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Abstract. Belgrade area is a region of high paleobiodiversity, being ranked
among the best known in Serbia. The prominent position among a number of
Middle Miocene (Badenian) fossiliferous sites in the vicinity of Belgrade
(southern Pannonian Basin, Central 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 of the 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’ORBIGNY), and Borelis haueri (D’ORBIGNY) as well as zone marker
NN5 Sphaenolithus heteromorphus DEFLANDRE 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 of thermophilous 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.

Anctpakrt. OxosinHa Beorpa/ia je pervoH BUCOKOT najsie00HM0UBep3UTETA
KOju ce cBpcTaBa Meby Hajno3HaTuje y Cpbuju. McTtakHyTo MecTo Mehy
OPOjHUM Cpe/ItbOMHUOLIEHCKUM (6a/jeHCKUM) GOCUITHUM HaJIa3uIITHUMA Y 6J11-
3uHu beorpaga (jy»xau o6ox [laHoHckor 6aceHa, LlenTpanuu [lapareruc)
3ay3UMajy ceIUMeHTH Y PakoBUYKOM NOTOKY, Tako3BaHU “PakoBHYKM Ie-
ckoBu”. OB/le 06jeIMbEHU I0Ka31 3aCHOBAaHU HAa HOBUM (OCHUJIHUM Hasla3nuMa
3aje/lHUIA KpeUhayKor HAHOIVIAaHKTOHA, popaMrUHUpepa U MeKylana oMo-
ryhaBajy ctpaturpadcky peBH3Hjy KJacTUYHUX dauuja u3 PakoBure. Ha
OCHOBY IIpOy4YaBaka JIMTOJIOUIKOT cacTaBa, BUCOKOT NaJsieoiuBep3uTeTa day-
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dopamuHugepu, meKyuyu,
Pakosuuku nomok (beozpad).

He MeKyllala 1 JIOKaJIHe najeoreorpadcke cpeiMHe, MOXe Ce MOYy3/JaHo 3a-
K/bYYWTH Jla CEIUMEHTH I0TOKa PakoBU1a, TAaKO3BaHU “PaKOBUYKH ECKOBU”
npeACcTaB/bajy nemrdyape MJIMTKOBOAHE MOpCKe (IpHo6aiHe) cpefuHe U3
BpeMeHa paHor 6ajeHa. Kpynuu 6eHTocku popamunubepu Ammonia vien-
nensis (D’ORBIGNY), Borelis haueri (D’ORBIGNY), Kao U MapKep 32 HaHOIJIAHK-
ToHCKy 30HYy HH5, Sphaenolithus heteromorphus DEFLANDRE o/iroBapajy 0BOM
6uoctpaTurpadpckoM HUBOY. TOKOM KacHOT paHOT MUOIeHa U CpeJiiber MUO-
neHa (6azeHa) kiuma je y llentpanHom [lapaTeTucy 6usia yriiaBHOM CyTI-
Topricka. Ha ocHoBY npucycTBa 6pojHIX TepMOGUIHUX BPCTA MEKYIIALA, KA0
mrto cy Conidae, Strombidae, Xenophoridae, Pleurotomidae, Turridae, Muri-
cidae, uTph., 3aK/bydyjeMo Aa Cy CJAMYHU YCJAOBU BJIaZAJU U HA HETOBOM
jykHOM 0601y. CXOZHO TOME, IPOYyYaBaHU CEJUMEHTH Ce MOTY NMPUMIHUCATH
paHoM 6ajieHy, ITo 6uocTpaTurpadcku ofrosapa HaHozouu HH5, kope-
JIALMjOM ca CyKLecHjaMa y ’bUXOBUM THUIHMYHUM o6sacThMa LlenTpasHor
[lapaTeTrica ¥ Ha Taj HAYMH NpPenU3HO je JePUHHCAHO BpeMe MOpPCKe
TpaHCrpecuje Ha 0BOM IO PYYjy.

