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I. Introduction

The purpose of description of species of the Asuwa Flora is to present palaeo-
botanical evidence available for the correlation of the Late Cretaceous floras of
Japan and also those of the Northern Hemisphere as a whole.

Our knowledge on the Late Cretaceous floras of Japan has, until recently, been
fragmentaly, except of these of the so-called “Nilssonia-bed” of the Hakobuchi
Sandstone Bed from Hokkaido (S. Endo: 1925; 57-72, XI-XVIII), the Kadonosawa
Formation of the Kuji Group in Iwate Prefecture (Y. Sassa: 1932; 401-430), the
flora in Tsushima Is. (I. Tateiwa : 1933 ; 185-209, XXIII, XXIV),* etc. However,
several years ago, S. Endo and M. Amano of Kumamoto University in Kyushu,
contributed a preliminary note (1952; 317) on the Late Cretaceous plants fossils
from the area of the Tetori Group in the Innerside of Central Japan. These were

collected by T. Kobayashi and S. Maeda at Omichidani, Shiramine-mura, Ishikawa-

* This flora does not contain impressions of Nilssonia and Sequoia etc. Most recently discovered a
Sabalites from these Islands (K. Takahashi: 1958 ; 185-188, XXVIIa), so it is doubted if it belongs
to the Palaeogene Age.
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gun, Ishikawa Prefecture. A few years later, T. Oyama of Ibaraki University in
Mito, discovered the (arai Flora (1956 ; 53-73, I-IX) from the neighbourhood of
Mito City, Ibaraki Prefecture.

Thus, almost simultaneously the Late Cretaceous floras were discovered in both of
the inner and the outer sides of Japan to a rouse a great interest among paleontologists
and geologists. However, as the Qarai flora does not contain Nilssoniz, which is a
primitive Mesozoic cycas, the writer can not compares it with the Omichidani flora
mentioned above. More recently, S. Endo reported on some interesting plant fossils
of the Late Cretaceous bed in Hokkaido (1957 ; 445): his report on the Suritaki flora
from Hiroshima Prefecture followed (1959 ; 456).

The writer and S. Kida (1953 ; 324) discovered many plant fossils from debris
of the abandoned mines at Sarao, Kamiikeda-mura, Imadate-gun, Fukui Prefecture
(Lat. 35°51’40” N. and Long. 136°21’ 297 E.), and in the following year S. Endo and
M. Amano published a report on the similar occurrence at Omichidani. It is when
the writer described the new species Nelumbo orientalis in 1953 (1954 ; 155-158, XX),
that the name Asuwa Flora was proposed to the late Cretaceous plant fossils, after
the Asuwa-gawa, considering it as an equivalent of the Jurassic Tetori Flora of M.
Yokoyama (1894 ; 212) named after the Tetori-gawa.

This Asuwa Flora very closely resembles the fossil flora of the Omichidani bed,
and is similar to the late Cretaceous floras of Hokkaido (S. Endo : 1925 ; 59), North-
east Honsha (Y. Sassa: 1932; 429), South Korea (I. Tateiwa: 1929: 5 and 1934 ;
193, and N. Hatae: 1927; 4), North Sakhalin (A. Kryshtofovich: 1918; 2 and H.
Yabe : 1927 ; 32), Alaska (O. Heer: 1871 ; Bd. II, No. 2 and A. Hollick: 1930; 15-
16, 24-25, 26, 28-30), Canada (M. A. Bell: 1949 ; 16-35 and 1957 ; 6-7), Portugal (C.
Teixeira : 1948 ; 33-118), Greenland (O. Heer : 1875 ; Bd. III, No. 2 & No. 3; 1882
Bd. VI and 1883 ; Bd. VII), etc., all these localities of the late Cretaceous floras
being in the Northern Hemisphere.

Members of the Asuwa Flora, and the numbers of specimens examined each of
them are as follows (Table 1 (p. 179) Fig. 1 (p.180) );--

As above mentioned, all of the fossil specimens dealt with in this paper were
collected by the writer himself during several years (chiefly 1952 to 1957) in the
upper reaches of the Asuwa-gawa. Most of the material was found within “Zuri”
(that means the waste dumps of coal workings), and, as the exposure of the plant
bearing rock is almost lacking, the stratigraphic position of the fossils in the rock
sequence has not been as certained in consequence.

Besides, collection of some plant fossils of the late Cretaceous age was made in
the neighbourhood of the tunnel of Tanitogé and of Goshogahara at the road-cutting

of the Shiramine-Katsuyama Bus line.
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Table. 1: The Elements of the Asuwa Flora

T ces ok
1. Equisetites sp. 2 1 0 0
2. Osmunda asuwensis sp. nov. 16 15 0 0
3. Pteris a sp. 1 0 0 0
4. P. B sp. 0 1 0 0
5. Chladophlebis frigida (Heer) Seward 37 12 0 0
6. C. . grinlandica (Heer) 20 14 0 0
7. Sagenopteris ? sp. 0 0 0 7
8. Nilssonia orientalis Heer 33 4 0 0
9. N. serotina Heer 35 14 0 0
10. N. orbiculata sp. nov. 11 10 0 0
11. N. asuwensis sp. nov. 90 25 0 0
12. N. glossoformis sp. nov. 67 19 0 0
13. Dioon ? sp. 1 3 0 0
14, gfgﬁif‘ntes pseudoadiantoides (Holllick) 79 12 0 0
15.  Sequoia cf. sempervirens 54 34 0 0
16. Taxodium cf. disthicum 32 18 0 0
17. Metasequoia cf. glyptostroboides 24 59 0 0
18. Carpolithus a sp (Cycaceous seed) 92 0 0 0
19. C. £ sp.(Palmocarponeous seed) 9 3 0 0
20. Populites sp. 2 0 0 0
21. Alnus ? sp. 0 0 3 0
22. Menispermites sp. 4 8 0 0
23. Nelumbium orientalis Matsuo 2 0 0 0
24. Vitis sp. 4 1 0 0
25.  Viburnum sp. 10 6 0 0
26. Sapotacites ? sp. 1 0 0 0
27. Carpolithus 1 sp. 4 1 0 0
28. C. d sp. 2 0 0 0
29. Gramineous leaves 0 0 0 15
Total j 535 | 260 3 22

820 t

** Sa=S8arao, Sh=Shizuhara, Sn=Sengokudani & Sg=Sugd

179
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Fig. 1: Comparison of the Floral Elements from Localities concerned.
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At Tanitogé (Omichidani, Ishikawa Prefecture).

Ginkgoites pseudoadiantoides (Hollick) Florin (1 )#*%*
Taxodium cf. disthicum (15)

Nymphaeites (?) trapelloides Matsuo (129)%#*%*
Gramineceous leaves (65)

At Goshogahara (Katsuyama City, Fukui Prefecture).

Chladophlebis sp. (Dryopteris sp. ?) (8)
Sequoia cf. sternbergi (Goppert) Heer (5)
S. cf. ambigua (4)

Glyptostobus ? sp. (3)

Conifern leaf (1)

Before writing this report, the writer wishes to express his sincere thanks to
the members of the Institute of the Geology and Palaeontology, Tohoku University
in Sendai, where the writer had the privilege of carrying out the palaeobotanical
works in 1957 as a research student of the Educational Department ; he is especially
deeply indebted to Prof. E. Kon'no for his valuable advice, guidance, and the pro-
vision of necessary material : the writer also greatly owes to the valuable advices
of the members of the Institute of the Botany, Tohoku University and Kanazawa
University : and, last but not the least the writer’s thanks are due to Dr. I. Haya-
saka, the president of Shimané University in Matsué, for his kindly criticism and
reading the manuscripts of this paper.

II. Geological Notes on the Asuwa Formation.

The Asuwa Formation includes no layer of marine facies, being constituted of
alternating clastic and pyroclastic sediments, with the maximum thickness of 1,000
m : it is exposed in the upper reaches of the Asuwa-gawa.

The Formation is covered with liparitic tuff and andesitic boulder agglomerate
of the Miocene age -- the so-called “Green tuff group”.

The Asuwa Formation is separated into two beds, namely,

the lower : 1) Doai Bed (Rich in coarse sandstone layers.)
the upper : 2) Sarao Bed (Rich in alternation of sandstone and shale
laminae.)

The Sarao bed contains an unworkable coal seam, but worked as a “Lignite” for
a while during the World War II: (1943-46), and abundant plant fossils were ob-

tained in it.

#%%  This number in rounded bracket shows the number of specimens collected.
#kkk This species will be taken into consideration again somewhere else.
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Fig. 2: Explanational map of the River names and Localities of the
Cretaceous beds in the Hokuriku district.

River names ; S: Sho-kawa, J : Jinzti-gawa, T : Tedori-gawa, D : Daishoji-gawa,
K : Kuzuryu-gawa and A : Asuwa-gawa.
Localities ; 1: Sarao, 2 : Suhara, 3 : Urushidani, 4 : Tanitogé 5: Togadani, 6: Saija 7 : Naru.
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Table. 2: Stratigraphic Relation of the Plant-bearing
Late Cretaceous Sediments in Japan.
\ Area Hokuriku District Honshu
\ 5 .
Asuwa Tedori River Kuzuryt Gifu Izumi Naka—i at Kuji Hokkaido
Age Omichidani| Ushikubi Mount. | _ r:rzr;i ©
. . . - ,
River Katsuyama| River River Pref. Range (éyama,%)l((Sassa 32)
Terti— “Green Pliocene | Miocene | Palaeo—
tuff” Andesite gene Palaeogene
ary Group Sed. Sed. Sed.
. . Nohi Hakobuchi
Omodani Rhyolite
Rhyolite Group
£ 2| Naka— |, U Y
Q S, . =] p. Yezo
& | |7 |Omichidani| Maruishi- | Heikedake 2| suya
= s Bed o Group
E Bed dani - B.
z 2 Low. Y
g <| . .. |(Ohara B)| Bed Form. |g&| Neru ow. Yezo
3 DoaiB. =] Bed
g [ e Group.
| T R e
-
© Sugiyama—-| Akaiwa | Kuzawa Lower
dani Bed Creta.
§ Bed Form. |
Togadani
2 [Takinami-| (Tos B) _o__
gawa | Kuwajima
Bed) Bed
____________________________________ Itoshiro
Gomijima
Upper Bed Group
Kuzuryh
Jura.
Group
Base- | Permian Hida Griligs & Granite | Granitic
Granite Palacosoic & Hida
ment Rocks Gneiss R Gneiss Rocks
_____________________________ unconformity wereeeeeeeeo conformability
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The upper, the Sarao bed, contains pyroclastic sediments, which is correlated to
the Omodani liparitic rocks (it lies on the upper part of the Heikedake Formation,
named by M. Kawai; 1956, p. 563) and its distributional area reaches to the Hida
mountains region®***** and Southern Korea (N. Hatae : 1937 ; p. 4). In the upper re-

aches of the Tedori-gawa, its characteristic rocks are distributed in Tanitogé, Ka-

tsuyama City, etc.

