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A geological study on the biostratigraphy in northern Hokkaido.
| Makoto Yanagida *
Takenobu Tanaka *

Abstract

Aim of the work is to grasp the hiostratigraphy of the strata beneath
the planned gite of Srorage Engineering Center, and to gain the
foundamental data on the detailed biostratigraphy around the site.

The site is underlain by the Sarabetsu, the Yuti and the Koetoi
Formation in descending order, deposited during the regression.
Similarly, the foraminiferal record indicates a outersublittoral condition
below DL.842m and a littoral to inner sublittoral condition at DL.U90 to
637m. In addition, based on the pollen data, there is a tendency that
Betula and Alnus decreased and Tuga increased in proportion to the depth
above DL.T00~900m. In regard to ages of the strata, it has been taken
that the Koetoi Formation was of Neodenticula kamtschatica-N. kolzumii
zone (2.5~3.8Ma) on the basis of the North Pacific diatom zones.
However, the presence of N. seminae, which is identified in this study,
shows that the formation is later than 2Ma.

After this, in order to advance the study, it is desirable to correlate
the strata around the planned site on the basis of the bicstratigraphy,
grasped on this study, and determine the ages synthetically by isotopic
dating, bilostratigraphic study and paleochronology in and around the

planned site.

Work performed by | N A co. under contract with Power Reactor and Nuclear
Fuel Development Corporation.

P N C Liaison:Geosciences Research Program Radioactive Waste Management
Project Hiromichi Hattori

¥: I NA co.
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Fig. 8 Stratigraphic ranges of taxa of the genera Denticulopsis, Crucidenticula, Neodenticula

and their related species in the middle- to high-latitude North Pacific. Width of solid
line is roughly in proportion to abundance in occurrence of each taxon. Broken lines
indicate sporadic occurrence. Narrow dotted lines show reworking observed in DSDP
Hole 438A.
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=43 EESWER
SAMPLE D-
977 1027 1001 1124 1161] 1207} 1312
ABUNDANGE RRVYR CR CR CR R GR
PRESERVATION P P P P P P P
number of valves / slide 1200 450 1200 720 800 514 1200
MARINE DIATOM e
P T 1c-:finnc_ycﬁs - curv;iu.lt-Js:—Jani;ch -t [~ 2 + 2 2
E A. ingens Rattray 7 i 10 4 1 5 5
E A. ingens Rattray {allered) + 3 1
P A ochotensis Jouse 3 2
B Actinoptychus senarius (Ehr.) Ehr. 2 2 1 4 +
B Amphora spp. 2 1 5 a +
B Arachnoidiscus Spp. 1 + + 1
P Bacteriosira fragilis (Gran} Gran 1
B Cocconeis costata Gregory 2 1 2 1 1
B G. scutellum Ehr. 7 3 1 1
B C. spp. 3 1
P Coscinodiscus marginatus Ehr. i 0 12 14 7 10 17
P C. spp. 1 + 4 1 4 5
B Cymatosira debyi Temp. & Brun 4
P Delphineis surirella [(Ehr.) Andrews 1 3 4 7
E Denticulopsis hyalina (Schrader) Simonsen 5 2 4 3 2 1
E B. lauta (Bailey) Simonsen 1
E D. spp. 1
B Diploneis spp. 3 2 2 + 5
B Grammatophora  $pp. 2 3 1 1
B Hyalodiscus obsoletus Sheshukova + 1 1 1
E lkebea tenuis (Brun) Akiba 2 1
B Melosira sol {Ehr.) Kutz. 3 1 3 1 1 1 2
B Navicula spp. 2 1 1 3 1
E MNeodenticula kamischatica [Zabelina) Akiba & Yanagisawa 9 8 12 15 8 1 6
E N. koizumii Akiba & Yanagisawa 1 1 ] 2 3 1
P N. cf. seminae (Sim. & Kan.) Akiba & Yanag. 1 +
E Mitzschia rolandit Schrader 1 1
P N. spp. + 2 3
P Odontella aurita {Lyngbye)} Agardh 1 2 + 1 2
B Paralia sutcata (Ehr.) Cl. . 2 2 15
B | Podosira gracilis 1 2
B Rhabdonema japonicum Temp. & Brun 1
E Rhizosolenia barbei (Brun) Temp. & Perag. ? 1 1 1 +
E R. curvirostris Jouse 7 1
P R ci. styliformis Bright. 1 1
P R. 5pp. 3
E Stephanogonia hanzawae Kanaya +
P Stephanopyxis spp. 16 22 15 10 13 15 7
Pl S spp. altered 2
P Thalassionema nitzschioides (Grun.) H. & M. Perag 10 12 5 7 13 33 8
E Thalassiosira antigua (Grun.) Cleve - Euler 1 1
Pl T gravida Jouse 2 5 15 1 9
E T. gravida I, fossilis Jouse 2 1 5 2
E T. jouseae Akiba 1 + 3 1 3
P T. leptopus (Grun.) Hasle & Fryxell 1
E 7. manifesta Sheshukova 1
E T. tertiaria Sheshukova
E T. zabelinae Jouse 3 2 2 ] 1 +
P T. spp. 3 4 8 7 3 11
P Thatassiothrix longissima Cleve & Grunow + + + +
NONMARINE DIATOM _
"5 T Adacosera  granuiai (Ehr) Simonsens. . | A
B Cymbella spp. +
B Eunofia Spp. 1
B Pinnutaria Spp. 1 + 3 + 1
Total number of dialom valves counted 100 100 100 100 100 100 100
Restling Spores of Chaetoceros 38 37 60 134 172 169 51
Legend

