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Implications of active fault study for the present-day tectonics of the Japan are

Yasutaka IKEDA*

Abstract

Faulting and other surface deformations in recent geologic time are essentially relevant to
understanding present-day tectonic processes, which in turn are a key to scientific, not émpirical,
earthquake prediction. Geologic records are indispensable because instrumentally observed records,
such as geodetic measurements and microseismicity, are not sufficient in time to cover a whole cycle
of strain buildup and release in a orogenic zone.

Rheological structure of the Japan arc based on explosion seismology, heat-flow measurements,
and laboratory experiments indicates that the western half of central and northern Honshu, including
continental slopes on the Japan Sea side, is mechanically very weak; only the upper 15 kilometers of
crustal rocks behaves elastic, and ductile lower crust is underlain directly by asthenospheric mantle.
This zone of weakness was rifted and stretched during the early Miocene back-arc spreading event,
and coincides broadly with the distribution of active faults. Since late Miocene time up to the present,
the Japan arc has been subjected to east-west compression due principally to the westward
convergence of the Pacific plate at Japan trench at a rate as high as ~90 millimeters per year.

If the megathrust at the Japan trench is locked, the plate convergence is to be accommodated
mainly in this zone of weakness. Actually, geodetic observations in the last 100 years have revealed
that strain accumulation rates over the mechanically weak zone are on the order as high as 107 per
year. However, geologically observed strain rates, based on slip rates on active faults and folding
rates, are one order of magnitude lower than the geodetic rates. A possible explanation for this
discrepancy between short-term (geodetic) and long-term (geologic) observations is that the strain
accumulated in the last 100 years at abnormally high rates is likely to be released by slip on the
megathrust at Japan trench, which would produce big earthquake(s) with magnitude 8 or greater.
Only a fraction of plate convergence may be accommodated within the Japan arc as long-term
deformation.

Whether or not the above scenario is real, the process of strain buildup and release in the Japan
arc-trench system is unique, and should be understood with more geologic, as well as geophysical,

observations.
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FREELPREBYTHS,. LiL, HERSBEENO
BRI DRTFHE O EREABOLVWRBR LRI L o
T, HHBREHFRC L 2 ENORETME, BLAFA
DS AU LICEERERE o CwA, 4513, T
ETHELENHRE RV, E4 DR OMERERE
KHETAF— 9 2 ERL TV AL ELOIET)
Thiv., FERC, AV URYTACHERINL
3% P YFEOMERR, MBOX S AV F—Vay
RIEE, 70— Y 7 RES Y BT B 1o ORI B
REDLE EFRECRECHL, S0k LEhEEN
F— 5k, FEORES DL AQEFNMLIZEE 2R E
BEZBTHAI L, HRPERT oA OBHE B
HESER LA v F—Y g YRBER IV Y SHREED
BRI ERTRTH S .

HEHBHRD b ) —o0ithit, BRRAEDFZ b=
7 2 OBROPIEHBRALUB ST L) LT H6DT
Hb, TORLRHRO—K, BEHRIRET HHLE0
EREEEOMCLL) ET2RAFH D, T+ v
Y77 RELAAOARICRET 2 UBROS 1,
sRETIATRE T 81T 2 BABOILKI S TIRDCHI FEIE
SHI-KEBRORICETN-FRE Ch oz BMall
B, AAFIBEEECHERINAELIIRY, 20K
R, »OTENR L LTE TN MBI WNR L8 hi
B Lo THER S ED:. FW2I LT, FHERLOE
BB HM LTV AN, BAREOILARC AR
KRR | SEEENTHL ok THK—KLTY
T, EBICE IR S RERIFEOHBATC & - AR
FEFERO TRECERAL L (1, 199%). BF
FBDEHRBOATHBER L ERZIVOP, EOFH/S
— YR EDBICHRE 5 0P, EvoBEICELLIC
i, % EbFFEPSHEE TCORFFIBDOT 7 b=
SAEBBWITLLR LS LT ERAFLETSHSI
(HEIEA, 1996).

