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Abstract

A moderate-sized earthquake of M 5.4 occurred at 18:38 on December 7, 1990
(JST), at the border of Kashiwazaki City and Takayanagi Town, Niigata Prefecture, in
the region of the southern end of the Uctsu active fold system and the northern end of the
Fossa-Magna. ‘After 2 minutes this earthquake was accompanied by an event with a nearly
identical magnitude, M 5.3. An area of 30km in linear dimension covering the aftershock
area had been a so-called seismic gap of the second kind since about one year before the
earthquake. A detailed structure of the seismicity bordering the gap is disclosed by the
method of volume visualization in computer graphics. The several linear peripheral active
zones form a so-called doughnut-shaped pattern suggesting activation of the preexisting
tectonic structure. Far surrounding seismic zones along the Shinano-gawa River and the
Ogi-Kashiwazaki line in the Strait of Sado became active before the formation of the gap.
When the after shock activity revived after a half year, the Ogi-Kashiwazaki zone was also
activated.

The aftershocks were studied setting up four temporary seismic stations in the vicinity
of the source region. To obtain the absolute hypocentral parameters of the mainshock and
aftershocks before the initiation of the temporary observations, hypocentral parameters
obtained by the permanent stations were corrected by comparison with those determined
based on the local network which is made up of temporal stations and nearby permanent
stations.

The aftershock distribution of major aftershocks and focal mechanism solutions
suggest that the mainshock was generated by compression perpendicular to the fold system
causing a high-angle reverse fault at a depth of 12km. An absolute majority of the
aftershocks took place in a disk-like region, 10km wide horizontally and 4km thick
vertically. The depths are just around the border between the upper and lower crust. The
framework of the core region of the aftershocks is composed of two linear configurations
of hypocenters. Two similar lineaments are found in the outer region; they are parallel to
the former two, respectively.
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Travel times for regional earthquakes were studied to obtain a realistic crustal model,
which is crucial in discussing the relation of the aftershock distribution to the crustal
structure. The depth of the boundary between the upper and lower crust is estimated at
12 km, the same depth level as the aftershock region. The aftershock travel time data give
the local V, /¥ ratio as 1.67.

The aftershocks decayed exponentially at first over 10 hours with a time constant of
3.3 hours, but the long term decay curve is rather described by a power law or an
approximate version of the so-called modified Omori law with p=1.2.

1. FUC&HIC :

1990 4F 12 H 7 H 18 B 38 43, B o fAiT & X PENSMIET OB RATE, it
oKL G 993m) &REREE O RBIEL () 889m) ICHk N7 MUK T Miwa 5.4, €
D 2 53BIT Mpga 5.3 OHIEDSKR OV THAE L (NTHIER) (Figs. 1~3). BB
T & v H =0 5 HAMBIREHIBIC 3 TOERMET RIS, OMBREREE
HES) & OBEMAEB SN 5. T OB O BHFRICIA - T 20km 13 EFEFEORE
WRERZIRET, )IER, ABEfTIcE, 2043 R (19714E2 A 26 A) o4&
FE U (Mpa 5.5) OHIEDH 0 (KREFT, 1971), dbdbs 20~30km i 1961 4F 2
H 2 BOERME (Mma5.2) (FH, 1961) #5& - 7z (Fig. 2), 1, EERBD/NKRD S
I % 48 CEFRRIE -+ B BT ICE 2 My NHUR OTEENR (Figs. 3, 15; fl, 1990) 12 baT b,

COEMEIHEOMEICEEL T, ERENFECHERROMEICX S L, AGE 13
A HEIRERE RS2 o Frciho TN ARAE L, SHETTE, EiE 353
5, B, EEOS AR TRV LRE S IcHROIE TR A — brich
o - THal, B8 3 # Tk AP LR EEE, KEE OBEIC X - TR S0 Pk 578
EoENH. SHETOF EDick b L, BTOBEREE 1990 4F 12 A 30 HEE, 6
#5776 FHTH - 2. BIGEOFANTREHIROWEREAW 8 EHTH 5 (REST,
1991). SHIENICHENSED L TV 500500 5.

