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Plant fossils from the Lower Cretaceous Tetori Group in the Itoigawa area,
Niigata Prefecture, central Japan
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Abstract

Sterile fern fronds comparable to Birisia onychioides (Vassilevskaja and Kara-Mursa)
Samylina [sense Kimura] and assignable to Cladophlebis sp. were found from the Lower
Cretaceous Tetori Group near Ichiburi in the Itoigawa area, Niigata Prefecture, central
Japan. This paper describes these specimens with photographs and line drawings for the
first time in Niigata Prefecture. Birisia is one of the important elements indicative of the
Siberian paleofloristic province. It is common in the Oguchi and Akaiwa floras of
Barremian-Aptian age but has not been found in the younger Kitadani (or Tamodani) Flora
of Aptian age in the Tetori Group. Lithostratigraphic assignment of the plant fossil-bearing

sequence in the study area is discussed.

Key words: Birisia, Cladophlebis, plant fossil, Mizukamidani Formation, Shiritakayama
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Introduction

The Tetori Group (Oishi, 1933; Yamada and Sano, 2018) consists of Lower Cretaceous

terrestrial and shallow marine sediments in the Inner Zone of Southwest Japan. Abundant
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Fig. 1. 1: Locality map of the study area, 2: Distribution of the Tetori Group (modified from Maeda,
1961), 3: The study sections which outcrop along the right bank of the Sakaibgawa River, 4:
Panoramic view of the study sections from the left bank of the Sakaigawa River.

non-marine faunas and land plants have been reported from the group in Fukui, Ishikawa,
Gifu, and Toyama prefectures (e.g., Maeda, 1961; Fujita, 2003; Yabe et al, 2003; Matsukawa
et al., 2006; Sano, 2015; Sano and Yabe, 2017). The Itoigawa area is located at the
southwestern end of Niigata Prefecture, central Japan. The Tetori Group in the area
occupies the easternmost part of its entire extent (Fig. 1). Fossil records from the Tetori
Group in the Itoigawa area are very limited: Onychiopsis elongata (Geyler) Yokoyama was

the only plant fossil record hitherto reported in the area (Goto, 1983, 1986).
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We have investigated the Tetori Group in the Itoigawa area since 2010 to establish the
stratigraphy and to accumulate fossil records (Ito et al, 2012, 2014; Sakai et al., 2012, 2013).
Our research has been concentrated on the sequence exposed at a quarry (36°57 54. 5" N, 137°
39'14. 9" E) on the right bank of the Sakaigawa River near Ichiburi in the Itoigawa area,
Niigata Prefecture (Fig. 1). Sakai et al. (2012) showed detailed geological columnar sections of
the Tetori Group and preliminarily reported the occurrence of plant fossils. In this paper,
we describe cf. Birisia onychioides (Vassilevskaja and Kara-Mursa) Samylina and
Cladophlebis sp. collected at the quarry. This is the first report on both species from the
Tetori Group in Niigata Prefecture. The specimen of cf. Birisia onychioides from the quarry
was provisionally reported as Onychiopsis elongata by Sakai et al. (2013). We discuss
stratigraphic correlation of the Tetori Group in the Itoigawa area on the basis of the

occurrence of Birisia species.

Geological setting and stratigraphic position of plant-bearing beds

The Mesozoic sequences in the Itoigawa area are composed of the Lower Jurassic
Kuruma Group and the overlaying Lower Cretaceous Tetori Group. The Tetori Group in
the area consists of the Mizukamidani Formation (Kobayashi et al., 1957) and the
Shiritakayama Formation (Yoshimura and Adachi, 1976). The stratigraphic relationship
between these two formations is not well understood yet. The Mizukamidani Formation was
originally considered to be the uppermost part of the Kuruma Group (Kobayashi et al., 1957).
It has been included in the Tetori Group since Chihara et al. (1979) revised its lithostratigraphic
assignment on the basis of lithologic features. The Shiritakayama Formation was defined by
Yoshimura and Adachi (1976) designating its type locality around Mt. Shiritakayama, 6.0 km
east of the study section. Kishigami (2000) presented a geological map of the Shiritakayama
Formation in the Mt. Shiritakayama area.

