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HARDHAET - & L

w %
BRI - IR - PIREER - HH A

B b

BEEFPHIE - WIRER - IRE— « LTS
RGIEAD - KPS - B2 ¥ - EEREA

B ARSI BOFAHE BT 3B, WRLREDARITL > TR ES T E L, 1960 4L
B TlmSto RE L E I 0EE 2 —RE L T2 EBRPERTH - 225, 1910 FRIee->TT V-7
Z b= RCETW BRI EIND LI KR, BETHE, ChEREL->TWS,

B AROFE A H: 5 A BARRITERUC B0\ TABENICEER S L5 & 5 1% - 72913 1920-1930 4RI
HoThbThHs, £3, BLAZHEICL22ENZSHARA LI (K- BA, 1924), TRED
W HIBIERERE R AR A NS LD 1o - 72 (Otuka, 1937 ; L, 1938). 1950-1960 iz i3, b
FRFESESEAZN, T2, 1960 F£RITKSIHERBEIEAINT LI DE LI TOR, ZhbD
B L AR R E RO T 1920 S5 S E > 2N HEREORRERE I AT, FEN, ik
FEROMERT 7 P =7 RCET2HH LIERICL -2 (I, 1957 ; 464, 1959 7 ¥). BEFDFIR
R# 2 Hit Takai et al. (1963), Minato ef al. (1965), WliZA (1970) ZEiCF &HHN T3S,

1970 R 2 &, BIRE LTORAZ TV — 727 P =7 200 LERL L5 T 8REN %
B (B - 28, 1970), Z0IBTHERDOME 2 R ICHER L 2o Bin 7z (Matsuda and
Uyeda, 1971 ; M - #/3%, 1973, Uyeda and Miyashiro, 1974). % D3RI, Volcanic front O
%08 LSRR & ¢ 72 Sugimura (1960) % Sugimura et al. (1963), HADEIIFFEN D& ILEE) 2 552
L7z Matsuda ef al. (1967) IR 22 EHTE B, 2D L) RRAVESE 5—FHT, BEEARELHL
FRFY, HHBEBRESCE WAL ERBRFBEI NS XDk, LNELVHBEPHRE
AR EN S L 5 1c% A (Tanaka and Nozawa, 1977 ; #3Z, 1978 % &),

1980 FfRIC A B &, PEROENRIZ—BEHL (%D (Ikebe and Tsuchi, 1984 ; EH, 1986), %i
CEHBAREEALET, BARFNEBEOBE) - MESFRENICHEB I NG &I I0% -7 (Sasajima,
1981 ; Otofuji and Matsuda, 1983 ; JE[E, 1984 ; Otufuji ef al., 1985 ; Hirooka ef al., 1985 ; Tosha
and Hamano, 1988 ; #kE 34>, 1989 ; InEiZA, 1989). FicZ 0L Bm T HHENEL LR
ALNT W2 FFEIZ», 1985 ; Niitsuma and Akiba, 1985 ; Chiji ef al., 1988 ; T34, 1989).

FU— T2 b2 R BHBPBETET2E2HL—WICiz»H 2 (FEME, 1990) A%, 1970 i H
RICEAZINLTV— T2 b =2 AOWERR2 OMERE—E IS, i, BlicEs, £2%
FNTWEELIZE ST, 7V —PINAER L LTHOBIMOERFEE T 7/ Matsuda and Uyeda,
1971 ; Karig, 1971 ; Uyeda and Miyashiro, 1974 ; Karig and Sharman 1975 ; Mitchell and Reading,
1978 ; Dickinson and Seely, 1979 ; Uyeda and Kanamori, 1979 ; Dewey, 1981 ; Seno and Maruyama,
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1984 % &) 13, BROWMENHERZ AR DITTHZ 5 ETRELHI#E %> Tvwb, Terada
(1934) % Kobayashi (1941) 5ic X » THRESI A BAREIHLKHEE, TVv—FF7 F=27 XD#EAC
EoTHEFELE, Do LI HHBRFCI > TRBEINTNS L9512, HARFE»KE» LB LE
BILTELETEFERBIESZBIANLNT WS, F2, BRMFERIC OV TV, HESEROR
EREESREIICH L LAR, ABETHKAL LI, HIEBHICEORLESRIBELPEZ LD
BIEHFTERLICEY, ZRLEBALEKHEDELN 2B LI LLHBICLNDOH 5, &7
V— bOEE L, REAZRIREEZEL, HREPEHIEL LI ET, BRIEBICEIT2HMEHR

EFESEbLLEFEZ DL LNTES, FIZIEIAFF (1989) »HRILHARKFEMOFERICOVTHERL
TW3a L5, R LHERRE TV - OB E L IR —BT 5 L) ICAZ2BAFH 5, L
L %A% 5, Karig (1971) 28t F 4 marginal basin D3, BMOERNAL 6T, 7L — P RTET
EEBCHEEB ;ML L -T2 P27 ADOBHETIIHATE R I EE2RLT WS,

VT LTH, WXl ZHMEREPY I TELTWERR2E DL LB RARFBDRKRY T
LEEZ B ETAARTHS. 22 THLIT100FFD 1 BARMEROREBEIZ L 72> THADFERIC
DWW, BERZEREZEIC LeEMLEERA, FREFNORBETED L) LMERENFEL 20
ERRTCAL, SR THHMBEMBRFOEROBERLZF LOHLLNTHS, 2EHRR T 20O TH
WP % 5k L 2Bl Sl Tidb e wad, BB AR D W TiRIEAHE (1986) o redkl 2 Kicit
3o (1989) 1T & - T, BARBIREBICOWTIIAM - A (1990) ick->T, 4, BRIBR
UEIHIR IS DV TIETF (1990) I &> T DRBORADSLENT WS,

HHBER ZER T 5ICH 72> TROIAELMEIL, HHEASZOMOMERNITR, HBHINT
W3 L3z, BARIBHWRENMECH>7-LIEIFZ oML WDT, RUBEZET LT IEE %0
RThb, THELHARFEEHMDEINZNOMWERDFEMNE LR L IEL LB LEETF—2 ¥
FioTwabITTII W, 22T, THERIIHEED BRI BOMBIYIBICH I LA 22k
WHrNBBERIE, BEE HER KLUEOSMH, BHELLETHE, KREHLBHEOEELIZE
AT A ENFMLNTEY (21T Tsunakawa, 1986), EEBROBHIREBIEOTEIIHBOE
BRWREDEINE R T 2L HEZ LML, CORTEIFICIEL-T, HHEETELNTWIHB - &
RDOERPGMOBEEFE L D>OBITHRT, TEZRD 2 DRFENEIC DWW THMBER % /EX L 72,
FiZ, WML E 2 MOEWEE P bHARNIREBERSFRICT 0k,

LITTiE, E3ERBFRE (B 2828 2R cHE 2 LERBFESICOWTHN, RWTEFHIZ
P->T, HMBEFRERLLHF S, HEIZOWTHHT 3.

HEREFX g nkkdE

BIRICRIND LHIZ, EZRIZOVTL, HE=%% 42 (PG, PG, PG;, PG,), #HE=%%
32Ny, Np Ny oz #FhXg L7 72, BRURICOWTIZF42(Q, Qs Qs, HY ITKA L2, &
ZTIE, B2RRUEIRICRINIERRELHOMILICHETE, BRI IEE, HEREHR AR
BHOENAL Y, BELEEEFBRRCERIARIBICEENICRZD SN AMERRZEEY L TR %
frofe, 227820, HROHEREEEFRELAFE—MCESTI2IENTELVEHLHEZDT, FHHEL
T BRRDERITOWCTIL, HEBEDEE b, T, KARAAEMECE T AM4NERSZ1
ICBE L HEEIC DT, o e B LARETH T L2 LN TELVDT, HEZR» L
E=AR#HPr 23D PGy, PGoy, FHHDLDIEI N, & LT—HEL,

RICHEFRORFICHERIC O THEICHBE L TBL,

PG, PG, R 13, LB EDLIFREES M DB S BEEL ¥ o HAOH B =40 R A T ORI
WY AREAICB W, I NLIBREETIC 2 1 TR MBI IZE IR - MR MR — R 7 Rl 2
AL b HMEIYICHE T 2, COERIT54-48Ma Dk D, B* 5 S BEFHtO R & i & DiF

—2—



(52 Ma) I2i3iZ—5% 5 5.

