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Abstract. The Middle Miocene of the Despotovac area contains sediments of
the lower Middle Miocene (Badenian) and upper Middle Miocene (Sarmatian).
The Middle Miocene deposition shows different local variations, but generally
fits the evolution of the Central Paratethys. The Miocene sediments were ana-
lyzed using paleontological and sedimentological methods. Based on the results
of these investigations, the Golubac Formation (Badenian) and the Kamenovo
Formation (Sarmatian), which had previously been defined and documented on
the Kucevo sheet, were recognized for the first time within the sediments of the
Middle Miocene study area on the sheet Lapovo 4.

AncrpakTt. Cpeswbu MUOLEeH noJpyyja JlecnoToBua je npejCcTaB/beH CelU-
MeHTHMa CTapujer cpe/ilber MUoleHa (6aZieHa) U Miaber cpe/ilber MUOLeHa
(capmata). Tasnoxemwe cefuMeHaTa CpeJiiber MUOIEHa NT0Ka3yje pasInuuTe
JIOKaJIHe Bapwujaluje, ajd reHepajHO oAroBapa eBoJiyuuju LleHTpasHor
[TapaTeTrca. MUOLIEHCKH CeJUMEHTH Cy aHaJIM3UPAHU NaJ€OHTOJIOMKHAM U
Ce/JMMeHTOJIOIIKUM MeTofaMa. Ha oCHOBY pe3y/iTaTa 0BUX UCTPRXKHUBamba y
OKBUPY CeZilMMeHaTa Npoy4yaBaHOT IMOJpydja Cpeber MUOLleHa Ha JIUCTY
JlanoBo 4 cy no npBu nyT npeno3Hate: Popmarja l'oay6ban (6ageHCKH KaT)
u ®dopmanuja KameHoBO (capMaTCKMU KaT), NpeTXOJHO AedHHHCAHE U
JIOKyMeHTOBaHe Ha JiicTy Kyueso.
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Introduction

In contrast to numerous investigations of Mioce-
ne sediments in the area of the southern rim of the
Pannonian Basin in the last 20 years (e.g. MARoviC et
al.,, 2007; Krsti¢ et al.,, 2012; Ganic¢ et al., 2016; Runpi¢
et al,, 2019; Jovanovic et al., 2021; BRADIC-MILINOVIC
etal, 2019, 2021), the area of central Serbia (near
Despotovac) has been insufficiently investigated.

In the middle of the last century, the Despotovac
basin was described in several studies and encom-
passes the Badenian (ZU]OV[C, 1893; PavLovi¢, 1922;
PETKOVIC, 1948; LASKAREV, 1949; PETRONIJEVIC, 1953;
CicuLi¢ & Dzopzo, 1960; DoLi¢, 1963, 1967; STEVANO-
vI¢, 1967) and the Sarmatian deposits (VESELINOVIC
& Maksimovi¢, 1952; PanTi¢, 1953; Spaji¢-MILETIC,
1953, 1959, 1962, 1969; CicuLI¢, 1962; STEVANOVIC,
1967; DoLi¢, 1963, 1967; DoLi¢ & LONCAREVIC, 1977).
In Serbia, work on the project “Geological Map of the
Neogene of Serbia 1:200,000” and on the definition
of the various Neogene formations was published at
the beginning of this century (Boji¢ & TANASKOVIC,
2003). While all the studies mentioned above con-
firmed the importance of these studies for solving
stratigraphic, paleogeographic, paleoecological and
paleotectonic problems, knowledge about the Bade-
nian and Sarmatian sediments from the Despotovac
Basin is still insufficient.

The aim of our research and this study is to pro-
vide an insight into the stratigraphic relationships
in this area, and to identify and document newly iso-
lated formations from Middle Miocene sediments.

The work is based on the results of field work in
the period 2021-2023, carried out by researchers
of the Geological Survey of Serbia, during the prepa-
ration of the Basic Geological Map RS 1:50,000,
sheet Lapovo 4.

Geological setting

The study area is located in the Despotovac-
Mlava basin, i.e. in the area of the settlements of
Vezicevo and Bogava (Fig. 1). The mentioned basin
belongs to the “Moravian Bay”, which is part of the
southeastern Pannonian Basin. Various geological-
tectonic units with diverse lithological compositions

