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Abstract

Newly identified specimens of Early Triassic conodont species were found in the Lang Son

area, northern Vietnam. Eurygnathodus costatus Staesche, 1964 was found in the Smithian (lower Ole-
nekian) part of the Lang Son Formation in Route A of Ky Cung River area. Icriospathodus zaksi (Buryi)
and Novispathodus sp. C were found in the uppermost Smithian part of the Bac Thuy Formation in Ban
Ru area. These species update the regional biostratigraphical successions of the Lang Son and Bac Thuy
formations. In addition, the Lang Son and Bac Thuy formations will be good reference sections to study
the presumed evolutionary trends of Eu. costatus and Ic. zaksi, respectively.
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Introduction

During the Early Triassic, northeastern Vietnam
was in the southern part of the South China Block
and the An Chau Basin, which is the southern part
of the large Nanpanjian Basin (Fig. 1A; Galfetti et
al., 2008; Komatsu et al., 2014, 2016; Shigeta et al.,
2014). The Early Triassic An Chau Basin is filled
mainly with marine deposits of the Lower Triassic
Lang Son and Bac Thuy formations and the Middle
Triassic Khon Lang Formation (Fig. 1B; Dang,
2006; Shigeta et al., 2014). The Lang Son Forma-
tion consists mainly of siliciclastic rocks such as
mudstone and sandstone, and is conformably over-
lain or interfingered by the Bac Thuy Formation,
which consists mainly of mudstone and carbonate
rocks such as bioclastic limestone, bedded lime-
stone, and limestone breccia (Fig. 2; Komatsu ef al.,
2014; Shigeta et al., 2014). The two formations are
partly in a relationship of contemporaneous hetero-
topic facies and are unconformably overlain by vol-
canic rocks of the Khon Lang Formation (Figs. 1B,
2; Dang, 2006; Komatsu et al., 2014).
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The Induan to Smithian (early Olenekian) age of
the Lang Son Formation has been inferred from
bivalve fossils (Dang, 2006; Komatsu and Dang,
2007). Recently, Maekawa ef al. (2015) reported an
early Smithian conodont association such as Euryg-
nathodus costatus Staesche, 1964, Eu. hamadai
(Koike, 1982), Neospathodus cristagalli (Huck-
riede, 1958), and Ns. pakistanensis Sweet, 1970
from the upper part of the Lang Son Formation in
the Ky Cung River area, Lang Son Province. Thus,
in that area the Induan—Olenekian boundary (IOB)
is probably located in the upper part of the forma-
tion. Takahashi et al. (2022) newly reported radio-
larian fossils from the same locality of Maekawa et
al. (2015).

Carbonate and siliciclastic rocks of the Bac Thuy
Formation contain abundant marine mega- and
micro-fossils such as ammonoids, gastropods,
bivalves, conodonts, ostracods, and radiolarians (Vu
Khuc, 1984, 1991; Bui, 1989; Dang, 2006; Komatsu
et al., 2013, 2014, 2016; Shigeta et al., 2014,
Maekawa et al., 2016; Takahashi et al, 2017).
According to Shigeta ef al. (2014), the age of the
Bac Thuy Formation is middle Smithian to early

Spathian (late Olenekian) on the basis of age-diag-
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Index map and stratigraphic subdivision. A. Geographic map of East Asia with distribution of the South China

block, Nanpanjian Basin and An Chau Basin, modified from Komatsu et al. (2014). B. Stratigraphic subdivision of

An Chau Basin, modified from Shigeta et al. (2014).

