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Introduction

From the central part of Tottori Prefecture to the border area between Tottori
and Okayama Prefectures of the western Honshu develop volcanics frequently in-
tercalating terrestrial sedimenary rocks of Late Miocene to Pliocene age. These rocks
are the members of the Misasa Group in which the presence of four volcanic cycles
are confirmed by FukuokA & KuBo (1969). Many plant fossils are found in the
sediments intercalated in products of the second to third cycles of volcanism. Some
of those fossils were described by TaNAl & ONOE (1961) as Hoki flora (the Mitoku,
the Onbara and the Ningyotoge florules). According to Fukuoka & Kuso (1969),
the Tatsumitoge flora is included in the uppermost mudstone of the Tochiwara For-
mation, varying from psephite to pelite, which approximately corresponds to the pro-
ducts of the second cycle of volcanism in the Misasa Group.

The Tatsumitoge flora is of palaeontological importance with respect to the
abundant occurrence of well-preserved specimens including many uninvestigated
ones.

Coniferales, Juglandales, Salicales, Fagales, and Aceraceae of the Tatsumitoge
flora have been reported by Ozak1 (1979) and Tanal & Ozaxi (1977). Urticales,
Ranales, and Rosales of the Tatsumitoge flora are described in this paper. These
taxa contain 9 families, 27 genera, and 41 species, 18 of which being new. The remain-
ing taxa of the Tatsumitoge flora will be described separately.

Description
Family Ulmaceae

Celtis angusta TAao
PL 1, fig. 4

Celtis angusta TAO, ACADEMIA SINICA, PEKING INST. & NANKING INST. GEOL. & PALAEONT. (Compiled),
1978, p. 36, pl. 26, fig. 1, text-fig. 18.

Discussion: Three leaves are referable to Celtis angusta TAO in the lanceolate-

* Late Miocene Tatsumitoge Flora in Tottori Prefecture, Southwest Honshu, Japan (II).
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oblong foliar shape, small number of the secondary veins, and the marginal serration
that surrounds the whole margin except the basal part. This species is distinguished
from C. hokiensis n. sp. by the slender foliar shape. C. angusta is similar to the extant
C. australis LINN. growing in southern area of Europe.

Collections: NSM PP 16018; TPM 164, 458.

Celtis hokiensis OzAK1, new species
Pl 1, figs. 3, 9; Fig. 1A

Celtis occidentalis LINN.: OKUTSU, 1955, p. 94, pl. 1, fig. 5.
Celtis nordenskioldii auct. non NATHORST: TANAIL, 1961, p. 316, pl. 17, fig. 1.

Holotype: TPM 498. Upper Tochiwara Formation (Late Miocene). Saji-
mura, Tottori Prefecture.

Description: Leaves ovate to oval, 6.5 to 10 cm long and 5 to 7 cm wide, base
inequilateral and obliquely round to slightly cordate, apex acute to acuminate, margin
serrate with densely arranged teeth except the basal part; marginal teeth triangular,
concave on the apical side and convex on the basal side with incurved acute tips;
venation brochidodromous with a pair of strong secondaries which extend from the
base of the lamina; midvein stout weakly curved and sometimes slightly sinuous in the
middle to the upper part, sending off two to three alternate secondary veins; basal
secondary veins making an angle of 25° to 30° with the midvein, curving up, reaching
upper one-third of the leaf length and joining tertiary veins or branches from the
superadjacent secondaries to form the marginal loops, sending off five to seven strong
tertiaries to the abaxial side which join the superadjacent one to form marginal loops;
secondaries in the middle to the upper part of the midvein making an angle of about
30° to the midvein, gently curving up and joining the superadjacent secondaries or
branches from the secondaries to form marginal loops; tertiary veins in the intercostal
area weakly percurrent, while the tertiaries in the marginal area extending from the
marginal loops of the secondaries and entering the marginal teeth; quaternary veins
making mainly pentagonal meshes; ultimate veinlets twice to thrice branching; petiole

Fig. 1. Venation characters of fossils.
A. Celtis hokiensis n. sp. NSM PP 16018. (<3.5).
B. Lindera hokiana n. sp. GSJ 4804. (> 12).
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thick, about 1.5 cm long.

