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Abstract. Belgrade area is a region of high paleobiodiversity, being ranked
among the best knovvn m Serbia. The prominent position among a number of
middle Miocene (Badenian) fossiliferous sites in the vicinity of Belgrade
(southern Pannonian Basin, Centrale Paratethys] are occupied with sediments
of Rakovica stream, also known as "Rakovica sands”. Here, the integrated evi-
dence based on new fossil findings of calcareous nannoplankton, foraminifera
and molluscs assemblages, allows the stratigraphic revision ofthe clastic facies
of the Rakovica succession. Based on the studies of lithological composition,
high paleodiversity molluscs fauna and local palaeogeographical setting, it can
be concluded with reasonable certainty that deposits of Rakovica stream en-
titled "Rakovica sand” represents a sandstone of the shallow marine (littoral)
environment during lower Badenian time. Large benthic foraminifera Ammo-
nia viennensis (d'o rbigny), and Borelis haueri (d¢'orbigny) as well as zone marker
NN5 Sphaenolithus heteromorphus o efiandre correspond to this biostrati-
graphic level. During the late Early Miocene and Middle Miocene (Badenian),
the climate in the Central Paratehys was mainly subtropical. This is supported
at its southern margin by the presence ofthermophilous mollusc taxa, as well
as the Conidae, Strombidae, Xenophoridae, Pleurotomidae, Turridae, Murici-
dae, etc. Consequently, the investigated deposit can be ascribed to the Early
Badenian which biostratigraphically corresponds to the NN5 nannozone by
correlation with successions in theirs type-areas to the Central Paratethys, and
defines preciously the time of the marine transgression in this area.

AnchaKT. OKOJiHHa Beorpafla je pernoH bhcokot na”eo6HOfIHBep3HTeTa
kojh ce CBpcTaBa Mehy Hajno3HaTHje y Cpé6njH. HcTaKHyYyTO MecTO Mehy
6pojHHM CpeflH{OMHOU,eHCKHM (6afleHCKHM) (j)OCHIIHHM Hajia3HLLITHMay 6;ih -

3hhh Beorpafla (jy>KHH o6oa llaHOHCKor 6aceHa, LlJeHTpajiHH llapaTeTHc)
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K;tyHHe peHH:

cmpamuapacpuja, cpedhbu MUGi{eH
(6aden), HaHonAaHKmoH,
(popaMUHUCpepu, MeKyuw,u,

3ay3HMajy ceflHMeHTH y PaKOBHHKOM nOTOKy, TaK03B3HH "PaKOBHHKH ne-
ckobh™. OBfle o 6jeflHH>eHH flOKa3H 3acHOBaHH Ha hobhm (J)ochjihhm Ha.na3HMa
3ajeflHHii,a KpenitaHKor HaHOiuiaHKTOHa, 4)opaMHHHcJ)epa h MeKyiuau,a omo-
ryhaBajy CTpaTHrpa(j)CKy peBH3Hjy K/iacTHHHHX cl)ai],Hja H3 PaKOBHii,e. Ha
0CHOBY npoyHaBaH>a JiHTOliouiKor cacTaBa, bhcokot na.neoflIHBep3HTeTa cj>ay-
He MeKyiuaii,a h JiOKajme na”~eoreorpa(J)CKe cpeflHHe, MO>Ke ce noy3flaHO 3a-
KIbyHHTH fla CeflHMeHTH nOTOKa PaKOBHIl,a, TaK03B3HH "PaKOBHHKH neCKOBH"
npeflCTaB~>ajy neuinape iuiHTKOBOflHe MopcKe (npHo6a;iHe) cpe”HHe H3
BpeMeHa paHor SafleHa. KpynHH 6eHTOCKH 4>0paMHHH(j)epH Ammonia vien-
nensis (da'Orbigny), Borelis haueri (a'0rbigny), Kao h MapKep 3a HaHomiaHK-
TOHCKy 30Hy HH5, Sphaenolithus heteromorphus Defiandre 0flrOBapajy obom
6HOCTpaTHrpa(j)CKOM HHBoy. Tokom KacHor paHor MHOii,eHa h cpefliter mho-
u,eHa (6afleHa) K/iHMa je y U,eHTpajiHHM napaTeTHcy 6njia yr.naBHOM cyn-
TopncKa. Ha0CHOByY npncycTBa 6pojHHX TepMoc))HMHHX BpcTa MeKyiuau,a, Kao
uito cy Conidae, Strombidae, Xenophoridae, Pleurotomidae, Turridae, Muri-
cidae, HTfl., 3aKlbynyjeMo ~a cy cjihhhh yc;iOBH Blia,a,ajiH h Ha H>rOBOM
jy>KHOM o 60fly. Cxoaho TOMe, npoynaBaHH ceflHMeHTH ce Mory npHnncaTH

paHOM 6afleHy, uito 6HOCTpaTHrpa(j)CKH oflroBapa HaH030HH HHS5, Kope-
jiau,HjoM ca cyKu,ecHjaMa y itHX0BHM thuhhhhm o6;iacTHMa LJeHTpajiHor

napaTeraca h Ha Taj hahhh npeu,H3HO je flec)HHHcaHO BpeMe MopcKe

PaKoeuHKU nomoK (Eeospad).

Introduction

The shallow marine deposits are famous for a
long time for their highly diverse and excellently
preserved foraminifers and mollusc assemblages. In
Serbia, the largest spatial distribution of Badenian
sediments exposed on the surface can be found in
Belgrade and its vicinity, where they have been best
studied due to the rich mollusc fauna. Also, the bry-
0zoa, spongia, corals, ostracods, along with the
crabs and fish remains are present. Since the first
discovery of fossils fauna at Rakovica stream (Zujo-
vi¢, 1886; Pavlovi¢, 1890) and later on, this site have
been the subject of interest of many researchers
(Lukovi¢, 1922; Petrovi¢, 1962; Eremija, 1977; Gani¢
et al. 2016, etc.). The chronostratigraphical frame-
work of the sedimentary succession from Rakovica
stream (the Upper Badenian age,Ammonia beccarii
Zone) was based on studies of the foraminifera as-
semblages (Petrovi¢, 1962; 1985), however, these
important microfauna collections are not available.
As a consequence, it often happens that many local-

TpaHcrpecnje Ha obom no,a,pyHjy

ities are assumed to belong to the Upper Badenian
age (Jovanovi¢, 2018), pointing to the need to re-
assess the age of some classical Badenian localities.
Later, Rundi¢ et al. (2019) published a summary re-
view of several Miocene sites near Belgrade, but
they did not add new stratigraphic records for so-
called "Rakovica sand”.

