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LITRd, K41-1oREND L9, dumEr, HALAEANER UL AR—Y 7 7 L— MIgL,
ZOHPNATFET L— RS, BT 2= 7 L— MAMLET D,

KIFPET L— Mg, FRHEHEE AARBHEICRBOTA R —Y 7 7 L— hO FIZIERAATEY, =
DL, KVEHET U— MNITEMEHED SROIZIEAGAT =8, ZAUCHIE T ON28HL (TR
A Y 3—=) (TSR L, B ASNCEZE Lz &8 2 5 T0D (72000 ; AFF, 2002),
TN E BL A ASIOEZS L, AR AE U B2 N TR (AAMES:SHE, 2010), T
EMATHIA U A_R—O P IBIEICE S T L TV D L EX 5 TWD (BlZE, Zm « AF
1987 ; HAHIE 4308, 2010), L2 L, J6iEICI8T D% BIE it DS o e LITEBI O 2258
R5E, TEINTORTLET L— N ORROILAAHDORRENY, fEF 218 U CREICHI< 2o TE
0, 2D LTS L TTHRATLA U —OPEEEE = 2 72 &5 2 50T 5 (F)I1IED, 1999),

—05, T =T L— NE, A=Y 7 7 L— & RO BGGEIZ 30 O TUUR 5 (Wei and Seno,
1998), Z DUHEES T B AR HRIEAEH L FHEN, 07 b— MEREBIZ L > TR b0
TlE72 <, G L > TEEDIENE T HEHER CTh D L HEESIL TS (F, 2002), HA
WA B L, AAMHERIEDY 7 MERD R U b0 EEX 6 TEY, ZO7EE)
BRAAIEIZ OV TIE, K9 300 ARG EHEES LTV D (O, 2002 ;5 AT « gk, 2002).
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WTIFREF (2002) 58 L TR BFRIE TELHEFR (BRRT—42)1 (E1XEE) 12, #ERF
THRRIT TELHEESR (TBREET—4)) (B1XZEd) IT&DI<

412 JtiEEmBESRZEITEITY F=U R

SCHRFRAS RS M X AL 2 AHEE R VE R > B ARG N CORIE - Mg,
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~OIERIREA IS TS ([, 1997, 1999), Z OFPFAICIE, HALHAD DIEOD LD
W 20 O FEHTHEDS O < D BT B, W IEE) 300 TAERTLAEICHE Ligd - B 2 Hb 2
END, Wi - MR 0B K 300 AN HIER O NGB A ER U i B e i A
LD EEZLNTWS (iilFt, 2002),

BRI DISITERIC OV T, FEREIREEOER 04T, FERSINR, M kE,
EEBO R E A, K- KO OESIZ E OMEST — 4%, WESRT—4%, —ff « Z0HES
GNSS B X HHIHELRIT — X 5450 Z LN TE 5, HESET —Z (IS W CREIS 1352 e
TE LT-BEAESCRIZ I, KM (1989), 1L - 53] (1986) , Watanabe (1991), {52 (1986, 1993a, 1993b),
Watanabe (1995,2002)23240F H 415, T b OHEERERD 5 6, #51 (1993a) 1L 5 &, STk
G HINLE S 5 AR ERE FE A O 3T A R8I 0351E, 6 Ma tHIZ, VKRR A3 L
Vi — SRR BT M ORI D, B KA ) A3 AL TS ~ ALV — HFE B~ P R B 10 O A
IZHRHR L 7= & S, 200 6 Ma LIBROIEREH A, %I gL S U < (3EEgritEL o 0iE
THFAVEERIZ 31T B IS 15573, SRACEERMER I DM PG & U < 134678 — e HO7 [M OJEfEC
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TW5 (1, 1993a), ZD X 9 7t DOZEAE, 2 OHUBROIERR K ILFND 1076 & R
ENTW5 (Watanabe, 1991 ; #5173, 1993b), Z 9 L7223kl KIEETS L— kOl kA EHi )
DL, 725, 5.8Ma LA, N51OW 75 KFEHAI D (2[E#5 L, 2.6 Ma IZ1% N65°W (2
720, ZOBEREHE Y (Z[E#E LT N30°W (272 > 72 LIk L TAE LT EE 2 BT D (82,
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D OWWERL OIS DGR EE L T D & A Bund = &, HIFRD A T = X Mg FWCTHEE Sz
HER DA ARTEIST] (Uchidaetal., 2022) 735, SBAAPEHIAFALER Tt —m 851 & Fiar i
HT L, EHEEGNTHD, 2007, HHETIT — % )bz S 7 g PR A 2 DUV T AL
% &, AHEEREVEES CIIAbE — BT MDEAEE A (E HHEEE, 1997 ; Tinumaetal., 2005) 721} C
72<, BRI Lo T, AbF— R~ S OMEEANERT 5 L9 Th b, iz, ¥
TRLAREDR 100 D =f « =IET —% (ETHFEPE, 1997 ; Sagiyaetal.,2000) 75H1%, AbFE
—FEHE T AOMERANEBTTND Z L3540, 1997~99 40> GNSS BHiIT— 4 (Sagiya et
al.,2000) 7>51%, W HHOMEELNEB L TWD Z LGNS, B4 (2002) 1%, BiED
JRRNZDWTIE 1983 400 A A HERH AR B AVE o alietta, #%E DFEIRIC W T
1993 AED LIS FE PO THIEE OS2 SEN L DD aIREME A2, FREIVER L T\ 5,
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WZENRD LI, T HIFAE~IERFIT AR TREVEFHICBUCREN BV (WfEEE /), 2017 ; 3%
AL, TR - REICBET 2E (UUT, @ilE S - RBE) Lvwo,) ), £, 10 HF
A —)VDVEEHRIE & 72 H1ERE: OFEEDS, FFREE OM R Uitk~R £ COXM, BNt
iT, HMNARD), dbs GEEi~FEPHR S CoXR), dbEE (IR OAHED) 1280 TRED B
TW5 (Nl - BTHIfRE, 2001 ; AbifEETE 77, 2016b, 2018 ; Amanoetal.,2018), ZiLHDIHILNT
FRCHERBR mOREN BV O, FEFPEEREFEORE~RE TOXMTH Y, £ II2iT 4 Bl
KB AN ORI ET S (kifEEE ), 2016b, 2018 ; FEANE, FiPAE (M4 - 28 BH),
—F5C, MPPEE T, WIS DIRHERRIRHE (W 2 BRI o3I, £
oL, MR CIEEFIRTO, BT IR, ACEECIESEE & A of 72 EICFR
HiILD,

