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                                   Abstract

   Orb"lina ttniversa D'ORBiGNy made its first appearance in the Globeqttadrina deliiscens zones
though still it was extremely rare of the Saigo formation in Shizuoka prefecture, central Japan.

It is most probable that the "Orbttlina surface" in central Japan lies at the middle Miocene
(f3 stage).

   The Åëentral Japan record indicates the abundance of Orbuliiia zt•niversa D'ORBiGNy in the

upper Miocene but apparently none in the Iower Miocene, More datails of the vertica! range
of Orbu,lii•ta un.iversa in Japan is mentioned and the lowest limit of this species is possibly

assumed to be the middle Miocene. Accounts on the biostratigraphy on the basis of smaller
aRd larger foraminifers are given estabiishing 7 zones and 26 zonules. The materials have
been obtained from the Neogene rocl<s of Shizuoka prefecture.

Figure 1. Index map.
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(LERoy, 1948)
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   The final conclusion was arrived with a rich materials obtained from
numerotts surface sectioR of Pacific coast of central Japan (Fig. 4-18).
   LERoy (1948) suggested that points .of }owest stratigraphic occurrence of
Orb"gi•na universa D'ORBiGNy, ancl its related form, Ca?2dorbulina 'universa JED-
LiTscKA, in a continuous}y Cieposited, open sea, deepwater globigerine biofacies,
fall on or in close proximity to a time horizon within midd}e Tertiary sections
through tropical and subtropical zones of the world.
   It has been recornmended by LERoy that biostratigraphic points of the first
appearance constitute a datum to be termed the " Orbuginct surface". The
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2. Lithostratigraphy established by previous
   works.
Ishiharada bed; Ky, I<iriyama formation;
Masago formation; Sg, Saigo formation;
Saigo Group; Tm, Tamari formation;
Tozawa bed; Wd, Wada conglomerate.
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recognitioR of this surface woulcl assist inaterially in establisking world-wide
Tertiary time-stratigraphic correlations. The Kassikan section of central Sumatra
is believed to contain a qualified point for the Orbulina surface and is recom-
mended as the type for the westerR portion of the East Indian Archipelago
and he has requested discussion from microp41eoRtologists of Orbulina in
various Tertiary sections.

   The geology and paleontology of the western part of Shizuoka prefecture
in the central Japan has been worked out by many authors 3),.s),4i),42),4s)--:•o),6i)-73),

7s),so),B6)-- sg),gg),ig3). Particularly discovery of Iarger ForaminifeTs by Jir6 MAKiyAMA

(1947) has contributed to the age determination. MAi<iyAMA states two horizons
of nephrolepidina type of Lepidocyclines, one of Lepidocyctina <Nepizrolepidina>
angulosa, L. (N) niPPonica, L. (N.) Peror•nata and the other of L. (N.) 7nafeisamai ;

the former is in a lower horizon in Japan to fi.mm2 of East Indies, the Iatter is
the top-most horizon referab}e to iR Japan being about equai to f3 of East Indies.

   The lithostratigraphic sequences of the Miocene sedimentary rocks and
thelr biostratigraphical characteristics are shown in Table (1, 2, 3, 4) and Fig.
(2, 3). The writer examined samples coilected from the Futamata, Kakegawa
and Sagara districts on purpese to identify microbiostratigraphic uBits and
" Orbulina suyface" of these deposits durings tke times between 1948 and 1961.
The Miocene biostratigraphy of this district established thus far kas given a
good standard column of the Miocene sections of various basins in central Japan.
The microbiostratigraphic research on the Miocene deposits wi}l be carried on.
Hence although this report appears to be pre}iminary, the analyses of the
faunas are by no means premature.
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                       LITHeSTRATIGRAPHY

   According to MAKiyAMA and otkers 4s)-as),Eo),62)--6g),7v-73),s6),s7), the stratigraphy

of the Miocene sedimentary deposits in Futarnata, Kakegawa and Sagara districts,
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western part of Shizuoka prefecture is summarized as fol}ows in descending
order.

   The combined thickness of these deposits attains up to 2,500m.. The
chronological scale and "nit of the rocl< sequence deposited during correspond-
ing time intervals are shown by the Letter Nomination (IKEBE, 1948).

                          Pliocene
                        unconformity

G

F:l

F,

F,

SAGARA
  GROUP

SAIGO
  GROUP

KURAMI
 GROUP

OOIGAWA
  GROUP

The outline

Kurami

Ooigawa
 Group

Group

{

  Kiriyama & Tamari formation
  Wada coRglomerate
  Ishiharada bed
  Sagara formation
  Toklgaya formation
(

         unconformity <well marked)
  Saigo formationI  Tozawa bed
         unconformity (well marked)

  Masago formation(
  Matsuba fermation
 i  Amenomiya formation
 i unconformity
  HOrai & Ieda formations{         unconformity
  FRtamata & Megami formation
         unconformity (we}1 marked)
            Pre-Miocene

         FUTAMATA DISTRICT

lithostratigraphy is as follows

        Pliocene
      unconformity
III Amenomiya formation
II Ieda formation
      imconformity
I Futamata formation
       unconformity
         Pre-Miocene

   Ooigawa Group
I. Futamata formation
   3. Upper conglomerate and sandstone;
those derived from the Pre-Miocene rool<s. .

pebbles m

s
l
l

l
ii

l

Yuian

Tozawan

Tagarian

Ooigawan

the conglomerate are
."."". 50mth•
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   2. Middle mudstone; composed of mudstones mainly, with subordinate
siltstones, mudstoRes noB-bedded, monotonous, black and gray. ... 350m.Å}'
   1. Lower conglomerate ; made of conglomerate and sandstones (medium to
coarse grained), the coRglomerate thick to the south, changing in the sandstones
to the north. .............................................................................. 50m.,lr

II. Ieda formation
   Consisting of Flysch-like akernations of sandstone and mudstone. A }ittle
be}ow ehe middle level severa} seams of conglomerate take places among the
alternating beds. .................................................................,...... 300m.:/i/:

   Kurami Group
III. Amenomiya formation
   2. Amenomiya sandstoRe; light grey homogeneous mediumgrained sand-
stone, Onion weatheriRg distiRct. ................................................... 2eOm.

    1. Haramishi coRglomerate; Essentially made of congiomerate, with inter-
calated saRdstone in some portions, changing eastwards to sandstone toSa}ly.
                                       .............................. 100-120m.

                        KAKEGAWA DXSTRICT

   The outline lithostratigraphy is as follows.

                     Pliocene
                   unconformity
Sagara. Groug VI Tamari formation
                    unconformity
saigo Group ( }(. Iilz',gs.log'lg}.aElg?

                    unconformity
Kurami i lll Masago formation
  Group II Matsuba formation
            il Amenomiyafarmation
                    tmconformity
                       Pre-Miecene

Kurami Group
   The Kurami group represents all the deposits of the secoRd stage ([Vogarian
or F2) of the Miocene series iB Japan.
   It is made of three chief subdivisions--tke Amenomiya, Matsuba and Masago
formations. The middle subdivision or the Matsuba formation is much pyro-
clatsic in material making a very thick accumulation over 500m. While the
lower and upper formations are rnade of unmixed terrigenous sediments. The
outline stratigraphy is as follows :
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I. Amenomiya formation.
    (b) Towata mudstone ; blue grey mudstone with ill-marked bedding several
thin beds of slltstone in lower part, changing downwards to the sandstone.
                                         .............................. 160 m.
   (a) Amenomiya sandstone ; light grey homogeneous medium-grained sand-
stone wlth Cugtellur izumoensis, T"rritella s-hatai etc.. The top is finer and the

very base is conglomerate-Haramishi conglomerate. The conglomerate is
thickei' to the west. .................................................................. 80-200m.

II. Matsuba formation;pyroclastic and indurated
   (c) Upper Matsuba beds; light green tuffaceous silstones and mudstones
in unregular alternation. ..................................,......................... 170m.-i-

   (b) Middle Matsuba beds; very muck like the Upper Matsuba, but with
3 distinct sandstones: Aws..cratake sandstones, no. 1. at the base and no. 3 at
the top of the beds. The saRdstones are dark green coarse-grained and
tuffaceous, more resistant to erosion. .......................................... 180m.-g-

   (a) Lower Matsuba beds; made of tuffaceous siltstone, with marine
mollusl<s but not very frequent, for exampie Yoldia and Teliina. ....., 80m.

III. Masago formation
   Chiefly mudstone, homogeneous, with a great number of irregular-shaped
calcareotts nodules. ..................................................................... 50m.{-

   Saigo group
IV. The Saigo group is the thiyd stage (Tezawan or F3) of the Miecene series
in Japan. It lies unconformably over the Kurami group.
   The Saigo group is divided iRto two parts ; the lower Tezawa bed which is
comprising sandstones and conglomerates yields Lepidocyclina (NePizrotep•idina)
maleiyamai MoRisHiMA and MiogyPsiita feotoi HANzAwA at some portions (50 m.).
The upper occupyiRg the maiR part of the formation and consisting of non-
bedded monotonous black mudstone and tuff has the name Saigo formation.
                                       .............................. 150m.-l-

V. Tamari formation. This formation is chiefty made of muds. It passes
insensibly to silts, bttt Rever to regular altemations. .................. 100m.-l-

   Tamari formaeion lies underneath the overlapping Horinoucki Group with a
marked unconformity. This uRconformity is a sort of angular type or non-
conformity.
   The Tamari exposes in a sma}1 area between the two stations of Kikugawa
and Kakegawa of the TOkaid6 }ine, and the north. The rock is well exposed
throughout the area, Revertheless the dip is litt}e known for it$ homogeneity
and its irreguiar joints.

   The base of the Tamari beds is exposed nowhere in tke area, but it seems
that the relation to the underlylng Ooigawa is quite similar to the re}ation of
the Sagaya to the Ooigawa.
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   Tke Tamari beds yield Limopsis taptmae SowERBy, Limopsis crenata A.
ADAMs, Lora regulata (TRosHEL), Lora totomiensis MAi<iyAMA, Lora cf. exarata
(MOLLER). E'"sPira Pallida (BRoDEmp & SowERvy), Tu?'?'cicuta argenteonite•ne
(LiscHEKE), Turricula subdeclivis (YoKoyAMA) and a young Inquisttor cf. pseudo-
Pri,nciPalis (YoKoyAMA).

                         SAGARA DISTRICT

   The outline lithostratigraphy is as follows.

