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The Late Tertiary Seto Group interbedding the high-alumina clay-bearing deposits is 
typically distributed in the environs of Seto, Aichi Prefecture, and of Tajimi, Gifu Prefecture, 
and further extends southward in the distribution via the east of Nagoya City towards the 
Chita Peninsula. The clay has been well known as one of the important materials for the 
porcelain, the so-called “Setomono”. These clay-bearing deposits abundantly include well-
preserved plant remains such as seeds, fruits, cones and leaves. We principally owes the floras 
of the Seto Group to continuous investigation of the later Dr. Miki. Following the discovery 
of three-needle pine with large cone (Miki, 1939), Miki (1941) described a number of plant 
remains from the porcelain clay beds, accompanying many new genera and new species. He 
named this plant-bearing sediments the“Pinus trifolia bed", and dated it as Early Pliocene age, 
judging from fl.oristic composition and component. It has been well known in the world that 
the genus Metasequoia was first established in this paper. Furthermore, his supplementary 
studies or revisions for his earlier works were continuously done (Miki, 1948, 1952, 1955, 1956, 
1957, 1961, 1963, 1965, 1968, 1970). Beside Miki’s works, there are few reports on Late Tertiary 
floras of Tokai district (Aichi and southern Gifu Prefectures). Yoshino (1971) described a 
palynofl.ora from the “Pliocene”Yadagawa Formation distributed in the north of Nagoya City. 
N asu (1972) who summarized Pliocene and Pleistocene floras of Kinki and Tokai districts, 
briefly described palynofl.oras of the Seto Group. 
The Seto Group has provided an important fl.oristic sequence of the Upper Tertiary in 
central Honshu. Miki’s investigations were principally based on reproductive organs such as 
seed, endocarp and cone, and were few on leaf remains. No other leaf floras from the Upper 
Tertiary in Tokai district have been described up to the present, except for a short note on the 
Latest Miocene臼oraof the Chita Peninsula by Onoe et al. (1986). An assemblage represented 
by reproductive organs is frequently different in composition from that of leaf remains in a 
fossil flora. It is probably due to the fact that heavy reproductive organs such as seed, fruit, 
and cone need higher energy to be transported by river water than leaf remain. The seed 
assemblage is usually more diverse in composition and component than the leaf assemblage, 
although some characteristic plants of leaf assemblage of same age are lacking. 
Late Tertiary floras of Japan have been largely based on leaf remains. The “Pin us 
trijolia bed”日orawas sometimes difficult to estimate its age and climatic implication in 
comparison with other leaf floras of same age. As Miki (1941) described, leaf remains are 
frequently included in the Seto porcelain beds. Accordingly, it is the principal purpose of my 

investigation to clarify the leaf assemblage of the Seto Group. 

Geologic Occurrence 

Neogene sediments are widely distributed on Mesozoic granitic rocks and Pre-Tertiary 

sediments in the southern Gifu and eastern Aichi Prefectures. The Neogene was deposited on 
denudated basement rocks with low relief, and they show considerable lateral change in 
lithology. A number of stratigraphic investigations have been reported by various authors, 
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Fig. 16. Geological Map of the Seto Group, Aichi and Gifu Prefectures After Todo Collaborative 

Research Group (1985) 
1: Paleozoic and Mesozoic sediments 2: Granites and N ohi rhyolites 3: Mizunami Group 4: Seto 
and Tokiguchi porcelain clay Formations 5: Yadagawa Formation and Toki gravel beds 
6: Terrace 7: Alluvium Columnar sections of Obata area; A: The 3rd Hotoku mine B: The 2nd 
Hotoku mine C: Ito mine P: Pin凶 tr：扮Zia Gt: Granites Shi: Shinano Formation Cg: Conglom 
erate C: Clay Q: Quartz sand Sl: Siltstone Gv: Gravel 
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and the detailed stratigraphy, correlation and age-assignments for the Neogene have been 

proposed (Akamine, 1954 ; Kuwahara, 1971 ; Ishida and Yokoyama, 1969; Yokoyama, 1969 ; 
Itoigawa, 1971 ; Makinouchi, 1975, 1985 ; Toudo Collaborative Research Group, 1985 ; etc.). 
Most of the authors agree recently that the Neogene sediments are subdivided into two groups, 

the Mizunami and Seto Groups. The Mizunami Group typically develops in Toki-Mizunami 
area, and locally in Kani and Iwamura areas in Gifu Prefecture. It is largely of shallow-sea 
origin excepting for its basal part of terrestrial sediments which includes lignite seams. The 
Mizunami Group usually contains a number of molluscan and foraminiferal fossils and also 
sometimes plant fossils; it is assigned to late-Early and early-Middle Miocene in age (Tsuchi, 
1986). In the southern part of the Chita peninsula, the Morozaki Group develops. This group 
is correlated with the Mizunami Group and is of deep-sea origin, judging from molluscan 

fossils. 
The Seto Group is widely distributed from Toki area through Seto area to the Chita 

Peninsula in the eastern margin of the N obi Plain. The Group covers the Miznami and 
Morozaki Groups with disconformity, but it overlies directly on the basement rocks with an 

onlap relation in most areas. The Seto Group is subdivided into two formations in lithology 

(Akamine, 1954 ; Toudo Collaborative Research Group, 1985) : the lower is composed mainly 
of quartz sand, carbonaceous clay, quartz-grain bearing clay and lignite (the Seto or Tokiguchi 
porcelain clay Formations), and the upper is mostly composed of sand and gravel (the 

Yadagawa and Toki Formations). The Seto porcelain clay Formation contains many plant 
remains in carbonaceous clay, represented by Pinus trifolia as described by Miki (1939, 1941). 
The southward extension of the Seto Group has been discussed by many authors (Kuwahara, 
1971; Itoigawa, 1971; Makinouchi, 1975; others), because the Group or its coeval formations 
are different in lithology and discontinuous in areal distribution. However, most of the 

authors concluded that the Seto porcelain clay Formation is lacking in Chita Peninsula, and 
only the upper part of the Seto Group develops there, consisting of sand, gravel, tu百， clayand 

lignite. The equivalent of the upper Seto Group is named the Yadagawa Formation in the 
west of Nagoya and the Tokoname Formation in the Chita Peninsula. 

The Seto Group has been considered to be of Pliocene in age by most authors, accepting 

Miki’s dating for “Pinus trifolia bed”flora. However, Tanai (1961), in his comprehensive 
study of Neogene floras throughout Japan, asserted that Miki’s“Pinus trijolia bed”日orais of 
Late Miocene to Early Pliocene in age, because it is closely similar in fioristic composition to 
most of Late Miocene leaf floras of other regions. 

