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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 theMiocene succession, and applied the U-Pb radiometric dating of volcanic tuffsinterstratified in the sedimentary series with coal layers (borehole NRKR-17002). The obtained concordia age of 16.9 ±0.2 Ma for all the analysed zircongrains without any inherited cores indicate a single magmatic event. We defi-nite the freshwater series originated during Early Miocene Karpatian  (= lateBurdigalian). Consequently, for the first time, we demonstrated that age of аpart of the Serbian Lake System (SLS) is much older than it was previous re-ported. In addition, sporadic findings of foraminifers, ostracods and molluscsdocumented 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 someparts of the clastic succession (? Lower–Middle Badenian) makes this claimuncertain.
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Апстракт. Седиментна сукцесија између доњег и средњег миоцена искладан тј. дискордантан однос између језерско-континенталних наслага(нпр. DLS, SLS) и баденских морских седимената представља једну одзанимљивих тема. У овом раду смо проучавали пет истражних бушотина(источна Србија) и анализирали главни фацијални образац, биострати -графске карактеристике миоценске сукцесије и применили U-Pb радио -метријско датирање вулканских туфова интерстратификованих уседиментној серији са слојевима угља (бушотина NRKR-17002). Добиjeнаје конкордија старост од 16,9 ± 0,2 милиона година за сва анализираназрнца циркона без наследних језгара што говори да је у питању једанмагматски догађај. Прецизирали смо да је слатководна серија насталатоком раног миоцена – карпата (= млађи бурдигал). Сходно томе, по првипут смо показали да је старост једног дела Српског језерског система(SLS) много старија него што се раније мислило. Поред тога, спорадични
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IntroductionThe Dacian Basin was a part of the large Para -tethyan epicontinental sea (LaSKaREV, 1924). It cov-ers approximately the domain of the MoesianPlatform located in the foreland of the highly bend -ed Carpatho-Balkanides (VaSILIEV, 2006; oLTEaNU &jIPa, 2006; jIPa & oLaRIU, 2009; TER BoRgH, 2013).During the Neogene, the area of eastern Serbia(Timočka Krajina) belonged to the westernmostpart of the Dacian Basin which leaned on the Car -pathian foothills and the southern branches of theCarpathians and further eastward to Bulgaria andRomania (MaRoVIć et al., 1998; gaNIć, 2005; KNEžEVIć& gaNIć, 2013; TER BoRgH, 2013). The sedimentaryfacies in the Dacian Basin indicate an overall regres-sive pattern of complete basin fill, characterized bymass-progradation structures with near-shore fa-cies, and large-scale deltaic environments observedin particular during middle-late Miocene and earlyPliocene (gaNIć, 2005; VaSILIEV, 2006; jIPa & oLaRIU,2009; TER BoRgH et al., 2014; ĐajIć et al., 2018).Based on the data from seismic sections and ex-ploratory drillings, the total thickness of Neogenerocks reaches up to a few thousand meters (TERBoRgH, 2013). In the area of eastern Serbia, theMiocene formations unconformably overlie thelower Cretaceous (Valanginian to albian) sandstonesor upper Cretaceous (Cenomanian–Coniacian) car-bonate and clastite rocks, andesite and their volcan-oclastites (VESELINoVIć et al., 1967, 1975; ĐoRĐE VIć &BaNjEšEVIć, 1997; ĐoRĐEVIć, 2005; aNToNIjEVIć &MIjaToVIć, 2014; VaSIć et al., 2018; RUNDIć et al.,2018). In the framework of the Miocene succession,the middle Miocene Badenian marine deposits andSarmatian marine-brackish sediments have a greatdistribution. a lot of authors reported on that (e.g.LaSKaREV, 1924, 1934; DžoDžo-ToMIć, 1963, 1970;

VESELINoVIć et al., 1967, 1975; PETRoVIć, 1961, 1969,1988; PoPoVIć, 1968; PoPoVIć & gagIć, 1969; STEVaNo -VIć, 1958, 1964, 1967, 1977; gaNIć, 2005; MaRoVIć etal., 2007 ). additionaly, in the area of Zaječar, theMiocene freshwater sediments with coal layerswere determined more than a century ago and wasexploited in the Zvezdan coal mine since 1889 (e.g.žUjoVIć, 1889; RaDoVaNoVIć & PaVLoVIć, 1891; žIVKoVIć,1893; PaVLoVIć, 1903). The scarce findings of badpreserved freshwater mollusks, ostracods and partsof fishes skeleton could not closely define the strati-graphic position of these deposits. Litostratigraphicanalyses and correlation with similar sediments ofthe Intra-Carpathian basins indicated the middleMiocene age of that sediments (e.g. DoLIć, 1977;STEVaNoVIć, 1977). all previous studies were basedon the lithostratigraphic and biostratigraphic char-acteristics of the freshwater series. fossil endemism,lithostratigraphic similarity, unconformable/con-formable relationship to the overlаying rocks, lack ofmarker beds, etc., were not enough to precisely datethe timing of the formation of these lake basins(RUNDIć, 2013; RUNDIć et al., 2013, 2018).  In addi-tion, independent age analyzes such as radiometryor magnetostratigraphy have never been done. Theproposed model of the existence of a large lake sys-tem during the Miocene in the territory of Serbia(Serbian Lake System by KRSTIć et al., 2003) hasopened numerous challenges of proving or doubtingthe time span, distribution and genesis of this largelake system (e.g. DoLIć, 1998; RUNDIć et al., 2013; SIMIćet al., 2017; SaNT et al., 2018; MaNDIC et al., 2019). In this regard, besides the main facies analysisand biostratigraphic division of the Miocene succes-sion, we applied the method of radiometric datingof volcanic tuff interstratified in the sedimentary se-ries, and tried to define more precisely the age of theMiocene freshwater series with coal as well as the
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наласци фораминифера, остракода и мекушаца документују касноба -денску морску трансгресију у источној Србији. Ако прихватимо овајаргумент, онда се трансгресија догодила нешто касније него у остаткуСрбије (˂14.5 милиона година). Међутим, недостатак квалитетних по -датака и нејасан стратиграфски положај неких делова кластичнесукцесије (? доњи-средњи баден) чини ову тврдњу доста несигурном.
Кључне речи:Доњи–средњи миоцен,језерске фације,морска трансгресија,U-Pb геохронологија,источна Србија.