and structural units are distributed across the study
area (Fig. 1). The oldest Paleozoic formations are
represented by volcano-sedimentary rocks, in
which there are intrusions of igneous rocks in the
green schist facies, located in the northern part
of the study area (VujisiC et al.,, 1977). They are
represented by acidic metavolcanites, metapelites,
metapsamites, quartzites and metadiabases. The
Carboniferous is represented by sandstones and
conglomerates, as well as carbonaceous black shale
with coal occurrences. The Upper Carboniferous lies
transgressively above the older Palaeozoic and
passes upwards into the Permian red sandstones.
The Permian red sandstones lie transgressively
above the Paleozoic formations or are concordant
with the Carboniferous sediments (Vujisic et al.,
1977). In most of the distribution area, they form
the base with Mesozoic carbonates. The Mesozoic is
represented in the east and in part of the study area
and consists of Triassic and Jurassic limestones,
dolomitic limestones, dolomites and sandstones
(Vupisic et al., 1977). The carbonates were formed
mainly under shallow water conditions. The Neo-
gene sediments cover the largest part of the study
area. They were deposited in the Velika Morava
tectonic basin, which is filled with marine, fresh-
water lake and terrestrial sediments. According to
Vujisi¢ et al. (1976) the Neogene sediments date
from the Middle and Late Miocene with the Middle
Miocene comprising the following members:

e Lacustrine sediments of undefined age from

the Middle Miocene (*M,),
e lacustrine-continental sediments of unde-
fined age from the Middle Miocene(*M,),
e marine sediments of the Badenian stage (M}),
e brackish sediments of the Sarmatian stage

(M3)

The oldest, late Middle Miocene (2M,) is repre-
sented in the south-eastern part of the study area
along the edge of the Mesozoic formations, between
PlaZan, Despotovac and Medar and is represented
by two facies (Vujisic et al.,, 1976). The older facies,
with freshwater character consists of white marls,
marls and sandy clays, sands and very rarely sandy
limestones, while the younger facies with carbona-
ceous layers, coarse-grained sandstones and sandy
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Fig. 1. Geographic position of the study areas, according to the Basic Geological Map (sheet Lapovo 1:100 000; Vujisic et al., 1976).
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carbonaceous clays probably reflects the sedimen-
tation conditions of a swamp (Fig. 2). Remains of
mammals were found in these younger coal-bearing
layers.

The lacustrine-continental Middle Miocene (3M,)
is represented by a clastic, continental series de-
posited under arid conditions and periodic fluvial
sedimentation (Vujisi¢ et al., 1977). They are repre-
sented in the southeastern part in the PlaZan area
and south of Despotovac. In terms of lithology,
sandstones and loose sands dominate, less fre-
quently conglomerates (Fig. 2). The sedimentary
matrix consists of clayey and sandy material in
predominant cross-bedding stratification.

The marine Badenian (M3) has a very small areal
distribution and is only observed in the northern
parts of the study area (Vujisi¢ et al., 1977). It is em-
bedded between the clastic Middle Miocene above
and the Sarmatian below. From a lithological point
of view, these are predominantly sandy clays
alternating with sands and sandstones (Fig. 2).
Limestone intercalations are rare. Coal is also
present in three or four horizons up to 3 m thick
(Vupisic et al., 1977). The environment is predomi-
nantly marine, with occasional freshwater intervals
in the coal-bearing horizons. The Sarmatian sedi-
ments of the upper Middle Miocene extend north
and south of Resava in the research area. They lie
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Fig. 2. Stratigraphic summary column of the Middle Miocene of the study area and the Golubac Formation and Kamenovo Formation

(modified after Vuyisic et al,, 1976).
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above the marine Badenian (M;) or transgressively
above older formations (Vujisi¢ et al.,, 1977). The
lithological composition and the occurrences of coal
indicate the brackish character of the depositional
environment, which also includes sintered rocks.
The higher parts consist of finer-grained sediments
such as siltstones, fine-grained marly sandstones,
porous sandy limestones, sandy clays, carbonate
sand-stones and conglomerate lenses (Fig. 2). Most
parts consist of yellow sands, sandy clays, clayey
carbonate siltstones, less often sandy limestones
and carbonaceous clays. Three coal layers with a
maximum thickness of 3.6 m were found in the area
west of the town of Miliva (Vujisic et al., 1977).

Quaternary formations occupy a significant part
of the research area and are represented by fluvial
and slope sediments (Vujisi¢ et al., 1977). The fluvial
processes are caused by the action of constant linear
flows and are particularly pronounced in the Resava
valley.

