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Abstract. The paper documents a conodont fauna from Lower Triassic deposits of  Paleotethys-issued North 
Dobrogea Orogen. The studied strata exposed in the Tulcea Veche Quarry are characterized by the presence of  di-
versified molluscs, including the ammonoid Tirolites cassianus (Quenstedt) and the bivalve Crittendenia decidens (Bittner). 
The site also represents the type locality of  the coelacanth fish Dobrogeria aegyssensis Cavin & Grădinaru. The recovered 
conodont fauna is marked by Icriospathodus crassatus (Orchard), Neospathodus robustispinus Zhao & Orchard, Novispathodus 
abruptus (Orchard), Nv. brochus (Orchard), Nv. aff. brochus (Orchard), Tr. ex gr. homeri (Bender), Tr. hungaricus (Kozur 
& Mostler), Tr. ex gr. hungaricus (Kozur & Mostler), Tr. symmetricus (Orchard), Tr. aff. symmetricus (Orchard), and Trias-
sospathodus sp. that is correlated with the Tr. symmetricus Zone. 
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IntroductIon

North Dobrogea, which lies south of  the 
Danube Delta, is a fold-and-thrust belt called the 
North Dobrogean Orogen (Fig.1A), which is locat-
ed in the foreland of  the Alpine Carpathian Oro-
gen (e.g. Săndulescu 1995). The North Dobrogean 
Orogen represents the westernmost segment of  the 
Paleotethys-issued Cimmeride orogenic system that 
includes the Mountainous Crimea and the Greater 
Caucasus (Săndulescu 1995) (Fig. 1, inset map), and 

which extends eastwards to the Asian Cimmerides 
(Şengör 1984). 

For a long time, the richly fossiliferous Trias-
sic of  North Dobrogea Orogen has been known for 
its Tethyan-type facies (Arthaber 1906; Kittl 1908; 
Simionescu 1908, 1910, 1911, 1913, 1925, 1927; 
Tozer 1984; Grădinaru 1995, 2000). The Tethyan-
type Triassic of  the North Dobrogean Orogen is 
tectonically confined by the Moesian and Scythian 
platforms where the Triassic is of  Germanic-type 
(Fig. 1A). The present-day remote location of  the 
North Dobrogean Triassic, which is placed outside 
the Mediterranean Triassic, is currently interpreted 
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as the result of  the post-Triassic large-scale horizon-
tal displacements of  Tethyan terranes and the open-
ing of  the West Black Sea Basin (e.g. Grădinaru 1988; 
Okay et al. 1994; Banks & Robinson 1997).

The Triassic sedimentary series that uncon-
formably overlies a Variscan basement extends ex-
tensively in the Tulcea Unit of  the North Dobro-
gean Orogen (Grădinaru 1995, 2000); basinal facies 
is developed westwards in its inner part, whereas a 
well-developed carbonate platform facies extends 
in the mid-eastern part (Fig. 1A). In the Tulcea Unit 
the Triassic sedimentation started with transgres-
sive varicoloured terrigenous deposits and continued 
with an alternation of  black marls and marly lime-
stones in deeper-water settings; grey oncoidal/bio-

clastic limestones that are locally dolomitized began, 
on the other hand, to initiate the development of  a 
carbonate platform in shallow-water settings. Based 
on biostratigraphic evidence, Triassic sedimentation 
started in some places during the Olenekian. The 
first fossiliferous strata are characterized by lower 
Spathian molluscs and the sequence was compared 
to the “Werfener Schichten” (Simionescu 1908); 
these strata occur also in the Tulcea Veche promon-
tory (Grădinaru 2000). A new taxon of  a coelacanth, 
Dobrogeria aegyssensis Cavin & Grădinaru, 2014, has 
been described from the Tulcea Veche Quarry (Cavin 
& Grădinaru 2014). The purpose of  this study is to 
document the associated conodont fauna and its 
stratigraphic range, with the aim of  constraining the 

