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11n trodtt ctio n

   In Japan palynological study of the Cretaceous sediments has been not yet

developed. It seems mainly to be attributed to the fact that most of the

Cretaceous are largely of marine origin, ancl that Cretaceous pollen and spores

are ill-preserved, due mainly to considerable crustal movements after their

deposition. Only a few palynological investigations of the Hokobuchi group

(Latest Cretaceous) in H[okkaido have been published by SATo (l961) and

TAKAHAsm (l964, 1965). No palynological study on the sediiinents older than

the H[akobuchi group has been published.

   The Upper Cretaceous sediments, except igneous rock complex, are widely

developed along the outer side of southwestern Japan and the meridional zone

of Hokkaido, and are also limitedly scattered in northeastern Honshu. Mo' st of

these sediments are of marine origin. Upper. Cretaceous non-inarine sediments

are poorly developed; they are known partly 'in the Kuji group of Iwate



Prefecture, the Ha}<obuchi group of Hokkaido and the FL}taba group of

Y?ukushima Prefecture.

   rlrhe Kuji group is clistributed in the vicinity of Kuji City (400N, 1420E) in

Iwate Prefecture, northern Honshu. It is coi'nposed of three forinations: the

Tamagawa, the Kunltan and the Sawayama formations. The Tainagawa aRd the

Sawayama formations composed mainly of Ron-mai'ine sedlments, occasionally

contaiR thin coa} seams and abundant fossil leaves. The author can find a

number of well-preserved spores and pollen from these two formations through

the detailed investigation Cluring these five years.

   The Kuji group plays an important role for establishment of Late
Cretaceous microflora} sequence in Japan, which has been little known up to

the present. Recently, Tol<uNAGA and TAKAsE (1968) published a preliminary

report on the spores and pollen from the Sawayama formation at a Iocality, but

they gave no discL}ssion of floral composition and no description of fossils. In

this paper the author describes the fossil pollen and spores from the Kuji group,

and fL}rther makes a discussion on the microfloral composition and geologjc

age.
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Stratigraphy of the Kaji (}roup

   [I'he Kuji group was first nameCl by SAsA (1932) for the Upper Cretaceous

sediments in the Kuji coal field, anCl was subdivided into three formations: the

Tamagawa, the Kunitan and the Sawayama (fori/nerly the Kadonosawa)
formations in ascending order. rlrhe Kuji group covers unconformably tlae

Paleozoic sediments and post-Miyakoan (AlbiaR to Aptian) granitic rocks, and

is overlaid by the Paleogene Noda group. The Kuji group consists of neritic to

terrestrial sediments with 400 to 500 meters thicl<ness. These three formations

represent one sedimentary cycle.

   The Tamagawa formation is of brackish origin, and consists of coarse

grained sediments such as coilg}omerate and sandstone with interstratified shale

and tuf£ Thin coal seams are lenticularly iilterbedded. The fori'nation can be
divided into three parts by lithology: the lower conglomerate, the middle
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sandstone and the upper conglomerate members. Several tuff beds are good

"key beds" for the subdivision (SAwARA,1967 MS.). From the foriTitation

mollviscan fossils and plant fossils have been occurred.

   rlrhe Kunitan formation is of marine origin, and is composed of rather

monotonous neritic sediments consisting almost of medium- to fine-grained

sandstone. This is approximately l60 meters in thickness. The formation yields

several species of lnoceramus and aminonites.

   The Sawayama formation lying above the KLmjtan formatioR consists of

alternation of sandstone, siltstone and tuff beds, sometimes with thin coal or

coa}y shale. This is 70 to 200 meters thick. The geological map of the Kuji

basin and the schematic columnar sections of the Kujj group are shown in

Text-figures 1 a･nd 2.

/tt

d

 o
.glss>

mu
g[lllllll
gwa
m
 x

+Its

TOKVO

 i'/-i '; z･'

K-/l･･r

KUJI

U
J-16
x.'
m lllil.it}'"';;5'

"-""11"liiil'.,.

. ".t,]t,++

    .,,. ･.;!, i-l.3 ,.s,II,.

-:-i-rr .= il uj

 .J4-.3 N'.i
`-'.i5,?TX's.if L.-.-'--

     ;//･.tr-t5,tlj,

""1ww"",1!/1.lll)1,(V"LiviilN-

  +- t++
"'ii':' "'

''t"

 ;.+.l.lilIII tU1i

NODA GROUP

SAVIAYANA FORMATIeN

KUNITAb{ FeRllATION

TAMAGA}eA FeRMATION

OTANABE-AKKAGA-A F.

GRANITE

tocalities of Samples

         o

+
"+
"t
 ++
'$"' 1,,- N

II NN

x
,l-l.i-･giiif/IiVilfi,ngiiiii

   .-. '=' r.- =l  F= r. -r -iililili+SIill/--,.'-･J･l//tl/////,.i/STi.-.il,.ilimil-Ki

   + t Xttt,-H7X-. l;"g..,.},..

    +

1

li iillllii ll

"IIVi["'IIP'i

1"l

+

+

t

+

+
iY-kun-L."iV"i,Vl"Iii"iiii

    -..li:lt:,..
+ ;-Vi .'='-. ..:s.,.
    L-.T=. ',':tt..N(.t;,t,t.i/i･l,?･I'//'i'i'1/1/'ls

+

+
-t'

 ,

-t-

 +
+
 +
+
s
 x

+ N,r･ /tt ÷ ='4･ tt'

 +s;-

  +
 +
  +
   ++    +
     +

KUjl BAY

+

+

+

-l-

+

+

+

-3

   iilii"1

     ..,±
:'1"1'･,;l･/.;iit/,'voDA

.. :.:.:.:.;T:,

 t.ttttt.ttt.t.t
 tt:::::t:tltt:t:ll:t:

 L: =i, -lr =su. "1

  --- 9  J.-ww

    :3
    +

Y!iiiii"ii

x'-/'=11
tti-t,-iT-i-:"･-

#
 .

"

+

+

+

-t-

+

+

+
x

i
£
?

+

+

+

x

2 3 4 5km

+

+

Text-figui-e 1, Geological Map of Kuji Area (after Sawara,

Samples. Numbers correspond with those in Text-Figure 2.

1967) with the Location of
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Text-figure 2. Shcematic Columnar Sections of the Kuji Group

stratigraphical positions of Samples.

A: Northern part of the Natsui-gawa fault in the Kuji basin.

B: Southern part of the fault.

. Number shows aproximate
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Procedure of Study

Sampling and preparation

   About 70 smaples composed of coal, coally shale, siltstone and sandy

siltstone were collected from the Kuji group, aRd were macerated. Of theirt 17

samples coniaifi well-preserved spores and pollen, which slaow common
occ}.irrence suitable for tl/ie present stuciy. Of these l7 samples tei'i were froirt

the Tamagawa, and seven were from the Sawayama formation. Few spores and

pollen are found from the Kunitan formatlon.

   Crushed sainples were macerated by the following procedure.

1. Maceration by KCI03 and concentrated HN03 for about 40 koL}rs to

   oxidate humic matter.

2. Treatment by IO% KIOH for abot}t one hour in a hot water bath (under

   600C) to dissolve ht}mic acide.

3. Maceration by cold, commercial graded HF to remove mineral matters.

4. Treatment by i'nixed solution of conc. HCI., coitc. flN03 and water (HCI :

   HN03 : H2O " l:l: l) to remove CaF2 and s"lphide minerals for about 5

   minutes in a hot water bath (70-800C).

Residue were i'nounted in glycerinejelly staiiiecl with gentiana violet.

Examination of Samples .
   A minimum of two preparats were prepared for each sample. [f"ow hundreds

of pollen and spores were counted for each sample, and then the re}ative

abundance of each species was calculated. After counting, at least two

preparats were completely scanned to record the presence of any rare species.

Through this scamiing were found many species which appear to represent

characteristics of the Kuji inicrofiora, though tliey are very rare m occL}rrence.

The Kuji Microfiora

Floral composition

   One hundred and six species of pollen and spores were found through this

investigation as listed in Table l. Their occurrence were shown in rl'able 2.

   The relative abundance of species distributecl ainong the major plant taxa in

the Kuji' group was calculated as shown in Table 3*.

   Table 3 shows that the Kuji microflora is composed mainly of pterido-

pliytes, with subordinate gyirtnosperms and angiosperins. Bryophytes and

pteridophytes contain the following common species: Stereisporites anti-

quasporites, Lycopodiacidites hamulatis, Gleicheniidites senonicus, G. Iaetus,

(;kerdioangulinadiaphana, Deltoidospora cascadensis, D. nodaense, Laevigato-

* For a reference the species composition of the Hakobuchi microflora by Takahashi (1964)

 was also shown together, calculated by the author.
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Table l. List of Sporomorphs from the Kaji Group

Division Bryophyta

    Class Music F
        Family Sphagnaceae
            Genus Stereisporites P FLuG l953
                 Stereisporites antiquasporites (WIL. & WEB.) PoToNIE
                 Stereisporites apolaris (REINHARDT) n. comb.
                 Stereisporites grosstts TAKAHASHI
                Stereisporites sp.
Division Trachophyta

    Class Lycopodinae
        Family Lycopodiaceae (Provisiona} assignment)

            Genus Lyeopodiacidites (CoupER) PoToNiE 1956
                Lycopodiacidites hamulatis (KRuTzscH) KLAus
                Lycopodiacidites amplus(STANLEY) n. comb.
    Class Filicinae

        Farpily Osmundaceae (Provisional assignment)

            Genus Osmundacidites CoupER l953
                Osmttndacidites wellmanii CoupER
                Osmundacidites alpimts KLAuS
            Genus Todisporites COUPER l958
                Todisporites mafor CoupER
        Family Gleicheniaceae (Provisional assignment)

            Genus61eicheniidites Ross 1949
                Gleicheniidites senonicus Ross
                Cleicheniidttes laetus (BoLKH.) KRUTZsCH
                GIeicheniidites circinidites (CooKsON) KRUTzscH
                GIeicheniidites mailg'inattts TAKAHAsHI
                GIeicheniidites cf. delicatus (BOLKH.) KRuTzscH
                GIeicheniidites cf. echinatus (BoLKH.) K RUTzScH
        Family Schizaeaceae (Provisional assignment)

            GenusAppendicisporites WEYLAND & KRIEGER 1953
                Appendicisporites tricornitatusWIIYLAND & GREIFELD
                Appendicisporites ethmos DELCOURT & SPRUMONT
                Appendicisporites cf. potomacensis BRENNER
                Appendicisporites sp. A
                Appendicisporites sp. B
                                    '            Genus Cicatricosisporites PoToNIE & GELLETIcH l932
                Cicatricosisporites attstraliensis (CooKsoN) PoToNIE

                Cicatricosisporites mediostriatus (BoLKH.) POCOCK
                CiCatriCosisporites cf. dorogensis POTONIS & GELLETICH

                Cicatricosisporites sp.
            Genus lSchyosporites BALME 1957
                Ilychyosporites sp.
            GenusReitculosporis KRuTzscH l959
                Reticttlosporis sp.
        Family Dicksoniaceae (Provisional assignrnent)

            Genus Trilites ERDTMAN exCoupERemend. DETTMAN 1963
                71,'ilites sp. A
                7>'ilites sp. B
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                Trilites sp. C
        Family Clyatheaceae (ProvisioRal assignment)

            Genus Clyathidites CoupER 1953
                Clyathidites australis CoUpER
        Family Matoniaceae (Provisiona! assignment)

            Genus Ma tonisporites CoUPER 1958
                Matonisporites ? sp.
        Family Polypodiaceae (Provisional assignment)
            Genus Laevigatosporites (IBRAHIM) emend, ScHopF, WILsoN & BENTALL 1944

                 Laevigatosporites oyatus WILsoN & WEBSTER
                 Laevigatosporites haardti (POT. & VEN.) THOMSON & PFLUG

            Genus Pol.ypodiidites Ross 1949
                Polypodiidites sp. A
                Pob?podiidites sp. B
            Genus Reticuloidosporites THoMsoN and P I;LuG l953

                Reticuloidosporites sp.
Spores-Incertae Sedis

        GenusBalmeisporitesCOOKSON &DETTMAN 1958
            Balmeisporites ininutus BRENNER
        Genus Biretisporites DELC. & SPRUM. emend. DELcouRT,

            DETTMAN & HuGHEs 1963
            cf. Biretisporites Potoniaei DELCOURT & SpRUMONT
                                       '        Genus Cardioangulina (Malawkina) PoToNIE l960
            Cardioangulina diaphana (WIL. & WEB.) STANLEy

        Genus Ceratosporites Cool<soN & DETTMAN 1958
             Ceratosporites ? sp.
                                             '        Genus Cingulatisporites THoMsoN emend. POToNIE l956
             Cingttlatisporites distaverrttcosus BRENNER

        GenusDeltoidospora MINER emend. PoToNIE 1956
             Deltoidospora cascadensis MINER
             Deltoidospora psilotoma R.OusE
             Deltoidospora nodaense n. sp,
             Deltoidospora cf. rhytisma RoUsE
        Genus FoveosporitesBALME 1957
             Foveosporites sawayamaensis n. sp.
             Foveosporites sp.
        Genus Granulatisporites (IBRAHIM) PoToNIE & KREMp 1954
             Granulatisporites sp.
        Genus Jimboisporites SoHMA 1969
             Jimboisporites kuiieJisis SoHMA
             .1'imboisporites senonictts n. sp.

                                      '        Genus Leiotriletes NAuMovA ex PoToNIE & KREMp 1954
                                              '             Leiotriletes sphaerotriangulus (LOosE) PoToNIE & KREMp
             Leiotriletes minutus (KNOX) PoTONIS 8c KREMP

             Leiotritetes sp.
        Genus Punctatisporites･ (IBRAHIM) PoToNIE & KREMp 1955
             Punctatisporites punctulatus TAKAHAsHI
             Punctatisporites sp. A
             Pttnbtatisporites sp, B
        GenusRegulatisporites.THoMsoN & PFLUG 1953
             Rugulatisporites sp.
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        Genus Toroisporis sp.
             Toroisporis sp.
        Genus Uveaesporites D6RING 1965
             Uveaesporites simpiex (MuLLER) n. comb.
            Uveaesporites mailgaritatus (MULLER) n, comb.
        GenusSchizosporis COOKSON & boRING l959
            Schizosporis scabratus STANLEY
        Spore Type A
        Spore [I]ype B･
Class Gympospermae
    Ofder Cycadales
        Family Cycadaceae (Provisional assignment)

            Genus Cl),cadopites (WODEHOUSE) WILSON & WEBsTER 1946

                 Cycadopites c£ follicularisWILSON & WEBsTER
    Order Ginkgoales
        Family Ginkgoaceae (Provisional assignment)

            Genus Monosulcites CooKsoN ex CoupER 1953
                Monosulcites epakros BRENNER
    Order Caytoniales
        Family Caytoniaceae
            Genus JiitreisporitesLEscHIK emend. JANSONIus l962
                 Yitreisporites pallidus (REISINGER) NILLsoN
    Order Coniferales
        Family araucariaceae
          ' GenusAraucariacites COOKSON ex CoupER 1953
                Araucariacites australis Cool<soN
                Araucariacites limbatus (BALME) HABIB
        Famiiy Pinaceae
            Genus10ityosporites SEwARD emend. MANUM 1960
                Pityosporites constrictus (PIERcE) n. comb.
            GenusAbietineaepollenites PoToNIS l959
                Abietineaepollenites sp.
            GenusPiceaepollenites poToNIE 1931
                Piceaepollenites saccellus TAI<AHAsHI
            Genus Cedripites WoDEHousE l 933
                Cedripites sp.
        Family Podocarpaceae
            GenusPodocarpidites CooKsoN emend. PoToNIE 1958
                Podocarpidites ezoensis (SATo) n. comb.
    Coniferales - Incertae Sedis

            Genus lnaperturopollenitesPFLUG & THoMsoN 1953
                Inaperturopollenit'es sp.
            GenusClassopollisPFLuGemend,PococK &JANSONIus 1961
                 Classopollis sp.
            Genus R ttgubivesicttlites P mRCE i 96 1

                R ugubivesiculites f7uens P IERCE

    Order Gnetales -
        Family Ephedraceae
            Genus Eiphedripites BOLKHOVITINA 1953
                Ephedripites sp.
    Ciass Angiospermae
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        Subclass Monocoty}dones (Provisional assignmenO
            GenusMonocolpopollenitesPFLuG &THOMsoN 1953
                Monocolpopollenites kyushuensis TAKAHASHI
                Monocolpopollenites cf. untversalis TAKARAsHI
                Monocolpopollenites pfZugii TAKAHASHI
            GenusSpinizonocolpites MuLLER 1968
                Spinizonocolpites echinatus MULLER
        Subclass Dicotyldones
        Fami}y-lncertae Sedis

            GenusRetitricolpites VAN DER HAMMEN ex PIERcE l961
                Retitricolpites' vuigaris PIERCE

                Retitricolpites cf. prosimilis NoRRIS
                Retitricolpites sp, A
                Retitricolpites ? sp,
            Genus 7LricolpopollenitesPFLuG & THOMSoN 1953
                 7'7'icolpopollenites minutiretdermis TAKAHAsHi
                 TrieolpopoUenites yuigaris TAKAHASHI
                 ]'icolpopollenites micromunus GRooT& PENNY
                 Tricolpopollenites cf. simplicissimus GROOT, PENNY & GRooT
                 TiricolpopoUenites cf. tneinohamensis rotundus TAKAHASHI
                 7'7icoipopollenites sp. A
                 7'7icolpopollenites sp. B
                 T>'icolpopollenites sp. C
                 Ti'icolpopollenites sp. D
            Genus Tricolpites CooKsoN ex CoupER 1953
                 71ricolpites sp. A
                 T>'icolpites sp. B
                 T}'icolpites sp. C
            Genus Tricolporopolienites PFLuG &THoMsoN 1953
                 7>"icolporopollenites sp.
            Genus Triporopollenites PFLUG &THoMsoN 1953
                 Triporopollenites shimensis TAKAHASHI
                 71Fiiporopollenites sp.
Pollen-Incertae Sedis

            Genus.tlccuratipoUis CHLoNovA i961
                 Accuratipollis evanidus CHLONOVA
            GenusOcellipollis CHLONOVA l961
                 Ocellipollis obliquus CHLoNOVA
            Genus 7'>"icolpites COOKSON ex CoupER 1953
                 Ti'icolpites ? sp,

            Pollen Type A
            Pollen Type B

sporites ovatus, L. haardti, Matonisporites ? sp., Leiotriletes sphaerotriangttlus.

A number of species probably referred to the Schizaeaceae were also found,

though most of them have few specimens respectively. Four species of

Cicatricosisporites (C australiensis, C. dorogensis, C mediostriatus aRd

Cicatricosisporites sp.), five species of Appendicisporites (A. tricornitattts, A.

ethmos, A. c£ potomacensis, Appendicisporites sp. A and Appendicisporites sp.
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Table 2. Distribution and Frequency of Sporomorphs from the Kuji Greup
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Table 3. Species composition in the microfloras from the

        Kuji and the Hakobuchi Group
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Bryophyta&
Pteridophyta Gymnospermae

Angiospermae
Totalnumber
ofspecies

SawayamaF. 57% 180/o 219o 76
106-13e/, 229oKuji

Group TamagawaF.
60o/.--
589o 169o 22% 77

UpperGroup 409o 129o 48% 50
Hakobuchi
Group LowerGroup 449o 169o 409o 93

B), one species of Reticulosporis and one species of.lschyosporites were fotmd

out. In Gleicheniidites five species were found. Cyathidites australis, Bal-

meisporites minutus, Granttlatisporites sp. Schizosporis scabrattts were found

out, though their occurrence is rare or restricted to a few samples.

   Gynmosperms contain abundantly the following characteristic species:

Clycadopites cf. follicularis and Monosttlcites epakros referred to the

Cycadaceae or Ginkgoaceae; Pityosporites constricttts, Abietineaepollenites sp.

and Piceaepollenites saccellus belonging to the Pinaceae, and small inaperturate

pollen of the Taxodiaceae or Cupressaceae. Such species as Rttgttbivesiculites

flt{ens, Classopollis sp., Araucariacites australis and A. Iimbattts, characterize

the Kuji microfiora. They are some of the representative Mesozoic coRifers, aiid

fiourished froiin Jurassic to Micldle Cretaceous time, extinct during the Late

Cretaceous in the Northern Hemisphere. Vitreisporites (al. Caytonipollenites?

pallidus was found, though very rare.

   Angiosperms are composed almost of tricolpate and monocolpate pollen,

and rarely of tricolporate and triporate forms. Principal species are Re-

titricolpites vttigaris, 7-7icolpopollenites minutiretilfbrmis, T>'icolpopollenites sp.

A, 7>'icolpopollenites sp. B and Tricoipites sp. A. Such species probably

referred to moiiocotyledon as Monocolpopollenites kyttsht{ensis andM. pflugii

were also commonly found.
   Accttratipollis evanidtts is found in many samples, though its taxonomical

relationship is uncertain. The genus Accuratipollis is represented by mor-

phorogical type as "Unica" group definecl by CHLoNovA (1961, 1962)

together with the genus Aquilapollenites. It is noteworthy that the Kuji

microflora has no pollen referred to the genus Aquillapollenites, which is

usually found from Latest Cretaceous sediments of East Asia and westem

North America. In the samples from the Sawayama formation Oeellipollis

obliqutts was also found.



