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Abstract. Lower-Middle Miocene sedimentary succession and the conforma-
ble/unconformable relationships between the lacustrine-continental systems
(i.e. DLS, SLS) and Badenian marine transgression represents one of the in-
trigue topics. Herein, we studied five exploration boreholes (eastern Serbia)
and analyzed the main facies pattern, biostratigraphic characteristics of the
Miocene succession, and applied the U-Pb radiometric dating of volcanic tuffs
interstratified in the sedimentary series with coal layers (borehole NRKR-
17002). The obtained concordia age of 16.9 +0.2 Ma for all the analysed zircon
grains without any inherited cores indicate a single magmatic event. We defi-
nite the freshwater series originated during Early Miocene Karpatian (= late
Burdigalian). Consequently, for the first time, we demonstrated that age of a
part of the Serbian Lake System (SLS) is much older than it was previous re-
ported. In addition, sporadic findings of foraminifers, ostracods and molluscs
documented the late Badenian marine transgression in eastern Serbia. If ac-
cept this fact the flooding occurred later than in the rest of Serbia (< 14.5 Ma).
However, the lack of quality data and unclear stratigraphic position of some
parts of the clastic succession (? Lower-Middle Badenian) makes this claim
uncertain.

Ancrpakt. Cej[uMeHTHa CyKlecuja uaMehy JOmWer U Cpejmer MUOLeHa U
CKJIQJIaH Tj. IUCKOP/IaHTaH 0/{HOC n3Mely je3epcKo-KOHTUHEHTAJHUX Hacaara
(amp. DLS, SLS) u 6aZieHCKUX MOPCKHUX CeJUMeHaTa Ipe/CTaB/ba jeIHY Of,
3aHUMJ/bUBHUX Te€Ma. Y 0BOM pa/ly CMO MPOyYaBaJIv eT UCTPAXKHUX OYLIIOTHHA
(ucrouna Cp6uja) ¥ aHa/IM3Upa/IF VIaBHU dalyjasiHu 06pa3all, 6uoCTpaTH-
rpadcke KapaKTEPUCTHKe MUOLIEHCKe cyKlecuje U npuMeHuan U-Pb paguo-
METPHUjCKO JaTHUpalbe BYJKAHCKUX TydpoBa HHTEPCTPAaTHUPUKOBAHUX Y
ceJMMEHTHO] cepHju ca ciojeBuMa yrsba (6ymoruHa NRKR-17002). lo6ujeHa
je koHKOpAHUja ctapocT of 16,9 * 0,2 MU/IMOHA rO/MHA 3a CBa aHa/IM3UpaHa
3pHIA UPKOHA 6e3 HaC/JeJHUX je3rapa LITO TOBOPH /ia je Y MUTamy je/laH
MarMaTcku gorabhaj. [Ipenusupanu cMo Jia je cJlaTKOBO/HA CepHja HACTalIa
TOKOM paHOT MHOIleHa - KapnaTa (= myahu 6ypauras). CXoHO TOME, 10 IPBU
MyT CMO MOKa3aJiy Ja je CTapocT jegHor Jesa CprcKor je3epcKor cUcTeMa
(SLS) MmHOTO CcTapHja Hero UITo ce paHuje MucauiIo. [lopes Tora, cnopagudHu
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K/by4He peum:
Jlombu-cpe/ilbu MUOLIEH,
jesepcke darnuje,
MOpCKa TpaHCTpecHja,
U-Pb reoxpoHoJioruja,
rncrouna Cpowuja.

Hasacuy popaMuHrdepa, OCTpaKoia U MeKylana JJOKyMeHTYjy KacHoOa-
JIEHCKY MOPCKY TpaHcrpecujy y ucrounoj Cp6uju. AKo mpuxBaTHMO OBaQj
apryMeHT, OH/ia ce TpaHCrpecHja AOro/juja HelllTO KaCHUje Hero y OCTaTKy
Cp6uje (<14.5 munmmoHa roguHa). MehyTuMm, HerocTaTak KBaJUTETHUX I10-
JlaTaka M HejacaH cTpaTUrpadCKy I0JI0KAj HEKUX JleJI0Ba KJIACTUYHE
cyknecuje (? JowU-cpeiby 6a/leH) YNHU OBY TBPZAY A0CTA HECUTYPHOM.

Introduction

The Dacian Basin was a part of the large Para-
tethyan epicontinental sea (LASKAREY, 1924). It cov-
ers approximately the domain of the Moesian
Platform located in the foreland of the highly bend-
ed Carpatho-Balkanides (VasILIEY, 2006; OLTEANU &
Jipa, 2006; JipA & OLARIU, 2009; TER BorGH, 2013).
During the Neogene, the area of eastern Serbia
(Timocka Krajina) belonged to the westernmost
part of the Dacian Basin which leaned on the Car-
pathian foothills and the southern branches of the
Carpathians and further eastward to Bulgaria and
Romania (MaroviC et al., 1998; GaNI¢, 2005; KNEZEVIC
& GaNi¢, 2013; TER BorGH, 2013). The sedimentary
facies in the Dacian Basin indicate an overall regres-
sive pattern of complete basin fill, characterized by
mass-progradation structures with near-shore fa-
cies, and large-scale deltaic environments observed
in particular during middle-late Miocene and early
Pliocene (GANIC, 2005; VasiLIEY, 2006; JipA & OLARIU,
2009; TER BorGH et al., 2014; Daji¢ et al,, 2018).
Based on the data from seismic sections and ex-
ploratory drillings, the total thickness of Neogene
rocks reaches up to a few thousand meters (TER
BorgH, 2013). In the area of eastern Serbia, the
Miocene formations unconformably overlie the
lower Cretaceous (Valanginian to Albian) sandstones
or upper Cretaceous (Cenomanian-Coniacian) car-
bonate and clastite rocks, andesite and their volcan-
oclastites (VESELINovIC et al.,, 1967, 1975; DoRPEVIC &
BaNJESEVIC, 1997; DorpEvi¢, 2005; ANTONJEVIC &
Miyartovi¢, 2014; Vasi¢ et al., 2018; Runpi¢ et al.,
2018). In the framework of the Miocene succession,
the middle Miocene Badenian marine deposits and
Sarmatian marine-brackish sediments have a great
distribution. A lot of authors reported on that (e.g.
LASKAREV, 1924, 1934; Dzopzo-Tomi¢, 1963, 1970;
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VESELINoVIC et al., 1967, 1975; PETRoVIC, 1961, 1969,
1988; Porovic, 1968; PoroviC & GAGIC, 1969; STEVANO-
vi¢, 1958, 1964, 1967, 1977; GaNI¢, 2005; MARovIC et
al, 2007 ). Additionaly, in the area of Zajecar, the
Miocene freshwater sediments with coal layers
were determined more than a century ago and was
exploited in the Zvezdan coal mine since 1889 (e.g.
Zujovic, 1889; RADOVANOVIE & PavLovic, 1891; Zivkovic,
1893; PavLovi¢, 1903). The scarce findings of bad
preserved freshwater mollusks, ostracods and parts
of fishes skeleton could not closely define the strati-
graphic position of these deposits. Litostratigraphic
analyses and correlation with similar sediments of
the Intra-Carpathian basins indicated the middle
Miocene age of that sediments (e.g. Dori¢, 1977;
StevaNovi¢, 1977). All previous studies were based
on the lithostratigraphic and biostratigraphic char-
acteristics of the freshwater series. Fossil endemism,
lithostratigraphic similarity, unconformable/con-
formable relationship to the overlaying rocks, lack of
marker beds, etc., were not enough to precisely date
the timing of the formation of these lake basins
(RunbI¢, 2013; RunDIC et al,, 2013, 2018). In addi-
tion, independent age analyzes such as radiometry
or magnetostratigraphy have never been done. The
proposed model of the existence of a large lake sys-
tem during the Miocene in the territory of Serbia
(Serbian Lake System by KrsTiC et al,, 2003) has
opened numerous challenges of proving or doubting
the time span, distribution and genesis of this large
lake system (e.g. DoLi¢, 1998; Runpic et al., 2013; Simi¢
etal, 2017; SanT et al.,, 2018; Manbic et al.,, 2019).

