MNamereHo: 2025-01-14 02:10:55

Morphostratigraphical correlation of the Sava River sediments near Belgrade
and the Juzna Morava terraces

Drazenko Nenadi¢, Katarina Bogiéevié¢

AurutanHu peno3sutopujym Pyaapcko-reonolwkor ¢pakynrteta YHuBep3uTeta y beorpaay

[P Pro]

Morphostratigraphical correlation of the Sava River sediments near Belgrade and the Juzna Morava terraces | Drazenko
Nenadi¢, Katarina Bogicevi¢ | Bulletin of the Natural History Museum | 2024 | |

10.5937/bnhmb2316035N
http://dr.rgf.bg.ac.rs/s/repo/item/0009405

JdvirutanHu penosutopujym Pyaapcko-reonoLuxkor ¢pakynreTa The Digital repository of The University of Belgrade

YHuBepsuteTa y beorpaay omoryhaea npuctyn usaarsuma Faculty of Mining and Geology archives faculty
dakynTeTa v pagoBumMa 3anocneHnx AocTynHuM y cnoboaHom  publications available in open access, as well as the
npuctyny. - MNpeTpara peno3vTopujyma A0CTyNHa je Ha employees' publications. - The Repository is available at:

www.dr.rgf.bg.ac.rs www.dr.rgf.bg.ac.rs



Bulletin of the Natural History Museum, 2023, 16: 35-54.
Received 23 Feb 2023; Accepted 13 Dec 2023.

do1:10.5937/bnhmb2316035N
UDC: 551.791(497.11)

Original scientific paper

MORPHOSTRATIGRAPHICAL CORRELATION OF THE SAVA
RIVER SEDIMENTS NEAR BELGRADE AND THE JUZNA
MORAVA TERRACES

DRAZENKO NENADIC', KATARINA BOGICEVIC?

' University of Belgrade-Faculty of Mining and Geology, Department of Regional
Geology, Kamenicka 6, 11000 Belgrade, Serbia, e-mail:
drazenko.nenadic@rgt.bg.ac.rs

* University of Belgrade-Faculty of Mining and Geology, Department of
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In the riparian area of the Sava River near Belgrade in the southern part of the
Pannonian basin, Pleistocene fluvial deposits have a significant distribution and
thickness which varies from 10 to 40 meters. These sediments are almost
universally overlain by younger Pleistocene loess sediments or Holocene alluvial
deposits, while they are underlain by sediments of Pliocene-Pleistocene age.
Pleistocene deposits of similar characteristics form high and middle erosional-
accumulative terraces of the South Morava valley system. Beneath the Pleistocene
fluvial deposits are pre-Quaternary deposits of different compositions and ages.
Although there are significant height differences between the alluvial Pleistocene
deposits 1n the area of the Sava River near Belgrade compared to the high terraces
of the Morava River, created as a result of opposite tectonic movements in the
northern and southern parts of Serbia. Moreover, the terraces of the Juzna Morava
were formed in the mountainous areas, while the Sava river sediments near
Belgrade are in the lowland area. They cannot be successtully correlated on the
basis of their lithofacies and paleontological characteristics. The morpho-
stratigraphical correlation would be useful to be applied first on the relation
terraces of the Zapadna and Juzna Morava, the results would be correlated with the
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terraces of Velika Morava, while the Velika Morava terraces can be correlated with
the Sava sediments near Belgrade.

Key words: Pleistocene, stratigraphy, alluvial deposits, Sava River, Belgrade,
Morava terraces

INTRODUCTION

An obvious but commonly overlooked observation 1s that not all river
valleys contain terraces, so studies of terrace stratigraphy and genesis are
necessarily biased towards that subset of fluvial and watershed-scale
processes that conspire to make and preserve terraces. Similarly, the vast
majority of terrace sequences are in the context of modern rivers and river
valleys reflecting processes that dominate during the Quaternary, or even
more temporally restrictive, of the Holocene. The Quaternary, with its
characteristic high-amplitude and high-frequency glacial-interglacial cli-
mate unsteadiness, may be diagnostic, but not representative of prevailing
late Cenozoic environmental conditions. We may live in a world where
river terraces are so common because they represent a landform reflecting
the unique conditions of Quaternary environmental change (Pazzaglia

2022).

Terraces are an expression of contrasting erosional and depositional
processes, played out at the watershed scale, and orchestrated by base level,
hydrology, hillslope sediment flux, and sediment caliber. The most basic
conclusion that terraces demand 1s that these conditions and processes are
not steady or necessarily uniform. It 1s possible that autogenic processes
within the confines of a watershed can drive the unsteadiness, but 1t 1s more
common that base level and climate, forces external to the watershed,
dominate the unsteady erosion and depositional processes. Base level 1s a
combination of eustasy and rock uplift with the former mostly lacking for
more continental settings far from the coast. Climate refers not only to
mean annual temperature and moisture, but also to precipitation intensity,
seasonality, and inter-annual variability. For lofty mountainous settings and
large watersheds climate 1s typically non-uniform, resulting in spatially
variable terrace genesis and preservation. Because of their close genetic
link to base level and climate, terraces embody core, if not necessarily
high-resolution paleohydrologic and paleogeodetic data, specific examples
of which follow below. There are, however, common errors that studies
make 1n trying to use terraces for these purposes. In terms of paleohydro-



