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Middle Miocene  ostracods  from the Omori Formation, Izumo City,

          - Its implications for paleoenvironment of  the Proto-JapanSouthwest
 Japan

Sea -*

TANAKA  Gengo""

Abstract Ostracods from the Omori Formation in Sugesawa (lzumo City. Shimane Prel'ec[urc) cornprise  42

species  belonging to 26 genera. Fivc ncw  species,  (lytheraptert)n shimanense,  Loxoconcha izumoensis. fbemcftLxostoma

)'afettrnotatsuntts, SchizoEythere sdikttnottei  iind  Liroc.;,thereis sugesawensis  en'e described. IXvo ostracod  assemblages

(Ambostme"n-Atgilloeeiza-(b,theropteron assemb]t]ge  and  lliijenhorehelta-Aigneoconcha- tfi'ocytthereis polJan.oensis
assernblage>  are  recognized.  These  assemblages  indieate that the uppermost  of  the Omori Fomnation was  depositcd

under  Lheenvironments  l'rorn cool  to warm  open  sublittoral  cDndition.  Principal eomponents  analysis  of  ostracod

asscmblages  t'roin thc Omori and  Fujintt Formations indieates that, in 
.fieneral,

 lhe  depositjona] environmcnt

becomes deeper and  deeper towards  Lhc upper  horizon,

K41, i}?btth･ :East  China Sea,Fu.iina Formation, Japan Sea, Omori Formation, ostracods,  Shimane

Introduction

 Tbe Japan Sea is a  scmienclosed  marginal  sea  located be-

tween the Japanese lslands and  the Asian continent.  It was

formed as a result ef back-arc spreading  prior to eurly Middlc

Miocene time. Since then, thc  Japan Sca has cxperienced

regional  tectonics and  recerds  global climatic  changes.  There-

fore, the Japan Sca and  its adjacent  area  can be regarded  as an

ideal experimental  field for the study  of  the geohistorical
change  ofthe  marginui  sca.

 Exposures of Miocenc marinc  sediments  are sporadically

distributed in San'in district and  contain  mega-  and  micro-

fossils, Those fossils have great potential for improving our

understanding  of  the paleoenvironmental condition  of  the

Miocene ProtoJapan Sea, Particularly. ostracods  are uscful

in paleoenvironmental studies because many  species  have

geographic andfor  bathymetric distributions limited by the

living conditions  (e.g. bottom water  ternperature, salinity  sedi-

ment  and  so oJi), Thc paleogeographic position of the San'in

district, placed near  the Tsushima Straits since  ear]y Middlc

Miocene. therefore, also  finds importance in the reconstruc-

tion of  the paleoenvironmental condition  of  the Proto-Japan

Sea, With the exception  of the study  by Tanaka et al. (2002),
Miocene  Ostracods are unkonwn  t'rom San'in districts.

 This work  is intended to describe somc  of  thc Miocenc  os-

tracods  and  to discuss the paleocnyironmental condition  oi'

the southwest  part ot' the Ptoto-Japan Sea using  a quantitati ve

analysis.

Geological Setting of  the  Omori  Formation

 The  Oinori Formation  was  named  by Tomita and  Sakai

(I937) as  a part ot' the Omori Series, This formation covers

over  50 km  along  the southern  part of  the Shinji Lowland  and

is about  750 m  in maximum  thickness  (Fig. 1). The Omori

Formation unconformabiy  overlies  the Kuri Formation, and

is composed  of  sttbaerial to shalloN-'-water andesite  lava in

the lower ptirt and  rhyolitic pumice tuff, shallow  marine  andes-

itic cong]omerate  and  sandstene  in the upper  part (Kano et  al.

1991, 1994). The  Omori Formation is conformably  overlain

by the FuLjina Formation. The two-pyroxene  andesite  of  the

igeFofmation(thickness}ljtholegy PeposiimrHadioffmtric-geSP.F
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Fig, 1. Summary  of  the geelogy ol' the study  urea,  StrttLigraph}, and

depositionaJ environinenl  compiled  after  Kano  et al. (1991, 1994).
Radlemctt'je ag.es are  based en  Kano  and Yt)shida C1984), Kano  and

Nakano  (L985) and  Kano et al, (1994), P]aBktonic foraminit'er zone

CP, F.)came fromNom.utt, 4n.d Maiya(1984), .. . --
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drainagecanal:
Omvri Formation "as  datcd at S3,9±O,7 Ma  and  14.6± O.5

Ma  by the K-Ar mcthod  CKano and  Ybshida 1984 ; Kano et

al, 1994).

Material and  methods

 Thirteen microfossil  samplcs  werc  collected  fi'om the out-

crop  at Sugesawa m  Iiuino City, Shima]]e Prefecture (Figs. 2

and  3), Six of  them  came  L'roni the tuffaceoug  bluish gray
very  f{ne gandgtonc  and  bcvcn  samplcs  from the tuffaceoug

greenish dark gray x,ery ftnc sandstone  (Ftg. 3). Between  80

to 1.040 grams of  dry scdiment  wcre  disaggregated by the

naphtha  mcthod  for ruck  maceration  CMaiya and  lnoue 1973),

washing  through  u 235 mcsh  (63 t.t m)  sieve,  and  drying again.

This procedure was  repeated  unti] thc whole  scdiment  sample

was  disintcgrated, A  fraction coarscr  than I20 mesh  (125
,tt ni)  sicN,e  wag  gieved  and  atl  thc ostracod  specimcnts  present

wcre  picked Some  of  these specimens  were  examined  with

aJEOLJSM-5600I;Vscanningc]ectronm[croscope(Shizuoka

UniNersity> operated  at  15 kV.

Fig. 2. GeoloLgic sketch  ]nap  with  the study  urea  {after Kano et al, 1991)
and  topographic inap  shewing  locarions of  scctions  ot thc Omori Formation
measurcd  alon.cr the congtrucltng  site of  u  Hll-kawu drainage canal  (broken
hnes)(a pait of  topogruphic  mtLp  

"Izumo-imaichi",

 1, 2S.OOO scnle,
GeosTraphicat SurNe}, Insritute ofJapan)

3m

2

t

Asampling
 horlzon oo

N60 ℃
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Fig, 3. Schematic  skeLch  of  the  outcrop  of  the study  aren.  and  photogrftphs "･hLch  sliow  thc hthologic boundaiy. GFS  =  tuffacenus greendsh dark

grats ycry  finc sandstone.  BFS  =  tuffaceous  bluish gray Nery  fine sandstone  GCS  =  greenish grtLy cearse  stmdsLone  with  pebble.

