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Abstract. The subject work covers the Belgrade wider area with a total area
of about 2,000 km? The authors integrated the principal geological and geo-
physical data provided by surface works and multidisciplinary elements from
the 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 older
basinal floor. In addition to conventional petrological descriptions of rocks,
microscopic determinations of intrusive and extrusive magmatites were also
cited. From the enclosed basin space, the mineralization of deep aquifers is
also correlative positioned. From the geophysical data for wells deeper than
400 m, records of well logging measurements were used, with markers based
on which valid stratigraphic delimitations were made. Seismic survey sections
were the basis for spatial shaping of Neogene sedimentation and basin floor
configuration. 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 without
entering into variable and debatable theoretical schematizations, especially
orogenically complex of subbasin tectonics, in dissonant relations with the
younger disjunctive shaped configuration which is visually shown in the refe-
rence cross-sections both vertically and laterally.

Ancrpaxr. [IpegmeTHa pedepeHiia o6yxBaTa NpocTop LiMpe okosrHe beo-
rpaja ykymHe nmospiinHe oko 2.000 km?2 AyTopu cy 06jeJHHUIN KallUTaTHe
reoJiolike u reopusuyke nojaTke obesdbeheHe MOBPIIMHCKUM HCTPAXKU-
BakbUMa U MYJTHUAUCLUUIINHADHUM eJleMeHTHMa U3 52 OyloTUHe ca
ny6uHama usmeby 33 u 2.733 m. KoHKpeTHU Mase0OHTOJIOLIKY HaIa3U CIie-
LIMjaJIN30BaHMX aHaJMTHYapa ca JeTepMUHALjOM MAaKpo U MUKpodayHe U
dJiope, mpe3eHTOBAHU Cy KaKo U3 HEOreHUX popMaliyja Tako U U3 6aceHcKe
nosuHe. OCUM KOHBEHIIMOHAJHUX METPOJIOLIKUX ONKCa CTeHa LIUTHPaHe Cy
Y MUKPOCKOIICKe JleTepMHUHal{je UHTPY3UBHUX U eKCTPY3MBHUX MarMaTHTa.
W3 3aTBOpeHOr 6aceHCKOT NPOCTOPa KOpeJlaTUBHO Cy MO3ULIMOHUPaHe U MU-
Hepasn3auuje JyonuHckux akBudepa. O reodpusnyKux nojaraka 3a 6yImoTH-
He ay6sbe of 400 m kopuiiheHW cy 3anmucd KapoTaXXHUX Mepema, ca
MapKepuMa Ha OCHOBY KOjUX Cy U3BpIleHa BajJMJHa cTpaTUrpadcka pas-
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rpaHuyema. CeKuyje CeM3MHUYKHX HCITUTHBAaKba GUJIe Cy OCHOB 32 IPOCTOPHO
06JIMKOBae HeoreHe celUMeHTaldje U KoHUrypauuje 6aceHCKe MOJHHE.
3a 1y6HHCKa reoJIOLIKa TYMayeba KOHCY/ITOBaHe Cy 06jaB/beHe U pOHJ0BCKe

K/by4He peumn:
Cmpamuepagcku enemenmu,
HeozeH, dY6UHCKA pa3epaHu4ersbd,
2e0(hu3uvKU nokasamessu,
CMpYKMypHOo-naieozeozpagdcka
uHmepnpemayuja

rpaBUMETPHjCKe U FeOMarHeTHe KapTe PasHUX FOJMHA U pa3Mepa. AyTopH cy
Cce 3a/ip>KaJid NPBEHCTBEHO Ha GaKTOMETPHjCKUM NT0Ka3aTe/bUMa He yazehu
y HOpOMeH/bHMBEe W JAMCKYTaOUJIHE TeOpeTCKe IlieMaTH3alyje HapOYUTO
OpOTeHO CJI0KeHe Mo 6aceHCKe TEKTOHU3alK]je, Y AUCOHAHTHOM OJHOCY ca
MJ1ahoM, AUCjYHKTHBHO 06JIMKOBAaHOM HEOT€HOM KOHQUTYpalujoM Koja je y
pedepeHTHOj rpad Uiy BU3YeTHO MPUKa3aHa U BePTUKAJIHO U JIaTePaIHO.

Introduction

The wider area of the city of Belgrade includes not
only its central and highly urban part, but also all the
peripheral settlements that stretch around that
urban core from both side of the Sava and Danube
rivers. Within that, so-called the Belgrade Danube
meander (Beogradski dunavski kljuc), in the nar-
rower sense, means the area of Belgrade or its east-
ern rim that follows the course of the Danube river
in the coastal part and low inner hills (ViSnjica, Slanci,
Veliko Selo) all the way to Mirijevo and Vinc¢a. Once a
marginal part of the Belgrade settlement and a space
suitable for field trips and professional observations,
it has a long tradition of geological research (BOUE,
1840). From that time, numerous studies have been
done, hundreds of wells have been drilled and some
generally known facts have been established. Many
papers have been published about this after World
War I (e.g. Paviovic, 1922; Lukovi¢, 1922; LASKAREV et
al.,, 1931). After World War I, the interest of the geo-
logical public spread to the other side of the Danube,
and with the beginning of hydrocarbon exploration
in Banat and beyond, the subsurface geology of the
wider Belgrade area became even more relevant
(MaRriNovIC, 1959, 1961, 1962). For example, it was
understand that the subsurface geological composi-
tion of that area is a reflection of the genesis and evo-
lution of the Pannonian Basin, pronounced syn- and
post-rift Neogene tectonics and block structure. This
conditioned the existence of differences in a relatively
small area, the formation of smaller or larger depres-
sions as opposed to distinct structural elevations
(NikoLI¢, 1976; STEVANOVIC, 1977). Neogene sediments
heterochronously cover the pre-Neogene bedrock,

mimicking the configuration of the inherited paleo-
relief. The Alpine-type tectonized structure is not
identically oriented with the younger disjunctive
shaped basin structure of Neogene. It is understood
that parts of the more pronounced ruptures were re-
activated during the Neogene (RunpI¢ et al.,, 2019).

These facts influenced the authors of this paper
to 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 more
details.

Thanks to geological-geophysical research as
well as performed exploratory drilling, it has long
been known that paleorelief or “old rocks” exposed
on the surface of the terrain south of the Danube
River, build the basis for the Neogene and Quater-
nary sediments up to 4000 m thick (e.g. PETKoVIC,
1951; ANbELKovi¢, 1960; MariNovi¢, 1970, 1971,
1977; NikoLI¢, 1976; MaksiMovIC et al., 1990; PANTIC
& DuLI¢, 1990; RabpivojeviC et al., 2010; DuncIC et al.,,
2017; DuLiC et al., 2019). Having all this in mind, as
well as the existence of clear discordant relations
between 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 of
these 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, and
that subsurface geological models are established
mainly on the basis of re-interpretation of existing
data and their further approximation, a huge data-
base of geological documents (primarily strati-
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graphic-paleontological, structural and well-logging
data), 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 northern
part is completely covered with Quaternary sedi-
ments, the paper especially emphasizes specific and
original interpretations of the distribution and
depth relationship of main stratigraphic units as
well as their morphostructural features.

An overview of the geological
background

The studied area is shown on the index (to-
ponyms) map (Fig. 1). It is spatially limited by a
quadrangle: BelegiS-Banatsko Novo Selo-V. Mosta-
nica-Mala Ada (Brestovik). It is mainly covered by
thinner or thicker Quaternary deposits of various
genesis (alluvium, river-marsh sediments, river ter-
races, deluvial-proluvial deposits, loess-paleosoil se-
quences, etc.), as evidenced by numerous data (e.g.
Ivkovié, 1966; Markovi¢, 1985; NENADIC et al., 2011;
GAUDENYI et al., 2015; KNEZEVIC et al., 2018b; ToLji€ et
al,, 2014).

Zemun

Novi Beograd

Beograd
(centre)

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 (1, 11, 111).

Below the Quaternary cover, there is a complex of
Miocene and Pliocene sediments of different thick-
ness formed during the evolution of the Pannonian
Basin and its southern rim (continental-lacustrine
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deposits with volcanics of the Lower and Middle
Miocene, marine and marine-brackish Middle Mio-
cene and caspibrackish to freshwater sediments of
the Upper Miocene to Pliocene). Due to the large
number of papers regarding this, only those in which
the authors dealt with various aspects of the predo-
minantly Miocene of the area are listed chronolo-
gically (Lukovi¢, 1922; Paviovic, 1922; LASKAREV et al.,
1931; LASKAREV, 1949; WEICHER & OBRADOVIC, 1950;
MaRrINoVIC, 1961, 1962, 1977, 1982; MILETIC-SPAJIC,
1961; MarINovVIC & KEMENCI, 1969; STANGACILOVIC, 1969;
KRrsTI¢, 1973, 1985; STEVANOVIC, 1957, 1975, 1977; NI-
KoLI¢, 1976; MiLakovIC, 1986; MiHAjJLOVIC & KNEZEVIC,
1989; SuMAR & RuNDI¢, 1992; Vaskovic & MATOVIC,
1996; DoLi¢, 1997, 1998; KNEZEVIC & GANIC, 2005,
2008; KrsTiC et al., 2012; SCHWARCHANS et al., 2015;
GANIC et al., 2016; ANPELKoOVIC & Rabpivojevi¢, 2018;
JovanoviC et al.,, 2019). The most important details and
results of the mentioned research will be discussed
in more detail in the following chapters of this paper.

In the base of Neogene formations, there are the
older 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-
TRYEVIC, 1931; PETKOVIC, 1951;
ANDBELKoOVIC, 1960, 1973, 1987;
Canovi¢ & KeMENCI, 1988, 1999;
KNEZEVIC et al., 1994; ToLjiC,
1996; DERIC et al,, 2010; Dun-
Ci¢ et al, 2017). The stra-
tigraphic position of these
sedimentary rocks in the area
of southern Banat and the
Belgrade hills was deter-
mined on the basis of diffe-
rent macro- and microfauna
(e.g. PANTIC & SECEROV, 1975;
KNEZEVIC et al., 1994; BRAGIN et
al,, 2011). The genesis, chem-
istry features and age of ig-
neous rocks were determined
through their spatial relationships and relations to
the surrounding rocks or based on geochemical
characteristics and isotope geochronology (e.g.
SokoL et al.,, 2020).
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Material and methods

The presentation of the depth geological struc-
ture of the Belgrade wider area is the result of the
analysis of 15 deep wells on the Banat side of the
Danube river (Fig. 1). In the southern part of studied
area 37 mostly shallow wells were analyzed. It
should 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 the
Table 1. The collected stratigraphic-paleontological
data, performed well logging and seismic-geological
correlations were analyzed by the first signed au-
thor (PM), as well as a part of the paleontological
determination related to Neogene units in the pre-
sented deep wells. On the Banat side, the depth ge-
ological-stratigraphic demarcations are based on
correlative markers of well logging (MARINOVIC,
1970, 1971 - see Fig. 2), harmonized with available
paleontological, petrological and hydrochemical ele-
ments, transferred on the network of reflective seis-
mic sections. On the Belgrade side, numerous
literature-processed surface data have been supple-
mented by a selection of stratigraphically instructive
wells and representative geological columns (by
LjR). For the entire area, gravimetric maps of iso-
gams (mgl) and vertical gradient (E) were used from
the geophysical data - Funds of “Naftagas” (Novi
Sad) and “Geozavod” (Belgrade), which were par-
tially published (SiMiN, 1963; BiLiBAJKIC et al., 1979;
BiLiBajkI¢, 1998). In addition, geomagnetic maps Az
anomalies ZMP 1954 (NixkoLIC & SIMIN, 1959) and the
fund of the Za intensity section were used, except
for the areas that were deleted from the competent
authorities in due time.

Based on all of this, the first signed author con-
structed subsurface geological sections of the SW
Banat (profiles I, II and III) as well as the map of
Neogene base configuration (E = 100 m), which cov-
ers an area of about 2,000 km? The depth geological
model defined in this way is supplemented with
facts that refer to the subsurface and outcrop geo-
logical data of the wider area of Belgrade, that is
south of the Danube river (LjR).