From a geotectonic point of view, the study area
comprises the eastern part of the Moravian Corridor,
which was part of the Pannonian Basin, in which
Tertiary formations of different lithological compo-
sition were formed. The sequence is generally tecto-
nically disturbed. These areas are characterized by
the development of a coal-bearing productive series
caused by tectonic deformations. The study area is
also located near the overthrust zone of the Supra-
getik and the Getik (KALENIC & HADZI-VUukovic, 1973;
ScuMmiD et al., 2008). According to the classification
of KRAUTNER & KRsTIC (2002), these areas comprise
the Supragetik, i.e. the LuZni¢ka Zone (Golubacka
Zone). Above these large tectonic units is the
complex unit of the Great Moravian Graben, which
consists of Neogene and Quaternary sediments. In
the extreme east of the study area, there are carbo-
nate rocks of Mesozoic age belonging to the
Carpatho-Balkanides, i.e. the Getic (GruBI¢, 1980).
The Supragetic system consists of Palaeozoic vol-
cano-sedimentary rocks formed under the green-
schist facies conditions, in which occur the gabbro
intrusions and Permian red sandstones. The Getic
unit in the east is made up of carbonates from the
western limestone belt of eastern Serbia (ANTONI-
JEVIC, 1954) (“Ravanicki limestones”), while red Per-
mian sandstones are found in the core. As already
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mentioned, the research area is located near the main
Supragetic and Getic traction system. Statistical
analysis indicates a slight to steep southwest
dipping stratification, which most likely indicates an
alpine trend. This slightly altered trend (to the
southwest) can also be interpreted as a deviation
along the surface layer. The folding itself can be
interpreted as eastward pinched to isoclinal folding,
but also as a result of repeated thrusting (“flat-ramp
geometry”; KRSTEKANIC et al., 2017). At observation
point 1139, layer elements with values of ss 250/12
were measured in the overlying Badenian sediments,
which should fit the trends of the above-mentioned
statistical analyzes in the belt of the eastward fold-
ing system.

Material and methods

All samples were collected as part of the project
The Basic Geological Map 1:50,000, sheet Lapovo 4,
under the auspices of the Geological Survey of Ser-
bia. The field investigation was carried out in the
period from 2021 to 2023.

The studied material was collected from several
outcrops: two from the Badenian and three from the
Sarmatian units. The Badenian sites are located in the
north-eastern part of the sheet Lapovo 4, and are
labelled with the internal numbers 1139 (7534702;
4900379) and 1142 (7534743; 4900136). The
Sarmatian sites are located in the southwestern
part of the sheet Lapovo 4, and are internally num-
bered 1280 (7525299; 4883411), 1317 (7525356;
4883405) and 3104 (7525444; 4883344). At point
1139, 14 samples were collected: 1139/1, 1139/2A,
1139/2A/1,1139/2B,1139/211,1139/2/1, 1139/2E,
1139/2®,1139/3, 1139R/2, 1139R/A, 1139R/B,
1139R/Cand 1139R/D. One sample with the collec-
tion number 1142R was taken from point 1142.
From point 1280 three samples with the collection
numbers 1280/1, 1280/2A and 1280/2B were
taken. Four samples with the collection numbers
1317/1,1317A,1317B and 1317C were taken from
point 1317. From point 3104, three samples with
the numbers 3104/2, 3104/3 and 3104/4 were
taken. The weight of each bulk sample was approxi-
mately 1.5 kg. The sediment samples were taken for
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the following purposes: paleontological and sedi-
mentological studies (granulometric analyses and
sedimentological standard preparations (thin-
sections of compact sediments)). Two methods of
sediment processing were used for this purpose:
Standard washing and sieving and preparation
of standard petrographic thin sections (cutting,
grinding and polishing). Fossil associations of
molluscs, foraminifera and ostracods were extracted
and used for the biostratigraphic analysis and the
recognition of the geological formations of the
Middle Miocene units. All samples were processed
in the Laboratory of the Geological Survey of Serbia.

The photographs were taken with the Leica S9i
microscope. Individual photos of each object were
taken at different depth ranges and then digitally
stacked to create uniformly focused photos using
Helicon Focus software.

All samples (samples of residual sediments,
micropaleontological samples and thin-sections of
sedimentary rocks) are housed at the Geological
Survey of Serbia.

Results and discussion

The Golubac Formation (Badenian stage) and the
Kamenovo Formation (Sarmatian stage) are defined
here on the basis of field research, the collection and
processing of sediments, which required a multi-
disciplinary approach.

Golubac Formation - The Middle Miocene
(Marine Badenian)

Sediments of the earlier Middle Miocene
(Badenian age) are positioned on the map in the
north-eastern region. The Badenian stage is con-
firmed in two localities along the Crvenac stream
(1139 and 1142). According to data from the
literature (PETRONIEVIC, 1953; PANTIC, 1953, CICULIC &
Dzopzo-Tomi¢, 1960; DoLi¢, 1966) they were also
found in the vicinity of Despotovac, but this was not
confirmed within the scope of these investigations.
From a lithological point of view, the sediments of
Badenian are represented by weakly bound yellow

10

sands, sandy clays, sandstone and sandy limestones
(Fig. 3).

