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Fig. 1. Seismicity map in the central part of Japan during the period from
September 1, 1980 to September 13, 1986, compiled by the Earthquake
Research Insituate, University of Tokyo. Note the aseismic zone behind
the voleanic front and a seismic spot just behind the cusp of the frontal
line. This spot (marked by M) represents the earthquake sequence that initi-

ated on Aug. 23, 1986, at Maruko Town, Nagano Prefecture. The broken
line (I-S) shows the Itoigawa-Shizuoka tectonic line.
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BHTRELLEDHTHS (Fig. 1. BUMOEBINC X 5 & KILETHR O FECRTch
o TIEHEEI A MO T B (k- fh, 1986), SEIDIBFEAFEA LI TFRTE S,
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(3) ATFETOWEINZ, 7 & » = 7 FHulkH SR D B AR E 5 515
DL T 1986 F22 5 1987 FITmiF THAE LA, M5.9 OME 2 mE &trEREH
DXL DTHoTe.

(4) —HOBTRIRTE « AE « RERFIEAEHI 10 B THE » - RRIBES

Fleofihégds Rices.
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i, EWHENECBEBZRG 3
FRIEHRI DM EE S — 210 355 ¢ B
T AT-CTEFERN, BT RF
72 & DR B S AT Lighi b,
JNC B 538% OB T
LW R T, SB1IF 7 b =

7 AL DRI DO\NT L HEET 5,

§2. BES A
21 EBEZHOILNY

R D A7 O 2 RN
(R IERPIFEAT (542 4 7 8
WAT) X Fig. 2 R L@y ©
B5. KEFREXD 10 HED 9
B3 H» LB LIk 5
FERFBRIAL 5 BThH 5 (Fig. 3,
Table 1). BRI RNy
A N F T4y 7 A STR-100
BRI v =vbra—xesi
RUCRRIE U, EBEh T Esram
LRICLKERAMIBO L o,
ETFWHIRS So% i L. 8
L TAT wiZ B2 KFTh 2 B4 &
BT,
TEBRIHERERL RS %
FEDICHM LI HER LT OMm b
TH 5.

(1) DT ED S EEREEI A

50 km

Fig. 2. Distributions of observation stations

and seismic spots concerned. Prefectural
border lines are shown together with the
Japan Sea coast line. Stationary seismic
stations attatched to Shin’etsu Seismologi-
cal Observatory, Earthquake Research
Institute are shown by open triangles
(telemetered to the observatory in Nagano
City) and open squares (not telemetered).
The three stations UED, UTG and MTU are
used as a fundamental tripartite. Solid
circles are seismie spots: M, U, O, T, and
Y represent Maruko, Ueda, Oomachi, Tsu-
bakuro-dake, and Yake-dake, respectively.
The box around the spot M indicates the
area shown in Fig. 3.
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Table 1. List of the temporary seismic stations. Trigger level means the
threshold amplitude level for acquisition of waveform data.
Latitude/  Altitude S Tress
: atitude Altitude Sensitivity Leve .
i@Reglong :zc(i-de]: Longitude 1 ,i‘_"_"?i Y H— Egﬁlﬁlgégﬁﬁ
TS /FRIE (m) (¢kine/mm) v~ !
(¢ kine)
HFHTEHER MAR 36°19/32.4" 690 116 213 Sep. 8, 1986-Jul. 27, 1987
138°15’58.0"”
RENTRA TAT 36°17/03.2" 650 115 107 Sep. 4, 1986-Jun. 30, 1987
138°14706.0"
INETHRALG KOM 36°19/39.7/ 680 118 213 Sep. 5, 1986-Oct. 31, 1986
138°23’21.17
BT TAT 36°16’26.0’" 730 189 213 Sep. 5, 1986-Jul. 23, 1987
138°18/33.1’7
LEHE®mRGL SHI 36°19'53.5" 650 94 53  Sep. 6, 1986-Oct. 18, 1986
138°11/20.1”
N
o 0 L4 4
* % ° .
° ° ’M L4
®
ce(QOns o
Po o ° ™
.
o9 °
L e 2° A2
1km
B o
® e 0
° °
£ 6 b A °
I~ [ ]
~ 790,
< ® FoOare %OA2
Q o ® b
[J] - L]
o I’
®
°

Fig. 4. Hypocentral distribution determined by the temporal observation (the
fundamental tripartite). Open circles denoted by M, F, Al and A2 are the
main shock, largest foreshock, largest aftershocks No. 1 and No. 2.
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AUG.23-31,1986 SEP.1-30,1986

5 km

Fig. 5. Epicentral distributions determined by using P times from the three
stationary stations UED, UTG and MTU, and S-P times from UED. Although
data available are limited and the accuracy is far inferior to that of tem-
porary observations, this figure shows the expansion of the distribution in
a later period. X denotes the corrected location of the main shock given
in Fig. 4.

MAR, TAJ, TAT o P time & S FE2HKHAE TAJ © S-P time V- TER
RPRET S, ZHLIASE 19 BUREOIEOLZELTH S.

(2) EE@ENLEcr UED, UTG, MTU © 8 &o P time & UED © S-P time
Al o CHEBRCER A IVET 5.

(8) (1) & (2 THmiAMBEAYI OB L THRE LMBORKN T2 HHL (2
TRSABRICHELE . <0k 51 LTERERIMITOEERE e oWTL 1) %
L U CHi— e R A2 2 L8 TE B,

EELC AV P ESHEREEF VLES 8km @ 5.5km/s @ (FEF) o TICEX 12
km ® 6.0km/s @, FOTF» 6.8km/s L\WHHHALDOTHB. Fi, EDFTH
"Ci.) VP/VS:1.73 E L7,

Fig. 4:2 9 A 30 A X CTOEENMETRT. AL LER ) S ERTHS
2%, IRKHTEE (F), A% (M), BTRKED 1o (A1) 2 (8) DHER L - TRDIE
FChs, REDEEL SHHELLHDRN DT, REBEHLS> 8 A 28 HETo
UED ic¥51F % S-P time (2.87~2.55sec) OfR{Ex Y Titdi. S-P X ofiFET
ZEL L C L oM e +£0.9km, #dbic +0.1km, X +0.9km LUK O
I E 5T 5., Ewilo 6 @illdn P time 72 DOEFERE S T2 LIEXILE
L2 0T 0.1km OFh LTl

