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Abstract: The age of pelagic Panthalassic deep-sea bedded chert has been assigned based on radiolarian
biostratigraphy. However, Triassic radiolarian biostratigraphy is in many cases not precisely correlated
to the conodont zones and the standard geological timescale. In this study, we investigated the conodont
biostratigraphy of two radiolarian-controlled bedded chert sections of Anisian age: the Ajiro Island section
in Oita Prefecture and the Kurusu section in Aichi Prefecture. We recognised six conodont biozones
in the studied sections: the upper Olenekian Novispathodus brevissimus-Icriospathodus collinsoni and
Triassospathodus homeri Zones, the lower Anisian Chiosella timorensis Zone, the middle Anisian
Paragondolella bulgarica Zone, the upper Anisian Paragondolella excelsa Zone and the uppermost
Anisian to lowermost Ladinian Paragondolella trammeri Zone. These conodont zones were successfully
correlated to the standard Triassic radiolarian zonation proposed by Sugiyama (1997, Bull. Mizunami
Foss. Mus., vol. 24, p. 79-193). Sugiyama’ s radiolarian TR 1 Zone, previously considered to be of
Olenekian age, extends to the middle Anisian. The TR 2A Zone, the TR 2B Zone and the lower part of the
TR 2C Zone are correlated to the middle Anisian, while the upper part of the TR 2C Zone and the lower
part of the TR 3A Zone are correlated to the upper Anisian. The upper part of the TR 3A Zone and the
lower part of the TR 3B Zone are probably correlative to the uppermost Anisian, but the possibility that

they are correlative to the lowermost Ladinian cannot be ruled out.
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1. Introduction

Carboniferous to Jurassic pelagic deep-sea bedded chert
preserved in the accretionary complex of Japan provides
precious sedimentary records of the Panthalassa sea floor
(Kojima ef al., 2016; Matsuda and Isozaki, 1991; Wakita
and Metcalfe, 2005) (Fig. 1A). For instance, evidence
of oceanic anoxia (Fujisaki ef al., 2016; Takahashi
et al., 2009), bolide impact (Sato et al., 2013, 2016)
and climate change (Nakada ef al., 2014) have been
documented from Triassic bedded chert in Japan. The
prerequisite for such studies is the recognition of reliable
geochronological controls for the bedded chert sequence,
which was attempted by biostratigraphic correlations. The
age assignment of bedded chert is commonly based on
radiolarian biostratigraphy, which has been successfully
established in many regions due to the abundant occurrence

of radiolarians from bedded chert (e.g. Matsuoka and
Yao, 1986; Sugiyama, 1997). Currently, the radiolarian
biozones of Sugiyama (1997) established in the Inuyama
area in central Japan are regarded as the most complete
radiolarian zonation of Triassic deep-sea bedded chert
deposited in the pelagic Panthalassa (e.g., O’ Dogherty et
al., 2010). However, the Triassic radiolarian biozones of
Sugiyama (1997) is not precisely correlated to the global
standard geological timescale (Ogg, 2012). Hence, it is
necessary to calibrate the radiolarian biozones based on
geochronological controls that can be robustly correlated
to the global standard geological timescale. Calibration
by conodont biostratigraphy as in Sato et al. (2013, 2016)
and Nakada et al. (2014) is a useful method, because
although much rarer than radiolarians, conodont fossils
occur reasonably frequently from deep-sea bedded
chert (Hayashi, 1968; Isozaki and Matsuda, 1982, 1983;
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Fig. 1 (A) Palacogeographic map of the Anisian (Ziegler et al.,
1998) showing the location of the depositional site of the
pelagic deep-sea sediments in the Jurassic accretionary
complex of Japan. (B) Location of the studied sections.
The distribution of Jurassic accretionary complexes is
after Isozaki et al. (2010).

Nishikane et al., 2011). In this article, we focused on the
radiolarian biozones previously assigned to the Anisian
Age (the TR 2A to TR 3 A Zones of Sugiyama, 1997), and
calibrated their ages based on conodont biostratigraphy.
Previous reports of Anisian conodonts from bedded
chert have been sporadic (Ando et al., 2001; Matsuda
and Isozaki, 1982; Mizutani and Koike, 1982; Sugiyama,
1997; Tanaka, 1980). The conodont Chiosella timorensis,
which has been proposed as a marker for the base of the
Anisian (Ogg, 2012; Orchard, 2010) has been found from
pelagic deep-sea sediments including bedded chert in the
Kuzuu area in east Japan (Muto ef al., 2018), the Nichihara
area in southwest Japan (Tanaka, 1980) and the Kamiaso
area in central Japan (Matsuda and Isozaki, 1982). In
particular, Muto et al. (2018) indicated that the radiolarian
based Olenekian-Anisian boundary, which is placed at

the base of the TR 2A Zone of Sugiyama (1997) is within
the middle Anisian. Therefore, the age of the “lower
Anisian” radiolarian biozones of Sugiyama (1997) needs
to be reinvestigated. On the other hand, the finding of
middle Anisian conodonts Paragondolella bulgarica and
Nicoraella kockeli from the TR 2B and TR 2C Zones in
the Inuyama area (Ando et al., 2001; Mizutani and Koike,
1982; Sugiyama, 1997) ensures that a part of these zones
is correlative to the Anisian. However, the full range of
these conodonts with regard to the radiolarian biozones
remains unknown. The occurrence of the late Anisian
conodont Paragondolella excelsa followed by that of
the Ladinian conodont Budurovignathus hungaricus
from a continuous bedded chert section in the Nichihara
area (Tanaka, 1980) likely indicates the presence of the
Anisian-Ladinian boundary. Unfortunately, radiolarians
were not reported from this section, and the boundary
cannot be correlated with radiolarian biozones. A more
intensive investigation on conodont biostratigraphy and
its correlation with radiolarian biozones based on high-
resolution sampling are required to calibrate the age of
the radiolarian biozones.

Two sections were selected for investigation of
conodont biostratigraphy in this study. The first is the
Ajiro Island section in the Tsukumi area, southwest Japan
(Onoue et al., 2011; Soda et al., 2015; Uno ef al., 2012)
(Figs. 1B, 2). This section was chosen because the TR
2A to TR 3A Zones can be collectively observed in one
continuous section (Onoue et al., 2011). Although the
stratotype of the radiolarian biozones of Sugiyama (1997)
was defined in the Inuyama area, the stratotype sections
of the TR 2A to TR 3A Zones were defined in separate
outcrops, which is a large disadvantage to the Ajiro Island
section. In addition, the Ajiro Island section was logged
bed-by-bed in Onoue et al. (2011) and Soda et al. (2015).
Radiolarian biostratigraphy was based on their logs, which
meant that we could compare conodont and radiolarian
biostratigraphy at bed-by-bed resolutions.

The second section is the Kurusu section in the Inuyama
area in central Japan (Yao and Kuwahara, 1997) (Figs. 1B,
3). Although this is not one of the stratotype sections of
Sugiyama (1997), it provides crucial evidence on the age of
the TR 2A Zone, as detailed below. The stratotype section
of the TR 2A Zone is Section M in the Inuyama area, but
the base of this zone is not observed there (Sugiyama,
1997). In the Ajiro Island section, the base of the TR 2A
section was determined, but the underlying TR 1 Zone did
not yield the radiolarian Parentactinia nakatsugawaensis,
which is the species that most characterises the TR
1 Zone. Therefore, the TR 1 Zone in the Ajiro Island
section may not be directly correlative to its type section
in the Inuyama area. In contrast, in the Kurusu section,
the Pa. nakatsugawaensis Assemblage Zone is overlain
by the Hozmadia gifuensis Assemblage Zone (Yao and
Kuwahara, 1997) and the boundary of the two zones can
be approximated as the base of the TR 2A Zone. The
boundary of the Pa. nakatsugawaensis Assemblage Zone
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and the H. gifuensis Assemblage Zone was also reported
from the Momotaro-jinja section in the Inuyama area (Fig.
3; Yao and Kuwahara, 1997). However, the H. gifuensis
Assemblage Zone in this section did not yield the nominal
species H. gifuensis. Furthermore, according to Sugiyama
(1997) who investigated the lateral extension of the
Momotaro-jinja section (Section T of Sugiyama (1997)),
the interval assigned to the H. gifuensis Assemblage Zone
by Yao and Kuwahara (1997) is within the TR 1 Zone. In
sum, the Kurusu section is the only well-studied section
that includes the base of the TR 2A Zone.

In this article, we present the lithostratigraphy and
conodont biostratigraphy of the Ajiro Island and Kurusu
sections. The conodont biostratigraphy is illustrated
parallel to previous results on radiolarian biostratigraphy.
Based on correlation with conodont biostratigraphy
established in the Tethys region and North America,
including the global boundary stratotype section and point
(GSSP) candidate for the base of the Anisian and the GSSP
of the base of the Ladinian, the radiolarian biozones were
calibrated to the global standard geological timescale.

2. Geologic setting of the study sections

The studied sections belong to the Jurassic accretionary
complex in southwest Japan. The Jurassic accretionary
complex is mainly composed of Carboniferous to Middle
Jurassic oceanic rocks (ocean floor basalt, deep-sea chert,
hemipelagic siliceous mudstone, seamount basalt and
seamount-capping carbonate), and Middle Jurassic to
lowermost Cretaceous trench-fill terrigenous clastic rocks
(mudstone and sandstone) (Isozaki et al., 2010; Wakita and
Metcalfe, 2005). Of the Carboniferous to Middle Jurassic
oceanic rocks, the deep-sea sedimentary rocks were
deposited in the pelagic Panthalassa superocean several
thousand kilometres away from the nearest continent (Fig.
1A), after which they traveled to a subduction zone along
the paleo-continent and formed a part of accretionary
complexes by the tectonic movement of the oceanic plates
(Isozaki et al., 2010; Matsuda and Isozaki, 1991; Wakita
and Metcalfe, 2005).

2.1 Ajiro Island section

The Ajiro Island section is located in Ajiro Island (Ajiro
Jima in Japanese) on the northern coast of the Youra
Peninsula, Tsukumi City, Oita Prefecture, Kyushu District
(33°4°10” N 131°55’10”E). The studied section belongs
to the Southern Chichibu Belt (Fujii, 1954; Hoshizumi
et al., 2015; Kambe and Teraoka, 1968: Matsuoka et al.,
1998), which is mostly composed of a Jurassic accretionary
complex (Isozaki et al. 2010; Matsuoka and Yao, 1990;
Matsuoka et al., 1998). The studied section is a part of the
Shakumasan Group, which preserves the upper part of the
original sequence on the oceanic plate (Nishi, 1994). The
Shakumasan Group is further subdivided into the lower
Enoura Formation and the upper Youra Formation (Nishi,
1994). The Enoura Formation is composed of Lower

Triassic to Middle Jurassic pelagic deep-sea sedimentary
rocks (mostly chert) (Matsuoka, 1986; Nishi, 1994), and
is overlain conformably by trench-fill clastic rocks of the
Youra Formation (Fig. 2; Nishi, 1994). The succession
of these two formations occurs repeatedly due to the
imbricate structure formed by thrusts (Fig. 2; Nishi, 1994).