timing of Badenian marine transgression in this partof Serbia.
Geological backgroundThe area of eastern Serbia belongs to the Car -patho-Balkanides as a large tectonic unit (e.g.PETKoVIć & aNDjELKoVIć, 1958; gRUBIć & aNToNIjEVIć,1961/1962; DIMITRIjEVIć, 1997; KRäUTNER & KRSTIć,2003;  SCHMID et al. 2008 and references therein).according to the last mentioned authors, they alsoinclude parts of the Serbo-Macedonian Massif (DI -MITRIjEVIć, 1997) and to the west, follow the easternmargin of East Vardar ophiolites. Inside this belt,the Timok fault represents one of the main strike-slip structure which displace the Cretaceous nappeunit along the contact between the Dacia Mega Unitand the Moesian Platform (SCHMID et al., 2008). Thisfault accommodated oligocene to early Miocenedextral strike-slip motion with total movements upto a hundred kilometers (SCHMID et al., 2008). gen-erally, from the end of the early Miocene up to theolder part of the Middle Miocene, the Serbian partof Carpatho-Balkanides was subjected to exten-sional processes (KRSTIć et al., 1988; KRSTIć, 1991;MaRoVIć et al., 1998, 2002). It was a secondary effectof a much stronger activity established in the areaof the Pannonian Basin which led to the formationof numerous basinal structures in these areas (Ma -RoVIć et al., 1998, 2002). Character of the Carpatho-

Balkanides orogen was enabled by the generalphase of uplifting manifested from the beginning ofthe Sarmatian to the recent time (MaRoVIć et al.,2002, 2007). During the middle Miocene, the Pa -ratethys marine and brackish water was floodedarea of the westernmost part of Carpathian fore-deep in the territory of Serbia (aNĐELKoVIć & aNĐEL -KoVIć, 1997). It flooded different Mesozoic andTertiary rocks depending on morphology of paleo-relief (gaNIć, 2005; ĐajIć et al., 2018; RUNDIć et al.,2018). generally, different Mezosoic rocks (mostlyUpper Cretaceous flysch, clastites, volcanoclastitesand carbonates) as well as older Miocene continen-tal-lacustrine sediments represent the basementrock for the mentioned transgressive sediments.These Upper Cretaceous rock formations are knownas the carriers of mettalic raw materials (e.g.ĐoRĐEVIć & BaNjEšEVIć, 1997; ĐoRĐEVIć, 2005; aNToNI -jEVIć & MIjaToVIć, 2014) (fig. 1). In that sense, thestudied boreholes were a part of exploration drillingwhich was performed by Tilva Co. during 2017.
Material and methodsThis study presents results of detail mapping offive exploration boreholes (RTK-1501, RTK-1502a,RTK-1503, NRKR-17001 and NRKR-17002) locatednear Zaječar, eastern Serbia (fig. 1). More than a hun-dred samples were taken for different analyses. Petro-logical  and chemical analysis were performed in thelaboratories of the Pe trologyand geochemistry at the fac-ulty of Mining and geologyusing standard proce du re(grain-size analysis, calcime-try, thin-section, etc.). Tuff wasused for age determinationand chronostratigraphic posi-tion of the lowest positionedcoal series as well as strati-graphic position other Mioce-ne rocks. fossil molluscs,fo rami nifers and ostracodswere used for the biostrati-graphic division of differentMiocene units. Standard sam-
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cal map B. A geological map of the Zaječar area with the position of five explored boreholes
(according to VeSeLinoVić et al., 1967, modified). Key: J1-3, Jurassic; K1, Lower Cretaceous
(Valanginian to Albian); K2 , Upper Cretaceous (Turonian-Coniacian); M2 , Badenian-early
Sarmatian; M2 , Sarmatian; t1, Quaternary terrace; al, Alluvial; αhb, volcanic rock.

Fig. 1. A. Geographic position of
the studied area (white square) in
eastern Serbia, and B. A geologi-



ple of ca. 300 g was disintegrated by breaking or usingdiluted hydrogen peroxide and sieved (2-0.063 mm)with water at room temperature at the Laboratory forPaleontology and Historical geology, faculty of Miningand geology, Belgrade. Zircon grains were separated from the tuff sam-ples no. 93 and 94 (NRKR-17002) using standardmineral separation techniques. The rocks werecrushed to coarse sand size with a tungsten carbidejaw crusher. Subsequently, zircons were concen-trated by sieving, magnetic separation and heavyliquids. a representative batch of the zircon crystalswith grain sizes of 150–300 μm was manuallypicked and mounted in araldite 2020 resin.after polishing, cathodoluminescence (CL) im-ages were taken using a CL detector connected toScanning Electron Microscope at University of Bel-grade, faculty of Mining and geology. The CL inves-tigations were carried out using a jEoL jSM-6610LVSEM (with a W-filament as a beam source), coupledwith an X-Max EDS. The samples were coated withcarbon using a BaLTEC-SCD-005 sputter coating de-vice. The results were recorded under high vacuumconditions with acceleration voltage was 20 kV. Zircons were dated with the U/Pb method usingLaser ablation-Inductively Coupled Plasma-MassSpectrometry (La-ICP-MS). U, Th and Pb isotopeswere measured at the Institute for geosciences, Uni-versity of Mainz using an agilent 7500ce quadrupoleICP-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 × 10 cm). after pre-ablation,analyses were conducted using a spot size of 30 μm,20 s warm up time, 30 s dwell time and 20 s washouttime. The repetition rate was 10 Hz at pulse energy of3.5 jcm-2. The instrument was tuned for ma ximumsensitivity at low oxide formation rates of <0.5 %. Thedwell times for individual masses are 10 ms formasses 232 and 238, and 30 ms for 202, 204 and 208.Dwell ti mes of 40 and 60 ms were used for masses206 and 207, respectively. for a first step data reduc-tion, the time-resolved signal was proces sed using theprogram gLITTER (www.glittergemoc.com, Mac-quarie University, Sydney, australia). Time-dependentlaser and mass spectrometer induced inter-elementfractionation (Pb/U), mass fractionation, as well as

