A& EBE# Humans and Nature, No.9, 33—56, December 1998

’ EL“\

Lglall:l

RERMEHREZSIEE LICHEWEBOFEME
e AR A SR I A

Characteristics of the Nojima Fault, A Major Surface Rupture Associated
with the 1995 Hyogoken—Nanbu Earthquake, in the Northern Part of
Awaji Island, Western Japan

Atsumasa Oxapa'’ , Keiji Takemura® and Shigehiro Karou?’

Abstract

The Rokko Mts. and Awaji Island have been formed under an east-west compressive
stress field accompanied by the right-lateral and vertical components of faulting along the
Rokko—-Awaji fault system. At the 1995 Hyogoken—-Nanbu Earthquake, the Nojima earthquake
fault appeared almost along the pre—existing Nojima fault within this fault system, which was
previously known to be active. Many precise surveys have been performed after this earthquake
to describe the various features of the earthquake fault, such as the detailed locality and
behaviour of faulting, amount of displacement, and other geomorphic and geologic characteristics.
In addition, the following subjects are discussed based on these features: the segmentation of
the faulting, its total length, mode and amount of displacement at both ends, and the
relationship between the Nojima fault and the other faults on the east side of the island.

From the measurement of three dimensional crustal deformation around the earthquake
fault using air-photographs, it was revealed that the island in the northwestern side of the fault
moved eastward up to 1.7m and dislocated vertically from —1.2m to +1.7m, whereas the
southeastern side was displaced southward up to 2.5m and uplifted up to 1.7m. These acute
crustal movements are not parallel to the fault trace. The three dimensional crustal deformations
were at least in the order of 1m, even in sites more than 1 km apart from the fault trace.

Many kinds of surveys also revealed the characteristics of the Nojima fault including the
fault topography, recurrence time of faulting, total displacements, and the subsurface geology.
Especially, seismic reflection surveys and three deep—core drillings across the fault clarified the
subsurface structure around the fault, and the characteristics and inclination of its shattered
zones. The Nojima fault accompanied with a present fault scarp higher than 250m had started
remarkable vertical displacement after the deposition of the Osaka Group. It has repeatedly
moved at a recurrence interval of ca. 2,000 years during the Late Quaternary. Total right-lateral
displacement attains at least 300m, being almost equal to or less than its total vertical dislocation.
The studies on the fault planes and shattered zones revealed dips of the planes, mode of
faulting, and the relationship between the amount of displacement and the width and structure
of the shattered zones. Furthermore, detailed observation and analysis of the drilling cores now

in progress indicate the structure and dip of the fault at relatively deeper levels, as well as the
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characteristics of shattered rocks accompanying the fault.

From the ample evidence mentioned above, the Nojima fault is considered to be different

in faulting history between the parts north and south of Hikinoura Village in Hokudan Town.

Right-lateral faulting and east—side uplifting have continued until now in the northern part. In

contrast, in the southern part of the fault, the bifurcated fault corresponding to the geologic

boundary between the granitic rocks and the Osaka group has acted as an active fault, although

its activity is weak at present. Along the Nojima earthquake fault, a wide flexure zone had

been formed along the Mizukoshi flexure, but it changed into an active fault with a predominantly

right-lateral component probably during the Late Quaternary.

Key words: the 1995 Hyogoken—-Nanbu Earthquake, Nojima earthquake fault, Nojima fault,

displacement, subsurface structure, faulting history
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RUKOFE» bIT 7 abicfd - THEILHRICHikd %
BIRE 7 HREHTE (K 7 )1%, A TRPE 7 [ ) & 2 28
2TV, ZOMENER, HETIRIERE & KWRER
RS AIMEBERL L COHRBKIEICH> THE L
(FEEA, 1995 ; ¥)111Z Ay, 1995 ; EHIZ A, 1995,
1996 5 BEid s, 199670 ). ZOWiEL AT HhTH
D, FRANICEEM O FRT S FTEMBSE D
DN, BAEIEKF - ETFEME LBV WV20ecmiEE
Th5.

