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Takaya IWASAKI
Earthquake Research Institute, the University of Tokyo
and
Takeo MORIYA
Division of Earth and Planetary Sciences, Graduate School of Science, Hokkaido University
(Received December 28, 2001)

The crustal evolution of Central Hokkaido, Japan, has been dominated by a series of
accretion and collision processes from the Cretacous to the present. This region is divided
into three main tectonic beits (the Sorachi-Yezo, Hidaka and Tokoro Belts from west to east)
formed in different Cretaceous subduction systems. Since the Miocene, the Sorachi-Yezo
Belt and the western part of the Hidaka Belt (Hidaka Metamorphic Belt (HMB)) have
suffered severe deformation by two tectonic events: the dextral oblique collision between the
North America (Okhotsk) and Eurasia Plates and the arc-arc collision of the Kuril forearc
sliver with the western part of Hokkaido (the NE Japan Arc).

Seismic wide-angle data collected from several experiments in Central Hokkaido pro-
vided a new image of crustal scale structural variation and deformation under the above
tectonic environment. According to recent (1999-2000) experiments, the crustal structure
east of the Hidaka Mts. is characterized by highly undulated sedimentary layers, beneath
which two distinct reflectors are developed at a 20-25 km depth. These reflectors show a
clear eastward dip, which is a direct evidence of the obduction of the Kuril forearc onto the
Northeast Japan arc. The velocity beneath the Hidaka Mts. is 5.8-6.0 km/s, which is about
0.2 km/s larger than those of the surrounding areas. This high velocity body probably
represents the obducted middle/lower crust (high-T metamorphic rocks) of the Kuril forearc.
The western part of the Sorachi-Yezo Belt is characterized by a 2-to 4.5-km thick forearc
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sedimentary layer of 3.0-3.9 km/s, beneath which a 3.9-5.8 km/s body is forming a marked
eastward dipping boundary to the upper units. This boundary may be the eastward exten-
sion of the thrust belt.

The lower crust and uppermantle of Central Hokkaido has been still unclarified.
According to wide-angle data in 1992, the velocity of the lower crust is 6.6-6.7 km/s at its top,
beneath which a 20-km thick reflective zone is developed. Uppermantle velocity is sampled
only from an old profile in 1968-1969. Its value is rather low (7.5 km/s), comparable to that
beneath the Northern Honshu. This low velocity uppermantle may be a common feature of

the NE Japan Arc.
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Fig.1. Tectonic map of Japan and its surroundings.

1986). Seismic lines in Hokkaido are shown by solid lines.
HWEOIEEITEREE L HAE K.T.: Kuril Trench; J.T.: Japan Trench; LB.T.: Tzu-
- n Bonin Trench; R.T.: Rykyu Trench; Sa.T: Sagami
FEOEATNH 200 km JLFEICHLE Trough; Na.T: Nankai Trough; Pacific: Pacific
: P Plate; Phil. Sea: Philippine Sea Plate; Eurasia:
v L s D ? .
LCns (Fig 1). #€-7C, RE Eurasia Plate; N. America: North America Plate.
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F13%%i3, EROHREE & KFETV— P DORAAAD “Bhbbe” THhbHEEZLND, £
B, dLMBER U OREOMBESL, ZODHOR I =X LPBOTHEETH 5 (RE - A,
1997).

MBI BT 2 ATHES AV hEEE AL, 1968 FoBEMRHhOWHR S 5 » FBRBICHE
% (Okada et al, 1973), ZDEFIZBFEMEEHDL 3 v FofTb, LMEEDTEER - I
DKFHR OHEREE RS TRD L7z (Fig. 1), #0800 1984 48+ 1992 23, EOME
FHIFTEIC ED W CRBEL BITEREE MThN, TEEORBBENHEES IEr UL
B o TE: (BHEHERNIE 7 L—7", 1988, 1993 ; Ozel et al., 1996 ; Iwasaki et al., 1998 ;
Moriya et al., 1998). Ab#RE D MEMEEIEIX, 1994—1997 FEOMic 3EIICh iz » TiThN 2K
SEMEREIC L - C, RENTREZET (Arita et al., 1998 ; Tsumura et al,, 1999 ;
B, 2000). BlH, b7 —Fic &k - ¢, FALEAIRAICEZE L Ty 5 T B o #igk o &k
HWEFREBELT Ty B2 7372, 19992000 Fi2 i3 B FMFEHE O—R & L CAiEF
TR 2 12 IITRIIC BT 2 KRB 2 BT - REBEHEREsEH S 1 (Iwasaki et al,, 2000 a,
b ; Moriya et al., 2000), &b CHABEBMESANLZBHEL CHELUREFZDELDOMEILE)
BRfTb ., BHOBRAICOW TR EZTREBREBLICES> Tl wn, AR TILBAEN
HIMBREHEREE (B - LANKKE) OfFR2ERVEY), LEEORBBEDKHIcDWTE
BETBZ RT3,