PG, PG, 3R 13, JERASLEBRAZ ¥ T HEIB% L, ROEBIEOWERBITEICIA LR
RICH2 5, ARFROTIE, BEEAIES L), BAROEMI»HEE 5, ZOERIT 42-38 Ma ORICH
D, BF 5 BHIORE L B X DR (40 Ma) iTiTF—5T 5.

PG, PG, HHR 13, Btk P EICHE C - 22 kKRBEIO BRI L IR DOBABHICE W, BEERBTD
FIRIBOEEICHET 5, LI PG, oBIRICIE, B ToXREEZ KLEEI L), ghickild
HEREY & 2 LIRS BB R T 5 £S5 0 B, SOERIZ 34-30 Ma oficd ), & = Tidh
RIOME 32 Ma % 2 D4 L7,

PG,-N, 5573, FifisHrithET, S5MERR2 ECHESRERDOERICH2Y, KBREH
FREEM E TRRICHER LR3I —%T 5, CoBERIE24-20Maicad ), T2 CIEFHDE
22Ma 2 ZDHEMN L L,

N, « N, 55513, W AR TIRIRSRHR BB T 2R TH 2 15 Ma fhEicE W72, —%, FiLH
AT, BREDEL 4 ) BRI S —E A P OB E 2N, Thbb 15-13Ma it 0B
REBEWZ2, oz, 31T, fEROTERRE L LB E OEFICHEYT 3.

NN, R i3, BXRSBTOIEEIEL, £ DRI TAEAFER I NEHIcH-Y, ik
FAEEATIIBEKBIERIMERICL ), FREMICANVFSHIBREND, £, HEARTIIE
JE@ volcanic rift WEREN S, COERIZE6ManiEich ), = TIIHEMET7Ma &7 0EMRE
L7,

Ny Q RUFQ « Q DR IIAKANLBNICEED 515 2-1.56Ma & 1.0-0.5Ma i@z, o
& OFEFATITITRERTHE - FHHHER (1.7 Ma) & B3I - PR (0.7Ma) i2h72 5, FEADR
HONLTWKIRERL £ Tid Q- Q, DEE® MM - BHHIERIZBWA, Q- Q: AU Q.- HERIZZ
NENWTREHEEDBRSEIEA (0.15 Ma), k€D BRBR (0.018 Ma) ichH 725,

HrHLER & g

EHHEEE R 1 M-F 12, HEREEZFAR-FTRIORT. CNLORRLMFEL I LEDE2
DIIZEFIC L LR RLZEICDIZE 7280, UTTIRRTELINITBHNDEELINENET HICLY
b oVAR

HHHER IR S N B RO IA DT 2 MO & 100 H4ra 1 BAMBERIET, 2272
L, BB ARDKINFEROEBIC DWW TIZROES (1989) 25512 L7z, oHmax EAKEELHESH)
DFArid Nakamura (1977) O#F 2 12fE->T, F & ULTEMR (Ui, EIRIH) L8k CG#i, 1989) oF
ALIZEEDWCHEE L7z, I DTS, 810 (1981), K% (1988) & 2Bz L,

PG, (BtHit-ariAa i, 67-52 Ma)

TRIZ, AEL-FREER, BRI, REBHO LRICRINGAEATRY -7, PG IT&IND
NDiE, KEHAIDVOWZMTT+HEHE LT3N 2B, LBERMOBERR LI L, ki
HWOKRELBH L EbLTPTH S,

RKPHPTE “WMAHER", REBHL L OBRHERI I KERLCHEL, ZoBRTIIRRLE
HLLTmans &), BMAEIL, 55 &8 EEOBREKREHIERTH > 72, LHEERIBE
ERPFoEREBAL» SEOKRmMERL, UK, ARV 7B EES D2 EE ) PILED
(Kiminami, 1983). AL HARTII 2 DRIk, BPHAEH-BRHHICHITT, =/ o4 PR LTRES
N HWRRLERR, NE-MIEER, B 3F-SMBRERo £ 1LER 5 S - 72 (Otsuki and Ehiro,
1978) L 3N TV 5%, FHLWELFIIRE CE 2 w», BRBEOREAHOPICE, HEH 2320
DREERICIB > THALH AP BEL TE72 LT 5 5 D4 H 5 (Otsuki and Ehiro, 1978 ; Avbk, 1983 ;
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Otofuji ef al., 1985 % ¥) %%, MEHERICIZEBEBEMT 2FHICZ L. 572, MB~=A o4 M
PRI IRERAICIGRN L 228 3 88D w872 v (ILTE » HR, 1989).

VaTHRE,N LEESRZENEREDERMERIL, 24 b PG, OW® (64 Matd) F Tt <
(Itaya and Takasugi, 1988). £ D, =ZEJIZRE I IEERICH > THA T L2 L BH)
L7256 L (Faure, 1983, 1985). =iRJIIERE 2 PG, D AT EEE (40 Ma Fitk) Ic RS ICEHLNT
BY GkIf, 1972), PG, 25 PG, 27T d 2RI =R EREFHERICER Lz Lich 5,
Mg o DR FDMHEDEA D K-Ar FAED 513, PG, 7 5 PGy 21 THIUEEEIIEEI L Twiz
T EFRNEEIND (BEMIZA, 1988, 1989 ; &I A, 1989).

PG, (g%, 52-40 Ma)
T%u,mhwiﬁmﬁﬁKﬁ%?,Lmu,wMa@tEw%&ﬁﬁﬁﬁifgﬁmﬁ%tLt.
ORI, PG, LIRS, KPRITIIRTERER, OmER, EFREHE, SRER BA)IER

i ¥ DR, HIBRTE TORKERY, T4bb “WHTER" »KERNRICHEL, ZoWR TR

HEKRBETEED G EEE/RBTH o7, T, ALEEEOLIFER, MO TEREE, REIEEE BB

B X TREND L) IC PG, mEEEAICIE, WIS LA S, L L, BJUNITA D RAZZHENE

FEORLTHPHAREICE TRATH DY ) PIEITII v, SRFEORURGIEEETI N TLE

BT, FEREZRLTRIEERTH - 7.

HE) EIOHE, FE-DPERLOXETE, RUBRUFTFTA VA FOREBEEFEHLTHEY
(Umino, 1986), KTV — P RGP EFIIANILARAMED 2 LH 2 5 A vw3 (Seno and Maru-
yama, 1984), E-/INEEILOEMIZZOBEELL 25 Lw, —F, MEEEZBICEA TEOEHS
I2H BTN FEBFEPKRFEETIL, BEARLFEREIC, AEL» 68 (BEAREF» RO 5N
5.