Fig. 1 - A) Geological sketch map 
of  the Cimmerian North 
Dobrogean Orogen: MU – 
Măcin Unit; CU – Consul 
Unit; NU – Niculiţel Unit; 
TU – Tulcea Unit. Inset map 
shows the location of  the 
North Dobrogean Orogen 
(after Grădinaru 2000, mo-
dified). The box shows the 
studied locality. B) Geologi-
cal map and the stratigraphic 
column of  the Tulcea Veche 
(Old Tulcea) Promonto-
ry. 1 – Devonian (D); 2 & 
3 – Lower Spathian (T1sp), 
terrigenous sequence (2), 
limestone and marly shale 
(3); 4 – Middle Triassic, Ani-
sian (T2an), massive limesto-
ne with basalt intrusion (β). 
Inset Google Earth image 
of  the Tulcea Veche Quarry, 
with the arrow showing the 
sequence sampled for cono-
donts.
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early Spathian age of  the Tirolites beds that yielded 
the coelacanth Dobrogeria aegyssensis. The conodont 
data from the lower Spathian of  the studied local-
ity represent an important step in achieving an am-
monoid-calibrated conodont biostratigraphy for the 
Triassic (Lucas 2013; Lucas & Tanner 2014). In ad-
dition, such data contribute to improve the emerg-
ing knowledge on paleobiogeography of  the Triassic 
conodont faunas of  the region.

GeoloGIcal settInG and localIty 
stratIGraphIc data

The studied rock samples originate from 
an abandoned Tulcea Veche Quarry (Fig. 1B, inset 
Google image), from which limestone was extracted 
up until the early decades of  the 20th century. The 
Variscan basement that occurs in the Tulcea Veche 
Quarry is made up of  Devonian quartzite and calc-
schist, disconformably overlain by Lower Triassic 
sedimentary rocks (Mirăuţă 1966). The Triassic suc-
cession (Fig. 1B, inset stratigraphic column) starts 
with thick-bedded, matrix-supported conglomerate 
with quartz clasts and coarse-grained quartzose sand-
stone grading upwards or interfingering with varico-
loured medium- to thick-bedded sandstone interbed-
ded with clay-rich shale. Strata of  this transgressive 
terrigenous sequence are included in the Bogza For-
mation (Baltreş 2003).  Fully marine deposition start-
ed with a basinal carbonate sequence attributed to 
the Tulcea Veche Limestone that is a distinct member 
of  the Somova Formation (Baltreş 2003). It consists 
of  thin-bedded dark greyish mudstone interbedded 
with dark black, bituminous marly shale, occasionally 
with thin beds of  fine-grained grainstone. Accord-
ing to previous data, the studied strata were depos-
ited in an anoxic to dysoxic environment based on 
the absence of  trace fossils and the high content of  
organic matter (Cavin & Grădinaru 2014). The age 
of  this carbonate sequence based on the fossil con-
tent was first reported by Simionescu (1908, 1911, 
1927), who compared these strata with the Werfen 
Beds. The early Spathian age of  the Tulcea Veche 
Limestone is well documented by a newly collected 
ammonoid fauna comprising Tirolites cassianus (Quen-
stedt,1845), T. haueri Mojsisovics, 1882, and bivalves, 
Leptochondria alberti (Goldfuss, 1838), Eumorphotis vene-
tiana (Hauer, 1850), and Crittendenia decidens (Bittner, 
1899). The ammonoid fauna is indicative of  the base 

Spathian Tirolites cassianus Zone. The fossil content 
also includes a new coelacanth taxon, Dobrogeria ae-
gyssensis Cavin & Grădinaru, 2014 and its good state 
of  preservation indicates that the anoxic/dysoxic 
environment precluded destruction of  the bones by 
scavengers (Cavin & Grădinaru 2014).

The studied lower Spathian carbonate se-
quence of  the abandoned quarry is highly tectonized 
by block faulting, due to the proximity of  the Galaţi 
- Sf. Gheorghe fault (Fig.1). These strata are mostly 
vertically standing, with highly boudinaged limestone 
in cleaved shale. Most conodonts were extracted 
from the samples taken from the ammonoid-bear-
ing sequence located right around the level with the 
bones of  Dobrogeria aegyssensis, and one sample each 
was taken at the western (6167) and eastern bases 
(6166), respectively (Figs. 1, 2). 

