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                         IRtroductioR

   The author has devoted hiiinself to palynological study on the Tertlary and

Cretaceous of Hokkaido with desiring to clear up the nature of floras of these

ages and to settle certain stratigraphical problems by an aid of palynological

method as much as possible. The Tertiary and Cretaceous formations in

Hokkaido are, however, chiefiy inarine in facies, and the terrestrial members

and formations have been considered to be rather limited in horizons, which

may be likely to be more suitable for palynological stuclies. As a matter of fact,

palynologists incliiiding the present aL}thor himself in Japan have mainly studied

on non-naarine deposits, especially on carbonaceous matter. There is almost no

palynological contribution on inarine sediments in Japan up to date.
Nevertheless, the author lately became to think of necessity of palynological

examination on the sediments of marine facies for clarifying the details of the

floras in the above noted formations, since the marine deposits compose the

main part of the Tertiary and Cretaceous formations in Hokkaido. Still, he has

been suspicious whether or not the marine deposits of Hokkaido may really

contain fossil pollen and spores being worth while to be studied.

   It was a problem at first for the author to confirm the existence of such

micro-fossils in marine Tertiary and Cretaceous formations, before stepping

into tlite articles concerning to tlite floral nature in tlie past and probleiin of

stratigraphical correlation by introducing of palynological study mto marme

sediments. The infori:nation we need in this concern inay be as such, whether or

not fossil pollen and spores exist in marine sediments, how about their

asseirnblage in quantity if they really exist, how tliLeir distribution is in

sediments, and so on. The present paper may answer for st}ch questions to

some extent. The sampled specimens for the present study were purposely

collected from the Miocene and Oligocene deposits developed in CeRtrai



Hokkaido in which (1) molluscs, foraminiferas and macro-plant remains are

richly found, and coal and petroieum are contained. (2) All those forrnations

have been hitherto studied some in detail either from view point of
paleontology or stratigraphy. (3) In addition to this, the author already

published on some results for palynological study on carbonaceous matter

contained jn the Miocene formations, further to be dealt in this paper.

   Fortunately, the author could find out numerous fossii pollen and spores

even in the inarine part of those deposits. They are actually very uniformly

distributed in almost all marine sediments; as a matter of fact, pollen and

spores were found in more than 90 per cent of the collected specimens.

   It is an important problem for pollen analysis to know how a pollen

assemblage in sediments represents the flora in composition, from which the

pollen was derived. On certain recent sediments such as surface soil, lake

deposit and peat, there are various publications reporting the evident proof on

the pollen assemblages in the sediments which well represent the floras existing

in the neighbourhood of the sedimentary basins. In tum, such data on marine

sediments are very scarce, probably because of expensive and laborious

   Recently, papers of worth while to note in this concern are, however,

published in succession on pollen and spores in the recent marine sediinents: on

the Orinoco delta, South Ainerica by MuLLER (1959), on the sea of Okhotsk

and the Mediterranean sea by KoRENEvA (1957, l967), on the Great Bahaiina

Bank by TRAvERsE and GiNsBuRG (1966), on the GulfofCalifornia by CRoss,

THoMpsoN and ZAITzEFF (1966), op the estuary ofthe Delaware river, U.S.A.

by GRooT (l966) etc. From these investigations pollen assemblages in marine

sediments became evident to also st}ggest the main elements of vegetation of

adjacent lands to some extent, although tlie assemblages sometimes show more

or less deviation in composition from the flora on land being nearly located to

the sea. Pine pollen, for example, is always over-represented in number in

marine sediinent. Such an exceptional example on the recent marine sediments

must be taken into consideration to evaluate fossil pollen assemblages to infer

the vegetation over a wide area of land near the sea of those days. Nevertheless,

the fossil pollen assemblages as a whole recognized in mariAe deposits may well

indicate the climatic condition of the past, like the case of the terrestrial

sediments.

   The result of the author's own study on the marine Tertiary formations in

Hokkaido seems to be fairly well in harmony with the paleoecological data

brought forth either froin naolluscs, foraminiferas or irtacro-plant remains.

Namely, this result on the palynological study may likely be well in accordance

with the paleoclimatic condition of those deposits inferred by paleontologists
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in various fields of both macro and micro fossils. This may be considered that

the pollen assemblage in marine sediments well represents the climatic

condition at time when the sediments were deposited.

                             Samples

   Specimens for the present study are collected from the areas shown in Fig.

4 and Figs. 4a-e. The stratigraphic positions of the samples are also shown in

Fig. 5. The specimens are mainly sampled from mudstones" of each forrnation

belonging to the Miocene as shown in Fig. 1. 0f them, as to the,ages of the

Momijiyama and Magaribuchi formations, very diverse views have been held by

geologists and paleontologists: some one viewed to be Paleogene in age, and

others to be Neogene, and their stratigraphic position is not finally settled yet.
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" GRooT (1966) reported that pollen grains transported in water with clastic sediments,

  show nearly same movement with the particles of silt size of the latter. Besides, it is

  reported by many authors that pollen grains are more frequent}y found out in mudstone

  than in any other kind of sediments
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                             Restiits

   Poronai.fbrmation

   rl7he present formation is almost entirely composed of very monotonous

inassive irLudstone, mostly silt in grain size, 1800m in the maxinu}in thickness.

This formation ls very abtmdant in marine molluscan and foraminifera fossils as

a whole; the former of which has been called the "Poronai fauna" because of

most representative fossils of this formation. Further, macro-plant remains are

rareiy found.

   Mollt}scan fossils liave been studied by many autliors; especially by

TAKEDA (l9S3) and TEsHiMA (l958-'62). The specific Raines of thein may be

listed up in the Table 1. MIzuNo (1964) furtlier Iisted up the more
characteristic molluscs of this forination which may be referred in the [I]able 2.

According to OyAMA, MizuNo & SAKAMoTo (l960),moredominantgenera
of this formation may be as follows: Acila (7'7'uncacilaJ, Saccella, Yoldia,

Portlandia (Portlandella?, Venericardia (CIJvclocardia?, Tttrritella and 7>'ominina.

TEsHiMA (195S) held a view that this formation may be divisible into nine

zones based on inolli{Ecan asseinblages as is referred in the llrable 3. Further, he

considered the Poronai formation shows cyclic sedimentation from shallow to

shallow through deep environment in between; viz, from A zone (basal part) to

I zone (top). According to TAKEDA (19S3), the fauna is a mixture of warm and

cold water inhabitants; althougli the cold water inhabitants may be more

numerous than the wann water forms either in specific or inclividual number.

SAsA, TANAKA & HATA (l964) were also in the same opinion in this regard.

Meanwhile, Aturia indicating warin current was found in this formatioB

(KoBAyAsHI, 1957).

   Foraminifera fossils: There are nt}merous contributions on the forami-

niferas of this formation. Specific names hitherto known may be listecl in the

Table 4, 4' aiad 4". The specialists in this field, liowever, had interest in

biostratigraphical correlation of this formation, and scarcely stated in detail on

the enviroflirtental condition under which the fauna inhabiteCl. Amongst them

UcHio 's remarks (l961) may be worth while noted here, since lie concluded

the depositional condition of the Poronai formation to have been a continental

shelf or continental slope under cold water. In addition to this, almost all the

specialists who treated foraminifera of this formation, held a view that the

Poronai sea might be a closed bay because of lacking of planktoRic foraminifera

of the open sea type. UcHio (1961) st}bclivided the foriination into twelve

zones based on the assemblages of foraminifera fossils.

   Macro-plant fossils: The following forms have been hitherto reported from

this formation: Glyptostrobtts europaetts (BRoNGN.) HEER, Cunninghamia sp.,
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Table l Molluscan fossils of tke Poronai formatioii

 (After T. SHIMOI<AWARA, l963)

Solemya P4chjaxY tokunagai YoK

Neilonetla poronaiea (YOKOYAMA)

Saccetla hokkaidoensis OYAMA et M IZUNO

S. nagaoi (TAKEDA)

S. sp.
Miculana sp.

Yoldia rYoldia7 laudabilis YOKOYAMA

}il rY. ?saitoiUOZUMI
YI r7lepidoleda7 sobrina TAKEDA

YI sp.
Portlaiidia tZPortlandella? watasei (KANEHARA)

PL rP. I wa tasei semiovata UOZUMI
Nucula hokkaidoensis MIZUNO et lNOUE

Acila rT)'uncacilal picturata (YOKOYAMA)

A, Ltlcila? elongtTta NAGAO etHUZIOKA

A. tL4. 7sp.

lsogunomon LISogunomon? tnuJnyatnai YOKOYAMA

I]ltlliolum ikushunbetsuensis UTASHIRO

P, poronaiensis UTASHIRO
PI nuJnanosawaensisTESHIMA
Lima pacestaj i-suzukii TAKEDA

Lima poroiiaiensis HONDA

Onssatellites teshimai I NOUE et MIzUNO

Venericardia rCyclocardiaj yokoyamai OYAMA et MIZUNO

Y. rCl? akqgii KANEHARA
PL rC7 tokudai [FAKEDA
V, rC,7 ezoensis TAKEDA
VI rC,? satisparva MIzuNO etlNOUE
Anodoiitia poroitaieiisis (YoKOYAMA)

77iyasiiu rConchocele7 bisecta otnarui OYAMA et MIZUNo

AJemocardium .yoko.yainai TAI<EDA

AX. ezoense TAKEDA
C:i'enella nagahainai MIZUNO

Hubertschenckia ezoensis (YOKOYAMA)

Merisca onishii INOUE et MIZUNO

Mbcoma poronaiensis l NOUE et MlZUNo

?Vdya sp.

IVioladotnya poronaiensis TESHIMA

7'Ziracia sp,

Periploma besshoense (YOKOYAMA)

A ezoense MIZUNO et lNOUE
Citspidaria sp.

Dentaliuin nunoinae TAKEDA
                   tD. sp,
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  Siphonodentalium sp.

  S, sp.  `tMinolia " fitnicula ta (Y O KO YAMA)

  Orectospira wadaiia (YOKOYAMA)

  O, shimokawaraiURATA
  7leirritella poronaiensis TAKEDA

  T sp.
  CVathrus cf. sttbntactttosus (NAGAO)

  Cirsotrelna rCirsotremopsis V sp.

  Ampuliina asagaiensis MAKIYAMA

  Euspira sp

  ( i'epidula sp.

  Cloltts aff. jufiJnotoi HIRAYAMA

  Ancistrolepis tnodestoideus (TAKEDA)

  A. ncistroepis sp.

  7>'omitzina faponiea ('lrAKEDA)

  IVeptitnea sp.

  Bttccimttn sp.