TP, IO MBI~ STt O K LS K> T SN D Z 3% <, £95
L7 KIEEN v 71w 72T 2 80D, AEEOH THHIT R NG E U ThLER
BTN A (L - Gk, 1993 ; GEAIE, FiE THEE - (R 28), WERTIE, &9 Lz
BRI Z TR EICE VIBEEOIETMRERE IND Z L0 b, EREDZIBICMY 5 itk (B
213, AEHRE A ARG CIT 2 KRB R HETZR RS, 2000 ; 87 - (L5, 2002) & & bHIg,
WREOWEHOILIHICIST 20 (B2, FEPPEEREEEO) A< ;- A3, 1979)
NEEERO LD GENE, SAE (Pl - =R, THUE - ISEEICBET 25E S,
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SCHRFRES TSR HIX Y, RSO PR OB T 5, SCHRFRE TR HIX OHE 2 K E N
5 &, MR LR H Lo (Ligh & B HUHO PRI R U7 a7 e SR S v
HZERDLND (X 42-1),

AP OWLARHEE, MR D OE 450~1,000m FEE ORNA & L CEIkCE, Z O CldiEsE
DRI D FRE DV E T TS (BIZE, AkfE B AR 31T 2 KRB R B 2,
2000), = HICTARFAL (EE 852m) OVEAIFHEIZBWTIL, Rlmeinstid~o (IlAfd~<v ;
s - A, 1979) 22 LTW5, £z, 7T~ X518, e fhmiciEeE, am -
BRI (T, WERIANFEE L, MEEPNATT & N AT DA 3R B S 5ET 5.,

BEOEFINVEEE, BRI S 990m), ARk T U F Ul (B 1,145m), M43l (s 800
m), /R & 714m) REZHAKFLETHRMLTHL, ZNBDLL, RopxT o F
SCHRIHAS ORI 31T B femiiEmm & U CRZEfTHT B, i F)Iikiais, #id <0 N2 460
D HI,  FHTFEELR S SALLED O AR I B THEARL DO K & VR0 2338ET 25 GE
AL, FEAE (el 2R 2, £7o, ZOWEEE N 20O~ ERai i s s
L, W ORI RGE T D,

423 XEEAERXEE & 70 RDEEO A

AT, KREMIDIEN O ZBUE T 2 Kz \EiE) (1982) LE)I (1997) DFE I
72 HWRERIZ A TR OBERESH OO D, FbHlllsE b b DL ERTH, TDLIHIC
B Lo KNG 2 & AN OB 2 X 422173, BLF T, X422 123250
T, PR O C A 5 A RIS ORHEA TR~ 5,

FEFF BV OWFHERTZIE, AR ARG 255 A TR B2 SRR & LC, ZomiEih & Abdh¢
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Y| L WE T DKM, BEAPRIEAOIRCES T 25—, Ll K Hise< b
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WaRT, RPN ORI AR i, FPPEEOALE, 3705 Hl SR
W < COXKENZIBUN AR IR AR 160~200 m TH Y, ZFALISO X CTIIAEIKIE 140~
160m Toh D,

FEoNEEHE OAIRIZON T, BRoE Y, mbmE b cie->TRY, Ay, Kk
WFNED HIKIZE 400~500 m Th 0, #%H&IL, KEEMNED b AFAER £ TKEE 700~800 m (AA
OHE [bfEET | WEZE S, 1990) &7r5, Feidbaahimt, Bt Hesinch s
23, BN & o TR A2 TR E 72 BB IR O EmERE 2 & B UIOFER A~ HILD
(B ZIE, HEIROTE T L A7) . ZRAIE)y (2017) 1%, 29 L7ZMHZ¥EEd~ Y OB cH
HELTWD GENE, #E MR - 28 ),

