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Abstract
Middle Triassic beds exposed along the road between Mišji Dol and Poljane pri Primskovem (Posavje Hills) comprise 

marlstone, tuff, volcaniclastic sandstone, and thin- to medium-bedded limestone and dolostone. The succession was 
logged and sampled for conodonts. A relatively rich conodont assemblage was determined, consisting of Budurovignathus 
gabrielae Kozur, Budurovignathus sp., Cratognathodus kochi (Huckriede), Gladigondolella malayensis Nogami, 
Gladigondolella tethydis Huckriede, Gladigondolella sp., Neogondolella balkanica Budurov & Stefanov, Neogondolella cf. 
excentrica Budurov & Stefanov, Neogondolella constricta (Mosher & Clark), Neogondolella cornuta Budurov & Stefanov, 
Neogondolella sp., Paragondolella excelsa Mosher, Paragondolella liebermani (Kovacs & Kozur), Paragondolella trammeri 
(Kozur), Paragondolella cf. alpina (Kozur & Mostler), and Paragondolella sp. The assemblage correlates with the upper 
Anisian and lowermost Ladinian assemblages from the Global Boundary Stratotype Section and Point (GSSP) of the 
Ladinian at Bagolino in the Southern Alps in northern Italy. Along with conodonts, numerous specimens of benthic 
foraminifera Nodobacularia? vujisici Urošević & Gaździcki were recovered from the lowermost part of the succession. 
Previous research on this taxon is critically evaluated.

Izvleček
Zaporedje srednjetriasnih plasti, ki so razgaljene ob cestnem useku med Mišjim Dolom in Primskovim (Posavsko 

hribovje), sestavljajo laporovec, tuf, vulkanoklastični peščenjak in tanko do srednje plastnat apnenec in dolomit. 
Zaporedje je bilo popisano in vzorčeno za konodontne analize. Določena je bila relativno bogata združba, ki sestoji iz 
vrst Budurovignathus gabrielae Kozur, Budurovignathus sp., Cratognathodus kochi (Huckriede), Gladigondolella ma-
layensis Nogami, Gladigondolella tethydis Huckriede, Gladigondolella sp., Neogondolella balkanica Budurov & Stefanov, 
Neogondolella cf. excentrica Budurov & Stefanov, Neogondolella constricta (Mosher & Clark), Neogondolella cornuta 
Budurov & Stefanov, Neogondolella sp., Paragondolella excelsa Mosher, Paragondolella liebermani (Kovacs & Kozur), 
Paragondolella trammeri (Kozur), Paragondolella cf. alpina (Kozur & Mostler) in Paragondolella sp. Združbo lahko ko-
reliramo z zgornjeanizijsko do spodnjeladinijsko združbo iz globalnega mejnega stratotipskega profila in točke (GSSP) 
za ladinij v Bagolinu v Južnih Alpah, severna Italija. Poleg konodontov so bili v spodnjem delu zaporedja najdeni številni 
primerki bentoških foraminifer Nodobacularia? vujisici Urošević & Gaździcki. Podajamo kritični pregled dosedanjih raz-
iskav tega taksona.
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ta-Maliac) Ocean (Schmid et al., 2008; Kovács et 
al., 2011). As a result, several smaller basins were 
created, mainly between late Anisian and early 
Ladinian (Buser, 1989; Haas & Budai, 1999; Bu-
dai & Vörös, 2006; Berra & Carminati, 2010; Ste-
fani et al., 2010; Velledits et al., 2011; Gawlick et 
al., 2012; Celarc et al., 2013; Smirčić et al., 2020). 

Introduction

The Middle Triassic tectonic and paleogeo-
graphic evolution of the present-day Southern 
Alps, Dinarides, Northern Calcareous Alps, and 
Transdanubian Range was strongly affected by 
crustal extension that accompanied the opening 
and spreading of the western Neotethys (Melia-
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Tectonic activity was accompanied by volcanism, 
which is ref lected in the local deposition of volca-
niclastic and/or volcanic rocks, mostly within the 
basinal areas (Buser, 1989; Gianolla et al., 2019). 
Upper Anisian to Ladinian basinal successions are 
relatively widespread in the territory of Slovenia 
(see Dozet & Buser, 2009 and Kolar-Jurkovšek & 
Jurkovšek, 2019 for summary). Local differences 
among the successions evidence the existence of 
several basins of different depths and characters, 
ranging from open marine environments (Rakovec, 
1950; Buser, 1986; Skaberne et al., 2003; Rožič et 
al., 2021), to ephemeral marshes, river systems, 
freshwater lakes, and shallow restricted lagoons 
(Čar, 2013). The ruggedness of the relief is well ex-
emplified in the Idrija area, where at least three 
Ladinian sedimentary basins separated by topo-
graphic ridges were recognised (Čar, 2013). Deter-
mination of age is crucial for exact stratigraphic 
position and correlation of this plethora of differ-
ent depositional environments. Limestones from 
open marine and well-aerated basins often contain 
conodonts (Celarc et al., 2013; Kolar-Jurkovšek & 
Jurkovšek, 2019), radiolarians (Goričan & Buser, 
1990; Ramovš & Goričan, 1995; Skaberne et al., 
2003; Celarc et al., 2013), and bivalves (Jurkovšek, 
1984), while ammonoids are rarely found (Čar, 
2010). Foraminifera are also present, but they are 
usually not abundant (Jurkovšek, 1984). Numer-
ous Middle Triassic deposits, however, remain 
poorly dated (e.g., the shale- and sandstone-domi-
nated Pseudozilian beds in the central and western 
Slovenia; Rakovec, 1950; Buser, 1986; Čar et al., 
2021). 

