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Paleoseismological study of the northeastern part of the Ushikubi fault on
Toyama/Gifu prefectural border, central Japan
— Trench excavation surveys at Ozorei site —
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Abstract: Four hand-digging pit excavation surveys in Toyama City, Toyama Prefecture identified the
latest surface-faulting event on the eastern part of the 54-km-long ENE-trending Ushikubi fault,
northern central Japan. Radiocarbon measurements of humic soils trapped in the fault zone and those
covering the fault zone date the latest event about 3,800-500 years ago or possibly 700-500 years ago.
The estimated event age agrees with those on the western and the central parts of the Ushikubi fault,

suggesting that the latest faulting event ruptured the entire Ushikubi fault.

F—O— K IEWE, HHUES,

FHWE, EILR, R,

rL TR

Keywords: active fault, paleoseismology, Ushikubi fault, Toyama Prefecture, Gifu Prefecture, trenching

survey

1. [ILBHIZ

TR L, e B ORKERRR 1A 2 B & LR R
JUERSZILETIZE S, £ X 54 km OARTIE CTH
5 (1K), FEwEix, BEoFmaofmiciko<
FHrED (2005) ORI LR, SETIHFHIZ
EWEBIE 7 A hEESRTWS. - T, Kk
e ZTHERELZ THIT 5 BT, Eo®ARs

—FEICHREE L= BN OHEE T A Z LT EE
IER LD,

FEEF MR AW B st > ¥ — Ti
2002 R X 0 A g oI EhE IR A 4 JEE L C &
7o, FIWTfE oVEEHE L O o 3 sz 5 b
LT AEDORESE, 4w WrE o R TE B R R
1,000~500 FERTCTdH 5 = &, THENEINEIZH 4,000~
5000 FETHDHZ ENRHLMNERS>TETWD (BT
1Z7>, 2003a, b, 2004a, b). L2 L, WrEHERICD

WTOHEMET —X1L, ZRETELNL TV AR
7.
T, 2004 LT, Wi s o ILIR O H B

JUAERISILIT (2005 44 A &0 & L RE L) KOs (3
BEINW) HIKIZBWT, ADICLSE Y MEHE]
IR A B L7z, ZOREE, 4E W8 o R FiE ik
1389 3,800~500 4ERTTH Y, #I700~500 4RI
REINDAREME L H 25 Z L AVHIBH LT,

85

2. FEM[OBRE

vy NMEHIFRAE RS, B LR LT RO A e
WO B EFREA RER O L@+ 5. A
HS T RAR E ORISR H 720, N8O°E H i,
K60 m, ME 1~2 m O ERE IR S FTE
T4, R IZRICKE T T 5/ ML ER->TED,
JEHE VTR I E O HEREM N HEFE L T\ DL £z, B
JEHF NS BB L OVNRIE, ZOEMBRASZEE
AT NEZRT. Y], ZOEBEBVOD3 » AT
ICBWTEy F2EEI L2, WTihor y B

WTHMIBIIMR SN Aoz (B2, KA
W L5y .
—J7, HERIEIC X - THER L2 Fm K

M i B Gesllis) o bl Eéﬂmm %ﬁ
3m O/NEF A EHE AR STV (552
X). ZOYHEmodeE, FE 1~3 m oufia & K
EL7eoTERY, ZOWEMERIXETIET .
oOWmEKEEAMTT oL oIy FEHEAILZ

LA, HERWREE2AEH L GE2 K, RIKEA
(BB LIHES). 2oy b2 RWFEE Y b &Y,
LURIZRLRT 5.

3. Ev FEEDHBDIEH

KMEEE > NBER] D A > F % 55 3~5 KR T.



AR DR - TR

72, "CHERNERRELE 1 RITRT.

vy MEEECIX, VFEERT 2 ZOBRHE
HARH L., 2 2C, dbflloEWkE % 1 W)=,
Bl OWrE 2 2 Wifg sz 2T 5. flEodL
NI E & LTS (REeaEb LTk e v n)
Do3AR L, ENCIIHERE M N A 5. ARRFZETIE,
f1 W B OIS T A MBS AL LY, 1~8 Bl
Ky L. FicEnboMEL2E#HT5. 28,
kL FREME D SERE L 23R e ERINE 1
(Bk) HUERBLFSTAT %38 U C Beta Analytic £E12, 7
T I, () STEHVE A FEATICHRRE L.
HCHEMRMEICOWT, UTOR#HTIE, 10 OBFER
IE# (cal yBP) # 5.

