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BRSO U C kR PEIRE B9 %, &E, aME LT
DOFHER, MHREDEC, ETHLLRTwE W)
BEET 50, KPKHEETHL E0H) T o, IR
DA - TIEWRZEF L, HEOAMEZ KEIC
T2 2 EBHEE LW, L L, /MENT® Z DRl bR
POBRBITELDLT o7 B13K) Lv) I L,
2o E L TONBOBIREDPZLICEAR, ELEWL
I EDBH-T, UMEERE, 1, METTE XOZDH
I B T, AME L TEESIN, IPAIKIERAZ
ni.

DT EIFER, /MEE V) HBRDOHE 2 S L 72
DTHH D, Thbb, MEOHE X, TMLOH 12
Ma DRTOZEE L7274 3 A M6 7% 2/MEN)IE, §
12 Ma ~ 11 Ma OHifCAHDONA 7RI A5 A t %
ke T2 5EE, 10 Ma~9 Ma 0B L 754
A4 P ROEAEIC L > TR S N2 -5 & 10 Ma ~
6 Ma O XA ~ZIIEE o KBRS (MRES) &
LONA TR 5284 o 55 B84, 6 Ma~5
Ma Hi# 0 KILHE “RHERCE % Lk & 3 2 i, & &
o #9 5 Ma~4 Ma oiaLILIAEDR F1:
DS CEHRES) ICkoTHREIhTwa (LFRIE
%> 1997; Matsuda & Yamagishi, 1997). Zd 95 5 /)
P ) X AKE BT S L IEREE KT 250 TH
D, kALY, FICKEKEREERY T H %Kil
BEBE S, BaEn, 8 & OWERKE &L=
HERE A, FRICBEKEETH 2 CE14IK). 2D X HI1ch
R ) 1k TALRIR ) IR THICS R AHE BT
50T, NSRS ) O REHZBIZEL, DA
EARFR TGS O & A 7% BRI TR 9 5 &, 22D T
HFEELBE XL E TV (5 15K, White, et. al.,
2003) O—#fxEtd 2 2 L HARETH 5.

Zo, UNERT ) &, WESN, SO%, HE
A, Z LT, KINAMIC SRR iR g B (1 208,
Z DFE W KRR KL E S & L T o IR 7 oy A
FHPHEFERE R ED LK b2 TR WnE) 2K L T8
D, SBOMIEOMERIAGFI NS .

FEHEEE
1. @b atEnEnh
HSCULDBINTE R S L ALEE O BRI A 1L, I8
Wi (1886) 12k > T, HEEIRIIAVBHATR S HL
FHIN, FRABARICRESNLDTHE L)
FHRICERED 25D TIEH 503, 2ok, WHNHICIL
RALDKH R D RGEIRIN A BFHER S, 61, 20



A #FE

14N NEOME 2 REET 2 ARTKITEED IR (M
- ZABEHE R SR o K K e 2 B S RRIREIR)

#%, WU KHEOGHEBAGIEIN R &, JTE, X h R
CTHEMAMERZE T 2RI AI G I LTV
22 06, L ANMHEIOBRIAED BRI TH 5
v BN S 2 (Fot, 2005). @ REIZHE 213,
B O BHRGIAZ, AN D ILHALDBLIRGI D XL D
VEEZZT b DTHDEELLADL I ENTE S, — 1,
ARHT - 78 KRB OBRIIA (F9 4,000 4E1T) 11X, HEE
23935 m&, BBUIHILADZ LS S kv,
IHEMEOHELRAD NS, Thabb, BWA, 1
km #En R oW I Ao N s MBS Zilisk &
DEMETHER SN TS, ik, BIRIIGORFEICED
BliE X 4, s o RIGERRGIE 72 £, P I 7
DEPIPET S NFER EIZRZ->TE Y, UL
EOHALT & 3R 2 aE AL v EEz 6N
Tw3 (HfE, 2021). %7, ZEBEIRGIGIZ, 1922 (K
1E11) fEOERFATEICHZ T, 208, MEMFICET
ENHDOT, HIROIEFZDFEREZHED T HD
TERVEW)ZEZEELTYH, ok, JLEEDOBRIR
HIH I, Z DM REERARMND D O & HART, Hifiifk
S, MMEIELT 2R oS kboEnEz LD, X6
i, TREOXVARRES XY % Th ZHwdic §
T RV TRBREL, &) EHLRERE A & E RS
ZM A EICENTONE DELESZ DI ENT
&5, Fi, MEOFTBENRINA R, KT OPEIRILELR
FIAD & 912, FSCAPEBZERL X9 &7 2 1o
RO TR & BHRIIA IS 2 560 % EE A1, FIfE
MEE2EHALTIEL CELDTIERL, FchrRED
CREOLYERST, 135133810 ) NIHOE % Bt
VE L CE A EOBEIEARHTH 228, uATHITEE
REROW 75 (RAE) &, MEVrD EIcdh->T,
JAPHOBEE & X IR ILBIRIIG O & 2 i no &,
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Subauenis lapha jatiing and steam cupola

Pl & A okl B ibal brsw wihrd, ioinal]. vrluite. Sidlidyiide 1y i Fiagea®i WIMLTRTISENSE Ly oreslatnn (4 ) and
wbiv il spbas et (I 1) Rapsll rf® momaqunan qwppticn-find devesity vusees depestn. |7 Sapdfi balf breecia; bl
banecally avepissvd P Gy nepas erse ok @ arem gl Chageen me s e

H16 K IMEEA DRI B b 2 KO E TV D —
fil (White,et al., 2003)

5 k9 EEEDHISAT S U IO S I KBS AS H 5%
THEZEREBRMLTWS, IRz LTy, XA,
KGR RE DESIEILICHED L X5 %, iabhol
o) o TRV INMOERZFEL, 26 %,
BURIIE 2 MG 2 HE LR A FF A0 L LT aa
BYEELTAYA PEEELTRAL, HHLZLD
LHEEEND, &k, FEMAHNL, FKHEOKEGHIRY]
LR T 2 A%ENRE IS o (Fot, 2005 ; 7
Efm, 1953), &b, MXADANDBNIEDY) %
fAlVWAID 2 ETE ZBRFEORAITH 5.

2 GEbE A EDEDD

Jeic, BiscUbe Attt oflbh oflE LT, v
DFEMHE &R D7 3y AR S 112 Zljic >
WTHD B, Zadd, HASECidbiEE s i &
sz A RETH S LIRML 2. 2hs o,
2— 5 > P REEILHEERD 7 L — VRIS, X o1z, A
A J VIR BB CFET 2 2 BRIl S
Tw3 (gl - 81, 1983), chonltnrs, FE
WL 7 2y RIS 20 2 552 o 7 Xl o
b, A6, 32— > 7 RBEALHER O R 7L,
Thbb, Wi, > v—<=ZX L3t OBENSPHCE
fisncwz (NI, 2003). —7, BEOHEE LT,
W (2017) 1%, & RIGEBFOFIHE O RS (&
T BB ZE 2, 2000) 8% 2C, "AM2 60
ANDWEN] DBRHTETETOEE LI FIPELEL D L
12, ARMOREN A E LR O Effi i o fxi & 7
Iy AR DT F — 7 & OBRIEIC DV TR XIE
DHIEZ T TIHRMLTwS, Il trs, T
UL TH, 206 OB 2SR BT 2 Kl ki,



ALHEED AL &AM, B /AT & 2 O R Tl & U 7 SUEIVE A

JeiEE & V) IR S LB o3tz L, W5
iz, AGEHEND S DRE L UEBRAL TE LD DT
HoH, LrL, 2Ol ST HEil sl
B 2 ALiE 0 SR EH OERIE, 2 oz L 7
ANZDBE TSR DDIT OB TIIHERERDH 5 b D
D, YEOFN R IRAE (Rl e AR ?) 1Kl 2 7% 5
CERFRLTEY, fmxXsubld, & 2=k chilhhn
72, BRI THHoT, D EHS TS, HifiX
XAblx, HREOAMICE T 2 KAERE (FIA) o, Ei
e bz 2PNz, PHUC 723Xk (H¥EiE2>, 2000)
LIIEEZUETH L) TENTE L),

3 timEDEREER/HEDEDD

iEE oA, AN & kIS, BRHERIC X 3
PO - BE AT o 2B Z I RBI 052, Ficd
B T, FEEOREICLD, Ailoznt
Ty, s irbns (i,
1971). K, BHEUARTO HARD LS, BHEIHLIEE b,
RiGEEELZ TR E T2 TROUL) THZDIZHL T,
MR DU D ALiRE o Ak, Bt R N2 % ikiE S
NABBETIC X > T, AiE (F721%, BEO<D) @
ARSI NS K9 RETi 2O N2 EX L
72 TADOXt) THhot, 2L T, ZOADLEL L
72003, At & LT ALK Ay ARG EEKS) TH - 7=
o A2 BuA % 38§ 2 HidL o, Bl - &8
WXL Th oD LT, MRk, »o
T, MLEE O LI, & b WX, ALiEE O R i
ofiiE LTo TFEL, TH D, ool
BXA D, PHB, WS, N, 2L CAEREE V) K
IS, O EZRERT ZHLo3Xiix, ThHIEREY
KREI Nk Tbdho7 (B4, 1974, 1979).
mE, MY THOH, NS (BOCERREM
fid, 1979) Frbhix, T oGEEEYD, bW T
1 ELCoOREER (REOEESFEY) OAROHATIE
%K, LK, HEHLEIEOME, EEo—IcREs F
< TAM) PMEHINTWE Z LIk S. 200, AD
XALDTEHTH Y RIME b VA2 RBIZET 23—y
PNOFEEET O AT, i D DR ENEY D %
WRElZET 6 THSL, Zo/MED TR %
KZ DD, IMETTNP Z DA THRINE Nz, wbw
5 UNEIRG ), L, TALBERE Th o, Ak, TALBE
W A TH B o LT, TR (8
TS S I BLBE K S 46 D 7K K 0 KL L R HE R
H) 1%, ZonAHeEEOZ S KTHY, £, %
BaBREZ Db DTHBDIZ, EL WERBEZMET
ZEEEEY ORI L L TEEIWACIHEAINLZ LD
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BHIEZ Wit wic, JtlmBERAHE A v 8 —
HHEOBLFEZEEE I, DMEOHIE & KR KA D
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geology in Hokkaido.

There are four types of historical artifact and relic of different ages deeply related to stone in
Hokkaido: stone tools made from obsidian in the Palaeolithic era, stone circles in the Late Jomon
period, lithographs in the Sequel Jomon period, and buildings made of “Sapporo—Nanseki" and
"Otaru—Nanseki" in modern age (from the Meiji period to the Early Showa period). Here, | focus on
cultural significances of the following histrical artifacts related to stone: "Oshoro stone circle" in the
Otaru district and "Nishizaki-yama stone circle” in the Yoichi district of the Late Jomon period, “Ancient
lithographs of Temiya cave” and “Fugoppe cave” of the Sequel Jomon period , and welded tuff called
“Sapporo—Nanseki" and subaqueous pyroclastic rocks, made of lappili tuff, pumice tuff, and tuffaceous
sand stone called "Otaru—Nanseki" used as building stones in modern age. The investigations reveal
that the culture related to stone in Hokkaido from the Palaeolithic era to the modern age was different

considerably from that of the main island of Japan and there existed specific culture affected by local

12
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i U & I

AHiTlx, Platt (1986) % Platt - Wallis (1991) 12 /¢
VW, HIBRO R LV S 2 L 2 (uplift), TN DH
pEko FmIcEO{ 2 &% EH (exhumation) &
FHT 5, MIEEREED LAX A= AL LT 0k A,
INETIEHH»6MEINTE L (HlZIF, Platt,
1986 ; Ring and Brandon, 2008 ; Konstantinovskaya
and Malavieille, 2011 ; Graveleau et al., 2012 ; ALLL

®E

SWINERAED FRA A=A L - Fax Z3FTIC
S 2o T, KiTl, ZHCEHEDEAOHE
RN, SN D> & LR AL D HB R I 1 D
T, SWINEBEEERA D= A0 25T 5. =i
ERAED ERYF UL, DTk icHiEsh s,
1) ZPINZE KA F )T - b O REsH T H D, ALE
A X =N AR O F#UEZ 723, 2) ZIRIZER
Wikl &, POl o KS-IL 22 6 8 B ISR S
n, PEROKSIZEG, 3) KSIl o EEAEMMITH 5
A=y gl —A M) e F 7 U IICS B OEE
IRREE DS ICER L, IS TR H
oz, 4) KS-II DJEAHFIC X o TEIFINNEAF D 5
AR OMEE A2 LA L 7. KS-T & KS-ITiE, #)
ARNTIRIEACEITRANT U7z, BT OMEFTFIC X - ThE
WWSF7 v F 7 4 — LRI, ZOEEEZRET 2=
PN D KS-1 & KS-I1 B X OILER A 23 FfE A,
M7= v 7 Wlkol-. b) BIES &Ko =Z3012
B O AR & BN 1 PR — B e T 1 e 2
RS, F#EEBRESI N,
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127>, 2004 ; Ruh, 2020). Platt (1986) iz Xk 11Z, Hh
TR D T BEBED LR A = A LITIE, S o D
TNk UL 7, IS K 21RE EAD, ik
Fo B Eofin, MHiEofiis 8D, 51
BIAD EICdH - 740 (overburden, L#EE) A3l
ROHIFIZ X DI BR> NS Z L bBETH S, T,
Ring and Brandon (2008) %, A AARICE T 3 [
FoOBER E L CIEWE, ®EWNRY 7 8 A4l B




A Ak

CREZH T TS, fllxDAAAFIZE T 5 EE
BRHO LR A H =2 5, Platt (1986) £ X OF Ring
and Brandon (2008) IZ k> CHEf Iz 2 s DA
D=2 FIEEICHR L T2 D759,

SN (Fig. 1) 1%, Juil» & BIsEHLT £ o
Wiz L, HWEMESZRIEN, BSEN, ik
i ST 24BN I NE TIfTbILTW» 3,
SWINERAE, 7'V — b ORI TR IS AR A
FEUETEHLB O I HER Y, WM 2 & 2 FUA &
TLERMNMELEEZ 5N TwD (#lZ1F, Banno et
al., 1978; Isozaki and Itaya, 1990; Kiminami et al.,
1999; Okamoto et al., 2000). = I Z K EHEH O iR
JE-TET) (—WR§H]) REICBIL <k, ThETicE oD
@ (H1 212, Banno and Sakai, 1989; Takasu and
Dallmeyer, 1990; Shinjoe and Tagami, 1994) 23% % .
LL, ERAXA=AL8 BT 25 IEP %0, N
(1988) % Shinjoe and Tagami (1994) 1%, #%M A HA
(28T 2 HHEHERY) O K EADIN DS =W LG D b5
ICBAG L 2 FTREMEZ R LT B, BEIRT - Aul (1991)
% Hara et al. (1992), Isozaki (1996) %, ] disd
BT 2 7 7 - KPR DI AIA T 03 = N ZE B D
LB G U7z EHEE L 72, Wallis (1998) 1%, #/11C
BKE) S L KRB Gy 7OEADRT-F v 7O ERICE
P 2w TR R L Tw 5,

—, Maruyama et al. (1996) & X VALl iZ 2> (2004)
&, HROMEME X O ER OGO (8)
RIEAICB L ¢, EAROIKOEE M, RE - Eh
JERE LA, A O LR & TIROME R £
WEHRL, #ien ERAETF V2L L 72, Maruyama
et al. (1996) & X O HLUNZ A (2004) 1%, ZPEITERL
HEO EFICBIL T, EINAIARICHE) A T 7 DA
BICE > Ty =2y PO—EFBHEORRICK D I s &
Zzil.. LhL, FEiEs (2001) 1%, BYiso=
WINERASSEOTIW 2y A6, KHBLETILESR
ELTW2, AnEs (2004) o =JNERAED B
XN ZALNE, ARERE (Behat) ORFlEL=y
b & =PI P SR L TE D, LD EBREDZE
AR RSB LTV S,

AREwClE, ZIINEBAR ISR D IS 94 T 2R L
(fklefins) OEBAHEICERZRD, MMEHE O =k
JNZEpKate, Rt a8, ALTBRRAQHE, R Ol
G, TERAER, AR, BIRERR £ o ZBa
BOLADADZALE T UL A% HERET B,
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i =]

Z CCIFHEHER D S WU AR 1221 T OME O
Mg 35 & OV = NZE B 2> & PO g dbas 12 221 T oA
O Z AL, AHMER O 22N 2 Z b
BAILTbENT 3.

