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Abstract. Belgrade area is a region of high paleobiodiversity, being rankedamong the best known in Serbia. The prominent position among a number ofMiddle Miocene (Badenian) fossiliferous sites in the vicinity of Belgrade(southern Pannonian Basin, Central Paratethys) are occupied with sedimentsof Rakovica stream, also known as “Rakovica sands”. Here, the integrated evi-dence based on new fossil findings of calcareous nannoplankton, foraminiferaand molluscs assemblages, allows the stratigraphic revision of the clastic faciesof the Rakovica succession. Based on the studies of lithological composition,high paleodiversity molluscs fauna and local palaeogeographical setting, it canbe concluded with reasonable certainty that deposits of Rakovica stream en-titled “Rakovica sand” represents a sandstone of the shallow marine (littoral)environment during Lower Badenian time. Large benthic foraminifera Ammo-
nia viennensis (d’ORBigny), and Borelis haueri (d’ORBigny) as well as zone markernn5 Sphaenolithus heteromorphus defLandRe correspond to this biostrati-graphic level. during the late early Miocene and Middle Miocene (Badenian),the climate in the Central Paratehys was mainly subtropical. This is supportedat its southern margin by the presence of thermophilous mollusc taxa, as wellas the Conidae, Strombidae, Xenophoridae, Pleurotomidae, Turridae, Murici-dae, etc. Consequently, the investigated deposit can be ascribed to the earlyBadenian which biostratigraphically corresponds to the nn5 nannozone bycorrelation with successions in theirs type-areas to the Central Paratethys, anddefines preciously the time of the marine transgression in this area.
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Апстракт. Околина Београда је регион високог палеобиодиверзитетакоји се сврстава међу најпознатије у Србији. Истакнуто место међубројним средњомиоценским (баденским) фосилним налазиштима у бли -зини Београда (јужни обод Панонског басена, Централни Паратетис)заузимају седименти у Раковичком потоку, такозвани “Раковички пе -скови”. Овде обједињени докази засновани на новим фосилним налазимазаједница кречњачког нанопланктона, фораминифера и мекушаца омо -гућавају стратиграфску ревизију кластичних фација из Раковице. Наоснову проучавања литолошког састава, високог палеодиверзитета фау -



Introduction The shallow marine deposits are famous for a longtime for their highly diverse and excellently pre-served foraminifers and mollusc assemblages. in Ser-bia, the largest spatial distribution of badeniansediments exposed on the surface can be found inbelgrade and its vicinity, where they have been beststudied due to the rich mollusc fauna. also, the bry-ozoa, spongia, corals, ostracods, along with the crabsand fish remains are present. Since the first discoveryof fossils fauna at rakovica stream (ŽujO vić, 1886;PavlOvić, 1890) and later on, this site have been thesubject of interest of many researchers (luKOvić,1922; PeTrOvić, 1962; ereMija, 1977; ganić et al., 2016,etc.). The chronostratigraphical framework of thesedimentary succession from rakovica stream (theupper badenian age, Ammonia beccarii Zone) wasbased on studies of the foraminifera assemblages(PeTrOvić, 1962; 1985), however, these important mi-crofauna collections are not available. as a conse-quence, it often happens that many localities areassumed to belong to the upper badenian age (jO -vanOvić, 2018), pointing to the need to reassess theage of some classical badenian localities. later, rundićet al. (2019) published a summary review of severalMiocene sites near belgrade, but they did not add newstratigraphic records for so-called “rakovica sand”.for the southern margin of Central Paratethys,some independent age constraints were established

by working in the last decade (ćOrić et al., 2009;PeZelj et al., 2013; SanT et al., 2018; jOvanOvić et al.,2019a; jOvanOvić et al., 2019a; MandiC et al., 2019).These regions of the Pannonian basin were floodedlater than the northern and western regions duringthe early badenian (ćOrić et al., 2009; SanT et al.,2017; jOvanOvić, 2018). However, the chronostrati-graphic correlations of marine Middle Miocene de-posits of the Serbian neogene are still consideredproblematic. The facies distribution, stratigraphy,and tectonic structure of the belgrade area whichcomprises early and middle Miocene sedimentshave not been studied in great detail. The precisechronological analysis was largely improved for theseveral sites in Serbia (SanT et al., 2018; MandiC etal., 2019), but chronology of the oldest units of thebelgrade area are still largely speculative. The out-cropping rocks exposed on the rakovica valley arepart of the upper badenian with most authors(ganić et al., 2016, MandiC et al., 2019, rundić et al.,2019). recently, the latest discovery in Serbia (jO-vanOviĆet al., 2019a) modified previous biostrati-graphical results of some localities and indicated thenecessity of stratigraphic revision of rakovica andsome other localities in the region. in order to check the stratigraphic position of se -diments from the rakovica stream, several sampleshave been analysed in respect to nannoplankton,foraminifers, and molluscs. The research was basedon these fossil assemblages in order to revise the
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не мекушаца и локалне палеогеографске средине, може се поуздано за -кључити да седименти потока Раковица, такозвани “Раковички пескови”представљају пешчаре плитководне морске (приобалне) средине извремена раног бадена. Kрупни бентоски фораминифери Ammonia vien-
nensis (d’Orbigny), Borelis haueri (d’Orbigny), као и маркер за нанопланк -тонску зону НН5, Sphaenolithus heteromorphus deflandre одговарају овомбиостратиграфском нивоу. Током касног раног миоцена и средњег мио -цена (бадена) клима је у Централном Паратетису била углавном суп -торпска. На основу присуства бројних термофилних врста мекушаца, каошто су Conidae, Strombidae, Xenophoridae, Pleurotomidae, Turridae, Muri-cidae, итд., закључујемо да су слични услови владали и на његовомјужном ободу. Сходно томе, проучавани седименти се могу приписатираном бадену, што биостратиграфски одговара нанозони НН5, коре -лацијом са сукцесијама у њиховим типичним областима ЦентралногПаратетиса и на тај начин прецизно je дефинисано време морскетрансгресије на овом подручју.