3.2 BEWEOEEX(S/ AL MRFJERS

HEE IR KR RV g ERRICERE LTnw 3
A, N B2 LT RicE s Lz, BfiE
IZERDOS RO BRI T3 (K4a,b). BFEH
RS R SHERmOEHX (£ 7 4 v MG Fbhb
2, TORGIFMIGEEIC Lo TRRS. FEIEA(1995) ,
P - #H (19958, b) T 5 K4, #)1E A (1995) T
6 X, MiEA(1995a,b) TR 2K & LTS, %
rmonbw s AV ORIIE, B2 FITLEETE LTH
BH, BEFEETE LTHA.

FREE 2 (1995), HHH « FEH(1995a, b)ik, &7
AV MEZRBVWTOEMEITFRIFTRE S K/ h
C(K4a), DD+t 7 AV bESITHBELFICH D
NI AN AEHIET A D, MiEOREERELFRL
TWa &R L.

3> (1996) 1%, LI —FFk — BRI OHGERTE &

A LA

iy A . ;o Ce 0 g
oo, %{/, . . .
o 7 \ .
X N L
& 7 2 : S -
X AN\
2 -
57 S A =)
TR
QL |

1y

7 ALERETAUAHL X O HER K E
of ENE A (1995) 12 3CF & 43 IR O m it 5 2 2B .

Bl b e o A £ S tERE (M EE A 2 723
il WrE) 20t T [HF BHEKE ] &L,
BA—/NAE—FAENEOCDWEE [/NEHENE ] &L
THIEENIE A 2 Dichrd, &tk [JLRmENTE R &
LTW3(Z5 LIcHEKBOZFRII KT OmS & R
HOTAR TR L) 2, B SEEH 2SI OM 5
LTV, ZOES TR ER A HECHALNE -
TWB e, FKEMESMEIC X EMVESEMBEDS
AMBRBH, FRHICEDSWI T A Y FOHIK L
TXY, 242 1DO0 AV bE LTHWA.

B T S S A PR R O FBIC DWW T, R
NREL 25END. %< OPFEE ARG R E
TERDTED, oS E Ik Z 2 &0
TEZEIRTWA. L2 L, g2 (1995a,b) 0k « F
HI(1996) v%, KBRS ERMBIZH > T ATH
PO MBEREARNI L LTWS., L LAarnd, &
5 LIz EECOLEMREIZE VB WEcmEE TH 1 b I
B THH, LrbHEibozhEFENE TS RHENLRE
MIZRD BN TWARVWDT, X LERBICHES K
W7 BRTH B AJEEMESE L.

T BHUEEMT RS O JLBUE R L, (LT A L v dLEAlTik
B HERIC A D, IEME 72 (S B0 R v D B U3 B L



RE  EIE - AR

TWR L. T OWRETIE, BHZ Lz EaanER
CEREN. ZOMERIZITE BB OILRE R
—H L TR, HEREIZERINCIED bR ENS.

¥, BGEE A Y > CTHAABRARERFTH -
A, BERE — 7N CIdERAERCER LT\,
WMEHKICIE, EHTCHIBEOMBI A E LTHL.1
miEN7z. 2 KD (EHE) DS b, REEEHID L DT
BFE~$90.9m, #EEO L OIXEA0.2m, FhEh
BEL, bTHrOETEMLELK. 25 LIZBIER
OWTh, BEMENHARKTICER L TR, %
CTHTROEMDEE 2 EThiE, BHOBECES
FHIOFEBEVIEO - B A K < BHRATX 5 (8% Ri3n», 1995).

W AR 2T K B R AN IR A 1 S L 7 g e oD 35 I 4R
HThH, MIBIHREATHS., L L, BHAEEITE
WMOBMLWEFTH D, LrbEMERMEEEL,
HEMEANL OFEFTHEELTWS., ZOXSiKC, H
EWE O E OB EICHE S WKLt TH B 20T,
FEME)KENEOKBICERE L, £ TRmNR
AT, FTEICIEMI & T o (g L RL T KBS
B, 1995 ; AHiEiE A, 1995).