B ; benthic, E ; extinct, P ; planktic
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1~ 3 :Actinocyclus ingens RATTRAY

4 :Stephanopyxis sp.

5 :Thalassiosira sp.

6 :Cocconeis scutellum Ehr.

7 :Trochosira spinasa KITTON
8 ~18:Neodenticula kamtschatica(ZABELINA)AKIBA et YANAGISAWA
19~21:Neodenticula koizumii AKIBA et YANAGISAWA
22~27:Neodenticula seminae (SIMONSEN et KANAYADAKIBA et YANAGISAWA
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Betula( #/%) %) A#EMT 2EANS LN, BABETH 3Llarix(#5< V)

RER MmO EARRBELTVDE, —AH. BEERTH Fagus(7 )
iR, EEEZBUTHESEHRASNAD L, Fagus KEEFVEFHNS LN
muCe, HEBEREAEPEROHEALNMEL BV EN D, EEHT0 m
ERELTRKEUREEL - [JBEMLNECLEEEX AL, LML, &
EX 350miclariy OFERN L TRINIFEELRESENBD 6N BZ T & h
b, FE T00m{EN L LIRICHE T 5 Tsuga OB/, Alnus, Betula® M &
YBREPRWEPHREEELETRBL TV 2AHEEND S,

{3) &

BEOMETEMEMNESHMII BV THENE - BEFELEWRELTAE+TE - [
(1989), A+ - M - &A(1986)2, BEMRXIc> T, A+A-B - BXK
(1986) M AT EL TS (K-4.5) .

EHE - B O8NOMER GBI 2RI ERESEOBR L FHEK
T5&, Ll bBic@md - T, Tsuga ML, Alnus, Betula KN 5
CE larixEEBIREFET LI LN LIRENICHUL TV S, FMlICAH D L.
Alnus R U Betula ZBLIEBE T4 W61, E+A - (198N L 5T HF T
ENEDERE, D-1H -V /7O0RE TMmffEicdksbD BN 5,
T, A+E - B8N HELA-HENLMOBHNE T, Pinaceae (v VH,
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T00m T2 DEAAD . SEEMBOFEHNBEFRLI o LM A~DELITXHIE T % F 58
Pikd s, EHE - BEA1986) TR, Alnus AFREIATVWEV T &, B
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SOk, BHEELISAIMEFHC T CHRLLTBERE T, BH(1988)
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Pollen diagram for the core samples of the bore hole D-1, Horonobe
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Pollen diagram @ 3RMA |
Mic: Microplanktons ( BHOEZRL# x> 3) . La: Larix, F: Fagus, U: Ulmus, 7. Tilia, I: Ilex, Tpo: Triporate pollen gen.indet. (35 OBFIAES D)
Tel: Tricolpate pollen ( 3ADRFEAFE P LD, COFRBEAFOERPSZCEFELTNS tEbhnsd) , TS: Trilete spore(3 2B L LREFELHOHRTF)

