
LATE MIOCENE AND PLIOCENE FLORAS IN 
NORTHWESTERN KW  ANTO DISTRICT 

Introduction 
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In western part of Kwan to district north of the Kwan to mountains Neogene sedimentary 
and volcanic rocks are distributed. The northern distribution of the Neogene is in mountain-
ous terrain on the west of the Ashio Mountains, and the late Tertiary is mainly distributed 
north and west of Numata City in the central to the north of Gunma Prefecture. The southern 
distribution of the Neogene is in the hills trending NW羽T-SEEalong the northern margin of the 

Kwanto mountains from the west of Takasaki City of Gunma Prefecture to the south of 
Kumagaya City of Saitama Prefecture. The Neogene in the northwestern margin of the 
Kwanto Plain forms mountainous terrain that partly takes a part of the watershed of Central 
Japan. Except for some basal formations, the sediments of Early and Middle Miocene are of 
marine origin. The marine sediments in the early stage of Late Miocene age shift into 
terrestrial sediments in the middle to late stages of Late Miocene age and also in Pliocene age. 

Volcanism increased in violence in latest Miocene to Pliocene age, and some lacustrine 
sediments were accumulated in the western marginal area the Kwanto Plain. 
A few Miocene flora have been reported from western K wanto district. Some fossil leaf 
assemblages were reported by some authors: the Kabutoiwa (Upper Motojuku), the Itahana 
and the Yagii flora (Yagi, 1931; Suzuki et al., 1970; Ozaki et al., 1981; Homma, 1987). But no 
species has been yet described, except for 7 species from the Kabutoiwa日ora. Plant fossils 
from several formations in northwestern Kwanto district were collected by me during 1983 and 
1984. There are now on hand enough plant fossils to discuss the floral composition and 
paleoecology of the Late Miocene and Pliocene forests in northwestern K wanto district, 
although my collection is not so large as might be desired. 

The ltahana Flora 

Geologic Occurrence 

Miocene and Pliocene sediments are distributed at the northwest of Kwanto mountains : 
in the south to west of Takasaki City of Gunma Prefecture. Fujimoto and Kobayashi (1938) 
divided these sediments into白veformations: the Ushibuse, Kanohara, Tomioka, Itahana and 
Akima Formations in ascending order as shown in Table 2. They considered these formations 
are in conformable relations each other. However, as shown in Table 2, the Tomioka 
Formation is further subdivided into 3 to 5 formations by later various authors ; all of these 
formations were treated as the Tomioka Group. Some authors (Kizaki, 1965; others) claimed 
that the Akima Formation overlies the Itahana Formation unconformably. The Tomioka 
Group is largely of marine origin, including molluscan and foraminifer fossils which are useful 
for age-determination (T. Saito, 1963; Matsumaru, 1967; Ujiie and Hatsukari, 1973; Takayanagi 

et al., 1978.). The Itahana Formation overlies the marine Y oshii Formation, which contains 
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Fig. 2. Distribution of floras in Kwanto district. 
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Lucinoma-Turritella assemblage (Iwasaki, 1970). The Anadara-Dosinia assemblage in the 
lower part of the Itahana Formation changed to the Ostrea assemblage in the middle part, and 
marine molluscs are entriely absent in the upper part. The molluscan fossil occurrence 
suggests that the Itahana Formation was deposited in marine to terrestrial environments. 
The Fujiki (Baba) tu旺inthe upper part of the Y oshii (Haraichi) Formation is dated as 
11.6±0.4 Ma (K Ar age) by Shibata et al. (1979). As the Globigerinaηepenthes Datum plane 
is placed around this tu百， theItahana Formation beginning at about 200 m above the tuff, is 
considered to be younger than Blow’s N. 15 (Chiji & Konda, 1978; Tsuchi et al., 1979). Thus 
the base of the Itahana Formation is considered to correlate with the base of the Late Miocene. 
I entrusted Teledyne Isotopes Co. with the measurement of andesite pebbles from tu旺breccia
in the uppermost part of Itahana Formation, and obtained a value of 6.4±2 Ma. Nomura and 
Kosaka (1987) reported a fission track value, 8.13±1.64 Ma for a tu百bedfrom the upper part 

of the Itahana Formation. 
The Itahana Formation is characterized by a cyclic facies mainly composed of 
conglomerate-sandstone-siltstone in the ascending order. Conglomerates are considerably 
predominant with thick beds in the upper part than in the lower. The Itahana Formation is 
subdivided into two members by the lithological composition; the lower and upper members 
are bounded by a pumice tu百bed. The tuff bed of about 10 m thickness was named as“Tate 
tu百円 byTakayanagi et al. (1978), which is situated stratigraphically at about 400 m above the 

base of the Formation in the eastern area. The tu旺bedis locally accompanied by lignite 
seams above it. Plant fossils are obtained from the fine-grained rocks through the Itahana 
Formation, and they are listed in Table 3. The principal localities are shown in Fig. 3 and 
their stratigraphic horizons are shown in Fig. 4 and Fig. 5. 
Locality A: A small, weathered sandstone outcrop along the roadside at a pass north of 
Miyanoiri, Shimogokan, Annal王aCity. The plant-bearing sediments are in the middle part of 
the lower member of the Itahana Formation. A small amount of leaf and seed fossils occurs 
from the standstone, although poorly preserved. 
Locality B: Right bank of the Gokan River, west of Kido-mura, Kamigokan, Annaka City. 
Plant fossils occur tuff aceous siltsone, which is hollowed by erosion near the river bed. 
Tu妊aceoussiltstone grades upward into thick sand and gravel beds of 2 m thickness, which 
comprise Oyster bed with abundant Glycymeris cisshuensis Makiyama and Chlamys kaneharai 
(Yokoyama). The plant-bearing rocks are in the sandstone-rich facies of the middle part of 
the lower member. Well-preserved leaves occur commonly, and those of Lindera and Bam・

busites are especially abundant: the former occupies 32% and the latter 27% of the total 
specimens collected. 
Locality Ca: A cliff of the golf practice ground southwest of the Irino Station of J oshin 
Railway at the eastern end of Yoshii-machi. Plant fossils occur in siltstone several meters 
above the Tate tu任 Thetotal specimens identified are poor, but they include such evergreen 
trees as Actinodαρhne and 0・nnmηomumtogether with a number of "Ficus”. Localities C, Cb 
and D are stratigraphically situated above the Tate tu百andaround the middle lignite beds. 
Locality Cb: In the valley south of the Self-Defense Forces Base, at the southern end of 
Yoshii田machi. Plant bearing rocks are fine-to medium-grained sandstone, which is imme-
diately above the Tate tuff. Plant fossils are poor in preservation. 

Locality D: A weathered outcrop south of Kami-hanataka, Takasaki City. Plant fossils 
are aggregated like a swept-up heap in a fine-grained sandstone below the Tate tuff. Phrag-
mites ? and Alnus occupy nearly two-thirds of the total specimens. Miki (1956, 1970) reported 
the following species from Hanataka area: Vitis rotundata Miki, Cayratia orbitalis Miki, 
Glyptostγobus, Met，出向uoiα，Stephα悦αandMαchilus全部αηifohαMiki. 
Locality E: An outcrop at Shimotakabettou of Annaka City. Plant-bearing rocks are 
tu百aceoussiltstone, which corresponds to the upper part of the Tate tuff. 

Locality F: An earth-digging site north of Zuirinji, N akaakima, Annal王aCity. Plant-
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Fig. 3. Localities of the Itahana and Akima floras in Gunma Prefecture. 
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Lower Itahana Florule. 
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Hanataka, Takasaki City 4: north of Irina, Takasaki City. 
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Table 3. Numerical representation of the Itahana floras 

Species Loe. A B C Cb D E F Ga Gb H Ia Ib Ic J K sum 
Salvinia sp. cf. S. nataηs 3 3 
Abzむ ρrotofirma 2 2 
Pinus miocenicα 1 1 
Ps側 dolarixjapo悦ica 3 2 5 
Pseudotsuga tanaii 3 1 4 
Tsuga miosieboldiana 1 1 
Me，ぬ~sequoia occidentalis - 11 38 1 1 18 1 3 73 
Tαxodium dubium 2 2 4 
Thujopsis miodolabrata 2 1 1 5 
Magnolia sp. 1 1 1 3 
Actinodaphne cf. lancifolia 4 1 1 6 
Cinnamomum cf. camphora 1 10 1 12 

Cinnamomum cf. japonicum 1 2 
Lindera cf. erythrocarpa - 69 6 2 78 
Lindeγαcf. gl.αUCα - 21 - 11 32 
Lindeγαcf. miy.αtaensis 2 2 4 
Parabenzoin sp. 5 1 6 
Peγsea cf. thunbeγ＇gii 1 2 3 
Ceratoρhyllum miodemersum 4 4 
Cocculus sp. 4 4 
Liquidambar jαρonica 1 1 2 
Liquidambar miosinica 1 5 3 8 18 
Parrotia sp. 4 4 
Celtis hokiensis 1 2 4 7 
Celtis sp. 1 1 1 3 
Ulm usρrotojaρonica 3 6 - 31 40 
Ulmus sp. ー 14 14 
Zelkova uη：geri 1 7 1 2 15 2 6 6 40 
Carya miocathayensis 1 1 - 63 65 
Pterocaη1a asymmetrosa 1 4 1 1 7 
Pteγocmηα 争γotosteno争teγα - 21 21 
Fag1略争alα：eojaponica 3 3 
Fugus stuxbeγgii 5 6 一 15 14 40 
Fagus sp. 2 1 3 
Q回 γcusmiovari.αbilis 1 1 8 ー 63 73 
Quercus protoaliena 1 1 
Queγcus protosαlici：冗C 6 6 
Queγcus Fγotoserrata 1 1 
Queγcu.s a任.glaucα 2 2 
Alnus cf. jaρoηica 5 104 1 22 132 
Alηus sp. 1 ー 23 1 25 
Caゅinusheigunensis 4 - 10 14 
Ca沙問usmiocenica 2 - 26 34 62 
Cαrpinus cf. japonica 2 2 
Cmγむ同協 subcoγdata 1 8 9 
Carpinus sp. 1 1 2 
Corylus subsieboldiana 一 11 11 
Ostrya sp. 6 1 1 8 
Tiliαsp. 2 1 3 
"Ficus”tiliaefolia 1 13 3 6 1 68 16 17 148 273 
Populus加kiensis 1 1 
Salix hokkaidoensis 1 2 3 
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Table 3. (continued) 

Species Loe. A B C Cb D E F Ga Gb H Ia lb le J K sum 
Salix k-suzukii 10 3 28 4 6 51 
Salix misαotatewakii 31 2 4 37 
Sali:χγnuraii 1 1 2 1 5 
Salix parasαcha託ηensis 3 2 1 58 7 5 76 
Salix sp. 3 2 5 6 16 
Sαlix cf. integra 8 - 31 39 
Clethra? sp. 2 2 
Halesia sp. 35 35 
Styriα:x cf. j，α:panicα 1 3 4 
Pittospoγum illicioides 1 1 
Deutzia sp. 1 3 4 
Malus sp. 2 2 
Rosa usyuensis 18 18 
Sorbus lesquereuxi 1 3 4 

Spiγaea Pγotothunbergii 1 1 1 3 
Cαesα1争iniαhokiana 1 1 2 4 
Cercis miochineηsis 2 2 

Gleditsia miosinensis 2 1 3 
Cladγα：stis aniensis 23 3 4 9 3 1 2 45 
Cladγα：stis i抗ouei 1 1 

Lesρedeza tatsumitogeana 2 1 3 
Leゆedezasp. 1 4 1 2 1 9 
So争1hoγahokianα 1 1 1 2 5 

Wisteria Jal伽 2 4 5 1 12 

Cornus cf. miowalteri 1 3 1 1 2 8 

flex sp. cf.よserrata 10 4 1 1 16 

Beγchemiaγnio向γib附 da 1 1 2 

Paliurusρrotonψponicus 1 1 2 

Parthenocissus? sp. 1 1 

Vitis naumannii 1 11 12 

Sapind附？ sp. 1 3 4 

Aceγγzoγdenskioeldii 4 12 2 34 52 

Aceγpγotomatsu：慨 urae 2 1 3 

Acerρrotomかabei 1 1 9 3 14 

Acer rotundatum 3 1 2 6 

Acer tric闘争idαtum 2 1 3 

Acer sp. 1 3 4 8 17 

Euodia rutaecar,争α 1 2 3 

Fγ回問凶 sanz：昭側白肌sis 7 7 

Fraxinus sp. 2 1 3 

Ligustrum? sp. 2 2 

Syringa? sp. 1 1 3 5 

Lonicera sp. 1 5 6 

Viburnum? sp. cf. V. o抑lus 1 1 

Caldesia sp. 1 1 

Potamogeton sp. 5 70 50 1 126 

Carex spp. 6 10 22 6 3 3 50 

Bambusites sp. 52 35 3 9 7 3 30 5 144 

Grarnineae gen. & sp. indet. 4 9 12 25 

Phragmites? sp. 31 30 12 1 16 5 95 

Cαゆolithesj停onicus 32 32 

37 185 59 72 136 94 187 252 79 177 109 136 42 392 210 2167 
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bearing rocks are in middle part of the upper member of the Itahana Formation, and are 
stratigraphically situated about 200 m above the Tate tu日 Plantfossils are preserved in 
sandy siltstone between tuffaceous coarse-grained sandstone and the conglomerate, and are 
represented by a number of species and specimens. Carpinus, Carex, Acer, Zelkova, Phrag-
mites?, Corylus and Salix h引 tzukiiare common. 
Locality G: An earth-digging site at the east end of the road from Yoshigayatsu to 
Aimizuyatsu, Annaka City. The exposure with about 10 m thickness is composed of two 
cyclothems of conglomerate to fine-grained rock, and is in the middle-upper part of the upper 
member. Carbonized leaf fossils occur to gather in the siltsone, while sandy siltsone in the 
coarser-grained part also contains a small amount of fossils. But the species composition is 
quite different between the two lithology, except common occurrence of Potamogeton. Fossils 
in the siltstone are mostly “Ficus" and Salix, accompanied by abundant Potamogeton along 
some lamina. On the other hand, there are no particularly dominant species in the sandy 
siltstone except for aggregated Potamogeton. 
Locality H: A small cli百ata stream at Tendai, Annaka City. The sediments of this 
locality are stratigraphically slightly above the upper tu百， whichis contained in Locality G. 
Leaf fossils are preserved in a bent-down state within a fine-grained part of the tu任 Alnus
occupies about 60% of the total specimens, followed by Rosa and “Ficus”. No species of 
evergreen broad-leaved trees are found. 
Locality I: A cli百westof a cement plant at Y oshigayatsu, Annal王aCity. This cliff is 
consisting of conglomerate, sandstone, siltstone, tu百aceoussandy siltstone and tuff breccia, 
and is of the upper member of the Itahana Formation. This outcrop is stratigraphically 
situated nearly 25 m above the sediments of Locality G. Plant fossils occur in siltstone, sandy 
siltstone and fine sandstone of lowermost outcrop. Siltstone yields Salix occupying about 85% 
of the total specimens, accompanied by only “Ficus”. In the sandy siltstone Quercus occupies 
nearly half of the total, followed by Bembusites, Phragmites? and Acer. Sandstone abounds in 
Fagus stuxbergii which takes up 37%, accompanied by Caゆinus,Zelkova and Acer. No species 
of evergreen broad-leaved trees are found. 

Locality J: A cli百westof a cement plant at Y oshigayatsu, Annaka City. Above Loc. I are 
developed tu百brecciaand several thin cyclothems. These beds are situated about 10 m above 
those of Loc. I. Bent-down leaf fossils occur in fine-grained sandstone showing disturbed 
lamina. Some fossils are partly well preserved because of iron oxide substitution. Cmとyais 
most predominant in number of specimens, followed by Ulmusρrotojaponica, Carpinus 
miocenica, Halesia sp., Carpolithes jaρonicus, and Pterocaηαρrotostenoptera. No species of 
evergreen broad-leaved trees are found. Siltstone in the upper cyclothem yields poor fossils 
in three horizons, comprising only “Ficus”and Gramineae. 
Locality K: A road cutting north of Kijigao, Shimo-akima, Annaka City. Siltsone of the 
outcrop represents the uppermost part of the upper member, and is covered by basal 
conglomerate of the Akima Formation. Plant fossils occur in siltstone facies which is 
correlated with the upper cyclothems of Locality ]. Fossils are partly carbonized. Of 14 
species identified, 3 occupy more than 90% of the total specimens：“お；cus”about60%, Alnus 
21% and Salix misaotatewakii 10%. No species of evergreen broad-leaved trees are found. 
The plant fossil assemblages in the Itahana Formation are divided into two florules: the 
Lower Itahana日orulecovering Localities A-E from the lower member and a part of the basal 
part of the upper member of the Itahana Formation, and the Upper Itahana日orulecovering 
Localities F-K from middle to upper part of the upper member of the Itahana Formation. 

The Lower Itahana Florule 

Systematic Representation 

The Lower Itahana florule is composed of 28 families, 45 genera and 60 species. There are 
4 conifers, 3 monocotyledons, and the remainders are dicotyledons. The largest family is the 
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I tahana flora 

Table 4. Systematic List of the Families and Species 

AbiesρrotofirrnαTanai 
Pseudolarix jゅonicaTanai & Onoe 
M etasequoia occideηtalis (Newb._) Chaney 
Thujoρsis miodolabra似 Tanai& N. Suzuki 
Magηolia sp. 
Actinodaphne sp. cf. A. lancifolia Meisn. 
Ciηnamomum sp. cf. C. canψhara Sieb. 
Cinnamomum sp. cf. C. japoηicum Sieb. 
Lindera sp. cf. L. erythrocarpa Makino 
Lindera sp. cf. L. mz戸tα仰 sisHuzioka & Uemura 
Lindera sp. cf. L. glauca Blume 
Parabenzoin sp. 
Persea sp. cf. P. thunbergii (Sieb. et Zucc.) Kosterm. 
Liquidambar miosinica Hu & Chaney 
Parrotia sp. 
Celtis sp. 
Ulmusρrotojaponica Tanai & Onoe 
Ulmus sp. 
Zolkoia ungeri Kovats 
Carya miocatha.抑制isHu & Chaney 
Pterocaηa as;-mmetrosa Konno ex Tanai 
Fagus stuxbergii (N athorst) Tanai 
Fagus sp. 
Quercus miovariabilis Hu & Chaney 
Quercusρrotosaliciηa K. Suzuki 
Quercusρrotoserrata Tanai & Onoe 
Quercus sp. cf. Q. glauca Thunb. 
Alnus sp. cf. A. japonica Steud. 
Alnus sp. 
Carpinus miocenica Tanai 
Tilia sp. 
"Ficus”がliaefoliaHeer 
Salix parasachaliηensis Tanai & N. Suzuki 
Salix sp. 
Salix sp. cf. S. integra Thunb. 
Styr.αx sp. cf. S. jaρonica Sieb. & Zucc. 
Pittosρarum sp. cf. P. illicioides Makino 
Sorbus lesquereuxi N athorst 
Spiraeaρ何 tothunbergiiTanai & N. Suzuki 
Cercis miochinensis Hu & Chaney 
Cladrastis aniensis Huzioka 
Lesρedeza sp. 
Sophora hokiana Ozaki 
Wisteria faU似（Nathorst) Tanai & Onoe 
Cornus sp. cf. C. miowalteri Hu & Chaney 
flex sp. cf. I. serrata Thunb. 
Paliurusρrotonφρonicus K. Suzuki 
Partheηocissus? sp. 
Lぺitisnaumannii (N athorst) Tanai 
Acerηordenskioeldii N athorst 
AcerρrotomaおumuraeTanai 
Acerρrotomiyabei Endo 
Acer tric叫がdatumBronn. 
Acer sp. 
Euodia sp. cf. E. rutaecarpa Hock. & Thom. 
Syring，α？ sp. 
Viburnum sp. cf. V. opul凶 Linn.
Carex spp. 
Bambusites sp. 
Phragrnites? sp. 