nostic ammonoids and conodonts; e.g., Owenites
koeneni Hyatt and Smith, 1905, Xenoceltites vario-
costatus Brayard and Bucher, 2008, Novispathodus
ex gr. waageni (Sweet, 1970), and Nv. ex gr. ping-
dingshanensis (Zhao and Orchard in Zhao et al.,
2007). Maekawa et al. (2016) reported Dienerian
(late Induan) conodonts from basal limestone beds
of the Bac Thuy Formation in Locality BROO of the
Ban Ru area. The geological age of the Bac Thuy
Formation is thus the late Induan to late Olenekian,
and the formation contains the IOB and the Smi-
thian—Spathian boundary (SSB). The SSB is defined
by the first occurrence of the basal Spathian ammo-
noid Tirolites cf. cassianus (Quenstedt, 1849)
(Shigeta et al., 2014; Komatsu et al., 2016). In addi-
tion, latest Smithian to early Spathian conodont taxa
such as Nv. ex gr. pingdingshanensis, Nv. brevissi-
mus (Orchard, 1995), and Icriospathodus collinsoni
(Solien, 1979) have been reported from the Bac
Thuy Formation (Shigeta et al., 2014; Komatsu et
al., 2016; Mackawa et al., 2021).

In this study, we describe one conodont species
from the Lang Son Formation and two from the Bac
Thuy Formation. The occurrences and descriptions
of these three species updated the regional biostra-
tigraphy and systematic paleontology of these Ole-
nekian conodonts.

Geological Setting

Geology and stratigraphy of the Lang Son and
Bac Thuy formations which were distributed in
Lang Son City and Chi Lang District have been

studied and reported by Dang (2006), Komatsu et
al. (2014, 2016), Shigeta et al. (2014), Takahashi et
al. (2017, 2022). According to the reports, there are
five studied areas (Bac Thuy, Ban Ru, Ky Cung
River, Na Trang, Pac Khonh) in Lang Son City and
Chi Lang District. In this study, we additionally
studied Route A in Ky Cung River area, and BRO1
in Ban Ru area, but we generally follow geological
and stratigraphical data of mensioned prior reports.
Columner sections of each areas concluded in Fig.
2.

The Lang Son Formation in Lang Son City

We studied the Lang Son Formation distributed
along a branch of the Ky Cung River located in the
central part of Lang Son City (Fig. 1C, D). In the
study section (Route A of Fig. 3A, B), the upper
part of the Lang Son Formation (=Member “3” in
Dang, 20006), consists of alternations of fine-grained
sandstone and mudstone occasionally intercalating
with thin limestone and marl bed, crop out. In
Locality 01, several thin bioclastic and micritic
limestone beds (1-5cm thick) contain some micro-
fossils such as conodonts, small bivalves, fish teeth,
and radiolarians (Maekawa et al., 2015; Takahashi
et al., 2022). Maekawa et al. (2015) reported Smi-
thian conodont association from Loc. 01-01
(=01-C of Takahashi et al., 2022) which is a bio-
clastic limestone bed (Fig. 3C). A limestone sample
(Loc. 01-00=01-B of Takahashi et al., 2022) was
collected from 10cm below Loc. 01-01 for con-
odont analysis in this study.
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Fig. 2. Map with studied areas of Lang Son Province, northeastern Vietnam and columnar sections of each areas, mod-
ified from Shigeta et al. (2014) and Takahashi et al. (2022).

The Bac Thuy Formation
Ban Ru area

The two studied sections (BR0OO and BRO1) are
located in the Ban Ru area, Chi Lang District (Fig.
2). In this area, the total thickness of the Bac Thuy
Formation exceeds 185m (Dang, 2006). According
to Shigeta et al. (2014) and Komatsu et al. (2016),
the Bac Thuy Formation is generally divided into
lower, middle, and upper parts. The lower part of

the formation can be observed in section BR0O, and
the middle and upper parts in section BRO1 (Shigeta
et al., 2014; Maekawa et al. 2016): the lower part
(over 130m thick)-composed mainly of mudstone,
limestone breccia and bedded limestone; the middle
part (13m thick)-consists predominately of dark
gray organic-rich thin bedded limestone and mud-
stone containing dark gray calcareous nodules that
commonly yield ostracods and bivalves; the upper
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Fig. 3.