The first geological site is located in the Crvenac
stream (point 1139), about 7-8 m above the stream
level (Fig. 4. 1,2). In the lower part, the sediments
consist of red massive Permian sandstone (Fig. 3)
with a thickness of approximately 2 m. The Permian
sandstones are transgresivelly overlain by grey
limestones rich in mollusc fauna (Fig. 3). Various
macrofossils were collected from this limestones,
including remains of bivalves, gastropods, corals
and echinoids. Bivalves are mostly present in
the form of imprints or shell hash: Glycymeris sp.,
Pecten besseri ANDRzZEJowsKI (Fig. 4.4), Tellina sp., etc.
The fossil echinoid was damaged during extraction
from the compact rock material, but could still be
determined as Clypeaster sp. (Fig. 4.5). The inve-
stigated sediments contain isolated parts of colonial
corals which were identified as ?Stylophora sp.
indet. (Fig. 5).

The overlying sediments are composed of yellow,
fine-grained, loose sands up to 0.5 m thick. In all
samples (1139/2D, 1139/3 and 1139R) from this
yellow sand, microfossil assemblages were identified,
represented by numerous foraminifera and ostra-
cods. These are overlain by gray sandy limestones up
to 2 meters thick. Foraminifera, both planktonic and
benthic, are more abundant and better preserved
than ostracoda. Benthic forms of foraminifera are the
most numerous and diverse. The most abundant
benthic taxa of foraminifera belong to elphidiids
(Elphidium, Porosononion); anomalinids (Anomali-
noides, Heterolepa,); buliminids (Bulimina).

The identified species of foraminifera are: Globi-
gerina bulloides D’ORBIGNY, Heterolepa dutemplei
(D’ORBIGNY), Bulimina elongata b’ORBIGNY, Cibicoides
austriacus (D’ORBIGNY), Anomalinoides badenensis
D’ORBIGNY, Elphidium macellum (FICHTEL & MoLL),
and individual specimens of Elphidium aculeatum
(D’ORBIGNY), and Ammonia beccarii (LINNE) (Fig. 4.3).
Only a small number of ostracods have been pre-
served. The ostracod fauna is represented with the
following species: Loxoconcha punctatella (REUSS)
and Aurila cicatricosta (REUsS).

During the field research, gastropod shells were
found in these sands including the index species for
this period: Ptychidia sp. (Fig. 4.6).
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Fig. 3. Badenian stratigraphic local column of the Crvenac stream and the Golubac Formation.
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Fig. 4. Badenian sediments in the bed of the Crvenac stream (1 and 2), typical microfossil assemblage for Late Badenian stage (3) and
macrofossil Pectenbesseri ANDRZEJowWsKI (4); Clypeaster sp. (5); Ptychidia sp. (6).

Downstream of the previous outcorp, the second sediments are composed of yellow fine-grained sand
point (1142) is locatedin the bed of the Crvenac  with a thickness of about 3 m. Microscopic analysis
stream, near the previous point (about 20 m). The revealed that this sediment contains a rich fauna of
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Fig. 5. Corals colony (?Stylophora sp. indet.) from the
yellow sand of the Late Badenian stage of the Crvenac stream.

foraminifera and, to a lesser extent, ostracods and
molluscs (gastropods and individual bivalves). The
foraminifera are represented by benthic forms with
most species belonging to the elphidiid group. The
Foraminifera association contained the following
species: Elphidium aculeatum (0’ORBIGNY), E. crispum
(LINNE), E. macellum (F.-M.), Porosonoion granosum
(D’ORBIGNY), (single shells), Ammonia beccarii
(LINNE), (rare), Heterolepa dutemplei (D’ORBIGNY),
Cibicoides austriacus (D’ORBIGNY), and Anomalinoides

sp. (Fig. 6). The ostracods are represented by the
same species as in the previous point, namely:
Loxoconcha punctatella (Reuss) and Aurila cicatri-
costa (Reuss) (Fig. 6).

Molluscs are mainly represented by gastropods,
whose shells are more or less damaged, and only the
following species are recognized: Tritia serraticosta
(BronN), Nassarius sp. and Archimediella sp. Bivalves
are represented only in the form of shell remains,
predominantly by Acanthocardia sp. juv.

The rich fossil fauna is represented by various
shallow water organisms such as echinids, corals,
benthic foraminifera, ostracods, bivalves and snails.
The environment at the time of deposition provided
favourable conditions for the development of a small
coral reef on which various shallow-water organisms
started to develop.The observed fossils pecies are
indicative of a shallow water environment (KovAc et
al,, 2007). They are also stenohaline marine orga-
nisms (e.g. echinoid and coral) that do not tolerate
changes in salinity and thus indicate a marine
environment with normal salinity. The presence of
coral communities is evidence of a warm, well-
aerated environment rich in oxygen. Corals are
among the most paleoecologically sensitive marine
organisms and therefore cannot compensate for fluc-
tuations in the parameters mentioned (salinity, tem-
perature, depth) in this environment.

Fig. 6. Microfossil assemblages from the yellow sand of point 1142: 1) Foraminifera association, mainly represented by

elphidiids and 2) Fossil assemblage of foraminifera and ostracods, characteristic of the late Badenian age.

