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Fig. 1. Map showing major tectoniec features around the source region of the

1986 earthquake of M 5.9 and distribution of seismic stations used for
hypocentral determinations. Black spots describe the aftershock area based
on Fig. 2. Solid lines are Quaternary active faults presented by Research
Group for Active Faults (1980). Broken lines, on the other hand, indicate
Tertiary faults close to the source region: Otari-Nakayama and Mochigyo
faults. Vertically slashed zone represents the Chikumagawa tectonic line
after TAKEUCHI (1978). Dotted zone indicates depression or basin. Crosses
are seismic stations. M and A are the main shock and the largest after-
shock, respectively. Two spots of clustering foci are indicated by B and
C. Epicenters of the historical earthquakes (1858, M5.7; 1890, M 6.2; 1918,

M 6.5) are indicated by stars after UsaMm1 (1987).
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mmév&%z,%ﬁbt.E%@ME&—%@&X@MmEM%ﬁ@®M%#B%ht

Table 1. Observation stations for hypocenter determination. MIA is a tem-
porary station equipped with a visible event recorder, which had been in
operation from December 30, 1986, 14:25, to April 22, 1987, 12:00. Others
are stationary telephone linked sateilite stations of Shin’etsu Seismological
Observatory, Earthquake Research Institute, University of Tokyo. Station
correction times for P arrival times are estimated by travel time residuals
of deep earthquakes listed in Table 2. For S waves, apparent Vp/Vs values
at respective stations are used.

Code Lon%itude Latoitude Altitude x Y Station Correction (s)
(°E) (°N) (m) (km) P S-P

MIA 137.9216 36.5995 590 —7.01 —44.44 —0.32 —0.29

MTU 137.8392 36.4394 680 —14.42 —62.20 0.0 0.0

UED 138.1526 36.4204 660 13.69 —64.31 -0.19

HSJ 138.2736 36.5839 490 24.49 —46.14 —0.10

OoMJ 138.1819 36.6675 506 12.26 —36.88 —0.37

TGA 138.0847 36.6593 760 7.57 —37.80 —0.32 —0.27




436 8 2B W Tk B IBAE— « BEEkE

= =
V4 Y4
o (9]
T T
N /;
K
! o]
1Q @
‘b ' O ¢ Cgo
£ 0
' ’
O“p III . ]
A I| 016 M
O “O,é» ° o 5
®!, 00%
o o
o .: B =
%o °
1% o
)
]

0 KM
3 4 5 ¢ 7 kmy
@ -2 T
] 0
i3
=
K10
T a
20
15 KM

10 KM

Fig. 2. Distribution of aftershocks with high accuracy based on the data set
(a) in Table 8. The P velocity structure model is also shown. Broken lines
are the Otari-Nakayama and Mochigyo faults. The marks M, A, B and C
are the same as in Fig. 1.

INBP S (MTU) 28 e, = = T, WE[Z0 L L 2 7o, ERRBEA
(MIA) 235 57— 21370\ DT, 5T< OFRERNA (TGA) & MU &Lk #EE
Table 1 iz#{2TH 5. P Bz MTU =t LEK 0.87 WoBhibs 5.

S PoER OHETEICIY, Vol Vs MR FIRIT 5. HWED Vol Vs A E <, 2.0
CHET D (e« i1, 1988). BIEHIC i b 3\ 4 MIA o S B2 - 4 Ry
MIA, MTU, UED, TGA o P Bl v TR 7o BB (85 S E e L) &xtL<
Redfe S WoEREE P W ORROME t/ts (ValVs & BT) 12, MIA, TGA, MTU
TRETREH, 1.8920.12, 1.83:0.07, 1.6920.05 &7co7e. BEREDD hFHIC &
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Table 2. Deep earthquakes just beneath the concerned seismic network used
for estimating P travel time anomalies due to low velocities in the super-
ficial layer in the crust. N and ¢ are number of stations and standard
deviation of O-C residuals of P times in hypocenter determination, respec-

tively.