Кључне речи:
стратиграфија, средњи миоцен
(баден), нанопланктон,
фораминифери, мекушци,
Раковички поток (Београд).



upper Badenian deposits of Rakovica stream, and inorder to provide a thorough scientific background forfuture study. new research clarified the stratigraphicposition of the deposits of the so-called “Rakovicasand”. Micropaleontological and gmacropaleontolog-ical studies on the outcropping rocks exposed on theRakovica valley showed the existence of a rich fauna,foraminifera and molluscs being the most importantcomponent of assembly of the fossil invertebrate. Thecombination of biostratigraphic analyses based onstudies of some rare calcareous nannoplankton,foraminifera and rich molluscs assemblages, allowsthe revision of the clastic facies of the Rakovica suc-cession. The studied outcrop is located on the leftbank of Rakovica stream, on the southern flanks ofTorlak Hill near Belgrade (fig. 1).
Methods and materialsnew bulk samples were taken in 2018 for analy-ses of fossil materials. authors have collected strati-

graphically and taxonomicallyimportant microfossils andmacrofossils. a total of 12samples for the analysis wereanalysed, collected from twooutcrops and from one well.also, old collections of thenatural History Museum inBelgrade, comprising 3000specimens from the Rakovicadeposits, were investigated.for stratigraphic revision ofthese deposits and for ex-plaining the real vertical ran -ges of studied fossil assem-blages, we used calcareousnannoplankton, benthic fora -minifera and so me termo -philic molluscs, in particularthose considered of strati-graphic importance to the Ba -denian. Sediment sampleswere processed by usingstandard micropaleontologi-cal and palaeontological me -thods of preparation technique. a total of 3 samplesfor the analysis of nannoplankton assemblages wereprepared partly at the vienna Smear slides, follow-ing standard procedure described by PeRCH-nieLSen(1985). for the foraminifera and small mollusc extrac-tion, 9 samples were prepared and washed at thelaboratory and allowed to dry. Laboratory methodswere employed for disintegrating soft sandstoneusing hydrogen peroxide. Samples were washed andthe foraminifera and molluscs were recovered fromthe over a 0,1 mm fraction-sieve and picked underthe microscope. The stratigraphical analysis of thenannoplankton zonation is based on MaRTini (1971),while the foraminifera zonation is based on gRiLL(1943). The photos of the molluscs were made withPanaSOniC dMC-fZ50. The preservation of the most foraminifera andmolluscs specimens is quite good. Collected materialsare stored in the collections of natural History Mu-seum in Belgrade (Serbia). The collectors include:PeTaR PavLOvić, at the end of the 19th century, PeTaR
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Fig. 1: A. Geographical position of Rakovica stream locality in Europe (Google Earth); B. Lo-
cation of the studied area in Serbia; C. Toporaphic map 1: 50 000, Sheet Belgrade 4 showing
the location of the studied successions (squares).



STevanOvić around the mid-20th century, as well asthe authors of this paper. as old Museum documen-tation does not contain all information on the loca-tion of some fossils, on the basis of the sedimentstored on the fossils, we tried to identify the localitywhere they came from. The part of studied specimensof foraminifera are housed in the university of Tuzla(Bosnia and Herzegovina), while the samples of nan -noplankton assemblages are stored in the collectionof the geological Survey of austria in vienna.
Geological setting in the Middle Miocene (Badenian) the investi-gated area was located in the southeastern marginof the Pannonian Basin (Central Paratethys). Thedeposition of marine sediments during the earlyBadenian of Central Serbia resulted from the trans-gression of the Central Paratethys Sea, which initi-ated the development of several basins, subbasinsand bays with a corresponding sedimentation (an -đeLKOvić et al., 1989). in that time, the surroundingof Belgrade was a complex network of shallow ma-rine basins. The Slovenian Trans-Tethyan corridorprobably functioned as the connecting sea straitwith Mediterranean Sea, according to BiSTRičić &JenKO (1985). Connections are recorded also be-tween the Pannonian and the Transylvanian basins,through the Mureș passageway and făget Basin in

Transylvania (Romania), (CHiRa & MӑRunTeanu,1999; CHaiX et al., 2018), (fig. 2B). Most of the Belgrade area is covered by mid-Miocene sediments, lying transgressively over well-formed paleo-relief. The Miocene deposition in theBelgrade area begins with continental alluvial and la-custrine sedimentation, which occurred during theearly Miocene time and at the beginning of the earlyBadenian, before the first sea transgression. The Bel-grade basin is filled with sediments composed of con-glomerates, marls, clays, sand, sandstones andlimestones of different thickness at different sites, be-cause tectonic movements separated these rocks intodistinct blocks (PeTKOvić, 1912) lifted or plunged, dur-ing the neoalpine tectonic events (MaROvić et al.,2007; TOLJić et al., 2016). Paleogeography, tectonicmovements and connections with other basins andsub-basins across the gulf or open-water channels(anđeLKOvić et al. 1989; MaTenCO & RadivOJević, 2012;JOvanOvić, 2018) were the main factors influencing thediversity of molluscs in Serbia during the MiddleMiocene (Badenian), which resulted in the formationof different facies with diverse fauna.High diversity and excellent preservation of fossilassemblages are mentioned from a large number ofSerbian localities, especially molluscs. The age ofthese deposits should be considered mainly of Mid-dle Miocene (Badenian) which comprises threeparts: early Badenian (Lagenidae Zone), MiddleBadenian (Spirorutilus carinatus Zone), and Late Ba -
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Fig. 2. A. Geological map of the Rakovica area with marked position of the studied area, after the maps: 1:100 000 of Serbia, sheet
Pančevo (according to IvkovIć et al. (1966)), and the map 1:100 000 of Belgrade (according to MARkovIć et al. (1985), united and sim-
plified); B. The map of Badenian sea of Central Paratethys (according to kovAč et al. (2017); ChAIx et al. (2018), modified, showing the
location of the studied succession (yellow star)).



