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Abstract The Ontake volcano is situated at the southern end of the Norikura volcanic chain, central Japan. The
Ontake volcano consists of the Older Ontake Volcano (Middle Pleistocene) and the Younger Ontake Volcano
(Late Pleistocene). The Tarusawa Formation (Middle Pleistocene) corresponds to the volcanic sediments of the
Older Ontake Volcano, and is classified into the lower and upper members. The lower member is mainly
composed of volcaniclastic material and intercalates numerous air fall tephra beds, thin lavas and pyroclastic
flow deposits. The upper member is mainly composed of lavas and intercalates a few air fall tephra beds.
Several marker tephra beds are intercalated in the volcanic sediments; these are, Satomiya Pumice, Kanbara
Pumice I, IT, U in the lower member of the Tarusawa Formation, and Hottaruzawa Pumice in the upper member.
Each of these marker tephra bed is distributed around the Ontake volcano. The marker tephra beds are
characterized by high content of hornblende except for Hottaruzawa Pumice which is characterized by biotite.
The volcanic activity of the Older Ontake Volcano was revealed by means of volcanostratigraphy,
tephrostratigraphy and K-Ar age dating of lavas. The activity can be divided into a tephra-stage (0.78-0.64 Ma)
and a lava-stage (0.64-0.39 Ma). Volcanic products of the tephra-stage almost correspond to the lower member,
and those of the lava-stage to the upper member of the Tarusawa Formation. The volcanic activity of the tephra-
stage was mostly explosive, forming air fall tephras and pyroclastic flows. Those tephra beds may have been
entrained in a number of debris flows, which formed the major part of the eastern body of the Older Ontake
Volcano. The volcanic activity of the lava-stage was less explosive, and produced a large number of lava flows.
These lava flows almost entirely covered the foot areas and formed edifice of the Older Ontake Volcano.
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Fig. 1. Topographic map around the Ontake volcano.
Crosses indicate locations of outcrops and Gothic
numerals are locality numbers of outcrops.
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Fig. 3. Stratigraphy of volcanic products of the Older Ontake Volcano. Dating of lavas is after Kioka et al. (1998).
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Fig. 7. Geological map and cross section of the northern region of the Ontake volcano.
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JZIE  #540m,

HH G HRENSIKAOEBERIIAEETH S, WAKES
DT S, HREENFHET S,

B HIRRABAEY, Ba MNaaEIlEDNS.
BEIAERE Mg (UH - Mk (1988) =FHER

fE AN, EE 1 480m AR, 5 1,580m i (Loc.
54).

D RAEN & TR E N - M TEE Y 1,650 ~
1,750m OE 2B L ToMid 5.

BIE : Fiisicmph-> TEEEZHEL, BATSOMIZET S,

EARR ) SRIREOANAEREET A MEETH 5.

BRI SR A 2T 20, —MITHIRETE R ET 5. Hil
23> TRIEABEE DS EMESIL Tha,

BF: MR aEEBHRaEEED.
ERBBERE  Sm ()

REEHE - BARE, BEE 1L,770m AR (Loc. 56).

A AN L TWASIETTH S,

JEJE %) 15m.

B RRED S KBOEBAEZIIGESTH L. ARIEH
BOMAORRESHL D, BUREIEDFET 5.

BiF: BRAABLD TUTHD.

REAREE Ob UFHfF

R RS, 1,550m AR, S 1,660mitE (Loc.
57).

O BEAEANINCETNAHBORMR L, BIUVMER
CREMITHENSWMET, MPEERRL THHT 5. B
S, R L730m A TNEBE L T 5.
FEE %5 40m.

B REOARAERIARSE TH S, AREDEE TRER
OMEGRBNE LD, FERERIZAEIRD S8R E 2T,

—HRICHCR BT EE I HET S, BT B WD TIIRERE

HMHHLND.

B FICHRBRE THEEAE D, MR TR EAEEED.
SIRAER  Tn (iR

R A, S 1,800m £ (Loc. 58).

O i ERERSRICHEN SRR, BIUER A F
—BAHE DR L2 5.

BE £ 30m.