Determination of the stratigraphic affiliation of
geological units from the Banat deep wells was

taken primarily from CaNovi¢ & KemeNnci (1988) and
other publications (e.g. PANTIC & SECEROV, 1975;
PANTIC & DuLi¢, 1990; KNEZEVIC et al., 1994). However,
in order to avoid burdening the text with continuous
repetition of the signatories of internal reports or
works of the published paleontological and other
data from the deep wells of Banat, in the chapter
,Stratigraphic review", the corresponding authors
are grouped as follows: determination of Neogene
microfauna - V. Markovi¢, N. Gagic (,Naftagas®, Novi
Sad); determination of Mesozoic microfauna - M. Ca-
novi¢ (,Naftagas“, Novi Sad) and D. Mihajlovi¢
(,Geozavod", Belgrade); determination of Neogene
macrofauna - P. Jankovi¢, . Marinovi¢ (,Naftagas®,
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Fig. 2. Synthetic stratigraphic section of the borehole Ov-1
(compiled by PM). 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.
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Novi Sad); determination of microflora — N. Panti¢
(Faculty of Mining and Geology, Belgrade), P. Sece-
rov and I. Duli¢ (,Naftagas®, Novi Sad); petrographic
analyzes - R. Kemenci (,Naftagas®, Novi Sad); physi-
cal and chemical analyzes of water - A. Dekanj and
A. Maksimcev (,Naftagas”, Novi Sad); correlative
stratigraphic distinctions - P. Marinovi¢ (Naftagas,
Novi Sad). In the area south of the Sava and Danube
rivers, the references are cited in Table 1.

Stratigraphic review
Pre-Tertiary basement

In the studied area, the pre-Tertiary basement
makes the geological and stratigraphic units of
Jurassic and Cretaceous age of different genesis.

Jurassic

The oldest Jurassic unit is a series of dark to
black tectonized clays and argiloshists with sand-
siltstone intercalations permeated by quartz grains.
It was found in the well P¢-1 (2,395-2,733 m) and
can be correlated with similar deposits in the close
vicinity, i.e. with black sericitized claystones with
sandstone inserts found in the well Crepaja-1
(1,597-1,603 m) then, generally, with “shiny shales”
(PanTI¢, 1978), as well as with black sericitized
thiny-bedded claystones, siltstones and sandstones
of the well Padina-1 (1,554.3-1,613.6 m). Based on
the analysis of the palinospectrum (insight into the
original report dated 28.06.1958 by N. Balte§) dom-
inated by Ophioglosum delectus BOLKHOVITINA, Cu-
pressacites minor (MALYAVKINA), Protopiceacerina
BOLKHOVITINA, Picea sp., Podozamites rotundus BoLk-
HOVITINA, Gingko praecuta BOLKHOVITINA, Leptochylus
sp., Bennettitales delucidus BOLKHOVITINA, Lophotrile-
tes sp., Selaginella sp., Bothrychium sp., Lycopalium
sp., etc. the lower Jurassic - Lias (J;) 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 and
pollen of the type Ginkgoales sp., Cycadophytes sp.,

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

Konkisporites sp. were drilled in the BNsj-1 well at
adepth of 1901-1908 m (Fig. 6). Stratigraphically,
these deposits correspond to the upper Lias (J;)
(CaNovi¢ & KEMENCI, 1988; PaNTIC & DuLIC, 1990).

On the other side of the Danube River; in the well
G-1 (Grocka), in adepth interval from 1,300 to 1,378
m, the pelites with an abundance of radiolarians
(Mirifusus mediodilatatus (RuUst) and Pavicingula
boesi (PArONA), less often with spores and other pa-
lynomorphs were drilled (S. Gori¢an, in KNEZEVIC et
al,, 1994). Relatively recently, from dark red radio-
larites from a depth of 1,378 m, the next radiolarians
were identified: Belleza decora (RUsT), 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 younger
Jurassic 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 (J;- middle Oxfordian to late
Tithonian) (DEriC et al,, 2010) (Fig. 6).

The complex of ultrabasic rocks (o) is repre-
sented by peridotites and serpentinized peridotites
(Figs. 2-4). They were found in the wells Gl-1
(below 865 m) and GI-2 (below 835 m) in the north
of the studied area where they form the Pre-Tertiary
basement.

Somewhat further to south, in the Ov-1 well,
compact peridotites at the bottom of the well and
cracked serpentinites at higher levels were drilled
in 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 is
located in the narrowest area of Ovca, and its the
longitudinal depth root most probably in the belt of
the main tectonic fault, in the area between the Sib-
nica and Tamis rivers (Fig.3). An ultramafic complex
was identified in the SA-2 well, between 352 and
531.5 m (KNEZEVIC et al., 2018a). Peridotites and ser-
pentinized peridotites are degraded, tectonic de-
formed and intersected by a network of cracks. They
are hydrothermally altered (Fig. 3).
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Fig. 3. The geological cross-section Ovéa-Pancevo-Dolovo. The stratigraphic units and their boundaries are consistent with geoelectric
logs. Comparative review of the nomenclature of depth hydrogeological reonization, according to MARINovIC (1982).

Masses of similar serpentinized peridotites and
serpentinites were discovered on the surface north
and east of Avala Mt. (Ljubicica, Bubanj potok, Zuce).
In the well Bt 1-2 (Ljubi¢ica-Bubanj potok) below a
38 m thick series of younger rocks, serpentinites
were drilled (RunpiC et al,, 2019 - Table 1). Similar
observations about the appearance of these rocks at
the mentioned sites have been mentioned before
(e.g. MaRroVIC & KNEZEVIC, 1985; Towji¢, 1996; Tovji¢ &
Trivi¢, 1997).

Cretaceous

The coarse clastite complex (Kg) lying over the
ultramafic rocks was discovered in the wells Ov-1
and SA-2. Itis 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. The
thickness of these breccias is from 94 m in the well
Ov-1 (330-424 m) to over 120 m (229-352 m) in
the well SA-2 (Fig. 5). In the Ov-1 well, this complex
is covered by the tectonized flysch sediments.

On the Belgrade side, similar the compact ser-
pentine breccias were discovered in well Bt 1-2
(Ljubic¢ica-Bubanj potok) where, in the interval of
28-38 m depth, they overlie the mass of serpen-
tinized peridotites in which drilling was completed
(92 m) (RunbiC et al., 2019).

The Lower Cretaceous (K, K}'S), principally
with the characteristics of turbid{te, in the segments
of coarse-clastic flysch, was drilled in the well Om-
1 (Omoljica) at a depth 0f 932-1,905 m (Figs. 4, 6).
Spheres are rarely present in the deepest levels of the
well (laminated siltstones below 1,740 m). Above
that, in the depth interval from 1,566 to 1,569 m, the
glauconite siltstones with diabase debris, interbed-
ded with sandstones and marls with Hedbergella in-
fracretacea (GLAESSNER) were found. Breccias similar
the synsedimentary fragments contain algal re-
mains of Coptocamphilodon fontis PATRULIUS, Acrop-
orella sp. which would correspond to shallow facies
of the Barremian-Aptian Stage (CaNovi¢ & KEMENC],
1988). In deeper levels (1,108-1,495 m), in the suc-
cession of siltstones, sandstones and partly laminated
micrites, the presence of foraminifers (Hedbergella
sp., Lenticulina sp., Textularia sp., etc.) and the sphere
of Globochaeta alpina LoMBARD was recorded. In the
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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. Rundi¢

shallowest part, highly tectonized marls and silt-
stones are without paleontological markings, while
the siltstone-sand breccias, micrites and biosparites
(997-1,100 m) contain hydrozoas and detritus of in-
determinate mollusks (Canovi¢ & KEMENcI, 1988).

In Banatsko Novo Selo, in the well BNs-1
(1,171-1,243 m), marly siltstones and biomicrites
with Tintinoporella carpatica (MURGEANU-FILIPESCU),
Colomiosphaera heliosphaera (VOGLER), Globochaeta
alpinal.oMBARD, and rare headbergels, textularians
and frequent radiolarians were drilled. These rocks
correspond to the Hauterrivian-Barremian Stage
(CaNovi¢ & KEMENCI, 1988). Similar the deep-sea Lo-
wer Cretaceous sediments were found in the well

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

Doz-1 (Dolovo) in a depth interval from 1,800 to
2,200 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, the
representatives of Colomiosphaera sp., Heliosphaera
sp., Cadosina-Stomiosphaera association dominate
as well as rare zoospores (Globochaeta ex. gr
alpina). At a depth of 1,980 m and at bottom of the
well (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 well
VI-1 (1,222-1,355 m) in Vladimirovac.

Apart from the surface, the Lower Cretaceous
formations were previously found in some wells, for
example, near Skadarlija in the centre of Belgrade
(BC-3, 147-321 m; Towmi¢, 2005), and close to the
Faculty of Veterinary Medicine (VF) at a depth of
82 m (STEvANOVIC, 1977). Recent research and dril-
ling near the Museum in Dedinje, the Urgonian lime-
stones in the depth interval of 29-33 m have
identified (B-11, KNeZEviC et al,, 2015). At right bank
of the Sava River, during the construction of the res-
idential and business complex “Belgrade Water-
front”, the Urgonian limestones and sandstones
were identified at depths between 60-94,7 m (B-1,
KNEZEVIC et al., 2017 - Fig. 7 and Table 1).
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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. Rundi¢

Stratigraphically undevided the Jurassic-Creta-
ceous formations were found in Resnik and Rakovica
(KGK-13 and KGK-15) at 118 and 80 m, respectively
(RunpiC et al. 2019), and in Cerak near Rakovica
(BC-3, 42.3 m — MASLAREVIC & GAGIC, 1976). They dis-
cordantly underliethe various Miocene formations.

In the base of Tertiary, tectonized flysch-like the
Upper Cretaceous sediments (K, K§'4) built ma-
inly of succession of sandstones, laminated marls
and siltstones were documented. In the well Ov-1
(Ovca) they were observed between 166-330 m and
interbedded by the sequences with organic “rot”

(Fig. 3). Similarly, they have been documented
within the tectonized and partially eroded com-
pressed synclinal depression near Bavaniste (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 (BoLL1), Marssonella oxygona (REuss), Di-
carinella concavata (BROTZEN), Rosita fornicata (PLuM-
MER), etc. The association also includes numerous
globigerinids, lenticulins, textularians, rotalids, radi-
olarians and ostracods (det. M. Canovi¢ - CANOVIC &
KeMENCI, 1988). In the depth interval 1,874-1,993 m,
the calcareous nannoplankton were identified from
sandstones and siltstones: Prediscospahera cretacea
(ARKHANGELSKY), Watznaueria barnesae (BLACK in BLACK
and BARNES), Eiffelithus eximius (STover), Chiastozygus
litterarius (GORKA), Tranolithus orionatus REINHARDT,
Zygodiscus elegans GARTNER, etc. which indicates the
Upper Turonian-Senonian (det. P. Mihajlovi¢- 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 - KNEZEVIC
et al. 2012), near Branko’s bridge (UPD-1, 127 m -
RunDIC 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-
ZEVIC & GANICG, 2005, 2008). Further to south, they
were found in LeStane (Le-II) at 278 m (Spaji¢ &
DZzobzo-Towmi¢, 1973).
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Table 1. Excerpt data of the Neogene basis and the represented Neogene cover of the Belgrade area.