Fig. 5 iz k3L Q) S ERp AR L. W (8 A) &% 9 B) walt
7o BIHOSTEOIEN DI Fig. 4 S A 15 Fiar k& v, BEYEATHRY, =
LS OB OGN THENED T 72D TH S, BN OV TRBIREA M O
AE. L7chio» T Fig. 4 & Fig. 5 #fA&T5L, BEAMOIEL X, HE 3km,
Bk 2km THhH b, HEL Skm BV OTEIICINE » T B2 bbb,
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1986 9/5—30
T

Km

DEP,

0 Km 1.0 200 0 Km 1o ./0 70)
w00 300
. 2,00 + Q 200
MAR M, ’)6 M.
36.32N .'//..%‘@
I 36.32N
L
136.30N | 136.30N ]
1 ) 1 1
0 138.26E 138.28E 0 138.26E 138.28E
. . . . "

b4
4 L] |14
[ [N

j I l,z \C\,%\ \ 8 s aee—
8 . . 8 L
(a) (b)
1986 9,5—30 Fig.6(a). Hypocentral differences between
o Km 1.0 " the two data sources: P times from the
- 400 three stations (MAR, TAJ and TAT)
3.00 with an S-P time from TAJ (open
M;f‘n 2.0 S circles); and P times from the four
stations (MAR, TAJ, TAT and KOM)
(solid circles).
36.32n o Fig. 6(b). Hypocenters (solid ecircles) de-
termined by P times from the four
stations MAR, TAJ, TAT and KOM
with an S-P time from TAJ are com-
pared with the fundamental hypocen-
tral data, as in Fig. 6(a).

Fig. 6(c). Hypocenters (solid circles) de-
36.30N termined by P times from the three
B ] stationary stations UED, UTG and

1 L MTU, with an S-P time from UED,
0 138.26¢ 138.28¢ are compared with the fundamental
hypocentral data as in Fig. 6(a).
18 A
)
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2.2 BREOHEMEE LIENEE

EREEORFY, R EECHVIEERETF AL 0HEENS BH, BEOKE
SRMMEBAARBCAEEFELTWS., Z o CRENSOHERC X 2BEME
NOREEEE L HEET 5.

BUHEOHAEEL, S-P time T LicwihE w5 HFEDEWTEROAME
EDOL ST HMERRLI-DOM Fig. 6(a), (b), (¢ THB. EFDOFZETLH
JLAs 2.1 ficaite (1) Wk BIHERRFT - 22 &b T, RS BERT - 213/ &
VIR L, @) & (b) ERENAC VT, (¢) WERENAE 2.1 fin @) o
WTTHDH. BRI ED 5> b SHI IZRAREC B b 50T 2 Tl -» T\ i
L.

ThHDORDBHEC L 2RFENLThBFEET D2 &2 5. 2 D0RENAD
Miciz, KEHEC 1~1.6km, FEEHEZ 1.6~8km Th H, EEENELE ERILE
B E oz, U EAOF— 25t LI 42=0.86+0.84km, Fgit d2=1.90+
0.24km, HFX 4h=8.08+0.46km DZ{iAihH 5. LoOEEFEMEY T EOEE
BRTHIEFEOHNEE L E 2 5 &, TORERAKFEL B L 200~400m, 1% 500
m B LS. EROFJHW TR 2.1 fio 8) OFHFCE L.

HERTREEE O BB 0 i BEREMSE O R EMIC X 290 EF0EEHE LT hug
Tebic, ZOIHIBRHENE S FHIEOBEWC X 3EBEOTREHIE X V. BRI
s B~Thkm AV D 8 M, Th#w 10km =ik L 4 S, BEROEHICHLE
L, 84km D22 vE328 5 (Fig. 2) L5 R 8 ooBilligext L, KEFmIC
EARH 2km, ESHECEA 8km OBFEMEORVEVICE EE 5T 5Z b,
LofioEnw b, BEOEMRKE S LOKFESAE 1km BRH, EXHEK 1.6km
DARZRESLDEEZZ NS, Hx0BEEEMEIILIBHA 2.1 it~ Q) wik
SLDTHD., o TIHEERE T AL EE L.

§3. REHIE

FiEOWE AL Fig. 7T R, HHAEE, MAKD (1982) witv, P @he T
fili A RS 2L X MR T, KB EFET AP X 2R THRN SO o T
BHEERREY T -7, £ 0TIy, AUV lERSEdl - 85 okinc it
St DTHB.

Az, N20°E oz b oGt 5. EEA O dip angle 65° 7\ L, HHA
o dip angle 25° D 2 ODMEN D B. KO 2 SO X Y ETH O AT A AT
5.
(1) &EOFESHMOMUOHEIEGIF THL (Fig. 4).

(2) fboHZOWREE TS EEMOIHmOFNLE L THLR TV 5.

MEROMTETMAKREVOTRIC, RiZOMELTIDTH 5.

NEWCHIFIZ DL TR T — 2 NE OB W BT 2 RDd 5 & LI TH 525, ER
B A S W TOFB DI LG & DF — 2 &~ vEBEH R - THTIXF L FAX
7:. Table 2R LA L 51e, Fig. T b Tz B "FE LI A B LE[E D
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Table 2. Push-pull data for major earthquakes (M>=2.9). Compression and
dilatation are denoted by + and —, respectively. Parentheses mean rather
ambiguous judgment. Drastic temporal changes are not found except for
ASI and KUJ. See Fig. 2 for station locations.
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DOBNTIe . Zhbik Fig. T OWFRADIRCIT LS O & B 5.

