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In thc riparian area of the Sava River ncar Belgrade in the southern part of the 

Pannonian basin, Plcistocene fluvial deposits have a significant distribution and 

thickness which varics from 10 to 40 meters. These sediments are almost 

universally overlain by younger Pleistocene loess sediments or Holocene alluvial 

deposits, while thcey arc underlain by sediments of Pliocenc-Pleistocene age. 

Pleistocene deposits of similar characteristics form high and middic erosional- 

accumulative terraces of the South Morava valley system. Bencath the Pleistocene 

fluvial deposits are pre-Quaternary deposits of different compositions and ages. 

Although thcere are significant hecight differences betwecn the alluvial Pleistocene 

deposits in 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 Južna Morava 

were formed in the mountainous areas, while the Sava river sediments ncar 

Belgrade are in the lowland area. They cannot be successfully correlated on the 

basis of thecir lithofacies and paleontological characteristics. . The morpho- 
stratigraphical correlation would be usecful to be appliecd first on the relation 

terraces of the Zapadna and Južna 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 ncar Belgrade. 

Key words: Plcistocene, stratigraphy, alluvial deposits, Sava River, Belgrade, 

Morava terraces 

INTRODUCTION 

An obvious but commonly overlooked observation is that not all river 
valleys contain terraces, so studies of terrace stratigraphy and genesis arc 
necessarily biased towards that subset of fluvial and watershed-scalc 
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 cnvironmental change (Pazzaglia 
2022). 

Terraces arec an expression of contrasting: crosional 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 is that these conditions and processes arc 

not steady or necessarily uniform. It is possible that autogenic processes 

within the confines of a watershed can drive the unsteadiness, but it is more 

common that base level and climate, forces external to the watershed, 

dominate the unsteady erosion and depositional processes. Base level is a 

combination of custasy 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 is 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 in trying to use terraces for these purposes. In terms of paleohydro-
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logy, it is erroneous to conclude that terrace genesis is uniformly in phase 
with a prevailing: environmental setting. Rather, it is more common that 

mL.L) 
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PROMONTORY 

Novi Beograd 

Makiš field RBar/Ć/ 

— reccnt alluvial plain 
[,1 locss platea , Li les plateau e —e-} of(he Sava river 
o boreholes 

Fig. 1. - Geographical sketch of the investigated area. 

terraces represent transient responses to an environmental change. Furthcr- 
more, the phase of that response can depend on aridity, substrate, and 
watershed relief (Pazzaglia 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. Thesc 
deposits are characterized by a significantly increased thickness and a 
cyclical shift of riverbed accumulations, floodplain, and oxbows in several 
sedimentation cycles. n the Sava area ncar 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 carlier 
Quaternary or Plio-Pleistocene age, in some places even of the Neogene 
and Mesozoic agce. Terrace levels are of crosional-accumulative character, 
and pre-Quaternary deposits of different compositions and ages lie bencath 
the Pleistocene fluvial deposits. 

This paper represents an attempt at thc stratigraphic correlation of 
fluvial deposits of Pleistocene age from the area of southeastern Srem with 
deposits of the same age that form terraces in the area of Južna Morava. 
Similarly, a correlation was made with the Danube terraces in castern 

Serbia (Nenadić & Bogićević 2014, Nenadić ef al. 2015a). 

In this work, the compilation data obtained from several boreholes in 

the area of the Sava River of Belgrade (Makiš field and Novi Beograd) are 
used (Knežević ef al. 1998, 2018, Nenadić ef al. 2009, 2015a, 2015b, 

Nenadić & Bogićević 2014) and the data on the Moravian terraces from the 
area of the southern part of Serbia were obtained based on the existing 
literature and Rakić's published papers (1977, 1990). 

MATERIAL AND METHODS 

In each of these cases the so-called morphostratigraphical unit is used 
to denote a body of sediment that is identified primarily from the surface 
form it displays (Frye & Willman 1962). Central to the recognition of such 
units is that they include both landform and lithology in thcir 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- 
selkia Moraines in southern Finland. Similarly, shorelines, cither raised or 

submerged, have becn used in a comparable sense in some regions 
(Rawson etf 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 (Makiš 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 stereomicroscope Zeiss 
Stemi 1000 and identified to the species level wherever possible. All the 
discovered fossils were identified, 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 gravcl was identified 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 calcium carbonate content. 

