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Late Silurian radiolarians from a radiolarite pebble within
a conglomerate, Kotaki, Itoigawa, Niigata Prefecture, central Japan
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Abstract

This article describes radiolarians from a radiolarite pebble within conglomerate from a
float block that was collected along the banks of the Kotaki River in the Kotaki area,
Itoigawa, Niigata Prefecture, central Japan. Futobari morishitar Furutani, Inaniguttidae gen.
et sp. indet., and Palaeoscenidiidae gen. et sp. indet. were recognized on etched surfaces of
the pebble. Pseudospongoprunum sp., Zadrappolus sp., and Rotasphaera sp. were discovered
in residues obtained by chemically treating the conglomerate. This assemblage may be
compared to the assemblage around the boundary between the Pseudospongoprunum
tauversi to Futobari solidus-Zadrappolus tenuis assemblage zones and corresponds to the
late Silurian. This report marks the first identification of Silurian radiolarians in Niigata
Prefecture, which also makes them the oldest recorded fossils from the prefecture. The
clasts are also the oldest recorded radiolarian-bearing clasts within conglomerates of the

Japanese Islands and the Korean Peninsula.
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Introduction

Microfossils from clasts within conglomerates may provide clues about provenance.
Radiolarians have been reported from siliceous and argillaceous rock clasts in Cretaceous
strata in the Hokuriku district (e.g., Saida, 1987; Ito et al, 2012, 2014, 2015b), as represented
by the Itoshiro and Akaiwa subgroups of the Tetori Group. In contrast, few studies have
reported radiolarian-bearing clasts from Jurassic strata in the district.

The Lower Jurassic Kuruma Group (Kobayashi et al, 1957) is distributed over Niigata,
Nagano, and Toyama Prefectures, central Japan. There has been only one brief report of
radiolarian-bearing clasts from the Kuruma Group by Kumazaki and Kojima (1996), but no
images were included.

Recently, Devonian corals were discovered in pebbles within conglomerate from a float
block collected along the banks of the Kotaki River in the Kotaki area, Itoigawa, Niigata
Prefecture (Niko et al, 2014, 2015, 2016). Previous studies reported that the conglomerate
was derived from Mesozoic strata, possibly the Kuruma Group.

During sample processing of the conglomerate, we discovered a late Silurian radiolarian
assemblage. This article describes the assemblage and is the first report of radiolarians
from the Kuruma Group that includes images. This report also marks the first
identification of Silurian radiolarians from Niigata Prefecture, which also makes them the
oldest fossils recorded in the prefecture. Furthermore, the clasts are the oldest recorded
radiolarian-bearing clasts within conglomerates in the Japanese Islands and the Korean

Peninsula.

Sample locality and geologic background

Paleozoic basement rocks, overlying Mesozoic sedimentary strata, and Paleozoic through
Cenozoic igneous rocks are exposed in the Itoigawa and adjacent regions (e.g., Nagamori et
al., 2010) (Fig. 1A). The float block was collected along the banks of the Kotaki River in the
Kotaki area, Itoigawa (Fig. 1B) by Kanako Ito. The float block is reposited in the Fossa
Magna Museum in Itoigawa.

The float block is about 1 meter (m) in diameter and consists of subrounded to rounded
pebbles in a sandy matrix (Niko et al., 2014). The pebbles include abundant volcanic and
siliceous rocks, common limestones and mudstones, and relatively rare sandstones (Niko et
al., 2014). Devonian corals occurred within the limestone and mudstone pebbles (Niko et al.,
2014, 2015, 2016).

The Kuruma Group (Kobayashi et al, 1957) is widely distributed in the upper reaches of
the Kotaki River and includes conglomeratic layers in most formations (e.g., Kobayashi et al.,
1957; Shiraishi, 1992; Kumazaki and Kojima, 1996; Nagamori et al.,, 2010). Consequently, Niko
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Fig. 1. Index map showing the location of the conglomerate float block in Kotaki, Itoigawa City, Niigata
Prefecture, central Japan. (A) Geologic map of the Itoigawa area modified from Nagamori et al. (2010). (B)
Map of Kotaki modified from topographic map “Kotaki” scale 1:25000 published by Geospatial Information
Authority of Japan.

et al. (2014) concluded that the conglomerate was probably derived from the Kuruma Group.
An exposure of the conglomerate layer from which the float block was derived, however,

has never been discovered.