SR RIS BRI A D I A B A BRI LA RS T
H5, EOMSEINEEL, MAak&EoREARSNEIIKE

295, RIREFEEEICHRET S,

B BREESLD HIT, FHRERTEEEZEN, T

T CHEEARAEAED.
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80 IAAZ I AR ZE 7 ) —

BHERERE  As )
R« RGE 435 SHA Ly, B 1,880m A (Loc. 59).
G BHHERLIC O A 6T 5,

JEE BT B TR 10m.

B FIRED SO ANAEBARILAES TH D, B
N ENL T, MR A BRSO TNIIALNLIEETH
L. —RICHORETIEMA S NS, WRERTZEHHD.
By aMiEaELD LI Th 5.

EhicE

E-REAEBLUAGOMBESE L RICEEDTRT
T—REMKIE, LY 7z 2E0.32mmEfRET L0004
CRULEREEL 72 I L 721 2 T I B & G AR BER
KRATEALAHDE, FEOKE I WM TKH R
BEANDLH. ROORERLZHDIIDODWTEBBLF
0.05mmp FEAILE L MIREEPOEAREOR L
TIZEHIZ RS,

B e U CRER, BREA, S5O, hASAA,
AA, AEIESAEEL, A% BERRGELRL.
PRZAEPORESIIEREEIENDON S, BEFRE40%
EHOLZEDETEHKTH D, MREITBIT 55 HE K A
abeld, MAasAa+BEEA, MASAA+BEREER
Bt a, BREG R EG, BRSO + RO A - AP
., fAEA ARG, G0 ERES. ANG, hAS
G HEREG R A HANATH S, LEERE,
ML AGEBRFIEGN, 71091 NEBREEIF I EA S A
PN ESRER R D% < & LD 5.
MEGHSICIZERE2HDOb0MNELL, LT LIT B
EERL, oA z2HD. ARSIEEODHONE
<, FNRAHHEA EBAEA N TTEE L TweD, #15
HAZBERBONEET 250855, MAbAialikdE
BOHDMEN FNITBARICEEINZHONE LN,
ARADL AT FORIGHRERS, 241
MIBEHINTVWSHDHH D, FMEHEMIIME TETO
REHIPRE W3 %LAT) SFEN5. BRAERUENST
AU MNEREEPICHEEICEENS. £<OBAMESEEL
TREAFIZUAEINTWS D, HH0WIEHRERL, #o, K
B E DEREICE B THET DI EMEL N, £
NICHEMTHRET I 00 RLNEMN, &— RAKTIE
LOEIZED, ZOHFEEOHER L. EROEEDEREA,
B, BoAEA, WEkEL, 7Y A R THS.

KILIIKGEE

KILKBEDERE DT
BRABRICEETHRTF 770955, BENRIX - &8
BFOST AT - 0 - I, EARINI A, IO &g O i
WHHEDR<BELLTHEYTHS I, 7=, HH
HEKILDAIFRREEZ S NDH 7 AEKINKE & #

