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Abstract

Large earthquakes of magnitude 7.0 or over, which caused great damage rarely
in Kyushu or southwestern Shikoku and were accompanied by moderate tsunami,
have often taken place off the coast of Miyazaki Prefecture (Hyuga-nada region),
Kyushu, Japan. Eleven destructive earthquakes occurring in the region up to the end
of 1987 are collected from various catalogues and the characteristic features of the
earthquakes are investigated minutely for prevention measures against potential
earthquake disasters.

For the earthquakes in and after. 1931, source regions are determined from
aftershock areas, from which seismic moments are estimated. Moreover, the rela-
tion between distributions of seismic intensities and rupture directions, distributions
of tsunami heights, etc., are examined.

The results are summarized as follows :

1. The magnitudes derived from seismic moments are, in most cases, somewhat
larger than those determined by the JMA from maximum amplitudes of the
waves with relatively short periods (less than about 5 seconds).

2. Most source regions spread out to the west of the epicenter of mainshock. This
will be consistent with the tectonics of the Hyuga-nada region to indicate that
the Philippine Sea lithosphere thrusts toward the northwest under the east coast
of Kyushu.

3. The distribution of seismic intensities in relatively short epicentral distances
depends closely on the form of the source region, namely, the direction of rupture
propagation.

4. Seismic intensities in western Kyushu attenuate rapidly according to the
increment of epicentral distances. On the contrary, the isoseismals are
anomalously elongated in the northeast direction.

5. All the earthquakes of magnitude 7.0 or over are accompanied by tsunamis,
whose maximum heights are usually not in excess of about 3 meters.
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Table 1. Earthquake data in Hyuga-nada. Earthquakes of M 27.0 or of grade of damage=
2 are listed.

No Date, Time Epricenter . Depth el Dol e Reference ‘
h m| . ’ o ’ km (magnitudes from various sources) ****

1 {1662 10 31 31.7 132.0 T%~%| (4) é 2iBRieiTIW

2 | 1887 4 29, 1055|32 132 shallow | (7.1)

3 | 1899 11 25, 343|319 1320 n 71 2 o |77 7.8

4 {193111 2,1903(32.2 132.1 20 7.1 3 | Ch 7.3175{75!7.3

5 119411119, 146(32 01.0:132 05.0 0 7.2 3 o5 |7.8175!7.9i7.817.6

6 11961 227, 310{31 36.0i131 51.0/ 40 7.0 3 S 17617.317.2 7.5

7 11968 4 1, 942|132 17.0{132 32.0| 30 7.5 3 G 17617.3:8.0 77174

8 [1984 8 7, 40632 22.8{132 09.3] 33 7.1 (2) h
1939 320, 1222{32.3 1317 10 6.5 2 -1 6.7
1970 7 26, 741(32 04i132 02| 10 6.7 2 -1 7.4 7.1:7.0
1987 318, 1236(31 581132 04| 44 6.6 (2) -1

*  Magnitude from Usamr (1987) or JMA.

** Grade of damage from Utsu (1982) .

*** Tsunami magnitude. The values are taken from Usami (1987) and Hatorr (1985) (in
parentheses)

****From Utsu (1982) . Roman letters indicate the data sources defined by Utsu (1982) .
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Fig.1 Epicenters of mainshock and aftershocks (open circles), and distribution of cities,
towns or villages, where the houses were damaged (closed circles), for the Hyuga-nada
earthquake of November 2, 1931 (M =7.1). The Arabic numerals 1, 2 and 3 indicate the
locations of the epicenter of mainshock from three different sources ; “Kisho-yoran” , the
Seismoligical Bulletin of JMA, Supplementary Volume No.1 and Supplementary Volume
No.6. The solid ellipse is the source region estimated from the distribution of aftershocks.
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Fig.2 Distribution of residuals of arrival times of P and S from theoretical ones, as a function
of epicentral distance, for three different solutions of epicenter E1, E2 and E3. Solid circles
indicate the data at stations in Kyushu (including Shimonoseki). The theoretical times are
taken from the travel time tables by Icuikawa and Mocuizukr (1971), for a depth of 40 km.
It is obvious that standard deviations of both P and S are minimum for the solution E2.
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Fig.3 Isoseismals for the earthquake of November 2, 1931.
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Fig.4 The same figure as Fig.2,
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this case, standard deviations are minimun for E3.

