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Sediments of the Middle and Late Miocene (about 16-5.3 Ma) are widespread
in the area of Avala Mt. and its vicinity. As a rule, they contain abundant and
diverse fossilized representatives of macro and micro fauna that existed during the
Middle Miocene in the Paratethys (Rakovica stream, LeStane, Torlak, Kumodraz,
Zavojnica River valley, Vr¢in). Rich fossil assemblages consist mainly of algae,
foraminifers, ostracods, mollusks, corals, bryozoans, echinoderms and crabs as
well as otoliths and jaws of fish. Although marine organisms are not found in the
Late Miocene sediments, there are numerous and diverse representatives of
endemic fauna from the ancient Lake Pannon. The most important sites of Middle
and Late Miocene deposits are located at the Torlak hill, in Vr¢in, Zuce, Karagaca,
Beli Potok and Konopljiste. They are significant not only for the stratigraphic-
-paleontological studies, paleogeographic and geodynamic reconstructions during
the Miocene but also as valuable geodiversity and geoheritage objects.
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INTRODUCTION

Avala, a small mount south of Belgrade, belongs to the belt known as
the “Sumadija Mesozoic Ridge”, which separates the area of two Tertiary
basins - the Velika Morava Basin on the east and the Kolubara-Tamnava
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Basin on the west (Marovi¢ & Knezevi¢ 1985). It is built from Triassic and
early Upper Jurassic sedimentary rocks within the Jurassic ophiolite
melange (Bragin et al. 2011), as well as Cretaceous sediments and
ultramafites (serpentinite and dunite peridotite). In addition, there is also a
minor occurrence of dacite-andesitic volcanic rocks. Dimitrijevi¢ (1931)
assumed that laccolite of the dacite-andesitic magma has been formed in its
interior during the Paleogene. According to the regional geotectonic
classification of Serbia, the older Mesozoic units in this area belong to the
Tethys oceanic domain, i.e. the Vardar zone in the wider sense (Karamata
2006, Tolji¢ 2006, 2016) and the Sava zone (Schmid et al. 2008). The
Miocene sediments were deposited transgressively and discordantly over
older rocks and have made the infill of the Paratethys epicontinental sea
(Stevanovi¢ 1980) or its Late Miocene successor — the Lake Pannon
(Stevanovi¢ 1951, 1958, 1985, Krsti¢ 1972, 1973, 1985, Rundi¢ et al. 2010,
2011, 2015, 2017). The Neogene (Miocene) sediments, rich in various
fossils, have widespread distribution in the area of Avala and its vicinity.

It is believed that during the Middle Miocene, the Avala Mt. was the
central part of a large island in the southeastern part of the Central
Paratethys. In the early Middle Miocene (Badenian) this island, known in
literature as the Avala land or the Great Avala Island (Eremija 1977a,
1977b, 1987, Stevanovi¢ 1980) had NNW-SSE direction and extended
from Belgrade in the north toward Avala and Kosmaj in the south. At the
beginning of the late Middle Miocene (Sarmatian), tectonic movements
divided this land into two islands - Avala in the north, and Kosmaj in the
south, while the tectonic “Sopot channel” which was formed between them
(Marovi¢ & Knezevi¢ 1985, Marovi¢ et al. 1995, 2007). In addition, a
series of smaller islands have also appeared as relicts of the Great Avala
Island. In the Upper Miocene (Pannonian and Pontian sensu Stevanovié
1985), as a consequence of the tectonic uplift of the Carpathians and the
isolation of the Pannonian Basin, a sedimentation cycle started within the
new paleogeographic entity - the Lake Pannon (Ter Borgh et al. 2013).
During the Pontian, a tectonic depression known as the Beli Potok Trough
has been formed at the northern edge of Mt. Avala (Marovi¢ & KneZzevic,
1985, Knezevi¢, 1989, 1990, Rundi¢ et al., 2017). It was a small brackish
lake-bay, connected with the larger one in the area of the present-day
Grocka and Smederevo (Marovi¢ et al. 2007). At the end of Pontian, the
progradation processes affected the reduction of the Lake Pannon in this
area and its final infill (Magyar et al. 2013).

All these paleogeographic changes are well documented in the area of
Mt. Avala by collections of fossils, including algae, foraminifers, ostracods,
molluscs, corals, bryozoans, echinoids, annelids, crabs and plants. Fossil
collecting in the area, of which the first date to the end of the 19th century
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and the beginning of the 20th century, is still under way. The earliest
written records date back to Pavlovi¢ (1890, 1893, 1903, 1922, 1923),
Laskarev (1924) and Laskarev et al. (1931). Significant contributions in the
field of stratigraphic-paleontological importance of fossiliferous sites,
geodiversity and geoheritage of the Belgrade area and reconstruction of the
Neogene geodynamics and paleogeography of this area have been provided
recently (Bradi¢ et al. 2015, Schwarzhans et al. 2015, Gani¢ et al. 2016,
Rundié¢, 2010, Rundi¢ et al. 2010, 2017).