Introduction

The shallow marine deposits are famous for a long
time for their highly diverse and excellently pre-
served foraminifers and mollusc assemblages. In Ser-
bia, 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-
0Z03a, spongia, corals, ostracods, along with the crabs
and fish remains are present. Since the first discovery
of fossils fauna at Rakovica stream (ZU]OVIC’, 1886;
PavLovi¢, 1890) and later on, this site have been the
subject of interest of many researchers (LUkoVIC,
1922; PETROVIC, 1962; EREMIJA, 1977; GANIC et al., 2016,
etc.). The chronostratigraphical framework of the
sedimentary succession from Rakovica stream (the
Upper Badenian age, Ammonia beccarii Zone) was
based on studies of the foraminifera assemblages
(PeTROVIC, 1962; 1985), however, these important mi-
crofauna collections are not available. As a conse-
quence, it often happens that many localities are
assumed to belong to the Upper Badenian age (Jo-
vANOVIC, 2018), pointing to the need to reassess the
age of some classical Badenian localities. Later; RUNDIC
et al. (2019) published a summary review 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
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by working in the last decade (CORIC et al,, 2009;
PEzEL] et al.,, 2013; SANT et al., 2018; JovaNoviC et al.,
2019a; JovaNovic et al., 2019a; Manbic 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
chronological analysis was largely improved for the
several sites in Serbia (SANT et al,, 2018; MANDIC et
al,, 2019), but chronology of the oldest units of the
Belgrade area are still largely speculative. The out-
cropping rocks exposed on the Rakovica valley are
part of the Upper Badenian with most authors
(GaNIC et al.,, 2016, MANDIC et al,, 2019, RunbIC et al.,
2019). Recently, the latest discovery in Serbia (Jo-
vANovIC et al., 2019a) modified previous biostrati-
graphical 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 se-
diments from the Rakovica stream, several samples
have been analysed in respect to nannoplankton,
foraminifers, and molluscs. The research was based
on these fossil assemblages in order to revise the
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graphically and taxonomically

important microfossils and
macrofossils. A total of 12
samples for the analysis were
analysed, collected from two
outcrops and from one well.
Also, old collections of the
Natural History Museum in

Belgrade, comprising 3000

specimens from the Rakovica
deposits, were investigated.
For stratigraphic revision of
these deposits and for ex-

plaining the real vertical ran-
ges of studied fossil assem-
blages, we used calcareous
nannoplankton, benthic fora-
minifera and some termo-
philic molluscs, in particular
those considered of strati-

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

the location of the studied successions (squares).

Upper Badenian deposits of Rakovica stream, and in
order to provide a thorough scientific background for
future study. New research clarified the stratigraphic
position of the deposits of the so-called “Rakovica
sand”. Micropaleontological and gmacropaleontolog-
ical studies on the outcropping rocks exposed on the
Rakovica valley showed the existence of a rich fauna,
foraminifera and molluscs being the most important
component of assembly of the fossil invertebrate. The
combination of biostratigraphic analyses based on
studies of some rare calcareous nannoplankton,
foraminifera and rich molluscs assemblages, allows
the revision of the clastic facies of the Rakovica suc-
cession. 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-
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graphic importance to the Ba-
denian. Sediment samples
were processed by using
standard micropaleontologi-
cal and palaeontological me-
thods of preparation technique. A total of 3 samples
for the analysis of nannoplankton assemblages were
prepared partly at the Vienna Smear slides, follow-
ing standard procedure described by PERCH-NIELSEN
(1985).

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 PavLoviC, at the end of the 19th century, PETAR
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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 of studied 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
of the 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-
PELKOVIC 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 BISTRICIC &
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 of the 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 of different thickness at different sites, be-
cause tectonic movements separated these rocks into
distinct blocks (PeTtkovi¢, 1912) lifted or plunged, dur-
ing the Neoalpine tectonic events (MARroviC et al.,
2007; Toujic et al.,, 2016). Paleogeography, tectonic
movements and connections with other basins and
sub-basins across the gulf or open-water channels
(ANBELKOVIC et al. 1989; MATENCO & RADIVOJEVIC, 2012;
Jovanovic, 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-

Jajinci 2310 9/
* Torlak '

