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Abstract:  The North Kitakami Belt in Northeast Japan mainly comprises accretionary complexes formed 
during the Jurassic to earliest Cretaceous. The accretionary complex of the North Kitakami Belt is less 
studied compared to the age-equivalent accretionary complexes in Southwest Japan. Here, we provide 
additional data on the accretionary complex formerly classified as the Otori Unit, distributed in the 
northeastern part of the North Kitakami Belt in the upper reaches of the Akka River in Iwate Prefecture. 
Based on detailed field mapping, we clarified that the Otori Unit is composed of the structurally lower 
coherent facies of chert and siliceous mudstone (Okoshizawa Subunit) and the structurally upper mixed 
facies of mudstone, sandstone, chert and minor basaltic rocks (Osakamoto Subunit). Manganese nodules 
from siliceous mudstone within the Okoshizawa Subunit yielded radiolarians indicating the Bathonian 
(upper Middle Jurassic). Detrital zircon grains from sandstone in the Osakamoto Subunit has a youngest 
age of ~170 Ma (YC1σ: 171.8 ± 2.4 Ma; YSG: 170.9 ± 3.8 Ma). Based on the radiolarian and detrital 
zircon ages, the accretionary age of the Otori Unit is estimated as the Bathonian. Our new data were also 
considered to discuss the correlation between the North Kitakami Belt and the Southern Chichibu Belt 
in Southwest Japan. The Otori Unit corresponds to the Ohirayama Unit of the Southern Chichibu Belt in 
structural position, and the two units are similar in being a mixed facies and have overlapping accretionary 
age. However, the Otori Unit lacks limestone and has a considerably younger age for siliceous mudstone, 
suggesting that the two units may not be strictly correlative. 
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1.  Introduction

The North Kitakami Belt in Northeast Japan mainly 
consists of an accretionary complex that was formed 
during the Jurassic to earliest Cretaceous (the term 
“Jurassic accretionary complex” is used hereafter) (Ehiro 
et al., 2005; Kojima et al., 2016). The accretionary 
complex of the North Kitakami Belt was at first regarded 
as deep-sea facies deposited during the Paleozoic based on 
fossils in limestone (Minato, 1950; Onuki, 1956; Yoshida 
and Katada, 1964). Following the finding of Mesozoic 
fossils from the eastern part of the northern Kitakami 
Mountains, the term “North Kitakami Belt” was used by 
some researchers to refer to the western “Paleozoic”part 
(e.g., Shimazu et al., 1970). It was assumed that the 

age of strata becomes younger towards the east, due to 
migration of the depocentre from west to east (Sugimoto, 
1969, 1974, 1980; Yamaguchi et al., 1979; Yamaguchi, 
1981). However, Triassic conodonts discovered from 
throughout the northern Kitakami Mountains showed that 
the then adopted geological model was no longer plausible 
(Toyohara et al., 1980; Murai et al., 1981, 1983).

Subsequently, researchers attempted to reestablish 
the geology of the northern Kitakami Mountains as an 
accretionary complex based on the concept of plate 
tectonics (Minoura, 1985; Okami and Ehiro, 1988). 
Radiolarians obtained from mudstone and nodules 
therein indicated that the time of accretion was Jurassic 
to earliest Cretaceous (Fig. 1; Minoura and Tsushima, 
1984; Matsuoka, 1987; Matsuoka and Oji, 1990; Nakae 
and Kamada, 2003; Suzuki and Ogane, 2004). Ehiro 
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et al. (2005) redefined the North Kitakami Belt as the 
geotectonic division for the area where the Jurassic 
accretionary complex is distributed in the northern 
Kitakami Mountains, and this definition is widely used 
today (Isozaki et al., 2010; Kojima et al., 2016; Ehiro et 
al., 2017) (Fig. 1A).

The Jurassic accretionary complex of the North 
Kitakami Belt has been compared with accretionary 
complexes in Southwest Japan, in particular, that of the 
Southern Chichibu Belt (Yamakita and Otoh, 2000; Otoh 
and Sasaki, 2003; Ehiro et al., 2008; Takahashi et al., 
2016). While the lithofacies and age of the Southern 
Chichibu Belt has been extensively studied (Matsuoka et 
al., 1998 and references therein), the North Kitakami Belt 
is less well studied. This is partly due to the difficulty of 
obtaining radiolarians from rocks of the North Kitakami 
Belt, which are generally affected by Cretaceous plutons 
that intrude throughout the Kitakami Mountains. Although 
detrital zircon chronology has recently been adopted to 
estimate the time of accretion (e.g., Uchino, 2017, 2019; 
Ueda et al., 2018; Fig. 1), age data remain scarce compared 
to the Jurassic accretionary complex in Southwest Japan. 

The first author (Muto, S.) has 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. During the investigation, we obtained new 
age data of radiolarians and detrital zircons. In this study, 
we present new information on the lithology and age of the 
accretionary complex distributed in the northeast part of 
the North Kitakami Belt in the upper reaches of the Akka 
River. Based on field observation and mapping, we here 
update the tectonostratigraphic divisions in the study area. 
Furthermore, we attempt regional correlations between 
the North Kitakami Belt and the Southern Chichibu Belt 
on the basis of lithology and age data. 

2.  Geological outline

The studied area is in the upper reaches of the Akka 
River in Iwaizumi Town, Iwate Prefecture, Japan. An area 
including part of the present study area was mapped by 
Sugimoto (1974) (Fig. 2). Subsequently, Takahashi et al. 
(2016) reassessed the geological division by Sugimoto 
(1974) based on the concept of subduction-accretion and 
recognized four tectonostratigraphic units bounded by 
thrusts. These are, in structurally descending order, the 
Otori Unit (coherent facies; chert and mudstone), the Seki 
Unit (coherent facies; chert, mudstone and sandstone), 
the Takayashiki Unit (mixed facies; mudstone, chert, 
sandstone, basalt and limestone) and the Akka Unit 
(coherent facies; basalt and limestone) (Fig. 2). Recently, 
as a result of surveys mainly in the Rikuchu-Seki District 
located north of our study area, Nakae et al. (2021) 
proposed that the Seki Unit should be divided into two 
tectonostratigraphic units; the upper Kassenba Complex 
(coherent facies; chert, mudstone and sandstone) and the 
lower Seki Complex (coherent facies; chert and mudstone) 

Fig.1 Geology of the basement rocks of northern Tohoku 
Region (modified from Geological Survey of Japan, 
AIST, 2020). Age data of the accretionary complex are 
based on the compilation by Uchino and Suzuki (2020). 
Rads: radiolarian fossils.

(note that “Complex” in Nakae et al. (2021) is equivalent 
to “Unit” in Takahashi et al. (2016)) (Fig. 2). Nakae et 
al. (2021) also combined the Takayashiki and Akka units 
of Takahashi et al. (2016) as the Takayashiki Complex 
and defined an additional tectonostratigraphic unit, the 
Kayamori Complex, structurally below the Takayashiki 
Complex (Fig. 2).

The present study targets the Otori Unit, the Seki 
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Fig.2 The geology of the North Kitakami Belt in the Akka–Kuji area (modified from Ehiro et al., 2008, a simplified version of 
Sugimoto, 1974; partly corrected according to the original figure in Sugimoto, 1974). Unit boundaries (thrust faults) are based 
on the tectonostratigraphic unit division by Takahashi et al. (2016). The boundary between the Seki and Kassenba complexes 
of Nakae et al. (2021) (not classified as a unit boundary in Takahashi et al., 2016) is shown in broken thick lines. The Seki 
Formation east of the Akka Unit in the northeast part (sensu Sugimoto, 1974) is ascribed to the Takayashiki Unit according to 
Nakae et al. (2021). The study area of this paper is shown in broken lines. The tectonostratigraphy and the legend and labels 
for lithofacies of the Jurassic accretionary complex is explained in the bottom left diagram. 
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Unit and the western margin of the Takayashiki Unit of 
Takahashi et al. (2016) (corresponding respectively to the 
Otori Complex, the Kassenba and Seki complexes and the 
western margin of the Takayshiki Complex of Nakae et 
al., 2021). Below, we will conform to the nomenclature 
by Takahashi et al. (2016), since the present study area 
overlaps with the area studied therein.

3.  Methods

3. 1　Microfossils
We investigated one mudstone sample, four siliceous 

mudstone samples and two manganese nodule samples 
for extraction of radiolarians (Table A1). Radiolarians 
were obtained by two different acid treatment depending 
on the lithology of the sample. Mudstones and siliceous 
mudstones were crushed into cm-size pieces and treated 
with 5 % hydrofluoric (HF) acid for 24 h. Manganese 
nodules were crushed in the same way and treated with 
36 % hydrochloric (HCl) acid for 24 h. The residues were 
rinsed, dried and prepared into slides. Some radiolarians 
were picked from the residue for photography by a 
scanning electron microscope (SEM; JSM-6610LV, JEOL 
GmbH) at the Geological Survey of Japan, AIST.

We also obtained conodonts from chert by observation 
of cleaved rock pieces under a stereoscopic microscope 
(the “chip method”; Muto et al., 2018). Well-preserved 
specimens were imaged by X-ray microtomography using 
an X-ray microscope (ZEISS Xradia 410 versa) equipped 
with a L8121-03 SEL X-ray source of Hamamatsu 
Photonics K.K. at the Center for Advanced Marine 
Core Research (Kochi Core Center), Kochi University, 
following the procedures in Muto et al. (2021).

3. 2　Detrital zircon chronology
Detrital zircons were analyzed for two sandstone 

samples (Table A1). Zircons were obtained from sandstone 
samples by Kyoto Fission-Track Co. Ltd. Zircon U–Pb 
dating was conducted at the Hirata-Lab. of the University 
of Tokyo by laser ablation inductively coupled plasma 
mass spectrometry (LA-ICP-MS). The LA part was 
CARBIDE (LIGHT CONVERSION) and the ICP-MS 
part was New Plasma Ⅱ (Nu instruments). Ablation pit 
size was 10 μm, energy density was 3.2 J/cm2, and pulse 
repetition rate was 10 Hz. Laser ablation was conducted 
on polished sections of zircons embedded in PFA Teflon 
sheets. Analyses were performed after one-shot cleaning. 
The details of the analysis are described in Iizuka and 
Hirata (2004) and Hirata et al. (2005). Primary standard 
was the Plešovice zircon with a 238U–206Pb age of 337.13 
± 0.37 Ma (Sláma et al., 2008). Secondary standard was 
the standard zircon 91500 with a 238U–206Pb age of 1062.4 
± 0.4 Ma (Wiedenbeck et al., 1995) and zircon OD-3 with 
a 238U–206Pb age of 33.04 ± 0.10 Ma (Iwano et al., 2013). 
U–Pb age data with 238U–206Pb age/235U–207Pb age ratio 
between 90 % and 110 % were regarded as concordant 
age data, following a preceding study on detrital zircons 

from clastic rocks within a Jurassic accretionary complex 
(Tokiwa et al., 2019). The weighted mean age of the 
youngest cluster comprising two or more grains (YC1σ; 
Dickinson and Gehrels, 2009) and the age of the youngest 
single grain (YSG) were considered for estimation of 
accretionary age.

