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Fig. 9. Relation between damage rank and JMA magnitude M. Solid circles indicate the events

identifying the surface fault and JMA mag- accompanying surface faults of higher reliability marked with (H) in Table 2, and half solid circles
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Fig.9 Depth distribution of 50% (upper figure) and
90% (lower figure) depths of earthquakes in
Southwest Japan. Lines show active faults. The
=] 271 t :
BRI,  50% and 90% depths are the depths above which

D50%, D90Y% 50% and 90% earthquakes occur, respectively. The

EHITE value is calculated in every area of 0.2 degree in
latitude and longitude.
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10 Segmentation of MTL by the Headquarter of the Earthquake Research Promotion (2005) (upper figure),
focal depth distributions of earthquakes along MTL shown in the strip in the lower figure and 90% depth of
earthquakes in every Skm along the section (red dots in middle figure). An attempt of segmentation of MTL by
the depth change presented in the study is also indicated in the middle figure. Epicenter distribution of
carthquakes for the unified hypocenters of earthquakes by Japan Meteorological Agency (JMA) (lower figure).
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¥ 17 (a) i #ik it @434 (Tanaka

etal,2004). MEHKEER L P
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5 08 ¥ M 98, (d) D90 X M >
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et al., submitted). D90 % # 7 —
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ViHEA TS LD S &
BLUEMDI Y ¥ —TRT.

(a) Heat flow (Tanaka et al.,
2004), (b) D90 and Quaternary
volcanoes, (¢c) D90 and deep
low-frequency earthquakes and
(d) D90 and large earthquakes
(Omuralieva et al., submitted ).
Heat flow values and D90 are
shown by the color scale at the
top of each figure. Quaternary
volcanoes, deep low-frequency
earthquakes, and M > 6.5 earth-
quakes occurring since 1926 are
shown by triangles, crosses, and
red circles, respectively. Depths
to the upper surfaces of the Pa-
cific and Philippine Sea slabs
are shown by iso-depth contours
of broken and solid lines, respec-
tively, in (d).
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RET D LA ARTOME—, HFHMEE, 121, 128-160.
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2.3.2 (RFAREMICE T 2 EAEE 2 AU -G ok
2.4 IV
3.%¢%
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1.2 ke iFEICBE Y 21851 1.2.1 BEE OB & DE

R B EEhsE ICBE 9 5 BT

O Esh D fkEEIFME & BB OBIERRE & DERIC O UL TIE, BEANZA(1989), B - EH(1989), {EREIFA(1994) 74 &

DEHELRHY, BIBO—FHDHEDOFREAS ST 4 TILICHIE (=25 57 J5IVE) §235850MEBEE4ETEL /-
BN ERSA I NFEFTCHREINTETWS,

OB 21X, EBEIEH(1994) TlE, MEEIDILL EAYY ER - BMERR - BZ=EEBZ & L 7zJennings et al.(1968) IC & % IR
aER (LT, TlenningsBEHEIR] ) (ICHBIT 2B LAY L BEIROERAMGERERICOWT, MBRIL
HrEIRW, BIEEIEEREVIZ/NZXA—ZELTTFROLS ICB LTS,

LB EAYET,-T, ¢ (W/2)/r MEET T, @ L/NVr—(W/2)Vr
ZD5x2 T, W=L/2, Vr=0.728, logS =M-4.07 (SizrBmE#E) , B =3.7km/s (B IIHBBOSHKEE) ZIRE L,
b EHYET,-T, - 1005M-291 PEEERT.-T, : 1005M-243  p{AEBN\ T3,

W/2

b IRIESEE

Vr

v
L /
=

Vr

_____________________________________________________________________

Tc Td

L

Oznd>5uaEand s, EROEHAZHRTIE, THEAYEP - BMESIE HMERE] &, BERIFIE HEERE]
BV [EEEEH | LXETIERNHDZ 2BEFEZ, JenningsB SIGIR 0GR IICET 32 REBRXHEE
ARICBLWTIREINTWB Z L HD, BEOMEREIOERE - kEKAE1T9,

M - £HIES - /ESEZ, 1989, WERORECTERE®TER L -EEMZEERE, HABREFSEERHIXE, 403, pp.25-34.

B—5 - EiERx, 1989, MERFOTKBEHICET 5 —ELR, HABREFZ2ASFMHEERE, pp.773-774.

EBEE - JIEE - (EFREA, 1994, R7R—IEARZZBAVWREBMERTEFAICL 2 TENERKOHTE KU Z OMTIRRFE, HARE
FAEERWE, 461, ppl9-28

Jennings, P.C., Housner, G.W., and Tsai, N.C., 1968, Simulated earthquake motions, Earthquake Engineering Research Laboratory, Pasadena,
California, 1968.

)
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1.2 ke iFEICBE Y 21851 1.2.1 BEE OB & DE

MEEOHFGESREICET 3R —JEAG4601-1987 X U'KIE(1994)

(OJEAG4601-1987 R U KIE(1994) 1%, HiEZEB) DMk FikER & IRIBEIGIRDOBERICOWVWT, EALIFHEREA S+
DRBETHEREAZHEE T2 LEZ, HERBLOREBRAE L TTREZRELTWS,

Ea
(T/T)2 (0<T=T,) R
IRIE AR 1 feeeeeee : :
E(T)= < 1.0 (T,<T=T) :
In(0.1) (T-T)
e 0 (T, <T=Ty) : !
0.1 | rfmmm e T L
T, Th T, T,

Z T,
T,=(0.12-0.04x (M-7) x T, (5 EA%Y BT
T.=(0.50-0.04x (M-7))xTy  (GIb LAY 2B+ BE O RERRE)
T, =10031M-0.774 (B fEEm)

(OJEAG4601-1987 R UMK (1994) I & 2 HERIEMGE.9DIZE D#MIFHE L TRO LS ICFHHEEINS,

o 4 = : SRR D IRIE SRR DRRRAIEL (7))

)y
6.9 - 23.17 8.81 2.87 11.68 23.17

BABXHS, 1987, RF¥HREMMERG IS JEAGA601-1987.
KIGNEE, 1994, 7 - HEEBDX~RT FIVEETAF, BEHR.