The section investigated in this study belongs to the
lowermost part of the Enoura Formation (Fig. 2B). The
Ajiro Island section is located in the southernmost part of
the Ajiro Island on the northern coast of the Tsukumi area.
The studied outcrop corresponds to the “alternation beds
of siliceous claystone and chert” and “red chert” in Fig.
2 of Uno et al. (2012). According to the age assignment
based on radiolarian biostratigraphy, the bedded chert of
the Ajiro Island has been dated as latest Spathian to early
Ladinian, and has a northward younging trend (Onoue et
al., 2011; Takahashi et al., 1998). The palacolatitude of
the depositional grounds have been estimated to be 2.1 &
5.2°S based on rock magnetic records (Uno et al., 2012).

2.2 Kurusu section

The Kurusu section (Kr-2 section of Yao and Kuwahara,
1997) is located on the eastern bank of the Kiso River
in Inuyama City, Aichi Prefecture, Chubu District
(35°25’8”N 136°57'50” E). The Kurusu section belongs
to the Mino-Tamba-Ashio Belt, which is mostly composed
of a Jurassic accretionary complex (Isozaki et al., 2010;
Yamakita and Otoh, 2000; Kojima et al., 2016). The
Kurusu section is a part of the Kamiaso Unit (Wakita,
1988), which is a coherent tectonostratigraphic unit
composed of Lower Triassic siliceous claystone, Middle
Triassic to Lower Jurassic pelagic deep-sea bedded chert,
Middle Jurassic hemipelagic siliceous shale and Upper
Jurassic turbidite and massive sandstone in ascending
order (Yao et al., 1980). Thus, the upper part of the
original sequence on the oceanic plate is preserved in
the Kamiaso Unit. The Kamiaso Unit in the Inuyama
area has been studied in detail by Kimura and Hori
(1993). They clarified that the coherent sequence from
pelagic siliceous claystone and chert to trench-fill clastic
rocks (“Inuyama Sequence” in their paper) repeated six
times as thrust sheets, which together form a synclinal
structure with a W-plunging, WNW-ESE trending axis
(the Sakahogi syncline; Mizutani, 1964). The Kurusu
section corresponds to the lowermost strata of “sheet 4”
in Kimura and Hori (1993), and is located on the northern
wing of the Sakahogi syncline, close to the axis (Fig. 3).

Yao and Kuwahara (1997) studied the radiolarian
biostratigraphy of the Kurusu section and indicated
that the section is correlated to the Parentactinia
nakatsugawaensis Zone and the Hozmadia gifuensis Zone.
The radiolarian biostratigraphy indicates a southward
younging trend for this section. This younging trend is
consistent with the fact that the south of the section faces
the axis of the Sakahogi syncline. The palaeolatitude of
the depositional site of the Anisian bedded chert in the
Inuyama area has been estimated to be 12.3 + 15.6°N
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the Tsukumi area (Nishi, 1994).

or S (Oda and Suzuki, 2000) or 5.6 £ 2.2°S by (Ando
et al., 2001) based on palacomagnetic records. Ikeda
et al. (2010) investigated the “Kr-2 section of Yao and
Kuwahara (1997)” for cyclostratigraphy, but their section
was observed in a different part of the outcrop (compare
Fig. 4 of Yao and Kuwahara (1997) and Fig. 1S in the
supplementary materials of Ikeda et al. (2010)). In this
study, we investigated the studied section of Ikeda et al.
(2010) in addition to the section of Yao and Kuwahara
(1997).

3. Methods

3.1 Field mapping

For both the Ajiro Island and Kurusu sections, geological
maps of the outcrop were made based on examination of
the geological structure and lithology at the sub-metre
scale. For the major part of the Ajiro Island section,
detailed lithostratigraphy has been reported by Onoue
et al. (2011), Soda et al. (2015) and Uno et al. (2012).
We conducted a biostratigraphic investigation building
on the lithostratigraphic section constructed by these
studies. For the lower part of the Ajiro Island section,
lithostratigraphy has not been investigated thoroughly
by previous studies. Therefore, we reconstructed the
lithostratigraphy of this part of the outcrop based on
detailed mapping with careful attention to deformation
and continuity. Lithostratigraphy of the Kurusu section

has been reported by Yao and Kuwahara (1997) and Ikeda
et al. (2010). However, both studies did not investigate the
entire outcrop. In this study, we present an original outcrop
sketch map and lithostratigraphic columns that include,
but are not restricted to, stratigraphic intervals that were
investigated by these studies.

3.2 Conodont biostratigraphy

Conodonts were found by observing the surfaces
of sample rocks cleaved parallel to the bedding into
small “chips” (the “chip method”; Muto et al., 2018;
Takemura et al., 2001). This method allows us to find
conodonts that are cracked or preserved as moulds and
impossible to extract by dissolving the host rock. A
preliminary search for conodonts by the “chip method”
was conducted at the outcrop using a hand lens (20
magnifications), and horizons that yielded conodonts
were selected for further investigation. Following Muto
et al. (2018), 2-5 kg blocks of the selected horizons were
brought back to the laboratory, and then cleaved into thin
planar chips. These chips were moistened with tap water
and then examined under a stereoscopic microscope of 20
to 60 magnifications. Early attempts of the “chip method”
resulted in larger numbers of specimens from greenish
grey parts of the bedded chert compared to red or purple
parts. This is probably because conodont fossils have more
chances of being found in the more transparent greenish
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grey chert compared to purple or red chert. Therefore,
the parts of strata that have been altered to greenish grey
were targeted in the later attempts to find conodonts from
dominantly purple or red intervals.

For specific identification, the chips were observed
under a stereoscopic microscope of 100 magnifications.
The surface of the chips were dried, soaked with water or
coated with oil depending on the type of host rock and the
state of preservation of the specimens. Moulds in siliceous
claystone without grey fillings were best observed on dry
surfaces, while moulds in siliceous claystone with grey
fillings were better observed when soaked with water.
Specimens in chert were best observed when the surface

of the chert was coated with oil.

4. Results

4.1 Ajiro Island section
4.1.1 Field mapping

The Ajiro Island section is exposed on the southern
coast of Ajiro Island, Tsukumi City, Oita Prefecture (Fig.
2). The outcrop of the Ajiro Island section consists of two
parts that have different geological structure and lithology.
The main part of the section (the AJR section), which
is exposed along the south to southeast coast of Ajiro
Island, comprises bedded chert (Fig. 4). The AJR section



Bulletin of the Geological Survey of Japan, vol. 70 (1/2), 2019

Legend
B Red bedded chert

- Purple bedded chert

|:| Greenish grey bedded chert
|:| Dark grey bedded chert
D Alternation of dark grey chert and grey siliceous claystone

Covered . Sheared

Observed sections
(numbered in ascending
order shown in Fig. 9)

Bedding Faults
Z chert — major
; ___— minor

% chert and siliceous claystone

¥ sense of displacement

S

/
,//_
o

|y

-

5

\|¥

Area of Fig. 5

Fig. 4 Geological map of the southeast coast of Ajiro Island.

=

White chert beds -
‘7 N

Ay yp- _ White chert bed
s
7 A\l

AN
White chert beds 2

N

X

=

White chert bed

N\

2

//

y_—

33°04 13" N

131°65" 12" E

White chert bed

concrete blocks

The stratigraphic way up of the bedded chert is to the

north (Onoue et al., 2011; Takahashi et al., 1998; Uno et al., 2012).

has already been studied in detail by previous studies
(Onoue et al., 2011; Soda et al., 2015; Uno et al., 2012),
and therefore we will only give a brief description of the
outcrop. The other part is exposed at the southern tip of
Ajiro Island, and comprises alternating beds of siliceous
claystone and chert that are more intensely folded and
faulted compared to strata of the AJR section (Figs. 4, 5).
This part has been mapped by Onoue et al. (2011) and
Uno et al. (2012), but lithostratigraphy was not examined
in detail. Here, we provide a more detailed geological
map and lithostratigraphic columns for this part of the
section (the AJ-1, AJ-2, AJ-3-1 and AJ-3-2 sections).
In the following text, we will explain the geological

structures and lithofacies of the Ajiro Island section in
stratigraphically ascending order (stratigraphic order is
explained in Section 4.1.2.).

The lower part of the Ajiro Island section corresponds
to the AJ-1, AJ-2, AJ-3-1 and AJ-3-2 sections exposed at
the southern tip of Ajiro Island (Fig. 5). The strata here
generally strike ENE-WSW and dip steeply to the north,
apart from the northwestern part where the strata strike
E-W to WNW-ESE. Isoclinal folds with wavelengths up
to 2 m are present throughout the outcrop, and the strata
are locally overturned. The axial planes of these folds
are almost parallel to the bedding. The faults in this part
of the outcrop can be distinguished into the following
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two types. Major faults with displacements of at least
several metres were identified in the northern part. These
faults are characterised by sheared zones about 50 cm
wide on either side of the fault plane. Minor faults with
displacements of up to 2 m are present throughout the
outcrop. These faults are not accompanied by wide
sheared zones. Recognition of three key beds (Figs. 5,
6) revealed that strata in the western half of the outcrop
are relatively weakly deformed. Therefore, we observed
the lithostratigraphy in the western half of the outcrop,
avoiding areas where strata are deformed by faults
and folds. The reconstructed lithostratigraphic column
comprises four continuous sequences: AJ-1 section, AJ-2

section, AJ-3-1 section and AJ-3-2 section in ascending
order (Figs. 5, 9). On the other hand, in the eastern part
of the outcrop, strata in the lower part of the AJ-1 section
are repeated by faults and folds, while the upper part of
the AJ-1 section, the AJ-2 section, the AJ-3-1 section and
most of the AJ-3-2 section are missing.

The AJ-1 section is approximately 8.4 m thick, and is
composed mainly of alternating beds of grey siliceous
claystone and dark grey chert (Fig. 7A). An interval
composed of black siliceous claystone and black chert
occurs in the lower part of this sequence. The AJ-2 section
is approximately 4.8 m thick, and is composed mainly of
alternating beds of grey siliceous claystone and dark grey



Bulletin of the Geological Survey of Japan, vol. 70 (1/2), 2019

Fig. 6 Photographs of key beds in the lower part of the Ajiro Island section. White lines indicate the correlation
between the same key bed in different places (see Fig. 5 for location). (A, B) Key bed A. (C, D) Key bed C.

or black chert (Fig. 7B). Thin (~10 mm thick) red siliceous
claystone beds occur characteristically in this section.
The AJ-3-1 section is approximately 2.0 m thick, and is
composed mainly of alternating beds of grey siliceous
claystone and grey or dark grey chert (Fig. 7C). The AJ-
3-2 section lies directly above the AJ-3-1 section, but a
slip plane exists between the two sections, and therefore
they are not confirmed to be continuous (Fig. 7C, D).
The AJ-3-2 section is approximately 3 m thick, and is
composed of dark grey bedded chert with intercalations
of grey siliceous claystone (Fig. 7D). This section is in
fault contact with greenish grey bedded chert to the north.