4.  Geology of the Otori Unit

The Otori Unit (Takahashi et al., 2016) was recognized 
between the conspicuous chert–clastic sequence of the 
Seki Unit in the east and the western edge of the study area 
(Fig. 3). The western limit of the unit cannot be defined 
in the present study. Based on lithological assemblages, 
we subdivided the Otori Unit into two subunits: the 
Okoshizawa and Osakamoto subunits in structurally 
ascending order. These two subunits mostly correspond 
to the Otori and Osakamoto formations of Sugimoto 
(1974), respectively. Both Takahashi et al. (2016) and 
Nakae et al. (2021) regarded that these two formations 
compose a single tectonostratigraphic unit composed of 
stacked up slices of coherent strata. However, only a minor 
portion of the Osakamoto Formation (sensu Sugimoto, 
1974) was mapped by the two studies. Our investigation 
showed that the Osakamoto Formation is a mixed facies 
and is structurally different from the mostly coherent 
Otori Formation. Therefore, we differentiate these two 
as subunits.

4. 1　Okoshizawa Subunit
Definition—The Okoshizawa Subunit (named after 

“Okoshizawa”, Japanese for Okoshi Stream) is the 
dominantly coherent facies of mainly chert and siliceous 
mudstone that occupies the structurally lower part of the 
Otori Unit (Figs. 3–5). The structural base of the subunit is 
defined at the base of mudstone dominant lithofacies which 
lies structurally above the top of the bedded sandstone of 
the Seki Unit. The structural top of the subunit is defined 
at the top of the chert–siliceous mudstone sequence that 
can be traced laterally for over 10 km from Okoshi Stream 
to the Orikabe River. The mudstone-dominant lithofacies 
with a narrow distribution at the structural base of the 
Otori Unit and the mixed to broken facies of mudstone and 
sandstone in the north to southeast of Otori is included in 
this subunit. The Okoshizawa Subunit mostly corresponds 
to the Otori Formation of Sugimoto (1974).

Type locality—The upper reaches of Okoshi Stream 
(Fig. 4).

Lithofacies—This subunit is composed largely of 
structurally repeating chert and siliceous mudstone. Mixed 
to broken facies of mudstone and sandstone is present in 
the southeast part of the subunit. In addition, chert breccia, 
although limited in distribution, occurs characteristically 
around Okoshi Stream in the structurally lower part. 
Below, the lithology of the Okoshizawa Subunit is 
explained generally in the order of abundance.

Chert is bedded and is mainly grey (Fig. 6A). It is 
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accompanied at the basal part by basaltic volcaniclastics, 
dolostone partly interbedded with greenish grey chert 
(Fig. 6D), green siliceous claystone (Fig. 6E) and red 
siliceous claystone (Fig. 6F). Within the chert sequence, 
a characteristic horizon of black carbonaceous claystone 
is present (Fig. 6G), which is known to be the Permian–
Triassic boundary (Ehiro et al., 2008; Takahashi et al., 
2009). In some places, the black claystone is overlain by 
grey siliceous claystone. In thin section, chert is mostly 
made up of microcrystalline quartz matrix and radiolarian 
tests that are recrystallized to various degrees (Fig. 7A). 
Dolostone is composed of euhedral dolomite with minor 
microcrystalline quartz matrix (Fig. 7C, D). Dolostone 
also contains irregular-shaped basaltic rock fragments 
(Fig. 7D). Basaltic volcaniclastics are composed of 
basaltic rock fragments and tuff (Fig. 7E). The former 
partly shows chilled-margins and vesicular texture 
implying fragmented lava.

Siliceous mudstone is light grey and weakly to strongly 
bedded (Fig. 6B). It commonly forms steep and jagged 
cliffs like chert, but can be distinguished from the latter 
by the tendency to split parallel to or at a low angle to the 
bedding plane when struck with a hammer. In thin section, 
it is composed of clay minerals, microcrystalline quartz 
and abundant radiolarian tests (Fig. 7B). Silty laminae of 
quartz and micaceous minerals may occur.

Chert breccia is grey, completely consolidated and 
its jagged outcrop surface looks like that of chert. On 
fresh surfaces, angular and poorly sorted chert pebbles 
are evident. In some outcrops, chert breccia was found 
in contact with mudstone and conglomeratic mudstone 
without a slip plane or any apparent parting separating 
them (Fig. 6I). In thin section, chert breccia is composed 
almost entirely of poorly sorted angular chert pebbles and 
granules that are recrystallized to various degrees (Fig. 
7F). The chert pebbles and granules are interlocked and no 
matrix is observed. Rare mudstone clasts may be present. 

Ehiro et al. (2008) ascribed this chert breccia to the 
Kassenba Formation (Sugimoto, 1974), which corresponds 
to the upper part of the Seki Unit. However, it is included in 
the Otori Unit based on the following observations. First, 
the chert breccia is structurally underlain by mudstone 
in Okoshi Stream, which in turn is underlain by bedded 
sandstone of the Seki Unit (Figs. 3, 4, 5). Second, the chert 
breccia is associated with conglomeratic mudstone, which 
is separated from bedded sandstone of the Seki Unit by 
chert in the area north of Otori (Figs. 3, 5). In both cases, 
the Otori–Seki unit boundary should be placed at the top 
of the bedded sandstone, because the upper part of the Seki 
Unit is composed almost exclusively of bedded sandstone. 
Thus, the boundary is below the chert breccia.

Sandstone occurs in the southeast part of the subunit, 
and is either massive or bedded. It ranges from bodies that 
are 100 m thick to mm-size fragments in mudstone matrix.

Mudstone is black or dark grey and generally shows 
weak cleavage. It occurs mainly in two distributions: 
in the northern part of the subunit at its structural base 

Fig. 4 Geological traverse map around Okoshi Stream. Base 
map from 1: 25,000 topographic map “Akkamori” and 
“Rikuchu-Itsukaichi” by the Geospatial Authority of 
Japan. U.: Unit; SU.: Subunit. Str.: Stream; Riv.: River.
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Fig. 5 (A) Tectonostratigraphic logs of the studied area and  (B) index map (simplified version of Fig. 3). SU.: Subunit. The 
black star in A indicates the thrust referred to in p.10.
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Fig. 6 Outcrop photographs of the main lithologies of the Okoshizawa Subunit. (A) Bedded chert. (B) Siliceous 
mudstone. (C) Mudstone with broken sandstone bed (ss). (D) Alternating chert and dolostone. (E) 
Green siliceous claystone. (F) Red to brownish red siliceous claystone. The hammer is 33 cm long. 
(G) Sequence of grey bedded chert, grey siliceous claystone and black carbonaceous claystone at 
the Permian–Triassic boundary. (H) Chert breccia. (I) Boundary between chert breccia (chbr) and 
mudstone (md) (thin broken line). Cleavage planes (partly parallel to lamination in the bottom right) 
are indicated by arrows. See Table A2 for location.
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and in the southeast part of the subunit (Fig. 3). In the 
former, it is accompanied by fine sandstone and is partly 
conglomeratic. In the latter, it occurs as massive bodies, 
matrix including sandstone and beds alternating with 
sandstone.

Distribution—The Okoshizawa Subunit is distributed 
in a NW–SE trending area from Okoshi Stream to Orikabe 
settlement. It is thicker in the northwestern to central part 

(800–950 m) compared to the southwestern part (400 m) 
(Fig. 5). According to Sugimoto (1974) and Nakae et 
al. (2021), this subunit extends further north for about 6 
km, where it forms a syncline along with the Osakamoto 
Subunit (the Hiraniwadake Syncline).

Structure—Overall, the structure of the Okoshizawa 
Subunit deduced from orientation of bedding planes and 
cleavage planes is homoclinal with a NW–SE strike and 

Fig. 7 Thin section micrographs of the main lithologies of the Okoshizawa Subunit. All pictures were taken with transmitted 
plane-polarized light. (A) Chert (bottom) and siliceous claystone (top) of bedded chert. (B) Siliceous mudstone including 
radiolarian fossils. CN: closed Nasselaria; MSN: multi-segmented Nasselaria. (C) Dolostone layer (top) with chert layer. 
(D) Dolostone with basaltic rock fragments (bas) and chlorite aggregates (Chl). (E) Basaltic volcaniclastic rock. (F) 
Chert breccia. Scale bars are 1 mm.
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50–70° dip to the SW. Chert and siliceous mudstone 
form a coherent sequence and is repeated by thrusts in 
the northern to central part of the subunit. The thrusts 
and related faults cut the bedding of the chert–siliceous 
mudstone sequence at low angles. For example, the thrust 
at the base of the structurally highest chert (denoted by 
the black star in Fig. 5) runs above the Permian–Triassic 
black claystone horizon in Okoshi Stream, is well below 
the black claystone horizon in Otori (Akka River in Fig. 
5A), moves up above the black claystone horizon in the 
Aname-yama Logging Road and moves back below the 
black claystone in Orikabe River (Fig. 5A). Due to the 
nature of these faults, the apparent thickness of chert and 
siliceous claystone in the Okoshizawa Subunit is laterally 
variable (Fig. 3).

Age—Carboniferous to Triassic conodonts have been 
reported from chert (Toyohara et al., 1980; Ehiro et al., 
2008; Takahashi et al., 2016; Muto et al., 2021), although 
not many specimens have been illustrated. Suzuki et al. 
(2007) reported radiolarians of the Striatojaponocapsa 
plicarium Zone (JR4 of Matsuoka and Ito, 2019; Bajocian 
to early Bathonian, Middle Jurassic) from manganese 
nodules within siliceous mudstone.

