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ABSTRACT

Accretionary complexes in the Japanese Islands preserve material from parts of the oceanic plates of Panthalassa that have subducted and are now lost.
The age of the oceanic plate that is incorporated into the Jurassic accretionary complex of Japan has been previously estimated from scant data on Carbonifer-
ous bedded chert. In this study, we investigated a Carboniferous to Permian basalt-chert sequence in the Jurassic accretionary complex of the North Kitakami-
Oshima belt in Northeast Japan. The sequence is composed of basaltic rocks, red bedded chert and grey bedded chert in ascending order. The basaltic rocks at
the base contain red cherty nodules that yielded conodonts indicating the Bashkiran to early Moscovian, the latter age being more likely (late Carboniferous).
The red bedded chert yielded middle Sakmarian (early Permian) radiolarians. The grey bedded chert yielded conodonts indicating the latest Kungurian to ear-
liest Roadian. Thus, our study section demonstrates a formation of the oceanic plate in the late Carboniferous and a following deposition of pelagic siliceous
sediments. This is the first time that basaltic rocks within the Jurassic accretionary complex of Japan are directly dated. While previous data need careful
reviewing, our results demonstrate that the oldest part of the oceanic plate within the Jurassic accretionary complex is Serpukhovian or older and the youngest

part may be as young as the Sakmarian.

INTRODUCTION

The Jurassic accretionary complex in Japan is one of the
most intensely studied accretionary complex formed in the
Mesozoic (Kojima et al., 2016). It preserves records of the
Superocean Panthalassa, which is a palaecogeographically
significant realm due to its vastness (Fig. 1a). Despite this,
the age of the oceanic plate in the Jurassic accretionary com-
plex of Japan is largely enigmatic. While widely referenced
works have stated that the basaltic rocks at the base of the
oceanic plate stratigraphy in the Jurassic accretionary com-
plex is Carboniferous (e.g., [sozaki et al., 1990; Wakita and
Metcalfe, 2005), this is supported only from scant age data
of Carboniferous chert (Ishiga, 1982; Imoto et al., 1997; Ku-
sunoki et al., 2004). In other words, the basaltic rocks them-
selves have not actually been dated. Furthermore, the above
consideration did not take into account any spatial variations
due to poor availability of data. Recently, Ito and Matsuoka
(2018) proposed that oceanic plate of a much younger age are
present within the Jurassic accretionary complex of Japan.
They showed that red bedded chert overlying basaltic rocks
in Mt. Ryokami in the Kanto District is Sakmarian (early
Permian) in age, coincident with the oldest cherts in many
other localities.

In order to clarify the age of the oceanic plate that formed
the Jurassic accretionary complex in Japan, it is necessary
to obtain further age data from the lower part of the oce-
anic plate stratigraphy. In particular, age data from basaltic
rocks, although never reported from the Jurassic accretion-
ary complex, will give unambiguous informations. Works in
other geological units, such as the Carboniferous accretion-
ary complex in Northeast Japan (Hamano et al., 2002) have
shown that microfossils can be obtained from cherty deposits
within basaltic rocks (i.e., jasper).

Herein, we report conodonts and radiolarians from a
sequence of basaltic rocks and chert exposed around the
Hayasaka Highland in Iwate Prefecture (Figs. 1b, c, 2). The
studied rocks belong to the Jurassic accretionary complex of
the North Kitakami-Oshima Belt in Northeast Japan (Fig. 1c;
Isozaki and Maruyama, 1991; Ehiro et al., 2008; Kojima et
al.,2016). We conducted a geological mapping to clarify the
mode of occurrence of the studied rocks and obtained age
diagnostic microfossils to determine the age of the rocks.

GEOLOGICAL SETTING
Previous studies

The North Kitakami-Oshima Belt is the geotectonic divi-
sion of Northeast Japan defined by the distribution of Jurassic
accretionary complexes and spreads from northeast Tohoku
to southwest Hokkaido (Fig. 1b, c; Isozaki and Maruyama,
1991; Ehiro et al., 2008; Kojima et al., 2016). The Jurassic
accretionary complex is composed of basaltic rocks, bedded
chert and palaeo-atoll limestone formed in the pelagic region,
in addition to hemipelagic siliceous mudstone and tuff, mud-
stone and sandstone that accumulated near the trench (Ehiro
et al., 2008). The accretionary complexes are intruded and
thermally affected by Cretaceous plutons (Fig. 1c), which
hinder extraction and identification of microfossils from
both the oceanic and terrigenous rocks (Ehiro et al., 2008).
Nonetheless, tenacious attempts by microfossil researchers
revealed that the age of chert and limestone ranges from the
Middle Pennsylvanian (late Carboniferous) to Middle Ju-
rassic (see review by Uchino and Suzuki, 2020). The oldest
ages are known from palaeo-atoll limestone in Ichinohe that
was dated as somewhere within the Bashkirian to Kasimov-
ian (probably Moscovian) (Ehiro et al., 2010) and dolostone
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interbedded with chert in Okoshi Stream, Akka dated as
Moscovian (Ehiro et al., 2008; Muto et al., 2023b). The age
of accretion has also been investigated with microfossils, and,
recently, by U-Pb dating of zircons in sandstone and tuff (Mi-
noura and Tsushima, 1984; Matsuoka, 1987; 1988; Matsuoka
and Oji, 1990; Yoshihara et al., 2002; Nakae and Kamada,
2003; Suzuki and Ogane, 2004; Suzuki et al., 2007a; 2007b;
Ueda et al., 2009; 2018; Uchino, 2017; 2018a; 2018b; 2019;
2021a; Muto et al., 2023a; Osaka et al., 2023). These studies
showed that the age of accretion is latest Triassic to earliest
Cretaceous, with a general younging trend from southwest to
northeast, i.e., towards the ocean.

