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Abstract

The Itoigawa UNESCO Global Geopark is located in Itoigawa City, Niigata Prefecture in 
central Japan. This geopark was approved as a Global Geopark in 2009, which is one of the 
first Global Geoparks in Japan. The Itoigawa–Shizuoka Tectonic Line, which divides the 
Japanese Islands into Southwest Japan and Northeast Japan in the Cenozoic tectonic 
framework, lies in the central part of the City of Itoigawa. Various rocks, ranging in age 
from the Cambrian to Quaternary, and cultural legacies can be observed in the 24 geosites 
in this geopark. Silurian, Permian, Triassic, and Jurassic radiolarians have been discovered 
from Itoigawa. 
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Introduction

According to the Global Geopark Network, “UNESCO Global Geoparks are single, unified 
geographical areas where sites and landscapes of international geological significance are 
managed with a holistic concept of protection, education and sustainable development” [URL1]. 
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Table 1. Timeline of the geopark work in Itoigawa since 1987. 
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The Global Geopark Network comprises 127 Geoparks in 35 Member States as of May 2017. 
The Itoigawa UNESCO Global Geopark has been a current member of the Global 

Geopark Network since 2009 (Table 1), which is one of the first Global Geoparks in Japan. In 
fact, the Fossa Magna Park in Itoigawa was opened as a “Geopark” in 1990. The European 
Geopark Network was founded in 2000. Consequently, this “Geopark” in Itoigawa was the 
first use of the word in the world although they differed in meaning. 

One of the main attractions of the Itoigawa UNESCO Global Geopark is the exposures of 
various rocks in a wide age range. Among them, Permian basement rocks have yielded 
radiolarians (e.g., Tazawa et al., 1984; Ujihara, 1985; Kawai and Takeuchi, 2001). Our research 
group, comprising Niigata University, Itoigawa City, and the Geological Survey of Japan, 
AIST, has mainly studied upper Mesozoic neritic strata and has reported the occurrences of 
Triassic and Jurassic radiolarians from clasts within the strata (Ito et al., 2012, 2014; Sakai et 
al., 2012). Recently, our research group discovered late Silurian radiolarian assemblages from 
a siliceous rock pebble of a float block of conglomerate (Ito et al., 2017a, 2017b). 

This article introduces the geologic outline of Itoigawa and a brief history of the 
Itoigawa UNESCO Global Geopark, that is the first “Geopark” in the world. In addition, this 
article shows radiolarian occurrences in the previous studies in Itoigawa. Finally, we 
introduce briefly two geosites in the geopark. In the Itoigawa UNESCO Global Geopark, the 
word “geosite” is used to refer to a designated, thematic region of geological significance.

Geologic outline of Itoigawa

The Japanese Islands are located near the boundaries of four tectonic plates, Eurasian 
(Amur), North American (Okhotsk), Philippine Sea, and Pacific plates (Fig. 1). The Itoigawa–

Fig. 1. Plate boundaries and major teconic lines of the Japanese Islands (based on Taira et al., 2016). 
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Shizuoka Tectonic Line, a massive fault line between the Eurasian and North American 
continental plates, lies in the central part of the City of Itoigawa. This tectonic line 
geologically divides the Japanese Islands into Southwest Japan and Northeast Japan in the 
Cenozoic tectonic framework (Fig. 2). 

The City of Itoigawa, which borders the Sea of Japan, is located at the southwest end of 
Niigata Prefecture in central Japan. Various rocks are exposed in Itoigawa in spite of its 
small area (Fig. 3). This article follows the divisions of the geologic units, including their 
names and characters, shown by Nagamori et al. (2010) and Takeuchi et al. (2010, 2015a, 
2015b). The Paleozoic and Mesozoic are mainly exposed in the west side of the Itoigawa–
Shizuoka Tectonic Line whereas the Cenozoic is generally distributed over the east side of 
the line. 

Fig. 2. Geosites in the Itoigawa UNESCO Global Geopark. 
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1. Paleozoic
The Paleozoic is exposed mainly in the west part of Itoigawa. The Paleozoic in Itoigawa 

consists mainly of the following geologic terranes: Renge, Akiyoshi, Maizuru, and Hida-Gaien 
terranes. 

