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Abstract

Twenty-seven species of fossil Ostracoda, 17 species of planktonic Foraminifera, and 18 species
of benthic Foraminifera were found in sandstones around the paleoparadoxiid-bearing horizon of
the Miocene Shukunohora Formation, Mizunami Group, central Japan. Based on the results of the
microfossil analysis, the depositional age was assigned to the lower part of planktonic foraminif-
eral zone N8 (~17.0-16.0 Ma) during the Mid-Miocene Climatic Optimum. The paleoenvironment
is thought to have been sandy sea bottoms in upper sublittoral zone (~20-50 m) near seaweed or
seagrass beds under the influence of strong warm currents.

Key words: Ostracoda, planktonic Foraminifera, benthic Foraminifera, Shukunohora Formation, Mi-
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1. 1ICHIT

2022 (N4 4E) 6 H 5 BB IR EGIR TS
FHT CRIESNIZ LA NIRRT T HHR S P 1
A (ZZHRIED, 2023) 12DV T, Adh Tl A S 4
D% OHN B b A pE 8 HEL 2 D JE]
TIZERBWT, kAo HE L TR IS 723k
KO U2 B2 Bk A izl it - A A L Ak
FITDOWTHNTRE R ERETH. TORERERIC

ZOEENAERBL TWIZFERIB LY Ko B
BEDEILEITH. Wik © HIE f (Ostracoda) I3
B RO 1 #<T, (K&E1X 1 mm A
%, AIRED 2 MOBER T, ZidMbf
ELTAIVRE AfL LLRE O Hi g 7> 5 5 Hh CRE
T (WIZIE, RE-HH, 2020). (bAELTELE
9% 43 FAHE (Podocopa) (X FEITHRAK, K, BEX
ORI A B3 2K AR T, mffbAELTH
H<ThHsb. —JF, HFLH (Foraminifera) [XV VU7
D 1T, ZATAIKERCRBEEOBEHT5H
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=%, ZAMEAEE LT 7 U T L LA D Wi Rk
MO IET D, FlEEEIRAERDY, RUELALEL
THREEAEL THEERSEHETHS.

AL TR G & U7 BB e B A VI g oD L ik
£ LR - R A LR LA BT AR AR TS
DR ENTETZ. Yajima (1988) (375 17 & > H I
HbAZE TEICHREL, £D%, Yajima(1992)
XA e 217725 7C, 26 J& 31 fEHEL,
6 FEOFFELH AT -7, A L LA 12
LTI, Saito (1963) KA (1981) D T E2HIMFFEDS
b5, JEAFL I LA IZBILTIE, £ (1958) %
W (1992) DAFFEA BV, TETRE D> DL BT i 2L
HPEDO KA FLHRTH D Miogypsina <° Operculina
D E SN TN,

2. A5k

AW T A L7 A EHT 8 7kl (SH-1-6,
SH-6a, 6b) T, & TE g O ENGRY, LI
DEH7e g EN LR ISV (Fig. 1) . 30k SH-1
TREHRE R A B 2ol R OB HEICH =D,
INUFRTRE VT R A PE 8 Y () 1R R
75 80 cm HEHIL7ZE ) OE RS, Uk
SH-2 135 FHEBAMS 20 cm BN OHLURIRD 2 0> v g
MR ENT-. 3B SH-3 133k SH-2 LRI JE
HECHALA DL RMRITEEENDH o D HE LS
. BB SH-4 135 T 5 40 cm AL D Jg
MHERENT-. 7B SH-5 138 FEEA5 70 cm
A, Thbb, XU A RTRETEME A E
JEHED 10 cm TALMOERESIL, ZOBHELY |
NI A NELEEFN TV, R SH-6 133
LA RTRE T B A PE H JE GRS T,
F7=, B SH-6a 1T/ 5L RIRFU TR ONE
(B> TODRb EDD, R SH-6b 13314
RIRF VT RHE A PE HHLS B0 72 [F T
JEHED L BER IS T,

AWFFE T, I3 0E 2 60°COTEIR s
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OFEHI® L CTHiEE R o Ak 7 HiEO A
28D, FERY A KR F TR L 72 (L « 235,
2013) . FREE TR AETIE, Rl Cobls L7t
e R DR A SRR DR DR\ EE, Ry b
L—h BT 1 BEEEALT-Dh, RO7TAIRAERIIL,
SR T C 1 EEREAE L. BilET R A0k
e b D HEA TN RG2S, 12 KA hS
HT-1%, 200 Ay =Of (fi B OV A XX 75 pm)
ek ELZ. & EoFEEENXL, 60°COEIR
WA TR - T E T, BRI
LIEIZX0HRIAL L, 60°CODEIR a4 T4y ¥z

xR eI A 7Y QR 7 ) 2R 5
FEEEE, K1 BBGE L. 0%k, o/t o9
ZalNt,, BAGEES, Ry L —h BT 2 R
B ETI %, Wil N U AEEFRRRIZKTEL, 7%
WLz,