HURR TP - 1 B L L THITE D HFKOBY B EAIRZ STV AH, ThiZoL
THEEREEL BN - O THICHET 5. %/, T OHIED 23.5 KfERiA» SRFED
EEPH 30km OFH LI OMz v HUCEE L Td » IHBMHCEL»EN . (IR
M, 1991), C OHIE DK 1 R O EFEA U ER 30km ORI THYMIE ST
L, $2BEABOEAD - 7. HEAFHIRMFAREEMERAFT O v — 7 » B
2k B & 1989 4E 9 H 26 HUBERIRAE BN R - ek v, i, Dl
& 1990 4E 12 A 5 A O AZFER: ¥ Tl { OMIBBIRS ol L OMES L
WEBIBEHEEWL. 2%, BMNIEDO LNV THEBIOFER S, - 2.

METERRORE 5 &, FSEREFEHT, LN & EERERIT O R E—RE 7
LA — 2 EBASEASEB SN TWSD, 40km XA/ XVyDRy b7 —7 DORBEOEES
ot L 1~2km DINOREAFIETE B V. 22T, BREMTCSOTHRER%
BT -t (Fig. 1, Table 1), EHIET & =F0R T3 12 A 8 B 5, /AT & HAETHHE
Tid 12 A 20 Hp S8 BIE L. TEBRSEoMmZEE RN 1 B oRERER:T b
TE) 1oy & BB A ROBRIRY 1 X% 7 1 v 7 AW OFLEET STR-100 ZHW
7o, EENAICREIC 1Hz oM 3oy & v — 72 9 ¥ FHELD DACS-omega ¥ A
FAERAVTT L A — 25Xk, REOHBIFTHC CEEii L. e ic b




0

37
30°

1990 FFRIEFFHOHIE (M 5.4)

138’ 139°g
: O
P4 i// Niigata
YHJ
*
b a
Japan Sea
T
HRG
5
o
T JAN
Nagano Z_\
H o

" 50 KM

138°30°

37°
15

10 KM

Fig. 1. Region map showing the source area of the 1990 southern Niigata earthquake
and observation stations concerned. The aftershock epicenters (dots) are from the
data set HPC (see Table 2). Upper map shows permanent stations (open trian-
gles). The stars (a, b and c) show the epicenters for the study of travel times (Fig.
4). The lower figure is a local map with the temporary stations (solid triangles).
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Fig. 2. Epicentral map of major shallow earthquakes during 62 years since 1926, with
summit level contours at 100m intervals. Seismic data are from JMA (Japan
Meteorological Agency). Traces of active faults are also drawn. The fluff
attached to the fault traces indicates the downthrown side. The star indicates the
epicenter of the 1990 southern Niigata earthquake of M 5.4. It is located at the
trough between the two crests, corresponding to Mt. Yoneyama on the NNW side
and Mt. Kurohime-yvama on the SSE side. The 1961 Nagaoka (M 5.2) and 1971
Yasuzuka (M 5.5) events are recent remarkable earthquakes which occurred ad-
jacent to the source region of the 1990 event. The method to obtain the summit
level map is based on the report by the ASSOCIATION FOR THE DEVELOPMENT OF
EARTHQUAKE PREDICTION {1988},
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Fig. 3. Microearthquake distribution from January, 1978 to October, 1988. Data are
from Shin’etsu Seismological Observatory, Earthquake Research Institute, Sumnmit
level contours, active faults and the star indicating the mainshock are the same as
in Fig. 2.
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Table 1. Observation stations used for hypocenter determination. Stations without
observation periods are permanent stations.