common lead, were corrected afterwards using anExcel spreadsheet of ComPbcorr (aNDERSEN, 2002).The inter-element fractionation during ablation wascorrected linearly. for this purpose, ablation condi-tions such as spot sizes and ablation times were keptconstant during each session. The interference of204Hg on 204Pb was corrected by measuring 202Hg andcalculating 204Hg using the natural 204Hg/202Hg ratio of0.2299. ages, uncertainties and concordia diagramswere produced using Isoplot3 for Excel (LUDWIg,2003). Concordia ages are plotted with 2uncertaintyellipses and discordia intercept ages are given at 95%confidence. analyses were calibrated using a gj-1(gEMoC) zircon (SLaMa et al., 2008). Reproducibilityand accuracy were controlled by repeated analyses ofPlesovice and 91500 reference zircons, from jaCKSoNet al. (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 Mio ceneunits with total thickness up to 600 m (e.g. RTK-1501). generally, Miocene succession is composedof clastic rocks. They unconformably overlies thevarious Cretaceous sediments and volcanoclastics.older units include the Valanginian limestone, al-bian glauconitic sandstone and siltstone, Cenoman-ian fine-grained clastics and the coarse-grainedandesitic epiclastites of the upper Cretaceous,known as Metovnica formation (ĐoRĐEVIć & BaNjE -šEVIć, 1997; aNToNIjEVIć & MIjaToVIć, 2014). In verticalsuccession, the Miocene sediments were depositedin different environments: non-marine, marine andbrackish 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) Colorfulfine-grained clastites of muddy plain, c) fine-grainedclastites, d) Sediments of marsh, e) Mar ginal-lacu -strine clastites and, f) alluvial-lacustrine clastites.
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The lacustrine succession starts with (a) basalclastites or coarse-grained clastites. Clasts are derivedfrom the Valanginian limestones, re-deposited weath-ering crust of andesites and andesite epiclastites ofMetovnica fm. (U. Cretaceous) (VaSIć et al., 2018). atthe same time, a part of that could be clastites fromthe 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 plainsThis lithofacies is made of finest clastics (siltyclay and silt) with rapid color shifting in vertical di-rection (figs. 2, 3). The colour can be marked bytones of red, grey, green, yellow with all the passes.The lithofacies thickness is variable and ranges from10 to 65 m (VaSIć et al., 2018). It suggests a shallowhabitat 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 inthe 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, representsthe gradual transition from the lithofacies of vari-colored fine-grained clastites into a marsh facies(VaSIć et al., 2018). Regarding sedimentology, it sug-gests on the deepening of the lake basin. Regardingpetrology the fine-grained clastites in shades ofgrey, brown, grayish-brown and green color prevail.They consider clayey silt, and silty clays with moreor less sandy or calcareous component. If the con-tent of calcite exceeds 35% the sediments transitinto marlstones. These sediments contain car-bonized floral detritus as well as the debris fromfresh-water mollusk molds (e.g. RTK-1502a andRTK-1503 – figs. 2, 3). Interpretation: Marginal-basinal faciesd. Marsh faciesSediments of marsh facies were identified in thenorthern part of the area of interest. This is, regard-

ing petrology, the most complex unit due to rapidvertical and lateral changes of conditions in deposi-tional environment. generally, it consists of clasticsediments, coal, coal-bearing sediments, carbonaterocks and tuffs (VaSIć et al., 2018). The successiondiscovered by drilling may contain from two to 10levels of coal that are from 10 cm to 4 m thick suchas in borehole NRKR-17002. Lithologically, marshfacies succession include homogeneous marls, alayer of coarse sand that has intraformation frag-ments of marl in the top (framed by a polygon), graymarls with small deformations, thin layered andlaminated marls/marls with freshwater gastropodsand coal (figs. 3, 4). generally, marl contains the as-semblage of fossil fauna, particularly of gastropodsand ostracods (RTK-1503, fig. 3). a lot of thin, trans-parent ostracode specimens belongs the Candonagroup. It has been observed and rare large formsreaching over 1.8 mm. They have slightly perforatedornamentation resembling Camptocypria. There arealso fragments of slightly accentuated sculpturesuch as ? Dinarocythere, ilyocypris but the carapaceis straighter. Rare, tiny suboval forms similar toCypria have also been found. fossil remains arefound in carbonate rocks, commonly revealing thelamination. a peculiarity of this facies is the pres-ence of a tuff layer which is exposed at the differentposition 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 faciesMarginal lacustrine (lake) facies is generallyshallow-water facies. It was developed along themargins of the basin, and gradually towards the cen-tral parts of the lake, crossing the lake facies (VaSIćet al., 2018). It is characterized by deposition of finegrained clastics and marl (e.g. RTK-1503, fig. 3). Ifit is closer to the alluvial-lake facies, it occasionallycontains medium-sized and coarse clastics.f. alluvial-lacustrine faciesalluvial-lacustrine facies developed at place whereriver enters a lake exhibiting alluvial fans or deltas(oBRaDoVIć & VaSIć, 2007; VaSIć et al., 2018). The most

Facies analyses, biostratigraphy and radiometric dating of the Lower–Middle Miocene succession near Zaječar (Dacian basin, eastern Serbia)

Geol. an. Balk. poluos., 2019, 80 (2), 13–37 17



LJUPko RUnDić, nEBoJšA VASić, MioDRAG BAnJEšEVić, DEJAn PRELEVić, VioLETA GAJić, BoJAn koSTić & JELEnA STEFAnoVić

Geol. an. Balk. poluos., 2019, 80 (2), 13–3718

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.



