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Crustal Movement and Seismic Faulting
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seismic fault, BEEWHE damages on civil engineering structures, E#E#E geophysical
exploration

Abstract

The Nojima seismic fault, appeared in the Awaji Island following the Hyogo-ken Nanbu Earthquake, it at-
tracted the interest of many researchers from immediately after the occurrence, since it showed a large displace-
ment crossing a farmland, road and a river embankment. Engineering geological surveyers and researchers ener-
getically investigated and studied the scale and moving mode of the surface seismic faulting and the relation be-
tween the surface deformation around the fault and various other kinds of damage.

In contrast to the Nojima seismic fault, a seismic surface faulting in the Kobe district was not clear except in
a part of the area. Although the presence of faulting particularly becomes of major interest as an expansion factor
of damage in the earthquake disaster belt; the remarkable damaged zone from Kobe to Ashiya and Nishinomiya;
the results of the surveying were confined to finding out the intermittent shear displacement in some places.
However, the results of deep ground prospecting showed that the extended part of known faults and the
unknown faults lay under the alluvium or dilluvium. The relations between the lying positions of these faults and
the damage on ground surface, ground ruptures and ground deformation, are so important to the engineering ge-
ologist.

The engineering geological investigation practiced after the earthquake about the crustal movement, the sur-
face seismic faulting and the ground deformation related to the faulting, was unprecedented in scale, and it was
the first case that various kinds of investigation methods were applied to the ground after the earthquake. There-
fore, this chapter was written from the standpoint that the results of the investigation should be left as a documen-
tary record as much as possible. These records would be expected to become valid material when later evaluation
on fault activities, or to estimate any damage during earthquake.
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Abstract

Many structures were damaged in the vicinity of the epicenter, including Kobe-city and Ashiya-city, and se-
vere damage occurred along an east-northeast trending narrow zone, so-called ‘‘the linear earthquake damage
zone.” Structure damage also extended sporadically farther to Itami-city , Takarazuka-city, Toyonaka-city and
Osaka-city where seismic motion with more than 5 of Richter scale was recorded. The damage grade becomes
smaller concentrically from the epicenter except the linear damage zone.

The occurrence of the narrow severe damage zone has been explained by several hypothesis, e.g. the possi-
ble movement of hidden active faults under sediment, geomorphologic effect, amplification of earthquake motion
in surface soft sediment, contrast of load-proof strength of structures between damaged and undamaged area,
deep geological structure, etc.

After the earthquake, deep geological investigations involving dynamic explorations have been performed
and seismic simulation has been carried out by several organizations, which revealed detailed geological struc-
tures and dynamic character of the basement. These results are going to lead a true cause of earthquake
damages.

This chapter first clarifies that earthquake damages caused by the geomorphologic and geological structure.
However detailed study on it has already been described in the interim report, so new data was straightened in
this paper. Secondly, we focus target structure of the basement and it’s particular physical properties from the in-
vestigation of geological and geomorphologic consideration and earthquake motion simulation. Finally relation-
ships between damages in the distant places and geological structure, geological distribution and geotechnical
characteristics were described.
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Hoa(=pVi/p:Vs) OBRERLE (Blizd, 1996a)
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KI -3-7@i3, BFHLROERELE L HEOH
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b, EEMICIROLSIKELDHONS,
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KT5,
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ZHEMES» (1995) 3, mBOWRIRL, AzEE,
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W - R EHOBENBEEREL O, BEIOHR
- ERGHOFERIZHIRIC k> TR 58, FOER
BUTFOLS>KEEDONB,
Ottt : HBRIERRE, PRBEIHEE R
BhREE) (B 5~30m),
BRI AT BN (B 5~20 m),

Qb gt « BERIN G L OhRBIRiE, N=308740
Dt (Ag, Tig) (K& 5~20m),
FIRIRIE N<5 Ottt (Ac, Asc) (B
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QOHE S : EFHEHLIEORRERERD DR
B, BB, BRE.
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350m/s C, FROKKERE b, TH¥ayrEig
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#EXh3,
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WiE, BWHTY - MRS b, BV 2 RITH R
BRECRRTSLDEEZLNS,

Dk, gzt sEFEOIHE» O OEEIREHERIC
DWTRN B, WICIHIERS BB eT Ve 5 27
LTERENT T 2T, BEEOBRIIERICHATE
LHlEZONS,

3.2 HiEEEhEM
3.2.1 WEHEH

By E1ERICOAT VY o VATHESE LT
BETHO /) —2 v VHBIENT, SEOMEIHE
WK ERBELREX R, /AU vy VHEDE—
AVEF e RTZF a— FiE M,=6.8C, SRIOHE
(M,=6.8~6.9) LBENEDLOLZV, LrL, BH
EN/RAIEEIFLTEOT I C, HMEOHE LD 245
PEEIEFBCAREZD T, TN 2PDOTHELTK
BNE o lobil Thb, SEOMEICBNT, KHEE
KU DWCHIEBEIEE LIV W ED L 57 DT
Bo D L WS EELFEIEIN T3, SEIDH
BT, 0K SERE ORI SWT, %<
DOREETE N N (TOKI, et al, 1995 ; Hi,
1995) T XIXEBEITNREZLDO—DT, WEEICLA
SRELHERBEYMPTH LT, ThLORERSED
AEBEELFE SR/ LT IZE R, LaL, B
= b BRI OBURMIICIY, FOHS TOREBE ¥ILE
THLERSD, SEELNHRERSTERIS VLV
THFOKIRSNTNT, EEOHAOMES +»EE
THICIERERP T EA,

WERMARICH TSN BHEFHHA L TOBHEFICE
72 BADLDORD D EELZONDH, ERMICIIER
ik, EREREN D L CHREGEOHY CEEY
ZR LR OREEFED 3 2BET 5Nh 5,
FNZNIE DWW TORRERFRS T NT, hESEE
DFEBBEZRSMCT A LIIRETH 5,

3.2.2 BEESY
(1) AR (directivity)

HEBHIEERE» SOBEBIC L » TRELTOHB, &
FUCITE BRI R & CEERAYE DRI ERIC X
5D LBEENS, SEIOMBOERFEIC OV,
BIEETE » & OIEEE X K FMBTH ORAINEE & OBIR
BAHU T x VZTERTE DO/ D EXRENITIE
EOBRL, S—BHELDTH-ToEnDd, L
L, WEEIIES L/ -BEMBOWERSA» GHIHS
N5, BENELS COMBEHORFICEELE
RCRABFEOEERRDII//n v, £, HEILL3
FTARD G BRICHBERICTETCH 570, TORMFHE

