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Abstract

“In the present paper, (a) group velocity of crustal Love and Rayleigh waves having period -
less than 80 sec, (b) a property of source of the main shock, (c) group velocity of mantle Love
and Raylexgh waves in the period range about 110 to 450 sec, and (d) the value of- Q for mantle
Rayleigh waves are presented.

(a). Group velocity of crustal Rayleigh waves are in agreement with the curve which was
obtained by Santé (1961, Aa b) ‘for the path from south America to Tsukuba station. Love waves
having group velocity about 4. 4km/sec at 35 sec to about 4.65 km/sec at 80 sec¢. have been observed
in a few records at Matsushiro (Fig.1). :

(b). Comparison of arrival times of individual phases of crustal Rayleigh waves at Tokyo
for the main shock (Fig.3) and ‘fore—a'nd after-shocks originated near its epicenter (Fig.2) suggests
that the main shock was consisted of two wave origins which occurred at some time interval.

(c). From records of Matsushiro Galitzin .and - Benioff lohg—period_ seismographs, mantle’

- Rayleigh wave trains in the period range about 120 to 340 sec have been measured to -obtain group
velocity over the great circle passing through the ep’icentei’ and Matsushiro (Fig. 9).° And also,
some mantle Love wave trains were available for group velocity having period range about 110 to
450 sec (Fig.11). » ‘ )

(d).. The mean value of Q for mantle Rayleigh waves of periods 240 to 330 sec was measured
to be 175 (Table 3). This value of Q is in good agreement with mean value 180 obtained by
Benioff, Press, and Smith (1961) from the spheroidal oscillation of the earth for Sj; to Si3 modes
(about 350 to 450 sec in period).
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Group velocity data for crustal Love and Rayleigh waves. Solid' curves “Naga-
mune 2”. “Nagamune 1” and “Santd” are observed dispersion curves for( the
path from south Pacific toe Matsushiro (Nagamune, 1956), northern Pacific basin
path (Nagamune, 1957) and the path from south America to Tsukuba (Sants,

100

1960, a,b) respectively. The chain curve (“Qliver, Ewing, Press ) is group °

velocity of Love waves for Pacific basin paths obtained by Oliver, Ewing, and
Press (1955). The dashed curve indicates the theoretical dispersion for Dormann’s
8099 model (Dorman, Ewing, Oliver, 1960).
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Arrival times of individual phases of crustal Rayleigh waves -for the path from
Chile to Tokyo. The travel time of the first phase is about 72 min. The figure
is made by use of the data from three shocks, 10:02:50 May 21; 10:30:09 May
22, and 02:01:08 June 20. )
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Fig. 3 Arrival times of individual phases of crustal Rayleigh waves recorded at Tokyo
for the main shock. Solid lines are standard arrival time curves defined in Fig. 2. «
The data (open circle) from O (21m 00s) to A (23m 20s) and from A’ “(23m 30s)
to C (27m 00s) agree well with curves which are originated at 20m 50s and about
22m 20s respectively.
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Fig. 4 Seismograms of the Chilean earthquake of 19:11:22 May 22, recorded at Matsushiro with Benioff long-period

(horizontal) and Galitzin(vertical) siesmographs. Instrumental constants are presented in Table 1.
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Group velocity data for mantle Rayleigh waves. Curves 1, 2, 3, and 4 indicate

group velocity observations for the path from Chile to central’ Japan (Fig. 1),
Atlantic ocean basin'paths (Oliver, Ewing, Press, 1955), African path (Algeria
-to Natal, Press, Ewing, Oliver, 1955), and the path from southeast Asia to
Matsushiro (Nagamune, 1956) respectively. “Lehmann™, “ Jeffreys” and “ Guten-
berg” curves are theoretical ones computed by Takeuchi, Sait6, and Kobayashi

(1962).

