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Abstract: The accretionary history of the Jurassic accretionary complex of the North Kitakami Belt
in Northeast Japan is obscured by the metamorphism of Cretaceous plutons that hinder extraction
of radiolarian fossils. Some of the most successful cases of radiolarian extraction in this area treated
manganese nodules. In this study, we obtained well-preserved radiolarians from three manganese nodules
embedded in argillaceous rocks in the western part of the 1: 50,000 quadrangle series Kado District. The
age of the radiolarian fossil assemblages is assigned to the early Bajocian and Aalenian to Bajocian (Middle
Jurassic) for two samples from grey bedded mudstone and Bajocian (Middle Jurassic) for a sample
from mudstone that possibly experienced tectonic mixing. The age of the assemblages approximates
the accretionary age of the studied rocks. This is the first report of age diagnostic radiolarians from the
western part of the Kado District.

Keywords: Aalenian, accretionary age, Bajocian, Jurassic accretionary complex, Nassellaria, North

Kitakami—Oshima Belt, Otori Unit, Quadrangle Series, Toarcian

1. Introduction

The North Kitakami—Oshima Belt in Northeast Japan
(e.g., Isozaki and Maruyama, 1991) mainly consists of an
accretionary complex that was formed mostly during the
Jurassic (Ehiro et al., 2005; Kojima et al., 2016). Works on
radiolarian fossils and zircon dating clarified that the age
of accretion, approximated by the age of trench-fill clastic
rocks, was from the latest Triassic to Early Cretaceous,
although the oldest accretionary complex may date back
to the late Permian (Fig. 1B and references therein). The
accretionary complex of the North Kitakami—Oshima
Belt is much less studied in terms of accretionary history
compared to its counterparts in Southwest Japan. One of
the reasons is the difficulty in obtaining radiolarians due to
metamorphism related to Cretaceous plutons that intrude
the accretionary complex (Fig. 1B).

The best results of radiolarian investigation in the
North Kitakami—Oshima Belt are arguably the works
on manganese nodules (Mn-nodules) that are found in
mudstone or siliceous mudstone (Yoshihara et al., 2002;
Suzuki and Ogane, 2004; Suzuki et al., 2007a, b; Ehiro
et al., 2008; Muto et al., 2023). Manganese nodules
investigated in these works have yielded radiolarians with

clearly observable external and internal test structures,
even when radiolarians extracted from the surrounding
argillaceous rocks are poorly preserved. However, Mn-
nodules are relatively rare and not always easy to spot in
the field, reflected in the few number of works.

The first author (Muto, S.) conducted surveys to produce
the 1: 50,000 geological map of the Kado District for the
Quadrangle Series of the Geological Survey of Japan,
AIST. The district is located within the area of the North
Kitakami Belt (the part of the North Kitakami—Oshima
Belt distributed in Honshu). As part of this project, we
investigated newly found Mn-nodules for radiolarians,
in order to obtain further controls on the accretionary age
of the surveyed strata. The Mn-nodules were found in
the western part of the Kado District, in Iwaizumi Town
and Kuzumaki Town in northeast Iwate Prefecture. This
is the first time that age diagnostic radiolarians have been
successfully extracted from rocks in this area.

2. Geological outline

The Kado District of the 1:50,000 Quadrangle Series
is situated in the central area of the North Kitakami Belt
and straddles the Omotogawa Fault (Omotogawa is the
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Japanese for the Omoto River) (Figs. 1B, 2). The area
northeast of the Omotogawa Fault includes one of the
better studied areas of the North Kitakami Belt. Sugimoto
(1974) provided some of the first detailed geological
maps and lithostratigraphic framework of the North
Kitakami Belt in the Akka—Kuji area. Sugimoto (1980)
extended the survey area to the Iwaizumi area. Following
the wide acceptance of plate tectonics, the geology was
revised based on the concept of accretionary complexes
(Ehiro et al., 2008; Takahashi et al., 2016; Nakae et al.,
2021; Muto et al., 2023), although fundamentals of the
lithostratigraphic division by Sugimoto (1974, 1980) still
stands. The more recent studies showed that the strata
of the Akka—Kuji area comprise Middle to Late Jurassic
accretionary complexes that generally trend NW—SE and
become younger to the northeast. The age of the strata was
determined by radiolarians (Nakae and Kamada, 2003;
Suzuki et al., 2007b; Ehiro et al., 2008; Muto et al., 2023)
and detrital zircons (Muto et al., 2023).