                          Pliocene
                       unconformity
              t VII Kiriyama formation
              i VI Wada conglemerate
Sagara Group K V Ishiharada formation
               {                IV Sagara formatien
                III Tokigaya formation
                      unconformity
               (II H6rai formation •
Ooigawa Group " unconformity
               t. I Megami formatieii
                      unconformity
                        Pre-Miocene

   Ooigawa Group
I. The Ooigawa group is made of the deposits of the first stage (Ooigawan or
Fi) of the Miocene series in Japan.
   The Ooigawa group is divided into two parts; tke lower Megami forma-
tion is consisting of a bomogeneous sandstone (200m.) and mudstone (200m.),
with small patches of limestone near Sagara. They are showing an evident
shallow water origin. The limestones were reefs composed of corals, calcareous
algae Lithothamnium, very small number of Mollusca and nephrolepidina types
of Lepidocycli•na. The larger foraminifers include LePidocyclina <NePlzrotePidi?ta>
niPPonica, L. (N.) angttlesa and L. (N.) Perornata.

II. The upper H6re.i formatioR (500m.-ÅÄ-) is fiysch-type alternations in the
main but changing downwards into sandstone aRd conglomerate. It lies uncon-
formably on the Setogawa group (Pre-Miocene).

   Sagara Group
   The Sagara group represents the fourth stage (Yuian or G).
   The consolidation of tke Sagara rocks is just intermediate between that
of the Pliocene and the Miocene. It contains Foraminifera and a monoaxonid
sponge (Sagarites ck,itanii) . The latter is a characteristic fossil of tke Tertiary
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rocks of this country and has been brought to the attention of geologists and
paleontologists.
   The outline sequence is as follows.

III. Tokigaya forma•tion; chiefly composed of alternating layers of shale and
sandstone. Near to the base, there are some seams of conglomerate intercalated
in the muddy rocks. ..................................................................... 5eOm.

IV. Sagara formatioR; ckiefiy consist of massive mudstone and sandstone
accompanying in the middle part of them. .................................... 500m•

V. Ishiharada formation; ckiefly consists of alternating layers of si}tstone and
pebble. ..............................................................................1........... 100m.

VI. Wada cong}omerate;pebbles in the conglomerate are largly derived from
the Pre-Miocene rocks ; intercalations of thin layers of sandstone and mudstone.
                                           ....................."....... 200m.

VII. Kiriyama formation; massive dark grey mudstone and alternating fine
sandstones and mudstones. ............................................................ 50m.

                         BIOSTRATIGRAPHY

   The biostratigraphic investigation with larger Foraminiferas and Mollusca
by MAKiyAMA (1939) has been used as a geneyal stratigraphical scale of tke
Neogen Tertiary. MAKiyAMA was the pioneer in the stage names as time-
stratigraphic units for the Japonic Miocene. The concept kas been followed
by IKEBE 1948, but he preferred this "Letter NomiRation" for the units.

         Yuian (G) ............ no greater Foraminifera, but for some OPercttlines..(         Tozawan (F3) ...... LePidocycltna nzaleiyamai, MiogiPstit.a kotoi                                                              .                                                               .MiOCene ) Togarian (F,) Lepidocyclina ' 3h5imh'1'Mi5g'NOSgi1Sa''k6t6iL

        k ooigawan (F,) liilll Lepidocyclina nipponica, Miogypsina Ieotoi•

   The writer studied the samples collected from around Futamata, Kakegawa
and Sagara in western part of Skizuoka prefecture, central JapaB. The purpose
of this paper is to make more accurate redefinition based upoR the smaller
Foraminifera of the stages. The description will be given here. The lowest
stratigraphic horizon of Orbulina universa D'ORBiGNy in central Japan is exactly
classified as the upper part of the Saigo Group (F3-stage). This species occurs
in the upper (50m.) of the Saigo formation and makes its first appearance
in the Globoq"adrtna dehiscens zoBe though it is extremely rare. Orbulina
wniversa D'ORBiGNy is very common in the Sagara Group (G) and probiematical
in the iower part of the Saigo Group (F3), but the Kurami Group (F2) and
Ooigawa Group (Fi) contain peyfectly none of the same species, even none of
fragments that remind this planktonlc test.
    The biostratigraphical sequence of the MioceRe deposits in central Japan
are in descendiRg order as fol}ows referiRg to the stage names and the letter
marks.
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      0 500M      ijFigure 4. Route map shewing sampling locali-
 ties in the IMegami Section.

 Mg;Megami formation, Ls;limestone,
 Ty ; Tokinoya formation, Mal ; Megam marl,
 Ss ; Megami sandstone.

i>i-estl."sggeig,xsg`l'

       0 500M
Figure 6. Route map showing sampling localities
 in the Sagara Section.
 Sg ; Sagara formation.

     o soo nl     tNFigure 5. Route map showing sampling
 localities in the Komaki Section.

 Ty ; Tol<igaya formation,
 Ls; Limestone.

Geographical location map

 (SAGARA DISTRICT)
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         0 500M          hr:===un-====ti
  Figure 7. Route map showing sarnpling localities
   in the Kiriyama Section.
   Ky ; Kiriyama formation.

     0 500M     tu
 Figure 9. Route map showing sampling
   localities in the Kami-Aoshima Section.
   Ho ; H6rai formation.

Figure 8. Route map
 localities in the Eboshiyama
 Ho ; H6rai formation.

    0 500M     o   showing sampling
         Section.

           o seora           '
Figure 10. Route map $hoxving sampling
 localities in the Shinzaike Section.

 Mt; Matsuba formation,
 Tz; Tozawa bed.

     Geographical location map
       (SAGARA DISTRICT)
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Figure 12. Route map showing samp}ing
localities in the TQwata Section.

Am ; Amenomiya formation,
Tw ; Towata formation.
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Figure 14. Route map showing sampling

localities in the Sakashita Section.

Ms ; Masago formation,
Mt ; Matsuba formation.
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Table 1: Check List ef the Miocene

FORMATION i
1

'i'
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L
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---- 1"----
   l ii

CYCJ"AtTlttllr"allNA
JAEQNiC4. gZ/2_L

  ZONULE

-'''''-'''tt'''''''t'''
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Y'd"Cl""'N'0'1' (F) l

           I
    l121 3    i
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7

8

9
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11
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13

14

15

16

17

18

29

20

21

22

23

24

25

Bathysipon eocenica cusHMAN & HA'K-N'K' --t'mmt

ReoPhax cf. cyii7tdricus (BRADy)

A"tmedisctts incertus (D'ORBIGNy)

Cycla?nxii•na jaPeaica AsANo

         PaCifiCa BEcK
         pttsilia BRADY

          sp.
HaPloP}i.ragTnoides comPressu?n LERoy

              cf. renxi AsANo
              cf. rotulatus (BRADy)

              cf. rogosa CusHMAN and WATERs
              cf. subglobos"?n (SARiS)

              cf. trulg•issatum (BRADy)

                 sp.
Martinottiella cf. commacnis (D'ORBiGNy)

              sp.
Gazidrina triangsclaris CusHMAN

GOesella scltenc}ei AsANo

Teectularia sp.

Sig?noilina mioce•nica BRADy

Nonion j'aPo?ticum AsANo

De?•italina sp'

Rotalia beccarii (LiNl AEus)

Cib•icides cf. tobatztius (WALKER and JAcoB)

CataPsvarax cf. dtss•i7nilis (CvsHMAN and BERMuDEz)
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Number of species (Total 25) i                                                 IPopulation (Total 295) l
Benthonic Foraminiferal Number ("/e) i
Pelagic Forarniniferal Number (O/o) I
                                                 t
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 o
l

/

l
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l

ZONULE I
ZONVLE III
ZONULE V

(Sig?noiiina miocenica)

<Rotatia beccarii)

(Upper Mart•i•nott{ella cf. cow"nunl-s--HaPloPliragnzo{des sp.)
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Foraminifera in the Futamata District
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    ZONULE II (IVonion 1'aPonicuin)
    ZONULE IV (Cycla,nmina Pusilla)
    ZONULE VI (Lower Martinottiella cf. commu•nis---HaPloPiiragmotdes sp.)
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      Yllian (G) ...............Globigerina i•'nR(tta zone

                          Orbuli•j•ta. u?i.iversa zone
      Tozawan (F3) .........GloboGuadrina deitisce•ns zone
                          LePidoc3,cl•ina maj{iyamai zone
      Togarian (F2) ......... CNcSa•mmina jaPo?z•ica zone

                          Martinotttella communis zone
      Ooigawan (F,) ......... Lep•idocycli•itg ?zipPonica zone

   Samples were collected at intervals of about 5-20m. along the control
sections. Moreover some checl<samples were collected at raBdom from good
outcrops. Each sample amounts fiabout 5eO grams. ICO grams of each sample
was washed with the size of 200 meskes and all the micreorganism in the
resldues were pkcked up and their frequencies were counted.
   Some microscopic volumes (100-200g) have been sttpplemented when diM-
cult to determine microfossil faunule. In order to get tke outline of faunule
of this region, check li$t was made at first (table 1---3).

                            I. OOIGAWAN

   The Ooigawan stage is tke first division of the Miocene series. The time-
stratigraphic unit is represented by tke Ooigawa Group in the Sagara region
in the mapped area.
   LePidocscli3ta (NePhrolePidtetce) a•y{.gugosa (PRovAL), L. (N.) wiPPomlca <HAtsu

zAwA), L. (N.) H. DouviLLE and MiogyPsi?'ta feotoi HANzAwA are the most
characteristic larger foramlnifers of the Ooigawan stage.
   Tke limestones iR a lower horizon yield such large foraminifers iR additioR
to corais, caicareous a}gae and a very small number of Mollusca ail suggesting
a conditioR of warm watei-. Upper H6rai formation, the upper sgbdivision
being made of flysch-type a}ternations has TSzyasira bisecta, a well-known of a
cold and deep sea bottom. The Ooigawan rocks contain bes2des a considerable
amount of arenaceous foramiRiferas. The Ooigawa Group is covered by the
Togarian rocks unconformably and the base lies unconformably over the
Pre-Miocene Setogawa Group.
   There are two conspicuous zones in the Ooigawan Ramely the Lepidocyclina
<N.) nipponica zone and Marti}iott•ieHa cf. communis zolle, whieh are aiso well
recognized in the Sagara and Futamata regions.

       (A) LepidoeycIina nipponica zone
   Tkis zone is characterized by Lepidocyclina aitgulosa, L. nipponica, L. Peror-
"ata aBd MlogN'Psina ketei. The strata belonging to this zone yield sporadicaly
these larger foraminifers which are scattered benthos. The pelagic forms are
completely absent.
   The upper limit of LepidocNcli?•ta n•ipponica zone is tke Megami marl and
the lower limit is the base of Megami formation (Megami sandstone>.