[ U778 HE, 60°COIE IR LRSS T4y fa
SH 7%, 80 Ay adf (i H DY A X1 180 um)
(ZEDEHIL, FOEEHI XL TS &8s v
T B E 21T o7 WHIRSEAREAISEE T TRk
Bo BB b Ltk - AR L b a2 4
THiItH L7, B s EE8IcBIL <, A#E 1,
MRl 2 CLCHELE, BIRREFIL R DfES
FEFE OS2 1E Shannon-Wiever %A L, 5
i1 £ DA H 21T Buzas and Gibson (1969) DA f#
AL,
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Fig. 1. Columnar section and sample horizons.
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XRd 5. R (RRaxEns 100 LLE) 1X Pseudoaurila
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okumurai, Pseudoaurila ishizakii, Pontocythere sp.
FBE O dustralimoosella hanaii Toh-7=. FEEFRE (R
ELDY 50-100) £ LT, Cornucoquimba moniwen-
sis, Cornucoquimba saitoi s.l., Loxoconcha sp. 1,
Trachyleberis mizunamiensis Té->7-. I Callisto-
cythere J&, Schizocythere J&, Xestoleberis J& H I
MEEM L. B b a OfEEIL 14-19 LK<, FE
ZAREEITH) 2.39-2.64 OFIPHAN THIZETHY, ¥
1T 0.65-0.87 D TrEA>7= (Table 1). #UE
M HE A O TS U B T D R & E W TER
DI o7,

FEMEA FLI AL, 2B D E A MR L
72Dy, NUA/RTIRE LT OREH B HENSE IS
72 1 #UBF(SH-6) D bl & 53 FH P RIRRGE 24 T
Sl FEFRELT, 17 FOFREMNA LB b 23 E
L7223, 100 fE{RIZHM 72727~ 7= (Table 2) . 1%

BREEIX 2.42, WX 0.66 Tholz. TAafEIX
Globigerina praebulloides, Globigerina angusti-
umbilicata, Globoquadrina dehiscens, Trilobatus
quadrilobatus, Globigerinoides subquadratus 73:E T,
TR AEE U CEHELR Fohsella peripheroronda,
Praeorbulina sicana, Globorotalia praescitula &{%£7)>
WZPEH L7 (PL 2).

JEAG LB bA L, BB ORE 2R L
7Dy, FEMEA FL A LRAR IS SL A RTRF
T RMb A EHE E DR IS 1 R0k (SH-
6) DAL E 3B LI RET 21T o7, iRk &
LG, 18 f, #fE k%R 157 Mo EAF Lk A
MPEH LT (Table 3). FEZERA L 1.77, Kt
1% 0.61 Toh-7-. Cibicidoides pseudoungerianus 73
% PEL, Ammonia tochigiensis X° Hanzawaia tagaen-

sis 7R EDELELTZ (PL 3) .

Table 1. fEiAENGEHL- BIE B {bA o Y AR,

Table 1. List of fossil ostracods from the Shukunohora Formation.