The well Depth of Upper depth of
No Location of well Name bottom Neogene basins Neogene units Reference
of well (m) (m) (m)
1. | Novi Beograd PdUS-1 - Itis not drilled 42 Bd, 37 Pn, 31 Q RUNDIC et al,, 2011
2.| Novi Beograd PdUS-2 127 | 44, Cr-Pg flysch 42 Bd, 36 Pn+Q RuUNDIC et al., 2011
3.| Novi Beograd PdUS-3 126 Itis not drilled 52 Bd, 38Sm, 22 Pn+Q RunDIC et al., 2011
4.| Novi Beograd PdUS-5 84 Itis not drilled 26 Bd+Q RUNDIC et al,, 2011
5.| Novi Beograd PdUS-7 78 Itis not drilled 72 Bd, 52 Sm, 30 Pn+Q RunDIC et al., 2011
6.| USCe - Museum PdUS-8 52 43, Cr-Pg flysch 30.8 Bd, 29 Pn+Q KNEZEVIC & GANIC, 2005
7.| Novi Beograd PdUS-9 140 | Itis notdrilled 72 Bd, 52 Sm, 30 Pn+Q KNEZEVIC & GANIC, 2005
8.| Novi Beograd PdUS-10 142 Itis not drilled 84 Bd, 55 Sm, 30 Pn+Q KNEZEVIC & GANIC, 2005
9.| Novi Beograd PdUS-13 137 | 128, Cr-Pg flysch 93 Bd, 82 Sm, 31 Pn+Q KNEZEVIC & GANIC, 2005
10.| “Belgrade Waterfront” B-1 94.7 | 60, Cr’ limestone 29 Sm, 21Pn+Q KNEZEVIC et al. 2017
11.| Ada Ciganlija - spitz DB-5 68 Itis not drilled 32 Pn+Q KNEZEVIC et al. 2012
12.| Ada Ciganlija - spitz DB-6 92 80, Cr-Pg flysch 65 Sm, Pn+Q KNEZEVIC et al. 2012
13.| Ada Ciganlija - spitz DB-7 67 Itis not drilled 65 Sm, Pn+Q KNEZEVIC et al. 2012
14.| Ada Ciganlija - spitz DB-8 80 60, Cr-Pg flysch 40 Sm, Pn+Q KNEZEVIC et al. 2012
15. | Ada Ciganlija - Cukarica DB-9 43 24, Cr-Pg flysch 14 Sm+Q KNEZEVIC et al. 2012
16.| Ada Ciganlija - Cukarica DB-10 40 21, Cr-Pg flysch 11 Sm+Q KNEZEVIC et al. 2012
17.| Branko’s Bridge - Beograd UPD-1 130 | 127, Cr-Pg flysch 68 Bd, 60 Sm, 33 Pn+Q RUNDIC et al., 2011
18.| Beograd - Dor¢ol No name *EC 161 | Itis notdrilled 97 Bd sandstone Lukovi¢, 1922
19. | Beograd - Skadarlija BC-3 321 | 147, Cr’sandstone | 64.5 Clay, limestone Towmi¢, 2005
20.| Beograd - Karaburma B-1 180 | 138, Bd sandstone 124 sandy clay, 9 clay “Geosonda” Report
fabric plant (unpublished)
21.| Beograd - Faculty of No name *VF - 82, Cr’ sandstone Bd, 45 dand, 35 Leithalim. | STEVANOVIC, 1977
Veterinary Medicine
22.| Beograd - 25. May B-11 33 29, Cr’ Urgonian 9 PBd Slan. Ser., 7 Sm+Q KNEZEVIC & KRSTIC, 2015
Museum / Bati¢eva Str. limestone
23.| Beograd - Dr. D. MiSovi¢ B-1A 120 It is not drilled 96 PBd Slan. Ser. KNEZEVIC & KRSTIC, 2015
Hospital 30 Bd+Sm+Q
24.| Beograd - Konjarnik No name *Ko 251 Itis not drilled 150, Bd schlir;, 30 Sm marl | STEVANOVIC, 1977
25.| Beograd - Zarkovo S-3 90.2 | Itis notdrilled 76.9 Bd, 13.5 SM+Pn STEVANOVIC, 1977
(Inst. Veterinary)
26.| Cerak - Jablanic¢ka Str. BC-3 - 42.3, Cr-Pg flysch 11.3 Sm+Q MASLAREVIC & GAGIC, 1976
27.| Veliko Selo V-150 194 Itis notdrilled 13.6 PBd, Slan. ser,, 3.2 Bd DoLi¢, 1977
28.| V. Mokri Lug No name *VML 310 ? 300, Cr-Pg flysch 72 Bd, 10,2 Sm+Q SpAJIC & DZopZo-ToMiI¢, 1973
29.| KumodrazZ No name *Ku 333.6| Itis notdrilled 149 Bd, 69 Sm, 7 On+Q SpAJI¢C & DZopZo-Tomi¢, 1973
30.| Lestane Le-I1 400 278, Cr-Pg flysch 166 Bd, Sm+Pn SpAJI¢ & DZopZo-Tomi¢, 1973
31.| Bubanj potok Bt1-2 92 38, Serpentinite, 21 PBd, 8 Bd+Q RuUNDIC et al., 2019
28 Breccias KNEZEVIC, 1989
32.| Rakovica village KGK-14 160 It is not drilled 100 Pn+Pt+Q
33. [ Resnik KGK-13 130 | 118,]-Cr? 83 Sm+Pn+Pt+Q KNEZEVIC, 1989
34.| Pinosava KGK-15 97 80, j-Cr? 8 Pt+Q KNEZEVIC, 1989
35.| Vréin KGK-16 232 It is not drilled 212 Sm+Pn+Pt+Q KNEZEVIC, 1989
36.| Grocka PG-6 110 It is not drilled 108 Pn+Q RUNDIC, 1990
37.| Mala MoStanica KG-28 210 Itis not drilled 201 Pn+Pt+Q RUNDIC, 1990
Tertiary molasses and shows a discordant relationship to the
older substratum, i.e. Upper Cretaceous flysch. It is
Miocene described in detail and graphically presented from

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
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alot of deep wells (e.g. MarINOVIG, 1959, 1961, 1962,
1977; MARINOVIC & 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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nance of greenish and brown-red clays, gray-green
gravelly sands and conglomerates, fragments of
cherts, serpentinites, carbonates, and carbonate
concretions were observed (Figs. 3, 6). In the whole
series, the remains of freshwater molluskan fauna
such as Congeria sp., Limnaeus sp., Planorbis sp.,
Unio sp. and ostracods (MARINoVIC, 1962), as well as
fish fragments have been poorly preserved and dif-
ficult to determinate (DuLi¢ et al., 2010). Sporadi-
cally, smaller occurence of coaly clays or thinner
layers of coal can be found. However, based on the
analysis of the palynological spectrum in the G-1
well, in which the dominant pollen grains of conifers
are Pityosporites microalatus(R. Pot) Pk et TH, Tria-
triopollenites quietus (POTONIE), Monocolpopollenites
tranquillus (PoToNik) and spores Polypodiaceos po-
rites maschiensis MURR., Leiotriletes mexoides KED
with the accompanying association of microflora re-
mains, the series corresponds to the Lower Mioce-
ne (KNEZEvIC et al., 1994). Close to Ov(a, this serie of
oxidative genesis localy thickens towards east on a
visible morphostructural ridge. However, in the
sunken part east of the system of stepped faults,
within the Pancevo depression, there are signifi-
cantly different pre-Badenian, the gray-black sub-
aquatic pelites (Pbp) of reduxing genesis (P¢-1).
In two intervals between 2,339 and 2,381 m, the
black to black-gray slightly marly siltstones with
thinner transition zones into gray-black fine-
grained, partially and clayey-marly sandstones were
cored. A scarce Lower Miocene content of the small
fern and pollen spores was found in them: Polypo-
diaceosporites cf. spiniverrucatus, P. cf. lusaticus,
Polyodiaceosporites sp., Laevigatosporites sp., Toro-
iosporites sp., Tricolpopollenites sp., Ephedripites sp.,
Sulbtriporopollenites simplex, Triatriopollenites hia-
tus, Monocolpopollenites sp., etc. (det. . Duli¢ - inter-
nal report of the Naftagas, unpublished).

By correlating of the logging diagrams (Mari-
novi¢, Maksimcev and Jankovi¢), the Lower Miocene
interval was simultaneously extended by insight into
sieve samples (Stratigraphic frame 1,980-2,395 m,
the Naftagas fund), which indicates that the series
reaches a thickness of over 400 m (central part on
the Figs. 3 and 4).

On the right side of the Danube river, an early
Miocene continental-lacustrine “colorful” series
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permeated with volcanoclastites is known on the
surface of the terrain and from numerous wells in
Visnjica, Slanci, Veliko Selo and Torlak area (PavLovic,
1922; STANGACILOVIC, 1969; PavLovi¢, 1976; DoLIC,
1997, 1998; KrsTiC et al., 2012; Runpi¢ et al., 2013).
In vicinity of the Slanci village, the well VP-150 up
to 194 m deep, did not enter the bedrock of the
basin and the pre-Badenian series was drilled at a
depth of 13.6 m (DoLi¢, 1997). In other parts of Bel-
grade, drilling has found the equivalents of this old-
est Miocene unit, over which the sediments of the
marine Badenian mostly lie discordantly. In the B-11
well (near the May, 25 Museum), the colorful Lower
Miocene succession was found at a depth of 9 m and
near to the D. MiSovi¢ Hospital (B-1) at the depth of
96 m (KNEZEVIC & KRsTIC, 2015). In the Bt 1-2 well
(Ljubicica-Bubanj potok) similar unit was found,
where in 21 m depth, it lies under the Badenian car-
bonates (Runpi¢ et al.,, 2019).

Marine, archipelago-dispersed sediments of
the Badenian (Bd) transgressively cover strati-
graphically different geological substrates. They were
found 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), P¢-1 (1,452-1,980 m). Shallowest
below the surface (76 m), they were drilled in the
Mezosoic ridge near Ovca where their thickness is
only 35 m (Fig. 3), while on the sides of the mor-
phostructures Gloganj-Jabuka, Omoljica, Banatsko
Novo Selo and Vladimirovac they completely wedged
out. They are the deepest observed in the Pancevo
depression (1,980 m), where they transgressively
and discordantly ovelie the early Miocene rocks and
reach up to 550 m thick. Near Bavaniste (1,821 m),
Dolovo (1,889 m) and Banatsko Novo Selo (1,724 m)
they discordantly overlie the Upper Cretaceous or
Lower Cretaceous deposits (Fig. 6). Based on very nu-
merous fossil remains (mollusks, foraminifers, algae,
etc.) three different type of the Badenian facies have
been identified: a) Basin and the basinal-lagoon, b)
coastal and the shallow water-reef and c) mixed one
(MARINovIG, 1977). Concerning the different Badenian
facies in the studied area, also wrote KNEZEVIC et al.
(1994), GaJiC et al. (2008) and ANDELKOVIC & RaADI-
vOJEVIC (2018). Finding of planktonic and benthic
foraminifers in the well Do-1 (1.575-1.690 m) such
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as Asterigerinata 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 p’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 Badenian mixed character of
the mentioned deposits (det. V. Markovi¢ & M. Buljan
- “Naftagas” Novi Sad). In terms of facies characteris-
tics, in addition to various sandstones, marls and
marly clays, typical reef limestones with an abundance
of fossil algae, bryozoans, foraminifers and molluscs
have been identified.

In the area of the Belgrade Danube meander, they
were explored on the surface in Visnjica, Slanci and
Veliko Selo and transgressively overlie the Lower
Miocene “colorful series” or Slanci Formation (Pa-
vLoviC, 1922; Lukovi¢, 1922; DoLi¢, 1997; 1998; Runpi¢
et al., 2013; SCHWARZHANS et al., 2015; MANDIC et al.,
2019). Near the confluence of the Sava and Danube
rivers, in the wells PAUS-9 and PdUS-10, the Baden-
ian sediments were drilled in the interval 72-84 m
depth and were mostly built of the Leitha limestone
and a small part of sandstone (KNEZEVIC & GANIC,
2005, 2008). In the PdUS-13 well, the similar massive
limestones are found at depth of 93-128 m and cover
the Upper Cretaceous sandstones. On the Srem side,
i.e. in New Belgrade, the Badenian deposits are also
present in other wells as shown in Table 1.

In the area south of Danube river, the Badenian
deposits have been studied by several authors (e.g.
Spaji¢ & DZopZzo-TomMi¢, 1973; STEvANoOVIC, 1975, 1977
and references therein; KNEZEVIC & GANIC, 2005; GANIC
etal,, 2016). They occupy a significant area near city
center (Kalemegdan, TaSmajdan, Dor¢ol, Karaburma,
Konjarnik, Kumodraz, Banjica, Rakovica, Torlak, etc.)
or were proven in wells where they are covered by
younger Miocene or Quaternary deposits. For exam-
ple, in the well B-1 on Kalemegdan they were found
at a depth of 23 m (RunbIiC et al,, 2011) while near
Branko’s bridge, on the Srem side, observed in the
well UDP-1 at a depth of 68m (Table 1). In Serdar Jola
Street near the D. MiSovi¢ Hospital, in the well B-1
about 120 m deep, Badenian sands and sandy lime-
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stones were discovered at 30 m depth and are over
60 m thick (KNEZEVIC & KRrsTIC, 2015). At Dorc¢ol, near
the Power plant, in the well EC with a total depth of
161 m, which did not drill the paleorelief, Badenian
sediments were found at 97 m (Lukovi¢, 1922). In an
unnamed well in Kumodraz (here marked as Ku - see
Table 1), they were discovered at a depth of 149-
333.6 m, while in Veliki Mokri Lug (VML) and
Zarkovo (S-3) they were discovered from depths of
72 and 76.9 m to the end of the wells (Spaji¢ & DZopZzo-
Towmi¢, 1973; StevaNoviC, 1977 - Table 1). In the area
of Ljubicica and Bubanj potok, they are already
drilled at 8m of depth (Bt 1-2) and are quite reduced
in thickness and overlie the pre-Badenian mollase
(Runpi¢ et al,, 2019).