abundant are coarse- and medium-gra ined clastites.Material was brought by alluvial flows from broadercoastal area. Coarse-grained clastites were periodi-cally brought into deeper and farther basin parts bytorrential flows (flooding events) giving rise to mar-ginal-lacustrine or basin facies. Marginal-lacustrinefacies is generally a shallow-water. It is juxtaposedagainst basin margins and transits gradually towardsthe central lake parts into lacustrine facies. The estimated thickness of alluvial-lacustrine faciesis 170–190 m (RTK-1501, fig. 5). Main lithology aregravel, sand, and their transitions. Vertical and lateraldistribution is in sequences, which may be of two orthree members. 40 sequences from 1–2 m to over 10m thick were recognized vertically (VaSIć et al., 2018).general characteristic of the all of sequences is the de-creasing coarseness upward. Due to erosional contactsbetween sequences, a part of them may be shortenedand lack of upper, sandy sequence part. Signi ficantthickness of given facies and its gravelly pattern sug-gest on a relatively strong alluvial system that formeda deltaic mo del at river mouths (oBRa DoVIć & VaSIć,2007; VaSIć et al., 2018). Clastic material was re-de-posited into other facies du ring extreme floodingevents (VaSIć et al., 2018). That was also the sourcearea for the present marginal-lacustrine environment.In terms of lithology, the marginal-lacustrine facies isgenerally made by fine-grained clastites with bodiesof sand and gravel (fig. 6).

Marine and marine-
brackish facies
(Middle Miocene)This sedimentary packageconsists of different size clasticroks and covers the previousmentioned lacustrine-conti-nental sediments. Main crite-ria for the separation was thepresence of marine-brackishfauna (RUNDIć et al., 2018).Lithologicaly, it can be dividedonto three lithofacies: a) thelithofacies association of fine-grained clastites with sand andgravels, b) gravel and sand,and c) the upper lithofacies as-sociation of fine-grained clastites with sand and grav-els (VaSIć et al., 2018).a. Lower lithofacies association of fine-grainedclastites with sand and gravels The measured thickness of the given lithofaciesis within range of 60–160 m (e.g. RTK-1501, fig. 7).Regarding sedi mentology is the unit very similarwith the succession of marginal-lacustrine facies asthe fine-grained clastites are also dominating. Themore emphasized frequency and thickness of sandand gravel bodies suggests on the proximity of themain source of clastic material, i.e. to a strong allu-vial system. fine-grained clastites were referredsilty clays, clayey silts, sandy-clayey silts, clayey-siltysands, clayey-sandy silts. all sediments are generallycalcite-poor, with the contents of 10–20% of CaCo3(VaSIć et al., 2018). Sands vary in grain size fromfine- to coarse-grained and their composition is in-herited from gravel fraction. gravels consist of peb-bles that have been derived from andesite complexor from Metovnica fm., from older limestones orclastic units (VaSIć 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.

LJUPko RUnDić, nEBoJšA VASić, MioDRAG BAnJEšEVić, DEJAn PRELEVić, VioLETA GAJić, BoJAn koSTić & JELEnA STEFAnoVić

Geol. an. Balk. poluos., 2019, 80 (2), 13–3720

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.
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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. 



In terms of sedimentology, the unit is organized inclastic 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). gravellyse diments (lag gravels, gravels, sandy gravels andgravelly sands) occur in the base of sequences. Theydisplay 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-grainedsands and silts. general characteristic of the all ofsequences is the upward decrease in coarseness.Their relations with basal sequences are constantlyerosional (VaSIć et al., 2018). Interpretation: alluvial facies.c. Upper lithofacies association of fine-grainedclastites with sand and gravels The estimated thickness of this lithofacies is 80-90m (e.g. RTK-1501, see fig. 7). In this succession is thedomination of fine-grained clastites striking, whereasthe sands and gravels are subordinated. general char-acteristic of fine-grained clastites is that they repre-sent two- or three-component systems fromsand-silt-clay, silt-clay, clay-silt, and sand-silt. The con-tent of calcite is very low, i.e. less than 10% (VaSIć etal., 2018). fine-grained clastites display textures that

were governed by the system energy, which has beenlow. Consequently, hori zontal and cross laminationdeveloped. fossil remains include tiny debris of mol-lusks (VaSIć et al., 2018). Carbonized flora is occasion-ally present. gravels and sands are quite the same asthose in the lithofacies described above.In the upper part of borehole RTK-1501 (up to80 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., Cerithiumsp. and it suggests restricted marine environment.However, the foraminifer assemblage in same bore-hole at 270 m depth (see fig. 7) suggests a marineenvironment. In the fine-grained calcite-poor andcalcite-rich clastites the following taxa were recog-nized: Ammonia cf. viennensis (D’oRBIgNy), Ammoniaex gr. beccarri LINNE, Asterigerinata planorbis (D’oR-BIgNy), Angulogerina cf. angulosa (WILLIaMSoN), Bo-
livina cf. dilatata REUSS, Bulimina elongata D’oRBIgNy,
Cancris auricularis (fICHTEL & MoLL), Cibicidoides un-
gerianus (D’oRBIgNy), Fursenkoina schreibersiana CZj -ZEK, Globigerina cf. bulloides D’oRBIgNy, Globigerinasp., 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., Stilo stomella adolphina (D’oRBIgNy),
Stilo stomella cf. consonbrina (D’oRBIgNy), etc. The os-tracod identifications included: Cytheridea cf.
acuminata (BoS qUET), 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 frameworkBased on the mentioned fossil content as well assuperposition relationships of different Miocene fa-
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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.
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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
at 270 m).



