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P&ES&®LTD&A%MWL<$bL JAEO T35 Q fECHIIE L wa R
HIANZ PO, POz —F— A SEO 2 - —FEL v BL %
LT, moRBic ki s 2227 b LOGENL 02 O ER Lo E2T L
TWwb., BUNBEOWERAT A —213= =9 —F 2.0 5 4.0 0HET, e —
2 v b o: 0.48%x10%20-0,28x 1022 dyne-cm; [ HEET : 0.39-4.5 bars; EH L WHAL:
0.05-0.47cem; HEFoD X 0 0.51-1.40km LR 7. =0 =F . — M A 2<M<4
DOFEHCEIEEE — 2 v Mk 250 (NUTTLL, 1983) M HiEEEhs ik hee/h e
VA, AU, FEANERIE L LT b TR EN R Xk 5 L o & Bbh
5.

1. F

IHHRIDE TH 5 FEEVNT R AT o MTHETNE, oA TER e fHliiEo R &
(B BB ot W 2B 05E4T) w5l LT MIZOUE, et al. (1982) 1= X » TH~Xbh .
ZOfFi Ty, & o/NTAMEGI96TE LR M4 BRELTOMEN EL W50
BT, EHHBLEHEINIIRCIT R T e w Ay, 1979427 A H19824E 5 Hizas 3T M3-4
7 5 ADMTEE SR E UMM T d: L, X, P ECh - TRETARREMED
P i US| & 5450 SR b 2 R 2T M oL M & & o g 2R L, m
TR HEE SR B WIGEERGES E MR L T s b, TR 3l% & DEHIIG I
ﬁﬁﬁﬁm#*%@mLfﬁﬂwf@o-Mﬁ¢Tﬁhﬂ®@mm%&mﬂ%&ﬁboo
HY, 1967~19824FE DIz T dodv e 4 D AL 2 B KTF R D Ik F A IRIZ 10421

Z#) 4km OWFETILE LCW A Tl e Tw B (MIZOUE, ef al., 1982). Hiz,
AR o )5 U (NNE-SSW sk CHF b o) o #E3F i3 1967~
1978, 1978~1980 s X TF 1980~1982 Lo iz DT, FhFh 25 mm, 22mm, ¥
Lot 20 mm A oKHES OIS BHEE Ei, WEHETNC X AT LD 3 BUTTHS
(MIZOUE, et al., 1982). X o T/T4 000 1 F 2T mibRmy i B v fc £ v
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Fig. 1. Epicenters (solid circles) and the geological map near the Ojiya region.

TWBHA, Z OMIROMPLAIEIEIHETH D L\ 2. LiED X 5 i@ Zimn
BRI TRBILTED A7 b AOPHEL EHKT, WiZT — 4 v &, T bR
W, EBOEE, ST 4 — 2 BRI D STofIE, EAEY RuUB iR A ERT
bHEBbRD. AL TIZZOMIKRTRZ BUMBZEDRFEARZ vV EERAZ 2 — 2%
WP X > TRDS.

FEMT Lo i o i K & /N R AT 01K %2 Fig, 1 wiRd. RHAX27 P LiBE
25 2 — 2 DMFERIL BRUNE (1970) 12X - TIRIBINTWBEFARFHA L. =0
e 5t HANks and Wyss (1972), TRIFUNAC (1972), ISHIDA (1974), MASUDA
and TAKAGI (1978), TSUJIURA (1980), jiz5%Ti% MUELLER and CRANSWICK (1985)
FoPRE b fibh T s, Table 1IN Lz (RLTIERC L 5) LB
P - P B R O FEEE 2R Lie.
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2. & *E
BRUNE (1970, 1971) 1w X5 &, W HTOSPAs p L, WEE—2 VI M, &
FIOEA DA MBERE LIE EDHFE r, IBHET do & ORI OB BEIHRAN

i A/RVASH
My=4zp8°Q,R/Ro. 4 (1
r=2.348/ (2xf.) 2)
do=(T/16) (M,/r*) 3)
X CHRCDOTIGERL ug EIENFET do L O
ug=(dar/p) (16/7x) O]