A Middle Triassic volcanoclastic unit between 
Mišji Dol and Poljane pri Primskovem in the cen-

tral Posavje Hills was previously mentioned by Li-
pold (1858), Germovšek (1955), and Buser (1974). 
Some ammonoid and bivalve taxa were determined 
(Lipold, 1858; Germovšek, 1955; Buser, 1974; also 
Jurkovšek, 1984 for localities in vicinity). A de-
tailed description of a volcano-sedimentary suc-
cession from Obla Gorica in the vicinity was given 
by Dozet (2006), who divided the succession into 
(from bottom/older to top/younger): bedded tuff 
with interbeds of limestone (1), lower platy dolo-
stone with chert and tuff interbeds (2), light grey 
bedded dolostone with tuff interbeds (3), upper 
platy dolostone with cherts and tuff interbeds (4), 
dark marly limestone and marlstone (5); tuff with 
interbeds of volcaniclastic sandstone (6), and bed-
ded and platy grained limestone (7). A renewed 
sampling of Middle Triassic beds between Mišji 
Dol and Poljane pri Primskovem yielded a rela-
tively rich and well-preserved conodont and fora-
miniferal fauna. The aim of this paper is to present 
the recovered conodont and foraminiferal assem-
blages for a better stratigraphic assignment of the 
Upper Anisian to Ladinian beds in the researched 
area. The conodont assemblage is compared to 
other assemblages from the region.   

Geological setting

According to Placer (1998a, 2008), the stud-
ied area structurally belongs to the External Di-
narides and the Sava Folds (Placer, 1998b). The 
studied succession is a part of the Litija Anticline 
(Placer, 1998b), created by post-Miocene com-
pression (Placer, 1998b; Tomljenović & Csontos, 
2001). The pre-folding structure of the External 
Dinarides was largely governed by Oligocene–
early Miocene thrusting in the NE-SW direction 

Fig. 1. Geographic position of the studied section. a: Position of area depicted in Fig. 1b. b: Position of the section along the road from Mišji 
Dol to Poljane pri Primskovem. LIDAR digital model of the relief, 2015. Data source: Slovenian Environment Agency. Accessed via Geopedia 
portal (Sinergise d.o.o.) in November 2022.
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(Placer, 1998a, 1998b; Vrabec & Fodor, 2006). 
The logged succession of Middle Triassic beds lies 
along the road between Mišji Dol and Poljane pri 
Primskovem (Fig.  1), starting at 45°59´28.43´́ N, 
14°54´37.56´́ E and ending at 45°59´0.71´́ N, 
14°54´54.15´́ E. The succession is folded, dissect-
ed by numerous minor faults, and partly covered. 
According to Buser (1968) and Dozet (2006), the 
investigated succession unconformably overlies 
massive Anisian dolostone and is succeeded up-
wards by the massive Ladinian dolostone. 

Material and methods

Due to the partial coverage of the succession, 
we were only able to reconstruct the succession by 
combining the outcropping segments. Thirty-one 
conodont samples were collected along the suc-
cession, weighting between 1.5 and 2.5 kg. The 
rock was dissolved in 10–15 % acetic acid and the 
residue was separated into light and heavy frac-
tions with the use of bromoform. Conodonts from 
the heavy fraction and foraminifera from the light 
fraction were hand-picked under a binocular mi-
croscope. In some instances, the interior of fora-
minifera could be viewed by immersing them in 
glyceryl. We also prepared some oriented thin sec-
tions of foraminifera. Selected specimens of cono-
donts and foraminifera were photographed with a 
scanning electron microscope (SEM) JEOL JSM 
6490LV. The macroscopic lithological description 
was supplemented by micropetrographic analysis 
of 49 thin sections using a polarizing optical mi-
croscope. Carbonate rocks were classified accord-
ing to Dunham (1962), Embry and Klovan (1972), 
and Wright (1992). The terminology of volcani-
clastics follows Di Capua et al. (2022). Similarities 
with other conodont assemblages from the same 
time interval were evaluated using the Dice simi-
larity index using PAST v. 2.17c statistics software 

(Hammer et al., 2001). Preparatory work and SEM 
microscopy were performed at the Geological Sur-
vey of Slovenia. The conodont samples are stored 
at the Geological Survey of Slovenia under repos-
itory numbers 6247–6264. The thin sections are 
stored in repository of the co-author L.G. at the 
Department of Geology, Faculty of Natural Scienc-
es and Engineering in Ljubljana. 

Results

Description of section

The succession was investigated along 1100 m 
long road section. The contact with the massive 
Anisian dolostone is not exposed. The general ori-
entation of bedding changes from 235/42 in the 
lower part of the succession, to 190/40 halfway 
along the roadcut, and to 200/50 near the top. 
Despite this relative consistency in the general 
orientation of the bedding, small-scale folds and 
faults are present, which makes the estimate of the 
thickness of individual sub-sections very difficult. 
We estimate that the entire succession is between 
100 and 200 m thick. Figure 2 shows some bet-
ter exposed parts of the succession, and Figure 3 
the reconstructed generalized succession and po-
sition of conodont samples within it. The general 
succession starts with a variegated succession of 
marlstone, tuff, and thin-bedded limestone. High-
er up in the succession thin- to medium-bedded 
limestone and dolostone predominate, commonly 
interchanging with volcaniclastic sandstone. The 
top of the roadcut is again dominated by poorly 
exposed variegated succession of tuff, volcani-
clastic sandstone, marlstone, and limestone. The 
lithological composition of each sector along the 
road and the actual thickness of each part of the 
succession is presented in Table 1. 

Fig. 2. Middle Triassic beds between Mišji Dol and Poljane pri Primskovem. a: Dolomitized cherty limestone with thin interbeds of volcan-
iclastic sandstone; sector 13. b: Thin bedded limestone (radiolarian-filament wackestone/packstone); sector 21. 
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Fig. 3. Reconstruction of the Middle Triassic succession along the road between Mišji Dol and Poljane pri Primskovem. The true stratigraphic 
thickness of each sector is shown (see thicknesses in Table 1). The right-hand side presents the position of the conodont samples and the 
stratigraphic distribution of the conodont species. The Anisian/Ladinian boundary is within the trammeri zone.
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Sector Lithology Total thickness Microfacies

1 Covered by soil. Marlstone and pelitic tuff (80 %) in 1–5 cm thick beds, 
locally with chert and thin-shelled bivalves, concordant to bedding.
-Dark limestone in up to 7 cm thick beds (18 %); locally with bands 
with thin-shelled bivalves, concordant to bedding. Locally silicified. 
-Volcaniclastic sandstone (2 %) forms up to 3.5 cm thick beds. Weath-
ered pieces are light yellow in colour.