1.2 fFe BRI B4 24857 1.2.1 BT ORERR & D LLER

MEBOMGRAICET 5ER —RREIEH(1999)

ORRRIZA(1999) 1%, BES

B & BB D BT & IRIB SHSERDBIRICDOWNT, BE
REKFL, BREMICEIHFVERFLAWVMERNRONTWVWS I EZEEZ,
mhRe LTTRZRELTWVS

HE AR & 2

(B, UbEAYIIOWTIEERINTLAL) |

RIE SHEHR

B0 oD ke s P | R ARAR 1

SMEIRIERE & D

EA
(T/T,)2 (0<T=T,)
RIS SRR 1
E(T)= ¢ 1.0 (T,<T=T,)
In(0.1) (T-T)
e T (T.<T=Ty)
0.1
2T,
T,—T,=100291M~1385 (GREER DREFERFE)
Td_Tc 100 170M +0.541logXeq—0.615

ORRRIZH(1999)Ic & HEMRIEMG.9, FMEFERHELIOkMDIGEOMEEREIZ TRD L S |(

CRE= B D kT )

)

Tc

ZEMIFA(1999) DAKFH D

CEtEENn D,

o 4 S EFlEIR EEED IRIESEROBEFNZENR (#)
HhE - \
IR B | SO | g ()
Xeq (km) T.-Ty Ty T, Ty
6.9 10 — 4.20 - 4.20% 16.76%*
X ABEMIFAN(1999) TET,ORARENTWE WD, RPDOT ROTOHMEIIT, A0ME L TLEH
(T-T,=4.20%, T,-T.=12.56#7h >5HE)
ZRMEEZ - BEE— - EEE - \RAE, 1999, &8 EICHIF2BARHFORFEDOY I = F 2 — F - HMEREBKEFE,
HAAREEFSRKSFMHEEHE, pp.179-180.
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1.2 ke iFEICBE Y 21851 1.2.1 BEE OB & DE

hES OMERRICET 2 RBRR  —{E#EIFH(2001)

OfEikIEH(2001) (£, HES)OMREGRHM & IRIBSIEIEOBMRICOVWT, MEREKE L BRERE 0RBRA L LT,
WELZATICLE->TELRDIAZREL THY, RESTRAMEORERMAOXIITRHROEEY TH B,

E) IRIBSEIRO X II BB DRBIFZIT, 208 & L TR,

EL T IIRIEA'1/10E B DM E EREINT WS 8,
, _ bl -In(0.1)/(T4-T) &K 3,
) (T/T,)2 (0<T=Ty) IR
x2S &R L !
E(T)= < 1.0 (T,<T=T,)

o BT (T.<T=Ty) : :

0.1 |-orfmmm oo T L,

Ta Tb Tc Td
22T,

log(T,~T,)=0.212M +0.161l0g(X) = 1.004 (LB EA'Y EB + 2R IR ik iEEhERE)
To=T,=(T,=T) %3 (IR HEHEAE )
log(T,—T,) =0.040M +0.319l0g(X) +0.306  CRZ=EB O fkHEHs)

OfEEEIEH(2001) 12 & 2 #EAIEMG6.9, EIREMIOkMOIZSOMERE I TROL D ICFHEI NS,

aa RIS 5] %% BRIERNZ ]
WIS o éﬂ%}%ﬂ%l’a‘i ﬁ%iﬁﬁfﬂgy) RIE SRR DERRIZE/ (W)
M X(k ! St
(km) (#) T.-T, T, T T,
6.9 10 12.25 3.17 1.05 4.22 12.25

X EBEIEH(2001) T, 2000 ERVEASMEN BT S TIIERRETH Y ERLRKE WD

. FHEEAUS

BEBERAVGED2RY TR Z1T-oTHY, LEOKEFAMEBZEELVWHEEOREZLEHL TL 5,
nE, FAMEEZETHETH>TH, M6.9-X10kmDIHE DsBE AL DMFLRFE D Z= X018 Bz % L,

EREEE - FRAERE - ARNS— « BAEZE, 2001, K-netl@EXHEAWIDREIGE AR bL EREFESHEOHTE R DIRET,
F26[AME T FMERERSEERE, pp.397-400,



1.2 k6 EMICRE 3 21857, 1.2.1 BT ORI & D&

EshOFGERFREICEET 25X —#EIFH(2003)
O#HEIZH(2003) 12, HEFHOMFERRE & IRBEBZROBEBRICONT,

HEMIER & BRI & @fﬁi%ﬁafﬁ £ LT,

%;947Exof£n5ﬁ%¢$75tt%:,ﬁﬁﬁ@%ﬂ%i#fb&v%¢®@gﬁ% i Y=10)
HEAEZITT L%iﬂzi\%%@LL\L%E L5t 2 iT-oTCH Y, Mhidixh oHEE L -tEEE(IC T%%l_%bﬂﬁsﬁ

D (NEMBRANHEICE T2 IEERLFEEEOR) ETiLnssl ThH D,

F) IRIBEASHR O I HEB DFIFZIT, 20 & L TR EH,

AREE

HHEXE - B - REHFE, 2003,
, pp.195-196.