For the southern margin of Central Paratethys,
some independent age constraints were established
by working in the last decade (Cori¢ et al. 2009;
Pezelj et al. 2013; Sant et al. 2018; Jovanovié et al.
2019a, Jovanovic¢ et al. 2019a; Mandic et al. 2019).
These regions of the Pannonian basin were flooded
later than the northern and western regions during
the early Badenian (Cori¢ et al. 2009; Sant et al.
2017; Jovanovi¢, 2018). However, the chronostrati-
graphic correlations of marine Middle Miocene de-
posits of the Serbian Neogene are still considered
problematic. The facies distribution, stratigraphy,
and tectonic structure of the Belgrade area which
comprises early and middle Miocene sediments
have not been studied in great detail. The precise
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chronological analysis was largely improved for the
several sites in Serbia (Sant etal. 2018; Mandic etal.
2019), but chronology ofthe oldest units ofthe Bel-
grade area are still largely speculative. The outcrop-
ping rocks exposed on the Rakovica valley are part
of the Upper Badenian with most authors (Gani¢ et
al. 2016, Mandic et al. 2019, Rundi¢ et al. 2019). Re-
cently, the latest discovery in Serbia (Jovanovi¢ et al.
2019a) modified previous biostratigraphical results
of some localities and indicated the necessity of
stratigraphic revision of Rakovica and some other
localities in the region.

In order to check the stratigraphic position of
sediments from the Rakovica stream, several sam-
ples have been analysed in respect to nannoplank-
ton, foraminifers, and molluscs. The research was
based on these fossil assemblages in order to revise
the Upper Badenian deposits of Rakovica stream,
and in order to provide a thorough scientific back-
ground for future study. New research clarified the
stratigraphic position of the deposits of the so-
called "Rakovica sand”. Micropaleontological and

Fig. 1: A Geographical position ofRakovica stream locality in Europe (Google Earth); B. Lo-
cation ofthe studied area in Serbia; C. Toporaphic map 1: 50 000, Sheet Belgrade 4 showing

the location ofthe studied successions (squares).

macropaleontological studies on the outcropping
rocks exposed on the Rakovica valley showed the
existence ofa rich fauna, foraminifera and molluscs
being the most important component of assembly
of the fossil invertebrate. The combination of bios-
tratigraphic analyses based on studies of some rare
calcareous nannoplankton, foraminifera and rich
molluscs assemblages, allows the revision of the
clastic facies of the Rakovica succession. The studied
outcrop is located on the left bank of Rakovica
stream, on the southern flanks of Torlak Hill near
Belgrade (Fig. 1).

Methods and materials

New bulk samples were taken in 2018 for analy-
ses of fossil materials. Authors have collected strati-
graphically and taxonomically important microfossils
and macrofossils. Atotal of 12 samples for the analy-
sis were analysed, collected from two outcrops and
from one well. Also, old collections of the Natural His-
tory Museum in Belgrade,
comprising 3000 specimens
from the Rakovica deposits,
were investigated. For strati-
graphic revision of these de-
posits and for explaining the
real vertical ranges of studied
fossil assemblages, we used
calcareous nannoplankton,
benthic foraminifera and so-
me termophilic molluscs, in
particular those considered
of stratigraphic importance
to the Badenian. Sediment
samples were processed by
using standard micropaleon-
tological and palaeontological
methods of preparation tech-
nique. A total of 3 samples for
the analysis of nannoplank-
ton assemblages were pre-
pared partly at the Vienna
Smear slides, following stan-
dard procedure described by
Perch-Nielsen (1985).



Gordanalovanovié, Sejfudin Vrabac & Stjepan Corié

For the foraminifera and small mollusc extrac-
tion, 9 samples were prepared and washed at the
laboratory and allowed to dry. Laboratory methods
were employed for disintegrating soft sandstone
using hydrogen peroxide. Samples were washed and
the foraminifera and molluscs were recovered from
the over a 0,1 mm fraction-sieve and picked under
the microscope. The stratigraphical analysis of the
nannoplankton zonation is based on Martini (1971],
while the foraminifera zonation is based on Grill
(1943). The photos of the molluscs were made with
PANASONIC DMC-FZ50.

The preservation of the most foraminifera and
molluscs specimens is quite good. Collected materials
are stored in the collections of Natural History Mu-
seum in Belgrade (Serbia). The collectors include:
Petar Pavlovi¢, at the end of the 19th century, Petar
Stevanovi¢ around the mid-20th century, as well as
the authors of this paper. As old Museum documen-
tation does not contain all information on the loca-
tion of some fossils, on the basis of the sediment
stored on the fossils, we tried to identify the locality
where they came from. The part ofstudied specimens
of foraminifera are housed in the University of Tuzla
(Bosnia and Herzegovina), while the samples of nan-
noplankton assemblages are stored in the collection
ofthe Geological Survey of Austria in Vienna.

Geological setting

In the Middle Miocene (Badenian) the investi-
gated area was located in the southeastern margin
of the Pannonian Basin (Central Paratethys). The
deposition of marine sediments during the Early
Badenian of Central Serbia resulted from the trans-
gression of the Central Paratethys Sea, which initi-
ated the development of several basins, subbasins
and bays with a corresponding sedimentation (An-
delkovi¢ et al. 1989). In that time, the surrounding
of Belgrade was a complex network of shallow ma-
rine basins. The Slovenian Trans-Tethyan corridor
probably functioned as the connecting sea strait
with Mediterranean Sea, according to Bistrici¢ &
Jenko (1985). Connections are recorded also be-
tween the Pannonian and the Transylvanian basins,
through the Mures passageway and Faget Basin in

Transylvania (Romania), (Chira & Marunteanu,
1999; Chaix et al. 2018), (Fig. 2B).

Most of the Belgrade area is covered by mid-
Miocene sediments, lying transgressively over well-
formed paleo-relief. The Miocene deposition in the
Belgrade area begins with continental alluvial and la-
custrine sedimentation, which occurred during the
Early Miocene time and at the beginning ofthe Early
Badenian, before the first sea transgression. The Bel-
grade basin is filled with sediments composed of con-
glomerates, marls, clays, sand, sandstones and
limestones ofdifferent thickness at differentsites, be-
cause tectonic movements separated these rocks into
distinctblocks (Petkovi¢, 1912) lifted or plunged, dur-
ing the Neoalpine tectonic events (Marovi¢ et al.
2007; Tolji¢ et al. 2016). Paleogeography, tectonic
movements and connections with other basins and
sub-basins across the gulf or open-water channels
(Andelkovi¢ et al. 1989; Matencko & Radivojevi¢, 2012;
Jovanovi¢, 2018) were the main factors influencing the
diversity of molluscs in Serbia during the Middle
Miocene (Badenian), which resulted in the formation
of different facies with diverse fauna.