EWV O BFRR A S (KEILIS-BOROK, 1959; AKI, 1966). = 2T, p, B, Lo, R, Rog
R FER, BE, SR, SEoERARs b v, EEEYE SEov o=
— Y g VR E—VThSH. [ALSWART v ADa—F—~FEK, p ZAEETHS.
—J7, wITOFEWIL S EARs tr Qi(w) 1%
Qi(w)=(/R) (6B/p) (Ro, s/ (@*+fc%)) (5)
THEE XA (BRUNE, 1970). ¢ 1397551 TH 5. YAMASHITA (1976) 1= X 5 & 92%)

Table 1. Earthquakes used for analyses with hypocentral elements determined
by JMA (a), and station coordinates (b).

(a)
Date Time Lon. Lat. Depth MAG.
Y M D) H M S) (Deg.) (Deg.) (KM)
1982 01 10 00 21 52.5 138.750E 37.266N 10 3.0
1982 01 10 01 18 06.7 138. 7T50E 37.250N 10 3.3
1982 01 10 06 22 40.0 138. 750E 37.283N 0 4.0
1982 01 11 13 12 07.2 138.733E 37. 300N 0 3.2
1982 02 18 18 49 05.2 138.733E 37.266N 10 2.6
1982 02 28 04 18 37.5 138. 800E 37.183N 0 2.0
1983 01 19 22 10 02.9 138. 748E 37.305N 4 3.9
(b)
Station Lon. Lat. Height
Code Name (Deg.) (Deg.) M)
SEK SEKIYA 139.576E 37.095N 760
NIK NIKKO 139.487E 36. 620N 1290
DDR DODAIRA 139.193E 35. 998N 800

OYM OHYAMA 139. 242E 35.420N 600
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JET00 HRUBSIIE )T & BRI N DT jE S5 h, BN FENZE S BRUNE
(1970,1971) & F A TG (ZHUZERIEEIS IS L) & TMEERIE 0%
TEEIND. BAITOPEARZ A Liz=— 2 v b, BEEOEND & OBEFEIL,
M, @ KRTFEPIEHEa~, Ry fex Plinsv=—v v iz—via—v
~RER~GERzBE, 1), @) XX EOTEWLT5 (HANKS and Wyss, 1972
TRIFUNAC, 1972).

3. REARZELLEQ

B A2+ ARIEMECRD 5 210 Q I X B MIENLIETH S, W, BEAR 2
Pk QEDBBREMBAEI T S =2F 0~ F MAO (=7 =5 . — iz GEOF e X5
L ORIET) OHMELED, A7 P LrOFIREF~. Fig. 2 @i sfms M40

38 o : DEERwR Lic. Blio4FT A, B, C,

e \ﬁ D, e f, g h, i DIficEnZhE% SEK),
Ja Ft (NIK), @3 (DDR), %IL(OYM), H
3 °  Ag(sEK) 3, BTG SR, PRI, BULTH B (L
< g, 1980), Zh b EHEHAED 5 b
WD 4 ETEHE LIl A i Lz, 044
of TR L B OB A ST A TS
LT3,
l()o;/M) 9 M4.0 DINFLIFED 2 7 = X 4 fif (Mizo-
35 - Pacific UE ef al., 1982) > L LT 2= P W
ﬁ'h S WM OB T o= — v g v
& — v OIRERA Fig. 3 1iRd. Pl S
DR SEK, NIK, DDR, OYM o
138 139 140°E 141 1%2 iz (0.47,0.82), (0.22,0.25), (0.10, 0.41),
Fig. 2. Map showing the location of (0.22,0.45) T#4 b, DDR kit 5 P ik &
the earthquake of Jan. 10, M4.0 S ORI 1% 4, 0YM 251 %} 2, SEK -
(open circle) and the stations (solid , -
circles). NIK T isFRETH 5.
M, BRI AL AN T 2T Tl 5
TORER AL 2L, MAO Doy z b M L.