MaterIal and Methods

The studied rock samples come from the Tul-
cea Veche Quarry (image, 45011l28ll N; 28046l40ll E; 
elev. 18 m; Figs. 1B, 2). Mudstone and grainstone 
samples with minimum weight of  2 kg were chemi-
cally processed with diluted 5–10% acetic or formic 
acid for conodonts, which operation was carried out 
at the University of  Bucharest and the Geological 
Survey of  Slovenia. The residues were later sieved 
and dried. Heavy liquid separation was completed at 
the Geological Survey of  Slovenia. The conodonts 
were picked out under a binocular microscope. SEM 
photos were taken at Graz University (Zeiss DSM 
982 Gemini) and are illustrated in Fig. 5, whereas the 
conodonts illustrated in Figs. 6–8 were photographed 
by the JEOL JSM 6490LV Scanning Electron Mi-
croscope at the Geological Survey of  Slovenia. All 
micropaleontological material from Tulcea Veche is 
stored and inventoried under the repository numbers 
107–110, 4864, 4867–4877, 4879–4881, and 6166–
6168 at the Geological Survey of  Slovenia. 

conodonts

Previous studies on the Lower Triassic 
conodont faunas in North Dobrogea

Triassic conodonts from North Dobrogea 
were studied by Mirăuţă (1974, 1982), Mirăuţă & 
Iordan (1982), and Mirăuţă et al. (1984), whereas 
unpublished data can be found in various archived 
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reports of  the Geological Institute of  Romania. Re-
lying on the taxonomy and based on the knowledge 
of  Triassic conodont biostratigraphy of  the time, 
Mirăuţă (1974) dated the rock sequences with Trias-
sospathodus triangularis (Bender, 1970) and Tr. homeri 
(Bender, 1970) in the Tulcea Zone as Spathian, 
whereas the strata with Chiosella gondolelloides (Bender, 
1970) were dated as early Anisian (Aegean). A Spath-
ian conodont fauna yielding Tr. triangularis and Tr. 
homeri, in association with ramiform elements, was 
collected from a grey sparry limestone cropping out 
south of  the village of  Beştepe and south-east of  
the village of  Malcoci (Mirăuţă & Iordan 1982). A 
conodont fauna with similar composition has been 
also reported from grey limestone occurring in the 
Somova-Sarica Hill area (Mirăuţă 1982; Mirăuţă et al. 
1984), where a diverse range of  bivalve and brachio-
pod species occur next to the ammonoid Tirolites cf. 
spinosus Mojsisovics, 1892. Moreover, the more re-
cent macrofauna collection from the Tulcea Veche 
Quarry was also compared to the one studied by Si-
mionescu (1911). 

The lower Anisian (Aegean) has been identi-
fied by Mirăuţă et al. (1984) in the Somova-Sarica 
Hill area with the identification of  the species C. ti-
morensis (Nogami, 1968). Debates on the taxonomy 
of  the two species of  Chiosella emerged, with some 
authors placing the C. gondolelloides (originally de-
scribed as Spathognathodus gondolelloides) in the synony-
my of  C. timorensis (originally described as Gondolella 
timorensis); the latter taxon is currently identified as a 
distinct species of  the Chiosella genus (e.g. Grădinaru 
et al. 2006; Orchard et al. 2007, Chen et al. 2015). In 
this view the recognition of  Spathian versus early 
Anisian (Aegean) in some localities in North Dobro-
gea, as noted in the above mentioned studies, is still 
open, and is not the subject of  this study. 

Conodont fauna of  the Tulcea Veche 
Quarry

The focus of  our study was the documenta-
tion of  a conodont fauna originating from a short 
stratigraphic interval of  the Tulcea Veche Quar-
ry (Fig. 1B) and its correlation within the lower 
Spathian conodont zonation. All recovered cono-
donts have a Conodont Alteration Index (CAI) va-
lue of  between 5 and 5.5 and are black in colour 
(Epstein et al. 1977).

The conodont samples were collected from a 
short section yielding an abundance of   ammonoid 
fauna with Tirolites and composed of  mudstone in-
terbedded with shale. Four units can be distingui-
shed and are listed here in stratigraphic ascending 
order: Tirolites mudstones, Dobrogeria beds, Bioclastic 
beds, and Crittendenia beds. A total of  23 samples 
were processed. The majority of  the samples were 
productive for conodonts, and only two samples 
from the Dobrogeria beds (samples 4864, 4872) were 
barren and therefore excluded from Fig. 2 which 
shows the conodont distribution in the studied 
samples of  the Tulcea Veche section. The composi-
tion of  the recovered conodont associations is very 
similar in all samples, and they are marked by the 
dominant representation of  species of  the genera 
Novispathodus and Triassospathodus. The list of  the 
identified conodont elements comprises: Icriospatho-
dus crassatus (Orchard, 1995), Neospathodus robustispi-
nus Zhao & Orchard, 2008, Novispathodus abruptus 
(Orchard, 1995), Nv. brochus (Orchard, 1995), Nv. 
aff. brochus (Orchard, 1995), Triassospathodus ex gr. 
homeri (Bender, 1970), Tr. hungaricus (Kozur & Mo-
stler, 1970), Tr. ex gr. hungaricus (Kozur & Mostler, 
1970), Tr. symmetricus (Orchard, 1995), Tr. aff. symme-
tricus (Orchard, 1995), and Triassospathodus sp. (Figs. 
5–8). Based on the dominant occurrence of  Tr. sym-