High diversity and excellent preservation of fossil
assemblages are mentioned from a large number of
Serbian localities, especially molluscs. The age of
these deposits should be considered mainly of Mid-
dle Miocene (Badenian) which comprises three
parts: Early Badenian (Lagenidae Zone), Middle
Badenian (Spirorutilus carinatus Zone), and Late Ba-
denian (Ammonia beccarii and Elphidium crispum
Zone) (Petrovi¢, 1962; 1985). According to Harz-
hauser et al. (2018), the Badenian stage can be cor-
related with the entire Langhian stage and the lower
partofthe Serravallian stage ofthe Standard Global
Chronostratigraphic Scale of Gradstein et al. (2012).
During the Early Badenian, the first marine ingres-
sion reached Central Serbia area (Eremija, 1977;
Jovanovi¢, 2018; Sant etal. 2018; Mandic etal. 2019).
Onthe terrains ofthe center of Belgrade and its sur-
rounding, like in the Vienna basin, a very prono-
unced facies differentiation is recorded, when the
Early Badenian sea-level rise covered older deposits
in Rakovica area (Lukovié¢, 1922). Obviously, each
part of Belgrade basin such as the center of Bel-
grade, followed by Visnjica, LeStane, Veliki Mokri
Lug, Knezevac, Rakovica in the vicinity of Belgrade,
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Fig. 2. A. Geological map ofthe Rakovica area with marked position ofthe studied area, after the maps: 1:100 000 ofSerbia, sheet
Pancevo (according to Ivkovic et al. (1966)), and the map 1:100 000 ofBelgrade (according to Markovic¢ et al. (1985), united and sim-
plified); B. The map ofBadenian sea ofCentral Paratethys (according to Kovae et al. (2017); chaix et al. (2018), modified, shovving the

location ofthe studied succession (yellow star)).

had specific development in terms of facies distri-
bution depending on paleorelief configuration and
the tectonic reorganisations in the region. During
the Early Badenian, when the sea transgression
reaches its biggest extent, from the geotectonic
point of view, the Rakovica stream belongs to the
western Border of Belgrade basin.

Results

The biostratigraphic analysis is based on the Mu-
seum collections and new field research, along with
collected materials. The fauna originate from sev-
eral sites, here described under the names: Rakovica
stream section, Rakovica stream - old locality situ-
ated at a very short distance (about 100 m), and
well cores belonging to the estate of Mr. Sujica. Some
specimens from the Petar Stevanovi¢ collection
originates from other localities: Clavatula schrei-
bersi (Hoernes) from Rakovica town and Aporrhais
dactylifera (Boettger) from Jelen Hill.

Rakovica stream section

The described section of Rakovica stream, with a
maximum thickness of 3 m, consists ofyellowish and

grey, fine-grained, poorly cemented sandstone and ir-
regularly distributed hard yellowish sandstone len-
ses. The sediments are composed ofa single relatively
uniform deposit. A lower part is mainly dominated
by the yellow sandstone, Fig. 3 (A a, B a) whereas the
central part shows intermixing ofgrey and yellowish
colored sandstone with hard sandstone lenses, Fig. 3
(A b). The contact surfaces between sediments of dif-
ferent color are uneven, Fig. 3 (B).

Inits upper part, they are sometimes replaced by
yellowish sandstone with hard sandstone lenses.
The latest 1.5 m thick unit, Fig. 3 (A c, C), passing
into thin and hard layer cemented Leitha sandstone
towards top (Fig. 3 d), with poorly preserved nan-
nofossils and well preserved Ascidien spiculae, has
been observed. Both are dominated by quartz
grains, while the cement is calcite. On their southern
side, laterally, two thin wedge-shaped of the grey
sandstone layers are exposed (Fig 3 e). Fossils fora-
minifera come from both yellowish and grey sam-
ples, Fig. 3 (A a, b), while fossil molluscs come from
three samples, Fig. 3 (Aa, b, ¢).

Yellowish sandstone

Calcareous nannofossils have low abundance
and diversity because very shallow sandstones of
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Fig. 3. A (a-e). The Lower Badenian sandstone in Rakovica stream; B. Transition betvveenyellowish and grey sandstone; C Yellowish

sandstone with sandstone lense; C (a) detail ofthe picture C- Persististrombus.

the Rakovica stream are not very favorable to pro-
vide abundant and rich associations of nannofossils.
The most analysed samples from the yellow sand-
stone were barren in calcareous nannofossils. The
rarity of nanofossils made it difficult to establish a
biostratigraphic framework. Nevertheless, in two
specimens, the few identified species are rather in-
formative and show that NN5 zone of the Middle
Miocene is present in the sampled succession. The
first manifestation of nannoplankton is noted at the
top of section Rakovica stream, Fig. 3 (A d), where
assemblages mainly consist of Braarudosphaera
bigelowii (Gran & Braarud, 1935) Deflandre, 1947,
Coccolithus pelagicus (Wallich, 1877) Schiller,
1930; Coronosphaera mediterranea (Lohmann, 1902)
Gaarder, in Gaarder & Heimdal, 1977; Cyclicar-

golithus floridanus (Roth & Hay, in Hay et al. 1967)
Bukry, 1971; Helicosphaera carteri (Wallich, 1877)
Kamptner, 1954; Micrantholithus vesper Deflandre
1950; Micrantholithus spv Pontosphaera multipora
(Kamptner, 1948 ex Deflandre in Deflandre & Fert,
1954) Roth, 1970; Reticulofenestra gelida
(Geitzenauer, 1972) Backman, 1978; Reticulofenestra
hagii Backman, 1978; Reticulofenestra minuta, Roth,
1970; Reticulofenestra pseudoumbilicus (Gartner,
1967) Gartner, 1969.

Stratigraphically very important species Spheno-
lithus heteromorphus Deflandre, 1953 is absent
from the samples of section Rakovica stream, how-
ever the occurrences of Sphenolithus heteromorphus
Deflandre, 1953 in the sample from an old collec-
tion of Museum enabled the attribution into NN5
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(nannoplankton zonation of Martini, 1971], The
nannofossil assemblage is composed of Sphenolithus
moriformis (Bronnimann & Stradner, 1960] Bram-
lette & Wilcoxon, 1967 and Syracosphaera pulchra
Lohmann, 1902 and some species of the reworked
nannofossils from Cretacaeous deposits: Micula
staurophora (Gardet, 1955) Stradner, 1963; Vatz-
naueria barnesiae (Black in Black & Barnes, 1959)
Perch-Nielsen, 1968). The age ofthese deposits cor-
responds to the zone of calcareous nannoplankton
zone NN5 (nannoplankton zonation of Martini,
1971 was used). The zone is dated Middle Miocene
based on the presence of benthic forms, and corre-
sponds to the M5 zone of Berggren et al. (1995), on
the regional scale (Paratethys).

Fig. 4. A. 1, 3, Elphidium crispum (Linnaeus): 2,11, Dendritina haueri (a 'Orbigny); 4, Borelis
melomelo [Fichte1i & M on1); 5, Borelis haueri (d'0Orbigny); 6,12, Quinqueloculina sp.; 7, 9,10,
Ammonia viennensis (d'Orbigny); 8, Orbulina suturalis Bronnimann; 4 B. (1-5), Borelis haueri

(d'Orbigny).

Foraminifers are unequally distributed in the yel-
lowish sediment and almost exclusively represented
by benthic forms, only two planktonic forms of
genus Orbulina were found. Foraminifers are more
numerous and diverse than those of the sample of
grey sandstone. The following foraminifera were de-
termined: Ammonia viennensis (d'Orbigny, 1846), El-
phidium crispum (Linnaeus, 1758), Elphidium sp.,
Borelis haueri (d'Orbigny, 1846), Borelis melo melo
(Fichtel & Mool, 1798), Dendritina haueri d'Orbigny,
1846, Triloculina sp., Spirolina austriaca d'Orbigny,
1846, Asterigerinata planorbis (d'Orbigny, 1846),
Glandulina ovula d'Orbigny, 1846 and Orbulina sutu-
ralis Bronnimann, 1951.