fiedt Uic i Fig, 4 133, i, SEK & NIK o 53 B il o (8 /s
Tl o Py e S i AR Lic. PRI ORsta Ml g & & B E D
BT b i EH . s, DDR & OYM o P o it iR R o & - T
SEhtboThs. Siko ik, DDR Ti2iEv k< b, OYM TiziE v Wh Tix
W e O DSTREERS 7 0 TR AL

FRoPe SEDT s v xrilbio v v 7L /120 8 THLE DT, A2 b
AOHMEITE X F 50 Hz i & CHIRIE 5 5.

HA#ETMOIITIRE 2 110/ s SARE L, WSO B HELHIE L TA~ 2 b

B
® (NIK) efe

36°N|- S (DDR)

34
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Fig. 8. Theoretical amplitude radiation patterns of P- and S-waves of
earthquake of Jan. 10, 1982, M4.0.
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Fig. 4. Wave trains of the vertical components of P- and S-waves of the earthquake
of Jan. 10, 1982, M4.0, recorded by the low-gain component of the short-period
seismograph.
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Fig. 5. P-wave source spectra corrected by assuming a constant Q of 500. A few
gradients of the spectral asymptote are shown in the figure. Station azimuths
measured counterclockwise from the fault strike are indicated in the upper left
of the figure.

ANOFIER Uic. M, A2 P AT HIEA2 b ARET5% (FURUYA, 1969) %
ZXoTRDIELDTHSD.

QoMIEL LT, {Hidblicsids Pt S Q flid AEHC I by —&
fifi, £hZh 500 & 300 IfHE LTCERAR2 A2 RDp2 LK~ Fig. 5 & Fig. 6 ©
Iy, Fig. b wm L P ERHEAN 7 F A ERMFUIRT A2 P AEBEEN—5
Offiicii2 &, 2Hz Wi, ST I TR X F o DHETHRAI LTV 5.
Fig. 6 iR L7c SPWEF AN v rued b E, BREAWFBRTE SERPEORA<s
NMEELDIRELTEY. WRAEFIRTY, SEARZ FAFIEZ PRI 0L B,
NIK ¢ 10Hz X ) g\ AEEcmgs e e fiinL Tx b, SEK, NIK s =
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Rz b aD REER P kR T S g
B, a—r— BEEE S EN P I L LR
RENTE D B, FBREFET RS Sk
A7 P AOHREIDDIT AR P AN
LTI BB By Tl s\,

WFRIZ LT BEEANZ PARIELLR
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HLroETHE QOFIEN TR HEF LA E
D, TEREARZ M A E LD Q MOWMIER ©
PaMBLENERTHS. CORMDOEIZP 8

oo Q % 100,200, 300, 500, 1000 &, S %
» Q {ifiz 100, 200, 300, 600 & Z5{b & T
FAy bAx EIL, Fig. T iRl
DXy, Pyt SEoFER A2 L
D Q RAFMEAR U AU Trxig <, miuk
B TR, X Q ofiine e wE
PWHBTRC BT B A7 b LOAFRIL 0% T
FEOWARY B, T AT b O R
AL T AN MEREY (BRUNE, 1970;
SAVAGE, 1972; MADARIAGA, 1976) i
0 b o Ofled b kBT s L, P
¥, S Pz Q 25100 =2 200 DAFIE T A1
DTHDBIRGD.
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Fig. 6. S-wave source spectra corrected
by assuming a constant Q of 300.