The marine-brackish sediments of the Sarma-
tian (Sm), built of sands, laminated marls, siltstones,
clays and partly sandy limestones, were found in the
following wells: Ov-1 (70-76 m), Ovca c.b. (91 m),
SA-2 (103-112 m), P¢-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),
BNs;j-1(952-1,350 m), BNs-1 (1,053-1,111 m). Simi-
lar to the Badenian deposits, they have the smallest
thickness in Ovca and appear below the surface of
the terrain at 70 m. From there to the east, towards
Bavaniste and Dolovo, they sank significantly, thick-
ened in the Pancevo depression and reached a thick-
ness of 400-500 m (Fig. 3). It is similar in the area of
Grocka in the extreme south of the studied area (Fig.
6). At the structural ridge of Omoljica, their thickness
has been reduced to about 180 m. On the disrupted
paleohorst 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 benthic
foraminifers (Elphidium macellum (FICHTEL & MoLL),
Elphidium hauerinum (D'ORBIGNY) El reginum (D’OR-
BIGNY), Quinqueloculina acneriana b’ORBIGNY, Poroso-
nonion granosum (D’ORBIGNY), Ammonia ex. gr. beccarii
(LINNE), etc.) and numerous ostracods, these deposits
contain the particular assemblages of bivalves and
gastropods such as Ervilia dissita EICHWALD, Pirenella
picta DEFRANCE, Musculus sarmaticus (GATUEV), Ceras-
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toderma vindobonensis (PARTSCH), Cardium (Cerasto-
derma) transcarpaticum GRISCHKIEVICH (Fig. 8)
(MariNovIC, 1970, 1977; KNEZEVIC et al., 1994, 2018a;
Gajic et al,, 2008).

Fig. 8. Cardium (Cerastoderma) transcarpaticum Grischkievich
(Ov-1, 70 m). The natural size of the fossil is 14x12 mm.

Determination and photo by b. Marinovié.

Sarmatian deposits, widely represented in the
area of the Belgrade Danube meander; are present on
the surface in Karaburma, Mirjevo, and further to the
southeast towards Vinca, Ritopek, Lestani and Gro-
cka, about which there are previously published data
(STEVANOVIC, 1977; SPAJIC, 1987; MIHAJLOVIC & KNEZEVIC,
1989; SuMaR & RuNDI¢, 1992; KNEZEVIC & GANIC, 2008;
RunDIC et al,, 2012). In addition, they are known from
Prokop, Cukarica, Rakovica, Le$tane, Resnik, Grocka
(MitroviC & RUNDIC, 1991; KNEZEVIC et al., 1994, 2012,
2017; RunpiC et al., 2019).

Close to the Sava and Danube rivers confluence,
Sarmatian sands and sandy limestones were drilled in
the wells PAUS-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 US¢e Palace (KNEZEVIC & GANIC,
2005, 2008). Similar thickness of sediments and
their depth position were found in the wells PAUS-3
(38-52 m) and PdUS-7 (52-72 m), UPD-1 (60-68 m)
(Runpic etal,, 2011). In the well B-1, near the Belgrade
Tower (“Belgrade Waterfront”), it was determined
that the Sarmatian sandy limestones about 30 m thick
(29-60) transgressively overlie the Lower Creta-
ceous sandstones and limestones (KNEZEVIC et al,,
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2017). At the pylon of the Ada bridge, the wells
DB-6, DB-7 and DB-8 (see Table 1) drilled Sarmatian
crumbly, sandy limestones in the depth interval of
40-65m which discordantly overlie the Upper Cre-
taceous-Paleogene flysch (KNEZEVIC et al., 2012). On
the Cukarica side of the bridge, Sarmatian was drilled
shallowly in the same relation to the mentioned fly-
sch and was found in the wells DB-9 (14-24 m), and
DB-10 (11-21 m) (KNEZEvIC et al., 2012 - Table 1). In
the part of the terrain around LeS$tane (Le-II) and Ku-
modraZ (Ku), the Sarmatian carbonate sediments
reach 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 of
marls, sandy marls, siltstones and sands that were
discovered in the following wells: Ov-1 (29-59 m),
Ov¢a c.b. (30-70 m), SA-2 (35-93 m), GI-1 (829-865
m), P¢-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 these
deposits in the depression south and north of
Omoljica is more than 300 m with a decreasing trend
of thickness towards Banatsko Novo Selo at about
150 m (Fig. 6). Near Ov¢a 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, among
which 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 GORJANOVIC-KRAMBERGER, et al. There are
also numerous ostracods such as Lineocypris reticu-
lata MEHES, Serbiella sagitossa KrsTi¢, Hungarocypris
hieroglyphica MEHES, Amplocypris subacuta ZALANYI,
Cyprideis heterostigma obessa REUss, Hemicytheria lo-
erentheyi MEHES, etc. (MARINovIC, 1970, 1977; SpaJiC,
1987; RunpI¢, 1990; KNEZEVIC et al.,, 1994, 2018a;
RunbI¢ & MiTRoOVIC, 2005; RunpI¢ et al., 2011).

South of the Sava and the Danube rivers, the Pan-
nonian white and gray marls and silts have a large
surface distribution in the area of the city of Bel-
grade. They underlie the Quaternary alluvial, prolu-
vial, loess or loess-like sediments, and overlie the
older Miocene units (MILETIC-SPAJIC, 1961; KrsTIC, 1973,

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



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

Fig. 9. Pannonian marl with Congeria banatica R. Hoernes and
other mollusks (SA-2, 55 m). Photo by Lj. Rundi¢

1985; KNEZEVIC et al., 1994; Runpic et al.,, 2011). It was
also noticed that along the Sava stepped fault, on the
left bank of the Sava river, were sunk to depths of over
50 m (Runpic etal,, 2011; KNeZeviC et al,, 2012). On the
right bank of the Sava river, they are often visible on
the surface or shallowly below the Quaternary
(RunpIC et al.,, 2011). In the well B-1 (“Belgrade Wa-
terfront”), the Pannonian gray marls drilled below
the Quaternary anthropogenic and alluvial deposits
between 21-29 m of depth (KNEZEvIC et al,, 2017).
Similar Pannonian sediments have been found in
other shallow wells in the area of Beli Potok, Vr¢in,
Zaklopaca, Begaljica and Grocka where they have a
much greater thickness (e.g. KNEZEVIC, 1989, 1990;
Runbi¢, 1990) (Table 1)

In the area of the Great War Island and the conflu-
ence of Sava and Danube rivers, Pannonian gray
marls were drilled in the wells PAUS-9 (30-52 m)
near Branko’s bridge, PAUS-10 (30-55 m) near the
Old bridge and PdUS-13 (31-82 m) near the Usc¢e
Palace (KNEZEVIC & GaNIC, 2005, 2008). A similar thick-
ness was found in the wells PdUS-3 (22-38 m) and
PdUS-7 (30-52 m) (Runbi¢ et al., 2011). In Ada Cigan-
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lija, near the Ada bridge, they were found in wells
DB-6, DB-7 and DB-8 in the depth interval of 21-65
m where they overlie Sarmatian limestones (KNEZEVIC
et al,, 2012). In New Belgrade, they were drilled di-
rectly below the Quaternary deposits at a depth of
more than 30 m in wells DB-4 and DB-5 where they
reached up to 40 m thick (KNEZEvIC et al.,, 2012).

The Upper Miocene - Pontian stage (sensu
STEVANOVIC, 1990) is divided into two parts: Pt; and
Pt,. In the wells around Pancevo, Bavaniste, Dolovo
and Banatsko Novo Selo, it reaches a total thickness
between 600-700 m (P¢-1, Bav-1, Doz-1, BNsj-1,
BNs-1), while on the Ov¢a structural ridge it is com-
pletely missing (Figs. 3, 5and 6). The older level of the
Pontian (Pt,) consists of brackish sands, marls and
siltstones discovered in the following wells: Gl-1
(640-829 m), P¢-1 (573-921 m), Doz-1 (460-856
m), 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, the
older Pontian was proved on the basis of the findings
of 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.)(MARrINovIC, 1970, 1977; KNEZEVIC et al,,
1994).

The younger level of Pontian (Pt,) concordantly
overlies the older Pontian and determined in the fol-
lowing wells: Gl-1 (381-640), P¢-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), and
BNs-1 (235-574). It can be seen that in the part of
the trench-depression it reaches a thickness of over
300 m (Fig. 6). Lithologically, it is represented by
sands and sandy clays with admixtures of coal and
coal clays. Numerous fossils indicate a freshwater
lake environment (e.g. Paradacna okrugic¢i BRUSINA,
Caladacna steindachneri BRUSINA, Limnocardium
ochetophorum BRUSINA, Zagrabica sp., Pisidium sp.,
Candona (Camptocypria) balcanica ZALANY1, Candona
(Pontoniella) lotzyi ZALANYI, Leptocythere cornuto-
costata SCHWEYER, etc.).

In the wider Belgrade area, the Pontian sedi-
ments are known from M. Mostanica, Avala, Zuce
and Vr¢in, and especially from Rakovica and the so-

13



DorbE MARINOVIC & LjuPKO RUNDIC

called Beli Potok trench (StevaNovi¢, 1977; KNEZEVIC,
1989 - Table 1). Both of the above-mentioned levels
of the Pontian are well documented faunistically
(RunDIC, 1990; STEVANOVIC, 1990; RunDIC et al., 2019).

Pliocene

The Pliocene Paludina layers (PS;.;) were deter-
mined only on the Banat side of the studied area. All
the three levels of Paludina layers were discovered in
Glogonj and the Pancevo depression (GI-1, 100-381
m and P¢-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 marks
the V. bifarcinatus (BIELZ) zone in the depth of 230-
295 m, and the youngest one horizon with the index
species V. altecarinatus BrusiNa was found in a depth
interval 100-230 m. Near Dolovo only older levels
were found (Doz-1,115-175; Do-1, 113-155 m) (Figs.
3, 4 and 6). Further to south, towards Omoljica, they
completely disappear and also missing north from
Ovca. They were delimited by well logging and the
presence of morphologically different gastropods of
the genus Viviparus and other freshwater-lacustrine
and 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.)
(Jankovi¢, 1970, 1977; MARINovIC et al., 2016; MARINOVIC,
2017). “Paludina layers” in Belgrade and its surround-
ings south of the Danube river are not present, while
further to north they are present in the vicinity of
Sremski Karlovci (e.g. RunDIC et al., 2016).

Quaternary

Quaternary deposits of different genesis represent
the youngest unit of basin filling in the area of SW
Banat, i.e. the Belgrade city area. In the mentioned
wells in Banat, they reach a total thickness of over
140 m (P¢-1) in the Pancevo depression. In the south,
towards Omoljica, their thickness is reduced to only
60 m and further towards the Danube river (G-1) they
have a very small thickness. On the morphostructural
ridge Belgrade - Ovca they discordantly overlie the
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Pannonian marls (Fig. 3). Lithologically, these are va-
rious terrestrial, fluvial-swamp sands, gravels and
gravel clays with the remains of fossil gastropods and
bivalves (Pisidium rugosum NEUMAYR, Viviparus cf. di-
luvianus (KuNTH), Lithoglyphus naticoides (PFEIFFER)
and freshwater ostracods (Candona sp., Scottia sp.,
etc.). In the well GI-1 (Glogonj) at a depth of 100 m, the
base 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 the
Danube and Sava rivers (NENADIC et al., 2011;ToLjiC et
al,, 2014; Gaubenyiet al,, 2015; KNEZEVIC et al., 2018b).

Structural-tectonic and paleogeographic
interpretation

The structural-tectonic interpretation of prima-
rily Neogene evolution of the Belgrade wider area is
based on combined geological-geophysical data (cor-
relations of well logging data and paleontological-
stratigraphic elements transferred on the network of
reflective-seismic sections, gravimetric and geomag-
netic maps, etc.). South of the Sava and the Danube
rivers, an abundant literature data and available sur-
face outcrops have been supplemented by selected
geological columns from the field and an instructive
stratigraphic profiles of wells.

Literature data on the presence of pre-Neogene
formations in complex tectonic relations, which are
present in the surface around Belgrade vicinity, to-
gether with magmato-volcanogenic intrusions and
extrusions of limited size, are not necessary or pos-
sible to repeat here. Therefore, on the constructed
map (Fig. 10), their outer contours with minor
changes as far as the size of the map allowed, are ap-
proximately framed according to the regional map by
MiLovaNovi¢ & CIRri¢ (1968).

In order to emphasize the important depth struc-
tural configuration, the map avoids plotting literary-
numerous variants (mostly assumed) of mutually
inconsistent faults of different conceptions, names,
directions and mutual relations. The routes of the
reference mentioned faults fit in organized directions
of denser, relatively short curved uniform equidistant
distances. 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 Morphostructural
Ridge (BBMR), Pancevo-Danube Neogene Depression
(PDND) and the West Banat Neogene Belt with the
edge of regional the Srem depression (WBNB).