There are unfortunately no radiometric dating for the Seto porcelain clay Formation 
including plant assemblage. However, some fission-track dating was done for the upper Seto 

Group in the Chita Peninsula. Makinouchi et al. (1983) gave the fission廿 ackages to some 

volcanic ash beds which are intercalated in the Yadagawa Formation of the Chita Peninsula : 

4.2 ± 0.4 Ma for the middle level tu百（theOotani volcanic ash bed), and 5.2±0.8 Ma or 7.6±0.6 

Ma for the lowest tuff (the Kofu volcanic ash bed), although values of the Kofu bed are 

somewhat questionable due to thermal events. Hayashi et al. (1985) recalculated statistically 

the fission-track ages of some rocks already published by various authors, and they showed the 
recalculated age of the Tokoname Formation: 5.2±0.41 Ma for the Ootani bed, 5.59±0.36 Ma 

for the Kaminoma bed and 7.02±0.4 Ma for the Kofu bed. I cannot determine which age is 
reliable between these two authors' dating. However, even if we accept either value of the 

fission-track ages which were presented by them, the Yadagawa Formation is assigned to be 

Latest Miocene to Early Pliocene in age. The Seto porcelain clay Formation is strati-
graphically underlies the Yadagawa Formation as asserted by Kuwahara (1971) and others; it 
is concluded to be of Late Miocene age, and is probably dated as 8 or 9 Ma. 
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Table 43. The Species Reported from the Seto Porcelain Clay Formation by Miki 

Family Species Material 

Osmundaceae Osmunda japonica Thunb. L 
Pinaceae Keteleeria davidiana Beiss. FLT 

Keteleeria robusta Miki FLT 
Picea koribae Miki F 
Picea latibracteat1ョMiki F 
Pinus armaηdi Fr. F 
Pinus ujiii (Yasui) Miki FL 
Pin usρarviflora Sieb. & Zucc. F 
Pinus tr；φlia Miki FLT 
Pseudo laγ似たα：em曾iferiGoτd. FLT 
Pseudotsuga subrotunda Miki F 
Tsuga loη：gibracteata Chang FL 
Tsuga rotundata Miki FT 
Tsuga obloηga Miki F 

Taxodiaceae Cunninghamia konishii Hayata T 
Glyptostrobusρensilis Koch FST 
Metasequoia jaρonica (Endo) Miki FT 
Protosequoia pγimαγtαMiki FT 
S句uoiase悦zperむirensEnd!. FST 

Cephalotaxaceae Ceρhalotaxus biumbonata Miki F 
Schisandraceae Schisandra megasperma Miki s 
Magnoliaceae Magηolia salicifolia Maxim. SL 

Michelia sp. s 
Lauraceae Cinnamomum macropodum Miki SL 

Lindera sericea Blume LS 
Lindera citriodora Hems!. L 
Machi/usρasanifolia Miki SL 
Parabenzoinρraecox Nakai F 
Umbellularia japonica Miki L 

N ymphaeaceae Bri邸側iasch：γeberi Gmel. s 
Eoeuryale brasenioides Miki s 
Nuphar akashiensis Miki s 

Menispermaceae Sinomenium acutum Rehd. & Wils. s 
Stephaniaρeriporosa Miki s 

Theaceae Camellia sasanqua Thunb. F 
Schimaρlioceca Miki F 
Stewartia obovata Miki F 

Tiliaceae Tilia costata Miki FL 

Cucurbitaceae Lissopepon melothroidea Miki s 
Trichosanthes kirilowii Maxim. s 

Hamamelidaceae Coηlopsis sp. s 
Distylio；争sispαγγotioides Miki F 

Fortunearia sinensis Rehd. & Wils. FS 
Liquidambar cf. L. formosana Hance FL 

Eucommiaceae Eucommia ulmoides Oliver F 

Rosaceae Amelanchier cf. A.αsiatica End!. L 

Caesalpiniaceae Glediぉiacf. G. macracantha Desf. T 

Fabaceae Dalbergia sp. L 

Wisteria ligniata Miki FL 

Rutaceae Fagara ailanthoides Engl. s 
Meliaceae Melia cf. M. ja抑制caG. Don F 

Anacardiaceae Poupartia polymeris Miki F 

Aceraceae Acer buergerianum Miq. FL 

Acer diabolicum Blume F 

Acerραlmatum Thunb. SL 

Acer rubrum Linn. var. L 

Sabiaceae Meliosma radiocosta Miki s 
Meliosma rigida Sieb. & Zucc. s 
Sabia japonica Maxim. s 
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Euscaphis jaρoηica Kant. 
Berchemia racemosa Sieb. & Zucc. 
Paliurus nippoηic凶 Miki
Ampelopsis leeoides Planch. 
Cayratia meg.回ρerma(Miki) Miki 
Cayratia orbitalis Miki 
Tetrastigma tazimiensis Miki 
目前 brachypodaMiki 
目白 labruscoideaMiki 
目前 rotundataMiki 
私的sthunbergii Sieb. & Zucc. 
Fr.αxinus japonica Blume 
身ringasp. (?) 
Cornus coηtroversa Hems!. 
Cornus kousa Buerger, ex Hance 
Nyssa仰chycarpaMiki 
Nyssa rugosa Miki 
Pゆssasylvatz白 Marsh.
Alangium begoniifolium (Roxb.) Bail!. 
Alaηgium macrocarpum Miki 
Elaeagηus sp. 
Lagerstroemia sp. 
Eotrapa tetrasepala (Miki) Miki 
Hemitrapa tr.ゆelloideaMiki 
Trapa dolichocarpa Miki 
Trapa mammill俳raMiki 
Traρa maximowiczii Korsh. 
Traραρulvinipoda Miki 
Zelkova cf. ungeri Kovats. 
Carya ovatocarpαMiki 
Carya striata Miki 
Caη1a veηtricosa Unger 
Cyclocaryαρaliurus (Batal) Illjinsk. 
juglans megacinerea Chaney 
Alηus japonica Sieb. & Zucc. 
Betula adstigmata Miki 
Carpinus jaρoηica Blume 
Carpinus tschonoskii Maxim 
Corylus ligniatus Miki 
Ostrya stenocarpa Miki 
Castanopsis oligospina Miki 
Cyclobalanoρsis sp. 
Fagus grand扮ZiaEhrh. 
Fagus japonicoides Miki 
Lithocarpus glabra Nakai 
Quercus chenii Nakai 
Quercus rubroidea Miki 
Salix sp. 
Aleurites fordioides Miki 
Mallotusρroto；ゆonicusMiki 
Sapium sebiferum Roxb. var. 
Buxus japonica Muel. 
Enkianthus sp. 
Pieris japonica Don 
Rhododendron ovatocm少aMiki 
Meliodendron mult；φterium (Miki) Miki 
Meliodendron nip抑制cumMiki 
Rehderodendron elli1うticaMiki 
Styrax laevigata Miki 
Styrax obassioidea Miki 
Sかraxrugosa Miki 
Styrax shiraiana Makino 

