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Abstract. The present paper deals with holoplanktonic gastropods
(Pteropoda) from the Middle Miocene (Badenian) deposits of Serbia. The ma-
terial for the present study comes from three localities at the southern margin
of the Pannonian Basin (Central Paratethys): Konjarnik (greater center of
Belgrade), Sumijevac stream near Koceljeva (western Serbia), and Radljevo
(Kolubara Basin, central Serbia). A total of four taxa were recorded and their
stratigraphic value is discussed. Two taxa were identified to species level:
Vaginella austriaca KittL, 1886, belonging to the family Cavoliniidae Gray, 1850
(1815), and Limacina valvatina (Reuss, 1867)7?, from the family Limacinidae
GRray, 1847. Four specimens could only be identified to genus level (Vaginella
sp. indet. and Clio? sp. indet.). The specimen of Clio? sp. indet. is possibly the
first find of the genus Clio in Serbia. Here presented records of the genera
Vaginella and Clio? from the late Badenian (NN6 nannozone) modify the in-
sight into their paleogeographical distribution in the Middle Miocene of the
Central Paratethys.

AnctpakT. OBaj paj ce 6aBH X0JIOTIAHKTOHCKKUM ractponoguma (Pteropoda)
U3 CpeIlbOMHUOLIEHCKHUX (6aZieHCKUX) ceiMeHaTa Cpbuje. MaTepujas 3a 0By
CTYAUjy je IPUKYI/bEH Ca TPH JIOKAJIUTeTa Koja Ce HaJlase Ha jy>KHOM 060y
[TaHoHckor GaceHa (LlenTpannu [lapatetuc): KowapHuk (LIUpU LeHTap
Beorpaga), notok CymujeBarn koJ KonesbeBe (3anagHa Cpouja) u PagsbeBo
(Kony6apcku 6aceH, neHTpasHa Cp6uja). 3abesiexxeHa Cy YKYITHO YeTHUPU
TaKCOHA U pa3MaTpaH je lbUXOB cTpaTurpadcku 3Havaj. Ha HuBoy BpcTe cy
onpebena gBa TakcoHa: Vaginella austriaca KitTL, 1886, koja mpumnaza
nopozunu Cavoliniidae Gray, 1850 (1815) u Limacina valvatina (Reuss, 1867)?
u3 nopogue Limacinidae Gray, 1847. YeTupu npumepka 6uso je Mmoryhe

'Pancevacka 3, 11000 Belgrade, Serbia. E-mail: jovanovic.gordana@hotmail.com

2Croatian Natural History Museum, Demetrova 1, 10000 Zagreb, Croatia. E-mail: marija.bosnjak@hpm.hr

3Department of Geology,
jsremac@geol.pmf.hr

Faculty of Science, University of Zagreb, 10000 Zagreb, Croatia. E-mail:

4GeoSphere Austria, Neulinggasse 38, 1030 Wien, Austria. E-mail: stjepan.coric@geologie.ac.at

*University of Tuzla, Faculty of Mining, Geology and Civil Engineering, Univerzitetska 2, 75000 Tuzla, Bosnia and

Herzegovina. E-mail: sejfudin.vrabac@untz.ba

33


https://orcid.org/0000-0003-4329-3416
https://orcid.org/0000-0001-6242-8473
https://orcid.org/0000-0002-1851-1031
https://orcid.org/0000-0002-4736-7497

GORDANA JOVANOVIC, MARIA BO3NJAK, JASENKA SREMAC, STIEPAN CORIC & SEJFUDIN VRABAC

oApenuTH camo Ha HUBOY poja (Vaginella sp. indet. u Clio? sp. indet.).
[Ipumepax Clio? sp. indet. je BaxkaH 6yayhu ga moryhe npejcraB/ba IpBU
Hausas poga Clio y Cp6uju. OBJie pe/icTaB/beHU HaJa3H MpUMepaka pojoBa
Vaginella v Clio? u3 ropwob6azeHckux Hactara (NN6 30Ha) KOpUryjy FbUXOBY

Kiby4He peum: s1aHzuj-cepasan,
Mopcku aenmupu, Cpbuja.

A0 Cajila MO3HATy naneoreorpad)cxcy pacipoCcTpambeHoCT y ueHTpaJ’[HOM
HapaTeTHcy TOKOM CpeJmer MUoLeHa.

Introduction

Around the Eocene-Oligocene boundary, the
western Tethys was divided into the proto-Mediter-
ranean Sea in the south and the Paratethys Sea in
the north. Based on paleogeographic and geotec-
tonic characteristics, the Paratethys is divided into
Western, Central and Eastern Paratethys (e.g. RoGL,
1998, 1999; KovAc et al., 2007, 2017, 2018; PILLER et
al,, 2007; PaLcu et al,, 2023 and references therein).
The term Paratethys was coined by Vladimir
LASKAREV in 1924, and since then the diverse biota
has been studied with the aim of explaining the evo-
lution of the Paratethys and relationships with
neighboring regions.

During the Middle Miocene (Badenian), marine
landscapes prevailed in the Pannonian Basin System
in the Central Paratethys, including parts of present-
day Serbia (e.g. ANPELKOVIC et al.,, 1989). The Middle
Miocene represents a very favorable and climatically
dynamic period for the development and distribu-
tion of diverse biota. The Badenian marine mollusk
fauna was extremely rich and included holoplank-
tonic gastropods (pteropods). This interesting
group of mollusks spends its entire life in the water
column between the bottom and the surface and has
characteristically modified foot into two wing-like
“fins” for swimming. Pteropods comprise the sub-
orders Thecosomata and Gymnosomata (e.g. BUR-
RIDGE et al., 2017 and references therein; JANSSEN &
PEIJNENBURG, 2017 and references therein). Thecoso-
mata mainly comprise taxa with aragonitic shells in
the adult stage, and Gymnosomata represent ptero-
pod taxa without shells. Pteropods fragile aragonitic
shells limit their fossil preservation.