% R BEVARHRICE D OB OMEIRE OMTIFIE L HERX, BERRES

SRR

E} bidT-TEDRBERICH L TR/ N TR ICTEH T 5 HE,
(T/Ty? (0<T=T)) IRIR S
IRIE S A&HR :
E(T)= < 1.0 (T,<T=T,)
e -b(T-T,) (‘|‘c <T= Td)
T, T,
Z 2T,
log(T,—T,)=0.162M +0.506log(X) —1.421 (32H _EAYY B + EEL O HkfehF )
T~ T,=T,=T)x3 (B R O ko RERS)
log(T,—T.)=0.092M +0.607l0g(X) —0.610 GBI EB D fkiFERERT)
O#AIEH(2003) IC & 2 HEHRIEMG.9, EREHIOkMDIZSEDOMERBIITROL S ICHEIN S,
e S EE'E (1)) H 7)Y
HhIE RS = E OE éﬁﬁﬂ#f’aﬂ ‘:’I‘QE BO)] IRIR SRR ORBFNZE ()
T-T, T, T, Tq
6.9 10 5.88 1.20 0.40 1.60 5.88
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1.2 fFe BRI B4 24857 1.2.1 BT ORERR & D LLER

MRS DMEFTATE ICBE Y HRERTL  — &k - B (2019)

OfkiE - [AI5(2019) 1%, @BrEsgRm (Vs700m/sA o) (126 1F 2 HES) O MR & IRIBS ISR DORIRIC
DWW, WEREEEREREOREBERE LT, HEXATICL->TEARZIAZIREL THY, JenningsB ai&
RIC L 2AREFRAEOREREONX (MEzAWR) IFTFTEDeBY TH 3,

(T/T)? (0<T=T,) 1

IRIE S A&AR 1
E(T)= < 1.0 (T,<T=T,)

In(0.1) (T-T)

e (T,<T=TY

RIE SHEHR

Z 2T,
log(T,) =0.25M +0.36log(X) — 2.18 (LB EAYY ER ki k)

log(T_—T,) =0.25M+0.36log(X) — 1.70 (€=

AR O ikt R )
log(T,—T,) =0.11M+0.59l0g(X) — 0.48 CRUEZ BB o Mk 5T s )
d c

OffcEE - @7 (2019) I & 2 HEMRKEMG6.9, ERERHIOkMDIZE OMBGRMIZ TEROL S IHESI NS,

wmem | mEEm | cepmp | SEDO | RESEROERNLL B)
¥ X (im) @) | BESEE)
T.T T, T, T,
6.9 10 10.63 2.43 0.80 3.23 10.63

RS - MIRE, 2019, MMERICH T 2HWEHORBROBRKFEET L, AEAMETI SR - K& - 2019%8%, pp.1-10.
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1.2 fFe BRI B4 24857 1.2.1 BT ORERR & D LLER

hEShD#EERFRIICES T 252X —Noda et al.(2002)
ONoda et al.(2002) 14, E#H A F TE 5N/ HEEREG (NEHRAHER EEIHEOERITE) |

DE, HEFHOMKGERE &IRIBEIEROBRICOVNT, HMERE - HMEIRERH E ORBEXEFIZRELTH U,
MR OR T T s Y TH B,
(ONoda et al.(2002) IC £ 2 #EHREM6.9, HMEREBH1I0kMmDIGEDOMGERHIT TEROL S ICFHESI NS,
Ea
(T/T)? (0<T=T) -
IR IR 1 el
E(T)= ¢ 1.0 (T,<T=T,) '
In0.1) >
s (T.<T=Ty)
0.1 .
-z T, Ty Te Tq

T, =1005M-2.93 (3B EA'Y BB IR
T —T,=1003M-10 (REER DT RF )
CRRE= 5B o k5 B )

T,— T, =100.17M+0540gXeq—06

(ONoda et al.(2002) (C & 2 #hEHRIEMG.9, HMEFEIERIOkmDISGAEDOMEIFEIT TEROL S ICHEI NS,
r pma EMER ‘ THEERD IRIEEEROBERFNZEL ()
RERR | Cmm | SRS geemm)
Xeq (km) i’ T.-Ty Ty T, Ty
6.9 10 28.03 11.75 3.31 15.06 28.03

Noda, S., K. Yashiro, K. Takahashi, M. Takemura, S. Ohno, M. Tohdo and T. Watanabe, 2002, Response spectra for design purpose of stiff

structures on rock sites, OECD-NEA workshop on the relation between seismological data and seismic engineering analysis, OCT.16-18, Istanbul.