On the other hand, the area stretching from close to
the Omotogawa Fault to the southwest part of the Kado
district is less studied. Onuki (1969) proposed a rough
stratigraphic division of this area. Yamaguchi (1981)
published a geological map with more details in the
eastern part of the map by Onuki (1969). Murai et al.
(1985, 1986) extended the geological map by Sugimoto
(1974, 1980) to the northwest part of Iwaizumi Town,
updating the stratigraphic division by Onuki (1969).
While these maps were informative about the general
characteristics of lithofacies and geological structures
in the area, these works lacked detailed traverse maps
of main routes. These studies also did not obtain age
data from clastic rocks that would constrain the time of
accretion. Therefore, correlation of stratigraphic units or
re-interpretation of the units as accretionary complexes
are somewhat difficult. The first author (S. Muto) revised
the stratigraphic division by the above works from the
viewpoint of subduction—accretion, based on a geological
field survey of the entire Kado District (Fig. 2). By this
revision, most of the Jurassic accretionary complex
mapped by Onuki (1969), Yamaguchi (1981) and Murai
et al. (1985, 1986) is included in a tectonostratigraphic
unit called the Otori Unit (sensu Muto et al., 2023), except
for strata that were already classified as other units by
Takahashi ez al. (2016) and Nakae et al. (2021). The strata
of the Otori Unit are composed mainly of chert, mudstone
and sandstone, which is in agreement to maps by previous
workers.

Fig. 1 (A) Distribution of the Jurassic accretionary complex in Japan

(after Isozaki et al., 2010). (B) Geology of the basement rocks
of the northern Tohoku Region (modified from Geological
Survey of Japan, AIST, 2020). Age constraints for time of
accretion are based on the compilation by Uchino and Suzuki
(2020) and additional references in Muto et al. (2023). Data
plots closed in red were obtained in this study.
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Fig. 2 Geological outline of the Kado District based on geological surveys conducted for the 1: 50,000 geological map of
the “Kado” District for the Quadrangle Series of the Geological Survey of Japan, AIST by Muto, S. Locations of
Figs. 3-5 are shown.

The samples investigated in this study were collected Thus, strata of the studied area are expected to belong to
from the southwest part of the Otori Unit (Fig. 2). The a Middle Jurassic accretionary complex.
accretionary age of the northeast part of the Otori Unit
is the Middle Jurassic (Suzuki et al., 2007b; El}iro e_t al., 3. Materials and Methods
2008; Muto ef al., 2023). To the southwest lie Middle
Jurassic accretionary complexes belonging to another We investigated manganese nodule (Mn-nodule)
unit, the Kadoma Unit (Uchino and Komatsubara, 2024). samples from three localities for extraction of radiolarians
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(Figs. 2-5).

Sample Iwk-04 was obtained from grey mudstone in
a locality south of Mt. Iwakura in Gongen, Iwaizumi
Town, along a small valley branching from the north
bank of Orikabe Stream, a tributary of the Mitakai River
(Figs. 2, 3). A major part of the lithofacies distributed
around the locality are muddy mixed rocks with blocks of
sandstone and chert (Fig. 6A). The muddy mixed rocks are
accompanied by smaller amounts of sandstone, mudstone
without blocks of other lithologies, siliceous mudstone
and chert. Of these, grey bedded mudstone without exotic
blocks (Fig. 6B) hosted Mn-nodules in the studied locality.
The Mn-nodules are black and lenticular with their long
axis parallel to the bedding and cleavage plain of the host
mudstone. At the outcrop surface, the Mn-nodules tend
to be preferentially eroded and appear as holes (Fig. 6C).
The lack of exotic blocks of other lithologies in the grey
mudstone that hosts the nodules imply that the Mn-nodules
were not introduced by tectonic mixing.

Sample Yns-03 was obtained from grey mudstone
exposed along Yunashigi Stream, a tributary of the Minai
River in Minaikawa, Iwaizumi Town (Figs. 2, 4). The
Yunashigi Stream locality is situated close to the lateral
extension of the Mt. Iwakura locality (Fig. 2). The
lithofacies distributed in the Yunashigi Stream locality
is the same as that of the Mt. Iwakura locality, and is
composed mostly of muddy mixed rocks with sandstone,
mudstone, siliceous mudstone and chert (Fig. 4). The
mode of occurrence of Mn-nodules is also same as that
of the Mt. Iwakura locality (Fig. 6D).