Ostracoda SH-1 SH-2 SH-3 SH4 SH-5 SH-6 SH-6a SH-6b  Sum.
Acanthocythereis munechikai Ishizaki 1 1
Australimoosella hanaii Yajima 15 17 6 9 21 10 25 7 110
Bythocythere sp. 2 4
Callistocythere kuwanoki Tanaka 2 2
Callistocythere kyongjuensis Huh & Whatley 4 11 2 2 4 5 6 1 35
Coquimba sp. 2 2 6 2 2 14
Cornucoquimba moniwensis (Ishizaki) 8 10 4 5 14 11 26 6 84
Cornucoquimba saitoi (Ishizaki) s.1. 13 7 10 2 8 10 26 6 82
Cornucoquimba cf. tosaensis (Ishizaki) 2
Hanaiborchella ikeyai (Irizuki & Yamada) 10 10 2 2 2 6 3 35
Hemicytheria? sp. 2 4 4 2 2 14
Hemicytherura sp. 2 1 3
Loxoconcha nozokiensis Ishizaki 1 1
Loxoconcha sp. 1 15 12 1 2 11 6 26 2 75
Loxoconcha sp. 2 4 4
Munseyella cf. simplex (Chen) 4 2 1 7
Neonesidea sp. 4 4 6 2 12 6 10 1 45
Pectocythere cf. ishizakii (Irizuki & Yamada) 2 1 1 4
Pontocythere sp. 26 9 5 6 11 26 36 8 127
Pseudoaurila ishizakii (Irizuki & Yamada) 25 17 9 7 26 21 23 6 134
Pseudoaurila okumurai (Yajima) 28 15 9 12 23 25 38 7 157
Schizocythere sp. 1 1 2 2 2 5 3 16
Semicytherura sp. 1 4 3 1 6 1 15
Semicytherura sp. 2 2 2
Trachyleberis mizunamiensis Yajima 9 14 5 11 10 10 18 10 87
Xestoleberis cf. hanaii Ishizaki 2 2 1 5
Xestoleberis cf. sagamiensis Kajiyama 1 1 2
Number of valves 165 131 73 69 161 141 261 66 1067
Number of species 15 14 17 14 19 16 19 16 27
Species diversity 2.40 2.45 2.64 2.39 2.58 2.39 2.52 2.52
Equitability 0.79 0.83 0.87 0.78 0.74 0.73 0.65 0.78

Dry weight of sample (g) 80.01 80.01 80.05 80.07 80.20 80.00 80.07 80.05

Dry weight of sample from which ostracods were picked up (g) 10.0 10.0 10.0 10.0 10.0 10.0 20.0 10.0
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Table 2. 75 {J& /5 FE H Uo7 A FL Ak
A DFEHY AR,

Table 2. List of fossil planktonic foraminifers
from the Shukunohora Formation.

o)}

Planktonic Foraminifera SH-

Fohsella peripheroronda (Blow & Banner) (dextral form)
Globigerina angustiumbilicata Bolli

Globigerina falconensis Blow

Globigerina praebulloides Blow

Globigerinita glutinata (Egger)

Globigerinoides bollii (Blow)

Globigerinoides subquadratus Bronnimann
Globigerinoides sp.

Globoquadrina dehiscens (Chapman, Parr & Collins)
Globorotalia praescitula Blow

Globorotalia quinifalcata Saito & Maiya
Globoturborotalita woodi Jenkins

Praeorbulina sicana de Stefani

Sphaeroidinellopsis seminulina (Schwager)
Trilobatus quadrilobatus (d'Orbigny)

Trilobatus trilobus (Reuss)

gen. et sp. indet.

Dl v w—0w—o—~ &~ — o —|[T

Number of specimens

Number of species 17
Species diversity 2.42
Equitability 0.66
Dry weight of sample 80

Dry weight of sample from which forams were pickedup (g) 10

Table 3. TaE{FENDREEH LI EAA LB LA
DREHY AR,

Table 3. List of fossil benthic foraminifers from
the Shukunohora Formation.

Benthic foraminifera SH-6
Ammonia tochigiensis (Uchio) 19
Ammonia sp. 1
Bolivina robusta Brady 1
Bolivina sp. 2
Buccella frigida (Cushman) 4
Cibicides cf. lobatulus (Walker & Jacob) 2
Cibicidoides pseudoungerianus (Cushman) 83
Elphidiella momiyamensis Uchio 2
Florilus manpukuziensis (Otuka) 1
Globocassidulina sp. 9
Hanzawaia tagaensis Asano 17
Hanzawaia ? sp. 1
Lenticulina sp. 1
Nonion cf. pacificum (Cushman) 1
Nonion kidoharaense Fukuta 2
Pararotalia nipponica (Asano) 4
Pseudononion japonicum Asano 5
Pseudononion sp. 2
Number of specimens 157
Number of species 18
Species diversity 1.77
Equitability 0.61
Dry weight of sample (g) 80