PG, (Rt it-A AT i, 40-32 Ma)

PG, 13, BIRRBHTHANEO —REENER & Z 1kt < RN 2 HEE 0 S Wi 0G4 KGRI
BtEE COHBRME L LHRLLDTH B, e

:@%%mu,—ﬁw&ﬁﬁ@%hﬁﬁm%5W@«t&w,ﬁﬁa$?uwﬂgﬁ,kigﬁ,w
FRE, FALBATIAKERCHRARBE, LB, LEEER IR, STHRML Lok
R-PERCHERR I M HERE L 72, — 0, RTFEAITIE “WAHREE 5] i S L7, LR 5 S
DR DG L 2 2 THRLNLHRMIE, FOMEICEICRAEN H A B ISP LEEZNH 722 &
EARET S, BFHHICEESFEL S HRBIAT TROFREEIF D72 L T5EEDL H 5 (Juan,
1%@.:@@,ﬁ¢—v7ﬁMt$otﬁ@ﬂﬁﬁﬁﬁﬂbﬁ%ﬁfﬁ%btgL<,#E%@&ﬁﬁ
MR LECRERIB e T 5 (IR3F, 1990). B HATIRAHNRELZ Y cREILD L 10K
BAEBIAIRR IR D - 720%, BEMITEE DN L, HAEBARTRARBE D -2 & T 2HHIBES
NTwZe\v, HEHE-FER (1982) 2R L T3 &5 ic, BEARICH $ 23R A REROKRIEENS, %Y
BHELICBRERICE ), ZORKEBICAERELZPOL LRIcmb > TESMERLTERLI L
FED S L, [UBRIE—IRIICBRRICZ 22 8idH - T, PG, L D&KL, BR-BHNLAD K%
i3,

PG, (#&iAmmi-arkg it aiity, 32-22 Ma)

PG, i3, HMAWETHAIEO KRIEEIE O RBILE S 5 B i OEB OB  COREY %
FLHLDTH 5,

ZORFAIZIE, KRBERSEPRERIICIA L Ty nl, 20T IRE-RIEES DT
L7z, REICKBEKRRIMEET 2 L5k ), S KILEDMER ) 7 b4 L7z, 1B (1989)
3, CORBBOFILERNHEEE L EHBICL > TELLA—T7 75— VKDY 7 EeHZR, 20
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)7 b OWESEE I REED ) 7 MICHARTES 572 5 L (Yamaji, 1990). $CLH AN H AT — 5
% FEMEr L7 Takeuchi (1986) (3, 32 MaBEh 5 BAL B ARSI REEFHE ) iIcb¥E LDz LT3,

KPEEGITIIRIED & HEICH T THBEIR W, ZORMDOHEIE PG, (32-26 Ma) 12 i3°0RIRAL
$2H0D, PG 55 PG, BT TESLF—BLEA, WNOFRERICTEBTWHIHET 2% Y,
FREHEN DY S ‘:P%‘T’[i"““ﬂ)ﬁ%ﬁﬁvﬁ%##&% 59, #%¥ PGy (26-22Ma) i B LELA
ERLL T, REELHTUREZ ST H%I‘TL EUREARELTES A AR A I A L (IR, 1972), %
FRIED AR I HERE L 72 (Koizumi, 1988).

OB PGy, (26-22Ma) I3 =74 Y RAERZEVRYES (TAAV-TET VAN AE)
% B AT e L 72 (R, 1987). Kimura and Tamaki (1986), Tamaki (1988) & i3 Z DBEEIHIC,
¥ 72k (1983) (3 46 Ma DIfsic HAREEE L2 LT B

LB TIIEEEICERESIHALED B Litic, 2OEETCRTEEZOHAAIBE-26 LW
(Kimura and Tamaki, 1986). 7277L, Maeda (1990) i3, HEH~DEHBEHEOBFAINIIRT T2
15 Ma (B 578, 12 Ma B TOMICTBEEFRVLE L TWw 5, NEBZOIKD 30 Ma » 5 17
Ma 223 T & - 72 (Klein and Kobayashi, 1980).

N, (a7¥Ach#itt sh A-p R R #FHEATHE, 22-15 Ma)

N, DO TFRIZ, &EEWROHRCRINIAFENRBEE BRE L, kBRI, VHE AR THERA AL
AOHIRL, KEIERIRARBHEMA~EEICIR LA 2 HANIICB W2, BZ 6, ZORHIC AR
B CABM L BEI R E 5.

Z DRHADHI¥N . (22-18 Ma) o, XREENRIIFRAL A A, BEAA, ZLTEE L ALBERET
LEFEICHA L, ShTFRRBEEDE YA L TRILEIZZ DRE L KETEBMR DR OFII g

L72ddb L, F72, BRTRT7AL) EREMELE L T3 (Uto, 1989),

kﬁ&tzﬁiﬂ@#k 2: ﬁbi’ﬂ#ﬁﬂ 2RI LT, KRFEMT ‘i(ﬁ:@ﬁ‘b <o 7et, HEE KB BARE
BOHIER LI~ ﬁSUFE#JE, 74 v OFER, MLUE, W\%{)EEIE, I IRBEHOFKE)IE
(BREEERERELANY —JF, 1982) % L OEA-ZEREIRT I, HELT7rv o728
T, BAREHIICEARSTRA L, OB oHmax 3BT A IS, BAREAICE U 2ER
RFREE D BINICPATICHE S, PGy, DEICAS ERREIZBIRE & 4 ), MM ARREME b - TIRIR
oG BREWEL I T 2 (EE-UNR, 1989), M (1972) % Koizumi (1988) {3, {bA# 5, Ni
12 B AR YR DSTRA L7z &8 2 72, Tatsumi ef al. (1989) (3 3dL H AN KIS H RN T —
S e, N 0B s LTOEAREIELRE LT, JORS, e A ADK PR TIIERZE
ESEREL B0 GEHE, 1988), BREAIICECATE T + v =7 0 BRr s E T o7z,
7 &y e IR BRI R GOWE T VoWE I 18-21 Ma »ERERT OONH Y (EH
A, 1988), ZOBRAICT 4 v ¥/ FHUIR THBMER RS 2722 LAREI NS, AHARDOEER
B, EFRE, RHER, HANBRL LN HBE IZKRD Nip-N, D#EEYICAESIZRLNLT
B, FNSHMEMLID L ZOESL Ly, B (1988) HEEMHHAELZ 74 ) EVET V- FDiEA
AABRIZE D b EFE T2,

#H¥ DN, (18-15 Ma) iiZiEg o4k L, &3 TKILERZ RIS — =T o 7 L%H bR g
DHEFE L7z, Ny DR IT % 5 L DR L CIEIHE U7, B ARBICIMRIE & L TRILIEEIDIE S
THBE L L D ICRBEROBDFRHERILEROBFRECRESINL Y VT A MIKEICEB L2 (41,
1974 ; Tsuchiya, 1990) %%, KEEATIIEZ, 7 v 7 74 Y —0E#) @&EFH- KT, 1972 ; Uto,
19%9;5 Eg”)f;;’% LB L9 itk s, BEEEADBRRICIIC Y I u—7Hh%E L (ILEFH, 1986), £
I AR IREEEs A= B L 72 (Tsuda ef al., 1986 ; RfJIl, 1987). OHmax DHN% A5 L FHEE A A&
TREMICIFIZTPATT, 74 o7 F2BEIcEEAARATEPRT2EI0%D, ZoRFAEIL L5 ¥
FHRIUE D SETEEN K CHOIMRITIZIZPITTH Y, BELL, ZOWRF 7+ v =7 3
BMICEELTHENLBEL2RIZLEBD LI E2RTLINTH A, Yanai (1989) % Kano ef al.
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(1990) 12, COEIZHBEBERT o, P BIRFEIC AT LS5 Tl v |l 2 Bl ok Uz 2 & 2354
L, Zhas, SMBAGN HRES NP B AROKRE Y |z (Otofuji and Matsuda, 1987) I &
2b0LFEZT:, FEOARDEREED, SHEIN D cHmax DHMLIIBE L PHEE L2 ABICFE LA
W, 72720, B (1989 ab) i3, T OBMADIEL, SETHLIREC L AR (R 2Bl Twa 2k
EIRBLTW S, 2, COBFEBORBRICHILEERICEALLEILEOHICEEELTWZWIDL D
2 (HEFIEA, 1990) »%, WrBEME DEMRRIED 5, —E T PHHRIZ v U2 R gk
BATEEI L2 AR 3 N2 (SEMIFA, 1989 ; #4L, FIRIH),

N, (Rt st 4 R A He, 15-7 Ma)

Noi3, NiD ERA 6, BIATHHHC HAR L TOHRRIC L 2 RBINARAPHKE NS £ TORY?D
WM TH 5.