Stratigraphical Distribution of the Kufi Spoi'omorphae

   Of 106 sporomorphae making up the Kuji microflora, 48 specles are
commoil between the Tamagawa and the Sawayama formations. Thirty-one are

restricted to the [l]amagawa, while 27 are restrictecl to the Sawayama

formation. Considering the limited occurrence and relative abundance of all

species deteriniRed, 46 species listed in Text-figure 3 seein important for

stratigraphic consideration, and some are useful to characterize the SRwayama

and the Tamagawa foi'mations respectively. Most of species limited in occurrence

to either of these two formations, are very few in nt}mber of specimens, but

several species are useful for discriminating the spores and pollen assemblage.

For instance, they are Cyathidites at{stralis, Balmeisporites inintttus, Deltoido-

spora nodaense, Foveosporites sp., Uveaesporites simplex, 7>'icolpopollenites

sp. A in the Tamagawa, while Reticulosporis sp., fimboisporites kul'iensis,

foveosporites sawayamaeJisis, Leiotriletes sp., Schizosporis scabratt{s, Oee-

llipollis obliqttt{s in the Sawayama formation. Of 48 species commoR between

these two formations, there are several useful species, which are abundai3tly

found only in either of these two. [l]hey are Appendicisporites tricornitatus,

Leiotriletes sphaerotriangult{s, limboisporites senojzictts, CZirdioangttlina

diaphana, Araucariacites limbattts, Retitricoipites vttigaris in the Tamagawa,

while Stereisporites group, Lycopodiacidites hamulatis, Gleicheniidites

senonicus, Pttnctatisporites punctt{latus, Monocoipopollenites kyttshi{ensis in

the Sawayama formation.

   Deltoidospora nodaense seems an useft}l indicator of the Tamagawa
formatioia. Cyathdites australis, Balmeisporites minttttts and Retitricoipites

vt{igaris restricted to or comi'rton in the Tamagawa, have been usually known

from the Lower and Middle Cretaceous of the world. 'Balmeisporitesminutus

was reportecl from the Middle Cretaceous of Peru (BRENNER, 1968). Re-

titricolpites vttigaris originally described from the Cenomanian of Minnesota

(PmRcE, l961), was reported from the Middle Cretaceous ofAlberta (NoRRis,

l967), and was recently reported fi4om the Cretaceous to Tertiary sediments in

Sarawak, Malaysia (MuLLER, 1968). According to MuLLER, it is especially

abundant from the Cenomanian to the Ttironian iR ･Sarawal<, but is rare from

the younger sedinients.

   No spores similar to limboisporites kttl'iensis and Foveosporites

savvayamaensis are known from the Cretaceous of the Northem Hemisphere.

Schizosporis scabrattts was reported froin tl3e Hell Creek formation (Maest-

richtian) of South Dakota, the United States (STANLEy, l965). LJ?copo-

diacidites hamulatis, Punctatisporites pttnctttlattts, Monocolpopollenites

k.yushuensis and 0cellipollis obliqzttts have been known from the Latest

Cretaceous to the Tertiary. Though Lycopodiacidites hamttlatis was at first
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Text-figure 3 . Occurrence of representative Sporomorphs in the Kuji Group.

reported from Tertiary sediments in Germany (KRuTszcH, 19S9), it was later

reported froin the Maestrichtian of South Dakota (STANLEy, 1965). [l]he gent}s

Ocellipollis belongs to a inorphological type, "Oculata" group (CHLoNovA,

1961, 1962). "Oculata" group along with "Unica" group, has been known

from Late Senonian to Paleocene sediments in East Asia and in western North

America. 0cellipollis obliqutts was reported from the Upper Cretaceous



sediments in Vilyuisk depression, eastern Siberia (CHLoNovA, 1966).

   It appears possible to distinguish these two formations on the basis of the

age distribution of the characteristic species discL}ssed above: the Tamagawa

formation contains Early to Middle Cretaceous sporomorphae, while the

Sawayama contains Latest Cretaceot}s to Early Tertiary sporomorphae.
However, these two assemblages show a gradual fioral change with a number of

common species as shown in Text-figure 3.

Comparison of the Kufi microfZora with Cretaceous microfZoras of East Asia

   Only a few palynological studies on the Upper Cretaceous have been
published in Japan. But Late Cretaceous palynology of liast Asia, especially of

eastern Siberia, has been done by many Russian investigators. In North

America many contributions have been aiso published, but no studies on the

Turonian and the Senonian have been published as far as the writer concerns.

   TAKAHAsHi (1964) studied on the Hakobuchi group (Campanian to
Maestrichtian) in Hokkaido and revealed two assemblages; the Lower
Hakobuchi and the Upper Hakobuchi spores and pollen asseiirtblages. In the

Lower }{akobL}chi assemblage angiosperiins are abundantly contained as much

as pteridophytes in number of species. Spore belonging to the Schizaeaceae

st}ch as Appendicisporites or Cicatricosisporites is almost absent, and diverse

species of the Osinundaceae are fotmd. Apiculatisporites inouei, Baculaisporites

papillosus and B. validus occur comnionly. The Lower Hakobuchi assemblage

contains no gyinnosperm pollen such genera as Araucariacites, Rugubive-

siculites and Classopollis, which are found coinmonly in the Kuji asseinblage.

On the one hand, it has commonly angiosperm pollen of porate form such as

Alnipollenites eminesis, Betulaepollenites normalis, Momipites constatus and

others. Diverse species ofAquilapollenites are also commonly found.

   The Lower Hakobuchi assemblage may represent a younger vegetation than

the Kuji assemblage in abundant occurrence and taxonomic diversity of

angiosperm pollen. On the other hand, older ferns and conifers such as

Araucariacites, Rugubivesicttlites are represented by sparse specimens. These

facts show that the Kuji microflora is older than the Lower Hakobuchi

assemblage which has been assigned to the Campanian.

   The Cenomanian to Turonian spores and pollen assemblage was described

from the lower part of the Zabitinsk formation of the Zeya--Bureya depression

in eastern Russia (BRATzEvA, 1969), and it is characterized by diversity of the

Schizaeaceous spores, by a few angiosperms, and by no pollen of "Unica" type.

This assemblage is older than the Kuji microflora, comparing their floral

coiinposition. SLSKURATENKO (1969) revealed three fioristic types of Turonian

spores and pollen assemblage latitudinally distributed in West Siberia Lowland.
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The two assemblages excludiflg the northern type are similar to the Kuji

microflora witliL sparse representation of angiosperms including the tricolpate

forms. But they contain diverse spores belongiAg to the Schizaeaceae, especially

to the genus Lygodium. Stenozonotriletes radiatus, 7butrocusporites reduncus

and Cingulatisporites (al. Rouseisporites) euskirchensoides are frequently

found; these three spores were commonly known from the Middle or Lower

Cretaceous. Pollen of "Unica" and "Oculata" types are almost absent.
Accordingly the Kuji microflEora is considered to be younger than the [lruronian

assemblage of West Siberia Lowland.

   Spores and Pollen assemblage from the Upper Santonian sediments in

Khatanga deprcssion was reported by BoNDARENKo (19S8, inPoKLRovsKAyA

ed., 1966). BoLci{oviTiNA (19S9) reported the Lower Senonian spores and

pollen assemblage in Vilyuisk depression. These two spores and pollen

assenablages are genera}ly similar to the Kuji in floral composition, but they are

poorer in angiosperms pollen. Angiosperms from the Khataiiga depression show

only a few per cent of the total sporomorphae number, and those from the

Vilyuisk depression attain 1 l per cent in maximum, including rarely pollen of

porate forms.

   BRATzEvA(l965, l969) and CHLoNovA (1969) reported several spores and

pollen assemblages from the Cretaceous sediments in Zeya-Bureya depression in

eastern Russia. According to CHLoNovA (1969) the assemblage from the upper

part of the Zabitinsk formation has some characteristic features in composition

as follows:

l) Spores belonging to the Schizaeaceae are always recognized; especially

Schizaea dorogensis and the genus Pelletieria are common. Spores referred to

Lygodium are nearly absent. The Lower Cretaceous spores such as Rousei-
sporites andAequitriradites are rarely found. "'
2) Among gymnosperins, pollen of the Taxodiaceae and Cupressaceae, and

bivesiculate pollen of the Pinaceae are doininant. The genera such as CaJvtonia

and Classopollis are rarely recognized.

3) Angiosperm pollen grains make 5 to 28 per cent of the total spores and

pollen. No pollen grains are referred to the modern genera. Tricolpate pollen

with smooth or reticulate exine ancl the genus Gothanipollis are common}y

contained.

4) Pollen of "Unica" type such genera as Aqttilapollenites and ,Fibulapolli is

found.

   The "Upper Zabitinsk assemblage" has comirton features in fioral com-

position with the Kuji: Early and Latest Cretaceous (especially Late Senonian)

sporomorphase are contained; angiosperm pollen is not abundant, aRd pollen of

porate forms are especially of rare occurrence. Accordingly, the Kuji microfiora



is closely similar h} floral composition to the "Upper Zabitinsk assemblage",

whicl3 has been assigned to Early Senoiiian in age.

   It is noteworthy that angiosperms of the assemblages from KhataRga and

Vilyuisk depressioBs are less in number of specimens and contain less diverse

taxa than those of the assemblage from Zeya-Bureya depression, though tlae

former two have been judged approximately contemporaneous with the latter.

MARKovA (196l) stated that the appearance and dispersion of angiosperins in

northern Siberia was at later stage thaR iB southern Slberia. PoKRovsKAyA

(1966) also pointed out that the spores and pollen assemblages ofCenomanian

to Santonian show higher frequency of aiagiosperins in southern Siberia than in

northern Siberia. In this connectjon she described that the assemblages

representing iaearly similar percentage of angiospenns pollen were distributed

approximately paralael to the latitude cluring Late Cretaceous tiine. Some

recent paleobotanical stt}dies revea} that the latitudinal differences in floral

composition should be tal<en into consideration when comparisons are made

between flloras for purposes of correlation. SAMoiLovicH (l967) proposed two

fioral provinces in Siberia during Late Senonian to Danian time: the
Khatange-Lena and the Yenigey-Amur provinces. [Irhe former appears to have

been under warm to temperate, and rather dry ciimate; the Iater province

situated south of the foriner, tropical to subtropical in climate. VAKRAMEEv

(l964, in SMiLEy, 1967) demonstrated that macrofossil fioras in Eurasia were

distiiiguished into northern (cooler) and soutliern (warmer) types, during

Jurassic to Middle Cretaceous time and that the boundary l)etween two

provinces in each age was approximately parallel to each other and migrated

northwards. Based on investigRtion of Cretaceous macroplants in Alaska,

SMiLEy (l969) emphasized that the latitt}dinal differences of floral coiin-

position should considered when correlations were based oii floral records. As

alreacly pointed out by ii?any authors (AxELRoD, l959, and others), recent

paleobotanical evidences favor the inference that aflgiosperms evglvecl at the

lower latitudinal region during Middle Jurassic tlme, ancl then gradually

dispersed northward with kicreasing number and diversity in the Northern

Hemisphere.

   Taking the latitudinttl difference into account, it can be naturally accepted

that the Kuji microfiora is most closely simil･ar in composition to the "Upper

Zabitinsk assemblage" from Zeya-Bureya depression.

Bisc"ssion of Age of the Kuji Group

   The definite age of the Kuji group has been stlll in question, because no

marked macro-fossils have been known except from the marine Kunitan
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formation. The following Ieading fossils have been i'eported from the Kunitan

formation by SAsA (1932) and SHiMAzu and TERAoKA (1961): Inoceramus

iaponicus NAGAo et MATsuMoTO, I. naumanni YoKoyAMA, Polyptychoceras
subundulatum YoKoyAMA, Gaudryceras denseplieatuin (JiMBo) and Texanites

amakusense (YABE). Several fossil plants from the Tamagawa and the
Sawayama formations have been reported by SAsA (l932), and they are
recently reinvestigated by TANAi* on the basis of his additional collection.

From the Tamagawa formation the following plants are noteworthy: Osmunda

asuyvaensis MATsuo, Gleichenia linearijbrinis KRysHT., G. sachalinensis

KRysHT., Cladophlebis acttta IPoNTAINE, Zamioph.yllttin cf. becheii ETTINGs.

and Araucarites anadyrensis KRysHT. Froiin the Sawayaltaa formation there are

also known many species: Asplenium dicksonianum Heer, Cladophlebis frigida

(}-IEER) SEwARD, Otozamites schenki (HEER)TANAI, Arauearites kuiiensis TANAi

(MS), Salix lancensis BERRy, and many angiosperms.

   Based on the fossil fauna arid fEoras, SAsA (1932) estimated the Kuji group

to be Urakawan (Senonian) in age. He suggested that the Sawayama flora iinay

be soinewhat older though conaparable with the Hakobuchi flora ofHokkaido.

MATsuMoTo (1954) summarized Cretaceous biostratigraphy of Japan 6n the

basis of his extensive investigation; the Kuji group inclt}ding the Kunitan fauna

was assigned to K5or-7-K6a (Santonian to Canapanian) in his division of the

Cretaceous.

   As discussed in the preceding pages, the Kuji microflora is older than the

ILower Hakobuchi assemblage, younger than "Iruronian assemblage from West

Siberia Lowland. It is most similar to lower Senonian "Upper Zabitinsk

assernblage" from the Zeya-Bureya depression and is dated as Lower Senonian.

This age assignments by palynological evidence does not contradict with thzit of

paleontological evidences once discussed.

Systematic Descriptiens

   From the Kuji microflora are described I06 sporomorphae. Regarding the

nomenclature ai'id taxonomy of fossil spores and pollen, the author considers

to be ideally based on natural taxonomic system as similar as in the case of

megafossil plants. However, our morphological inforinations of sporomorphae

are usually too incomplete to apply the natural system in the case of

pre-Quaternary sporoiinorphae. Especially. Cretaceous spores and p611en are

very difficult to find the definite relationships with those of the modern plants;

* Oral comunication from Dr. T. Tanai



they are largely not assignable to the modern genera, and even to the modern

families only by morphological characters. Until the taxonomic infoirmatioRs

are sufficiently accumulated, it seeins unavoidable to adoptthe morphological

system of nomenclature for Cretaceous spores and pollen, especially below the

rank of the family.

   In this paper the author used organ- and form-genera. The genera assignable

to the families of natural system are grouped under each family as
organ-genera, while the remaining genera are placed under the higher
taxonomic ranks as form-genera. The assigninent of the organ-genera to families

of natural system followed the original description.

   Dimensions of sporomorphae are given in a series of two or three numbers.

When two numbers are given, the first shows the minimum value and the

second shows the maximum value. When three numbers are given, the central

number shows the arithmetic mean. In the case of subspheroidal pollen grains

polar and equatorial diameters are given by multiplication formulas; the first

nuinber is polar diameter and the second is equatorial. The specimen frequency

denotes the percentage for the 200 sporomorphae couiited in a sample, and are

shown by the following terms:

        rare............................lessthan3percent
        common ........................ 3.5 - 9.5 per cent

        abtmdant .......................IO - 19.5 per cent

        very abundant ...............greater than 20 per cent

   Sample numbers described in this chapter correspond with nmnbers shown

in Figures l, 2 and Table 2, as follows:

            DIVISION BRYOPHYTA
                 CIass Music
              Family SpHAGNACEAE
         Genus Stereisporites PFLuG 1953

Stereisporites antiquasporites (WIL. & WEB. ) DETTMAN

                 PI. 1, Figs. 1-4.

1963 Stereisporitesantiquasporites (WiL. & WEB.) DETTMAN, Proc. Roy,

     Soc. Victoria, vol. 77, p. 25, pl. 1, figs. 20-2l.

1946 Sphagnum antiquasporites WiLsoN & WEBsTER, Am J. Botany, vol. 33,

     p. 273, fig. 2.

   Size: 20-32-4l pt in equatorial diameter.

   Remarks: The specimens from the Kuji group have slightly thinner exine,

compared with those described by WiLsoN and WEBsTER (1946). S.
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antiqttasporites is siinilar to Stereisporites pseudostereoides TAKAHAsm from

the Hakobuchi group (CaiinpanianMaestrichitian) in Hokkaido (TAKAHAsHi,

1964) and S. apsilatus KRuTszcl{ from the Tertiary of Germany (KRuTszcH,

1959); but is smallei' than the former and is larger than the latter.

   Occurrence: Cominon both from the Tamagawa and the Sawayama
formations,

Stereisporites apolaris (REINHARDT) n. comb.

              Pl. 1, fig. 5.

l961

1953

1959

l963

1963

Sphagnumsporites apolaris REiNHARDT, Monatsbers. Deut. Akad. Wiss.

bd. 3, p. 705, pl. I, fig. I3.

cf. S?)hagnites australis (CooKsoN) f. parva CooKsoN, Australian J.

Botany, vol. 1, p. 469, pl. 2, figs. 25-26.

c£ SPhagnites australis (CooKsoN) f. crassa CooKsoN, Australian J.
Botany, voi. I, p. 464, pl. I, fig. 24.

Sphagmum saflavum BoLKHovmNA, Tr. Inst. Geol., Akad. Nauk
S.S.S.R., vol. 24, pl. I, figs. 3a, 3c.

Stereisporites antiquasporites (WiL. & WEB.) DETTMAN, Proc. Roy.

Soc. Victoria, vol. 77, pl. 1, figs. 20, 21.

S?7hagnumsporites antiquasporites (Wg. & WEB. ) PoToNIE, Brenner,

Dep. Geol. Min. Water resources Bull. 27, p. 41, pL 4, fig. I.

   Size: 23-25-30 pt in equatorial diameter.

   Remarks; Several specimens are referred to SPhagnumsporites apolaris

originally described by REINHARDT (1961), though they have slightly thicker

exine. BRENNER (l963) added distal polar thickenings to a morphorogical

character of ,S?)hagnuinsporites antiquasporites (WIL. & WEB.) PoToNIE,

because he observed this feature on the figure of the holotype of ,SPhagnum

antiquasporites WiL. & WEB. DETTMAN (l963) also did so but did not describe

the reason. But the author caR not agree with them, because such a feature is

not found on the figure by WiLsoN and WEBsTER(l946). Before their works

were' done, REINHARDT (1961) established new species Sphagnumsporites
apolaris which has distal polar thicknnings and is similar to Stereisporites

antiquasporites (WiL. & WEB. ) DETTMAN in the other features. The specimens

of S. antiquasporites which has distal polar thickenings, shouid be assigned to

Stereisporites apolaris (REINHARDT)･

   0ccurrenee.' Rare both from the Tamagawa and the Sawayama
formations.
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l964

                      A. MIKI

            Stereisporites grossus TAKAHASHI

                    P}. I, Figs. 6-8.

Stereisporites grossus TAKAHAsm, Mem. IFac. Sci. Kyushu Univ.,

voL 14, no. 3, p. 197, pl. 24, figs. 13-l5.

Ser. D,

   Size: 40-SO" in equatorial diameter.

   Remarks: A Rui'nber of specimens from the Sawayama formation are
referred to Stereisporites grossus originally describecl by TAKAHAsHi (l964) in

their size and thick exine. Some specimens are raised in tlie coi/nmissures, and

are rarely thickened in the exine at the distal polar area. This species is similar

to ,Slphagnum pedat(fbrmis BoLKHoviTINA from the Upper Cretaceous sediinents

in Vilyuisk basin, Siberia (BoLcHoviTiNA, 1959), but ls Iarger in size than the

Siberian species (30-34 u).

   Occt{rrence: Abundant only in a sanaple (no. 68041604) from the

Sawayama formation.

                        Stereisporites sp.

                         Pl. I, Figs. 9,10.

   Description; Trilete spore; outline subcircular to subtriangular in polar

view; exine psilate, trancelucent, very thin; trilete rays ind' istinct, simple,

approxiinately 112-113 length of spore radius.

   Size: 33-40 pt in equatorial diameter.

   Remarks: The present species is different from other similar species

assigned to the genus Stereisporites by its very thin exine and relatively larger

size.

   Occurrence; Very few from a sample (no. 68041604) of the Sawayama

fol'matioll.

       PHYLUM TRACH[EOPHYTA
           CIass LycopoDIACEAE
I?amily LycopoDIAcEAE (Provisional assignment)

Genus Lycopodiacidites (CoupER) PoToNiE, l956

 L.ycopodiacidites hamulatis (KRuTzscH) KLAus

            Pl. I, Figs. Il-l3.

l960 Lycopodiacidites hamulatis (KR.) KLAus, Jahrb. Geol. Bundesanstalt
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      (Austria), sonderber. vol. 5, p. I34.

I959 Llamulatisporis hamulatis KRuTszcH, Geol. beih. 21,p. 157, pl. 29, figs.

      326-328.
   Size: 25-32-41 " in equatorial diameter.

   Reniarks: Some speciinens are thickened in fiange-like equatorial exine of

the interradial area, and may be assigned to the genus Camarozonosporites

(PoToNiE) KLAus. "lrhe aut}ior is of opinion that L. hamulatis and L. amplus

(STANLEy) n. comb. show a transitional forin between Lycopodiacidites and

CZImaroxonosporites.

   Lycopodiacidites hamulatis is similar to CZimarozonosporites rudis

(LEscHiK) KLAus from the Triassic of Switzerland (KLAus, 1960) and C.

dakotaensis AGAslE froin the Cenomanian of Arizona, U.S.A. (AGAsiE, 1969).

But L. hamttlatis has no flange-like thickenning of equatorial exine on

interradial regions or is even weakly developed. It has no distinct lips bordering

colnmlssures.
   Occurrence; Rare froin the Tamagawa formation; common from the

Sawayama formation.

Lycopodiacidites amplus (STANLEy)

           PL 1, Figs. I4, 15

ii. conib.

1965 .Elamttlatisporis amplus

p, 242, pl. 29, figs. I-6.

STANLEy, Bull. Am. Paleontol., vol. 49
)

no. 222,

   Size: 40-50--63 pt in equatorial diameter.