Dry weight of sample from which forams were picked up (g) 0.625

4. & £

4.1. K

151 Jg DOFERITBI L CTIiE, KA (1981) 23l
PEA LBt %2 T E2IICHE L, Blow (1969) ©
AL LA D N8 #ETholLT-. £,
A H AL (2006) <2 A H 1E2> (2021) 1345 117 & 12
RIEECTERD FALOEMEE ) Yanagisawa and
Akiba (1998) DE:#E b A1 NPD4A |24 7-5D
C(Yanagisawa, 1993; il £137)>, 2011 72&), 15
JE1X N8 H#r oD FHplcxf b &b LD, ARl
A LB AR T ICH NS D N IRABLE
L, 7KK (1981) TH 4 S 72 Praeorbulina sicana
DEEHL, HEED RMREEFIE LW RE -7,
79 727> %, Watanabe and Yanagisawa (2005) &
Hoshi et al. (2019) DA @ FH OFEREBETHE,
TETRE 13K 17.0-16.0 Ma ORICHEREL, JLIEFR
75 v HR AT A e A VR B2 B (Mlid-Miocene Cli-
matic Optimum: MMCO, f5]z1% Flower and Ken-
nett, 1994) IZxf b &5, F£i2, KB IR T
0 LFALARAEAGRE O R (89 16.5 Ma; FfiiEn,
2024) LFFIRYAEARTHS.

4.2. HRE

BRIt A D&% PEREChD Pseudoaurila oku-
murai 1% Yajima (1992) |Z&0 a1 &N HHTFREEL T
RSN THY, Pseudoaurila ishizakii &EHIT
T2~ & H 3 Ao i o AR B 2R iV EFE Th 5
(Yajima, 1992; Irizuki et al., 2004; Tanaka et al., 2012
725 . Irizuki et al. (2004) (ZZAUHDO TR RO
RO B2 LI B L TWIE FECh 7= Al HE
PEAFEREL CTUND. Pontocythere sp. 13 Irizuki et al.
(2004) @ i R J& HEWI I JE 22D S e
Pontocythere sp. 1 LR —FET, G EMEEEZ L
5. Australimoosella hanaii % Yajima (1992) (240
TERE DL L CREES L7 FE T, MMCO (5t
e oo g LB EH 5 (Bl X, BHIED,
2004; Tanaka et al., 2012) . REFERRL 2 CREGTZE T
DOEMER AR L QO EHEESN TV D FETH
% (Irizuki et al., 2004) . TALOJE HETH D Hi{RJE I
I - g o At g iz 1L 8 D BEAE (Trizuki et al., 2004)
LT o E, BTN ZD, O HIE D
L7 Elofsonella, Kotoracythere, Laperousecythere
72 8 OBUE IR A BT 2 0 R < E
HLZp o7z,

oI, BB LA REENDIE, BRI 8
3T DRI T, MoV M DR R
BV TODERED RERIND. B ORFEME
WEIZRL T, B D7, BT RE DS O S
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20, FEAREEDS 2.5 AR O T REEZ RIS,
FIZHEEO/mINEL TWHEHEES-. fE
DI R A R O 3R IR ~ HURLD 45 73
FRT, B BEbRmPEFEL TWOAEERN <
(PL 1), ZNBD T LRSS /LRI E T
RAESNTEBHT, 3 OE LR O R % W15
IRDIFRAVD R A 5 T CHEMEL , R L O
FELT-LHEESIND. LU D, N =i
OKIRK 50-100 m) (2 PET D ED72MEIE Acantho-
cythereis munechikai D30 1 EARLDFEH LR
7o U boZba G dl, WK FRo%<
LIRS A I TEM S LT EHEE S NS 73,
HER RS AR OFRITHG ThHHZ LD, HEREREE T
LS A OKEE 20-50 m) THMEDD D
DL 2T D BRI HEE S L.

JEAEAFLBIEAIZBAL T, Cibicidoides pseudo-
ungerianus D% (52.9%) (25> TR ST B,
Ammonia tochigiensis <° Hanzawaia tagaensis 7)> 10%
FREECREREL, B I1NED> (1989) (2L DN ety
DEEEA R TN ETHD. ZDXH72, Cibicidoides
pseudoungerianus D% PEIZ L > THRHEDITHILDHRE
1, W (1992) 12 ko CTHEIRIBRE D 15l A4 A1
MHEESIVTRY, IRERAKDEEL T T-NE
FEOBRE S HEESIL TS,

A LB AL TE, &b ZELE
Globigerina praebulloides 315 51- 8k | Z ELER L 7= &HE
TEZHU TV (Anderson and Prell, 1993). 7=, &
1RO R OWRIHITAE B L, RV BRIT DR 2%
RVEF D Globigerinoides J&DFESH ZHF DR
B ORBIZHAADFLEFFD Globigerinoides
angustiumbilicata (il 21X, Kennett et al., 1985) 7%,
AR S <ER LTz, ZOZ 8L AT
BH D EVER DN RIR S, TRUVBETR DR B0 B
STEHEEEIND. SDIT, WM ZEHLE
Globoquadrina dehiscens 1%, Keller (1985) (2L 5&
FREKICERL TWeEHEESNTEY, FilEE
AL ROTES LI Z WL, DiedEbih
S KR 0-20 m) JOTHE ORI A RET 5
LS, B b ACEAA LR R TR
LA THS.