17 
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Lauraceae with 5 genera and 8 species; next come the Fagaceae with 2 genera and 6 species, 
the Aceraceae with 1 genus and 5 species, the Fabaceae with 4 genera and 4 species, the 
Ulmacaceae with 3 genera and 4 species. The remaining families have 1 or 2 species; most of 
them are represented by only a single species. 
The following genera are predominant in number of species; Acer with 6 species, Quercus, 
Salix and Sorbus with 4 species each, and Carp仇uswith 3 species. Celtis, Ulmus, Fagus and 
Cladrastis have 2 species each, and the remainder are represented by only a single species. 
The Lower Itahana ftorule consists of both cool temperate and warm temperate or tropical 
families. The Pinaceae, Ulmaceae, J uglandaceae, Betulaceae, Salicaceae, Rosaceae, and 
Aceraceae are cool temperate families, while the Lauraceae, Hamamelidaceae, and Fabaceae 
are warm temperate or tropical families. The Fagaceae has 2 evergreen broad-leaved species. 
Four species of the Lauraceae and one species of Pittosporaceae are also evergreen broad-
leaved species. The extant species equivalent to the evergreen broad-leaved fossils are the 
major constituents of the warm temperate and subtropical forests of East Asia. Thus, the 
lower Itahana plants are distributed in cool temperate to subtropical families. 

Assumed Habits and Leaf Characters 
The growth habit of a plant may be an important factor in determining the number of its 
foliar and fruiting units which are available for scattering and deposition at a sedimentary site. 
Preceding the consideration of numerical representation of the lower Itahana species, the 
author is listing their probable growth and abscission habits and leaf margin characters, 
judging from the living plants most similar to them and from the texture of the fossil leaves. 
The data in Table 5 show that 31 trees make up 58 percent of the total taxa, 17 small trees 
or shrubs perform 32 percent, and three vines and two herbs 6 and 4% respectively. Judging 
from these percentages, the Lower Ithana plants were predominantly arboreal. Of four 
conifers, Metasequoia and Pseudolarix were deciduous. Referring to the abscission habit of the 
broad-leaved members of the ftorule, two herbs and Bambusites are omitted from the considera-
tion, but we shall include several angiosperms which have not been assigned specific status, and 
whose leaf characters indicate whether they were evergreen or deciduous. In this group of 47 
angiosperms, the following 7 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-
lents: Actinod，α抑制時.cf. A. lancifohα，Cinnα：momum sp. cf. C. cα慨 phora,Ciγznαmom um叩.cf. 
c. j，αむonicu悦， Peγseαsp.cf. P. thunbergii, Queγcus sp. cf. Q. gl，α：ucα，Q悦 γcuspγotosαlicinα， 
Pittaゆoγumsp. cf. P. illicioides 

Numerical Represen ta ti on 

The following quantitative appraisal of the Lower Itahana臼oruleis based on a count of 
575 specimens from six localities. This count is not su伍cientlylarge to preclude the possibil-
ity that the certain species, especially the evergreen broad leaved ones, may have been more 
numerous in the lower Itahana forest than is suggested by these figures. 
Of the 60 lower Itahana plants, 18 species are among the most numerous, making up more 
than one percent each, and they occupy about 83% of the total specimens. Three species of 
herbaceous plants, Bambusites sp., Phragmites? sp., and Carex sp. with fragile leaves are, 
predominant, representing 31.1% of the total specimens. They have exclusively lived in or 
near sites of deposition. It is noteworthy that Metasequoia occidentalz・srepresented by leafy 
twigs shows a high score (8.7%). As concluded in the case of Paleogene Harutori白oraby 
Tanai (1970), Metasequoia occidentalis appears to have been hydric in its requirements and to 
have been largely confined to the margin of sites of deposition. 

Of the predominant 17 species 0・ηnamomumsp. cf. C. camphora, Actinodaphne sp. cf. A. 
lancifolia and Quercus pro的salicinaare warm temperate elements, and all of them are ever-
green trees. It should be noted that broad-leaved evergreen trees may be at a disadvantage 
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Species 

Table 5. Assumed Habits and Leaf Characters of the Lower Itahana Plants 

Abiesρrotofirma 
Metasequoia ocτide目的tis
Pseudolarix jaρonica 
Thujo日う幻・smiodolabγata 
Acer月orde叩skioeldii
Aceγρrotomatsumurae 
Acerρァotnmiyabei
Acer tricus戸idatum
Actinodaphne sp. cf. A. 伽ゆlia
Alnus sp. cf. A. ja；うonica
Carpinus miocenica 
Carya miocathayensis 
Celtis sp 
Cercis miochz河enszs
Cinnamomu間 sp.cf. C. camphora 
Cladrastis aniensis 

Corηus sp. cf. C. miowalteri 
Fagus stuxbeなii
Liquidambar miosz刀zca
Mag河口Ziasp 
Persea sp. cf. P. thu冗bez:gzz
Pterocaηd asymmetrosa 
Quercus sp. cf. Q. glauca 
Quercus miova九abilis
Quercusρrotosalici問。
Quercus ρrotoserra品目
Sorbus lesquerezα1 
Styrax sp. cf. S. japonzca 
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Tilia sp 
Ulmusρrotojajうonzca
Zelkova U日：geri
Cinnnmmnum sp. cf C. japonzcum 
Euodia sp. cf. E. rutaecmpa 
flex sp. cf. I. serrata 
Lespedeza sp 
Li日derasp. cf. L. erythrocazpa 
Lindera sp. cf. L. glauca 
Lindera sp. cf. L. miya品aensis
Paliurus Jうγotnηipponicus
Parabe河zoinsp 
Parrotia sp 

Pittosporum sp. cf. P. illicioides 
Salix sp. cf. S. i月tegra
Salixρarasachalinensis 
SoJうharahokiana 

Spiraeaρァotothu月bergii
Syri月ga?sp. 

Viburnum sp. cf. V. o戸ulus
Parthenocissusコsp
Vi tisηau ma叩刀ii
Wiste巾 fallax
Carex spp 
Phragmites? sp 
"Ficus”tiliaefolia 
Bambusites sp 

Growth Leaf 
Habit Characters 

Tree Ds 
Tree Ds 
Tree Ds 
ST or Shrub Ee 
ST or Shrub De 
ST or Shrub Ds 
ST or Shrub De 
ST or Shrub De 
ST or Shrub D巴
ST or Shrub De 
ST or Shrub Ds 
ST or Shrub De 
ST or Shrub Ds 
ST or Shrub Ee 
ST or Shrub Ds 
ST or Shrub Ds 
ST or Shrub De 
ST or Shrub Ds 
ST or Shrub De 
ST or Shrub D唱
Vein Ds 
Vein Ds 
Vein De 
Herb 
Herb 

De 

ST Small tree D Deciduous E Evergreen C Conifer s Serrate margined broad leaf e Entire-margined broad-leaf 

Table 6. Numerical Representation of the Lower Itahana Species 

Species 
Number of 

Percentage Speci巴s
Number of 

Percentage 
specunens specimens 

Bambusites sp 106 18.2 Abies世γotofi円na 2 0.3 
Li抑derasp. cf. L. erythrocarρι 77 13.2 Ac巴γ争γotomatsumuγae 2 0.3 
Phragmites? sp 61 10. 5 Aceγtγicusφidatum 2 0.3 
Meぬsequoiaoccideηtalis 50 8.6 Caゆinusmiocenica 2 0.3 
Lindera sp. cf. L. glauca 32 5.5 Ce/tis sp 2 0.3 
Cladγ日五tisa：抗ie抗sis 30 5.1 Fagu., sp 2 0.3 
"Fie泌” tiliaefolia 24 4.1 Lindera sp. cf. L. miyatae目sis 2 0.3 

Alnus sp 24 4 .1 Mag向。Liasp 2 0.3 

Carex sp 16 2.7 Paliuれ~s pγotonippoicus 2 0.3 

Ulmus sp 14 2.4 Queγcus sp. aff. Q. gla：也ca 2 0.3 

Cinnamc mum sp. cf. C. carゅhora 11 1.9 Tilia sp 2 0.3 

Zelkova U悶gen 11 1. 9 Aceア戸ァotomiyabei 0.2 

flex sp. cf. I. serrata 10 1. 7 Acer sp. 0.2 

Salix sp. cf. S. i四tegra 8 1. 4 Cmツd miocathaye向sis 0.2 

Liquidambar miosinica 7 1.2 Cinηamomum sp. cf. C. Jゆonicum 0.2 

Actinodaph日Esp. cf. A. ia叩cifolia 6 1.0 Cornus sp. cf. C. 1冗iowalte門 0.2 

Q叫EγcusFγotosalicina 6 1.0 Euodia sp. cf. E. rutaeca：ゆ白 0.2 

Wisteγia fallax 6 1.0 Lespedeza sp 1 0.2 

Al悶ussp. cf. A. japo河ica 5 0.9 Parthe向。cissus?sp 1 0.2 

Fagus stuxbergii (cupula) 5 0.9 Pittos戸口rumsp. cf. P. illicioides 0.2 

Parabenzoin sp. 5 0.9 Quercus miovariabilis 0.2 

Pterocaγya asymmetγosa J 「 0.9 Queγcus Fγotnseγγata 1 0.2 

Aceγ 札口γd酌zskioeldii 4 0.7 Sophora hokiana 0.2 

Parrotia sp 4 0.7 Soγbus lesqueγeuxz 1 0.2 

Thi叫ifoPsismiodolabrata 4 0.7 Spiγaeι／Jγotothu汎beγvgiz 0.2 

Persea sp. cf. P. thu冗bergii 3 0.5 Styrax戸rotojaponica 0.2 

Salix parasaιluzli：抗E冗sis 3 0.5 Syriη：ga? sp 0.2 

Salix sp 3 0.5 Vi burηum? sp. cf. V. opulus 0.2 

Ulmusρrotojaponica 3 0.5 Vitis nama月刊ii 0.2 

SU町1 583 100.1 
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so far as their record is concerned, since they shed their leaves in relatively small numbers, 
while deciduous leaves enter the fossil. record in large quantities at the end of each growing 
season. The above-noted three evergreen trees show high scores in leaf record, and they grew 
on the flat-land or lower slopes adjacent to sites of deposition. The other evergreen trees such 
as Peγseαcf. thuγzbeγgii, Queγcus aft. glaucα，Cinnα：moγnum cf. j，αponicum and Pittospoγum sp. cf. 

P. illicioides are represented by small number of leaves and obtained from coarse-grained 
rocks; they seem to be transported from lower slope near the depositional sites. Persea cf. 
thunbe1宮iz・isaccompanied by relatively many leaves of Cinnamomum sp. cf. C. camphora in 
one locality, and Persea seems to have been one of mixed evergreen and deciduous forest 
member in flat-land or lower slopes near sites of deposition. Fagus stuxbergii is represented 

only by several cupules, together with fragmentary small twigs of Thujoρsis and detached 
leaves of Abies. Fagus might be transported for some distance by streams into depositional 
sites, judging from coarse fossil-bearing rocks and habitat of the living equivalents. Ulmus 
争γotoj，α抑制cαandUlγnus sp., Zelkovαungeri, Pteγocαηα 邸ヲ悦悦etγOSα，Aceγγzoγdenskioeldii,and 

Liquidambar miosinica appear to have lived on valley and lower slopes slightly distant from 

the depositional sites, judging from their low representation in the fossil record and the habitat 
of their living related species. Their remains are also recorded by the coarse-grained rocks. 

The proportion of the evergreen broad-leaved species to the total broad-leaved species is 
7 / 4 7 that makes up 14.9 percent, and that of the entire-margined species is 17 I 4 7 and 36.2 
percent. 

Distribution of the Allied Living Species 
As discussed in the section of the modern vegetation, the distribution of the living species 

most allied to the fossils is divided into 7 forest zones; Subtropical, Lower and Upper warm 
temperate, Lower and Upper cool temperate, Subalpine and Alpine forest zones. 

Table 7 shows the most allied extant plants of the lower Itahana species and their modern 

distribution. The asterisk in column of distribution zone indicates the area where the species 
is predominantly distributed, and the plus sign indicates the area where the species is not 

always dominant. The total number of most allied living species in each zone of Table 7 （十
symbol stands for 0.5) and the percentages for the cumulative number of species in all zones 

are scored as follows: 

Zone 
No. of Species 
Percentage 

1 

5.0 
4目5

2 3 4 

20.5 34.0 30.5 
18.3 30.4 27.1 

5 

21.0 
18.8 

6 

1.0 
0.92 

7 

0.0 
0.0 

Sum 
112.0 
100.。

The values are highest in the upper warm temperate forest zone (zone 3), followed by the 

Lower cool temperate forest zone (zone 4). Judging from the distribution of the living species 

most allied to the lower Itahana species, the Lower Itahana florule was, on the whole, similar 
to the modern upper warm temperate zone forest. 

Assumed Habitat 

Table 8 shows the assumed habitat of the lower Itahana species, judging from the 

numerical representation of fossils and the habitat of their extant allied species listed in Table 
7. 

The Lower Itahana florule has only five aquatic or swamp plants. These four trees and 

a single herb of the swamp community were not confined to the lake shore, but also occupied 
stream sides in the region. Most of the lower Itahana species are included in two commu-

nities: riparian or valley forests and lower slope forest. The abundance of Bambusites (18.4%), 

Lindera cf. eηthrocarpα（13.4%) and Phragmites? sp. (10.6%) indicates that some thick stands of 
these plants lined on the depositional sites and stream margins, along with Matasequoia (8.7%) 

and alders (5.1%). Many of riparian or valley species which mingled with members of lower 



21 

7 

7. Distribution of the most allied living species. 

Most allied living species 1 2 

C. camρhora Sieb. 
C. jaρonicum Sieb. 
P. ramoszおimus(Lour.) Poir. 
P. thunbergii Sieb. et Zucc. 
S. j，αψonica Sieb. et Zucc. 
A. lancijolia Meisn. 
C. cathayensis Sarg. 
E. rutaecarpα（］ ussieu) Bentham 
P. kaempfe1ゴGord.
Q. salicina Blume 
Q. glauca Thunb. 
T. kiusiana Makino et Shirasawa 
Q. variabilis Blume 
L. glauca (Sieb. et Zucc.) Blume 
L. formosana Hance 
Sophora sp. 
C. walteri Wanger 
Lespedeza sp. 
Parthenoαssus sp. 
W. fioribund，α（羽Tilld.)DC. 
Z. serrata Makino 
P. illicioides Makino 
S. thuηbergii Sieb. ex Blume 
A. firma Sieb. et Zucc. 
A.ρalmatum Thunb. 
A.βycnanthum K. Koch 
よserrataThunb. 
L. eηilhrocm少。 Makino
M. glyptostroboides Hu et Cheng 
Q. serrata Murray 
C. chinensis Bunge. 
A. japonica Steud. 
L. umbellata Thunb. 
S. integra Thunb. 
C. laxz万＇oraBlume 
S. sachalineηsis Fr. Schm. 
A. miyabei Maxim. 
U. davidiana Planch. var. jaρoηica 
(Rehd.) Nakai 
v. 0少ulusLinn. 
V. co司gnetiaePulliat 
T. dolabrata Sieb. et Zucc. 
A.ρalmatum Thunb. var. 
matsumuraな（Koidz.)Makino 

Cladrastis aniensis C.ρlatycarpα（Maxim.) Makino 
Fagus stuxbergii F. crenata Blume 
Pterocarya asymmetrosa P. rhoijolia Sieb. et Zucc. 
Schisaηdra cf. fiorinii S. chiηensis (Turcz.) Bail!. 
Sorb凶 lesquereuxi S. alηijolia (Sieb. et Zucc.) K. Koch 
Syringa sp. S. reticulata (Blume) Hara 
1) Subt1 opical forest zone 2) Lower warm temperate forest zone 3) Upper warm temperate forest zone 
4) Lower .cool temperate forest zone 5) Upper cool t日nperateforest zone 6) Subalpine forest zone 7) Alpine forest zone 
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Table 

Fossil species 

Cinηamomum sp. cf. C. camρhora 
Cinnamomum sp. cf. C. jaρonicum 
Paliurusρrotonipponicus 
Persea sp. cf. P. thunbergii 
Styrax sp. cf. S. j.ゆonica
Actinodゅhnesp. cf. A. lancifolia 
Caη1a miocathのensis 
Euodia sp. cf. E. rutaecarpa 
fろeudolarixjaponica 
Quercusρrotosalicina 
Quercus sp. cf. Q. gl，αuca 
Tilia sp. 
Quercus miovariabilis 
Lindera sp. cf. L. glauca 
Liquidambar miosinica 
Sophora hokiana 
Cornus sp. cf. C. miowalteri 
Lespedeza sp. 
Parthenoα・ssus? sp. 
Wisteria fallax 
Zelkova ungeri 
日ttoゆarumsp. cf. P. illicioides 
Spiraeaρrotothunbe培ii
Abiesρれotofirma
Acerηordenskioeidii 
Acer tric凶:pidatum
flex sp. cf. I. serrata 
Liηdera sp. cf. L. erythrocarpa 
Metasequoia occidentalis 
Quercusρ仰 toserrata
Cercis miochinensis 
Alnus sp. cf. A. j，ゅoηica
Lindera sp. cf. L. miya』aensis
Salix sp. cf. S. integra 
Carpiη附 rm町enica
Salixρarasachalinensis 
Acerρrotomiyabei 
Ulmusρrotoyゆonica

＊ 
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＊
＊
＊
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Viburnum? sp. cf. V. o抑！us
Vi tisγiaumannii 
Thujopsisγniodolabγα：ta 
Aceγ夕刊tomatsumuγαe
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4 

Zelkova wγzgeγi 
Acti：ηodaph汎tcf. lancifolia 
Cinη：amomum cf. cam悼ora
Cin汎amomumcf. japoni印 m
Li：抗deγαcf.gl，α1κα 
Magnoliαsp. 
Paliurus protoni：悼onicus
Parab側 zoinsp. 
Parrotia sp. 
Pa：γlhenocissus sp. 
PeγS邑αcf.thunbeγgii 
Pi：抗OS；争0γ税制 cf. illicioides 
Quercusドotosαlicina
Queγcusγnio叩付αbilis
Quercus cf. glauca 
So争hoγα hokianα
SyriηgαY sp. 
Coγnus cf.γniowalteγi 
Queγcus会γotoseγγαtα
Vibuγnum cf. opulus 
Abies protofirma 
Fαg回 stuxbeγgii
Pseudo laγix jゆonicα
Soγbus lesquereuxi 
Thujo：争sismiodolabγata 
Tilia sp. 
Vitis nαuma：ηγzii 
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Table 8. 
1 

＊
＊
＊
＊
＊
 

Alnus cf. jaρonica 
Phragmites? sp. 
Salixρarasachaliηensis 
Salix cf. iηtegra 
Ulmusρroto1ゆonica
Acer tricusρidatum 
Bambusites sp. 
Carex sp. 
Cercis miochiηens is 
"Ficus“tiliaefolia 
Lindera cf. e1ツthrocarpa
M etasequoia occide叫alis 
Pterocaηa asymmetrosa 
Acerηordenskioeldii 
Acerρrotomatsumurae 
Acerρrotomiyabei 
Car/Jinus miocenica 
CaηG miocathayensis 
Celtis sp. 
Cladrastis aniensis 
Euodia cf. rutaecaゆG
!lex cf. serrata 
Lespedeza sp. 
Liquidambar miosinica 
Sρiraeaρrotothunbergii 
Styrax cf. japonica 
Wisteria fallax 

slope forests are broad-leaved species. Many deciduous trees such as Cladrastis aniensis 
(5.2%) Zelkova ungeri (1.9%), Liquid，αmbαr (1.2%), Pterocaη＇a asymmetrosa (0.9%) inhabited 
together with maples and hornbeams along valley. Evergreen broad-leaved trees such as 
C仇ηαmomumcf. camphora (1.9%), Actinodaphne cf. lancifolia (1.0%), Quercus protosalic仇α
(1.0%), Persea cf. thunbergii (0.5%) and the other small number of evergreen trees ( Quercus cf. 
glauca, Cinnamomum cf. jaρonica and Pittosporum cf. illicioides) grew together with deciduous 
trees such as Lindera cf. glauca (5.6%), flex cf. serrata (1.7%), Parabenzoin sp. and the other 
deciduous broad-leaved species (Magnolia, Paliurus, Syringa, Tilia, Cornus, Euodia, and decidu-
ous Quercus). Mountain slope forest was formed by deciduous broad-leaved trees and conifers 
such as Fagus stuxbergii, Sorbus lesquereuxi, Tilia sp., Abiesρァotofirma,Pseudolarix japonica, 
Thujopsis miodolabrata. 