18 : L, REIBIBXOREZ OO AT K
ELBESNIMECTHD. KB, REBOKEES
B ORWIR N EET 5 lafg, HARESEET S
JVRENDR S IbJE, RIEKF 2% < ST EniE v
T, FREEICEET T N EEST Lo B, Al
RUD IV RGAR0, HIE O RS2 LB m o
1dJE, RIELRAZELI IV NENSR 5 le 8, R
PEXIC KD IRIEARF DEELRBEDO YV N &5
e IfJE, B E2 << GV Ehbed 1ghic
My ENS. lajEn b, modern 38 L 18280~0 cal
yBP @ “CAHERMENE BN, 1b, 1c, le, IfB L
Wlg@H 5%, 300~150 cal yBP 72\ L 900~710
cal yBP 1272 % "C AERMENR S BTz,

2 T ADEORIERFEER, BEERETD
VIIVRETH D, FEEER O 1.6~2.1 m DOMAITSY
fil, EEIIREK10cm THD.

3/ £20.5~1.5 cm DRIEAK T 25 F, AHHAZ
IR OGS A Ete L NETH S, TR O
fih1.7~2.1 m ORIZHA L, BEIZHEKN 1S5 cm B)E
Thsd. KEOTFERIZEMO2EE R, Wik
TIEBREWRFIRZ 29 5. KEBIE, 720~660 cal
yBP (JEREEER) 35 X 1) 4,830~4,650 cal yBP, 5,270
~4,980 cal yBP (JRILAK) @ “CHENRMNELNT.
RICAK T OFERAEDB %I T D4 BICEENLH DL
FE—ETHZ D, KEix4ERFEOT IV R,
B UL TERR SN JERE & o 2O B TIRAE L
b THDLEEZLND.

4 : WBER ORI, 2 SROWE I EEE T
FIZHEBIALE DI mT oYV NEaThd. EE
ERRK Tl mIZET D, ABIZIE, £S5 mmEED
RAEAR T BNERITEIE L, Rl 1 om LUF 0580
DR NEEND. RENHIL, 5,040~4,870 cal
yBP 72U\ L 5,310~5,080 cal yBP (W 941 % fRALA )
b5 "CHERDEONTZ. T 7 T 5 DR,
ARETFTYrHE»LEFABRERTITnT 7 7 (AT,
26-29 ka : BT « #H:, 2003) EIFEOK(LIH T 20
Mz, 7o, AT IIMEN TALO 7/EIcHiEn T
B, KEZEdEns kily o AIFHEREMEEE 2

86

% R - RS

bhb.

5 )& - HIFR T T L7 f1 g o= T A
TAHUILR~RLV I L NETH D, 48 L%k
TH6BENRELZEHRZRT S L, FEREEN
FZLL BN L, fIEIcEENTOMTHZ Lo
o, flEElc L AEELAHEE L LND.

6 g : f1Wrfg X vt fmEd b L b~ b b
BWIETh 5. FRFE2~3 cm O FAZ SR O A
WRAIET D 2 & OB MARRL T DR SN D, HiEs
NIEL L CAER SN B Thh LHfEESNAS.

7R 2 WrfE OB AT STV b~k E T
5. BEITERKSOmBEETHS. HKAKE1em D
AR O A A b3 ETe. 2 BBRvo
B a2 > TWDERIIE, s DR C RS 28 5
WA, FERNEAR. TR ENOCIKL 7 b, ARk
TEICIE, AT 225725 2~3ecm D L 2 ANEA(ET 5.
T 7 TN ORER, W UEHETAT ZIEY 7 2D
ERRD LD Z D, Kk Fillx, AT OFET
JEHEL MM D,

8IE:TIED NI AT 5V h~fiLETH 5.
BEEIZ12m U ETHD. ££0.5~5 cm O IR
DEE~TAEEZ S, KB, BEOEHEEBLIV
KDL ETe. T70bb, £2 Wi ClaHk:
THEEN L L, FAMNZ D> T L0 AR 2 5.
FREH 3 m DA T, EAZ7 8 & OB DRHBRE 72 5.
T 7 TN ORER, REHE L, KILAgHERA
(DKP, = 55ka: HTH - $rH, 2003) 23 S 47,

4. WIBEEA RN FBEDEE & TDORH

vy MNEEH CIX, VERERT 2H0OKE 18
FOR2 W) NFEH Lz, 18 I% 55° B A
2 WifE 1% 80° ARt 2R3, 2 WrkEld, RS 2.5m
HACT 1 WIS 5.