The Mizukamidani Formation is well exposed at the quarry (Fig. 1). Sakai et al. (2012)
measured three columnar sections, namely S, M, and N from south to north (Fig. 1).
Lithostratigraphy of these sections is presented in Fig. 2. The uppermost part of Section S
(S-11 to S-13) can be correlated to the lowermost part of Section M (M-01 to M-03), which
directly underlies Section N. The strata in the sections approximately strike N80° W and dip
35°N. There are some faults and dikes in the sections. The sections are composed mainly of
feldspathic-arenite and conglomerate including chert, sandstone, siliceous mudstone,
orthoquartzite, granite, andesite, and mudstone pebbles. Mudstone clasts are included in the
conglomerates. Fining-upward cycles are repeated in the sections. Ito et al. (2012, 2014)
reported three horizons of radiolarian-bearing chert pebbles in the sections (Fig. 2).

We collected plant fossils from M-02 in Section M (Figs. 2, 3). A fining-upward cycle is

observed from M-01 to M-02 in the section. M-02 consists of sandstone-dominated alternating
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Fig. 2. Columnar sections of the Mizukamidani Formation in the right bank of the Sakaigawa River (modified

from Sakai et al., 2012).
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beds of fine- to medium-grained sandstone and mudstone. The mudstone beds include many
small plant fragments and coal. Two plant specimens were taken from a horizon 0.8 m
higher than the base of M-02.

Plant fossils

The two plant specimens are fern fronds of cf. Birisia onychioides (FMM6179: Figs. 4A-
B) and Cladophlebis sp. (FMM6180: Figs. 4C-D). They co-occurred in the bed composed
mainly of light gray sandy mudstone that changed laterally to light gray well-laminated
sandy mudstone. The fern fronds comparable to B. onychioides were included in the light
gray sandy mudstone bed. Cladophlebis sp. was included in the light gray well-laminated
sandy mudstone bed. These specimens are stored in the Fossa Magna Museum (FMM),

Ttoigawa City, Niigata Prefecture.
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Fig. 4. Plant fossils from the mudstone bed in the Tetori Group distributed in Ichiburi, Itoigawa,
Niigata Prefecture. A: Sterile fern fronds comparable to Birisia onychioides (Vassilevskaja and
Kara-Mursa) Samylina [sense Kimura, 1975] (FMM6179). B: Line drawing of A. C: Cladophlebis sp.
(FMM6180). D: Line drawing of C. Scale bars are 10 mm.
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Systematic Paleontology

Filicales
Family Dicksoniaceae
Genus Birisia Samylina, 1972

Type species— Birisia alata (Prynada) Samylina, 1972

Cf. Birisia onychioides (Vassilevskaja and Kara-Mursa) Samylina [sense Kimura, 1975]
Figs. 4A-B

Cf. Birisia onychioides (Vassilevskaja and Kara-Mursa) Samylina, Kimura, 1975, p. 71-74, pl. 5,
figs. 6-9; pl. 6, figs. 1-4; figs. 4-2a-d.

Material. — FMM6179.

Description.— A few pinnae probably derived from a single frond were obtained. The
specimen is 80 mm long and 36 mm wide. The frond is slender and at least bipinnate.
Pinnae are elongate, 40 mm long and 18 mm wide at the widest portion. They are
alternately arranged and are attached to the rachis at an angle of 20-30°. Pinnules are
lanceolate, 20 mm long and 2 mm wide, pinnatifid and are gradually narrowed toward the
apex. They are attached to the rachis at an angle of about 32°. The base of pinnules are
constricted exmedially and are typically decurrent admedially. The primary veins are
conspicuous and nearly straight, persisting almost to the apex (Cladophlebis-type). The
secondary veins are indistinct. Fertile part of the pinnule is not preserved.