The Badenian deposits of the Central Paratethys
contain pteropod representatives of genera Limacina
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Bosc, 1817, Clio LINNAEUS, 1767, Diacrolinia JANSSEN,
1995, Cuvierina Boas, 1886, Creseis RaNG, 1828,
Vaginella DauDIN, 1800, and Styliola Gray, 1847 (e.g.
BoHN-Havas & ZorN, 1993; BouNn-Havas et al.,, 2004),
with the recorded increase in richness during the
Badenian NN5 nannozone. They were recorded in
the Badenian deposits of Austria (e.g., JANSSEN, 1984;
ZORN, 1991; BoHN-HAvAs & ZoRN, 1993, 1994), the
Czech Republic (e.g., JANSSEN & ZORN, 1993; ZoRrN,
1999), Poland (e.g., BoHN-HavAs & ZoRN, 1993, 1994;
JANSSEN & ZORN, 1993; ZorN, 1999), Hungary (e.g.,
BoHN-HAvAs & ZoRN, 1993, 1994; ZoRrN, 1999; BOHN-
Havas et al, 2004; SELMEczI et al.,, 2012), Slovakia (e.g.,
Z0RN, 1999); Slovenia (e.g. Mikuz et al.,, 2012), Croatia
(e.g., BodnjaK et al.,, 2017; DEREZIC, 2018; SREMAC et al.,
2022), Bosnia and Herzegovina (e.g., EREMIjA, 1970;
VRaBAC et al.,, 2013, 2017, 2020; GASPARIC et al., 2019;
ManDIC et al.,, 2019a), Romania (e.g., JANSSEN, 1984;
BoHN-HAvAs & Z0ORN, 1993, 1994; ZoRN, 1999; Suciu et
al,, 2005), Bulgaria (e.g., ZorN, 1999; NikoLov, 2010),
and Ukraine (e.g., JANSSEN & ZORN, 1993; BoHN-HavAS
& Z0RN, 1994; ZorN, 1999). The most widespread
species were Vaginella austriaca KittL, 1886 and
Limacina valvatina (Reuss, 1867). Stratigraphic range
of V. austriaca is the upper Karpatian to the end of the
Badenian, and of L. valvatina throughout the Bade-
nian (e.g., JANSSEN, 1984; JANSSEN & ZORN, 1993; ZoRN,
1991, 1999; BoHN-Havas & ZorN, 1993, 2002; BoHN-
Havas et al., 2004). Species L. valvatina is especially
abundant in the “Spirialis Beds” (old name for the
genus Limacina) representing an important species
for the correlation of the upper Badenian deposits
(e.g., Karnkowski, 1994; PEryT, 2006; KovAC et al.,
2017). The genus Clio is recorded in the Badenian
deposits of Austria (e.g., ZorN, 1991), Poland (e.g.,
BoHN-HAvAs & ZoRN, 1993, 1994; JANSSEN & ZORN,
1993; ZorN, 1999), Hungary (e.g., BoHN-HavAs & ZoRN,
1993, 1994; ZorN, 1999; SELMECZI et al., 2012), Czech
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Republic (e.g., JANSSEN & ZoRN, 1993; ZorN, 1999),
Slovenia (e.g., MikuZ et al,, 2012); Croatia (e.g., BoSNjak
etal., 2017), Romania (e.g., BouN-Havas & ZorN, 1993,
1994; ZorN, 1999), and Bulgaria (e.g., ZorN 1999;
Nikorov, 2010). Mass occurrences of pteropods
during the Miocene are recorded in the Lower to
Middle Miocene deposits in the Mediterranean
(‘Marne a pteropodi’ in northern Italy), in Aquitaine
and Caribbean Basin as well as in the Pacific (Japan,
Australia, New Zealand, United States) (after JANSSEN
& PEINENBURG, 2017; JANSSEN & WILsoN, 2019).

The Badenian pteropods record from Serbia is
poor. Their first finding was reported by STEVANOVIC
(1970) at the Konjarnik locality, in the wider area of
Belgrade (Fig. 1A,B), from what is known as “ptero-
pod schlier” (STevaNovi¢, 1970, 1977; ANDELKOVIC &
ANpELKOVIC, 1997). East of Belgrade, the species
Vaginella austriaca was mentioned by BoHn (2007)
from the Kozara hill section near Veliko Selo and
from the Slanci borehole. Jovanovi¢ (2018) also re-
ports a specimen of a pteropod with a narrow angle
(Vaginella cf. lapugyensis KiTTL, 1886) not far from
there. The generally poor preservation of this ptero-
pod prevents a more precise taxonomic affiliation,
and recently this species has been considered a sy-
nonym of Vaginella bicostata (Gass, 1881) (e.g.,
JANSSEN & WiLsoN, 2019). Finally, the only illustrated
(but not described) pteropod from Serbia is Vaginella
austriaca from the Sumijevac stream near Koceljeva
(Jovanovic et al., 2019; Fig. 1D). Two genera were
found from these localities: Vaginella DaupiN, 1800
and Limacina Bosc, 1817.

In this paper we present the current state of
knowledge on the Badenian pteropods from Serbia,
including a new fossil locality in Radljevo (Fig. 1A,C),
and discuss their correlation to the neighboring
areas in the Central Paratethys.