Longitude Latitude Depth g
Y M D EHM S B CN) (em)  Meg N
1982 10 24 16 26 25.07  137.7089 36.6383 277.6 3.1 8 0.29
1982 12 19 6 12 15.39  137.7264 36.7683 254.2 3.4 11  0.38
1985 7 26 3 48 58.31  138.0444 36.6678 218.0 3.4 22 0.18
1985 10 6 9 50 47.69  138.0775 36.4356 121.6 3.1 8 0.31
1986 11 25 13 26 21.75  137.7797 36.6722 248.8 3.2 15 0.5
1987 1 1 22 13 57.30  137.8750 36.5117 125.2 2.9 9 0.29
1987 8 14 11 59 58.51  138.0081 36.6197 210.0 44 23 0.20

o THRAERZVEL DT, ZOEOHIHELZEH VIF 50, MR EHE, EL
CEHREhTWS. MTU o3 5{H 1.69 %, L 6km/s BoEMERZR LT3
(B z1¥, UkawA and FUKAO, 1981). == Tit, LofExFo A LL. S-P
o 0-C 1z, &K 0.29 0 &ic 7 (Table 1),

EHEBMOF — 2 MBI, AEL1 727524 (P EAE S-P BEOBE) »ohE
FRER R RS, BEEINcRERACHL £ P B oS R/ ERELYEA LT
BEERD WA, BREEREFRIEO s S Fig. 1) o, BERBELY LY
BHIENLELERBETHED, BELLERELEA LR TE L. Z0FETIE, Vi
Vs BEEOBEICKFMBIZHE DEF LAV EDNRMHR E R TWE. 252, L
iR Ic X 51, AT VeV MBS X - Thik b RIEDT, 508E, =D
FER#EY T, o, SEOEBRRERED T T Y X 4k MATSU'URA (1984) &
U HIRATA and MATSU'URA (1987) i2fk~7-. — DFETIE, RERIALLCHD B D
Tikie<, S FHEL P ELFCRY, HERERL OEOBEEYRALEOERCR/INC
THLLOCMeRD L, MEDTHELAOER/PEFEICECHETH 505, TMADOLHIIC,
Gauss FD 5 2 — 2 THHmAM O BEEDEUERFEYE2 5. Fi, HOREEL
DERMRYE 25D ZOFEDOERBTHA. ZORRNEEYEROLZEES N
1 30km DX 5T, e hREL Lo, MORERCIIMEN L) -0, FFEIE
L, P& S oEgInBE#AYFRFR 0.1, 0.2 & Lk (EBEIHIKREL L HTWL3).
RAuic P EEEMGE TS, Fig. 2R/ LTHS. BHT 0, 2, 8 23km DIEXD
P @Sy, thirh 4.0, 5.0, 5.9, 6.1km/s &1L, HFAXEBTHEATHS. S
HEIX, Va/Ve=1.69 #H TR 5.

BAOPEO Lo, BEEAFE TR EEL VBRI E TR, Sl SoRBiE
ERKEKET S, Table 1 OFRAD S H S HEOTHAN D EAEE L o1z, MIA,
TGA, MTU @ 8 HThh, fluk, 2LAE PELZFLHBRAI LT (BHIFT O
N—F VB OEIT X B). Table 3 (ZHPMAEOHEEGESL P £ § F—20HHik
- C, BEOHEEREVFINCERSBWRLIZNERLELDTHS. EFCED
SV MIA = MTU, UED %#tnx7: 8 & P %, MIA 3 X0 MTU o S B3l
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Table 3. Average discrepancy between different sets of estimated hypocenters.
Hypocentral data sets are specified by observation stations used for P and

S times.

dx, 4y, and 4h are displacements in the east, north and downward

directions, respectively, in reference to the hypocenters from Data Set (a).

4t denotes origin time difference.

