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Introduction

In 1952, Professors T. MatsumoTo and K. KaNMERA of Kyushu University col-
lected the Albian fossil plants from the Yatsushiro Formation, Kumamoto Prefecture.
The material was kindly offered by them for my study. This is the first record of the
youngest fossil plants without Angiosperms in Japan.

Geology

In the Yatsushiro district, Southwest Japan, the Cretaceous strata are widely
exposed. According to the detailed study by T. Martsumoto, K. KANMERA, T.
TakaHAsHI and K. Fuinn (in MATsumoto, 1953), the Cretaceous System in this area
might be summarised as follows in descending order;

Tomochi Formation (Cenomanian-Turonian), 660 m thick; contains marine shells in the lower
member.

—unconformity—

Yatsushiro Formation (Albian, an equivalent of the upper half of the Upper Monobegawa
Formation), ca 580 m thick; contains plants and brackish mollusks in the upper member, shallow sea
and littoral animals in the middle member, and plants in the lower member (main plant bed).

—unconformity—

Hinagu Formation (Aptian, an equivalent of the lower half of the Upper Monobegawa Forma-
tion), 800 m thick; fossiliferous limestone yielding ammonites, echinoids and other marine shells, and
brackish mollusks at the base.

Hachiryuzan Formation (Hauterivian-Barremian, an equivalent of the Lower Monobegawa
Formation), 350 m thick; contains ammonites, echinoids and other marine shells.

Kawaguchi Formation (Berriasian-Valangian, an equivalent of the Ryoseki Formation), 400 m
thick : contains brackish mollusks and such plants as Adiantites toyoraensis OisHi, Cladophlebis exili-
formis (GEYLER), C. sp., Zamiophyllum buchianum (ETTINGSHAUSEN), Nageiopsis cfr. zamioides FON-
TAINE, Nilssonia sp. and Podozamites lanceolatus (L. & H.) ?

—fault or unconformity—

Permian System

The Yatsushiro Formation is subdivided into Lower, Middle and Upper members.
The Middle member yields a rich marine fauna consisting of bivalves, ammonites,
brachiopods, echinoids, crinoids and corals, among which the ammonites comprise
Albian species. Fossil plants occur mainly in the type area of the Upper member
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together with brackish mollusks.

The type locality of the Yatsushiro Formation is in the higher part of the moun-
tainous area along the boundaries of Kawamata-mura, Taneyama-mura, Shimomatsu-
kuma-mura, Kakisako-mura and Kuriki-mura, all the villages belonging to Yatsushiro-
gun, Kumamoto Prefecture. For further details of stratigraphy and fauna, see ““The
Cretaceous System in the Japanese Islands” compiled by the Cretaceous Research
Committee (Chairman, T. MATSUMOTO) (1953).

Composition and Characteristics of Yatsushiro Flora

Material: The plant remains described in this paper have been graphitised or
have lost the carbonaceous substance, and so while showing their form and venation
clearly, they are not suitable for the preparation of spores or cuticles. The specimens
here described are all deposited at the National Science Museum, Tokyo.

Composition: The collection includes the following identifiable genera and

species;
Lycopodiales: Lycopodites sp. p
Filicales: Gleicheniaceae: Gleichenites sachalinensis (KRYSHTOFOVICH) n. comb., G. zippei (CORDA)
SEWARD

Unclassified ferns: Cladophlebis acutipennis OisHi, C. elegantissima OisHl, C. ex gr. exiliformis
(GEYLER) OisHi, C. geyleriana (NATHORST) YABE, C. (Teilhardia?) kanmerai KIMURA sp. nov., C.
matsumotoi KIMURA sp. nov., C. undulata OisH1, Sphenopteris goepperti DUNKER, S. yokoyamai Y ABE,
Onychiopsis elongata (GEYLER) YOKOYAMA

Caytoniales: Sagenopteris inequilateralis OIsHI

Bennettitales: Ptilophyllum sp., Zamites buchianus (ETTINGSHAUSEN) SEWARD, Cycadolepis? sp.

Cycadales: Nilssonia ex gr. orientalis HEER, N. ex gr. schaumburgensis (DUNKER) NATHORST

The composition is somewhat different from the Ryoseki and the Monobegawa
floras of the type area, Kochi Prefecture. I call the plant assemblage listed above the
Yatsushiro Flora.

Characteristics of Yatsushiro Flora: This flora, like the Aptian-Albian floras of
Japan, is less rich in genera and species than the coeval floras of Western Canada and
Southern Primorye, and also the Neocomian floras of Japan.

