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Abstract. The Olenekian–Anisian boundary (OAB) interval is an important time in Earth’s history, reflecting
the last phase of marine ecosystem recovery in the aftermath of the end-Permian mass extinction. Despite this,
the Global Boundary Stratotype Section and Point (GSSP) for the base of the Anisian remains undefined. The
first appearance of the conodont Chiosella timorensis has been proposed as a potential index for the boundary;
however, the discovery of this conodont with ammonoids traditionally considered to be Spathian (late Olenekian)
has generated doubts about its suitability as a proxy. At the GSSP candidate section at Deşli Caira, Romania,
the OAB was previously drawn at the base of bed GR7, which contained the first occurrence of Ch. timorensis;
however, additional collecting has shown that Spathian ammonoids persist higher in the section, and recent
studies have instead placed the OAB at the base of bed 822A, approximately 3 m above the previous placement.
The conodont faunas from this higher interval are less well studied than those from the lower level; furthermore,
the beds in this part of the section have now been subdivided in more detail than they were previously, with
bed 822 alone now being split into six sub-beds. Existing conodont faunas are only recorded as coming from
bed 822, so their position relative to the new subdivision is not certain. In order to improve the precision of
conodont correlation around the potential higher position for the OAB, 10 new samples were collected from
bed 821 to bed 824. In addition to characterizing the fauna throughout the OAB interval, these new collections
also enable the evolution of late Spathian and early Anisian conodont species to be understood in more detail.

1 Introduction

The Olenekian–Anisian boundary (OAB) is currently the fo-
cus of a concerted international effort to define the base of
the Anisian stage with a Global Boundary Stratotype Section
and Point (GSSP). Recently, numerous studies have appeared
on the sedimentology, palaeontology, geochemistry, magne-
tostratigraphy, and geochronology of several OAB sections,
including those at Kçira in Albania (Muttoni et al., 2019),
Wantou in China (Chen et al., 2020), and especially Deşli
Caira in Romania (Grădinaru and Gaetani, 2019; Golding,
2021; Grădinaru, 2022; Horacek and Grădinaru, 2023; Balini
et al., 2024). The need to define this boundary has become
particularly pressing with the recognition that the Anisian
represents the last phase of recovery of marine organisms
from the end-Permian mass extinction, along with the re-

establishment of normal oceanographic and climatic condi-
tions and of complex marine ecosystems (e.g. Hofmann et
al., 2011; Sun et al., 2012; Chen and Benton, 2012; Wig-
nall, 2015; Song et al., 2015; Liang et al., 2016; Pietsch et
al., 2019; Friesenbichler et al., 2021a, 2021b; Echevarría and
Ros-Franch, 2024); therefore, the present lack of certainty in
the correlation of this boundary hampers our ability to under-
stand the rates and mechanisms of this biotic recovery.

The Anisian stage was first recognized based on lime-
stone belonging to the Gutensteinerkalk at Großreifling in
Austria (Waagen and Diener, 1895; Arthaber, 1896; As-
sereto, 1971; Summesberger and Wagner, 1972). The scope
of the stage was subsequently expanded and re-defined by
Arthaber (1906) and Pia (1930), with the original Anisian
of Waagen and Diener (1895) being regarded as the Upper
Anisian and the beds below being included in the Lower
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Anisian (encompassing the Hydaspian of Waagen and Di-
ener, 1895; see schemes of Pia, 1930; Rosenberg, 1959; and
Zapfe, 1974, 1983). As the type region lacked ammonoids
in the lower part of the Anisian, the basal part of the stage
was later further refined in Greece and Türkiye, where am-
monoids were more abundant (Assereto, 1974). The sections
in the Marathovouno hillock area on the island of Chios
in Greece and on the Kocaeli Peninsula in Türkiye became
the stratotypes for the Aegean and Bithynian sub-stages, re-
spectively. Additional studies at Chios on the ammonoid and
conodont faunas, along with chemostratigraphy and magne-
tostratigraphy, have been published (Bender, 1970; Nicora,
1977; Assereto et al., 1980; Fantini Sestini, 1981; Gaetani
et al., 1992; Jacobshagen et al., 1993; Muttoni and Rettori,
1994; Muttoni et al., 1994, 1995, 1996; Mertmann and Jacob-
shagen, 2003), and the sections on this island remain impor-
tant for understanding the OAB; however, they are no longer
considered to be suitable candidates for the GSSP due to
condensation and mixing of ammonoid faunas, the absence
of terminal Spathian ammonoid faunas, and faulting in the
vicinity of the boundary (Bucher, 1989; Muttoni et al., 1996).

The base of the Aegean sub-stage (and, consequently,
the base of the Anisian stage) was initially recognized on
the basis of the first occurrence of the ammonoid genus
Paracrochordiceras (Assereto, 1974). Other ammonoid gen-
era have been used to recognize the boundary in different
regions, including Aegiceras, Japonites, and Paradanubites
(Gaetani, 1993; Balini et al., 2010; Ogg et al., 2014); how-
ever, more recent studies at Deşli Caira advocating a bound-
ary based on ammonoid faunal turnover have yet to define
a marker species (Balini et al., 2024). Other potential mark-
ers that have been proposed to aid recognition of the OAB
include a peak in the δ13C values (Grădinaru et al., 2007;
Horacek and Grădinaru, 2023) and the shift from reversed-
polarity to normal-polarity magnetozones (the base of mag-
netozone MT1n; Hounslow et al., 2007; Hounslow and Mut-
toni, 2010).