   Remarks: Genus ]Ulrzn2ulatisporis KRuTzscH is synonym of genus
Lycopodiacidites (CoupER) PoToNiE, [lrhe Kuji spores are slightly sirLaller tlaan

the American specimens. Some specimens have thickened distal exine on the

interradial regions. This species is similar to L. kupperi KLAus from the Triassic

of Switzei"land (kAus, l960) but is distinguishable by absence of margo in

Iaesurae, and a}so by more distinctly hamulated dista} sculpture.

   0ccurrence: Abundant only in a sample (no. 68041604) from the

Sawayama formation.

            Class FIMCINEAE
Family OsMuNDAcEAE (Provisional assignment)

    Gent}s Osmundacidites CoupER l9S3

     0smundacidites wellmanii Coupl,TR

            PI, 1, Figs. 16, 17



1953 Osmundacidites wellmanii CoupER, New Zealand Geol. Surv.,
      Paleontol. Bull. 22, p. 20, pl. 1, fig. 5.

   Size: 35-42-SO pt in equatorial diameter.

   Remarks; A few specimens from the Kuji group refered to this species are

tkin (ca. O.5 ") and finely granulate in the exine. Some of them are similar to

Baculatisporites papillosus TAKAHAsm described froiin the Lower Hakobuchi

group (Cainpanian) ofHokkaido (TAKAHAsHi, l964).

   Occurrence: Rare from the Tamagawa and the Sawayama formations.

                   Osmundacidites aipinus KLAus

                          Pl. 1, Fig. 18

1960 Osmundaeidites alPinus KLAus, Jalu'b. Geol. Bundesanstalt (Austria),

      Sonderber. 5, S. I27, Tf. 31, Fig. 26.

   Size; 20-40" in equatorial diameter.

   Remarks; This species was originally described from the Triassic of

Eastern Alps. It is distinguishable from Osmundacidites vaiellmanii CoupER by

its snialler size.

   Occurrence: Very rare from the Sawayama formation.

                  Genus Todisporites CoupER 1958

                    Todisporites mojor CoupER

                         PI. 1, Fig. 19.

I958 Todisporites maior CoupER, Palaeontographica, Abt, B. bd. 103, p.

      134, pl. I6, figs. 6-8.

   Size: 50-68 pt in equatorial diameter.

   Remarks: This species is somewhat similar to Leiotriletes sp. described in

the following pages, but differs in its thinner exine, longer laesurae and slightly

larger size.

   Occurrenee: Only a few from the Tamagawa and the Sawayama
formations.
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            Fainily GLEIcHENIAcEAE (Provisional assignment)

                  Genus Gleicheniidites Ross 1 949

                   Gleicheniidites senonicus Ross

                          Pl. 2, Fig. I.

I949 Gleieheniidites senonicus Ross, Bull. Geol. Inst. Upsala, vol. 34, p. 31,

      pl. 1, fig. 3.

   Size: 26-35-41 pt in equatorial diameter.

   Remarks: The specimens from the Kuji group are well consistent with

specific diagnosis revised by SKARBy (1964).

   Occurrence: Rare from the Tamagawa formation; frequent from the

Sawayama formation.

               Gleicheniidites laetsu (BOLKH) KRuTzscH

                          PI. 2, Fig. 2.

1959 Gleicheniidites laetus (BoLKH.) KRuTzscH, Geolgie, Beih., 21-22, p.

      111.
1953 Gleichenia laeta BoLKHovmNA, Tr. Inst. Geol, Sci., Akad. Nauk.
      S.S.S.R., Rel. 145, Geol. Ser. iio. 6l, p. 22, pL 2, figs. 5-7.

   Size: 20-27-35 " in equatorial diameter.

   Remarks: SKARBy (1964) suggested that Gleiehenia laeta BoLKH. is

synonymous with Gleicheniidites senonicus Ross: G. Iaeta may be compared

with small, thin-walled G. senonicus specimens. In the author's opinion

Gleichenia laeta is distinguished from Gleicheniidites senonicus by the

equatorial outliRe of apices, size and thickenes of exine. Equatorial outline at

the apices appears to be angularly arched and somewhat pointed in G.
senonicus, while it is well rounded in G. Iaeta.

   Oecurrence: Rare from both the Tamagawa and the Sawayama forma-
tiOllS.

            Gleicheniidites circinidites (CooKsoN) KRuTzscH

                          PL 2, Fig. 3.

1959 Gleicheniidites cireinidites (CooKsoN) KRuTzscH, Geologie, Beih.,

      21-2 2, p. Il3.



19S3 Gleichenia circinidites CooKsoN, Australian J. Botany, vol. I, no. 3, p.

      464, pl. I, figs. 5, 6.

   Size: 23 pt (two specimens) in equatorial diameter.

   Remarks: This species is different from other five species of Gleicheni-

idites described in this paper. It is more or less sharply pointed in apices.

   Occurrence; Rare froin both the Tamagawa and the Sawayama forma-
tiOllS.

                Gleieheniidites marginatus TAKAHAsHi

                          Pl. 2, Fig. 4.

1964 Gleicheniidites mailginatus TAKAHAsHi, Mem. Fac. Sci., Kyushu Univ.,

      Ser. D, vol. I4, p. I91, pl. 23, figs. 4-l7, pl. 40, fig. I.

   Size: 32 pt in equatoria} diameter.

   Remarks: Only one specimen from the Tamagawa formation, is referred

to G. marginattts known commonly from the Lower }'lakobuchi group
(Campanian).

   Oecurrence: One specjmen from the Tamagawa formation.

            Gleicheniidites cf. delicatus(BoLKH.) KRuTzsCi{

                          PL 2, Fig. 5.

1959 Gleicheniidites delicatus(BoLKH.) KRuTzscH, Geologie,beih.,21-22,P.

      Ill.
19S3 Gleichenia delicata BoLKHovlTiNA, Tr. Inst. Geol. Sci., Akad. Nauk S.

      S.S.R., Rel. I45, Geol. ser, no. 61, p. 22, pl. 2, figs. I-4.

   SizeJ 38, 40 u (Two specimens) in equatorial diameter.

   Remarks: [l]he present specimens are sii'nilar to G. delicatus(BoLKH.? KR.,

but the equatorial contour of G. delicatus is triangular with slightly convex

sides.

   Occttrrence: Two specimens from a sample (no. 67102901) of the
Tamagawa formation.
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GIeicheniidites cf. echinatus(BoLKH.)

              Pl. 2, Fig. 6.
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l959

1953

Gleicheniidites echinatus (BoLKH.) KRuTzscH, Geologie,

p. Il4.

Gleichenia echinata BomHoviTiNA, Tr. Inst. Geol. Sci.,

SS.S.R., Rel. I45, Geol. ser. no. 61, p. S5, pL 8, fig. 17.

Beih. , 21-22,

Akad. Nauk

   Size: 2S-30-37 pt in equatorial diameter.

   Reinarks: G. echinatus(BoLKH.) KR. is more larger in size,

distinct in thickeni,ng of equatprial exine than Kuji's specimens.

   Occurrence; A few from a sainple (no. 66081S02) of the
formation.

and is more

Sawayaina

   Family ScHIzAEAcEAE (Provisional assigninenO

Genus/lppendicisporites WEyLAND & KRIEvGER l953

Appendicisporites tricornitatus WEYLAND & GREIFELD

               PL 2, Figs. 7, 8.

l953 Appendicisporites trieornitatus

graphica, Abt. B, bd. 95, p. 43, pl.

WEYLAND &
ll, fig. 52.

GREIFELD, Palaeonto-

   Size; 40-47-52u in equatorial diameter.

   Remarks: Original description by WEyLAND & GREiy'ELD (1953) was too
unsatisfactory to establish the specific validity. rl]he Kuji specimens are 40-52 u

in maximal diametef. The ribs are 2-3 pt wide, ancl form 5-6 sets ofconcentric

triangles leaving a contact area free on the proximal face; while 6-7 sets are seen

on the distal face. The appendices are 4-8 pt high and 4-7 pt wide in polar view;

they are 1O-l2 pt wide at their bases in lateral view.

   Occurrence: Rare both from the Tamagawa and the Sawayama forma-
tiOllS.

Appendieisporites ethmos DELcouRT&SPRUMONT
              PI. 2, Figs. 9, IO.

1959 Appendicisporites ethmos DELcouRT & SpRuMoNT, Revision in
DELcouRT,DETTMAN &HuGHEs, Palaeontology, vol. 6, p. 289, pl. 44, figs.

I2, 13.



   Size; 40-58 pt in equatorial diameter.

   Remarks; These spores are closely similar to A. tricornitatus WEyL. &

GREiF. excepting for pitted ribs. A. ethmos originally described from the

Lower Cretaceous of Belgium, has been not yet known from the Upper
Cretaceous of the world. The Kuji spores referred to A. ethmos may

represent the corroded specimens ofA. trieornitatus.

   Occurrence: Rare both from the Tamagawa and the Sawayama forma-

tiOllS.

Appendicisporites c£ potomacensis B RENNER
          PI. 2, Figs. I1, 12.

l963 Appendicisporites potomacensis BRENNER, Maryland Dep. Geol., Mines

Water Resources, Bull. 27, p. 46, pl. 6, figs. 4,5,

   Size: 45-51 pt in equatorial diameter.

   Remarks: The spores from the Kuji group are closely similar to A.
potomacensis BRENNER, but have no lip-like structure on the laesurae, which is

observed in the original figures by BRENNER (1963).

   Occurrence: Rare from the Sawayama formation.

Appendicisporites sp. A

   PI. 3, Figs. 1, 2.

   Description: Trilete spore; outline in polar view triangular with straight or

slightly convex sides and appendices; Appendices 10-15 pt high and ca. 12 pt

wide at their bases; laesurae simple, length 3!4 spore radius, commissures l-2 pt

wide, raised 3 pt high; exine smooth, ornamentation on the distal face

composed of ribs; ribs 8-IO pt wide, disposed parallel to the sides in an

arrangement of 4-6 sets of concentric triangles, and spaced closely, canals

indistinct; while on the proximal face contact ai-ea developing widely, only 2-4

sets of proximo-equatorial ribs disposed ' parallel to the sides in an same

arrangement as distal face.

   Size: 73-100" in equatorial diameter.

   Remarks: These spores are different froni the above described two species

of Appendicisporites in their larger size and less developed ornamentation on

the proximal face.
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of the Sawayama

Appendicisporites sp. B

    PI. 3, Fig. 3,

   Description: Trilete spore; outline triangular in polar view with straight

sides, rounded corners and appendices; appendices 3-8 pt high; laesurae

extending over 314 radius of spore, cominissure undulating; ornainentation

composed of ribs; ribs disposed parallel to the sides iR a pattern of3-4 sets of

concentric triangles on the distal face; on the proximal face no ornamentation

seen, smooth, transparent; ribs 3-4 pt wide and spaced 2 pt apart.

   Size.- 46-60" in equatorial diameter.

   Remarks: These spores are different from Appendicisporites sp. A in

smaller size and no ornamentation on the proximal face.

   Occurrence: A few from the Tamagawa formation.

Genus Cicatricosisporites PoToNiE & GELLETIcH l933

Cicatricosisporites australiensis (CooKsoN) PoToNiE

              PI. 2, Figs. 13-14.

1956

1953

Cicatrieosisporites australiensis (CooKsoN) PoToNiE, Geol. Jahrb., beih.,

23, p. 48.

Mohrioisporites australiensis CooKsoN,

470, pl. 2, figs. 31-34.

Australian J . Botany, vol. 1, p.

   Size: 55-63 u in equatorial diaineter.

   Ren7arks: The Kuji specimens are
australiensis described by CooKsoN (1953).

   Occurrence: A few from a sample
formation.

fairly

(no.

reffered to Mohrioisporites

68041706) of the Tamagawa

Cicatricosisporites mediostriatus (BoLKK .)

               Pl. 4, Fig. 1.

PoCoC.K

l964 Cicatricosisporites mediostriatus (BoLKH.)

vol. 5, p. 157, pL 2, figs. 14-16.

PoCocK , Grana Palynologica,



1961 Pelletieria mediostriata BoLKHovmNA, Tr. Geol. Inst., Akad. Nauk

      S.S.S.R., voL 40, pl. I9, fig. 3, pl. 21, fig. 1.

   Size: 50-60 pt in equatorial diameter.

   Remarks: Two specimens from the Kuji group are identical with those

from Siberia, U.S.S.R. (BoLKHovmNA, 1961) and Saskatchewan, Canada
(PococK, 1964) in their morphological features: especially in their raised (ca. 5

pt high) laesurae (Contact area) and pattern of striae crossing equator.

   Oceurrence: Rare in a sample (no. 68041706) from the Tamagawa
formation.

          Cicatricosisporites cf. dorogensis POTONIE & GELLETicH

                          PI. 4, Figs. 2, 3.

 1932 Cicatricosisporites dorogensis PoToNiE &GELLETicH, Sitszungsber. Ges.

       Naturf. Freunde zu Berlin, Jhrg. 1932, S. 522, Tf. I, Figs. I-5.

    Size: 5e-55 u in equatorial diameter.

    Ren'iarks: Only two spores are closely sinailar to C. dorogensis PoT. &

GELL., but they are too ill-p,reserved to assigne to it.

    Occurrence: Rare from the Tamagawa and the Sawayama formations.

                       Cicatricosisporites sp.

                           Pl. 4, Fig. 4.

   Description: Trilete spore; outline subtriangular with convex sides and

rounded apices in polar view; laesurae extending almost to the equator;

commissures flanked by narrow, raised lips, about O.5 si wide; exine very thin,

ornamented with striae; on the distal side striae sCuiptured faintly, almost

reduced on the proximal surface; striae about l pt wide; spaced less than l u

apart.

   Size; 43-45 Lz in equatorial diaineter.

   Remarks: A few specimens from the Tamagawa formation are ill-
preserved, and are not eviclent in a pattern of striae. The adequate
morphological informations were L}nable to obtain for specific comparison.

   Occurrence: Rare in a sainple (no. 67102510) froin the Tamagawa
fOl'111atiOll.
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 Genus Isch.yosporites BALME

       lschyosporites sp.

          Pl. 3, Fig. 4.

KUJI GROUP
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   Description; Trilete spore; outline in polar view subtriangular, slightly

convex in sides and broadly rounded in apices; laesurae simple, reaching almost

iiear the equator; distal exine 2-4 " thick, 8 pt at the apices, ornamented by

reticulum, muri 4-8 " wide, 4-S " high; lumina lO-l5 pt diameter; proximal face

smooth.

   Size: Equatorial diameter l20, l25 u (two specimens).

   Remarks: The present specimens differ from other species of lschyo-
sporites in its larger size.

   0ccurrence: Only three from a sample (no. 68041604) of the Sawayama

formation.

GenusReticutosporis KRuTzscH

       Reticulosporis sp.

          Pl. 3, Fig. 5.

l959

   Description: Monolete spore; outline bean-shaped in lateral equatorial

view; exine reticulate, 4u thick; lunaina 5--8 u in diameter; muri consisting of

many small rod-like projections arranged polygonal to circular; projections 2-3

pt high, 2" wide at base; exine sometimes covered with perispore; monolete

mark distinct, about 314 iength of major axis.

   Size: 93--ll6 × 32-45 pt in equatorial diameter, 63-80 pt in polar diameter.
   Remarks: These spores are similar to Shizaea 2t]lectilis STANLEy and S.

triangttla STANLEy from the Upperemost Cretaceous and the Paleocene of

South Dakota, U.S.A. (STANLEy, l96S),Retimonoletes foveolatus PmRcE from

the Cenomanian of Minnesota, U.S.A. (PIERcE, 1961), and to soiine species of

Reticulosporis KRuTzscH(KRuTzscH, 1967). Our specimens are distinguishable

from these species in their muri consisting of rod-like projections.

   Occurrence: Rare from the Sawayama formation.

     Family DiKsoNiAcEAE (Provisional assignmenO

Genus Trilites ERDTMAN ex CoupER emend. DETTMAN

                   Trilites sp. A

                   PI. 4, Fig. 5.

l963



   Description: Trilete spore; outline in polar view triangular with straight to

weakly convex sides; laesurae straight, almost extending to the equator; exine

differentially thickened in interradial regions (O.8-l pt) and radial regions (1.5-2

pt), at radial i'egions sculptured valvae developed; sculptural elements include

distal and equatorial sides, elongate verrucae or rugulae which are coalecent

each other; proximal face less sculptured, compared with distal to equatorial

area, in the contact area smooth to scabrate.

   Size: 45-50 pt in equatorial diameter.

   Remarks: The present spore is distinguished from other species of 7>`ilites

by its thinner exine and less developed sculpture.

   Occurrence: A few from the Tamagawa and the Sawayama formations.

7-lritites sp. B

PL 4, Fig. 6.

   Description: Trilete spore; outline in polar view triangular, sides straiglitt,

apices rounded; laestirae straight, surrounded by contact area, extending into

the equator; exine differentially thickened in interradial regions (ca. 2 u) and

radial regions (3 pt) where sculptured valvae are deveioped; sculptural elements

of the distal face corrugae with flattend top, spaced sparsely; proximal side less

sculptured than the distal side, and contact area 1O " wide smooth to scabrate.

   Size: 42 " in equatorial diameter.

   Remarks: These specimens are more strongly sculptured than 7>-ilites sp.

A, and is thicker in the exine. They are similar to 7beilites c£ solidus (PoT.) TH.

& PF, froin the Tertiary of GAMERRo,(KRuTzscH, l959), but they are rather

larger in the sculptutral eleinents and wider in the contact area than those of T.

c£ solidus.

   Oceurrence: Only two specimens were found, one from the Tamagawa
formation and another from the Sawayama formation.

 b'ilites sp. C.

Pl. 5, Figs. 7, 8.

   DescriptionJ Trilete spore; outline in polar view triangular with straight

sides aRd rounded apices; commissures straight, surrounded by margo-like

contact area narrowing towards apices; exine rugulate on the distal face,

smooth on the proximal face, thickened in radial regions (2.5 u) where

sculptured valvae are developed.
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   Size: 35 " iii equatorial diameter.

   Remarks: This spore is distinguishable from other species of 7>Ailites

described in this paper, by its margo-like contact area narrowing towards

aplces.

   Occurrence; Only one from a sample (no. 66081502) of the Sawayama

formation.

Family CyAmEAcEAE (Provisional assignmenO

     Genus Clyathidites CoupER l953

       Clyathidites austratis CoupER

             PL 4, Fig. 9.

l953 Clyathidites australis CoupER, New Zealand Geol, SL}rv., Paleontol. Bull.

      22, p. 27, pl. 2, figs. 11, l2.

   Size: 50-78 pt in equatorial diameter.

   Remarks: These specimens from the Kuji group are referred to Cyathidites

aztstralis described originally by CoupER (1953) from the Jurassic of New

Zealand. This species has been widely reported from the Jurassic to the

Cenomanian in the world: from New Zealand (CoupER, 1953), Australia

(DETTMAN, l963), Europe (CoupER, 1958; MiLLiouD, 1967), North America

(KiMyAi, 1966; HEDLuND, l966; HEDLuND & NoRRis, l968) and South
America (ARcHANGELsKy& GAMERRo, l967).
   Occurrence: Only from the Tamagawa formation.

             Fainily MAToNiAcEAE (Provisional assignment)

                 GenusMatonisporites CoupER 1958
                       Matonisporites ? sp.

                   Pl. 4, Figs. 10, 11;Pl. 5, Fig. 1.

   Description: Trilete spore; outline in pelar view subtriangular to sub-

circular; laesurae distinct, extending about 314 spore radius, occasionally ends

of commissures branching like a fork, slightly developed margo bordering

commissures; the margo occasionally bordered by small pits; exine smooth, 2

to 3 " thick.

   Size: 50-8e pt in equatorial diameter.

   Remarks: Though these specirnens may be referred to genus Matoni-
sporites CoupER, they are different from any species which have been assigned



to Matonisporites as far as the author knows. Our specimens are fairly thinner

in the exine, and are indistinct in the margo. The present specimens are closely

siiinilar to Ii(ymenophyllumsporites fttrcosus STANLEy, but it is cloubtful

whether H. fttrcosus STANLEy is assigned to genus th7menophyllttmsporites

RousE by the following reason. Judging from the description and the figures

given by STANmy (1965), H. .fttrcosus has distinct "margo", while the genus

li(Jvmenophyllumsporites by RousE (l957) has no "margo", but remarkable

lists bordering commissures showing a ribbon-like appearance. In the author's

opinion ll. fttrcosus is closer, if not to be assigned, to genusMatonisporites

CoupER than to genus Hrymenophyllt{msporites RousE.

   Occurrenc : Usually restricted to lower part of tlte Tamagawa formation;

but known in a smaple (no. 67l02S12) from the Sawayama formation.

            Fairtily PoLypoDIAcEAE (Provisional assignment)

       GenusLaevigatosporites (IBRAHiM) emend, ScHopF, WiLsoN&

                           BENTALL1944
              Laevigatosporites ovatus WILSoN & WEBsTER

     ' PL 5, Fig. 2.
1946 Laevigatosporites ovatttsWiL. & WEB., Am Jour. Botany, vol. 33,, p.

      273, fig. 5.

1964 Laevigatosporites prominens TAKAHAsm, Mem. Fac. Sci. Kyushu Univ.

      ser. D, vol. 14, p. 213, pl. 29, figs. 1-7, pL 40, figs. I2, l8.

   Size,' 33-49-62y in equatorial maximal length.