In the graduation thesis presented to the Kanazawa University in 1958,

writer regarded that there are two beds, namely, the lower Takinamigawa bed and

the upper Ohara bed.
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Fig. 3: Geological Map of the upper Reaches of the Asuwa-gawa,

Fukui Prefecture, Central Japan,

%% Mr, K.Kawada, a geologist of the Geological Survey of Japan, discussed about the Nohi liparitic
rocks in 1960, at the Meeting of the Geological disccusion held at Kanazawa University.

the
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Columnar Section of the Asuwa Formation (Neighbourhood of the Sarao Village)

H > O o

O

Y —— Tuffaceous S.s. looking like Liparitic rocks.
P .
x — Plant fossils (rare).
P .
x — Plant fossils (rare).
e
had
—— Pebbly conglomerate layer.
— Flinty tuffite.
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o
e o
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w
e
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Fig. 4: Columnar section of the upper Reaches

of the Asuwa-gawa, Fukui Prefecture,

Central Japan.
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The lower, the Takinamigawa bed, contains remains of non-marine shells and
fragments of land plants. In these non-marine shells, S. Maeda (1955 ; I-III)
recognized four species from the Sugiyamadani, outskirts of Katsuyama City (cfr.
fig. 5), namely, Unio (Nippononaia) sp., Plicatounio sp., Nakamuranaia ching -
shanensis (Grabau) and Viviparus (Sinotaia ?) keishoensis Suzuki. He considered that
these non-marine shells indicate the same age as the Naktong Series in Southern
Korea, and suggested that their horizon corresponds to a part of the Akaiwa subgroup
in the Tetori Group. The writer and some students of Kanazawa University, have
collected shells of Corbicula, Osirea and Viviparus spp. beside Omnychiopsis elongata
Geyler and other plant remains at the river side of the Takinami-gawa.

The Takinamigawa bed is considered to have been deposited in the early Creta-
ceous age, as was pointed out by Maeda.

The upper, the Ohara bed, lies on the Takinamigawa bed unconformably, and
contains plant fossils at Tanitogé, Goshogahara, etc., and its rock characters suggest
its identity with the Sarao bed in the upper reaches of the Asuwa-gawa.

Then, it is as follows that the stratigraphic relation of the plant-bearing late

Cretaceous sediments of this area correlating with other localities in Japan (Table-

2).
a) Previous Works.

The first published record of a geological study in the upper reaches of the
Asuwa-gawa is that by K.Suzuki, a member of the Research Institute for Natural
Resources, in 1943 ; he considered that this Asuwa formation belongs to the Tetori
Series of which the age is regarded the late Jurassic. And he remarked on the Sarao
bed (1943 ; 80-81), as follows “-- this sandstone contains arkose sandstone abund-
antly, sometimes changes into conglomerate: and the muddy layer contains frag-
mentary plant fossils (Loc. 12), occasionally accompanying unworkable coal seam.
--” (in Japanese).

More recently, Z.Tsukano and S.Miura (1959 ; 130-131) of the Fukui University,
have carried out a survey of this area, and distinguished two beds in the Asuwa
formation, the “Doai tuff” and the “Sarao alternation”. And they prepared a detailed
geological map (1959 ; 130, fig. 5) of this area as well as a columnar section (op.
cit. fig. 6) of the Asuwa formation.

In the Omichidani and in the outskirts of the Katsuyama City, S. Maeda of the
Chiba University made geological surveys in 1951 and in 1953, and collected above
mentioned plant fossils in the Omichidani (1952 ; 316), and also discovered a bed of
non-marine shells in the Sugiyamadani, outskirts of Katsuyama City.

In this report, a cursory geological map and a columnar section of the Asuwa
formation and the ¢michidani bed are given. (p. 184, 185 and 186)

b) Age of Plant Bearing Formation.

In the upper reaches of the Asuwa-gawa, the single plant-bearing Sarao bed
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lies on the Doai bed which consists of pyroclastic rocks and contains not only
evidence of marine fossils (? ) but some other organic remains. '

At the Tanitogé, there is the same feature as above, that is, a plant-bed lies on
the pyroclastic rocks (a quartz-porphyry in appearance), and contains a muddy shale
layer with some plant fossils.

From this fact, the writer concludes that the evidence of the marine fossils in
the formation decides the age of the plant-bearing bed of the Asuwa Flora. Never-
theless, the plant species of the Asuwa formation and Omichidani bed, as are
given in the Introduction, are widely distributed as in Honshu and Hokkaido in
Japan, Sakhalin, Alaska, North America, Greenland, Portugal, etc.

W. A. Bell (1957 ; 10-11), when published the work on the plant species of the
Nanaimo Group in Canada, explained that there are four groups as follows ;

1) The Long-ranging species or similar species that survived from Cenomanian

or Turonian.
2) The Santonian-Maastrichtian species or similar species.
3) The Maastrichtian species or similar species.
4) The Early Tertiary species or similar species.
Following the pattern of the above mentioned four categories, the formational
distribution of species of the Asuwa Flora is something as follows ;
A) The long-ranging species or similar species that survived from the Late
Jurassic or Early Cretaceous age.
Nilssonia orientalis Heer

B) Early-Late Cretaceous species or similar species ;
Nilssonia serotina Heer

C) Late Cretaceous-Early Tertiary species or similar species ;
Osmunda asuwensis sp. nov.
Chladophlebis frigida Heer
C. grinlandica Heer
Ginkgoites pseudoadiantoides (Hollick) Florin
Sequoia cfr. sempervirens Endlicher
Taxodium cfr. disthicum Endlicher
Metasequoia cfr.glyptostroboides Hu et Cheng
Glyptostrobus ? sp.
Nelumbium orvientalis Matsuo
Menispermites sp.

D) Early-Late Tertiary species or similar species ;
Alnus ? sp.
Sapotacites sp.

Judging from these four categories, the writer can not but conclude that the
Asuwa Flora thrived in the late Cretaceous age ; table 3 (p. 189) shows the situation

as follows;
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Table. 3: Geological Range of the Fossil Species of the Asuwa Flora.

Age Early Late

Early Tert.
Species Cretaceous

Osmunda asuwensis sp. nov. ~

Chladophlebis frigida Heer - [

C. grinlandica Heer ‘

Nilssonia orientalis Heer '

N. serotina Heer

N. orbiculata sp. nov. o
N. glossoformis sp. nov. \_

N. asuwensis sp. nov. I

Dioon ? sp. |

Sequoia cf. sempervirens

|
)
Ginkgoites pseudoadiantoides (Holl.) 1 e

Taxodivm cf. disthicum

Metasequoia cf. glyptostroboides

Menispemites sp.

Nelumbium orvientalis Matsuo |

Nymphaeites ? trapelloides Matsuo ’

Viburnum sp. ‘ L {

Sapotacites ? sp.

|
|
Carpolithus B sp. 1 |
|
I
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Localities of the Late Cretaceous
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ITI. Correlation of the Late Cretaceous Plant-Bearing Layeres
with those of the Other Localities in Japan.

The plant bearing layers of the late Cretaceous in Japanese Islands hitherto
known are recorded as follows; (fig. 6, p. 190))

)

2)

3)

4)

5)

6)

D

The Hakobuchi group of Hokkaido. (The Hakobuchi Flora was reported
mainly by S. Endo in 1925 ; and more, there are some Anatomical botanists
such as M. C. Stopes & K. Fujii (1910), Y. Ogura (1930) and M. Shimakura
(1930), etc.)

The Kuji group of Iwate Prefecture, Northeast Honshu (mainly Kadonosawa
Flora was reported by Y. Sassa in 1932.)

The Qarai Formation of Ibaraki Prefecture in Kanto District, (Qarai Flora
was studied by T. Qyama in 1956.)

The Izumi Group in Izumi Mountain Range in Kinki District (H. Matsuo ;
1957).

The Omichidani bed of Ishikawa Prefecture, Inner side of Central Honshu
(S. Endo & M. Amano ; 1952).

The Naru Formation of Gifu Prefecture, Outer side of Central Honshu (M.
Kanuma ; 1952).

The Suritaki Formation of Hiroshima Prefecture, Southwestern Honshu (S.
Endo established Suritaki Flora in 1959).

1) The Hakobuchi Group.

This group contains many plant fossils, of which are described by S. Endo (1925 ;
57-60), the following ;

Endo’s species (emended by Oishi in 1940) Usage in this Paper.

Cladophlebis frigida (Heer)

C.

torelli (Heer) ? «coevvevemvieniinniiinn, Chladophlebzs Sp.

Sphenopteris dicksoniana (Heer) ?

Phyllites sp. (cf. Adiantoides formosum Heer)

Glossozamites ? Imaii Endo--coeeveeiii Nymphaeites angulatus Bell ?

Phyllites sp. (cf. Sphenozamites rogersianus Fontaine ?)
Cycadeoidea nipponica Endo

Nilssonia cf. oriemtalis Heer-«cooooiviiiinin. N. orientalis
N. cf. Johnstrupi Heer---oooeorveeiiiniiiiiiiiis N. orientalis
N. Serotina Heer

Libocedrus sabiniana Heer

Sequoia heterophylla Velenovsky.
Populus denticulata Heer

P.

arctica Heer ? «covevvviiiiiiiiiiiiiiiiiiiinn P. denticulata
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Rhamnites apiculatus Lesquereux

Protophyllum obovatum Newberry

More recently, S. Endo reported on some plant fossils which had been collected
by T. Matsumoto (1957 ; 455). They are very interesting in the late Cretaceous flora

of Japan : these are

Cycadites sp. (seed)
Araucarites sp. (cone and seed)
Bauhinia cretacea Newberry
Carporithus sp.

Moreover, some phyto-anatomists studied important and interesting fossils which
had been yielded in the late Cretaceous formation in Hokkaido; among them, M. C.

Stopes and K.Fujii (1910) described 17 species containing one fungus, 2 ferns and one

fern root, one cycadian leaf, 7 conifers, 5 dicotyledons and one monocotyledon ;
they are

Fungi :

Pterosphaeaia japonica Stopes & Fujii
Pteridophyta :

Schizaeopteris mesozoica Stopes & Fujii
Fasciostelopteris Tansleii Stopes & Fujii
Fern rootlets

Gymnospermae :

Niponophyllum cordaitiforme Stopes & Fujii
Yezonia vulgaris Stopes & Fujii
Yezostrobus Oliveri Stopes & Fujii
Araucarioxylon Tankoense Stopes & Fujii
Cedroxylon Matsumurae Stopes & Fujii
C. Yendoi Stopes & Fujii
Cunninghamiostrobus yubariensis Stopes & Fujii
Cryptomeriopsis antiqua Stopes & Fujii
Angiospermae :

Saururopsis niponensis Stopes & Fujii
Jugloxylon Hamaoanum Stopes & Fujii
Populocaulis yezoensis Stopes & Fujii
Fagoxylon hokkaidense Stopes & Fujii
Sabiocaulis Sakuraii Stopes & Fujii
Cretovarium japonicum Stopes & Fujii

Ogura (1930 : 410) established 2 new fern species and two cycadalean

beside a species of Cunnighamiostivobus yubariensis: they are

Yezopteris polycyloides Ogura
Solenostelopteris loxsomoides Ogura
Cycadeoidea petiolata Ogura

species,
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Cycadeoidella japonica Ogura
Cunning hamiostrobus yubariensis Stopes & Fujii

2) The Kadonosawa Bed

The Kadonosawa bed was used to represent the Tertiary system of Northern
Honshu, but it was changed to the Noda-togé Bed by K. Asano and Y. Teraoka
(1959 ; 424), and there are some florules of the Palaeogene and Neogene ages which
occurred in Kuji City, Iwate Prefecture. This late Cretaceous flora of Kuji District,

has not been given any name, but numerous plant fossils are recognized in it, as

follows :
(1)y®#exxikCladophlebis sp. cf. Gleichenites zippei (Heer)
(2) C. sp. cf. Pecopteris argutra Heer
(3) C sp.