Route map and columnar sections of Ky Cung River area. A. Route map with locality 01, modified from

Mackawa et al. (2015). B. Columnar section of Route A. C. Enlarged columnar section of locality 01 with distribu-

tions of conodont taxa and other microfossils.

part (30m thick)-dominated by thick greenish gray
mudstone. Conodont elements were newly recov-
ered from a bedded lime mudstone (BR01-02) in
BRO1 (Fig. 4).

Material and Method

We collected limestone samples from Locality
01-00 of the Lang Son Formation, Lang Son City
and BR01-02 of the Bac Thuy Formation, Chi Lang
District. Each 1kg sample was crushed to fragments

about 1-3cm across and immersed in an 8-10%
solution of acetic acid for 2 days to dissolve carbon-
ates. Subsequently, the residue was collected using
1.0mm and 0.177mm meshes. This procedure was
repeated until all carbonate had been completely
dissolved.

Conodont elements and some microfossils were
picked from the residues using a light microscope
PLYMPUS SZX7 (Olympus Co., Ltd., Tokyo).
Conodont samples were captured images using
scanning electron microscope JEOL JSM-6360LV
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Fig. 4. Columnar section of the Bac Thuy Formation in BRO1, Ban Ru area with distributions of ammonoid, bivalve,
conodont and ostracoda taxa, modified from Shigeta et al. (2014). Abbreviations: Conod., Conodont; Ammon.,
Ammonoid; Nvp, Novispathodus pingdingshanensis Zone; Xv, Xenoceltites variocostatus beds; T, Tirolites sp. nov.

beds.

(Jeol Ltd., Tokyo).

Systematic Paleontology
by T. Maekawa

Locational notation of conodont elements has
largely been modified by intensive analysis of mul-
tielement reconstruction of conodont apparatuses
(e.g., Purnell et al., 2000). All specimens described

herein are discrete P, elements; hence, the orienta-
tion terms proposed by Sweet (1988), Purnell et al.
(2000) and Orchard (2005) has also been adopted.
Measurements are shown in Table 1.

Described conodont specimens are reposited in
the Micropaleontology Collection (MPC) of the
National Museum of Nature and Science (NMNYS),
Tsukuba. All specimens show dark gray color which
probably corresponds to CAI 3—4 of Epstein et al.
(1977).
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Table 1. Measurements of described conodont specimens in this paper. “+ " shows incomplete measurements on bro-
ken specimens.
Element Basal cavity
Figure . Specimen Denticle
Species Length Height Width Length Width Remarks
no. no. L/H Form no.
(mm) (mm) (mm) (mm) (mm)
SA  Eurygnathodus costatus ~ MPC-42850 1.01  0.23 0.53 439 0.73 046 — 10 Morphotype ¢
5B Novispathodus sp. C MPC-42851 0.43  0.31 0.05 140 02+ 0.21 Round 10 Broken basal cavity
5C Icriospathodus zaksi MPC-42852 0.42  0.29 0.09 140 022 0.16 Drop 7
SD Icriospathodus zaksi MPC-42853 0.42+ 029+ 0.09 — —  0.18+ — 6+ Broken element
SE Icriospathodus zaksi MPC-42854 0.46  0.30 0.16 150 0.19 0.26  Asymmetrical oval 8
SF  Icriospathodus zaksi MPC-42855 0.53  0.29 0.11 1.80 0.22 0.29 Elliptical 9
5G Icriospathodus zaksi MPC-42856 0.44 027+ 0.12 1.60 0.19 0.23 Oval 9 Broken element

Class Conodonta Eichenberg, 1930
Order Ozarkodina Dzik, 1976
Superfamily Gondolelloidea (Lindstrom, 1970)
Family Gondolellidae Lindstrom, 1970
Subfamily Novispathodontinae Orchard, 2005
Genus Novispathodus Orchard, 2005

Type species: Neospathodus abruptus Orchard,
1995

Novispathodus sp. C
Fig. 5B

Novispathodus sp. nov. C Goudemand and Orchard in
Goudemand et al., 2012, p. 1032, fig. 20; Maekawa in
Mackawa et al., 2018, p. 43, figs. 24.1-24.3.