We obtained conodont fossils from chert (Okz-CO-01) 
in the lowermost part of the Okoshizawa Subunit. This 
chert is directly in contact with chert breccia, but their 
relationship was not clear due to poor outcrop condition.  
They are structurally below a chert-dominant sequence 
of Paleozoic age (Ehiro et al., 2008; Muto et al., 2021). 
The conodonts obtained in this study are Misikella 
longidentata, Paragondolella cf. inclinata, Paragondolella 
polygnathiformis and Sephardiella mungoensis (Fig. 
11). The cooccurrence of these conodonts indicates that 
the chert is earliest Carnian in age (Chen et al., 2016). 
Therefore, this chert and accompanying chert breccia 
form a thrust sheet structurally underlying Paleozoic 
chert exposed around Okoshi Stream. It is inferred that 
the chert breccia originated from the collapse of Triassic 
chert, possibly on the trench-slope.

We obtained well-preserved radiolarians from a 
black manganese nodule (sample Otr-NE-01) within 
grey siliceous mudstone (Fig. 8A). In thin section, the 
manganese nodule contains radiolarians that retain 
microscopic ornamentations (Fig. 8B). The radiolarians 
include Diacanthocapsa? operculi, Eucyrtidiellum 
unumaense, Gongylothorax siphonofer, Japonocapsa 
fusiformis, Protunuma fusiformis and Striatojaponocapsa 
synconexa (Plate 1). According to the detailed stratigraphic 
work by Hatakeda et al. (2007), S. synconexa occurs in 
the upper part of the Striatojaponocapsa plicarum Zone 
(JR4: Bajocian to lower Bathonian) to the lower part of the 
Striatojaponocapsa conexa Zone (JR5: upper Bathonian 
to Callovian) of Matsuoka and Ito (2019). Other species, 
such as J. fusiformis and E. unumaense occur in biozones 
JR4 and JR5 (Matsuoka, 1995; Matsuoka and Ito, 2019). 
Consequently, the radiolarian assemblage indicates the 
upper JR4 to lower JR5 (the Bathonian). Occurrences 
of Diacanthocapsa? operculi, Gongylothorax siphonofer 
and Protunuma fusiformis are consistent with the age 
assignment. 

Two siliceous mudstone samples (Otr-N-02 and Okz-
15) also yielded radiolarians, although preservation was 
rather poor (Plates 2, 3). Both samples yielded specimens 
that are possibly a species of Williriedellidae. According 
to O’Dogherty et al. (2017), the occurrence range of 
the family Williriedellidae is early Pliensbachian–
Maastrichtian. Although the age of the siliceous mudstone 
samples cannot be determined in detail, it does not 
contradict with the age of the manganese nodule sample. 

4. 2　Osakamoto Subunit
Definition—The Osakamoto Subunit is the mixed 

Fig. 8 Outcrop photograph (A) and thin section micrograph 
(B) of the nodule sample (Otr-NE-01) that yielded 
radiolarians. The hammer in the bottom right of (A) 
is 33 cm long. Arrows in (B) indicate well-preserved 
radiolarians. Scale bar in (B) is 200 µm. Qz: quartz 
cement.
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facies of mudstone, sandstone, siliceous mudstone, chert 
and rare basaltic rocks that occupies the structurally upper 
part of the Otori Unit. The structural base of the subunit is 
the same as the structural top of the Okoshizawa Subunit. 
The structural top of the subunit is not defined. This 
subunit includes the Osakamoto Formation of Sugimoto 
(1974). Sugimoto (1974) assigned the sandstone dominant 
lithofacies northwest of Osakamoto in the northwestern 
edge of the study area to the Kassenba Formation (i.e., 
the upper part of the Seki Unit in Takahashi et al., 2016). 
However, the sandstone northwest of Osakamoto is mostly 
massive, while that of the Seki Unit is characterized by 
prominent bedding. In addition, we obtained radiolarians 
indicating the Bathonian (as detailed in the Age section) 
from siliceous mudstone in the northwest edge of the study 
area, structurally below the massive sandstone. Since the 
mudstone of the Seki Unit is likely to be the Kimmeridgian 
(middle Upper Jurassic) (Nakae and Kamada, 2003), it is 
more reasonable to include the massive sandstone and 
muddy rocks in the northwestern edge of the study area 

in the Otori Unit.
Type locality—Along the Akka River near Osakamoto 

settlement and the lower reaches of Okoshi Stream (Fig. 4).
Lithofacies—The Osakamoto Subunit is a mixed facies 

dominantly composed of mudstone and muddy mixed 
rocks. Mappable bodies of sandstone and chert are present 
within this subunit. Below, the lithology of the Osakamoto 
Subunit is explained generally in the order of abundance.

Mudstone is black to dark grey and generally has 
weak scaly cleavage (Fig. 9A). Bedding planes and 
other sedimentary structures are usually not observed. 
In thin section, it is composed of clay minerals, quartz 
and feldspar grains and opaque matter (Fig. 10A). 
Sandstone fragments are present even in mudstone with 
no visible rock fragments at the outcrop. Opaque seams 
are developed within mudstone. 

Two types of muddy mixed rocks are present within the 
Osakamoto Subunit. The first is composed of sandstone 
within mudstone matrix (Fig. 9B). The majority of the 
muddy mixed rock in the subunit is of this type. Sandstone 

Fig. 9 Outcrop photographs of the main lithologies of the Osakamoto Subunit. (A) Mudstone with no visible rock fragments. 
(B) Mudstone with abundant sandstone fragments. (C) Muddy mixed rock including basaltic rocks (bas), chert (ch) and 
sandstone (ss) fragments. The hammer is 33 cm long. (D) Coherent sandstone (ss) with mudstone interbeds. Bedding 
planes are indicated by arrows. See Table A2 for location.
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ranges from mm-size fragments to m-size blocks. The 
boundary between sandstone and mudstone matrix is 
either irregular or sharp and mixing may have occurred 
both before and after consolidation. In thin section, the 
components of this type of muddy mixed rock are the 
same as that of mudstone, except that the proportion of 
sandstone is much greater (Fig. 10B). The other type of 

muddy mixed rock contains chert and minor basaltic 
rocks in addition to sandstone (Fig. 9C). However, chert 
and basaltic rocks are minor compared to sandstone. 
Asymmetric shear fabric was observed in thin section of 
a mixed muddy rock sample adjacent to a block of basaltic 
rock (Fig. 10F).

Sandstone is grey and occurs as mm-size fragments to 

Fig. 10   Thin section micrographs of the main lithologies of the Osakamoto Subunit. (A) Mudstone with no observable rock 
fragments at the outcrop (same as Fig. 9A). OS: opaque seams; ss: sandstone; sl: fragmented sandstone laminae. (B) 
Mudstone with abundant sandstone fragments. (See above for abbreviations.) (C, D) Sandstone within muddy mixed 
rock. Kfs: K-feldspar in rock fragment; Qz: quartz; Pl: plagioclase; Zr: zircon; VC: volcanic rock fragment. (E) Altered 
basalt. A large octagonal section of a phenocryst (now replaced by chlorite and carbonate) occupies the top right of 
the picture. (F) Muddy mixed rock with sheared microstructures. (A), (B), (E) and (F) were taken with transmitted 
plane-polarized light. (C) and (D) were taken with cross-polarized light. Scale bars are 1 mm.
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>200 m-thick bodies. It is generally massive with mud 
seams, but bedded varieties are present in the southeast 
part of the study area (Fig. 9D). In thin section, sandstone 
is composed of grains of quartz, plagioclase, K-feldspar, 
lithic fragments and other minor minerals such as zircons 
(Fig. 10C, D).

Chert is grey, white or black and occurs as mm-size 
fragments to m-size blocks or as m-thick to laterally 
traceable bodies that are mostly 10–50 m thick. In the 
southwest part of the study area, a mappable body of 
chert attains >400 m in apparent thickness around the 
Hiraniwadake Syncline axis (Fig. 3). Chert is generally 
bedded and sometimes recrystallized and massive. In thin 
section, it is composed of recrystallized radiolarian tests, 
microcrystalline quartz matrix and minor clay minerals.

Basaltic rocks are rare and were only found as <50 
cm-thick blocks in a few localities. They are light green 
in colour and are composed of secondary minerals such as 
chlorite, other phyllosilicates such as talc and carbonate 
(Fig. 10E).

Siliceous mudstone is also present in the Osakamoto 
Subunit. It is black or grey and is either massive or bedded. 
The black massive varieties are very similar to mudstone 
and the two can be indistinguishable without observation 
of thin sections. Siliceous mudstone occurs as blocks 
within a muddy matrix, but it also appears to constitute a 
part of the matrix of the mixed facies.

Distribution—The confirmed distribution of this 
subunit is a triangular area between Osakamoto, Suzutoge 
Pass and Orikabe (Fig. 3). The area to the south and west  
has not been mapped in detail and further studies are 
required to determine the southwest boundary of this 
subunit. The distribution of this subunit closes around 
the Hiraniwadake Syncline axis ~500 m north of the 
northern edge of our study area (Sugimoto, 1974). The 
apparent thickness of the Osakamoto Subunit is around 
1,200 m in the east wing of the Hiraniwadake Syncline 
near Osakamoto. It is somewhat difficult to evaluate 
the thickness in the central to southeastern part of the 
distribution due to multiple folds (see below), but the 
apparent thickness is at least 850 m in Otori Stream and 
600 m in Wayashiki Stream, respectively (Fig. 4).

Structure—The structure of this subunit is homoclinal 
in the northeastern part and folded in the southwestern 
part (Fig. 3). The homoclinal part has cleavage planes and 
bedding planes with NW–SE strikes and dips of 50–80° 
to the southwest (Fig. 3). Sugimoto (1974) recognized a 
syncline in the Osakamoto Subunit along the Akka River, 
which is the southern part of a major NNW–SSE-trending 
syncline named the Hiraniwadake Syncline that extends 
more than 14 km from Mt. Myojindake (Fig. 2). This 
syncline extends throughout the newly mapped distribution 
of the Osakamoto Subunit (Fig. 3). In addition, two sets of 
second-order syncline and anticline occur in the southwest 
part of the Osakamoto Subunit (Fig. 3). The axes of these 
folds are parallel and trend NNW–SSE to NW–SE.

Age—Previously, no age constraints had been obtained 

from rocks of the Osakamoto Subunit. We obtained 
radiolarians from two black siliceous mudstone samples 
(Osm-12 and Noz-02) and analyzed detrital zircon U–Pb 
ages for two sandstone samples (Okz-33 and Skm-08).