“Brune et al” curve indicates the mean observed velocities giv_én by
Brune, Benioff, and Ewing (1961).
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DT, FIZIXEESH Tk Bullen @ A model & %>
X B model, EEESAIC OV TH, Jeffreys, Gutenberg,
Lehmann % ¥iC X 5 THez bz AV A0 model

BBBB, T2, 34K Zhbo model Ikl THE
HREIZ R B 1B 5y B & 52 BIC S /e mantle
wave OfE & & H#EL T4 model - ®EIEIZ D\ TS
NEDZLHPBEAMATIEDI TS (213, Takeuchi
Press, Kobayashi (1959), Dorman, Ewing, Oliver

(1960), Brune, Benioff, Ewing (1961), Bolt, Dorman
(1961), Kuo, Brune; Major (1962), Takeuchi, Saito,

. Kobayashi (1962)]. .

‘Fig.9® mantle wave D4y ix Takeuchi, Saitd 35
X Y Kobayashi (1962) o ELzbDD 55 Jeffréys
model, Gﬁt,enbergA model, Lehmann’ model (343 %
f&, Brune, Benioff, Ewing (1961) 73 Chile MfEn3
ORI E BIRBIEID bR 7 b o (Brune, Benioff,

-Ewing 1961, Fig:3 65 -72bD) #R/LTH 5.

Mantle Rayleigh wave Ti%, VA\A® model ®5 |
%, Bullen A-Gutenberg model 234 - &% X { BIME
C—3T5 Lvbh Ty 5. Fig 9 0BRIED 5 bEH
#9120 #hH> & 200 $5-+HFP ORI T, - Tekeuchi oo ‘
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Fig. 11 "Group velocity data for mantle Love waves. Curves 1 and 2 indicate groub‘

velocities for the path from Chile to central Japan (Fig. 1) and from suotheast
Asia ‘to Mathushiro (Nagamune, 1956). “Jeffreys”, “ Gutenberg”, “Lehmann’”,
“8099” and “Satd et al” curves indicate theoretical curves obtained by Tekeuchi,
Saitd, and Kobayashi .(1962) and Saté, Landisman, and Ewing .(1960). i
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ﬁ?ﬁﬁi}ﬁ@ 5 %, Gutenberg modd 2l -& b {—%
LTy 5. 2001l ETiX Brune, Benioff, Ewing
DEIzE L —HL TS 3 5, model ® 5 & Guten-
berg # X 8 Lehmann’ model T3 mantle &
SR EL Th D, Jelfreys model TIRMEHBIIFE
L#v. Gutenberg & 5\ i Lehman’ model @ & 9
25 Jeffreys model XY {, mantle Rayleigh wave D
£ CHERIE L BIE L B —FF BT &b, mantle
i S BHOBREBEELAELLVDR T S
_ (Takeuchi, Press, Kobayashi 1959, Dorman,  Ewing,
Oliver 1960, Takeuchi, Saitd, Kobayashi 1962).

b) Mantle Love wave. '

Mantle Love wave [ mantle Rayleigh wave 12 < &.
STEE Y BT L . crustal wave T3 Love
Wb, v T Rayleigh jE2%84k S 15 2%, mantie
wave TiE, J§ #175 400 FAbLlkic/s B & Rayleigh
W OREHEEDIE 5 2% Love HOEN I YV RELSALDY, )3
FHEROED D EMEIRED S &, 0k D aRHIEE
(FIEARNL L 7 < 72 5. Rayleigh i Tid L TR X <7
g, EHEACLSITET - RIS DR &

FOHELF LK TE 52, Love JCRR—EICED -

sete T L IRET M O Kk 2 S BRBIL A i e B v
Chile #BOELEDHAIZIMEHP A THBETSH Y,
Wk R E Tk LI R, L7228 5> T Rayleigh -
B EFER S, Love i madb s RMICRE &S
na. .
TOXHREIND, EERS LY bEARS OEE
U e e RE R 01 BT C & IR U5 TR L R & B
BL, &% ClEANE, »IVERBER»LMONTY
%4 (Sato, Landisman, Ewing 1960, Brune, Benioff,
Ewing 1961 7t &) c:a&v‘%méﬁ‘ébf:. ZoXdicl
< mantle Love wave Ebhsioe LT Fig5 D

TFEICE L 400 wave train 8E LN, Ra K7
55T Qn ELTEDLTHS.

