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(Contribution from the Department of Geology and Mineralogy,
Faculty of Science, Hokkaido University, No. 1231)

Introduction

The author has devoted himself to palynological study on the Tertiary 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, chiefly marine 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 studies. As a matter of fact,
palynologists including the present author himself in Japan have mainly studied
on non-marine deposits, especially on carbonaceous matter. There is almost no
palynological contribution on marine 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 the articles concerning to the floral nature in the past and problem of
stratigraphical correlation by introducing of palynological study into marine
sediments. The information we need in this concern may be as such, whether or
not fossil pollen and spores exist in marine sediments, how about their
assemblage in quantity if they really exist, how their distribution is in
sediments, and so on. The present paper may answer for such questions to
some extent. The sampled specimens for the present study were purposely
collected. from the Miocene and Oligocene deposits developed in Central



218 S. SaTo

Hokkaido in which (1) molluscs, foraminiferas and macro-plant remains are
richly found, and coal and petroleum are contained. (2) All those formations
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 in the Miocene formations, further to be dealt in this paper.

Fortunately, the author could find out numerous fossil pollen and spores
even in the marine 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 turn, such data on marine
sediments are very scarce, probably because of expensive and laborious
researches. T

Recently, papers of worth while to note in this concern are, however,
published in succession on pollen and spores in the recent marine sediments: on
the Orinoco delta, South America by MULLER (1959), on the sea of Okhotsk
and the Mediterranean sea by KORENEVA (1957, 1967), on the Great Bahama
Bank by TRAVERSE and GINSBURG (1966), on the Gulf of California by CROSS,
THOMPSON.  and ZAITZEFF (1966), on the estuary of the Delaware river, U.S.A.
by GROOT (1966) etc. From these investigations pollen assemblages in marine
sediments became evident to also suggest the main elements of vegetation of
adjacent lands to some extent, although the 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 sediment. Such an exceptional exarmple 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 marine 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 from molluscs, foraminiferas or macro-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 formation
belonging to the Miocene as shown in Fig. 1. Of 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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Fig. 1  General stratigraphic sequence of lower-middle Miocene sediments in Central Hokkaido

* 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 frequently found out in mudstone
than in any other kind of sediments.
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Results

Poronai formation

The present formation is almost entirely composed of very monotonous
massive mudstone, mostly silt in grain size, 1800m in the maximum thickness.
This formation is very abundant 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
rarely found.

Molluscan fossils have been studied by many authors; especially by
TAkeEDA (1953) and TESHIMA (1958—°62). The specific names of them may be
listed up in the Table 1. Mizuno (1964) further listed up the more
characteristic molluscs of this formation which may be referred in the Table 2.
According to OvaMaA, . MiIZuNO & SAKAMOTO (1960), more dominant genera
of this formation may be as follows: Acila (Truncacila), Saccella, Yoldia,
Portlandia (Portlandella), Venericardia (Cyclocardia), Turritella and Trominina.
TeESHIMA (1955) held a view that this formation may be divisible into nine
zones based on molliiscan assemblages as is referred in the Table 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 (1953), the fauna is a mixture of warm and
cold water inhabitants; although the cold water inhabitants may be more
numerous than the warm water forms either in specific or individual number.
SasA, Tanaka & Harta (1964) were also in the same opinion in this regard.
Meanwhile, Afuria indicating warm current was found in this formation
(KoBayasdi, 1957).

Foraminifera fossils: There are numerous contributions on the forami-
niferas of this formation. Specific names hitherto known may be listed in the
Table 4, 4’ and 4". The specialists in this field, however, had interest in
biostratigraphical correlation of this formation, and scarcely stated in detail on
the environmental condition under which the fauna inhabited. Amongst them
Ucnio ’s remarks (1961) may be worth while noted here, since he 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 planktonic foraminifera
of the open sea type. UcHio (1961) subdivided the formation into twelve
zones based on the assemblages of foraminifera fossils.

Macro-plant fossils: The following forms have been hitherto reported from
this formation: Glyptostrobus europaeus (BRONGN.) HEER, Cunninghamia sp.,
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Table 1 Molluscan fossils of the Poronai formation
(After T. SHIMOKAWARA, 1963)

Solemya (Achrax) tokunagai Y OK.
Neilonella poronaica (Y OKOY AMA)
Saccella hokkaidoensis OY AMA et M1ZUNO
S. nagaoi (T AKEDA)

S. sp.

Nuculana sp.

Yoldia (Yoldia) laudabilis Y OKOY AMA

Y. (Y. ) saitoi UOZUMI

Y. (Tepidoleda) sobrina T AKEDA

Y. sp.
Portlandia (Portlandella) watasei (K ANEHARA)
P. (P. ) watasei semiovata UOZUMI

Nucula hokkaidoensis MIZUNO et INOUE

Acila (Truncacila) picturata (Y OKOYAMA)

A, (Acila) elongata NAGAO et HUZIOKA

A, (A ) sp.

Isogunomon (Isogunomon) murayamai Y OKOY AMA
Palliolum ikushunbetsuensis UTASHIRO

P. poronaiensis UTASHIRO

P numanosawaensis TESHIMA

Lima (Acesta) j-suzukii TAKEDA

Lima poronaiensis HONDA

Crassatellites teshimai INOUE et MIZUNO
Venericardia (Cyclocardia) yokoyamai OYAMA et MIZUNO

V. (C.) akagii K ANEHARA

V. (C.} tokudai TAKEDA

V. (C.) ezoensis TAKEDA

V. (C.) satisparva MIZUNO et INOUE

Anodontia poronaiensis (YOKOYAMA)
Thyasira (Conchocele] bisecta omarui OY AMA et MIZUNO
Nemocardium yokoyamai T AKEDA

N. ezoense TAKEDA

Crenella nagahamai M1ZUNO
Hubertschenckia ezoensis (Y OKOYAMA)
Merisca onishii INOUE et MIZUNO
Macoma poronaiensis INOUE et M1ZUNO
Mya sp.

Pholadomya poronaiensis TESHIM A
Thracia sp.

Periploma besshoense (Y OKOY AMA)

P. ezoense MIZUNO et INOUE
Cuspidaria sp.

Dentalium nunomae TAKEDA

D. sp.
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Siphonodentalium sp.

S. sp.

“Minolia” funiculata (Y OKOY AMA)
Orectospira wadana (Y OKOY AMA)

O. shimokawarai URATA
Turritella poronaiensis T AKEDA
T. sp.

Clathrus cf. submaculosus (N AGAO)
Cirsotrema (Cirsotremopsis ?) sp.
Ampulling asagaiensis MAKIY AMA
Euspira sp

Crepidula sp.

Colus aff. fujimotoi HIRAYAMA
Ancistrolepis modestoideus (T AKEDA)
A.ncistroepis sp.

Trominina japonica (T AKEDA)
Neptunea sp.

Buccinum sp.

Molopophorus poronaiensis TESHIMA
Tudicula japonica TAKEDA
Fulgoraria (Psephaea) antiquior (T AKEDA)
Focylichna multistriata (T AKEDA)
Olivella sp.

Aturia yokoyamai N AGAO
Callianassa muratai NAGAO
Portunites hexagonalis NAGAO

Hyas ? sp.

Linthia sp.

Salenia sp.

Platycyathus sp.

Flabellum sp.

Ophiuroidea sp.

Graphularia ? sasai Y ABE
Brachiopoda, gen. et. sp. indet.
Vertebral column of shark

fish scale

Sponge

Table 2 Characteristic molluscs of the Poronai group
(After A. MIZUNO, 1964)

GASTROPODA
Orectospira wadana (Y OKOY AMA)
Turritella “‘poronaiensis TAKEDA”
Fulgoraria antiguior (T AKEDA)
Eocylichna multistiata (T AKEDA)
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SCAPHOPODA
Siphonodentalium sp.
Dentalium nunomae T AKEDA
PELECYPODA
Neilonella poronaica (Y OKOYAMA)
Yoldia saitoi UOZUMI
Y. cfr. akanensis UOZUMI
Y. sobrina TAKEDA
Y. nagaoi (T AKEDA)
Portlandia watasei (K ANEHARA)
Nucula hokkaidoensis MIZUNO et INOUE
Acila picturata (Y OKOYAMA)
Crenella nagahamai M1ZUNO
Isognomon murayamai (Y OKOYAMA)
Lima j-suzukii T AKEDA
Palliolum ikushunbetsuensis UTASHIRO
Ctenamusium kushiroense (T AKEDA)
Venericardia yokoyamai OYAMA et MIZUNO

V. akagii KANEHARA
V. tokudai TAKEDA
V. satisparva M1ZUNO et INOUE

Crassatellites teshimai INOUE et MIZUNO
Thyasira bisecta CONRAD

Nemocardium yokoyamai TAKEDA
Hubertschenckia ezoensis (Y OKOY AMA)
Macoma poronaiensis INOUE et MIZUNO
Merisca onishii INOUE et MIZUNO
Periploma besshoense (Y OKOY AMA)

P. ezoense MIZUNO et INOUE

Table 3 Subdivision of the Poronai formation based on molluscan fossils
(Complied by Y. Sasaet al, 1964)

In descending order

I Zone: Venericardia spp. — Neilonella poronaica—Linthia sp. Zone

H Zone: Callianassa muratai — Crassatellites teshimai—Linthia sp. Zone
G Zone: Nemocardium yokoyamai Zone

F Zone: Limaj—suzuki Zone

E Zone: Merisca onishii Zone

D. Zone:  Portlandia watasei Zone

C Zone: Callianassa muratai Zone

B Zone: Venericardia spp. — Neilonella poronaica Zone

A Zone:  Macoma poronaiensis — Yoldia sobrina Zone
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Table 4 Foraminifera fossils from the Poronai formation
(After K. ASANO, Complied by T. SHIMOKAWARA, 1963)

Bathysiphon eocenicus CUSHMAN et HANNA
Haplophragmoides spp.