STRATIGRAPHIC AND PALEONTOLOGICAL CHARACTERISTICS
OF THE MIOCENE DEPOSITES

Fossiliferous sediments that occurred in the area of Mt. Avala provide
evidence of the existence of the Central Paratethys (“Pannonian Sea”) and
the Lake Pannon. Several sites of international scientific significance for
the Neogene stratigraphy and correlation within the Paratethys terrains
(Stevanovi¢ 1985) are presented, together with a short history of research,
lithology and fossils content (Figure 1).

EARLY MIDDLE MIOCENE — THE BADENIAN

The Badenian marine sediments are well documented in the villages
Kumodraz, Lestane, Mali Mokri Lug and Kaludjerica. The most important
sites include deposits outcropped in the Rakovica stream (Torlak hill) and
the LesStane stream (LeStane village).

Rakovica stream (“Rakovicki Potok”, Figures 1 & 2a) is located at the
north-western foothills of Torlak, on the left bank of the Rakovica stream.
In Serbia, this site represents a classic locality of the sandy facies of the
Middle Miocene (Badenian), rich in marine fossils: gastropods, bivalves,
foraminifers, ostracodes, algae, bryozoans, echinoids, otoliths, crabs, and
others. It had provided an in situ polygon for training a new generation of
paleontologists and geologists. The eminent Serbian naturalist Josif Panci¢
brought fossils collected from the “Rakovica stream” in the second half of
the 19th century to the respected Austrian paleontologist M. Hoernes, who
confirmed that this fauna, also known from the Vienna Basin, referred to
the “II Mediterranean” (earlier name for the Badenian). Fossils from this
site have been the subject of interest of many researchers (P. Pavlovi¢, M.
Lukovi¢, P. Stevanovi¢, M. Eremija). Eremija (1987) considered that sandy
facies from the Rakovica stream represented depositional environment of a
marine beach.
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Fig. 1. — Topographic map 1: 25.000 shows the location of investigated

fossiliferous sites in the Avala area: 1-Rakovica stream, 2-LeStane stream, 3-

-Vréin (Kasapovac), 4-Lestane (Bolecica River), 5-Karagaca stream, 6-Beli
Potok (Konopljiste stream), 7-Beli Potok (“Circular road”)

Having analysed the traces of drilling predation on mollusks, Gani¢ and
others (2016), processed a total of 1617 gastropod and 684 bivalve shells
(e. g. Acteocina lajonkaireana, Athleta rarispina, Ancila glandiphormis,
Natica millepunctata, Retusa truncata, Murex granularis, etc.). Numerous
foraminifers, ostracodes, and fish otoliths indicate marine-brackish deposi-
tional environment at the end of Badenian. Within the microfauna,
dominant representatives are: Ammonia beccarri, Elphidium crispum,
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Borelis mello, Cletocythereis haidingeri, Cnestocythere truncata, Costa
edwardsii (Bradi¢ et al. 2015, Schwarzhans et al. 2015, Rundi¢ et al. 2015,
2017). Fossils gathered from the Rakovica stream (Figure 2b) are housed
today in museums and other collections in Serbia (the Natural History
Museum in Belgrade, the Stratigraphic-Paleontological collection/Faculty
of Mining and Geology, Belgrade University and the Serbian Geological
Survey) and abroad.
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Fig. 2. — a) Rakovica stream section, b) well-preserved foraminifers and
ostracods (detail) (after Rundic¢ et al. 2015)

LeStane (Figure 1). Several outcrops of the Badenian fossiliferous
layers are exposed along the left bank of the middle course of the LeStane
stream. They correspond mostly to the “Leitha limestone” (named after the
Leitha Mt. in Lower Austria). Lithologically, sediments are very similar to
the Miocene limestones that occurred in the center of Belgrade (TaSmajdan
and Kalemegdan), but they belong to different bioherm-structure produced
by the life activity of reefal organisms, including calcareous algae,
foraminifers, bryozoans, sponges and molluscs. Sediments often contain
macrofaunal fossils such as massive bivalves (Chlamys latissima, Flabeli-
pecten besseri, Glycimeris pilosus), sculptured gastropods, echinoids, and
rarely corals. These deposits were used previously as a construction
material.