Discussion: There have been reported about 10 fossil species of Celtis from the
Neogene of East Asia. Among them, C. nordenskioeldii NATHORST (1883), C. mio-
bungeana Hu et CHANEY (1938), C. nathorstii TANAI et ONOE (1961), C. aizuensis K.
Suzukir (1961), and C. angusta Tao (1978) are similar to this new species, but they
differ from this new one in the situation and shape of the marginal teeth, the basal
shape, and width of the lamina. New leaves closely resemble those of C. jessoensis
Koipz. growing in Japan and Korea and somewhat resemble C. vendervoetiana
SCHNEID. growing in central to southern China.

Collections: NSM PP 16019, 16020; GSJ 4783-4785; TPM 105, 123, 330, 498.

Ulmus protojaponica TANAI et ONOE
Pl 1, fig. 1

Ulmus protojaponica TANAI et ONOE, 1961, p. 38, pl. 10, figs. 2, 5.

Discussion: Some leaves are identified to Ulmus protojaponica TANAI et ONOE in
the asymmetrical foliar shape, sometimes bifurcating secondary veins, percurrent
tertiary veins, and compoundry serrate margin. This species is similar to the extant
U. davidiana PLANCH. growing in northern China and is closely similar to U. davidiana
PLANCH. var. japonica NAKAI growing in Japan, Korea, and China.

Collections: NSM PP 16050; TPM 232.

Ulmus subparvifolia NATHORST
Pl 1, fig. 8

Ulmus subparvifolia NATHORST, 1883, p. 77, pl. 15, figs. Sa—c. TaNaI, 1961, p. 321, pl. 17, fig. 9.
Ulmus protoparvifolia Hu et CHANEY, 1938, p. 40, pl. 14, fig. 4 (only).

Discussion: Two specimens are identified to Ulmus subparvifolia NATHORST in
small foliar size, singlarly serrated blunt marginal teeth, and thick tertiary veins that
are nearly percurrent. This species is closely similar to the extant U. parvifolia JACQ.
growing in central to southern Japan, Korea, and China.

Collection: NSM PP 16041, 16042.

Zelkova ungeri KOVATS
Pl 1, fig. 7

Zelkova ungeri KovaTs, 1851, p. 187. Mik1, 1937, p. 312, pl. 3, figs. D, E.

Discussion: This species is widely reported from the Neogene floras in various
localities of Japan. This species is colosely related to the extant Zelkova serrata
MaAKINO growing in Japan except Hokkaido, and China, and is similar to Z. schnei-
deriana HAND.-MEzz. growing in China.

Collections: NSM PP 16002, 16013-16015, 16043, 16084; TPM 128, 503.
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Family Eucommiaceae

Eucommia japonica TANAI
PL 1, fig. 2

Eucommia japonica TANAIL, 1961, p. 329, pl. 31, fig. 3.

Discussion: This nearly complete winged-seed is identical to Eucommia japonica
TaNATI reported from the Middle Miocene Kamigo Formation of Yamagata Prefec-
ture, Japan. This seed is closely similar to the extant E. ulmoides OLIVER growing in
central China.

Collection: TPM 490.

Family Magnoliaceae

Liriodendron honsyuensis ENDO
Pl 2, figs. 2, 5

Liriodendron honsyuensis ENDO, 1934, p. 591, figs. 1, 2.

Discussion: Many well-preserved leaves are identified to the genus Liriodendron
in their characteristic features, and are referable to L. honsyuensis ENDO. This species
has shallowly cordate to obtuse base and this character resembles the two extant species,
L. chinense (HEMSL.) SARG. of central to southern China and L. tulipifera LINN. of the
eastern United States; the former has mainly cordate base, whereas the latter has
widely cordate to decurrent base on the petiole as far as the author’s investigation is
concerned.

Collections: NSM PP 6430, 16055-16058, 16064, 16065; GSJ 4790, 4791; TPM
241.

Magnolia elliptica TANAI et ONOE
Pl 2, fig. 1

Magnolia elliptica TANAT et ONOE, 1961, p. 40, pl. 12, figs. 1, 5.