/N« HER SV ST A IR, R0 & B, ARSI O RSN o R
IZBWTOHFRD B HHE 20~30 km FEEDXMTH 5, T DKIEL, 400~1,000 m FETH Y,
ZDINGEE D HAKEE 3,200~3,300 m (HAROHVE [MhifEHTT | fELESHE, 1990) A& d 5
BESRIEAE TIL, S 2,000 m 22 22 ENEET D, ZOXMOHIEE R T2 00
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ORI, RTINS REICON L, FEEE AESITE S, EMOFIEER L O
P 2 B0 BT e X 9 (ZEEHESTE A0 L, A~ - TRILEEIK A OB 2L s, e
IREDRHEFE L T D, ABIFBVKEEER 2% TRY, THIIBEORENE L, Liizy
OFREAME, PERHS T, md=dedbrs - Brd R 7 Ol 2 FE R\ E I E 2 69 5,

HEIENL, RS TSRO L, BICRINEeT A YA "l birb, LD
HOPE LSRRI D D,

BHEREIE, FBIEERIRETICOM L, BCRIENAT eI TALA NETFITA YA AT
0y T AEA NGB,

AER LOBHEEE, AL D BRI L, EITESIIL MENLRY, RILEST
A YA N, INOIFZNEN MIEERESIED,

FEs P TRE B IR s, BRI RIS, A~V HELZ LS D AT 5,

AHIECIE, B AT DEEFTHN S 25 KT CHERE L7 KIIME AN IR < 43 L, 221l
ENDIRHMBENTENTHS B2 LD GElIE, 4325H),

432 [EEOHE

(1) HER
(i) WHE

AJEOWNEIL, BREFEEE G TR —T (1985) ORMEHD > bF v— b, fkahe, A
L— B RUEEER S EZ BB U TRHEL LT, 7ok, HEAITmEE - 12T (1968) XUV -
fF (1979) IZBWTABIHY 35 LB 65 THlWE] O4FEHWTW5D,

A BRI R A LOF v — I3, HPIHRRISRARCE 72 £2%, ~ v DI HIZIETF
— bGHT D, AERPIHFRED BN ST, A7 V2 LTeF v — FbArbild, LAl
FEH STy,

K ZB NS DRSS (TR A OFEREZ 7~ 2 LD, A OFERITRI F HRCLAR]
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EEZDBIND,

2) EE=ZREFHH~NE=RTERPHIH

() F8E

AKJEOWNNIL, BREHFEEE G —]T (1985) OFHERIEE LICSHIT LU TEHR LT,
KB IACRPIRS 2 RSB - C, PO =ML, FFRE ZOE B L1y
i D, WA I 02 5D, ZOM, FihCEEEcs, BRI, RILCEEKAEE, T8
AB IO A ETREREND, 20 ) BIREI, FEEURE GRpFEEEE EIR T /L X —/T, 1985)
ORETH D,

EPEEEEERT LT (1985) AMTo7iithCa OFRBIERFIILL O LB TH D,

334+18Ma (/L= FTHA4L)
37.1+20Ma (/L= FT44L)

ZOfth, FERCEAREE AN D v FT A 21.8+3.9Ma (fER, 1983), F¥REEKE (Tanai,
1961) FBXUORRE AR (L, 1986) 7L SAMERED RS ST\ D, 70k, FH{=A%E
WIEEDOHBVFAIE 26~22Ma LHEE STV D (FEEF < BINR, 1989), LI EXL D, AKgOHEREFIX
Tt~ mi it e & 2 6 b,

AN L7AE LA DS e S5 2 &R0, Tahtdioa D3 s SAL TV 5 (s - BRI v —7",
1979) Z &b, AREOHEREBRE IR EChH o aEEMNEmO EEZ HD,

AJEE, 2 - AT (1968), Yamagishi (1981)35 K OEHEIED (1952) OFBREIAY 5 L5
2D,

() FE=RDEHH

(i) HFER=

AKJEOWNNIL, BRFPFEEE G/ —]T (1985) O EREA BICBZIC L TEHR L,
AJEIL, PSPPSRSO FREIOML, FANOFHEEEEEIE S, NEITEVKEEER
TR, THNIAEORENE L, EMIIZEOREME, T, & FiOEs & 2
&Y Eojea, BERIE, RILEEERARSEE LOXERE R E IV ESNS, bl
FEABR S 2 WIHHE LTt T 5, BESITIRHESS & LCofid 5, B, £& L TEERL
T, RIUEEIK S, Wihce, [FERARLS, Tes, LA, B, SeRERIKA R 8D
2%, EFRIZOWT, KEHNZA TIACEDKBIEENIAGE D, LA KIEEIAEE, iz
H7 2 ZRAKETREI CIE T L2 8B 2 b D, D KETRBIORIC, e85 « iba D\ T
R EOMREN Do TmEEZ BN,