The first appearance of the conodont Chiosella timorensis
has been proposed as a suitable biotic proxy for the bound-
ary by several authors (Nicora, 1977; Assereto et al., 1980;
Orchard and Tozer, 1997; Orchard et al., 2007a, b; Orchard,
2010; Muttoni et al., 2019; Tong et al., 2019; Chen et al.,
2020), and this species is recognized in the OAB interval
at all major sections of this age around the world. How-
ever, Ch. timorensis has also in many instances been found
with ammonoids traditionally considered to be Olenekian
(Nakazawa and Bando, 1968; Mirăuţă, 1974, 2000; Atudorei
et al., 1997; Konstantinov and Klets, 2009; Goudemand et
al., 2012; Grădinaru, 2022), and its taxonomy, morpholog-
ical variation, and stratigraphic range have been poorly un-
derstood, leading to uncertainty about its relationship with
the morphologically similar Ch. gondolelloides; the first oc-
currence of this species is normally recorded either from the
same beds as Ch. timorensis (e.g. Chen et al., 2020) or from
slightly below (e.g. Orchard et al., 2007a, b). Recent morpho-

metric analysis of specimens from Deşli Caira and elsewhere
has indicated that Ch. gondolelloides is most likely the juve-
nile form of Ch. timorensis (Wu et al., 2025), an interpreta-
tion that pushes the first appearance of Ch. timorensis lower
into what is currently regarded as the Olenekian.

The only current, formally proposed candidate section for
the GSSP for the base of the Anisian is at Deşli Caira in Ro-
mania. This section has been studied extensively since the
early 20th century (Kittl, 1908; Simionescu, 1910, 1911),
with substantial work subsequently published on the fos-
sil ammonoids and nautiloids (Grădinaru, 2000, 2022; Gră-
dinaru and Sobolev, 2006; Balini et al., 2023, 2024), bra-
chiopods (Grădinaru and Gaetani, 2019), and microfossils
(Mirăuţă, 1974, 2000; Mirăuţă et al., 1993; Crasquin-Soleau
and Grădinaru, 1996; Grădinaru and Ivanova, 2002; Gră-
dinaru et al., 2006; Orchard et al., 2007a; Sebe et al.,
2013; Forel and Grădinaru, 2021; Golding, 2021) and on
the chemostratigraphy (Atudorei, 1999; Grădinaru et al.,
2007; Horacek and Grădinaru, 2023) and magnetostratigra-
phy (Grădinaru et al., 2007) of the section. In 2006, Grăd-
inaru et al. formally proposed using the first occurrence of
Ch. timorensis as the proxy to define the base of the Anisian
in the section. In addition to Deşli Caira, research is ongoing
at two other possible candidate sections, Wantou in south-
ern China (Wang et al., 2005; Ovtcharova et al., 2006, 2015;
Galfetti et al., 2007, 2008; Ogg, 2019; Chen et al., 2020)
and Kçira in Albania (Muttoni et al., 1996; Germani, 1997;
Meço, 1999, 2010; Muttoni et al., 2019); however, neither of
these sections have yet been formally proposed as candidate
sections.

Subsequent to the initial definition of the boundary in the
Deşli Caira section at the first occurrence of Ch. timoren-
sis in sample GR7 (Orchard et al., 2007a), Grădinaru and
Gaetani (2019) reported Olenekian ammonoids from above
this level in the section and suggested that the boundary
should be revised in light of these reports (although these
ammonoids were not illustrated or described). These authors
recommended that the boundary should be moved from be-
low sample GR7 to the base of bed 822A, approximately 3 m
higher. Grădinaru and Gaetani (2019) also introduced a new
numbering scheme for the section, with beds 821 and 822 di-
vided into several new sub-beds; some of these beds and sub-
beds were subsequently subdivided again, with the most re-
cent numbering scheme being utilized by Balini et al. (2024).
This new scheme allows much greater precision in determin-
ing the sequence of biotic events in this part of the section but
also makes it difficult to tell which bed the archival samples
collected prior to the new numbering should be assigned to.

The current paper presents the results of new conodont
sampling from the stratigraphically higher proposed OAB
interval of the Deşli Caira section, utilizing the new bed
numbering scheme. The new sampling has allowed the con-
odont fauna around this modified OAB level to be assessed
and accurately tied to the ammonoid faunas recovered and
described in detail by Balini et al. (2024). Ranges of sev-
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eral conodont species have been extended due to new oc-
currences, and the suitability of the revised, stratigraphically
higher level for marking the OAB has been assessed, as has
the utility of the first occurrence of Ch. timorensis to serve as
a biotic proxy for the boundary.

2 Geological setting

The studied section is located on the Deşli Caira hill in south-
eastern Romania, near the coast of the Black Sea (Fig. 1),
with the base of the section at 45°04′27′′ N, 28°48′08′′ E
(Grădinaru et al., 2007). The Deşli Caira section is approx-
imately 60 m thick, with the lowest 20–25 m occurring on
the southeastern slope of the hill (Section A of Grădinaru et
al., 2007). These rocks are entirely Spathian in age and con-
sist of dolostone overlain by Hallstatt-type limestones (Gră-
dinaru et al., 2007). The samples discussed in the present
paper come from the next-youngest unit, preserved on the
southwestern slope of the hill (Section B of Grădinaru et al.,
2007), which is composed of nodular limestone grading up
into Hallstatt-type limestone, thought to have been deposited
on a deep submerged plateau (Atudorei et al., 1997; Forel
and Grădinaru, 2021). These rocks are commonly considered
to be part of the Agighiol Limestone (Atudorei et al., 1997;
Grădinaru, 2005; Grădinaru et al., 2007), and this terminol-
ogy is frequently used in publications on the Deşli Caira
section (e.g. Grădinaru et al., 2007; Grădinaru and Gaetani,
2019; Forel and Grădinaru, 2021; Golding, 2021; Horacek
and Grădinaru, 2023; Balini et al., 2024); however, other
authors have preferred to use the term nodular and biotur-
bated limestone for these rocks, although this terminology
is less widespread in the literature (Baltres, 2005; Baltres et
al., 2020). A fault has been recognized in section B, with its
trace estimated in Figs. 4 and 5 of Balini et al. (2024), al-
though its position between beds 822A2 and 822B is uncer-
tain. The rocks of the Deşli Caira section were formed as part
of a carbonate platform developed on the central eastern part
of the Tulcea Unit, a major tectonostratigraphic unit of the
North Dobrogean Orogen, which was formed by subduction
of the Palaeo-Tethys Ocean prior to being thrust over Eurasia
during the Cimmerian Orogeny (Grădinaru, 1995, 2000).