 
 

Mb. TIROLITES MUDSTONES BIOCLASTIC BEDS CRITTENDENIA  B. 

Sample 
Conodonts 48

69
 

48
70

 

48
73

 

48
74

 
48

75
 

48
76

 
48

77
 

48
67

 
48

68
 

48
71

 
48

79
 

48
80

 
48

81
 

10
7a

 
10

7b
 

 10
8 

10
9 

61
66

 
61

67
 

61
68

 

11
0 

I. crassatus      3 1 3  4 1 1 4 1 1 1  1  3 7 

Ns. robustispinus                  3    

Nv. abruptus 4  5    1 34 14 18 15 37 15   4 2 5 3 4 9 

Nv. brochus        3 1             

Nv. aff. brochus 1  1  1     1           1 

Tr. ex gr. homeri         3             

Tr. hungaricus                   4 3  

Tr. ex gr. hungaricus        4    3    1  2 3 4  

Tr. symmetricus 7  4  1 1 2 29 17 25 17 24 27 1 1 9 3 6 2 3 12 

Tr. aff. symmetricus                  3    

Triassospathodus sp.   1 4    10 1  3 3 2     7 21 20  

 

Fig. 2 - Conodont distribution in the 
studied samples of  Tulcea 
Veche. See Fig. 3 for abbre-
viations.
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metricus the recovered fauna is correlated with the 
Tr. symmetricus Zone.

Triassospathodus symmetricus was first described 
from Oman and North America by Orchard (1995), 
which description is based in part on other similar 
species previously attributed to Neospathodus (Ns. 
cristagalli (Huckriede, 1958), Ns. homeri, Ns. triangula-
ris). In Oman and in North America, Tr. symmetricus 
co-occurs with Icriospathodus collinsoni (Solien, 1979) 
and Tr. homeri (Mosher 1968; Orchard 1995). Tr. 
symmetricus has a long stratigraphic range over most 
of  the Spathian and correlates with ammonoid fau-
nas including Columbites, Procolumbites, Prohungatites/
Subcolumbites and Neopopanoceras (Orchard 1995). Tr. 
symmetricus has also been reported from Italy (Per-
ri 1986), Greece (Dürkoop et al. 1986; Gaetani et 
al. 1992), Albania (Muttoni et al. 1996) and many 
sections in North America and Asia. For a more 
comprehensive and precise geographic picture of  
the occurrence of  Tr. symmetricus and Tr. homeri the 
reader is referred to Orchard (1995) and Chen et al. 
(2013).

Specimens of  Novispathodus abruptus are de-
scribed as rectangular units with a moderately 
arched upper edge, usually bearing 10 denticles, 
having a basal cavity with subrounded outline and 
some specimens reveal also a lateral rib.  It was first 
described from Oman; certain short and high seg-
minate elements previously attributed to Tr. homeri 
and Tr. triangularis (Orchard, 1995) have also been 
included on its synonymy list. This species has 
also been reported from many sections of  North 
America (Orchard 1995), China (Chen et al. 2015), 
Vietnam (Maekawa & Komatsu 2014), and in Japan, 
where it occurs in the Nv. pingdingshanensis and Tr. 
brevissimus Zones (Maekawa et al. 2018). 

Icriospathodus crassatus and Novispathodus brochus 
are two species occurring in low frequency in the 
Tulcea Veche material, and which were also first 
described from Oman (Orchard 1995). Nv. brochus 
reveals many similarities with Tr. homeri, but the 
two taxa differ in their distribution of  denticles and 
which are more discrete in Nv. brochus. The presence 
of  I. crassatus was documented from the Spathian 
of  Italy (Perri & Andraghetti 1987), North Ameri-
ca (Orchard 1995), Oman (Orchard 1995; Chen et 
al. 2019, 2021), Japan (Koike 1992; Maekawa et al. 
2018), and China (Chen et al. 2015). 

