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Abstract. The subject work covers the Belgrade wider area with a total areaof about 2,000 km2. The authors integrated the principal geological and geo-physical data provided by surface works and multidisciplinary elements fromthe fifty-two wells with depths between 33 and 2,733 m. Explicit paleontolo -gical findings of specialized analytists with determinations of macro- and mi-crofauna and flora are presented both from Neogene formations and the olderbasinal floor. In addition to conventional petrological descriptions of rocks,microscopic determinations of intrusive and extrusive magmatites were alsocited. From the enclosed basin space, the mineralization of deep aquifers isalso correlative positioned. From the geophysical data for wells deeper than400 m, records of well logging measurements were used, with markers basedon which valid stratigraphic delimitations were made. Seismic survey sectionswere the basis for spatial shaping of Neogene sedimentation and basin floorconfiguration. For in-depth geological interpretations, published and reposi-tory gravimetric and geomagnetic maps of different sizes and years were con-sulted. The authors focused primarily on factometric indicators withoutentering into variable and debatable theoretical schematizations, especiallyorogenically complex of subbasin tectonics, in dissonant relations with theyounger disjunctive shaped configuration which is visually shown in the refe -rence cross-sections both vertically and laterally.
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Апстракт. Предметна референца обухвата простор шире околине Бео -града укупне површине око 2.000 km2. Аутори су објединили капиталнегеолошке и геофизичке податке обезбеђене површинским истражи -вањима и мултидисциплинарним елементима из 52 бушотинe садубинама између 33 и 2.733 m. Конкретни палеонтолошки налази спе -цијализованих аналитичара са детерминацијом макро и микрофауне ифлоре, презентовани су како из неогених формација тако и из басенскеподине. Осим конвенционалних петролошких описа стена цитиране суи микроскопске детерминације интрузивних и екструзивних магматита.Из затвореног басенског простора корелативно су позициониране и ми -нерализације дубинских аквифера. Од геофизичких података за бушоти -не дубље од 400 m коришћени су записи каротажних мерења, самаркерима на основу којих су извршена валидна стратиграфска раз -



IntroductionThe wider area of the city of Belgrade includes notonly its central and highly urban part, but also all theperipheral settlements that stretch around thaturban core from both side of the Sava and danuberivers. Within that, so-called the Belgrade danubemeander (Beogradski dunavski ključ), in the nar-rower sense, means the area of Belgrade or its east-ern rim that follows the course of the danube riverin the coastal part and low inner hills (višnjica, Slanci,veliko Selo) all the way to Mirijevo and vinča. once amarginal part of the Belgrade settlement and a spacesuitable for field trips and professional observations,it has a long tradition of geological research (BouE,1840). From that time, numerous studies have beendone, hundreds of wells have been drilled and somegenerally known facts have been established. Manypapers have been published about this after WorldWar I (e.g. pavLovIć, 1922; LukovIć, 1922; LaSkarEv etal., 1931). after World War II, the interest of the geo-logical public spread to the other side of the danube,and with the beginning of hydrocarbon explorationin Banat and beyond, the subsurface geology of thewider Belgrade area became even more relevant(MarINovIć, 1959, 1961, 1962). For example, it wasunderstand that the subsurface geological composi-tion of that area is a reflection of the genesis and evo-lution of the pannonian Basin, pronounced syn- andpost-rift Neogene tectonics and block structure. Thisconditioned the existence of differences in a relativelysmall area, the formation of smaller or larger depres-sions as opposed to distinct structural elevations(NIkoLIć, 1976; STEvaNovIć, 1977). Neogene sedimentsheterochronously cover the pre-Neogene bedrock,

mimicking the configuration of the inherited paleo-relief. The alpine-type tectonized structure is notidentically oriented with the younger disjunctiveshaped basin structure of Neogene. It is understoodthat parts of the more pronounced ruptures were re-activated during the Neogene (ruNdIć et al., 2019).These facts influenced the authors of this paperto make the basic driving motto has been factome-try, i.e. the desire to present the subsurface struc-tures of the wider Belgrade area with much moredetails.Thanks to geological-geophysical research aswell as performed exploratory drilling, it has longbeen known that paleorelief or “old rocks” exposedon the surface of the terrain south of the danuberiver, build the basis for the Neogene and Quater-nary sediments up to 4000 m thick (e.g. pETkovIć,1951; aNĐELkovIć, 1960; MarINovIć, 1970, 1971,1977; NIkoLIć, 1976; MakSIMovIć et al., 1990; paNTIć& duLIć, 1990; radIvojEvIć et al., 2010; duNčIć et al.,2017; duLIć et al., 2019). Having all this in mind, aswell as the existence of clear discordant relationsbetween stratigraphic units and, in that sense, sig-nificant stratigraphic deviations in a smaller area(local unconformities, erosions, pronounced dis-junctive tectonics, etc.), the presentation of our re-sults will contribute to a better understanding ofthese processes.Considering that nowadays it is difficult to get di-rect data related to exploratory drilling and geo-physical research of the Neogene of vojvodina, andthat subsurface geological models are establishedmainly on the basis of re-interpretation of existingdata and their further approximation, a huge data-base of geological documents (primarily strati-
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граничења. Секције сеизмичких испитивања биле су основ за просторнообликовање неогене седиментације и конфигурације басенске подине.За дубинска геолошка тумачења консултоване су објављене и фондовскегравиметријске и геомагнетне карте разних година и размера. Аутори сусе задржали првенствено на фактометријским показатељима не улазећиу променљиве и дискутабилне теоретске шематизације нарочитоорогено сложене подбасенске тектонизације, у дисонантном односу самлађом, дисјунктивно обликованом неогеном конфигурацијом која је уреферентној графици визуелно приказана и вертикално и латерално.
Кључне речи:
Стратиграфски елементи,
неоген, дубинска разграничења,
геофизички показатељи,
структурно-палеогеографска
интерпретација



graphic-paleontological, structural and well-loggingdata), was the key motive for presenting these re-sults to the wider professional and scientific public.Having in mind that the studied area in the northernpart is completely covered with Quaternary sedi-ments, the paper especially emphasizes specific andoriginal interpretations of the distribution anddepth relationship of main stratigraphic units aswell as their morphostructural features.
An overview of the geological
background The studied area is shown on the index (to -po nyms) map (Fig. 1). It is spatially limited by aquadrangle: Belegiš–Banatsko Novo Selo–v. Mošta -nica–Mala ada (Brestovik). It is mainly covered bythinner or thicker Quaternary deposits of variousgenesis (alluvium, river-marsh sediments, river ter-races, deluvial-proluvial deposits, loess-paleosoil se-quences, etc.), as evidenced by numerous data (e.g.IvkovIć, 1966; Mar kovIć, 1985; NENadIć et al., 2011;GaudENyI et al., 2015; kNEžEvIć et al., 2018b; ToLjIć etal., 2014).

Below the Quaternary cover, there is a complex ofMiocene and pliocene sediments of different thick-ness formed during the evolution of the pannonianBasin and its southern rim (continental-lacustrine

deposits with volcanics of the Lower and MiddleMiocene, marine and marine-brackish Middle Mio -cene and caspibrackish to freshwater sediments ofthe upper Miocene to pliocene). due to the largenumber of papers regarding this, only those in whichthe authors dealt with various aspects of the predo -minantly Miocene of the area are listed chro no lo -gically (LukovIć, 1922; pavLovIć, 1922; LaSkarEv et al.,1931; LaSkarEv, 1949; WEICHEr & oBradovIć, 1950;MarINo vIć, 1961, 1962, 1977, 1982; MILETIć-SpajIć,1961; MarINovIć & kEMENCI, 1969; STaNGačI LovIć, 1969;kr STIć, 1973, 1985; STEvaNovIć, 1957, 1975, 1977; NI -koLIć, 1976; MILakovIć, 1986; MIHajLo vIć & kNEžEvIć,1989; ŠuMar & ruNdIć, 1992; vaSkovIć & MaTovIć,1996; doLIć, 1997, 1998; kNEžEvIć & Ga NIć, 2005,2008; krSTIć et al., 2012; SCHWarCHaNS et al., 2015;GaNIć et al., 2016; aNĐELkovIć & radIvojEvIć, 2018;jovaNovIć et al., 2019). The most important details andresults of the mentioned research will be discussedin more detail in the following chapters of this paper.In the base of Neogene formations, there are theolder rocks mostly built of various post-Triassic for-mations (diabases, serpentinized peridotites, radio -larites, clays, argiloshists, limestones, sandstones,spilites, andesites, etc.) about which there are pub-lished data as well (e.g. dIMI -TrIjEvIć, 1931; pETkovIć, 1951;aNĐELkovIć, 1960, 1973, 1987;čaNovIć & kEMENCI, 1988, 1999;kNEžEvIć et al., 1994; ToLjIć,1996; ĐErIć et al., 2010; duN -čIć et al., 2017). The stra -tigraphic position of thesese dimentary rocks in the areaof southern Banat and theBelgrade hills was deter-mined on the basis of diffe -rent macro- and microfauna(e.g. paNTIć & ŠEćErov, 1975;kNEžEvIć et al., 1994; BraGIN etal., 2011). The genesis, chem-istry features and age of ig-neous rocks were determinedthrough their spatial relationships and relations tothe surrounding rocks or based on geochemicalcharacteristics and isotope geochro nology (e.g.SokoL et al., 2020).
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Fig. 1. Geographic position of the studied area (a, white rectangle), and a close-up with the
main toponyms which mark position of the studied boreholes (b). Key: white circle – studied
deep boreholes; full lines – geological cross-sections (I, II, III).



Material and methodsThe presentation of the depth geological struc-ture of the Belgrade wider area is the result of theanalysis of 15 deep wells on the Banat side of thedanube river (Fig. 1). In the southern part of studiedarea 37 mostly shallow wells were analyzed. Itshould be noted that in the given scale of the gra -phics (Figs. 1 and 10), not all the toponyms men-tioned in the text  nor shallow wells could be shown.The complete list of used wells can be found in theTable 1. The collected stratigraphic-paleontologicaldata, performed well logging and seismic-geologicalcorrelations were analyzed by the first signed au-thor (ĐM), as well as a part of the paleontologicaldetermination related to Neogene units in the pre-sented deep wells. on the Banat side, the depth ge-ological-stratigraphic demarcations are based oncorrelative markers of well logging (MarINovIć,1970, 1971 – see Fig. 2), harmonized with availablepaleontological, petrological and hydrochemical ele -ments, transferred on the network of reflective seis-mic sections. on the Belgrade side, numerousliterature-processed surface data have been supple-mented by a selection of stratigraphically instructivewells and representative geological columns (byLjr). For the entire area, gravimetric maps of iso -gams (mgl) and vertical gradient (E) were used fromthe geophysical data – Funds of “Naftagas” (NoviSad) and “Geozavod” (Belgrade), which were par-tially published (SIMIN, 1963; BILIBajkIć et al., 1979;BILIBajkIć, 1998). In addition, geomagnetic maps ∆zanomalies ZMp 1954 (NIkoLIć & SIMIN, 1959) and thefund of the Za intensity section were used, exceptfor the areas that were deleted from the competentauthorities in due time.Based on all of this, the first signed author con-structed subsurface geological sections of the SWBanat (profiles I, II and III) as well as the map ofNeogene base configuration (E = 100 m), which cov-ers an area of about 2,000 km2. The depth geologicalmodel defined in this way is supplemented withfacts that refer to the subsurface and outcrop geo-logical data of the wider area of Belgrade, that issouth of the danube river (Ljr). determination of the stratigraphic affiliation ofgeological units from the Banat deep wells was

taken primarily from čaNovIć & kEMENCI (1988) andother publications (e.g. paNTIć & ŠEćErov, 1975;paNTIć & duLIć, 1990; kNEžEvIć et al., 1994). However,in order to avoid burdening the text with continuousrepetition of the signatories of internal reports orworks of the published paleontological and otherdata from the deep wells of Banat, in the chapter„Stratigraphic review“, the corresponding authorsare grouped as follows: determination of Neogenemicrofauna - v. Marković, N. Gagic („Naftagas“, NoviSad); determination of Mesozoic microfauna - M. ča -nović („Naftagas“, Novi Sad) and Đ. Mihajlović(„Geozavod“, Belgrade); determination of Neogenemacrofauna - p. janković, Đ. Marinović („Naftagas“,
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Fig. 2. Synthetic stratigraphic section of the borehole Ov-1
(compiled by ĐM). The plotted diagram is one of the first geoelec-
tric measurement in Serbia performed in 1950 with the Schlum -
berger apparatus (Zagreb team). Key (generally): 1, serpentinite;
2, conglo-breccia; 3, siltstone & claystone; 4, sandstone; 5, lime -
stone; 6, marl, and 7, sand & gravel.



Novi Sad); determination of microflora – N. pantić(Faculty of Mining and Geology, Belgrade), p. Šeće -rov and I. dulić („Naftagas“, Novi Sad); petrographicanalyzes - r. kemenci („Naftagas“, Novi Sad); physi-cal and chemical analyzes of water - a. dekanj anda. Maksimčev („Naftagas“, Novi Sad); correlativestratigraphic distinctions - Đ. Marinović (Naftagas,Novi Sad). In the area south of the Sava and danuberivers, the references are cited in Table 1.
Stratigraphic review

Pre-Tertiary basementIn the studied area, the pre-Tertiary basementmakes the geological and stratigraphic units ofjurassic and Cretaceous age of different genesis.
Jurassic

The oldest Jurassic unit is a series of dark toblack tectonized clays and argiloshists with sand-siltstone intercalations permeated by quartz grains.It was found in the well pč-1 (2,395–2,733 m) andcan be correlated with similar deposits in the closevicinity, i.e. with black sericitized claystones withsandstone inserts found in the well Crepaja-1(1,597–1,603 m) then, generally, with “shiny shales”(paNTIć, 1978), as well as with black sericitizedthiny-bedded claystones, siltstones and sandstonesof the well padina-1 (1,554.3–1,613.6 m). Based onthe analysis of the palinospectrum (insight into theoriginal report dated 28.06.1958 by N. Balteš) dom-inated by Ophioglosum delectus BoLkHovITINa, Cu-
pressacites minor (MaLyavkINa), ProtopiceacerinaBoLkHovITINa, Picea sp., Podozamites rotundus BoLk -HovITINa, Gingko praecuta BoLkHovITINa, Leptochylussp., Bennettitales delucidus BoLkHovITINa, Lophotrile -
tes sp., Selaginella sp., Bothrychium sp., Lycopaliumsp., etc.  the lower Jurassic - Lias (J1) was deter-mined (Figs. 3, 4).Claystones and clayey siltstones with the asso-ciation of dinoflagellate algae (Nannoceratopsis cf.
gracilis aLBErTI and Gonyaulacista sp.), spores andpollen of the type Ginkgoales sp., Cycadophytes sp.,