Sample Osm-12 yielded J. cf. fusiformis and S. 
synconexa (Plate 4). As mentioned in the age section for 
the Otori Subunit, S. synconexa indicates the upper JR4 to 
lower JR5 (Bathonian). Japonocapsa fusiformis is known 
to co-occur with S. synconexa (e.g., O’Dogherty et al., 
2006). Hence, the sample most likely indicates the upper 
JR4 to lower JR5 (Bathonian). Sample Noz-02 yielded 
Praezhamoidellum? cf. japonicum and J. cf. fusiformis 
(Plate 5). According to Matsuoka and Ito (2019), J. 
fusiformis indicates the upper JR3 to lowermost JR6 
(upper Aalenian–Callovian).

Detrital zircon U–Pb age was analyzed for one 
sandstone sample from Okoshi Stream (Okz-33) and 
another from Akka River near Sakamoto (Skm-08). The 
number of grains with concordant U–Pb ages was 61 out 
of 62 for Okz-33 (Table 1) and 60 out of 60 for Skm-08 
(Table 2). Okz-33 included a large number of Jurassic 
zircons, while Skm-08 contained no Jurassic zircons (Fig. 
12). Abundant Permian and Triassic zircons and minor 
Precambrian zircons were obtained from both samples 
(Fig. 12). Sample Okz-33 had a YC1σ of 171.8 ± 2.4 Ma 
and a YSG of 170.9 ± 3.8 Ma, while Skm-08 had a YC1σ 
of 223.6 ± 4.2 Ma and a YSG of 221.4 ± 5.7 Ma.

As described above, the Otori Unit has a two-story-
structure with the coherent Okoshizawa Subunit occupying 
the structurally lower part and the mixed Osakamoto 
Subunit occupying the structurally upper part. While the 
structure and proportion of rock components of the two 
subunits are different, the variety of the components are 
almost the same; the main components in both subunits are 
sandstone, mudstone, siliceous mudstone, chert and rare 
basaltic rocks and limestone is absent in both subunits. 
Hence, the two subunits may have formed by different 
grades of mixing from the same set of lithology on an 
oceanic plate. Minor differences between the two subunits 
are the apparent absence of the stratigraphically lower 
part of the pelagic chert sequence (black carbonaceous 
claystone, red and green claystone and dolostone) and the 
occurrence of black siliceous mudstone in the Osakamoto 
Subunit.

The boundary between the two subunits is represented 
by the lithological boundary between chert (Okoshizawa 
Subunit) and muddy mixed rocks (Osakamoto Subunit) 
or siliceous mudstone (Okoshizawa Subunit) and 
muddy mixed rocks (Osakamoto Subunit) (Figs. 3, 5). 
In the former case, the boundary is definitely a fault, 
but in the latter case, the lithological boundary may be 
partly conformable. For example, in the lower part of 
Okoshi Stream, siliceous mudstone of the Otori Subunit 
is structurally overlain by mudstone of the Osakamoto 
Subunit that includes broken tuffaceous beds and no other 
visible blocks.
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Ｎｏ． Th 207Pb Error 207Pb Error 206Pb Error 206Pb Error 207Pb Error

U
206Pb 2σ 235U 2σ 238U 2σ 238U 2σ 235U 2σ

1 0.44 0.0513 0.0012 0.2934 0.0092 0.0415 0.0008 261.9 ± 5.4 261.3 ± 9.3

2 0.72 0.0497 0.0013 0.1896 0.0063 0.0276 0.0006 175.7 ± 3.6 176.3 ± 6.4

3 0.19 0.1137 0.0015 5.2859 0.1337 0.3370 0.0064 1872.5 ± 41.2 1866.6 ± 127.4

4 0.38 0.0492 0.0013 0.1870 0.0063 0.0275 0.0006 175.2 ± 3.6 174.1 ± 6.4

5 0.48 0.0497 0.0012 0.2089 0.0066 0.0305 0.0006 193.4 ± 3.9 192.7 ± 6.7

6 0.38 0.1118 0.0015 5.1829 0.1332 0.3358 0.0065 1866.7 ± 42.0 1849.8 ± 126.9

7 0.31 0.0512 0.0012 0.2836 0.0089 0.0401 0.0008 253.6 ± 5.2 253.5 ± 9.0

8 0.51 0.0553 0.0018 0.2714 0.0107 0.0356 0.0009 225.4 ± 5.5 243.8 ± 10.8

9 0.73 0.0517 0.0015 0.2961 0.0109 0.0415 0.0010 262.2 ± 6.2 263.4 ± 11.0

10 0.74 0.0514 0.0019 0.2164 0.0091 0.0305 0.0007 193.8 ± 4.8 198.9 ± 9.2

11 0.32 0.0509 0.0010 0.2860 0.0081 0.0407 0.0008 257.3 ± 4.9 255.4 ± 8.2

12 0.44 0.0495 0.0016 0.1961 0.0076 0.0287 0.0007 182.4 ± 4.2 181.8 ± 7.7

13 0.49 0.0490 0.0017 0.2066 0.0084 0.0306 0.0007 194.2 ± 4.7 190.7 ± 8.5

14 0.53 0.0522 0.0017 0.2889 0.0116 0.0401 0.0010 253.4 ± 6.4 257.7 ± 11.7

15 0.54 0.0488 0.0012 0.1995 0.0064 0.0296 0.0006 188.1 ± 3.8 184.7 ± 6.5

16 0.54 0.0524 0.0014 0.2584 0.0089 0.0357 0.0008 226.3 ± 4.9 233.4 ± 9.0

17 0.29 0.0537 0.0014 0.3228 0.0109 0.0436 0.0009 274.9 ± 6.1 284.0 ± 11.0

18 0.62 0.0516 0.0013 0.2832 0.0093 0.0398 0.0008 251.6 ± 5.3 253.2 ± 9.4

19 0.46 0.0494 0.0017 0.2023 0.0082 0.0297 0.0007 188.5 ± 4.5 187.0 ± 8.3

20 0.70 0.0486 0.0013 0.2074 0.0071 0.0309 0.0006 196.2 ± 4.1 191.4 ± 7.2

21 0.71 0.0490 0.0016 0.2025 0.0063 0.0299 0.0007 190.1 ± 4.8 187.2 ± 6.4

22 0.16 0.1136 0.0018 5.2279 0.0671 0.3337 0.0074 1856.2 ± 47.3 1857.2 ± 65.9

23 0.47 0.1140 0.0018 5.3233 0.0824 0.3384 0.0080 1878.8 ± 51.1 1872.6 ± 80.4

24 0.44 0.1137 0.0019 5.2465 0.1010 0.3344 0.0086 1859.5 ± 55.5 1860.2 ± 97.7

25 0.35 0.0500 0.0014 0.1998 0.0052 0.0290 0.0007 184.1 ± 4.4 185.0 ± 5.3

26 0.51 0.0520 0.0014 0.2951 0.0073 0.0411 0.0010 259.9 ± 6.3 262.6 ± 7.4

27 0.73 0.0493 0.0014 0.2055 0.0056 0.0302 0.0007 191.9 ± 4.6 189.7 ± 5.7

28 0.56 0.0503 0.0015 0.2136 0.0059 0.0308 0.0007 195.5 ± 4.8 196.6 ± 6.0

29 0.57 0.0505 0.0015 0.2157 0.0062 0.0310 0.0008 196.7 ± 4.9 198.4 ± 6.3

30 0.60 0.0517 0.0014 0.2157 0.0054 0.0302 0.0007 192.1 ± 4.6 198.3 ± 5.5

31 0.73 0.0519 0.0016 0.2896 0.0083 0.0405 0.0010 255.7 ± 6.5 258.3 ± 8.4

32 0.54 0.0501 0.0012 0.1858 0.0040 0.0269 0.0006 170.9 ± 3.8 173.0 ± 4.0

33 0.42 0.0520 0.0016 0.2956 0.0085 0.0412 0.0010 260.1 ± 6.7 262.9 ± 8.6

34 0.59 0.0502 0.0020 0.2244 0.0088 0.0324 0.0009 205.4 ± 5.9 205.6 ± 8.9

35 0.15 0.0536 0.0011 0.3879 0.0071 0.0524 0.0012 329.4 ± 7.5 332.8 ± 7.2

36 0.26 0.1133 0.0017 5.3471 0.0657 0.3419 0.0074 1895.9 ± 47.8 1876.4 ± 64.6

Continued.

Isotopic  ratios U–Pb age (Ma)

Table 1  Zircon U–Pb isotopic data for Sample Okz-33 obtained by quadrupole inductively coupled plasma mass spectrometry.
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Ｎｏ． Th 207Pb Error 207Pb Error 206Pb Error 206Pb Error 207Pb Error