(4) Gleichenites gracilis Heer

(5) Adiantoides sp.

(6) Sphenopteris dicksoniana (Heer)

7. Osmundites sp.

(8) Glossozamites ? Imaii Endo ? (This species should be revised Nympaeites

angulatus)

(9) Otozamites sp. a indet.

10. O. sp. A

11. Nilssonia ? gen. et sp. indet.

(12) Sequoia heterophylla Velenovsky

(13) Elatocladus sp. (Sequoia ? sp. indet.)
(14) E. sp.
(15) Phyllites sp. (Monocotyledoneous leaves).
(18) Populus cf. arctica Heer.

17. P. sp. @

18. P. sp. A

19. Robinia sp.

20. Nyssa sp. «

21. N. sp. B

(22) Phyllites sp. (Dicotyledoneous leaves.)

3) The Oarai Flora

This flora studied by T. Oyama in 1956 contains many plant fossils, including
one genus and one species of Hepaticeae, 4 genera and 5 species of Filicales, 3
genera and 5 species of Equisetales, 3 genera and 5 species of Cycadophytales, 4
genera and 4 species of Coniferales, 31 genera and 40 species of Dicotyledon leaves,

¥kt () — Abundant in this bed,
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3 genera and 3 species of Monocotyledon leaves and a species of seed of indeter-
minable plant. In Mito district the formation with this flora on a marine formation
has been dated by T.Oyama as of Maastrichtian age. Though the occurrence of the
genus Nilssonia of the primitive Cycas common in the Mesozoic flora is not recog-
nized in this flora, it should be considered to represent the latest Cretaceous age.

The species of the flora are as follows ;

Oyama (1956-59). Usage in this paper.

Hepaticeae :

1. Marchantites yabei Kryshtofovich

Filicales :

2. Adiantites oaraiensis Oyama--------- Indet. Coniferales ? leaf.
3. A. Sewardi ? Yabe----eoeeee Adiantites sp.

4. ASPIenites Sp. «ooereeeveeeeiieeeniiienns Indet. sp.

5. Coniopteris burejensis (Z.) Seward.

6. Sphenopteris cf. gracilis Oishi

Equisetales :

7. FEquisetites cf. nakiongensis Tateiwa--------- Equisetites sp.

8. Equisetiles sp.

9. E. D, errrrrrrr e Sporangium of Equisetites sp.
10.  Equisetum cf. oregomensis Newberry

11. Neocalamites cf. brevifolius Sze---Indet.

Cycadophytales :

12. Oftozamites cf. sewardi Oishi ----- Podozamites sp.
13. O. sp

14. Zamiophyllum cf. buchianum (Ettingshausen).

15. Z. sp.

16. Zamites megaphyllus (Phyllips).

Coniféerales :

17.  Brachyphyllum japonicum (Sternberg) Seward.----- Indet.
18.  Glyptostrobus cf. pensilis Koch:-------- Indet.

19.  Sequoia cf. joholensis Endo «-eooevveee Sequoia sp.

20. Taxodium cf. dubium (Unger)-------- Metasequoia sp.

Dicptyledonean leaves :

21.  Andromeda cf. scripta Knowlton

22. Aporosa nanacarpa Oyama

23. A. nanacarpa ? Oyama ----oeeee Same as the above.
24. Aralia disectifolia Oyama

25. A. cf. taurinensis Sanborn.
26. Betula cf. Maximovicziana Regel--------. ?
27. B. mesomaximovicziana Qyama--------- Same as the above.

28. Braoussonetia praestans Oyama



29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
Al.
42.
43.
44,
45.
46.
A7.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
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Castallites flabelliformis Hollick
Celastrophyllum sp.
Cercidiphyllum cf. eojaponicum Endo.
Cinnamomum linifolium Knowlton

Corylus cf. heterophylla FiSch - ooeeroveeiiiniiiniinii Indet.
Credoneria kashimaensis Oyama- - - --eoeeeemmereenieennnn, Indet.
Diopyros ? anceps LeSqUETEUR « - weeeveeriremiummmieinnienine, Indet.
Ficus antiquorum OYama ---«ccorereeereemmimeieniiiiena, Indet.
F. ? @laskana NewDErTy « - eeemreeeammieeaniiiieaniiean, Indet.
Fraxinus denticul @@ THEeT -« - oeeervermoreeiineeiiaeeiineeennns Indet.
Hedera primoidalis SapOrta -« - oeeeesmsreeenaniieeniiiiian, Indet.
Hovenia cf. dulcis TRUNDETG e veorveieereaerainieaeenn, ?

Tlex ? SP. wveeerernen e Indet.
Juglans cf. orientalis MacGinitie «-ooooveveieniiniininn Indet.
MaCCIiNEORI@ SP -+w++rrrvvreeersrereminite e, Indet.

Magmnolia pseudoacuminata ? Lesquereux
Paliurus cf. upatoiensis Berry
Paulownia pacificana Oyama

Platanus cf. septentrionalis Hollick

Populus cf. arctica Heer,cooeov et ?
P. aff. yotundifolia Newberry. ........................... ?
P. speciosus Qyama.

Quercus sp.

Sterculia sp.

Tilia maximoviczianoides Oyama

T. cf. protojaponica Endo

Ulmus ovobatofolia Oyama

Viburunum cf. simile Knowlton

ZEICOV@  SP. +vverreeeensresmmereititai et Indet.
Zizyphus pentaxus Cyama.

Z. cf. fibrillosus (L.) Lesquereux.
Z. cf. pseudomeeki Hollick.
Phyllites sp.

Monochotyledon leaves :

62.
63.
64.

Calyptorocalyx spicatus Blume.
Doryanthites cretacea Berry.
Sagus filaris Blume.

Seed :

65.

Carpolithus sp.

195



196 Hidekuni MaTsvuo

4) The Izumi Group.

The “Izumi Group” has been a common usage of the Izumi Sand-stone Group,
which is the uppermost division of the Cretaceous deposits in Japan, and it has
yielded a few marine animals at the basal part, while plant fragments have not been
found in it. However, the writer obtained a leaf of Ficus sp. which occurred in the
Kinyaji conglomerate bed at Kada-machi in 1948, when he was in the field for the
Graduation thesis required by the Tohoku University. Moreover, several years later,
the writer collected some twigs of Cumminghamia and cycadalean leaf from the
Kinyji bed (1954b; 362), at Inukai village, Tanagawa-machi, Sennan-gun, Osaka
Prefecture.

In 1953, K. Hirayama recognized a fern species Chladophlebis acutipennis in
Tokushima Prefecture, which had been found by Mr. Shinohara (K. Hirayama :
1953 ; 22). The Izumi Group contains a few land plant fossils beside brackish or
fresh water forms Archaeozostera spp. which had been established by K. Kériba and
S. Miki (1931 ; 165-204, IV-V and 1959 ; 107-110, I-II).

Further, the Kinyuaji bed contains a few such plant fossils, as follows ;

Zamites izumiensis sp. nov. (MS)

Cunninghamia izumiensis sp. nov. (MS)

Ficus kadensis nov. sp. (MS)

The studies on these three new species will be published in near future.

5) The Omichidani Bed

This bed contains many plant fossils, which were discovered by T. Kobayashi
and S.Maeda in 1951. They were studied by S.Endo and M.Amano (1952 ; 317), who
identified the following species ;

Cladophiebis cf. frigida Heer.

Sagenopteris sp.

Osmunda sp.

Nilssonia ¢ and £ spp.

Ginkgoites digitata (Brongniart) Heer

Sequoia smithiana Heer

S. hetevophylla Velenovsky

Trapa (Trapella) sp.

Carpolithus sp.

6) The Naru Formation

This formation is the lowest part of the Shiratori Group, and contains Pota-
mogeton sp., Otozamites sp. and Ginkgoites sp. (M. Kanuma : 1952 ; 28).

In 1957, the writer collected many seeds of Cycas, cones of taxodiaceous species
and a leaf of Ginkgoites sp. This fossiliferous bed appears to be of the same rock
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facies as those of the Sarao bed of Asuwa Formation. These characters of the tuf-
faceous sandstone layers look at a glance like quartz-porphyry. Many seeds and
cones have been studied by the writer, the results will be printed shortly.

) The Suritaki Flora

This flora was named by S.Endo (1959; 456) who studied many plants fossils
from Hiroshima Prefecture, which had been collected by S. Imamura. S. Endo des-
cribed a new genus and species Cycadocaulis hondoensis, and considered this flora to
belong to the same horizon as the Hakobuchi flora, the (Qarai flora and the Kadono-
sawa bed.

A few years after the report on this flora, K. Soda (1955; 405) discovered a
few plant fossils from the Sugitani bed of Sugitani, Kamogata-machi, Okayama
Prefecture. He recognized three species such as Elatocladus sp., Platanus sp. and
Sequoia sp. On examining the four photo-copies, which had been sent to the writer
by him, the writer regards his Elalocladus sp. to very closely resemble Seguoia cf.
ambigua, which the writer collected from the Goshogahara, outskirts of Katsuyama
City, Fukui Prefecture. The liparitic rocks of Sugitani is assumed to be closely
allied lithologically to the Nohi liparitic rocks in the Gifu Prefecture, and the Omo-
dani liparitic rocks in Fukui Prefecture as well. K. Soda considered the Sugitani bed to
belong to the Shiragi series of Southern Korea. The writer, however, is of opinion
against his, that this plant bad was deposited in the age of the late Cretaceous,
just like the Sarao bed.

IV. Systematic Descripﬁon of the Asuwa Flora.

In the description of species the writer schemed to arrange them in the guided
in the order of genera presented in Engler’s “Naturliche Pflanzenfamilien”.

FILICALES
Osmundaceae
Osmunda Linné

Osmunda asuwensis new species

Pls. IV, figs. 1 (Holotype), 2 (Enlarged fig. 1), 7c; V, 2a & 3a; VII, la; IX,
ba. Text-fig. 7a.

Description : Size of frond unknown, bipinnate. Pinnules alternate, oblong-
elliptical on neuropteroid, apex rounded, constricted at base, which is rounded or
subauriculate, very slightly crenulate in margin, 31 + 2 mm in length and 17 + 1 mm
in width near base. Midrib fairly stout, continuous to, or bifurcate at apex ; laterals

up to 12 pair or more, about 60 degrees to midvein; venetion of the usual Osmunda
japonica type.
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This species was found in “Zuri” at Sarao and Shizuhara, These pinnules are
always detached, but well preserved in silty rocks; the writer obtained an excellent
specimen (pl. IV, fig. 1 and Text-fig. Ta).

It closely resembles the sterial pinnule of Osmunda japonice Thunberg (Ogata,
M ; 1933, CCXL) growing in the eastern and southern Asia, and naturally, it is like
Osmunda japonica fossilis Oishi and Huzioka of the Palacogene bed in Hokkaido
(1948 : XXXIX, figs. 1-4, 4a, 5-8).