Material examined: One specimen, MPC-42851,
from BR0O1-02.

Distributions and age: The species has been
reported from the Novispathodus pingdingshanensis
Zone of South China (Goudemand et al., 2012) and
Southwest Japan (Maekawa et al., 2018). Thus, the
species generally indicates the latest Smithian age.

Description: Segminate element 0.43mm in
length; 0.31 mm in height; length to height ratio 1.4.
Strongly fused denticles with triangular tip, 10 in
number which contain smallest terminal denticle,
progressively reclined posteriorly. Basal margin
upturned in anterior and up-arched beneath basal
cavity. Basal cavity, rounded outline, although
partly broken, occupies over half of element length,
slightly concave. A groove runs from the basal pit to
anterior end.

Remarks:  Novispathodus sp. C, originally
reported from South China by Goudemand et al.
(2012), is characterized by the large rounded basal
cavity and gradually reclined denticulation with

small terminal denticle. Those features are similar

to the Vietnamese specimen described herein.

Subfamily uncertain
Genus Eurygnathodus Staesche, 1964

Type species: Eurygnathodus costatus Staesche,
1964.

Eurygnathodus costatus Staesche, 1964
Fig. 5A

Eurygnathodus costatus Staesche, 1964, p. 269, pl. 28, figs.
1-6; Budurov and Pantic, 1973, p. 51, pl. 1, figs. 1-15;
Igo, 2009, p. 183, figs. 152.23, 152.24; Orchard, 2010,
figs. 5.9, 5.10; Maekawa and Igo, 2014, p. 220, 222, figs.
161.4-161.6; Chen et al., 2015, fig. 8.4; Maekawa in
Mackawa et al., 2015, p. 316, 317, fig. 5.2; Chen et al.,
2016, figs. 10.7-10.10, 11.3. 11.6, 11.7; Maekawa in
Mackawa et al., 2018, p. 45, figs. 25-27; Li et al., 2022,
fig. 5.1; Chen et al., 2022, figs. 10.7, 10.11-10.18.

Eurygnathodus ex gr. costatus Staesche. Lyu et al., 2020, p.
10, figs. 7-9.

Platyvillosus costatus (Staesche), Goel, 1977, p. 1098, pl. 2,
figs. 15-21; Wang and Cao, 1981, p. 371, pl. 2, figs. 14,
28,29, 30, 33; Koike, 1982, p. 44, pl. 5, figs. 1-9; Tian et
al., 1983, p. 391, pl. 81, fig. 2; Matsuda, 1984, p. 128, pl.
6, figs. 6-10; Duan, 1987, pl. 3, fig. 4; Koike, 1988, pl. 1,
figs. 1-57, pl. 2, figs. 1-37; Bui, 1989, p. 411, pl. 31, figs.
7-9; Beyers and Orchard, 1991, pl. 5, fig. 10; Cao and
Wang, 1993, pl. 56, fig. 16; Wang and Zhong, 1994, p.
404, pl.1, figs. 15, 23.

Platyvillosus paracostatus, Wang and Cao, 1981, p. 371, pl.
2, figs. 9, 10.

Eurygnathodus hamadai (Koike, 1982), Chen et al., 2016,
fig. 11.1; Chen et al., 2022, figs. 10.20, 10.22.

Eurygnathodus sp. A. Lyu et al., 2020, fig. 12.11.

Eurygnathodus sp. B. Lyu et al., 2020, fig. 12.12; Chen et
al., 2022, fig. 10.1.

Eurygnathodus sp. C. Lyu et al., 2020, fig. 12.31.

Eurygnathodus sp. D. Lyu et al., 2020, figs. 12.20-12.23;
Chen et al., 2022, figs. 10.2-10.6.

Eurygnathodus sp. E. Lyu et al., 2020, fig. 12.16.

Eurygnathodus sp. F. Lyu et al., 2020, figs. 12.17, 12.18;
Chen et al., 2022, fig. 10.8.
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Fig. 5.