CORFHADEIE Noo (15-12Ma) 127 5 &, FEW EARGELLL, KEXRTEBESEOFA R
bhol:, WMEFAEIZIR->TIL, B2 TRINESHIA» M L (Tatsumi and Ishizuka, 1982),
B AHEE T353R M (Otuka, 1937) Z X D BINIC BT 28 oML Y v 7 4 + o (Uto,
1989) #4A % 5. ZALICHER U T B AR EIZITA W ERENT 5. AR & BRIk ARiER 2R
T 5 BRIEREIE CDEDRMIC & - TEL 23D T, BRI X KHBETIE N, LR oORE» N,
RENLBROHMBICAEAICEDLNS (ILARITS, 1989), FHEHARD otmax (3SR RRICE L
ZAMBOEICER L, BHARPERICEL T 2EHBIBICH - L 278 T 5,

FALHAREERT T KRBHFPIERICE Y, EEAR L FRIEER BRI 5. B
AR TIE Ny, IS5 EHEBEROAL LTV VT A F DEEFMERT, KHROKNBFH LY iIcE
BOVVYTA MEER RV IA MEIREAD I EHTE S (BH, 1974). 72, FROBHAICE > TIX
FEERE /ﬁ)llfgiﬁﬁﬁﬁ@@‘&ﬁiﬁﬂt:\ﬁﬁo TEYGLPRAE U7z (Sato, 1974), FEAL O ARILEE T
(ZRHAYIC 15 Ma BICIRIBIL L 2 L 2B o odt, Bl HALE- T, 2FTCIIER8EI -7, F
72, RALBARD otmax b BMICERZ LW LAELTW S,

13-12Ma tHiz7%e 5 AL E PR 2EHE L, ZOWMAIIIEE 2 L8 S N REh i ic
B THREIANRERE 2 - TR T -#M L7 (BRENE 4, 1986). HE#H3, PG, (42-32 Ma) E» L %2
Wl B SR ICTER e KBIEERE 2 v Z2eh* 5 (Maeda, 1990), AL¥EEPEER I LA TR CETFLT
BY UMRIEA, 1989), HEIEVEEITOC DHEBRERIE, T OEICIEEENOTE & B HRICHEA L
RIEERTOIDTHAI. Tz, BEFOKKIESN 2 HEMOZ N L% 2 T (Maeda, 1990), % =4
CHRERH L PO I MME AEHENEHREY CDEF TR T L EI LI EHFTELS,

AL#7 + v ¥= 7+ Tid 15 Ma OFIZ, GRPRE-VABOHEAL L bic, LE-BERE AR Pk
AT (BRE, 1962) #HBL, BT LR 2 LA 5. 7 S oRRSE X FRRILME E O
2 W ICIIERILRLH A L2 S A S N RBMPRBICHRAT S, 74 v =7+ 0wEll
2 H BB TIZITTFE LE, 15Ma 25 12 Ma ich 3 CREFEHE Y (12 \)#E LT v % (toh and Ito,
1989). Niitsuma and Akiba (1985) {3 6 Ma IS FHRILBRASAIN ITEZE L7 L8 2 725, #H (1989) »¢
FLSERL TS &) B (Matsuda, 1962) g Fir (Itoh and Ito, 1989) % &
RBHMY,15-12 Ma B IIER L T2 WREESE . T2, Bl B AOSNEIERE N EA (5EH, 1978)
EFERFERILC LT, SRR TR b —F VB BAER L DB A (EBITH, 1986) 256 - 72, FE -/
ERITIE, ZORGRET 15 Ma OREA % BICHMRE R » B IR < % - 2 2 £ 2*ODP gk 7 —
I LHRARNS,

Noo DU, SURIZKEICWIEE 2 Y, ShipEE, MR s LR X BA MO b RIIRERER & 70 2 (g
JH, 1988).

N, D% Ny, (12-7 Ma) T3, kﬁiiﬁiﬂﬁﬁﬁﬁﬁ% l;, EEOE D, SEEMEIIERIEL, Ny g
P 6 H - IRERE O AR-F ./ IREMEE D iR OB EEMEC b b, AAREAITIIEAERTLE
HOBEOBHESE LY, ERELRO L (£, 1963), Fl&HWT, FEEETLEE L BREMES
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WL, HHBREICHL L CRS-FE, 1981). A, HELIZIZF UERFCREIELIEL, S5t
FTR-TZ%< &5 (BNR, 1988), iEdk-hE M5 T volcanic front ZXABHIRIC % 528, MILBDT
A XEE (- PF, 1985) RAMEEOMELILE (Kaneoka ef al., 1988) % & TRENDL &9
2, TVA ) EDFEEFAREBATHEZ S, 272, BREEPLABIBERTEBNLEVLEE-5K
BRI S (Emery ef al., 1969) #FAIKICH ), BIREEL EI3RLICEBLT 2, 2L TEBZ 56 (HfEE
BrHALOMIZFLAYHALTLE ). #FE-DERINE0FRIC L), BRI £ 0 JF 03k
RERT, BB 7 + v Ve F Tl REER (K5, 1962) P RET 2 Ic > THEA RELL, 4t
HABEL, 2 TCHEAREEREEL SIS, Fiz, BEILMeHRA LM & FHRILM E DF o b
S 7ROHEMEINL, CHLDLMPr SHBEINIBEYICL-TREBICEE I N T < (Ito and
Masuda, 1986). OHmax IZEE-SRERMFICERLTEY, YEOE B AP SIICER$ 5 K EEHE
BHBICH -T2k BRET 5,

BOLH A & GEEREROBEAII I DEICIIKRT Lzs LE, Wi#? volcanic front 250% 45 & 9 i
%5, BROBETCH-TLHEAEHAD HARBH I EE CIEIEEHEYH»E  #H L 72 Kano,
1979 ; lijima and Tada, 1981 ; Fukusawa, 1989). ZDREANISTIH &5 F 250 0 13H7% W, 4L
RO T E b AT, ORI, oHmax PBIMHEICEZ H 5 W IdRRRIE T 5 &) ZRFEEHE
A>Ty Bbitsd KHE, 1989).

N (APt -84, 7-1.7 Ma)

N ZBREATRH O IR AP 5, HFH-EHER I CHBERZ S L DD TH B,

N; DFi4, Nio (7-3Ma) (ZA RS THRAZ-ERIEEZ DRATH 5, oHmax DTHTRNIGIMICEHRZ
Z0ERRPRTE LYk, Kib 7oy b OMESRKILEDSIMERT B TOLEBROEILD F
LA YEBRTE p;‘::&;b 57 { 7% % (Uto, 1989 ; Tamura and Shuto, 1989 ; Shuto and Yashima, 1990). W
B A TIZEIE T volcanic rift #4E L% (Kamata, 1989), DR Fich 2P b 5 70 bk
\IEEN B, FRTBEEZ 4 LA 5tk Lia 5 (Nash, 1979 ; Letouzey and Kimura, 1986). XKF
PEICIE 10 Ma DR L5185 2 #IBEES SRR, BRBHHE L2, RALEROWERE L ¥
HRED FRIC L > TAHELRERETH Y, FIICRERNLEKEDEICHIEL T, 7Ma, 4 Ma
% LT 2-3Ma 2RI A A BD 6L d (R, 1989). BARZHOEIMANIC H 5 HIEA L, vol-
canic front Z B0y & L2 HUSR O BRIk - T H AR A v — v 7 Al E) Lo o8l Lok L 72,
H b B AT BIK Tt volcanic front 2 5 IS IFTTAHANT Z 2ET 5 & 5 T RKBRELEIE K7
ROEHIAREZ D, BIEWE L L O ICEAUOEBEEITHEAL, Fb2BELL. EORRESEOE
HAHIZF D LB R B LB 2R, KHEH D VEEBEIL AR ES —C 5 (A VOERP L
5ZETR<m ﬁ)i};Cé‘ﬂ 5. }E;‘E{ﬂﬂjﬂ:)ﬁfhﬂ" LZHIRBIIUEDNHINT T 2HE L1200 T (FEITH,
1989), vPHw Hi?iﬁﬁgﬁ%’ﬂﬁ*}gﬁ LRIEDHEZER LICNEOMBREFL NG, bbb
Hi3E L T EMER OEYREATER L, Ny QBN TRREBELRRIC > I L 2RET 2 (B
B iZ2, 1972). COKHH, 71 v+ TOHRBEEIEAT 5% ERRIEHIERTH - 72,