Code Region Longitude Latitude Altitude Observation period
CE) CN) (m) '

TKY $rBEAIESOETRENT  138.6371  37.2091 90  Dec. 8, 1990-Jan. 10, 1991

Apr. 18, 1991-Jul. 25, 1991
TKO HFrEEX[TESHEEE  138.6327  37.2095 90  Jan. 10, 1991-Apr. 18, 1991
YSK  FriBEhSESRERS TS 138.5183  37.1993 190 Dec. 20, 1990-Jul. 25, 1991

ORI  HEEMETHE 138.5647 37.2296 240  Dec. 20, 1990-Mar. 3, 1991
SNW HEBEDIESEI=FN A 1383809 37.1044 90  Dec. 8, 1990-Apr. 22, 1991
KZK $rEEETaH 138.5157  37.2951 220
TNN SR yaatEegr 138.5947 369423 430
HRG B &EENA sk 139.0361 372369 210

NUJ RS PaSmERREAERT Bl 138.0308  37.0478 240
KUJ  #HEEEZEAOHRE 138.6353  36.5714 760
FKA BRI EEy NARET 2R 138.2243  37.8186 160
YHI HriBRFAEHEECEEREEE  138.8030 37.7336 30

DEHWSET 7 ) 4 ) OEER, PETRHAMO DS V7 LE, ZOEMIIEL, 0.1s,
0.25,0.5s5, S TR LEIKK L ZHEN 025,055 Th 2 & L1, PRbEkEEd 2.3 5
THlNB, 1z, VIV=173 2KE L L. BETEOKE, 2BRASTEHED 0-C 5P
B, S¥, THhZN 03s,0.5s FHAZEARRFALL Y. BRIIKCHHET27— 4
HMS5 % HR3, HR7 Tid, PEOEA, BEAEM0IsLIFTh -7z, w7 =F 2 — F
M3, F-PEIc L 5. REXNEHEHEBEAFON—F VIETRAL TV S b0 &
[T, M=285log,(F-P)—2.36 AH\, 28RS TEET 2. F-P 3R HAL

21 BRREOMES ‘

T OHRREERBESERICH P> TBY, BREOREHSHEY) BRI L %5
ToHNE, BRI L 2B BHEOEZRIES NS VETTH S, EThH, EER
BRSHEENTRZVD S, BRFEORL Hick > TERHEMMSRL - TL 3. ik
OBAMRTHRE L 2 BRICHIERET C &t kD, F— v ic—Bi%d b8 308 htE
T35, PIAR, KRERENONMENFREZRT B COMEL /o -7y 7X
N5, AERERCIERENEE > TOWRVOT, AEBIUTHOEDSEDE
FRISEFBHHIC X - THRE LT MR ST, /NS VWRERIREERIT O EREI S
BERLPBHI LW,

RiC, ST — 5 DIEVHICSEBESLETH 5. KEXVHIBOES, SREDGE LT
BEEBROUNZDOTHERE 0L, SHEIEIEDBRED 7 = — RZHEAWB C &0
RERER O UIBD THEETH 2. 2518 5&, SHEF— B FETER VA, EHOD
BRIRICSVWTOBFIHT 5 Lt s, BRIENDEVES, F— 5OV EDEL
REFEREZRICHB O OBELRITT. 3 S0 UHFIHTE 3BRESTOES I,
DI EH 1 ADSHRDF — s BWUETH 5. EOBAEDO ST — ¥ 2FHV A0 T
EBRGTEERESZEDbD B,

HERIFRE SHBIBEE O 3 IRTHEITKET 30, 1 RTTHEERE L CEilllS
EHFOREREAMET 2HE T ITbN s FIAE, MiEh (1989)]. AR/ TILE
HEERHBTODT, 205 BMIERS L THES L.
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22 BASoESY

BIHIEER KD 4 B0 I35 OPEENTH 5.