L7z2-> T, B EHENEOR & i3k EodbRiils
[T bR AHE COMIOkmAHETSH L, WHEE
eI A e < L BkmiZER Uiz, & bICdbHICE
% LIERTE & OB BRe, HUENE RO
W AB e EICDWTIERBATH S,

3.3 ZHREEAISICLSHEMMEAVCDOHBKREE)

SEBF « JKHIE 22 (1996) 13 S B IR F R h A% D TR 1 BB
EhirEREaEOflE» b, BENEORITHRE Lz
880 FICRNT, HIKAD =R ICHI R EDFHZ (T >
7o, ZhicfHIho22h BB EIE, 1983410 B icdbik
MR Lic® /7 7 n BE(HER 80004 1) &£ 19954 1
A18HIC S A aR’wE Lic h 7 — G E (fER : 50004
1)TH5. FHOEOMERVE S DHEEEE, HER
IZOWTIHT TIZfThbh TWe G =ZARRD T — 2 %
HA L, HERIC OV T SRR O KEERI R A 1T
W, (LB BEOIAEL LTS (EEF - K gy, 1996) .
bz, WEHKEGISEFIA LT, SEOMEICL SR
B#ET — 4 CHEBHOEIE « iz & & ORIz
WTHRF & hiz.

FEP < KEIE 22 (1996), BEF « AT E1@A(1996) 12 & -
T, KPEME - $HEEME « ZRITH R EREN &
(X8)&, &AWL ELNICELDTHRS.

1) KA R

KFENBIZDONT AR S L, BEMBOILAEILET
[MA~RAT3.4m, FHL.ImBEH L TW. KEOREHE
fIcik, E2»LEEGHA~ARAS. 1m, FH1.1mDEA
ERLTWe., —7, BEKBOREEmT T, KFEHM

R« g AL

OEMITEEHELOEEA L —ELT, TORIR
KT3.5m, FHL0.8mTH >/

2) $hEEN &

BEHERHBICE > TEHIIE Wiz 2T TF— 2IC L DB
BNEDGMAERD L, FEMEOIEHTIRKT
+1.8m, FH+0.5mTH5. HEKBROTIE, K
1 (B B P ARAEER, BFERRA, AL & PR (B B0 6
LZOEE, FEER»OHEXI, FEMARELT) &
AEHICHGMLTWS., LarL, BEMEOREMN T
EEPERLTEY, A+ 1.8mic ks —FH, B
B &2 OBEUOHIK TR EAMICIELTRY, &KKAIE
—2.4m, FHIE—0.1mTHh 5.

PRl R Rz B LT, RAKDHRBEE &IE
+2.4mITHEE L7122, & LICSBRrcii—1.3miIc RAZ.
B B odLvERIT, WL EEATHEIZA LS A,
WHEDZITIER T2 &, BRI WAL (B A fisein
RO EN & CIlc k&<, BEHOME~ LK
BIZHA LT A, HEORIBICITh I/ KERRIC X
LEERPH L, AL LS RHAAHREIh TV,

3) =R s G AL R

SRR BN BV, KFEEMBEEHEEMRE
BEBRLUTEREN, BRI bAEELTRERTH
%, FHAE RIS ERIC B W T ER IR A REM &
HhBHL, FORAMEIRS. 7Tm(FERA), 2.4m (hES)
TH5. FEMEOIHAIIRATS. 7m, F#HT1.3m,
FRMITIEHRAT3. 1m, FHTL.3mAER L. B EK
JEFH DX TIE, &AT2.4m, SF¥HTO0.7m, B
R ClE i K T3.5m, “FHTL.2mTH-72(X8).