Standard deviations are given in paren-

theses.
Number of Az dy dh At
Data Set Hypocenters (km) (km) (km) (s)
(a) P: MIA, MTU, UED
S: MIA, MTU
(b) P: MIA, MTU, UED 142 0.00 1.04 0.76 —0.16
S: MIA 0.18) 0.73) (0.76) (0.11)
(¢) P: MIA, MTU, UED, TGA 86 0.20 —1.61 —2.77 0.13
S: MIA, MTU, TGA (0.67) (1.11) (2.35) (0.10)
(d) Routine Data 150 —0.46 —1.50 3.80 0.07
0.73) (1.55) (2.51) (0.19)
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Fig. 3. Extent of hypocentral errors due to reading errors of P and S arrivals
at the places M(a) and B(b) shown in Fig. 2. The procedure in hypocenter
determination is the same as in Fig. 2. Assigned errors are =+0.05s and
+0.1s in P and S times, respectively. These values were added to the
initial arrival times at stations selected by random sampling.

(Fozt, b @) RHEF—xET5. CHAERGRERAR L ERTH 5
75 A%~ B (Fig. ) 72 OWERIEHBOATOAT 7 ¥ 555

DT —x
L S RFEIZ IR S,

IE, F=Zxzy b (@) CRLF—2w, + (b) 13, B, EILLEOFEHLT 1km
(@ ® (d) TREDERXNLHIKRE (BIEIOEDFEENL 8~4km).
AEINCEROT & 2 E

BEETH D05,

Ei, (@ ® (d) DBE, TOEEERFELKELS,
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CERELTWAE, OERER, BEFEOREECLSBLOTHSH. Fig. 2 OEFED
T — 22y b (@) KHESH, 775 2A%— COWECOWTE, MTU © 8§ 7—x
wRE, @) »HEBRAIhTHEDT, F—xxy b (b) OFREACTHS.

EREOMMNIEEYHET 270ic, BEREOY S 2V —v 3 vEfTole. HHN
SR e P oBair £0.05 B, S o4 0.1 Bofiflk s vF AL E X
TERENEDLHIIESL DL nE T~ Fig. 3 © (@) & (b) BAEOMEIRI AW
LBl oWTE, Fig. 2 75 A% — B OHFECOWTOERETHS. (a) TIRERR
WP, B, EXwe, FhFh, £0.8km, +1.8km, +1.0km #ZFIE - T 5b. T
3, BEOHEMBEABRELRTLOCT, £ 0EEE, LEOfBAOES CHVITE
s TWABTHAD. (b) Lo ThREEOEFRE ,TATNS.

HERHREEE L, BN ARE R e EEME £ F AL IRE L TV 20T, 7T
HEEI S L EE (Table 8 5 — 1, b (d) 2k 3) &, BRSEMEMHC X 2HED
FHEXEELEEE (F-sty b (@) RHET2 80X THELRLS. BER
oW, WEoEZ 1.7km ThH 5. 2 DEHD 0.9km BEXBROMEMEELSE
2T THALY. BBz, ALX5E, 1.8km <LWTHAHS

3. EEAE

3.1. XEOEDIHE

RE, BRBILHORKER DT, Fifis AR TRBERYID 22 LIXTER
V. FD5 2, BREMREHOCDIC, SEORAMVARETHD. TR, LD
2 FEROBELXHREL, FRCHLTHERZSIRS. 7T, KELHZLDORETOVT,
MTU, UED, HSJ, TGA © 4 HElED P A0 X » TEFRLZ RS, RiZ, it
WMReF— 2ty b (@) CEIABRELET S ZHEOHMOBRMEN TN, £&HKT
—BETRARV D, AE (EER) OEBOREOCICHLEYIRS. L, TOAEY
e 5km AR E Lic. TRERIFICT HHEORBFEO T LR, L&EDFEHL
EiEfE%E% Table 4 1IZ/RT. S F— 2 D WCEHARBR DWW T RARLHEY Lic.
7, ZOBARKNEOME L 1 HBOoXTHS.

Table 4. Corrections of hypocenteral parameters for the main shock and the
largest aftershock. Comparison was made between hypocenters determined
by the use of P times from stations MTU, UED, TGA and HSJ and those
of Data Set (a) in Table 8 in the vicinity of the respective concerned
events within 2.5 km in the east-west, north-south and vertical directions.
Standard deviations are given in parentheses.