AL, s - A (1979) OFFINBO—EIARYL T 5 B2 DN, I OSTHRFIZKBIE S
AT TRAEA N ICETAREHENDHD ZEnD, REIREEKIEH)EZET L EZ BN
ol
AR OPHCE, RS, TEEICHENILRD, A8 & HNE ORCE & OBEFUZHINSLR
DENEIIGRT 5,

HWRFPEEA BRIV X —)T (1985) TiX, Jei - WA L 0 BB A OREND S ST
%, AETHLY, FH=A - AERATWEMREOEH I HE ST s (L, 1986),
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BPGPEEER G VX —T (1985) 2T -ABOFRRIERERIZILL T L BY Th 5,

PR LV 17.621.0Ma (/L= FT 44%)
VR ETAELD 15121.5Ma (85 K-Ar %)

N6 R0, KgoFERIL, Aii~THIEThH 5 LB X HiD,

72k, JRHEIED (2000) H3ARJE DOo3AIED HERE LTV D HE 6.980.38 Ma (4245 K-Ar 4+4X)
2OV, FEHHETETIE & Wlis T A TH D Z b &, REHRELE D Rt B g o
IR UTRE L QWD Z e D, BIEOFERIETH 5 et S H 5,

AL, BARIZD (1955) OEEIREO—ERIZ, FE)y (1952) O HRIEHsE I3
HEEZLND,

(i) &FIIE

AJBOWNEIL, BREFEEE G TRV —T (1985) OHFIREEZ LIS BIC L TR L,
AJEIL, FEFPESTRENOETICOML, TAYVA b, FEEKARSS, CaeK A, 18
i, RIARIKAESS, Zloa7e & X0k s d, FEMEEGT T, MEamdal O GRaE
BEREHN AT D, NBOEEORREL, 2k LB ETL v #IsThs, Mo FEL
BABRIZH D, AL, Wi - A (1979) OEFIE & RRNEO—RIZ, 15 (1980) O
FIEEARBIAY T D EEZDND, ZIBOERF CRGIRE N Tas F A% A )
BT AR D D Z D, ABITEEKEH)E G D EEZ HID,

g D2 EE P O JFEER DR T2,

EPAPEEREIR T AL —)T (1985) MM T - AEOFPEFRERIILL FTO LB TH D,

FEORANOFHEOTAH A ML D 12008 Ma (/L= FT 4E{R)
EENEFRAHEDOTA YA R LV 113+08Ma (/L= FT A44X)
JIFERHEDTA H4 R XV 93+£0.6Ma (/L= FT 44R)

A3%R+T25 FLF 4 F (11.7+13Ma, 25 K-Ar 540 ([CBASHTRBY (EpEEEAEIR
TRVX]T 1985), BT A bOEARE & )EARHLEOT A YA M OFRAE T JERET T
05, WEBFEERLIFRL <425 L, REgoFRidarhdihgt 2z 6,

AJEIL, AT (1955) OEE-GNEOEFZIE & ENREO—HITHY T 2525
s,

(i) SERE

AKJEOWNKNIL, BREFEEE G/ —]T (1985) OERRfEA LICBHZIC L TEHR L,
KB L G A ARERI - C, BEPPEEOR R A5, KL, BaZlE
ATl TAEA N, EEAATA VA b AT a2y TAXA NTHERSN, o ma R
BTATA B, WEBLOIL MNE, BABERIKS, MARIE, a7 ENAbid, MENA
2 FHBLOMENA 3 B3 (@ERIZD, 2008 ; FEARIEZD R, 2004) OR—V > FHEHKERICES
&, ARBEEIHEE-450m (Tcd 5 LRE S D,

KB OHEFEFUC DN T, WERFEEERERT LY —T (1985) 1%, A@EHO L MEB IO
A XL VEH UI-E B LA ZFKHE (1983) D Denticulopsis dimorpha 4 (113~10.4 Ma) 3 L O
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Thalassionema schraderi &5 (9.0~74Ma) (Zxftb LT 5, BEFIL (2002) 1%, KETOR—=D 7
DA T A LINSHEEL L 7B A7 2 AR L= FLiL (1998) 35 & OF Yanagisawa & Akiba (1998)D D. dimorpha
iy (ZAIEI9.9~9.16 Ma, 10.0~92 Ma) (ZkIEE L TW5, IHMEHEXEE ERTR/LX—T (1985)
%, EEARAET A A FED, 258 K-Ar 4% 8.804 Ma 35 L ONEE A PIA K-Ar 44X 9.6+2.2
Ma Z#E L TW5, WHEIED (2000) 1E, ABICHHEENS EEZ bNIHE LD, 28 K-Ar 4
11224057 Ma , 10.00£0.51 Ma, 9.77+0.52Ma, 7.6270.39 Ma Z#E L T\ 5,