I XD HEHORHCRIBIIFAICE > TKELRE
VD, B W) OESTHEICE LD KEESIK
HEINBTEWRED, COXIICHRAIEEKFTLE
ST MR (directivity effect) > idh, AEER
DOHET, KB ThEBTH-> b0 TEI<—#
KROoNBD, 19060V VTS5V AaMBETIEC
DPBEBRE BN, V7V FVT ABBICR-> TR
#10km, BXAKE km KR SIEFCHEVIROKX
BERIEREN, '
I - 3-9 iCiEBREGOMBEILE, /LN
BEHOXKEMEEOR KM PHGA) O 457
(EJIRI, et al., 1996) %73, RICEOND LT, &
KINEEMEIZR CHIRHR TH - ThLT LLE U TRZ
<, BEEEUANOEELARE{IZTTDLEALNS
7, ST B OB OB M OMIIC S5 LTS8
HEOFHEAFOLDEDKENWT LITHALITH S,
I -3-103Inb05H T, EEME (MEBOE
SIHA0m R ETHEBOESA10m L E) EC#
RSN KACEINRE » SMERERE (X, 20
tk (EJIRL etal, 1996) &R L7bDT, AV
DEVIZEZEEBIRIPN TV, TITHWLRTY
LEMBRER S, BIERYEEOBEHENLOD
SEHRRIEERCEY L TCwS, RiZadhThns ey
FREIUERBHBRIIRKI - 3-9 OWRBH» LOFLOE
WIZ & - THEE (A, B) #5U06MTHWS, Hhb
BoAR LS, FhENDT Oy FOELDEDER
WEZNFERELZL, BBOEBIMICHY T 5K
DOIMEEDFTHAFICHDHEDOLD L D1LEEFL 5
KELTZ->T B,

PHGA< 25
x  25<PHGA< 80
o 80<PHGA<250
A 250<PHGA<400
O 400<PHGA (gal)

HI -3-9 BEBORAKFILREDS T
(EJIRI, et al., 1996)
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5000 T T T T T SW NE
PHGA i 20
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= " H 10
=
& e
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&} E ¥ N
E L r;gi —20
)§&A RO -3-11 s O—N)Lkxy FI—7OHBREMOK
10~ X HHLNIWBETILOME (i, 1995)
1 e RecordsinA ‘\
O Records in B W\
| }13582 ﬁttenuation inﬁ\ : N4SE NS3°E N233°E
--------- ttenuation in 1) ’ ’
i u oo 1
1 10 100 1000 oee2: DP9OT, o bees
SN
Xeq(km) ('\Q\\ K?(‘\&,k&\ .-
B -3-10 SERFERCSSBBHORAATRE | 0 TS e - '
EDE#EE (EJIRI, et al., 1996), S5 2 e e oo 5 . .
VIERE A O, e R A S VA few s
N Ezkt—ﬁ-*—(‘(;('\'\l N e v
e e e Ne oLy,
5 . TN N~ .
(2) EBBIEEROKHEE AT EAniialt L4
HWELRE S ECHBREROMBEROMAL, = 19.5km 13.5km 24.0km
DEDNICHRBEIN TN B5 K OB OB % 7 1.0m

Hidh ok CiBEL 0%, JHITNBHEICRIS

BN DBDING A—ahEz bhhil, BROCER
BRI AMBEHZERTCEL LW T LicHETH
Tn5b, BEABIIOHMEL L L TORBROER T E
THRTCAEEETH S, SEOMETLEHRERS
KOPBEIN T ER, KPR TEOER/ S
A—ZITIF A EEZT R,

BERIERES30°~100° D@ BHE A S ORI,
TV RVAOBRKMISERE P GE L EAE PHERLS
B) REERMD ) 4 X e x5 k5 b i2EREe
THELTL A7-0iC, HBHIREED B\ It B R mThe
LY, BROWERAEL N T 5 L C—o0Ff & s
2 TW5, FH (1995) @R 7/o— \bky FT—2
& HHIEET RS % B W TS ROMBOMB T 7 L O
w7070 4 OHMBERHOFED 5, BEOMKEEE
HBETIOBINETH - T, BEBBAFThFNES
BROA T =V b bir bHEE L TREST BN T
LRGN L, I - 3-11IC B h-BETFIL
DO E7RT,

—77, SEKIGUCHI et al. (1996) 3, EESRETT
BEl S - HEBEIRSE 4 O BHECRRD A VT
—VavefTol, JOL S REEIC T BRI
OHELEEAVEHA VT 7 —V s VT, 3610

I -3-12 A—hillxy FT—7DORBEZFHORD
ONIHBET L ORE (SEKIGUCHL, ef
al, 1996), RENI AU v FR7 b %R
P

Sw NE
\ \§§w&_
Q N
| |
% *
'56.1km

EI-3-13 MEEOFKEWA T r—2ashnbR
HHNIMIEBET LOWE (KAKEHI, o
al., 1996), L : EEHBESARBRE, B
WESE RS BEOE WS RS T,
T BEOEBEE, oV % — 3
#) %RT,



SERL 8 421078

. 25 - iR LS OBE

321

B B ELEROFATNEE T, TRYEBOFMKE
(BRI -3-12) 2 z0OBMNELBIFETEhTY
B, CORMTONDICALE L i 5 IEHREBOM BRI
LTCid, ABEROKRESMOELE L BFEHELHEOH
BRGC L ANTESPHOERNERE» b Th R
LT3,

() ERMEGEORHER

ERLick S, RAMEGRYAVWhE, BETO
MBTEERTREITCEA), HELEHENETSLD
THFEROLEEEORR TR, BUVUTOEREME
BOEREERT HLERS D, LROFECILBITE
BEOEMHEL > TW5, ChEERTL—2DFH
B & LTRTARY 54 ORAEIEES SO & &
A& LABEBRA VY 7 —Y s (PITARKA, et al.
1995) 2ER &b, TOMBBHFAOTEL, £0
BIRIRA CRAE Lo/ NEBORS RN 7 U — VEK

KMT (N40° E Component)

KBU (N-S Componcnl)

ELTRY, ThbzEwiorEheby (BEEH%E

75 IRIKURA (1986) OFEBEFR LIL>T%, T
OHET L BFIER, PMEBOEEOFICIIHERORE
BB PRI SDED YA MEESEENTWS
Fedic, KHBOEMERSE L OHBTIEIh bORES
HBEN, BAKHMBOBENSA-XLRTNBNELE
58, Thicit, BEAXYZ MIVKEABEBROM 2 EA
r— 7l %#ER LEREbifTbh s,

D XS FRBIC L o TFHS N/ REHNE & R
DOEIIFTY & OHELIT & 5 L&D Ot B OIS
DHEST, —ROMEEHOMKBEYEBTHLET
LATEELER TR O LEL2LNS, RI - 3-131k
BRI OTRERS O, BEEATO
R EEO& BB EFT LIERETLTEY,
E RN ERBORHBE SHBEA TR TR, T8
Bihfie LTWAI L hbh D, REBEOSWES

CHI (N-S Component)
10 T

10 . 0!
h=0Q.05

PSV (CM/SEC)
PSV (CM/SEC)

T 3 ~—— Synthetic 10! b
=<--~ Obxrved

T

h=0.03 he0.05

PSV (CM/SEC)

—— Synthetle 10 ! r —— Synthelic
.- Obseryd {§ ¢ Tem Obscaved

L 1"

-) ﬂ. 1

|
PERIOD (SEC)

KMT (N130° E Component) )

] 1
PERIOD (SEC)

KBU (E-W Comgonent)

-1 nI w b

. 1
PERIOD (SEC)

CHI (E-W Component)

ha0.05

PSV (CM/SEC)
PSV (CM/SEC)

10! [ ——  Synihetle
-=--- Observed

o h=0.08 Lo T

h=0.08

1

1

PSV (CM/SEC)

~—— Synthelle 1 10!
----- Obsecved

—— Syathellec
----- Obsesved .!