denian (Ammonia beccarii and Elphidium crispumZone) (PeTROvić, 1962, 1985). according to HaRZ -HauSeR et al. (2018), the Badenian stage can be cor-related with the entire Langhian stage and the lowerpart of the Serravallian stage of the Standard globalChronostratigraphic Scale of gRadSTein et al. (2012).during the early Badenian, the first marine ingres-sion reached Central Serbia area (eReMiJa, 1977;JOvanOvić, 2018; SanT et al., 2018; MandiC et al.,2019).  On the terrains of the center of Belgrade andits surrounding, like in the vienna basin, a veryprono unced facies differentiation is recorded, whenthe early Badenian sea-level rise covered older de-posits in Rakovica area (LuKOvić, 1922). Obviously,each part of Belgrade basin such as the center ofBelgrade, followed by višnjica, Leštane, veliki MokriLug, Kneževac, Rakovica in the vicinity of Belgrade,had specific development in terms of facies distri-bution depending on paleorelief configuration andthe tectonic reorganisations in the region. duringthe early Badenian, when the sea transgressionreaches its biggest extent, from the geotectonicpoint of view, the Rakovica stream belongs to thewestern border of Belgrade basin.
Results The biostratigraphic analysis is based on the Mu-seum collections and new field research, along withcollected materials. The fauna originate from sev-eral sites, here described under the names: Rakovicastream section, Rakovica stream - old locality situ-ated at a very short distance (about 100 m), andwell cores belonging to the estate of Mr. Šujica. Somespecimens from the Petаr Stevanović collectionoriginates from other localities: Clavatula schrei -
bersi (Hoernes) from Rakovica town and Aporrhais
dactylifera (Boettger) from Jelen Hill.
Rakovica stream sectionThe described section of Rakovica stream, with amaximum thickness of 3 m, consists of yellowish andgrey, fine-grained, poorly cemented sandstone and ir-regularly distributed hard yellowish sandstone len -

ses. The sediments are composed of a single relativelyuniform deposit. a lower part is mainly dominatedby the yellow sandstone, fig. 3 (a a, B a) whereas thecentral part shows intermixing of grey and yellowishcolored sandstone with hard sandstone lenses, fig. 3(a b). The contact surfaces between sediments of dif-ferent color are uneven, fig. 3 (B).in its upper part, they are sometimes replaced byyellowish sandstone with hard sandstone lenses.The latest 1.5 m thick unit, fig. 3 (a c, C), passinginto thin and hard layer cemented Leitha sandstonetowards top (fig. 3 d), with poorly preserved nan-nofossils and well preserved ascidien spiculae, hasbeen observed. Both are dominated by quartzgrains, while the cement is calcite. On their southernside, laterally, two thin wedge-shaped of the greysandstone layers are exposed (fig 3 e). fossils fora -minifera come from both yellowish and grey sam-ples, fig. 3 (a a, b), while fossil molluscs come fromthree samples, fig. 3 (a a, b, c).
Yellowish sandstoneCalcareous nannofossils have low abundanceand diversity because very shallow sandstones ofthe Rakovica stream are not very favorable to pro-vide abundant and rich associations of nannofossils.The most analysed samples from the yellow sand-stone were barren in calcareous nannofossils. Therarity of nanofossils made it difficult to establish abiostratigraphic framework. nevertheless, in twospecimens, the few identified species are rather in-formative and show that nn5 zone of the MiddleMiocene is present in the sampled succession. Thefirst manifestation of nannoplankton is noted at thetop of section Rakovica stream, fig. 3 (a d), whereassemblages mainly consist of Braarudosphaera
bigelowii (gRan & BRaaRud, 1935) defLandRe, 1947;
Coccolithus pelagicus (WaLLiCH, 1877) SCHiLLeR, 1930;
Coronosphaera mediterranea (LOHMann, 1902) gaaR -deR, in gaaRdeR & HeiMdaL, 1977; Cyclicargolithus
floridanus (ROTH & Hay, in Hay et al., 1967) BuKRy,1971; helicosphaera carteri (WaLLiCH, 1877) KaMPT-neR, 1954; Micrantholithus vesper defLandRe, 1950;
Micrantholithus sp., Pontosphaera multipora (KaMPT-neR, 1948 ex defLandRe in defLandRe & feRT, 1954)
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ROTH, 1970; Reticulofenestra gelida (geiTZenaueR,1972) BaCKMan, 1978; Reticulofenestra haqii BaCK-Man, 1978; Reticulofenestra minuta, ROTH, 1970;
Reticulofenestra pseudoumbilicus (gaRTneR, 1967)gaRTneR, 1969.Stratigraphically very important species Spheno-
lithus heteromorphus defLandRe, 1953 is absentfrom the samples of section Rakovica stream, how-ever the occurrences of Sphenolithus heteromorphusdefLandRe, 1953 in the sample from an old collec-tion of Museum enabled the attribution into nn5(nannoplankton zonation of MaRTini, 1971). Thenannofossil assemblage is composed of Sphenolithus
moriformis (BRönniMann & STRadneR, 1960) BRaM-LeTTe & WiLCOXOn, 1967 and Syracosphaera pulchraLOHMann, 1902 and some species of the reworked

nannofossils from Cretacaeous deposits: Micula
staurophora (gaRdeT, 1955) STRadneR, 1963; vatz-
naueria barnesiae (BLaCK in BLaCK & BaRneS, 1959)PeRCH-nieLSen, 1968). The age of these deposits cor-responds to the zone of calcareous nannoplanktonzone nn5 (nannoplankton zonation of MaRTini,1971 was used). The zone is dated Middle Miocenebased on the presence of benthic forms, and corre-sponds to the M5 zone of BeRggRen et al. (1995), onthe regional scale (Paratethys).foraminifers are unequally distributed in the yel-lowish sediment and almost exclusively representedby benthic forms, only two planktonic forms ofgenus orbulina were found. foraminifers are morenumerous and diverse than those of the sample ofgrey sandstone. The following foraminifera were de-
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Fig. 3. A (a-e). The Lower Badenian sandstone in Rakovica stream; B. Transition between yellowish and grey sandstone; C. Yellowish
sandstone with sandstone lense; C. detail of the picture C – Persististrombus.