                                             (18)
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Acanthoqythereis izumoensis Tanaka, ZO02

Acanthoq}tthereis sp. 1
Acanthoqythereis sp,2

Ambostracon cf. ikqyai Yajima, 1978

Ambtonia shirnanensis Tanaka, 200Z
Ambtonia takayasu,  Tanaka, ZO02
Aignvoecia cf. symmetrica  Zhao, 1988
Aignvoecia sp,1

AigMoecta  sp.2

Aignvoecia sp.3

Aigi"oecia sp.4

Aurila sp.

authiasubjaponica Tanaka, 2002

CYtherois aff. asamushiensis  Ishizaki, 1971

Cytheropteron shiinanense  Tanaka sp. nov.

cytheropteren sawanense  Hanai, 1 957b
Cytheropteronuchioi Hanaj, 1957b

Eucytheruraporoleberis Zhao, 1988

Falsobuntonia taivvanica Malz, 1982

Krithe cf. antisawanensis  lshizaki, 1966

Laperousecythere ikeyai Tanaka, 2002
Loxoconcha cf.taiwanensts  Zheo,1988

Laxoconcha izumoensis Tanaka sp. nov.

Loxoconchldea sp.

Munsqyeha ¢ f.hokkaidoana {Hanai,1957a)
Munseyella hatatatensis lshizaki, 1 966
Paijenborcheila cf, tsurngasakensis  Tabuki, 1986

Ptaimenela imicola (Norman, 186S}

Rahneconcha inz' ukii  Tanaka, 2002

Raradaxostomayakun7otatsunus Tanaka sp.  nov.

Paradc"rostoma sp,

Phlyctocythere sp.1

Phlyctocythere sp.2

Propontoqypris aff,attenuata  (Brady,1868)
Propontoopris aff. clara Zhae,1988
Robertosonitesjaponicus (lshizaki, 1966)
Schizocythere sakanoues  Tanaka sp. nov.

Sclerochilus sp.

Semicytherura aff.aMnis  (Sars,1925)
Semicytherurahanaii lshizaki, 1981
thvcythereis pohangensis Huh and  Whatley, 1 997
Ulroq}tthereis sugesawensis  Tanaka sp. nov.

No. of  specimens
No. of species
Weightofsediment$(g)

zo19

[[ttble 1, Ostracod 1'ossils 1'rom the Sugesa",a area.
Open circ[e  =  ftzil'enthorchdla-1belmoeonchtr- Urocythereisp"hzangensisassemblage.asterisk=Ambostivgcon-Argitloec'ia-()Jtheropteronassemblage.
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Fig. 4. SEM  photographs of  the nine  species  from the  Omori Formution, a  : k'uc.ytherumporoleberis Zhao, 1988; CC  male(','), SL;'M-CO-1351,
Samp[e SG07. b : 5lemiop,theruret hanzaii lshizaki. 1981 ; CC  male,  SUM-CO-1352.  Sample SG06. c  / q,tha'opman uchioiHanat,  1957h; CC  male,

SUM-CO-  I 353, Sa]nple SG05. d : M'ithecf, antisaiuanensis  Ishizaki, 1966; CC  malc,  SUM-CO-  ] 354, Samp]e SG()4. e : Loxoconcha cf, taitvanensis
Zhao, 1988; CC  femalc, SUM-CO-1355,  Samplc SG{}7. f: Aige'thecia cf. syJnnwtricii Zhao, 1988; CC t'eniale, SUM-CO-1356,  Sample SG08.
E : (/ytheropteron sawanenseHanai,  1957b; CC  malc, SLIM-CO-13S7, Sample SG08. h : Ambosuacon e£  ikevai \ajima, 1 97S; CC  male,  SUM-CO-
1358, Samplc SG08, i : iLllinsayelni  cf. hokfetiidoana (Hanai. 19S7a): CC feniale, SLJM-CO-l359, Samplc SG09. ScaLc bar ls O.1Omm,

Ostracod assemblages

  Forty-two ostracod  species  belonging to 26 genera were

discriminated in the nine  samples  (SGOI - 09)(Fig. 3) from

the Omori Formation (Table 1).

  [[Xvo ostracod  assemblages  were  recognized  : Rxijenho}TheZ42-

1belmoconchza-Uroc)/thereis pohcrn.aensis assemblage  and

Ambostmcon-A}gidoecin-q,themptsxonasscmblage,

  Thclbuijenboxche!2}g-fbulinoconcha-Ui'ocytheTeispohangensisas-

semblage  is characterized  by follo",ing species  1'rom two

sarnples  (SGOI and  02) of the tuffaceous bluish gray very

fine sandstone  : cruthin sugilmponica, foithe cf, antisawanensis,

P. cf. tsurugasdkensis, lbegmoconcha irizukii and  Urecvthereis

pohangensis. This assemblage  closely  rcsemblcs  that from the

uppermost  part of  the lower member  oi' the FLijina Formation

in the FLijina area  (Tlanaka et  al. 2002).

  The Ambostmcon-Aigilloeciti.-C7tytheropteron assemblage  is

charactcrized  by  thc species  which  occur  in seven  sumples  of

the tuffaccous greenish dark gray very  fine sandstonc.  Thc

followin.o extant  species  and  the species  ",hich  is compared

with  the]iving species, are included in this assemblage  (Fig.
4) : Amthostracon cf,  ifeayai, Aigilloecia cf,  sp,mmetrica,
Cl),thempteron szaorkinense, C  uchioi,  EuaytheruraporoXbberis. foithe(20)

cf. antisutvzanensis.  Loxoconcha cf. txtituanensis, A4itns(yelde cf,

hokleaidih and  Semio,theru,u banaii

 The  geo.qraphic and  stratigraphic  distributions of  these spe-

cies  are mainlv  restricted from the South China Sea to off  the          u

Japanese Isiands since  Miocene (Fig, 5), These species  are

dominant in warni  to mild-temperate  condition.  Somc  cir-

cumpo]ar  and  endemic  cool-tempcrate  spccies  (Munsayella
hanttzaeensis. RtijenborchetL2 cf. tsunrgzaszakensis and  fbein;enella

fimicola), hosN'ever, are  also  feund in this assemblas,c,

 Thesc two  ostracod  assemb]ages  are  compared  to the mol-

luscan assemblages  that are reperted  by Sakanoue (2000) in

this study  area  (Thble 2),

 In the tbllowin.o s' cction,  ostracod  assemblages  reported  both

from the present study  area  and  the Fuiina area  (Zinaka et al.

2000, 2002) are analyzcd  to estimate  the paleoepvironmental
condition  in the Proto-Japun Sea.