In this regard, besides the main facies analysis
and biostratigraphic division of the Miocene succes-
sion, we applied the method of radiometric dating
of volcanic tuff interstratified in the sedimentary se-
ries, and tried to define more precisely the age of the
Miocene freshwater series with coal as well as the
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timing of Badenian marine transgression in this part
of Serbia.

Geological background

The area of eastern Serbia belongs to the Car-
patho-Balkanides as a large tectonic unit (e.g.
PETKOVIC & ANDJELKOVIC, 1958; GRUBIC & ANTONIJEVIC,
1961/1962; DIMITRIJEVIC, 1997; KRAUTNER & KRSTIC,
2003; ScHMID et al. 2008 and references therein).
According to the last mentioned authors, they also
include parts of the Serbo-Macedonian Massif (Di-
MITRIJEVIC, 1997) and to the west, follow the eastern
margin of East Vardar Ophiolites. Inside this belt,
the Timok Fault represents one of the main strike-
slip structure which displace the Cretaceous nappe
unit along the contact between the Dacia Mega Unit
and the Moesian Platform (ScHmiD et al., 2008). This
fault accommodated Oligocene to early Miocene
dextral strike-slip motion with total movements up
to a hundred kilometers (ScHMmID et al., 2008). Gen-
erally, from the end of the early Miocene up to the
older part of the Middle Miocene, the Serbian part
of Carpatho-Balkanides was subjected to exten-
sional processes (KRrsTi¢ et al., 1988; KrsTi¢, 1991;
MaRroviC et al,, 1998, 2002). It was a secondary effect
of a much stronger activity established in the area
of the Pannonian Basin which led to the formation
of numerous basinal structures in these areas (Ma-
RoOVIC et al., 1998, 2002). Character of the Carpatho-
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Balkanides orogen was enabled by the general
phase of uplifting manifested from the beginning of
the Sarmatian to the recent time (MaRroviC et al.,
2002, 2007). During the middle Miocene, the Pa-
ratethys marine and brackish water was flooded
area of the westernmost part of Carpathian fore-
deep in the territory of Serbia (ANPELKOVIC & ANDEL-
Kovi¢, 1997). It flooded different Mesozoic and
Tertiary rocks depending on morphology of paleo-
relief (Gani¢, 2005; DPaJji¢ et al,, 2018; RunbIC et al.,
2018). Generally, different Mezosoic rocks (mostly
Upper Cretaceous flysch, clastites, volcanoclastites
and carbonates) as well as older Miocene continen-
tal-lacustrine sediments represent the basement
rock for the mentioned transgressive sediments.
These Upper Cretaceous rock formations are known
as the carriers of mettalic raw materials (e.g.
DorpEVIC & BANJESEVIC, 1997; DorpEVIC, 2005; ANTONI-
JEVIC & MijaTovi¢, 2014) (Fig. 1). In that sense, the
studied boreholes were a part of exploration drilling
which was performed by Tilva Co. during 2017.

Material and methods

This study presents results of detail mapping of
five exploration boreholes (RTK-1501, RTK-1502A4,
RTK-1503, NRKR-17001 and NRKR-17002) located
near Zajecar, eastern Serbia (Fig. 1). More than a hun-
dred samples were taken for different analyses. Petro-
logical and chemical analysis were performed in the
laboratories of the Petrology
and Geochemistry at the Fac-
ulty of Mining and Geology

[

Fig. 1. A. Geographic position of

the studied area (white square) in
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using standard procedure
(grain-size analysis, calcime-
try, thin-section, etc.). Tuff was
used for age determination
and chronostratigraphic posi-
tion of the lowest positioned
coal series as well as strati-
graphic position other Mioce-

o
laphoS

7

eastern Serbia, and B. A geologi-

cal map B. A geological map of the ZajecCar area with the position of five explored boreholes
(according to VESELINovIC et al, 1967, modified). Key: ],.5 Jurassic; K;, Lower Cretaceous
(Valanginian to Albian); K, , Upper Cretaceous (Turonian-Coniacian); M, , Badenian-Early

Sarmatian; M,, Sarmatian; t,, Quaternary terrace; al, Alluvial; ahb, volcanic rock.
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ne rocks. Fossil molluscs,
foraminifers and ostracods
were used for the biostrati-
graphic division of different
Miocene units. Standard sam-

15



Ljupko RUNDIC, NEBOJSA VASIC, MIODRAG BANJESEVIC, DEJAN PRELEVIC, VIOLETA GAJI¢, BOJAN KOSTIC & JELENA STEFANOVIC

ple of ca. 300 g was disintegrated by breaking or using
diluted hydrogen peroxide and sieved (2-0.063 mm)
with water at room temperature at the Laboratory for
Paleontology and Historical Geology, Faculty of Mining
and Geology, Belgrade.

Zircon grains were separated from the tuff sam-
ples no. 93 and 94 (NRKR-17002) using standard
mineral separation techniques. The rocks were
crushed to coarse sand size with a tungsten carbide
jaw crusher. Subsequently, zircons were concen-
trated by sieving, magnetic separation and heavy
liquids. A representative batch of the zircon crystals
with grain sizes of 150-300 pm was manually
picked and mounted ff Araldite 2020 resin.

After polishing, cathodoluminescence (CL) im-
ages were taken using a CL detector connected to
Scanning Electron Microscope at University of Bel-
grade, Faculty of Mining and Geology. The CL inves-
tigations were carried out using a JEOL J[SM-6610LV
SEM (with a W-filament as a beam source), coupled
with an X-Max EDS. The samples were coated with
carbon using a BALTEC-SCD-005 sputter coating de-
vice. The results were recorded under high vacuum
conditions with acceleration voltage was 20 kV.

Zircons were dated with the U/Pb method using
Laser Ablation-Inductively Coupled Plasma-Mass
Spectrometry (LA-ICP-MS). U, Th and Pb isotopes
were measured at the Institute for Geosciences, Uni-
versity of Mainz using an Agilent 7500ce quadrupole
ICP-MS system coupled to an ESINWR193 ArF ex-
cimer laser system with a 193 nm output wavelength.
The laser system is equipped with a two volume sam-
ple chamber (10 cm x 10 cm). After pre-ablation,
analyses were conducted using a spot size of 30 pm,
20 s warm up time, 30 s dwell time and 20 s washout
time. The repetition rate was 10 Hz at pulse energy of
3.5 Jecm-2. The instrument was tuned for maximum
sensitivity at low oxide formation rates of <0.5 %. The
dwell times for individual masses are 10 ms for
masses 232 and 238, and 30 ms for 202, 204 and 208.
Dwell times of 40 and 60 ms were used for masses
206 and 207, respectively. For a first step data reduc-
tion, the time-resolved signal was processed using the
program GLITTER (www.glittergemoc.com, Mac-
quarie University, Sydney, Australia). Time-dependent
laser and mass spectrometer induced inter-element
fractionation (Pb/U), mass fractionation, as well as
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common lead, were corrected afterwards using an
Excel spreadsheet of ComPbcorr (ANDERSEN, 2002).
The inter-element fractionation during ablation was
corrected linearly. For this purpose, ablation condi-
tions such as spot sizes and ablation times were kept
constant during each session. The interference of
204Hg on 20*Pb was corrected by measuring 2°?Hg and
calculating 2°*Hg using the natural 2**Hg/?°?Hg ratio of
0.2299. Ages, uncertainties and concordia diagrams
were produced using Isoplot3 for Excel (Lubwig,
2003). Concordia ages are plotted with 26 uncertainty
ellipses and discordia intercept ages are given at 95%
confidence. Analyses were calibrated using a GJ-1
(GEMOC) zircon (SLama et al., 2008). Reproducibility
and accuracy were controlled by repeated analyses of
Plesovice and 91500 reference zircons, from JACKSON
etal. (2004) and WIEDENBECK et al. (1995), respectively,
treated as unknown samples; measured values devi-
ate <2% from the published values.

Results
Facies analyses

All of the boreholes drilled the different Miocene
units with total thickness up to 600 m (e.g. RTK-
1501). Generally, Miocene succession is composed
of clastic rocks. They unconformably overlies the
various Cretaceous sediments and volcanoclastics.
Older units include the Valanginian limestone, Al-
bian glauconitic sandstone and siltstone, Cenoman-
ian fine-grained clastics and the coarse-grained
andesitic epiclastites of the upper Cretaceous,
known as Metovnica Formation (DorpEVIC & BANJE-
SEVIC, 1997; ANTONIEVIC & MijaTovIC, 2014). In vertical
succession, the Miocene sediments were deposited
in different environments: non-marine, marine and
brackish ones (from the bottom to the top).