Data on the terraces of Južna Morava, and thecir lithological and 

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

STRATIGRAPHY AND LITHOLOGY 

Riparian area of the Sava near Belgrade 

The most widespread Pleistocene deposits in the riparian area of the 
Sava ncar Belgrade are fluvial deposits. They are known as “Beds with 

Corbicula fluminalis” and “Makiš Deposits” (Laskarev 1938, Stevanović 
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
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vertical and horizontal directions. Cyclic alternation of typical riverbed 
deposits and sediments of flood phases could be observed in many places in 
this area. n some cycles flood dcposits are missing (probably croded 
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 finc-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 youmger fluvial- 
palustrine deposits, built mainly of sand and silts (Rakić 1990, Stejić 1997, 
Stejić & Rakić 1998, Nenadić 2003, Nenadić ef a/. 2001, 2009, 2015a, 
2015b, Knežević ef al. 2018). 

Makiš field Novi Beograd 
DB-4 

J 

lic fluvial deposits - 
'els, sands and silt (Lower Plcistocenc) 

akc deposits - 
clays, silt, sands_and graveli (Pliocene-Pleistocene) 

marls and marly clays (Miocene - Pannonian) 

Fig. 2. – Stratigraphic correlation of Quaternary deposits based on drills on the 

stretch Makiš field- Novi Beograd (based on the data in Nenadić ef a/. 2015b, 

Knežević etf al. 2018). 



BULLETIN OF THE NATURAL HISTORY MUSEUM, 2023, 16: 35-54. 41 

Beside index fossils the Pleistocene Corbicula and Piviparus boeckhi 
(Halavats) the commonest mollusks in these deposits are Microco/pia 
daudebartii acicularis (Fčrussac), Esperiana esperi (Fčrrusac), Holandri- 

ana holandrii (Pfeiffer), Lithoglyphus naticoides (Pfeiffer), L. fuscus 

(Pfeiffer), 7heodoxus transversalis (Pfeiffer), T. danubialis (Pfeiffer), 

Bithynia tentaculata (Linnaeus), Pisidium amnicum (Muller), Unio crassus 

(Philipsson), etc. (Nenadić & Gaudenyi 2013, Nenadić ef a/. 2001, 2009, 

2015a, Knežević ef 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 in a small part, in the area of the confluence 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 (Gorjanović Kramberger), Limmocardium sp., etc. Under- 
lying these deposits are fluvial deposits of Holocene age connected to the 
Sava riparian belt or younger Pleistocene loess deposits distributed across 

the Srem loess plateau (Knežević ef a/. 1998, 2018, Nenadić 2003, Nenadić 

et al. 2009, 2015a). 

The thickness of the Plcistocene fluvial deposits varies from 1015 m in 
the area of Makiš and Novi Beograd to 40 and more meters in Zemun in the 

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

Fluvial deposits of the Južna Morava 

According to Rakić (1977), terrace deposits in the middle and lower 
parts of the Južna Morava and its tributaries (Nišava, Toplica, etc.) werc 

built of gravel, sand, loam, ferra rossa, and loessoid sediments. As 

indicated by thec same author, six terraces of Quaternary age can be 
distinguished in the lower part of the Južna 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, 35 m high, forms the floodplain of this river. 
For all terraces, their relative hcight in relation to the recent Morava 

riverbed is shown (Fig. 3). 

Lithological and paleontological characteristics of the terraces of Južna 
Morava were obtained based on the existing literature data and research 
carried out by Rakić (1977, 1990). 

Two high terraces (200–210 m and 150—160 m) represent the equi- 
valents of the fluvial-lacustrine phase. Thecy are widespread in several 
places in the Leskovac, Niš, and Aleksinac basins. These terraces formed



42  NENADIĆ, D., BOGOSAVLJEVIĆ, K.: SAVA AND SOUTH MORAVA TERRACES 

clearly recognizable plains and were built of medium-grained pebbles of a 
limestone, 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 clcar 
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 hcight of 90-100 m (the fourth river terrace) 

represents the oldest rivcr terrace; it is 10-20 m thick and is built of several 
gravelly horizons that lie over reddish sands and soils. Its presence was 
established in the Leskovac basin (the right bank of the Toponica River). 

The 50—60 m high terrace (the third river terrace) was established in the 

form of isolated lots along the entire length of the Južna Morava. It is 
hardly noticeable because it is partially eroded and covered with deluvial 

deposits. It is small in thickness and is built mainly of weakly rounded 
pebbles, without clearly defined riverbed and floodplain sediments, which 
is probably a consequence of the high speed of the flow 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. 

Jlyocypris gibba 
Candona neglecta 

Scotia browniana 
; Mammuthus primigenisus 

Boss sp 
Equus caballus 

Morava 

Fig. 3. – Morava river terraces with the position of characteristic fossils (after 

Rakić 1977,1990). 

The stratigraphic affiliation of the third and fourth terraces was 
determined by the superposition method because they are located below thc 
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, thcir age is suggested as the 
Middlie Pleistocene. 