4 Mountain Slope 3 Lower Slope 2: Riparian and Valley 1 Aquatic or Marsh 

The Upper Itahana Florule 

Systematic Representation 

The Upper Itahana自oruleis composed of 37 families, 63 genera and 82 species and 8 
indeterminable species. There are 1 fern, 7 conifers, 5 monocotyledons, and the remainders 
are dicotyledons. The largest families are the Betulaceae with 4 genera and 7 species and the 
Salicaceae with 2 genera and 7 species; next come the Fabaceae with 4 genera and 6 species, 
the Aceraceae with 1 genus and 5 species, the Lauraceae with 3 genera and 5 species, the 
Pinaceae with 4 genera and 4 species, the Rosaceae with 4 genera and 4 species, the Fagaceae 
with 2 genera and 4 species, and the Ulmaceae, Caesalpiniaceae and Oleaceae with 3 genera 
and 3 species each. The remaining families have 1 or 2 species; most of them are represented 
by only one. The following genera are predominant in number of species; Salicaceae with 6 
species, Aceraceae with 5 species, and Carp仇uswith 4 species. Cinnamomum, Lindera, 
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Table 9. Systematic List of the Families and Species 

Safi inia sp. cf. S.ηatans Allioni 
Pinus miocenicαTanai 
Pseudolarix japonica Tanai & Onoe 
fミeudoおugatanaii Huzioka 
Tsuga miosieboldiana Ozaki 
M etasequoia occidentalis (N ewb.) Chaney 
Tαxodium dubium (Sternb.) Heer 
Thujoρsis miodolabrata Tanai & N. Suzuki 
Magnolia sp. 
Actinodaphne sp. cf. A. lancifolia Meisn. 
Cinnamomum sp. cf. C. camphora Sieb. 
Cinnamomum sp. cf. C. jaρonicum Sieb. 
Lindera sp. cf. L. eηthrocm仰 Makino
Lindera sp. cf. L. mかαtaensisHuzioka & Uemura 
Parabenzoin sp. 
Ceratoρhyllum miodemersum Hu & Chaney 
Cocculus? sp. 
Liquiぬmbarjaponica K目 Suzuki
Liquidambar miosinica Hu & Chaney 
Celtis hokiensis Ozaki 
Celtis sp. 
Ulmusρrotojaρonica Tanai & Onoe 
Zelkova ungeri Kovats 
Caη1a miocathのensisHu & Chaney 
Pterocaη1a向ヅmmetrosaKonno ex Tanai 
Pterocaryαρrotostenoρtera Tanai 
Fagusραlaeojaρoηica Tanai & Onoe 
Fagus stuxbergii (N athorst) Tanai 
Fagus sp. 
Quercus mioむariabilisHu & Chaney 
Quercusρrotoaliena Ozaki 
Alηus sp. cf. A. japoηica Steud. 
Alηus sp. 
Carpinus he忽unensisHuzioka 
Carpinus miocenica Tanai 
Carpinus sp. cf. C. japonica Maxim. 
Carpinus subcordata N athorst 
Carpin凶 sp.
Corylus subsieboldiana K. Suzuki 
Ostηn sp. 
Tilia sp. 
電電Ficus”tiliaefolia H配 r
Populus hokiensis Ozaki 
Salix hokkaidoensis Tanai & N. Suzuki 
Salix k-suzukii Tanai 
Safi冗 misaotatewakiiTanai & N. Suzuki 
Salix muraii Huzioka & Uemura 
Salixρarasachalineηsis Tanai & N. Suzuki 
Salix sp. cf. S. integra Thunb. 
Salix sp. 
Clethra? sp. 
Halesia sp. 
Styrax sp. cf. S. JゆonicaSieb. & Zucc. 
Deutzia sp. 
Matus sp. 
Rosa usyuensis Tanai 
Sorbus lesquereuxi N athorst 
Spiraeaρrotothunbergii Tanai & N. Suzuki 
Caesalpinia hokiaηαOzaki 
Cercis miochinensis Hu & Cheney 
Glediぉiamiosinensis Hu & Chaney 
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Fabaceae 

Cornaceae 
Aquifoliaceae 
Rhamnaceae 
Vitaceae 
Sapindaceae 
Aceraceae 

Rutaceae 
Oleaceae 

Caprifoliaceae 
Alismataceae 
Potamogetonaceae 
Cyperaceae 
Gramineae 

Incertae sedis 

LATE MIOCENE AND PLIOCENE FLORAS 

Cladrastis aniensis Huzioka 
Cladrastis 仇ouei(Huzioka) Ozaki 
Lesρedeza tatsumitogeana Ozaki 
Lesρedeza sp. 
Soρhara hokiana Ozaki 
Wisteria faUαx (Nathorst) Tanai & Onoe 
Cornus sp. cf. C. miowalteri Hu & Chaney 
flex sp. cf.よserrataThunb. 
Berchemia miofloribunda Hu & Chaney 
Vitis naumaηnii (N athorst) Tanai 
Sapindus? sp. 
Acer nordeηskioeldii N athorst 
Acerρ叩 tomatsumuraeTanai 
Acer protomかabeiEndo 
Acer rotundatum Huzioka 
Acer tricuspidatum Bronn. 
Acer sp. 
Euodia sp. cf. E. rutaecarpa Hock. & Thom. 
Fr，αxinus sp. cf. F. saηzugawaensis Huzioka & Uemura 
Ligustrum sp. 
Loηicera sp. 
Caldesia sp. 
Potamogetoηsp. 
Carex spp. 
Bambusites sp. 
Gramineae gen. & sp. indet. 
Phragmites? sp. 
Carpolithes jaρonicus (Morita) Ishida 

LiquidambaηPterocarya, Fagus, Quercus and Cladrastis have 2 species each, and the remainder 

are represented by one species. 
The Pinaceae, Ulmaceae, J uglandaceae, Betulaceae, Tiliaceae, Salicaceae, Rosaceae, and 

Aceraceae are temperate families, and Lauraceae, Hamamelidaceae and Fabaceae are warm 

temperate to tropical ones. The Fagaceae has no evergreen species. Although fossils are 

found only from the lower horizon of the upper member of the Itahana Formation, Lauraceae 
has 2 evergreen species of Cinnmηomum, whose allied living species grow well in warm 

temperate forests of Japan. All the species of Caesalpiniaceae and Fabaceae from the Upper 
Itahana florule extend northward to the cool temperate region. There are 3 evergreen 

broad-leaved species which amount to 4.6% of the total broad-leaved species. The entire-

margined broad-leaved species are 21, which correspond to 32.3% of the total broad-leaved 

species. 
Thus, the Upper Itahana日oruleconsists of many cool temperate families and some warm 

temperate or tropical families, although the latter group is restricted to the lower part of the 
upper member of the Itahana Formation. 

Assumed Habits and Leaf Characters 

The probable habit of the members of the Upper Itahana臼orule,judging from their most 
allied living species, is indicated in Table 10, with 46 trees (62%), 18 small trees and shrubs 

(24%), 5 vines (7%), and 6 herbs (8%). The Upper Itahana florule was predominantly arboreal, 
although containing much herbaceous plants than the Lower Itahana florule. 

Of seven conifers, Metasequoia occidentalis, Pseudolarix japonica, and Tαxodium dubium 

were deciduous. Referring to the abscission habit of the broad-leaved members of the florule, 

the six herbs, Bambusites and Carpolithes are omitted from consideration, but we shall include 
several angiosperms which have not been assigned specific status, and whose leaf characters 
indicate whether they were evergreen or deciduous. In this group of 64 angiosperms, the 
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Table 10. Assumed Habit and Leaf Characters of the Upper Itahana Plants 

Species 

Metasequoia occide四talis
Pinus miocenica 

Pseudotsuga tanaii 
Taxodium dubium 
Thujo1う幻smiodolabrata 
Tsuga miosieboldia問。
Acer nordenskioeldii 
Aceγρrotomatsumurae 
Acei’戸rotomiyabei
Acer rotundatum 
Acer t門cuspidatum
Alnus sp. cf. A. japonica 
Carpinus sp. cf. C. japo附ca
Caゆinusheigu目印sis
Carpini俗間iocenica
Carp仇ussubcordata 
Caη1a問 iocat.加yensis 
Ce/tis hokiensis 
Ceγcis押iiochinensis

Cinnamomum sp. cf. C. cam争hara
Cladγastis aniensis 
Cladγas tis i抗日明白
Coγ判官ssp. cf. C. miowalteγt 
Fagus争alaeojaponica
Fagus stuxbe沼ii
Fγ似 i叫uscf. sanzz信awaenszs
Gleditsia叩 iosi：悦 nsis
Halesia sp 
Liquidambar japonica 
Liquidamba：γmiosi：ねica
Matus sp 
Ost：ηasp 
Po，抑 l叫shoki仰向
Pteγocaηa asymmet：γosa 
Pterocaηa protost，閉めleγa
Queγcus miovariabilis 
Queγcu.s争γotoalie汎a
Salix k-s叫zukii

市；~h Chよ：~~ers Species 官官 Cha~~~~ers 
Tr巴巴 DC Salix inuraii Tree Ds 
Tree EC Saj;indus' sp. Tree De 
Tre＇巴 DC Sorbus lesquereicd Tree Ds 
Tree EC Styrax sp. cf. S. japonica Tree Ds 
Tree DC Tilia sp. Tree Ds 
Tree EC Ulrnus protoja.争onica Tτee Ds 
Tree EC Zelkova ungeri Tree Ds 
Tree Ds Caesalp仇iahokia問。 STor Shrub De 
Tree Ds Cinnamomum sp. cf. C. ja戸onicum ST or Shrub Ee 
Tree Ds Clethra? sp. ST or Shrub Ds 
Tree Ds Cory/us subsieboldia向。 STor Shrub Ds 
Tree Ds Deutzia sp. ST or Shrub Ds 
Tree Ds Euodia sp. cf. E. rutaecarpa ST or Shrub De 
Tree Ds !lex sp. cf.よserrata ST or Shrub De 
Tree Ds Les戸edezasp. ST or Shrub De 
Tree Ds Le.ゆedezatatsuinitogeana ST or Shrub D巴
Tree Ds Ligustruin? sp. ST or Shrub Ee 
Tree Ds Lonicera sp. ST or Shrub De 
Tr巴e Ds Parabenzoin sp. ST or Shrub De 
Tre巴 De Salix sp. cf. S. integra ST or Shrub Ds 
Tree Ee Salix hokkaidoe叩sis ST or Shrub Ds 
Tree De Salix inisaotatewakii ST or Shrub Ds 
Tree De Sophora hokiana ST or Shrub De 
Tree De S戸iraea戸γotothu目bergii ST or Shrub Ds 
Tree Ds Syringa? sp. ST or Shrub De 
Tτee Ds Beγchernia miofioη"bund，ιVine  D巴
Tree Ds Cocculus? sp. Vine De 
Tr巴e De Rosa usyuensis Vin巴 Ds
Tree I〕s Vitis naumannii Vine Ds 
Tre巴 Ds Wisteria fa/lax Vine De 
Tree Ds Caldesia sp. Terr. Herb 
Tree Ds Care.x spp. Terr. Herb 
Tree Ds Phragmites? sp. Terr. Herb 
Tree Ds Ceratophyllum miod邑明記γsum Aqua. Herb 
Tree Ds Potamogeto悶 sp. Aqua. Herb 
Tree Ds Salvi向iasp. cf. S 向。ω四s Aqua. Herb 
Tτee Ds ”Ficus”tiliaefolia De 
Tτee Ds Ba明 busitessp守
Tτ巳巳 Ds Caゆolithesjゆ0官：icus

ST Small Tree Terr. Terrestrial Aqua. Aquatic D Deciduous E Evergreen C Conifeγ 
s Serrate-margined broad-leaf e Entire margined broad leaf 
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following 3 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 equivalents: 

C仇ηαmomumsp. cf. C. camphora, Cinnamomum sp. cf. C. japonicum aηd Ligustrum? sp. 

Numerical Represen ta ti on 

The following quantitative appraisal of the Upper Itahana :ftorule is based on a count of 

1586 specimens from six localities. Of the 90 upper Itahana species，“Ficus”and Alnus occupy 
nearly one-fourths of the total specimens. “Ficus”is represented by large leaves which seem 
unsuited to survive transport for a long distances. Alnus cf. japonica appears to have been an 

abundant member in or around the depositional sites. Fragile leaves of Potamogeton represent 
high percentage in occurrence. Four species of Salix (S.ραrasachalinensis, S. k引 tzukii,S. 
misαotαtewakii and Saliχsp. cf. S. integγめ， Bα悦 busites,Cαγeχ，Phγαg悦 ites, M etasequo£αand Rosα 
are represented rather by many specimens of more than 1 percent, and they have been also 

members around the depositional sites. It is supported by the fact that all the plants are 

obtained from fine siltstones. Twelve plants of Queγcus miovariabilis, Caηα miocathayensis, 
Cαγpinus miocenicα，Aceγγzoγdenskioeldii, Bαγnbusites sp., Ul:悦 ：usPγotoj，ゆonicα，Halesiasp. 

Fagus stuxbeγgii, cαゆo託thesjaponicus, Zelkovαuηgeγi and Pterocαηα 争γoto訪問opteγαshow
comparatively high scores with five to one percent, and almost all of these plants are obtained 
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11. Numerical Representation of the Upper Itahana Species 
Number of Number of Percentage Species specimens specimens 
249 15. 7 Cocculus? sp. 4 
127 8. 0 Deutzia sp. 4 

126 7. 9 Pseudoおugatanaii 4 
73 4. 6 Sapindus? sp. 4 
72 4. 5 Sophora hokiana 4 
64 4. 0 Syringa? sp. 4 

60 3. 8 Taxodium dubium 4 
51 3. 2 Fagus palaeoja.仰ηica 3 

48 3.0 F円axi目白Ssp. 3 
38 2. 4 Glediぉiamiosi目Eη幻・s 3 

37 2. 3 Lespedeza tatsumitogeana 3 

37 2. 3 Salix hokkaidoe四sis 3 

35 2. 2 Salvinia sp. cf. S. na似ns 3 
35 2. 2 Sorbus lesquereuxi 3 

34 2. 1 Berchemia miofloribunda 2 
34 2. 1 Liquidambar ；ゆonica 2 
32 2. 0 Carpinus sp. cf. C. Jゆ仰ica 2 

31 2.0 Caゆinussp. 2 
29 1. 8 Cercis miochi月間sis 2 

23 1. 5 Clethra? sp. 2 

21 1. 3 Euodia sp. cf. E. rutaecaゆa 2 

18 1.1 Ligustrum? sp. 2 
16 1. 0 Matus sp. 2 
15 0. 9 Pterocaη1a asymmetγosa 2 
14 0. 9 Spiraeaρ針。tothunbergii 2 
13 0. 8 Styrax sp. cf. S. fゆonica 2 

11 0. 7 Acer戸rotomaおumurae 1 
11 0. 7 Acer tricuゆidatum 1 
11 0. 7 Actinod.ψhne sp. cf. A. lnncifolia 1 
9 0. 6 Al四郎sp. 1 

8 0. 5 Caldesia sp. 1 
8 0 . 5 Cinnamomurn sp. cf. C. canψhara 1 

7 0 . 4 Cinnamornurn sp. cf. C. japonicum 1 

7 0.4 Celtぬsp. 1 

7 0. 4 Cladrastis inouei 1 

Fagus sp. 1 

Parahenzoin sp. 1 
Pinus miocenica 1 

Po戸ulushokiensお l
Quercus pr，。toaliena 1 

Thujopsis miodolabrata 1 
Tilia sp. 1 

Tsuga miosieboldia向。 1

sum 1586 
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Table 

Species 

代Ficus”tiliaefolia
Aln叫ssp. cf. A. japonica 
Potamogeton sp: 
Salix争aγasacha/i;抗側sis
Queγcus miovariabilis 
Ca：ηa miocathayensis 
Ca：γpinus miocenica 
Salix k-suzukii 
Aceγγzoγdenskioeldii 
Bambusites sp. 
Salix misaotatewakii 
Ulmus Fγotojai抑制ca
Halesia sp 
Fagus stuxbeγ-gii 
Carex spp. 
Ph：γagmites? sp 
Caγpo lit，ぉ japonicus
Salix sp.巳iS. i：汎tegra
Zelko百aungeγi 
Meぬse.冒uoiaoccide抗talis
Pteγoca：ηa protosteno，争te：γa
Rosa usyuensis 
Acer sp 
Cladγastis anieγ！S!S 
Caγ予防：ushei.伊叫ensis 
Aceγ台γotomiyabei
Coηlus subsieboldiana 
Liquidambaγ 叩 iosinica
Vi tis抵auma抵抗ii
Ca：γpinus subcoγdata 
Lespedeza sp. 
Ostηasp 
Celtis hokie叫sis
Cornus sp. cf. C.明 io叫alterz
Fγ似 i百ussp. cf. F. sanzuga叩ae叫－
sis 
Aceγγotuηdatum 
!lex sp. cf. I. seγγata 
Lon iceγa sp. 
Wisteγia falla.x 
Pseudolarix jゆonica
Salix muraii 
Caesalpi冗iahokia：杭4
Cerat，ゅhyllummiodemersu：叩
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from fine-to medium-grained sandstones in a bent-down condition. As judged from the states 

of preservation of fossils and from the habitat of their living equivalent species, they have been 

transported over a distance. 
Figure 10 shows that there is no marked warm temperate element among the predominant 

species. Two species of Cinnamomum, although being the warm temperate elements, are 
represented by only one specimen respectively, and were obtained only from the lower part of 

the upper member of the Itahana Formation. 
The ratio of the evergreen broad-leaved species to the total broad leaved species is 2/65 

that makes up 3.1 perecent, and that of the entire-margined species is 21/65 and 32.3 percent. 