Discussion: This specimen, though incomplete, is referred to Magnolia elliptica
TANAI et ONOE by its entire elliptical shape, large foliar size and the brochidodromous
venation. This species is similar to the living M. kobus DC. growing in Japan.

Collection: GSJ 4795.

Family Lauraceae

Lindera paraobtusiloba Hu et CHANEY
PL 3, figs. 8,9

Lindera paraobtusiloba Hu et CHANEY, 1938, p. 43, pl. 8, figs. 1-3, pl. 20, fig. 4. TanaI, 1955, pl. 12,
fig. 4.
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Sassafras yabei auct. non ENDo et OKuTsu: TANAIL 1961, p. 340, pl. 23, fig. 1.

Discussion: Several leaves are referred to Lindera paraobtusiloba Hu et CHANEY
by the infrabasal imperfect acrodromous venation and characteristic foliar shape, and
are closely similar to the living L. obtusiloba BLUME growing in central to southern
Japan, Korea, and China and somewhat similar to L. cercidifolia HEMSL. growing in
China.

Collections: NSM PP 16004; GSJ 4768A.

Lindera hokiana OzAKI, new species
Pl 3, fig. 7; Fig. 1B

Holotype: GSJ 4804. Upper Tochiwara Formation (Late Miocene). Saji-
mura, Tottori Prefecture.

Description: Leaf elliptical, cuspidate at apex, cuneate and slightly decurrent at
base, 7.5 cm long and 5 cm (estimated) wide; margin entire; midvein slightly sinuous
on its upper part; secondary veins alternate to subopposite, about 5 pairs, irreguarly
spaced, making an angle of 65° to 70° with the midvein except basal pair which di-
verges about 45° from the midvein, turns up and runs slightly zigzag in some case;
intersecondary veins composite; tertiary veins random reticulate in intercostal area,
making angular loops in marginal area; quaternary veins random reticulate; ultimate
veinlets none or once branched; petiole more than 5 mm long.

Discussion: This leaf is somewhat similar to those of Lindera miyataensis Huzi-
okA et UEMURA (1973) in foliar shape, but is separable from the latter by larger and
elliptical foliar shape, and by the character of the secondary veins. This new species
is similar to the extant L. umbellata THUNB. var. membranacea (MAXIM.) MOMIYAMA
growing in Honshu to Hokkaido, but is different in the less secondary veins and high
angle of secondary departure from the midvein.

Collection: GSJ 4804.

Parabenzoin sp.
Pl 3, fig. 5; Fig. 2A, B

Discussion: A single leaf, though lacking in its distal ends, is closely similar to
the extant Parabenzoin trilobum (SIEB. et Zucc.) NAKAI growing in central to southern
Japan.

Leaves of the extant P. trilobum are separable from those of Sassafras by the
following points: secondary and tertiary veins in the lower region of the separating
point of the primaries are parallel or decurrent to the midvein; apices of lateral lobes
are attenuate-acuminate and generally markedly outcurved; not having strong second-
ary veins around separating point of the primaries; generally having short distance
between the base and the separating point of the primaries; generally smaller foliar
size compared to those of Sassafras.

On the other hand, the leaves of Sassafras have following characters: sometimes
strong secondaries develope around or in the lower part of the separating point of the
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Fig. 2. Venation characters of fossils and related extant species.
A, B. Parabenzoin sp. NSM PP 16002. (x6).
D. Parabenzoin trilobum (SIEB. et Zucc.) NakAl, HUPB 307. (<3.5).
C. Sassafras albidum Nees, HUPB 642. (< 1.5)
E, F. Sassafras yabei ENDO et OkuTsu, NSM PP 16003. E (x8), F (<1.5).

primaries; in the lower region of the separating point of the primaries secondaries are
generally perpendicular to the midvein and tertiaries are random reticualte; apices of
lobes are round to acute; foliar size is large; and distance between the bese and the
separating point of the primaries is longer than those of Parabenzoin.

Parabenzoin eotrilobatum reported from the Eocene Takashiam flora in Kyushu
by Matsuo (1967) is distinguishable from my specimen by longer foliar shape and
narrower basal angel.
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Collection: NSM PP 16002.