A terrace with a hcight of 2535 m (thc second river terrace) was 

developed on a wide area of the lower and middle part of the Južna Morava 
basin, around the ecdge of the Leskovac field, in the Niš basin and the 

Aleksinac Pomoravlje. In the lower part, the terrace is built exclusively of 
riverbed dcposits (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 (Muller), Candona neglecta Sars, Ilyocypris gibba 
(Ramdohr), Mammutus primigenius Blumenbach and others were found. 
Using the superposition method, it is 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) is mainly of erosional- 

accumulative character with relatively small thickness (from one to several 
meters); it includes riverbed and floodplain deposits (pebble-sand-silt 
deposits) and characteristic facies change over short distances. Thc silt 
predominated sediments originates from the floodplain deposits. Based on 
the superposition method, after Rakić (1977), this terrace is considered as 
the younger part of the Upper Pleistocene. 

The lowest position in relation to the level of the recent riverbed of the 
Južna- and Zapadna Morava and their tributaries is 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 floodplain 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 Pleistocenc fluvial deposits of the investigated area were considc- 
red by various authors as lacustrine, fluvial-lacustrine, or fluvial sediments 

deposited in the Late Pliocene, Older Eoplcistocene, Plio-Pleistocene or 
Early and Middle Pleistocene (Laskarev 1938, Stevanović 1977, Rakić 

1985, 1990, Nenadić 2003, Nenadić ef a/. 2001, 2009, 2013, 2014, 2015a, 
Gaudenyi ef al. 2014, Knežević etf al. 1998, 2018). 

Based on the presence of mollusk species Corbicu/a /fuminalis (Muller) 
and Piviparus diluvianus (Kunth.) Laskarev (1938) and Stevanović (1977) 

determined the age of these deposits as the Middlc Pleistocene. Based on 
the revision of the species Piviparus diluvianus which corresponds to the 
species Piviparus boeckhi (Krolopp 1983), a more detailed revision of the 
age of Makiš Beds is possible.
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Somewhat later, it was considered that the lacustrine phase lasted for a 

long time in this area and that these deposits represent transition layers 

between the Neogene and the Quaternary (Laskarev 1951). 

According to Rakić (1990), the presence of the species Piviparus 

boeckhi, Unio sturi and Bithynia crassitesta indicates that fluvial deposits 

belong to the Lower Pleistocene, while younger, fluvial-palustrine deposits 

with Corbicula fluminalis and Planorbis planorbis probabaly belong to the 

Middlie Pleistocene. 

In contrast to the sediments underlying the Pleistocene fluvial deposits 

in the investigated area, but also in the wider arca of Srem, they arc 

enriched with heavy minerals (garncts, hematite, limonite), while the 

magnetite content is somewhat lower, which is characteristic for fluvial 

deposits in 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 is increased, while the amount of cpidote is slightly 

lower (Danilović 2008, Nenadić ef a/l. 2015b). 

From the lithological point of view, the Pleistocence fluvial deposits are 

mainly dominated by sandy-pebbly deposits containing fragments and 

pebbles of various igneous, sedimentary, and metamorphic rocks. Thc 

presence of finer-grained fractions (clay and sandy clays) is much rarer, 

especially in the area of Makiš and Zemun (Nenadić ef a/. 2015b). 

The guide fossils related to the coarse-clastic fluvial deposits, which 

indicate the Lowecr Pleistocene arc JPiviparus boeckhi (Halavats) and 

KEsperiana esperi (Fćrcrusac), while the Pleistocene  Corbicula is mostly 

found in younger pebbly sands, and it is one of the best known Pleistocene 

warm stage (interglacial) guide fossils. Based on the species present, it is 

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 Plamorbis planorbis dentata (Krolopp) and the 

ostracod species Scoffia Đrowniana (Jones), ctc. (Knežević ef al. 1998, 

2018, Nenadić, 2003, Nenadić etf a/l. 2015b). 

Pleistocene fluvial deposits have a great economic value in the area of 

Belgrade Posavina because they represent underground water collectors 

that are used for the water supply of thc capital, but also for other 

settlements in 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 Nenadić ef a/. 2015b). 

Similar deposits make the highest terrace floors not only in the valleys 
of the Zapadna- and Južna Morava, Nišava and the Azanja fossil valley, but 
also in the area of the Danube valley (Rakić 1972, 1977, 1990, Rakić & 

Simonović 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, i.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 Cvijić (1909), the high terraces of the Južna Morava 
(200—10 m and 150—160 m) belong to the Upper Pliocene. This is based 
on the fact that they were developed from the top of the youngest lacustrinc 
phase, which is of the Pontian (Mio-Pliocene) age. Based on Rakić (1977), 

their position is defined in relation to the Upper Miocene and Lower 
Pliocene freshwater equivalents in the foothills, where they are undo-
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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 thc 

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 is not enough evidence for a 

closer stratigraphic division, the fluvial-lacustrine deposits in the Južna 
Morava valley would belong to the Upper Pliocene or the Lower 
Pleistocene in narrow sense (Rakić 1977). 