Cyclammina ezoensis ASANO

C incisa (STACHE)

C pacifica (BECK)

Ammodiscus sp.

Ammobaculites akabiraensis ASANO
Trochammina asagaiensis ASANO

T. cf. pacifica CUSHMAN

T. spp.

Dorothia sp.

Nodosaria sp.

Gurttuling cff. irregularis (> OBRIGNY)
Globulina minuta {(ROEMER)

Sigmoidella plummerae CUSHMAN et O ZAWA
Plectofrondicularia packardi CUSHMAN et SCHENCK

P. packardi multilimeata CUSHMAN et SIMONSON
P gracilis SMITH

Bulimina ezoensis Y OKOY AMA

B. schwageri YOKOYAMA

B. spp.

Gyroidina cf, soldanii d OBRIGNY
Cassidulina globosa H ANTKEN

C. margareta K ARRER

Planulina poronaiensis ASANO

Cibicides yabei ASANO

Angulogerina n. sp.

Anomalina n. sp.

Elphidium yumotoense ASANO

Nonion pompilioides Shinokinense ASANO
N. sorachiense ASANO

Plectina poronaiensis ASANO
Cornuspiroides oinomikadoi HANZAWA et ASANO
Quinqueloculing sp.

In addition to the above described species, UCHIO (1963) and

UJHE et al (1960) recognized the following speciek shown in Table 4/
and 4".

Table 4

Cyclammina cf. ezoensis ASANO
Alveolophragmium (?) sp.
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Ammobaculites sp.

Involutina sp.

Goesella sp.

Trifarina sp.

Bolivina sp.

Sigmomorphina (?) sp.

Guttulina sp.

Robulus sp.

Entosolenia sp.

Protelphidium (Nonion sorachiense ?) sp.
Quinqueloculina goodspeedi HANNA et HANNA
Globobulimina ezoensis Y OKOY AMA

Table 4" (After UiE & WATANABE)

Rhabdammina sp.

Reophax sp.

Ammodiscus incertus (’'OBRIGNY)

Haplophragmmoides cf. emaciata (BRADY)
Cribrostomoides cf. cretacea CUSHMAN et GOUDKOFF
Alveolophragmium 7 sp.

Cyclammina orbicularis BRADY

C cf. tani ISHIZAK1

Ammobaculites aff. dilatatus CUSHMAN et BRONNIMANN
A. aff. mauricensis HOWE

A. spp.

Flabellammina poronaiensis USIIE et WATANABE
Spiroplectammina sp.

Textularia sp.

Trochammina symmetrica UIIE et WATANABE
Ammocibicides hashimotoi UJIE et WATANABE
Valvuling aff. chapmani CUSHMAN

Verneuilinidae ? gen. indet.

Sigmoilinopsis sp.

Lagena cf. laevis (MONTAGU)

L. aff. costata (WILLIAMSON)

L. spp.

Oolina hexagona (WILLIAMSON)

Fissurina ? sp.

Guttuling cf. qustriaca ’ORBIGNY

G. (Sigmoidina) aff. pacifica CUSHMAN et O ZAWA
Globulina sp.

Glandulina laevigata ovata CUSHMAN et A PPLIN
Plectofrondicularia spp.

Buliminella robertsi HOWE et ELLIS

Bulimina sculptilis CUSHMAN
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B. yabei ASANO et MURATA
Globobulimina sp.

Virgulina cf. dibollensis CUSHMAN et APPLIN
Bolisina euplectella Y OKOY AMA

B. sp.

Cassidulina aff. margareta KARRER

Nonion pompilioides (FICHTEL et MOLL)

N. cf. floscularium (Y OKOY AMA)
N. sp.
N7 spp.

Nonionella japonica (Y OKOY AMA)

Pullenia salisburyi K.C. et RE, STEWART
Discorbis sp.

Gyroidinoides yokoyamai UJHE et WATANABE
Volvulineria lymani (Y OKOYAMA)

V. cf. globosa (K LEINPELL)

Cibicides sp.

Globigerina cf. linaperta F INLAY
Globorotaloides suteri BOLLI

Pinus sp., Picea sp., Carya sp., Fagus sp., Laurophyllum sp., Acer (Samara) sp.,
Engelhardtia koreanica OisH1, Macclintockia trinervis HEgr. Based on the
occurrence of Engelhardtia and Cunninghamia, SHIMOKAWARA (1963) and
SasAa, TANAKA & Hata (1964) once inferred the climate of the 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 formation.* According to the author’s result, the pollen
assemblage (Fig. 5i—t) is always observed to be largely composed of
Taxodiaceae and Pinaceae®*. Besides those components above mentioned,
Tsuga, Alnus, Pterocarya, Betulaceae excepting Alnus, 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 Liquidambar and
Engelhardtia may be noteworthy, although they uare 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 summarizing the view on the climatic condition of the Poronai stage, the
evidence of mollusca may be formulated as warmer glements <cooler elements

* The localities sampled by the author from this formation will be shown in the Fig. 5i-t. His
sampling covered nearly every horizon of this formation from basal part to the top, but
the discussion on the result of palynological study of the present paper is chiefly
concerned on the samples collected from the upper part of the Poronai formation.

** In the present paper, Pinaceae means bi-saccate grain like Pinus, Picea and Abies.
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as a whole, foraminiferal assemblage is believed to show rather colder
environment on the continental shelf or slope, while the information on
macro-plant fossils suggests us as warmer elements> cooler elements. According
to the author’s result, however, dominant forms of pollen and spores of this
formation are Taxodiaceae and Pinaceae, with definitely less amount (several
per cent) of other temperate forms including warmer elements of less than 2 or
3 per cent. The climate of those days may be accordingly concluded to be
temperate as a whole, although it might be a little warmer than the sea of
present day. Compared to the flora and fauna of the Ishakari series chiefly
consisting in macro plants, molluscs and foraminiferas, and pollen assemblage
of the Poronai formation, the Poronai age may be eventually concluded to have
been cooler than the Ishikari time, and also cooler than the Takinoue-Haboro
stage (Middle Miocene) as will be later stated in detail. It has been generally
believed that the climatic condition of the Ishakari stage was warmer or
subtropical and that of the Takinoue-Haboro stage was warm to temperate.

As mentioned above, the evidences on the molluscan and foraminiferal
fossils of the Poranai formation 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 assemblage
seems not to be -onsistent 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 sediments, 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 Poronai 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 paleoclimate
based on macro-plant fossils (Huzioka & TANAL, 1966) distributed in various
regions of Japan. According to Huzioka and TANAI (1966), it became cooler
from the dawn of the Oligocene towards the end of this stage, in comparison
with the Eocene in Japan.

Mowmijivama formation

The formation is composed of greenish tuffaceous, arenaceous rocks
intercalated with several seams of volcanic rocks and siltstone in the lower part
and dark gray hard siltstone in the upper part at its type locality*. About 400
* Except for the type locality of this formation, very diverse view has been held among our

geological circle in Hokkaido, how to settle the stratigraphical horizon of the formation
having been assigned into the Momijiyama formation. Namely, there is a few localities,

where the so-called Momijiyama formation has been regarded as to be belonging to the
Takinoue formation.
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m in total thickness. The formation is also fairly rich in marine molluscan
fossils called the Momijiyama fauna.

Molluscan fossils: Although many paleontologists and geologists have
studied the molluscan fossils of this formation, they paid unfortunately little
attention to the ecological condition that the fossils indicate. Discussion has
been made by them chiefly on the problem of the stratigraphical correlation on
this formation. Whether this formation may be correlatable to the lowest
Miocene or late Paleogene, is not settled yet. In respect to this fauna, KANNO
& OGva (1964) were in opinion that “‘the Momijiyama fauna 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, HAvAsAka &
Uozumr (1954) held a same view. Meanwhile, OHARA (1966) stated that the
Momijivama fauna is indistinguishable from the Poronai fauna in composition
of species, although it may be possibly distinct from the Takinoue fauna to be
later stated. Eventually ecological condition of this fauna has been little
discussed in the former studies. The species from this formation may be listed
up in Table 5.

Foraminifera fossils: They are very rare: only Plectofrondicularia packardi
were reported by AsaNo (1952) and existence of Haplophragmoides (?) spp.,
Cyclammina sp. and Plectofrondicularia dicularia aff. gracilis were recorded by
UcHio (1962). Ecological condition of them has been however unknown,
although Asano (1954) was of opinion, existence of Plectofrondicuralia to be
an evident proof, that it was rather deep but more southern sea water, probably
a little warmer in condition than it has been currently held a view bv most
other paleontologists for both the Poronai and Momijiyama sea.

No macroplant fossil is reported.

Abundant fossil pollen, spores and microplanktons are found in argillaceous
sediments of this formation. The sampling localities and horizons for the
present note may be shown on the figs, 4, 4—d, 4—e, 5—q, 5—1, 5—t. The
pollen assemblage is almost as similar 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 numerous occurrence of Tsuga in the Momijiyama formation. From this
composition of the pollen assemblage, the climate at that time is presumed 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 of Micrhystridium, a geuns of microplankton, although similar rich
occurrence of the same form is also found in the uppermost part of the Poronai
formation, immediately below the Momijiyvama formation.
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Table 5 Molluscan fossils of the Momijiyama formation
(After S. KANNO et H. O GAWA, 1964)

Acila elongata NAGAO et HUZIOKA
A.  brevis NAGAO et HUZIOKA

A, pictulata (YOKOYAMA)

A sp.

Yoldia laudabillis Y OKOY AMA

Y. biremis NAGAO et HUZIOKA
Y. sobrina TAKEDA

Y. sp.
Portlandia ovata (T AKEDA)
P, watasei (KANEHARA)

Conchocele disjuncta GABB

Venericardia hobetsuensis HAYASAKA et UOZUMI
V. harukii OY AMA et M1ZUNO

Macoma cf. sejugata (Y OKOYAMA)

Periploma besshoense (Y OKOYAMA)

P iesakai OY AMA et MIZUNO

Dentalium sp.