Table 2: Check List of the Miocene Feraminifera in the KakegawaDistriet

  SPECIES
  1 Astrorlitza
  2 Rhabdammtna
  3
  4 Batkyszpfton
  5
  6 LePtoder}nelta
  7 Hormostna
  8
  9 Reapgtax
 10
 11 Avamodtscus
 12
 13 Ammobacestttes
 14 Cyclam'mtna
 15
 16
 17
 18
 19
 20

 21
 22
 23
 24
 25 Textt{tana

 26
 27 Gascdrst!etta
 28 Gaudn}ta
 29
 30

 31 Clav"gtna
 32 Karreneita
 33 Marttnotttegta
 34
 35 Tntaxtltna

 36 Pyrge
 37
 38
 39 Qumqueiocultna
 40

 41
 42 Stgmeiitna
 43
 44 SPtroioc"gtna
 45

 46 CornttsPtta
 47
 48 Trocltanvmna
 49
 50 Dentalwea

 51
 52
 53
 54
 55 Lagena
 56
 57
 58
 59
 60

 61 Lagenodosarta
 62
 63 Nedesana
 64 ParafrondLcttiarta
 65 Planutana
 66 Rebetles
 67
 68
 69
 70 Savctceii{tna

 7I Vagmutma
 72 Ggcendtt{tna
 73 Gecttz{lena
 74 PseuctoPolymoyp}itita
 75 EIPiztdzum

 76
 77
 78 No}non
 79
 80 AntPhtmorPhina
 81 Bot,.vtntta
 82 Botzvtna
 83
 84
 85 Bulnitnal

 86
 87
 88
 89
 90

 91
 92
 93 Entosolenza
 94
 95

 96
 97 Loecostema
 98
 99 StPhogenertna
100

101
102 Uvtgerzna
103
104
105

106
107
108
109 EtttPsonodosana
110

111
112
113
114 EPtstomma
115 EPontdes

116
117
118 GNrozdma
119
120 PseudoePonzdes

121 Rotatta
122 Casstduitna
123
124
125

126 Pzattema
127 SPIzaereidtna
128 Anomalzna
129
130 Ctbtctdes

13!
132
133
134
135

136 Hanzaevaia
137 LePidOcycttna
138 MzogyPsma
139 CataPsydrax
140 Globzgerzna

141
142
143
144
145

146
147
148
149 Globigerznotdes
150

151
152
153
154
155 Optbulzna

156 SPhaerotdtnelta
157 Gtoborotaita
158
159
160

161
162
163 Gioboquadnna
164

       Number

HaPSoPlzragn2oides

FORMATION

ZONE

ZONULE

sp
cf ivregutav?s BRADy
sp
eocentca CUsHMAN and
sp

areMata (CUsHMAN)
globuhfera BRADy
sp
cyltndric"s BRADy
sp

tncert"s (D'ORB!GNy)
sp
sp
cf cancelgata BRADy
]aPOMCa AsANo
orbtcugarts BRtxDy
PaCtfiCa BEcK
pttstt{a BRADy
sp
comPressttm LERoy
renzt AsixNo
gubgtebosa SARs
cf trulltsatu?n (BRqDy)
sp
comfa D'ORBIGNY

9P
sp
areiiarza GALLowAy and
ogasaensts As4No
rebusta Cusl{MANN

sp
baccata japo}aca AsANo
communzs (D'ORBIGNY)
g.p

sp
{iepTessct (D'ORBIGNy)
mecrrktna (SCHWAGER)
sp

       of
PopNlatlon
Benthomc Foraminiferal
Pelagic Foraminiferal
Arenaceous

       ZONULE
       ZONULE

1

i TAMARI
1

L6C

HANNA

NO

WISSLER

SAIGO 1 TOZAWA'1 MASAGO
L

T MATSUBA '

I

1GLOBIGERINA
l

  II
INFLATAZONE

(K)

J l

L

;

l

L

1

1

1

1

ll
s

L

L

1

  semtnula (LINNAEUS)
  vutgarts D'ORBIeNY

  sp                                       1  arenarza (BRADy) l  nzlocenza BRADy
  cf tenutmargo CUSHMAN 1
  sp                                       1
  fragzlts Lr.Roy
  g.p
  cf pactfica Cus}IMAN
  sp
  COMMUMS D'ORBIGNY

  cf emaciata REus.s L  cf jlttfornns rDORBIGNy)
  s?tanaeus2s fCubHMAN)
  sp
  acuticosta REusLs

  ceavatft WiLLIArviSoN
  dentaieietfornus BAGG
  elongata (EJ{RENBERG)
  stclcata sPicata CusHMAr N and rvlcCuLvecHl
  .,P
  Jursuta (D'ORB!GNy)
  scala2'zs rD'ORBIGNy)
  sitbraPlta?ta AsANo
  laPOiilCa A9.ANo
  PSanvI(etce (GALLowAy and McCLLocK)
  cctlcar (LINN.N.p..us)
  ittleobarensts rScHwAGER)
  PsettdOrOtitlatv.s iXs lt' two

  sp
  grtt}Senni$ rBR iDy)

  cf NosJuJzainaeitsts INouE and NAKAsEKo
  niPf}ontca As Lxxgo

    9P
  adventt}n (CUsfiM4N)

  fax barbarense cNicoL)
  subg}anutbte)n AsANo
  nzcoba}•ense CubllM LxN
  PaCtftCitM (CU5HMAN)
  haztertana Nt EuGEBoREN

  qttarditatera <ScHwAGER)
  ctla.ta (SEGUENzA)

  iobusta BRADy '  subangtctarts AsANo
  ace{leata D'ORBIGNy

  (Dessenebttlt'mtna) auncugata BAiLEy
  brady (VITEINzlERI and AppLIN)
  elongata st{bsokttff CusHMqN and PARKER
  enflata SEGUI..NZA
  marglnata (MoN'rAGu)
  cf nojtmaenszs AsANo
  cf PifPoides (SEc.uENzA)
  kexagena WILLIAMSON
  lucidff WILLmrylsoN
  l71argnlatct (IV{oNTAGu)

  orbtgnb'ana (SEGuENzA)
  cf byadyt (AgANo)
  fiarrertaintn? fBRADy)
  cotuvaeSlarzs CBRADy)
  raPhanus (l'fsRi<ER and JoNEs)

  sp
  crassaLestaSa ScHwAGER )
  exceltens ToDD
  farttiosa <HANTKENi )
  cf heotst RANK[N
  Peiegnna dtrzePta ToDD
  cf probos"dea ScHwAGER
  scitwagen BRADy 1  cf hyugaenszgIsHizAKi 1
  hetzszens2s ISIIIzAKI

  lePtdttla (SCHwAGER)
  oznomzfeadoz ISHI!-AI<I

  sp
  elegans (D'ORBIGNY)
  hazdzngem (D'ORBIGI Y)
  umbonatus (REss)
  sp
  orbzctilans D'ORBIGNy
  soldam2 D'ORBIGNY                                       1
  JaPOMCUS UCHIo
  ketzenztenszs (IsHIzAKI)
  pabtttosa BRADy
  aSanOl UcHIo

  pactfica CUSHMAN l  subglobosa BRADy 1
  builotdes D'ORBIGNy
  at{strtaca D'ORBIGNy  5urlhlEa (SCHROETEII) [
  gtobttlOsa CusHMAN and PARR L
  aknerzanus (D'ORBIGNy)
   lebatztitts (WALKER and JAcoB)
  Pseudoungerzanus (CUgHMANN)
  cf refutgens C]VIoNTFoRT)
  tenulmargo (BRADy)
  sp
  ntPPontca AsANo
  <NeoPlzro?ePzdznff) mafezyamai MoRIsHIMA
  hotot HANzAwA
  disszmzlzs (CusHMAN and BERMuDEz)
  borealzs BRADy
  bUllOedeS D'ORBIGNY li
  conglomerata ScHwAGER l
  dtPgostoma REubs
  eggeyt RHUMBLER
  giobugarts RoEMER
  zn]7ata D'ORBIGNY
  tznocuknotdes PLuMMER
  sp
  bttobata D'ORBIGNY
                                       i  btsPkertCuS ToDD
  conglobata (BRADy)
  cyclostoma (GALLowAy and WIssLER)
  rubra D'ORBIGNY
  tnloba (REuss)
  unzversa D'ORBIGNY
  dehzscens (PARKER and JoNE)
  fohst CusHMAN and ELLIsoR
  mayerz (CUSHMAN and ELLISoR)
  menardtz (D'ORB[GNY)

  punctulata D'ORBIGNY
  tumzda (BRADy)
  truncatultnozdes (D'ORBIGNy)
  atttsPira (CusHMAN and JARvls)
  del2zscense CHApMAN, PARR and CoLINS

species (Total 164)
(Total 3795)
           Number (0/o)
        Number (o/,)
Foraminiferal Number (0%)

     I (B"lzmzna PttPczdes- Uvtgenna probosczdea)
     VII (Globzgertna b"lloÅëdes)
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3
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1
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:
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'
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L
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8
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1

1

8

1

1
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5
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3

5

7
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1
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1

4

1

5
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4
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1

7
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2

1
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3

6

5

3
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1

15
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4

2
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 45
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3

100
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2
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10

 33 30
269 140
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Table 3: Check List of the Miocen Foraminifera in the Sagara Di$trict

FORMATION KIRIYAMA
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Orbu.lina teni.veptsa D'ORBiGNy in Central Japan 129

   The type section of this zoBe is the exposure of the Lower Megami forma-
tion (Ooigawa Group) in the vlcinity of Sagara
   The fol}owiRg two zonules of this zone, are recognized.

       (2) LePidocycl-ina niPPonica zoRule
       (1) Lower Ma7tinotiella cf. communis zonule

(1) Martinotiella cf. commttnis zonule
   The corresponding Iithologic subdivision is the lower Megami formation
(Megami sandstone). This zonule is characterized by sporadic benthonic arena-
ceous foraminiferas suck as Martii2ottielga cf. communis and Haptopkaragmoides
sp.. In general, neither pelagic form nor benthonic form is present.

(2) LePidocyctina ?ziPpo}•iica zonule

   This zonule is characterized by Lepidocyclina <.Nepizrolepidi}za'> nipponica, L.
(N.) angu{osa, L. (N.) perornata and Miegysina feotoi, etc. repi'esenting a lithologic

subdivision lmown as the lower Megami formation (limestone). The limestones
of this zonule have in them sporadically these iarger Foraminifers, while it
has none of smaller foraminifera$. Lepidocycli•na (N.) nipponica, L. (N.) angulosa
and L. (N.) Perornata make their first appearances in this zonule of the Miocene
epoch of Japan Island. The fact is remarkable. These species are tropica}
forms living in shallow water in association with reef corals.

       (B) MartinottieLIa c{. communis zone
   This zone is characterized by Martionttiella cÅí. commu}iis, Bathysiphon
eoce?•tica, B. sp. Cyclammina Pacifica, C. pusilla and Trocltammina cf. pacifica, etc..