Geological setting

The studied Middle Miocene (Badenian) ptero-
pods originate from three sites: Konjarnik, Kocelje-
va, and Radljevo (Fig. 1), situated at the southern
margin of the Pannonian Basin and the Central
Paratethys, respectively. At the investigated locali-
ties, the Badenian sediments directly overlie the
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Mesozoic marine or Miocene terrestrial and limnic
deposits and are covered by the Sarmatian, Pannon-
ian and Quaternary sediments (ANDELKOVIC et al.,
1989; Runpi¢, 2000). In Konjarnik and Radljevo the
Badenian deposits are not subaerially exposed, and
the present study is based on borehole data.

During the Badenian, Sarmatian and Pannonian,
the Konjarnik region (Fig. 1A,B) was a deep depres-
sion filled with marly-clayey deposits. During the
Sarmatian and Pannonian argillaceous deposits
were interbedded with up to 2 m thick fine sand
packages (Stevanovi¢, 1970). The 251 m long Ko-
njarnik borehole (approximate coordinates:
43°08'00"N; 21°41'45"E) ended in the Badenian
without reaching the pre-Cenozoic basement. The
Badenian deposits comprise gray, somewhat sandy
and bituminous clays with interlayers of pteropod-
foraminiferal shaly clays. The microfauna is abun-
dant in gray clay, while the macrofauna is very
scarce. The Badenian-Sarmatian transition was de-
tected at a depth of 150 m (StevaNovi¢, 1970). Ben-
thic bivalves Nucula nucleus (LINNAEUS, 1758) and
Lembulus pella (LINNAEUS, 1758) as well as the gas-
tropods Rissoina lueli DEsHAYES, 1860 and Turritella
sp. indet. are mentioned in STEVANOVIC (1970).

The second site (Radljevo well Nqr-137.5;
44°29'48"N; 20°10'14"E, Fig. 1A,C) is located in the
central part of the Kolubara basin. The oldest Neo-
gene formations are distributed along the southern
margin of the basin and consist of the Middle
Miocene conglomerates, sandstones, clays, marls,
limestones, and dolomites. The Badenian deposits
are represented by clay, sandstones, carbonaceous
limestone and Lithothamnion limestones (MITROVIC et
al,, 2002). Borehole Nqr-137.5 has a total length of
800 m, with the Badenian drilled at approximately
590 m and the Sarmatian at 480 m. The overlying
Upper Miocene (Pannonian) interval is marked by
thick lignite deposits. In a clearly defined tectonic
sub-basin not far from Radljevo, the Pannonian lig-
nite seam is portioned to differently subsided blocks
which can be found at a maximum depth of 450 m.
In contrast, the maximum subsidence in the central
part of the Kolubara Basin is about 280 m (RunbIc,
2000). The sampled interval from the Radljevo well
(800 m thick) consists of gray marls bearing accumu-
lations of pteropods and bivalve shells. Core samples

35



GORDANA JOVANOVIC, MARIA BO3NJAK, JASENKA SREMAC, STIEPAN CORIC & SEJFUDIN VRABAC

‘Konjarniks T\

Radljevo
Koceljeva

SERBIA ...

LS

)
[\: D\ Be'grade ® 9 Slanci
L grer—"

- { ~
-:\ e T

Veliko Selo

BANJICA

- i
- e T
% Crvena Jabuka
s - 7
44°29'48"N; 20°10'14"E Veliki
Bogdanovica va Q Crijen
- ¢ ' .
=KUY L Stublenica e )
- Ub |
-4 3 ot
z ] o gle [
- P y - \ .
!
[ ) 2k
I Mali g
\ Bodnjak
Zukve
Sabacka Subotica RN ; Novaci .
Kamenica . @ Koceljeva L

44°28'24" N; 19°48'42" E
wish J .'."'_-"J
Pambukovica

Druieti¢
{151 soges-
Aptad d

"4

Fig. 1. Geographical position of investigated localities with pteropod findings. A) Marked positions of the localities: Konjarnik, Radljevo

and Koceljeva in Serbia (Google Earth); B) Location of Konjarnik borehole; C) Radljevo borehole; D) Koceljeva (Sumijevac stream). GPS

coordinates are provided in figures: B, C, and D.

with pteropoda were analyzed at 651.2 m and
660.8 m depth.

The third site, Koceljeva (Sumijevac stream,
44°28'24” N; 19°48’42” E; Fig. 1A,D) belongs to the
Koceljeva Graben, which occupies the southwestern
edge of the Kolubara-Tamnava Basin and is nar-
rowed between the horsts of Vlasi¢-Blizonj in the
south and Jazovnik in the north (Marovi¢ et al.,
2007). Here, a 4 meter-high outcrop of conglome-
rate and sandstone yields a rich fossil assemblage
mainly represented by a diverse shallow marine
fauna (Jovanovic et al., 2019). The succession starts
with conglomerates (about 0.5 m thick) containing
calcareous nannoplankton, foraminifera and abun-
dant well-preserved shells of juvenile mollusks,
fragments of some adult mollusks, disarticulated
shells of adult bivalves, echinoid spines, ostracods,
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and otoliths. Among other mollusks, the gastropods
Semicassis sp. indet. and Kalloconus sp. indet., and the
bivalve Procardium sp. indet. have been recorded.
The conglomerate is overlain by a layer of grey,
poorly cemented sandstone with similar association
of calcareous nannofossils and foraminifera as well
as a more diverse and better-preserved mollusk
fauna. The top of the succession is composed of grey,
whitish to yellowish, very fine-grained, poorly ce-
mented sandstone with nannofossils, foraminifers
and mollusks. Microfossil assemblage contains the
calcareous nannofosil Sphaenolithus heteromorphus
DEFLANDRE, 1953 and the benthic foraminifera Lenti-
culina clypeiformis (0’ORBIGNY, 1846), Ammonia vien-
nensis (D’ORBIGNY, 1846) and Nonion commune
(D’ORBIGNY, 1846) (after JovanoviC et al.,, 2019).
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Materials and Methods