0 \ 10—
0! ! 10!

!
PERIOD (SEC)

10
PERIOD (SEC)

10 - . 1

|
PERIOD (SEC)

I -3-14 BROLEEREZRY ML (KAMAE and IRIKURA, 1996),
KMT : KA R AR R KR TR ERTE FRRE AR, J6i$34.382, HE135.354, HBmg b,
KBU : #iF K%, Jt#%34.725, H$%135.240, E8 F M xVA, CHI : KERFFTRRIEA, Jhig34.439, #E

135.659, EMFEHE L,

— 77—
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HITE H4is

HEFREINTVWEIDOTANY F 4 KRG LT
WA EALNDH, MEHOBEY S AV FickSE S
3BEDHOT ANY F 4 L ORIGIDOWTIL, OERE
HWEREBERZ L LBEHA VT 7 - 5 VORER LD
WKRIZ->TW5, ZOBSFL, MBEZEETWED
TEPE e W e 3 RPBD R & » THA /RSS2
BB,

COETIVEERIC, BRELEFATHRELL
M=451470 2 DOKBODE L EBH 7Y — /B
ELTERAEDLR DT ST IVERBOBEHBEHINT
W% (KAMAE and IRIKURA, 1995), &R 3h7-%
BRI NA S OREE TS L, MEED LEICE
LET, BRI CEOMEB LURET 4D
THERMB S —FELTWBR2T T, SLIERORE
EFTCHRAFHRENTVWRIOKRZS, COLHKR
HiRESMEON/I T 05, ZRABEERICOWTS
ZO—EKENPHFEINSR, ThodhHOELNELE
BANRTZ PVEERI - 3-4icRmEhTwa 15K, F
BEBVRIEL BV —HERETWS, LissT,
HFERDBLEL LTAERLAREINTHAEI 205,
KHEOWEBEI T OBIRIK TRt LIt KBEORE
FRAVWHEI LT, pRVOEETERLYS
BEOIIC oM EE 25,

KBU (N-S Component)
g,

I I e

1 §—A‘VW\ Pt

Synthetic

Observed

CM/SEC? CM/SEC?

Synthetic

QObserved

CM/SEC CM/SEC

Synthetic

Observed

[ 0 70 [}

. TE s

SBIOHE CIIREIOMBYT®REY — /PICIER
BEEREMI LA EBLNTW WD, ThbOig
OHRBENED LD CHo 2 FHRTHT LIIHET
FHCRDCTEELFRE TS5, BENOY — v &
T 57 U—BHO&RESE,» bRROFERIC & - TS
NS REY S BHAERORBEO—FAERI - 3-15
iZ, TZhOOEEIREANRY FUVERT - 3- 1610
L OBAF D EDTRT, TOETTKT (JR, ER)
& FKA (KERAT A, BE) REEUOV—VOI R
BOBMERICT LS DT, FKI (B ¥RK) &
ASY (BERHE/IER) 20V — VAW TEHE
SNAKBITE TS AREBOBE AT PV (AA,
1996) TH5, CNOHIFFEHIR L PAHELTEY,
BEVIOYV —vOBMBRh N5 L Ebh, £4507%
HBEELT BAVY—27R1~3HzfFEICH D, 30
kine BEDK &3 %o Tn5, BEVOHFEES
REDIGEANRY VRS &, BRAGEHE/MITEN
FEERZ- TRWenH, ¥—7BEERCNICHXT
DTMCEWD, CORERER CIIINEEERP
DINEL, 1/3~1/2 k72> THEY, TORESEED
C— 7 ERBREHORERFEE LFETOWTH SRR
BPHbH, SHLICEICE, 1780 VEREE LK/ —RY
v VMBI 1> 5 Tarzana 1K (A AOBEEVI OHIR

KBU (E-W Component)
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Uﬂ?
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1
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r U e sE)

B -3-15 SRRKIBAREOLE (KAMAE and IRIKURA, 1995),
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N-S Component
10 T T T T

3] 2
a 10
S
S
>tk ;
A —— TKT
——— FKA
------ FKI
—-— ASY
—--— TARZANA(EW)

0 Ll

10 7!

10
10 10
PERIOD (SEC)

MI -3-16 TEUDY—>AsLUEEOHAICHT

S EABR F 1 (IR O RS
ARTBFL (Af, 1996),

1

ICHN) OMBBAZEGIC LS A0 L HEOLDIR
NTWBES, £EOBHEMIO DD LITRELRE-T
B0, &I 1~03 Hz CiRINEHEET PR D NE L,
T O &SI EE R & ORI T X QEEM: AR
ahb,

3.2.3 {miIEREmRGFN
(1) #ESmENE

BSOS S NCHBREIE TR TOH AR L
HETWERTELET S, MOWE L OER CIIRSH
L, BHF LAY, BAWIEH LAY, S5k
OB ETFEHLIZVTH, INOOFRESL T/ EEOM
BEICKE{METLLEDNS, KRETIK LHEE
BEATT B — LS k> SR & OB RMAITIC
BT, WL THRESKFEHAICRET 5HEHH
SEEELTWS (NI -3-17), COL>hnhik
BRI LVWAEIC L > TLHLARINTHEH
(FFJlE#H, 1995), COWERBETH - cHBRITHE
Wi TS, RBOMBRE MY YR BEER
DEEFHRICLS LA DN, TNThOHREERIC
i 5 Z L IEAERECH S, SEDOHETIE, FE

.Mts. Hokusetsu
e, P2 ASY EERER
50' . ATL HFE-EHER
GSB HEMENE
7 IKM 23 kil
i = IT™ PR R
KOY  HENE
KRY {REER
40' MPJ BEFHE
MTL  hRigER
J NJM BR¥E
NNB  #5i®
OSW  KEREWE
' OTK  KBAWRE
304 = SUM  AENE
g Mt. lfongo SWY SHEhLER R
| , ,.eff{ N TTY BRI
- @,6\“@ Mts. Izumi Katsuragi U-B LET— R R
L4 écv‘ YOY  HEILERRE
36°20' N 15,:$5E::::fi;m
P - LI S *
i 1 LIS 1 | { | i [ 1
35E B c D E
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HI -3-17 ZEWE, &Rt - AFEH, BREW (TRT) REOHH, A: BEVIOSH ([KT), B: HRESIUAS
FEMEBEOSH, C: BY CHANTESENOWENEL M-/, D : BMES STHRIT, E: RERELL

BOBRR,

BF (Ond) 5 LTHARBLENREERT.
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HITE H4E