The Renge terrane is composed mainly of the Carboniferous Renge Metamorphic Rocks, 
such as garnet amphibole schist, garnet biotite schist, chlorite schists, and muscovite schist, 

Fig. 3. Stratigraphic divisions of the Itoigawa (based on Nagamori et al., 2010; Takeuchi et al., 2010, 2015b), 
with previous radiolarian occurrences from tha area. Age is after Ogg et al. (2016). Quaternary deposits and 
the Quaternary Shirouma–Oike Volcano are omitted in this figure. Reference number: 1: Tazawa et al. (1984); 
2: Ujihara (1985); 3: Kumazaki and Kojima (1996); 4: Kawai and Takeuchi (2001); 5: Tomita et al. (2007); 6: Ito et 
al. (2012); 7: Ito et al. (2014); 8: Takeuchi et al. (2015b); 9: Ito et al. (2017a); 10: Ito et al. (2017b). 
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and Ordovician–Carboniferous amphibolite. Ultramafic rocks, of which age is unknown, 
consist of serpentinite and peridotite. In some areas, serpentinite mélanges include exotic 
blocks of amphibolite, jadeitite, and the Renge Metamorphic Rocks. 

The Akiyoshi terrane in Itoigawa comprises the Carboniferous–Permian Omi Complex 
(Nagamori et al., 2010) and the Permian Himekawa Complex (Kawai and Takeuchi, 2001; 
redefined by Nagamori et al., 2010). The former complex consists of limestones and basalts, 
while the latter complex shows the repetition of chert–clastic sequences. 

The Permian Maizuru terrane is composed of the Kuratani Metamorphic Rocks 
(Nagamori et al., 2010), the Kotozawa Igneous Rocks (Nagamori et al., 2010), and the 
Mushikawa Formation (Ujihara, 1985; redefined by Nagamori et al., 2010). The Mushikawa 
Formation consists of clastics, such as mudstones, sandstones, and breccias. 

The Hida-Gaien terrane is composed of the Permian Shiroumadake and Kotaki 
formations. The Shiroumadake Formation (Takeuchi et al., 2001; redefined by Takeuchi et 
al., 2004) in Itoigawa consists of felsic tuffs and felsic tuff breccias whereas the Kotaki 
Formation (Nagamori et al., 2010) is characterized by greenstones, sandstones, mudstones, 
felsic tuffs, and cherts. 

2. Mesozoic
The Mesozoic is exposed mainly in the west part of Itoigawa and comprises mainly 

Lower Jurassic marine–terrestrial deposits, Cretaceous terrestrial deposits, and Upper 
Cretaceous volcanic and intrusive rocks. 

The Lower Jurassic Kuruma Group (Kobayashi et al., 1957) in Itoigawa, which overlies 
the Renge Metamorphic Rocks and the ultramafic rocks, comprises the Gamaharazawa, 
Odokorogawa and Yoshinazawa formations (Shiraishi, 1992), in ascending order. This group 
consists mainly of clastic rocks, such as mudstones, sandstones, and conglomerates, with 
tuffs.

The Lower Cretaceous Tetori Group (Oishi, 1933) in Itoigawa comprises the 
Mizukamidani Formation (Kobayashi et al., 1957; redefined by Takeuchi et al., 2015a) and the 
Kurobishiyama Formation (Takeuchi et al., 2015a), in ascending order. The former consists 
mainly of conglomerates, sandstones, and mudstones, while the latter is composed of 
sandstones and conglomerates. The Mizukamidani Formation had been considered to belong 
to the Kuruma Group (Kobayashi et al., 1957); however, recent studies considered that it 
belongs to the Tetori Group (Chihara et al., 1979; Sakai et al., 2012; Takeuchi et al., 2015a, 
2015b). 

