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Abstract: A number of fossil plants were newly collected from the Oxfordian Moné
and Kimmeridgian-Tithonian Kogoshio Formations both of marine origin, of the
Shishiori Group distributed in the Karakuwa Peninsula and Oshima Island, near
Kesen-numa City, Miyagi Prefecture. Among the collection, 14 species (or forms)
belonging to 9 genera from the Moné Formation and 36 species (or forms) to 16 genera
from the Kogoshio Formation are recognized. These assemblages are undoubtedly
of the Ryoseki-type, and are characterized by the presence of matoniaceous ferns,
varied Zamites and Ptilophyllum, Nilssonia, conifers with scale-leaves and Parasequoia
and a complete absence of ginkgoaleans, czekanowskialeans and Podozamites leafy-
shoots. These assemblages are phytogeographically and geologically significant,
because their geological ages are determined rather precisely, together with those of the
Tochikubo and Oginohama Formations in the Outer Zone of Northeast Japan.

Introduction

Earlier studies are known on the fossil plants of the Shishiori Group distributed
in the Karakuwa Peninsula and Oshima (or Osima) Island, near Kesen-numa City,
Miyagi Prefecture (Fig. 1A). Occurrence of fossil plants from the area studied in
this paper was first reported by T. Wakimizu (1894). Since then YABE (1922) des-
cribed the specimens kept at the Tohoku University as Cladophlebis distans (HEER)
YABE (=C. sp. F) and Frenelopsis cf. hoheneggeri ETTINGSHAUSEN (=F. sp. cf. F.
choshiensis KIMURA, SAIKI et ARAI) (taxonomic names revised by us are shown in
parenthesis).

Later YABE (1927) and SHuDA (1940) recorded 19 species belonging to 15 genera
and 60 species belonging to 26 genera respectively without descriptions and/or illustra-
tions. OisHI (1940) described the following six taxa in his monograph: Cladophlebis
concinna (HEER) (=C. sp. D), C. matonioides O1isH1, Cf. Zamites feneonis BRONGNIART
(=7), Otozamites kondoi OIsHI1, Frenelopsis hoheneggeri (ETTINGSHAUSEN) (=F. sp.
cf. F. choshiensis KIMURA, SAIKI et ARAI), Williamsonia sp. cf. W. whitbiensis NATHORST
(= Weltrichia sp.).

AsAMA (1968) discussed the changing process of Nilssonia leaves on the basis of
the specimens obtained from the Jurassic and Lower Cretaceous plant-beds in North-



128 Tatsuaki KiMUrRA, Tamiko OHANA and Hiroaki AiBa

east Japan.

In 1981 and 1982, one of us (AiBA) collected a number of fossil plants from the
Moné and Kogoshio Formations both of marine origin. This paper deals with the
details of the fossil plant-sites (by AiBa) and description of fossil plants of the Shishiori
Group, and the palaeobotanical and phytogeographical implications of the Late
Jurassic floras (or assemblages) in the Outer Zone of Northeast Japan (by KIMURA
and OHAHA).

Acknowledgements

We thank Dr. Ikuwo OBATA of the National Science Museum, Tokyo, for provid-
ing facilities to publish this paper and to many graduate and undergraduate students
of the Tokyo Gakugei University for their kind help in collecting the fossil plants
described here.

Our thanks are extended to Dr. Shya CHITALEY of the Cleveland Museum of
Natural History, Ohio for her linguistic checks.

This research was supported by the Grant-in-Aids for Scientific Research from
the Ministry of Education, Science and Culture (no. 59540499).

Stratigraphy

The Shishiori Group rests disconformably on the Middle Jurassic Karakuwa
Group of marine origin and is divided into the Ishiwaritoge, Moné and Kogoshio
Formations in upward sequence (ONuUKkI, 1981) (Figs. 1B and 2B). The Ishiwaritoge
Formation is barren of fossils. The Moné Formation is divided into Lower and
Upper parts (SHIDA, 1940). Havami (1961) determined the age of this formation
as Kimmeridgian on the basis of bivalves, but KATO er al. (1977) fixed it as late Ox-
fordian on the basis of the discovery of Perisphinctes (ammonite) from the Upper
part of the formation.

