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Abstract This paper deals with the systematic description of fossil plants from
the Oxfordian Tochikubo Formation of the Somanakamura Group (Middle to Late
Jurassic), which is mostly of marine origin and is distributed in the eastern part of
Fukushima Prefecture, in the Outer Zone of Northeast Japan. We described 32 taxa
consisting of 10 ferns, 10 bennettitaleans including 5 forms of Ptilophyllum, 7 cycada-
leans, 1 unclassified cycadophyte, 3 conifers and 1 unclassified reproductive organ
(seed). This plant-assemblage is characterized by the abundant occurrence of Zamites,
Ptilophyllum and Nilssonia. While no ginkgoalean, czekanowskialean and Podo-
zamites have been found.

This plant-assemblage is obviously of the Ryoseki-type in floristic composition and

holds important stratigraphic and phytogeographic position along the Circum Pacific
regions.

Foreword

Fossil plants are quite abundant in the Tochikubo Formation of the Somanaka-
mura Group mostly of marine origin, exposed in the eastern part of Fukushima Pre-
fecture (Fig. 1A). The geology and biostratigraphy of the Somanakamura Group
were studied in detail by Mor1 (1963) (Table 1).

The following fossil plants were first described by OisHr (1940) from the Somanaka-
mura Group (*; accepted in this work. **; revised in this work and revised names
are shown at the right respectively):

Sphenopteris elegans (YOKOYAMA) OIsHI* (Zusahara=1Jisahara; pl. 8, figs. 2-3)

S. goepperti DUNKER (Horisakabashi and Zusahara)

S. pinnatifida (FONTAINE) OIsHI (Zusahara; pl. 9, fig. 1)

Cladophlebis denticulata (BRONGNIART)** (Zusahara)=possibly C. sp. cf. C. virginiensis

FONTAINE
C. distans (HEER) YABE** (Horisakabashi)="?

C. exiliformis (GEYLER) O1sHI** (Kayanokibashi)=?

* Supported by the Grant-in-Aids for Scientific Research from the Ministry of Education, Science
and Culture (no. 59540499).
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C. lobifolia (PHILLIPS) BRONGNIART** (Zusahara; pl. 18, fig. 4)=Eboracia microlo-
bifolia KIMURA et OHANA

Onychiopsis elongata (GEYLER) YOKOYAMA™* (Shidasawa and Ishigami-mura)=
possibly O. yokoyamai (YABE) KIMURA et AIBA

Ptilophyllum pecten (PHILLIPS) MORRIS** (Zusahara, Shidasawa, Ishigami-mura and

Kami-mano-mura; pl. 35, fig. 3)=P. jurassicum KIMURA et OHANA sp. nov.

Cf. Zamites feneonis BRONGNIART** (Kayanokibashi; pl. 38, fig. 1)=Z. nipponicus

KIMURA et OHANA Sp. nov.

Zamiophyllum buchianum (ETTINGSHAUSEN) NATHORST (Ishigami-mura)="?
Pseudoctenis brevipennis Oisur* (Zusahara; pl. 28, figs. 6-7 and Ishigami-mura; pl.

28, fig. 5)

Nilssonia orientalis HEER** (Zusahara and Shidasawa)=N. sp. cf. N. canadensis BELL.

N. schaumburgensis (DUNKER) NATHORST** (Horisakabashi; pl. 27, fig. 9, Zusahara
and Shidasawa)=N. ex. gr. schaumburgensis (DUNKER) NATHORST

Elatocladus obtusifolia Oisai (Kami-mano-mura; pl. 41, fig. 1, l1a)**= Pagiophyllum
sp.

Nageiopsis zamioides FONTAINE** (Zusahara)=possibly Parasequoia sp. cf. P. cretacea

KRASSILOV
Podozamites lanceolatus (LINDLEY et HUTTON)** (Zusahara)=?

‘Geonoma® trinerve O1sHI* (Zusahara; pl. 45, fig. 7; pl. 47, figs. 9-10)

In addition, ENpo (1952) described Klukia exilis (PHILLIPS) RACIBORSKI from
Shidasawa and Zusahara and gave the list of fossil plants (p. 166). Besides, MASATANI
and TAMURA (1959) also made the list of fossil plants of the group.