Number of dr Ay dh 4t

Hypocenters (km) (km) (km) (s)

Main Shock 24 0.18 0.37 —5.09 0.13
(Dec. 30, 1986, 09:38) (0.31) (0.97) (2.11) (0.21)
Aftershock 1 0.31 —1.25 —6.45 —0.05

(Jan. 9, 1987, 18:02)
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BIEEMATFEL, ch?, Fig. 2 OREO> b, KESEEOSTHEE (N15°~20°W
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ZDAi% Fig. 5 WrRd. ChLOKBRASVWLOEN D TRADLDTL M 8.3
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1986 12 30 N
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34
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Fig. 4. Fault plane solutions for the main shock (a) and the largest aftershock
(b) (Equal area projection on the lower hemisphere). Solid and open circles
indicate compression and dilatation, respectively.
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Fig. 5. Aftershock distribution in the vicinity of the main shock together with
two possible fault models: triangular and rectangular faults.
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DT, FREROHEORTEI—Zidbhin s, RL[EASh->T %
BT, BEAY, AEDBELEbo Tty REELKESMMDHESH
AEREMBLBEREEOEMThEE CH 5.

AEH E21°S 0HADOIIEKRFEOEEN Y L 20K L, REOKEOH HICLE
LCHTT ABHROFZBOBRAD LD (M 8.5) OREHHL, chikLPEVHA
(E64°S) oFEEHE Lo (Fig. 4(b)).

3.3. WMIEBETILLERER - )

AEOBREXTEOHMIELE L, HOKEEEELK AL T 5 Dislocation =71 %%
2%, fEORn, X0 ERAREREEA» D —EOHEE V, (rupture velocity)
CROMRCIERTS b O L+ 5. Ei, BLIEFOFBRATHT, IbENA
(rise time) © ramp time function DEEIEIHK % &0 LRET 5. RIFMIL T OFHD
ki, REATOMLS b, BRBEYORTrbRDS. V, 2 ¢ SENET, bH#E
Xhn. WEeF L o&RY Fig. 6 1WRT.

SR —REE DR O FIREE © Dislocation O gR (SATO, 197623 #eHE, 1975b) 123k
Sx, BRATHERAIEL, BRYE NS FROBHR TRV,
BE OREEMEOFENNIVWTE) P BoBARFcERET 5. P XAV 15—
SOBEE, FRTE 540 BNERO S HoBHORENRITh Wb & TH
5.

WA, BN L s i, Mo, HEMEOMBEEEREOE, ‘
(EFh ORI X BIREE OB EA L 4« OMIERTT 5 BERS BH, T TiE, HHEO
7odb, MRS D{EEEEIR & © convolution <0, HFE S BE, HEE ORI HE - THAR
DAHAEHIREAT 5 (Fig. 7T 2R) », ZOMIEE, HBEEETOIRE O # i O # IE
(—He 2 5L 45) DAL EDHD. FORBMIEEOERIAFEFCZ LV L LS.
COBEOHBEOMENEE LTV A0 RETHERT S, AHAR, 3 Ko 0BNER D
MBOIEEET Y, AHEOR 2 bAMLLHEE L. ToOfliz Table 5 witeic. HWE
BB S BREF O 7 ARG Y, TOAHMACED LHCLORTOBES TS

ground surface
FORRRRRRRRRRRRR S
N
direction
Fig. 6. Parameters of the fault model.
D, 6 and 2 denote dislocation dis-
placement, dip angle and slip angle,
respectively.  Theoretical seismo- Fig. 7. Incidence of a P wave at near
grams are calculated based on the surface region. Observational angles
moving dislocation theory in an of incidence at the ground surface
infinite homogeneous medium by SAT0 are used for correction of the theo-

(1975a, 1975b). retical seismograms.
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Table 5. List of stations (Japan Meteorological Agency) used for the study of
the source process of the main shock. C and D in Initial Motion indicate
compression and dilatation. 4, ¢, @, D are epicentral distance, azimuth
from the north clockwisely, observed angle of incidence of initial P wave
from vertical, and estimated average dislocation displacement ‘over the
fault, respectively.