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

17002, RTK-1501, RTK-1502a, and RTK-1503). Smalland often fragmented planispiral forms such as Gy-
raulus sp., Planorbarius sp. and Planorbis sp. (fig. 9)represent typical freshwater fauna. only few findingsof Prososthenia sp. and Fossarulus sp. were noted(NRKR-17002). Very often along the thin layers thereare 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.,

?Cypria sp. were observed in so-called the ostracodmarls (RUNDIć et al., 2018). Somewhere, very rare andfew fragments of charophyta could be seen.  Basedon these fossils, it is impossible to give a precisestratigraphic designation of the mentioned series.However, the marsh facies contains tuff layers, whichare exposed across the whole facies (at the base ofcoal series, inside it as well as in its covering part,too). Radiometric dating of zircon grains from thevitroclastic tuff was obtained (borehole NRKR-17002). This is the first evidence concerning the ageof the coal series (freshwater equivalents of Karpat-ian, Lower Miocene, 16.9 Ma) in this part of SLS. Thetotal thickness of continental-lacustrine Mio cenereaches from 110 to 260 m (VaSIć et al., 2018; RUNDIćet al., 2018).Middle Miocene Badenian regional stage was de-termined by well-preserved foraminifera and molluskremains (e.g. borehole RTK-1502a, fig. 10). However,this conclusion is based on only a few samples withmarine taxa (RTK-1501, 1502a and 1503). So, thereare no good biostratigraphic markers across the bore-hole sections. among the fora mi nifers, dominance ofthe spe cies such as Ammoniacf. 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 UpperBadenian Bolivina- BuliminaZone (PEZELj et al., 2016).Non-systematic biostratigra -phic sampling and lack of fos-siliferous samples make thisstatement questionable. Thementioned fauna confirms the previous reports con-cerning Badenian marine clastic facies in the studiedarea (e.g. DžoDžo-ToMIć, 1963, 1970; PoPo VIć & gagIć,1969; DoLIć, 1977; STEVaNoVIć, 1977). Middle Miocene Sarmatian regional stage (Volhyn-ian, Rissoid/Hydrobian strata) is documented by theassemblage of small gastropods and bivalves: Granu-

lolabium bicinctum (BRoCCHI), Acteocina lajon kaireanaBaSTERoT, Psamobia cf. laboidei sar matica PaPP Mohren-
sternia cf. pseudoangulata jEKELIUS, ervi lia cf. dissita
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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).

Fig. 9. Characteristic small planispiral gastropods (left, RTK-1502A, 374.80 m) and a “co-
quina” containing operculums (right,  RTK-1503, 110 m).



(EICHWaLD), irus cf. gregarius (PaRTSCH), Abra sp., Hy-
drobia sp., Ceri thium sp. They are identified in bore-holes NRKR-17001, RTK-1501, RTK-1502a, andRTK-1503 (fig. 11). Besides, the scarce finding offoraminifers and ostracods indicate Lower Sarmati -an association of small Anomalinoides sp. and Ammo-
nia ex gr. beccarri (RTK-1502a, 210 m).

Zircon U/Pb dating by LA-ICP-MSThe zircons from the volcanic tuff from boreholeNRKR-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 andin the rim (fig. 13). Results from the zircon U/Pb arepresented in Table 1 and corresponding concordiaplots and age results are presented in fig. 14. We ob-

tained concordia age of 16.9 ±0.2 Ma for all analysed grainswithout any inherited cores,meaning that we were able todocument a single magmaticevent. This age in general cor-responds to similar ages ob-tained the Central Pannonianbasin (SEgHEDI et al., 2013, LU -KáCS et al., 2018) when a vo -luminous magmatism wassyn chronous with the devel-opment of main sedimentarybasins during the main Mio cene–quaternary tectonicevents in Carpathian-Pannonian Region. Therefore,we interpret this to represent their crystallization ageand therefore as the age of emplacement of this tuff.
Discussion and
interpretationDuring the Early to Middle Miocene large partsof Central Europe were covered by the ParatethysSea that had phases of good and partial connectivityto the Mediterranean. Paratethys reduced andexpand ed through time by a complex combinationof climate variability, sea level change, and geody-namic pro cesses of alpine tectonics (e.g. RögL, 1998;TER BoRgH et al., 2014; SaNT et al., 2017). In the latestEarly Miocene, the Central Parate thys mainly occu-pied the northwestern part of the Pannonian Basinin Slovenia, austria, Slovakia and Hungary. Duringthe early Middle Mio cene this sea extended to thesoutheastern Pannonian Ba sin in Croatia, Bosniaand Her zegovina and Serbia, to the TransylvanianBasin in Romania, and to the Carpa thian fore deep(e. g. ćoRIć et al., 2009; PEZELj et al., 2013; TER BoRgHet al., 2014; SaNT et al., 2017, 2018; joVaNoVIć et al.,2019, 2019a; MaNDIC et al., 2019). During this ma-rine water expansion, there were a few corridorsbetween Central and Eastern Paratethys Sea (NEU -BaUER et al., 2015). Similar scenario was observed ineastern Serbia and so-called the Trans-Carpathianseaways across the Djerdap, Tekija and BorskaSlatina were recognized (PoPoVIć, 1968; DoLIć, 1977;STEVaNoVIć, 1977). In the same time span a series of
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Fig. 10. Badenian large foraminifer Lenticulina inornata (D’oRBiGny) - left, and small speci-
mens of Bolivina cf. dilatata (ReUSS) - right. (RTK-1502A, 268.4 m).

Fig. 11. Lower Sarmatian mollusks Psamobia cf. laboidei sarmat-
ica PAPP (left) and Granulolabium bicinctum (BRoCCHi) (right).
Borehole RTK-1503 (44.50 m).
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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-
terbed (grey arrow, samples 93 and 94). For the symbols, see previous figures.
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Fig. 13. Cathodoluminescence (CL) images of the zircon grains.



basins, filled with lacustrine deposits, developed inthe Dinarides, northern Croatia and Serbia (e.g.NEUBaUER et al. 2015, figs. 15, 16). These dominantlyintramountain basins were disconnected from bothMediterranean and Para tethys which gave rise tothe development of regional bioprovinces with theirown specific endemic fauna (HaRZHaUSER & MaNDIC,2008; KRSTIć et al., 2012; NEUBaUER et al. 2015; SaNTet al., 2017, 2018; BRaDIć-MILINoVIć et al., 2019). The endemic fauna, together with the lack ofmagnetostratigraphic and radioisotopic data, led of