L5 & DIHMZL BHE TH - 72D ASI & KUJ Th5. =hb il sy
M ETixFORGZE, Fk S48~60°W 1ot 5. A4, HEORECIR 2
HELHTHEE]E (Down) THw7hd, ASI ik 8 J§ 25 HLIKE, KUJ w1z 9 A 4
HERE, 7L (Up) oBENSE Ao 5 X517 (Table 2). Ziui Fig. 7 1ok
WIREOKIFATEA L 9 5 4 HRU 5 B OWEOMOM & FEL LT 5, £EHM (P
i) DHEOZELE > EBEAG B b1 NT0°W (K572 75 N50°W (9 A4H,
5 ADMEE) ~EZfhLicz Licie B,

§4. R =F o — FRBEES

FERF AL MAR @B \WCT—ED b Y % — UL (Table 1 2R) 0 L iciig it
WE% Table 8 ¥ THD. ThbHOWED F-P time 2 bR M OFES %
0.5 HifRT Fig. 8 i1 (A).

ez D fo b (F R TR JURT O B BN TIEEARE S W HFEOR U IR o F-P
X7 =2F 2= FORHLRLTHS (AH). M>LE o0 CTREHDO—FKIIR T ETH 5.
ATOKE TeHEE M~1 TAZ L, M~1.5 CIUMEEL, HEE THb¥ 5 Guten-
berg-Richter D bFhTW52 & TH 5.
FRREBLBARG LRI DI O — 5 v o F— 2 (AR) LA UL 5 e Ry, M5
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1.5 26 1~ 5K, HrRT
BOFBEHMROK TN EELER
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MAR 2313 BB DO ANEET]
COWTEL, BHET VA — 28N
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B0 (85 T U Table 4 £8) 1
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9H4H,5H, 6 HIcKIT5HEI 1 I L ' .

0 1 2 3 4
HZEE: UED »3 70, 447, 92 MAGNI TUDE

THHDIEHL, MAR T 76, Fig. 8. F-P magnitude distributions. Open
442, 89 (Table 8) &7z T\ %. circles represent data from the station

BhREEHACbEYRD B E, MAR during the period from September 4

1 0o = to 30. Note the excellent coincidence be-

M 70 4'i ORFe M4.9 bk tween the above data from routine observa-
) ofiER LT b=0.68 &7x tions (open triangles) for the magnitude
L. LaL, BEFEENIVGXE range above 1. The small peak around
N M 2 0~1.5 105 magnitude 1.5 is confirmed by the tempo-
ZRE ? 0 Lo eaLT rary observation at MAR. The shape of
x b=1.1, M 7° 1.5~8.5 =%} the routine data distribution from August

1000

100

FREQUENCY

LTI b=0.81 27/ bh 1 &5 23 to September 3 represented by solid tri-
N angles is comparable with that of the later
L < 78 5. period.
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Lbh 10~30 BIOWEIH o7 LHEEIHD.
5.2 HEEHZE(L

Fig. 9(b) i3 % L W OhDFEFHOC— 7 b LR S, 8 F 23 H~24 H DR
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TORTEHDE = 7 3BRICET 2010 4~5 BHTEBEL 7o, i, OEEET
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5.3 2[IOFERFHE—S

Fig. 9@) wRb SN TV 5 & 5 IWHTE DMBEFH Ok ¥ B EILETIC 2 ok X
BE—IPFET DL TH S, 2 MBRBRETS - .

LA X 57BN 1968 4F 2 F~8 J, RELMMEME (Fig. 2 2E) ThHFEEL
7o S, SREH A A CRBEBIA TR T TR E RS L E S T\ B
(HAGIWARA et al., 1966). AFED M135.5, 2 MEDY— 72 1 @HM»LY 20 B %
THoTz.

FEE2BE~N 20km DEEEA

. veon wep) T 19694 8 Hiw M4.7 &
AUG. 23,— SEP. 30, D 49 Wi M5.0 DIFE
DB ot KBRS e o
OMJ LREU) 1wk % HEEK

BIEZIRTWB kA, 1970)

A, 2EDE — 713 kD 2 oM
150 BDENENORELE L bR 5.
ZOBEEL, 13 FEOBA B
1 M5.6 DHED 2 @i -7 1918
oo [ SFERUTHIE (KZR, 1921) (AU
U LOBMBMERAT oL dcF
) B ¥k 1897 £ LEHomE
{ (M5.8) (RERAVETHE) <
b 104 HAKCTHEYR D b 45 0%

1 BEREIETH5 (EFEER
) HeFH MR, 1929).
- HFENZAE B ARE C R4
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"25‘;:”;.':n""'s""w'"'s';s:,.""zol"'}#"'ﬁ L 1912 4 8 B otmcy M
Fig. 9(a). Daily number of shocks at UED 5.2 DRTED 5 HEICHIER LS
recorded by a continuous recording device WAL, Fheids— 2114

at Shin’etsu Seismological Observatory. . -
The recorder had not been working from SR (hR&4h, 1912a, b)

August 27 to 29. R I B AREER TH B
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UEDA (UED)

3N° AUG.23, — sEp.30, 1986
20 | _AUG [
10 .
F—— NO DATA ———
0| Fregen-y i P T T
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a0 SEP, |
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Fig. 9(b). Hourly number of shocks at UED. Note the one-day-long quiescence
just before the high activiy that started on September 4.

2%, ZOEIMNCIEDS L ONITETH S, YEEOEFIER CILFDIED IR X bk
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Fig. 10. Waveform records of the swarm activity. From these records the
events were picked up and presented in Figs. 9(a) and (b), and Table 4.
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Fig. 11. Seismic sequences with double activi-
ty peaks. Data sources other than the 1986

Maruko are as follows. 1969 near Yake-
dake (OHTAXE, 1970); 1912 UEDA (Chuo-
kishodai, 1912(a)); 1963 near Tsubakuro-
dake (HAGIWARA et al., 1966). Threshold
magnitudes are chosen depending on the
data so as to present similar distribution
patterns.
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AFTERSHOCK SEQUENCE
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Fig. 12(a). Decay curves of the daily numbers of aftershocks for the 1986 Maruko
and 1963 Tsubakuro-dake sequences. Fitted straight lines indicate the power
law formula for the number density n(f)=at~?, where a is a constant. The
data of the Maruko sequence are provided by Table 4, whereas those of
Tsubakuro-dake are based on HAGIWARA et al. (1966).
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Fig. 12(b) Decay curves of the daily numbers after the swarm peak for the
1986 Maruko and 1963 Tsubakuro-dake sequences.
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Fig. 18. Temporal change of P time difference between two stationary stations
UTG and UED. Double circle indicates the main shock. The higher time
differences just after this event indicate northward expansion of hypocenters.
In the later period, the hypocenters expanded east-southward. After the
time indicated by an arrow, events with S-P times greater than 2.6 at
UED had been detected in addition to the regular ones ranging from 2.37
to 2.55. This implies that the expansion of the source region started as
early as five days before the onset of the swarm activity.
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§6. T IP=UREDOHEFR
6.1 k(LB

KILBIFIC IR - A I B H M 5 T AR IR PRI 0 B SGAE R ILBUR IR o & 5 1 B
FEMEDHEED X { BAT HHUIKDEAET 5. T OSBRI EIEATR ST % O
—BEITHD (WL - fl, 1986). 20D KILUFIE S0 B EOFHIC T LI HTFIT D
WEXED XS IeE%RE L oTH S 5 he.