MS: Monolete spores (1 XD FRFELZIFORF) ' M—4,4 {EITATII L



3BUDLR SN | =

3U0Z Udjjog

$93.] JD3) poaIq
21osadwa) j0o)

snfoy |

ojn}ag

snuly
B6ns §
03IV POXD L
X0
snuld

soiqy
DA%

g

VIl
Vi

A

B 28 %

i T
.U_l..i--.ju-..fl...-vl...u.

ol

~ H

[
)

]

1__:‘

Sarabetsy F

Yichi F

MARAMILLO E,

HATYYAMS AE,

GAUSS ME,

K —4.5 R0 BEE - EFEOTENE (E+&E - [, 1989



Taxodiaceae Taxodiaceae

Picea

100 £ m
%500

Larix({>550) Betula (X550)

Betula (x550) Alnus  (x550) Alpus  (X550)

MIERBFHIRIMO TV b D 5005
100 £ m

x 550
EHE-2 BRI EAEE



4.4 FILRZH

(1) &4 7
BBRA—YY/D-10BRABEOVTHARLGORELRE L 12, &M
—BExEzER 45 KERT,

AHBr 7V ERLXDROEFRTREL I,

D HWERLHHERLSEREAT, BIEFERKICHBRT 3,

@ 100gxBFET 3,

@ Y—A—IANZEREREZPT T, H IR 200° c2RELTELERE
T 5,

@ %7#%5%#V7»ﬁ%étﬁéiﬁﬁmﬁ\%ljﬁﬁ~2%ﬁﬁﬁ
L., 79047 LhIcBET 202G,

® FIHVEERT, ANFFAFTVEF MY T LNaPos) ©0.4 BEEE, ¥

VIR EARORSZETEE, H0.) B~ 1 REXKET B LT T

nEibd 3,

NFEFAFYCEFIYTLARBRTAETCNAL, EELEBEETTS

30,60,120,200 A v Y2 DEHEERT, EroBWIALLARBERLAS.

BBy + 7 —THEKEZEERICERSZEZREL, Ay a2 bRE-

ITBRERIERETBE--TRSER2KLKRET 5,

® RBOEPBRELLBER. A v Va2 llBREODRE>THBEBREPTH
100° c THAERT 5,

@ #RBRULIAEREL. EHNESZEALLDRIIHDTREZTT T 5,

® WRELFEMREOHIN~ XAV TEREPRIENSGFTILRORE - &
AEET 2 LAEBEEGOHENEFRREZHA T, SRRICIKEHT 5,

Q @



=1

#Z—4.5

HaoTEN—E

7%

D—1 #H-=yrvrya7aEs

F— 409 O F —1096 _
F— 539 O F —1121 O
F — 582 O F —1161 O
F — 607 O F —1207 O
F — 637 @) F —1220 O
F— 694 O F —1257 O
F- 712 O F—1271 O
F— 729 @) F —1297 —
F— 762 — F 1312 O
F— 790 — F —1332 O
F— 842 O F —1340 O
F — 873 O F —1346 O
F— 884 O F —1355 O
F— 890 O

F— 904 O

F— 914 O

F— 939 O

F— 973 O

c © &E 33
F —1061 —

FLE

O: BRREEEL, B - AEE LR
—  HLEROBENEN - R




( 2 D—1foamHER
D-1AFR-Y»7a70o3HFR, BE 490~135mOBERE2LTIT- &
x—4.6), TOHER. EEFALBE{LGLESE TR I KEGEN5E,
® Buccella frigida caride — Elphidium subarcticum HEH

