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Abstract

The Omma and Utatsuyama Formations exposed around Kanazawa City, Central Japan, consist

of approximately 400 m thick of shallow marine and coastal nonmarine sediment of Pleistocene age
(c.1.6~0.6 Ma). These formations can be regarded as a third - order depositional sequence,

because analyses of both litho -and biofacies demonstrate that the Omma and Utatsuyama
Formations represent a transgressive - regressive cycle. In terms of sequence stratigraphy, this
sequence comprises a transgressive (lower and middle parts of the Omma Formation) and highstand
systems tracts (upper part of the Omma Formation and the Utatsuyama Formation), and the
maximum flooding surface is located just above the top of Jaramillo event (1.0Ma). Result of
calculation of the rate of subsidence and the rate of sediment supply shows that the latter exceeded
the former at 1. 0 Ma. Therefore, this third - order depositional sequence may be related to basin subsidence,
and a rapid increase of sediment supply due to uplift of hinterland (maybe Iozen hill) after 1. 0 Ma.

Although the Omma Formation is part of the third - order depositional sequence, it also consists
of at least 14 fifth - order depositional sequences. A significant feature of these depositional sequences
is that within them they show a cyclicity in the vertical distribution of ## sifx molluscan fossil associations.
The change indicates that oceanic condition changed from cold - water to warm - water and to cold -
water during the deposition of each sequence. Thus, these can be identified as depositional sequences
related to glacial - eustasy with a period of 41 ka. In addition, upward - coarsening and upward -
thickening patterns recognized in 14 fifth - order depositional sequences were caused by third - order
sea - level change. In summary, 14 depositional sequences in the Omma Formation has been
controlled by early Pleistocene glacial - eustasy and periodic pulses of tectonic activity.
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Figure1l Map of the Japan Sea and its surrounding region, showing the location of the type section of
the Omma Formation, ODP Site 797 and KH—79— 3, C— 3. Modified from Tada et al (1992).
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Figure2  Geological map and studied sections of the Omma Formation around Kanazawa City, Central
Japan. Modified from Imai (1959).
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BHMRAREIC B 5 TREMES D B NDT, £4 76 DR 4 7 Ve LT O 4 2 V2T NS LK
NTrzeeds,

INFTOERICEDNT, EHHY A 7B LT e (HI3—b) IFRT. ETNICITE
i) ODP DHFFRIZ & » TS 22 SN HE B & AR OMERT A 7 UVLEE L 72, Z DHERT A
7 WOBREIZFHI000m TH S (Oba et al.,1991), FRET NS, 2HORKHELHE 2, £
SIZRIWERENEED LREL LFAKHE T, BAERBEOHBY LTonzT1E¥3), #
TRBEDWERI UTZNnET2E73), THDH, INbLDBILARENTEINBERONE
IZE-TEIERI N, 1 2DMRENTF TldH 5 HEIZTICH BRI, FILUASDERIC X
TN ozl S KEH N 2 hvwhrs, T1E T2RFEKEE: L CERTE 3, 8, (1
995) %, TORFREITE DB ANEEBICE L B TTRIELHRREL /2.
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KBEOHEY A 2NN —4 > X BFERIET

KRBEBOUERET 4 7 i3, SKAHEBKEZEENC S 1 BOMRHE LRI SN NTHS (b
¥, 1994 ; Kitamura efal.,1994). 2Nk 9 HHBEHERRIC & - TER S NW2H#ERT 4 7)1 2 Hig
TBI2E, P—4 v ABE¥OHSE (eg., Vail, ef al.,1991) 2D THILD., Z OEE&ILIEEESE
ENRLOTHY), 4BTREL OWREI MBS —7 > ABRFFEOHSEHNTW 5, K
Th, ZN—r > ABFENMFELFBEAL T, REBOWEEYT A 7 VDR A 1= XL 2T L
ETB, B, V—rr ABFEICETAAAREN T L I oo & LT, HEMETRSHEEE
"Sequence stratigraphy(1992), AHMEAMIGLERE o —v v ABFHF—Z DRHEMEL KD T,
(1994), HWEFRE o —r > ABFF—H L WHBBRE BEL T—(1995) »'5 3.

1, e —F >R - o= RER

P4 ZARBFE¥ETE, 1HNBEBRARICH - TERENTHBLHER — 7> 2
(depositional sequence) V>3 (e.g. Vail et al.,1991). L724> T, KEBGOWERYT 1 7 Vit
W=7 A THDH, 120 — > 2L, IVOBREEEZFED. TD ) b 2 BT KR —
T ADERETROBERE LTI —7 > ZIEFR (sequence boundary) TH D, B3 1T e—
> 4> ME (ravinement surface) TH B, —4 > BRI, FENEOIEKEEOE T HREE O FH#IHIC
EREANGBREETH S, —F, FE—r 2> MEIL, MBEROIERRIZ L - TESN S (Bruun,
1962). FHERE LIZ, ¥EEICIE-> CHETEENE A RET 2 2dIcE L 2 BEREERT, 20k
KREFF40m TH S (Saito, 1991). HRHEEHTIE, ZL{DHA, P —r 2ABREFE—2 X2}
Ei3—T 5. 213, BECIIEKEREMHORYY, ZOBOMERRIZ L > THIKE LT
LEVw, TORERIE—V AV MEES—7 VP ZEREDSRMAEL TL ) 2577, kRE R 4
INDY B, ZATSLUNDOHEE —>r > X TlR, Y= RBRESE—2 22 FES—KL, B
CEBREBRETORARSZICH2 B