Fig. 2. A. Geological map of the Rakovica area with marked position of the studied area, after the maps: 1:100 000 of Serbia, sheet
Pancevo (according to Ivkovic et al. (1966)), and the map 1:100 000 of Belgrade (according to Markovic et al. (1985), united and sim-
plified); B. The map of Badenian sea of Central Paratethys (according to Kovac et al. (2017); CHAIx et al. (2018), modified, showing the

location of the studied succession (yellow star)).
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denian (Ammonia beccarii and Elphidium crispum
Zone) (PeTrOVIC, 1962, 1985). According to Harz-
HAUSER et al. (2018), the Badenian stage can be cor-
related with the entire Langhian stage and the lower
part of the Serravallian stage of the Standard Global
Chronostratigraphic Scale of GRADSTEIN et al. (2012).
During the Early Badenian, the first marine ingres-
sion reached Central Serbia area (ErRemija, 1977;
JovaNovi¢, 2018; SANT et al.,, 2018; Manbic et al.,,
2019). On the terrains of the center of Belgrade and
its surrounding, like in the Vienna basin, a very
pronounced facies differentiation is recorded, when
the Early Badenian sea-level rise covered older de-
posits in Rakovica area (Lukovi¢, 1922). Obviously,
each part of Belgrade basin such as the center of
Belgrade, followed by ViSnjica, Lestane, Veliki Mokri
Lug, KneZevac, Rakovica in the vicinity of Belgrade,
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 of yellowish and
grey, fine-grained, poorly cemented sandstone and ir-
regularly distributed hard yellowish sandstone len-
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ses. The sediments are composed of a 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 of grey 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).

In its 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 (A a, b, c).

Yellowish sandstone

Calcareous nannofossils have low abundance
and diversity because very shallow sandstones of
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) GAAR-
DER, in GAARDER & HEIMDAL, 1977; Cyclicargolithus
floridanus (RoTH & Hay, in Hay et al,, 1967) Bukgy,
1971; Helicosphaera carteri (WALLICH, 1877) KaAMPT-
NER, 1954; Micrantholithus vesper DEFLANDRE, 1950;
Micrantholithus sp., Pontosphaera multipora (KAMPT-
NER, 1948 ex DEFLANDRE in DEFLANDRE & FERT, 1954)
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Fig. 3. A (a-e). The Lower Badenian sandstone in Rakovica stream; B. Transition between yellowish and grey sandstone; C. Yellowish

sandstone with sandstone lense; C. detail of the picture C - Persististrombus.

RoTH, 1970; Reticulofenestra gelida (GEITZENAUER,
1972) BackMmaN, 1978; Reticulofenestra haqii BAck-
MAN, 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
(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
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nannofossils from Cretacaeous deposits: Micula
staurophora (GARDET, 1955) STRADNER, 1963; Vatz-
naueria barnesiae (BLACK in BLACK & BARNES, 1959)
PERCH-NIELSEN, 1968). The age of these 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).

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-
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1830), Semicassis laevigata
(DEFRANCE, 1817), Babylonia
eburnoides (MATHERON, 1843),
Lautoconus sp., Varioconus
pelagicus (BroccHi, 1814),
Phasmoconus fuscocingulatus
(HORNES, 1856), Lautoconus
kovacsi HARZHAUSER & LANDAU,
2016; Plagioconus extensus
(HoERNES, 1856), Jujubinus
(Strigosella) vexans (BOETTGER,

Fig. 4. A. a, ¢, Elphidium crispum (LINNAEUS): k, Dendritina haueri (D’ORBIGNY); d, Borelis melo
melo (FicHTELI & MoLL); e, Borelis haueri (D’ORrBIGNY); f, I, Quinqueloculina sp.; g,i, j, Ammonia

vinnensis (D’ORBIGNY); h, Orbulina suturalis BRONNIMANN; B. (a-d), Borelis haueri (D’ORBIGNY).