BULLETIN OF THE NATURAL HISTORY MUSEUM, 2023, 16: 35-54. 37

logy, 1t 1s erroneous to conclude that terrace genesis 1s uniformly in phase
with a prevailing environmental setting. Rather, 1t 1S more common that
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Fig. 1. - Geographical sketch of the investigated area.

terraces represent transient responses to an environmental change. Further-

more, the phase of that response can depend on aridity, substrate, and
watershed reliet (Pazzagla 2022).
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Pleistocene fluvial deposits have a significant distribution and thickness
in the area of the Sava River near Belgrade, but similar deposits also build
higher terraces of the valley systems of the Morava and Danube. These
deposits are characterized by a significantly increased thickness and a
cyclical shift of riverbed accumulations, floodplain, and oxbows 1n several
sedimentation cycles. In the Sava area near Belgrade, they are mostly
covered by loess deposits of younger Pleistocene age or alluvial sediments
of Holocene age, while they are underlain by sediments of earlier
Quaternary or Plio-Pleistocene age, in some places even of the Neogene
and Mesozoic age. Terrace levels are of erosional-accumulative character,
and pre-Quaternary deposits of different compositions and ages lie beneath
the Pleistocene fluvial deposits.

This paper represents an attempt at the stratigraphic correlation of
tluvial deposits of Pleistocene age from the area of southeastern Srem with
deposits of the same age that form terraces in the area of Juzna Morava.

Similarly, a correlation was made with the Danube terraces in eastern
Serbia (Nenadic & Bogicevi¢ 2014, Nenadic et al. 2015a).

In this work, the compilation data obtained from several boreholes 1n
the area of the Sava River of Belgrade (Makis field and Novi Beograd) are
used (Knezevic et al. 1998, 2018, Nenadic et al. 2009, 2015a, 2015b,
Nenadi¢ & Bogicevic 2014) and the data on the Moravian terraces from the

arca of the southern part of Serbia were obtained based on the existing
literature and Raki¢’s published papers (1977, 1990).

MATERIAL AND METHODS

In each of these cases the so-called morphostratigraphical unit 1s used
to denote a body of sediment that 1s identified primarily from the surtface
form 1t displays (Frye & Willman 1962). Central to the recognition of such
units 1s that they include both landform and lithology in their definition
(Bowen 1978). Clearly these units are not directly comparable to standard
lithostratigraphical units, where vertical and lateral changes, as well as
relationships to other units, can generally be observed unambiguously.
Morphostratigraphical units should, therefore, only be given informal status
(Richmond 1959). However, in some Quaternary sequences, particularly in
regions of recent glacial recession, moraine ridges mapped over conside-
rable distances are often afforded virtually formal status, e.g. the Salpaus-
selkda Moraines 1n southern Finland. Similarly, shorelines, either raised or
submerged, have been used in a comparable sense in some regions

(Rawson et al. 2002).

Nevertheless, the apparently simple external morphology of some
landforms, such as river terrace surfaces, dunes or ice-marginal formations,
commonly masks internal complexities of sediment sequences preserved
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beneath or within them. For this reason, whilst morphostratigraphy might
prove to be very useful in some regions, it should never be regarded as a
substitute for, or a short-hand way of referring to, other more precise types

of stratigraphical unit, such as outlined under lithostratigraphical units
(Rawson et al. 2002).

In this paper material from three boreholes (RB-47, B-7 and DB-4)
from the area of southern Srem near Belgrade (MakiS field and Novi
Beograd) has been sampled and used. A few research methods have been
applied: paleontological analysis (mainly of mollusk and ostracod fauna),
sedimentological-petrological and classical stratigraphical principles of
superposition.

The specimens of fossils, visible to the naked eye, were collected by
hand. For others, simple methods of disaggregating have been performed,
including washing, heating, and dissolving the bulk of the material using
6% hydrogen peroxide. Identification of small-size shells (malacofauna and
rarely ostracods) was done under a binocular microscope. The remains of
mollusks and ostracods were picked out under a stercomicroscope Zeiss
Stem1 1000 and 1identified to the species level wherever possible. All the
discovered fossils were 1dentified, and index fossils were used to delineate
the stratigraphy. If no fossils were available, the age of the deposits was
estimated by superposition.

The petrological composition of gravel was 1dentified macroscopically.
The magnetic fractions from the sandy facies were separated. For
granulometric analysis of clayey fractions, the pipette method based on the
Stokes law has been applied. In some gravel fractions roundness and
sphericity of pebbles has been evaluated. The method of calcimetry was
used to determine the calctum carbonate content.

Data on the terraces of Juzna Morava, and their lithological and

paleontological characteristics were obtained based on existing literature
and research conducted by Rakic¢ (1977, 1990).