The middle Cretaceous Uchiyama Formation (Takeuchi et al., 2015a) consists of 
conglomerates and sandstones including andesite, rhyolitic pyroclastic rock, and lava. The 
middle Cretaceous Shiritakayama Formation (Yoshimura and Adachi, 1976; redefined by 
Takeuchi et al., 2015a) consists mainly of coarser sandstones including granules and pebbles. 
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The Uchiyama and Shiritakayama formations are contemporaneous heterotopic facies 
(Takeuchi et al., 2015a). The Cretaceous Oyashirazu Formation (Chihara, 1955; redefined by 
Takeuchi et al., 2015a) consists mainly of andesitic tuff breccia. This formation overlies 
conformably the Uchiyama and Shiritakayama formations. The Cretaceous Akahageyama 
Formation (Chihara et al., 1979), which covers the Mushikawa Formation, consists mainly of 
clastic rocks and tuffs. The Upper Cretaceous Ipponmatsuyama Formation (Chihara et al., 
1979; redefined by Shiraishi, 1992) consists of andesitic and dacitic tuff breccias. 

3. Cenozoic
The Cenozoic is exposed mainly in the east part of Itoigawa. The Cenozoic in Itoigawa 

consists mainly of Neogene marine–terrestrial deposits and Pleistocene intrusive rocks. As 
mentioned previously, the Itoigawa–Shizuoka Tectonic Line, geologically dividing the 
Japanese Islands into Southwest Japan and Northeast Japan in the Cenozoic tectonic 
framework, lies in central Itoigawa. 

The Paleogene Ishizaka Formation (Tomizawa and Kitahara, 1967; redefined by Ishii, 
1976) is composed mainly of lapilli tuffs with rhyolite lava and basal conglomerates. This 
formation overlies unconformably the Ipponmatsuyama Formation and the Paleozoic. 

The Miocene to Pliocene formations (e.g., Tokurayama, Yamamoto, Imai, Senno-zawa, 
Nechi, Umikawa, Tanne, and Atosugiyama formations) are distributed over the north part of 
the Itoigawa area (Nagamori et al., 2010). These formations consist mainly of pyroclastics 
and clastics. 

Quaternary stratovolcanos are present in Itoigawa. The Shirouma–Oike Volcano and the 
Yakeyama Volcano are located in the southwest and southeast parts in Itoigawa, 

Fig. 4. Volcanic fume of the Yakeyama Volcano, photographed at January 1st 2016.
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respectively. Both volcanos consist mainly of andesite and dacite lavas and pyroclastics. The 
Yakeyama Volcano is an active volcano and its first volcanic activity started ca. 3,000 years 
ago (Hayatsu, 1994). In recent years, the Yakeyama Volcano fumes constantly (Fig. 4) and 
the small-scale eruption was observed in July 2016. Quaternary deposits, such as terrace 
deposits and roams, cover the older geologic units. 

Radiolarian occurrences from Itoigawa

Since Tazawa et al. (1984) discovered Permian radiolarians, some researchers have 
reported radiolarian occurrences from Itoigawa. Paleozoic and Mesozoic radiolarian 
occurrences from Itoigawa are summarized in Fig. 3 and described below. 

1. Permian radiolarians from siliceous and argillaceous strata
Permian radiolarians occurred in siliceous and argillaceous strata in several geologic 

units in the Japanese Islands, such as the Akiyoshi terrane (e.g., Sano et al., 1987; Ito and 
Matsuoka, 2015a, 2016), Maizuru terrane (e.g., Nishimura and Ishiga, 1987), Hida-Gaien 
terrane (Niko et al., 1987; Umeda and Ezaki, 1997), Ultra-Tamba terrane (e.g., Sugamori, 
2011), Tamba–Mino–Ashio terrane (e.g., Ishiga and Imoto, 1980; Kuwahara, 1997), and 
Chichibu composite terrane (e.g., Kuwahara, 1992; Ito and Matsuoka, 2015b). Likewise, the 
Kotaki Formation (Hida-Gaien terrane), Mushikawa Formation (Maizuru terrane), and 
Himekawa Complex (Akiyoshi terrane) in Itoigawa yielded Permian radiolarians (Tazawa et 
al., 1984; Ujihara, 1985; Kawai and Takeuchi, 2001). 

Pseudoalbaillella sp. aff. P. longicornis Ishiga and Imoto occurred in mudstone of the 
Kotaki Formation of the Hida-Gaien terrane (Tazawa et al., 1984). The specimen shown by 
Tazawa et al. (1984) resembles 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; Ito et al., 2015a). 