It is a noteworthy fact that the strata belonging to this zone have extremeiy rare
pelagic forms in the upper part aBd that benthonic forms other than those in
the above list are completely absent at least in Sagara district.

   The type section of this zone is consisting of a set of the exposures of
the upper Megami, H6rai, Futamata and Ieda formations in tke mapped area.
The upper limit of th2s zoRe is the top of the H6rai and Ieda formations and
the lower limit is the base of the Megami marl aBd Futamata formation. This
zone may be subdivided into the foliowing six conspicuous zonules in descend-
ing order.

          Sagara district

(2) Martinottiella cf. communis
     -Cyclammina P"ssilla zonule
(1) Marttnottiella cf. com?nunis zonuie

   Sagara district

(1) Martinottiella cf. coinmunis zonu}e

         Futamata district

(4) Rotalia beccarii zonule
(3) Cyclamnzina PusUla zonule
(2) Upper Marttnettiella cf. communis
     -HaPloPhragmoides sp. zonule
(1) Lower Martinottiella cf. communis
     -HaPloPkragmoides sp. zonu}e
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    The corresponding litho}ogic subdivision oftkis zonule is the tipper Megami
formation as well a.s lower HOrai formation. This zonu}e is characterized by
dominanciy of arenaceous for.ms sucli g.s Martinottiella cf. commu•nis, S?lgmoli•na
m•iocenica and HaPloPl't"sag•moictes sp. etc.. Absence of another beBthonic forms
and pelagic forms is remarkable. Gekeraily speaking number of species in this
zonule is smaller than in the superjacent zonule.

(2) Martinottiegla cf. communis---Cyclammina Pttsilla zonule

 f The corresponding lithologic subdivision is the upper H6rai formation.
This zonule is cltaracterized by dominant forms such arenaceous forms as
Marti•nottiella cf. commu•nis, Batl•tysipJ•zon eoce•}t•ica, B. sp., Ammodisc"s i•ncertscs,

Cyclammince incisa, C. Pacifcca, C. P'essillce, C. sp., S•igmo•ili•na arenaria, S. miocenica,

Trockam'mi•na ?tobes2sis and T. sp., while on the other ha"nd it kas extremely
rare pelagic forms. GSobigerinoides tr•iloba occurs very rarely in the upper
H6rai formation, and this is assumed to be tle appearance at least iR the areoc.
under consideration.

   The most remarkable cltaracteristic of t.his zonule is the predominant
occurrence of arenaceous forms such as Martinottiegla cf. communis and Cyclam-
mina Pusilla.
   A larger number of species than those in tlie underlying upper Marti•nottiella
cf. communis zonule may be noted again.

   Futamata distriet

(1) Lower Mart•inottiella cf. commtt•nis---HaPloPl•trag•moides sp. zonule

   The uniquely corresponding }ithologic subdivision is the }ower Futamata
formation. This zonu}e is characterized by common occurreBces of such ben-
thonic forms as Marti•nottielga cf. communis, M. sp., HaPloP}irag?noides sp.,
Sigmoili•na miocenica, Cyclam}'n•ina P'usilla and Cib•icides cf. lobatulus. None of

pelagic forms is found in this zonule.
   It will be worthy to mention that twlarti•nott•iella cf. communis aRd HaPlo-
pjtragmoides sp. and Sigmoitlina miocenica are predominate among the members.

(2) Upper Marti•}zettieLta cf. co'nz?nttwis---HaPtol)hragmoides zonule

   The uniquely corresponding li'tbologic subdivision is the upper Futamata
formation. This zonule is che,racterized by common arenaceous forms: Marti-
Rottiegla cf. communis, HaPloPl•i,yag•n•toides sp., Cyclammina pusilla, C. sp. etc..
Pelagic form is absent.

(3) Cyclamin'ina Pusigta zonule

   The uniquely corresponding lithologic subdivision is the lower Ieda forma-
Åíion. This zonule is ckaracterized by the dominant arenaceous form-Cyclam7ntna
Pttsilla, C. sp., HaPtoPh7ag'moides cf. rengi, H. r'tegosa., H. cf. subgrobostim, H. sp.,

Martinottiella cf. communis and M. sp., etc.. Catapsydrax cf. dissi•milis occurs
very rarely in the lower part,
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(4) Rotalia beccarii zonu}e

   The uniquely corresponding lithologic subdivision
This zonule is charcft.cterlzed by more or less frequent
beccari'i, HaPloPlz?'agmoides sttbggobosum and El. sp., etc.

   No pelagic form occurs in this zonule also.

is upper Ieda formation.
occurrences of :--Rotalia

                            !l. TOGARIAN

   Tke Togarian stage is the second division of the Miocene series. Its type
is the lower division of tke Mizunami Group which y2eids a skull of Desmostyk4s
.jaPonicus at Togari Rear Mizullarni City about 30 km. northeast of Nagoya.
   The Kurami Group kere in Shizuoka prefecture corresponds Iithostrati-
,graphlcally to MAKiyAMA's Togari Group, the type of kis To.crarian stage.
   The TogariaR rocks are recognized with Anadara ogawei, Clztamys leanel•tarai,
Kaneharaia Jcaneltarai, Macoma oPtiva, CztltelJ'us iz"nzoensis, Tu7'ritella s-hataii,

Doliocassis jaPonicus, Vicarya yoleoya"tai, Vicarsella islziiana, and Batillaria
7ninoensis throughout th.e different basins in northeastern Japan. Lep•idocyclina
jaPonica and MiogyPsina }eotoi seem to be common in a certain lower level of
the Togarian. The land was then warmer than it is now--the condition is
well seen with the flora, represented by Liquidambar for•mosa, Canzpto72iPityltunz
naumanni, Ficus tiiiaefolia, Cin•nanomum, Sabalites etc.. The Hiramaki formation
i.n the Mitake Basin, Rot far from the Toki Bain, being a land facies of the
Togari formation has yie}ded mammalian remains Bu•nolophoclon annectens,
.iNmPJzitragulus ?ni•noensis, Teloceras Pzegnator, PalaeotaPirus an.nectens, AmPhitra-

gv.ltts miJzoensis, Teloceras pugnater, PalaeotaPirus yagii, and AmPkitlzerium mino-
ensis. MAi<iyAMA (1939) stated that the Togarian is the Japonic equivalent of
i;he European Vindobonian.
   The top of the Togarian rocks is covered by the Tozawa bed (Saigo Group)
unconformably and the base is overlying unconformably the Ooigawa Group.
The Togarian in the area occupies the same place e.s the Kuro.mi Group and it
contaiRs a considerable number of benthonic foramiRiferas and a few pelagtc
foraminiferas. There is a significant zone iB the TegariaR named Cyclamnzina
japontca zone. This biozone is weil recognized both in the Kakegawa and
Futamata districts.

    Cyclammina japonica zone
   This zone is characterized by Cyclammina j'aponica, C. cf. canceElata, C.
orbicsclaris, C. pacifica, C. Pusilla, Haploplzragmoides sp., Clavuti?ta sp., Martinot-

t•ieUa cf. communis.

   These arenaceous forms are abundant everywhere in tkis zone, but the
calcareous beRthonic forms are common in the upper pazt of the same zone only.
   The five con$picous zofiu}es of this zoRe are as follows in descending order;
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           Kakegawa district
(.3) Gtobigerina btttloides

     --Martinottietla cf. communis zonule
(2) Cyclammina japonica zonule
(1) Cycla•mmina pusilla zonule

   Kakegawa district
(1) Cyclammina Pustlla zonule
   The correspoBdlng lithologic
   This zonule is characterized by
mina cf. cancellata, C. juPonica, C.

moides comPress"m, Ell. renai, H. sp.,
Teectsclaria sp. and BatkysiPhon eocenica.

The most typical mark of this zonule is
such as Cyclammina Pusigla ranging in the

(2) Cyclammina jaPontca zonule
   The corresponding litho}ogic
   This zonule is characterized by
Cycgammina cf. canceUata, C jaPonica, C.

(2)

(1)

  Fntamata district

Sigmoii•ina miocenica zonule
Nonio•n jaPo•nicum zonule

subdivision is the Towata formation.
   dominant arenaceous forms such as Cycla•nt-
orbicttlaris, C. pacifica, C. pusMa, HaploPltarag-
   Clavutina sp., Martiitottiella cf. communis,
       The pelagic forms are totally absent.
      that it has dominant arenaceous forms
         entire zonule.

                              subdivision is the Matsuba formation.
                                   domiRant species (i) benthonic forms,
                                        orbicularis, C. Pacptca, C. Pus'ilga,
HaPloPl•zragmoides sp., Cgavugina sp., Sigmoilina miocenica, Lagena etongata, Psescdo-

Polymorpki"a sp., Noniou nicobarense, Boiivina robttsta, and Anomalina giobuiosa,
etc.. (ii) Pelagic forms, Globi.aerina bulloides, G. borealis and Globiger•inoides
triloba, etc.. The predominate arenaceous form Cyclammi•na jaPo•}tica is the most
characteristics species.

(3) Globigerina bulloides-Martinottieila communis zonule
   The Masago formation is the corresponding litholegic subdivision.
   This zonule is characterized by common benthoRic forms such as Ri•tabdani-
mi•na sp., Cyclam•mina j'aPonica, C. sp., Martinottielia communis, Sigmoilina arenaria,

Dentag•ia filiformis, D. setanaensis, Lage•na elongata, L. sulcata sPicata, Bulimina
inflata, and EPistomina etegans, as well as the pelagic forms such as Globigerina
borealis, G. bu{loides, Globigerinoides bilobata, G. triloba, SPhaeroidienlla dekiscens

and Globorotalia foltsi, Globigerina bulloides and Marti•nottiella commacnis are the

most predominant species.

   Futamata distriet
(1) Nonion j'aPo?zicum zonule
   The lower Amenomiya formatioR is the corresponding lithologic subdivision.
   This zonule is characterized by Nonion g'apoit•icu,m, Cyclam}•ni•na japon•ica, C.
pacifica, C. sp., Gaudrina triangzclaris, Goesella scl•ien.cFd, Textutaria sp., and
Dentalia sp.. No7zio?t japeniczc}n occurs abundantly in the lowei' part of this zonule.

Absence of pelagic form is a remarkable fact.

<2> Sigmoit•ina mioceniea zonule
   The upper Amenomiya formation is the correspoding lithologic subdivision,
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   This zonule is characterized by Sigmoilina miocenica, Batf•eysiPho•n eoce•nica,
ReoPitax cf. cNlindricus, Cycga"imina ]'aponica, C. paciSca, C. pusilla and C. sp.,
Sigmoilina miocenica cccurs abundantly iR the lower part of this zonule. Absence
of pelagic form in this zonule is a remari<abie fact.