Geol. an. Balk. poluos., 2024, 85 (1), 5-22
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Kamenovo Formation - Middle Miocene
(Marine-brackish Sarmatian)

The Sarmatian formations have the greatest re-
gional distribution of all geological units in the
studied area and cover about 50% of the area of
Lapovo 4 sheet. Sarmatian sediments are dis-
tributed in the eastern and central part of the ter-
rain, e.g. in the Resava and V. Morava valleys.
Sarmatian sediments were also confirmed in the
vicinity of Bogava, which is positioned in the SW
part of the investigation area. Sarmatian sediments
have been studied in detail in two localities (1280
and 1317). Sediments from a third locality (3104)
did not contain suitable microfossils for a detailed
assessment. Sarmatian sediments are represented
in the lower parts of the sequence by loosely bound
conglomerates with quartz and green schist from
the foothills, sandstone, then sands and sandy clays
(Fig. 7). In the higher parts of the sequence, they are
represented by silty sands, fine-grained marly sand-
stones, porous limestones, sandy clays and lenses of
conglomerate (Fig. 7).

The first point (1280) is located in the vicinity of
the Bogava.The section is located in a cut along the
Stara Bogava stream and is about 50 meters long. In
the lower part of the section there are ochre-colored
clayey sands about 1.5 m thick, overlain by gray
marly siltstones with a thickness of about 1.5
meters, which in turn are overlain by yellow
medium sands with lenses of micro-conglomerate
up to 2.5 m (Fig. 8). The sequence is overlain by light
yellow limestones with dissolution porosity about
1.5 meters thick (collected sampels: 1280/2A and
1280/2B) and finally by coarse-grained gravelly
sands of ochre-gray color with a thickness of 1.5
meters (Fig. 8).

A microfossil association of benthic foraminifera
was recognized in the yellow limestone with dis-
solution porosity. Cross-sections of mollusc shells
were also recognized. The foraminifera fauna is
numerous but uniform, mainly represented by the
species Quinqueloculina akneriana b’ORBIGNY, Quin-
queloculina sp. (Fig. 9.2) and Elphidium sp. (Fig. 9.1).
The Quinqueloculina spp. association occurs in the
recent Mediterranean Sea in shallow-marine envi-
ronments (2-65 m), temperate to warm waters
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(10-25 °C) and slightly elevated salinity (37-39%o)
(PERYT & JasiNowskl, 2012).

The second point (1317) is located about 200 m
further downstream along the Crvenac stream in an
outcrop of about 4m in height. In the lower part of
the outcrop, there are ochre-colored clayey sands
with a thickness of about 1.5 meters. They are
overlain by 30-40 cm thick gray clays (Fig. 10.1).
Above this are ochre-yellow fine-grained sands with
a thickness of about 3 meters. The bedrock contains
coarse-grained gravelly sands of ochre gray color,
which are about 1.5 m thick. The grains in the
gravels are up to 3 cm in diameter. A sample
(1317/1) was taken from gray-yellow argillaceous
siltstone at about 3 meters above the base of the
outcrop (1317A,1317B and 1317C).

Studied thin-sections (13174, 1317B and 1317C)
of yellow limestone are rich in microfossils. Frag-
ments of mollusc shells (Fig. 10.4), cross-sections of
ostracod shells and foraminifera were identified
microscopically in the thin sections. Foraminifera
are represented by benthic forms dominated by
Quinqueloculina sp. and occasionally Anomalinoides
sp. (Fig. 10.3).

Microfossils extracted from the gray-yellow
argillaceous siltstone contain ostracods and forami-
nifera. The foraminifera are benthic forms and the
following species were identified: Quinqueloculina
akneriana b’ORBIGNY, Varidentella reussi (BOGDANOVICH)
and Anomalinoides dividens Luczkowska (Fig. 9.2).
Ostracoda are rare and represented by a single
species: Cytheridea hungarica (ZaLaNyi) (Fig. 9.2).
Anomalinoides dividens Luczkowska is considered
as an index taxon for the regional biostratigraphy
of the Paratethyan area. The Anomalinoides dividens
Biozone was introduced in order to trace the boundary
between Badenian and Sarmatian deposits (FILIPESCU,
2004; FiLipescu et al., 2014). Low ostracods diversity
indicates unfavorable conditions (HoLcova & ZAGOR-
SEK, 2008; PERYT et al., 2024).

A small outcrop (point 3104) was found about
100 m from the two aforementioned locations in a
cutabout 20 m long. This small outcrop contains the
upper part of this stratigraphic section, which is re-
presented by gray clay and yellow sand. Samples
were taken from these two stratigraphic units, but
no fossils were found.
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Fig. 7. Sarmatian stratigraphic column of the vicinity of Bogava and the Kamenovo Formation.