termined: Ammonia viennensis (d’ORBigny, 1846), El-
phidium crispum (LinnaeuS, 1758), Elphidium sp.,
Borelis haueri (d’ORBigny, 1846), Borelis melo melo(fiCHTeL & MOOL, 1798), Dendritina haueri d’ORBigny,1846, Triloculina sp., Spirolina austriaca d’ORBigny,1846, Asterigerinata planorbis (d’ORBigny, 1846),
Glandulina ovula d’ORBigny, 1846 and orbulina sutu-
ralis BRönniMann, 1951.The mollusc assemblages were already known inthe 19th century, when ŽuJOvić (1886) and PavLOvić(1890) made the list of mollusc species from theRakovica stream. However, the majority of identifiedmolluscs have a wide chronostratigraphic distribu-tion, making it difficult to divide the Badenian, usingthem as a basis. Current investigation of the fossilassemblages and recent morphological studies (aTa -naCKOvić, 1985; BaLuK, 2006; HaRZHauSeR & KROnen-BeRg, 2013; HaRZHauSeR & Landau, 2016; KOváCS &viCián, 2014; KOváCS & BaLáZS, 2015; KOváCS, 2018; LaPeRna et al., 2017; Landau et al., 2013; ManganeLLi etal., 2004; niegRi & CORSeLLi, 2016; POPa et al., 2014;STudenCKa, 1986; STudenCKa et al., 1998), led to a sig-nificant increase in the number of mollusc species(figs. 5, 6, 7). Our results show approximately 150mollusc species occurring in the studied section.However, our estimates of paleobiodiversity are stillincomplete as yet and much work remains to be do -ne. gastropods are dominating. The following taxaare identified: Dentalium sp., Athleta ficulinaLaMaRCK, 1811, Persististrombus inflexus (ei CH WaLd,

1830), Semicassis laevigata(defRanCe, 1817), Ba  bylonia
eburnoides (MaTHeROn, 1843),
Lautoconus sp., varioconus
pelagicus (BROCCHi, 1814),
Phasmoconus fuscocingulatus(HöRneS, 1856), Lautoconus
kovacsi HaRZ HauSeR & Landau,2016; Plagioconus extensus(HO eRneS, 1856), Jujubinus(Strigosella) vexans (BOeTTgeR,1907), Paroxystelle orientale(COSSMann & PeyROT, 1917),
Caecum (Caecum) trachea(MOnTagu, 1803), Gibbula(Colliculus) pseudangulataBOeTTgeR, 1907, Truncatella(Truncatella) subcylindrica (LinnaeuS, 1767), nassar-

ius serraticosta (HöRneS, 1852), Microloripes denta-
tus (defRanCe, 1823), Bittium reticulatum (da COSTa,1778), Granulolabium bicinctum (BROCCHi, 1814),
Pyramistomia sp., Megacardita hoernesi La PeRna,MandiC & HaRZHauSeR, 2017; Discors spondyloides(HaueR, 1847), Flabellipecten besseri (andRZeJOWSKi,1830), Europicardium multicostatum (BROCCHi,1814), Pirenella sp., Rissoina (Rissoina) pusilla(BROCCHi, 1814), Modiolula phaseolina (PHi LiPPi,1844), Acteocina lajonkaireana (de BaSTeROT, 1825),
hydrobia sp., etc. 
The grey sandstoneThe grey sandstone contains only foraminiferafauna and mollusc shells. nannoplankton is absent.foraminifers are represented almost exclusively bybenthic forms while the planktonic forms are scarce,only one specimen of orbulina have been recorded.The following foraminifera were determined: Ammo-
nia viennensis (d’ORBigny, 1846), Elphidium crispum(LinnaeuS, 1758), Borelis haueri (d’ORBigny, 1846), Den-
dritina haueri d’ORBigny, 1846, Quinqueloculina sp. and
orbulina suturalis BRönniMann, 1951. (fig. 4 a). amongmolluscs, the following species are identified: Antalis
vulgaris (da COSTa, 1778); Antalis cf. mutabilis (HöRneS,1856); Phasmoconus cf. schro ec kingeri (HOeRneS &auingeR, 1879); varioconus pelagicus (BROCCHi); kallo-
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Fig. 4. A. a, c, Elphidium crispum (LInnAEuS): k, Dendritina haueri (D’oRBIGnY); d, Borelis melo
melo (FIChTELI & MoLL); e, Borelis haueri (D’oRBIGnY); f, l, Quinqueloculina sp.; g,i, j, Ammonia
vinnensis (D’oRBIGnY); h, orbulina suturalis BRönnIMAnn; B. (a–d), Borelis haueri (D’oRBIGnY).
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Fig. 5. Detailed view of molluscs assemblage; Scale bar 0,5cm (Fig. 5a, b) and 1cm (Fig. 5, c–t): a,b, Clavatula schreibersi (hoERnES); c,
d, Persistis trombusinflexus (EIChwALD); e,f, Plagioconus extensus (hoERnES); g, h, Aporrhais dactyloides (BoETTGER); i, Persistis trombus
cf. lapugyensis (SACCo); j,k, Amaldaglandiformi sp.; l, m , Cathymorulaexilis sp.; n, Serratina sp.; o, p, Pyramistomia sp.; q, Discorsspondy-
loides sp.; r, Atrina pectinata (BRoCCh); s, Streptochetusornatus sp.; t, Azorinuschamasolen sp.



conus letkesensis HaRZ HauSeR & Landau, 2016; Babylonia
eburnoides (MaTHeROn, 1843); Athleta ficulina (LaMaRCK, 1811); zonarina phyletica (SCHiLdeR); oligodia spirata(BROCCHi, 1814); Cathymorula exilis (HöRneS, 1856);
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Fig. 6. Detailed view of molluscs assemblage; Scale bar 0,5cm (Fig. 6 a) and 1cm (Fig. 6 b-u). a, Cardites partschi (MünSTER in GoLDFuSS);
b, Megacardita hoernesi LA PERnA, MAnDIC & hARzhAuSER; c, d, Semicassislaevigata sp.; e, f, xenopohora deshayesi MIChELoTTI; g, h,
xenophora sp.; i, j, vitularia linguabovis (BASTERoT); k, l, Lautoconus subraristriatus (PEREIRADA CoSTA, 1866); m, n, Babylonia eburnoides
(MAThERon); o, p, zonarina phyletica (SChILDER); q, r, kalloconus ponderoaustriacus (SACCo); s, Phasmoconus cf. schroeckingeri (hoERnES

& AuInGER); t, u, varioconus sp.
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Fig. 7. Detailed view of molluscs assemblage; Scale bar 1cm. a, b, Persistis trombusexbonellii (SACCo); c, d, Lautoconus ponderosus (BRoC-
ChI); e, Acanthocardia sp.; f, g, Acanthocardia paucicostata (SowERBY); h, Pectenaduncus sp.; i, Flabellipecten besseri (AnDRzEJowSkI); j,
k, Lautoconus kovacsi hARzhAuSER & LAnDAu; l, m, varioconus pelagicus (BRoCCh); n, Glycymeris pilosa (LInnAEuS); o, p, kalloconus letke-
sensis hARzhAuSER & LAnDAu; q, r, Athletaficulina sp.; s, t , Phasmoconus fuscocingulatus (höRnES). 