Principal components  analysis

 In order  to guantitatlvely understand  paleoenvironments
dL}ring the deposition of  thc Omorj and  Fojina Formations, l

carried  out a Q-mode principal components  analysis  for 16

samplcs,  which  contaSned  tnore  than  45  individuals, (Fig, 6),

of  which  6 sarnples  (SG03, 05, 06, 07, 08 and  09) are from
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   Reoent
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   Piiocene
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Fig, 5. Gcographic and  stratigraphic  distribution of  the 
`'extant"

 species  ft'om the Omori Fomnation on  the basis of  previous published data (see
Appendix b. In Lhis study,  

"extant"

 spccics  also  includcs its comparc  (ctL) spccies.  In thc tl.ourc, bold bar is occurrence  data with  photographs

ot' the  speeimen,  t'Ine bar is no  photog.raphs daca.

Ostmacod assembl  e Moiluscan assembla  e

Ambostracon-Argiiloeciat

     Cytheropteron assemb1  ePecten-Chlarrtys

 assemblage

Flaijenborchelta 
-
 ha1moceneha- Macoma 

-CbltelIus
 assembtage

Ltrocythereispohangensts 2ssennblage

thble 2. Correspondence of  ostracod  assernblages  and  molluscan

assemblagcs  efSakanouc  (2000),

the  Omori Formatioil (this study)  and  10 samp]es  (Al, 1 1,

]4, ]5, t6. 17, 18, 19, 20 and  Bl) are fi'om the FLijina Fonna-

tion (Thnaka et al. 2002),

 Fossil and  Recent ostracod  assembiages  often  undergoes

seiective  preservation and  transportation  by the function of

euch  ostracod  valves  and  their depositiona] enx,'tronments (e.g,
Irizuki et al, 1999). Those altered assemblages  are, there-

forc, wi]1 not  show  noirrnal  distributions. [[b verif}'  this, I used

the principal components  analysis  based on  the propotional
similarity  indcx (cos e ) and  the eovariance  matrix, and  a VBA

program which  is modification  ol' Uchida (]996) was  used.

 Appendix 2 shows  that the  first I'our components  explain

more  than  80%  of  the total variancc,  and  may  he sul'ricient

t'or evaluating  the characteristic  of  ostracod  assemblage  in(Ll)

each  sample  horizon.

 The  first cxptains  42.759E ol' total variance. Acunthoaythe,vis

kmvana (score= +9e.  1 2), Rihnecvrecha i'rizwkii  (score= +7  1 .29),

llaijenborchetla cL  ts"n{gzasafeensis (score= +67.30),  lkbtoneewthere

isufeagoshii (scorc= +44.92)  and  [beo,therwispohangensis (score=
+33.59)  hai,e high positive scores, and  these  are  characteris-

tic species  from the lower member  to the jowermost part of

the upper  member  of the Fujina Forrnation (Tanaka et al.

2002), PC  1 only  shovt's  the high positiN,e correlation  with

the samples  from the lower member  to the lowerrnost part of

the upper  member  of thc FLijlna Formation (A ], l 1, l4, ]5,
16, ]7, 18, 19 and  20). Thus thc first component  shows  char-

acteristic assemblage  from the lower mcmber  to the lower-

most  part of  the upper  mernber  of  the Faj ina Formation.

 The sccond  componcnt  explains  30,04% of  the total vari-

ancc,  AmhostTercon cf, ife-,ai (score= +120,64),  Cbetheropteron
shimanense  (scorc= +27,70),  SchizeLythere sdfeanottei  (score=
+21.88),  q,theropteron sawanense  <score= +20.78)  and

ArgilZbeciza ctl s,mmetricza (score= +  1 8.80) havc hlgh posltive

scores, A, korvana (score= -7.29), R cf. tsurtrgasakezasis <seore=
-3.85) and  K  tsufaagoshii (score= 

-3.74)
 have high negative
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Fig. 6. 0mori und  Fujina Formations,
Columnar sections  t'rom the Fajina area wcre  quoted t'rom Thnaka et
al, (2ooo, 2oo2).

scores, Those species  having high positive scores  character-

izetheAmbostnecon-Argitloecta-qthempteronassemblageot'the

Omori FoTmation (SG03, 05, 06, 07, 08 and  09), and  those

negative  scores  characterize  the asscmblage  of  the lowcr

member  to ]owermost part of  thc upper  merriber  of  the Fdjina
Formation <Tanaka et al. 20(}2). PC 2 only  shows  thc high

positive correlation with  the sumples  from  the Omori Forma-

tion, therefore. this component  explains  the assemblage  from

the Omori Formation.

 The third component  explains  6,92% of  the tota[ variance.

(22)

Ldperousecythere ifeep,ai (score= +12.81),  Acanthoaythereis

izunvoensis (scere= +5,53)  and  Robertsonites reticulij{brmus

(score= +2.78)  have high pogitive scores. L. ikayai andA.

izumoensis are extinct species, and  only  known from the Omori

and  Fujina Formations so far. R, reticu4formus  often  occurs

with  sublittera]  species  such  as  qthere, Cbrnucoeuimtha, 1fitithe,

Loxoconcha, MttnseveLin and  Sthizocythere durin.o the Middle Mi-

ocene  (lshizaki 1966 ; Huh  and  Paik L992b). I? cf.

tsurugnsahensis  (scoreT 
-31,79),

 1? irizukii (score= -19,82) and

Kl tsukag'oshii (seore= -12,49) havc high negative  scores.  R

cf. tsuragzasakensis occurs  throughout the horizon ofthe  FLijina

Formation. and  in thc upper  member  of  the t'ormation, occurs

with  the ostracod  assemblage  which  characterizes  upper  slope

of  the Rccent Japan Sea such  as  A, duneimensis, Robertsonites

and  Clhrthia (Tanaka ct al. 2002). R irizuldi and  K  tsukagvshii

indicate bay environment  (Irizuki and  Matsubara ] 994).

  Thus the  third component  is interpreted as  the  depositiona]

environment  (positive=sublittoraL ncgative=bay  or  upper

s]ope).

  Thc fburth component  explains  5,72q/ of  the total vartance.

Ro bertsonites latsufeanus (score= +  1 3.08), Laperousecythere ik<yai

(score=+10.83)andAasnthooithen?isdeneimensis(scorc=+9.44)
have high positive scores, R, yntsukanus and  L. ikayai are ex-

tinct species.  A. dunelinensis is, hewever, extant  species, and

distributed t'rom middle-  to high-latitude reg{ons  of  the North-

em  Hemisphere. This species  js now  distri butcd on  the lower

continental shelfto  the siope  in the Japan Sea region  (Ishizakj
and  lrizuki 1990;Ikeya  and  Suzuki 1992:Ozawa  and  Kamiya

200] ). R irizukii (score= 
-27.23),

 P. ctL tsunignsakensis (score=
-16,79>,

 ll tsukagvshit' (score= -8.20) and  A. koreanza (scoreT
-S.10) have negative  high score$, Those  species  having high

negative  scores  are  only  distributed around  the Japanese Is-

lands since  Mioccne and  indicate the cool-temperate  and  tem-

perate bay environment  (lrizuki and  Matsubara 1994 ; [Ihnaka

et  al. 2002).