Ujihara (1985) discovered Pseudotormentus sp. from siliceous mudstone of the Kotaki 
Formation. Although Schwartzapfel and Holdsworth (1996) described Pseudotormentus 
delawarensis Schwartzapfel and Holdsworth obtained from the upper Mississippian (Lower 
Carboniferous), Pseudotormentus occurred generally in all of the Permian (Ito et al., 2016). 
Kawai and Takeuchi (2001) reported occurrence of Follicucullus sp. from chert and siliceous 
mudstone of the Kotaki Formation. Follicucullus occurred generally in the Lopingian (Upper 
Permian) (e.g., Ishiga, 1990; Zhang et al., 2014). 

Kawai and Takeuchi (2001) discovered Pseudotormentus sp. from cherts of the Himekawa 
Complex (Akiyoshi terrane), Pseudoalbaillella fusiformis, F. porrectus, and Pseudoalbaillella 
monacanthus from siliceous mudstones of the complex, and Albaillella asymmetrica Ishiga 
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and Imoto from siliceous mudstone containing manganese carbonate spherules of the 
complex.  Pseudoalbaillella fusiformis, Pseudoalbaillella sp. cf. P. globosa Ishiga and Imoto, F. 
porrectus Rudenko (originally described as F. scholasticus Ormiston and Babcock), and 
Pseudoalbaillella monacantha (Ishiga and Imoto) occurred in siliceous mudstones of the 
complex (Tazawa et al., 1984). The co-occurrence range of Pseudoalbaillella fusiformis, 
Pseudoalbaillella monacantha, and F. porrectus is restricted to the F. porrectus Interval Zone 
of the lower Capitanian, Guadalupian according to Zhang et al. (2014). The range of A. 
asymmetrica is restricted to the Kungurian of the Cisuralian according to Zhang et al. (2010). 

Albaillella asymmetrica, Pseudoalbaillella fusiformis, and Pseudoalbaillella longtanensis 
Sheng and Wang occurred in mudstones of the Mushikawa Formation of the Maizuru 
terrane (Ujihara, 1985; Kawai and Takeuchi, 2001). These species co-occurred in the P. 
longtanensis Assemblage Zone of Ishiga (1990), corresponding to the Kungurian Age of the 
Cisuralian Epoch. 

2. Permian–Jurassic radiolarians from clasts within the Mesozoic non-marine strata
Mesozoic non-marine strata in the Japanese Islands contain radiolarian-bearing clasts 

within conglomerate (e.g., Ishida et al., 2003; Ito et al., 2017c). Most previous studies have 
reported Permian–Jurassic radiolarian-bearing clasts within the Mesozoic in the Hokuriku 
region in central Japan (e.g., Saida, 1987; Takeuchi et al., 1991; Ito et al., 2015b). Siliceous and 
argillaceous rock clasts within the Kuruma Group and Mizukamidani (?) Formation in 
Itoigawa yielded Permian, Triassic, and Jurassic radiolarians (Kumazaki and Kojima, 1996; 
Tomita et al., 2007; Ito et al., 2012, 2014). 

Kumazaki and Kojima (1996) reported Pseudoalbaillella sp. and Pseudotormentus? sp. 
occurred in siliceous mudstone clasts within conglomerates of the lower part of the 
Gamaharazawa Formation of the Kuruma Group. They however did not show their 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) reported the occurrences of Permian and Triassic radiolarians, such 
as Pseudoalbaillella sp. cf. P. fusiformis and Pseudostylosphaera japonica Nakaseko and 
Nishimura, from chert clasts within the Lower Cretaceous Kurobishiyama Formation. 
Although Tomita et al. (2007) showed no radiolarian images, Takeuchi et al. (2015b) provided 
the images.

Follicucullus porrectus and Pseudoalbaillella sp. cf. P. fusiformis were discovered from 
mudstone clasts within the Lower Cretaceous Mizukamidani Formation (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). 