1.2 k6 EMICRE 3 21857, 1.2.1 BT ORI & D&

HEsh OISR ICEE T 5 FF R 0rEE BB HEGEAFE D LL B

Q%it:ﬂ_—\ L7=%1R%#LtE&d 5 &, Noda et al.(2002) LIADBEFE DiRER T A &

o, EEHBICERIANSHEZ
HHDARE ITEE L 7cm e 0tk X, BEBTIONREERGIEEEZ NS,

(ONoda et al.(2002) IcE D K IRIESRF I HORBER L Y HiESHOBRGERFIPRH L H-oTUL 3,

W ERIEMG6.9 D5 S DIREFBOMERE I T 5 FHMR DL

2.43 4.20
#HHAIZA(2003)
1 120 8.81 11.75 (12.16) - EIB(2019)
REIZH(2001)
— ZRMIEA(1999)
—— JEAG - KiI&(1994)
Noda et al.(2002)
==== %% : Noda et al.(M6.95)

=
==)

il

Bz (7))

F) IRIBEERIEENE OBREBEOMBRKZ 20 e LTRRLTHEY, FMEDOEREE
DGR (F) 2 32 L 7= CRE=ESBILERER N OVEMERER % 10km TRIR)
P, HA(1990) % U Kanamori(1977) o B X H &N 2 M-MwBHREICE DTS,
Mw = 0.78M +1.08 &Y Mw=65D&Z%, M=06948---=%6.95 TH 5,
ZD71=%, M6.95% AH{EE L7-Noda et al.(2002) ICE S <G ESE L LT
RLTHEY, MITHRELHEDHEREE OEITRET COAMEBEL /NS,



1.2 k6 EMICRE 3 21857, 1.2.1 BT ORI & D&

Noda et al.(2002) o $i#:i¥ e D 5% 7E D R=F 1%

(ONoda et al.(2002) Ic 35 1 2 # R 0 =X 1,
IR L7=REMIEHN(1999) TR oN-BEDIESFMICKEETHIE5 2T HEEICAN-FRTHER
(FEg+ o IcfHYTER) L LTRESNATEY (TH) , #HEIFEAIPRDICTEmSIND
- EBEOITOT—2 Y MSEBEME (BROICM=Mw) 28A7RE L TRRINTEY,
ABEHIEAHE GRIEA K ZE VLEE TIZREBNICM > Mw) 123 L TIZtEGRRLRD ICFEHEE N D
Zehn, SEIOZEEGEIRY MLOBERME R OIRIBEIGIROFRTEICEWNTIL, oEEX &L T
BEEEFRL, RTNERBRALL->TWS,

— ¥y
(5) ——- FHLEERE
—_——— LIFTIMEIRIC & AR AL B
100.0 T ] 1 |
50.0 |- .
N /%
20.0

(t-ty)

10.0 =
= <,k
i - "
® - -t
# 2.0
S 1
ZREMIZA(1999) D _E%—'E % "
FH+ o0 w05 |
. " O 1968 £ +Bip b O 1995 FEER St E
0.2 x + 1983 FEHAREHIME A 1979 % Imperial Valley o %
. * (KW S RBESEE 95 G, VS BENES FmeRT)
ZRMEIZA(1999) D o1 b 1 11
B (F9) 3 a 5 6 7 8 ZREIEIH(1999) & W) k- —EpINE
M

REMFH(1999) (2 £ 2 saE B O MHTRRE & HIERREM & DBk K FE) ”
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1.2 frfec s (CBB 9 2 1RET 1.2.2 RERVRIGC 3R & DI

ﬂ’. E)Ja)ﬂi: VLHTFﬁﬂw*ﬁnjcbm L\%Eﬁ.l Unﬂﬁwuﬂ$ 14:
OBBRZRELIRET 2HEHD S H, [2EHBICEETNIHED | HYOEHATTFOBEFRMICOLT
WETT %,

Ol2lBTRLI-E B Y, HMESHOMGRREITERNICHERELER L OERLBERELGHSI 2 BF X,
TRICRIFHICTEHRARTHFZNET S,

W3R B D #E G A R DARET (T WL 2 8RR SR D UNER =4

B KR EANOT ST AT BRI 2 D, TR D RIS TAREMRAME DAL HEINET 5,
G, BAMRIE, HEROFRPUEFOZENSENLTVEEZONSKIK-netOHLHFETWRE L,
RIERIZICR o D ICEHBORZENE EN TV D EFITR <

RN DOUNES G
= Mw5 o><~6 sa)tm;,—z&llx%
PR -EBREEEEE L, ERIEEIOmUADEHFEINE

KEBERTTARIRENMEON TV IRFZNET 2 T & 2 RRICR/IEEZMWS.0 & RE
(EEHBICERINE [BREFELITRET 2HES] ICHT2RIBES THREIN TV IHEBEOR/NMRELR L)

28



1.2 frfec s (CBB 9 2 1RET 1.2.2 RERRIGC R & D LI

IREL-HEY X b
OMRE L 7R Y 2 b (BRIEH 10U A CHRAIESA I S N TV 2 NERNE) & BRHHE T,

No. (— :ﬁsﬁﬂ% S B gE | BE |20 M

1 2001] 3 [31] 6|9 NW GUNMA PREF 36.8210( 139.3750 | 4.73 | 5.0

2 |2002] 9 |16 10|10 EASTERN TOTTORI PREF 35.3700 | 133.7393 | 9.64 | 5.1 130° 135 140° 145°
3 |2004|11] 4] 8 |57 MID NIIGATA PREF 37.4303 | 138.9157 | 18.02 | 5.1 e