(BRE 490~ 637m)

— % Spirosigmolinella, Martinottiella®@W FOFXTHEHNBIISENh 3
BWEEAR,FBADPoNE2b00, BEERBE~KKILOEHD ., Hi
B.frigida carida R U B.frigidaTs0%LlLE 52, COBEIEL, FH

BREBRNEERLIN TV B,

® Cassidulina yabei — Cribroelphidium yabei %

(ZEE 842~1355m)

rHFRUABEOHREETH S Buccella frigida caride ZUB. frigida
5L HOD., Cass. yabei, C.norvangi, Cribrononion clavatumé& W 4
EZHBEOISEHTHYXLLESD2{LaHETHrD, BEALLGTH B
Cribroelphidium yabei b E$T 5, £ 7. Uvigerina peregrina —
Epistominella pulchellaB % (RIMBELBEFOEHBICLEY) OXE
Wl ETH S Epistominella pulchella, Trifarina kokozuraensis,
Cassidulina norcrossi M EOHFEBEELILEEFTh TV 5,

® (BFEE 694~ 790m)

EE MmO L DQEIQOHELRABTH LN, TI2mD b DL Bulinina
elongata sublate67T% 2 EHE2FHELHEZFLTEY. T29mD H DA
R.F, 7T62mR T T900mD b DMRNF. THBI o, HELAGZEDTZ I
CEluadh-f, LAL, BEOSHERTIR., T03moRBIZR
Bulimana elongata sublataEE L. ®REB~KR/KED B. frigida , A&
#W @ Cribrononion clavatum& bEERKETSHD0D, TH50mD D TH.
Cass. yabei X OF Cribrononion clavatum& WA AREEMNS0B L EE 5
BlEhe, HHhOBFEELEDN S,

Mk, EE1332m & 1340m ORI RILMBIZEEFOHABICH Y



% Miliammina echigoensis MEOTER KB TH BM. echigoensis,
Cyclammina pusilla/ FO¥BEBEENEH T 50, EE1346m K T 1355m
DHEAMTE., ARBEEIERICLRS., LW -T, 2L TROEETH 3
N, BEREZnRUIMMImORBRENBEIBO 7oy 720 BEM T ~ND
EliodbhozhhdbDeEIL LN,
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GEDOD -1 R -V v7ra70a3KH TR, BHEEELANIERB S h,
TZmPERICBBLELISENRRLRL, 2055 RRARERLFTH L EThTL
52HM&E LT, Globigerina pachydelma (sinistral:&Z#% %) & Globigerina
pachydelma (dextral: H& =) KNBE H o/,

pachydelma® D (F&) -8 (E&) OXE{iZ, FH{icEs> boLahn,
hiEgEMATHE, BF L2 Ma iZD-»SABI-EFZ 5N TWVS (Tsuchi,
1984, M —4.8), DTEEREH 5 &, pachydelna® DRV S BEFEE 973m LUE
TREELTHBO., BE M4mO RBOASHMELTVE, Lizdt->T, &
E 0mfERD>SHEANFET P HERRS S, LrL, FHELRKIVLT
L2MaliAAo BRI SBBPWOFEFEIMSAT VWS, F/, RHMEIHEFRFC
METAHSEbEABELE. FRESKBYAD-SHREORbIAL RN
52 &EbEBRAOND, 1L, BE InEKD>SE/hOHEINLSHE
wibid. 4.3 TR HEROE{hoBESN L2 E B/ GEE T00m
i) EFELBLVWBEILS S,

