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Lg-wave attenuation and site response in Ningxia region
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Abstract: Based on 131 seismic waveform data recorded by 15 digital seismic stations in
Ningxia region and its neighboring areas from 2008 to 2017, this paper analyzed Lg wave attenu-
ation and site response at the frequencies ranging from 1 to 7 Hz by using the combined inver-
sion method of seismic wave attenuation and site response. The relationship between the seis-
mic wave attenuation quality factor Q( /') and the frequency f for each component was calcu-
lated by using 1 069 Lg waveforms in the velocity window of 2.2—3. 6 km/s. The results show
that the O, of vertical, west-east and north-south components are 237.1, 201.8 and 245.9, and
the frequency exponent of the Q( /) are 0.44, 0.52 and 0.44, respectively. The result of this
area is consistent with the results of the other seismically active regions in the world. Further-
more, in time domain the analysis of Q(f) suggests that the attenuation characteristics of crustal
medium in this region do not change during the studied period, and the maximum
response amplitude of 15 stations was not more than 6 in the region.
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TH PR F IR XA T R M a9 db B, % X b b 5 B 4%, iz shamZl, 6 sy
HRE, Dl Em k, R ECRE RS, 2006; KBS, 2015), J& M=% H 0T
RO FE M X 2 — . DhoR 7 45 (2011) ff F I Ak 3E 3 2 14 (extensive-dilatancy anisotropy ) £ %4 3 #7
T B X T 3 KO )7 R BRARRAE 45 R R 7 B S 0 5 D) U RN U 3 e 25 3 = T
TEACE, T B b Gk (0 57 U1k 43 2P B Ty 1] FOPRAE U B B 22 7E 2008 4F 22 S5 3
BT BR AR sk S (2007) A T g R L F A R IR MEA, HAE RN RE BRI
S BRI AP X AR AN S8 5 P 0T b 2 Ik i 1 Y e BURRAE R — ME AR BT Y [ E . %% Y
T8 55 (2010) 3% T 22 52 W7 J2 22 00 161 BE WG 1k ol 24 P 3E 5 20 RR i 4 X 33 4 RO, ) R D o b 7R
LT T B M X B R X M R S AT T A A, LA R ER WIS T R M XA 5 AU L LR
5 DX Sl 7 el I () B P i 2 B R 7 ) R B PRI

b 752 1 0 U S v O A O bR A I SE A RN AL BESE N B Ol R I A R
[F) Fsf B 190 b 5% 30 55 RE 43 A 98 0 7 B AGER L e A R A MR O s R AR G T A, 20025
Uil 7 i 25, 2011, 2016) 5 1145 77 B <08 0% 7 6 e J5t b 52 38k S By T 1) BF 9 SR 0 B
(McNamara ef al, 1996; Fan, Lay, 2002, 2003a, b). {H3& F W55 X N HiZE 5 ul Y5 3 0 7 1) 0F
SE B, [ B R 12 b DX FH A W) D7 125 B 5 o 0 s it 2 — AR A B S T

Hby 5 I A A% A Ao R b B AR G e G R Uk S B, T T 3 b b 3R A R B A 6l Y
b 5 D% B 19 R R A Sy DU L g g 6 ) T 3ROk R B L b R 0k A AL AR Y I T
BT BT LA S —JR I TR — G uliie sk, X AN [R] U A ] A R O A 0 R
TR, Ab PR o R R bR i Y R R A O A B — 2 A TR R AR I Ak AR AU (A,
1969; Aki, Chouet, 1975) . Sato #< % (Sato, 1977; Gao et al, 1983a, b) % ; 5 —JE N FF KA
B sk, XN T (A 22 A B A0 H 0 (B AE &) 22 980K 158 (Chun er al, 1987, 2009; Aleqabi,
Wysession, 2006; Zhu, Chen, 2012; Zhu, 2014) . 370 i #9358 07 8 5 B4 br 1% 1L ik
(Lachet et al, 1996; Parolai et al, 2010) Fl/K ¥ 5 3 B ] J% 3% [t 2= (Parolai et al, 2000, 2010;
Sylvette e al, 2006) , Fif & 7 B 7E A BUWAT 0 H N AF7E— T M s BAE 2% G, JFH&
)5 SR B RE 15 2l 1 T B ) AN A TR TR X R — AN EAS R HE Y 42