3 Material and methods

During the summer of 2022, 10 new conodont samples were
collected from the higher OAB interval identified by Gră-
dinaru and Gaetani (2019). These samples covered a total
of less than 3 m of stratigraphic height and encompassed all
of the beds and sub-beds identified by Grădinaru and Gae-
tani (2019) between beds 821 and 824 inclusive (Fig. 2).
The stratigraphic position of the samples can be tied pre-
cisely to the 8xx numbering system for previous samples col-
lected from the section (Grădinaru et al., 2007; Orchard et al.,
2007a). However, their position relative to other numbering

schemes (e.g. 2xx and 9xxx) of these papers is less certain,
with only relative position known. The samples were each
approximately 2 kg in weight and consisted of walnut-sized
chunks of red Hallstatt-type limestone. Sample numbering
follows the format 22-GWA-DC-xxx, where -xxx refers to
the bed or sub-bed that the sample was collected from.

Samples were delivered to the conodont laboratories of
the Geological Survey of Canada in Calgary and Vancou-
ver, where they were processed using standard techniques as
outlined in Stone (1987). Firstly, samples were acidized in
buffered dilute acetic acid for 10–14 d, before the dissolved
residue was passed through sieves to capture the 90–850 µm
fraction. This isolated fraction was then rinsed, dried, and put
through heavy liquid separation using lithium metatungstate
with a specific gravity of 2.85 kg L−1. The heavy fraction
was picked by hand underneath a light microscope, and con-
odonts were photographed using a Hitachi TM3000 scan-
ning electron microscope housed at the Geological Survey
of Canada in Vancouver. All figured specimens are reposited
in the National Type Collections of the Geological Survey of
Canada in Ottawa.

4 Results

All 10 of the new conodont samples collected as part of this
study were productive, with more than 200 conodont P1 el-
ements being recovered. The specimens belonged to 10 dif-
ferent species, and a list of the species found in each sample
is presented in Table 1; their stratigraphic positions are also
illustrated in Figs. 2 and 3.

22-GWA-DC-821. This fauna is dominated by specimens
of Triassospathodus ex gr. homeri (Fig. 4). The species
Tr. homeri was first described from the Spathian of the for-
mer GSSP candidate section at the Marathovouno hillock
area in Greece by Bender (1970). It has subsequently been
described from Spathian and Anisian strata from around the
world, including Pakistan (Sweet, 1970; Matsuda, 1985), In-
dia (Chhabra and Sahni, 1981; Matsuda, 1983), Primor’ye
(Zakharov and Rybalka, 1987), the Pamirs (Dagys, 1990),
southern China (Duan, 1987), Oman (Orchard, 1995), and
North America (Orchard and Tozer, 1997; Henderson et al.,
2018). However, there are also several allied species of Tri-
assospathodus described from the Spathian which can be
difficult to differentiate from Tr. homeri, including Tr. sym-
metricus, Tr. brochus, and T. sosioensis (Orchard, 1995). To-
gether, these species are often grouped as Tr. ex gr. homeri,
and that practice is followed here. Larger collections would
be necessary to differentiate these species more confidently.
In addition to Tr. ex gr. homeri, this sample contains spec-
imens of Gladigondolella carinata (Fig. 4), Chiosella timo-
rensis, and the earliest examples of Neogondolella sp. to have
been reported from the Deşli Caira section. The specimens of
Ch. timorensis recovered from this sample include examples
of what has previously been called Ch. gondolelloides (Or-
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Figure 1. Locality map showing the location of the Deşli Caira Section (marked by a red star) in the North Dobrogean Orogen of eastern
Romania; the location with respect to the Black Sea is shown in the inset (modified from Grădinaru et al., 2007).

Figure 2. Outcrop photo of the Deşli Caira section (Section B of Grădinaru et al., 2007), illustrating the new bed numbering system, and the
stratigraphic levels of samples collected from the section (location of each sample within a bed is approximate). The species found within
each sample are listed alongside. Note that Balini et al. (2024) indicate the presence of a fault within bed 822B, which appears to be a crack
within the bed to the left of the arrow labelling this bed. See sample bag on bed 821 (approximately 30 cm) for scale.

chard et al., 2007a); however, the analyses of Goudemand
et al. (2012) and Wu et al. (2025) have demonstrated that
Ch. gondolelloides is mostly synonymous with Ch. timoren-
sis, representing smaller specimens of that species. There-
fore, all specimens with the morphology of either Ch. gon-
dolelloides or Ch. timorensis have been referred to the latter

species in the present study. Gl. carinata was also originally
named for specimens from Chios (Bender, 1970; Gaetani et
al., 1992) and has subsequently been described from OAB
sections in Romania (Orchard et al., 2007a) and China (Or-
chard et al., 2007b; Lehrmann et al., 2015; Chen et al., 2020),
although its relationship with other species of Gladigondo-
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Figure 3. Stratigraphic range chart for the conodont species recovered from the new sampling at Deşli Caira. The stratigraphic height of new
samples is indicated by red dots, and range extensions of species are indicated with red lines. Existing conodont ranges are based on data in
Orchard et al. (2007a) and Golding (2021) and are shown in black. Arrows indicate a continuation of the species range in the section beyond
the part illustrated here. The position of the Olenekian–Anisian boundary is tentative and is placed between beds 821 and 822A to reflect
the opinion of Grădinaru and Gaetani (2019) and to mark the base of the Olenekian–Anisian ammonoid faunal turnover interval of Balini
et al. (2024). The lithologic log, position of ammonoid samples, and number of ammonoid specimens (in square brackets) are all based on
Balini et al. (2024).

lella is uncertain due to differences in unpublished multi-
element collections from the published reconstructions of
Gladigondolella tethydis (Orchard, 2005; Ishida and Hirsch,
2011; Kılıç et al., 2013; Golding and Kılıç, 2024).