1. BRF

B 1, PRGN > TZ odLillic i T 5
(Fig. 1), midBiOERLBAH AL ) 5ok,
B EHL O R ER ARG ICEHDN S, HAKER
AlE, Fr—PRREALREEZFEE LT IR AR
Eh 6 7% %, Suzuki and Adachi (1998) 1%, LK ®
M 3 X VBRI OS2 T L ¥ 2 Ml o h kG
C&EENDEF YA b CHIME £ & LT, 102-98
Ma zZ#i5 L7z, 7, WM & 3e i o vk oa
#o CHIME 4R & LT, 211241 95-85 Ma & 95—
68 Ma z#tt5s L C\w5, 2L T, Hllo@sikc Xk
D ECHBIGEISR T WA Z EERERL . 0,
Takatsuka et al. (2018) 1%, ZEHIRL D FHR TE KA
HE IOEREEOY L ay U-Pb ERZHRE L, #
NZ1n97-89 Ma ¥ X 1899-69 Ma %= #37-. Z DRI,
Suzuki and Adachi (1998) 123 X 417z Rl M D FES
D CHIME & KR —3 L Tw 3

BESRA I, VAED S RLPHE RIS T T 2 5% E
M ORURERIC X > TARESICEDbN S AIRER,
P72 & B[ D o CTRARMICHE 2 %, PUEPEZS O [
HoEMIx, Eba D o il - A v o= 7 v 1,
WEHH T A v =7 VIREH -~ — A MV EF 7
VI EHEE S T 5 (AR, 2016), Noda and
Sato (2018) 1Z, PUEVEHOMIRIEHE T ICRES NS
BEKED S 82.7 Ma (h v =7 vHiwHl) oYL a
v U-Pb Rz L 72,

2. = RNZENH

ZWINZE G E, ALl oS & Rl o AL &
B FE N SRR O )RS A T h 5. ALl B
DGR TH 2 Z LIl TR a vy X255
T3, BN W TR PR s 7 I 1< B
LCiimsd 5, sk s B 2 =) 122 s D /e
AW OMER IR & § 5 Ffid (B 218, HRiE2,, 1991)
W—MRINTH 503, d1Z 2> (1998) AFH - HiJ1 (2009)
D X 9T, R R 2 AR AT O AL DAL
PiFE L $AHM%EH B4\, Suzuki and Ishizuka (1998)
b I SRk 0 5 8 & LR AL D LR & DS IRAE D 5
THGPEDRE L E LT 5, KfaCl3fmspm sz
M7 U 7B B & LT .

ZWINZERRGE, POENC IR A L, % < Dft%E
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Fig. 1. Jurassic-Paleogene accretionary complexes in Southwest Japan (A), and geotectonic division of Shikoku

and locations of mapped areas (Anabuki and Akui areas) (B). TTL: Tanakura Tectonic Line and MTL: Median

Tectonic Line.

PTONTWEDT, I 2 CIEPIED =2 O
BT 2, WETIEEEFICHED X203 < 9
SfibNTE L, /NG (1951) 1%, FHEIFRIRO =K
Nt 2 T & KA, JINEJE, AR aiE, =#
FIcXg L7z, 612, /MNEIEd (1956a) X, ==
D BRI RAEREERE L, £, #lpgE s v —7
(1984) 1%, /NG5 (1951) OFAHE % o)1 HJE,
INBETE, =Ry L, IO &N EE %2 —IR
REEAH & L7z, GlLEESE 2 — 77 (1984) o/l i,
/NG (1951) DORAESE & /NBEIEITHYST 5.

NG DFFXTIE, ZAEDFAEDOHEICED VT,
R OBE L HRICTTbITw5, L, =HIE
HAEER Ty TOBAELZD TH L I EXHL IR
D, Fv 7eBAE LMEEFIXIRTh s L) I
ot (1 Z212, Takasu and Dallmeyer, 1990; Hara
et al., 1992), A3l Takasu and Dallmeyer (1990)
k3 ol ra=y b (v 7) (ZHEE KAER
JEIcHY) LMo RFEL=y ~ (Fv 7)) (UIHE
LNEfEIEICHY) o4aEE DIV S,
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HHF (1990) (&, PUE R ISET R O =128
BoEEE E B ORI D E, RIS R
A, 7 n s KORERMC L il =y
MEsRRaH, 7 e A K ORER» LD, K
Hfsa =y M3fRANH S %2 (Brnst et al., 1970),
B (1982) 1%, MERMEZ S 5 ICHREA-MERMT L
REA—RERMTICHI T U 72,

SN AT 2 MRS % 5t A £12 2\ T, Rb-Sr 4
% K-Ar 5%, “Ar/®Ar 4548, U-Pb 4EfR, FT 4R
BEPINETICEHEHME SN TS, PIE RGO
M=y FO¥F 7 ufafi~KERA-RERMFOAE
K-Ar £, (Itaya and Takasugi, 1988) & HZE &}
OAr/¥Ar 4448 (Takasu and Dallmeyer, 1990) (333
—HLTED, £ H»85-75 Maz T, flFr=>
I ofgJe i clE, Itaya and Takasugi (1988) »
K-Ar 4£{%23 80-64 Ma Z /R DIzxf L T, Takasu
and Dallmeyer (1990) & 45 “Ar/*Ar 4£ 48 A% 94-85
Ma #/3§., K& =v b+ i, Itaya and Takasugi
(1988) @ [ZERF K—Ar 4E{UAY 68—-63 Ma % 7§ DI &}
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Fig. 2. Geologic map of the Anabuki and Akui areas, eastern Shikoku (modified from Kiminami and
Toda, 2007 and Kiminami et al., 2007). See Fig. 1 for the location.

L ¢, Takasu and Dallmeyer (1990) & 4% ““Ar/*Ar b A g L, R o Wl - A s+
FRP77-70 Ma 2R ¥, fREOHICEWTIAEZER  WOKSI 2=y Mg, BEE2PKS T2y Mo
K-Ar R HAR TS YAr/YAr D H52320-5 my N3 AEMEZR L7, 612, A - FH (2007) 13,
RREEH o, VUSRS o =B I ARk e A () & s
DURS, =BINZEREHOFEREOERIZY 2 Ffd (F  4deid 2 Ao T X 0 gy U, =ZBIIZERAE D
b bLHRREN) LfEIN TV (Bl21F, Banno  dLifAYKS-IIiC, ME2YKSTickhd iz 2 &L 2mRL
and Sakai, 1989). Z#u, ZPINERWEO—-HEE 7 (Fig. 2). Zho OfHRIE, PUE =PI RA Ok
25N T WMk EEHO W OO 2 5% BATOL 2T O FBIHTH 2 T L 2R L
Y2 7oA CHiREA>, 1984 ; Faure et al., Tw5,
1991) RWEINZ I LICK DR %Y. Kiminami — J7, Aoki et al. (2007) % K % (2 » (2010),
et al. (1999) 1, MWEHILDO KB GL=y FhOE Knittel et al. (2014, 2018), Endo et al. (2018) X, =
Fria DA EALAARUR & PAEIPEES - S o g st o WA OEEY V3 v o U-Pb 4% & BEICH
WHEOEFEAEMRE L, KFfEa=y b2UE  HIN T3 K-Ar R PAr/YAr iERUICHED E, it
oAM=y + (B =7 v Hl-Hill<—2 b A OE G RaML TH 2 LHEE L. KikiZ
VeF 7 UH) oBRHTH S EHEE L, A - Bk A (2010) 1%, P a v U-Pb ERSEESICK 5 —
(2000a) ¥ X ©¥ Kiminami and Ishihama (2003) i3, MO 2 BE LT, MO Z2EN T o TE
VU rp S O =N ZE ke s ORE - BB RS D 2=y b EMEN LMo B =y Mioald, B
Al AARLR & PUESER o g b o s - Jea o = b2VUL A AEE O RS, MR = v b AU
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Fig. 3. Geotectonic division of the Sanbagawa belt for central and eastern Shikoku (after Hara et al., 1992) and areal

distributions of the metamorphosed KS-I and KS-II units in the Sanbagawa belt.

b oI kX415 L L 7. Knittel et al. (2018)
i, WEFRHROF1=y b ERBEI= Y F OfE
PPV ay o U-Pb ERZME L, ZIZ s 48
BB EMERRICER S Lz k#2172, Endo et al.
(2018) % Aoki et al. (2019) IZ X 2P T2 = F & K
far =y F OWEEY L a v U-Pb R E X OBEICIR
BEIN T2 K-Ar £ PAr/YAr 4510 =30 1125
WO BI AR ENn il L 2R LTw»
%, PMERISE O MR O M 2=y B X A
L=y FDOWEI L ayd U-Pb 4 L FIZERF K-Ar
2 ST L 72 Nagata et al. (2019) 1%, #lf2=v
DF 7 OHEOWREES L a v Db E WEND 88.2
-77.6 Ma (3§lRl), fleATOWEEY VI ryDRd
VAR DY 74.3 Ma, K#FfE1 =y + OEEY v a
v DR D FVAENRS86.3-71.1 Ma (4#k) TH3BZ
ERRLE, FARFICRE I N K-ArEE2EET 3 &,
oI DORIF =y P B LXOREELI= Y MiX, K-
Ar AR EACB SRR K D DD
BEERec, giAfiidor s HREFZERS L LTw»
3 EHEEI NS,

INGORREZEMT 2 L, RIBAH OB (8
Rk A B O AL DIE 4-2 km FREEE VU 7 0
KSTa=v rOWEHHTH Y, Zodufllix KS-1I 2=
FOBEEHTH B LHEESN S (Fig. 3).
3. R EE

SRR & ALTBRRAHF & o I e i 1 2o A L
(Fig. 1), ZPINERCAEE & 3m IR L 22 Wifg o s
2 (MiJE, 2016), 2 2 CIIPUE okt ts o
Pa B OICHAT 253, HEIIG U bl o fl i ik
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BEHIIOVWTHERTE, "M 7u 77284 Fold
Atvog, FANGCEEREY), Fr—F, Alka, R
Bl % E ORI N5, BT ERkaE B, 2R
YO AGOENPS, KEATWICEL, =PIINER
VER % 5 1} 7 L XT3 (Banno and Sakai, 1989).
FrECEICHE S N ERIRE A5 5 1%, 98-96 Ma
4 CAr/PAr EADE S T w5 (Dallmeyer et al.,
1995).

VU DI R S O H KA D S AR B L R Y
TARLD A P b 3EweE (HRIZA, 1980) ST
W5 I EDS, ffEkaEEOMINERIE, FY TR
WL EZ o2, ShiiEd (1984) & X O Faure
et al. (1991) i, fHITEHkEESEHOR L2 R T % 47
e s 5 B%INY 2 7 oA 2 RE L Tw 3,
BEER LMl C A Sk o 8 | B A TS ER 72 2 D THI )
BAISNTE Y, FFSHEMEROGHO L ST
W3 (BRI AT 2 v — 77, 2002) . #ARE (1999)
&, BISOIBEARIZE 20— 7 (2002) HSPETH T #4 T
& LMD o B 2 J R A 23S L Tw
%. %£7-, Sawada et al. (2019) IF, Fof=EEPEEEDOH
fif ik S O B EME R O P L 3 » U-Pb fER %
M@EL, 1546 = 1.6 Ma (¥ 2 ) v 7 ) ofF
RA&2B7, D EORFICES L, MRk S N
ML7zDiEAy 7 A7 4 =747 MeFa—u=7r
MLoflEHEzNS,

4. BRBF

MR FRAr 1%, b & ALE AL, BRI & X OV
BT ICIXr I s (kx5 1998 5 Fig. 1),
T E S ICVIEHRO PR OME 2 5§ 5.

- -
— -
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1) EBPHRTF

BB, F v — bRRAE, BE, s, AKX
B0 B OITHK S NS (FERIEH, 1982). EK(1990)
(&, PUEREBOALEREAR A 2 b & (RGN T 6 6)
flilir=y b, Hifiz=y FELXTRBL=y FIZXS
L7, REESOHREENIE Z DT TE L &2, it
FREOABIERE L AR DA &, B L < I3EERD
BHETHY, hake o MCEikTd 243, il
Do CHIMNI L 2 5, JEEOERIE, KEWICH-
Pi~ L - Pa g 6 T, fEAHE 60-30°S THh 5 (Fig. 2).
e & HE L 72 o ERIE, FEARRICE 7 = —>
v TH B, FH - FIEO(2003) 1 PYE o LR
RiGDEMNICHER, M7 =—> v/ Thbs I L%,
Wil (2008) 1 PUEEPEE D AR 31 < ALfER}
M7=y 7 ChsIERERMLTNS,

PakiiZ 2> (1998) &, BISLIOWIE (B2 1%, B
BRI 7V — 77, 1994) RPUEPEHOMZE (1L
db, 1988) 2 b &0 F, MWEO LRI O fE P
M ofRr=y b+, LiEHI=y b, EENL=y
b=y b & L7, WEiE2 (1998) 1 X,
MR =y t OIERAERDHIN A AT, B&EE -
JEI - B2 =y~ OTREAERDEI Y 2 7 /-
BHIY 2 7l TH 3.