In the outcrop of the AJR section, the strata strike ENE-
WSW and dip steeply to the north (Fig. 4). A major fault
with an apparent displacement of ~10 m occurs in the
northern part. Minor faults with apparent displacements
of up to 2 m occur throughout the outcrop. Deformation
of the strata is negligible, apart from drags and shears near
faults. The colour of bedded chert changes from greenish
grey to purple, then to red in ascending order (Figs. 8A-D,

Fig. 9). Some white highly recrystallised chert beds occur
in the red bedded chert. Some parts of the purple and red
bedded chert are altered to greenish grey (Fig. 8D). Our
study section mostly corresponds to the section illustrated
in previous studies (Onoue et al., 2011; Soda et al., 2015;
Uno et al., 2012). However, we observed an additional
~2 m of red bedded chert above the top of their section.
In addition, we identified a stratigraphic discontinuity at
the basal part of the lithologic column by Onoue et al.
(2011) (the two faults within the AJR section in Fig. 9).
Our reinvestigation of the geological structure showed
that the stratigraphic intervals corresponding to the TR
1 and TR 2A Zones in their section are separated by
a fault. Furthermore, a block of greenish grey bedded
chert occurs structurally between these two intervals.
The lithostratigraphic column illustrated in this study
incorporates this new finding.

4.1.2 Conodont biostratigraphy
Conodont fossils were found from all of the investigated
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Fig. 7 Outcrop photographs of the lower part of the Ajiro Island section. (A) Alternating beds of grey siliceous
claystone and dark grey chert in the AJ-1 section. (B) Alternating beds of grey siliceous claystone and dark
grey or black chert in the AJ-2 section. (C) Alternating beds of grey siliceous claystone and grey or dark grey
chert in the AJ-3-1 section. (D) Dark grey bedded chert in the AJ-3-2 section. Note the slip plane in (C) and
(D). The stratigraphic way up is to the top in all photos. The black ruler in (A) to (C) is 1 m long. The black
board in (D) is 20 cm x 30 cm.

samples (more than 2000 specimens in total). Conodonts
in siliceous claystone were preserved as moulds, while
those in chert were dark grey skeletons or white or orange
casts. Although most of the specimens were broken and
unidentifiable, 194 specimens were identified at the
species level (Table 1; Plates 1-7). Conodont animals
are taxonomically classified based on their apparatuses

that comprise an assemblage of conodont elements (Clark
et al., 1981; Orchard, 2005; Sweet, 1988), but some
morphologically distinguishable elements are yet to be
assigned to any apparatus. Such elements are classified as
form groups and are indicated in this paper with quotation
marks.

Conodonts from the siliceous claystone that alternates
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Outcrop photographs of the AJR section. (A) The upward lithofacies change from greenish grey bedded chert
to purple and red bedded chert. (B) Greenish grey bedded chert. (C) Purple and red bedded chert. (D) Red
bedded chert. Note that the colour is altered to greenish grey in some parts. The stratigraphic way up is to
the right in (A) and (C), and to the top in (B) and (D). The black ruler and board in the photos as scale are
the same as that in Fig. 7.

(p.53) Fig. 9

Lithostratigraphy, conodont biostratigraphy, radiolarian biostratigraphy and
magnetostratigraphy of the Ajiro Island section. The range chart for conodonts excludes
some specimens that were not identified at the species level. See Table 1 for full list and
numbers of identified conodonts. Radiolarian biostratigraphy is after Onoue et al. (2011)
and Uno et al. (2012). Magnetic polarity zones are after Uno et al. (2012). brevissimus-
collinsoni Zone: Nv. brevissimus-I. collinsoni Zone; timorensis Z.: Ch. timorensis Zong;
excelsa Z.: Pg. excelsa Zone. The species names denoted in quotation marks are form
species defined based on discrete conodont elements.



Conodont-based age calibration of Anisian radiolarian biozones (Muto et al.)

M. P.

o ] ES Q @ R [
& < I 1% o o x| « e«
- L= = [ [ = ! 1 1
N -0-0-0 suLhojo BlRIBYIA »
o o—e—e-90—0-07y SuIdS 2 - I~
m o—o—o————e——e pjejenuue adwesosseljouds £ o ° K -
=} Ipasuew wnibundy 85 = S IS4
- Laniemap adwesossel| >c © W [ b
= © c 13 o ©
S o——e-0——e—o 5///qeLeA uobesdaseled °® L x o
N wnsouldsLy ¢wnipuooeINe)s ~x O ® . © ©
= sisuaiowly ereeydsojfjsopnesq m 5 - g [a} e
% dnouig eojuodef erseydsojfjsopnasd = =] o D >
o wnsojnuids wnun.idoBuodsoaeyary e =28 8 < - o
3 dnoug) ejeuolos adweoossel| @ B 5o ) % kS
e sAioooseiAw sdweoosseli| 65550 5 S - o T @
o siyuedwed adweoossel| 25550 ° m. o e 2 2
» I10)esB)RU WNIBUNdT £E5522 o o < o o 9 9
c eJajIUIdS BIpRWZOH &—8—9 Too JE S e L S T > >
S snyjueoelp SNBUIOS|US0 233528 o s 5 s s £ £
g 0 >T T LY = L § x D T ©
I wnojuodef wnipiueydsjsojdAin L5 8ZA £ 52 = 9 S S 3 3o
° sisusnyib eipewzo ee———e o m > 08 8 S 5 m 2 £ o
S . 0—8— /2/MEZ0 BIpeWZOH o 6 L $ O x . .
ol o—e wnabun jwinijoueiuey 2 < S 2e 3§ D_H_ . o AN
o o—e eLbe ejjaioql| - S 14 = :
[o2]
< BOISSeL BJ|9pOaPUILOaN,, o
= oS SII1I0} BUIPNWIOD ‘SIINWEIIASIG BUIPNWIOD 9
° ‘Jopl ds pjjejopuobejed 8
2 @ sisusepud g([sjo) 9
n @ ejejuspinbae ey N 3
R%] O snouebuny snyje ng S
< dnougy Lswiwes) ejgjopuobeied g
Mv\ dnoug esjgoxe ejejopuobeleq of = ollo =
S 4 <« “ds|ejjsjopuobisien M M 0 % M &
= @~ 'dds ejjojopuobosyy odAy ueluhyyg-jsod — -y 0l < —|o ~ © —
[5) N o | [¢© =& ©| S o< I o
= @ ejejsey "ye ejjo|apuobosy T gle oS 3s s & 3 h
5 0 a/ebau ejjajopucBosN < | = < I p=q|=t: <||l< o b e
g —O=—O= BJEJSEl B|[0|0pU0BOd) = = 4 g
o @ 1/0X/00Y BfjoRIodIN © L T 9
€ * dnolJo eouebing ejjsjopuobeley
S < esowelinbae ejjapoapuiyosp,
ksl 106} ¢euipniiod
m SIsuaazqab ejjaiayanwey,,
o Uapuaq ejjlepospulyosn,
(&) sisuaiow) ejjasoiyD @
s8plojjsjopuoh ejesolyD
snyg0.1q snpoyjedsossel| o
gl e sisuauinyue sppoyjedsossel, @
= < |& e LBwoy snpoyjedsosseL| >
£ N 3 o o SNoLOWWAS SnpoyjedsinoN *
=2 3 q o 9o ~~ o o 9 9 v <= snjdn.qe snpoyjedsiroN
8 NS ~ 8 838656 g 5 N § F 2 o SNWISSINGIG SNPOYJEdSINON
o x| X o e xo rl o rl § 8 ¢ [ . 1UOSUIJj00 SNpOYjedsOoLD|
= <l |2 < 2 2A 2 2 = = 2 N~ ~) > =2 ) X [N X . ﬁ
2 < <€ < < < < < S = 4L 4 < W e - = W W
©
<
=
— _
7 uoioss yrv uonoss Z-¢-rv uonoss z-ry uonoss |-ry
m I T T T T T T T T T T T T T T T T T T T T T T
ol E £ £ £ € £ £ £ £ £ g E £ £ £ € £ £ £ £ £ £ £ £ £ £
N IS © © < o~ o © © <~ o~ o « o o~ o o © © ~ o~ o © © < o~ o
= - -~ - — - -
m . 6 Ze 6 B, - . duoZ juosuljjod
.w Z lawiweld) ‘bd ,m.\mo\«m 9uoz ealebing ‘b4 Z Sisuaijown) _ QuozZ Luswoy | —snuwissimaiq
[t
Q ueuAj|| ueluos|od ueuAyng ueabay | uelyjeds
O)  uewiper . ~
© uelsiuy uenaus|0
[=))
< o|ssel] a|ppIN OISSEel] JAMOT




Occurrence list of conodonts from the Ajiro Island section. Underlined numbers indicate the number of conferred specimens. Bracketed numbers indicate
the number of questionable specimens. The species names denoted in quotation marks are form species defined based on discrete conodont elements.

Table 1.
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with chert in the AJ-1, AJ-2 and AJ3-1 sections include
many adult specimens, but conodonts from the bedded
chert in the AJR section are mostly juvenile forms.
Especially, species of Paragondolella, which occurred
abundantly from the AJR section, are almost entirely
represented by juvenile stages with incomplete platform
development.

Species belonging to the genus Paragondolella are
difficult to distinguish in juvenile forms. Identification
of our specimens is further hindered by the fact that they
are partly immersed in the host rock. Hence, in the case
of specimens of Paragondolella, we referred to a group
of species that share some important morphological
characters (see the palaeontological notes in Chapter
9 for details). Specifically, three “Groups” are used in
this paper: the Paragondolella bulgarica Group (Pg.
bulgarica, Paragondolella bifurcata and Paragondolella
hanbulogi), the Paragondolella excelsa Group (Pg.
excelsa, Paragondolella fueloepi and Paragondolella
liebermani), and the Paragondolella trammeri Group
(Pg. trammeri and Paragondolella alpina). Note that
these “Groups” do not necessarily represent taxonomic
lineages.

Based on the occurrence of conodonts, six conodont
biozones were recognised in the Ajiro Island section: the
Novispathodus brevissimus-Icriospathodus collinsoni
Zone, the Triassospathodus homeri Zone, the Chiosella
timorensis Zone, the Pg. bulgarica Zone, the Pg. excelsa
Zone and the Pg. trammeri Zone in ascending order (Fig.
9).

The Nv. brevissimus-1. collinsoni Zone is characterised
by the occurrence of Nv. brevissimus and I. collinsoni.
Its base is not defined in the Ajiro Island section and
its top is defined by the last occurrence (LO) of the two
species. This zone is recognised in the lowermost part
of the AJ-1 section (Fig. 9). Other associated species are
Novispathodus abruptus, Novispathodus symmetricus and
T. homeri.

The T. homeri Zone is characterised by the occurrence
of Nv. abruptus, Nv. symmetricus and T. homeri. Its base
is defined by the LO of Nv. brevissimus and I. collinsoni
and its top is defined by the first occurrence (FO) of Ch.
timorensis. This zone is recognised in the main part of the
AJ-1 section and the lower part of the AJ-2 section (Fig.
9). Other associated species are Chiosella gondolelloides,
Triassospathodus anhuinensis and “Neohindeodella
benderi” .

