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1. [ L B &

WEREDOARZ b b= =T o — FIRESTHH%E. 5, SEOREVWIRIIRALO
WAEALIDELGATHWDE EZEZBNB L5, TETW%, MATUZAWA [1964] 3K
SIGEMED P HC UL UEKRELRAPOWENFEL TV D I E2ERH LT3,
RPEHESF S, EEY, Codawave BB LTh, A7 FADRKRELZEZS
s = 7 =9 o — FOoMmn& g5 o ARG I h T 5 [ARL 1956; KAsA-
HARA, 1957; MATUMOTO, 1960; TSUJIURA, 1967; TERASHIMA, 1968; ¥, 1971; #F
M, 1973].

—%, #=x dislocation theory WSRO BEER»S, BEEILE
LTCw-square EFLHFERIBL, BILIDEFARCIETE Scaling law &K 55
D=V =F . —FE&, BRIXKhAEOANZ F LOBFKRERD L [AKL 1967, 1972], X
Brune {fi33EE O EH 100 ) & 20 HoIRIEHIC OWTHRNER, hboRFHIX
</ =F .~ F 6.0~8.4 OFFET, o EFARCELES Z L xHE L T\\5 [BRUNE
and KING, 1967; BRUNE and ENGEN, 1969].

TR O i EIK 9 ¥ FToMED spectral ratio oW THNX 7GR, Scal-
ing law 3HIEORETHHIRIC X - TR B - L& R Lz [TSUIIURA, 1973]. Mo
3T, EHHED Coda A2 b ADENiA B4 Scaling law O FEDH LR T3
[AK1, et al. 1974]. .

ARO BINL, EECTIEE LTV 3 BRI/ NS WIBED A7 P ArOBEhaebRIC &
> THEbh % Scaling law 2 b, AHIRICEF 2 KMWEOARZ P AREETS L,
i Scaling law OHIRMEICOWTLFEND B Z &Ieh b, SEFRE LicFEEEHH
BIISEROLEELESTS., DT L% Scaling law 25 _kiz, X{Ebhie Scaling
law HHHEESNHBABOARZ b s, BUNLELND KEDOANS PAREND
LB CLEDTHFHETHDEELLRD.,

2. BRERSIUVEE
SEAERNL, EPRvNLEBRNAT (DDR) OEHEIC X > THLBADERD S

b, 4GAN SP), SN MP), AR (WB), R (LP) shEH 0K TFE E-W K
HTHY, SEEOWTDARY RN T 5Tz, RADOHWEHOBEREELZHT 1IN
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Fig. 1. Magnification curves of the seismographs used.

RS, 2055, SP it Tk 2§40 analog #o> Band-Pass Filter # . SP-
H51, SP-H52 DM hicin - e EREIC X 2806 [, 19731, % Lo MP, WB, LP
122\ T ik magnetic tape DR 4 FH 4 L, Off-Line Spectrum Analyzer 3% [TSU-
JIURA, 1973] i X » TRHF LRI 2l e, X SP oERsdiy, #HER A7 L O
HIRREE 2B - TP DR E LT, SIi{H4DOHZED source parameter ¥
BIcdDOERE LTL B 5,

RIERAN 7 PO R R EE TR, fEEr bRV TW Bk LA *
4 DMEDOEMFERABIBE R S5, HHEOLRICHIROBED AR PvHEH
WHZ ETHS. DDR o FERNC Ly, F—Rs» bR 50EHL, ©s&A
Iz oW THIUE (T>3sec), TOEHILIEHCE SHIENDE, Z D LizHRs [T
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Fig. 2. An example of the filtered seismogram.
“Fy” indicates the center frequency of each band-pass

filter with one octave band-width.

e b O DRk, AR],

BROHRPSE DRI DWTik, DDR net 5HHATO P WEIERAE, WO £ 0OuHss
BHESE Lic, X</ =F o~ F MP-P 2 oWTid #7 [1973] 1© & » THd bl &
o TRE L1,