5.
EREBTENEF (CIRET S KLIKEE
Be/N2 X SIPm (IMMAZRHBIFARE S L —7 (1985)
DE/IN S % FE U
Rl ERA S, 25 1,070 mihE Loc. 11).
Sfi T REMHB K ORI (Loc. 5), MEBELGEE (Loc
60), O (Loc. 61), # K (Loc. 62) 12751 T 5,
B2 AT 130em e b CREEAM), F&ENTH250cm,
Mol A ERIR TR 45em, #OJIITH 245cm, $##iRT
#160cm TH 5.
B EARI BB ELEEDRAOBTH 5.
BAOREIZEE 1 em, &A 3 cm TEEABEKIZRAML TH
0K T ZFIE E A EK> Thish, ARAORIRITAER
MEEMRTHS, RR1~2 cmBECEREBLIIAT
KIS L, LMIEEFOEHRENL<1b. —fRicHE
BaRLH, MENTIE R 80cm iz, #EOJITIE TN
20cmic A & U TR AN S IRE ORI K LKRA SN S,
FRE B AR W TIER 207 Z E0RBE O 2B W R
FHEREME &2 BT D,
B A, MERABRIN D TIHEREASB LD TT,
FRENTIER EEB LD BT, w0 857 R CEREE
i OFRELGE EREEEO MITHS.
ANMNAEKLK T Okt T GHifR)
FEUH T KNIVNAOEIEFE, 8 1.430mits{ (Loc. 30).
Gy UM S AR ERERER (Loc. 63) 12T 4.
BEEXMICB N T 2em, HBRIRETIIE2 ~3cmd
T aRTHS.
AR KA T ZEKILRBTH S, B TIE REERIC
EHSPROND,
B EEHIC B TNIREESRB O T TH S, MaERR
BT, HE/NIALD By, HHERELD FUTH 5.
RINEKWLIKT - Okt T CHifr)
FEEUHE  KNNAE OEHEME, 5 1430m s (Loc. 30).
o S ERDIC O AT S,
B2 : BRocm DY IR TH 5.
B KB o B KILKETH 5.
&7 RJNE DRI E D BT, INIIRESERB LD T
ThH5,
BOKUIK T Mzt T GHiFR)
B EOIAE R, & 1,330m M (Loc. 64).
A RO BT D,
BEHEX 5~ 10cm.
B EA AT AEKUKETSH S, TEldem AL
Bl BE/NS ALD BT, HOKKIED FMITHo.
BOXLKT Mzt T R
R W OIA R, & 1,340m Hi (Loc. 64)
A T B DA T D,
BE B 5~ 10cm,
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TR KL O 81
| ; F—F (vol.%) i
it LA B Loc |-y BERSHEM A (Ma)
PI Ol Cpx Opx Hb Opg Ap/ P G
ZALIYRERE 3 |Loc27(56.8 31.6 47 57 - 12 po s
THEEAE 2 | Loc-26(66.3 20.5 2.8 67 30 - 07 po is | 0.393x0.006
EEUEERE 1 Loc-25654 234 - 47 30 16 19 +|po hp
HAREER Loc-17164.5 253 - 41 40 - 20 +|po hp| 06150009
gt sy Loc-16/953 46 01 01 - - 00 po ig
| THREERE  |Loc-15/972 18 - 00 00 06 03 + po pt| 06190009
0 AHFYESEE |Loc14/814 141 - - 01 36 08 +|po pt| 0.642+0.010
& ﬁg RIETER Loc-13/71.0 201 28 50 - - 11 po ig | 0.635:0.010
o ?fﬁugwggg Loc24(902 67 - 00 10 17 05 +|po is | 0.503£0.007
75 Loc-23880 88 - 0.8 - 16 07 +|po is
s FRYCEE | Loc22|782 164 - 22 29 - 03 po hp
5 WEBEREE Loc20910 87 - 01 00 01 0.1 po is | 0.639£0.010
w FRAEE  Loc-19/944 42 - 03 06 - 04 + | ap is | 0.66240.010
B _|EReaE | Loc-18945 38 - - _00 11 05+ po_pt | 0695:0.007 |
H ZXsEE Loc-4 (584 280 27 86 - - 16 po ig
1% BIEB Loc-3166.6 253 02 48 25 - 05 po ig | 0.695:0.007
RREER Loc-2 718 19.8 0.0 27 05 43 09 po hp
F iﬁgﬁﬁ Loc-10(68.6 233 - 42 25 - 15 po is | 0.597+0.088
ERESE [Loc-9(613 288 - 48 16 08 26 + po is | 0.709+0.011
%} MIRWAR  |Loc-12(947 38 - 00 00 13 01 + po is
hREER Loc-51721 222 21 33 01 - 02 | po g
CXREERE  |Loc-7|789 170 19 22 - - 01 po ig | 0.774+0.014
ZEEEE Loc-6 846 144 05 03 - - 02 | po ig | 0.732+0.016
HHRBEE |Loc-6(61.1 278 00 88 04 - 20 L po__is | 0.779+0.136
EARER Loc-48/740 254 - 01 04 - 0l ' po g | 0.46420.007
BEHERSE Loc4785.4 124 - 05 09 - 07 +|po hp| 04380.006
EaEEE Loc-46/96.7 28 - 02 02 00 02 + ap hp
BOWBER Loc-45(892 7.6 - 10 12 - 09 + | po is | 0.5040.007
FEREEB  Loc-44/944 43 - - 02 08 03 +|po is | 05020005
L |munem Loc431742 167 35 49 00 - 06 po is | 0.526+0.008
| =waaE Loc-42181.3 121 1.8 44 02 - 02 po ig | 0.597+0.009
& B |ReEsE Loc-41(789 173 - 02 23 04 09 +/|po is| 0.588+0.008
A XIBYEERE | Loc-40(87.1 120 00 05 02 - 02 po s
= IIBEERE | Loc38l67.5 301 - 13 05 - 0.6 po ig | 0.601x0.008
7[39‘ EATRISEE  Loc37/795 152 - 07 10 31 05 +|po s | 0.594+0.009
FGREER |Loc36904 66 - 01 00 24 04 +|po is | 0.618+0.009
Vi | _|EREERE _Loc35981 15 - 01 _00 - 03 _ |l ap ig | 064520010
% THRWEARE [Loc28/785 188 22 00 - - 05 po ig | 0.711%0.012
Hi ERRBEERE  |Loc29/656 292 26 23 - - 02 po g
% FEUEABS [Loc34(985 1.3 - 00 - - 02 ap s
+ FEUTEEB 7 [Loc34967 31 - 00 - - 02 ap is | 0.660+0.010
FERLGEE6 Loc-33/827 144 20 05 - - 04 po ig | 0.678£0.011
| IG5 Loc32/895 92 - 07 01 - 04 po is | 0.670+0.010
JB | LTRSS 4 |Loc-32(88.1 104 04 09 02 - 00 po is | 0.681£0.010
EELTEEB 3 | Loc32/58.9 317 52 33 - - L0 po ig | 0.662£0.015
FRILEERE 2 Loc-32(542 299 73 76 - - L1 po ig | 0.707+0.012
ERIUBERE 1 | Loc-321502 387 54 54 - - 03 po ig | 0.693x0.021
RENESE Loc31965 32 - 01 - - 03 ap_is | 0.699+0.010
GRS | Locs9896 92 - 02 02 02 07 +ap ig
BIREER Loc-58193.7 53 04 01 01 - 04 | po ig | 0.669+0.007
% BEVREE  Loc-57844 96 - - - 55 05 +|po s 0.683£0.006
W REAEERE  |Loc-56824 160 - 07 01 - 07 po s
ik | JB [BEIEERE  Loc-54/910 76 - 04 03 01 06 +|po hp
3 BERER Loc-55/80.4 112 - 22 18 - 17 po s
|- — HFIMEASE _ Loc-54554 391 - 24 23 - 09 _ po_ gl __ . . _
INERBER  |Loc-53646 283 36 25 - - L1 po s
] T HRBEEE 2 [Loc-52(59.6 359 24 15 - - 06 po ig
gfs FBAYHEB 1 |Loc-52167.4 159 59 108 - - 00 ' po g | 0.686+0.007
TRERMALENE 2 |Loc-51{65.1 296 33 05 - - 15 po g
e TRIMEEB 1 |Loc-511689 281 24 03 - - 03 po s
Wbk |Loc-50(786 192 - 15 03 - 04 L po_ig | 0.71120.010

