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Abstract

Three planktonic foraminiferal assemblages are described from the Kusanagi and Furukuchi formations in the northwest
part of the Shinjo Basin, Yamagata Prefecture, Japan. The assemblage from the lower part of the Kusanagi Formation,
which is characterized by abundant dextral-coiling Neogloboquadrina species such as N. pseudopachyderma and N.
continuosa along with warm-water species of Globigerinoides and Globorotalia, corresponds to the lower assemblage of
the Globorotalia pseudopachyderma | Globigerina woodi (s. 1.) Zone (PF 4) of Maiya (1978) and is assigned to the N13/
N14 zone of Blow (1969) and the O-3 assemblage of the Ayukawa—Yurihara district.

The assemblage from the upper part of the Kusanagi Formation, which is dominated by Globigerina species such as G.
bulloides with rare occurrence of Globorotalia miozea, belongs to the upper assemblage of the PF 4. This assemblage is
correlated with the O-1 assemblage, based on the occurrence of Nodosaria raphana. Its geological age is estimated to be
around 8.2 Ma by Kato et al. (2008).

The assemblage from the upper part of the Furukuchi Formation is characterized by the common occurrence of G.
bulloides and Neogloboquadrina pachyderma (sinistral) with Orbulina sturalis. This assemblage is the same as that from
the middle part of the Noguchi Formation (Aita et al., 1999) and is similar to that from the lowermost part of the Shiiya
Formation along the Gomoto River (Miwa and Ichinoseki, 1997), which yields a geological age of 4.7-5.2 Ma.

The planktonic foraminiferal assemblage from SK 6 is probably assigned to the upper N16/N17a and corresponds to the
O-1 assemblage, based on the occurrence of N. raphana. Therefore, the Kamabuchi Formation exposed around SK 6 is
correlated with the Kusanagi Formation.

Three benthonic foraminiferal assemblages (calcareous, arenaceous and mixed) are recognized in the Kusanagi and
Furukuchi formations. The arenaceous assemblage indicates a stagnant environment and the calcareous assemblage shows
evidence for the initiation of climatic warmings.

The Kusanagi Formation was probably deposited in the upper bathyal zone to the upper part of the middle bathyal zone,
with eastward shallowing. The depositional environment of the Furukuchi Formation is estimated to have been the upper
bathyal zone to the lower part of the middle bathyal zone, with southward deepening.

Key words: foraminifera, Kusanagi Formation, Furukuchi Formation, Shinjo Basin, O-1 assemblage

2hstibahcns 8, 1962).
1. AU

IR i 3 B L AR o B AR 012 FseE 3 % il E s oo —
HEMHE L TB Y, H<»oEFAENERS VS (B/EF
1924). T OHUOHHE =RiE, FhiroHRE, HiE O
B, THRRE (BOE), SREB LGB snTns
(KiRE», 1986). BB & B IImES (GuiiRiEs) &%
AoNTHY G, 1954), FKHEHIFEOLZIINEE Mgz n

K (1978) ok Bl EALRILGEF I LN, WIER
Globorotalia pseudopachyderma | Globigerina woodi Zone (PF 4) I,
A 512 Barren planktonic foraminifera Zone (PF 5) i<, fit)II/&@
81 Globorotalia ikebei | Orbulina universa Zone (PF6) 12 T 1%
naftbsnTw sy, LIEPHIE, BLUThsofbER
— M FEE A LR A DERAZ LS, FEL VIR 2
EzShTwigw,

SERK 10 AR EBE Mo E EHEYE Gelld) » SHfEO



84

bR n, ha2RIc b e H g% O FER O HERER S I
SWVLTHRANKBHAES TR b (BRI EYEE, 1999). #%
fEGEVWEFhosfEE (LA, fagh, GKES v/, H
bEHHEE KL, ERPEEICEHBEENEEI N HIIE 2,
1999). L Lihss, #-oh ot cdimEkagilhabn s
BINEZELTWDT, 2hoDiko—f2 Rt L <Es, §
LdftmofEE2iT8 5 L Ebic, ARLEZOX o v F v A4
Rk (St/*Sr k) AE L 7.

F o, GG IR IER 57 BTN L /iR B A
TEI L 25khcid, BB L ohOEhiclinTd 2 0l
HHELRbAEESCREDH O, WEERZEZRETT 2 ETHR)&
EZionb,

Argcld, choofbRed L, FickHE s FOgoE
FRIZOVTEEL, i TR EPHERFREIC DLW T ERT 5.