Konkisporites sp. were drilled in the BNsj-1 well ata depth of 1901–1908 m (Fig. 6). Stratigraphically,these deposits correspond to the upper Lias (J1)(čaNovIć & kEMENCI, 1988; paNTIć & duLIć, 1990).on the other side of the danube river, in the wellG-1 (Grocka), in adepth interval from 1,300 to 1,378m, the pelites with an abundance of radiolarians(Mirifusus mediodilatatus (rüST) and Pavicingula
boesi (paroNa), less often with spores and other pa-lynomorphs were drilled (Š. Goričan, in kNEžEvIć etal., 1994). relatively recently, from dark red radio-larites from a depth of 1,378 m, the next radiolarianswere identified: Belleza decora (rüST), Semihsuum sp.a, Praewilliriedelum robustum (MaTSuoka), Mirifusus
dianae s.l. (karrEr), Spongocapsula palmerae pES-SaGNo which corresponding to the late middle
Jurassic, while from a depth of 1,400 m the youngerjurassic association of radiolarians was determined:
Parapodocapsa amphitreptera (ForEMaN), Cingulo-
turris carpatica duMITrICa, Eucyrtidiellum ptyctum(rIEdEL & SaNFILIppo), Archaeodictyomitra minoensis(MIZuTaNI), Protunuma japonicus MaTSuoka & yao,
Zhamoidellum ovum duMITrICa, Hiscocapsa hexagona(HorI). Biostratigraphically, it corresponds to the
Upper Jurassic (J3- middle Oxfordian to late
Tithonian) (ĐErIć et al., 2010) (Fig. 6).The complex of ultrabasic rocks (σ) is repre-sented by peridotites and serpentinized peridotites(Figs. 2–4). They were found in the wells Gl-1(below 865 m) and Gl-2 (below 835 m) in the northof the studied area where they form the pre-Tertiarybasement.Somewhat further to south, in the ov-1 well,compact peridotites at the bottom of the well andcracked serpentinites at higher levels were drilledin the interval 424–454,46 m (Figs. 2, 3). They be-long to the masif of peridotite-pyroxene rocks. Mor-phologically, the top of the buried magmatite islocated in the narrowest area of ovča, and its thelongitudinal depth root most probably in the belt ofthe main tectonic fault, in the area between the Sib-nica and Tamiš rivers (Fig.3). an ultramafic complexwas identified in the Sa-2 well, between 352 and531.5 m (kNEžEvIć et al., 2018a). peridotites and ser-pentinized peridotites are degraded, tectonic de-formed and intersected by a network of cracks. Theyare hydrothermally altered (Fig. 3).
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Masses of similar serpentinized peridotites andserpentinites were discovered on the surface northand east of avala Mt. (Ljubičica, Bubanj potok, Zuce).In the well Bt 1-2 (Ljubičica–Bubanj potok) below a38 m thick series of younger rocks, serpentiniteswere drilled (ruNdIć et al., 2019 - Table 1). Similarobservations about the appearance of these rocks atthe mentioned sites have been mentioned before(e.g. MarovIć & kNEžEvIć, 1985; ToLjIć, 1996; ToLjIć &TrIvIć, 1997).
Cretaceous

The coarse clastite complex (KB) lying over theultramafic rocks was discovered in the wells ov-1and Sa-2. It is built of hard breccias, or conglo-brec-cias. The clasts originate mainly from ultramafites,predominantly angular pieces of seprentinized peri-dotites (Fig. 3) tightly bound by cement that par-tially contains a high percentage of carbonates. Thethickness of these breccias is from 94 m in the wellov-1 (330–424 m) to over 120 m (229–352 m) inthe well Sa-2 (Fig. 5). In the ov-1 well, this complexis covered by the tectonized flysch sediments.

on the Belgrade side, similar the compact ser-pentine breccias were discovered in well Bt 1-2(Ljubičica–Bubanj potok) where, in the interval of28–38 m depth, they overlie the mass of serpen-tinized peridotites in which drilling was completed(92 m) (ruNdIć et al., 2019). 
The Lower Cretaceous (K1, K ), principallywith the characteristics of turbidite, in the segmentsof coarse-clastic flysch, was drilled in the well om-1 (omoljica) at a depth of 932–1,905 m (Figs. 4, 6).Spheres are rarely present in the deepest levels of thewell (laminated siltstones below 1,740 m). abovethat, in the depth interval from 1,566 to 1,569 m, theglauconite siltstones with diabase debris, interbed-ded with sandstones and marls with Hedbergella in-

fracretacea (GLaESSNEr) were found. Breccias similarthe synsedimentary fragments contain algal re-mains of Coptocamphilodon fontis paTruLIuS, Acrop-
orella sp. which would correspond to shallow faciesof the Barremian–aptian Stage (čaNovIć & kEMENCI,1988). In deeper levels (1,108–1,495 m), in the suc-cession of siltstones, sandstones and partly laminatedmicrites, the presence of foraminifers (Hedbergellasp., Lenticulina sp., Textularia sp., etc.) and the sphereof Globochaeta alpina LoMBard was recorded. In the
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Fig. 3. The geological cross-section Ovča–Pančevo–Dolovo. The stratigraphic units and their boundaries are consistent with geoelectric
logs. Comparative review of the nomenclature of depth hydrogeological reonization, according to MArINOvIć (1982). 



shallowest part, highly tectonized marls and silt-stones are without paleontological markings, whilethe siltstone-sand breccias, micrites and biosparites(997–1,100 m) contain hydrozoas and detritus of in-determinate mollusks (čaNovIć & kEMENCI, 1988).In Banatsko Novo Selo, in the well BNs-1 (1,171–1,243 m), marly siltstones and biomicriteswith Tintinoporella carpatica (MurGEaNu-FILIpESCu),
Colomiosphaera heliosphaera (voGLEr), Globochaeta
alpinaLoMBard, and rare headbergels, textulariansand frequent radiolarians were drilled. These rockscorrespond to the Hauterrivian–Barremian Stage(ča NovIć & kEMENCI, 1988). Similar the deep-sea Lo -wer Cretaceous sediments were found in the well

doz-1 (dolovo) in a depth interval from 1,800 to2,200 m (Fig. 6). They are made of hard siltstones,marls and micrites with a microfauna of radiolari-ans such as Cenosphaera sp., Dictiomitra sp., Litho-
campe sp., etc. among foraminifers, the pelagic
Hedbergella sp. and benthic Bigenerina sp. and Tex-
tularia sp. were found. among microplankton, therepresentatives of Colomiosphaera sp., Heliosphaerasp., Cadosina-Stomiosphaera association dominateas well as rare zoospores (Globochaeta ex. gr
alpina). at a depth of 1,980 m and at bottom of thewell (2,200 m), synsedimentary spillites and sub-marine basalt outflows were registered. By correla-tion of logging markers, similar the Lower Creta-ceous deposits (Barremian) were found in the wellvl-1 (1,222–1,355 m) in vladimirovac.apart from the surface, the Lower Cretaceousformations were previously found in some wells, forexample, near Skadarlija in the centre of Belgrade(BC-3, 147–321 m; ToMIć, 2005), and close to theFaculty of veterinary Medicine (vF) at a depth of 82 m (STEvaNovIć, 1977). recent research and dril -ling near the Museum in dedinje, the urgonian lime-stones in the depth interval of 29–33 m haveidentified (B-11, kNEžEvIć et al., 2015). at right bankof the Sava river, during the construction of the res-idential and business complex “Belgrade Water-front”, the urgonian limestones and sandstoneswere identified at depths between 60–94,7 m (B-1,kNEžEvIć et al., 2017 – Fig. 7 and Table 1).
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Fig. 4. The geological cross-section Glogonj–Pančevo–Danube (Mala Ada)–Brestovik. For the rest of legend, see Fig. 3.

Fig. 5. Detail of hard, reddish-gray and dark green conglo-breccia
probably of the Lower Cretaceous. Borehole SA-2 (334 m). Photo
by Lj. rundić



Stratigraphically undevided the jurassic-Creta-ceous formations were found in resnik and rakovica(kGk-13 and kGk-15) at 118 and 80 m, respectively(ruNdIć et al. 2019), and in Cerak near rakovica(BC-3, 42.3 m – MaSLarEvIć & GaGIć, 1976). They dis-cordantly underliethe various Miocene formations.In the base of Tertiary, tectonized flysch-like the
Upper Cretaceous sediments (KF, K ) built ma -inly of succession of sandstones, laminated marlsand siltstones were documented. In the well ov-1(ovča) they were observed between 166–330 m andinterbedded by the sequences with organic “rot”

(Fig. 3). Similarly, they have been documentedwithin the tectonized and partially eroded com-pressed synclinal depression near Bavanište (Bav-1,Fig. 6). From a depth of 1,823–1,825 m, a rich asso-ciation of planktonic foraminifers was determined:
Globotruncana arca (CuSHMaN), G. tricarinata (QuE -rEau), G. concavata (BroTZEN), Marginotruncana
coronata (BoLLI), Marssonella oxygona (rEuSS), Di-
carinella concavata (BroTZEN), rosita fornicata (pLuM-MEr), etc. The association also includes numerousglobigerinids, lenticu lins, textularians, rotalids, radi-olarians and ostracods (det. M. čanović – čaNovIć &kEMENCI, 1988). In the depth interval 1,874–1,993 m,the calcareous nan noplankton were identified fromsandstones and siltstones: Prediscospahera cretacea(arkHaNGELSky), Watznaueria barnesae (BLaCk in BLaCkand BarNES), Eiffelithus eximius (STovEr), Chiastozygus
litterarius (Górka), Tranolithus orionatus rEINHardT,
Zygodiscus elegans GarTNEr, etc. which indicates theupper Tu ronian–Senonian (det. Đ. Mihajlović- inter-nal report of the Naftagas, unpublished).on the Belgrade side, the upper Cretaceous fly-sch sediments were drilled on ada Ciganlija (dB-10,21m; dB-9, 24m; dB-8, 60 m; dB-6, 80 m - kNEžEvIćet al. 2012), near Branko’s bridge (upd-1, 127 m -ruNdIć et al. 2011), in New Belgrade at the conflu-ence of the Sava and the danube rivers (pduS-3,>126 m, pduS-8, 43m and pduS-13, 128 m - kNE -žEvIć & GaNIć, 2005, 2008). Further to south, theywere found in Leštane (Le-II) at 278 m (SpajIć &džodžo-ToMIć, 1973). 
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Fig. 6. The geological cross-section Grocka  – Banatsko Novo Selo. For the rest of legend, see Fig. 3.

Fig. 7. Borehole B-1, “Belgrade Waterfront”. The light-gray,
porous limestones of Sarmatian (right) overlie the dark-gray
Urgonian limestones (left) at depth of 60 m. It has been visible an
imprint of the Cerastoderma vindobonense (Partsch-Laskarev)
mollusk shell. Photo by Lj. rundić

2-4
2



Tertiary

Miocene

The early Miocene “pre-Badenian” (Pbt, Pbp)is the oldest Tertiary unit found in most of the men-tioned wells. It is built of terrigenous-subaquatic

molasses and shows a discordant relationship to theolder substratum, i.e. upper Cretaceous flysch. It isdescribed in detail and graphically presented froma lot of deep wells (e.g. MarINovIć, 1959, 1961, 1962,1977; MarINovIć & kEMENCI, 1964). In the wells ov-1(110–166 m), Sa-2 (145–229 m), and G-1 (1,150–1,300 m), multicolored clastites with a predomi-
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Table 1. Excerpt data of the Neogene basis and the represented Neogene cover of the Belgrade area.



nance of greenish and brown-red clays, gray-greengravelly sands and conglomerates, fragments ofcherts, serpentinites, carbonates, and carbonateconcretions were observed (Figs. 3, 6). In the wholeseries, the remains of freshwater molluskan faunasuch as Congeria sp., Limnaeus sp., Planorbis sp.,
Unio sp. and ostracods (MarINovIć, 1962), as well asfish fragments have been poorly preserved and dif-ficult to determinate (duLIć et al., 2010). Sporadi-cally, smaller occurence of coaly clays or thinnerlayers of coal can be found. However, based on theanalysis of the palynological spectrum in the G-1well, in which the dominant pollen grains of conifersare Pityosporites microalatus(r. poT) pF. et TH, Tria-
triopollenites quietus (poToNIé), Monocolpopollenites
tranquillus (poToNIé) and spores Polypodiaceos po -
rites maschiensis Murr., Leiotriletes mexoides kEdwith the accompanying association of microflora re-mains, the series corresponds to the Lower Mioce -ne (kNEžEvIć et al., 1994). Close to ovča, this serie ofoxidative genesis localy thickens towards east on avisible morphostructural ridge. However, in thesunken part east of the system of stepped faults,within the pančevo depression, there are signifi-cantly different pre-Badenian, the gray-black sub-
aquatic pelites (Pbp) of reduxing genesis (pč-1).In two intervals between 2,339 and 2,381 m, theblack to black-gray slightly marly siltstones withthinner transition zones into gray-black fine-grained, partially and clayey-marly sandstones werecored. a scarce Lower Miocene content of the smallfern and pollen spores was found in them: Polypo-
diaceosporites cf. spiniverrucatus, P. cf. lusaticus,
Polyo diaceosporites sp., Laevigatosporites sp., Toro -
io sporites sp., Tricol popollenites sp., Ephedripites sp.,
Sulbtriporopollenites simplex, Triatriopollenites hia-
tus, Monocolpopollenites sp., etc. (det. I. dulić - inter-nal report of the Naftagas, unpublished).By correlating of the logging diagrams (Mari -nović, Maksimčev and janković), the Lower Mioceneinterval was simultaneously extended by insight intosieve samples (Stratigraphic frame 1,980–2,395 m,the Naftagas fund), which indicates that the seriesreaches a thickness of over 400 m (central part onthe Figs. 3 and 4).on the right side of the danube river, an earlyMiocene continental-lacustrine “colorful” series

permeated with volcanoclastites is known on thesurface of the terrain and from numerous wells invišnjica, Slanci, veliko Selo and Torlak area (pavLovIć,1922; STaNGačILovIć, 1969; pavLovIć, 1976; doLIć,1997, 1998; krSTIć et al., 2012; ruNdIć et al., 2013).In vicinity of the Slanci village, the well vp-150 upto 194 m deep, did not enter the bedrock of thebasin and the pre-Badenian series was drilled at adepth of 13.6 m (doLIć, 1997). In other parts of Bel-grade, drilling has found the equivalents of this old-est Miocene unit, over which the sediments of themarine Badenian mostly lie discordantly. In the B-11well (near the May, 25 Museum), the colorful LowerMiocene succession was found at a depth of 9 m andnear to the d. Mišović Hospital (B-1) at the depth of96 m (kNEžEvIć & krSTIć, 2015). In the Bt 1-2 well(Ljubičica–Bubanj potok) similar unit was found,where in 21 m depth, it lies under the Badenian car-bonates (ruNdIć et al., 2019).
Marine, archipelago-dispersed sediments of

the Badenian (Bd) transgressively cover strati-graphically different geological substrates. They werefound in wells ov-1 (76–110 m), Sa-2 (112–145 m),G-1 (1,060–1,150 m), Bav-1 (1,596–1,821 m), doz-1(1,479–1,800 m), do-1 (1,515–1,889 m), BNsj-1(1,350–1,724 m), pč-1 (1,452–1,980 m). Shallowestbelow the surface (76 m), they were drilled in theMezosoic ridge near ovča where their thickness isonly 35 m (Fig. 3), while on the sides of the mor-phostructures Gloganj–jabuka, omoljica, BanatskoNovo Selo and vladimirovac they completely wed gedout. They are the deepest observed in the pančevodepression (1,980 m), where they transgressivelyand discordantly ovelie the early Miocene rocks andreach up to 550 m thick. Near Bavanište (1,821 m),dolovo (1,889 m) and Banatsko Novo Selo (1,724 m)they discordantly overlie the upper Cretaceous orLower Cretaceous deposits (Fig. 6). Based on very nu-merous fossil remains (mollusks, foraminifers, algae,etc.) three different type of the Badenian facies havebeen identified: a) Basin and the basinal-lagoon, b)coastal and the shallow water-reef and c) mixed one(MarINovIć, 1977). Concerning the different Badenianfacies in the studied area, also wrote kNEžEvIć et al.(1994), GajIć et al. (2008) and aNĐELkovIć & radI -vojEvIć (2018). Finding of planktonic and benthicforaminif ers in the well do-1 (1.575–1.690 m) such
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as Asteri gerinata planorbis (d’orBIGNy), Cibicides
dutemplei d’orBIGNy, C. ungerianus d’orBIGNy, C.
pseudoungerianus CuSHMaN, Globigerinoides (= Trilo-
batus) trilobus (rEuSS), Glandulina laevigata d’orBIGNy,
Cibicides (= Heterolepa) dutemplei (d’orBIGNy), Globu-
lina gibba d’orBIGNy, Borelis mello (FICHTEL & MoLL),etc.), mollusks (Lucina incrasata duBoIS, Cardium sp.,
Anadara sp., Ostrea sp., Chlamys sp., Dentalium
badense parTSCH, etc.) and red algae Lithothamnion sp.confirm the true marine Ba denian mixed character ofthe mentioned deposits (det. v. Marković & M. Buljan– “Naftagas” Novi Sad). In terms of facies characteris-tics, in addition to various sandstones, marls andmarly clays, typical reef limestones with an abundanceof fossil algae, bryozoans, foraminifers and molluscshave been identified.In the area of the Belgrade danube meander, theywere explored on the surface in višnjica, Slanci andveliko Selo and transgressively overlie the LowerMiocene “colorful series” or Slanci Formation (pa -vLovIć, 1922; LukovIć, 1922; doLIć, 1997; 1998; ruNdIćet al., 2013; SCHWarZHaNS et al., 2015; MaNdIC et al.,2019). Near the confluence of the Sava and danuberivers, in the wells pduS-9 and pduS-10, the Baden-ian sediments were drilled in the interval 72–84 mdepth and were mostly built of the Leitha limestoneand a small part of sandstone (kNEžEvIć & GaNIć,2005, 2008). In the pduS-13 well, the similar massivelimestones are found at depth of 93–128 m and coverthe upper Cretaceous sandstones. on the Srem side,i.e. in New Belgrade, the Badenian deposits are alsopresent in other wells as shown in Table 1.In the area south of danube river, the Badeniandeposits have been studied by several authors (e.g.SpajIć & džodžo-ToMIć, 1973; STEvaNovIć, 1975, 1977and references therein; kNEžEvIć & GaNIć, 2005; GaNIćet al., 2016). They occupy a significant area near citycenter (kalemegdan, Tašmajdan, dorćol, karaburma,konjarnik, kumodraž, Banjica, rakovica, Torlak, etc.)or were proven in wells where they are covered byyounger Miocene or Quaternary deposits. For exam-ple, in the well B-1 on kalemegdan they were foundat a depth of 23 m (ruNdIć et al., 2011) while nearBranko’s bridge, on the Srem side, observed in thewell udp-1 at a depth of 68m (Table 1). In Serdar jolaStreet near the d. Mišović Hospital, in the well B-1about 120 m deep, Badenian sands and sandy lime-