   Remarks.' A nL}inber of specimens froiitt the Kuji group are larger in size

than those described by WiLsoN & WEBsTER (l946). This species shows a very

wide range in size; PococK (1962) described 39-55 pt for the size of the

specimens from the Jurasso-Cretaceous ofWestern Canada; DETTMAN (1963)

gave 3l-40-50 u for those from the Upper Mesozoic of sot}theastern Australia;

STANLEy (l965) 30-90 ll for those from tlie Upper Cretaceous and the

Paleocene of South Dakota, U.S.A. Laevigatosporites prominens TAKAHAsHi

(1964) from the Hakobuchi Group (Campanian-Maestrichtian) of I'Iokkaido is

synonymous to L. ovatus. L. ovatus is distinguishable from L. haardti by its

spheroidal outline in lateral equatorial view. However, in the condition of

preservation or orientation of the grain, L. oyatus is sometimes difficult to

distingush froi'n L. haardti.

   Occurrence: Common throughout the Tamagawa and the Sawayama
formatiolls.
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            Laevigatosporites haantti (PoT. & VEN. ) [l]H. & PF.

                           Pl. 5, Fig. 3.

I953 Laevigatosporites haardti (PoT. & VEN. ) THoMsoN & PFLuG, Paleonto-

      graphica, Abt. B, bd. 94, p. 59, pl. 3, figs. 27-38.

I934 Sporites haardti POTONiE, & VENiTz, Arb. Inst. Paleontol. Petrogr.

      Brennst., Geol. L. -A., vol. 5, p. I3, pl. 2, fig. I3.

I946 Laeyigatosporites gracilis WiLsoN & WEBsTER, Ain. J. Botany, vol. 33,

      p. 273, fig. 4.

I947 Monolites minor CooKsoN, B.A.N.Z. Antarct. Res. Exped. I929-l931,

      Repts, Ser. A. vol. 2, p. I35, pl. I5, fig. 57.

   Size; 28-38-52 pt in maximal equatorial length.

   Remarks; Laevigatosporites haardti (PoT. & VEN. ) TH. &PF., L. gracilis

WiL. & WEB. and Monolites minorCooKsoN are closely similar each other, and

it is imposible to distinguish thein, based only on each original description and

figures. The author is of opinion that L. gracilis and Monolites minor are

syRonyonous to L. haardti. Recently, TAKAHAsHi (l961, l964) described two

species of Laevigatisporites from Japan: L. dehiscens and L. senonicus which

are similar to L. haardti. According to his original description, the former is

expanded in the fissure, while the latter is more or less shorter in the fissure.

So, these two species may also be synonymous to L. haardti.

   Occurrence: Abundant from both the Tamagawa and the Sawayama
formations.

                   GenusPolypodiidites Ross l949

                        Polypodiidites sp. A

                           PI. 5, Fig. 4.

   Description: Monolete spore; outline in lateral equatorial view bean-

shaped with fiattened proximal polar area; length of naonolete suture 213

maximal equatorial diameter; sculpture of exine, scabrate to punctate towards

proximal polar area, conate-like around the distal polar area where outline

looks wavy; exine 3 " in maximum thickness, coni 1 pt in maximum height,

about 3 u in distance.

   Size: 52-56 It in maximal equatorial diameter, 34 st in polar diameter.

   Remarkrs: The present spores are different in their conate sculptural

elements and rather weakly sculptured exine from the following related

species: Polypodiidites senonicus Ross from the Senonian of Scania (Ross,



l949), P. perverrucattts CoupER and P. inangahttensis CoupER from the

Miocene of New Zealand (CoupER, 1953) and P. arcus BALME from the
Jurassic ofAustralia (BALME, l957).

   Occurrence: enly two in a sample (no. 671e2512) from the Sawayama

formation.

]Polypodiidites sp B.

   Pl. 5, Fig. 5.

  Description: Monolete spore; outline in lateral equatorial view bean-

shaped, with proxinial polar area flattenecl; sculpture of exine consists of

slightly flattened verrucae; verrucae 2-3 pt high, 4-6 pt in diameter, in many cases

confused with each other; exine 3-5 l,t in thickness.

   Size; S7 " in equatorial diameter, 43 pt in polar diameter.

   Remarks; The present specimen is distinguishable from the above
described Polypodiidites sp. A in its verrucate exine, and from P. inangahuensis

in its more coarsely sculptured exine. Polypodiidites sp. B has no negative

"reticulate" pattern observed in genus Polypodiisporites PoToNiE,

   Occurrence: Only one froni the Tamagawa formation.

GenusReticuloidosporites PFLuG l953

      Reticuloidosporites sp.

          Pl. 5, Fig. 6.

   Description: Monolete spore; outline bean-shaped in lateral equatorial

view, with fiattened proximal polar side; monolete suture simple, ca. 2/3

iinaximal equatorial length; exine 1-3 u thick, scglpture consisting of closely

dispersed depressions ("Foveat" of KRuTzscH l959); foveat O.5-l pt deep,

polygonal to circular in outline, 2-5 pt in diameter; under high focus the grain

surface looking reticulate.

   Size; 47-52-6eu in maximal ecluatorial length, 33-35 I,t in polar length.

   Remarks: These spores are sinailar to Polypodiisporites favtts PoToNIE,

from the Tertiary of Europe (PoToNi£, & GELLETIcH, 1933) and P. repandtts
TAKAHAsHi from the Hakobuchi group ofHokkaido (TAKAHAsHI, l964), but
show positive reticulate pattern on its stirface.

   Occurrence; Both from the Tamagawa and the Sawayama formations.
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                      Spores- I NCERTAE SEDIS

           GenusBalmeisporites CooKsoN & DETTMAN 1958

                  Balmeisporites minutus B RENNER

                          PI. 5, Fig. 9.

1968 Balmeisporites mintttus BRENNER, Pollen spores, vol. IO, p. 352, pl. 5,

      fig. 3.

   Size. 50-78 pt in diameter of central body.

   Remarks: The Kuji specimens are slightly larger in a diameter of central

body than the original specimens from the Lower Cretaceous (Albian) ofPeru

(BRENNER, l968). Balmeisporites was reported first by CooKsoN & DETTMAN

(l958) frorn the Cretaceous sediments of Australia. Then, it has been known

throughout the Cretaceous in the botl'i hemispheres: the Upper Cretaceous

(Cenoirtanian) of Iowa, U.S.A. (HALL, l963), the Lower Cretaceous of Pert}

(BRENNER, 1968), and the Upper Cretaceous (Senonian) of West Siberian

Lowland(KoNDiNsKAyA, 1966).
   0ccurrence: A few from the lower part of the Tamagawa formation.

      GenusBiretisporitesDELc. & SpRuM. emend. DELc., DETT. &

                         H[uGHEs l963
              cf.Biretisporites potoniaei DELc. & SpRuM.

                          Pl. 5, Fig. 8.

I955 BiretisporitespotoniaeiDELcouRT&SpRuMoNT, Mem.Soc.Berg.Geo}.

      N.S. 4, p. 40, fig. 10.

   Size: 45 pt in equatorial diameter.

   Remarks; Only one specimen was found from the Sawayama formation,
and is indistinct whether the lips are uptt}rned extensions of the proximal exine

or not. In all other respect this spore fits the original description.

   Occurrence: Only one from a sample (no. 6608l502) from the Sawayama

formation.

             Genus Cardioangulina (MAL.) PoToNiE l960

   The genus Clyathidites CoupER is very siinilar in following characters with

the genus Cardioangulina: concave triangular equatorial contour, broadly



rounded apices and slightly longer laesurae. Therefore these two genera are

difficult to distinguish ancl have been confused for their validity. DETTMAN

(l963, p. 22) suggested that the genus Cardioangulina is synonymous with

Clyathidites, and that C)2athidites had priority as Cardiangulina was not

validated until 1960. STANLEy (l965, p. 247), and NoRToN. and HALL(1969,

p. 22) admitted the validity of the genus Ctirdioangulina on the basis of the

difference in the length of its laesurae: in Cardioangulina about l12 of spore

radius and in Clyathidites over 2!3 of spore radius.

   The author, however, has still a doubt about transitional morphological

character between two genera. In the present study he stands on the same

ground with STANLEy, or NoRToN and HALL. Cardioangulina is distinguished

from Deltoidospora MINER by the succeedings. Deltoidospora is not so broadly

rounded in the apices, is either only slightly concave or convex in the sides, and

is long in the laesurae.

            Cardioangulina diaphana (WiL. & WEB. ) STANmy

                         Pl. 5, Figs. IO-13.

I965 CZirdioangulina diaphana (WiL. & WEB. ) STANLEy, B'all. Am. Paleontol.,

      vol. 49, p. 248, pl. 30, figs. I7-2l.

I946 Deltoidospora diaphana WiLsoN & WEBsTER, Am. J. Botany,vol. 33,p.

      273, fig. 3.

   Size; 30-37-50 pt in equatorial diameter.

   Ren'zarks: The Kuji specimens have distinctly concave sides in equatorial

outline, and their laesurae extend 112 to 2/3 spore radius. Judging from the

original description and a figure by WiLsoN & WEBsTER, Deltoidospora diaphana

WiL. & WEB. evidently should be not assigned to Deltoidospora (MiNER)

PoToNiE but to Ckrrdioangulina (MAL.)PoToNiE. D diaphana WiL. & WEB. by

RousE (l959) and by NoRToN & HALL (l969) appears not identical with the

holotype ofD. diaphana.

   [Irhe spores from the Kuji group are distinguishable froi/n (Jlyathidites minor

CoupER by the generic remarks above described.

   Occurrence: Coiinmon from the Tamagawa formation, and rare from the

Sawayanaa formation.
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Genus Cingulatisporites THoMsoN emend. PoToNiE

      Cingttlatisporites distaverrucosus B RENNER

                  PI. 6, Fig. 1.

l956

549

1963 Cingulatisporites distaverrucosus

Water Resources, Bull. 27, p. 58,

BRENNER, Maryland Dep. Geol.,

pl. 13, figs. 6, 7, pl. 14, fig. 1.

Mines

Size; 27pt

0ccurrence;

(one specimen) in equatorial diameter.

 A few from the lower part of the Tamagawa formation.

GenusDeltoidospora MiNER 1935

Deitoidospora cascadensis MiNER

       PI. 6, Figs. 2, 3.

1935 Deltoidospora cascadensis

618, pl. 24, figs. 9-l2.

MINER, Am. Midland Naturalist, vol. 16, p.

   Size: 28-35 pt in equatorial diameter.

   Remarks: This species is distinguisliable from Laevigatisporites hokkaido-

ensis TAKAHAsHI (TAKAHAsHI, l964) by its thinner exine.

   Occurrence: Common from both the Tamagawa and the Sawayama
formations.

Deltoidospora cf. psilotoma

         Pi. 6, Fig. 8.

RousE

l959 Deltoidospora
2, fig. 30.

psilo toma RousE, Micropaleontology vol. s, p. 312, pl.

   Size: 60-70 Ii in equatorial diameter.

   Remarks: Except for convex sides (sides slightly concave in the original

description by RousE (l959), the specimens from the KL}ji group are identical

with Deltoidospora psilotoma froin British Columbia, Canada.

   Occurrence.' Only･three from the Tamagawa formation.

Deltoidospora nodaense n. sp.

      Pl. 6, Figs. 4-7.



Holotype: Slide No. 6608l5ll-3;Location 90.3 × 39.6; pl. 6, Fig. 4.
Type locarity: Noda village, Kunohe-gun, lwate Prefecture.

Type horizon: Tamagawa formation.

Name derivation: nodaense after Noda village, type locality of this species.

   Description: Trilete spore; outline subtriangular in polar view, with

straight to slightly convex sides and rounded in apices; laesurae simple, straight,

extending to the equator; exine laevigate, trancelucent, very thin.

   Size: 25-29-36 pt in equatorial diameter.

   Remarks: These spores are closely similar to Deltoidospora microforma

RousE from the Upper Cretaceous to the Tertiary in British Columbia (RousE,

1962), but are slightly larger than D. microforma. Furtherinore, the figures

illustrated by RousE are of ill-preserved speciinens, and the sufficient

comparison is too difficult to inake specific reference. D. nodaense resembles

Deltoidospora easeadensis MiNER and D. hallii MiNER from the Lower
Cretaceous of Montana, U.S.A. (MiNER, 1935); but the fonner is slightly larger

in size, shorter in laesurae and more convex in its proximal side, the latter is

also slightly larger in size, shorter in laesurae and slightly concave in its sides. D.

nodaense is distinguishable from Laevigatisporites hokkaidoensis TAKAHAsHi by

its smaller size and thinner exine.

   Occurrence: Coirtmonly throughout the Tamagawa fornaation, rare from

the Sawayama formation.

GenusFoveosporites BALME l957

Foveosporites sawayamaensis n. sp.

       Pl. 6, Figs. IO, ll.

Holotype: Slide No. 67102512-2;location 94.8 X l5.5;pl. 6, fig. IO.

Type locality: Kuji City, Iwate Prefecture.

Type I'Iorizon, Sawayama forination.

Name derivation: after the name of type horizon Sawayama formation.

   Description: Trilete spore; outiine in polar view triangular with convex

sides and rouncled apices; laesurae simple, straight and extending to almost

equator; exine scrobiculate, looking microreticulate under high focus, small-

pitted under low focus, less than l s.t in thickness; scrobiculae less than 1 I.t in

diameter on the outer surface of exine and smaller on the inner surface, sonae

scrobicL}lae closely spaced or 2-3 pt apart.

   Size: 30-35-40 pt in equatorial diameter.

   Reinarks: This new species is distinguishable froin foveotriletes scro-
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biculatus (Ross) PoToNM (PoToNiE, l9S6) in its convex sides. Foveotriletes ?

triangulus KRuTzscH from the Miocene of Germany (KRuTzscH, l962) differ

from this new species in more or less straight sides, foveat sculpture, anCl

shorter laesurae. .F. sawayamaensis resembles some species of Micro-

foveolatisporis KRuTzscH described from the Tertiary ofGermany (KRuTzscH,

l962), M tuemmlitzenis KRuTzscH, M apheoides KRuTzscH and 714. foveolatus

KRuTzscH; but these Germany spores are circular in equatorial contour, double

layered in exine, and foveat in sculpture. I7oveosporites cyclicus STANLEy from

the Paleocene of South Dakota, U.S.A. (STANLEy, l965) differs from E

sawayamaensis in that the exine is slightly thicker, and that the iumina is

elongate near spore periphery.

   Occurrence; Common from the Sawayama formation.

Foveosporites sp.

 Pl. 6, Fig. I2.

  Description: Trilete spore; outlipe in polar view st}bcircular; commissures

with l-2 i.t width, slightly thickend lips, extending about 213 the distance to the

equator; exine 1-2 I.t thick, scrobiculate (or foveolate); scrobiculae (or foveolae)

circular in outline, ca. O.5 u in diameter, somewhat linearly arranged; rows of

scrobiculae short, extending parallel to latitude in a broad sense.

   Size: 44--55 pt in equatorial diameter.

   Remarks; These specimens are somewhat similar to Iioveosporites eanalis

BALME froiin t}ite Upper Mesozoic of Australia (BALME, 1957), but are

distinguishable by their sinaller foveolae and slightly thinner exine.

   Occurrence: Common only in a sample (no. 6682709) from the
Tainagawa formation.

Genus Granulatisporites (IBRAHiM) PoToNIE &

               Granulatisporites sp.

                Pl. 6, Figs. I3, l4.

KREMp 1954

  Description: Trilete spore; outline circular in polar view; laesurae straight

witli slightly thickend lips of 2 s.t width, extending almost to equator; exine

coarsely punctate, tliLickened at equatorial margin, forming ciRgL}lum-like zone

of 2-3 pt width; exine thickened at distal pole, forming a crescent to circular

                                          tpattern.

   Size: 45-SO " (six specimens) in equatorial dlameter.



   Remarks: The present spores are similar to Granulatisporites dailyi

CooKsoN & DETTMAN described froin the Lower Cretaceous ofMaryland,

U.S.A. (BRENNER, 1963). According to the original description by CooKsoN &

DETTMAN (1958), G. dailyi is characterized by the distal surface with variable

nuinber of relatively large, thickened areas ofunequal size and shape. But they

did not describe on thickening of exine at distal polar area. Therefore

BRENNER's speclmens are not assignable to G. dailyi. The Kuji spores are closely

similar to those of the living Phaeoceros bulbiculosus (BRoTERo) of Porutogaru,

which are illustrated by DETTMAN (l963, pl. 27, figs. I7, l8).

   Occurrence: Rare from a sample (no. 66081511) of the Tamagawa
formation.

GenusJimboisporites SoHMA l969
 limboisporites kujiensis SoHMA

        PI. 6, Fig. 15.

l961 Jimboisporites kuiiensis SoHMA, Sci. Rep. Tohoku Univ., Ser. 4 (Biol.),

     35, p. 39, figs. 1-3.

   Size: 38-50 pt in equatorial diameter.

   Remarks.- The genus Jimboisporites was recently estabiished by K. SoHMA

(l969) from the Sawayama formation (he used older name "Kadonosawa"
formation). Jimboisporites kuiiensis is similar in sculpture of proximal surface

to 7-lfiurocusporites segmentatus STovER from the Lower Cretaceous of

Maryland, U.S.A. (STovER, 1962), but is markediy different in not having

trizonate sculpture of the distal siLirface.

   Occurrence; Rare from the Sawayama formation.

limboisporites senonicus n. sp.

      Pl. 7, Figs. 1-4.

1969 Ttiurocusporites sp. in NoRToN & HAm, Palaeontographica Abt. B, bd.

      I25, p. 25, pL 2, fig. 5.

Holotype: Slide No. 66082709-1 ; location 85.8 × 34.0; pl. 7, fig. I.

Type Locarity: Kt}ji city, Iwate Prefecture.

Type Horizon: Kuji group (Senonian)

Name derivation: senonicus after Senon, the age of the horizon from which
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the holotype was selected.

   Description: Trilete spore; outline circular in polar view; commissures

extending near the equator and their ends bifurcated, bordered by small,

linearly arranged verrucae; exine smooth, 1-2 pt thick; proximai exine of
interradial regions ornamented by smali verrucae irregularly scatterd, (not like

crescent appearance as J. kuiiensis); verrucae 1-2 " in diameter and 2-3 u high.

   Size: 35--50 pt in equatorial diameter.

   Remarks: In some specimens the equatorial exine appears thickened by

adhesion of proximal and distal exine at equator. This new species differs from

X kuiiensis in irregularly dispersed verrucae on the proximal interradial regions.

Furthermore, the verrucae in .I. senonictts are of same size between the

bordering comnaissures and the interradial regions.

   Occurrence; Rare both from the Tamagawa and the Sawayama forma-
tions.

GenusLeiotriletes NAuMovA ex PoToNiE& KREMp 1954
  Leiotriletes sphaerotriangulus (LoosE) PoT. & KR.

                  Pl. 7, Fig. S.

1955

1932

1934

Leiotriletes sphaerotriangttlus (LoosE) PoT. &KR., Palaeontographica

Abt B, bd. 98, p. 4l, pl. 1l, figs. I07-109.

Sporites sphaerotriangulus LoosE, in PoToNiE, IBRAHiM & LoosE,
Neues Jahrb. Mineral., Beil.-Bd. 67, Abt. B. p. 45l, pl. 18, fig. 45.

Laevigati-sporites sphaerotriangulus LoosE, Arb. Inst. Palaobot. Petrog.

Breimstein, bd. 4, p. 145.

   Size: 38-45--58" in equatorial diameter.

   Remarks: Leiotriletes sphaerotriangulus (]LoosE) PoT. & KR. was reported

by LoosE (l932) and PoToNIE and KREMp, (l955) from the Carboniferous

sediments in Germany. This spore is distinguished from Laevigatisporites

hokkaidoensis TAKAHAsm (TAKAHAsHI, 1964) by its larger size and slightly

thinner exine.

   Oecurrence: Common from the Tamagawa formation, and rare from the

Sawayama formation.

Leiotriletes cf. minutus (KNox)

             Pl. 7, Fig. 6.

PoT. & KR.



1955 Leiotritetes mintttus (KNox) PoToNiE& KREMp, Paleontographica Abt.

      B, bd. 98, p. 41, pl. 1l, fig. Il9.

I950 Ckelamosporaminutus KNox, inPoToNiE&KREMp. 1955,p.41.

   Size: 31-37 pt in equatorial diameter.

   Remarks; These specimens are more circular in equatorial contour tlian

Leiotriletes minutus described by PoToNiE & KREMp (l955), and are slightly

longer in the laesurae.

   Oecurrence: Both from the Tamagawa and the Sawayama formations.

                         Leiotriletes sp.

                          Pl. 7, Fig. 7.

   Deseription: Trilete spore; outline subcircular in polar view; laesurae

simple, extending 112-213 spore radius; exine smooth, single-layered, 2 pt or less

thick.

   Size: 45-55 " in equatorial diameter.

   Remarks: Except for a single-layered exine, the present specimens are

closely similar to Leiotriletes pseudomaximus (PF. & TH. ) STANLEy which was

newly coinbinated from Laevigatisporites psettdomaximus PFLuG & THoMsoN.

Though STANLEy (l965) clid not refer aboLit the structure of the exine, the

original speciiinens ofLaevigatisporites pseudomaximtts PF. & [I]H. are double

layered in exine.

   0ecurrence: Rare from tlieSawayama formation.

       GenusPunctatisporites (IBRAHiM) PoToNiE & KREMp 1955
               ]Punctatisporites punctulatus TAKAHAsHI

                         PI. 7, Figs. 8, 9.

I964 Punctatisporites pttnctttlatus Takahashi, Mem. Fac. Sci., Kyushu

      Univ., Ser. D. voL 14, p. 201, pl. 25, figs. 7-15, pL 27, fig. 1.