NTWDHOTHFZD QXM L. 0 Q ik M EEKEERD Y, KO BGREAN
b 3L,
Q) =200.0 f<1.5
Q) =156.9f>°  1.5<f=<24.9 (6)
Q) =1056.0 24,0<f

AL, M L5Hz X o/ & uniiliie, 24.0Hz X b kWi ksiT s Q il A7
WCHRELLLDOTH D, EH156.9:2 AKI (1980) DD 75 7 btk e » 1=fliT
BAhH. X, —fEr, PEo QxS ko QlioffsThs L) (SATo, 1967) %
ERLTRBINE P o Qe LT LI Q) o2 L ox M L.
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Fig. 7. P- and S-wave source spectra corrected by assuming various constant Q
values indicated near the spectral curves.

ARSI 5 % Q) THFEAXZ P AZHIELLL 0% Fig. 8 @ilt. oo
K@iy SEK, NIK 3812 Pk, S ikomiBiifik e k3 A2 F g o
DAEH b, SPWOEFH A7 P AR P o rh X b BRI BT,
FRAETIRC RS TE A2 P AEEOEINIBAEREATIN LS, 2 —9 — Ak
IS ES P X Db, SIS, BHNL DDR, OYM 332 P ki
TRARZ Pt Th fo X0 B TR T o ~o /YL - TWhb. 4o
—F ~ BRI ZEL A= 7 b TR E ST B2 227 A DB ENREHS
Brthadn, JGEEANZ bATHEKIZ SO TLH 50T, 22— —HERowEr
BLELED 200 EHEAEELL. 2—r— X b I BRI RTs 2<27 by
SOOI HE S — 2 v O i,

4. BENTA—%

WHiTE BB AR DB 2 Q Hili% Table 1 itk Lz M4.0 LIt
DWT LI P lid S YDA ARy bkt T Liziih Fig. 912, 150
RRERAN7 bk Figs 103 L. M3.9 & M3.2 oy a3 B UIbE oo (St
BT, TRHUINIEER T TRELICLOTH D, ANZ b AEERI = =50 — F
omE e P gy, S kdtiint, S i Pk b &I B\ TRE LTEN .
BEORGio Pk, S koL, WL, MiYkE4 ZhFh 6.10km/s, 3.52km/s, 2.7 g/em?,
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Fig. 8. P- and S-wave source spectra

of the earthquake of Jan. 10, 1982,
MA4.0, corrected by the frequency-
dependent Q values. Arrows in-
dicate the location of the corner
frequency.
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Fig. 9. Wave trains of the vertical components of P- and S-waves of the earthquakes
with magnitudes from 2.0 to 3.9, recorded by the high (H)- and low (L)-gain
components of the short-period seismographs.
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Fig. 9(b). (continued)
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Fig. 10. P- and S-wave source spectra for the earthquakes with magnitudes from
2.0 to 3.9 corrected by the frequency-dependent Q values. Arrows indicate the

location of the corner frequency.

3.35X10" dyne/em® ZA{ZEL, W)~ NI FRESAKENED H % Q AIIE% Uiz A
~7 ra (Fig. 8 & Fig. 10) ST iiie— 2 v b, WiHTHONE, EHET,
Wi T DS A& FH TN Lic. £ 0fidt% Table 2 125R3. M4.0 DR <5 2 —x
DEOWTEE—~ 2 v ML, P itz SEK, NIK, DDR, OYM Tf} 5 h - fiioFHii,
FOMDER <5 2~ 2133 XT SEK & NIK CTf3bht-db oD FHEMTHs. M4LO
Dol oW Tik SEK U NIK O EHenTHH LS DTHS. 202207
BRI IENT L7 IBEE O FERPEREN s X 2 50~90 km TEOBUALE X b 38k &30,
KT CRAGIEFIETREAS 2 — 2 2@ T5 L 2~3 BHiBOMNENGER LAY
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Fig. 10(c). (continued)

Table 2. P- and S-wave spectral data. Seismic moment, radius of a circular
source area, stress drop, average displacement, and corner frequency are
denoted by M,, 7, 4o, ug, and f., respectively.