The Hayasaka Highland is situated in the southwestern
part of the NW-SE-trending Jurassic accretionary complex of
the North Kitakami-Oshima Belt (Fig. 1¢). Maps of 1:200,000
(Onuki 1981; Yoshida et al., 1984) and 1:100,000 (Iwate Pre-
fecture, 1954) including the area have been published. How-
ever, they were produced before the concept of accretionary
complexes were adopted and therefore many aspects of the
geology is misinterpreted. Recently, a 1:50,000 geological
map of the Sotoyama District, an area to the southwest of the
Hayasaka Highland, was published, in which the accretionary
complex including the rocks of the study area was referred to
as the Kadoma Unit (Uchino, 2024). Previously, the Jurassic
accretionary complex around the Hayasaka Highland was re-
ferred to as the Nakatsugawa Complex (Uchino et al., 2008;
Osaka et al., 2023). However, this accretionary complex had
been named the Kadoma Complex in the neighbouring area
(Kawamura et al., 2013), prompting a revision of the name by
Uchino (2024). Furthermore, following Uchino (2024), we
use the term “unit” instead of “complex”, for tectonostrati-
graphic division of accretionary complexes, because the latter
is not recommended where mappable rock bodies are present
within or in case of coherent facies (Salvador, 2013).

The Kadoma Unit lies in the southwesternmost part of
the Jurassic accretionary complex of the North Kitakami-
Oshima Belt (Fig. 1c; Uchino, 2024). The accretionary age
of the Kadoma Unit is estimated to be latest Triassic to Mid-
dle Jurassic (Matsuoka, 1988; Uchino, 2019; 2021a; Uchino
and Suzuki, 2021; Osaka et al., 2023). Basaltic rocks of the
Kadoma Unit include both mid-ocean ridge basalt (MORB)
and ocean island basalt (OIB) (Uchino, 2021b). The basaltic
rocks of the Hayasaka Highland, however, have not been in-
vestigated. Existing geological maps do not provide sufficient
information on the geological background of the Hayasaka
Highland due to the large scales of the maps and interpreta-
tions that do not consider subduction-accretion.

New data

We produced a geological map of the Hayasaka Highland
as part of the survey for the 1:50,000 geological map of the
Kado District for the Quadrangle Series of the Geological Sur-
vey of Japan (Fig. 2). The Kadoma Unit in this area is com-

Fig. 1 - (a) Palacogeographic map by Mei and Henderson (2001) based on
Ziegler et al. (1997). The depositional area of pelagic deep-sea sedimentary
rocks preserved within Jurassic accretionary complexes of Japan is shown.
(b) Distribution of the Jurassic accretionary complex in the Japanese Is-
lands in the basement rocks (based on Isozaki et al., 2010) and previously
studied localities mentioned in the text. (¢) Exposure of pre-Paleogene
rocks in northern Tohoku of Northeast Japan (modified from Geological
Survey of Japan, AIST, 2020). The reader is referred to the PDF online for
a colour version.



posed of muddy mixed rocks with bodies of basaltic rocks,
chert, siliceous mudstone and sandstone. Bodies of basaltic
rocks are up to 600 m thick, and are composed of massive to
moderately foliated lava (Fig. 3a) and strongly foliated tuff
(Fig. 3b). Bodies of chert are up to 100 m thick and are red or
grey (Fig. 3c-f). Outcrops of red chert were only found around
the junction of the Matsuzaki and Nekosokomatasawa rivers,
but floats were found in other locations such as upstream along
the Matsuzaki River. Siliceous mudstone occurs as bodies
up to 200 m-thick, but mappable bodies are rare. Sandstone
bodies are up to 200 m-thick, and are mostly massive (Fig.
3g). The muddy mixed rock that constitutes the majority of
the Kadoma Unit in this area contains bodies of the above li-
thology within a muddy matrix. The muddy matrix includes
variously deformed light-coloured silt, sand and tuff (Fig. 3h)
and is consistent with the lithofacies referred to as “laminated
mudstone” by Uchino (2021a). In addition to the above, we
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Fig. 2 - Geological map of the Haya-
saka Highland. Sampling locality of
sample Nsm-ch-ba-01 is shown. For
other localities, see Fig. 3. Base map
produced from XYZ tiles provided
by the Geospatial Authority of Japan.
Riv., River; Mt., Mount. The reader is
referred to the PDF online for a colour
version.
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found mixed rocks with abundant light green claystone, pos-
sibly tuff within the muddy matrix, which are in fault contact
with the Kadoma Unit to the east. This newly identified unit is
not named in this study. The orientation of bedding and cleav-
age planes in the Kadoma Unit strike NNW-SSE to NW-SE
and generally dip moderately to steeply to the west, but narrow
zones of east dipping strata occur due to tight folds (Fig. 2).
We focused on a section of basaltic rocks and chert in
the lowermost part of the Nekosokomatasawa River (Fig. 4).
This section is observed along the stream itself and along the
logging road on its north bank. For convenience, the rocks
of the section are divided into four informal units. These
are, in ascending order, basalt, lower red chert, upper red
chert and grey chert units (Fig. 5). The stratigraphic order of
these units was determined from microfossil occurrences or
speculated from the overall geological structure, as explained
below and in the following discussion on microfossil age.
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The basalt and lower red chert units are exposed along the
stream (Fig. 4). The basalt unit is composed of weakly foli-
ated basaltic lava at least 5 m in apparent thickness (Fig. 5).
The lower red chert unit is well-bedded and is apparently 18 m
thick (Fig. 5). The stratigraphic contact between basaltic rocks
and red bedded chert is not observed due to poor exposure
and the presence of a minor fault. However, the occurrence of
intermediate lithology (tuffaceous chert and siliceous basaltic
tuff) in the structurally uppermost part of the basalt unit (Figs.
4, 5) implies that the observed lithofacies is part of a basalt-
chert sequence with a gradual transition, and that the unob-
served interval could be minor. We also note that the minor
fault dividing the exposure of the basalt and lower red chert
units is negligeable in the general geological structure of the
study area (Fig. 2). The distribution of red and grey chert on
both sides of the Neokosomatasawa River also indicates that
the displacement of this fault is minor, probably less than 10 m
(Fig. 4). The upper red chert and grey chert units are exposed
along the logging road (Fig. 4). Both units are composed of
well-bedded chert, and the apparent thickness is 14 m for the
red chert unit and around 23 m for the grey chert unit (Fig.
5). The apparent thickness of the strata in the studied section