  MDIopophortts poronaiensis T ESHIMA

  Tudicula faponica TAKEDA
  IleiLgoraria rRyephaeal antiqttior (TAKEDA)

  Eocylichna multistriata ([l]AKEDA)

  Olivella sp.

  A tttria yokoyamai N AGAO

  C?Tlliaiiassa inuratai NAGAO

  Portunites hexagonalis NAGAO

  dyas 2 sp.

  Linthia sp.

  Salenia sp.

  Platycyathtts sp.

  F7abellutn sp.

  Ophiuroidea sp.

  Graphularia .? sasaiYABE

  Byachiopoda, gen. et. sp. indet.

  Vertebral column of shark

  fish scaEe

  Sponge

HOKKAIDO 231

Table 2 Characteristic molluscs of the Poronai group

         (After A. MIzuNo, l964)

GASTROPODA
    Orectospira wadana (YOKOYAMA)
    7letrritella "poronaiensis TAKEDA"

    Rtigoraria antiguior (TAKEDA)

    Eoc],lichiia inttltistiata (TAKEDA)
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SCAPHOPODA
    Siphonodentaliutn sp.

    Deiitalium nunomae TAKEDA

PEI.ECYPODA
    Neilonella poronaica (YOKOYAMA)

     Yoldia saitoi UOZUMI

     Y. cfr.akanensis UOzUMI

     }', sobrina [lrAKEDA

     Y. nagaoi (TAKEDA)
    Portlandia watasei (KANEHARA)

    Aiucttta hokkaidoensis MIZUNO et I NOUE

    Acila pictitrata (YOKOYAMA)

    O'enella nagahamai M IZUNO

    lsog7iomon mtun.yamai (YOKOYAMA)

    Liina l--suzukii TAKEDA

    Plallioium ikushunbetsuensis UTASHIRO

    Ctenamusium kushiroeiise (TAKEDA)

     Venericardia yoko.yamai OYAMA et MIZUNO

     V, akagii KAN EHARA
     V, tokudaiTAKEDA
     Z satisparva MIZUNO et lNoUE
    a'assatellites teshimai INOUE et MIZUNO

    711iyasira bisecta CONRAD

    AJemocaidittm yokoyatnai TAKEDA

    Hubertschenckia ezoensis (YOI<OYAMA)

    7Ttlacoma poronaiensis INOUE et MIZUNO

    Merisca onishii INOUE et MIZUNO

    Periploma besshoense (YOI<OYAMA)

    A ezoense MIZUNO etlNOUE

Table 3 SubdivisioR of the Poronai formation based on molluscaR fossils

        (Complied by Y. SAsAet al, 1964)

In descending order

l

H
G
F

E

D.

C

B

A

Zone:

Zone:

Zone:

Zone:

Zone:

Zone:

Zone:

Zone:

Zone:

Yenericardia spp. - Neilonella poronaica-Linthia sp. Zone

thUiaiiassa mttratai - a'assateilites teshimai-Linthia sp. Zone

Nemocardittm .yokoj,amai Zone

Lima i-suzuki Zone

Merisca onishii Zone

Portlandia watasei Zone

thlliaiiassa tnttratai Zone

Yenericardia spp. - Areilonella poroiraica Zone

Adfacoina poronaiensis - }'oldia sobrina Zone
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Table 4 Foraminifera fossils from the Poronai formation

(After K. AsANo,Complied by T. SHIMoKAwARA, 1963)

233

Bathysiphon eocenicus CUSHMAN et HANN'A

jdeplophragmoides spp.

Cyctammina ezoensis AsANO

CI incisa (STACHE)
C paci.fica (B ECK)
Ainmodiscus sp.

Atnmobacttlites akabiiuensis ASANO

T}'ochatmnina asagaiensis ASANO

71 cf. paciLfi'ca CUSHMAN

Z spp.
Dorotitia sp,

Aibdosaria sp.

Euttulina cff. irregularis (d' OBRIGNY)

Globulina minttta (ROEMER)

SigmoideUa pltttnjnerae C US}IMAN et O ZAWA

Atectofrondicularia packardi CUSHMAN et SCHENCK

P, packaizli multilimeata CUSHMAN etSIMONSON
R gracilis SMITH
Bulinzina ezoensis YOKOYAMA

B. schwageri YOKOYAMA
B. spp.
Gyroidina cf. soldanii d'OBRIGNY

C?7ssidttlina globosa HANTKEN

Ct tnai gureta KARRER
PIaiiulina poronaiensis ASANO

crbicides yabei ASANO

Aiigtil(rgerina n. sp.

Anomalina n. sp.

Elphidium yumotoense AsANO

7Vonion potnpilioides Shmokinense ASANO

NI soiuehiense AsANO
I'tectina poronaiensis ASANO

(lornuspiroides oinomikadoi HANZAWA et ASANO

euinquetoculina sp,

  In addition to the above described species, UcHIO (i963) and
UJIIE et al (1960) recognized the following specie"s shown in Table 4'

and 4".

     'Table 4

a,clammina cf, ezoensis AsANO

AIveoiophragmium (?) sp,
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Ammobaculites sp.

kivolutina sp.

Goeselia sp.

7>'ijIirina sp.

Bolivina sp.

Sigmomorphina (`?) sp.

Guttulina sp.

Robulus sp.

Entosolenia sp.

S. SATO

A'otelphldiuin tZiVonion soiuchiense V sp.

euinqtteloculina goodspeedi HANNA et HANNA

6tobobulimina ezoensis YOKOYAMA

Table 4" (After UJIIE &k,WATANABE)

Rhabdatmnina sp.

Reophax sp.

Ammodiscus incertus (d'OBRIGNY)

Hbplophragmoides cf. etnaciata (B RADY)

OibrostoJnoides c£ cretacea CUSHMAN et GOUDKO FF
AIveolophrtrgmiitm ? sp.

Oclatmnina orbicularis B RADY

C c£ tanilSHIZAKI
Ammobacitlites af£ diftittitus CUSHMAN et B RONNIMANN

A. aff. Jnaui'icensis HOWE

A. spp.
ElabeUammina poronaiensis UJIIE et WATANABE

Spiroplectaminina sp.

71extttlaria sp.

7>'ochammina sp,tnmetrica UJIIE et WATANABE

.4mtnocibicides hashimotoi UJIIE et WATANABE

Vdlvulina aff. chaptnani CUSHMAN

Jiertietiilinidae .7 gen. indet,

Sigmoilinopsis sp.

Lagena cf. Iaevis (MONTAGU)

L. af£ costata (WILLIAMSON)
L. spp.
Oolina hexagona (WILLIAMSON)

Eissurina ? sp.

Cuttulina cf. austriaca d'O RBIGNY

G rSigmoidina] aff. pacij}ca CUSHMAN et OZAWA
GIobulina sp,

6iandttlina laevigata ovata CUSHMAN et APPLIN

PIectof}Jondicuiai'ia spp.

Bttliminella robertsi HOWE et ELLIS

Btdimina sculptilis CUS}IMAN
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B. yabei ASANO et MVRATA
61obobulimina sp.

Virgulina cf. dibollensis CUSHMAN et APPLIN

Bolisina ettplecteUa YOKOYAMA

B. sp.
Ckessidulina aff. margareta KARRER

Nonion ponipilioides (F ICHTEL et MOLL)

N. cf. tlosctt larium (YOKOYAMA)

N. sp.
N. ? spp.
IVonionella iaponica (YOKOYAMA)

Pullenia salisbiop,i K.C. et R.E. STEWART

Discorbis sp.

Gyroidinoides yokoyamai UJIIE et WATANABE

VolvuliHeria lymani (YOKOYAMA)

V. cf. globosa (KLEINPELL)
Cibicides sp.

61obigerina cf. Iinaperta F INLAY

GIoborotaloides suteri BOLLI

I'inus sp., ,Picea sp., Carya sp., llagus sp., Laurophyllum sp.,Acer (Samara) sp.,

Engelhardtia koreanica OisHi, Macclintockia trinervis HEER. Based on the

occL}rrence of IIJngelhardtia and Cunninghamia, SHiMoKAwARA (l963) and

SAsA, [l]ANAKA & HATA (l964) once inferred the climate ofthe Poronai stage

to have been as warm as the Ishikari stage, Eocene - Oligocene in age.

   Fossil pollen and spores and microplanktons are now richly found
throughout the entire fornaation.* According to the author's result, the pollen

assemblage (Fig. 5i-t) is always observed to be largely composed of
rlraxodiaceae aild Pinaceae*;k. Besides those components above mentioned,

71sttga, Alnus, Pterocarya, Betulaceae excepting Alntts, and Ulmaceae also

nearly always found, though they do not exceed more than several per cent of

the total grains. Existence of warm elements such' as Liqttidambar and

Engelhardtia may be noteworthy, although they are far scarce in total

composition. From this pollen assemblage, the climatic condition at that time

is not inferred to have been as warm as inferred from the macro-plant fossils.

   In suminarizing the view on the climatic condition of the Poronai stage, the

evidence of mollusca may be formt}lated as warmer czlements <cooler elemeiits

* The localities sampled by the author from this fonnation will be sliown in tlie Fig. 5i-t. His

 sampling covered nearly every horizon of this formation from basal part to the top, but

 the disctission on the result of palyno}ogical study of the present paper is chiefly

 concerned on the samples collected from the upper part of the Poronai formation.

** In tlie present paper, Pinaceae meaiis bi-saccate grain like l'inus, Picea and Abies.



as a whole, foraminiferal assemblage is believed to show rather colder

environment on the continental shelf or slope, wkile the information on
macro-plant fossils stiggests us as warmer elements> cooler elements. According

to the author's result, however, dominant forms of polleR and spores of this

formation are Taxodiaceae and Pinaceae, with definitely less amount (several

per cent) of other teniperate forins including warn3er eleinents of less thaR 2 or

3 per cent. The climate of those days may be accordingly coiiclucled to be

temperate as a whole, although it might be a little warmer than the sea of

present day. Compared to the fiora and fauna of the Ishakari serjes chiefly
consisting in macro plairits, moiluscs and foraiininiferas, afld pollen assemblage

of the Poronai formation, the Poronai age may be eventually concluded to have

been cooler than the Ishikari tiine, and also cooler than the Takinoue-Haboro

stage (Middle Miocene) as wM be later stated in detail. It has been generally

believed that the climatic condition of the Ishakari stage was warmer or

subtropical and that o,f tlie Takinoue-Haboro stage was warm to temperate.