M Ud fe

M, s do
(dyne-cm) (km) (bar) (cm) (Hz)
4.0 (P) 0.281E+22 0.610 3.250 0.470 3.750
(S) 0.154E 422 0.699 2.400 0.290 1.875

3.9 (P) 0.679E+21 0.404 4.510 0. 400 5.625
) 0.806E+21 0.698 1.030 0.156 1.875
3.3 (P) 0.197E+21 0. 606 0. 387 0.051 3.750
S) 0.312E+21 0. 559 0.781 0. 095 2.345
3.2 (P) 0.266E+21 0. 606 0.523 0. 068 3.750
S) 0.791E+21 0.689 1.017 0.077 1.875
3.0 (P) 0.472E+21 0. 606 0.927 0.122 3.750
(S) 0.247TE+21 0.539 0.618 0.075 2.345
2.6 (P) 0.483E-+20 0.269 1.080 0.063 8.348
©) 0. 682E--20 0.254 1.800 0.100 5.158
2.0 (P) 0. 660E+20 0.350 0.670 0. 051 6.570
(S) 0.732E+20 0. 3350 0.750 0.057 3. 750
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H% (HANKS and Wyss, 1972) 73, P ytd S imbinric e =B 25 2 — 280
FIE L OHIEPNT D » BHHEW IR TUHT 2 5 2 — 2 E SR T 5.

VT LICHED < 7 =9 2 — VI 2.0 225 4.0 OWiFICH h K25 2 — 213 < 7 =
F o — FOKPNERFIEBIRIZ S B0, HEMLEEGC 5 Aciefie— 2 v b, BR, IG
JIET, BiLE <27 =52~ FEOBEEZnth Fig 11, Fig. 12, Fig. 13, Fig. 14
R Liz. WEE—~ 2 VY M~ =2F . — FIZHAILTREL T T, 2.0SM=<4.0
DFEFAT 0.48X10*°< M,<0.28 X102 dyne-em #7531, NUTTLI (1983) iz X »C }»
BRIc/NERIE (M£4.5) © M-M BIRO ER 4 R3Tie
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Fig. 11. Seismic moments vs magnitude. Open and solid circles denote
the moments determined by P- and S-waves respectively. Straight
lines show the empirical relationships between seismic moment and
magnitude determined by Nuttli (1983) for M <4.5 and Kasahara
(1975) for 1<M<8. The line by Nuttli is an upper bound for the
data for “l-sec period” magnitude less than 4.5.
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Fig. 14. Average displacements vs magnitude.

LD WER R Fig, 1), L= =F 2~ FOEWHIE Q1<M<8) iE
ST DI Mye-M BER (AKL, 1972, %5, 1975)
log My,=1.5M+16.0 )

EHRDE M39, M40 olEE — 2 v MR/ E5ThS. WMETHOBER
@r) & M3.0 TiziF 1km RiETH DA, ~7/=Fo—F o bckEny,

2.0=M=4.0 T 0.51=2r=1.40km ofiflizs 5 Fig. 12). K TIT M3.0 T 1
bar L/NEWMiEiARL, 2.0SM<4.0 Tix 0.39<4do=4.5bars Ofiiflich % (Fig. 13).
ABE (1978) I Tt EHIRTIRS M5 fithothiE, 4.9SM=55 Ok TIIX 11=<
do=2bars & RELH, AN THA M3.0 T lbar OffizFhb X bk % 1Hih
. WIEET O b LD M3.0 T 0.lem %KL, =7 =F.—F D
Hihn 2.0=M=4.0 L3012 0.06=2u, 2047 em /YL % (Fig. 14). M3.0 kit 5
0.1ecm @ WAL EEE ABE (1978) D iz 4.9 M=5.5 kil 9<u,<20 cm,

