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Synopsis

In this paper, the Gaussian beam aproach to surface wave propagation proposed by
Yomogida is used to examine surface waveforms in a laterally heterogeneous medium. The
Gaussian beam formulations for surface waves in a laterally slowly-varying medium is firstly
explained in detail. Numerical example is conducted by forward modelling of Love waves for
a heterogeneous Imperial Vallley structure. The prototype event assumed is the 1968 Borrego
Mountain earthquake. As a site, El Centro is chosen. Ray tracing of Love waves and the
contributions of each Gaussian beam to the synthetic seismogram are examined. The results
indicate the good sensitivity of the present method to the details of laterally heterogeneity.
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Table 1 A laterally homogeneous, multi-layered model of crustal structure.

Thickness of Layer P-Wave Velocity S-Wave Velocity Density
(km) (km/sec) (km/sec) (g/cm?)

6 5.80 3.35 2.86

6 5.95 3.44 2.89

6 6.15 3.35 2.93

6 6.40 3.70 2.89

9 7.04 4.06 31

© 8.10 4.68 3.32

ray tracing O (14) 2 #< .

7) LEO#EREES I LT, BRREREERT 2.

8) E—AVIFVYARBEETIREOWEB ST A —F—, RUDD/ T2 —s—, R@DD S BED
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Table 2 (3, WifB/¥5 *—%— (GEF, AVEND
FHil, HERE, hBE—A v b EEEEY) SRR
HERLICODTH S, T OHBITHETINEAME
BRIOMETH 5, HBRBEIL, EA () HHic 700
km, it (») Hic 500km OHBEE s Uiz,
F oy &2 53EId, x FH, y HEE bic 20km O
&L, AET36X26=936 DHKTHIAEIL
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DEYTH 5, BRHHARRIZL, BEHEA
321, HK@2)D So i So=0, RENDy
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~1508 & L, KR, 184 L,
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Love 3z & Rayleigh o R Bb 57,
Fhe— FOEMKEIST, B—&E5,

Fig. 9(a)~(d) i3, xDHD, A ()
% Ute, Rz, Imp, Rot, Img OERIBERL

200. 300. 00. 500.

Y-COGRDINATE (KM)

100.

Table 2 Fault parameters used in this
example.

strike s =295°

rake A=90°

dip 8=18&

seismic moment  Mo=9.0Xx10% dyne+cm
focal depth £=16 km

epicentral distance =393 km

PERIOD(SEC)I= 3.0

Observation Site

T T T T T T
0. 100. 200. 300. 400. 500. 600. 700.

X-COORDINATE (KM)

Fig. 8 Ray tracing of 3 sec-Love waves for a laterally
homogeneous, multi-layered medium.
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Fig. 9 Contributions of each beam (1 to 21) to the synthetic 3 sec-Love wave (on right-hand side).
a) Real part of principal component b) Imaginary part of principal component
¢) Real Part of additional component d) Imaginary part of additional component
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REBFERERTERRI, Fig. 8 Eks#3 &, BUSTHEEET 2 UARBORRTIRELS, 13, 14
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Fig. 10 Contributions of each beam (1 to 21) to the synthetic 5 sec-Love wave (on right-hand side).

a) Real part of principal component b) Real part of additional component
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Fig. 11 Contributions of each beam (1 to 21) to the synthetic 3 sec-Rayleigh wave (on right-hand side).

a) Radial cemponent b) Vertical component

AEHOPEMIC L ZPICHEE LTS,
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IEHLL S THORHIZL D, Rayleigh HORIBI: Love D HDLD &/hE 1,

Fig. 9~11 OKERHOW¥IE, KDt TRUCEROLEADERBOMAIHPE LTS, CHhidE
O EIc Lk dDEEL NS,

4. 19684 Borrego Mtn. #BE D P PEBIHOHETE

4.1 HROERWNSA—F—&HTHE

19684E(D Borrego Min. HuEi2, Fig. 12 it7R9" Borrego
Mtn. WifETREOE Ucth® (M.=6.7) TH2, TOHE
BEFRISEL, BEREHRTHEOL A 7OMBTH -7,

WiEs¢5 # — & — & UTi3, Heaton 519 & Swanger 5%
ORITHEABZIC LT, Table 3 0L 5 BEEMAV. ¥
b, WEO RO~ AT A=180°, fERAIL 6=90°
EME ¢.=NI3BE, BEESII +4=8km, HEe—» v
13 Mo=9X10% dyne-cm TH 3, AHETIE, HEEET

Table 3 Macro fault parameters of the 1968 Borrego
Mountain earthquake.

rake A=180°
dip §=90°
strike $,=138° (N 138°E)

seismic moment My=9x10% dynescm
£=8km

7=66 km

focal depth
epicentral distance

Fig. 12 Map showing epicenter of the
1968 Borrego Mountain and
location of El Centro site after
Swanger e/ al.
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Fig. 13 Locations of shotpoints, recorders and refraction
profiles analyzed across Imperial Valley after Fuis

et al.
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Fig. 14 Zoning map of crustral structure in Imperial
Valley region.
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Fig. 15 P-wave velocity and density as a function of depth at selected places along profiles

in Fig. 13 after Fuis ez al.
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Table 4 Phase-velocity dispersion curves of Love waves at each
zone in Imperial Valley region.

Love Wave Phase Velocity at Each Zone (km/sec)
Mode | Period (sec) A | B C D E F

1.5 1.28 2.11 1.30 1.98 1.34 1.35

2.5 1.42 2.18 1.42 2.03 1.47 1.48

st 3.5 1.71 2.28 1.57 2.09 1.63 1.62
¢ 45 220 | 240 | 175 | 2.18 | 183 | 1.76
5.5 2.91 2.53 1.95 2.28 2.04 1.89

6.5 3.25 2.67 2.17 2.40 2.29 2.03

9nd 2.0 3.51 2.91 2.33 2.50 2.41 2.16
n 2.5 3.64 3.22 2.66 2.86 2.74 2.34
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Fig. 16 Ray tracing of Love waves for an event on the 1968 Borrego Mountain earthquake with a
laterally heterogeneous medium in Imperial Valley region.

a) Fundamental mode with center period of 2.5sec

b) Fundamental mode with center period of 3.5 sec

¢) Fundamental mode with center period of 4.5 sec

d) Fundamental mode with center period of 6.5 sec

e) Second mode with center period of 2sec

f) Second mode with center period of 2.5sec
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Fig. 17 Contributions of each beam (1 to 31) to the synthetic seismogram (right-hand
side) at station of El Centro.

a) Fundamental mode with center period of 2.5 sec

b) Fundamental mode with center period of 3.5 sec

c) Fundamental mode with center period of 4.5 sec

d) Fundamental mode with center period of 6.5 sec

e) Second mode with center period of 2 sec

f) Second mode with center period of 2.5 sec
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