16 m (estimated) Limestone:
-radiolarian-filament-peloid packstone;
-bioclastic-intraclastic grainstone;
-peloid-bioclastic packstone/grainstone

2 The lower part (1.2 m) is dominated by limestone, the next 4.2 m by 
tuff and volcaniclastic sandstone. Micritic limestone and breccia (45 cm 
thick) follow, then a 1.5 m thick bed of marlstone, and two more beds 
(20 cm and 25 cm thick) of breccia.
-Limestone is dark grey to black, locally selectively silicified. Bed 
thickness is from 1 cm to 15 cm. Bivalve shells and radiolarians were 
recognised with a hand-lens. 
-Tuff and volcaniclastic sandstone is present in 1–15 cm thick beds. The 
colour is yellow, green, brownish green or greenish grey. 
-Marlstone is dark brown in colour and laminated. 
-Breccia is poorly sorted; the largest clasts from the top of the bed are 
4 cm across. 

8.2  m (logged in 
detail)

Limestone:
-calcimudstone;
-radiolarian-filament wackestone/packstone;
-bioclastic-intraclastic rudstone

Clastics:
-calcareous mudstone;
-volcaniclastic sandstone;
-mud-supported sandy breccia

3 Mostly covered. Marlstone dominates (90 %) over a few beds of volca-
niclastic sandstone and black pelitic tuff. 

9 m (estimated) Clastics:
-calcareous mudstone;
-volcaniclastic sandstone

4 Mostly covered. Marlstone. 6 m (2 m exposed, 
the rest estimated)

/

5 Covered. ? (estimated 3 m) /
6 Black marly limestone, locally with chert. 1 m /
7 Covered. ? (estimated 3 m) /
8 Three beds of black micritic limestone. 1.5 m /
9 Mostly covered. Fragments of black micritic limestone are found over 

75 % of this interval; the rest is probably grey dolostone and volcani-
clastic sandstone.

18 m (estimated) /

10 Light grey dolostone, fractured and folded. Bedding is not clear. ? (estimated 5 m at 
most)

Dolostone:
-dolomitized intraclastic grainstone/rud-
stone?; subhedral 

11 Grey dolostone in 1.5–8 cm thick beds. ? (estimated 3 m) Dolostone:
-dolomitized intraclastic grainstone/rud-
stone?; subhedral

12 Covered. Fragments of volcaniclastic sandstone and dolostone. ? (estimated 2 m) /
13 Bedded dolomitized cherty limestone with cleavage. Beds are 0.5–

34.5 cm thick. They interchange with beds of volcaniclastic sandstone.
6 m Dolostone:

-subhedral; locally with chert
14 Covered. Fragments of dolostone and volcaniclastic sandstone. ? (estimated 3 m) Clastics:

-volcaniclastic sandstone; grains of volcanics, 
quartz, feldspar, microsparitic lithoclasts 

15 Volcaniclastic sandstone. ? (estimated 1 m) Clastics:
-sandstone with grains of poli- and monocrys-
tal quartz, chloritized volcanics, feldspar; 
sericitic matrix and dolomitic cement

16 Covered. Fragments of dolostone and limestone. ? (estimated 2 m) Dolostone:
- subhedral; 10% of terrigenous quartz, rare 
echinoderms are preserved

17 Dolomitized limestone in app. 5 cm thick beds. 1 m /
18 Covered. Fragments of dolostone and volcaniclastic sandstone.  ? (estimated 1–3 m) /
19 Dolostone in 2–34 cm thick beds. Laterally pinching out and lateral 

amalgamation of beds suggest slumping.
2 m Dolostone:

- subhedral; dolomitized grainstone or rud-
stone (remains of echinoderms and intra-
clasts) and packstone with filaments 

20 Folded thin-bedded (0.5–2 cm) dolostone, subordinately limestone. 2 m Dolostone:
-subhedral; chert nodules
Limestone:
-radiolarian-filament wackestone/packstone

21 Dark grey to black limestone in 3.5–12 cm thick beds. Parallel lamina-
tion and silicification are locally present. Subordinate are thin marlstone 
interlayers.

7 m Limestone:
-radiolarian-filament wackestone/packstone

Table 1. Lithological composition of Middle Triassic beds between Mišji Dol and Poljane pri Primskovem.



112 Katja OSELJ, Tea KOLAR-JURKOVŠEK, Bogdan JURKOVŠEK & Luka GALE

Sector Lithology Total thickness Microfacies

22 Dolostone in 5.5–19 cm thick beds. One bed shows cross-lamination. 
Subordinate are thin marly interlayers. Cleavage is present.

7 m Dolostone:
-dolomitized filament packstone/grainstone 
and intraclastic rudstone; subhedral

23 Covered. Fragments of limestone and volcaniclastic sandstone. ? (estimated 1.5 m) Limestone:
-peloid-bioclastic packstone/grainstone

24 Partly covered. Dolomitized limestone in 2–7.5 cm thick, folded beds. 
Large part of the succession covered by a concrete wall.

3 m + unknown 
+ 3 m

Dolostone:
-subhedral; remains of brachiopods/bivalves 
and echinoderms; selective silicification

25 Thin beds of dolostone (1.5–13 cm), interchanging with volcaniclastic 
sandstone.

6 m Dolostone:
-subhedral; remains of echinoderms, fila-
ments; 5 % of terrigenous quartz

26 Dolostone in 4–22 cm thick beds. Nodules of chert and laminae are 
locally present. 

7 m Dolostone:
-subhedral; selective silicification

27 Dark grey to black limestone in 4–20 cm thick beds. Cross-lamination 
is locally present. 

1.5 m (estimated) Limestone:
-peloid-bioclastic packstone/grainstone

28 Mostly covered. Fragments of volcaniclastic sandstone and limestone. 
Exposed beds of limestone are 2–29 cm thick. Parallel lamination is 
locally visible.