II. 1968—1969 F£IES —BEAIR

Z DB 1968—1969 I KM S N, TP L BEM AL EMEF S g v FEBELTHRATSZ
LIk > TEDRTEEES KD L 172 (Okada et al, 1973,). >3 v M, BEUWHE T 17 =,
BAEEMN T 13 &bz, ZOMCFRCBIT 2HARE 0 ALHLNTWE, —F, &
BRIIEERIC 2225 &, BB 2 ABRBI N, BT 5, BEMNL 3 v b DFEEKkIZ S/N ¢

B, BERERRBEFERIN TV, ZOBROEEZ, Time-term ik & MHIN 5 A8
F—=DA 7 —AEEHWTRD LNz (Fig. 2). L LEFS, BEEBHNOT— 2 2FH
TEuhrolzzth, BEF—BHICREINTHENE, FHBMRNATH D, M, BERAD

Shakotan-Erlmo Profile (Okada et al,, 1973)

the Sea of Japan Hokkaido Is.
2.0 ks, 1.9gem® ! 4.0 kmifs, 2dgfem?

88 87 86 S§5 S483 82 8t SKZ KYN TGS 3 NYT DNJ

Fig.2. Crustal structure model for the 1968-1969 experiment
(Okada et al., 1973).
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KEOEEL L TRAINTY2 4 km/s i3, HBREALZOREREBEBUNT—5icEI7bnT
H5.—H, Ol 2 km/s DRFEEIZRALWT AL N ERBUBBROERTHERINZD

NTHB, ZZTHEHTREZ LI, ETFNORGEE (BN] O/ Hl) 56, RE»IEWIC
B oTnwaZtThsb, ZOBREIERFT—FIORUPLELL2THY), ZOFHMUBEEDS
1984 47, 1992 4£, 1999—2000 fENEEH b K & L7z (Iwasaki et al., 1998, Moriya et al., 1998,

Moriya et al,, 2000). TEBHZRDEEEIZ-DWCIE, ArEE “basaltic layer” & L TR U L{EZEK
BRI EBhhro7z, Fi2, EEB<Y M NVOBEER Y Moho BOFRKIZOWTIL, ENT—F
& time-term NFHB # TRICHREL T 5.

ERD LG BEEDN LICRKD LN ETNTH B2, ZHOETNOFMEZRERT 52 LI3HE
Lw, L»L, ZoEEd»sRIEED S BRI »IT COMBRDEIFHA L 5N, BAREE
B DBRNMIRBEL KL TWwb 3N EEZ LNE. Lrd, IOENFREHI THMZRT
FuebLTEY, THHBROWENEEZTREL T30 Litk\vy, BARMEICHEL > THOHE
DGR, EhEERICBWTL RSN S (Yoshii and Asano, 1972, Iwasaki et al, 2001 a)., %
IENBRERERIC &L, FALEARIR 1410 1420 1430 144°E
DWBHHES, Tz N ' ' 450
R BEIC b Re D, o ook }

I3 Fig. 20EFNERELRERD,
H 2GR ) R T AR I sk
EZDHBODL LN, SHROE
EVBETHS ), kI PLE
Ed, MERHT -5 6ELIcH
ZoNTWaEbITTIERWDY, 7.5
km/s & 7% D&V, Z OEIZEIL
B PnEErEBRETHY), &
e & A RAEAARIIC BT 23BN
HEOLIICELNS.,