Staton  Lepggrde a0 G Mot & e
TKD 138.250 37.105 60.7 27.5 C 4.5 8.5
TOY 137.208 36.707 65.7 —81.4 D 46.2 33.
MAE 139.065 36.402 104.1 103.1 D 25.2 29.
KOF 138.558 35.665 119.9 151.9 D 64.7 208
IID 137.835 . 35.510 . 123.5 184.2 C 58.6 39.
WAJ 136.898 37.390 125.8 —46.9 D 59.5 47.
KMG 139.385 36.147 140.3 111.6 D 3l.1 20.
GIF 136.765 39.398 171.8 218.2 C 46.3 81.
SHZ 138.407 34.973 187.6 166.7 C 55.7 204.

Sieofe. FeiEL, HWERMAEOHE DN BOBEZTELR L.

Fig. 5 WRL Lo, REHMCHE LARBEORE=E » # 2 4. EFHY
4.5kmx8km) L=AF (B 4km K 8km OZS4U=AF, © OBEARAEOE
TRALE) THhB. BHO P Ps S BoMEY 6.0km/s, 8.58km/s & L7-.

3.4, BRAIBMLBRBEMOLE

A icgiZiiit, KEEFO 59 T 100 BT ORETHS. WHIED Y
NTwich, EEPATEBCAIER Lied e, S0 LB S% Fig. 8 & Table
5 IRLTc. WEEIOIRT LA 4 — 2 DFEFRIML, FhFhR 5 BE 0.07 B
H5H. EERETE ORI ETRMCOWTE D - .

BIA KOF 11, * BT LT 2R EET 5 (Fig. 8) O, Bn<
ARSI L. Fig. 9 WiRLACL 91, CoBlSORMCERT 5L, e
7 /w52 rupture velocity #Z % T3, rise time 13, 1 LT ChFEicbicwns &
Aahd. Linl, 0.1 B0 X 5CIEmnE gy, LicdioT 0.5 BaifT s
T EIT A, BEIZ 0.3 BREETHD. KT rupture velocity # HES 5. KOF &
1, BERHROMECH D TOY & Ot sTs.

Fig. 10 @+ o xmR Lic. V.=2km/s Tk, <A AR EIERY v ESckE
V. 8km/s MEYBTHA. V, DB, rise time DAME X EFET DT +0.5
km/s BETHA 5. BRIWEFAVEZMABEF AT, KOF kT, ZERITED
Lhised, TOY TREEHETFADED TRFIEMEEG LY. BH OB OES,
ZAMOBE LS T, EEATMOBRY L LT AR OFIA~ILAT 50, BREY
iz — 2 RIS SIS,

UEo&Zicxy, ZAFEsar e, V,=8km/s, t=0.5s DL 5K®RETH. f1o
BAATL MAE ° TKD %ERE, R OMAMIIEREILTW5 (Fig. 11).

MAE 3REOHE L Bbn 2EOBEEN R 2 5. TKD ik, BB DRy
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Fig. 8. Map showing the distribution
of the stations used for the study
of source process. Station coordinates
are listed in Table 5. The strike
direction of the earthquake fault,
N19°W, is shown.
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-0 T T T T T T T
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1 1 1
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Vr T

KCF u/D 2 KMS 0.1 S

T T T T T

0 1 1 1 1 1 1 1
0.9 2.0 4.0 6.0 8.0 10.0  12.0 14.0 16.0

SEC

SEC

00 2.0 4.0 6.0 £.0  10.0 12.0 14.0 16.0
SEC

Fig. 9. Comparison of theoretical P
waveforms at KOF for different rise
time (z) values. Triangle fault model
is assumed. V, denotes rupture velo-
city. Observed waveform is shown on
the top.
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Fig. 10. Comparison of theoretical P waveforms with observed ones at TOY
and KOF. KOF is located in the approaching direction of rupture propaga-
tion, whereas TOY is nearly in the opposite direction. Rise time is fixed
here as 0.5s. The triangle fault model with a rupture velocity of 3 km/s
explains the observed waveforms from both stations well.
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o NAGANO Prefecture

GIFU Pref.