   As mentioned above, the evidences on the molluscan and foraminiferal

fossils of the Poranai formatjon are not inconsistent with that on the pollen

assemblage of the formation in respect to the thermal condition of the Poronai

age. The evidence on the macro-plant fossils and the author's pollen asseinblage

seems not to be tonsistent with each other in climatic condition. We should
                                                                ,however, take the following fact into consideration to presume the paleo-

climate in this case: that major plants under the warmer climate have thick

leaves which might be probably more adequate to have been remained as drift

fossils in clastic secliments, than those plants under the cooler temperate

climate which commonly have thin leaves. Consequently the more numerous

warm elements of plants might be brought forth as fossil remains than the

cooler forms in such sediments as the Poroi]ai formation. Eventually the pollen

assemblage shows that the climatic･condition at that time was not very warm,

and this is rather well consistent with the general view on the paleocliirtate

basecl on macro-plant fossils (ff[uzioKA & TANAi, l966) distributed in various

regions of Japan. According to HuzioKA and TANAi (1966), it became cooler

firom the dawn of the Oligocene towards the end of this stage, in comparison

with the Eocene in Japan.

   Momiiiyama formation

   The formation is composed of greenish tuffaceous, arenaceous rocks

intercalated with several seams ofvolcanic rocks and siltstone in the lower part

and dark gray hard siltstone in the upper part at its type }ocality*. About 400

' Except for the type locality of this formation, very diverse view has been held amoiig our

 geological circle in Hokkaido, kow to settle tlte stratigraphicai liorizon of the formation

 having been assigned into the Momijiyama formation. Namely, there is a few localjties,

 where the so-called Momijiyama formation kas been regarded as to be belonging to the

 Takinoue formation.
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m kn total thickness. The forirtation is also fairly rlch in marine molluscan

fossils ca.lled' the Momijiyama fauna.

      MolluscaR fossils: Although many paleontologists and geologists have

studied the molluscan fossils of this formation, they paid unfortunately little

attention to the ecological conditlon that the fossils indicate. Discussion has

beeB made by them chiefly on the problem of the stratigraphica} correlation on

this formation. Whether this formation may be correlatable to the lowest

Miocene or late Paleogene, is not sett}ed yet. In respect to this fauna, KANNo

& OG K'''A (1964) were in opinion that "the Momijiyama fatma is characterized

by having some species of the Poronai fauna and its own characteristics, though

a few lower Miocene species are included". Prior to this, HAyAsAi<A &

UozuMi (l954) held a same view. Meanwhi}e, OHARA (1966) stated that tlie

Momljiyama fauna is indistinguishable from the Poronai fauna in composition

of species, althougli it niay be possibly distinct from the Takinoue fauna to be

later stateCl. Eventually ecological condition of this fauna has been little

discussed in the foriner stuclies. The species froiin this formation may be listed

up in Table 5.

   Foraminifera fossils: They are very rare: only Plectofrondicularia packardi

were reported by AsANo (l9S2) and existence of Hdplophragmoides (?) spp.,

( tyclammina sp. and Plectofrondicularia dicularia aff. gracilis were recorded by

UcHio (l962). Ecological condition of them has been however unknown,
although AsANo (1954) was of opinion, existeRce ofPlectof>'ondicztralia to be

an evident proof, that it was rather deep but more southern sea water, probably

a little warnier in condition tliLan it has been currently held a view by most

other paleontologists for both the Poronai ancl Momljiyama sea.

   No macroplant fossil is reported.

   Abundant fossil po}len. spores and inici'oplanktons are found in argillaceous

sediments of this formation. The samp}ing localities and horizons for the

present note may be shown on the figs, 4, 4-d, 4-e, 5-q, 5-r, 5-t. The

pollen assemblage is almost as siinilar as that of the Poronai formation in

composition; viz. it is mainly composed of Taxodiaceae and Pinaceae. However,

the former is definitely distinguishable from the latter by the complete absence

of warm elements such as Liquidambar, Engelhardtia, Rhus, etc. and by the

more nuinerous occurrence of 7Ulsuga in the Momijiyama formation. From this

compositioi/i of the pollen assemblage, the climate at that time is presuiined by

the present author to have become cooler than that of the Poronai age.

Another characteristic feature of the assemblage lies in the extremely abundant

occurrence ofMicrhystridittm, a geuns of microplankton, although similar rich

occi.irrence of tlite same forna is also found in the L}ppermost part of the Poronai

formation, immediately below the Momijiyama formation.
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Table S Molluscan fossils of the Momijiyama formation

(After S. KANNo et H. O GAwA, 1964)

Acila elongata NAGAo et HUZIOKA

.4. brevisNAGAOetHUZIoKA
A, pictulata(YOI<OYAMA)

A. sp.
Yoldia laudabillis YOKOYAMA

Y. biremis NAGAO etHUZIOKA
Y, sobrina TAKEDA
Y. sp.
Portlandia ovata (TAKEI)A)

R ;vatasei (KANEHARA)
thnehocele disy'tincta GABB

Venericardia hobetstiensis HAYASAKA et UOZUMI

Z harukii OYAMA et MIZUNO
Mbcoma cf. sojugata (YOI<OYAMA)

Periploma besshoense (YOI<OYAMA)

R iesakai OYAMA et MIZUNO
DentaliuJn sp.

71irritella poronaiensis TAI<EDA

Orectospira vvadana (YOKOYAMA)

Ampttllina cf. asagaiensis MAKIYAMA

AJeptunea hobetsuensis MATSUI

7}'ominina onnaica (Y OI<OYAMA)

71 hokkaidoensis (H AYASA KA et UOZUMI)
T. uinbellijbrmis (HAYASAKA et UOZUMI)

   Now, the stratigraphical correlation of the Momijiyama formation will be

discussed below. Accorcling to the result of the pollen analysis, the simi}arity

between the Ollgocene Poronai formation and this formation is evident.

Especially, Micrhystridium is very abundantly found only in the upper part of

the Poronai formation and the Momijiyama formation as above stated, but

never fouild out ha the Miocene deposits of Hokkaido so far as the writer is

concerned. rl'he author is accordingly now inclining to accept the O}igocene age

of tlae Momijiyama formatjon, as most of Paleontologists latefy held a same

view, based on either molluscs or foi'aminifera.

   Magaribttchifbrination

   T}ie formation is composed of tuffaceous sandstone and mudstone
sometmies mtercalated by conglomerate and tufL 60 - l5 m in total thickness.
Fossils are rather poorly known. Only the following foraminifera fossils are

reported by TsucHiDA (l957-'58): Haplophragnioides sp., C)7elaminina incisa

and Cyclammina faponica; on mollt}scan fossils we have only two published

reports, in which the following species are listed: Acila (A.? sp., Acila (A.?
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vigilia var. brevis, Aeila (T? sp., Yoldia sp., Clamys sp., Clinocardium

calilforniense, Venericardia (a2clocardia) abeshinaiensis, V. (Megacardita7

ferruginosa, Lttcinoma sp., Macoma (s.s.) optiva, M. (s.s.) tokyoensis, M. (s.s.)

n. sip., Periploma besshoensis, Ancistrolepis sp., Turritella sp., Trochocerithium

wadanum, Dematium sp. from the Sbya area (OsANAi et al, l959), and

Portlandia sp., Venericardia sp., Orectospira wadana, Dentalium sp., Macoma

sp., Yoldia sp., Periploma sp. from the type locality of tliis formation

(NEMoTo & YAMAyA, l966). No comment of the ecological condition
inferred from the fauna is however given. The formation has been long

considered to be Neogene (Early Miocene) in age. Recently the fossils

indicating Paleogene (late Oligocene) were however disclosed from this

formation (unpublished data of Japan Petroieum Deveiopiinent Corporation).

Also, Hokkaido Mining Advancement Committee (l968) published the
correlation chart of the Tertiary in Hokkaido in which this formation was

correlated to the Momijiyama formation (late Oli.g.ocene).

   The polien assemblage of the Magaribuchi formation (Fig. 5-a,b,c) is very

simi}ar to that of the Momijiyama formation either in the general composition

of forms or rich occurrence ofMicrhystridium. It must be l'iowever mentioned

that Micrhystridittm is decidedly fewer in the -forination developed at the type

locality than in the other (S6ya) area. it may be an open q estion whether st}ch

difference is due to the different stra`Ljgraphic horizon or different depositional

ellvirollmellt at tllat time.

   Since there is no available data on ecological condition of the fauna and

flora of this formation, paleoecological condition inferred by the pollen

assemblage can not be checked by other paleontological data.

   I7aboro and S6ya coal-bearing formation

   It has already repoi'ted in detail by the author (1963) that the macro-plant

fossil floras of these formations are well consistent with the pollen flora in

general composition: the Haboro formation is represented by the Daijima--type

flora indicating warm temperate climate and the latter the Aniai--type fiora

indicating cool temperate climate.

   The pollen assemblage of the Haboro coal-bearing formation, which will be

called the Haboro poHen assemblage, is composed of Picea, Pinus, Abies,

Keteleeria? , Podocarpus, 7-lsuga, Metaseqttoia, Glyprostrobus, 7-kexodium, other

Taxodiaceae, Salix, Jttglans, ]Pterocar.va, Carya, Engelhardtia, Alntts, Betula,

Clarpinus, Corylus, Rigus, etterctts, dastanea, Ulmus, Zelkoya, Morus, Myrica,

Nymphaeaceae, Magnoliaceae, Cimiamomum2, Alangium, Ericaceae, Sapota-

ceae, Lonicera, 7)7pha, Oleaceae, Violaceae, Symplocos.2 and other several

incleterminable pollen and many sort of spores. As is generally the case of the

Daijima-type pollen flora the main components of the assenablage of this



formation are Taxodiaceae anci euerctts, but the Haboro pollen flora is

definitely distinct from otlier assemblages of the Miocene sediments in

Hokkaido by tlie following two characteristic features: (1) the rjchness of kinds

of pollen and spores and (2) the existence of the warm elements such as

Liqttidambar, IVyssa, Sapotaceae, Symplocos2 , Engelhardtia, etc. On the other

hand, the pollen assemblage of the S6ya coal-bearlng formation is characterized

by the lesser forms in composition: the main components are Taxodiaceae and

Betulaceae (especially, AIJ7us). The assemblage is very similar in coirtposition to

those of the Onisliribetsu and Chikubetst} formations to be later described in

this paper.

   Sankebetsu formation

   The formation is about 800 m in maxii/num thickness and is composed of

sandstone in the lower part ancl of the alternation of sandstone and mL}dstone

in the upper part. Molluscan fossils are richly found in the sandstone mei/nber

of the lower part.