 Thus the fourth component  is interpretecl as  a  function of

rclative water  depth (positive=deep; nesative=shallow).

Discussion and  conclusion

 The  ostracods  from  thc Fujina and  Omori Formations pro-
vide  important paleoenvironmentat data for the Miocene

Proto-Japan Sea. Fig. 7 shows  the factorloadings uf samples

frorn the Omori and  Fajina Formations on  the first (PC 1) and
second  (PC 2) components,  All of the samples  from the Omori

Formation (SG-number) only  show  the high positive correla-

tion with  the PC  2. The  second  component  is characterized

by the species  which  composc  the Amthostrarcon-Argilloecia-

qtheroptexon assemblage.  These species  have been distrib-
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PC2

 PC1

Fig. 7. Pfots of  sampies  on  first and  second  factor Joadjngs,
Each sample  numberin  figure corrcsponds  as  fo]lows : SG-number
(= Omori FoTmation,  this study),  A-number  (= the lower member
and  lowermost upper  member  ol' the Fujina Formution, Tanaka ct a!,
2002), B-number  (= the upper  member  of  the Fu.iina Formation,
Tanaka et al, 2002). ViiLue of  each  factorloading of  sample  are

listed in Appendix 2.

uted  from the South China Sea to Japan since  Miocene (Fig.
5), In Miocene, the occurrence  ofA,  ikayaijs rcstricted within

Southwest Japan and  its adjacent  area  (Yajima 1988 ; Huh

and  Paik 1992a, b). A, symmetrica is reported  fi/om the Recent

sediments  <70-206 m  depth) of  the East China Sea (Wang et
al. 1988). C, uchioi  occurs  from the Recent sediments  be-

tween  30 and  986 m  depth (Wang et al. ]988;Ikeya and

Suzuki 1992;Zhou 1995 ;Tsukawaki  et  al. 1998, 1999, 2000),

Thus it is thought that the Omori Formation was  deposited

under  the warm  upen  sublittoral  environment  such  as the Re-

cent  East China Sea andlor  the southwestern  part of the Japan

Sea.

  Al] the samp]es  from the  Lower member  to the  lowcrmost

part of  the upper  member  of  the Fojina Formation (A-num-
ber) only  show  positive corretation  with  the PC  1. The  ex-

tinct species such  as A. kofvanu, 1? irizukii, R cf.  tsurugzagakensis,

K: tsufeagoshii and  U  poha,zgensis have high positive scores. In

the Miocene,  A, feoreana and  U, pohangensis occur  from the

southwestern  part of the Japan Sea side, and  R  irizufeii, R  cf.

tsurugasakensis  and  KI tsufeagoshii occur  1'rom the Honshu

([[Unaka et ai. 2002). In the Miocene  deposits of  Korea, A.

koreana and  LL pohairgensis occur  with  the circumpolar  species

such  as Munsayella hamtatensis and  RilineneZdi fimicom, and  in-

(23)

dicate stuble cold shallow  sea  enx,ironmcnt  (Huh and  Paik

1992b). R irizukii and  K  tsukagvshii are  the temperate species

and  it is thought that these species  adapted  to colder  cnviron-

ments  during the Miocene  in the Japan Sea area  ([kLnaka et al.

2002). R irizukii and  IC tsufeagoshii indicate the stablc  bay

environment  (Irizuki and  Matsubara ]994). Thus  it is thought

that the FuLjina Formation was  deposited under  the coo]  open

subiittoral  or the cool  bay environment  during the deposition

between the lower member  and  the ]owcrmost part of the upper

member.

  Sample B1 from the upper  member  of  the Fujina Forma-

tion does not  show  the corre]ation  with  thc PC 1 and  the  PC

2, however, it shows  negative  and  positive correlation  with

the PC  3 and  the PC  4 respectively  (Appendix 2). The  B 1

sample  is dominated by thc circumpolar  and  the cryophilic

species  such  as A. dunelmensis and  Acanthocythereis.

tsurtEgasdeensis (Thnaka et  al. 2002). This data indicates that

the upper  inember  of  the Fujina Formation was  deposited

under  the cold  upper  slope  environment.

  Thus, it is suggested  that the bottorn water  condition  of the

Omori and  the FuLjina Formations generally became deeper

(co]der) and  deeper (celder) towards the upper  horizons oL'

thc Fujina Formation.

  Based on  the stratigraphic  correlation  in the San'in dis-

trict, 
Flakayasu

 et al. (1992) recognized  the Omori Stage (14,5-

14Ma) and  the Fojina Stage (14- 12 Ma). They  pointed out

that co]dcr  molluscan  species  in these stages  increased to-

ward  tbe end  of  the Fujina Stage. On the basis of foramin-

iferal oxygen  isotopic data, Kim  (1999) pointed that  the

Pohang Basin sequence  (Southeast Korca) shows  a decrease

in isotopic temperatures from 14.5 to 14 Ma. The coo]jng

evcnt  of  the Proto-Japan Sea in 14,5-14 Ma  coincidcs  -'ith

global cooling  event  between 14.5 and  14 Ma  manifested  by

the sharp  increase in benthic and  planktonic foraminifcral oxy-

gen isotopic values  (Mjller et al. 1987), Sakanoue (2000)
reported  the molluscan  assemb]uges  such  as CkeIUsta-thn'enaria

and  Macoma- Culteffus assemblages  from  the Sugesawa  area

(=this study  ttrea). These assemb]ages  indicate the sublittoral

environment  under  thc  cold  water  current,  The Mdcoma-

Cultellus assemb]age  corresponds  to the  Ilaijenborchdin-

fbulmoconcha- Ch'oaythereis pohangrnsis assemblagc,  and  the os-

tracod assemblage  jndicates the cool  sub]ittoral  environment.