3. & #

579 08 37T 5Ptk Lic g D4&ENn B 5 A 25 H 108 % Tcoll< A5t 304 HED
REXBIIL, F2RCR LciFr b Lotk 2le . 53 S do muisl
DIEKRIES 0.02~0.1 £ MF-P=2.2~2.7) OB DOWT, MBI LEARZ FAnD
Hoy ko corner frequency f, %k, MK EWR Ui, 83, AL, XELEx
f.=6Hz, 3Hz, 1.5Hz Xttt 5. RERTHLNRIEL, fi ORWIEEAER X
LI LT\ B,

ZTLTZDX SR, HEO M AVNIWEEFEETHL L L, MERMEL A
27 BT SRR IR L B BRI E B E e huTie Bic. REDARZ b
bR 7o stress drop OEHEAHAIL, 19524E0 Kern County O£&ERBWTL,
X1971 520 San Fernando B k\T{ & b5 [THATCHER and HANKS, 1973;
TUCKER and BRUNE, 1972],

DDR & sRERIR & OFEHENTFISH 150km TH D, ZhbORECK L, EREREROK
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Fig, 3. Distribution of the earthquake epicenter NI OWTIE5 B9 H
with different corner frequencies in the S-wave spectra B
of aftershocks in which their maximum amplitude rang- 18 RLAMED b D& Te.
ed between 0.02-0.1 micron. The corner frequency of 6 3) WEO kxX¥BET
Hz, 3Hz, and 1.5 Hz is indicated by closed circles, open B, < =F . — FEI

circles, and cross marks, respectively.

D5l % Vi,

HANIC= 7 =F o — FRIOFEBH LM ARZ b AR TT. Thbb M=2.2~4.5
DB DT, No. 1~No. 6 THT 6 BT HEi L, RATFHRIRARZ PARHL
7o I~ 7 =F o — FERRT. MF-P=3.0 NS T 2B ORKIRE 2 5L &
L, ERHOEMIRIECEOEDZNRE Lie, RICRT &L, Moiimcst - T fo 28
PN TgoTwBz Epbny, f LOEREHER f=3Hz~6Hz, 6HzZ~12Hz &k
T 5IREOBWAIIEE L ka2 1 2 CHBIT5. RIS THEH A2 P ALEN
BENIEARZ bATH - TEEARZ PAEERTSELO TR, No. 8 T/RITTHEHA
ABEL T FOLHEEDONEEA A, source parameter (geometry, stress drop, rupture
velocity) 2B D& T HEEIRTH H P Similarity ofREXH, JMA 10X - Tk
BDHNICKRED M=6.9 IZEbLEDIRRE LD TH A, ERAPFK (/<0.75Hz)
TiL, REDO M BANIWIdHEHR L 57228, M=6.9 XL, f. Dk HRD
o fo & No. 8 TRFIIHE Lic A7 P A2 BLT £,=0.25Hz RiFH 10 mm OfEs 8
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Fig. 4. The averaged S-wave spectra for different magnitudes in the aftershocks
of the Izu-Hanto-oki earthquake, The numerals indicate the grouping numbers which
are divided according to the displacement amplitude of aftershocks (see Table 1). The
locus of the corner frequency, indicated by a dotted line, and the spectrum, indicated by
double circles, are extrapolated based on the scaling law of observed spectra under
the similarity assumption for large and small earthquakes. The closed circles with a
cross mark show the spectrum of aftershock which occurred 6 minutes after the main
shock. The magnitude indicated on the right side is extrapolated corresponding to
the amplitude of the left side based on a magnitude of 3.0 which was determined by
the total duration method of seismic waves.
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Table 1. An averaged amplitude spectrum of each earthquake group divided into
7 groups for amplitude range,
Am; Amplitude range in micron, Mr-p; Mean magnitude determined by
total duration method of seismic wave for each group, N; Number of
shocks used.