Sample Asw-01 was obtained from dark brown
weathered mudstone exposed to the north of Arasawaguchi
in Ekari, Kuzumaki Town (Figs. 2, 5). Outcrops in
this area are generally isolated and small, and in many
cases the rocks are strongly weathered. Judging from
the available outcrops, the lithofacies is composed of
muddy mixed rocks with blocks of sandstone, siliceous
mudstone and chert (Figs. 5, 6E), similar to the other two
localities. The sample was collected from a very small
outcrop of weathered mudstone (Fig. 6F). The mudstone
contains no outstanding blocks of other lithologies, but
is not distinguishable from mudstone matrix of mixed
rocks in the area, which is usually black prior to strong
weathering. Therefore, we consider that this sample was
either originally contained in mudstone that later became
the matrix of muddy mixed rocks, or was introduced into
the present position from other lithologies, most likely
grey mudstone or siliceous mudstone, which are the host
of all other radiolarian-bearing Mn-nodules in the North
Kitakami Belt.

In thin sections, all Mn-nodule samples are composed
of metalliferous parts cemented by opaque minerals,
most likely Mn-oxides, and silicified parts cemented
with microcrystalline to cryptocrystalline quartz matrix
(Figs. 7A-D). The metalliferous and silicified parts are
amalgamated in a mosaic manner. This microfabric is
quite different from Mn-nodules obtained from siliceous

mudstone in the Jurassic accretionary complex in
Southwest Japan (the Inuyama area; Nakada et al., 2014).
Radiolarian tests are present in both metalliferous (Fig.
7D) and silicified (Fig. 7B) parts, while preservation is
better in the former. The grey mudstone that hosts the
Mn-nodules in the Mt. Iwakura and Yunashigi Stream
localities is composed of clay minerals and quartz grains
in thin section (Fig. 7E). Coarse clastic grains of silt-size
or greater are rare, indicating that these rocks represent
clastic sedimentation close to the hemipelagic area.

A Mn-nodule sample was also collected near Moekabe
Stream (Moebake loc. in Fig. 2), but this sample yielded
no radiolarians, and will not be discussed further.

Manganese nodule samples were crushed into pieces a
few centimetres across and treated with 36 % hydrochloric
(HC) acid for 24 h. The residues were rinsed and dried.
Specimens were prepared into slides and photographed
with an optical microscope with transmitted light,
or mounted on metal stubs, coated with carbon and
photographed by a scanning electron microscope (Hitachi
SU3500) at the Geological Survey of Japan.

4. Radiolarian assemblage

The three samples Iwk-04, Yns-03 and Asw-01 yielded
radiolarians with preservations well enough to observe
internal and external test structures (Plate 1-5; Table 1).
On the other hand, Our failed attempt on the sample from
the Moekabe Stream shows that not all Mn-nodules are
radiolarian-productive, as mentioned in Muto et al. (2023).
Below, the age of the radiolarian assemblages is discussed
based on stratigraphic ranges by Baumgartner et al. (1995)
and O’ Dogherty et al. (2009) (Fig. 8). The two samples
from grey bedded mudstone that are lithostratigraphically
well-controlled are explained first, followed by the sample
from possibly mixed mudstone.

4.1. Mt. Iwakura locality (Iwk-04)

Sample Iwk-04 had the poorest preservation of
radiolarians among the three samples. This sample yielded
Eucyrtidiellum unumaense, Parahsuum? grande, Unuma
cf. echinatus and Hexasaturnalis tetraspinus (Plate 1,
5; Table 1). Parahsuum? grande is the characteristic
species of the Parahsuum? grande Assemblage Zone
of Hori (1990). According to stratigraphic ranges of
radiolarians by Baumgartner et al. (1995), co-occurrence
of Eucyrtidiellum unumaense and Parahsuum? grande
is limited in the lower Bajocian, Middle Jurassic (Fig.
8A). The age of the sample is therefore estimated as early
Bajocian (Fig. 8B). This is consistent with the occurrence

(= p.35)

Fig. 3 Geological traverse map of the Mt. Iwakura locality.
Gongen, Iwaizumi Town. Base map produced from XYZ
tiles provided by the Geospatial Information Authority
of Japan.
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ranges of Unuma echinatus and Hexasaturnalis tetraspinus
(Fig. 8A), although the specimen of the former species
from this sample is identified with confer. The occurrence
of other specimens identified to the generic level from
this sample (Japonocapsa, Higumastra, Paronaella,
Homeparonaella, Tritrabs and Xiphostylus) is consistent
with the estimated age according to occurrence ranges
of Jurassic to Cretaceous radiolarian genera shown by
O’ Dogherty et al. (2009) (Fig. 8A).