Staphyleaceae 
Rhamnaceae 

Salicaceae 
Euphorbiaceae 

Buxaceae 
Ericaceae 

Styracaceae 
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Symplocaceae ミシmplocoslancifolia Sieb. & Zucc. 
Symplocos myrtacea Sieb. & Succ. 
Synψlocos tricaゆαMiki
Vi・burnumjaρonicum (Thunb.) Spreng. 
Trapella lissa Miki 
Trapellaρrimaria Miki 
Bambusoidea nipρonica Miki I
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Caprifoliaceae 
Trapellaceae 

Gramineae 
L ・ leaf F fruit or cone S seed T twig and others 

“Pinus trifoliαbed”Flora from the Seto Porcelain Clay Formation 

Based on the plant remain collection from the Seto porcelain clay Formation at 13 
localities of Seto Tajimi region, Miki (1941) described 83 species, which are distributed in 37 
families and 62 genera. The plant assemblages in each locality are somewhat different in 
composition, but they were probably due to the mining condition of each clay pit at that time 
when the late Dr. Miki visited. However, Pi仰 strifolia was collected from 12 localities. 
Miki (1941) described the plant remains were collected from lignite-bearing clay. On the basis 
of additional specimens and taxonomical revision continued since 1941, Miki (1963) summar-
ized the fioristic list of the Pinus trifolia bearing flora. He proposed 3 new genera, 13 new 
species and 1 new combination in his paper ; but it is regrettable these proposed new genera and 
species are nomen nudum in the sense of the present International Code of Botanical N omen-
clature. His further taxonomical studies on plant remains of this region continued until 1970. 
Summarizing the plant remains described by Miki (1939-1970) from the Seto Group, there are 
93 genera and 128 species. These 128 species are 1 fern, 19 conifers, 104 dicots and 1 monocot. 
They are listed in Table 43, in which the fossil organs of each species are indicated. 
The specimens recorded as new species by Miki are chiefly reproductive organs such as 
seed, fruit and endocarp, excepting in the case of Metasequoia. Among numerous new species, 
the ones described on the basis of leaves are only three, Cory/us ligniatus, Wisteria ligniata and 

Umbellularia japonica. 

N asu (1972) mentioned that pollen assemblage from the Seto porcelain clay Formation is 

characterized by small occurrence of conifers (each genus less than 10%), predominant ever-
green Quercus (max. 75%) and a meagre quantity of Alnus (max. less than 2%). These 
tendency of the microfossils well match to those of the leaf assemblage from the Formation. 

Leaf Assemblage from the Seto Porcelain Clay Formation 

Fossil localities of Seto-Tajimi region recorded by Miki were as many as 16, and most of 
them were in the porcelain clay pits. To collect fossils at some localities is now impossible, 
because most of clay pits have changed or abandoned their mining sites. I was able to collect 
leaf fossils from the Itoh Mine in Obata-machi, Toyota City. Obata, one of Miki’s localities, 
seems to correspond to the Hohtoku Mine area at Ohara of Obata-machi, Toyota City, Aichi 
Prefecture. The Itoh Mine is at the north of the third pit of the Hohtoku Mine and at the west 

of the second pit of the Hohtoku Mine. 
The Seto porcelain clay Formation around the Itoh and Hohtoku Mines in Obata area is 

20 to 30 m thick, which unconformably overlies Mesozoic and Paleogene granitic rocks or 
Early Miocene Shinano Formation. The Shinano Formation, locally accompanied with 
conglomerate, lies unconformably on granitic rocks of large relief and is correlated with the 
Mizunami Group in Tajimi region by the molluscan fauna (Otsuka et al., 1976). The Seto 
porcelain clay Formation in this area is subdivided into three members: the upper and lower 

members consisting mainly of coarse-grained quartz sandstone facies and the middle member 
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of fine-grained siltstone facies. The upper member is covered by the conglomerate of the 
Yadagawa Formation with disconformity. As shown in the columnar sections of Fig. 16, the 
basal part of the basal member in Obata area reveals remarkable lateral changes in lithology. 
The basal coarse grained quartz sandstone member at the Itoh Mine is a bed intercalated with 
lenticular siltstone of about 1 m thick, in which I collected leaf fossils. The middle member 
of 2.5 4 m thick is composed of sandy claystone or siltstone which locally grades into Kibushi 
clay. The upper member of several meters thickness consists mainly of massive quartzose 
coarse-grained sandstone. 

Systematic Representation 
Based on leaf collection from the Itoh Mine, the Seto leaf assemblage in the Obata district 
is composed of 31 families, 49 genera and 62 species. There are 5 conifers, 3 monocotyledons, 
and the remainder are dicotyledons. As indicated in Table 44, the largest family is the 
Fagaceae with 3 genera and 7 species; next come the Lauraceae with 4 genera and 5 species, 
the Betulaceae with 3 genera and 5 species, the Pinaceae with 4 genera and 4 species, the 
Aceraceae with 1 genus and 4 species, and the Ulmaceae, Theaceae and Fabaceae with 3 
species each. The remaining families have 2 species or less, and most of them are represented 
by a single species. The following genera are predominant in number of species ; Quercus and 
Acer with 4 species each, and Carpinus with 3 species. Cinnamomum, Ulmus, Fagus and 
Poρulus have 2 species each, and the remainders are represented by one species. 
It is considered that Miki’s Obata locality is close to the leaf fossil locality, although the 
precise site is uncertain. The following 23 genera and 30 species were reported by Miki (1933 
-1970) from the Obata locality: Alangium begoniifolium (Roxb.) Baill., Benzoin umbellatum 
Rehd., Brasenia schreberi Gmel., Caゆinustschonoskii Maxim., Cmっ1aovatocarpαMiki, C. striata 
Miki, DおかliopsisραrrotioidesMiki, Eoeuryale braseηioides Miki, Eotrapa tetrasepala (Miki) 
Miki, Fagus ferruginea Ait., F. japonicoides Miki, Fortunearia sinensis Rehd. & Wils., GlYJぅtos-
trobusρensilぬKoch,Hemitrapa trapelloidea Miki, Keteleeria davidiana Beiss., Meliosma rigida 
Sieb. & Zucc., Nyssa pachycarpαMiki, N. sylvatica Marsh., Paliurus nipponicus Miki, Pi仰 sfujiii 
(Yasui) Miki, P. trifolia Miki, Protosequo£αρrimaria Miki, St，ゆhaniaρeriporosaMiki, Styriαx 
laevigata Miki, S. rugosa Miki, Symplocos myrtracea Sieb. & Zucc., Traρα dolichocarpαMiki, T. 
mammillifera Miki, Trapella lissa Miki and T. 1うrimariaMiki. 
Most of these species were based mainly on reproductive organs. Except conifers, 
Benzoin, Carp仇usand Fagus are based also on the leaves, and their related species are found 

in my leaf collection. Among the species from the Obata area there are only 5 allied or 
common species between the seed assemblage by Miki and leaf assemblage by me : 2 species 
of Fagus and 1 species each of Caη仏 Linderaand Paliurus. Fagus japonicoides Miki was 
reported in 1963 without description although it was treated as F. jaρonica up to that time by 
him. 