FAT 1~ 4 DWREL — o v REBRNDFER L, ZIHHWR —7 > AR L B -2 2k
eWEEs. TOBERUTORY) Th 2, BERBOBRM T, #iE —r > b TRIMETH
D, 2O L) THEMOBEIZIBAFOKZ AN -2 UETH . BILERECES Ly, 747
1~ 4 DHE — 7> ZIINECE L 2WAIBERICHEL 200 ThH ), 2ok ) eBET Cl—i
CRRDFA I > THAKZANLT—IAT 2, Lo, BEBIIHES — > 2R DK
BEARAFRICHERR L 72 DR S N B, F7, BALEBENEER, THEBIMEKE BRI
BEYh, INLNZLE2E240Y, REIEMAFRERETORAHEICY — 47> 2BRE S 10— 2

Y MEZBEEL: (M13—a) (dbA, 1994), 72, #MEL —r > 2 EED BLEHER L, WES
TR HEREIC L - THEMEYTL LEWHENEEMEN - &) Th b,

IAT 5 DU — > RTiE, IWOBEEDD ), ZORTMERLMLDOL DL —r> 235
FLAZEIND (F1). TN —4 > RERIE, FEHINERERY & 12515 R 2 50 o8
BERETHS. BHOMEREL RS &, EHSMNE L BRBOMICIE, BIE H%IE, BDEIEEL
T, ZNWZ, EHSHEEMMOE FIc BRI EL 2 2 L, 205 ORIz H - 725
ERRIEDEEIIBEI SN TLE - E2RET S, LT, BEEHHER YO T EIZEAE TH
N, L2 X DB LIZEREZ > LBEAEIIE L THREIN L £ N2, “HbDC ki 5, ®
BIOREEE S — 7> AR LR Lz ([J11) {6, 1994). WABDETIC - T, =DM
FELCBEHL, BREENLOTHE, &8, IO —4> ABRETO_ LR TROR
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R LD QEREL TB Y, ZOHEEYKRFOMEICIIRENEITEREN TS, B8ZFLL, T2
i3 BEL L 2R Jid bz & » CGERWSERE L 8% ni25h9.

F AT 5N — > 2T, BERHERED O i A EEECEEE L 2 (F11),
T, FHERHIEHEMpRE L TB Y, MHEDOSREAIFAT THL I LIIHEETH S, =
ZTOBFAITIE, BREYRETLI L5 (DF ) ME), TORAMEIZITE— 42 MHE LR
Ehns (H11).

EZAT, BMEETL &7 E—> A > PEEDBARGRSL, 5471 ~4&E5 TIRREZ-TWED
Lo s (H13—a) . Thbb, MIETIEITE—r A2 VAD LI T12MET 2012840 T,
BETETIRSE—r A MHL D O TFMIECH S, ZOMEERR, 78— 2> | HOREREH
T EBC 222 LiIcRET 5, EBERSIIEAIZEEBNINT, TE—r 22 OB
Wiz B TH 2B (F13—b)., HBENEHICBWT, FJE—>r Ay FHEAFREFECHNETLZ L

RBIBEETH D (Vail,etal.,1991), %k, >—4 > 2BRIIRBEMETH S (Vai, et al., 199
1).

[

2., MG

=4 v 2R TR, HEAREEERI NI BT &, MBS — 4 > 2 P& IRHEK R R A (LST -
lowstand systems tract), MEdEMAMEREAR (TST: transgressive systems tract), mEAKUENIHERHA

(HST : highstand systems tract) (Z[X439 % (e.g., Vail etal , 1991) . #FILFILOHRHANBE R,
LST & TST 73 F L #EfL7i (transgerssive surface) T, TST & HST o035 i3 ik ok itk Y0 88 1

(maximum flooding surface) Th 5. WAL I3HERD & i ICHE 2 & & QMR C, MRk LT
Tl EMNHG T 5 DHEFRBRE DR, £ LT, T Tl L 9, BTy —r > ZER
ETE—r A PHEHIT—ELTLE) Z L%, KEFNSA 71~ 40HER —or > 2 TL, =
N5 3DNEM (surface) 1T—ET 2. Znlze, b DL —4o 2 22, (K EELHE
ATz bz n, —F, 247508y —7 >y AT, ¥—4 > ZAEFOKI0m LAz 7
=Y A ESH D, Z0L ) A, HEEIR - AERLN L Lz, JE—r X2 MH
I DL TRCMET S, 20, Z 20 RTIRHEEYTH ), EREEESOIHITI . £
T, BEE—7 Y ABERETE—2 A2 VHEOPALICHRER % BB L, £1LE D T2 (MK EER]
HEREGR & L 72,

M SRHERA & T MK BEHHERR K & DB ROFRIERIEEE X, — eI IR IS B W HERGRE N 12
DIZBRENE A>T YA -7 2> FEL L CIRTEICEL S (Vail ef al,191)., 27>
A - k7 a v, BE - FEEEWLE, A - BIREL &0 BESYOBRES EYHEORA S
R 2 & TRBOIT 515 (Baum & Vail, 1988 ; Vail ef af, 1991), MFREHOHIWRH 5, Kl
PHE K EEENCRE T 2R — 4 > ADHEZI N TV 52, BOMZ R LR EROHIEN
AVFUARA kT rEBETELINL, —a—Y—Fr PB4 BB —4 2 R
1T TH 2% (Abott & Carter, 1994), BFEN IV T A - 272 a3 YIZBRETE LW HRBRE T,
EToE L ) MR T, EHERLNE L WIRE#ERWE 2 TR - k73 v & LTS (1
1992 ; Ito & O’hara, 1994),