Distribution of the Allied Living Species 

Table 12 shows the most allied living species of the Upper Itahana species, and their zonal 

distributions in the modern forests. About a half of the predominant species with more than 

0.5% are members of the cool temperate forest. The remaining species have a range from 

warm temperate to cool temperate forests, but no species is restricted only to the warm forest 



Distribution of the Allied Living Species 

Most allied living species 1 2 

C. canzphora Si巴b. * * 
C. ja戸0月icaSieb. et Zucc. * * 
C. ja仰向icumSieb. * * 
S. ia.ρonica Sieb. et Zucc. * * 
C. cath.ayesis Sarg. ー ＊

E. rutaecarpa (Jussi巴u)Bentham ー＊
Ligustru押zsp. 一 ＊

L. sか？なcijluaLinn. ー ＊

P. thunbergii Pari. ー ＊

P. kaempferi Gord. - * 
T. distich.um Rich. * 
T. kiusiana Makino et Shirasawa * 
L. CZ日ieataG. Don ー ＊

Q. variabilis Blume * 
L. fonnosana Ha口ce ー ＊

Q. aliena Blume ー ＊

Sophora sp. * 
C. demersum Linn. ー ＊

C. uaU百円 Wanger ー ＊ 

Les戸edezasp. * 
P. stenoptera DC. * 
Rosa sp. ー ＊

S. ko円~an司:gi Kimura ー ＊

s.向。ω河SAll. ー ＊

W. floribunda (Willd.) DC. * 
Z. sei mta Makino ー十

S. thunbergii Sieb.巴X Blum巴ー
Aρalma/um Thunb 
A めcnanthumK. Koch 
B. racemosa Sieb. et Zucc. 
C. tschonoskii Maxim 
F. ］ゆonicaMaxim 
G. japonica Miq. 

I. se1 rata Thunb. 
M. gl)φtostroboides Hu et Cheng 
P. J託手onica(Shirasawa) Beissn 
7て幻eboldiiCarr 
C. chi河EηsisBunge. 
S. jessoensおSeemen 
A. mono Maxim. 

A. J向日ロonicaSteud 
C. ja戸onicaBlume 
C. sikokiana (Makino) Mak1110 
P. sieboldii Miq. 
S. gracilistyla Miq 
S. integra Thunb 
c. l似拘m Blume 
0. japoηica Sarg. 
S. sachaline四sisFr. Schm 
Aρalmatum Thunb. var 
matsumurae (Koidz.) Makino 

C. corda似 Blume

C. jessoensis Koidz. 
CρLai) caゆa(Maxim.) Makino 
C. sieboldiana Blume 
F. crenata Blum巴
F. sieboldia向。 Blume

Malu.s sp 

P. rhoifolia Sieb. et Zucc. 
S. al日ifolia(S. et Z.) K. koch 
S. reticulata (Blume) Hara) 
A. miyabei Maxim 

U. davidiana Planch. var. ja抑onzca
(Rehd.) Nakai 

Vitis nauma河内ii V. coignetiae Pulliat 

Thujo戸sismiodolabrata 士 dolabrataSieb. et Zucc. 
Salix mu.raii S. roη＇.da Lackschewitz 
I) Subtropical forest zone 2) Lower warm terperate forest zone 
3) Upper warm temperate forest zone 4) Lower cool temperate forest zone 
5) Upper cool tempe『ateforest zone 6) Subalpine forest zone 7) Alpine forest zone 
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12. 
Fossil speci巴5

Cin抗日制O前日m sp. cf. C. camph.ora 
Caesalpinia hokiana 
Cinna明 omu.msp. cf. C. japonicum 
S断低 sp.cf. S. japonica 
Caηa miocathayensis 
Euod；もasp. cf. E司 γutaeca：ゆa
Ligustru悦 ？sp. 
Liquid.乱期barjai抑制ca
Pinus miocenica 

Ps邑・udolarzエja1争onica
T似odiumd油 1説明
Tilia sp 

Lespedeza tatsumitogeana 
Queγcus mio也且γiabilis

Liquidambar miosinica 
Quercus pγotoaliena 

Sop hoγa hokiana 

Ceγatophyllum miodemersum 

Coγ托ussp.巳iC. miowalteγ1 
Lespedeza sp 
Pte：γocmγya争γotosteno；争t邑γa

Rosa usyuensis 
Salix hokkaidoenszs 

Salvinia sp.巳iS‘γzata叫S
Wisteγもafallax 
Zelkova ungeri 

Spiγaea pγotothunbergii 

Acer noγdeηskioeldii 

Acer tγicus争idatum

Berchemia miofioγibuηda 

Caゆinush.eigu叫すisis 

Fa畠＇US争alaeoja;争onica
Gleditsia miosi冗t時sis
!lex sp. cf. I. seγγata 
Metase日uoiaoccidentalis 
Pseudotsuga tanaii 

Tsuga叩 iosieboldiana
Ceγ・cis miochinensis 

Sal：な k-suzzぬii
Aceγγotu；γzdatuγn 

A/nus sp. cf. A. ja；抑制ca

Caγpinus sp. cf. C. jφonica 
Cladγastis i札口uei
Po仰！ushokie冗sis
Salix明 isaotatewakii
Salix sp. cf. S. i1ηlegγa 
Ca：ゅinus明iocenica
Ostrya sp. 
Salixむarasachaliηensis 
AceγFγotomatsu叩uγae

Table 
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Ca：γpinus subcoγdata 

Ce/tis hokie抗sis
Cladγ日:stisa：ηieηsis 
Corylus subsieboldiana 
Fagus st：似bergii

Fγ似 inussp. cf. F. s側羽田世Jaenszs
Matus sp. 

Pteγocarya as伊丸met：γosa

Soγbus Les司uereuxi
Syγi冗ga?sp. 

AceγFγotomiyabei 

Ul机 usFγotojaponica 

＊ 

＊ 

＊
＊
＊
 

十

＋ 
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region. 
Tho total number of species in each zone and the percentages for the cumulative number 
of species in all zones are shown as follows : 

Zone 
No. of Species 
Percentage 

1 

4.0 
2.5 

2 

25.5 
15.8 

3 

46.5 
28.8 

4 

49.0 
30.3 

5 

34.5 
21.4 

Sum 

161.5 
100.。

The number of species is the highest in the lower cool temperate forest zone (zone 4) as 49.0, 

which corresponds to 30.3% of the total. Next come the upper warm temperate forest zone 
(zone 3) as 46.5 species and 28.8%, then the upper cool temperate forest zone (zone 5). 

Considering from the distribution of the living species most closely allied to fossil species, the 
Upper Itahana florule is closely related to the lower cool temperate zone forests, such as the 
lower part of the Fagus c1〆仰 ataforest or the transitional zone forest between the warm and 

cool temperate zones. 

Assumed Habitat 

In the back swamp along the braided rivers during the Upper Itahana age Potamogeton, 
Caldesia, Ceratophyllum and Salv仇iaformed a part of the aquatic community in the Itahana 
area, where Potamogeton may have been one of the predominant water plant. Taxodium, 
Alnus, Metasequo£αp Phragmites, Salix and Ulmus are riparian in habitat. ''Ficus" tilia々foliais 
also considered to be a stream side plant, because it is accompanied almost always by many 

specimens of Alnus cf. japonica and/ or Salix lived in the swamp or on river banks. The 
relative abundance of“Ficus”（15.7%), Alnus cf. ja戸onica(8.0%) and Salixρarasachalinensis 
(7.9%) indicates that rather a dense stand of these plants lined the depositional sites or stream 

margins, along with the other willows (Salix k引tzukii,3.2% ; S. misaotatewakii, 2.3% ; S. cf. 
integra, 2.0%), Bambusites (2.4%), and Phragmites (2.1%). Most of these swamp or riparian 
trees were also members in the valley forest, which is composed of all the deciduous hard-

woods. Carya miocathayensis (4.0%), Carpinus miocenica (3.8%), Acer nordenskioeldii (3.0%) 
and Zelkova ungeri (1.8%) were common members in the valley forest. 

The lower slope forest during the Upper Itahana time was composed of all the deciduous 

hardwoods, except in early stage, when some evergreen trees such as Cinnamomum were 
included. This forest is common in member with valley forest. Quercus miovariabilis, Halesia 
sp., Cladrastis and Liquidambar together with maples and hornbeams were predominant or 
common members in the lower slope forest, while Pinus miocenica may be a minor element. 
The montane slope forest was composed mainly of Fagus stuxbergii with some other 
deciduous broad-leaved species such as Ostηαsp., Magηolia sp., Quercusρrotoserrata and 
Sorbus lesque陀uxi,and conifers such as Pseudolarix, Pseudotsuga, Tsuga and Thujopsis. 

Summary 

The plant-bearing Itahana Formation is subdivided into the lower and the upper members 

by the tu旺andlignite beds which are developed in the middle horizon considering the lith-

ological sequence and fossil occurrence, the Itahana Formation was deposited near coastal 
plain; sites of deposition gradually shifted from shallow marine to brackish or nonmarine 

conditions. The Lower Itahana florule is composed of 60 species (28 families and 45 genera), 
and is characterized by well-developed riparian taxa on the coastal plain and slopes. The 

coastal plain and hilly or lower slope area were covered by evergreen-mixed deciduous forest 

containing a number of living analogues in the warm-temperate forest. Montane conifers and 

a beech were the main members of the mountain slope forest. The climate indicated by the 

Lower Itahana florule was rather warm-temperate, representing coastal climatic conditions 
during the middle-Late Miocene of Central Honshu. 

The upper Itahana Formation composed mainly of cyclic sediments of conglomerate, 
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!tahana flot a 

13. Assumed Habitat of the Upper ltahana Plants 
1 2 3 4 Spesies 

Lindeγα miyat，αens is 
Liquidambar japonica 
Liquidα：mbar miosinicα 
Loγziceγasp. 
Malus sp. 
Rosa usyuensis 
Spi：γαea protothw地芭哩rii
Styr，似むγotojaponicα
SyγiηgαY sp. 
Tili，αsp. 
Caゅinuscf. ja；抑制ca
Carpinus subcordata 
Cinnamomum cf. cam抑oγα
Cinnamomum cf. japoniα~m 
Celtis hokieηsis 
Cladγ邸tisinouei 
Cle thγαY sp. 
Euodia cf.γutaecarpa 
Fαg師会αlaeoj，ゆonica
Hαlesi，αsp. 
!lex cf. serγαもα
Ligustγum? sp. 
Pa：γαbenzoi：ηsp. 
Pinus miocenica 
Q悦 γGUSmio叩 γ旬以Lis
QueγGUS pγotoaliena 
Sop hoγα hoki,α：nα 
Beγchemia miofioγib肌 dα
Gleditsi，αmiosinensis 
Lespedeza tαtsumitogea~抗α

Lespedezαsp・
Mα1g1屯oliasp. 
Ostγyαsp. 
QもiercusProtas包γγαta
Vitis naumannii 
Fαεus stuxbeγgii 
Pseudolarix japonicα 
Pseudotsuεα tanaii 
Soγbus lesqueγωぬ
Tsuga miosieboldia：ηα 
Thujopsis miodolabγata 
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Species 
Caldesia sp. 
Cera』ophyllummiodemersum 
Potamogeton sp. 
Salvinia cf.ηa tans 
Taxodium dubium 
Alηus cf. jaρoηica 
Carex sp. 
Metasequoia occidentais 
Phragmites? sp 
Salix hokkaidoensis 
Salix k・suzukii
Salix misaotatewakii 
Salix muraii 
Salix parasachalinensis 
Salix cf. integra 
Ulm usρrotojaponica 
Acer tricuspidatum 
Bambusites sp. 
Liηdera cf. eηthrocaゆG
Poρulus hokieηsis 
Pterocaηa asymmetrosa 
Pterocaiyaρrotostenoptera 
Sapindus? sp. 
Wisteria f allax 
Zelkova ungeri 
"Ficus”tiliaefohα 
Acerηordenskioeldii 
Acerρrotomatsumurae 
Acer protomか＇abei
Acer rotundatum 
Caesalpinia hokiana 
Cladrastis aniensis 
Cai少in削除iguneηsis
Carpinus miocenica 
Caiツamiocathayensis 
Cercis mioch仇ensis
Cornus cf. miowalteri 
Corylus subsieboldiana 
Coe cul附？sp. 
Deutzia sp. 
Fraxinus sanzugawaensis 
Fraxiηus sp. 

sandstone and siltsone, and is of terrestrial origin except the basal part. The Upper Itahana 

ftorule consists of 90 species distributed in 37 families and 63 genera. All dicot trees are 
deciduous except for two evergreen species from the lower horizon. The ftorule consists 

largely of two communities: wet plain to mesic valley and slope ones. Some aquatic plants 
s Potamogetoηgrew in a back swamp, and such water-loving plants as alder, wilows and 

bamboos fringed the rivers on the lowland. The deciduous broad-leaved slope forest com-

posed predominantly of deciduous oaks, Carya, hornbeams and maples was accompanied with 

some conifers, and beech stands were dominated in the upper slopes. 

4 ・ Upper Slope 3・Lowerslope 2 . Riparian or valley 1 : Aquatic or marsh 



30 
LATE MIOCENE AND PLIOCENE FLORAS 

The Y agii Flora 

Late Neogene plant fossils in the Hiki area south of Kumagaya City have been reported 
by some authors. Many stump and some leaf fossils from the Y agii Formation were first 
reported by Kawamoto Fossil Forest Research Group (1983). Homma (1987) reported 30 
species with only illustrations from four localities in the Yagii Formation exposed along the 
Arakawa River. Based on my collection from the Yagii Formation along the Arakawa River, 
I could find 60 species, which are enough to discuss the日oristiccomposition of the assemblage. 

Geologic Occurrence 
The Neogene sediments in the Hiki Hills have been disputed in their stratigraphy and 

division by various authors, as shown in Table 14. It is probably due to the fact that the 
Neogene are poorly exposed in this area. However, all the authors except Kobayashi (1935) 
concluded that the plant-bearing Yagii Formation of terrestrial origin occupies the uppermost 
of the Neogene, which are of marine origin. The Yagii Formation is correlated with the 
Itahana Formation of the Takasaki area by many authors. Regarding geologic age, however, 
the opinions are divided into two ; some peoples assign the Y agii Formation to the Middle 
Miocene (Watanabe, 1954 ; Matsumaru and Hayashi, 1980), while the others insist to be of Late 
Miocene time (Fukuta and Ishiwada, 1964; Takei and Koike, 1981). Hatai and Masuda (1962) 
pointed out the molluscan fossils from the underlying Tsuchishio Formation are commonly 
found in the Late Miocene of central Japan. The basal thick pumiceous tuff bed of the Y agii 
Formation was correlated with the middle tuff in the Itahana Formation by Homma (1987). 
He also suggested that the plant assemblage of the Yagii Formation determined by K. Suzuki 
shows a close resemblance to the Late Miocene Fujitoge flora of Fukushima Prefecture. The 
Yagii Formation is probably correlated with the Upper Itahana Formation, because they have 
common features in similar lithology and in lacking marine molluscan fossils. 
The Yagii Formation consists of conglomerate, sandstone, siltstone, and tu旺， interbedding 
lignite. The formation shows a remarkable lateral change in lithology. Consecutive expo-
sures of the formation are observed in the river bed of the Arakawa River, except a part of the 
conglomerate horizon. Leaf fossils are preserved in the fine-grained rocks of more than eight 
horizons as shown in Fig. 6, two of which yield especially numerous fossils. The fossils 
obtained are given in Table 15. The lithology of each locality is as follows: Locality A-fine 
sandstone; Locality B-siltstone; Locality Fl siltstone; Locality F2-fine sandstone; Locality K 
-fine siltstone; Locality L-siltstone; Locality M coarse siltstone to fine sandstone; Locality N 
fine siltstone; Locality P-fine siltstone. 

Systematic Representation 

The Y agii flora contains 60 species in 28 families and 45 genera as listed in Table 16. 
These plants comprise two conifers, four monocotyledons and the remainders are dicotyledons. 
The largest family is the Lauraceae represented by 5 genera and 7 species. Next come the 
Salicaceae with 2 genera and 6 species and the Aceraceae with 1 genus and 6 species, the 
Fagaceae with 2 genera and 5 species, and the Fabaceae and Betulaceae both with 4 genera and 
4 species. The Hamamelidaceae, Juglandaceae, Ulmaceae, Styracaceae and Rosaceae have 2 
species each, and the other have a single species. 