Fig. 4 - Plan-view field map around
the studied section along the Neko-
sokomatasawa River. The lower and
upper red chert units are not differenti-
ated here. Sample Nsm-ch-ba-01 was
obtained from outside this area. The
reader is referred to the PDF online for
a colour version.
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may be different from the true stratigraphic thickness because
faults and folds may be present in covered areas.

The basalt unit in the studied section is composed of ba-
saltic lava, while basaltic tuffs were observed to the northwest
along the Matsuzaki River. Basaltic lava in and around the
study section is mostly intergranular (Fig. 6a-c, f-i) or interser-
tal (Fig. 6d), while amygdaloidal basalt occurs limitedly on
the east side of the Hayasaka Highland. Plagioclase, largely
saussuritized, is present in all samples. Some samples con-
tain titanian augite and brown amphibole. Secondary minerals
such as epidote, chlorite, actinolite, and sphene are present.
Foliated varieties have seams partly filled with chlorite (Fig.
6d) and preserve less titanian augite or plagioclase. Basaltic
tuff is composed of chlorite, saussuritized plagioclase, car-
bonate, quartz and abundant fine-grained opaque minerals
and shows conspicuous asymmetric shear structures with no
original sedimentary structures (Fig. 6e). Both red and grey
cherts are composed of radiolarian tests in quartz matrix that
are recrystallized (Fig. 6j-n). Conodont fossils are found in
some thin sections of chert (Fig. 6j-n). Stubby micrometre-
sized illite and biotite, formed from clay minerals, are present,
indicating some degree of metamorphic effects from plutons.
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SAMPLES AND METHODS obtained from the grey chert unit (Figs. 4, 5).

We investigated 18 samples for microfossils. One sample
(Nsm-ch-ba-01) was collected from the junction of the Mat-
suzaki and Nekosokomatasawa rivers to the west of the main
study section (Fig. 2). This sample and the three samples
(Nsm-ch-ba-02 to 04) from the basalt unit of the main study
section are red nodular cherts embedded within green ba-
saltic rocks (Figs. 2, 4). The boundary of chert and basaltic
matrix is oblique to the foliation in the basaltic rocks (Fig.
7a, b). One of these samples (Nsm-ch-ba-02) had low trans-
parency and may be classified as jasper. Two samples (Nsm-
ch-13 and 14) were obtained from the lower red chert unit,
nine samples (Nsm-ch-04 to 12) were obtained from the up-
per red chert unit and three samples (Nsm-ch-01 to 03) were

Samples were crushed into cm-size pieces and treated
with 5 % hydrofluoric (HF) acid for 24 hours, repeated over
four cycles. The residue was inspected under a stereoscopic
microscope and fossils were hand-picked using a fine brush.
After this initial treatment, samples from red nodular chert
in basaltic rocks and grey bedded chert yielded only scant,
pale-colored and fractured conodont fossils and no radiolar-
ians. These samples were subsequently treated by 10% HF
acid for 6 to 18 hours over more than twelve cycles. This ad-
ditional treatment resulted in more numerous and intact con-
odonts. Picked fossils were mounted on metal stubs, coated
with carbon and photographed by a scanning electron micro-
scope (SEM; Hitachi SU3500) at the Geological Survey of
Japan, AIST.



Fig. 6 - Thin section micrographs of basaltic and siliceous rocks around the studied section. a, b, ¢) Green massive
basaltic lava. Same field of view for a) and b). Matsuzaki River. d) Green basaltic lava with moderate foliation.
Matsuzaki River. e) Green basaltic tuff with strong foliation. Asymmetric shear structures characterized by P and
R1 planes are observed. Matsuzaki River. f, g, h, i) Green basaltic lava with moderate foliation. Sample Nsm-ch-
ba-05. Same field of view for f) and g), and h) and i), respectively. j, k, 1) Grey bedded chert (Sample Nsm-ch-03).
Same field of view for k) and 1). m, n) red bedded chert. Sample Nsm-ch-09. a, b, c, e, f, h, j, k, m: plane-polarized
light. d, g, 1, 1, m: cross polarized light. Act: actinolite; br-Amp: brown amphibole; Car: carbonate; Chl: chlorite;
Ep: epidote; PI: plagioclase; Ti-Aug: titanian augite; Co: conodont; Rad: radiolarian test.
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Cleavage

Fig. 7 - Field photographs of red chert enclosed in basaltic rocks. a) Red chert lens within foliated basaltic rocks. Matsuzaki River. The lithological boundary
intersects at an angle to the cleavage in the basaltic rocks. b) Red chert block with an irregular boundary with basaltic rocks. Numbers indicate the last two dig-
its of the sample ID that begins with “Nsm-ch-ba-". The hammer for scale is 30 cm long.