N; D% N, (3-1.7Ma) ic A % & BINCHIE T 5 HmOEHRNIC & 2B T Lz, Billoh
B —ERERE L, HIMNOBMEEIITEMAE L, KPEAORBE TIIEI6RE, DERABM
ETHRMETHORBIIET 5, BIERH# S5 7T —BIEEIEAN. BIED L 5 2 XILESHE
RerIATRIEERIKREL, FIRKENOKLAHNRBE L. HiEP SEFRNIIITTHET 5K
R-FRIERE L, DRI EITRICESI L, 8% 56 TIEBROAB TS L - TA LM
EE (2L, HIFIH) CHELZODTH S,

O, FEEEFERELEDLS UL, FHRILREFEEEDORICH - WA &) [ BHOEH
ELTRENS L 512 GFEIEH, 1985), FHRILMRZ ¥4 5 2RO HHE S N TEERISRBLY
5,



Q. (BTEAEHiit, 1.7-0.7 Ma)

QBEELTWA7 4 VEVEET LV — PREETLV— b & & B ICABEICEABD B L v
NTHBY (Seno and Maruyama,1984), EHBRIMELIZLAEEbL LR L 5,

COHIZH DL ARFIBIE, ZLALKE - BLL, BIBICE > T 7 ay 2L L2l k8 - it
Beiz & ) B MR E S 5, KRPFER B ARBHOEBROBEE LA T34 <, BARENTE
FLOWEERIC L) BAMEE T ¥4 L7z (Tamaki, 1988), Z ORFEEMERED, 74 v o
FAEN LB ZMBB LIRSV — L W LER EEZ 5 AL 5 (P4, 1983 ; Jvkk, 1983).

C DRSRICHIR L 2 RIBREBEC-LITRE, LHE, 9IBRERL YT FRBIC N TE L CHMc 3,
e, BERRPHETIE, 740 v VBTV - FOFHERICHET 252D L i, EREFEL D
EL, 20k, LEEBES “£5 9 wE" (Ito, 1985) D EMBEI R ICHE L2, F - B 57
EHBROBBEFRNICKE ko 2HUKTIE, 1D LR L & b ICHBREOREIEA, 720K
BEER KRBT AR § S HAE L7228, FokBdiizdbzewv LE~BEIL 72,

HEARORSFTHMICH MBS 7 TCRETTAENRBEIZL->TY 7 b 24 L Kimura,
1985 ; Letouzey and Kimura, 1985), %O TI3HEE X ILIESRLHBOKIEFERIZA 2 (Kimura et
al.,, 1988)., ZHEICHE-PFFIMTLBEY VT4 b EhIERRTREOFHNESR 2 bORXRE
RBREAOEBZF AL LRI RN 7 M EOBINY 7 ML S 1D (TR - 8%, 1990).
BEZ 7007 FTERBEED KINEWHIERT, Bokomdl O R\ L L 28R »IETA LT
W3 ZEDPREREINTWS (Halbach ef al., 1989).

Q. (FHAFEHH), Q, (HIBTESi) RO H (B EHF - Fiit) (0.7 Mallfg)

QITHIRE 2F e LTREIED, £FEEPHUEO T EEE CIERTIURS DS T 2 5
DHEICHEF ), WEICESTW 3,

BB DAL LB L2 & 2220, KRR TIIRIRBREE LR, NSRRI ¥ oo L7z,
72, WA AN TR T 2 BB OBSE I W BRI Y RE L 2=, kBN RIS LT, Q, (0.7-0.
13 Ma) DRI IEESMBESD, LT, Qs (0.13-0.018 Ma) ici3H B R C & 22, HADELRFE
TFEBE-> T 2RBWOKRER  OBROBKMBEORME S SHAEICE 2 £ TOM, H OR{LICHRR
L72dnTHh 5,
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Table 1 Chronostratigraphic division of the Cenozoic of Japan.
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Table 2 Paleogene time scale.
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Table 3 Neogene and Quaternary time scale.

1) Compiled after Oda(1986)
and Berggren et al. (1985)

2) Blow (1969)

3) Okada and Bukry (1980)
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Table 4 Geologic history of southwest Japan.
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Table 5 Geologic history of Izu-Ogasawara Arc.
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Table 6 Geologic history of northeast Japan (including west Hokkaido).
<{Northeast Japan?>

Q i *
Area & o s Sedimentary and A 2 Stress field .
Age and ) 2 E A el " Igneous activity Tectonic event
: = = = environmental events (C'Hmax)
Unit
Holocene
[Late /]
o ) &
8| 2 4 d W .
SRl = _ Regional woconformity | | Colision with lzy Peninsula
.g > 1+
il ¢
= Repid vegression | | jRepidfoldng
g2 |-
FRE
g I I B | | e e e
¥
S
a | = —H4= 8 Caldera Normal
Lg A E Acidic volcanism and to
5 £ Separation of basins plutonism Oblique | Initiation of inland basin
| E Increasing terrigeous contribution | [nitiation of present- formation
9 | | _ | Poatidunconformty | tpevoleamism | |Repidupliing
s Regression
3 _
] g Obti
104 | 2 Diatomaceous sediments e
e = (Petroleum source sediments)
1| [Cooling Reduction of voleanic field
) T e s i T R B e A B o Tttt = — —
= _| 5 Unconformity Turbidite Kuroko ore deposition Normal Co}l)]xg\on with East Hokkaido
2 = < Transgression Toleiite in back-arc basins or g‘;wf; i’;:;‘ uplifting, Collision of
g _ A 5 . - s ; - )
E so ][ ] | Habspartl wnconlormily ) Expansion of volanic feld | _Oblive | Typsyws Moyntains’
= — ol 2 Oblique
. =3
AL el | Tremsgresson | Reduction of active field | | |
o Hiz % :;; _é' Subsidence of Fossa Magna
‘%‘ 20 < 2 = o o Active intermediate to Parallel Subsndem.:e and expansion
] il Initiation of seawater invasion acidic voleanism of volcanic depressions
_L#__ ___[Warming into the Japan Sea side area | Expansion of volcanic field | |
1 [ " 9
| 1= Normal | Volcanic depressions
o5 i i3 = Moonstone-or anorthoclase- (Ri
Cooling rhyolite on Japan Sea side
‘QJJ S e R e e e
< -0
1 &
2 — = Oblique
@
s 30—
20 -
S 4 _ [|Exoasionofvoleamicfied | |
oy _
ot
< —]
<] g
35— (5, E
| A Cooling|
2 _ A E;] |, | Transgression Reduction of volcanic field
[on] Ll Ikushun-| Shimo- | warmin
S PN abetsu e
4051 m Cooling] o
ol | 3 |EED Warmin
= I Wakka - Intermediate to acidi
§ act s IYiI wabe Mod ; mediate to acidic
o — @ | Yobar cooling igneous activity
M= | Nobori-
50— betsu
= 3 |11 DTS
5 -
= = . o
S Intermediate to acidic
AEIrEE aneos act
g )3 60— igneous activity
S 5 Ma)
= | & — Regional intrusion of
~Alm o3 ) | _gramiterocks | | _ _ _ _
Late ] Regional acidic
Cretaceous - ol