AFEAERE, MBEIHMERCR TS 5. ERBEBNFT©L 1978 £1 A
LHAECELWHOBET 2D 7 » 4 AXELRTWBD, FDOF— 2 DHENLEEO
MR OBREICH DWW HE X R, SHIHD 7 — 2 PEBT — 2103l - THN
GEIOTRONEE LR 5km) OMELHES L OR¥EF 5L, 1984 £8 7 TH,
M1.8 & 1986 £ 6 A 18 H, M1.2 Dbz Lavicus. BFIEWER TS E 0T D
BB EIFATE Ko d Lty 1986 GEOETH TR D ihk % £y 7o A 5 WiSERC
1987 4F 4 AEE TH T 5D, TOHRITTECIR A SEAEN S i oot

BREESRR IR, KILUGHEADRRMR TV 5 2 &, FICETH L RNl A
PHNEe EOMBRI & ik E S Rig .

KL T H 5 B S Tlrahig B3R SRk O TEED T TR O B o BF e h SHEE S h
Tuv% (MIZOUE et al., 1977). EFRFIHITISWTLED L 5 M RFENE OB E
S HPFRD 2 ELHERENO BRI — 21t - T2z, 9 B 11 B2 bi, 2 UHTK
FEIBEERT 2 By h TAT ki L S WOBIMREE N o 25308 Licas, #ERNs
R BT L TERs -

6.2 rFRREERH

FERCAPHIL OB, S H AT KIREIH 7 + » = 7 AR E NI, FH
A LR, £ O R OFEIRA HET D B EFFR EETASE LS 0 WA E 2 b
WL, \Wh@ R A U (7, 1962; 1963). 1986 4L FHT Dbz o
fefir OMFTRAE L (Fig. 14).

§8 TRDIMIFHAL AN TE R D HHE L OMITTN T H » 2. = OLT 12 kit
W OEHGETOBUR LM LT 5. BIEEH D Z oRECIEART A EHITH 5.

1912 & W OMGE L PRERTHRGOWEE LB SHFHh3TH A 5. AFID
WEOIL Y £/ B.

1987 s 4 A 1 B LTI OMECFEHL LEHE L, 4 B 18~19 B3l
BB Le, Zoodtyg 1986 £ 8 BOKRBEOMESTE~ 0.5km, i~ 5.8km
CHh, RO M3.0 Thote. ZOFERAED D EHTFI OITEDETRILTE
Jeic T~8km ORI THRBEFIZIZIR-TW5. AREBEOKTEI L E LD L)
PFETELD L, Z OBBIFHZE OIS R OFENHE IS,

HIRIERT OVEZ T 1965~1970 4EETEFE T H » o MRIEFRILTE 7 DLl b DFUR
HRED LRHME (1897 4£) AL T Tl —DODEBHALR LT\ 5. L
HEHZ T EATPAFIMHLICEIIRAR SR T3, FoMb & L2kl e
HERINR EDOKIUDFEIELEZ BRI DAY, W5 THIHESOMELE2 bh s,

e, MRTRHTREOMEN L\ DI~ S & LTI TR L W 5525
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Fig. 14. Tectonic map of the northern Fossa Magna region after TAKEUCHI (1982)
and MASATANI and ICHIMURA (1970). Hatched areas are the hydrothermal
alteration zones (Utapa, 1973). Solid line indicates the Chikumagawa Tec-
tonic Line. Star marks show the predominant seismic spots in 1986:
Maruko Town (M), near Mt. Azumaya (A) and near Oomachi City (O).
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DL Liigy.

FLFBT OB IR T H » CH =R ORRHERE T h A/ FEIERE (5 - fib, 1956)
LEMEEAEHERI LT 5. Z OfREOMESEMIIRE LTI Ih T, &,
SHEN A (KOM) ki) 35 EOHEOFEBTFRERE M OBH A (MAR) 7t il
Rz — ZOEHNELFTE D (Fig. 15), TR & BRI O o LT
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Fig. 15. Waveforms recorded at the temporary stations. Note the long lasting

coda waves at KOM, situated in the sedimentary basin east of the Central

Belt of Upheaval, compared with the waveforms at MAR located at the
eastern margin of the uplifted belt.
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Fig. 16. Space-time distribution of earthquakes along the Chikumagawa
Tectonic Line. Note the northwestward migration of activity passing
through Maruko Town, near Mt. Azumaya and near Qomachi City at a speed
of 150 km/year.
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(M4.9) o5 EfEfEE 12 MBI ENE TOETIIHRARD M2 75 A0MFEL 2 [0
FET DL ARG SR LR,

Fig. 16 /R Lic X 5 1A TR, HETRIILE, KA OB I gEig T
Hiidh, 20 B0km DEIDEICIH - T 4~5 # J &5 EHEIO 5 bichEiEin 4
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TRHEA B 572, 1912 48 8 A o EETHFHE OHROTEHD 9 Bk KITfHme (4%
Fo 1, B3 8 M) OWMERD - LALRE (hFRE%A, 1912b) wish Ty
5. I, 6EHD 1918 £ T Hilk, WP 3 KETWEAFRKE LTS, Z DOKIER
ROFBIHCIHFEHMAN 6 FIZETHIEVCI S B %A, SEE TOMRE (68~T74 4F)
EHARD EIERREORPI LICHEHE R LTIVWTHAH D