Sassafras yabei ENDO et OKUTSU
Pl 3, figs. 1, 2, 6; Fig. 2E, F

Sassafras yabei ENDO et OKUTSU, 1936, p. 47, figs. 2-4.
Sassafras oishii OKuUTSu, 1953, p. 9, pl. 1, fig. 2.

Discussion: Many leaves are identifiable as Sassafras by the foliar shape and
venation characters as noted in the discussion of the Parabenzoin, and are referable to
S. yabei ENDO et OKUTSU in foliar shape and venation characters.

Among other similar fossil species of Sassafras reported from Japan, S. oishii
OKUTSU (1953) can not be separated from S. yabei ENDO et OKUTSU in foliar shape
and the venation. S. endoi HuziokA (1938) seems to be close to Parabenzoin trilobum
NAKAI by the short distance between the base and the separating point of the primary
veins and slender shape of the lobes though it lacks their apices. . subtriloba (KONNO)
TANAI et ONOE (1961) is illegitimate on the Code: (1) Lindera subtriloba KonNo (1931)
is nomen nudum, (2) the syntypes are missing but TANAI and ONOE (1961) selected
two holotypes from the leaves of the Hoki flora. Lindera subtriloba KONNO is
closely similar to the extant Parabenzoin trilobum NAKAI as same as S. Fujiokae MURAI
(1963) in the attenuate-acuminate apices of the lobes.

Collections: NSM PP 6433, 16003, 16239, 16300; GSJ 4767, 4769, 4770, 4781 ;
TPM 132, 296, 379, 380.

Family Cercidiphyllaceae

Cercidiphyllum crenatum (UNGER) BROWN
Pl 3, figs. 3, 4

Cercidiphyllum crenatum (UNGER) BROWN, 1935, p. 488, pl. 68, figs. 1, 6, 8-10. HuziokA et NISHIDA,
1960, p. 16, pl. 4, figs. 5, 6.

Discussion: Very small two winged-seeds are referable to Cercidiphyllum crenatum
by the parallelogram shape of wing and seed. This species closely resembles the
modern C. japonicum SIEB. et Zucc. growing in Japan and China.

Collection: NSM PP 16144, 16230.

Family Hamamelidaceae
Hamamelis protojaponica TANAI et N. SUZUKI
PL 1, figs. 5, 6

Hamamelis protojaponica TANAI et N. Suzuki, 1965, p. 27, pl. 5, fig. 3b, pl. 17, fig. 4.
Hamamelis sp., TANAI et ONOE, 1961, p. 43, pl. 12, fig. 3.

Discussion: The leaves have several characteristics that indicate a close relation-
ship to Hamamelis: oval to rhombate foliar shape, imperfect basal and infrabasal
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acrodromous venation, repand to crenate margin in the upper half of the lamina,
secondary veins extend to the crest of the marginal teeth, and complicated ultimate
veinlets. These leaves are referable to H. protopaponica TANAI et N. Suzuki. This
species is most similar to the extant H. japonica SIEB. et Zucc. growing in Honshu to
Kyushu, Japan.

Cellection: NSM PP 6432, 16162.

Family Saxifragaceae

Philadelphus hokiensis OzAKI, new species
Pl. 2, fig. 4, Fig. 3B, C

Holotype: NSM PP 16228. Upper Tochiwara Formation (Late Miocene).
Saji-mura, Tottori Prefecture.

Description: Leaf elliptical with suprabasal imperfect acrodromous venation,
5.5 cm long (estimated) and 2.4 cm wide (estimated), apex acuminate, base missing
but apparently acute, margin having sporadic minute teeth; primary vein nearly strai-
ght; one pair of secondary veins leaving from the primary vein at an angle of 30° near
the base, extending in the middle course of lateral half of the lamina till a half of the
leaf length then running to the apex along the margin with sinuous course; from basal
part of the primary vein weak one pair of secondaries extending along the margin till
about three-fifths of the leaf length from the base and making a series of loops with
joining tertiary veins; weak secondaries diverging from the middle to upper part of
the midvein with random acute angles and with irregular space, forking and sometimes

Fig. 3. Venation characters of Philadelphus hokiensis n. sp. and related extant species.
A. Philadelphus satsumi S1eB. YNUPB 503.
B, C. Philadelphus hokiensis n. sp. NSM PP 16228.
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