4. 2. Yunashigi Stream locality (Yns-03)

Sample Yns-03 yielded Napora nipponica. This species
occurs in the Aalenian to Bajocian (Baumgartner ef al.,
1995) (Fig. 8A). Therefore, the age of this sample is within
the Aalenian to Bajocian interval (Fig. 8B). This sample

also yielded Unuma cf. echinatus, and the occurrence
range of Unuma echinatus includes the Aalenian to
Bajocian (Fig. 8A). The occurrence of other radiolarian
genera from this sample (Eucyrtidiellum, Hexasaturnalis,
Higumastra, Paronaella and Tritrabs) is consistent with
this estimated age (Fig. 8A).

4. 3. Arasawaguchi locality (Asw-01)

Sample Asw-01 yielded most of the closed nassellarians
obtained in this study. Among the stratigraphically
important species, the occurrence range of Unuma typicus
is restricted to the Bajocian (Baumgartner et al., 1995)
(Fig. 8A). Based on this occurrence range, the age of
this sample is most probably the Bajocian (Fig. 8B). The
occurrence of other species (Japonocapsa fusiformis,
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Fig. 6 Photographs of outcrops of the Mn-nodules and surrounding lithofacies. (A) Mixed rock
composed of muddy matrix and sandstone (Ss). Minai River. (B) Bedded grey mudstone. Same
lithofacies as the host of Mn-nodule samples Iwk-04 and Yns-03. (C) Mn-nodule sample Iwk-04
(Mn), Mt. Iwakura locality. (D) Mn-nodule sample Yns-03 (Mn), Yunashigi Stream locality.
(E) Mixed rock composed of muddy matrix, chert (Ch) and sandstone (Ss). (F) Mn-nodule
sample Asw-01 (Mn), Arasawaguchi locality. The hammer in A, B, D and E is 30 cm long.
The blue board in C and F is 20 cm wide.

Praewilliriedellum convexum, Quarkus japonicus, 5. Accretionary age of the Otori Unit
Unuma echinatus and Eucyrtidiellum unumaense) and

genera (Higumastra, Homoeoparonaella, Triactoma and This study obtained age constraints of clastic rocks in the
Xiphostylus) is consistent with the estimated age (Fig. southwest part of the Otori Unit for the first time. Previous
8A). data were obtained from the Akka area in the northeast part
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Fig. 7 Thin section micrographs of the Mn-nodules and host mudstone. All pictures except C were taken
with transmitted plane-polarized light. C was taken with cross-polarized light. (A) Mn-nodule.
Sample Asw-01. (B) Mn-nodule. Sample Asw-01. (C) Mn-nodule. Same field of view as B. (D)
Mn-nodule. Sample Yns-03. (E) Mudstone hosting Mn-nodule sample Yns-03. Scale bars are
0.5 mm. Rad: radiolarian tests.

of the Otori Unit, where the unit was originally defined
(Suzuki et al., 2007b; Ehiro et al., 2008; Muto et al., 2023).
These studies examined radiolarians from Mn-nodules in
siliceous mudstone and identified radiolarians that indicate
the Bajocian to early Bathonian (Suzuki et al., 2007b; Ehiro
et al., 2008) or the Bathonian (Muto et al., 2023). New
U-Pb age of a tuff bed within mudstone is Bathonian at
166.69 + 0.95 Ma, consistent with the above (Muto, 2025).