H1 % AEBORATEBLUHEER, Lo BEHIRME. £— R PLIRER, Ol A S A%, Cox: BAMEA, Opx: M54, Hb:
AN, Opa: Zﬁ%%%%, Ap: B, FEEGC P BEE, ap: 771 Uw s, poi R=TqUF v, G Ak sty —=F)l, ig:
{28 =75225— hp:NATOEYF v, ptiEOYFF 1wy, B— FRT-BHFELEVIEERL, FHETLHHODELA
EFHHIEN2WD DI OO ORLTHS. +RElsMOTHEET S ILERT.

Table 1. Petrographic properties and radiometric ages of lavas. Loc : Sampling locality. mode ; P1: plagioclase, Ol : olivine, Cpx : clinopyroxene,
Opx : orthopyroxene, Hb : hornblende, Opq : opaque mineral, Ap : apatite. Texture ; P : phenocryst, ap : aphyric, po : porphyritic. G : groundmass,
is : intersertal, ig : intergranular, hp : hyalopilitic, pt : pilotaxitic. —: does not exist. 0.0 : hardly measurable. +: exists regardless of a quantity.

(19)
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A RO AT T 2GR K LIKETH 5.

I%iﬁmkmmlinﬂfﬁ%@%ﬁ%&@?@f%é
BRI X1 :KbPm- | (MARMEAHAGE R —F

(1985) DO#/S3 [ % fiE )

R - )RR, e 1,310m #iE (Loc. 3).

o s REHED B K URES BiR (Loc. 31) s 5.

EBE : X TH 70cm, ZEASTH 200cm TH 5.

