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Stratigraphic characteristics of Quaternary deposits on the left bank

of the Sava River near Belgrade

SLOBODAN KNEZEVIC', DRAZENKO NENADIC', BARBARA RADULOVIC?,
KATARINA BOGICEVIC? & JELENA ZARIC?

Abstract. Quaternary deposits on the banks of the Sava River in the Belgrade area have a significant
thickness and they are represented by genetically different formations. The data about these sediments were
obtained by exploration of two relatively shallow boreholes, RB 47/P-1 and RB 53/P-1, located on the left
bank of the Sava River. Two genetic entities are distinguished: the lacustrine-palustrine deposits of
Plio—Pleistocene age and alluvial deposits of Pleistocene and Holocene age. Deposits of the Plio—Pleistocene
are clearly different, both lithologically and palaeontologically, from the overlying alluvial deposits.
Lithologically similar fluvial deposits of the Pleistocene and Holocene age were distinguished according to
their palaecontological characteristics, particulary by the presence of bivalve genera Corbicula and Dreissena.
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Ancrpakt: Kaprapae nacnare obane Case xon beorpana nmajy 3HaTHY 1eOJbHHY W MPEACTaBIbEHE Cy
TCHCTCKH DPa3HOBPCHUM TBOpeBHMHama. Ilofamu O OBUM CelMMEHTHMA JOOUjEHH Cy MpOydYaBambeM JBC
penaruBHO twinhe Oymoture, RB 47/P-1 u RB 53/P-1, nouupane Ha neBoj obanu Case. ['eHeTckH, OBIE ce
MOT'Y U3/IBOJUTH JIBE IIEJIMHE: je3epCKO-0apcke TBOPEBUHE IUIMOLICHA-TITICUCTOLICHA U alyBHjaJiHE TBOPEBUHE
IUICHCTOIICHA M XOlolleHa. Haciare rummoneHa-1iencToneHa ce JIMTONOMIKK W TaJCOHTOJIONIKH jacHO
pa3iMKyjy oI ajyBUjaJIHUX HAacjara y TIOBJIATH, JOK Cy 3a pa3/BajarbC JIMTOJNOIIKA CIMYHUX PCUYHHUX
TBOPCBUHA IUICHUCTOIICHA ¥ XOJIOLICHA IMOCIYXHIIC HUXOBE MAIICOHTOJOIIKES KapaKTECPUCTHKE, MPHCYCTBO

mikosbaka poxa Corbicula u Dreissena.

KibyuHe peun: kBaptap, ctparurpaduja, OymoTune, jJeBa odana Cage.

Introduction

The Sava River separates the administrative areas
of New Belgrade and the old part of Belgrade, which,
from geographic and geotectonic standpoints, repre-
sent the lowland areas of the Pannonian Plain (Panno-
nian Basin) and hilly areas of the Balkan Peninsula,
respectively.

On the left bank of the Sava River, in the Belgrade
area, the thickness of Quaternary sediments is about
30 m. The surface layers are mostly made up of Holo-
cene alluvial sediments. Information on the older sed-

iments of both Quaternary and Neogene age cannot be
obtained by field studies, but only by exploration bo-
rehole drilling.

According to previous research, data from the
existing boreholes and water wells situated on the
banks of the Sava River, but also in the areas of Ada
Ciganlija, New Belgrade and Zemun, it is concluded
that, in addition to significant thickness, the Quaterna-
ry sediments are also characterized by extensive spa-
tial distribution (LASKAREV, 1938; STEVANOVIC, 1977;
KNEZEVIC et al., 1998; JEVREMOVIC & Kuzmic, 1999;
NENADIC, 1997, 2003; NENADIC et al., 2009, 2010,
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Fig. 1. Geographic position of the investigated area.

2011, 2015, 2016; NENADIC & GAUDENYI, 2013; NE-
NADIC & BOGICEVIC, 2014).

A more complete picture of stratigraphic characte-
ristics of Quaternary sediments was attained using the
data obtained from the boreholes RB47/P-1 and RB
53/P-1, which were bored along the left bank of the
Sava River in 2016/17. It may be concluded that both
the immediate and the broader areas include various
genetic types of the continental Quaternary sediments,
originating as products of geodynamic processes un-
der specific paleogeographic conditions.

Although the boreholes in the investigated area did
not reach considerable depth (the deepest was 28.0 m),
precise position, thickness, lithological and palaeon-
tological composition of the Quaternary deposits has
been clearly defined for each borehole. Geographic
positions of the boreholes are presented in Fig. 1 (GPS
coordinates RB53/P-1: 44°48°34” N; 20°26°38” E,
altitude 76.08; RB47/P-1: 44°45°48” N 20°20°33” E,
altitude 75.55).