misunderstanding of the age and evolution of theSerbian basins (SaNT et al., 2018; RUNDIć 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 determinationof some mollusks taxa (Venus, Cerithium) comesfrom ami Boué, the founder of geology of BalkanPeninsula, during his trip in Serbia between 1836-1837 (žIVKoVIć, 1893). a half century later, jovanžujović, the founder of geology of Kingdom of Serbiainformed that during the Miocene the Mediter-ranean Sea flooding the Timok valley in eastern Ser-bia (žUjoVIć, 1889). His conclusion was based onanalysis of five fossiliferous localities (includingZvezdan near Zaječar). Since that time, the Miocenefreshwater sediments with coal layers were alreadyknown from the Zvezdan coal mine which wasopened in 1889. Very soon, RaDoVaNoVIć & PaVLoVIć(1891) and žIVKoVIć (1893) gave very importantcontributions concerning the Neogene of Timokbasin and, especially its geological relationships aswell as systematics and taxonomy of Tertiary fossils.The last one author mentioned very interesting ge-ological realtionship between freshwater Tertiarysediments with coal and marine deposits near Zvez-dan (žIVKoVIć, 1893). He found a very abundant as-semblage of freshwater taxa (Melania serbica,
Melanopsis sandbergeri, Prososthenia suessi, etc.). a
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Table 1. U-Pb data measurements and isotope ratio.

Fig. 14. U-Pb concordia diagram and weighted mean ages 
(16.9 Ma). 



decade later, BRUSINa (1902) and PaVLoVIć (1903) in-formed about freshwater mollusks, ostracods andparts of fishes skeleton of the Miocene age. for ex-ample, BRUSINa (1902) determined and drawn a few
freshwater mollusks from the Zvezdan and Zvezdan-ski Ključ sites. He determined the tiny specimens(Planorbis pavlovici, emmericia zivkovici, nema-
turella? nikolajevici, Prososthenia serbica, Amphime-
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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 – Vračević, 40 – Serbia, 41 – Timok, 43 – Metohia and, 44 – Skopje. White ellipse marks the studied area of eastern Serbia. 



lania macedonica, Ancylus serbicus, etc.) from thesamples which žujović gave him for identification.Much more later, the great field campaign in frame ofthe basic geological mapping of eastern Serbia(VESELINoVIć et al., 1967) shows that a close strati-graphic position of these Miocene freshwater seriesis impossible and there are no good biostratigraphicmarkers. Similar studies by DoLIć (1977, 1998) andSTEVaNoVIć (1977) confirmed that the mentionedfreshwater fossils have the early-middle Miocene age. However, based on lithostratigraphic correlation,biostratigraphy and radiometric measurements, ourstudy confirms that the freshwater fossiliferous se-ries from the studied boreholes (NRKR-17002, RTK-1501, RTK-1502a, RTK-1503) correspondingto the late Early Miocene equivalents of the Karpa-tian regional stage (= late Burdigalian). fossil mate-rial that was found within the marsh facies with coallayers has been deposited during the lacustrinephase of the late Early Miocene (SLS). The tiny,planispiral forms of Gyraulus-type gastropods, therare tower-shaped and sculptured forms like Fos-
sarulus and Prososthenia, and the numerous oper-culums (mostly Bithynia) show no orderliness interms of orientation. In addition, there are many os-tracods, especially many molds of elongated formsthat are difficult to determine (most belong to thegenus 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 endemicbiota. Sculptured gastropods (Fossarulus, Prososthe-
nia) as well as ornamented ostracods (ilyocypris,?Di-
narocythere) indicate shallow-water, but moredynamic water regime. Contrary, tiny, transparentostracod carapaces (Candona, Cypria, Fabaeformis-
candona, etc.) live in a quiet, low turbulence depo-sitional conditions in sheltered or profundal part oflake (SaNT et al., 2018). This environmental de-pended life pattern is more or less recognizedwithin all freshwater lakes during the Miocene time.for that reason, the clear stratigraphic range of thementioned lake based on fossil content couldn’t bedefined. However, for the first time, our radiometricage dating (16.9 Ma) of tuff located above the coalseries give the precise stratigraphic position ofthese sediments. on other words, the famous fresh-