STRATIGRAPHY AND LITHOLOGY

Riparian area of the Sava near Belgrade

The most widespread Pleistocene deposits in the riparian area of the
Sava near Belgrade are fluvial deposits. They are known as “Beds with
Corbicula fluminalis” and “MakiS Deposits” (Laskarev 1938, Stevanovic
1977) and have a large distribution and considerable thickness. Litholo-
gically they are made of a cyclical alternation of typical riverbed deposits
(gravelly sands and sandy gravels) and sediments of the flood phase (sands
and silty sands with intercalations of silts and clays) which alternate in the



40 NENADIC, D., BOGOSAVLIEVIC, K.: SAVA AND SOUTH MORAVA TERRACES

vertical and horizontal directions. Cyclic alternation of typical riverbed
deposits and sediments of tlood phases could be observed in many places in
this area. In some cycles flood deposits are missing (probably eroded
before the sedimentation of the overlying cycle) and gradation of material
has been formed with coarser material in the lower and finer in the upper
parts.

Due to frequent alternation of coarse-grained and tine-grained fractions,
in horizontal as in the vertical direction, these sediments are also known as
,polycyclic fluvial deposits*. Based on lithofacies characteristics, two
cycles of alluvial sedimentation could be singled out in these deposits:
older fluvial phase (mostly sands and gravels) and younger fluvial-
palustrine deposits, built mainly of sand and silts (Raki¢ 1990, Stejic 1997,
Stejic & Raki¢ 1998, Nenadi¢ 2003, Nenadi¢ ef al. 2001, 2009, 201 5a,
2015b, Knezevic et al. 2018).
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Beside index ftossils the Pleistocene Corbicula and Viviparus boeckhi
(Halavats) the commonest mollusks in these deposits are Microcolpia
daudebartii acicularis (Férussac), Esperiana esperi (Ferrusac), Holandri-
ana holandrii (Pteifter), Lithoglyphus naticoides (Pteifter), L. fuscus
(Pteiffer), Theodoxus transversalis (Pfeitter), 1. danubialis (Pfeifter),
Bithynia tentaculata (Linnaeus), Pisidium amnicum (Muller), Unio crassus
(Philipsson), etc. (Nenadic & Gaudeny1 2013, Nenadic et al. 2001, 2009,
2015a, Knezevic et al. 2018).

In the area of the Sava River near Belgrade, these sediments are mainly
deposited over the palustrine-lacustrine deposits of early Pliocene and older
Pleistocene, and only 1n a small part, in the area of the contluence of the
Danube and Sava, they are underlain mostly by the Late Miocene
(Pannonian) age marls and marly clays with microfauna of ostracods and
rare remains of fossil mollusks: Congeria banatica Hoernes, Gyraulus
praeponticus (Gorjanovic Kramberger), Limnocardium sp., etc. Under-
lying these deposits are tluvial deposits of Holocene age connected to the
Sava riparian belt or younger Pleistocene loess deposits distributed across
the Srem loess plateau (Knezevic et al. 1998, 2018, Nenadi¢ 2003, Nenadic
et al. 2009, 2015a).

The thickness of the Pleistocene tluvial deposits varies from 10—-15 m 1n
the area of MakiS and Novi Beograd to 40 and more meters in Zemun 1n the

north, and they have great importance as aquifers for the water supply of
Belgrade (Fig. 2).

Fluvial deposits of the Juzna Morava

According to Raki¢c (1977), terrace deposits in the middle and lower
parts of the Juzna Morava and 1its tributaries (NiSava, Toplica, etc.) were
built of gravel, sand, loam, terra rossa, and loessoid sediments. As
indicated by the same author, six terraces of Quaternary age can be
distinguished in the lower part of the Juzna Morava basin: two high (200
210 m and 150-160 m) of fluvial-lacustrine character and four lower ones
(90-110 m, 50-60 m, 25-35 m, and 10—-15 m) which belong to typical river
terraces. The lowest terrace, 3—5 m high, forms the floodplain of this river.
For all terraces, their relative height in relation to the recent Morava
riverbed 1s shown (Fig. 3).

Lithological and paleontological characteristics of the terraces of Juzna

Morava were obtained based on the existing literature data and research
carried out by Raki¢ (1977, 1990).

Two high terraces (200-210 m and 150-160 m) represent the equi-
valents of the fluvial-lacustrine phase. They are widespread in several
places 1in the Leskovac, NiS, and Aleksinac basins. These terraces formed
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clearly recognizable plains and were built of medium-grained pebbles of a
l[imestone, sandstone, or schist character. In the Leskovac basin, they are
built of poorly sorted lenses of gravel and sands, slightly less sandy
siltstones that lie over Mio-Pliocene lacustrine sands and clays. The
sediments of these terraces, up to 60 m thick, are characterized by clear
cross-bedding, and the pebbles are mostly made of quartz grains, less often
of crystalline schist and andesite. The youngest part of the profile consists
of fine-grained sands and sandy siltstones with slight horizontal lamination.
The stratigraphic position of these terraces in relation to older and younger
formations indicates the Upper Pliocene-Early Pleistocene age.