The Betulaceae, Salicaceae, Ulmaceae, Juglandaceae Styracaceae, Rosaceae and Acer-
aceae are cool temperate families, whereas the Lauraceae, Fabaceae and Hamamelidaceae are 
warm temperate to tropical plant families. The Fagaceae has two and the Lauraceae has four 
evergreen species ; living species allied to these evergreen species are the main components of 
the warm temperate forests of Japan. Thus, the Yagii flora is composed of cool temperate 
families with some warmer temperate to subtropical families. Except for Parrotia and two 
uncertain genera, all the genera are now living in East Asia. All genera are known in the 
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Fig. 6. Localities of the Yagii flora and the columner section showing lithology and 
horizons of plant megafossils along Arakawa River. 

t: Tuff cg: Conglomerate sl: Siltstone ts: Tuffaceous siltsone s: Sandstone ss: Sandy 
siltstone A-P: Plant fossil horizones 
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Numerical Representation of the Yagii Species 
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Spesies 
M etasequoia occidentalis 
Pinus cf. trifolia 
Magηolia sp. 
Actinod，ゆ加esp. cf. A. lancifolia 
Cinnamomum sp. cf. C. camρhora 
Cinnamomum sp. cf. C. Jゆonicum
Lindera sp. cf. L. mむataeηsis
Parabenzoin sp. cf. P. trilobum 
Persea sp. cf. P. thunbergii 
Persea? sp 
Coe cul附？ sp. 
Meliosma sp. cf. M. oldhami 
Cercidiphyllum crenatum 
Liquidambar miosiηica 
Pai rotia sp. 
Ulmusρrotoj，ゆonica
Ulmus sp. 
Ze幼ovaungerz 
Platycaηa miocenica 
Pterocaηα 向：vmmetrosa
Castanea rnzocrena初
Quercus miovariabilis 
Quercusρrotoalieηα 
Quercusρrotoacuta 
Quercus protosaliciηα 
Quercus sp. 
Alnus sp. cf. A. ja抑制ca
Alnus sp. 
Carpinus heiguneηsis 
Coη1lus subsieboldiana 
Ostrya sp. cf. 0. japonica 
Ostrya sp. 
Rumex? sp. 
Tilia mioheηryana 
Tilia sp. 
"Ficus”がlia巳folia
Populus hokiensis 
Populus kobのashii
Salix k suzukzi 
Salix misaotalewakii 
Salixρarasachalinensis 
Safiαsp. cf. S. integra 
Halesia sp. 
Styrax sp. cf. S. Jゆonica
Sor busραlaeojaρoηica 
Sorbus lesquereuxi 
Cladrastis anieηsis 
Cladrastis? sp 
Lespedeza sp. 
Sophora mioj，ゆonica
Wisteria fallax 
Buxusρrotoj，ゆonica
Paliurusρrotonψρonicus 
Vitis naumannii 
Sa piηdus tanaii 
Acer nordenskioeldii 
Acerρrotomaおumurae
Acer protomi}abei 
Acerρro to tr・ 1dium 
Acer rotundatum 
Acer tricuゆidatum
Fr，αxinus sp. af. F.灼amadae
Potamogetoηsp. 
Bambusites sp. 
Phragmites? sp. 
Smilax a任 ho!?kaidoensis
Carpolithes japonicus 
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Pinaceae 
Taxodiaceae 
Magnoliaceae 
Laurac巴ae

Menispermaceae 
Sabiaceae 
Cercidiphyllaceae 
Hamamelidaceae 

Ulmaceae 

J uglandaceae 

Fagaceae 

Betulac巴ae

Polygonaceae 
Tiliaceae 

Sterculiaceae 
Slicaceae 

Styracaceae 

Rosaceae 

Fabaceae 

Buxaceae 
Rhamnaceae 
Vitaceae 
Sapindaceae 
Aceraceae 

Oleaceae 
Potamogetonaceae 
Poaceae 

Smilacaceae 
Incertae sedis 
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Table 16. Systematic List of Families and Species 
Pinus sp. cf. P. trifolia Miki 
Metasequoia occidentalis (Newb.) Chaney 
Magnolia sp. 
Actinodゆ加esp. cf. A. lancifolia Meisn. 
Cinnamomum sp. cf. C. camphora Sieb. 
Cinnamornum sp. cf. C. ja1うoηicumSieb. 
Lindera sp. cf. L. mi:yataensis Huzioka & Uemura 
Parabenzoin sp. cf. P. trilobum (Sieb. & Zucc.) Nakai 
Persea sp. cf. P. thunbergii Kosterm. 
Perseα？ sp. 
Cocculus? sp 
Meliosma sp. cf. M. oldhamii Maxim. 
Cercidiphyllum crenatum (Unger) Brown 
Liquidambai miosinica Hu & Chaney 
Parrotia sp. 
Ul仰iusρrotoj，α戸Oηic
Ulmus sp. 
Zelkoia ungeri Kovats 
Platycaηα miocenica Hu & Chaney 
PterocaiツGG里子mmetrosaKonno ex Tanai 
Castanea miocrenata Tanai & Onoe 
Quercus miovariabilis Hu & Chaney 
Quercusρrotoa芯utaK. Suzuki 
Quercusρrotoalieηa Ozaki 
Quercus protosalicina K. Suzuki 
Quercus sp. 
Alnus sp. cf. A. japonica Steud. 
Alnus sp. 
Caψinus heigunensis Huzioka 
Corylus subsieboldiana K. Suzuki 
OstηG sp. cf. 0. JゆonicaSarg. 
Ostrya sp. 
Rumex? sp. 
Tilia mioheηηlαηa Hu & Chaney 
Tilia sp. 
"Ficus" tiliaefolia Heer 
Populus hokiensis Ozaki 
Poρulus kobayashii K. Suzuki 
Salix k-suzukii Tanai 
Salix misaotatewakii Tanai & N. Suzuki 
Salixρarasachaliηensis Tanai & N. Suzuki 
Salix sp. cf. S. integra Thunb. 
Halesia sp. 
Styr，αx sp. cf. S. japonica Sieb. & Zucc. 
Sorbus lesquereuxi N athorst 
Sorbus palaeoj，ゅonicaMurai 
Cladrastis aniensis Huzioka 
Cladrastis? sp. 
Leψedeza sp. 
Soρhora miojaponica Hu & Chaney 
Wisteria fallax (N athorst) Tanai & Onoe 
B似砧 ρroto；；ゆonicaTanai & Onoe 
Paliurusρrotaηipρonicus K. Suzuki 
Vi tisηau maηnii (Nathorst) Tanai 
Saρindus taηaii 
Acer nordenskioeldii Nathorst 
Acer protomatsumurae Tanai 
Acerρrotomiyabei Endo 
Acerρrototrifidium Tanai 
Acer rotuηdatum Huzioka 
Acer tricuspidatum Bronn. 
Fr，αxinus sp. aff. F. k )arnadae Tanai & N. Suzuki 
Potamogeton sp. 
Bambusites sp. 
Phragmites? sp 
Smilax aff. hokkaidoensis Tanai 
Cariρolithes jゆoηicus(Morita) Ishida 
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modern forests of Japan, except Metasequoia, Liquidambar, and Halesz弘whichare found in the 
forests of southern or central China and Taiwan. 

Assumed Habits and Leaf Characters 

The habit of a plant is of importance in determining the number of its foliar and fruiting 

units which may be available for scattering and deposition in the sedimentary record. As a 

preliminary to considering the numerical representation of the Yagii species, in・the Table 17 

are listing their probable habits and leaf characters, as judged from their fossil leaf texture and 

the most similar living equivalents. 41 trees make up 70.7 percent, 10 shrubs or small trees 

make up 17.2 percent, 4 vines comprise 6.9 percent, and herbs 5.2 percent. Judging from these 
percentage, trees were predominant in the Yagii vegetation. 

Species 

Table 17. Assumed Habit and Leaf Characters of the Yagii Plants 

Metasequoia occide日ta/is
Pinus cf. tr抑Lia
Acer叩ordenskioeldii
Acer protomatsumurae 
Acer戸rotomiyabei
Aceァprototrifidium
Acer rotu冗datum
Acer tricusρidatum 
Ac ti向。daphnesp. cf. A. lancifolia 
A/nus sp. cf. A. japo悶ica
Carpi悶u.sheigune冗sis
Castanea miocrenata 
Cercidψhyllum ere目atum 
Cinnamomum sp. cf. C. camphora 
Cinnamomum sp. cf. C. ；ゆonicum
Cladrastis? sp. 
Cladrastis aniensis 
Fraxinu.s sp. aff. F. k-yamadae 
Halesia sp. 
Liquidambar miosi叩ica
Magnolia sp 
Meliosma sp. M. oldhamii 
Ostrya sp. cf. 0. japo刀ica
Persea sp. cf. P. thunbergii 
Persea? sp 
Platycaη・a mioce四ica
Populus hokie河sis
Populu.s kobayashii 
Pterocaη1a asymmetrosa 
Quercu.s miovariabilis 

Growth 
Habit 
Tr巴巴
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tr巴E
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 

e
e
e
e
E
E
e
e
e
e
e
e
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e
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E
e
e
E
e
e
e
e
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Leaf 
Characters 
DC 
EC 
Ds 
Ds 
Ds 
Ds 
Ds 
Ds 
Ee 
Ds 
Ds 
Ds 
Ds 
Ee 
Ee 
D巴
De 

Ds 
Ds 
De 
Ds 
Ds 
Ee 
De 
Ds 
Ds 
Ds 
Ds 
Ds 

e Entire margined broad leaf 

Species 

Quercu.sρrotoacu.ta 
Quercusρrotoaliena 
Quercu.sρrotosalici向。
Sal伐 k-suzukii
Sapindu.s 品目問。ii
Sophora mioja抑制ca
Sorbus lesquereuxi 
Sor busρalaeoja戸口ηica
Styrax sp. cf. S. ja戸間ica
Tilia miohenrya円G
Ulmu.s protoj，ゅonica
Zelkova U河：ge門
Buxus protoja戸omca
Coiylus subsieboldia向。
Lespedeza sp 
Lindera cf. miyatae叩sis
Paliurusρ仰 tonz仰0目icus
Parabenzoin sp. cf. P. trilobum 
Parrotia sp. 
Salix sp. cf. S. integγG 
Salix misa o tatewalzii 
Salixρarasachali冗ensis 
Cocculus sp 
Smilax a任 hokkaidoenszs
Vi tis四aumannii
Wiste門Gfallax 
Phragmites? sp 
Rumex? sp 
Pata押zogeto抑 sp.
Barnbu.sites sp. 

Growth Leaf 
Habit Characters 
Tree Ee 
Tree Ds 
Tree Es 
Tree Ds 
Tree De 
Tree De 
Tree Ds 
Tree Ds 
Tree Ds 
Tree D宮
Tree Ds 
Tree Ds 
ST or Shrub Ee 
ST or Shrub Ds 
ST or Shrub De 
ST or Shrub De 
ST or Shrub Ds 
ST or Shrub De 
ST or Shrub Ds 
ST or Shrub Ds 
ST or Shrub Ds 
ST or Shrub Ds 
Vine De 
Vine Ee 
Vine Ds 
Vine De 
Terr. Herb 
T巴rr.Herb 
Aqua. Herb 

ST Small Tree Terr. Terrestrial Aqua. Aquatic D Deciduous E Evergreen s Serrate margined broad leaf 

Numerical Represen ta ti on 

As already shown in Table 15, the Y agii plants were obtained from 9 localities on a river 

floor along the Arakawa River. Metasequoia occidentalis is recorded from 8 localities, Wisteria 
fall.似 andBαmbusites are from 6 and Salix misaotatewakii is from 5 localities. All these species 

are predominant plants in the Y agii日ora.

Table 18 shows the total numerical representation of the Y agii plants which count 1245 

specimens. Of the Y agii plants the total specimens of the top ten species account for 79 

percent of the whole and sixteen species making up more than one percent each combine to 

constitute 88 percent of the total. All of these dominant plants, excluding only one species, 

Buxus, are deciduous. It is noteworthy that the Yagii flora is dominated by Metasequoia 
occideηtalis which is represented by fragile leafy twigs and occupies nearly 40 percent of all 
specimens. Accordingly, this species has been dominant member nearby the depositional sites. 
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Table 18. Numerical Representation of the Yagii Species 

Species 
Number of Percentage Species Number of Percentage 
specimens spec;:imens 

Metasequoia occidentali.1 482 38.7 Aceγ 叩orde悶skioeldii 2 0.2 

Bambusites sp 80 6.4 Aceγ骨γotoγniyabei 2 0.2 

Phragmites? sp. 71 5.7 Aceγpro tot門ifidium 2 0.2 

Wisteria fallax 69 5.5 Alnus sp. 2 0.2 

B似 ωρrotojaponica 67 5.4 Cercidψhyllum ere向。tum 2 0.2 

Al悶ussp. cf. A. japonica 55 4.4 Meliosma sp. cf. M. oldhamiz 2 0.2 

Salix押zisao匂te：加akii 48 3.8 Smilax aff. hokkaidoensis 2 0.2 

Tilia miohenη1a向。 37 3.0 Soγbus lesquereuxi 2 0.2 

S江戸industanau 35 2.8 Ulmusρrotojaponica 2 0.2 

Salix sp. cf. S. integi匂 31 2.5 Ulmus sp 2 0.2 

"Ficus”tiliaefolia 27 2.2 AceγProto押凶ts：附nuγae 0.1 

Cladrastis anie悶SIS 26 2 1 Caγpolites Jゆonicus 0.1 

Zelkova ungen 21 1. 7 Casta：乱eamiocrenata 0.1 

Tilia sp 17 1. 4 Cinnamomum sp. cf. C. cam/Jhora 0.1 

Liquidambar miosinica 16 1.3 Cocculus? sp 0.1 

Populus kobaya.1hiz 13 1.0 Cory/us subsieboldi肌白 0.1 

Salixρarasachaline叩sis 11 0.8 Fraxinus sp. aff. F. k-yamadae 0.1 

Aceγγotu：抗dat：祉制 10 0.8 Halesia sp 0.1 

Sophora mioja戸onica 10 0.8 Magnolia sp 1 0.1 

Actinodaphne sp. cf. A. /ancifolia 7 0.6 Ost.γya sp. cf. 0. japonica 1 0.1 

Cinnamo間umsp. cf. C. japomicum 7 0.6 Ost：ηa sp 1 0.1 

Persea? sp. 7 0.6 Paliurusρroto珂ψ仰向icus 1 0.1 

Leゆedezasp 6 0.5 Parabeηzoin sp. cf. P. trilobum 1 0.1 

Po：仰！ushokiensis 6 0.5 Platyca：ηa miocenica 1 0.1 

Quercus sp. 6 0.5 Pterocaηa asymmetrosa 1 0.1 

Pinus sp. cf. P. tァザolia 5 0.4 Queγcus押iiova：η：abilis 1 0.1 

Acei’tricuspidatum 5 0.4 Queγcus ／！γotoacuta 1 0.1 

Persea sp. cf. P. thu四bergiz 5 0.4 Queγcus /Jrotoaliena 1 0.1 

Carpi刀usheigune四sis 4 0.3 Queγcuspγotosaliα百4 1 0.1 

Cladγas tis下旬 4 0.3 Rumex? sp 1 0.1 

Lindera sp. cf. L. miya』ae四sis 4 0.3 Salix li-suzuki 1 0.1 

Parrotia sp. 4 0.3 Soγbus抑laeoja：抑制ca 1 0.1 

Potamogetoηsp. 0.3 Vitis nauman叩ii 1 0.1 
Styi’αx sp. cf. S. ja戸onca 4 0.3 sum 1247 100.9 

The second and the third species, Bambusites and Phragmites, are herbaceous large leaves 

which would seem unsuited to survive transport for a long distances, then they were also 

dominant members of the forest around the depositional sites. The other plants till the 

eighteenth except the fifth species, Buxus, were all deciduous plants and they must have been 
common members of the Y agii forest. 

As judged from the living equivalent species and by the consideration on the Oligocene 

floras by Tanai (1970), it was suggested that Metasequoia occidentalis was hydric in its require-
ments and was confined mainly to sites of deposition much like those of the modern Taxodium 
and G以ptostrobus.Bambusites, Phragmites, Alnus and Salix are hydric in its requirements, 
judging from the living equivalents. It is considered that ''Ficus”tilia々foliawas also probably 
water-loving plant. This interpretation agrees with the fact that “'Ficus円 tiliaりcoliais 
associated almost always with the species of Salix and Alnus. Wisteria and Zelkova are also 
found in the modern stream-side forests. Most living species of B似 usis also a stream-side 
tree in China. Thus, the predominant taxa of the Y agii flora seem to be almost marsh or 

riparian species, and the depositional sites of the日orawere probably in marsh or riparian 

condition. It is noteworthy that Persea, Cinnamomum, and Actinodaphne of the evergreen 
broad-leaved species are high-ranked in relative abundance. Then these trees were probably 

common members in the Yagii forest, considering from that they may be at a disadvantage for 

shedding leaves. 

The ratio of the evergreen broad-leaved species to the total broad-leaved species is 8/60 

that makes up 13.3 percent, and that of the entire-margined species is 20/60 and 33.3 percent. 
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Distribution of the Allied Living Species 
Table 19 shows the most allied living species of the Yagii species and their regional 
distribution in the modern forests. The asterisk indicates the principal area of distribution 
and the plus sign shows the secondary area of the distribution. The following table indicates 
total number of the most allied living species in each zone indicated in the preceding table and 
percentages for the cumulative number of species in all zones. 

Zone 
No. of Species 
Percentage 

1 

5.0 
4.3 

2 3 4 

17 .5 32.0 35.0 
15.1 27.6 30.2 

5 

26.5 
22.8 

Sum 

116.0 
100.。

The closely allied species concentrate largely in the lower cool temperata forest zone (zone 
4), and also in the upper warm temperate forest zone (zone 3). Thus, the distributional 
consideration of the living species indicates that the Yagii flora bears a marked similarity to 
the lower part of the modern cool temperate zone forests and also to the modern upper warm 
temperate zone forests. 

Assumed Habitat 
Table 20 indicates the assumed habitat of the Yagii species, considering from the numeri-
cal representation of the fossil species and the habitat of the most allied living species. 
The ten aquatic or swamp members of the Yagii臼ora,notably Metasequoi孔Phragmites,
A仇ussp. cf. A. japonica, Salix misaotatewakii and Salix sp. cf. S. integra show high representa-
tion in the fossil record with a total of about 55 percent; these plants formed thickets near lake 
shore together with the other swamp species. Trees and shrubs of this community were not 
confined to the lake shore, excepting one water plant, Potamogeton, but also occupied stream 
banks in the region. Most of the Yagii species are included in the categories which consist of 
two communities; riparian or valley forests and lower slope forest. Many Yagii species 
mingled with members of valley-slope forests which occupied the watered flood-plain and 
valley flats or cliffs flanking the stream. Some of predominant species such as Bambusites sp., 
Wisteria faU似， Tiliα悦 iohenη1anα，B似：usprotoj，ゆonicα，“'Ficus"tiliαefoliα，Cladγα：stis aniensis, 
Zelkovαungeγi, Liquid，α：mbar miosinicαand Populus kob仰αshiprobably found吐1eirmost 
luxuriant growth in this community along with some willows, maples and hornbeams. The 
hilly and lower slope forests are largely represented by mixed broad-leaved forest, which 

contains deciduous hardwoods, vines, and some evergreen trees such as Actinodaρhne cf. 
lancifohα， CinγLα：moγnum cf. cαγnphora, Qもも巴γcusFγotoαcutα， Q. Fγotosalicinα and Perseα cf. 
thunbergii. Several shrubs and vines may have formed the understory of the above trees; they 
are Wisteriαfαll似， CiγlγLαγnor.】'1Um cf. j，αpanicα，Cocculus? sp., Lespedezαsp., Paliuγus 
ドotonipponicus,Coηlus subsieboldianα，Smit，αx aff. ho地α：idoeηsisand Vitis nαumαγznii. No 
megafossil records of montane or higher slope forest are found in the Yagii flora. According-
ly, it is supposed that the Yagii flora represents mainly forests which lived from the lake 

borders to lower slopes. 
The Yagii日orais composed principally of the species of riparian or valley forests and of 
lower slope forest. The high ranking species in number of specimens are almost all riparian 
species. The species belonging to the riparian forest count nearly a half of the total. The 
mountain slope species mainly belonging to Betulaceae, Salicaceae and Aceraceae are gener司
ally members of the cool temperate zone forest. Their specimens are obtained mainly from 
Localities A and F2 where the plant-bearing rock is sandstone. Most of these specimens were 
probably transported from the neighboring mountain slopes or valleys nearby sites of deposi 

ti on. 