water series from the Zvezdan and Lubnica coalmines that underlie the Badenian marine sedimentswas deposited during the Karpatian (= late Burdi-galian). Chronologically, it could be correlated withPag, Livno and Sinj basins within the Dinaridic LakeSystem (DLS) which are originated during theMiocene Climatic optimum (DE LEEW et al., 2012).age of the tuff can be correlated with well-knownMiocene syn-extensional volcanism across the Pan-nonian and Dacian basin (CVETKoVIć & PECSKay, 1999;CVETKoVIć et al., 2004; LUKáCS et al., 2018; MaRKoVIćet al., 2018). our results prove that SLS was devel-oped much early than the latest study reported(KRSTIć et al., 2012, SaNT et al., 2018). Based on os-tracods and diatoms taxa (ogNjaNoVa-RUMENoVa,2006; ogNjaNoVa-RUMENoVa & KRSTIć, 2007) as well assome mollusks comparison, KRSTIć et al. (2012) con-cluded that majority of the freshwater basins in Ser-bia (SLS) were developed during the early MiddleMiocene (including Popovac and Zaječar basins).Similarly, in the palinspastic map of Balkan areaduring the Early Miocene there are no data about la-custrine basins in Serbia (NEUBaUER et al., 2015).only exception is the Levač basin (central Serbia),which according to the flora remains was developedduring the very Early Miocene (KRSTIć et al., 2012).However, recent study from Popovac basin in centralSerbia (SaNT et al., 2018) and obtained radiometricage of 14.4 Ma (ar/ar dating of tuff from lacustrinemarls) show that all the mentioned basins are sig-nificantly different age. all the conventional meth-ods (lithostratigraphy, biostratigraphy, etc.) are notenough for a precise age determination of theselakes. fossil fauna have endemic character and ithaven’t biostratigraphic potential (RUNDIć et al.,2013, 2018). It needs more independent age controlmethods (magnetostratigraphy, radiometric agedating) which can obtain real data concerning tim-ing of SLS (RUNDIć et al., 2013, 2018; SaNT et al.,2018). otherwise, its relationship towards theyounger Badenian marine transgressive sedimentsis 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 theage of the SLS is older than the marine Middle Bade-nian but there is concordant relation between them(KRSTIć et al., 2012). 
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a few of the studied boreholes documented theBadenian marine transgression (e.g. RTK-1501,RTK-1502a). There is good comparison betweenour results and previous researches (PETRoVIć, 1961,1969; DžoDžo-ToMIć, 1963, 1970; VESELINoVIć et al.,1969, 1975; PoPoVIć, 1968; PoPoVIć & gagIć, 1969;DoLIć, 1977; STEVaNoVIć, 1977; gaNIć, 2005). Thetransgression occurred accross the Timok baywhich was developed along the Timok strike-slipfault reactivated at the beginning of Middle Miocene(KRäUTNER & KRSTIć, 2003; KRSTIć et al., 2012). Ineastern Serbia, the area of Zaječar was the south-ernmost prolongation of the Paratethys Sea (STE -VaNoVIć, 1977; gaNIć, 2005). During the MiddleBadenian, marine facies reached to the town ofZaječar (KRSTIć et al., 2012). However, in the UpperBadenian (= Konkian, regional stage in eastern Pa -ratethys), the topmost part of succession have a Sar-matoid character and classified as the “Buglovianlayers” (LaSKaREV, 1934; DžoDžo-ToMIć, 1963) or “Ve -selyankian horizon” (KóKay, 1984, p. 41). Based onthese studies, the topmost Badenian and transi-tional Badenian/Sarmatian sediments have EasternParathetian affinity. However, it is not easy to recon-struct marine gateways between Central and East-ern Paratethys (KóKay, 1984; TER BoRgH et al., 2014)..The existence of small oases of Badenian rockswithin so-called the Trans-Carpathian corridor (Ser-bian part of Carpathians) could be a connectionroute (DoLIć, 1977; STEVaNoVIć, 1977). Contrary,other authors mentioned that the Badenian Sea ofso-called the Vienna type, mainly comes through SWRomania to the north-western part of Bulgaria(KRSTIć et al., 2012). Recently, similar paleogeo-graphic reconstructions based on biochronologyand ar/ar radiometric age of tuffs from the NWTransylvanian basin and SE Carpathian foredeep in-dicate that the marine transgression of the Para -tethys occurred during Middle Badenian between14.9–14.4 Ma (SaNT et al., 2019). our results from a few samples contain micro-fauna confirm existence of late Badenian to earlySarmatian phases of evolution of the Paratethys Seain the studied area. Based on foraminifer and ostra-cod assemblages and scarce molluscan remainsfound in these samples as well as lithological suc-cession (e.g. RTK-1501, RTK-1502a) there is an in-

dication about the late Badenian transgressiveevent. It could be correlative with global 3rd ordercycle TB 2.5 of sea-level fluctation that is alreadyknown form Central Paratethys (ćoRIć et al., 2009;PEZELj 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 fullmarine conditions (PoPoVIć, 1968; PoPoVIć & gagIć,1969; PETRoVIć, 1969, 1988). However, large portionof clastites within all the studied boreholes indicatea regressive trend and transition towards the re-stricted marine and brackish environment (STEVa -NoVIć, 1977; SCHWaRZHaNS et al., 2015; VaSIć et al.,2018; RUNDIć et al., 2018). Indeed, fossil fauna suchas 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 andammonia with small-size shell as well as scarce os-tracod species indicate the shift from the marine toshallow-water brackish environment (LaSKaREV,1934; DžoDžo-ToMIć,1963, 1970; PoPoVIć & gagIć,1969; gaNIć, 2005). afterwards, we recognized afaunistic sterile package of clastites between thefreshwater lacustrine sediments and marine-brack-ish sediments on the top of some boreholes (RTK-1501, RTK-1502a, and RTK-1503 - fig. 17). Itrepresents the transitional part between these unitsand it is impossible to give it more precise strati-graphic age. So, it could correspond to time intervalfrom late Karpatian to late Badenian. Based on thementioned results and spatial and temporal relationbetween the studied boreholes RTK-1501 and RTK-1502a, the next stratigraphic range within the ma-rine and marine-brackish succession could bedetermined (fig. 18).finally, based on all the collected data from thestudied area, we sketched a hypothetical model of de-velopment of the lateral alluvial-lacustrine andmarginal-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 thesketch and suggest about the mode of deposition insuch a system. The arrangement of individual facies
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(marginal-lacustrine, lacustrine, prodelta, etc.) andtheir distribution over the surface indicate to the de-positional mode. The thickness of the clastic sedi-ments from the alluvial facies (aL) decreases to basinwards. generally, this model of facies distribution in-dicates the direction of transport from north to south.Two of transparent arrows mark the direction of theredeposited clastic material to the mar ginal facies.on the other hand, there is clear evidence that

during the middle Miocene marine water of Para -tethys flooded this area. It is clearly observed in theboreholes RTK-1501 and RTK-1502a. However, thesesporadic evidences of the late Badenian transgressiveevent (no evidence on older Badenian flooding) andmore or less uniform pattern of distribution of theclastic sediments across the basin make too difficultto create another one sketch map of facies distribu-tion during the Badenian and Sarmatian time. So, we

think that more detailed analyses of the mentionedcore-wells as well as the future nearby boreholes canbetter support this attempt to reconstruct the direc-tion of the marine Badenian flooding as well as fol-lowing regressive trend during Sarmatian.
ConclusionsThis study is obtained the first exact data regard-ing the stratigraphic position of freshwater Mioceneclastic sediments and pyroclastites in the Zaječararea. The oldest Miocene unit corresponds to thecontinental-lacustrine series of so-called the Ser-bian Lake system (SLS) that was originated duringthe late early Miocene whereas overlying marineand 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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Fig. 17. A simplified geological cross-section based on data from the studied boreholes (VASić 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); P, Prodelta; AL, Alluvial-lacustrine facies with diverse delta
(D1) (VASić et al., 2018, modified).