The terrace with a height of 90-100 m (the fourth river terrace)
represents the oldest river terrace; 1t 1s 10—20 m thick and 1s built of several
gravelly horizons that lie over reddish sands and soils. Its presence was
established 1n the Leskovac basin (the right bank of the Toponica River).

The 5060 m high terrace (the third river terrace) was established 1n the
form of 1solated lots along the entire length of the Juzna Morava. It 1s
hardly noticeable because 1t 1s partially eroded and covered with deluvial
deposits. It 1s small 1n thickness and 1s built mainly of weakly rounded
pebbles, without clearly defined riverbed and tloodplain sediments, which
1s probably a consequence of the high speed of the tflow and the large drop
in the river profile. In the youngest part of this terrace, the ostracod species
Scottia browniana (Jones), Candona neglecta Sars, Ilyocypris gibba
(Ramdohr), and others were found.

k/\ 200-210 m rsl Alyocypris gibba
= s Candona neglecta
%ﬁk 150-160 Scolia browniana

= - |

A

Mammuthus primigenisus

/ Boss sp

Eguus caballus

/ Morava

T5-35§ /

Fig. 3. - Morava river terraces with the position of characteristic fossils (after
Raki¢ 1977,1990).

The stratigraphic affiliation of the third and fourth terraces was
determined by the superposition method because they are located below the
assumed fluvial-lacustrine high terraces, and above the river levels with the
presence of the species Mammuthus primigenius Blumenbach. Based on
such a position, and since the mentioned types of ostracods undoubtedly
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indicate the Pleistocene age of the deposits, their age 1s suggested as the
Middle Pleistocene.

A terrace with a height of 25-35 m (the second river terrace) was
developed on a wide area of the lower and middle part of the Juzna Morava
basin, around the edge of the Leskovac field, in the Ni§ basin and the
Aleksinac Pomoravlje. In the lower part, the terrace 1s built exclusively of
riverbed deposits (pebbles and sands); above them are deluvial deposits
represented by pebbly and siltstones-sands. In these deposits, remains of
malacofauna, ostracods and mammals, such as Esperiana sp., Planorbis
sp., Pisidium amnicum (Miller), Candona neglecta Sars, Ilyocypris gibba
(Ramdohr), Mammutus primigenius Blumenbach and others were found.
Using the superposition method, 1t 1s considered that this terrace seems to
belong to the older part of the Upper Pleistocene.

The first river terrace (terrace level of 10—15 m) 1s mainly of erosional-
accumulative character with relatively small thickness (from one to several
meters); 1t includes riverbed and floodplain deposits (pebble-sand-silt
deposits) and characteristic facies change over short distances. The silt
predominated sediments originates from the floodplain deposits. Based on
the superposition method, atter Rakic (1977), this terrace 1s considered as
the younger part of the Upper Pleistocene.

The lowest position 1n relation to the level of the recent riverbed of the
Juzna- and Zapadna Morava and their tributaries 1s occupied by floodplain
terraces and alluvium of Holocene age (levels 3—5 and 0-3 m). They are
built of the coarse-grained riverbed and tloodplain deposits: sands and silts
of variable thickness. Floodplain deposits may be poorly represented or
completely absent in the middle and upper parts of the streams.

DISCUSSION

The Pleistocene fluvial deposits of the investigated area were conside-
red by various authors as lacustrine, fluvial-lacustrine, or tluvial sediments
deposited in the Late Pliocene, Older Eopleistocene, Plio-Pleistocene or
Early and Middle Pleistocene (Laskarev 1938, Stevanovic 1977, Rakic
1985, 1990, Nenadi¢ 2003, Nenadic et al. 2001, 2009, 2013, 2014, 201 5a,
Gaudenyi ef al. 2014, Knezevic et al. 1998, 2018).

Based on the presence of mollusk species Corbicula fluminalis (Muller)
and Viviparus diluvianus (Kunth.) Laskarev (1938) and Stevanovic¢ (1977)
determined the age of these deposits as the Middle Pleistocene. Based on
the revision of the species Viviparus diluvianus which corresponds to the
species Viviparus boeckhi (Krolopp 1983), a more detailed revision of the
age of Makis Beds 1s possible.
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Somewhat later, it was considered that the lacustrine phase lasted for a
long time 1n this area and that these deposits represent transition layers
between the Neogene and the Quaternary (Laskarev 1951).

According to Raki¢ (1990), the presence of the species Viviparus
boeckhi, Unio sturi and Bithynia crassitesta indicates that tluvial deposits
belong to the Lower Pleistocene, while younger, fluvial-palustrine deposits
with Corbicula fluminalis and Planorbis planorbis probabaly belong to the
Middle Pleistocene.

In contrast to the sediments underlying the Pleistocene fluvial deposits
in the investigated area, but also in the wider area of Srem, they are
enriched with heavy minerals (garnets, hematite, limonite), while the
magnetite content 1S somewhat lower, which 1s characteristic for fluvial
deposits 1n this area. The increased amount of hematite and limonite can be
explained by the partial transformation of magnetite in the oxidizing
environment. Also, unlike the underlying deposits, the content of amphi-

bole and pyroxene 1s increased, while the amount of epidote 1s slightly
lower (Danilovic 2008, Nenadic et al. 2015b).