During the Sarmatian (Late Seravallian) the  fossil assemblages from the Vienna Basin to the
Paratethys represented a palaeobiogeographically Caspian Basin (e.g., RoGL, 1998; HARZHAUSER & PILLER,
uniform entity, based on the occurrence of similar ~ 2007; PILLER & HARZHAUSER, 2023). The Central
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Paratethys, during the Sarmatian, was generally in-
terpreted as transition from the marine Badenian
sea to the temperate-freshwater environments of
Lake Pannon (e.g., HARZHAUSER et al., 2007; MAGYAR &
GEARY, 2012).). Stable bottom-water temperatures
(~ 15°C) and variable salinities (20-32 %o) are esti-
mated for the Early Sarmatian Sea (ToTHet al., 2010).

Legend:

Gray pebbly sands

Yellow limestones with dissolution porosity

In this fossile assemblage, the distribution of the
foraminifera is represented by the miliolids group.
Miliolids are characteristic for high salinity and
shallow environments (FiLIPEScU et al.,, 2014). Cytheria
hungarica is species characteristic of brackish to
normal marine paleoenvironments (FILIPESCU et al.,
2014).

Ocher yellow medium-grained sands with microconglomerate lenses

Gray marly siltstone

. @.«, Ocher clayey sand

f =50m |

Fig. 8. Schematic geological sketch of Sarmatian sediments near the settlement of Bogava (point 1280).

Fig. 9. Sarmatian yellow sucrosic limestone from point 1280 with representative foraminifera association: 1) mainly

represented by elphidiids and 2) species of the genus Quinqueloculina.
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Fig. 10. Sarmatian gray-yellow argillaceous siltstone (marked with red lines, 1), with extracted microfauna of foraminifera

and ostracods (Quinqueloculina akneriana 0’ORBIGNY, Anomalinoides dividens Luczkowska, Cytheridea hungarica (ZALANYI)

etc, 2); and thin-sections from Sarmatian yellow limestone with cross sections of foraminifera (3, 4) and microgastropods (4).

Overview and correlations studied area
with type localities of Formations

The Golubac Formation is described for the first
time in the vicinity of Golubac, with the type locality
on the right bank of the Danube (sheet Kucevo). The
formation is late Badenian and transgressively over-
lain Paleozoic formations, Permian sandstones and
the Lower Miocene Vukovi¢ Formation. It is overlain by
the Kamenovo Formation. The Golubac Formation in

Geol. an. Balk. poluos., 2024, 85 (1), 5-22

the type locality is mostly composed of sand, silt-
stone and sandy siltstone, sandstone and limestone,
conglomerate and clay (Boji¢ & Tanaskovi¢, 2003;
BLaGoJEVIC, 2020). The Golubac Formation is characte-
rized by a rich fauna of gastropods and bivalves:
Potamides disjunctus (SOWERBY), Potamides melanopsi-
formis AUINGER, Naticarius stercusmuscarum (GMELIN),
Lautoconus ponderosus (BroccHl), Amalda glandi-
formis (LAMARCK), Athleta rarispina (LAMARCK), Nas-
sarius dujardini, Perrona sp., Clavatulla interrupta
(BroccHi), Clavatula sophiae (HOERNES & AUINGER),
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Variocorbula gibba (OLivi), Anadara diluvii (LAMARCK),
Lucina columbella LaMARCK, Acanthocardia pauci-
costata (SOWERBY), Cardites partschi (MUNSTER),
Venus nux GMELIN, Circomphalus subplicatus (D’ORr-
BIGNY), Anadara turonica (DUjARDIN), Corbula cari-
nata DUJARDIN, Paroxystele orientalis (COSSMANN &
PEYROT) and also oysters, echinids, corals and
others (Boji¢ & Tanaskovi¢, 2003; BLaGoJEvIC, 2020).
Foraminifera include Ammonia beccarii, Elphidium
crispum, Biasterigina planorbis, Borelis melo,
B. haueri, Globulina punctata, G. rugosa, G. gibba
and other. A relatively rich and diverse palyno-
logical association, characterized by the dominance
of conifers, was found in the clayey siltstones of
Golubac Formation (Boji¢ & TaNaskovi¢, 2003; BLa-
GOJEVIG, 2020). Sedimentation took place in shallow
coastal areas (lithoral and sublithoral) of relatively
warm seas. The occurrence of limestone facies and
fossils of corals and oysters indicates shorter peri-
ods of lagoonal-reef character (Boji¢ & TANASKOVIC,
2003; Bragojevi¢, 2020). Based on this overview of
the type locality and the correlation of these data
with the previous data from the study area, it was
concluded that sedimentary conditions, type of sedi-
ments and fossil fauna correspond to Golubac For-
mation.