The Kogoshio Formation is divided into Lower, Middle and Upper parts (SHIIDA,
1940; TakizAWA, 1976). SaTO (1962) determined the age of the formation as Kim-
merigian-Tithonian on the basis of his ammonites present, indicating both stages.

Distribution of geological units and collection-localities are shown in Fig. 2A,
whereas Fig. 2B shows columnar section of the Shishiori Group. Main localities
from where collections were made for this paper are as follows:

Loc. no. 1: Road-cutting to the 200 m and 180 m east of the Tadakoshi Pass respectively.
Loc. no. 2: Road-cutting to the 500 m west of Moné Village.

Loc. no. 3: Coast to the 250 m and 10 m west of Yoraizaki respectively.

Loc. no. 4: Coast to the 300 m southwest of Oshima-Sotohama.

Loc. no. 5: Coast to the 400 m southwest of Oshima-Sotohama.

Loc. no. 6: Coast to the 580 m southwest of Oshima-Sotohama.

Loc. no. 7: Road-cutting to the 500 m northwest of Oshima-Kameyama.

Loc. no. 8: Cliff along the parking place to the north of Oshima-Ohatsudaira.
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Fig. 1. 1A: Late Jurassic plant-sites in the Outer Zone of Northeast Japan. K; Karakuwa

Peninsula and its adjacent area (Shishiori Group), O; Oshika Peninsula (Oshika Group),
S; Soma District (Somanakamura Group).
1B: Stratigraphical units in the above-mentioned regions.

plant-bearing horizons, @ guide ammonites-bearing horizons. (Reinserted from
KIMURA et al., 1988).



130 Tatsuaki KiMura, Tamiko OHANA and Hiroaki AiBa

Dyke rocks

Volcanic rocks

Volcanics
E= shale

Alternation of Sandstone & Shale
(Shale rich)

A Alternation of Sandstone & Shale
E=555 (Sandstone rich)

Sandstone

Conglomerate

Cretaceous

% Isokusa Formation

Early

Pacific
Ocean

Kesen-numa

Kanaegaura
Formation

Isokusa
Formation
|

O.:.

_5 Kesen-numa
‘g Bay
L§ a (5)
o & 2 (4)
@ é a (7,8)
g

@

g a (9,10)

-

[2A]
=
2
5 + @ 300m
E g § % Kogoshio Formation
o 85
@ § 5 - Moné Formation
o ;=
2 22 - Ishiwaritoge Formation
) 36 :
[}

i w o H [ﬂﬂﬂm Tsunagizaka Formation
Sc 0 3853
Eé fgi‘;g - Kosaba Formation
55 [2B]

Fig. 2. Distribution of geological units and main localities of fossil plants in the Karakuwa
Peninsula and its adjacent area (2A), and the brief columnar section of the Shishiori Group
and plant-bearing horizons (2B). The number of each solid triangle corresponds to that
of locality shown in Fig. 2A.

Loc. no. 9: Road-cutting along Kukunari Beach, Oshima.

Loc. no. 10:

Amongst above, Loc. no. 4 is classical.

Coast to the 200, 250 and 300 m northwest of Oshima-Jigokuhana respectively.
It does not belong to the Moné Forma-

tion as was formerly presumed, but it belongs to the Kogoshio Formation, possibly
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corresponding to OisHI's Osima plant-beds (OisHI, 1940).

Materials and Methods

Although fossil plants are abundant both in the Moné and Kogoshio Formations,
they are not well preserved because of the subsequent geological disturbances and
intensive igneous activities. They are normally broken owing to the fairly long way
of transportation by rivers to the shallow sea. Consequently, details of the repro-
ductive organs of ferns are lost and no cuticles of gymnospermous plants are preserved.
Because of the above-mentioned conditions, plant-taxa identified precisely are small
in number and most taxa are with ‘cf.” or ‘ex gr.” or are specifically indeterminable.

The fossil plant-taxa recognized from the Moné and Kogoshio Formations are
shown in Table 1 with their occurrences, together with those recognized from the
Tochikubo and Oginohama Formations in the Outer Zone of Northeast Japan.

Characteristics of the Floristic Assemblages

Although recognized taxa of the Moné Formation are smaller in number than
those of the Kogoshio Formation, there is no essential floristic difference between
both assemblages. Accordingly we here regard both assemblages as a single flora,
the Shishiori flora.