The Ch. timorensis Zone is characterised by the occurrence
of Ch. timorensis. Its base is defined by the FO of the nominal
species and its top is defined by the FO of the Pg. bulgarica
Group. This zone is recognised in the AJ-3-1 section (Fig.
9). T homeri also occurred from this zone.

The Pg. bulgarica Zone is characterised by the occurrence
of the Pg. bulgarica Group. Its base is defined by the FO
of the Pg. bulgarica Group and its top is defined by the
FO of the Pg. excelsa Group. This zone is recognised
in the AJ-3-2 section and the lower to middle part of

the AJR section (Fig. 9). “Nh. benderi”, Cornudina?
igoi and “Kamuellerella gebzeensis” occurred from
the lower part of this zone. The middle part of this
zone yielded Neogondolella cf. hastata, in addition to
Ng. aff. hastata and Neogondolella cf. regale, as well
as species of Neogondolella with a large cusp that is
fused to the posterior platform brim (post-Bithynian type
Neogondolella; detailed explanation in Section 5.3.).
Other associated species are Cornudina breviramulis,
“Neohindeodella aequiramosa” and “Neohindeodella
triassica” .

The Pg. excelsa Zone is characterised by the occurrence
of the Pg. excelsa Group. Its base is defined by the FO of
the Pg. excelsa Group and its top is defined by the FO of
the Pg. trammeri Group. This zone is recognised in the
upper part of the AJR section (Fig. 9). Other associated
conodonts are the Pg. bulgarica Group, Co. breviramulis,
“Nh. aequiramosa” and “Nh. triassica” .

The Pg. trammeri Zone is characterised by the occurrence
of the Pg. trammeri Group. Its base is defined by the FO
of the Pg. trammeri Group and its top is defined by the
FO of Budurovignathus cf. hungaricus. This zone is
recognised in the uppermost part of the AJR section (Fig.
9). Other associated conodonts are the Pg. excelsa Group,
Co. breviramulis, Cornudina tortilis and “Nh. triassica” .
At the top of this zone, Neogondolella aequidentata
and Neogondolella pridaensis co-occurred with B. cf.
hungaricus.

4.2 Kurusu section
4.2.1 Field mapping

The Kurusu section is exposed on the east bank of the
Kiso River in Kurusu, Inuyama City, Aichi Prefecture,
Chubu District (Fig. 3). Strata in this outcrop are deformed
by many faults and folds (Fig. 10). The outcrop is divided
into two parts that have different lithology by a fault
(“dividing fault” in Fig. 10). The eastern part includes
the area mapped by Yao and Kuwahara (1997), and the
section observed in this part of the outcrop is named the
Kr-2-YK section (Fig. 10). The western part was studied
by Ikeda et al. (2010), and the section observed here is
named the Kr-2-1 section.

The outcrop of the Kr-2-YK section has a complicated
geological structure (Fig. 10). The orientation of the
bedding plane is variable due to folding. Tracing of
characteristic black claystone and black chert beds
revealed that the lower part of this section is repeated
by folds. In some parts, the bedding of the strata was
difficult to identify due to strong deformation. The Kr-2-
YK section was observed in parts of the outcrop where
deformation was minimal, which include the area studied
by Yao and Kuwahara (1997). The Kr-2-YK section is
composed mainly of grey bedded chert with intercalations
of grey siliceous claystone (Fig. 11A). Black claystone
and black chert beds also occur in several horizons. The
transition between grey chert layers and grey siliceous
claystone layers is gradual. Therefore, the contrast
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between the chert layers and the siliceous claystone
layers is not strongly expressed in the configuration of the
outcrop surface. This may have led to the description of
the strata as “siliceous claystone” by Yao and Kuwahara
(1997). However, the rocks have moderate vitreous luster
and are not fissile, which indicate that its lithology is
better described as chert. This is further supported by the
presence of numerous radiolarian tests and quartz matrix
confirmed in thin sections (Fig. 11D). Dolomite occurs as
beds or planar nodules in two horizons. The lithology of
the Kurusu section deserves further detailed observation,
because it likely represents a transitional lithofacies
between the Lower Triassic siliceous claystone (“Toishi”;
Imoto, 1984) and Middle Triassic bedded chert. However,
itis beyond the scope of this paper, and we will tentatively
refer to the chert beds that grade into siliceous claystone
as “muddy” chert.

The section studied by Yao and Kuwahara (1997),
which corresponds directly to the upper 7 m of the Kr-2-
YK section, was regarded as continuous in the previous
studies. However, a fault was identified in the middle
part of this interval (Fig. 11C). This fault is accompanied
by a highly deformed sheared zone on both sides of the
fault plane. Therefore, the displacement and consequent
stratigraphic gap of this fault could be considerable.

The Kr-2-1 section is composed mainly of “muddy”
chert with intercalations of black claystone (Figs. 10,
11B). Intense folding such as that observed in the outcrop
of the Kr-2-YK section is not observed in this part of the
outcrop. However, the strata have experienced significant
deformation, represented by the distortion of the bedding
by numerous cm-scale faults and slip planes (Fig. 11B). The
Kr-2-1 section corresponds almost exactly to the section
reported by Ikeda et al. (2010), but was not observed in
exactly the same part of the outcrop, because some parts
that they observed had become covered by thick gravel.
Ikeda et al. (2010) assumed that the stratigraphic way up
in this section is to the northeast. However, the general
younging of the strata is to the southwest in this part of
the Inuyama area (see Section 2.2.), which is consistent
with outcrop-scale biostratigraphy in the Kurusu section
(Yao and Kuwahara, 1997). Therefore, it would be more
orthodox to assume that the stratigraphic way up is
to the southwest, which will be adopted in this study.
Nonetheless, it should be noted that the way up in the
Kr-2-I section remains indeterminate, even considering
our biostratigraphic data presented in Subsection 4.2.2.

4. 2.2 Conodont biostratigraphy

Conodonts were found from all of the investigated
samples (more than 200 specimens in total). Conodonts
occurred as dark grey skeletons. Although most conodonts
were broken, 28 specimens were identified at the species
level (Table 2; Plates 8—10). Since conodont occurrence
from the Kurusu section is sporadic, independent zonation
for this section will not be defined. Instead, we will refer
to the conodont biozones recognised in the Ajiro Island

section (Fig. 12).

The Kr-2-YK section yielded Ch. timorensis and “Nh.
aequiramosa” . These conodonts indicate that the Kr-2-YK
section is mostly correlative to the Ch. timorensis Zone.

The Kr-2-I section yielded Nv. symmetricus, T. homeri,
Ch. gondolelloides and “Nh. benderi” . These conodonts
indicate that the Kr-2-I section is referable to the 7. homeri
Zone. Co. breviramulis, Co.? igoi, Neostrachanognathus
tahoensis and “K. gebzeensis” also occurred from this
section. Since the Kr-2-YK section is referable to the Ch.
timorensis Zone, the Kr-2-1 section is stratigraphically
below the Kr-2-YK section. Ikeda et al. (2010) and
Ikeda and Tada (2014) argued that the Kr-2-I section and
Section M of Sugiyama (1997) in the Inuyama area can
be partly correlated by key beds to produce a continuous
lithostratigraphy, based on the assumption that the Kr-2-1
section is equivalent to the Kr-2-YK section. However,
since the Kr-2-1 section does not overlap with the Kr-2-YK
section, their correlation is not valid. Consequently, the
lowermost part of the composite section of the Inuyama
bedded chert by Ikeda et al. (2010) and Ikeda and Tada
(2014) that concerns the Kr-2-I section is not continuous.

5. Age assignment of the conodont biozones

5.1 The Lower-Middle Triassic (Olenekian-Anisian)
boundary (OAB)

The global boundary stratotype section and point
(GSSP) for the Olenekian-Anisian boundary (OAB)
is yet to be ratified. The Desli Caira section in north
Dobrogea, Romania has been proposed as a candidate
(Gradinaru et al., 2007), while the Guandao section in
Guizhou Province, South China is a potential reference
section (Ogg, 2012). The OAB is classically defined by
the ammonoid Japonites welteri (Balini et al., 2010;
Bucher, 1989). This has been applied to the Desli Caira
section (Gradinaru et al., 2007), but the Guandao section
lacks a significant ammonoid fauna (Ogg, 2012). On
the other hand, Orchard et al. (2007a, b) and Orchard
(2010) proposed that the first appearance datum (FAD) of
Chiosella timorensis, that occurs readily from both Desli
Caira and Guandao, can be used as a marker for the OAB.
Subsequently, Goudemand et al. (2012) concluded that the
FAD of Ch. timorensis is very close to, but is slightly below
the ammonoid-defined OAB and is within the uppermost
Spathian. Based on high-resolution investigation of
conodont biostratigraphy in the Desli Caira section and
the Guandao section, Goudemand et al. (2012) placed the
OAB above the FAD of Ch. timorensis and below the last
appearance datum (LAD) of Novispathodus symmetricus
and Triassospathodus homeri, so that the ammonoid based
age assignment (Bucher, 1989) is followed. Our definition
of the OAB will follow that by Goudemand et al. (2012).

In the Ajiro Island section, the first occurrence (FO) of
Ch. timorensis and the last occurrence (LO) of T. homeri
are both at the level of Sample AjL1-B, which is the base
of the Ch. timorensis Zone (Fig. 9). Therefore, the OAB
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Fig. 10  Geological map of the outcrop of the Kurusu section. Note that the Kr-2 section of Yao and Kuwahara (1997)
and Ikeda ez al. (2010) (Kr-2-YK and Kr-2-I sections, respectively) correspond to different parts of the outcrop.

is placed between the level of Sample AjL1-B and the
level of Sample AjL1-A. The placement of the OAB at
the base of the Ch. timorensis Zone indicates that the
underlying Novispathodus brevissimus-Icriospathodus
collinsoni Zone and the T homeri Zone are of Olenekian
age. The occurrence of Nv. brevissimus and I. collinsoni
is confined to the basal part of the Spathian (Chen et al.,
2015; Koike, 1981, 2004; Orchard, 1995,2007; Zhao et al.,
2007). Therefore, the Nv. brevissimus-I. collinsoni Zone
is correlated to the lower Spathian, and the succeeding 7.
homeri Zone to the upper Spathian.

In the Kurusu section, Nv. symmetricus and T. homeri did
not co-occur with Ch. timorensis. Therefore, the interval
referred to the Ch. timorensis Zone in this section is likely
to be of Anisian age. Thus, the OAB is in the lower 1 m or
below the base of the Kr-2-YK section (Fig. 12).

The thickness of the Ch. timorensis Zone is different
between the Ajiro Island and Kurusu sections. An
explanation can be given by the slip plane between the
AlJ-3-1 section and the AJ-3-2 section at Ajiro Island. That
is, lowermost Anisian strata are missing at the slip plane
above the Ch. timorensis Zone in the Ajiro Island section.
If this is the case, the Ch. timorensis Zone in the Kurusu
section mostly corresponds in age to an interval that is
missing at the slip plane in the Ajiro Island section.