The type locality of the Kamenovo Formation is
located in the south-eastern region of PoZarevac and
is recognized on the geological sheets of Kucevo,
Veliko Gradiste 3 and PoZarevac 3. The Kamenovo
Formation is Sarmatian age and concordantly overlain
the Golubac Formation, and its hanging wall are the
Kli¢evac Formation, the Stig Formation made of marl
and deluvial sediments. Based on the lithological and
paleontological evaluation of the Kamenovo Forma-
tion, it is possible to distinguish clayey-sandy and
sandstone-limestone parts. The clayey-sandy part
forms the lower parts of the formation and consists
of gray and blue sandy clays alternating with silty
clays, siltstones, silty sands, sands, marls and sand-
stones (Boji¢ & Tanaskovi¢, 2003; BLaGoJevIC, 2020).
The higher parts of the section are composed of sand-
stones alternating with thinner layers of argillaceous-
carbonate sand, sandy clay and limestone. The
limestones are organogenic, oolitic, sandy, and
biosparitic. In the lower part of the formation, a
community of forminifera and ostracods was
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observed in the sandy siltstones in the village of
Trnovce: Elphidium reginum, Poronosonion gra-
nosum, Miocyprideis sarmatica, Hemycitheria hun-
garica (Boji¢ & Tanaskovi¢, 2003; BLaGojeviC, 2020)
indicating a Sarmatian age. Numerous foraminifera
were found in the biosparitic limestones of the villa-
ge of Kamenovo, represented mostly by elphiids,
and Porosononion granosum. Apart from foramini-
fera, ostracod species characteristic of Sarmatian
age are also present (Boji¢c & Tanaskovi¢, 2003;
BLAGOJEVIC, 2020). Accordingly, we can conclude
from the data shown in this section and the data
from the studied area that the same conditions pre-
vailed during sedimentation at the type locality and
in the studied area. This is confirmed by the pre-
served fossil fauna, which is characteristic of the
brackish environment in the early Sarmatian.

Conclusions

We recognized these two formations in the
Despotovac area based on the correlation of the
sediments studied with the sediments from the type
localities. In these investigations we have found that
the types of sedimentary environments and the cor-
responding fossil assemblages are characteristic of
the Upper Badenian age. The studied Badenian sedi-
ments correlate well with the Badenian sediments
from the type locality near Golubac and both belong
to the Golubac Formation. The micropaleontological
assemblages indicate that the paleoenvironment is
mainly marginal to shallow marine, with a marine
environment of normal salinity.

The studied Sarmatian sediments correspond to
the upper part of the Kamenovo Formation or only
its higher sequence, which is characterized by a
development of sandstone and limestone. Early
Sarmatian Sea (TotHet al., 2010) is characterized by
a stable bottom-water temperature (~ 15 °C) and
variable salinity (20-32%o). The Fossil assemblage
from studied area represents a paleoenvironment
that corresponds to Early Sarmatian Sea conditions.

The sedimentary processes and microfossil
assemblages of the investigated area match the con-
ditions in the regional province of the Central
Paratethys during the Middle Miocene.
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Pe3ume

CrpaTurpadcke UMIUIMKaLyje cpegmer
MHOLIeHA OKOJIMHe /lecnioToBLIA:
u3jJBajame ABe HoBe ¢popmanuje

Y pany cy npe/icTaB/beHU pe3yITaTU TEPEHCKUX
HCTpaXKMBamwa CeJMMeHaTa CpeJmwer MUOLeHa,
peanu30BaHUX Y OKBUPY NpojeKTa uspaze OCHOBHe
reosiomike kapte 1:50 000, siuct JlanoBo 4, mof,
MOKPOBUTE/LCTBOM [eosiomkor 3aBoaa Cpbuje.
HcTpakyvBamwa MUOLIEHA Ha TOAPYYjy JecrnoToBLa,
MMajy 3a LW/b Jla NpyKe YBUJA Yy cTpaTUrpadcke
OZJHOCe Ha MCTPaXMBAHOM NOJpPYYjy, Kao U a ce
MPUKaXy U JOKYMEHTYjY HOBOU3/IBOjeHe CpeHO0-
MHUOIeHCKe popMaliuje.

Y reoTeKTOHCKOM INOTJIeZly UCTPAXXUBAHU MPO-
CTOp 3axBaTa UCTOYHHU [le0 MOPABCKOI pOBa, KOjU
npe/ictaB/ba Jeo [laHoHCKOT 6aceHa ca pa3BUjeHUM
HeoreHWM TBOPEBUHAMa, pa3JIMYMTOT JIUTOJOLIKOT
cacTaBa ¥ Jo6pHUM /leJIoM TeKTOHCKU opeMeheHe.
OBe npocTope KapakTepulle U pa3Boj yIJbOHOCHE
NpOoAYKTHUBHe cepyje. Ha 0CHOBY TepeHCKUX UCTpa-
»KMBamba M aHa/Iu3e NPUKYIJbeHUX Y30paKa, U3/1BO-
jeHe cy pBe dopmanuje: Popmanuja [osaybar,
(6agen) u ®opmarnuja Kamenoso (capmar).