WE, FBEE, fEREORESEEIUERELR
bh RIS O EYHECHBERBREON,
CNOREBRSMCEBOEMEL O RS &, HEWE
BEETHS LiEZIC L, HEEBRPHTEEOR
HEICER T SRR SIERICE Y,

ERHRDIHEESERIC RS IR TH - o8, *
OFEEZZI)NEHLHETN EEOFIT LML T
B, LXKEBE»OESEN THABPHTLLEFRE
PELREON, ZOLBHIIS0F w#s /-, AR T
ZOMROBEIR LK E VS, ThLOFEDESL
TOAEAL, L CHEIEHRCEDS & WS EB#Es5
5o KEMA T, BIRE2RF RS OMBER & B
ERROLVWREDOBBERI NI EE Tk vwE, By
O—C AL IR  EO - B EE PR AT S,
A CRIHRCLABEIT LA b o7, LT
BHOTS, WHICH LT/ — FOUIVAR0RER
FICRERFEELZ, HETE LT 30, 8D
KEBRHSADENDHEOBERFE A 1 km f1ic i
> TROLN, EROE m T LB MEFR,ESh
Too SO ESEERI T CBOHEGOREBETS, BHT
¥, TOMOMETRBEEIN TR,

RAE T D B SRS 7 5 R T = 5
Roh, BFHEIHA0»0EREEZRTNECES
LR —EEROME Y — (fE 2~300 m TR XH
3km iR y) ICHESEF L, L L, BOBEH
B LD ARBICIZIT A EEER D - 7,

Wi Lz s b0, BEWOY—VRKERS LUFDORE
A TORRIL LI EEBEER T W EALN A 8EL, K
MR ORBIC CH EFT LT, MESHRIZHAL
TS T EB—DDEH Y L TET NS, BEDS
CHEBELLD S, HMNEELRAA THWAHICES
BMZHEV, ChODOEESFMERE T 5 —2OWHLHR
R LT, BB OSSP EROERHRBICERYT
LHEEDT +— AV VI C L AMBEREF L BT
&5 (PN, 1995 ; PITARKA, ef al, 1996 ;
SHIONO, et al., 1996 ; £41, FAR, 1995.)

(2) HTHEDORWIC X2 IR

WRBIHESRCRITL, BRCIEETSLE2
N, jEE OB 25D 5 BEE I TR B
T MVERELT, HEyEREO; BEHOWBID,
EE v D (1) BEOHBRCAST 58
BOH L

i1 =Mn—M;(A;—B)) N;

TEEN S (SHIONO, etal., 1996), =T, Mi=vy./v;

N BEROBRAEICEBELEMRY VT, (j+1)
FHOWERM, £, A=n;N;, B)= (M2 +A?)2
THD, Njit (j+1) FEOHBEZ AV TWBDT,
A RECEER B,

RI - 3-18id RETHRE 2850 5 )il B T 5
PE L SEORMEMBEEEROERICO>WT, P
Bl & 2 E R R BRI 7= b DTH 5, Wi
ICEEBHNONBEOMEBRBEN TV EWDOT, Sh
BUIRER LD HE 2TV, COMEDOEBEEHHE
CEARESMEERL, T TikBEs et () #HW
THREAD L DIHE Lz,

s(x) =z.+w, erf ((x—x)/wy), (x=x,),
*7,
| s(x) =z.—w, erf ((x;—x)/wy), (x<x),
CZ T,
%= (xp+21)/2, 2z,=(2z+2)/2,

we=(rr—2)/2, w,= (er—21)/2,

ext (n) = (2/47) So exp (—&2) dz

I - 3<1 I EFEIC A TR E 5 LI 5

CTOENZNOEBDOME=E R T, I - 3-19iCH XA

FN/-EE SH BOGRBER 2R TS, BAERED
W10 km 555 6 OMBROZKEE 2, ASE G
BEHED ST - 7 BWDOAS T HHEE) £40° LS4
ERLTVDS, BRESBHLTWSI LIS
VAD S BE R LT, BRBOBEMICEROE TS
V—UBEEh, $50K, TORMICRESOEITS
BHRBRARE LTV ERERERICHM 5, KREK
FHRERD 5 ¥ TOWFTHBLTWBH, AFxh
RAROBERY L2RELEKLONAL AN,
TR LNABERCRAIEE ¥ ¥ KR&OREE

LB E, DI VENCFHET AR S S 5, BT
BB RFENCAZ CEELTW5 & 5 e & OB g
FOHIBONEME L LTl Tz,

(b), (NITHEOH THEIC & B HR % 2D ERIICE,
72hOT, (ONIHMBICEET ZBEROMBEEES S T7iIC
Ko TRLADDTH B, —ERIFRCEEAID &AM
B4000EDERITOWT, HEDO FOMBICHET 2
PEIEL, BOR LRSS T 5EEOER S
HRENCR L2 DTH S, ROTROEREHAATS
BT TH S5, BBOT TR CEE PO
FRROND, i, FOEMTIIENEEIC DA -T
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BRI -3-18 AR ZHY)5 REMEBRRE GRIFNBIC K 5 P ¥ & S BORSEHBEEDORKEN D)
(NAKAGAWA, et al., 1996).,

(c)

Normalized Amplitude

(b} Ray Density

(a)

Depth

i

om

"l""ll"l"ﬂl"ﬂ}}l ‘lllilllllllllllllllilll 7odDTHY, FERSIC X SBBIEAOPHRIIEZR S

///%#7////////////////// ""]///////////////////// nTwiw, SEERE, ROFMOERREAKTERE

.

1000m

oo ®I -3-1 HTFEHETTLOEKME
10 MU PEOREE S¥KE BE HWEEREORES
mis m/s glem * Xy Zy X Zy
1 A 1650 400 15
, 1800m -200m  2600m  -90m
B 1850 670 18
04 1800m -600m  2600m -300m
C 2260 970 19
0.01 ] 1800m -1400m  2600m -600m
" D 3500 2000 2.3

FOREFEO T WHEESRLON S,

(Wi SO RE CEHT LS GHEICEE L
SH BEORBR HE LIcERET ¥, ERHAT—EDHR
fB%H - /o SH BAHRICTIR Lic EORBEEREL

)

y

2000m

Distance

3000m

STORBEEE LIoHRHETRLTWS, O)TRD

@«HI -3-19 HEBAHAHIYT SHENRAHLABED
(a) : BIRZEE, (b) : KIGWEE,

4000m (o) : ER{bEhi-iRlE

(SHIONO, et al., 1996),
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CEBFHEh, BBOREAUOEEMLET 2EER TR
VI0TAs Z EBFHRENS, 2222 L, COHE
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SV EERELTVS, BRICITI0Hz DETHLHEE
PETmDY, WTHEEOELMICHNRT, EBHTES
FENEL VDT, O TOHEMTE XiZEN T IRR
DLW EEZ BN S,