Turritella poronaiensis TAKEDA

Orectospira wadana (Y OKOYAMA)

Ampullina cf. asagaiensis MAKIY AMA

Neprunea hobetsuensis M ATSUI

Trominina onnaica (Y OKOYAMA)

T. hokkaidoensis (H AYASAKA et UOZUMI)
T umbelliformis (HAYASAKA et UOZUMI)

Now, the stratigraphical correlation of the Momijiyama formation will be
discussed below. According to the result of the pollen analysis, the similarity
between the Oligocene 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 found out in the Miocene deposits of Hokkaido so far as the writer is
concerned. The author is accordingly now inclining to accept the Oligocene age
of the Momijiyama formation, as most of Paleontologists lately held a same
view, based on either molluscs or foraminifera.

Magaribuchi formation

The formation is composed of tuffaceous sandstone and mudstone

sometimes intercalated by conglomerate and tuff, 60 — 15 m in total thickness.
Fossils are rather poorly known. Only the following foraminifera fossils are

reported by TsucHIDA (1957-°58): Haplophragmoides sp., Cyclammina incisa
and Cyclammina japonica, on molluscan 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, Acila (T.) sp., Yoldia sp., Clamys sp., Clinocardium
californiense, Venericardia (Cyclocardia) abeshinaiensis, V. (Megacardita)
ferruginosa, Lucinoma sp., Macoma (s.s.) optiva, M. (s.s.) tokyoensis, M. (s.s.)
n. sp., Periploma besshoensis, Ancistrolepis sp., Turritella sp., Trochocerithium
wadanum, Denraiium sp. from the Soya area (OsaNal et al, 1959), and
Portlandia sp., Venericardia sp., Orectospira wadana, Dentalium sp., Macoma
sp., Yoldia sp., Periploma sp. from the type locality of this formation
(Nemotro & Yamaya, 1966). 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 Petroleum Development Corporation).
Also, Hokkaido Mining Advancement Committee (1968) published the
correlation chart of the Tertiary in Hokkaido in which this formation was
correlated to the Momijiyama formation (late Oligocene).

The pollen assemblage of the Magaribuchi formation (Fig. 5—a,b,c) is very
similar to that of the Momijiyama formation eiiher in the general composition
of forms or rich occurrence of Micrhystridium. It must be owever mentioned
that Micrhystridium is decidedly fewer in the formation developed at the type
locality than in the other (Séya) area. It may be an open q ‘estion whether such
difference is due to the different stratigraphic horizon or different depositional
environment at that 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.

Haboro and Séya coal-bearing formation

It has already reported 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 flora
indicating cool temperate climate.

The pollen assemblage of the Haboro coal-bearing formation, which will be
called the Haboro pollen assemblage, is composed of Picea, Pinus, Abies,
Keteleeria? , Podocarpus, Tsuga, Metasequoia, Glyprostrobus, Taxodium, other
Taxodiaceae, Salix, Juglans, Pterocarya, Carya, Engelhardtia, Alnus, Betula,
Carpinus, Corylus, Fagus, Quercus, Castanea, Ulmus, Zelkova, Morus, Myrica,
Nymphaeaceae, Magnoliaceae, Cinnamomum? , Alangium, Ericaceae, Sapota-
ceae, Lonicera, Typha, Oleaceae, Violaceae, Symplocos? and other several
indeterminable pollen and many sort of spores. As is generally the case of the
Daijima-type pollen flora the main components of the assemblage of this
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formation are Taxodiaceae and Quercus, but the Haboro pollen flora is
definitely distinct from other assemblages of the Miocene sediments in
Hokkaido by the following two characteristic features: (1) the richness of kinds
of pollen and spores and (2) the existence of the warm elements such as
Liguidambar, Nyssa, Sapotaceae, Symplocos? , Engelhardtia, etc. On the other
hand, the pollen assemblage of the Séya coal-bearing formation is characterized
by the lesser forms in composition: the main components are Taxodiaceae and
Betulaceae (especially, Alnus). The assemblage is very similar in composition to
those of the Onishibetsu and Chikubetsu formations to be later described in
this paper.

Sankebetsu formation

The formation is about 800 m in maximum thickness and is composed of
sandstone in the lower part and of the alternation of sandstone and mudstone
in the upper part. Molluscan fossils are richly found in the sandstone member
of the lower part.

Molluscan fossils: Uozumr  (1961) and KanNo & MATSUNO (1960)
published on the molluscan fauna of this formation, the list of the fossils may
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 composition between the lower and
upper part of this formation. He concluded the difference in specific
composition observed 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 the molluscan fossils of both lower and upper part
of the Sankebetsu formation into as a single fauna. Further, he grouped the
fauna of the Sankebetsu formation and that of the Chikubetsu formation
altogether into a single fauna called the Sankebetsu—Chikubetsu fauna, the
latter of which is however stratigraphically distinct from the former, viz. the
Chikubetsu formation definitely lies on the Sankebetsu formation. He stated,
however, the Sankebetsu—Chikubetsu fauna indicates a cool water environ-
ment. On the other hand, KanNno & MATSUNO (1960) held a view that the
Sankebetsu fauna may have lived under rather warm to temperate
thermal condition and that the fauna should be distinguished from the
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
characteristic elements in the subtropical to temperate zone.

Foraminifera fossils: Foraminifera fossils of this formation are not known
in detail; only two papers may be referable: Tsucuipa (1957—°58) and
MAaTsuNOo & KINO (1960). TsucHIDA reported that the foraminiferas occur



PALYNOLOGY ON TERTIARY MARINE SEDIMENTS, HOKKAIDO 241

Table 6 Molluscan fossils from the Sankebetsu and the Chikubetsu formation
(After S. KANNO and K. MATSUNO, 1960)

Formation Sankebetsu Chikubetsu

Species s1 S2 Cl1 C2
Ennucula haboroensi K ANNO et MATSUNO 1. SP. vovvveeierieiicienie s enenins R
Acila (s.s.) Vigilia elongata N. & H.....ococceoioieieiiiiiii i, F
ALCIA SPueiiiiit i et s R
Yoldia (5.8.) biremis UGZUMI ....oovveviviiiiiieieiieee et seaas e siresssessanas A
Y. (s.5.) cf akanensis UOZUMI ....cooooiiiininiiriennnrieie e naeseesaseresienanesens F
Y. (Cnesterium) notabilis Y OKOYAMA ....cccovveviiniiiineneneeceeecee e R F
Portlandia (Portlandella) tokunagai var. hayasakai UOZUMI .......c.cccuveneene. R
P. (P.) tokunagai (Y OKOY AMA).occcooveierieiierecreere et ssaee s F
P. (P.) ¢f. watasei (K ANEHARA) F
PSP R
NUCHIANA SP. v e s F
Malletia cf. poronaica (Y OKOYAMA ) ...coooioueeerieeeeieeeeeressereee v enenn F
Anadara sp. F
MIVEIUS SP. et ettt et ettt et st ae s e e e R
Lithophaga chikubetsuensis KANNO et MATSUNO, 1. SP. civiveevererieceennas C
L. Nomura NOMURA et HATAT ..., F
FOrtipecten 7 sp.......cccvuiiiiiiiiniin it F
Venericardia cf. abeshinaiensis O TUKA .....cooovveereeeveeeeicriecieece e eressee e R
V. SD. L e F
V. 8P 2 e R
Lucinoma aff. hannibali (CLARK) cvoiviiee et eeee et sesre v R
Conchocele diSFURCIE GABB ...ou.coveeveece et see et ees et ete e eaes A
Nemocardium yokoyamal T AKEDA . .coooviviieiiieeiieeeiree e e cereee s e A R
Papyridea harrimanii (DAL c...ooooverveiivieieeeerese et vere v ssee e sesensennens A
Serripes groenlandica (BRUGUIERE).......c.ceceivioieiieenreeeeseeeseesseeeesssenseanes A
S. Jujinensis (Y OKOYAMA )ucoiociiveeiieeieeiee e eeeee st ssn e saanssenas R
Dosinia yamaguchie KNNO et MATSUNO, n. sp... A
Mercenaria chitaniana (Y OKOYAMA )..vcoviiieieeeieeieeee e esreeeree s esreeesases A
M. y-iizikai (KANAEHARA) (oot ereane e C
Spisula onnechiuria (OTUKA) A
S TSP e
Platyodon nipponica UOZUMI A
Peronidia t-matumotol OTUKA ..oovierieieeieeriee e s e e e eaeassesnasseesens R F
Macoma optivg (Y OKOYAMA) ..c.ocoveeveeieeiieeeeeeet e evre et eevreees e snsene e F
M. cf. rokyoensis MAKIY AMAM. aoma F
M. F
M. Caleared (GMElin) voouevieieieieeieeiee st erie et e st e e ses e s e eseesesaeans R
M. SP. ettt R R
Periploma besshoensis (Y OKOYAMA) io.iiovieiiiiiiriieeeiee oo cnve e nene e A

Mya cuneiformis (BOHM )i e st e C A
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Formation Sankebetsu Chikubetsu
Species St S2 C1 C2
M. cuneifornis (BOHM) VAT......c.coveiuieiieeee ettt esaee v eereeereeinas R
M. truncata LINNE .. R
PAROTNYA T SPivviiieiiiiiieiic et et R
Pholadidea kotakae K ANNO et MATSUNO, n. sp R
Crepidila SP......cooveceeeceeeevcceisee st R
Polinices didymoides MANNO et MATSUNO, N SP. cvvvvevveceivecnieie i R
Natica (Tectonatica) severa (GOULD )uiovuiiovioeeieciieiieieeeee e eeveerer o C
N. (T.) ezoana K ANNO et MATSUNO, n. sp... F A
Trophonopsis felix (Y OKOYAMA) ...ooviiiiiiiiiieecviseneseeeeeeeeeaseasesee s R R
ARCISIFOIEPIS SP. c.oiviiviiiiiitieiiiii sttt ss bbb s senseaion R F
Melongena ? SP. ....oocceecieeceeccnnieie e r et R R
Buccinum cf. chishimanum PLISBRY ..ocoiiiiiviiiniiriiecececee e R
B. ] O O UV OO UU U PR F
Neptunea 0omurai OTSUKA ...oovvvviveeevieceeeeeeie s . C R
Ve 8P ittt e e sttt r et st R
BEFIRGIUS SP. cvviiiviiiiiiiitiit sttt e e et e et ve et ebeeaeae R
Fulgoraria sp R R

only in the upper member of the Sankebetsu formation* and not in the lower
sandstone member in the Chikubetsu area, 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 sandstone member and may be probably
correlatable to the lower member of the Sankebetsu formation in the
Chikubetsu area. The foraminiferas found in this member 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 horizon by rather deep water forms.