New data on the Quaternary deposits of this area
provide a more complete picture on the existing strati-
graphic units, their interrelationships and contacts with
the underlying sediments, in this case of the Neogene
age. The new data set for Quaternary deposits on the
Sava banks reported in this paper improves our under-
standing of the Quaternary stratigraphy and paleo-
geography in Central and Southeastern Europe.

Stratigraphic characteristics of deposits
According to the data from the borehole cores

RB47/P-1 and RB53/P-1, deposits of the Neogene and
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Quaternary age can be identified in the investigated
area (Fig. 2).

Neogene

The Neogene deposits underlie Quaternary sedi-
ments in the borehole RB 53/P-1, from the depth of
27.7 m to the bottom of the hole. They are represent-
ed by deposits of Late Miocene (Pannonian) age made
up of grey marly clay with ostracod microfauna and
rare fossil molluscs: Gyraulus praeponticus (GORJA-
NOVIC-KRAMBERGER), Congeria banatica HOERNES,
Limnocardium sp. etc. At the contact with the Quater-
nary sediments, these deposits are greyish-yellow and
contain lenses of calcium carbonate.

Quaternary

Based on genesis, superposition and age of the
Quaternary deposits, and by using the data obtained
from the boreholes RB47/P-1 and RBS53/P-1, two
types of the Quaternary deposits can be identified in
the valley of the Sava River in Belgrade:

1. lacustrine-palustrine sediments of Plio—Pleistocene
age and
2. alluvial sediments of Pleistocene—Holocene age.

Lacustrine-palustrine sediments of
Pliocene—Pleistocene age

These deposits are found in the borehole RB47/P-1,
where only their upper level is present in the depth
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Fig. 2. Correlation of stratigraphic sections of boreholes RB 47/P-1 and RB 53/P-1.

range from 23.0 m to 24.5 m, i.e. to the bottom of the
borehole, so their exact thickness is not known. Ac-
cording to the available published data, the thickness
of these sediments in the area of Ada Ciganlija is
approximately 18.0 m, on the left bank of the Sava Ri-

ver the thickness decreases, while in the area of Ze-
mun it dramatically increases to more than 100 m
(KNEZEVIC et al., 1998; NENADIC, 1997, 2001, 2003;
NENADIC et al., 2009, 2010, 2011, 2015, 2016; NENA-
DIC & BOGICEVIC, 2014).

Geol. an. Balk. poluos., 2018, 79 (1), 21-30.
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Lithologically, the oldest Quaternary deposits in the
Sava River valley are composed of heterogeneous
gray-brown, gray, brown-reddish clays (mainly greasy
and hard), sandy clays, clayey sands, gravelly clays,
etc. Occurrences of ooliths and lenses of manganese
and iron oxides are common, sometimes even in
greater quantity, when sediments acquire dark brown-
gray colour. In certain places they contain lenses and
concretions of calcium carbonate (KNEZEVIC et al.,
1998; NENADIC, 1997, 2003; NENADIC et al., 2001).

In the investigated boreholes these sediments are
represented lithologically by gray-green silts, vari-
coloured gravelly silts and clays, with manganese and
iron oxides and calcium carbonate concretions. They
are palaeontologically sterile, i.e. they contain no fos-
sils, except in the area of Zemun (KNEZEVIC et al.,
1988; NENADIC, 2003; NENADIC et al., 2009), where
these deposits contain only rare gastropod genera
Lymnaea and Planorbis.

It is assumed that these layers were deposited in
palustrine-lacustrine environment. They are found
only in certain places on the river island Ada Ciganlija
and almost everywhere along the left bank of the Sava
River, where their thickness significantly increases
(KNEZEVIC et al., 1998).

In the Sava River valley in Makis, on Ada Ciganlija
and along the lef bank of the river in New Belgrade,
these deposits discordantly overlie the Miocene sedi-
ments of the Paratethys (mostly marls of Pannonian
age), while in the area of Zemun, they lie over lacu-
strine deposits of Pliocene age (KNEZEVIC et al., 1998;
NENADIC, 1997, 2001, 2003; NENADIC et al., 2009,
2010, 2011, 2015, 2016).

The age of these sediments cannot be precisely de-
termined due to the lack of palaeontological evidence.
However, according to their lithostratigraphic position
and superposition, it is assumed that they were formed
in the Late Pliocene and Early Pleistocene.