There are some Cretaceous species which have large pinnules, namely, Osmunda
affinis Lesquereux, Pteris subsimplex Lesquereux, P. erosa Lesquereux, Asplenium
hurleyensis Berry and Osmunda Heeri Gaudin. These American species, except the
last one, do not resemble Osmunda japonica type. O. affinis belongs to the genus
Pteris, and P. erosa and P. subsimplex are undoubtedly Pteris; and also Asplenium
hurleyensis really belongs to the genus Asplemium. According to Brown’s report
1936 ; 52, VIII, figs. 3 & 4), the last species is synonymous with Asplenium eolig-
niticum RBerry (1931 ; 62, VIII, figs 2-4).

\/\ww ).;\/ m

=i
=il

b 2 Osmunda japonica THUNBERG a: Osmunda aswwensis sp. nov.
(Nat. size) (Nat. sie)

Fig. 7: Correlation of the Osmunda asuwensis sp. nov. and living

species of Osmunda japonica Thunberg.

Of Osmunda Heeri, here gave illustrations in two places of his work “Flora
fossilis arctica”, namely, in 1868, Bd. I; pl. I, figs. 6-11, and in 1878, Bd. V; pl.
XIV, figs., 10-13: these illustrations appear to the writer to be of a type very closely
resembling Osmunda japonica. Asplenium (Diplazium) spectabile Heer (1877c; 96-97,
XXI, figs. 1-2), as described by Heer, has a shape very similar shape to that of O.
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japonica occurred in the Jurassic bed of the upper Amur. Heer, in 1877, described
this as follows :

A speciosum, pinnis magnis, pinnulis basi contiguis, lale lanceolatis, tota basi
adnatis, 12 mm latis, integerrimis, nervo medio recto, mervis secundariis dichotomneis
sub angulo acute egredientibus. )

However, this Heer’s species seems to be somewhat smaller than the new species
in point of length and width. '

If this new species had been found in the Permo-Cahoniferous formation, it
might posssibly have been referred to some species of Neuropteris, as, for example,
N. coriacea (Ettingshausen) Ettingshausen (1852b; II, fig. 4) and N. Kosmanni Go-
than (1915 ; 237, fig. 5); and if it occurred in the Rhaetic flora, it could have been
identified with Chladophlebis bitschuensis Oishi from Nariwa district in Japan (1932 ;
284, XXV, fig, 1)%wkkddx

Further, if this new species had been discovered in the Jurassic formation, it
might have been referred to Asplenium (Diplazium) spectabile Heer, found in the
upper reachers of the Amur (Heer : 1877 ; 96-97, XXI, figs. 1 and 2). His description
is as follows:

A speciosum pinnis magnis, 12 mill. lalis, inltegerrimis, nervo medio reclo, neyvis
secundariis dichotomis sub angulo acuie egrvedientibus.

Heer’s species is a little narrower than the new species.

If this new species had been yielded from the lower Cretaceous layer at Yuasa,
Wakayama Prefecture, it would have been referred to Pteris (?) sp. (Yokoyama,
M: 1891 ; 216, XXI, fig. 6 & 7, but XX, fig. 9 is other species). But the pinnules of
the new species are broader and longer. Again, if this new species is occurred in the
Tertiary formation, it would naturally have been regarded Osmunda japonica fossilis,
or some other species of O. japonica type existing in the world, such as 0. Heer:
Gaudin (Heer : 1895 ; CXLIII, figs. 1 & 11) in Swiss, O. doroschkiana Hollick (1936 ;
40, 1I, fig. 1 and CIX, fig. 7) in Alaska, O. Torelli Heer (1878 ; XIV, figs. 10-13) in
Sakhalin, O. macrophylla Penhallow (Bell : 1949 ; 38, XXV, figs. 1, 3 &4: especially,
fig. 3 very closely resembles) from Alberta in Canada and Pileris parschlungana
Ludwig (1859-61; 66, XI, figs. 3, 4 & 4a) from Miinzenberg in Germany.

On the Osmunda Heeri of the Miocene age in Swiss, Heer wrote in his work as
follows :

“Ahnlich der Osmunda regalis Linné, die Fiederchen sind aber viel kiirzer, ver-
dltnissmissig breiter und vom viel weniger verschilert. In der Nervation stimmt
die fossile Art ganz mit Osmunda Uberein---"

Further Penhallow (1908 ; 65) remarks that it is possible to identify Heer's spe-
cies with Osmunda regalis.

Pteris parschlungana Unger from the Tertiary bed of Miinzenberg in Germany,

#rkkkkk This species was considered a synonym of Cladophlebis gigantea by P’an (1936; 17, VI, VII,
figs. 1-8 ; VIII, figs. a & 2), but his species is a little smaller than Oishi’s species.
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figured by Ludwig, was justified by the writer to regard as the pinnulets of Os-
munda japonica type.

On Osmunda doroschkiana Goppert from the Tertiary in Alaska, Hollick remark-
ed as follows :

“--- There seems to be little doubt that this species is known under several
different names. As one example in this connection may be cited Osmunda sirozzi
Gaudin (1862) from the Miocene of Italy, which appears to be specifically identical
with it ; and Heer (1868) suggests its possible identity with Osmunda heeri Gaudin,
from the Miocene of the Older World and the Eocene of Greenland. Specimens re-
ferred to Osmunda torelli (Heer) Heer by Lesquereux by W. H. Dall at Coal Harbor,
Unga Island, are undoubtedly identical with Osmunda doroschkiana; but whether or
not Lesquereux’s reference of the specimens to Hceer’s species was justified may,
perhaps be regarded as an open question.”

Osmunda macrophylla Penhallow from the Paskapopo formation in Canada, figured
by Bell, does not accord with Penhallow’s original description, but is to be referred
to Osmunda dorvoschkiana as has been suggested by Bell himself.

All the above mentioned Tertiary species of Osmunda are referable to the Recent
species O. regalis, which is identical with O. japonica, and naturally, these closely
resemble the new Japanese Cretaceous species.

Occurrence : Sarao Bed.
Localities : Sarao and Shizuhara.
Holotype : GKZ12225 (occurrence in Sarao).

Pteris o sp.
Pl. 1V, fig. 3a.

Description : A single detached pinnule, lanceolate in shape, but apex and base
lacking, 42 mm in length and 15 mm in maximum width, and gradually narrow to-
wards the base. Medial nerve only is prominent, lateral nerves divergent, reaching
the borders at a large angle, generally forking once near base, sometimes forking

again before reaching margin; and rarely two furcated veins forming a group.

This specimen resembles Osmunda macrophylla Penhallow (Matsuo, H: 1953 ;
142, Text-fig. 4) which was sent by S. Endo to our laboratory in 1950. This O.
macrophylla was yielded from the Miocene bed at Kanayama, Shirakawa-gun, Fu-
kushima Prefecture.

On refering to the original paper of Penhallow’s species (1908 : 65, fig. 15 and
Bell : 1949 ; 88, XXIV, fig. 2, XXV, figs. 1,3 & 4), the writer assured that it resem-
bles Osmunda japonica of the Recent species and O. asuwensis.

But the present specimen is a soft pinnulet, and somewhat larger than that of
Osmundaceae in general. So it may be said with certain confidence that this speci-
men belongs to some species of Polypodiaceae.
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If there were many specimens preserved, or were some complete pinnules obta-
ined, the writer would have regarded the fossil a new species.
Occurrence : Sarao Bed.
Locality : Shizuhara.
Reg. No. : GKZ 12046

Pteris £ sp.
Pl. 1V, fig. 7b.

This species was discovered by the writer, when he described the Asuwa Flora
as fig. 7b in plate I. He had regarded to the upper part of a fern of Osmunda
asuwensis, but this specimen resembles Pteris nitida Hollick (1930; 39, II, fig. 11)
of the upper Cretaceous species in Alaska.

From the note of Hollick (1930 : 39) a paragraph about the Alaska material is
quoted as follows :

“This fern was apparently smooth and thick in texture with a relatively close
or compact habit of growth. The nervation is rather obscurely difined, hut ap-
parently the veinlets were reticulate along and in connection with the main rachis
of the frond and the midribs of the pinnae.”

Then, the Asuwa material shows a thick pinnulet, and is somewhat larger than
that of Alaska material in general. So it may be considered some species of Poly-
podiaceae, however, the writer regards it as different species from the above men-
tioned one named Pteris a sp.

Occurrence. Sarao Bed.

Locality : Shizuhara.

Reg. No. GKZ 12044.

Chladophlebis Brongniart
Chladophlebis frigida (Heer) Seward
Pls. V, fig. 1; XX, 2b; XXII, 4. Text-fig. 8a.

1875. Osmunda obevgiana Heer : Flora fossilis arctica; Bd. III, pl. XXVI, fig. O.

1882. Pteris frigida Heer : Flora fossilis Gronlandica, Bd. I, p.25, pls. VI, fig. 5b; X, figs. 1-4;
X1; XII, fig. 2; XIII, fig. 2; XIV, figs. 1 & 2; XVIII, fig. 10b.

1917a. Dryopteris cladophleboides Knowlton : U.S.Geol. Surv. Prof. paper 101, p. 284, pl. LIV,
fig.1.

1918. Pteris frigida Kryshtofovich : Journ. Coll. Sci. Imp. Univ. Tokyo, Vol. XL, Art. 8 pp.
33-34, fig. 3.

1925. Pteris frigida Endo: Sci. Rep. Tohoku Imp. Univ. 2nd Ser., Vol. VII, p. 61 (56), pl. XVIL
(VID), figs. 20 & 23.

1926. Cladophlebis frigida Seward : Phil. Roy. Soc. London, Ser. B. pp. 87-88.
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1930. Cladophlebis septentrionalis Hollick : U. S. Geol. Surv. Prof. Paper 159, pp. 39-40, pl. II,
figs. 1-3. '
1956. C. frigida Baikovskaja : Palaeobotanica, Vol, II, pl. II, figs. 5 & 7.
Description : Size and shape of frond unknown; pinnae linear lanceolate; pin-
nules alternate, triangularly falcate; sometimes acute, 12 = 2 mm in length, 5 + I

mm in width near the base, sometimes finely serrate in margin ; midveins obscured;

rateral veins once forked.
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This species is scarce in “Zuri” at Sarao and Shizuhara, and specimens are
always fragmentary, but the writer could collect some large pinnae (apex and
base lacked) referable to Pteris frigida Kryshtohovich (1918), which ocurred in the

late Cretaceous bed in Northern Sakhalin.
Of the original description of this species, Pteris frigida Heer, figs. 5a and 10,
Pl. XI, very closely resemble the writer’s species; Heer dealt with the materials
from the Atane and Kome beds of Igdlokunguak in Greenland. He regarded the fern

to be Tertiary, but true age is not yet well known. Heer’s description reads as
follows :

P. fronde bipinncia, pinnis elongaiis, approximaiis, profunde pinnaili-partitis;
pinnulis contiquis, obliquis, fere usque ad basi distinctis, superioribus subtriangul c-
ribus, arcuatis, reliquis lanceolalis, subinde elongalolanceolalis, apice accuminalis,
apice vel toto margine subtilissime denticulalis; mnervo medio recto vel subarcuato,
nervillis basi furcaiis, angulo acdtisculo egredientibus, subparallelis.