2. MRS

FIEAMPEERIC I EAEE S L O OBSES AL TVWE GF
LX), HHEE O il 3 5 EERF IRF ST —4 T b 5 (X,
1924). KiRiE» (1986) i L hiF, ABIFZEE L THERSE D
515, IR CTHRIEEIKS P E £ S, WHERE L AL,
JEIE 14250 ~500 m TdH 5. WHESIEHEETHD, $om HAL

I
E 140°

N

S
Ayukawa - Yurihara | » =]
Oil & Gas Field o

1: Magarikawa SK-1
2: Noguchi SK-1

|- N 38°

Tsuruoka
o

/ major fault
Furukuchi Formation

E Kusanagi & Onnagawa
Formations

0o 10 20 30km
e ettt

B, G, &)1 - R - 7R H, YOS & O 4o AE

X & EERE @) B & Ol

Fig. 1. Index map showing the studied areas and the locations of the Ayukawa
—Yurihara oil and gas field, two wells, Ushigoe, and the distribution of the
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Table 1. Species chart of planktonic foraminifera.
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Table 2. Species chart of benthonic foraminifera.

Routej

Nishikawa (KTS)

Nishikomatagawa (KTS)

Formation Furukuchi

Kusanagi

Furukuchi

Kusanagi

Locality| 2722 2721 2720 ] 2719] 2718

2717 2716] 2701 2703 ] 2704 ] 2715 2714 2713

2816] 2817] 2818] 2801] 2802 2803] 2804

2805] 2806] 2808] 2810] 2811] 2812] 2813

Species

| tmmonia japonica (Hada)
| tmmonia sp. indet. 1 3
h)

ikebei Husezima & Maruhasi
| tngulogerina kokoz:

Amphicoryna scalaris (Ba

aensis Asano

12

[ tngulogerina sp. indet.
Anomalinoides glabratus (Cushman) 2 10 7
tstronomion umbilicatulum Uchio
tstronomion sp. indet

[Baggina totomiensis Makiyama

138

[Baggina sp.

Botivina robusta Brady

| Boiivina sp.

Buccella sp. indet.
Bulimina striata dOrbigny

[Bulimina sp. indet. T
(Cassidulina norvangi Thaimann
(Cassidulinoides parkerianus (Brady) 2 10 1
Cibicides pseudoungerianus (Cushman) 6 21

Cibicides refulgens Montfort

-

Cibicides ungerianus (& Orbigny)
Cibicides spp. 6
Cibicidoides wuellerstorfi (Schwager) 1 2
Cribrociphidium yabei (Asano)
Cribrononion spp.

‘,

10
16

Dentalina sp. indet. 1
|Discorbinella araucana (d* Orbigny)
Eiphidium crispum (Linne)
Eiphidium cf. kusiroense (Asano)

lﬂp/mlmm spp.
[Epistominella o pulchella Musezima & Maruhast 24 105 i 0
| Eponides sp.
Fissurina spp. 1 2

Frondicularia advena Cushman

Fursenkoina ishikiensis (Asano)

71 1304

[Fursenkoina sp. indet.
Gavelinopsis transiucens (Phleger & Parker)
Gavelinopsis sp. indet

Glabratella sp.

Glandurin cuspidata Franzenau

Globocassidulina subglobosa (Brady) 6 31 12
(Giobocassidulina bisecta Nomura
Globulina sp.

Guttulina spp.

Gyroidina orbicularis & Orbigny

Gyroidinoides sp.
| Hanzawaia nipponica Asano
| Fopkinsina sinboi Matsun
Istandiella helenae (Feylig-Hanssen & Buzas)
islandiclla islandica (Norvang)

[Islandiella norcrossi (Cushman) 5 o
standicita sublimbata (Asano & Nakamura)
standiella yaber (Asano & Nakamura)

standiella sp. indet 1
Lagena striata (@Orbigny)

[Lagena spp. 1 1
Lenticulina nikobarensis (Sehwager)
Lenticutina spp.
|vtelonis nicobarense (Cushman) 1
[Melonis pompilioides (Fichtel & Moll) 6 2 4

[T N

32
138

[Melonis sp. indet. 1 1
| Nodosaria raphana (Linne)
Nodosaria sp. indet

[Nonion nagasawaense Matsunaga
[Nonionella sp. indet 1

[Nonionellina labradorica (Dawson) 3
[Nonionellina sp. indet. 7
[Nonionoides grateloupi (d"Orbigny)
Oolina melo dOrbigny 1
Oolina spp. 1 1

[Paracassidulina sagamiensis (Asano & Nakamura)
Pararotatia nipponica (Asano)

|Pararotalia sp.

| Planulina ariminensis 4" Orbigny
Plectofiondicularia spp.