Non-marine facies (Lower-Middle Miocene)

Within the lower (non-marine, continetal-lacus-
trine) sedimentary succession, the following lithofa-
cies are separated: a) Basal clastites, b) Colorful
fine-grained clastites of muddy plain, c) Fine-grained
clastites, d) Sediments of marsh, e) Marginal-lacu-
strine clastites and, f) Alluvial-lacustrine clastites.

Geol. an. Balk. poluos., 2019, 80 (2), 13-37
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The lacustrine succession starts with (a) basal
clastites or coarse-grained clastites. Clasts are derived
from the Valanginian limestones, re-deposited weath-
ering crust of andesites and andesite epiclastites of
Metovnica Fm. (U. Cretaceous) (Vasic et al., 2018). At
the same time, a part of that could be clastites from
the marginal parts with gravel and sand sequences.
The thickness of the basal clastites is from several me-
ters (RTK-1503 and NRKR-17002) up to 35 meters
(RTK-1502A, Fig. 2). Fossils not observed.

b. Colorful fine-grained clastites of muddy plains

This lithofacies is made of finest clastics (silty
clay and silt) with rapid color shifting in vertical di-
rection (Figs. 2, 3). The colour can be marked by
tones of red, grey, green, yellow with all the passes.
The lithofacies thickness is variable and ranges from
10 to 65 m (VasiC et al., 2018). It suggests a shallow
habitat with occasional subaeric conditions. As ef-
fect of this, thin levels of the paleosoil was devel-
oped (Fig. 2). Note that whole the Miocene series in
the borehole RTK-1503 is located much more up-
ward than in borehole RTK-1502A.

c. Lithofacies of gray fine-grained clastites

This lithofacies, from 5 to 40 m thick, represents
the gradual transition from the lithofacies of vari-
colored fine-grained clastites into a marsh facies
(Vasic et al.,, 2018). Regarding sedimentology, it sug-
gests on the deepening of the lake basin. Regarding
petrology the fine-grained clastites in shades of
grey, brown, grayish-brown and green color prevail.
They consider clayey silt, and silty clays with more
or less sandy or calcareous component. If the con-
tent of calcite exceeds 35% the sediments transit
into marlstones. These sediments contain car-
bonized floral detritus as well as the debris from
fresh-water mollusk molds (e.g. RTK-1502A and
RTK-1503 - Figs. 2, 3).

Interpretation: Marginal-basinal facies

d. Marsh facies

Sediments of marsh facies were identified in the
northern part of the area of interest. This is, regard-

Geol. an. Balk. poluos., 2019, 80 (2), 13-37

ing petrology, the most complex unit due to rapid
vertical and lateral changes of conditions in deposi-
tional environment. Generally, it consists of clastic
sediments, coal, coal-bearing sediments, carbonate
rocks and tuffs (Vasic et al.,, 2018). The succession
discovered by drilling may contain from two to 10
levels of coal that are from 10 cm to 4 m thick such
as in borehole NRKR-17002. Lithologically, marsh
facies succession include homogeneous marls, a
layer of coarse sand that has intraformation frag-
ments of marl in the top (framed by a polygon), gray
marls with small deformations, thin layered and
laminated marls/marls with freshwater gastropods
and coal (Figs. 3, 4). Generally, marl contains the as-
semblage of fossil fauna, particularly of gastropods
and ostracods (RTK-1503, Fig. 3). A lot of thin, trans-
parent ostracode specimens belongs the Candona
group. It has been observed and rare large forms
reaching over 1.8 mm. They have slightly perforated
ornamentation resembling Camptocypria. There are
also fragments of slightly accentuated sculpture
such as ? Dinarocythere, Illyocypris but the carapace
is straighter. Rare, tiny suboval forms similar to
Cypria have also been found. Fossil remains are
found in carbonate rocks, commonly revealing the
lamination. A peculiarity of this facies is the pres-
ence of a tuff layer which is exposed at the different
position within the coal series. The observed thick-
ness ranges of the marsh facies from 25 to 90 me-
ters (NRKR-17002, Fig. 4).

e. Marginal-lacustrine facies

Marginal lacustrine (lake) facies is generally
shallow-water facies. It was developed along the
margins of the basin, and gradually towards the cen-
tral parts of the lake, crossing the lake facies (Vasic
etal,, 2018). It is characterized by deposition of fine
grained clastics and marl (e.g. RTK-1503, Fig. 3). If
it is closer to the alluvial-lake facies, it occasionally
contains medium-sized and coarse clastics.

f. Alluvial-lacustrine facies
Alluvial-lacustrine facies developed at place where

river enters a lake exhibiting alluvial fans or deltas
(OBRADOVIC & VasIC, 2007; VasiC et al,, 2018). The most
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Brownish, laminated fine-grained clastites
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Brownish marlstones
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METOVNICA Fm.

Fig. 2. Lithostratigraphic column of the RTK-1502A borehole (depth interval 390-560 m). Numbers (34-45) indicate position of the

samples. Symbols (thin column) mark sedimentological structures and fossils and explained within the text.
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Fig. 3. Lithostratigraphic column of the Miocene sediments in the borehole RTK-1503. Sporadic findings of the marine sediment with

foraminifers observed at the depth of 66 m. For the key, see previous figures.
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(Middle Miocene)

This sedimentary package
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presence of marine-brackish
fauna (RunpiC et al, 2018).
Lithologicaly, it can be divided
onto three lithofacies: a) the

Fig. 4. Lithostratigraphic column of borehole NRKR-17002. Sediments of marsh facies trans-
gressivly overlying the Lower Cretaceous carbonates. For the key, see previous figures.

abundant are coarse- and medium-grained clastites.
Material was brought by alluvial flows from broader
coastal area. Coarse-grained clastites were periodi-
cally brought into deeper and farther basin parts by
torrential flows (flooding events) giving rise to mar-
ginal-lacustrine or basin facies. Marginal-lacustrine
facies is generally a shallow-water. It is juxtaposed
against basin margins and transits gradually towards
the central lake parts into lacustrine facies.

The estimated thickness of alluvial-lacustrine facies
is 170-190 m (RTK-1501, Fig. 5). Main lithology are
gravel, sand, and their transitions. Vertical and lateral
distribution is in sequences, which may be of two or
three members. 40 sequences from 1-2 m to over 10
m thick were recognized vertically (Vasi¢ et al., 2018).
General characteristic of the all of sequences is the de-
creasing coarseness upward. Due to erosional contacts
between sequences, a part of them may be shortened
and lack of upper, sandy sequence part. Significant
thickness of given facies and its gravelly pattern sug-
gest on a relatively strong alluvial system that formed
a deltaic model at river mouths (OBRADOVIC & VASIC,
2007; Vasi¢ et al,, 2018). Clastic material was re-de-
posited into other facies during extreme flooding
events (Vasic et al,, 2018). That was also the source
area for the present marginal-lacustrine environment.
In terms of lithology, the marginal-lacustrine facies is
generally made by fine-grained clastites with bodies
of sand and gravel (Fig. 6).

20

lithofacies association of fine-
grained clastites with sand and
gravels, b) gravel and sand,
and c) the upper lithofacies as-
sociation of fine-grained clastites with sand and grav-
els (Vasi¢ etal,, 2018).

a. Lower lithofacies association of fine-grained
clastites with sand and gravels

The measured thickness of the given lithofacies
is within range of 60-160 m (e.g. RTK-1501, Fig. 7).
Regarding sedimentology is the unit very similar
with the succession of marginal-lacustrine facies as
the fine-grained clastites are also dominating. The
more emphasized frequency and thickness of sand
and gravel bodies suggests on the proximity of the
main source of clastic material, i.e. to a strong allu-
vial system. Fine-grained clastites were referred
silty clays, clayey silts, sandy-clayey silts, clayey-silty
sands, clayey-sandy silts. All sediments are generally
calcite-poor, with the contents of 10-20% of CaCO3
(VasiC et al,, 2018). Sands vary in grain size from
fine- to coarse-grained and their composition is in-
herited from gravel fraction. Gravels consist of peb-
bles that have been derived from andesite complex
or from Metovnica Fm., from older limestones or
clastic units (Vasic et al., 2018).

b. Lithofacies of gravel and sands

This unit is 60-120 m thick (RTK-1501, Fig. 7).
Gravels and sands are the most abundant lithology.
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Fig. 5. Lithological succession between the marsh and alluvial-lacustrine facies in borehole RTK-1501 (depth interval 300-540 m). Let-
ters A, K, and P indicate quantitative relation between three dominant rock fragments: andesite-limestone-sandstone.
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Fig. 6. Two sequences (2 and 3) from the alluvial-lacustrine facies
(RTK-1502A); 2, The top of this sequence is represented by fine-
grained clastites with concretions of carbonates (white-bead bark
of decomposition); 3, Polymict gravel in the base of sequence.