22-GWA-DC-821A. The fauna from this sample is similar
to that of 22-GWA-DC-821, consisting primarily of Ch. tim-
orensis (Fig. 4), Gl. carinata, and the highest representatives
of Tr. ex gr. homeri (Fig. 4) in the section. These species are
joined by examples of Cratognathodus sp. A. This species
was first named by Orchard at al. (2007a, b) based on mate-
rial from Deşli Caira and Guandao. Subsequently, based on a
statistical analysis of the co-occurrence of elements, Golding
and Kılıç (2024) demonstrated that, rather than being a sepa-
rate genus, Cratognathodus actually belongs to the multiele-
ment apparatus of Gladigondolella, as previously suggested

by Ishida and Hirsch (2011) and Kılıç et al. (2013). Despite
this, the morphological variability in the cratognathodid el-
ement appears to have stratigraphic utility during the OAB
interval, with Cr. sp. B occurring stratigraphically higher in
the sections at Deşli Caira and Guandao than Cr. sp. A (Or-
chard et al., 2007a, b). Therefore, in the present paper, the
specific names of Cratognathodus elements are retained.

22-GWA-DC-822A1. In addition to Gl. carinata, Ch. tim-
orensis (Fig. 4), and Cr. sp. A (Fig. 4), as found in lower
parts of the section, this sample also contains specimens of
Cr. sp. B (Fig. 4) and Gl. tethydis (Fig. 4). Both of these
species have lower occurrences at Deşli Caira. This record of
the species significantly extends its range at Deşli Caira from
previous reports. The first occurrence of Gl. tethydis has pre-
viously been recognized as an important datum in the vicinity
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Table 1. Conodont specimen counts by sample. Tr.: Triassospathodus; Ch.: Chiosella; Gl.: Gladigondolella; Cr.: Cratognathodus; Sp.:
Spathicuspus; Ng.: Neogondolella.

Sample/species Tr. Ch. Gl. Cr. Cr. Gl. Ch. Sp. Ng. Ng.
ex gr. timorensis carinata sp. A sp. B tethydis sp. A spathi sp. gradinarui

homeri

22-GWA-DC-821 5 28 4 – – – – – 3 –
22-GWA-DC-821A 6 12 7 1 – – – – – –
22-GWA-DC-822A1 – 12 1 2 1 1 – – – –
22-GWA-DC-822A2lower – 12 – – – – 3 – – –
22-GWA-DC-822A2middle – 18 – 2 – – 2 2 – –
22-GWA-DC-822A2upper – 6 – 2 – – – – – –
22-GWA-DC-822B – 15 1 3 – 1 – – – –
22-GWA-DC-822C – 13 – 1 – – – – 2 –
22-GWA-DC-823 – 15 – 1 – 6 – 1 – 1
22-GWA-DC-824 – – – – – – – – – 12

Total 11 131 13 12 1 8 5 3 5 13

of the OAB at several sections, including Deşli Caira (Or-
chard et al., 2007a), Guandao (Orchard et al., 2007b; Goude-
mand et al., 2012), and Kçira (Muttoni et al., 2019). How-
ever, the relative occurrence of this species is variable; in
most sections it occurs slightly higher than Ch. timorensis,
but at Kçira it occurs below Ch. timorensis (Meço, 1999;
Muttoni et al., 2019), together with late Spathian ammonoids
(Grădinaru, 2022), and the species has recently been reported
from strata as old as early Spathian in Oman (Leu et al.,
2023).

22-GWA-DC-822A2lower. A relatively depauperate sam-
ple, the only species recovered from this level were Ch. tim-
orensis and Ch. sp. A (Fig. 4). The latter species was named
by Orchard et al. (2007a, b) based on material from Deşli
Caira and Guandao and has subsequently been recognized
from other sections, including Mingtang, Wantou, and Youp-
ing (Chen et al., 2020; Shunling Wu, personal communica-
tion, 2024). Utilizing this new material, work is underway to
fully describe this species and its relationship to other species
and morphotypes of Chiosella.

22-GWA-DC-822A2middle. This sample contains speci-
mens of Ch. timorensis, Ch. sp. A, Cr. sp. A, and Spathicus-
pus spathi (Fig. 4); this is the lowest of the new collections
to contain the latter species; however, representatives of this
species have previously been found lower in the section as
well (Orchard et al., 2007a). Sp. spathi was first described
from Pakistan (Sweet, 1970) and subsequently reported from
India (Garzanti et al., 1995), Albania (Meço, 1999; Muttoni
et al., 2019), North America (Orchard, 2005, 2022), China
(Orchard, 2005; Orchard et al., 2007b; Brühwiler et al., 2009;
Chen et al., 2013, 2015, 2023; Lehrmann, et al., 2015; Liang
et al., 2016; Wu et al., 2024), Oman (Agematsu et al., 2008;
Chen et al., 2019), and Japan (Maekawa et al., 2021), where

it is most commonly recorded in the Spathian, but occasional
reports of Anisian occurrences also exist (e.g. Meço, 1999).

22-GWA-DC-822A2upper. This is another depauperate
sample, containing only a few specimens of Ch. timorensis
and Cr. sp. A.

22-GWA-DC-822B. This sample contains specimens of
Ch. timorensis, Cr. sp. A, Gl. carinata, and Gl. tethydis.
A fault in the section with approximately 80 cm of off-
set may mean that this sample is actually from bed 822A2
(Marco Balini, personal communication, 2024; see Balini et
al., 2024, Fig. 5 for illustration of this fault); therefore, a new
sample has been collected from bed 822B to confirm the lo-
cation of sample 22-GWA-DC-822B, and the results from
this new sample will be reported on in the future. The fauna
of sample 22-GWA-DC-822B is very similar to those from
samples both above and below; however, it currently pos-
sesses the last specimens of Gl. carinata found in the section,
so the uppermost limit of this species may have to be revised
down from bed 822B to bed 822A2 if the new samples from
bed 822B cannot corroborate this occurrence (see Fig. 3).