The Belgrade-Banat morphostructural ridge
(BBMR), in this article, is defined by the eastern
side from Crepaja in the north, the lower course of
the Tamis river and the Danube riverbed to Ritopek,
and then across Vréin further to the south. The west-
ern border is marked by a fragmented rim of regional
the Srem Neogene depression, which continues from
MosStanica, Surc¢in and the Zemun polje, through
Kovilovo 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-
pactis most pronounced along the axis: Horst-massif
Glogonj-Velika humka-Jabucki rit-Railway station of
Ovca-Mirjevo-Mali Mokri Lug-Ljubicica-Zuce and
further 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 the
reference map of the Neogene base configuration
(Fig. 10). In the meander of the Zavojnica river, near
Zuce, 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 Cretaceous
deposits they cover (MaRrkovi¢, 1985). From the
closed 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 of
compensatory-connected the depth faults of Dinar-
ides orientation with a droped southwest wing.

To understanding the area of Avala Mt,, in the
shortest form, it is necessary to combine two mutu-
ally complementary geological-geophysical appro-
aches. The first one is that the dome-shape formed
Avala Mt. (alt. 511), built of tectonized terrigenous
flysch, including the lowest western and southern
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periclines, is marked by an anomalous geomagnetic
minimum of a closed oval-funnel configuration,
which indicates a depth absence of ultramafic mas-
sive. Another approach is to slightly decrease the
gravimetric values, generally a parallel orientation,
south of the center of the Beli Potok Neogene trench
and the previously mentioned Zuce, including at the
morphologically dominant massif of Avala Mt. It
means that below its cap built of flysch sediments
there is no petrologically indeterminate magmatic
pluton, or an ultramafic rock of older Alpine mag-
matite of meridional orientation. Contrary, it is an
oval-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 magmatic
differentiations. This is supported by the once es-
tablished occurrences of post-Cretaceous penetra-
tion of neutral or neutral-acid apophyses, wires and
phylonites, both at the Avala Mt. massifitself and in
the surrounding wider area, partly with a contact
changes, or even later hydrothermal mineralization
in Suplja stena and DZever kamen (Gubovi¢, 1875;
DimITRIJEVIC, 1931; STEVANOVIC, 1977).

A positive gravimetric anomaly of the E-NE di-
rection is expressed from the elbow of Zavojnica
river. On surface in the area of Bole¢ mehana and
Babin vis, the opposite inclinations of Sarmatian
sediments are noticeable, which is indicative of the
existence of a deep vault that sinks around Ritopek
towards Ivanovo in Banat.

South of the great meander of Danube river, a
gravimetric anomaly of a closed oval configuration
stands out, with a maximum increment below
Slanci. However, the geomagnetic influence from
Mirjevo, i.e. the axis of the deep fault to the east, is
in a trend of continuous decrease, indicative of the
deficit of ultrabasic masses, within the not deeply
sunken, an objectively turbidite and Cretaceous fly-
sch sub-basin structure. On the northeastern wing
of the morphostructure, within the well V-150, the
basin bedrock was not reached to a depth of 194 m,
nor was the deepest well up to 219 m in that area
(Doui¢, 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 from
the basin's floor of high convective heat transfer as
well as older Miocene effusive breakthroughs is in-
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dicated by higher geothermal gradients (MARINOVIC,
2019) to the closed anomaly of 0,09 °C/m which is
near 40% larger than the gradients of area with the
sunken 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
(STevANOVIC, 1975; MiLaKoviC, 1986; Coric, 1992), the
morphostructural elements originally adapted to
the floor changes were altered by accompanying ex-
trusions and additionally disturbed by synchronous
pleats with fault occurrences, up to local reorienta-
tions in relation to the original structure. Pre-Baden-
ian antiform complex with its discordant Badenian
cover, along the stepped fault gradually sinks into the
Pancevo depression, and through Mirjevo it is con-
nected to the Belgrade structural units by a shallow
saddle (Fig. 10).

The Mokri lug Neogene subdepression is dis-
junctively formed within the contour of Zvezdara
south-Sumice-Marinkova bara-Milo$evac-Jajinci-
RazbojiSte-KumodraZ-Kaluderica (generally, south-
east from Belgrade center, Fig. 10). On the basis of
combined geological columns from the surface and
from wells (STevaNoviC, 1977; Spaji¢, 1987) very vari-
able thicknesses of stratigraphic members were
interpreted 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 thickness
of about 550 m. In the direction to Vin¢a, it is con-
nected to the west-Omoljica structural saddle in
Banat by a small faulted structural depression. The
discordant basin floor is built by the Upper Creta-
ceous flysch sediments (Le-II, 278 m) with a longi-
tudinal belt of ultrabasic magmatites (Spajic &
Dobzo-Tomi¢, 1973; Spajic, 1987).

With the structural threshold of Torlak-Rakovica
village, the subdepression is limitedly connected
with the narrowed Beli Potok trench of E-W direc-
tion and a reduced sedimentary column from the
Pre-Badenian to Pontian age (here, the projected
depth up to 250 m), and over the northern foothills
of Mt. Avala, from Zuce and Cot (STEVANOVIC, 1977),
it was paleogeographically conected to the Vréin-
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Zaklopaca wider area i.e. the western rim of the
Grocka trench-depression (Fig. 10) ( KNEZEvVIC, 1989;
KNEZEVIC et al., 1994; Runbpi¢, 1990; RunbIC 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 Cubura-Tasmajdan-Ka-
lemegdan (Belgrade center) point up, with its es-
pecially southern extensions. In that area where the
Lower Cretaceous rocks build the Neogene basis
(KNEZEVOC & KRsTIC, 2015, during the pre-Pontian
overflow-outflow episodes, the various sections of
the thinned, originally more complete sedimentary
column were partially or completely eroded. This
refers to the entire area of the flange-separated pa-
leorelief of complex geometry, where the cover built
of the Neogene sediments are generally less than
100 m thick, i.e. there are wedge-shaped, lenticular
and very thin layers which was noticed by several
authors (e.g. STEvANOVIC, 1977; KNEZEVIC & GANIC,
2005, 2008; KNeZEvVIC et al., 2015, 2017; Runpi¢ et al.,
2011).

Based on gravimetric measurements, especially
the map of vertical gradients (BiLiBaJki¢, 1998), the
extension of mentioned structural ridge does not
dominate from Kalemegdan towards Zemun, but
continues along the Great War [sland along the west-
ern side of the Rasova river towards Kovilovo, with a
pronounced Bor¢a antiform, depth of 400-500 m. Li-
terally accepted the “Donji Grad-Danube fault”
(LASKAREY, 1949), has its northwestern extension on
the Banat side, specifically along the eastern coast
of RasSova river, to the intersection with the segment
of the regional fault NW of the BBMG border, form-
ing the SW side of the structural trench Veliko
Blato-Krnjaca as shown on the map (Figure 10,
central part, north of the Danube).

The Ovcéa morphostructure is slightly inclined
towards the structural saddle of the ViSnjica part of
the Belgrade Danube meander, and especially more
strongly along the NW pericline, i.e. along the length
of the fault diagonally formed of its northern flank,
approximately along the southern coast of Sibnica
river. From there, the majority of the pre-Badenian
content of the structure builds a pass towards the
more stable morphohorsts of Jabuka and Glogon,;.
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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 PM). Vertical hatching marks the simplified pre-Neogene countours

(according to MiLovanovic & Ciri¢, 1968 and modified with new data).

On the western side of BBMR, from Cukarica and
below Ada Ciganlija, there is a structural nose of
northwestern orientation, with a subbasin antiform
at a depth of about 200 m. By it closes the struc-
tural-arched space of the Belgrade geomorphologi-
cal amphitheater in the area of BeZanija on the
southwest side.

The Makis Neogene paleo-gulf depression, in
the structural sense, represents the ultimate rim of
the Batajnica depression. It is a part of the tectonic
trench formed between the fault system BeZanija
gornje polje-KneZevac-Kijevo on the NE side, and
the fault in the direction Sur¢in-Zeleznik-Orlovaca
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along the SW side, with here predicted Neogene
substrate at about 500 m depth (SW part of the map,
around the Sava river).

Finally, south of the Upper Cretaceous-Paleogene
OstruZznica flysch horst-massif of orogenic meridian
tectonics, a Neogene structural trench was formed,
in the NW-SE direction, which has a depth of about
700 m between Umka and M. MoStanica and the ex-
treme Miocene paleogeographic rim towards Srem-
Cica (the extreme SW part of map).

The Pancevo-Danube Neogene Depression
(PDND) extends east of the described BBMG. In that
area, the largest morphostructural unit is the Pan-
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¢evo Neogene depression (Fig. 10, central and NE
part). It has oval contours of 20x 15 kilometers, with
a bottom of about 2,600 m. The outer contour is
somewhat elongated from Kacarevo to the north to-
wards Crepaja, and to the south it has a trend of
turning towards BavaniSte. The western boundary
is marked by a complex Neogene fault system, which
connects from Crepaja to the eastern flank of the
Jabuka horst massif to the already described the
large longitudinal fault of the eastern BBMG bound-
ary. On its SW side, the depression is characterized
by the inner half-trench bay of Starcevo. The eastern
boundary of the depression was determined by the
morphostructural series of the sub-basin horst-
massifs Banatsko Novo Selo-Dolovo west-BavaniSte
NW (Bav-1, Fig. 6). In the south, it is bordered by the
Omoljica 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 m
in the well P¢-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 predominantly
of tectonized the Lower Cretaceous deposits with
penetrations or synsedimentary basic magmatites
and superpositionally limited the Upper Cretaceous
flysch (Bav-1, Fig. 6). The Neogene depression in
Pancevo should not be equated with the eastern
trench 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-BavaniSte northwest
(Bav-1) included in the constructed map.

These oldest Neogene sediments in the center of
the depression are about 550 m thick. They were
formed in extremely reduced, subaquatic condi-
tions, which is especially emphasized in this paper
due to significant differences in relation to hetero-
geneous, a predominant oxidative molasse of the
surrounding areas. Badenian marine sediments,
with the largest thickness up to 600 m, completely
cover the reducing bottom molasses within the
deepest sunken parts of the depression. On the sides
of the depression, including the belt of the interde-
pression threshold (Bav-1, Doz-1, BNs-1), they hete-
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rogeneously lie directly above the sub-basin tec-
tonized floor, but not covering the peripheral peaks
of Omoljica, Jabuka and Banatsko Novo Selo. Marine-
brackish Sarmatian, of generally transgressive conti-
nuity, east of the Jabuka horst massif abruptly
thickens to the center of the depression (about
500 m), significantly covering the Omoljica horst, and
sparsely (about 60 m) the extreme NE peripheral
plateau of Banatsko Novo Selo (BNs-1).

The lacustrine, mostly marly caspibrackish Pan-
nonian-Pontian sediments, together of the greatest
thickness (more than 900 m), are generally directed
to centre with a pronounced trend of thinning to-
wards the western edges of the depression, and in
the zone with stepped faults, with complete extinc-
tion of the Pontian complex. The limnic-fluvial
»Paludina layers“ (Pliocene) developed only north
of the central part of the depression. Their thickness
is about 400 m (Glogonj) with differentiated super-
position members at the crossroads of the Pancevo
and Sefkerin depressions. Quaternary swamp-loess
and aeolian sediment in the central and SE parts of
the depression, variably reaches a thickness of
150 m.

The Grocka trench depression, measuring
10x5 km, is elongated along the SW-NE axis, from
Vréin, to the crossover of the Omoljica horst massif
and the Mala Ada (Brestovik) morphostructure on
the Danube, up to about 1,300 m deep (extreme S
and SE part of the map). Along the NE extension of
trench, about 10 km long, it sinks abruptly towards
the morphostructure of Bavaniste selo. The basin
bedrock is built by tectonic belts with the meridian
direction of the upper Jurassic-lower Cretaceous
complex (near BavaniSte and with the Upper Creta-
ceous flysch), entirely without indications of ultra-
basic magmatites.

The Neogene oxidation molasses of uncertain
contours near Grocka up to 200 m thick (KNEZEVIC et
al,, 1994), are covered by discordantly younger, the
marine Badenian sediments, which thinnen along
the SW rim and surrounding horst structures. The
marine-brackish Sarmatian from the deeper sunken
NE sides, thickens inversely to the SW and S, more
than 300 m and together with the caspibrackish
Pannonian sediments up to 700 m. The marginal fa-
cies of the Pontian on the SW flanks of the subdepres-
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sion wedged out from Grocka towards Zaklopaca,
and from Brestovik near the Danube river towards
Begaljica, and significantly thicken on the NE exten-
sion of the subdepression trench from Banatski
Brestovac to BavaniSte. The relatively thin Quater-
nary cover has not been specifically studied.

During the Neogene tectonics, two depressions
were formed on the northwestern side of BBMG:
Sefkerin depression, west of the Tamis river and the
Batajnica depression, partly on the extreme SW part
of the Banat Danube course and partly on the Srem
side of the Danube course around Batajnica (NW
part of the map).