From the lithological point of view, the Pleistocene fluvial deposits are
mainly dominated by sandy-pebbly deposits containing fragments and
pebbles of various igneous, sedimentary, and metamorphic rocks. The
presence of finer-grained fractions (clay and sandy clays) 1s much rarer,
especially in the area of Makis and Zemun (Nenadic et al. 2015b).

The guide fossils related to the coarse-clastic fluvial deposits, which
indicate the Lower Pleistocene are Viviparus boeckhi (Halavats) and
Esperiana esperi (Férrusac), while the Pleistocene Corbicula 1s mostly
found 1n younger pebbly sands, and it 1s one of the best known Pleistocene
warm stage (interglacial) guide fossils. Based on the species present, it 1s
possible to distinguish older Pleistocene fluvial deposits from Upper
Pleistocene and recent fluvial sediments of the Sava River (Fig. 4). In the
sandy deposits outside the Sava valley, almost no fossils were found, while
below the loess plateau, the fossil fauna was found in fluvial sequences
consisting of layers and lenses of gray and gray-brown silt and sandy clay
with the presence of Planorbis planorbis dentata (Krolopp) and the
ostracod species Scottia browniana (Jones), etc. (Knezevic et al. 1998,
2018, Nenadic, 2003, Nenadic ef al. 2015b).

Pleistocene fluvial deposits have a great economic value 1n the area of
Belgrade Posavina because they represent underground water collectors
that are used for the water supply of the capital, but also for other
settlements 1n the wider area of Srem.
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Fig. 4. - Stratigraphic position of Pleistocene fluvial deposits in the Sava
coastal area near Belgrade (after Nenadic€ ef al. 2015b).

Similar deposits make the highest terrace tloors not only in the valleys
of the Zapadna- and Juzna Morava, NiSava and the Azanja fossil valley, but
also in the area of the Danube valley (Raki¢c 1972, 1977, 1990, Raki¢ &
Sitmonovic¢ 1997). Sediments that make high terrace floors (150—-160 m, 90—
110 m, and 50-60 m) are characterized by multiple alternations of gravels
and sands with occasional occurrences of silts, so 2—4 accumulation cycles
could be discerned, 1.e. a vertical shift of riverbed deposits (gravels and
sands) and flood deposits (silts). These deposits mostly have an increased
thickness, with values over 15 m, while lower terraces are characterized by
a normal thickness of alluvium from 3 to 15 m (Fig. 5).

According to Cviji¢ (1909), the high terraces of the Juzna Morava
(200-210 m and 150-160 m) belong to the Upper Pliocene. This 1s based
on the fact that they were developed from the top of the youngest lacustrine
phase, which 1s of the Pontian (Mio-Pliocene) age. Based on Raki¢ (1977),
their position 1s defined in relation to the Upper Miocene and Lower
Pliocene freshwater equivalents in the foothills, where they are undo-



46 NENADIC, D., BOGOSAVLIEVIC, K.: SAVA AND SOUTH MORAVA TERRACES

ubtedly older than the Pleistocene river terraces that cut into them. Based
on the analysis of spores and pollen, dominated by species of humid and
temperate climates (beech, pine, willow), the same author claimed that the
climatic conditions during the creation of these terraces were similar to
those prevailing in Northern- and Central Europe during the Upper
Pliocene and Lower Pleistocene. Since there 1s not enough evidence for a
closer stratigraphic division, the fluvial-lacustrine deposits in the Juzna
Morava valley would belong to the Upper Pliocene or the Lower
Pleistocene 1n narrow sense (Raki¢ 1977).
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Fig. 5. - Stratigraphical position of the river terraces of the Morava River after
Rakic (1977, 1990).

The middle terraces of the Juzna Morava (90-110 m and 50-60 m) are
distinguished, in contrast to the lower terraces, by a uniform facies
composition in the entire longitudinal profile and by a matrix of the terra
rossa type. In the terrace 50—-60 m high, ostracod species of undoubtedly
Pleistocene age were tound: Candona neglecta Sars, Ilyocypris gibba
(Ramdohr), Scottia browniana (Jones), and others (Rakic 1977). The most
important for its stratigraphic determination 1s the ostracod species Scofttia
browniana, which was found in the sediments of the Holstein interglacial
(according to the North European division of the Pleistocene) in the vicinity
of Berlin, then in the Middle Pleistocene formations and the Cromer
complex of Thuringia and in Hungary, near Szolnok, in the Middle
Pleistocene 1nterglacial deposits. This species can be considered as a
characteristic fossil that indicates Pleistocene deposits (older part of the
Upper Pleistocene), which indicates that the age of the third river terrace
(50—60 m) 1s most likely Middle Pleistocene (Rakic 1977). In the last nearly
half century we have more accurate and rich stratigraphical data related to
Scottia browniana. Namely the records from Germany show the continuous
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record from the Holsteimnian (Middle Pleistocene) to the recent, during the
temperate stages (interglacials) (Fuhrmann 2012).