22-GWA-DC-822C. This sample contains specimens of
Ch. timorensis (Fig. 4), Cr. sp. A, and Neogondolella sp.

22-GWA-DC-823. As well as specimens of Gl. tethydis
(Fig. 4), Ch. timorensis, and Cr. sp. A, this sample contains
the youngest specimens of Sp. spathi found at the Deşli Caira
section, extending the range of this species significantly up-
wards (more than 3 m) compared with previous reports. This
sample also contains the first examples of Ng. gradinarui re-
covered in the new samples (Fig. 4), although older spec-
imens of this species have previously been reported from
this section (Orchard et al., 2007a; Golding, 2021). Abundant
specimens from this sample and the overlying 22-GWA-DC-
824 allow the recognition that examples of Ng. cf. constricta
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reported in Golding (2021) are actually juvenile examples of
Ng. gradinarui. This removes uncertainty about the origins
and stratigraphic range of Ng. constricta, confirming that the
younger species first appears in the Pelsonian (as suggested
by Orchard and Golding, 2024) and not the Bithynian. In
addition to its occurrence in Romania, Ng. gradinarui has
now also been recognized from Anisian strata in sections at
Guandao (Golding, 2021) and Datuguan (Chen et al., 2023)
in southern China.

22-GWA-DC-824. As mentioned above, this sample is
dominated by specimens of Ng. gradinarui (Fig. 4). This is
the stratigraphically highest of the new samples collected,
and, although this is the first major influx of Neogondolella
species in the Deşli Caira section, Chiosella returns to once
again dominate higher samples in the section (see Discus-
sion).

5 Discussion

The new conodont collections from Deşli Caira allow refine-
ment of the stratigraphic range and taxonomic scope of sev-
eral species. The stratigraphic ranges of Triassospathodus ex
gr. homeri, Spathicuspus spathi, and Gladigondolella cari-
nata have all been extended upwards compared with previ-
ous reports, whereas the stratigraphic range of Neogondolella
sp. has been extended downwards (see Fig. 3). Integration
of new samples with some existing samples remains impre-
cise, due to uncertainty over which sub-bed certain samples
were originally sourced from. Nevertheless, important com-
ments can be made on the composition of the conodont fauna
at Deşli Caira and its significance for the recognition of the
OAB in this section. The remainder of the Discussion will
make reference to both the new and existing samples from
this section.

5.1 Faunal changes at the Deşli Caira section

By plotting the relative proportions of conodont genera per
sample, it is possible to recognize two major changes in
conodont faunal composition which occur at Deşli Caira
(Fig. 5). The lowest part of the section is dominated by spec-
imens of Triassospathodus and Cratognathodus until sam-
ple 9038 (originally collected by Viorel Atudorei and re-
ported on in Orchard et al., 2007a), where there is a large
influx of Chiosella. Sample 9038 is located approximately
4.5 m below the ammonoid-based OAB of Grădinaru and
Gaetani (2019), Grădinaru (2022), and Balini et al. (2024).
This level represents the first appearance of Chiosella in the
section, and this genus remains a significant component of
the conodont fauna throughout the rest of the section.

The second significant change in conodont faunal compo-
sition occurs in samples 9044 (collected by Viorel Atudorei)
and 824 (this study), where there is a large increase in the rel-
ative proportion of Neogondolella. Although this genus first

appears in sample 821 (this study), it is a small component of
the fauna until samples 9044 and 824, which both occur ap-
proximately 2 m above the ammonoid-based OAB. The per-
centage of Neogondolella in higher samples fluctuates, but
it remains a large if not dominant component of the fauna
throughout the rest of the section.

These two levels indicate times of significant change in the
conodont faunas during the OAB interval at Deşli Caira and
suggest that species belonging to either of these two genera
would be most suitable for a conodont-defined position for
the OAB in this section.

5.2 Taxonomic scope and stratigraphic range of
Chiosella timorensis

The taxonomy of Chiosella in the earliest Anisian is a matter
of ongoing study. In earlier reports of the conodonts from
Deşli Caira, two species of Chiosella were distinguished:
the older Ch. gondolelloides and the younger Ch. timoren-
sis (Grădinaru et al., 2006; Orchard et al., 2007a). However,
work by Goudemand et al. (2012) on specimens from Nevada
demonstrated that both morphologies (gondolelloides: no or
short rib; timorensis: longer rib that reaches posterior of
the element) were present in the oldest described sample of
Chiosella (from the Spathian Haugi Zone) and show a degree
of gradation between them that precludes specific separation.
Instead, these authors proposed that the name Ch. gondo-
lelloides should be restricted to the holotype and that other
specimens previously referred to this species should subse-
quently be referred to Ch. timorensis. Recent morphological
work by Wu et al. (2025) on specimens of Chiosella from
several sections around the world supports this conclusion;
not only is the length of rib not a significant morphological
factor in populations of Chiosella, it is also clear that those
specimens with short or no ribs (Ch. gondolelloides morphol-
ogy) are almost always the smaller specimens in a sample.
Larger specimens have longer, more robust ribs; therefore
Ch. timorensis and Ch. gondolelloides likely represent the
adult and juvenile ontological stages, respectively, of a single
species. This observation is particularly true at Deşli Caira,
where faunas are dominated by small elements of Chiosella
with no rib or a short rib; only larger specimens have ribs that
reach the posterior end of the element, and the largest may
have ribs that reach the posterior on both sides, sometimes
surrounding it (Fig. 4). In the present study, all specimens
previously referred to Ch. gondolelloides are included in the
scope of Ch. timorensis, as reflected in Table 1 and Fig. 3.