UEXD, REOFRIE, &Pt B2 onsd, FEFYIIA RO 55 LA IR
END EEZONDLZNEIZONT, 2 K-Ar H4% 3.81 2020 Ma N E STV D (AHEIED,
2000) = LD, Z ORI EREOHEREREIIEET I E CRATWEREEEL S, ek, A
WIEA~ (2000) 1, SCERFRASST S X PEER O T D2 LA 0 B AR et S 4 5 FRARNE D
FRIEE LT, 28 KAr 2542013 Ma 23 E5 LT\ 5, ZOFMEOHEICOWT, 7k - 12
T (1968) T, BIHELRILEIHYS T 5 & B2 O FRUKILEHMON Ik L 7p>TBY, =
DOFFEOHE3ATI LXK EET DM EN B D,

AJEE, 1 (1980) OWHREO—E, BAERNEL IO M—~</VIEIC, [ -aH (1979 @
FARNIE O (FITIRFEARR) (2, BARIED (1955) DEE—GNRE ORI % FR< &
ST B B2 HND,

4) FE=REHPHFH~FOHR
i) wAlE

AJEOWNFIL, BREEELEEIR R —IT (1985) OFRBIREE EICSZIZ L TR LT,

AT, A S HIX AL OB ALTEERO A5 F L OB HFEE oA L, ThzoEikE %
FEEGIE D,

AT, RESOWERBLOMSNSRDHEEFD EDOI IV MNE, BAEEIR S, & AT
DRINENAT ey FAZAL KNG 5,

A& OHEFFFAUZONW T, WP EIRT /X —T (1985) 13X, ABEHOI IV ME X v EH
U7-H A2 HkEE (1983) @ D. kamtschatica 175 (6.0~3.2Ma) (Zxfbb LT\ 5, gL (2002)
1%, KIEFDL v Ma LW pEH U7cER a2 A1 - Ful (1998) 36 KT Yanagisawa & Akiba (1998)
O Thalassiosira oestrupii 7 (ZALEI 5.49~3.95-3.53Ma, 5.5~3.9-3.5Ma) (Zxttb LTV 5, @pERE
FERER T VX I (1985) 13, TaAaKaLIrE LY a3 FT 44 6.5120.6 Ma 2 L T
W5, DLEEXD, REoqis, i~ B2 ois,

gL, s - A3 (1979) OFRBIE, BLXOEEREO MY .5 L E2 65,

(i) FFixRE

AEONEIL, BEREEELSER= VX —T (1985) OFFERELZFISEIC U TEALT,
SCHRFAAS RHERHIIX AL 7 ORI S AT OB L O HE, KGO LT
2T D, EPEEEAEIRT X T (1985) IZBWC, FAMORBIRE (&RBE) &R s
(258 Oy LEEAHNCRET DG D & SNTWAD, [FSTHROBRAHEFRRK (HEREFE)
TIIAES L SNTWDZ &b, ASEOMERTE (& 43-1) TiERhlE s NEE S LTy
%.

KIEL, EFEEOREESEBRE, vV MabaaErz oL b, 7404 FBID
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TA VA MKILUABE TR EN D725, WEBE BIE KOSV Mawba AR, iR
PLEACEOSBER LOFEPHEALEIL, T4 VA1 FBXOT A Y4 MAILABES RO R
FACEEI AT 5, EAGTICO T A ABIZ IR ERS LU L Mah bk snd Z &, BX
OKMEEER LA LA A PEH T2 (EPEEEE EIRT /L —IT, 1985) Z&nbh, AED
HWREERBLI TN S =B 2 6 b,
AJEOHEFEFAUTONT, WEREEE AR LY —)T (1985) 1%, BIHEAEI AT 2 A
B BB X 0 EH LT Eis b 2K (1983) O D. seminaev. fossilis-D. kamtschatica 17 (3.2
~24 Ma) IZXHHELCWD, F72, SEZAHTOIRNE Gephyrocpasa oceanica 75 £ 7 1.65 Ma L 0 7
WRIRE T v bz HE LT D, O DLAFNRT—%, BLOKREEE Y L5212 5D
PHER S (RSUAEORPHEZLEITHNS 35 £S5 2 0bD) HHAEE K-Ar 448 2.03£0.12 Ma
(Watanabe, 1990) 235 SIVTWND 2 L ABET 5 &, RGBS DA QG TEE Hh~
AR E B2 O, —F, PEREEICOMT AR, 7494 MRBEOT A1 hkilif
BEEMDRER S, KEEED LB LD KRS (R EO KRG LIS YT 5 &5
Z55) OWEHFENRE LT, 28 K-Arf833+£02 Ma  (Watanabe, 1990) 2MEFH N Cn5 Z L
DD, PEFEEIMT DA OB L B 26D, Eolsy, AGRECHEIL
A OEFE LOFERIL, PRI EMA CERNRH D, THHITRRDHEIZX S S35 AlRE
RS D,

KD H 5, MEIRE ZORFHEALEIC /T D O, [(WF - A3 (1979) OEFEEO—IC
FEM T EE2BND, £, RMEIEICOMMT 2 O, RARIF) (1955) OXEGNRE
D—ERAY T D LB 2 HID,