About 50 poorly preserved pteropod shells were
recorded from the boreholes in Konjarnik (20
shells) and Radljevo (30 shells) and two specimens
from Koceljeva. The analyzed specimens are housed
in the Natural History Museum in Belgrade (Serbia)
in the Cenozoic invertebrate collection and in the
Paleontological collection of Petar Stevanovi¢ (coll.
1969). Pteropods were analyzed under the stereomi-
croscope BIO-OPTICA Type: 1000, and photographs
were taken by OPTIKA C-H4K micro-camera and
PANASONIC DMC-FZ50 camera.

Micropaleontological analyses of the calcareous
nannofossils and foraminifera were performed on
the core samples, partly at the laboratory of the
GeoSphere Austria (calcareous nannofossils) and
partly at the University of Tuzla, Faculty of Mining,
Geology and Civil Engineering (foraminifera).

Results
Pteropoda systematic part

Order: Pteropoda

Suborder: Euthecosomata

Family: Cavoliniidae Gray, 1850 (1815)
Genus: Vaginella DaubpIN, 1800

Vaginella austriaca KitTL, 1886
Figs.2 A, B

*1886 Vaginella austriaca Kittl n.f. - KiTTL, p. 54, pl. 2, figs.
8-12.

1984 Vaginella austriaca Kittl, 1886 - JANSSEN, p. 73, pl. 4,
figs. 1-8.

1991 Vaginella austriaca Kittl, 1886 - ZorN, p. 120, pl. 6,
figs. 1-6, pl. 7, figs. 1-9, pl. 12, figs. 4, 5, pl. 14, figs. 1-8,
pl. 16, figs. 1-4.

1993 Vaginella austriaca Kittl, 1886 — JANSSEN & ZORN, p.
203, pl. 6, figs. 8-15, pl. 10, figs. 1-5, pl. 11, figs. 1-6.
1999 Vaginella austriaca Kittl, 1886 - ZorN, p. 732, pl. 4,
figs. 1-3, pl. 5, figs. 1, 2.

2017 Vaginella austriaca Kittl, 1886 - Bo3njAK et al., p.
339, text-fig. 10.
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Material: Koceljeva - one well-preserved shell
(inv. no. 7337), and one shell fragment (inv. no.
7338).

Dimensions: inv. no. 7337 (Fig. 2A) - height:
6.5 mm, length: 2.4 mm, apical angle: 27°; inv. no.
7338 (Fig. 2B), fragment - height: 4.5 mm, length:
2.5 mm.

Description: Elongated, lance-like shell, dorso-
ventrally flattened, with an acute angle. Shell widens
towards the aperture, where it is the widest. Proto-
conch not preserved.

Remarks: The shell morphology corresponds to
the descriptions referred to in the synonymy.
Several species of Vaginella have similarly shaped
shells, and one of the distinguishing criteria be-
tween them is the apical angle. According to the api-
cal angle ranges given in CAHUZAC & JANSSEN (2010)
specimens from Koceljeva are in the range of the
species Vaginella austriaca.

Stratigraphic distribution: Paratethys — Austria
(Karpatian and Badenian deposits, e.g., JANSSEN
1984; BoHN-HAvAsS & ZoRN 1993, 1994; JANSSEN &
ZoRN, 1993; Zorn, 1991, 1999), Poland (Lower and
Middle Badenian, e.g., ZorN, 1991, 1999; BoHN-Havas
& Z0RN, 1993, 1994; JANSSEN & ZORN, 1993), Hungary
(Lower Badenian, e.g. ZorN, 1991; BouN-Havas &
ZORN 1993, 1994; BouN-Havas et al. 2004; NN5
nannozone after BouN-Havas & ZorN 1993, BOHN-
Havas et al., 2004, and SELMECZI et al., 2012), Czech
Republic (Karpatian and Lower Badenian, e.g. ZorN,
1991, 1999), Slovenia (Badenian, e.g. MikuzZ et al.,
2012 and references therein), Serbia (Badenian, e.g.
STEVANOVIC, 1970, JovaNoviC et al,, 2019), Bosnia and
Herzegovina (Badenian, VRaBac et al., 2013; GASPARIC
et al, 2019; MaNDIc et al., 2019a); Romania (Lower
Badenian, e.g., ZorN, 1991, 1999; JANSSEN & ZORN,
1993; BouN-Havas & ZorNn, 1994), and Bulgaria
(Badenian, e.g. ZorN, 1999; NikoLov, 2010). Outside
Paratethys: Middle Miocene deposits of the Mediter-
ranean (e.g. ZorRN 1991, 1999 and references
therein; BoHN-Havas & ZoRrN, 2002; JANSSEN & LITTLE,
2010; JansseN, 2012), Miocene deposits of the North
Sea Basin (e.g. ZorN, 1991, 1999 and references
therein; BoHN-HAvAS & Z0ORN, 2002; CAHUZAC & JANSSEN,
2010; JANSSEN & LITTLE, 2010; JANSSEN, 2012), and the
Aquitaine Basin (CAHUZAC & JANSSEN, 2010; JANSSEN &
LiTTLE, 2010; JANSSEN, 2012).
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Vaginella sp. indet.
Figs.2C,D

Material: Konjarnik locality: three imprints, inv.
nos. AS3-50,AS3-51,AS3-52.