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 b’ORBIGNY,
1846, Triloculina sp., Spirolina austriaca b’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 Zujovi¢ (1886) and PavLovIC
(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-
NACKovIC, 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 & CoRSELLI, 2016; Pora et al.,, 2014;
STUDENCKA, 1986; STUDENCKA et al., 1998), led to a sig-
nificant increase in the number of mollusc species
(Figs. 5, 6, 7). Our results show approximately 150
mollusc species occurring in the studied section.
However, our estimates of paleobiodiversity are still
incomplete as yet and much work remains to be do-
ne. Gastropods are dominating. The following taxa
are identified: Dentalium sp. Athleta ficulina
LaMARCcK, 1811, Persististrombus inflexus (EICHWALD,
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1907), Paroxystelle orientale
(CossMANN & PEYroT, 1917),
Caecum (Caecum) trachea
(MonTaGu, 1803), Gibbula
(Colliculus)  pseudangulata
BOETTGER, 1907, Truncatella
(Truncatella) subcylindrica (LINNAEUS, 1767), Nassar-
ius serraticosta (HORNES, 1852), Microloripes denta-
tus (DEFRANCE, 1823), Bittium reticulatum (DA COSTA,
1778), Granulolabium bicinctum (BRroccHi, 1814),
Pyramistomia sp., Megacardita hoernesi LA PERNA,
MANDIC & HARZHAUSER, 2017; Discors spondyloides
(HAUER, 1847), Flabellipecten besseri (ANDRZEJOWSKI,
1830), Europicardium multicostatum (BROCCHI,
1814), Pirenella sp., Rissoina (Rissoina) pusilla
(BroccHl, 1814), Modiolula phaseolina (PHILIPPI,
1844), Acteocina lajonkaireana (DE BASTEROT, 1825),
Hydrobia sp., etc.

The grey sandstone

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 following foraminifera were determined: Ammo-
nia viennensis (D’ORBIGNY, 1846), Elphidium crispum
(LinnAEUS, 1758), Borelis haueri (D’ORBIGNY, 1846), Den-
dritina haueri 0’ORBIGNY, 1846, Quinqueloculina sp. and
Orbulina suturalis BRONNIMANN, 1951. (Fig. 4 A). Among
molluscs, the following species are identified: Antalis
vulgaris (DA Costa, 1778); Antalis cf. mutabilis (HORNES,
1856); Phasmoconus cf. schroeckingeri (HOERNES &
AUINGER, 1879); Varioconus pelagicus (BroccHi); Kallo-
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Fig. 5. Detailed view of molluscs assemblage; Scale bar 0,5cm (Fig. 5a, b) and 1cm (Fig. 5, c-t): a,b, Clavatula schreibersi (HOERNES); c,
d, Persistis trombusinflexus (EicHWALD); e,f, Plagioconus extensus (HoERNES); g, h, Aporrhais dactyloides (BOETTGER); i, Persistis trombus
cf- lapugyensis (SAcco); j,k, Amaldaglandiformi sp.; I, m, Cathymorulaexilis sp.; n, Serratina sp.; o, p, Pyramistomia sp.; q, Discorsspondy-

loides sp.; 1, Atrina pectinata (BroccH); s, Streptochetusornatus sp.; t, Azorinuschamasolen sp.
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Fig. 6. Detailed view of molluscs assemblage; Scale bar 0,5cm (Fig. 6 a) and 1cm (Fig. 6 b-u). a, Cardites partschi (MUNSTER in GOLDFUSS);

b, Megacardita hoernesi LA PERNA, MANDIC & HARZHAUSER; ¢, d, Semicassislaevigata sp.; 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); 0, p, Zonarina phyletica (ScHILDER); q, 1, Kalloconus ponderoaustriacus (Sacco); s, Phasmoconus cf. schroeckingeri (HOERNES

& AUINGER); t, u, Varioconus sp.

conus letkesensis HARZHAUSER & LANDAU, 2016; Babylonia 1811); Zonarina phyletica (ScHILDER); Oligodia spirata
eburnoides (MATHERON, 1843); Athleta ficulina (LAMARCK, (BroccHl, 1814); Cathymorula exilis (HORNES, 1856);
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Fig. 7. Detailed view of molluscs assemblage; Scale bar 1cm. a, b, Persistis trombusexbonellii (Sacco); ¢, d, Lautoconus ponderosus (Broc-

cHI); e, Acanthocardia sp.; f, g, Acanthocardia paucicostata (SOwWerBy); h, Pectenaduncus sp.; i, Flabellipecten besseri (ANDRZEJOWSKI); J,
k, Lautoconus kovacsi HARZHAUSER & LANDAU; I, m, Varioconus pelagicus (BroccH); n, Glycymeris pilosa (LINNAEUS); o, p, Kalloconus letke-