Finella perpusilla (gRaTeLOuP, 1827); odostomia sp.;
ocinebrina sp.; Crepidula sp.; Pyramidella sp.; Potamides
disjunctus SOWeRBy, 1831; Alvania oceani (d’ORBigny,1852); Gibborissoa varicosa (BaSTeROT, 1825); Paroxys-
tele orientale (Cossmann & Peyrot, 1917); Retusa um-
bilicata (MOnTagu, 1803); Tritia cf. longitesta(BeeR BiSTRiCKý, 1958); Gibbula angulata (eiCHWaLd,1829); Flabellipecten besseri andRZeJOWSKi, 1931; Pecten
aduncus eiCHWaLd, 1930; venus nux gMeLin, 1791; Gly-
cymeris (Glycymeris) deshayesi (MayeR, 1868); Gly-
cymeris sp.; Microloripes dentatus (defRanCe, 1823), etc. 
Rakovica stream – old localityThis section is not longer available for fossil sam-pling, but it might be possible to correlate it to thebeds 4, 5, 6 of the section described by eReMiJa (1977).We represent it by museum collections. The sample ofyellowish sand from fossils was taken in 1995. Thesection’s length was 10 m, and the yellowish sand andsmall lense of sandstone could have been recognized.foraminifera, bryozoa, corals, ostracod shells, echi-noid spines, remains of crabs, and rich mollusc com-munities are also present. These marine assemblagesfrom a highly energetic, normally saline environmentwere characterized by excellent preservation offoraminiferal tests and mollusc shells.foraminifers are relatively common. foraminifersare dominated by ammonia, elphidium and milliolides.as for planktonic forms, only two specimens orbulinawere found. The following foraminifera were deter-mined: Ammonia viennensis (d’ORBigny, 1846); Elphid-
ium crispum (LinnaeuS, 1758); Elphidium sp.; Borelis
melo melo (fiCHTeL & MOLL, 1798);, Dendritina hauerid’ORBigny, 1846; Quinqueloculina sp.; Triloculina sp.;
Pyrgo simplex (d’ORBigny, 1846); Spirolina austriacad’ORBigny, 1846; Asterigerinata planorbis (d’ORBigny,1846); Glandulina ovula d’ORBigny, 1846; orbulina su-
turalis BRönniMann, 1951; Dentalina sp.; Peneroplis
planatus (fiCHTeL & MOLL, 1798) and ortomorphina cf.
columella (KaRReR, 1877). among molluscs, the follow-ing were recognized: Athleta ficulina LaMaRCK, 1831;
Amalda glandiformis (LaMaRCK, 1810); Streptochetus
ornatus (d’ORBigny, 1852); xenophora deshayesi MiCHe-LOTTi, 1847; xenophora sp.; vitularia linguabovis (BaS-TeROT, 1825); Cathymorula exilis (HöRneS, 1852);

Persististrombus exbonellii (SaCCO, 1893); Persististrom-
bus inflexus (eiCHWaLd, 1830); zonarina phyletica (SCHi -LdeR, 1923); Babylonia eburnoides (MaTHeROn, 1843);
varioconus sp.; Phasmoconus fuscocingulatus (HöRneS,1851); Paroxystelle orientale (COSSMann & PeyROT, 1917);
Flabellipecten besseri (andRZeJOWSKi, 1831); Anadara sp.;
Polinices redemptus (MiCHeLOTTi, 1847), etc.
Well of the estate of Mr. Šujica in the West, meaning in Topčider river area, sed-imentation took place in a shallow marine environ-ment, and lagoonal environment was formed,resulting in deposition of coal-bearing clay. at adepth of 12 m, blue clay with coal and fossils wererecovered from core well of Mr. Šujica’s estate(STevanOvić & STePanOvić, 1939; STevanOvić, 1970).This fauna probably belongs to the upper Badenianbecause it contains sarmatoid forms. additionaly,Sarmatian deposits are situated above these sedi-ments. also, termophille taxa such Conidae fLeMing,1822; Strombidae RafineSque, 1815; Muricidae Rafi -neSque, 1815; Cypraeidae, etc., are missing. amongforaminifera Dendritina haueri d’ORBigny, planispiralporcelaneous species Spirolina austriaca d’ORBigny,
Quinqueloculina sp., Pseudotriloculina consobrina(d’ORBigny) and Ammonia viennensis (d’ORBigny) areidentified. Acanthocardia paucicostata (SOWeRBy,1841), Acanthocardia turonica (MayeR, 1861), Arca
rollei HöRneS, 1864, Tellina donacina LinnaeuS, Modi-
olus sp., Microloripes dujardini (deSHayeS, 1850),
Crepidula cochlear BaSTeROT, 1825, Calyptrea chinen-
sis (LinnaeuS, 1758), venus sp., Ringicula minor (gRa -TeLOuP, 1838). about 500 m south, on the left bank ofTopčider River, in another well, similar fauna wasidentified: Anadara diluvii (LaMaRCK, 1805), Cubitostrea
digitalina (eiCHWaLd, 1830), nassarius edlaueri (BeeR-BiSTRiCKý, 1958); Granulolabium nodosoplicatum (HöR -neS, 1856) G. rubiginosum (eiCHWaLd, 1853), venus sp.(STevanOvić & STePanOvić, 1939).
Discussion and Interpretationin Serbia and some other regions of CentralParatethys, the temporal span and boundaries of the
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Badenian regional stage remain unclear. generally, inParatethys area, other biostratigraphic problemswere noticed (KOvač et al., 2018). in recent works,Badenian transgression is well documented fromSerbia (SanT et al., 2018; JOvanOvić et al., 2019a;MandiC et al., 2019; Rundić et al., 2019), but the baseof the Badenian has not yet been precisely defined.The intense efforts directed at resolving stratigraphicproblems have not yet been matched with the latestresearches of Badenian sediment of Central Para -tethys. as pointed out by JOvanOvić et al. (2019a), abiostratigraphic revision is required for some Baden-ian localities. in order to check the stratigraphic po-sition of sediments from the Rakovica stream, severalsamples have been analysed in respect to nanno-plankton, foraminifers and molluscs. The existing in-formation of the Middle Miocene calcareousnannofossil species from the Serbia sites: višnjica(near Belgrade) and Koceljeva (Western Serbia) havebeen published by MiHaJLOvić & KneŽević (1989), andJOvanOvić et al. (2019a). age of these deposits corre-sponds to the calcareous nannoplankton Spheno-
lithus heteromorphus (nn5) zone. a similarity isregistered between the nannofossil assemblages ofLower Badenian deposits in Serbia, Transylvania,Slovenia, Bosnia, as reported by several authors(BaRTOL, 2009; CHiRa & vuLC (2003); MiHaJLOvić &KneŽević (1989), or between the other fauna (CHaiXet al., 2018; JO  vanOvić et al., 2019a).Both Rakovica stream and Rakovica stream – oldlocality are not significantly different because theycontain almost the same rich fossil assemblages,though the old locality seems somewhat more di-verse in terms of gastropods. Chronologically, thesection Rakovica stream – old locality is stratigraph-ically slightly older, taking into account the fallingangle of the sediments, 30-40° (PeTKOvić, 1912;eReMiJa, 1977). in the investigated area, the identifi-cation of the nannoplankton zone nn5 (MaRTini,1971), was made based on the presence of Spheno-
lithus heteromorphus and the absence of heli-
cosphaera ampliaperta. Sphenolithus heteromorphuswas recorded in the sample of the old museum col-lection. its LO (Last Occurrence) in the Mediter-ranean was dated at ~ 13.4 Ma (aBduL aZiZ et al.,2008), which points to the fact that these sedimentsmust have been older than 13.4 Ma. This means that