R bR cfEi, Fig.l O Lo e &bl Fig.
11 ZRLTH 5. Moo 5 b, 80T O
crustal Love wave 2t b oik, ©:Fig.l © ‘
Love [0 X 5 b D, @ : Fig. 9 0@k Rk KEE
BRI T 2 BEE L 72 b @ (Nagamune 1956)
3. 80 Fp~300 Fho L, Jeffreys model, Guten-
berg model, Lehmann’ model 3 X8 Dorman 8099
model iz >vT Takeuchi, Saité ¥ X O KoBayashi

Density ' Shear Wave Veloci
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1 2 3 41 20 3 4 e
S : . 50
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{ H LI
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| i
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P |
P i |
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& L
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Fig.12 Density and shear wave velocity distributions for Lehmann’, - Jeffreys, and 8099

models.
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- Landisman, Ewing (1960) 28 Jeffreys » Bullen model
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55, Dorman 8099 &iﬂ(ﬁﬁﬁ'@% PR N 95 RGNV 74
i model TH 5.

Jeffreys model Lehmann’ model 3 X O Dorman
8099 model {2V THEE £ 400 km FTOHES LU
WAL Fig. 12 X 510/ - T (410 km p¥:-
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_Ci3 Lehmnn' medel & 8099 model T &K 100
PET, OBEERFA EESE VY. —J5 Love Tk
=@ 250 model T 200 FH< HVET ML Y DEN
TN T 5. 2 HUEHEC Ee s (D  HIOHsS)
OEEREHLND DD LEbhD. T b b, mantle

Love wave <CHas D BRI E TAREME & GRS

DEPEETHLOLBDNS.

Fig. 11 G/E#1100~150 Fp 5 S DfEE, FENKE
W3 Qs MESV2HE Q THY, ETORKICE
KFPEL, Asia, Africa FiRRE, ATEFEL SLHIHL 2
ERENRSEETEER T 2. BRERD D N
EEOELSB L U OMOESkzheh Qs TX 24°
BLV (360—4)°, Q, Tik 4° BIV 2(360-4)° T
b5 L 4 BENOBREMTHS. TIT Qs

T Qp D3, BEDOKICAREOHS LB

OB %o BBV DRI > TAEL b O L
£x, TRENOHIRICK T 5 EHOEEE R T 5 &
JE 100~150 Fhiz oV CRHEO SHO L DI 5. (T
T, WEORS VO TE T=1005 T 4. 20 km/sec,
T=140F5C 4. 26 km/sec, FEREED K F v b DIXIEIE 3 4

EEAT T=100 T 4.40km/sec, T=140 #T 4.30 '

kmfsec £ LTH%.) LiL, +H7REHL 00 TH
LR TA2ZLRELOMRI.

Brune, Benioff, Ewing (1961) %, Chile HiZBoRE -

' Peru, ﬁaﬁa @ Strain i{ﬁ%é{-'@; HT0 FHERI TR 4.3
km/sec @ 3 D> 5 5. 0 km/sec DIEEEDHK 700 FEH
DI DETORD mantle Love wave ZHHEIL T35 .‘
*7x G RIS ED bm'antle Love wave x5

NTHEDY, Saté (1958) 73 Kamchatka 35 & U New

" Guinea Hh %8 ¢ Pasadena ITBIFABANORD G
P D EE v B 100 5~ 300 FH DR THRA ¥ —E THY
4. 4kmfsec LigoTV 5. Chii#Ey s L Figllo
crustal wave %?%F@L'C JEIHE 100 FHAHE T H 27D

* Fig. 9 i© Pii)&\‘(!ﬂfsb‘b) "Lehmann’ ghif & FaA
CEXEUTHB.

o REEIC 755 2 & AR S 1B, Chile— FAHIRO
FEIE Tk 50 #LI Lo crustal Love wave T KR -
BRICHESTRERBEEZ D2 52D G KoT
WHTEREZLND.