by 752 % % A28 5 0 5 b 2 O A R A R A DG, T 3 b e 1 U] 2 R 3 b A B Y e P R
fE, 5B AR IR LG, FF X — B, Zhu Al Chen (2012) LA K Zhu (2014) F1 4 iz
(2016) FI| I L ik I 115 L 16 A B v A5 3 M o7 FH B A28 52 080 S 4000y O i, *HAEdE L R ARG IX
BHEAT T MR I v S 37 M B 43 BT . Lg R B AR 5T i, R 5T R 2 2 R U Y
S, FFHh R BIC % B LT 0 B, A R AR M O R o X Sk R R 5 R A
K i b X Lg U0 (B 5 B B8 A9 OC R AR, R WFIE HBSE A I 5 9 1 L ¥E B 43, Fan I Lay (2002)
AR Rt 72 A W 2402 5| S L W Wi F2 28 B Y, PRI Lg 8 s 0 AT FH T DXl b 2% 0% 3 e
PBIEH] A 1 AT (SRR, 2016) . AR ST AUR] T 5 R 48 X M R a0 SR, A AT I ML IX
by 6 A S5 R AE I DAl 1 DX P b FR £ 3k g e R AE DU O 7 5 b XA b R 3 B S
5 P B IX 358 il e B4 ) 35 58 Bl AR AE A5 D7 T WF SR SR S
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1 ARRMEE=

T B M DX AR AR A R S A B PR R G P, LI i 2L A AR
L 5K G 3 DAY — BB 23, H SRR 22 3 VG Gt b TR A L B 2% L3 e R T S AR 1 R A AR
B 7 b 2 B, Mbse iR DIRUR A K, e 2, M Y 2R it | (L [R] Z25 4
K R FE e r £ 0 L0, MBI M 3R S 22 18 3% (Zhang et al, 19915 [6] 72 %55, 1998) ; HiEg#6 Y
ST i 7y 02 B0 7R 22 07 7 % | BT 35 b B % B AU A8 3 R AT AR B 1 B8 4 X (2 R
1999) . 7* 5 b X B A6 1) Ml BT A4 i S bR ) SR G AFAE — 22 /(B ORF 5, 2011) . BT
Z R KSR & B AR, XN S A R R vE i, o B 2 i iy T T
HARER X, Hb I M S5 2 B0 3 B 5 A, T R Ll — B L P B e 2 b R b TR
BT, DX A B A R 1) 376 20 D A0 438 B 2% 1L D Y L TR T SR L B L v R R R S R
Wrd | BRI —F % R R W b T —[R).0 W7 SRR B Y = OG0 — 2 i ol — [ e e A
NJE 876 ALK, KNIL R AT 15 IR M>6 BB IR PE b AE , P, 1920 4F 12 A 16 H g JR
MS. 5 MR I 0 B e K AR, 1A 23 T AR BB TS (ZE IUTE A5, 2010) , ¥ JR DT 2402 I Uk b 7R
M) A& RE WL, 2 R B s He 2 ] 7 A T SR B B R AN R L 3 A e AR R P b ) AR R
FiE {1 35 3] 220 km (Zhang et al, 1991) .

2 REFEMETELE

AR S0 T L R Y % e AT I AR T e b e L B A R, R O A ) S AR T el A 3 i g
W SR, %07 AR A OGSOk (B ig, s 2%, 2007; Zhu, Chen, 2012; Zhu, 2014) i E A 3
A2, A AR PR . AR SO IR 2% T 125 4B BOT 1 b 72 0k 12 % T Y Lg R4y, JEMRIK AT
AR IE . JLAAT 2 A 1E 5 SRS T3 il — b R AN TR] 5 3 A0 SR i =2 L, T BR AR IR N . AR
T A T R R A O e, He R3F . D EA FFIT E R B Lg Ikt MR A G Oy
Wi 13 7R /)N (Zhang et al, 2002; Mitra et al, 2006) ; @ $ERFEERE -, Il FH A = b/ b 7%
FERR R AT LA R0 Sk 5 U5, RGO g R 5 e ] DL Z0 8% (Zhu, Chen, 2012; Zhu, 2014) .