B EHAOANAZL< ZUDRERETHSH. BAODRIRE

Bl em BRK2eomTHD, KE02~1emiFEDH

IRERIUFEEXKLE2ED. ARNAORREEHROD DN S
W, WX TIIEE 2 RLD, EHE T EERITEE KL
KEHEEET D,

BF  BAMICBWTHIBEEZEEED, BE/INIZ
DT TH5. AERTIAERREED LT, t%MF
FELOTITHS.

EFE/XZ XM :KbPm- T MAARZHFAFAE S —7
(1985) M#/$2 1 % FE L)
fECHE )R, e 1,330m s (Loc. 3).
A BRI B L TRER LR Loc. 34) 12047 5.
BE BB T 200em Bt (FIRAER) T, £
T 100cm TH 5.
JEAR  BEHEOARLGZL<SUROBTH 5. BAlZE(L
LTHED, ZORNRIFREETH LM, BBLkFl~2cm
TH5. BOAARGNEIT S, BLEORRIER A N
£ 5. ARGORRIIHRODDNLN.
B MAHICB W TEENI R 1O RIT, 54 525
NIZAWMEDTHUTHS. LEATELEELBICEEL, &
RILAAE 8 #HEES.

EE/AI XM : KbPm- I (B A7 M A
(1986) O/ I % HiE 3k hr)
faHE © RS, 25 1,630m s (Loc. 13).
o ML B LA R Loc. 65) KKafid 5
BIE I B N TR 100em T, ANITIE 80cm TH
%,
B SHENSBAECANAEZZEURAETH 5. &
AORBEE25~8 cmiFETH S, BAGEL L THAR
> THDEEMICL > XRICDODEIN TS, KR~ 8
cm OIKEN 6 FRERIAEKILENSET . ARGO
FARIZEHR D & DI,
B BENIANMLD HuT, REBREBCIEDLNDS.
%éi@i%@*kﬁ&?ékmmﬁﬁ
BRI R HIPm (AR MEEPIAS
(1985) Ok 37 0% MHERLKFR
B B, B 1470m AR, E
39).
O EEED S AEBS I UCHEERIINT TLLS T 5.
B2 B ED I BN TH 580cm T, ZOHiDHIE Tl
BMemBED L ISEETICEHS.

G

ST —7

BIN—7

1.600mihs (Loc.

(20)
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ARG H AR FE 7 )L — 7

B AEORENZEORAETHS. bEAEITHEL
FREREZGDIEMRETH 5. BB TG MR
KIKEBEEEL, ME1~2em O ARG ABERE L,
BOROBHZET S, thOMBTIR TELOOEMZET
52EHHDHN, —RICKIEEN SR HBETICEENE
SOEAD U ITHEEMBRAOANEAET S %N
B LgE BaREhicREY .

KIWKBES LU 2 REKUKOERFNEE
MAHE

Bl ALY, % 1/4, 1/8, 1/16mmOiE TR L, 1/
8 — 1/16mm QRFEDHDIZDWT I, B
B, WI AR, HIAOEIFREEEL 2. 2K
{Z500RILL b, EIMHER, 7T X DIIRIZ 200K LA LER A,
FIFEDRTELUE HIADBIRIZEN (1976) OHEIC
WEoT-. N5 ZADEHE Yoshikawa (1984) DIEHEN 5
2RO EIEC I > TE U, o, HEE bk
BOKIUKERF O 203, BALDEDIZEALER> T
. IO I ADBIR, 5 A RITRE G X
PSR & B2 7 5 ZEAKILKEIZ DWW T OAEIE
L7z,
iEEAFNEE

LHYHR, BV, I ZOBIRBLUN I XOE
MEEZH2RIRT. KIKBEBEELERTT 7713, B
RN A%BRE, BIRMHES ARG EARTH D T & THEY
Do, AWRNI ZARRERZEOIETHER DTS
5. ROFEROBODSH, BRI AN, MobDic
RO INMEGOBEENEL, BE/INI A, BEINIA,
3, BKAOEEOIETREOTLIENTED,

—h, Ao AEKWLKER, EOXLKT - TIZER O
BHEWA, KNNSKIK T « TEH 5 ANERT, LB
OEGY F2~8%) 2FZL. W7 ZADREIEIL, KN
BUKNWKEREZ LS00 /B TH D, KIS T kWLKIZ
1515RE EMDIT 5 ZEKUIKE D En, T Z0BIRIZ
BOAWLKT - HH%$@%@@§M@LkmeKMFI
MIFLFLEN STHHBEOH DNE N,

KILIRBE DXL & ZDEHER

FEALUEIRT 2 KUKBEOMLER T 7o 0BE
PR, EREOHSHIRIEEE S ORETREGENSHAEL,
TOEHFEREHEL 2.