&I, R - 3- 200 AEOEFIIAS a0

B, BLUTI0EOHBEZEBICAK LABEOY
AV VITOHREHE LD THS (SHIONO
K. etal.,, 1996), @ICIHFTEICAVW/IHTEEDES LV
LR LTWS, WINSEBHOBRMAICEROEF TS
V—VidHI bbb, SE, PEDOYLLOES
LHE VENHE L, HBEIIEOBE Rk, HE
PEDLERET, bbbl VADLSICEITT 5,
L7cB-T, CORDITHTHELE T 51 Tz
T2 IR BBEC > TS BTHH D,
T5—_XVERRIN AR (MR BE0BE,
MApORRITICEROEFL R ON, BICWERER
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il e
i i
(i Al
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0 ll“““”“1000 20( ' 00 0. i 1000 2000 3000 40030
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et
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(1) 2)
HI-3-20 BfSK (1) LP ) OWER. AR :6=0° (b):6=—30" (c): 6=30",

BEEREEIL () 1ITR Y, (SHIONO, ef al., 1996),
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T, EOBVEBEDS S—X VT 2E3ELERE
Y, Py SEINBIEILED, TOFRETHEL
WHIEBBIOBIERTFHREINS, ChilEHEPEILHEE
—EHRBERDE K B O N D MBI T B s
=V, JOL S BRHRSEER NI T B RREE
BEV. SEOE K OWETIEERBAITICHE - THEPL
TWAHESICRZ B, LKHEREETH - /oKl
DEEVOY— i, BAREIORD L, TOTOE
BAEBAERCALAETCEMLTED, BETHS
BIREEDED TRV, TV -V, £ LTEEDOR
BBV OHDOBEOTIE D, H5VWIEEFIPL2RHL
CICEBT 32— Iy TOBE L > THREIN/ TR
BBV EHR/ROTOENETHEA D, BEV>0fTh
N ARHEMEREOERITI O LS T THES
BT 5,
(3) BEFHL T RES RN
FCEBRLIcE DT a—h v IR ED X DA
THEDICE  PEIETHTRECKE MKETH, O
& D RS AIREICUE T 57D EEOR =Y v/

FELHEHERESKEEH TH 5, BRKEaA b
S INLORBELBREL K OMETESHh, Ch
FETHRATH - I FTEESPZVOETHLMICZN
7o UL, KERHERZM L WS>EE T, £ofiiX
FIREESNTNC, ENCH FTESEEZHONCTS &
TAETIRICEE - Ty, &I TRERERORE
BUAMAI-ORENREOEE AW T TERER T+
To iR (NAKAGAWA K., ef al., 1996) L3ES
TR IC O W T OBRAE R TA LS,

BHNEE» M THRECHETLBERAEONSD, B
HERB WD, —~BRKEBERETAILIZTER
Ve L L, KECFEFMTOEFE=RD» L L ERD
FEERTRIERETH-> T, HLOHH, TOLER
EHERMEO HERE  TEOLVWERBYB I HE L
TWALHIL, &F & LU BEggEer Ve
BHTES, IhE CREEK L5 FTEERESCHEE
OFR—  TEEIR/I-OCiThh, EEEECET 5
ERBAEDBOLR TV, BEICEH L T3 EBE
OESBLUTERL O LEBEOFEE LENRYE (7

50’_N
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~
|
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135°E 157 207
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N

)R

257 30’

B -3-21 =RTEHBCL DM - ARAAOEBERES T (BALIE km),
A BEVIOHE B: by LYEENAE, I
R—0 V7ER, HERERE RS JUMERED T — X 2 FMIC LTy ) — L7 REHEH» HFHE

GEEiEp, 1996),
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BEEZTHesv e L, MTFOMBEEES L, HELN
LEBEBRHRTACT 3KRTOENA VT 7y —V s Vi
fTotee BONEBEOEES M A HETMICENRT
KI -3-2LIZ3d, WIhbd#EOKED - BRI
EREEREE T LHERB L 04 LB TCa/m LT
WHEDRRBL b b,
(4) HEBEBITOEEE VI V—Y gV

AE TNz LD K ABLH LB I RmEREYOA
BT, RBEK L OHBIC BT, »i)OVULT
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- 00

ISERTELILBHLLCE > Th, BF/S X
—ABROPIC IR T, LERO LS R T#
BRBCTHRERS LD LS5 IEE L TO L h RN
HTERTE, HEBHRETHEOBRANE S BN,

SN E DHENC & - THITEOZ LM OIS &1l ¢ &
%, PITARKA, ef al. (1996) JIEXRBIC T/ KE

FKI FXE
A A

Depth (km)

Vs=3. 20

2
(km)
KT -3-22 HWHX%ES NNE—SSW SE0H TS
EFLTE (PITARKA, et al., 1996)
HEFRE OEALT km/s,

Epicent. Distance(kin)

B -3-23 25RTEFECLZHEH L Ial—-a,
(RERE) DXy T3y b (AR, 1996),

I -3-2208 TFHEETLICHLTOESHEES N HES)

HWRREE, C2IBHE, BHLCOLEEHI D 2 RMICERINCRER L TH O LS > TELCEBESIELD
F o TARIEOHMBEF S I N, B T2 OOEESHE L TGREENNE %5,
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BHEEECMOREER L Ko bBEIOWHY A&
ROWMEOMTHEEFNVZRI - 3-220 L5 1%
EL, HBBDOYI 2 b—¥a VEfTol. FOEER
& LTREORH b 8km JLic Rk L= RBEE X,
BROWEHY 2 EOE Y 225K TOESE Lo
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Actual Circumstances and Geological Conditions of Ground Disasters

Key words : JXERFEHM#E the Hyogo-ken Nanbu Earthquake,
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i85 ground disaster,

Abstract

The ground disasters caused by the Hyogo-ken Nanbu Earthquake occurred in the areas stretching at the
foot of the Rokkou Mountains and emerged in various types. We have been collecting data on these disasters,
mainly investigating the relationship between some landslide occurrences and topographical-geological condi-

tions.

As a result of investigation, it is seen that several common conditions exist to these ground disasters accom-

panying the Earthquake.
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Groundwater Fluctuations caused by the Earthquake

Key words : # F/KD%E) groundwater fluctuations, 152 earthquake, HTFKOFRILEE monitoring

and management of groundwater, JKEEFSETE  water supply plan

Abstract

Data on various hydrological and geochemical fluctuations caused by the 1995 Hyogo-ken Nanbu Ear-
thquake were accumulated. We reported fluctuations of the relatively shallow groundwater at the Nuruyu area,
the Northern Awaji Islands, and those of the deeper one at the regional (about 300 km X 300 km) scales. Then,
we briefly reviewed the precursory geochemical changes in groundwater.

Groundwater gushed out soon after the earthquake at around the Nuruyu and Nojima-Tokiwa areas, which
are situated to the east of the Nojima fault, and then has dried up within the several months. There has been no
sign of the recovery of groundwater level in wells one year after the earthquake. The water springing out at the
hanging wall side along the Nojima fault seemed to be moved from the eastern mountainous area where ground-
water has dried up.

Groundwater in deep underground also fluctuated by the earthquake and their spatial distribution seemed to
be related to the distance and the direction from the epicenter of the earthquake. Temperature increase at several
hot springs has also been observed after the earthquake.