During from 1980 to 1984, K. IKEHARA, H. TakiMoto and other graduate and
undergraduate students of the Tokyo Gakugei University collected a number of
~ specimens of fossil plants from the Tochikubo Formation at the following localities
(from north to south; Fig. 1B):

Soma City: Umenokizawa and Karasuzawa (UK).

Kashima-machi, Soma-gun: Koyamada-Rindo (KOY) and Bunasaka (or

Funasaka) (BUN)

Haranomachi City: Fukanonakayama-Rindo (FN), Aratozawa (ARA), Shida-

sawa (SHD), Oku-Shidasawa (OS) and Kitayachi (KIT).

Of these, the Bunasaka-locality is fairly extensive and the plant-bearing beds are
exposed along the path successively for about 750 m.

This paper deals with the systematic description of fossil plants newly obtained
from the Tochikubo Formation and mentions the characteristic feature of this plant-
assemblage.

Detailed comparison of this plant-assemblage with coeval floras in East Asia and
other regions will be made by us after the descriptions of fossil plants from the coeval
or nearly coeval Oginohama Formation of the Oshika Group mostly of marine origin
and Moné and Kogoshio Formations of the Shishiori Group of marine origin distri-
buted in the Outer Zone of Northeast Japan.
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Figs. IA-B. 1A. Location of the studied
area indicated by an arrow. 1B. Brief
geological map of the studied area
[after Mor1 (1963)] and the main fossil
plant-sites. Fossil plants are rare in
occurrence at TC (Kitanoirisawa)
locality.

1. Koyamada Formation, 2. Tomi-
zawa Formation, 3. Nakanosawa For-
mation, and 4. Tochikubo Formation. [1 A]
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Table 1. Stratigraphy of the Somanakamura Group [after MoRI (1963)].

Formation

Somanakamura Group

@

Thickness (m) age
Koyamada F.* 180 Tithonio-Berriasian
Tomizawa F, 400 (Kimmeridgio-Tithonian)
Nakanosawa F.* 50-165 Oxfordio-Kimmeridgian
Tochir_l;lbo F. 350+ (Oxfordian)
Yamaabami F.* 150-200 Callovian
Awa2zu F* 200 Bajocio-Bathonian
Kitazawa F.* ca.250 (Bajocian)

* . of marine origin yielding such index fossils as ammonites, bivalves, corals and brachiopods.

&

(D) and @; fault, @; disconformity, 3); slight unconformity, ( ); presumed age.

List of fossil plants discriminated from the Tochikubo Formation

rather rare, R; rare, VR ; very rare):
Ferns:

Gleichenites? sp. A (R)

Unfortunately all the reproductive organs of ferns were destroyed and the cuticles
of gymnosperm-leaves were not preserved because of the subsequent igneous in-
trusions and geological disturbances taken place in this area.
tions of fossil plants were unavoidably based only on the external morphology of their
imprints.

Among our vast collection, we discriminated the following plant-taxa (Occur-
rence: LVA; locally very abundant, LA ; locally abundant, LC; locally common, RR;

Matonidium ex gr. goepperti (ETTINGSHAUSEN) SCHENK (LC)

Eboracia microlobifolia KIMURA et OHANA (LA)
Sphenopteris elegans (YOKOYAMA) OisHI (LC)

Cladophlebis acutipennis O1sHI (RR)
C. sp. cf. C. matonioides O1isHl (RR)
C. sp. cf. C. virginiensis FONTAINE (LA)

C.sp. A (LO)
C. sp. B(RR)
Acrostichopteris? sp. (VR)

Bennettitaleans:

Therefore our identifica-
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Otozamites sp. cf. O. kondoi OisH1 (VR)

Zamites sp. cf. Z. megaphyllus (PHILLIPS) SEWARD (LC)

Z. nipponicus KIMURA et OHANA sp. nov. (LVA)

Z.sp. A (VR)

Z.sp. B (VR)