Alluvial sediments of Pleistocene—Holocene age

Alluvial deposits of Quaternary age (according to
data from the investigated boreholes) consist of two
cycles of alluvial sedimentation:

— older cycle, so-called polycyclic deposits of the
Early—Middle Pleistocene age and

— younger cycle, i.e. recent alluvial sediments of the
Sava River.

Lower—Middle Pleistocene fluvial polycyclic deposits

The most widespread Pleistocene deposits in the
riparian area of the Sava River in Belgrade are fluvial
polycyclic deposits. In the earlier published papers they
were known as the “Makis beds” or “beds with Corbi-
cula fluminalis” (LASKAREV, 1938; STEVANOVIC, 1977).

On the right bank of the Sava River, they usually
discordantly overlie Miocene or, to a lesser extent, pre-
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Neogene sediments, and in some places they are depo-
sited over lacustrine-palustrine layers of Plio—Pleisto-
cene age. On the left bank of the Sava River, they
cover thick lacustrine-palustrine Plio—Pleistocene
deposits, and near the confluence of the Sava and Da-
nube Rivers they overlie Upper Miocene (Pannonian)
marls (KNEZEVIC et al., 1998; NENADIC, 2003; NE-
NADIC et al., 2015).

The Pleistocene deposits make up the most part of
the Quaternary deposits in the investigated boreholes,
with thicknesses that vary between 10.0 and 15.0 m.
Lithologically, they are represented mostly by the
brown-yellow and gray sands, gravelly sands and
sandy gravels, silty sands, with intercalations of silts
and clays.

Cyclic alternation of typical riverbed deposits (gra-
vels, sands) and sediments of flood phase (silts and
rarely clays) is observed in these boreholes. A regular
multi-phase gradation of grain size has been formed,
with coarser material in the lower and finer material in
the upper parts.

The percentage of coarser material is larger around
the river itself (investigated boreholes), especially on
the right riverbank, and it decreases northwards, be-
low the Srem loess Plateau in the direction of Zemun
Polje and Batajnica (KNEZEVIC et al., 1988; NENADIC,
2003; NENADIC et al., 2001, 2009, 2015, 2016). In
these deposits in the wider area of southeastern Srem,
two cycles of alluvial sedimentation are observed: the
older cycle, in which sands and gravels predominate
(polycyclic phase) and the younger cycle, made up
primarily of silts (fluvial-palustrine deposits). In the
Sava River valley in Belgrade, younger layers of this
complex have been eroded, and they are discordantly
overlain by alluvial deposits of the Sava River (NENA-
DIC, 2003).

Pleistocene fluvial deposits contain fossil molluscs,
predominantly: Viviparus boeckhi (HALAVATS), Corbi-
cula fluminalis (MULLER), Microcolpia daudebartii
acicularis (FERRUSAC), Esperiana esperi (FERRUSAC),
Lithoglyphus naticoides (PFEIFFER), L. fuscus (PFEIF-
FER), Holandriana holandri (PFEIFFER), Theodoxus
transversalis (PFEIFFER), T. danubialis (PFEIFFER), Bi-
thynia tentaculata (LINNAEUS), Unio crassus (PHILIPS-
SON), Pisidium amnicum (MULLER), etc. (KNEZEVIC et
al., 1998; NEeNADIC, 2003). An unidentifiable vole
tooth and bone fragments of large mammals have
been found in these deposits, too.

The lower level of these deposits is usually repre-
sented by coarser clastites with very rare faunal re-
mains, most commonly the species Viviparus boeckhi
and fragments of unionids (GAUDENYI et al., 2013).
The biostratigraphical-palaeontological criterion for
setting the boundary between the Pleistocene and re-
cent fluvial deposits is the presence of species Cor-
bicula fluminalis (MULLER), Viviparus boeckhi (HALA-
vAaTS), and ostracods Candona neglecta SARS,
1lyocypris bradyi SARS and Scottia browniana (JONES).
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In accordance with recent studies and the revised
guide species, such as Corbicula fluminalis (MUL-
LER), Viviparus boeckhi (HALAVATS) and Esperiana
esperi (FERRUSAC), the Pleistocene fluvial deposits
that contain the above mentioned species have been
dated as the Lower—Middle Pleistocene (NENADIC et
al., 2009; NENADIC & GAUDENYI, 2013, 2014; GAU-
DENYI et al., 2015; NENADIC et al., 2015, 2016).