5.2 The Anisian-Ladinian boundary (ALB)

The Anisian-Ladinian boundary (ALB) was ratified at
the base of the Eoprotrachyceras curionii ammonoid zone
in the Bagolino section in Brescia, Northern Italy (Brack,
2010; Brack et al., 2005). This horizon is above the FO of
species belonging to the Paragondolella trammeri Group
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Table 2 Occurrence list of conodonts from the Kurusu section. Underlined numbers indicate the number of conferred specimens.
The species names denoted in quotation marks are form species defined based on discrete conodont elements.
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and below the FO of Budurovignathus hungaricus (Brack
etal.,2005). The same is true for the ALB (the base of the
curionii amonnoid zone) in the Balaton Highland, Hungary
(Kovéacs, 1994). Therefore, the ALB can be placed within
the Pg. trammeri Zone in the Ajiro Island section (Fig. 9).
In the GSSP, the FO of the conodont Budurovignathus
praehungaricus is very close to the ALB (Brack et al.,
2005), and provides a good correlation marker for the
boundary (Chen et al., 2016b; Ogg, 2012; Orchard, 2010).
However, this species has not been found from the Ajiro
Island section. Another potentially useful marker species
is Neogondolella aequidentata, which has a short range
straddling the ALB (Chen et al., 2016b; Muttoni et al.,
2004; Orchard, 2010). In the Ajiro Island section, Ng.
aequidentata occurred from the top of the Pg. trammeri
Zone, suggesting that the ALB is near this horizon in the
upper part of the zone.

5.3 The Anisian substages
The Anisian Stage is divided into four substages:

Aegean, Bithynian, Pelsonian and Illyrian in ascending
order. The Aegean is characterised by Ch. timorensis
all over the world (Chen ef al., 2016b; Lehrmann et al.,
2015; Nicora, 1977). In Europe and North America, the
Bithynian is characterised by Paragondolella bulgarica
(Nicora, 1977), and the Pelsonian is characterised by
Nicoraella kockeli (Nicora, 1976; Pisa et al., 1980).
On the other hand, Ni. kockeli occurs from below the
FO of Pg. bulgarica in South China (Lehrmann et al.,
2015). Hence, the stratigraphic order of the FOs of these
species requires further investigation, and the recognition
of the Pelsonian based on the occurrence of Ni. kockeli
may not be valid on the global scale. In any case, the
occurrence of Ni. kockeli from our studied sections is
too sporadic to determine substage boundaries. Therefore,
we refrain from conclusively determining the Bithynian-
Pelsonian boundary. Based on the fact that species of the
Paragondolella excelsa Group characterises the Illyrian
(Kozur, 1980), the Pg. bulgarica Zone is correlated to
the Bithynian to Pelsonian interval, and the Pg. excelsa
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Zone to the lower Illyrian (the Illyrian likely extends to
the lower part of the Pg. trammeri Zone; see section 5.2)
(Fig. 9).

It is notable that a type of Neogondolella characteristic
to the Pelsonian and younger age occurs from the upper
part of the Pg. bulgarica Zone. These are species of
Neogondolella that possess a large cusp that is fused to
the posterior platform margin and occupies the posterior
end of the element. Such forms can be referred to species
such as Neogondolella cornuta, Neogondolella constricta
and Neogondolella shoshonensis. In fact, some of our
specimens have characteristics that may be referable to
Ng. shoshonensis (Plate 3, Figs. 5, 6). The species of
Neogondolella mentioned above are known only from
the Pelsonian and younger strata (Chen et al., 2016b).
Therefore, we refer to them as post-Bithynian type
Neogondolella. In the Ajiro Island section, the FO horizon

of the post-Bithynian type Neogondolella is sample
170627-03 and the Bithynian-Pelsonian boundary may
be placed at this horizon (Fig. 9).

6. Age calibration of the radiolarian biozones

According to the radiolarian zonation proposed by
Sugiyama (1997), the OAB was regarded to be correlative
to the TR 1-TR 2A radiolarian biozone boundary, and the
ALB to the TR 3A-TR 3B radiolarian biozone boundary.
Our conodont-based age control proved that the age
assignment is erroneous for the TR 1-TR 2A boundary,
and probably also for the TR 3A-TR 3B boundary (Fig.
13). In the following text, the age calibration of the
radiolarian biozones TR 1 to TR 3B (Sugiyama, 1997) is
discussed in ascending order.

In the Ajiro Island section, the TR 1 Zone was
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Fig. 13 Age calibration of the Anisian radiolarian biozones. Dashed lines represent uncertain boundaries. The Nv.

brevissimus-I. collinsoni Zone was not recognized in the sections of Sugiyama (1997), but is inferred to be
encompassed in the TR 0 Zone, because conodonts from the Momotaro-jinja section indicate that the TR 0
Zone extends to the Smithian (Yamakita et al., 2010).

recognised in the Paragondolella bulgarica Zone, well
above the OAB (Onoue et al., 2011; Uno et al., 2012) (Fig.
9). In the Kurusu section, the TR 1-TR 2A boundary is
approximated by the boundary between the Parentactinia
nakatsugawaensis Asemblage Zone and the Hozmadia
gifuensis Assemblage Zone (Yao and Kuwahara, 1997),
which is well above the base of the Chiosella timorensis
Zone (Fig. 12). Thus, the TR 1 Zone includes part of the
Pg. bulgarica Zone, which is of Bithynian to Pelsonian
age. This age assignment is consistent with the finding of
a radiolarian assemblage indicating the TR 1 Zone from
the Bithynian to Pelsonian interval in the pelagic deep-
sea Ogama section in Kuzuu, Tochigi Prefecture, Japan
(Muto et al., 2018). On the other hand, pelagic deep-sea
siliceous claystone correlative with the TR 1 Zone and the
underlying TR 0 Zone in the Momotaro-jinja section in the
Inuyama area (Sugiyama, 1997; Yao and Kuwahara, 1997)
yielded Spathian conodonts Novispathodus symmetricus
and “Neohindeodella benderi” (Takahashi ef al., 2009).
Based on data of the Ajiro Island section, the Kurusu
section and the Momotaro-jinja section, the TR 1 Zone is
correlated to the upper Spathian to the lower part of the
Bithynian to Pelsonian interval, and the OAB is within
this zone (Fig. 13).

The entire part of the TR 2A and TR 2B Zones and most
of the TR 2C Zone is encompassed in the Pg. bulgarica
Zone, and is correlated to the Bithynian to Pelsonian
interval (Figs. 9, 13). This age assignment is consistent
with the occurrence of Pg. bulgarica from the TR 2B
and TR 2C Zones reported from bedded chert sections in
the Inuyama area (Mizutani and Koike, 1982; Sugiyama,
1997). If the placement of the Bithynian-Pelsonian
boundary at the FO of post-Bithynian type conodonts in
the Ajiro Island section is correct, this boundary is within
the TR 2B Zone (Figs. 9, 13). The TR 3A Zone is mostly
correlated to the Illyrian Paragondolella excelsa Zone,
but its base may be within the uppermost part of the Pg.
bulgarica Zone, and its top is in the basal part of the
Paragondolella trammeri Zone (Figs. 9, 13). Itis possible
that the upper part of the TR 3A Zone extends into the
Ladinian (Fig. 13), but this is unlikely given that the ALB
is probably in the upper part of the Pg. trammeri Zone
(detailed in Section 5.4.).

The top of the TR 3B Zone was not recognised in the
Ajiro Island section (Onoue et al., 2011; Uno et al., 2012).
We assume that only the lower part of the TR 3B Zone
of Sugiyama (1997) is present in the Ajiro Island section,
because it lacks radiolarians such as Triassocampe
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postdewerveri that appear in the upper part of the TR 3B
Zone (Onoue et al., 2011; Uno et al., 2012). The lower
part of the TR 3B Zone is within the Pg. trammeri Zone,
and therefore falls within the upper Illyrian to the lower
Fassanian (lower substage of the Ladinian). Since the ALB
is probably in the upper part of the Pg. trammeri Zone, the
lower part of the TR 3B Zone is likely to be correlative
to the upper Illyrian (uppermost Anisian). Unfortunately,
radiolarian biostratigraphy has not been investigated for
the upper part of the Pg. trammeri Zone. Therefore, we
cannot determine whether the TR 3B Zone extends above
the top of the Pg. trammeri Zone. Further study is needed
in order to clarify the age of the top of the TR 3B Zone.

7. Correlation with rock magnetic records

The Ajiro Island section has been studied for rock
magnetic records by Uno et al. (2012), who recognised
two magnetic polarity zones in the red bedded chert. A
reference record of Middle Triassic magnetic reversals
was compiled by Hounslow and Muttoni (2010) based
mainly on sedimentary records of the Tethys, many of
which have been studied also for conodont biostratigraphy.
We attempted to correlate the rock magnetic records of the
Ajiro Island section to the reference record by Hounslow
and Muttoni (2010) based on the framework of conodont
biostratigraphy (Fig. 14). However, a single solution was
not obtained and there are two possible options, as detailed
below.

In Option 1 (Fig. 14A), polarity zone § in the Ajiro
Island section is correlated to the reversed polarity in
magnetozone MT4 to MTS. The two stratigraphically
isolated intervals of polarity zone « are either correlated to
the two separate normal polarities in magnetozones MT6
and MT7, or together correlated to the normal polarity
in magnetozone MT7. In this case, the ALB in the Ajiro
Island section is above polarity zone « and below the
FO of Budurovignathus cf. hungaricus, within the upper
1.5 m of the Pg. trammeri Zone. This option agrees with
Uno et al. (2012) in that polarity zone « is correlated to a
normal polarity and polarity zone /3 to a reversed polarity,
suggesting deposition in the southern hemisphere.

In Option 2 (Fig. 14B), polarity zone {3 in the Ajiro Island
section is correlated to the normal polarity in magnetozone
MT6, whereas zone « of the Ajiro Island section is
correlated to the reversed polarity in magnetozones MT6
to MTS. In this case, the ALB is placed in the lower part
of the Paragondolella trammeri Zone, ~1 m above its
base. This option assumes that polarity zones « and (3 are
correlated to reversed and normal polarities, respectively,
contradictory to Uno et al. (2012). Hence, this option
suggests the deposition of the bedded chert of the Ajiro
Island section took place in the northern hemisphere.

The ambiguity in the correlation of mangnetic polarities
results mainly from two reasons. Firstly, the gaps in the
polarity zones in the Ajiro Island section due to the
difficulty in recovering primary magnetic records from

deep-sea chert (Uno et al., 2012) allow a considerable
amount of speculation in the correlation. Another reason is
the lack of both biostratigraphic and magnetostratigraphic
data within the MT6 magnetozone of the reference
magnetostratigraphy from the Tethys sections (Hounslow
and Muttoni, 2010). Thus, further studies in both the
Panthalassic deep-sea sections in Japan and the reference
Tethyan sections are required to establish a conclusive
correlation of integrated Anisian bio-magnetostratigraphy
between the two regions.