B 7R AEERBOMBLER

CldbidgE EZO
Area o g | 8 Sedimentary and Stress field
S g E R Igneous activity Tectonic event
Age al?d't [ 8 environmental events (O'Hmax)
nr
. Holocene
Late
[ - o
5| 3 ¢ .
g = ] T pEgres | ] el s =
%. = 1
= | & &
0l T T R 33 N _ |mwrmmten
g | 27 [
o
o B e R e O B e S tH-ATRWHORR_ | | ___________|
Q
é = = ENE-WSW ### § #Lshear
Lg . BB DML L HAK LT DR -5
5— (+BBES TORRBOTR)
ol o o et WAARS | RikmE#omw | |
g :
=T , E-MEALAOBR())| %
N o] R -
ds LRk wEBER | 7 -
o | ATl ____] ThlowE
E| 4 YL H A e AR T
EIE|l 4 y—re b ERTYS, sl o 7 B
b5l N e
= == = s = TFAH ) EDEE #
Jo sl |ER#osART | . S
1= bl
'g 20 - AT B ERC L2
e R £
T L |mmenk |EmosEsik | || TREZOPRO
S T T 7" N PO E | I
£ S
N -
g |7 e Fo
§ 30— E EIE{L
0 _
5 o iEREoRERSoARE |
Lo —_—
‘ 5 7] "
¥ g " EROUKR
71 & |[rw, ;.
2| ] i, || 2 |
S| 7 B WRBEES, BUE~ |PFubEE~o }
W o ol e REEOBMEA | FEBEOHARE | | EERURERLOER Q)
-
IR —=
AETRE
BlS| 3&
50
= 3 1 |t ] R
a —
2] =
Q Q : 6
81 & |60 &
§ j (Ma);
<% 3
V30 < = S R A IR D I I
Late |
Cretaceous ]




Table 7 Geologic history of east Hokkaido.
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1) AFRE (1985) NEHEESOE=RFEKBEB LUVZWEBNBFE L UHBE, hEH, vol.9l, p.815-831.
2) MHEE (1980) FTFEERVERHBOME, MEHMEFEHRES (5 A7 1 WERE). HEFEMN, 56 p.
3) Shibata, K. and Nozawa, T.(1968) K-Ar Ages of Granitic Rocks of Ashizuri-misaki, Takatsukiyama and
Omogo, Shikoku, Japan. Bull. Geol. Surv. Japan, vol.19, p.223-228.
4) ZESRAIC - \LEETE (1988) MED MG +#HEFILESOBILAEN, MEAEEIMILE, vol.21, p.107-133.
5) LR - ZEERFNT (1990) EAREEGELIOMAHENBILEENR. BRABFEMILE, volll, p.7-17.
6) MHEHE - FF X (1980) SMBRNEFHE»LRRINLERE S v /LA, BHHE0OME Y & EEYF
—H BRI R S X E—. p.147-152.
7) EEERED - AALER - MEME - OS|E (1979 ZPEBERB IUVEELE> SEFHHLENRR L ENE
%, WE=2—2, no.294, p.4l-43.
8) Matsumaru, K.(1980) On the genus Asterocyclina from the Kurusuno Formation, Tosa Shimizu City,
Kochi Prefecture, Shikoku, Japan. Geology and Paleontology of the Shimanio Belt, Select. Paps. in Honor
Prof. J. Katto, p.217-218.
[ % 3EEERFL] =8B =Misaki F., BEE#H=Sukumo G., E ¥ 5/E# =Muroto-Hanto G.
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1) BEE—EELZ (1961) FEHRBOMENEY. $OLE (10 BELSFNS), volll, p.257-263.
2} Takai, F.(1950) Amynodon watanabei from the latest Eocene of Japan with a brief summary of the latest
Eocene mammalian faunule in eastern Asia. Rept. Geol. Surv. Japan, no.131, p.1-15.
3) Huzioka, K. and Takahashi, E.(1970) The Eocene flora of the Ube coal-field, Southwest Honshu Japan.
Jour. Min. Coll. Akita Univ., ser.A, vol.4, p.1-88.
(B HEERL] FHWEH="Ube G.
[i¥3¢] Tanai (1950), Huzioka and Takahashi (1970) {3585 ERE 2 sAFTHAMICAIE T TV 5 2%, {WEBFRS
&> TFHBRERRCOZNE DH LR OB L £ 2 5N T 3R BHOEERIGERRES B
BDT 4 vay by 2EADEFPHZRLTWA I L s, FHEEHLBHFHICMRT 5.
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FAMK - AF4ME (1964) W RMBFBMHENE=R, KRR, nol3, p.l-42.

Okamoto, K.(1965) Tertiary formations in the Yuya-wan (bay) district, Southwest Japan, with reference
to the Tertiary geologic history of West Chugoku. J. Sci. Hiroshima Univ., ser.C, vol.5, p.81-111.
FAHIR (1970) WD RESERBLISFEBMIENE =R —r K EEROBILARE L HMAERN— HE
H:, vol.76, p.235-246.

Uto, K.{1989) Neogene volcanism of Southwest Japan: Its time and space based on K-Ar dating. Ph.D.
Thesis, Univ. of Tokyo, 184 p.

® Bk - BAMK (1979 WRJIIARBE X UHLEOSEEFLIMLERE, BRRTIEWETR, no6, p.
101-110.

Huang, T. and Okamoto, K.(1980) Calcareous nannofossils from the Miocene formations in Yuya and Iki,
Southwest Japan. Bull. Mi i Fossil M , n0.7, p.69-72.

Huzioka, K.(1974) The Miocene Daibo Flora from the western end of Honshu, Japan. Jour. Min. Coll.
Akita Univ., ser.A, vol.5, p.85-108.

HREEN - AEER (1987) WWOREEBHERAHE RMLAEWETR, nold, plig-141.

HELE - AFERE - ERIFE (1980)  HERPEEICBIT 2 EE SR XILERIEEEO A L ERICET 5 2, 3
DE, WHFERH, no.36, p.4l-47.

Tanai, T. and Uemura, K.(1983) Engelhardia fruits from the Tertiary of Japan. Jour. Fac. Sci. Hokkaido
Univ., ser.4, vol.20, p.249-260.

AFEBE - RSB (1989) LETEEHAIREREDOME & K-Ar 18, #&H:, vol.95, p.785-788.

[HBeEERL] WMAEERE=Yuyawan G., HEB#=Hioki G, AME=Hitomaru F., kL =Taoyama F,,

[iEa]

F-3’

HikF B =Kiwado F. %8 =Juraku F., E®EILE =Tsuo, 4 MHXK A =Imamisaki Basalt
HEBHNOBKE IZHEFERO KEIGEEICHRT 2 ThetrH 25 LT, 1989).

(feEeE] RFFME

[x#K]
1
2)
3)

4)

ARSI (1973) HESLEANIREEOBERIECHT 5 5%, WE¥RE, no9, p.63-105.

A LA (1985) WEHAELIC BT 5 PERBN-HESRARIEEE. EHE volol, p.723-742.
BEEHE (1982) 74 viav -« bFy Z7ERDLARIUREROBEL - H8 =4 AKILEHE. MAGMA, vol.
65, p.9-13.

Seki, T.(1978) Rb-Sr geochronology and petrogenesis of the late Cenozoic igneous rocks in the inner zone
of the southwestern part of Japan. Mem. Fac. Sci., Kyoto Univ., ser. Geol. Mineral., vol.45, p.71-110.

(/B &esERL] HFA)IBH=Tamagawa G.
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[feR#E] HHES - AHRED

(k]
D

2)
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5)
6)

7

BIRKED - B - B -BF- O BE - A OB (1980) wWhWw B E/IRER 0FRE —TH— F
BERIEIR BB W E, p27-36.

Nishida, S.(1979) Restudies of calcareous nannoplankton biostratigraphy of the Tonohama Group.
Shikoku, Japan. Bull. Nava Univ. Educ., vol.28, p.97-110.

Takayanagi, Y. and Saito, T.(1962) Planktonic foraminifera from the Nobori Formation, Shikoku,
Japan. Sci. Rep. Tohoku Univ., ser.2, Spec. vol. no.5, p.67-105.

SEOME . BRIEZ - MF B PEKES (1980) SHRNAHEORE L 7 0EE, TRCKEREIRER L SH
X, p.319-389.

BT EF 8 (1984) EFREBCOMTINGHEEE B=R) oK L HEw. AMEIE- FEMNE -
ERER F), BROEEZROERBF & EEstth, IWEAFEEE, p.8l-83.

AT - FZBFER - \LFET] (1989) MEFMOMGH#HEHNEMEER. BMEREELLE, vol22, p.
33-57.

JRSRFIE - ISR (1988) MEONAHEEHEILEREOMLAENR. BERBEEMLE, vol2l, p.107-133.