[Porosorotalia makiyamae (Chij)
 Pracgiobobulimina pupoides (Orbigny)
| Pracglobobulimina & Globobulimina gen. sp. indet 12 3 10 "
Preudoglandutina sp. 1 1

Pseudononion japonicum Asano

147 318
133 158

636
226

69

[Pullenia bulloides (dOrbigny)
| Pullenia quingueloba (Reuss)
Pullenia subcarinata (& Orbigny) 2 12
Putlenia sp. indet.

| Rosalina bradyi (Cushman)

[Rosalina isabelleana dOrbigny
[Rosalina vilardeboana dOrbigny

| Rosatina spp.

Sigmoilopsis schiumbergeri (Silvestri)
|Sphacroidina bulloides dOrbigny

[Sphacroidina spp. 12 30 9 a
[stainforthia sp. indet
stilostomella sp. indet.
Triloculina sp.

Vvigerina akitaensis Asano 2 1 3

[Uvigerina auberiana d*Orbigny
Uigerina hootsi Rankin

Uvigerina proboscidea Schwager
Uvigerina yabei Asano 13 58 o1 1
Vvigerina sp. indet. 3 2 13 2

28 il

Valvlineria nipponica 1shizaki
Vabvlineria sadonica Asano 8 1

Vabulineria sp. inde. 6 2
Virgulinella sp.
Calcareous Foram. Miscellancous Genus 13 2

| tmmobacuiites sp. indet. 1 1
| mmodiscoides sp.

tmmodiscus incertus (d"Orbigny)
L tmmodiscus spp. 4 4 1

sp.
Cribrostomoides evoluta (Natland)
Cribrostomoides subglobosus (Cushman) 12 5 2 5|
Cribrostomoides cf. subglobosus (Cushman) 21 33 7
Cribrostomoides sp. indet. 182 134 515 155 65|
Cyclammina cancellata Brady 2

12
10

[Cyclammina ezoensis Asano
Cyclammina japonica Asano
Cyclammina pusilla Brady 4
Cyctammina sp. indet 7
Dorothia so. indet

o oo
NN
oo

oo s

[Egerella sp. indet.
Gaudrvinella so.
Glaphyrammina americana (Cushman)

(Goesella schencki Asano
Goesella sp. indet

[Karrerulina conversa (Grzybowski)
(Martinoiella communis (& Orbigny)
|\ tultifidella nodulosa (Cushman) 38 4
| Psammosphacra sp. 1
[Reophax sp. indet 1

58

[Rhabdammina sp. indet. B 12 7
[saccammina sphaerica Brady
[spiroplectammina sp.

svirosigmoilinella compressa Matsunaga
Trochammin sp. indet 3 5 5

eroninoides crassimargo (Norman) 33 20 71 36 5|
Veleroninoides scitulus (Brady) 1 25
Veleroninoides sp. 1 14
[Arenaceous Foram. Miscellaneous Genus 53 159 123 234 148

[Total Calcareous Benthonic Foraminifera 13 351 174 75 0|
[Total Arenaceous Benthonic Foraminifera 344 405 892 527 285
al 7

Benihonic FOminira 479 786 1066 60

61
1

0 73 2087
314 2 374
314 461

1675

24
1699

1

12
218
30

116 36 105| 22 3
116 6105l I3

346
113
250

16
12

3
42

877

1056

14|
148|

Ku: Kusanagi, Ka: Kamabuchi
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é % Epistominella cf. pulchella ® % FE TR S W &5 1, PE)IITR
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Angulogerina sp., Nonionellina labradorica, Islandiella helenae 13
b EMNZEE L, W/NRII T E Melonis pompilioides % Uvigerina

hootsi I8 %S 5. ML OFEKE (2714,2715 6 L U 2812) Tl
Cribrononion &% Cribroelphidium J& 3 HIENIZ  GEN 5.

FRERE B o A CE B E, P8I T3 Cassidulina norvangi,

Epistominella cf. pulchella, Uvigerina auberiana %5 b & W) % B
3 5 DXt L, PE/NRIITIE Praeglobobulimina pupoides,

N Fursenkoina sp., Islandiella norcrossi, Uvigerina yabei, Epistominella
] E of. pulchella %5 % B L T \» %. @i JIl SK-1 © B 5 & F i b
7 Praeglobobulimina pupoides DFEH TR ST 55 (GF 2 X).