sensis HARZHAUSER & LANDAU; q, 1, Athletaficulina sp.; s, t, Phasmoconus fuscocingulatus (HORNES).
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Finella perpusilla (GRATELOUP, 1827); Odostomia sp.;
Ocinebrina sp.; Crepidula sp.; Pyramidella sp.; Potamides
disjunctus SOWERBY, 1831; Alvania oceani (D’ORBIGNY,
1852); Gibborissoa varicosa (BASTEROT, 1825); Paroxys-
tele orientale (Cossmann & Peyrot, 1917); Retusa um-
bilicata (MonTaGcU, 1803); Tritia cf. longitesta
(BEERBISTRICKY, 1958); Gibbula angulata (EICHWALD,
1829); Flabellipecten besseri ANDRZEJOWSKI, 1931; Pecten
aduncus EICHWALD, 1930; Venus nux GMELIN, 1791; Gly-
cymeris (Glycymeris) deshayesi (MayERr, 1868); Gly-
cymeris 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 yellowish sand and
small lense of sandstone could have been recognized.
Foraminifera, bryozoa, corals, ostracod shells, echi-
noid spines, remains of crabs, and rich mollusc com-
munities are also present. These marine assemblages
from a highly energetic, normally saline environment
were characterized by excellent preservation of
foraminiferal tests and mollusc 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’ORBIGNY, 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 b’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: Athleta ficulina 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);
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Persististrombus exbonellii (Sacco, 1893); Persististrom-
bus inflexus (EicHWALD, 1830); Zonarina phyletica (ScHI-
LDER, 1923); Babylonia eburnoides (MATHERON, 1843);
Varioconus sp.; Phasmoconus fuscocingulatus (HORNES,
1851); Paroxystelle orientale (CoSSMANN & PEYROT, 1917);
Flabellipecten besseri (ANDRZEJoWSKI, 1831); Anadara sp.;
Polinices redemptus (MICHELOTTI, 1847), etc.

Well of the estate of Mr. 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
(StEvANOVIC & STEPANOVIC, 1939; STEVANOVIC, 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 RaFi-
NESQUE, 1815; Cypraeidae, etc., are missing. Among
foraminifera Dendritina haueri b’ORBIGNY, planispiral
porcelaneous species Spirolina austriaca D’ORBIGNY,
Quinqueloculina sp., Pseudotriloculina consobrina
(p’ORBIGNY) and Ammonia viennensis (D’ORBIGNY) are
identified. Acanthocardia paucicostata (SOWERBY,
1841), Acanthocardia turonica (MAYER, 1861), Arca
rollei HORNES, 1864, Tellina donacina LINNAEUS, Modi-
olus sp., Microloripes dujardini (DESHAYES, 1850),
Crepidula cochlear BASTEROT, 1825, Calyptrea chinen-
sis (LINNAEUS, 1758), Venus sp., Ringicula minor (GRA-
TELOUP, 1838). About 500 m south, on the left bank of
Topcider River, in another well, similar fauna was
identified: Anadara diluvii (LAMARCK, 1805), Cubitostrea
digitalina (EicHwALD, 1830), Nassarius edlaueri (BEER-
BistrICKY, 1958); Granulolabium nodosoplicatum (HOR-
NES, 1856) G. rubiginosum (EicHwALD, 1853), Venus sp.
(STEVANOVIC & STEPANOVIC, 1939).

Discussion and Interpretation

In Serbia and some other regions of Central
Paratethys, the temporal span and boundaries of the
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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; JovanoviC et al., 2019a;
Manbic et al., 2019; RunpiC 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 JovanoviC 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: ViSnjica
(near Belgrade) and Koceljeva (Western Serbia) have
been published by MiHAjLovIC & KNEZEVIC (1989), and
JovaNoviC 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 & VUuLc (2003); MiHAjLOVIC &
KNEZEVIC (1989), or between the other fauna (CHAIX
etal, 2018; JovaNoviC et al,, 2019a).

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 (ABpuL Aziz et al,,
2008), which points to the fact that these sediments
must have been older than 13.4 Ma. This means that
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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-
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
not a feature of the uppermost zone 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 (Paprp &
Scumip, 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-
ous sandstones of the Rakovica stream were
deposited during the transgression of the lower
Badenian Sea, which is a feature of the lower Baden-
ian sediments of the A. viennensis Zone, both in Ser-
bia (JovaNoviC et al., 2019a) and in Northern Bosnia
(Cori¢ et al., 2018). Upper Badenian zone sediments
are highly regressive in the Vienna Basin (Parp &
ScumMip, 1985). This was stated in numerous sites of
the southern margin of Central Paratethys (VRABAC et
al,, 2015). In the ViSnjica locality near Belgrade (ac-
cording to Krsti¢c &MiTrovi¢, 1993), sediments of the
upper Badenian with Ammonia beccarii (= Ammonia
viennensis) lying over the older ones (zone with
Spiroplectamina carinata) were drilled in the V-26
well. Biostratigraphically, they correspond to the Bo-
livina dilatata Zone, and their total thickness is about
40 m.