(a) REEEFEOBINHE (NT4, NTS5)

(b) EEOBRIS LEBOERBRAOMAE (NMS5, NM7)

(c) EBOFHMN M (NP3)

(d) PRLROFEHENE (NPT)

FEALPAC T L 72508, NT4, NMS, NM7, NP3, NP7 (3 EE IV - B0 ZHITH 5.
NT4 EREIRA A A Ul 4 SUBAME, NMS QIR & BROBMRZREG LS
SEIRIME, FIL < NMT7 3 7 SEABINME, NP3 1335, NPT 37 ROFRBNMETS
3. 5P, SENBOSEASICE VT PESRIS N HEBOAEE S, Bl
A FEH 1% Table 1 & Table 2 ic % & W7, RETEICIGT 2RET -2 € F 0%
BibR L (HT4 5 E).

(a) IGEEHEIC S ¥ 0 BEEZT T VERIE THENIRRRECIRETSH 5. (b)
i1 (a) DEERE (0) ® (d) OHHBNMIC L 2EREOBELICHVS. () P H#id
AEEBEESD L EVERPR O EED L TREAHORHZE(LOMITIRAT 5 <
EThD, (d) @ (¢) TRITHORIBRD YN w S WORAMD BEEEA S 15
BOBRREETD.

SEEEROBEMER, EHERRE CRESEEOBRNMELEY, T oRFEERC
w3 BENBEOBREROPHNNEMOFEAEA L DET S, T, HEDR
EEKA LB L, OV ELEHE L (Table3). By — % HT4 & HTS BRI
A OBRMEI X 3 b0 T, BEEESRLEVET TS B0, HTS BABIET Eeo4
LBV, ZhEROBEHICK S, Bl 3 ERBEHE LOBRIRD ORI 28T
S—P 555 0.6~1.8s TH Y, 12sfHEDSDBRGZV. 23 TR B & 5 ICKER
HI390 ThHEHD, £ ORBOES 10km BELHEES NS, NIRRT -S
HT4 OHNESThH 5, L sic, Table3 »o¥ 5 & 5ic HTS OFS & HT4
cHASEY 83km EEEV. 0 HTS ORER, BHRMoEserwT2RILP
NT4 % NMS5 13 & H33E 5 B Hig < ANBRIROEROBENPR L5120 TH S 9.
B SNW A70A - BRMEOERRE T NMT OFAT RS OREVAREI
2. 50 LSEEOBIEERTHE LTI 2 ORREMFHTE SO TR
~OHFHLET 5.

Lz AT, BET—4 HT4 & HM5 L0E /NS Ok 0.5km, FE 1km LI
DTF—yBHBEV HMS AH#EF— 5 LTHVWAZ LTS, Mi7—FDXV0—H

Table 2. Combinations of seismic stations for hypocenter determination.

Hypocentral Data Set

Network Stations Corrected  Compiled
NT4 TKY(TKO) YSK ORI KZK HT4
NT5 TKY(TKO) YSK ORI SNW KZK HTS
NM5 TKY(TKO) YSK KZK TNN HRG HMS5
NM7 TKY(TKO) YSK ORI SNW KZK TNN HRG HM7
NP3 KZK TNN HRG HP3 HP3C

NP7 KZK TNN HRG YHJ FKA NUJ KUJ HP7 HP7C } HPC
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Table 3. Discrepancies between different hypocentral data. HP3-HT4 means to take
differences between the hypocentral parameters [X (east), Y (north), H (depth)
and T (origin time)] from the data set HP3 and those from HT4, and so on.
Numerals in parentheses are standard deviations. The data set HP32 is a subset
having S-P time data at KZK. HP33 is the complementary subset. The data HP7
P and HMSP are composed of only P time data for the observation network NP7
and NMS3, respectively..