Nipponoptilophyllum bipinnatum KiMURA et Tsui (LC)

Ptilophyllum jurassicum KIMURA et OHANA sp. nov. (LA)

P.sp. F(R)

P.sp. G (VR)

P.sp. H (R)
Cycadaleans:

Pseudoctenis brevipennis O1sHI (R)

P.sp. A (VR)

Nilssonia sp. cf. N. canadensis BELL (LC)

N. sp. cf. N. densinervis (FONTAINE) BERRY (LC)

N. longipinnata KIMURA et OHANA sp. nov. (LC)

N. oblique-truncata KIMURA et OHANA sp. nov. (LC)

N. ex gr. schaumburgensis (DUNKER) NATHORST (LA)
Unclassified cycadophyte:

Cycadites sp. (LC)
Conifers:

Elatocladus sp. A (VR)

Pagiophyllum sp. (LC)

Parasequoia sp. cf. P. cretacea KrassiLov (LC)
Unclassified seed:

Carpolithus sp. A (LC)

Characteristic features of the plant-assemblage

The following are the characteristic features of this plant-assemblage from the
Tochikubo Formation:

1) Ferns with known botanical affinities are narrowly represented each by a
single species belonging to the Gleicheniaceae, Matoniaceae and Dicksoniaceae. Of
these, the first one is incompletely represented and the last one is only a single repre-
sentative of Dicksoniaceae in the Late Jurassic-Early Cretaceous floras in the Outer
Zone of Northeast Japan. On the other hand, dicksoniaceous ferns are varied and
abundant in the coeval floras in the Inner Zone of Japan. No matoniaceous fern
has been recorded in the coeval floras in the Inner Zone of Japan.

Other ferns are all represented by the sterile leaves.

2) Bennettitaleans are characterized by the abundant occurrence of new types
of Zamites and Ptilophyllum. Both genera are characteristic elements of the Late
Jurassic-Early Cretaceous Ryoseki-type floras in the Outer Zone of Japan, and have
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not been recorded in the coeval floras in the Inner Zone of Japan.

3) Nilssonia leaves are varied and abundant. Nilssonia schaumburgensis-type
leaves have only been known in the Ryoseki-type floras.

4) Itis worth mentioning that no ginkgoalean, czekanowskialean and Podozamites
leafy-shoot which are common in occurrence in the Late Jurassic-Early Cretaceous
floras in the Inner Zone of Japan, have not been found in our collection from the
Tochikubo Formation as well as from the coeval plant-beds in the Outer Zone of
Japan.

5) Conifers are rather rare, but the presence of Parasequoia established by
KRrassiLov (1967) from the Lower Cretaceous of Southern Primorye is distinctive.
No coniferous shoot with long needle-like leaves has been found.

Accordingly it is evident that this plant-assemblage is of the Ryoseki-type
(Kivmura, 1984, 1987) in its floristic composition.

Systematic description

Class Pteropsida
Order Filicales
Family Gleicheniaceae
Gleichenites? sp. A

(PL 1, fig. 1; PL 4, fig. 1; PL 5, fig. 1; Figs. 2a-b)

Material: NSM PP-8142 ~ 8150 (Shidasawa), 8151 ~8157 (Bunasaka).

Occurrence: Rare.

Description: Leaf is at least tripinnate, but its whole shape is uncertain. Ultimate
pinnae are set closely, and attached alternately to the rather thick pinna axis, 2 mm
wide at an angle of 45-50 degrees. Pinnules are also set closely, elongate-triangular
in form, typically 8 mm long and 2 mm wide at middle, attached katadromically to the
pinna axis at an angle of 80-90 degrees, and sometimes falcate. Margins are divided
into up to 7 pairs of shallow lobes; each lobe is rather directed forwards, and with
rounded or obtusely pointed apex. The lobes of the first pair are larger in size, twice
as large as others. Venation is obscure; midnerve persists to the tip but lateral veins
are invisible. Sori (?) are faintly preserved, 0.5-1 mm in diameter, each occurring on
the centre of a lobe of basal 1-3 pairs, but details of soral characters are uncertain.