Wi s, 6Bl UsEe4fmaBiL,
JEESFI10 cm O E AT U P2 E5 . R2KEIL8 gL
TREBLIUC4BORTETEEN - BRESETWS.
SED f2 Wifgirfr o g, ZhicslEFohTa
R 2R, TED R2KEIcs T ook oIl
THEADSHIREZ T, 4 81X f1 B8 & 2 7@
\Z Ko TEMEZT, mEEOMICEEN THEHIA
DXL TERY, TofMEERE NToHE
THH1IENES TS, LN T, 4 BHERER,
1 BHERERTIC A 72 < &b 1 BOWBISEE N H -7 2
LITHEETHD.

B & Wi B N & 52 T 1= 4 @ B b =ik
DHL, bLHLWERIE, BEEEE FE»6E6h
72 3,840~3,710 cal yBP TH 5. F7=, 1 Eix MO
lg @A 6%, B LoFRE LT 530~480 cal yBP
2, RAEAKF OFERE LT 680~660 cal yBP 23455
NTHDER, RICARFIZREE OO ICEIZN TE
T ARM OTFREMEN B 572, = Z TR oM



EWTE AL IR OTE BRI R A (2) — KPGH b Lo TR R —

I OERAENE 5. ok, WEEDO IfEND
B HITAEAE (900~710 cal yBP) 1%, FEH 6145
SR O (640~540 cal yBP) & FJET 57
W, I TOERERN IR Lz, Ul EoRET
NH, KBy MBI DEIEEIA X N ORI,
3,840 cal yBP LA, 480 cal yBP LIRiT & 725 (35 6 [X).
7B, WEEE OIS H 3BT, 4BEFEO
VR &, KD RHROH LW BRS8N RTE L 72
BTHH, ZoENABOLEmZHYIAATHRL
- EITIEFICE LTSV, LER-T, 3EI134)E
DEFRKS L IFEFRERIZ, T TIChHoToREBD
JEREE S %8 XA A CHERE U 72 4 T LR O FA R HE R
WMORREME N BRI T 5. FOBRE, WEORFTE
EREHNL, 3EOBHEER» LG LNTZFERND,
720 cal yBP LIRRICIRE S NS Z LT 5. LinLie
NG, ZOBREEN LML 1S DIHEGEe, A
TAZ X 2 IEHIBR O ATREMEIZ S E TE 720,

5. FLHLESHRDFRE

FE WAL, B ILmRREEIC BN T, AT
kv y MEHEREZ I L=, T O, YR
DG WE O R E A X2 Mg, £ 3,800~500 4
AICECTZENBANE o=, Fi2, 3% A
Ry NEORRBEHEREY EE 2D L, A N2 MERIT
9 700~500 FEFTIZPRE SND AREMER H D, Zihuh
OFEMRIL, FEWRERE S L O RESICBT D&
HHEBIREE (59 1,000~500 4E7) O#FHIZAS (5
6X). ZoZ ki, b EbREAIEEE LTI,
W R (MBS R C) RIFRENICIRE L
T2 L aRIBT S, A%IE, BMENMEEZHLNC
T 52 L LIRS DIEETE & OEENEZ B 5
MCTHZENMETHD.

HEE AWEZEDLHITHTE- T,
RO T ZB Y £ LT,
WHOBEZRLET.

EPNIEIECS. )
TZITRELTC, R

X W

- Bt E R (2003) Frfm kLK 7T k7 R,

ORI E, 336p.

HIHER - HMECRN - SRERS - NREE -0
H—H - HRIEE - mWE— (2003a) FE k)=
FAPE S R OTE B E A (1) — MR
EAEF —. W - A HOE ST S, No. 3,
p. 47-62.

B NHER - HMER - FRERR - Mg - E
M¥EE] « THEEERD (2003b) A= 7 G i ek
OIEBNEREFE (2) — b L TR R G
—. {GWE - AT HUEDTSEES, No. 3, p.63-71.