From the type locality for the Sankebetsu formation, MATSUNO & KiNo
(1960) listed up certain foraminiferal remains (Table 9).

The sharp boundary in foraminiferal composition recognized 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 alternation 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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Table 7 Foraminifera fossils from the Chikubetsu and Sankebetsu
formations cropped out at the Chikubetsu river

1 2
Ammodiscus incertis A’ORB. c.coccoviecmninnioriirieieeeiieeee et se e e 1 R
Bathysiphon arenacea CUSHMAN .........cocoovoeiivveieic oo s eernnonens R
Cyclamming pusilla BRADY ..c..coivioiieieeee ettt s veeenesenen e R
C pusillt BRADY? ... R
C. OFDICUIaris BRADY eocioiiiiriiiieereseesieesieasis et aieeereseveesnenns e R
Goesella schencki ASANO(?)..couuiieeeeeeeeciseeeeseee e eeeeteeesverssssresseeressessessins C
Haplophragmoides cf. emaciatum (BRADY) ....covevimivriereeeeeeeeeserees e R C
H. adovenum CUSHMANT? ..o R
Martinottiella communis (ATORB.Y oottt st a e R R

1: Upper member of the Chikubetsu formation
2: Upper member of the Sankebetsu formation
(After S. TSUCHIDA, 1957)

Table 8 Foraminiferas from the Chikubetsu formation® of the Hannoki stream
and the Wakkawenbetsu river (both in the Kyowa area). After S. Tsuchida (1957)

Cyclamming japonica ASANO .coovivveeeereeereecee e R
UVIGEring SP. ...oovvevrviviiiioriiinirircceeien ettt sae et e e s F
Ammodiscus incertus ’ORBIGNY .. F
Bulimina marginata A"ORBIGNY ...ccecviiieceeveiieere e
Rotalia japonica ASANO ......occooveoeeeeeeeeeeeeeeeeeeeeeeeee e
Cyclammina orbicularis BRADY ..cccocceoviivviieiieeeieiei e

o m

™R ®

Haplophragmoides subglobosum (SARS) c.veeicveveeevrnvererreerininenn.
H. cf. evolutd NATLAND woocviriimiieicncceesiesbesreresrareesssessae e enees
Martinottiella communis @ORBIGNY ..o.ocovvvvviveevieirieniicrinisenes
CYelamming SP. .....ecccevrereveercieireeesiesresaaseeenaeanns
Hormosina globulifera BRADY ccocevcevreveiieieieerceee e sesnesssensene
Sigmoilina schlumbergeri SILVERSTRI .oveoiiiiiiieeeeeeeeeeeeeeeean
Elphidium fax barbarense NICOL
Sigmoilina sp. (cf. sigmoidea BR.) .cc..ccooevvimmvnvivnresncinneninenreens
Gyroidina soldani @ ORBIGNY ....ccooiiiviivieiieerie e e eire e eaeanes
Dentalina subsoluta (CUSHMAN)
Nodosalia obligua (L.).....cc.ccceeennnnn...
Quinqueloculing seminula (L.)....cccoovvevviiviiieiieeeieeieicverree e

xR T

AR I Om RO

"

Reussella sp. ...oooovviviiiiiiiiiiciii et e
Robulus lucidus (CUSHMAN) ..oiviieieeieeecteeceee e
Uvigering yabei ASANO ....ccocovviiieinieininne et n i

m™ oo™ O mma

1: Black mudstone correlated to the upper member of the Chikubetsu formation.
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: Sandstone & conglomerate correlated to the lower member of the Chikubetsu f.

2
3: Black mudstone correlated to the Upper member of the Sankebetsu f.
4: Sandstone correlated to the lower member of the Sankebetsu f.

5

: Kyowa sandstone correlated to the lower member of the Sankebetsu f.
*Chikubetsu formation he used is old one, which includes the Sankebetsu formation.

Table 9 Foraminifera fossils from the Sankebetsu and Chikubetsu formation
(After K. MATSUNO &Y. KINO, 1960)

Occurrence Sb
Ch
Species 1 2 ?
BathySiplomn SP........cccccoovciiiiieeiicicensies et es e oo F
Haplophragioides SP.......c...c..ouceecieiecieeeeeeeeieeeeeeeesee e F F
H. (7 sp.. R
R
R
R
R
A
R
R
F
Sb: Sankebetsu formation Ch: Chikubetsu formation
1: lower sandstone member 2: upper alternation member

?:  detailed horizon uncertain

confirmed by the present author between the lower sandstone member being
correlatable to the Kyowa sandstone and the overlying members.

Namely, the pollen assemblage of the Sankebetsu formation is divisible into
two groups at its type locality: the lower part indicates warm-temperate
climate and the upper indicates cool-temperate climate. The lower part of this
formation is very similar in pollen composition to that of Haboro coal-bearing
formation, underlying the Sankebetsu formation. The upper part of the
Sankebetsu formation is very similar to the Chikubetsu formation overlying the
Sankebetsu formation. The lithologic boundary between two members is well
coincided with the sharp boundary observed in the pollen assemblage as is
definitely shown in Fig. Se—g. This is one of the interesting fact found in the
present study. Although KanNo, Matsuno, Uozumi and TSUCHIDA con-
cluded the change in molluscan and foraminiferal assemblages between the
lower and the upper member of the Sankebetsu formation to have been
brought forth by the change in depth of sea water, the difference might be
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unable 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 author convinces, to conclude as follows: the
thermal condition of the water was different within the Sankebetsu stage: the
lower member was deposited under warm water and the upper was under cold
water; so, the fauna must have been also different with each member. In spite
of the presence of two different faunas in the single formzition, many
paleontologists unfortunately overlooked it up to date. Some one held a view,
the Sankebetsu fauna to have been under cold water and others, under warm
water. But it was actually different between the earlier and later stage of the
formation in ecological condition. In this regard, it will be further stated in
detail in the present paper.

Chikubetsu formation

The formation is about 300m in whole thickness, and is divisible into two
members: the upper shale member and the lower sandstone member. The
marine molluscan fossils are abundant in the lower member.

Molluscan fossils: The Chikubetsu fauna is composed of species shown in
Table 6. According to KANNO & MATSUNO (1960), the following species are
especially dominant: Yoldia (Cnesterium) notabilis, Anadara sp., Serripes
groenlandica, Mercenaria chitaniana, M. y—iizukai, Spisula onnechiuria,
Platydon nipponica, Peronidia t—matsumotoi, Macoma optiva, Mya cunei-
formis, Pholadidea kotakae and Natica ezoana. Of them, KANNO & MATSUNO
listed up the followings as cold water element: Yoldia (Cnesterium) notabilis,
Serripes groenlandica, Platydon, Peronidea and Mya and they concluded the
fauna lived under temperate to sub-boreal thermal conditions. Uozumi *
(1962) held a same view as the preceding paleontologists. He counted such
species as cold water element from the Chikubetsu formation: Acila,
Conchocele, Mactra, Spisula, Mya, Papyridea, Clinocardium, Serripes, Buc-
cinum, Neptunea and Flugoralia.

Foraminifera fossils: There are only three published reports on the
foraminiferal fossil of the present formation: TsucHipDA (1957-"58), MATSUNO
& KiNo (1960) and Hata & TsusHiMa (1960)(Table 10). TsucHIDA reported
that the foraminiferas in the formation shown in Table 7—10 were far colder
and deeper water inhabitants than these in the Takinoue formation to be
described below.

The pollen assemblage of the present formation is composed of Tax-
odiaceae, Pinaceae, Tsuga and Alnus; the composition is not distinguishable

* As. was already stated, UozUMI dealt the fossils from both the Sankebetsu and
Chikubetsu formation as a single fauna, Sankebetsu-Chikubetsu fauna.
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Table 10 Forminifera fossils from the Chikubetsu formation
(locality: upper stream of Rubeshube River, about 15 km north
of the Chikubetsu coal mine)

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

Cyclamming cancellatd BRADY ..ottt stsasaee st ee v eseeeneneeaanan C
C JAPORICA ASANO ..ottt ettt en e ee e e e eeeanesee e C
Eggerella MarstunOl M. SP...ccovviiiiiiveiccrie ettt crie v e e s st ers et e s e seasrasbeseearesanansean A
Haplophragmoides RiSHIKIZAWAERNSIS 1. SP. ccvecvireriiiviiieieeeee et or et e sreereveerenaeeenn A
H. RAIAE N SP. oottt e ettt bt e st aeaae e e C
Martinottiella communis (A O RBIGNY )ittt iiiiiiiieoreseeeeessraseeseasessesssssssesesesseessessssssnes VA
INOAOSAIIA SP..vivviireieceiiiirieee ettt et b ettt e ste e et e e te et e s easetesatents et s st e esaseesaenesanss R
Nonion pompilioides (FICHTEL €8 MOLL) ...ovcooiiiiiieieictee et eeee e eeee e eesene e ene e R
Rotalia cf. yubariensis SSANO ...cocoovoiiviriiee e sereee s s revr oot r e —————————— C
Spirosigmoilinella compressa MATSUNAGA ......ccooviivreericieeeeceeeiesieee e st arenene e A

from that of the upper member of the Sankebetsu formation. The climatic
condition 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; Tsuga;
the composition is similar to that of the Soya coal-bearing formation (SATO,
1963).