Dimensions: inv. no. AS 3 - 51 (Fig. 2.C) - height:
3.9 mm, length: 0.8 mm, apical angle: 15° inv. no. AS
3 - 51 (Fig. 2D) - height: 1.7 mm, length: 0.4 mm,
apical angle: 16°.

Description: lance-like shell imprint, widening
towards aperture area, narrower than in fig. 24,
with lower apical angle. No protoconch visible.

Remarks: Three imprints from Konjarnik are
not very well preserved, and all the diagnostic ele-
ments are not visible. One of the determination cri-
teria, apical angle, is on these specimens lower than
the one usually typical for the species Vaginella aus-
triaca (e.g., CAHUSAC & JANSSEN, 2010), possibly point-
ing to other Vaginella species. Due to the poor
preservation and therefore uncertainty of the spe-
cific species determination, specimens are determi-
nated as Vaginella sp. indet.

Family: Cliidae JEFFREYS, 1869
Genus: Clio LINNAEUS, 1767

Clio? sp. indet.
Fig. 2E

Material: Konjarnik locality: one imprint (inv.
no. AS 3 -53).

Dimensions: height: 5.9 mm, length: 4 mm, api-
cal angle: 39°.

Description: One specimen showing the elon-
gated, triangular shell, which widens towards the
aperture. Indication of the dorsoventral flattening
of the shell. Visible traces of shell surface ornamen-
tation by curved and narrow transversal ribs. Be-
tween the ribs is a wide and flat surface. Protoconch
not preserved.

Remarks: The preserved imprint resembles to
the genus Clio based on the described shell mor-
phology. This specimen represents the first record
of the possible presence of the genus Clio in Serbia,
and no comparative material is available from this
area. Since the preservation state is poor and par-
tial, determination was possible on the genus level.
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Family: Limacinidae Gray, 1847
Genus: Limacina Bosc, 1817

Limacina valvatina (Reuss, 1867)?
Figs. 2 F-]

%1867 Splirialis]. valvatina Rss. - REUSS, p. 146, pl. 6, fig.
11.

71886 Spirialis valvatina Reuss - KiTTL, p. 69, pl. 2, fig. 38.
71984 Spirialis valvatina Reuss, 1867 - JANSSEN, p. 72.
71991 Limacina valvatina (Reuss, 1867) - ZorN, p. 97, pL.
1, figs. 1-6, pl. 10, figs. 1, 2, pl. 11, figs. 4, 5.

71993 Limacina valvatina (Reuss, 1867) — JANSSEN & Zorn,
p. 179, pl. 1, figs. 4-11, pl. 2, figs. 1-11, pl. 3, figs. 1-12.
71999 Limacina valvatina (Reuss, 1867) - ZorN, p. 728,
pl. 1, figs. 4, 6-10.

72010 Limacina valvatina (Reuss, 1867) - CaHuzac &
JANSSEN, p. 47, pl. 12, figs. 6-12.

72017 Limacina valvatina (Reuss, 1867) - Bo3NjaK et al.,
p. 332, text-figs. 3, 5.

Material: Konjarnik locality: inv. no. AS 3 - 54;
Radljevo locality: inv. nos. AS 3 - 55, AS 3 - 56.

Dimensions: Inv. no. AS 3 - 54 (Fig. 2F) - width:
0.8 mm; inv. no. AS 3 - 55 (Fig. 2G) - width: 2.1 mm;
inv. no. AS 3 - 56 (Fig. 2H) - width: 1 mm.

Description: Preserved spiral shell imprints and
fragments in the core, not available for measure-
ment. Whorls are not visible. Basic characteristics
of the species, i.e. shell shape, shell height and width
ratio, elevated spire, shape of the whorls, umbilicus
and aperture are not visible or are quite damaged.
Only on rare specimens can one recognize three to
four whorls that suddenly widen.

Remarks: All general species characteristics are
not visible. Nevertheless, based on the visible part
of the shell morphology, comparison with the de-
scriptions referred to in the synonymy these find-
ings are presumed as Limacina valvatina species.
Records of mass occurrence of Limacina in
Paratethys correspond to the NN6 nannozone, and
the wide distribution of the “Spirialis beds” (old
name for the genus Limacina). Species Limacina val-
vatina is one of the most distributed species in the
Badenian deposits of the Central Paratethys (e.g.,
JANSSEN & ZORN, 1993; ZorN, 1991, 1999; BoHN-HAvAs
& 70rN, 1993, 2002; BoHN-Havas et al., 2004).
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Fig. 2. Cavoliniidae, Cliidae and Limacinidae. A-B: pteropods from Koceljeva; A. Vaginella austriaca Kirri, 1886, inv. no. 7337;
B. fragment of Vaginella austriaca KirtL, 1886, inv. no. 7338; C-F: Pteropods from Konjarnik; C. Vaginella sp. indet., inv. no. AS 3 - 50;
D. Vaginella sp. indet,, inv. no. AS 3 - 51. AS 3; E. Clio? sp. indet., inv. no. AS 3 - 53; E Limacina valvatina (Reuss, 1867)?, inv. no. AS 3 - 54.
G-H: Pteropods from Radljevo; G. Limacina valvatina (Reuss, 1867)? (660.8 m-depth), inv. no. AS 3 - 55; H. Limacina valvatina (REUsS,
1867)?, (651.2 m- depth), inv. no. AS 3 - 56. I. The accumulation of shells Limacina valvatina (Reuss, 1867)? from Konjarnik. J. The
accumulation of Limacina valvatina (REeuss, 1867)? from Radljevo.
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Fossil distribution