B E O WYBEREE X Cribrostomoides sp. D % FE & Martinottiella
communis O W ZETH#ES T o N5,

* WO JE o W H B & Cribrostomoides sp. & Martinottiella

communis D% FE TR DT 5N 508, Cyclammina J§ D% { D&
% & . P8I T & Cribrostomoides sp. 75 Martinottiella communis

i p L0 bEBHTHBZOIHL, PIMRI (R0 2 3K 2816 &
. 1: 2817 ZBr <) F IR T Martinottiella communis 73 0 BE &
9 7 oTW5b, Il SK-1 TIE, T T Martinottiella bradyana H34F
3 4 BIICEEHI LTV 5 (2. F7/, KBOWEE Multifidella
“ nodulosa H3P8)1| (2720), PE/NMRI (2818), B WLIR (KOT 250,

241) Tw—H—INEZEEZLTBY, FHEN 3. BRIROK

TE O (KOT 243) 1T & Spirosigmoilinella compressa 73383

5N 5.
2 " W OB O R G ESE T, Epistominella cf. pulchella, Uvigerina
i p yabei, Islandiella norcrossi 3 & U Sphaeroidina spp. 15 & O 4 JK'ETE
‘ MIRNZEL TV 2.,
- SK 6 DIEEGFARILATHRIAIKBEREOA» Sk h, £
“ PEFE (& e ik 1 Ak B8 & & D Cibicides spp., Angulogerina ikebei,

Hanzawaia nipponica ¥ & U* Porosorotalia makiyamae T& %. AR
EA (2002) BRI DN LIE Gehig) 7 o[RS S Z #H

HLTW5. £, Globocassidulina subglobosa @ X 5 15 |

g ic s b S0, MOZREMENS .

5. A fLIRGEE D YSr/Sr Hel ik gL

e 2 = = o Bit2Z oz 4 B » SoEH LEARLED S B, HiRNZ
Mmoo PE L 2R A VT & a2 ~ 3 o YSr/sr il E a4 TERK L
S P o B3 R). BOEoEAiSoRERILEBO TARTH D,
E— FrIiT NS 12 B ESSEL LTV 3B, —F, SK6 ofFFLEbLE DR
oo FRWEBIFTH 5.
PR 1St/%Sr H il TE RS B % NBS987 = 0.710251 THIMAL L TH 4 &
B WoRY. HIERZE (R20) d—H ok £ B & RN S Vs,
? : SK6 D 2ikk (No.7,8) ZMEMEBD /N5 Y FHWKEW,
HIEH#E B % NBS987 = 0.710240 5 & U NBS987 = 0.710248 THik%
: o o o s o1 ftL, =2 n@FE (1993) F & U McArthur and Howarth (2004)

0
370 250 332 225 511 1 0|

S - TSrFEREZFTR L2, 51, REILCDVTRIAER
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Fig. 5. Occurrence of planktonic foraminifera and distribution of benthonic foraminiferal assemblages.