B B WE o JL vl & B O SEH I s =R IT B AL
BIFHC1.3mTH Y, FERCETH . FEKE
BE O X & HXE T, SFHNR SR AREM
ik, EEEOFAHEE L D0.5mK XL, FEMED
MHEMEIGER CEMETH 2. SEIOHEKE DX
Bk, 2RCIXEEMBORBEMSL D KESEMLE
LE2 D, FratlE oo ek LT, =KkTH
REREHEITFHTL.ImEE Ll EBNELNICE
ni.

4) BARRY T L D s

SE4 U8 BHER g, MEMBIcElIhi%
COFNBEEOHERENDAT, HWBHS % b > Al
ThEETHS. FEUEICLZEHEERTAS E, K
SPARLIERT BRI LT T i<, Wi oLl ©
WEHEAEAN, WEROEEMTIREAAANEZAM LT
5. SREZNE, WO IR eEs L Tn5
bFTiEe<, BRI AXERE, e 5XiEkE B2 E
WZHRbh, T TOEMLE X2 THEES(XS).

HKFE L OSREZA N BV, Wi, DR IZ/t > T
AN E LI B EFRINLD, WEHRE»S 1 ~2km
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— KPR EY Imbl LD

7 / —  KEROEHNIMAREOMER

8 HFEEE S MR AT OKF « HELMS AN (RE - KEEH, 1996 ; BE « # kg, 1996)
L KPEMBOGA. A+ B« C - DRACPEMBAEFICAE WL, AL SBELMEDOSHH, £T @ T
DHFEE 3 RILEM B, G T KF < SHEARRS A OMRIEN.

BEMATLIZLAEELLL TRV, FEKEOILE
flcik, deEiciiBEES K E VHX D 0, KFELAL D
AT EXRE . WIEOREAITI, S$ABEZENME LUK
SPERLIC DWW TR THENY — xR LTWb. &
B LIRS O BF BT B SR IC D\ TiE, 2 iR Lo
BB 5. SEOFENC D hE, B EHERTEOR T~
DICFE, LRI NOEAETEL TS EHEES
N (BE - & g, 1996).

4. FEWIEOHEMEE

4.1 BEMKEBOEDHEREL FHHR

JEIRET AR THUT « MBI Sk B 72 57 Bl o
SEHENMERE T, HTRT1,0004E120.9—1m, EEfH
M2 T0.4—0.5mTH % OKEiZ A, 1990; K5 ; GH
9). L»L, BuEBR(L)BOERLEAEEL LA
P (F20m) ZREMEOEEUBTH S DT, 0
BNEEZETNEDDETH S, T ORAEA E DT,
FERIFZBOLRTWRNDT, EROFRICRT S



FIHE  BIE - kS

([T wady fieldosml
L8 Dsilt-finesand
- C |/

.

K9 FEMEMEDNLYFORT v F(HRIZH, 1996)
JEBETRLARIC B30 Ak b Vv FOLE @A X BEE. BB
HCH R (Beta Analyticttiz &3 6 "CHiIER).

OEEE, BREIZFOMEE LTHETIZ EIFTE LS.

—77, A EIOHFRIC & 2R OZE R &IT AT A
2m, ETFThf1m<ThHs(RHEIEG,, 1995 ; WHEEZ
M, 19955 K6). Lizai-T, %o X 5 1B Bk
OIEBEIRR % $I20004F &3 hiE, ZhbOERAEIC
HPTE S,

JLBRETRUR DM A K Cirbhic b LU v FFHHR A
E I, 400 aTEIC B A S B xRN A DR
(Nakata et al.,1996). L2 L7zdh, MHboLis b9
oo b L v FTh ZORHHDIEENIEED bLWDT,
ORI IO T E & =T & 4 5 KD
BRiC 40 U2 572 B & 23 o L ATHEME AL A Bl
M ERIC ST B M 52 n ANLIZHI2000FRTICAE U TR Y,
B 0 1 R0 2000 O 1L B b CAEENTE & L CEI< &
Kl ENIZX9 5 HK, 1995 ; HBARIEH, 1996).