Eopleistocene 

Morava 
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Fig. 5. – Stratigraphical position of the river terraces of the Morava River after 

Rakić (1977, 1990). 

The middle terraces of the Južna Morava (90—110 m and 50—60 m) are 

distinguished, in contrast to the lower terraces, by a uniform facies 

composition in the cntire longitudinal profile and by a matrix of the ferra 

rossa type. In the terrace 50-60 m high, ostracod species of undoubtedly 

Pleistocene  age were found: Candoma neglecta Sars, Iyocypris gibba 

(Ramdohr), Scoffia browniana (Jones), and others (Rakić 1977). The most 

important for its stratigraphic determination is the ostracod species Scoffia 

browniana, which was found in the sediments of the Holstein interglacial 

(according to the North Europcan division of the Pleistocenc) 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 interglacial deposits. This species can be considered as a 

characteristic fossil that indicates Plcistocene deposits (older part of the 

Upper Pleistocene), which indicates that the age of the third river terrace 

(50—60 m) is most likely Middle Pleistocene (Rakić 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 Holsteinian (Middle Pleistocene) to the recent, during thc 

temperate stages (interglacials) (Fuhrmann 2012). 

The low terraces of the Južna Morava (25—35 m and 10—15 m) represent 

the best-preserved fossil accumulative forms. Although they occur in thc 
form of isolated parties, they can be continuously followed on longitudinal 
profile at a greater distance. A paleontological association of mollusks such 
as Pisidium amnicum (Muller), Euglesa casertana (Poli), E. obsutalis 

(Lamarck), K. milium Held, Planorbarius corneus (Linnacus), Pallonia 

costata (Muller), and others. Regarding the age of the low terraces, thc 
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 

Južna Morava valley was connected to the open, mammut-steppe-like 
environments in that period. Based on the ostracods Candona meglecta, 
Jlyocypris 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) (Rakić 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 Južna 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 thc 
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 Rakić (1977), 
both morphological entities werc created during the perstrative dynamic 
phase ofthe cvolution of the river course. 

Morphostratigraphy seems to be difficult in case of Južna Morava 
terraces and Sava (vicity of Belgrade) sediments. First of all, the Južna 

Morava terraces are in the mountainous area, while the Sava sediments are 

in lowland area. The altıtude differences of the Sava river near Belgrade is 
78 m a.s.1. while the confluence of the Južna Morava with Zapadna Morava 
is at 135 m a.s.l. According to the available data it is 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 Južna Morava. 

CONCLUSION 

Based on the data on lithological characteristics, the thickness of 
deposits and dynamics of their deposition, it can be concluded that there is 
a significant difference between the Pleistocene deposits formed in 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 in the riparian area of the Sava River near Belgrade are not 
visible on the surface, and they are covered by younger Pleistocene acolian 

sediments or contemporary Holocene deposits of an alluvial character. 

The lithofacial characteristics. of the Pleistocene fluvial deposits, 
alternation of coarsc-grained clastic sediments of the riverbed (sands and 
gravels), and silty and clayey sediments of oxbows and thcir 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 (Nenadić 
2003, Nenadić ef 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 (Nenadić ef a/. 2009, 2014, 2015b), which fits with studies in 

the Hungarian localitics (Krolopp 2002). Based on the presence of the 
guide species, such as Corbicula fluminalis (Muller), Piviparus boeckhi 

(Halavats), and Esperiana esperi (Fćrrusac), Pleistocene fluvial deposits 

have been determined as the Lower-Middle Pleistocene (Nenadić et a/. 

2009, 2015a, Gaudenyi ef al. 2013, 2015a, 2015b, Knežević ef al. 2018). 

Formations with similar characteristics also build the high terraces of 
the valley systems of the Velika-, Južna- and Zapadna Morava. From the 
morphological point of vicw, the terrace levels have an crosive-accumulati- 

ve character, and below the alluvial deposits of Quaternary age arc pre- 
Quaternary formations of different compositions and ages. According to 
Rakić (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 is one of the 

significant characteristics of fluvial deposits of Pleistocene age. 

The accumulative parts of the Morava terraces are built of hctero- 

geneous, well-rounded gravcis 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 Scoffia brownlana and 

Mammuthus primigenius, the age of the middle and lower Morava terraces 
is 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 Rakić (1977), their position should be better 
evaluated duc to the official changes in thc stratigraphical time-frame. 
From 1950 to 2010 it was significant changes in the Quaternary timc-scale 
frame, the boundary of Quaternary has been lowered from 1 Ma to approx. 
2.6 Ma. 