Neospathodus robustispinus, featuring rather 
short elements with few denticles and spacious 
basal cavity, was first described from South China 
(Zhao et al. 2007, 2008). This species was found in 
the Žiri section of  Slovenia (Chen et al. 2016). In 
Tulcea Veche, it was only found to be present in a 
single sample (6166). Few specimens here assigned 
to Tr. ex gr. homeri also occur in the collections of  
Tulcea Veche. Triassospathodus homeri is a well-docu-
mented species that has been reported from many 
sections worldwide (Koike 1981; Orchard 1995; 
Chen et al. 2015). 

coMparIson and dIscussIon of lower 
spathIan conodont zones

The Triassospathodus symmetricus Zone was defi-
ned from Northeastern Vietnam, where it includes 
the ammonoids Tirolites and Columbites; these strata 
are correlated with the lower Spathian (Maekawa & 
Komatsu 2014). The zonal marker, Tr. symmetricus 
co-occurs with Nv. pingdingshanensis, Tr. homeri, Tr. 
triangularis, and icriospathodids, including I. collinsoni 
and I.? crassatus. In Slovenia, the Tr. symmetricus Zone 

Fig. 3 - Correlation of  the conodont sequence of  Tulcea Veche area with synthesis zones and some Tethyan sections. Abbreviations: Ds. – 
Discretella,  Eu. – Eurygnathodus, I.  – Icriospathodus, Ng. – Neogondolella, Ns. – Neospathodus, Nv. – Novispathodus, Pac. – Pachycladina, Par. 
– Parachirognathus, Pl. – Platyvillosus, Sc. – Scythogondolella, Tr. – Triassospathodus. 
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was also recognized based on the co-occurrence 
of  the name-bearing taxon accompanied by Tr. ex 
gr. homeri and Tr. ex gr. hungaricus. The first occur-
rence of  Tr. symmetricus marks the lower boundary 
of  the corresponding zone, whereas the first oc-
currence of Ns. robustispinus defines its upper limit 
(Kolar-Jurkovšek & Jurkovšek 2015, 2019). The Tr. 
symmetricus Zone can be correlated with the I. collin-
soni Zone of  the integrated zonation (Kozur 2003), 
as well as the I. collinsoni Zone of  Jiarong, South 
China where a diversified conodont fauna includes 
the index taxon as well as some gondolellids and 
several other segminate elements including I. collin-
soni (Chen et al. 2013, 2015).  Just recently, a new 
taxonomy for neogondolellin conodonts has been 
described from North America and the associated 
taxa enable to distinguish the Neostrachanognathus sp. 
– Nv.? triangularis and Tr. symmetricus Zones from the 
middle and upper Spathian strata (Orchard 2022).

The Tr. symmetricus Zone of  Northeastern 
Vietnam and the contemporaneous I. collinsoni Zone 
of  Jiarong, South China, lie stratigraphically just 
above the Nv. pingdingshanensis Zone (Figs. 3, 4). 
In Slovenia, as well as in the Dinarides, the Tiro-
lites beds yield faunas that were referred to the Tr. 
hungaricus Zone (Kolar-Jurkovšek et al. 2021); the 
recovered specimens are represented by segminate 

elements of  small size. The positive trend of  a δ 13Corg 
value reaches a maximum in the subsequent I. col-
linsoni Zone and it has been documented worldwide 
(Maekawa & Komatsu 2014; Chen et al. 2015).  

The genus Icriospathodus has a distinct plat-
form morphology with developed ridges instead 
of  denticles. It is an important stratigraphic marker 
owing to its short range and extensive geographic 
distribution in North America and Asia, including 
South Primorye (e.g. Orchard 1995; Maekawa & 
Komatsu 2014). Outside these areas, the best repre-
sented species of  the genus, I. collinsoni has rather 
scarce occurrence and has not been recovered in 
this study. 