(a) (b)

20 KM

Fig. 12. Epicentral distribution of microearthquakes before and after the M
5.9 event from the routine data of Shin’etsu Seismological observatory,
Earthquake Research Institute, University of Tokyo. (a): January 1, 1978-
December 29, 1986. (b): December 30, 1986-December 31, 1988. Concentrated
microearthquakes preceded the 1986 event (Box in (a)). A relatively large
event of M 3.7 took place on October 4, 1987, at the seismic gap in the
aftershock area (See (b)).
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Fig. 13. Number of microearthquakes at every half month at the seismic spot
shown by a box in Fig. 12 (a) before the M 5.9 event.
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N—=FvOTF - 2 IRHEOE# R EA LT ERSBEL TR EY, BREOKE
CIREETALELSH S, Fig. 12 o (b) & Fig. 2 21X, KESHOERY BRI,
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MHERRE > TR D, REREDC2HEL DI, ThEHERINLISCHEEH L.
4.2. RBEH
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12 A 30 H 22 BREONS /Y — 213, REOHAEROMMOENTHS. PEEOE
TOIEIHEFERBE LT 20THS . BEAFARLMHEL LA n=ct™? O p X
Fig. 16 R LI 5BV 1 ThH B, Z ORIy, 1918 EDKETHEDNF — £ 4
KEiotn 7 e, b L, BEOEEIIZ LA LT, ‘

KEBRREVFREL R o LLSEDOMBORERFEHTHSD. RE (K o~
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Fig. 14. Temporal change of the number of aftershocks: (a) hourly and (b)
daily numbers. C
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Table 6. Hourly number of aftershocks detected at TGA for 10 days after the

main shock.
Hour
Y M D
0123 45 6 7 8 91011121314 151617 1819 20 21 22 23
1986 12 30 75975529221320111514 7 41023 6
31 86 37558501755 339041815180
1987 1 1 52165 421383012210010012442
2 551101501010211223212021
3 1212012402002 125400121124
4 1103010140501 1200104102P0
5 100100205401000022000111
6 01003218001 0113800¢6000O0°00O0S3
7 301100001000023010331240%90
8 3125000000000 00O01O0100001
9 10383100010
Table 7. Daily number of aftershocks detected at TGA.
Y M D N Y M D N Y M D N
1986 12 30 401 1987 2 1 5 1987 3 1 2
31 94 2 6 2 0
1987 1 1 49 3 5 3 2
2 39 4 2 4 1
3 36 5 2 5 0
4 28 6 4 6 1
5 21 7 1 7 1
6 25 8 5 8 1
7 25 9 4 9 1
8 14 10 1 10 6
9 13 11 2 11 3
10 14 12 1 12 0
11 10 13 8 13 0
12 12 14 2 4 1
13 7 15 3 15 1
4 13 16 2 16 1
15 15 ‘ 17 4 17 1
16 9 18 1 18 2
17 4 19 2 19 0
18 2 20 2 20 3
19 9 21 3 21 2
20 5 22 3 22 1
21 7 23 1 23 0
22 3 24 0 24 4
23 5 25 0 25 1
24 2 26 2 26 0
25 6 27 0 27 0
26 7 28 1 28 1
27 3 29 0
28 5 30 4
29 1 31 0
30 1
31 3
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Fig. 15. Logarithmic plot of the daily and hourly number of aftershocks.
Dashed line shows the decay curve of the aftershocks of the 1918 Omachi

earthquake, after OMoRI (1921).
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&@wr&ﬁv.%hu%tmﬁ3la~§$1}§85)m,¢§vﬂ%o@ﬁ®%
AR LIS, M 2 U EOHESHEMECRL LT 5., 2ol M2 Mk
DHRCK LT, b=0.7T4 TH 5.

