Ha3E a4 Hh, = Wt 5% Vol. 43, No.4
2020 4£ 10 JOURNAL OF SEISMOLOGICAL RESEARCH Oct. , 2020

EFiEE PRERBIE MM
i E R
BEw, b B, K-F, £

(PURESCE A HERBLE SR TR EBE, U1 A#R 611756)

FEE . SR 2015—2018 4 Fg i 3 X 25 4 4340 ) S A0 b g 35 il 10 S 9 505 A E g4, R AIC #ENFEEL T
35 600 MHIZE P EIRS, N FMTOMO BAFHEFTE R EHTAE, 3RA5 TiZHIX 0 ~40 km VRE 1Y =4 P i 5T H#
FESEHY, HAHERIL0.5° x0.5° x5 km, A[FREEAHEBELFFR T . B0 b IX P 5 BE AN B ER BE 09 A8 Ak M AR
1k, HiZH X 5e A B B AR AR 20k, OSSR B, PHisell bR B ST s B AR RS %)
G, LSS LUT B SR AR R R X, R IR AR S0

R . MM P UCERS; SRS BRI, B RN RUR

FESES. P315.2 XHEERIRAD. A

0 515

5 ] B M s DAL A ST 3 B e Fn b 58 A B
BTy, JE S RIS S ARG BR A 3 X 2
— o X { AR IR G D) T SR B b R 1
Whoh, Sk 2RI B R A RER, BT
IR G M A S R SR, MR BT AR b 9O
B, KEGHAESEIS (A, 2008), PPt LRGN
P HE X Z2 R K e v i R, AN IH 41 1906 4 8.6
PR R 1989 4F 6.9 iR . 1994 4% A2l
6.6 YIRS, 2019 AEm N AL 7.1 HRE, i
BT 20 AR R ZU R A IC Sk, FRRE R T AL
S RTZ TR, WG, mm I H X R E 4
HRR IR & T AT R, X NS A i R
S fE M, DRI 9 R i DX 5 S R A
PR TN TR 2 b DX (%) b JBT A8 5 . B b 22 1) 53 T
RS EA T EENEN,

HiRR AT A B A 2 3T A Sk A5 Ok Bk P AR
Byo g pby () —Fp BB, o] ff A0 b 7R R
B, HER TR 2R, WOR bR AR T B R
o MR 5 i 22 ] ) MR 7 G SRR R L E AT
FEIX ) TR B 45 A B A ( Yang, Forsyth, 2006;
Barak, 2015), *Bi’yi?ﬂﬁ%?ﬂ‘]ﬁ\ﬁﬁ%%, Hb R A

* IgFS HER. 2020 -01 -01.
BEL£WMB. EEAKRBEILETIE (41472255) %),

XEHS: 1000 - 0666(2020)04 — 0674 — 06

AERHME R HA AR, Bl A RIH AL
Pk B e i P a5, R O il 5 R 00 e U2 AT A%
ARERE IR )32, 76 FE J DX T 25 44 B
FPEAS T KR (Lin et al, 2007; Tape et al,
2010; Barak et al, 2015). 41 Hauksson (2000 )
FIFHAAREE B ORRTS T R HLIX 0 ~22 km ¥
JEE A b C R B A, AEZRE R XS T R o e X
FERY AR R E AL Tian 55 (2007) AT 7% Al
TEREEHE X R o b DX AT AU E B2 BT A
A T X 5T b M i = 4 R A A, (H
] 73 PEARALAIR

A SCR) R 0N M DX R PO A & B A
K FMTOMO #0347 b 2 56 i 2 A7 g, 1551
P N3 DX A3 3R 0. 5° x 0. 5° x 5 km (19 =2 b
7C PS5

1 Baavie 5Tk

1.1 HEHEMN

ARSCHE 5T XA 36 [ P R Y RS N Hb X
(121° ~114°W, 32° ~38°N), f#if{ 2015—2018 4f
ST XN 239 A TEMi M5 5 12 S A9 505 AN
B PIE Bl TR AT IR SY 5 sl R H AR 0 AR
WE 1 prR, FAPEENY . O fePkitsE i