8. Conclusions

We investigated conodont biostratigraphy in the Ajiro
Island section in Oita Prefecture and the Kurusu section in
Aichi Prefecture. Six conodont biozones were recognised: the
lower Spathian Novispathodus brevissimus-Icriospathodus
collinsoni Zone, the upper Spathian Triassospathodus
homeri Zone, the Aegean Chiosella timorensis Zone, the
Bithynian to Pelsonian Paragondolella bulgarica Zone, the
lower Illyrian Paragondolella excelsa Zone, and the upper
Illyrian to basal Fassanian Paragondolella trammeri Zone,
in ascending order. The age of the radiolarian biozones
previously recognised in the studied sections were assigned
based on conodont biostratigraphy. The TR 1 Zone was
assigned to the upper Spathian to Bithynian (or Pelsonian)
and thus the Olenekian-Anisian boundary is within this
zone. The TR 2A Zone, the TR 2B Zone and most of the
TR 2C Zone are correlated to the Bithynian to Pelsonian
interval. The uppermost part of the TR 2C Zone and the
lower part of the TR 3A Zone are definitely correlated to the
Illyrian. The upper part of the TR 3A Zone and the lower
part of the TR 3B Zone fall within the upper Illyrian to the
basal Fassanian, while the possibility that both intervals are
correlative to the upper Illyrian is more likely. The Anisian-
Ladinian boundary is within the TR 3B Zone or above it,
and further study is needed to clarify its position relative to
the radiolarian biozones. Our conodont data are helpful in
correlating the magnetic polarity zones detected from the
Ajiro Island section to the reference magnetostratigraphy of
the Triassic obtained in the Tethys realm. Further studies will
establish an integrated bio-magnetostratigraphic correlation
between the pelagic Panthalassic deep-sea sections and the
Tethyan sections.

9. Palaeontological notes

(Form species defined by discrete elements rather than
multi-element apparatuses are shown in quotation marks.)

Budurovignathus cf. hungaricus (Kozur & Vegh)
(Plate 1, Figs. 1,2.)
Epigondolella hungarica Kozur & Vegh in Kozur &
Mock, 1972. p. 8-9, Plate 2, Figs. 3-7.
Remarks: This species is distinguished by a short free
blade, a sinuous but unornamented platform and a posterior
process. The platform margins are unornamented unlike
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Correlation of magnetic polarity zones in the Ajiro Island section (Uno ef al., 2012) to the reference

magnetostratigraphy by Hounslow and Muttoni (2010). The range of Ni. kockeli, Pg. bulgarica Group and Pg.
excelsa is not well understood in magnetozone MT6, but they are known to overlap to some extent (Kovacs,
2011; Kozur, 1980). See Fig. 9 for legends of lithofacies and fossil occurrence.

younger species of Budurovignathus.

The specimen illustrated in Plate 1, Fig. 1 has a short
free blade and a sinuous but unornamented platform. The
posterior denticles are broken, and therefore the presence
of a posterior process is not confidently confirmed. The
specimen illustrated in Plate 1, Fig. 2 has a sinuous
platform and a posterior process extending behind the
basal pit, which are characteristics of Budurovignathus.
The posterior platform margin is not pointed, which is a
characteristic only seen in B. hungaricus. The anterior
part is broken, and therefore the presence of a free blade
cannot be confirmed.

Chiosella gondolelloides (Bender)
(Plate 1, Figs. 3, 4, Plate 9, Figs. 1, 2.)
Spathognathodus gondolleloides Bender, 1970. p. 529530,

Plate 10, Figs. 17, 19, 20.
Neospathodus gondolleloides (Bender). Orchard, 1995.
p. 115, Figs. 2.4, 2.5.
Remarks: The specimens are pectiniform elements
characterised by a faint mid-lateral rib. Chiosella timorensis
is similar to Ch. gondolelloides, but the former has a more
developed mid-lateral rib that rises sharply from the
blade, a higher length: height ratio (greater than 2.5:1)
and a smaller basal cavity. Ch. gondolelloides is similar
to Triassospathodus homeri, Triassospathodus brochus
and Novispathodus symmetricus in lateral profile, but the
former can be distinguished from the latter three species
by the presence of a mid-lateral rib. Ch. gondolelloides
differs from 7. brochus also in having more fused denticles.

Chiosella timorensis (Nogami)
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(Plate 1, Fig. 5, Plate 8, Figs. 1-6.)
Gondolella timorensis Nogami, 1968. p. 127-128, Plate
10, Figs. 17-21.
Neogondolella timorensis Nogami). Koike, 1981. Plate
2, Fig 7.
Chiosella timorensis (Nogami). Goudemand et al.,
2012. Figs. 2.1-14, 3.1-8.
Remarks: The specimens are pectiniform elements
characterised by a prominent mid-lateral rib, small basal
cavity and increasingly inclined denticles at the posterior
end. The specimen illustrated in Plate 1, Figure 5 is a
juvenile form, which is shorter and has a less prominent
mid-lateral rib compared with adult forms. The basal
cavity, which is terminally located, is relatively small. The
specimen is similar to juvenile forms of Ch. gondolelloides,
T. homeri, T. brochus and Nv. symmetricus, but can be
distinguished from the latter four species by the narrower
basal cavity.

Cornudina breviramulis (Tatge)
(Plate 1, Figs. 6-8, Plate 9, Figs. 3, 4.)
Ozarcodina breviramulis Tatge, 1956. p. 139, Plate 5,
Figs. 12.
Cornudina breviramulis (Tatge). Koike, 1996. p.
118-119, Figs. 3.1-3.21.
Cornudina breviramulis (Tatge). Koike, 2016. p.
168-170, Figs. 4.1-4.3.
Remarks: The specimens are angulate pectiniform
elements with a thick long cusp and short anterior and
posterior processes. The anterior process bears up to
four small discrete denticles that increase in size and
inclination to the posterior. The posterior process bears
up to three denticles that are smaller than those of the
anterior process.

Cornudina tortilis Kozur & Mostler (Plate 2, Figs. 2, 3.)
Cornudina tortilis Kozur & Mostler, 1970. p. 432-433,
Plate 1, Figs. 10, 16, 20, 24.
Cornudina tortilis Kozur & Mostler. Koike, 1981. Plate
1, Fig. 34.
Remarks: The specimens are characterised by a short
anterior process and a very long and curved cusp. The
posterior process bears small denticles of equal size.
Cornudina tortilis is considered to be the P2 element of
Co. breviramulis (Koike, 1996, 2016).

Cornudina? igoi Koike

(Plate 1, Fig. 9, Plate 2, Fig. 1, Plate 9, Fig. 5.)

Cornudina igoi Koike, 1996. p. 119—-120, Figs. 4.1-4.20.
Remarks: The specimens identified as this species is
distinguished by a long cusp and a very short anterior
process that bears only two denticles. Although this
species may not belong to the genus Cornudina, which
typically has a posterior process, it is tentatively included
in this genus following the original description.

Icriospathodus collinsoni (Solien) (Plate 2, Fig. 5.)

Neospathodus collinsoni Solien, 1979. p. 302-303,
Plate 3, Figs. 10, 12-20.
Neospathodus? collinsoni Solien. Koike, 1981. Plate
1, Figs. 42-44.
Remarks: Icriospathodus collinsoni (Solien) is a species
characterised by a biserial row of denticles that form ridges
extending laterally across the element, that commonly
possess short lateral processes. Although the biserial
nature of the denticles cannot be observed in lateral view,
the ridge-like form of the denticles and the lateral process
can be observed in the specimen illustrated in Plate 2,
Fig. 5. This specimen also shows affinity to the holotype
in that the element is relatively low and decreases height
gradually to the anterior. The specimen illustrated in Plate
2, Fig. 6 also shows affinity to the holotype in lateral view,
but the biserial nature and ridge-like form of the denticles
cannot be confirmed.

“Kamuellerella gebzeensis Gedik” (form species)

(Plate 2, Fig. 4, Plate 9, Fig. 6.)

Kamuellerella gebzeensis Gedik, 1975. p. 124-125,

Plate 8, Figs. 1, 2, 4.

Remarks: The specimens are bipennate ramiform elements
characterised by an anterior process that is bent downwards
and bears relatively high denticles, and a posterior process
that bears numerous thin erect denticles.

Neogondolella aequidentata Kozur et al.

(Plate 2, Fig. 7.)

Neogondolella aequidentata Kozur et al., 1994a. p.

278-279, Plate 2, Figs. 5-9.

Remarks: This species is characterised by a curved element
with a platform that runs its entire length and a high carina
of uniform height. The lateral platform margins are sub-
parallel. Neogondolella regale also has a carina of uniform
height, but it is not arched and it has more fused denticles.

Neogondolella cf. hastata Golding & Orchard

(Plate 2, Figs. 8-11.)

Neogondolella hastata Golding & Orchard, 2016. p.

1205-1206, Fig. 9.

Remarks: The specimens are characterised by a platform
that extends from the anterior end to the anterior side of
the base of the large terminal cusp and a uniform carina
of discrete denticles. The platform is widest around mid-
length. It does not surround the cusp, and terminates before
the cusp in juvenile forms. The cusp is conspicuously
higher and thicker than the other denticles.

Neogondolella aff. hastata Golding & Orchard

(Plate 3, Figs. 1,2.)
Remarks: The specimens are similar to Neogondolella
hastata in having a platform that is widest around
mid-length and terminates at the anterior base of the
conspicuously large cusp, and a relatively low carina of
uniform height. However, their carina is composed of
fused denticles as opposed to discrete denticles in Ng.
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hastata. This species differs from Ng. regale in having a
thick and high cusp.

Neogondolella pridaensis (Nicora, Kozur & Mietto)

(Plate 3, Fig. 3.)

Neogondolella pridaensis Nicora et al., 1981. p.

762-763, Plate 89, Figs. 1-9.

Remarks: The specimen is characterised by a reduced
platform and a large terminal cusp. The platform terminates
in a rib surrounding the posterior side of the cusp. The
denticles are of even height and are fused. Species of
Paragondolella differ from Neogondolella pridaensis in
having a well-developed platform, which is particularly
evident near the posterior end.

Neogondolella cf. regale Mosher (Plate 3, Fig. 4.)
Neogondolella regale Mosher, 1970. p. 741-742, Plate
110, Figs. 1, 2,4, 5.
Neogondolella regale Mosher. Nicora, 1977. Plate 5,
Figs 1-7.
Remarks: This species is distinguished by an almost
straight element with a well-developed platform that runs
almost its entire length, and a high carina of uniform height
composed of moderately fused denticles. The platform has
mostly uniform width throughout its length, and does not
surround the terminal denticle. The specimens from the
Ajiro Island sections show these characteristics, although
they are partly not visible.

Neogondolella shoshonensis Nicora
Neogondolella shoshonensis Nicora, 1976. p. 640—642,
Plate 83, Figs. 1-15, Plate 84, Fig. 17.