The Sefkerin depression stretches from Opovo
in the NW and Jabucki 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 Jabuka
horst and the NW flank of the Ov¢éa massif, it is con-
nected to the Pancevo depression by a structural
saddle, and in the area of Besni fok-Padinska skela
there is a wider communication with the Batajnica
depression (Fig. 10). The basin bedrock along the
NE flank of the depression is built by the already
considered ultrabasites with a cover built of the
Lower Cretaceous clastites. Under the central part
of the depression, the tectonized Cretaceous flysch
is prognostically represented. Based on increased
geomagnetic influences, especially towards the
Belegis horst, younger Lower Cretaceous complexes
are indicative, possibly with the iron-glauconite
clastites.

In this area, the older Miocene sediments are
smaller in thickness compared to the Pancevo de-
pression, but with an increased clay-marl comple,
especially within the Pannonian-Pontian time, and
an increased thickness of sandy-clay of Pliocene de-
posits. Above the inter-depression horst massifs of
Jabuka and Glogonj, as the mentioned before, the in-
gressive overflow was achieved at the beginning of
Pannonian time. From the Vrbovsko towards the top
of the Belegi$ horst on the Srem side, the total thick-
ness of Neogene sediments decreases to about 1,100
m. The structural threshold towards the NE part of
the Batajnica depression was interpreted at a depth
of 1,500 m (the extreme NW part of the map).

The Batajnica depression was interpreted on
the basis of the already cited combined gravimetric
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and reflective-seismic indicators, harmonized with
the data of exploration wells in eastern Srem. Within
the covered area, east of the Ugrinovac-Surcin fault
(visible on the map) and the morphostructural ridge
Borca-Kovilovo-Vrbovski rit, on both sides of the
Danube river it reaches depths of about 1,700 m.
The internal dimensions average 20x10 km (west-
ern part of the map). A diagonal intra-depression
fracture, with depths of about 500 m, is noticeable
on the stretch BeZanija gornje polje-Zemun polje,
that has NE extension to just mentioned the Borca
lineament (west stream of RaSova)-Kovilovo.

Between Padinska Skela and the eastern pericli-
nal of the Belegi$ morphostructure, the depression
is structurally associated with the Sefkerin depres-
sion. West of Novi Banovci, the peripheral parts of
the depression are shallower and more complex
depth configurations. The unincluded area towards
Nova Pazova gradually shifting to a parallel linea-
ment, the beginning of which is visible in the NW
part of map, with depth-geological relations that are
outside the studied topic.

Discussion

The wider Belgrade area has been the subject of
geological studies for more than a century. In that
sense, 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 that
dealt with individual aspects of structural-strati-
graphic relations and possible relations of Miocene
deposits towards the older rocks (e.g. PavLovic,
1922; Lukovi¢, 1922; NikoLi¢, 1976; STEVANoVIC, 1977;
DoLi¢, 1997). In Belgrade and its surroundings, it has
been known for a long time that the Jurassic-Creta-
ceous rocks are present both on the surface and in
some wells. For example, at the Basic Geological
Map, sheet Belgrade 1: 100,000, younger Jurassic
limestones, marls and clays have a relatively small
distribution in the SW part of the map, while the
Cretaceous carbonate and flysch deposits are more
widespread (MARkovIC et al., 1984). At the Basic Ge-
ological Map, sheet Pancevo1: 100,000 (Ivkovicet 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-SE
direction on surface, and so they move to the western
area of the sheet Smederevo, 1: 100,000 (PavLoviC et
al, 1977). It is interesting that in the well Bt 1-2
(Bubanj potok, north of Avala) under a thin Neogene
cover already at a depth of 38 m, similar ultramafites
were discovered (Runpi¢ et al,, 2019). Cretaceous
magmatism and its phenomena in the wider vicinity
of Avala Mt. have already been described (e.g. AN-
PELKOVIC & MILOJEVIC, 1969; ToLji¢, 1996, 2016).

At the beginning, without pretending to talk
more about the affiliation of rock deposits from the
basin bedrock to certain large tectonic units (see
MLADENOVIC, 1991; DUNCIC et al.,, 2017; ToLji¢ et al.,
2018, 2019) because we dealt more with the rocks
filling the basin, we note that based on the depth de-
marcations and the mutual relationship between
the 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 the
direction plotted on the map (Glogonj-Velika hum-
ka-Jabucki rit-railway station of Ov¢a-Mirjevo-Mali
Mokri Lug-Ljubi¢ica-Zuce and further along to Su-
plja Stena-Kasapovac). This route within the Banat
sub-basin belt up to 10 km wide apically determines
the main depth distribution of intrusive ultrabasic
magmatites, whose root follows the geomagnetic
deficit of the eastern edge of the belt and as such is,
for the first time, clearly marked and graphically
shown on geological cross-sections I and II (Figs. 3
and 4).

Secondly, based on the mutual superpositional
relations in the wells, the character of the boundary
between the Jurassic sub-basin sediments and other
rocks, it is evident that dark-black, tectonized clays
and argiloshists in the well P¢-1 (2,395-2,733 m)
represent the rocks of the oldest Jurassic age
(Lias). They have visible the processes of alteration
of minerals (e.g. sericitization of feldspar), which in-
dicate a certain hydrothermal effects.

Third, the stratigraphic range of the complex of
coarse clastites, i.e. breccias and conglo-breccias
(Kg) lying over ultramafites in wells (Ov-1 and SA-
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2) is also quite clear. The clasts originate mainly
from ultramafics, predominantly angular pieces of
seprentinized peridotites tightly bound by cement
that partially contains a high percentage of carbon-
ates. The thickness of these breccias is from 90 m in
the well Ov-1 (330-424) to over 120 m (229-352)
in the well SA-2. In the Ov-1 well, this complex is
covered with the tectonized Upper Cretaceous fly-
sch sediments. No fossil remains were found in it.
Since they are superpositionally located above the
ultramafites and whose fragments they contain as
well as they are overlying by the tectonized Upper
Cretaceous flysch, their stratigraphic position prob-
ably corresponds to the Lower Cretaceous deposits
or the so-called Para-flysch.

On the Belgrade side, similar the compact ser-
pentinite breccias were discovered in well Bt 1-2
(Ljubi¢ica-Bubanj potok) where, in the interval of
28-38 m depth, they cover a mass of serpentinized
peridotites in which drilling was completed (92 m)
(Runpic¢ et al,, 2019).

Regarding the depth geological structure of the
Neogene-Quaternary cover, it was determined that
the oldest Miocene units lie discordantly over the he-
terochronous 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), has
been established in some wells much earlier (e.g. Ma-
RINOVIC, 1959, 1961, 1962; MARINovIC & KEMENCI, 1969;
DoLi¢, 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 and
brown-red clays, gray-green gravelly sandstones and
conglomerates, 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 determine
the remains of freshwater mollusk fauna and ostra-
cods (MarINOVIC, 1962), fish fragments and pollen
grains (DuLIC et al,, 2010). A similar molasses forma-
tion has been found in dozens of wells in the wider
vicinity of Belgrade under the name of Slanacka serija
(= Slanci formation) (Dovi¢, 1997; Runpi¢ et al.,, 2013;
KNEZEVIC & KRSTIC, 2015).

Due to the lack of good chronostratigraphic
benchmarks, it is not easy to give a close strati-

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



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

graphic determination to this continental series of
oxidative genesis. Still, other geological characteris-
tics as well as lithostratigraphic correlation between
similar continental-lacustrine small basins in Ser-
bia, indicate the mentioned mollasse belongs to the
Lower Miocene. Herein, it corresponds to the Egen-
burgian-Ottnangian-Karpatian regional stages i.e.
time equivalents of the Aquitanian and Burdigalian
stages in general Miocene division (MARINOVIC, 1959,
1961, 1962; DoLi¢, 1997).

Especially interesting is the stratigraphically syn-
chronous series of a completely different genesis,
which was determined within the Pancevo depres-
sion. Pre-Badenian, gray-black sub-aquatic pe-
lites (Pbp) of reduxing genesis (P¢-1, depth
interval 1,980-2,395 m, see Fig. 3) reach a thickness
of over 400 m. A scarce content of small fern spores
(Polypodiacea) was found in them, which indicates
the Lower Miocene age. In our opinion, this hitherto
unseparated 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 presented
here, indicates a system of morphostructures built of
small or larger depressions separated by structural
saddles and elevations which, logically, gradually pass
into each other. The disjunctively shaped space
and the resulting structural relationships have led
to the formation of several significant depressions
(e.g. Pancevo, Sefkerin, Batajnica, Grocka) and horsts
structures(Omoljica, Jabuka-Glogonj, Banatsko No-
vo Selo, etc.) whose existence explains quite differ-
ent stratigraphic relationships in depth and the
present lithostratigraphic content in certain seg-
ments of this area. This has led to the fact that the
relations 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-
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matian sediments in Ovca, which are very shallowly
located, thinned and have a thickness of several to
twenties meters, while in neighboring the Pancevo
depression they are downlifted to considerable
depths and have a much greater thickness (up to
500 m each). In contrast, on structural elevations or
smaller horsts, some Miocene units are very often
completely eroded and remain present only on the
flanks of these structures (e.g. Omoljica or Jabuka
where Badenian is eroded and the Sarmatian or
Pannonian deposits directly overlie the Lower Cre-
taceous rocks - Fig. 4). On the disrupted paleohorst
of Banatsko Novo Selo (BNs-1), the reduced Sarma-
tian sediments about 60 m thick, discordantly over-
lie the Lower Cretaceous paleorelief at a depth of
1,111 m.

A more detailed attempt to interpret the geody-
namics of the Belgrade area during the Neotectonic
time was presented by CIri¢ (1992). By the author; the
Neogene period is characterized by radial tectonics.
Some fault systems are inherited from the Mesozoic
and reactivated during the Neogene and some others
are the product of Neotectonic activity. All of these re-
sulted in the author editing a sketch for a Neotectonic
map and showing the main elements, types of faults,
volcanic phenomena and Neogene terrains with dif-
ferent degrees and dynamics of sinking. Among other
things, he singled out a few faults important for the
formation of Neotectonic morphostructures, such as
the Sava and Danube faults (this second one is also
mentioned by LASKAREY, 1949). So-called the Vinca
fault (a right longitudinal strike-slip fault of the NW-
SE direction) formed in the Mesozoic and reactivated
during the Neogene, which separates this area from
the Velika Morava trench at east, is especially impor-
tant (Fig. 6, CIric, 1992).

Here we would like to note that, regardless of a
certain contribution of the mentioned paper, the fact
is that the fault systems presented are not based on
clear factometric or geophysical data. By our re-
search and by construction of the Neogene thick-
ness map and determined structures formed on the
basis of wells data, it can be observe in principle the
existence of certain faults with significantly cor-
rected direction, size and character of movements
(e.g. the Sava fault has a different orientation and
the Danube fault has different prolongation).
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An important structural unit on the map is the
Pancevo depression, located east of the described
morphostructural ridge and the longitudinal row of
sunken 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 tectonic
boundary of the Pancevo depression towards BBMR
on the west side, which has a winding general direc-
tion of N-S and marked by the flows of the Tami$ and
Sibnica rivers, corresponds to a system of normal,
lystric faults (Figs. 3, 4 and 10). Our stratigraphic-
geomagnetic data indicate the sediments of the
Pancevo depression formed in the early Miocene
syn-rift phase (initial rifting), over which the Middle
Miocene sediments of the rift maximum (Badenian-
early Sarmatian) and the post-rift, the middle Sar-
matian sediments were deposited all the way to the
Pontian time (Figs. 3-6).

About the existence of a system of depressions
(basins) in southern Banat has been recently re-
ported by DuLIC et al. (2019). Among other things,
the authors single out the Pan¢evo Basin, which is
one in a series of the so-called pull-apart basins
formed during the Miocene and whose sediment
thickness exceeds 3,700 m. They are genetically re-
lated to a complex system of longitudinal faults of
the Dinaridic direction along which the space for the
creation of more parallel basins was opened. Ac-
cording to the authors, these south Banat basins
represent a part of a wider, southern chain of pull-
apart basins developed along the so-called Mora-
vian Corridor. The mechanism of formation of these
structures is related to stresses along regional, lon-
gitudinal faults (DuLi¢ et al.,, 2019).

Our research has shown that in a relatively small
area it is possible to single out several relatively
deep local depressions (e.g. Sefkerin, Pancevo)
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 entire
southern rim of the Pannonian Basin. Terminologi-
cally, for the mentioned area, we are of the opinion
that is more convenient to use the term depression
than basin (e.g. Pancevo depression).