The Chiosella taxonomic story is further complicated by
the introduction of new species: Ch. n. sp. A, Ch. n. sp. B
(both initially defined in Orchard et al., 2007a, b), and the
differentiation at Wantou and Youping sections of Ch. tim-
orensis s.l. and Ch. timorensis s.s. (Chen et al., 2020). Al-
though Ch. n. sp. A and Ch. n. sp. B do appear to be valid
species, the question of Ch. timorensis s.s. versus Ch. timo-
rensis s.l. is harder to unravel, as the definition of the latter
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Figure 4. SEM photos of a selection of conodonts recovered from the new sampling at the Deşli Caira section. (1–9) Chiosella timoren-
sis (Nogami): (1)–(3) GSC Cur. No. 139713, from sample 22-GWA-821A, (4)–(6) GSC Cur. No. 139714, from sample 22-GWA-822A1,
(7)–(9) GSC Cur. No. 139715, from sample 22-GWA-822C. (10–12) Cratognathodus sp. A (sensu Orchard et al., 2007a), GSC Cur. No.
139716, from sample 22-GWA-822A1. (13–15) Chiosella sp. A (sensu Orchard et al., 2007a), GSC Cur. No. 139717, from sample 22-GWA-
822A2lower. (16–18) Spathicuspus spathi (Sweet), GSC Cur. No. 139718, from sample 22-GWA-822A2middle. (19–21) Gladigondolella
carinata Bender, GSC Cur. No. 139719, from sample 22-GWA-821. (22–24) Cratognathodus sp. B (sensu Orchard et al., 2007a), GSC Cur.
No. 139720, from sample 22-GWA-822A1. (25–27) Gladigondolella tethydis Müller, GSC Cur. No. 139721, from sample 22-GWA-823.
(28–35) Neogondolella gradinarui Golding and Orchard: (28)–(30) GSC Cur. No. 139722 and (33)–(35) GSC Cur. No. 139723, both from
sample 22-GWA-824, (31) and (32) GSC Cur. No. 139724, from sample 22-GWA-823. (36–41) Triassospathodus ex gr. homeri (Bender):
(36)–(38) GSC Cur. No. 139725, from sample 22-GWA-821A, (39)–(41) GSC Cur. No. 139726, from sample 22-GWA-821. All photos
x80 magnification.
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Figure 5. Chart illustrating the relative proportions of conodont genera in each sample from the Deşli Caira section, including both new and
existing samples (see Orchard et al., 2007a, and Golding, 2021, for the stratigraphic position of existing samples). Percentages were calculated
on raw counts of the original specimens and are plotted on the y axis. The sample number is on the x axis, increasing in stratigraphic height
to the right. The relative position of the samples is not to scale. Particularly large influxes of Chiosella (in sample 9038) and Neogondolella
(in samples 9044 and 824) can be observed.

remains vague. Introduced as a term to incorporate all forms
of Ch. timorensis that diverged from the holotype, it includes
specimens with arched profiles, rounded rather than triangu-
lar basal cavities, and varying fusion of the blade and carina.
Many of these morphotypes are present in the collection of
Goudemand et al. (2012) from the Haugi Zone, suggesting
that all of these may have appeared at the same time and
therefore have little stratigraphic utility. At the Wantou sec-
tion, both Ch. timorensis s.s and Ch. timorensis s.l. first oc-
cur in the same sample (Chen et al., 2020). Further work on
the faunas of the Wantou section is needed to be able to dis-
criminate between different morphotypes of Ch. timorensis
and to determine if there is any stratigraphic separation of
morphotypes. At Deşli Caira, it is not possible at present to
recognize an OAB defined by the FAD of Ch. timorensis s.s.
vs. Ch. timorensis s.l., as the lowest samples in the section
that contain Ch. timorensis already show wide morphologi-
cal variability. Again, further work on these faunas will be
necessary.

The occurrence of Ch. timorensis (including specimens
which could be referred to Ch. timorensis s.s.) in the Haugi
Zone of Nevada (Goudemand et al., 2012) demonstrates that
the FAD of this species must be below the Japonites beds
in Tethys; this is true at the Deşli Caira section, where the
first occurrence of Ch. timorensis in sample 9038 is ap-
proximately 4.5 m below the Olenekian–Anisian ammonoid
turnover observed by Balini et al. (2024). As mentioned
previously, Nakazawa and Bando (1968) were the first to
suggest that Ch. timorensis co-occurred with Spathian am-
monoids in the collections of Nogami (1968) from Timor,
and its suitability as a proxy for the OAB has been ques-
tioned by several authors since (e.g. Mirăuţă, 1974, 2000;
Atudorei et al., 1997; Konstantinov and Klets, 2009; Goude-
mand et al., 2012; Grădinaru, 2022). Adoption of the FAD

of Ch. timorensis as the proxy for definition of the base of
the Anisian would by definition require several ammonoid
species presently considered to be confined to the Olenekian
to have their ranges extended into the Anisian.