U
206Pb 2σ 235U 2σ 238U 2σ 238U 2σ 235U 2σ

37 0.61 0.0569 0.0013 0.5727 0.0118 0.0729 0.0017 453.9 ± 11.0 459.8 ± 11.9

38 0.57 0.0501 0.0011 0.1921 0.0034 0.0278 0.0006 176.7 ± 3.8 178.4 ± 3.4

39 0.27 0.0503 0.0014 0.2175 0.0056 0.0313 0.0007 198.8 ± 4.8 199.8 ± 5.7

40 0.36 0.0505 0.0009 0.2234 0.0031 0.0321 0.0007 203.5 ± 4.3 204.7 ± 3.2

41 0.62 0.0511 0.0018 0.2963 0.0107 0.0420 0.0012 265.5 ± 7.5 263.5 ± 10.8

42 0.56 0.0546 0.0016 0.4382 0.0139 0.0582 0.0016 364.6 ± 10.2 369.0 ± 14.0

43 0.28 0.1139 0.0014 5.2008 0.0799 0.3311 0.0074 1843.6 ± 47.8 1852.7 ± 78.1

44 0.15 0.1162 0.0014 5.5129 0.0859 0.3438 0.0078 1905.0 ± 49.9 1902.6 ± 83.7

45 0.60 0.0502 0.0024 0.1884 0.0092 0.0272 0.0009 173.1 ± 5.5 175.3 ± 9.3

46 0.63 0.0503 0.0010 0.1876 0.0037 0.0270 0.0006 172.0 ± 3.8 174.6 ± 3.8

47 0.44 0.0513 0.0022 0.2622 0.0119 0.0371 0.0012 234.7 ± 7.5 236.5 ± 12.0

48 0.33 0.0493 0.0009 0.1903 0.0034 0.0280 0.0006 177.7 ± 3.8 176.9 ± 3.5

49 0.61 0.0507 0.0023 0.2877 0.0135 0.0412 0.0013 260.0 ± 8.6 256.8 ± 13.6

50 0.77 0.0505 0.0015 0.2082 0.0061 0.0299 0.0007 189.7 ± 4.7 192.1 ± 6.2

51 0.51 0.0529 0.0018 0.3081 0.0110 0.0422 0.0012 266.7 ± 7.6 272.7 ± 11.1

52 0.58 0.0521 0.0012 0.2890 0.0072 0.0402 0.0009 254.2 ± 6.1 257.7 ± 7.3

53 0.42 0.0505 0.0012 0.2849 0.0069 0.0409 0.0010 258.3 ± 6.1 254.6 ± 7.0

54 0.62 0.0507 0.0030 0.2996 0.0188 0.0428 0.0017 270.3 ± 11.1 266.1 ± 18.9

55 0.47 0.0508 0.0014 0.2259 0.0062 0.0322 0.0008 204.6 ± 5.0 206.8 ± 6.3

57 0.67 0.0495 0.0013 0.2089 0.0054 0.0306 0.0007 194.1 ± 4.6 192.6 ± 5.4

58 0.09 0.0501 0.0012 0.2876 0.0071 0.0416 0.0010 262.6 ± 6.3 256.6 ± 7.2

59 0.67 0.0505 0.0011 0.2223 0.0047 0.0319 0.0007 202.6 ± 4.5 203.8 ± 4.8

60 0.60 0.0504 0.0014 0.2100 0.0061 0.0302 0.0007 191.7 ± 4.7 193.6 ± 6.2

61 0.75 0.0518 0.0020 0.3020 0.0123 0.0423 0.0013 266.9 ± 8.1 268.0 ± 12.4

62 0.86 0.0516 0.0015 0.2913 0.0087 0.0409 0.0010 258.3 ± 6.7 259.6 ± 8.8

Discordant data

56 0.17 0.1103 0.0014 3.7336 0.0569 0.2453 0.0055 1414.4 ± 35.2 1578.6 ± 56.2

Standards

91500  2-6 0.37 0.0745 0.0017 1.8184 0.0641 0.1769 0.00503 1050 ± 32 1052 ± 63

91500  2-7 0.39 0.0755 0.0018 1.8656 0.0657 0.1791 0.00510 1062 ± 33 1069 ± 65
91500  2-8 0.42 0.0746 0.0017 1.8679 0.0656 0.1814 0.00515 1075 ± 33 1070 ± 65
91500 3-1 0.39 0.0761 0.0016 1.8643 0.0536 0.1776 0.00533 1053.6 ± 34.3 1068.5 ± 53.0
91500 3-2 0.36 0.0764 0.0016 1.9173 0.0547 0.1818 0.00544 1076.7 ± 35.0 1087.1 ± 54.1

OD3  3-1 1.51 0.0485 0.0021 0.0352 0.0015 0.0053 0.00013 33.8 ± 0.9 35.1 ± 1.5
OD3  3-2 1.07 0.0484 0.0026 0.0345 0.0017 0.0052 0.00014 33.2 ± 0.9 34.5 ± 1.8
OD3  3-3 1.13 0.0475 0.0021 0.0332 0.0014 0.0051 0.00013 32.5 ± 0.8 33.1 ± 1.5

Isotopic  ratios U–Pb age (Ma)

Table 1  Continued.
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Ｎｏ． Th 207Pb Error 207Pb Error 206Pb Error 206Pb Error 207Pb Error

U
206Pb 2σ 235U 2σ 238U 2σ 238U 2σ 235U 2σ

1 0.89 0.0515 0.0015 0.2868 0.0090 0.0404 0.0011 255.2 ± 7.2 256.1 ± 9.1

2 0.59 0.0515 0.0018 0.2888 0.0114 0.0407 0.0013 257.0 ± 8.1 257.6 ± 11.5

3 0.98 0.0519 0.0015 0.3068 0.0101 0.0428 0.0012 270.4 ± 7.8 271.7 ± 10.2

4 0.83 0.0518 0.0012 0.2908 0.0073 0.0407 0.0010 256.9 ± 6.7 259.2 ± 7.4

5 0.68 0.0555 0.0014 0.3025 0.0082 0.0395 0.0010 249.6 ± 6.7 268.4 ± 8.3

6 0.37 0.0506 0.0013 0.2669 0.0076 0.0382 0.0010 242.0 ± 6.6 240.2 ± 7.7

7 1.53 0.0515 0.0013 0.2862 0.0079 0.0403 0.0011 254.7 ± 6.9 255.5 ± 7.9

8 1.04 0.0517 0.0013 0.2901 0.0078 0.0406 0.0011 256.8 ± 6.9 258.7 ± 7.9

9 1.04 0.0507 0.0013 0.2751 0.0079 0.0393 0.0011 248.8 ± 6.8 246.7 ± 8.0

10 0.53 0.0520 0.0014 0.2900 0.0087 0.0404 0.0011 255.3 ± 7.1 258.6 ± 8.8

11 0.80 0.0521 0.0012 0.2943 0.0078 0.0409 0.0011 258.5 ± 6.9 261.9 ± 7.9

12 1.06 0.0535 0.0015 0.3014 0.0092 0.0408 0.0011 258.0 ± 7.3 267.5 ± 9.3

13 0.53 0.0523 0.0014 0.2577 0.0075 0.0357 0.0010 226.1 ± 6.2 232.8 ± 7.6

14 0.68 0.0523 0.0014 0.2966 0.0090 0.0411 0.0011 259.5 ± 7.3 263.8 ± 9.0

15 0.74 0.0514 0.0011 0.2727 0.0065 0.0385 0.0010 243.4 ± 6.3 244.8 ± 6.5

16 0.41 0.0713 0.0016 1.5394 0.0428 0.1565 0.0045 937.2 ± 29.2 946.3 ± 42.6

17 0.65 0.0546 0.0020 0.3796 0.0161 0.0504 0.0017 316.8 ± 10.8 326.8 ± 16.3

18 1.15 0.0509 0.0011 0.2454 0.0057 0.0349 0.0009 221.4 ± 5.7 222.9 ± 5.8

19 1.30 0.0521 0.0015 0.3111 0.0102 0.0433 0.0012 273.2 ± 7.9 275.0 ± 10.3

20 0.28 0.0525 0.0027 0.2971 0.0171 0.0410 0.0016 259.0 ± 10.3 264.1 ± 17.2

21 0.53 0.0507 0.0013 0.2831 0.0104 0.0404 0.0009 255.6 ± 5.6 253.1 ± 10.5

22 0.62 0.0511 0.0013 0.2968 0.0113 0.0421 0.0009 266.0 ± 6.0 263.9 ± 11.4

23 0.63 0.0503 0.0013 0.2807 0.0107 0.0405 0.0009 255.7 ± 5.8 251.2 ± 10.9

24 0.30 0.0513 0.0009 0.2685 0.0083 0.0380 0.0007 240.2 ± 4.5 241.5 ± 8.4

25 0.62 0.0521 0.0014 0.2907 0.0114 0.0404 0.0009 255.6 ± 5.9 259.1 ± 11.5

26 0.56 0.0517 0.0010 0.2869 0.0093 0.0402 0.0008 254.0 ± 4.9 256.1 ± 9.4

27 0.75 0.0519 0.0018 0.3001 0.0136 0.0419 0.0011 264.7 ± 7.1 266.5 ± 13.7

28 0.60 0.0503 0.0018 0.2765 0.0129 0.0399 0.0011 252.1 ± 6.8 247.9 ± 13.0

29 0.67 0.0518 0.0012 0.3067 0.0109 0.0429 0.0009 270.8 ± 5.7 271.6 ± 11.0

30 0.33 0.0502 0.0010 0.2874 0.0095 0.0415 0.0008 262.3 ± 5.2 256.5 ± 9.6

31 0.54 0.0537 0.0015 0.3067 0.0122 0.0414 0.0010 261.7 ± 6.2 271.6 ± 12.3

32 0.71 0.0508 0.0011 0.2945 0.0101 0.0420 0.0008 265.3 ± 5.4 262.1 ± 10.2

33 1.09 0.1656 0.0025 11.2670 0.3693 0.4931 0.0114 2584.1 ± 72.9 2545.5 ± 319.1

34 0.62 0.0510 0.0012 0.2928 0.0103 0.0416 0.0009 262.5 ± 5.5 260.7 ± 10.4

35 1.37 0.0520 0.0012 0.3129 0.0108 0.0436 0.0009 275.1 ± 5.7 276.4 ± 10.9

36 0.63 0.0570 0.0020 0.3278 0.0151 0.0417 0.0011 263.4 ± 7.3 287.9 ± 15.2

Continued.

U–Pb age (Ma)Isotopic  ratios

Table 2  Zircon U–Pb isotopic data for Sample Skm-08 obtained by quadrupole inductively coupled plasma mass spectrometry.
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Ｎｏ． Th 207Pb Error 207Pb Error 206Pb Error 206Pb Error 207Pb Error