In terms of sedimentology, the unit is organized in
clastic sequences whose thickness is up to 12 m
(Fig. 8). Sequences are commonly from three mem-
bers (gravel-sand-fine-grained clastites), less com-
mon of two members (gravel-sand). Gravelly
sediments (lag gravels, gravels, sandy gravels and
gravelly sands) occur in the base of sequences. They
display the upward transition into sandy sediments
(gravelly sands and sands of variable coarseness).
The very top of sequences, which is the thinnest,
build horizontally or cross laminated fine-grained
sands and silts. General characteristic of the all of
sequences is the upward decrease in coarseness.
Their relations with basal sequences are constantly
erosional (VasiC et al., 2018).
Interpretation: Alluvial facies.

c. Upper lithofacies association of fine-grained
clastites with sand and gravels

The estimated thickness of this lithofacies is 80-90
m (e.g. RTK-1501, see Fig. 7). In this succession is the
domination of fine-grained clastites striking, whereas
the sands and gravels are subordinated. General char-
acteristic of fine-grained clastites is that they repre-
sent two- or three-component systems from
sand-silt-clay, silt-clay, clay-silt, and sand-silt. The con-
tent of calcite is very low, i.e. less than 10% (Vasi¢ et
al., 2018). Fine-grained clastites display textures that

22

were governed by the system energy, which has been
low. Consequently, horizontal and cross lamination
developed. Fossil remains include tiny debris of mol-
lusks (Vasic etal., 2018). Carbonized flora is occasion-
ally present. Gravels and sands are quite the same as
those in the lithofacies described above.

In the upper part of borehole RTK-1501 (up to
80 m), the assemblage of tiny gastropods and bi-
valves were found: Granulolabium bicinctum (Broc-
CHI), Acteocina lajonkaireana BASTEROT, Psamobia cf.
laboidei sarmatica Papp, Mohrensternia cf. pseudoan-
gulata JEKeLIUS, Ervilia cf. dissita (EICHWALD), Irus cf.
gregarius (PARTSCH), Abra sp., Hydrobia sp., Cerithium
sp. and it suggests restricted marine environment.
However, the foraminifer assemblage in same bore-
hole at 270 m depth (see Fig. 7) suggests a marine
environment. In the fine-grained calcite-poor and
calcite-rich clastites the following taxa were recog-
nized: Ammonia cf. viennensis (D’ORBIGNY), Ammonia
ex gr. beccarri LINNE, Asterigerinata planorbis (D'OR-
BIGNY), Angulogerina cf. angulosa (WILLIAMSON), Bo-
livina cf. dilatata Reuss, Bulimina elongata b’ ORBIGNY,
Cancris auricularis (FICHTEL & MoLL), Cibicidoides un-
gerianus (D’ORBIGNY), Fursenkoina schreibersiana Czj-
ZEK, Globigerina cf. bulloides D’ORBIGNY, Globigerina
sp., Cassidulina laevigata D’ORBIGNY, Hanzawaia
boueana (D’ORBIGNY), Heterolepa dutemplei (D’OR-
BIGNY), Lenticulina calcar (LINNE), Lenticulina inor-
nata (D’ORBIGNY), Nonion commune (D’ORBIGNY),
Quinqueloculina cf. triangularis D’ORBIGNY, Quinque-
loculina sp., Stilostomella adolphina (D’ORBIGNY),
Stilostomella cf. consonbrina (D’ORBIGNY), etc. The os-
tracod identifications included: Cytheridea cf.
acuminata (BosQuET), Krithe papillosa (BOSQUET),
Olimfalunia cf. plicatula (Reuss), Cytheridea sp. (cf.
C. acuminata BosQUET), Callistocythere sp., Lepto-
cythere sp.

At some samples located upward in the column,
fossil remain resembles more brackish to freshwa-
ter forms (230 m).

Interpretation: Shallow-water facies with the oc-
casional basinal influence.

Biostratigraphic framework

Based on the mentioned fossil content as well as
superposition relationships of different Miocene fa-
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Fig. 7. A thick series of predominantly fine-grained clastites with thin interbeds of gravel and sandy gravel (borehole RTK-1501). Upper
part of the studied section corresponds to the Lower Sarmatian whereas the bottom part relates to the Upper Badenian (documented
at270 m).
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Fig. 8. Close-up view on the two clastic sequences (A, B). 1,
Gravel;, 2, Sand (RTK-1501, 108-110 m).

cies, three different stratigraphic units could be sep-
arated: late Lower Miocene (Karpatian), early Middle
Miocene (Badenian) and late Middle Miocene (Sar-
matian). The oldest one unit is marked by poor and
endemic assemblages of fossil mollusks, ostracods,
fish remains and very scarce charophyta gyrogonites
within the marsh facies with coal (e.g. borehole NRKR-

Fig. 9. Characteristic small planispiral gastropods (left, RTK-15024, 374.80 m) and a “co-
quina” containing operculums (right, RTK-1503, 110 m).

17002, RTK-1501, RTK-1502A, and RTK-1503). Small
and often fragmented planispiral forms such as Gy-
raulus sp., Planorbarius sp. and Planorbis sp. (Fig. 9)
represent typical freshwater fauna. Only few findings
of Prososthenia sp. and Fossarulus sp. were noted
(NRKR-17002). Very often along the thin layers there
are the “coquina” with operculums of freshwater gas-
tropods (Fig. 9). Similarly, poorly preserved ostra-
cods such as Candona sp., Fabaeformiscandona sp.,
Ilyocypris sp., ?Dinarocythere sp., Candonopsis sp.,

24

?Cypria sp. were observed in so-called the ostracod
marls (RunpI¢ et al., 2018). Somewhere, very rare and
few fragments of charophyta could be seen. Based
on these fossils, it is impossible to give a precise
stratigraphic designation of the mentioned series.
However, the marsh facies contains tuff layers, which
are exposed across the whole facies (at the base of
coal series, inside it as well as in its covering part,
too). Radiometric dating of zircon grains from the
vitroclastic tuff was obtained (borehole NRKR-
17002). This is the first evidence concerning the age
of the coal series (freshwater equivalents of Karpat-
ian, Lower Miocene, 16.9 Ma) in this part of SLS. The
total thickness of continental-lacustrine Miocene
reaches from 110 to 260 m (Vasic et al., 2018; RuNDIC
etal, 2018).

Middle Miocene Badenian regional stage was de-
termined by well-preserved foraminifera and mollusk
remains (e.g. borehole RTK-1502A4, Fig. 10). However,
this conclusion is based on only a few samples with
marine taxa (RTK-1501, 1502A and 1503). So, there
are no good biostratigraphic markers across the bore-
hole sections. Among the foraminifers, dominance of
the species such as Ammonia
cf. viennensis, Ammonia ex gr.
beccarri, Asterigerinata plan-
orbis, Bolivina cf. dilatata, Bu-
limina elongata, Cassidulina
laevigata, Fursenkoina schrei-
bersiana, Globigerina cf. bul-
loides suggest to the Upper
Badenian Bolivina- Bulimina
Zone (PezeL et al, 2016).
Non-systematic biostratigra-
phic sampling and lack of fos-
siliferous samples make this
statement questionable. The
mentioned fauna confirms the previous reports con-
cerning Badenian marine clastic facies in the studied
area (e.g. DzopZo-Tomi¢, 1963, 1970; PopoviC & GAGIC,
1969; DoLi¢, 1977; StevaNovi¢, 1977).