but for the earthquake of November 19, 1941 (M =7.2).In
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Fig.5 Isoseismals, locations of epicenter of mainshock from three sources (1, 2 and 3),
aftershocks (open circles) and source region, for the earthquake of November 19, 1941.
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Fig.6 Isoseismals, epicenters of mainshock and aftershocks, and source region, for the
earthquake of February 27, 1961 (M =7.0).
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Fig.7 Distribution of seismic intensities, epicenter of mainshock, and tsunami source, for the
earthquake of April 1, 1968 (M =7.5).
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Fig.8 Distribution of seismic intensities, epicenter of mainshock, and source region, for the
earthquake of August 7, 1984 (M =7.1).

LIFD) MERIVEBRL 72720 ThHAH, Eilh~XTwa,
Fig8icEESHA R UVERB 2R L Th s,

O193953R 200 DM (M =6.5)
CHOMETLRIRDGE L RERIC3ONEBEIREINTWS, Tibb,



10 BFHEB

El:32°.4N, 131°8E AEEE

E2:32°3N, 131°7E, h=10km &%F (1958)

E3:32°17N, 131'58E, h=20km 4S%/F (1982)
INsnEid TN L BIFRACERIGE M B [#E T, EAEIZ10kn7Z > L 20EknBEL T V> 5 25,
it ANz iZ» £ ) Eh v, E2EE3TIRITITEAEIC208kn D BB H 5, Z DHIEIZDOWT
YMTULEDBE L FEREIZ3IODNERL B L TA 5,

Figli # N FNOBRICHNT 2 POBBENOEREDL & DBENSH TH b, BRERITH
EFRBRR ZAKmD L D TH B, TSk B &, BERERE2OHEED L - &1 47% <, E3TY
SELKREL L H5>TWSE, LA2HEIDREEIE, WNoT—2 (BH) L2l T—2% (B
) EOMICRERLZL DY, BIiz=AF2M[, ARIFZ7T2RAoH LT3, Tihb
b, BRIHENEICEICEN)BETNDLZ L2090 5,

E1 E2Tid» £ D) KELEI LW, BERIRZEIZE2OFHIVINE , ZOMETIRE2D Y - &
LiWwetEz2 5, Table 1TIZE20EEZHFAL Th 5,

T | T I T | T T
(1939 3 20)
E1:P
S SD=2.72sec
10— ]
° (o]
0 — 'O‘O_o'q_% 8 Oco [©] q
o { ]
-0 — —]
s E2:P
SD=2.65sec
- —
° [ ] (o]
0 005, 00O PG o055 O
[ J
_10 — —
E3:P
S SD=3.11sec
10— . . o —
o 4332205 5%—o——y
' . '
-10— ]
. I T L [ | I
0 100 200 300 400 500

Epicentral Distance (KM)

Fig.9 The same figure as Fig.2, but for P times of earthquake of March 20, 1939 (M =6.5).
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Fig.10 Isoseismals for the earthquake of March 20, 1939.
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Fig.11 Epicenters of mainshocks and source regions estimated from distributions of after-
shocks for earthquakes of March 20, 1939, July 26, 1970, and March 18, 1987. Open and solid
circles indicate the epicenters of aftershocks for earthquakes of 1939 and 1970, respectively.
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Fig.12 Distribution of seismic intensities for the earthquake of July 26, 1970 (M =6.7).
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Fig.13 The same figure as Fig.8, but for the earthquake of March 18, 1987 (M=6.6).
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Table 2iIC I3 REBR2HEMA TELL 2BENER ak UMERE bos, BENOWEIFE E L TK
DENTWBELDLRLTH S, 1272 LEBEDEFEEIZIZ, ZNFNDOBSELBOFOAL 5
FAESMELH B,
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Table 2 Aftershock area S (=# - a2 +b,2) , seismic moment M,, moment magnitude
M,, and tsunami source A, for earthquakes in Hyuga-nada.