   Size: 25-3l-40 kt in eqL}atorial diameter.

   Remarks: The specimens froni the Kuji group appear to be somewhat
coarsely punctate on the exine, compared with Punctatisporites punctulatus

froiin the H[akobuchi group of Hokkaido (TAKAHAsHi, 1964). This species is

similar to Deltoidospora rhytisma RousE from Late Cretaceous Comox
formation (Cammpanian) of Canada (RousE, 1957). D rhytisma, however, is
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slightly concaved in equatorial outline and is slightly larger in size. P.

pttnctulatus has been found only from the Lower part (Campanian) of the

Hakobuchi group (TAKAHAsHI, l964).

   Occurrence: Occasionally in samples from the Tamagawa formation;
rather frequent from the Sawayama foHnation.

              Punctatisporites cf. punctulatus TAKAHASHI

                          PI. 7, Fig. IO.

1964 Punctatisporites pttnctulatus TAi<AHAsm, Mem. Fac. Sci., Kyushu Univ.

      Ser. D, vol. 14, p. 201, pl. 25, figs. 7-15;pl. 27, fig. 1.

   Size: 37-42 ll in equatorial diameter.

   Remarks: This spore is similar to Punctatisporites punctulattts TAKAHAsHI

in its shape and sculpture of exine, bL}t is differ in its straight sides and slightly

finer sculpture of exine. Pttnctatisl}orites hatunezawaensis TAKAHAsm
(TAKAHAsHI, l964) is differ froirt this species in its convex sides and sinaller

size.

   Occurrence: A few specimens from the Tamagawa formation.

                       Punctatisporites sp. A

                          PI. 7, Fig. 11.

   Description: Trilete spore; outline in polar view subtrianguiar with convex

sides and well rounded apices; laesurae simple, extending to the equater; exine

coarsely punctate; outline of exine appears wavy under oil immersion lens; l kt

in thickness.

   Size: 40 pt in equatorial diameter.

   Remarks: Only one specimen is found from the Tamagawa foi-mation. It is

distinguishable from other species of Punctatisporites described here, by its

very coarsely punctate exine.

   Occurrence: Only in a sample (no. 67102509) from the Tamagawa
formation.

Punctatisporites sp. B

   PI. 7, Fig. I2.



   Description: Trilete spore; outline subtriangular in polar view, sides

convex, apices broadly rounded; laesurae simple, length 2/3-314 spore radius;

exine about l pt thick, coarsely punctate.

   Size: 50 pt iR eqL}atorial diameter.

   Remarks: The present specimens are characterized by its subcircular

equatorial outline and shorter length of laesurae. They appear similar to

Pttnctatisporites adriennis PoToNiE & GELLETicH ffoiin the Eocene of Hangary

(PoToNiS & GELLETicH, l932), but they are smaller and are slightiy shorter iil

laesurae.

   Occurrence: Only two from a sample (no. 67l02508) of the lower part of

the Tamagawa formation.

GenusRugulatisporites PFLuG&THoMsoN l953
           Rugulatisperites sp.

             PL 7, Fig. 13.

   Description: Trilete spore; outline subcircular in polar view; laesurae

siiinple, but with indistinct narrow lips, straight, extending almost to the

equator; exine 1.5-2 lt thick, rugulate; rugulae reducing on the proximal

surface; muri 3 " wide, 1 pt high.

   Size: 47-54 pt in equatoriai diameter.

   Remarks: These speciiinens are distinguishable froin Rttgttlatisporites

salebroszts TAKAHAsHl froiin the Hakobt}chi group of Hokkaiclo (TAKAHASHI,

l964) by reducing rugulate sculpture on their proximal surface and its longer

laest}rae. rj]hey differ alse from R. quintus TH. & PF. from the Teritiary of

Germany (THoMsoN & PFLuG,1953) by their coarser rugulate sculpture.

   Occttrrence: Few from a sample (no･ 66081502) of the Sawayama
forlnation.

Genus Toroisporis KRuTzscH 1959

       Toroisporis sp.

        Pl. 8, Fig. 1

   Description: Trilete spore; outline in polar view triangular with slightly

convex sides; laesurae distinct; lips thickened and raised, 6-'7 I2 wide, ca. IO st

higla .

  Size: 3l pt in equatorial dianieter.

  Remarks: This spore is somewhat similar to Tbroisporis (Toroisporis? sp.
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A. from the Tertiary of Gerniany (KRuTzscH, l959).

   Occurrence: Only one from the Sawayama formation.
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  Genus Uveaesporites DORiNG l965

Uveaesporites simplex (MuLLER) n. comb.

           Pl. 8, Fig. 2.

1968 Distaverrttsporites simplex MuLLER, Micropaleontology, vol. 14, p. 5, pl.

       I, fig. 2.

I968 Uveaesporites aJlgenteaeformisScHuLz. Tralau, Sveriges Geol. Vunder-

       s6kn. ser. C: 633, (A rsbok 62;4), p. 68, pl. 3, fig. 4;pl. 4, figs. 1, 2.

   Size; 25-35-36u in equatorial diameter.

   Reinarks: Tlie genus Distaverrttsporites MuLLER does not differ in any

essential character from Ueaesporites DORiNG (DORiNG, l965) and the former

synonyi'nous to the latter. Uveaesporites siinple)c (MuLLER) n. comb. is closely

similar to Uveaesporites ailgenteaojbrmis (BoLKH.) ScHuLz (TRALAu, 1968),

and these two may be synonymous. The author has a doL}bt whether the
speciinens fXgured by ScH.uLz (1967) ancl TRALAu (1968) were properly

assigned to Stenozonotriletes argenteaeformis BoLKHoviTINA, compared the

description and figures by TRALAu (This author is sorry that he has not seen the

papers by ScHuLz (1967)) with those byBoLKHoviTiNA. According to
BoLKHovlTINA, tlie type-specimen ofS. aigenteaojbrtnis is not verrucate, but is

sctilptured with vermicu}ae on the distal face*. In addition, the Original

specimen is larger than those of Tralau. The author is of opinion that TRALAu's

specimens shoulcl not be assigned to S. argenteae,formis but to U. simplex.

   Occurrence: Only from the Tamagawa formation.

             Uveaesporites margaritatus (MuLLER) n. comb.

                           Pl. 8, Fig. 3.

I968 Distaverrusporites margaritatus MuLLER, Micropaleontology, vol. 14, p.

      5, pl. 1, fig. 3.

   Size.' 3S-40 pt in equatorial dianieter.

   Reinarks: The Kuji specimens are identical to Distaverrusporites
margaritatus MuLLER reported from Upper Cretaceous to Lower Tertiary

sediments of Sarawak, Malaysia by MuLLER (1968). No specimens which were

disposed larger verrucae on the distal pole as like Malaysian spegimens were

" Though ske did not designated the distal side, the author judged from hcr figiire.

p



observed. The specimens from the Kuji' group are larger than Malaysian

specimens (20-33 pt) by Muller. U. margaritatus is similar to U. cerebralis

TRALAu from the Middle Jurassic ofScania (TRALAu, l968), but is smaller.

   Occurrence: Only four specimens from a sample (no. 68041709) of the

upper part of the Tamagawa formation.

GenL}s Geratosporites CooKsoN & DETTMAN

            Ceratosporites ? sp.

              Pl. 8, Figs. 7-9.

l958

   Description: Tetrad grain ? ;a single grain of the tetrad spheroidal in

shape; on the proximal side trilete mark discernible, trilete ray siinple, usually

opened; exine very thin, wkh echinae dispersed on the distal face; echinae l .5 pt

high, ca. 1 u wide at base, scattered 2-3 " apart; proximal face smooth.

   Size: A single grain ca. 22 u in eqL}atorial diameter.

   Remarks: These spores are originally tetrad in form,but are also found as

a single grain. Trilete mark, though indistinct on the proximal side, may suggest

this grain to be spore. Presence of echinae may suggest that this spore is

assignable to the genus Ceratosporites CooKsoN & DETTMAN (CooKsoN &

DETTMAN, 1958).
   Occurrence.' Rare from a sample (no. 68041706) of the Tainagawa

formation.

GenusSchizosporis CooKsoN & DETTMAN
      Schizosporis scabratus STANLEy

            Pl. 8, Figs. 10-12.

1959

1965 Schizosporis scabratus STANLEy,

p. 269, pl. 35, figs. 10-1 7.

Bull. Am. Paleontol., vol. 49, no. 222,

   Size: 20-30" in equatorial diameter.

   Remarks: This species has been reportecl only from the Latest Cretaceous

of South Dakota, U.S.A. (STANLEy, 1965).

   Oecurrence; Common frona the Sawayama fornaation, but very rare from

the Tamagawa formation.
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                           Spore Type A
                           PI. 8, Fig. 4.

   Description: Trilete spore; outline subcircular in polar view; laesurae

straight, extending to the equator; proxiinal face pyramidal, each of three faces

concaved inward; distal side rather fiattened; exine thin, psilate, occasionally

punctate about mid-latitudes of proximal hemisphere.

   Size: 27-33 u in equatorial diameter.

   Remarks: The author could not find any adequate genus to which these

spores are assigned.

   Occurrence: Rare from the Sawayaina formation.

                           Spore Type B
                          PL 8, Figs. 5, 6.

   Description: Trilete spore; ot}tline in polar view subtriangular to sub-

circular; exine thin, sniooth, covered by perispore and outline of spore

sometimes indistinct; laesurae sonietimes indistinct, sometimes undulated,

extending over 3/4 radius of spore; commissures raised 2-4 ", occasionally 8 pt

high.

   Size: 35-43 pt in equatorial diameter.

   Ren2arks.- These spores appear assignable to the LeiotriletesNAuMovA ex

PoToNiE & KREMp in their shape but are different in the perispore and raised

commlssure.
   Occurrenee: Common from a sample (no. 67102510) of the Tamagawa
formation.

                       Class GyMNospERMAE

                         Order CycADALES
                        Family CyCADACEAE
       GenusClycadopites (WoDEHousE) WILsON & WEBsTER 1946
                Cycadopites cf. folticularis WIL. & WEB.

                         PL 8, Figs. I3-16.

I946 CIJvcadopites follicularis WILsoN & WEBsTER, Am. J. Botany vol. 33, no.

      4, p. 274, fig. 7.

   Size: 17-60 pt in length,6-25 pt in width.

   Remarks: The specimens from the Kuji group are similar to Ctvcadopites



follicularis WiLsoN.& WEBsTER, froin the Paleocene of U.S.A., though they do

not always settle down the size range given by WiLsoN & WEBsTER. Soine of

thein are similar in size to C. giganteus STANLEy frpm the Maestrichtian of

South Dakota, U.S.A. (STANLEy, 196S).

   Occurrence: Rare both from the Tamagawa and the Sawayama formations.

           Order GINKGOALES
Family GINKGoACEAE (Provisional assignment)

GenusMonosutcites CooKsoN ex CoupER l953

      Monosulcites epakros BRENNER

           PI. 8, Figs. I7--20.

1963 Monosulcites epakros BRENNER,
Resources, Bull. 27, p. 75, pl. 25

 Maryland Dept. Geol., Mines
, figs. 5, 6.

Water

   Size: 20-40" in length, 8-18u in width.

   Remarks; This species is similar in general appearance to the following

species: Monocoipopollenites acerrimus LEscHiK from the Upper Triassic of

Switzerland (LEscHiK, l955), Ginkgo tripartita BoLKH. from the Upper Albian

of Kazakhstan U.S.S.R. (BoLKHovmNA, l953), Ginkgo praeactttaBoLKH. from

the Lower Jurassic of Yakutsk, U.S.S.R. (BoLKHoviTiNA, 1956), Ginkgo

bilobaefbrmisZAKL. from Cretaceous-Paleocene sediments in Northern Aral

Basin, U.S.S.R. (ZAKLiNsKAJA, l957), and Ginkgo vesca AGRANovsKAyA, froi/n

the Upper Paleocene of West Siberia (PoKLRovsKAyA & STEvMAK, l960). But

M. epakros is distinguishable from all of them by its elongated, spindleshaped

outline, and sharply pointed apices.

   Occurrence: Common both from the Tamagawa and the Sawayama
formations.

            Family CAyTONIACEAE
Genus Vitreisporites LEscHiK ei'nend. JANsoNIus

    Vitreisporitespatlidus (REIsslNGER) NiLLsoN

              PI. 8, Figs. 2l, 22.

1962

l958

l938

l950

ilitreisporites pallidtts (REiss.) NiLLsoN, Pub. Inst. Min., Pal. & Quart.

Geol., Univ. Lund, no. 53, pp. 77-78.

Pityosporites pallidus REissiNGER, Palaeontographica, Abt. B, bd. 84, p.

14.

PitJvopollenites pallidus REissiNGER, Palaeontographica, abt. B, bd, 90,
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      p. Il5, figs. 1-S.

I958 Ckeytonipollenites pallidus (REissiNGER) CoupER, Palaeontographica,

      Abt. B, bd. I03, p. I5e, pL 26, figs. 7-8.

   Size; 25,3l,40 pt (three specimens) in over alHength.

   Remarks: This species has been known mainly from the Jurassic to the

Lower Cretaceous, of the world and rarely froiin the Cenomainan of Sarawa]<,

Malaysia. Lately its rare occurrence has been reported from the Latest

CretaceousofSiberia(PoKRovsKAyA, l966).

   Occurrence; A few from the Tainagawa and the Sawayama formations.

                         Order CoNIFERALES
             Faixtily ARAucARIAcEAE (Provisional assigminent)

             GenusAraueariacites CooKsoN ex CoupER 1953

                   Araucariacites australis CooKsoN

                         PI. 8, Figs. 23, 24.

I947 Arattcariacites australis CooKsoN, B.A.N.Z., Antarct. Res. Exped.

      (l929-193l), Ser. A, vol. 2, p. I30, pl. 13, figs. 1-4.

   Size: 56-68-80 pt in diameter.

   Remarks: A few Kuji specimens are referred to Araucariacites australis

CooKsoN from the rlreritiary of Kerguelen Island. This generic reference is

supported by the occurrence of foliage shoots and cones both from the

Tamagawa and the Sawayanaa formations.

   Occurrence: A few from tlie Tamagawa and the Sawayaina formations.

                Araucariacites timbatus (BALME) HABiB

                          PI. 9, Figs. 1, 2.

1969 .4raucaFiacites limbatus (BALMID HABiB, Micropaleontology, vol. I5,

      no. I, p. 91, pL 4, fig. 6.

I957 Inaperturopollenites limbatus BALME, C.S.l.R.O., coal Res. Sect., T.C.

      25, p. 31, pl. 7, figs. 83, 84.

   Size: 5S-75 pt in diameter.

   Remarks; The Kuji specimens are thinner in exine and siiglatly smaller in

size than the original specimens from the Mesozoic of Australia (BALME, l957).
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   Occurrence:
tiOllS.

Rarely both from

A, MIKI

 the Tamagawa and the Sawayama forma-

             Family PINACEAE
Genus]Pityosporites SEwARD emend, MANuM 1960
   Pityosporites constrictus (PIERCE) n. comb.

               Pl. 9, Fig. 3.

1961 Punctabivesiculites constrictus

p. 37, pl. 2, figs. 44, 45.

PIERcE, Minnesota Geol. Surv., Bull. 42,

   Size: 60-74-98 pt in over all length;body 40-5l-58 ll in length, 23-28-34"

in height; bladder 25-27-39 pt in height, l9-30-40" in breadth.

   Remarks: This pollen is similar toPityosporites alijbrmis TAKAHAsm from

the Hakobuchi group of Hokkaido, (TAKAHAsHi, l964), but is of diploxylon

type in the bladder and smaller. This pollen is distinguished from similar

species, Pinus cembraeformis ZAKLiNsKAIA from the Lower Oligocene of Irtysh

Basin of U.S.S.R. and Pinus strobijbrmis ZAKLiNsKAiA from the Upper

Cretaceous of lrtysh Basin (ZAKLiNsKAiA, l957), by its punctate-
microreticulate or pitted sculpture of dorsal exine. P. constrictus is larger than

Pinuspollenites elongatus NoRToN from the Paleocene sediments of Montana,

U.S.A. (NoRToN & I-IALL, l969).

   Oceurrence: Common both from the Tamagawa and the Sawayama
formations.

GenusAbietineaepollenites PoToNiE

       AbietineaepoUenites sp.

            Pl. 9, fig. 4.

1951

   Description: Bisaccate pollen; centrai body elliptical to circular in pollar

view, elliptical in equatorial view; bladders of the Haploxylon type, attached to

the ventral side of body and rather indistinctly set off from it; in equatorial

view outline passing smooth from the cap into theproximal roots ofbladders;

exine of cap intrabaculate, punctate 'to microreticulate in surface view, O.5-1 "

thick; no marginal crest developed; exine of distal germinal region thinner,

sculpture finer than that of dorsal side.

   Size: 56-68-80 u in over all length;body 50-55--70 pt in length, 23-30-37 pt

in height; bladders 27, 33 pt in height 25--30" in width.



                PALYNOLOGICAL STUDY OF THE KUJI GROuP 563

   Remarks: There are several species similar to the Kuji specimens, though

not identical. Pinus sibiricij(brmis ZAKL. and P. singularis ZAKL. from the

Tertiary in Central Asia (ZAKLiNsKAIA, l 957) are larger ifi size. Retibivesiculites

coneors PIERcE from the Cenomanian of Minnesota, U.S.A. (PiERcE, l961) is

larger, and is reticulate on the cap. Pinus semicireularis STANLEy from the

Paleocene of south Dakota, U.S.A. (STANLEy, l965) is sinaller in size.

Abietineaepollenites latisulcatus NoRToN from the Paleocne in Montana,

U.S.A. (NoRToN & HALL, 1'969) is developed in the niarginal crest.

   Oceurrence: Rare throughout the Tamagawa and Sawayama formations.

GenusI'iceaepollenites PoToNiE l931

Piceaepollenites saceeltus TAKAHASHI

          PI. 9, Fig. 5.

1964 Piceaepollenites saccellus TAKAHAsHi, Mem.
vol. 14, no. 3, p. 225 pl. 34, fig. 3, pl. 35 figs.

Fac. Sci., Kyushu Univ.,

 l, 2, 7.

   Size: 50-75 " in over all length.

   Remarks: This species is distinguishable from Abietineaepollenites sp.

above described. It is strongly bent beanshaped outline in equatorial view, and

has the bladders closer to equator than those ofAbietineaepollenites sp.

   Occurrence: Rare botli froin the Tamagawa and the Sawayama forma-
tions.

Genus Cedripites WoDEHousE

        Cedripites sp.

         Pl. 9, Fig. 6.

l933

   Description: Bisaccate pollen; central body elliptical in equatorial view;

proximal cap and inarginal crest well developed, 5-7 pt high, sacci attached

distally, merged into proximal cap, giving the impression that they connect

across the proximal pole; sacci usually more or less concave on distal side as if

it envelopes the distal hemisphere; proximal cap intrabaculate, punctate in

surface view; sacci reticulate; its lumina 2-4 lt in diaiineter; distal germin.al

region scabrate, ca. 5-7 pt wide.

   Size: Body 52, 63, 68, 73 " (4 specimens) in length, 35-30 u (2
specimens) in height; bladder 25 pt (one specinaen) in width, 30 pt (one

specimen) in height; 75-80 pt in over all length.
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   Remarks: No other species to which

reported as far as this author knows.

   Occurrence: Rare from a sample
formation.

this pollen is

(llO.

assigned have not been

68041602) of the Sawayanaa

            Family PoDocARPACEAE
GenusPodocarpidites CooKsoN einend. PoToNiE

     Podocarpidites ezoensis (SATo) n. comb.

                PL 9, Fig. 7.

l9S8

l96l Podocarpus
vol. I1 no.
     ,

ezoensis SATo, Jot}r. Fac.

I, p. 89, pl. I, figs. 29, 30.

Sci., Hokkaido Univ., Ser. IV
     ,

   Size; Body 28, 29, 31 pt in length 23, 30, 33 " ln hight;bladder 38, 40, 43

p in hight, 28, 30, 31 pt in width (three specimens).

   Remarks: Podocarpus ezoensis SATo was reported from the Hakobuchi

grot}p ofNorthern Hokkaido by SATo (l961).

   0ccurrenee: A few both from the Tamagawa and the Sawayama forma-
tiOllS.

          Coniferales-INcERTAESEDIs

Genus Inaperturopollenites PFLuG& [l]HoMsoN

           inaperturopollenites sp.

               Pl. 9, Fig. 10.

l953

   Description: Inaperturate pollen, outline circuiar; exine smooth to

scabrat, single layered, 2 u thick, often showing foldings.

   Size: 65-8S pt in diameter.

   Remarks: This species is similar to L magnus (PoT.) PFLuG & THoMsoN,

but L magnus is of double layer and thinner in the exine. The Kuji pollen is

also similar to L giganteus GbczAN from the "Wealden" of Netherland
(BuRGER, l966).

   Occurrence: Rare from a sample (no. 68041604) of the Sawayama
formation.
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Genus Classopoltis PFLuG einend. PococK

                 CIassopollis sp.
                Pl. 9, Figs. Il-l4.

KUj{ GROUP

 &JANsoNius l961
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   Deseription: Monoporate polleR; shape more or less spherical; exine
double layered, but often indistinct; endexine very thin, laevigate; ektexine l-2

pt thick, punctate, reducing from equatorial region toward polar region; tectate

structure indiscernible; equatorial girdle l.5-2 pt thick, 6-8 pt wide and provided

with endostriae, running parallel around the equator, 6-10 in number; a

"rimula" present, formed by a thinning of the ektexine; distal pole showing a

sinall circular area, about 5-6 u in diameter where ektexine absent; proximal

polar area showing a triangular area where ektexine absent.