Alluvial deposits of Holocene age

Recent fluvial deposits represent the youngest
stratigraphical unit in the alluvial package in the bore-
holes RB 47/P-1 and RB 53/P-1. They cut all older
Quaternary sediments, and mostly overlie fluvial po-
lycyclic sediments of Pleistocene age. Deposition of
recent alluvial sediments precedes the epsiode of ero-
sion of younger levels of the Pleistocene fluvial de-
posits, so in the investigated boreholes younger hori-
zons of these deposits (known as fluvial-palustrine
sediments) are missing, but they can be observed in
the areas of Bezanija and Zemun (KNEZEVIC et al.,
1998; NENADIC, 2003; NENADIC et al., 2009).

Recent fluvial deposits consist of riverbed sedi-
ments (sandy gravels and sands) and sediments of
floodplain (silts and sandy silts). Lithological units of
riverbed sediments, sands and gravels with lenses of
sandy silts, are alternating vertically. Lithostratigraphi-
cal column in both boreholes ends with floodplain se-
diments, gray-brown sandy silts, silts and gray-brown
sandy-silty clays.

In these deposits following species of molluscs
were found: Dreissena polymorpha (PALLAS), Vivipa-
rus viviparus (LINNAEUS), Unio pictorum (LINNAEUS),
as well as forms that occur in older Pleistocene sedi-
ments, such as: Litoglyphus naticoides (PFEIFFER), L.
fuscus (PFEIFFER), Microcolpia daudebartii acicularis
(FERRUSAC), Theodoxus danubialis (PFEIFFER), T.
transversalis (PFEIFFER), Holandriana holandri (PFE-
IFFER), etc. Since the mollusc species Dreissena poly-
morpha is much less common in the fluvial deposits
of Pleistocene age of the Sava riparian area, its signif-
icantly more abundant in the recent alluvial deposits,
thus marking the boundary between lithologically
similar Holocene and Pleistocene alluvial deposits.

Recent alluvial deposits are underlain by anthro-
pogenic sands, whose thickness varies between 1.0
and 5.9 m (according to data from boreholes).

Discussion

In the areas of Ada Ciganlija, New Belgrade, Ze-
mun and Makis, recent research (KNEZEVIC et al.,
1998; NENADIC, 2003; NENADIC et al., 2009) revealed
the presence of geological deposits that overlie the
Neogene deposits and lie below Pleistocene fluvial
polycyclic sediments. In the earlier literature these

beds were referred as the “Makis beds” or “beds with
Corbicula fluminalis” (LASKAREYV, 1926, 1938; STEVA-
NoviC, 1977). However, the deposits were not identi-
fied as a separate stratigraphic unit of the Quaternary
age, but were defined as “weathering crust” of the
Neogene (Pannonian and Pontian) deposits of the Pa-
ratethys (ZIvKovi¢ 1976). Since 1990s, these deposits
have been recognized as a separate unit, due to their
extreme thickness, which sometimes exceeds 100 m,
and their specific lithological-palacontological fea-
tures, of transitional, Plio—Pleistocene age (KNEZEVIC
et al., 1988).

Thickness of these sediments rapidly increases
from the Sava River riparian area to the Srem loess
plateau (Bezanijska Kosa and Zemun loess). Extreme
thickness of these sediments has been registered in the
Bezanija graveyard (near Kvanta§ market), where the
described deposits are over 100 meters thick and
reach to the bottom of the drilled borehole (260 m), so
their real thickness in this part of the area has only
been assumed (KNEZEVIC et al., 1998; NENADIC, 2003).
Since they contain no fossils, biostratigraphical me-
thods can not be used for age determination. As they
underlie the upper parts of Lower Pleistocene sedi-
ments and overlie Pliocene deposits (in the area of
Zemun) it has been assumed that they were deposited
during Late Pliocene (Romanian)-Early Pleistocene
(KNEZEVIC et al., 1998; NENADIC, 2003; NENADIC et
al., 2009).

In the other parts of the Pannonian Basin (Slavo-
nija, Backa, southern Banat) these deposits corre-
spond to the layers of biostratigraphical zone with
Viviparus vukotinovici (youngest horizon of the lacu-
strine Paludina beds) and “beds with Viviparus
boeckhi” (NENADIC, 2003).

These deposits are widespread in the neighboring
areas and are usually considered to be of Late Plio-
cene age, as, for example, on the Vukovar Plateau in
Croatia (BACANI et al., 1999) or in the southern parts
of the Moldavian Plateau (GHENEA, 1970). Fluvial de-
posits were also common in Plio—Pleistocene: in Slo-
venia (KrSko basin) non-carbonate sands and gravels
of the oldest (fourth) terrace of the Sava River (VER-
BIC et al., 2000); in Romania (Dacian Basin) (Late Ro-
manian—Early Pleistocene) deposits with mammal
remains: Mammut borsoni (HAYS), Anancus arver-
nensis (CROIZET & JOBERT), Mammuthus meridionalis
(NEesTI) (ENCIU & BALTEANU, 2002).