—Ji, K (1990) (%, PYEHH O O HE
RUERZ R a2 6, flia =y b 23 2 74,
B = FAHEIY 2 7 /-5, Rez=v
DAY 2 Z AT -l & U7, R AR o
I, R % 855 T\ % 72 O I BRI O
ML, Eak (1990) Dflilz =y 2L D
L% A= L Tk vwoT, ORI
DHEREAFAUL S S I VR £ TRETTBEED >,

AL SRR Ol LW IC K > Tw oo
vy My &N s 2k, HERERBZARRICILICm
Do THEL BB EMESINLZ L5, FIF (1986),
Isozaki (1987), &7 (1990) ¥ XX Tominaga (1990)
&, Z OHURO AN & - 72« BWIEE " o
TSR AR BINAIR TR S L LB A7,

2) BRF

SR 117 & AGERAHT & BT E X OV H ORER
SAICBEIL TR, M4 gigiRaid 2 (RNH, 2016). C
T, B 2 A VLR, TARVR, =
KA, SPRARGERE), RiFH VLR FY T
A%, WEECH, VAR TP 2k ED ORI NS
AT & 95, 6 DEAEAREE THE - THTRHER
EBRSAT 5, HIEEIR, BLICLYARAERKELT
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FENT %,
3) FAEPHRF

VY 0 FE AR QAT 1, LA O R — MRS 2
A b &AL o B BT 5 (1bdE, 1998).
WRED> (1998) 1%, ¥ 2 FHRMINETH 2 FEEIER
WO ARG 2 RE L, MW T2 6, %<
DfEE L APCED SR SN, F v — P LHERE,
a7 Ex M) ZElla=y b, Fr—1F - BESY—
TUADEDIRE LS R EFL =y b, B X ONRE
AHETRES T o KPPl =y MRy L7, =%
=y M, L (F) o - R Shre
ZzontTws (I, 1998)

afdiZ2 (1998) I kduE, MR O/L=
F OHEREAEARUE, K=y F23IHY 2 7l v L
RIS 2 74, P2 =y AR 2 J B~
W 2 7/, =S =y PRI 2 F s~
HMFLI & S hTw 3,

5. MA+FILH

VU, ARG RE A LA o B A &
B L, SR & o TR & BRI IKS S B (Fig.
D). WEFSOM G, s liaz=y b,
L=y b+, HE2=v , HFERZ=v I, FVH
2=y b, Hllz=y  (BLx7 v a), HAkE2
=y FBIUORELZ=Y  (BEX 7Y 2) TS
N3 (M, 1987; Fiizse, 1998). FHiizs (1998)
DL =y b O, AH (1998) o=
MO EEET S, AIE - B (2000b) & Kiminami
and Ishihama (2003) 1%, Z DD PI)T 4 % b5
DE— PR LRI D E, Jbfllo KS-T 2=y
P (B b oA VR Y ) LRl KS-I
2=y b (Blliz=y boRBEZ=y ) IZXSL
7o, WA L WERSLED» S R 2=y D
Wik, BeazRL, PFHE? S EWRE O KILSE SR
ELbig, HA, MG, RGOS ZZRICE
e, B¥IEH (1998) 1%, Bz =v F OREEM
JE#ED FRIHERE (77 v ) oS Life
LTz, WA AR S RIEE D & SR O KILE D
SO TS TS, KS- 122y FEKSII2=y o
XoyiE, SEhd - BAH (1992) o f{gifiHy & i i
FIEHNS T2, KS-T2=y FowbElE, KS-IIz=y
DWEITHRTRICHE/ RAER K DR (KST:
0.63-1.02 ; KS-II: 1.27-1.95), KIIEEFicx§ 3
HEREXIEARF DOEAMENHERIZH 5 (Kiminami
and Ishihama, 2003), %7z, KS-1 & KS-1I Db,
SiO,—Zr/TiO, X ETHE 7 - 2 fHI I 7u Yy FE N3
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(Kiminami and Ishihama, 2003). ZiZ5>(1998) 1%,
B AL A H & KS-1 oERZ BT Ve 7 v 1D & i
Wla=7>7 8, KSTOFERZa=7> 7 15
H =7 W EHEE L 7. Hara et al. (2017) O)E
WY ar o U-Pb RO = v b & TR RE#
EDORIGBREHEET S &, KSTOEREF 7 LE T v
W oiifla=7>7 ¥, KSHoFERIEa=7>7
YD S WERTH fEE S D,

6. & (fFm) FROEMZEL

SN ARG D & AR 1L, AR
M7 2—> v 7 %R, 2=y FEMOHERE (RHN)
FERUZFEERINC RN B A > Tl R B, ZIINERHF
DB G757 4 — A ORMDER S E L, BRL%
KS-IMM 2=y + (a=7 7 H-Bpit), zomEis
ZHLEKST2=y b (FLrET7 YD SHIa=7
> 7 VW), 2 ol gk eEE (XY 2 A7 4 —
FTaT7vEFa—uvw=7 U EoM), X5l
R AR L=y + (R A, R -
JEH - =y b (Y 2 - 2 74
B 23 <. R A O AMER LR =
F OEMERDIEFBIRIE A TH 523, RO
filic BT, SRR < & 2 @2 RO
5N5,

ZRINZEREEIEWO LR LD ?

ZPRINERAEO FAFEARCR AR L T, ik
SHERE X O =BT HR D 8 1) o HERG AR D>
SEmINT Vw3, Pvaro FT 4RI, BHIRRESS
240-210°C ¢& b (Shinjoe and Tagami, 1994), =
BN 28 W as ke A g D 2 R (300-250°C, Banno
and Sakai, 1989) X b ¥ {K\>, Shinjoe and Tagami
(1994) 1%, KAfer=» b2d¥ca. 60 Ma iz )L a v FT
DOPFIEIREE 2383 LT LA L7z L HEE L 7.
ZWINZEBE TR DO Y 2 & GHE 2V E 2 13 <
oL TVS, HAEIEY (1991) 1%, PEHETO
R e v D e b RS > & 78-71 Ma @ K—-Ar 4%
PREL, zho olEE ZHINERFICRS 72, Ril
W e D HERTAEARIZ, oAb A 2> & R T I & e
INT3 (LIEIED, 1993), HHIEA (1999) I,
PERD AT EREDS T ERIRHTHE & rhFTiiIc X S, =k
TN Kt % ANFEA B > T 5 O b IR DY T EBEHHT
THHIExHLIT LT, MEETICE T 2 =2
BT DOMEA~DFTEHIE, BIHGETHMETTH 5,
AN - FE (2004) 1, PMEIPEE O Pty .
FATT DO EE — PR - ALARK 2 BE L, A E o

19

WENTBEE, FAE LOERF v— FOER 2% R
Bl ExWerc L, FAGRERS LA ED
SELICHEI N, PROEEMERF A2 &0 EIC k-
TUFERD 60 % M EBharoisnsg, £, #
HF oA 1%, ST 2 @GR aEOE&2NED
DOHIfE R DOWE AR TEN, BRI EOE G H3E 2
2 EEMEROGEEROIAZDT, s OB
WD Nk, BRAEFOLEIRICHK L T 2 TREMESD
7, FFHEWSZAEREERD E»OMHED
I HARTE N, RIS S O 8 T 8lgE T,
NY S A PREEZR L 2 ER 1.5-0.5 mm REDRHE
AOPRERZEAEREDERDEEICRD NS,
INSDOREDERIE, Wb s EAAICHET S L
EZoh, WA DE AR D & O % R
LTw3, FHEOWEIE, TiO, ® TFe,0, (Fe,0, I
i L 72 428k), MgO, Cr, Ni, V73 EOWE#EEAIC
& EnsInEICEL, MiEE2 (2002) &, %
Hot b A 2> & FHHE O HERE A 2 BB & L CTw
2. /W - E¥E (2000, 2004) 1, FHEO B34
BRI IR TH o 72 LHEE Lz, A -
¥ (2004) 1%, Z OHuUE OG- RTH IR RE o
BOHRBEKIEOER 24602 o, 2o
PR 7% P & e L 72,

INSDF—FIHDE, ZIWINEREEIL, B
Bt (61.5-56 Ma) 1213 — DMk cHiZR IcFEH L,
Hi#Z S5 -t EZELo6N5,

e,

SRNERFEDL SIEBHRRXFOMEEE

SN AT DR E RS I S F 3 F B HERE
BEREEIN TV I ERES oMo NTV S
(Kawachi, 1968). Fi(E4>(2007) & Fi# - F H (2007)
W, PUEBRERSEE R O SRINF (IR HR) &
LIPSO BN (BIEHBIR) 0 = WIS > &
% DAL L 72 E R Az How 72 Le (Fig. 2). Wi
WX, 7 vfai-AERMT ORI T ke
128 L (Hara et al., 1992), IBEFEE L OWER
a6 ELICHRIN, PEROOER GG, WER
BEWRHEAOHKE L, FERD Y -85 L4 M L
RICHER SO TIEmIZY v — 7R CIRER A L
L, E#EcimemicidBER S IcBiTd %, migodk
TSRO 6N DBESFT v F 7 4 — &%, HEHE A
20-15° 77 v ¥ L = Wtl-HE ol 2 53 2 (Fig.
2). BEIllF 7 v F 7 4 — L ORI T B =2
BEREE, A R (o RS B L 7ol (I 3—1 km
) Lahifxz o2 W CTHER, M7 = —> v JORE



A Ak

LTw3, ik, Bbicdufidflicd 258, 2ERIICE
A - EADSELIL TV B RIS T sl 77 2 L
7o V7 — LRSS D 5. AR OH
LR IS, MEENRSE RICT 52 Zoduif L™
I D TR TIIRE - JeB RGO el g iR
PEFEINTE D, JLEBIZPUEHEF DT +4f o KS-1I
12, BT KSTicxtthan s, duif & Mo eE RS
DAL L DB AR 5 2 &, L & M oG A
HFDEFABECRAZET 2 2 Lh o, liF DB IzIiE
LHEE XN 5, Hara et al. (1992) o HE X1z X g,
AR v 7 4 — A OHALEIKST & KS & D
SOz 5 k9 caz s (Fig. 3). Z#d, KSII28
FAEAY, KS-1298 b IcdLEM o HIE» & 7% 5 7o o124
CleidetfEsnsg, g vy 71 —204%< L
bifIcBI L T, ERRESRER S 9 RO
KS-I & KS-1I o EiFfUE, HE&IRED> © il s 12 38 B
g5 (Fig. 2).

C OFEMN I ZIRINZE S ORGSR L7 IcRET 2
(iXHZA>, 1977 ; Hara et al., 1992) & HiilE% 100 m
DR ED B T 5. SRR EE R O Ml
DR, FEELD L CIdLEL Th 5. iR (1979)
1, VYRR =) 1288 & I drik (a5 48 & DR
AR OME B E L, ATH - #i)IL (2009) R
HiZ2> (2010) 1%, PUEH ISRk OEEHE 2
DAL = WIS FRA & 0 BEEFO Wil 2 T MR & L
7By, ARROEAMEER (UNBIEA, 1956b) 1%, XD
RN BE SN T 5, AlEiEs (1991) 13, e
frRt S EPIC B I N 2 PAUEIRN T R CHE 7 = —> v
AT ELTWS, MRhoffiikkaa sz, X
REDOMREE»rSH 72— v 3 nTtws (B
HIHBEIARFZE 2V — 7, 2002). 72, sk
oL SN T3 EHTHEOBE L, MEEE,
M7 x—>v 7Tz (BERIBHEDT 7L — 7,
2002).

] Bk oS O R NS X BT R AR D b e s
Fr— FDEMT 5. L - FPG (2003) (&, PUEHEE
DI Rk (O AR & DB % MvE B D IEWT
& LCwa, fiRo ik o s (Fig. 2)
i, W=y bodizate, AL DT D
JeBE, AL —FEHIEECH L. M 2R T 2 H
JEix, —ICALEROWEESFET 25 DD, L
RN ECHEM L, M7 2—> v 7 %IRRT, ol
WTH7 = —> v 7 OMERET 2 2 L%, FHiglEh
(1982) A H -7 (2003) I k> THIFEFI LTV 5,

BEILSE: 7 > F 7 4 — L ORI O =P 2R, s
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frEUA R K OB 1 &, FEAR IS FEERY, 7 = —
SV UTH B, R EEETE X ORI A D R K
HE, ZBINERA O LHUE 2 ML L To7c EHEE S
N5, BELET7 v F 7 4 — o0, ZWINERW 2T Tl
75 <, LB DFEAREE b BIE L T 5,

EFFHER (underplating) EZEREED LR :
AHW=ZXLE7OER
1. AERMA+REHOEN TR

M ORI AER LR T 2E e LT, #
LHL 2 oolffiche N2 LT WWE D AR
2T ), %, EnBEWE a—F -, 5
75 AV L, RE, BIRICHE) EMELRENEZS
T &7 (Platt, 1993; Ring and Brandon, 2008). &
HERZBEHDOMENDTE N Z2EZ 5 DICH > T,
fEkd & LR OBREICT T TERMLENDH L, =3I
LRI O DL G DRk IL, AL £ °h &
ATV R EEZ NS, RBIICEEL Tw2 DT,
U LSBT ARTR L EE 200, RAIAA ZHER
Wid, kO EALICH 2RI LD SEELRES W EF L
LNDBDT, T KD LAIZEIRZA 9 . ErEdk
JEIz X A FAE Platt (1993) Ic k> TH#HBIE N Lk 51
W72 L EZ o5, RIR-fifSRo KS-IT 2=y k
1, BERNIEATH D, BENICZE L T»T, HEE
b K (ESh v 2 s, Hcks A%
FTRL T, 77 87 4 L kdx, T oWE %M
MNIIC EREE 2 2 L3 TE LD, ILiRMEE > < %1
EAEYITH S, INS2FBET S L, SHrDFEKT
Pk L, BRI EMEOIERD LI (BLY) B
B CEWINEREE R ICEE L 2 WiErnE 2 oh
5. 7, EREHIEOBEEICE L TG 5.

Scholl (2019) 1%, FEK - JLKVEF DL AIA A 4F D
N IC B 2 AHNEEES (30-10 km) CEAMA T EM 2
— M TH 5 2 L RHIEANT — 8 58 L7z, Moore
et al. (1991) 1%, 7V 22— v Vil-HHRICER T %
Fi OHL R S W 2 R L, a—FT 477 - TV
F74—LDTOESIBLZ35-10km D& I AIC)H
RONEBHEE % b > 7 JEIHY 15 km DIFIF K- BT
k% Fa72 L7 (Fig. 4). Moore et al. (1991) 1%, <
DOV E B - B LT a =Ty
JAEHEL 7, THUFEMTERIC X > THEERERIC
TYF 7 A=K I NLERGITHSE, 7T
7Hh 7V =2 AAL S A — FHEIIL (Calvert et
al., 2003, 2006) 7 4V E Vi 7L — F 2L ARA L
kR T (Kimura et al., 2010), =2 —Y—5 v F
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Mesozoic and Tertiary voleanic and sedimentary rocks
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Fig. 4. Schematic illustration of subsurface structure showing the emplacement of layered reflectors by underplating of

sediments in the eastern Aleutian arc-trench (after Moore et al., 1991).

(NZ) dLEHITE Y 7 v XD O KFES L — + o3
WeAA Tl (Bassett et al., 2010), 7?57 7L —
F AR TA T D7 T v (Makran) A A R
(Haberland et al., 2020) 12& T d EA T L 72
EOTFEPHENT VDS, ART—FDNY 7 ==
O R TIRHIEM T L 7B RO S 1EH) 10 km, i
EDOTTIEM 13 km, NZALEHR G TIEE km, <7 7
VILAAREDOHTINT TIEH 20 km TH 5. NZALE
HHT DIEA T HUE R D |77 IR DR 2 5 - T
%, o MR DML, Wb BEEEY O
B2IEEICE W (Scholl et al., 2015), LEDEED,
KVEDRA T, YD 7 v =27 2 Mok
BIERMNITEA RS T—RINTH D, 7V a— v P
ART—F, Btk ECHRINTw 3 EAMNT L
BRI, 2kE L TEATH D, Zoho R bK
ATH 5.