1) Ferns unclassified are prominent, and most have fronds pinnately divided
three or more times and have small pinnules mostly with lobed margins and strongly
convex surface. Such new types of ferns as Cladophlebis (Teilhardia?) kanmerai, n. sp.,
C. matsumotoi 1. sp., and Sphenopteris yokoyamai flourished. Only classified genus
is Gleichenites which is more abundant than in the underlying floras.

2) Sagenopteris inequilateralis is peculiar to Japan, but it occurs only in Albian
and Aptian floras.

3) The only abundant cycadophyte is Zamites buchianus which has hitherto been
called Zamiophyllum buchianum. Nilssonia leaves are mostly small-sized. Ptilophyllum
leaves are less common than in the underlying floras in the Outer Zone of Japan.

4) The collection includes no ginkgoalean, broad-leaved conifer nor other

conifer leaves.



Mesozoic Plants from the Yatsushiro Formation 181

5) Though this flora is somewhat different in composition from the underlying
floras of the Outer Zone of Japan, it is clearly a member of the Outer Zone Palaeo-
floristic Province of Japan (KIMURA, 1961, 1975a, b; KIMURA & HIRATA, 1975; KIMURA
& SEKIDO, 1963), because it contains such indicators characterising this province during
the late Jurassic to early Cretaceous as Zamites buchianus, Nilssonia ex gr. schaum-
burgensis and Ptilophyllum sp. of Outer Zone-type.

6) Judging from the stratigraphical and the palaeontological facts mentioned
before, the geological age of this flora is undoubtedly Albian. Nevertheless, it is re-
markable that no Angiosperm is found in the collection. The coeval floras in Southern
Primorye, Northern Alaska, Western Canada and also Siberia contain a considerable
number of Angiosperms.

From the Japanese Lower Cretaceous strata, merely two types of fossil remains
with some affinity to Angiosperm are known; one is a pollen grain, Tricolpopollenites
sp. (TAKAHASHI, 1972) from the Albian Tanohata Conglomerate Member, the lower
part of the Shimohei Formation, Miyako Group, Iwate Prefecture, and the other is a
petrified wood, Tetracentronites japonica NISHIDA, 1962 from the Aptian bed of the
Choshi Peninsula, Chiba Prefecture.

Comparison with Coeval Floras

A) Comparison with the Wealden-type floras

1) Comparison with the Upper Monobegawa floras (Aptian-Albian) in the
Outer Zone Palaeofloristic Province of Japan.

In Kochi Prefecture, the type area of the Upper Monobegawa Formation, the
following plants were recorded (M. HIRATA, 1972; KiMURA & HIRATA, 1975): Glei-
chenites nipponensis OISHI, Adiantites sewardi YABE, A. toyoraensis OISHI, A. spp.,
Onychiopsis elongata (GEYLER), Cladophlebis acutipennis OisHi, C. argutula (HEER),
C. denticulata (BRONGNIART), C. distans (HEER), C. exiliformis (GEYLER), C. hukuiensis
OisHi, C. lobifolia (PHILLIPS), C. takezakii OISHI, C. undulata OISHI, Sagenopteris
inequilateralis O1SH1, Ptilophyllum ex gr. pecten (PHILLIPS), Zamiophyllum buchianum
(ETTINGSHAUSEN), Nilssonia orientalis HEER, N. schaumburgensis (DUNKER), Podo-
zamites lanceolatus (L. & H.), Brachyphyllum expansum (STERNBERG). In addition to
the above KIMURA & HIRATA (1975) described Tuaeniopteris sp. cfr. Nilssoniopteris
rhitidorachis (KRYSHTOFOVICH) KRASSILOV.

The geological age of the Upper Monobegawa Formation extends over the Aptian
to Albian and this formation has not yet been subdivided into upper and lower mem-
bers. We have no detailed information about the stratigraphical distribution of the
above plants. Apart from the doubtful record of Podozamites lanceolatus, however,
the Upper Monobegawa Flora is undoubtedly similar to the Yatsushiro Flora in com-
position.

The florule of the Aptian Hoji (or Boji) Formation, Tokushima Prefecture, consists
of Cladophlebis acutipennis, C. exiliformis, C. geyleriana, C. hukuiensis, C. nathorsti,
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Sphenopteris yokoyamai, Onychiopsis elongata, Zamiophyllum buchianum, Nilssonia
schaumburgensis and Brachyphyllum japonicum (YOKOYAMA, 1894; YABE, 1922, 1927b;
OisH1, 1940). There is no marked distinction between the Yatsushiro Flora and this
florule.