Remarks— The genus Birisia was proposed by Samylina (1972) for fern frond with
sterile pinnules of Cladophlebidium-type and fertile pinnules of Coniopteris-type. Samylina
(1972) described four Birisia species from the Cretaceous of Siberia., i.e., B. aculata Samylina,
B. alata (Prynada) Samylina, B. ochotica Samylina, and B. onychioides (Vassilevskaja and
Kara-Mursa) Samylina. Two of these Birisia species were recorded in the Tetori Group in
central Japan: B. onychioides and B. alata (Kimura, 1975; Kimura et al, 1978; Yabe et al,
2003). Kimura (1975) discussed variation of sterile fronds of B. onychioides in detail and
synonymized Cladophlebis shinshuensis Tateiwa (Tateiwa, 1929; Oishi, 1940) to this species.
Although our specimen (FMM6179) does not yield fertile part, it is inseparable from B.
onychioides [sense Kimura, 1975] including C. shinshuensis in the shape and derivation angle
of pinnules, especially decurrent basal side forming wings. Therefore, we followed the
treatment by Kimura (1975) and compared our specimen to B. onychioides.

This species has been reported from fossil localities of the Tetori Group in Ishikawa, Gifu,
and Toyama prefectures (Kimura, 1975; Kimura et al,, 1978; Kunimitsu and Nakashima, 1987;

Yatsuo Town Board of Education, 1996; Matsuura, 2001). It is common in these localities.
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Form-genus Cladophlebis Brongniart, 1849

Cladophlebis sp.
Figs. 4C-D

Material— FMM6180.

Description.— An ultimate part of a sterile fern frond with four pairs of pinna was
obtained. The specimen is 12 mm long and 10 mm wide. Pinnules are narrow triangular
with acute apex, and 6 mm long and 1.5 mm wide at the widest portion. They are arranged
alternately and are attached to the rachis at an angle of 40°. The base of the pinnules are
constricted exmedially and are decurrent admedially. The primary veins are conspicuous
and nearly straight, persisting almost to the apex (Cladophlebis-type). The secondary veins
are unclear and not forked. The secondary veins are attached to the primary veins at an
angle of 30-35°, reaching the margin.

Remarks— Although FMMG6180 is poorly preserved, it is referable to the form-genus
Cladophlebis because of its Cladophlebis-type nervation. Six species of Cladophlebis have
been recorded in the Tetori Group, i.e., Cladophlebis ex gr. denticulata (Brongniart) Fontaine,
C. hamasakai Kimura and Sekido, C. hukuiensis Oishi, C. laxipinnata Prynada, C. ex gr.
williamsoni (Brongniart) Brongniart, and C. sp. cf. C. pseudolobifolia Vachrameev (Kimura et
al, 1978; Yabe et al, 2003). Based on pinnule shape and nervation, our specimen (FMM6180)
is distinct from any Cladophlebis species reported from the Tetori Group. However, the
authors refrain from making a species assignment in this study because our specimen is so

fragmental and poorly preserved in venation characters.

Discussion

This study reports a plant fossil specimen comparable to Birisia onychioides
(Vassilevskaja and Kara-Mursa) Samylina [sense Kimura, 1975] from the Tetori Group in the
Itoigawa area. The fossil record represents the northeasternmost occurrence of B.
onychioides or comparable forms in the Tetori Group. Since Kimura (1974, 1975) reported B.
onychioides for the first time from the Tetori Group in the Kuzuryu area, Fukui Prefecture,
this taxon has been reported from the group in the Shiramine area, Ishikawa Prefecture
(Kimura et al., 1978; Matsuura, 2001), in the Shokawa area, Gifu Prefecture (Kunimitsu and
Nakashima, 1987), and in the Inotani area, Toyama Prefecture (Yatsuo Town of Board of
Education, 1996). Recently Sakai et al. (2020) reported the occurrence of B. onychioides in
the Itsuki Formation in the Itoshiro area, Fukui Prefecture.