stones were discovered at 30 m depth and are over60 m thick (kNEžEvIć & krSTIć, 2015). at dorćol, nearthe power plant, in the well EC with a total depth of161 m, which did not drill the paleorelief, Badeniansediments were found at 97 m (LukovIć, 1922). In anunnamed well in kumodraž (here marked as ku – seeTable 1), they were discovered at a depth of 149–333.6 m, while in veliki Mokri Lug (vML) andžarkovo (S-3) they were discovered from depths of72 and 76.9 m to the end of the wells (SpajIć & džodžo-ToMIć, 1973; STEvaNovIć, 1977 - Table 1). In the areaof Ljubičica and Bubanj potok, they are alreadydrilled at 8m of depth (Bt 1-2) and are quite reducedin thickness and overlie the pre-Badenian mollase(ruNdIć et al., 2019). 
The marine-brackish sediments of the Sarma -

ti an (Sm), built of sands, laminated marls, siltstones,clays and partly sandy limestones, were found in thefollowing wells: ov-1 (70–76 m), ovča c.b. (91 m),Sa-2 (103–112 m), pč-1 (1,031–1,452 m), doz-1(1,046–1,479 m), do-1 (990–1,515 m), G-1 (620–1,050 m), om-1 (749–932 m), Bav-1 (1,067–1,596 m),BNsj-1 (952–1,350 m), BNs-1 (1,053–1,111 m). Simi -lar to the Badenian deposits, they have the smallestthickness in ovča and appear below the surface ofthe terrain at 70 m. From there to the east, towardsBavanište and dolovo, they sank significantly, thick-ened in the pančevo depression and reached a thick-ness of 400–500 m (Fig. 3). It is similar in the area ofGrocka in the extreme south of the studied area (Fig.6). at the structural ridge of omoljica, their thicknesshas been reduced to about 180 m. on the disruptedpaleohorst of Banatsko Novo Selo (BNs-1), the re-duced Sarmatian layers about 120 m thick, discor-dantly overlying the Lower Cretaceous paleorelief.Fossils are not numerous in the Sarmatian deposits,but their finding clearly indicates a change in the sed-imentation regime and the transition to a reduced-marine environment. In addition to the small benthicforaminifers (Elphidium macellum (FICHTEL & MoLL),
Elphidium hauerinum (d’orBIGNy) El. reginum (d’or-BIGNy), Quinqueloculina acneriana d’orBIGNy, Poroso -
nonion granosum (d’orBIGNy), Ammonia ex. gr. beccarii(LINNE), etc.) and numerous ostracods, these depositscontain the particular assemblages of bivalves andgastropods such as Ervilia dissita EICHWaLd, Pirenella
picta dEFraNCE, Musculus sarmaticus (GaTuEv), Ceras-
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toderma vindobonensis (parTSCH), Cardium (Cerasto-
derma) trans car pa ticum GrISCHkIEvICH (Fig. 8)(MarINovIć, 1970, 1977; kNEžEvIć et al., 1994, 2018a;GajIć et al., 2008).

Sarmatian deposits, widely represented in thearea of the Belgrade danube meander, are present onthe surface in karaburma, Mirjevo, and further to thesoutheast towards vinča, ritopek, Leštani and Gro -cka, about which there are previously published data(STEvaNovIć, 1977; SpajIć, 1987; MIHajLovIć & kNEžEvIć,1989; ŠuMar & ruNdIć, 1992; kNEžEvIć & GaNIć, 2008;ruNdIć et al., 2012). In addition, they are known fromprokop, čukarica, rakovica, Leštane, resnik, Grocka(MITrovIć & ruNdIć, 1991; kNEžEvIć et al., 1994, 2012,2017; ruNdIć et al., 2019).Close to the Sava and danube rivers confluence,Sarmatian sands and sandy limestones were drilled inthe wells pduS-9 (52–72 m) near Branko’s Bridge,pduS-10 (55–84 m) near the old Bridge and pduS-13(82–93 m) near the ušće palace (kNEžEvIć & GaNIć,2005, 2008). Similar thickness of sediments andtheir depth position were found in the wells pduS-3(38–52 m) and pduS-7 (52–72 m), upd-1 (60–68 m)(ruNdIć et al., 2011). In the well B-1, near the BelgradeTower (“Belgrade Waterfront”), it was determinedthat the Sarmatian sandy limestones about 30 m thick(29–60) transgressively overlie the Lower Creta-ceous sandstones and limestones (kNEžEvIć et al.,

2017). at the pylon of the ada bridge, the wells dB-6, dB-7 and dB-8 (see Table 1) drilled Sarmatiancrumbly, sandy limestones in the depth interval of40–65m which discordantly overlie the upper Cre-taceous-paleogene flysch (kNEžEvIć et al., 2012). onthe čukarica side of the bridge, Sarmatian was drilledshallowly in the same relation to the mentioned fly-sch and was found in the wells dB-9 (14–24 m), anddB-10 (11–21 m) (kNEžEvIć et al., 2012 – Table 1). Inthe part of the terrain around Leštane (Le-II) and ku-modraž (ku), the Sarmatian carbonate sedimentsreach a significantly greater thickness (Table 1).
Brackish and caspibrackish sediments of the

Upper Miocene, Pannonian stage s. str. (Pn),known as the Lake pannon deposits have a signifi-cant distribution. Lithologically, they are built ofmarls, sandy marls, siltstones and sands that werediscovered in the following wells: ov-1 (29–59 m),ovča c.b. (30–70 m), Sa-2 (35–93 m), Gl-1 (829–865m), pč-1 (921–1,031 m), doz-1 (856–1,046 m), do-1(712–990 m), G-1 (300–620 m), om-1 (540–749 m),Bav-1 (843–1,067 m), BNsj-1 (845–952 m), and BNs-1 (902–1,053 m). The total thickness of thesedeposits in the depression south and north ofomoljica is more than 300 m with a decreasing trendof thickness towards Banatsko Novo Selo at about150 m (Fig. 6). Near ovča and Glogonj, they are re-duced to only about 30 m (Figs. 3 and 5). They con-tain a rich and diverse fauna of mollusks, amongwhich are predominantly represented: Congeria ba-
natica r. HoErNES (Fig. 9), C. ramphophora BruSINa,
Monodacna viennensis papp, Limnocardium promulti-
striatum jEkELIuS, Orygoceras fuchsi kITTL, Gyraulus cf.
preponticus GorjaNovIć-kraMBErGEr, et al. There arealso numerous ostracods such as Lineocypris reticu-
lata MEHES, Serbiella sagitossa krSTIć, Hungarocypris
hieroglyphica MEHES, Amplocypris subacuta ZaLaNyI,
Cyprideis heterostigma obessa rEuSS, Hemicytheria lo-
erentheyi MEHES, etc. (MarINovIć, 1970, 1977; SpajIć,1987; ruNdIć, 1990; kNEžEvIć et al., 1994, 2018a;ruNdIć & MITrovIć, 2005; ruNdIć et al., 2011).South of the Sava and the danube rivers, the pan-nonian white and gray marls and silts have a largesurface distribution in the area of the city of Bel-grade. They underlie the Quaternary alluvial, prolu-vial, loess or loess-like sediments, and overlie theolder Miocene units (MILETIć-SpajIć, 1961; krSTIć, 1973,
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Fig. 8. Cardium (Cerastoderma) transcarpaticum Grischkievich
(Ov-1, 70 m). The natural size of the fossil is 14×12 mm.
Determination and photo by Đ. Marinović.



1985; kNEžEvIć et al., 1994; ruNdIć et al., 2011). It wasalso noticed that along the Sava stepped fault, on theleft bank of the Sava river, were sunk to depths of over50 m (ruNdIć et al., 2011; kNEžEvIć et al., 2012). on theright bank of the Sava river, they are often visible onthe surface or shallowly below the Quaternary(ruNdIć et al., 2011). In the well B-1 (“Belgrade Wa-terfront”), the pannonian gray marls drilled belowthe Quaternary anthropogenic and alluvial depositsbetween 21–29 m of depth (kNEžEvIć et al., 2017).Similar pannonian sedi ments have been found inother shallow wells in the area of Beli potok, vrčin,Zaklopača, Begaljica and Grocka where they have amuch greater thickness (e.g. kNEžEvIć, 1989, 1990;ruNdIć, 1990) (Table 1)In the area of the Great War Island and the conflu-ence of Sava and danube rivers, pannonian graymarls were drilled in the wells pduS-9 (30–52 m)near Branko’s bridge, pduS-10 (30–55 m) near theold bridge and pduS-13 (31–82 m) near the ušćepalace (kNEžEvIć & GaNIć, 2005, 2008). a similar thick-ness was found in the wells pduS-3 (22–38 m) andpduS-7 (30–52 m) (ruNdIć et al., 2011). In ada Cigan-

lija, near the ada bridge, they were found in wells dB-6, dB-7 and dB-8 in the depth interval of 21–65m where they overlie Sarmatian limestones (kNEžEvIćet al., 2012). In New Belgrade, they were drilled di-rectly below the Quaternary deposits at a depth ofmore than 30 m in wells dB-4 and dB-5 where theyreached up to 40 m thick (kNEžEvIć et al., 2012).
The Upper Miocene - Pontian stage (sensuSTEvaNovIć, 1990) is divided into two parts: pt1 andpt2. In the wells around pančevo, Bavanište, dolovoand Banatsko Novo Selo, it reaches a total thicknessbetween 600–700 m (pč-1, Bav-1, doz-1, BNsj-1,BNs-1), while on the ovča structural ridge it is com-pletely missing (Figs. 3, 5and 6). The older level of the

Pontian (Pt1) consists of brackish sands, marls andsiltstones discovered in the following wells: Gl-1(640–829 m), pč-1 (573–921 m), doz-1 (460–856m), do-1 (310–712 m), G-1 (150–300 m), om-1(260–540 m), Bav-1 (450–843 m), BNsj-1 (450–845 m),and BNs-1 (574–902 m). Biostratigraphically, theolder pontian was proved on the basis of the findingsof caspibrackish mollusks (Paradacna abichi HoErNES,
Didacna otiophorum BruSINa) and ostracods (Lepto-
cythere andrusovi LIvENTaL, Candona (Camptocypria)
alata ZaLaNyI, Loxoconchs schweyeri SuZIN, Hemicythe-
ria pejinovicensis ZaLaNyI, Bacunella dorsoarcuata Za-LaNyI, etc.)(MarINovIć, 1970, 1977; kNEžEvIć et al.,1994).The younger level of Pontian (Pt2) concordantlyoverlies the older pontian and determined in the fol-lowing wells: Gl-1 (381–640), pč-1 (345–573), doz-1 (175–460), do-1 (155–310), G-1 (0–150), om-1(60–260), Bav-1 (125–450), BNsj-1 (130–450), andBNs-1 (235–574). It can be seen that in the part ofthe trench-depression it reaches a thickness of over300 m (Fig. 6). Lithologically, it is represented bysands and sandy clays with admixtures of coal andcoal clays. Numerous fossils indicate a freshwaterlake environment (e.g. Paradacna okrugići BruSINa,
Caladacna steindachneri BruSINa, Limnocardium
ochetophorum BruSINa, Zagrabica sp., Pisidium sp.,
Candona (Camptocypria) balcanica ZaLaNyI, Candona
(Pontoniella) lotzyi ZaLaNyI, Leptocythere cornuto-
costata SCHWEyEr, etc.).In the wider Belgrade area, the pontian sedi-ments are known from M. Moštanica, avala, Zuceand vrčin, and especially from rakovica and the so-
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Fig. 9. Pannonian marl with Congeria banatica r. Hoernes and
other mollusks (SA-2, 55 m). Photo by Lj. rundić
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called Beli potok trench (STEvaNovIć, 1977; kNEžEvIć,1989 – Tab le 1). Both of the above-mentioned levelsof the pontian are well documented faunistically(ruNdIć, 1990; STEvaNovIć, 1990; ruNdIć et al., 2019).
Pliocene

The Pliocene Paludina layers (PS1-3) were deter-mined only on the Banat side of the studied area. allthe three levels of paludina layers were discovered inGlogonj and the pančevo depression (Gl-1, 100–381m and pč-1, 140–345 m). In Glogonj, the oldest hori-zon corresponds to the layers with viviparus pannon-
icus NEuMaEyr (295–381 m), the middle horizon marksthe v. bifarcinatus (BIELZ) zone in the depth of 230–295 m, and the youngest one horizon with the indexspecies v. altecarinatus BruSINa was found in a depthinterval 100–230 m. Near dolovo only older levelswere found (doz-1, 115–175; do-1, 113–155 m) (Figs.3, 4 and 6). Further to south, towards omoljica, theycompletely disappear and also missing north fromovča. They were delimited by well logging and thepresence of morphologically different gastropods ofthe genus vivi parus and other freshwater-lacustrineand completely freshwater molluscs (viviparus pan-
nonicus NEuMayr, v. bifarcinatus (BIELZ), v. cf. altecari-
natus BruSINa, Melanopsis lanceolata M. NEuMayr,
valvata sp., Lyrcea sp., Unio sp., Nerodontha sp.)(jaNkovIć, 1970, 1977; MarINovIć et al., 2016; MarINovIć,2017). “paludina layers” in Belgrade and its surround-ings south of the danube river are not present, whilefurther to north they are present in the vicinity ofSremski karlovci (e.g. ruNdIć et al., 2016).
QuaternaryQuaternary deposits of different genesis representthe youngest unit of basin filling in the area of SWBanat, i.e. the Belgrade city area. In the mentionedwells in Banat, they reach a total thickness of over 140 m (pč-1) in the pančevo depression. In the south,towards omoljica, their thickness is reduced to only60 m and further towards the danube river (G-1) theyhave a very small thickness. on the morphostructuralridge Belgrade - ovča they discordant ly overlie the

pannonian marls (Fig. 3). Lithologically, these are va-rious terrestrial, fluvial-swamp sands, gravels andgravel clays with the remains of fossil gastropods andbivalves (Pisidium rugosum NEuMayr, viviparus cf. di-
luvianus (kuNTH), Lithoglyphus naticoides (pFEIFFEr)and freshwater ostracods (Candona sp., Scottia sp.,etc.). In the well Gl-1 (Glogonj) at a depth of 100 m, thebase of the Quaternary was defined based on the fin-dings of viviparus cf. diluvianus (kuNTH).above that, fluvial-eolian loess-paleosoil sequen-ces cover most of the study area on both sides of thedanube and Sava rivers (NENadIć et al., 2011;ToLjIć etal., 2014; GaudENyIet al., 2015; kNEžEvIć et al., 2018b).
Structural-tectonic and paleogeographic
interpretationThe structural-tectonic interpretation of prima-rily Neogene evolution of the Belgrade wider area isbased on combined geological-geophysical data (cor-relations of well logging data and paleontological-stratigraphic elements transferred on the network ofreflective-seismic sections, gravimetric and geomag-netic maps, etc.). South of the Sava and the danuberivers, an abundant literature data and available sur-face outcrops have been supplemented by selectedgeological columns from the field and an instructivestratigraphic profiles of wells.Literature data on the presence of pre-Neogeneformations in complex tectonic relations, which arepresent in the surface around Belgrade vicinity, to-gether with magmato-volcanogenic intrusions andextrusions of limited size, are not necessary or pos-sible to repeat here. Therefore, on the constructedmap (Fig. 10), their outer contours with minorchanges as far as the size of the map allowed, are ap-proximately framed according to the regional map byMILovaNovIć & ćIrIć (1968).In order to emphasize the important depth struc-tural configuration, the map avoids plotting literary-numerous variants (mostly assumed) of mutuallyinconsistent faults of different conceptions, names,directions and mutual relations. The routes of thereference mentioned faults fit in organized directionsof denser, relatively short curved uniform equidistantdistances. The large fault systems are recognizable
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by distinctly condensed isopaches of the main frac-tured directions, in principle, an overall disjunc-tively shaped neotectonic structures.Taking into account all the above-mentioned,three main structural units were separated in the in-vestigated area: Belgrade-Banat Morphostructuralridge (BBMr), pančevo-danube Neogene depression(pdNd) and the West Banat Neogene Belt with theedge of regional the Srem depression (WBNB).
The Belgrade-Banat morphostructural ridge