Displacement

Data Number of _
Common Data DX DY DH DT
(km) )
HP3-HT4 38 —-2.23 1.11 2,03 0.105
(2.5%) (2.03) (4.70) (0.500)
HP32-HT4 21 —2.93 1.30 3.35 —0.056
(2.74) (1.95) (2.67) (0.284)
HP33-HT4 17 —1.36 0.88 0.39 0.303
(1.99) (2.10) (5.97) (0.624)
HP7-HT4 3 2.24 —1.10 —3.38 0.228
(2.35) (1.93) (3.10) (0.377)
HM5-HT4 36 —0.29 0.34 —0.77 0.318
(1.46) (1.25) (4.07) (0.424)
HT5-HT4 37 1.66 0.72 —8.25 0.036
(2.32) (1.30) - (6.19) (0.264)
HP7-HMS5 19 1.84 —1.85 —6.71 0.299
(0.78) (0.89) (1.96) (0.204)
HP7P-HM5 19 1.83 —1.64 —6.59 0.317
(0.75) (0.85) (2.26) (0.144)
HMS5P-HMS5 100 0.61 —0.50 —1.89 0.190
(0.87) (0.46) (1.13) (0.160)
HP3-HM5 121 —1.55 0.65 1.76 —0.111
(1.50) (1.34) (2.30) (0.192)
HRS-HM5 121 0.88 —0.59 —2.59 —0.021
(1.53) (1.19) (3.24) (0.202)

(3 40km DR 7 =V OHIBIC B W CHEEREES —HEEBLTb LW L4 BT 2,

RIi7— % HP3C, HPIC i3, %N %1 HP3, HPT % HM5 %5 1c U CHIE AL /-
T—5THS HPICORET -5 D> 5 HPIC iKF L b ONEET 8L, o
HPIC OF =5 LR|L I bOHs, ERHEMM (NP3, NPT) 1T 2 HABE T — 5
HPC Tk 3.

RIROERS ERES L IDICHER ST — 5 OFDI5 <, HHTE 3 BIS
132> (1989) THI B o7&k S IZEETE W, BIIEAH 3 LA VIS, EERE
RSWTF— 5 DRUFG IR EBEZ T2, HilE LT, BRI NP3 kBT KZK O
SPHHBEALITVIEAORITE L7z, Table3 ® HP32 & HP33 3 Z W ENFIE L8
FISWIGS 2. KZK O S-P BEZ IRV E %13, BEOES SR 3km LB 13
HENES. bHAABRG/DLEC. LirL, HPC & HP32, HP33 OB % bk
DT TR, ST - VIZKEIEOIE W,

BRSHOMICE, BB 2 6013 HMS, SEENEIC L 3 013 HPC %
Rvs, 7272, WINOBRMETHIEOBHISTH 3 KZK 2519911 H 21 Hh o
AR BETRUTH > 70T, BREOEBEIETET 31 IAEETHS. 0
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Fig. 4. Examples of observed (+) and caiculated (*) travel times for each seismic ) ‘
event. The epicenters of analyzed earthquakes are pioited in Fig. 1. (a) For a
shallow shock around YHJ station: 1991Y/1M/31D/01H:32M, A=3.9km, M3.1.
(b) For a lower-crustal shock around YHJ station: 1987Y/2M/2D/21H:25M, h= ‘
16.1km, M 3.8. (c) For a shock near Matsushiro, Nagano: 1990Y/12M/28D/11H:
22M, h=3.4km, M4.2.
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A RERERFON—F v « ¥— % HRS 2F|HT 5. ZOF—F 13, ERREECR
HIEE I O— BB TR S S B4, Bl HP3 © HP3C 1K<, KZK DR
DIEE OB & » TRAITE BT — 4 2R L TO2RDEATHS.
OERERETIR, MESA 7755 (PHLE S-PEREOMK: V,V,=173 25E) »
S MIERERI AR, ThAEBEE LT PREICH Y 2R/ N REEZER T 5. ERF
OHERkERE (BOES, PEE: 3km, 4km/s; 20km, 6km/s; 10km, 6.6km/s; %
km, 7.8kmjs) 2V 5. BHSRLEBSIBAITIIHES % 3km iTEE S 5. Table3 R L
¥ 512 HRS & HMS & DERTT 5 LKEIEHT L1km DK, ST 2.6km LUK