Kimura (1975) proposed three stratigraphically discernible floras in the Tetori Group,

namely the Oguchi, Akaiwa, and Tomodani floras in ascending order. Birisia onychioides is
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common in the Oguchi and Akaiwa floras but has not been found in younger flora
represented by the Tamodani Flora (Kimura, 1975; Kimura et al., 1978) or the Kitadani Flora
(Sano, 2015). Yabe et al. (2003) suggested that B. onychioides was recorded in the Oguchi
and Tomodani floras. The locality, where the Tamodani Flora with B. onychioides was
reported in Yabe et al. (2003), can be correlated to a certain horizon within the Akaiwa
Formation or its equivalent based on our own research. This fits well with the idea that the
Oguchi and Akaiwa floras of Barremian-Aptian age is different in floral composition from
the younger Kitadani Flora of Aptian age (Sano and Yabe, 2017). In addition, Kimura (1975)
pointed out that B. onychioides is one of the important elements indicative of the Siberian
paleofloristic province in the Early Cretaceous.

The plant fossil-bearing sequence in the quarry was originally assigned to the
Mizukamidani Formation. Takeuchi et al. (2015, 2017) designated it as the type section of the
Shiritakayama Formation based on their research on Mesozoic deposits around the border
between Toyama and Niigata prefectures including the Itoigawa area. Takeuchi et al. (2015)
reported the youngest detrital zircon U-Pb age of ca. 110 Ma from sandstones in the Mt.
Shiritakayama area, the original type area of the Shiritakayama Formation. On the other
hand, the youngest peak age of detrital zircon grains in sandstones around the quarry is 191
Ma (Takeuchi et al, 2015), which is much older than those in the Mt. Shiritakayama area.
The resetting of the type section does not seem conclusive because the detrital zircon U-Pb
age data are discordant. Moreover, the plant fossil evidence presented herein, possibly

indicative of Barremian-Aptian age, is not always supportive for the resetting.

Concluding remarks

This paper gives a description of plant fossils with photographs and line drawings from
the Tetori Group in the Itoigawa area. Birisia species have a potential not only for regional
correlation within the Tetori Basin but also for correlation on a global scale because they
have been found widely in Asia (Vakhrameev, 1991). Further collection of plant fossils and
floral analysis will give a clue to elucidate the stratigraphy of Mesozoic sequences in the

Itoigawa area where fossil evidence is still sparse.

Acknowledgements

We express our thanks to Dr. A. Yabe (National Museum of Nature and Science) for his
critical review of the manuscript. We wish to thank Dr. K. Takenouchi (Fossa Magna
Museum) for his valuable comments and information about the geology of the Itoigawa area.
We wish to thank Dr. E. V. Bugdaeva (Institute of Biology and Soil Science, Far East Branch

of the Russian Academy of Sciences) for her paleobotanical comments about the genus



42 Y. Sakai, T. Ito, Y. Ibaraki and A. Matsuoka

Birisia. We wish to thank the Itoigawa Mesozoic Research Team (N. Ishida, K. Yoshino, T.
Umetsu, K. Nakada, A. Matsumoto, T. Hinohara, and K. Matsumoto) for their cooperation in
the field. We are grateful to the Kagose-Unyu Co. Ltd. for allowing us to enter the quarry
and the Itoigawa City Board of Education for offering accommodations. We would like to

thank Mr. T. Brown (Itoigawa Geopark Council) for correcting the English.

References

Brongniart, A., 1849, Tableau des Genres de Vegéetaux Fossiles Considerés sous le Point de Vue de leur
Classtification Botanique et de leur Distribution Géologique, Paris, 127p.

Chihara, K., Komatsu, M., Uemura, T., Hasegawa, Y., Shiraishi, S., Yoshimura, T. and Nakamizu, M., 1979,
Geology and tectonics of the Omi-Renge and Joetsu Tectonic Belts (5): Geology and tectonics of the Omi-
renge Tectonic Belt. Sci. Rep. Niigata Univ., Ser. E, no. 5, 1-60.

Fujita, M., 2003, Geological age and correlation of the vertebrate-bearing horizons in the Tetori Group. Mem.
Fukui Pref. Dinosaur Mus., no. 2, 3-14.