Date | M ><10§km’ ><1027c11l§0n-cm Mo | i kl:n ><1(;1km2 Reference

1931 11 2 |71]| 33 4,66 77| 8 | 50 (4057295)(”

1941 1119 |7.2| 14 1.28 73| 60 | 30 (6°>1<.§8) @

1961 227 |70| 2.2 2.54 75| 70 | 40 @ox;g?)w

1968 4 1 |75| 14 128 |73 |an | 31 6050 | Ao=G0par

1984 8 7 [71| 055 0.32 69|35 |20 | B

1939 320 |65| 047 0.26 69 | 30 [ 20 | 20X

1970 726 |67| 11 0.90 72 | il o| OB | Ao=s0bar

1987 318 |66 047 0.26 69| 30 | 20

References to Table 2
(1) Hatort (1971)
(2) HaTtort (1985)
(3) Hatorr (1969)
(4) KaJuga et al. (1968)
(5) HaTorr. (1987)
% Suiono et al. (1980)

Table 2CMNEE M, DfEZ HXTAB E, 1, 20BZ2BWTMDHEPKRES L > T b,
¥5I219314F, 1961 H 5 \WIZ1970FEDHE L © TIIM & M,»D2E130.5~06i1C HEL T 5,
Table 2I2R L 2REBHAKE R, WITNLPRERYHOKRESH/ICLBETH), L1rd,
BICEWHE CIBERERE LT L L+ TR LT, MyaskE HiIclHLNTWD &
L%z 5%, L L, Table 1ofEEMTL a5 & 52, RETICE 2 MoEidhn~7 =
Fa2—FIZERTLIDPLEN IR L >TEY, DUPGLMMBREBESLLIITZ LV, 2D L&
SHZEDLIDMIBICRET AMT7 5 ADHETIE, 1984FNHE (Table 1 No8) D&
ZBIND B B, —RICIZBEOHEE Y BEHLUT ) HMEEOIRMEAFENEIZ/NS (%
LIEM»H B L HIcBbNS,

B Tl3, BHBICOWIEESAARVERB2ZMRLZ, INbick b L HE#EETE> 72
HEICIZWL D2 ORFEFE 2B DH L, W OPDEMIOVTEEDTAHD,

(1) BiE:BIERE NBIR

2L OHMBEDOEL, BEBIIBEROFERICIE, > TWb, Thbb, BEIAEF) (dbx

B~HRBEHME) IZEd-72Z 2R LTS, HRETRES KMEIX, 74 v EHY

V27 ZTDIRTEELFANDRABAIARIE > TRETE EEZLNTE), R) vy 7 - X

7 P VO BIEIZ S DBAITIZAEEAFEICEWTWS (B2 1F, SHioNo et al., 1980) %,

BEOETHMD 2N LICKBL TWw 3,
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(2) BESME

B CTE - 7. KRB TIE, —RICEREORR TIIAREGHE L &0, SEERDFEICMH
U7z % 5, Fig.l4i3, Table 1082n#E (19314 LIEN L ) 1225w T, BENNEKK
BREM (27 LER2LATIERFANE#ML2 > ThHd) EMEDBEERLZINTH
5, EENINEKEBE TnE 35 &, logrm=0.33M +0.169N0%Ic % 5, KIDOEMRIZ = DK
Thd, (7272 L1984FEDHEIR, RIS/ LY IZMOb ) ITREBZL ED/NE WEFRLHIE
EEZLNBENT, LOBRAZRDBICHT2-> T DHMEIZONWTIZSNT A b 25T T
»5,)

3.0
—~ 'O/
5 e
= o Q-d- °
le)]

P
/%/
o
2.0
6.0 7.0 8.0
M

Fig.14 Relationship between maximum epicentral distance for seismic intensity III in the
northeast direction, ru, and erathquake magnitude, M.