44° 440

43°F  Hokkaido 430

Pacific Ocean

1994-1997

420 Thrust Fault Reflection lines

A.-A Quaternary 1984 \ i
L‘—‘ Neogene I

1. 1984 ﬂi%ﬁﬁ — ﬁﬂyjﬁlﬁ'ﬁ( 141° 142° 1430 14140

_420

= DEEL, 1984 i HIE = Fig.3. Tectonic division in the central part of Hok-
xR F BETHE . kaido Island. Seismic refraction lines in 1984, 1992
EO—RE L TER”ENZLDOTH and 1999-2000 are also shown. Seismic reflection
. lines in 1994-1997 were undertaken in the southern-

75 — -
5. W= —EREICEL, L most part of the Hidaka Mountains (Arita et al,,

BB — BEPRO— R BEL 1998; Tsumura et al., 1999; Ito, 2000). Stars indicate

. - shot points. OS: Oshima Belt; SY: Sorachi-Yezo
2L NDEER B, THERTIE, & Belt; KMB: Kamuikotan Metamorphic Belt; ID:
P — 13 ) B2 B | B~ C L AR - Idonnappu Belt; HD: Hidaka Belt; HMB: Hidaka

Metamorphic Belt; YB: Yubetsu Belt; TK: Tokoro
BEFERICALL, £ 66km D Belt; HMT: Hidaka Main Thrust.
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Fig.4. An example of record sections from the 1984 experiment (Iwasaki et al.,
1998). The reduction velocity is taken as 6.0km/s. Each trace is band-pass
filtered (3-12Hz) and normalized by its maximum amplitude. Note abrupt
energy decrease of the first arrival beyond a position indicated by an arrow.
A symbol “R1” denotes a wide-angle reflection from a mid-crustal interface.

B 64 ROBARAEE S 7z (Fig. 1 RV Fig. 3). EicHlig L 5 mic & TRE 400—
600kg D g v F A T, BLNZEERIL, Fig 410RT L) ICFNEEBRVIRIESE L XE
BHETH B, B HEET2& &3, BREHE 10 km LUE CHBRZIESERLTLE I Z L TH
5., &) EBEIFHBT 20K, FOWAOFRRICEEIBAWEIEL FET 5,
WTICBW CERENMESES (FREEEER) #HEEL LI UZ%E 52w,

Iwasakiet al. (1998) i%, £ TN 3 v F DERLIRIEZEMICHEITL, Fig 5Icmd3Ns T
ThrRB L7z, ZoOETFATE, MESEERFOMA TR, #EICL T2.4—3.9km/s i
BHWES 4 kmich»>THFET S, —FH, COEBRFET T, 5.3km/s DB HFTAEL £T
ZELTWw5, ZOEFITOWTIL, BIVERIC BT 1992 £ EBRER L BEST) CHERRT 5
ZEET B ZOEBRORET— 51, 2D 5.3km/s BHTICHENSE (BEER) 2IRET
BIET, LABBTAZIEHDTES, BB L J T, 1992 K U 1999—2000 SENEERT, D
&9 BRIEEEROFIE L KT 5 T — 7 MR- THB L N7z (Iwasaki et al, 1998, 2000a, b ;
Moriya et al., 2000). HEHEEREOEMORS 3 km LRI 5\ Cid, TEMOFH RS 2.
ZiUE, BRARICL ZFELIRMUOBEHEEL LR L T ianrd Lk,

IV. 1992 g3 —PIBUEIHR

ZOERIZ, FU HEBTFMEEND & TL1992 FIcEBS N, BlhicHFREEL2 L TN
WEHEER-—BEFACENT 530 Th -7, BRI 178 km, B &L 184 5 TH 5,
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ZED)H 124 BB TV INROT— I PEEBL2HEHL 5. ay MIARTIThR, 20
BT 500700 kg TH -7z, ZOERTIE, HEHEWAIKEZZEL, &R EIL TR
B Ly V) FTCOBEEZRL I L BE L, Fig 6 KRLNLEEN—HFIZRL 72,
Z DEERIC & T, MBI Or ORI R TCEL(R1IKEUVR2), 72, L1&L2
DI B AN X —DRE LEVEEE L TRO LN L, U, HBEREBIC KHEICE
DEFHFET B L 2REL Cvw5 (Iwasaki et al., 1998),