P VELOCITY, km/s
4 5 6 7 8

or— — -

Fig. 5. P velocity structure model estimated
from travel time studies of natural earth-
quakes. This model is used for locating hypo-

] centers and discussing the relation between
the aftershock distribution and the local crust-
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Fig. 6. Examples of P time versus S-P time diagrams. Data are from the network
NM7. Numerals attached to the fitted regression lines are V,/V; values. (a) 1990
Y/12M/20D/19H:59M. (b) 1990Y/12M/20D/20H:23M.
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2.3 MBIEEEEE

M RRRE REERE T 7 VIKET 5. COHROEEEE >V TRATHE
DF— 7RV, BRIUEOEROHIICL S & 6km/s BE 6.6kmfs BOERIIPDE
{ 10km (<15km) F2ETH 5 (fHl, 1988). KT/ & HkEE & OBIGRENZE T 512
DICHEERODOT, SEETIET— 5% b & iERENT 247, Fig. 4 1< PEER
7= 5 DBIERT. (a) & (b) FOTFHSEHIS YHY fHEOHIE T, (c) REFHRR
FHEDHIRTH 5. BEWEOETHRISHEOBRICIE 5 & D ITEA. (a), (¢) 3L
IR DER VIR T, (b) i 6.6km/s BOMIE (X 16km) TH 5, BFRIERAEL
T, BRIV S SOBRSEERW, BERE & EREROHE I Fig. 5 O
EFNICESE. TDEFIVIZ, 6kmjs & 6.6kmjs DISRDEIDAHE/ST X — § 18D,
ThE 1km CEREATOE, Z2OPTHAEMMEIERCEL LA bOER

Table 4. Hypocentral change due to the velocity structure change: the depth of the
bottom of the 6 km/s layer is parameterized. Data source from NM 5. The
standard hypocentral data are based on the depth of 12km. Discrepancies between
hypocentral results are similar to Table 3.

TH5. :

.Depth of the Number of Displacement
Bottom of the Common DX DY DH DT
6km/s Layer Data (km) ()
9km 85 —1.15 0.24 0.08 0.055
(1.50) (0.56) (2.18) (0.199)
10km 86 —0.93 0.22 0.16 0.023
(1.44) (0.52) (2.08) (0.189)
11km 119 —0.58 0.14 0.23 0.007
(1.16) (0.40) (1.46) (0.134)
15km 121 —0.18 0.17 0.95 —0.132
(0.85) (0.30) (122) (0.142)
1000 t 1 t t
N= 718 ‘
o] 1 4
= 100 ‘
m
2
]
z
10 b=0.71 - ) ‘
1 ! e 3 | ' ‘
1./0 2.0 3.0 4.0 5.0 6. 0

MAGNITUDE

Fig. 7. Magnitude distribution of the aftershocks for the data set HPC. The b value
is 0.71 for the events with magnitude greater than 2, which may be the lowest
magnitude level for the stable detection of events.
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ATE.

SEOWEDERI VIV, 1 5B 5. WRERE TS EOZRAMD @ADL, FH
WDH 5 VIV ESBESNTHEVWOTLT &L, 2EPTELVIREELVT
BEAEEZBIHE->TVE, REBBATRZLOSHEOHRARD 7 — s BFONID
T, BREAHED V)V, EEHREL THI (Fig. 6). —2OHIBEI>WT 48l LD S
F—4%bb5, BIREREOTIINS W PEIICH L, EEREEN 05 HUT) 7 —
RS 50 D - 728, ZRENOREMOTEEE B E VIV, =1.67+005 THot. T
DBE, BREEERD 5 & X ORFHEREK &, HENE P EEE V, % 6kmfs £ T 5
&, k=VJ(V/V,—1)=9.0 £15 53, 158, V/V,=1.67 & LBRME R 1.73 & LIcEA
EHANRTHAEE (0.1km) BERT W,