NisHIDA (1960) described the following species from the Aptian bed of the Choshi
Peninsula, Chiba Prefecture. Judging from the illustrations, however, the specimens
are very small fragments and I am unconvinced by the determinations marked with
asterisk. If these questionable ones are excluded, the flora agrees with the Yatsushiro
Flora fairly well.

Equisetites sp., Coniopteris burejensis*, Cladophlebis acutipennis, C. exiliformis,
C. nihei-takagii NisnipA, C. parvula, C. raciborskii?*, Adiantites sewardi, Onychiopsis
elongata, Otozamites sp.*, Ptilophyllum pecten, Nilssonia orientalis, N. schaumburgensis
var. parvula, Czekanowskia rigida*, C. sp.*, Sphenobaiera furcata?*, Nageiopsis longi-
folia*, Podozamites lanceolatus*, Frenelopsis hoheneggeri, Carpolithus sp.

Recently I examined the material collected by M. MATSUKAWA from the Aptian
Sebayashi Formation, Gumma Prefecture, Kwanto Mountainland, and identified the
following genera and species (KIMURA & MATSUKAWA, MS): Lycopodites? sp., Clado-
phlebis acutipennis, C. nathorsti, C. (Osmunda) takezakii, C. spp., Sphenopteris ex gr.
goepperti, Acrostichopteris sp., Onychiopsis elongata, Ptilophyllum ex gr. pecten, Zamites
buchianus, Nilssonia cfr. canadensis, N. ex gr. schaumburgensis, Nageiopsis? spp.,
Cyparissidium japonicum.

Except for Nageiopsis? spp. and Cyparissidium japonicum, this florule is not es-
sentially different from the Yatsushiro Flora in composition. The above locality is
the same as Kagahara called by YOKOYAMA (1894).

In the Outer Zone of Japan, the Albian flora is close to the Aptian floras in com
position, except for the abundant occurrence of coniferous wood in the Aptian bed of
the Choshi Peninsula (NISHIDA, 1962, °65, 66, *67a, b, '72, ’73), but both are some-
what different in composition and number of species from the late Neocomian Lower
Monobegawa and early Neocomian Ryoseki floras.

NISHIDA states that there are 26 distinct types of coniferous wood mainly from the
conglomerate of the Choshi Peninsula, but unfortunately their corresponding shoots
or leaves are not known.

2) Comparison with the Albian flora of Southern Primorye

The early Cretaceous floras of Southern Primorye were studied in detail by
KRASSILOV (1967). The Lower Cretaceous strata bearing plant remains are distributed
mainly in two areas. In the southeast, mainly along the Sutschan River, the Lower
Cretaceous System is divided into the Taukhin (mainly Berriasian), the Kljuchev
(mainly Valangian), the Starosutschan (Lower Sutschan, Barremian), the Severo-
sutschan (Upper Sutschan, Aptian) and the Frentzev (Albian) Formations. In the
southwest, mainly along the Sujfun River, the Lower Cretaceous System is divided
into the Ussuri (Barremian), the Lipovetz (Aptian) and the Galenkov (Albian) Forma-
tions. These, apart from the Taukhin and the Kljuchev Formations, constitute the
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Nikan Group. The Albian flora from the Frentzev and the Galenkov Formations is

shown below.

Southeastern area (Frentzev Formation); Isoetes sp.*, Equisetites sp., Ruffordia goepperti*,
Coniopteris burejensis, Onychiopsis psilotoides, Vargolopteris rossica*, Ussuriopteris rossica?, Clado-
phlebidium dahuricum*, Pelletieria ussuriensis, Cladophlebis frigida, C. novopokrovskii, Cycadites cfr.
Pseudocycas dicksonii*, Ginkgo pluripartita, Paramopyle florinii*, Athrotaxopsis expansa, Elatides
asiatica, E. ex gr. curvifolia, E. obtusifolius*, Brachyphyllum ex gr. obesum*, Sassafras ussuriensis*,
Aralia lucifera*, Sapindopsis cfr. Artocarpidium sp.*, Cissites sp.* (Species with asterisk have not
been found from the other area).

