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Research on seismic characteristics and identification of artificial
explosion in different areas and natural earthquake

Wang Tingting Bian Yinju" Yang Qianli Ren Mengyi

(Institute of Geophysics, China Earthquake Administration, Beijing 100081, China)

Abstract: The differences of the seismic characteristics and frequency of the Huailai explo-
sions, the Sanhe quarry explosions and the natural earthquakes with low magnitude are dis-
cussed. The results show that the two different area explosions have obviously different seismic
characteristics and frequency distribution, Huailai explosion has stronger P wave energy than S
wave and fast attenuation; The main frequencies of P wave and S wave in Sanhe quarry explo-
sion are lower than that in Huailai explosion, S wave and surface wave are confused, and the
low frequency developed obviously atdifferent distances; While for natural earthquakes, the effec-
tive frequency band is wider and the frequency components are more complex than explosions.
Pg/Sg spectral ratios in small-magnitude earthquakes and explosions were studied and cross-
band spectral ratios were explored. Results obtained show that the high frequency (>5 Hz)
Pg/Sg spectral ratio discriminants can completely distinguish explosions from low magnitude
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earthquakes; The spectral ratios of the cross-band related to low frequency (02 Hz) of Sg can
effectively identify explosions in these two areas, Pg/Sg discriminants of the crossed frequency
band can better reflect the difference characteristics of different types of events than that of the
traditional single frequency band.

Key words: large yield explosion; quarry explosion; multi-window spectral analysis; Pg/Sg

spectral ratio; event classification
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T M R M T AR K 0 Ak 22 TR B X P/S R AH (R L A E 5 B R IR A L N Bl
UL BEEE LR TR, Ak RE; RAWEE TR, #kkE. #FXHmT
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Fig. 1 Distribution of explosions , seismic events and stations in this article
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3.0, EURTREE N 4—10 km. 38 28 b6 50 18 D450 4 7% & W N [ 5800 52 55 N ECHE 4 403 o0 (Zheng
et al, 2010) AR 15 HH 7 9 A6 50 B J) 30 1l X X3 65 0 P 0 5, IR B R e sl
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1993; Fi %24, 2018).
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WP Yk EE M AL S Pg, Pn, Pb Ml PmP %5 . 4 3CHY I R AE RN OB 5T X6 R TR) A% HP B A
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Fig. 2 Seismic waveforms for different types of events
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(a) “Bright Lamp No. 1” large yield explosion; (b) Quarry blast; (c) Earthquake. The time and the magnitude of the events are

net on the top of traces, and the station and epicentral distance are on the top right corner of the waveforms, the same below
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FE A IR 43 o B U A S0 2 FL RIS R K L S I 2R R M O T T A2 A b R A 1 i
BRI IT 2R TR, & Tl i 3l o i % 07 52X, =9k 3 nl BE R % 05 s AT B JE A
B R AC S 5 o A 2 A 2 A ROBR Ay, (RS TR B 3 A 5L A R AR 2 3
AN T 3 DX g8 K M2 30 3% B e IR 25 S

3 Pg/Sg itk tLiR Fl

3.1 [0+ Pg/Sg itk

HG FARME R AR, PR B P . M R AR B R B DI RE AL, R 4R 5 R A
1S U, F&FIZEAR, WFSE B N P/S 1 L O 8K M AR 5 M A% B KR E AT B AT
IFFEARTRIAZ IR B0 B T A SR . Tl R KE 5 b B A e 0 7 X R IR L KB 2
FA HWSE AR KRR, 76 P/S i b R B0 R F b BAR AT DL S B A% i U0 O =X, 3
SRR IR AT B L AT IR R AN

FE/NR S Tl B KE AU, Kim 281993, 1997) X 36 8 A< 50 A& 2 4 /e 350 %) M
R BV R, (6 5—25 Hz BRI N, @0 P/Lg i {8 L& — Rl g iy 0 2 5 ik .
HJE 4 (2007a) K5 56 T P/S i 0 6T 7 i X (1G5 4 Hb 7R 4 3 M AR B AR 2 Tl 4
Y B A 5 A% 8 R B Y iR ISR . 7R PIS IS L M BT P, Pn/Lg A AR AL T Pe/Lg
(Bennett, Murphy, 1986) . {EARE 1 T HEL/DN, A8 E LSRR h iR T, k™
AAE ML 0 P R AH . ARWER T BN F AR, Yk EBEA Y P, Uk EEEA N Sg,
FEP/S IR T U BT Pg 5 Sg i A, BRITHRPETRIT .