(i) AEBILZRILE

AEROWNENL, ERGPEEEER = LX—IT (1985) OFHEERED 5 HREBIIZ LA % I
BEIZ LU TEHLLT,

AERIFREE IS FEAC S AN A L, B EAPI A RSN DR Y, B KO E
AR T ET 5, P8 ) B A ARSI IE S . AT AL S, DAk
AR « BAGEHART — 42— (Fa3RIED, 2012) IZBWCHEIUALOIEEID fREMAER ST
5, ZHLED, AGHE CITEPFERDFINRLICESED & L TR -7,

AR, ARARIFD (1955) OW/KILEE & YAUEEIS, T (1952) OHmKILEHIC
FIM T 5 EE 2 bD,

(iv) RfpELRILE

AAERONENL, WPFFEEE R LX—IT (1985) OFHWIAEHED © bIRIMEL LS 2 I
AN S: A

AR, BNER L OREAILERCSTH L, FEdARaZRILIENSRY, FAE
EABELIE D,

AEEOEHAER L LT, 4% K-Ar 48 33102 Ma S S TUv%  (Watanabe, 1990) = &
o, FEFHLIBEOEH L EZ2 S5,

AERIL, ARARIZD (1955) DL, RGBS L OWEAILIESS, FEREh (1952)
OFERAILEHITARET 5 B2 615
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V) B\AEZRLUE

AAEERONENL, WPFPFEEE R LX—IT (1985) OFWIESHED © BIREFHEL LS 2 I
BEIZ LT,

AEERIE, FICRIERS LORFHEEIC A L, fRa &m A Pa OB A D5 B
PIaZla a8 T 5, HRREEECHIRETEIN A DD, KRILMDIERY A T ich-v, £
(AL S D725, FAEE NERIZE D,

AEROEHAERIZONT, FEHEMI D2 K-Ar 4% 2032012 Ma 235510 TCW 5
(Watanabe, 1990), ASRIZEDON DB EEOHRFR L ZOTEET D L, FHIUACATHI R o
EH B2 DD,

AERIE, 15 (1980) ORFRILAEAZ, [LE - AFH (1979) ORI SIS L O HEREEIZ,
BAIED (1955) OFEFHEREIZHEY T 5 B2 bivs,

(vi) ERECHEREY)

KIEORNEL, BREFEEEER LT —T (1985) OHUAHERE O 5> bEEHERE) 22512
L TR LT,

AT ENHN AR Ot FIHRALECHEFRRIC A L, BB LU Ebs, K
JEDHEFEFAUTEN T~ IR I & 5 2 D Dg

(vii) EEdf - Hhg R HEFEY)

AEONENL, BFEEEE G —T (1985) OFEWAHERS D > HIEHE « i3~V HEfE
WhBE I LT LT,

AR, ESUFEICORL, W8I OMEERE S5, AEORERFERII P~ s gt -
B HIHN, SEftEZ G rTaeEN B 5,

(vii) HPFEHEREY

AJEOWNEIL, 1EPFHPEEE G RV X—T (1985) OFHIAHERID 5 LitfsE 22512 LT
3z Y

FATHIAVNEIT L, Wb KL UMEZR 00 B 72 D EISTER ORI TH 5.

5 BEAE
(i) TemPSRkE

AERONENL, ERGPEERERT LT (1985) OHMEFAD 5 LALRPIRES & FIcsEs
LB LT,

AL, fERmPla 2 EE L, AEliks, PIEaR Enb o85S OEk S, X
BRI A Gt AL PR OMNIEIC B L, BRI IS iE e Slc@bh b, IKRAEHRLIT
3~5Smm KOAHE « fHEA - EEAKIG 7R ERAOND R E A A THD, EA LZEHORERA
RN T 2 VAL TWAE S b b5, g & FN LY B OB A EAITEDID,

FRAAIZOW TS, BRFPEEEER = R/LX—)T (1985) 12XV, PLa FTHR 77.1249Ma
GRAIHE) 3B8 X OEEAPIA K-Ar 448 745437 Ma G821 Bif) A S Cnsd, —7,
ZS 3> (1971) 1X30Ma (FBREREK-Ar 40, AlUEA (1998) 1X13.304Ma (2 K-Ar 44%)
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(W TG EEREE) &, WREEEAERT LY — T (1985) L0 bEVMEEZ#HRELT\D, L
DU D, FRIFED (1971) IIAERMICHOWT TERET, AFIED (1998) 13k EEEE
IZOWT T—fRIZIZENE (pervasive) 72ZRE/EHINE L, EMIICIEZ v v MK, MRIRORR
A, BB 27 U CHlsn « kst - RHEAR EDFED LN ELTEBY, Ziuh 2 SOFRYHE
OFNNIEENVETH D B2 B,