ZNEBROEREFIRIET— b/ LoN2ZETNVE Fig. TIRT, MIRORHROE B s
T 5HEEIL, 6 km/s 22 2EEED FEGARERC L > TREDIT N5, 72, BRFEUH
B EENC L, WEA5.6 km/s D FEHIZERO T, Pk BbN5EE 6.2—6.35km/s D
BYHEET S, Zok ) wPEekid, RIEBFNRLHBELR, BAEAFCBWTLHEREINT
BY, BItEchr 2 NIBL M E 525 (Iwasakietal,2001b). 7z, EEHIERND
DD 6.6 km/s FBENTEMERIFEET L EEbILS,

KIS Tl KA B ERE R T ER S 1, $IHRIG % % - 2B T K&
BWTHEEEbNTWS (FHEBTEMER B2 Mooney and Meisner, 1992). Za k9 %K
S TEHRBRNOTAET MR TITHO NI BITEREE T, Fig 6 0L 1—L 2Mou#Ee L (£
TRV BE I N T % (Holbrook et al., 1988). Fig. 6 L 1 — L 2 M EE% BRI D &
DEFWNEREbEEEZ DL, TORFEIZRE 25—45km DMIcHHT 2. A< ELHE

NW SE
SY —ID
—XKMB—
2.4km/; -
S-1 2.6-%.8 2.1 §-2 1.9 §-3 2.3 2529 km/s 25 S-5
0 \ 4 v
2.5-2.8

& sas
2 ‘Nggativq, Velocity Gradient?

Depth (km)

S5 [ Low Velocr-rty Material? ]
(3km/s) 5.4-5.6 5.3-5.5
5.5-5.7
?
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10 | R
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0 10 20 30 40 50 60
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Fig.5. Velocity structure model for the 1984 profile. The origin of the distance
axis is taken at S1, and shot positions are indicated by solid triangles. Zones
with velocity reversal are shown by shading.
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Fig.6. An Example of record sections from the 1992 experiment (Iwasaki et al., 1998). The
reduction velocity is taken as 6.0km/s. Each trace is band-pass filtered (3-12Hz) and
normalized by its maximum amplitude. Wide-angle reflections from midcrustal interfaces
are indicated by “R1” and “R2”. Symbols “L1” and “L2” denote a reverberation zone in the
seismograms.

BHREBIC BV U AW TR IFEL T b L EbNonThH 5, L, ZORERHHE
WREHERIFE L THEHE I PIDWTRELARHNEAI»EZL, L VBBLEEIVNETHS
9.

HEHT6.2—6.35 km OFERHERL, BEFOEMCIRHERBRT, ZOT CHEBPEL WilE
EETTRBEEZLND, T2, ZOFHRIZDFEORMFERIL T, 5.85 km/s OEENY
BrHBRMEICEZTELTEBY, 20 Vp/Vsthid 1.8 22 3, Zoiald, - Tk
BERLTW2EAFBHRLTWE L ZAIHLT 5 (IMA-f, 1986). Z DEHEEH DR Vp/Vs
i, HLELTFRIMAOSE - THMZBROWEE Kkl T 2 TEEED SR,

e —IERFEIROBE IR CTHEE T, »OMBRNBENEZ LW, BTSN L 3 v

b ECERIY, BEATT00kg THEWIZHHH LT, ZNTRNX—(SEREEHE 40 km LR TidFh &

BTELW, F/, 1984 FEEB (Fig. 4) LBk, WED 15 km LUE CHEL TH D, =ik
VIREDOWEFBOD 5 Z LRI NS, 1984 £ 1992 FE0REED &, MBEHEERE FOH
BUAEEIL5.3-5.7km/s TH 5. BEIURRVZDREE TITb 1Lz ERANTELE (MT 554E)
2 & AUT, MRS EEBEHR ORI T 0 RS 200 Om &1EC, TR TH b L1
REINTv3 (Ogawa et al, 1994). Lo L7Zhss, HERHNLERIS, 0OBERPESENICE
BT 2INTIR A, B @mER, FEHLBEERZROEEICENTHL IS, b L,
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Fig.7. Velocity structure model for the 1992 experiment. The origin of the distance axis is
taken at S4. Shot positions are denoted by solid triangles. Layer geometry well constrained
from seismic data is indicated by solid lines.