these Rakovica sediments correspond to the nn5 cal-careous nannoplankton zone (MaRTini, 1971). The foraminifera associations from the analysedsandstones of the Rakovica stream belong to thelower Badenian, namely the older zone A. viennensis-
E. crispum. This finding is supported by several facts.The first is that in the sandstones a species of B.
haueri has been designated, which in CentralParatethys is exclusively associated with the LowerBadenian (CiCHa et al., 1998). additionaly, the sand-stones contain a rich association of fossils, which isnot a feature of the uppermost zone of upper Baden-ian in Central Para tethys. due to the few fossil com-munities, this zone is also referred to as the“impoverishment Zone” in the vienna Basin (PaPP &SCHMid, 1985). The cause of “impoverished fauna” isprobably the decrease in salinity of the seawater atthe end of Badenian. also, this “impoverishmentZone” is characteristic of the uppermost zone ofupper Badenian in the area of northern Bosnia(vRaBaC, 1999). very important difference betweenthe upper Badenian and Lower-Badenian zones of
Ammonia viennensis is that the upper Badenian zonewas formed during the regression, while the LowerBadenian zone is related to the transgression of Cen-tral Paratethys. Basal conglomerates and fossilifer-ous sandstones of the Rakovica stream weredeposited during the transgression of the lowerBadenian Sea, which is a feature of the lower Baden-ian sediments of the A. viennensis Zone, both in Ser-bia (JOvanOvić et al., 2019a) and in northern Bosnia(ćORić et al., 2018). upper Badenian zone sedimentsare highly regressive in the vienna Basin (PaPP &SCHMid, 1985). This was stated in numerous sites ofthe southern margin of Central Paratethys (vRaBaC etal., 2015). in the višnjica locality near Belgrade (ac-cording to KRSTić &MiTROvić, 1993), sediments of theup per Badenian with Ammonia beccarii (= Ammonia
viennensis) lying over the older ones (zone with
Spiro plectamina carinata) were drilled in the v-26well. Biostratigraphically, they correspond to the Bo-
livina dilatata Zone, and their total thickness is about40 m. The Badenian fauna from Rakovica is thought tocontain a large proportion of molluscs (ŽuJOvić, 1886;PavLOvić, 1890; eReMiJa, 1977, 1987; ganić et al.,2016) but understanding the age and general spa-
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tiotemporal processes that shaped their distribu-tion are yet unclear, and they are probably olderthan the upper Badenian (JOvanOvić, 2018). in pre-vious literature, the chronostratigraphical frame-work of the sedimentary succession was based onthe foraminifera assemblages and the entire succes-sion is dated as upper Badenian. in recent years, theMiddle Miocene deposits of the Rakovica area havebeen studied, as well as the Badenian fauna. How-ever, most of these papers refer to the outdatedbiostratigraphy (ganić et al., 2016; Rundić et al.,2017) or misidentification of foraminifera (Rundićet al., 2019). for example, in the fig. 5 (p. 114) ac-cording to Rundić et al. (2019), we can clearly iden-tify Borelis haueri.Our results show approximately 150 molluscspecies occurring in the studied sections, ther-mophile molluscs are common. gastropods domi-nated in the samples. Molluscan assemblagesrepresent elements common in early Miocene orearly Middle Miocene (Badenian) of the CentralParatethys. The early Badenian is characterized bya rich fauna that prefers warm water (HaRZHauSeR &PiLLeR, 2007). Many marine molluscs display a peakin diversity during the warm early Badenian. Thehigh diversity reflects the warm temperature andindicated Middle Miocene Climatic Optimum, whichallowed numerous thermophilic proto-Mediter-ranean elements to migrate into the Paratethys(HaRZHauSeR et al., 2003). despite the fact that ther-mophile taxa play an important role in establishingbiostratigraphic and biogeographic correlations(HaRZHauSeR & PiLLeR, 2007), they were poorly usedfor biostratigraphy of Serbian deposits. Molluscssuch as xenophora deshayesi, Babylonia eburnoides,
Semicassis laevigata, vitularia linguabovis, Persis-
tistrombus exbonellii, Persististrombus cf. lapugyen-
sis, Aporrhais dactylifera and Megacardita hoernesi,belong to the early Miocene or appear at the begin-ning of the Badenian transgression. Stenohaline,thermophilic species from the investigated area arefollowed by numerous gastropod cerithiids (over500 specimens) and Rissoina (over 100), indicativeof the occurrence of sea-grass meadows in a pre-dominantly shallow water environement. Therefore,the investigated sections correspond to earlyBadenian age (nannoplankton zone nn5) and to TB