Summary 
The Yagii司oraof 66 species in 28 families and 44 genera occurs in mudstones and fine 



Distribution of the Allied Living Species 

Most allied living species 1 

C. camphora Sieb. 
C. jaρoηicum Sieb. 
P. raiηosissimus (Lour.) Poir. 
P. thunbergii Sieb. et Zucc. 
S. ja_ρoηica Sieb. et Zucc 
M. oldhami Maxim. 
A. buergerianum Miq. 
A. laηαifolia (Blume) Nakai 
Q. saliαne Blume 
T. kiusiana Makino. et Shirasawa 
Q. iaη；abilis Blume 
L. formosana Hance 
P. strobilacea Sieb. et Zucc. 
Q. acutαOerst. 
Q. aliena Blume 
L~伊strum . sp. 
W. jloribunda (Willd.) DC. 
Z. serrata Makino 
B. microphylla Sieb. et Zucc. var. 
japonica Rehd. et Wils. 
Aραlmatum Thunb. 
A. pycnanthum K. Koch 
C. tschonoskii Maxim. 
M. g砂tostroboidesHu et Cheng 
P. trilobum (Sieb. et Zucc.) Nakai 
S. jessoensis Seemen 
A. mono Maxim. 
A. jaρonica Steud. 
C. crenata Sieb. et Zucc. 
L. umbellata Thunb. 
P. sieboldii Miq. 
S. gracilistyla Miq. 
S. integra Thunb. 
0. japoηica Sarg. 
0. jaρoηica Sarg. 
S. sachalinensis Fr. Schm. 
丘trinerbulaMiq. 
A.ρalmatum Thunb. var. 
matsumurae (Koidz.) Makino 
C. japoηicum Sieb. et Zucc. 
c.ρlatycαrpa (Maxim.) Makino 
C. sieboldiana Blume 
P. rhoifolia Sieb. et Zucc. 
S. jaJうonicaLinn. 
S. alηifolia (S. et Z.) K. Koch 
S. jaρonica (Decne.) Hedlund 
A. mηabei Maxim. 
U. davidiana Planch. var. 
japoηica (Rehd.) Nakai 
V. coig仰向・aePulliat 
F. manゐhuricaRupr. var. 
japonica Maxim. 

Tilia miohenr;ana T. maximowicziana Shirasawa 
1) Subtropical fo1 est zon巴 2)Lower warm temperate forest zone 3) Upper wa1 m temperate forest zone 

4) Lower cool temperate forest zone 5) Upper cool temper ate forest zone 6) Subalpine forest zone 7) Alpine forest zone 
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19 Table 

Fossil species 

Ciηnamomum sp. cf. C. camphora 
Cinnamomum sp. cf. C. japonicum 
Paliurusρrotonzρρonicus 
Persea sp. cf. P. thunbergii 
Styr，αx sp. cf. S. japonica 
Metz出masp. cf. M. oldhami 
Acerρrototrijidium 
Actinodaρhne sp. cf. A. !anαifolia 
Quercusρrotosalicina 
Tilia sp. 
Quercus miovariabilis 
Liquidambar miosinica 
Platycaη1a miocenica 
Quercusρrotoacuta 
QuercusρrotoalieηG 
Lesρedeza sp. 
Wisteria falli似
Zelkova uηgeri 
Buxusρrot，のゆonica
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Acer nordenskioeldii 
Acer tricusρidatum 
Carpinus heigunensis 
Metasequoia occidentalis 
Parabenzoin sp. cf. P. trilobum 
Salix k-suzukii 
Acer rotund，αtum 
Alnus sp. cf. A. jaρonica 
Castanea miocrenata 
Lindera sp. cf. L. mかataensis
Populus hokiensis 
Salix misaotatewαkii 
Salix sp. cf. S. integra 
Ostrya sp. cf. 0. japonica 
Ostη1a sp. 
Salixρarasachaliηens is 
Smit，αx aff. ho帥aidoensis
Acerρrotomatsumurae 
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Cercid；ゆhyllumer，側 αtuγn
Clad：γastis anie：汎sis
Coryl：回 subsieboldianα
Pteroca；ηα 邸主mmetrosa
So怖oγamiojaponica 
Sorbus lesquereuxi 
Sorbus争alaeo；≪ゆonica
Aceγ争γotoγn勾α：bei
Ulm usドotojaponica

Vitzs naumannii 
Fraxinus sp. aff. F. k-yamadae 

＊ 

＊ 

＊ 

＋ 



20. Assumed Habitat of the Y agii Plants 
2 3 4 Species 

Tilia sp. 
Vitz"s nα：umαnnii 
Wisteria fall,低
Acer protomi・ヲabei
Actinodaphne cf. lancifolia 
C邸ta•γzea miocγen a ta 
Cinnamom；祝悦巳icα：m悼OJIα
Cinnamomu•慨巳：f. japonica 
Cocculus? sp. 
Corylus subsieboldiana 
Hales旬、；p.
Les；争edezasp 
Lindeγα cf. miyataensis 
Mα伊 oliasp. 
Ost：ηαcf. japonicα 
Paliurus伊oto叫悼oγzicus
Parabenzoin cf. trilobum 
Paγγotia sp. 
Pe：γsea cf. thunb包rgii
Pinus sp. 
Platycar.判’miocenica
Q悦 γcusmiovaγtαbilis 
QueγC凶炉供。αcuta 
Q服 γcus争γotoalie礼α
Q悦 γcuspγotosalicina 
Smito:.: aff. ho地aidoensis
So悼oraγnioj,吟oγzica
Soγbus lesquereuxi 
Soγbus争α：laeoj,ゆoγzicα
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1 4 3 

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

 

2 

＊
＊
＊
 

1 

＊
・
串
・
＊
＊
＊
＊
＊
＊
＊
＊
＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

＊

ネ

＊

＊

＊

＊
＊
＊
＊
＊
＊
＊
＊
＊
＊
 

Species 
Potamogetoηsp. 
Alnus cf. jaρonica 
Metasequoia occidentalis 
Phragmites? sp. 
Rumex? sp. 
Salix k-suzukii 
Salix misaotatewakii 
SalixραT出achalinensis
Salix cf. integra 
Ulm usρrota；ゆonica
Acer tricuspidatum 
Bambusites sp. 
Buxusρrotojaρonica 
Cercidiphyllum crenatum 
付'Ficus”がliaefolia
Friαxin附 a任 k-yamadae
Pterocarya asymmetrosa 
Saρindus tanaii 
Zelkova ungeri 
Acer nordenskioeldii 
Acerρrototrifidium 
Acer rotundatum 
Carpinus heigunensis 
Cladrastis aniensis 
Liquidambar miosinica 
Meliosma cf. oldhami 
Poρulus hokiensis 
Poρulus kobayashii 
Styraxρrotのゆoηica
Tilia miohenη1ana 

4 : Mountain Slope 3 : Lower Slope 2: Riparian or Valley 1 : Aquatic or Marsh 

sandstones of the Y agii Formation which well crops out on the bed of Ara River in Hirakata 
area south of Kumagaya City in Saitama Prefecture. The Yagii Formation is composed of 
cyclic sediments of conglomerate, sandstone and siltsone with intercalations of thin lignite and 
tuff beds, but is complex with a wide variety of lithology laterally. It is considered that the 
depositional sites were coastal plain covered by a braided river near the southern hills, judging 
from the markedly variable lithology and from the conglomerates which contain rock frag-
ments of the underlaying Middle Miocene Fukuda Formation. The mountain slope was far 
from the depositional sites, judging from the scarcity of the montane plants. 
The Yagii flora is characterized by the rich deciduous broad-leaved species, but includes 
some evergreen broad-leaved trees such as Actinodaphne, Cinnamomum, Persea and Quercus. 
The ftoristic composition shows an a伍nitywith warm-temperate deciduous broad-leaved 
forests in southern Northeast Honshu of Japan. The coastal plain was covered by water-
loving plants along the river. The evergreen trees formed forest or thicket together with 
deciduous trees on mesic sites and hills of the lowland. The lower slopes near the depositional 
sites were covered by mainly deciduous broad-leaved forest lacking the beech. The climate 
indicated by the Yagii flora was slightly cool temperate, representing coastal climatic condi-

tions in the late Middle stage of the Late Miocene of Central Honshu. 
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The Kabutoiwa Flora 

It has been known since the end of last century that plant fossils occur from the lacustrine 
deposits distributed south of Mt. Kabutoiwa (altitude 1366 m) in the border area of Nagano and 

Gunma Prefectures in central Japan. Plant fossils were first reported by Yagi (1921), and he 

listed 33 species as one of the Pleistocene flora in 1931. This plant-bearing area is on the 
mountainous region at an altitude of 1000 to 1200 m, and the paleobotanical and geological 

investigation had been remained to be untouched until the 1960’s The geology of the area was 
reported by Motojuku Green Tuff Research Group (1968, 1970), and the geologic map of the 
Motojuku Formation was published by Geological Survey of Japan (1969). Suzuki et al. (1970) 
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Fig. 7. Locality of the Kabutoiwa flora in the border of Gunma and Nagano 
Prefectures, and the columner section in the fossil locality. 

tb: tuff breccia wt: welded tuff tf: tuffite sl: siltstone ts: tuffeceous siltstone 
Iv: andesite lava 
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reported 41 species with the description of 4 species from the Upper Motojuku Formation (syn. 
Kabutoiwa Formation). Judging from floristic composition and components, they assigned 

this flora to Late Miocene age. The Kabutoiwa plant bearing deposits yield a number of 
well preserved plants, sometimes associated with insect and frog fossils. The Kabutoiwa日ora
must play an important role to discuss Late Tertiary forest history in northwestern Kwanto 
district, but it has not been still fully described, and even in taxonomy of the component 
species. Only several species were described in this flora by K. Suzuki (1967), K. Suzuki et al. 
(1970) and Ozaki (1984, 1987). 

I started to investigate the Kabutoiwa flora with collection of several times since 1983, and 
described some interesting genera which are now extinct from Japan (Ozaki, 1984, 1987). 
Through the investigation during these several years, I could identify 110 plants which are 

enough to discuss Late Tertiary forest in this region. The Kabutoiwa flora contains many 
exotic genera, and is one ef the representative floras of Japan during the Tertiary. 

Geologic Occurrence 

Volcanic and pyroclastic rocks mainly of Pliocene and Pleistocene age are known along 

the northwestern margin of the Kwan to Plain. The rocks of the southern outcrops west of 

Shimonita-machi were called Kabutoiwa Formation by Watanabe (1954), and were correlated 
with a upper sequence of the Motojuku Formation by Motojuku Collabolative Research Group 
(1968). The stratigraphic investigations have been reported by many workers have been 

reported (Fujimoto and Kobayashi, 1938; Iijima et al., 1958; Motojuku Green-tuff Research 
Group, 1968, 1970 , Geol. Surv. of Japan, 1969 ; Akima Collaborative Research Group et al., 
1976 ; Nomura et al., 1981 ; Nomura and Kosaka, 1987). 

According mainly to Motojuku Green-Tuff Research Group (1968, 1970), the Motojuku 
Formation is distributed in a roughly circular area with about 10 km across, covering the 

Pre-Tertiary rocks and the Early to Middle Miocene formations by distinct unconformity. 

The Motojuku Formation is composed mainly of tuff and volcanic breccia, associated with 

andesite lavas and welded tuffs; it interbeds tuffacecous silststone and tuffite of lacustrine 
origin in the middle and upper horizons. Plant fossils were obtained mainly from the lacus-

trine sediments around the Mt. Arafuneyama, which were called the “Kabutoiwa Formation" 
by many workers or the Upper Lacustrine beds by Motojuku Research Group (1968). The 

“Kabutoiwa”Formation is about 80 m thick, and contains abundant plant fossils in the basal 
part of 15 m thickness as shown in Fig. 7. Plant fossils are more well-preserved in the finely 

laminated tuffites than in the siltstones. 
The radiometric age of the Upper Motojuku Formation （二“Kabutoiwa”Formation)were 

reported by many authors (lijima, 1962; Kawachi and Kawachi, 1963; Matsubayashi, 1975); all 

the K-Ar age values are from 3.12 to 3.35 Ma. These dating were done for the Shiga welded tuff 
bed which is interbedded in the upper part of the Motojuku Formation. I obtained the K-Ar 

age of 3.7±0.8 Ma for the tuff breccia below the Kabutoiwa plant-bearing beds (mesured by 
Teledyne Isotopes Co.). Nomura and Kosaka (1987) ad Nomura and Ebihara (1988) recently 

reported K Ar dating for the volcanic rocks of the basal part of the Motojuku Formation: 
3.64±0.12, 5.58土0.74and 5.36±0.93 Ma. These radiometric dating may indicate that the 

plant-bearing “Kabutoiwa”Formation is Pliocene in age. 

Systematic Representation 
The Kabutoiwa flora is composed of 45 families, 76 genera and 111 species. There are 1 

fern, 5 conifers, 2 monocotyledons, and the remainders are dicotyledons. The largest family 

is the Betulaceae with 5 genera and 13 species; next come the Aceraceae with 1 genus and 7 

species, the Rosaceae and Fagaceae with 3 genera and 6 species each, and the Fabaceae and 

Caprifoliaceae with 4 genera and 5 species each. The Pinaceae is composed of 4 genera and 

4 species, and the Lauraceae, Ulmaceae, Juglandaceae, Salicaceae, and Vitaceae are with 3 
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Osmundaceae 
Pinaceae 

Taxodiaceae 
Magnoliaceae 

Lauraceae 

Cera tophy llaceae 
Coriariaceae 
Sabiaceae 

Tetracentraceae 
Eupteleaceae 
Hamamelidaceae 

Ul1τiaceae 

Moraceae 
J uglandaceae 

Fagaceae 

Betulaceae 

Tiliaceae 

Salicaceae 

Clethraceae 
Ericaceae 

Styracaceae 
Saxifragaceae 

LATE MIOCENE AND PLIOCENE FLORAS 

Table 21. Systematic List of Families and Species 

Osmunda sp. cf. 0. ja1ぅoηicaLinn. 
Picea sp. 
日！ηusrniocenica Tanai 
Pseudotsuga taηaii Huzioka 
Tsuga rniosieboldiana Ozaki 
Taiwania ftψonica Tanai & Onoe 
Liriodendroηhonsyuensis Endo 
Magnolia sp. cf. M. obovata Thunb. 
Linderaρaraobtusiloba Hu & Chaney 
Neolitsea sp. 
Persea? sp. 
Ceratophyllum miodemersum Hu & Chaney 
Coriaria sp. cf. C. Jα'jJonica A. Gray 
Meliosma sp. cf. M. myriantha Sieb. & Zucc. 
Meliosma sp. cf. M. tenuis Maxim. 
Tetracentron masuzi.J.waense (Murai) Ozaki n. comb. 
Euptelea sp. cf. Eρoち1aηdraSieb. & Zucc. 
Fortunearia kabutoiwana Ozaki 
Liquidambar miosinica Hu & Chan巴y
Celtis nathors白・iTanai & Onoe 
Ulmusρrotoj,ゆonicaTanai & Onoe 
Zelkoza uηgeri Kovats 
Ficus sp. 
Cyclocaη1a ezoana (Tanai & N. Suzuki) Wolfe & Tanai 
J昭lansA柳川caTanai 
Pterocary.a asymmetrosa Konno ex Tanai 
Castanea miocrenata Tanai & Onoe 
Fagusρalaeojaρoηica Tanai & Onoe 
Fagus stuχbergii (Nathorst) Tanai 
Quercus miocri.ψula Huzioka 
Quercus protosaliciηa K. Suzuki 
Quercus protoserrata Tanai & Onoe 
Alηωρrotohirsuta Endo 
Alnusρrotmo:a仇owicziiTanai 
Alnus sp. cf. A. firma Sieb. & Zucc. 
Betula miomαximowicziana Endo ex Tanai 
Betula sp. cf. B. grossa Sieb. & Zucc. 
Betula sp. cf. B. schmidtii Regel. 
Betula sp. 
Caゆinusmiocenica Tanai 
Carpiηus sp. cf. C. nipponica Endo 
Carp in凶 subcordataNa thorst 
Car.ρinus sp. 
Coη！us subsieboldiana K. Suzuki 
Coη！us sp. cf. C. heteroρhylla Fisch. 
Ostηααizuana K. Suzuki 
Ostηa sp. cf. 0. japoηica Sarg. 
Tilz・G kabutoiwaensis Suzuki, Ogawa & Ibe 
Tiliaρ針。tojaponicaEndo 
Tilia sp. 
Poρulus hokiensis Ozaki 
Populus saηZ問:gawaensisHuzioka & Uemura 
Salix ak仏aensisHuzioka & Uemura 
Clethra mぽ imovicziiN athorst 
Rhododendron hokiense Ozaki 
Rhododendronρrotodilatatum Tanai & Onoe 
SかrαxρrotoobassiaTanai & Onoe 
Deutzia sp. cf. D. crenata Sieb. & Zucc. 
Deutzia sp. 
時drangeasp. 



Rosacea巴

Caesalpiniaceae 
Fabaceae 

Haloragaceae 
Nyssaceae 
Cornaceae 

Celastraceae 
Rhamnaceae 
Vitaceae 

Staphyleaceae 

Sapindaceae 

Hi ppocastanaceae 
Aceraceae 

Anacardiaceae 

Simaroubaceae 
Meliaceae 
Rutaceae 
Boraginaceae 
Oleaceae 
Bignoniaceae 
Caprifoliaceae 

Potamogetonaceae 
Poaceae 

Kabutoi wa flora 

月1drangeasp. cf. H.ρetiolarおSieb.& Zucc. 
Schizoρhragma sp. 
Pruηu,sρrotossiori Tanai & Onoe 
Pruηus sp. 
Prunus sp. cf. P. aρetala Fr. & Sav. 
Pyru,s hokiensis Ozaki 
Sorbu,s lesquereuxi N athorst 
Sorbu,s palaeo；ゆonicaMurai 
Sorbus uzeηensis Huzioka 
Gleditsia miosinensis Hu & Chaney 
Cladrastis aηieηsis Huzioka 
Cladrastis inouei (Huzioka) Ozaki 
Pueraria miothunbergiana Hu & Chaney 
Soρhara mioj，ゅoηicaHu & Chaney 
Wisteria兵zllax(N athorst) Tanai & Onoe 
Myriophyllum sp. 
Davidia kabutoiwaηα Ozaki 
Corηus megaphylla Hu & Chaney 
Cornu,s sp. cf. C. miowalteri Hu & Chaney 
Tripteη1gium sp. cf. T. regelii Sprange & Takeda 
Berchemia miofloribunda Hu & Chaney 
a任 Tetrastigmasp. 
Parthenoczおu,s?sp. 
Vitis naumannii (N athorst) Tanai 
Euscaphis sp. cf. E. jaρonica Kanitz. 
Staphylea sp. cf. S. bumalda DC. 
Koelreuteria miointegrifoliola Hu & Chaney 
Koelreuteria? sp. 
Aesculu,s majus (Nathorst) Tanai 
Acer huziokae Tanai 
Acer nordenskioeldii N athorst 
Acerρalaeorufinerve Tanai & Onoe 
Acerρrotomatsumurae Tanai 
Acer rotundatum Huzioka 
Acer sp. cf. A. crataegσolium Sieb. & Zucc. 
Acer subnikoense Tanai & Ozaki 
Rhus miojavanica Suzuki 
Rhus miosuccedanea Hu & Chaney 
Ailaηthus yezoense Oishi & Huzioka 
Cedrela? sp. 
Euodia sp. cf. E. rutaecmpa Hock. & Thom. 
Ehretia sp. 
Fraxinus sp. cf. F. miyataensis Huzioka & Uemura 
Catalpa szei Hu & Chaney 
Heptacodium hokianum Ozaki 
Lonicera sp. 
日iburnumsp. cf. V. otukae Tanai 
Viburnum sp. cf. V. uttoensis Huziol王a
Wez注relasanzugawaeηsis Huzioka & Uemura 
Potamogetoηsp. 
Bambusites sp. 
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species each. The remaining families have less than 2 species each; most of them are 

represented by a single one. Acer is composed of 7 species, and Quercus, Alnus, Betula, 

Caゆinusand Sorbus have 3 species each, Meliosma, Fagus, Corylus, Ostηa, Tilia, Populus, 

Rhododeηdron, Prunus, Cladrastis, Cornus, Rhus and Viburnum have 2 species each, and the 

remainder are represented by a single species. 