Middle Miocene Sarmatian regional stage (Volhyn-
ian, Rissoid/Hydrobian strata) is documented by the
assemblage of small gastropods and bivalves: Granu-
lolabium bicinctum (BroccHI), Acteocina lajonkaireana
BASTEROT, Psamobia cf. laboidei sarmatica PApp Mohren-
sternia cf. pseudoangulata JEKELIUS, Ervilia cf. dissita
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Fig. 10. Badenian large foraminifer Lenticulina inornata (p’ORBIGNY) - left, and small speci-
mens of Bolivina cf. dilatata (REuss) - right. (RTK-15024, 268.4 m).

(E1cHwaALD), Irus cf. gregarius (PARTSCH), Abra sp., Hy-
drobia sp., Cerithium sp. They are identified in bore-
holes NRKR-17001, RTK-1501, RTK-15024, and
RTK-1503 (Fig. 11). Besides, the scarce finding of
foraminifers and ostracods indicate Lower Sarmati-
an association of small Anomalinoides sp. and Ammo-
nia ex gr. beccarri (RTK-1502A, 210 m).

Fig. 11. Lower Sarmatian mollusks Psamobia cf. laboidei sarmat-

ica Papp (left) and Granulolabium bicinctum (BroccHi) (right).
Borehole RTK-1503 (44.50 m).

Zircon U/Pb dating by LA-ICP-MS

The zircons from the volcanic tuff from borehole
NRKR-17002 that is positioned on the top of coal se-
ries (Fig. 12) were dated. We analysed around 20 zir-
con grains, each grains are analysed in the core and
in the rim (Fig. 13). Results from the zircon U/Pb are
presented in Table 1 and corresponding concordia
plots and age results are presented in Fig. 14. We ob-

Geol. an. Balk. poluos., 2019, 80 (2), 13-37

tained concordia age 0of 16.9 +
0.2 Ma for all analysed grains
without any inherited cores,
meaning that we were able to
document a single magmatic
event. This age in general cor-
responds to similar ages ob-
tained the Central Pannonian
basin (SEGHEDI et al,, 2013, Lu-
KACS et al., 2018) when a vo-
luminous magmatism was
synchronous with the devel-
opment of main sedimentary
basins during the main Miocene-Quaternary tectonic
events in Carpathian-Pannonian Region. Therefore,
we interpret this to represent their crystallization age
and therefore as the age of emplacement of this tuff.

Discussion and
interpretation

During the Early to Middle Miocene large parts
of Central Europe were covered by the Paratethys
Sea that had phases of good and partial connectivity
to the Mediterranean. Paratethys reduced and
expanded through time by a complex combination
of climate variability, sea level change, and geody-
namic processes of Alpine tectonics (e.g. RoGL, 1998;
TER BorGH et al.,, 2014; SanT et al., 2017). In the latest
Early Miocene, the Central Paratethys mainly occu-
pied the northwestern part of the Pannonian Basin
in Slovenia, Austria, Slovakia and Hungary. During
the early Middle Miocene this sea extended to the
southeastern Pannonian Basin in Croatia, Bosnia
and Herzegovina and Serbia, to the Transylvanian
Basin in Romania, and to the Carpathian foredeep
(e. g. Coric et al., 2009; PEzEL et al., 2013; TER BoraH
et al,, 2014; SanT et al,, 2017, 2018; JovaNoviC et al.,
2019, 2019a; Manpic et al,, 2019). During this ma-
rine water expansion, there were a few corridors
between Central and Eastern Paratethys Sea (NEu-
BAUER et al,, 2015). Similar scenario was observed in
eastern Serbia and so-called the Trans-Carpathian
seaways across the Djerdap, Tekija and Borska
Slatina were recognized (Poprovic, 1968; DoLi¢, 1977;
STEvANOVIC, 1977). In the same time span a series of
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Fig. 12. Lithostratigraphic column of the Lower Miocene coal series in the borehole NRKR-17002 and position of the sampled tuff in-
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Fig. 13. Cathodoluminescence (CL) images of the zircon grains.
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Table 1. U-Pb data measurements and isotope ratio.

Age Age
NV93 | ?’Pb/**°Pb 1o 206p /2%y 1o 27pp /35y 1o 1o 1o
206pp /%8y 27ph /#y

NV93_1 0.045 0.0032 | 0.002628 | 0.000071 | 0.0166 0.0012 1692 | 046 16.7 1.2
NV93_2 0.0485 | 0.0031 | 0.002647 | 0.00008 0.0173 0.0011 17.04 | 0.52 17.4 1.1
NV93_3 0.0468 | 0.0037 | 0.002632 | 0.000063 | 0.0168 0.0013 1694 | 0.41 16.9 1.3
NV93_4 0.0507 | 0.0075 | 0.0027 0.00013 0.0193 0.0023 17.37 | 0.84 19.4 2.3
NV93_5 0.0525 | 0.0076 | 0.002542 | 0.000085 | 0.0181 0.0024 1637 | 0.55 18.2 2.4
NV93_6 0.0501 | 0.0063 | 0.00265 0.000092 | 0.0183 0.0022 17.06 | 0.59 18.4 2.2
NV93_7 0.0499 | 0.0062 | 0.00266 0.00012 0.0183 0.0021 17.15 | 0.78 18.4 2.1
NV93_8 0.047 0.0025 | 0.002741 | 0.000074 | 0.01795 | 0.00093 | 17.65 | 0.48 18.06 | 0.92
NV93_9 0.0454 | 0.0012 | 0.002616 | 0.00003 0.01644 | 0.00038 | 16.84 | 0.19 16.55 | 0.38
NV93_10 | 0.0474 | 0.0038 | 0.002803 | 0.000095 | 0.0186 0.0017 18.04 | 0.61 18.7 1.7
NV93_11 0.049 0.0032 | 0.002531 | 0.00009 0.0175 0.0011 16.29 | 0.58 17.6 1.1
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Fig. 14. U-Pb concordia diagram and weighted mean ages
(16.9 Ma).

basins, filled with lacustrine deposits, developed in
the Dinarides, northern Croatia and Serbia (e.g.
NEUBAUER et al. 2015, Figs. 15, 16). These dominantly
intramountain basins were disconnected from both
Mediterranean and Paratethys which gave rise to
the development of regional bioprovinces with their
own specific endemic fauna (HARZHAUSER & MANDIC,
2008; KrsTi¢ et al., 2012; NEUBAUER et al. 2015; SANT
etal, 2017, 2018; Brabpi¢-MiLiNoviC et al., 2019).
The endemic fauna, together with the lack of
magnetostratigraphic and radioisotopic data, led of
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misunderstanding of the age and evolution of the
Serbian basins (SANT et al,, 2018; Runpi¢ et al., 2018).

Miocene sediments of eastern Serbia were a sub-
ject of interest from long time ago. The first obser-
vation on Timok tertiary basin and determination
of some mollusks taxa (Venus, Cerithium) comes
from Ami Boué, the founder of geology of Balkan
Peninsula, during his trip in Serbia between 1836-
1837 (Zivkovic, 1893). A half century later, Jovan
Zujovi¢, the founder of geology of Kingdom of Serbia
informed that during the Miocene the Mediter-
ranean Sea flooding the Timok valley in eastern Ser-
bia (Zujovic, 1889). His conclusion was based on
analysis of five fossiliferous localities (including
Zvezdan near Zajecar). Since that time, the Miocene
freshwater sediments with coal layers were already
known from the Zvezdan coal mine which was
opened in 1889. Very soon, RADOVANOVIC & PAvLOVIC
(1891) and Zivkovi¢ (1893) gave very important
contributions concerning the Neogene of Timok
basin and, especially its geological relationships as
well as systematics and taxonomy of Tertiary fossils.
The last one author mentioned very interesting ge-
ological realtionship between freshwater Tertiary
sediments with coal and marine deposits near Zvez-
dan (Zvkovi¢, 1893). He found a very abundant as-
semblage of freshwater taxa (Melania serbica,
Melanopsis sandbergeri, Prososthenia suessi, etc.). A
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Fig. 15. Palinspastic maps of Europe freshwater system during the Early Miocene with indication of palaeobiogeographic units (red

color) (NEUBAUER et al, 2015). Note that during the Early Miocene there are no data from the Serbian territory except the no.40 - Trije-

bine (Illyrian province).