Its pinnules are described to be 7-38 mm in length and 6-9 mm in width.

According to Seward in 1926 (pp. 87-88), he considered Pteris frigida as a syno-
nym of Cladophlebis denticulaia in 1900, but in revision he named C. frigida; the

reason is as follows :

“-- After examining many of Heer’s specimens and others subsequently collected
I am not convinced that any clearly differences can be recognized. The average size
of the pinnules of the Greenland examples is rather larger than in the common Jurassic
species, and another more cogent reason for the retention of the specific name
frigida is the difference is geological age between the Arctic and European Ferns.
The type specimen of Osmunda Obergiana at Stockholm is, I think, a piece of Clado-
phlebis frigide, and some of the specimens referred by Heer to Pteris albertsii
(Dunk.) may be small forms of C. frigida. It is at least certain that fronds agree-
ding generally with the Jurassic type, Lower Cretaceous, and even in Rhaetic
floras. With few exceptions we know nothing of their soral- characters ; it is im-
possible to give expression by any satisfactory definitions to one’s belief that in
Brongniart’s desingnation are included several species and, perhaps, more than one
generic type. ---” He continues “The linear, acuminate pinnae bear contiquous pin-
nules, which vary considerably in size and shape; some are linear and reach a
length of over 2 cm; others are broadly deltoid. The lamina is thin, straight or
falcate, and the margin is usually serrate, especially in the distal portion. The
lateral veins arise at an acute angle and are once-forked.”

The writer nothing to add to our knowledge of the species given by Heer’s and
Seward’s descriptions.

Occurrence : Sarao Bed.

Localities : Sarao and Shizuhara.

Reg. No. GKZ 12197 (occurrence in Sarao).
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Chladophlebis gronlandica (Heer)

Pls. IV, 3b, 4, 5, 8a; V, 2b, 4, 5; IX, 7a. Text-fig. 8b

1882. Pteris ligata Heer : Flora fossilis arctica, Bd. VI, pl. XVI, fig. 3.
1883. P. grimlandica Heer : Ibid. Bd. VII, pl. LXX, figs, 1-5.
1949. Chladoph!bis groenlandica Bell : Bull. Canada Geol. Surv. No. 13 p. 38, pl. XXVI, fig. 2.

Description : Size and shape of frond unknown ; pinnule tripinnate and linear-
lanceolate; pinnules alternate, lanceolate and sometimes acute ; fine serration in
margin, 10 mm in length and 3.5 mm in width near the base. Midrib, fairly stout
and bifurcate at apex ; laterals up to 6 pairs or more, about 45 degrees to midvein,
veins usually fork once, sometimes twice, near the base.

These specimens found in “Zuri” at Sarao and Shizuhara are fragmentary remains
and the writer referred them to Cladophlebis goenlandica Bell (1949), which occurred
in the Paleocene beds of Southwestern Canada. It was described at first by Heer in
1883 under the name Pteris grinlandica.

The specimen GKZ 12190 in this paper resembles Pteris (?) Albertsii Heer (1882 ;
XVI, 5&6; XXVIII, 1-3, XLVI, 22-24) which was discovered by Heer at Atane-
kerdluk in Greenland. He referred it to the Wealden species Neuropteris Albertsii
which was described by Dunker. P. Alberisii’s pinnules are 9-12 mm in length and
4 -5mm in width. His description of this species is very comprehensive as: follows :

Pt. fronde bipinnata rhachi temui, stviata, pinis alternantibus, lale linearibus,
pinnali ectis, pinnulis patentibus, ovatolanceolatis, leniter falcatis, apice acutis, integer-
YimLS ; nervis primariis excurrventibus, secundariis angulo acuto egredientibus, furcalis.

Occurrence : Sarao Bed.

Localities : Sarao and Shizuhara.

Reg. No. GKZ 12203 (occurrence in Sarao).

Chladophlebis sp.
(cf. Dryopteris sp. ?)
Pls. 1V, fig.6 ; XX ,2b.

Description : Size and shape of frond unknown; pinnae bipinnate ?, pinnules
alternately, somewhat acute in shape ; 8 mm in length and 5mm in width near the
base. Midrib stout and non-furcate at apex; laterals up to 5 pairs or more, about 60

degrees to midvein, veins fork once at middle part.

Most of the specimens fragmentarily preserved. The general form, and the size
of the pinnule are characteristically shown in GKZ 11898 ; details of the venation
are seen in the same specimen.

There is no positive evidence for refering this species to the genus Dryopteris

which is growing in temperate zone, except a general resemblance in shape,size, and
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venation of pinnules. However, this genus may be considered to have grown around
the present region in the Cretaceous age.
Occurrence : Sarao Bed & Omichidani Bed (Ohara Bed).
Localities : Sarao & Goshogahara.
Reg. No. GKZ 11898 (occurrence in Sarao).

Incertae Sedical Matter
Sagenopteris ? sp.
Pl. XXII, fig. 8.

Description : Incomplete leaflet, 26.5 mm in length and 29 mm in width, perfect-
shape not represented ; palmate or spatulate form, nearly symmetrical ; terminal-lobe
obtuse, and oblanceolate lateral-lobes ; median nerves radiate from the base, areola-
tion rough near the mid-rib but margin fine, lookings like the characteristic sageno-

pteroid nervation, forming numerous crushed hexagonals and pentagonals.

These several specimens were found by the writer at Sugd in 1955; the largest
specimen among them contains some fragmented specimens and one imperfect leaflet.

The areolation of these leaflets resemble that of some Chiropieris colpodes Harris
(1940 ; 250-256, Text-figs.1 (p. 263), 2 (p. 2565) & 6E-H (p. 262)) of the early late
Mesozoic fern ? from the Oolite of Yorkshire and some of the living genus Ophio-
glossaceae.

But it is not certain if this Asuwa species is a fern or a dicotyledonean leaf.
So, the writer considers one of an aquatic fern as named Sagenopteris sp.

Occurrence : Sarao Bed.

Locality : Sugbd.

Reg. No. : GKZ 12202.

GYMNOSPERMAE
Cycadales
Nilssonia Brongniart

There is some doubts as to the name Nilssomia, as Knowlton (1907 : 123, and
1910b : 44 & 48, etc.) used Nilsonia with a single s. However, the writer follows
Nathorst (1909 : 3) who remarked as follows :

“Brongniart schreibt allerdings Nilsonia, da aber Nilsson seinen Name mit zwei
S schreib, muss es Nilssonia heissen, und zwar um so mehr, weil andere schwedische
Familien ihren Namen Nilson schreiben. Hisinger (1837, 1840, 1841) wie auch Germar

(1847), Schenck (1867) und Schimper (1869) haben ganz richtig Nilssonie geschrie-
ben.”

Nilssonia is a genus of Cycadales of the Mesozoic age, and distributed every-
where in the world, and its anatomical study has been published by a few botanists.
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Among them, Stopes (1910 : 389-393) carried out an anatomical work of Nilssonia.
orientalis Heer in a nodule of the Cretaceous bed in Hokkaido, Japan. She noted as
follows :

“-- The internal anatomy of its foliage is now discovered, and has the features
described above, which are clearly Gymnospermic rather than fern-like. They are,
moreover, quite of the type that one might hold to be primitively Cycadean.” (in
p. 393).

Besides, Harris (1932a: 40~41) who described the Rhaetic flora from Scoresby
Sound in east Greenland, studied the anatomy of Ni/ssomia, and recognized many
interesting characters. His note is quoted here :

“-- Nilssonia appears to be a natural genus; its most marked character being the
insertion of the lamina on the top edge of the rachis. The cuticule and venation are
also rather characteristic. The species are hard to determine being apparently paly-
morphic and grading into one another. --- I regard each of these types which
characterises a particular bed or group of bed as a “Species”. These species are
distinguished by the shape and division of the lamina; by the lower cuticle and by
the resin bodies contained in the substance of the leaf. -- The shape of the leaf as
a whole appears to be too uniform to be of much use as a specific character, in all
species where it is known, the leaf tapers to the base and has an obtuse apex. The
dimentions -- when a fairly large number of specimens are available -- are, how-
ever, useful.

The dissection of the lamina. The lamina is sometimes less dissected at the base
than it is higher up where it seems remarkably constant in many species at least
-- there may even be differences between the two sides of a leaf.

The resin bodies. --- have found no variation in the resin within the limits of
these species, but well marked differences between the species. In addition to de-
finite resin bodies, the interior of the leaf of Nilssomia yields, on maceration, a
good deal of resistant material. This is in the form of irregular plates sometimes
appearing like fragments of cell walls. This material is met in all the species
examined.

The cuticle. 1 have found no features characteristic of individual species in the
upper cuticle. --- In many leaves certain cells of the upper cuticle are smaller and
more or less distorted ; such cell may appear in large patches, their cuticle may be
thicker or thinner than that of other cells. These cells are not characteristic of any
one species; I consider that they may be the results of some sort of injury. The
lower cuticle does, however,show characteristic and fairly constant differences bet-
ween the different species. Differences may be observed in the distribution of the
hair cells; in the size of the stomata; and in the shape and thickness of the sub-
sidiary cells. -- I am not, however, in a position to undertake the revision this

genus : it is evident that the determination of the species is a matter of considerable
difficulty and uncertainty. ---
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The affinities of Nilssonia. --- Its cuticle is of the unspecialised Gymnosperm
type agreeing with that of the Cycads, but not characteristic of this group; it is
distinct from the specialised type of the Bennettitales. ---"

However, the writer could not try an anatomical study of the species of the
Asuwa flora, because all these specimens are so poorly preserved as not to allow it.
But the writer tries to distinguish these impressions into five species by the mor-

phological features observed, as shown in the next table-4 (see also text-fig. 9).

Table. 4 3 Morphological Features of Five species of the genus

Nilssonia of the Asuwa Flora.

Veins in
Species Shape & Margin Apex Base number
par 1 cm.
R ¥ o S . Spatulate .
(a) Nilssoma orientalis entired rarely Rounded nock | Symmetory. 25-35 écuml
Heer segmented rounded nated fine
sometimes
undulating
(b) N. glossoformis | Libbon or Rounded Symmetory. 35-45 Right
lanceolated i
Sp. nov. sometimes truncated angle fine
segmented
(c) N. orbiculata Oblong-elliptical | Orbiculated Symmetory. 18-21 Right
isolated
sp. moV. head part somerounded | angle coarse
incisoserrate
(@ N serotina Rounded- Truncated nock | Asymmetory. 17-23 Nearly
triangular .
Heer segmented right angle
incisoserrate
(e) Nilssonia asuwensis Cut-shaped Truncated Symmetory. 12-18 Nearly
segmented » .
$p. nOV. divided to Cut-off shape right angle
rachis

Nevertheless, the writer tried the Walton-preparation (Gothan et Weyland :
1954 ; pp. 20-21, fig. 5) and Maceration-method to these leaves of five Nilssonia
spp., but he could not separate these characteristic epidemis-cells. However, he
should complete this study in near future.

FHkdokiekk These figures correspond to those in the text—fig. 9.
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Nilssonia orientalis Heer

pls. IV, Ta; V, 2¢, 3b; VI, 6b; VII, 3, 6a; XI, 3a;
XII, la. Text-fig. 9a

1878. Nilssonia orientalis Heer : Flora fossilis arctica, Bd.V, p.18, pl. IV, figs.5-9.

1889. . orientalis Yokoyama : Journ. Coll. Sci. Imp. Tokyo Univ. Vol. III, Pt. 1, p. 40,
pl. X1V, figs. 4-9.