The Badenian fauna from Rakovica is thought to
contain a large proportion of molluscs (Zujovic, 1886;
PavLovi¢é, 1890; Eremija, 1977, 1987; GaNIC et al,,
2016) but understanding the age and general spa-
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tiotemporal processes that shaped their distribu-
tion 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 recent years, 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; Runpi¢ et al,,
2017) or misidentification of foraminifera (Runbi¢
et al, 2019). For example, in the Fig. 5 (p. 114) ac-
cording to RunpIC 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
arich 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,
thermophilic species from the investigated area are
followed by numerous gastropod cerithiids (over
500 specimens) and Rissoina (over 100), indicative
of the occurrence of sea-grass meadows in a pre-
dominantly shallow water environement. Therefore,
the investigated sections correspond to Early
Badenian age (nannoplankton zone NN5) and to TB
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2.4, the Badenian sequence within the NN5 nanno-
zone.

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 pre-
sented here can be compared with that of the Gol-
ubac (Notheastern Serbia), (MIKINCIC, 1932; SpaJIC,
1975; Jovanovi¢, 2018). Both localities show high di-
versity with numerous common termophile taxas
(Persististrombus, Xenophora, Lautoconus, Varioconus,
Phasmoconus, Kalloconus, Terebra, Clavatula, Babylo-
nia, etc.), but Golubac site is much more abundant in
the number of species and specimens (JovANOVIC,
1996). The numerous identified molluscs from
Rakovica sites have a wide geographic distribution in
Central Paratethys such as Flabellipecten besseri,
Pecten aduncus, Microloripes dentatus, Cardites
partschi, Athleta rarispina, Paroxystele orientale,
Xenophora deschayesi, etc. (STUDENCKA, 1986; LANDAU
et al, 2013; CHAIX et al.,, 2018). In comparison with
other localities in Central Paratethys (BaLuk, 2003,
2006; Mikuz, 1998) etc., quite the “impoverished”
conoidean fauna from the Rakovica stream is ob-
served. Turrids are important marine carnivorous
gastropods that are highly diversified in shallow as
well as deep water. Among Turridae and Pleurotomi-
dae, only seven species are identified, thermophile
genus Clavatula with three species and more than
110 specimens indicated to warm climate (Clavatula
granulatocincta, C. sophiae, C. schreibersi). Some rare
gastropods as well as representatives of family Archi-
tectonidae (= Solariidae), etc are noticed. The archi-
tectonicids known as “sundials,” are a group of
worldwide 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 moni-
lifera and Psilaxis cf. simplex have a wide chrono-
stratigraphic distribution (LANDAU et al., 2013).
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A frequent alternation 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
brought in by streams or rivers. Coccolithus pelagicus
is common in close to river mouths (Cori¢, 2003).
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 Early southern
margin of Central Paratethys during the early Middle
Miocene (Badenian). Palaeogeography, tectonic mo-
vements and connections via bayways or canals with
open sea (ANPELKOVIC et al., 1989; MATENCO & Ra-
DIVOJEVIC, 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 of the Rakovica stream indicate that
they were deposited in a very shallow, coastal part
of the infralittoral sea with normal salinity. The cos-
mopolitan nanofossil indicates shallowing of the sea.
The small reticulofenestrids such as R. minuta 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 subtropical 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 documented by the numerous trace
bioerosion on shell of molluscs (GaNIC et al., 2016),
as well as in the investigated materials presented
here. In southern Topcider river area, sedimentation
took place in shallow marine settings, resulting in
deposition of coal-bearing clay, probably correspon-
ding to Upper Badenian. This probably documents
shallow or estuarine environments and coast vicin-