  In the same  area,  however, Sakanoue (2000) reported  the

llecten-(;hlanlys assemblage  which  indicatcs the warm  open

sublittora]  environment.  This assernblage  corresponds  to the

Ambostmcon-Aigitloecia-Otherapteron assemblagc,  and  the os-

tracodassemblagealsoindicatesthegamepaleoenvirenmental

condition  with  the molluscan  assemblage.
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   OtofLljj et al, (199L) stressed  that more  than  80% of  the

c[ockwi  se  rotation  of the Japanese Islands was  compieted  be-

twcen i6.] and  14.2 Ma. Nomuru  {1992) recognized  thedif-

ferentiaL regienal  uplit'tin.g and  deepening betwccn the depo-

sition  oi' the Kuri and  Omuri Formations. and  he assumed

that these tectonics wcrc  correlated  with  the opening  of  the

Japan Sea, Thereforc, during the period of  deposition of  the

Omori  Formation, the bottom environmcnt  of  the  Proto-Ja-

pan Sea appears  to have been controlled  by regional  tectonics

of  the Japanese region  in combination  with  globaL climatic

changes.  The temporal  occLLrrenee  of  thc warrn-"'ater  ostra-

cods  may  indicate that the paleo-Tsushinia warm-water  cur-

rent  tlowed in thc Proto-Japan Sea during a  period of  globa]

cool  ing ti inc.  Thc paleo-TsushiTna warm-water  cuiTent ot' this

period was  enough  strong  to inRuence the sublittorat  bentbic

ostracods.

  After 14 Ma,  cold  surface  waters  became dominant in the

Japan Sea, but periodic intl()ws ol' warm  surfacc  waters  con-

tinued  (Tada 1994). The presence ef  -,arm-water  cephalo-

pod species  in several horizons ot' the Fu.iina Formation also

suggcsts  the influence of a warm-water  current  (Sakumoto et

al. 1996). In this period, the benthic ostracod  assemblages

are  charactcrited  by prominent circumpolar  and  cr>,ophilic

species.  The pa]eo-Tsushima warm-water  current  of  thjs pe-

riod  was  not  cnough  strong  to inf]uence thc sublittoral and
the uppcr  stopc  benthic ostraceds.

            Systematic descriptions

  All the i]]ustrated specimens  are  deposited in the cottec-

tions of  the  Shizuoka University Muscum  (SUM-CO-Num-
ber). The following abbreviations  are used  in this papcr : CC
:complete  carapace,  RV  :right  valve,  IJV:]eft i,alve, L:

Iength, H  i height, W  : width.

     Order Podocopida Sars, 1866

  Superfamil>, Cypridoidea Baird, I845

Family Pontocyprididae G, W. MMter, l894

     GenusArgz'Ubecia Sars, ] 866

         ArgilZbecia ciL symmetrica Zhao. 1988

                    Fig, 4f

 A,g7'tloecia synemetric`i Zhao, 1988, p, 232, 233, pl, 36, figs,
t9-21, l'ig, 5-73,

 Rcmarks : This spccies  was  described from the Recent sedi-

ments,  East China Sea by Zhao  (1988), Specimens from the
Omori Formation slightly differ from the typc  specimen,  in
the shape  of posterior area.

(24)

         Superfamily Cytheroidea Baird. 185e

              Cyther{deidae Sars, 1925

        Subfaniily Krithinae Mandclstam,  1958

    Genus Ki･ithe Brady, Crosskcy and  Robcrtson, 1874

        Ki-ithe cf. antisawanensis  lshizaki, t 966

                    Fig. 4d

 foithe antisa!uanense  Ishizaki, 1966[sic], p. 137, ]38, pL 18,

figs. 17, 24 and  25,

  ifi'ithe antisawrenensis Ishizaki, Gou et al,, 1981, p,155, pl,
78, 11g. ]6 ; Ruan  and  Hao, 1988. p. 269, pl. 40, figs. 2]-23:

Ikcya and  Suzuki, ]992, pl. 5, fig. 6:Zhou  and  Ikeya, 1992,

p. 11l1, 1112. iigs. 9-4, 9-5.

 1<)'ithe sawanensis  HtLnai. Gou  et al., 198L, p. 155, pL 77, figs.

1g-22, pl. 78. fi .a. 15, pl. 92, f'ig, 14 ; 6ou  et  al., 1983, p.34,

pl, 6, figs. 1-13, text-S'ig, 8 ; Wang  et al., l9g8, p. 243. p]. 42,

t'lgs., 1, 2.

 Remurks  : This species  was  first dcscribed from the Mi-

ocene  Hatatate Formation, Sendai by Ishizaki (1966). Speci-

mens  from the Omori Formation slightly  differ I'rom the type

specimen,  in the shape  of  posteroventral mar..o.in.

           Family Eucytheridae Puri, 1954

        Subfamily Pectocythcrinae Hanai, 1957a

         Genus Munsayeth van  den Bold, 1957

       Mttnsayetla cf. hekkaidhana CHanai, 1957a)

                     Fig. 4i

  
`:

 lb ttknin  ia'' hokkaideanti Hanai, 1957a, p. 479, 481, pl. ]],

figs, 2a, b. text-figs. 5a. b.

 thnsep,eha hokkaidodinza (Hanai), Hanai, 1961, p. 362,

 Text-fig. 6. fis,s. 3a, b: Ishizaki. 1966, p. 153, p]. 19, fig,

13: (not) Kamiya et ul,, 1996. pi. 2, fig. 2: Kamiya et  al.,

200t, pl, 16. fig, 4.

 Rcmarks : This species  was  firgt described from  the Upper

Pliocene Setana Furmation, Hokkaido by Hanai (1957a).
Spccimens from the Omori Fonnation slightly  differ from the

type specimen,  in the shape  ef  evenly  rounded  anterior  mar-

gin.

           Family Cytheridae Buird, i 850

     Subfumily Schizocytherinae Mandelstam, i960

          Genus  Schixotlythere Triebcl, 1950

        Schizocythere sakane"ei  Tanaka sp. nov.

               Figs, 8a-h, 9q and  9u

 Etymo]o.oy i In honor ofHa.jime  Sakanoue, who  gai,e me

information about  type locality of  this species.