§7. ¥ & &

1986 4= 8 A~9 AORFEREME, ATE{HEOMEEHEINIINE - KE - REARINCE
RITHETI TR 5 72 D TH T, ZHER UL 5 7 IEIC X U ES
JUN TR0 1963 FEDOFREFE DA IBD T THAH H (HAGIWARA et al., 1963).
COFRLEN AN 1 AOLTEENBH 20km BT oot L, SEOPFFETIIE
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HFEEOWE (9 B 5 ALK)
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Table 3. List of earthquakes of the Maruko sequence detected at MAR (tem-
porary station) during the period from September 4 to 30, 1986. F-P times
with the mark > would be somewhat greater than the values given in the
table. If they are ambiguous, F-P magnitudes are not listed. The
magnitude is calculated by the formula: M=2.85log(F-P)—2.36.
SEP. 1986
DD HHMM F-P(sec) MAG. DD HHMM F-P(sec) MAG.
4 0101 >141 3.9 4 0722 5 —0.4
0103 8 0.2 0725 9 0.4
0104 7 0.1 0728 7 0.1
0105 15 1.0 0728 5 —0.4
0106 8 0.2 0757 13 0.8
0114 23 1.5 0800 7 0.1
0114 > 36 2.1 0800 13 0.8
0114 14 0.9 0805 8 0.2
0115 7 0.1 0811 8 0.2
0116 7 0.1 0842 7 0.1
0117 7 0.1 0858 5 —0.4
0126 56 2.6 0944 8 0.2
0126 > 4 — 1000 28 1.8
0132 12 0.7 1006 8 0.2
0132 6 -0.1 1046 8 0.2
0142 > 20 1.6 1106 29 1.8
0149 > 30 1.9 1118 7 0.1
0206 23 1.5 1204 9 0.4
0217 11 0.6 1209 > 5 —
0218 11 0.6 1305 7 0.1
0254 9 0.4 1306 7 0.1
0402 > 37 2.2 1313 19 1.3
0514 8 0.2 1325 7 0.1
0548 13 0.8 1339 8 0.2
0611 > 61 2.9 1435 9 0.4
0615 29 1.8 1452 9 0.4
0621 11 0.6 1516 20 1.4
0623 13 0.8 1647 7 0.1
0634 70 2.9 1647 3 0.2
0635 10 0.5 1934 15 1.0
0635 4 —0.6 2040 8 0.2
0641 6 —-0.1 2042 27 1.7
0641 6 —0.1 2107 11 0.6
0715 23 1.5 2128 13 0.8
0717 7 0.1 2212 9 0.4
0719 4 —0.6 2221 8 0.2
0719 8 0.2 2221 8 0.2

(to be continued)
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Table 38 (Continued)

SEP. 1986

DD HHMM F-P(sec) MAG. DD HHMM F-P(sec) MAG.
4 2233 10 0.5 5 0247 33 2.0
22317 > 43 2.4 0248 6 —0.1
0248 9 0.4
5 0004 8 0.2 0248 6 —-0.1
0041 13 0.8 0248 8 0.2
0147 9 0.4 0248 9 0.4
0228 > 10 0.9 0248 7 0.1
0228 > 60 3.5 0253 9 0.4
0229 >150 4.3 0253 7 0.1
0229 8 0.2 0253 13 0.8
0230 7 0.1 0256 23 1.5
0230 10 0.5 0256 7 0.1
0232 8 0.2 0300 6 —0.1
0232 6 —0.1 0300 8 0.2
0233 7 0.1 0302 10 0.5
0233 7 0.1 0305 9 0.4
0233 8 0.2 0305 7 0.1
0233 8 0.2 0306 10 0.5
02314 7 0.1 0308 > 29 2.0
0234 6 —-0.1 0310 19 1.3
0234 7 0.1 0313 8 0.2
0234 9 0.4 0313 7 0.1
0235 8 0.2 0314 8 0.2
0236 9 0.4 0316 10 0.5
0236 11 0.6 0316 4 —0.6
0237 8 0.2 0317 13 0.8
0237 > 7 — 0318 6 —0.1
0237 > 5 — 0318 15 1.0
0237 > 25 2.3 0323 8 0.2
0238 7 0.1 03214 7 0.1
0238 11 0.6 0325 7 0.1
0239 23 1.5 0326 8 0.2
0241 8 0.2 0327 7 0.1
0243 > 4 — 0327 9 0.4
0243 10 0.5 0336 7 0.1
0243 > 33 2.1 0336 7 0.1
02414 7 0.1 0337 > 51 2.8
0246 7 0.1 0337 9 0.4
0246 19 1.3 0339 21 1.4
0246 > 15 2.5 0341 8 0.2

(to be continued)
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Table 8. (Continued)
SEP. 1986
DD HHMM F-P(sec) MAG. DD HHMM F-P(sec) MAG.
5 0342 24 1.6 5 0447 9 0.4
0344 8 0.2 04438 8 0.2
0345 13 0.8 0449 9 0.4
0346 9 0.4 0450 8 0.2
03438 8 0.2 0454 9 0.4
0349 42 2.3 0455 8 0.2
0351 9 0.2 0459 11 0.6
0352 8 0.2 0501 10 0.5
0359 14 0.9 0503 9 0.4
0400 8 0.2 0503 7 0.1
0404 9 0.4 0507 7 0.1
0406 9 0.4 0507 11 0.6
0410 7 0.1 0510 > 170 3.4
0410 7 0.1 0516 9 0.4
0414 15 1.0 0516 8 0.2
0414 4 —0.6 0519 5 —0.4
0416 24 1.6 0519 > 50 2.8
0418 11 0.6 0521 10 0.5
0419 8 0.2 0521 5 —0.4
0420 7 0.1 0522 11 0.6
0421 7 0.1 0522 8 0.2
0422 >120 3.8 0525 7 0.1
0424 8 0.2 0525 8 0.2
0424 7 0.1 0527 10 0.5
0425 9 0.4 0527 8 0.2
0426 8 0.2 0531 8 0.2
0427 19 1.3 0532 >100 3.3
0432 8 0.2 0533 7 0.1
0434 9 0.4 0539 32 1.9
0438 5 —0.4 0540 9 0.4
0438 9 0.4 0542 8 0.2
0439 7 0.1 0544 8 0.2
0439 7 0.1 0544 8 0.2
0442 10 0.5 0549 9 0.4
0443 7 0.1 0550 8 0.2
0444 7 0.1 0553 7 0.1
0444 9 0.4 0555 7 0.1
0444 8 0.2 0555 7 0.1
0446 36 2.1 0557 7 0.1
0446 7 0.1 0601 26 1.7