                            III. TOZAWAN

   The Tozawan stage is the third division of the Miocene series. Its type
is the Saigo Group in the Kakegawa area.
    The Tozawan strata yield LePidocyclina <NePlzrolePidina> ?•nahiyamai MoRi-
sHiMA and MiogyPsina kotoi HANzAwA in some protions of the lower subdivisions
of Tozawa bed.
   The Tozawan roci<s contain prevai}ing benthonic foraminiferas and sub-
ordinate but rather poor pelagic foraminiferas. Among the latter forms there
!s Orbuli•na universa D'ORBiGNy which is decidediy absent in the strata beneath
the Globoqu•adrina deiziscens zone. It is very rare in this zoRe, suggesting that
this is one of most remarkable points. The Tozawan stage is limited by the
superjaceRt Yuian deposits (Sagaya Group) below wkh an unconformity. Two
conspicuous zones are recognizeable in the Tozawan, the Lepidocyclina (Ar.)
maleiyamai zoBe and Gtoboquad?'i?za dehiscens zone.

       (A) I)epidocycLina malciyamai zone
   This zone is characterized by Lepidocyclina maleiyamai MoRisHiMA and
MiogNpsi•na leotei HANzAwA. These larger foraminifers occur sporadically in
the sandstone.
   However, this zone has a very few doubtful smaller foramiR2feras oniy.
Both the top and base limits of Lepidocyclina maieiyamai zone are coincident
with those of the Tozawa bed.
   Lepidocyclin.a <NePl•eroleptdina') ?na}eiyamai MoRismMA represeRts the final
member of the genus and this zone is the top ef al} the Lepidocyclina horizoRs
in Japan supposed to be equal to f3 stage of East Indies. This tropical form
lived in shallow sandy sea bottoms.

       (B) Globoquadrina dehiscens zone
   This zone is cltaracterized by Globoquadrina dekiscens, G. altispira, G;obigerina
gtobuiaTis, Orbulina universa, Globorotalia fohsi, G. maNeri, etc.. The strata
belonging to the upper part of this zone contain these planktonic foraminiferas,
while they are replaced by more domiRant benthonic forrns in the lower part.
The Globoq"adrina dekiscens zone is nearly perfectly represented by the Saigo
forrnation. That Orbttlina universa D'ORBiGNy makes its first appearance in
this zoRe, is the paramount interest.
   The type secÅíion of this zone is predeterrninate to that of the Saigo for-
mation iR Kakegawa district. The Ggoboquadrina dehiscens zone is divided into
two zonu}es. They are in descending order as follows.
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       (2) Gtoboq'uadrii•ta del•zisce7ts zonule

       (1) Ammodisctts incertus zonule

(1) Ammodiscus incertus zonule
   The correspoRding lithologic subdivisien is the }ower Saigo formation.
    This zonule is represented by a set of species such as: pelagic forms-
Gtobigerina butloides, Globoquadrina deltiscens and Ca.taPsydrax diss•imiks and
those benthonic forms-Ammodiscus incerlacs, Cyclai•nmina Pusilta, HaP}oPhrag-
moides szabglobosa, H. sp., Karreriel{a baccata G'aPonica, Sigw2oilina mioce•nica and
Textzzralis sp..

   This zonulG is characterized m6re weightly with abundant arenaceous forms
such as Ammodiscus iJicertus, Cyclammina Pusilga and Sigmoigina miocenica than
afew scatterlng eccurrence of the pelagic forms. It has to be noted that very
obscure specimGns ef que$tionab!e "Orbulina" occur in this zonule.
   [I)he Pelagic forms are abseBt in the middle part of this zonule.

(2) Globoquadri}ta dehiscens zonule
   Tke corresponding lithologic subdivision is the upper Saigo formation.
   This zonule is characterized by dominant occurrences of such pelagic
forms as Giobigerina bulloides, G. globutaris, G. sp., Globigerinoides bisPlzericus,
G. co7tglobata, G. cyclosto?na, G. triloba, Orbulina universa, Gioborotagia feksi, G.
7•nayeri, Gleboquadrina dehisce•ns, GioboQuadrina altispira etc. and such benthonic
forms as Ammodiscscs incertus, CNclammi•na cancellata, C. pzÅísill•a, Hgploph?'agmo•ides

renzi, H. subggobosa, Sigmoiliita miocenica, Nodosaria subraphana, Nonio7i nico-
barense etc..

   The most conspicuous characteristic of tkis sonule is tkat it has sucla
predominant pelagic forms as G;oboquadri•}•tge deh.iscens, G. altispira, Globorotalia
foizsi, Giobigerinoides triloba.

    It is specially noteworthy that G{obige'ri3ta gtobuia7is, Globigernoides bis-
phericscs, Gtoborotalia mayeri and 0rbulina ecniversa miake tlaeir first appearance
ln this zonule, Orbutina u•n.iversa D'ORBiGNy occ"rs extremely rare while Candor-
b"lina is absent. This zonttle is eomprekended in qualified points for the
" Ormbutina surface".

                             IV. YUIAN

   The Yuian st.a.ge is the l3.st division of the Miecene seyies. Its type is
the Sagara Group at Sagara. The Yu.ian strata yeild Sagarites chitanii very
frequently, but few molluscan remains.
   The top of the Yuian is covered by the Pliocene deposits (Kakegawa Group)
ttnconformably arid the base is overlying unconformably the Ooigawa Gyoup.
   The flysch-like mudstones are more predeminant in the lower part than
in tke upper part. The Yuian occupies the same position as the Sagara Group.
It contains numerous planktonic foraminiferas, and a small number of benthonic
foraminiferas.
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    Tkei'e are two conspicuous zones in tke Yuian, nameiy the Orbulina u•niversa
zone and Giobigerina infiata zone. They are well-recognized botk in the Sagara
and Kakegawa districts alil<e.

       (A) Orbulina universa zone
    This zone is ckaracterized by Orbttlina "niversa, Globorotalia fohsi, Globi-
gerinoides conglobata, G. triloba and Spltaeroidinella del?iscens.

    All the str.?.ta of this zoRe have more predominant feyaminiferal p}anktons
than benthos. The upper limit of the OrbuJina universa zone is at a level in
the upper part of tke Sagara formation, wkile tke lower limit of it is placed
upon the very base of the S3.gara Group (Tokigaya formaSion).
    The type section of tkis zone is consisting of a series of exposure around
Sagara.
   Tlae five zonuies of the Orbulina umversa zone are in descending order
as follows.

    (5) Orbulina universa-•-SPhaeroidineila delzisce7ts zonule
    (4) Orbscli"a universa-Globigerinoides triloba zonule
    (3) Giobigerinoides conglobata--SPJtaeroidinella deltiscens zonttle
    (2) Orbugina universa zonule
    (1) OrbscgiJta uii.iversa--Ggoborotalia fek,si zonule

(1) 0'/bugiiia "niversa---Globorotalia fo}zsi zonule

   The lower Tokigaya formation is the correspond2ng lithologic subdivision.
   This zonule is characterized by the following dominant occurrence (i)
pelagic forms--Orbulina universa, Globorotalia fohsi, Ggobigerina borealis, G.
bulZoides, G. conglomerata, G. diPlostoma, G. infiata, G. qtti}iquegeba, G. subcretacesa,

Ggobigerinoides conggobata, G. cyclostoma, G. trigoba, SPJtaeroidineHa. del•ziscens,
Globorotalia x2e'nardii, etc.. (ii) Benthonic Åíorms-Karreriel;a baccata j'aponica,
Signzoigina are?zavia, Dentalina emaciata, D. cf. fiZ•Sform•;s, D. subsoluta, Lagena
etoiigata, AmPhimorPJzina haeceriana, Entosogenia marginata, Uvigeri;za ish.ikiensis,
EitiPso•nodosaria ketie'rtziensis, EPonides umbonatus, Gyroidina orbicularis, Puglenia
bulgoides, Cibicides Pse"dongernaus, C. ref"lgens, Haitzawaia niPPoni.ca etc..

   This zonu}e is Orbulina wniversa, Globorotaiia fohsi, G. 7nenardii and Spha-
eroidi.•}telSa deh.iscens are the most predominant pelagic forms.
   Orbeclina acniversa is tlke most prevailing species during tke times especially
in t13e earlytimes. Generally speaking, conteRt of the fauna increases toward
the lower part of the Tokigaye. formation.

(2) Orb"lina "niversa zonule
   The middle Tokigaya formation is the corresponding lithologic subdivision.
   This zoRule is characterized by the dominant occurrences (i) Pelagic forms
---- Orbzelina Mniversa, Globigerina butloides, G. trigoculinoides, Globigerinoides con-
globata, G. csclostoma, G. sacculifera, G. trtoba, G. sp., Splzaeroidinetla deh.iscens,

Globorotagia menardii, G. tu7nida etc.. (ii) Benthonic forms-Dentalina subsoluta,
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Lagena elongata, Nonion nicobarense, UvigeriRa proboscidea, Eponides kaidingerii,
etc..

    Among the listed species the superior pelagic forms are Orbuliiza wniversa,
Globigerina trilocuJinoides, Globorotalia menardii, and G. tumida.

(3) Gtobigerinoides conglobata---Sphaeroidinella zonule
    The upper Tol<igaya fermation is tke corresponding lithologic subdivision.
   This zonule is characterized by the dominant occurrences (i) Pelagic forms

-- Giobigerinoides conglobata, Sphaeroidinella dehiseens, Globigerina bsclloides, G.
sscbcretacea, G. triloctttinoides, Globigeri•noides cyciostoma, G. saccu;ifera, G. triloba,

Orbutina ttniversa, Gioborotalia foksi, G. menardii, etc.. (ii) Benthonic forms--
Eliipsonodosaria leetienziensis, Epenides lzaidingerii, E. umbonatecs, Sphaeroidina
butloides, etc..

   Tke commonest pelagic forms are Globigerinoides conglobata, Spltaeroidinetia
dekiscens, Orbulina universa, Globorotaiia f o}tsi and G. menardii etc.. Tke pe}agic
forms are much more abundant than the bentkonic forms in general. Arenaceous
forms, discovered in the other zonules under this zone, are quite absent in
this limited zonule.

(4) Orbsclina universa--Globigerinoides tritoba zonule
   The lower Sagara formation is the corresponding }ithologic subdivision.
   This zonule is characterized by the dominant occurrences (i) Pelagic forms

- Orbulina universa, Globigerinoides triloba, Globigerina boreaiis, G. builoides,
Globorotagia menardii, Globigerinoides conglobata and G. triloba, etc.. (ii) Bentk6-
nic forms-Martirottiella cf. communis, Nonton nicobarense, Bolivina subangularis
ogasaensis, Uvigeriita Proboscidea and EPonides haidingerii etc..
   Orbulina universa afid Globigerinoides trtSoba, are very common, while
Uvigerina Probosoidea occurs abundantly in the lower levels of this zoRule.
Orbulina was persistent.