The investigation of the groundwater fluctuations is important not only for the prediction of earthquakes but
also for the engineering geological activities, such as planning water supply for the mountainous villages, monitor-
ing and solving groundwater pollution problems, and evaluating long-term stability of deep underground environ-
ments. We proposed several plans to monitor and manage data on groundwater fluctuations both in usual times
and at earthquakes. We also showed the recommended countermeasure for the fluctuations of hot springs, and
pointed out the importance to prepare water supply plans for the places where the drops of water levels have
been observed by the previous earthquakes.
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Technical Terms Related to Surface Ruptures and Active Faults

1. ¥ 2 » &

19954F 1 f DL EREMME OB IC Bl BAL B ic
HEMESEB Lic/icd, WENELEHBIZ OWTO
HEMEOPRED, BREAFEEL LTrOHRE - Pies
HEDOhOOH5B, LpL, HENBRENMBIIEES
CDOA2IZTHEBFINTHS LIZE 2720, BEST
TaTHBHE, EHEINLY, H5WEEGBRIKRE D
BINILTHL, HBHBLENE LWSSEDHS
MEBRIHRICAREL R TWARTIC, Z0EGAEEL
ACHGRIC LTS DERS 5, BEBHRIIRESR
LOERMGECTHELDOT, AELTHESE LTV
DB 5, MEWE - BEHEBHEROFELAEC OV
THBICRI L, BE2RARI, Gk, HEWE - 5
BB LTHELL, 2LOoERBIHEINTE
DO, XETHHIC S - LR LVWERDBEIATY
290, i, [#HiR BAROENRBE—HME L ER P
DRFRDBBEN D, FHHLThOORICE<EA
> TW5B,

2. WRHBBEUE

KRELHWEDL, HTOMBO—ROBELF 24T L
T, BEIIBRWICEEL T, BiBOAMOMmESE
KEWZFhEIK CLIREDVRET 5, WBORE X
- 7c TEBIEKB | (earthquake source fault) OiEEIH
HWERICETHEEL, BFsihtE Udbob MR
W8 (earthquake ruptures) T# 5, HFEiCE Uit

* THEEHBRETAEN Geological Survey of Japan
* R B AW WEAT Railway Technical Research
Institute

Hitoshi KOIDE* and Takashi SAKURAI**

B TH L L BHREICTRT D, MHhFEmENE |
LS, MHEBEE] & TBENB] 8, EAxh3
CEBBBHID, HRMBEIE WS EEEFES A
BRAE T2 > T 5B, B, AT TBHE] & -
WO RREL, THFRMBER SO EEMD Mk
REBLADOE LTAVWAI LTS, HBEOBEHD
RRICEDZREICA UicibEbh 3D, K%k, %
RIEICEBHD) 13 GR) HBHRBICEDEZ,

(HEEWIB | % RFBICER T 5 & earthquake fault i
It AN, FEFETILEr L A surface ruptures < surface
fault break 3 %\ it surface faulting 2 FHE I h5 - &
BE, HFRMEIN & pIRETEER & WO BRI S
DT, WEBILHESHENLTTERL, MBOZ Y-S
LHHENDIELLKES CRROY VTV ELT X
WEBO—8E T, 7V~ creep BRI &\ - T, Fl
DERPBTHTS L ThEE, BENVOICHE NS
£U3%),

R Tid, KBS - WHEN - wREBHETH O
[RENE] OEFVHHETEL L IR > T3,
Rz BTETHESNARENE L B ENBE S <
BARRICFELEVWSOD, ThFhof#EhEr &
NELDORNB DS, WFRMBHE L BENBIT4<L A
DIDEEZBADND, KELWEOERE (Si3gE
BHIAAR) i, BT HEFERA— VN EOBESIcH Y,
HWEIO LWL 2F04— MIVEEOBRTIT SRS
EBRECOTHRRBEICTEAVES L TWinWEEL
5h5, Lrl, EEOHEMENEIIRENEORLRE
ThY, ZOBRBLHELZLIRERLTWS EEbh
%, BRIOAEBRZNE, ThPhBEMBO—EY
RTwa0THY, ThooER%2BE L TERNED
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H3TE HB4F

EHEEPOLPCTAORSGELBRINAKELZRETDH
B

KeHBHRES E, BRI EX T MHEh]
(fissure, crack) DFEET 5, HWENIT, BWEBICLD
WEBERDOLCRE LAY, BBEICERShHTX
D RPWRILOBRTCLRET S, TOLDIBEHOK
B UTRE LohEhid, BENE & EEIC RS
TWOTER LAThiTR by, BuOhEEic ks

ROEh B BB ICED5E LT LB L0, HER

Rtk L7 BEETRB OB EEE) & 2 I BIE L /R
Kb AENBOAZBRBILED 5 NETH 5,
BEBOME~ORNTH 2 HENE L, FEEIT
TS X SBREHBENE . L THRICENSZ LI
TLAHTHY, BETROPMEN B nEN M
HOBD LB Y (pressure ridge) PHER (sag) 4
LB L, »OBRNTHENELE LTRAS I LES
W (R4 5 mole track & IRITH 5), HFEMEORK
B #EBEPEWLE, EEREhESELTY, LOH
(flexure) & LTHENB L b5, HEMBRTEL
7=h, HELEENMRET S ELDD, T, FfEL
E2OhAHENEN G DE TN LEIKB
(subsidiary fault) SBJRET S & dH 5, HBHES
COLOCREERREN 2T 501, BMOKERIER
BORIZOME - WEERICE S L IARKENS,
BEMBEHAORM#ES R L WS LEDNS, #EY
Rk L BER &r - LBEER OES) & AEOR DL
HiCERY AEh-e s SHiL, #EWBL L Hbh
B, &DHPuFROIER DEREMEOWE %R L TV
BOT, HENCELTEETH 5,
WENBOMTIL, BEIEHLHUTHLD, B
BOBRICLAZREBEINSESRELR TV, X
7o, BIBBARER L O Th, BRI X5
DFFBITIZ > TR EDND, WEEIC X V4Ll
LN LEBFR IS WEHAPD 5, HEBREBCER
S THTROBREL TSI S LIELIED 5,
ChHOMBICHES T E® B 31,
EFTE KRBT AEENERTH S, HEM ML
B3 RS EN SR, Ehosfm - BRE
HEIN I E N OB TR & OB CR A
BIEBTE D, HITRNVERBEDC X VRXERST
FICTRD, sEnidbs <D ERERT X O ICHEY
50T, WHCE L TEHhBOHFALThBET 5,
ChOOBREOERLE Ul kBN # B85 TH 3
HRLERDDH, L, KRBEEHIRDZETE, B
RSN OBRZFT CREST OB WI 8B