UED X DIZ, AERTIE, #HadE, Wegtds J Ot OFAREA S 51T 5723,
A B RA EF 2 - 2 TN D T & SOt~ R it O 2 B I RS BIR Clibiu s =
&, AR e~ s oD H R SRR OBEE R UTAEHA 2 B & 32 FTREME D & D (B R 2
BATNDLZEZBE LT, AE TIIARSEROFERELZ AL S LTS, — 5T, Znb 4
OOFERMENE, AT OER & =~ BH A OEROIREEZ /R L TV D AMEEE S E 2 HiILD
B 21X, BAREFHE, 2010),

AERIE, I (1952) TPl OB NSO RIS IS T5EZ 2 6 b,

(i) AXEEFRE

AEROWNENL, ERGEERER = LX—IT (1985) DENFHEAKEINA 22512 L TR
L7z,

AERT, S SR P EE TR~ O H R & FIEIZBEAL TV, FEL
HOOKEE I O HEHGC, B L85,

HE T Tl ARREARALND, BEEHZZIT T AEELH D,
AEEDOFRIZHONT, P FT 4 142+108Ma G M55 T\ 5 GEpEEERS
EIRT X —T, 1985),

(i) BEKTERES

AERONENL, ERPEEEER LT (1985) OB ANEHEAKBES 2552 U CRELL
7o 2B, BUEDEAZFNCA DY, A ClIaREs 2 BRE RS & St 2 T D, dpEiE
ERBEFR TN T (1985) (2T, AEERITHKISEE & W o7 itdlin d 5,

AR, A Gtk A 5 A P P~ PR O R &) IEICB AL T D, 3Gk
Ao SN X e BB O A FE N A TBOR S0 - B AL HGH O R OEREG ¢, BE I b s,
T TIE, AIROREADRARLND, WL T, EEESIGL 21 5 R E 2= C
W5,

SCRRFRAS X SHIIX R > S VAR Z 2B B i ClE, AERO A0 S Pkea O Akl iz L,
AERNZIUTEALTND, HDIWVIFEASN TWDOHIENA LD Z LD, RERBLOn
BEPIRRA DK AIFEN A EIZBIR L TN D ATREM N B 5,

Gv) FLZ4 b+
ARERONEFNL, WpEHEEREER— VX —)T (1985) OB NS LR A E FIZSEIZ LT
B 7=,

AEIRE, BRMEHE O EFNBIREFIERIRIC o L, FRIREEARET S, $FTlE, &
£, TEOR IOETEG DAL,
AEERDFERITHONT, 2 K-Ar 58 11,7213 Ma (FERIIE)  GRpEREES G 2L X —IT,
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1985) B OYA] 11.124+0.57Ma (AHEIEDY, 2000) 3EHILTWD,

(v) ke

AERONERDL, RS GIRT AL X —)T (1985) OENEIACS 22512 L TR L7,
P/ A EATE ol ) 1 2 AR P i B AR e LT, BEPHIRSRS Tl s iR e L
THEALTWS, $FTIE, A REABIOERERREDOIRENHALND,

i) TAHA bk
ARERONENL, BREEEEERTRLX—T (1985) OBENESHEAFEZIE 55 L R
L7,

AERIL, AT, HI AR/ FRfHE 7 &C, e, T s KOV
BIZBATHEIRTH D, AFEBIOREAZ EOBRBA LIS,

ABEROFARIZDONT, 25 FTHHR29E10.6Ma GEN)IFHE) 2335 T\d. GERFEEEE
JRT 3 LX—JT, 1985),

(vii) RIE

AR ONEL, 1BPEEEE BRIV X —IT(1985) ODBENGHZIEEZZZIZ LT LT,
AEWRT, o)A LA Ha7e £, 5 PEE, S FIER L OEEREICEA
THEIRTH D, FT 7 VJNRAHE TG H OB A S mER~T,

HET T, BEA, A%k BERDS JONREANIE OB A5,

(viii) ZEE

AEERONERIL, WFEEEA BRI VX T (1985) OB NEH LA ZSZIC LTI LT,
AERIL, IR 82T, B ERBICE AT D, $EFTE, BREAREDBENL LN
50

28 K-Ar S L<IEVLa s FT RO E EZ 6150, AGHE TIIFRO F FFLHL T 5,
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SBL, RELTHER. EXHROBEERF THEERATHELHMOVTE, EXRAOBFALERL EESEITNEL TARIZRIRL TS,
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433 [EEDOHhEREE
STHRFAAS S BRI K OV s O BT o DA (R 1 B LN 43-1) &, HEEHy
W (X2 BEOX 4.3-2) 1290 TELFIZR~R5,

(1) #=E

AHUK O i T & T o 2 HiNE & AERPIREE IR PR ORI T 5, ZVGLEE S BHiERo
U, RS IO FIEE, BCEERRA~TERICEN TS, EEACTEEOMN1 Eieker
JTCIIHMANSE & AERPIRES 2 B0 &< X9 IS Ego b T IES R— LRI %, =R
T, EER, el —rEREG AR SN T U LT, REDEER A AT DR NS
R STt %,