Of the present formation, there is no incosistency between the molluscan
and foraminiferal fossils and pollen fossils concerning thermal condition
deduced from these fossils.

Onishibetsu formation

The formation is about 150 m in maximum thickness and is very similar in
fossil content (mollusca, foraminifera and pollen and spores) with the
Chikubetsu formation.

Horomui formation

This name was given by OHARA (1966) to the deposits in the Asahi area
which cover the Poronai formation with 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 upper 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 Chikubetsu formation.
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Molluscan fossils: Prior to OHara, Fune & Uozumi (1957) first noted
the existence of important molluscan fossils characterized by Mytilus tichano-
vitchi etc. in this area and designated it as the Asahi fauna. Later on, OHARA
(1966) clerified that the fauna contains the Takinoue fauna in the upper part
of the deposits and the Asahi fauna should be revised in this concern. Namely,
the Takinoue elements must be excluded from it. From the revised Asahi
fauna, the following molluscan fossils were reported by OHARA: Mytilus
tichanovitchi, Yoldia biremis, Adula asahiensis, Felaniella usta, Spisula onne-
chiuria, Peronidia t—matsumotoi, Thracia asahiensis, Pholadidea kotakae,
Tectonatica ezoana (above mentioned species are predominant in individuals),
Lucinoma akibai, Peronidia elongata, Siliqua elliptica, Cnestrium notabilis,
Clinocardium sp., Macoma cf. tokyoensis, Mya (Arenomya) aff. grewingke etc.;
above all, Mytilus tichanovitchi is characteristic of the present fauna (KANNO
OHARA & KAITEYA, 1968). The fauna was inferred to be inhabitants in cold
water and to indicate the early Miocene in age (Uozumi, , 1962; OHARA, 1966;
Kanno, OHARA & KAITEYA, 1968). On the other hand, AsaNo & IwaMOTO
(1957), Matsuno, TaNAka & Mizuno (1964), Sasa, TaNAkA & Hata
(1964), HOKKAIDO MINING ADVANCEMENT COMMITTEE (1968) and others
did not accept the stratigraphical independence of the Asahi fauna from the
Takinoue fauna, although the Takinoue fauna 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 (Horomui formation with
the Asahi molluscan fauna) can not be distinguished from that of the Takinoue
formation in general composition 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
fauna of the Takinoue formation. In this regard, thermal condition of the
horomui formation inferred from the pollen assemblage is not consistent with
the conclusion based on the molluscan fossils given by the above-mentioned
authors.

Takinoue formation (s. str.)

The present formation is composed of arenaceous rocks in its lower part
and of black shale in its upper part in the type locality of the formation. The
maximum thickness of the formation is about 450 m. The formation contains
rich marine fossils. The formation sometimes contains carbonaceous matter
which occasionally develops as well as the Asahi coal-bearing formation
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containing several workable coal seams.

Molluscan and foraminiferal fossils: The molluscan fossils, called the
Takinoue fauna, are composed of species as shown in Table 11 and 12. All the
authors agree that this fauna indicates warm sea water environment. From
foraminiferal fossils, listed in Table 13 and 14, sea water of that age is also
inferred to have been warm.

The pollen assemblage in the present formation is very similar to those in
the Haboro and the lower Sankebetsu formation indicating a warm temperate
climate (cf. Fig. 5j—t). Taxodiaceae is predominant in individual; Quercus and
Alnus are rather commonly found. The characteristic features of the
assemblage are: (1) rich kind of pollen and spores and (2) existence of elements
of warm climate such as Liguidambar, Engelhardtia, Nyssa, etc., though they
are not numerous in individual. 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 thermal condition of the Takinoue stage, the mollusca, foraminifera
and pollen assemblage consequently reached the same conclusion.

Kotanbetsu 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 ecither slumping, intraformational
folding, Nagelflush type of block or poor sorted conglomerate with muddy
maftrix 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 maximum thickness.

Molluscan fossils: Uozumi (1962) reported the molluscan species shown in
Table 15 from the formations. He proposed the Kawabata fauna to the
molluscan fossils of this stage; the fauna includes the species shown in Table 15
and those of the Kawabata formation which is distributed in central southern
part of Hokkaido and is correlated to the Masuporo and Kotanbetsu
formations. He stated that the fauna is distinguishable from those of the
preceding stage, the Takinoue and Chikubetsu faunas, although he did not state
in details on the paleoecological condition of the fauna.

Foraminifera fossils: Except for a summary note by TSUCHIDA (1957—°58)
no information is available at present on foraminifera. He reported, however,
many species from the present formations as is shown in Table 16, among
which Cyclammina, Martinottiella and 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 11 Molluscan fossils from the Takinoue formation
(Momijuyama — Takinoue area)
(After S. K ANNO & H.OGAWA, 1964)

ALCHE SPrververrresvneereesa s oms s e e s s sttt ea sttt s e st st eseeerser s
Portlandia of. tokunagai (YOKOYAMA) ccovvevienvirniiioneneniinriniosiensoneesenee
Malletia inerinis (Y OKOY AMA) cocoorviverieiienrieneisseretessesiesiossssssssssmssaseressesnss
Sarepta shimokawarae KANNO et OGAWA.......cccoeciviieiiii e
Mytilus sp. ..........
Swiftopecten SWiftii (BERNADI ) ...c..cvviiiiieiieceeeee et e svee s ere v
Patinopecten kobiyamai K AMADA .....cccovovviiieiiecirecee et enessn e e
Ostrea gravitesta Y OKOY AMA ....oovcovvevieereteeieeereeeieeesseesesitesensesssssessessssseenses
Venericarditt SP. 1 ..c.oeeiviiiiiniiiiiiie ettt
V. S+ 2 tettrireeesintrreee st r et et et st et s b et e ee it nbrees e s et ae e resteee e erananns

Felaniella usta (GOULD) .cooiviiincecincenreeenenens
Clinocardium mutuense (NOMURA et HATAD) .o,
Laevicardium decoratum (GREWINGK ) .cvicvvcrieriieeniniieneseeressiesseecessassnsnesisens
Siratoria siratoriensis (OTUKA ) ... cieeeoiereesisneestseeeressnsesasestessnsssane s
Dosinia chikuzenensis NAGAO
Cycling japonica K AMADA ......ocoooi oot ete ettt et eve e ae s
CIEINENEIA SP. c.evirneeiiieeieie ettt ettt ettt ebte et a e et b e e snet e e s e e rabeaaaesanaes
Spisula aff. sachalinensis (SCHRENCK )..vvviiiieireireeonieenseesisssrosessssesssessessesnns
S. cf. undilifera (WEAVER ..o viaeeeasieeesetessenveasatnesseanetaeeanes
Macoma incongrua (V. MARTENS ) ..ot site st s anae e sraasenaan
M. cf. asagaiensis MAKIYAMA ......o.coocvomeveeerir e seseerveeeeenve s eraenneseans
M. calcarea (GMELIN ).............

M. izurensis (Y OKOYAMA)
M. cf. praetexta (V. MARTENS) .oocovioieiiieieeeeeeeeieseessienessanessneen e
Solen sp. ...,
Mya cuneiformis (BOHM)
M. grewingki kushiroensis NAGAO et INOUE ........cccoivviveveieiiiecccrreee,
SAL PELECYPOAS .eerreiiiiiiic ettt
Dentaliting SP...c..ocovviiiriiiiiiiniiiiiii e e e s

TUFDO T SP ettt et ettt e es
Turritella s-hataiil NOMURA .....ocoooiiieeceie ettt see e enan e
T. SP. .o
Batillaria yamanarii MAKIY AMA
Vicaryella teshimae K ANNO et O GAWA ...cooiiiiiiiciieeece e e

V. S teerte e et er et rer e st e s et e e she e e s n b e e et e s e r e e s e Rebe e st nnas s eshbennnee

Calyptraea sp. ....oeeeeeivceieeeieniiciicenn,
Crepidula cf. jimboana Y OKOYAMA ..oooooiiiiiiiee et
INGEICA SP.oeviiiis et ettt e e s s ke e e st e e s e s oss bt aeseeaatasaeaabsraresassrsereesraeeeaans
Tectonatica neisensis (MAKIYAMA) .oooiviiieoiiiieeeiescie s etesve et srs

L -

<

>

Koox

b
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Polinices coticazae MAKIYAMA .....c.ooviviiiiiiitiieeeeeeeeee oo eeeees e
Coralliophila cf. costularia (L AMARCK)
Ancistrolepis cf. peulepis (K ANEHARA)
A. Dttt ettt et et e ekttt s e bt saaseenne s
Fulgoraria striata (YOKOYAMA) ...
“CalIENASSA" SP. c.viviveeriiiiene ettt ettt e et

1: lower part of the formation (sandy facies)
2: upper part of the formation (muddy facies)
*: showing the abundant occurrence compared with the other molluscs

Table 12 Molluscan fossils from the Takinoue formation
(After S. Uozuwmi, 1962)

Occurrence
Species

Acila gottschei (BOHM ) ....cooiiiriiierireieie et eereee e ees e es e oo
A, divaricata (HHIND Y i oo
Nuculana kongiensis KAN . et MAT ...,
Yoldia notabilis Y OK .....c.ocveiverireeirereseieinseeeeee e eeeees s e e
Y. UFANOT UOZ . oot reee e eee s

P. thraciaeformis (ST.) ...
P Wataser (K AN Y oot eeeeeee e eeeees s
Anadara abditd MAK ) .ooocoeeuionieioeeeeeeeeeeeeeeeee oo,
A.
A.