2.4, the Badenian sequence within the nn5 nanno-zone.The investigated fauna has been frequently usedas reference fauna for the comparison with otherfamed Paratethyan early Badenian mollusc faunafrom Lower austria (gainfarn and vöslau), Poland(Korytnica) and Romania (Lapugiu de Sus, Costei),and can be correlated with the Lagenidae Zone (gRiLL,1941) of the Badenian, as well as with some classicBadenian fossiliferous sites of Serbia. from theRakovica near Belgrade, the rich mollusc fossils pre-sented here can be compared with that of the gol-ubac (notheastern Serbia), (MiKinčić, 1932; SPa Jić,1975; JOvanOvić, 2018). Both localities show high di-versity with numerous common termophile taxas(Persististrombus, xenophora, Lautoconus, varioco nus,
Phasmoconus, kalloconus, Terebra, Clavatula, Babylo-
nia, etc.), but golubac site is much more abundant inthe number of species and specimens (JOva nOvić,1996). The numerous identified molluscs fromRakovica sites have a wide geographic distribution inCentral Paratethys such as Flabellipecten besseri,
Pecten aduncus, Microloripes dentatus, Cardites
partschi, Athleta rarispina, Paroxystele orientale,
xenophora deschayesi, etc. (STu denCKa, 1986; Landauet al., 2013; CHaiX et al., 2018). in comparison withother localities in Central Paratethys (BaLuK, 2003,2006; MiKuŽ, 1998) etc., quite the “impoverished”conoidean fauna from the Rakovica stream is ob-served. Turrids are important marine carnivorousgastropods that are highly diversified in shallow aswell as deep water. among Turridae and Pleurotomi-dae, only seven species are identified, thermophilegenus Clavatula with three species and more than110 specimens indicated to warm climate (Clavatula
granulatocincta, C. sophiae, C. schreibersi). Some raregastropods as well as representatives of family archi-tectonidae (= Solariidae), etc are noticed. The archi-tectonicids known as “sundials,” are a group ofworldwide distribution, mainly in subtropical andtropical waters which have an extended veliger stageenabling larvae to live in the plankton for relativelylong periods and thus to cover great distances withthe ocean currents, ensuring wide distributionalranges (MauRO-PieTRO & CeSaRe, 2016). heliacus moni-
lifera and Psilaxis cf. simplex have a wide chro no -stratigraphic distribution (Landau et al., 2013).  
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a frequent alternation of different facies is the re-sult of inflows into the shallow sea and the charac-teristic of sea shore. in addition, the Rakovica streamsediments were deposited in a fairly shallow marineembayment in which the material was occasionallybrought in by streams or rivers. Coccolithus pelagicusis common in close to river mouths (ćORić, 2003).This type of deposition is indicated by the nature ofthe layers, such as wedge-shaped sedimentary de-posits, gradual transitions between sediments of dif-ferent colours and small differences in grain size. alldata indicated that the communications with adeeper sea were established as early as in LowerBadenian. The Badenian molluscan biodiversity wasshaped by a series of events connected with the geo-dynamic and climatic evolution of the early southernmargin of Central Paratethys during the early MiddleMiocene (Badenian). Palaeogeography, tectonic mo -vements and connections via bayways or canals withopen sea (anđeLKOvić et al., 1989; MaTenCO & Ra -divOJević, 2012) present the main factors within themollusc community, making Serbian diversity duringMiddle Miocene (Badenian), (JOvanOvić, 2018).The lithofacial and biofacial characteristics of thestudied deposits of the Rakovica stream indicate thatthey were deposited in a very shallow, coastal partof the infralittoral sea with normal salinity. The cos-mopolitan nanofossil indicates shallowing of the sea.The small reticulofenestrids such as R. minuta or R.
haqii have a wide ecological tolerance and indicate anutrient-rich, eutrophic, near-shore environment(aueR et al., 2015). The abundant and varied mollus-can assemblage signifies subtropical conditions, fa-vorable substrates, and abundant food supply. Largebenthic forms are suggesting a shallow water high-energy environment. Therefore, the mollusc assem-blage clearly indicates the infralittoral zone and,thus, the euphotic zone. Shallow marine environ-ments are also documented by the numerous tracebioerosion on shell of molluscs (ganić et al., 2016),as well as in the investigated materials presentedhere. in southern Topčider river area, sedimentationtook place in shallow marine settings, resulting indeposition of coal-bearing clay, probably correspon-ding to upper Badenian. This probably documentsshallow or estuarine environments and coast vicin-ity.