The Seto leaf assemblage consists of both cool temperate and warm temperate or subtropi-
cal plant families. The Pinaceae, Ulmaceae, Juglandaceae, Betulaceae, Salicaceae, Rosaceae 
and Aceraceae are typically temperate families. The Lauraceae, Menispermaceae, Sabiaceae, 
Hamamelidaceae, Theaceae, Pittosporaceae and Fabaceae are, in general, warm temperate or 
subtropical to tropical families. Three species of the Fagaceae are evergreen oaks, and 5 
species of the Lauraceae include 4 evergreen plants. The Seto leaf assemblage is concluded 
to consist mainly of warm temperate families and to have slightly less number of the cool 
temperate families. 

In the whole species reported by Miki from the Seto porcelain clay Formation, the ratio 
of the entire margined species to the total broad-leaved species is 30/92 that makes up 32.6 per 
cent, and that of the evergreen broad-leaved species to the total is 16/92 and 17.4 per cent. On 
the other hand, in the leaf flora collected from the Itoh mine by me, the ratio of the entire-
margined broad四leavedspecies to the total broad司leavedspecies in Obata district is 20/57 
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Poaceae 

Leaf assemblage from Seto 

Table 44. Systematic List of Families and Species 

Keteleeria davidiana Beiss. 
Pinus trijolia Miki 
fミeudoおugatanaii Huzioka 
T幻tgamiosieboldiana Ozaki 
Glyptostrobus sp. 
Ac tiηodゆhnesp. cf. A. lancifolia Meisn. 
Cinnamomum sp. cf. C. camρhara Sieb. 
Cinnamomum sp. cf. C. japonicum Sieb. 
Lindera sp. cf. L. miyataensis Huzioka & Uemura 
Persea sp. cf. P. thunbergii Kosterm. 
Cocculus sp. cf. C. trilobus DC. 
Meliosma oldhami Maxim. 
Liquidambar miosinica Hu & Chaney 
Fortunearia kabutoiwana Ozaki 
Ulmus protojaρonica Tanai & Onoe 
Ulmus sub仰rvifoliaNathorst 
Zelkoia ungeri Kovats 
Caη担zmiocathayeηsis Hu & Chaney 
Castanea miocrenata Tanai & Onoe 
Fagusρalaeojaρonica Tanai & Onoe 
Fagus st似 bergii(N athorst) Tanai 
Quercusρrotoacuta K. Suzuki 
Quercusρrotoaliena Ozaki 
Quercusρrotosalicina K. Suzuki 
Quercus sp. aff. Q. glauca Thunb. 
Betula sp. 
Carpinus heigunensis Huzioka 
Carpinus miocenica Tanai 
Caゆinussp. cf. C. turczaninowii Hance 
Ostηa aizuana K. Suzuki 
Elaeocaゆusfiorinii Tanai 
Eury,a sp. 
Stewartia hokiana Ozaki 
Tilia sp. 
"Ficus”がliaefoliaHeer 
Poρulus hokiensis Ozaki 
Populus kobayashii K. Suzuki 
Vaccinium sp 
Halesia sp. 
Styrax sp. cf. S. ja抑制・caSieb. & Zucc. 
Pittaゆ0間 msp. cf. P. illicioides Makino 
Deutzia sp. 
Matus sp. 
Cladrastis aniensis Huzioka 
Leゅedezasp. 
Wisteria faUαx (N athorst) Tanai & Onoe 
Myrioρhyllum sp. 
Corn us megaphylla Hu & Chaney 
n町 subcornutaHuzioka & Uemura 
Sapium hokianum Ozaki 
Paliurusρrotonψρoηicus K. Suzuki 
Vitis naumannii (N athorst) Tanai 
Acer nordenskioeldii N athorst 
Acerρrototrifidium Tanai 
Acer sp. cf. A. chiharae Huzioka & Nishida 
Acer tricusがdatumBronn. 
Fri即 iηussp. 
Syringa sp. cf. S. pekiηensis Rupr. 
Potamogeton sp. 
Carex spp. 
Bambz似たssp. 
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(35.1%) and that of the evergreen broad-leaved species is 14/57 (24.6%). Thus, the proportion 

of the entire-margined species somewhat di百ersbetween the two assemblages, but that of 

evergreen broad-leaved species in the “seed”assemblage is somewhat higher than in the leaf 

assemblage. 

Assumed Habits and Leaf Characters 

Table 45 shows the probable habits of the Seto plants as judged from their most similar 

living plants and from the texture of fossil leaves. Fifty-four trees make up 67.5 percent of the 

total taxa, 10 small trees or shrubs make up 12.5 percent, 5 vines perform 6.3 pecent, 10 aquatic 
herbs make up 12.5 percent and terrestrial herb is represented by a single taxon. The Seto 

plants were predominantly arboreal as the percentage of trees to shrubs make up 80.0 percent. 

Of seven conifers, only one Glyptostrobus europaeaus was deciduous. Ref erring to the 

abscission habit of the broad-leaved members of the flora, the herbs can be omitted from 

consideration, but we include several angiosperms which have not been assigned specific status, 

and whose leaf characters indicate whether they were evergreen or deciduous. Among 57 

angiosperms, the following 14 taxa may be assumed to have had an evergreen habit as judged 

from the thick texture of their leaves, and from the abscission regime of their living equiva-

Table 45 Assumed Growth Habit and Leaf Characters of the Seto Plants 

Species 

Glyptostrobus eur，妙。eus

Keteleeria ezoana 
Pinus trifolia 
Pinus fujiii 
Pseudo ts叫gata悶aii
Protosequoia primaria 
Tsuga miosieboldia向。
Acer sp. cf. A. chiharae 
Acer目ordenskioeldii

Aceiρrototrifidium 
Acer tricuspidatum 
Aclinodaphne sp. cf. A. lancifolia 
Alaη：giu問 bego河iifolium
Betula sp 
Carpinus sp. cf. C. turczaninovii 
Caゆinusheigunensis 
Caゆinusmiocenica 
Caiya miocathayensis 