A SCA TS 2008 4 1 2 2017 4F 11 IR E BUE AR K LN ZE T ARK K 1S A
BEmES CUh T A 24 MR I IC % . BB 1 af UL, 5 5k 258 v i) 1= Dk ST 2R IR 4r
Mo 5 TR FAEIX . B A T B SN AR, B0 = e AR, SREEE S 100 Hz,
Bl A AN RS X 1 R D ] N, E 64 s—40 Hz P30, B S A A28 X Hi 5 Dk i )V 7E 128 s—40 Hz -
M, AR PERE AT R F R T . AL ERECE Y, S X g AR AR I SR AT AT AR A, S R A A B
I8 B AR R PO, R T Hb 2 R 7 (2.2—3.6 km/s) J7 542 HU Lg % (Murphy,
Bennett, 1982; Zhu, Chen, 2012; Zhu, 2014) . 7% 3CR A B 7 A9 5 it 2 B 0 3.6 ks, 5[]
KA 5E v R FH B0 =5 3 3 ¥ — 2 (Murphy, Bennett, 1982; Campillo ef al, 1985, Zhu, Chen,
2012; Zhu, 2014) ; A% 3 8 B S BN 2.2 km/s, BEAR T 3R BF 58 AH R 89 38 B {H . Campillo %5
(1985) 43 5l F 2.3—2.6 km/s, 2.6—3.1 km/s Fil 3. 1—3. 6 km/s (1) 38 F& % K58 Le I 20 R
B, HLo S I ST 2 SRR SE AR N, AT DL Z W L AR S (R RE Al R [ R o AT
T, R EoR: AR, A0k L EIRE WY SR, SR SRR,
B ATROE ; EPOERERNIENT, Lg W0 = S50 B o K/ TC W] A e . s,
FH R AR R oA g T B R X B AR B, O L 3 S SRAE IS AR A S B R AR YO e B
T AT A B
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Fig. 1 Distribution of seismic stations, epicenters and seismic rays
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A3 M 4 A AR R YL B O 1—7 Hz, [ f R 0.2 Hz, 331 MRS, A &0 R A
XERE O (f) {8, FFBEATIEI Q (f) = Qy f* (Chun et al, 1987) (/N — el &, Hodb u ik
HPEFE R, SR AT b R P i S RS R 2 s, o B

» Q(f) =237.1f%%, (D

R
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Fig. 2 The relationship between the attenuation
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Fig. 3 Site responses of 15 stations
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IKF 8%. MRAEAMI A D, HEA T M EE /N T 1 B B . FEASRTIZ (2016) BYAFSE
t, BEEEA 1000 255, AIBRAEAILF] 70% i, HEAHEAREAA 300 £ 5.

AR 131 SR F, R B TR 1069 2%, 44 25% B HLH Bk A A JF 8 R AR
2000 K HEAT A, 55 A 3 ) 45 5N

Q(f) = (237.1£9.59) fo4+0017, i
ARV ) Ny
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Fig. 5 Site responses of the stations and the associated residual errors

4 MRXRRBSHHREE

FE AR RS 30 315 o o, I BRAEAS 5 19 25% B, AR EDR 22 78 5% 2247 . B A B 500 A
A 75% PR — A KR 4, IR 29 100 WO R i IC 3¢ . BB 41 i i n — IR R R AR 1Y
ST [0 11 DAy 5% 2 B0 A 45 SO0 L Y I TR] 7 2 00 54l B[R] P AR ¢ LA — A Bl 4L 1 Bl R
PAF— I AR TR LR, W 6 frzn . % B AT DL AR 42 AR E BE (2008 4F 1 A 2 2017 4F 12 1)
N EE IR 2 BTE B R 5



44 TRERFS A T E M X L I U K 37 b i 17 R 431

300

(a)

oS ,@89‘ ©o-00--q
oo T8 -ede -
0%’6’7

go

A 250

200

2016 2017 2018

2050 |
Sap
i o o000 ®" - &P —o— EWH R
Oe@k} - B0 g oo UDHE
0.40 o~ . . NS/
2015 2016 2017 2018
A