BilokED [BE] O0F 7 P22 X2BLPITS
LTd, BUSHRORMIET CHS. ERINR BIR
FEUFCBITS [HE] OF7 b= 2%ALPIZT2
1oIiE, TR T — 5 P RBEN L F— 5 75T
R EAET £ 30T, BEOREBAOBRER
(ERTB IR BT 57— 5 HRETH S, KE
T, BICB) 2 EAOERLBROBRBICEREYT
T, BFRBOREDT 7 b =27 RAEHFET HEHHIZOWV
TRLTARL). '

TL— MEREBOEE

CKRERLBMO TV — + OPCHENEET S DI 15-

20km "6 WOFES O LB OBIIT T, THbme<
Y P VORTIEHEIERE 52w, EEbHP CREARS
EMERICER SN, TNAROBIERAELRR 5 L HTE
EEh (seismich) PR o TELERETE. —F,
ductile 2 THBB CREAM2BBIRI b2 v,
SanAndreas BiB L TOMEFEN L (BEH1ITEMHD)
T SR, BB R ~EH T km OEO
ENCHRI S LA MNENR BEH20EHO) ABNE
fLEEE L 12, BCRAR-XTS. Shid, 7)—7F
RYPELTVEET AV T LT, KEERHE
o> THRIIZTAS (EBEELICESFLTVE) 7
AV BV T FARTHS. '

U.S. Geological Survey it, 19734 E%*5 California
Moo - i C=aHE% ¢ YELERL, San Andreas
MERL N KFEEHEZRALTWE (A,
Lisowski et al., 1991). #O®KRiZ L ¥, San
Andreas B # #uls & L TI§40-100km ALOMEL, WiFE
KETT2HAD (BTh) BHEAFERL TSI L
¥adrof:. San Andreas iR & id S AXHEO 7T v
2 IO ZSAIEBENE, ” Big Bend” (Carizo Plain #°5
Transverse Ranges £ ) D5 T18-22mm/yr & 2%

L NENWT E BT, San Francisco?* S Salton Sea

T31-38mm/yr DHFEH T—if %R T (Lisowski et
al, 1991), TNEZ V) —=TFRPPELTnE LT A
FTHHSL TR B,

—%, San Andreas kif@ix, 7 —7T_DHFELCT
VEES A P ERSBLEALOREY, TRISEH
(lock) LCTHY, 100-300FIc—ERZ 2 HBI2L Y
Lo TRKIOMmTo0FhiE LS (AW, Niemi
and Hall, 1992 ; Sieh, 1978a, 1978b, 1984 ; Sieh et
al., 1989 ; Sieh and Williams, 1990). 7% - MUH&#%
JETHSE L7 San Andreas W@ L TOBEMH 1 H4E
BIZ B4 2 EH TR Y FEE, 34 £4mm/yr CHVDK
& {2 RT (Budding et al., 1991 ; Clark et al,,
1984 ; Niemi and Hall, 1992 ; Perkins et al., 1989 ;

“Prentice et al., 1993 ; Sieh and Jahns, 1984 ; Weber

and Cotton, 1981 ; Weldon and Sieh, 1985). EERZ
Lk, ZO#Z%E % San Andreas Wi L5V, £7-42
FRCHET 2B 41~ 3K LCELTVWEZ LT
BHAb.

ZO#ERBRIE, San Andreas B8 OB E AT 554
BRI ENUETTCELTNWT, E2THETWIZY
J=—FFTRYPELTWEIEERLTWS (Fl&IF,

. Thatcher, 1990). WBEOER LT AE5DE ST,

WREBADELZ2EBOBOBS D 1 BECES. o
T, RBLFRLERNT—5 LT 5 &, BEHEHIOES



EIRR 159

BB & ARFISOREDT 2 b=2 X 95

E
£
g
8
&
‘?'.-25 oj [~ ;aﬂ ° fe 35?'
] fo Oé < L o ¥ °
g *‘Z% ® :ﬁ? o °%5,%8‘g B%ﬁ”e%h
§ %;”o':go - o ‘g.?a
S-sof o% 9% - - % - ° N
g °© o %olé ';' -uvR-.c
. i "_0; o
%e Do s
-75 - [ if . - i = .
Hida M Kiso Akaishi
S0 km

BIE () B - AR - FED3 oOWER % HEE AL 5 37 & Bouguer KA SRHEFE (Yamamoto et al,, 1982). ISTL, %
NBFE& ; IFS, PGS ; M, BnASHh ; [, #3546 K, 2. (L) R - AF - FEROEEHEEE (S,
1996). REURITMED [R] 2L EORANTHAGRAEY 4 TOWRTH S, SFANFEERERIAREMOE T WU
THE N, MEUROER L IZENFETHS, REIWIRILIED Bouguer REHHA0OT, IWRTCREFEIWH LY. KR
MBS R TEENOMITE TS ), BRLELIFLYNIROFBIETHATRIENE. 054 7OIRE, BETE
B ABUERIST CH 2. AFILRIGROBY: listric ZFIC L o THEBERLAILRTH S, i - ﬂﬁﬂﬁWWﬁﬂﬂmﬁﬁ

FEALTRTAGIRSY 1 7TH 5.