%, RENESEERRICHEN R EEIECH 5 S
LETEDMDHICIT, HENOBRBALGH/ A Z— /2t
T2 - WS - BT — & - WREEHE TR AR
L hidz oy, £07:aHicil, ExoftigEihosg
i - RE LUTRBOBEA OV ARE Y EEMICEH
L, ERIEETANERD S, & HotROER
- EEOBTRLEER TS, ThODORHMMNTERE:
EHARCERTER L LIc kY, BENZTZ -
=y 7 REBICAE D BEN TH B B OHIEBATAEIC
5,
BB OHRED B, HBERET SR,
TbLbLEENBOREEZHOIMCTAIETHS, £
D= DITITBRRNIE % R 2R MBHEOMEIN &
fhDEN % BRI KA AUNERD S, HEHEOK
KEwR DI, FRETEDBHITVTHAH oM
BB LD, $EEECOVERESLERTDD
HENOFEDOH KL LARERDOTHHH, MEOH
HEBOPICT 5D IEEE 2 ERICHIT 5 S
CHEETH S, BENBICEEET sEhe, BB
REBOBEL Ul kivibEn b e s HEE: [5b
LWiigElih | (G RmRIRE & IR AL, L Ui
BEROBA L RRC L0 - IR - MEROEMIZD
WCHHICEER T AR ETHD, ERZERELBNIT,
BB T AHRESEA L L ECRE T I LSBT
HBICe 5,

3. & W B

TEWTIE (active fault) i3, MEEOHEBICEDE
LEBL, BRAEHTLEBEEXNLINEBY, &
BiBEwD ] BRSNS, COEHRITEHKT, BFEE
EZ2FWH, BRTCI N ECHEEm LT\,
B, kLB THIEBEETINIEE] LD
CLIZH AR, FRHEET S L EHEET HHRAR,
Wi - ENTRIC L DRI S [BEOREBRNICE
DRUEE L) CEIBRTIEBEEIN TV B8,
COSEFMICOTTHAHEELRAL &S,

G851 it BB A2VWiIHBHEEE LA
flOERBTNEI C 2 THB, FIBOLDKC, AET
RE b FICThE (7 y—/EE) MEBH5S
7, BAOWE Y, MEEHOBIM ®RE, 7U—
TEREEFE LTOAEERMShTH i, BYEL
BELCE WS LiE, BVEBUMBEREI LA
BT 5, BEOBHIC L HBBORVE VBB LIEN
Bit, BEOHZHBBHBOLZED TH5, bbb
BATE, BEBAEE ST, BEICE Z ThEE
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WEEE LS XD RBVAETHE (WHYHHE T

) SAEDREL, BRLIBETHTRESEE

2l hiE s,

FAELEOE > T AABIEICHE LR bR
BD>Y, BEMBOEEOMERER E 2L,
WP ICEBOEM B LB OLAEE -1 IR L,
ZD XD IsEIENBRR UBHTC& DR LREET 5
(BB Ceitky, BHBLAECELLS5TEE
T (BEEME) Oo#EZIBEREINhE, Jhbo
BEMEIWFhSBEFOBENBICITIER- THELT
WHDT, REESH Y, EEBMEORERARECH
OOMWMBMBEIRLTWS LE2 WS, BAHENE
PR HETE D BIEN B & Rk A 3R BT E T
HHB, EOHEIMENEICE YRS,
KHE DEBARE SRV IO L, BRATAREL,
KERS, $HBERGZTNETNORKEEZRLEOT, |
HIFA—HATOMTIRE, IR S HREN B
BERNENOMBEL, =ZMHEOT S =ZF 2—F
(M) 6.8TH %5, VHDOMBHD 8 % THMTHjH
(M68p5HM73%T) THY, BRHEEORBMS
MOEAHETH S,

AUEBAEVELEHL, HRLIBHTHDOK
i, BB % 3 hE) TR ORI TIREES £ OMED
> TWRWT EARHRICI S, [RITOHERN] &,
HBOINBICTERBAELITIFRAL &L 2w 54 E
BRY 5Ll B, TARDOERE S Tk, HEits
[BREOHERNR] & L TWBEDT, RIT00FERE
DOENCED B LEES LI LB AEEREEE LT
YA My 7Ea3hTn5%, LhL, FHUTKET 5%
PHEA TR 5 &, FIETEHY & Zn AT TR OEH
RBHETEL, 5054 Lo B L AR BT
TULBEEHTAREESAH S LT 2RI ERBD
o T &, ZDOIDEUTEI T b LRIT0FE
BE, b5 IH1L2HERTORKEKIALBCEE %
BOR U ZEHONBOARENB LT3 L Ok
DD20H 5,

BMIRBOThORPLEAEEMEILOTESL BHXNE
FfEEEL WD, KBTI RS, BEE - BR - 8%
B YO - WEFNEH TH 55, hFRHENE
TRERZEODANTHOHEZ S, BRENR (T) Obb
LEBENMERIT L > THBORKEME (D) %
Hohb e, FHEMEE (long-term slip rate) 2
S=D/TT X DHEBEN D, EHEMEEIIEE IV A
— MV/ETERT (A—tFV/FHEELTARLECE
3)e BEOEMBILERIA H»T, MRMIC/E

WGBS 530 THDDOT, BEEBHORDE LOME
EFMRE (recurrence interval) & FE3, FERREIFE
WERERETLDD, FHENEE LV LAEET
BBH, FHEMEEDOFTHBRDPLTWOT, BIEOHE
BETFHEMERETET, Ly L, BEEERERAT
B<OT, BEOEEOHS LRSI LICERALE
TH5b,

EEL, EBEICID ALK BE, CRDO3ISV
IG5, ARIEEEE, 13U XA—FV/EHED
EHEMRE ZFOXTELEWE T, HATL0AERE
RoubonTesd, BREMEEL, 130 A—bV/4E
Ri»20.13 Y A— MU/ FELU EOFHEMEE L FD
¥EC, [BADEEE PICH800AL b - &4 E
BINTW5, CREIENBIZ, 0.13 1) A— MV/ERHE
DFHECEE 2 FHOMET, BREHBLYESITS
NTWBEIEAWS, ChiZBEAOEERNLEBARE
LD IHABEMEESDI WD, BEMBTE SR
DENDHEELZDBND, LichoT, CRIEHBIIR
HEINTWIWHDOBERB S & Bbh b,

BEBEROTLE—DFESL VI TH D, 22F
BEHOEGHICLYD, OB LERDFEL AR
L5CLHPTE, LD EELORL LD REWEECH
BTELLIOEE-TC, HHOBHBBEREINB LS
ICir-7c, [BRDEMBE P TIIERBTH 5 LA
ExdOk, BEEIT L L, BEIRCIVBEEEL I
ESVIHTE LTS, HRTEL SIXSREOERY
ICEDN TEBICHERS > CAHFRCITINRLEERS
BN wOT, EEEE RO E#Y, BROREHIIHE
FFBFICH 50T, HEHK ECO L D> HRENBHA
B TH S, Lh L, WEFEEORFEC LY, H#
HFER LB EOBORENEL OB B,

EMBORGE Y ERBNCHOMICT B-DICiE, R—
UV IHRER PV EERESRAR CH B, HED
FTEENMBOBEBREH LM 570, MERER
FIT LY FUUFREIEESRFRIICED SN TV B,
FUUFRECEEMESICLY, MBORKIEEEN
B LR, PERERERBARELOYS L, EH
BhoOMBREREFEREEZRTERYRBRBLNS,
MATSUDA (1977)9%, t/R #0.5L OB [