MICROFOSSIL OCCURRENCE
Conodonts

Conodonts were obtained from nodular red chert within
basaltic rocks of the basalt unit, the lowermost part of the red
chert unit and the middle part of the grey chert unit (Fig. 5;
Table 1). Conodont fossils are pale brown colored and recrys-
tallized possibly due to reaction with HF acid. Most of the
identifiable fossils were obtained from two samples: sample
Nsm-ch-ba-02 from nodular red chert in basalt and sample
Nsm-ch-03 from grey bedded chert.

Of the nodular red chert samples, only one (Nsm-ch-ba-02)
yielded conodonts (Table 1). This sample contained Idiogna-
thodus sp., Idiognathoides sp., Diplognathodus sp. cf. D. elles-
merensis Bender, Ellisonia sp., Adetognathus sp. and other
unidentifiable elements (Fig. 8). Unidentified elements include
a broken platform similar to that of Idiognathoides sulcatus
Higgins and Bouckaert (Fig. 8y) and a carminiscaphate ele-
ment with a blade apparently higher than the platform that may
be a species of Diplognathodus (Fig. 8bb). Identification at the
species level was difficult due to the poor preservation of the
fossils. Aside from conodonts, the nodular red chert samples
including sample Nsm-ch-ba-02 yielded sponge spicules, sug-
gesting that the silica component of the chert nodules are at
least partly derived from biogenic silica (Fig. 9s-x). Of the grey
chert samples, sample Nsm-ch-03 yielded Mesogondolella sp.
cf. M. lamberti Mei and Henderson, Hindeodus sp. A, Hindeo-
dus sp. Pseudohindeodus sp. (Fig. 5; 8b, c, i-r; Table 1) and
fragments of gondolellid P1 elements (Fig. 8a, d-h). Although
questionable, two of the gondolellid elements (Fig. 8d, f) may
belong to Jinogondolella nankingensis tenuis Wardlaw, judg-
ing from the narrow platform and long proclined cusp (Ward-
law, 2015). Elements of Hindeodus and gondolellids were also
obtained from the other two grey chert samples.

The age of the basaltic rocks in the studied section is
constrained by the occurrence of Idiognathoides sp. and Dip-
lognathodus sp. cf. D. ellesmerensis Bender from sample
Nsm-ch-ba-02. Idiognathoides is a cosmopolitan taxon that
appeared in the early Bashkirian and disappeared in the early
Moscovian (Lane and Straka, 1974; Nemyrovskaya, 1999;
2017; Barrick et al., 2013; Hu et al., 2020a). Our specimen
is a juvenile specimen, probably of Idiognathoides sinuatus

(Harris and Hollingsworth), the range of which parallels the
entire range of the genus. Diplognathodus ellesmerensis is
also a widespread taxon known to occur from the uppermost
Bashkirian to middle Moscovian (Bender, 1980; Nemyrovs-
kaya, 1999;2017; Hu et al.,2020b). Notably, Hu et al. (2020b)
proposed the first appearance of this species as a marker for
the base of the Moscovian. Regarding our conodonts, Diplo-
gnathodus sp. cf. D. ellesmerensis is represented only by one
rather poorly preserved specimen and should not be overem-
phasized. Therefore, we conclude that the age of the basalt
unit is likely to be early Moscovian and is certainly within the
Bashkirian to early Moscovian. The other conodont fossils
are in accordance with this age assignment. Idiognathodus
occurs throughout the Bashkirian to Gzhelian (e.g., Barrick
et al., 2013; 2023), Adetognathus occurs from the Bashkirian
to Asselian (e.g., Dunn, 1970; Hu et al., 2020a; Beauchamp et
al., 2022a; 2022b) and Ellisonia is known from Bashkirian to
Anisian (lower Middle Triassic) (von Bitter and Merril, 1983;
Koike, 2016; Muto et al., 2023c¢).

The age of the grey chert unit is constrained by the oc-
currence of Mesogondolella sp. cf. M. lamberti and Pseudo-
hindeodus sp. Mesogondolella lamberti is a well-known taxon
that indicates a short age interval in the latest Kungurian to
earliest Roadian in low latitudes (Mei and Henderson, 2002;
Lambert et al., 2007; Wardlaw, 2000; 2015; Metcalfe, 2023).
Currently known species of Pseudohindeodus are found from
the Artinskian through to Wordian (Igo, 1981; Orchard and
Forster, 1988; Wardlaw, 2000; Wardlaw and Nestell, 2015;
Henderson, 2018; Sun et al.,2017). We also found gondolellid
P1 elements that may belong to Jinogondolella nankingensis
tenuis Wardlaw. This subspecies occurs from the Roadian to
lowermost Wordian (Wardlaw, 2015). Although our speci-
mens are not confidently identified because the ventral half is
missing, the occurrence of this subspecies would not contra-
dict with the presence of Mesogondolella sp. cf. M. lamberti
and Pseudohindeodus. Species of Hindeodus from this sample
do not provide further age constraints. This genus has a very
long range from the early Carboniferous to the Early Triassic
(e.g.,Sweet et al., 1977). Some species are known as age indi-
cators, but our specimens cannot be assigned to such species.
In sum, the age of the grey bedded chert includes the latest
Kungurian or earliest Roadian.