(BBMR), in this article, is defined by the easternside from Crepaja in the north, the lower course ofthe Tamiš river and the danube riverbed to ritopek,and then across vrčin further to the south. The west-ern border is marked by a fragmented rim of regionalthe Srem Neogene depression, which continues fromMoštanica, Surčin and the Zemun polje, throughkovilovo on the Banat side, to the northeast, encom-passing the jabuka and Glogonj massifs (Fig. 10, cen-tral part of the map).In the central part of BBMr, the geomagnetic im-pact is most pronounced along the axis: Horst-massifGlogonj–velika humka–jabučki rit–railway sta tion ofovča–Mirjevo–Mali Mokri Lug–Ljubičica–Zuce andfurther to kasapovac. The specified route deter-mines the belt of pre-Cretaceous penetration of ul-trabasic magmatites of the Cimmerian tectogenesis,graphically shown as a sub-basin projection on thereference map of the Neogene base configuration(Fig. 10). In the meander of the Zavojnica river, nearZuce, as well as east of avala Mt. to the south, ser-pentinized peridotites on the surface are in a re-verse west-vergent relation to the Cretaceousdeposits they cover (MarkovIć, 1985). From theclosed maximum geomagnetic anomaly of Zuce,through jajinci to kanarevo brdo, the rectilinear lin-eament to the south decreases sharply, and some-what milder in the parallel direction Banjica–Senjak,with the transverse segment kanarevo brdo–Ban-jica (Belgrade center). These points to the routes ofcompensatory-connected the depth faults of dinar-ides orientation with a droped southwest wing.To understanding the area of avala Mt., in theshortest form, it is necessary to combine two mutu-ally complementary geological-geophysical appro -aches. The first one is that the dome-shape formedavala Mt. (alt. 511), built of tectonized terrigenousflysch, including the lowest western and southern

periclines, is marked by an anomalous geomagneticminimum of a closed oval-funnel configuration,which indicates a depth absence of ultramafic mas-sive. another approach is to slightly decrease thegravimetric values, generally a parallel orientation,south of the center of the Beli potok Neogene trenchand the previously mentioned Zuce, including at themorphologically dominant massif of avala Mt. Itmeans that below its cap built of flysch sedimentsthere is no petrologically indeterminate magmaticpluton, or an ultramafic rock of older alpine mag-matite of meridional orientation. Contrary, it is anoval-transverse intrusive occurence (acceptable lite -rary as a lacolite) in principle of acidic composition,certainly from younger tectonic stage. It corre-sponds to granite-granodiorite, or similar magmaticdifferentiations. This is supported by the once es-tablished occurrences of post-Cretaceous penetra-tion of neutral or neutral-acid apophyses, wires andphylonites, both at the avala Mt. massif itself and inthe surrounding wider area, partly with a contactchanges, or even later hydrothermal mineralizationin Šuplja stena and džever kamen (GudovIć, 1875;dIMITrIjEvIć, 1931; STEvaNovIć, 1977).a positive gravimetric anomaly of the E–NE di-rection is expressed from the elbow of Zavojnicariver. on surface in the area of Boleč mehana andBabin vis, the opposite inclinations of Sarmatiansediments are noticeable, which is indicative of theexistence of a deep vault that sinks around ritopektowards Ivanovo in Banat.South of the great meander of danube river, agravimetric anomaly of a closed oval configurationstands out, with a maximum increment belowSlanci. However, the geomagnetic influence fromMirjevo, i.e. the axis of the deep fault to the east, isin a trend of continuous decrease, indicative of thedeficit of ultrabasic masses, within the not deeplysunken, an objectively turbidite and Cretaceous fly-sch sub-basin structure. on the northeastern wingof the morphostructure, within the well v-150, thebasin bedrock was not reached to a depth of 194 m,nor was the deepest well up to 219 m in that area(doLIć, 1997). according to the constructed map here,it would be on a vault at a depth of about 200 m.To the presence of depth igneous channels fromthe basin's floor of high convective heat transfer aswell as older Miocene effusive breakthroughs is in-
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dicated by higher geothermal gradients (MarINovIć,2019) to the closed anomaly of 0,09 °C/m which isnear 40% larger than the gradients of area with thesunken Neogene sedimentary column with a domi-nantly conductive heat influence on the eastern,Banat side. In this area, thanks to renewed volca -nogenic deposits within the pre-Badenian continen-tal-lacustrine series partly with cross-sedimentation(STEvaNovIć, 1975; MILakovIć, 1986; ćorIć, 1992), themorphostructural elements originally adapted tothe floor changes were altered by accompanying ex-trusions and additionally disturbed by synchronouspleats with fault occurrences, up to local reorienta-tions in relation to the original structure. pre-Baden-ian antiform complex with its discordant Badeniancover, along the step ped fault gradually sinks into thepančevo depression, and through Mirjevo it is con-nected to the Belgrade structural units by a shallowsaddle (Fig. 10).
The Mokri lug Neogene subdepression is dis-junctively formed within the contour of Zvezdarasouth–Šumice–Marinkova bara–Miloševac–jajinci–razbojište–kumodraž–kaluđerica (generally, south-east from Belgrade center, Fig. 10). on the basis ofcombined geological columns from the surface andfrom wells (STEvaNovIć, 1977; SpajIć, 1987) very vari-able thicknesses of stratigraphic members wereinter preted in ranges: pre-Badenian 50–350 m, discordantly Badenian 180–200 m, Sarmatian  150–200 m, pannonian and pontian (partly eroded)50–180 m but, in the center of the subdepression,according to the map, with a total average thicknessof about 550 m. In the direction to vinča, it is con-nected to the west-omoljica structural saddle inBanat by a small faulted structural depression. Thediscordant basin floor is built by the upper Creta-ceous flysch sediments (Le-II, 278 m) with a longi-tudinal belt of ultrabasic magmatites (SpajIć &dodžo-ToMIć, 1973; SpajIć, 1987).With the structural threshold of Torlak–rakovicavillage, the subdepression is limitedly connectedwith the narrowed Beli potok trench of E–W direc-tion and a reduced sedimentary column from thepre-Badenian to pontian age (here, the projecteddepth up to 250 m), and over the northern foothillsof Mt. avala, from Zuce and čot (STEvaNovIć, 1977),it was paleogeographically conected to the vrčin–

Zaklopača wider area i.e. the western rim of theGrocka trench-depression (Fig. 10) ( kNEžEvIć, 1989;kNEžEvIć et al., 1994; ruNdIć, 1990; ruNdIć et al.,2019).To the north of the discovered tectonized Meso-zoic massifs of the Belgrade hills, below the mor-phologically disparate urban area, the Badenian
shallow-water ridge of Čubura–Tašmajdan–Ka -
lemegdan (Belgrade center) point up, with its es-pecially southern extensions. In that area where theLower Cretaceous rocks build the Neogene basis(kNEžEvoć & krSTIć, 2015, during the pre-pontianoverflow-outflow episodes, the various sections ofthe thin ned, originally more complete sedimentarycolumn were partially or completely eroded. Thisrefers to the entire area of the flange-separated pa-leorelief of complex geometry, where the cover builtof the Neogene sediments are generally less than100 m thick, i.e. there are wedge-shaped, lenticularand very thin layers which was noticed by severalauthors (e.g. STEvaNovIć, 1977; kNEžEvIć & GaNIć,2005, 2008; kNEžEvIć et al., 2015, 2017; ruNdIć et al.,2011). Based on gravimetric measurements, especiallythe map of vertical gradients (BILIBajkIć, 1998), theextension of mentioned structural ridge does notdominate from kalemegdan towards Zemun, butcontinues along the Great War Island along the west-ern side of the rašova river towards kovilovo, with apronounced Borča antiform, depth of 400–500 m. Li -terally accepted the “donji Grad–danube fault”(LaSkarEv, 1949), has its northwestern extension onthe Banat side, specifically along the eastern coastof rašova river, to the intersection with the segmentof the regional fault NW of the BBMG border, form-ing the SW side of the structural trench Veliko
Blato–Krnjača as shown on the map (Figure 10,central part, north of the danube).

The Ovča morphostructure is slightly inclinedtowards the structural saddle of the višnjica part ofthe Belgrade danube meander, and especially morestrongly along the NW pericline, i.e. along the lengthof the fault diagonally formed of its northern flank,approximately along the southern coast of Sibnicariver. From there, the majority of the pre-Badeniancontent of the structure builds a pass towards themore stable morphohorsts of jabuka and Glogonj.
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on the western side of BBMr, from čukarica andbelow ada Ciganlija, there is a structural nose ofnorthwestern orientation, with a subbasin antiformat a depth of about 200 m. By it closes the struc-tural-arched space of the Belgrade geomorphologi-cal amphitheater in the area of Bežanija on thesouthwest side.
The Makiš Neogene paleo-gulf depression, inthe structural sense, represents the ultimate rim ofthe Batajnica depression. It is a part of the tectonictrench formed between the fault system Bežanijagornje polje–kneževac–kijevo on the NE side, andthe fault in the direction Surčin–železnik–orlovača

along the SW side, with here predicted Neogenesubstrate at about 500 m depth (SW part of the map,around the Sava river). Finally, south of the upper Cretaceous-paleogeneostružnica flysch horst-massif of orogenic meridiantectonics, a Neogene structural trench was formed,in the NW–SE direction, which has a depth of about700 m between umka and M. Moštanica and the ex-treme Miocene paleogeographic rim towards Srem -čica (the extreme SW part of map).
The Pančevo-Danube Neogene Depression

(PDND) extends east of the described BBMG. In thatarea, the largest morphostructural unit is the pan -
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Fig. 10. The map of Neogene basis configuration  (isopache E = 100 m) constructed based on available well data. The dashed line marks
an apical axis of the Cimmerian phase of ultramafic rocks (by ĐM). vertical hatching marks the simplified pre-Neogene countours
(according to MILOvANOvIć & ćIrIć, 1968 and modified with new data).



čevo Neogene depression (Fig. 10, central and NEpart). It has oval contours of 20×15 kilometers, witha bottom of about 2,600 m. The outer contour issomewhat elongated from kačarevo to the north to-wards Crepaja, and to the south it has a trend ofturning towards Bavanište. The western boundaryis marked by a complex Neogene fault system, whichconnects from Crepaja to the eastern flank of thejabuka horst massif to the already described thelarge longitudinal fault of the eastern BBMG bound-ary. on its SW side, the depression is characterizedby the inner half-trench bay of Starčevo. The easternboundary of the depression was determined by themorphostructural series of the sub-basin horst-massifs Banatsko Novo Selo–dolovo west–BavaništeNW (Bav-1, Fig. 6). In the south, it is bordered by theomoljica horst-massif.The Neogene bedrock in central part of the de-pression is formed by tectonized, early jurassic,dark to black pelites (sericite clays) (below 2,395 min the well pč-1), thicker than the drilled 338 m, with-out the presence of ultrabasic magmatites with de-termined direction towards Crepaja (Cp-1, 1,597 m).along the length of the western and eastern sides,they are building a sub-basin basis predominantlyof tecto nized the Lower Cretaceous deposits withpenetrati ons or synsedimentary basic magmatitesand super positionally limited the upper Cretaceousflysch (Bav-1, Fig. 6). The Neogene depression inpančevo should not be equated with the easterntrench of depression dolovo selo–Skorenovac–Smederevo (further east, outside the map outlines),which is, with its NW segment to the interdepres-sion threshold dolovo west–Bavanište northwest(Bav-1) included in the constructed map.These oldest Neogene sediments in the center ofthe depression are about 550 m thick. They wereformed in extremely reduced, subaquatic condi-tions, which is especially emphasized in this paperdue to significant differences in relation to hetero-geneous, a predominant oxidative molasse of thesurrounding areas. Badenian marine sediments,with the largest thickness up to 600 m, completelycover the reducing bottom molasses within thedeepest sunken parts of the depression. on the sidesof the depression, including the belt of the interde-pression threshold (Bav-1, doz-1, BNs-1), they hete -

rogeneously lie directly above the sub-basin tec-tonized floor, but not covering the peripheral peaksof omoljica, jabuka and Banatsko Novo Selo. Mari ne-brackish Sarmatian, of generally transgressive conti-nuity, east of the jabuka horst massif abruptlythickens to the center of the depression (about 500 m), significantly covering the omoljica horst, andsparsely (about 60 m) the extreme NE peripheralplateau of Banatsko Novo Selo (BNs-1).The lacustrine, mostly marly caspibrackish pan-nonian-pontian sediments, together of the greatestthickness (more than 900 m), are generally directedto centre with a pronounced trend of thinning to-wards the western edges of the depression, and inthe zone with stepped faults, with complete extinc-tion of the pontian complex. The limnic-fluvial„paludina layers“ (pliocene) developed only northof the central part of the depression. Their thicknessis about  400 m (Glogonj) with differentiated super-position members at the crossroads of the pančevoand Sefkerin depressions. Quaternary swamp-loessand aeolian sediment in the central and SE parts ofthe depression, variably reaches a thickness of 150 m.
The Grocka trench depression, measuring10×5 km, is elongated along the SW–NE axis, fromvrčin, to the crossover of the omoljica horst massifand the Mala ada (Brestovik) morphostructure onthe danube, up to about 1,300 m deep (extreme Sand SE part of the map). along the NE extension oftrench, about 10 km long, it sinks abruptly towardsthe morphostructure of Bavanište selo. The basinbedrock is built by tectonic belts with the meridiandirection of the upper jurassic-lower Cretaceouscomplex (near Bavanište and with the upper Creta-ceous flysch), entirely without indications of ultra-basic magmatites.The Neogene oxidation molasses of uncertaincontours near Grocka up to 200 m thick (kNEžEvIć etal., 1994), are covered by discordantly younger, themarine Badenian sediments, which thinnen alongthe SW rim and surrounding horst structures. Themarine-brackish Sarmatian from the deeper sunkenNE sides, thickens inversely to the SW and S, morethan 300 m and together with the caspibrackishpannonian sediments up to 700 m. The marginal fa-cies of the pontian on the SW flanks of the subdepres-