U
206Pb 2σ 235U 2σ 238U 2σ 238U 2σ 235U 2σ

37 0.15 0.1144 0.0017 5.3096 0.1630 0.3363 0.0067 1869.1 ± 43.2 1870.4 ± 153.3

38 0.58 0.0511 0.0009 0.2714 0.0083 0.0385 0.0007 243.3 ± 4.5 243.8 ± 8.4

39 0.67 0.0520 0.0011 0.2928 0.0097 0.0408 0.0008 257.9 ± 5.1 260.8 ± 9.8

40 0.63 0.0524 0.0012 0.2969 0.0103 0.0410 0.0008 259.2 ± 5.4 263.9 ± 10.4

41 0.67 0.0528 0.0014 0.3144 0.0103 0.0432 0.0009 272.4 ± 5.9 277.6 ± 10.4

42 0.84 0.0510 0.0010 0.2783 0.0076 0.0395 0.0007 250.0 ± 4.7 249.3 ± 7.7

43 0.61 0.0518 0.0011 0.2922 0.0079 0.0409 0.0008 258.5 ± 4.8 260.3 ± 8.0

44 0.64 0.0511 0.0012 0.2997 0.0090 0.0425 0.0008 268.2 ± 5.4 266.2 ± 9.1

45 0.12 0.0523 0.0008 0.3095 0.0071 0.0429 0.0007 270.8 ± 4.6 273.8 ± 7.1

46 0.78 0.0524 0.0011 0.3212 0.0093 0.0444 0.0009 280.1 ± 5.5 282.8 ± 9.4

47 0.57 0.0520 0.0019 0.2805 0.0120 0.0391 0.0010 247.1 ± 6.5 251.0 ± 12.1

48 0.42 0.1219 0.0015 6.0552 0.1458 0.3601 0.0074 1982.7 ± 47.6 1983.8 ± 138.2

49 0.40 0.0513 0.0009 0.2834 0.0069 0.0401 0.0007 253.2 ± 4.4 253.3 ± 7.0

50 0.67 0.0517 0.0009 0.2874 0.0072 0.0403 0.0007 254.5 ± 4.5 256.5 ± 7.3

51 0.78 0.0513 0.0008 0.2649 0.0061 0.0374 0.0006 236.7 ± 3.9 238.6 ± 6.1

52 0.63 0.0522 0.0011 0.2990 0.0083 0.0415 0.0008 262.2 ± 5.0 265.6 ± 8.4

53 0.46 0.0512 0.0018 0.3194 0.0134 0.0452 0.0012 285.2 ± 7.6 281.5 ± 13.5

54 0.69 0.0507 0.0010 0.2851 0.0074 0.0408 0.0007 257.6 ± 4.7 254.7 ± 7.4

55 0.68 0.0502 0.0018 0.3018 0.0131 0.0435 0.0012 274.8 ± 7.4 267.8 ± 13.3

56 0.88 0.0527 0.0011 0.3514 0.0099 0.0483 0.0009 304.2 ± 6.0 305.7 ± 10.0

57 0.72 0.0517 0.0011 0.2873 0.0079 0.0403 0.0007 254.7 ± 4.8 256.4 ± 7.9

58 0.17 0.1200 0.0014 5.7920 0.1245 0.3499 0.0062 1934.1 ± 40.0 1945.2 ± 119.2

59 0.60 0.0518 0.0014 0.2995 0.0100 0.0419 0.0009 264.9 ± 5.8 266.0 ± 10.1

60 0.39 0.0521 0.0017 0.3015 0.0119 0.0420 0.0010 265.0 ± 6.6 267.6 ± 12.0

Standards

91500epo 4-1 0.41 0.0746 0.0016 1.8877 0.0637 0.1833 0.00560 1085 ± 36 1077 ± 63

91500epo 4-2 0.38 0.0745 0.0015 1.8759 0.0711 0.1826 0.00496 1081 ± 32 1073 ± 70
91500epo 4-3 0.38 0.0757 0.0013 1.8978 0.0591 0.1817 0.00469 1076 ± 30 1080 ± 58

OD3  4-1 1.09 0.0481 0.0017 0.0346 0.0013 0.0052 0.00012 33.5 ± 0.8 34.5 ± 1.4
OD3  4-2 1.16 0.0466 0.0012 0.0329 0.0012 0.0051 0.00009 32.9 ± 0.6 32.9 ± 1.2
OD3  4-3 1.30 0.0479 0.0017 0.0345 0.0013 0.0052 0.00009 33.5 ± 0.6 34.4 ± 1.3

Isotopic  ratios U–Pb age (Ma)

Table 2  Continued.
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(← p. 18)
Fig.11 Conodonts obtained from chert in the lowermost part 

of the Okoshizawa Subunit (Okz-CO-01). Figures 
with subscripts a are stereographic pairs (parallel 
viewing) of photographs and those with subscripts b 
through e are 3D-images obtained by X-ray computed 
microtomography for the same specimen. Subscripts b 
and c show lateral views, d shows upper views and e 
shows basal views. (A) Sephardiella mungoensis. (B) 
S. cf. mungoensis. (C–E) Paragondolella cf. inclinata 
( juvenile). (F) Paragondolella polygnathiformis 
( juvenile). (G) Paragondolella sp. ( juvenile). (H) 
Misikella longidentata.

Fig. 12   (A, B, F, G) Concordia diagrams of zircon ages from sandstone. (A, B) Okz-33, Okoshi Stream. (A) All grains. (B) 
Phanerozoic grains. (F, G) Skm-08, Sakamoto. (F) All grains. (G) Phanerozoic grains. (C–E, H–J) Probability density 
plot and histogram of concordant zircon ages (C, D, H, I) and bar plots (E, J) of 206Pb/238U ages of the youngest cluster. 
The youngest cluster determined by overlaps of 1σ error (YC1σ) is shown with deep blue in the histograms. (C–E) 
Okz-33. n = 58; YC1σ (n = 3): 171.8 ± 2.4 Ma, MSWD = 0.24; Youngest single grain (YSG): 170.9 ± 3.8 Ma. (H–J) 
Skm-08. n = 59; YC1σ (n = 2): 223.6 ± 4.2 Ma, MSWD = 1.3; YSG: 221.4 ± 5.7 Ma. Figures were produced by Isoplot/
Ex 4.15 (Ludwig, 2012).

5.  Accretionary age of the Otori Unit

Previously, the accretionary age of the Otori Unit 
was constrained only by the late Bajocian to early 
Bathonian radiolarians from manganese nodules in 
siliceous mudstone (Suzuki et al., 2007). The outcrop 
they investigated (Loc. S07 in Fig. 3) is an isolated one 
surrounded by mudstone outcrops, which led the authors to 
avoid making assumptions about which part of the oceanic 
plate stratigraphy the sample belongs to. In this study, we 
obtained Bathonian radiolarians from a manganese nodule 
within siliceous mudstone of the coherent Okoshizawa 
Subunit. The siliceous mudstone of the Okoshizawa 
Subunit is visibly different from mudstone matrix of 
mixed facies in that fragmented rock pieces and seams are 
absent (compare Figs. 7B, 9A, B). Hence, the radiolarians 
therein can be used an indicator of the time of deposition 
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Fig. 13   Oceanic plate stratigraphy of the northeast part of the North Kitakami Belt (based on part of Fig. 7 of Uchino and 
Suzuki, 2020) and the Southern Chichibu Belt (Matsuoka et al., 1998). U.: Unit; RZ: radiolarian zonation; Carb.: 
Carboniferous; Creta: Cretaceous; Penn.: Pennsylvanian; Cis.: Cisuralian; Gua.: Guadalupian; Loping.: Lopingian; 
E.: Early; M.: Middle; L.: Late.

of siliceous mudstone, and thus an approximation for the 
timing of accretion. 

Detrital zircons of sample Okz-33 had a YC1σ of 171.8 
± 2.4 Ma and a YSG of 170.9 ± 3.8 Ma. Considering the 
occurrence of Bathonian radiolarians from the Otori Unit, 
it is expected that the depositional age of sandstone of this 
unit is Bathonian or younger. Therefore, the U–Pb age of 
Okz-33 is considered to be close to the accretionary age. 
The youngest zircon grains in sample Skm-08 were Late 
Triassic zircons, but there is no reason to assume that the 
two samples belong to different tectonostratigraphic units. 
In fact, the main components of detrital zircons in Skm-08, 
the Late Triassic grains, the overwhelmingly dominant 
Permian–Triassic grains and the Paleo-proterozoic grains, 
are also present in Okz-33, suggesting that they had a 
similar provenance (Fig. 12). Therefore, we interpret that 
Skm-08 and Okz-33 are both components of a middle 
Jurassic accretionary complex, and that the Late Triassic 
zircons in Skm-08 are zircons that crystallized long before 
transportation to the trench. A similar example of detrital 
zircon age trends from two closely located sandstones 

has been reported from the Middle Jurassic accretionary 
complex in the Okawa area, ~30 km southwest of our 
study area (Uchino, 2021). This implies that sandstones 
apparently lacking detrital zircon ages close to the 
depositional age may not be uncommon, at least in the 
Middle Jurassic accretionary complex of the North 
Kitakami Belt. Consequently, the accretionary age of the 
Otori Unit is estimated as the Bathonian.

6.  Regional correlations

The North Kitakami Belt has been regarded as the 
northern extension of the Southern Chichibu Belt and 
correlations of their internal tectonostratigraphic divisions 
have been discussed (Yamakita and Otoh, 2000; Otoh and 
Sasaki, 2003; Ehiro et al., 2008; Takahashi et al., 2016). 
Presently available data is not sufficient to determine a 
correlative counterpart of the Otori Unit in the Southern 
Chichibu Belt. However, below is a comparison of the 
North Kitakami and Southern Chichibu belts incorporating 
our new information of lithology and age. 
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The most striking similarity between the North Kitakami 
Belt and the Southern Chichibu Belt is the occurrence 
of large (> km scale) Triassic basalt–limestone bodies 
in the structurally lower part (Fig. 13). Such massive 
Triassic basalt–limestone bodies are not seen in the 
Jurassic accretionary complex of the Tamba–Mino–Ashio 
Belt in the inner zone of Southwest Japan (e.g., Nakae, 
2000). In the North Kitakami Belt, the basalt–limestone 
bodies are represented by the Akka Unit (Yoshida et al., 
1987; Toyohara et al., 1980) and Triassic limestone in 
Shiriya, northeast Aomori (Sano et al., 2009). In the 
Southern Chichibu Belt, the Triassic basalt–limestone 
bodies characterize the Sambosan Unit (Matsuoka et al., 
1998). In both the North Kitakami and Southern Chichibu 
belts, the unit including the basalt–limestone bodies 
are structurally overlain by a tectonostratigraphic unit 
composed of coherent chert–clastic sequences; the Seki 
Unit in the former and the Togano Unit in the latter (Otoh 
and Sasaki, 2003; Takahashi et al., 2016).

The Otori Unit structurally overlies the Seki Unit. Based 
on this, the Otori Unit was correlated with the Ohirayama 
Unit, which structurally overlies the Togano Unit in the 
Southern Chichibu Belt (Otoh and Sasaki, 2003; Takahashi 
et al., 2016). Takahashi et al. (2016) also argued that the 
occurrence of Carboniferous to Triassic chert was an 
important similarity. Previous studies regarded the Otori 
Unit as a coherent facies of chert and mudstone (Ehiro et 
al., 2008; Takahashi et al., 2016), while the Ohirayama 
Unit is characterized by a mixed facies including blocks 
of Permian limestone, sandstone and chert (Matsuoka et 
al., 1998). This difference was an unexplained issue in 
Takahashi et al. (2016), but our geological survey clarified 
that a large part of the Otori Unit is composed of mixed 
facies rather than coherent facies. Thus, the mixed facies 
is another similarity between the Otori and Ohirayama 
units. However, a significant difference in lithology 
remains between the two: Permian limestone blocks that 
are characteristic of the Ohirayama Unit is completely 
absent in the Otori Unit.