   Size: 28-34" in eqtiatorial diameter.

   Remarks: The Ktlji specimens which were all compressed, are unable to

show equatorial area. We cot}ld not observe the structure of the exine in detail,

especially of ektexine. Tliese pollen is siiinilar to C. torosus(RmssiNGER)

CoupER einend. BuRGER from the Jurasso-Cretaceous ofNetherlands (BuRGER,

1966), and C ezoensis TAKAHAsHi from the lower Senonian of Hokkaido
(TAKAHAsHi, l967). But C. torosus is tectate structured in the ektexine, and C

ezoensis is ornamented by many small pits in the ektexine, giving micro-

reticulate appearance.

   Occurrenee; Rare both from the Tamagawa and the Sawayama forma-
tiOllS.

Genus Rugubiyesiculites PiERcE l 96 1

  Ritgubivesiculites flueiis PiERCE

         PI. 9, Fig. I5.

l961 Rugubi}?esicttlites fZ

2, figs. 6l, 62.

uens PiERcE., Minn. Geol. Surv. Bull. 42, p. 40, pl.

   Size: 58-90 pt iR over all length; body 40-70 u in length, 30-40 pt in hight;

bladder 22-35 pt in hight, 18-33 u in breadtli.

   Remarks; This species is similar to .Pint{s aralicaBoLKH. from the Lower

Cretaceot}s of Kazakhstan, U.S.S.R. (BoLKHovmNA, 1953), but is dis-
tinguished by its more strongly rugulate cap.

   Occurrence; Commonly both from the Tamagawa and the Sawayama
fomlatiolls.



                         Order GNETALES
                      Iramily EpHEDRACEAE
               GenusEphedripites BoLKHoviyNA l953
                        Ephedripites sp.
                         Pl. 9, Figs. 8, 9.

   Description: Shape perprolate with rounded apices; exine coirtposed of

striae which are parallel to longer axis; striae extending from an apex to

another, 2-4 lt wide, 8-12 in number, surface laevigate; most specimens twisted,

forming a crisscross pattern.

   Size: 36-49× l2-23".
   Remarks; These specimens are similar to Ephedra voluta STANLEy from

the Uppermost Cretaceous of South Dakota, U.S.A. (STANLEy, 1965) and

Ephedripites multicostatus BRENNER from the Lower Cretaceous of Maryland

(BRENNER, 1963), but dlffer in number of the striae of exine. E. voluta is of

less number in the striae while E. multicostatus has more striae.
                   )
   Occttrrence: Occasionally both from the Tamagawa and the Sawayaina

formations.

             Class ANGIospERMAE
Subclass MoNocoTyLEDoNEs (Provisional assignment)

GenusMonocolpopoltenites PFLuG&THoMsoN 1953
   Monocoipopollenites jkyushuensis TAKAHAsHi

              Pl. 9, Figs. 16-19.

1961 Monocolpopollenites kyushttensis TAKAHAsHi Mem. Fac.

Univ., Ser. D, Geol. 11, (no. 3), p. 292, pl. 16, figs. I7-23.

Sci. Kyushu

   Size: l8--30× 7-18".
   ,Remarks: The specimens from Kuji group have slightly thinner exine than

those from the Paleogene Tertiary in western Japan. This species is dis-

tiiaguished from M. tranqttilltts (PoT.) PF. & TH. from the Tertiary ofGermany

(THoMsoN & PFLuG, l953) by its spindle-shaped equatorial contour with

pointed apices and thinner exine.

   Occurrence: Common thfoughout the Tamagawa and the Sawayama
formation.
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Monocoipopotlenites cf. tiniversalis TAKAHAsHi

             Pl. 9, Fig. 2･ O.
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l957 Monocolpopollenites universalis TAKAHAsHI, Mem. Fac. Sci.,
Univ., Ser. D, Geol., vol. 5, p. 215, pl. 38, figs. 6-10, pl. 39, fig.

Kyushu
iL

   Size: 14--24× 8-12pt
   Remarks: These pollen are similar to M. ttniversalis TAKAHAsHi from the

Paleogene of Kyushu, but are smaller.

   Occurrence: Rare both from tlie Tamagawa and the Sawayama forma-

tions.

Monocoipopoltenites pflugii TAKAHASHI

         PL 10, Figs. I-3.

l961 Monocoipopollenites pfZugii TAKAHAsHl,

Ser. D, Geol., vol. I l, (no. 3), p. 294, pl.

Mem. Fac. Sci., Kyushu Univ.,

l6, figs. 3l-32.

   SizeJ 24--37× l3-24pt
   Occurrence: Rarely from the

Sawayama formation.

Tamagawa formation'        , common
from the

Genus Spinizonocoipites MuLLER 1968

 Spinizonocolpites echinatus MuLLER

         PI. IO, Figs. 4-5.

1968 Spinizonoeolpites echinatus MuLLER,Micropaleontology, vol.

p. 11, pl. 2, fig. 3.

l4, no. 1,

  Size; 30-45X
   Oceurrence:

mations.

 20-30 pt.

Rare both from the Tamagawa and the Sawayama for-

             Subclass DicoTyLEDONES
             Faniily-I NcERTAE SEDIS

GenusRetitricoipites VAN DER HAMMEN. ex PiERcE 1961

          Retitricolpites mtigaris PIERcE

                PI. IO, Figs. 6, 7.



1961 Retitrieolpites vuigarisPiERcE, Minn. Geol. Surv. BL}11., vol. 42, p. 50,

      pl. 3, figs. 101, 102.

   Size: 15-26x 10-23 pt.

   Remarks: This species was described from the lower part of the Upper

Cretaceous of Minnesota, U.S.A. (PIERcE, l961) ancl of Sarawak, Malaysia

(MuLLER, 1968). This species is similar to some species of 7'le'icoipol}ollenites

froi'n the Tertiary and the Cretaceous sediments, but is distinguishable in the

exine characters. Tle'icoipopollenites retijbrmis PFLuG & THoMsoN, from the

Tertiary of Gerinany (THoMsoN & PFLuG, l9S3) and T reticulatus TAKAHAsHi

froin the Paleogene Tertiary of Kyushu, Japan (TAKAHAsHi, l961) are
baculately sculptt}red in the exine. 7L micromuntts GRooT, PENNy & GRooT

from the Cretaceous of the eastern United States (GRooT & PENNy, 1960) is

srnaller in grain size. T. platyreticulatus GRooT, PENNy & GRooT from the

Cretaceous of the eastern United States (GRooT, PENNy & GRooT, 1961) is

larger in grain size and is baculate-reticulate in exine.

   Occurrence: Common found from the upper part of the [l]amagawa
formation; rare from the lower part of the Tamagawa forrnation and the

Sawayama formation.

                 Retitricoipites cf. prosimilis NoRRis

                         PL IO, Fig. 8.

1967 Retitricoipites prosimilis NoRRiS, Paleontographica, B, bd. I20, p. I08,

      pl. 18, figs. 5･l4.

   Size: 22-24 pt (Two specimen) in equatorial diameter.

   Remarks; Except for grain shape the Kuji specimens well match with

Retitricoipites prosimilis original}y described by NoRRis (1967). R. prosimillis

is subprolate to perprolate in shape, while the Kuji specimens are probably

oblate to spliteroidal. Unfortunatiy the atithor could find no speciiiiiLen showing

equatorial view from the Kuji groL}p.

   Occttrrence; Only two in a sample (no.67I02508) from the Tamagawa

formation.

Retitricoipites sp. A

Pi. 1l, Figs. 1O, l1.
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   Description: Tricolpate pollen; shape subprolate; exine thin, less than O.S

"t thick, finely retic}.ilate; lumina less than O.5 Ii in diameter; colpi simple.

   Size: 2l-28 pt long in the polar axis, l8-20 Ii in equatorial diameter.

   Remarks: These pollen are distinguishable in its finer sculpture of exiAe

and in smaller siZe than R. vttigaris PIERCE.

   Occurrence; Only two specimens from the Sawayama formation.

Retitricoipites ? sp.

  Pl. 10, Fig. I2.

  Description: [l]ricolpate ? polien; shape spheroidal; exine reticulate; muri

ca. O.5 pt high; lt}miBa ca. e.S pt in diaineter; colpi indistinguishable.

   Size: 28 pt maximal length.

   Remarks: As these specimens are indistinct in colpi, and it is doubtful

whether this pollen belongs to tricolpate type.

   Occttrrence; Only two in a sample (no. 67102901) froin the Tainagawa

formation.

Genus Tricoipopollenites PFLuG and THoMsoN l953

  Tricoipopoltenites minutiretifbrmis TAKAHAsHi

            PL lO, Figs. 13, l4.

i964 ]-icolpopollenites nzinutiretilfbrmis TAKAHAsHl, Mem. Fac. Sci.,

      Kyushu Univ., Ser. D, Geol., vol. 14, p. 238, pl. 38, figs. 4--27; pl. 41,

      figs. 16, 17.

   Size: 15-26× l2--2e".
  Remarks: Though the Kuji specimens appear to be clavate in the exine,

they are identical with 7-7icolpopollenites minutiretijbrmis TAKAHAsHI from

the Hakobuchi group in Hokl(aido, which shows intrabaculate structure in the

exine. Retitricolpites prolatus PiERcE from the Micldle Cretaceot}s of Minne-

sota, U.S.A. (PmRcE, l961) is similar to the Kuji specii'nens, but it is very finely

reticulate and thicker in the exine.

   Occurrence: This species is foLmd commonly both the rl"amagawa anCl the

Sawayama formations.

Tricolpopollenites vuigaris TAKAHAsHI

       PI. IO, Figs. I5, l6.
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1957 7->'icoipopollenites

Ser. D, Geol. vol. 5
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yuigaris TAKAHAsHI, Mem. Fac. Sci., Kyushu Univ.,

,no. 4, p. 2l8, pL 38, figs. 44-45; pl. 39, fig. 38.

   Sixe: 22×
   Occurrence;

formation.

l6 " (only one specimen).

 Only one in a sample (no. 68041604) from the Sawayama

T}'icoipopollenites micromunus GRooT

              PL IO, Fig. 9.

& PENNY

1960 7-lricolpopollenites micromunus
vol. 6 (2), p. 232, pl. 2, figs. 6, 7.

GRooT & PENN¥, Micropaleentology

   Size.- 17x 13".
   Occurrencet Only two specimens from a sample (no. 67102605)

Sawayama formation.

from the

Tlricoipopoltenites c£ simplicissimus GRooT,

                  Pl. IO, Fig. 17.

PENNY & GRooT

l961 T7'icoipopollenites simplicissimus GRooT, PENNy

graphica, Abt. B, bd. I08, p. 132, pL 26, fig. 6.

& GRooT, Palaeonto-

   Size: l5-20 × l l-14 pt .

   Remarks: Only two specimens are similar to 7}'icoipopollenites librarensiss

librarensis (PoT.) PF.& TH. from the Tertiary ofGermany (THoMsoN & PFLuG,

l953) and T simplicissimus GRooT, PENNy & GRooT from theCretaceousof

the eastern United States (GRooT, PENNy & GRooT, 1961), especially close to

the latter. But the difinite specific assignment is remained pending liere, until

more specimens are obtained,

   Ocettrrence: Only two specimens in a sample (no. 67102510) from the

Iower Part of the Tamagawa formation.

71ricolpopoUenites cE meinohamensis rotundtts TAKAHAsHi

                 PL 10, Fig. I8.

1961 7->'ieolpopollenites meinohamensis ro tundus TAKAHASHI, Mem. Fac.



          PALYNOLOGICAL STUDY OF THE KUJI GROUP 571

Sci., Kyushu Univ., Ser. D, Geol., vol. Il, (no. 3), p. 315, pl. 23, figs.

I6--l8.

   Size: 28X 22 pt.

   Remarks: Except for its sllghtly larger size, the Kuji specimen is identical

with 7"7icolpopollenites meinohamensis routttndus TAKAHAsHI from the
Paleogene and the Miocene sediments of Kyushu, Japan.

   Occurrenee: Only one specimen from a sample (no. 66081511) of the

upper member of the Tamagawa formation.

                      71ricolpopotlenites sp. A

                         PL 10, Fig. 19.

   Description: Tricolpate pollen; shape prolate; colpi long; exine psilate, a

faint scabrate sculpture discernible t}nder oil iirtmersioii lens; thickness less tlian

O.5 pt thick.

   Size; l2-l6× 7-12".
   Remarks: These specimens are similar to 7>'icoipopollenites meino-

hamaensis rotundus TAKAHAsm froin the Paleongene of Kyushu (TAKAHAsHi,

1961), T librarensis fallax PF. & TH. from Tertiary of Germany (PFLuG &

THoMsoN, l953) and Z debilis GRooT, PENNy & GRooT from theCretaceous

of the eastern United States (GReoT, PENNy & GRooT, 1961). But 7-1

meinohamaensis rotundus is spheroidal to st}bspheroidal in shape, while

germany species is thicker in exine than the Kuji specimens. T debilis is most

closely similar in general appearance to the Kuji pollen, but is of slightly

thicker exine, and slightly larger in size.

   Occttrrence; Commonly from the lower member of the Tamagawa
formation.

Tricolpopollenites sp. B

   PI. 10, Fig. 20.

   Description: Tricolpate pollen; shape sheroidal to subprolate;usually seen

iR polar to oblique polar view; exine double layered; endexine very thin,

ektexine baculaclavate; total thickness less than 1 u; structure of exine not

recognized under ordinary lens (×600) but done under oil immersion lens

(× 1000); clavae under 1 u liigh; capita of them fused witlit adjacent one each

other, producing very fine reticulate sculpture; under ordinary lens



(× 400-600) exine seen only smooth or scabrate.

   S'ize: 1O-l6×9-l3pt.

   Remarks; This species is simiiar to 7'>'icoipopollenites minutiretillCbrmis

TAKAHAsHI above described, but is smaller and finer in the sculpture ofexine.

Furthermore, 71 minutiretijbrmis is subprolate in shape.

   Occurrence: Commonly throughout both the Tamagawa and the
Sawayama formations.

Tricoipopollenites sp. C

   PL 10, Fig. 21.

   Description: Tricolpate pollen; shape prolate; colpi extending almost to

the poles; exine very thin, less than O.5 Lt thick, punctate, very finely fiecked.

   Size: l8-22× l3-14pt (Twospecimens).
   Remarks; [lrhe KLiji specimens are similar to 7-7icoipopollenites

meinohamensis rotttndus TAKAHAsHi and T. micropunctatus GRooT, PENNy &

GRooT froin the Cretaceous of the eastern United States (GRooT, PENNy &

GRooT, l961). T. meinohamensis rotundus differs from our pollen in its

chagrenate to intrapunctate exine and iinore spheroidal shape, while T

micropunctatus has slightly thicker exine.

   Occttrrence: Rare both from the Tamagawa and the Sawayama forma-
tiOllS.

TricolpopoUenites sp. D

   PI. 10, Fig. 22.

   Description: Tricolpate pollen; shape prolate; colpi almost reaching to

poles; exine punctate, ca. O.5 pt thick.

   Size: 22× l5" (onespecimen).
   Remarks: This specimen is somewhat similar to 7-)`icolpopollenites micro-

punctattts GRooT, PENNy & GRooT , but is slightly larger and thinner in exine.

   Occttrrence:

fol'matioll.

Only one in a sample (no. 67102512) from the Sawayama
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Genus Tricolpites CooKsoN ex CoupER l953

            Tricoipites sp. A

          PI. Ie, Figs. 23, 24.

573

   Deseription; Tricolpate pollen; shape spheroidal to suboblate; outline

some what triangular in polar view; colpi extending near the poles; margo

present, but indistinct ln some specimens; furrow margin smooth; exine
dot}bie-layered; endexine thin, less than O.5 pt thick; ektexine bacula-clavate,

O.5-1.5 pt high; capita of the bacula-clavae fused with adjacent one, producing a

reticulate sculpture; lumina O.5-l kt wide; reticulate sculptvire reducing towards

the colpi and polar area, perfectly absent around the colpi.

   Size: 22 pt in pollar axis, 25 pt in eqt}atorial diameter (one specimen).

   Remarks; These pollen is similar to 7>'icolpopollenites clavireticulatus

NoRToN from the Upper Cretaceous of Montana, U.S.A. (NoRToN & HALL,
l969), but Z clavireticulatus is prolate in slaape.

   Occurrence: Rare from lower member of the Tamagawa formation;
common in a sample (no. 66l02818) from the Sawayama formation.

 Tricoilpites sp. B

PI. IO, Figs, 25, 26.

   Description; Tricolpate polien; shape oblate, outline subtriangular with

well rounded apices and convex sides in polar view; colpi simple; exine

doubie-Iayered, endexine very thin; el<texine baculate; baculae ca. I pt high.

   Size: 27-t34-40 pt in equatorial diameter.

   Remarks: No species similar to these pollen has not been reported.

   Occurrence: Rare in a sample (no. 68041602) from the Sawayama
formatioll.

Tricolpites sp. C

 PI. Il, Fig. I.

   Description: Tricolpate pollen; outline triangular in polar view; colpi

simple; exine finely punctate, O.S kt thick in maximal and reducing aroi.md the

colpi.

   Size; 23 " in equatorial diameter (one specimen).

   0ccurrence: Only one in a sample (no. 67I02508) from the lower part of

the Tamagawa formation.
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Genus 7>`icoiporopollenites PFLuG & IIrHoMsoN

           Tricolporopotlenites sp.

               Pl. 1l, Fig. 5.

l953

   Description: Tricolporate pollen; shape

thick, very finely granulate.

   Size: 18X 14pt (one specimen).

   Occurrence.' Only one in a sample (no.

formation.

subprolate; exine

67102508) from

thill ca. O.5 "

the Tamagawa

Genus Triporopotlenites PFLuG &THoMsoN

    T}'iporopollenites shimensis TAKAHAsHi

              Pl. I1, Fig. 3.

1953

1961 [Zriporopollenites shimensis TAKAHAsHi, Mem.

Ser. D, Geol., vol. 1 l, p. 301, pl. 20, figs. 5--14.

Fac. Sci. Kyushu Univ.,

Size: 23 " in equatorial diameter.

Occurrence: Only one from the Sawayama formation.

Triporopollenites sp.

   Pl. 1l, Fig. 4.

   Description.- Triporate pollen; outline subtriangular with

slightly convex sides in polar view; pore simple with no annulus,

tumescence, meridionally elongated in outline; exine single-layered,

pt thick, chagrenate or intrapunctate.

   Size; 32, 35 pt in equatorial diameter (two specimen).

   Occurrence: Very rare both from the Tamagawa and the
fornlations.

straight to

labrum nor
thin ca. O.5

Sawayama

     INcERTAE SEDIs Pollen

GenusAccuratipollis CHLoNovA 1961

 Accuratipoltis evanidus CHLoNovA

        PI. Il, Figs. 6-8.

l961 Accuratipollis evanidus CHLoNovA, Tr. Inst. Geol. Geofiz., Sibirsk. Otd.
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      Akad. Nauk. S.S.S.R., vol. 7, p. 91, tabl. I6, fig. 125.

   Size: 27-42 pt in equatorial diameter, l2-3 l " in polar diameter.

   Remarks.- This species was distinguished from Accuratipollis enodatus

CHLoNovA from the Upper Cretaceous of West Siberian Lowland (CHLoNovA,

i961) by its smaller size. Scoraldia trapaformis SRivAsTAvA from the
Maestrichtian of Alberta, Canada (SRivAsTAvA, 1966) differs from this species

in providing no polar protrusion and its shorter colpi.

   Occurrence; Rare both the Tamagawa and the Sawayama formations.

Genus 0celtipoltis CHLoNovA 1961

 OceUipoUis oblitzuus CHLoNovA

      PI. I1, Figs. 9, IO.

1966 Ocellipollis obliqutts CHLoNovA, Palynology of Siberia, Inst.

Geofiz. Sibirsk. Otd. Akad. Nauk S.S.S.R. p. 67, Tab. 1, figs. 5, 6.

Geol.

Size; 39-50 pt in length, 22-30 pt iR width.

Remarks: In some specimens two pores (3-7 " in diameter) are observed

on the equatorial side.

   Occurrence: A few in a sample
formation.

(no. 67102512) from the Sawayama

Genus T>'icolpites CooKsoN ex

            Tbeicoipites? sp.

            Pl. 11, Fig. 2.

CoupER l953

   Description: Tricolporate ? or tricolpate? pollen; outline in polar view

triangular with slightly concave to convex sides; colpi only on the proximal

surface, extending from pore to pole where they disappear; exine smooth, very

thill.

   Size: l6-21 pt in equatorial diameter.

   Occurrence: Commonly in a sample (no. 68041706) from the upper part

of the Tamagawa formation.

Description: Tetrad

     Pollen Type A
   PI. I1, Figs. 11-13.

inaperturate ? pollen; single grain of tetrad spheroidal



in shape; exine very thin, punctate, fine baculate sculpture discernible under oil

immersion lens (XIOOO); baculae closeiy dispersed, less then 1 u in hight. There

three small circular spots on the proximal hemisphere, 5 pt in diameter,

suggesting contact portion (?), where exine raising as like small hills and

baculae spaced less close than surrounding area so that exine looks tlainner.

   Size: ca. 30u in equatorial diameter.

   Occurrence: Commonly only in a sample (no. 68041602) from the

Sawayama formation.

                          Pollen Type B
                        PI. I1, Figs. I5, 16.

   Description: Inaperturate pollen; shape spheroidal to oblate; exine of the

distal (?) heinisphere ornamented by warts; the warts 1-1.5 " high, 1-3 " wide

at base; exine of the proximal (?) hemisphere smooth, very thin.