Fluvial deposits of the Pleistocene age (fluvial poly-
cyclic deposits or “beds with Corbicula fluminalis’)
have been the subject of investigation related to
Hydrogeological survey of Belgrade for a long time
now (LASKAREV, 1938; STEVANOVIC, 1977, ZIVKOVIC,
1976; RaxicC, 1977a; KNEZEVIC et al., 1998; NENADIC,
2003). In the Sava River Valley they have been partly
eroded and covered by recent alluvial sediments of this
river, while in Bezanijska Kosa and Zemun, they are
overlain by loess deposits of the Srem loess plateau.

Geol. an. Balk. poluos., 2018, 79 (1), 21-30.
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There are several opinions on their age and origin:
after HALAVATS (1915) they are “transitional” lacustri-
ne beds between Late Pliocene and Pleistocene, while
LASKAREV (1951), STEvaNovIC (1977) and MARKO-
VIC-MARJANOVIC (1978) considered them as fluviola-
custrine sediments with Viviparus boeckhi in the
lower part (Giinz—Mindel after Alpine geochronolo-
gical scale), and with Corbicula fluminalis in the
upper part (Mindel-Riss).

The same deposits were identified in the territory of
Romania (ONCESKU, 1960) as lacustrine deposits of
Pliocene age, although they obviously contain fluvial
fauna. According to other authors (GrROMOV et al.,
1960; MoskVITIN, 1970), such layers in eastern En-
gland and glaciated areas of ex-USSR are known from
the Riss glaciation and Riss/Wiirm interglaciation
(Alpine geochronological scale).

Although the mentioned deposits in Serbia were
mainly considered as lacustrine, alternation of river-
bed, floodplain and oxbow deposits undoubtedly in-
dicates fluvial character of the sediments, which are
characterized also by an enhanced thickness. Only the
younger part of these deposits was formed in a regime
of relatively calm water (floodplain-palustrine condi-
tions), with very slow water flow and long-term
standstill (RAKIC, 1977a; RAKIC et al., 1998; NENADIC,
2003).

In these deposits, in contrast to limnic fauna of the
Paludina beds, there are no sculpted unionids, Vivipa-
rus and Fagotia, Corbicula and other recent forms.

Earlier authors (e.g. LASKAREV, 1938; STEVANOVIC,
1977) used the presence of the fossil assemblage of
molluscs Corbicula fluminalis (MULLER) and Vivipa-
rus diluvianus (KUNTH.), to determine the age as Mid-
dle Pleistocene, i.e. Mindel, Mindel/Riss (after the
Pleistocene subdivision for the Alps). It has been later
established that Viviparus diluvianus corresponds to
species Viviparus boeckhi (KRoLoPP, 1983), so the re-
vision of age of the Maki§ beds, as well as a more
detailed regional correlation, became possible.

The guide fossils presently used for the age deter-
mination (Early Pleistocene) are Viviparus boeckhi
(HALAvATS) and Esperiana esperi (FERRUSAC) in the
older coarse-clastic beds, and the Pleistocene Corbi-
cula in the younger gravelly sands.

After recent studies and the revision of the guide
species, such as Corbicula fluminalis (MULLER), Vivi-
parus boeckhi (HALAVATS) and Esperiana esperi (FER-
RUSAC), the Pleistocene fluvial deposits that contain
the mentioned species have been dated as the Ear-
ly—Middle Pleistocene (NENADIC et al., 2009).

The equivalents of fluvial polycyclic deposits in the
area of southern Banat (RAKIC, 1985) are gravels and
sands with occasional occurrences of silts and clays
which cover deposits of Pontian age or Paludina beds
(lower part of Upper Pliocene). At Belgrade hill chain,
to the south of the Danube and Sava Rivers, lateral
equivalents of these deposits are represented by poly-
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genetic terrestrial and palustrine sediments (NENADIC,
2003). Fluvial polycyclic sediments could be correlat-
ed with the seventh terrace of the Danube River in the
Dacian Basin (with a relative height 110-120 m), ma-
de of fluvial sediments of Early and Middle Pleistoce-
ne (PEH et al., 1998; ENnciU & BALTEANU, 2002).