Fy
No. Fy Hz MF-p N
Am
0.75 1.5 3.0 6.0 12.0
1 0.02-0. 049 — 0.030 0.030 0.019  0.0061 2.2 43
2 0.05-0. 099 — 0.062 0.065 0.029  0.0097 2.6 39
3 0.1-0.49 0.20 0.21 0.13 0.064  0.017 3.0 60
4 0.5 -0.99 0.61 0.61 0.41 0.16 0.031 3.4 17
5 1.0 -4.99 - 2.07 2.15 1.13 0.48 0.10 3.8 8
6 5.0 -9.99 7.18 5.47 2.02 0.92 0.22 4.5 2
7 10.0 -29.9 25.0 9.48 2.80 0.73 0.20 ~4.8 1

DL THHETH 523, DDR CEWTE PEEBRWT, TXCoMET» i LT
feishote, Z2RAR—=7DODOWBRITET No. 7 0227 bk, AEHL1 Y AR
KHEFTDIHEARDOLDT, RIAEE 5HDO8MEII T LizdbDTHS, No. 6 D
B~ 0.75Hz OiRiEA 3 5Ll LR EFWic d#0b b3 &R (f>6Hz) i/
o Tw%, ZOX5 eI AEERDOREMIEC S WCRCEHE TH v, FABTIE
THHARZ P ARE EoTwD X S CRX B PEHE 2T 5. IR CRESFHE
WOWRCENTLHADLRD W, 1973], Zh bDOHERIABRREHOBRYBEOHT,
RIMERE O IR ORI ERET5 4 0 & LTHREV. 5 1 RCEM AR,
Fov, P UREN OWER 2R, fho Z & L, 304 HFNT W TEE k&
5> TWEHHITRL, ZhbORCEERTRTIHIRAOHEL S ThE. L LEDR
AR 7 K, FERERIIE Lick LT fo 2252 235\ THH ).

4. FEMEOBRICONT

Scaling law IZ 235 5 = L XEEC X7, B EBROEIT L 23 L e
Sicd, BB CIE T HHIRG), EEHomEBCK 35 Scaling law %fgbo2%H
%. #O—fl& LT near Chiba (=35°30’N, 140°00’E), £ 60km~70km Oz
Rt I 2R R S KR d. AP EnECBE LA T TH 5. — R ERIE
BB HHBEO AR b AR —BREE LTE D, B3R RL L7 f, Db
DX RLAR,

RabRBREZEL, ZATED f, k=725 . — FORIMNE R EREERCE
TT25, FEHKECHS, AU M s Ligl/2 &b,

BIZ M=4.8 OWMBEOEMIEEN f. L HERCE TN ESHAERT. 2%
BRUNE [1970] % 5 flat At Bihs, T LA BB &R LIk fET 5.
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Fig. 5. The averaged S-wave spectra for different magnitudes in the earthquakes
of near Chiba (=35°30’N, 140°00’E). The numerals indicated by M and N show the

mean magnitude for each spectrum and the number of shocks used. Another ex-
planation, the same as those shown in Fig. 4.

S. GEROZE

BN X A7 FA% B\ C, moment, dimension, stress drop Z® source
parameter %y HHFRIEE S { s & TV % [BRUNE, 1970; DOUGLAS and RYALL,
1972; THATCHER, 1972; HANKS and Wyss, 1972; TUCKER and BRUNE, 1972;
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THATCHER and HANCKS, 1973]. £[EI® data %% SiCF Lo & 2RAt. BRI
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Fig. 6. Amplitude spectra corrected for in-
strument response and attenuation. Open, half
closed, and closed circles show the spectrum cor-
rected by the different Q values of 250, 500, and
the frequency-dependence of Q, respectively. For
the frequency-dependence of Q, 200 for 0.75 Hz
and 1.5Hz, 300 for 3Hz, 500 for 6 Hz, and 1000
for 12Hz are used.