Bk, AMBEEUCRIMBIBOTE, BEFTILARI20FXEILS N
THEO, TP OSHEINIEFRELHBEBLR LOWNEIITOhhTVE (K-
4.7),
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1Y HILA LT R {t & B SRR HeifTUR
Cribroeiphidium yabei — Cribrononion clavalum, Cribroelphidium
Ammonia cf. becearii yabei. Bucceila [rigida. Quinquelocuiina spp.. n & B A iR i
E Assemblage-zone Amimonia cf. becearii
&
? Epistominella pulchella, Uvigerina peregrina, -2
:*; Uvigerina peregrina — Trifarina kokozuraensis. Cassidulina oo
# | Epistomineila pulcheila narcrossi, Globocassiduiina subglobosa. oM -
| Assemblage-zone Cribrononion clavatum, Pseudononion "o
japomnicum
Milamrina echigoensis, Martinottiella
communis. Cyclammina pusiila, C. canceilata, HE ™M
Miliammina echigoensis — C. japonica. Hapiphragmoides subgiobosum, _—
Assemblage-zone H. renai, Cassidulina narcrossi, Trrifarina *w il
kokozuraensis, Uvigerina peregrina,
Epistorminella puicheila, Cibicides ungerianus
th .
n Cyclammina canceliata, C. japoriica.
Trochammina sp. — . . . .
Martinottiella communis C. pu.stlla.' C. orb1culani. Trochammina s:p.. A
Asserblage-zone Martinottiella communis, Haplophragmotdes LI (LE5UE)
subglobosum. H. eveluta, H. sp.
(‘ s | Martinottiella communis — Spirosigmoiiine:ila cc.impressa. gyclammina
. i cancellata, C. japonica, C. pusilla.
Spirosigmoilinella compressa . . . .
Assemblage-zone C. orbicularis, Haplophragmoides evc:[ula.
H. subglobosum, H. sp. . Trochammina sp.
Ammonia yubariensis, Ammonia yubari —
Cribroelphidium yabei, ensis,
| Ammonia yubariensis ~ Valvulineria nipponica, Cribrcelpl:lidium :
Sphaeroidina builoides. yabei, wEHNH
Assemndlage- zone . . . .
Pullenia bulloides. Quingueloculina .
Martinettieila communis, spp.
Spirosigmoilinella compressa,
Barren Forzminifera Zone z & B B m®
- Plectotrochammina Plectotrochammina poronaieasis, Cyclamminé Eoanusimin
& poronaiensis — pacifica, Haplophragmoides subamakusaensis -
" Crelmmina pacifica Reophax lappuensis, Bulimina schwageri, e {2 i il
Assemblage-zoke Melonis pompilicides shimokinense
-7 m M 8
Bulimina schwageri. Gyroidinoides yokoyamai CEA)
- . Globocassidulina glebosa, Globobulimina T o f TR
Buiimina schwagert — .o R \ .
4 | Gyroidinoides yakoyamai ezoensu?.. .ectofrondllculana- ?ackardu. . -. .
Assemblage-zone P. gracilis, Cyclamrina pacifica. C. tani, TF B iR lE
C. incisa. Haplophragmoides subamakusaensis. (< iEA )
i Globigerina linaperta
¥ By
Barren Foraminilera Zone TR ;Eﬁ:fh%‘?;'“
RO