5. % &

1. BiR 28 7 0T oo s VR R S 53 A7 S iR g
BEIETRJE D/ A RT R T B2 H B A
PEHEHERS KOO F L LIRS 8 sk
X0 27 O R R LAMREHL, 1 3D 17
FEDORIEEA L LA & 18 FEoJEAA L1k
ANPEHI LT,

2. FE B Y o HERR A AUTTE R O W LA ER,
Blow (1969) Dbt A FL H b A Hr N8 4 FfL
HEES Nz,

3. HIpdfba &ttt - A A FL B ba DR,
HEREBR BRI TR IR DR A 3T 5, ORI E D
EERHLA S (K 20-50 m) DRVIEET, (DR
(VIO BN B L QU L HEES LTz

6. B B

AWFZERBED DITIHTZY, FARKF KRB H IRF
FATFER OB A B R KL, MbA LBl T
BMFEI o7, MPIREE - (BARFCELE
KIEER - M TR B2 —) LRA)I B L
(B [ 32 R 5240 B 2%, REJS IRSL B AR S i
AEER) T, R &L Qe A fRma
A NNV,
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Plate 1. f57J@m50E H L7 B b A o BB E FIAMEE 5B, 27— 1% 200 pm.
Plate 1. SEM photographs of selected species of fossil ostracods from the Miocene Shukunohora Formation.
Scale bar = 200 pum.

1, Pontocythere sp., right lateral view of female carapace, sample SH-6a.

2, Munseyella cf. simplex (Chen), left lateral view of male carapace, sample SH-3.

3, Callistocythere kuwanoki Tanaka, left lateral view of female carapace, sample SH-6a.

4, Callistocythere kyongjuensis Huh & Whatley, female right valve, sample SH-6a.

5, Schizocythere sp., male right valve, sample SH-6a.

6, Hanaiborchella ikeyai (Irizuki & Yamada), lateral view of male carapace, sample SH-5.

7, 8, Hemicytheria? sp., 7, left lateral view of male carapace, sample SH-5, 8, right lateral view of female cara-
pace, sample SH-6.

9, Pseudoaurila ishizakii Irizuki & Yamada, female right valve, sample SH-5.

10, Pseudoaurila okumurai (Yajima), female right valve, sample SH-6.

11, Cornucoquimba moniwensis (Ishizaki), female right valve, sample SH-6a.

12, Cornucoquimba saitoi (Ishizaki) s.l., right lateral view of female carapace, sample SH-6a.

13, 14, Trachyleberis mizunamiensis Y ajima, 13, female right valve, sample SH-6, 14, male right valve, sample
SH-6.

15, 16, Australimoosella hanaii Yajima, 15, female right valve, sample SH-5, 16, male right valve, sample SH-
5.

17, Semicytherura sp. 1, female right valve, sample SH-6.

18, Loxoconcha sp. 1, right lateral view of female carapace, sample SH-6a.
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Plate 2. f{lJE) OFE HUT- A EA FLHR A O AR ISR 5 5. A7 —/L13 100 um.
Plate 2. SEM photographs of selected species of fossil planktonic foraminifers from the Miocene Shukunohora
Formation. Scale bar = 100 um.

1a, b, Fohsella peripheroronda Blow & Banner, sample SH-6.

2a, b, Globorotalia praescitula Blow, sample SH-6.

3a, b, Praeorbulina sicana de Stefani, sample SH-6.

4, Globigerina angustiumbilicata Bolli, sample SH-6.

5, Globigerina praebulloides Blow, sample SH-6.

6, Globigerinoides subquadratus Bronnimann, sample SH-6.

7, Globoquadrina dehiscens (Chapman, Parr & Collins), sample SH-6.
8, Trilobatus quadrilobatus (d’Orbigny), sample SH-6.

Plate 2

Plate 3. 75{FENGREH LI EAA LB LA DN PRSI T E. A7 —/L1X 100 pm.
Plate 3. Light micrographs of selected species of fossil benthic foraminifers from the Miocene Shukunohora
Formation. Scale bar = 100 pm.

1a, b, Ammonia tochigiensis (Uchio), sample SH-6.
2a, b, Hanzawaia tagaensis Asano, sample SH-6.
3a, b, Cibicidoides pseudoungerianus (Cushman), sample SH-6.