KEBTLRRN AT YR 27 a2 BETEL Y, Z00®, INE TRISEKERILE
HZERRBENEHBRNPRIZEEL Tz (bH, 1994), 1 OD#ES — & > ZDIRFHFRE:
£ PENRIET R & THRETRECTINI2EEICE, BFEOEHBENARRIIEEL 2. B
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FRENEBIRZZ ZHRKBTHLEZ L 2#ERT 205, P &L ZDEHBERN CHKEIFZE &
TofeZ LIZHEWEWEEZ T, TOFRICENERLERZHELNTH D, ZOBRENEY
MR RRIFTNC, FEFA T2 L 30HEL—4r > 2B WT, WA XY T DMK % #E

L7z, ZO8RE, 120K —7 2 2BV, BREBTOFHEEDL, EWEBRT (i -
EEAILEFE+Z M) OFFEED, LLIcB%~20%F TELL Wb Z g -7 (H8, X
10). L3, MEFoERE <7 — > 3EFRNICREEOEM 2R, BILATERE2E ) WknR W
MR E CIREFRIIEC, BRABMABRENERBECHMEL L5, 225, ZNLDETHEN
BARE— 713, TAKRZTFAET 2 BLABRENELBEAICH LT TIR L, ZhFRENL
=7 LEHLIE TS, 202, BAERICERI BN RBENERRBERNICH S Z LIZEE
Wiwhy, FEMLBENMIBMTBUTTALWI E8G o2, FRkEBOHKL — > ZICEL
Tld, HRBEN L ) LFE—HEYOREEBY L B KERLEm 2 RE— 2 BHATE W LY
o Lolz, ZOZEIE, ZAT71IOEHL —r 2 2200 THHTITEN %5 THD, HiEy
R FOBEHIIT > Ty, F (1992) % Ito & Ohara(1994) NFEEEICHER 1E, F4 7 1 DHE
e —& v ATIEEAEBRICERZAERENEZEL 2L P EBICEREING, L LIE, 20
WRAE LM TH ) L ERICAEHFICEEL TE), INL0OBMIEE ICHELNE I &K
BRILERZN L DENEhr L, 1225, FEEFILRORITRHEEIEN LEEL2RT. THOFES
bV MNERICHAD » TIRRRED SERIIBRIZETL, 22 CThrbTHr1%BiIck->TLEI DR
(R7). BRRFEEFILRED SERIOKEREKBEERD A > T4 5= —, LTEDL b
BEIPIZEL D TV, ZOBE S =23 L THEEILAENFEEL 7220 b EB I BRIERIE
EETHLI L2 THLICIBEZ LW, Wizt k, 74710 —4 > 2 ni#Rk
FORFABELDIZDN, L5 LRBBOMRE S — > ADFEERR I RERO TN EIIR LS L
JIZEZ B,

R, KEBOMES —r > ZICBL T, R CRERERLETOMEREIZTELW, £2
T, FA72~5NHE — 7 ATREREB ) BRRBENEHBREAPRICEEL, 5471
DWRE S — 4 > 2 CIZIBFIRBEE & Transitional IIHENERBRABRICEC L EL, 2%l
o THEEHIHERR IR & Bl K IR 2 K952 (J13). L bHA, ZHEEENZLNTH B,

KEZEOHRE S — o > AOBERE

PRz~ NE2 E 2T, KEBOWMEL — 7 > ADTRLBRE % KA MR K B2 H) <0 4 Wk
LB L FEDIT TUTIRRY.

KD [ > T, MWAKBEZET LT 2 (F15— 1), BHOKEE (541 7°5) 12kt
L, TZCREBEEIEERIN:, HEWH (5471 ~4) TLHKRENETICMH FkzAx
—DHEMIZ L > TREBEETREIRIS, 25 LTy—r > AERIMELND. OB ERRE
Mot BB G L Twiz, BRI, T RA2% 554 (Peronidia zyonoensis), ./ A
74 (Mercenaria stimpsoni), x./°3 <% 4 (Glycymeris yessoensis) DB LT\ 7z, SEMERK
DPWAL Lo 727z, KD BARBEOEEBRIIFT(, ZOROREEIIBTEEL ), BLE
IHERR L 7z,

DT, WAKREN LR LD S (F15—2) . ZIUTHG KR BEE TOWE (S 471 ~4)
IZIHER AR, KO KEEAMIAICEE L T2 BILE 2 & 0 £ B ME Fic e HE N
5. 29 LTRILABERYHRE N, ZORDMEBKED EHIZME, BEBIZEKD B Mk
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REbLI, e S 5D S LA ~ BRI 5 . Bl (54 7°5) 3B EERE t-TH
N, ZZTERPEIBFNEZ L L TWREZAT, ORI IRNBERIIRILAL TV WnT, £
MAEHER L Tz, Wk ROWIBRIFNC I SO KB 7 vV & ¥ 3 (Felaniella usta) HEBL,
ZDBRDEEDRECUIHE TV 2 U 3128, F>r=A a5 44 (Clinocardium  fastosum.),
AL 27X VT4 5= (Turittella saishuensis saishuensis), %774 (Acila insignis) %7
V74 (Yoldia wotabilis) 78bis., ZORAL HABREILETEECH Y, BAaEHrH
L7,