We recognized 44 species (or forms) belonging to 21 genera, of course including
many form-genera. The Shishiori flora is characterized by the common presence of
matoniaceous ferns and unclassified fern-leaves (possibly including some pteridosperm
leaves) bearing small-sized pinnules with reflexed margins, various kinds of Zamites,
Ptilophyllum and Nilssonia leaves (including N. schaumburgensis -type ones) and the
abundant presence of such conifers with scale-leaves as Frenelopsis, Brachyphyllum
and Cupressinocladus, and by the complete absence of ginkgoaleans, czekanowski-
aleans and Podozamites leafy-shoots and conifers with long needle-like leaves.

It is evident that the Shishiori flora is of the Ryoseki-type (e. g. KIMURA, 1984,
1987a, b) together with the nearly coeval floras of the Tochikubo and Oginohama
Formations in the Outer Zone of Northeast Japan (KiMURA and OHANA, 1988a, b;
1989a, b), although a single species of dicksoniaceous fern is represented in this flora.

Late Jurassic Floras in the Outer Zone of Japan

1. Past status

The occurrence of fossil plants has been known from the Upper Jurassic Shishiori,
Oshika and Somanakamura Groups in the Outer Zone of Northeast Japan, and the
Upper Jurassic Torinosu Group (or Formation) in the Outer Zone of Southwest Japan.
A small number of fossil plants of the Shishiori, Oshika and Somanakamura Groups
was formerly described by YABE (1922), OisHi (1940), Enpo (1952) and Oyama (1954).
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Table 1. Fossil plant-taxa recognized from the Upper Jurassic plant-bearing forma-
Fossil plants
from the Tochikubo and Oginohama Formations were already described by
KiMuUrA and Tsusin (1984) and KiMura and OHANA (1988a, b), and KiMUuRrA and

tions in the Outer Zone of Northeast Japan and their occurrence.

OHANA (1989a, b) respectively.
Occurrence: LA ; locally abundant, LC; locally common,
RR; rather rare, R; rare and VR; very rare.

| x| ol =
Plant-bearing formations [ S | & [ < | 8
15132
fal = A I =
°© 13|38
m w
Fossil plant-taxa "
Thallites sp. A R
T.sp. B LA
Equisetum sp. cf. E. phillipsi (Dunker) Brongniart ————————e—e—e—- LC
E. ? sp. R
Todites sp. LC
Gleichenites ? sp. A R
G.?sp. B LE
G.?sp. C LC
G.?sp. D RR
Matonidium ex gr. goepperti (Ettingshausen) Schenk ——————=——- LC LC
Coniopteris nipponica Kimura et Ohana, Sp. NOV. —— e LC
Eboracia microlobifolia Kimura et Ohana LC| LA
Onychiopsis yokoyamai (Yabe) Kimura et Aiba LC
0. sp. cf. 0. yokoyamai (Yabe) Kimura et Aiba RR
Adiantopteris oshimaensis Kimura et Ohana, sp. NOV. —————————— LC
Acrostichopteris sp. cf. A. parvifolia Fontaine VR
A.7? sp. VR
Cladophlebis acutipennis Qishi LC|RR
C. sp. cf. C. constricta Fontaine RR | RR
C. geyleriana (Nathorst) Yabe LC
C. matonioides Qishi LC
C. sp. cf. C. matonioides Oishi RR
C. osimaensis Oishi LC
C. sp. cf. C. virginiensis Fontaine — R| R|LC|LA
C.sp. A LC
C.sp. B RR
C.sp. C LC
C.sp. D RR | RR
C.sp. E VR
C.sp. F RR
C.sp. G RR
C.sp. H R
C.sp. 1 RR
c.sp. J R
Sphenopteris elegans (Yokoyama) Oishi LC
S.sp. A - R| R
S.sp. B LC
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Plant-bearing formations | 9 l§ < §
o =
= 22|
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Fossil plant-taxa -
Otozamites sp. cf. 0. kondoi Oishi VR VR
Zamites sp. cf. Z choshiensis Kimura et Ohana LC| LC| LC
Z. densipinnatus Kimura et Ohana LA
Z. sp. cf. Z. megaphyllus (Phillips) Seward - VR|LA| LC
Z. nipponicus Kimura et Ohana RR LA| LA
Z. sp.cf. Z. tosanus Qishi LC| R
Z sp. A VR
Z.sp. B VR
Z sp. C RR
Z.sp. D VR
Pterophyllum sp. A RR
Ptilophyllum jurassicum Kimura et Ohana LA
P. linearifolium Kimura et Ohana R | R |RR
P. oshikaense Kimura et Ohana RR|LC
P.sp. F R
P.sp. G LC VR
P.sp. H R
P.sp. 1 - R
Nipponoptilophyllum bipinnatum Kimura et Tsujii —==—======———— LC
Weltrichia sp. — VR
Williamsonia sp. VR
Pseudoctenis brevipennis Qishi R
P. sp. cf. P. lanei Thomas VR
P.sp. A VR
Nilssonia sp. cf. N. canadensis Bell - omem R L'C
N.sp. cf. N. densinervis (Fontaine) Berry ———- LE jLC|LE
N. longipinnata Kimura et Ohana LC
N.sp. cf. N. nigracollensis Wieland LA
N. oblique-truncata Kimura et Ohana R | LC
N. ex gr. schaumburgensis (Dunker) Nathorst LA|LA|LA
N.sp. A R
Cycadites sp. LC
Elatocladus sp. A VR
E.sp. B R
E.sp. C R
Frenelopsis sp. cf. F. choshiensis Kimura, Saiki et Arai ————————— LA
Brachyphyllum sp. A LG
Cupressinocladus koyatoriensis Qishi LA LC
C.sp. C LA €
Parasequoia sp. cf. P.cretacea Krassilov RR LC| LC
Pagiophyllum ? sp. LC
Taeniopteris sp. F RR
T.sp. G LC
Carpolithus sp. LC
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Although a number of plant-fragments have been collected from the Torinosu
Group, at present only Zamites sp. cf. Z. choshiensis KIMURA et OHANA is identified
(Mimoro, 1989).

