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Pleistocene fluvial deposits have a significant distribution in Serbia, especially
in the riparian area of the Danube and Sava in the southern part of the Pannonian
basin. In this region these sediments are almost universally overlain by younger
Pleistocene or Holocene deposits, and their thickness varies from 10 to 40 meters.
Deposits of similar characteristics, that could be correlated to the synchronous ones
in southern Srem, form high terraces of the Danube valley system.
Morphologically, these terraces are of erosional-accumulation character. Some pre-
Quaternary deposits of different composition and age are situated beneath the
Pleistocene fluvial deposits. Significant height differences among these deposits in
the part of southern Srem connected to the high terraces of the Danube are the
consequence of differential tectonic movements which were expressed in
subsidence of the Panonnian basin, and in stagnation or uplifting in the river
valleys.

Key words: Pleistocene, stratigraphy, fluvial deposits, southern Srem, Danube
terraces.
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INTRODUCTION

Pleistocene fluvial deposits represent alluvial deposits of enhanced
thickness. They are characterized by cyclic shift of deposits of riverbed,
floodplain and oxbows in several sedimentation cycles. These deposits
have a significant distribution in the area of Serbian part of the Pannonian
basin, but similar deposits also build high terraces of the valley systems of
the Danube and Morava (Raki¢ & Simonovi¢ 1997). In the area of eastern
Srem they are mostly covered by loess deposits of younger Pleistocene age
or by river sediments of Holocene age, while they are underlain by
sediments of earlier, in some places even Neogene age. Terrace levels are
of erosional-accumulation character, and pre-Quaternary deposits of
different composition and age lie beneath the Pleistocene fluvial deposits.
In this work the compilation data obtained from several boreholes in the
area of southeastern Srem are used (Knezevi¢ et al. 1998, Jeveremovi¢ &
Kuzmi¢ 1999, Nenadi¢ 2003, Nenadi¢ et al. 2009, 2013, Nenadi¢ &
Bogicevi¢ 2014) and also some data from earlier literare on high Danube
terraces in the area of Kladovski Klu¢, Danube valley upstream from
Golubac to Kostolac and Brza Palanka in Negotin Krajina (Raki¢ 1972,
1977, 1990, Raki¢ & Simonovi¢ 1997) (Fig. 1).
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Fig. 1. — Geographical sketch of the investigated area.

MATERIAL AND METHODS

In this paper material from several boreholes from the area of southern
Srem has been sampled and used. A few research methods have been applied:
paleontological analysis (mainly of mollusc and ostracod fauna), sedimentolo-
gical-petrological and classical stratigraphical principles of superposition.
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Petrological composition of gravels was identified macroscopically. For
the grain size analysis of clayey fractions the pipette method based on the
Stokes law has been applied. In some gravel fractions roundness and
sphericity of pebbles have been evaluated (e.g. Grubi¢ et al. 1996).

The remains of molluscs and ostracods were picked out under a
binocular microscope and determined to the level of species when possible
(e.g. Rabrenovi¢ et al. 2003). When no fossils were available, the age of
deposits was estimated by the principle of superposition.

The terms “Quaternary” and “Pleistocene” are used according to the
latest (2009) recommendations of the International Union for Geological
Sciences (IUGS) and the International Commission on Stratigraphy (ICS):
the Pleistocene includes the Gelasian Stage/Age, and begins about 2.6
million years ago.

STRATIGRAPHY AND LITHOLOGY

Southern Srem

The Pleistocene fluvial deposits of southeastern Srem, known as “Beds
with Corbicula fluminalis” (,,slojevi sa Corbicula fluminalis*) and “Maki$
Deposits” (,,Makiski slojevi®) by Laskarev (1938) and Stevanovi¢ (1977)
are lithologically made of cyclical alternation of typical riverbed deposits
(sands, gravels) and sediments of flood phase (silts and partly clays) that
could be observed in many places. In some cycles flood deposits are
missing and regular multi-phase gradation of material has been formed,
with coarser material in the lower, and finer in the upper parts. According
to superposition and lithofacial characteristics two cycles of alluvial
sedimentation could be singled out in these deposits: older cycle, in which
sands and gravels dominate (polycyclic fluvial phase) and younger cycle,
made mainly of silts (fluvial-palustrine deposits). Due to often alternation
of coarse-grained and fine-grained fraction, in horizontal as in vertical
direction, these sediments are also known as “fluvial polycyclic deposits”
(Raki¢ 1985, 1990, Stejic & Raki¢ 1998, Nenadi¢ 2003, Nenadi¢ et al.
2001, 2009, 2013).