odonts obtained from the studied section. Scale bar is 200 ym. a, e, g, h) gondolellid gen. et sp. indet. P1 element. a: Nsm-ch-02; e,
b, ¢) Mesogondolella s . M. lamberti Mei and Henderson. Nsm-ch-03. d, f) Jinogondolella nankingensis tenuis Wardlaw?
, k) Hindeodus sp. A. Nsm-ch-03. j, I-p) Hindeodus sp. Nsm-ch-03. q) Pseudohindeodus sp. Nsm-ch-03. r) angulate (gondolellid P2?
n-ch-03. s) bipennate element. Nsm-ch-14. t) Idiognathoides sp. Nsm-ch-ba-02. u) Diplognathodus sp. cf. D. ellesmerensis Bender.
Nsm-ch-ba-02. v, aa) Adetognathus Nsm-ch-ba-02. w) Ellisonia Nsm-ch-ba-02. x) angulate element (Ellisonia sp.?). Nsm-ch-ba-02. y, bb)
carminiscaphate element. Nsm-c z) Idiognathodus sp. Nsm-ch-ba-02.
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Table 1 - Occurrence list of conodonts and radiolarians in this study.
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Radiolarians samples are within UAZ 4. The samples are likely within

Radiolarians were obtained from the lowermost part of
the upper red chert unit (samples Nsm-ch-04 through Nsm-
ch-12; Fig. 5; Table 1). Although fossil preservations are
generally poor, some radiolarians such as Haplodiacanthus
sakmarensis (Kozur), Haplodiacanthus sp. cf. H. sakmaren-
sis (Kozur), Curvalbaillella chilensis (Ling and Forsythe),
Curvalbaillella sp. cf. C. chilensis (Ling and Forsythe) and
Curvalbaillella sp. cf. C. elegans (Ishiga and Imoto) were
identified. Haplodiacanthus sakmarensis is characteristic
species of UAZ 4 (H. sakmarensis Interval Zone, originally
Pseudoalbaillella sakmarensis Interval Zone) of Xiao et al.
(2018). The FO of H. sakmarensis defines the base of UAZ
4. According to the statistic likelihood ranges of Xiao et
al. (2018), H. sakmarensis occurs in UAZ 4 to UAZ 7, C.
chilensis in UAZ 1 to UAZ 4 and C. elegans in UAZ 2 to
UAZ 3. The co-occurrence of H. sakmarensis, C. chilensis
and specimens compared to these species indicates that the

the lower part of this zone, which is correlated to the middle
Sakmarian, considering the occurrence of Curvalbaillella sp.
cf. C. elegans.

The ranges of C. chilensis and C. elegans are known to be
lower than that of H. sakmarensis, with overlaps in the mid-
dle Sakmarian. Hence, there is a possibility that the sampled
interval between Nsm-ch-05 and Nsm-ch-12 is overturned
due to unconfirmed folds and/or faults. However, because the
interval has only a thickness of ~35 cm, we tentatively pro-
pose that it represents the overlap of the ranges of the above
mentioned taxa, and assume no overturning of strata.

AGE OF THE OCEANIC PLATE

The studied section is dated as Bashkirian or early Mosco-
vian to latest Kungurian or earliest Roadian based on the oc-
currence of conodonts and radiolarians (Fig. 10). The age of
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Fig. 9 - Radiolarians (a-r) and sponge spicules (s-x) obtained from the studied section. a) Haplodiacanthus sakmarensis (Kozur). Nsm-ch-12. b) Haplodia-
canthus sp. cf. H. sakmarensis (Kozur). Nsm-ch-10. ¢) Pseudoalbaillella sp. Nsm-ch-10. D-g) Curvalbaillella chilensis (Ling and Forsythe). d: Nsm-ch-09;
e-g: Nsm-ch-10. h, i) Curvalbaillella sp. cf. C. chilensis (Ling and Forsythe). h: Nsm-ch-10; i: Nsm-ch-05. j, k) Curvalbaillella sp. cf. C. elegans (Ishiga and
Imoto). Nsm-ch-05. 1-0) Latentifistula (?) sp. 1: Nsm-ch-10; m, o: Nsm-ch-11; n: Nsm-ch-12. P-r) Ruzhencevispongus (?) sp. p: Nsm-ch-12; q: Nsm-ch-10;
r: Nsm-ch-06. s, t) monaxon. s: Nsm-ch-ba-01; t: Nsm-ch-ba-02. u) orthotriaene? Nsm-ch-ba-01. v) acanthostyle. Nsm-ch-ba-02. w) style? Nsm-ch-ba-02. x)
triaxon (hexactine). Nsm-ch-ba-02.

the basalt unit is early Moscovian or, less likely, Bashkirian
and the age of the lower part of the upper red chert unit is
Sakmarian, probably its middle part. The lower red chert unit
has not yielded any age diagnostic fossils.

As far as the distribution of lithofacies, geological struc-
ture and microfossil data show, there is no reason to assume
that the stratigraphic position of the lower red chert unit is
different from its structural position, which is between the
basalt and upper red chert units. Accordingly, we speculate
that the age of the lower red chert unit is within the Mosco-
vian to Sakmarian interval. The age of the sampled horizon
of the grey chert unit is latest Kungurian or earliest Road-
ian. Therefore, the upper part of the upper red chert unit and
the grey chert unit encompass the Artinskian to Kungurian.
Grey bedded chert continues to occur above our studied sec-
tion (Fig. 4). Since Matsuoka (1988) reported radiolarians of
late Sinemurian or early Pliensbachian (Early Jurassic) from
black chert of the Kadoma Unit, the entire age range of bed-
ded chert in this unit is Pennsylvanian to Early Jurassic.

While there have been countless works on the age of bed-
ded chert within the Jurassic accretionary complex of Japan,
this is the first report to indicate the age of the underlying
basaltic rocks based on direct evidence. Previously, the age of
the basal basaltic rocks has been suggested based on the oc-
currence of Pennsylvanian radiolarians and conodonts from
bedded chert (detailed below), some of which are associated
with basaltic rocks, but the basal basaltic rocks themselves
had not been dated directly. We thus provide the first solid
evidence that the oceanic plate stratigraphy of the Jurassic
accretionary complex of Japan has, at least partly, Pennsylva-
nian basaltic rocks as its foundation.