R HRER - HFMECR - R - FRE OB - D
MR « XA EZ - BRI E] - THEEM (2004a)
A g i R R O VR BN B R (3) — By
KEE N L TFRAERME—. ISkEE - HHUENS
i, No.4, p.113-130.

B NHER - HMEER - RS - miEE - - M
(2004b) 415 18 Ak HCES sk o0 15 B JiE TR A A —
FEARE NV TFRHERRE—. B - TR
W7es, No. 4, p.113-130.

SO - EHELR - TG — - BILkE— - REH

— BB (2005) 4= [E] = HTE W feg v 8 fife 2 M AR B

G (14). PERFHERERAE Y X —,

127p.

WY

(AT 12005429 H 29 A, =FR ;2005411 H 21 A)

1R, KIEEE > bo UCARANERR—TE.

Table 1. Radiocarbon dating results from the Ozorei pit.

Lab No. Trench . . 14 B¢ Conventional Calibrated age

Sample No. (Baia wall  Unit  Material Method MESWESC BT 0o (4BP) (cal yBP: 21 )
OSR-14 200016 W la  humic soil 30460 254 30£60 Modern
OSR-15 199199 W la  charcoal AMS 18040 267 15040 280-0
OSR-16 199200 W 1b  humic soil 240440 255 23040 300-150
OSR-18 199202 W lg  humic soil 440560 247 45060 530-480
OSR-04 196398 W lg  charcoal AMS  720+40 25 72040 680-660
OSR20 199204 W 3 humicsoil B 770460 252 76060 720-660
OSR-03 196397 W 3 charcoal AMS 4210440 256 4200840 4830-4650
OSRI9 199203 W 3 charcoal AMS 4490440 269 4460840 5270-4980
OSR-22 198282 W 4 ownesdmn AMS 3500440 246 3510540 38403710

_OSR21 198281 W 4 charcoal AMS 4420840 265 4400440 50404870
OSR05 199192 E la humicsoil B 26.7 Modern
OSR-06 199195  E lc  charcoal AMS 450540 266 42040 510-470
OSR-08 199193  E 1d humicsoil B 470560 253 47060 540-490
OSR-09 199197  E 1d charcoal AMS 62050 259 610+50 650-540
OSR-02 19639  E If  charcoal AMS 590440 241 60040 640-540
OSR-11 199198  E If  humicsoil B 880£60 257 87060 900-710
OSR-13 198280  E 4 charcoal AMS 4420540 258 4410840 5040-4880
OSR-01 195889  E 4 charcoal AMS 4450540 26 4430840  5050-4960
OSR-10 198278  E 4 charcoal AMS 446040 265 4440840 5220-4970
OSR-12__ 198279 E 4 charcoal _AMS _ 4580:40 27 4550840 5310-5080
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Fig. 1. Active faults in northern central Japan. The Ushikubi fault is 54-km-long right-lateral
strike-slip fault, which composed of the Atotsugawa fault system. The letter along the
fault shows surveyed sites and years. Topography from 50 m digital elevation model

compiled by the Geographical Survey Institute. Faults from maps compiled by Research
Group for Active Faults of Japan (1991).
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Fig. 3. Logs of the Ozorei pit. Grid intervals are one meter. Unit 1 is surface soil, humic soil and
artificial soil, unit 2 is sandy silt, unit 3 is humic silt, unit 4 is silt, unit 5 is sandy silt-silt, unit
6 is pebbly silt-silty sand, unit 7 is silt-clay and unit 8 is pebbly silt-clay. A is fault breccia, B
and C are fault gouge of basement rocks (rhyolite-Qtz porphyry), D is aplite dike. The faults
are shown by red solid lines (f1 and f2).
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Fig. 4. A log and a photograph of west wall of the Ozorei pit. Unit grouping is the same as Fig. 3.
The locations and estimated '“C ages (cal yBP: calendar calibrated age: 1 sigma) of

samples are also shown. Red solid circles show sampling points of humic sediments and
red solid squares show those of charcoals for "“C dating.
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Fig. 5. A log and a photograph of east wall of the Ozorei pit. The locations and estimated ages (**C and
tephra yBP: calendar calibrated age) of samples are also shown. Unit grouping and tephra
abbreviations are the same as Fig. 3. Kg, K-Ah, AT and DKP are tephras showing about 3.1 ka,
7.3 ka, 26-29 ka and 55 ka, respectively.
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