WMEFHENTLELOENTH LY FREEZTH, A
D504 & B C 19004~ B C 30004E85 0 W @ 15 B % 52 6
7o (FENTTE « HhER T RIRFIEE, 1996). B EBWifE O
PEE I R E RS ETO L FEMA0.4mTH > 72
A, ADSOFEDIEB OB L (ZIEIA LETH 0, #2000
FEOEBHIRTH U L5 2EOEME2EVR LTV
LRI LT A GERTE - #i5E T HIEIMFZEE, 1996).

4.2 HESWEORBHEINEMLE
ALIRHTELAR—/NEIZ B Tik, KBRBREF B & D 72

B g %Ak

5 EER LD TH o720y, BIETIHER S W TEHRDH
Enbhrbin., UL, KO IEE BB
1963 1T LI N 1 o D 1 22 E L (KK-63-5;
HEI)IZRSBENTVWS. IHROMERIEE LTiEH
16519(1886) FICHIK S iR 2 H o 1 RaE X =0, HE
F145(1970) FEIZRAT E NI R 2.577 57 D 1 #g 75 &
NHY, ERFTOMWILEFES RTINS,

ThbDZERGEECHNZ I U< HHERHETOH
Whskeat & nz (R, 1996). - oiRicik, B EkE
Ry E 7 & OHTERTE S NI 0S, TR D N
JEONMBEIZIR - T, KRR s - BIROE 2SR
Hbhs(X10). &<k, FEMBICH>T2ARDRRE
FhOLOHOWMANEGRBLTED, NEDIEARB L
200m, RRKEFDICHD E300m, DOJEMMBELSRD BRI
% (X104 F). KIRIBEHERERICHIFI2MAE 0, B
AR DOMENRE LTH D, 300mic XS AT N0 RE
LC&ElokmhpnEIns.

Zhizx LT, IR TR ADRBBRMAICH -
THRHEW BN SRS D, Fh b O KB I HES
Th5. HIUCHEMOB X IZHELTWE 0D, TS
WHBIC LR TE DB X T IICsmwE RIS,

4.3 HEWMEBORBELTZEAME

RS R B A I LT, ZO/RILTHIE - O
BT »#Ee5. dufilcix, MEEOHESHEIETH D,
ZOEIERK20mBEETH S (M3). MEilTik, b
W I W & I E O 2 RicR I L, EREO
WAl T IR I B E I & A B0, il IR TE
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7 50

NaNE D~
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ST

K10 ALEETRLKR —/NE — & B AT o (R (M H, 1996)
K H A 7 [ e SRR A L9 I D 2 T5 55 0> 1 B L
X & & C T SRR & DI E & R TR L.
12 LA KL BR & B2 OB R A R,



TR IR R AR 2 5| & LB BT ORI E

e & KBRS AT A EER ©H 528, AL
Lo 2EbER A2 R TS, bEMCHEME
WREEETH 5 (1X10).

L L, KFdEnE L BERORDA—Y v F
DRETIHE, LLICIKDEEA—Y v 7 OBRIZE -
T, MO0 LHEAE SEE TH230m, SIETE T
#180m, L (B EA D) FEICENM LTWWD & A3
L7, Shic, B RHERNTE 7 I E O RS « 1T
ZEGL R« W RE IR - BB QA (83° E) R L DHE
IefEH L B S h T & o ().

4.4 REEHEFRECIDIHEMEBEOM TEE
SRS M BE R AT VX AT G B 3 AR D s e ) 7 B e (X &
LTAFEINADT, HWTHROBEMELZERLT, F2
LR BICH TR DA S TTRETH 0, WifE o il
R EDOWEBEDIRENTEZ0EDFERHS. 2D
FEFFEICAMEEOHEBTHO LR T, ARICFIHEE
ncxi.