ity.
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During the late Early Miocene and Middle Miocene
(Badenian), the climate in the Central Paratehys was
mainly subtropical (Kovac et al,, 2007). This is supported
at the southern margin by the abundance of ther-
mophilous mollusc taxa as well as in the same interpre-
tations made by other authors engaged in the same
fieldwork (Jovanovic et al., 2019¢; ManDIC et al,, 2019).
The studied mollusc fauna indicates the influence of the
period of global 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), that preceded 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 of typical 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 it is necessary to continue the revision of
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 biostratigraphic
studies of Badenian (early Middle Miocene) sedi-
ments of the Rakovica stream near Belgrade (Central
Serbia). The Badenian sediments, rich in various fos-
sils, have a widespread distribution in the area of
Belgrade. A review of past works on the early Middle
Miocene sediments of the Rakovica stream (PETROVIC,
1962, 1985; Ganic et al,, 2016; Runpi¢ et al.,, 2019), to-
gether with new fieldwork in that area and the latest
research of the vicinity of Koceljeva (JovaNoviC et al.,
2019a), have indicated the necessity of stratigraphic
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revision of those beds. Micropaleontological and
macropaleontological studies of the sediments of
Rakovica stream herein attributed to the Lower
Badenian showed the existence of a rich fauna
where molluscs and foraminifera, 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 conducted investigation re-
sulted 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 belonging to
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 Miocene
(Badenian), the climate in the Central Paratehys was
mainly subtropical. This is supported at its southern
margin by the abundance of thermophilous mollusc
taxa as well as Conidae, Strombidae, Cypraeidae,
Xenophoridae, Muricidae, Pleurotomidae, etc. Based
on the studies of lithological composition, nannofos-
sils, foraminifers and high paleodiversity mollusc
fauna and local palaeogeographical setting, it can be
concluded with reasonable certainty that the Ra-
kovica deposits represented a shallow marine (sub-
littoral) environment during Lower Badenian time.
The abundant and varied molluscan assemblage and
other fossil assemblages indicate favorable sub-
strates, abundant food supply, and warm-temperate
to subtropical conditions. Current investigation of the
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 di-
vision of the Badenian sediments of Serbia. It should
also contribute to a better knowledge of the paleoe-
cological conditions during early Middle Miocene
(Badenian), when the warm climate zone was much
wider than today. We conclude that it is necessary to
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continue the revision of the Upper Badenian in Ser-
bia, Bosnia and Herzegovina, and Croatia, in the lo-
calities where it is determined solely based on the
Rotalia beccarii zone (= Ammonia viennensis).
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Pe3ume

CrpaTurpadcka peBu3suja ropwer
6aaeHa noToka PakoBuue Koj,
Beorpaga (LlenTpaanu IlapaTeTHc,
Cpo6uja)

Y oBOM pajy cy npe/icTaB/beHU Pe3yaTaTH 6H0-
cTpaturpadckux npoydyaBamwa 6aJleHCKUX (paHU
CpeJilbU MUOLIeH) ce/jiMeHaTa PakoBUYKOT TOTOKA
kox beorpana (mentpanHa Cp6uja). Ha mogpydjy
Beorpasa 6aJleHCKH CeJJUMEHTH HMajy LIHUPOKO
pacnpocTpamerbe 1 60raT cy pa3sHOBpCHUM $ocH-
auMa. [Ipersies npeTxoJHUX pasoBa O PaHO Cpej-
HOMHOLEHCKUM ceJMuMeHTUMa PakoBMYKOI MOTOKA
(ITeTPOBUE, 1962, 1985; T'AHKE U Ap., 2016; PYHAUR U1
Zp., 2019), HOBa TepeHCKa UCTpaXKMBamwa Kao U
HajHOBHUja UCTpakHMBamwa okosinHe Konesbese (Jo-
BAHOBWT U ip., 2019a), yKasasiu cy Ha HEONXOJHOCT
cTpaturpadcke peBU3Uje OBUX ceuMeHaTa. Mu-
KpOIaJIeOHTOJIOIKA U MaKpOIaJeOHTOJIOIKA UC-
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NMTHBamka Koja Cy y OBOM pajly CeJUMeHTe
PakoBUYKOr MOTOKA NpUINKcaIa JOHkeM OajJleHy,
NoKa3asia Ccy nocrojame 6orate dpayHe, Mehy kojom
cy MeKywnu 1 popamMuHupepy, Kao U HEKU peTKU
HaHOQDOCHUJIM KOjU Cy OMOTYhHJIM NpeLnusHo Je-
dUHHCame CTapOCTH UCTPAXKUBAHUX CeJlMMeHaTa.
Buoctparurpadcka aHasu3a ce 3aCHMBA U Ha I10-
JlanMMa JJo61MjeHUM Ha OCHOBY CTapUX MY3€jCKUX
Kosiekidja. Kao pesyaTaT OBUX HCTpaKUBakba
yTBpheHa je cpeimoMUOLeHCKA (L0H06aieHCKa,
HHS5 JlarenuHa 3oHa).