LATE MIDDLE MIOCENE — THE SARMATIAN

In the vicinity of Avala, the Sarmatian sediments are widespread in
comparison with those of the Badenian. They are found in several sites,
including Vr¢in, Lestane, Bole¢, Kumodraz and Ripanj. Due to the
abundance of fossils, particularly instructive are the outcrop Kasapovac
near Vrcin and a section exposed on the right bank of the Bolecka River in
Lestane.

Vréin (Kasapovac, Figure 1). Sarmatian sediments occur along the
banks of streams and watercourse in the Vréin village near Belgrade. They
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consist of marls, marly sandstones and limestones rich in fossilised
mollusks. Particularly frequent are representatives of species Mactra
vitaliana eichwaldi, Irus gregarious, Cerastoderma vindobonense, C.
latisulcum, Pirenella picta, P. disjuncta and Dorsanum duplicatum. Today,
this area is quite urbanised and once well-exposed outcrops are now
difficult to access for research purposes.

LeStane (the right bank of Bole€ica River, Figures 1 & 3 a, b). Well-
-preserved layers of the Sarmatian deposits are occurred along the “Circular
road”, on the right bank of Bolecka River. They contain numerous mollusk
fossils, such as Ervilia dissita, Cerastoderma vindobonense, Mactra
vitaliana eichwaldi, Modiolus incrassatus, Pirenella picta, P. disjuncta,
Gibbula sp. Although the site is easily accessible for research, it is
threatened by expansive spreading of suburb areas.

Fig. 3. — a) “Circular road” in Lestane, b) Sarmatian fossiliferous carbonates
(photo: M. Radonji¢)

EARLY LATE MIOCENE — THE PANNONIAN (sensu STEVANOVIC, 1985)

The Pannonian sediments have the greatest distribution of all Miocene
deposits in the Avala area (Stepanovi¢ 1938). They are mainly exposed in
the villages Ripanj, Vréin, Zuce, Pinosava, Kumodraz and Resnik. Well
preserved fossils are investigated at several sites within the sections
Karagaca and Slatina (Vr¢€in), Ramaca (Ripanj) and Zuce.

Vréin—Karagaca stream (Figures 1 & 4a). One of the best studied
profiles of Upper Pannonian fossiliferous deposits is located on the right
bank of Karagaca stream near Vr¢in (Stevanovi¢ 1958, Rundi¢ 2010). It
includes sandy and gravel layers that transgressively overlay hydrothermal-
ly altered serpentinite. At this location, an enormous sand-pit opened up
during the construction of the Belgrade-Pozarevac railway in the 1920s.
Malacologist P. Pavlovi¢ (1929) identified representatives of 102 mollusc
species as well as two new genera, collected from the Pannonian sediments.
Paleontological analysis indicates that massive molluscs predominate and
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include species Congeria subglobosa gigantea, C. pancici, C. spathulata,
C. koshanini, Limnocardium tucani, L. viquneli, Melanopsis rugosa. From
the scientific point of view, new endemic gastropod forms and subspecies
such as Melanopsis impressa pyrulaeformis and Melanopsis vindobonensis
var. karagacensis (Figure 4b) are particularly significant. In addition,
Krsti¢ (1972, 1973, 1985) also discovered numerous fossilized ostracodes.
In the stratigraphic division of Miocene in the Pannonian Basin, the
Karagaca site is recognised as the stratotype of the late Upper Pannonian -
the Serbian substage (Stevanovi¢ 1985). In comparison with the other sites,
the area of Karagaca stream is not inhabited, but its visibility is partly
concealed by vegetation; in this way, this site is protected from unwanted
visitors.

Fig. 4. — a) Endemic mollusks from Karagaca stream, b) gastropod Melanopsis

vindobonensis var. karagacensis (collection of P. Pavlovi¢, Department of

Regional Geology/ Faculty of Mining and Geology, Belgrade University)
(photo: Lj. Rundic)

THE UPPER PART OF LATE MIOCENE—PONTIAN (sensu STEVANOVIC, 1985)

Outcrops of the youngest Miocene (Pontian) deposits are located in the
Beli Potok village. According to Stevanovi¢ (1951), this area represents an
asymmetric tectonic trench that is separated by a large fault from the
“Torlak horst”. On its southern part, the Pontian deposits transgressively
overlay the Cretaceous “paleo-relief” (Eremija 1977a, 1977b, Knezevi¢,
1989, Rundi¢ ef al. 2017). Fossiliferous sites in the Beli Potok village are
well-known for collected mollusc fauna, whose representatives are impor-
tant for the biostratigraphy of Pontian in Serbia. The following localities
are pointed out: the Konopljiste stream, the railway tunnel Belgrade-Mala
Krsna, and several outcrops located above the “Circular road”. During the
past decades, fossils of brackish and lacustrine ostracodes were also
gathered (the papers of N. Krsti¢ and Lj. Rundi¢ in references).