The mollusc assemblages were already known in
the 19th century, when Zujovié¢ (1886) and Pavlovi¢
(1890) made the list of mollusc species from the
Rakovica stream. However, the majority of identified
molluscs have a wide chronostratigraphic distribu-
tion, making it difficult to divide the Badenian, using
them as a basis. Current investigation of the fossil
assemblages and recent morphological studies (Ata-
nackovié¢, 1985; Baluk, 2006; Harzhauser & Kronen-
berg, 2013; Harzhauser & Landau, 2016; KovAcs &
Vician, 2014; KovAcs & BalAzs, 2015; KovAcs, 2018; La
Perna et al. 2017; Landau et al. 2013; Manganelli et
al. 2004; Niegri & Corsei Ii, 2016; Popa et al. 2014;
Studencka, 1986; Studencka et al. 1998), led to a sig-
nificant increase in the number of mollusc species
(Fig. 5, 6, 7). Our results show
approximately 150 mollusc
species occurring in the stud-
ied section. However, our es-
timates of paleobiodiversity
are still incomplete as yetand
much work remains to be do-
ne. Gastropods are dominat-
ing. The following taxa are
identified: Dentalium sp.,Ath-
leta ficulina Lamarck, 1811,
Persististrombus inflexus (Ei-
chvvald, 1830), Semicassis lae-
vigata (Defrance, 1817),
Babylonia eburnoides (Math-
eron, 1843), Lautoconus sp.,
Varioconus pelagicus (Brocchi,
1814), Phasmoconusfuscocin-
gulatus (Hornes, 1856), Lautoconus kovacsi Harz-
hauser & Landau, 2016; Plagioconus extensus
(Hoernes, 1856), Jujubinus (Strigosella) vexans
(Boettger, 1907), Paroxystelle orientale (Cossmann &
Peyrot, 1917), Caecum (Caecum) trachea (Montagu,
1803), Gibbula (Colliculus) pseudangulata Boettger,
1907, Truncatella (Truncatella) subcylindrica (Lin-
naeus, 1767), Nassariusserraticosta (Hornes, 1852),
Microloripes dentatus (Defrance, 1823), Bittium
reticulatum (da Costa, 1778), Granulolabium bicinc-
tum (Brocchi, 1814), Pyramistomia sp., Megacardita
hoernesi La Perna, Mandic & Harzhauser, 2017; Dis-
cors spondyloides (Hauer, 1847), Flabellipecten
besseri (Andrzejovvski, 1830), Europicardium multi-
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Fig. 5. Detailed view ofmolluscs assemblage; Scale bar 0,5cm (Fig. 5a, b] and lcm (Fig. 5, c-t]: a,b, Clavatula schreibersi (Hoernes]; ¢,
d, Persistis trombusinflexus (Eichvvald]; e,f, Plagioconus extensus (Hoernes];g, h, Aporrhais dactyloides (Boettger]; i, Persistis trombus
cf. lapugyensis (sacco]; j,k, Amaldaglandiformis, (Lamarck]; I, m, Cathymorulaexilis (Hornes]; n, Serratina sp.; o, p, Pyramistomia sp.;
g, Discorsspondyloides (Hauer]; p, g, Pyramistomia sp.; r, Atrina pectinata (Brocch]; s, Streptochetusornatus (d'Orbigny]; t, Azori-
nuschamasolen (da Costa],
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Fig. 6. Detailed view of molluscs assemblage; Scale bar 0,5cm (Fig. 6 a) and lcm (Fig. 6 b-uj. Cardites partschi (Miinster in Goldfuss);
b, Megacardita hoernesiLa Perna, Mandic & Harzhauser; ¢, d, Semicassislaevigata (Defrance); e,f, Xenopohora deshayesi Michelotti; g,
h, Xenophora sp.; i,j, Vitularia linguabovis (Basterot); k, I, Lautoconus subraristriatus [Pereirada Costa, 1866); m, n, Babylonia
eburnoides (Matheron); o, p, Zonarina phyletica (Scnitder); g, r, Kalloconus ponderoaustriacus (Sacco); s, Phasmoconus cf. schroeckingeri

(Hoernes & Auinger); t, U, Varioconus Sp.

costatum (Brocchi, 1814), Pirenella sp., Rissoina [Ris- (Philippi, 1844), Acteocina lajonkaireana (de Bas-
soina) pusilla (Brocchi, 1814), Modiolula phaseolina terot, 1825), Hydrobia sp.,etc.
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Fig. 7. Detailed view ofmolluscs assemblage; Scale barlcm. a, b, Persistis trombusexbonellii (SaccoJ; c, d, Lautoconus ponderosus (Broc-
CHi];e -Acanthocardia sp.; f, g, Acanthocardia paucicostata (SowerbyJ; h, Pectenaduncus (Eichvvald); i, Flabellipecten besseri (Andrze-
jovvski); j, k, Lautoconus kovacsi Harzhauser & Landau; I, m, Varioconus pelagicus (Brocch); n, Glycymeris pilosa (Linnaeus); o, p,

Kalloconus letkesensis Harzhauser & Landau; g, r, Athletaficulina Lamarck; s, t, Phasmoconusfuscocingulatus (Hornes).
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Thegrey sandsone

The grey sandstone contains only foraminifera
fauna and mollusc shells. Nannoplankton is absent.
Foraminifers are represented almost exclusively by
benthic forms while the planktonic forms are scarce,
only one specimen of Orbulina have been recorded. The
follovving foraminifera were determined: Ammonia vi-
ennensis (d'Orbigny, 1846), Elphidium crispum (Linnaeus,
1758), Borelis haueri (d'Orbigny, 1846), Dendritina
haueri d’'Orbigny, 1846, Quinqueloculina sp. and Orbulina
suturalis Bronnimann, 1951. (Fig. 4 A). Amongmolluscs,
the following species are identified: Antalis vulgaris (da
Costa, 1778);/l/7tofecf. mutabilis (Hornes, 1856); Phas-
moconus cf. schroeckingeri (Hoernes & Auinger, 1879);
Varioconus pelagicus (Brocchi); Kalloconus letkesensis
Harzhauser & Landau, 2016; Babylonia eburnoides
(Matheron, 1843); Athleta ficulina (Lamarck, 1811);
Zonarina phyletica (Schilder); Oligodiaspirata (B rocchi,
1814); Cathymorula exilis (Hornes, 1856); Finella per-
pusilla (Grateloup, 1827); Odostomia sp.; Ocinebrina sp.;
Crepidula sp.; Pyramidella sp.; Potamides disjunctus
Sowerby, 1831 -.Alvania oceani (d'Orbigny, 1852); Gib-
borissoa varicosa (Basterot, 1825); Paroxystele orientale
(Cossmann & Peyrot, 1917); Retusa umbilicata (Mon-
tagu, 1803); Tritia cf. longitesta (BeerBistricky, 1958);
Gibbula angulata (Eichwald, 1829); Flabellipecten
besseri Andrzejowski, 1931; Pecten aduncus Eichwald,
1930; Venus nux Gmelin, 1791; Glycymeris (Glycymeris)
deshayesi (Mayer, 1868); Glycymeris sp.; Microloripes
dentatus (Defrance, 1823), etc.