1905. N. orientalis Fontain in Ward : U. S. Geol. Surv. Monogr. Vol. XLVIII, p. 90, pl.
XVI, figs. 3-9; p. 92, pl. XVI, figs. 10-13.

1905. N. orientalis Yabe: Journ. Coll. Sci. Imp. Univ. Tokyo, Vol. XX, Art. 8, p. 13, pl.
III, figs. 1-5.

1905. N. sp. Yabe : Op. cit. p. 14, pl, III, Fig. 6.

1907. N. orientalis Seward : Geol. Mag. n. s. Vol. 1V, p. 12, pl. II, fig. 21.

1910. N. orientalis Stopes : Ann. Bot. Vol. XXIV, p. 390-393, pl. XXVI, figs. 1-4.

1911. N orientalis Thomas : Jurassic Flora, Knamenka, Isium. p. 86, pl. VII, fig. 1.

1914. N. orientalis Gothan : Sonder.—Abh. Naturist. Gesel. Nurnberg. Bd.1V, p.41, pl. XXIV.

1925. N. cf. orientalis Endo : Sci. Rep. Tohoku Imp. Univ. 2nd Ser. Vol. VII, p. 9, pl. IV,
figs. 12, 16, 18 & 19.

1925. N. cf..Johnstrupi Endo : Op. cit., p. 10, pl. VI, figs. 5-20.

1929. N. orientalis Tateiwa.: Geol. Surv. Korea fig. 3.

1930. N. yukonensis Hollick : U. S. Geol. Surv. Prof. Paper 159, p. 42 pls. III, figs. 1-7a,
VII, fig. 4.

1932. N. orientalis Oishi: Journ. Fac. Sci. Hokkaido Imp. Univ. Ser. IV, Vol. I, p. 336,
pl. XXVII, figs. 5 & 63 XXVIII, figs. 1 & 2.

1940. N. orientalis Oishi : Op. cit.,, Vol. V, nos. 2-4, p. 307, pl. XXVI, figs. 1-5.

1932a. N. orientalis Harris 3 Medd. on G¢nland Bd. 85. pp. 40-41.

1956. N. yukonensis Baikovskaja : Palaeobotanica Bd. III, pl. IV, figs. 2 & 4.

This species is common throughout the Mesozoic age in the world. The original
description of Heer (1878 : 18), reads as follows:

“N. foliis integris vel wvario modo incisis, nervis numerosissimis, sublilissimis,
constulus omnino obsoletis.”

This description does not show the shape of apex and base of N. orientalis
which Heer collected from the Jurassic layer of Siberia.

However, the late Prof. M. Yokoyama (1889 : 40-41) and Dr. H. Yabe (1905 : 13-
14) described the shape of the apex and the base of this species yielded in the
Jurassic layer of the Hokuriku district and Southern Korea, respectively.

Yokoyama’s description is:

“Leaf entire or rarely segmented, truncated at apex, rounded at base, veins
fine, dense, slightly curved and directed forwards”, while Yabe's is: “Frond longly
oval, entire, truncated at the apex and attenuated gradually below. Veins fine,
dense, 3-4 in the space of 1 mm ; slightly curved and directed forward ; especially
near the apex.”

The late Prof, Oishi’s remark of this species (1940 : 308), is as follows:
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“-- N. orientalis seems to display a considerable variation in the size of frond
and the number of nerves in a unit distance. The frond is as a whole, however,
obovate or long and narrow, and increases in breadth gradually from the base up-
wards and contracts abruptly to the rounded apex, where it is sometimes notch-
ed,--”

Thus, it was pointed out by (ishi that the Japanese species of the upper Jurassic
and the Cretaceous N. orientalis includes many variaties in regard to the shape of
fronds.

Above mentioned three description of N. orientalis except that of Heer coincide
on the main points. Combining these the writer tries a comprehensive definition of
the species.

Leaf oval-lanceolated, petiolate, entire or rarely segmented, 5-15 cm in length
and 2-5 cm in width commonly; the rounded nock shape at apex, rounded at base ;
veins cover the upper surface of the rachis, simple, fine, parallel, dense, 25-35 in
the space of 1 cm; in the basal and upper parts slightly curved upwards, especially
near the apex acutely curved, in the middle part leaving the rachis nearly at a right
angle.

Seward (1910 : 575-576) remarks on this species as follows : “In this Jurassic and
Lower Cretaceous species, found on material from. Jurassic rocks in Siberia, the
lamina is generally entire. The fronds exhibit a wide range in size and shape ; they
may have the form of very narrow linear leaves barely | cm across or may reach a
breadth of nearly 10 cm. The leaves from the Middle Jurassic of British strata named
by. N. tenuinervis are probably identical with Heer’s type, and N. Johunstrupi Heer
(1882:B, pl. VI) from the Lower Cretaceous of Greenland may also be referred to
N. orientalis. Velenovsky’s Lower Cretaceous IV.bohemica from Europe and Yokoya-
ma’s N. ozoana from Japan are other examples of fronds which may be identical
with N. orientalis.”

The writer does not mean to say that Nathorst’s N. fenuinervis and Velenovsky’s
N. bohemica are synonyms of N. orientalis, but he is quite sure that Heer’s N.
Johnstrupi and Yokoyama’s N. ozoana are different from N. orientalis. The former
is narrower and more elongate linear than N. oriemtalis, and resembles the new
species IN. glossoformis provided that it is round shaped at apex ; while the latter
resembles the dwarf form of N. glossoformis.

These specimens are known only as impressions, but, M. C. Stopes (1910 : 389-
393) described anatomical nature of N.orienialis which was found in a nodule of the
upper Cretaceous in Hokkaido, and her conclusion is as follows :

“-~ The internal anatomy of its foliage is now discovered, and has the features
described above, which are clearly Gymnospermic rather than fern-like. They are,
moreover, quite of the type that one might hold to be primitively Cycaden.”

Thus, the writer is sure that Nilssonia is a member of Cycas, although its posi-
tion in the taxonomical classification is hardly to be decided, what has been remark-



A Study on the Asuwa Flora (Late Cretaceous age) 9211
in the Hokuriku District, Central Japan

ed is all what can be known at present about N. orientalis.
Occurrnce : Sarao Bed.
Localities : Sarao and Shizuhara.
Reg. No.: GKZ 12241 (occurrence in Shizuhara).

Nilssonia serotina Heer
Pls. VI, figs. 4, 5a; VII, 2a; IX, 6a. Text-fig. 9d.

1878. Nlissonia serotina Heer : Flora fossilis arctica ; Bd. V, p. 19, pl. II, figs. 1-5.

1925. N. seroting Endo : Sci. Rep. Tohoku Imp. Univ. 2nd Ser. Vol. VII, p.8, pl. VI, figs.
1,3, 6,7 10 & 17.

1927. N. serotina. Yabe : Jap. Journ. Geol. & Geogr. Vol. V, No. 4, pl. VI, fig.3.

1930. N. serotina Hollick : U. S. Geol. Surv. Prof. Paper 159, p. 43, pls. IV, figs. 1-7; V.
figs. 1-ba; VII, figs. 6a, 6b, 10a; XXIX, figs. 3b, 5a; XXX, figs. 2a & 8h.

1940. N. seroting Oishi : Journ. Fac. Sci. Hokkaido Univ. Ser. IV, Vol. V, Nos. 2-4, pp.
315-316, pl. XXV, figs. 1 & 2.

1949. N. serotina Bell : Canada Geol. Surv. No. 18, p. 42, pls. I, figs. 5 & 7 (non) ; IV,
fig. 4 (non). ‘

1949. N. sp. Bell : Op. cit. p. 42, pl. IV, fig. 8.

1956. N. serotina Baikovskaja ¢ Palaeobotanica Bd. III, pls. III, fig. 6, IV. figs. 5.

1957. N. serotina Bell : Canada Geol. Surv. Mem. 293, p. 28, fig. L.

This species is widely distributed in the upper Cretaceous sediments of the
circumpacific coastal regions, and of especial importance is that it, occurs in Sa-
khalin, Hokkaido, Alaska and Western Canada. From the original note of Heer
(1878 : 19) a Sakhalin paragraph about the material is quoted as follows :

“N. foliis elongatis, margine subparallelis, pedalibus, pinnatisectis segmentis
batentissimis, planis valde inaequalibus, latitudine breviovibus, mediis apice lvans-
vermis lruncatis, ceteris oblique truncatis, nervis simplicibus, subtilibus, numerosis,
parallelis.”

The writer finds out that it greatly resembles N. nipponensis Yokoyama (1889 :
ITI, pls. VI, figs. 2-7, 8a; XII, fig. 6; XIII, fig. 1) from the Jurassic Tetori flora
of the Hokuriku district. But the writer regards that N. nippomensis has narrow,
irregular, acuminate and incised segments in contrast to N. serotima of which the
shape of segments show the similar character but are apically rounded, sometimes
opposit on axis.

Description : Leaf rounded triangularly segmented, 10 = 3 cm in length and 2+ 1
cm in width ; truncated nock at apex, veins simple, fine, parallel, 20 + 3 in a space
of 1 cm, slightly curved upwards.

Occurrence : Sarao Bed.

Localities : Sarao and Shizuhara.

Reg. No, : GKZ 12230 (occurrence in Shizuhara),
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Nilssonia orbiculaia new species

Pls. VII, 1b (Holotype) ; IX, 5b, 7b; XIX, 1b. Text-fig 9C.

Description : Leaf simple, petiolate, oblong elliptical in shape, apical portion
constricted off as an orbicular segment, slightly depressed at top, showing in out-
line a head of “Ziz6” (a guardian deity of children in Japan) and margin entire
except head part, sometimes segmented ; rounded at base; rachis stright, lateral
veins making angle of nearly right angle with the rachis, simple, parallel, 18 +3
in a space of 1 cm.

This speceis resembles Newberry’s N. Gibbsii (Newberry) Hollick (edited by
A. Hollick in 1898 ; 16, XV, figs. 2 and 2a), of which one specimen was found by
George Gibbs from the Cretaceous strata of Orcas Island, Washington in 1858,
and described by Newberry as Taeniopteris Gibbsii in 1863. Newberry regarded this
species to be synonymous with N. Johnstrupi Heer (1882; 44, VI, 1-6). Thus,
there are some complecations ; he remarked as follows :

“-- From the character of the nervation and the entire margins it was supposed
to be a fern, but Prof. Heer has since obtained a number of specimens of the same
plant from the Upper Cretaceous strata of Greenland, which seem to prove that it
is the leaf of a cycad. (1882 : FIl. foss. arct. VI, Abth. II, p. 44, pl. VI, figs. 1-6).
He has named his plant Nilssonia Johnstrupi, but the specific name given by me

”»

has priority. ---

Nevertheless, he noticed that N. Gibbsiz is a useful key to establish a geo-
logical parallelism, as follows :

“-- By this plant and a few others the Vancouver and Orcas Island Beds are
connected with those of Atane, Greenland, and many common species correlate the
Atane beds with Amboy Clays of New Jersey.”