54

JRPEVESE . HET TR P I I A F A s DX 2 235K J2 A AR 675

MO ~5° RBHKRT 3, BIREE N0 ~40 km 1Y
RS QX EEHETE R, LB, £
B, Rk, KL, WwmgsEmas; O
PR YR BERE R AK135, T84 M S e F)
B, FERFEE RO S BB B ET 10 s 2520 s;
@FIH AIC I (Maeda, 1985) S23SZpr 2 HY H
SAE, JFHEAT IR IR 0 BT R O, N BR 15 R L AR
HIBIE B ; OFIEE N ES 2D g 10 4
DL ER G uh BT, BIBRARF & 2R B MR 30
TR E TR, RS MHANE T A shia H,
ASCAUEE P % i) 2 B0 #4728 g, R
PIE T 35 600 25012 P U FI Pn I HIRT

121°W 120° 119° 118° 117° 116° 115° 114°
T T Yy VA T T T

v 38°N

H1 AFRRXE3EBME S A
Distribution of the stations and earthquakes

Fig. 1

in the study area

1.2 MRAE

R G B R AR A S R I
W, DL R (BESE, 2011) o ARSCR
JH Rawlinson 2§ (2006) & &R FMTOMO #4317
VL% P E N E AT R, A BT M L
WHER . JBERZ MR WG 2 B 4R B AT
SRS (BB, 2011), JEITF ORI HE
BRNFRAS M BRAT B —Fh Tk

PR T WA 2 Ok AT B 2 00k, R
FH et 45 5 B 475 T3 A% 235 1. 5L T A% 4 A
IR A% 45 5 HC v A% 4 O A% 45 ,AR B BT
SRARBN N E I 37, T T R 4 R B T P A% 4 A
P RS T8 ) B AL 1Y A SR 18 400 i 3 2 A 2R Oy

Hadley Fll Kanamori (1977 ) & H) B9 — 4k 3 FE LAY |
WE 2 s, RS Ls S, ERED T L
29 km MYV 2 SRR THNTR B A SR IF R IX o0 A2
IFAERIE T ) LA 2 km 155 5 AR 45 55, 7E
ZEERARE T LA 15 km x 15 km 35 5 5 5 ROKS 45
o ARSCR R T R R IR R AL E A, AU
X P R AT R

FMTOMO 1 1F 18 J7 22k H 22 20 ol 47 gk v
(Kool et al, 2006) , % J5 AR 24 12 (W) Uik AR
AL R RAT PR 25 53 SR ok f AR R 7 #R AT
1B AL 1 A% 285 s W E A, OB R R AT
23 [6) L (Rawlinson et al, 2006) , % i )71
W AR AN R A AT AR, SR A Y T
R F8 8 s 5B 15 W) 2 R BB R 1) L s R 1
W/ MEARAF R BRI IR B i, TR AR

| L

30

40 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10

R /(km + s™)

B 2 Hadley #» Kanamori(1977) % h # — 23k T AL A
Fig. 2 One-dimensional velocity model proposed

by Hadley and Kanamori (1977)

2 R

2.1 AR

FEAT S R Z G, R T Sk )2 4 R 45 R
ATEETE, X RATAR S R AT PN, AT TR R AT
WG ZE R AT SENE | PR R EHER (R,
HFE 2, 2006) o, ASSCR ARG AR 43 B3, %)



676 L

= R 43 %

WIABEAIGRAN £ 0. 4 km/s M EH SN, (451
TR 3l F0 R R 0 B0 DA R B AR AR, i
B — R B S bR UL E B, EAT 2 AT RS,
ST 53 1 T JBE 45 g AT Lt A3 A J2E A B AR 4
T S

ARSCR KA I 25 B B2 ok 0. 5°, 3 )
M 25 SRR 205 5 ko SRS AR AT 03, 0048
ZERANE 3 R 1 km KB A BOAG I AR 45 SR
IR, ZHIX T A R A D R AR A R
SO, T R b AR AR O A I IX R, 3 R
BORBATF; 11 km 7KF-H) R A6 00 Al 3 JiE 25 2 55
U, 3R b R R AR IR R K A # T 20
km DL b, R L TERE S 22 km KPR