 Types : Holotype, CC  male.  SUM-CO-i360  (L=e,67mm,
H=O.39mm,W=e.34inm). Paratypes, CC  female, SUM-CO-

] 361 (L=O.69mtn, H=O.40tnfn, W=O.35mm)  ; LV male,  SUM-
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    SEM  pholographs of  ne",  speeies,Fig, 8,a-h,
 5'chizacytherff safeanouei  Tanaka sp. nov,  a-d  : holot),pc, CC  male,  SU/M-CO-]360, Sample SG03. e-h  : paratype, CC  female, SUM-CO-1361,

Sample SG06. i-p, Otkeropteron shimettneiise  Ilanaka sp. noNi  i-] : hototype, CC  tnaie, SUM-CO-1362,  Sample SG08. ni-p  : paratype, CC  fbrnale,

SU}vt-CO-1363, Sample SG06. q-x, LJrocythereis sagesthveresis Tanaka sp, nov.  q-t / holot},pe, CC male,  SU)vl-CO- 1364, Sample SG09. u-x :

paratype, LV  female, SUM-CO-1365.  Sample SG09, Scalehur is O.tOunm,

(25)
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Fig. 9. SEM  (a-r and  u-w)  umd transmitted optical  (s and  t) photographs of  new  species.

a-h  and  s, LoxoeencE," izwnoensis Tanaka sp. nov.  a-d : holot},pe, CC, male,  SUrv{-CO-1366, Saniplc SGe6. e-h  : parat.vpu, CC  1'emaLe, SUDvl-CO-
l367, Sample SG08. s / paratype. CC  femalc in thc left lateral xicw.  SUtsC-CO-1368, Sa]npte SG08. i-p and  t, Rtiudbxostof'na.yaku"iotatsuntts'Fanaka

 sp, nov.  i-1 : holetype, CC smull  form (mate?), SUM-CO-1369,  Sample SG09, m-p  : puratypc, CC  ]arge forrn "'ema]e?}, SUM-CO-
1370. Sumple SG09. L : paraLype. CC  ,stnall form (ma]e?) in the  righL  ]atcral x,ie",,  St[pt{-CO-t371. Samp]e SG09, q and  u, Schizocythere
safeanouei  1leLnaka sp.  nov.,  paratype, I.V malc  , SUM-CO-1372,  Sample SG09, r and  v, q,therLv)teron shimanense  Tunaka sp. n[}v,,  paratype. IjV
male,  SUM-CO-1373, Sample SG08. w,  Uroo,thereis sugesaivensis  Tanaka sp. nex,,, paratype, adductor  musc]c  scars  of  LV  femule, SUM-CO-
[374, Sample SG09, Scale har is O.05mm  for u-h.  u and  -, : O.10mm  for i-t. O.03mm  1'or v.

(26)
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CO-1372 (L=O.66mm, H=O.37mm).

 Type locality : Uppermost part of the Omori Formation,

Sample SG03 (35020.58'N. i32e46.25'E).

  Diagnosjs : Va]x,e subquadratc  in ]ateral view.  dorsal and

ventrai murgin  straight, A strong  carina] ridge, bifurcating in

mid-ventral  arca  and  running  into posteromedian area, Four

adductor  scars {the upper  three are elliptical, the lowermost
one  is scmicircular).

 Description : Valve subquadrate  in lateral view.  Anterior

margin  evenl>,  rounded  with  infrucurvature; ctorsal  margin

straight: posterior margin  Lrians,ular, slightly coneave  in up-

per half and  slightly  convex  in lowcr half; i'cntral  margin

straight.  Scxual dimorphism promincnt; in latcrah,icw, malc

forfns more  elongate:  in dorsal view,  fbmale forms havc more

infiated carapace  in the anteroventral  and  posteroi,entral ar-

eas.  Eye  spot  large and  protrudin.o. A  ",eak  carinal  ridg,e

occurs  at the anterodorsal  part of  e},e  spot,  runs  neai'ly  paral-

lel to anterior  rnargin, and  ends  at anteromedian  area. A strong

short  carina] ridgc,  arising from  anteromedian  area, runs  to

the posteroniedian arca. A strong  carjnal ridge  starting at thc

anteroventral  area,  bifurcating in mid-ventral  area  and  run-

ning  into posteromedian arca. Surface ornainented  by irregular

rcticulations  bet"'een carinai  rSdges,  Ln dorsat view.  carapace

subhexagonal  ; lateral outlinc  sinuate,  widest  in the postero-
median  area, In anterior viexk'. carupace  subhexagonal.  broad-

est at pointnear inid-hei.qht.  Margina] zone  relatively broad

anteriorly  and  posteriorly. Selvage well  develeped. Hinge

schizodont  : ln liVZ antcrior  clement  has an  auxiliary  tooth in

a large e]ongate  socket  ; anteromedian  etement  is a tooth,

posteromedian elcment  is a  crenu]ate  bar: posterior elemcn{

is an  clongate  socket, One elongate  elliptical frontal scar.  A

row  of  four adductor  scars  are  nearly  vertieal  in a  gentle curve,

convex  side  to the posterioi' (the upper  three are elliptical, the

lowermost  one  is setnicircular). One elongate  elliptical  rnan-

dibu]ar scar.  Frontal and  mandibLL]ar  scars  are  very  difficult

to sec. Prominent fulcral point.

  Remarks:  This species  diffcrs from 5', okhotsfeensis  Hanai,

1970 reported  from the Rccent  sedimcnt  of  Okhotsk Sea, in

its outline  and  more  irregu]ar emamentaLion.  The present

specios  is distipguishcd I'roni 5L hdtntiatensis Ishizaki, 1 966 from

the pt'Iioccne E[atatatc Formation, the north  Japan, in its straight

ventral  margin  and  lacke['posteroventral spine,  S, sakanouei

sp.  nov.  also  differs from S. kishinoroiei (Kajiyama, 1913), in

its e]ongate  lateral outline, the outline ot' the antcrior margin

and  weak  anterodorsal  carinal  ridge.

 Famil>, C>,theruridae G. W. Mti11er, 1894

Subfamity Cytherurinae G, W.  MUIIer, 1894

(27)

         Genus Eitcytherum G. VtL Mtilier, 1894

          Eimaytherumperoleben's Zhao, 1 988

                      Fig. 4a

 Euc.ytherura porofeberis Zhao, 198g, p. 261, pl, 50, llgs. 15-

18:Ruan and  Hao.  1988, p. 290, pl. 49, figs, 13, t4,

  Eucytheruiu neoalae Ishizaki, Gou  et al,, 1981. p. 160, pl, 79,

1'igs, 14-16.

 L'ucyttheriira sp. Ishizaki, 1981, p. 50. 51, pl. 1O, figs. 1O,

11a, b, pl. 11, figs. 1. 2, 5, pl, 14. figs, 9, 1O, pl. 15, fig. 7:

Ikeya and  Suzuki, 1992, p. 1 14.

          Gcnus Semicl,therum Wagner, 19S7

          Semic),therura hanaii lshizaki, 1981

                      Fig. 4b

 .Sl7n2icythgrune thtmdii Jsbizaki, ]981, p. 55,56. pl, 1l. figs.

11, 12, pl, 12, figs. I-4, pl. 13. figs. 8. 9, pl. 14, fig. 3; Wang

and  Zhao, 1985, p]. 8, t'ig. 1 1; Ruan and  Hao, ]988, p, 302, pl.

S3, figs,}-3; Wang  et  al., 1988, p. 262, pl, 5i, tigs, 1, 2.