These deposits can be correlated with “high ter-
races” (“visoke terase”) of the Danube and Morava
valleys in the territory of Serbia (of 150—160 mrh and
90-110 mrh, respectively) in which the Pleistocene
Corbicula was recorded (RAKIC, 1977b, 1990; NENA-
DIC & BOGICEVIC, 2014).

Conclusions

This paper presents an overview of the Quaternary
deposits on the left bank of the Sava River in the
Belgrade area (boreholes RB 47/P-1 and RB 53/P-1),
in the part of the terrain where the southern edge of
the Pannonian Plain meets the Balkan Peninsula. The
oldest horizon of the Quaternary deposits, which was
only partially bored (borehole RB47/P-1), is repre-
sented by the Plio—Pleistocene sediments which have
often been erroneously considered to be Neoge-
ne—Upper Miocene in age. According to lithological
characteristics and very scarce fossil records, it is
assumed that these sediments were formed in an envi-
ronment of unstable shallow lakes and ponds which
sporadically dried up, with significant influence of
temporary riverine watercourses.

Material that composes these deposits in the inves-
tigated area originated in the hilly region of the Bel-
grade promontory, representing an area of intensive
denudation. Most of this material was previously de-
posited in loosely cemented Early Neogene (Pannoni-
an and Pontian) deposits. It was later redeposited in
the areas of present-day New Belgrade, Zemun and
Bezanija, where thickness of these deposits may be
substantial (over 100 m) (KNEZEVIC et al., 1988; NE-
NADIC, 2001, 2003; NENADIC et al., 2009).

Among the Pleistocene deposits in boreholes RB
47/P-1 and RB 53/P-1, the sediments with the most
extensive spatial distribution are polycyclic sediments
of Early and Middle Pleistocene, as is generally the
case along the banks of the Sava River. Their paleon-
tological indicators include greater abundance of spe-
cies Viviparus boeckhi in the older and Corbicula flu-
minalis in the younger horizons. In the floodplain sed-
iments (clays, silts) these species were replaced by
dominant forms of Planorbis planorbis (morph with
denticula) and the ostracod species Scottia browniana
(KNEZEVIC et al., 1988; NENADIC, 2003; RAKIC et al.,
2002).

The polycyclic fluvial deposits of Pleistocene age
were formed in the ancient valley of the Sava River,
under the influence of multiple tectonic movements,
as a product of a large lowland river that changed the
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shape of its bed in cycles, causally connected to tec-
tonic movements and specific paleoclimate conditi-
ons. Large amounts of sand and gravel indicate humid
climate and intense precipitation, the largest number
of present mollusc genera and species are generally
associated with beds of fast and moderately fast rivers
with clear water, while there is a much smaller num-
ber of species characteristic for a less mobile aquatic
environment (NENADIC, 2003; NENADIC et al., 2009).

The results of the core analyses in the 1990s and
2000s suggest that the Pleistocene Corbicula species
of the Sava River riparian basin belongs to the tem-
perate stages (equivalent to the interglacials) of late
Early and early Middle Pleistocene age (NENADIC et
al., 2009; NENADIC & BOGICEVIC, 2014; GAUDENYI et
al., 2015).

In addition to their stratigraphic importance, these
sediments also have a high economic significance due
to their connection to aquifers utilized to provide the
City of Belgrade with drinking water. Besides, it is
worth mentioning that up to recently the fossils of
bivalves and gastropods from investigated sediments
were predominantly used for biostratigraphical subdi-
vision, neglecting the importance of palacoecological
analysis and its comparison in the abundance and ex-
pansion with the recent representatives. This kind of
study, as it is pointed by RADULOVIC et al., (2016)
should be incorporated in future studies as it could
shed light on the questions related to anthropogenic
factors and their influence to expansion and invasive
character of recent representatives of Corbicula flumi-
nalis and Dreissena polymorpha. Additionaly, the im-
portance of palaeoecological data provided from
Quaternary sediments has been acknowledged as cru-
cial in terms of global conservation related to species
invasion, biodiversity crisis, natural variability, climate
changes, etc. (BIRKS, 1996; WILLIS & BIRKS, 2006).

A large part of the alluvial Pleistocene sediments at
the banks of the Sava River were eroded after the for-
mation of its present bed and the recent alluvial plain
of the Sava River and its tributaries. From the litho-
logical point of view, the Holocene alluvial sediments
are similar to the fluvial deposits of Pleistocene age.
The palaeontological criterion for their separation
includes species Corbicula fluminalis, present only in
older fluvial deposits and species Dreissena polymor-
pha, which is much more common in the formations
of Holocene age.