4 |2008] 6 |14 ] 9 |20 NORTHERN MIYAGI PREF | 38.8863 | 140.6730 | 6.50 | 5.5

5 |2008| 6 |16 |23 |14 SOUTHERN IWATE PREF 38.9972 | 140.8397 | 7.12 | 5.1

6 [2010| 7 | 4|4 |33 SOUTHERN IWATE PREF 39.0247 [ 140.9128 | 7.12 | 5.0

7 |2011] 3 |19] 8 [49|  NORTHERN IBARAKIPREF |36.7373|140.6045 | 4.95 | 5.1

8 [2011| 3 [19] 18|56  NORTHERN IBARAKI PREF  [36.7837 | 140.5715 | 537 | 5.8

9 [2011| 6 [30] 8 |16 CENTRAL NAGANO PREF 36.1885 | 137.9547 | 430 | 5.0

10 [2011| 7 | 5 [19|18| CENTRAL WAKAYAMA PREF  [33.9905 | 135.2342 | 7.33 | 5.0

11 [2011] 9 |21]22(30|  NORTHERN IBARAKIPREF  [36.7372| 1405772 8.64 | 5.1

12 [2011|11]21 (19|16 | SHIMANE HIROSHIMA BORDER |34.8717 | 132.8937 | 11.66 | 5.2

13 [2012| 1 |28 | 7 |43| EASTERN YAMANASHIPREF  [354892138.9770(18.16 | 5.2

14 [2012] 3 [10| 2 [25|  NORTHERN IBARAKIPREF  |36.7177]140.6125| 6.52 | 5.2

15 (2012 | 3 |14 |21 5 NEAR CHOSHI CITY 35.7477(140.9320 | 15.08 | 5.8

16 (2013 |12 (31|10 3 NORTHERN IBARAKI PREF  |36.6915 | 140.6287 | 6.63 | 5.0

17 [2014] 9 | 3 |16{24|  NORTHERN TOCHIGI PREF  |36.8737139.5225 | 7.14 | 5.0

18 (2016 | 4 |14 |21 | 26 NW KUMAMOTO PREF 32.7417130.8087 | 11.39 | 6.1 A

19 [2016] 4 [16]16] 2 NW KUMAMOTO PREF 32.6992 [ 130.7200 | 12.30 | 5.1 2 m

20 | 2016 12 |28 | 21 | 38 NORTHERN IBARAKI PREF | 36.7202 | 140.5742 | 10.84 | 5.9 o o 2
21 (2017 | 6 |25| 7 | 2 WESTERN NAGANO PREF | 35.8680 | 137.5865 | 6.66 | 5.2 |

22 (2017 8 | 2] 2|2 NORTHERN IBARAKI PREF | 36.8035 | 140.5352 | 8.65 | 5.1 ‘

23 [2017 12| 6 | 0 |13 CENTRAL NAGANO PREF 36.3772 | 137.9725 | 10.38 | 5.1 ha b e e

KERT — R IER[RTRUF-neth 51997518 ~202148F, BREI20knlL (RRTICL 21E) ZHH,



1.2 frfec iR (CBB 9 2 15T 1.2.2 RERAIGC R & DB

INEE L /-8R =

OWRE L7-8 R m B3R (ERIEEE10kmLIN THEHRR NHE
BHHEFEARE SN TWSER L) tERE ODT_L%E@TE?’E/T\
FHASA BE TRE VSiEE (m/s) | SillS hi-thE & EopEs
CHBH14 | $kF+ | 35.7342 | 140.8230 2330 No.15 : E25k25%#10.0kn
HRSHO6 | CA [34.9137(132.9123 1650 No.12 : 2B s EEH#5.0kn
No.7 : EskESHET.Okn
No.8 : EsE5HE1.3km
IBRH13 | &#k |36.7955 | 140.5750 3000 mgﬂéﬁgﬁggm
No.20 : 2 REEEES.4kn
No.22 : FERpEREE3. Tkm
No.11 : ZE s EE#5.6kn
IBRH14 | +F |36.6922 |140.5484 3200 mg%géﬁgﬁggm
No0.20 : ZE s E8#3.9kn
IWTH25 | —R37 | 39.0092 | 140.8638 1810 No.5 : EEEEgE2.5kn
IWTH26 | —B85 |38.9690 | 141.0013 680 No.6 : EsREEHE9.8kn
KMMH14| 285 |32.6345 | 130.7521 1540 No.19 : B sREEEE7.8kn
KMMH16| 264 |32.7967 | 130.8199 2700 No.18 : B sREEEE6. 2kn
MYGHO02 | "F |38.8587|140.6513 2205 No.4 : EsE5HE3.6kn
NGNH18 | BEM |35.9324 | 137.5950 1300 No.21 : EREERET.2km
NGNH31 | #F |36.1184 | 137.9389 1100 No.9 : EEZPEgE7.okn
NGNH32 | ## |36.2578|137.9898 1340 No.9 : EESREEHES.3km
NGNH33 | 43R |36.4598 | 137.9637 1100 No.23 : s EEEE9. 2kn
NIGHO1 | £ |37.4272|138.8876 — % No.3 : EsREEHE2.5kn
TCGHO7 | B Li7 | 36.8817 | 139.4534 1870 mgbéﬁ%&g;m
TTRHO7 | B34 |[35.3649 | 133.7486 2120 No.2 : EE5PEgE1.0kn
WKYHO1 | J&)Il | 33.9804 | 135.2122 1580 No.10 : FE g 2582, 3kn
YMNH14 | #5875 | 35.5115 | 138.9675 2280 No.13 : B s EEE2.6kn

XPSIREZEEL TLW L
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1.2 frfc s (CBB 9 21T 1.2.2 BRG] & DI