&L 7y 87 86 3 I,—-—»E v . N . - §
%3. ﬁ?LEEJLX Sl"/ SI"H:A{EJIE ng:’l’ . ' @é/_l%%ﬁ)b Sr ﬂf{‘t{[ﬁ@ﬁ,g%faffk?f) 7L:‘ E’T’D’%@ 3ﬂi:!
Table 3. Samples for measurements of *'Sr/ ™Sr ratios. s SN, . . .
No. Locality Formation Species Presevatior  Number 56 BURHF TR CRrE S fEE S N2 4%, Stk
ECHEIE-TWE, SK6 D SrAFERIEH 11 Ma A/R
1 NS 12 Noguchi Uvigerina sp. indet. P D 4+
2 Islandiella sp. indet. P 7
3 NS 12-1 Noguchi Uvigerina sp. indet. P D 20
4 Cibicides sp. P D 30 6. % %
5 OA 14 Noguchi Uvigerina sp. indet. P D 30
6 Islandiella sp. indet. P D 5 6.1 f@gﬂg{—t
7 SK 6 Kamabuchi Ammonia  japonica P 30 e - N ‘4 N
8 Hanzawaia nipponica P 30 E%E no FEEH:‘I RS (#ﬁf‘féﬁﬂﬂ{t@ﬁﬁ% (=S %jt H
’ olomserme ot ' ” il WAL O FEPE T LAY OR A, 1978)
P: partly broken D: dark color
A, GILHGEO TSr/ Sr LR 5.
Table 4. Results of measurements ¥'Sr / **Sr ratios and calculated Sr ages.
Sample Formation Measurment Corrected Sr age’ CorrectedSr age . Error Ref.
No. srMsr  £26 Ysr/sr (Ma) YSr/*Sr  (Ma) (&)
1 NS12 Noguchi 0.709063  0.000033 0.709052  4.8-2.1 0.709060 3.1 0.4
2 0.709124  0.000041 0.709113 1.1 0.709121 1.3 0.1
3 NS12-1 Noguchi 0.707201  0.000021 0.707190 0.707198
4 0.707126  0.000021 0.707115 0.707123
5 OA14 Noguchi 0.708771 0.000014 0.708760 14.8 0.708768 15.3 0.2
6 0.708952  0.000041 0.708941 8.9-5.2 0.708949 7.2 0.2
7 SK6 Kamabuchi 0.708843  0.000014 0.708832 11.5 0.708840 11.8 0.4
8 0.708859  0.000014 0.708848 10.8 0.708856 11.0 0.2
9 0.708806  0.000027 0.708795 13.2 0.708803 13.8 0.7
Yurihara SK-14D
1160m  O-1 0.708933  8.9-5.2 0.708941 7.5 1)
O-1 0.708959  8.9-5.2 0.708967 6.6 1)
1400m  O-2 0.708886 9.0 0.708894 9.8 1)
1500m  O-3 0.708843 11.0 0.708851 11.2 1)
Nishi-Yurihara AK-1
1460m  O-1 0.708960  8.9-5.2 0.708968 6.5 1)

NBS987 = 0.710251

NBS987 = 0.710240
* Ito (1993)

1) Kato and Nakano (1999)

NBS987 =0.710248
** McArthur and Howarth (2004)
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i Planktonic Foraminifera Calcareous .
G;ologlc Nannofossil | Diatom
e . . Okada & Yanagisawa
8€ (Ma) |Blow (1969) Maiya (1978) Bukry (1980) & Akiba (1998)
Pleistocene N21
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= |L
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S |k | N19 | Globorotatia ikebei PF 6 CN11
= 5 / Orbulina universa Zone
Tt ————————————— REm— CN 10
— b X
—{ Barren Planktonic PF5
4 N17 Foraminifera Zone i CN9Y NPD 7A
a
g 11—~ == NPD 6B
o |- - CN8 NPD 6A
5 10 — N16 | Globorotatia psendopachyderma | pp 4 CN 7 NPD 5D
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= NIS b
N4
= RG] ] | __ | ONs NPD 5B
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6. A Gy S UL HrER (2000) ZfEIE.
Fig. 6. Microfossils zones and geologic age. Modified from Niigata Pref. (2000).

@D Globorotalia pseudopachyderma | Globigerina woodi (s.1.) Zone (PF
4 icktbrETd B (6 KD, & D Neogloboquadrina & D%
FElZ PF 4 O NESEEEE, Globigerina J& D %7 3 PF 4 @ FIEEED
Frcd b OF Lid2, 2008), FHEE MROBE R PF 4 © FERIC,
EifE EETOTHE I PR 4 @ Eific e e hudthan s, HKE
TEB DL 13 Blow (1969) DA X 4> D N13 ~N14 ioxdtb s 1,
Barron and Baldauf (1990) @ Climatic Optimum 2 IZ#H49 % (g
5, 1995).

BEfE L oL, —Hoik (2716) THKEEANE
@ Nodosaria raphana BEEH LTV 3, T O, 51— HF]R
iy e A2 e (LR — A 1< o T)IEH o
O-1 HEZRHo T aHTH 2 Nk« J L, 1997). O-1 B
RIEFEEPHIC 3 L, Frigis o BIF St~ — 5 — TH % “Blue
Zone” & bAFLLR[RETH b, T DERIFFK 82 Ma & RS SN
TW3 (nEiEs, 2008). “Blue Zone” (% PF 4 @ FERICEED 5
11, Climatic Optimum 3 (219" % (. LiEH, 2008). KEO4:
Bor—r GEIK) <, O-1 HELZEST 2HBE TR Ny
o v ) Bibf (Calyptogena sp.) HEHE L fclinfii» o kA fL
TbaMEH L TE Y, T OB Neogloboquadrina acostaensis,
Globorotalia miotumida @ 3 157 & Neogloboquadrina pachyderma @
FBBE TR 5N, N16 ~ N17a iIckitha s (k- L,
1997). T3, FHERZMILEOFHEEhEE L O LE» SEH
TELKESF v /LA CNI TH B T & (REFIE D, 1988; 143,
1989) &FHFMIL TV 5.