Three pteropod taxa are recognized in Konjarnik:
Limacina valvatina (Reuss, 1867)?, Vaginella sp.
indet., and Clio? sp. indet. The analyzed sediment
contains calcareous nannofossils (Table 1),
foraminifera, one unrecognizable fish fragment and
mollusks: bivalves Nucula nucleus (LINNAEUS, 1758)
and Corbula? sp. indet., and gastropod Rissoina
podolica CossMANN, 1921. The analyzed calcareous
nannoplankton assemblage shows the stratigraphic
range from NN4 to NN6 nannozone according to
MARTINI (1971). The foraminifera are represented
exclusively by benthic forms, with a pronounced
dominance of bolivines. The following foraminifera
were determined: Bolivina dilatata maxima CICHA &
ZAPLETALOVA 1963, Ammonia viennensis (D’ORBIGNY,
1864) and Bulimina sp., indicating the late Badenian
age (Bolivina dilatata maxima zone - the equivalent
to the Bulimina-Bolivina zone of the Vienna Basin)
(GRrILL, 1943) (this study).

From Koceljeva, two well-preserved specimens
of Vaginella austriaca are recorded; the first one
mentioned in Jovanovi¢ et al,, (2019), and the second
one collected by one of the present authors (GJ) in
2020. The Koceljeva associated fossil assemblage
points to the early Badenian age (JovanoviC et al.,
2019).

At Radljevo, pteropods are represented by shell
fragments and molds of Limacina valvatina (REUSS,
1867)?. Additionally, fragments of echinoid spines,
bivalves and fish scale were found. At a depth of
651.2 m, rare findings of Limacina valvatina (REUSS,
1867)? are associated with the bivalve Varicorbula
gibba (OLvi1, 1792). Between 660 and 680 m depth,
Limacina shows higher abundances. Calcareous
nannoplankton analyses indicate the NN6 nanno-
zone, i.e. the uppermost part of the Badenian, above
the common Cibicides floridanus around 13.40 Ma
(after RaFFI et al., 2020) (Table 3). Foraminifera are
rarely present, and the recorded species Bolivina
dilatata maxima CicHA & ZAPLETALOVA, 1963 and Buli-
mina elongata elongata D’ORBIGNY 1846, also indicate
the late Badenian age. In the Bolivina dilatata
maxima Zone numerous remains of the pteropod
Limacina sp. were recorded (this study) (Table 2).
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Table 1. Calcareous nannofossils from the Konjarnik locality with
marked stratigraphic range.

PARATETHYS STRATIGRAPHY AND BIOZONATION
KARPATIAN | BADENIAN | SARMATIAN
OLDER NN4 NNS5 NN6  |YOUNGER

KONJARNIK

NANNOSPECIES
Braarudosphaera bigelowii
Calcidiscus premacintyrei
Coccolithus pelagicus
Coronocyclus nitescens
Helicosphaera carteri
Helicosphaera euphratis
Helicosphaera wallichii
Pontosphaera discopora
Pontosphaera multipora
Reticulofenestra pseudoumbilicus
Rhabdosphaera clavigera
Sphenolithus abies
Sphenolithus moriformis

Table 2. Calcareous nannofossils assemblage from the Koceljeva
locality (after Jovanovic et al., 2019).

PARATETHYS STRATIGRAPHY AND BIOZONATION
KARPATIAN | BADENIAN SARMATIAN
OLDER NN4 NN5 NN6  [YOUNGER|

KOCELIEVA

NANNOSPECIES
Braarudosphaera bigelowii
Coccolithus pelagicus
Coronocyclus nitescens
Helicosphaera carteri
Helicosphaera mediterranea
Reticulofenestra minuta
Rhabdosphaera clavigera
Sphenolithus heteromorphus
Sphenolithus moriformis
Thoracosphaera saxea

Table 3. Calcareous nannofossils from the Radljevo locality with
marked stratigraphic range.

PARATETHYS STRATIGRAPHY AND BIOZONATION
KARPATIAN BADENIAN SARMATIAN
OLDER NN4 NNS NN6 | YOUNGER

RADLIEVO

NANNOSPECIES

Acanthoica cohenii
Braarudosphaera bigelowii
Calcidiscus pataecus
Coccolithus pelagicus
Coronocyclus nitescens
Helicosphaera carteri
Helicosphaera walbersdorfensis
Helicosphaera wallichii
Holodiscolithus macroporus
Micrantholithus vesper
Pontosphaera multipora
Reticulofenestra hagqii
Reticulofenestra perplexa
Reticulofenestra pseudoumbilicus|
Rhabdosphaera clavigera
Sphenolithus moriformis
Syracosphaera pulchra
Umbilicosphaera rotula

Discussion

The Badenian pteropod records presented here
provide the most complete information on the so far
recorded Middle Miocene pteropods in Serbia. Four
pteropod taxa were found at three localities, one of
which (Radljevo, Fig. 1 A,C) represents a new ptero-
pod record in Serbia.
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Species Vaginella austriaca, unlike in the rest of
the Paratethys Sea, is not abundantly present in Serbia
and only occurs at Koceljeva (surface outcrop, Fig. 1
A,D). The drill-core from Konjarnik (Fig. 1A,B) shows
a high amount of pteropods Limacina valvatina?,
imprints of Vaginella sp. indet,, even comprising
juvenile forms, and a representative of the genus
Clio? sp. indet. which represents the first possible
record of this pteropod genus in Serbia (Fig. 2E).
In the core from Radljevo (Fig. 1 A,C) pteropod Li-
macina valvatina? predominates. Samples from both
analyzed boreholes show an abundant but mono-
typic pteropod record of Limacina valvatina? at-
tributed to the NN6 nannozone after MARTINI (1971).