EHU S OB EET 20 b LOAKVDT, BT — 905 6km/s BOE S 2%
ATEEBENMBNT 20 %EFHNTH S, Tabled FZDORRTH 5. BRI LT
TH5. 6.6km/s BOTHNEL B5EIPHENKEV. BEOThAREIBOER

90. 12. 7—91. 12. 31 M>1
138° 30 N30°E

3715

kS

D B W N e

Q0o -

—_

10 KM
Fig. 8. Epicentral distribution of the aftershocks for the data set HPC. The main-

shock is also piotted and located at the center of the map. The dotted lines in-
dicate linear configuration of epicenters, which are possible earthquake faults. a is
the top edge of the main fault associated with the mainshock and major after-
shocks. b is the conjugate fault against the main fault. ¢ and d may be peripheral
conjugate faults surrounding the main conjugate faults. - The linear configurations
are well confirmed on the time dependent map (Fig. 9). :
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Fig. 10. Three dimensional hypocentral distribution for the data set HPC. The main-

shock epicenter (138.5527°E, 37.2272°N) is located at the center. The size of the
box is 20km X20km X20km. (a) For all the data. The dotted lines indicate the
depth level of the mainshock (12.6km). The dense aftershock region spreads
horizontally. (b) For the events with M >4. The solid circle is the mainshock.
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Fig. 11. Three dimensional hypocentral distribution for the data set HMS. The box is
the same size as in Fig. 10. The center of the epicentral map is located at the epi-
center of the mainshock based on the data HPC.
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Fig. 13. Topographic profile across the source area of the 1990 Northern Niigata
earthquake. The aftershock depth distribution (data set HPC) is also shown. The
star represents the mainshock. The wavelength of the fold system and the depth of
the aftershock region are comparable to each other. An interpretation of the
horizontally expanded aftershock region is that due to folding a décollement-like
detachment is under formation at that depth.




378 Ak« B R BAE— -« PIHER MR B

WA, WS 2DOHIBRRANSA 7 « 2 v TS EET 3.

FHRIE D SIKHIRIC 2 T OTITEREE ORI IS ICE » HERISTIC & » TH
S 12km FHEICHEWBEER L ICOBARETH 5. BHOMBRE 7 — 4 Offfric k3
&, AEBNTHIEDOS 5> —2>OMIESFE CHIBRE TRE L, BEWVICHOKEH RN
EHERE L (L ME). REICOHBENBMMECEEL TV B, RESHOE
IR X H AN LIKEREIC 2~3 A8 » TV B, % DEATIZIZIE Rt &
TR OBEA TH . IKPIIED - 1LIERR B2 E®K T 20 TH A 5, M
(1992) KN SN TV ARBHETOFa L~ Y, DF DBEADOEMBAIEY FiF 58
BoOBRRLBOREA S h. PEEHE O cRERIFRMED, BESHENEL, &
WEW 1km OFEL Lo Tw 3 [FlZE, dkt - KH (1968)]. SlE|oiiE D
FH MR I B O T RBII O d £ D BEE TRV, 10km BEOKES
b o S PBEET 3, HPE5VEREGEZOL S BBMETEHR L b3 E:EZ N5
(Figs. 2, 13), ZOHHHEH I Z OEEOBEEORES F TOMBMERMT 5 (thH,
1992). L7chi-> CEOEREMPHES 10km [T TR E < 72 5. IKEER O RERRE & KFE
LR U e RB, HUERIE S, &, BHESCL > TFareryzob0 TR
BT o V= VWES Rkm PEIRERENTWT, 205670 TAHRIOHBESRAE L
12V DOHHEDE BT 24 DR TH 5.