   Molluscan fossils: UozuMi (l961) ancl KANNo & MATsuNo (l960)
published on the ixtolluscan fauna of this formation, the list oftliLe fossils iinay

be shown in Table 6. According to UozuMi, molluscs of this formation were

considered to have been inhabitants of the cold water in general, although the

fauna was more or less different in specific compositioii between the lower and

upper part of this formation. He concluded the difference in specific

composition obseiTved between the lower and upper part to have been probably

resulted from the difference of depth of water, where the molluscs inhabited.

Thus, UozuMi grouped all tl}e molluscan fossils ofboth lower and upper part

of the Sankebetsu formation into as a single fauna. Further, he grouped the

fauna of tliie Sankebetsu formation and that of the Chikubetsu f'ormation

aatogether into a sing}e fauna called the Sankebetsu-Chikubetsu fauna, the

latter of which is however stratigraphically distinct froin the foriner, viz. the

Chikubetsu formation .Clefinitely lies on the Sankebetsu formation. He stated,

however, the Sankebetsu-Chikubetsu fauna indicates a cool water environ-

ment. On the other hand, KANNo & MATsuNo (1960) held aview that the

Sankebetsu fauna may have lived Lmder rather warm to temperate
thermal condition and that the fauna shotild be distinguished from tlie

Chikubetsu fauna, representative of the temperate to subboreal thermal

condition. They further placed a stress especially on an occurrence of

Lithophaga and Dosinia in the Sankebetsu formation which are rather
characteri:･tic eleinents in the subtropical to tenaperate zone.

   Foraminifera fossils: Foraminifera fossi}s of this formation are not knowii

in detail; only two papers may be referable: TsucHmA (1957-'58) and

MATsuNo & KiNo (l960). TsucmDA reported that the foramjniferas occur
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Table 6 Molluscan fossils from the Sankebetsu and the Chikubetsu formatioR

          (After S. KANNo and K. MATsuNo, l960)

                                Formation Sankebetsu

Ennucula haboroensi KANNO etMATSUNO n. sp................................... R

Acila (s.s.) Vigilia elongata N.&H..........,.....................................,.............H F

A.ciasp.--"-.".."".-..""v.--.".".""--,""".."--.-"..".""k.""."h.."."",." R

Yoldia (s.s.)biremis UOZUMI .................................,................................... A

Y. rs,'s.,i cf akanensis UOZUMI-.........................................................- F

Y. rCnesteriumj iiotabilis YOKOYAMA ................,.........................･-･･･

Portlandia (Portlandella) tokttnagai var. hayasakai UOZUMI ,......................

P. rPJ tokunagni Cit{OI<OYAMA).....................................,.............,

R llPJ cfl watasei (KANEHARA).,..................･･････････-i･L･--･･･････i･････-

P, sp.".-"".."."""HH"H"HH.H."HwHmv""".".H,-.H"",.-"-".o--.."".".".""

Nuculanasp............................................................,...............,.....................

Mlalletia c£ poronaica (YOKOYAMA)............................................,............

Anadarasp...........................................................................................･･･J+･.+･

totillls sp--l--l--------L-------------------t-----Ll-L-J---l---i--J---L----l----J+--J-----------------=t---t---

Lithophaga chikubetsttensis KANNO et MATSUNO, n. sp. ...............,.......,

L. AJomura 7VOMURA etHATAI..................,..................

Fortipecten?sp.......................................,..............."..................,................

Venericardia cf. abeshinaiensis OTUKA........................,....,..............,-i･･･i････

V. sp.1.H.H-""".-H-.""-."-"-""--.-.--"ov"-""",."H,".H,H,.

V. sp.2"..."""HHH.".H.H"H.m"".H..".H"".Hm".-"-H.-.--".".".
Lucinoina aff. hannibali (C LARK).................･･･J･･E･････････-+-･･･Li･･････-･･-･･････-･-･

Conchoceledisy'tmctaGABB............................･･････････････････････････････JL････････････

Nemocarditun.yokoyamaiTAKEDA..................･･･...････-･･･.-･･････+･････････････-････

Ptipyrideaharrimanni(DALI)......................................................................

Serripes groenlandica (B RUGUIERE).....................-...................,.."...........

S. fltiinensis(YOKOYAMA)..............,.....･...t....i.･s･･･････････････i･･-･L･･-･･･-･･

Dosinia yaniaguchie KNNO et MATSUNO, n. sp.................･･..･L･L･-･･J･･L･･･････

Mercenaria chitaniana (YOKOYAMA)........................････-･･･････s･････-･･･J･･J･･･-･･

M. yiizukai(KANAEHARA)..........････････････････････-････････L･･-･･-･･･････････

Spisula onneehittria (OTUKA).............................･･･････････････-･sp･･L･-i+i･iL･L････iti･

S, ? sp.""".,."."""H-""."",..""H."",."-""""..""-"""""-H"H""HH""H"H."

PlatyodonnipponicaUOZUMI,.................,.............................,....................

Peronidia t-matumotoi OTUI<A......................,............................................

imcotna optiva (YOKOYAMA).............,.................................,.,......,..........

M. cf. tokyoensis MAKIYAMAM. aoma

M.

M] calcarea (G melin) "".-....M".".,.""-L-･----･---･---･-･･-･----･･-･･-i--

M. sp."-.H"HHH"""..""H""H"H"."."",mH,H."H,.",HH..H.H"",.,.""".-"

l'eriplotnabesshoensis(YOKOYAMA),...........,.............,.............,.,.............

toa cune(tl)rtnis (BOHM)..."..""-"""".."H,,."".,"..,.,.,.."......."",,,,",",,"."

R

R
C

F

R
F

R

A

A
A

A

R?

R

R
F

F

R
A
C

R
F

F

R
F

F

Chikubetsu

Cl C2

F

F

F

R

R

A
R

A
c

A

A
F

F

R

R

A
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                                  Formation

    Species

M. cuneijbnnis (BOHM)var...,............................................................,-,...

M, truncata LINNE---."""""..."..----･-･-･-･･--･-･-･--･-------･------

]PallOMYa?SP................................................................................................

P7ioladidea kotakae K ANNO et MATSUNO , n. sp.........s.............･-J-･-･･･i･････

Crepidtilasp..........................................................･･････J･･･-･････････-････-････-･･･i･･iis

Polinices didymoides MANNO et MATSUNO , n. sp. ............................･.....

Ailatica rTectonaticaJ severa (GOULD)..................................................t,.....

Ar. rT,] ezoana KANNO et MATSUNO, n. sp.".".""H..."."---""-･--･

7}'ophonopsis flalix (YOKOYAMA) ............,..........+･･････.･････････-･Lii････････-･･････

Ancistrolepissp......................,.,...................................H.･-･i...-･･･････-･････････J･-

Melongena?sp.........................,...........,.......................................................

Buccinum cf. chishimanum PLISBRY .......................･....-･J.-････.+･････････････････

B. sp.-.""".".""-.""".m"".""."H-.--"""."""...-"."""".".-.H.H-
IVeptttneaoomuraiOTSUKA..................................................-...................

N. ? sp. "-""b"."."H"""--."""""""H"".m"""""."."HH.""-H.-""--".h".

Beringiussp..................................................................................................

Fulgoi'ariasp,.........................,................,.....................................................

Sankebetsu

Sl

R
R
R
C

F

R
R
R

F

C

R

･R

S2

Chikubetsu

Cl C2
R

R

R

A
R
F

R

R

R

R

R

only in the upper member of the Sankebetsu formation* and not in the lower

sandstone member in the Chikubetsu arga, the type locality of the formation

(Table 7). The fossils indicate deep and cold water. Further, he also stated on

the foraminiferal fossils from deposits developed in the Kyowa area, about 40

km north of the Chikubetsu area, which may be correlatable to the
Sankebetsu-Chikubetsu formation in the type locality (Table 8). The basal part

of the deposits is called the Kyowa saltdstone member and may be probably

correlatable to the Iower member of the Sankebetsu formation in the
Chikubetsu area. The foraminiferas found in this iinei'nber are remarkably

different from those in other members of this deposit. According to TsucHiDA,

the Kyowa sandstone member is characterized by shallow water species, while

the high liorizon by rather deep water forms.

   From the type locality for the Sankebetsu forination, MATsuNo & KiNo

(196e) listed up certain foraminiferal remains (Table 9).

   The sharp boundary in foraminiferal composition recognizecl by TsucHIDA

in the deposits developed in the Kyowa area being correlatable to the

Sankebetsu formation, may be of importance in stratigraphy, because similar

distinct difference in the composition of pollen assemblage is now newly

"Instead of the upper member of the Sankebetsu formation of the present author,
 TucHIDA applied the term, the middle alternati-on member of the Chikubetsu formation
 in those days, because the Sankebetsu formation was not yet stratigraphically separated

 from the Chikubetsu formation.
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Foramlnifera fossiis from the Chikubetsu and Sankebetsu

formations cropped out at the Chikubetsu river

                                                l
                                                1.tlmmodiscus incerttts d'ORB.......-........................"-.......H.,..,.......H.-･･････-

Bathrysiphon arenacea CUSHMAN......................".............................-........

CyclamminapttsillaBRADY...................................................."..L･i--･･+･.･･････

Cl pusilla BRADy? ............................................................"....... R

C orbicularis BRADY,.........･-･･････････-･-･･････-･i･･･J････-･･･+･･-･･･････････

GoesellaschenckiASANO(?).,...".............................................･････+--･･･-･･-･J･･

HtTplophiugmoides cf. emaciatttm (BRADY) .............,................................. R

H. adoventtin CUSHMAN?
imrtinbttiella cotninunis (d'ORB,) ........................................................･.-.. R

2

R
R

R

R

C

C

R
R
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1: Upper member of tlie Chikubetsu formation

2.: Upper member of the Sankebetsu formation

  (After S. TSUCHIDA, 1957)

 Table 8 Foraminiferas from the C}iikubetsu formation" of the Hannoki stream

and the Wakkawenbetsu river (bot}i in the Kyowa area). After S. Tsuchida (l957)

t

C),clanvnina faponica ASANO ,..-.....-............"...........................

Uvigerinasp...........................................L......................................

Atnmodiscus incertus d'ORBIGNY ...･J......･....･･-･････-･････-･i･iL･-･･--･-･･

Bulimina inarginata d'ORBIGNY ,................................................

Rotalia faponica ASANO ,...................................................".......

Clyclammina orbicularis BRADY ............................-･..･･･i･･.･･･-････

Hdplophragmoides subglobosum (SARs),....................................

Hl cf. evoluta NATLAND･･+J･･-t･･･････････････････L--･-････+･･････-･･････････-･--･

imrlinottiella conimunis d'ORBIGNY .........................................

Clyelamminasp.-.........................--......-........".-.......................

Hormosina globttl(fera BRADY ..･････i･･････････+･･････････････-･･-･-･･･i････-･･･

Sigmoilina schlumbergeri SILVERSTRI ......................................