B LREET] &/ EBH=Tonohama G., £4BH=Nabae G., EF ¥ &F#=Muroto-Hanto G.
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1))
2)

3)
4)

5)
6)

7
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9)

10
11)

KEFET - BARIEE (1986) REREREHEROBMNROBF. WFAAH, vol.37, p.183-200.

BITEME - IR A - KEET - TAEM (1985) SHUROME, MR KRS (5 540 1NERE,
BHEER, 93D

I+ 85 « BT (1989) PRSI HMBOBABRE. WIkBE, vold3, p428-442.

s - AT S - RS (1988) BAOENRANOWISMWLAIC L 549, WEEHE, no30, plsl-
204,

FMESGIE (1984) PR HASIC B 1 2 BT IR Eh » =2 ER. HARBEZ2TRHE, vol26, p.36-37.
Shibata, K. and Nozawa, T.(1968) K-Ar ages of granitic rocks of Ashizuri-misaki, Takatsukiyama and
Omogo, Shikoku, Japan. Bull. Geol. Surv. Japan., vol.19, p.223-228.

Saito, M.(1962) The geology of Kagawa and northern Ehime prefectures. Mem. Fac. Agr. Kagawa
Univ., vol.10, p.1-74.

SE fFsE-MRLs (1978) FNRNEE, HESRAUSHED K-Ar £ —#F RKLEHEOERHE, £
N 1—, B4k, vol.73, p.262-266.

LSRR - BEMZ - GERM— (1981) MHELRIHS L UEBEROBEFNBEEEHO 74+ v a v P9 78
X K-Ar £ — PN KILABEDERWE, £06—, A§L, vol.76, p.276-280.

FAEFIMT (1957) PUEASAILHEORE, BRAKE, I, vol2, pl27-145.

KIFEZ (1972) ME, WBITHATER. BRAELE, vol7, pl-7.

(B LyEmEn] #RB=Saijyo F., ZEE#=Mitoyo G., F$tEH=Ishizuchi G., BB /EH=Sanuki G., LEE

#="Tonosho G., AT E#=Kuma G.
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[fERcE] EHHE

k]

1) EEEFEE (1967,1969,1970) WK 41 4FFE, 42 400, 43 FEAHMEFERESE, JLEEME. 26, 23D, 44p.
2) RENESL (1978) BARRMENEHiSOME, HEHE, vol.84, p.111-130.
3) ERRD - PAEE (1984) REWHEROTREIFNVIHEENE L BILE» bARZFOHERE, HMEAREH, no.28, p.
91-99.
4) HFEEEHE V-7 (1983) BIBRFFOLHRERE & RITHWAILE BEHFEH, no25, p.151-160.
5) MRE 1= - EFHE - SARES - MILB= - BEEA - OS2 (1983) SFRILEONME. B EWERS (5 TaD
1MEXNE), #HEFRER, 168 p.
6) FHLZHEFE-ER B-EHLE - KREZL (1983 RISUWKLBOBERO 74 v av - b7y 78R HhIkflg,
vol.37, p.275-278.
7 FHEZ - BFE - DB ORI (1984) BB WL 20T ) ED K-Ar £/, BFRKLFES 1984 £EKE
KEHEE. Kb, #2%, vol.29, p.328-329.
8) EPRIEER - RAFELIFER (1984) (FHEMEATLEIC & 2 BIRR AR A OMERA, WEXLHFS, no.24, p.1-9.
9) EFME - SHEE (1984) BIBEF - HEBFEROKSER L F0EHE HBFHAE, vol3s, p.159-170.
10) RHJEZL - IREMGL (1987) BIRBEEICBIT 2B 2R XKILEED K-Ar £, BARBEF¥LE 94 FEMRLHEEE,
pA417.
11) i#iﬁﬁ - InEeEME (1979) BARRARKHME., + B— (), AAROHBE=ZROLEEFRUFEREFICET 5HAR
3, p.101.
12) T/ WER— - £IP3R00 - IEEHE (1982) BIRIEXATPHHOBMILABLEIE —HFRERIA - AFWHRFIZOW
T—. EBREAFENLE, Serd, vol.7, p.49-89.
13) HE BK - BAMRE (1979 WENARB S L UL BT ERE LB LATE. R LEEWERE, no.6, p.101-110.
14) FAMEK - EBEET - FAMEEE 1970 BRECESHINERBOBAEE. BTAESIRTSHRXE, p.179-185.
15) Ab&eEl4s (1964) BAREEEEREOME, JUREFH EY¥), vold, p.189-200.
16) AHEHS (1979) ILBRFREE=ALFHLDOT7 4 v ¥ a v« b T v 74K BARMEERE 86 FEMALHEEES, p.124.
17) 2;%“’5 (1980) WeHh-BEHOATL- BB RLKREED 7 1 v ¥ 3 v b T v 7H8{. BRMERSE 87 FEMALH
i g, p.l24.
18) Matsuda, T.(1982) Fission-track geochronology of Late Cretaceous to Early Neogene igneous rocks in San’in belt,
Southwest Japan. Abstracts for workshop on fission-track dating, June 30, 1982, Nikko, Japan, p.37-41.
19) REEA (1979) WL FFIICoMAT 2 HL-HE AR EEO XS L REHEA, A, vol40, p.479-495.
20) iErEEtL - WHHERK (1966) AFFEXRE D K-A dating (V). #H8E, volbs6, p.191-211.
21) S W - GRFE= (1974 LEERIERE PAEOEER K-Ar £ 0L/, HUEHE vol.80, p.431-433.
22) Uto, K.(1989) Neogene volcanism of Southwest Japan: Its time and space based on K-Ar dating. Tokyo Univ. Ph.
D. Thesis, 184 p.

[HEEFEERE] KRIEWLXILE DY =0ectakayama V., $¥EEEE="Tsunozu G., #E* 7 =) J 4 } =Hamada Nepher-
inite, #P8)8 =Jinzai F., fi& % B =Fujina F., kﬁ)@ Omori F., AF|E=Kuri F., JIl&E=Kawai F., i¥£/8 =Hata
F., }IIP\]}EﬁzKawauchi G., Ef%ﬁ@ﬁ=Mimata Subg., EHJEEJE#=Tahara Subg., ',%‘UJ)E??=Takayama G.

OEFE] NABTHORKILZE “KDE” T, 16-20 Ma DfEERL CUK 22), SN LIEL T 2 SERREY» 5 3 E BIEME L E
T 2D TRIBER (G-3) DEEEFBTHLELT20EHEI LN,
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(fErcE) EHfE

[xx#k]

1) BEEEE (1967,1969) MEHI 41 4£F, 42 FELSAEHREE, LHEME. 26p., 23p.
2) gg%/\ CIEEAK (1966) TR HABAERKRAEETICOWTOEMRBAIERE R, ARMEFRL% 4 2B A2 MiTHS
¥EE, pb.
3) EHFNE - ¥ R (1985) WLEEHHFEZROBEHER EMICOWT, #FAM, vol36, p.427-438.
4) EAER (1984) BBYREILBOFEHATLAA, B, vol.90, p.755-758.
5) EFATER (1986) BARERPFAMPIEOME —Z 0 1EBFICOWT—, #EH, vol.92, p.405-420.
6) Eﬁﬁfﬂ% < MTAER - RIS - B ERK (1989) XM OME, B EWERE (5 40 1 ERIE), mEHAE
Ff, 58p.
7) EFHE - HHEL (1984) BIRES - REHE=ZROKEHEA L F0EE. HFAR vol.35, p.159-170.
8) EEWAIE - HHEES (1985) EHHMBOME, HEMERESRS (5 5570 1 ERE), wEFEEMN, 57p.
9) WAEE - =F F - IWFE—F (1980) BIEEROFHHK, BRGEESE ST HHES - FLAERITENES 23,
39 p.
10) DORERER] (1969) RREETEMORE. JLAEITR (WE), vollo, p.31-49.
11) ZIFFFER (1952) BAREBHIRXDOERF LEE—SMRERBE=ROEF 2L (T0 1), WwEH, vols9, p.93-98.
12) BEFRE - P & (1986) EEMSOME, HEMERERS (5 H50 1 WEXE, WEFEEAH, 30D,
13) Uto, K.(1989) Neogene volcanism of Southwest Japan: Its time and space based on K-Ar dating. Tokyo Univ. Ph.
D. Thesis, 184 p.
14) BEHME - PHRER (1989) M ARMEMR AU E BEHEYEOEN, WFAH, vold0, p.647-653.