Among the families predominant in the number of species, the Betulaceae, Aceraceae, 

Rosaceae, Caprifoliaceae, Pinaceae, Ulmaceae Juglandaceae and Salicaceae are typically cool 
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temperate families. On the other hand, Fabaceae, Lauraceae and Vitaceae generally range 

from warm temperate to tropical regions in their modern distribution. However, the 
Fabaceae and Vitaceae extend their distribution to the cool temperate region. Thus, the 
Kabutoiwa日orais composed mainly of cool temperate families with some warm temperate 

ones. 

Assumed Habits and Leaf Characters 
The probable growth and abscission habits of the Kabutoiwa flora are indicated in Table 
22. These estimations are based upon the habits of the equivalent living species and the 
texture of the fossil leaves. The data in Table 22 show that 72 trees make up 68.6 per cent, 

20 small trees or shrubs comprise 19.0 per cent, 9 vines make up 8.6 per cent and 4 herbs 3.8 per 
cent. Judging from these percentage, trees were predominant in the Kabutoiwa vegetation. 
Five species of conifers are assumably evergreen trees. Referring to the abscission habit 

of the broad-leaved members of the flora, the herbs and bamboo are omitted from considera-
tion, but we shall include several angiosperms which have not been assigned specific status, and 

whose leaf characters indicate whether they were evergreen or deciduous. In this group of the 

96 dicotyledonous species, only two species Neolitsea sp. and Quercusρrotosalici仰 maybe 

assumed to have had an evergreen habit as judged from the thick texture of their leaves, and 

from the abscission regime of their living equivalents. 

Numerical Representation 
The quantitative appraisal of the Kabutoiwa flora is based on a count of 661 specimens 

collected, as shown in Table 23. This count is not su伍cientlylarge to preclude the possibility 
that certain species, especially the rare ones, may have been more numerous in the Kabutoiwa 

forest than is suggested by these figures. They represent, however, the totals for each of 

several collections and with respect to the dominant species their proportional representations 
have not greatly changed during several leaf counts in the field. Of the 111 Kabutoiwa plants, 

26 species make up more than one per cent each and occupy 71 per cent of the total. The 

predominant 12 species with more than 2 per cent score occupy about a half of the total 
specimens, and Acer rotundatwηis most predominant with 12.7 per cent of the total. It is 

characteristic of the Kabutoiwa日orathat there is no single species especially abundant in 

number of specimens and there were many plants which could enter the depositional sites. 
Such fossil occurrence may indicate that swamp日atarea around the depositional sites was 

small and that slope and valley forests were close to the depositional sites. It is supported by 

the fact that the typical swamp members such as a reed, willows and alders are absent or 

represented by a few specimens in the flora. Among the predominant species, some leaves of 
Fagus stuxbe1宮iiare fragmentary, and it may have lived in rather upper slopes near the 
depositional sites. Some of specimens of Zelkova uηgeri are represented by twigs with leaves, 

and this plant was a dominant member near the depositional sites along with Acer rotundatum 
and Cladrastis aniensis. It is suggested that the fifth and tenth species, Sorbus lesquereuxi and 
Betula sp. cf. B. grossa, were common member on sunny slope near the depositional sites, 

judging from the scoring of leaves and from the ecology of living equivalents. The nineth and 

eleventh species, Acer subnikoense and aff. Tetrastigma sp. represented with trifoliated leaves 

which would seem unsuited to survive transport for long distance, were probably common 

member near the depositional sites. Myriophyllum flourished on the shallow lake bottom 
together with Ceratoρhyllum and Potamogeton. The following species, Acerραlaeorufinerve, 

均1drangeasp. cf. H. petiolar九Liriodendronhonsyuensis, Schizophragma sp., Euptelea sp. cf. E. 
polyaηdra, Tripterygium sp. cf. T. regelii, Vitisηαumannii, Catalpa szei and Magnolia sp. cf. M. 
obovata, are represented by large leaves which would seem unsuited to survive transport for a 
long distances; they were probably common members of the Kabutoiwa forest. Evergreen 

broad-leaves species is a minor element in this日ora; the two species are both represented by 
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Species 

Table 22 Assumed Habits and Leaf Characters 

Speci巴s

Picea sp. 
Pinus miocenzca 
Pseudotsuga ta抗aiz
Taiwa；γzia j.ゆonica
Tsuga miosieboldiana 
Ace：γ huziokae 
Aceγ 礼0γdenskioeldii
Aceγ 抑laeorufineη~e

AceγfJγoto押iatsu：抑制γae
Aceγγotundatum 
Aceγsub叫ikoe抗se
Aceγsp. cf. A. crataegifolium 
Aesculus押iajus

Aila抗thusyezoe抗se
Al：百usprotohirsuta 
A/nus Fγotomaximowiczれ
Al四ussp. cf. A. firma 
Betula sp. cf. B. Eγossa 
Betula sp. cf. B. schmidtii 
Betula miom協'Ximowiczia百a
Caゆi机協 γniocenica
Caγ争i汎世ssp‘cf. C.杭ippoγzzca
Caゆi汎ussubcordata 
Casta附 amiocγenata 
Catalpa szei 

Ce/tis nathorstii 
Clad：γastis anie抗sis
Cladγastis inouei 
Coγnus叩egaphylla

Cornus sp. cf. C. miowalten 
Cycloca：ηa ezoa；叫乱
Davidia kabutoi；加a礼乱
回1γetiasp 
E乱世teleasp・cf.E. polyandγa 
Euscaphis sp. cf. E. japonica 
Fagus抑laeoja；争onica
Fagus s旬：xbeγgii

Foγtu；百ea九a恥zb叫toiwa：抗a
Fγaエ：inuscf miyataensis 
Gleditsia miosineηsis 
jug la：机sjapo抗：ica
Koelγ邑：uteγiamiointegrifoliola 

Liquidambaγ 明：iosinica
Liriode机dγonhonsyue抗sis

Magnolia sp. cf. M. obovata 
Meliosma sp. cf. M司 間3γiantha
Neolitsea sp‘ 
Ost：ηa sp. cf. 0. ja：抑制ca
Ostrya aizuana 

Persea? sp. 
Po抑lushoki側 sis
Po：抑！ussanzu甚awaensis

Growth 
Habit 

Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tr巴巴
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tr巴e
Tree 
Tree 
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Tree 
Tr巴巴
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
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Prunus sp. cf. P. apetala 
Prunusρrotossio円
Pterocaiya asymmetrosa 
Pyrus hokiensis 
Quercus miocris戸ula
Quercusργotosalici向。
Quercusρrotoserrata 
Rhus押iiojavanica
Rhus押iiosuccedanea
So戸haramiojaponica 
Sorbus lesquereuxi 

Sorbusρalaeoja戸onica
Sta戸hyleasp. cf. S. bumalda 
Styraxρroわobassia
Tetrace悶froη masuza即ae冗se
Tilia kabutoiwaensis 
Tili，江戸γotojapo河ica
Ulmusργotojapo叩ica
Zelkova u円geri
Cleth1’a maximoviczii 
Coriaria sp. cf. C. japo悶ica
Coηlus sp. cf. C. hetero1りhylla
Coηlus subsieboldiana 
Deutzia sp. cf. D. ere向。ω
Deutzia sp 
Euodia sp. cf. E. rutaecaゆa
Heptacodium hokianum 

的drangeasp 
Li悶deraρ。γaobtusiloba
Loηicera sp 
Meliosma sp. cf. M. tenuお
Rhodode珂dγ0悶 hokiense
Rhododendroη戸rotodilatatum

Salix akitae目sis
Sorbus uzenensis 
Viburnum sp. cf. V. otukae 
Viburnum sp. cf. V. uttoe珂szs
Weigela s白河Z叫gawaensis
Berchemia miofioribunda 

Ficus sp 
Hydrangea cf. ρetiola門S
Parthenocissus? sp 
Puei’aria押ziothu目bergza河d

Schizo戸hragmasp 
Trψterigium cf. regelii 
Vitis nauma四nii
Wiste向。fa/lax

Osmunda sp. cf. 0. japonzca 
Ceratophyllum miodemersui刊
Mynψhyllum sp 
Potamogeton sp. 
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Growth Leaf 
Habit Characters 

Tree Ds 
Tree Ds 
Tree Ds 
Tree Ds 
Tree Ds 
Tree Es 
Tree Ds 
Tree De 
Tree De 
Tree De 
Tree Ds 
Tree Ds 
Tree Ds 
Tree Ds 
Tree Ds 
Tree Ds 
Tree Ds 
Tree Ds 
Tree Ds 
ST or Shrub Ds 
ST or Shrub De 
ST or Shrub Ds 
ST or Shrub Ds 
ST or Shrub Ds 
ST or Shrub Ds 
ST or Shrub De 
ST or Shrub De 
ST or Shrub Ds 
ST or Shrub De 
ST or Shrub De 
ST or Shrub Ds 
ST or Shrub De 
ST or Shrub De 
ST or Shrub Ds 
ST or Shrub Ds 
ST or Shrub Ds 
ST or Shrub Ds 
ST or Shrub Ds 
Vine De 
Vine De 
Vine Ds 
Vine Ds 
Vine De 
Vine Ds 
Vine Ds 
Vine Ds 
Vine De 
Terr. Herb 
Aqua. Herb 
Aqua. Herb 
Aqua. Herb 

ST Small Tree Terr. Terrestrial Aqua. Aquatic D Deciduous E Evergreen C Conife1 s Serrate margined broad-leaf 

only a single leaf. 

The ratio of the evergreen broad-leaved species to the total broad-leaved species is 2/94 
that makes up 2.1 percent, and that of the entire margined species is 24/94 and 25.5 percent. 
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Table 23. Numerical Representation of the Kabutoiwa Species 

Species Number of Percentage Speci巴5 Number of Percentage spec1町1ens specimens 
Aceγrotundatum 84 12.7 Carpi日ussp. cf. Cηipponica 2 0.3 
Cladγ俗 tisan iensis 53 8.0 Casta百邑amiocγenata 2 0.3 
Fagus stuxbergii 30 4.5 Catali争asz町 2 0.3 
Zelkova ungeri 29 4.4 Co門ariasp. cf. C. }aJう0冗ica 2 0.3 
Sorbus lesque円ezα1 25 3.8 Corylus sp. cf. C. heteroJうhylla 2 0.3 
Ace：γ抑:laeorufi.ne向邑 21 3.2 Deutzia sp. cf. D. ere向。ta 2 0.3 
Alnus protomaximowiczii 20 3.0 Euscajぅhissp. cf. E. jaρonica 2 0.3 
My門ophyllumsp. 18 2.7 Koe！：γeuteria miointeg:竹ifoliola 2 0.3 
Acer subni克oe持se 17 2.6 Liquidambai’間iosiηica 2 0.3 
Betula sp. cf. B. grossa 16 2.4 Ostη1a sp. cf. 0. japonica 2 0.3 
Tet：γace抗tγD抗 γnasuzawaense 16 2.4 Parthenoαssus? sp. 2 0.3 
a仔 Tetrastigmasp 13 2.0 Persea? sp 2 0.3 
Lindera paraobtusiloba 12 1.8 Potamogeto叩 sp 2 0.3 
Po，抑 ！ushokiensis 12 1.8 乃rushokiensis 2 0.3 
Caゅinussubcoγdata 11 1. 7 Rhododendron hokiense 2 0.3 
的drangeasp. cf. H. petiolaris 10 1.5 Rhododeηdron protodilatatum 2 0.3 
Prunus 1うrotossiori 10 1.5 Sor busρalaeojaponica 2 0.3 
Clethra m似 ：imoviczii 9 1.4 Staphylea sp. cf. S. bumalda 2 0.3 
Li円odendronhonりue四sis 9 1. 4 Tilia kabutoiwaensis 2 0.3 
Aceγpro to慨atsum制御 8 1.2 Vi加γ叫也msp. cf. V. otukae 2 0.3 
Carpinus sp 8 1. 2 Wezgela sa目zugawae四sis 2 0.3 
Corηus sp. cf. C. miowalte円 8 1. 2 Acer sp. cf. A. crataegijolium 0.2 
Fγ似 inussp. cf. F. miyataensis 8 1. 2 Alnus pγotohirsuta 0.2 
Tilia一世間toj，ψonica 8 1. 2 Bambusites sp 0.2 
Ulmus Jうrotoja1り0冗ica 8 1.2 Berchemia miofio付；buηda 0.2 
Caゆinusmiocenica 7 1. 1 Betula miomaximowiczia乱立 0.2 
Fagus抑laeojaponica 6 0.9 Celtisγiathoγ・stii 0.2 
Queγcus pγotoserrata 6 0.9 Cornus megaphylla 0.2 
Aceγn白γ-denskioeldii 5 0.8 Coηlus subsieboldia向。 0.2 
Aesculus majus 5 0.8 Davidia kabutoi：加ana 0.2 
Alηus sp. cf. A. fir問。 5 0.8 Deutzia sp. 0.2 
Cladrastis inouei 5 0.8 Ehretia sp 0.2 
Ost：ηa aizuana 5 0.8 Euodia sp. cf. E. rutaecarjJa 0.2 
Schizophragma sp. 5 0.8 Ficus sp 0.2 
Taiwania ja抑制ca 5 0.8 Gleditsia miosi悦 nsis 0.2 
Aceγhuziokae 4 0.6 Hψtacodium hokiaηum 0.2 
Cedrela? sp 4 0.6 Hyd：γaねigeasp 0.2 
Cyclocarya ezoa悶a 4 0.6 juglans iゅonica 0.2 
Eu戸teleasp. cf. E. polyandra 4 0.6 Lonicera sp 0.2 
Koelreuteria? sp 4 0.6 Magnolia sp. cf. M. obovata 0.2 
Pγunus sp. cf. P. apetala 4 0.6 Meliosma sp. cf. M. myriantha 1 0.2 
Pteroca：ηa asymmetγosa 4 0.6 Metzぬmasp. cf. M. tenuis 1 0.2 
Betula sp. 3 0.5 Neolitsea sp. 1 0.2 
Ceratophyllum miodemersum 3 0.5 Picea sp 1 0.2 
Foγtu：托eariakabutoiwana 3 0.5 Populus sanzugawae冗sis 1 0.2 
Osmunda sp. cf. 0. japo四ica 3 0.5 Prunus sp. 1 0.2 
Pinus miocenica 3 0.5 Pueraria miothunbergiana 1 0.2 
Pseudotsuga tanaii 3 0.5 QueγC抗SFγo tosalicina 0.2 
Queγcus miocγis；抑 la 3 0.5 Rhus miojav肌 ica 0.2 
Soρhora miojaρonica 3 0.5 Rhus miosuccedanea 0.2 
Tilia sp 3 0.5 Salix akitaensis 1 0.2 
Tripteηigium sp. cf. T. regelii 3 0.5 Soγbus uze：即時~sis 1 0.2 
Viburnum sp. cf. V. uttoensis 3 0.5 Styγax世間toobassia 0.2 
Vitis nauma担問ii 3 0.5 Tsuga miosieboldia向。 0.2 
Aila抗thusyezoense 2 0.3 Wisteria fa/lax 0.2 
Betula sp. cf. B. schmidtii 2 0.3 661 102.4 

Distribution of the Allied Living Species 

Table 24 shows the most allied living species of the Kabutoiwa species and the altitudinal 
distribution in the modern forests. 

The following table indicates the total number of the most allied living species in each 
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forest zone of the Table 24 (+symbol stands for 0.5) and the percentages for the cumulative 
number of species in all zones. 

Zone 
No. of Species 
Percentage 

1 

6.0 
2.4 

2 3 4 

35.5 64.5 78.5 
14.2 25.7 31.3 

5 

60.5 
24.2 

Sum 
250.5 
100.。

The number of the species is highest in the lower cool temperate forest zone (zone 4) as 78.5, 
which corresponds to 31.3 per cent of the total. Next come in the upper warm temperate 
forest zone (zone 3) as 64.5 species, then the upper cool temperate forest zone (zone 5) as 60.5 
species. When we count only on the predominant fossil species in the number of specimens, 
their most allied living species are distributed mostly in the lower and upper cool temperate 
zone forests and subordinately in the upper warm temperate zone forest. 
The distribution of the living species most allied to the Kabutoiwa fossil species indicates 
that the Kabutoiwa flora bears a close resemblance to the lower cool temperate zone forest. 

Assumed Habitat 
Table 25 represents the assumed habitat of the Kabutoiwa species. The Kabutoiwa flora 
has three water plants among which Myriophyllum sp. may be predominant of all. The 
lake-border flat forest was probably small in the area and was composed of deciduous 
hardwood trees such as Fnzxinus cf. nのαtaensisand Ulmusρrota；ゆonica,and Osmunda 
making up the understory. The trees and herbs of this community were not confined to the 
lakeshore, excepting swamp plants, but also occupied stream sides in the region. Most of 
them mingled with members of valley forest. Most of the Kabutoiwa species are included in 
the category which consists of two communities: valley forest and slope forest. These valley 
and slope forests are composed mostly of deciduous hardwoods and some conifers, and have 
only two evergreen broad-leaved trees. Judging from the living equivalents and composition 
of the community, the riparian or valley members of the Kabutoiwa flora seem largely to form 
the valley forest. The valley forest of 43 species was made up of very mesic to mean hydric 
plants which were confined mainly to well drained, moist, valley sites. Some of predominant 
species of the flora, such as Acer rotundatum, Cladrastis aniensis, Zelkova ungeri, Acer 
ραlaeorufinerve, Acer subnikoense, Poρulus hokiensis, Cm少inussubcordata, Acerρrotomaおumu-
rae, Cornus cf. miowalteri, Fraxinus cf. miyataensis, Tiliaρrotojaponica, Ulmusρrotojapoηica 
and Carpinus miocenica, probably found their most luxuriant growth in the valley forest. 
Several shrubs and vines may have formed the understory of the above trees, such as 
Hydrangea, Schizophragma, Viburnum, Wisteria, Loηicera, Meliosma, Bambusites and Deutzia. 
Many of the members of the valley forest mingled in the lower slope forest. Some predomi-
nant species of this forest, such as Sorbus lesquereuxi, Cladrastis aniensis, Tetracentron 
masuzawaensis, Linderaραraobtusiloba, Prunusρrotossiori, Quercus protoserrata and Fagus 
ραlaeojaponica along with maples (Acer rotundatum, A.ραlaeorufinerve, and A. subnikoense), 
probably found their luxuriant growth in the lower slope forest. Some conifers such as 
Taiwania, Pseudotsuga, Tsuga and P仇usseem to have mingled in the lower slope forest. 
Mountain slope forest was dominated in Fagus stuxbergii, and Alnusρrotom似 imowiczii,Betula 
cf. grossa were common members of the mountain slope forest. 