The three localities in this study are around 5-10 km away
from the previously studied localities (Fig. 2). Radiolarians
from samples Iwk-04 and Yns-03 indicate an Aalenian
to Bajocian age for the lower part of trench-fill clastic
sedimentary rocks. The original stratigraphic position of
sample Asw-01 that yielded Bajocian radiolarians is not
strictly known, and we propose two possibilities. The first
possibility is that the nodule was contained in mudstone
deposited in the trench area. The other possibility is that the
nodule was introduced by tectonic mixing processes into
mudstone from hemipelagic siliceous mudstone, which is
the host of some Mn-nodules in the northeast part of the
Otori Unit. In the former case, sample Asw-01 demonstrates
that the age of fine trench-fill clastics in the southwest

part of the Otori Unit is at least partly Bajocian. In the
latter case, two accretionary complexes, an older one with
Aalenian to Bajocian mudstone (bearing samples Iwk-04
and Yns-03) and a younger one with Bajocian siliceous
mudstone (bearing Asw-01), coexists in an apparently
similar structural position within the southwest part of
the Otori Unit. At present, it is not possible to determine
which of the two possibilities is true. Regardless, we can
conclude that the depositional age of clastic rocks in the
Otori Unit includes the Bajocian to Bathonian interval
and also perhaps the Aalenian. Muto (2025) provides age
constraints on the hemipelagic and trench-fill sedimentary
rocks of the Otori Unit from zircon U-Pb dating of tuffs
and sandstones. The obtained ages in the southwest part
of the Otori Unit are 174—175 Ma (Toarcian to Aalenian)
for tuffs from the hemipelagic—trench transitional area,
172 Ma (Aalenian) for a tuff within mudstone and 168 Ma
(Bathonian) for sandstone (for details, see Muto, 2025).
Thus, the zircon U-Pb ages and radiolarian ages in this
study are consistent with the order of lithological succession
expected from the conceptual oceanic plate stratigraphy.
The combined data also implies a northeastward younging
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Table 1 Occurrence list of radiolarians.
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trend of the age of accretion within the Otori Unit.

6. Conclusions

Radiolarians were obtained from Mn-nodules embedded
in mudstone within the Jurassic accretionary complex of
the North Kitakami Belt in the western part of the Kado
District, northeast Iwate Prefecture. We investigated three
samples from the Otori Unit: samples Iwk-04 and Yns-03
from grey bedded mudstone in the southwestern area of
the unit and sample Asw-01 from weathered mudstone.
Surface and internal test structure was well observed
despite the widespread metamorphism by Cretaceous
plutons. Radiolarians indicate the early Bajocian for Iwk-
04, Aalenian to Bajocian for Yns-03 and Bajocian for
Asw-01. The radiolarians provide the first approximation
of accretionary age in the area. The new age data on
accretionary age indicates the wide distribution of Middle
Jurassic accretionary units.

7. Palaeontological notes

(by Tsuyoshi Ito)

The taxonomic classification in this chapter mainly
employs the scheme of O’ Dogherty et al. (2009, 2017).
The specimens identified at the species level are described
here.

Order NASSELLARIA Ehrenberg, 1875
Family HSUUIDAE Pessagno and Whalen, 1982
Genus Parahsuum Yao, 1982
Type species Parahsuum simplum Yao, 1982

Parahsuum? grande Hori and Yao, 1988
Plate 1, fig. 7
Remarks: The specimen has an elongate conical

test composed of more than 11 segments. Continuous
longitudinal costae are present on the surface. In the distal
part, some circumferential ridges and discontinuous costae
are observed. The characteristics are the same as those of
Parahsuum? grande described by Hori and Yao (1988).

Family WILLIRIEDELLIDAE Dumitrica, 1970
Genus Hemicryptocapsa Tan, 1927
Type species Hemicryptocapsa capita Tan, 1927

Hemicryptocapsa yaoi (Kozur, 1984)

Plate 2, fig. 1; Plate 3, figs. 5, 8, 9; Plate 5, fig. 11

Remarks: The specimens have a spherical three-
segmented test with a truncate-conical cephalis, a conical
or oval upper half and a spherical lower half. The surface
of the test is ornamented with large hexagonal frames
with narrow ridges and small pores in each frame. The
characteristics are the same as those of Praezhamoidellum
yaoi described by Kozur (1984). This species was later
included into Hemicryptocapsa Tan, 1927 by O’ Dogherty
et al. (2017).