(RAHREMELR, 1982)
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Planklonic foraminifera Diatom Radiolaria Calcarecus nannoplankton
Ma A D E F G H 1 ) K Ma
v D S, o .
@ jg";’['p'.‘d'.ydegsalnss. e _\_ R.c, | R.curvirostris T 9,27 ——— % ug:g;leol':::ul: - B invaginata B 0.2~ Mizi| G5 [R-E-husteyi B 0.3
| ulleniatina - A.gculetus T 0.97 " C.tuberosa B 0,4* - -lacunoesa . -
|2 —/gq:"“san°ftTI_1'9_;——“\__B o A.0. L— R curvirostris B 1.5 ——— £.matuyamai _‘\\-A.ungelinum T 0. 4% /||mig CN13d %H.se!!ii T L.20 -———//:,——
B ri.truncatulinoldes : - T.antiqua T 1.75 ———————— 7\ E.maruyemai T 1.0%*= A T e c \_C-mucinlyref T L.5* .
w _\P""e"i‘“""." Ds 2.0% D5 VAN b, dotiolus B 1.87— i /)] L.heteroporos \:P.prismatium T 1.6*es | Cn‘l'IZ—E--\_\-D.bmuweriT. G.oceanica B 1.7%
Lz —_\—gg:l.lasanol B ;i - b s, ‘\: T.convexa T 2.2 \ E.matuyamoi B L.Be** —_/_ HIAG Gephymfcnpsu SPE'_Bi'___/_/ |
o _\.3 e e / Dk D.kamtschatica' T 2.48 5.peregrina T 2.8%* wess| et \“D_tamalis T 2:?' -
-5 ps.spp. T 3.1 s L _\ R.tatsunokuchiensis B 2.7 / S.tangii . R.pseudoumbilica T T
o Grt.margaritae T 3.4 L.heteroporos B - Sphenolithus T 3.2
A.oculatus B 3.7 e
Pulleniating 3D 3.7+ +* : ] S.acquilonium B 4.7 |15
5 H Cna nomanties T 3,50+ H _\ D.seminae v.B, Cm.insignisT 4,3 | = t—=——-==- A% . el enio
:" -\-Spa. de‘:liscens . / D.k C.temperi T, N.jousens B 4.6, S.peregrina S.lengii B 5.0 = D.quinqueramus T 5,7+ —————u] i
- Gt -mmidu s.5. B 5 e R, ealifornica T 5.3 T.japonica B 6.1 - — b -
& -tumida s.s. B 5. \- A.acutiloba T 5.3 . AW S.delmontensis—+S.peregrina 6.1: HN11|CH9 —1— A.primus B 6.6 —p————
-la Pulleniating B 5.8 /— D.kemtschatica B, D. husiedtii -/ L 0.penultimus 0.antepenultimus— . 3| ;D.berggrenil B 7.4 "= N
= X . ) et T 6.4 / 0.penuttimus 7.5 — 5 D.quinqueramus B 7.4
| i, 16|  “Grt-tumida plesioiumida B 6.8 — D.h. C. yabei" T 8.2 0 A L.nipponica magnacornuta T 7'5_/' o] o
I - . .cnte-
- j . b penultimus I RN1Q{CHB a ]
. Grt.acostaensis s.5. B 9.1 ——— F C.petterssonis 0, hughest 9.3++_
10)- N.15 13 D.lauta T, D.dimorpha T 9.7 =—-— C.petterssoni %C.iupom’caT 9.54—»:____/_"‘,._._._ 5 1.
Grt.slakensis T 10,47+ — :\\ E.yatucense T 9.7 _H__/_ HITCR I b —a—
SE{IRT) L . | \-_ L.neotera+L.bacea 0.0 — " 1
w ) + —D.dimorpha B 11.1 C.sp B~C.petierssoni 10.3 NRG | CNE C.coatitus B 11,4 -
8 Gna.nepenthes B 11.6° —————| [ | ++ NN7 b
o b e | . i . o . it E
= N.13 D.1. 1}— H.cuneiformis B 12.2 :\g 2:::13‘?;"‘1]: 710 s //— -—-—c . r——C. floridenus T 12.3
. , . . n .
[ v [ —C.temperi B 12.8§ —— D.alata L.nipponica maghacornutaB11.5 NG a T
el iz Sps.subdehiscens B 11,3%* E.i +t / -+
=y . Jinflatum T 12.0 s h T 13.9
JE pLall L C.tetrapera TA 12.2" —— ! 5. heteromorphus 8
N.10 Grt. periphearoacute B 14,67 — D.hustedtii B 14.4 L.renzaest. neotera }3'0 /_ NK5 | CH4
15 N.9 . U D1, C.sp A—C.sp B 13.3 H H1s
Orbulina B 15.5 D.laute B 15.5 L.nipponicas.s.B, S.almata T 13.7 | -
: : - D.deflandrei TA 15,87 ——n |
- fe] (N8 E— A. . . !
8 gzzie:f:u:na; 5.5 ! K.carina TA C.costata i; ::;‘;;?::EB 11'14 °4++ Iz
LSweanus . AL . .++ CH3 ]
B R.7 Koo C.costata T 14.8 - r 5 175
T Gta. dissimilis funicarva T 17.6'H'+— A.ingens B E,asangi B 15.2 — 5. neteromorphus - i
B % = Gla.insueta B 18,077 D.dentata D.a!uir'g 15.3 F cNZ
o K.c 5. wotffii C.costata B-17.0 .
B N.5 L R
]
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= .r it
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o
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25t 1 § 435