It is supposed that in the geological past, probably
in early Holocene, the beds of the Sava River and its
tributaries were situated significantly more northward
than the present-day riverbed, as evidenced by numer-
ous abandoned and compressed meanders. In addition
to the migration from the north, the riverbed of the
Sava River was occasionally also situated more to the
south, and meandering from the edge of the Makis
area to Bezanija escarpment, it left behind many
marshes and oxbow lakes which are presently visible

as remnants of its old bed (NENADIC, 2002, 2003).
Significance of this movement of the riverbed was in
redeposition of the previously deposited Pleistocene
or even Holocene sediments, as may be determined
according to the data from the investigated boreholes.
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Pe3ume

Crparurpadcke KapakTepucTuke
KBapTApPHHUX HacJiara jese obase Case
koa beorpaga

VY pany je nmar mpuka3 KBapTapHHX Hacjara JieBe
obanme CaBe xox beorpama (Oymormae RB 47/P-1 u
RB 53/P-1), y neny TepeHa Thne ce TpaHHYHU JyKHH
obon IlaHoHcke HuU3Mje ca bankaHckuM momyoc-
TPBOM.

Hajcrapuju XOpr30HT KBapTapHUX TBOPEBUHA, KOjU
je camo nmenmuMuvHO HaOymreH (Oymoruaa RB47/P-1)
MIPE/ICTaB/beH j€ Haciarama IUIMOIeHa—TUIEUCTOIIeHA
KOje Cy paHHje YeCTO IOTPEeIIHO CBPCTaBaHE Y
TBOPEBHHE HEOTCHE CTAapOCTH (TOPHH MHOIEH).
[Ipema MUTONOMIKNM KapaKTepUCTHKaMa U BPJIO peT-
KHM HallaznMa (pocmira mpeTnocTaBiba ce J1a Cy OBE
Hacjiare cTBapaHe y aMOHMjeHTy HECTAIHUX TUTUTKUX
jesepa u Oapa Koje Cy IMOBPEMEHO MpecyIlInBaje, y3
YTHIIa] TTOBPEMEHUX PEYHUX TOKOBA.

Marepujan koju je KopuImheH 3a aKyMyJaIujy
OBHX TBOPEBHHA Ha MPOyYaBaHOM IMOJPYYjy BOAU
MTOPEKJIIO ca OpPeXyIHPKACTHX TEpeHa OeorpajCcKor pTa,
KOjH Cy TIPEJICTaBJbaM OOJIACT WHTEH3WBHE CHY/a-
uuje. [Ipu Tome je HajBehmM nemoM OTHOIIEH Tpe-
TaJO)KeHW Marepujai u3 cliaduje Be3aHuX Miahux
HEOTeHHX Haciara (TTaHOHa 1 TIOHTA) U TAJIOKEH je Ha
npoctopy nanammer Hosor beorpana, 3emyna u be-
JKaHMje, TAe OBe Hacjlare MEeCTHMHYHO WMajy jako
Benuky ae0spuHy (KNEZEVIC 1 dr., 1988; NENADIC,
2001, 2003; NENADIC i dr., 2009).

Hajpacnpoctpamenuje miencTorieHcKe TBOPEBHHE
y 6ymornaama RB 47/P-1 u RB 53/P1, anu u mmupe y
npuobasby peke CaBe TpPEICTAaBIbEHE Cy PEYHHM
TIONTUIMKIIMYHIM CEIMMEHTHMA CTapHjer U CpeImber
miercroneHa. [laneoHTonomkn cy obenexeHun veml-
hum ipucyctBom Bpete Viviparus boeckhi'y crapujum
u Corbicula fluminalis y maahum xopnzoHTrMa. Y ce-
OUMEHTHMa TOBO/AKA (TJINHE, alleBPUTH) yMECTO
ITIOMEHYTHX BPCTa jaBJbajy c€ Kao KapaKTePHCTUYHE
dhopme Planorbis planorbis ca 3y0oM B ocTpakoicka
Bpcra Scottia browniana (KNEZEVIC 1 dr., 1988; NE-
NADIC 2003; RAKIC i dr., 2002).
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[MonunukiInyHe peuHe TBOPEBHHE IUICHCTOIICHCKE
CTapoCTH HacTaje cy y npajgonuau Case, Moja yTH-
1ajeM BHIIECTPYKUX TEKTOHCKUX MOKpETa, Kao IMpo-
IOYKT BEJMKE pazlIUBEHE peke Koja je y IHUKITyCHMa
Meralia KOHTYPe CBOTa KOPHUTA, Y3POUHO BE3aHHUM 3a
TEKTOHCKE MOKpPETe M CHEHU(PHIHE MaIeOKITNMATCKE
ycioBe. Benuke konnduHe mecka v MIJbYHKA YKa3yjy
Ha BIOKHY KIMMY U OOWJIHE TaJaBUHE, IPH YeMY je
HajBehn Opoj MPUCYTHUX POAOBA M BPCTa MEKyIIala
BE3aH 3a KOPHUTO Op3MX M YMEPECHO MOKPETIHHUBHX
OHMCTpHUX peka, a 3HaATHO Mamku Opoj yKasyje Ha ciiabo
MTOKPETIbUBY BOJleHY cpemauHy (NENADIC, 2003; NE-
NADIC i dr., 2009).