5.3 Taxonomic scope and stratigraphic range of
Gladigondolella tethydis

Gladigondolella tethydis has previously been suggested as a
possible alternative conodont proxy for the OAB (e.g. Gold-
ing, 2021). As demonstrated by Golding and Kılıç (2024), the
most recent multielement reconstruction of Gladigondolella
suggests that Cratognathodus elements also belong to this
genus. Previously at Deşli Caira, these two genera have been
treated separately, with the first specimens of Cratognatho-
dus occurring in sample 509 (collected by Eugen Grădinaru)
and the first specimens of Gladigondolella occurring in sam-
ple 9038 (at the same time as the revised Ch. timorensis), ap-
proximately 4 m higher in the section. The recognition that
these two genera belong to the same multielement appara-
tus therefore extends the range of Gladigondolella far below
the OAB interval at Deşli Caira and makes the position of
the first appearance of Gl. tethydis uncertain, as elements of
Cr. sp. A and B may belong to the apparatus of Gl. tethydis
or Gl. carinata. This suggests that Gl. tethydis is therefore
not a suitable proxy for the OAB, as its first occurrence may
well be older than that of Ch. timorensis in the Deşli Caira
section. Furthermore, Leu et al. (2023) have recently recog-
nized specimens of Gl. tethydis from the lowest part of the
Spathian in Oman, indicating that the first appearance of this
species is indeed much older than the OAB and not suitable
as a proxy for the boundary.
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5.4 Taxonomic scope and stratigraphic range of
Neogondolella gradinarui

As mentioned above, the appearance of abundant Neogondo-
lella in sample 9044 represents a real change in the composi-
tion of the conodont fauna at Deşli Caira, although Chiosella
is still a large component of the fauna at this level and
above. Previously, Golding (2021) suggested that a species
of Neogondolella may be suitable as an alternative proxy for
the OAB and indicated that either Ng. curva or Ng. gradi-
narui could be potential candidates. Balini et al. (2024) noted
that the first occurrence of Ng. curva in the section is very
close to the position of the ammonoid-defined OAB interval.
However, the new sampling described in this paper has failed
to recover additional specimens of this species, and the oc-
currence of Ng. curva at Deşli Caira is therefore still limited
to just one sample. This argues against utilizing Ng. curva as
an OAB proxy, as its stratigraphic range is uncertain.

In contrast, Ng. gradinarui has now been recognized in the
lowermost Anisian at several sections globally (Deşli Caira,
Guandao, Datuguan; Golding, 2021; Chen et al., 2023), and
our understanding of its growth stages and stratigraphic
range has been greatly improved by the results of the new
sampling at Deşli Caira. It now appears that what Gold-
ing (2021) previously referred to as Ng. cf. constricta ac-
tually represents the juvenile form of Ng. gradinarui, with
growth leading to a fusion of the cusp and posterior denticle
noted in the smaller forms and a broadening of the posterior
platform, which is narrower and more constricted in the juve-
niles (Fig. 4). At Deşli Caira, Ng. gradinarui first occurs just
above (less than 2 m) the level of the OAB proposed on the
basis of ammonoids in sample 9043 and would be the most
suitable of the Neogondolella species for a proxy of the OAB.

5.5 Position of the Olenekian–Anisian boundary at the
Deşli Caira section

At Deşli Caira, the first occurrence of Anisian ammonoids
as recognized by Grădinaru and Gaetani (2019), Grădi-
naru (2022), and Balini et al. (2024) coincides with the base
of magnetozone MT3n (Balini et al., 2024; red line in Fig. 6),
and the first occurrence of Chiosella timorensis coincides
with the beginning of the peak of an increase in carbon
isotope values observed by Horaceck and Grădinaru (2023;
green line in Fig. 6). In contrast, the first occurrences of both
Gladigondolella tethydis and Neogondolella gradinarui do
not coincide with clear auxiliary abiotic events at Deşli Caira.
It would seem to be appropriate to choose either level (green
or red) in defining the OAB at Deşli Caira, as both are sup-
ported by multiple proxies and both would allow straightfor-
ward correlation with other important sections worldwide.

In fact, investigation of the available data indicates that the
sequence of biotic and abiotic events surrounding the OAB
seems to be consistent at most of the major sections encom-
passing this time interval. At Deşli Caira, Kçira, and Wantou,

as well as at Youping, Mingtang, and Guandao, the first oc-
currence of Ch. timorensis (in the broader sense defined by
Goudemand et al., 2012, and Wu et al., 2025, and advocated
for in this paper) in each section is at or close to the onset of
the peak positive shift in carbon isotopes that can be observed
in all of these sections (Horacek and Grădinaru, 2023; Mut-
toni et al., 2019; Chen et al., 2020; Shunling Wu, personal
communication, 2024). At Deşli Caira, both the first occur-
rence of Ch. timorensis and the beginning of the peak carbon
isotope excursion are below the earliest Anisian ammonoid
faunas (see position of isotope excursion in Horacek and
Grădinaru, 2023, and position of ammonoids in Balini et al.,
2024), and this occurrence of Anisian ammonoids is approx-
imately coincident with the base of a normal-polarity mag-
netozone at this section (MT3n; see correlation in Balini et
al., 2024, fig. 15). Equivalent magnetozones (WT2, GU2 and
Kc2n) in the Wantou, Guandao and Kçira sections (where
Lower Anisian ammonoids are lacking) appear to be in a
comparable position with regard to the first occurrence of
Ch. timorensis and the carbon isotope excursion in these sec-
tions (see Balini et al., 2024, Fig. 15; Chen et al., 2020,
Fig. 7; Muttoni et al., 2019, Fig. 8). The sequence of biotic
and abiotic events also appears to be in the same order at
Chios; however, the faulting near to the boundary makes the
recognition of the order of events in this section uncertain
(see Balini et al., 2024, Fig. 15, and Chen et al., 2020, Fig. 7).

This consistent succession of events at OAB sections
around the world means that the boundary interval can be
recognized with some confidence globally. The question
merely remains which event should serve as the boundary
itself and at what horizon the base of the Anisian should be
placed. Since both levels indicated in Fig. 6 are supported
by multiple proxies, either would be suitable. However, at
present, no single ammonoid species has been proposed as
a biotic proxy for the GSSP of the OAB, although such a
proposal is reportedly in progress (Balini et al., 2024). Fur-
thermore, many sections with good records of the OAB in-
terval nonetheless lack ammonoids (e.g. Wantou, Guandao).
As such, the most promising proxy for the definition of the
boundary remains the first occurrence of Ch. timorensis, even
though this would require several ammonoid species to be
re-classified as ranging from Olenekian to basal Anisian in
age and some of the currently recognized ammonoid zones
would straddle the boundary.