Goto, M., 1983, Some bivalves from the Lower Jurassic Kuruma Group of central Japan. Trans. Proc. Palaeont.
Soc. Japan, no. 130, 79-85.

Goto, M., 1986, Discovery of Onychiopsis elongata (Geyler) Yokoyama from the uppermost part of the Lower
Jurassic Kuruma Group, Toyama and Niigata Prefectures. Bull. Toyama Sci. Mus., no. 9, 87-88, pl. 1 (in
Japanese with English abstract).

Tto, T. Sakai, Y., Ibaraki, Y. and Matsuoka, A. 2014, Middle Jurassic radiolarians from a siliceous mudstone
clast within conglomerate of the Tetori Group in the Itoigawa area, Niigata Prefecture, central Japan. Sci.
Rep., Niigata Univ. (Geol.), no. 29, 1-11.

Tto, T. Sakai, Y., Ibaraki, Y. Yoshino, K, Ishida, N., Umetsu, T., Nakada, K., Matsumoto, A., Hinohara, T.
Matsumoto, K. and Matsuoka, A., 2012, Radiolarian fossils from siliceous rock pebbles within
conglomerates in the Mizukamidani Formation of the Tetori Group in the Itoigawa area, Niigata
Prefecture, central Japan. Bull. Itoigawa City Mus., no. 3, 13-25 (in Japanese with English abstract).

Kimura, T. 1974, Late Early Cretaceous floras of the Tetori basin. Chigakukenkyu, Kyoto, 25, 159-169 (In
Japanese).

Kimura, T., 1975, Middle-Late Early Cretaceous plants newly found from the upper course of the Kuzuryu
River Area, Fukui Prefecture, Japan. Trans. Proc. Palaeont. Soc. Japan, no. 98, 55-93, pls. 5-8.

Kimura, T, Sekido, S. and Yamazaki, Y., 1978, Plant fossil assemblages from the Oguchi and the Akaiwa
Formations of the Itoshiro Subgroup, with special emphasis on the fossils from the Shiramine Village,
Ishikawa Prefecture, central Japan. /n Ishikawa Prefectural Board of Education, Research report on the
silicified wood localities of the Tetori Group along the Tedori River, Ishikawa Prefecture, 119-271, pls. 57-
112 (in Japanese).

Kishigami, M., 2000, Lithology and stratigraphy of the Shiritakayama Formation. Bull. Omi Nat. Mus., no. 2,
11-13 (in Japanese).

Kobayashi, T., Konishi, K., Sato. T., Hayami, I. and Tokuyama, A., 1957, On the Lower Jurassic Kuruma Group.
Jour. Geol. Soc. Japan, 63, 182-194 (in Japanese with English abstract).

Kunimitsu M. and Nakashima K., 1987, A note on Tetori type fossil plants from Ogamigo, Shokawa-mura, Ono-
gun, Gifu Prefecture. Bull. Gifu Pref. Mus., no. 8, 1-10 (in Japanese).

Maeda, S, 1961, On the geological history of the Mesozoic Tetori Group in Japan. Jour. Coll. Arts and Sct.,
Chiba Univ., 3, 369-426 (in Japanese with English abstract).

Matsukawa, M., Ito, M., Nishida, N., Koarai, K., Lockley, M. G. and Nichols, D. J., 2006, The Cretaceous Tetori
biota in Japan and its evolutionary significance for terrestrial ecosystems in Asia. Cretaceous Res., 27,
199-225.

Matsuura, N., 2001, Research Report of the Fossil Research Group of Hakusan Dinosaur Park Shiramine:
Fosstls from the Tetori Group in east of Ichinose and from the Asuwa Group in Omichidani, Shiramine



Plant fossils from the Lower Cretaceous Tetori Group in Itoigawa 43

Village, Ishikawa Prefecture. Shiramine Village Board of Education and Hakusan Kyoryu Park Shiramine
(Hakusan Dinosaur Park), 78p. (in Japanese).

QOishi, S., 1933, On the Tetori Series, with special references to its fossil zones. Part 2. Jour. Geol. Soc. Tokyo,
40, 669-699 (in Japanese).