Caiッ＇aovatocaゅ。
Caiya striata 
Cast.四時eamiocγ・enata 
Cinnamomum sp. cf. C. cam戸hara
Cladγ-astis aniensis 
Cornus megaphylla 
Elaeocarpus ft.or仇ii
Euiya sp 
Fagusρa』aeojaponzca
Fagus stuxbergii 
Fortunearia kabutoiwa向。
Fra:xinus sp 
Halesia sp 
Liquidambar miosinzca 
Malus sp 
Meliosma sp. cf. M. oldhami 
A加sa仰chycarpa
Nyssa ovatocarpa 
Ostrya aizuana 
Persea sp. cf. P. thuηbergiz 
Po仰lushokiensis 

lコo』uluskobayashii 
Queγcus sp. af. Q. gl，白紙・a
Qziercusρrotoacuta 

Growth 
Habit 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
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Growth Leaf 
Habit Characters 
Tree Ds 
Tree Es 
Tre吃 De
Tree Ds 
Tree Ds 
Tree Ds 
Tre巴 Ds
Tree Es 
Tree Ds 
Tree Ds 
Tree Ds 
Tr巴：e Ds 
ST or Shrub E巴
ST or Shrub Ds 
ST or Shrub Es 
ST or Shrub Es 
ST or Shrub De 
ST or Shrub De 
ST or Shrub Ds 
ST or Shrub Ee 
ST or Shrub De 
ST or Shrub Ds 
Vine De 
Vine Es 
Vine De 
Vine Ds 
Vine De 
Terr. H巴rb
Aqua. Herb 
Aqua. Herb 
Aqua. Herb 
Aqua. Herb 
Aqua. Herb 
Aqua. Herb 
Aqua. Herb 
Aqua. Herb 
Aqua. H巴rb
Aqua. Herb 

Species 

Que円cusρrotoaliena
Queγcus protosalici：問。
Sapium hokia冗um

Stewar.tia hokia持。
Styra:x sp. cf. S. ja抑制ca
Styra:x laevigata 

Styra:x rugosa 
S_y押iplocosmyrtacea 
Tilia sp 
Ulm usργotojapoηica 
Ulmus subparvifolia 
Zelkova uηge門

Cinnamomum sp. cf. C. japonzcum 
Deutzia sp. 
Eurya sp. 
flex subcor：目uta

Le.ゆedezasp 
Lindera cf. miya品目E悶sis

Paliurusか＇Otoηψ＇Ponicus
Pittosρarum sp. cf. P. illicioides 
Syringa sp. cf. S. Iうekinensis
Vacci悶iumsp. 
Cocculus sp. cf. C. trilobus 
Kadsuraρrota；ψonica 
St，ψhaniaρeriporosa 
Vitis nau問。ηηii

Wisteria falla:x 
Carex spp. 
Brasenia schreberi 
Eoei口yalebrasenioides 

Eotrapa tetrasepala 
Hemitrapa trapelloidea 
Myrio戸hyllumsp 
Potamogeton sp. 
Trapa dolichocarpa 
Tra戸amammillijera 

TraJうellaLissa 
Trapella戸内maria
Bambusites sp 
Distyliopsisρarrotioides 
"Ficus”t』:tiaefolia De 
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lents : Actinodaphne sp. cf. A. lancifolia, Cinnamomum sp. cf. C. camρhara, Cinnamomum sp. 
cf. C. ja1うonicum,ElaeocarjJus florinii, Eurya sp., flex subcornuta, Meliosma rigida, Kadsura 
ρrotojaponica, Persea sp. cf. P. thunbergii, Pittosporum sp. cf. P. illicioides, Quercusρrotaαcuta, 
Quercusρrotosalicina, Quercus sp. a任 Q.glauca and Symplocos myrtacea. 

Leaf assemblage from Seto 

Numerical Represen ta ti on 
The following quantitative appraisal of the Seto flora is based on a count of 231 specimens. 
Among the 62 Seto fossil species, 5 ones are numerous, making up more than 5 per cent each, 
and these species occupy nearly a half of the total specimens. No species is especially 
dominant in the number of specimen. 27 species having more than 1 per cent comprise 82.3 per 

cent of the total. These predominant plants appear to have lived in the forests near the 

depositional sites and/or to have occupied the topographic circumstances suitable for transpor-
ting their leaves to sites of deposition. It may be considered that the topography around the 
depositional sites was hilly and mountain slopes. This topographic inference is also consistent 
with the fact that the plant-bearing Seto porcelain clay Formation in the Obata area is largely 
composed of coarse-grained sandstone and that the flora has few plants lived in typical swamp 

fiat, except GI)少tostrobuslisted by Miki. Among the predominant species, Quercus sp. a百.Q. 
glauca, Cinnamomum sp. cf. C. camρhara, Persea sp. cf. P. thunbeなii,Actinodaρhne sp. cf. A. 
lancifolia and Quercusρro的salic仇αwereconsidered to be evergreen broad-leaved trees. 
Although these evergreen trees may be at a disadvantage for shedding their leaves, they show 
relative high scores in leaf record. They appear to have formed evergreen forest from the 

lake borders to lower slopes along with Quercusρrotoacuta and Elaecarpus. Paliurus 
ρrotonipponicus may have formed the understory of the above trees along with several ever-
green shrubs such as Cinηαmomum sp. cf. C. japonicum, Euη1a sp., flex subcornuta and 
Pittosporum cf. illicioides. Fagus stuχbergii must have formed deciduous broad-leaved moun-

tain slope forests of the Seto forest together with the other deciduous trees represented by 
meagre percentage such as BetuZαsp., Malus sp., Ostηa aizuana, Stewartia and Styr.似. Some 

Table 46. Numerical Representation of the Seto Species 
Nwnber of 
specimens 
17 
16 
16 
15 
13 
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Percentage 

Acer戸rototnメdium 
Acer cf. chiharae 
Betula sp. 
Castanea miocrenata 
Cinnamomum cf. japonicum 
Myrio1うhyllumsp. 
Potamogeton sp. 
Quercus protoacuta 
Sapium hokianum 
Ulmus subparvifolia 
Wisteria fa/lax 
Acer tricuspidatum 
Caηa miocathayensis 
Cladrastis a向iensis
Coγηus megaJうhylla
Deutzia sp. 
Elaeocarpus flori悶ii
E叫ryasp. 
Fraxinus sp. 
flex subcornuta 
Matus sp 
Ostη1a aizuana 
Pittosporum cf. illicioides 
Stewartia hokia問。
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Species 

Ca：ゆ問us叩wcemca
Paliurus Fγotonipponzcus 
Queγcus aff. glauca 
Aceγ noγdenskioe ldii 
Fagus sftαbeγgii 
Ci坑机amomumcf. camphoγa 
Pseudo ts批εatanaii 
Carex spp 
Populus kobaya.shii 
Tilia sp 
Liquida：悦 barmiosinica 
Po：抑恥 hoki側部
Syγinga sp. cf. S. pekine悦sis
Ulmus protojaponica 
Bambusites sp. 
Zellwva u：抗geγi
Lindera cf.叩iyataensis
Peγsea cf. thunbeγgii 
Actinod，ゅhnecf. la叫cifolia
Caγpinus heigunensis 
Ca：ゆiηuscf. turczanino世iii
Cocculus cf. trilobus 
Fagus抑laeoja：抑制ca
Halesia sp 
Leゆedezasp 
Queγcus争γotoaliena
Queγcus protosalicina 

”Ficus”託liaefolia
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evergreen conifers, Pseudotsuga tanaii, Tsuga miosieboldiana and Keteleeria davidiana, may 
have formed conifer forest in some places or sporadically lived on slopes between the ever-
green and deciduous forests. The other trees such as Acer, Poρulus, Tilia, Liquidambar, 
Ulmus, Buxus, Zelkova, Liηdera and Carpinus, seem to be main members of valley forest, 
judging mainly from the living equivalents. 
The proportion of the evergreen broad-leaved species to the total broad-leaved species is 
14/62 that makes up 22.6 percent, and that of the entire-margined species is 22/62 and 35.5 
percent. 
Following leaves were collected by Miki from the Obata locality: Fortunearia sp., 
G仰tostrobussp., Keteleeria davidiana Beiss., Meliosma rigida Sieb. et Zucc. and Pinus trifolia 

Miki. 

