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Fig. 1. Map of the epicenter of the Kurile Island earthquake of October 13,
1963, stations, and the great-circle paths.
Table 1. Station coordinates, lengths of the great-circle paths, and pairs of
multiple Rayleigh waves for the Kurile Island earthquake of October
13, 1963.
No. Station Region Latitude Longitude Minor are Great-circle py o0
(km) path (km)
1 AAM Michigan 42.300°N  83.656°W 9010.8 40021.3 R,-Rs
2 ANP Taiwan 25.183°N  121.517°E 3325.9 40033.6 R:-R;
3 ARE Peru 16.462°S  71.491°W  15070.4 40036.5 Rs-Rs
4 ATU Greece 37.972°N  23.717°E 9351.8  40023.2 Rs-R;
5 BEC Bermuda 32.379°N  64.681°W  10787.4 40016.9 R-Ro
6 BLA Virginia 37.211°N  80.421°W 9634.2 40021.8 Re-Rs
7 BOG Colombia 4.623°N  74.065°W  13034.0 40029.4 R:-Rs
8 cop Denmark 55.683°N  12.433°E 8163.5 40014.5 RiRs
9 DAL Texas 32.846°N  96.784°W 9118.1 40029.7 R:-Rs
10 DUG Utah 40.195°N  112.813°W 7528.3 40032.0 R;-Rs
11 FLO Missouri 38.802°N  90.370°W 8981.0 40025.0 Ri-Rs
12 GDH Greenland 69.250°N  53.533°W 7215.2 40009.8 R+Ry
13 GEO Washington 38.900°N  77.067°W 9613.2 40020.0 R;-Rs
14 GSC California 35.302° N 116.805°W 7612.83  40035.3 Ry-Rs
15 GUA Mariana Is. 13.538°N  144.912°E 3492.7 40009.8 R:-Rq
16 KEV Finland 69.755° N 27.007°E 6474 .4 40013.1 Rs;-Re
17 LPB Bolivia 16.533°S  68.098°W  15312.9 40034.8 R:-R;s
18 LPS El Salvado 14.292°N  89.162°W  11199.9 40033.3 R;-Rs
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Fig. 2. Amplitude spectral ratios of pairs of multiple Rayleigh waves.

Table 2. Attenuation coefficients obtained from pairs of Rs-Rs.

Attenuation Coefficient & (10~ km™Y)

Period (sec)

Station 124 157 180 200 225 257 300 327
ARE — — 2799 2.558 2.326 1.928 1.488 1.369
DUG — — 2.6 2.531 2.155  1.828 - =
GEO 4.442  3.694 3.075 2.552 1.989 1.662  1.378 1.259
LPB —  3.2719 3.040 2.709 2.377  1.939 -
LPS —  3.992 3.083 2.450 1.939 1.562 1.430 —

Average 4.442  3.632 2.949 2.560 2.157 1.784  1.432 1.314
s.d. 0.326  0.163 0.094 0.195 0.166  0.055 0.078
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Fig. 3. Attenuation coefficients obtained using the Kurile Island earthquake,
together with the wvalues obtained by BEN-MENAHEM (1965), and
MITCHELL, LEITE, YU, and HERRMANN (1976).
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Fig. 4. Phase velocities obtained using the Kurile Island earthquake, together
with those calculated for the earth models 5.08 M, Gutenberg-Bullen A,
and Jeffreys-Bullen A, and the oceanic model 8099. The standard de-
viation (s.d.) of +:0.02 km/sec is shown by the vertical bar in the figure.

HER & 5 A CEAG A w4 0 Jeffreys-Bullen A (ALTERMAN, JAROSCH and PEKERIS,
1961) & {EHfE D45 % 4 D: Gutenberg-Bullen A (DORMAN, EWING and OLIVER, 1960)

(Z O oDMERE F A THRBE D B ED B RICHL DTH B2, Jethldl, Wy, HbiE
OB F — 2 &l 5 T Ed S hiiER = 57 10 5.08 M (PRESS, 1970; KANAMORI, 1970b)
D420 EF MK LTI S fifdE d Fig. 4 KRLTh 5. SEE bhicfs
AMERL 508 M &7 LI X< A LTI H, wic Gutenberg-Bullen A == 5 11z
PURNE IS/ DY/

Fig. 4 iz AiAs 118~827 # & TOMIMEE IR ST %25, = ORE-ciaimi
#7213 +0.011~2+0.029 km/sec T +0.02km/sec LAFC X F 5TV % & DA% Lo,
Table 8 1= 4 BB N7 N TOMMHELE S X OER b OMHEFAEIRLTCH 5. N
330 Mailz b AL KRE (s T BIuc&En oK.