Ito et al. (2012) found Middle to Late Triassic (Figs. 5.2, 6.5, 6.6) and Jurassic radiolarians 
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Fig. 5. Scanning electron microscope (SEM) images of the etched surfaces of pebbles within conglomerates in 
the Itoigawa area. 1: Siliceous mudstone (IT12050102-1) from the Mizukamidani Formation (?) in Ichiburi; 2: 
Chert (IT10050201-1) from the Mizukamidani Formation (?) in Ichiburi; 3: Radiolarite (IY-FMM-K2) from float 
block in Kotaki. 
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Fig. 6. Scanning electron microscope (SEM) images of radiolarians on etched surfaces (a) and trimmed 
images (b) from pebbles within conglomerates in the Itoigawa area. 1: Striatojaponocapsa plicarum (Yao); 2: 
Cyrtocapsa mastoidea Yao; 3: closed nassellaria; 4: Parvicingula sp.; 5: multi-segmented Nassellaria; 6: 
Pseudostylosphaera sp. cf. P. japonica Nakaseko and Nishimura; 7: Futobari morishitai Furutani; 8: 
Inaniguttidae gen. et sp. indet. 1–4: Siliceous mudstone (IT12050102-1) from the Mizukamidani Formation (?) 
in Ichiburi; 5, 6: Chert (IT10050201-1) from the Mizukamidani Formation (?) in Ichiburi; 7, 8: Radiolarite (IY-
FMM-K2) from float block in Kotaki.
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from chert clasts within conglomerates of sections exposed in the right bank of the Sakai 
River. Ito et al. (2014) obtained Bajocian to early Bathonian (Middle Jurassic) radiolarians 
(Figs. 5.1, 6.1–6.4) from siliceous mudstone clasts within the conglomerate of the same 
sections. Ito et al. (2012, 2014) assigned the conglomerate to the Mizukamidani Formation. 
Takeuchi et al. (2015a) however designated the sections as the type locality of the 
Shiritakayama Formation. 

3. Silurian–Devonian radiolarians from a radiolarite clast within conglomerate of 
a float block

Ito et al. (2017a, 2017b) recently discovered a radiolarian assemblage from a radiolarite 
rock pebble of a float block of conglomerate, which was collected in the banks of the Kotaki 
River in the Kotaki area, Itoigawa. Futobari morishitai Furutani, Inaniguttidae gen. et sp. 
indet., and Palaeoscenidiidae gen. et sp. indet. were recognized on etched surfaces of the 
pebble (Figs. 5.3, 6.7, 6.8), whereas Pseudospongoprunum sp., Zadrappolus sp., and 
Rotasphaera sp. were discovered in residues obtained by chemically treating the 
conglomerate. 

The former assemblage can be compared to that of the Futobari solidus–Zadrappolus 
tenuis Assemblage Zone of Kurihara (2004, 2007). The latter assemblage can be compared to 
that of the Pseudospongoprunum tauversi Assemblage Zone of Kurihara (2004, 2007). 
According to the U–Pb zircon dating by Manchuk et al. (2013), the age around the boundary 
between the P. tauversi and F. solidus–Z. tenuis assemblage zones is Ludlow to Pridoli (late 
Silurian).

The discovery was the first occurrence report of Silurian radiolarians in Niigata 
Prefecture, which was also the oldest fossil record in the prefecture. Additionally, the clasts are 
also one of the oldest radiolarian-bearing clasts within conglomerates of the Japanese 
Islands. 

Stops in geosites

Twenty-four geosites are designated in the Itoigawa UNESCO Global Geopark (Fig. 1). 
These geosites deal with several themes ranging from geology to culture (Table 2). The 
City of Itoigawa is planning to publish pamphlets of all geosites. Among them, 21 geosites’ 
pamphlets are currently published. They can be downloaded via the official webpage of the 
geopark [URL2]. In this section, we introduce outlines of two stops in the Geosite Nos. 9 and 
16. Detailed explanations are shown in each pamphlet. 

STOP 1. Kotakigawa Jade Gorge and Mt. Myojo (in Geosite No. 9)
The Kotakigawa Jade Gorge is located along the Kotaki River flowing along the south 
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Table 2. Geosites of the Itoigawa UNESCO Global Geopark and their themes . 
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side of Mt. Myojo (Fig. 7). The Kotakigawa Jade Gorge was confirmed as the first natural 
source of jade in Japan in 1939 (Kawano, 1939), and was then designated as a natural 
monument of the nation in 1956 (Miyajima, 2010). Jade was established as the Municipal 
Stone of Itoigawa in 2008 and as the Niigata Prefectural Stone and National Stone of Japan 
in 2016. 