? (estimated 5 m) Limestone:
-peloid-bioclastic packstone/grainstone;
-bioclastic-intraclastic-peloid grainstone with 
terrigenous admixture

29 Volcaniclastic sandstone in 0.5–10 cm thick beds. 1 m Clastics:
-volcaniclastic sandstone

30 Covered. Variegated succession of tuff, volcaniclastic sandstone, lime-
stone, dolostone.

? (estimated 50 m) Clastics:
-volcaniclastic sandstone

Microfacies Description 

Calcimudstone Texture is homogenous. Micritic matrix strongly predominates. Only 5 % of the area is occupied by grains (radiolarians). 

Radiolarian-filament 
wackestone/packstone

Texture is heterogenous, locally bioturbated. Matrix represents 50–70 % of the area, grains 30–50 %. Grains are well sort-
ed, supported by matrix or in point contacts. The average grain size is 0.4 mm. Among grains, bioclasts predominate (90 % 
of grains). These are mostly filaments and radiolarians, while ostracods and benthic foraminifera (Frondicularia wood-
wardia Howchin, Lagenida) are rare.

Peloid-filament-radio-
larian packstone

This microfacies interchanges with bioclastic-intraclastic grainstone in wide laminae. Texture is homogenous. Grains 
represent 85 % of the area, whereas matrix and spar represent 15 % of the area of thin section. Sorting is moderate. Grains 
are in point and long contacts, and they measure 0.03–1 mm in size. Spherical forms are the most common. Peloids and 
pellets represent 80 % of grains. Filaments (10 %) and radiolarians (7 %) are subordinate. Less abundant are echinoderms 
and foraminifera (Krikoumbilica sp.). Echinoderm plates are overgrown by syntaxial calcite cement. The calcite cement in 
intergranular space is fine-grained, locally drusy mosaic.

Bioclastic-peloid pack-
stone/grainstone

Texture is homogenous. Grains form 80 % of the area, matrix and cement 20 %. Sorting is moderate. Grains are 0.11–
4.9 mm large. They are in point and long contacts. Geopetal structures are present within gastropod shells. Biogenic grains 
represent 40–50 % of the grains. Peloids (35–40 %), aggregate grains (5–10 %), and intraclasts (5–15 %) are also common-
ly present. Less abundant are bivalves, echinoderms, foraminifera (sessile agglutinated foraminifera, Glomospirella sp., Pa-
laeolituonella meridionalis (Luperto), Endoteba sp., Endotriadella sp., Variostoma sp., Duostominidae), microproblematica 
(Plexoramea cerebriformis Mello, Tubiphytes obscurus Maslov), gastropods (locally more common), brachiopods, Terebel-
la tubes, and dasycladacean algae. Radiolarians are present where the micritic matrix is present. Terrigenous component is 
subordinate to allochems. Monocrystal quartz with uniform extinction is present in angular grains measuring 0.5–0.6 mm 
in size. Lithic grains of chert are locally also present. The cement is fine-grained and drusy mosaic calcite. Echinoderms are 
overgrown by syntaxial calcite. 

Bioclastic-intraclastic 
grainstone

This microfacies interchanges with peloid-filament-radiolarian packstone in wide laminae. Texture is homogenous. Grains 
represent 80 % of the area; intergranular space is filled by fine-grained, locally drusy mosaic calcite cement. Sorting is 
poor. Grains are mostly in point or long contacts. Grains range from 0.06 to 1.55 mm in size. Filaments and radiolarians 
strongly predominate (80 % of grains). Intraclasts, peloids and pellets are subordinate (10 % and 8 %, respectively). Very 
rare are ostracods and problematic algae. 

Peloid-intraclastic-bio-
clastic grainstone with 
terrigenous admixture

Texture is homogenous. Grains form 50 % of the area. Of these, terrigenous grains represent 20 % and allochems 30 %. 
Grains range 0.15–1 mm in size. They are moderately sorted. Small intraclasts and peloids are the most abundant among 
allochems. Approximately 5 % of the allochems are small bioclasts, which are partly or completely micritized. Benthic 
foraminifera (Palaeolituonella meridionalis (Luperto)) and echinoderms are recognisable. Terrigenous grains comprise 
chert, rhyolite-like volcanics, monocrystal quartz and plagioclase, and carbonate lithoclasts. Terrigenous grains are angular 
to very angular, between 0.15 mm and 0.55 mm in size. Plagioclase grains are partly sericitizied. Echinoderm plates are 
overgrown by syntaxial calcite cement.

Bioclastic-intraclastic 
rudstone

Texture is homogenous. Grains form 80 % of the area. They are very poorly sorted and measure 1 mm to 18.5 mm in size 
[within the thin section; several cm large clasts were observed in the field]. Subrounded clasts dominate. Grains are in 
stylolitic contacts. Allochems are dominated by intraclasts (oolithic packstone, wackestone with radiolarians and filaments, 
peloidal-bioclastic packstone, mudstone). Subordinate are echinoderm plates, ooids, peloids, benthic foraminifera and 
bivalve shells. Lithic grains are represented by recrystallised limestone. Other terrigenous grains are monocrystal quartz, 
plagioclase, and chert. These grains are angular to subangular, up to 5 mm large. The intergranular space is filled with spar. 
Silicification is locally present.