A(f)=Af) exp[—x7fIQV]
CEoThbbEhs,

T A R ST 5IR
&, x=PEE, V=thFREEE TH
%. 6 B 10 HBIEE, kb (A8
TLoTHRDONILERY L LI,
61 HEDRE W 2T x=150km,
V=3.2km/sec, Q=250 »{EEL
T, FKaDRFEHCRT BRI
> TORREMIEL, BEAL7 b
NERDI, TZTRELE Q@ ©
EBIR A TR 5 PR 3
BB Q ofE 500 [TSUIIURA,
1966] &b Lwc Lic. Fo—FlxiE
6 CRd. ZoRFR61ME 3T
DEFEARZ bAL, =7 =F . —
FokEXcb b3 12Hz i v —
7 %%, 12HZ/6HZ ORERIL
6~10 fZicE 3%, Hiz Q=500 &
LTh fo ORELRVIENS
(EEA). 72T Q ofEAFEEIC
HETHEER DB, AP 0.75,
1.5, 3.0, 6.0, 12.0Hz =35 @
OfE s LT 200, 200, 300, 500, 1000
D% FIVIIE Uic ks 2 RREHL
TR L, &2 CTHWRERETE
715 Q offiix, U filtering &
X BB HRAPTC W TR E i

Bigim G omED Coda wave D A7 FALLERDEETS S HEMF). WFhe L
THRFEARZ bV EHETICRSHEVCE @ DERFUENARETEZ I 5Bbhb.
4% near field @ data &3 D&SHET, @ DEARDUBILFNEIVLIFIRNTH

55,

6. #% B

FEREWBEORED A2 A FRHH SHESEE (M) & A7 FADBIR W
%% “Scaling law” OfFRERRL, X 5RO MR bRIMIKDOKHED 2~
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7 FARHEEL, HEIHIALY P EEBECBRSI W KHEBO AR P i i,
ﬁ%#é’a%amabt,L#Lg%ﬁmﬁﬁﬁmﬁnkufu%@ﬁﬁi WEtO
BERIEL, SEoRFEHEDS S L ETHIAHIE (KE) ARz PAMCIEAER
Xem ot Lichio TREMD DHEE LIt ARZ PV EARBDARY P AR R HEL
BT s s LILTE R ote. BRABIOKBIFRKRT M=48, Lt RXEERORE
LEZLRAMECRELTED, Z0X5EHTT M=6.9 ZHEE T H10ix EEN
B, FHTER VD Lot 5B ED IO X S HEEACT, BB OER
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Tetinte, HbhRURMOBXERTIRETHS.

2 £ X M

Ax1, K., 1956, Correlogram analysis of seismograms by mean of a simple automatic com-
puter J. Phys. Earth, 4, 71-79,

Ax1, K., 1967, Scaling law of seismic spectrum, J. Geophys. Res., 72, 1217-1231,

Axi, K., 1972, Scaling law of earthquake source time-function, Geophys. ]J. Roy. Astron.
Soc., 31, 3-25.

Ax1, K., B. Cuourt, and M. Tsusiura, 1974, Local scaling law of earthquake source spec-
trum submitted to Science.

BRUNE, J.N., 1970, Tectonic stress and the spectra of selsmlc shear waves from earth-
quakes, ] Geophys. Res., 75, 4997-5009.

Brung, J.N. and G.R. ENGEN, 1969, Excitation of mantle Love waves and definition of
mantle wave magnitude, Bull. Seis. Soc. Amer., 59, 923-933.

BruNE, J.N. and C.Y. KiNG, 1967, Excitation of mantle Rayleigh waves of period 100
seconds as a function of magnitude, Bull. Seis. Soc. Amer., 57, 1355-1365,

DouGLas, B.M. and A. RyaLL, 1972, Spectral characteristics and stress drop for micro-
earthquake near Fairview Peak, Nevada, J. Geophys. Res., T1, 351-359,

Hangs, T.C. and M. Wyss, 1972, The use of body-wave spectra in the determination of
seismic-source parameters, Bull. Seis. Soc. Amer., 62, 561-589.