6 Conclusions

New samples from the Deşli Caira section in Romania al-
low greater characterization of the conodont fauna around
the OAB interval in this section. These collections cover the
revised position of the boundary as recognized by the ap-
pearance of Anisian ammonoids and as discussed by Gră-
dinaru and Gaetani (2019), Horacek and Grădinaru (2023),
Balini et al. (2024), and others and utilize the new subdivi-
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Figure 6. Correlation of conodont occurrences from the Deşli Caira section (red dots) with ammonoids, carbon isotope values, and magne-
tostratigraphy. The two horizontal lines (red and green) reflect two different possibilities for the placement of the OAB: the red line coincides
with the shift from Olenekian to Anisian ammonoid faunas as demonstrated by Grădinaru and Gaetani (2019) and Balini et al. (2024) and
with the base of the MT3n magnetozone (Hounslow et al., 2007; magnetostratigraphy from Grădinaru et al., 2007). The green line coincides
with the first occurrence of Chiosella timorensis in the section, together with the beginning of the peak of a carbon isotope excursion (Ho-
racek and Grădinaru, 2023). The position of the Olenekian–Anisian boundary is adjusted from Fig. 2 to reflect the two different options for
placement of the boundary.

sion of beds around this boundary. The new samples demon-
strate that there is no significant conodont turnover or spe-
ciation event at this level. The most significant conodont
events in the section are the influx of Chiosella, marked by
the first occurrence of Ch. timorensis (in the broader defini-
tion advocated by Goudemand et al., 2012; Golding, 2021;
and Wu et al., 2025) much lower in the section than the
first Anisian ammonoids, and the influx of Neogondolella,
in particular the species Ng. gradinarui (which has now been
recognized from several sections around the world and has
had its growth stages better illustrated herein), which first
occurs much higher in the section than the first Anisian am-
monoids. The ranges of several conodont species have been
extended in the section, with the last occurrences of Trias-
sospathodus ex gr. homeri, Spathicuspus spathi, and Glad-

igondolella carinata all revised upwards and the first occur-
rence of Ng. spp. revised downwards.

The correlation between conodont biostratigraphy, am-
monoid biostratigraphy, carbon isotope chemostratigraphy,
and magnetostratigraphy suggests that a similar sequence of
several biotic and abiotic events can be observed at Deşli
Caira as at other OAB sections around the world, including
Chios, Kçira, Wantou, and Guandao. This confirms that Deşli
Caira would be very suitable as a GSSP for the OAB, as all
major biotic and abiotic events in the OAB interval can be
recognized in this section. The existing proposal of Ch. timo-
rensis as a proxy for the boundary is also valid, as the taxon-
omy, morphometric variation, and stratigraphic range of this
species are now much better understood than when it was
first proposed as a proxy. The global range of this species
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is also beneficial, as it can be recognized in many different
places (see Fig. 3 in Grădinaru, 2022) and would allow the
boundary to be correlated widely. Ch. timorensis first occurs
in the Deşli Caira section just before the beginning of the
peak of a positive carbon isotope excursion but below the first
occurrences of Anisian ammonoids and a concurrent palaeo-
magnetic reversal. Therefore, if Ch. timorensis were to be
chosen as the proxy for the OAB, several ammonoids tradi-
tionally considered to be Olenekian would now range into
the Anisian and ammonoid zones may end up straddling the
boundary. Further work is planned on the remaining unpub-
lished conodont samples from the section, on potential new
sampling of parts of the section where the stratigraphic posi-
tion of archival samples is uncertain, and on a more detailed
study to delimit morphotypes of Ch. timorensis at Deşli Caira
and elsewhere.
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Caira section with Eugen Grădinaru and Mike Orchard proved
to be invaluable for the production of this paper. Reviews by
Marco Balini, two anonymous reviewers, and the editors Luke Man-
der and Francesca Sangiorgi helped to improve the final version.

Financial support. Funding for this research was provided by a
Small Research Grant of The Micropalaeontological Society, whose
support is gratefully acknowledged.

Review statement. This paper was edited by Luke Mander and
reviewed by Marco Balini and two anonymous referees.

References

Agematsu, S., Orchard, M. J., and Sashida, K.: Reconstruction of an
apparatus of Neostrachanognathus tahoensis from Oritate, Japan
and species of Neostrachanognathus from Oman, Palaeontology,
51, 1201–1211, 2008.

Arthaber, G.: Die cephalopodenfauna der reiflinger Kalke, Beitrage
zur Palaontologie und Geologie Osterreich-Ungarns und des Ori-
ents, 10, 1–112, 1896.

Arthaber, G.: Die alpine Trias des Mediterran-Gebietes, Lethaea
Geognostica, II, Das Mesozoicum I, 224–391, 1906.

Assereto, R.: Die Binodosus-Zone. Ein Jahrhundert wis-
senschaftlicher Gegensätze, Sitzungsberichte der Österre-
ichische Akademie der Wissenschaften, 179, 25–53, 1971.

Assereto, R.: Aegean and Bithynian: Proposal for two new Anisian
substages, in: The Stratigraphy of the Alpine-Mediterranean
Triassic, Schriftenreihe der erdwissenschaftlichen Komission,
edited by: Zapfe, H., Österreichische Akadamie der Wis-
senschaften, 2, 23–39, 1974.

Assereto, R., Jacobshagen, V., Kauffmann, G. and Nicora, A.: The
Scythian/Anisian boundary in Chios, Greece, Rivista Italiana di
Paleontologia e Stratigrafia, 85, 715–735, 1980.

Atudorei, V.: Constraints on the Upper Permian to Upper Trias-
sic marine carbon isotope curve. Case studies from the Tethys,
Unpublished PhD Thesis, University of Lausanne, Switzerland,
160 pp., 1999.

Atudorei, V., Baud, A., Crasquin, S., Galbrun, B., Grădinaru, E.,
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