§5. Mantle Rayleigh wave oifZE

EHWOEIRE exp(—ad) CHAIL TEETS. 7
KL @ BEROELT a= 7/QCT TERbSh5. T
s CRBICT m%n%huwﬁﬁklo)‘ﬂ #HT,
Q-1 B PEREEBRO IR TH 5.

BRIREE 4 KRBT HIEE A %

e—am
| Y irpsind [T
TR, 4 DRESREPD @ ERHBI LR
TEBH, BhoklATENS WVORIEY B kT
BEA TIRFIC Y » TEE» DEHS hicT Z V¥ —
CERDLHEDELOND. mantle wave DX 5IT
[R]—Hi 5 TH) 40,030 km Sod OLR ST ERRT

EaIE, LOBRATHSTHER D LESRD bh
%. Hificik-<7z mantle wave D5 1‘9 Rayleigh wave
Lo T “@? BLV Q" OfEiERDI. o

Fig. 13 1c, Ry Ry Ry B 108 Ry O&HI2V THE
B0 S L TESE EOSRIEE W - 7 fEx 7 n
o FLTH B2, AR 220 #H 5 330 ORI T, R,
Ry, oo fgk%&@?}ﬁrbm%i@lﬂlj®40®ﬁh HTIRIERD
SRTV5. Fig 14 FEEMIC T 4 & Ind-g~
(A 1% Fig. 13 O bHAE b0) OERERL

LoThB. 4 ¢ ALl LERERERICH S LRE

LTE&EEFRDTEREBIFEEAL OfEFNT R 256
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Fig.13. Amplitudes of mantle Rayleigh wave

trains. Trace amplitudes on the Galitzin
type vertical -seismograph are -plotted. .
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b0, BEU Ry b Ry $TOTHDEER ORTH .
Ak > TR BN EVRIERD Y, £/, W

nb Ry~Rs TREDMOMEL D 272 Y /hEL 5T
%25, JEH 240 5 ~330 #pOFEF TR HL T 1750/
5. ’ ' .

Ewing, Press (1954) % mantle Rayleigh' wave > 5
ke Q vk, JEH 250 F5~350 Fhicx L T 244, 140 %)
~215 #5149 #45 T 5. Benioff, Press, Smith(1961)

Table 2. Values of a the determination of the value of Q.
Solid and open circles indicate the data
Period a Period - a observed by Nafe, and Brune and Brune,
Nafe, and Alsop (Brune, Nafe, Alsop,
sec % 10-3km-! .sec X 10-%km-1 1961) '
240 1.21 300 1.42 :
260 1. 45 320 1.04 Table 3. “Q” for mantle Rayleigh waves
) in the period range 240 to 330
280 . 1.50 330 0.84 seconds.
Ry ETOVHD a &bicxs. #Hx Table 2 1257 N Ry~R; | Rs~R; | Ri~Ry (Rl\ff,ﬁ)
LTh%. : .
QERWBIW mﬁaﬁgmmnwmn@ kb 240 188 233 255 223
v SENE AR R TV 780 T, Nafe, Brune 260 123 196 200 167 .
# XU Brune, Nafe, Alsop O FILfE (~Shb 280 108. 168 178 146
Brune, Nafe, Alsop, 1961 iz k%) % 5. Zhd
: . f R : Ay 300 90 169 162 139
DEIE Fig. 156 TRLTH 55, ThbO@MBEEFEA : '
K OB FAE. 320 133 209( 192 175
_ B3R, B 240505 330 iz oV TER 220 177 - 233 213 207
EFN Ry & Ry, Ry b Ry, Ry b Ry Tk
‘ Mean l 175

2% Chile HIEBHIERD [ BIEEIN b3k 72 Q 13, Si
5 Sie kL T (B 350 b~ 4508p) 5 180 & 75
T 5. SEGScfER, 1R CHEO FHcL

CTEAETRRDOLATVBEEL LKL T 5.

§6. & ¥ O
1960 4¢ 5 22 H O AR L + 75—l Chile #
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