The fossil plants collected from these groups are preserved only as impressions,
because of subsequent geological disturbances and intensive igneous activities. There-
fore, we could not make preparations for their cuticular and reproductive characters.
However, it is worth mentioning that these plant-beds of these groups are of marine
origin or sandwiched between the strata of marine origin. These strata yield am-
monites and other marine animals which are, as a matter of course, useful for precise
age-determination.

On the other hand, many plant-bzaring formations said to be of Late Jurassic
age have been known in the Middle East, Central and Southeast Asia, India and
China. But it is difficult to detzrmine their precise geological ages, because of their
non-marine origin.

2. Present status

Under the circumstances, we tried to make the detailed Late Jurassic floristics
in the Outer Zone of Japan and we succeeded to get over 10,000 specimens from
those groups with the help of many graduate and undergraduate students of the Tokyo
Gakugei University for five years.

Amongst above, fossil plants of the Tochikubo Formation of the Somanakamura
Group and those of the Oginohama Formation of the Oshika Group were already
described by KimMura and Tsuin (1984) and KiMmura and OHANA (1988a, b), and
KiMUurA and OHANA (1989a, b) respectively. Fossil plants of the Moné and Kogoshio
Formation of the Shishiori Group are described in this paper. In addition, KiMURA
et al. (1988) made brief remarks on the Late Jurassic floras in the Outer Zone of North-
east Japan.

Fig. 1 shows the geographical and stratigraphical situations of the plant-bearing
formations in the Outer Zone of Northeast Japan (reinserted from KIMURA et al.,
1988). Unfortunately we could not collect identifiable fossil plants from the Tomizawa
Formation of the Somanakamura Group.

3. Characteristics of the Late Jurassic flora in the Outer Zone of northeast Japan
We recognized 79 species (or forms) belonging to 30 genera as shown in Table |.
Although the constituent of the plant taxa is somewhat different according to

the localities and horizons, we are of the opinion that the fossil plants recognized

from the Somanakamura, Oshika and Shishiori Groups belong to the same flora as

a whole.

The geological age of this flora ranges from early Oxfordian to late Tithonian.

In this duration (ca. 20Ma ), no marked stratigraphical difference is recognizable.

Characteristics of this flora are as follows:

1) Ferns
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