Materials and methods

The sample was prepared for an etched surface observation using the method described
by Ito et al. (2015b). The sample was sliced into three chips with a rock cutter. The chips
were observed using a loupe to assess the presence of radiolarian tests in siliceous and
argillaceous rock clasts. Abundant radiolarian tests were recognized in a dark-cyan
radiolarite clast (Fig. 2). Two chips, including the radiolarite clast, were soaked in a solution
of approximately 5% hydrofluoric acid (HF) for one day at room temperature. After the
removal of the HF solution, the etched chips were resoaked in fresh water. After the
removal of the water, the etched chips were dried in an oven. A gold coating was applied to
the etched chips, which were observed and photographed using a scanning electron
microscope (SEM).

Residues from the chips were obtained when the HF solution was removed. The

residues were collected through a sieve with a mesh diameter of 0.054 mm. All residues
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Fig. 2. Polished surface of the conglomerate. (A) Overall view.
(B) Enlarged view of the radiolarian-bearing pebble (radiolarite).

were prepared on slides with a mounting medium (Entellan New). The slides were observed

and photographed using a transmitted light microscope.

Radiolarian occurrences

The etched surfaces of the radiolarite clast were characterized by a predominance of
spherical radiolarians with common spicules (Fig. 3). Terrestrial clastic grains did not appear
on the etched surfaces, which implied that the clast is fossil supported. The spherical
radiolarians and the spicules did not seem to be sorted and a preferred orientation of the
spicules was not observed. Fossil preservation on the etched surfaces and in the residues
was generally poor.

A few better-preserved specimens were recognized on the etched surfaces (Fig. 4).
Futobari morishitai Furutani is characterized by several main spines and rounded pores on
the surfaces (Fig. 4.1), which are major characteristics of the species (Furutani, 1990;
Kurihara, 2007). Inaniguttidae gen. et sp. indet. display two major spines that are bladed at
the base (Fig. 4.2). These characteristics are the same as for some genera of the family, such
as Futobar:t and Zadrappolus (e.g., Furutani, 1990; Kurihara and Sashida, 2000; Kurihara,
2007). Palaeoscenidiidae gen. et sp. indet. display six thorny spines without rings formed by
the basal spines (Fig. 4.3), which is typical of Palaeoscenidiidae genera; an example is

Palaeoscenidium Deflandre, which is characterized by thorny spines (Deflandre, 1953) and
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Fig. 3. Scanning electron microscope (SEM) images of the etched surfaces of the radiolarite pebble.
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Fig. 4. Scanning electron microscope (SEM) images of radiolarians on etched surfaces (a) and trimmed
images (b) from the radiolarite pebble. 1: Futobari morishitai Furutani, 1990. 2: Inaniguttidae gen. et sp. indet.
3: Palaeoscenidiidae gen. et sp. indet.

an absence of rings (Furutani, 1983).

In the residues, spinous and spineless spherical radiolarians were observed (Fig. b);
however, no specimen could be identified at the species level. Pseudospongoprunum sp.
possess an elliptical spongy shell and probably two polar spines (Figs. 5.1, 5.2), which are
diagnostic characteristics of the genus (Wakamatsu et al, 1990; Noble, 1994; Umeda, 1998).
Zadrappolus sp. appear to possess a single cortical shell and double medullary shells (Figs.
5.3-5.5), which are diagnostic characteristics of the genus (Furutani, 1990). Rotasphaera sp.
appear to have a web-like structure on the shell surface (Fig. 5.6), which is similar to the
surface structure consisting of primary and secondary spines of the genus (Noble, 1994).