ĐoRĐE MaRiNoVić & LjUpKo RUNDić

Geol. an. Balk. poluos., 2020, 81 (2), 1–3218



sion wedged out from Grocka towards Zaklopača,and from Brestovik near the danube river towardsBegaljica, and significantly thicken on the NE exten-sion of the subdepression trench from BanatskiBrestovac to Bavanište. The relatively thin Quater-nary cover has not been specifically studied.during the Neogene tectonics, two depressionswere formed on the northwestern side of BBMG:Sef kerin depression, west of the Tamiš river and theBatajnica depression, partly on the extreme SW partof the Banat danube course and partly on the Sremside of the danube course around Batajnica (NWpart of the map).
The Sefkerin depression stretches from opovoin the NW and jabučki rit in the SE, about 25 kilo-meters long and about 10 km wide, with a maxi-mum depth of about 1,900 m. Between the jabukahorst and the NW flank of the ovča massif, it is con-nected to the pančevo depression by a structuralsaddle, and in the area of Besni fok–padinska skelathere is a wider communication with the Batajnicadepression (Fig. 10). The basin bedrock along theNE flank of the depression is built by the alreadyconsidered ultrabasites with a cover built of theLower Cretaceous clastites. under the central partof the depression, the tectonized Cretaceous flyschis prognostically represented. Based on increasedgeomagnetic influences, especially towards theBelegiš horst, younger Lower Cretaceous complexesare indicative, possibly with the iron-glauconiteclastites. In this area, the older Miocene sediments aresmaller in thickness compared to the pančevo de-pression, but with an increased clay-marl complex,especially within the pannonian–pontian time, andan increased thickness of sandy-clay of pliocene de-posits. above the inter-depression horst massifs ofjabuka and Glogonj, as the mentioned before, the in-gressive overflow was achieved at the beginning ofpannonian time. From the vrbovsko towards the topof the Belegiš horst on the Srem side, the total thick-ness of Neogene sediments decreases to about 1,100m. The structural threshold towards the NE part ofthe Batajnica depression was interpreted at a depthof 1,500 m (the extreme NW part of the map).
The Batajnica depression was interpreted onthe basis of the already cited combined gravimetric

and reflective-seismic indicators, harmonized withthe data of exploration wells in eastern Srem. Withinthe covered area, east of the ugrinovac-Surčin fault(visible on the map) and the morphostructural ridgeBorča–kovilovo–vrbovski rit, on both sides of thedanube river it reaches depths of about 1,700 m.The internal dimensions average 20×10 km (west-ern part of the map). a diagonal intra-depressionfracture, with depths of about 500 m, is noticeableon the stretch Bežanija gornje polje–Zemun polje,that has NE extension to just mentioned the Borčalineament (west stream of rašova)–kovilovo.Between padinska Skela and the eastern pericli-nal of the Belegiš morphostructure, the depressionis structurally associated with the Sefkerin depres-sion. West of Novi Banovci, the peripheral parts ofthe depression are shallower and more complexdepth configurations. The unincluded area towardsNova pazova gradually shifting to a parallel linea-ment, the beginning of which is visible in the NWpart of map, with depth-geological relations that areoutside the studied topic.
DiscussionThe wider Belgrade area has been the subject ofgeological studies for more than a century. In thatsense, the earlier authors, each in their own way,contributed to the knowledge of the geological char-acteristics of this area. However, the impression re-mains that these are mostly segmented works thatdealt with individual aspects of structural-strati-graphic relations and possible relations of Miocenedeposits towards the older rocks (e.g. pavLovIć,1922; LukovIć, 1922; NIkoLIć, 1976; STEvaNovIć, 1977;doLIć, 1997). In Belgrade and its surroundings, it hasbeen known for a long time that the jurassic-Creta-ceous rocks are present both on the surface and insome wells. For example, at the Basic GeologicalMap, sheet Belgrade 1: 100,000, younger jurassiclimestones, marls and clays have a relatively smalldistribution in the SW part of the map, while theCretaceous carbonate and flysch deposits are morewidespread (MarkovIć et al., 1984). at the Basic Ge-ological Map, sheet pančevo1: 100,000 (IvkovIćet al.,1966), the serpentinites and serpentinized peri-
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dotites and upper Cretaceous flysch deposits are pre-sented as oases or smaller, elongated belts in the ex-treme SW part of the sheet. They have NW–SEdirection on surface, and so they move to the westernarea of the sheet Smederevo, 1: 100,000 (pavLovIć etal., 1977). It is interesting that in the well Bt 1-2(Bubanj potok, north of avala) under a thin Neogenecover already at a depth of 38 m, similar ultramafiteswere discovered (ruNdIć et al., 2019). Cretaceousmagmatism and its phenomena in the wider vicinityof avala Mt. have already been described (e.g. aN -ĐELkovIć & MILojEvIć, 1969; ToLjIć, 1996, 2016).at the beginning, without pretending to talkmore about the affiliation of rock deposits from thebasin bedrock to certain large tectonic units (seeMLadENovIć, 1991; duNčIć et al., 2017; ToLjIć et al.,2018, 2019) because we dealt more with the rocksfilling the basin, we note that based on the depth de-marcations and the mutual relationship betweenthe units, we were able to quite accurately locate the
depth, subsurface route of the ultramafic distri-
bution in this area (a north-south dashed line, Fig.10). In this work, it is fully factometrically docu-mented and has a clear subsurface extension in thedirection plotted on the map (Glogonj–velika hum -ka–jabučki rit–railway station of ovča–Mirjevo–MaliMokri Lug–Ljubičica–Zuce and further along to Šu-plja Stena–kasapovac). This route within the Banatsub-basin belt up to 10 km wide apically determinesthe main depth distribution of intrusive ultrabasicmagmatites, whose root follows the geomagneticdeficit of the eastern edge of the belt and as such is,for the first time, clearly marked and graphicallyshown on geological cross-sections I and II (Figs. 3and 4).Secondly, based on the mutual superpositionalrelations in the wells, the character of the boundarybetween the jurassic sub-basin sediments and otherrocks, it is evident that dark-black, tectonized claysand argiloshists in the well pč-1 (2,395–2,733 m)represent the rocks of the oldest Jurassic age
(Lias). They have visible the processes of alterationof minerals (e.g. sericitization of feldspar), which in-dicate a certain hydrothermal effects.Third, the stratigraphic range of the complex ofcoarse clastites, i.e. breccias and conglo-breccias
(KB) lying over ultramafites in wells (ov-1 and Sa-

2) is also quite clear. The clasts originate mainlyfrom ultramafics, predominantly angular pieces ofseprentinized peridotites tightly bound by cementthat partially contains a high percentage of carbon-ates. The thickness of these breccias is from 90 m inthe well ov-1 (330–424) to over 120 m (229–352)in the well Sa-2. In the ov-1 well, this complex iscovered with the tectonized upper Cretaceous fly-sch sediments. No fossil remains were found in it.Since they are superpositionally located above theultramafites and whose fragments they contain aswell as they are overlying by the tectonized upperCretaceous flysch, their stratigraphic position prob-ably corresponds to the Lower Cretaceous depositsor the so-called para-flysch.on the Belgrade side, similar the compact ser-pentinite breccias were discovered in well Bt 1-2(Ljubičica–Bubanj potok) where, in the interval of28–38 m depth, they cover a mass of serpentinizedperidotites in which drilling was completed (92 m)(ruNdIć et al., 2019). regarding the depth geological structure of theNeogene-Quaternary cover, it was determined thatthe oldest Miocene units lie discordantly over the he -te rochronous pre-basin bedrock. These are conti-
nental-lacustrine deposits of duoble-natured
genesis. This highly interesting geological unit of de-fined stratigraphic affiliation (Lower Miocene), hasbeen established in some wells much earlier (e.g. Ma -rINovIć, 1959, 1961, 1962; MarINovIć & kEMENCI, 1969;doLIć, 1997, 1998). In the wells ov-1 (110–166 m),Sa-2 (145–229 m), and G-1 (1,150–1,300 m), in mul-ticolored clastites with dominance of greenish andbrown-red clays, gray-green gravelly sandstones andconglomerates, with fragments of chert, serpentinite,Mesozoic carbonates and carbonate concretions,there are not many fossil remains or, when found,they are poorly preserved and difficult to determinethe remains of freshwater mollusk fauna and ostra-cods (MarINovIć, 1962), fish fragments and pollengrains (duLIć et al., 2010). a similar molasses forma-tion has been found in dozens of wells in the widervicinity of Belgrade under the name of Slanačka serija(= Slanci formation) (doLIć, 1997; ruNdIć et al., 2013;kNEžEvIć & krSTIć, 2015). due to the lack of good chronostratigraphicbenchmarks, it is not easy to give a close strati-
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graphic determination to this continental series ofoxidative genesis. Still, other geological characteris-tics as well as lithostratigraphic correlation betweensimilar continental-lacustrine small basins in Ser-bia, indicate the mentioned mollasse belongs to theLower Miocene. Herein, it corresponds to the Egen-burgian–ottnangian–karpatian regional stages i.e.time equivalents of the aquitanian and Burdigalianstages in general Miocene division (MarINovIć, 1959,1961, 1962; doLIć, 1997). Especially interesting is the stratigraphically syn-chronous series of a completely different genesis,which was determined within the pančevo depres-sion. Pre-Badenian, gray-black sub-aquatic pe -
lites (Pbp) of reduxing genesis (pč-1, depthinterval 1,980–2,395 m, see Fig. 3) reach a thicknessof over 400 m. a scarce content of small fern spores(polypodiacea) was found in them, which indicatesthe Lower Miocene age. In our opinion, this hithertounseparated a fine-grained molasses series repre-sents the time equivalent of the previously de-scribed the Miocene molasses of oxidative genesis.We think that its separation as a particular unit rep-resents an important contribution of this paper.other Miocene units that make up the basin fill-in (Badenian, Sarmatian, pannonian, pontian, plio -cene Paludina layers) are quite well known. However,in the studied area, they have been completely spa-tially and temporally correlated by this research.Namely, the map of Neogene thicknesses presentedhere, indicates a system of morphostructures built ofsmall or larger depressions separated by structuralsaddles and elevations which, logically, gradually passinto each other. The disjunctively shaped space
and the resulting structural relationships have ledto the formation of several significant depressions(e.g. pančevo, Sefkerin, Batajnica, Grocka) and horstsstructures(omoljica, ja buka–Glogonj, Banatsko No -vo Selo, etc.) whose existence explains quite differ-ent stratigraphic relationships in depth and thepresent lithostratigraphic content in certain seg-ments of this area. This has led to the fact that therelations between the Miocene units are not in ac-cordance and there are phenomena of local discor-dances due to the differential sinking of “blocks”(structures), erosion and denivelation of the exist-ing relief. Good examples are the Badenian and Sar-

matian sediments in ovča, which are very shallowlylocated, thinned and have a thickness of several totwenties meters, while in neighboring the pančevodepression they are downlifted to considerabledepths and have a much greater thickness (up to500 m each). In contrast, on structural elevations orsmaller horsts, some Miocene units are very oftencompletely eroded and remain present only on theflanks of these structures (e.g. omoljica or jabukawhere Badenian is eroded and the Sarmatian orpannonian deposits directly overlie the Lower Cre-taceous rocks - Fig. 4). on the disrupted paleohorstof Banatsko Novo Selo (BNs-1), the reduced Sarma-tian sediments about 60 m thick, discordantly over-lie the Lower Cretaceous paleorelief at a depth of1,111 m.a more detailed attempt to interpret the geody-namics of the Belgrade area during the Neotectonictime was presented by ćIrIć (1992). By the author, theNeogene period is characterized by radial tectonics.Some fault systems are inherited from the Mesozoicand reactivated during the Neogene and some othersare the product of Neotectonic activity. all of these re-sulted in the author editing a sketch for a Neotectonicmap and showing the main elements, types of faults,volcanic phenomena and Neogene terrains with dif-ferent degrees and dynamics of sinking. among otherthings, he singled out a few faults important for theformation of Neotectonic morphostructures, such asthe Sava and danube faults (this second one is alsomentioned by La SkarEv, 1949). So-called the vinčafault (a right longitudinal strike-slip fault of the NW–SE direction) formed in the Mesozoic and reactivatedduring the Neogene, which separates this area fromthe velika Morava trench at east, is especially impor-tant (Fig. 6, ćIrIć, 1992). Here we would like to note that, regardless of acertain contribution of the mentioned paper, the factis that the fault systems presented are not based onclear factometric or geophysical data. By our re-search and by construction of the Neogene thick-ness map and determined structures formed on thebasis of wells data, it can be observe in principle theexistence of certain faults with significantly cor-rected direction, size and character of movements(e.g. the Sava fault has a different orientation andthe danube fault has different prolongation). 
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an important structural unit on the map is the
Pančevo depression, located east of the describedmorphostructural ridge and the longitudinal row ofsunken horsts of Banatsko Novo Selo–Mala ada(Brestovik). It has a depth up to 2,600 m and N-S di-rection (Fig. 10). The observed sharp tectonicboundary of the pančevo depression towards BBMron the west side, which has a winding general direc-tion of N-S and marked by the flows of the Tamiš andSibnica rivers, corresponds to a system of normal,lystric faults (Figs. 3, 4 and 10). our stratigraphic-geomagnetic data indicate the sediments of thepančevo depression formed in the early Miocenesyn-rift phase (initial rifting), over which the MiddleMiocene sediments of the rift maximum (Badenian–early Sarmatian) and the post-rift, the middle Sar-matian sediments were deposited all the way to thepontian time (Figs. 3–6).about the existence of a system of depressions(basins) in southern Banat has been recently re-ported by duLIć et al. (2019). among other things,the authors single out the pančevo Basin, which isone in a series of the so-called pull-apart basinsformed during the Miocene and whose sedimentthickness exceeds 3,700 m. They are genetically re-lated to a complex system of longitudinal faults ofthe dinaridic direction along which the space for thecreation of more parallel basins was opened. ac-cording to the authors, these south Banat basinsrepresent a part of a wider, southern chain of pull-apart basins developed along the so-called Mora-vian Corridor. The mechanism of formation of thesestructures is related to stresses along regional, lon-gitudinal faults (duLIć et al., 2019).our research has shown that in a relatively smallarea it is possible to single out several relativelydeep local depressions (e.g. Sefkerin, pančevo)which have significantly thick Neogene deposits(1,900–2,600 m). It should be noted that the mech-anism of their originin the early Miocene must cer-tainly be viewed in the broader context of the entiresouthern rim of the pannonian Basin. Terminologi-cally, for the mentioned area, we are of the opinionthat is more convenient to use the term depressionthan basin (e.g. pančevo depression).Finally, apart from the mentioned historical-ge-ological and structural-tectonic evolution of the

wider Belgrade city area, the aspect of applicabilityand use of certain lithostratigraphic units of SWBanat and beyond is especially interesting i.e. theirdepth hydrogeological zoning. 
Four hydrogeological systems (HGS I-Iv, seeFig. 3) and within them 10 separate complexes (a-S), have been defined as the authorized work byĐ. Marinović at 1974 and it was published for pro-fessional public eight years later (MarINovIć, 1982).Essentially, this zoning defines how and to what ex-tent mineralization and aquifer types change withinthe basin. This means that the contained mineral-izations of water do not depend on the depth, butprimarily on the position of the certain layer in re-lation not only to the contact floor package but alsoto the structural lateral sides, on which the covercollector eventually relies.as can be seen in the presented profile I, thewater from ovča from the Sarmatian/pannoniancontact with a depth of 91 m has a mineralization of16.46 g/l (MILojEvIć, 1960), and the water even fromthe eastern side of the pančevo depression, from thecorrelatively close pannonian collector depth of1,013 m, has an almost identical mineralization of16.4 g/l (doz-1). Correlatively slightly younger pan-nonian layer of the well do-1 with a depth of 839 m,has a lower mineralization, specifically 15.5 g/l. astratigraphically determined Sarmatian deposits ofthe well doz-1 from a depth of 1,154 m, contain a cor-respondingly increased mineralization of 17.85 g/lwhich is close to the mentioned values from ovča, i.e.from the Sarmatian/pannonian contact. Watersfrom the Badenian reservoirs of the wells doz-1 anddo-1, depth 1,602 and 1,674 m, have mineralizationaccording to the intra-Badenian “age” by increasingthe mineralization from 25.9 to 32.6 g/l, which is inaccordance with a modern marine waters (ŠarkovIć,1973). Finally, water from the Miocene lagoon withan ambientally high mineralization of 51 g/l – waslaterally infiltrated into a fissured collector of theLower Cretaceous rocks (Fig. 3). It is worth men-tioning that e.g. waters from the pontian sediments(HGS-I, complex d) in kikinda from depths of 1,100–1,400 m, have a mineralization of 4–6 g/l,which is the same as the mineralization of the levelof significant reduction of caspibrackish cardids(MarINovIć, 2017).
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Conclusions• The Belgrade wider area includes a segment oftwo morphologically adjacent geotectonic units - theinner dinarides s. lato, and the southern rim of thepannonian Basin, without considering the regionalgeotectonic interpretations.• Within the pannonian Basin, geochronologicallyand depthly, it differs the sub-basin unit affected byan intensive orogenic-fractured tectonization of thealpine cycle, and, the discordant geological cover, dis-junctively and compactionally formed during thepost-paleogene time.• Within the sub-basin structure, the oldest rocksare a black, schist like, sericited pelites that are pa-lynologically determined as the Early jurassic (lateLias–early doggerian), without the content of ultra-basic magmatites.• Serpentinized peridotites of the harzburgitetype were drilled directly below the Neogene cover(Glogonj), then under the Cretaceous agglomerates(ovča) as well as in the area of Ljubičica–Bubanjpotok, with an abundance of serpentinite fragments,cherts and other rocks, comparatively the early Cre-taceous age. on the surface, they are already knownfrom the valley of the Zavojnica river, Zuce and theeastern sides of avala Mt. in a thrust, west-vergentrelationship with the Cretaceous flysch.• By the analysis of the combined geophysicaldata it is confirmed the possibility of the existence,the pre-Senonian laccolitic intrusions of acidic mag-matic  on avala Mt. The presence of ultrabasite is ex-cluded..• Based on geomagnetic indicators, in this paper,for the first time, the route of ultrabasic break-throughs is presented. on the attached map, it isspecifically plotted as a sub-basin depth projection ofthe apical axis with a general direction of N–S (Glo-gonj–velika humka–jabučki rit–the ovča railway sta-tion–Mirjevo–Mali Mokri Lug–Ljubičica–Zuce).• orogenically tectonized the sub-basin’s geolog-ical column of BBMG, generally of meridional orien-tation, is broken into block systems of differentorientation during pre-Neogene. Besides, it is addi-tionally modified to the disjointed basin floor con-figuration as the base of a heterochronous Neogenecover.