Here we summarize previous works that provide infor-
mation on the age of sedimentary rocks close to the basaltic
basement in the oceanic plate stratigraphy of the Japanese
Jurassic accretionary complex (Fig. 10; see also Fig. 1b
for location). These studies do not give dates for the ba-
saltic rocks themselves, but they do provide evidence for
the minimum age. Bedded chert associated with basaltic
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rocks from the Otori Unit, a younger accretionary unit in
the North Kitakami Belt in the Akka area, yielded Mosco-
vian conodonts, which is the same case as our study section
(Muto et al., 2023b). Older conodonts of Bashkirian age
were reported from two sections in the Tanba Belt in South-
west Japan: red bedded chert and red siliceous or tuffaceous
mudstone associated with basalt in Sasayama (Ishiga, 1982)
and a succession of red mudstone, red chert and dolostone
in Kameoka (Imoto et al., 1997). Meanwhile, even older
fossil assemblages indicating the Visean or Serpukhovian
have been reported from limestone and chert in the Northern
Chichibu Belt in Shikoku (Ishida, 1985) and the Southern
Chichibu Belt in Kanto (Igo and Kobayashi, 1974) and Shi-
koku (Ishida, 1979), although localities of the Northern Chi-
chibu Belt may belong to Permian accretionary complexes.
Furthermore, Ito and Matsuoka (2018) studied the Ryoka-
mi-yama Chert Formation, a component of the Southern or
Northern Chichibu Belt in the Kanto Mountains, where they
found Sakmarian radiolarians from red bedded chert overly-
ing basaltic rocks. They also demonstrated that the oldest
age of bedded chert is Sakmarian in many other localities
in the Jurassic accretionary complex of Japan and suggested
that Sakmarian basaltic rocks constituted a significant part
of the oceanic plate. Based on the above studies, the age of
basaltic rocks forming the oceanic plate in the Jurassic ac-
cretionary complex of Japan is not uniform, and has an age
range of Serpukhovian or older to Sakmarian, a span of ~ 40
million years or longer.

The age data of non-basaltic rocks provided by previous

studies need to be considered with caution. For example, Ku-
sunoki et al. (2004) reported the occurrence of hyaloclastite
and dolostone including basaltic fragments near the bottom
of a chert and dolostone dominated sequence in Shizugawa,
southeast Kyoto, which yielded Gzhelian to Asselian fossils.
Their studied section belongs to a tectonostratigraphic unit
called the Shuzan Unit (sensu Nakae, 2000), and its west-
ern extension in Kameoka, southwest Kyoto was studied by
Imoto et al. (1997). While Permian to Jurassic components
of the Shuzan Unit in both study areas are similar, Imoto
et al. (1997) reported older, Bashkirian conodonts (Fig. 10).
Hence, the basaltic rocks in Shizugawa probably represent
hyaloclastic input from oceanic volcanoes onto already ac-
cumulated pelagic sediments, rather than from a mid-oce-
anic ridge. If the occurrence of carbonates is indicative of
inputs from oceanic volcanoes, then age data from Imoto et
al. (1997), Muto et al. (2023b) and Ito and Mastuoka (2018)
may also not represent the age of the oceanic plate. Geo-
chemical analysis of the basaltic rocks is likely to resolve
this problem.

We also note that the taxonomy of conodonts in some
of the older works need to be reevaluated, partly because
taxonomic concepts have been revised since then. While
Carboniferous conodont studies date back to the pioneer
works in the USA in the 1930s (e.g., Gunnel, 1931), intense
studies after the 1980s were required to construct a global
framework of correlation (e.g., Ritter, 1995; Nemyrovskaya,
1999; Wang and Qi, 2003: Chernykh, 2005). Early Permian
conodont studies have a shorter history, and monographic
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Fig. 10 - Reconstructed oceanic plate stratigraphy of the Kadoma Unit compared with other tectonostratigraphic units of the Jurassic accretionary complex
of Japan with good age constraints for the older part of the oceanic rocks. Age data after this study, Uchino (2019; 2021a) and Osaka et al. (2023) for the
Kadoma Unit, Muto et al. (2023a; 2023b) for the Otori Unit, Ito and Matsuoka (2018) for the Ryokami-yama chert Formation (Ryokami-yama is the Japa-
nese for Mt. Ryokami in Fig. 1B), Imoto et al. (1997) and Miyachi et al. (2005) for the Shuzan Unit in Kameoka, Kusunoki et al. (2004) and Wakita et al.
(2013) for the Shuzan Unit in Shizugawa and Ishiga (1982) and Kurimoto et al. (1993) for the Kumogahata Unit in Sasayama. The Ryokami-yama chert
Formation has been ascribed to units in the Southern Chichibu or Northern Chichibu Belt, but the debate is not settled (Yoshida and Matsuoka, 2003). We
adopted the unit division by Nakae (2000) for the Tanba Belt, while the local names for the Shuzan and Kumogahata units in the areas where the older part
of the oceanic plate stratigraphy was studied are the “Tano” and “Sanaka” units respectively (Kurimoto et al., 1993; Miyachi et al., 2005). The occurrence
of Permian carbonates in southwest Kyoto is illustrated in lithological columns in Miyachi et al. (2005), but supporting fossil images or localities are not
shown. Timescale from International Chronostratigraphic Chart v2023/06 (Cohen et al., 2013; updated). Carbonif.: Carboniferous; Missi.: Mississippian;
Pen.: Pennsylvanian; Cis.: Cisuralian; Gua.: Guadalupian; Lop.: Lopingian; E.: Early; M.: Middle; L.: Late. The reader is referred to the PDF online for a
colour version.