3.3 EhEE

W CE S WSR2 B (6) &5 EFRliEES ke b, Tabled iR LTH
5. ZOFEIR L bRDHNATEHEZENNC e 2 o TPE S RICEEER IS
ENE LI BEMNH D DT, FOM S T O R IffR UMb LI/ fiis L. iz
AR OREEE X DI TE L w2 L 5. FHEOREITMINI s 0 X 5 kit &
59, T foig Tt SN B, SERIMHEE T — 2 Al o TR E RS 23F
FRLCTHTz. Fig, b 1 24EFHA IR 6) NS L Y IEBEIREEED 1904w R
LW b, 200 35 ket 300 #asgidz Tttty 900 35 X TF 1600 km 1244 L,
[EHE ORI F O .

34 Q&

RER S BEEL R E D L, 6) Xbfi @ 2i5idhs. Table 5 DX 5ic
LC&E o7 @ flixRL, Fig. 6 /@il Q {HoPHRERR L. 2hboLB I
b, v4 3 —FED Q kA 100~800 B oMM CRIMN K 7 5 & #in3 5




TERW v 4 U — B DREE A & RLIHHEEE

120°0 Z70°0 L€0°0 T#0°0 LT0°0 6T0°0 9T0°0 920°0 630°0 €20°0 61070 610°0 LT0°0 T20°0 8T10°0 €20°0 8I0°0 T10°0 61070 91070

ps

076°C 288°G €TL°C 709°G 067°9 T68°C 208'C L1T°G 986°V 8¥8'¥ ¥PL'¥ €99°% 08S'V G1G'V 697"V 68€°F 198"V L61'¥ 81V 96TV

- GEY°G LTL'G 669°G €8F'G 388°G 863G LTS €L6'F 688'F LEL'V P9V 083'Y 609°V LLV'V S8V 083°V T6L'V LOT'V 23L'¥
776°G 788°G €9L°C G09°G GLF'G 698°G 01€°G T8T'S TL6°V 8S8'F LVL'V GP9°V 06S'V 8¥S'V V4P’V 018'F 686°V T16°¥ 081°V LE1'V
’ © PEL°G 039°C 867°C ¥68°G L83°S T3T°G €L6°F 098'% ¥PL'¥ 399'¥ LLG'V 938V 08"V €VE'V 8Lg'¥ 0ge'v Sel'¥ SO0T'¥

© 228°G LTL'G 968°G 0SS ¥88°G 083G TGT°C 366 0L8'F 00L°V 299°% ¥8G'V SS'¥ €9¥'V 88V 8¥6'V 605°V €LI'V LGT'V

© 06L°G 9TL°G ZT9°GQ Z8F°C TEY'C 808°G 231G 186°V €F8'V 68L'F 699°% SLG'V BIG'V 99V'V S8V &¥e'v G05°V LOT'V OVL'Y

© £88°G GLL'C 619°G L6V'G £68°G 863°G 081G ¥66°F EL8'V ¥IL'V 099°V 669 ¥ 685°V Gov'V S€€'V L9G'V 105"V €8T°V LEL'Y
906°G LE8°C TOL'S €09°C $6¥°C 368°C T0S'S 881G 6L6°V 8L8'¥ 98L°F 609°% S09°V $0S'¥ 09%'% 196"V 636V 981'% T61°Y &1T'¥
’ © 18L°G LL9°G 80G°C £68°C 8L3°C PEI'G TL6'V 298'¥ OLL'¥ 389°V L8S'V €39°V L¥V'¥ 898V L¥e'V 01’V VLI'Y 8TV