Pleistocene fluvial 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 Plcistocene alluvial deposits of the Belgrade arca 
in relation to the higher and medium terraces of Južna Morava are the 

consequcnce of differential tectonic movements, which in the Pannonian 
basin are reflected in a descending of 0.5-2 mm/year, while in the river 
valleys were manifested by stagnation or uplifting of 0.5 mm/year (Toljić ef
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al. 2014, Nenadić ef al. 2015a), however we do not have more detailed 

analysis of these movemcents during the Quaternary. 

The Južna Morava terraces and the Sava sediments (ncar Belgrade) 

cannot be successfully correlated on the basis of their lithofacies and 
paleontological characteristics. One of the possible solution in morpho- 
stratigrphical correlation should be to be applied the stratigraphic correlat- 
ion first on the relation of Zapadna- and Južna 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 ncar Belgrade. 

Acknowledgments 

This work was supported through the Project NEEMO of the Fund for 

Science of the Republic of Serbia number 7746827 and by Ministry of 

Science, Technological Development and Innovation of the Republic of 

Serbia through the Agreement on the implementation and financing of 

scientific research work of the SRO (NIO) in 2023, no. 451-03-66/2024-03/ 

200126. The authors are very thankful to the unknown reviewers for their 

useful advices and suggestions which improved quality of the paper. 

REFERENCES 

Bowen, D. Q. (1978): Quaternary Geology: a Stratigraphic Framework for 

Multidisciplinary Work. – Pergamon Press, New York. 

Cvijić, J. (1909): Jezerska plastika Šumadije. — Glasnik Srpske kraljevske akademije 

79: 1—04. 

Danilović, M. (2008): Petrology of gravelly sediments in the alluvion of Makiš. — 
Univerzitet u Becogradu, Rudarsko-geološki fakultet (PhD Thesis, manuscr.) 

[in Serbian]|. 

Furhrmann, R. (2012): Atlas quartirer und rezenter Ostrakoden Mitteldeutsch- 

lands. — Naturkundliches Museum Mauritianum, Altenburg. 

Frye, J. C., Willman, H. B. (1962): Morphostratigraphic units in Plcistocenc strati- 
graphy. – American Association of Petroleum Petrologists Bulletin 46: 112—113. 

Gaudenyi, T., Nenadić, D., Jovanović, M., Bogićević, K. (2013): The stratigraphi- 

cal importance of the Viviparus boeckhi Horizon of Serbia. — Quaternary 

International 292: 101—112. 

Gaudenyi, T., Nenadić, D., Jovanović, M., Bogićević, K. (2014): The stratigraphi- 

cal position and the usc of the term Eoplcistocene in Serbian geological 
literature. — Elsevier. — Quaternary International 319: 150—159. 

Gaudenyi, T., Nenadić, D., Stejić, P., Jovanović, M., Bogićević, K. (2015a): The 

stratigraphy of the Serbian CorĐicula beds. – Quaternary International 357: 4—21.



BULLETIN OF THE NATURAL HISTORY MUSEUM, 2023, 16: 35-54. 51 

Gaudenyi, T., Nenadić, T., Stejić, P., Jovanović, M., Bogićević, K. (2015b): 

Stratigraphic revision of the Quaternary material from the vicinity of Belgrade 

and the Serbian segment of the Tisza valley analysed by V.D. Laskarev. — 

Quaternary International 357: 93—109. 

Knežević, S., Nenadić, D., Stejić, P. (1998): Prelesni kvartarni i pliocenski 

sedimenti Zemuna i Novog Beograda. – Geološki anali Balkanskoga poluostrva 
62: 57—73. 

Knežević, S., Nenadić, D., Radulović, B., Bogićević, K., Zarić, J. (2018): 

Stratigraphic characteristics of Quaternary deposits on the left bank of the Sava 

River near Belgrade. – Geološki anali Balkanskoga poluostrva 79(1): 21—30. 

Krolopp, E. (1983): Biostratigraphic subvision of Hungarian Plesitocene formation 

according to thcir mollusc fauna. – Acta Geologica Hungarica 26: 62—89. 

Krolopp, E. (2002): Mollusc species of the Hungarian Pleistocene formations. — 

Malakol6giai T4jćkoztat6 (Malacological Newsletter) 21: 13—18. 

Laskarev, V. (1938): Treća beleška o kvartarnim naslagama u okolini Beograda. — 

Beograd. — Geološki anali Balkanskoga poluostrva 15: 1—35. [in Serbian with 
French summary| 

Laskarev, V. (1951): O stratigrafiji kvartarnih naslaga Vojvodine. — Geološki anali 

Balkanskoga poluostrva 19: 1—19. [in Serbian with French summary| 

Nenadić, D., Simić, V., Knežević, S. (2001): Stratigrafsko-litološke karakteristike 

prelesnih pleistocenskih naslaga na prostoru istočnog Srema. — Geološki anali 

Balkanskoga poluostrva 64: 53—62. 