In the integrated ammonoid-, conodont 
and radiolarian zonation of  the Triassic of  Kozur 
(2003), the Tr. hungaricus Zone is equivalent to the 
Tirolites cassianus ammonoid Zone (Fig. 3). In the Di-
narides, the strata with Tirolites are associated with 
Tr. hungaricus that was first described from Hungary 
(Kozur & Mostler 1970), and more recently report-
ed from few locations in Slovenia (Kolar-Jurkovšek 
et al. 2013, 2017) and other sections in the Dina-
rides (Kolar-Jurkovšek et al. 2014; Aljinović et al. 
2018). Tr. hungaricus has been recognized in the Si-
chuan province, southwest China (Tian et al. 1983). 
Moreover, a similar species determined as “Ns.” cf. 

Fig. 4 - Paleogeography of  the Olenekian world (modified after Péron et al. 2005). Asterisks indicate important localities mentioned in the text.
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hungaricus has been reported from Nevada, North 
America, USA (Lucas & Orchard 2007).  

In the shallow western Tethys, the Tr. hungari-
cus Zone is documented in the lower Spathian in the 
Tirolites beds, where I. collinsoni is missing (Kolar-
Jurkovšek et al. 2013). The Tr. hungaricus Zone of  
Slovenia probably correlates in part with the Platyvil-
losus asperatus Zone in Great Basin, USA (Clark et al. 
1979), where Pl. asperatus Clark, Sincavage & Stone 
is the lowermost Spathian conodont zone (Chen et 
al. 2016; Kolar-Jurkovšek & Jurkovšek 2015). Strati-
graphically, the base of  the Tr. hungaricus Zone in 
the Žiri area should be quite close to the base of  the 
Spathian (Chen et al. 2016). 

The collected conodont fauna from the Tul-
cea Veche Quarry can be compared to the fauna of  
the Kçira section, Albania where the Spathian fauna 
is characterized by the co-occurrence of  Tr. symmet-
ricus and Tr. homeri, as well as Nv. abruptus, which 
is confined to the basal part of  the section, with 

the sporadic presence of  Nv. brochus (Muttoni et al. 
1996). The authors compared this fauna with the 
middle Spathian fauna 3 of  Orchard (1995: fig. 1). 

The composition of  the studied conodont 
fauna from Romania, is to a certain degree, similar to 
the faunas of  Oman that are more diversified, yield-
ing conodont elements of  higher and lower paleo-
latitudes. The following species are common among 
the Omani and Romanian sections: I. crassatus, Nv. 
abruptus, Nv. brochus, Tr. homeri, Tr. symmetricus and 
this fauna characterizes the unitary association zone 
UAZ6 in Oman (Chen et al. 2019). The SSB is iden-
tified within the interval from UAZ4 to UAZ5 and 
demonstrated, along with chemostratigraphy, by the 
last appearance datum of  Nv. pingdingshanensis, and 
the ecological dependence of  Icriospathodus species 
as determined by the absence/presence of  I. collin-
soni over a short distance is also mentioned (Chen et 
al. 2019). The fauna from Oman records the pres-
ence of  I. collinsoni that marks Zone 10 of  Sweet et al. 
(1971) and occurs in many equivalent faunas of  the 
Tethys; however, it seems to be restricted to low pa-
leolatitude according to Orchard (1995). In Europe, 
I. collinsoni is rare and has a very limited distribution; 
to date, there has been a report of  a single specimen 
from the Southern Apennines in Italy (Mietto et al. 
1991), which was collected in west Anatolia in Tur-
key (Steuber 1992) and on Crete in Greece (Krahl 
et al. 1983). There are no reports of  this taxon in 
the Dinarides (Kolar-Jurkovšek & Jurkovšek 2015) 
nor in the eastern Albanides (Meço 1999; Gaetani 
et al. 2015). It should be mentioned here that cer-
tain Early Triassic taxa have very limited geographic 
distributions, confined to European localities, i.e. 
Platyvillosus corniger Kolar-Jurkovšek & Chen, 2016 
and Pl. regularis (Budurov & Pantić, 1973) are known 
to occur only in the Dinarides, whereas Foliella has 
been collected in the Southern Alps and the Dina-
rides, and its distribution was recently extended to 
Oman (Kolar-Jurkovšek & Jurkovšek 2015; Chen et 
al. 2019). Assemblages from the late Griesbachian 
to the Smithian are characterized by shallow water 
elements or ecologically controlled taxa that have 
adapted to the epeiric ramp environment (Aljinović 
et al. 2018). Therefore, conodont faunas from these 
areas differ from the equivalent faunas of  other 
parts of  the Tethys region (North America, Asia) 
and are instrumental in defining the western part of  
the Tethyan province (Kolar-Jurkovšek & Jurkovšek 
2019). 