Ostrea gravitesta (Y OK.)
Venericardia akagii K AN
V. niniuensis U0 Z

Felaniella usta (GOULD ) voeveuvevenn.
Nemocardium yokoyamai Tak

M matsuii UOZ. ...
Dosinia ROMUFGT O'T w.ooveeieiicceeeceeeeeeeeeeee e e

T I B i T T R

FIE I

>

>

o K X
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D FAZAIT DT oo ceieciieieesiere e e ettt nab et s e e e st eseseene e sresaabaaesassrbasas
Cyeling japonica K AN ..ot e
Mercenaria chit@Nil (Y OK L) i oo ioieieeceveeeieeeeieeetesaeeeeeeeiasesesaasssssassabessaesinaes
M. VAHZURAT (K AN oottt et e
Paphia siratorensis (O T.) covverren.

Spistila onRechitFia O T )i vcceiiieciesieeeee e s eren s e e see et secsse e aane
S. €20denSata (K UBLY c..oiiiceiiiece e et eevee s teteesraessaesseaessnesarsasaeessaas
Macoma asagaiensis MAK ...covvivaciireenieeieseeee e srveescos e ensessenesaseeneeseenionens
M. optiva (YOK J.ovovvrneenee.
M. 10ky0ensis (MAK ) i eiiiiire ettt et et sa e
Soletellinag Minoensis Y OK ....uivoiuieciieriiite et aniee st sreesssae s srsasraee e
Siliqua alta (BROD. et S OW.) ........ OOV OO OPRPOTRRRPOO
Phaxus izun0ensis (Y OK L)oo eiiieeiireiosirieietieeseeeassreeassesseseesssstaaasssesasasssasenens

Panomya simotoniensis QDT . ...oiiiiceeiieeeeneesceacee s s eseseieessessneseressesrecenss
Panope Japonica A D ....cc.ccocviviiiiiiiiiiiti et

Mya cuneiformis BOHM ...t s ssiissssesns st ess s
Calliostoma hidakana UOZ . ......ccccoveevriniveiveccirn e,
Turritella fortilirata chikubetsuensis KOT ..oovvcneieceninenie it
Orectospira wadana (Y OKI)coccooeonininiiiciciniicni et
Battilaria yamanarii MAK . .......coccoveveoeeiereeeiesieessssese e esessee st nescenens s X
B. tateiwai MAK. .. .
Proclava otukai NOM . ...c.ccooiiiiiiiiiii e
Cerithitm SIFAKIT MLAK . oo scrent e seere et srass s saesrnene
Calyptraea shibatai UOZ ..ottt ir v
Crepidula Jimboana Y OK . ..ottt s ne e

P R I S o o T o R o T o T A I

Polinices meisensis MAK . .....ooiiiiiiiniiiiniiie st
P diymides KAN. et MAT
Ancistrolepis yudaensis OT . ...cooveceinvceircnncnns
Neptunea Modestts (Y OK L) oottt en e e esv s nssanen
Nassaritts SIMIZULT O T . .oovvovieecrieeeeeee et sient et rbs e st en et nnaetaa s assas s asass s

Psephea magna T AK . oottt

EE ST S S A o B e

Conus tokunagai OT. .......

1: Hidaka district (south of the Momijiyama area)
2: Ytbari — Momijiyama area

Table 13 Foraminifera fossils from the Takinoue formation
(After Y. SAsA, K. TANAKA &M HATA, 1964)

Rhabdammina sp.

Bathysiphon sp.

Involuta sp.

Haplophragmoides cf. emaciatuin (Brady )
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Table 13 Foraminifera fossils from the Takinoue formation
(After Y. SASA, K. TANAKA & M. HATA, 1964)

Rhabdammina sp.

Bathysiphon sp.

Involuta sp.

Haplophragmoides cf. emaciatum (Brady)

H. cf. evoluta NATLAND
H. hatae n. sp.

* H.aplophragmodes nishikizawaensis n. sp.
H. renzi ASANQO
H. cf. subglobosum (SAR.)
H. cf. trudlissatum (BRADY)
H. sp.
Cvelammina cancellata BRADY
C. Japonica ASANO
C. orbicularis BRADY
C pusilla BRADY
C sp.

Verneuilina robusta n. sp.
Eggerlla matsunoi n. sp.
Dorothia sp.

* Martinottiella communis (4’ O RBIGNY)

* Spirosigmoilinella compressa MATSUNAGA
Trochammina sp.
Lagena spp.
Nonion pompilioides (F ICHTEL & MoLL)
Eponides frigidus (CUSHMAN)
Globigerina spp.

* rather commonly found
The fossils of this list are found only from a few locality. Accordingly, it may be impossible to

conclude that the list shows the general tendincy of the Formation.

Table 14 Foraminifera fossils from the Takinoue formation
(After S. TSUCHIDA , 1957)

Technitella sp.
Haplophragmoides renzi ASANO
Ammomarginulina sp.

Dorothia sp.

Quinqueloculina sp.

Nonion sp.

N. nicobarense CUSHMAN
N. pupoides (FICHTEL & MOLL)
N. subtugidium (CUSHMAN) ?

Astrononion hamadacnse ASANO
Nonionella sp.



PALYNOLOGY ON TERTIARY MARINE SEDIMENTS, HOKKAIDG

Elphidium sp.

E. hughesi foraminosum CUSHMAN
Ozawaia sp.

Bulimina sp.

B. elongata 'O RBIGNY

Entosolenia takaoi ASANO

Eponides nipponicus (HUSEZIMA & MARUHASI)

E. procerus (BRADY)
Rotalia beccari (L)

R. Japonica HADA

R. cf. papillosa BRADY
R. vubariensis ASANO

Cassidulina sp.
Cibicides altamiraensis K LEINPELL

253

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

(After S. Uozumti, 1962)

Species Masuporo I’ Kotanbetsu F.
Solemya tokunagai Y OK. X
Acila gottschei (BOHM) X
A.  divaricata (HIND )
A.  hidakensis NAG. et HUX.
Yoldia notabilis Y OK. X
Y. haboroensis UOZ . X
Portiandia havasakai UOZ . X X
P thraciaeformis (ST .)
Malletia cf. poronaica (Y OK.) X
Anadara ogawai M AK )
Propeamussium takeiwai M AK.
Patinopecten kimurai (Y OK.)
P. kobivamai (K AN )
Lima cf. smithi DALL
Periploma besshoensis (Y OK.) X
Venericardia hidakensis UOZ .
Vv abeshinaiensis OT . X
V.
Conchocele bisecta (CON ) X X
Nemocardium yokovamai T AK. X

Trachycardium siobarense (Y OK.)
Clinocardium shinjiense (Y OK.) X
Serripes fufiensis (YOK.)

S.

groenlandica (B RUG))

Kawabata F.

KR XK R K P T R

b

> X

XX R X
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Pitar okadana (Y OK.)

Callista brevisiphonata C ARP. X
Dosinia nagaii OT.

Mercenaria chitanii (Y OK.) X
M. y-iizukai (KAN ) X
Paphia siratorensis (OT.)

>

Spisula onnechiuria OT. X
S. ezodensata (K UB.) X

PX KK g K

Macoma optiva (Y OK..) X X
M. tokyoensis (MAK )
Peronidia t-matsumotoi OT. X X
Soletellina minoensis Y OK..

Hopd XX

Siliqua alta (BROD. et SOW .)
Phaxus izumoensis (Y OK.)
Panomya simotomiensis OT .

Mya cuneiformis BOHM

M. truncata LINN.

Platyodon nipponica U0Z. et FuJ.
Pholzdidea kotakae K AN. et MAT.
Turritella s-hataii NOM .

Calyptraea shibatai UOZ . X
Crepidula ezoana UOZ.
Polinices diymides K AN, et MAT. X
Natica ezoana K AN. et MAT. X

Geleodea onishibetsuensis (OT.) X X

Trophonopsis felix (Y OK.) X X

Neptunea modestus (Y OK..) X

b I
P

>

Table 16 Foraminifera fossils of the Kawabata stage in the central Hokkaido
(After S. TSUCHIDA, 1957-'58)

Kotanbetsu F.

(Haboro area) Kawabata F.

Species Masuporo F.

Rhabdammina sp.
Bathysiphon arenacea CUSHMAN

Pl
>

Hippocrepinella sp.

Saccammina sphaerica M. MARS

Pelosina sp.

Hormosina globulifera BRADY

Ammodiscus sp.

A. incertus ’ORBIGNY
Ammodiscoides japonicus ASANO et INOMATA
Haplophragmoides sp.

Rk X X
b
P X ) X

9
M
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compressum LE ROY
emaciatum (BRADY)
planissimum CUSHMAN

renzi ASANO
subglobosum (S ARS)
trullissatum (BRADY)
Ammomarginulinag sp.

Ammobaculites agglutinans ’ORBIGNY
Cyclammina sp.

cf. cancellata BRADY
ezoensis ASANO

incisa (STACHE)

japonica ASANO
orbicularis BRADY

pusille BRADY

Textularia sp.

NOO0OOnN

Gaudryina sp.
Clavulinoides sp. 7
Clavulina sp. ?

Dorothia sp.

Goesella schencki ASANO
Martinottiella sp.

M. bradyana tarukiensis ASANO
M. communis 'O RBIGNY

M. cf. nodulosa (CUSHMAN)
Quinqueloculina seminulum (L.)

0. vulgaris O RBIGNY

Massilina sp.