Summary 
The Kabutoiwa flora of 111 species in 45 families and 75 genera including many exotic 
genera and many species heretofore unknown for the Tertiary日orasof East Asia is preserved 
mainly in tu日teand fine tu妊aceousrocks of the upper Motojuku (Kabutoiwa) Formation 
distributed in the border of Gunma and Nagano Prefectures. The formation is composed 

largely of various pyroclastic rocks of resultants of e旺usivevolcanism which has been 
prevailed from the latest Miocene in this area. The Kabutoiwa basin was entirely of lacus-



24. Distribution of the most allied living species 

Most allied living species 1 2 

Ehretia sp 
E. jaρoηica Kanitz. 
F.ρumila Linn. 
N sericea (Blume) Koidz. 
R. succedanea Linn. 
M. spicatum Linn. 
E. ru仰ecar/Jα(Jussieu)Bentham 
H. jasminoides Airy-Ahaw 
H. macrophylla Seringe 
K. integrijoliola Merr. 
L. formosana Hance 
P. thunbergii Par!. 
Q. salicine Blume 
T. cη1ptomerioides Hayata 
士 kiusianaMakino et Shirasawa 
Cραliurus (Batal.) Iljinskaja 
D. involuculata Baillon 
D. crenata Sieb. et Zucc. 
F. sinensis Rehd. et Wils. 
L. chineηse (Hems!.) Sarg. 
R. jai anica Linn. 
T. sinense Oliv. 
A. altzおimaSwingle 
C. mata Don 
C. sinensis J uss. 
C. sinensis Pers. var. ja,歩onicaNakai 
C. demersum Linn. 
C. controversa Hems!. 
C. walteri Wanger 
0. jaρoηica Thunb. 
Parthenocissus sp. 
P. loba似（Willd.)Ohwi 
R. kaempferi Planch. 
W. floribunda (Willd.) DC. 
C. betulus Linn. 
Z. Serrata Makino 
A. palmatum Thunb. 
A. crataegifolium Sieb. et Zucc. 
B. racemosa Sieb. et Zucc. 
E.ρolyandra Sieb. et Zucc. 
F. ］ゆonicaMaxim. 
G. j.ゅonicaMiq. 
]. ailanthijolia Carr. 
L. obtusiloba Blume 
M. my加 nthaSieb. et Zucc. 
M. tenuis Maxim. 
P. japonica Shirasawa 
P. callyana Decne. 
Q. serrnta Murray 
T. sieboldii Carr. 
V erosum Thunb. 
A. mono Maxim 
A. mono Maxim. 
A. firma Sieb. et Zucc. 
C. crenata Sieb. et Zucc. 
C. sikoki，仰 a(Makino) Makino 
C. barbinervis Sieb. et Zucc. 
C. japonica A. Gray 
M. obornta Thunb. 
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Fossil species 

Ehγetia sp. 
E凶 caphおsp.cf. E. japonicα 
Ficus sp. 
NeohおEαsp.
Rhus miosuccedanea 
Myγめがzyllumsp. 
Euodia sp. cf. E.γutaecmγbα 
Hゆ1tacodiumhokianum 
Hydγα礼geasp‘ 
Koel：γeuteri，αmiointegγifoliol，α 
Liquidambar miosinicα 
Pin悩 miocenica
Quercz総合γotosalicina
Taiwa：γzia j.時onica
Tilia sp. 
Cycloca：ηa ezoa：γza 
Dα匂1idi，αkabutoiwa抗α
Deutzi,αsp. cf. D. cγE汎ata
Foγtuneαγia kαbutoiwαηa 
Liγiodendroγl honsyu包nsis
Rhus mioj，αvanicα 
Tetγαce叫γonm出"Uzawaense
Ailanthus yezoeηse 
Ca tali争aszei 
Cedrela? sp. 
Celtis nαthoγstii 
Ceratophyllum miodemersum 
Corm略 meg.吟均lla
Coγ抗usmiowαlteγt 
Osmuγzda sp. cf. 0. ja；抑制cα
Pαγthenocissus? sp. 
Pueγαγtαγniothunbergianα 
Rh心dodendγoγLhokieγzse 
Wisteria fall(JX 
Cαγpinus sp. cf. C.礼金わonicα
Zelkova ungeri 
Aceγnoγdenskioeldii 
Aceγsp. cf. A. cγαtaegifolium. 
Beγchemi,αγnio floribunda 
Euむteleasp.仁：f.E.争olyandra
Fa,塁協 palaeoj，ゆonica
Gleditsi，αmiosinensis 
]uglans i時onica
Lindera 拠~raobt：協iloba
Meliosma sp. cf. M.γnyγiαηtha 
Meliosma ミミp cf. M. tenuis 
Pseudotsug，αtanaii 
Pyγus hokiensis 
Quercus争rotoserrata
Tsugaγniosieboldiana 
Vibγ汎umsp. cf. V otukae 
Aceγhuziokαe 
Aceγrotundatum 
Alηus sp. cf. A. firma 
C邸tα：neαmiocγmαta
Clad：γα＇.Sfis iγzouei 
Cle th：γαγn(]Ximoviczii 
Coγiα任αsp.cf. C. j，αponicα 
Magηohαsp司 cf.M. obovαta 
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P. sieboldii Miq. 
P. jamasakura Sieb. ex Koidz. 
S. bumalda DC. 
A. hirsuta Turcz. 
0. japonica Sarg. 
0. jaρonica Sarg. 
S. sachalinensis Fr. Schm 
C. laxifiora Blume 
A. nikoense Maxim. 
R. dilatatum Miq. 
A.間r,finerveSieb. et Zucc. 
A.ρalmatum Thunb. var. 
matsumUJ匂e(Koidz.) Makino 
B. maximowicziana Regel 
B. grossa Sieb. et Zucc. 
B. schmidtii Regel. 
Betula sp. 
C. cordata Blume 
c.ρlatycarpα（Maxim.) Makino 
C. sieboldiana Blume 
C. heterophylla Fischer 
F. ereηαta Blume 
F. j，αρonica Blume 
H.ρetiolaris Sieb. et Zucc. 
P. aJうetalaFr. et Sav. 
P. rholfolia Sieb. et Zucc. 
S. hydraη：geoides Sieb. et Zucc. 
丘jaρonicaLinn. 
S. alnifolia (Sieb. et Zucc.) K. Koch 
S. jaρonica (Decne.) Hedlund 
S. obassia Sieb. et Zucc. 
V. wrightii Miq. 
W. sanguinea (Nakai) Nakai 
A. turb仇ataBlume 
U. davidiana Planch. var. 
japonica (Rehd.) Nakai 
V. coigηetz・aePulliat 
Q. mongolica Fisch. var. 
grosseserrata Rehd. et Wils. 

Tilia kabutoiwaensis T. maximowicziana Shirasawa 
Tiliaρrotojaponica T. jaρonica Simonkai 
Tripteryぽiumsp. cf.士 regelii T. regelii Sprange et Takeda 
Populus sanzzぽαwaensis P. maximowz白iiA. Henry 
Sorbus uzenensis S. commixta Hedlund 
Alnusρrotomαximowiczii A. mαximowiczii Call. 
1) Subtropical forest zone 2) Lower warm te叩 perateforest zone 3) Upper warm temperate forest zone 
4) Lower cool temperate forest zon巴 5)Upper cool temperate forest zone 6) Subalpine forest zone 7) Alpine forest zone 
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Poρulus hokiensis 
Prunusρrotossiori 
Staρhylea sp. cf. S. bumalda 
Alnusρrotohirsuta 
Ostη1a aizuaηα 
Ostrya sp. cf. 0. japonica 
Salix akitaeηsis 
Carpinus miocenica 
Acer subnikoense 
Rhododendron ρro todilatatum 
Acerραlaeorufinerve 
Acerρrotomatsumurae 

Betula miomaximowiczianα 
Betulαsp. cf. B. gγossa 
Betula sp. cf. B. schγnidtii 
Betul，αsp. 
Ca；ゅinussubcoγdata 
Cladγαstis aniensis 
Corヲlussubsieboldiana 
Coγッlussp. cf. C. heteγゆ均lla
Fα：gus st悩 :beγgii
Fγ似inussp. cf. F. miy，αtαensis 
Hydγαηgea sp. cf. H. petiol，αγis 
Pγunus sp. cf. P. ai争etal，α
Pteγocαηααsymmetγosa 
SchizojJh：γα：gmα叩‘
So悼oγα mioj，ゆonica
Soγb略 lesque句協i
Soγbus抑：laeoja：争onica
Styγ似合rotoob邸si，α
Vi buγnum sp. cf. V. uttoensis 
Weigela sanzugawaeγzsis 
Aesculus m匂us
Ulmus protoj.ゆonicα

Vitis nαumα抗nii
Queγcus miocγiψul，α 

trine origin, surrounded by mountain slopes with many valleys. The level of depositional 

basin and relief of hinterland were lower than that of nowadays (ll00-1200 m) and are 

estimated between 300 m and 400 m above the sea. 

The Kabutoiwa自orais composed of typical cool-temperate elements; the majority is 

deciduous dicotyledons in which many exotic ones are contained. Most of the Kabutoiwa 

components have generally modern aspects, and have a伍nitiesto the plants growing in the 

cool-temperate deciduous broad-leaved forests in central to northern Japan. The Kabutoiwa 

flora is characterized by abundant plants of the valley and slope forests with some aquatic and 

mountain slope plants. The climate in a inland mountain region indicated by the Kabutoiwa 

flora was cool-temperate, although it may be warmer than in the Latest Miocene of Central 

Honshu. 
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Assumed Habitat of the Kabutoiwa Species. 

2 3 4 Speci巴s

Cladra.stis inouez 
Clethra問 αximoviczii
Coriaria cf. japonica 
Cornus megaρhylla 
Cory/us subsieboldiana 
Cory/us cf. heteroρhylla 
Dai idia kabutoiuana 
Ehretia sp 
Euodia cf. m品目ecarpa
F勾＇USpalaeojapo叩ica
Ficus sp. 
Foγtunearia kabutozwana 
Heptacodium hokiaηum 
Koelreuten・a mio阿南grifoliola
Lindera paraobtusiloba 
Liquidambar miosinica 
Liriodeπdron hon異yuensis
Magnolia cf. obova似
Neolitsea sp 
Ostrya aizuana 
Picea sp 
Pinus miocenica 
Pru珂usρ円otossio門
Pi 
Que似cusργ0品osalici河a
Queicusρ似otseγrat.a 
Rhododeηdroη hokiense 
Rhododeηdron戸ro』cdilatatum
Sophora mioj，ゆonica
アωーwaniaja1りonica
Tetracentron masu.zawaense 
Tilia kabutoiwaensis 
Tsuga miosieboldiana 
Viburnum cf. otukae 
Weigela sanz昭日比ae河幻・s
Alnus protomαximowiczii 
Betul担問iomaximowicziana
Betula cf. grossa 
Betula cf. schmidtii 
Fagus stuxbergii 
Meliosma cf. tenuzs 
Osti)a cf. jaρonica 
Pseudotsuga tanaii 
Quercus miocri.ψula 
Soゆuspalaeoja仰向ica
Sorbus uz百円ensis 
Sty町田xρrotoobas幻・a
Viburnum cf. uttoensis 
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Table 

species 
Cer叫ophyllun百 miodemersum
Myγiophyllum sp 
Potamogeton sp. 
Osnnmda cf. japonica 
Fγaxinus cf.押iiyataensis
Po；争以叫ssanzugm叩aensis
Salix akiむ~e抗sis
Ulmus pγotojaponica 
Aceγ huziokae 
Aceγpγotomatsu：叫 uγae
Aesculus majus 
Al：机usPγotohi：γsuta 
Ba制 busitessp. 
Corn us巳f.mio山alteri
Cyclocmγya ezoa：机且
Eiφtelea cf. polyandγa 
Euscaphis cf. japorrica 
Hydγι：ngea sp 
]zほtansjai争onica
Pteγocaηa asymmetγosa 
Wisteria fallaエ
Zelkova ungeγi 
Aceγ 托0γdenskioeldii
Ace：γ争alaeoγufine：γ百邑
Aceγγotuηdatum 

Aceγsubnikoense 
Aila：托thusyezoense 
Al抗祝scf. firma 
Caゅinusmiocenica 
Ca：ゅinussubcordata 
Celtis抗日thors託i
Cladγa.stis ani印 sis
Deutzia cf. Eγ・enata 
Gleditsia miosinensis 
Hyd：γangea巳tpetiolaれ5
Lon iceγa sp. 
Meliosma cf. myriantha 
Po，仰 lushokiensis 
Pueraria miothunbeγgia：百a
Pyrus hokiensis 
Rhus miojavanica 
Schizoph：γag叩asp
Staphylea cf. bumalda 
Soγbus lesque旬以1
Tilia似otoj，ゅonica
Rhus叩：iosucced，倒的
Acer cf. crataegifoliu悦
Ca.stanea悦 iocγE抗ata
Catalpa szei 

I Aquatic or Marsh 4 Mountain Slope 2. Riparian or Valley 
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The Akima Flora 

Akima flora 

The Akima Formation consisting chiefly of volcanic flow deposits and pyroclastics locally 
yields some plant fossils. It is distributed on the west of Takasaki City of Gunma Prefecture. 
The relationship between the Akima and underlying Itahana Formations is considered to be a 
parallel unconformity by Akima Collaborative Research Group (1971). Fossil diatoms indicat-
ing stagnant fresh water condition were reported from the formation (Nakajima et al., 1976). 
The megaplant fossils were obtained from the lower horizon of the Akima Formation in 
the Kijigao and Yoshigaya Passes west of Takasaki City. The two localities are regarded as 
of the same stratigraphic horizon, judging from the lithology. Almost all the fossils were 

obtained from the former locality, as listed below. 

Liquidambar miosinica Hu et Chaney (1) 
Fagus stuxbergii (N athorst) Tanai (283) 
Quercus miovariabilis Hu et Chaney (2) 
Stewartia submonadelpha Tanai (1) 
Cladrastis aniensis Huzioka (2) 
Trapa sp. cf. T. angusticerata Miki (11) 
Trapa sp. cf. T. macroρoda Miki (12) 
Trapa sp. cf. T. mammin仲間 Miki (12) 
Cornus sp. cf. C. miowalteri Hu et Chaney (4) 
Potamogeton sp. (50) 

(The numerals in parentheses are the number of specimens obtained) 

All the specimens are represented by leaves or leaflets except for Traρα. The Akima 
flora, although less in composition, is dominated by Fagus stuxbergii with some deciduous 
broad-leaved species. Trapa spp. and Potamogetoηindicate the aquatic community in shallow 

bottom, considering from the living equivalents. The Akima flora occurs in a fine-grained 

tu百aceoussiltstone intercalated in the thick volcanic flow deposits. It seems to represent one 

of the cool temperate deciduous forest around a dammed lake. 
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Fig. 8. Colummer section in the Locality 
L of the Akima flora. 
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The Daido flora 

Around Sarugakyo and its southern area west of Numata City in the central Gunma 
Prefecture are distributed the Miocene and Pliocene rocks. Some stratigraphic studies on 

these Neogene sediments are shown in Table 26. Plant bearing Daido Formation generally 
rests conformably upon the Kassezawa or Akasaka Formations and unconformably underlies 
the Kirigakubo welded tuff Formation. The Daido Formation is composed mainly of cyclic 

sl 

．一・・ ．． ．－．一．－．．・・ぷ・・？．．．・．－．＋．・4・・：．．－．一．一．．・・ 2・・ー．．．・一．－．－．
•；・・ ＝·· ー.-._ ..... , ・－・・．．・・ 4・・：．．白色．－ ． － ． 守..
’ι・・ 7・．・－．－．－・．・・：．．－－．一．

組［2m

Fig. 9. Locality of the Daido flora in Gunma Prefecture, and the columner section 
in the fossil locality. s: Sandstone cg: Conglomerate sl: Siltstone 
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Da1do flora 

Table 26. Correlation of Neogene sequences in northern 

Gunma Prefecture, Central Japan 

Wes tern Area 

Joetsu Nanbu 

Research Group 

(1976, 81) 

Kirigakubo F. 

一
Daidou F. 
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Akasa 
ka F. Kasse-
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Tochi F. 

kubo F. 

二～
Akaya F. 

Eastern Area 

Arai ・ Kizaki 

(1958) 

.Plio. 
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Namezawa 
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Namezawa 開
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(1) (1) 
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Awazawa F. 

Ookura F. 

Basement 

Rocks 
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sediments of conglomerate, sandstone and siltstone; it is correlative with the Late Miocene 
Itahana Formation by the lithology. Plant fossils are obtained from siltstones facing the road 
near the Daido pass situated between Nakanojo-machi and Niihari-mura. The plant-bearing 
rocks are stratigraphically upper part of the Daido Formation, and are composed of alterna 
tion of sandy siltstone and siltstone, intercalated within conglomerate. 

The following species were identified (The numerals in the parentheses are the number of 
specimens obtained): 

Metasequoia occidentalis (8), 
Thuja sp. (1), 
Alnus sp. cf. A. hirsuta Turcz. (32), 
Alnus sp. cf. A. japoηica Steud. (2), 
Caryうinusheigunensis Huzioka (2), 
Fagus stuxbergii (N athorst) Tanai (23), 
Fagus sp. cf. F. stuxbergii (Nathorst) Tanai (15), 
Quercus miovariabilis Hu and Chaney (2), 
Cladrastis aniensis? Huzioka (1), 
Vitis sp. (1). 

Fagus stuxbe1宮iiand its related species take up nearly a half of the total specimens. Most 

of the Daido species are considered to show habitat of valley to mountain slope, and their most 

allied living species are common in the cool temperate region, although the specimens are small 
in number and sporadic in occurrence. The floristic composition suggests that the Daido flora 

was derived from the forest somewhat similar to the existing Fagus forest, which is now 
distributed in the valley to slope area of the cool temperate zone. 