The low terraces of the Juzna Morava (2535 m and 10—15 m) represent
the best-preserved fossil accumulative forms. Although they occur in the
form of 1solated parties, they can be continuously followed on longitudinal
profile at a greater distance. A paleontological association of mollusks such
as Pisidium amnicum (Miller), Euglesa casertana (Poh), E. obsutalis
(Lamarck), E. milium Held, Planorbarius corneus (Linnaeus), Vallonia
costata (Muller), and others. Regarding the age of the low terraces, the
presence of Mammutus primigenius Blumenbach, Equus caballus Linnaeus
and Bos sp. clearly indicates that they were created during the Late
Pleistocene. Since the finds of mammoths indicate a colder climate, so the
Juzna Morava valley was connected to the open, mammut-steppe-like
environments 1n that period. Based on the ostracods Candona neglecta,
[lyocypris gibba, and Cypricercus sp. which are equally present in both
terraces, one could only approximately determine the age as Upper
Pleistocene for the second terrace (25-35 m) and the youngest Pleistocene
for the first terrace (10—15 m) (Raki¢c 1977). The lithofacies characteristics
of the low terraces indicate accumulation according to the type of the early
stage of the perstrative dynamic phase of the river flow.

The floodplain terraces of the Juzna Morava consist of two morphologi-
cal entities: the inundation plain, where constant processes of river erosion
and accumulation take place and the periodically flooded terrace 3—5 m
above the modern river level. At the bottom of both morphological units,
there are always coarse-grained, well-rounded gravels and sands, while the
younger (higher) parts are mostly made of siltstones, sands, and clays. For
the lower parts of the streams, in the basin expansions, oxbow lakes and
organic-palustrine deposits are often present. According to Raki¢ (1977),
both morphological entities were created during the perstrative dynamic
phase of the evolution of the river course.

Morphostratigraphy seems to be difficult in case of Juzna Morava
terraces and Sava (vicity of Belgrade) sediments. First of all, the Juzna
Morava terraces are in the mountainous area, while the Sava sediments are
in lowland area. The altitude differences of the Sava river near Belgrade 1s
78 m a.s.l. while the contluence of the Juzna Morava with Zapadna Morava
1s at 135 m a.s.l. According to the available data 1t 1s quite problematic to
have an accurate correlation.

Based on the paleontological and lithofacies characteristics, Pleistocene
fluvial deposits of the riparian area of the Sava River near Belgrade could
be correlated to the synchronous ones that form high and medium Morava
terraces (Fig. 6).
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Fig. 6. - Stratigraphic correlation of Pleistocene fluvial deposits in the Sava
riparian area near Belgrade and the terrace levels of the Juzna Morava.

CONCLUSION

Based on the data on lithological characteristics, the thickness of
deposits and dynamics of their deposition, it can be concluded that there 1s
a significant difference between the Pleistocene deposits formed 1n the area

of the Belgrade plain and those of the Morava terraces.

In contrast to the deposits that build the Morava terraces, Pleistocene
fluvial deposits 1n the riparian area of the Sava River near Belgrade are not
visible on the surface, and they are covered by younger Pleistocene aeolian
sediments or contemporary Holocene deposits of an alluvial character.

The lithofacial characteristics of the Pleistocene fluvial deposits,
alternation of coarse-grained clastic sediments of the riverbed (sands and
gravels), and silty and clayey sediments of oxbows and their significantly
increased thickness indicate that they were formed in wide alluvial plains
which cyclically changed its riverbed, because of tectonic movements and
paleoclimate changes. Paleontological content and characteristic stratifica-
tion imply that the formation of the deposits took place in a mobile

environment with a warm climate and abundant precipitation (Nenadi¢
2003, Nenadic et al. 2009, 2015a).
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Based on recent research, it can be concluded that the Pleistocene
Corbicula of the Sava riparian area belongs to the temperate stages
(equivalent to interglacials) of the late part of Early- and a part of Middle
Pleistocene (NenadiC et al. 2009, 2014, 2015b), which fits with studies 1n
the Hungarian localities (Krolopp 2002). Based on the presence of the
guide species, such as Corbicula fluminalis (Miller), Viviparus boeckhi
(Halavats), and Esperiana esperi (Ferrusac), Pleistocene fluvial deposits

have been determined as the Lower-Middle Pleistocene (Nenadic et al.
2009, 2015a, Gaudenyi ef al. 2013, 2015a, 2015b, Knezevic et al. 2018).

Formations with similar characteristics also build the high terraces of
the valley systems of the Velika-, Juzna- and Zapadna Morava. From the
morphological point of view, the terrace levels have an erosive-accumulati-
ve character, and below the alluvial deposits of Quaternary age are pre-
Quaternary formations of different compositions and ages. According to
Rakic (1977, 1990), the lower river terraces are characterized by sediments
of classic alluvium thickness (3—15 m), while the higher terraces (above
50-60 m) include sediments with increased thickness, which 1s one of the
significant characteristics of fluvial deposits of Pleistocene age.