Sigmoilina celata (COSTA)

S. schlumbergeri SILVESTRI
Pyrgo sp.

P vespertilio (SCHLUMBERGER)
Robulus lucidus (CUSHMAN)
Dentalina inflexa (R EUSS)

D. subsoluta (CUSHMAN)
Nodosalia longiscata ’ORBIGNY
Frondicularia sp.

F. adovena CUSHMAN
Lagena sp.

Nonion nicobarense CUSHMAN

N. pompilioides (FICHTEL et MOLL)
Elphidium fax barbarense NICOL

E. subgranulosum ASANO

Bulimina sp. -

B. (Desinobulimina) auriculata B AILY

cf. planissimum CUSHMAN

X

E R P S T T B S S S S i >

bl e

>

HoX o X X

bl

PR KX

Ea S

Ko X )

b S

b PR XK K K
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B. inflata SEGUENAA X
B. marginata ’ORBIGNY X X
B. ovata ’ORBIGNY X

B. pyrula 'O RBIGNY X X

Entosolenia sp. X

Uvigerina akitaensis ASANO X X
LA bifurcata ORBIGNY X
U cf. hootsi RANKIN X X
U. yabei ASANO X
Hopkinsina sp. X

Siphogenerina raphanus (P ARKER et JONES) X

Angulogerina angulosa WILLIAMSON X
Gyroidina sp. X
G. orbicularis ORBIGNY X
Eponides sp. X X
E. karsteni (REUSS) X X
E. haidingeri ("ORBIGNY) X
Rotalia japonica HADA X
Cassiduling japonica ASANO et NAKAMURA X
C kasiwazakiensis HUSEZIMA et MARUHASI X X
C orientale CUSHM AN X
C subglobosa BRADY X

C. subglobosa parva ASANO et NAKAMURA X
Pullenia apertula CUSHMAN X X
P. sphaeroides (I"ORBIGNY) X
P sp. X

Globigerina bulloides O RBIGNY X
Orbulina sp. X

0. universa 'O RBIGNY X X X
Cibicides kamadai ASANO X
C refulgens MONTEORT X X
Acervulina sp. X

composition with those of the Chikubetsu and Onishibetsu formation as seen in
Fig. Sb—h, although the pollen assemblages of these formations may be likely
to gradually 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 which Pinaceae and Tsuga are decreasing while Alnus, Carpinus,
Fagus and Ulmaceae are increasing upwards; this change may represent the
transition between the Mitoku-type flora (TaNAL, 1961) of the Wakkanai stage
(late Miocene), indicating temperate climatic condition, and the Chikubetsu
pollen flora of the present author. The climatic condition during the
Kotanbetsu—Masuporo stage is inferred to be cool-temperate throughout 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 conclusion on paleothermal condition based
on the pollen assemblages seems to be coinciding at least with the result of
foraminifera fossils. That is, the paleothermal condition of the Kotanbetsu—
Masuporo stage was cold or cool from the foraminifera and pollen fossils.

Kawabata formation

The formation is very similar as the Masuporo and Kotanbetsu formations
in lithologic facies. It is sometimes over 3,000m in thickness. Fossil evidence is
very poor in the formation except for foraminifera.

Molluscan fossils: Very little is known about the fossils. Only, Uozumi
(1962) reported the species shown in Table 15, however, he did not state on
details of ecological condition under which the fossil molluscs lived.

Foraminifera fossils: There is single publication regarding to the ecological
condition based on foraminifera fossils of the formation: TSUCHIDA
(1957-"58). He stated as follows: foraminiferas found in the Kawabata stage
are rather poor in species and contain very few calcareous foraminiferas
inhabiting in shallow sea water. Cyclammina, Haplophragmoides and Martinot-
tiella are contained throughout the Séya-Hidaka basin® from 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 shore 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 may 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 Takinoue stage.

* It is equivalent to the sedimentary basin of the Neogene sediments in Central Hokkaido 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 (Horomui 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 Tertiary 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 summarized as in the
Fig. 6. The Chikubetsu pollen assemblage of them, indicating a cool temperate
climatic condition, during the late Sankebetsu — Kotanbetsu stage has not
hitherto been known, because of lacking in megascopic plant fossils, but the

(Tempoku — Haboro region) (Southern part of Central Hokkaido)
Fossit pollen Macro-fossil e Fossil polen Macro-fossil
Stage assemblago floras Stage assemblage floras
R Wakkanai-Togeshita Mitoku-ty
zE Wakkanai pollen assemblage flora Iwamizawa
== (temperatc) {temperate)
- (gradula change) ---
Kitanbetsu Kawabata

" Chikubetsu pollen X Unknown

H assemblage Takinove pollen

8 Chikubetsu (cool temperate) Unknown assemblage

-3 {warm temperate)

=

N

3 .

2 Sankebetsu | (sudden changa)—| Takinoue

=

Haboro polien Daijima-type Daijima-type
Haboro assemblage ora ora
{warm temperate) (warm temperate) {warm temperate)
Aniai-type Anlai-type

Easly
Mio.

ora ora
(cool temperate) (cool temperate)

o Magaribuchi pollen Momijiyama pollen
Magaribuchi assemblage Uaknown Momijiyama assemblage Unknown
(cool temperate) (cool temperate)

Oligocene
|

Poronai pollen .
Poronai assemblage Details unknown
(temperate)

* Of the sediments of this stage the writer has a different opinion from that based on the macro-fossil
plants. That is, the Séya coal-bearing formation in the Tempoku region has been considered to be early
Miocene in geologic age based on the fossil flora contained in it, which is composed of the elements of
the Aniai-type flora indicating cool temperate climate. The writer is of opinion that the 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, 1970).

Fig. 6 Sequence of the fossil pollen assemblages and the macro-fossil floras of
the Miocene in the Central Hokkaido
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flora of this stage is suggested to be a transitional phase between the
Daijima-type flora indicating a warm—temperate climate of the Haboro stage
and the Mitoku-type flora indicating a temperate climate of the Wakkanai
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 concluded to
have been heterotopic during the middle Miocene in Central Hokkaido showing
a rather distinct geographical boundary: one represented by the Chikubetsu
pollen assemblage which occupied the northern part while the other,
represented by the Takinoue pollen assemblage, in the southern part. The
author has once held a view the 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 southern ones (SaTO, 1970). The author especially stresses
on the fact that palynological study enabled to clerify the paleogeographical
condition. In the Sankebetsu formation in the present study seems to show
especially a close relationship between sea water and climate.

The composition of a pollen assemblage 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, temperature 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 difficult or almost impossible to know completely
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
comparison with data of foraminifera and molluscan fossils in the same 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 marine sediments with these in the terrestrial sediments in the same age (cf.
SATO , 1963), the former is generally more simple in composition than in the
latter; for example, conifers are more dominant in individuals in the former
than in the latter. This fact shows that sorting rather effectively occurred on
the deposition of pollen into marine sediments, like the recent sediments
described by TRAVERSE and GINSBURG (1966) and Cross et al. (1966).



260 S. Sato
Acknowledgement

The author wishes to express his hearty thanks to Professor Masao MINATO
of Hokkaido University, for his kind advice for the present study and for
critically reading the present paper in manuscript. Also the author is grateful to
Dr. Toshimasa TANAl of Hokkaido University, for his kind guidance and
valuable discussion in the course of the present study. Thanks are also due to
Japanese Petroleum Exploration Company for the great assistance to the
present study and for the permission to the publication of the present study.
Also, the author express his hearty thanks to the members of the geological
institute of Hokkaido Colliery and Steamship Company for their kind
suggestions and conveniences given in the collection of specimens in field.

Reference

AsaNO. K. (1952): Paleogene Foraminifera from the Ishikari and Kushiro Coal
field. Hokkaido. Short Paper, IGPS., no. 4. p. 23—-406.

BOTTEMA., S. & VAN STRAATEN, L.M.J.U. (1966): Malacology and Palynology
of two cores from the Adriatic sea floor. Marine Geol, vol 4, no. 6, p.
553-564.

Cross. A. T.. THompsoN. G. G. & Zarrzrrr, J. B. (1966): Source and
distribution of palynomorphs in bottom sediments, southern part of Gulf
of California. Marine Geol., vol. 4, no. 6, p. 467-524.

GopwiN, H. (1934): Pollen analysis. Problems and Potentialities, 1. Technique
and Interpretation. 11. General Application of Pollen Anslysis. New Phy.,
vol. 33, p. 278305, 325—-358.

GROOT, J. J. (1966): Some observations on pollen grains in suspension in the
estuary of the Delaware river. Marine Geol., vol. 4, no. 6, p. 409-416.
Hata, M. & TsusHiMA, K. (1960): Geological map of Embetsu district and its

explanatory text. p. 1-33. Geol. Sur. Jap. (in Japanese).

HoxkaAIDO MINING ADVANCEMENT COMMITTEE (1968): Exploration and
exploitation of the petroleum and natural gas in Hokkaido. p. 1 —183 (in
Japanese).

Hucues, N. F. & Mooby -Stuart, J. C. (1967): Palynological facies and
correlation in the English Wealden. Rev. Palacobotan. Palynol., vol 1, p.
259-268. -

KaNNO, S. & MaTtsuno, K. (1960): Molluscan fauna from ¢“The Chikubetsu
formation”, Hokkaido. Japan. Jour. Geol. Soc. Japan, vol. 66, no. 772, p.
3544,

KANNO, S. & OGawaA, H. (1964): Molluscan fauna from the Momijiyama and
Takinoue districts, Hokkaido, Japan. Sci. Rep. Tokyo Kyoiku Daigaku,
Ser. C, vol. 8, no. 81, p. 269-294.



PALYNOLOGY ON TERTIARY MARINE SEDIMENTS, HOKKAIDO 261

KANNO. S.. OHARA, S. & Karteya, H. (1968): The ““Asahi Fauna™ from the
Miocene Formation developed near the Asahi Coal-Mine, Iwamizawa City,
Hokkaido. Sci. Rep. Tokyo Univ. Education, Sec. C (Geology and
Geography) vol. 10, no. 94, p. 1--14.