 Kk,zgzarina nanhttiensis  Gou, 1981, p, 160, pl. 79, figs. 12,

13,

Subfamil>, Cythcropterinae Hanai, 1957b

   Genus Cb,theropteron Sars, 1866

        Cbitheropteron shimanense  Tanaka sp.  nov.

                Figs. 8i-p, 9r and  9v

 Etymology  i The prefecture name,  Shimane, of' the type
locality

 Types : Ho]otype, CC  malc,  SUM-CO-1362  (I.=O,42nim,
H=O.24mm,  W=O.27mm).  Paratypes, CC  female, SUM-CO-

1363 (L=O,44mJn, H=O.28mm. W=O.29mm)  ; I.V ma]e,  SUM-

CO-1373 (L=O,39mm, H=O.22mm).

 Type ]oca]ity : Uppermost part oi  the Omori Formation.

Sampke  SG08  <35"20,60'N, 132046.28'E),

 Diagnosis : Valve subrhombeida]  in lateral view.  Sur['ace

ornamented  by scattercd  £
'ossac:

 a  broad. roundcd  carina] ridge

occurs  at  the anteroventrat  margin,  runs  along  the edge  of ala.

 Description : Vah,e subrhomboidal  in lateral view.  Ante-

rior  margin  cvenly  rounded  with  infracurvuture; dorsal mar-

gin arched:  posteiior margin  angular,  making  near]y  a right

anglc  with  dorsal margLn;  ventral  margin  nearly  straight.

Sexual dimorphism prominent; in lateral vicw,  malc  i'orms

rnore  elongatc;  in clorsal view.  female forms haN,e more  in-

fiated carapacc  ln the anterovcntral  area. Eyc spotnot  ob-

served.  Surface ornamented  by  scattered  fossae, A  broad,

rounded  carinal  ridge  occurs  at thc antcroventral  mar.gin. iuns

a]ong  the edge  of  ala.  tn dorsai view,  carupace  is an  arrow-

hcad-shuped, In anterior  view,  carapace  subtriangular,  broad-
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est at the earinal ridge. Margina] zone  broad anteriort>, and

posteriorly. Selvage wel{  developed. Hinge antimerodont:

In LV. anterior  e]ement  has three  sockets;  mcdian  elcment

consists  of  about  20 teeth; posterior element  has sorne  sock-

ets. One  V-shapeci frontal scar. A row  of four adductor  scurs

in a venical row  (the upperniost  one  is semicircular, the middle

two  are  clliptical.  The lowermost one  net  observed),  Man-

dibular scu,r not  obscrved.  Fulcfal point not  observed,

  Remarks  : This species  dLfi/ers from Cl satvanense  Hanai.

1957b rcported  from the Vpper Pliocenc Sawane Formation.
Sado Island, in its elongate  outline  and  not  bifurcated murus.

The present species is dist{nguished t'rom Cl postomatum Zhao.

1988 I'rom the Reeent  sediments  of  East China Sea, in its

murus  occurs  at  the anterovcntral  margin  and  outline  of  pos-
terlor margln.

           Famit}, Hemic>･theridac Puri, l953

         Subl'amily Hemjc.vtherinac Puri, 1953

           GenusAmbosh"acon Hazel, 1962

          Ambostxacon cf, ileayaiYajima, 1978

                      Fig. 4h

 Ambostnicon ikewai Yajima, t978, p, 394,395, pl. 49, tlgs,

5a-c, pl. 50, figs. 1, 2. text-il.o. 7. figs. 2a, b:Yajima, l988,

pl. 1, fig. 4. pl, 2, t'ig. 13 ; Ikeya and  Iteh, 1991, p, 108, fig,

10A;Huh  and  Puik, 1992a, pl, 2, fig. 1;Huh  and  Paik, ]992b,

pl. 2, fig, 1; Yajima, 1992, p. 263. pl. 32, fig. 11.

 Remarks : This species  was  first described from the Uppcr

PleistoceneNaritaFormation,CentralJapanbyYajinia(I978),

Specimens froin the Omori Formation s)ight]y di i'fer from the

type specimen.  in the shapc  of eventy  rounded  anterior mar-

gin,

   Subfami]y Uroc.vthereidinae Hartmann and  Puri, 1974

           Genus thetvthereis Ruggieri, 1950

        thocythereis sagesawensis  Tanaka  sp.  nov.

                 Figs. 8q-x and  9w

  Etymotogy  : For the type ioca]ity.

  Types : HoLotype, CC  ma]e.  SUM-CO-1364  (L=O.79mm,
H=O.42mm,  W=O.38tnm). Paratypes. LY  female, SUM-CO-

1365 (L=O,77mm, H=O,45mm); IJV female, SUM-CO-1374

(L=O.78mm,H=O.45mm),
  Type locality : Uppermost part of  the Omori Formation,

Sample  SG09  (35020.6] 
'N,

 132'46.30'E).

 Diagnosis : Valve subquadratc  in latcral view,  SLtrface or-

namented  by polygonal rcticulations:  two  pogteiHor ridges  run

ob]iquel>, toward  at postcroventral area.  Two  circular  frontal

scars.

 Descriptjon i Va]N,c subquadrate  in lateral view.  Anterior(

 L,8)

mar.oin  evenl>,  rounded:  dorsal margjn  straight, sloping  gen-
tl.v toward posterior; postcrior margin  even]y  rounded;  ven-

tral rnargin nearty  straight. Large sexual  dimorphism; in lat-

eral view,  male  forms more  elongate;  in dorsat view,  female

forms have intlated curapace  in the posteroventral arca. Eye

spot largc and  flat. Surfacc ornamented  by polygonal relicu-

lations. Two  postcrior ridgcs  run  oblique]y  toward  at

posteroventral arca,  In dorsa] vicw,  lateral out]ine  near]y

straight;  anterior end  more  pointcd than  po$terior, In anterior

view,  carupacc  subovate,  broadest at peint near  mid-hcight.

),{arginai Lonc  relat{vely  broad. Selvag,e welt  developcd.

HinsTc holarriphidont : in LYL anterior element  has a largc oi,ate

socket: anteromedian  elemcnt  is a smooth  tooth, posterome-
dian element  is a bar; posterior e]ement  is an  elongate  socket.

Two  circular fronta] scars.  F()ur circularlellipLical adductor

scars;  the middle  twe  are  subdivided,  One e]liptical man-

djbular scar. Prominent fiilcral point. Oculur sinus  conspicu-

ous,

 Remarks : This species  differs from (Z pohza,zgensis Huh  and

Whatley, 1997 reported  from the  Miocene  Yeoni] Group,

Korea, in its evenly  rounded  posterior margin.  The present
specics is distinguished from a  gerokuensis lshi7aki, 1966 fi'om

the P]iocene ktsunokuchi  Formation. the north  Japan, in its

two  posterior ridges  run  oblique]y  to",ard at posteroventral
area  and  eventy  rouncled  posterior margin.