121°W120°119° 118° 117° 116°115° 114°
T » '38°N

(a) ZKF TR P AR

121°W120°119° 118° 117° 116°115° 114°
T T T T 38°N

»
/[
19

121°W120° 119° 118° 117° 116°115° 114°
—————— 38°N

32°

(b) 1 k3% FEAS PRI A 45 SR

121°W120° 119° 118° 117° 116°115° 114°
——— 38°N

(0) 11 k¥R FEEAS: P A K 45

121°W120°119° 118° 117° 116°115° 114°
% T T T T 38°N

(d) 22 km R EEART AR 45 (€) 35 ke EEA PUAS I 45 1
32°N  33° 34° 35° 36° 37° 38° 32°N 33° 34° 35° 36° 37° 38°
] Okm N Okm
N\ O col
D s .
pessssssssssl, 7 o
(F) 3 [ 1) TR AR (g) T i 5 TR MBS R 45

8Vp/(km-s™)
-04  -02 -0.0 0.2 0.4

B3 A Ak R
Fig. 3 Checkerboard test results

AR ZE SR R, TR HE Rk ET
e, HARSCIOCRH THIEM E L P ¥ A Pn
e, PRLAZIRBE A% AN, o A A 0 A i i
RORAE , ABAKER AT LU HhAG I 38 D i I £ AH
B R BN 5 35 ke ZKSF-YIT A ARSI AR A8 SR AR
B, PORIAL Po ST RE BT b A8 SLEF oF H 5
A X mE AR, 7E 0 ~ 15 km DL
J 30 ~40 km VREEE RGBT, 115 ~30 km ¥
FER BB 22
2.2 REERESH

AL 5 UGERITR, R SRR (1) i
WS, WL S R BSHE T E B BSOHE E  22 T
ZM2.015 &> FFERI1.361 87, B TIE32% ; F
Jr{EM 222.259 TRES] 119. 801, M35 T 46% .

3 =B ER STE

3.1 BRGER

HREEE R (B 4a) ATRLEH, 761 km §
B, BT XN — SR X s an 2B 4 14 . X
T 7 2, R S 1y =5 /0 U85 i 3 2 BRI A A, X2
24 4 A HERLUE BT 2 DT RN, SCIEE
T O HERLE RR R L A UT Y ( Shaw
et al, 2015), SIMGHVPBER AL 1 ~3 km YIRS
FEAEDURZH (Tape et al, 2010) . —2Eg5 11l fik
A s, Ny AEIR Ik, BRIk, 2k
ik, Rk, e Lk 2% DL g ik
A AR AL B A 702 5 1L kL BT L R N AR
Ll kR &8 ) 3 5 v 5 B R B (Phil, 2013),
36 UL g i L kA 2 AT DR B 8 A 1 R AT
KCE N E (CREE, 2011), MWTTRY R IO
Fro AERA L IE, S ST RN KR o Hh X
] TR (R NI S 1 2 A A i DR ) TR i
Al 25 5, WS D e m, EN e
k. HEATLUE W, KREBHRE A7 3% Ll
FUHTRTZ R, JCHRIL WS IR TE S %2,
MG 55 A EN i Wt S22 BT 10 38 3 0 A 1 AR A
FHOE AT DL, iz X IR Y Pl B o A 5 R
Hb ST AR 3 DA R T2 2R G 1) 0 A ELA A i — B

A 4b AT 0L, 7E 11 km BREE, KHB:H X &
MBI, HRERER 1 km WE/N, X%E
FUHT VBT V9 ity B o A K IHAFAE 22 5, 21 S ik
Fegim i, Kb, 2 INa, BUR M



B4

JEPEPEAE . LT UTRE P E W RN DX 2 R JE T AR 677

121°W 120° 119° 118° 117° 116° 115° 114°

38°N

Vo/(kmes™)
46 48 50 52 54 56 58 60 62 6.4

121°W 120° 119° 118° 117° 116° 115° 114°

32°
Vy/(kmes")