Graveleau et al. (2012) I ko> Tl Ea—& N/ k&
I, AR ORGSR 2 R 5 72 OIS
DT Fu7EENITONTV S, 206 OFEBETIEA
MEoLAad—, Fareokk FalwoFE,
WHAHBDITI, WHAADHREE, R D BEE, #£
O 7re 2 (REELHER) HEWEELRT7 775 —
EL b TE L, MIEET CORMITIE, A
ARBER D 25w 74~ (Kimura et al., 1996) 12
koTiIbh, zolEfc2o07aLw (M7 a
Ve =ihHrABERIE7a7—F7aLre, ko7 a
N2V =7 FTare LN Tw3) OMTT 2—
Ly 2 ABERI NG, 7w s (F A,
Konstantinovskaya and Malavieille, 2005; Malavieille
and Konstantinovskaya, 2010) % € 7 ) (Ruh
et al., 2020; Zilio et al., 2020) ZWL T, Fa2—7
Ly 7 ZADBERB A Z BT 2 57030 5 22 &
NT&E7. Feng et al. (2015) X, TaL<IlHKET 3
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9% 2005 EOZREBMNECED R 7 A HT’EJZL
ZHWEEHEET VO L7, ZoEBRICK
22007 areR ETIEES LT %Eﬁﬁﬁbi‘ﬁbl%
BIZOMTTa—=7VLy 7 ZADWHEDEE TH - 7.
Konstantinovskaya and Malavieille (2005, 2011) ® 7
Fu gL, 77 —T A OERENIRKEVE, K
oz Led(, MERficsils272—71vy
7 ZADGREF %5 Z 2R LTw%, Menant et
al. (2020) IZ X 2EMEE T VL, & 30-15 km I2 &1
2 MkE Y 22 IR A DY B — 2R ofEiEz > < D, HifEl
DINAHIBZ RS E 222 R L, £, L DHE
BRINATFZE 1, AT 25Ny 7 2 b w7 (backstop)
WO = v POBBTRI B LE2RLTVE (B
Z1%, Feng et al., 2015; Ruh et al., 2000). EfHF2H3
TEFEIEIT T 5 720121, WREICHERT YR < HERE L,
TYE—=RAF ALY SIHEHEYOIE I BIEL, 7R
T—=T aNvDOEEPIKRECHEDRH L EEZ SN,
Figure 3 1%, VPUREHE - 5O =) 128 HH o BRE
K- 7 g o4 (Hara et al., 1992) & X Ok
BABWICBIFZ2KS T2y FEKSIT2=y D4y
fi (Kiminami et al., 1999; Kiminami and Ishihama,
2003; # + FH, 2007 ; Kiminami, 2010) #77~L T
W5 PUEEEROBEILSE 7 > F 7 4 — LIPS > T
W17 57 4 — 2, T2 F 74— DIHES & HEE
SN, INSEFEPINERFOHEAEEZ > 57 v
F7 A —LTH5B, KS-Ta=v b, fHfEptasE
DAMNIER S T 2 DA TH D, RIGAHDE <
FKSI 2=y Mo ons, ZofEHEIE, TALET
Y-l =7 7y Mliciza =7y 7 o -wibE
PR TIERAMA T RN EFE CH > T L 2R L
Tw3%, Figure 51, VYT O P i b O ik
AR (A H, 1987 5 FHIEA, 1998) L itEMEY v
a > U-Pb 44 (Hara et al., 2017) 5, Fiifd
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Fig. 5. Average apparent thickness per million years for each stage of the Cretaceous in the Northern Shimanto belt, eastern

Shikoku.

DEAT =BT 2 PR O o T 0 )8 S % FLig
Lol THb, oL /=T UEA VA
7 H-Hile — 2 B Y v F 7 ENC AR O B
DEIPREVILEEZRL TS, £/ v=7HIi%
CowazaOHTRL=y FOHERW], Av =7
W-fi~—2 bV eF 7 UHEBEEE LT 2 ARk
2=y ORI T 5. Bk =y M &,
&5 DAL DR & MEF T O KF L= v b
It E 7z (Kiminami et al., 1999), Hffe1=v
FORDPITDIEZ L, 7-6 km IZFEL, UL ARG
D 1/2206 1/3 %05, kD B2 oE S
1Z, Z OHEREIRFIC BT 2 ¥ O HERTHUE 2 HEll 5 2 HZ
IZ 27259, BTG I N U ORBIZ % &
7YY —=A7 AT LHEEYORBEGAT 2 (Clift and
Vannucchi, 2004). » v 8=7 vyH-fili<— A MY
tF 7 NS BT B UL, HERDEEZDSIERICOR
EDo1DT, % ODHEREMB T VS —AF AP LT E
fES N, BATPERIETLZEEZONS,

Kiminami and Ishihama (2003) 1%, PUEH et =
BN A F 2 = v b ofkleqiy & UEFE oG+
WAL OWES Ll E S oG bR 2 Mt L, JE4
RDOKST 2= k& KSTT 2=y F23ER L 72 KS-T 2
=y PEKSTT 2=y P X) SWEEISEEICEL &
ZHSIc L, Z2LC, FEE L=y P EERL= Y
b & DAY 2 G 2 i O SMENC HERS U 72 P Pe ke
EHERTY) & HERE L 2 EHERT ) E oI T a v
MBI S N, HOCHER ORI Crm L, AR HERTY H3
TYT—=AFAL L TFEFCEMF L EHEL. H
fifer = + OHEREIRFIZIZ, IEBIREEE DRI 12T\ L
EICHFE L Tz (Kiminami et al., 1994) & cH{E
DKW FED A R 7 — P T ) FEBYE £ D ik A A
EFML T A, M oM, HERWICIER IS

22

&, AR — FOWHEHERY O JE S 13 3-2 km (Davis
and Hyndma, 1989; Gutscher et al., 2001; Syracuse
et al., 2010), F Y MHBOWEHERY OE X 1% 2.5 km
(Scholl et al., 2015) Td 5. Scholl et al. (2015) »
AV NI K > TR ENIFEHERY DR S 1E, A<
b AL D & O BRI ARG 2 R L, RRDIES
225 kmThH 2,

ZWINZE B D> & AR D g 12 389 & 9 2 B i
&, M7 z—> v 7 ORI, Konstantinovskaya and
Malavieille (2005, 2011) 5> Malavieille (2020) ® 7
07 EBTRINIYERMRA Y v 7 DT 2 =T Ly 7 R
E v 7 == 79y ROER (Fig. 6) Ick->T
S TEETH 5. Haberland et al. (2020) 3, <7 7
VINAIA B DR T HE AP ERHR R Y v 7 (JRSH
20 km, ¥EHEICELT 3 T AOIEK 50 km) O F 2 —
Ly 7 AL T b EHEE L 7. KS-T & KS-ITiZ,
BAINIZIE AR T R B B RS > - EHEE I N 5.
F 7o, ALEBERACHT b FER AT & A U & 9 IcgER L
iR, b7 z—> v 7ok bfiEIng, ZHINER
WO KSI D672 2E5RHMRAY v 712 &k > THELRE T
F 7 x— LIRS, B2 L Ty —Y —D
A CEf) 23R s B232 X9 ke L, ZiIIZ2RGE
22 & ALEBRAHF I 5 1) T O MR R, 7 = —> v
JOMEIL ot BN D, BKIRIE (1992) £
FH - FVE (2003) b Z BN ZE ARG D AT
52 LIk TZDEMICH %Y 2 TREMINE (A6
MRAZAE) DERDSETT N E 2L 72 EHEE L 72,

HRAo (8) SEREED FAEEZ 281 )L
L 7= Guillot et al. (2009) i k4, LD AIA A
WICB I 2HEEEZ T L L AEEEEE O LAHEE I,
0.6 mm/y 7> 5 5 mm/y O i/l T & %. Berger et al.
(2008) 1z X #iF, 7 7 A A D St. Elias &1z s %

-=n

-
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Fig. 6. Highly exhumed dome-like antiformal stack of underthrusted layers at the rear of the wedge and a synformal

klippe composed of overburden in front of the growing antiformal stack above the roof decollement were recreated

in sandbox models (after Malavieille, 2020).

fHmEKEIERT 2 EA#HE I, 0.4 mm/y TH 5,
¥ 72, Menant et al. (2020) ® &€ F 1%, £HIE (100
FEA =% =) OIEENEMT ISR 2R DK
@ix, 1-5mmyTchHarltRRLTVRE, IN6D
RN HEDTIE, AT RS 2 EAEE X 0.4 mm/
yr6 5 mm/y EEZoNS, ZPIIEKGICE T 3T
WRRA IR Z 2 v =7 =i — A P Y e F
7 v (83.6-69.0 Ma), Z oI D EN I HUE R T
H 3 KS-1Il DIGRERE % 20 km, HE~DOFEH % Wit
EiRHH OB R AT (56 Ma) £33 &, KSILo L&
MR, 0.7 mm/y 225 1.6 mm/y i %, 2o kR
Bk, RSO EMA I ERIC X 5 ERSEE LSRN
H5.
2. BRICL D LHEDRRE

Pt c BT, M MRES O A AD B Y 2 S
FRoO—2IEF8ThH 5 (HlzIE, Platt, 1986; Berger
2008), MiRDBREADOBELR, FEEEE, ERoO
TA R - JERE, BAOE, SieliEAg & oKy
Fx LI XElEn s (Willett, 1999). Burbank (2002)
&, BEROBREELZEAL, RO T RIck>T
FFrc il & 381k, 5 mm/y (5 km/my) %
A% LEE L 72, Ring et al. (1999) I X,
V=V R TLATAPERTY, NFRF D Salt
Range, 117 5 27, BAXAL v EDOWEIFKY 72
EHIEICE L2 EAHE X 15-1 km/my TH 3,

RK¥Hfixr=vy r D HZEMK-ArFEf (Itaya and
Takasugi, 1988) 4% “Ar/*Ar 4£ {4 (Takasu and
Dallmeyer, 1990) 1, Flax=v F2E k% 70 Ma I
REAAREICE L 22 L 2RRT 5, KFEfE2=y F O
2 )L a v FT 448 (Shinjoe and Tagami, 1994) 28%
X% 60 Ma %o, KFfar=y riE 60 Ma IZ Hi&
Tt b, 240-210°C (Shinjoe and Tagami, 1994)

et al.,

a2

23

FOREMME N L7, 2L T, 61.6-56 Ma (F4HIEH
) iE—EahRICEL L, BRE XL, HTUZ
7 (1999) 1%, & 300 m ML EDHADYIH 2655
NHIRANZ 2 Y 84 L LTS, ZiulHED T,
#Z 6,000-4,000 m OYiFD 613 6 N MR A RO %

¢ 2320°C /km 225 30°C /km 12U 5. R o i
HFIE—MINE VDT, 20°C/km 2T 5 L2
a2 v FT @1k g 240-210°C 13, % E 12 km 225
10.5 km 27 %, fRIEAROMRE - 1541, 300-
250°C, 6-5 kb (F &£ 20 km) & #E5E & 11T\ % (Banno
and Sakai, 1989). K&fE1= v F 2SR RREEICE L
T 6Yay FT OIERE (ESH 11 km) 2% 2
D10 my DENICEE 9 km BEO FHEES T E X
Nk ticihs, ZoWMBEICET 2 FERERE, 0.9
km/my 2% %, £/, KFfE2=v s OHIRBAG % 56
Ma &9 % &, PLay FT OMILRED & EIET
2 ¥ COMM O RERIL, 2.75 km/my I[Z4k %, &
JeAHIA3 70 Ma IR E 20 km Tl 2R ICFE L
HIHBAIE23 56 Ma Th o725 &, ZolicslF
2P ERIE, 1.4 km/my 127 5, SRR E
Wz B X SR EEE2 15-1 km/my & HEEd 5T
WEDT, KFfar=vy b EHEEOFEERERIL, B
BEHCRTICHHATEECTH 2. EE 20 km i< 56
ik 6 7 2 EBEHIH S NS L, %@HE%@%’
EHERE R ICHR T 2 E L RIS s 2 i
%,

7, VUE VOB IERT T O e v 2 3 ROR el
kothlEE Lo, BRGE LD bEBERN EAichr
ELZXD)EEREDEANZ ORI FEH L 22 1l #g
Wb 5, ZWINERA TROEREDEH A Y 37
L — A -HERNOWRE - EJ140%, 610°C, 10 kb
(X 30 km) & HES SN Tw3 (i, 1982).
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Fig. 7. Plot of the values of (Rmax—Rmin) / Rmax versus apparent thickness for the Sanbagawa and Northem

Chichibu belts, with regression line for the Northern Chichibu belt, the Akui area, eastern Shikoku (modified

from Kiminami et al., 2007). Rmax and Rmin are maximum and minimum vitrinite reflectances. Dotted red line is

regression line. r=correlation coefficient. See Fig. 2 for the sampling area.

VYR RIS o ZINERFO A ) 7 L — A -RER
o AaEM “Ar/PAr £ 1413, 84.3 Ma (Takasu and
Dallmeyer, 1990) TH %, HENOT7 LI VIZNT S
FIEIRE DS 400°C 2 DT, 2 D *“Ar/*Ar 40U HI4E
ReEFEZGNS, WEPREEOA ) a7 L—2A-RER}
w0 3EBORELES varrsBFonRk b\ U-
Pb #4%1%, 107.6 Ma, 97.7 Ma, 96 Ma (Aoki et al.,
2019) TH3. ZOFEHKE, 4V I L—A-BHERH
796 Ma 2> 5 84.3 Ma DRICEMEAD Y — 2 2l 2
ZERRLTVS, RICI0 MalcE—27 2 MA 7k
T 2L, 34 my DENCEZ 30 km o FHEEDIREI N
7l iths, INBTXRCREMEATHREINLLET
% &, FHEAMEIX, 0.9 km/my iZ%%, 2D —
ZIZBVTHAY 7L —2A-RERHO EHE O
ZRELTTHHT 2 I EARETH S, LirL, v—
A BV e F 7 MH o BEFTIE OHEREY) I 1, TR K ~55
ROz R & T 2 B0 H £ D Ichkwe (f
ZUE, B, 1998 5 /i - Fk, 2004).
3. EMEICL 3 EBEDRE

R BCE o BRI U 2 B R Y T IE Wi Y
R, R#EPREIND ZL2H 2 (Platt,
1986, 1993; Willett et al., 1999; Selverstone, 2005;
Ring and Brandon, 2008; Konstantinovskaya and
Malavieille, 2011; Malavieille, 2020). =i%JIIZ %47
DM DTN X, ¥ 2 F A IEZ A & % Eih

24

> 2 U

RERZEBAH EAEZ ) A SR X115, Okudaira
et al. (2001) 12 & 2 Witk oD 1R 15 1 o 44y ) sl 1 Jk
DX, Z OHUIRO RS FIZ 80 Ma LHIZ IE 250°C £
THHALTE D, WEO =PRI A O E—
7 2810 (ca. 74 Ma) ICIFFHS M DIRBA D%  H3
FIEELL Tt FEZ o5, ZoHEFEE, W+
RIERED R O IEFEITIRANT LT v =7 V-
Hle—2 MY eF 7 U HICEEERBNYy 7 ALy 7
(backstop) % L CTWZEZRL T35,

Fukunari and Wallis (2007) (%, PUESALHEE O
PEREXERRDS ISR IEWT S DR % & D T & & WSS RHT
OIS L, REEERR DS = IRNNZE AT O b B
HoTWwiz & L7, Kubota and Takeshita (2008) %,
P ] P4 8 D Hh R o MBS 2 Rt L, 128K
HDMRARIIC A L 72 63-58 Ma (BEgitit) 1o hJukdg
BROSIEWIE & LCiEE LA 2 8 2SI L, 2L T,
IR TOIRA T I & 2 M D JEAL & R AL T IR IC
Lo TEWEDTER %2 3t L 7.

fEI PR e B & N R s & D BRI W & HEE
I3 CAlk, 1979 5 KH - #i)ll, 2009). %7,
fargpik A & ARSI & OB RUNTE (AR WTE,
L) 1%, FEERIOIEWE L InTw 2 (HH- &,
2003). FPixd (2007) &, MEHGSO =2
TS & ARG O v b Y >4 b KEEE BT
L, (RARBHSRE-RANHE) SRR (2 Y

W
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Fig. 8. Schematic cross-section along a N-S trend from the ancient Shimanto trench to the Ryoke belt in eastern

Shikoku during the latest Cretaceous and early Paleogene showing the relation among the geologic units and

geologic structure. See text for details. Not to scale.