works in the 2000s such as Chernykh (2006) and Boardman
et al. (2009) were vital for international correlation. Regard-
ing the Japanese studies referenced above, Idiognathoides
sinuatus (Harris and Hollingsworth) (author erroneously
shown as Gunnell therein) in Figs. 4 and 6 of Plate 2 in
Ishiga (1982) is Idiognathoides planus Furduj, judging from
the dorsally convex transverse ridges and very short medial
trough. Ishiga (1982) also showed two elements identified
as Gnathodus roundyi Gunnell, but the carina deflecting
to one side of the platform in the dorsal portion indicates
that these forms would now be placed in Declinognathodus
(e.g., Nemyrovska, 1999). Streptognathodus elongatus El-
lison was identified in the paper, which was a name used for
narrow forms from a wide stratigraphic range. The forms il-
lustrated therein probably do not include S. elongatus of the
present taxonomic understanding and includes species such
as Streptognathodus constrictus Reshetkova and Chernykh
(P1. 2 Fig. 13 of Ishiga, 1982; see e.g., Boardman et al.,
2009). Idiognathodus delicatus Gunnell was also recog-
nized in Ishiga (1982), but this is another name to which
multiple taxa from a variety of ages has been assigned. The
two specimens therein have a medial trough on the platform
and therefore is not /diognathodus, and one of them with a
short carina and low parapets (P1. 2 Fig. 9 of Ishiga, 1982) is
a species of Swadelina (Lambert et al., 2003). Although the
taxonomic revision above does not greatly alter the age as-
signment in this case, such reassessment of older literature
is required to revive their valuable information.

In summary, the age of formation of the oceanic plate
incorporated in the Jurassic accretionary complex of Japan
indicates partly Early Pennsylvanian and partly Late Missis-
sippian or older ages. At the moment, it is premature to estab-
lish systematic relationships between the age of the basaltic
basement of the oceanic plate and other characteristics of the
accretionary complex, such as geotectonic divisions or accre-
tionary age (Fig. 10). Basaltic rocks from other localities that
are not associated with carbonates need to be investigated for
fossil-yielding chert nodules.

CONCLUSIONS

We investigated the lithostratigraphy and biostratigraphy
of a basalt-chert sequence in the Jurassic accretionary com-
plex of the North Kitakami-Oshima Belt. The study section
represents the lower portion of the oceanic plate stratigraphy
of the accretionary complex in the area. A red chert nodule
within basaltic rocks yielded conodonts that may be Bash-
kirian or, more likely, early Moscovian in age (late Carbon-
iferous). Red bedded chert above the basaltic rocks yielded
Sakmarian (early Permian) radiolarians and grey bedded
chert further above yielded conodonts that indicate the latest
Kungurian to earliest Roadian (end early Permian to earli-
est middle Permian). Carboniferous basalt overlain by upper
Carboniferous to Permian bedded chert has been considered
to be the typical lithology of the lower part of the oceanic
plate stratigraphy in the Jurassic accretionary complex, but
this study provides the first direct age evidence for the basal-
tic rocks at the base. The entire age range of the oceanic plate
incorporated in the Jurassic accretionary complex of Japan
spans tens of millions of years, with the oldest parts at least as
old as the Serpukhovian and younger parts perhaps as young
as the Sakmarian early Carboniferous.
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TAXONOMIC NOTES

Conodonts (by Shun Muto)

Genus Adetognathus Lane, 1967
Type species Cavusgnathus lautus Gunnell, 1933

Adetognathus sp. (Fig. 8v, aa)

Remarks: The specimens are carminiscaphate elements with
a lateral junction of the blade and platform. The long free
blade joining smoothly with one raised platform margin and
wide medial trough on the platform are characteristic of this
genus. There appears to be a large denticle slightly ventrally
to the termination of the platform in both specimens, but it is
not certain due to recrystallization.

Genus Diplognathodus Kozur, 1975
Type species Spathognathodus coloradoensis
Murray and Chronic, 1965

Diplognathodus sp. cf. D. ellesmerensis Bender (Fig. 8u)
1980 Diplognathodus ellesmerensis - Bender, p. 9-10, P1. 4,
Figs.5-7,11,15-17,19-21,23-25.

Remarks: Our specimen is a carminiscaphate element with a
ventral blade and dorsal thin-walled platform. The platform
bears a carina of sub-equal height composed of round-topped
denticles. The blade is at least as long as the platform and
distinctly higher than the carina. A low point (notch) exists
between blade and carina where a small denticle is present.
The height of the blade against the carina and the flat outline
of the carina distinguishes this form from other Diplogna-
thodus, but the preservation is somewhat poor. Typical D.
ellesmerensis has two to four denticles in the notch, while the
present specimen has only one, perhaps due to its small size.
See Hu et al. (2020b) for synonymy.

Genus Ellisonia Miiller, 1956
Type species Ellisonia triassica Miiller, 1956

Ellisonia sp. (Fig. 8w)

Remarks: The specimen is an angulate element with a re-
duced posterior process. The denticles are discrete. The cusp
is more than three times higher and thicker than other den-
ticles. The basal area is conspicuously upturned in one side.