(to be continued)
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Table 8. (Continued)
SEP. 1986
DD HHMM F-P(sec) MAG. DD HHMM F-P(sec) MAG.
5 0602 25 1.6 5 0639 8 0.2
0603 23 1.5 0639 25 1.6
0604 > 5 — 064 2 8 0.2
0605 8 0.2 0642 13 0.8
0606 11 0.6 0645 8 0.2
0607 8 0.2 0650 14 0.9
0607 > 6 1.6 0653 7 0.1
0607 10 0.5 0653 14 0.9
0611 > 6 1.2 0653 25 1.6
0611 >150 3.9 0653 9 0.4
0611 > 25 — 0654 9 0.4
0612 > 7 — 0658 9 0.4
0613 13 0.8 0658 8 0.2
0613 5 —0.4 0701 7 0.1
0613 7 0.1 0701 7 0.1
0613 5 —0.4 0702 8 0.2
0614 7 0.1 0702 10 0.5
0614 7 0.1 0702 8 0.2
0615 > 3 — 0702 8 0.2
0615 > 15 — 0703 8 0.2
0615 18 1.2 0707 9 0.4
0615 7 0.1 0708 11 0.6
0616 7 0.1 0708 18 1.2
0616 29 1.8 0710 9 0.4
0616 9 0.4 0711 9 0.4
0621 31 1.9 0715 8 0.2
0623 18 1.2 0721 9 0.4
0623 8 0.2 0721 10 0.5
0624 8 0.2 0722 10 0.5
0624 7 0.1 0728 8 0.2
0624 13 0.8 0729 29 1.8
0625 10 0.5 0729 8 0.2
0626 10 0.5 0729 8 0.2
0626 7 0.1 0730 8 0.2
0629 7 0.1 0731 7 0.1
0629 20 1.4 0731 7 0.1
0631 8 0.2 0731 7 0.1
0632 8 0.2 0733 8 0.2
0637 25 1.6 0735 9 0.4
0639 6 —-0.1 0736 10 0.5

(to be continued)
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Table 3. (Continued)

SEP. 1986
DD HHMM F-P(sec) MAG. DD HHMM F-P(sec) MAG.
5 0737 40 2.2 5 0946 9 0.4
0740 > 10 1.2 0947 9 0.4
0740 9 0.4 0954 10 0.5
0740 8 0.2 0954 8 0.2
0740 8 0.2 1001 8 0.2
0740 8 0.2 1005 7 0.1
0741 > 8 - 1006 8 0.2
0741 11 0.6 1022 8 0.2
0742 10 0.5 1027 12 0.7
0751 20 1.4 1031 8 0.2
0759 13 0.8 1042 > 35 2.6
0800 8 0.2 1043 11 0.6
0807 10 0.5 1053 9 0.4
0822 10 0.5 1059 9 0.4
0822 13 0.8 1100 11 0.6
0831 8 0.2 1102 14 0.9
0833 11 0.6 1113 7 0.1
0833 24 1.6 1114 24 1.6
0834 8 0.2 1115 9 0.4
0837 13 0.8 1115 12 0.7
0838 11 0.6 1115 8 0.2
0840 9 0.4 1116 8 0.2
08438 8 0.2 1121 10 0.5
0851 9 0.4 1123 > 38 2.5
0857 30 1.9 1125 13 0.8
0901 7 0.1 1126 > 9 —
0901 > 26 1.8 1126 8 0.2
0908 28 1.8 1128 8 0.2
0910 42 2.3 1137 20 1.4
0916 8 0.2 1137 8 0.2
0918 8 0.2 1139 25 1.6
0919 7 0.1 1148 26 1.7
0923 7 0.1 . 1156 10 0.5
0923 8 0.2 1202 41 2.2
0926 14 0.9 1203 7 0.1
0929 7 0.1 1204 13 0.8
0936 9 0.4 1204 8 0.2
0942 8 0.2 1210 6 ~0.1
0943 9 0.4 1210 33 2.0
09414 > 6 — 1215 7 0.1

(to be continued)
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Table 3. (Continued)
SEP. 1986

DD HHMM F-P(sec) MAG. DD HHMM F-P(sec) MAG.
5 1219 9 0.4 5 1458 7 0.1
1222 26 1.7 1459 8 0.2
1222 7 0.1 1513 30 1.9
1227 8 0.2 1514 30 2.0
1228 20 1.4 1520 8 0.2
1229 7 0.1 1521 8 0.2
1241 10 0.5 1522 8 0.2
1246 7 0.1 1525 7 0.1
1258 6 —0.1 1526 6 —-0.1
1258 8 0.2 1526 7 0.1
1304 9 0.4 1528 10 0.5
1317 12 0.7 1529 7 0.1
1321 10 0.5 1531 7 0.1
1322 8 0.2 1582 8 0.2
1331 10 0.5 1539 11 0.6
1334 15 1.0 1541 8 0.2
1334 > 7 — 1542 9 0.4
1339 20 1.4 1544 12 0.7
1839 7 0.1 1545 10 0.5
1348 8 0.2 1606 9 0.4
1348 8 0.2 1610 7 0.1
1349 11 0.6 1610 7 0.1
1350 8 0.2 1610 13 0.8
1354 8 0.2 1612 7 0.1
1355 30 1.9 1625 9 0.4
1401 8 0.2 1631 10 0.5
1403 15 1.0 1633 13 0.8
1409 8 0.2 1636 > b —
1411 7 0.1 1643 8 0.2
1413 8 0.2 1652 8 0.2
1415 > 37 2.6 1701 7 0.1
1415 9 0.4 1701 13 0.8
1416 8 0.2 1718 7 0.1
1419 9 0.4 1722 8 0.2
1423 15 1.0 17389 7 0.1
1424 8 0.2 1746 24 1.6
1433 7 0.1 1746 9 0.4
1441 10 0.5 1756 9 0.4
1447 10 0.5 1825 7 0.1
1449 9 0.4 1830 20 1.4

(to be continued)
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Table 3. (Continued)

SEP. 1986

DD HHMM F-P(sec) MAG. DD HHMM F-P(sec) MAG.