FA D 330 2EFE DR T-3) DIHREE
B (FHEW Tz > TRFERIER) 1245
FIREME % F5 4 L 72, KS-IT OB CIIBELSE 7 v F 7 % —
L SIS TPV NS % 5 (Fig. 7). KS-I
DB TIFRPEPZICE LD DD, Z DD
PRI, ACERAT LR O Z Nk D B HEICKE v,
AR T BT 2 BT IES LR OMBIRE ()
120.71 TH Y (Fig. 7), BICHID»->T (REER Ffzic
70> T) RPN S SRS, g, BRI
WHOFRTIEIHNR LD RELS LR LA EZRRT 5,
SN & AT DR RO X v v 7%, Hifif
PAR s & SINA A & DB, b L IRk
U L AR AT & DR DSIEWIE TH 5 2 L 2aRR
$ 5. WiZA (1998) ik (2013) DHFZEICHE-D
HE, PUBESCEITILMIC F V) % Rl fak fu 2 & LRk
R DORENR TIOMAR L= v b &3 atln g
BICBRL TR, ERNIC—EOME AL IN T
5. INGDORMEERT 5L, ZJINZ KA & R
R L DO OWIER T E A WiE L HESNh S, 20
Wik x, ZPINERA O LA & - THTAIR. & 5
SRATINCIEIR S Lz bW E EHEE S s, =B RR
i &R U OB 2 T IETE 3 K OV UG
FriZ, ZBINZERGT O #JE O bRk I E Y 2 % E 2 8 U
7D 7259 (Fig. 8). Selverstone (2005) (%, &4
BT AEWEICE 2 FEEOREIZ, BEICK S L
JEDORRELFUREL LT3,

Tominaga and Hara (2021) (&, BHsH 11t i #ifek
tEhORESD 5 157.0 + 0.9 Ma (12 2 F#d)

25

DY)V ay U-Pb EREM, OFERIE, IR
AN S35 T 2 I HAER CAlRFIZ2>, 1984 ;
R, 1999) LM TH 5. ANEEIEH (1999) 1,
VY EE R o I Rk S B oL AR 2 Wt L, N7 A
DEREREY 2 TOHIMU ICEHMT 2 E L, 2
P SRR A BN G PMILEIR TH 5 Z L 2R L
TWw5, EERRFOMGZERT 2 =%Flz=vy b
&, RREOEPAPCE, Fr— Rl o/, il
DIFEMINM X > TR ENZEEZoNTEH (B
E2, 19985 85132, 2003), Z DAHIERIZBIHY 2
FHe o HHifLI & ST s (RIE D, 1998).
SRR A & ZFIla =y I Z N2 AL
& RS DIEIER R ML 2 RS L, PO L L
Tw3, IhoDHREZERL, KiEiZr (2010) 13,
RGP =Fl =y FOWMHEE L, %
LC, ffispktn i = IIIERS & OEROWE %
(MBI R & R L 72, Isozaki et al. (2010) & fHIfif#4
FR A E SRR & D BIR O WiTE % LGRS &
fERLCwa, LaLl, Rl kdig, ffssskis
FHE SRR & OB &2 AMERSERL & 3 % R I3
FrcE vy, flrmdiktafiz =F 2=y F O
HTh2ET2HAMIIFAETE 2,

AT (1974) 13, PUEHE O B FR4HF O M E G %
Bt L, HMEIIGE (b)) oXAREDE 7 2Ly
DEAU 74410 & AL ER L 2 W CR o T s s & L
7o, LT, INsoEENH v =T YlolE %%
ZIAA T3 E L7, Tominaga (1990) I2 X - T &
A7 YRR O AR SR HIE O B K12 X duE, B
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Fig. 9. 3D schematic view in Shikoku during the latest Cretaceous and early Paleogene showing the relation among the

geologic units. See text for details. Not to scale.

N QLN ALE T 2 EHHRALHIRE L= v b, M

7 S RME P ALEE © Ol EWTEREIC X o TR
cs, s ofl EWiE L FAFKOBE X, TEA
RO MERZY) > Twa (FiliEd, 1956) T
Z DI GBI HEAL AR CH 2. PUE I o ALk

SOHRB L=y b 2 ARG O WA E (i
b, 1998) &, HTERTILE LIFEZ A L CTIEH o LR

BRACHI ORBE A L9 5 (B, 1980). FHITERT LA
Wl L, Ak 30-80° A L it T H 5 (1,
1980 ; KfHI, 2014). f*ag (1980) T ki, Wkl
JE#t & 2o EAL oS RER I, Einfigigz &Lk
D, ZOIBEFEOHEIWEIL T3, Z OREh#EIICIE
%;—U:?Vﬁ—ﬁVN;?V%@%E%Eﬁ?ML
TWw23DT, HMOEEITATKREIC RS, 2ol
10 [ R O —ME NI IETATIC O O 5 M et
&, dEd L IEMEIcEAECERML, Ll 7ay 75
MR ERFLTw3, ZoWiEx, Foa—a=7vl
=7 VoL EEY > Tw 30T, 20
BRIRHH I3 U ACOR DARE E e S 5, g (1980) 13,
C OHUE O REERTIC LD &, [HifdHERZICIER T %
Jin (AvE-FE) (TR D3R L R iR G D3
S Ntz & Lz, JLEBRRACHT RIS 388 & 4 5 Wi fE RE
EREEE, CoHUIRS AR (b L IR IKE
MBI H o ERZTBL TS, £/, OO
JE#EE, —DDHWiED SIRE L 72 A 7'V —Wild D e
H23H %,

SN AT & Al SRk a2 & DR D WE I3
WINERA O EFIC k> TR SN IEWETH 1]
BN, 2 ORI AR R 2 & 5 = Al
e s, £, AHBAH RS O W&
A= 7 YHMBEICER I TE Y, Nkt
AL DO WE & U ERICIR S - RN DS H 5.
SWINE BT &l PRk a1 & DR o IEWE & L

26

B R AL B sk A 0 3 W JE RE A8 e L 72 W & ARCE T B
& (Fig. 8, 9), Z oWilgix, Platt (1986) 12 X - T/
N7 IV ANV av T Ly P A ERHETVIC
BT 2 IEWE-E & kI WiEIC ks, £/ 2
DOWikE X, Konstantinovskaya and Malavieille (2011)
% Malavieille (2020) ® 7 + 1 ZEE TR I N7
FRHR 7 Y v RDIKEHOWIE I 544 T %, 2 —a v
TUTACEBWTY, EREHRLEBICEIT2RIEE Z
DUFFERITAN B 1 2 AR B FAEDSHEE S N TWw 5
(Selverstone, 2005).

I AR 20 & i 8 = A0l B0 5 =148
B D RS & AGER AT R AR 1 3 U 5 i D32 v
Mo > T ARENE, & X OB s sH1 & =30
2Rt DR % 7 9 IEWTE B X OV eGSR 03 = 1122
BAr o LA BIS U - TREE 2 3R T 5.
4, FEH I ZRINEREHEOLERZT7OER

HAC R -WERT I B 1) 2 PR 2> S I O
7= 2 B 22 WL W I % Fig. 8 1SR U7z, =IINZERL
LD EADYF )AL, UToX)icEtdons,
) 7re7 i ohila=7s 7 Wopg-iEiE
ICKST 2=y FSHERE L 7o, =B RRGH TIEZRR L
72 KS-I DEAHT S 723, J&AHF EIETEFE TlE D>
7.
2)ﬁyN“TV%—ﬁﬁv—kat%YV%*kﬁ
AEROBRRMEY RS IS RIEIEN ., 216D
—ERHNRE A LTl i diair o KS-IT 2= v + o)
FHELE DL ok, i, —HIEF7Y¥Y—AF7 AL
T, MIEBREOEETECT 2—7 Ly 7 2 (ERHR
AE V) ZIGR LT, ZRL 7Y 2 7 AL C
I EHED S e KN, WA IED Ny 7 A by
I ThHotk.
) KSIM 2=y b» 5 7% 2 R0 EAT HUE 23T S
M, WA D & LR AT £ TOMEAYR & S B
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L7z, ATk D RE»o 7%, BELSET v F
T oA=Ll 7 v F 74 =LA77 F 7 =Lk
ot S HUIR2M IR b K E S L 72 L HEE S 5. PIEMIC
IFIZAKTACEM T L7 KS-T & KS-ITIZ, Z DR k-
THELSF 7 v F 7 4 — L ORMDSEER, M7 = —> >
TN 7o T, B L 72 KS-1 & KS-1T @ _F I 13 Al #4
S & ALK A DR 03 - 72 D3, A
AT 2@ ThIRE S e, AWETRACHT I, BER ALY
EABRICHIEMICILER, b7 = —2 v 7 Th > B3,
2L ) KRES ER LA LIk b, B, 7 = —
TV OMEICEIRL 7o, BRIk TRRG E o7
SR O ACH & FEHl 1 R 2> © ATHABERT
T TIEWTRE  (Hh JeRERR & A ik (s bz o
J&) DI E Nz, TR IEBERR O LM XA R HE
Bl 7. FEREOHERIASHMNEST L 72 D13, =3HJIE
BRAFED b 50 th RS SRR O WG Eh S BN LT L 7
b Ltz SRS &l ik a0 5
Sz 79 IEWE L, GRS RRR IS o3 A 3 B ALfE RO
WTRERE (R 7L —Wilg) (2 LT 2 /RS D 5.
Z OIS CILRARE BARHRD 7 ) v R E LT
WA o) B 7,

4) ZIRNZ A RTE AR D FEE T H o 7 T ik
G, AT RE RS, AR RE RS A 1, IR
JEE L REIC K> ThESN, BT & milG
P IC 2SR ICEI L 7, ZPINERAT O ki
HERE L 72 PEBIRFTIE O b IR, BIRE TH > 72 £
WO RICBRE N IcHERE L 20755 (Fig. 9).
5) 7 ufitiid 6 MERMTD L D SE OB EHICD
WTIEARFR TN T 2o, TIUcBI L CRiHEIC A
nTel.

Endo et al. (2018), Knittel et al. (2018) ¥ X O" Aoki
et al. (2019) (2 & b W5 S A7 PUE FRETE BITR D 0
HRILs > 7 — 2 (Fig. 3) ORMlicafid 5470
AP 64 ) 37 L —A-BERFOREES L2 YD
b # v U-Pb 4401%, Knittel et al. (2019) o=/ 1
Py A b=y PoFEREKL &, 107.6-90.3 Ma (10
B THD, 90 Ma £ D b WERB R v I L
WZEHS, TOHBOY 7 uafre A ) I 7L —R
~-HEMFORFEPUT DO KST 2=y FTh %]
BEZRRL w3, LaL, By v 71 —20dk
BN AGT 2 7 VN4 F-BER S 85 Ma ks L O
80 Ma @ )L 2 v U-Pb 4EfA3 Knittel et al. (2018) 12
I0BEeonTED, ~HBKSIM 2=y F2EFHELT
WL AREMEER R L T\ %, ¥ 7z, Nagata et al. (2019)
I & 2 IuEE R B L 2R o B = by
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7 A D A ER K-Ar £RE L OWEEY varyo U
—Pb EUZ, Z DMk Y 7 v HHFAIIUTT it D KS-IT
2=y FOHEREEZBUAE L L TWE I ERRL TS,
nohs, flrazy royrufirs Aty 3y
L — A - RERMT DL RHERTS 1E, KS-T & KS-IT il 2
Zy bzFEEELTWE EEZONS, lF21=y D
FrufWhr o4 ) 37 L —2-BEREO—TRIZ, #H
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Cretaceous and early Paleogene.

Exhumation of high P/T metamorphic rocks is a subject of ongoing debate. The Sanbagawa
metamorphic belt is a typical high P/T metamorphic belt in Southwest Japan. Geodynamic
cause(s) and process for the exhumation of the Sanbagawa metamorphic rocks are still
debated, and yet to be resolved. Here, I examine depositional ages of the protoliths for the low-
grade (chlorite zone) metamorphic rocks in the Sanbagawa belt, eastern Shikoku, SW Japan, in
addition to geologic structures of the Sanbagawa and Northern Chichibu belts, and propose a
plausible scenario for the exhumation of the Sanbagawa metamorphic rocks described below.
1) The Sanbagawa belt represents underplated deeper facies of the Cretaceous Shimanto
accretionary complex, but not the Jurassic Chichibu accretionary complex. 2) The depositional
ages of the parent sediments of low-grade metamorphic rocks found in the Sanbagawa belt
and the Jurassic Northern Chichibu belt, indicate a north younging polarity. In contrast,
sedimentological evidence indicates younging to the south. 3) During a depositional stage of
the main part (Campanian—Early Maastrichtian) of KS-II unit in the Northern Shimanto belt, a
large volume of coarse-grained clastic sediments was deposited in the Shimanto trench, leading
to active underplating, and consequently a wide forearc domain was uplifted as a domal
structure, and dip and facing directions of beds in the Sanbagawa and Northern Chichibu belts
have changed to the south. 4) Previously reported data on vitrinite reflectance and geologic
structure indicate that the Northern Chichibu belt was part of the overburden formerly lying
on the Sanbagawa metamorphic rocks. 5) The Sanbagawa belt, which was the domain of
maximum exhumation, experienced extensional tectonics and subsequent normal faulting
in the belt and at the both sides of the belt (Median Tectonic Line and the boundary fault
between the Sanbagawa belt and Mikabu greenstones). The overburden above the Sanbagawa

metamorphic rocks was removed by normal faulting and surface erosion during the latest
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Fragilaria arcus (Ehr.) Cleve F 6 1 5 NH o TKIBEHES NS, —), (BHIZHT OB
F. capucina var. vaucheriae Kitz. F 2
F. pimnata Ehr. _ F 2 B 513 Aulacoseira J& 75 £ Oyl BK A HEEEAE
Frustulia rhomboides (Ehr.) De toni F 5 2 1 N . ) ‘
F. wulgaris Thwaites F 4 ZELTED, MNDHOtRE T -7z (B LIE D,
Gomphonema parvulum (Kutz.) Grun. F 4
Navicula bryophila Petersen F 6 1 2 2020, 2021). Tz, [RIUCHEHEREYITH-> TE
N tenta Grun. F 1 1
¥ pupula Katz. ol 75 B HERBIEIMEE T 5 C LR E NI, Tds, S
Nitzschia frustulum (Kutz.) Grun. F 1 3 1 i . . - _
N perminuta (Grun.) Peragallo F 5 2 9" % Pinnularia subcapitata (& T%5 « 2 (2014) lc X
Pinnularia b /is Ehr. F 2 1 N . N N
R/n‘/;zl{bzglééhr-orea S F 12 3 9 NIBEEEREBRHICE L, o IZRES/KPICEEET
P int ta W. Smith F 1
P /:llch’gggguion (ET::’.) Cleve F 1 HLINTD.
p, Suboapitaie ) bree N BAE S % AL D F R R A CRRS T~ 2L
Sursveria tinealis W, saith Fl2 0w R) NEREL TS T &5, Hlin T dH SHEREREL R T
S asahy Ehr. T 5 BIRLEEEALDND. BEALRUEERTHEIL
Total valves counted] 100 100 100 WS, FFREINZeEHBELEEHEEINS. &
(x5) M 0 0 0 s
(x4 WB| 0 0 0 BEV T OFE R, RN ZIT OWEHERE YR O ALK (i
(x3) B 0 0 0
(x2) BF| 0 0 6 A, 2021) RE2EDT, 50O & T ARLEEA]
(x1) F 100 100 94 N
ToraT 100100100 R/ KILIKIE R TH 5.
Salinity index|1.00 1.00 1.06
H2EK KL KT OFRER
BHE A 20WER®%) 200 BRIE
Kl A Z A LI Y] GEEIR 7] E= AR (@ 2
bw pm 9.0 0 45.5
23.5 22.0
E SRR (%)
TR AR A AEH E75 %Y
0 0 0 0
¥ B LM% 200 ERIE
KA 7 = LIS 7] HHRY) =] K [ A
bw pm 27.5 1.0 62.0
5.5 4.0
EFRpAB R (%)
R A AR A AP E/S8 7]
50 0 50 0
HC 2% 200 @ERIE
KA 7 = s HHLY) =] [ A
bw pm 42.5 1.0 51.0
3.5 2.0
EaRER (%)
R A AR A AR E/S 8]
100 0 0 0