Fig. 16. Palinspastic maps of Europe freshwater system during the Middle Miocene (NEUBAUER et al. 2015). Note the Balkan lacustrine province
existed: 39 - Vracevic, 40 - Serbia, 41 - Timok, 43 - Metohia and, 44 - Skopje. White ellipse marks the studied area of eastern Serbia.

decade later, BrRusiNA (1902) and PavLovic (1903) in-
formed about freshwater mollusks, ostracods and
parts of fishes skeleton of the Miocene age. For ex-
ample, BRUSINA (1902) determined and drawn a few
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freshwater mollusks from the Zvezdan and Zvezdan-
ski Klju¢ sites. He determined the tiny specimens
(Planorbis pavlovici, Emmericia zivkovici, Nema-
turella? nikolajevici, Prososthenia serbica, Amphime-
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lania macedonica, Ancylus serbicus, etc.) from the
samples which Zujovi¢ gave him for identification.
Much more later, the great field campaign in frame of
the basic geological mapping of eastern Serbia
(VESELINOVIC et al., 1967) shows that a close strati-
graphic position of these Miocene freshwater series
is impossible and there are no good biostratigraphic
markers. Similar studies by DoLi¢ (1977, 1998) and
STEVANOVIC (1977) confirmed that the mentioned
freshwater fossils have the early-middle Miocene age.

However, based on lithostratigraphic correlation,
biostratigraphy and radiometric measurements, our
study confirms that the freshwater fossiliferous se-
ries from the studied boreholes (NRKR-17002,
RTK-1501, RTK-1502A, RTK-1503) corresponding
to the late Early Miocene equivalents of the Karpa-
tian regional stage (= late Burdigalian). Fossil mate-
rial that was found within the marsh facies with coal
layers has been deposited during the lacustrine
phase of the late Early Miocene (SLS). The tiny,
planispiral forms of Gyraulus-type gastropods, the
rare tower-shaped and sculptured forms like Fos-
sarulus and Prososthenia, and the numerous oper-
culums (mostly Bithynia) show no orderliness in
terms of orientation. In addition, there are many os-
tracods, especially many molds of elongated forms
that are difficult to determine (most belong to the
genus Candona). Their carapaces do not show or-
derliness i.e. no dominant orientation indicating in
situ association. This lake (Lubnica Lake) was an en-
demic lake settled by various, more or less endemic
biota. Sculptured gastropods (Fossarulus, Prososthe-
nia) as well as ornamented ostracods (Ilyocypris,?Di-
narocythere) indicate shallow-water, but more
dynamic water regime. Contrary, tiny, transparent
ostracod carapaces (Candona, Cypria, Fabaeformis-
candona, etc.) live in a quiet, low turbulence depo-
sitional conditions in sheltered or profundal part of
lake (SANT et al., 2018). This environmental de-
pended life pattern is more or less recognized
within all freshwater lakes during the Miocene time.
For that reason, the clear stratigraphic range of the
mentioned lake based on fossil content couldn’t be
defined. However, for the first time, our radiometric
age dating (16.9 Ma) of tuff located above the coal
series give the precise stratigraphic position of
these sediments. On other words, the famous fresh-
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water series from the Zvezdan and Lubnica coal
mines that underlie the Badenian marine sediments
was deposited during the Karpatian (= late Burdi-
galian). Chronologically, it could be correlated with
Pag, Livno and Sinj basins within the Dinaridic Lake
System (DLS) which are originated during the
Miocene Climatic Optimum (DE LEgw et al., 2012).
Age of the tuff can be correlated with well-known
Miocene syn-extensional volcanism across the Pan-
nonian and Dacian basin (CVETKoVIC & PECSkaY, 1999;
CVETKoVIC et al., 2004; LukAcs et al., 2018; MaRKovIC
et al,, 2018). Our results prove that SLS was devel-
oped much early than the latest study reported
(KrsTiC et al., 2012, SANT et al., 2018). Based on os-
tracods and diatoms taxa (OGNJANOVA-RUMENOVA,
2006; OGNJANOVA-RUMENOVA & KRsTI¢, 2007) as well as
some mollusks comparison, KrsTi¢ et al. (2012) con-
cluded that majority of the freshwater basins in Ser-
bia (SLS) were developed during the early Middle
Miocene (including Popovac and Zajecar basins).
Similarly, in the palinspastic map of Balkan area
during the Early Miocene there are no data about la-
custrine basins in Serbia (NEUBAUER et al,, 2015).
Only exception is the Leval basin (central Serbia),
which according to the flora remains was developed
during the very Early Miocene (KRrsTIC et al.,, 2012).
However, recent study from Popovac basin in central
Serbia (SANT et al.,, 2018) and obtained radiometric
age of 14.4 Ma (Ar/Ar dating of tuff from lacustrine
marls) show that all the mentioned basins are sig-
nificantly different age. All the conventional meth-
ods (lithostratigraphy, biostratigraphy, etc.) are not
enough for a precise age determination of these
lakes. Fossil fauna have endemic character and it
haven’t biostratigraphic potential (RunpI¢ et al,,
2013,2018). It needs more independent age control
methods (magnetostratigraphy, radiometric age
dating) which can obtain real data concerning tim-
ing of SLS (RunDIC et al., 2013, 2018; SANT et al.,,
2018). Otherwise, its relationship towards the
younger Badenian marine transgressive sediments
is subject of debate (e.g. MANDIC et al., 2019). Some-
where, this relation can be more or less obvious (e.g.
SANT et al,, 2018). Some authors reported that the
age of the SLS is older than the marine Middle Bade-
nian but there is concordant relation between them
(KrsTi¢ et al., 2012).
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A few of the studied boreholes documented the
Badenian marine transgression (e.g. RTK-1501,
RTK-1502A). There is good comparison between
our results and previous researches (PETRoVIC, 1961,
1969; DZopzo-ToMiI¢, 1963, 1970; VESELINoVIC et al.,
1969, 1975; Porovi¢, 1968; Porovic & GaGI¢, 1969;
Doui¢, 1977; StevaNovi¢, 1977; Gani¢, 2005). The
transgression occurred accross the Timok bay
which was developed along the Timok strike-slip
fault reactivated at the beginning of Middle Miocene
(KRAUTNER & KRrsTI¢, 2003; KrsTIC et al., 2012). In
eastern Serbia, the area of Zajecar was the south-
ernmost prolongation of the Paratethys Sea (STE-
vANOvIC, 1977; GaNI¢, 2005). During the Middle
Badenian, marine facies reached to the town of
Zajecar (KrsTiIC et al., 2012). However, in the Upper
Badenian (= Konkian, regional stage in eastern Pa-
ratethys), the topmost part of succession have a Sar-
matoid character and classified as the “Buglovian
layers” (LASKAREY, 1934; DZopZo-Tomi¢, 1963) or “Ve-
selyankian horizon” (Kokay, 1984, p. 41). Based on
these studies, the topmost Badenian and transi-
tional Badenian/Sarmatian sediments have Eastern
Parathetian affinity. However, it is not easy to recon-
struct marine gateways between Central and East-
ern Paratethys (Kokay, 1984; TER BorcH et al., 2014)..
The existence of small oases of Badenian rocks
within so-called the Trans-Carpathian corridor (Ser-
bian part of Carpathians) could be a connection
route (Dori¢, 1977; SteEvANovI¢, 1977). Contrary,
other authors mentioned that the Badenian Sea of
so-called the Vienna type, mainly comes through SW
Romania to the north-western part of Bulgaria
(KrsTIC et al.,, 2012). Recently, similar paleogeo-
graphic reconstructions based on biochronology
and Ar/Ar radiometric age of tuffs from the NW
Transylvanian basin and SE Carpathian Foredeep in-
dicate that the marine transgression of the Para-
tethys occurred during Middle Badenian between
14.9-14.4 Ma (SanT et al,, 2019).