Kosayvasui, T. (1957): On an Aturic from the Poronai Shale in Hokkaido.
Trans. Proc. Soc. Jap., no. 27, p. 75-30.

KoreNEVA, E. V. (1967): Marine Palynological Researches in U.S.S.R. Marine
Geol., vol. 4. p. 565-574.

MaTsUNO. E. & Kino, Y. (1960): Geological Map of Chikubetsu-Tanko and
its explanatory text. Hokkaido Development Agency. p. 1—43. (in
Japanese)

MATSUNO, K.. TaNaka, K., MizuNo, A. & IsHiDA, M. (1964): Geological map
of Iwamizawa and its explanatory text. Hokkaido Development Agency p.
1—-161. (in Japanese)

Mizuno, A. (1964): Summary of the Palcogene molluscan fuunas in Northern
Japan. Geol. Sur. Jap. Rep. no. 207, p. 1--28.

MULLER, J. (1959): Palynology of recent Orinoco delta and shelf sedimants.
Micropaleont., vol. 5, no. 1, p. 1--32.

Ouara, T. (1966a): Stratigraphy and Geologic Structure of the Mid-Tertiary
System on the Western Border of College the Yubari Coal-field, Hokkaido,
Japan. Jour. Fuc. Arts & Sci. Chiba Univ. vol. 4, no. 4, p. 599—-615. (in
Japanese)

—(1966b): Stratigraphy and Geologic structure of the Tertiary
Deposits in the Uryu Coal-field, Hokkaido, Japan. Jour. College Arts &
Sci. Chiba Univ, vol. 4, n0. 4, p. 61 7-630. (in Japanese)

Onara, T. & KaNNO, S. (1969): Molluscan faunas of the Mid-Tertiary System
in Uryu Coal-field, Hokkaido Japan. Fossil no. 17, p. 41—-49. (in
Japanese)

OvaMa, K., Mizuno, A. & SAKAMOTO, T. (1960): Hlustrated handbook of
Japanese Paleogene molluscs. Geol. Sur. Jap. p. 1—-244.

Sasa, Y., Tanaka, K. & Hata. M. (1964): Geological map of Yubari and its
explanatory text. Hokkaido Development Agency, p. 1—184. (in Japa-
nese)

SaTOo, S. (1963): Palynological study on Miocene sediments of Hokkaido,
Japan. Jour. Fac. Sci. Hokkaido Univ., Ser., 4, vol. 12, no. 1, p. 1-110.

(1970) : On the Stratigraphical sequence and Correlation of
Miocene sediments in Central Hokkaido. Correlation of Miocene sedi-

ments in Central Hokkaido. — with special reference to palynological
study of marine sediments - Jour. Geol Soc. Jap. vol 76, no. 6, p.

283-301. (in Japanese)

SHIMAKURA, M. (1960): Pollenstratigraphic studies of Japanese Cenozonic
Formation (1V), The Nishiyama Oil Field, Niigata Prefecture and the
Ningyotoge Uranium Mine, Chugoku District. Jour. Nara Gakugei Univ.,
vol. 9 no. 2, p. 33—42. (in Japanese)



262 S. Sato

- (1968): Plant Microfossils from Marine Pleicstocene Sediments
of Kii Peninsula, Japan. Bull. Nara Univ. Educ. vol. 17, no. 2, p. 75—88.

TAKEDA. H. (1953): The Poronai Formation (Oligocene Tertiary) of Hokkaido
and South Sakhalin and its Fossil Fauna. Studies on Coal Geology, no. 3,
p. 1-103. Geol Sci., Hokkaido Assoc. Coal Mining Technologists.

Tanal, T. (1961): Neogene Floral Change in Japan. Jour. Fac. Scii Hokkaido
Univ., Ser. 4. vol. 11 no. 2, p. 119-398.

Tana1, T. & Huzioka, K. (1967): Climatic Implications of Tertiary Floras in
Japan. Tertiary Correlation and Climatic Change in the Pacific, p. 89—94.
11th. Pacific. Sci. Cong.

TESHIMA, A. (1955): The Poronai Formation in the Middle Part of the Yubari
Coal-field — Subdivision of the Poronai Formation based on a Quantita-
tive Analysis of its Megafossil Fauna —. Jour. Geol. Soc. Jap. vol. 61, no.
713, p. 73—86. (in Japanese)

—— (1961): Biostratigraphic Study of the Poronai Formation in the
Yubari District and its Application to the Coal Geology. (note) (in
Japanese) (Thesis for a doctorate)

TRAVERSE, A. & GINSBURG, R.N. (1966): Palynology of the surface
sediments of Great Bahama Bank, as related to water movement and
sedimentation. Marine Geol., vol. 4, no. 6, p. 417—459.

TsucHipA, S, (1957-58): Micropaleontologic study of the Soya-Hidaka
Sedimentary Basin in Hokkaido, Japan. Jour. Jap. Assoc. Petrol. Technol.
vol. 22, no. 5, p. 1—=7:no. 6, p. 9-17:vol. 23, no. 1, p. 1—-15;no0. 2, p.
1-9;n0 3, p. 1-9:n0. 5, p. 1—-11.

Ucnio, T. (1961): Foraminiferal sequence of the Paleogene system in
Hokkaido, Japan. (Thesis for a doctorate) (note) (in Japanese).

(1965): Foraminiferal assemblages of the Momijiyvama and
Takinoue formations in the Yubari coal-field. Jour. Geol Soc. Jap. vol.
71 no. 838 p. 356. (in Japanese)

Usne, H. & WATANABE, H. (1960): The Poronai Foraminifera of the Northern
Ishikari Coal-field, Hokkaido. Sc¢i. Rep. Tokyo Kyoiku Daigaku, Sec. C.
no. 63, p. 1 -20.

UozuMi, S. (1962): Neogene Molluscan Faunas in Hokkaido. Jour. Fac. Sci.
Hokkaido Univ., Ser. 4, vol. 11, no. 3, p. 507—544.

WaLL, D. (1965): Microplankton, pollen and spores from the lower Jurassic in
Britain. Micropaleont., vol. 11, no. 2, p. 151—190.

WiLLiams, D. B. & SARJEANT, W. A. S (1957): Organic-walled microfossils as
depth and shoreline indicators. Marine Geol., vol. 5, no. 5/6, p. 389—412.

(Manuscript received on July 5, 1971)



PALYNOLOGY ON TERTIARY MARINE SEDIMENTS, HOKKAIDO 263

PLATES 1—~4 AND EXPLANATION
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Explanation of Plate 1

Figs. 1-7  Gonyaulax cf. cladophora DEFLANDRE
Sankebetsu Formation.

Fig. 8 Gonyaulax sp.
Kawabata Formation.

Fig. 9 Gonyaulax sp.
Momijivama Formation,

(Plate 1 — 3: figures of microplanktons)



Plate 1
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Explanation of Plate 2

Figs. la, b Tasmanites sp.
Sankebetsu Formation.
Figs. 2a, b Cf. Cannosphaeropsis urnaformis COOKSON
Kawabata Formation.
Fig. 3 Hystrichosphaeridium indes KLUMPP
Takinoue Formation.
Fig. 4 Odontochitina cf. costata ALBERTI
Kotanbetsu Formation.

Size of figures 1a, b shown by Scale A; others by Scale B
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Plate 2
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Explanation of Plate 3

Figs. 1-9 Micrhystridium spp.
I, 4—7: Momijiyama Formation.
2, 8. 9: Magaribuchi Formation. 3: Poronai Formation.
Fig. 10 Hystrichosphaeridium ? sp.
Takinoue Formation.
Fig. 11 Cannosphaeropsis ? sp.
Takinoue Formation.
Fig. 12 Cf. Hystrichosphaera ramosa (EHRENBERG)O. WETZEL
Chikubetsu Formation.
Fig. 13 Cf. Hystrichosphaera colligerum DEFLANDRE & COOKSON
Takinoue Formation.
Fig. 14 Cf. Hystrichosphaera machaerophorum DEFLANDRE & COOKSON
Takinoue Formation.
Fig. 15 Gonyaulax sp.
Kotanbetsu Formation.
Fig. 16 Veryhachium reductum DEUNFF or Palacotetradinium sp.
Kawabata Formation.
Figs. 17a, b Indeterminable palynomorph
Sankebetsu Formation.
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Explanation of Plate 4

Fig. 1 Pollen of Picea
Magaribuchi Formation.
Fig. 2 Pollen of Tsuga
Momijiyama Formation.
Fig. 3 Pollen of Tsuga
Magaribuchi Formation.
Fig. 4 Pollen of Taxodiaceae
Poronai Formation.
Fig. 5 Pollen of Taxodiaceae (Crypromeria?)
Wakkanai Formation.,
Fig. 6 Pollen of Taxodiaceae (Glyptostrobus?)
Takinoue Formation.
Figs. 7, 8 Pollen of 4lnus
Takinoue Formation.
Fig. 9 Pollen of Chenopodiaceae
Sankebetsu Formation.
Fig. 10 Pollen of Juglans
Kawabata Formation.
Fig. 11 Pollen of llex
Haboro coal-bearing Formation.
Fig. 12 Pollen of Rhus or Nyssa
Haboro coal-bearing Formation.
Fig. 13 Pollen of Tilia and Quercus
Haboro coal-bearing Formation.
Fig. 14 Pollen of Liquidambar
Haboro coal-bearing Formation.
Fig. 15 Pollen of Tilia
Kotanbetsu Formation.
Fig. 16 Pollen of Myrica
Sankebetsu Formation.
Fig. 17 Pollen of Ulmus or Zelkova
Haboro coal-bearing Formation.
Fig. 18 Pollen of Liquidambar
Kawabata Formation.
Fig. 19 Pollen of Epilobium
Takinoue Formation.

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