Southwestern area (Galenkov Formation); Egquisetites sp., Pelletieria ussuriensis, Coniopteris
burejensis, Onychiopsis psilotoides, Adiantopteris sewardi*, Teilhardia tenella*, Acrostichopteris pluri-
partita*, Cladophlebis frigida, C. novopokrovskii, Sagenopteris mantelli*, Neozamites denticulatus®,
Sphenozamites sp.*, Pterophyllum pterophylloides*, Cycadites sulcatus*, Cycadospadix sp.*, Nilssonia
densinervis*, N. ex gr. orientalis*, N. ex gr. brongniarti*, Ginkgo pluripartita, Baiera manchurica*,
Sphenobaiera sp.*, Podozamites tenuinervis*, Pityospermum prynadae*, Athrotaxopsis expansa, Elatides
asiatica, E. ex gr. curvifolia, Brachyphyllum ex gr. expansum*, Sujfunophyllum dichotomum*, Hydro-
pterandium sp. B*, Samalopsis sp. B*, Cercidiphyllum sujfunense*, Laurophyllum sp.*, Dicotylophyllum
sp. (Species with asterisk have not yet been found in the Southeastern area).

It is noteworthy that the floral composition is fairly different between the two
areas, and that such Siberian elements as Neozamites, Baiera, Sphenobaiera and
Podozamites appear to be restricted in the southwestern area only.

The Albian flora of Southern Primorye shown above separately, is fairly rich in
genera and species and contains several Angiosperms, though they are not abundant.
The smaller number of genera and species in the Yatsushiro Flora makes a precise
comparison with the Albian flora of Southern Primorye difficult. Possibly the poorer
Yatsushiro Flora grew in a less favourable climate.

3) Comparison with the Albian flora in Western Canada

BELL (1956) recorded the following species in Albian flora of Western Canada:

Isoetites horridus, Equisetites lyelli, Cladophlebis virginiensis, C. frigida, C. alberta, C. oerstedi,
Onychiopsis psilotoides, Gleichenites giesekianus, G. nordenskioldi, C. ladophlebis (Gleichenites) munda,
C.(G.?) sp., Sphenopteris (Gleichenites?) erecta, S. newberryi, S. mclearni, S. spp., Phyllites asplenioides?,
Sagenopteris elliptica, Pterophyllum validum?, Pseudocycas sp. cfr. unjiga, P. sp. B (cfr. unjiga), Zamites
tenuinervis, Williamsonia? recentior, Nilssonia schaumburgensis?, N. canadensis, Elatocladus brevifolia,
Pityophyllum sp., Sequoia condita, Geinitzia? jenneyi?, Cyparissidium? gracile?, Pagiophyllum ambi-
quum, P. sp. B, Brachyphyllum crassicaule, Podozamites lanceolatus?, Desmiophyllum (Podozamites?)
sp., Podozamites? stenopus?, Salix inaequalis?, Populites dawsoni, Ficus ovatifolia, F. fontainii?, Tro-
chodendroides (Cercidiphyllum?) potomacensis, Menispermites reniformis, M. potomacensis, M. sp.,
M.? sp., Nelumbites sp., Magnolia? sp., Cinnamomoides ovalis, C. sp., Capparites? sp., Platanus sp.,
Celastrophyllum acutidens, Rhamnites sp., Myrtophyllum boreale, Sapindopsis angusta, S. belviderensis,
Fontainea grandiflora, Araliaephyllum westoni, Dicotylophyllum sp., Antholithes sp.

Excluding Angiosperms and conifers, the Yatsushiro Flora seems to be close to
the Albian flora in Western Canada in general composition. Abundant conifers in
Western Canada suggest a somewhat different environment.

B) Comparison with the Tamodani Flora (Aptian) in the Inner Zone Palaeofloristic
Province of Japan.
In 1975, I described the Tamodani Flora, which was the youngest one among the
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early Cretaceous floras of the Inner Zone of Japan (KIMURA, 1975a). The Tamodani
Flora consists of the following genera and species; Osmundopsis? sp., Gleichenites
aff. porsildii, Arctopteris sp., Jacutopteris sp., Adiantites sp. A, Cladophlebis ex gr.
denticulata, C. cfr. pseudolobifolia, Sphenopteris kochibeana, Sphenobaiera? sp., Gink-
goidium? sp., Podozamites sp. cfr. P. eichwaldi, Pityophyllum sp., Conites sp. In
addition to the above, M. MATSUKAWA recently collected Nilssonia sp.

The Yatsushiro Flora is quite different in composition from the Tamodani Flora
which is a member of the Inner Zone Palaeofloristic Province of Japan.

C) Comparison with the Albian floras in the Siberian Palaeofloristic Area.