Elphldium fox barbarense NICOL ............................".................

Sigmoilina sp. (cf. signzoidea BR.) ...............................................

Clyroidinasoldanid'ORBIGNY,.............･.....･.･･..････････････-･-･･･････････

Dentalina subsoluta (CUSHMAN),...............................................

Nodosalia obliqua (L.)............････････.J･-･･-･･････-･･･-････-･-･･････b････i-･･･････

euinqtteloculina seminula (L.)..............................................L.....+･

Reussellasp..........-.................･...........･････････････････-･i････････････････-･･

Robuhts lucidus (CUSHMAN) ...,.................................................

Uvigerina yabei ASANO ............---L･-･-i･･･+････････････････+･････････････････

l

R
F

F

F

R
R
R

2

R
F

R
R
F

3

C

R
F

C

R

R
R

R

4

F

5

C

E

R
C

R
R
R
R

l: Black mudstone correlated to the upppr member of the Chikubetsu formation.
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2: Sandstone & conglomerate correlated to the lower member of the Chikubetsu f.

3: Black mudstone corretated to the Upper member of the Sankebetsu £

4: Sandstone correlated to the lower member of the Sankebetsu f.

5: Kyowa sandstone correlated to the lower member of tlie Sankebetsu f.

*Chikubetsu formation he used is old one, which includes the Sankebetsu formation.

Table 9 Foraminifera fossiis from the Sankebetsu and Chikubetsu formation

        (After K. MATsuNo &Y. KiNo, l960)

     Species

Bathysiphoii sp.........,....."...,..,.....................m

Haplophragmoides sp...............･...･･･Li-･･･-･･････････

H. (?) sp.-.H"."."HH.."""HHH
q,clalnnliila sp.,.......,............･･..････････i+--･+････････

C (?) sp."."H".H""",."."..".-"."."-
Cuinquelocttlinasp.....,....................-..............

Sigmoilina sp. .............,..........,.........................

7Vonion pompilioides (FICHITEL et MOLL),.

A(. sp."."",".,..,"--"H"H"H.
N. (?) sp..............................

E]lphidium takinouense ASANO..........,.....,....-

  Occurrence

-l------------lii------------

ii#---l-------------+------i-

--iJ-----------l-i+---------l

---4-------l-1-iL----4-----l-

-it--------------l--s--+l----

-i--------l-J--J------------L

+-------ll---4--------l--l--4

----------l--4-----+---i---i-

J---------i-i----t-------l-L-

---l----i4-----------l-------

--t------l-J-------l--------i

l

F

R

R
R

R
R
F

Sb

2

R

?

A

Ch

F

F

R

Sb:

l
l
?
:

Sankebetsu formatioR

lower sandstone member

detailed horizon uncertain

Ch1

2:

Chil<ubetsu formation

upper alternation member

confirmed by the preseRt author between the lower sandstone member beiRg

correlatab}e to the Kyowa sandstone and the overlying members.

   Namely, the pollen assemblage of the Sankebetsu formation is divisible ii#o

two groups at its type locality: the lower part indicates wann-teiinperate

climate and the upper inclicates cool-temperate climate. The Iower part of this

formation is very similar in po}len composition to that ofHaboro coal-bearing

formation, underlying the Sankebetsti formation. The upper part of the

Sankebetsu formation is very similar to the Chjkubetsu formation overlying the

Sankebetsu formation. The lithologic boundary between two naembers is well

coincided with the sharp boundary obsei'ved in the pollen assemblage as is

definitely shown in Fig. 5e-g. This is one of the interesting fact found in the

present study. Although KANNo, MATsuNo, UozuMl and TsucHmA con-
cluded the change in molluscan and foramiBiferal assembiages betweeii tke

lower and the upper member of the Sanl<ebetsu formation to have been

brought forth by the change in depth of sea water, tke clifference might be
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L}nable to be interpretated by the change in depth of sea water since a

difference is found also in the pollen assemblage between the two members. It

would be more reasonable, the at}tlior coRviRces, to conclude as follows: the

thermal condition of the water was different within tlie Sanl<ebetsu stage: the

lower member was deposited under warm water and the upper was under cold

water; so, the faLma must have been also differeRt with each menlber. In spite

of the presence of two different faunas in the single formation, many

paleontologists unfortunately overlool<ed it up to date. Some one held a view,

the Sankebetsu fauna to have been under cold water and otliers, under warm

water. But it was actually different between the eariier anCl later stage of the

formation in ecological coikclition. In this regard, it wM be further stated in

detail in the present paper.

   Chikubetsu formation

   The formation is about 300m iii whole thickness, and is diyisible into two

members: the upper shale member and the lower sandstone member. The
marine mollt}scan fossils are abundant iia the lower member.

   Molluscan fossils: The Chikubetsu fauna is composed of species slaown in

Table 6. According to KANNo & MATsuNo (1960), the following specles are

especially dominant: Yoldia (Cnesterittm) notabilis, Anadara sp., Serripes

groenlandica, Mercenaria chitaniana, M. y-iizukai, Spisula onnechiuria,

Platydon nippo)'iica, Peronidia t-matsumotoi, Macoma optiva, Mya eunei-

formis, Pholadidea kotakae and Ndtica exoana. Of thein, KANNo & MATsuNo
listed up the followings as colCi water element: Yoldia (Cnesterium? notabilis,

Serripes groenlandica, Platydon, Peronidea and Mya and they concluded the

fauna iived under temperate to sub-boreal thermal conditions. UozuMl "

(l962) held a same view as the preceding paleontologists. He counted such

species as cold water element from the Chikubetsu formation: Acila,
Conchocele, Mactra, Spisttla, Mya, Papyridea, Clinocardiurn, Serripes, Bttc-

cinum, Neptunea and Flugoralia,

   Foraminifera fossils: There are oilly three published repoi'ts on t.he

foraminlferal fossil of tlie present formation: TsucHiDA (l957-'S8), MATsuNo

& KiNo (l960) and HATA & [['susHiMA (l960)(Table 10). TsucHIDA reported

that the foraminiferas in the formation shown ln Table 7-10 were far co}der
and deeper wate`i' inhabitants than these ifi the Takinoue formation to be

descrjbed below.

   The pollen assemblage of the present forination is composed of Tax-

odiaceae, Pinaceae, 71suga and Alntts; the composition is not distinguishable

*As was already stated, UozuMI dealt the fossils from botli the
 Chikiibetsu formation as a single fauna, Sankebetsu-Chikubetsu fauna.

Sankebetsu and
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 Table 1O Forminifera fossils from the Chikubetsu formation

(locality: upper stream of Rubeshube River, about l5 km north

           of the Chikubetsu coal mine)

       (After M. HATA & K. T USHIMA, 1969)

Cyclammina canceilata BRADY H................................................･･･i･･････..･-･･･････････････L････L･-･L C

C. iaponica ASANO".-"HH""H"."-.-"-".".H"".".""."H-.-"H"""HH.""".H..-H. C
EIggerella matsunoi n. sp....................................................................................................･･ A

Hbplophragmoides nishikizawaensis n. sp............................................................................ A

H. hatae n. sp."-"H"."-H".-"-"-"".H"m"".""-""-""H"""..."."H.H-.." C
Mdrtinottiella convnttnis (d'ORBIGNY)...............................,..........-..-........................ VA

Nodosariasp.....................................................................................,..................................R

Nonion pompilioides (F ICHTEL et MOLL) ...................................H................................. R

Rotalia cf. yubariensis SSANO ..........................,.................................,.............................. C

Spirosiginoilinella compressa MATSUNAGA...................................................................... A

from that of the upper member of the Sankebetsu fonnation. The cliinatic

conclition of the Chikubetsu stage was cool temperate like the late Sankebetsu

stage. Sometimes coal-bearing sediments develop in the basal part of the

present formation; they are called under the name of Tomamae coal-bearing

formation (Haboro area) or Shumarinai coal-bearing measure (Shumarinai

area). The pollen assemblages* of these carbonaceous matter are mainly

composed of Taxodiaceae, Alnus, Polypodiaceae, Pinaceae, Betulaceae, 7-lsuga;

the composition is similar to that of the S6ya coal-bearing formation (SATo,

1963).

   Of the present formation, there is no incosistency between the molluscan

and foraminiferal fossils and pollen fossils concerning therixtal condition

deduced from these fossils.

   Onishibetsu formation

   The formation is about l50 m in maximL}m thickness and is very siinilar in

fossil content (mollusca, foraminifera and pollen and spores) with the

Chikubetsu formation.

   lloI'omtti formation

   This name was given by OHARA (l966) to the deposits in the Asahi area

whiclit cover the Poronai formation witliL unconformity and contain a

characteristic molluscan fossils. It is composed of arenaceous rocks intercalated

by thick tuff in the lower part and argillaceous rocks in the L}pper part. The

maximum thickness of the formation is about 190 m.

* As the assemblage is of the non-marine sediments, it is not just the same in composition

 with those of the other parts (marine) of the Chil<ubetsu formation.
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   Molluscan fossils: Prior to OHARA,, FuJIE & UozuMi (l9S7) first noted

the existence of important molluscan fossils characterized by Mytilus tiehano-

vitchi etc. in this area and designated it as the Asahi fauna. Later on, OHARA

(l966) clerified that the fauna contains the Takinoue fauna in tlie upper part

of the deposits and the Asahi fauna should be revised in this concern. Namely,

the Tal<inoue elements must be excluded from it. From the revised Asaki

fauna, the following molluscan fosslls were reported by OHARA: Mjvtilus
tichanovitchi, Yoldia biremis, Adttla asahiensis, Felaniella usta, Spisula onne-

chiuria, Peronidia t-matsumotoi, Thracia asahiensis, Pholadidea kotakae,

Tectonatica ezoana (above mentioned species are predomiiiant in individuals),

Lucinoma akibai, Peronidia elongata, Siliqua elliptiea, Cnestrium notabilis,

Clinocardium sp., Macoma cf. tokyoensis, Mya (Arenomya? af£ grewingke etc.;
above all, Mytilus tichanovitchi js characteristic of the present fauna (KANNo

OHARA & KAiTEyA,, l968). The fauna was inferred to be inhabitants in co}d

water and to indicate the early Miocene in age (UozuMi, , 1962; OHARA, 1966;

KANNo, OHARA & KAiTEyA, l968). On the other hand, AsANo &IwAMoTo

(1957), MATsuNo, TANAI<A & MlzuNo (1964), SAsA, TANAKA & HATA
(1964), HoKKAiDo MiNiNG ADvANcEMENT CoMMiTTEE (1968) and others
did not accept the stratigraphical independence of the Asahi fauna froirt the

Takinoue fauna, although the Takinotie faLma is evidently indicating warm

water condition.