SEM images of P, elements of conodonts from the Lang Son and Bac Thuy formations. A. Eurygnathodus

costatus Staesche, 1964, MPC-42850. B. Novispathodus sp. C, MPC-42851. C-G. Icriospathodus zaksi (Buryi,
1979); 3, MPC-42852; 4, MPC-42853; 5, MPC-42854; 6, MPC-42855; 7, MPC-42856. 1 from Loc. 01-00; 2—7
from BRO1-02. For 1-7: a, d, lateral views; b, upper view; c, lower view.

Eurygnathodus sp. G. Lyu et al., 2020, fig. 12.19.

Material examined: One specimen, MPC-42850,
from Loc. 01-00.

Distributions and age: This species has been
reported from South Tirol (Staesche, 1964), Spiti,
India (Goel, 1977; Krystyn et al., 2007, Orchard
and Krystyn, 2007; Orchard, 2010), South China
(Wang and Cao, 1981; Wang and Zhong, 1994;
Zhao et al., 2007; Chen et al., 2015, 2022; Lyu et
al., 2020), Kashmir, India (Matsuda, 1984), South-
west Japan (Koike, 1988; Maekawa et al., 2018),
northeastern Vietnam (Bui, 1989; Maekawa and
Igo, 2014; Mackawa et al., 2015), British Columbia,
Canada (Beyers and Orchard, 1991), South Primo-
rye, Russia (Shigeta et al., 2009), Slovenia (Chen et
al., 2016), and northwestern China (Li et al., 2022).

The stratigraphic distribution of this species well
correlates to the Flemingites—Euflemingites beds of
some of the mentioned localities (Orchard and
Krystyn, 2007; Shigeta ef al., 2009, 2014). Accord-
ing to Krystyn et al. (2017) and Lyu et al. (2020),
the first occurrence (FO) of this species is situated
below the FOs of Novispathodus waageni or Novis-
pathodus eowaageni (Zhao and Orchard in Zhao et
al., 2007) which are indicators of the IOB in con-
odont biostratigraphy. Thus, Eu. costatus ranges
from the uppermost Dienerian to middle Smithian.

One
1.0lmm in length; 0.53mm in width; 0.23 mm in

Description: segminiplanate  element
height. In the upper view, sub-rounded platform has
narrow anterior “free blade” and sub-triangular pos-
terior margin. The “free blade” bears small denti-

cles, 5 in number. Anterior platform margin bears
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node-like denticles, 6 in number. In the lateral view,
the element is arched. In the lower view, the outline
of the basal cavity is similar to that of the platform.
A groove runs from the basal pit to anterior end of
“free blade”.

Remarks: Variation of the ornamentation of Eu.
costatus has been studied by some researchers (e.g.,
Matsuda, 1984; Koike, 1988; Maekawa ef al., 2018;
Lyu et al., 2020). Koike (1988) divided the species
into the holotype form (Form A) and four morphot-
ypes (a, S, y, 0) as follows: Form A-transverse
ridges covers the entire platform surface; Morphot-
ype oa-characterized by narrow ridges which are
restricted in the center of the element; Morphotype
[-has fine ridges and central nodose denticles; Mor-
photype y-has nodose denticles which show regular
and/or chaotic arrangements; Morphotype J-has
faint ridges which cover all or a part of the platform
surface. On the other hand, Lyu et al. (2020) splitted
some morphotypes from typical form of Eu. costa-
tus and recognized seven species of the genus
Eurygnathodus. In this study, we follow Koike
(1988)'s recognition. The small denticles of the
Vietnamese specimen are probably traces of dimin-
ished ridges. Thus, according to the definition of
Koike (1988), the described specimen belongs to
Morphotype 0 of Eu. costatus.

The platform outline of Morphotype & generally
shows a bilaterally asymmetrical form, and the fea-
ture is common in the P, element of Eu. hamadai
which lacks ornamentations on the platform (Koike,
1982; Maekawa et al., 2018; Lyu et al., 2020). In
addition, the latter species occurs later than the for-
mer (Orchard and Krystyn, 2007; Lyu et al., 2020).