TRIFUNAC (1972) O% v 7 =7 v FO 1l 49S M55 wwkiF 5 5=5u,<19em, ©

fiX DB XF2HPE .
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5. & i

RIEHT TR DI BEAR 7 P ADOFED 1o & LT, JEIE 12Hz 558 TR
il enank s (Fig. 10). zoHiguz, NIK, SEK o7 m#Hm o A =2 v
BIND EWEN B L F 12Hz %23k X% 14 Hz TRIBAS 7 b A2 RPN SR L
TWHDTEDHENSD L5 Bbnsd, FHLARSEOTIR A iulisbi.
S P e SO 2 —F — FEFETNT 12Hz X ) S uiiliciLTws0
T F - BERORECLTFL e - fepy, X /NS ER RS YA~ —
W 12Hz wESHRTASh, EEANETHD EBbhs. MR Lok
=7 =92~ F& 5EANOBGEA (TERASHIMA, 1968) #ZF I LT HEIRLTH
50T later phase X & Fh Toicwn s Ebh 5.

Pl S =~ —FEfy Fig. Bkl coMcIsE Piioa—r—J3
P fep 12 S WD = —F —FAPH fes D HEIL, 13F fop=+/3 fes DPIRIZH D X5
Lz h. oDa—F—FAERY 7+ (fp>1fes) 11, HANKS and Wyss (1972), MOLNAR
et al. (1973), MasupA and TAKAGI (1978), MobIANO and HATZFELD (1982), 4
OEHMESTE LT THS. SILVER (1983) 13 =2 — 0~ BEEE > 7 Mo bia, B
TS, Wigorl, SopiEE R E e TR B OIS BT
fep>Tes DBIRAL b I 2Hr R R IE LTz,

BRUNE (1970) = X % L35 A2 M ADFHEEHFRC BT S A7 O il

10

0 | |
0 5 10
fcp , Hz

Fig. 15. Relationship between P- and S- wave corner frequencies, fcp and fes.
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Fig. 16. P- and S-wave spectral asymptotes of the earthquakes with magnitudes
from 2.0 to 4.0 in the high frequency range beyond the corner frequency.

fractional stress drop ¢ &PIRT 5. 22T el ooy TR ETS &

EZAO'/O'e(f (9)
TEHIND. FAED o™ O EE L2 It 6=0.01, 02 DHEH LD BETIT
e=1.0 &t7c%. Fig. 16 AT TRDIC A2 FADHERTR LD, ZOR»S P
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Fig. 17. Relationship between seismic moments, source dimensions, and
stress drops. Seismic moments determined by P- and S-waves are
denoted by open and solid circles, respectively.
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Seismic Source Spectra and Source Parameters for the Micro-Earthquakes

n the Active Folding Area mear Ojiya, Nitgata Prefecture, Japan

Mitsuru YOSHIDA, Megumi MIZOUE, Heihachiro CHIBA
and Hiroko HAGIWARA

Earthquake Research Institute, Tokyo University

Source spectra and source parameters for the micro-earthquakes in the active folding
area near Ojiya, Niigata prefecture, Japan, have been determined using the vertical
components of P- and S-waves. Spectral shapes determined in high accuracy, corrected
for the frequency-dependent Q values, indicate that the corner frequency of P-waves is
higher than that of S-waves by about 1.7 times and that the source spectra of both P-
and S-waves in the high frequency range fall off as w % Source parameters of the
miero-earthquakes of magnitudes from 2 to 4 are estimated as follows: seismic moment:
0.48x10%°—0.28 X 10?2 dyne-cm ; stress drop: 0.39-4.5 bars; average displacemet : 0.05-0.47
cm ; source dimension: 0.51-1.40 km. Seismic moments estimated for earthquakes for the
magnitude range 2<M<4 are slightly lower than the values expected from the empir-
ical formula of NUTTLI (1983) between magnitudes and seismic moments, possibly due
to the geological site effect of the epicenters located at the active folding area.