37



AN

BHvic

AEl, AUV ZRE IS DUV CEEERESE & A LR R
DTPRNFABZIT o Tz, — RIS E O HERTER BT 13 53R
WEEZENDEDD, FUKEMNMFEET S &> T AlRE
HEdHD, THREFITCH-TLEADNDS. 514,
FEARBGER LR 7R &, B2 R TFEIC K D FIE O
7R AR HERER B D M % 2 L 2 IRET %
EDTH5.

A

JeERR S HE A Y X —DRE T Y&
BRIABEEME - RS> T7 1 7) hHE ALV AR L
BICOWTTHERW R E X Lie, &EHEOm 2K
(edmEsifia >y 2> b, s e B 22t
VE=) DHFARGRCERZVEREX L. LT
EHHR L BIFET.

8 b

5 | SRk
T 2 B, 2014, ERBIFSEEREEREO HMG &
B, HASH: &2 SEE (Diatom), 30, 17 — 30.
Fot s T« A HREDR < TN - LT R - IR,
1983, b e R 71 )V )V Z kL8 OFERFHLK &
K SRVIRHA.  SEPUARCgE, 22, 11 — 18.

Abstract

[i-ESaN

WaE 6

JENIT55 - % IEME - FEARC - IR S - =B EF) -
ARG KRS - REEFAIS - AT sl VR -
PG E, 1977, JbiEiE o N FE L s 2 A
14, 1—09.

ZifE - B TY - BIMRER - K 1Rk 5% -

iRy, 2021, mEOKIHZIAOA R E XL O

RTECTEEFRINOEZ LD, HwEHE, 5, 49

— 70.

ekl A - BEMDGED - BT Y, 2020, HEHIZEO
MR = AL RN 20T D% 115 Bt HERE ) O b
SR KeAHE, 4, 1—T7.

eI L S - BT Y - FBATR TR - BIRbER -
/NHEIAR 56« B ARG - BELsEE, 2021, HERIZAHM
DOWFE—Z D 2. fEHE, 5, 71 — 80.

e IL RS - SVIEAE - SEE 5 - RAA HE - LA
2010, JtHBEARPEE O FEE T~ e i O v
EabEREE. HhEME, 116, 13 — 26.

MIEEZ - /NLN B - eI, 1953, 5570 1 i
BXE DERRR ) ROHSIAE. b ~ &
JEERZEFT, 84p.

BRI » MR « &R - FFNFERR « &l O,
2010, FiEE TGEREEA B OIS 2 W17 HE
FEYIORE) OBE. HIUAIIFZ, 49, 83 — 84.

The Karurusu Clay Bed, lake sediments, spreads in the the Noboribetsu, central Hokkaido. It is
said this bed deposited on dam up of paleo Chitose River by the Noboribetsu Pumice Flow Deposits.
We analyses diatom fossils and intercalated volcanic materials in the bed. Result of diatom analysis
shows the Pinnularia subcapitata (Ehr.) Greg. yields dominantly, and a lot of Pinnularia genus is also

found. The volcanic materials is not correlated with other one for the present.
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Fig. 2 Geological column of the Isoya coast where the

samples were taken. The legend is the same as in Fig. 1.
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Diatom fossils yielded from Siltstone Member of the Isoya

Diatom zones

7Ba 7Bb

Diatom species /

Geologic samples

Is4 Is5 | Is6 Is7

Actinoptychus senarius (Ehr.) Ehr.
Amphora sp.

Cocconeis californica Grun.

C. clandestina Schmidt

C. costata Greg.

C. disculus Schumann

C. scutellum Ehr.

C. sp.

Coscinodiscus marginatus Ehr.

C. spp.

Cymatosira debyi Temper¢e and Brun
Delphineis cf. angustata (Patt.) Andrews
D. kippae Sancetta

D. surirella (Ehr.) Andrews

Denticulopsis hustedtii (Simonsen et Kanaya) Simonsen s.1.

Gramatophora cf. oceanica (Ehr.) Grun.
Melosira sol (Ehr.) Kiitz.

Neodenticula kamtschatica (Zabelina) Akiba et Yanagisawa

Nitzchia reinholdii Kanaya ex Schrader
N. sp. 1

Odontella aurita (Lyngbye) Agardh
Paralia sulcata (Ehr.) Cleve

Rhaphoneis cf. ischaboensis (Grun.) Mertz.

Rhizosolenia spp.
Stephanopyxis spp.

Thalassionema nitzschioides H. and M. Peragallo

Thalassiosira antiqua (Grun.) Cleve-Euler
T. borealis Koizumi

T. eccentrica (Ehr.) Cleve

T. hyalina (Grun.) Gran

T. lineata Jousé

T. manifesta Sheshukova-Poretzkaya

T. marujamica Sheshukova-Poretzkaya

T. nidulus (Temper€ and Brun) Jousé

T. oestrupii (Ostenfeld) Porshkina-Labrenko s.1.

T. spp.
Thalassiothrix frauenfeldii Grun.
T. robusta (Schrader) Akiba
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% Yanagisawa and Akiba (1998) @ Neodenticula
kamtschatica i\ T2, 61, WlkEESIs 6 &
Is 7 T, P8 7d3S Thalassiosira oestrupii 73588 &

Rouxia californica 1%
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W oo 7Ba, OB & 5 Is 6 & Is 7 1 Neodenticula
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Abstract

Diatom fossils are obtained from the Siltstone Member of Isoya Formation, which is
distributed in the Isoya coast in northern part of southwestern Hokkaido. The Isoya Formation
has been regarded mainly as a Miocene stratum, but diatom analysis results of this paper
show the geologic age of the formation is late Miocene to early Pliocene. The Shiribetsugawa
Formation is widely distributed in the Rankoshi area to the east of the Isoya coast, covers the
Isoya formation and has conventionally been considered to be the Pliocene stratum. However,
the result of this paper indicates the possibility that the age of Shiribetsugawa Formation is
early Pleistocene. The diatom analysis data is important for investigation of stratigraphy in
the surrounding area. In the area south of the Kuromatsunai Lowland, the south of this area,
microfossil strata have been investigated in detail by many studies. The Siltstone Member
of Isoya Formation is compared with the Sumiyoshi siltstone Member of the Kuromatsunai

Formation in the Imakane area.
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We sketched the strata of the excavated slope on the west side of the Self-Defense Forces
camp at Takasago, Kutchan-cho, and described the stratigraphy, sedimentary facies, and
deformation structure. The strata of excavated slope is divided I, II and III units in ascending
order, Unit I is eroded by Unit II, and Unit III unconformably overlying others. Unit I is mainly
consist of “varved clay”, Unit II is consist of reworked Shikotsu Pumice Flow deposits, Unit III is
consist of debris avalanche deposits. Unit I and Unit II are considered to sediments in the Paleo-
Lake Kutchan. The upper part of the "varved clay" shows deformation structures such as folding
and faults, which are considered to be caused by sediment sliding phenomena such as slumping.
It is clear that the depositional field and the depositional environment were not always stable
throughout the depositional period of the "varved clay" and that the "varved clay" underwent
some kind of movement in the later stages of deposition. Thrust fault, which displaces both the
"varved clay" and the reworked Shikotsu Pumice Flow deposits, is observed near the southern
end of the excavated slope. The formation of these geological structures occurred twice, before

and after the deposition of reworked Shikotsu Pumice Flow deposits.
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frotz, KIKIHIEY v XY g KEE (YB-8) &
OISR SR ERUE (YB-14) 20 RELT, 21
F LB W T To 7o, {EMIHTIE ¥ v o~ 7
TV (YB-2) BXUOY v _XYJNIIHEFEAFEE (YB-8) T
B oOREI D9 b, 22 103k, 73k %2E0H
Lo 7.
1. AMS "C 4E{RHIE

2015 4E 8 X O 2017 i i B il o R 2 4 ER B

20K YB-13 MEBHOLEKEZDF
WoEEE (2017 4E 9 Hh A #H).
A BHORE., B ADRHETD
PEREGE T AN 23 =AM o JE
EJE, UNNHTER, C ¢ A D
o DIREE (AiEkE)., D: Co
IR PO I NCAN

PN

WaE 6

ERFZERT (Beta Analytic Inc. HAFRICERLE) ~KIE L
T{T o7z, H27SGP-C1 X J8E IR iK D> & BLARDfkHE S %
SYEEL, Z0RME L 72, H29SGP-C1 12\ TR
R DIREWHO/INRFTh 5.,

MERBIZE 1 LICE LD TRT. Z20F R, Intcal
13 (Reimer et.al.,2013 ) Zi#MH L T (523 1), &
HEANDIIE % 4T > 72, H27SGP-C1 122\ TR &4 BC
26,630 ~ 26,110 cal.y (BP 28,580 ~ 28,060 cal.
y)THh, ZoDIEMIF28.3ka T, MIS2 (Ishiwa et.
al.,2019 I X 4113 2.9 J4ERT~ 1.4 JJAERTEE) o i
HOK IR W AT O R T d 5. H29SGP-C1 12D \»
T 4E (66.3%) BC 1,458 ~ 1,371 cal.y (BP 3,407
~ 3,320 cal.y), (25.8%) BC 1,359 ~ 1,300 cal.y(BP
3,308 ~ 3,249 cal.y) TH b, Z DFERUFTEHEI (F]
SCRFBRI) Tdh 3.

2. Kilxksrbi

KUK BT E R AR BT (B siEs), Kilia o
R JRPTEHEE, KA 7 ZAEET W TH D, kot
T (BRI IR ~MEHE L 7

ST (1995, 2003) & L OVEE#IEH (2018) D
FHEICIZIFHE L C, BIALEE, KRR (7 Lo87 —
N R BEBE), TR B & OB T (GER R
GIHT) EATo 7.

KUK D HHEROMEE % 2 IR T, RIS
DWLTIE, FREF300 KD 9 B 73 ~ 8l % WA T
HY, kA7 A (B4G) KE 5% T Lo TEEL
CEDRETHD, TOZEDSIRBETRA L IZE VI
W, KINA T A D AT E RS O B & 5 24 KNUCR
T, mEE o KA 7 A DRI #EIE 1.495 ~ 1.501 T
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W21 K YB-13 HSEIH Lo G EE (2017 459 ApAERE). A @ YB-13 HuSEHE Lo 4
7K. B-C-D:ZNFNADOK, BOERY, COBEVHZOISARGIL. BIE@HRIkE.

# 22X YB-14 MiAEHOGIE (2017 48 9 ARty .
A T YB-14 Hipi@uE (BEBCRICHE L <7y 24k - it d), B @ AOBEME S OIRGE (—2 DM EO B AR
f8). C: BOREMBIOIKGE, D @ HRKIER - KILPGREHRI O AR (GHEATICAE LR T 5 i BIEfA).
E : DO®EES OIEKREE, KEMET AL T 7 1 Ds-Oh & HIBH U 22k F XLk % B (GO H29SGP-T1)
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b5, FRIAMERO-EL2E IRITRTH, #BihT
3 k912, SO, #HA Lo BRI OHEE L OB%RE SR
T—Hh—ic k 2#%2 kg, H27SGPT1 B L O
H29SGP-T1 D43 Hriiix SiO, & sy & DRIFRICE W
TIRIFTELZ->TED, MERFA—OKLKEFETH 3 Z
EDHETH 5,

3. Ak

WERHTIE 7 — A A =¥ AR SRR (241H)
D AR B RIS L 7z,

PEBLL 72 7L 28 — B 1Z 400 % D24 BEMSE TS L
7o, BEICH o TUE, FKRlkHcowT, i L O
FHOEF 200 L & FE L7, b oEHFRIZO W
TE, KRARIEHEZ OBz e LTHEE L, SHAM
B XY SHIIEN - lT oz e UThEL .
INHERIZULTOLE D TH S,

i) Por_X)IHRERERE (YB-8 Hiuxi)

IFREIR 2 4 £ (TUorRi R —5R) B X OHE 25
M (fEMmamfERF v —1) Wrd., 7o 5, 4
CAEW 2 & £ 72 Vi P2 SYT-P1 2 BTt 6 30k
6 Z i 200 J L Lo bafel - lF 2L 7.
AELSYI-P2 3$HEM O A I~ VE E2VEEZ ZNEF N
30% DL i, MR b Y elE, € IBIFMEETDH
5. INEER, RIAM, Y HOERI KLY, ar AX
7V ORIFPMEREDER L Tws 2 EXFEHI NS,
K SY1-P3, PATldA 7= @Enfaml, fb->Th
TElEE AN XIEBRIML 72, B SYL-P5 ~ P7 T
W ho e HRAD T 208 AN T 5 L &b,
EIBOWML 2. IAEBNI AN X @D 10% Hifg T
b RIS 203, O ILTER (2 ) F)8, NN S8,
Ny XE, Yy r7VIE, Y FXE) 3o EET
HBb, HAE YELMOTERTH S, 2 -
T2 2 EARIEH OFEEI1Z2ED 90% DL 1% o %,
i) SRANIALRE % v > 7 Bira R (YB-2 Hixd)

IR 2 5 £ (TUmhrRi R —5R) & X O 26
X (AP RT v — b)) 1R d. ikl SY2-P1 ~ P6
THEBMO MY EE - T I)E - v VB LEELER O a

T IJE - AN FIEHBHIENERICEL L 72, Z20fio
NN N8, YT NE, = LVE, 7V IE,

e WaE 6

HITSGP-C1/48884

HIFSOP-C1/E3E11

i 23 AMS"C 4 U E £ o JEE A~ OB E, B
H27SGP-C1 (YB-8 #ixi), T :H29SGP-C1 (YB-2 Hixi),

YFXE, NV XE, VYPHRELUOYFXETH
D, Yr_XVNHEEREH (YB-8Hix) DIEHHFHRK L
g L <, MIZZ WMERTH S, BARL LTUEF
I8, aEXES EOMERTEN L, &6 - a1
179 B BAROE T 2D 90% DL EEHETH 5.
ftwomtitEmz sy elE €38 a3+ o @R
SY2-P1 706 P6 2T, FARRIKTIZD 3 D3I
ZanY, SY2-P7T~PI9Tld b e)E, € I@EiimofE
mzERL, aFI7@EAN7 XBIXERL - TR L 7%,
Lo L, mbEMoiEE SY2-P10 T3 b7 E @20k
PL, RboTarsg, AN/ XlEaeehifll .
zZofoREBO=VIE, 7V IE, Ny XESEE
T 5.