Fig. 3. Planktonic foraminiferal, diatom, radiclarian and calcareous nannoplankton datum levels and zones applicable to the correlation of

Neogene land-based sections in Japan. Estimated ages of datum levels are also indicated. (Slightly modified from Tsuchi ez af., 1981)
A: Geologic age.

B: Geomagnetic polarity time scale.(B, Brunhes; M, Matuyama; G, Gauss; L, Gilbert; 5, Epoch 5.)
C: Planktonic foraminiferal zones given by Blow (1969). ‘
D: Datum levels and their approximate ages (Ma) of planktonic foraminifera, B: Base datum or the first zppearance datum. T:

++: Estimate from biostratigraphy and magnetostrat-igraphj of core V24-59 and RC12-66 (Hays ef al., 1969 ; Saito er al., 1975).
+++: Estimate from biostratipraphy of DSDP Site 289 (Andrews and Packam er al., 1975; Srinivasan and Kennett, 1981)
*: Estimate from biostratigraphic and magnetostratigraphy of the Neogene Kakegawa section (Tsuchi and Ibaraki, 1978).
**- Ectimate from biostratigraphy of the Neogene section of Boso Peninsula (Oda, 1977)
***. Corimate from biostratigraphic and magnetostratigraphy of-core V20-119 (Maiya et al., 1976).

Radiolaria—

Top datum or the last appearance datum. DS,5D: Horizons of coiling change from dextral to sinistral and sinistral to dextral. *: Estimate based on Sakai ez al. (1981).
E: Diatom zones after Donahtie (1970) and Koizumi (1973, 1979). **. Estimate from that given by Hays and Shacklston (1976).
F: Datum levels and their approximate ages (Ma) of diatom species. TA: Top abundant or the highest level of the acme of the #4%: Estimate from that given by Hays (1970).

species. . : *: Estimate based on unpublished data by T. Sakai. :
G: Radiolarian zones given by Riedel and Sanfillippo (1978) and Sakai (1980). ++: Estimate from biostratigraphy of DSDP Site 289, partly combining biostratigraphic data available from Site 436,
H: Datum levels and their approximate ages (Ma) of radiolarians. +++: Estimate from that given by Theyer er al. (1978).
I: Calcareous nannoplankton zones by Martini (1971). Calcareous nannoplankton—— .
J: Zones by Okada and Bukry (1980). *: Estimate from that given by Gartner (1979).
K: Datum levels and their approximate ages (Ma) of calcareous nannoplankton, **: Fstimate from that given by Haq er al, (1977).
Published sources of age estimations of the respective datum levels are marked by symbols as follows: i

: Estimate from that given by Okada and Bukry (1980).
. +: Estimate from that proposed by Hag and Berggren (1978).
*: Estimate from K-Ar ages (Kawai and Hirooka, 1966; Shibata and Nozawa, 1968; Ikebe er af., 1972; Shibata, 1973; ++: Estimate from biostratigraphy of DSDP Site 289 (Unpublished data by H. Okada)

Shibata er of., 1979). +++: Estimate from that given by Haq ez al. {1980).

Planktonic foraminifera —
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249 EREF/LGEHS

SAMPLE No, N-539 N-582 N-607 N-637 N-604 N-711 N-729 N-762
ABUNDANCE / PRESERVATION B 8 B B B B B B
ECTHING / OVERGROWTH - - . . - - - -
REWORKING / CONTAMINATION - - - - - . N -
NANNOZONE {CN-) - - - - - - . -

Coccofithus pelagicus - - - - - - - .