AL R LA AR E IS 5 SK 61T 1d, N16 DREZE
EF 9 b BTE Neogloboquadrina acostaensis ISFE L, L v Y 03&
W I TR E & 1L B Globorotalia miotumida WEEHT 5 2 &
5, Nl6 ~N17icxflban s, LA LS, NITb c#HiEd

% Pulleniatina finalis ® Globorotalia margaritae DB L 75\ T &,
Ni6 M h 27l A fLRILA TR 2N T 2 R RR
W& Hits o A AR H &g T3 % < D Neogloboquadrina J& D i 5 45 %
B2 Ccd %5 (Hayashietal,2002) T &EE2EET 5L, N6 L~
Ni7a ot s h 2 FJREMEAS RV, 2D T &iF, CN9 st sh
ZHKEF v /ALAAERT AL (HE, 1999) LH@EfILTW
5. —H, SSFEREH NI MaZRLTHBY, MILAD» SHEES
NBFEMR 8 Ma) L 0 STl <, BUKER S HOE (&
B) 22U T0EEELZONS Ok - T, 1999).

HOED 45k B L OO 1 50K Globigerina bulloides
L J£ % @ Neogloboquadrina pachyderma ® FE H THR - J 5
N, OrbulinaBEEM»ITHE>TWBE T EN S, KA (1978) @
Globorotalia ikebei | Orbulina universa Zone (PF 6) I X th & 1 5.
Globigerina bulloides & /v& @ Neogloboquadrina pachyderma O Bt
H TR 1 50 2 FER IZETR IR DA [ O HERTEILEES 2> S 1)
HTWES N (hittdiida, 1972). = - —7/ B (1997) &
ANV — + OFALELAZFLCHEL, HERBER FE GBA
N3 RBEEIRE (Gt ; BIINEA, 1987) OE A 5% 100m fE)
D iR E LB LA EEE DS Globigerina bulloides, G. woodi % A&
& L, ZE%& @ Neogloboquadrina pachyderma <> Orbulina universa
RS T EAMER L. & 51, HEH SK-1 oA AL A
FEHE TIE, Globorotalia ikebei FE H J& ¥E (Globorotalia ikebei
bed) D NHLT Neogloboquadrina pachyderma D%k & J5 0] h345 57>
SEBICENL TWD T &AM ST L /2. Motoyama et al. (2004)
IC& NI, Globorotalia ikebei DYIFEH S 4748 Ma TH 5. {b)5
F» (2001) 320w — + DIERAEFFLELA SR LA &S
LTHY, Gtp H FIiT Miliammina echigoensis DRIFEH D H V, %
DERIE 52 Ma LI TH 5 LTV B, TNk iE A (2004)
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Fig. 7. Relationship between stratigraphic divisions and occurrences of microfossils. The geology is based on the 1:50,000
“Kiyokawa”, “Osawa” and “Uzenkanayama” geological map sheets. Derived in part from Aita et al. (1999) and
Nemoto et al. (2002).

R L7z Gtp O FTAR(S.3202 Ma) EFFIL TW 2. Lichi- % 72, Nakaseko (1960) (3 PR IGER T ICBE 9 5 & O -

T, COBMEOFERIT 4T ~52Ma LHfiESN S, A & B b Thecosphaera japonica DEEH A ¥RE L TH D,
Spirosigmoilinella compressa ® FEH FIRIZ 5 —HFK D < —H — oD HBFERIIT 5.6 MaTH S R, 1999).

EEZonTB (M, 1992), TOEMRZILS1FH» (2001)

Z54Ma LHEELTWVWS, HORBTE T T D Spirosigmoilinella 6.2 Xfke

compressa DEHTHRHEO T 5N 5 CRIED, 1986) 23, FiE )1 — A FEHR o @< id, 3BHEIcqRE ﬁiﬁﬂlﬁ

BTRIDOMOEH IO THTH S, LrLusns, BRIR {LABESE (B2 S O-1 BEEE, O-2 BEEE, O3 ) MiEy
V— b OH R N oK (243) ICRAESHRI ATV S, nTWwa (s I E, 1997). BB T o il ﬁﬁ?LEk
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LEEHT 2 LKERE (2714, 2715, 2813, 2812) &, L&D
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IKEEEE (2808) 1 Fursenkoina sp. 82T 5 2 &5, 028
ik aalgettosm v Ok « H 5, 1997).