   Nothing on the foraminiferal fossils of the present formation has been

published yet.

   The pollen assemblage of the present formation (}Ioromui formation with

the Asahi molluscaii fauna) can not be distinguished froin that of the Takinoue

formation in geRerai coinposition as shown in Fig. 5j-m. Accordingly, the

author is now inclining to accept the Horomui formation to be included into

the Takinoue formation, although it may form a basal part of the latter.

   According to the author's view pollen assemblage of the so-called Horomui

formation show to be rather warmer condition as is indicated by'the molluscan

fatma of the rl]akinoue formation. In this regard, thermal condition of-the

horomui forination inferred from the pol}en assemblage is not consistent with

the conclusion based on the molluscan fossils given by the above-mentioned

authors.

. 7kekinoueformation (s. str.)

   The present forirtation is composed of arenaceous rocks in its lower part

and of black shale in its upper part in the type locality of th.e formation. The

maximum thickiless of the formation is about 4SO m. The formation contains

rich mariRe fossils. The formation sometimes contains carbonaceot}s matter

which occasionally develops as well as the Asahi coal-bearing formation



containing several workable coal seams.

   Molluscan and foraminiferal fossils: The molluscan fossils, called the

Takifioue fauna, are composed of species as shown in Table 1 l and l2. All the

authors agree that this fauna indicates warin sea water enviromnent. Froin

foraminiferal fossils, listed in Table 13 and l4, sea water of that age is also

inferred to have been warm.

   The pollen assernblage in the present formation is very similar to those in

the Haboro and the lower Sankebetsu formation indicating a warm temperate

climate (cf. Fig, Sj-t). Taxodiaceae is predominant in individual; euercus and

Alnus are rather coiininonly found. [Erhe characteristic features of the

assemblage are: (l) rich kind of pollen and spores aRd (2) existence of elements

of wari/n climate such as Liquidambar, Engelhardtia, AXyssa, etc., though they

are not iiuinerous in indiviclual. The pollen assemblage in the carbonaceous

matter is very similar in composition to that of the Haboro coal-bearing

formation (SATo, 1963), besides in marine facies.

   To the therinal condition of the Takinoue stage, the irkollusca, foraminifera

and pollen assemblage conseqL}ently reached the same conclusion.

   Kb tanbetsu and Masuporo formations

   The formations consist of alternation of mudstone, sandstone and
conglomerate containing huge boulders; black mudstone facies is prevalent in

some areas. The formations are changeable in lithologic facies, and various

abnormal sedimentary features such as either slumping, intraformational

folding, Nagelfiush type of blocl< or poor sortecl conglomerate with muddy

matrix are found in the formations. Molluscs are rare, but foraminifera are

rather common in the formations. The Kotanbetsu formation is over 3000m

and the Masuporo formation is 2000m in maximuin thickness.

   Molluscan fossils: UozuMi (1962) reported the molluscan species shown in

Table 15 frorn the formations. He proposed the Kawabata fauna to the
molluscan fossils of this stage; the fauna includes the species shown in Table lS

and tl'iose of the Kawabata formation which is distributed in central southern

part of Hol<kaido and is correlated to the Masuporo and Klotanbetsu
formations. He stated that the fauna is distinguishable from those of the

precedliig stage, the Takinoue and Chikubetsu fat}nas, altliough he did not state

in details on the paleoecological condition of the fauna.

   Foraminifera fossils: Except for a summary iiote by [lrsucHiDA (l9S7-'58,)

no information is available at present on foraminifera. He reported, however,

many species from the preseAt formations as is shown in Table l6, among

which Cb?clammina, Martinottiella ancl Haplophragmoides are especially richly

found. He inferred the fauna to indicate deep and cold water condition.

   The pollen assemblages of the present formations are very similar in
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Table 1 1 Mo}luscan fossils from the Takinoue formation

        (Momijuyama - Tal<inoue area)
     (After S. K ANNo & H.OGAwA, 1964)

Acila Sl)----i------i-------i--------i----i----i---ii+L----LiiiL---L---i---------------+-#----i-----i--Ji----i--iL-+-ii

Portlandia of. tokunagai (YOKOYAMA)..........................................................

Itfulletia inermis (YOI<OYAMA)..........................-..........-･･-i･--+L･･･L･-i･･････-･i････-

Sarepta shimokawarae KANNO et OGAWA...............................+･L････-･･････････J････

totiltts sp.""H""H"HH".""H.H"."""HH--."-"--..H-."...H-.-.".H."H"H"..""H.""H"..

Svvtftopectensvvijleii(BERNADI).................."..........................,.......................

Patinopecten kobiyamai KAMADA ...............................･.....･.･･.･････････････････i･･････

Ostrea gravitesta YOKOYAMA...............................m.......................................

Venericardia sp. 1 ...................................,..........................................................

V. sp.2...----..-"""."-""".""-"-"""m-"".".------".,"."".
Akebiconcha chitanii (KNEHARA),.........,................･i･･･････････････････････････-･･････i･･

Felaniella usta (GOULD)........................･････-･･-･･-･･J････-･-･-･L･･･････L･････-･････--････-･･･i･

Clinocardium mutuense (NOMURA et HATAI)..................L･･-J･･･････-････････-J･････i

Laevicardiumdecoratum(GREWINGK)...................･J-t.i-･････i･･･i･i･･･i･････--･･･-･････

Siratoria siratoriensis (OTUKA)......................................,....................,.......,....

Dosinia chikuzenensis NAGAO .........................................................,...,........J･-

ClyclinaiaponicaKAMADA..................................................................,...........

Clementiasp..............."................................................H......"...........................

Spisula aff. sachalinensis (SCHRENCK)............................................................

S, cf. undil(fl?ra (WEAVER)........................･.･･--･L･-･i･･T･･i･･･････J･･-･････L･L････i･･･L

Mkecoma incongrua (v. MARTENS).......................................,..................i････J･-

fit[ cf.asagaiensisMAKIYAMA.....................................................･･...･.･....

M] calearea(GMELIN)......................................i･･-･-･i･････i･････L････-J･･･ii････････i

ML izurensis(YOKOYAMA).....,.................................,....................,........

M, cf. praetex ta (v. MARTENS) H"."-""h."""HH"･-----･--･----------

Solen sp. .."H.-H","..""-H-.".-""---"""".""""--"-"..---"-.-""H.-..".--"

jTdya cuneiformis (BOHM)..................................................".............................

M. gre}vingkikushiroensis NAGAO etINOUE ....................................,..........

smallpelecypods"".."."""".""H"H-"."."."""."-"".m-"h"".-"".-".".-"-""..

Dentaliumsp...............................................................･i･i･･i･････-L･i････････-････i+････････

Turbo?spH"."."."."HH"H"HH".".",H.".".H""."""H..H""."H"H""H""".HH"H".H

Turritella s-hataii NOMURA ...............................................................,.............

T. SP----------J------ltL--i---J-l-JE---li-l--li#E---l----+---l--------------------+--t--4----t-----------+-

BatillariayamanariiMAKIYAMA..............,...............･･-･-L･････････････････-･････････L････

YicaryeUa teshimae KANNO et OGAWA a-････-･･L･････-･-L･+L････J･･･+･･--･･Ji･i････-･･-････-･･

p,r. sp......""...."".."""..""."-"..".""".""..""..m.H",.H""-"..-""".".""･
                                           }...Ckel.yptraea sp. ,.....................................,.................................................,.,.........

Crepidtda cf. iimboana YOI<OYAMA ..................................,...,.....,....･.............

?VittiCa SP.-.J.-------..-..----l-+.+---i.-..-J.-.-.-...E...L....-L..--i.--....-......--..L.......................L....

Tectonatica meisensis (MAKIYAMA)......+t････-ii････････-･･iL-･i･･･････i･･･････-････-･--･･･････i

1

X
X
X
*

X
*

X
*

X
*

X
X
*

*

X

X
*

X

*

X
x
X
X
*

X

X
*

X

2

X
*

X
x

X
X
*

*

x

x
X

x
X

X

X

X

2tl,9
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PolinicescoticazaeMAKIYAMA..............･......･i--..･･････ii･i-･･････-･･････Li････････i･･-･･･+

Coralliophila cf. costttlaria (L AMARCK)..........................................................

Ancistrolepis cf. peulepis (KANEHARA)..........................................................

A. sp..."""H.-,.-H""H""-""."..."""H"-"-...."""H--""..H""-"""H..
Ftitgoraria striata (YOKOYAMA).....................･....･..･･･..･-･･-･･･L･･-･J･･････････i･････････J

"dallianassa''sp.......,................................................................･･.L･-･･.･･+･････i･･･････

X
e

X
X

X
X
X
X

1: lower part of the formation (sandy facies)

2: upper part of the formation (muddy facies)

*: showlng the abundant occurrence compared with the other molluscs

Table 12 Molluscan fossils from the Takinoue formation

          (After S. UozuMI, 1962)

                                      Occurrence
    Species

Acila gottschei (BOHM).......-.........L..･.･････-･･･････････+･･････-･････+･･････-･･････-･･････････-･･

A. divaricata (KlND)...........................-･･..･････-･････+･･･-i-･-･････-･･･t･････t････････････････

Mieulana kongiensis KAN . et MAT .................................................-...............

Yoldia notabilis YPKH.......,........................i..bi..･･-･.････････-････････････i････････････i･･･-･･･

Y. uranoi UOz.
PortlandiahayasakaiUOZ......-.................,..................-...........................･-..･-･

PL thraciacpt}rims(ST.).................................................................

R watasei(KAN.)......-.............,..........".............................-........

flnadaiu abdita MAKJ........-i･･.･･････････････J･･L･･･････-･･･-･･-J･･･････････････-･･････････････････-････

A. Qgaivai(MAK.).-"."....-".""-."..m.-"..."""-･･----･-----･-･-･--

A. ninohensisOT.)..........................................,....................................

Glycimeris derelicata (YOK.)................-.........................................................

G. vestioldes NoM.
Rt'opeamussiittn tateiwai MAI<.

Ilatinopecten kimurai (YOK.) ...........................................................................

P, kobiyamai(KAN.>................................-･.･..･+･･L-･-･････････････+････-･････+

Litna cf. smithi DALL

Ostrea gl"avitesta (YOK.)..................................................................･L････..･･.t･･･.･

Venericat'diaaktrgiiKAN.............･..･･.-･････････････+･･･-･･･････-･･･-････････L･･････････-･････････-･-･

VL niniuensis UOz
Eelaniella usta (GOULD)................,................･.-･...･････.-･･･-････i･-･･･････････････････-････

IVlemocaiziiumyokoyatnaiTak...............................,...,...,..................................