marine and restricted marine facies (marine-brack-ish Paratethys) indicate rapid evolution of the areaduring 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 fromthe tuff located above the coal series (boreholeNRKR-17002) indicates a mean radiometric age of16.9 Ma. It is the first data that precisely indicate theLower 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 whichoverlay the mentioned freshwater series indicate amarine and marine-brackish development that cor-responds to the time interval from late Badenian toearly Sarmatian. Based on data from the studied boreholes, it isimpossible to date the timing of marine Badeniantransgression in this westernmost part of Dacianbasin. Namely, biostratigraphic analyses of the stud-ied material show that the older biostratigraphiczones within Badenian could not be determined.only up per Badenian Bolivina-Bulimina Zone is rec-ognized. No determined stratigraphic range for dif-ferent clastites which separate the lower, freshwaterseries of clastites with coal (Lower Miocene) fromthe upper Badenian and Lower Sarmatian sedi-ments on the top of Miocene succession. They havea potential stratigraphic range from the Karpatianto Upper Badenian.Comparative lithostratigraphic analysis as wellas a geological model of the studied area, point thatBadenian flooding sediments or Sarmatian re-stricted marine clastites cover different older geo-logical units (e.g. Lower Miocene, Lower or UpperCretaceous, etc.) depending of the morphologicalcharacteristics of paleorelief.
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Резиме

Анализа фација, биостратиграфија и
радиометријско датирање доње и
средње миоценскe сукцесије код
Зајечара (Дакијски басен, источна
Србија)Дакијски басен је у неогену био део великогепиконтиненталног мора Паратетиса (LaSKaREV,

1924). За време миоцена, подручје источнеСрбије (Тимочка крајина) припадало је најза -паднијем делу Дакијског басена који се ослањаона карпатско предгорје, југоисточне огранкеКарпата и даље на исток према Бугарској и Ру -мунији (MaRoVIć et al., 1998; gaNIć, 2005; TER BoRgH,2013). Седиментне фације у Дакијском басенууказују на један регресивни образац запунебасена који карактерише присуство про града -ционих структура с приобалским фацијама ивеликим делтама које су нарочито присутнетоком средњег и млађег миоцена и раног пли -оцена (gaNIć, 2005; VaSILIEV, 2006; jIPa & oLaRIU,2009; TER BoRgH et al., 2014; ĐajIć et al., 2018). Наоснову детаљне петрографске односно седи -ментолошке анализе пет истражних бушотинау околини Зајечара (RTK-1501, RTK-1502a, RTK-1503, NRKR-17001 и NRKR-17002), у оквирумио ценске стенске сукцесије велике дебљине(негде и преко 500 m), издвојено је шест главнихлитофација унутар старије миоценских конти -нентално-језерских  наслага и три литофацијекоје одговарају наслагама морског и морско-бракичног мора Паратетиса (VaSIć et al., 2018).Релативно брза смена грубокластичних стена ифинозрних кластита указује на динамичан ра -звој овог подручја током старијег и средњегмиоцена (нпр. VESELINoVIć et al., 1967, 1975;PoPoVIć, 1968; PoPoVIć & gagIć, 1969; STEVaNoVIć,1958, 1964, 1967, 1977). Поред детаљних седи -ментолошких анализа, појединачни наласцифосилног материјала и радиометријско дати -рање прослојака туфа унутар седиментне серије,омогућили су стратиграфско расчлањавање ми -оценске серије и добијање првих егзактних по -датака о стратиграфском положају слатко воднихмиоценских кластита и вулканита. Нај ста ријамиоценска јединица одговара кон тинентално-језерској серији такозваног Српског језерскогсистема (SLS) а посебно базални кла стити имочварне фације са угљем.  U-Pb ра диометријскеанализе зрна циркона из интерстратификованогтуфа у повлати лубничке угљене серије (бушотинаNRKR-17002, дубина 34 m) указују на старосттуфа од 16,9 милиона година (доњи миоцен –Карпат). Ово су први подаци који прецизноуказују на старије миоценску старост угљене
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серије са угљем у Лубници односно Звездану.Тиме је утврђено  да овај језерски басен повремену стварања одговара тзв. Динарскомјезерском систему (DE LEEW et al., 2012) и да језнатно старији од неких језерских басена уоквиру Српског језерског система (SaNT et al.,2018). Пронађена асоци јација мекушаца, фора -мини фера и остракода (RTK-1501, RTK-1502a,RTK-1503) из различитих нивоа кластита којитрансгресивно леже преко поменуте слатко -водне серије, указује на развој мора тј. бра -кичног мора (Паратетис) на овом простору упериоду с краја бадена и почетка сармата(средњи миоцен). На основу доступних податакаиз проучаваних бушотина, није могуће датиративреме баденске трансгресије на овом, најза пад -нијем делу Дакијског басена (конста тована јесамо горњобаденска Bolivina- Bulimina зона). Нажалост, због оскудних налазака фо силног мате -ријала, није утврђен стратиграфски поло жај заразличите кластите који раздвајају доњу, слат -ководну серију са угљем (доњи ми оцен) одгорње баденских и доње сарматских седиментана врху миоценске сукцесије.  Узи мајући течињенице у обзир, ова истраживања би моглауказати да је поменута баденска трансгресија

дошла мало касније на ове про сторе (горњибаден) за разлику од јужног дела Панонскогбасена где је утврђена на око 14,5 милионагодина (доњи баден) (нпр. ćoRIć et al., 2009; PEZELjet al., 2013; SaNT et al., 2018; MaNDIC et al., 2019). Награници старији/средњи миоцен, екстензионипроцеси и син-рифтна наглашена спуштања удомену басенских структура на ширем простору,утицали су и на обликовање локалних морфо -структурних депресија (нпр. Тимочки ров). Свето је праћено значајним вулканизмом на ширемпростору (CVETKoVIć et al., 2004; LUKáCS et al., 2018).Тако су стварани предуслови да надолазећаморска трансгресија у средњем миоцену пре кријевелики простор централне Европе. Ме ђутим,управо је текто ника била главни контролнифактор који је условио да трансгресија није биласинхрона на читавом простору некадашњегПаратетиса (SaNT et al., 2019).  О томе где су билиморски коридори (тзв. транс-карпатски мореуз уСрбији или Трансилванија) и како је та „поплава”стигла на просторе источне Србије за сада немадовољно егзактних података.  
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