) FH 72 FH T RE 0N M 20 AR HU Pg, Sg A AL BE, BEATIE R MRS, LI 1 Hz
g ) B 3155 1—20 Hz M54 N XS IV 19 Pe/Sg IRAELLL . 1R T P il S 9 Bl v I i) o il it A8 AN ]
TEERE P/S 1% L #E AT RE P EEAL IE . AR CEF Fisk 25 (2000) % P/S 7 8 L0 BEFE 25 28 4k 5 R AT
jeiy s il

lgA=a-+blgd+c4, (D

X, a, b, cHIUGSEL, RS BRBUE 5 2 W 10 R AR IR 1L 4 3 2, 4N Pg/Sg (5—8 Hz) ,
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Fig. 5 Pg/Sg spectral ratio value of LA A S s .

earthquakes and explosions IRTRIRME S A THEKE Pg/Sg i (E

B AT 543 A0 T AR KT S Hz B Pe/Sg 3% o vl ks LA KSR AR 5 AN T M sE & X 4, X &
B R IE P STRAE SHz L bfig i 22 A K (K 4) , PUkRE R 2y 5 Hz I 3k B e KO HF iR %
W, TS YA AR KT S Hz W AE R 55e 59, KARMAE P, S P RE & BEATAT (1940 A 22 A0/, IR I
MO\ TR KL SRR KT 5 Hz i Pg/Sg it LU (H KT R AR MR . Horp ORI 5 =R A b 1
2% IR AH T (9 335 LU o0 A R A, I 1% 3 3 ) AT i B T 33 A DX S A 2R AT R

[ 5 112005 45 3 A 12 H A& A= 75 MR 1 — U JE A0 s H & Bt 35 LU (E 4 V5 7TE b RR 1L
MR SR HERR A BRI B, BRI R S YR S R R R AT 2P A L. R T B BE R
A ik B M S Al e A i R AR M AR, 6 O SO W] = 43 30l 55 2005-03-12 F R AT OB X 1,
SRFEMSEINTE 2. LK F A (XBZ) g 3/ =k SR E 6 iR .

#2 USRS

Table 2 Parameters of three comparison events

KZmfE (UTC) R E

FpFERT M W /km
FE-H-H AR degre Rar

MRIRKE 2004-03-02 08:03:35.6 40. 50 115.47 1.8

[ 20 2005-03-12 13:46:27.4 40.51 115.46 1.6

PR3 2010-07-10 09:53:43.0 40.47  115.55 1.8 7

o118 6 AT LLE Y, 2004-03-02 PRRAENE =010 P K H, T A S PEAEE S, B
B B4 R 5 2010-07-10 KR ARHBRE = 4310 S P AB LA K T P it , M 4 5 2% 5 17 2005-
03-12 M BEFi AR P S U EARIEZ | IBAHAN T35 2010-07-10 K AR Hb B A% A AR AL .

A BE SRR E AR KRR & X, WA RATERERAIX, HgkEd R i g
ok s L L SE A A3 AT X HGRE PR R AR MR L N TR KE 2 DRI E, & BN B R 1R
SIEW LA G sh ¥, ANFEEP R EICR P A TR S W, H& KRR ICR
RRAE . PR 3E T XBZ 6 i s i B A 40 DB X E L mish oyl £ G MR D Sk T, DL
P/S % HUAB A3 A1, A SCHEI 2005-03-12 7] &6 25 44F )& 75 1 o K AR b7 .
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Fig. 6 Seismic waveforms of different events recorded by XBZ (filtered: 0.5—25 Hz)

(a) 2004-03-02 Huailai explosion; (b) 2005-03-12 Suspicious event ; (c) 2010-07-10 natural earthquake

The magnitude and epicentral distance are on the top left corner of the wavforms

3.2 % XA Pg/Sg i b 4F1iE

TE /) — 07 N TE AR P/S i b, AT LASE I M iE PR 2 WA R e, S Pk S Sz hl Y
IR O Y 5w (A M AR ) A BT BRI E — S N, RR W R TR 2 ME A
Hartse % (1997) V£ & ] = 45 P 5 K00 S 3% Lb th i A AL X 70 Hb 7B 54 4, Jo - FARE M
PR, H R AR R BT P/S 40 2R B 4F- . Fisk (2006, 2007) b4 ER £ 8 AZ K K6 3 19 P/S 3% H Y
BCRARIE PEAT T — S B LA A R, A58 P/S TS LA IR BIMERE E B SARMEP IS S U
PO 22 S DL SO E R IR RS R A OC . ARG T AR AE P 5 S i B AT R AR fb B 2 W RRAE
Fisk 45 (2008, 2009) # 57 T #b N AZ R KE 5 K 9K b2 1Y 2 A% P/S 3% Eb BEIE AR | 15 31 1% 45
FE 5 R IR0 () 4E P/S 1% LU AEAE 22 57, 3R WA 28 SUMIAHY 33 b 45 A% 6 1 B — B2ty 33 LG B 47 1
PUIRE ).