VIR B AL T DB BT EIC B\ T, RS EEE
PVERE iz (B INE A, 1995 5 EGIEAy, 1996 5 ]k
132, 199878 & 5 KM11). JLRETELAD LR HICEED 5
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i
/
;

EERIZRBWTIE, WL DO2OREREIC L SEmILE
PP W FREORSEMERENM TR TVS. 25 L
oA KX, fEREE & HERERE & O RNE SN ET Bk
& =0 43Ik Wi B D 7 18 T 8 1A DI AR L LT B (B0
2y, 1995 ; [X12).

SrUEETE T IE, i & HERERE & 2 T AW TR A L
HOFEHTHE I NS, HERBHICIIBAROKEZ 0,
Z D TOAREEEHIE—50mAmIic® 54, R4 I hic
WEEHEL, TEMBEMITIE—200m& 25, BB
JBLAPETIE, B0 —400m fh € THERRRE & 72 % ()1
7, 1995). ZOHEREEIXRHHEOER? D, NIrb
LU BB, 1EEIEIZPPREET
A0T, Mol BiERMEERIC, oIl - HIEIEK
BERCR L& h, MEFAEABGTELTCWS LH
EENRTWD EINEAH, 1995). D &5 xRy
M, T EWE A Pt KB ERE S K O F EREE O -
TAMEE, ThERE LMD H100m B L 0200m & R
Bohs., Zoffacik, #lEoksickEdaicso
THE—U V7 ABLERS R, Ll KEHHE & LEO
HEEDORIGBHLMIZI TIN5,

& BIZHREROTENTIE O g i S & IR+ A 721, K
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R13  KEHEMFEREE D b R HEEE « RER AL « KBRS O R T f W CE 1 &2, 1998)

BB N THERE Th Lz (ERHE 2, 1998). &0 L7y, IEERE - RS SIS - KBRS % B % Hghgs
B, 1) BEEEROCFORICEG 3 EITEMEERE ARBEEh, BEWE - (RBKE - KBBKEOH T
#(£R136km), 2) REESILHTHBICET2EBEAN  ME TOMEIHEE S iz (K13).

THIEEERTA, 3) FLUYEE <o KEHEERED 3 D2
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4.5 K= TREHNOHRLI-FEREDH
THRELRELTEME

ERBA—Y v 2k, HTICELhTWAKEYORERF
PYHICEES A ERE LB LT D, TREBOE
Bk, HENBOH T coMmRIZO>VWTOFERLM S E
BERERETHS.

HEME . LCHN B EWE LR E T 208 K —
Vv 7IRER, 3ERBIMBMEIIGE E AT bhIK
FHEHEM, WERAR, BFEBEEMFERICE -
TEBmIh, BED 2 7 BIT-CHmEIFLE W 7o B
BELTWA (2RI, 1998 5 17kt « EEIZ Y, 1998).

KT N— I L HI|ENE, JLRITEEO 3 # S T3
FES00m, 800m, 1800mDHRHIAENM & 1/ (ZEfk, 1997).
500myEEIIF#060° DERIE D TH L, TFEEEICED
THELELTEREERORE LD, KEORE,
AR LIRIB D T2 I A — v 2 THREIAE R & iz (K]
14). 455.3m¥ Tirbh /- B cHBIREIC /D, Yo
N » 7 LT550.7m ¥ THHI fTThh/c. KiEswess
AHIB0mIEEIEE TH B, T ((E8) & kR E R
() 2344 583" HIEARI DM EHBIZE S iz (X14;
MikHiEps, 1997 5 FHHEE 2y, 1998). Z OHEANC L - T
HESEBB RIS 2 2 Ao E h, BRSO
ICEFT A LiIciny, ThboREZ PO EL DG
NERINTNS.
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FLOMLEIERILIC R,

mIBEITITEZ1250mM» H A — v 2 TN ERI 1
Z R URIF100m & &I 10mARE O E H k42 & 2
TR E . e, 1800m KT IERSE L TR
B - KBRERE & 23 2 HWUESE R OWE (ki fE) o1t
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