Regarding the accretionary age of the Ohirayama Unit, 
Matsuoka et al. (1998) summarized radiolarian fossil 
occurrences mainly in Shikoku and regarded the age 
of mudstone of this unit as Pliensbachian to Toarcian. 
Later reports of radiolarians from correlative units in 
west Kyushu are consistent, indicating a Sinemurian to 
early Toarcian age for mudstone (Saito et al., 2005). In 
the Kii Peninsula, radiolarians from mudstone indicate a 
wider age range from the Pliensbachian to Kimmeridgian 
(Yamato Omine Research Group, 1992, 2002, 2005, 2007, 
Kashiwagi et al., 2005). The U–Pb age of detrital zircons 
in the Kii Peninsula is consistent with the radiolarian-
based age (Tokiwa et al., 2019). In the Kanto Mountains, 
radiolarians indicate a Pliensbachian to Bathonian age 
for siliceous mudstone and a Hettangian to Bathonian 
age (mostly Aalenian to Bathonian) for mudstone (Hisada 
and Kishida, 1986; Hisada et al., 1992; Takahashi, 2000; 
Yoshida and Matsuoka, 2003; Matsuoka, 2011; Ito and 

Matsuoka, 2018). The accretionary age of the Otori Unit 
is within the range of accretionary age of the Ohirayama 
Unit in the Kii Penisnsula and Kanto Mountains (Fig. 13). 
However, the age of siliceous mudstone is significantly 
older in the Ohirayama Unit in some regions, resulting 
in the apparently longer age range for mudstone in the 
Ohirayama Unit (Fig. 13). However, it should be noted 
that the age of siliceous mudstone in the Otori Unit is 
controlled only by a few samples and its entire age range 
may be longer.

To summarize, the Otori Unit has the same 
tectonostratigraphic position and mixed facies as the 
Ohirayama Unit, while they differ in that the Otori Unit 
lacks limestone blocks and appears to have a younger age 
of siliceous mudstone. Matsuoka et al. (1998) noted that 
the distribution of the Ohirayama Unit in the type locality 
in Shikoku is much narrower compared to areas such as 
the Kanto Mountains and suggested that a part of the 
Jurassic accretionary complex of the Southern Chichibu 
Belt in the Kanto Mountains may be lacking in Shikoku. 
Similarly, the correlative counterpart of the Otori Unit 
may not be present in the type locality of the Ohirayama 
Unit, which could explain the discrepancies between the 
two units.

7.  Conclusions

We investigated the lithology, structure and accretionary 
age of the Otori Unit, distributed in the northeastern part 
of the North Kitakami Belt. The Otori Unit is composed 
of two subunits: the structurally lower Okoshizawa 
Subunit composed of coherent facies of chert and siliceous 
mudstone and the structurally upper Osakamoto Subunit 
composed of mixed facies of mudstone, sandstone, chert 
and minor basaltic rocks. A manganese nodule in the 
siliceous mudstone of the Okoshizawa Subunit yielded 
radiolarians indicating the upper JR4 to lower JR5 biozone 
(Bathonian, Middle Jurassic). Radiolarians from siliceous 
mudstone of both the Okoshizawa and Osakamoto subunits 
can be interpreted to be of the same age. Detrital zircon 
grains from sandstone in the Osakamoto Subunit has a 
youngest age of ~170 Ma (YC1σ: 171.8 ± 2.4 Ma; YSG: 
170.9 ± 3.8 Ma). Based on the radiolarian and detrital 
zircon ages, the accretionary age of the Otori Unit is 
estimated as the Bathonian. The Otori Unit has formerly 
been compared with the Ohirayama Unit of the Southern 
Chichibu Belt, but there are significant differences in the 
lithofacies and age of the two.

8.  Palaeontological notes

Conodonts (by MUTO Shun)

Misikella longidentata Kozur and Mock
(Fig. 11H)
1974 Misikella longidentata — Kozur and Mock, p. 

136–137, pl. 1, figs. 4, 5.
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Remarks: This species is distinguished by a short 
segminate element with a terminal, posteriorly curved 
cusp more than twice as high (measured from the base of 
element) and thick as the other denticles, which decrease 
size away from the cusp. The basal cavity is laterally 
expanded.

Paragondolella cf. inclinata (Kovács)
(Fig. 11C, D, E)
1983 Gondolella foliata inclinata — Kovács, p. 

110–111, pl. 1, figs. 1–4, pl. 3, figs. 2–4.
Remarks: Juvenile forms of this species possess a 

narrow platform forming in the posterior part of the 
element. In our specimens, the denticles gradually recline 
and decrease height in the posterior to a thick terminal 
cusp. Our specimens are most likely to be assigned to this 
species. Paragondolella bulgarica (Budurov & Stefanov) 
is similar but has a uniformly high carina. Detailed 
synonymy is given by Chen and Lukeneder (2017).

Paragondolella polygnathiformis (Budurov and Stefanov)
(Fig. 11F)
1965 Gondolella polygnathiformis — Budurov and 

Stefanov, p. 118–119, pl. 3, figs. 3–7.
Remarks: Ontogenetic development of this species is 

clearly demonstrated by Koike (1982, 1991). From the 
early stages, like our specimen, it has a platform with a 
constriction beside the cusp running almost to the anterior 
end and a geniculation point at mid-length where the 
platform margin steps down towards the anterior in lateral 
view. Detailed synonymy is given by Chen and Lukeneder 
(2017).

Sephardiella mungoensis (Diebel)
(Fig. 11A)
Sephardiella cf. mungoensis (Diebel)
(Fig. 11B)
1956 Polygnathus mungoensis — Diebel, p. 431–432, 

pl. 1, figs. 1–20, pl. 2, figs. 1–4, pl. 3, fig. 1, pl. 4, fig. 1.
Remarks: This species is distinguished by a free blade, a 

sinuous platform with ornamentations on the lateral edge 
and a well-developed posterior process. The specimen 
in Fig. 11B is rather poorly imaged and broken at the 
anterior, but the platform outline and posteriorly extended 
keel matches the characters of S. mungoensis.

Plasencia et al. (2007, 2018) argued that the genus 
name Sephardiella proposed by March et al. (1988) and 
described by March et al. (1990) has priority over the more 
commonly used Budurovignathus, which was established 
without diagnosis or description by Kozur (1988). Both 
Sephardiella (March et al., 1988) and Budurovignathus 
(Kozur, 1988) were proposed as replacement names for 
Carinella Budurov. According to ICZN Article 13.1.1 to 
13.1.3, new names are required to be accompanied by a 
description or definition, or by bibliographic reference to 
such a statement, or to be proposed as a new replacement 
name. The third case applies to both Sephardiella (March 

et al., 1988) and Budurovignathus (Kozur, 1988), and 
thus both are available and have equal priority, contrary 
to the statements in Plasencia et al. (2018). However, as 
Plasencia et al. (2007) mentioned, Sudar (1989) selected 
Sephardiella as the first reviser six months prior to Kozur 
(1989) that preferred Budurovignathus, and the former is 
the valid name.

Radiolarians (by ITO Tsuyoshi) 

Order NASSELLARIA Ehrenberg, 1875
Family DIACANTHOCAPSIDAE O’Dogherty, 1994

Genus Diacanthocapsa Squinabol, 1903
Type species Diacanthocapsa euganea Squinabol, 1903

Diacanthocapsa? operculi Yao
(Plate 1, fig. 5)
1979 Diacanthocapsa? operculi — Yao, pl. 2, figs. 

16–27
Remarks: The specimen has a fusiform shell with four 

segments. The segmentation is closely similar to the 
species (Yao, 1979). 

Subfamily JAPONOCAPSINAE Kozur, 1984
Genus Japonocapsa Kozur, 1984

Type species Tricolocapsa? fusiformis Yao, 1979

Japonocapsa fusiformis (Yao)
(Plate 1, fig. 1)
1979 Tricolocapsa fusiformis — Yao, p. 33, pl. 4, figs. 

12–18, pl. 5, figs. 1–4.
1984 Japonocapsa fusiformis (Yao) — Kozur, 1984, p. 

33, Plate 7, Fig. 2.
Remarks: The specimen has a fusiform shell with four 

segments. The fourth segment is dish-like and possesses 
large pores. These characteristics are closely similar with 
the species (Yao, 1979). 

Japonocapsa cf. fusiformis (Yao)
(Plate 4, fig. 5; Plate 5, fig. 1)
Remarks: The specimens possess the large fourth 

segment. The outline of the shell is similar to Japonocapsa 
fusiformis, although the preservation is poor. 

Genus Striatojaponocapsa Kozur, 1984
Type species Tricolocapsa plicarum Yao, 1979

Striatojaponocapsa synconexa O’Dogherty et al., 
2006.

(Plate 1, fig. 6; Plate 4, fig. 1)
2006 Striatojaponocapsa synconexa — O’Dogherty et 

al., pl. 10, figs. 9–17. 
Remarks: The specimens possess a small basal 

appendage with a circular porous depression. They closely 
resemble the species (O’Dogherty et al., 2006; Hatakeda 
et al., 2007).
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Family WILLIRIEDELLIDAE Dumitrica, 1970
Genus Praezhamoidellum Kozur, 1984

Type species Praezhamoidellum yaoi Kozur, 1984

Praezhamoidellum? cf. japonicum (Yao)
(Plate 5, fig. 2)
1979 Stichocapsa japonica Yao, 1979, Plate 6, figs. 

8–12.
Remarks: The specimen has a truncate–conical thorax–

abdomen with a flat base. Large opening is recognized 
in the basal part. These characteristics are similar to 
Praezhamoidellum? japonicum (Yao, 1979). 

Family Unumidae Kozur, 1984
Genus Protunuma Ichikawa and Yao, 1976

Type species Protunuma fusiformis Ichikawa and Yao, 
1976

Protunuma fusiformis Ichikawa and Yao
(Plate 1, fig. 3)
1976 Protunuma fusiformis Ichikawa and Yao, pl. 2, 

figs. 1–4.
Remarks: The specimen has a fusiform shell composed 

of multi-segments. No spine is observed on the surface, but 
circular pores aligned in longitudinal rows are recognized. 
These characteristics are closely similar to the species 
(Yao, 1979).

Family Gongylothoracidae Bak, 1999
Genus Gongylothorax Foreman, 1968

Type species Dicolocapsa verbeeki Tan Sin Hok, 1927

Gongylothorax siphonofer Dumitrica
(Plate 1, fig. 2)
1970 Gongylothorax siphonofer — Dumitrica, pl. 1, 

figs. 2–5.
Remarks: The specimen has a sub-spherical shell of two 

segments. The shell outline and inner structure is closely 
similar to the species reported from Japan (Yao, 1979). 