Distribution of the Allied Living Species 
Table 4 7 shows the most allied living species of the Seto species and their distribution in 
East Asia. The following table indicates the total number of species in each forest zone and 
the percentages for the cumulative number of species in all zones. 

Zone 
No. of Species 
Percentage 

1 

9.0 
8.3 

2 

29.5 
22.3 

3 4 

42.0 31.0 
31.6 23.3 

5 

18.5 
15.3 

1
1

一A
U
0
6

－

1
i
n
u
 

Sum 
133.0 
100.。

In the cumulative number of species, the upper warm temperate forest zone (zone 3) is 
largest with 42 species, taking up 31.6 per cent of the total. Next come the lower cool 
temperate forest zone (zone 4) with 31 species (23.3%) and the lower warm temperate forest 
zone (zone 2) with 29.5 species (22.3%). The distribution of the living species allied to the Seto 
fossil species indicates that the Seto flora bears a close resemblance to the upper warm 
temperate zone forest which corresponds to the modern evergreen oak forest of East Asia. 

Assumed Habitat 

Table 48 shows the assumed habitat of the Seto leaf flora. Only two species belong to the 
aquatic community, and their similar modern plants are confined to areas of shallow water, 
although many water plants were reported from the Seto porcelain clay Formation by Miki. 
Almost all of the water-loving species appear to have lived mainly to well-drained, moist, 
valley sites such as stream banks, damp swales, and moist flats near the sites of deposition, 
considering from small number of the swamp species. These riparian or valley forests are 
largely composed of deciduous hardwoods, and are mixed with a few evergreen broad-leaved 
trees such as Actinodaphne cf. lancifolia, Persea cf. thunb仰が alongwith a shrub, flex subcor-
nuta. Some of more abundant trees of the flora, such as Carp仇usmiocenica, Acer nordens-
kioeldii, Populus kobayashii, Tilia sp., Liquidambar miosinica, Populus hokieηsis, Syringa cf. 
ρekinensis and Zelkova ungeri, probably found their most luxuriant growth in this community, 
along with Carex spp., and Bambusites sp. Many species of the riparian or valley communities 
were not confined to the lake-shore and valley flat but also occupied lower slope in the region. 
The lower slope forest has a marked relationship to the evergreen forest of lower elevation, 
though the forest contains a number of temperate deciduous hardwood trees. Some of the 
abundant trees of the flora, such as Quercus a任 glauca,Cinnamomum cf. cam］うhara,Paliurus 
ρrotonipρonicus, Liquidamba冗 maplesand hornbeams, probably found their most luxuriant 
growth in the lower slope forest. The forest at higher elevation above the lower slope forests 
was the deciduous broad-leaved forest dominated by Fagus stuxbe培が；itcontains conifers such 
as Keteleeria david£α仰 p Pseudotsuga tanaii and Tsuga mioseiboldiana. 

Summary 

The Seto porcelain clay leaf flora composed of 62 species, 31 families and 49 genera occurs 



47. Distribution of the Most Allied Living Species 

Most Allied living species 1 2 

C. camρhara Sieb. 
C. japonicum Sieb. 
C. trilobus DC. 
E.りlvestris(Lour.) Poir 
E. jaρonica Thunb. 
G.ρencilis K. Koch 
K. j.ゆonica(L.) Dunal 
P. ramosissimus (Lour.) Poir. 
P. thunbergii Sieb. et Zucc. 
S. jcψonica Sieb. et Zucc. 
M ゆicatumLinn. 
M. oldhami Maxim. 
A. buerger示。numMiq. 
A. lancifolia Meisn. 
C. cat加:yensisSarg. 
よcornutaLind!. 
K. davidiana (Franch.) Beiss. 
Q. salicina Blume 
Q. glauca T,ゐtnb.
S. seb約rum(Linn.) Roxb. 
T. kiusiana Mak. et Shirasawa 
U. parvijoia J acq. 
F. sinensis Rehd. et Wils. 
L. formosana Hance 
Q. acu勿 Oerst.
Q. aliena Blume 
C. controversa Hems!. 
Leゅedezasp. 
W. fioribunda (Willd.) DC. 
Z. serrata Makino 
P. illicioides Makino 
A. palmatum Thunb. 
A.ρiycnanthum K. Koch 
C. tschonoskii Maxim. 
C. turczaniηovii Hance 
F. japonica Maxim. 
P. jゅonicaShirasawa 
T. sieboldii Carr. 
A. mono Maxim. 
C. crenata Sieb. et Zucc. 
L. umbellata Thunb. 
P. sieboldii Miq. 
V. smalli・iA. Gray 
0. japonica Sarg. 
c. f似 ifioraBlume 
Betula sp. 
C. plaかcarpα（Maxim.)Makino 
F. crenata Blume 
Malus sp. 
S.ρseudo-camellia Maxim. 
S.ρ＇ekinensis Rupr. 
U. davidiana Planch. var. 
jゅonica(Rehd.) Nakai 

Vitis naumannii V. coignetiae Pulliat 
1) Subtropical forest zone 2) Lower warm temperate forest zone 3) Upper warm temperate forest zone ． 
4) Lower cool temperate forest zone 5) Upper cool temperate forest zone 6) Subalpine forest zone 7) Alpine forest zone 
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Leaf assemblage from Seto 