No radiolarian tests were observed in other clasts within the chips that were treated
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Fig. 5. Photomicrographs of radiolarians obtained from residues of the conglomerate sample. 1, 2:
Pseudospongoprunum sp. 3-5: Zadrappolus sp. 6: Rotasphaera sp. All scale bars are 50 micrometers (u m).

with HF solution. Moreover, we determined that the matrices of the chips did not include
radiolarians. Therefore, we can say with certainty that the radiolarians obtained from the

residues were most likely derived from the radiolarite pebble, not the matrix.

Age assignment of the radiolarite pebble

The radiolarian tests on the etched surfaces, such as F. morishitai, are characteristic of
the Futobari solidus-Zadrappolus tenuis Assemblage Zone of Kurihara (2004, 2007), which
corresponds to the uppermost Pridoli (latest Silurian) to Lower Devonian (Pragian) according
to Kurihara (2004, 2007).

Pseudospongoprunum, obtained from the residues, occurred in the Pseudospongoprunum
tauversi Assemblage Zone of Kurihara (2004, 2007). Kurihara (2004, 2007) concluded that the
P. tauversi Assemblage Zone corresponds to the Pridoli on the basis of the conodont-based
age by Noble (1994) and Noble and Aitchison (2000).

Other radiolarians, which were observed on the etched surfaces and were obtained from
the residues, are consistent with the components of the P. tauversi and F. solidus-Z. tenuis
assemblage zones (Kurihara, 2004, 2007).

Because we are assuming that the residues were derived from the radiolarite pebble, the
assemblage in the pebble can be compared to the assemblage around the boundary between
the P. tauversi and F. solidus-Z. tenuis assemblage zones. In addition to the conodont-based
age (Noble,1994; Noble and Aitchison, 2000), a U-Pb zircon age (Manchuk et al., 2013)

indicated that the age around the boundary between the P. tauversi and F. solidus-
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Zadrappolus tenuis assemblage zones is Ludlow to Pridoli (late Silurian). On the basis of
these previous studies, we conclude that the age of the radiolarian assemblage of this study
is late Silurian. If we assume that the radiolarians in the residues are derived from other

clasts, then the pebble includes radiolarians that are at least as old as late Silurian.

Implications

Fossil records in Niigata Prefecture

Paleozoic radiolarian occurrences have been reported from Paleozoic strata in the
Ttoigawa area. In addition, Paleozoic and Mesozoic radiolarians have occurred in clasts
within conglomerates in Mesozoic strata of the area. However, the age of the these
previously reported radiolarians is Carboniferous(?), Permian, Triassic, and Jurassic, as
documented below. The results of this study indicate that these are the first Silurian
radiolarians to be identified in the Itoigawa area (Fig. 6).

Tazawa et al. (1984) found Pseudoalbaillella sp. aff. P. longicornis Ishiga and Imoto from
mudstone of the Kotaki Formation (Nagamori et al, 2010), which is assigned to the Hida-
Gaien terrane. The specimen of Pseudoalbaillella sp. aff. P. longicornis is similar to the short
form of Pseudoalbaillella fusiformis (Holdsworth and Jones) sensu Ito et al. (2015a).
Pseudoalbaillella fusiformis occurred generally in the upper Cisuralian (lower Permian) to
the Guadalupian (middle Permian) (e.g., Ishiga, 1990; Zhang et al, 2010; Wang and Yang,
2011; Tto et al., 2015a). Ujihara (1985) reported occurrences of Pseudotormentus sp. from
siliceous mudstone of the Kotaki Formation. Pseudotormentus occurred during all of the
Permian (Ito et al., 2016), although Pseudotormentus delawarensis Schwartzapfel and
Holdsworth also occurred in the upper Mississippian (Lower Carboniferous) (Schwartzapfel
and Holdsworth, 1996). Kawai and Takeuchi (2001) found Follicucullus sp. in chert and
siliceous mudstone of the Kotaki Formation. Follicucullus occurred generally in the
Lopingian (Upper Permian) (e.g., Ishiga, 1990; Zhang et al., 2014).