Remarks: This species is distinguished by a well-developed
platform, a low carina that becomes extremely low around
mid-length and an enormous, posteriorly reclined cusp
with a large basal area that dominates the posterior end.
Some of the specimens identified as “post-Bithynian type
Neogondolella” (Plate 3, Figs. 5, 6) display the latter two
features, but the platform is not well preserved. Therefore,
the specific identification of these specimens is pending.
Other specimens identified as “post-Bithynian type
Neogondolella” (Plate 3, Figs. 7-9) are similar to Ng.
shoshonensis, but some important characters are different
or unconfirmed. The specimens illustrated in Plate 3, Fig.
7 and Fig. 8 have a large cusp and a very low carina,
but the cusp does not recline posteriorly. The specimen
illustrated in Plate 3, Fig. 9 has a very low anterior carina
and an enormous cusp that reclines posteriorly, but the
middle part of the carina is not visible.

“Neohindeodella aequiramosa Kozur & Mostler” (form

species) (Plate 3, Figs. 10, 11.)

“Neohindeodella cf. aequiramosa Kozur & Mostler”

(Plate 8, Fig. 8.)

Neohindeodella aequiramosa Kozur & Mostler, 1970.
p. 445-446, Plate 2, Figs. 1,2, 4, 5,7, 8.

Neohindeodella aequiramosa Kozur & Mostler. Koike,

1982. Plate 8, Figs. 35-37.

Remarks: The specimens are bipennate ramiform elements
characterised by an anterior process that bears relatively
large, anteriorly reclined denticles. The basal margin is
deflected downwards below the cusp and forms a convex
down outline below the anterior process. The specimen
illustrated in Plate 8, Fig. 8 is identical to “Neohindeodella
aequiramosa’ in the configuration of the basal margin and
the denticulation of the anterior process, but its cusp and
much of the posterior process is broken.

“Neohindeodella benderi (Kozur & Mostler)” (form
species) (Plate 3, Figs. 12, 13, PL. 10, Figs. 1, 2.)
Hindeodella benderi Kozur & Mostler, 1970 p. 440441,
Plate 2, Figs. 10, 11, 13.
Neohindeodella benderi (Kozur & Mostler). Koike,
1981. Plate 1, Fig. 14.
Remarks: The specimens are bipennate ramiform elements
marked by a short anterior process that is conspicuously
downturned and bears an enormous denticle at the anterior
end. Apart from this large denticle, there are no denticles
or only one or two minute denticles on the anterior process.
This form species is identical to the S elements of the
apparatus of Neostrachanognathus sp. A in Agematsu et
al. (2008), which is referred to as Neostrachanognathus
tahoensis in this paper.

“Neohindeodella triassica (Miiller)” (form species)

(Plate 4, Fig. 1-3.)

Hindeodella triassica Miiller, 1956. p. 826, Plate 96,

Figs. 4, 5.
Neohindeodella triassica (Miiller). Koike, 1981. Plate
1, Fig. 25.
Neohindeodella triassica (Miiller). Koike, 1982. Plate
8, Figs. 21-30.
Remarks: The specimens are bipennate ramiform elements
distinguished by a large cusp and denticles that are upright
at the anterior and become reclined in the posterior part.
The basal margin is convex under the cusp, and is relatively
straight to the posterior. There is a short anterior process
with relatively large denticles near the anterior end. “Nh.
aequiramosa’ differs from this species in the bending
of the element below the cusp and the configuration of
the basal margin, which is convex downwards below the
anterior process and not below the cusp.

This form species is considered to be the S3/4 elements
of Cornudina breviramulis (Koike, 2016), and also
shows affinity to the S3 element of the apparatus of
Triassospathodus reconstructed by Orchard (2005).

Neostrachanognathus tahoensis Koike.
(Plate 10, Fig. 3.)
Neostrachanognathus tahoensis Koike, 1998.p. 127-128,
Figs. 9.10, 9.14, 9.16-23.
Neostrachanognathus sp. A. Agematsu et al., 2008. Fig. 8.
Remarks: This specimen is a coniform element with a
posteriorly elongated basal area. Agematsu et al. (2008)
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redefined the original definition of Neostrachanognathus
tahoensis by Koike (1998), and argued that the P1 element
of this species is a coniform element without a posterior
elongation of the basal area. However, the holotype of
Nc. tahoensis has a posterior elongation of the basal area.
Agematsu et al. (2008) also described another species
of Neostrachanognathus (Neostrachanognathus sp.
A), which has a coniform P1 element with a posterior
elongation of the basal area, and is assigned here to Nc.
tahoensis. The S element of Nc. tahoensis in Agematsu et
al. (2008) (their Neostrachanognathus sp. A) is identical
to “Nh. benderi” .

Nicoraella kockeli (Tatge) (Plate 4, Fig. 4.)
Ozarkodina kockeli Tatge, 1956. p. 137, Plate 5, Figs.
13, 14.
Neospathodus kockeli (Tatge). Koike, 1982. Plate 6,
Figs. 2-11.
Remarks: The specimens are pectiniform elements
characterised by an angular profile of the upper margin
due to the denticles decreasing in height in both anterior
and posterior directions from the conspicuously wide
cusp. The cusp is located posterior to the mid-length of
the elements. The decrease in height of the denticles is
rapid to the posterior side of the cusp. The basal cavity is
not expanded laterally, and is positioned slightly anterior
from the posterior end. This species is distinguished from
Novispathodus abruptus by the forward-shifted position
and unflared configuration of the basal cavity, and from
T. homeri by the small basal cavity.

Novispathodus abruptus (Orchard) (Plate 4. Fig. 5.)
Neospathodus abruptus Orchard, 1995. p. 118-119,
Figs. 3.16-3.19, 3.23-3.26.
Remarks: The specimens are pectiniform elements
characterised by denticles that decrease height rapidly at
the posterior end, resulting in the arcuate outline of the
upper margin. This species is distinguished from 7. homeri
by the lack of a distinct posterior process.

Novispathodus brevissimus (Orchard) (Plate 4, Fig. 6.)
Neospathodus triangularis (Bender). Koike, 1981. Pl.
1, Fig. 6.
Neospathodus brevissimus Orchard, 1995. p. 119, Figs.
3.14-3.15, 3.20-3.22.
Remarks: The specimen is characterised by a blade
composed of thin fused denticles and a basal cavity that
expands widely in lateral directions and truncates abruptly
at the posterior end. The height of the blade is equal for
almost its entire length, giving the element a quadrate
outline in lateral view.

Novispathodus symmetricus (Orchard)
(Plate 4, Figs. 7-10, Plate 10, Figs. 4, 5.)
Neospathodus symmetricus Orchard, 1995. p. 120-121,
Figs. 2.6,2.10-2.13, 2.18.
Remarks: The specimens are pectiniform elements

characterised by sub-equal denticles that are slightly
to moderately inclined to the posterior. This species is
distinguished from T. homeri by the lack of a posterior
process and abrupt truncation of the basal cavity, and from
T. brochus by the more fused denticles and the lack of
radiating denticles at the posterior end. Orchard (2007)
assigned Nv. symmetricus to the genus Triassospathodus,
which was distinguished from Novispathodus based on
differences in their multiclement apparatus (Orchard,
2005), but the apparatus of this particular species is yet
to be reconstructed. As far as the P1 element is concerned,
Nv. symmetricus is closer to Nv. abruptus than to 7. homeri
in that it lacks a well-developed posterior process. Hence,
we include Nv. symmetricus in Novispathodus.

Novispathodus triangularis (Bender)
Spathognathodus triangularis Bender, 1970. p. 530,
Plate 5, Fig. 22.
Neospathodus triangularis (Bender). Orchard, 1995. p.
116, 118, Figs. 3.1-3.4.
Remarks: Novispathodus triangularisi (Bender) was
redefined by Orchard (1995) as a species with a conspicuous
fold on the upper surface of the basal cup, that extends
vertically to a sub-terminal cusp. The specimen illustrated
in Plate 4, Figure 11 has a vertical groove above the basal
cup, which may be the “fold” described by Orchard
(1995). The specimen also has a length-height ratio similar
to the specimens illustrated by Orchard (1995). However,
the poor preservation of the specimen makes it difficult to
make a conclusion.

Paragondolella bulgarica Group (Plate 5, Fig. 2-8.)
Paragondolella cf. bulgarica Group (Plate 5, Fig. 1.)
Paragondolella bulgarica Budurov & Stefanov, 1975.
p. 794, Plate 1, Figs. 1-23.
Neogondolella bulgarica (Budurov & Stefanov).
Nicora, 1977. Plate 5, Figs. 8—14.
Neogondolella bulgarica (Budurov & Stefanov). Koike,
1981. Plate 2, Figs. 1-3.
Neogondolella bulgarica (Budurov & Stefanov). Koike,
1982. Plate 4, Figs. 1-19, 22-24.
Paragondolella bifurcata Budurov & Stefanov. Chen et
al., 2016a. p. 728, Fig. 2.
Neogondolella unilobata Gedik, 1975. p. 133-134,
Plate 1, Figs. 9-25.
Neogondolella hanbulogi Sudar & Budurov, 1979. p.
50-51, Plate 1, Figs. 9, 10, Plate 2, Figs. 1-9, Plate
3, Figs. 1-12.
Remarks: This group is distinguished by an arched element
and a high-carina of moderately fused denticles that ends
with a strong terminal cusp. A small denticle is often
present behind the cusp. The last denticle is sometimes
fused to the posterior brim of the platform. In juvenile
specimens, the platform is not developed (Plate 5, Fig.
6) or confined to the posterior part (Plate 5, Figs. 4, 5).
In later stages, the platform runs almost its entire length.
These characteristics match with those of Paragondolella
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bulgarica.

In juvenile stages, Pg. bulgarica is very similar to
Paragondolella bifurcata, which is considered as a
descendant of the former species (Chen et al., 2016a).
Since our specimens are almost entirely juveniles, it is
impossible to separate them into the two species. We also
follow Nicora (1977) and Chen et al., (2016a) in treating
Paragondolella unilobata as a junior synonym of Pg.
bulgarica. Therefore, we will include Pg. bifurcata and
Pg. unilobata in the Pg. bulgarica Group. In addition,
Kovécs and Rélisch-Felgenhauer (2005) reported
transitional morphotypes between both these two species
and Paragondolella hanbulogi. Hence, Pg. hanbulogi is
also included in the Pg. bulgarica Group.

Paragondolella excelsa Group (Plate 5, Figs. 9-14.)
Paragondolella excelsa Mosher, 1968a. p. 938-939,
Plate 118, Figs. 1-8.
Paragondolella excelsa Mosher. Mosher, 1968b. Plate
120, Figs. 1-7.
Gondolella liebermani Kovacs & Krystyn in Kovacs,
1994. p. 492493, Plate 6, Figs. 1-3.
Gondolella fueloepi Kovacs, 1994. p. 493.
Gondolella fueloepi fueloepi Kovacs, 1994. Plate 7,
Figs. 2, 3, PL. 8, Fig. 4.
Gondolella fueloepi pseudobifurcata Kovacs, 1994.
Plate 8, Figs. 1, 3.
Remarks: The specimens are segminiplanate elements
with a high blade and a thick platform developed in the
posterior part of the element that surrounds the terminal
cusp. The cusp is thick, reclined posteriorly and its tip is
lower than the anterior denticles. These characteristics
match with juvenile forms of Paragondolella excelsa. In
adult forms, this species is characterised by a carina that
is high at the anterior and decreases height posteriorly
ending in a node-like cusp, and a massive platform that
surrounds the terminal denticle. The low, thick cusp and
well-developed platform in our specimens are regarded
as a precursor of these adult characters. Paragondolella
liebermani and Paragondolella fueloepi also has a
carina that decreases to a low, node-like cusp and a thick
platform that surrounds the posterior end. Hence, we treat
Pg. excelsa, Pg. liebermani and Pg. fueloepi as the Pg.
excelsa Group, although juvenile characters of the latter
two species have not been thoroughly investigated.
In juvenile stages, the Pg. excelsa Group somewhat
resembles the Pg. bulgarica Group, but the former has
a thicker platform and a lower and more reclined cusp.