SAMPLE No. N-790 © N-B42 N-B73 N-885 N-890 N-904 N-814 N-933
ABUNDANCE / PRESERVATION B TiM B TiM B B B B
ECTHING f OVERGROWTH - 212 -, 172 - - - -
REWORKING / CONTAMINATION - non - . non - - - -
NANNOZONE {CN-) - ? - ? - . - . -

Geccolithus pelagicus - n] - 2] - - - . .

SAMPLE No. N-973 N-1027 N-1061 N-1062 N-1081 N-1121 N-1124 N-1161
ABUNDANCE / PRESERVATION B B 8 B B B B AIM
ECTHING / OVERGROWTH . . - - . - . 112
REWORKING f GONTAMINATION . . . . . . - non
NANNOZGNE (CN-} . . - . . - . ?

Coccolithus pelagicus - - - - - - - ) D

SAMPLE No. N-1181 N-1207 N-i220 N-1257 . N-1270 N-1285 N-1311 N-1333
ABUNDANCE / PRESERVATION B B B TIM TIM B B B

ECTHING / OVERGROWTH - - - 2/3 2it
REWORKING / CONTAMINATION - - - non - non
NANNOZONE {(CiN-) - - - ? ?

Coccolithus pelagicus - - - D - B

SAMPLE No. N-1355 N-1339
ABUNDANCE / PAESERVATION B B
ECTHING / OVERGROWTH - -
REWORKING 7 CONTAMINATION - -
NANNOZONE (CN-) - -

Coccolithus pelagicus - -

Note : '
Abundance: A = abundant; C = common; F = few; R = rare. T = trace {very rare}
8 = barren.
Distribution chart :
D = dominant {more than 50% of assemblage)}
A =-abundant (more than 10% and less than 50% of assemblage)
C = common {more than 1% and less than 10% of assamblage)
F = few {more than 0.1% and less than 1% of assemblage)
R = rare {more than 0.01% and less than 0,1% of assemblage)
T = trace (less than 0.01% of assemblage)
Preservation: G = good; M = moderate; P = poor
Etching & Overgrouth: 0 = non; 1 = slight; 2 = moderate; 3 = strong; 4 = heavy.
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PALEO- | maRTINI | BUKRY, 1973;1975
: ) TAKAYAMA & | RIO, BACKMAN
MAGNE.| 1971 | Bkdaf, | Bepoens GARTNER, 1977 | /70 1087 | & RAFIl (inpress) | MATSUOKA & OKADA, 1989
E. huxfeyi Acme Zon :
o NN 21 CN 15 CN 15 Y one Domtinant £. huxfeyi A
u E. huxleyi Zone - LOH.L 0.5 + B 0.12 e
T . FOE. h. 0.24 - B
— FO E. huxleyi 0.27 Jooceny
i NN20 { CN14b | CN14b G.oceanica Zone | | op; 039
h - C
o = FOH.i. 0.48 — — LO P. lacunosa 0.46 -
m 'Ié)p Acme 0.62 ‘\“\[\)‘ﬁ\
[~ G. profohuxieyi v. A S0z 1
0.73- CN 14a P.lacunosa Zone Botﬁ:m Acmey p D2
TopAR.a. 0.83 - & e it S
0.914 b L FOG.p. 0.89 0.83 nguvi?.ﬁﬁ’%fsp Al 08T \\\\Ei
0_98—<: TOp s. 3. -0.83 E'_ mid. Gep }/roca Sa 0.92 :‘
< _ CN 14 small Gephyrocapsa 08 50 Reticulo. sp fAI &0 %87 E
a - - . isappearance of large
P NN 19 Zone LOLG. 1.10 Bot.s. G. 152 mid pgephyrocapsa 95110 P
N CN 130 — LOH.s. 1.19 IS LOH. sefii 120 - F
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