Nenadić, D. (2003): Paleogeografske karakteristike prelesnih kvartarnih tvorevina 

na području istočnog  Srema. — Vesnik geologija, hidrogeologija i inženjerska 
geologija 53: 15—33. 

Nenadić, D., Knežević, S., Bogićević, K. (2009): Stratigraphical and Paleogco- 

graphical characteristics of Pleistocene series in the Sava riparian arca at 
Belgrade (Serbia). – Bulletin ofthe Natural History Museum in Belgrade 2: 63—83. 

Nenadić D., Gaudenyi T. (2013): Stratigraphical position of pleistocene fluvial 

polycyclic deposits of Serbia. In: Rundić, Lj., Gaudenyi, T., Jovanović, M. 

(eds): Neogene and Quaternary stratigraphy, actual terminology and nomencla- 

ture: 44—46. – Serbian Geological Society, Beograd. 

Nenadić, D., Bogićević, K. (2014): Pleistocene fluvial deposits from the south- 

eastern Srem and the valleys of the Danube and Morava. In: Cvetković, V. 

(ed.): Zbornik radova XVI Kongresa geologa Srbije, Donji Milanovac, 22— 

25.05.2014.: 78-81. – Donji Milanovac. 

Nenadić, D., Gaudenyi, T., Bogićević, K., Ganić, M. (2015a): Stratigraphical 

position of Pleistocene fluvial deposits of southcastern Srem and the Danube 

terraces in castern Serbia. — Bulletin of the Natural History Museum in Belgrade 
8:7—19. 

Nenadić, D., Gaudenyi, T., Tošović, R, Bogićević, K. (2015b): Stratigraphical 

characteristics. of Plcistocene fluvial deposits of southeastern Srem ncar 

Belgrade (Serbia). – Comptes rendus de IAcadćmie Bulgare des Sciences 68(2): 
225—231.



52 _ NENADIĆ, D., BOGOSAVLJEVIĆ, K.: SAVA AND SOUTH MORAVA TERRACES 

Pazzaglia, F. J. (2022): Fluvial Terraces. In: Shroder, J. F. (ed.): Treatise on 

Geomorphology, ed.2, 6: 639-679. – Academic Press, Oxford. 

Rakić, M. (1972): Slojevi sa Corbicula fluminalis kod Brze palanke u Negotinskoj 

krajini. — Beograd. – Zapisnici srpskog geološkog društva za 1971 godinu: 53—56. 

Rakić, M. (1977): Geneza i stratigrafija kvartarnih sedimenata u slivu Južnc i 

Zapadne Morave (sa kraćim osvrtom na prilike u Dakijskom i Panonskom 

basenu). In: Rasprave Zavod a za geološka i geofizička istraživanja 18: 1—88. — 

Zavod za regionalnu. Geololgiju i paleontologiju RGF-a, Univerzitet u 

Beogradu, Beograd. 

Rakić, M. (1985): Kvartarni sedimenti južnog Banata, regionalni pregled. — Vesnik 
geologija, hidrogeologija i inženjerska geologija 43: 5—17. 

Rakić, M. (1990): Regionalni pregled kvartarnih naslaga kotlina i dela Panonskog 

basena u Srbiji. – Geološki anali Balkanskoga poluostrva 53(1): 315—327. 

Rakić, M., Simonović, S. (1997): Quaternary deposits of Danube valley between 

Kostolac and Brza Palanka. In: Grubić, A., Berza, T. (eds.): Geology of 

Djerdap Area, International symposium “Geology in the Danube gorges” 

Yugoslavia and Romania, Donji Milanovac/Orsova, 23—26. IX 1997, Special 

publication 25: 8187 — Geoinstitute, Belgrade. 

Rawson, P. F., Allen, P. M., Brenchley, P. J., Cope, J. C. W., Gale, A. S., Evans, J. 

A., Gibbard, P. L., Gregory, F. J., Hailwood, E. A., Hesselbo, S. P., Knox, R. 

W. O'B, Marshall, J. E. A., Oates, M., Riley, N. J., Smith, A. G., Trewin, N., 

Zalasiewicz, J. A. (2002): Stratigraphical Procedure. — Geological Society 
Professional Handbooks. – Geological Society, London. 

Richmond, G. M. (1959): Fluvial tcrraces. In: Shroder, J. F. (ed.): Treatise on 

Geomorphology (ed. 2): 639—79. – Academic Press, San Diego, CA. 

Stejić, P. (1997): Geneza i stratigrafija kvartarnih sedimenata Posavo-Tamnave. — 

Univerzitet u Beogradu, Rudarsko-geološki fakultet: (Master's Thesis, manu- 

scr.) [in Serbian with English abstract] 

Stejić, P., Rakić, M. (1998): Kvartarni sedimenti donjeg toka reke Save (između 

Šapca i Obrenovca). In: XIII Kongres geologa Jugoslavije, Regionalna 

geologija, stratigrafija i paleontologija 2: 247–265. — Herceg Novi. 