Genus Hindeodus Rexroad and Furnish, 1964
Type species Trichonodella imperfecta Rexroad, 1957

Hindeodus sp. A (Fig. 8i, k)

Remarks: These specimens have a high fused blade with thin
round-topped denticles. The basal cavity has a characteristic
pinched fold on the upper surface. The portion of the basal
cavity dorsal of this fold is laterally restricted. The cusps of
the present specimens are broken at the base, where it is twice
as thick as the other denticles. Hindeodus ellisoni (Merrill,
1973) also has thin numerous denticles, but are dorso-ventral-
ly longer and lack the fold on the upper surface of the basal
cavity. Other unidentified elements of Hindeodus found in
this study include forms with highly fused blades like that of
Hindeodus sp. A (Fig. 8j, 0, p) and forms with more discrete
blades (Fig. 81-n).
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Genus Idiognathodus Gunnell, 1931
Type species Idiognathodus claviformis Gunnell, 1931

Idiognathodus sp. (Fig. 8z)

Remarks: This specimen is deformed with its platform twisted
and broken at the junction of the blade and platform. A long ca-
rina stands between parapets. At least one side bears a nodose
lobe. Transverse ridges crossing the platform are uninterrupted.

Genus Idiognathoides Harris and Hollingsworth, 1933
Type species Idiognathoides sinuata
Harris and Hollingsworth, 1933

Idiognathoides sp. (Fig. 8t)

Remarks: The specimen is a carminiscaphate element with
a lateral junction of the blade and platform. The platform is
crossed by transverse ridges and lacks a medial trough. A
short caudal parapet is present. The untroughed posterior plat-
form and length of the caudal parapet makes this specimen
most similar to Idiognathoides sinuatus (Harris and Holling-
sworth). Adult specimens of Idiognathodus attenuatus (Har-
ris and Hollingsworth) can be distinguished by the very short
medial trough, and Idiognathoides asiaticus Nigmadganov and
Nemirovskaya by the coarser transverse ridges. However, the
present specimen is a juvenile and the preservation is some-
what poor, and therefore specific identification is avoided.

Genus Mesogondolella Kozur, 1989
Type species Gondolella bisselli Clark and Behnken, 1971

Mesogondolella sp. cf. M. lamberti Mei and Henderson,
2002 (Fig. 8b, c)

2002 Mesogondolella idahoensis lamberti - Mei and Hender-
son, p. 533-534, PI. 1, Fig. 10, P1. 2, Figs. 1-17.

Remarks: The specimen illustrated in Fig. 8b has a platform
widest near the middle, tapering to the ventral end and narrow-
ing slightly to the rounded dorsal end. The carina is moder-
ately fused in the ventral portion and the distinguishable cusp
reclines over the dorsal end. The basal area of the cusp cre-
ates a slight protrusion of the dorsal brim of the platform. The
specimen illustrated in Fig. 8c is broken in the ventral portion,
but the outline of the dorsal platform and denticulation match
the features of this species. Both specimens are from juvenile
growth stages and closely resemble Mesogondolella sicilien-
sis (Kozur). Mei and Henderson (2002) emphasized that M.
lamberti has parallel margins in the middle to dorsal part of
the platform and a blunt dorsal end, but this is not obvious
in juveniles. Mei and Henderson (2002) observed that M. si-
ciliensis has wider spacing in the dorsal denticles compared
to the ventral denticles. Referring to their illustrations, the
wider-spaced dorsal denticles seem to be a feature that distin-
guishes M. siciliensis from M. lamberti even in juveniles. The
present specimens also resemble Mesogondolella idahoensis
(Youngquist, Hawley and Miller), which has a much higher
cusp even in juveniles (e.g., Igo, 1981). Jinogondoella aser-
rata (Clark and Behnken) is similar, but has a thinner cusp in
juveniles (see Plate 6 Fig. 1-4 of Wardlaw, 2015). Mesogon-
dolella gujioensis (Igo) has lower denticles.

Genus Pseudohindeodus Gullo and Kozur, 1992
Type species Pseudohindeodus ramovsi
Gullo and Kozur, 1992

Pseudohindeodus sp. (Fig. 8q)
Remarks: This specimen is a broken scaphate element with
a thin cup bearing a ridge parallel to its outline. Its form is

similar to Hindeodus, but the presence of the ridge places it
in a distinct genus (Gullo and Kozur, 1992; Wardlaw, 2000).

Radiolarians (by Tsuyoshi Ito)

Order ALBAILLELLARIA Deflandre, 1953
Family FOLLICUCULLIDAE Ormiston and Babcock, 1979
Genus Haplodiacanthus Nazarov and Rudenko, 1981
Type species Haplodiacanthus anfractus
Nazarov and Rudenko, 1981

Haplodiacanthus sakmarensis (Kozur, 1981) (Fig. 9a)
Haplodiacanthus sp. cf. H. sakmarensis (Kozur, 1981)
(Fig. 9b)

Remarks: The specimen is composed of straight medium-
sized apical cone, slightly-inflated pseudothorax with large
ventral wing and short, curved short pseudoabdomen with
three segmentations. These characteristics are closely similar
with the species (Kozur, 1981).

Genus Curvalbaillella Kozur and Mostler, 1989
Type species Pseudoalbaillella u-forma
Holdsworth and Jones, 1980

Curvalbaillella chilensis (Ling and Forsythe, 1987)

(Figs. 9d-g)

Remarks: The specimen is composed of a small apical cone,
uninflated pseudothorax with small wings and long curved
pseudoabdomen with no segmentation. These characters are
characteristic of the species (Ling and Forsythe, 1987).

Curvalbaillella sp. cf. C. elegans (Ishiga and Imoto, 1980)
(Figs. 9, k)

Remarks: The specimen is composed of a small apical cone,
uninflated pseudothorax and long pseudoabdomen. The pseu-
doabdomen is slightly curved. Wing and segmentation cannot
be observed. These characteristics are closely similar with the
species (Ishiga and Imoto, 1980). Because the preservation
is poor, these specimens are identified as C. elegans with cf.
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