(5) Orbsclina universa---SPhaeroidinetSa dehiscens zonule
   The upper Sagara formatioR is the corresponding litbologic subdivision.
   Tltis zonule is characterized by the dominallt occurrence (i) Pelagic forms

- Glebigerina boreaiis, G. butloides, G. subcretacea, G. trilocuginoides,GlobigerineSga

aequilateragts, Globigeri•noides conglobata, G. conglomerata, G. rubra, Orbttlina
universa, SPJtaeroidinetla deJtiscens, Globorotaiia fo'lzsi and G. menardii, etc.. (ii)

Benthonic ferms-Karrerielga baccata juPonica, Lagena elongata GlaRdulina nip-
ponica, Nonion nicobarense, Uvi;gerina crassicostata, U. exceltens U. nitidtila, U.
proboscidea, Etiipsonodosaria leetienzie•nsis, Episton•zina elegans, Eponides scmbonatus

and Rotalia Papillosa, etc..
   OrbugiRa universa and Spltaeroidi•neila delziscens in every part of this zonule.

       (B) Globigerina inftata zone
   This zoRe is characterized by Globigeyij•ta i•nfiata, G. bullo•ides, G. borealis,
CataPsyd?"ax dissimilis, Globigerinoides triloba and Orbuiina u•niversa.

   The planktons are common, wltile the benthenic forms are domiRant.
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   Tlte upper limit of this zone is in the
as well as the Tamari formatlon, while
Kiriyama and Tamari formations. The
creasing in number than in the Orbul
zone may be divided into six zonules in

         Kakegawa district
(3) Bulimina pupoides

     -Uvigerina probescidea zonule
(2) Globigerina bulloides zonule
(1) Globigerina infiata zonule

    Kakegawa district
(1) Globigerina inflata zonule
    The lower Tamari formation is
   This zonule is characterized by
Åíorms-Globigerina inflata, G.
Globigerinoides co7zglobata, G.
truncaturinoides etc.. (ii)

No?zion nicoba'rense, Bolivina robusta,

etc.. Uvigerina crassicostata, U. cf.

   The most predominant forms
Gioborotalia truncaturino•ides, G.
in_flata, Gyroidina orbicularis and
borotalia Punctulata and G.
in the worked area.

(2) Globigerina beclloides zonu}e
   The middle Tamari formation is
   This zonule is characterized by

---- CataPsydrax dissimilis, Globigerina
G. triloc"li.noides, G. sp.,

aRd Globorotatia tru?tcattt?'inoides etc..

Sigmoilina miocenica, Lagena elongata,
Nonion nicobarense, Bolivi•na robusta,
costata, U. Proboscidea, EPisto?ni•na
jaPon•icus, Cibicides alg)terianus and

typified by its predomiRant pelagic
i"flata, Globigerinoides cyclostama, G.

   Though Globigerin.a inftata is
samples, so as the name GJobigerina '

(3) Bulimina cf. Pupo•;des-Uvigerina
   The upper Tamari formation is
   This zonule is characterized by

upper part of the Kiriyama formation
the }ower limit is just the base of the
 pe}agic foraminiferas seem to be de-
ina universa zone. Globigerina inflata
 descending order as follows :

          Sagara district

 (3) Globigerina b"lloides
      -----Bogivinita quadrigatera zoRule

 (2) Cibicides Pseudou•ngeriantts zoRule
 (1) Globigerina in.flata zonule

         the corresponding lithologic subdivision.
           the dominant occurrences of (i) Pelagic
    bsclSoides, G. tr•iloculinoides, Catapsyd?'ax dissimieis,

    cyclostoma, G. triloba, Globorotalia punctulata, G.
BeBthonic forms-Sigmoilina miocenica, Robulus calcar,
         Bulimina acuieata, B. inflata, B. nol'imaensis,
         p?•oboscidea, Episto•mina elegans.
         are Globigerina infiata, G. trilocu;inoides,
      Punctulata, CataPsydrax dissi7nilies, Globigerina
       Rotalia feetienziensis, Globigerina inflata, Gto-
 trucaturinoides appeared first in this zonule at least

           the corresponding iithologic subdivision.
         the dominant occurrences (i) Paiagic forms
           borealis, G. bulloides, G. eggeri, G. izzfiata,
Ggobigerinoides cyclostoma, G. triloba, Orbugi?za ecniversa

            (ii) Benthonic forms-Ga"drina arenaria,
             Rob"lscs nikobarensis, R. pse"doretulatus,
          Bulimina acttleata, B. brady, Uvi,gerina crassi-
        etegans, Gyroidina orbicularis, Psettdoeponides
          Hanzawaia "iPPonica, etc.. This zonule is
            forms suck as GSobigerina bscgloides, G.
           triloba, etc..

         not very common, it is found in all the
          inflata zonule is given.

           cf. Proboscidea zonule
          the corresponding }itkologic subdivision.
          the more or less occurrences (i) Pelagic
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{orms--Globigeri•n.a borealis, G. bttltoides, G. infiata, G. tr•iloculinoides, Globorotalia

foksi and Globoratalia tru•ncaturinoides, etc.. (ii) Benthonic forms-Sigmoilina
miocenica, Lagena elo•ngata, Robulus Pseecdo)'otulatus, Nonion nicoba?'e)tse, Bolivinita

quardrilatera, Bulimina acuieata, B. cf. pupoides, Uvigerina crassicostata, U. Pro-
boscidea, ElliPsonodosaria geetienziensis, Gyro•idina orbicutaris, Cibicides lobatzcgus

and }lanzawaia nipponica, etc..
    There are abundant benthonic forms such as Boivinita quardrilatera, B"li-
mina cf. pupoides, Uvige"rina cf. proboscidea and Gyro•idina orbicasgaris, while tke
benthonic forms are very few and scattered.

    Sagara district

(1) Globigerina infiata zonu}e

    The lower Kiriyama formation is the corresponding lithologic subdivision.
    This zonule is characterized by the dom2nant occurrences (i) Pelagic forms

- Globigerina bulloides, G. inflata, G. sp., Globigerinoides conglobata, G. cyc;ostoma,

C. triloba, Orbulina universa, Globorotalia crassuia and G. menardii, etc.. (ii)
Benthonic forms-Lagena dentaliniformis, L. elozzgata, Nodosaria sscbrapl•iana,
l[fvigerina excegle"s, {Zf. nitiduta, IlttiPsonodosaria ketieMziens'is, EPo•}zides ltaidingerii,

Pullenia butSoides and Hanzawaia nippenica, etc..
    This zonule is also rich in pelagic forms such as Globigerina infiata, Orbui•i•na

universa and G;oborotalia menardii, etc.. Practically no arenaceous form occurs
here in this zonule in Sagara, while there are so many arenaceous forms in
the same Ievel of Åíhe otker district.

(2) Cibicides Pseduoungerianus zonule
   The middle Kiriyama forrnation is the corresponding litbologic subdivisioR.
   This zonule is characterized by the more or less occurrences (i) Pelagic
forms-Globigerina bulloides, G. sp., Glebigerinoides co3zglobata G. t'riloba and
0"rbulina universa, etc.. (ii) Benthonic forms-Legena egongata, Elpitidium fax
barbarense, Uvigerina excellens, ElliPsoxodosaria }eet•ienziezzsis, Epo?•zides haidingerii,

Cibides pseudoungerianus and Hanzawaia nipPonica etc..
   Tkis zonule i$ marked with abundant benthonic form C•ibicides pseecdo-
ungerianus, but the pelagic forms are scatterGd thyoughout the zonule. The
contents of fauna appear to be meagre compared with other zonules of the
Globigerina inflata zone.

(3) Globigerina bulgoides-Bolivinita q'u•ad?'ila.tera zonLile

   The upper Kiriyama formation is the corresponding iithologic subdivision.
   This zonule is characterized by the dominant occurrences (i) Pelagic forms

- Globigerina berealis, G. bulto•ides, G. quinquegoba, G. sscbcretacea, G. sp., Giobi-
gerineides conglobatce, and Globorotatia crassula, etc.. (ii) Bep.tltonic forms-
Bulimina aculeata, B. i•nflata, Uvigerz'na cf. hoetsi, U. proboscidea, Epistomina
elegans and EPonides l•ia•i(li•ngerii, etc..

   Globigeri•na bas{loides and Botivinita qecardrilatera aye the most supreme
represenÅíatlves.
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                           PALEOECOLOGY

    Paieoeco!ogical analyses of tke faunal assemblages may be made on the
basis of the recent foraminiferal assemblages under the kRown important factors,
such as temperature, depth, salinity, food, oxygen content, light, acidity of
waters etc.
    NATLAND (1933) suggests that temperature has a greater influence on the
zonation of Foraminifera than depth. LERoy (1948) observed that the pelaglc
foraminiferas are more or less independent of bottom environrnent. Their
distribution development and dispersal are contro}led by the physical and
chemical natures of the upper }ayers of the sea, wind patterns, type aRd inteRsity
of currents and inter-connection of sea ways.
    PHLEGER (1951) recognized tkat shallow water faunas which had been
displaced downslope into deeper water.
   BuTcHER (1951) examined temperature and salinity are considered to be
the most important ecological factors affectiRg these faunal facies.
    CRoucH (1952) studied the Foraminifera from cross tal<en in the deep basins
off southem California. He was able to establish four biozones which are rnore
close!y correlated with temperatures than exygen or salinity variations :

                   T.i Depth range 900-2,000ft.
                   T, " 2,ooe-4,ooo ft.
                   T, " 4,000-7,500 ft.
                   T7 " approx. 7,500ft.-?
    CRoucH found that the foraminiferal faunas were uniform from the sill
deptks to the bottom of the basins which correspond to the nearly constant
tempeyatures exisiting tkere.
    BANDy (1953) suggests temperature being the dominant ecological factor
that controlls the depth zonation, but he points out that other factors may be
important since depth zonations are preseBt where no temperature gradation
exists. Five depth zones were established:

                   Brackish (Polyhaline) zone
                   Middle-nerltic zone 0-150 ft.
                   Lower-neritic zone 150 -- 600 ft.
                   Batkyal zone 600-6,000ft.
                   Abyssal zone 6,000ft.