HENI 2RI B TR ERE (0695 £ 0.007
Ma) ic&bN, MR/ THAEERE (0.724+0.014Ma) %
B, BENIATRERMICBNTERIIEERE (0695 +
0.007Ma) %, TR TREAREERRE (0699 = 0.010Ma)
BBV, MMEEABE1 (0693 £0.021Ma) I2BbNS, &
BRI Z MR BN TH, BERICBNTHERI
21 DEMICMET S, BE/SI ZAMERH, gilcdn
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R O 83
e i 2R (%) 5 EHYRRE (%) - - ]
77IDER | 1° Gl Qz PI RE.HM Ol Cpx Opx Hb Bio Opq Ap Zr L
| BARSIR Loc39) - - 102860 39| - 14 90 99 + 755 - 05
spcs o |L0B[79 - 504 62 355 - 05 08 40 - 557 - -
" |Loc65| - - 417 236346] - 04 12 486 - 498 - -
s g L0377 - 7055 298] - 19 42 610 - 329 - -
Loc34 40 - 406246308 - 72 72 368 - 428 - ‘-
|
g« 00338 - 48537 139 - 11 07 645 - 319 18 -
YT Loe31 - - 330 400 269| - 37 26 326 - 6L1 +
MR KWK | Loc-64]18.2 69 725 25 | - 44 17 356 - 583 - + | H>C | 1.496—1.502
WKWK [Loc64[623 + 52 289 35| - 111 136332 - 421 - - | H»C | 1501—1504
Loc-1125 - 564 19 392| - 05 05 488 - s02 + - |
Loc-5/05 - 417 415 162! - L1 22 790 - 176 + -
BE/SIR (Loc60| - - 511250 238 - 10 06 323 - 642 19 -
Loc61/3.6 - 533 106 326/ - 04 07 286 - 696 07 -
Loc62| 97 - 537 43 324| - 13 35 513 - 439 + - }
| KNSRI T [Loc-30|766 12 112 3.1 79 | - 26 102 794 + 27 43 - T | 1.499—1.503
ANAEKILRT [Loc30/922 + 60 + 18| - 504 337 - - 105 40 - | T>C=H | 1.511-1522

F2xk KUKEEOBAFNEY. Loc: BMEHRRME. Gl H5 X, Qz: G#%, Pl:
Cpx : B A, Opx: #4EA, Hb: ARG, Bio: BER, Opg: RNEHEELY, Ap:
KL S A, T &ABXKNT T A, FPTHITUNT— MNCHEET DI EERL,

HEFH, RFE. &R, HM &Y, Ol hAH AR,
WRE, Zr:v)ay, HiBERKLA 52, Ci
—REFLAVWI EERT.

Table 2. Petrographic properties of marker tephras. Loc : Sampling locality. G : volcanic glass, Qz : quartz, PI : plagioclase, R.F. : rock
fragment, H.M. : heavy minerals, Ol : olivine, Cpx : clinopyroxene, Opx : orthopyroxene, Hb : hornblende, Bio : biotite, Opq : opaque mineral,
Ap : apatite, Zr : zircon. + : exists in a prepared slide. — : does not exist in a prepared slide.

TRIEREE (06352 0.010Ma) OFfRICMHET 2. Bfi
RN AFEARIC B THAEARE (0.594 £ 0.009Ma)
RV, FRAEE (0588 £ 0.008Ma) 2L, BAE
KBWTHEEFAESRE (0639 +0.010Ma) #H&L, —4%
IWiEsE (0.393 £ 0.006Ma) ICBbHNS. PEDLIHIC
FERB KO RIY), BERMHEROBHMICEDWETT7 T0%
HBLVBFRIEEOERBEEETELRN B 3M).
PA EOERHIE INIBRERE & OB FEREN S Kicka et al.
(1998) 13, 7EF/SI A 1120.70-0.65Ma iz, #E/SI A1
130.67-0.65Ma iz, HMIR/SI JZiOGlOSSMa L7