5 1845 7 0.1 5 2311 13 0.8
1849 7 0.1 2325 30 1.9
1850 8 0.2 23385 9 0.4
1852 7 0.1 2338717 9 0.4
1855 9 0.4 2349 7 0.1
1911 8 0.2
1912 8 0.2 6 0028 > b —
1912 -9 0.4 0028 9 0.4
1915 7 0.1 0030 7 0.1
1920 12 0.7 0045 9 0.4
1927 23 1.5 0110 7 0.1
1928 13 0.8 0110 7 0.1
1929 41 2.2 0117 7 0.1
1930 15 1.0 0140 6 —0.1
1932 9 0.4 0203 9 0.4
19382 16 1.1 0205 7 0.1
1936 9 0.4 0206 13 0.8
19387 7 0.1 0215 12 0.7
2000 12 0.7 0215 33 2.0
20014 10 0.5 0236 15 1.0
2010 9 0.4 0246 23 1.5
2011 8 0.2 0246 20 1.4
2012 26 1.7 0248 23 1.5
2013 20 1.4 0251 6 —0.1
2013 7 0.1 0317 31 1.9
2014 7 0.1 0317 12 0.7
2014 8 0.2 0330 9 0.4
2029 9 0.4 0343 6 —0.1
2041 7 0.1 0343 8 0.2
2101 15 1.0 0400 24 1.6
2101 7 0.1 0427 7 0.1
2107 8 0.2 0441 11 0.6
2121 23 1.5 0442 7 0.1
2138 28 1.8 0509 8 0.2
2146 30 1.9 0522 26 1.7
2158 9 0.4 0522 7 0.1
2202 9 0.4 0618 7 0.1
2218 12 0.7 0636 23 1.5
2251 24 1.6 0658 7 0.1
2310 8 0.2 0706 13 0.8

(to be continued)
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Table 3. (Continued)
SEP. 1986

DD HHMM F-P(sec)  MAG. DD HHMM F-P(sec)  MAC.
6 0712 13 0.8 6 1857 13 0.8
0719 8 0.2 1917 20 1.4
07385 > 50 2.9 1939 9 0.4
0738 30 1.9 2014 11 0.6
0739 > 48 2.3 2023 13 0.8
0740 11 0.6 2033 7 0.1
0740 7 0.1 2039 7 0.1
0805 9 0.4 2109 11 0.6
0811 10 0.5 2113 10 0.5
0858 8 0.2 2123 9 0.4
0859 12 0.7 2138 21 0.7
0901 8 0.2 2159 7 0.1
0906 10 0.5 2208 9 0.4
0908 8 0.2 22009 8 0.2
0923 7 0.1 2351 10 0.5

0937 12 0.7
0937 9 0.4 7 00834 213 4.3
0941 7 0.1 0036 8 0.2
1006 35 2.0 0037 6 —0.1
1015 8 0.2 0037 8 0.2
1021 13 0.8 0039 8 0.2
1028 7 0.1 0039 24 1.6
1045 13 0.8 0041 20 1.4
1204 8 0.2 0044 8 0.2
12138 8 0.2 0046 7 0.1
1304 15 1.0 0046 10 0.5
1304 20 1.4 0047 7 0.1
13009 8 0.2 0053 8 0.2
13009 10 0.5 0054 7 0.1
13811 8 0.2 0055 > 6 —
1343 11 0.6 0055 24 1.6
13848 9 0.4 0056 11 0.6
1441 9 0.4 0056 7 0.1
1508 9 0.4 0102 10 0.5
1630 9 0.4 0106 8 0.2
1633 7 0.1 0110 8 0.2
1646 7 0.1 0111 29 1.8
1722 7 0.1 0120 8 0.2
1757 19 1.3 0122 7 0.1
1759 8 0.2 0128 8 0.2

(to be continued)
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Table 3. (Continued)

SEP. 1986

DD HHMM F-P(sec) MAG. DD HHMM F-P(sec) MAG.

7 0128 40 2.2 7 0946 30 1.9
0131 10 0.5 0957 12 0.7
0134 9 0.4 1020 30 1.9
0146 8 0.2 1020 10 0.5
0202 7 0.1 1056 9 0.4
0204 9 0.4 1105 8 0.2
0204 8 0.2 1302 7 0.1
0211 9 0.4 1308 8 0.2
0215 14 0.9 1339 24 1.6
0224 8 0.2 1340 13 0.8
0227 10 0.5 1355 13 0.8
0228 7 0.1 1410 9 0.4
02438 7 0.1 1516 12 0.7
0253 > B2 2.8 1517 6 —0.1
0256 33 2.0 1537 8 0.2
0326 12 0.7 1935 7 0.1
0328 10 0.5 2102 28 1.8
0329 9 0.4 2117 36 2.1
0337 10 0.5 2149 8 0.2
0401 7 0.1 2202 14 0.9
0404 > b — 2203 8 0.2
0404 8 0.2 2221 > b3 3.0
04009 8 0.2 2223 30 1.9
0442 13 0.8 2228 9 0.4
0446 8 0.2 2239 9 0.4
0449 7 0.1 2315 8 0.2
0454 7 0.1 2322 8 0.2
0522 20 1.4 2328 5 —0.4
0601 8 0.2 2338 8 0.2
0625 7 0.1
0700 9 0.4 8 0054 13 0.8
0718 8 0.2 0111 9 0.4
0718 30 1.9 0159 23 1.5
0728 7 0.1 0211 6 —0.1
0732 8 0.2 0320 10 0.5
0735 13 0.8 0351 6 —0.1
0740 8 0.2 0601 9 0.4
0811 10 0.5 0734 8 0.2
0938 33 2.0 0847 5 —0.4
0945 35 2.0 0852 23 1.5

(to be continued)
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Table 3. (Continued)
SEP. 1986