   Size: 30-3S pt in diameter.

   Occttrrence: In a sample (no. 67102508) from the lower part of the

Tamagawa formation.

References

AGAsm, J. M. (1969): Late Cretaceous palynomorphs from north-eastern
    Arizona.Micropaleontology, l5 (l): I3-30.

ARcHANGELsKy, S. A. & GAMERRo, J. C. (l967): Spore and pollen types of the
    Lower Cretaceous in Patagonia (Argentina). Rev. I'aleobotan. Palynol., 1:

    2, 11-217.

AxELRoD, D. I. (l959): Poleward Migration of early angiosperm flora.Science,

    130: 203-207.
BALME, B. E. (1957): Spores and pollen grains from the Mesozoic ofWestern
    Australia. Commonwealth Sci. Ind. Res. Sect., 2S: l-48.

BoLKHovlTINA, N. A. (l9S3): Spores and pollen characteristic ofCretaceous
    deposits of central region of the U.S.S.R. (CZitalog of fbssil spores and

   pollen vol. 8), 7>: GeoL kist. Akad Ntzuk S.S.S.R., GeoL Ser., l45 (61):

    1-l84 (in Russian). .
    (l959): Spore and pollen assemblages from Mesozoic sediments of the
    Vilyuisk depression and their stratigraphic significance. 7'IFa. Geol. Inst.

   Akad. Nattk S.S.S.R., Geol. Ser., 24: l85 pp. (in Russian).

    (l961): Fossil and modern spores of the Schizaeaceae. 7'lr. inst. Geol.,
    Akad, AJbittk S.S.S.R., Geol. Ser., 40: 176 pp. (in Russian).

BRATzEvA, G. M. (1969): Palynological studies of Upper Cretaceous and
    Paleogene of the Far East. 7'>'. Geol. Inst., .<lkad, Aitzuk S.S.S.R., GeoL

    Ser., 207: 56 pp. (in Russian).



                  PALYNOLOGICAL STUDY OF THE KUJI GROUP 577

BRENNER, G. J. (I963): The spores tmd pollen of the Potomac Group of
    Maryland. Mar.vland Dept. GeoL, Mines l'YtiterResources, Bu]I. 27: l-2I5,

     (1968): Middte Cretaceous sl),ores and pollen from Northeastem Peru.
    Pollen spores, lO(2･ ): 34l-383.

BuRGER, D. (1966): Palynology of upper most Jurassic and lower most
    Cretaceous strata in eastern Netherlands. Leidse GeoL MededeL, 3S:
     21 1-276.

CHLoNovA. A. F. (1961): Spores and pol]en of the upper part of the Upper
    Cretaceot}s from the eastern part of the West Siberian Lowland. 7>'. Inst.

    Geol. Geo.f)'z., Sibirsk Otd. Akad. Nauk S.S.S.R., 7: 1-l38 (in Russian).

    (1962): Some inorphological types of spores and pol]en grains from the
    Upper Cretaceous of eastern part of West Siberian Lowland. Pollen spores

    4(2): 297-309.
    (l966): New species of the `･Oculata" morphologic type pollen. In A. F.
    Chionova (Ed.): Ilalynolog.y of Siberia. 7)t lnst. Geol. Geofiz., Akad.
    7Vauk S.S,S.R. 66--69 (in Russian).

    (1969):Spore and pollen characteristic of CretaceoLis deposits of
    Zeya-Bureya depressition. In l.I. Charudo (Ed.): Mesozoic spore and
    pollen assemblages of Siberia and Rzr East. 7>: Inst. Geol. Geofiz., Sibirsk

    Otd.,Akad. AJtittk S.S. S.R., 91: 5-66 (in Russian). ･
CooKsoN, I. C. (l947): Plant microfossils from the lignites of Kerguelen
    Archipelago' (Catalog of fossil spores and pollen, vol. I5). B. A. N Z.
    Antarctic Res. Expedition 1929--l931, Rept., Ser. A, 2: l27-l42.

    (1953): Difference in microspore composition of soine samples from a
    bore at Comaum, South Australia (Catalog of fossil spores and pollen vol.

    15).Australian J. Botan.y, 1: 462-473.

CooKsoN. I. C. & DETTMAN, M. E. (l958): Some triiete spores froin Upper
    Mesozoic deposits in the eastern Australian region. Proc. Roy. Soc,
    Uictoria, 70 (2): 95-I28.
CoupER R. A. (l953): Upper Mesozoic and Cainozic spores and pollen grains
    from New Zealand. New Zealand GeoL Sttrv. Palaeont. BulL, 22: 77 pp.
    (1958): British Mesozoic microspores and pollen grains, a systematic and

    stratigraphic study. I'tilaeontographica, B, 103: 75-l 79.

DELcouRT, A. F., DETTMAN, M. E. & HuGHEs, N. F. (l963): Revision ofsome
    lower Cretaceous inicrospores from Belgium. f]'alaeontolog.v, 6 (2):
    2. 82-292.

DETTMAN, M. E. (I963): Upper Mesozoic microftoras from south-eastern
    Australia. Proc. Ro.y, Soc. Victoria, 77 (l): I48 pp.

D6RiNG. H. (1965): Die Sporenpaltiontologishe ' Gliederung des Waelden in
    Westmecklenburg (Strukture Werle). Geologie, Bei17. I4 (47): 1-1 18.

GROoT. J. J. & PENNy, J. S. (1960): P]ant microfossils and age of non-marin

    Cretaceous sedjments of Maryland and Delaware. Mic'ropaleontology, 6
    (2): 225-2･ 36.

    .. PENNy. J. S. & GRooz C. R. (]961): Plant microfossils and age of
                                                              L



    Raritan, Tuscaloosa and Magothy formations of the eastern United States.

    RalaeoJrtographica, B. 108: l2I-l40.

HABiB, D. (l969): Micldle Cretaccous palynomorphs in a cleep--sea core from

    the Seismic Refiector Horizon A outcrop area. Micropaleontologly, lS (1):

    85-101.
HEDLuND, R. W. (1966): Palynotogy of thc Rect 3rancla member of the
    Wooclbine formation (CeRomanian), Bryan County, Okltthoma GreoL
    Surv., Bull,, 112: 69 pl).

HEDLuND, R. W. & NoRRis, G. (1968): Spores and pollen grains from
    Fredericksburgian (Albian) strata, Marshall County, Oklahoma. Pollen
    spores, 10(b: l29-l59.
KiMyAi, A. (l966): New plant microfossils from the Raritan formation
    (Cretaceous) in New 3ersey. Micropaleoiitologlv, 12 (4): 46l-476.

KLAus, W. (1960): Sporen der karnischen Stufe der ostai'pinen Trias. Jrahrb.

    Geol. BuJ'idesanstalt (Austria), Sonclerber. 5: 107-184.

KoNDiNsKAyA, L. I. (l966): Fossil spores of warer ferns in Upper Cretaceous

    and Paleogene deposits of West Siberian Lowland. In A. F. CHLoNovA
    (Ed.): IlaLyJiology ofSiberia. Inst. Geol. Geof7z. SibirskOtd. Akad. Ndttk

    S, S. S.R.: l 1 6-l 22 (in Russian).

KRAusEL, R. & LEscHiK, G. (1955): Die Keuperflora von Neuewelt bei Basel,
    Il. Die Iso-und Mikrosporen (Catalog of fossil spores ancl pollen vol. 9).

    Schweiz PtildfoHt. Abh., 72: S-70.
KpuTzscH, W. (1959): Mikropaltiontologische (Sporenpalaontologische) Unter-
    suchungen in der Braunkohle cles Geiseltales. Geologie, beih., 21-22: 425

    pp･
    (1962): Atlas cler Mittel--und Jungtertiaren dispersen Sporen-und Pollen

    sowie der Mikroplankton formen cles nbrdlichen Mitteleuropas. L.-l, Veb

    Deutscher Verlag der Wissenchaften, Berlin.
    (1967): ibid. L. IV-V, Veb. Gustav Fischer Verlag Tena, Berlin.

MARKovA, L. G. (l962): Spores and pollen assemblages ofMesozoic deposits of

    the West Siberian Lowland. IN A.N. SLADKov (Ed.): lst. international
    Conf}erence on Ilal.ynology, fnst. Geol. Akad, Nattk S.S.S.R., 86-93 (in

     Russian with English summary).
MATsuo, H. (1964): On the Late Cretaceous floras in Japan. Ann. Sci., Collage

    Libeiul Arts, Ktinazawa Univ., 1: 39-65 (jn Japanese with English

     sulllmary).
MILLIouD, M. E. (l967): Palynological study of the type localities at Vaiangin

     and Hauterive.Rev, Ptilaeobotan. Pa4?nol,, 5: 155-I67.
MiNER, E. L. (1935): Paleobotanical examination of Cretaceous and Tertiary

     coals, Pt. 2. Am. Midland AJaturalist, 16 (4): 616-625.

MULLER, J. (1968): Palynology of the Pedawan and Plateau sandstone
     formations (Cretaceous-Eocene) in Sarawak, IN,1[alaysia. Micropaleontology,

     l4 (1): l-37.
NORRis, G. (i967): Spores and pollen from the Lower Colorado Group (Albian



                  PALYNOLOGICAL STUDY OF THE KUJI GROUP 579

    ?-Cenomanian) of central Alberta. Palaeontographica, B, 120: 72-l l5.

NORTON, N. J. & HALL, J. W. (l969): Palynology of the Upper Cretaceous and

    Lower Tertiary in the type locarity of the Hell Creak formation, Montana,

    U.S.A. Palaeontographica, B, 125: 1--64.
PiERCE, R. L. (1961): Lower Upper Cretaceous plant microfossils fi-om
    Minnesota.Mijv2. GeoL Surv., BitlL 42: 86 pp.
POCOCK, S. A. J. (1964): Pollen and spores of the ChEamidospermidae and
    Schizaeaceae from Upper Manville strata of the Saskatoon area of
    Saskatchewan. Grana Palynologica, 5 (2): 129-209.

PoKLRovsKAyA,I. M. (Editor) (l966): Paleopalynology Tom. 2. Tr. Vees.
    Nauchn. Issled. Geol. Inst. N. S. 141 (in Russian).

PoToNIE R. (l956): Synopsis der Gattungen der Sporae dispersae. I Teil.
    Sporites. Beih GeoL lahrb. 23: I03 pp.
    ., IBRAHiM, A. & LoosE, F. (1932): Sporenformen aus den Flbzen Agir
    und Bismarck des Rt}hrgebietes (Catalog of fossii spores and pollen vol. 5).

    N. .lahi'b., Mii･zei'al., B, 67: 438-454.

    . & KREMp, G. (l955): Die Sporae dispersae des Ruhrkarbons Teil I.
    Plaeontographica, B. 98: l-136.

    . & Venitz, A. (l934): Zur Mikrobotanik des miozanen Humoclils der
    niederrheinischen Bucht. (Catalog of fossils spores and pollen vol. 4). Arb.

    Inst. Paldobot. Petrog. Brennsteine, 5: 5-54.

REiNHARDT, P. (l961): Sporae dispersae aus den Rh5t Thuringens. Monatsber.

    Deut. Akad. JViss.,3: 704-7ll.
Ross, N. E. (l949): On a Cretaceous poilen and spore bearing clay deposit of

    Scania. A preliminary report. (Catalog of fossil spores and pollen vol. 1).

    Bull. Geol. Inst. Uppsala, 34: 25-34.

RousE, G. E. (l957): The application of a new noinenclatural approach to
    Upper Cretaceous plant microfossils fi-om Western Canada. CZin, l
    Botany, 35 (3): 349-375.
    (1959): Plant microfossils from Kootenay coal-measures strata of British

    Columbia.Micropaleontology, 5 (3): 3e3-324.
    (i962): Plant microfossils from the Burrard fonnation of western British

    Columbia.Micropaleontology, 8 (2): 187-218.
SAMoiLoViCH, S. R. (1967): Tentative botanico-geographical subdivision of
    Northern Asia in late Cretaceous time. Rey. Paleobotan. .PalynoL, 2:

    l27-139.
SAsA, Y. (l932): On the Geology of Kuji district, Iwate Prefecture, 1-3. X

    Geol. Soc. Jidpan, 39 (466): 401-430, (467): 481-501, (468): 522-580 (in

    Japanese).
SATO, S. (l961): Pollen analysis of carboniferous matter from theHakobuchi
    Group in the Enbetu district, Northern Hokkaido.Japan. .10ttr. Eac. Sci.,

    Hokkaido Univ., Ser. 4, GeoL &Mineral., 11 (1): 77-93.
SAWARA, N. (1967): Geology of I<luji district in Iwate Prefecture. Graduate

    77iesis ofHokkaido Univ., MS Gn Japanese).



SmMAzu, M. & TERAoKA, Y.(1962): Explanatoip? text of thegeological map
    of lapan. Scale 1:50,OOO ``Rikuchtt-Noda" (in Japanese with English
    resume). Geol. Surv. Japan.

SKARBy, A. (1964): Revision of Gleicheniidites senonicus Ross. Stockh,
    Contrib. Geol., l1: 59-77.
SKuRATENKo, A. V. (l966): Turonian spores aiid pollen asseinblages of some
    regions of West Siveria. In A. F. CHLoNovA (Ed.): Ptzlynology ofSiberia.

    Inst. Geol. Geofiz., Akad. Nauk S.S.S.R. Sibirsk Otd.: 84-89 (in Russian).

SMILEy, C. J. (l967): Paleoclimatic interpretatioRs of some Mesozoic floral
    sequences. Bull. Am. Assoe. PetroL Geologists, Sl (6): 849-863.

    (l969): Cretaceous floras of Chandler-Colville Region Alaska: Strati-
    graphy and preliminary floristics. ibid. 53 (3): 482-502.

SoHMA, K. (1969): limboisporites Kul'iensis gen. et sp. nov. from the
    Kadonosawa formation (Upper Cretaceous), Iwate prefecture, Japan. Sci.
    Rep. Tbhoktt Univ., Ser. 4 (Biol.L 35: 39-4l.

SRivAsTAvA, S. K. (1966): Upper Cretaceous microflora flrom Scollard, Alberta,

    Canada. Pollen spores, 8 (3): 497-S52.

STANLEy, E. S. (l965): Upper Cretaceous and Paleocene plant microfossils and

    Paleocene Dinoflagellates and Hystrichosphaerids from northwestern
    South Dakota. BulL Am PlaeontoL, 49 (222): l79-384.
STovER, L. E. (l962): 7burocusporites, a new trilete spore genus from the
    Lower Cretaceot}s of Maryland. Micropaleonto logJ?, 8 (l ): 55-59.

TAKAHAsm, K. (l957):･ Palynologisch-stratigraphiche Untersuchung der
    tertiaren Schichten im Kasuya und Fukuoka Kohlenfeld von Nordkyushu,
    Japan.Mem. ,Flac. Sci., Kyushu Univ., Ser. D (Geol.1, 5 (4): l99-221.

    (l961): Pollen und Sporen des westjapanischen Alttertiars und Miozans.
    Tei} 2. Mem. dec. Sci. Kyushu Uniy., Ser. D (GeoLl, 11 (3): 279-34S.

    (1964): Sporen und Pollen der oberkretazeischen Hakobuchi Schichten-
    gruppe, Hokkaido. 7;4em. ]Fkec. Sci., Kyushtt Univ., Ser. D (Geol.? 14 (3):

     159-271.
    (l965): Mikrofossilien der Oberkreide von Nishibetsu, Hokkaido. BulL
    lkc. Libetul Arts, ?Vagasaki Univ., Nat. Sci., S: 7-20 (in Japanese with

    German summary)..
    (1967): Classopollis pollen grains froin the Upper Yezo group, Hokkaido.

    Contri. Celebrate Prof L Ha.yasaka's 76th Birthday (in Japanese with
    English descriptive part and summary)

THOMSON, P. W. & PFLuG, H. (l953): Pollen und Sporen des mitteleuropal-
    schen Tertiars. Ptiltieontographica, B, 94: l-138.

TOKUNAGA, S. & TAKAsE, K. (1968): Preliminary study of spores and pollen
    fossils i);om the Kuji coalfield, Iwate prefecture. Bull. Geol. Surv. lapan,

     19 (8): 495-505. (in Japanese)

TRALAu, H. (l968): Botanical investigations into the fossil flora of Eriksda in

    Fyledalen, Scania. Sveriges Geol. Vunders6kn, Ser. c; 633 (Arsbok 62-4):

     185 pp.



                 PALYNOLOGICAL STUDY OF THE KUjl GROUP 581

WEyLAND, H. & GREIFELD, G. (I953): Uber structurbietend Blatter und

    pflanzliche Mikrofossilien aus den untersenonen Tonen der GegeRd von
    QuedlimbL}rg (Catalog of fossil spores and pollen vo}. 2). Palaeonto-

    graphica, B, 95: 30-52.

WiLsoN, L. R. & WEBsTER. R. M. (1946): Plant microfossils from a Fort URion

    Coal ofMontana.Am. J. Botany, 33: 27l-278.
ZAKLiNsKAJA, E. D. (19S7): Stratigaphic significance ofCenozoic Gymnospemi
    pollen from the Pavlodar--Irtysh region and the northern Aral region
    (Catalog of fossil spores and pollen vol. 4). 7'lr. Geol. Inst. Akad. IVtiuk

    S. S.S.R., 6: 1-22 (in Russian).



582

Explanation of Plate 1

(All figures X 600)

Fig. 1.. Stereisporites antiquasporites (WIL.& WEB.)/ DETTMAN. Pltase contrast, slide

          66e82709-l 98.7X 17.0.
                    ,
Fig. 2. Stereisporites antiquasporites /(WIL.& WEB.)i DETTM･AN. Phase contrast, slide

          671025l2-2,91.5 × 44.3.
Figs. 3a,b. Stereisporites antiquasporites (WIL.&WEB.) DETTMAN. Slide 67102510-1,

          99.0 × 46.2. a: bright light. b: phase contrast.
Fig.4. Stereisporites antiquasporites (WIL.&WEB.) DETTMAN. Slide 67102512-4,

          98.e × 24.2.
Figs. Sa, b. Stereisporites apolaris (REINHARDT) n. comb. Slide 67I025el-2, IOO.1 × 58.6
          a: dista} focus. b: proximal focus, phase contrast.

Figs. 6a, b. Stereisporites grossus TAKAHAsHI.Slide 680416e4-1, 99.9 × 53.4 a: bright
          light. b: phase contrast.

Figs. 7, 8. Stereisporites grossusTAKAHASHI. Phase contrast slide 68041604-1, 9S.O X55.0

          7: proximal focus. 8: distal focus.

Figs, 9a, b. Stereisporites sp. Phase contrast, slide 68041604-1, 85.7 X 43.9 a: high focus.

          b: low focus.

Figs. 10a, b, Stereisporites sp. Phase contrast, slide 6804l604-1, 84.6 × 23.0 a: low focus. b:
          high focus.

Figs. 11a, b. Lycopodiacidites hamulatis (KRuTzscH) KLAus.Slide 66081502-l, 95.5 × 27.1
          a: proximal focus. b: distal focus.

Fig. 12.

Fig, l3.

Fig. 14.

Fig. 15.

Fig. 16.

Fig. 17.

Fig. 18.

Fig. I9.

Lycopodiacidites hamulatis (KRUTzscH) KLAus.Slide 67l02512-2, 90.8 × 54.1.

Lycopodiacidites hamulatis (KRuTzscH)KLAus.Slide67102Si2-2 103.9×                                                       ,47.1.

Lycopodiacidites amplus (STANLEy) n. comb. Proximal focus, slide

68041604-1 90.9×45.1.          ,
Lycopodiacidites amplus (STANLEy)n. comb. Distal focus, slide 68041604-l,

85.0 × 35.0.

Osmundacidites wellmanii CoupER. Slide 6608 l502 1 96.9 × 304.                                           )Osmundacidites weUmanii CovpER.Slide 67I025IO-3, 88.5 X. 19.i.

Osmundacidites alpinus KLAus. Slide 6608l5e2-1, 100.5 × 48.6.

Tbdisporites maiorCoupER. Slide 67l02508-3, 88.3 × 60.2.
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Explanation of Plate 2

(All figures × 600)

Fig. 1.

Figs. 2a, b.

Fig. 3.

Fig. 4.

Fig. S.

Figs. 6a, b.

Fig. 7.

Fig. 8.

Figs. 9a, b.

Fig. 10.

Fig.

Fig.

IL
l2.

Fig. 13.

Figs. 14a,

  Gleicheniidites senonicus Ross. Slide 67102512-4, 97.6 × 42.1.
  Gleicheniidites laetus (BoLKH.)KRuTzscH.Slide66081511-3, 83.5 X 51.7. a:
  bright light. b: phase contrast.

  Grleicheniidites circinidites (CooKsoN)KRuTzscH.Slide6804i709-l 98.3×                                                       ,  32.1.

  Gleicheniidites maiginatus TAKAHAsHI. Siide 6608 l5 l 1-3, 91.6 × 48.6.

  Gleicheniidites c£ delicatus (BoLKH.)KRuTzscH.Slide 661029el-1, 89.0 ×
  37.5.

  Gleicheniidites cf. echinatus(BoLKH.) KRuTzscH. Slide 66e81502-4, 91.5 ×
  3l.8. a: phase contrast.

  Appendicisporites tricornitatus Weyland & GREIFELD.Proximal foucs, slide

  68041706-l 90.8 X 54.1.
           '
  Appendicisporites tricornitatus Weyland & GREIFELD. Distalfocus, slide

  68041706-l 87.0× 55.7.           ,
  t4ppendicisporites ethmos DELcouRT & SpRuMoNT.Slide 6804l706-2, 88.5 ×
  23.2, a: proximal focus. b: distal focus.