SK 6 [3iFEt g LR LA BEE D & HEE & N B HA P Nodosaria
raphana OFEH D &, O-1 HE IS E N 5. AHIEH (2002) 1,
BIRMhTIc i+ 2 EliEE OB E L, ENRBEWERE, &
REUR G g S & CBIREBUKGE g Icfia LT b, EEE,
(2002) 1, BABUKSMER LB EEZ SN 5 HEIT
BAREIMHEIR O OFREED S BRI L 7oA B S (HK-1;58 7 XD
D74y ¥aver Ty FDERETILO8Ma tHEL TS,
AHIE A (2002) 12X NiE, HK-1 OJE#E(L SK6 DE Nkt s
L (FE8 XD, HK-1 @ FT #4d SK 6 o FEit G Lt fmin o
HESNZEREFELLZO, LHLEDS, ook T4E
fRIZ 0.0 ~ 17.5 Ma & IR WEIFIC R O, ©— 7 H£RE (6.2
Ma) BRFERER /S0 E—2 XD bEVHICY7 L
TW3 GBIXD. A R I~ it o ko Lka 3
S AR (B (1999) o HF-FiRUHE) KBl s,
BA Ny Mck ) FTERBEE - TV A AREH 5. £ 2 T,
0.0 ~ 4.0 Ma DFEWRFERZ/RT 6 K2R\ FT EREH
FHET AL, 89109 Ma L2 B (BES5EK). o1, HEMEUX
HTHBHI LoV a v TOHEFOEESH B DT, 16
Ma & Dt 2 fr 720 T FT ERZ HEtHE T 5 &, 8.5£0.9 Ma
Ewd (BESEHEIRD). Lich-1T, Disd & BRI
AT AEBERE OB TIEE <, EEBodhans (810
XD). ToC &, EhifEd 5 Coscinodiscus yabei Zone (Yanagisawa
and Akiba (1998) @ Thalassiosira yabei Zone: NPD 5C) 1Tt n
LHEEALADERT 2 & EEIE, 1988) &FE L.

AR S 13 DIz b E> D OFERBHREE LTV S
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Fig. 9. Age histogram, age spectra and radial plot of the HK-1 sample.
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E5 VNI YDT 4y vave bTy 2 (FT) L

Table 5. Zircon fission-track (FT) ages.

Sample n Spontaneous  Induced Dosimeter  P(x 2) r U Agex(10)
Py (em?) o (em?) pg(m?)
(Ns) (Ni) (Nd) (%) (ppm) (Ma)
HK-1 30 2.61x105  1.034x106 8.471x104 73 0.621 100 7.9+0.8
(140) (555) (2602)
24 2.97x105  1.053x106 8.471x104 94 0.683 100 8.9+0.9
(132) (468) (2602)
22 2.8611x105 1.053x106 8.471x104 98 0.830 100 8.5+0.9
(120) (446) (2602)

n, number of grains; p and N, density and total number of counted tracks, respectively; Analyses were made by using
the external detector method that applied to external surface of zircon (ED 2: Danhara et al ., 1991);

NIST-SRM612 standard glasses were used as a dosimeter; P(XZ), probability of obtaining the xz value for v degrees

of freedom (v = number of crystals - 1) (Galbraith, 1981); r, correlation coefficient between o, and p;; U, uranium content
calculated based on the induced track densities ( Iwano et a/ ., 2000); Zircon grains were irradiated using TRIGA MARK 11
nuclear reactor of St. Paul's University ( Rikkyo Daigaku), Japan; Ages were calculated by using a zeta calibration factor of

CEp2 = 37245 (Danhara et al ., 1991).

D FA 44 b EF o K-Ar 48 (10.8+1.3 Ma) & AR ILZ LS
D K-Ar F48 (9.6202Ma) b 3 (+&, 1999). 7z, JbAic
S B HIEfbR S O EmPIst S @ FT 4L (10.741.4 Ma) %
ERERME KL GREUE) O FTAEA (7.540.6 Ma) &GS 1
TV3 (R, 1999). KK (1995) EEK & & ILh 07
ToRHEEOHERSEEESEALS (ZHE) O K-ArFEREL
T 11.3£0.4 Ma & 10.3£0.4 Ma 235 L TV 5. 21 5 DERfER,
B LA AIKE > v 2 ba0 SHEE S © 2 BHF O EF

ELzW,

HEE (1999) MHEOEHER (NS 12-1,NS 12, 0A 14) 75
WS L ot G LR bR d D g B o s E L b a
L —TH 5.