Table 

Fossil species 

Cinnamomus cf. camphora 
Cinnamomum cf. j.ゆonicum
Cocculus cf. trilob：略
Elaeoca；ゆusfioγinii 
Euηαsp. 
Glyptostrobus eu；γo抑脱出
Kadsuγa争γotojai争0γzica
Pαliurus proto伯仲onicus
Peγsea cf. thunbergii 
Styrax cf. japonica 
Myrio悼ヲllum明．
Meliosma cf. oldhami 
Ace：γ 争rotot；γ添dium 
Actinoda；争hnecf. laγzcijolia 
Caηαγniocαthayensis 
flex subcoγnuta 
Keteleeγiα ezoana 
Queγcus争γotosalicina
Queγcus aff. glaucα 
Sapium hoki，αηum 
Tilia sp. 
Ulmus sub抑γ匂ifolia
Fortuneαria kαbutoiwαねα
Liquidambar miosiηica 
Quercus Pγotoacu；ぬ
Que：γC協争γotoα:liena
Cor汎usmega;む均lla
Lespedezαsp. 
Wisteria fallax 
Zelkova ungeγt 
刊誌ospoγumcf. illicioides 
Ace：γnoγde：汎ski心eldii
Acer tγicuspidαtum 
Cαゆ加usheigunensis 
Carpinus cf. turcza：抑制wii
Fagus争alaeoj，時onica
Pseudotsuga tanaii 
Tsuga miosieboldianα 
Aceγcf. chiharae 
C邸 taneamiocγmα：ta 
Lindera cf. miyαtαens is 
Po抑 lushokiensis 
Vaccinium sp. 
Ostηa aizuana 
Cαγ合同時間ocenicα
Betul，αsp. 
Cladγastis aniensis 
Fαigus st：叫 ：bergii
Malus sp. 
Stewαrtia hoki,α：nα 
Syγinga cf.争eki：汎ensis 
Ulm•協 pγotojaponica

＊ ＋ 

in a siltstone bed of the Seto porcelain clay Formation of Seto Group in the Obata area south 

of Seto City in Aichi Prefecture. The Seto porcelain clay Formation consists mainly of quartz 



Table 48. Assumed Habitat of the Seto Plants 
1 2 3 4 Species 

Tiliαsp・
Wisteγia fallax 
Cα'Staγzeαmiocγenata 
Ci汎γzm叩 γnumcf. camphora 
Ci抗汎amomu：悦 cf.japonicum 
Elaeocαゆusfioγinii 
Eurya sp. 
Foγtu礼ea：村正1 lwbutoiwa：机~a

Halesia s：令
Lespedezαsp. 
Paliurus伊otoni：持onicus
Pinus trijolia 
Pitta功。γumcf. illicioides 
Q回 γcus争γotoacuta
Queγcus pγotoαliena 
Que re：略ドotosalicina
Quercus aff. glaucα 
Vαccinium sp 
Cαゅinuscf. tuγcza：γzinowii 
Betula sp. 
F哩us拠laeoja；争onica
Fα：gus stuxbeγgii 
Keteleeγia davidiana 
Lindeγa cf.mもかαもαensis 
Ostηααizuanα 
Pseudotsuga t，α汎αii
Stewαγtia hokia：ηα 
Tsugaγniosieboldiana 
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Species 
Myγio争均llumsp. 
Potamogeton sp. 
Cl・沖tost：γobussp. 
Ulmもtsprotoj.ゆonicα
Uhγ流協 subpa：刊 ifolia
Acer triα応pidatum 
Bambusites sp. 
!lex subcoγ汎ut.α
Po：争ul：時 kobα：yashii
Sapium hokianuγn 
Zelkova ungeri 
"Ficus" tiliaefoliα 
Aceγnoγdenskioeldii 
Aceγ 一台γototri；五dium 
Aceγcf. chihar，αE 
Actinoda：悼悦ecf. lancif o lia 
Carex spp. 
Carpinus heiguri切れsis
Ca：γpin;略 γniocenica
Cαηαγniocαthayensis 
Cladrastisα：niensis 
Cornus megaphylla 
Deutzia sp. 
Liquidambar miosinica 
Matus sp. 
Perseαcf. thuγzbe：γgii 
Poj仰 ！ushokiensis 
Styγα:x cf. j.αpanicα 
Syringa cf. pekiγzensis 
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4 Mountain Slope 

sandstone and porcelain clays, unconforrnably rests on the pre-Neogene basement rocks and/ 

or marine Early Miocene Mizunami Group, and unconformably underlies the Yadagawa 

Formation of Latest Miocene and Pliocene age. The Seto porcelain clay Formation is of 

lacustrine origin. 

Abundant occurrence of evergreen Quercus and Paliurus together with common occur-

rence of Cinnamomum characterize Seto porcelain clay leaf flora. The Seto porcelain自ora

has an a自nitywith the modern warm-temperate broad-leaved forests in north-central Honshu, 

Japan. The Seto porcelain clay leaf日orais composed of three communities: wet riparian or 

valley, mesic lowland, and well drained mountain. The slope forest was dominated by beech 

and conifers. The ratio of entire-margined broad-leaved species is 35.5 percent. 

3 Lower Slope 2 . Riparian or Valley 

Plant Fossils from the Yadagawa Formation 

Several plant fossils were reported from the lignite-bearing sediments in Ueno, Sakashita-

cho, Kasugai City of Aichi Prefecture by Miki (1948). This plant-bearing bed (Loc. 84 in Miki, 

1948) is at the lower horizon of the Yadagawa Formation unconformably overlying the Seto 

porcelain clay Formation (Mori, 1971). Miki (1948) identified the following species at Loc. 84. 

Cl沖tost：γobus争巴：nsilis,M etasequo£αdisticha, Sequoia sem抑γvi：γens,jug！，αm cinereα，Fagus j時oγz-
icα，Queγcusαcutissima，・'Faγtu：悦 αγiasiηensis, Liquidambar Joγ悦 osana,Styγ似 jai争onica,am也

Styriαx rugosa・ Consideringfrom the fact that these plants were based mainly on fruit, cone 

and seed, and also from their assumed habitat which are marsh or riparian (excluding Fagus 

and Quercus), these fossils were deposited probably near the river bank, and were dominant 
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members of the lowland and lower slope forests near the sites of deposition. Compared the 
ftoristic composition with the Seto porcelain clay flora, this reproductive organ assemblage 
lacks evergreen broad-leaved species. 

The microfossil record from 9 horizons between the Marune and Tougou volcanic ash beds 
of the lower part of the Yadagawa Formation reported by Yoshino (1971) adds many genera 
in this megafossil assemblage as follows : 

Gymnospermae 
Abies 
Pie ea 
Pinus+ 
Tsuga 
Pseudotsuga Larix 
*Taxodiaeae++ 
Salicaceae 
Salix+ 

J uglandaceae 
*juglans+ 
Caη1a 
Betulaceae 
Carpinus+ 
Betula-Corylus + 
A/nus++ 

Fagaceae 
* Fagus++ 

Castanea 
* Quercus++ 
Castanopsis 
Ulmaceae 
Ulmus-Zelkova 
Hamamelidaceae 
Coηloρsis 
本Liquidambar+

List of Microfossils 

Nyssaceae 
Nyssa 
Aquifoliaceae 
!lex+ 

Aceraceae 
Acer+ 
Tiliaceae 
ηLia 

Ericaceae 
Symplococaceae 
あmψlocos
Styracaceae 
* Styr，αz 
Polygonaceae 
Persicaηa 
Chenopodiaceae 
Chenoρodium 
Caryophy llaceae 
Stellaria 
Lychnis 
N ymphaeaceae 
Nuρhar 
Caprifoliaceae 
Lonie era 
Compositae 

* : represented also by megafossils + . common + + dominant 

Taxodiaceae is predominant in the microfossil assemblages and contains three species in 

megafossil. Accordingly, it must have been dominant or common members of the lower 

Yadagawa forest. Fagus, Quercus, Liquidambar and ]uglans are recorded in the micro-and 

megafossil groups. These plants may be also dominant or common members of the forest. 