K6 HFRBEINSE Qo (a) HUIHESE £ 1 (b) MYIZ il 22
Fig. 6 The time-varying curves of the attenuation parameter Q, (a) and the

frequency exponent u (b) of the seismic wave
5 WigESER

Lg & 2 K S0 S i, J2 1 DX b 32 % 0 SR i E B4, Bz AI7E 1000 km DA | Hhr iR
Bl Fidsg 3], (B G w5 i /Ny 220 i R] AR S i RR R B ol sk, TR R A A
Gt —FnifE . Hasegawa (1985) 76 I K Hb &G T J& Lg P Wl AF o, 450 Won, R PR F 2 4%
M 5e B BE Ty, L B oy O AR H B . 7EJE T L U 0% M 7% I 22 W 55 ', Dominguez 5%
(1997) 1 1] Lg B iC 5% # 6 3l #4 B /N2 BE 4y 285 km, 1117 Shi %5 (1996) 76 BF 5% Bf 15 47 32 W5 w0
LI ik DX 38k Lg %2 9 o) fiff B 95 BH 9 B /N2 T BE 4 41 km; Zhu Al Chen (2012) & Zhu (2014) {f F
Lg P 0 52 v (5 K Bl A b 5 A2 2R DI 9 b 7 00 o ool = 40, i 0 FH 9 RE 0 e /D B BE B R
100 km. AR AW I AL FHE, A SCHEPE TR 6 3 Fe/N A= 4 100 km.

X T4 (2002 ) FTEE [E 45 (2011, 2016) B4R R I, T M52 B R 0 5 It 34l 15 1]
Z B AE 6 &R, i FH Aki #5 A B Sato #5 #1 (Aki, 1969; Sato, 1977; Dominguez, Rebollar,
1997) P18 T 7 5 M X () M 7 A 5 08 O {1 (Q,) . fEME R Wik AT O i B wsE v, R4
B FH A R A RN R, (EAS BIBF IR 45 S — 20, B 7 B M XM AR U o hs R, = 0 (AR,
J& TR 3 16 R IX . 3 SRR AE AL 5 A b DX b R 0 B IR AR A

A B 5 AT P b AR S LA 3 S AR R 3 e 08 5 A Bl [0 BR R (Zha, 2014) FRA
TR U SR, WIS B T L RR 5l 0% 3 M R . 3%k A T B AR 0 5 R TP FE A
O T 3 b v 155 5 BTG O K — b R AT R R W AR BT . AR R S AE Rk e O TR
JUA% S % B ia 45 (Zhu, Chen, 2012; Zhu, 2014; A ¥iiz, 2016) WHoe it #2; pHocss i 5 b
B KR LB XS5 R R R . T H X Qo (K F AL (5T 38 ) Hi X (Zhu, Chen, 2012) T
e T AR XA A (Zhu, 2014) . 3 304 i 06 Sl 4% 00 L8, A b m2 e 3 Ml X9 b i 0 3
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KA fi e, R DX Ml 72 3 Bl K P B AL R AR SO IR S A BR O R R BR A i X5 SR X L AT
H, T E AR IX 5 8B i (Dominguez ef al, 1997) . A& JE W. RS N 4B 35 Ll ik (Paul et al,
1996) . BN AR JE . (Benz et al, 1997) 55 (45 LA — B, WF5¢ X2 o I8 R fili b 752 106 3 K
B B DX, TR A SCHR A B 508 25 RO G B . M IX Lg i O (H 9 I AR RRAE 43 AT Wi, i
by DX 1 5 90 2 BOME B SR A I B N AR L 130 B b DX b 5E A B 1% 349 50 A T P A RT AU 1Y
AL, XA ENUE T %% PUTE AF (2010) & 7 EAH OC H DX 75 J I B P & A= 08 M b 7% 1)l R PR
R B T 45 3

SRS T B M DR b BR ) 2137 B K 3 TG S AR AR R 25 5, B T A2 b DX TR R T
BR, A SORF 77 B DCAE Sy — A BRI DARIT ST, H 28 R LR RN b S e 12 3 DX 1% 4 52 I8
FRAE, A F A 5 vk AT PR R 0 5 X0 12 b IX 5 82 i R 055 30 0 B MR e B M B FIMTD AR B R
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