EEH IS0 F D H#kEEISR & Noda et al.(2002) (2 & < IRIF S IR IR D LLER

OURE L 7=23#E 2732 8k D IR E L R D iRiEa = E 24 L, Noda et al.(2002)(CE D Z [M6.9-XeqlOkm]
MORE LIRBESRIREERE VW ERE R, &8, FARESMOBBREABRBEOVs2600m/sz B * X,
WEEMIE DT ANNERENERERAY (Vs2200m/sl L) oBAIREHZMH LIERbSEL L TORY,
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Fig.6 Dextral faults (the Oita-Kumamoto Tectonic Line and the Median Tectonic Line) and the Hohi volcanic zone (solid dots) in Kyushu and Shikoku
Islands (Kamata 1992). Open arrows show the present subduction direction of the Philippine Sea plate (Seno 1977). Small solid arrows show the active

strike—slip faults. [HVZ, Hohi volcanic zone; KT, Kokura-Tagawa Fault zone: MTL. Median Tectonic Line.l

Kamata, H. and K. Kodama, 1999, Volcanic history and tectonics of the Southwest Japan Arc, The Island Arc, 8, 393-403.
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[FBE(2006) & V) k]

FRESHTOEOEOERFERS &, HBICHERERENILA
ICED > TRLBRDZENDD D, Tz, TEMA KT 2 & H
EEICEh > THERERBITRCAY, SSICEREBICAITTCE
WRL R D, PREBERMGED SIEFLEFEE L OCEEHREBIC
I THERERBIIERL ALY, BFEEEEUEOEBTIEBONEL
55,

[ cemm—— ]
5 10 15 20 25

[E&)1EH(2012) & ¥ #k#)

oAb ICNZ T, HERESEH, SEFEXEE TCohREE
BISH->TH, DIOAERWEELTFIRICHET S, & 2 TlERE
MEEFLT L IE< AL (K17a) oT, EZWLWDIODRRAITEE TIE

W, B17clTlE, REMEERMEE XN TRT A, IO PREBIER

ISia) %S, AFXNELET, FEERFMEORKLEFTIE
DI0AY WL & W) BBEAERIAATEND, 2 T/AY LR
EMEELNERME X, 1DEEE 7L — RO EREEDRE THRET
230, HI1I2EFEMEARD S L — MERTRETEZHDOTH Y,
EHLLHKNZDOREICEL-o-TWBEHEINTWLS (
Hasegawa and Yamamoto,1994; Obara, 2002) ., L7=»'-> <, D90
DERWEITIE, ZTOETIOEEL, > O RIEOEENH 5 &3
ESND, OB INMNITREN EF LDIOAEKL KB TH
AN, RREEHREDO L SIZ, KRB N TDION XL BD DI
BEICIFERTERL, TORICOWVWTIE, EOHRIBRTNKHET
H5,

¥ 17 (a) i #ik it @434 (Tanaka

etal., 2004). MuiEEKE % H
F—=A 4 —NmTxRY. (b) DO
LR Kl (e) D90 X iR
5 08 ¥ M 98, (d) D90 X M >
6.5 @ My 3 @ 4 Ai (Omuralieva
et al., submitted). D90 % # 7 —
A —WT, HWUKRKKILE=
fiy T, WKL EE x T,
M>6.5 DM % R HTRT.
KFEFEAITBLE714) ¥
VAT 7 LW O®RS M
BLUEMDI Y ¥ —TRT.

(a) Heat flow (Tanaka et al.,
2004), (b) D90 and Quaternary
volcanoes, (¢c) D90 and deep
low-frequency earthquakes and
(d) D90 and large earthquakes
(Omuralieva et al., submitted ).
Heat flow values and D90 are
shown by the color scale at the
top of each figure. Quaternary
volcanoes, deep low-frequency
earthquakes, and M > 6.5 earth-
quakes occurring since 1926 are
shown by triangles, crosses, and
red circles, respectively. Depths
to the upper surfaces of the Pa-
cific and Philippine Sea slabs
are shown by iso-depth contours
of broken and solid lines, respec-
tively, in (d).

E&)INEA(2012) & V) ki

R, 2006, HMERERBORI DB LEEMBO LI AV T -2 a v EOBERKR, FWRFEHXARMERDB, 49, 227-238.
RANEE - pEE— - RAES - ZHAS/L - MAXC - B - W2 - BEHEC, 2012, KAALHOMBOREEBE— HBREICREINT a1
RET D LA ARTOME—, HFHMEE, 121, 128-160.
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OOmuraIieva et a|(2012){'i, Emazsﬂ . 130" 132" 134" 136" 138" 140" 142" 144’ 146" 146" 130" 132" 134" 136" 138" 140" 142" 1414’ 146°
HORREEERVTERICDIOAZ L
ZeERL, ZRNZEREEIFASHD
®ZE) %R L TWBAEEMERDI0H R L
ST CREMERRMELREL TWE Z
i L 7=,

O |3 4w D =) E R E DRI AL
BELTHEY, BHRAZIIMEREEDE
Withigs ¢ %,

[Omuralieva et al.(2012) & ¥ $i#%] | D9O(km)

As described in Section 3, a belt-like area with shallow 2 4 6 8 10121416 18 20 22 24 26 2 4 6 8101214 16 1820 22 24 26
Dgolsuis aIS-O Seen_ along the MTLfrom west Shikoku to Fig. 4. Distribution of D90's.v9|canoe§.3ﬂd M=>6.5 earlhquakeg DQO'S'EI'E shown by the gig 10, Distribution of D90's and deep low-frequency earthquakes. Low-frequency
the Kii Peninsula in the forearc side of southwest Japan' color scale at the bottom. Regions with the number of events insufficient for the lower a5 rthquakes are shown by crosses. Others are the same as Fig 4.