The白vegenera of the Pinaceae unrecognized as megafossils may be supposed to have been 
montane members of the forest whose winged pollen readily entered the depositional sites. A 

single evergren tree, Castanopsis, is recorded from only one locality with meagre representa-

tion; it may be subordinate member of the forest. All the lower Yadagawa plants were 

deciduous excepting Castanopsis. 
According to Mori (1971), the plant-bearing sediments (Miki’s Loc. 84) are just below the 
Tougou volcanic ash bed, which is the equivalent of the Ootani volcanic ash bed (5.24±0.41 Ma 

by Hayashi et al., 1985). 
During Latest Miocene age when the Lower Yadagawa Formation was deposited, it was 

under unfavorable climate for the growth of evergreen broad-leaved trees, different from the 

warm temperate climate indicated by the “Seto porcelain clay" flora. 

Plant Fossils from the Tokoname Formation 

The Tokoname Formation unconformably overlying the Early Miocene Morozaki Group 

is distributed in the Chita Peninsula. The stratigraphy of the Formation is well defined by 
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Itoigawa (1971), Makinouchi (1975), Yoshida et al. (1986) and others, tracing many volcanic ash 
beds intercalated. Makinouchi divided the formation into the Toyooka, Kouwa and Futto 
Members in ascending order as shown in Fig. 17. Plant fossils such as reproductive organs 
were first reported from the Tokoname Formation by Miki (1948), and leaf fossils were 
recently reported by Onoe et al. (1986). N asu (1972) gave a brief note on the pollen flora of 
the Lower Tokoname Formation. 

The Ootani Flora 
Mil王L(1948）τeporti巳dGlyptostγobus pensi託s,Sequoiαsempeγviγ肌 s,Siαbiαjゆoγiicα，Nyssα
sylvatica and Berchemia racemosa from the lignite-bearing bed in Tokoname area, Tokoname 
City (Miki's Loc. 81). This plant-bearing bed is situated just above the Ootani volcanic ash bed 
(Onoe et al., 1986). Onoe et al. (1986) reported the leaf fossils from the basal part of the Ootani 
volcanic ash bed in Oosani area, Tokoname City as follows: Salix cf. subfragilis, Quercus 
sino慨 iocenicum,Q. pγotoalienα，Q. protoseγγαtα，Lindeγαγniッαtαensis,Liquidambar protopalmαtα3 
Cladγα~stis cf. pl，αlyeαγ抑， C.cf. shikokiα：nα，Wisteγiαfαuαχ，Ac俳句.， P.αliurus protonipponicus, 
Vitaceae gen. et sp. indet., Alangiumα巴quαlifolium,Cαγeχsp. and PleiobZαstus sp. 
There are no common species between the fossils collected by Miki and Onoe et al. The 
leaf assemblage comprises a large number of Sal仇“'.Alaηgium"and many elements of riparian 

forest, while Miki’s collection contains G砂tostrobus. Therefore, the both assemblages may 
reflect the vegetation near a marshy area. Although the both assemblages are poor in species 
composition, they lack evergreen broad-leaved species. A pollen assemblage was reported 
from the lower part of the Tokoname Formation just below the Ootani volcanic ash bed by 
N asu (1972); it contains abundantly Glyptostrobus, Fagus, Alnus, Liquidambar, deciduous 
Quercus and Aら1ssa. This pollen flora includes markedly less evergreen oak pollen and further 
dominat deciduous oak pollen, compared with the Seto porcelain clay flora. 

The Kouwa Flora 
Miki (1948) reported 24 species from the hill around Kouwa-cho in southern Chita Penin-
sula (at Loc. 80 and Loc. 80B). The specimens from Loc. 80A are considered to be obtained 
from the Alluvium clay bed. Although the precise site is uncertain, Onoe et al. (1986) esti-
mated the horizon of Miki’s Loc. 80B is in the upper part of the Kouwa Member as shown in 
Fig. 17 
The Kouwa flora listed by Miki (1948) from Loc. 80 and Loc. 80B is as follows: Pseudolarix 
hαempfeγi, Cunninghαmiαsp., Glyptostγobus pensilis, Metα：sequoi，αdistichα，Sequoiαsempe刊 iγ側 s,
Sciαdo，合itysveγticillata, Mヲγicαγubγα，Cαst，αγiopsiscuspid.αtα，Queγcus stenophッlla,Aphαnα：nthe 
α：speγα，Z邑!lkovαungeγi,Bγα：seniα抑γpureα，Ci：γmαγnomumcam；悼oγα，Nu，争harjα争oγiicum,Illiciu：γn 
γeligiosum, Mallotus jゆonicus,Buχもtsjαpanicα，Beγchemiαγαcemosα，Cα：melliαjゆonicα，Tγαむα
側 tefoγmata,Tγα争αiγicisα，Pieγissp叶 Sッm争locosglauca, Symplocos争γunifolia,Tγ仰ellaanten-
γzifeγα． 
This assemblage contains many species of evergreen broad-leaved trees, and shows a close 
similarity to the composition of the extant evergreen broad-leaved forest of the warm temper-

ate zone in East Asia. 

Geologic Age of the Floras 
The radiometric age suggests that the Ootani臼orareported from the Ootani volcanic ash 
bed by Miki (1948) and Onoe et al. (1986) is Latest Miocene in age, and that the Kouwa自ora

reported by Miki (1948) may be slightly older in age (between 6.0 Ma and 6.4 Ma). 
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Summary 

Among fossil floras from the Seto Group distributed in the Tokai district, the Seto 
porcelain clay leaf flora represents an early Late Miocene vegetation. It is composed of 62 
species (31 families and 49 genera), and is characterized by well developed riparian and lower 

slope taxa. The plant remains were accumulated in an inland lake. The mixed broad leaved 

evergreen and deciduous forest flourished around the lake. The Kouwa flora is characterized 
by rich evergreen broad-leaved species with many aquatic plants, although minor in the 
composition. The Kouwa flora shows a evergreen broad-leaved forest on lowland. The 
Latest Miocene Ootani flora from the Futto Member of the Tokoname Formation and its 
coeval assemblage from the Yadagawa Formation are dominated by riparian plants; they are 

composed mainly of deciduous broad-leaved trees with some water-loving plants. These two 
leaf assemblages entirely lack evergreen broad-leaved species except a few evergreen pollen 

taxa. The Latest Miocene to the Early Pliocene vegetation considered to be so-called warm 

temperate deciduous forest. 