Ha uctpaxkuBaHOM NoApyyjy celUMeHTH 6aseHa
Cy Ipoy4YaBaHM Ha JBe jiokanuje. [IpBu jiokaiurteTt
ce HaJla3! y KpajibeM ceBepo3anaZHoM JiesTy UCTpa-
»)KMBAHOT MPOCTOpPa,y GJU3UHU Hace/beHOI MecTa
BesudeBo, y notoky llpBenan. OTKpuBeHU ceau-
MeHTU O0aJleHCKe CTapoCTH MpPeACTaB/bEHU CY
MacCHMBHHUM [IECKOBUTHUM KpedmalliMa ca npatehom
6oraToM ¢payHOM y CMeHH ca cJ1aboBe3aHUM IEeCKO-
BUMa. U3B0ojeHa ¢payHa npunaza THIUYHO] MOPCKOj
dayHU U yKasyje Ha IJIMTKOBOJHY CPeJiMHY JIUTO-
pana fo cybuautopasa. boraty docuiaHy dayHy
Npe/CTaB/bajy Pa3/IMYMTH JINTKOMOPCKH OPTaHU3-
MM Kao IITO CYy eXUHU/U, Kopasau, 6eHTocke dpopa-
MUHUepe, OCTPaKOAH, LIKOJbKe U NyxeBU. [Ipucy-
CTBO KOpPaJICKUX 3ajeJHULA HaM CBEJ0YU O TOILJIOj,
MPO3payvHOj BOJEHOj CpeUHU, 6OraTOj KHCEOHHUKOM.
Ha ocHoBy ycisioBa cefjMeHTalWje, cTpaTUrpadckor
10JI0’Kaja U JIMTOJIOLIKOT cacTaBa OBe OaJjeHCKe
TBOpPEBHHE MOr'y ce KopeJsiucaTu ca Popmanujom
[osryniia Koja je U3/BojeHa paHUjUM UCTPAKHMBAHEM
Ha [0 py4jy ceBepHO oA, 1ucTa JIanoso 4, y noApydjy
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HacesbeHOT MecTa [osy6arr (Boji¢ & TaNAskovic, 2003;
BLAGOJEVIC, 2020). IIpoydyeHu npoduan capMaTcke
CTapoCTU ce HaJjase y3 notok Crapa borasa, y
6,1M3UHU Hace/beHOT MecTa boraga. [Ipodun kapa-
KTepHllle CMeHa [IJINHOBUTO aJIeBpUTUYHUX CeiUMe-
HaTa ¥ J1ab0 Be3aHUX NeCKOBa pa3IMuUTe IPaHy-
Jauyje. Buuie fesoBe npodusia KapakTepyLly XKy TH
LIYIIJbUKaBU Kpe4dkhally, Y Y1joj IIOBJIATH Ce YO4aABAjy
IIJbYHKOBUTO NMECKOBUTHU cefuMeHTH. CapMaTcKa
CTapoCT ceJUMeHaTa je moTBpheHa Ha JIOKaJU-
TetuMa 1280 u 1317 v oBe capMaTCKe TBOpEBUHE
ce Mory kopesucatu ca Popmanujom KameHoBa
KOja je U3/ BOjeHa PaHUjUM UCTpaKHUBambUMa Ha
noApy4yjy ceBepHo oz Jivcta Jlanoso 4 y nogpyyjy
HacesbeHOT MecTa KameHoBo (Boji¢ & TANASKOVIC,
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2003; BraGojevi¢, 2020). Ha ocHOBY kopeJsanuje
NpoyyaBaHUX CeJMMeHaTa U CceJUMeHaTa ca
TUIICKUX JIOKAJIUTETA U3/BOjUIN CMO AiBe popMa-
uje Ha noapydjy Jlecnorosua. TOokoM 0BUX UCTpa-
KUBaWka YTBPAWUJIN CMO [d JIUTOJIONIKH YJIaHOBHU U
npucyTHa $ocujHaA acouujanuja oAroBapajy pa-
3B0jy Ha THUIICKHUM JIOKAJIUTETHMaA, T€ NIPUKA3aHHU
6a/IeHCKU CeIMMEHTHU O/[r0Bapajy 6a/IeHCKUM CeJy-
MeHTHMa TUIICKOT JioKasuTeTa [osry6auke popma-
nuje. CapMaTCKU ceJUMEHTH aHaJIU3UPAHU Y OBOM
paay oarosapajy ropwmeM aeny popmanuje Kame-
HOBO, O/IHOCHO TENIYapCKO-KpeumhadyKoM pa3Buhy.
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