Hemicryptocapsa? cf. parvipora (Tan, 1927) sensu Yao
(1979)

Plate 3, fig. 6

Remarks: The specimens have a three-segmented test
with a conical or oval upper half and spherical lower half.
The pores on the surface of the test are sparse, small and
circular. They are the same as Tricolocapsa cf. parvipora
described by Yao (1979) in the characteristics of the test.
This species was included by Kozur (1984) in a newly
erected genus Praezhamoidellum. However, O’ Dogherty
etal. (2009,2017) later considered that Praezhamoidellum
is a junior synonym of Hemicryptocapsa Tan, 1927.
Because they did not mention the attribution of 7. cf.
parvipora sensu Yao (1979), we tentatively assign the
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Fig. 8 (A) Stratigraphic range of important radiolarian species and genera. (B) Estimated age of the radiolarian assemblages
obtained in this study.

specimens to Hemicryptocapsa with a question mark. Remarks: The specimens have a fusiform four-segmented
test. A dish-like fourth segment was recognized. The
Family DIACANTHOCAPSIDAE O’ Dogherty, 1994 characteristics are the same as those of J. fusiformis (Yao,
Subfamily JAPONOCAPSINAE Kozur, 1984 1979).
Genus Japonocapsa Kozur, 1984 Genus Yaocapsa Kozur, 1984
Type species Tricolocapsa? fusiformis Yao, 1979 Type species Cyrtocapsa mastoidea Yao, 1979
Japonocapsa fusiformis (Yao, 1979) Yaocapsa aff. mastoidea (Yao, 1979)
Plate 3, figs. 10-12 Plate 3, figs. 13, 14
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Remarks: The test of the specimens has a large basket-like
fourth segment. In outline, it closely resembles Yaocapsa
mastoidea; however, the species has a five-segmented test
in the original description by Yao (1979). Our specimens
seem to have a four-segmented test; therefore, these
specimens were identified as a separate species.

Family EUCYRTIDIELLIDAE Takemura, 1986
Genus Eucyrtidiellum Baumgartner, 1984
Type species Eucyrtidium? unumaensis Yao, 1979

Eucyrtidiellum unumaense (Yao, 1979)

Plate 1, figs. 5, 6; Plate 3, fig. 18

Remarks: The specimens have a test composed of
a small cephalis with an apical horn and a truncate-
conical thorax. The characteristics are same as those of
Eucyrtidiellum unumaense (Yao, 1979), although features
such as surface microstructure and the fourth segment are
partly or entirely lost.

Family UNUMIDAE Kozur, 1984
Genus Unuma Ichikawa and Yao, 1976
Type species Unuma typicus Ichikawa and Yao, 1976

Unuma typicus Ichikawa and Yao, 1976

Plate 3, fig. 15

Remarks: The specimen has a spindle-shaped multi-
segmented test. Longitudinal plicae without spines were
recognized on the surface. These characteristics are the
same as those of U. #ypicus Ichikawa and Yao, 1976.

Unuma echinatus Ichikawa and Yao, 1976

Plate 3, fig. 16

Remarks: The specimen has a spindle-shaped multi-
segmented test. Longitudinal plicae and some stout radial
spines from the plicaec were recognized on the surface.
These characteristics are the same as those of U. echinatus
Ichikawa and Yao, 1976.

Family Unnamed pro STICHOCAPSIDAE Haeckel, 1881
Genus Praewilliriedellum Kozur, 1984

Type species Praewilliriedellum cephalospinosum Kozur,
1984

Praewilliriedellum convexum (Yao, 1979)

Plate 3, figs. 1, 2

Remarks: The specimens have a four-segmented test
with a conical upper half and spherical lower half. The
pores on the surface of the test are small and circular. The
specimens are identical to Praewilliriedellum convexum
in these test characteristics (Yao, 1979).

Genus Quarkus Pessagno, Blome and Hull, 1993
Type species Quarkus madstonensis Pessagno, Blome

and Hull, 1993

Quarkus japonicus (Yao, 1979)

Plate 3, figs. 4

Remarks: The specimen has a four-segmented test with
a conical upper half and flattened-spherical lower half.
The pores on the surface of the test are small, circular and
arranged sparsely. These characteristics are the same as
those of Quarkus japonicus (Yao, 1979).

Family ULTRANAPORIDAE Pessagno 1977b
Genus Napora Pessagno 1977a
Type species Napora bukryi Pessagno 1977a

Napora nipponica Takemura, 1986

Plate 2, fig. 4; Plate 5, fig. 7

Remarks: The specimens have a small cephalis with
straight apical horn, hemispherical thorax and three feet.
Circular pores on the cephalis are arranged transversely
and the feet are curved convexly. These characteristics are
the same as those of Napora nipponica Takemura, 1986.