EHELTHBD, AMETIREIASICHE/INI X130.73-
0.70Ma iz, ZEFE/NI A ML 0.67-0.64Ma 2 U= S H#eE

L.
KUEBDETT
KWEBHDAT X5

BITR U2 X D ITHIEE KL OB EYE TR (g
REETHERE BT 7 0L, KREED S 5
L. —H, L ERER R BBREBNERT 5.
DD, ZOKIIOEHEFHEEICKE T T 7 70 ki %
BT DBRHEAIEE T, BRIAERE ERE T 5 iKY
BN EKEH THoEEEZ NS, KERABEDOBE,
SGANSFORBERENL L L 25, MRABTHEORE
A 0IkM* LT OO DONKEP THLDITH L, EIRARE
FEHBOBRIE—EBOEBENIREN GBI, Z0LDIC
IS KILOEENIATE B TR T EZ BN

L, KINEBOR¥ET 77 A7, BEEEAEX
F—UELTRAST 5. %%%ﬁ IF 7 IONRbIRES
NTHD, TNHEEEICES REREEOEMA (0635 *
MH%M)ﬁ%%t777%%&?6@%@%QMMaif
B ZLND, EL, MNERE ERBOREED S
LREEBICOMT HEMIAARE (0695 £0.007Ma), LA
FHE (0662 £0.010Ma) &SILEICH T % HMBEREEE,
BHEAAR, Bn)EEE, BRARERE, RIFBHE (0683
+0.006Ma), EiREERE (0669 +0.007Ma), HHEEE
1, EREEBIFERN ST T I AT VBRIIEE L s
EZZ25N5. TNSOBEBIIF 7 I AT —UREOBRER
IZHE ARSI R E W, Z0, MEECIE TR T
77 AT— VB, HEBWEREO R EREERNEH L
EEZO5ND.

Kioka et al. (1998) 137 Hi#E KL OTEB %47 0.78-
0.39Ma TH B EHELTHBY, T77AT7—DERITH
0.78-0.64Ma, EHAT—13£0.64-0.39Ma & 725, F7z,
F7 5 AT =ik PRREF Kicka et al. (1998) OH 7 X
F—2 1a (0.78-0.71Ma), 1b (0.71-0.66Ma) 12, AHEA

— VI T AT — Y 1c (066-0.59Ma), A 57— 2 (0.53-
0.39Ma) 12T B,

AR OE
T IAT— “/“@iﬁ?a% (BBXZRIRZAE FEEITHS)
I ARBOKILBEHNFET 5. 25 OXILFEYIE
<, M THRTh, BEXIRTH2

h
D TR AVE

(21)
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TERENS LORHEN THD EEALND. ZHITHL
WHAT— D OHEY (BB L FRRERE LIHEICHY) &
FIRBEENSRY, DTN T ARSI T 57210 T
H5. BE, KEEHOYHOT 7 5 A7 —VICKEDO LA
RN L =D TH A0

Kioka et al. (1998) 1%, KEDKILHEY O LK % KL
TEBNO IR & R = VS R A S U, ke
INTHEINEEEZ, KEEKOMEERE UKD E
WZBEE OV TR L /2. BIREE B ES T, MIkEE
MENAT AT FTAYA MROFEMEZZT 2720, KITEE)
P BN TR EBREOM BT L D KL I AR S
NTWEEWRS, Lhl, ZOERNKILBBEHOELAE
KTHD0H, FEIIBWIREAT—VORAZTARS%
BEHEES (E6R) =02, InSOmEHKEMAIERZ
BIL, BEAT—Y OIS KEDKILIFEEY A4S
NAETTHS. Lnl, WkO@EOEEAT— Y DHEEY
PIZIFKRBEOXKILIFBIIFEL R, ZOROEAEEKD
MEERD, BHEREICAD 2 KED KILFEY O 17268 A
EiFEZIZ< W,

R L7ZE DB AEAT VR, BEEEERET HEKE
BTHD, ZNICHLT 7 IAT7—13, BREEZEHT AL
HIMEELD BT 7 T EEINT L ERNIEBNERTH >
FelEBEZONDS, ZORBIEEAT—VITHNT T I AT —
DIIBEN S IR B & bR WRB ORI B ARG
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