S hiz, WKES ERAL, DWW BIERLY BAEBICHA, BRRE bARENHABICBAL 2

(RHET1) (F15—3). ZOMcHbN L BILARENEREIRIKECL->TREL2 (bboA
BEENDKELHET ). BAEZD (547°2~4) TliE, X554 (Tugurium exutum)
RAF ATV A (Paphia schnelliana) e 4 7754 (Cycladicama cumingii) 7¥8bil, LY
B ZAH(F47°1) TIE, TN SDBIICMZ TTENRIER 28800 2_=7") 4 (Glycymeris
rotunda) RT3 V75 A2+ A4 (Limopsis crenata) 7 EDHbNE, 2L E{LAREEL,
TRAAEERT ~ BB EN | @B L R 55 (Nobuhara, 1993). 2% 0, 10077 E#TAH L4 Tlcfl
IKEAIZ I, HAHEOR B U AR & KR 0 B AL R U AWHERIC b - 72072, 3T,
M BEROMAIRIBENERE D WES L., NEEBRVBREEAKCEE L, Zhs HAERE
B ZROBEFRE TR AA, BERRTRED L BILRE~N LB L& enis, k), 3
BEROMERMDIEE ), F R REIEMMERE (CCD) L LHLZ, ZOBRAELWET B &, BHE
T, BRiFETIZHEBEDHRKEL SR dissolved surface (Vail et al, 1991 ; CCD o L&Hic &
- TELN 2 HIKEHERMOREL & WEENEE) CHEGET S %2 5s (F15—3),

kT EA LS, LR A7 5nabEE TICRT S (M5—4), 2o, 23t
EREZ2ZT, JE— XY MNEWTES, 0%, —RHCHEBIERENLCLON, 5IEKEE
K LRI S VAEICTE L 23R & o - 72, edtC, WKENREMFHNS, e (F471)
T3, KERDEMIZtE-> TEICEREIET S, 5472 & 30U TIE, BRR LEERETHE
P HIETR TENRIEHRENLEET S, LV IFEWTE, kN ERAEI M BEBROES O
% LR - 72728, BHRBENY) 27774 v AH A (Periploma plane) 1ZBL - TERREN
TP ATTARTA 27X ) T4 T2 EbIE. INLDOERREIZ, B HNE
BRTOWAKBICERB L TWenTH 2. ZORHDEEETIE, KE» L EWEBOMRIEHEIC

LOWIN- =D TRANSGRESSION-
FLUX OF e HIGH SEA LEVEL REGRESSION
SEDIMENT | _.—.~ LOW SEA LEVEL

_4 YV __ STORM WAVE BASE

MECHANICAL
CAL AND - PRESERVED

CHEMICAL DENUDATION

OF TRANSGRESSIVE SEDIMENT ~ STORM WAVE SEDIMENT
| EROSION (1 CYCLE;
HINGE'LINE SUBSIDENCE

X 14 RBRICBVWTERICEZ 2RBRORER(L.
Fig. 14 Basin morphology and erosion during regressive phase. Modified from Einsele & Bayer (1991).
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Changes in shallow water paleoenvironment and molluscan fauna in the investigated Omma

Formation. These changes were caused by glacial - eustasy with a period of 41, 000—years

and water depth fluctuation of under 70m.



§ 2T, CCOMMETL, AKREK T EURAAREOMMEEBIRE~N LI ALZ L#EINS,

ZNth, WKER T HES, LU THBERARAL»ELT 2 GRMET2) (M15—5). #ES
{LIZBBRMRRENIEREZIBE, TD=v F2ERREIERLRZ., 9471 2 - 3 - 4 DHEEBIRT
1, =4 LA T4, YA4ALra7X )04 5=y, XT3 THART7YVVTHAHELN, LHi%
B (FA75) TETITASYITITARE /AFTARLY =X7 4 Ebil:, NEERDOTAD
bz &Y, BEECHEINIBEFBREEIRIBRLICERIL, BERSCH TETERE~NEEb-,
B FOIE LA & RIBE DR TCIREADBATHRICII SN I A LT IDH 51255 b, BEET
2IEHBREOREIMHEICMET S22 %A (XI13b).,

WKENR LIZETT 2L, ROMER (5474 - 5) FRAEBEMRE 4D, PTEEC Ty
TRBIRFENFGE L 1Mo T 5 (15— 5), 8 512k 2 L IR ROEE 21T 25ME
#%ﬁﬁt&ﬂ,%mifmiotTﬁéi.%ﬁtﬁﬁﬁ@@*ﬁ@ﬁﬁﬁL,ﬁ&uu@%ﬁ&
FAT% 7V A b B FEFOWHESFGE L 72, BRI CEM L 2 ITRE 2 FOWKDIFERICE
WIEFEMIDS T E o2 TH A . e (FA472 - 3) TlRRKDBEWIRI A HEREL, 22zl
(USRS D R iR AR 2 AL TS, BRIBETIXSI S REE R L /2.

AT, WKEENTARIAIZ 7 B (15— 1), FEg, F¥EEE LICRAEEREES. Zoffficst-
TH L~ AD RN Y — 7 v ZERDAEL D, BEMERNDRENKE WIFTTIE, ERRE
HOEHGEL MR T, TOTMHMORTRARBENELFEE THINAL (F473). HBMcL-T
12, BRREEOEHEELY) TALI THLNLZI L H5759 (KI3b) . ZDFFrOMIK —4
AT IENCRBEE ST REL, HEREY — 7 v ARSI b 23 T ORI, iofks
— 7 ARTEOBALEEERNICET I Eick 3.

ZTHEIBRRERET, KB —4r > AHXEEENLDTHSE, FLTINL DR —
b A B MK HEZS BN IZ EBIEAIT0m T, TORAMIZLITETHY), P —r» 2BFFY
BESICHER I, $B5A—F— DM —4 > K9 &8 n s (Vail etal., 1991).