Beli Potok (Konopljiste stream, Figure 1). The Lower Pontian fossili-
ferous sediments occurred at the beginning of the last century along the
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Konopljiste stream (the spring Erska ¢esma, Beli Potok village). At the
time of first investigations, there was an outcrop built by conglomerates,
corresponding to the littoral zone of the Lake Pannon (Pavlovi¢ 1931,
Stevanovi¢ 1951), which contained representatives of mollusc species such
as Melanopsis rugosa, M. defensa, Congeria ungulacaprae, C. balatonica,
C. thorn, C. vuki, Limnocardium banaticum, L. ornatum. Based on the
paleontological analyses and comparison with fossils from the Lower
Pontian sediments identified at the Radmanesti locality in Romania
(Stevanovi¢ 1951), the Konopljiste stream was assigned the facial strato-
type for the littoral development of Lower Pontian in Serbia (Knezevi¢
1987). However, this fossiliferous exposure was buried in the late 1970s by
a huge landfill that inhibited access to it. A lateral extension of
conglomerates with fossilised fauna (mainly bivalve species Congeria
ungula caprae) was discovered through additional field survey in the area,
about 100 meters away from the previous site.

Beli Potok (the entrance to the railway tunnel). The Upper Pontian
deposits were discovered during the construction of the railway tunnel
Belgrade-Mala Krsna between two World Wars. Fossils found within grey
marly silts were studied by Pavlovi¢ (1923) and Stevanovi¢ (1951). They
mainly contain representatives of mollusks Congeria rhomboidea, C.
croatica, C. zagrabiensis, Limnocardium zagrabiense, Limnocardium may-
eri, Valenciennius reussi. In addition, paleofloral remains were also
collected from this site and investigated by botanist P. Cernjavski. After the
completion of the railway tunnel, only a tiny section of the once enormous
profile remains visible today.

b

Fig. 5. — a) Upper Pontian marly and sandy silts from Beli Potok section
(“Circular route”), b) bivalve Congeria sp. (photo: Lj. Rundic)

Beli Potok (“Circular road” to Highway E75, Figures 1 & 5 a, b). The
Upper Pontian marly silts, silty sands and clays also occur at the base of
Torlak hill. They comprise abundant fossilised molluscs (Congeria croati-
ca, Congeria zagrabiensis, C. rhomboidea, Limnocardium zagrabiense, L.
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mayeri) and ostracodes (Cyprideis triangulata, Hemicytheria josephinae,
H. dubokensis, Bakunella dorsoarcuata, Camptocypria zalanyi, Campto-
cypria flectimarginata, Amplocypris bacevicae, Cypria tocorjescui, Loxo-
concha schweyeri) (Rundi¢ et al. 2017).

CONCLUSIONS

The Miocene sediments are extensively distributed in the foothill of the
Avala Mt. and its vicinity. In the Middle and Late Miocene (about 16-5.3
Ma) this area was an island, first in the Paratethys domain (Rakovica
stream, LeStane, Torlak, Kumodraz, Zavojnica River valley, Vr¢in) and
subsequently within the Lake Pannon (Torlak hill, Vr¢in, Zuce, Karagaca,
Beli Potok and Konopljiste).

All the presented localities are characterised by a great variety of
fossilised macro and micro fauna, which indicates favourable living
conditions and a strong influence of thermal water that existed in the area at
that time (relatively shallow and warm environment). The appearance of
thermal water increased not only the average water temperature but also the
percent of mineralisation. It was reflected in the occurrence of numerous
endemic molluscs with massive and recrystallised shells, particularly within
the Karagaca stream and Beli Potok sections.