’ © 00L°G €8G°G L8P'G L8E'S 608G LIT'G €46'F 8¥8'V 63L°¥ 999°V 9LG°V GIS'V 3G¥'¥ 988V 8LgV 905°V LLT'V TVI'Y
O¥6°C €08°G GLO'G 199G LTS'C 6L8°C BL3°S ¥80°C T96°% OV8'¥ €VL'F 8%9°% 069°V G39'¥ TLV'¥ 808'V 0V6'¥ 202°V OVL'V 821'¥
0°0 S28°C 189°G Z0G°G 837G 6VS'S 808°G 9T1'G €86'F ¥38°% WLV 199°F 9LS'¥ 619V €3¥'¥ 9LE'V TLe'V L6T'V SVL'¥ 811V
0°0 268°G L0L'S 139°G €67°G 968°C 008°C 001°G €96 S18'% BEL'V 8V9'V 8LS'¥ LLY'¥ 99V'V 82€'¥ 6%’V €81°% 1LL'Y 80T'¥
0°0 988°¢ Nmb G $8G°G OLF'S 668°C €08°C 831°C 8S6°V $98'% 8GL'V 8L9'F ¥ES'¥ L0S'¥ 9LV'Y VS8V 0Ve'V 98TV VI’V €V1'¥

’ ) : © 8TF'Q 8T6"g 960°G LLO'G : ©999'V 697 €1S°Y 919°F 88%'V V18V 8TV LIV 860°V
$96°S $08°S 099°G 2¥9°S 08F°S €88°C BTG GOI'S 800" 648°¥ 8FL'¥ 299°% TIPS’V 06%'% 097 ¥ 198'V 89e'V ¥81'V €E1°V Lal'¥
L76°S 89L°C 20L°G 0T9°G €67'G 6TF'S TPg'G 29T°¢ 900°G G887 08L'¥ 869°% 909'V SVS'V 86V'¥ LLE'V €967 661'V VL'V Tl' ¥
’ © 099°G TPS'G 67F°G €82G 0TS F70°G 946 88L'¥ &FL'V LI9'¥ 08G'¥ TL¥'V 997'¥ 888V 695°¥ €81°V 891V 911V

’ ) * 68G°G 03G°G T68°C 218" FOT'G 830°S 8PV FIL'¥ 699°F €9G'F Gv3'¥ 097"V 088"V L2a'¥ €61'V 0ST°V 8IT'¥

00F 6Le 098 g€Fe L3e g€le 008 LLB 198 OPE 96 I3 003 68T 08T LST 86T ¥ol €11 €01

(998) porreg

038I8AY
SdT 81
ad1 LT
AT 9T
vad ST
08D ¥
ogd €I
HAD T
(0
vaa ot
va 6
d0d 8
D04 L
vid 9
ogg ¢
v v
qav. €
dNV ¢
nvvy 1
apo) ‘'ON

‘UOIJBIASD PIepUR)S OU) SI “P'S

‘ayenbyjieo pue[s] S[LINY oY} Wolj SoAem YIIo[Aey o[diyinwr Jo sared WOIJ PIJE[NO[Ed SOIJI00[0A 8seYd "¢ d[qR[,



648 WM 1

Table 4. Group velocities calculated from the Kurile Island earthquake data.
s.d. is the standard deviation.

Period (sec)

No. Code
124 157 180 200 225 257 300 327 360 400
1 AAM 3.780 3.700 3.650 3.600 3.550 3.570 3.770 3.950 . .
2 ANP 3.770 3.650 3.590 3.530 3.530 3.630 3.780 3.900 4.030 4.300
3 ARE 3.700 3.650 3.620 3.580 3.580 3.620 3.800 3.920 4.140 4.380
4 ATU 3.800 3.650 3.600 3.550 3.550 3.620 3.760 3.870 4.030 4.280
5 BEC 3.750 3.650 3.570 3.520 3.500 3.570 3.740 3.860 4.070 4.300
6 BLA 3.780 3.650 3.580 3.520 3.520 3.600 3.750 3.900 4.080 4.320
7 BOG 3.820 3.680 3.590 3.530 3.530 3.570 3.670 3.750 3.870 .
8 cop 3.800 3.660 3.600 3.550 3.550 3.620 3.750 3.830 4.060 4.350
9 DAL 3.780 3.660 3.600 3.560 3.560 3.610 3.780 3.900 4.070 4.330
10 DUG 3.800 3.690 3.620 3.570 5.550 3.600 3.750 3.880 4.050 4.260
11 FLO 3.840 3.670 3.600 3.530 3.530 3.600 3.730 3.850 4.080 4.450
12 GDH 3.790 3.640 3.550 3.510 3.510 3.590 3.770 3.920 4.100 4.320
13 GEO 3.820 3.670 3.600 3.520 3.520 3.590 3.750 3.890 4.130 .
14 GSC 3.820 3.680 3.580 3.540 3.540 3.630 3.820 3.920 4.100
15 GUA 3.770 3.650 3.570 3.530 3.530 3.590 3.790 3.930 4.150 .
16 KEV 3.730 3.650 3.580 3.550 3.560 3.630 3.760 3.900 4.080 4.340
17 LPB 3.770 3.670 3.580 3.540 3.540 3.600 3.740 38.850 4.070 4.440
18 LPS 3.790 3.670 3.600 3.570 3.570 3.630 3.770 3.900 . .
Average 8.784 3.663 3.593 3.544 3.540 3.604 3.760 $.887 4.069 4.339
s.d. 0.034 0.016 0.022 0.024 0.021 0.021 0.032 0.044 0.064 0.059
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Fig. 5. An examplee zflth: group velocity THAI 189 (KANAMORI, 1970b),