HE (53 DBEBROL D OBMLIY Fig. 17 Rt Sdut, 1 HC Lo
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FYORET - s AT, KEBBROIAN & HMNINEL 5. 2 oK Fig.

SEISMIC INFLUENCE MAP
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(a) (b)

Fig. 18. Seismic activity in the surrounding area before and after the 1986
Omachi earthquake. (a): At the time on December 80, 1986. (b): At the
time on December 31, 1987. The circles indicate the influence range of the
respective earthquakes. The radius is as large as 10 times of the range
of the aftershock area at the time of occurrence, decreasing with time ex-
ponentially with a time constant of 1 year. Major earthquake events are
as follows. Na: September 14, 1984, M 6.8. Mr: August 24, 1986, M 4.9.
At: December 25, 1986, M 4.8. Mt: January 22, 1987, M 4.6 and November
28, 1987, M 4.6. No: December 18, 1987, M 4.6. It: March 24, 1987, M
5.9. Ii: September 14, 1987, M 4.9.
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2 pr5Ax— B, T~8 BHEOIEKILY 7 A% — C DEFHCHIET 5.
4.3. [REHERFE
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Source Process, Characteristics of Associated Seismicity
and Seismotectonic Implications of the 1986 Omachi
Earthquake of M5.9 in the Northwestern Part of
Nagano Prefecture, Central Japan

Tameshige TSUKUDA, Kaname SAKAI, Masaru KOBAYASHI,
Shin’ichi HASHIMOTO and Toshio HANEDA

Earthquake Research Institute, University of Tokyo

A remarkable earthquake of M 5.9 occurred at 09:38 on December 30, 1986, 10km
northeast of Omachi city, Nagano Prefecture. This earthquake was accompanied by pre-
cursory microearthquake activity from one year before, at nearly the same place with one
of the clustering spots of aftershocks, which is located in the vicinity of the meeting point
of the Tertiary faults: the Otari-Nakayama and Mochigyou faults. The historical earth-
quake of M 5.7 in 1858 took place around this spot. Adjacent to this area, there were
two other historical events with magnitude around 6 in 1830 and 1918. Synchronized
seismic activity between the Omachi region and the Atotsugawa fault region, about 60 km
apart from each other, was found in this 1986 event as in 1858. The surrounding seismi-
city within 100 km from the epicenter of the 1986 event had been active from several years
before.

Hypocenters of aftershocks, relocated by incorporating data from a temporary station
close to the aftershock area and making corrections of travel time anomalies obtained from
the travel time residuals of deep earthquakes, reveal detailed structure of the aftershock
distribution with high accuracy. Aftershocks are spread over 20 km in diameter, most of
them being located in the crustal block bounded by the Nakayama and Mochigyou faults.
Some are distributed in the zone between the Otari and Mochigyou faults. A seismic gap
is found in the zone along Machigyou fault. The main shock is located south of this gap
together with aftershocks very close to its focus. The lineament of this distribution cor-
responds to the strike of one of the fault planes determined by initial motions.

Source parameters were deduced from P waveforms at JMA stations, comparing with
theoretical seismograms. Fault shape is a triangle whose base (vertical direction) and
height are 3km and 4 km, respectively. Rise time and average displacement of dislocation
are 0.5s and 75cm, respectively. The rupture started at the northern end of the fault
surface and propagated southward with a velocity of 3km/s. Seismic moment and stress
drop are estimated to be 1.8X10* dyne em and 220 bars, respectively.

The source region of the 1986 earthquake is located at the place where the southward
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extension of the fault system at the western margin of the Nagano basin and the westward
extension of the Chikumagawa Tectonic Line meet with the Itoigawa-Shizuoka Tectonic
Line, the major tectonic line in the Fossa-Magna region in central Japan. This tectonic
setting may be the primary important clue to make clear the cause of the M 5.9 earth-
quake. However, a role of small scale structure in the crust divided by rather old geologi-
cal faults should be emphasized to understand the nature of the seismic activity presented
in this paper.