Thus, Eu. costatus Morphotype J is a probable
ancestor of Eu. hamadai. These results well support
an evolutional hypothesis of Maekawa et al. (2015)
and Lyu et al. (2020), but it is still unknown why
the ornamentation became diminished.

Genus Icriospathodus Krahl, Kauffmann, Kozur,
Richter, Foerster and Heinritzi, 1983

TBype species: Neospathodus collinsoni Solien, 1979.

Icriospathodus zaksi (Buryi, 1979)
Fig. 5C-G

Neospathodus zaksi Buryi, 1979, p. 60, pl. 18, fig. 3a, b.

Neospathodus triangularis (Bender, 1970). Perri and Andra-
ghetti, 1987, p. 311, pl. 33, figs. 1-4.

Icriospathodus? zaksi (Buryi). Orchard, 2007, p. 105, fig. 2;
Mackawa and Igo, 2014, p. 267, 268, figs. 192.14—
192.29; Komatsu et al., 2016, figs. 5.2, 5.3.

Neospathodus robustus Koike, 1982. Chen and Kolar-
Jurkovsek in Chen et al., 2016, fig. 8.8.

Neospathodus planus Chen and Kolar-Jurkovsek in Chen et
al., 2016, fig. 8.10.

Icriospathodus zaksi (Buryi). Maekawa in Maekawa et al.,
2018, p. 52, figs. 29.20-29.26; Chen et al., 2019, figs.
6.4,7.9,7.10.

Icriospathodus crassatus (Orchard, 1995). Chen et al.,
2019, figs. 3.13, 5.8; Chen et al., 2021, figs. 3.11, 6.10.

Material examined: Five MPC-
4285242856, from BR0O1-02.

Distributions and age: This species occurs from

specimens,

South Primorye, Russia (upper part of the Anasi-
birites nevolini Zone and lower part of the Tirolites
cassianus Zone, Buryi, 1979), the Werfen Forma-
tion, southern Alps, Italy (Perri and Andraghetti,
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Fig. 6. Scatter diagram showing the relationship between denticle number and length/width ratio in Icriospathodus

crassatus and Ic. zaksi. The number inside squares and star marks corresponds to “Number” in Appendix (Iz1-29,
Ic1-32). Broken specimens (Iz4, 1z17, 1z19, Ic12, Ic17, Ic18, Ic21, 1c22, Ic30) were unshown.
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1987), the Bac Thuy Formation, northeastern Viet-
nam (the Novispathodus ex gr. pingdingshanensis
Zone in the Xenoceltites variocostatus beds, Shigeta
et al., 2014; Komatsu et al., 2016; this study), Slo-
venia (Chen et al, 2016), the Taho Formation,
Southwest Japan (the Novispathodus brevissimus
Zone, Mackawa et al., 2018), and Oman (Chen et
al., 2019; Chen et al., 2021). According to those
reports, the species ranges from the latest Smithian
to early Spathian.

Description: Five robust rectangular segminate P,
elements 0.42—0.53 mm in length; 0.27-0.30 mm in
height; 0.09-0.16mm in width; length to height
ratio 1.4-1.8. Robust and strongly fused denticles
with sub-triangular tip, 7 to 9 in number, erect or
radial fashion. Upper edge gradually increases
height to posterior cusp which is situated in front of
the terminal denticle. Basal margin is straight or
upturned in anterior and up-arched beneath basal
cavity. Posterior margin abrupt or slightly reclined
posteriorly. Laterally expanded basal cup developed
on oval, drop-like or elliptical basal cavity. One
specimen (Fig. SE, MPC-42854) has an asymmetri-
cal oval basal cavity. Groove runs from basal pit to
anterior end.