Pesynraru nobujern n3 OymioTHHA yKa3yjy Ja Tuie-
ncrouencka Corbicula npuobasra Cape mpumanga
yMepeHuM ¢a3ama (€KBHBAJIEHTH HHTEpPIVIAIH]jalia)
rOpIEr JieNla CTapHjer IUJICHCTOICHA U JIOWer Jela
cpenmer mrencromnera (NENADIC i dr., 2009; NENADIC
& BOGICEVIC, 2014; GAUDENYI i dr., 2015).

Oge Hacuare, mopes crparurpad)ckor uMajy u Be-
JIUKH GKOHOMCKH 3Hauaj TOIITO Cy 32 FbUX BE3aHU
akBH(epHn MOA3eMHHUX BOJa M3 KOJUX CE MPEKO PEeHU
Oynapa beorpax cmabneBa mujahom BomoM. Ocum
OBOTa, YKa3aHO j€ Ha 3Ha4a] MMaJe0eKOJIOIKE aHaATN3e
npoy4aBane (ocuirHe (ayHe IKoJbaKa U MyXKeBa, Kao
Y Ha 3Haudaj rmopehema OPOJHOCTH U AMHAMUKE TIHpE-
Ba (OCUITHUX M CAaBPEMEHHX IMPEJCTaBHUKA y KOH-
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TEKCTY MpOydYaBama aHTPOIIOTEHOT yTHIIaja Ha WHBA-
3uBaH kapaktep Bpcra Corbicula fluminalis  Dreis-
sena polymorpha.

Benwku neo anmyBHjaHUX TUTEMCTOLICHCKHUX HAcliara
y nprobasry CaBe epoioBaH je HakOH ycellama KOpuTa
u QopMuparma caBpeMeHe ajyBujasHe paBHH CaBe H
HEHUX TIPUTOKA. JINTOIOIIKH, XOJOIIEHCKHN aTyBHjaTHHA
CEeIMMEHTH CIIMYHU Cy PEYHHM Hacllara TUIEHCTOIICH-
cke cTapocTi. [1aneoHTONomK: KPUTEPHjyM 32 HHHXO-
BO paz/Bajame nociyxuna je Bpcta Corbicula flumina-
lis, mpUCyTHA caMO Y CTapHjiUM pPEeYHUM TBOpPEBUHAMA U
Bpcta Dreissena polymorpha, 4uje je mpuCycTBO Ja-
JieKo yernrhe y TBOpeBHHAMa XOJIOIEHCKE CTapOCTH.

CwMmarpa ce na je xoputo CaBe M BeHUX NMPUTOKA Y
TEOJIONIKOj MPOILIOCTH, BEPOBATHO Y CTAPHjEeM XOJIO-
1IeHy, OMJI0 3HATHO CEBEPHHjE O] JAHAIIHET O YeMy
cBefiode OpOjHM HANYIITEHW W CTHCHYTH MEaHIPH.
[Topenx murparmje ca ceBepa, kKoputo peke CaBe Heka-
Jla ce HaJla3mIIo | jyXKHO, Te je Meanapupajyhu on Ma-
Kumkor o0ofa ma 1o bexkaHujckor oficeka, 0CTaBsbha-
0 3a coboM OapymTHHE W MpPTBaje, KOje aHac
MIPEJCTaBIhajy OCTAaTKe HeHOT cTapor kopuTa (NENA-
DIC 2002, 2003). OBakBO IOMEpame KOpUTA peKe
CaBe MMallo je BENUKW YTHIA] Ha MPETajokKaBame
paHHje JEeMOHOBAaHUX IJICHCTOICHCKHX, ald U XOJIO-
IIEHCKUX CEIAMMEHaTa, IITO Ce U MOXe KOHCTAaTOBaTH
Ha OCHOBY ITOJIaTaKa W3 MpOyJYaBaHUX OyIIOTHHA.
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