There are many Albian floras in the Lena, the Kolyma River, the Bureja Basins
and Torom Lowland and also in North Alaska. One of them, the flora of West
Priokhotie recently described by LEBEDEV (1974) is taken here for comparison. This
flora is very rich, consisting of three types of mosses, four types of horsetails, twenty-
four types of ferns including Osmunda, Ruffordia, Coniopteris, Lobifolia, Birisia,
Onychiopsis, Arctopteris, Asplenium, Acrostichopteris, Cladophlebis, Ochotopteris and
Sphenopteris, nine forms of Nilssonia, three types of Taeniopteris, twelve types of
ginkgoaleans, two types of Czekanowskiales, twenty-two types of conifers including
Pagiophyllum, Pseudolarix, Pityophyllum, Schizolepis, Sequoia, Parataxodium, Athro-
taxites, Athrotaxopsis, Elatocladus, Cephalotaxopsis and Podozamites, two types of
unknown seeds and five forms of Angiosperms.

Needless to say, the Albian floras of the Siberian Palaeofloristic Area is quite
different in composition from the Yatsushiro Flora. According to VAKHRAMEEV,
the Siberian floras grew under the humid and tempertate climates, differing from
those of the Indo-European Palacofloristic Area under more arid climates.

As mentioned repeatedly by me, the Outer Zone Palaeofloristic Province of
Japan during late Jurassic to early Cretaceous age, is included into the Indo-European
Palaeofloristic Area.

Brief Comparison with the Neocomian Floras of
the Outer Zone of Japan

In the type area of the Lower Cretaceous strata in the Outer Zone of Southwest
Japan, we have two rich floras, the early Neocomian Ryoseki (s. str.) and the late
Neocomian Lower Monobegawa floras. The constituents of both floras were men-
tioned previously by KiMURA and HIRATA (1975) in detail.

The main difference between the Yatsushiro and these Neocomian floras are
briefly mentioned below.

1) The Yatsushiro Flora and the Upper Monobegawa floras (Aptian-Albian)
of the Outer Zone of Japan have generally a smaller number of genera and species
than the Neocomian floras.

2) Fairly abundant Matoniaceous ferns characterising the Neocomian floras of
the Outer Zone of Japan have not been found in the Yatsushiro Flora.



Mesozoic Plants from the Yatsushiro Formation 185

3) Gleicheniaceous ferns are rather less common in the Neocomian floras.

4) Cycadophytes are fairly varied and abundant in the Neocomian floras, but
they are less varied and fewer in the Yatsushiro Flora. Ptilophyllum is common in
the Neocomian floras, but is much decreased in the Yatsushiro Flora. Taeniopteris
leaves possibly belonging to Nilssoniopteris are common in the Neocomian floras, but
have not been found in the Yatsushiro Flora.

5) Conifers are fairly varied and common in the Neocomian floras, but have
not been found in the Yatsushiro Flora.

We can not yet judge whether the Yatsushiro Flora is characteristic of only this
locality or it will be found equally in other localities. If its occurrence would be
limited, it could suggest an unfavourable environment.

Preliminary Notes on the Origin of the Early Cretaceous
Floras in the Outer Zone of Japan

Among the species of the early Cretaceous floras in the Outer Zone of Japan, no
species of older Mesozoic type has been found so far. Even the oldest species does
not go back to the Liassic in age. New species that appeared in the early Cretaceous
are restricted in the Outer Zone. On the other hand, most of species of the coeval
floras in the Inner Zone are of the older Mesozoic type. Of course, a good number
of new species appeared in the early Cretaceous, but most of them are similar to the
ones of the Siberian early Cretaceous and are restricted in the Inner Zone of Japan.

In the Japanese Islands, the stratigraphical boundary between the older Mesozoic
and the younger Mesozoic floras might correspond to that between the Higashinagano
Formation (Hettangian-Sinemurian) and the Nishinakayama Formation (Pliens-
bachian-Toarcian) in Yamaguchi Prefecture.

The floras of the Nishinakayama Formation and its superjacent Utano Formation
(Toarcian-Callovian?) contain elements of both older and younger Mesozoic floras.
But in later ages, most of younger elements and their descendants were concentrated
in the Outer Zone to form the Outer Zone Palaeofloristic Province of Japan, while most
of the older elements and their allies still survived in the Inner Zone to form the Inner
Zone Palaeofloristic Province of Japan.

In Southern Primorye and Western Canada, the Albian floras, which include
Angiosperms and rich and varied conifers, are considerably different in composition
and character from the underlying early Cretaceous floras. In the Outer Zone of
Southwest Japan, however, the floral change over this period was slighter and suggests
a more constant environment during the Neocomian to Albian.
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