DD HHMM F-P(sec) MAG. DD HHMM F-P(sec) MAG.
8 0856 > 30 2.8 9 1621 8 0.2
0856 18 1.2 1639 9 0.4
0913 10 0.5 1733 9 0.4
0936 8 0.2 1734 9 0.4
1014 8 0.2 1808 8 0.2
1023 16 1.1 1900 6 —0.1
1038 37 2.1 1937 9 0.4
1046 8 0.2 2056 6 —0.1
1202 9 0.4 2124 9 0.4
1254 36 2.1 2144 9 0.4

1334 8 0.2
1408 11 0.6 10 0233 8 0.2
1421 8 0.2 0252 13 0.8
1427 8 0.2 0355 7 0.1
1551 8 0.2 0611 5 —0.4
1619 8 0.2 0813 9 0.4
1629 8 0.2 1437 9 0.4
1735 10 0.5 1723 8 0.2
1747 7 0.1 1729 9 0.4
2018 7 0.1 1852 8 0.2
2004 7 0.1
9 0159 22 1.4 2028 8 0.2
0225 13 0.8 22217 i 0.1
0457 11 0.6 22417 10 0.5

0521 9 0.4
0526 8 0.2 11 0033 14 0.9
0530 6 —0.1 0158 7 0.1
0609 6 —0.1 0415 11 0.6
0714 10 0.5 1139 10 0.5
0731 8 0.2 1202 15 1.0
0731 6 —0.1 1723 10 0.5
0822 13 0.8 1727 7 0.1
0851 16 1.1 1730 8 0.2
0927 > 18 2.4 2228 8 0.2
0951 8 0.2 2318 5 —-0.4

1216 10 0.5
1353 11 0.6 12 0021 38 2.1
1421 8 0.2 0430 10 0.5
1430 > 45 2.8 0454 7 0.1
1538 9 0.4 0537 7 0.1

(to be continued)
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Table 3. (Continued)
SEP. 1986
DD HHMM F-P(sec) MAG. DD HHMM F-P(sec) MAG.
12 0539 10 0.5 20 0933 8 0.2
0547 8 0.2 1819 30 1.9
0547 8 0.2
20009 7 0.1 21 0704 5 —0.4
2004 8 0.2
13 1858 6 —-0.1 2005 17 1.2
1910 6 —0.1 2006 4 -0.6
2244 8 0.2 2006 6 —0.1
2006 > 30 —
14 00409 7 0.1 2036 5 —0.4
1742 8 0.2
2306 15 1.0 22 0158 16 1.1
' 0313 6 —0.1
15 0503 6 —0.1 1942 13 0.8
0518 18 1.2
1613 8 0.2 23 0723 5 —0.4
1630 9 0.4 11387 5 —0.4
1723 9 0.4
1724 6 —0.1 24 0841 9 0.4
2053 27 1.7
26 0543 8 0.2
16 02385 6 —0.1 1047 15 1.0
1321 5 —0.4 1323 26 1.7
1934 9 0.4
2146 6 —0.1 27T 0428 5 —0.4
1237 > 40 —
17 0221 28 1.8 28334 21 1.4
0726 19 1.3
1543 27 1.7 28 0324 5 —0.4
1940 6 —0.1 0756 12 0.7
1949 14 0.9
18 0421 6 —-0.1
1904 8 0.2 29 0657 8 0.2
1211 10 0.5
19 0829 7 0.1 1803 5 —0.4
1839 15 1.0 1922 8 0.2
20 0028 11 0.6 30 1902 10 0.5
0303 10 0.5 204 2 6 —0.1
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Table 4. List of hourly numbers of earthquakes that occurred in the Maruko
region detected at UED (permanent station) from August 21 to September
30, 1986. See Figs. 9(a) and 9(b).
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Table 4. Continued
SEPTEMBER 1986
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Some Characteristics of the Earthquake Sequence with the
Main Shock of M 4.9 on August 24, 1986, at Maruko
Town, Eastern Part of Nagano Prefecture,
and Its Seismotectonic Implications

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

Earthquake Research Institute

The earthquake of M 4.9 which occurred at Maruko town, eastern part of Nagano
prefecture, at 11h 34m on August 24, 1986, was accompanied by foreshocks, ordinary
aftershocks just after the main shock and peculiar swarm-like aftershocks that began 10
days after the event. Seismic sequences with double high adtivity peaks have occurred
frequently in and around the northern Fossa Magna region; the intervals between the two
peaks range from 13 hours to 104 days.

Nearby temporal seismic observations were conducted to obtain the precise distribution
of the aftershocks. The aftershock area had expanded with time up to 3kmX2km in the
east-west and north-south directions, with their depths ranging from 5 to 8km from the
surface. Comparing the hypocenters obtained from different seismic networks including
stationary stations, we estimated the accuracies of hypocenter determination. The absolute
error of location is within 1km for epicenter and 1.5km for depth. The relative hypo-
central error between aftershocks is 200~400 m and 500 m in horizontal and vertical direc-
tions, respectively. The systematic displacement between hypocenters from the network
of temporal stations and those of stationary stations provides correction terms for the
routine hypocentral data. The main shock is estimated to be located around the center of
the aftershock area.

The magnitude distribution obtained by data from nearby observations shows a small
peak around magnitude 1.5 and a trough around 1. The b values are calculated as 1.1,
0.81 and 0.68 for the magnitude ranges from 0 to 1.5, 1.5 to 3.5 and 0 to 4.5, respectively.

The source region of this sequence is situated at the eastern margin of the Central
Upheaval Belt of the Fossa Magna. The fault plane solutions of the main shock and large
aftershocks together with the aftershock distribution indicate reverse faulting, which are
consistent with Quartenary tectonic movement at the eastern margin of the uplifted zone.

After this activity stated, remarkable seismic activity happened nearly simultaneously
at other two spots along the 50 km-long Chikumagawa Tectonic Line crossing the Central
Upheaval Belt. The main shocks took place on September 30 with M4.1 at at the central
part of the tectonic line and on December 30 with M 5.9 at the western end, respectively.
The activity peak migrated at a speed of 130 km/year toward the north-west during four
months.

Historic earthquakes such as the one with M5.2 at Ueda City near Maruko Town in
1912 and the Oomachi earthquake of /5.6 in 1918 originated at the eastern and western
ends of the tetonic line, respectively. This was the latest major activity before the 1986
event. If this activity cycle repeats in the same manner, the reccurrence time would be

about 70 years.