When describing N. Gibbsii from the Colgate Member of the Fox Hills Sand-
stone, R. W. Brown (1937b : 245, pls. XLIX, figs. 5 & 6; LII, fig. 6b) remarked on
Hollick’s N. yukonensis, as follows: “Hollick distinguished Nilssonia yukonensis
from N. gibbsii chiefly by the fact that his specimens had what he thought was
an apical sinus. A reexamination of the specimens having this supposed sinus shows
that the sinus is merely the result of damege to the tip of the leaf. It appears,
therefore, that all the forms here synonymized probably represent a single Upper
Cretaceous species.”

However, accrding to Qishi’s opinion (1940 ; p. 309), Hollick’s N. yukonensis is
very close to N. orientalis, differing only in the lateral nervation being coarse.

In any case, this new species has such a characteristic shape of its head part,
that it is named N. orbdiculata.

Occurrence : Sarao Bed.

Localities : Sarao and Shizuhara.

Holotype : GKZ12217 (occurrence in Shizuhara).
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Nilssonia glossoformis new spcies

Pls. V, 3c; VII, 1c; VIII, 1, 2 (Holotype), 3; XI, 2;
XIII, 3a; XVI, la, b; XVIII, 3a. Text-fig. 9b.

Description : Leaf simple, petiolate, lanceolate, tongue-like or spatular in shape,
15 + 3 cm in length and 3+1 ¢m in width at head part, rounded at apex, margin
entire, smooth sometimes segmented, attenuated gradually below; lateral veins fine,
dense, but are not counted became of unfavorable fossilization.

This species occurred in the tuffaceous grey blue medium sandstone in the “Zuri”
at the Sarao closed mine,where the writer and S. Kida were fortunate to have an
opportunity of discovering the Asuwa Flora in 1952.

This species resembles a Cordaites leaf in its outline which form, the writer
has never seen in the leaves of Nilssonia. Thus, the new name N. glossoformis is
given to it denoting its characteristic leaf shape.

Occurrence : Sarao Bed.

Localities : Sarao and Shizuhara.

Holotype : GKZ 12051 (occurrence in Sarao)

Nilssonia asuwensis Nnew species

Pls.IV, 8b; VI, 1a, 2, 8 (Holotype); VII, 4; IX, 1,2,3;
XV, 1b; XVI, 1c; XIX, 4a. Text-fig. 9e.

Description : Leaf simple, petiolate, rectangular as a whole, divided into seg-
ments with “cut-shaped” lateral margins, 12 = 3 cm in length and 3 =1 ¢m in width ;
lateral veins distinct, slightly curved upwards and coarse, 15+ 3 in a space of 1
cm.

This species shows characteristic cut-shaped segment, and to the writer such
a species like this has not been known. The species with separated cut-shaped seg-
ments exist in the Upper Jurassic and Lower Cretaceous in Japan. QOishi described
N. densinerve (Fontain) Berry (1940 : 300-301, XXIV, figs. 2-4). But in his species
each segment has a rounded margin while the new species has separated and cut-
shaped ones.

Occurrence : Sarao Bed.

Localities : Sarao and Shizuhara.

Holotype : GKZ 12226 (occurrence in Shizuhara).

Dioon ? sp.

P1. X, figs. 1 & 2.

Description : Size of frond not measured, form of rachis unknown, opposite
segments touching, linear, 45 +5 mm in length and 4.5+ 0.5 mm in width at
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base, rounded at apex and slightly expanded at base, nervation parallel, uniform,
apparently 5 -6 nerves to each of the segments, nervation not covering rachis.

These specimens are found in the “Zuri” in Shizuhara and in Sarao closed mines,
and all of the specimens represent but half parts of fronds. Specific identification
is not possible.

But there is a species from Sakhalin which was figured by Baikovskaja (1956 :
pl. IV, fig. 1) as N. sachalinensis Kryshtofovich et Baikovskaja. It is a type very
close to Dioon? sp. of the writer, differing only in the possession of nervation. The
latter shows a non-covered rachis, which is a very important characteristic of feature
in Nilssonia.

Whole size of this species is unknown, and its being a Dioon is doubtful, but it
is so far certain that it is a cycadacean frond.

Occurrence : Sarao Bed.

Localities : Shizuhara and Sarao.

Reg. No. GKZ 12198 (occurrence in Shizuhara).

Zamiles sp.

Pl XXIV, fig. 6.

1957. Zamites sp. Bell : Geol. Surv. Canada, mem. 293, p. 29, pl. XII, fig. 6.

Many unattached pinnae were discovered from the “Zuri” in Shizuhara closed
mine. The individual pinna is lanceolate in shape, varying in length from 4 to 6
cm, in width 5 to 9 mm. The veins are generally obscure, but where seen there
are 8 + 2 in a space of I cm.

This specimen resembles Bell’ s Zamites sp. (1957 : 29) which he described as
follows :

“A few, rather poorly preserved, unattached pinnae are considered referable to
Zamites. They are lanceolate, 9 to 12 mm broad and 5 cm and more long, the base
obscure, seemingly little constricted; apex narrowly rounded, veins 0.5 to 1 mm
apart, slightly diverging from base, the peripheral ones terminating at margin.”

Occurrence : Sarao Bed.

Locality : Shizuhara.

Carpolithus a sp.
(Seed of Cycas sp.)
Pl. IX fig. 4.
Description : Obovate in shape, 25+ 4 mm in length and 16 + 2 mm in width
respectively ; pitted at apex and constricted and truncated at base; regular three

longitudinal grooved-costae on one face, converge and anastomose near the apical
pit.
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A few specimens of this seed species occurred in the “Zuri” of the Sarao closed.
mine in association with Carpolithus f sp. The difference of C. « sp. and C. /5 sp.
is that the former is smaller than the latter in size and has apical pit which un-
known at the apex of £ sp.

Occurrence : Sarao Bed.

Locality : Sarao.

Reg. No. GKZ 12195.

Ginkgoales
Ginkgoaceae

Ginkgoites (Seward) Florin emend. nov.

A few lines will be spent here concerning the name of “Ginkgo” and the deriva-
tion of “Ginkgoites.” Many botanists have discussed about this matter, K. Migdefrau
(1956 : 189-190) described that the “Ginkyo” is the right way of spelling as follows :

“Die iibliche Schreibweise “Ginmkgo” geht, wie erstmals 1935 Prof. Tomoeda,
Berlin, feststellte, auf eine schlecht lesbare Schreibung des Namens zuriick : chines-
isch gin-kyo=Silber-Aprikose (Niheres sieche A.C. Moule, T’ Oung Pao 33, 193-219,
1937 ; E. Thommen, Verh. d. naturf. Ges. Basel 60, 77-103, 1949). Nach Artikel 70
der “Internationalen Regeln der botanischen Nomenklatur” (1935) muss der Name
richtiggestellt werden (“Die urspriingliche Schreibung eines Namens ist beizubehal-
ten, falls es sich nicht um einen Druckfehler cder offenbar unbeabsichtigten orthog-
raphischen Irrtum handelt”). Die richtige Schreibweise “Ginkyo” hat vor der falschen
noch die Vorziige, dass sie sinnvoll ist, und dass die bis in das neueste Schrifttum
so hiuftige Umstellung von g und k wegfillt ; sie ist neuerdings auch von fithrenden
Systematikern (Domke, Lam, Widder) angenommen worden.”

But, as far as A.Engler’s Syllabus der Pflanzen-familien (1954 ; Bd. I, 324) is
concerned the name of “Ginkgo” should be used : namely, “Den Namen Ginkgo hat
Linné 1771 as Kampfer’s Moen. Exotic (1712) iibernommen. Die philologische begriin-
dete Schreibweise Ginkyo orden Gingkyo ist unzulissigt !”

Kampfer’s opinion comes next. He used the name “Gikgo” first, writing in 1712
“Ginkgo, vel Ginan vuldo Itjo, Ginko biloba” in Amoentitatum Exoticarum (C.
R. Thunberg : 1780 ; Kampferus Illustretus II, 14). Unfamiliar foreign names are
supposed to be mis-spelt quite often chiefly because of unaccustomed pronounciation.
Thus, it is possible that the “Gimkyo” (4#875) was unconciously turned into “Ginkgo”
or “Ginko”. “Ginan” is another case: it should be spelt “Gimnan” which is Japanese.
So far the term “Gimkgo”, in this report it will be used in accordance with the
original nomenclature of the plant.

Then, the name Ginkgoites was published by Seward (1919 : Vol. III, 10-33),
who described it particularly as follows :
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A Study on the Asuwa Flora (Late Cretaceous age)
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Ginkgo digitata (Jurassic)

Ginkgo biloba (Recent)

w)

A, C= Epidermis of the lower side of the leaf, showing stomates.

B, D= Epidermis of the upper side of the same leaf.

Fig. 11 : Epidermis—cells of living and fossil Ginkgo.
(After M. C. Stopes in 1907, p. 380.)
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Fig. 12: Varieties of the leaves of one Trunk of Ginkgo biloba. (I).
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Fig. 13: Varieties of the leaves of one Trunk of Ginkgo biloba. (1I).
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3

-- such leaves as those the Island of Mull and other Tertiary locality referred
to Ginkgo adiantoides, there can be no doubt as to genetic identity with the recent
species and indeed, so far as concerns form and venation, the Eocene leaves might
well belong to Gimkgo biloba. On the other hand even in the case of Ginkgo adi-

. antoides we lack the confirmatory evidence of flowers and seed. From Welden and
Jurassic rocks numerous leaves have been described that in some cases are practically
identical with those of the living species, but for the most part they are charac-
terised by certain features denoting at least a specific difference ---".

Thus, Seward founded “Ginkgoites” as the Fossil genus of Ginkgo.

The writer, therefore, proposes to employ the name Ginkgoites for leaves that
are believed to belong either to plants generically identical with Ginkgo or to very
closely allied types.

But Florin has a different opinion. He discriminated the fossil species “Ginkgo”
from “Ginkgoites”, and did not consider, as Seward did, to use the name Ginkgoites
merely because the plant was a fossil species. He considered that the difference bet-
ween the two was chiefly in their anatomical characters. Accordingly, Ginkgoites
had two meanings, form genus and natural genus. His note is quated here (1936 :
105) :

“A. Laublitter in der Epidermisstruktur oder sonstigen systematisch wichtigen
anatomischen Merkmalen mit den jenigen von Ginkgo biloba L. (rezent) nahe iibe-
reinstmmend ------ Ginkgo L.

B. Laubbldtter hinsichtlich der Epidermisstruktur oder sonstigen systematisch
wichtigen anatomischen Merkmale entweder unbekannt oder in irgend einem von
ihnen stirker von Ginkgo biloba L. (rezent) abweichend. «-eooeeveeeeeininannnn. Ginkgoites
Seward.”

However, on reading Stopes’ study on epidermis of Ginkgo digitata yielded from
Jurassic (1907 : 380. --- cfr fig. 1l p. 217), the writer found clearly the difference
between it and the Recent species. That is, the Recent species of Ginkgo biloba have
the sinuous cell wall while the Ginkgo digitata have the smooth cell wall. Thus,
from their shape of the cell wall, it is known that the Ginkgo digitata is distinctly

&

different from Ginkgo biloba. Stopes described as follows: “-- Judging from them,
it seems clear that Gimnkgo digitata is specifically distinct from G. biloba.” (1907 ;
381).

