN 2009-09-08 02:29.58 1Ly 7 4 3t AR & 122.1 13 11

http://www.dizhenxb.org.cn