Family EUCYRTIDIELLIDAE Takemura, 1986
Genus Eucyrtidiellum Baumgartner, 1984

Type species Eucyrtidium? unumaensis Yao, 1979

Eucyrtidiellum unumaense (Yao, 1979)
(Plate 1, figs. 7, 8)
1979 Eucyrtidium? unumaensis — Yao, pl. 9, figs. 

1–11.
1984 Eucyrtidiellum unumaensis (Yao) — Baumgartner, 

pl. 4, fig. 6.
Remarks: The specimens have a small cephalis with 

apical horn and truncate-conical thorax. They closely 
resemble the species (Yao, 1979). 
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Plate 1   Photomicrographs and SEM photographs of radiolarians obtained from Otr-NE-01 
(Manganese nodule of the Okoshizawa Subunit).

1 Japnocapsa fusiformis (Yao)

2 Gongylothorax siphonofer Dumitrica

3 Protunuma fusiformis Ichikawa and Yao

4 Striatojapnocapsa sp. 

5 Diacanthocapsa? operculi Yao

6 Striatojaponocapsa synconexa O’Dogherty, Goričan and Dumitrică

7 Eucyrtidiellum unumaense (Yao)

8 Eucyrtidiellum unumaense (Yao)

9 Multi-segmented nassellarian

10 Pantanellium? sp. 
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Plate 2   Photomicrographs and SEM photographs of radiolarians obtained from 
Otr-N-02 (Siliceous mudstone of the Okoshizawa Subunit).

1 Closed nassellarian

2 Three-segmented closed nassellarian

3 Closed nassellarian

4 Williriedellidae gen. et sp. indet.

5 Williriedellidae gen. et sp. indet.

6 Closed nassellarian

7 Nassellaria gen. et sp. indet.

8 Nassellaria gen. et sp. indet. 

9 Nassellaria gen. et sp. indet.

10 Multi-segmented nassellarian
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Plate 3   Photomicrographs and SEM photographs of radiolarians obtained from Okz-15 
(Siliceous mudstone of the Okoshizawa Subunit).

1 Williriedellidae gen. et sp. indet.

2 Williriedellidae gen. et sp. indet. 

3 Closed nassellarian 

4 Closed nassellarian

5 Closed nassellarian

6 Closed nassellarian

7 Closed nassellarian

8 Williriedellidae gen. et sp. indet. 

9 Closed nassellarian

10 Closed nassellarian

11 Closed nassellarian

12 Closed nassellarian

13 Multi-segmented nassellarian

14 Nassellaria gen. et sp. indet.

15 Nassellaria gen. et sp. indet.

16 Spherical radiolarian
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Plate 4   Photomicrographs and SEM photographs of radiolarians obtained from Osm-12 
(Siliceous mudstone of the Osakamoto Subunit).

1 Striatojaponocapsa synconexa O’Dogherty, Goričan and Dumitrică

2 Williriedellidae gen. et sp. indet. 

3 Closed nassellarian

4 Closed nassellarian

5 Williriedellidae gen. et sp. indet. 

6 Closed nassellarian

7 Closed nassellarian

8 Closed nassellarian

9 Closed nassellarian

10 Eucyrtidiellum sp.

11 Eucyrtidiellum? sp.

12 Nassellaria gen. et sp. indet.

13 Nassellaria gen. et sp. indet.

14 Archaeodictyomitra sp.

15 Nassellaria gen. et sp. indet.

16 Charlottea? sp.

17 Hagistrum? sp.

18 Archaeospongoprunum? sp.

19 Archaeospongoprunum? sp.

20 Paronaella? sp.

21 Eptingiidae gen. et sp. indet. 

22 Spumellaria gen. et sp. indet.

23 Spumellaria gen. et sp. indet.



Geology and accretionary age of the Otori Unit (MUTO et al.)

− 35 −



Bulletin of the Geological Survey of Japan, vol. 74 (1), 2023

− 36 −

Plate 5   Photomicrographs and SEM photographs of radiolarians obtained from Noz-02 
(Siliceous mudstone of the Osakamoto Subunit). 

1 Japonocapsa cf. fusiformis (Yao)

2 Praezhamoidellum? cf. japonicum (Yao)

3 Closed nassellarian

4 Closed nassellarian

5 Closed nassellarian

6 Closed nassellarian

7 Closed nassellarian

8 Closed nassellarian

9 Closed nassellarian

10 Nassellaria gen. et sp. indet.

11 Hsuum sp. 

12 Multi-segmented nassellarian

13 Multi-segmented nassellarian

14 Multi-segmented nassellarian

15 Multi-segmented nassellarian
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Appendix

Table A1

Sample ID Lithology Subunit Note

°N °E

Okz-CO-01 Chert 40.007 141.606 Okoshizawa Conodonts.

Otr-NE-01 Mn nodule 39.969 141.645 Okoshizawa HCl treatment for radiolarians.

Otr-N-02 Siliceous mudstone 39.978 141.630 Okoshizawa Dilute HF treatment for radiolarians.

Okz-15 Siliceous mudstone 39.992 141.606 Okoshizawa Dilute HF treatment for radiolarians.

Noz-02 Siliceous mudstone 39.965 141.589 Osakamoto Dilute HF treatment for radiolarians.

Osm-12 Siliceous mudstone 40.004 141.573 Osakamoto Dilute HF treatment for radiolarians.

Wys-02* Mn nodule 39.943 141.651 Osakamoto HCl treatment for radiolarians.

Otr-01* Mudstone 39.965 141.648 Osakamoto Dilute HF treatment for radiolarians.

Okz-33 Sandstone 39.990 141.604 Osakamoto Zircon U–Pb dating.

Skm-08 Sandstone 39.973 141.610 Osakamoto Zircon U–Pb dating.

Locality

*no identifiable radiolarians were obtained.

Table A2

°N °E

Figure 6A Otori 39.966 141.638 Okoshizawa Bedded chert

Figure 6B Okoshi Stream 39.992 141.606 Okoshizawa Siliceous mudstone

Figure 6C Ananeyama Logging Road 39.962 141.651 Okoshizawa Mudstone with broken sandstone

Figure 6D Okoshi Stream 40.007 141.605 Okoshizawa Dolostone and chert

Figure 6E Otori 39.966 141.639 Okoshizawa Green siliceous claystone

Figure 6F Otori 39.966 141.639 Okoshizawa Red siliceous claystone

Figure 6G Orikabe 39.952 141.664 Okoshizawa
Chert, grey siliceous claystone, black
carbonaceous claystone (Permian–
Triassic Boundary)

Figure 6H Okoshi Stream 40.006 141.605 Okoshizawa Chert breccia

Figure 6I Okoshi Stream 40.007 141.606 Okoshizawa Chert breccia and mudstone

Figure 8A Northeast of Otori 39.968 141.645 Okoshizawa Siliceous mudstone with Mn nodule

Figure 9A Okoshi Stream 39.987 141.602 Osakamoto Mudstone

Figure 9B Orikabe 39.947 141.663 Osakamoto Mixed mudstone and sandstone

Figure 9C Sakamoto 39.967 141.618 Osakamoto Mixed rock

Figure 9D Tengubatake Logging Road 39.943 141.650 Osakamoto Bedded sandstone

Note
Locality

Figure Geographic name Subunit

Table A1  Sample list.

Table A2  List of outcrops shown in the figures.
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Table A3

Sample

Otr-NE-01 Otr-N-02 Okz-15 Osm-12 Noz-02

Mn nodule si. md. si. md. si. md. si. md.

Archaeodictyomitra  sp. x

Diacanthocapsa ? operculi  Yao x

Eucyrtidiellum unumaense  (Yao) x

Eucyrtidiellum  sp. x

Eucyrtidiellum ? sp. x

Gongylothorax siphonofer  Dumitrica x

Hsuum  sp. x

Japnocapsa fusiformis  (Yao) x

Japnocapsa  cf. fusiformis  (Yao) x

Praezhamoidellum ? cf. japonicum  (Yao) x

Protunuma fusiformis  Ichikawa and Yao x

Striatojaponocapsa synconexa  O’Dogherty, Goričan and Dumitrică x x

Williriedellidae gen. et sp. indet. x x x

Nassellaria gen. et sp. indet. x x x x

Multi-segmented nassellarian x x x x

Three-segmented closed nassellarian x

Closed nassellarian x x x x

Archaeospongoprunum ? sp. x

Charlottea ? sp. x

Hagistrum ? sp. x

Pantanellium ? sp. x

Paronaella ? sp. x

Eptingiidae gen. et sp. indet. x

Spumellaria gen. et sp. indet. x

Spherical radiolarian x

Okoshizawa Subunit Osakamoto Subunit

Table A3  Occurrence list of radolarians.
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北部北上帯大鳥ユニットの地質と付加年代

武藤　俊・伊藤　剛・村山　雅史

要   旨

東北日本の北部北上帯に属するジュラ紀から白亜紀初期に形成された付加体は，同時代に形成された西南日本の付加
体と比較して研究が少ない．本論文では，北部北上帯北東部，安家川上流に分布するジュラ紀付加体大

おおとり

鳥ユニットにつ
いての調査結果を報告する．詳細なマッピングに基づき，大鳥ユニットが，構造的下位を占めチャートと珪質泥岩の整
然相が構造的に繰り返す大越沢サブユニットと，構造的上位を占め泥質岩に砂岩，チャート，微量の玄武岩類が含まれ
る混在相の大

おおさかもと

坂本サブユニットからなることを明らかにした．大越沢サブユニットの珪質泥岩中のマンガンノジュール
から中期ジュラ紀バトニアン期を指示する放散虫化石が得られた．また，大坂本サブユニットの砂岩試料から抽出され
た砕屑性ジルコンは，約 170 Maの最若年代を示す．放散虫および砕屑性ジルコンの年代から，大鳥ユニットの付加年代
はバトニアン期と推定される．本研究のデータを用いて，北部北上帯と西南日本の南部秩父帯との対比について検討した．
大鳥ユニットは構造的には南部秩父帯の大

おおひらやま

平山ユニットに対応し，両者は混在相からなる点で類似し，付加年代も重なっ
ている．しかし，大鳥ユニットが石灰岩を欠く点と珪質泥岩の年代が若い点は大きな相違点であり，両者は厳密には対
比できない可能性がある．
　

難読・重要地名

Kitakami 北上  Otori 大鳥  Akka 安家  Okoshizawa 大越沢  Osakamoto 大坂本  Kassenba 合戦場  Hiraniwadake 平庭岳