Finally, apart from the mentioned historical-ge-
ological and structural-tectonic evolution of the
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wider Belgrade city area, the aspect of applicability
and use of certain lithostratigraphic units of SW
Banat and beyond is especially interesting i.e. their
depth hydrogeological zoning.

Four hydrogeological systems (HGS I-1V, see
Fig. 3) and within them 10 separate complexes
(A-S), have been defined as the authorized work by
b. Marinovi¢ at 1974 and it was published for pro-
fessional public eight years later (MariNoviC, 1982).
Essentially, this zoning defines how and to what ex-
tent mineralization and aquifer types change within
the basin. This means that the contained mineral-
izations of water do not depend on the depth, but
primarily on the position of the certain layer in re-
lation not only to the contact floor package but also
to the structural lateral sides, on which the cover
collector eventually relies.

As can be seen in the presented profile I, the
water from Ovca from the Sarmatian/Pannonian
contact with a depth of 91 m has a mineralization of
16.46 g/1 (MiLoJEVIC, 1960), and the water even from
the eastern side of the Pancevo depression, from the
correlatively close Pannonian collector depth of
1,013 m, has an almost identical mineralization of
16.4 g/1 (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/1. A
stratigraphically determined Sarmatian deposits of
the well Doz-1 from a depth of 1,154 m, contain a cor-
respondingly increased mineralization of 17.85 g/l
which is close to the mentioned values from Ov¢a, i.e.
from the Sarmatian/Pannonian contact. Waters
from the Badenian reservoirs of the wells Doz-1 and
Do-1, depth 1,602 and 1,674 m, have mineralization
according to the intra-Badenian “age” by increasing
the mineralization from 25.9 to 32.6 g/1, which is in
accordance with a modern marine waters (SARKOVIC’,
1973). Finally, water from the Miocene lagoon with
an ambientally high mineralization of 51 g/l - was
laterally infiltrated into a fissured collector of the
Lower 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/],
which is the same as the mineralization of the level
of significant reduction of caspibrackish cardids
(MariNovi¢, 2017).

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



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

Conclusions

e The Belgrade wider area includes a segment of
two morphologically adjacent geotectonic units - the
inner Dinarides s. lato, and the southern rim of the
Pannonian Basin, without considering the regional
geotectonic interpretations.

e Within the Pannonian Basin, geochronologically
and depthly, it differs the sub-basin unit affected by
an intensive orogenic-fractured tectonization of the
Alpine cycle, and, the discordant geological cover, dis-
junctively and compactionally formed during the
post-Paleogene time.

 Within the sub-basin structure, the oldest rocks
are a black, schist like, sericited pelites that are pa-
lynologically determined as the Early Jurassic (late
Lias-early Doggerian), without the content of ultra-
basic magmatites.

e Serpentinized peridotites of the harzburgite
type were drilled directly below the Neogene cover
(Glogonj), then under the Cretaceous agglomerates
(Ovca) as well as in the area of Ljubitica-Bubanj
Potok, with an abundance of serpentinite fragments,
cherts and other rocks, comparatively the early Cre-
taceous age. On the surface, they are already known
from the valley of the Zavojnica river, Zuce and the
eastern sides of Avala Mt. in a thrust, west-vergent
relationship with the Cretaceous flysch.

e By the analysis of the combined geophysical
data 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 is
specifically plotted as a sub-basin depth projection of
the apical axis with a general direction of N-S (Glo-
gonj-Velika humka-Jabucki rit-the Ovca railway sta-
tion-Mirjevo-Mali Mokri Lug-Ljubicica—Zuce).

e Orogenically tectonized the sub-basin’s geolog-
ical column of BBMG, generally of meridional orien-
tation, is broken into block systems of different
orientation during pre-Neogene. Besides, it is addi-
tionally modified to the disjointed basin floor con-
figuration as the base of a heterochronous Neogene
cover.
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e During the Neogene, by complex fracture
zones and less pronounced fault systems, the de-
pressions and antiform structural units with mu-
tually different orientations were formed. The most
pronounced 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 faults
is unnecessary.

e Among the formed morphostructural units, the
main depressions stand out: Pancevo, Sefkerin, Ba-
tajnica and Grocka, with a smaller sub-depression
of Mokri Lug. The structural trenches are: MoStanica
(SW corner of the map), Makis (a bay of the Bataj-
nica depression), Krnjaca (Belgrade Danube River
area), Beli Potok (foothills of Avala Mt.) and Ba-
natski Brestovac (open to the NE).

e In the meander of the Danube river, there is the
Slanci antiform and the smaller one, Babin Vis. On
the Banat side, the horst massifs Ovca, Jabuka and
Glogonj stand out. The morphostructural row Ba-
natsko Novo Selo-Vladimirovac-Dolovo-Bavaniste,
somewhat separates the Pancevo depression from
the Skorenovac-Smederevo depression, the western
extension of which is visible on the attached map.
The Omoljica horst-massif, with a smaller unit Star-
Cevo-Ivanovo has a southeastern extension towards
the antiform structures of Mala ada (Brestovik) and
OreSac (outside the map).

e Below the Belgrade wider center, there is a
structural polyfacial antiform, partly reefly row
Cubura-Kalemegdan-Bor¢a (extended to Padinska
Skela), then a shorter structural nose from Cukarica
to Bezanija, and the separated periclinales of Os-
truznica in the direction of Jakovo and Surcin.

e 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 of
reduxing genesis, so far drilled only at the bottom
of the Pancevo depression, 415 m thick.

e 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.

e The late Miocene brackish-lacustrine sedi-
ments (Pannonian and Pontian s. str.) were devel-
oped according to the same ambiental principle, but
without the peculiarities of the lagoon and reef type.
In accordance with the permanently mobile tectonic
oscillations, according to the disparate geometry of
the floor, the different overflow-outflow relations
were achieved, including with intraserial discor-
dances.

e The Pliocene lacustrine-fluvial sediments (“Pa-
ludina beds”), were deposited just north of the
Sur¢in-Borc¢a-Tami$ River-Pancevo-Bavaniste line.
In Glogonj, all the three fossil complexes have been
paleontologically documented(based on phyloge-
netic relations of the genus Viviparus).

e Quaternary sediments in the Pancevo depres-
sion are estimated to be up to 150 m thick. It is
goodly correlative with the Glogonj locality, where
they have been paleontologically determined to a
depth of 100 m.

e To all the above, for the practical reasons of
usage, it can be added that in the whole Vojvodina
basin area, the hydrochemical characteristics of
water do not depend on depth, but primarily on the
paleoecological elements of the aquifer, including
lateral infiltrations into the reservoir on which the
stratigraphic aquifer relies.
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Pe3ume

JlyOGUHCKH reo/IOIKH OJHOCH HA
mupeM noapydjy beorpaga: 6asupaHo
Ha OYLIOTUHCKUM U re0pUu3nIKUM
nojanuMma

lllupu npoctop rpasa beorpajga npejcras/ba
Ba)KHY T'e0JIOIIKY L[eJIMHY CMEeLUTEHY Y 30HU KOH-
TaKTa jy»KHoT 060712 [laHOHCKOT 6aceHa, ¢ jeJiHe, U
yHyTpalmux luHapya y LIMpeM CMUCILY, ca ApyTre
ctpaHne. OBJle 06yxBaheHO mopyyje 3ay3uMa yKy-
MHY MOBPIIKHY 0Ko 2.000 km?

Y okBupy [laHOHCKOT 6aceHa, re0XpOHOJIOIKHU
U lyOUHCKH, MOTY Ce pa3J/IMKOBAaTH /JiBe KPYIIHE Lie-
JIMHe: a) peHeoreHa OCHOBA (Mo baceHcKa Liesu-
Ha) u3rpaheHa of pa3JIMYUTUX Me3030jCKHX CTeHa
TEKTOHCKM HWHTEH3UBHO OpPOreHO U pPa3JjIOMHO
06JIMKOBaHUX TOKOM CTapHje ajIlcKor LUKJyca, U
6) Heorena u kBapTapHa 3anyHa 6aceHa — JUCKOP-
JIAaHTHU Te0JIOUIKU TOKPOB, JUCJYHKTUBHO U KOM-
MaKLMOHO 06JIMKOBAaH TOKOM HEOTEHOT Iepuo/a.

Y okBUpY no/i6aceHCKe IeJINHE, HajcTapuje cTe-
He Cy LpHH, LIKPU/baBU CEPULIUTCKHU MEJUTH KOjH,
Ha OCHOBY NIPUCYTHE MAJIMHOJIOLIKE acoLujauuje,
OZITOBApPAjy cTapHjoj jypu (ropmu Jivjac — 10U 10-
rep). YrBphenu cy y [laHyeBaukoj genpecuju (P¢-1,
2.395-2.733 m).

CepneHTHHHUCAHU NEPUJIOTUTH XapLOypPruTCKOT
THUIA, YTBpheHU cy HenmocpeHO MCII0J, HEOIeHOT
3acropa ([71orom), 3aTUM HUCO/ TPyOOKIACTUYHOT
KpeaHor nokposa (OBya) u Ha noTte3y /by6uyuna—
By6am NoTOK, rle je 3anaxkeHo o6usbe pparMmeHara
Y KJIAaCTHU OJ CEPIIEHTUHUTA, pOXKHALA U JPyTUX
CTE€Ha HeCyMHIUBO U3 CTapuje KpeaHe eTaxe. Ha
HNOBPILUUHU CYy OJf paHUje MO3HATHU U3 A0JHHEe 3a-
BOjHHYKeE peKe, 3ylla U UCTOYHUX NaZiiHa ABasie. Ha
TepeHy NoKa3yjy 3anaZHo-BePreHTHHU 0HOC IpeMa
Muahoj, pniHoOj Kpeu.

AHa/M30M reoMarHeTHUX [0Ka3aTes/ba, y OBOM
pajly ce, o NpBU NYT, IpUKa3yje KOHKpeTHa Tpaca
ynTpabasuyHux npoboja. Ha npusioxeHoj kapTu
KoHUrypaluje 6a3e HeoreHa, yLUpTaHa je Kao
noabaceHCcKa yOGUHCKA TPOjeKIUja aluKaJHe OCe,
reHepasiHor npasia C-] ([norowm-Besnnka xymka-
Jabyuku puT-KesesHHYKa cTaHuua OBya-Mup-
jeBo-Mausin Mmokpu syr-Jby6udunna-3yie).
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Ha ocHOBY npUKyN/bEHUX I€0JIOMKO-Te0PH3U-
YKHX NoJaTaka, yTBpheHo je Aa Ha ABajsu HUCY
npUcyTHe yaTpabasuyHe cteHe. Hamportus, no-
CTOjU peasiHa MOTYRHOCT NpPUCYCTBa JIAKOJUTCKe
WHTpPY3Uje KMCeJIoT TUIIA KOja je cTapuja 0/, CEHOHA.

[Ipexo noMeHyTUX ynTpamMaduTa, yTBpheHo je
Jla JIeXKU KOMILJIeKC rpy6ux KjaacTuTa (6yloTUHE
Ov-1 u SA-2). U3rpabeH je oz TBpAUX, KOMIAKTHUX
6peya U KOHIVIO-Opeya Jleb/brHe U Tpeko 120 m. Y
cTpaTurpadpckoM CMHUCIY, OArOBapajy BepoBaTHO
HacJlarama Jjome Kpe/Jie jep cy y Cylpeno3uiioHoM
O/IHOCY HCIIOJ, TEKTOHHW30BAaHOT TOPHOKPEJHOT
dmma.

OporeHo TEKTOHU30BaHU 110/|6ACEHCKU I'€0JI0-
mKkd cty6 beorpajcko-6aHaTcke MOpQOCTPYK-
TypHe rpese (BBMT'), reHepasHor MepuaujaHCKOT
NpaBlia, IPEHeOoreHo je pa3/IoMJ/beH y 6JIOK CUCTEME
pa3/IMuuTE OpUjeHTalluje, U AO0AATHO MOAUPHUKO-
BaH Ha pasyheHy KoHUTrypauujy nojuHe d6aceHa.

TokoM HeoreHa, C/10XKEHUM pa3/IOMHUM 30HaMa
Y cjabuje U3pakeHUM paceJHUM CHUCTeMHUMa, 06-
JINKOBaHe Cy JiellpecuoHe U aHTUPOpPMHE CTPYK-
TypHe LeJIMHE pa3JIMuYuTor npasua. Hajuspasuruje
pace/iHe 30He, [ieJIOM Ca peaKTUBUPAHUM IIpeHeo-
reHUM AYOUHCKUM pa3/ioMHUMa, U TOKOBU Maibe
M3pakKeHUX pace/lama, Ha KapTu KoHpUTrypauuje
No/lMHE HeoreHa Cy yo4/bMBe IO NpaBLuMa U
Jy>KMHaMa pas/JIMyMTo 3TyCHyTUX M3onaxa (cJ. 10).
W13 Tor pasJiora, ZonpTaBambe pa3/IOMHUX Tpaca
HUje 61JI0 MOTPEGHO.