7>'achycardiuin siobarense (YOK.).................................:................･･･････････-･･-･･･

Clinocaidium shiiijiense (YOK.)................................................-････i･･････････････････

Pitar oka(lana (YOK.) ................................................................,.............,........
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1: Hidaka district (south of the Momijiyama area)

2: Ytibari -- Momijiyaina area

Table 13 Foraminifera fossils from the Takinoue formation

  (After Y. S AsA, K. TANAKA &M, HATA, l964)

Rhabdaintnina sp.

Bath.ysiphon sp.

Involu ta sp.

Haplophragmoides cf. emaciatttin (Brady )
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                  Table 13 Foramlnit'era t'ossils from the Takinoue formation

                     (After Y. S AsA, K. TANAKA & M. I-i ATA, l964)

                        Rhabclaminina sp,

                       Bathysipho]i sp.

                       Jm･'oltita sp,

                       Haplophraginoicles cf. einaciatuin (Brady )

                       H, ctl evoltda NATLANI)
                       H. hatae n. sp,
                      * H.aplophj'agtnodes nishikizawaensis n, sp.

                       H. renziAsANo
                       H. cf. subg]obosum (SAR.)
                       H. cf. truUissatum (BRAD¥)
                       H.                                    sp,
                       Cyclaininiiia canceUata B RAD¥

                       C faponica ASANO
                       e orb icularis BRADY
                       c pusilla BRADY
                       C sp.
                       Iierneuilina robtista n. sp.

                       h'ggerUa fnatsuiroi n. sp.

                       Dorothia sp,
                     ' imrtinottieUa commttnis (d' ORBIGNY)

                     * SPirosigmoilinella compressa MATSUNAGA

                       7)'ochammiiia sp.

                       Ltzgena spp.

                      Aibnion pompilioides (F ICHTEL & MOLL)

                      Eponides ,frigidus (C USHMAN)

                       Giobigerina spp.

                         * rather commonly found
  The fossils ot' this list are fotmd enly from a few localjty. Accordingly, it may be impossible to

conclude that the list shows the general tendincy of the I"ormation.

Tabie ]4 Foraminifera fossils from the Ta

    (After S. TsucHIDA , l957)

7'k7chnitelia sp.

Haplophivgmoldes renzi ASANO

Ainmoinaiginulina sp,

Dorothia sp.

9uinqtieloculina sp.

Alo11ioll sp.

N. nicobarense CUSHMAN
AiL pupoides (F ICHTEL &MOLL)
Nl subtugidium (C USHMAN) ?
Astroiioiiion hamadaense ASANO

IVbnioneila sp.

kinoue formation

tttttt
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Elphidiitm sp.

ff. hugh esi .tbran? inosutn CUSHMAN

Ozawaia sp.

Buliniina sp.

B. eiongata d'ORBIGNY
Entosolenia takaoi ASANO

Eponides nipponicus (H USEZIMA & MARUHASI)

E. procerus (B RAI)Y)
Rotaiia beccari (L.)

R. 1'aponica HADA
R. cf, papiliosa BRADY

R. vubariensis ASANO
C27ssiditlina sp.

Cibicicies altamiiueHsis KLEINPELL

Table 15 Molluscan fossils from the Masuporo, Kotanbetsu ancl Kawabata formations

            (After S. UozuMI , 1962)

             Species
Solem.va tbkuiiagtii YoK.

Aeila gottschei (BOHM )

A. divaricata (HIND.)

/l, hidakensisNAG.etHUX,
Yoldia notahilis YOK.

Y. haboroensis UOZ.
Portlaiidia havasakai UOZ .

R thraciaefbrm is (ST.)
Mblletia cf. poronaiea (YO I< .)

Aiiadara ogeivai (M AK .)

Masuporo I:.

  X

X

Kotanbetsu E

X

X
X
X

x

Kawabata F.

x
X
X
X
x

x
x
x
x

Ri'opeamttssittin takei",ai M A I< .

Pt7tinopecten kimtirai (Y OK.)

R kobi.yamai (KAN .)
Lima cf. smithi DALL

x
X
X
X

I'eripioma bessh oeiisis (Y o l< .) X X

Veiiericardia hidakensis UOZ .

V abesh inaiensis OT.
V
.

Conchoeele bisecta (CON .) X

X

X

x

x
X

AtemocardittJn yokovatnai TAK.

7')'ach.vcardium sioharense (YOK.)

Ciinocarditim shinjiense (YOK.)

Seri'ipes fiu'iensis (Y o K ,)

S. groeniandica (B RUG.)
X
X

X

x

X
X

X

X
X
X
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Pitar okadana (Y oK .)

Clallista brepisiphonata CARP.

Dosinia Jiagaii OT .

Mercenaria chitanii (YOK.)

M. y-iizukai (KAN .)
Plaphia siratoreiisis (OT.)

Spisula onJiechiuria OT.

S. ezodensa ta (K UB .) x

X

x
X

X

x

x
x
x
X
x
X

imcoma optiva (YOK.)

M tokyoensis (MAK.)
Peronidia t-matsumotoi OT.

Soletellina minoensis YoK.

x

X

x

X

X
x
X
X

Siliqua alta (B RoD. et S Ow .)

Phaxus izumoensis (YOK.)

Panomya simotoiniensis OT .

A{(},a cttneijbrmis BOHM

M. trunca ta LINN .

Platyodon nipponica UoZ. et FuJ .

Pholzdidea kotakae KAN. et MAT .

7leu'ritella s-hataii NOM .

C271yptraea shibatai UOZ .

O'epidttla ezoana UOZ .

Polinices diymides KAN'. et MAT .

Aibtica ezoana KAN. et MAT .

Geleodea onishibetsueiisis (OT.)

7>'ophonopsis .felix (YOK.)

Neptunea modestus (YOK.)

X
x

X
x
X
x
X

X

X
x
X

X
X
X
X

X

X

X

Table l6 Foraminifera fossils of the Kawabata stage in the central Hokkaido

       (After S. [I" sucHmA , 1957-'S8)

Species

Rhabdaminina sp.

Bathysiphon arenacea CUSHMAN

Hippocrepinella sp.

Saccaminina sphaerica M. MARs

Peiosina sp,

Hormosina globulijlara B RADY

Ajmnodiscus sp,

.4. incertus d'O RBIGNY
/immodiscoides faponictts ASANO et INOMATA

Htrplophragmoides sp.

Masuporo F.

X
X

x
X
X
X

X

Kotanbetsu F.
(Haboro area)

X

X

X

Kawabata F.

X
X
X
X
X
X

X
X
X
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H, compressum LE Roy
H, emacia tum (B RADY)
H, planissiinuni CUSHMAN
H, cf. planissimtun CUSHMAN
H. renzi ASANO
H, subglobosuin (SARs)
H, trullissatum (B RADY)
Ammomaiginulina sp.

Ammobaculites agglu tinai'ts d'O RBIGNY

CIyclammina sp.

C.

C,

C
C.

c
c

cf. cancella ta B RADY

ezoensis ASANO

incisa (S TACHE)

faponica ASANO

orbicularis B RADY

pusilla B RADY

Textularia sp.

Gaudiyina sp.

Clavulinoides sp. ?

Clavulina sp. ?

Dorothia sp.

Goesella schencki ASANO

Mdrtinottiella sp.

M, bradyana tarukiensis ASANO
M, cotninunis d'O RBIGNY
MI cf. nodttlosa (CUSHMAN)
eitinqueloculina seminulton (L.)

e. vuLg,aris d'O RBIGNY
Mitssiliiia sp.

Sigmoilina celata (COSTA)

S, schlutnbeJlg'eriSILVESTRI
Ryigo sp.

R vespertilio (SCHLUMBERGER)
Robulus lucidus (C USHMAN )

Dentalina in.fiexa (R EUSS)

D. subsolu ta (C USHMAN)
Arodosalia longiscata d'ORBIGNY

R'ondictilaria sp.

F. adovena CUSHMAN
Lagena sp.

AJonion nicobarense CUSHMAN

Ail pompiiioides (FICHTEL et MOLL)

Elphiditim fax barbarense NICOL

E. subgranulosum ASANO
Bitliipina sp. ･

B, rDesinobttiiminaY auriculata BAILY

X

X

X

X
X
X
X
X
X
X
X
x
x
x
X
X
X
X
X

X
X

X
x

X
X
X

X
X

'

X
X

X
X

X

x
X
X
X
X

X
X

x
X
X
X

X

X
X
x

X
X
X
x
X
X

X
X
x
x
X

X
X
X
X
X

X
X

X
X

X
X
X
X
x

X

X
X

X
X
x
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B, inflata SEGUENAA
B. marginata d'ORBIGNY
B. ovata d'ORBIGNY
B. pyrula d'O RBIGNY
Entosolenia sp.

Uvigerina akitaensis ASANO

!f. b(fltrca ta d'O RBIGNY

U, cf. hootsi RANKIN
U. yabei ASANO
"opkinsina sp.

S. SATO

Siphogenerina raphanus (PARKER et JONES)

Angulogerina angulosa WILLIAMSON

Gyroidina sp.

G. orbictt laris d'O RBIGNY

Eponides sp.

E. karsteni (R EUSs)
E. haidingeri (d'O RBIGNY)
Rotalia iaponica HADA

Ckessidulina iaponica ASANO et NAKAMURA
C
,

C. orien tale CUSHMAN
C. subgiobosaBRADY
C
Pullenia apemtla CUSHMAN

P. sphaeroides (d'ORBIGNY)

P. sp.
Globigerina bulloides d'O RBIGNY

Orbulina sp.

O. universa d'ORBIGNY
Cibicides kamadai ASANO

C refii lgens MONTEO RT
Acervulina sp.

x
X
X
x
x

X
X

X

kasiwazakiensis HUSEZIMA et MARU"ASI

                        X
subglobosa parva ASANO et NAI<AMURA

                        X

x
x

X
X

X

X

X

X

X

X

X
X

X
X
X
x

X
X
X
X
X
X
X
X
X
X

X
X
X

X

X
x
X

composition with tlaose of the Chikubetst} and Onishibetsu formation as seen in

Fig. 5b-h, althoL}gh the pollen assemblages of these formations naay be likely

to gradLially change from the lower towards the upper part. The gradual

changing in composition of pollen and spores between the Kotanbetsu
formation and the Wakkanai formation overlying the former formation, is also

recognizable in wlaich Pinaceae and 71suga are decreasing whileAlnus, Carpinus,

Jlagus and Ulmaceae are increasing upwards; this change may represent the

traRsition between the Mitoku-type flora (TANAi, l96l) of the Wakkanai stage

(late Miocene), indicating temperate climatic condition, and the Chikubetsu

polleii flora of the present author. The climatic condition dt}ring the

Kotanbetsu-MasL}poro stage is inferred to be cool-teinperate throughoL}t the

/
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main part of it, like the preceding Chikubetsu-Onishibetsu stage, although it is

inferred to have been tending more or less warmer towards the end of the

Kotanbetsu-Masuporo stage. This coRclt}sion oii paleothermal condition based

on the pollen assemblages seems to be coinciding at least with the resL}lt of

forRminifera fossils. That is, the paleothermal condition of the KotaRbetsu-

Masuporo stage was cold oi' cool from the foramiRifera and pollen fossils.