The accumulative parts of the Morava terraces are built of hetero-
geneous, well-rounded gravels of the riverbed deposits, overlaid by the
siltstone formations of the floodplain, of significantly less thickness. All the
lithological members are in the form of lenses of irregular shapes and
different dimensions, which, along with the increased thickness, indicates
the lowering of the bottom of the accumulation plane.

Based on the presence of species such as Scoftia browniana and
Mammuthus primigenius, the age of the middle and lower Morava terraces
1s determined as the Middle- and Upper Pleistocene. Due to the lack of
paleontological evidence for a closer stratigraphic division of the high
terraces, according to Raki¢c (1977), their position should be better
evaluated due to the official changes in the stratigraphical time-frame.
From 1950 to 2010 1t was significant changes in the Quaternary time-scale
frame, the boundary of Quaternary has been lowered from 1 Ma to approx.

2.6 Ma.

Pleistocene tluvial deposits of the riparian area of the Sava River near
Belgrade, could be correlated, according to their paleontological and
lithofacies characteristics, to the synchronous ones that form high (150-160
m) and medium (90—-110 and 50—60 m) Morava terraces. Significant height
differences between the Pleistocene alluvial deposits of the Belgrade area
in relation to the higher and medium terraces of Juzna Morava are the
consequence of differential tectonic movements, which in the Pannonian
basin are reflected in a descending of 0.5-2 mm/year, while 1n the river
valleys were manifested by stagnation or uplifting of 0.5 mm/year (ToljiC et
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al. 2014, Nenadic¢ et al. 2015a), however we do not have more detailed
analysis of these movements during the Quaternary.

The Juzna Morava terraces and the Sava sediments (near Belgrade)
cannot be successfully correlated on the basis of their lithotacies and
paleontological characteristics. One of the possible solution in morpho-
stratigrphical correlation should be to be applied the stratigraphic correlat-
1on first on the relation of Zapadna- and Juzna Morava terraces, the results
would be correlated with the terraces of Velika Morava, while the Velika
Morava terraces can be correlated with the Sava sediments near Belgrade.
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MOP®OCTPATUT'PA®CKA KOPEJIAIIMJA CABCKUX HACJIAT A
OKOJIMHE BEOI'PAJIA U TEPACA JYXKHE MOPABE

JIPAXXEHKO HEHAJIUh, KATAPUHA BOIr'MREBUh

PE3UME

[IneucroueHcke (iryBHjaIHE HACIAre WM PEYHE MOJUIUKINYHE TBOPE-
BUHE MMAa]y BEJIMKO paclpOCTPAKBCHE HA MOJAPYY]Y IMPUOOATHOT JIejIa PeKe
CaBe kon beorpajga, ca JjeO/pbMHaMa KOj€ Ha OCHOBY IIOJaTaka U3
nocTynHux OymoruHa uzHoce o1 10-20 merapa Ha noapyy)y Makuiia u
Hosor beorpaaa, 1o npeko 40 Merapa Ha noJpy4)y 3eMyHa. 3a pas3IuKy O]l
KJIACUYHUX aJIyBHJaJIHUX HAcljiara, oHe Ccy (opMupaHE Yy KOHCTPATUBHO]
a3y JUHAMHUYKE €BOJIYLHU]E PEYHOr TOKAa u 300r TOra c€ OJUIMKY]Y
noBehaHoMm 1e0JbUHOM U IUKIIMYHOM CMEHOM CEJIMMEHATa KOPUTa, MOBO/I-
Ba U CTapadya U3paKCHUX y BUIIC CEIMMCHTALIMOHUX [IUKITyCA.

Y npuobannoMm jeny CaBe OBE Haciare MPEKPUBEHE CY PELCHTHUM
ATYBUJAJTHUM CCIMMCHTUMA WJIM IUICUCTOLICHCKUM JICCHUM Hacjarama
COJICKOI TIOpeKJa (roapydje 3eMyHa). IbUXOBY MOJWHY yIriIaBHOM Mpel-
CTaBJbA]y XETEPOTrCHE Hacliare IIUO-TIJICUCTOIICHA, @ MECTUMHUYHO U CEJIU-
MEHTH HECOI'CHE CTapOCTH.

MugekcHUM (ocHiiMMa 3a CTpaTurpadcky JaeTepMHUHAIIN]y TUICHCTO-
[ICHCKUX PEYHMX Hacjara IMpuIiagajy TMpeACcTaBHULM BpcTe Viviparus
boeckhi, k0j1 Cy yIJIaBHOM OTKPUBCHH Y HUKUM JICJIOBUMA OBUX TBOPCBHU-
HAa W OpejacTtaBHULM IuieucToueHckux Corbicula, nanexko NMPUCYTHUU Y
BUIIUM JejioBuMa. Ha ocHoOBy npucytHux ¢ocuia, OBHUM Hacjaarama
oapeheHa je 10m0- U CPeAHOIUICUCTOLIEHCKA CTapOCT.