Stevanović, P. (1977): Kvartar (Antropogen). Opšti pregled facija i njihovo 

rasprostranjene s posebnim osvrtom na prelesne, lesne i antropogene naslage 

severne Srbije. In: Petković, K. (ed.): Geologija Srbije II-3, Stratigrafija 

(Kenozoik): 357—417. — Zavod za regionalnu. Geololgiju i palcontologiju 

RGF-a, Univerzitet u Beogradu. 

Toljić, M., Nenadić, D., Stojadinović, U., Gaudenyi, T., Bogićević, K. (2014): 

Quaternary tectonic and depositional evolution of castern Srem (northwest 

Serbia). – Geološki anali Balkanskoga poluostrva 75: 43—57.



BULLETIN OF THE NATURAL HISTORY MUSEUM, 2023, 16: 35-54. 53 

MOPOOCTPATHIPAOCKA KOPEJIALMHJA CABCKHX HACJIATA 

OKOJIHHE BEOTPAJIA H TEPACA Jy)KHE MOPABE 

/IPAXKEHKO HEHAJUTP, KATAPHHA BOTHMREBHRB 

PE3HME 

TIneacroneHcke (byryBHjanHe Hactare HJIH pcuHC IOJIHIHKJIHUMHC TBOpc- 
BHHC HMajy BeJIHKO pacripocTpabbebbe Ha noj/ipyujy rpao0ajmHor Jena peKc 
CaBe Konm Beorpama, ca eOJbHHaMa KOJC Ha OCHOBy ImoJaTaKa MH3 
RnocrynHaHx OymorTuHa M3Hoce oJ 10-20 erapa Ha mozjpyujy Makuma H 
Honor beorpajna, no npeko 40 Merapa Ha no/ipyujy 3eMyHa. 3a paantky OJ 
KJJaCHUHMHX aJIyBHjaJIHHX Hacara, OHcC Cy (DOpMMpaHc y KOHCTpaTHBHOJ 
(asH MHaMMuKc cBOJIyIHje pcuHor TOKa H 3Oor Tora CC OJUIHKyJy 

rtoBehaHOM JICOJEBHHOM H IHKJIHUHOM CMCHOM CCJUHMMCHaTa KOpMHTA, IIOBOJI- 
Rba H crapaua H3pa)kcHHX y BHIIC CCJUHMCHTALIHOHHX IIHKJIyCa. 

y npMoOamHoM memy CaBc oBe Hacarc HnpeKpHBeHe Cy peHeHTHHM 
aJIyBHjaJIHHM CCJUMMCHTHMA HMH TIHCHCTOHCHCKMM JIČCCHHM HacaraMa 
coJtcKkor mopeKma (mojpyuje 3eMyHa). FbHxoBy oyjHHy yrHaBHOM IIpc/i- 
cCTaBJbajy XceTepoOreHe HacJIarc IUIHO-HJICHCTOIHCHa, 4 MCCTHMHUHO H CCJIH- 
MEHTH HCOTCHC CTapocTH. 

HHAeKCHMM (QocHHMmMMa 3a crparHrpadjcKy eTepMMHHaulujy THIIČHCTO- 
HHCKHMX pcuHMX HacMara bpuHmamajy rpcjcTaBHHIMHM BpcTc Jiviparus 
boeckhi, koja cy yraBHOM OTKpHBCHH y HHDKHM JICJIOBHMa OBHX TBODpCBH- 
Ha H IpcjicTaBHHIH TILICHCTOHCHCKMX CorĐicuw/a, MaHeKO HIpHCyTHHjH y 
BHIHMM JIČOBMMa. Ha OCHOBy IHIpMCyTHMX (bpoOcHHa, OBHMM HacjaraMa 
ojpebeHa je JOPbO– H CpeJIHPOTIIeHCTOIICHCKa CTapocT. 

TpBopeBuHHe cjiHuHHX KapaKTepHcTHKa H3rpalyjy BHCOKe Tepacc JIUOJIHH- 
CKHX CHcTeMa BHejKe, Jybkue H 3ananmHe Mopane. Mopdomnormiku rtocMa- 

TpaHOo, HHBOH Tepaca Cy CpO3HOHO-aKyMyHaLMOHOT KapaKTepa, a HCIIOJI 
peunx Hacutara KBaprapHe crapocTH Hana3c ce npeKBaprapHe TBOpeBHHC 
paamaunror cacraBa H crapocTuH. IIpeMa Pakuhy (1977, 1990), amxe peuHc 
Tepace CC OJUIHKyjy CCJUMCHTHMAa KJIaACHuHC JICOJbHHC aJIyBHjoOHa (3—15 
MeTapa), JIOK ce BHmIc Tepace (HyHajl 50-60 MeTapa) OJUIHKyJy CCJUHMCH- 
THMa roBchaHe JeOJbHHe, IHIITO IIipejiCTaBJba jejHy OJL 3HauajHHX KapaKTC- 
pucruka (bnyBHjannnx Haciara rnJIČHCTOLHČHCKC CTapocTH. 