• during the Neogene, by complex fracturezones and less pronounced fault systems, the de-pressions and antiform structural units with mu-tually different orientations were formed. The mostpronounced fault belts, partly with reactivated pre-Neogene depth faults, and the zones of less pro-nounced faults, on the constructed map (Fig. 10)are visible in the directions and lengths by differ-ently condensed isopaches. drawing of these faultsis unnecessary.• among the formed morphostructural units, themain depressions stand out: pančevo, Sefkerin, Ba -tajnica and Grocka, with a smaller sub-depressionof Mokri Lug. The structural trenches are: Moštanica(SW corner of the map), Makiš (a bay of the Bataj -nica depression), krnjača (Belgrade danube riverarea), Beli potok (foothills of avala Mt.) and Ba-natski Brestovac (open to the NE).• In the meander of the danube river, there is theSlanci antiform and the smaller one, Babin vis. onthe Banat side, the horst massifs ovča, jabuka andGlogonj stand out. The morphostructural row Ba-natsko Novo Selo–vladimirovac–dolovo–Bavanište,somewhat separates the pančevo depression fromthe Skorenovac–Smederevo depression, the westernextension of which is visible on the attached map.The omoljica horst-massif, with a smaller unit Star -čevo–Ivanovo has a southeastern extension towardsthe antiform structures of Mala ada (Brestovik) andorešac (outside the map).• Below the Belgrade wider center, there is astructural polyfacial antiform, partly reefly rowčubura–kalemegdan–Borča (extended to padinskaSkela), then a shorter structural nose from čukaricato Bežanija, and the separated periclinales of os-tružnica in the direction of jakovo and Surčin.• The oldest Neogene sediments of limited con-tours are lacustrine-subaquatic, multi-colored hete-roclastic molasses (interbedded by volcanoclastics),in principle of oxidative genesis. This reference pro-motes the black and gray black, pelitic molasses ofreduxing genesis, so far drilled only at the bottomof the pančevo depression, 415 m thick.• The marine and semi-marine sediments (Bade -nian, Sarmatian) are discordantly overlying the dif-ferent rocks, over which they lie heterochronously.Three types can be separated: the basinal-lagoon,
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coastal-reef and mixed one. Each of them has spe-cific lithofacial characteristics and fossil content. • The late Miocene brackish-lacustrine sedi-ments (pannonian and pontian s. str.) were devel-oped according to the same ambiental principle, butwithout the peculiarities of the lagoon and reef type.In accordance with the permanently mobile tectonicoscillations, according to the disparate geometry ofthe floor, the different overflow-outflow relationswere achieved, including with intraserial discor-dances. • The pliocene lacustrine-fluvial sediments (“pa -ludina beds”), were deposited just north of theSurčin–Borča–Tamiš river–pančevo–Bavanište line.In Glogonj, all the three fossil complexes have beenpaleontologically documented(based on phyloge-netic relations of the genus viviparus).• Quaternary sediments in the pančevo depres-sion are estimated to be up to 150 m thick. It isgoodly correlative with the Glogonj locality, wherethey have been paleontologically determined to adepth of 100 m.• To all the above, for the practical reasons ofusage, it can be added that in the whole vojvodinabasin area, the hydrochemical characteristics ofwater do not depend on depth, but primarily on thepaleoecological elements of the aquifer, includinglateral infiltrations into the reservoir on which thestratigraphic aquifer relies.
AcknowledgmentsThe authors are grateful to N. MaLEŠEvIć (technicalsupport of GaBp) for help during the figures preparation.Special thanks go to S. ćorIć (Geological Survey of aus-tria) and an anonymous reviewer for their helpful sug-gestions that improved the final version of themanuscript. Lj. rundić is grateful to the Ministry of Edu-cation, Science and Technological development of the re-public of Serbia for supporting this research.
ReferencesaNĐELkovIć, M. 1960. paleogeografija i tektonika jednogdela unutrašnjih dinarida (Šumadijska i zapadnosr-

bijanska zona) [paläogeographie und tektonike in-esteiles der Innerdinariden (Sumadija - und west ser-bische Zone)– in Serbian, German summary]. Geološki
anali Balkanskoga poluostrva, 27: 103–152.aNĐELkovIć, M. 1973. Geologija mezozoika okoline Beo -grada [Geology of Mesozoic of the vicinity of Bel-grade–in Serbian]. Geološki anali Balkanskoga
poluostrva, 38: 1–136.aNĐELkovIć, M. 1987. jura [jurassic]. In: aNĐELkovIć, M.(Ed.).Geologija sire okoline Beograda [Geology of the
surroundings of Belgrade– in Serbian]. Zavod za re-gionalnu geologiju i paleontologiju, rudarsko-geo -loški fakultet Beograd, 1: 68–86.aNĐELkovIć, M. & MILojEvIć, N., 1969. Starost mezozojskogvulkanizma i faze njihovog stvaranja u okolini Beo -grada, sa osvrtom na magmatizam Šumadijske zone[The age of Mesozoic volcanism and the phases oftheir creation in the vicinity of Belgrade, with refer-ence to the magmatism of the Šumadija zone – in Ser-bian]. Zapisnici SGD za 1964, 65–74.aNĐELkovIć, F. & radIvojEvIć, d. 2018. doprinos poznavanjufacijalne raznovrsnosti badenskih sedimenata Beo -grada [a contribution to the knowledge of facial di-versity of the Badenian sediments of Belgrade – inSerbian]. XvIII kongres geologa Srbije, vrnjačka Banja,232– 236.BILIBajkIć, p. 1998. Nova saznanja i potencijalne mo -gućnosti srpske naftonosne provincije [New know -ledge and potential possibilities of the Serbianoil-bearing province – in Serbian]. XIII Kongres ge-
ologa Jugoslavije, Herceg Novi, Iv: 841–858.BILIBajkIć, p., BILIBajkIć, d., jaNčIć, T. & MLadENovIć, M. 1979.prilog tumačenju geostrukturnih karakteristika ju-goslavije na osnovu regionalnih gravimetrijskih i ge-omagnetnih ispitivanja, s posebnim osvrtom najugoslovenski deo panonskog basena [a contributionto the interpretation of the geostructural characteris-tics of yugoslavia on the basis of regional gravimetricand geomagnetic tests, with special reference to theyugoslav part of the pannonian Basin – in Serbian]. III
načni skup znanst. Sav. za naftu JAZU, Zbornik radova,
knj. I, Novi Sad 1977, 27–44.BouE, a. 1840. Esquise geologiquede la Turquie D´Europe.Imprimerie de Bourgogne et Martinet, paris, 128 pp.BraGIN, N., BraGINa, L., djErIć, N. & ToLjIć, M. 2011. Triassicand jurassic radiolarians from Sedimentary Blocks ofophiolite Mélange in the avala Gora area (Belgrade

ĐoRĐE MaRiNoVić & LjUpKo RUNDić

Geol. an. Balk. poluos., 2020, 81 (2), 1–3224



Surroundings, Serbia). Stratigraphy and Geological
Correlation, 19 (6): 631–640.ćIrIć, B. 1992. Geodinamika beogradskog područja uneotektonsko doba [Geodynamics of the Belgradearea in the Neotectonic time – in Serbian]. Zapisnici
SGD – jubilarna knjiga 1891-1991, 103–120.čaNovIć, M. & kEMENCI, r. 1988. The Mesozoic of the Pan-
nonian Basin in vojvodina (Yougoslavia): Stratigraphy
and Facies, Magmatism, Paleogeography. Matica Srp-ska, Novi Sad, 339 pp.čaNovIć, M. & kEMENCI, r. 1999. Geologic setting of thepre-Tertiary basement in vojvodina (yugoslavia). partII: The north part of the vardar zone in the south ofvojvodina. Acta Geologica Hungarica, 42: 427–449.dIMITrIjEvIć, B. 1931. avala: petrografsko-mineraloškastudija sa kartom r 1: 50.000. [avala: a petrographic-mineralogical study with map at scale 1: 50.000– inSerbian]. Posebno izdanje SKA, LXXXv, Prir. mat. spisi,23–30.doLIć, d. 1997. Lake Miocene near Belgrade. Geološki
anali Balkanskoga poluostrva, 61 (2): 15–49.doLIć, d. 1998. odnos nasleđa paratetisa i miocenskih jez-erskih formacija u Srbiji [The reltionships ofparatethyan and Miocene lake deposits in Serbia – inSerbian, English summary]. XIII Kongres geologa Ju-
goslavije, Herceg Novi, 2: 373–382. duLIć, I., GajIć, v., raŠkovIć, M. & vučkovIć, B. 2010. Neotek-tonska aktivnost u jugozapadnom Banatu [Neotec-tonic activity in southwestern Banat – in Serbian].
Proceedings of 15th Serbian Geological Congress, Bel-grade, abstracts,151.duLIć, I., GajIć, v., BoGIćEvIć, G., MarjaNovIć, S. & pErIŠIć, k.2019. pull-apart Basins of Southern Banat (South-eastern part of the pannonian Basin). Proceedings of
6th. Croatian Geological Congress, Zagreb, abstractbook, 60–61.duNčIć, M., duLIć, I., popov, o., BoGIćEvIć, G. & vraNjkovIć, a.2017. The Campanian-Maastrichtian foraminiferalbiostratigraphy of the basement sediments from thesouthern pannonian Basin (vojvodina, northern Ser-bia): implications for the continuation of the Eastern-vardar and Sava zones. Geologica Carpathica, 68:130–146.ĐErIć, N., GorIčaN, Š., GErZINa, N. & kruNIć, o. 2010. jurassicradiolarians From the Grocka Borehole (Belgradearea). Proceedings of 15th Serbian Geological Con-
gress, Belgrade, 152–153. 

GajIć, v., duLIć, I., duNčIć, M. 2008. Biostratigrafija i paleo -ekologija srednjeg miocena jugozapadnog Banata.[Biostratigraphy and paleoecology of the middle Mio -cene of Banat – in Serbian]. XvII kongres geologa Sr-
bije, knjiga apstrakata, 121–125.GaNIć, M., radovIć, p., ruNdIć, Lj., BradIć, k. & kNEžEvIć, S.2016. Traces of drilling predation in the upperBadenian (Middle Miocene) Mollusks from the ra -kovica Stream (Belgrade). Geologia Croatica, 69 (2):173–180.GaudENyI, T., NENadIć, d., STEjIć, p., jovaNovIć, M. &BoGIćEvIć,k. 2015. Stratigraphic revision of the Quaternary ma-terial from the vicinity of Belgrade and the Serbiansegment of the Tisza valley analyzed by v.d. Laska -rev, Quaternary International, 357: 93–109.GudovIć, j. 1875. Izveštaj o starim rudnicima ispod avalei njene okoline [report on the old mines below Avala
Mt. and its surroundings– in Serbian]. Ministry of Min-ing, the principality of Serbia, Beograd, 1–8.IvkovIć, a.1975. osnovna geološka karta SFrj 1: 100 000.Tumač za list pančevo L34-114. [Basic Geological Map
of SFrJ 1:100000. Explanatory Booklet for the Sheet
Pančevo – in Serbian]. Savezni geološki zavod, Beograd.IvkovIć, a., vukovIć, a., NIkoLIć, j., kovačEvIć, d., paLavESTrIć,Lj., pETrovIć, Lj., jovaNovIć, o., TrIFuNovIć, I. & SEBINovIć,Lj.1966. osnovna geološka karta SFrj 1:100000, Listpančevo L34-114 [Basic Geological Map of SFrY
1:100000, sheet Pančevo  – in Serbian]. Savezni ge-ološki zavod, Beograd.jaNkovIć, p., 1970. paludinski slojevi vojvodine. [paludinabeds of vojvodina – in Serbian]. vII kongres geologa
SFrJ, Zagreb, 1: 103–115.jaNkovIć, p. 1977. paludinski slojevi [paludina beds]. In:pETkovIć k. (Ed.). Geologija Srbije, Stratigrafija keno-zoik [Geology of Serbia, Stratigraphy - Cainozoic – inSerbian]. Zavod za regionalnu geologiju i paleon-tologiju, rGF, 327–330.jovaNovIć, G., vraBaC, S. & ćorIć, S. 2019. Stratigraphy re-vision of upper Badenian of rakovica stream nearBelgrade (Central paratethys, Serbia). Geološki anali
Balkanskoga poluostrva, 81 (1): 11–30.kNEžEvIć, S. 1989. prinove iz ponta belopotočkog rova[New specimens from the pontian of Beli potoktrough – in Serbian, with an English summary]. Ge-
ološki anali Balkanskoga poluostrva, 53: 373–384.kNEžEvIć, S. 1990. prilog poznavanju neogenih sedime-nata okoline Beograda (stratigrafski prikaz bušotine

Depth geological relations of the wider area of Belgrade - based on the wells and geophysical data

Geol. an. Balk. poluos., 2020, 81 (2), 1–32 25



kGk-16 kod vrčina [a contribution to the study ofNeogene sediments in Beograd area (stratigraphiccolumn of hole kGk-16 at vrčin) – in Serbian, with anEnglish summary]. Geološki anali Balkanskoga polu-
ostrva, 54:181–197.kNEžEvIć, S. & GaNIć, M.  2005. Miocenski sedimenti kodušća Save u dunav na Novom Beogradu [Miocene sed-iments near the Sava – danube confluence in New Bel-grade – in Serbian]. Proceedings of the 14th Congres of
geologists of Serbia & Montenegro, Abstarct book, Novi
Sad, 65. kNEžEvIć, S. & GaNIć, M.  2008. Skica za geologiju velikogratnog ostrva na ušću Save u dunav [Geological sur-vey of river Island “veliko ratno ostrvo” at the conflu-ence of rivers Sava and danube – in Serbian]. Zapisnici
SGD za 2007, 101–112.kNEžEvIć, S. & krSTIć, N. 2015. Slanačka serija na zapaduBeograda, u dedinjskom saobraćajnom tunelu [Slanciseries west of Belgrade, in the dedinje traffic tunnel –in Serbian]. Zapisnici SGD za 2014: 25–32.kNEžEvIć, S., ruNdIć, Lj. & GaNIć, M. 2012. The subsurfacegeology along the route of the new bridge at adaCiganlija Island (Belgrade, Serbia). Geološki anali
Balkanskoga poluostrva, 73: 9–19.kNEžEvIć, S., ruNdIć, Lj. & GaNIć М. 2017. “Beograd navodi”: geološki uslovi terena “Savskog amfiteatra”[“Belgrade Waterfront”: geological conditions of theSava amphitheater area – in Serbian and English]. Za-
pisnici SGD za 2017, 83–88.kNEžEvIć, S., SpajIć, o., pavLovIć, M., ErCEGovaC, M. & pETrovIč,M. 1994. Stratigrafska proučavanja tercijarnih naslagau bušotini G-1 (Grocka). [Stratigraphic study of theTertiary sediments from the G-1 well, Grocka – in Ser-bian]. Geološki anali Balkanskoga poluostrva, 58 (1):31–49. kNEžEvIć, S., GaNIć, M. & ruNdIć, Lj. 2018a. Stratigraphic re-view of Sa-2 well in ovča, Belgrade. XvII Kongres ge-
ologa Srbije, 1: 144–148.kNEžEvIć, S., NENadIć, d., raduLovIć, B., BoGIćEvIć, k., & ZarIć,j. 2018b. Stratigraphic characteristics of Quaternarydeposits on the left bank of the Sava river near Bel-grade. Geološki anali Balkanskoga poluostrva, 79 (1):21–30. krSTIć, N. 1973. Biostratigraphy of the Congerian beds in
the Belgrade region on the basis of Ostracoda. Mono-graphs, vol. 4, Inst. Geol. Min. Expl. Investig. NuclearMiner. raw Mater., Belgrade, 1–158.