Rakovica stream - old locality

This section is not longer available for fossil sam-
pling, but it might be possible to correlate it to the
beds 4, 5, 6 of the section described by Eremija
(1977). We represent it by museum collections. The
sample of yellowish sand from fossils was taken in
1995. The section’s length was 10 m, and the yellow-
ish sand and small lense of sandstone could have
been recognized. Foraminifera, bryozoa, corals, 0s-
tracod shells, echinoid spines, remains of crabs, and
rich mollusc communities are also present. These
marine assemblages from a highly energetic, nor-
mally saline environment were characterized by ex-

cellent preservation of foraminiferal tests and mol-
lusc shells.

Foraminifers are relatively common. Foraminifers
are dominated by ammonia, elphidium and milliolides.
As for planktonic forms, only two specimens Orbulina
were found. The following foraminifera were deter-
mined: Ammonia viennensis (d'Orbic.ny, 1846); Elphid-
ium crispum (Linnaeus, 1758); Elphidium sp.; Borelis
melo melo (Fichtel & Moll, 1798);, Dendritina haueri
d’'Orbigny, 1846; Quinqueloculina sp.; Triloculina sp.;
Pyrgo simplex (d'Orbigny, 1846); Spirolina austriaca
d’'Orbigny, 1846; Asterigerinata planorbis (d'Orbigny,
1846); Glandulina ovula d’'Orbigny, 1846; Orbulina su-
turalis Bronnimann, 1951; Dentalina sp.; Peneroplis
planatus (Fichtel & Moll, 1798) and Ortomorphina cf.
columella (Karrer, 1877). Among molluscs, the follow-
ing were recognized: Athletaficulina Lamarck, 1831;
Amalda glandiformis (Lamarck, 1810); Streptochetus
ornatus (d'Orbigny, 1852); Xenophora deshayesi Miche-
lotti, 1847; Xenophora sp.; Vitularia linguabovis (Bas-
terot, 1825); Cathymorula exilis (Hornes, 1852);
Persististrombus exbonellii (Sacco, 1893); Persististrom-
businflexus (Eichwald, 1830); Zonarina phyletica (Schi-
Ider, 1923); Babylonia eburnoides (Matheron, 1843);
Varioconus sp.; Phasmoconusfuscocingulatus (Hornes,
1851); Paroxystelle orientale (Cossmann & Peyrot, 1917);
Flabellipecten besseri (Andrzejowski, 1831); Anadarasp.;
Polinices redemptus (Michelotti, 1847), etc.

Well of the estate of M. Sujica

In the West, meaning in Topcider river area, sed-
imentation took place in a shallow marine environ-
ment, and lagoonal environment was formed,
resulting in deposition of coal-bearing clay. At a
depth of 12 m, blue clay with coal and fossils were
recovered from core well of Mr. Sujica’s estate
(Stevanovi¢ & Stepanovié, 1939; Stevanovi¢, 1970).
This fauna probably belongs to the Upper Badenian
because it contains sarmatoid forms. Additionaly,
Sarmatian deposits are situated above these sedi-
ments. Also, termophille taxa such Conidae Fleming,
1822; Strombidae Rafinesque, 1815; Muricidae
Rafinesque, 1815; Cypraeidae, etc, are missing.
Among foraminifera Dendritina haueri d'Orbigny,
planispiral porcelaneous species Spirolina austriaca
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d'Orbigny, Quingueloculina sp., Pseudotriloculina con-
sobrina (d'Orbigny) and Ammonia viennensis (d’'Or-
bigny) are identified. Acanthocardia paucicostata
(Sowerby, 1841), Acanthocardia turonica (Mayer,
1861), Arca rollei Hornes, 1864, Tellina donacina Lin-
naeus, Modiolus sp., Microloripes dujardini (Deshayes,
1850), Crepidula cochlear Basterot, 1825, Calyptrea
chinensis (Linnaeus, 1758), Venus sp., Ringicula minor
(Grateloup, 1838). About 500 m south, on the left
bank of Topcider River, in another well, similar fauna
was identified: Anadara diluvii (Lamarck, 1805), Cu-
bitostrea digitalina (Eichwald, 1830), Nassarius edlaueri
(Beer-Bistricky, 1958); Granulolabium nodosoplicatum
(Hornes, 1856) G rubiginosum (Eichwald, 1853), Venus
sp. (Stevanovi¢ & Stepanovié¢, 1939).

Discussion and Interpretation

In Serbia and some other regions of Central
Paratethys, the temporal span and boundaries of the
Badenian regional stage remain unclear. Generally, in
Paratethys area, other biostratigraphic problems
were noticed (KovaC et al. 2018). In recent works,
Badenian transgression is well documented from
Serbia (Sant et al., 2018; Jovanovi¢ et al., 2019a;
Mandic et al., 2019; Rundi¢ et al., 2019), but the base
of the Badenian has not yet been precisely defined.
The intense efforts directed at resolving stratigraphic
problems have not yet been matched with the latest
researches of Badenian sediment of Central Para-
tethys. As pointed out by Jovanovié¢ et al. (2019a), a
biostratigraphic revision is required for some Baden-
ian localities. In order to check the stratigraphic po-
sition of sediments from the Rakovica stream, several
samples have been analysed in respect to nanno-
plankton, foraminifers and molluscs. The existing in-
formation of the Middle Miocene calcareous
nannofossil species from the Serbia sites: VisSnjica
(near Belgrade) and Koceljeva (Western Serbia) have
been published by Mihajlovi¢ & Knezevi¢ (1989), and
Jovanovié et al. (2019a). Age of these deposits corre-
sponds to the calcareous nannoplankton Spheno-
lithus heteromorphus (NN5) zone. A similarity is
registered between the nannofossil assemblages of
Lower Badenian deposits in Serbia, Transylvania,
Slovenia, Bosnia, as reported by several authors

(Bartol, 2009; Chira & Vulc (2003); Mihajlovi¢ &
Knezevi¢ (1989), or between the other fauna (Jo-
vanovié et al., 2019a; Chaix et al., 2018).