Jadeitite, jadeite-albitite, and albitite lie as float blocks along the river bed of the Kotaki 

Fig. 7. Map of the Kotakigawa Jade Gorge Geosite (modified from topographic map “Kotaki” scale 1:25000 
published by Geospatial Information Authority of Japan).
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River (Takeuchi et al., 2015b). The jade-bearing rocks were derived from serpentines near 
the Kotaki River at the Kotakigawa Jade Gorge (Iwao, 1953). The serpentines are located 
between Carboniferous–Permian limestones of the Omi Complex of the Akiyoshi terrane 
and the Permian Kotaki Formation of the Hida Gaien belt (Takeuchi et al., 2015b). 

Mounts Myojo and Shozu are located in the southernmost part of the distributional area 
of the Omi Limestone. The Omi Limestone, belonging to the Omi Complex of the Akiyoshi 
terrane, ranges from the Mississippian (Early Carboniferous) to the Guadalupian (Middle 
Permian) based on the fusulinid fossils (Hasegawa and Goto, 1990). Because of the absence of 
terrigenous clastics within the Omi Limestone, the seamount had been situated in an open-
ocean setting (e.g., Nakazawa, 2001). Figure 8 shows fusulinid biostratigraphy of the Omi 
Limestone. Hasegawa and Goto (1990) stated that Mts. Myojo and Shozu are composed 
mainly of limestones of the Endothyra, Eostaffella–Millerella, Profusulinella, and Fusulina–
Fusulinella zones. 

A visitor can approach the Kotaki River from the Hisuikyo (Jade Gorge) Trail (Fig. 7). 
Several kinds of pebble and cobble are observable in the Kotaki River. Mount Myojo can be 
seen well from a viewing deck on opposite bank of Mt. Myojo. 

Fig. 8. Fusulinid biostratigraphy and lithology of the Omi Limestone with limestones of Mts. Myojo and 
Shozu (based on Hasegawa and Goto, 1990). 
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STOP 2. Fossa Magna Museum (in Geosite No. 16)
The Fossa Magna Museum was opened in 1994 and then it was renovated in March 

2015 (Table 1). The museum displays several exhibits (Fig. 9). Jade, the municipal stone of 
Itoigawa and national stone of Japan, can be seen in several places in the museum, such as 
in the courtyard (Fig. 9A) and the entrance of the exhibit rooms (Fig. 9B). Various fossils 
collected from Itoigawa and other areas are exhibited (Fig. 9C). Exhibits introduce the 
biography and works of Dr. H. E. Naumann, known as the discoverer of the Fossa Magna 
(Fig. 9D). A preparing peel of pyroclastic flow deposits of Mt. Yakeyama (Fig. 9E) and a 
replica of marine deposits in the Japan Sea (Fig. 9F) show geologic characteristics around 
Itoigawa. 

The Fossa Magna Museum is located in Miyama Park, which is one of the geosites of the 
Itoigawa UNESCO Global Geopark. The Chojagahara Archaeological Museum and the 
Chojagahara Archaeological Site, a Nationally Designated Historical Site, are also in Geosite 
No. 16. The oldest jadeite artifacts in the world, made by Japanese indigenous Jomon people, 
were discovered from the Chojagahara Archaeological Site. The artifacts are exhibited in 
the Chojagahara Archaeological Museum. 

Concluding remarks

Various rocks ranging in age from the Cambrian to Quaternary are exposed in Itoigawa, 
indicating its potential for several studies, such as geologic, paleontological, and petrological 
ones. Furthermore, the Itoigawa–Shizuoka Tectonic Line lies in the central part of the City 
of Itoigawa, also indicating the potential for studies of structural geology and Cenozoic 
tectonic framework in East Asia. In contrast to the investigative potential, there remains 
much to be researched in Itoigawa. We expect that several researchers will explore the 
frontiers of Itoigawa. 
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