BURREY, £ EROBHRNTE A ERWDHERSEN R THELD, TIEE RS E
9 GEPEEEAER T LT, 1985), AT 0l T AXA N aatelflE 2 TR e 45 8
JED BRI AT D 2 L &, AE & B 3L~ IS A 95— IR LT
PRNZ EDD, BEREHEEHERELE D & PRI | IHIASARR B 72 S 2 BRI L2 Bx bivs, 25
J& L BT, MERAb~ LB IR L T D 2 E D, S D OHERELIE & e B TR O
e L, ZAUCEE-> TARBIE & BRI ) MEED L7 FTREME ) B B,

LENOWTE D% S, M~ —faER Zmd, D55, &I i HagB L
MEOIRIERAL ST OEIEIE, HEX EOR S8 10 km F2E T, (HEFRS HOhZFowaHEE D
HIER PN L, 5 PRI AT RSN 24 U S BTN D, SadE DR 5H 728 £ oFE
EARATH LR, Elko L B0, (FHERFHOE FFOERMEENMBIICH D Z LoD, HihiiEs
TERRICBEIE U 7= C b 5 TREMED % 2B D,

SCRRFRAT R SHI X N O FA IR, ) Efidekds KOS R S A @Iz VW T, 2
O OMER EOR 3138 GEHREIIAHTH S, BRI EHELIEO e P ORI - T
U7-Wig CTh 5 rIRetED & 2, 72k, WpEEA IR/ X —T (1985) TiE, 511 Btk
F O OWTE DS, FEdfe - Hig-= 0 HEREM AR LT D, UL, Mekiefd & RO
J& & DEEFHBUINLTA DAV, YEWiE O A-IEBIRFEIC DWW IR E T 20 ERH H H D
O, AFIEOM R JFOMERHE X TIEL RO E R LTS,

HHPA) AT SR W (B 2 BB B SRI T2 S, Z OF T CIEmiEss L OMERPIE %
DN E T E D R—2RI20A LT D 2 &R0, M@ Emrmos—EnZ Lz Lo
5, F—2IROWBERRREF ORI E > CTA U IEWE T 5 alREMER $ 5,

W ESEs A  H N I R PR OWE 255 L Ol 5535, 4B IcREd 25
etERI T2 Wb OO, BTSN B2, Hlg, 2018) (23T Z OJEIMN
TERE « g 7= & XA U IEWTE C b 5 ATREME B D,

MSLLAE OE R 1A D MR R AL — PR 5 A O Wi 2 B A R A R S AR,

HREPFEEAER =R —IT (1985) IZRtdi ST &nn, ARMERICIFRTL LT
WHDOD, HEEEROIEREIC BT AR E LT, FEIR & A L ORI BEFHIT AN 16 km
AT DHRIEY =T A b (EWIEMTESTR, 1991 ; dLiEEE 1, 2015) W25 GEHE, [H
= - IEWTEICRET 2 EEE) 2 H),
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(2) HEEHERTER

PR RETE & ZAUCERT D HEIC A-A Wiki~G -G Wik Z e Uiz, e E WX
DOVERRIZ Y 7= > TlE, HFEHEFRIONZ TR—VU 7R EOEREZSH L Q1 5, KW
BT HHE - HERGEIZ OV TRLFIORT,

(1) A-A #rmE

RN SRR PR A PE AP — B AT NIRRT L, SRS SR X b5 & 5,
PEAETESE TRt T EERH L, BRI L, Tz BHikE ERENE 9. RIER LT
RRT T VNI, BPHEZIE T8 2 NEGIE > Tt 2, BIPHERE O KR
FRTIIEFIIE & 2L W TALOHYE D34S D0 il D 2w RN BE D 1 Z L <,
FEZ RIS TH 525, AL OHE - HEREED b AL~AEPE AR SRR L TV D LHEE
Ehd,

R REN A9 2 PR, AWER T O REE (B-B' W2 T#ad) Itk LTG-G
Wi & D ZZIHED & 0 SOROP AL P I SR & R ORR RIS A S 5 RO EPIE S, BHESE,
5 L OFRME RSB DN D,

(i) B-B W@

AW R4 & P AL S — SR BT A0 SRR L, SCBRERZS 6 Gt X s o Jb ve ~ re B 238 D

FEbEsEAS Tl ) @ ANEE M LB~ L, BeEicsbnsd, M)z ofmd 2 H
W OPERNZ AT 92 Y, AR OMERESEZ BB 5 & IR L, EEo ForihEgist
EELTWD EHEEEND, ZOMHEOWER L OEE 20 5 WiEiE, = oms oz ik
NFEEMEEZZ BND Z e, ARSI BT EiEoOetEn & 5, 7ok, JIE
WROILHAHTTIE, KU/ TR0 N 5D,

A R SN E TS, BB ORE Ak & ORISR HE RIS EDN, £OTF
NEJBOHE AR DOTENIRATH 525, JHDOME « HERSE DBV IMEREE 2 2 LT\ 5D L
ESND, B G OmMNE 2SS 2081, #EX EToOR SHARHE G km FRE)
ZEn; RIS S P ORI P TR U Th o iRt b 5, F
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