BEOEATIZ, EHNL ) ICEELIKRE (L2 VBAIC L - TidE < BEME TL AMKIC
BLBZEbH2 B2, 1981ENHETIIMETER, 1961ENMECIIRIECEE I
EHEINTWS) &Y, THZHRTEAT b bUNME TlE, BT - TEED
REIBDOTARE {, TUNBEE TIIEBEGOBRAIIEE ISR, 2200 TH 2, 272,
FNEFNOWENEBESHE 2 KRTHIUTHESL» e L 512, £E L TIINFICBIT2E
B I BEBOT (b5 WIIRENEITHE) & HcBRLTBY, BRENEITHET
BEIKE(L>TWD, HELFLINLI NI ATKREL k2 EADH B, — RIS
DHIBOME TIZ, BBIITEICEDT T LB DO THEEL NI TUNTARE 25 2 &b
2 505,

19314F, 19394, 19704, 19844F7c K DMBENBEESHN %42 L, HBHABOME TIIH
T-BRA ETRESPRAE L AEMH 5, ZOHE, RICRIT-HEL Y, TIF1707
FENEKHE, 184FENTHEIENE, 1946FENHIEEHEL Y, HiEEMcREL 2E
DFPA VBB BB EL ARSI LT [44F (1913), FMEE (1987), FiE - b
(1987) 1,
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HHHMBTEIFHVGBREICHES L5, BPORBICER?H 25E8E, ZOMBOFHH
PR (WE) BEICERT2HAL»EZ LNEY, HE - BT - BEHUSRIC DWW T,
18724 (HAIAS4E) DIREME TLHEMF TREICHESKRE» o2 (&F, 1913) Z &%
EEERBLT, BENBATHSH LBEbNL,

(3) &K

H 0 HE Tl sz e TEE 2474 ) BEIE L, M2T7.00HE TIZ100%, 6.
5<M<69TLHTOBNMBEIREL L > T3 (TB, 1971), ZHZ ki, HENHRKEY
FHIZHLEEDH B THA A, 12121, TOMBOMEIZIHEMNERAERIINHRNZ LI L
2L0EBbNd (HM#EETIE, B 250kmDMEIIED THL W),

453 TOHETEELSD > LIKRED-72DIL, TablelF 7213fFETH» 5 £ 512, 1662
FEOMBNBET, BEDHIERBR T2LEHEIN TS, BEHIFEMICE - HETIZ
19684E4 A1 H NHBEICfEL - R BIED TR T, IMEEI D - 72, 1941FDHE T H HAImA]
BOBEHLH )M LT LBEESH - 72,

HEETIIERMEBIRET LI LRBLLLWEEZLNEDT, FEEICKE LEED
RETLIBNILNTHS I D, LICBRNIEEDRELEL ) TRERIEICHE EEZT
BARETHH 9,

4. B H Y (=

HE# TlI Bl D#50EM, BL £10~20EIC1BNDEITMT77 7 ANDKMENEEL, BE
CEo TP L) RELHEEVEL TS, T, ZOMBICRETIHETI—RICERNR
ERERNZEDLH D, HOHIBUZ R TEEZ L ) BEIKRE W,

ARz TEHmECR-HE) LT, HEEEULOEEND - HELZ F Lz, 1931
FELBEDHEBIZOWTIIEESAXEERL, KREBZKDZ, 72, ABRORIFEL L T3DN
ErREINTWEHEICDOWTIL, P, SENERIC L > THO TEBIRICOWTRETL, &
dWiBbnaEzRAL