The Himekawa Complex (Kawai and Takeuchi, 2001; redefined by Nagamori et al., 2010)
is assigned to the Akiyoshi terrane. Cherts of this complex yielded Pseudotormentus sp.
(Kawai and Takeuchi, 2001); siliceous mudstones yielded Pseudoalbaillella fusiformis,
Pseudoalbaillella sp. cf. P. globosa Ishiga and Imoto, F. porrectus Rudenko (originally
described as F. scholasticus Ormiston and Babcock), and Pseudoalbatllella monacantha
(Ishiga and Imoto) (Tazawa et al., 1984); siliceous mudstones yielded Pseudoalbaillella
Jusiformis, F. porrectus, and Pseudoalbaillella monacantha (Kawai and Takeuchi, 2001);
siliceous mudstone containing manganese carbonate spherules yielded Albaillella
asymmetrica Ishiga and Imoto (Kawai and Takeuchi, 2001). According to Zhang et al. (2014),
the co-occurrence range of Pseudoalbaillella fusiformis, Pseudoalbaillella monacantha, and F.

porrectus is restricted to the F. porrectus Interval Zone of the lower Capitanian,
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Fig. 6. Radiolarian occurrences from the Itoigawa area, Niigata Prefecture. Geologic ages are after Ogg et al.
(2016).

Guadalupian. The range of A. asymmetrica is restricted to the Kungurian of the Cisuralian
according to Zhang et al. (2010).

Mudstones of the Mushikawa Formation (Ujihara, 1985; redefined by Nagamori et al,
2010), which is assigned to the Maizuru terrane, yielded A. asymmetrica Ishiga and Imoto,
Pseudoalbaillella fusiformis, and Pseudoalbaillella longtanensis Sheng and Wang (Ujihara,
1985; Kawai and Takeuchi, 2001). These species co-occurred in the P. longtanensis
Assemblage Zone of Ishiga (1990), which corresponds to the Kungurian Age of the
Cisuralian Epoch.

Kumazaki and Kojima (1996) reported Pseudoalbaillella sp. and Pseudotormentus? sp.
from siliceous mudstone clasts within conglomerates of the lower part of the Gamaharazawa
Formation in the Lower Jurassic Kuruma Group exposed along the Kotaki River, although
they did not provide images. Pseudoalbaillella occurred in the Upper Carboniferous
(Pennsylvanian) to the lower Permian (e.g., Holdsworth and Jones, 1980; Nazarov and
Ormiston, 1986); Pseudotormentus occurred in the Permian (Ito et al., 2016).

Tomita et al. (2007) and Takeuchi et al. (2015b) reported Permian radiolarians (e.g.,
Pseudoalbaillella sp. cf. P. fusiformis) and Middle Triassic radiolarians (Pseudostyloshaera
japonica (Nakaseko and Nishimura) and T7riassocampe sp.) from chert clasts within the
Lower Cretaceous Kurobishiyvama Formation (Kobayashi et al, 1957; redefined by Takeuchi
et al, 2015a).

Mudstone clasts within the Lower Cretaceous Mizukamidani Formation (Kobayashi et al.,
1957; redefined by Takeuchi et al., 2015a) yielded F. porrectus and Pseudoalbaillella sp. cf. P.
Susiformis (Tomita et al., 2007; Takeuchi et al., 2015b). These species occurred in the
Guadalupian to Lopingian of the Permian (Zhang et al., 2014; Ito et al.,, 2015a).

Chert clasts within conglomerates of sections exposed in the right bank of the Sakaigawa
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River yielded Middle to Late Triassic and Jurassic radiolarians (Ito et al., 2012); siliceous
mudstone clasts within the conglomerate yielded Bajocian to early Bathonian (Middle
Jurassic) radiolarians (Ito et al, 2014). Ito et al. (2012, 2014) assigned the conglomerate to the
Mizukamidani Formation. However, Takeuchi et al. (2015a) designated the conglomerate
section as the type locality of the middle Cretaceous Shiritakayama Formation (Yoshimura
and Adachi, 1976) and redefined the formation.