There are also differences in the inferred paleo-
environment between the investigated localities. Al-
though all localities represent the record from a
muddy seafloor, the water depth apparently was dif-
ferent. The well-preserved fossil pteropod shells of
Vaginella austriaca are found only in Koceljeva (Figs.
1 AD, 2A,B). While Vaginella austriaca from Koceljeva
occurred in a shallow-water, nutrient rich paleo-
environment (JovaNoviC et al., 2019), the pteropod
associations from Konjarnik and Radljevo originate
from a slightly deeper marine environment. Litho-
logical composition, scarce macrofauna, and richness
of microfauna, presence of pteropods, etc. indicate a
deeper water environment and altered conditions
such as anoxia at the basin bottom in Konjarnik
(StEvANOVIC, 1970). Similar paleoenvironmental con-

ditions probably existed in Radljevo. The bivalves
Varicorbula gibba (OLivi, 1792) and Nucula nucleus
(LinNAEUS, 1758) represent the opportunistic species
that preferentially inhabit unstable habitats with
muddy bottoms, frequently characterized by low-
oxygen concentrations and organic enrichment (e.g.
Fuksi et al,, 2016). On the other hand, the warm cli-
mate and rapid burial of pteropod shells in clay ma-
terial undoubtedly enabled the better state of
preservation state in the Koceljeva deposits.

Badenian chronostratigraphy used in this paper
is after RaAFFI et al. (2020), where Badenian is di-
vided into the early and late Badenian (Fig. 3). Ac-
cording to some other authors, the Badenian
division is threefolded, and the early Badenian com-
prises the early and middle Badenian as in e.g. Ho-
HENEGGER et al. (2014).

Pteropod records from the Central Paratethys are
the most common in the Middle Miocene deposits
corresponding to the peaks of the Badenian trans-
gressive-regressive cycles (e.g. SREMAC et al., 2022 and
references therein). Here presented results from Ser-
bia can be correlated with the two high-stand
episodes. Koceljeva deposits attributed to the NN5
Zone of MARTINI (1971) can be correlated with the TB
2.4 transgressive-regressive cycle (HARDENBOL et al.,
1998), and the deposits from the Konjarnik and Rad-
ljevo boreholes, as the most probable time-equivalent
of the NN6 Zone, to the TB 2.5 transgressive-regres-
sive cycle.

i €8 | Central Parateth
§J§ Epochs I\él;dg;;esrrannean %§§ (R?;girgnafé?a(;e)ys Koceljeva | Konjarnik | Radljevo
10— ¢ NN9
@ Tortonian ;
B .5 NNS Pannonian
c= 11.63
NN7 [11.6
Serravallian Sarmatian 12.65
_ NN6 Upper 13 3 l l
— 2 1382 _E Lower
C
% § ; NNS S | Badenian l
15— g 9 Langhian ks
15.99 NN4 15.97
Early Burdigalian Karpatian
— Miocene

Fig. 3. Stratigraphic framework and correlation of the Middle Miocene of the Central Paratethys and Mediterrannean area (after RAFFI

etal, 2020).
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The Badenian marine transgression, which has
been documented in numerous sites in the Pannonian
Basin, is not contemporaneous (e.g., MAaNDIC et al.,
2019 a,b). Similar pteropod fossils were found in
the Ugljevik coal mine in Bosnia and Herzegovina
(VraABAC et al. 2013; ManbDIc et al. 2019a), comprising
Vaginella austriaca and Limacina valvatina from the
Upper Lagenid, Spirorutilus and Bulimina-Bolivina
zone, within the interval constrained to ~14.1-12.7 Ma
(PezEL) et al., 2013; ManDiIc et al., 2019a). The marine
flooding reached the Ugljevik area at ~14.15 Ma,
during the regional Badenian stage (MANDIC et al.,
2019a). The species Vaginella austriaca was also ob-
served in the Prnjavor Basin (EReMijA, 1970), suggest-

LEGEND:

ing that this basin was well connected to the open sea,
during this part of the Badenian. According to VRABAC
etal. (2017, 2020), the sediments around the Tuzla
Basin also comprise Vaginella austriaca, typical for
the younger part of the early Badenian. This species
was also found in the ventilation shaft “Tusanj-2”
north of Tuzla at a depth of 283 m, together with the
decapod remains (upper Langhian / early Baden-
ian), the nannoplankton NN5 Zone sensu MARTINI
(1971) (GaSpARIC et al.,, 2019).

The distribution of the pteropod genera
recorded in Serbia during the Badenian of the Cen-
tral Paratethys is shown in Fig. 4 B,C. The pteropod
fauna from Serbia represents one of the southern-

MIDDLE MIOCENE

Fig. 4. Paleogeography of the Paratethys (A, C). A. Simplified paleogeography of the Paratethys Sea during the Early to Middle Miocene

after HARZHAUSER et al., 2019) (modified). Serbia was a part of the Central Paratethys; B. Early Badenian pteropod findings (partly after

Bosnjak et al., 2017) positioned in the Pannonian Basin System and Carpathian Foredeep geographic map (Wikimedia Commons); C.

Late Badenian (map from Wikimedia Commons). Findings from Serbia are shown within a red circle.
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most occurrences of these holoplanktonic mollusks
in the Central Paratethys. The species Vaginella aus-
triaca is the only pteropod representative occurring
in the early Badenian (Langhian, Lagenid Zone) in
Serbia, while Limacina valvatina? is most numerous
in the late Badenian (early Serravallian) of the in-
vestigated area. The genera Vaginella and Clio ? still
occurred in the southern part of the Pannonian
Basin in the late Badenian (NN6), modifying their
paleogeographic distribution (Fig. 4 B,C).