Fig. 5 - SEM images of  conodonts from the Tulcea Veche locality. 
1, 3–5, 9) Novispathodus abruptus (Orchard); 6) Triassospathodus ex gr. 

homeri (Bender); 8) Novispathodus sp.; 2, 7) Triassospathodus 
symmetricus (Orchard). 1–5) sample GeoZS 4867; 6) sample 
GeoZS 4868; 7) sample GeoZS 4871; 8) sample GeoZS 
4875; 9) sample GeoZS 4877. 

Scale bar: 200 microns; a) lateral, b) lower view.
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Fig. 6 - SEM images of  conodonts from the Tulcea Veche locality, sample TV eastern base (GeoZS 6166).
1, 6, 8) Neospathodus robustispinus Zhao and Orchard; 2, 3) Triassospathodus aff. symmetricus (Orchard); 4, 7) Novispathodus abruptus (Orchard); 7, 9) 

Triassospathodus aff. symmetricus (Orchard); 10) Icriospathodus crassatus (Orchard); 11–12) Novispathodus aff. abruptus (Orchard). 
Scale bar: 100 microns; a) upper, b) lower, c) lateral view.
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Fig. 7 - SEM images of  conodonts from the Tulcea Veche locality, sample TV western base (GeoZS 6167). 1–3) Triassospathodus ex gr. hun-
garicus (Kozur & Mostler); 4) Triassospathodus hungaricus (Kozur & Mostler); 5–6) Triassospathodus sp.; 7–10) Triassospathodus symmetricus 
(Orchard). 

Scale bar: 100 microns; a) upper, b) lower, c) lateral view.
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Fig. 8 - SEM images of  conodonts from the Tulcea Veche locality, sample TV 110a (GeoZS 6168). 1–3, 5) Triassospathodus sp.; 4) Triassospatho-
dus hungaricus (Kozur & Mostler); 6) Triassospathodus ex gr. hungaricus (Kozur & Mostler); 7, 9) Triassospathodus symmetricus (Orchard); 8, 
10–11) Icriospathodus crassatus (Orchard). 

Scale bar: 100 microns; a) upper, b) lower, c) lateral view.
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conclusIon

A Lower Triassic conodont fauna was recov-
ered from the Tulcea Quarry and the recovered 
associations are characterized by the domination 
of  species of  two genera, Novispathodus and Trias-
sospathodus. The list of  identified conodont elements 
includes the following taxa: Icriospathodus crassatus 
(Orchard), Neospathodus robustispinus Zhao & Or-
chard, Novispathodus abruptus (Orchard), Nv. brochus 
(Orchard), Nv. aff. brochus (Orchard), Triassospatho-
dus ex gr. homeri (Bender), Tr. hungaricus (Kozur & 
Mostler), Tr. ex gr. hungaricus (Kozur & Mostler), Tr. 
symmetricus (Orchard), Tr. aff. symmetricus (Orchard), 
and Triassospathodus sp.  Based on the dominant oc-
currence of  the species Tr. symmetricus, the recov-
ered fauna is attributed to the Tr. symmetricus Zone. 
The absence of  some stratigraphically important 
Tethyan taxa is noted, such as Icriospathodus collinsoni, 
Novispathodus waageni, and Nv. pingdingshanensis, which 
are missing in the Tulcea Veche Quarry, as they are 
in the Dinarides and Albanides. 

Tr. hungaricus has been reported from the Ju-
lian Alps, northwestern Slovenia, in rocks charac-
terized by tempestite, bioturbated mudstone, and 
claystone. They have been interpreted to be de-
posited below the fair-weather wave base, but shal-
lower than storm-wave base (Kolar-Jurkovšek et al. 
2013). The Olenekian strata yielding Triassospathodus 
were reported from shallow ramp environments of  
the Jajce area in Bosnia and Herzegovina (Kolar-
Jurkovšek et al. 2014). The occurrence of  the Tr. 
hungaricus indicates a relatively shallow marine en-
vironment (Chen et al. 2016; Aljinović et al. 2018) 
which suggests that the strata of  the Tulcea Quarry 
were deposited on a ramp marginal to the Tethys 
Sea.
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