50 55 60 65 70 75 80 85 9.0

B4 FEVREPWERES
Fig. 4 Distribution of P — wave velocity at different depths

R 2R3 T A 2 B A A, IS AZ AL, S
PP A5 b () IR B R R T 2R, B AR, 7E
B I 3t X A8 OO s s A2 LA . SC R B A
My, SE D 7 b, S A M 5E T B T Y
SER, XS A SR A MR U E s,
HIBAZ L 4 b 1 L A B K A A B ( Wiright,
1987) , SCIEIF Z 1 0 2 30 1 3. 230 b 1) 6 e 7 ey 7
W =22 M AE AR AR BUA A BT ( Yerkes et al,
1987) o XFPHTUERY BB A 001, e T
SN 23 Hb b DX 3 o) b AN E L2 VR, Fuis 45
(1984) MIWFFE AR, EZRE L, 51k
AUEURER MRS R J5 50 1 B BEER A 2, MR I
R B A R AL HE o B, fE LG H DB R M
BRAY 2 TR X, A /N R X e
FFRE AR B (AR T, 35 B 19 3K 5 43 A1 5 2 il X

38°N

121°W 120° 119° 118° 117° 116° 115° 114°
38°N

32°

Vo/(km=s™")
54 57 60 63 66 69 7.2 75 7.8

121°W 120° 119° 118° 117° 116° 115° 114°3

V,/(kmes™")
2

68 72 76 80 84 88 9.

RATREDANRF, M ANR B REtR B, R Lk
Az 7 v RV S e A Y 0 S A7 80 T e 3 e A
(FHAAE, 2007) , 3% H X H 5 A0 5 45 48 A AL
S JZ2 A 55, 5 LATE Y b SR i 1S sl
FHIG

22 km REE, JOEZER (Kl 4e) BRT T
Hb A ) T AN SR AT, ok S bk, SRR
Tl SEFGTN Y A SO A K % T IX R
SEpm i, 3530 TN I 7 b RN SC PR T 2 M 1 ) A
2T A0 R T LU SR UG s A JE e 1 R, R A e A
RIEPIREFSEIT S 30 (Tape et al, 2010), HN4E
KK R ACEE >, 2R AU R AR
IR L kA A B e L R T L 5E7E 8 ~3. 5 Ma S FIN
FAPRUT, MAFRTOR SEOZEE L P EAGE (3
AR 20065 Cin-Ty 25, 2001), &35 1L kA



678 o=

W ® 43 %

T L S B A0 A, b X M A A AR R
B WUl LA FAE iU A S (Shaw et al,
2015) .

35 km R, XL A NIRRT, 2k
S 1L KRN B 0 =5 Vb T S R S G, R R L K
MRk, R MR SCERL A R T
FANE A R S (K 4d) , xS
5 Zhu Fl Kanamori (2000) ) F 7t 52 £z W pR 015
) A T M B TR G SR AR X R, LAY 4 R
WREZELS A AR K, 25 Lk s
W5 VD UBE Ml X 1 58 VR B BRI IR E LI S X
SN R T M R R, DR R AR
TR0 MR | T L bk, SCIEI R i, 25 F N
V. 735 MR AZ AL 73 7 R P A
3.2 Xteadr

h T B2 A3 AT AR SCZ BT AR 45 R 1 AT S
WA SCEE R S Tian 45 (2007) BEGIERE S
P I BRI AS AR B0 DX 3 A 2 T B 5 5 SR i A 7
Xt AT ER T A A B L A SR L
T T A R Rl 43 AN TR) - P 52 36 ) 0 1) 22 fi
PE, RCEMTHUR S RS HAr e — 227, H
SR B B — 8, BARh. #h3RE Pk
JEA AR S MR M A i MR AR A A Y
— bk, e B ko, 3% 56 1 LK A BRI SR 1L bk
el Bk S E, SRR e A RSO R
RIS A b b e T A IX AR s e R
SR, kS ko e A AR S, fE R e,
Wi bk, SRR b S R BRSO NE
IR EBGE 5, 78 D Hbig, KEs o Xk 2
PR S0, eSS NAER Lk, k5
KSR RIS X A P, i ik, DA
MR & T H . 5 Tian % (2007) 454
FLL, ARSCHA 48 /R T 2% 1 3 M X 55 35 Wb 0 3