S. Oishi studied on Ginkgoites which was yielded from Tertiary of Kuzi in Iwate
Prefecture, and concluded as follows :

“--- The living species, Ginkgo biloba L., is distinguishable from the present
fossil by their cuticle, the upper cuticle of the former being entirely without sto-
mata and the cell walls less sinuous. The writer proposes provisionally to call the
present specimens Ginkgoites cfr. adiantoides (Unger).” (1938 : 106).

On the other hand Ginkgo and Ginkgoites can be distinguished from each other
by their appearance. Prof. E. Kon’no told the writer when he whas engaged in study
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under his instruction as a researcher of the Educational Department in Tehoku Uni-
versity, that Ginkgo and Ginkgoites are different in their nervation of the leaves as
shown in text-fig. 10, (p.216) and that the former has two veins that divide at the
petiole, and from each are veins parted to cover over the whole lobe, while the
latter has the radial nervation parted directly at the top of petiole.

If Ginkgoites is to be distinguished from Gimnkgo the similarity of the shape of
the leaf, it must be remembered that the type species of the former is Ginkgo
pseudoadiantoides as Hollick reported in 1930 from the Upper Cretaceous of Alaska.
In 1936, when Florin emended Seward’s Gimkgoites, he named it Gingoites pseudoadi-
antoides. From what has been said, the writer is sure that “Gimkgo” can be dis-
tinguished from “Ginkgoites” both morphologically and anatomically (Text-figs. 10
& 11). The following table-5 summarizes the results :

Table. 5: Correlation of the Morphological and Anatomical

Features beteen Ginkgo with Ginkgoites.

Ginkgo Ginkgoites*
Two lateral veins come out of Radiated many once forked
Form of Nervation petiole and many twice forked veins come out on the top of
veins on two lateral veins. petiole.
Shape of Epidemis Cell- Sinuous cell wall. Smoother cell wall, rectangular
and polygonal shape.
wall.

According to this table, it is considered that Harris’ species of Ginkgoites obovaia
(Nathorst) Seward from the Rhaetic flora in the East Greenland (1935: 3-6, pls. I,
figs. 6, 12-14; III, figs. 1 & 2 and Text-figs. 1 & 2) belongs to the genus Ginkgoites,
but the other species G. fimbriata, G. acosma, G. minuta and G. leeniate do not
belong to it, as they show characters of the Genus Ginkgo or Baiera.

We can hardly distinguish them simply by the shape of their leaves. (cfr. figs.
12 and 13, p. 218, 219).

The writer will summerize a report of M. Sakisaka at this place. The Recent
species “Ginkgo biloba” well grow up in the area where conditions favor for much
quantity of suction and less quantity of evaporation; but they cannot grow up
where is too moist (ex. swampy and marshy area), and where is too dry (ex.
windy, seacoast, southward slopes, etc.) The shape of the leaves are different under
different environments (1958 : 130-139).

* The writer tried the Walton-preparation and Maceration-method to these leaves of Ginkgoites pser—
doadiantoides, but he resulted in fail ; so he could not observe the characteristic epidermis cell and
stomata in table-5, because these samples preserved very fine cracked pieces.
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(1)---The quantity of evaporation changes the shape of leaves: small leaves of
uni-lobed prevail where there is much evaporation while large ones of bilobed are
formed where there is less. These environments are seen in sunny zones and shady
zones. Leaves are unilobed-form in sunny zones because there is much evaporation,
but is shady zones leaves are bilobed.

(2)---The quantity of the transmission of moisture changes the shape of the
leaves. Larger leaves grow up on the lower bough while smaller ones grow up on
the upper twigs.

As above mentioned, the size of the leaves of the “Gimkgo biloba” vary under
both ecological and life conditions. That is, the difference in the shape and size of
the leaves gives no clue to their systematic classification (cfr. fig. 12 and 13).

There are two stocks in Ginkgo, the one which thrived since early Mesozoic to
the Recent, the other which grew from late Mesozoic to early Tertiary. These two
stocks differ from each other in the nature of veins and epidemis.

Ginkgoites pseudoadiantoides (Hollick) Florin

Pls. IX 6b; X, 3,4; XI, XII 2a, b, 3; XIV 5b;
XXI1V, la, 2, Text-fig. 10b

1885. Ginkgo laramiensis. Ward : U. S. Geol. Surv. Sixth Ann. Rep.

1930. G. pseudoadiandoides Hollick : U. S. Geol. Surv. Prof. Paper 159, pp. 49-50, pls. III,
fig. 7b; XIII, figs. 8,12 3 XXVIII, fig 4a.

1930. G. pseudoadiantoides var. major Hollick : op. oit. p.50 PLXIII, fig. 13.

1930. G. minor Hollick : op. cit. p. 50 pls. II, fig. 4b; XIII, figs. 1~7; XIX, figs. 6b &

7b 3 XXIX, figs. 2c, 4c, 6.
1936. Ginkgoites pseudoadiantoides Florin : P.
1956. Ginkgo adiantoibes Baikovskaja : Palaeobotanica, Bd. II, pl. XIII, fig. 7.
1956. G. lavamiensis Baikovskaja : op. cit. pl. IV, figs. 7 & 8; V, fig. 2; VI, fig. 2.

Description : Leaves short-petiolated, with fan-like and hemispherical blades
6 + 2 cm, entire or sometimes lobed. Veins palmately spreading from petiole, well
defined, forked once at the middle part, sometimes twice.

Comparing with other described leaves, the species is belived to be a synonym of
Ginkgo laramiensis Ward from the Laramie Group in U. S. America, and G. pseudo-
adiantoides Hollick (1930) from the Upper Cretaceous layers in Alaska, which was
revised to be a Gimkgoites by Florin in 1936.

As above mentioned. two types are distinguished according to the nervation and
stomata cell wall, and this latter category comprized what should be called Ginkgo-
ites: namely, Ginkgo laramiensis and G. pseudoadiantoides should be regarded to
belong to the genus Ginkgoites.

Qccurrence : Sarao Bed.

Localities : Sarao, Shizuhara and Tanitogé.

Reg. No. :GKZ12196 (occurrence in Sarao).
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CONIFERALES
Taxodiaceae
Sequoia Endlicher
Sequoia cf. sempervivens Endlicher

Pls. IV, 8c; V, 3d; X, 5; XIV, 1, 2a, 3, 4, ba, 5¢c,6;
XXI, 1d,3 ; XVII, 5; XV, 2; XIX, 1c¢,2; XXIV, Ib.

Description : Sterile, ultimate twigs, rather profusely branched at acute angles.
Leaves acicular, sharply pointed, uninerved, nearly straight to falcate, alternate and
spirally disposed, 1.5 + 0.3 mm in width at base and 7+2 mm in length. Female
cones, sub-globose, 14+3 mm in diameter, with distally broad, deeply fringed scales,

resembling a cone of the Recent species Sequoia sempervivens.

The sterile foliage resembles the Recent species of Cryptomeria japonica, but
female cone plesents similarity rather to the Recent species of Sequoia sempervirens.
The species is apparently close to Cryptomeria lambii Bell (1949 : 49, pls. XXIX,
figs.2 & 4; XXX, fligs. 1,8,4 & 5; XXXI, fig. 4; XXXIL,2 & 4) from the Palaeocene
formation of Canada, differing in the shape of female cone, however.

Some of the large cones and needle-like, curved leaves, figured in plate XX,
very closely resemble those of Sequoia reichenbachi which occurred in the Cretaceous
clays in North America and Europe. E. W. Berry, in his “Tree Ancestors”, in 1923,
remarks as follows (p. 49, fig. 7):

«

-- which is known as Sequoia reichenbachi, had cones almost exactly like those
of the living California big tree, and the foliage as somewhat similar. It was a
very wider-ranging form both in this country and Europe, and is considered to have
been in the Cretaceous of the Atlantic Coastal Plain.”

As he observes, this late Cretaceous species Sequoia reichembachi grew in the
Circumpacific Regions, and the Recent species Sequoia sempervirens appears to be its
posterity.

Here, the original description of Sequoia reichenbachi by Heer (1868 : Bd. I, 83)
is quoted :

“S. ramis elongatis, folicis decurrentibus, patentibus, falcatis incurvis, rigidis,
acuminatis.”

The needle-leaves of Asuwa specimen closely resemble the latter species in form;
besides, in the shape of foliage with female cone of the former especially is
similar to the latter (Heer : Op. cit. pl. XLIII, figs. 1d, 2b, & 5a and Heer: 1874 ;
Bd. III, pls. XII, figs. 7c & 7d; XX, figs. la. 2-5, 6a, 6¢, 7a, 7Tb & 8; XXVIII, fig.
2; XXX1V, fig. 1; XXXVI, figs. 1-8; and XXXVII, figs. 1 & 2. Especially pl. XX,
figs. la, 2-4 shown foliage with female cones.)

The fig. 6 in plate XIV of the Asuwa plates is the result of treatment of the
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Walton-preparation, and is the only one at hand, because the other treatments were
unsuccessful. It shows three incomplete escutcheons, and they are very much like
the impressions of these of the Recent species Sequoia sempervirens.

And then, the writer tried the Maceration-method to these leaves of S. cf.
sempervivens, but he resulted in failure, so could not observe the characteristic
arrangement of scquoian stomata.

In conclusion, Asuwa species is essentially indistinguishable from S. reichen-
bachi. But here this species is recorded as S. cf. sempervirems, because for its
affinity with the Recent species S. sempervirens, the writer has no confidence.

Occurrence : Sarao Bed.

Localities : Sarao and Shizuhara.

Reg. No. GKZ 12229.

Cfr. Sequoia sternbergi (Goppert) Heer

P1. XIX, fig. 3.

1883. Sequoia sternbergi (Goppert) Heer : Flora fossilis arctica, Bd. VII, pl. XCVI, figs. 5b, 10
& 11.

This single specimen shown magnified was obtained at the cutting of road side
at Goshogahara. This twig bears a few of apparently incomplete cone-impressions.

This species resembles Heer's Sequoia sternbergi (Goppert) from the Mesozoic
formation of Greenland. The original figures of Heer is probably regarded as varie-
ties of some species of Taxodiaceae.

However, this Goshogahara cone does not represent the character of Sequoia
cone, and it may well be mentioned as an Insertae Sedis of Mesozoic conifer, pos-
sibly comparable with Heer’s species.

Occurrence : Sarao Bed (Ohara Bed).

Locality : Goshogahara.

Reg. No. GK Z11195.

Cfr. Sequoia ambigua Heer
Pls. XVI, fig. 4; XXIII, 8.

These specimens were collected by a student of Kanazawa University, in the
outskirts of Katsuyama City, on the road side of Goshogahara village in the Shira-
mine-Katsuyama Bus line.

These represent the cryptomeroid type of branchlet seen in the Recent species of
Cryptomeria japonica or Taiwania crvyptomeroides Hayata (1930 ; 36, fig. 16).

Leaflet shows triangular and some fulcated form, it apex become scale shape
and has keel; 5+ 1 mm in length and 8 # 0.5 mm in width. This regarded as an
ancient form conifer grown in the late Mesozoic, like other taxodiacean members

such as Metasequoia and Taxodium.