WRES — 4o > AORERRD L R - HEADEL

LAzl kB MR — 4 > 2, MRILEEEAL T, & DERARORCHER —7 >
22 HERL T3 (H16). KFEF LINRILBAHERBERIZEDC &, Z0EHS — 7 > 2DHEH
fliZ1l. 6 Ma 2> 50.6 Ma #1005 M & %2 ) UIRWUWED ERFERIZZNEE D FEILAKLERD
K—Ar %4 (Shimizu & Itaya ; 1993) ic#&<), E3 4 —F—DHiEL —4 > 2AICEXKGENS, &
#®iz, ZOEIA—F DR — v AL, ZTNDLRAMW o ZHEBEDELIC DTN S,
KB OMIERIAIIME L FRT 5. Z0MEEIIA T & L ARBTHMERUERE L 2 Bbn
3. HEhbiE, BERENA STy TIEBERSEOEENLIERTH ), KERTEHCIERE» T
DMSGIZA > T » 7 (onlap) LTCwaH5TH2 (HH, 1970). ZUIHL T, KEFEHEOMER
=Y AUTBWTE, ENLRERT 2EECRCARENEE S — v ITHIRL — 7 AR TD
BERLHEEIRH LR, TN kid, KEFEPETIE, HEEEE L HERBEDOILEREHE) -
Tt ERT S, v —4 > ABFEETIE, 0L cREFN® BHM (aggradational) o
REBER I, Z0EA, FANLERROME ORIMEEKELENC L 2 RROBEH 22 L 5]
wizh o) IEBI L (X16)., 2L T, kKRBPH» L ER2 RS &, EHIcH»r - T, HHES
— 4 2L, kML, BB T a2 taah s (M3, M), 2ok ) 2 BREER 2 angHE
(progradational) MREERER L9 (F16). ZHRERRNIL, HEEEEIHERENONMEEE S EE
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Fig. 16 3 rd - order depositional sequence consisted of the Omma and Utatsuyama Formations.

N, ZOBFRELTAIEIRLD TR, DF ), WRICHE-TTELNTHE, ZLT, 0
HERBISULINR LB HER I b Mk L 72

B (1969) Ik b &, JIRILBIRIBEDESREER, L4, TEIWER MBS T I ME
B8 THD IS, XL, YL O AR ET R, FRE T SRR, -
B BB R L 7. IVEWES E R R 2R 2 L &, BRI IR & ¥
Wi s, ABLKE 1 DORML —o > R ERATZENTES, 2515, KBFH - L
LIRILE & TO—ENOMIMS — > v ANREY, BEENRERRL L TE L2 52 LD TEB.
EoT, BRIRBR»LINRILEE T2 1 o0 —r v X ERBEL 2, 2B, KERTH -
HER S HEE IR, KRB - IR IUB A SRS RS S N, KBRBORE IR
WD ERSFN N —4 > ZBRICHLT 2 (X16).

5, RINEIC IS RET 2 B LE Y THE N 20T (R 1969), HEL HEEN
B — 5 AN REL DD EEL LN,

2, WML — 7 AR EANTEEEETSIE, MRS, RO TS, #
HHEEICIY bo—LEND, 05 b, RHFE L KIS ISR AR B b HEE T &
3. ZiUc kB, 1.6Mah 50.6Ma ¥ CORERMMKIICE, EATEBREMEZRLAZL, D
£, BHEICEKEIERL 2000, FHMTEKEEENL L Lh -k LREEND, LT,
RERH L HARERIE S A — Sy — O — 7> 2 (SARBHNELE) *Esm+ERE
b, BAIONERND S b, WHGHEILHIEBE & RS S ML 1D, KEE LR
B85 % Brunhes, Matuyama 55 & L, 2 bIc MWL, HMEOES, BErZHL 40
B, AYFOHMOEEL, KRE TET 25cm, 10004, HERT 16cm, 10004, F#5C 55cm,/10
004F, SNRLIE TI2H/h Toem /100048 & HHE N3 (H17). LT, Z4bDfE e Mg ORKE
BBy b AN IREEE L FHETE 3. RRBHENIL 7 DM 28 L CHREE I 26 L
T b, HHGEE L EIE O EEEIRS ) A TH Y, W2 ICEEEE 16cm, 10004 & 7 5,
ZHUSRL T, MBI CIRIBES BRBRSRICH ), MEEN IR GRS FE D, MR
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Fig. 17 Sedimentary rate and subsidence rate during the deposition of the Omma and Utatsuyama

Formations.

BMoixzowitnd, £LTC, KERTH, LI IRLER TOERRENELIZEVE20m
BREREINZNT, EYMOWEEREIL, KEBTE - EEBCIE 456cm, 710004, JIRILE Tik 65
cm,/10006F L HE E 2 (H17).

PEnZ &hb, KEBLINRILEY HERINDHHES — v > 2% AR L 2EEERBR R,
W HERENECE S LD TH Y, —HEERIIERENFKES N (ILE» LER) (il
T2OTEL L, WHIHOHBRBOBMCERT2Z e 25%0h» 5, 2%, KFEEOMMEIL, it
WL 6Ma i HEFE BTG L, 2% 1MaicEE B REHBICE DB~ LED, IR
WEOHWEMT2L-C, ZOREHALALNTH S, Tk, ZOEEBRARII-2LZLDTH-
TR EET S,

%ok (1983) 1%, &P BRI & FLIFFEk & DEEATY: &5, R TR ST R L ) g
FolZEEHALMIC LR, ZOWENARBOHEBYEL L LENTHE. FLT, HELRE
& DHAEFRIEDBIUL, STFMIBOWIRYED » 22 Th B, REFHOBEEIZI BRI B &M L ) H
H2NTw3 (eg., Oda, 1977 ; Takayama, 1980). & =T, ZOHEEDNFEEII» 7% 0 IR E 2
EzleT =9 740 Pic Lk B LiZREW N,