Our results from a few samples contain micro-
fauna confirm existence of late Badenian to early
Sarmatian phases of evolution of the Paratethys Sea
in the studied area. Based on foraminifer and ostra-
cod assemblages and scarce molluscan remains
found in these samples as well as lithological suc-
cession (e.g. RTK-1501, RTK-1502A) there is an in-
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dication about the late Badenian transgressive
event. It could be correlative with global 3™ order
cycle TB 2.5 of sea-level fluctation that is already
known form Central Paratethys (Coric¢ et al., 2009;
PEzEL] et al., 2016). Species such as Ammonia ex gr.
beccarri, A. cf .viennensis, Bolivina cf. dilatata, Bulim-
ina elongata, Hanzawaia boueana, Heterolepa du-
templei, Cassidulina laevigata etc. indicate full
marine conditions (Popovi¢, 1968; Popovi¢ & GAGIC,
1969; PeTROVIC, 1969, 1988). However, large portion
of clastites within all the studied boreholes indicate
a regressive trend and transition towards the re-
stricted marine and brackish environment (STEvA-
NovI¢, 1977; SCHWARZHANS et al., 2015; Vasi¢ et al.,
2018; RunpiC et al., 2018). Indeed, fossil fauna such
as Granulolabium bicinctum, Acteocina lajonkaire-
ana, Mohrensternia cf. pseudoangulata, Ervilia cf.
dissita, Irus cf. gregarious, Abra sp., Hydrobia sp., and
Cerithium sp. suggest that changes. Additionally,
small foraminifers such as rare Anomalinoides and
Ammonia with small-size shell as well as scarce os-
tracod species indicate the shift from the marine to
shallow-water brackish environment (LASKAREV,
1934; Dzopzo-Tomi¢,1963, 1970; Porovic & GAGIC,
1969; GaNI¢, 2005). Afterwards, we recognized a
faunistic sterile package of clastites between the
freshwater lacustrine sediments and marine-brack-
ish sediments on the top of some boreholes
(RTK-1501, RTK-1502A, and RTK-1503 - Fig. 17). It
represents the transitional part between these units
and it is impossible to give it more precise strati-
graphic age. So, it could correspond to time interval
from late Karpatian to late Badenian. Based on the
mentioned results and spatial and temporal relation
between the studied boreholes RTK-1501 and RTK-
15024, the next stratigraphic range within the ma-
rine and marine-brackish succession could be
determined (Fig. 18).

Finally, based on all the collected data from the
studied area, we sketched a hypothetical model of de-
velopment of the lateral alluvial-lacustrine and
marginal-lacustrine facies during the early Miocene
(Fig. 18). Vertical alteration of the facies in the stud-
ied wells and their basic sedimentological and pale-
ontological properties give some elements to the
sketch and suggest about the mode of deposition in
such a system. The arrangement of individual facies
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(marginal-lacustrine, lacustrine, prodelta, etc.) and
their distribution over the surface indicate to the de-
positional mode. The thickness of the clastic sedi-
ments from the alluvial facies (AL) decreases to basin
wards. Generally, this model of facies distribution in-
dicates the direction of transport from north to south.
Two of transparent arrows mark the direction of the
redeposited clastic material to the marginal facies.
On the other hand, there is clear evidence that

0 m NRKR-17001 RTK-1501

during the middle Miocene marine water of Para-
tethys flooded this area. It is clearly observed in the
boreholes RTK-1501 and RTK-1502A. However, these
sporadic evidences of the late Badenian transgressive
event (no evidence on older Badenian flooding) and
more or less uniform pattern of distribution of the
clastic sediments across the basin make too difficult
to create another one sketch map of facies distribu-
tion during the Badenian and Sarmatian time. So, we

— >N

RTK-1502A RTK-1503 NRKR-17002

Fig. 17. A simplified geological cross-section based on data from the studied boreholes (VAsIC et al., 2018). Stratigraphic units: A. Pale-
orelief (older than Metovnica Fm.): 1, Berrias?carbonates; 2, Valanginian limestones; 3, Albian glauconitic sandstones and; 4, Ceno-
manian fine-grained clastites. R1 - Pre-Miocene and Miocene fault. R2 i R3 —Post-Miocene, reverse faults; B. Cr-Paleogene Metovnica
Fm.; C.Lower Miocene terrestrial-lacustrine clastites;, and D. Middle Miocene marine and brackish clastites. Small letters within the
unit C indicate six main non-marine lithofacies mentioned in the text. Letters for the unit D mark three main marine and marine-brackish

lithofacies. These unstandardized colors and textures should to point out main lithological differences and lithofacies distribution.

Fig. 18. A hypothetical model of development of the lateral allu-

vial-lacustrine and marginal-lacustrine facies during the early
Miocene (with the positions of wells). Key: K, land with an alluvial
network; ML, Marginal-lacustrine facies; B, Basin (lacustrine fa-
cies); B, Prodelta; AL, Alluvial-lacustrine facies with diverse delta
(D1) (Vasic et al, 2018, modified).
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think that more detailed analyses of the mentioned
core-wells as well as the future nearby boreholes can
better support this attempt to reconstruct the direc-
tion of the marine Badenian flooding as well as fol-
lowing regressive trend during Sarmatian.

Conclusions

This study is obtained the first exact data regard-
ing the stratigraphic position of freshwater Miocene
clastic sediments and pyroclastites in the Zajecar
area. The oldest Miocene unit corresponds to the
continental-lacustrine series of so-called the Ser-
bian Lake system (SLS) that was originated during
the late early Miocene whereas overlying marine
and restricted marine sediments belong to the mid-
dle Miocene (Badenian and Sarmatian).

Six different major lithofacies within the conti-
nental-lacustrine deposition (SLS) and three major
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marine and restricted marine facies (marine-brack-
ish Paratethys) indicate rapid evolution of the area
during the early and middle Miocene.

Stratigraphically, the continental-lacustrine sed-
iments (basal clastites and marsh facies especially)
belong to the Lower Miocene (freshwater equiva-
lents of Karpatian i.e. late Burdigalian).

U-Pb radiometric analyses of zircon grains from
the tuff located above the coal series (borehole
NRKR-17002) indicates a mean radiometric age of
16.9 Ma. It is the first data that precisely indicate the
Lower Miocene age of coal series in eastern Serbia.
Previously, it understood as the Lower-Middle Mio-
cene.

Analyses of mollusk and foraminifer assem-
blages from the different clastic sediments which
overlay the mentioned freshwater series indicate a
marine and marine-brackish development that cor-
responds to the time interval from late Badenian to
early Sarmatian.

Based on data from the studied boreholes, it is
impossible to date the timing of marine Badenian
transgression in this westernmost part of Dacian
basin. Namely, biostratigraphic analyses of the stud-
ied material show that the older biostratigraphic
zones within Badenian could not be determined.
Only upper Badenian Bolivina-Bulimina Zone is rec-
ognized. No determined stratigraphic range for dif-
ferent clastites which separate the lower, freshwater
series of clastites with coal (Lower Miocene) from
the upper Badenian and Lower Sarmatian sedi-
ments on the top of Miocene succession. They have
a potential stratigraphic range from the Karpatian
to Upper Badenian.

Comparative lithostratigraphic analysis as well
as a geological model of the studied area, point that
Badenian flooding sediments or Sarmatian re-
stricted marine clastites cover different older geo-
logical units (e.g. Lower Miocene, Lower or Upper
Cretaceous, etc.) depending of the morphological
characteristics of paleorelief.
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Pe3ume

Ananu3sa ¢anuja, 6Mocrparurpadpuja u
PaAuOMETPHjCKO AAaTUPAE AOHE U
cpeAme MUOLIEHCKe CyKIecHje KOJ,
3ajevapa (Jakujcku 6aceH, UCTOYHA
Cpo6uja)