           Fainil}, Loxoconchidae  Surs, 1926

             Gcnus Loxocencha Sars, ]866

         Loxoconcha izumoensis Tanaka sp. nov,

                  Figs. 9a-h and  9s

  EtymoLes,y ] Izumo is the ancient  provincia] name  of  the

ty pe ]ocality.

  Its,pes : Holotype. CC tnale, SUM-CO-1366 (L=O.36mm.
H=O.24mm,  W=O.19mm).  Paratypes, CC  t'cmale. SUM-CO-

i367 (L=O.38mm, H=O.24mm, W=O.20mm);  CC  femate,

SUM-CO-]368  (L:=O.37mm, H=O.25mm,  W=O.20mm).

 T>,pe locality : Uppermost part of  the Omori Formation,

Samplc SG06 (35e20,60'N. 132C46.27'E).

 Diagnosis : ValL,e rhomboidal.  Dorsat margin  straight,  slep-

ing toward posterio]; Surface ornamented  by punctations and

rounded  fossae, Two  concentr{c  muri  occur  in the

anteroventral  arca, convex  posteToventra}iy in the postero-
ventral  arca.  ends  at mid-posterior  area.  rn dorsak,iew, wid-

est  in the posteromedian area.

  Description : Valve rhomboidal  in laleral view.  Anterior

tnargin  ei,enly roundcd:  dorsal margin  straight, slopjng  to-

wurd  posterior: posterior margin  truncuted  obliquely  in upper

half and  lower ha]f making  biunt angle  slightly  above  mid-
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height; ventral  margin  ncarly  stralght  to slight[y  convex,

Scxual dimorphism weak.  Eye spot  small  and  fiat, Surface

urnamented  by punctations in the anterior  and  posterior ar-

eas, rounded  fossae in the median  arca, Two  conccntric  muri

occur  in the anteroyentrai  area, eonvcx  posteroventrally in

the postero-ventral area,  ends  at mid-posterior  arca. In dorsal

view,  carapacc  ovate, widcst  in the postcromedian area,  In

anteiHon,icw,  carapace  subovate,  broadest a 1ittle below m{d-

hei.g.ht. Marginal zone  rclativcly  broad.

  Remarks  : This species  differs l'rom Loxoconcha

suthfeotonggbrma  Ishizaki, 1966 L'rom the Miocene Hatatate For-

matioo,  the north  Japan, in its outline of  anterior  margin  and

punctations in the anterior  and  posterior areas,

   Fami]y Paradoxostomatidae Brady and  Norman, 1S89

   Suhfamily Paradoxomatinac Brady and  Norman, l889

          Genus llamdoxostoma Fischer, 1855

     thradbxostoma yak"motatsun"s 
Flanaka

 sp.  nov.

                  Figs. 9i-p and  9t

 Etymology  : 
"Yakumo-tatsu",

 a poctic epithet  modifies

Izumo in a  traditional Japanese poetry.

 Types : Holotype, CC  snia]1  form (male?), SUM-CO-1369

(L=O.76mm, H=O.34mm, W=O.20mm), Paratypes. CC  large

t'orm (female?･ ), SUM-CO-  1370  (L=O,79mm, H=O.36mm,
W=O.22mm);  CC  small  forgn Cmale?･), SUM-CO-137i

(L=O.76mm, H=O,34mm,  W=O.2  lmm  ).

 Type locality : Uppermost part ef  the Omori Formation,

Sample SG09  (35020.61'N, 132046.30'E),

 Diagnosis : Valve elongate  subrhomboidal  in lateral view.

Anterior margin  narrowly  rounded  extremities. In dorsal view,

carapace  elongate  subovate,  anterior  end  more  pointed than

posterior. Marginal zonc  b:oad,

 Description : Valve elongatc  subrhomboidal  in lateral view.

Anterior margin  narrowly  rounded  extremities:  dorsal mar-

gin abruptly  arched  bchind the mid-length;  posterior margin

truncated dorsally and  cvcnly  arehed  ventrally; x,entral niar-

gin coneave.  Sexual dimorphistn weak;  in lateral view,  small

fonns smaller;  in anterior yiew,  large forms arc morc  infiated.

Eye spot  not observed.  In dorsa} vieu,, carapace  elongate

subovate,  anterior  end  more  pointed than  posterior. In ante-

rior view.  carapace  subovate,  pointed in ventral, Margina]

zone  broad.

 Remarks : This spccies differs from R inbi`lata Guan, ] 978

rcported  from the  Pliocene boring eore  samples  from Leizhou

Peninsula and  Hainan Island, South China, in its posteroyentra]
outline. The present species  is distinguished i'rom R sohni

Okubo, 1980 i'rom the Recent samplcs,  the Inland Sca, Japan,

in its more  protiude anterjor,

(29)
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　　島根県，出雲市菅沢 の 大森層よ り26 ．属・12 種 の 介形 虫化石を拙出 し，2 つ の 介形虫群 （／9．mthostrzacon −

．Arζi！loecid
．．
（］］ther曜Pterpn群集お よ び 翫グ6〃渉0κ 加 跏一Pa！pnoconeh 躍

一Urocythereis汐Oh ‘ingensis 群集）　を認 めた．　こ

れ らの群集は冷温 〜 温暖な 公海の下浅海環境 を 示唆する．大森層 お よび布志名層 か らの
．
介形 虫化石 群 の 主成

分分析 は ．そ の 堆 積環境 が 上 菁1‘層 準 に向か っ て し だ い に 深 く な っ て い っ た こ と を 示 唆す る，5 新種

（Cythero？＞teran　shimzanense ，　 Loxoconcha　igumoensis，　 PzanedoxOstoma／akumotatsun μ s，5
’
C
’hi20cythere　sakanouet

’
お

よ び UrOtythereis　sergesazuensis ） を記載した．

」

（32 ）
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Appendix 1. The supp[ementar>,  data about  Fig. 4.
Each district numbcr  C.1-]6} con'cspondg  to [hosc in Fig. 5.

(P) =
 Pacific side  : (J) =Japan

 Sea side  ; 1 =
 Late : m  

=
 )vliddle :

M  =  Mieeene : P =  Pliece]e : Q =  Pleistocene ; H =  Holocene ;
R=  Recent  ; Gr =  Group ; Fm  =  Formation ; Mb  =  Member.
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