TS 2R A TR AU Pe/Sg ik HE RE K At 5 K S 3 0 b R 5 R 52 A X 4Y, HUR TG IR X
BRI HEAT U . X H PR M X5 = A1 SR A g K I I Y A0 SRR A4 B, T LA M X TR
A DB VEA ASF R P, SRR RRAE . SRy ik — 20 X A XY Tl g E SR AT R, AR SO
X P/S i L. #E 0—20 Hz P Lk 2 Hz Jy 8] B% 43 50 71 55 T 45 45 32 N 1Y) Pg/Sg i il , Ik
100 4>, BT 3% e (B T F 55 b B R AT T BE B RS OE . 0 B 38 UMY % LG (B A RUBTRE T, 45 31 5%
Wi Sg (0—2 Hz) A 5 Y LU AE P A R0 b X PR 28 4 4 47 5325 . Pg (0—2 Hz)/Sg (0—2 Hz),
Pg (6—8 Hz)/Sg (0—2 Hz) i Fb A 4 A5 W & 7 fr 7, 80 28 i 6 7 A9 IE A 5 1 256 43 )
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Fig. 7 Cross-band spectral ratio values
(a) Pg (0—2 Hz)/Sg (0—2 Hz); (b) Pg(6—8 Hz)/Sg (0—2 Hz);
%3 RIS SIRGHBEETRRRAT N 92% F 94%.
85% Mo A (B YA s i i A 2 TR 2
Table 3 Frequency bands with the correct BT 85% MR H) T35 3, R4 H] 4
discrimination rate greater than 85% between N
s ’ SRS Sg R (0—2 Hz) A 61 e

Huailai and Sanhe quarry explosions

R ok E T (1. FET0—10 Hz i Pg 5 0—2 Hz ff) Sg Y

2 A% . NS —

AL HEERAAE SRR B B I RT3k 90% LU |, 1 4b R =
Pg (0—2 Hz)/Sg (0—2 Hz) % N o A
gl0m2 llz)Be (02 Hz ! B R R S WA R R AR 12 H,
Pg (0—2 Hz)/Sg (4—6 Hz) 46 46 89% N
Pg (072HZ)/Sg (6*8 HZ) 51 40 88% ll:t 2 HZ Ij\] B(J Pg/Sg IEIEIﬁ [:K{E/J\:J:‘ﬂ:ﬂél}:%ilﬁ .
Pg (2—4 Hz)/Sg (0—2 Hz) 47 45 89% AE U W) P/S i Lb B BE S i PR R BB
PUCTHIDSLTON S 6 S SRR R P S R A %
Pg (4—6 Hz)/Sg (0—2 Hz) 47 47 91% o N . N I s o
Pg(6*8HZ)/Sg(0*ZHZ) 5 45 94% o2 ) E'@}ﬁl/\ﬁqutﬁﬁmtﬂﬁﬁﬂgﬁﬁﬁb
Pg (8—10 Hz)/Sg (0—2 Hz) 50 44 91% i PSR RE | OJE TR R N AR E
Pg (10—12 Hz)/Sg (0—2 Hz) 50 39 86% LB =P, SIEMABWSTEEER, H
Pg (12—14 Hz)/Sg (0—2 Hz) 55 33 85%

S PR Ml 2 A0 Stk 2 52 B 7 M 2k 1F L ERUIR
JE | ARG BEARSE RO, DRI R SR AR Hh Il 7 X8 A (] AR 0 72 1 SR ) A% Rl R PR 3R R AT AL
1E, A BEHE— A RS Wy BLAIL A i) 1] i