DS HERNRTH B LT 051, FOERERETIETCWAIER (Fl2 38R
FAEDBN) WLETH B,

1992 SEDFER TIE, Moho WA 4FET 21 (Pn ¥ PmP i) »HRBTE b -7k, —RIZE
IWTnEREIRZIVIETETIE R, =2 vk S TERE~DOBBEE % R L T\ 51§
Mhidh 5 (Iwasaki et al, 2001 b). Fig. 7 DETFTMACBWTIES 30—40 km (BB £ R H %
e L CHRMELR FHE L 2354, WEL PmP ErERINS, L L, EBORS TR
PmP #Ii3FR R TE %\, 1992 FOERT — I 2> 513, TR IEHB L KEEE2EEL Twiew
7, B id Moho NLBEASMERNEEZ Ed 24w, —F, BRHEBEN 27774 —ick
i (Miyamachi et al., 1994), Z D#EI_FI2 3515 Moho BAOLES X 34—20km TH Y, R
BEOBRBHERLEKRESRL L, ZOFBEICOCWTS, TERBRLHEE LTBERTY S,

V. 1999-—2000 &itiEE A SERERAEHR

LR DKL, BT - IRASHERERFENE DS LD TH -2, TOFHRITHRT DI
g, HL BN EEPEERANTRE BT IR WHETH 205, HWBNFHERD SR
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BRIMEERDOTER D &, LB EBELZHBATIICRBRISLLEDLI D2/, TS
XU R EGA T, T BRI BN TBRRM SR U 5 v FRERSECEES L
10 m—100~200 m), B oW BEHEEEH ey B2 73 5 7290, RN MBHEER DY)
BHEE S REMICIEZ 22 EH7TE B (Bl21F Mooney and Meissner, 1992). HAIZ W T,
BT ERAIC & ) B RIS R o b /e i, F2ICHEIWRTH > 72 (Arita et
al, 1998 ; Tsumura et al,, 1999 ; £F#, 2000), BI% 19941997 SENEIC 3 Elic b7z - TiThH
ni: K EEREEIC L - €, BEIURTOBIMERESCHELE Ty B 7anl,

Ak, BT - LAREE L NAEHEREREIHEMNZLOTHY), MEL2HETLIZ LIk
THEFEEICTT SRS RERICEAT 5. Fio, BENKRELCE - THEBARBER %
FHT UL, FETF 7 4 —HIC L 5 C3RTGHWAREERBEDH LI TE, F 3 irig
BERTAR A 7 = X LR L MBRIEE) & NYEBEOBRICET2H L WAIRIFHLNL TH
59.ZDE I UFEZITEDCIREW T RBLIAT 1997 FE L ) B TMHEO—RE L TE
WEnsZ -7 (BRAEN - FH, 1999).

19992000 iz 13, HEHRHEOH.OE T 5 HURIC B W TRAIVERBIAER X L7z (Iwasaki
etal,2000a). ZOBR T, BITEMERE, RIBSEMERS, ZEHEMERERY
BHEERMEEN 2 B M LICERL 72, Bz, HEMIcs, JtERc b - THE
WEFDIFRES N, LVIEHD 3 XRTHRBER CHBORERAOBHL BIEL 2.

JRITEEBRAE R, FALEARYD 5 BEILRZ BT TFEIUCE 5 £ & 227 km ORI £ T, 1999
Fizfrbhlz, ZOBREDHNIL, EHRICHE ) HBROBBOKXRBHLHREEHLPIZT LI 21
b5, B EIZE, 297 SoBMEFRES N, 6FNT 9y baiThil, BoE& oL
i, HEWROMMW TIIHRGHE AL, WEIERIKE CELNLTYS, ZHUTER»EL
CEBLTWEIEERBL T2 252 515, 72, HEROEMICIZ, FEIRIEZ 82
B KIRMED KT HERR & L7z,

BRYB AT A I, 1999 R H IR KM o+ FBF ¢, 2000 481 H B ILARPEHR o) %4 Bl — B
BHCEMI N, FEORBRIIBkm, FrANEIT82THY, HEIZFNFN3I9km
RUF1094 THh 5. BREISRREE, 50miciE Lz, 72, 1998 FICRHEMRBHB&ICL - T,
ZORBENOWEMIZ B CRAFLREBD & S iz 28008 (BE 9 km R 15km) THRAEDAT
bNTw 3 (B, 2001), LLER~7: AL, 1999 FE0mIFTEIcIZizEIns i
DTHY, WMEDHEBEHT %2 TERIC L 72,