Table 2. Limestone microfacies types from Middle Triassic beds between Mišji Dol and Poljane pri Primskovem.
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Fig. 4. Selected microfacies types and microfossils from Middle Triassic beds between Mišji Dol and Poljane pri Primskovem. a: Interchang-
ing laminae of radiolarian-filament wackestone/packstone and peloid-filament-radiolarian packstone. Thin section 1758 (sample MD1A:B). 
b: Radiolarian-filament wackestone-packstone. Thin section 1790 (sample MD5A:A). c: Bioclastic-peloid grainstone. Thin section 1763 
(sample MD1A:C). d: Peloid-intraclastic-bioclastic grainstone with terrigenous admixture. Note foraminifer Palaeolituonella meridionalis 
(Luperto) in the centre. Thin section 1796 (sample MD7F:B). e: Variostoma sp. (right) and Ophthalmidium sp. (left) in bioclastic-peloid 
grainstone. Thin section 1763 (sample MD1A:C). f: Volcaniclastic sandstone. Thin section 1766 (sample MD1C:B). g: Endotriadella sp. in 
bioclastic-peloid grainstone. Thin section 1763 (sample MD1A:C). h: Endoteba sp. in bioclastic-peloid grainstone. Thin section 1763 (sample 
MD1A:C). i: Plexoramea cerebriformis Mello in bioclastic-peloid grainstone. Thin section 1786 (sample MD8A:A).
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Carbonate microfacies
The textures and composition of the limestone 

samples are described in more detail in Table 2. 
Selected microfacies types and microfossils from 
thin sections are shown in Figure 4.

Microfossil assemblage
The microfossil assemblage from the residue 

consists of conodonts, benthic foraminifera, gas-
tropods, echinoderms, brachiopods, green algae, 
radiolarians, microproblematica, and ostracods. A 
total of 16 conodont taxa were determined (Fig. 5): 

Fig. 5. Conodont taxa from Middle Triassic beds between Mišji Dol and Poljane pri Primskovem. SEM images. 1 – Budurovignathus sp., 
juvenile specimen, sample MD 6B:A (GeoZS 6260). 2 – Budurovignathus sp., sample MD 7F:A (GeoZS 6263). 3 – Paragondolella excelsa 
Mosher, sample MD 1J (GeoZS 6251). 4 – Paragondolella sp., juvenile specimen, sample MD 1B komp 0–0.25 (GeoZS 6247). 5 – Neogon-
dolella cornuta Budurov & Stefanov, sample MD 1B komp 0–0.25 (GeoZS 6247). 6 – Paragondolella ex gr. trammeri (Kozur), sample MD 
1J (GeoZS 6251). 7–9 – Paragondolella trammeri (Kozur), sample MD 5B:B (GeoZS 6258). 10 – Paragondolella trammeri (Kozur), samples 
MD 6C:A and MD 6D:A (GeoZS 6261). 11 – Paragondolella ex gr. trammeri (Kozur), samples MD 7E:A and MD 7E:B (GeoZS 6262). 12 – 
Budurovignathus gabrielae Kozur, sample MD 6B:A (GeoZS 6260). 13, 15 – Paragondolella ex gr. excelsa Mosher, sample MD 5D:A (GeoZS 
6259). 14 – Paragondolella liebermani (Kovacs & Kozur), sample MD 5B:B (GeoZS 6258). 16 – Neogondolella balkanica Budurov & Stefanov, 
sample MD 5D:A (GeoZS 6259). Scale bar: 200 µm; a – upper, b – lateral, c – lower, d – oblique lower views. 
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Budurovignathus gabrielae Kozur (Fig. 5.12), Bu-
durovignathus sp. (Fig. 5.1–5.2), Cratognathodus 
kochi (Huckriede), Gladigondolella malayensis 
Nogami, G. tethydis Huckriede, Gladigondolella 
sp., Neogondolella balkanica Budurov & Stefanov 
(Fig. 5.16), N. cf. excentrica Budurov & Stefanov, 
N. constricta (Mosher & Clark), N. cornuta Bu-
durov & Stefanov (Fig. 5.5), Neogondolella sp., 
Paragondolella excelsa Mosher and P. ex gr. excel-
sa (Fig. 5.3, 5.13, 5.15), P. liebermani (Kovacs & 
Kozur) (Fig. 5.14), P. trammeri (Kozur) and P. ex 
gr. trammeri (Fig. 5.6–5.11), P. cf. alpina (Kozur 
& Mostler), and Paragondolella sp. (Fig. 5.4). Ju-
veniles dominate, while adult specimens are most-
ly fragmented. Conodont elements are black and 
have a Colour Alteration Index (CAI) of 5.5 (Ep-
stein et al., 1977). 

The foraminiferal assemblage is relatively 
sparse, except for a high number of Nodobacular-
ia? vujisici Urošević & Gaździcki recovered from 
the residue of dissolved limestone from the low-
er part of the succession (sector 2; see Table 1). 
Ophthalmidium exiguum Koehn-Zaninetti and 
very rare Pseudonodosaria sp. were present in 
the same sample. Along with the mentioned spe-
cies, foraminifera include sessile agglutinated  
foraminifera, Palaeolituonella meridionalis (Lu-
perto), Glomospirella sp., Endoteba sp., Endotri-
adella sp., Krikoumbilica sp., Variostoma sp., 
Duostominidae, and small Lagenida. All were 
determined from thin sections. A taxonomic de-
scription of Nodobacularia? vujisici Urošević & 
Gaździcki, which is a rarely noted species, is given 
below.

Fig. 6. Nodobacularia? vujisici Urošević & Gaździcki from Middle Triassic beds between Mišji Dol and Poljane pri Primskovem. a: The same 
specimen viewed in reflected light (a1), immersed in glyceryl (a2), under SEM (a3), and in thin section (a4). b–f: Different specimens showing 
variability in size and length of the chambers. g: Detail of the wall seen under SEM. All specimens are from sample MD1B (GeoZS 4268).
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Subphylum Foraminifera d’Orbigny, 1826
Class Tubothalamea Pawlowski et al., 2013
Order Miliolida (Delage & Hérouard, 1896), emend 
Pawlowski et al., 2013
Superfamily Cornuspiroidea Schultze, 1854
Family Nubeculariidae Jones in Griffith and Hen-
frey, 1875
Subfamily Nodobaculariinae Cushman, 1927
Genus ?Nodobacularia Rhumbler, 1895
Nodobacularia? vujisici Urošević & Gaździcki, 
1977
Fig. 6a–g