Hawy sak/pyyny o ¢ocuysHOM 3anucy 6anajy
HOBO CBETJIO Ha CTpaTUrpadujy paKOBUUKUX CE/IU-
MeHaTa 3a Ja/be CTyAUje U IIPYyKajy KOPUCTaH pecypc
3a Npoy4yaBame Pa3sHOBPCHOCTU POCUTHUX 3ajeji-
Huna. Pesysntatu nokasyjy oko 150 BpcTa Mekymiana
KOje ce jaBJ/bajy Ha MpPOyYeHUM npoduaumMa 4 y
My3ejcKHM 36upkaMa. MHore BpcTe cpefjiber MUO-
IleHa Koje MPUMajajy U3yMpJuM WU MoCcTojehum
BpCTaMa WUJId poJl0BUMa, 3abeJiesKeHe CY U y PETHOHY
[TapateTtuca. Ilopen Tora, 6yayhum wuctpakuba-
HBbUMa Morao 6u ce joi noBehaTu rope HaBe/leHU
YKYIIHU 6p0j MeKyIialna u3 6a/ieHa PakoBuiie.

TokoM KacHOT paHOT MUOLIEHA U CpeJiiher MUO-
1eHa (6aseHa), y llentpanHom [lapaTeTrcy kiuma
je 6usa yriaBHOM cynTopicka. To ce Moxe 3a-
KJbYUYUTHU U 32 HbETOB jy?KHHU 06071 HA 0CHOBY 001Jba
TepMOPUIHUX BpCTa MeKyllala, Kao IUTO Cy
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Conidae, Strombidae, Cypraeidae, Xenophoridae,
Muricidae, Pleurotomidae, u ap. Ha ocHoBy npoy-
YaBama JIUTOJIOUIKOT cacTaBa, HaHodocu1a, popa-
MuHHdepa U BUCOKOT MajieojuBep3uTeTa dayHe
MeKyllalla Kao M HaJjeoreorpadckor mnoJsioxaja,
MOXe Cce ca CUT'ypHOlIhy 3aK/bYYUTH Jia Cy celiU-
MeHTH PakoBuIle HacTa/M y BeoMa IJIMTKOj MOP-
ckoj (cy6sMTOpasHOj) CpeAWHU, TOKOM paHOr
6aseHa. boraT M pasHOJIMK CKyn MeKywaua M
Jpyrux GocuIHUX 3ajeJHUIA YKa3yje HA TIOBOJbHY
o/JIory, 061J/be XpaHe U TOIJIO YMepeHe JI0 CYII-
Tporncke ycyoBe. [IpoyyaBamwa pocuiHux 3ajes-
HULA KOje Cy OBJle JaTHpaHe Kao J0mb006ajleHCKe,
JNonpuHehe TauHujeM pasjalibaBawy 6Horeorpad-
cKe AUCTpubyuuje 6azeHcke dpayHe y peruoHy U
MoMnyHaBaky NpasHUHA Y 6uocTpaTUrpadCckoj mno-
Jlenu 6ageHckux cequMmeHnata Cpbuje. Takohe 6u
Tpebasio fa AonpHHece 60/beM MTO3HABAKY NAJIE0-
€KOJIOLIKUX YCJI0Ba TOKOM PaHOI CpeJHer MUO-
1eHa (6azeHa), Kajia je 30Ha TOIJIe KJUMe OWJIa
IMpa Hero JlaHac. 3ak/bydyjeMo Jia je moTpebHo
HAaCTaBUTHU C PEBU3UjOM ropmer 6azeHa y Cpouju,
BocHu u XepueroBuHu U XpBaTCKOj, HA JIOKaJIU-
TeTUMa IJie je CTapocT oJpeheHa caMo Ha OCHOBY
Rotalia beccarii zone (= Ammonia viennensis).
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