E
1. B HER i b ke T KINK DR IFHIEE

B3R SMS"CARERMIERER

gso D]osta 0] | sample | S [Heremse] | o — I —
H27SGP- | plant Cal BC 26630 - 26110 (Cal BP acid/alkali/aci
49884 | 423992 | 1 24370 110 24290 110 -299 | AMS-Standard
€1 |material 28580 - 28060) near d
95.4% probability[(66.3%) 1458 — 1371 cal
H29SGP- BC (3407 - 3320 cal BP) |(25.8%) 1359 acid/alkali/aci
53911 | 479809 | 1 c1 wood | 3140 30 3130 30 |- 1300 cal BC (3308 — 3249 cal BP) -254 | AMS-Standard g
[(3.3%) 1495 - 1477 cal BC (3444 —
3426 cal BP) |
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H2& KK HTEROME (H27SGP-T1, H29SGP-T1)

. Light .
Vol Gl - Heavy Mineral W ;5
BE | Minel Rock |vocH] Total R iy HAREORHE AEEOE] 7954
Bw|Pm/| O [FI-Qu| Opx| Cpx| Gho [BaHo| Oth | Opq
H27sGP-T1] 7| 1| o| 31 [9fo|2|1]0]|0]|243]| 6 | 300 |HM:Opx>CpxGho (BaHo) |1.497-1501 |1.708-1.721(31/40),1.729-1.735(9/40) |1.671-1.686 xiffif”
H29sGP-Til s [ o[ o| 50 |13] 8| 1]0]| 2| 2|219| 0 | 300 |HM.:0px>Cpx,Gho (BaHo) |1.495-1501 A
Bw: /NT LA — BT Light Mineral: B2 - £ A(FI-Qu)
Pm:/XSRA4T Opx: f AR Cox: BfER Gho: FBEEAPIA BaHo: ERLARIRA Ap: KA
O:{E&as(7 Opq: FEBAMEY Rock: & H-BILHL V.Rock: XILEHK
SEREIR KK~ D[l 5 H29SGP-T1 O Hif I IZIFFMU L T3 2 LS

5527 UL KILK 3BT D EIRT 53t 247> 72 2 D K
HLPGERE (H27SGP-T1 8 & " H29SGP-T1) dD/N—7 —
4 (Si0, & fl {4 TiO, - ALO, « FeO - K,0 @ %
X) Thsb. ZHTHSE XS, H2Z7SGP-TI & &
N H29SGP-T1 D 43Hrftiid Si0, &k & DBIRICE
WTIRIEEZ->TE Y, WHEXEH—DKILKETH 2 L
HEINS,

RECERIA U 72 LI V& vy B e R e 3 D
g (m—2) FoRETRILKTHD, REKIHEED
TTREYE % 5 2 7o, A T I R ORI IR X -
AT AR D & 5 KK E LT3R 3 TAERTOKRE
ILHIEAST 2V 7 7 % 25 U 7o KRB KIS X 5 1% T kK
BEFEL TV S, R EA LT 7 1CBd 2 kNG s X
DY O FA - HF2I 2w, fIHIES (2007),
e - FIH (2015) & X OVZHIEH (2015) &R EWH
%, ZD) HHIEIED (2007) (3 AGHEE SR N
MBEEON KK (EX2~5cm; #hta~/NEEH;
HRCEAOMA - VRO 22 7R ZGHR KLY 7 A
ELRDIMIRIREEND) IZOWT, KIUA 7 AE X
OB :8E DALEALR %2 EPMA ©08r L, #gEEH L7
7 IR IR K LK O RN D 2 & L, BT 2 KK
R IEA - RBKRYIR - KA KR O 3 D DRI D%
FEAELD KILAT 7 2D ERE D aHT LT %, S0
D 5 2 D T oy Fras R 2 fEIE 2> (2007) D 4
DD EIRFIHHER O TVIME L T % &, HEHINK
WK E K RO ARG F &AL, R K
D TALD KR T A D OHTHG SR & 13 PP EE > Tw
%, HA - HTH (2006) 134 & — 7 #i5 0 @il [ i
B X ORI TR KR E — g T-RE T kLK (Ds-Oh)
E XN KINKEIZOWTRINA T A DT 53 B 5
IZOWTHEMD 2 DD KINKDIIHHFEFR & FIZFLL
EHERI R I TS, 60, el - fIlH (2015)
& TSR A OV T 7 TR O KBS O ) £ v
T LT, REHIO 5 FEFc K (—5, BT RA)
WZDWTKIUA T ADERG TN ZIT>TB2Y, ZD
9 B RO KR, IO KR, RABEDH 1
& SRR D S BTG SR ASIR B o H27SGP-T1 8 X O
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TH B, PEOFERIZE 27 KICAHINT 3 & 9 IcFER
LT3,

KILA 7 A D RPN EREF IO W T, H27SGP-T1
5 X OVH29SGP-T1 12 oWwTld 1.495 ~ 1.501 TH 213
(524 X)), HRHEd (1999) & L A1 (2000)
DRT RKEHIEOMESET A L7 5 1B L 72 BT KLk
B X OKFRHERY) (Loc.1 ~ 8) D AER4rIZIZIT 1.494
B~ 1.501 AicflisgEdf L Tws, LaLl, Locl (&
EBKE) ©H b, BITEAME@2~4D 200
1.501 ALk (1.505 #i#), Loc.4 (JEZEIBEER o ff
W) DKEERHEREY D Z 11k 1.490 BIcEd L, BS
DI o T3, RTHA ORI IE H27SGP-T1 @

LTS 2 (HETSGR-TY) M GMZTSGRT)
: T T T T I
s 1 H 5 H H 1 |
20 1 W | | | \
i H H H 1 |
1 L] ] 1 1 1
i i i | i i
L o B B B L e eIt SEEE
1 H 1 H 1 ]
[ [ [ i i i
1 H 1 H H |
I3 1l ] ] 1 i
18 - - 10—t : . !
L 1 [ ] ] 1
] [ i ] i
L 1 1 1 ] 1
] W i ] i
1 [ ] ] 1
B 1 Ly e i
i | |
i
i H
i
s H
T80 1500 ha 1,720
Bir® EiH®
T 14081 1.8971-1.8003 304 Fr . 1780 1.TOBT-1.7380  4GEME

EEA LAMED 1ABET 1 ABED LERTH 44891
LASTHE 1ASTE LAATH LARTE 14883 10082
LAED 1ASTH LANTE AN 14877 14876
LABE 15083 L5560 LANTY 14ANTT LaRE0

NE# L TIET LTOET LFIET L T80 LTedd 1. Ti08 .50
LTI LTS L7108 L.TAE LTes L7147 L.TEEN LTiN
AFUEE LTI PN L P83 LTAEE 4, FiE4 4, TEa8 o TEER

1. T0ET T8 47404 1. T9EE LTHER ATITE .73 LTHR
1A9TE LANTE 1402 1ASTH 1ANEY

LTRAY LTINT 07385 1.TA4T LTIAE 1,FEM LTISE 15300
LA 17894
WE S (HZTSOPT1) WTS 2 (H29SGP-TH)
: T T
e | | ! o : N
n— \ } E ! L -
i I I i i 1
: : ! - P
1 i i |
| i | } | |
T TSNS (S-S W— — | T LT T B | PRy -
| i 1 1 |
i } i H 1
| [ | | |
1 ; i | |
10— - ' 0 } :
1 H i 1 .
i H i |
1 | | i i
i | ! ' H
Bk SN S MR PIE P I e mmmm o]
| I ]
i
| & i

|

1 FTT] 1.500
BEAE EirE
FOOOLETIE LATIE- 1885 3S@NE F19 . 1487

4 140 15004 308
WEH AT LA 1A 1A L
SO 15004 LANTS SABEE 1 ASSE 14884
TAMEY 1 ANTD LEWTT SABEE 14551 15004
A A S0 A Al AR LTS A48T
AT 1 ABEE 1LANTE AT AN LABEA
LEL

WEW LENED 16843 15538 LEBDD 14THE 1.ETH
TATES 1LATAT LETES VATIS 1ETIE LATHE 1ATTE
4TS LTS LETH 14TES LATH LATIE 16TF
TATER 1ABST LEET0 14885 10843 LEADE 14807
16024 1.6TIS LETRA 14TV LETIS LAFTY 1ATAR
ALELL

%24 FUBE H27SGP-T1 £ X O H29SGP-T1 & KA F A
% EDJEFFRMER KL L PR L 75 4
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H3E AUA T AERMEEDHTHER (H27SGP-T1,
H29SGP-T1). FeO* 1&4: Fe &% FeO & L CAHH L 7M.

H27SGP-T1(155) | H28SGP-T1(15:%)

THE | RERE| FUE |FERE
SiO, 77.93 0.34 77.95 0.21
TiO, 0.12 0.08 0.11 0.07
A,0, 12.31 0.21 12.51 0.15
FeO 0.72 0.29 055 0.18
MnO 0.06 0.07 0.12 0.07
MgO 0.07 0.08 0.06 0.07
Ca0 0.87 0.37 0.66 0.07
Na,O 276 053 275 0.34
K,O 5.16 1.00 528 0.36
Total 100.00 100.00

Bitr, KRPEOfEDY1.708 5~ 1.720 AicfEH L, 1.730
~ 1735 thEIC b afinid 5 (F24K). kL
T, REHBOARLED Z i 1.705 ~ 1.710 [{Fxic H
D, H27SGP-T1 @ &k 9 AW D @D sk, &6
12, A O TERIZ H27SGP-T1 o4, i 1.672
B~ 1.674 5TH 257, 1.680 ~ 1.684 fHEIC D F
EE DD B, KEHIRL A 0= (i) <o
BT KILKTH % Sitl DKILA 7 ADJRIFHRIZOWTIE
1.501 ~ 1.502 &, #IAHHDHITED Z 1k 1.705 ~
1.707 &5, GO ZHE 1.671 ~ 1.677 fHET, K
FHUH O KB LW U Z R LT 5,

KINA T ZADFERIT M DORERD S 1%, HEMDN K
WK, FIE - SR o N KK E X RS E i o rh iz
BEHER Y o BT K ILKIE, RIEIE 2 (2007),
e - A (2015) 293§ &k 5 1c, KEE FEAE &
ORE KTl 28 CRBKFRICHEBIL T3, 2o
IO WTIE, RIEIED (2007) 1& KRR KT L
7o 7)) == WK X 2N KILKTIE R, 20k
AU 7o K CRBKIRIR) 22 & “RIVICJEGRHERS L 72
THEEDREGELTED, ZOZLICHEHTRETHA
9. SRIAALRE D SRl D Sy BT DR HLE S BTG 300 K7
FDILT3I~BINBERTHY, KU A ()
Rild DT 5%LUF & fid TEREK R Z LR TH Y
COZEDSLBHEDORETEA LIZSVE, bR
2 (1999) 1%, @M FEa N O v — 2 L4 Sitl o
Ds-Oh SIAL 3§ % & LT, 2 DR E LTIk hsiE
(, BEER 22 BICAAMOEETZEL TV,
DX HIT, HERHD Ds-Oh L ENs b DY, FHEIZR
AL O b DICEBIL T3, L L, RiHILED
H27SGP-T1 ¥ X O¥ H29SGP-T1 2o T i, RHTHEA -
AP DEITRICE S N3 & 9 ICHIEMDOEPHDILH

-
—

72

ik WOEME 6
ESIEEE VI XS DERRLTEY, HEFALT S
WEUAD L Db EGEEN TV HREERE OV E VR S,
CORIZDWT RN DTH Y, Ds-Oh ZDdb DT
BWERLRTIELTELD, XKDKHITEZDL, R
WAL D 2 > o K LKEEE (H27SGP-T1 - H29SGP-T1)
BREE T I 800m FEIEREN TR D, RN THIUL 2 {4
FrCARICH L & 9 2T DR U & 9 EERICZ S
T EAFATREYE & L Clied TR, REORL I R I BRI
RO LI, Ko T, REHISEDI O HaEH - 35 -
BN DR D 515 B N KILK Ds-Oh & [FBkI,
TP V7 7 IR D K CRBCRFER) RIS
E RIS KUK E KRN D KIS R 7% EIRIEL 72 b
DOPFEINTHET LD THY, 2D KIKDHERL,
Frickilig heze E0#lG 7% E1x%kch D, RBHILR
TR ZDHEEDR L D> THS ).