1977 Nodobacularia vujisići nov. sp., Urošević & 
Gaździcki, p. 97, pl. 1, f ig. 1–6.
1980 Nodophthalmidium elenae n.sp., Gheorghi-
an, p. 38, pl. 1, f ig. 1–11; pl. 2, f ig. 1–6; pl. 3,  
f ig. 1–2. 
1983 Nodobacularia vujisići Urošević et Gaźd-
zicki, 1977 – Salaj et al., p. 113, pl. 141, fig.1–2.
1984 Nodophthalmidium vujisici (Urošević & 
Gazdzicki, 1977) – Kristan-Tollmann, p. 285, fig. 
8.1–8.7; pl. 11, fig. 1–29; pl. 8, f ig. 9. 
1987 Nodobacularia vujisici Urošević et Gaźd. – 
Oravecz-Scheffer, pl. 31, fig. 4.
1988 Nodophthalmidium vujisici Urošević et 
Gaździcki – Salaj et al., pl. 3, f ig. 25, 26, 34.
1991 Nodobacularia vujisici Urošević et Gaździcki 
– Kolar-Jurkovšek, pl. 2, f ig. 3–4. 
1993 Gheorghianina vujisici (Urošević & Gaźd-
zicki, 1977) – Trifonova, p. 50, pl. 8, f ig. 1–2.
1996 Gheorghianina vujisici (Urosevic et Gazd-
zicki, 1977) – Bérczi-Makk, p. 435, pl. 1, f ig. 6–7.

Material: Approximately 500 isolated spec-
imens from the residue of radiolarian-filament 
wackestone/packstone from the bottom of sector 2 
(Sample MD1B; GeoZS 4268; see Table 1).

Description: The foraminiferal test is free, un-
attached, and very elongated. Ovoid proloculus 
(diameter 0.018 mm, length 0.032 mm) is followed 
by two (?) elongated tubular chambers. The first 
of these is one-half of the whorls long, and shaped 
like in Ophthalmidium. The second chamber leads 
to a rectilinear or curvilinear part of the test, 
which consists of up to four elongated chambers. 
These are pyriform or f lask-like in shape, but with 
the largest constriction two-thirds of the way up 
the chamber, so that the chamber again gains in 
width towards the simple circular aperture. The 
third chamber in the uniserial part measures ap-
proximately 0.041–0.054 mm in width and 0.135–
0.230 mm in length. Although both, the length 
and width of the chambers increase continuously, 

they do so at different and inconstant rates. How-
ever, since the chambers are always much longer 
than they are wide, the test is always very elongat-
ed and narrow. Specimens with three chambers in 
the linear part are between 0.39 and 0.63 mm long, 
whereas the specimens with four chambers in the 
linear part measure 0.40 to 0.695 mm in length. 
The largest length of the chamber is 0.31 mm. The 
widest (usually third or fourth) chamber in the lin-
ear part is usually equal in width to the planispiral 
part. However, deviations are possible in both di-
rections. The wall is silicified. 

Remarks: The first description of N. vujisi-
ci was based on specimens in the thin sections, 
and was originally thought to have lived fixed to 
a substrate. It was also interpreted that the plani-
spiral part, which follows the proloculus, consists 
of a single tubular chamber, which later straight-
ens up to form the initial part of the linear series 
of chambers (Urošević & Gaździcki, 1977). The 
new species was placed in the genus Nodobacu-
laria, which, however, is characterised by two 
chambers in the planispiral part, and has some 
agglutinated particles within its wall (Loeblich 
& Tappan, 1988). Gheorghian (1980) later intro-
duced two new species from the Middle and Up-
per Triassic of Romania, with both attributed to 
the genus Nodophthalmidium Macfayden, 1939; 
of these species, Nodophthalmidium elenae Gheo-
rghian represents a junior synonym of N. vujisici, 
but Nodophthalmidium anae Gheorghian repre-
sents a distinct species characterised by longitu-
dinal costae. Gheorghian (1980, pl. 2) provided 
hand-drawings of the specimens, showing a tubu-
lar second chamber, that completely envelops the 
proloculus and continues to the linear part of the 
test. These illustrations led Loeblich and Tappan 
(1986) to establish a new genus, Gheorghianina, 
that differs from Nodobacularia in the mentioned 
feature, and from Nodophthalmidium in having 
more elongated chambers and a simple circular 
aperture. Both valid species, Nodobacularia vuji-
sici, and Nodophthalmidium anae were attributed 
to this genus. However, we believe that the micro-
photograph in Gheorghian’s (1980) plate 3 shows 
two chambers in the planispiral part, and that the 
second chamber is only one-half of a whorl long. 
Trifonova (1993) also noted that there are two 
chambers in the planispiral part of Nodobacularia 
vujisici and Nodophthalmidium anae. Moreover, 
this observation can be confirmed in the speci-
mens from Mišji Dol. Bérczi-Makk (1996) stat-
ed that Gheorghianina possesses a long, tapered 
neck, which is absent in both Nodobacularia and 
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Nodophthalmidium. Bérczi-Makk (1996) still con-
sidered Gheorghianina to have a planispiral part 
one-chamber long, and also stated that the plani-
spiral part is much smaller in Gheorghianina than 
in the other two genera. 

Whatever the generic assignment, Gheorghi-
anina has been reported from the literature quite 
rarely. This could also be due to its small size and 
the brittle nature of its test. Imperfect sections 
could lead to confusion with Earlandia amplimu-
ralis (Pantić). Salaj et al. (1983) described another 
species, Nodobacularia cylindriformis Salaj, Borza 
& Samuel, from Anisian beds, which lacks costae 
but is otherwise similar to N. anae. On the same 
plate, they figured also Nodophthalmidium cylin-
driformis n. sp. (perhaps a misnomer for Nodob-
acularia cylindriformis), creating some confusion, 
as no description is given under this name. Nodo-
bacularia? vujisici is often found in facies with 
daonellids or some undetermined thin-shelled bi-
valves (Urošević & Gaździcki, 1977; Gheorghian, 
1980; Kristan-Tollmann, 1984; Kolar-Jurkovšek, 
1991). 