BT ROAHAE | ORI ME | =R A 3 B M 09 b 52 A0 SRR AR 25 S, R SOM Y ) 9t Al
Pg/Sg 1 L A4 X K AR M7 15 N TR MEREAT 1A RO X 05 3T P AN [ 3 DX 08 AT e
18 3 52 SR 1 LA B 5 Sg R (0—2 Hz) A7 S Y35 LU 4l AT LAAT &40 DX 7 MR R e 5 =
AR 5 3 AT TR B0 3% LU | 58 33 BE A S B8 0 B i Aty 2 W1 S0 00 A A A RE Sz et A )
IR 0 AT B0 22 5, I R T LUK B BT e B S IR . BEE E ZAEA R, AR g
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1 AL PR Sk AT =T M DR PR RS b T R O A P AR R DX B, WA R SR I X 2002 —
2015 4F & Ao 48 RN TR M, Hodh 85 2007 4F T Bl 2 B D0 BF 58 1 R 24 B Jg 4 “I 4T —
57T AL =AM R A R R A R E, BER AR S A X SRR L =R
A1 3 K 1) b R T SR RN AR BT, A5 MR BRI IE SRR T R A, SR A Y
JRIEARUL B . Kim 55 (1994) 5 45 v GE B 8 R AH 4R 28 B 22 1 1, LM AR 10 S AT 2 11
AT Ay . CBIKT — 5 7 KRR Oy SO R R R R, MR RS “UIT — 57 Rl
SR MY B R AE AR DL, AT A P R 1 DX A SR TR 4 S B AR b B 2 AL DR I R L T
FE LR

IE B 3 22 H VAL D SRR RE R =R A R e R R B — AN R ok Ab 1l
DX, FE IR IE — e S — SRR, T =R A 0 TP X, SR A7 3 48 BER AR X B0k —
S b W] AR R KRR AR I — AN R 1 R DX M A i A A, PEAEEE N LK, AR
B A 9T A b, bR O e R B R PR G AR L X R O K, #EHh O fE/N (AR HTis, 2011) .
PR B K LR e 2 I X, DX R R 5 2, A ik 18, i b 1 R X A
JZE R E R ] b DK U] A e, 2l R SR A R R . SR A SR IA
KA, K2l O A R AN, 8 I X T S R A S, K B 1 Y 3
Hb B AR SR A SR B R TR, HR 3 b 5 R X bR A% 1 52 e & G
B R KE T o L BRI | (R AR IR AR | I A R SR AR AT T RE R S X P A X e A R
0 57 B AR I 22 S B R R

P/S W H L J2: 1l 5 5 48 0 TR A A BRI . AR SO T A IS (1] s DX 4 4 0 K 9% 1l AR 1Y) %
WFFEF W, R AT i 00 Pe/Sg 3t HEARL AT LU R0 1X 43 b 72 5 4 M, (EL R TG 1 X W 28 0 A kA7
WU, B X PR AE P, SBAHMIC 2R, ARIOHE T 58 WA P/S il (B, K145 T84 1)
WU G55 . P/S IR L 9 &R AT, 5 R4 B bk B R L AR R S AR T 5 R Y 2 AR A
FE P/S R AE Lo Y HE ) R v, B T AR B AR R0 AR E . BecH R R T — 4R LT
ARy A% BEAL TE (Rodgers e al, 1999) , WA SCRE WAL IE BT 7R . {HXF T4 B0 45 74 2 22 1 X
B TR AR R, TR DORUZ R | M R R SR A S R K R A R, R
M 752 8 1 BG4 TR 85028 . Taylor 45 (2002) £ 1 T 5 4% 5 25 4& 1E 77 7% (magnitude and distance
amplitude correction, 45 5 MDAC) , R i I ik o A7 /2 IR ML . AL 38 B542 . JLT 4 8 5
1E, fdi P/S % 07 AE S e A2 IR AY 25 5, Walter £ Taylor (2001) % MDAC #E4T TS IE, {38 %&
SHGE T IN R TG, Fisk %5 (2009) F] ] MDAC J7 A8 IE 2 5 T 2 BROR [l 8% 050 37 B 08 1
5 1 A L R PR KRR L R A (20070) SR A DL I 8T v B 4 B R ST T P/S R A IR 1E L AR
WE i, A5 B A B AR 22 AR IE LR, 2 il If 8 1 S5 BT ARG P/S AR i 1E L A B
. X F/NE R, Jo IR R Tl 75 K 3 iR e 5 2, 2 R eR R AL DL B A T A
M 7 ) DX SR o DR AR T AR B R A%, PRI T BN AR 2 /N R G P/S i L I AR A IE T v

AR SCE X L SR A 8 K DA R SR AR = 2R TR T A e e R O SR
BT B2 6 1145 5 BT B Pe/Sg 1% HUAEAS [R) 5 4 0 18000 v ) B2 FH I 5, 3R AR DL R 4518
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