Both immoveable (fossiliferous sites) and moveable (collections of
fossils) geoheritage objects are significant in terms of geological and
paleontological research, paleogeographic and paleoecological studies,
reconstruction of geodynamic evolution of Paratethys and Lake Pannon
during the Miocene, as well as presentation and promotion of geodiversity
and geoheritage in the wider area of Belgrade.
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DOCUJTOHOCHHU JIOKAJUTETU MUOILIEHA HA MOJIPYYJY ABAJIE
(OKOJIMHA BEOTPAJIA, CPBUJA) U lIbUXOB 3HAUYAJ

JbVIIKO PYH1R, CJIOBOJAH KHEXXEBUR

PE3UME

[eoqMHaMUYKK TPOLIECH HAa NPOCTOpPY jyxHor obona IlaHoHCKOT
OaceHa TOKOM MHOIIEHA YCIOBWIIM Cy 3HauajHe (mayieo)reorpadcke mpome-
HEe y CEIUMEHTAIMOHMM OaceHMMa, Koje Cy YTHIale M Ha IHOCTEICHO



BULLETIN OF THE NATURAL HISTORY MUSEUM, 2017, 10: 29-41. 41

CMamelhe CaJMHUTETa BoJe (MoOpe Opaku4HO MOpe CIIAHKACTO
jesepo). OBe mpoMeHe ojipaswiie Cy Ce Ha OpraHu3Me KOjH Cy KHBEIU Y
JaTAM CpeMHaMa Kao W Ha HUXOB HAYMH JKUBOTA. IIpeicTaBHHIN
MOjeIMHAX TAKCOHOMCKHX KaTeropHja yCriesiu Cy Ja ce Mpuiaroje Bapuja-
Mjama CKOJIOMKHX (aKTopa W Ja OICTaHy, JOK Cy IPYrH H3yMpIIH;
KBAJINTATHBHU U KBAHTUTATHBHHU CACTaB Makpo M MUKPO (ayHe MOXKe ce
NpaTUTH Ha OCHOBY aHAJI3a CyKiecuja hocuia.

CenMMEHTH CpeNer W TOpmer MuoreHa (mpe oko 16-5,3 munmona
TO/IMHA), PA3JIMYUTOT JIUTOJIOMIKOT CacTaBa, MMajy MIUPOKO PacIIpOCTparbe-
Be Ha monapy4jy ABane. McrpaxuBama U cakylbama (pocuia, o] KOjUX
npBa Jatupajy ¢ kpaja 19. Beka, aktyenHa cy u jganac. CeanMEHTH MO
NpaBUIly cajpke OpOjHE M Pa3HOBPCHE IMPEICTABHUKE MaKpO W MHKPO
(dayne. Mehy muMa moceOHO ce WCTHYY IPEICTABHUIA acollHjalnja u3
cpenmer MuoneHa (0ageH W capMaT) KOjU Cy HaceJbaBalld IIPOCTOP
Hekajammer [lapaTeTrca, a OTKPUBEHU Cy Ha JIOKIUTETHMa PakoBUYKH
notok, Jlemrane, Topnak, Kymoapax, nonuna 3aBojHUuKe peke, BpuuH.
Ha oBom monpyudjy cakymibeHe cy u Gocuiin3oBane ajire, popaMuHudepH,
OCTPaKOJH, MEKYIIIH, KOpaid, Opruo30e, MOPCKH jeKeBH, Kpade, Kao U
OTOJINTH U JICJIOBA BIIIMIA prba. Y CeIMMEHTHMA FOPHEeT MUOLIEHA OCTalll
MOPCKHX OpraHH3aMa HHCY KOHCTATOBaHW ajly Cy MPHCYTHU OpOjHH U
pa3HOBpPCHU (OCWIN eHIeMUYHE (ayHe HEKaJallber BEIHKOI je3epa
[Tanon. 3a HayKy Haj3Ha4YajHUjU (QOCHIOHOCHH JIOKAJIUTETH Hala3e ce y
nogHoxjy Topnaka, y Bpuuny, 3ymy, noroky Kaparau, beixom noroky n
notoky Konomsumre. Bpiio cnenuduyne 1 penaTuBHO KpyITHE JbYIITYpe
IIKOJbaKa, ITy’)KeBa M OCTPAKOJAa yKa3yjy Ha IOBOJbHE XMBOTHE YCIIOBE y
OKBHPY ,,CITAHKACTOT" KaCITUOPAKHMYHOT je3ePCKOT PEKHMa TOKOM TOPHET
MIAHOHA U TIOHTA.

HaBenmeHnn mokanuTeTH 3HA4YajHU Cy HE CaMoO ca aclekTa crpaturpad-
CKO-TIAJICOHTOJIOIIKX HCTPaXXHBamha, CUCTEMATHKE, €BONIyLHje, TahOHOMHU-
je, maneoreorpaduje, MareoeKoJIOordje, PEeKOHCTPYKLHUje TCOAMHAMUYKUX
norahaja ¥ mpoMeHa TOKOM HOBHj€ TEOJIOLIKE UCTOpHje Beh U Kao 3a HayKy
W elyKalujy 3HaYajHH O0jeKTH TeoAMBep3uTeTa W TeoHacieha mmpe
okoiuHe rpajaa beorpana.
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