Ha npoy4yaBaHoMm TepeHy, Mmehy mopdocTpyk-
TYPHUM jeiMHULaMa UCTUYY ce Behe genpecuje
nonyT I[laHueBauke, CedkepuHcke, baTajHuuke u
['poyaHcke, ca MawboM cybaenpecujom Mokpu Jlyr.
CTpyKTypHH poBOBM cy: MourtaHuna (J3 yrao
kapte), Makui (3asuB baTajHuuke gaenpecwuje),
Kpmwaua (6eorpazscko nojyHaBsbe), besu nmoTok
(npenropje ABasie) u banatcku Bpecrtosarn, (oTBO-
pen npema CH).

Y BeorpaackoM AyHaBCKOM KJbydy, Hajla3u ce
aHTudopma CiaHuu U Mamwa, babuH Buc. Ha 6a-
HATCKOj CTpaHU, HAPOUUTO Ce UCTUYY XOPCT-Ma-
cuBHU OBua, Jabyka u [orows. MopdocTpyKTypHHU
Hu3 banatcko HoBo Ceno-Baagumuposan-/losio-
Bo-baBanullTe, pasrpannyasa [lanHyeBauky fenpe-
cujy og, fenpecuje CkopeHoBay-CMeiepeBo YUju je
3amaZjHu NpOAYKeTaK BHU/J/bHUB Ha MPHUJIOXKEHO]
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kapTu. OMOJ/bUYKU XOPCT-MACUB, Ca MalbUM jeSiu-
Hunama CtapuyeBo-ViBaHoBO uMa JU npoayxemwe
npeMa aHTUPOPMHHUM CTpPyKTypama Masa aja
(BpectoBuk) u Opeluarn, (M3BaH OKBUPaA KapTe).

Hcnop muper nenrtpa beorpaga, Hanasu ce aH-
TUGOPMHU CTPYKTYPHHU U nordanyjantu (LesaoM
cnpynoTBopHH) HU3 Yybypa-Kanemergan-bopua
(mpoxyxHo go [laguHcke ckese), 3aTUM Kpahu
CTPYKTYpHHU Hoc of Yykapune o bexxaHuje, 4 pas-
JIBOjeHH NMepUKAMHaIHU OCTPYKHULe Ha MpaBLy
JakoBo u CypyuH.

Hajcrapuju HeoreHu cejuMeHTU (JOHU MUO-
[leH), OTPaHUYEeHHX KOHTYPA, Cy pa3HOOOjHe JIMM-
HUYKO-CybaKBaTHYHe XeTepOKJIACTUYHe MoJace
(npocJiojeHe ByJIKAHUTHMMA), Y IPUHLUIY OKCU/JiA-
nuoHe reHese. OTKpUBeHe Cy Ha MOBPIIMHU Y LIH-
peM nozapy4yjy Beorpaga jyxkHo on JlyHasa (HIIp.
Cnanny, 6ymoruHa VP-150, 1e6/p1HA MoJiaca je oKo
200 m). ¥ 6ymotuHama kog OBue u 'pouke (Ov-1,
110-166 m; SA-2,145-229 mu G-1, 1.150-1.300 m)
Jle6/bMHA UM je Mawa. MehyTuM, Ha JHYy naH4ye-
BauKe Jienpecyje yTBpheHHU cy U M0oceOHO U3/BO-
jeHU, CMHXPOHH, GUTHO PA3JUUYUTHU CHUBO-LPHU
cy6aKBaTUYHU NEJIMTU PeAyKLMOHe reHese J1e6J/bU-
He 0k0 415 m (6ywoTturna P¢-1, 1.980-2.395 m) u
OBO NpeJCTaB/ba MOCEOHO BaXkaH JONPUHOC OBOT
paja.

Mopcku 1 MOpPCKO-6paKU4HU ceJUMEHTH (Cpej-
U MUOIIEH - 6a/leH U capMaT), JUCKOPAAHTHO U
XeTEepPOXPOHO HaJIeKy MPeKo pas/InuUTe MOJUHE.
W3aBojeHa cy Tpu Tuna pa3Buha: 6aceHCKo-Ja-
I'VHCKH, IPUO06aTHO-CIIPYHU U MelloBUTH. CBaKH
nojeJUHayYHO UMa crneyuduyHe guTodanujasHe
KapaKTepUCTHUKe U GOCUJIHY acolujarujy. Y naH-
yeBaykoj Jenpecuju OajieH je HabylleH TeK Ha
1.452 m ny6uHe U MMa BeJUKY Aeb6/bUHY (OKO
530 m). CiuyHo je u oko JloyioBa rie Jy6GOKO
3aJIeKe MPEKO 0Kk OKpeTHOT naseopesbeda (6yino-
TuHa Do-1). Hajnuinhe ucnoy nospuivHe, 6a/ieHCKU
celJMMeHTH cy HabyueHH Koz, OBye (76 m) rae um
je nebsbuHa camo 35 m, [0k Ha GOKOBHMaA XOPCTOBA
Omosbuna u baHatcko HoBo Cesio moTnyHo wuc-
KJIMKbaBajy. Kao u 6ajieH, capMarT je HajTambU 0KO
OBuye (cBera HEKOJIMKO MeTapa) U MOjaB/byjy ce
IJIMTKO ucnoz nospuiuHe (70 m). Y naHueBaykoj
Jernpecuju ofHOCHO JlosioBY U baBaHUILTY, 3HATHO
je moToHyo U 33/1e6/ba0 U focTike n3mehy 400-500
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MeTapa AebsbuHe. CJIMYHO je U Y TPOYAHCKOj fie-
NIpecujyu, Ha KpajikbeM jyry TepeHa, IZe LOCTUXe
JiebbuHy npeko 400 m. HacynpoT ToMe, Ha CTpyK-
TypHOM rpebeHy OMoJbUIia, capMaT je pelyKoBaH
(oko 180 m), a Ha pacegHyTOM mnasieoxopcty ba-
HaTcko HoBo Cesio (6ymotuHa BNs-1) uma ge6sbu-
Hy OokKO 60 m, U [AMCKOPJAHTHO HaJIeKe MPeKo
JIOKOKpe/IHOT nasieopesbeda Ha 1youHu ox, 1.111 m.
Y neny TepeHa jyxkHo oJ CaBe u /lyHaBa, 6a/ieHCKe
Y capMaTCKe HacJiare Cy LIMPOKO 3acTyl/beHe Ha
MOBPIIMHMU AU Cy JO6PO NpoyyeHe U Y MIUTKUM
6ymotruHama Ha Kanemergany, TamMajaany, Zlop-
hony, Butumuny, Kapabypmu, Kymoznpaxy, Benrkom
Moxkpowm Jlyry, Pakosuuy, Topsaky, JlemntaHuMau
Jp. TAe uUMajy Mawy Je6G/bUHY OCUM y pPeTKUM
cayvyajeBuMa ([pouka, 6ymorrHa G-1 - 3ajefHo
npeko 500 m).

Hajmuiabu MuoneHcku 6pakUyHO-je3epcKu (Ka-
CIMOpPaKUYHU ) CeIMMEeHTH HeKaalmher [laHoHCKor
jesepa (mMaHOH W NOHT) MMajy 3HATHO paclpo-
CTpakbelhe U YKYIHO BeJUKYy J1e6/buHy. O6UYHO
Jiexxe KOHKOPJIAaHTHO NPeKo capMaTCKUX HacJara
WJIY, NMaK, JUCKOPJAHTHO MpeKo yaTpamMaduTa U
KpeJHUX celJUMeHaTa OKO Jaby4ykor U [Jloromckor
XopcTa. Y oKoJIMHU baBanuiuTa v Jlos10Ba, JOCTUXKY
YKynHy Ae6/puHy npeko 900 m, a yTBpheHHU cy Ha
nyouHama ucrnon 1.000 metapa (P¢-1, Doz-1, Bav-1,
BNs-1). Y npaBuy Omosbulle 1 lasbe Ka [lyHaBy Jocta
cy peaykoBaHu (< 700 m), koz [iorma umajy ze-
6/buHY 0K0 500 MeTapa JJ0K Cy Ha IOTOHYJIOj Ipesr
y OBuM 3HaTHO peykoBaHu (oko 30 m).

[lnvoueHCcKy, peyHo-je3epcku ceauMeHTH ([a-
JIYOUHCKU CJI0jeBH ) yTBpheHHU cy caMo Ha 6aHATCKOj
CTPaHU IpOy4yaBaHOT NPOCTOpA, CEBEPHO O/ JIU-
HeaMeHTa CypunH-bopya-p. Tamuni-IlanyeBo-ba-
BaHULITe. CBa TPY HUBOA NaTyAUHCKUX c/10jeBa (Ha
OCHOBY IPUCYCTBA Pa3JUIUTHUX MOPPOTOLIKHX 06-
JiuKa GUIoreHeTCKOr HU3a poja Viviparus) oTKpu-
BeHa cy Ko [yorwma u y I[laHyeBadkoj genpecuju
(6ywoTune Gl-1, 100-381 m u P¢-1, 140-345 m),
JLOK Cy OKO JloJloBa OTKPUBEHU CaMO CTApUjU HU-
Bou (Doz-1, Do-1).

KBapTapHu cejUMeHTH pas3jUYUTE TeHe3e
NpesCTaB/bajy HajMIahy jeAMHUIY GACEeHCKE UCTTY-
He. Y NaH4YeBayKoj Jelpecuju LOCTUXKY YKYIHY
Je6spuny npeko 140 m (P¢-1). Y nmpaBuy jyra, npeMa
OmosbrLM Zie6/bHA UM Ce 3HaYajHO cMamyje. Koj,
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I'pornke (G-1) umajy cumM6oJu4YHy [Je6/bUHY. Y
6yuwotuHu Gl-1 ([norow), Ha Ay6uHu of 100 m,
JNeduHucaHa je 6a3a KBapTapa Ha OCHOBY HaJlacKa
Viviparus cf. diluvianus (KUNTH).

[ToamoBpLIMHCKA reoJiouika rpaba mwuper nogj-
pyyja beorpaza joir jefHOM yKa3yje ¥ Ha B&XKHOCT
NpUMeHe T3B. xuiporeoJsowikux cucrema (HGS I-1V),
ayTopu3oBaHUX jowl 1974. ronuHe of cTpaHe b.
MapuHoBuha, a ny6JUKOBAaHUX HELITO KacCHUje
(MapuHOBUR, 1982). OHM jacHO fedUHUILY XUAPO-
reoJioUIKa CBOjCTBA MOje[JUHUX CTPATUrpadCKux
jeAVHUIA, a C TUM Y Be3U, U MUHepaIu3aLujy Boje
y wuMa. Ha npumep, Boga n3 OBYe ca KOHTaAKTa
capMaT/mnaHoH Ay6uHe 91m, vMa MUHepaJIu3aLujy
16,46 g/l (Mun0jEBUR, 1960), a Boja ca UCTOUYHE
CTpaHe MaH4YeBaukKe Jelpecuje, U3 KOpeJaTHUBHO
6JIMCKOT TAHOHCKOT KoJieKTopa Ay6uHe 1.013m,
rMMa roTOBO UJeHTHYHY MHUHepaan3zauujy 16,40 g/l
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(6yumotuHa Doz-1, lIIAPYEBUR, 1973). CIMYHO TOME,
BO/le U3 6a/IeHCKHUX KoJsleKTopa 6ymoTuHa Doz-1 u
Do-1 (JosioBo) ay6uHa 1.602 u 1.674 m, umajy
MHUHEpaINU3alMjy CcaobpakeHy HWHTPa6a/[€HCKO)]
,CTapocTU" ca nmoBehaweM MHUHepasu3aluje O[]
25,9 Ha 32,6 g/1 - caryiacHO caBpeMeHUM MOPCKUM
BojaMa. /JlogaTHO, Boja U3 MUOLEHCKe JIaryHe,
aMbujeHTa/IHO BUCOKe MUHepasnu3anuje (51 g/l),
604HO je UHPUITPUPAHA Y NYKOTUHCKU KOJIEKTOP
o/, JJOBOKpeJHUX Hacsaara. Huje Ha ogmeT fozatu
Jla HIp. BoJe U3 MOHTCKUX ceaumenTta (HGS I,
koMmiiekc D) y Kukunau s gy6rna 1.100-1.400 m,
MMajy MuHepanusauujy usmehy 4-6 g/l konuka je
Y MUHepaJii3aliyja HUBoa GUTHe pelyKLUje Kaclu-
6pakuyHUX Kapauaa (MAPUHOBUR, 2017).
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