Paragondolella trammeri Group (Plate 6, Figs. 1-7.)

Gondolella haslachensis trammeri Kozur and Mock,
1972. p. 13, Plate 1, Figs. 3-7.

Paragondolella trammeri (Kozur) Kozur et al., 1994b.
p- 176-178, Plate 2, Figs. 19, 23, 24. Plate 3, Figs.
10, 13, 16.

Gondolella alpina Kozur & Mostler, 1982. p. 292-293,
Plate 1, Fig. 1, Plate 2, Figs. 4, 5.

Gondolella alpina alpina Kozur & Mostler. Kovacs,
1994. p. 488-489, Plate 4, Figs. 2, 4, Plate 5, Figs.
1-3.

Remarks: The specimens are segminiplanate elements
characterised by a large posteriorly reclined cusp and a
platform that merges at the posterior end into a pointed
denticle behind the cusp. The platform is thicker in larger
specimens (Plate 6, Fig. 6) reflecting ontogenic growth.
These characters match with those of Paragondolella
trammeri. Paragondolella alpina is similar to Pg.
trammeri, but can be distinguished from the latter in
adult specimens by the presence of a free blade. Immature
specimens of Pg. alpina have not been well studied. We
withhold from conclusively differentiating the two species
in our specimens, and refer to them as the Pg. trammeri
Group.

In earliest growth stages, the Pg. trammeri Group
somewhat resembles late juvenile stages of the Pg.
bulgarica Group in having a pointed posterior platform
end behind the cusp. However, the former differs from
the latter in the lower and more discrete denticles, and
the higher cusp. In later juvenile stages, the Pg. trammeri
Group differs from the Pg. bulgarica Group in having a
thicker platform. Pg. trammeri Group is distinguished
from the Pg. excelsa Group in having a small terminal
denticle fused to the posterior brim of the platform.

Triassospathodus anhuinensis (Ding) (Plate 6, Fig. 8.)
Neospathodus anhuinensis Ding, 1983. p. 44, Plate 5,
Figs. 9, 10.
Remarks: The specimen is characterised by a blade
composed of small and fused denticles and a well-
developed posterior process that occupies around one third
of the element. It differs from 7. homeri in having a much
longer posterior process and smaller denticles.

Triassospathodus brochus (Orchard) (Plate 7, Fig. 1.)

Triassospathodus cf. brochus (Orchard) (Plate 7, Fig. 2.)

Neospathodus brochus Orchard, 1995. p. 119, Figs.

3.27,3.28, 3.35, 3.36.

Remarks: This species is distinguished by a pectiniform
element that possesses relatively discrete denticles that
become increasingly reclined near the posterior end, so
that the terminal denticle is orientated at a low angle to the
basal margin. This species is distinguished from 7. homeri
by the more discrete denticles and radiating denticles at
the posterior end.

The specimen illustrated in Plate 7, Fig. 2 is partly
broken at the anterior side, but the observed features are
identical to those of 7. brochus.

Triassospathodus homeri (Bender)

(Plate 7, Figs. 3-6, PI. 10, Figs. 6, 7.)

Spathognathodus homeri Bender, 1970. p. 528-529,
Plate 5, Figs. 16, 18.

Neospathodus homeri (Bender). Orchard, 1995. p.
115-116, Figs.2.1-2.3,2.7-2.9,2.14-2.17,2.20-2.21.



Conodont-based age calibration of Anisian radiolarian biozones (Muto et al.)

Remarks: The specimens are pectiniform elements marked
by a short posterior process that bears up to five denticles.
The posterior process is commonly downturned and bears
denticles that are sometimes smaller than the anterior
process. This species is distinguished from Nv. abruptus
and Nv. symmetricus by the presence of the distinct
posterior process.
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Plate 1  Stereo-photographs and sketches of conodonts from the Ajiro Island section. Figs. 3—5 are reversely arranged so
that the moulds appear as casts. All other figures are normally arranged. Scale bars are 200 pm.

1, 2: Budurovignathus cf. hungaricus (Kozur & Vegh). Sample AJR 724+2.4m.

3, 4: Chiosella gondolelloides (Bender). 3. Sample AjL-B. 4. Sample 151005-13.

5: Chiosella timorensis (Nogami). Sample AjL-1-B.

6-8: Cornudina breviramulis (Tatge). 6. Sample 170627-02. 7. Sample 170627-03. 8. Sample AJR 724+1.9m.
9: Cornudina? igoi Koike. Sample AJR 0.
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Plate 2  Stereo-photographs and sketches of conodonts from the Ajiro Island section. Fig. 5 is reversely arranged so that
the mould appears as a cast. All other figures are normally arranged. Scale bars are 200 pm.

1: Cornudina? igoi Koike. Sample AJR 144.

2, 3: Cornudina tortilis Kozur & Mostler. 2. Sample AJR 722. 3. Sample AJR 724+1.9m.

4: “Kamuellerella gebzeensis Gedik”. Sample 170627-02.

5: Icriospathodus collinsoni (Solien). Sample AjL-C.

6: Icriospathodus sp.? Sample AjL-C.

7: Neogondolella aequidentata Kozur. Sample AJR 724+2.4m.

8—11: Neogondolella ct. hastata Golding & Orchard. 8, 9. Sample 160627-02. 10, 11. Sample 160627-03.
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Plate 3  Stereo-photographs and sketches of conodonts from the Ajiro Island section. Fig. 12 is reversely arranged so that the mould
appears as a cast. All other figures are normally arranged. Scale bars are 200 pm.

1, 2: Neogondolella aft. hastata (Golding & Orchard). Sample 170627-03.

3: Neogondolella pridaensis (Nicora, Kozur & Mietto). Sample AJR 724+2.4m.

4: Neogondolella cf. regale Mosher. Sample 170627-03.

5-9: post Bithynian type Neogondolella. 5, 7. Sample 170627-03. 6. Sample AJR 577. 8. Sample AJR 310. 9. Sample AJR 517.
10, 11: “Neohindeodella aequiramosa Kozur & Mostler”. 10. Sample AJR 144. 11. Sample 170627-02.

12, 13: “Neohindeodella benderi (Kozur & Mostler)”. 12. Sample 151005-13. 13. Sample AJR 0.
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Plate 4  Stereo-photographs and sketches of conodonts from the Ajiro Island section. Figs. 5, 7-11 are reversely arranged
so that the moulds appear as casts. All other figures are normally arranged. Scale bars are 200 pm.

1-3: “Neohindeodella triassica (Miiller)”. 1. Sample AJR 144. 2. Sample AJR 517. 3. Sample AJR 724+1.9m.
4: Nicoraella kockeli (Tatge). Sample AJR 101.

5: Novispathodus abruptus (Orchard). Sample 150615-21.

6: Novispathodus brevissimus (Orchard). Sample AjL-C.

7-10: Novispathodus symmetricus (Orchard). 7. Sample 150615-21. 8. Sample AjL-B. 9. Sample 151005-13.
10. Sample 160819-03.

11: Novispathodus sp. indet. Sample AjL-B.
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Plate 5 Stereo-photographs and sketches of conodonts from the Ajiro Island section. All
figures are normally arranged. Scale bars are 200 pm.

1: Paragondolella sp. cf. Paragondolella bulgarica Group. Sample 151015-08.5.
2-8: Paragondolella bulgarica Group. 2. Sample AJR 0. 3, 4. Sample AJR 144.
5. Sample AJR 310. 6, 7. Sample AJR 517. 8. Sample AJR 577.
9-14: Paragondolella excelsa Group. 9. Sample AJR 517. 10-12. Sample AJR
577.13. Sample AJR 722. 14. Sample AJR 724+2.4m.
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Plate 6 Stereo-photographs and sketches of conodonts from the Ajiro Island section. Fig. 8 is reversely arranged so
that the mould appears as a cast. All other figures are normally arranged. Scale bars are 200 um.

1-7: Paragondolella trammeri Group. 1. Sample AJR 603—-605. 2—4. Sample AJR 630. 5. Sample AJR 722.

6, 7. Sample AJR 724+1.9m.
8: Triassospathodus anhuinensis (Ding). Sample 150616-29.
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Plate 7 Stereo-photographs and sketches of conodonts from the Ajiro Island section. All figures are reversely
arranged so that the moulds appear as casts. Scale bars are 200 pm.

1: Triassospathodus brochus (Orchard). Sample 151005-13.

2: Triassospathodus cf. brochus (Orchard). Sample 151005-13.

3-6: Triassospathodus homeri (Bender). 3. Sample 150615-21. 4. Sample AjL-B. 5. Sample 151005-13.
6. Sample AjL1-A.
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Plate 8 Stereo-photographs and sketches of conodonts from the Kr-2-YK section. All figures are normally
arranged. Scale bars are 200 pm.

1-6: Chiosella timorensis (Nogami). 1-3. Sample Kr1-04. 4. Sample Kr1-03. 5, 6. Sample Kr1-02.
7: Chiosella sp. Sample Kr1-04.
8: “Neohindeodella ct. aequiramosa Kozur & Mostler”. Sample Kr1-03.
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Plate 9  Stereo-photographs and sketches of conodonts from the Kr-2-1 section. All figures are normally

arranged. Scale bars are 200 pm.

1, 2: Chiosella gondolelloides (Bender). 1. Sample Kr2-01. 2. Sample Kr2-03.
3, 4: Cornudina breviramulis (Tatge). Sample Kr2-01.

5: Cornudina? igoi Koike. Sample Kr2-01.

6: “Kamuellerella gebzeensis Gedik”. Sample Kr2-03.
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Plate 10 Stereo-photographs and sketches of conodonts from the Kr-2-I section. All figures are
normally arranged. Scale bars are 200 um.

1, 2: “Neohindeodella benderi (Kozur & Mostler)”. Sample Kr2-01.

3: Neostrachanognathus tahoensis Koike. Sample Kr2-01.

4, 5: Novispathodus symmetricus (Orchard). Sample Kr2-01.

6, 7: Triassospathodus homeri (Bender). 6. Sample Kr2-01. 7. Sample Kr2-03.



Conodont-based age calibration of Anisian radiolarian biozones (Muto et al.)

: cusp

huge denticle on the
anterior end

posterior process is broken

uge denticle on the
anterior end

cusp

posterior process is broken

K posteriorly flaring basal cavity

thick rock cover

basal cavity

rock cover basal cavity

posterior process

basal cavity (the margin is broken)

basal cavity (the margin is broken)