Jlakujcku 6aceH je y HeoreHy GO Ie0 BEJIUKOT
eNUKOHTHHeHTaJHOr Mopa [lapaTeTuca (LASKAREY,
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1924). 3a BpeMe MUOIEHA, MOAPYYje HCTOUYHE
Cp6uje (Tumouka KpajuHa) nNpunazasio je Haj3a-
najHujeM ey Jlakujckor 6aceHa KOju ce 0C/1ambao
Ha KapHaTCKO NpeAropje, jyroucTo4YHe OrpaHKe
KapnaTa u fa/be Ha uctok npema byrapckoj u Py-
myHuju (MARovIC et al., 1998; GanI¢, 2005; TER BORGH,
2013). CenumenTHe danuje y /lakujckoM 6aceHy
yKa3yjy Ha jeJlaH perpecMBHHU o6pasal 3amyHe
6aceHa KOju KapaKTepHulle NPUCYCTBO Nporpaja-
LUOHHUX CTPYKTypa ¢ npuobanckum danujama U
BEJIMKUM Jle/ITaMa Koje Cy HapoO4YHUTO NpUCYyTHe
TOKOM CpeJitber U MJiaher MUOLleHa U PaHOT IJIU-
orneHa (GANIC, 2005; VasiLiey, 2006; Jipa & OLARIU,
2009; TER BorGH et al,, 2014; Pajic¢ et al,, 2018). Ha
OCHOBY JleTa/bHe mneTporpadcke 0JHOCHO CeJU-
MEHTOJIOLIKE aHa/IM3e MeT UCTPaKHUX OYIIOTUHA
y oxoauHu 3ajedapa (RTK-1501, RTK-1502A4,
RTK-1503, NRKR-17001 u NRKR-17002), y okBUpYy
MHUOIIEHCKe CTEeHCKe CyKlecHje BeJilKe Jeb/bUHe
(nerme v mpeko 500 m), U3BOjEHO je 1IEeCT [VIaBHUX
auTtodalyja yHyTap cTapuje MUOLEHCKUX KOHTH-
HEeHTAaJIHO-je3epCKUX Hacjara 4 Tpu jutodanuje
KOje oAroBsapajy HacJlarama MOPCKOI' U MOPCKO-
6pakuyHor Mmopa [lapaTtertuca (Vasi¢ et al,, 2018).
PeslaTuBHO 6p3a cMeHa IrpyOOKJIaCTUYHUX CTEHA U
GUHO3pHUX KJIAaCTUTA YKa3yje Ha JJMHAMU4YaH pa-
3BOj OBOr NOJpy4Yja TOKOM CTapujer U cpenmmer
MuoneHa (Hmp. VESELINOVIC et al, 1967, 1975;
Poprovi¢, 1968; PoroviC & GAGIC, 1969; STEVANOVIC,
1958, 1964, 1967, 1977). llopex fleTa/bHUX CEIU-
MEHTOJIOIIKUX aHa/i3a, MojeJJMHAaYHU HaJsacuu
docusHOr MaTepujasa U paJUOMeTPUjCKO JJaTH-
pame npocJsojaka Tyda yHyTap ceZJUMeHTHEe cepuje,
oMoryhu/iu cy cTpaTurpadcko pacusiambaBarmbe MU-
OlLleHCKe cepHje U Ao6ujare NPBUX er3aKTHUX M0-
JlaTaka o cTpaTUrpadCKoM MoJi0Kajy CJIaTKOBOJHUX
MMOLIEHCKMX KJIACTUTa W ByJKaHWTa. Hajcrapuja
MHUOLIEHCKA je/JHHULA 0/iIr0Bapa KOHTHHEHTAJIHO-
je3epckoj cepuju Tako3BaHOr CpIICKOT je3epCKor
cuctema (SLS) a moce6bHO 6asasiHU KJIACTUTH U
MouBapHe danuje ca yrybeM. U-Pb paguomerpujcke
aHaJiM3e 3pHa LUPKOHA U3 UHTepPCTPaTUPUKOBAHOT
Tyda y MoBJIaTU JIyOHUYKe yIJbeHe cepuje (OyIoTHHA
NRKR-17002, ny6uHa 34 m) yka3yjy Ha CTapocT
Tyda of 16,9 MunnoHa rojjuHa (JOHHU MUOIEH —
Kapmnat). OBo cy npBMW mojanyd Koju NpPeLU3HO
yKa3yjy Ha CTapuje MUOLEHCKY CTapOCT yI/beHe
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cepuje ca yr/beM y JIyGHULIM OJJHOCHO 3Be3/IaHY.
Tume je yTBpheHo [Ja oBaj jesepcku 6aceH Mo
BpeMeHy CTBapawa ojrosapa T3B. /lMHapckoM
jesepckoM cuctemy (DE LEEW et al., 2012) u ga je
3HAaTHO CTapUju OJf HEKUX je3epCKUX OaceHa y
okBUpYy CpIrCKoOT jesepckor cucteMa (SANT et al.,
2018). [Iponahena aconujanuja Mmekymara, ¢popa-
MuHU$epa u octpakosa (RTK-1501, RTK-15024,
RTK-1503) u3 pas/iMyuTUX HUBOA KJAACTHUTA KOjU
TPaHCTPECHUBHO JieXe MPeKo MOMeHyTe CJaTKo-
BOJIHE cepHje, yKa3yje Ha pa3Boj Mopa Tj. 6pa-
kuyHor mMopa (IlapaTeTnc) Ha 0BOM IpPOCTOpPY Y
nepuoAy C Kpaja 6aJleHa U IMovyeTKa capMmara
(cpenwu MuolieH). Ha oCHOBY JOCTYITHUX MTO/IaTaKa
13 IpoyyaBaHUX OYIIOTUHA, HUje Moryhe gaThpaTH
BpeMe 6a/ieHCKe TpaHCTPeCcHje Ha OBOM, Haj3ama/l-
HUjeM geny Jlakujckor 6aceHa (KOHCTaTOBaHa je
caMo ropwobajieHcka Bolivina- Bulimina 30Ha). Ha
KaJIOCT, 360T OCKY/JHUX HaJla3aka GpoCUIHOT MaTe-
pujasia, HUje yTBpheH cTpaTurpadcky noJsioxaj 3a
pasiMuuTe KJIaCTUTE KOjU pa3ZBajajy Loy, ClaT-
KOBOJIHY CEPUjy ca yI/beM ([OHU MHUOILIEH) OF
ropwe 6aIeHCKUX U J10khe cCapMaTCKUX ceJJUMeHTa
Ha BpXy MHOLIEHCKe cyKlecdje. Y3umajyhu Te
YHbeHUIle y 063Up, 0Ba UCTpaKUBamwa OU MorJa
yKasaTH Jia je moMeHyTa 6aZleHCKa TpaHCcrpecuja
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JlolllJla MaJI0 KacHUje Ha OBe NpOCTope (ropwHU
6ajJieH) 3a pasJIuKy of jy»kHoT fAesia [laHOHCKOT
b6aceHa rze je yTBpheHa Ha oko 14,5 mMuianoHa
roguHa (nomu 6agen) (anp. Coric et al,, 2009; PEZEL)
etal., 2013; SanT et al,, 2018; ManDpIc et al,, 2019). Ha
rpaHULM CTApHjU/Cpeibd MUOLIEH, EKCTEH3UOHU
NpoIecH U CUH-pUPTHA HAIJIAlleHa CNyIITama y
JIOMeHY GaCeHCKHUX CTPYKTypa Ha IUpPeM ITPOCTOPY,
YTULAJIU CYy U Ha 06JIMKOBae JIOKaJHUX Mopdo-
CTPYKTYpPHHUX Jienpecyja (Hnp. TumMouyku poB). CBe
TO je npaheHo 3Ha4YajHUM BYJIKAHM3MOM Ha LIMpPEM
npoctopy (CvETKovIC et al., 2004; LukAcs et al.,, 2018).
Tako cy cTBapaHM Hpejyc/loBU Jia HajoJsaseha
MOpCKa TPaHCTrpecHja y CpeileM MUOLIEHY IIpeKpuje
BEeJIMKM IpoCcTOp LieHTpasaHe EBpome. MehyTum,
yIpaBO je TEKTOHWKA 6WJa [VIAaBHU KOHTPOJIHU
dakTOp Koju je ycJI0OBHO Jja TpAHCrpecHja Huje 6uia
CUHXpPOHA Ha YHUTABOM MPOCTOPY HeKaJallmber
[lapaTeTuca (SaNT et al, 2019). O ToMme rae cy 6UIu
MOPCKH KOPU/IOPH (T3B. TpaHC-KapHnaTCKU MOPey3 y
Cp6uju nnu TpaHcUIBaHMja) U KAKO je Ta ,[oMJiaBa”
CTHUIJIa Ha npocTope UcToyHe Cpbuje 3a casa HEMaA
JIOBOJbHO €r3aKTHHX I0/laTaKa.
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