Biostratigraphic value of the associated mollusk
assemblages is hard to evaluate because many
species were widespread throughout the Karpatian
and the Badenian, but the findings at Koceljeva are
in concordance with the estimated Langhian (early
Badenian) age (NN5 Zone).

Conclusions

The Badenian holoplanktonic mollusk assem-
blages housed at the Natural History Museum of Bel-
grade comprise pteropod fossils from three localities,
Konjarnik (wider center of Belgrade), Koceljeva
(western Serbia) and Radljevo (Kolubara Basin, cen-
tral Serbia), among which Radljevo represents a new
fossil pteropod site in Serbia. The following taxa were
determined from the studied sites: Vaginella austri-
aca KittL, 1886, Vaginella sp. indet. Limacina val-
vatina (Reuss, 1867)?, and Clio? sp. indet.

The assemblage from the borehole Konjarnik is
dominated by Limacina valvatina? and accompanied
by Vaginella sp. indet. and Clio? sp. Recorded species
at Koceljeva and Radljevo comprise Vaginella austri-
aca and Limacina valvatina?, respectively.

In the biostratigraphic context, the foraminifera
associations from Radljevo belong to the upper Ba-
denian (Bolivina dilatata maxima Zone; NN6 nanno-
zone). Calcareous nannoplankton and foraminiferal
studies have shown that the deposits from Koceljeva
belong to the Badenian Lagenidae NN5 Zone
(Langhian) (after Jovanovi¢ et al.,, 2019), and the
ones from Konjarnik to the Badenian nannozone
NN6, or Bolivina dilatata maxima zone (early Ser-
ravallian).

According to our study, Serbian pteropod fauna
represents one of the southernmost occurrences of

Geol. an. Balk. poluos., 2024, 85 (1), 33-47

these mollusks in the Central Paratethys during the
Badenian, with Vaginella austriaca as the most
widespread species at the southern rim of the Pan-
nonian basin.

We hope that this pteropod research will con-
tribute to future studies on the biostratigraphy, pa-
leogeography, and paleoclimate of the Middle
Miocene at the southern boundary of the Central
Paratethys.
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Pe3ume

CpeaBOMUOLLEHCKHU (0aeHCKHU)
XOJIOMJIAHKTOHCKM MEeKYIII A
(Euthecosomata - Pteropoda) Cpouje,
IlenTpasnu [lapaTeTuc

Y pazy cy aHa/iM3upaHe 6aJjleHCKe X0JIOMJIaHK-
TOHCKe 3ajefHuUlle MeKylana u3 [Ipupojmwadkor
My3eja y beorpazay kako 6u ce ueHTUuGUKOBaIN
CaKyIlJb€HU TaKCOHU IITePOIO/ia U CTapoCT CeJUMe-
HaTa y KojuMa cy npoHahenu. ®ocuiu nteponoja
NOTHUYY U3 TPU JoKanuTeTa: KomwapHUK (WHpu
neHtap beorpaza), morok CymujeBarn kon Kore-
JbeBa (3amagHa Cp6uja) u PagsbeBo (Kosnybapcku
6aceH, ieHTpasiHa Cp6uja), Mehy kojuma PasybeBo
npescTaB/ba HOBY HaJla3 GOCUJIHUX ITEPONoJAA Y
Cp6uju. UnentudukKoBaHU Cy cielehr TaKCOHU:
Vaginella austriaca KitTL, 1886, Vaginella sp. indet.
Limacina valvatina (Reuss, 1867)? u Clio? sp. indet.

Y sajegHunu u3 OymoTuHe Ha KomwapHUKY
noMuHUpa Limacina valvatina? v npahena je ca
Vaginella sp. indet. u Clio? sp. indet. Y PagsbeBy je
npoHabena camo Limacina valvatina ?. Y 6uoctpa-
TUrpadCKOM KOHTEKCTY, acoluujanuje ¢opaMUHU-
depa us 6yioTrHe y PasisbeBy Nprnazajy ropmeM
6aneny (Bolivina dilatata maxima 30Ha - eKBUBa-
JeHT Bulimina-Bolivina 30Hu Beukor 6aceHa).
[IpoyyaBama HAHOMJIAHKTOHA U popamMuHUepa cy
nokasaja Jja Kole/beBayKe HacJjare MNpunajajy
JlolkbeM 6a/leHy, JaHTHjckoj HaHO030HU NN5 (JovaNo-
viC et al,, 2019), nok oHe ca KomwapHuka npumnajajy
KacHo06aieHCKoj (cepaBasickoj) HaHO30HU NNG6,
ojfHoCcHO Bulimina-Bolivina dilatata maxima 30HU.
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[Ipema HaweM uctpaxkuBawy, Vaginella austri-
aca je HajpacnpoCTpameHHja BpCTa Ha jy»KHOM
o6oay lentpannor [lapaTtertuca. I[lpumepuu Li-
macina valvatina? jaB/bajy ce camo Ha /iBa JIOKaJIH-
TeTay Cp6uju: KowapHuky u PasisbeBy.

Hagamo ce ga he ucTpaxxkuBawme NTepornoja
JlopuHeTH 6yayhuM cTyaujama Koje ce GpoKycu-

Geol. an. Balk. poluos., 2024, 85 (1), 33-47

pajy Ha mpoy4aBame 6uoctpaturpaduje, najaeoreo-
rpaduje U najseoKJIMMe Cpeiber MUOIEHA jyKHE
rpanue llentpannor [lapatetuca.
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