during the late early Miocene and Middle Mi ocene(Badenian), the climate in the Central Paratehys wasmainly subtropical (KOvač et al., 2007). This is supportedat the southern margin by the abundance of ther-mophilous mollusc taxa as well as in the same interpre-tations made by other authors engaged in the samefieldwork (JOvanOvić et al., 2019c; MandiC et al., 2019).The studied mollusc fauna indicates the influence of theperiod of global warming, so called Middle Miocene Cli-matic Optimum (MMCO initial warming beginning ca.18 Ma and with peak warming ca. 17–14.75 Ma, accord-ing to ZaCHOS et al. (2001, 2008), that preceded the Mid-dle Miocene Climatic Transition (global cooling duringthe interval ∼15–13 Ma). MMCO event initiated manyecological changes, including the influence on the devel-opment of mollusc fauna and their distribution. Litera-ture data from around the world suggest that during theMMCO, many localities were characterized by rich in-vertebrate remains, containing an abundance of pre-dominant foraminifers, gastropods and bivalves.numerous taxa are very sensitive to temperature andsalinity change. The presence of typical warm-water in-dicators (e.g. Conidae, Clavatulidae, Strombidae,Xenophoridae, Cypraeidae) within the studied Museumcollections, supports the interpretation that studiedfauna excisted during the late phase of the MiddleMiocene Climatic Optimum. Based on these criteria, weconclude that it is necessary to continue the revision ofthe upper Badenian in Serbia, Bosnia and Herzegovina,and Croatia, on the localities where the upper Badenianhas been determined only based on the Rotalia beccariizone (= Ammonia viennensis). 
Conclusion This paper presents the results of biostratigraphicstudies of Badenian (early Middle Miocene) sedi-ments of the Rakovica stream near Belgrade (CentralSerbia). The Badenian sediments, rich in various fos-sils, have a widespread distribution in the area ofBelgrade. a review of past works on the early MiddleMiocene sediments of the Rakovica stream (PeTROvić,1962, 1985; ganić et al., 2016; Rundić et al., 2019), to-gether with new fieldwork in that area and the latestresearch of the vicinity of Koceljeva (JOvanOvić et al.,2019a), have indicated the necessity of stratigraphic
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revision of those beds. Micropaleontological andmacropaleontological studies of the sediments ofRakovica stream herein attributed to the LowerBadenian showed the existence of a rich faunawhere molluscs and fora minifera, as well as somerare nannofossils, allowed accurate dating the ageof the researched sediments. The biostratigraphicanalysis is based on the old Museum collections andnew ressearches. The conducted investigation re-sulted in defining middle Miocene (lower Badenain,Lagenidae nn5 Zone) age of these sediments.Our conclusions about the fossil records givenew light on the stratigraphy of Rakovica sedimentsfor further studies, providing a useful resource tothe future study of fossil assemblage diversity. Theresults show approximately 150 molluscs species,occurring in the studied sections and Museum col-lections. Many Middle Miocene species belonging toextinct or extant genera have been recorded in theParatethyan region. further research might increasethe total number of mollusc taxa indicated above forthe Badenian of Rakovica.during the late early Miocene and Middle Mio cene(Badenian), the climate in the Central Paratehys wasmainly subtropical. This is supported at its southernmargin by the abundance of thermo philous mollusctaxa as well as Conidae, Strombidae, Cypraeidae,Xenophoridae, Muricidae, Pleu rotomidae, etc. Basedon the studies of lithological composition, nannofos-sils, foraminifers and high paleodiversity molluscfauna and local palaeogeographical setting, it can beconcluded with reasonable certainty that the Ra -kovica deposits represented a shallow marine (sub-littoral) environment during Lower Badenian time.The abundant and varied molluscan assemblage andother fossil assemblages indicate favorable sub-strates, abundant food supply, and warm-temperateto subtropical conditions. Current investigation of thefossil assemblages that are here dated as LowerBadenian will contribute to clarify more accuratelythe biogeographic pattern of Badenian fauna of theregion, and fill in the gaps in the biostratigraphical di-vision of the Badenian sediments of Serbia. it shouldalso contribute to a better knowledge of the paleoe-cological conditions during early Middle Miocene(Badenian), when the warm climate zone was muchwider than today. We conclude that it is necessary to

continue the revision of the upper Badenian in Ser-bia, Bosnia and Herzegovina, and Croatia, in the lo-calities where it is determined solely based on the
Rotalia beccarii zone (= Ammonia viennensis).
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Резиме

Стратиграфска ревизија горњег
бадена потока Раковице код
Београда (Централни Паратетис,
Србија)У овом раду су представљени резултати био -стратиграфских проучавања баденских (ранисредњи миоцен) седимената Раковичког потокакод Београда (централна Србија). На подручјуБеограда баденски седименти имају широкораспрострањење и богати су разноврсним фоси -лима. Преглед претходних радова o рано сред -њомиоценским седиментима Раковичког по тока(ПетРовић, 1962, 1985; ГаНић и др., 2016; РУНдић идр., 2019), нова теренска истраживања као инајновија истраживања околине Коцељеве (Јо -ваНовић и др., 2019а), указали су на неоп ходностстратиграфске ревизије ових седимената. Ми -кропалеонтолошка и макропалеонтолошка ис -
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питивања која су у овом раду седиментеРаковичког потока приписала доњем бадену,показала су постојање богате фауне, међу којомсу мекушци и фораминифери, као и неки реткинанофосили који су омогућили прецизно де -финисање старости истраживаних седимената.Биостратиграфска анализа се заснива и на по -дацима добијеним на основу старих музејскихколекција. Као резултат ових истраживањаутврђена је средњомиоценска (доњобаденска,НН5 Лагенидна Зона).Наши закључци о фосилном запису бацајуново светло на стратиграфију раковичких седи -мената за даље студије и пружају користан ресурсза проучавање разноврсности фосилних зајед -ница. Резултати показују окo 150 врста мекушацакоје се јављају на проученим профи лима и умузејским збиркама. Многе врсте средњег мио -цена које припадају изумрлим или постојећимврстама или родовима, забележене су и у регионуПаратетиса. Поред тога, будућим истражива -њима могао би се још повећати горе наведениукупни број мекушаца из бадена Раковице.током касног раног миоцена и средњег мио -цена (бадена), у Централнoм Паратетису климаје била углавном супторпска. то се може за -кључити и за његов јужни обод на основу обиљатермофилних врста мекушаца, као што су

Conidae, Strombidae, Cypraeidae, Xenophoridae,Muricidae, Pleurotomidae, и др. На основу проу -чавања литолошког састава, нанофосила, фора -минифера и високог палеодиверзитета фаунемекушаца као и палеогеографског положаја,може се са сигурношћу закључити да су седи -менти Раковице настали у веома плиткој мор -ској (сублиторалној) средини, током раногбадена. Богат и разнолик скуп мекушаца идругих фосилних заједница указује на повољнуподлогу, обиље хране и топло умерене до суп -тропске услове. Проучавања фосилних зајед -ница које су овде датиране као доњобаденске,допринеће тачнијем разјашњавању биогео граф -ске дистрибуције баденске фауне у региону ипопуњавању празнина у биостратиграфској по -дели баденских седимената Србије. такође битребало да допринесе бољем познавању палео -еколошких услова током раног средњег мио -цена (бадена), када је зона топле климе билашира него данас. Закључујемо да је потребнонаставити с ревизијом горњег бадена у Србији,Босни и Херцеговини и Хрватској, на локали -тетима где је старост одређена само на основу
Rotalia beccarii zone (= Ammonia viennensis).
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