1Ma LN KBE OB OEEIIME2ERTI2NTH A I A 7 ABRBOTE L FER Tl HEEER
BEAET 5130 ) T, WHRHOR THBIC DBV RON S, flz i, MOBNEEIC L L,
KEBTHHICRLN ABIEREENEHETHZ2NIZNL T, EMOBIIXEENEHETH

239



3. ZOBOMABENEL, BBWOBKEIEEEICLDIENEIAIIRbo 722 L 2BKRT
3, ZLTC, *OBREICEDC L, ZOHBIRIIEELEEEEZ OGNS, INLDZErh, kK&
DREBYOBELIE, 1MalclhE > -EFILEEROBEREL R BRENDE, ZoEZLEENKE
A3, oo, BEH A HIERALTEE CE & At ik thES) (B 2(F, #EHE, 1985) THELR
LOTHDH. T, EHEBDIGIEIEIE FHOEMEHICEIRL 7272 T, £ DRI 1 Ma
LENTHBY AN - AT, 1983), F BICKRBEICEEES NHERBRBIIC 2T 5.

Lk & iz, SErHSIciis - 2 s, 1 Ma DB gdbEmk iEShic (£ ) HEhokiE L
rrllict b RENHEEYHEICE > TELRERICEY, AEBLIIRILE» S22 5H 3+ —5—
DEFEL — v ANEFN, F LT, TORYNZZHENGEKEEZE) & KM IR ERE) & A E )
N&-T, KERNES A~ —DHH L — 7 > ARSI NN TH 5,

F & ®

1. KREBEBIINBILEIZ 1 DOWEL —7 > 2 LTALTIENTESL, ZOHHL —4
¥ ZDOTEAIRIZ, 1.6Ma b 50.6 Ma D10 EMTH N, E3 4+ —F— DML —
U ZIZEAENE, Fh, KRBT - PSRRI, KRB LR - JIRILE
DI K AR AR X S LS.

2. ZOEIF—F—nHREL—r 2 2, ST ERIIcHE o 2MEE S, 1Ma ok
FILEBOBEREL YL 725 L2 ABROHRMEIC & 21BRIC L - T, BRI,

3, KRBEBLE - PLIES A —F— DL — 5 ANDRE» LEREN L. LN
Mo —& > 23, RAEHEKEED (TEMEH70m T, 4 17FEE) 83 4—5—
A — VOB K TSI & - T, BRE L.

4, KBRLEE -  PHOES A —F—DHE —5 > 2L, 6ODF AL TICRKSTES, %
fz, ENLDLHEREL — S ADETNEHEEL2. £z, BIUABRENEEN LR
FEL7Z2MOREKMEZ#E V2, ZoORBHEE, HRICEZ R CARBENLNE S &
— WL — 7 ADBEBELEETH 5.

S

Abbott, S. T. and Carter, R. M., 1994, The sequence architecture of mid - Pleistocene (¢. 1.1~0,4
Ma) cyclothems from New Zealand : facies development during a period of orbital control on sea
- level cyclicity. Spec. Publs. Int. Ass. Sediment., 19, 367—394.

Baum, G. R. and Vail, P. R, , 1988, Sequence stratigraphic concepts applied to Paleogene outcrop, Gulf
and Atlantic Basins. Sea - level Changes — An Integrated Approach, SEPM Special Publication
No. 42, 309—327.

Berger, W. H., Yasuda, M. K., Bickert, T., Wefer, G. and Takayama,T., 1994, Quaternary time scale
for the Ontong Java Plateau: Milankovitch template for Ocean Drilling Program Site 806,
Geology, 22, 463—467.

Beu, A. G. and Edwards, A. R., 1984, New Zealand Pleistocene and late Pliocene glacio - eustatic
cycles, Palaeogeogr. Palaeoclimatol. Palaeoecol . , 46, 119—142.

Broecker, W. S. and Van Donk. J., 1970, Insolation changes, ice volumes and the '*0 record in deep
—sea sediments. Rev. Geophys., 8, 169—198,

240



Bruun, P.,1962, Sea level rise as a cause of shoreface erosion. Proc. Am. Soc. Civ. Eng., ].
Waterways Harbors Div. , 88, 117—130,

Chappell, J. and Shackleton, N. J., 1986, Oxygen isotopes and sea level. Nature, 324 : 137—140.

CLIMAP Project Members, 1981, Seasonal reconstruction of the earth’s surface at the last glacial
maximum. Geol. Soc. Am. Map and Chart Series MC —36.

Einsele G. and Bayer, U., 1991, Asymmetry in transgressive - regressive cycles in shallow seas and
passive continental margin settings. /» Einsele, G., Ricken, W. and Seilacher, A., eds., Cycles and
Events in Stratigraphy, Springer-Verlag, Berlin, 665—681.

Fairbanks, R. G, , 1989, A 17, 000 —year glacio - eustatic sea level record : influence of glacial melting
rates on the Younger Dryas event and deep - ocean circulation. Nature, 342, 637—642.