Both Rakovica stream and Rakovica stream - old
locality are not significantly different because they
contain almost the same rich fossil assemblages,
though the old locality seems somewhat more di-
verse in terms of gastropods. Chronologically, the
section Rakovica stream - old locality is stratigraph-
ically slightly older, taking into account the falling
angle of the sediments, 30-40° (Petkovi¢, 1912;
Eremija, 1977). In the investigated area, the identifi-
cation of the nannoplankton zone NN5 (Martini,
1971), was made based on the presence of Spheno-
lithus heteromorphus and the absence of Heli-
cosphaera ampliaperta. Sphenolithus heteromorphus
was recorded in the sample of the old museum col-
lection. Its LO (Last Occurrence) in the Mediter-
ranean was dated at ~ 13.4 Ma (Abdul Aziz et al.,
2008), which points to the fact that these sediments
must have been older than 13.4 Ma. This means that
these Rakovica sediments correspond to the NN5 cal-
careous nannoplankton zone (Martini, 1971).

The foraminifera associations from the analysed
sandstones of the Rakovica stream belong to the
lower Badenian, namely the older zone A viennensis
and E. crispum. This finding is supported by several
facts. The first is that in the sandstones a species of
B. haueri has been designated, which in Central
Paratethys is exclusively associated with the Lower
Badenian (Cicha et al., 1998). Additionaly, the sand-
stones contain a rich association of fossils, which is
nota feature ofthe uppermostzone of Upper Baden-
ian in Central Paratethys. Due to the few fossil com-
munities, this zone is also referred to as the
"Impoverishment Zone" in the Vienna Basin (Papp &
Schmid, 1985). The cause of "Impoverished fauna” is
probably the decrease in salinity of the seawater at
the end of Badenian. Also, this "Impoverishment
Zone" is characteristic of the uppermost zone of
Upper Badenian in the area of Northern Bosnia
(Vrabac, 1999). Very important difference between
the Upper Badenian and Lower-Badenian zones of
Ammonia viennensis is that the Upper Badenian zone
was formed during the regression, while the Lower
Badenian zone is related to the transgression of Cen-
tral Paratethys. Basal conglomerates and fossilifer-



Stratigraphy revision ofUpper Badenian of Rakovica stream near Belgrade (Central Paratethys, Serbia)

ous sandstones of the Rakovica stream were de-
posited during the transgression of the lower
Badenian Sea, which is a feature ofthe lower Baden-
ian sediments of the A. viennensis Zone, both in Ser-
bia (Jovanovi¢ et al.,, 2019a) and in Northern Bosnia
(Coricetal., 2018). Upper Badenian zone sediments
are highly regressive in the Vienna Basin (Papp &
Schmid, 1985). This was stated in numerous sites of
the southern margin of Central Paratethys (Vrabac
et al., 2015). In the Vidnjica locality near Belgrade
(accordingto Krsti¢ &Mitrovi¢, 1993), sediments of
the upper Badenian with Ammonia beccarii (= Am-
monia viennensis) lying over the older ones (zone
with Spiroplectamina carinata) were drilled in the
V-26 well. Biostratigraphically, they correspond to
the Bolivina dilatata Zone, and their total thickness
is about 40 m.

The Badenian fauna from Rakovica is thought to
contain a large proportion of molluscs (Zujovi¢,
1886; Paviovi¢, 1890; Eremija, 1977, 1987; Gani¢ et
al. 2016) but understanding the age and general
spatiotemporal processes that shaped their distri-
bution are yet unclear, and they are probably older
than the Upper Badenian (Jovanovi¢, 2018). In pre-
vious literature, the chronostratigraphical frame-
work of the sedimentary succession was based on
the foraminifera assemblages and the entire succes-
sion is dated as Upper Badenian. In recentyears, the
Middle Miocene deposits of the Rakovica area have
been studied, as well as the Badenian fauna. How-
ever, most of these papers refer to the outdated
biostratigraphy (Gani¢ et al., 2016; Rundi¢ et al.,
2017) or misidentification of foraminifera (Rundi¢
et al. 2019). For example, in the Fig. 5 (p. 114) ac-
cording to Rundi¢ et al. (2019), we can clearly iden-
tify Borelis haueri.

Our results show approximately 150 mollusc
species occurring in the studied sections, ther-
mophile molluscs are common. Gastropods domi-
nated in the samples. Molluscan assemblages
represent elements common in Early Miocene or
early Middle Miocene (Badenian) of the Central
Paratethys. The Early Badenian is characterized by
a rich fauna that prefers warm water (Harzhauser &
Piller, 2007). Many marine molluscs display a peak
in diversity during the warm Early Badenian. The
high diversity reflects the warm temperature and

indicated Middle Miocene Climatic Optimum, which
allowed numerous thermophilic proto-Mediter-
ranean elements to migrate into the Paratethys
(Harzhauser et al. 2003). Despite the fact that ther-
mophile taxa play an important role in establishing
biostratigraphic and biogeographic correlations
(Harzhauser & Piller, 2007), they were poorly used
for biostratigraphy of Serbian deposits. Molluscs
such as Xenophora deshayesi, Babylonia eburnoides,
Semicassis laevigata, Vitularia linguabovis, Persis-
tistrombus exbonellii, Persististrombus cf. lapugyen-
sis, Aporrhais dactylifera and Megacardita hoernesi,
belong to the Early Miocene or appear at the begin-
ning of the Badenian transgression. Stenohaline, ther-
mophilic species from the investigated area are
followed by numerous gastropod cerithiids (over 500
specimens) and Rissoina (over 100), indicative ofthe
occurrence ofsea-grass meadows ina predominantly
shallow water environement. Therefore, the investi-
gated sections correspond to Early Badenian age
(nannoplankton zone NN5) and to TB 2.4, the Baden-
ian sequence within the NN5 nannozone.