Remarks: The described specimens are smaller
and/or more slender than the specimens from the Ky
Cung and Na Trang areas (see Appendix; 0.49—
0.65mm in length, 0.14-0.21 mm in width; Shigeta
et al., 2014), but the robust unit with erect and
robust denticles of the Ban Ru specimens are simi-
lar to specimens from those two areas. The differ-
ence in element size of specimens from Ban Ru and
the other areas simply suggests that the Ban Ru
specimens are stratigraphically older than the oth-
ers. In addition, the sub-triangular tip of the fused
denticulation and small element size of the Ban Ru
specimens imply that the species evolved from a
species of the genus Novispathodus, which domi-
nates the latest Smithian ammonoid Xenoceltites
variocostatus beds of Vietnam and South China
(Goudemand et al., 2012; Shigeta et al., 2014).
Thus, the Ban Ru specimens probably fill the philo-
genetic gap of these two genera.

According to the Vietnamese data (Maekawa and
Igo, 2014; this study), Ic. zaksi is a probable root-
stock of the genus because of its earliest occurrence,
and some common features of the genus (robust unit

and denticles, and form variations of the basal cav-
ity) are already observed in the species. In addition,
the typical form of the species is characterized by
small denticle number (7 to 12), robust unit, devel-
oped basal cup, and rounded, subtriangular, rectan-
gular or asymmetrical oval basal cavity. On the
other hand, a characteristic form of the species, the
P, element with denticles on the basal cup, appeared
later than the typical form (Shigeta et al., 2014; this
study). On the other hand, in an Omani section, the
FO of Ic. crassatus is slightly lower than that of /c.
zaksi, and specimens that bear denticles on the basal
cup appeared with typical forms (Chen et al., 2021).
Thus, additional information from other localities is
needed to decide the evolutional process of the for-
mer species and genus Icriospathouds.

Chen et al. (2021) redefined the P, element of /c.
zaksi as specimens which have denticles on the
basal cup. However, the typical form of /lc. zaksi is
well distinguished from Ic. crassatus by the robust
unit and smaller number of denticles (Maekawa and
Igo, 2014; Maekawa et al., 2018), and some speci-
mens of Ic. collinsoni and Ic. crassatus (figs. 9,
12.9, 12.10, 12.52, 13.3, 13.5-13.7 of Koike, 1992;
figs. 191.2, 192.5 of Mackawa and Igo, 2014; figs.
3.14, 3.15 of Chen ef al., 2021) show denticles on
the basal cup. Thus, the development of denticles on
the basal cup is an intraspecific variation which is
common in the genus. In addition, Omani specimen
which has 17 denticles and a denticle on the basal
cup (fig. 4.13 of Chen et al., 2021) is probably clas-
sified to Ic. crassatus.

I also show informations of element length,
width, length/width ratio, denticulation and basal
cavity of three species of Icriospathodus from Rus-
sian, Slovenian, Italy, Omani, Vietnamese and Japa-
nese sections (see Appendix). In addtion, a scatter
diagram shows the relationship between denticle
number and length/width ratio of Ic. zaksi (N =26)
and /c. crassatus (N =26) (Fig. 6). According to the
diagram, the length/width ratio of the former spe-
cies generally lower than 5.6. On the other hand,
sixteen specimens of the latter species show varying
lenght/width ratio from 5.7 to 9.6. The other 9 spec-
imens of the latter species have denticles varying
numer from 11 to 18, and a one specimen of the lat-
ter has 9 denticles which is shows 0.43mm in
length. Thus, above mentioned characters of Ic.
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zaksi (robust unit and smaller number of denticles)
are probably count to identiy the two species.

A specimen from Yiwagou section, northwestern
China (fig. 6.16 of Li et al., 2022) which has slender
unit and a denticle on a side of the basal cup is
clearly different from the typical from of Ic. zaksi.
The specimen is a different species and probably
relates to a species of genus Triassospathodus such
as Tr. ginlingensis Li et al., 2022. A Vietamese
specimen (figs. 192.101-192.13 of Maekawa and
Igo, 2014) which has a slender arched unit, fused 9
denticles with subtriangular tip and subrounded
large basal cavity is reclassified to Nv. pingdingsha-
nensis in this study.