krSTIć, N. 1985. ostracoden im pannonien der umbegungvon Belgrad. In: papp a. et al. (Eds.). Chronostratigra-
phie und Neostratotypen, Miozän M6, Pannonien.akadémiai kiadó, 103–143.krSTIć, N., SavIć, Lj. & jovaNovIć, G. 2012. The NeogeneLakes on the Balkan Land. Geološki anali Balkanskoga
poluostrva, 73: 37–60.LaSkarEv, v. 1949. arteski bunar u selu ovči [Sur un puitsartesian a ovča, pres Belgrade – in Serbian withFrench summary]. Geološki anali Balkanskoga polu-
ostrva, 17:11–14.LaSkarEv, v., pETkovIć, v. & LukovIć, M. 1931. Geološka kartaokoline Beograda, 1: 25 000. [Geological map of the
Belgrade surroundings, 1: 25,000]. Geološki institutkraljevine jugoslavije, Beograd.LukovIć, M. 1922. Facije drugog mediteranskog kata uokolini Beograda [Facies of the II Mediterranean Se-ries around Belgrade – in Serbian]. Geološki anali
Balkanskoga poluostrva, 7:22–41.MakSIMovIć, B., vučIć, S., čaNovIć, M., dENIć, M., kurBaLIja, j.,STarčEvIć, M., MuTIć, S. & TrkuLja, N. 1990. prilog geo -tektonskoj rejonizaciji tercijarne podloge vojvodine[a contribution to the geotectonic reonization of thetertiary base of vojvodina – in Serbo-Croatian]. Nafta41: 65–70.MaNdIC, o., ruNdIć, Lj., ćorIć, S., pEZELj, d., THEoBaLT, d., SaNT,k. & krIjGSMaN, W. 2019. age and mode of the MiddleMiocene marine flooding of the pannonian Basin -constraints from Central Serbia. Palaios, 34 (2): 71–95.MarINovIć, Đ. 1959. Naftonosna struktura Lokve [oil bear-ing structure of Lokve – in Serbian, English abstract].
Nafta, 10, 333–344.MarINovIć, Đ. 1961. jedan osvrt na geološke prilikejugoistočnog dela panonskog basena [Eine übersichtder Geologishen verhältnisse in den südöstlichen-teilen des pannonish enbeckens – in Serbian]. III Kon-
gres geologa Jugoslavije, 1: 239–257.MarINovIć, Đ. 1962. regionalni pregled geologije i tek-tonike naftonosnih područja vojvodine [a regional re-view of geology and tectonics of oil - bearing areas ofvojvodina – in Serbian]. referati v savetovanja geologa
FNrJ, 1: 253–266.MarINovIć, Đ. 1970. Sintezni stratigrafski stub vojvodine[a synthetized stratigraphic column of vojvodina – inSerbo-Croatian]. In: MarINovIć, Đ. & BoŠkov-ŠTajNEr, Z.(Eds.). Stratigrafska pripadnost naftnih i plinskih

ĐoRĐE MaRiNoVić & LjUpKo RUNDić

Geol. an. Balk. poluos., 2020, 81 (2), 1–3226



nalazišta SFr jugoslavije [Stratigraphic affiliation of
oil and gas deposits of SFr Yugoslavia – in Serbo-Croa-tian]. vII kongres geologa SFrj, Zagreb, 1: 79–94.MarINovIć, Đ. 1971. Synthetized stratigraphic column ofvojvodina, annex no. 5. In: BoŠkov-STEINEr, Z. & MarINo -vIć, Đ. (Eds.). Stratigraphy of oil and gas fields in the
terittory of Yougoslavia. Nafta, 22: 524–532.MarINovIć, Đ. 1977. Miocen na osnovu dubinskih bušotina[Miocene based on deep wells – in Serbian]. In: pET -kovIć, v. (Ed.). Geologija Srbije, Stratigrafija – kenozoik[Geology of Serbia, Stratigraphy - Cainozoic– in Ser-bian]. Zavod za regionalnu geologiju i paleontologiju.rudarsko-geološki fakultet, Beograd, 294–303.MarINovIć, Đ. 1982. prikaz opštih geoloških i hidroge-oloških prilika u Sap vojvodini; hidrogeološki sistemikao osnova za hidrogeološku rejonizaciju vojvodine[an overview of general geological and hydrogeologicalconditions in Sap vojvodina; hydrogeological systemsas a basis for hydrogeological reonization of vojvodina– in Serbian]. Zbornikreferata vII jugoslovenskogsim-
pozijuma o hidrogeologiji, 3/3: 5-26, 43–45, Novi Sad.MarINovIć, Đ. 2017. karta baze postkardidskog neogenavojvodine-Srbija [Map of the base of the post-CardiumNeogene in vojvodina (Serbia) – in Serbian and Eng-lish]. Zapisnici SGD za 2015: 1–26.MarINovIć, Đ. 2019. karta geotermskih gradijenata vojvo-dine-Srbija [The map of the geothermal gradients ofvojvodina-Serbia – in Serbian and English]. Zapisnici
SGD za 2018: 21–45.MarINovIć, Đ. & kEMENCI, r. 1969. vulkanogeno sedi-mentne tvorevine i njihov stratigrafski položaj uneogenu vojvodine [volcanogenic sedimentary for-mations and their stratigraphic position in the Neo-gene of vojvodina – in Serbian]. Zapisnici SGD za
1964-1967: 93–103.MarINovIć, Đ., ruNdIć, Lj. & kNEžEvIć, S. 2016. Subsurfacedistribution model of the “post-Cardids” Neogene ofvojvodina (northern Serbia).  rCMNS Interim Collo-
quium, May 20-24, 2016 Zagreb, abstract, 38–39.MarkovIć, M., paNdžIć. j., pavLovIć, r. & čupkovIć, T. 1997.Strukturne karakteristike i neotektonska aktivnostjugoistočnog dela panonskog basena [Structural char-acteristics and neotectonic activity in the south-east-ern part of the pannonian basin – in Serbian].
DIT-Naftagas, 25: 5–33. MarkovIć, B., oBradINovIć, Z., vESELINovIć, Z., aNĐELkovIć, j.,STEvaNovIć, p. & rakIć, M. 1984. osnovna geološka

karta SFrj 1:100000, List Beograd L34-113 [Basic Ge-
ological Map of SFrY 1:100000, Sheet Beograd].Savezni geološki zavod, Beograd. MarkovIć, B. 1985. osnovna geološka karta SFrj1:100000. Tumač za list Beograd L34-113 [Basic Ge-
ological Map of SFrY 1:100000. Explanatory booklet
for the sheet Belgrade - in Serbian]. Savezni geološkizavod, Belgrade.MarovIć, M. & kNEžEvIć, S. 1985. Neotektonika jednog delaŠumadije i severozapadne Srbije [Neotectonics of a partof Šumadija and northwestern Serbia – in Serbi an]. Ge-
ološki anali Balkanskoga poluostrva, 49:  221–252.MarovIć, M., djokovIć, I., pEŠIć, L., radovaNovIć, S., ToLjIć, M.& GErZINa, N. 2002. Neotectonics and seismicity of thesouthern margin of the pannonian Basin in Serbia.EGu Stephan Mueller Spec. publ. Ser., 3: 277–295.MarovIć, M., ToLjIć, M., ruNdIć, Lj. & MILIvojEvIć, j. 2007.
Neoalpine tectonics of Serbia. Serbian Geological Soci-ety, 1–82, Belgrade.MaSLarEvIć, Lj. & GaGIć, N. 1976. Sarmatski sedimentCerka na teritoriji Beograda [Sarmatian sediments ofCerak, the Belgrade area – in Serbian]. II skup sedimen-
tologa Jugoslavije, Beograd, 73–86.MIHajLovIć, Đ. & kNEžEvIć, S. 1989. krečnjački nanoplank-ton iz badenskih i sarmatskih naslaga višnjice ikaraburme (Beograd) [Calcareous nannoplanktonfrom the Badenian and Sarmatian deposits at višnjicaand karaburma in Belgrade – in Serbian]. Geološki
anali Balkanskoga poluostrva, 63: 373–383.MILakovIć, B. 1986. osvrt na pitanje subjezerskog vulka-nizma neogenih basena jugoslavije [a short review ofthe issue of sub-lacustrine volcanism of the Neogenebasins of yugoslavia – in Serbian]. XI Kongres geologa
Jugoslavije, 2: 405–418.MILETIć-SpajIć, o. 1961. prinove za poznavanje panonskih(donjekongerijskih) slojeva okoline Beograda (Zaklo -pača, Begaljica, vrčin). [Novels to the knowledge ofthe pannonian (Lower Congerian) strata around Bel-grade (Zaklopača, Begaljica, vrčin) – in Serbian withGerman abstract]. Geološki anali Balkanskoga pololu-
ostrva, 28: 247–263.MILojEvIć, N. 1960. prilog za poznavanju naftnih voda vo-jvodine [oil waters in vojvodina – in Serbian, Englishsummary]. Geološki anali Balkanskoga poluostrva, 27:429–443.MILovaNovIć, B. & ćIrIć, B. 1968. Geološka karta Srbije 1:200.000 [Geological map of Serbia 1: 200. 000– in Ser-

Depth geological relations of the wider area of Belgrade - based on the wells and geophysical data

Geol. an. Balk. poluos., 2020, 81 (2), 1–32 27



bian]. Zavod za geološka i geofizička istrazivanja,Beograd. MITrovIć, S. & ruNdIć, Lj. 1991. a contribution to the studyof the Sarmatian in Belgrade area. Geološki anali
Balkanskoga poluostrva, 55 (2): 67–73.MLadENovIć, M. 1991. rasprostranjenje ofiolitskog pojasau podlozi tercijarnog panonskog basena [distributionof the ophiolite belt in the bedrock of Tertiary of thepannonian Basin – in Serbian]. Zapisnici SGD za 1987-
1989: 241–246.NENadIć, d., GaudENyI, T., BoGIćEvIć, k. & GuLaN, Z. 2011. TheLower Quaternary boundary in the southeasternSrem (North Serbia). Bulletin of the Natural History
Museum, 4: 23–36.NIkoLIć, M. 1976. vojvodina. In: pETkovIć, v. (Ed.). GeologijaSrbije, Tektonika [Geology of Serbia, Tectonics – inSerbian], Zavod za regionalnu geologiju i paleon-tologiju, rGF, 373–388.NIkoLIć, d. & SIMIN, d. 1959. Geologija Banata na osnovunovijih geofizičkih ispitivanja i dubokih bušenja [Ge-ology of Banat based on recent geophysical researchand deep drilling – in Serbian]. vesnik, 17: 49–59.paNTIć, N. 1978. paleopalinological studies of the „SchistesLustres“ of the Swiss alps and investigation of theMesozoic „Schistes Lustres“ of the Balkan peninsula.
Glas SANU, CCCvI, Natur. Sci.., 43: 125–135. paNTIć, N. & ŠEćErov, p. 1975. Les études paleopalinolo -giques des sédiments Crétacés au fond des formationsNéogènes du bassin pannonien de voïvodina (pale-opalinološka proučavanja krednih sedimenata u po-dini neogenih tvorevina panonskog basena uvojvodini). Geološki anali Balkanskoga poluostrva, 39:135–142.paNTIć, N. & duLIć, I. 1990. palinomorfe mlađeg lijasa izbušotine BNSj-1 (Banatsko Novo Selo) [upper Liassicpalynomorphs from borehole BNSj-1, Banatsko NovoSelo – in Serbian]. Geološki anali Balkanskoga polu-
ostrva, 39: 199–216.pavLovIć, p. 1922. Geološki sastav Beogradskog dunavskogključa [La composition géologique du "Beogradskiključ" – in Serbian]. Geološki anali Balkanskoga polu-
ostrva, 7(1): 1–13.pavLovIć, Z. 1976. Hronološki razvoj tercijarnog magma-tizma u području Šumadije [The chronological devel-opment of the Tertiary magmatism in the area ofŠumadija – in Serbian]. vIII Kongres geologa Jugoslav-
ije, 1: 231–244.

pavLovIć, Z., MarkovIć, B., aTIN, B., doLIć, d.,  GaGIć, Н.,MarkovIć, o., dIMITrIjEvIć, M. & vukovIć, M. 1977. os-novna geološka karta SFrj 1:100000, List SmederevoL34-126 [Basic Geological Map of SFrY 1:100000,
Sheet Smederevo]. Savezni geološki zavod, Beograd. pETkovIć, k. 1951. kako je avala dobila svoj današnji obliki zašto se ističe u reljefu okoline [How avala got itspresent shape and why it stands out in a surroundingrelief – in Serbian]. Nauka i privreda, 4: 3–9.radIvojEvIć, d., ruNdIć, Lj. & kNEžEvIć, S. 2010. Geology ofthe čoka structure in northern Banat (Central para -tethys, Serbia). Geologica Carpathica, 61 (4): 341–352.ruNdIć, Lj. 1990. upper pannonian ostracoda from bore-hole pG-6 (Grocka) and kG-28 (Mala Moštanica), gen-eral Belgrade area. Geološki anali Balkanskoga
poluostrva, 54: 295–308.ruNdIć, Lj. & MITrovIć, S. 2005. Biostratigrafija i paleoeko-logija miocena iz bušotine pG-8, Begaljica, okolinaBeograda [Biostratigraphy and paleoecology of theMiocene from the pG-8 well, Begaljica, Belgrade area– in Serbian]. Proceedings of the14th Congress of geol-
ogists of Serbia & Montenegro, Novi Sad, 108–109.ruNdIć, Lj., doLIć, d. & kNEžEvIć, S. 2013. Continental-Lacus-trine Lower Miocene of the Belgrade City area (Serbia):state of art. Proceedings of the 5th Intern. Workshop on
Neogene of Central and SE Europe, varna, 55.ruNdIć, Lj., GaNIć, M., kNEžEvIć, S. & SoLIMaN. a. 2011. upperMiocene pannonian sediments from Belgrade (Ser-bia): new evidence and paleoenvironmental consid-erations. Geologica Carpathica, 62 (3): 267–278.ruNdIć, Lj., kNEžEvIć, S., kuZMIć v. & kuZMIć, p. 2012. a newdata on geology of the archeological site at vinča(Belgrade, Serbia). Geološki anali Balkanskoga polu-
ostrva,73: 21–30.ruNdIć, Lj., vaSIć, N., žIvoTIć, d., BECHTEL, a., kNEžEvIć, S. &CvETkov, v. 2016. The pliocene paludina Lake of panno-nian Basin: new evidence from northern Serbia. Anna-
les Societatis Geologorum Poloniae, 86 (2): 185–209.ruNdIć, Lj., GaNIć, M., kNEžEvIć, S., radIvojEvIć, d. & radoNjIć,M. 2019. Stratigraphic implications of the Mio-pli -ocene geodynamics in the area of Mt. avala: new evi-dence from the Torlak Hill and Beli potok (Belgrade,Serbia). Geologia Croatica, 72 (2): 109–128.SCHWarCHaNS, W., BradIć, k. & ruNdIć, Lj. 2015. Fish-otoliths from the marine-brackish water transitionfrom the Middle Miocene of the Belgrade area, Serbia.
Paläontologische Zeitschrift, 89 (4): 815–837.