   NAGAllAMA, M. (1954) states that the distributioB of foraminiferal assem-
blages coincides with the distribution of water masses in the Suruga Bay. IR
the deep bottom of bay, foraminiferas aye very poor and the association of
benthos forms is supposed to be accidental.
   WALToN (1955) suggests that benthonic Foraminiferal distributions are
apparently related to depth changes aBd associated temperature variations. The
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production of benthonic Foraminlfera varies seasonal}y in Tods Santos Bay and
the maximum abundances occur in June and August. Each species apparently
does not kave its maximum abundance during the same season. The population
maxima in June and August are apparently related to the late spring and
late summer flowering of phytophankton iR the area.
   The seasomal temperature maximum which occurs in August may influence
the greater production during that month.
   The writer (1957, 1958) mentioned that arenaceous foraminiferal assemblages
are usually good indicators of their origin in good embayments (Hiuchi-nada).
Generally number of arenaceous forms increases towards the interior part of
the Kii Strait. This group is regarded to represent the embayrnent waters.
   However, inasmuch as we do not know any direct method to prove the
coincidence between a fossil and a living set of ecological elements, it is im-
possible to discuss details very preciseiy. If it is permissible to refer some
ecological criteria further of the Recent Foraminifera to the material at hand
the following statements may be introduced here.

                            L OOIGAWAN

      (A) Lepidocyctina (Nephrolepiclina) nipponica zone
(1) MartiKettiella cf. communis zonule
   The zonuie is characterized by Martinottiel•ga cf. communis together with
some arenaceous forms. Pelagic form absent.
   The occurrence of Martinottielia cf. communis shows an environmeRt under
the sea that is cold, deep, and poor in oxygen. It may be assumed that this
zonule was under a little influeRce of aRy current.

(2) LePidocyciixa <NePltrolePidina> niPPonica zonule, the second zonule and the
zoRe with the same representative LePidocycli•na <NePl•wolePtdina) niPPo•nica, L
(N.) angulosa, L. (N.) Pe7onata and MiogyPstna feotoi, but for a few ill-defined
smaller forms.
   These larger foraminifers are closeiy retated to the Indo-Pacific tropical
formswkich lived in the shallow waters over coral reefs. Anyway this zonule
was inffueRced by the warm shallow waters.

       (B) Martinottietla cf. comntunis zone

   Sagara district
<1) Lower MartinottieSla cf. communis zonule
   The occurrences of Marttnettiella cf. communis, Cyclammiita pttsUia, Sigmoiti?•;a
miocenica and Haplopl'iragmoides sp. show the cold and deep sea-bottoms poor
in oxygen. It may be assumed this assemblage be under a slight infiuence
of currents.

(2) Upper Martinettiella cf. communis•-Cyclammina pttsilla zonuie
   This zonule is the characterized by Martinottiella cf. communis and CNctam-
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mina Pus•illa, while Giobiger•i•noi.des trilobce is extreme}y rare presumably sugges-

ting the first appearance in this time. In additioR to this, tke presence of
Gtobigeri•}toides tells warm-waters e}sewhere around.
    Generally speaking, this zonule may not be regarded representing a tern-
perate circumstance upon a continental shelf, but it may be under a more
considerable iRfiuences of the Kuroshio (the warm current> than tke Lower
Martinottielga----Cycgammi"a zonule.

    Futamata district

(1) Lower Martiiiottietla cf. comn2unis--HaploPl•zragmoides sp. zonule
    Judging from the set of members, this zonule is ascribed to an origin under
a littoral zone litt}e influeRced by current.

(2) Upper Martinottiegla cf. com•mscnis-----HaPloPhragmoides sp. zonule.
    It may be anssumed that this zonule was made uRder a little infiueBces of
current.

(3) Cyclam?}zina pusilta zonule
   Cycta7•?2mina pusilla, HaploPhragmoides cf. renzi, H. rugosa, H. subglobosa and
Martistottiella cf. com7nu•nis are the chief members.
   Catapsydrax dissimilis is extremely rare in this zonu}e, suggesting presum-
able lowest horizon. The presence of Catapsydrax dissimilis shows the open sea
condition, but Ske who}e assemblage shows a little influence of current.

(4) Rotalia beccari•i

   According to NoRToN, Rotalia beccarii is a dweller of littoral zones, 1 foot
at low tide, variants of this species occur in shallow waters, all along the
shores of Osaka Bay, Kii Strait, Suruga Bay and Tokyo Bay etc.. This zonule
shows the shallow water enviroBment.

                            II. TOGARIAN

    The Togarian is represented by only one zone the Cyclamm•i?•ta jaPo?zica zone
which is subdivided into the five zonules.

    Kakegawa district
(i) Cyclaxvnina Pusilla zoliule
   The dominant arenaceous form Cyclammina pusil;a occurs at every part of
this zoBu}e. Absence of pelagic form must be noticed again. These arenaceous
assemblage are regarded te represent an embayment.'

    (2) Cyciammina jgPonica zonule
   The benthonic members indicate a bay water condition. The presence
of a few Ggobigerina borealis, the kuri}e form together witk tropical to sub-
tropical forms such as Globigerinoides teriloba is a remarkable fact. This zonule
is ascribed to originate under the Lower neritic bathyal part a little influenced
by the mixed currents.
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(3) GSob•igeri•n.ct b'tdlo•id.es--Marti•nott•iella cf. comjnunis zonule

   The inixed assemblage ; the occurrences of Gioborotalia foftsi ca.nd Spkaeroi-
diitella deltiscens indicate tropical waters opened to the out side ocean.

   The Benthonic members afe of neritic. This zonu}e may have originated
from aR envlronment uBder the mixing curreBts.

   Futamata district
(1) Nonion jaPonicum zoBule
   The members of this zonule are those 2nferable to shal}ow neritic waters
since it has no pe}agic member.

(2) Sigmoili•na miocenica zonule
   The cltaracteristic members suck as Sigmoiiiiia miocenica, Bat}tysipho?t
eoce•nica, Reophax cf. cvl•i•n(ITicus, Cyclaminu japon•ica, C. pacifica, and and C. pusilla,

but none of pelagic form suggest a.n embayed littoral origiri.

I}.I. TeZAWAN

       (A) Lepidocyctina (AXephrolepidina) makiyainai
   The larger foraminifers dwelled in the warm shallow
zonule is ascribed to origlnate under neritic part a little
currents.

zone
clean waters.
 infiuenced by

The
the

       (B) GLoboquadrina dehiscen$ zone
    Globoquadri•na deltisce•yts, G. alt•isPira., Ggobigeri•na globtclaris, Orbutina z{niversa,

Globorotalia foltsi and G. mayeri, etc..

(1) Ammodiscus incertus zonule
   The commonest species Ammodiscus incertzts, Cyclammina pusiUa, HaPIo-
pltragmoides subglobosa, Ka}'rerieSta baccata japonica, Sigmo•ilina miocenica and
Texturalia sp. remind conditions existed in a deep sea slightly infiuenced by
currents.
   In addition to this, the preseRce of Globigerina bultoides, Globoquadrina
deh.tscens, and CataPsydyaac dissimilis show an opeR deep water emvironment.
    Generally speaking, the eRvironment may be ascribed neritic to batkyal
part under a slight influence of curreflts.

(2) Globoqttadr•i}za delziscens zonule

   Globoqscad?'•ii2a dehiscens, G. altisPira, Ggoborotajia foj'tsi, G. meye7'i, Orbuiina

universa, Globiger'i•noides t'riloba and Globi.creroice globula•ris lndicg.te the deep

waters of the basin uRder the iRfiuence of the Indo-Pacific warm current.

I.V. YUIAN

    (A) Orbulina universa zome
All the strata of this zone have more predominaRt plaRktons than benthos.
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 (1) Orbt{t•ines u•-ni'versct---Globorotctg'ia fol•isi zonule

    The occurrep.ce of Orb'btlina u)•?.iversa, Globorot(tlice foltsi, G. menctrdii, Globi-
 ge'rinoicles co•n.ggobo.ta cfi.ncl SPI'iaeroid•i-netla dekiscens ip.clicate the w.n.rm open sea

conditions th.fi.t were in connection with the subtropic to tropic waters, whi}e
 there are a few speeimens of northern species Globiger•ina borealis. The
benthonic forms tell that they were members of a middle neritic fauna.

    The assemblage of this zonule originate in a neritic zone dominantly influ-
enced by the Kuroshio ctirrent, but a littie infitience of the celd current cannot
be deBied.

 (2) Orbugina ztniversct zonu}e

    This zonti!e has abundant tropical pelagic forms such as Globorotatia
'me')ia'f'dii, SP}'}aeroidi•neiga de}tisce•ns with the predominant Orbutina ttniversa while

the benthonic forms by Ro means characterize the zonule.
    The disappearance of GSobigerinct borealis and GloboTotalia folzsi is re-
matkable. The benthonic forms such as De•ntalina szebsotuta, Lagena elongata,
Nonion ?zicobarense, Uvigerina proboscidea and EPon•ides haidinger'i'i suggest an
eRvironment under fairly warm and deep waters.

    MosÅí probacbly the fauna was born in the bathyal bottom under the Kuroshio.

(3) Globigeri•noides congiobata--Spizaeroidineila del'tisce?ts zoRule

    In addition to the superior members Globiger•inoides conggobata and SPkaeroi-
dinelta dehi.scens, t13ere are n..bundant tropica] and subtropical forms such as
Orbuli•na or•niversa, Globigerinoides cowtglobata, Globorotalia fohs•i and G. menardii.

    The benthonic forms consist only a smal} portion of the fauna and has no
arenareous members that flourished in the other zonules of this zone. The
bathya} part of open sea under the Kuroshio was the environment.

 (4) Orbugi•na wniversa---Globigerinoides trigoba zonttle

    Besides the repyesenting members there are abundant tropical forms such
as Glob'ige'rino•ides congiobata, G. triloba and Globorotalia menardii tn.nd a northefn

form Globigerina boreaiis. Globige'rina butloides is the weil known temperate
zone iRhabitant.

    The benthonic forms such as Martinottiella cf. communis, Bolivina secb-
angzctaris ogasaensis, Uvigeri•na proboscidea and EPonives l?.aidingerii show Lower
neritic loci.

    Tke environment may be ascribed to bathyal part under rnixing curirents.

 (5) Orby.lina zeniversa-Sphaeroid•is•tella dehiscens zonule

    This zoRule is yepresented by abundant tyopical pelagic forms such as
Globorotalia folzsi, G. menardii ncnd Gtob•igerinoides conglobata, GgobigerXna boreaiis

though smanll iR number occurs as well.
    The other pelagie forms show a temperate eondition. The common bentko-
nic forms indicate an environment under fairly middle nerkic condition.