Stratigraphic range: Illyrian to upper Carni-
an of Carpathians; Ladinian of Himalayas; Lad-
inian of Transdanubian Range and the Alsó Hill 
in Hungary; lower Ladinian to Carnian of Balkan 
Mountains and Dobrogea; and upper Anisian and 
Ladinian of Slovenia. 

Discussion

Biostratigraphy and comparison with other 
conodont assemblages

All of the studied conodont samples are marked 
by P. excelsa that is present throughout the sam-
pled succession. This species is accompanied by 
G. tethydis, N. cornuta and N. constricta that oc-
cur in most samples, except in the three samples 
from the uppermost part of the succession. Para-
gondolella excelsa ranges from the Illyrian to the 
Fassanian (Chen et al., 2015). The species N. con-
stricta (sensu Kozur), ranges in the Illyrian, and 
possibly even in the Pelsonian; N. cornuta, with 
a distinct cusp fused with the posterior platform 
end, is also common in the Illyrian faunas (Kozur 
et al., 1994). 

The upper part of the section is marked by the 
first occurrence of G. malayensis. Moreover, a 
successive appearance of N. cf. excentrica, P. lieb-
ermani, N. balkanica and P. cf. alpina is noted in 
this zone; all of these species range in the Illyrian 
and the Fassanian (Chen et al., 2015). Moreover, 
an introduction of budurovignathids is notewor-

thy. They first appear in the sample MD6B:A, from 
which a single specimen of B. gabrielae is deter-
mined. It reveals a slightly sigmoidal platform, 
bent, and a forward shifted basal cavity. This spe-
cies was first described from the upper Fassanian 
of Karavanke, Southern Alps, and was interpreted 
to be the oldest Budurovignathus representative 
as it retained some features of Neogondolella, i.e., 
broadly rounded platform end and relatively sep-
arated carina denticles (Kozur et al., 1994). The 
Budurovignathus specimens from the uppermost 
part of the section are more advanced, having 
typical high carina with fused denticles, as well 
as significant sigmoidal bending and thus a for-
ward-shifted basal cavity.

The specimens of P. trammeri predominate in 
the faunas of the upper part of the section. Juve-
nile and intermediate forms prevail over adults. 
It should be noted here that some other taxa (P. 
eotrammeri Krystyn, P. preaetrammeri (Kozur)) 
were described from the P. trammeri group, where 
only adult specimens can be distinguished among 
each other. For a long time, P. trammeri was one 
of the most important Ladinian markers found in 
open pelagic and more restricted settings of the 
Tethys. 

Based on the composition of the faunas, two 
conodont zones can be distinguished. The older is 
the constricta Zone that encompasses the interval 
from the sample MD1B to the sample MD2A:A. 
The zonal marker N. constricta is accompanied 
by C. kochi, G. tethydis, N. cornuta, P. excelsa, P. 
ex gr. trammeri ( juvenile), and Paragondolella sp. 
The range of this zone in Slovenia is lower Illyrian 
(Kolar-Jurkovšek & Jurkovšek, 2019).

Upward follows the trammeri Zone. It is char-
acterized by the index species in association with 
some holdover species from the previous zone, 
which are G. tethydis, N. cornuta, N. constricta, 
and P. excelsa. The lower boundary of this zone is 
identified by the first appearance of G. malayensis 
in the sample MD2E:A. Other species that are in-
troduced in this zone are: B. gabrielae, N. balkan-
ica, N. cf. excentrica, P. liebermani, P. cf. alpina. 
The trammeri zone in Slovenia ranges from the 
upper Illyrian to the lower Fassanian (Kolar-Jurk-
ovšek & Jurkovšek, 2019). The colour of the cono-
dont elements suggests that the rocks were sub-
jected to temperatures between 300 °C and 550 °C 
(Epstein et al., 1977). 

The conodont assemblage from the Mišji Dol 
section is similar to the assemblage recorded from 
Bagolino in the Southern Alps of the northern Italy, 
the GSSP for the Ladinian (Brack & Nicora, 1998; 
Brack et al., 2005). The similarity is especially  
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evident for the elements belonging to the latest 
Anisian constricta zone, and in the presence of 
budurovignathids in the Ladinian part. Eight taxa 
are common to both sections: N. balkanica, N. 
constricta, N. cornuta, P. excelsa, P. liebermani, 
P. trammeri, P. ex gr. alpina, and G. malayensis. 
Their occurrence is similar in both sections. It 
should be noted here that different taxonomies 
have been used for the determination of some ne-
ogondolellids, and in Bagolino some of them were 
determined at subspecies level: N. constricta cor-
nuta Budurov & Stefanov, N. constricta postcor-
nuta (Kovacs), N. constricta balkanica Budurov & 
Stefanov (Brack & Nicora, 1998). The lower part 
of the reitzi Zone in the Bagolino section yields N. 
constricta, N. cornuta and P. excelsa that can be 
compared to the lower part of the Mišji Dol section 
belonging to the constricta Zone. The upper part 
of the reitzi Zone and the secedensis Zone of the 
Bagolino section is marked by the appearance of 
G. malayensis and P. trammeri; this part is also 
characterized by the occurrence of the precursor of 
B. gabrielae, determined as N. sp. A, whereas ear-
ly budurovignathids are represented by three taxa 
in the Ladinian part of the section. The difference 
between the composition of the faunas in the two 
sections is the earlier appearance of P. lieberma-
ni in the Bagolino section, where P. ex gr. alpina 
is present in most of the Anisian part of the sec-
tion and continues also in the curionii Zone; in the 
Mišji Dol section, P. ex gr. alpina is very rare and 
has been encountered only in the trammeri Zone.