EILHE, 1992, @WE200HFEIZBIT 2 BHBOELE REEBET L. EREZ - AR TR, "t
HERMEBE 27074 v F - A Ty, EESER, 324

HEHEFIF, 1985, BT 5 HAFIE, ZWHE, 228p.

wE R - USRS - ANEET, 1990, BUEAEETRARBICA LN BHET A 71, BAHEFS
TR SHIMER, 273,

Hays, J. D., Imbrie, J. and Shackleton, N. J., 1976, Variations in the Earth’ s orbit: Pacemaker of the
ice ages. Science, 194, 1121—1132,

BEARBA - RE—FH, 1990, KEPEMEKBEEMIZHE) ) 7T— B L MERTFE S AT L0 E—E
PR R R B L L T— HEFHERS 96, 805—820.

mR E-RR T /T & - PIES - EEREL 1950, BILRB L OHENROME SRR (K
7 2), &R - AE) - EIeHuL AE, 2, 1727,

M BF - FINEER - AL BE - s (&, 1993, 77 ZIEIEFL b A7 BRI S EA R Nt IRIEZTED.
HAME FSEI00F M AR HHER, 168—169,

IR IH, 1992, o> T AL Ty, HEFHZESH, 36, 1—4.

Ito, M. and O’hara, S., 1994, Diachronous evolution of systems tracts in a depositional sequence from
the middle Pleistocene palaeo - Tokyo Bay, Japan. Sedimentology, 41, 677—697.

Jansen, E., Bleil, U., Henrich, R, Kringstad, L. and Slettemark, B., 1988, Paleoenvironmental
changes in the Norweigen sea and the northeast Atlantic during the last 2, 8 m.y. Deep Sea
Drilling Project,”Ocean Drilling Program Sites 610, 642, 643 and 644. Paleoceanography, 3,
563—581.

Hok R AW - KA{HEER - $ATEIEE, 1979, BEHBEEMERRE 5. SHEE, 318p.

Kaseno, Y. and Matsuura, N, , 1965, Pliocene shells from the Omma Formation around Kanazawa
City, Japan. Sci. Rep., Kanazawa Univ, , 10, 27—62,

Keigwin, L. D. and Gorbarenko, S. A., 1992, Sea level, surface salinity of the Japan Sea, and the
Younger Dryas Event in the Northwestern Pacific Ocean. Quaternary Research, 37, 346—360,

b+ 53, 1996, TEREI#HAZEIC BT B Dosinia J& & Anadava BORBFIIELERE. LA, 59,
14—22,

JeRSeFE, 1995, HAMEETNICHMEDN L —r > ABFFENBF~OERBFEOER —REEEL
TOBRRRENEE— WEY¥IHE, 45 110—117.

ek RFE, 1994, TEREHHARRE EHIC AL M2 KAMEEKEZEE)NIC L A HEL — 7 X, HEY

241



MERE. 100, 465—478,

AR - SEEREEE, 1990, BTREEHEO T EIKELE)C & 2 #REY 4 7 L & B{LARED R
BB —ER D KRB HIROF— HEFHE 96, 19—36,

Kitamura, A., Kondo, Y., Sakai, H. and Horii, M. , 1994, 41, 000 —year orbital obliquity expressed as
cyclic changes in lithofacies and molluscan content, early Pleistocene Omma F\ ormation, Central
Japan. Palaeogeogr. Palacoclimaiol. Palaeoecol . , 112, 345—361, ‘

AN B, 1984, EEEE, ATuIK, 63, 547552

Kondo, Y., 1989, Faunal condensation in early phases of glacio - eustatic sea - level rise, foundin the
middle to late Pleistocene Shimosa Group, Boso Peninsula, central Japan. {» Taira, A. and
Masuda, F., eds. Sedimentary facies in the active plate margin, 197—212, TERRAPUB, Tokyo.

MNEREK, 1980, KEMLAEME~>=2T N, BEEE, 199p.

Leakey M. G., Feibel, C. S., McDougall, I. and Walker A., 1995, New four - million - year - old
hominid species from Kanapoi and Allia Bay, Kenya. Nafure, 376, 565—571,

WRE{EE, 1985, JbfEih DfEET ) & SEirthc 2 2 SRBMMBE O EE, BRIRTT LA AR R8s,
58125, 71—158.

Murakoshi & Masuda, 1992, Estuarine, barrier - island to strand - plain sequence and related ravinement
surface developed during the last interglacial in the Paleo - Tokyo Bay, Japan. Sediment. Geol.,
80, 167—184.

FRIE {1991, EILERMERRHIC RO R N HoKEEEEE) & R, MR IT IR SRR R AR SRR
EE, 62—63.

FERT=A8R, 1973, HAMO S, E- &7, 17, 30—37.

®A A, 1969, SRFWELLAOINRIEIZ DT, MEHERS 75, 471—484.

Nobuhara, T., 1993, The relationship between bathymetric depth and climate change and its effect
on molluscan faunas of the Kakegawa Group, Central Japan. Traus. Proc. Palaeont. Soc. Jbn, n.
s., 170, 159—185, '

Oba T., Kato, M., Kitazato, H.,, Koizumi, I, Omura, A., Sakai, T. and Takayama, T., 1991,
Paleoenvironmental changes in the Japan Sea during the last 85, 000 years. Paleoceanography,
6, 499—518,

Oda, M. , 1978, Planktonic foraminiferal biostratigraphy of the late Cenozoic sedimentary sequences,
Central Honshu, Japan. Sci. Rep., Tohoku Univ,, 2 nd Ser, (Geol), 48, 1 —72.

Ogasawara, K., 1977, Paleontological analysis of Omma Fauna from Toyama - Ishikawa area,
Hokuriku Province, Japan. Sci. Rep., Tohoku Univ,, 2 nd Ser, (Geol), 47, 43—156.

BES, 1972, BARMEDMEELEY. BERE, 4, 40—45.