The investigated fauna has been frequently used
as reference fauna for the comparison with other
famed Paratethyan Early Badenian mollusc fauna
from Lower Austria (Gainfarn and Voslau), Poland
(Korytnica) and Romania (Lapugiu de Sus, Costei),
and can be correlated with the Lagenidae Zone
(Grill, 1941) of the Badenian, as well as with some
classic Badenian fossiliferous sites of Serbia. From
the Rakovica near Belgrade, the rich mollusc fossils
presented here can be compared with that of the
Golubac (Notheastern Serbia), (Mikin¢i¢, 1932; Spa-
ji¢, 1975; Jovanovi¢, 2018). Both localities show high
diversity with numerous common termophile taxas
(Persististrombus, Xenophora, Lautoconus, Varioco-
nus, Phasmoconus, Kalloconus, Terebra, Clavatula,
Babylonia, etc), but Golubac site is much more abun-
dant in the number of species and specimens (Jova-
novi¢, 1996). The numerous identified molluscs
from Rakovica sites have a wide geographic distri-
bution in Central Paratethys such as Flabellipecten
besseri, Pecten aduncus, Microloripes dentatus (De-
france), Cardites partschi, Athleta rarispina, Paroxys-
tele orientale, Xenophora deschayesi etc (Studencka,
1986; Landau et al., 2013; Chaix etal., 2018). Incom-
parison with other localities in Central Paratethys
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(Baluk, 2003, 2006; Mikuz, 1998) etc, quite the "im-
poverished” conoidean fauna from the Rakovica
stream is observed. Turrids are important marine
carnivorous gastropods that are highly diversified in
shallovv as well as deep water. Among Turridae and
Pleurotomidae, only seven species are identified,
thermophile genus Clavatula with three species and
more than 110 specimens indicated to warm climate
[Clavatulagranulatocincta, C sophiae, C schreibersi).
Some rare gastropods as well as representatives of
family Architectonidae (= Solariidae), etc are noticed.
The architectonicids known as "sundials," are a group
ofworldwide distribution, mainly in subtropical and
tropical waters which have an extended veliger stage
enabling larvae to live in the plankton for relatively
long periods and thus to cover great distances with
the ocean currents, ensuring wide distributional
ranges (Mauro-Pietro & Cesare, 2016). Heliacus
monilifera and Psilaxis cf. simplex have a wide chro-
nostratigraphic distribution (Landau et al., 2013).
Afrequentalternation of different facies is the re-
sult of inflows into the shallow sea and the charac-
teristic of sea shore. In addition, the Rakovica stream
sediments were deposited in a fairly shallow marine
embayment in which the material was occasionally
broughtin by streams or rivers. Coccolithus pelagicus
is common in close to river mouths (Cori¢, 201>3).
This type of deposition is indicated by the nature of
the layers, such as wedge-shaped sedimentary de-
posits, gradual transitions between sediments of dif-
ferent colours and small differences in grain size. All
data indicated that the communications with a
deeper sea were established as early as in Lower
Badenian. The Badenian molluscan biodiversity was
shaped by a series of events connected with the geo-
dynamic and climatic evolution of the southern mar-
gin of Central Paratethys during the early Middle
Miocene (Badenian). Palaeogeography, tectonic
movements and connectionb via bayways or canals
with open sea (Andelkov'¢ et al. 1989; Matenco &
Radivojevi¢, 2012) present the main factors within
the mollusc community, making Serbian diversity
during Middle Miocene (Badenian), (Jovanovi¢, 2018).
The lithofacial and biofacial characteristics of the
studied deposits ofthe Rakovica stream indicate that
they were deposited in a very shallow, coastal part
of the infralittoral sea with normal salinity. The cos-
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mopolitan nanofossil indicates shallowing of the sea.
The small reticulofenestrids such as R minu™a or R
hagii have a wide ecological tolerance and indicate a
nutrient-rich, eutrophic, near-shore environment
(Auer et al. 2015). The abundant and varied mollus-
can assemblage signifies subtropicai conditions, fa-
vorable substrates, and abundant food supply. Large
benthic forms are suggesting a shallow water high-
energy environment. Therefore, the mollusc assem-
blage clearly indicates the infralittoral zone and,
thus, the euphotic zone. Shallow marine environ-
ments are also dorumented by the numerous trace
bioerosion on shell of molluscs (Gani¢ etal. 2016), as
well as in the investigated materials presented here.
In sout’iern TopcCider river area, sedimentation took
place in shallow marine settings, resulting in depo-
sition of coal-bearing clay, probably corresponding
to Upper Badenian. This probably documents shal-
low or estuarine environments and coast vicinity.
During the late Early Miocene and Middle Miocene
(Badenian), the climate in the Central Paratehys was
mamly subtropical (Kowa¢etal., 2007). This is supported
at tht southern margin by the abundance of ther-
moph.lous mollusc taxa as well as in the same interpre-
tations made by other authors engaged in the same
fieldwork (Jovanovi¢ et al., 2019c¢; Mandic et al., 2019).
The studied mollusc fauna indicates the influence ofthe
period ofglobal warming, so called Middle Miocene Cli-
matic Optimum (MMCO initial warming beginning ca.
18 Ma and with peak warming ca. 17-14.75 Ma, accord-
ing to Zachos et al. (2001,2008), thatpreceded the Mid-
dle Miocene Climatic Transition (global cooling during
the interval —15-13 Ma). MMCO event initiated many
ecological changes, including the influence on the devel-
opment of mollusc fauna and their distribution. Litera-
ture data from around the world suggest that during the
MMCO, many localities were characterized by rich in-
vertebrate remains, containing an abundance of pre-
dominant foraminifers, gastropods and bivalves.
Numerous taxa are very sensitive to temperature and
salinity change. The presence oftypical warm-water in-
dicators (e.g, Conidae, Clavatulidae, Strombidae,
Xenophoridae, Cypraeidae) within the studied Museum
collections, supports the interpretation that studied
fauna excisted during the late phase of the Middle
Miocene Climatic Optimum. Based on these criteria, we
conclude that itis necessary to continue the revision of
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the Upper Badenian in Serbia, Bosnia and Herzegovina,
and Croatia, on the localities where the Upper Badenian
has been determined only based on the Rotalia beccarii
zone (= Ammonia viennensis).

Conclusion

This paper presents the results of biostrati-
graphic studies of Badenian (early Middle Miocene)
sediments of the Rakovica stream near Belgrade
(Central Serbia). The Badenian sediments, rich in
various fossils, have a widespread distribution in
the area of Belgrade. A review of past works on the
early Middle Miocene sediments of the Rakovica
stream (Petrovi¢, 1962, 1985; Gani¢ et al., 2016;
Rundi¢ et al., 2019), together with new fieldwork in
that area and the latest research of the vicinity of
Koceljeva (Jovanovi¢ et al., 2019a), have indicated
the necessity of stratigraphic revision of those beds.
Micropaleontological and macropaleontological
studies of the sediments of Rakovica stream herein
attributed to the Lower Badenian showed the exis-
tence of a rich fauna where molluscs and fora-
minifera, as well as some rare nannofossils, allowed
accurate dating the age of the researched sediments.
The biostratigraphic analysis is based on the old
Museum collections and new ressearches. The con-
ducted investigation resulted in defining middle
Miocene (lower Badenain, Lagenidae NN5 Zone) age
of these sediments.

Our conclusions about the fossil records give
new light on the stratigraphy of Rakovica sediments
for further studies, providing a useful resource to
the future study of fossil assemblage diversity. The
results show approximately 150 molluscs species,
occurring in the studied sections and Museum col-
lections. Many Middle Miocene species belongingto
extinct or extant genera have been recorded in the
Paratethyan region. Further research might increase
the total number of mollusc taxa indicated above for
the Badenian of Rakovica.