   Kitwabata formation

   The formation is very similar as the Masuporo and Kotanbetsu formations

in lithologic facies. It is sometimes over 3,OOOm in thickness. Fossil evidence is

very poor in the formation except for foraminifera.

   Molluscan fossils: Vei'y little is known about the fossils. Only, UozuMi

(l962) reported the species shown in Table l5, however, he did not state on

details of ecological condition ui'idei- which the fossil i'iiolluscs lived.

   Foraminifera fossils: There is single publication regarding to the ecological

condition based on foraminifera fossils of the formation: TsucHIDA
(l9S7-'58). He stated as follows: foraminiferas found in the Kawabata stage

are rather poor in species and contain very few calcareous foraminiferas

inhabiting in shaliow sea water. Cyclammina, Htiplophragmoides and Martinot-

tiella are contained throughout the S6ya-Hiclaka basin" froirt north to south.

All these three genera are found in general with the foraminifera fauna

supposed to indicate deep sea water......In the regions where the Kawabata

formation is developed not far from exposure of Cretaceous and Paleogene

deposits, the Kawabata formation is apparently showing near skore facies

composed of the alternation of conglomerate, sandstone and mudstone.
According to TsucHiDA, the foraminifera assemblage is, however, indicating off

shore and probably the Kawabata formation above stated inay have been

deposited under rather deep sea water in condition...........As a whole,

benthonic foraminiferas of the Kawabata stage show deep and cold sea water,

although certain fluctuation of depth of water may have been occurred during

the long time range of the Kawabata stage.

   The pollen assemblage of the Kawabata formation is not distinguishable

from that of the Takinoue formation: The climatic condition in the Kawabata

stage might be therefore as warm-temperate as in the Tal<inoue stage.

* It is equivalent to the sedimentary basin of the Neogene sediments in Central Hokkaiclo in

 the present paper, it is divided into four parts: Tempoku, Haboro, Uryu and Central

 Hokkaido areas in the present paper.
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Discussion

    As stated above some in detail, paleothermal condition inferred from fossil

pollen in the marine sediments may be fairly well consistent with the results of

ecological condition based on either foraminifera or molluscan fossils in the

same sediments. There are, however, two exceptions for this statement: the

sediments of the lower part of the Takinoue formation (I{oromui formation)

and the Kawabata formation. Notable difference in these two cases in respect

to the thermal condition between marine fossils and pollen assemblage should

be a problem to be solved in future. Nevertheless, it has been well estabiished

that the pollen assemblages in the recent sediments rather well indicate the

climatic condition of the forests existing near by the shores or lands. Likewise,

the author's result on [Irertiary formations may show the pollen assemblage of

the geologic time to well represent the climatic condition in those days in

comparison with molluscan and foraminiferal assemblages.

    The sequence of pollen assemblages and the climatic conditions on the late

Oligocene - Miocene age in Central Hokkaido may be sL}mmarized as in the

Fig. 6. The Chikubetsu pollen assemblage of them, indicating a cool teiinperate

climatic condition, during the late Sankebetst} - Kotanbetsu stage has not

hitherto been l<nown, because of lacking in megascopic plant fossils, but the

                     (Tempoku-Habotoregion) CSeulhernpaTtofCentralHokkaido)
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* Ot' the sediments of this stage the writer has a different opinion from that based on the macro-fossil

 plants. That is, the S6ya coal-beaying formation in the Tempoku region has been considered to be early

 }vliocene in geologic age based on the fossil fiora contained in it, which is composed of the elements of

 the Aniai-type fiora indicating cool temperate climate. The writer is of opinion that tlie flora is to be

 correlated to that represented by the Chikubetsu pollen assemblage; accordingly, the age of the

 formation is middle Miocene. He concluded that the sediments of this stage do not exist in these region

 so far as he examined. This matter is discussed in detail in other papers (SATO, 1963, l970).

      Fig. 6 Sequence of the fossil pollen assemblages and the macro-fossil floras of

              tlie Miocene in tlie Central Hokkaido
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flora of this stage is suggested to be a transitiona} phase between the

Daijima-type flora indicating a warm-temperate climate of the l{aboro stage

and the Mitoku-type fiora indicating a temperate climate of the Wal<1<anai

stage. On the other hand, the southern part of Central Hokkaido in the same

stage is inferred to be represented by the Takinoue pollen assemblage,

indicating warm-temperate. These two floras may be accordingly coRcluded to

have been heterotopic during the midclle Miocene in Central }'Iokkaido showing

a rather distinct geographical boundRry: one represented by the ChikL}betsu

pollen assemblage whic}iL occupied the northern part while the other,

represented by the Takinoue pollen assemblage, in the southern part. The

author litas once held a view tliie heterotopic distribution of these two floras to

have been resulted from the existence of a barrier in between which may have

geographically divided the sedimentary basin of the Middle Miocene into two

parts: northern and soL}thern ones (SA"ro, 1970). The aL}thor especially stresses

on the fact that palynological study enabled to clerify the paleogeographical

condition. In tlae Sankebetsu formation ln the present study seems to show

especially a close relationship between sea water and climate.

   The composition of a pollen assembiage in a marine' sediment may be

variously controlled by many factors. Of recent marine sediments we can

directly observe the control effects of the factors to some extent; for examples,

direction and strength of winds and currents, the' distance from coast to the

sites of the sedimants, plant communities on the lands from which the pollen

and spores are supplied, climatic conditions, tei'nperature or depth of the sea

water in which pollen and spores are deposited and so on. However, in the

older geologic ages, it is very clifficult or ttlirtost impossible to know coixtpletely

the effects of these factors. Accordingly, although the author showed in the

present paper that pollen assemblages in Tertiary marine sedimantary rocks

well represent the thermal conditions in these days based on only the

coinparison with data of foraminifera and rnolluscan fossils in the sairte rocks,

it will be possible to analyse the pollen assemblages more in details, if more

various data, for examples, distribution of paleocurrents, sources of the

sedimentary rocks, etc., are clarified in future.

   In addition to this, comparing the compositions of pollen assemblages in

the niarine sedinaents with these in the terrestrial sedinients in the saine age (c£

SATo, l963), the former is generally inore simple in composition than in the

latter; for example, conifers are more dominant in individuals in the former

than in the latter. [I]his fact shows that sorting rather effectively occurred on

the deposition of pollen into marine sediments, iike the recent sediments

described byTRAvERsE and GINsBuRG (1966) and CRoss et al. (1966).
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Explanation of Plate 1

Figs. I-7 Gonyaulax cf. ciadophora DEFLANDRE

              Sankebetsu Formation.
Fig. 8 Gonyatilax sp,

              Kawabata Formation.
Fig,9 Gonyaulaxsp.
              Mom ij iyama Foi-mation.

(Plate 1 - 3: figures of microplanktons)
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ExplanatioR of Piate 2

Figs. Ia, b 7'lasmanites sp.

               Sankebetsu Formation.

Figs. 2a, b C£ Cannosphaeropsis urnaformis COOKSON
               Kawabata Formation.
Fig. 3 dystrichosphaeridium indes KLUMPP

               Takinoue Formation.
Fig. 4 Odontochitina cf. costata ALBERTI

               KIotanbetsu Formation.

Size of figures la, b shown by Scaie A; others by Scale B
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Explanation of Plate 3

Figs,

Fig.

Fig.

Fig.

Fig.

Fig.

Fig,

Fig.

Figs,

 1-9 A4icrhystridiunz spp.

          1, 4-7: Mom ijiyama Formation.
          2, 8, 9: Magaribuchi Formation. 3: Poronai Formation.
IO th,strichosphaeridium ? sp,

          Takinoue Formation.
1i Cannosphaeropsis?sp.
          Takinoue Formation.
I2 Cf, llJJ,strichosphaera ramosa (EHRENBEI<G)O.WETzEL

          Chikubetsu Formation.
13 Cf. Jlystrichosphaera colligerum DEFLANDRE & CooKsoN

          Takinoue Formation.
14 Cf. Hlystrichosphaera machaerophorum DEFLANDRE & CooKsoN
          Takinoue Formation,
15 Gonyattlax sp.

          Kotanbetsu Forn]ation.
I6 J/eryhachiuin reductum DEUNFF or Palaeotetradiniuin sp.

          Kawabata Formation,
17a,b Indeterniinable pa}ynomorph

          Sankebetsu Formation.
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Explanatien of Plate 4

Fig.I Pollen ofPicea ･
               Magaribuchi Formation.
Fig. 2 Pollen of 71yttga

               Momljiyama Formation.
Fig. 3 Pollen of 7lsuga

               Magaribuclti Formation.
Fig. 4 Pollen ofTaxodiaceae

               Poronai Formation.
Fig. 5 Pol}en of Taxodiaceae rCtlyptomeria ,21

               Wal<kanai Formation.
Fig. 6 Pollen ofTaxodiaceae rGlyptostrobus2j

               Takinoue Formation.
Figs. 7, 8 Pol}en ofAlmts

               Takinoue Formation.
Fig.9 PollenofChenopodiaceae
               Sankebetsu Formation.
Fig. IO Pollen oWuglans

               Kawabata Formation.
Fig.1l Pollen offlex

               Haboro coal-bearing Formation.
Fig. I2 Pol}eR ofRhus orNyssa

               Haboro coal-bearing Formation.
Fig. 13 Pollen of Tilia and euercus

               Haboro coal-bearing Formation.
Fig. I4 Pollen ofLiqttidambar

               Haboro coal-bearing Formation.
Fig. 15 Pollen of Tilia

               Kotanbetsu Formation.
Fig. 16 Pollen of My rica

               Sanl<ebetsu Formation.
Fig. 17 Pollen of UZmus or Zelkova

               I{aboro coal-bearing Formation.

Fig. I8 Pollen ofLiquidambar

               Kawabata Formation.
Fig. 19 Pol}en offfpilobittm

               Takinoue Formation.

Size of figures 1-17 shown by Scale A; others by Scale B
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