2 FFITh R BRI I NUL, BRI OIS B THMETH 5 (Iwasaki et al, 2000 a,b ;
Moriya et al., 2000), “FEIMUDOHERNIZIZ, R 20—25 km (2 BB 2 KA HE A7 2 R S i/,
INLONETEIL, BEWUROFIVETICE W CABICHEER 2, B2, BEUREEDH
RO HER R 5.8—6.0 km/s T, FBICENT 0.2 km/s BRERZIEY, 215 DR
13, 1992 FNEBFER LIZITHAMBTH ), BU~NOTEURNEH L2 HEICRTINTHS, H
ELIRIC B W TP - THROZREr B L T8 ) Z0EAFHMRIEA TS (B2
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E/AE -, 1986). T ORELWIFRERE LS RIOMBEFHMALSbEEZ EICL-T, - TF
Wk OPMEIZ DT HBEBIRE L D L IIFE NS, 72, LEOFEBREE & B &Lk
ToWER (HEEEERE) & OXGEITR, HEWIREER CHZE S LT 3 EBRORIMEBR

(Arita et al., 1998 ; Tsumura et al., 1999 ; 58, 2000) »*Z DIFEEU L THETE 3004
BN OKRE LMETH B,

—7, BEILIREER A & RS 1 (S R - TR S AL, RAHE R BRI koo
57 5 IENNE - BT E LT 5. 2000 EOBES S, T km (2055 2c K4 T < HERE
BN, ZOFBTERENEEDP LHERINTHWDET Y v F Av F EOBEESFERI LT
b, %57, ZOBETL, WTFH km—10 km (2EEEERIFZEL TWb Z Ed b -7z, 1984 4E,
1992 FOBRBERERLEZ ALY DL, 0L ) IREERIZ, BEILIROFERICIZ % ) LB
WHET S5 L, ZOEERIE, RAEBFRTH OB B 2 kBELZATA o~ DR
HERHAL TR WHEEZREE L T\ 5. ZOMFUC LU, HELRER ORE-wiEHics v
T, &) RBELWBROREI AL TWBZ Eick b,

VI % & b

AbiEE Cix, PEHELIRET BRTIK & B0 B AR 078AT L T\ % RhERRISE F SRR Frih
BTH 5. 1968 {ELISK, JbHREIC BV TR O ORIBERMERE VT H LT E /2, $RHC 1994 —
1997 SRIAT b AL/ A BB R A Tlk, HEUAREEESIC BT 2 0 Bik- Bk 22f5:E o 41 i
BRI ERL 72, B, FEROHMEBROHEI >y B2 7ENLOTH S, ZOHDBEIL
AR HEB % BRVGICHEMT 2 T - AT EREERARIC BT, BB DMz Lo 5
e ol BiZ, HEUREMOZIMBEF TOBEIC O W TLH L MR ERHINLODH
5. ZOHMBTIE, %) EBBICIGRERNOTFAEIHRINTWS, ZhU, R’k
H ARG O BRI M ML TR TH VAL T L0 LBRE1LS,

B &5 IR B U % o0 JE s Tl 1999 — 2000 410 PR BARIB BN L ERE N T\ 3.4 % TD
Red 6T E-HIBGE &, EBARMBENIC L ABELTHREESORERR L BAMICHERT 2
T EIZ k0T, BESBTHROEHERRICH ) WROERMER, WHOERERIC OWTHL Wi
RO onb DL HFENS,

X B

Arita K., T. Ikawa, T. Ito, A. Yamamoto, M. Saito, Y. Nishida, H. Satoh, G. Kimura, T. Watabane, T. Ikawa,
and T. Kuroda, 1998. Crustal structure and tectonics of the Hidaka Collision Zone, Hokkaido (Japan),
revealed by vibroseis seismic reflection and gravity surveys, Tectonophysics, 290, 197—210.

BB EIITSE 7 v — 7, 1988, HEILIRESTEERIC 3517 2 B BB O BRI (5 — AR, TR ERF%
FrER, 63, 273288,

B RENIFSE 70— 7", 1993, AL¥BEMIRIC 1T 2 BB OB (ERFI — MBTRE), FRAHER
#H, 68, 209—229.
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