[ ST
I o

ASCHI 2015—2018 455 i 5 ™ 239 4~
R H USRI 505 MR EOREdE, SR AIC %
FEHUT 35 600 2% P W ERINHE B, [ FMTO-
MO AT MR AE B Z AT R, B T rg i b
XAFHEZ3K 0. 5° x0. 5° x5 km 1 0 ~40 km B
=YE P YGRS, HRILITES R

(1) ARSCALTE 51 AL 72 B B 1 48 08 21 i
SRS HEN MR, &S ms T HEIA R
A5 ARWC, KRG AR T I Ty PR B O
THEN A JZ M AR 25 2R 5 AT SRR B B A
B — 2k, Ho2E ) o PR AT B T RO B,
A BT AR O G v R B, A B T — A
PIZHI DX 10 3 76 1) 368 0 3 AR 36 16 2l PR
VA TR AR B X S8 s 70 A (1 7 S B 45 4

(2) JENT G AS AW T R SN i DX P
JERERIZ KAk, H L 5e A A B A ) AR 24 2
P, TRARAY L S5 M B0 VR B T 2% IX b 3
FERIRENLE, AR AZ LA M SCL 43 55 0
FRAG A B PR | 705 LDk A5 g L Ll Bk B 7 8
UL IR A b AL i A VR DIRE OGRS A B
SERAF R AR RGE X, SR I AN A

TR B PR, R RE LR AT RS
PP HERR 22, ATRIE— Dok, 1E)5 ZEm o
R B AR T 2 ARG, e R IS 2R AR Y
LRI IN R LA L, AT AR AT B B
RN e L

BT L R A B 369 45 8, B Rawlin-
son 32449 FMTOMO B A7 s Mk 4 |

SE

R, IS . 2006, MU RN EURITIELRR )], HIREHESE,29(4)
104 -112.

BHE  ZEEE, EIEW . 2011 HRRENT RN )7 SR [ T]. NG
HiZ,25(4) .27 - 36.

R . 2011, 5 [0 HH 28 A0 duh o 0 B 728 1 3t DX s o 2 1
[J]. BHEBER, (29) 1122 - 122,

FAT, XRHE , Pk, 55 . 2007. 1992 4856 [N 22 7107 b 7R ——b
FEEER ALY SIVERT MR A A B [T ] R B2 42,50 (5)
1488 - 1496.

AT . 2008, H7 [EAR L A 3 [0 A b DX i 3R 2 A g5 [ D). b
A PR B BT S s R ST

B2k, X Jason B S. 2006. KEIAE K 7 HEIE R AL A ERTR 3 F1
SRR KA I BB LA S R B R [ ]t
#2,25(11) :21 -37.

RO B, BRI . 2011, 7 5 JRUAR BRI U A T 5 2 A
BARLI]. CT BRSBTS ,20(3) <311 - 320.

Cin-Ty L, A5 3, RARTT . 2001, INFIARJE LM N ALK LLIKCE A7 18l 3t
e A AR B Y HEIR) O BE A [J]. 5 B, 20 (4) £ 327
-331.

Barak S,Lawrence ] F,Klemperer S L. 2015. San andreas fault dip, pen-
insular ranges mafic lower crust and partial melt in the Salton

Trough , Southern California,from ambient-noise tomography[ J]. Ge-



54

JRPEVESE . HET TR P I I A F A s DX 2 235K J2 A AR 679

ochemistry , Geophysics , Geosystems, 16 (11) ;3946 —3972.

Kool M D,Rawlinson N, Sambridge M. 2006. A practical grid-based meth-
od for tracking multiple refraction and reflection phases in three-di-
mensional heterogeneous media[ J]. Geophysical Journal of the Royal
Astronomical Society,167(1) ;253 —270.