HEEICRETAIMT 7 ANDMBEDNRERL LICOWTIT EHB L, HEERNLEHICE S,

(1) %L %4, BEBRBABOEBEOTBICHITVE, 2N &i3, ZOMBHKH
B, 74 )RV A7 ZTOIRITEBELEANDIRARARIC L > TS EEZ b
TWabZ e EFML TS,

(2) BEBICHEEEWEZHSDEE (BENRI) 13, BEBOE (BEO#EITH M)
ICRECHEINS, FCHNF - BB CREBEREBROERICE - CEESHLELY,
BEOEITH R TEE - iEIFKE L5,

FUIN H RERH S FEERICATC ICfE-> T, BENEREIC L 2REVIEEICKELS LS, —F

BEORA T, HEOHBEICL > T LV EL I THERICLDLZ XD D,

AT - BEHIS TlX, HMEDHENEE T HEETFOME L K NBA LR BE
HFEXTEIIC K E L BMERDH B,

(3) MTUEDHETIZI00%EEZ YL ) HKE S IIFRAIMBET, FICKE LEED
BAZ LI WwWeEEZLND,

BE#cIiIM77 7 2OMBIZE L (BETIREHBEBVAIZAIR) BELTWEY, 4% CE
KIEHFE - 7288k X e TN, 100E~2004E 8 X ICERMEHIRE L T\ 5 EilETR,
19114E I ERMBEI R - L EEKRELHEL & BEIR L 3R - 2 HEBEFRERANLZ R T 5,
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ZNFi3Table LIcIBIF 2 HMBEBNHKERRE 2 LD LDTH B, Lk, FHEE(1987), FiE-
b (1987), I8 (1971, 1985), #EHH (1983), KR EE, AFRTHEARLLICL -2, ZhEN
DEBICRIBEXHZ, (FEFR)NLHIZ, RLTH5,

ZZicizEE (1982) Ik AHMESBRILEOMERBITY, FOSFEIRNDEL) TH B,
(@ANEREE))
CEEMEIC B E L ARRENMUIMEE
D REHRIE - BB OEEL EAE L ARRED/IMEE
CEEOFE S I EENSERE
D FEE20 AL 213 &R EL00LL
D EE200ANLI L I3 BREIA UL,

[ [ 2] [l =]

1662 10 31 (&2 920), M=7%~7%, [4]

IR THERIE, EER8004, FESA, B (GRIEM) THOAIERKIE, HA TEZKI, 300
&, 510, FESA., kA (BiEsE) CHOAERN, BR278, HKIETHAOAEREN, H
NTHERL 213 (5 b246izdEHIcET), FE15, flucEinelumnsd .,

BEH Y, BIFFECKE)NTO) THEA104, 36,0005 EN 5, B EHIES (R
HIFEEEER) DIRETAF EIF7TE3SH] (#32kn) HIES, 500 KNME L Tl %5, (F
)

BENEHIRAENTOTS5m, KBEERE (BERER) T2~3m, t#ESINT
W5, (F1E1985)

1899 11 25 (BAIA32), M =7.1,
125 B VT 2 OoN0HE, (A) 038434, M=7.1, (B) : 036555, M=6.9, »'% -
VA
WENADKED 5> 2DIIEIREFEHEI T, EBH CRENKIE, WM TRE - LEOHIE
DB oz, KGHFTIIE 2 DMENFITEL, K TLE RENHKE D), &8
TR E2, RINE] - FrEEHT - KREFESKAIE] THBOMKIE L & D/IMEED D - 72,
HEDRIMEICRASIRIE32cn DK H L &y D28k L 72, (FEFE)

193111 2 (E@F16), M=7.1,

BEIZ, TEOEBNVERE (BE&-£ELK - £B%Y) TRE»-72,
BRERTIIEAET, &1, 11, EEEEI6E AL 72, FIFFE2 5E~200knic H
2N RNBREIH -2, (FEE)
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