W%, 1973, S EAUNERBRITT OB X 3 ED < /= F o — FOWRTE, HEHIZETH

R, ANEIUE, SEER, K% R, B E, 1974, 1974 EFEERHIMEO RERHR,
HhEERFFEERT T ER 14, 55-67.

KaSAHARA, K., 1957, The nature of seismic origin as inferred from seismological and
geodetic observations, 1, Bull. Earthq. Res. Inst., 35, 473-532,

MaTuMoTO, T., 1860, On the spectral structure of earthquake waves, Bull. Earthq. Res.
Inst., 38, 13-28.

MaTUzaAWA, T., 1964, Study of Earthquake, Uno Shoten Tokyo, p. 45.

TErASHIMA, T., 1968, Magnitude of microearthquake and the spectra of microearthquake
waves, Bull. Intern. Inst. Seis. and Earthq. Eng., 5, 31-108.



92

THATCHER, W., 1972, Regional variations of seismic source parameters in the northern
Baja California area, J. Geophys. Res., T7, 1549-1565,

TrarcHER, W. and T.C. Hanks, 1973, Source parameters of southern California earth-
quakes, J. Geophys. Res., 78, 8547-8576.

TsuJiurA, M., 1966, Frequency analysis of seismic waves (Y), Bull. Earthq. Res. Inst., 44,
873-891.

Tsustura, M., 1967, Frequency analysis of seismic waves (2), Bull. Earthq. Res. Inst., 45,
973-995, :

Tsustura, M., 1973, Spectrum of seismic waves and its dependence on magnitude (1), J.
Phys. Earth, 21, 373-391.

i B, 1973, BUNBEA7 MO (1) —dtEs—, HE [ii], 26, 370-375.
Tucker, B.E. and J.N. Brung, 1972, Seismogram, S-wave spectra and source parameters
for aftershocks of the San Fernando Earthquake of February 9, 1971, preprint.

HREREEL, 1973, BIGE  COREMMER OB, HEZ [iil, 26, 336-347.

P B, 1971, FEHHBE D~ S =F o — ¥, HbfZ [iil, 24, 189-200,

oL St 1973, FHHEOD~ =T — ¥ (FE3H) —<~S=Fa2— FLEXREOENE DY
o, WAT148 EREY AHT ROWIH TR, 40.

10. Spectral Analysis of S-Wave for Aftershocks of the
Izu-Hanto-oki Earthquake of 1974 (1).

—Spectrum of S-Wave and Its Dependence on Magnitude—

By Masaru TSUJIURA,

Earthquake Research Institute.

The relationship between the S-wave spectrum and earthquake magnitude can be
obtained by analysis of 304 aftershocks of the Izu-Hanto-oki earthquake and the earth-
quakes of the near Chiba region. From the scaling law of relatively small shocks with
different magnitude, the spectrum of large earthquakes (main shocks) is predicted under
the similarity assumption for large and small earthquakes. We found a difference of two
times in the apparent corner frequency of S-waves between the earthquakes of the Izu-
Hanto-oki and the near Chiba region. The distance and focal depth of the former event
was about 150 km and shallower than 10 km, and the latter about 100km and 60 km,
respectively.

Comparison between a predicted spectrum based on the scaling law and an observed
spectrum for main shock is another interesting study. Unfortunately, the seismographs
used in this study were overloaded for the main shock of the Izu-Hanto-oki.

The correction of the attenuation effect for 61 aftershocks was examined by using
several @ values in order to estimate the source parameters. However, a reasonable
source spectrum cannot be obtained since the spectrum is extremely sensitive to the @
values.