Fuis G S,Mooney W D, Healy J H, et al. 1984. A seismic refraction survey
of the Imperial Valley Region, California[ J]. Journal of Geophysical
Research: Solid Earth,89(B2) :1165 —1189.

Hadley D M, Kanamori H. 1977. Seismic structure of the transverse ran-
ges, California[ J] . Geological Society of America Bulletin,88(10) ;
1469 —1478.

Hauksson E. 2000. Crustal structure and seismicity distribution adjacent to
the Pacific and North America Plate Boundary in Southern California
[J]. Journal of Geophysical Research,105(B6) ;13875 —13903.

Lin G,Shearer P M, Hauksson E et al. 2007. A three-dimensional crustal
seismic velocity model for Southern California from a composite event
method [ J ]. Journal of Geophysical Research: Solid Earth,
112.:B11306.

Maeda N. 1985. A method for reading and checking phase times in auto-
processing system of seismic wave data[ J]. Zisin, 38 (3): 365
-379.

Phil S. 2013. Geologic history of california[ EB/OL]. (2013 =09 - 17)
[2020 - 01 —01]. http://www. geologycafe. com/ geologic _history/

index. html.

Rawlinson N,Reading A M, Kennett B L N. 2006. Lithospheric structure
of Tasmania from a novel form of teleseismic tomography[ J]. Journal
of Geophysical Resrarch,111;B02301.

Shaw J H,Plesch A,Tape C,et al. 2015. Unified structural representation
of the southern california crust and upper mantle [ J]. Earth and
Planetary Science Letters,415:1 —15.

Tape C,Liu Q,Maggi A, et al. 2010. Seismic tomography of the Southern
California crust based on spectral-element and adjoint methods[ J .
Geophysical Journal of the Royal Astronomical Society,180(1) :433
—-462.

Tian Y,Zhao D, Teng J. 2007. Deep structure of southern California[ J].
Physics of the Earth and Planetary Interiors,165(1 -2) ;93 —113.

Wright T L. 1987. Structural geology and tectonic evolution of the Los An-
geles Basin[ M]. United States: AAPG Bull.

Yang Y, Forsyth D W. 2006. Regional tomographic inversion of the ampli-
tude and phase of rayleigh waves with 2-D sensitivity kernels[ J].
Geophysical Journal International,166(3) :1148 —1160.

Yerkes R F,Sarna-Wojcicki A M, Lajoie K R. 1987. Geology and quater-
nary deformation of the ventura areal J]. U S Geological Survey Pro-
fessional Paper,1339:169 —178.

Zhu L, Kanamori H. 2000. Moho Depth variation in Southern California
from teleseismic receiver functions[ J]. Journal of Geophysical Re-

search ,105( B2) :2969 - 2980.

Velocity Structure Tomography in Southern California Area Based
on Local Earthquakes P-wave Travel-time

ZHOU Xixi, CHEN Qiang, ZHANG Yijun, HUANG Xiaomei
(Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong University, Chengdu 611756, Sichuan, China)

Abstract

In this study, basing on 505 local-seismic events recorded by densely distributed broadband seismic stations
in Southern California between Jan. , 2015 and Dec. , 2018, we pick up 35 600 first-arrival travel-time of P-
waves by adopted the AIC method. Then using the FMTOMO software, we obtained a three-dimensional P-wave
crust velocity structure with a depth range of 0 ~40 km in this area through travel-time tomography, and the res-
olution of the velocity structure can reach 0. 5° x0.5° x5 km. The velocity structure at different depth revealed
that the P-wave velocity in Southern California changed with the depth, and the crust in this region had obvious
lateral heterogeneity. The inversion results show that the velocity structure above the mid-crust is closely related to
the rock formations and fault systems, and that below the lower crust has a large area of low-speed, showing
lateral heterogeneity.

Keywords: Southern California; P-wave travel-times; three-dimensional crustal velocity structure; seis-

mic tomography