Discussion

New conodont data from the Lang Son Forma-
tion: The early Smithian conodont assemblage
which contains Eurygnathodus costatus Morphot-
ype 0, Eu. hamadai, Neospathodus cristagalli and
Ns. pakistanensis has been reported from Loc.
01-01 of the Lang Son Formation (Maekawa et al.,
2015). Maekawa et al. (2015) also assumed an evo-
lutionary process between FEu. costatus and Eu.
hamadai on the basis of data of the Lang Son For-
mation and that of the Taho Limestone, Southwest
Japan of Koike (1988). According to the report, Eu.
costatus Morphotype ¢ found slightly earlier than
Eu. hamadai in southwest Japan, and the form prob-
ably indicates transitional form beween typical form
of Eu. costatus and Eu. hamadai. Recently, Lyu et
al. (2020) reported ontogeny of the former species,
and proposed evolutionary process between these
two species is characterized by the diminish of the
ornamentaion that is similar to the assumption of
Maekawa et al. (2015). In the present study, we
reported FEu. costatus Morphotype o from Loc.
01-00, Lang Son Formation, ca. 10cm below Loc.
01-01. Although the additional data is poorly to cor-
roborate the evolutionary senario of these two prior
researches, it is following the senario. In addition,
Eu. costatus Morphotype o generally occurred later
than the basal Smithian conodont Novispathodus
waageni (Sweet) in Thailand (Koike, 1982) and
Southwest Japan (Koike, 1988; Maekawa et al.,
2018). Thus, the occurrence of the morphotype ¢
probably indicates the early Smithian age.

New conodont data of the middle part of the Bac
Thuy Formation in Ban Ru area: Shigeta et al.
(2014) reported Novispathodus pingdingshanensis
and Icriospathodus? zaksi from the middle part of
the Bac Thuy Formation which distributed in KCO02,
NTO1 and BRO1 sections and established the Nv.
pingdingshanensis Zone on the basis of the first
occurrence of the eponimous taxa in these three
area. The conodont zone was revised as Nv. ex gr.
pingdinshanensis Zone by Komatsu et al. (2016). In
the present study, we reported Novispathouds sp. C
and Ic. zaksi from BR0O1-02 where is ca. 2m below
BRO01-03. The former species has been reported
from the Nv. pingdingshanensis Zone of South
China and Southwest Japan (Gaudemand et al.,
2012; Maekawa et al., 2018), and the range is gen-
erally limited to the latest Smithian (Gaudemand et
al., 2012). Icrispathodus zaksi probably ranges from
the latest Smithian to the earliest Spathian and has
been reported from the Nv. ex gr. pingdingshanensis
Zone of KC02 and NTOI sections (Shigeta et al.,
2014; Komatsu et al., 2016) and Nv. pingdingsha-
nensis Zone of Oman (Chen et al., 2019). Thus, the
conodont assemblage of BRO1-02 of the present
study probably indicates the latest Smithian. Novis-
pathodus pingdingshanensis has never been recov-
ered from BR01-02, but in this study, we tentetively
assigned the bed as a part of the Nv. ex gr. pingding-
shanensis Zone.

Conclusions and Remarks

We have described one specimen of Eurygnatho-
dus costatus Morphotype o from Loc. 01-00 of the
Lang Son Formation and one specimen of Novis-
pathodus sp. C and five specimens of Icriospatho-
dus zaksi from BRO1-02 of the Bac Thuy Forma-
tion. It is the first report of Novispathodus sp. C
from the Bac Thuy Formation. Based on these con-
odont data, in the Ban Ru area, the Nv. ex gr. ping-
dingshanensis Zone probably starts at BR01-02 (ca.
2m below the level of Shigeta et al. (2014)). In
addition, the Lang Son and Bac Thuy formations
are good sections for studying processes of morpho-
logical changes of P, elements of Eurygnathodus
and Icriospathodus, respectively. Thus, further
research in these formations will be clear some
problems of evolutional processes of these genera.
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