Oishi, S., 1940, The Mesozoic floras of Japan. Jour. Fac. Sci., Hokkaido Imp. Univ., Ser. 4, 5, nos. 3-4, 123-480,
48 pls.

Sakai, Y., Ito, T, Ibaraki, Y., Yoshino, K., Ishida, N, Umetsu, T. Nakada, K., Matsumoto, A., Hinohara, T.
Matsumoto, K. and Matsuoka, A., 2012, Lithology and stratigraphy of the Mizukamidani Formation of the
Tetori Group in the right bank of the Sakaigawa River in the Itoigawa area, Niigata Prefecture, central
Japan. Bull. Itoigawa City Mus., no. 3, 1-11 (in Japanese with English abstract).

Sakai, Y., Kitagawa, Y., Uehara, K., Takagi, S, Ibaraki, Y. and Matsuoka, A., 2013, Plant and molluscan fossils
from the Mizukamidani Formation of the Tetori Group in the right bank of the Sakaigawa River in the
Ttoigawa area, Niigata Prefecture, Japan -Mesozoic in Itoigawa Part 2-. 120th Ann. Meet. Geol. Soc.
Japan, Abstr., 293 (in Japanese).

Sakai, Y., Wang, Y. D., and Matsuoka, A., 2020, Early Cretaceous plants from the Itsuki and Nochino
formations of the Tetori Group in the Kuzuryu area, central Japan and their paleoclimatic implications.
Cretaceous Res., 105, 104066.

Samylina, V. A., 1972, Birisia - novyj rod melovykh paporotnikov Sibiri [Birisia - a new genus of Cretaceous
ferns of Siberial. Botanicheskij Zhurnal, 57, 94-101 (in Russian).

Sano, S., 2015, New view of the stratigraphy of the Tetori Group in Central Japan, Mem. Fukui Pref. Dinosaur
Mus., no. 14, 25-61.

Sano, S. and Yabe, A., 2017, Fauna and flora of Early Cretaceous Tetori Group in Central Japan: The clues to
revealing the evolution of Cretaceous terrestrial ecosystem in East Asia. Palacoworld, 26, 253-267.

Takeuchi, M., Furukawa, R., Nagamori, H. and Oikawa, T. 2017, Geology of Tomari District, Quadrangle
Series, 1. 50,000. Geol. Surv. Japan, AIST, 121p. (in Japanese with English abstract).

Takeuchi, M., Ohkawa, M., Kawahara, K., Tomita, S., Yokota, H., Tokiwa, T. and Furukawa, R., 2015,
Redefinition of the Cretaceous terrigenous strata in the northeastern Toyama Prefecture based on U-Pb
ages of zircon. Jour. Geol. Soc. Japan, 121, 1-17 (in Japanese with English abstract).

Tateiwa, 1., 1929, Geological Atlas of Tyosen (Korea), No. 10, Keishu-Eisen-Taikyu and Wakwan Sheets,
1/50000, Geol. Surv. Tyosen (Korea) (in Japanese).

Vakhrameev, V. A., 1991, Jurassic and Cretaceous Floras and Climates of the Earth. Cambridge University
Press, Cambridge, 318p.

Yabe, A., Terada, K. and Sekido, S., 2003, The Tetori-type flora, revisited: a review. Mem. Fukui Pref.
Dinosaur Mus., no. 2, 23-42.

Yamada T. and Sano. S., 2018, Designation of the type section of the Tetori Group and redefinition of the
Kuzuryu Group. Mem. Fukui Pref. Dinosaur Mus., no. 17, 89-94.

Yatsuo Town Board of Education, 1996, Fossils of Kiritani from the Tetori Group of Yatsuo Town, Toyama
Prefecture, Central Japan. Yatsuo Town Board of Education, 32p. (in Japanese).

Yoshimura, T. and Adachi, H., 1976, Futomiyama Group in Niigata Prefecture. Contributions, Dept. Geol.
Mineral. Nitgata Univ., no. 4, 131-136 (in Japanese with English abstract).