5Horo 1 EKIRICES CHEX S &, FEEELES A
KB F v/ AbaoEHHS B X CIEAGEFLE O Spirosigmoilinella
compressa X Multifidella nodulosa OFEHHSE ORIRE A 5 & (8
7D, TRIR] KIEAN T OEMEE &6 O8RS SETH 5.
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Fig. 10. Correlation chart between the Ayukawa-Yurihara district and the Shinjo Basin.
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H At HUs D Fsfrfi ~ T ESEERTE [dEEh « EE W R JEHETH D,
BARHEIDEBRE TR ST SN S CRE, 1978). BE
HEPEHT 2HRERBIC DLW TRE PO RENH 5. FlZ
&, WEBROIERKISAEMRERE (ysocline) & L < &R IRIERE
BFE  (carbonate compensation depth: CCD) D43 & » THItI S
na Ckmihn, 1980) BkZzoREMBLODVESTHD, T
DR HEA IWEE RO EB IR OVERKEERET 5, —
Fi IEFEIKITEBNIC & 2 4 2 0 HgEHEREY) O AW 15 57 it
IZ & VRO pH MEL 80, AKEA RO RES WEEL
BEESER S e L0 R (Kitazato, 1979; BFkf, 1986) b & 5.
% 72, Matoba (1984) 13 Cyclammina spp., “Haplophragmoides™ spp.,
Martinottiella communis, Spirosigmoilinella compressa O X 5 73 7 i
HEORWEAFLED SRR & 2 RS2 B O HEE R EE/K O
i U cBRlE (FmRIE/K) Z16Rd 2 Ll Tw 3. AIKE
AALHOBROBEICIREIEPHETH Y, KBEOSE LIRS
TIROKEREDY, KBENED Lo RE LRI EE
1278 % &9 % Greiner (1970) D * + v aEcoH MG LN THO
& FEERICE S\ T, Hanagata (2003) 3 H A HUE 0 $% HArh i
~RIAEE i O HERRBRIBAMEE L. T70b B, CORKoRAR
W, FE T ERPEE B Y, LIV e K E SR o Gl
HAZ) ThHo (GEE « SH, 1966 ; Asano et al., 1969), WEH
FLREHR O FA 13 Z O~ OFJIIKDFRA & € i & 2 KR
ORI ZIERT 52 LHEL TV 3.

Bl B L Ol g O RA G LR LA BRI I RVERIE & A
BHEPROELED NS, THIIHEBOSICHE YR LELO
BT 7o 2 EERBL T3, BRIEME i~ gt o
HARMEE, FBRLcXSicdbhMsvicREBERoETHL,
D S RKEFHEOEEKBALD, EiRbHAL TV, TDLD
EHECIERIDRDFRA G S 273, #ERO HONEW 720, R
EEREESE LT, WHALREESRELS V. LaL, #iko
AL OdNE, HKOMERIIRE SET 5 LHfEESN 5.

FOHENE 1 BRI B E A LR LA ASRE R T B 8RS b D, T
NS B AR KRS A L TOWICEHILTH b, < DJEHEDN L
HRAREEIATH - 1L T & b 5. IREBHOM/KIE FFIC XD,
HEREZICIRA T 2 IRIRIBICE MRSV EH L, FLBEE TR
FEkEMNEALILTHA S, REQKENIAMMEZHIRL, y—F
T4 FELTHIEICEERRREEZEDAAL. O THRE
WA LIBRRIE 20D, FERIGERO FE~NB0AL. 2O
NICELCTFEOKIGEEZ LY, EFOMKOBESHEL, #HIK
ISR SRRV AE N, £ LT, BIEOEHEREE
kRSN, GIKBEFLROERBRENTES. Lk -T, A
IREEOFE ZERBLDIEE > il TbH 5 EEZ 5N 5,

T g o TR o FEM A 13— B U T Cribrostomoides
spp. B £ U Martinottiella communis Td 0V, —F, FIKEEHEZ
Epistominella cf. pulchella, Praeglobobulimina pupoides, Uvigerina
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