" N threshold are shaded white. Active and Quaternary volcanoes are shown by triangles.
where no volcanoes are distributed. l\/loreover, heat flow Large open circles represent large earthquakes (M>6.5) that occurred in the period
H H H H H from 1926-2010. Depth to the upper surface of the subducting Pacific and Philippine
values in Flg 5are nOt hlgh there, which SUggeSt that a hlgh Sea plates is shown by contours. Depth to the subducting plates is from Baba et al. Omura”eva et a| (2012) J: U j:j/i‘;i:’$
geotherm is not the direct cause for the shallow D90 (2002), Nakajima and Hasegawa (2007), Hirose et al. (2008), Nakajima et al. (2009), :
and Kita et al. (2010).

[Omuralieva et al.(2012) & V) $#e]

Lithology might contribute to some extent to the locally shallow D90's along the MTL. The MTL is known as the boundary fault between the Cretaceous
Sambagawa metamorphic rocks and Ryoke granitic and metamorphic rocks (Miyashiro, 1961). This east-west trending tectonic line divides southwest Japan arc into
the Inner zone (back-arc) and Outer zone (fore-arc). Seismic reflection studies have revealed that the MTL dips gently northward at an angle of about 30-40° (lto
et al., 1996, 2009; Sato et al., 2005; Tsutsumi et al., 2007). Thus, the lithology on either side of the MTL is quite different, and the Sambagawa metamorphic rocks
distributed to the south of the MTL might cause the locally shallow D90's along its length. If we look in detail at the D90 distribution (Fig. 4), however, shallow D90's
are also distributed widely in the Osaka Plain of the Kinki region to the north of the MTL, where the Ryoke metamorphic rocks are distributed. This suggests that
the lithology of the Sambagawa metamorphic rocks is not the primary cause for the shallow D90's along the MTL, although it may play some role.

Fig. 10 shows the epicenter distribution of deep low-frequency earthquakes plotted on a map of D90 distribution. Both types of low-frequency earthquakes
mentioned above are plotted on the map. The frequency distributions of D90's for areas with and without deep low-frequency earthquakes are shown separately in
Fig. 8(b). These figures clearly show that low-frequency earthquakes occur in areas with shallow D90's.

Omuralieva, A.M., Hasegawa, A., Matsuzawa, T., Nakajima, J., Okada, T., 2012, Lateral variation of the cutoff depth of shallow earthquakes
beneath the Japan Islands and its implications for seismogenesis, Tectonophysics, 518-521, 93-105. 42
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(288 DSIERE B =3.5km/s 7 15
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iz (BERmD o BER T £ Th
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Geller, R., 1976, Scaling relations for earthquake source parameters and magnitudes, Bull. Seism. Soc. Am., 66, 1501-1523. 66
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2.3.2 (A FEBERTICE T 2 BURIRCHZ B U 7 ik e fE O AR &S

FRAREBICH T HBAEFROBETY —SHARKHEO—F

OFARBAICH T 2BARHREUO THERT 5L, HELXA THRELRY, £, BUDEETRELHETIEARL
LoD, FELERNY MILOMERBRENIGL, SRARERO PR TIEHRIBMIEWGATTRE LZHEL L T,
20145F3R1AR DR FHOME (BE7L— FRME, Mw6.3) OUT, [2014FFHME] ) »ETF N5,

<HM3FIRIOABEERA CRLICFARBAICH T HBRAMEO—BREFIIB>

M@t (MA, F-net) R #mET (MA, F-net)