Paleozoic radiolarian fossils have also occurred in several areas of the Niigata Prefecture
other than the Itoigawa area (e.g., Matsumoto et al., 2001; Suzuki and Kuwahara, 2003;
Uchino et al., 2010); however, all are Permian. Consequently, the radiolarians from the
Ttoigawa area are the first Silurian radiolarians to be identified in the Niigata Prefecture.

The radiolarians are the oldest fossils recorded in Niigata Prefecture. Previously
reported Paleozoic fossil taxa from Niigata Prefecture, such as brachiopods (e.g., Hayasaka,
1918; Tazawa et al, 1983; Tazawa, 2004), foraminifers (e.g., Ueno and Nakazawa, 1993; Ichida
et al., 2010), corals (e.g., Niikawa, 2001; Ibaraki et al., 2009; Ibaraki and Niko, 2012), bryozoans
(e.g., Kobayashi et al, 1982; Nakazawa, 2001), and conodonts (e.g., Sato et al., 1975; Watanabe,
1975) range in age from Devonian to Permian. Although Nakamizu (1981) described
occurrences of middle Paleozoic corals and trilobites from a lenticular limestone block within
mélanges of the Renge terrane, detailed information and images were not provided.

Silurian fossils have been reported in some geologic units in limited areas of Japan, such
as in the Kurosegawa terrane in Kochi Prefecture (e.g., Furutani, 1983; Wakamatsu et al.,
1990; Umeda, 1997, 1998), the Hida-Gaien terrane in Gifu and Fukui prefectures (e.g.,
Furutani, 1990; Tazawa and Kaneko, 1991; Kurihara and Sashida, 2000; Kurihara, 2004, 2007),
and the South Kitakami terrane in Iwate Prefecture (e.g., Kawamura et al, 1984; Ehiro et al.,

1986). This study provides a new location in Japan for Silurian fossils.

Radiolarian-bearing clasts within upper Paleozoic and Mesozoic strata of the Japanese
Islands and the Korean Peninsula

Radiolarian-bearing clasts have been identified in the upper Paleozoic to Mesozoic
terrigenous strata of the Japanese Islands and the Korean Peninsula, such as in the Maizuru
Group (Takemura et al., 1996), the Nariwa Group (Kametaka, 1997), the Choshi Group
(Kashiwagi and Isaji, 2015), the Sasayama Group (Umeda et al., 1995), the Tetori Group
(Saida, 1987; Tto et al., 2015b), and the Hayang Group (Chang et al, 1990; Kamata et al., 2000).
The age of these clasts ranges from Permian through Cretaceous but may be as old as
Carboniferous (e.g., Ishida et al., 2003; Ito et al., 2017). This study identified Silurian
radiolarian-bearing clasts within conglomerate, making them the oldest radiolarian-bearing
clasts within upper Paleozoic through Mesozoic strata in the Japanese Islands and the

Korean Peninsula.
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Concluding remarks

Limestone and mudstone pebbles and Devonian corals are present in the conglomerate
examined during this study (Niko et al., 2014, 2015, 2016). Microscopic observations identified
the presence of a Silurian radiolarian-bearing pebble (radiolarite) in the conglomerate. The
conglomerate was probably derived from the Lower Jurassic Kuruma Group. The age of the
radiolarians in the pebble implies that a geologic unit (or units) that included Silurian
radiolarites, as well as younger Devonian limestones and mudstones, was exposed and
eroded in the provenance of the Kuruma Group in the Kotaki area by the time the
conglomerate was deposited.

Meanwhile, the source exposure for the conglomerate is unknown, which allows for the
possibility that the conglomerate was derived from other geologic units. The discovery of
the original bed will provide the further knowledge, such as the origin of the conglomerate

and a more precise date for the time of deposition.
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