Based on the conodont faunas the age of the 
studied section thus is Illyrian-Fassanian. Exact 
position of the base of the trammeri zone cannot 
be determined based on the recovered material, 
but it is tentatively marked by the first occurrence 
of G. malayensis. The Anisian-Ladinian bound-
ary could be therefore placed between samples 
MD2E:A and MD4A:A, most probably after the fa-
cies change within the sector 18 (Fig. 3). The fau-
na of the upper part of the trammeri zone reveals 
Ladinian character due to the presence of budu-
rovignathids. In the studied Mišji Dol section they 
are first encountered approximately 20 m above 
the occurrence of G. malayensis, whereas in the 
Bagolino section budurovignathids (B. truempyi, 
B. hungaricus) occur in the layers corresponding 
the Ladinian level (Brack et al., 2005). 

Table 3 lists other localities from Slovenia 
with common conodont species from the Illyri-
an – Fassanian interval (see Kolar-Jurkovšek and 
Jurkovšek, 2019 for an overview of the localities 
and existing references). These successions were 
deposited in different palaeogeographic situations  
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and presently belong to different structural units. 
The conodont assemblage from Prisojnik, Šentjošt, 
Hrastenice, Šmarna gora, Sremič, Idrijske Krnice, 
and Bučka derive from red nodular limestone de-
posited within smaller grabens on top of a drowned 
upper Anisian carbonate platform. Successions 
from Kamna Gorica, Jagršče, Rižnikar, Rob and 
Ortnek, and Loke are lithologically more similar to 
the succession at Mišji Dol, namely featuring grey 
hemipelagic limestone in association with volcan-
iclastics and marlstone. The succession from Topla 
comprises bedded limestone with chert. It must be 
reminded that samples were (at least partly) col-
lected by different authors, at different times, and 
that the size of the exposures and the number of 
collected samples vary as well. In addition, assem-
blages from Hrastenice, Loke and Idrijske Krnice 
represent only one conodont zone (constricta), 
section at Kamna Gorica only spans Fassanian, 
whereas sections at Rižnikar, Rob and Ortnek 
contain elements from the trammeri, as well as 
the succeeding hungaricus zones. The diversity of 
the conodont assemblages from these localities is 
generally low to moderate (Kolar-Jurkovšek & Ju-
rkovšek, 2019). The diversity and composition of 
the conodont assemblages seems unrelated to the  
lithological composition of the sampled sites. Based 
on the current data and without regard for the is-
sues mentioned above, the assemblage from Mišji 
Dol has a notably more diverse range of conodonts 
(13 species) than other sampled assemblages. The 
beta diversity of the conodont assemblages seems 
rather large, since only five species are present 
in a significant number of sampling sites: out of 
14, Paragondolella trammeri has been found at 6 
localities, and Gladigondolella tethydis, Neogon-
dolella constricta, N. cornuta and Paragondolella 
excelsa at 5 localities. Consequently, the similarity 
between localities is relatively low (Table 4). The 
largest similarity can be found between the local-
ities of Šmarna gora and Hrastenice (Dice index 
0.73), the first being late Anisian – early Ladini-
an in age, the latter late Anisian. The assemblage 
from Mišji Dol is most similar to the assemblages 
from Sremič and Šmarna gora (Dice indices 0.44 
and 0.42, respectively), both spanning the same, 
late Anisian – early Ladinian time interval. 

Table 5 shows correlation among species. Some 
of the species seem to associate (e.g., Paragon-
dolella alpina and Budurovignathus sp., Paragon-
dolella liebermani and Budurovignathus gabrielae, 
Neogondolella mombergensis and Paragondolella 
navicula; Table 5), which indicates that they had 
similar ecological preferences. However, said cor-
relation would be more reliable if it were based on 

data obtained from samples of the same weight 
and collected in a similar density. The correlation 
also cannot be confirmed for the pairs of species 
that are listed in the Table 5 only once, for example 
Budurovignathus mungoensis, Budurovignathus 
mirautae and Paragondolella praeszaboi, Neogon-
dolella balkanica and Neogondolella bifurcata.

Depositional environment

The investigated succession roughly consists 
of segments, in which there is a variable mixture 
of lithologies, namely the thin-bedded limestone, 
marlstone, tuff and volcaniclastic sandstone, and 
segments that are dominated by thin- to medi-
um-thick beds of carbonates (limestone and/or do-
lostone). The first are attributed to times of more 
intense volcanic activity and/or deposition in a 
more distal part of the basin, while the latter in-
dicate periods of substantial platform production 
and export of the material down-slope to the more 
proximal parts of the basin, and/or periods of the 
quiescence of volcanic activity. The mudstone and 
radiolarian-filament wackestone-packstone pres-
ent background hemipelagic/pelagic sedimenta-
tion. Other microfacies types are interpreted as 
sediments of distal (in the case of rudstone also 
more proximal) turbidity currents, which brought 
some platform-derived material (biogenic grains 
with micritised margins, green algae) into the ba-
sin and mixed it with components characteristic 
for open-marine waters (e.g., radiolarians, thin-
shelled bivalves). The volcaniclastic sandstone also 
results from mass f low deposition, but the source 
of the material was volcanic rocks or tuff layers. 
The paleogeographic extent of the basin cannot be 
determined, but numerous smaller basins with a 
similar type of sedimentation can be envisioned 
for the late Anisian – early Ladinian for the Ex-
ternal Dinarides (e.g., Kolar-Jurkovšek, 1983; Ju-
rkovšek, 1983; Kolar-Jurkovšek, 1991; Demšar & 
Dozet, 2003; Čar, 2010; Kocjančič et al., 2022).

Conclusions

A succession of marlstone, tuff, volcaniclastic 
sandstone, and thin- to medium-bedded limestone 
and dolostone between Mišji Dol and Poljane pri 
Primskovem contains a relatively rich assemblage 
of conodonts of the lower Illyrian constricta Zone 
and the upper Illyrian to lower Fassanian tram-
meri Zone. The associated foraminifera include 
numerous representatives of the species Nodoba-
cularia? vujisici Urošević & Gaździcki. The cono-
dont assemblage is similar to the assemblage re-
corded from Bagolino in northern Italy. On the 
other hand, assemblages from other localities in 
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Slovenia have few taxa in common, which is in ac-
cordance with the presence of numerous smaller 
basins characterised by different conditions and 
communities. 
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