= x RANIERE

R

$£HH =3 BERitg WEX47 M Mw '(km) (gal) £HH Bzl Elig WE447 M Mw (k) (gal)
1 [1976/4/12 |15:12 | E#%k@E 7L— bR 45] — 43| 45] A ||322005/9/4 [19:06 {FFs 7L—FR| 43] 4.2 54| 54| C
2 11979/7/13 |17:10 | ARy 7L —FrA| 6.0] 6.1 70| 1771 A || 33 [2006/2/1 12:15 | 53 7L—brA| 4.3] 4.2 46| 72| C
3 11982/10/25 |17:56 | K> BALER TL— bR 46] — 120 3.4| B || 34 |2006/5/28 |20:36 | ¥ 7L—rAR| 43] 43 80| 81| C
4 11982/12/10 | 9:32 | #x L ZL—rA| 49| - 50| b5.2| B || 35|2006/6/6 |23:28|FFi# ZL—bhA| 36/ 37 49| 115 C
5 11983/2/16 |21:12 |FF# FL— bR 41] - 48| 35| B ||362006/6/12 | 5:01| KAHE@EE| L —FA| 6.2] 6.4 145|341 C
6 |1983/4/17 |14:22 | KMAHE ZL—FR| 34| - 39| 2.3] B || 37]2006/8/23 | 0:07|FF# 7L—FA| 36| 3.6 54| 80| C
7 [1983/5/20 [18:36| BIEEEER JL—FrA| 49] - 50| 4.9| B || 38]2006/9/26 | 7:03|FF# 7L —FA] 53]53 70] 19.3] C
8 |1983/6/19 | 6:29 |{FF i ZL—FR| 49| - 73] 6.7] B || 39]2006/11/19 [13:29| &% K& |FL—FA| 4.2] 4.2 411 104] C
9 |1983/8/26 | 5:23| KD EILER ZL—FrA| 6.6] 65 116| 31.3| B || 40 [2007/4/26 | 9:03|&=F ZL—bFA| 53] 5.0 39] 4.0] C
10 |1984/10/3 | 6:28 |1 F# TL—FrA| 47| - 59| 49| B || 41[2009/1/25 | 2:33|{RF# TL—brA| 44 47 78] 9.0] C
11 [1985/5/13 |19:41 | 12 B MR 7L—FA| 6.0| 55 39| 22.6| B || 42 2009/3/28 [12:27|FF# ZL—FAR] 3.9] 4.0 83| 6.5 C
12 [1988/1/1 4:03 | BT Z7L— A 49] — 59| 19.9] B || 43]2010/4/17 | 5:34|E¥% TL— R 43] 44 43]1188] C
13 11988/3/3 5:28 | ¥ # FL— bR 44] - 60| 16.2| B || 44 [2011/6/29 [23:36|{FEF# ZL—brA| 3.8] 3.9 64| 5.6/ C
14 11988/7/29 |[18:59 | {#F i 7L—btA| 51| — 53| 16.0] B || 45 [2012/5/25 | 4:43[FF# 7L—FA| 4.0] 43 63| 41| C
15 1991/1/4 3:36 | R F# 7L—b+A| 53] — 58| 34.4] B || 46 2012/9/8 [10:41|FF# 7L—FR| 45] 45 50| 9.0] C
16 [1993/8/14 [10:29 | EEEREFEER 7L— bR 53] — 47] 13.1] B || 47 [2012/12/22 [15:15 | ¥ TL—FA| 45] 4.4 471 123] C
17 [1993/8/31 | 0:08 | ¥ # 7L—FrAR| 5.1 - 62| 14.0] B || 48 [2014/3/14 | 2:.07 |(R5# 7L—FA| 6.2] 6.3 78| 91.1| C
18 11999/11/15 | 9:30 | &#/kE 7L— bW 35| 3.6 441 58] C || 49 [2014/10/16 | 4:39| T ZL—rA| 4.0] 4.0 41 5.0| C
19 [2000/9/7 [14:51] B#%KkE ZL—FR| 43]41 45] 7.4] C || 50|2015/2/3 |14:07 |@m% ZL—brA| 3.9 4.0 44110.0| C
20 [2001/1/5 5:15 | 2= 7L— bW 4.0] 3.9 441 49| C || 51 [2015/7/3 4:55 | (A ¥ 7L—rA| 3.9 38 43| 8.0] C
21 12001/1/9 |13:37|FF# TL—FR] 47] 4.6 46| 17.3] C || 52 |2015/7/13 | 2:52| KHBEER| L — +A| 57| 5.5 58| 13.3| C
22 [2001/3/24 |15:27 | Z=#EFHE) /L — FN| 6.7] 6.8 46| 86.4] C || 53]2015/7/24 [17:53|@¥% 7L—FA| 46] 4.6 44| 46| C
23 12001/3/25 |19:19 | &= ZL—bFA| 45| 4.4 A7] 5.0 C || 54|2015/8/21 |16:54|8B#%k¥E |FL—+A| 43| 45 48| 6.0| C
24 12001/3/26 | 5:40|%&=; 7L—FA| 52|51 46| 11.0| C || 55|2016/2/12 |11:46|/@¥F NEEHRRA | 3.8] 3.8 15| 8.0| C
25 [2001/4/25 |23:40 | A 7L —FA| 58|57 39| 6.7] C || 56|2016/4/16 | 1:25|8eABEEA | NEEMZN| 7.3 7.1 12| 10.2| C
26 |2002/3/25 |22:58 | = TL—+rA| 47| 47 46| 15.4| C || 57 |2016/8/15 |13:37 |{EF#t TL—FrA| 43| 45 71 9.2] C
27 |2002/4/6 1:57 | iR B e TL— A 44] 44 42| 154| C || 58(2017/9/19 |18:33|2%#%/kE |7L—FrA| 42| 44 41 6.7 C
28 12002/10/13 |19:06 | Zi%kE 7L— bR 49] 48 43] 52] C ||59[2018/2/19 | 3:31|&%/k& |7 L—FA| 50]5.1 39| 134] C
29 12003/5/31 | 3:58 (¥ ZL—FR| 45] 43 65| 5.2] C || 60|2019/3/11 |15:37|@F 7L—FR| 46| 48 38| 9.1 C
30 |2004/4/20 |22:26 |{RF# TL—bA| 46] 4.4 48| 10.4| C || 61 |2020/3/9 428 8%kE |FL—FA| 47] 47 59| 12.6] C
31(2005/5/25 |20:31| &#%kE ZL—F+A| 46| 4.6 54| 249| C || 62 ]2021/2/23 |16:08|{RF i ZL—bA| 4.2] 42 53] 9.1] C
K BAMEEOMOT LT 7~y b (A~C) R E N BHOREMELRT, 70
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M12.2BTINE L= RBRIRIC S 1S 2 BB MR (10WI2E), Noda et al.(2002) 12 & 2 BB ORI (11.758) & Y HBEICEL
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BERT — X FRRT R OF-net

FERZ RIRAE HERIE " BREAD=ZXL
# |AB KB 9 B RE wE | FEGkm | M | Mw Em BE#HAE | IRYA
1999|1030 | 6 | 25|50.85| 133.5028 | 34.0468 13.12 46 | 45 |HIUCHINADA_SETONAIKAI| 77 | 346 | 87 | 75 |-165| -4
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# |AB KB 9 B RE wE | FEGkm | M | Mw Em BE#HAE | IRYA
2000 7 |23 | 1 |46|43.69|134.3352 | 33.8842 7.14 41 1 4.0 TOKUSHIMA_PREF 298 | 206 | 81 | 76 | 14 | 170
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SEERD

Mw4.0L4 kDR TEHAGHE A G (BRIEEE30kmAA) S h7-RENHRHSR (3/8)
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