B ZIEERL] FMAFELEILE =Wakurayama Andesite, AR7L/E =Matsue F., {18 =Furue F., 2-4)J§ =Ushikiri F.,, &
A58 =Josoji F., & il/E=Koura F.
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INLDNILEFET DL, HilBOTRNENIL 24-22 Ma, ERDEMRIZ 22-20Ma TH 2 5,
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Uchimizu, M.(1966) Geology and petrology of alkali rocks from Dogo, Oki Islands. Jour. Fac. Sci., Univ.
Tokyo, ser.2, vol.16, p.85-159.

KAGHEDL (1984) FRUEOMERR., SBKHMEEHER, nod3, p.75-86.

Wi sE (1984) BRI EBHOPHR. SBKRMEENR, no.3, p.75-86.

ILeFTEsE - FEREFTE (1989) [RBH#HE=R, MREBBIVHHREBO 71 v¥ sy bT v 74{R HWEHE
vol.95, p.619-622.

JUFHBEA - JKERR (1966) FEEHAFERKRAEETIC oW TOERBERZE, BRMERESE 434
BEMHROEEE, pb.

BIFAE - P & (1985) LB AEFIEZRDOBEHER LA LIZOWT, WA, vol.36, p.427-438.
Kaneoka, I, Takahashi, E. and Zashu, S.(1977) K-Ar ages of alkali basalts from the Oki Dogo Island.
Jour. Geol. Soc. Japan, vol.83, p.187-189.

WEEMN - %R AL« FAK—EF (1989) SRR, BN I V754 o K-Ar 448, 245, vols4, p.
33573385

EHER M2 EEH - SER— - BiR — (1988) BEES%, BBHES - HUEEN Rb-Sr 248474V 70
VEREBA, Kb, #2E, vol.33, p.79-86.

MMHEHIEE (1984) BEBEBOERLICOWT, BEKHE ¥, no.3, p.l39-144.

BATIFEE - AW (1986) KB RBoRbFiiEREE L. ENRHEMER, no.19, p43-54.
RNAGHERL - LS (1979) RS & Y Miogypsina W3R E., &M, vol.86, p.37-39.

Okubo, M. and Takayasu, K.(1979) Discovery of Middle Miocene molluscs at Kumi, Dogo, Oki Islands.
Mem. Fac. Sci., Shimane Univ., no.13, p.121-130.

MR IESY (1983) BIREHHHEMLGOTRE —&  ICRBESBR THRIRESLa 20w T— BiRR¥ER
AR (F).

Uto, K.(1989) Neogene volcanism of Southwest Japan: Its time and space based on K-Ar dating. Tokyo
Univ. Ph. D. Thesis, 184 p.

Morris, P.A., Itaya, T., Watanabe, T. and Yamauchi, S.(1990) Pottasium/argon ages of Cenozoic igneous
rocks from eastern Shimane Prefecture-Oki Dozen Island, Southwest Japan and Japan Sea opening. Jour.
Southeast Asian Earth Sci., vol.4, p.125-131.

[HbfB g HEEHLR] WKL =Misaki Basalt, FE#fZ 2 =Saigo Basalt, k%% # 2 =Omine Basalt, #H#E =Yui

(7]

F., #7 g =Tsuma F., AR =Kumi F., &€ =Kori F., K& =Hei Tuff, B3& L& =Tokibariyama F.
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Stratigraphy and geologic history of the Cenozoic of Japan
edited by

Kazuhiko Kano, Hirokazu Kato, Yukio Yanagisawa and Fumio Yoshida

Abstract
The Cenozoic geologic history of Japan can be divided into 11 stages mainly according to
major geologic events, and is summarized as follows.

PG, (Paleocene to Early Eocene, 67-52 Ma)

Japan was in a part of Asisan continental margin. Marine sediments were accumulated on the
marginal basin, while acid volcano-plutonism that initiated in Cretaceous continued in large land
areas. Sanbagawa Metamorphic Rocks were upheaved along the Median tectonic Line through this
stage.

PG, (Middle Eocene, 52-40 Ma)

Under the warmest climate in the Cenozoic time, marine transgression occurred onto land areas
of Kyushu and Hokkaido with accumulation of coal-bearing sediments. High magnesium andesite
erupted on Izu-Ogasawara (Bonin) Arc, possibly indicating the beginning of subduction of Pacific
Plate beneath the arc.

PG; (Late Eocene to Early Oligocene, 40-32 Ma)

Igneous activity was confined in small areas of southwest Japan. A short-term regression in the
beginning of this stage was followed by marine transgression. Shallow marine to terrestrial sedi-
ments were deposited in a possible back-arc basin of northern Kyushu. Western part of east
Hokkaido collided with its eastern part. Climate became gradually cooler throughout this stage.

PG, (Late Oligocene to early Early Miocene, 32-22 Ma)

The area of volcanism became again larger and volcanic depressions formed in places on the
Japan Sea side. Japan Basin, Shikoku Basin and Chishima (Kurile) Basin may have begun to form
in this stage. Climate became further cooler and Miocene types of fauna and flora appeared. A rapid
cooling event occurred in the later half of this stage as indicated by the Aniai-type flora.

N, (middle Early Miocene to early Middle Miocene, 22-15Ma)

Volcanic field rapidly extended to the east beyond the present Pacific coast, and volacnic
depressions were enlarged along the arcs. At the same time, rapid marine regression occurred on
the Pacific side, and continental shelf to slope sediments on the Pacific side collapsed to slide down
into deeper parts. Climate became warm as evidenced by the Daijima-type flora, and the sea invaded
from Pacific Ocean into the back-arc volcanic depressions through Paleo-Tsushima Straight north
of Kyushu and Fossa Magna of central Honshu. In the later stage of N;, Japan was almost entirely
submerged under the sea, as volcanism gradually became inactive. The sea was warm and mangrove
grew on the shore even in northern area.
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N (middle Middle Miocene to early Late Miocene, 15-7 Ma)

Volcanism became again active. Philippine Sea Plate possibly began to subduct beneath
southwest Japan, and Izu-Ogasawara (Bonin) Arc began to collide with Honshu (main island of
Japan). Coincident with active volcanism, southwest Japan rapidly uplifted and was deformed in an
along-arc direction, being compressed normal to the arc. On the other hand, subsidence of northeast
Japan continued probablly under transpressional stress conditions, and Kuroko ores were deposited
in submerged volcanic basins. East Hokkaido had laterally moved southward probably since Eocene
or somewhat later stage, and united with northeast Japan about 12 Ma. Since the early stage of N,
climate became cool, and diatomaceous sediments had accumulated thick in silled basins of north-
east Japan and west Hokkaido.

N, (late Late Miocene to Pliocene, 7-1.7 Ma)

Japan Islands began to emerge under the nearly same sterss conditions as present one. The
basins on the Pacific side and Japan Sea side moved seaward as the islands rapidly uplifted. Inland
basins began to form along the Median Tectonic Line.

Volcanic fronts moved to the present positions, and large-scale ash flows intermittently erupted
to form calderas mainly in northeast Japan. A volcanic rift began to form in Hohi, Kyushu and
possibly in Okinawa Trough.

Q:, Q. and Q,, and H (Early, Middle and Late Pleistocene, and Holocene)
The geologic setting in stage N; lasts until now, forming topographic features characteristic to
islands arcs.

This volume consists of two parts. Part 1 presents an essence of the Cenozoic geologic history

and paleogeography of Japan. Part 2 gives the data source for Part 1, i. e. the latest chrono- and
litho-stratigraphic columns and references of the Cenozoic sequences of 55 selected areas.
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