During the late Early Miocene and Middle Mio-
cene (Badenian), the climate in the Central Parate-
hys was mainly subtropical. This is supported at its
southern margin by the abundance of thermo-
philous mollusc taxa as well as Conidae, Strombidae,
Cypraeidae, Xenophoridae, Muricidae, Pleurotomidae,

etc. Based on the studies of lithological composition,
nannofossils, foraminifers and high paleodiversity
mollusc fauna and local palaeogeographical setting,
it can be concluded with reasonable certainty that
the Rakovica deposits represented a shallow marine
(sublittoral) environment during Lower Badenian
time. The abundant and varied molluscan assem-
blage and other fossil assemblages indicate favor-
able substrates, abundant food supply, and
warm-temperate to subtropical conditions. Current
investigation ofthe fossil assemblages that are here
dated as Lower Badenian will contribute to clarify
more accurately the biogeographic pattern of
Badenian fauna of the region, and fill in the gaps in
the biostratigraphical division of the Badenian sed-
iments of Serbia. Itshould also contribute to a better
knowledge of the paleoecological conditions during
early Middle Miocene (Badenian), when the warm
climate zone was much wider than today. We con-
clude that it is necessary to continue the revision of
the Upper Badenian in Serbia, Bosnia and Herzegov-
ina, and Croatia, in the localities where it is deter-
mined solely based on the Rotalia beccarii zone (=
Ammonia viennensis).
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Pe3HMe

CTpaTHrpa4>CKa peBH3Hja ropH>er
6a”~eHa n0TOKa PaKOBHi” e ko /i,
Beorpa”a (U,eHTpajiHH llapaTeTHC,
Cpbnja)

Y obom pa,qy cy npeflcraB/beHH pe3yjiTaTH 6ho-
CTpaTHrpat)) CKHX npoyHaBaH.a 6afleHCKHX (paHH
cpeflH.H MHOijeH) cefl[HMeHaTa PaKOBHHKOr n0TOKa
Kol/i, Eeorpafla (ueHTpa/ma Cp6Hja]l. Ha noflpynjy
Eeorpafla 6afletHCKH ceflHMeHTH HMajy ninpoKO
pacnpocTpaK.eK.e h 6oraTH cy pa3HOBpcHHM (J)och-
/iHMa. Flperaefl npeTX0"HHX pa”oBa o paHO cpefl-
H>OMHOU,eHCKHM Cefl[HMeHTHMa PaKOBHHKOr nOTOKa
(IETPOBHTI, 1962,1985; TahhTi h flp., 2016; Pyh/jhTi h
flp., 2019), HOBa TepeHCKa Hcrpa>KHBaH.a Kao h
HajHOBHja HCTpa>KHBaH.a OKO/iHHe Koue/beBe (Jo-
bahobhTi h flp., 2019a), yKa3a/m cy Ha HeOnx0fIHOCT
CTpaTHrpatl)CKe peBH3Hje obhx cefl[HMeHaTa. Mh-
KpOna/ieOHTO/i0iuKa h MaKp0Ona/ieOHTO/i0iuKa hc-
nHTHBaH>a Koja cy y obom paay ceHMeHTe
PaKOBHHKOr noTOKa npHnncal/ia flOfteM 6afleHy,
noKa3a/ia cy nocTojaH.e 6oraTe cjayHe, Mel)y KojoM
cy MeKyinu,H h cj)opaMHHH(j)epH, Kao h HeKH peTKH
HaHO(@j))OCH/iH KojH cy OMOryhn/iH npeuH3HO fle-
(j))HHHcaH.e CTap0OCTH HCTpa>KHBaHHX ceflHMeHaTa.
EnocTpaTHrpacjicKa aHa/iH3a ce 3acHHBa h Ha no-
NauHMa flo6HjeHHM Ha 0CHOBY CTapnx My3ejcKHX
KO/ieKUHja. Kao pe3y/iTaT obhx HCTpa>KHBaH.a
yTBpl)eHa je cpefl[HLOMHOueHCKa (floii.o6aAeHCKa,
HH5 ilareHHfIHa 30Ha).

Hauin 3aK/byHUH o tj))OCH/iHOM 3anHcy 6auajy
hobo CBeT/io Ha CTpaTHrpa(j)Hjy p3kobhhkhx
ceflHMeHaTa 3a flaae CTy/i,Hje h npy>Kajy KopHCTaH
pecypc 3a npoyHaBaH.e paBHOBpcHOCTH 4)och/ihhx
3ajeflHHua. Pe3y/iTaTH noKa3yjy oko 150 Bpcra
MeKyuiaua Koje ce jaB/bajy Ha npoyneHHM npo(j)H-
jiHMa h y My3ejcKHM 36npKaMa. MHore BpcTe

cpefliter MHOueHa Koje npnnaflajy H3yMp/iHM h/ih
nocTOjehHM BpcTaMa h/ih pofoBHMa, 3a6e/ie>KeHe
cy h YperHOHy napaTeTHca. nopefl Tora, 6y/i,yhHM
HCTpa>KHBaHiHMa Morao 6h ce joui noBehaTH rope
HaBe”eHH yKynHH 6poj
PaKOBHue.

MeKyuiaua H3 6aflevia

Tokom KacHor paHor MHOueHa h cpeflH.er mho-
UeHa (6al/i,eHa), y LJeHTpa/iHOM napaTeTHcy OHMa
je 6n/ia yr/iiaBHOM cynTopncKa. TO ce MO>Ke 3a-
K/byHHTH h 3a H.eroB jy>KHH 060/], Ha OCHOBY o6H/ba
TepMO(j)H/IHHX BpcTa MeKyuiaua, Kao uito cy
Conidae, Strombidae, Cypraeidae, Xenophoridae,
Muricidae, Pleurotomidae etc. Ha OCHOBy npoy-
HaBaita/iHTO/iouiKor cacraBa, HaHO(j)OCH/ia, (jiopa-
MHHH(j)epa h BHCOKOT nalieo/i,HBep3HTeTa (j)ayHe
MeKyuiaua Kao h nal/ieoreorpa<j)CKor no/io>Kaja,
MO>Ke ce ca CHrypHouihy 3aK/byHHTH a cy ce”™H-
MeHTH PaKOBHue HacTal/iH y BeoMa n/iHTKoj Mop-
CKOj (cy6/IHTOpa/lHOj) CpeflHHH, TOKOM paHOTr
6afleHa. EoraT h pa3HO/IHK CKyn MeKyuiaua h
flpyrnx (J)och/ihhx 3ajefl[HHua yKa3yje Ha nOBO/bHy
noli,/iory, o6h/be xpaHe h Ton/io yMepeHe flo cyn-
TponcKe yc/ioBe. npoyHaBaH.a 4)OCh/ihhx 3aje”-
HHua Koje cy OB”e flarapaHe Kao floii.o6afleHCKe,
flonpHHehe TaHHHjeM pa3jauiibaBaH.y 6noreorpa(j)-
CKe fIHCTpHG6yunje 6afleHCKe (j>ayHe y perHOHy h
nonyH.aBaH.y npa3HHHay 6HOCTpaTHrpatj)CKOj no-
fle/iH 6afleHCKHX ce"HMeHaTa Cp6nje. TaKol)e 6h
Tpe6al/io a”onpHHece 6o/beM no3HaBaiby nalieo-
eKO/iouiKHX yc/ioBa tokom paHor cpe”iber mho-
UeHa (6afleHa), Ka”a je 30Ha Ton/ie K/iHMe 6n/ia
uiHpa Hero flaHac. 3aK/bynyjeMO f\a je n0Tpe6HO
HacTaBHTH ¢ peBH3HjoM ropiber 6afleHay Cp6njH,
Eochh h XepueroBHHH h XpBaTCKoj, Ha /ioKal/iH -
TeTHMa rfle je crapocr o”"peheHa caMO Ha OCHOBYy
30He Rotalia beccarii zone (= Ammonia viennensis).
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