TBOpeBUHE CIIMYHUX KapaKTepUCTHUKA u3rpalyyjy BUCOKE Tepace 10JIMH-
ckux cucrema Benuke, Jyxnae u 3anagne Mopase. Mopdoliomku rnmocma-
TPaHO, HUBOM TE€paca Cy €pO3UOHO-aKyMYJIAlMOHOI KapakTepa, a UCHOJ
pEYHMX HacJiara KBapTapHE CTApOCTH HAJIa3€ CE MPEKBAPTaApHE TBOPECBUHE
pa3u4uTor cacrara u crapoctu. [Ipema Pakuhy (1977, 1990), Huxe peune
Tepace Ce OJUIMKY]Y CEAUMEHTHUMA KJacu4yHe JIeOJbuHEe altyBhjoHa (3—15
MeTapa), 0K ce Buie tepace (u3naja S0—60 Merapa) OUIMKY]Y CEIMMEH-
ThMa 1noBehane aedsbrHEe, WITO MPEJICTABbA JEAHY O]l 3HAYA]JHUX KapakKTe-
pucTHKa (JIYBUJAIHAX HACJAra mieucTOLEHCKE CTApPOCTH.

AKYMYJIAlIMOHH JICJIOBA MOPABCKUX Tepaca usrpahenu cy oj Xxerepore-
HUX, 100pO 3a00Jb€HUX HIJBYHKOBA KOPUTA, IIPEKO KOJUX JICIKE AJICBPUTCKE
TBOPEBUHE IMOBO/IKA, 3HATHO Mame AcOsbrHE. CBU JIMTOJIOMIKU YJIaHOBH
HaJia3e ce y OOJIMKY COYMBa HEMPaBUWIHUX OOJIMKA U PA3IAYUTHX JTUMCH3H-
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ja, KOJu y3 noBehany J1e0JbUHY yKa3y]y Ha CIyIITamkba JHA aKyMYJIAl[AOHE
paBHHU.

Ha ocHOBY mnpucycrtBa TmpeAcTaBHUKA Bpcra Scottia browniana nu
Mammuthus primigenius, CTapoCT CPEeABLUX U HUCKUX MOPABCKUX Tepaca
oapeheHa je Kao cCpeambH U TOPHHU IUICHCTOLICH. YCJEH HEI0CTaTKa
NAJICOHTOJIOIIKHUX JI0Ka3a 3a OmKy crpaturpadcky oapeady BUCOKHUX
Tepaca, ’BUXOB I0JIOXKA] J€ JIC(MPUHUCAH MO3UIUJOM Y OJIHOCY HA CJIATKO-
BOJIHEC €KBUBAJICHATE TOPHET MUOLICHA U JIOHCT TUIMOLICHA Y MOJUHU, TAKO
na UM je oJpeheHa ropmOIUIMONCHCKAa WIM €OIUICUCTOIICHCKA CTApOCT Y
y:xkeMm cmucity (Pakuh 1977).

Ha OCHOBY MaJCOHTOJIOMIKMX W JIMTO(AIM]aTHUX KapaKTepPUCTHUKA
(dayBUjaliHE HACAre IUICUCTOLCHCKE CTApOCTH IPUODATHOr Jelia PEeKe
Case koj beorpana moryhe je kopeiucatu ca CHHXPOHMYHUM Hacliarama
BUCOKUX (150—160 merapa) u cpeamwux (90-110 u 50-60 merapa) Mopas-
CKUX Tepaca. 3HaTHE BUCHUHCKE pa3liuKe u3Mmely IUIeuCTOLICHCKUX allyBU-
jarHux Hacnara beorpajacke llocaBuHe y OJHOCY HAa BHUCOKE U CPEJIH-E
Ttepace JyxxHe Mopase mnocieauna cy AudepeHijaTHuX TEKTOHCKUX
nokpera koje ce y Ilanonckom Oaceny oriena)y y crymrawy on 0,52
MM/TOJI., IOK C€ y PEYHUM KOTJIMHAMa MaHU(DECTY]y CTarHamujoM WU
u3gu3zameM ox 0,5 mm/roa. (Tomuh et al. 2014, Henaguh et al. 2015a).
MehyTtum, MOTpeOHO je JieTaJbHU]C UCTPAKUTH JUHAMUKY CITYIITamka J1a Ou
MOTJIO J1a C€ MPHUCTYIIU MPELU3HU]0] CTpaTUrpadhCKO] KOpEAIIIU]U KBapTapa.

[Ipeuusna mopdoctparurpadceka kopenanuja Jyxkue Mopase u Case
(okosimHa beorpama) Huje moryha. Moxaa Ou pemewme oBor rpodsiema
Ouio y Kopenanuju Ttepaca JyxkHe u 3anagHe Mopase, uuju Ou ce
pe3yJTatd MOoTOM Kopejucaiu ca tepacama Benuke Mopase. Pesynratu
oBe Mop(ocTparurpadcke Kopesanyje Mo OU a yKaKy Ha MOryhHOCT
KOpeJiallij€ ca CaBCKUM Hacliarama y OKoJIMHUA beorpaa.