ĐoRĐE MaRiNoVić & LjUpKo RUNDić

Geol. an. Balk. poluos., 2020, 81 (2), 1–3228



SIMIN, d. 1963. Gravimetrijska karta vojvodine, Mačve ipomoravlja, r 1: 500.000 [The Gravimetric map of vo-jvodina, Mačva and pomoravlje, 1: 500000 – in Serbo-Croatian]. Nafta, 9-10: 255–260.SokoL, k., prELEvIć, d., roMEr, r., BožovIć, M., van den Bo-Gaard, p., STEFaNova, E., koSTIć, B. & čokuLov, N. 2020.Cretaceous ultrapotassic magmatism from the Sava-vardar Zone of the Balkans. Lithos, 354–355: 105268.SpajIć, o. 1987. Sarmatski kat, panonski kat. [Sarmatian &pannonian Stage]. In: aNĐELkovIć, M. (Ed.). Geologijašire okoline Beograda, knj.1, Geologija i geodinamika[Geology of the wider surroundings of Belgrade, book 1,
Geology and geodynamics– in Serbian], Zavod za region-alnu geologiju i paleontologiju, Beograd, 195–221.SpajIć, o. & džodžo-ToMIć, r. 1973. Stratigrafska analizamiocenskih sedimenata iz hidrogeoloških istražnihbušotina okoline Beograda [Biostratigraphische ana -lyse der Miozänischen sedimenten aus der hydroge-ologischer forschungs-bohrungenaus der umgebungBelgrads– in Serbian and German]. Geološki anali
Balkanskoga poluostrva, 38: 167‒182.STaNGačILovIć, d. 1969. Submarinski vulkanizam u tortonuBeogradskog dunavskog ključa. [Submarine volcan-ism in the Tortonian of the Belgrade danube Cape –in Serbian]. Zapisnici SGD za 1964, 233–238.STEvaNovIć, p. 1959. prinove za stratigrafiju i tektonikuneogena na teritoriji Beograda [Neu BeiträgezurStratigraphie und Tektonik der Neogen ablagerungenin der Stadt Belgrad– in Serbian, German summary].
Zapisnici SGD za 1957, 7–19.STEvaNovIć, p. 1975. Stratigrafski položaj tercijarnih erup-tivnih stena u okolini Beograda. [Stratigraphic posi-tion of the Tertiary eruptive rocks in the vicinity ofBelgrade – in Serbo-Croatian]. jaZu knj.41, Acta Geo-
logica, vIII/25: 453–468. STEvaNovIć, p. 1977. Miocen Beograda, Beogradskog du -navskog ključa i posavine [Miocene of Belgrade, Bel-grade danube ključ and posavina]. In: pETkovIć, v.(Ed.). Geologija Srbije, Stratigrafija–kenozoik [Geology
of Serbia, Stratigraphy - Cainozoic– in Serbian]. Zavodza regionalnu geologiju i paleontologiju, rGF,2/3:113–145.STEvaNovIć, p. 1990. die pontische halbbrackische Mollus-cenfauna aus Serbien und Bosnien. In: STEvaNovIć, p.,NEvESSkaja, L.a., MarINESCu, Fl., Sokač, a. & jáMBor, á.(Eds.). Chronostratigraphie und Neostratotypen: Pon-
tien (1989). jaZu‒SaNu, Zagreb‒Beograd, 462–536.

ŠarkovIć, M. 1973. Geohemijske karakteristike slojnih flu-ida, nafte i gasnih ležišta jI dela panonskog basena injihovo korišćenje pri istraživanju [Geochemical char-
acteristics of strata fluids, oil and gas deposits in the SE
part of the Pannonian Basin and their use in research–in Serbian]. Matica Srpska, odeljenje za prirodnenauke, 1–118, Novi Sad.ŠuMar, M. & ruNdIć, Lj. 1992. Contribution to the study ofthe Sarmatian at ritopek village near Belgrade. Ge-
ološki anali Balkanskoga poluostrva, 56 (2): 201–208.ToLjIć, M. 1996. Neotektonski sklop avale (Srbija) [TheNeotectonic pattern of Mount avala (Serbia) – in Ser-bian, English abstract]. Geološki anali Balkanskoga
poluostrva, 60 (1): 147–157ToLjIć, M. 2016. Tectonic evolution of the European marginand Neotethys suture zone in the region of Belgrade(Northern Šumadija-Serbia). WSEAS Trans actions on
Environment and Development, 12: 268‒277.ToLjIć, M. & TrIvIć, B. 1997. prilog poznavanju gornjokred-nih deponata okoline Beograda [Contribution to thestudy of upper Cretaceous deposits of Belgrade envi-rons‒ in Serbian and English abstract]. Geološki anali
Balkanskoga poluostrva, 61 (1): 115–124.ToLjIć, M. NENadIć, d. STojadINovIć, u., GaudéNyI, T. &BoGIćEvIć, k. 2014. Quaternary tectonic and deposi-tional evolution of eastern Srem (northwest Serbia).
Geološki anali Balkanskoga poluostrva, 75: 43–57.ToLjIć, M., MaTENCo, L., STojadINovIC, u., WILLINGSHoFEr, E. &LjuBovIć-oBradovIć, d. 2018. understanding fossil fore-arc basins: Inferences from the Cretaceous adria-Eu-rope convergence in the NE dinarides. Global and
Planetary Change, doI10.1016/j.gloplacha.2018.01.018ToLjIć, M. STojadINovIć, u. & krSTEkaNIć, N. 2019. vardarZone: New insights into the tectono-depositional sub-division. Proceedings of the 2nd Congress of geologists
of Bosnia and Herzegovina, Laktaši, 60–73.ToMIć, v. 2005. Hidrogeologija flaširane vode Beograda[Hydrogeology of bottled water in Belgrade- inSerbian]. Zapisnici SGD za 2001: 101‒104. vaSkovIć, N. & MaTovIć, v. 1996. The Tertiary volcanicrocks from Mt. avala. Geološki anali Balkanskoga
poluostrva 60 (1): 391‒414.WEICHEr, C. & oBradovIć, S. 1950. Starost slojeva avale sagledišta mikropaleontologije (Zur deutung des altersder Schichten auf der avala vom Standpunkte derMikropaläontologie – in Serbian, German summary).
Glasnik Prirodnjačkog Muzeja, a, 3: 81–93.

Depth geological relations of the wider area of Belgrade - based on the wells and geophysical data

Geol. an. Balk. poluos., 2020, 81 (2), 1–32 29



Резиме

Дубински геолошки односи на
ширем подручју Београда: базирано
на бушотинским и геофизичким
подацимаШири простор града Београда представљаважну геолошку целину смештену у зони кон -такта јужног обода Панонског басена, с једне, иунутрашњих Динарида у ширем смислу, са другестране. Овде обухваћено подручје заузима уку -пну површину око 2.000 km2. У оквиру Панонског басена, геохронолошкии дубински, могу се разликовати две крупне це -лине: а) пренеогена основа (подбасенска цели -на) изграђена од различитих мезозојских стенатектонски интензивно орогено и разломнообликованих током старије алпског циклуса, иб) Неогена и квартарна запуна басена – дискор -дантни геолошки покров, дисјунктивно и ком -пакционо обликован током неогеног периода.У оквиру подбасенске целине, најстарије сте -не су црни, шкриљави серицитски пелити који,на основу присутне палинолошке асоцијације,одговарају старијој јури (горњи лијас – доњи до -гер). Утврђени су у Панчевачкој депресији (pč-1,2.395–2.733 m).Серпентинисани перидотити харцбургитскогтипа, утврђени су непосредно испод неогеногзастора (Глогоњ), затим испод грубокластичногкредног покрова (Овча) и на потезу Љубичица–Бубањ поток, где је запажено обиље фрагменатаи класти од серпентинита, рожнаца и другихстена несумњиво из старије кредне етаже. Наповршини су од раније познати из долине За -војничке реке, Зуца и источних падина Авале. Натерену показују западно-вергентни однос премамлађој, флишној креди.Анализом геомагнетних показатеља, у овомраду се, по први пут, приказује конкретна трасаултрабазичних пробоја. На приложеној картиконфигурације базе неогена, уцртана је каоподбасенска дубинска пројекција апикалне осе,генералног правца С–Ј (Глогоњ–Велика хумка–Јабучки рит–железничка станица Овча–Мир -јево–Мали мокри луг–Љубичица–Зуце).

На основу прикупљених геолошко-геофизи -чких података, утврђено је да на Авали нисуприсутне ултрабазичне стене. Напротив, по -стоји реална могућност присуства лаколитскеинтрузије киселог типа која је старија од сенона.Преко поменутих ултрамафита, утврђено једа лежи комплекс грубих кластита (бушотинеОv-1 и Sa-2). Изграђен је од тврдих, компактнихбреча и конгло-бреча дебљине и преко 120 m. Устратиграфском смислу, одговарају вероватнонаслагама доње креде јер су у супрепозициономодносу испод тектонизованог горњокредногфлиша. Орогено тектонизовани подбасенски геоло -шки стуб Београдско-банатске морфострук -турне греде (ББМГ), генералног меридијанскогправца, пренеогено је разломљен у блок системеразличите оријентације, и додатно модифико -ван на разуђену конфигурацију подине басена.Током неогена, сложеним разломним зонамаи слабије израженим раседним системима, об -ликоване су депресионе и антиформне струк -турне целине различитог правца. Најизразитијераседне зоне, делом са реактивираним пренео -геним дубинским разломима, и токови мањеизражених раседања, на карти конфигурацијеподине неогена су уочљиве по правцима идужинама различито згуснутих изопаха (сл. 10).Из тог разлога, доцртавање разломних трасаније било потребно.На проучаваном терену, међу морфострук -турним јединицама истичу се веће депресијепопут Панчевачке, Сефкеринске, Батајничке иГрочанске, са мањом субдепресијом Мокри Луг.Структурни ровови су: Моштаница (ЈЗ угаокарте), Макиш (залив Батајничке депресије),Крњача (београдско подунавље), Бели поток(предгорје Авале) и Банатски Брестовац (отво -рен према СИ).У Београдском дунавском кључу, налази сеантиформа Сланци и мања, Бабин вис. На ба -натској страни, нарочито се истичу хорст-ма -сиви Овча, Јабука и Глогоњ. Морфоструктурниниз Банатско Ново Село–Владимировац–Доло -во–Баваниште, разграничава Панчевачку депре -сију од депресије Скореновац–Смедерево чији језападни продужетак видљив на приложеној
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карти. Омољички хорст-масив, са мањим једи -ницама Старчево–Иваново има ЈИ продужењепрема антиформним структурама Мала ада(Брестовик) и Орешац (изван оквира карте).Испод ширег центра Београда, налази се ан -тиформни структурни и полифацијални (деломспрудотворни) низ Чубура–Калемeгдан–Борча(продужно до Падинске скеле), затим краћиструктурни нос од Чукарице до Бежаније, и раз -двојени периклинални Остружнице на правцуЈаково и Сурчин.Најстарији неогени седименти (доњи мио -цен), ограничених контура, су разнобојне лим -ничко-субакватичне хетерокластичне моласе(прослојене вулканитима), у принципу оксида -ционе генезе. Откривене су на површини у ши -рем подручју Београда јужно од Дунава (нпр.Сланци, бушотина vp-150, дебљина моласа је око200 m). У бушотинама код Овче и Гроцке (ov-1,110–166 m; Sa-2, 145–229 m и G-1, 1.150–1.300 m)дебљина им је мања. Међутим, на дну панче -вачке депресије утврђени су и посебно издво -јени, синхрони, битно различити сиво-црнисубакватични пелити редукционе генезе дебљи -не око 415 m (бушотина pč-1, 1.980–2.395 m) иово представља посебно важан допринос овограда.Морски и морско-бракични седименти (сред -њи миоцен - баден и сармат), дискордантно ихетерохроно належу преко различите подине.Издвојена су три типа развића: басенско-ла -гунски, приобално-спрудни и мешовити. Свакипојединачно има специфичне литофацијалнекарактеристике и фосилну асоцијацију. У пан -чевачкој депресији баден је набушен тек на1.452 m дубине и има велику дебљину (око530 m). Слично је и око Долова где дубокозалеже преко доњокредног палеорељефа (бушо -тина do-1). Најплиће испод површине, баденскиседименти су набушени код Овче (76 m) где имје дебљина само 35 m, док на боковима хорстоваОмољица и Банатско Ново Село потпуно ис -клињавају. Као и баден, сармат је најтањи окоОвче (свега неколико метара) и појављују сеплитко испод површине (70 m). У панчевачкојдепресији односно Долову и Баваништу, знатноје потонуо и задебљао и достиже између 400–500

метара дебљине. Слично је и у грочанској де -пресији, на крајњем југу терена, где достижедебљину преко 400 m. Насупрот томе, на струк -турном гребену Омољица, сармат је редукован(око 180 m), а на раседнутом палеохорсту Ба -натско Ново Село (бушотина BNs-1) има дебљи -ну око 60 m, и дискордантно належе прекодо њокредног палеорељефа на дубини од 1.111 m.У делу терена јужно од Саве и Дунава, баденскеи сарматске наслаге су широко заступљене наповршини али су добро проучене и у плиткимбушотинама на Калемегдану, Ташмајдану, Дор -ћолу, Вишњици, Карабурми, Кумодражу, Вели комМокром Лугу, Раковици, Торлаку, Ле штанимаидр. где имају мању дебљину осим у реткимслучајевима (Гроцка, бушотина G-1 – заједнопреко 500 m).Најмлађи миоценски бракично-језерски (ка -спибракични) седименти некадашњег Панон скогјезера (панон и понт) имају знатно распро -страњење и укупно велику дебљину. Обичнолеже конкордантно преко сарматских наслагаили, пак, дискордантно преко ултра мафита икредних седимената око Јабучког и Глогоњскогхорста. У околини Баваништа и Долова, достижуукупну дебљину преко 900 m, а утврђени су надубинама испод 1.000 метара (pč-1, doz-1, Bav-1,BNs-1). У правцу Омољице и даље ка Дунаву достасу редуковани (˂ 700 m), код Глогња имају де -бљину око 500 метара док су на потонулој гредиу Овчи знатно редуковани (око 30 m).Плиоценски, речно-језерски седименти (Па -
лудински слојеви) утврђени су само на банатскојстрани проучаваног простора, северно од ли -неамента Сурчин–Борча–р. Тамиш–Панчево–Ба -ваниште. Сва три нивоа палудинских слојева (наоснову присуства различитих морфолошких об -лика филогенетског низа рода viviparus) откри -вена су код Глогња и у Панчевачкој депресији(бушотине Gl-1, 100–381 m и pč-1, 140–345 m),док су око Долова откривени само старији ни -вои (doz-1, do-1).Квартарни седименти различите генезепредстављају најмлађу јединицу басенске испу -не. У панчевачкој депресији достижу укупнудебљину преко 140 m (pč-1). У правцу југа, премаОмољици дебљина им се значајно смањује. Код

Depth geological relations of the wider area of Belgrade - based on the wells and geophysical data

Geol. an. Balk. poluos., 2020, 81 (2), 1–32 31



Гроцке (G-1) имају симболичну дебљину. Убушотини Gl-1 (Глогоњ), на дубини од 100 m,дефинисана је база квартара на основу наласка
viviparus cf. diluvianus (kuNTH).Подповршинска геолошка грађа ширег под -ручја Београда још једном указује и на важностпримене тзв. хидрогеолошких система (HGS I-Iv),ауторизованих још 1974. године од стране Ђ.Мариновића, а публикованих нешто касније(МАРИНОВИћ, 1982). Они јасно дефинишу хидро -геолошка својства појединих стратиграфскихјединица, а с тим у вези, и минерализацију водеу њима. На пример, вода из Овче са контактасармат/панон дубине 91m, има минерализацију16,46 g/l (МИЛОЈеВИћ, 1960), а вода са источнестране панчевачке депресије, из корелативноблиског панонског колектора дубине 1.013m,има готово идентичну минерализацију 16,40 g/l

(бушотина doz-1, ШАРЧеВИћ, 1973). Слично томе,воде из баденских колектора бушотина doz-1 иdo-1 (Долово) дубина 1.602 и 1.674 m, имајуминерализацију саображену интрабаденској„старости“ са повећањем минерализације од25,9 на 32,6 g/l – сагласно савременим морскимводама. Додатно, вода из миоценске лагуне,амбијентално високе минерализације (51 g/l),бочно је инфилтрирана у пукотински колектород доњокредних наслага. Није на одмет додатида нпр. воде из понтских седимента (HGS I,комплекс d) у Кикинди из дубина 1.100–1.400 m,имају минерализацију између 4–6 g/l колика јеи минерализација нивоа битне редукције каспи -бракичних кардида (МАРИНОВИћ, 2017).
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