Order SPUMELLARIA Ehrenberg, 1875
Family SPONGURIDAE Haeckel, 1862
Subfamily HEXASATURNALINAE Kozur and
Mostler, 1983
Genus Hexasaturnalis Kozur and Mostler, 1983
Type species Spongosaturnalis? hexagonus Yao, 1972

Hexasaturnalis tetraspinus (Yao, 1972)

Plate 5, fig. 3

Remarks: The specimen seems to have a hexagonal ring
with four short strong spines, although the ring is partially
broken. These characteristics are the same as those of
Hexasaturnalis tetraspinus (Yao, 1972).
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Plate 1 Middle Jurassic radiolarians from sample Iwk-04. 1, 3: Japonocapsa sp.; 2: Diacanthocapsidae? gen. et sp. indet.; 4: Unuma
cf. echinatus Ichikawa and Yao, 1976; 5, 6: Eucyrtidiellum unumaense (Yao, 1979); 7. Parahsuum? grande Hori and Yao,
1988; 8: Parahsuum? sp.; 9, 10: Praeparvicingula? sp.; 11: Xiphostylus sp.; 12—16: Emiluvia? sp.; 17: Higumastra sp.; 18-20:
Acaeoniotylopsis? sp.; 21: Paronaella sp.; 22, 23: Homoeoparonaella sp.; 24: Tritrabs? sp.; 24-26: Tritrabs sp.
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Plate 2

Plate 2 Middle Jurassic radiolarians from sample Yns-03. 1: Hemicryptocapsa yaoi (Kozur, 1984); 2, 3: Eucyrtidiellum sp.; 4: Napora
nipponica Takemura, 1986; 5, 6: Napora sp.; 7-9: Stichomitra? sp.; 10: Hexasaturnalis sp.; 11: Staurolonche? sp.; 12, 13:
Higumastra? sp.; 14: Higumastra sp.; 15: Perispyridium? sp.; 16, 17: Cryptostephanidium? sp.; 18: Paronaella sp.; 19-21:
Tritrabs sp.
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Plate 3

Plate 3 Middle Jurassic radiolarians (Nassellaria) from sample Asw-01. 1, 2: Praewilliriedellum convexum (Yao, 1979);
3, 7: Praewilliriedellum? sp.; 4: Quarkus japonicus (Yao, 1979); 5, 8, 9: Hemicryptocapsa yaoi (Kozur, 1984); 6:
Hemicryptocapsa? cf. parvipora (Tan, 1927) sensu Yao (1979); 10—12: Japonocapsa fusiformis (Yao, 1979); 13, 14:
Yaocapsa aff. mastoidea (Yao, 1979); 15: Unuma typicus Ichikawa and Yao, 1976; 16: Unuma echinatus Ichikawa
and Yao, 1976; 17: Helvetocapsa? sp.; 18: Eucyrtidiellum unumaense (Yao, 1979), 19: Eucyrtidiellum sp.; 20: Farcus?
sp.; 21, 22: Closed nassellarian; 23: Mizukidella? sp.; 24: Takemuraella? sp.; 25-27: Archaeodictyomitra? sp.
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Plate 4

Plate 4 Middle Jurassic radiolarians (Spumellaria) from sample Asw-01. 1: Xiphostylus sp.; 2: Pantanellium? sp.; 3: Triactoma sp.;
4, 5: Stylosphaera? sp.; 6—8: Emiluvia? sp.; 9: Higumastra sp.; 10: Archaeohagiostrum? sp.; 11, 12: Homoeoparonaella
sp.; 13: Perispyridium? sp.
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Plate 5

Plate 5 Middle Jurassic radiolarians (Spumellaria) from sample Iwk-04, Yns-03 and Asw-01. 1, 5, 6: Unuma cf. echinatus
Ichikawa and Yao, 1976; 2, 8: Palinandromeda? sp.; 3: Hexasaturnalis tetraspinus (Yao, 1972); 4: Praewilliriedellum?
sp.; 7: Napora nipponica Takemura, 1986; 9, 10: Paronaella sp.; 11: Hemicryptocapsa yaoi (Kozur, 1984); 12—15:
Diacanthocapsidae? gen. et sp. indet.; 16: Quarticella? sp.