RS T - MEELME, 1992, HREEBHIROUEES 2 74, HUEHES, 98, 235—258,

KN—K - FHE =B F-8E B 1989, BNBRAIRFHICHHT 5 ARBOMMEERF. B
BHEAFBLEERLSHRCE, 111-124,

Pillans, B,]., Roberts, A,P., Wilson, G.S., Abbott, S.T. and Alloway, B.V. , 1994, Magnetostratigraphic,
lithostratigraphic and tephrostratigraphic constraints on Lower and Middle Pleistocene sea -
level changes, Wanganui Basin, New Zealand. Earth Planet. Sci. Lett, , 121, 81—98,

Raymo, M. E,, Hodell, D. and Jansen, E., 1992, Response of deep ocean circulation to initiation of

242



northern hemisphere glaciation (3 ~ 2Ma). Paleoceanography, 7, 645—672,

Ruddiman, W. F.,, Raymo, M. E, Martinson, D. G., Clement, B. M. and Backman, J., 1989,
Pleistocene evolution: Northern hemisphere ice sheets and North Atlantic Ocean.
Paleoceanography, 4, 353—412.

EHRSCHS, 1988, GRS HUIEZCHERY & MR VER IR KIROBIfR. A TUsiEk, 10, 458—466.

Saito, Y.,1991, Sequence stratigraphy on the shelf and upper slope in response to the latest
Pleistocene —Holocene sea - level changes off Sendai, northeast Japan. Spec. Publs. Int. Ass.
Sediment, , 12, 133~150,

femgiese, 1983, ALRE - ILFEMUSOIREERILA B —T% 4 L B L T—, AMTATH &, 48,
62—170.

Sato, T. and Takayama, T., 1992, A stratigarphically significant new species of the calcareous
nannofossil Reticulofenestra asanoi. In Ishizaki, K. and Saito, T. Ed., Centenary of Japanese
Micropaleontology., Terrapub, Tokyo, 457 —460.

Shackleton, N. J. and Opdyke, N. D., 1973, Oxygen isotope and paleomagnetic stratigraphy of
equatorial Pacific core V28—238 . Oxygen isotope temperatures and ice volumes on a 10° and 10°
year scale. Quaternary Research, 3, 39—55,

Shackleton, N. J. and Opdyke, N. D, , 1976, Oxygen isotope and paleomagnetic stratigraphy of Pacific
core V28—239, Late Pliocene to Latest Pleistocene. In Cline, R. M. & Hays, J. D, (eds).
Investigation of Late Quaternary Paleoceanography and Paleoclimatology. Mem, Geol. Soc.
Amer. , 145, 449—464,

Shimizu, S and Itaya, T., 1993, Plio - Pleistocene arc magmatism controlled by two overlapping
subducted plates, central Japan. Tectonophysics, 225, 139—154,

Tada, R. and lijima, A., 1992, Lithostratigraphy and compositional variation of Neogene hemipelagic
sediments in the Japan Sea. Ixn K. Tamaki, K. Suyehiro, J. Allan, M. Mcwilliams ef 2/, (Editors),
Proc. ODP Sci. Res. , 127,128 (2), 1229—1260,

Tada, R., Koizumi, I., Cramp, A. and Rahman, A., 1992, Correlation of dark and light layers, and the
origin of their cyclicity in the Quaternary sediments from the Japan Sea. [z K. A. Pisciotto, J. C.
Ingle Jr., M. T. von Breymann, J. Barron ef al. (Editors), Proc. ODP Sci. Res.,127,/128 (1),
577—601.

Takayama, T., 1980, Geological age of the late Nobori Formatiion, Shikoku, Japan; calcareous
nannofossil evidence. Prof. S. Kanno Memovial Volume, 365—372,

ESLRRR - RS - CRRER - ATRENSE - BRIEE], 1988, HAMEBMICRET AERLEEHERNE
IREWACE R, %2, dcEitfEdi. mmBami<ss, 53, 9 —2.

Hfge—, 1970, &RELOKREZWER (B8R EENRNESIZOWT, MENHES, 76, 115—
130.

Tiedemann, R, Sarnthein, M. and Shackleton, N. J., 1994, Astronomic timescale for the Pliocene
Atlantic ¢*®*0 and dust flux records of Ocean Drilling Program site 659, Paleoceanography, 9,
619—638.

AR - SRR, 1989, THREMEOHERY 4 7 )L L HEMBRIEIZ BT 2 —F 5. MU MRS, 95, 933—951.

MW - 4R 2, 1983, HASIBEOHIGE & AEIEEI—E=ILNEEE, B3, 53, 624—

243



631.

Vail, P. R, Mitchum, R. M. Jr. and Thompson, S., 1977, Seismic stratigraphy and global changes of sea
level, part 3 : relative changes of sea level from coastal onlap. In Payton, C. E., ed., Seismic
stratigraphy —applications to hydrocarbon exploration. Mewmz. Amer. Assoc. Petrol. Geol, , 26, 63
—97.

Vail, P. R., Audemard, F., Bowman, S. A, Eisner, P. N. and Perez-Curz, C. , 1991, The stratigraphic
signatures of tectonics, eustacy and sedimentology —an overview. In Einsele, G., Ricken, W.
and Seilacher, A., eds., Cycles and Events in Stratigraphy, Springer-Verlag, Berlin. 617 —659,

White, T. D.,, Suwa, G. and Asfaw, B. , 1994, Australiopithecus ramidus a new species of early
hominid from Aramis, Ethiopia., Nature, 371, 306—312.

KHER, 1982, RIELE). MEET - ARGERE - BEARME EXCULorR ] BB ©H R, 163
—200,

244