  Appendicisporites ethmos･DELcouRT & SPRUMONT.Slide 68041706-2 85.0 ×                                                        '  532.

 .Appendicisporites cf. potomacensis BRENNER.Slide 66081502-1 97.l × 26.8.                                                    )  Appendicisporites cf. potomacensis Brenner. Equatorial view, slide 6608 l502-1,

  83.7 × 40.6.
  Cicatricosisporites australiensis (COOKsoN) PoToNIE. Slide 68041706-1 102.7
                                                         ,
  × 34.4.

b. Cicatricosisporites australiensis (CooKsoN ) PoToNIE.Slide 68041706-l , 97.7 ×
  20.2 a: proximal view. b: distal view.
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Explanation of Plate 3

Figs. Ia-c. Appendidisporites sp. A. Slide 68041604-2, 88.5 × 18.2. a: bright light. b:

          proximal focus, phase contrast. c: distal focus, phase contrast. (× 600)

Fig. 2. Appendicisporites sp. A. Slide 68041604-1, 86.7 X 19;7 (× ca. 520)

Figs. 3a, b, Appendicisporites sp. B. Slide 67102509-2, 90.0 × 21.l. a: proximal focus. b:

          distal focus. (× 600)

Figs. 4a,b. lschjvosporites sp. Slide 68041604-2 99.l × 29.l. a: proximal focus. b: distal
          focus. (X 400)

Fig. 5. Reticulosporis sp. Slide 67102591b-l, I04.3 × 37.9 (× 600).



587plate　3

雌酔
譜轟論

、

3a

醜

　
　
書．
懇
酷

畷

瓢
、

郷饗
ノ　　　　“

　　　ρ囎　瓜．薙鞠

籔

臓
葱

脇
　
離

離

　　　　　　　潔》
　＼　　　　　　　　　　　鞭

　二　β昏　．～　擁

㌧鑑続
　福　　　〆　　　；
　ρ　　　　　　　　　　ψ　v琴

勝撫か夢ρ戴笏
　　　　　　　N　　　ゲ　／

鷲
勲

1b1a
　
㌧野

糞

鳶
臨

護

。
緊

3b

　
　
　
　
　
　
　
レ

も
簿

ζ
灘
一

階
叢
轟
．

ん
㌧
憲

　　

@　

@，

|
縫

毒
／
’
》
癬
凝

　
心
》

蝉
づ
　
　
　
　
　
交
航

　
　
　
鐸
勘

懲
餐
＼＼

仔
曇

£磯1鯉解
　磁気“

険

〆
象
・
議
謹

響
訟嵐
欝欝
ノ
～

　
　
　
轟

轟
瓢

淋

鼠
　
　
　
　
為

謎
麟
営
二
串
嚢

辮饗灘
1C

鑑評灘2

　
海
働脚

魏

勲
“議
義

　
炉
勿
へ

．
鐡

纏
辮

ヅ
》

5

4a



588

Explanation of Plate 4

(All figures × 600)

Figs. Ia, b. Cicatricosisporites mediostriatus(BoLKH.) PoCoCK. Slide 68041706-1, 90.3 X

          33.0 a: distal focus. b: proximal focus.

Fig. 2. Cicatricosisporites cf. dorogensis PoToNIE &GELLETicH. Slide 66081502-1,

          97.3 × 44.5.
Fig. 3. Cicatricosisporites cf.dorogensis PoToNIg &G ELLETICH. Siide 66082709-l ,

          87.5 × 23.2.
Figs. 4a, b. Cicatricosisporites sp. Slide 671025le-3, 96.7 × 27.5. a: bright light. b: phase

          contrast.

Figs. 5a,b. Trilites sp. A. Slide 67102S08-3, IOI.O × 45.5, a: bright light. b: phase
          contrast.

Figs. 6a,b. 1>`ilites sp. B. S}ide 66081502-1, 100.2 × 42.4. a: proximal focus. b: distal
          focus.

Figs. 7a, b. T>'ilites sp. C. Slide 66081502-l, 89.4 × 49.8. a: proximal focus. b: distai focus.

Fig. 8. Ttilites sp. C. Equatorial view, slide 66081S02-1, 90,9 × 51.9.

Fig. 9. ( lyathidites australis CoL!pER. Slide 68041706-1, 89.0 × 22.0

Fig. 10. Mdtonisporites ? sp. Slide 671e2509-3, 82.3 × S4.0.
Fig. Il. Matonisporites ? sp. Slide 671e2512-2, 84.8 X 47.2.
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Explanation of Plate 5

Fig. 1. Mtztonisporites ? sp. Phase contrast, slide 67102508-3, 93.2 × l9.0 (× 6ee)

Fig. 2. Laevigatosporites ovatus WILsON &WEBsTER SIide 66081511-3, 93.8 × 49.1.

          (× 600)
Fig. 3. Laevigatosporites haardti (PoT. & VEN.) Thomson & PFLuG. Slide 660815e2

          -1, 92.3 X59.2. (× 600)
Figs. 4a, b. Polypodiisporites sp. A. Slide 671025e9-l, 97.7 X 21.5. a: high focus. b: low

          focus. (× 6eo)
Figs. Sa, b. Polypodiisporites sp. B. Slide 67102512-2, 103.7 × 38.3. (X 600)

Figs.6a,b. Reticuloidosporites sp. Slide 66081502-1, 91.e × 58.8. a: distal focus. b:
          proximal focus. (X 60e)

Fig. 7. cf. Biretisporites potoniaei Delcourt & SpRuMoNT. Slide 66081502-1, 99.0 ×

          3s.o. (× 6eo).
Figs. 8a,b. Balmeisporites minutus BRENNER.Slide 67102510-3, 104.5 X 36.0. a: low

          focus. b: high focus. (× 500)

Figs. 9a, b. Cardioangulina diaphana (WIL.&WEB.) STANLEy.Slide 67I025IO-3, 98.4 ×
          32.9. a: bright light. b: phase contrast. (× 6eO)

Fig. Ie. Ckerdioangulina diaphana (WIL.&WEB.) STANLEy. Siide 66081503-l, I03.1 ×

          23.8.(× 60e)
Fig. 11. C2irdioangulina diaphana (WIL.& WEB.) STANLEy. Slide 66081503-1, 86.9 ×

          57.3.(× 600)
Fig. i2. Cardioangulina diaphana (WIL.&WEB.) STANLEy. Slide 66082709-1, 88.7 X

          24.4. (× 600)
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Explanation of Plate 6

(Al} figures × 600)

Figs. Ia, b. Cingulatisporites distaverrucosusBRENNER. Slide 671025IO-3, 96.5 X 39.0. a:

           proximal focus. b: distal focus.

Fig. 2. Deltoidospora cascadensis MINER. Slide 67102512-4, 87.0 × 22.3.

Fig. 3. Deltoidospora eascadensis MINER. Slide 67102605b-1, 83.3 × 35.2.
Figs. 4a,b. Deltoidospora nodaense n. sp. Holotype, slide 6608151l-4, 90.3 X 39.6. a:

           bright light. b: phase contrast.

Fig. S. Deltoidospora nodaense n. sp. Slide 6608151l-4, 93.2 X 42.2.

Fig. 6. Deltoidospora nodaense n. sp.Slide 66e81511-3,90.5 × 56.5.
Figs. 7a, b. Deltoidospora nodaense n. sp. Slide 66e8l511-3,90.5 X 56.5. a: bright

           light. b: phase contrast.

Fig. 8. Deltoidospora cf. psilotoma RousE.Slide 66082709-l, 86.0 × 242.
Fig. 9. Deltoidospora cf. rhytisma- RousE.S}ide 67102509-l, 10.5 × 24.5.

Figs, lea-c. ]Foveosporites sawayamaensis n. sp. Holotype, slide 67I02512-4, 83.0 ×53.2. a:
           iow foucs. b: high focus, c: phase contrast.

Fig. I1. Foveosporites sawayamensis n. sp. Slide 67I02512-2,95.5 X 54.i.

Figs. 12a,b. Foveosporites sp. Slide 66082709-1, 93.9 × 2e.6. a: bright light. b: phase
           contrast.

Fig. 13. Granulatisporites sp. Slide 66e815ll-l, 84.6 × 22.9.

Fig. 13. Granulatisporites sp. Slide 6608151 1-1, 82.2 × 44.4.

Figs. ISa, b. Jimboisporites kuiiensis SoHMA. Slide 67102501b-1, 89.3 × 5l.S. a: bright light.
           b: phase contrast.
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Explanation of Plate 7

(All figures × 600)

Figs. Ia-e, Jimboisporites senonicus n. sp. Holotype, slide 66082709-1, 85.8 × 34.0. a:
          high focus. b: middle focus. c: low focus. d: phase contrast, high focus. e: phase

           contrast, low focus.

Fig. 2. Jimboisporites senonicus n. sp. Slide 66081S11-3, 88.3 × 28.8.

Fig. 3. Jimboisporites senonicus n. sp. SIide 6608151!-4, 84.5 × 42.4.

Fig. 4. Jimboisporites senonicus n. sp. Slide 66081511-4, 91.2 × 38.4.
Fig. S. Leiotriletes sphaerotriangulus (LoosE) PoToNIE & KREMp. Slide 67102501-3,

           90.l × 18.8.
Fig. 6. Leiotriletes minutus (KNox) PoToNIk & KREMp. Slide 66081509-l, 103.6 ×
           48.l.

Figs. 7a,b. Leiotriletes sp. Slide 6710260Sb-1, 93.8 × 62.0. a: proximal focus. b: distal

           focus.

Figs. 8a,b. Punetatisporites punctulatus "l]AKAHASHI.Slide 67102512-･2, 101.5 × 37.8. a:
           bright light. b: phase contrast.

Figs. 9a,b. Punctatisporites punctulatusTAKAHAsHL SIide 67102512-2, 98.0 × 54.0. a:
        ･ bright light. b: phase contrast.
Fig. 10. Punctatisporites cf. punctulatus[IrAKAHAsHI.Phase contrast, slide 671025e9-1,

           le2.3 × 24.7.
Figs. 1la, b. Punctatisporites sp. A. Slide 67I02509-2, 100.e × 27.3. a: bright light. b: phase

           contrast.

Fig. 12. Punctatisporites sp. B. Slide 671e2508-3, 96.0 × 47.5.

Figs. 13a,b.Rugulatisporites sp. Slide 66081502-l, 101.5 × 51,8. a: proximal focus. b:
           distal focus.
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Explanation of Plate 8

(All figures × 600)

Fig. I.

Figs. 2a, b.

Fig. 3.

Fig. 4.

Fig. S.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Figs. 1la, b.

Fig. 12.

Fig.

Figs.

l3.

I4-IS.

Fig. 16.

Fig.

Fig.

Fig.

17.

I8.

19a, b.

Fig. 20.

Fig. 21.

Fig. 22.

Fig. 23.

Fig. 24.

Toroisporis sp. S}ide 67102818-1, IOI.5 × 56.3.
Uyeaesporites simplex (Mu-ER)n. comb. Slide 68041706-1, 88.3 X 54.S. a:
distal focus. b: proximal focus.

Uveaesporites maigaritatus(MuLLER)n. comb. Slide 68041709-l, 95.8 X 19.0.

Spore Type A. Slide 671025i2-4, 95.2 × 47.7.
Spore [lrype B. Slide 671025lO-3, 102.8 X 25.0.

Spore Type B. Slide 6710251O-3, 91.4 × 3i.4.

Ceratosporites ? sp. Tetrad grain, slide 68041706-l, 90,3 × 28.4.

Ceratosporites ? sp. Slide 68041706-1, 96.6 × 31.I.

Ceratosporites ? sp. Pltase contrast, slide 68041706-l, 86.8 × 17.3.
Schizosporis scabratusSTANLEy.Slide 67102605b-1, 90.7 X 24.3.

Schizosporis scabratusSTANLEy.Slide 67le2512-2, 92.8 × 41.5. a: bright light.
b: phase contrast.

Schizosporisscabratus STANLEy, Phase contrast, slide 67102605b-1, 103.1

× 32.8.

Clycadopitescf.follicularisWilson & WEBs[rER, 67102512-2,lei.5×40.4.
Clycadopites cf. follicularis Wilson & WEBsTER.Slide 67102605b-l, IOO.5 X

37.3, 14: bright light. 15: phase contrast.

Clycadopites cf, follicularis WILSON & WEBSTER. Phase contrast, slide 67 102509

-1 86.0×20.3.  '
Monosulcites epakrosBRENNER. Slide 66081502-i, 98.5 X49.0.

Monosulcites epakrosBRENNER. Phase contrast, slide 67102605b-l, 83.3 ×
39.6.

Monosulcites epakros BRENNER. S}ide 67102501b-3, 96,1 × 24.i. a: briglit
light. b: phase contrast.

Monosulcites epakrosBRENNER.Slide 671026e5b-1, .l03.8 × 20.7.

Vitreisporites pallidus (REIslNGER) NILLSON. S}ide 6710250lb-3, 86.9 ×24.1.
Vitreisporites pallidus(REISINGER) NILLsoN. Phase contrast, slide 68041602-1,

84.3 × 61.2.

Arattcariacites australis CooKsoN. Slide 671025lO-3, 99.7 × 32.0

t4 raucariaeites attstralis Cool<soN. Slide 6608 1502-1, 91.3 × 49.0.
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Explanation of Plate 9

(All figures × 600)

Fig. 1. Araucariacites limbatus(BALME)HABm. Slide 67102510-3, 95.2 × 32.0
Fig. 2. Araucariacites lim batus (B ALME)HABm. Slide 6710251e-3, 99.e X 25.2.

Fig. 3. Pityosporites constrictus(PIERcE)n. comb. Slide 67102509-3 102.0 × 59.l.
                                                              ,Fig. 4. Abietineaepollenites sp. Slide 66081511-3, 103.3 X 46.0.

Fig. 5. Piceaepollenites saccellus TAKAHASHI. Siide 67I02512 2, 91.5 X 42.8.

Fig. 6. Cedripites sp. Slide 68041602-2, 103.6 × 25.0.
Fig. 7. Podocarpidites ezoensis (SATo)n. comb. Slide 67102603-3 104.2 X 52.l.
                                                            ,Fig. 8. Ephedripites sp. Slide 67102508-3, 89.0 X 48.2.

Fig. 9. Ephedripites sp. Slide 671e2512-2, 99.0 × l5.8.

Fig. 10. inaperturopollenites sp. Slide 68041604-l, 93.4 × 24.8.

Fig. 11. ClassoPollis sp. Phase contrast, slide 68041604-1, 95.5 × l9.4.

Fig. 12. Classopollis sp. Phase contrast, slide 68e41709-l, 93.5 × 36.8.

Fig. l3. Classopollis sp. Slide 68141706-2, 87.6 × 34.3.

Fig. l4. Classopollis sp. Slide 68041706-1, 95.5 × 42.8.

Fig. 15. Rugubivesiculites fZuens PIERcE. Slide 66081502-1 89.2 × 39.8.
                                                       ,
Fig. 16. Monocolpopollenites Klyushuensis TAKAHAsHI, Slide 67102510-1 104.3 ×                                                                    )           S7.5.

Fig. 17. Monocolpopollenites dyushuensisTAKAHASHLSIide 67102509-1 95.4 × 6i.8.                                                                  'Fig.l8. Monocolpopollenites kyushuensis TAKAHAsHI. Phase contrast, slide

           67102501b-l 84.5 × 60.5.                      ,
Fig.l9. Monocolpopollenites kyushuensis TAKAHAsm. Phase contrast slide
                                                                       '
           67102501b-1 93.0× 30.0.                      '
Figs. Iea,b.Monocolpopollenites cf. universalisTAKAHASHI. Slide 67102510-3 103.6 ×                                                                     ,           27.7. a: bright light. b: phase contrast. ,
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Explanation of PIate le

(All figures × 600)

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. Sa, b.

Figs. 6a, b.

Figs. 7a, b.

Figs. 8a-c.

Figs. 9a, b.

Fig.

Fig.

Fig.

Fig.

10.

11.

12.

13.

Fig. 14.

Fig.

Fig.

Figs.

IS

16

17a

Fig. 18.

Fig. 19.

Figs. 20a, b.

Figs. 21a, b.

Fig. 22.

Fig. 23.

Fig. 24.

Fig. 2Sa, b.

Fig. 26.

   Monocolpopollenites pfZugii TAKAHAsHI. S}ide 67l0250lb-1, 93.5 × 47.1.
   Monocolpopollenites pfZugii TAKAHAsHI.Phase contrast, slide 67102501b-3,

   88.6 × 25.4.
   Monocolpopollenites pfZugii TAKAHAsHI.Phase contrast, slide 67102605b-1,
   8S.9 X 36.4.

   Spinizonocolpites echinatus MuLLER. S}ide 67l02605b-s I03.5 × 35.0.                                                   ,   Spinizonocolpites echinattts MuLLER. Slide 68041604-4, 83.3 X 60.4. a: bright
   light. b: pkase contrast.

   Retitricolpites vuigaris PIERcE. Slide 6608l511-3, 89.5 X 53.5. a: bright light.

   b: phase contrast.

   Retitricolpites vulgaris PIERcE. Slide 66081S1 1-3, 88.5 × S7.0. a: bright light.
   b: phase contrast.

   Retitricolpites cf. prosimilisNoRRIs.Slide 67102508-I, 102,1 × 57.3. a: bright

   ligltt. b: phase contrast. c: (× 150e).

   Tricolpopollenites micromunus GRoOT &.PENNy. Slide 671e2605b-l 86.0 ×                                                               ,   28.0. a: low focus. b: high focus.

   Retitricolpites sp. A SIide 67I0250lb-l, 84.8 X 32.9.

   Retitricolpites sp. A. SIide 66102818-l, 96.0 × 57.6.

   Retitricolpites ? sp. Slide 67I02901-l, 88.5 × 22.5.

   T7icolpopollenites minutiretdormis TAKAHAsHI. Slide 671e2512-2 96.2 ×                                                              ,   35.6.

   7}Jicolpopollenites minutiretijbrmis TAKAHAsHI. Slide 66081502-3 94.3 ×                                                              ,   18.4.

   Tricolpopollenites vuigaris TAKAHAsHI. Slide67l02501b-3 99.2 × 22,3.
                                                     )   Tricolpopollenites vuigaris TAKAHAsm. Slide 67101604-1 87.3 X 20.2.
                                                    ,
,b.Tricolpopollenites c£ simplicissimus GROOT, PENNy & GRooT. Slide
   67102510-3,I02,5 × 34,3. a: bright light. b: phase contrast.
   Tricolpopollenites meinohatnensis rotundus [l'AKAHAsHI.Slide 66081511-3
                                                                     ,   88.3 X S5.5.

   7'>'icolpopollenites sp. A. Phase contrast, slide 66082709-i, 96.3 × 22.1.

   71,'icolpopollenites sp. B. Slide 660815e2-i, 104.8 × 31.3. a: (× 600) b: (×
   l500).

   Tricolpopollenites sp. C. Slide 67i02508-3, 104.l × 46.2. a: bright light. b:
   phase contrast.

   T}'icolpopollenites sp. D. S}ide 67102512-2, 100.1 × 44.5.

   T7icolpites sp. A. SIide 66l028l8-1 86.2 × 57.4.
                                 '
   7':ricolpites sp. A. Slide 67102509-1 104.2 × 33.4.
                                 )
   71i"icolpites sp. B. Slide 68041602-1, 86.8 × 27.0. a: high focus. b: low focus.

   T)'icolpites sp. B. Slide 6804i602-2, I03.3 × 33.1.
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Explanation of Plate l 1

(All figures × 600)

Figs. Ia, b. Tticolpites sp. C. Slide 67102508-3, 100.0 × 46.9. a: bright light. b: phase

           contrast.

Figs.2a,b. Tricolpites ? sp. Slide 68041706-l, 96.5 × 54.0. a: bright light. b: phase
           contrast.
Fig. 3. Ti'iporopollenites shimensis [I]AKAHAsm. Slide 680416e2-1, 83,l X 22.9.

Fig. 4. 7>'iporopollenites sp. Slide 68041604-1, 85.8 × 50.I.

Fig. S. Tricolporopollenites sp. Slide 67102508-3, 93.0 × 30.0.

Figs. 6a,b. Accuratipollis evanidusCHLoNovA.Slide 68041602-1, 94.8 × 55.4. a: high
           focus. b: low focus.

Figs. 7a,b. Accuratipollis evanidus CHLONOVA.Slide 68041602-1, 93.3 × 24.0. a: }ow
           focus. b: high focus.

Fig. 8. Accuratipollis evanidus CHLONoVA. Slide 67102605b-l ,, 93.4 × 37.0
Figs. 9a, b. Ocellipollis obliquus CHLoNovA. Slide 671025l22 82.7X42.l.a: low focus.
                                                       ,           b: high focus.

Figs. 10a, b. Oeellipollis obliquusCHLoNovA. Slide 67102512-2 98.3 × 23.0. a: high focus.
           b: low focus.

Fig. 11. Pollen Type A. Slide 68041602-l, 98.8 × 19.5.
Fig. 12. Pollen Type A. Phase contrast, slide 680416e2-2, 86.9 × 32.e.

Fig. I3. Pollen Type A. Phase contrast, slide 68041602-1, 90.8 × l9.5.

Fig. I4. Pollen Type A. Tetrad grain, slide 68041602-1, 85.4 × 38.9.
Fig. I5. Pollen Type B. Slide 67102508-3, 103.1 X 29.7.

Figs. 16a,b.Po}len Type B. S}ide 67102508-3, 86.e × 51.8. a: bright light. b: phase
           contrast.
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