Figs. 2-4 (Enlarged twice, unless otherwise indicated).

2. Gleichenites? sp. A. 2a (NSM PP-8149), 2b (NSM PP-8148). Loc. Shidasawa.

3. Matonidium ex gr. goepperti (ETTINGSHAUSEN) SCHENK. 3a (NSM PP-8165, drawn
partly from Pl 2, fig. 3). 3b (NSM PP-8165, showing the venation enlarged). 3c
(NSM PP-8164, showing the finely divided and small-sized pinnules).

4. Eboracia microlobifolia KIMURA et OHANA. 4a (NSM PP-8188, drawn from Pl. 3, fig. 2).
4b (NSM PP-8170, drawn from PI. 1, fig. 2). 4c (NSM PP-8190). 4e (NSM PP-8184,
drawn from PL. 3, fig. 8). 4f. (NSM PP-8173, drawn from PL. 3, fig. 9). Loc. Aratozawa.
4d (NSM PP-8180). Loc. Bunasaka.
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Remarks: Gleichenites? sp. A is characterized by its tripinnate leaf bearing
markedly lobed pinnules. In external form of pinnules, Gleichenites? sp. A is most
close to Sphenopteris (Gleichenites?) erecta originally described by BELL (1956) from
the Aptian Luscar and Albian Blairmore Formations, Western Canada. But we

could not make detailed comparison of our leaves with the Canadian ones because of
ill-preservation of both materials.

Family Matoniaceae
Genus Matonidium SCHENK, 1871: 219
Matonidium ex gr. goepperti (ETTINGSHAUSEN) SCHENK

(PL 1, fig. 6; PI. 2, figs. 1-4; Figs. 3a—c)

Comparable specimens:

Alethopteris goepperti ETTINGSHAUSEN: ETTINGSHAUSEN, 1852, p. 16, pl. 5, figs. 1-7
(Lower Cretaceous of North Germany).

Matonidium goepperti (ETTINGSHAUSEN) SCHENK: SCHENK, 1871, p. 219, pl. 27, fig.
5; pl. 28, figs. 1-2; pl. 30, fig. 3; pl. 42, fig. 1 (ditto); HARRIS, 1961, p. 112, text-
figs. 37-38 (Middle Jurassic of Yorkshire); KrassiLov, 1967, p. 112, pl. 12, fig. 4
(Lower Cretaceous of Southern Primorye).

Material: NSM PP-8158 (Aratozawa), 8159~8169 (Shidasawa) and 31 other
specimens. Occurrence: Locally common at Shidasawa, but very rare at Bunasaka
and Aratozawa.

Description: Obtained are all broken pinna fragments including only two basal
arms (Pl. 2, fig. 1). The pinnae are long and slender, up to 2.2 cm wide, but their
whole length is unknown. The pinna axis is smooth, projecting more below than
above, slender, ] mm wide at base and 0.5 mm wide above, and sends off closely
set pinnules at an angle of 60-90 degrees to the pinna axis. The pinnules on the
middle portion of pinna are typically 2-3 mm wide near base and 2 cm long, narrowing
gradually towards the obtusely pointed apex and often falcate; those on the basal
apical regions of pinna are smaller in size, and their bases are expanded and connected
with each other by a web of lamina about 0.5 mm wide. Margins are mostly entire,
often strongly reflexed especially when fertile. The midnerve is marked on the under-
side of pinnule; in large-sized sterile pinnules, the midnerve sends off about 20 pairs
of mostly twice forked lateral veins (Pl. 2, fig. 3; Fig. 3b), but in small-sized sterile
pinnules, the lateral veins are mostly once forked. In fertile pinnules, the midnerve
sends off about 10 paris of mostly once forked lateral veins.

In the fertile pinnules, the midnerve sends off about 10 pairs of mostly once forked
lateral veins. The sori are superficial, about 0.5 mm in diameter, each just on the
branching-point of lateral vein; in some cases sori become square in surface view
because of pushing laterally one another and the surface of lamina is usually bulging
above each sorus (Fig. 3c). The placenta is prominent, ending in a persistent indusium,
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