(solid line) determined by means of 325 Ty X - 190 (JOBERT

the numerical differenti.ation using and ROULT, 1976; DESCHAMPS,

the observed phase velocity data. 1977), 294 Fh-CHiAf 231 (NARA-
NISHI, 1979) 25233 RN T-I002%, Siubiy, IR iztksih 5 & MR+ 5
2, MR LIcliD X4 7 3, 7 v v SOBGCIT X D G B B L IR B s
TUDh ORIFNS D, SR LD HITETRE, RO R AT L — RN J7Ila
70 EHFETHIMT DM D 5.

ABE, SATO and FREZ (1970) i X % &, {14l 200~300F) & 380~400 F DifiPH Ci i+
D Q ffiH 200-£49, HFEH 251480 LR HALTE Y A 500 B F Tik @ ik Al &
N LT %, A2 500 Bhil ke b & Q@ T — 2k AT I %, i
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Table 5. Q factors obtained from pairs of R;-Rs.

Q factor
. Period (sec)

Station 494 157 180 200 = 225 257 300 827 Fhase
ARE — — 172 171 167 175 185 179 Rs-Rs
DUG — —_ 175 173 182 185 — — R:-Rs
GEO 149 147 157 174 199 204 202 196 R;-Rs
LPB — 166 160 163 165 175 — —  RsRs
LPS — 139 157 179 201 215 194 —  RsRs

Average 149 151 164 172 183 191 194 188
s.d. 14 9 6 17 18 9 12
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Fig. 6. Q factors obtained using the Kurile Island earthquake of October 13,
1963.
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1 Q fifiiy 900 (SMITH, 1961), 7500 (BENIOFF, PRESS and SMITH, 1961), X% 25000
(SLICHTER, 1965) & H#f45 3T % (FEL ik SATO (1967) %), = hd D
X A&, i 1000 BcFE A T Q fRXHn Lt 2.
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W v ar> (SATO, 1955).
B(p)+ px,/c(p)=$:(p) on
B(p)+ pxs/c(p)=¢:(p)
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Fig. 7. Phase velocities for LPB and DUG as determined by means of the
method of least squares using multiple Rayleigh waves more than three.
Average corresponds to the one given in Table 8.
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82. Attenuation Characteristics and Phase Velocity of
Long-Period Rayleigh Waves.

By Mitsuru YOSHIDA,

Earthquake Research Institute.

The attenuation coeflicients, @ values and phase velocities of Rayleigh waves ex-
cited by the Kurile Islands earthquake of 1963 have been obtained for the wave
periods from 100 to 330 seconds by means of Fourier spectral analysis. Due to the
path effect that the great circle paths of the long-period surface waves are predomi-
nantly located along the circum-Pacific seismic zone, the coefficients determined are
somewhat larger and @ values lower than the standard ones. The Rayleigh wave at-
tenuation is calculated on the basis of the amplitude spectral ratios of R,.s/R. which
are about 0.2, 0.35 and 0.5 for the periods 100, 200 and 300 seconds respectively. A
relationship between the apparent characteristics of Q values versus the wave period
and the errors made in the wave analysis is discussed.