AKyMyJnanHoHH JIeJIOBH MOpaBcKHX Tepaca H3rpabcHHuH cy OJL XeTeporec- 
HHX, JIOOpo 3400JbeHHX IIIJbyHKOBa KOpHTA, IIpČKO KOJHX JIeG)KC aJICBDHTCKC 
TBOpCBHHC HOBOJUĐba, 3HaTHO MaMbC JICOJBHHC. CBH JIHTOJIOHIKH ujaHOBH 
HaJta3e ce y OOJmHKy COuHBa HeIHpaBHJIHHX OOJIHKa H pa3nHuHTHX JUHMCH3H-



54 _ NENADIĆ, D., BOGOSAVLJEVIĆ, K.: SAVA AND SOUTH MORAVA TERRACES 

ja, kojH y3 noBehaHy JeOJbHHy yKa3yjy Ha crHymrTaMĐa JIHa aKyMyJIaLHOHC 
paBHH. 

Ha ocHoBy pHcycrTBa rpencTaBHHKa BpcTa Scoffia  browniana M 
Mammuthus primigenius, crapocT cpe}bHX M HHCKMX MOpaBcKHX Tcpaca 
ompebeHa je KaoO CpcJbH H TOpHMH TIJIČHCTONHCH. VcJeMm HeocTaTKa 
TIaJICOHTOJIOIIIKHX JOKa3a 3a OJMDKy crparHrpa()cKy OJIpe)Oy BHCOKHMX 
Tepaca, ĐHXOB TIOJIO;Kaj je e()HHCaH HIO3HIIHJOM y OJIHOCy Ha CJIaTKO- 
BOJIHC CKBHBaJICHaTC TOpHbcr MHOIICHA H JIOHCr IIUIHOHCHa y HOJUHHH, TAKO 
a MM je ojnpcbeHa ropPornjonmeHcKa HJIH CONIJIČHCTOHICHCKa CTapOCT y 
y?KeM CMHciIIy (Pakuh 1977). 

Ha OocHOBy najJCOHTOMOHNIKHX H Jmro(anjamHHx KapakTepMcTMHKa 
(pnyBHjanHe Hacarc IIHeHCTOHCHCKC cTapocTH mpHoOaHor Jema pcKc 
Cane KoJt Beorpana Moryhe je KopenHcaTH ca CHHXpOHHuHHM HacJIaraMa 
BHcoKHx (150—160 erapa) H cpeymbax (90–110 a 50-60 erapa) MopaB- 
CKHX Tepaca. 3HaTHe BHCHHCKC pa3JIHKC H3MCDy HUIČHCTOHCHCKHX aJIyBH- 
janHMx Hacmara Beorpajicke IIocaBHHcC y OJIHOCy Ha BHCOKC H CPpCJUbC 
Tepace Jyxxse Mopapne mocemuma cy JuH(pepeHNMjaJIHHX TCKTOHCKHX 
nokKpeTa Koje cc y IIlaHOHCKOM OaceHy oruMenmajy y cHymrraPby oJ 0,5—2 
MM/TOJL., JOK CC y peuHHM KOTJMHHaMa MaHH(becTyjy CTarHaLMJOM MHJIH 

H3JH3aMbCM OJL 0,5 MM/rojn. (Tojbah ef al. 2014, Heganah ef a/. 2015a). 

Mebyrus, noTpe0OHo je neTaJbHHje HcCTpa)KHTH JUHHaMHKy crymrTabba Ja OB 
MOTJIO Ja ce npucTynu rpenu3HHjoj crpararpaQjcKkoj KopeajmiijH KBapTapa. 

IIpemaHa MopdQocrparurpadQcka kKopemauuja JyDxae Mopane w CapBc 
(okomuHa Beorpanma) Huje Moryha. Moxxna Og pentePe OBOr HpoOeMa 
OMmo y Kopemauuju Tepaca JyxxHe H 3JamamHec MopapBe, uwjH OM ce 

pe3ynraTH HOTOM KopemcamaH ca TepacaMa BemaMke Mopase. PeyaynraTH 
OoBe MoOp(QbocrparurpaQbckc Kopcanuje MorJm OH na yKaxKXky Ha MoryhHocT 
KopejJtanuje ca CaBCKHM Hac)IaraMa y OKOJIHHH Beorpajna.