EMfE | (precaution fault) & L7=,

FUVFREIC X ABOEBREFREIC LY, B
B oOMBREDATHRELIBBEIN>DH 5, L
HL, HEREOHROITSD & DHBRAEENHED
BEICLYD, BEEEREC L AHERETRCIIREE
DEREVD D, R, t/R BB LU ER > TWARE
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362 B B B K 3% HiEB
#£-1 ZENEHEEZERS GICHRMENE EHa0EE, AR
BAZ(I R ()
No| Hi B ¥ A B M B A iR
GEEIE) (km) ERES | SRERS
1 |BE 1891.10.28 8.0 | REMBEIER 80 % 8.0 e 4.0
(A)
2 | P 1896. 8.31 7.2 | FE - MM 40 07 ® 3.0
(B)
3 | e 1927. 3. 7 7.3 | BHEER >20 ik 2.6 wHo1.2
(B~C)
4 | tE=R 1930.11.26 7.3 | LFEHER 30 i 3.5 B 2.4
(A)
5 | BE 1943. 9.10 7.2 | ER - SREE 12 ﬁ 1.5 B 0.8
(c)
6 | =™ 1945. 1.13 6.8 | RBWIER 20 Ak1.3 B 2.0
(C)
7 | RREEH 1974. 5. 9 6.9 | GEBGHE >5.5 A 05 | 0.3
(B)
8 | FR¥BiRE 1978. 1.14 7.0 | FEERKIELLIEE >4 AH 1.2 A 0.4
(c)
9 | REI2mAB 1995. 1.17 7.2 | deiHhBEARER >10.5 |X& 2.1 B 1.4
(A)

BB B 5, COREXPILTHILHBEEERED
HRAEEZED L/ DIHETH 5,

BRTENBROBE, W O»OKH (/A V1
EED) KEMNT, HAMIEBOLT AV MdH
BOTHERLYEI LAY, DARIEROTT AV R
—HCHTRERHBEESRES 5 WO HEMLED Y
T5, BRIEROFCT, MEREORM LB T AV
FPEBSTBIE (BTA VTV VEELED) B
FEZFBRICZ-> T b,

5, BEHEO &>, HEOBMEI—HICE
TEAGHBETEITILdH 5, BHOENRBRS—
BB LI VB LD ZRAOHBLME T &
(ZTV—EV7HEBEVD) i, R ERCEETH S,
—DDKHEF#RITLBHIMBEHE—DOOHBER

ELTELLILBTEAS,

BE (1990)194%, 5km LAPSICEE T 2 HEETEII—
BB TR ERMBYRET HAREESES S & LTE
WMBRE V-840 L, ZO5HLEHORENI0
km Ll Rz 2EMBO SNV —T% [REEE] (seis-
mogenic fault) & L7z, BEFBO2BOREIN L,
FORBHBOREITRAMEXHET S, 61T,
20km U EORX#HOBENEYIERENE L L,
SETAROEREOTERENE27TE, BROEDH
EOTERBMBTIAZ YA LT vy 7 LTWAD,

TR T TEEE] ofRbDIC, SBERICER L
RO S BB R ER T S TEECEE ] (Quaterna-
ry fault) 2 WO BEBELTAWA I BB B, [TERIE] O
FH T [FEOHERNR] ORIBRDLITWiEL
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B, [EEREE ] CTiIH2005E L RD 5N TW5,
UL, FEMTERRE] 1213, BEH2005EMic—m|
CTHEBH LB IXTEEThA0T, [EHE] &
DR VEVEROWERZ AL T LItk b, £DkD,
RROMAERZER L C, THAL A/ SV TIERER
TAHABNOSHWE R [BEEELENENE] &35,
EFHRHROMBRD Cik, BEFRHBEREIHED
BWENE,» O RETITHREOSIHED S D, Bt
52 BHEDb > L bAE HEL R ARKILE,
1% L % R CIENTE R A 10 255 < B
& M=650E TEMED > bEMICE 2 5 HEBDL »
EAREVHELHITERAWEB WD, REELETF
DRI, BEHARBHBICHLS & L, BHAR
RHBICH L CARLBREE LDV GO ity |
EROCEBAERINTWS, REARGRHMEYRES
5 LEEINSEEA S1 HuUEE, RHERAMEY
FRETH EHBFINLEBA S2 H4EE LIE51®), B
BENCiE, ARIEEIECH - C, 1 FERLIREICEE) L
7od D, TRBBEERME 1 FERBO SO S1H
LT, Thllsts S2 18488 45, £/, BCR
EHECo - T, 5 HERMMUBICER Lcbo, kit
WERRHERS FERBKOLOY S2HUMBL L, *
NEAHIEEWE L LTEB LRV, %, Bi@Re
HREIIC L) BB SEECRDONE LD
SLAEYMB: Ehb, ARBEENBOBERERIL 1 54
KL EZLNLDT, JORMECESFHIRERE LS~
TO A RIEEES S1 HUMBIREEShL I LTS
Do

BTk, EFHERF LUSAOREDOm RRET
KAEHBEERT LI LD 22559, flzid,
B OBBAIMTRIC I~2 ERET SHREET 5
B (L1 EE) o8 L CE S BELL
WZk, BIUBMISHF CRETIAREL V11§
FERLE TEHRIC L 2EBEHO & 5 AR+
RETHHERITEC DA LHBELRFOWES (L)
2 HREY) WX LT, BEWNBE L COEE S
YCRRRICEREFRELEE, FhiAOBEy CLE
EYLERPEBE LTV E2EAE LTWS, OV
OV 2HIBEICOWT, AEFBENEEEEL, BEEK
BOREEEDBRBENICOWCHEFET 5 & & B8 A%EsEn
LIEEXIh TIN5,

BB TH2 0 ES»OHEICIE, RFI0FERE
DAMICTERR & M /- T B\ R D 2ET A1) b ik ic
£h, THHOF—FIL, FLAFHEL LUMENS

BA— VDRI A—FVEHRATHEONS, ZOX
B, WEOME - WEHREC b U FRAEREREHE
DEREFERIZT > T B, FRHD & HHBR2E N
EFRMHRAPATHHER &> Thbh T2 T35
L, BB THEAIPBIOHEIREICRS, BBRY
BOBMRPMEPIPELH T VX - BT LY, BEOD
EEME T 57 OOWAEFERE DL INTVWSEH,
7 - HBELHCER T & S IEHBHERIRLHERE S
TWel, BRTlE, FERONBLEENIE»&2HE
BRI, MEBZOLOEKEOLISCITERGS, HBER
FELTWRWO ORI EBH LW ik 2%y, L
oo T, BEBEARMRY ST ISE’IT LIRE
TAHIENTERZY, LEL, BHEIBECREEH
THIEMBMIE OREMTH D, ROBENELFE Y
55D THAHID, TORENEETDH 5, HBERBICD
WTIRKER - RAROFTHFHE L, &L OWFRERH
BIhTn5,
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