2. RH TR FRILK (Ds-Oh) DFEE KO
WA VT 7 DIBIRAFEAR
HE- A V7 Z TR B b 2 KB 3 X ORI
FAL YUVNIRREREER (YB-8HA) DOIEh
IR — R

RAHAL R YUA VIR FREE
svi-7
%
189

HHES
AFXE

Picea (ML)

Abies (E3[&) 9

SY1-6
fa%
178

SY1-5
LGk
138

SY1-4

%

%

65.7
33 20
Pinus (XJI&)
Tsuga (VHR) 0 0
Larix (T43Y) 4
Cryptomeria (%) (]

3
0

171 o of o of 3
0

Quercus (AF5®) 0 0 1

Betula (h1\/F &) 15

Alnus NV /¥ 8B)

Alnaster (¥ v V@)

Ulmus (=L &)

Juglans (VILZR)
Tilia (UF /X&)
Acer (hIT®)
Araliaceae (73¥ %)

Corylus (1N INZ[R)

Fagus (FF&)

Carpinus (93T B)
Phellodendron (¥ /\5&)
Ericaceae (V'Y UH)

Salix (Y FFE)
Myrica (X I EER)
lex (EF/XB)
AEEOEE
X
Gramineae ({4%})
Carduoideae (¥ 7E )

© © ©o cio © © © ocio © © © oio ®

3
0
0
0
0
0
0
0
Eunonymus (=% X8) 0
0
0
0
0
0
0
0

233

Artemisia (AT &)
Persicaria (47 &)
Cyperaceae (1Y) 4%
(CDL =5
Lycopodiaceae(thf /A 5%}
Monolete type (B EEIS)
Osmundaceae(t' V(&)

Umbelliferae

o coio o » o o

0.9
05

© o - - oioc © = n o
oio
© © o - oio = = o o
o
-~ ©o o ©o oi= ©o ™» o o
o
oiw
N © v w —io © o = =

Selaginella selaginoides
(4272

ARBEEABOAR

244 2| 236 28 312 282
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C
pn
1"
Ew X |
LEEL |
Moz N 1
] vy 1
syzpPi0—+| || i —
HZASGP-C1—* ﬂ
5Y2-Pi—> %ﬁ
SY2-P8—
SY2-PT—| 4 |
S¥Y2-P6—
8YZP5—+E ]
SY2-p4—s
SYZ2-P3—*| J"E
"
S‘I"Z-I"izm
SY2-P1
= » X
% L L]
H25 K Yy XYNEEREE (YB-8#imR) OBk v+ —
Ho R ABNMALEX v v 7L PN AR (YB-2 Hisd) D Bm ki —EE
KA F v TG T AL EEE
R TE: =1 SY2-10 SY2-9 SY2-8 SY2-7 SY2-6 SY2-5 SY2-4 SY2-3 SY2-2 SY2-1
AAXEE B % (B % [EH % |[EH % |[E% % [E% % |[Ex % |[BH % [E% % |[E% %
Picea (kL&) 96 51.1| 153 76.5[ 155 80.3[ 113 61.1| 91 384| 108 56.5| 104 553| 84 43.3| 153 70.2| 82 37.8
Abies (EXE) 30 16 39 195 19 98| 26 141| 14 59| 22 11.5| 24 128| 18 93| 30 138 9 41
Pinus (RYE) 5 27 2 1 5 26| 15 8.1 9 38 7 37 5 27 6 3.1 7 32 6 28
Quercus (AF3B) 20 106 4 2 8 41| 19 103| 64 27| 31 162| 37 197| 54 278| 19 87| 79 364
Betula (W/\/% &) 23 122 1 05 4 21 6 32| 39 165 12 63| 11 59| 16 82 5 23| 22 10.1
Alnus (N2 /X R) 4 21 105 105 105 8 3.4 4 21 105 3 15 105 6 28
Ulmus (ZL8) 4 21 0 0 0 0 3 16 5 21 6 3.1 105 6 3.1 0 ol 4 18
Juglans (7ILZR) 2 14 0 0 1 05 0 0 3 13 0 0 2 11 5 26 2 09| 4 18
Tilia (F/%&) 0 0 0 0 0 0 105 0 0 0 0 0 0 1 05 0 0 1 05
Corylus (1N INSB) 105 0 0 0 0 0 0 104 0 0 105 0 0 1 05 o 0
Carpinus (9T 1B) 0 0 0 0 0 0 0 0 3 13 0 0 0 0 105 0 0 105
Ericaceae (VYR 0 0 0 0 0 0 1 05 0 0 0 0 105 0 0 0 o] o 0
Salix (¥ FX8) 3 16 0 0 0 0 0 0 0 0 105 105 0 0 0 o] 3 14
RAEDEEH 188 100 200 100| 193 99.9| 185 99.9| 237 100| 191 99.9| 188 100| 194 99.9| 218 100| 217 100
BAREE
Gramineae ({4 %}) 105 0 0 0 0 0 0 0 0 0 0 105 105 0 o] o 0
Carduoideae (¥ - HFE ) 4 2 0 0 1 05 2 1 104 2 0 0 3 15 1 04 104
Artemisia (A% &) 1 05 0 0 0 0 0 0 2 08 1 05 3 15 0 0 0 0 1 04
Cyperaceae (W¥Y) 5 4%) 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 o] 2 o8
Umbelliferae  (£Y%}) 0 0 1 05 0 0 0 0 0 0 0 0 0 0 0 0 0 o] o 0
Thalicytrum(h3%9)77 &) 0 0 0 0 0 0 0 0 104 0 0 0 0 0 0 0 o] o 0
Lycopodium serrata(by4'Yn") 2 1 0 0 0 0 1 05 0 0 0 0 0 0 0 0 0 0 0 0
Lycopodiaceae(thf /AR '5%}) 2 1 0 0 0 0 0 0 1 04 0 0 0 0 0 0 2 09 3 13
Monolete type (BiiEEIY4") 4 2 0 0 0 0 1 05 3 12 5 25 105 2 1 4 18] 7 29
Osmundaceae(t V¥ #}) 105 1 05 6 3 4 21 3 12 3 15 3 15 105 104 5 21
Sphagnum(32'1%) 105 0 0 0 0 0 0 1 04 0 0 0 0 0 0 0 o] o 0
ARBEEREDEE 204 8| 202 1| 200 35| 193 4.1| 249 48| 204 65| 198 5| 201 35| 226 35| 236 7.9
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e WaE 6

!?E
E Lo
B b y lg% E
i h " ¢ N ¥ E B
Mk Wi : 5 2L o v T, Q3 LIRE LY o3
A g . w8 > Sy
[} 1.3 ] ? T Ty g LB ;E*E%Essiﬂjgg %% %g
¥ " - s
2 Bk i paR APPSR R
| i i 1 |
| 1 1 1 Tl T
SY1-P7— i H i I | - [0y | —
[ BR P | . I
SY1-P6— 5 ——— = I - ) || i
5‘r1-F5-|§‘ ; I mm | - N
|ﬁ | L
3R " \ HERR
5Y1-P4 B | F= |
. . [ | |
SY1-P3+ | — ) D - | ! !
_ . | . [ i
SY1-P2-+ - — — | B ] |r . ! ' |
E X E%wE E & B E & 1 1 I " b1 ! 1 W X O
% L L] !
i HZTSGP-C1 (AMS'CE {LHH)
E 128,580~ 28,060 yBP
4“1-'?--

26 Fv TG R (YB-2 Hi) OB F v — b

DV, 1 THiBR k9 cEEIZs (2005), FIH
1EA (2007), fEHE - I (2012, 2015) & L OV
17> (2015) 7 ETHISICENT WS, 2 DiF#E)4E
Rizowid, & EBHEL» (1979) 1ZEEBRAT
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deposits.

The Yanbetsu Formation cropped out around the lower Yanbetsu River, which flows into northern
part of the Lake Shikaribetsu, was deposited in lacustrine environments. The formation was
previously suggested to be Pleistocene (perhaps Middle Pleistocene) in age. The authors of this
paper studied the Yanbetsu Formation by field work and geological analysis (AMS'‘C-dating, volcanic
ashes analysis, pollen analysis). These analyses revealed that the Yanbetsu Formation is composed
of middle terrace deposits (Tm; late of last glacial period) and lower terrace deposits (T1; Holocene),
which are parts of full deposits of Lake Shikaribetsu. The lake began with the damming of a river by
the formation of new Shikaribetsu volcano group at about 4 to 5 ka. The age of 4 to 5 ka is derived
from the observation that the tephra, Shikaribetsu purmice fall 2 (Sipfa-2), is laid below 1 m from the
Shikotsu purmice fall 1 (Spfa-1), which has 4.6 ka of age, in the terrace deposit of Kamishihoro town.
Furthermore, the authors found the Daisetsu-Ohachidaira ash fall (Ds-Oh), which is derived from the

formation of Ohachidaira Caldera in Daisetsu volcano area, in the uppermost part of middle terrace
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A glance at interesting papers

Schellart, W.P., 2020, Control of subduction zone
age and size on flat slab subduction. Front. Earth
Sci., 8, doi: 10.3389/feart.2020.00026.

KL AARIE, AT 7D 100 km 12¥E->T, E#
7L —bFDTTKFICR S TORLER R AT A )L DILA
AATHS, 20U, FHEOIFEMEY v b L IR
BOUWAAA LD ST 508, THRFED L9
ICAAGIERENEY v O RWMEDVIKFR T 722 bk
WIERDHDB LI, T, FEEMEY v ORWEDL L
DITHEAZ TREET 5 & 91T, Wi O ZER-I 247
WIEMER D 2. KTk, KPR T TiRAAAIZ, H
CT (RIS > TIEEIRY) IROIA (I T 72
RERIEDIY ? >BT IR GG ?) LA AHFIHE
bird Lo b ) OREFZ RS 5. THARAAID
PSRN 72 2 v 84 L, H < (>-80-100 Myr) T,
EDIE (>~ 6000 km) PLAARITTKF-R T 73
N > Tw3 ZEZRLTWS, JHUE, TRA
HAARMH L~ PV TR T 7 (& ISRy

B
R

=
o
-

.
[
=

5

g

o
=2

& Actrew flal sish
o Past fisd slab
# Ho flai alab

[

- B
[

Subduction zone age or
subduction zone age at flat slab subduction [Ma]
i
=

074 2000 4000 6000 BOGO 10,000 12,000 14,000 16,000

Slab width [km]

B
= ___,_,..-"/
a5 ] T g 1
20" et g i ' PEar St ]

7 iy =
LT's il
orf K, e
¢ j-
A5 T
o | 'y

s 115 e 134" -30 45" a as

=

g 6

i

\

T) DERADREE & HIRAICR 2EI2H S LT
BHSIN D, WAAAGHET NV, ZhEzLRHELTE
D, JEWAZ 7 ORISR 72T BRI 2L,
BAEINCART- R 7 ZIARBRIZIe D, TDET IV, A
WA T ZITE VTR T 7B OWRIN LI DA Z 7
D EIRCE T 2 EELSRERIGS (v b 72y
suction) ZMRKIH LI LZRLTED, KFRAFT
hAIAABZFET LT, ZHUIH LT, HOFnR 5
7%, AR ARV EE S RRRIC 2R 2.
o OfERIE, KPR F TDBBHED AR ICD AT
FIET 5 Lo Bzt L TS s, EF DI,
C ZDMAARIEIZNT KPR T T Arir Az [T 5
DILFTRIFEHCMRIA, 2L T, 77 3 —KFRF
TIIBIAI EFETF V) DIKFR T TR DN AE
TR SR bZ ZIch B,
E 2 TE-o T flatslab &%, HEEMUTIC
trench hinge 23% v, % DM MIZ7% > T concave
flat hinge 2% b, % ®JIC convex flat slab hinge 2%
HoT, ZOIHTRIFNIILAAT A T 7 TEREICHRE
Fig. 2A O AL & B0 slab width (%, flat slab 23K
SR D TR DRI AT R TID R 7 7 DR, %58,
subduction age (%, AIAARFED & DFFR,

(CH B AIHE)

Fl GURE 2 | IA) Diegran showing the: dependencs of et elob subdu ction|n
nehurs o 2ab width french-pamisl adent and subdicion aone a5
Clemonds represent aUbduction 2onea segments without g et siab. Pilad
ey and whilis girced with an outine represent mbdction zones with g
prasand-cay Nat sab nd flat sial 0N gackoghoal pact, mapactvaly. Fof the
bl ok ciroles S whilie o rCies with Bleok ouing gubduction 2ome ega and
by widdth represent the sge e widkh gt the e of fiat sk Incepion. For
e Blackt dia e subcdustion 2o ags and sBb widlh reprsnsnbs e ags
and width at present. For the gray cirsles, white CGroies with & gray cotire and
ey damonds sab width raprasents tha width &t subduction inittation. Sze
Appandix and Tab e 1, 2 for data choicss, JUzHleation and uncectainties,
Breck bare and gray bars e not amor bars bart Indicets renge of age
aolimalss and Aab widh satimnates, wheara dala polnt locaticn repiassnts the
averege or T beat extimates (Fee Appendix and Tablen 1, 8. Thick
hortzontal gray Ineg connedct subxmtion Nitiation cata point with pregant-tay
pubdliction one dala polrt (damonck) o fist alsh soboucton infuation data
poin icrolach of ther aanes gulducticn Ton e (sepment], Subcuotion zone data
1h=Cenntal Py sagimant, te=Cantral Chile segmeant fluan Famehcies ridge),
1d=-Codomibla segnmani, 1e-torthemn Chils segmant, 1-Southem Chile
sogmat ; 2-hedeo-Ceantral America with 2e—Wosdcn seqnent, 2b—Cartrsl
Amacica sagroet; S-Sooth A caCandr A Arvies seomed); d-South
Chingy, G—Farcion fLaramicks segonent]; 6-Ca labiiey T-30ralten; S Hollenic,
B-Sentiny 10-haarie; 1 H-Sangibe: 12-Fuyzen o 15-Hamehers; 14-Marth
Sl 15-Casosrdeg $-hank-Fyokyn; 1 7T-Lessar Aol ae-Fueis Fioo;
18-Tonga- Kenmadec-Hiarngl; 190-Skatipng-A| agke: 20-Welormsis Mew
Birttaa re-Sen Crigtobel- Miewy Hetaesh 21-Moithwnet Pactis:

ot Hurl-Lapan 20 o badonog wilh 21 aetCamnchal e Kui-Japan
sagment, 21 k—-u-Banin-Manen s.segmant; 22-Sunde

{Buarria Arviamear-Eomedta -Jeve-Parcie] with 222 Punes-Andermen
et 220 Baurma-Ard anan- Sonstra-Jeva segment . Thelght gy zons
indicatoe the appredmete bocat onof the bou ndery sep-anating the domaing
wihers it shady bl sollon ot possiie Jowar st snd possibie upps:
righit) . Meda that for tha | ndl vickal subduction zome sagurents (e and 2a-0)
thes seties withts ol theslsh thet thees segemects fim pert of bea Ba plothed.
B Msp anowang B locstion of s sk ilio Fomes w0 segnvals
plotted inpaned (&}

93



Abers, G.A., van Keken, P.E. and Hacker, B.R.,
2017, The cold and relatively dry nature of mantle
forearcs in subduction zones. Nature Geosci., DOI:
10.1038/NGEO2922.
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Figure 3 | Predicted per cent hydration of mantle wedges worldwide
produced over last 50 Myrs. Predictions from thermal models with
decoupling to 80 km and vertical water transport (Supplementary

Table 2); models are steady state except where noted in Supplementary
Discussion 4. The colours denote hydration, whereas larger circles show
arcs with well-constrained geometry (uncertainty in forearc crustal
thickness <10 km and uncertainty in depth to slab below volcanic
front® < 20 km). The numbers code to subduction zones listed in
Supplementary Tables 1and 2, the following of which are discussed in the
main text: 1, Alaska Peninsula; 4, Cascadia; 5, Mexico; 31, New Britain;
33, North Vanuatu; 46, Nankai; 48, North Honshu

94



FIHEN

McGary, R.S., Evans, R.L., Wannamaker, P.E.,
Elsenbeck, J. and Rondenay, S., 2014, Pathway
from subducting slab to surface for melt and fluids
beneath Mount Rainier. Nature, 511, doi: 10.1038/
naturel3493.
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Figure 1 | Map showing station locations for the CAFE seismic and
magnetotelluric stations {wideband and long-perind} across central
Washington state, USA. The numbers in parentheses indicate the numiber of
stations for each category, WE, wideband; LP, long-perisd.
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Figure 2 | Primary seismic (a} and

magmetotelluric (b) models. Panel
b includes both a thermal profile
{contours, labelled in degrees
Celsius) and earthguake hypocentre
locations {red cirdles) within 20km
of our profile line"', Fluid released
from the subducting stab enters the
manibe wedge at A. Melt initlated
at or very near the interface is
transported upward by buoyancy
and dragged down. The fluid/melt

phase rises through the mantle wedge
{B) until it reaches the crust, joining

fluists released from shatlower
reactions (D) The combined fluid/

melt continkes to rise until reaching a

reservair [C) in the crust. Mount

Rainier is shown as & red trinngle.
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