    Genera}ly speaking, Åíhis zonule is ascribed to the neritic to bathya} origin,
but a slight mixture of cold current may be mentioned.
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       <B) Globigerinct infLata zone

   Kagawa district
(1) Globigerina infiata zonule
   ln addition to the dominant Globigeri•na infiata aRd G. bttSloides there are
abundant Kuroshio forms such as Ggobige?'ina triSoculi•noides, Gtobiger•inotdes
Cyclostoma, G;oborotalia P"ncimlata and G. truncatuli•noides, and tropical to
subtropical forms suck as Orbztl•ina universa and Glob{•ger•i•noides co•nglobata and
Globgerinoides triloba, besides a northern form G. boreatis.
   The dominant benehonic forms such as Sigmoili•na miocenica, Robttlus calcar,
Nonio•n nicobarense, Bolivina robusta, Buiimina acscleata, B. infiata, B. nol'imaensis,

Uvigerina crassicostata, U. cf. proboscidea and Episto•mina elegans indicate aR
environrnent under fairly warm but deep water. This zonule is ascribed to
origiRate under the neritic--bathya} part of mixing currents.

(2) Globigerina b•uZloides zoRu}e

   The domlnant forms such as Globigeri•na bulloides, G. •inflata, Globigerinoides
cyclostoi•na and G. tr•iioba togetker with the other members for instance Globi-
gerina eggeri, G. trilocuSinoides, G. sp. and Gioboratatia trttncatscrinoides show an

environment referable to warm and deep sea under the Kuroshio. Gtobigerina
borealis though not very common eccurs with tropic to subtropical form such
as Orbuii•na universa and Globigerinoides triioba.

   The bentkon2c resemblance to element is subordiRate, but s"ggest a neritic

--- bathyal origin.

(3) Bulimina cf. pupoides-Uvigerina cf. proboscidea zonule
   Bwlimi•na cf. PscPoides, Uvigerina cÅí. Probocidea, Bogivinita qttardrigatera and
other benthonic elements play only subordinate r61es while on the other hand
the pelagic forms are sporadical and less common. The presences of Globigeri•na
borealis and Globorotalia fohsi suggest a slight influence of the mixing current.
The conclusioB is that this zonule has neritic---bathyal origin.

    Sagara district

(1) Ggobigerina •inflata zonule
   The predominaRt forms Globigerina inflata, Orbulina "niversa aRd Globorotal•ia
menardii and the common pelagic forms Globigerina, G. sp., Globigerinoides
conglobata, G. cyclostoma, G. triloba, Globorotaka crassitga may give an ecological
assumption. Globorotalia me•nardii, erbeclina universa and Globigeri•noides con-
globata belong to the tropical to subtropical open sea element. There is no
Globigerina boreales.

   The benthonic fauna resembles that of the same level in the Kakegawa
district, but Åíor arenaceous forms. The fauna may be considered as bom in
the neritic-bathyal part of warm current.

(2) Cibicides Pseudou•ngerianus zonule
   The predominaRt benthonic form Cibicides pseudouRgeriantts, Lagena elongata,
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Elphidium fax barbare•nse, Uvi,gerina excelJens, Ell•if)son6dosaria leetieezzie?•tsis,

Epo?iides haidingerii and Ha•nzawaia •nippoiiica show a }i'Ltoral environment. The
peiagic forms are scattered throughout the zonu}e.
   Globigerinoides conglobata and Orbaslina universa indicate a subtropical open
sea while other pelagic forms suggest an open warm water.
   The contents discolose rather a shallower enviyonment as compared with
Globigerina infiata zonule.

(3) GlobigeriRa bulloides--Boiivinita quardrilatera zonule
   Globigerina bulloides and Bolivinita qua?'d?'ilatera are the most supreme
representatives. The occurrence of Globigeri•yta bulloides, G. qecinqueloba, G.
subcretacea, G. sp. and Globorotalia crassula indicate the warm Kuroshio water

envlronment.
   In addition to this the presence of the few Kurile form Globigeri?za boreaZis
and subtropical dweller such as Globige?'i?2oides congtobata.
   The bentkonic forms indicate the conditions inferable to the middle neritic
envlronment.
   Generally speaking, this fauna was born in the neritic part under the
warm current wlth a slight mixture of cold water.

                         ORUBLINA SURFACE

   LERoy (l948) suggested that peiRts of lowest stratigraphic eccurrence of
Orbuiina universa D'ORBiGNy and Candorbzzti7t.a universa JEDLiTscKA will permit
definition of a time horizon-Orbulina surface-within tke Middle Tertiary
sequences throughout tropic and subtropic regions.
   The Kassikan section of central Sumatra is believed to fulfill all require-
ments for estab}ishing a qualified point on the Orbecli•na surface and is designated
as a type for the East Indian Archipelago.
   LERoy (1952) is requesting discussions from micro-paleontologists of Orbuli•na
in various Tertiary sections. He emphasizes the importance of the lower limit
of this species as possible middle Tertiary time indicator in proper marine
Tertiary sections within preseRt-day low latitudes of the world.
   According to BowEN (1955), Orbttji•na universa D'ORBiGNy does not occur
below the basal MioceRe. Stratigraphical ancl micropaleontologica} evidence$
support his statement. The Orbz(lina-surface is shown to be confined to the
middle Tertiary, though pessibly not strictly contemporaBeous in its lateral
extent. The genus Orbulina is extremely valuab}e as a Neogens zone-fossil.
   The purpose of this investigation is to find the extension of the Orbulina
surface to the Miocene rocks in central Japaxx.
   The geology aRd paleontology of the western part of Shizuoka perfecture
in the central Japan has been worked out by many authors.
   Especially the 1<nowledge on larger foraminifers has made progress by
MAKIYAMA.
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   The section prepared by MAKiyAMA in this area are adopted in this paper.
   A great number of samples collected from the Futamata, Kakegawa and
Sagara districts weye examined to find out the Orbugi7ta surface.
   The resuit of micropaleontological analysis is shown in the check list
(table 1-3). As a result of pursuits the lowest limit of Orbulina universa
D'ORBiGNy ls known to be the Globoquadrina delziscens zone, though it is extremly
rare in the Saigo formation.
   It seems probable that the Orbuli"a surface in central Japan lies at the
middle Miocene (f3-stage).
   The record indicators predominate in the upper Miocene, but not at all in
the lower Miocene.
   The absence of Candorbutina universa JEDLiTsci<A, which is common in
central Sumatra has to be noticed iR this connection.
   The lowest limit of the vertical range of the Orbuli•na ttniversa D'ORBiGNy
is in the middle MioceRe (f3-stage) of central Japan and may also indicate the
first invasion of the modern warm temperate zone into Japan.
   The writer has been iBfermed that Orbtclina universa had not been dis-
covered in the Miocene sequences on Japan sea coast.

                              SUMMARY

(1) The biostratigraphical sequence of the Miocene deposits in centra} Japan
are in descending ordef as follows refering to tke stage names "d.nd the !etter
marks.
                                 Globigerizza i•n.flata zone
         ,Yuian (G) .................. Orb"lina universa zone
         { 91o.b.o,quadflina deiri.scens .zorte
         ) Tozawan (F3) ............ LePidocycli•na xzakiyamai zone

                                 CNclammina jaPonica zone         (           Togarian (F2)                                          .                                                     .                                 Martinattiegga communis zone                         -a-i-l------

           Ooigawan (Fi)                                 LePidocyclina niPPonica zone
                         -ta------J--
(2) It is confirmed that the lowest stratigraphic horizon of Orbugina universa
D' ORBiGNy in central Japan is in the upper part of th.e Saigo Group (F3-stage),
exactly 50m. below the top, its first appearance being in the GSoboqaudrina
dehiscens zolle.

   Orb"liRa scniversa D'ORBiGNy is very common iB theSagara Group (G). All
the horizons below this leve! mentioned above the lower Se.igo, Kurami (F2)
and Ooigawa (F,) contain noRe of this remarkable species, even noRe of frag-
ment that reminds this p}anktonic test, but for problematical spherules in tke
Lower Saigo.

(3) The Miocene of central Japan seems to be characterized by the complete
absence of Candorbutina universa JEDLiLscKA which is related to Orbug'ina universa
D' ORBIGNy in centi-al Sumatra.
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(4) The occurz'ence of Globigerina i•reRata and other common planktGnic forms
botla in the Tamari and tke Kiriyama formations assures tke lithological corre-
iation.

(5) During tl-ie G-F3 ages sea became warmer than in the F2-Fi, and it may
be assumed that G-F3 stages were under a predominant influence of the Kuroshio
current.
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PLATE III

Figs.

Fig.
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Fig.
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Fig.
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Gtob•;ge•riitoides rubra (D'ORBiGNy) )•.100

Globigerinoides conglobata (BRADy) Å~80
Globigeri•noides cyctosto?•na (.GALLowAy and WissmiR)
Gteb•igeri•netta aeguilateral•is (BRADy) Å~90

Gtobigerinoides bisPliericus ToDD Å~60
GlobigeriT•ia bzdtoides D'ORBiGNy >'<65

Globigeriita diPlostoma REuss Å~60
Gtobigerina i.nflata D'ORBiGNÅ} y Å~80

GtebigeTina triioculinoides PHiJ}vfiMER >c 5e

Giobigerina congton2erata ScHwAGER Å~80
Gioborotabia fohsi Cusl-IiMAN and ELL.IsoR ),K 50

Globigerix.a borealia BRADy Å~50
Globiger•inotdes triloba (REuss) Å~65

Gtobigerinct eggeri. RHuMBLER Å~65
Globigerina siebcretacea LoMNii<i Å~70

x50



Mem. Coll. Sci. Kyoto, Ser. B, Vol. XXIX, No. 2 GeoL & Min
.

, Art. 1, 1962 Pl. III



158 Kiyoshi SAwAl

PLATE IV
Fig.

Figs.
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6a,b.

7a,b.
8.

 9a,b
 10a,b.

 11a,b.
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 13a,b.
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P"tleniati•na obtiq•ttitec•tttata (PARi<ER and JoNEs) x50

SPk.aeroidinetla grimsdalei (KEiJzF.N) Å~40

Orbuli•na u•niversa D'ORBiGNy Å~65
Globoretal•ia •}•ne?tard•i•i (D'ORBiGNy) Å~50

Globorotalia foltsi CvsHMAN and ELLisoR Å~60
Globigerina globularis RoEMER Å~60
Gtoborotatia crassula Cusi{iMAN and STEwART ).•/40
SPhaeroidi•neUa dehisce•ns (PAm<ER and JoNEs) )•/50
Gto'ooquadrina altisPira (CHApMAN, PARR and CoLJ.Ns) Å~65
Gtoborotalia canarie•nsis (D'ORBiGNy) Å~80
Globoquadri•na deJttscens (CusH,Nt[AN and JARvis) t•<60

Gtoborotalia ttcmi.da (BRADy) Å~40
Globorotalia truncatt{li•noides (i)'ORBiGNde y) Å~50

CataPsydrax diss•SmiUs (CusHMp.tsr and BERMuDEz) ',K160
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