REBICHTIC I NREOTERE, e &Kk BB GEWTBITZLS, 1991 »E
HInTna, BHFERICE-> THESEOHE L OEENEREBAD SNV, 1ZEA
EOHEBOEENEL, ETFTOBBEOIAMBEN VDT, KAKIED (1992) OFED

B 20 -
18
[¢]
18 | %o °
S 14
X
~ 12
S 10 F N3
Z o
Z e .
1% 6 F
a
4
x
- 2
2o
1Q
I¥e) A 00
12
E 10 1
8 4
[<3)
g 1
< A °
@ 4
= o
2 |
a o
o 0

0. 12,1 TIME (DAYS) N= 557

Fig. 14. Space-time distribution of aftershocks. The left figure is an epicentral map.
The distance in the top time chart on the right hand side is taken from south to
north. The bottom chart describes the temporal change of the epicentral distances
of aftershocks from the mainshock epicenter for each aftershock. Data source is
HPC.
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Fig. 15. Distance along N-S versus time for the one-year period. Data are from the
hypocentral catalog of the Shin’etsu Seismological Observatory, or the data set
HRS.
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Fig. 17. Decay of the aftershock activity. (a) Daily number of events for the data set
HRS. (b) Number of earthquakes per six hours detected at KZK. The decay
curve of the number of events n is well expressed by a power law as a function of
time ¢ such as no<t™, where p=1.2. (c) Hourly number of events detected at
KZK for the early part of the aftershock activity. The line in the figure describes
an exponential law, n<cexp( —t/7), where 7=3.3 hours.
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Th 5,

WRBIA KZK TR L RBOERLZ Fig. 17 & Table 5 ik L7, Fig. 17 1214
V=F v TERESRE - LB OEMED 75 7 &R L1z, 100 AR\ T 6 B3RS
BOEHARED 7S5 7170y b 3L LS ERICDZ. THhbb, BEEOM~E
FERANHES . RELHBEOBUBAFTARDp 1312 £ 5. Chianid, BB
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Table 5. List of hourly numbers of earthquakes observed at KZK.
Number Number
Y M D H Y M D H
Hourly 3 Hours 6 Hours Hourly 3 Hours 6 Hours
1990 12 7 18 68 1990 12 9 19 2
19 285 20 4 12
20 261 614 21 5
21 183 22 5
22 156 23 5 25 27
23 106 445 1059 10 17
g8 0 71 24
1 78 32
2 43 192 28
3 23 11 35
4 24 42
5 23 70 262 32
6 19 20
7 25 12 25
8 23 67 15
9 27 8
10 25 9
11 23 75 142 13 46
12 15 14
13 19 9
14 10 44 8
15 23 14 7
16 12 7
17 13 48 92 10
18 30 12
19 16 15 17
20 7 53 8
21 14 2
22 9 5
23 12 35 88 16 23 :
9 0 6 15
1 5 1
2 6 17 7
3 7 17 3
4 11 4
5 2 20 37 51
6 6 21
7 6 18 5
8 6 18 0
9- 7 0
10 4 8
11 3 14 32 19 8
12 8 8
13 3 6
14 4 15 6
15 9 20 5
16 5 9
17 2 16 31 5
18 6 5
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Fig. 18. Temporal change of the surrounding seismicity. Number-time and space-
time diagrams for the elliptical region in the right figure show seismic quiescence
of one year that preceded the 1990 Southern Niigata earthquake.
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Fig. 19. Volume visualization of the seismicity.  Snap photographs for every two
months. The method is by TSUKUDA et al. (1992). Data source is HRS. Focal
depths are less than 50km. The seismic gap was made clear at around August,
1990. The boundary of the gap is made up with seismic lineaments.
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Fig. 20. Outline of the seismicity pattern reproduced from the photograph at the time
of 1990/08/07 in Fig. 19. Solid lines at the boundary of the seismic gap represent
lineament patterns in the peripheral seismic zones.
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