1210~ 20km ¢HWICR B THA . O, Buhsh
B0 OEBSNARENLHROES GLRBLER
DER) LEL{—FHLTWE, ZOHENLEEEINELT
BHIRCTO 2 ) — 7<) BEE, $H40mm/yr BREL %
Y, 7v— FEREFNV (DeMets et al., 1990) > oM
FANDEESmm/yr LD R D R—ET B, RY 2V
4%, PIEsES (Basin and Range iz &) BT B4
BT V- MATETEI I ELATVWE D EHES
NB. Efe, BT L S ERIEE ETOT R
DB L 28 B O Lk, EEBUERAIC oI 2 2
A C X 51T /N8 { (Lisowski et al., 1991), 7
L— MEBHEBOIEL A CPBRBE L TCELTVWAI L E

TR 2. ALHMTRB T — M ERWBTH AL
Anatolia B TH, FEHLREFFEN TS (ﬂi’.lﬂ
E2, 1994).

AARFIBO [BE] OF7 =7

ZDEHZ, KEOFL- MERTEI>TWEEA
OEMLBHOBREIZ, BHOTHELATHELLY., &2
573, HFFIBTRI > TV 3 RELOTH LR OA
B2, —HHETHETEL ) k.

HEFSOBRIRICREET 2 7L — FABTBOKREST,
San Andreas i@ D & J - THibik  CBF5 [ROBE
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Shortening of upper crust ————>»
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Shortening and downward
buckling of lower crust

H2M. ESSANENECHYS ENTHRE (1hE, 19922, 1902b). ASEiiz, LEfiis TEHMROMICARS s KRR
Fan<cy. B, ATAETE 2 A ORBEEMENIC L > TTHIC buckling LA-TEMER. EREATORT TR,
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SBIE, FLEART IO A0EBENTT (B4, 1989 X NEL) &, FUEOBINAL geometry. FPE IXHBENTS VBB

W] BB TRE (T, LBRBRASTICERT S (RO
Bl BRI EELONIZHER S S (tH,
1992a, 1992b, 1994 ; #1M). AHLIRI, EERME
Bhfs#E % R 408 15km B OMBEVILIRCH ), &L HF
REWTBE (EAASAT) THENS, MohoMig T&
THRVWKE T, TOL) CHEEREOERRBRELER
V. o T, AFIWROERREOBEER I listric 2 BT
B ROEGIC & - TR SEMICHETES. P
3RS F OB HMMILERIE, (1) WROIEAR L
(10km Z2WLEHT), (2) HE Z#Ev:, (3) #ED
[R) HBWIEDHHEFLT, BEALTTARFILR
47 THs (B, BE - HE - 6/ - fgLR2
¥, ThALOUREERSELTRIIRIEL, 25
brittle-ductile transition zone I iZ5&:E 3 % & A
NBKBHEL 7N L, TR T L
¢ it M IC ductile ZEHHE L TV B ITRERENH 5

(%28).

BAFIBII BV CBEEERORRIC L o TENS hit
FEHAEE, BLEOYyrOF—F—Thd (BRI,
/A, 1990). —4, (EWEOTER TR FEES,SBHELE
NBEMROFHESEE (Wesnousky et al., 1984 ;
Kaizuka and Imaizumi, 1984), ¥FE=4 - SMENHIE
DERRS S B S o 1 UEDOEARE (Sato,
1994), 3 X USBFE400 M OERHEICHE ) BT — A
v MER S S RS o HEAREDN 3 ER, 10%/yrDF
—¥—TH ), AHEARL ) BEE—HbAEV,

BATISOMEREEIE, B, AFESL— b
AMEELTL— P EBLEOEZLICEoTELB,
BAF|BOEEICH 5 ARiEL PEARO T L— ML, iF
EALRERTHE,. —F, DFERBOKEMELTED
H#EFEA4L, lithospheric mantle Z /R <{ 7=®IEE
LT Ly (E3E). LioT, BXEEOTL
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