Beside Corbicula fluminalis (Miller) and Viviparus boeckhi (Halavats)
the commonest fossil molluscs in these deposits are: Fagotia acicularis
(Férrusac), Fagotia esperi (Férrusac), Lithoglyphus naticoides (Pfeiffer), L.
fuscus  (Pfeiffer), Amphimelania holandri (Férrusac), Theodoxus
transversalis (Pfeiffer), T. danubialis (Pfeiffer), Bithynia tentaculata
(Linnaeus), Unio crassus (Philipsson), Pisidium amnicum (Miiller) etc.
(Nenadi¢ 2003, Nenadi¢ et al. 2001, 2009).
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In the area of southeastern Srem these sediments are mainly deposited
over the marsh-lake deposits of Pliocene and older Pleistocene, and only in
a small part, in the area of the confluence of the Danube and Sava, they are
underlain by Miocene deposits - Pannonian marls and marly clays with
microfauna of ostracods and rare remains of fossil molluscs: Gyraulus
praeponticus, Congeria banatica, Limnocardium sp. etc. (Knezevi¢ et al.
1998, Nenadi¢ 2003, Nenadi¢ et al. 2009). Overlying these deposits are
Holocene fluvial deposits connected to the Sava riparian belt or Pleistocene
loess deposits distributed across the Srem loess plateau. Thickness of the
Pleistocene fluvial deposits varies from 10 to 40 meters (Fig. 3).

Danube Terraces

Similar deposits make the highest terrace floors in the valleys of the
Danube (Dunavski kljuc), but also in the area of the valleys of the Zapadna
and Juzna Morava and NiSava, the Azanja fossil valley etc (Raki¢ 1972,
1977, 1990, Raki¢ & Simonovi¢ 1997). They comprise gravels of the high
terrace floors, 150-160 m, 90-110 m and 50-60 m. Sediments that make
these terraces are characterized by multiple alternation of gravels and sands
with occasional occurrences of silts, so 2—4 accumulation cycles could be
discerned, i.e. vertical shift of riverbed deposits (gravels and sands) and
flood deposits (silts). These deposits have an increased thickness, with
values from 15 to 40 m, while lower terraces (below 50-60 m) are
characterized by a normal thickness of alluvium from 3 to 15 m (Fig. 3).

In the area of Kladovo Klju¢ fluvial polycyclic sediments are
characterized in their lower parts by he presence of gravel and sand, less
often silt, with vertical gradation of material according to size and
alternation of several classes of sedimentological structures — from fine-
lenticular lamination in silts, to cross-bedding in sands and gravels with
cross-bedding or without stratification. Occurrences of cyclical alternation
of sediments of riverbed and floodplain point to the fluvial agency, and
roundness and orientation of grains to a relatively long transport of material
(Raki¢ 1977).

As regards to fossil record there are findings of Mammuthus
meridionalis in the sediments of the Sip terrace (200-210 m of relative
height) and the faunal association with Corbicula apsheronica in the lower
and ostracod species Cyprynotus salinus, Ilyocypris bradyi etc. in the upper
part of the terrace level (90—-110 m of relative height).

In the area upstream of Golubac (between Kostolac and Golubac) the
younger part of fluvial polycyclic deposits (beds with Viviparus boeckhi
and Corbicula fluminalis) lies discordantly over beds with Unio dawilai,
and under the river terraces which are partly cut into them (Raki¢, 1977,
Raki¢ & Simonovi¢ 1997). In the lower parts of the series riverbed
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formations (gravels and sands), with faunal association with Viviparus
boeckhi and Corbicula apsheronica which indicates warm and humid
climate, predominate. The upper part of the series is much finer-grained
(silts and clays of the floodplain and oxbows) with fauna which comprises,
beside Corbicula fluminalis, forms that are adapted to slow moving and
muddy environment.

DISCUSSION

The Pleistocene fluvial deposits of eastern Srem were, over the years,
considered as lacustrine, fluvial-lacustrine or fluvial sediments deposited in
Late Pliocene, Plio-Pleistocene, Early or Middle Pleistocene (Laskarev
1937, Stevanovi¢ 1977, Raki¢ 1985, 1990, Nenadi¢ 2003, Nenadi¢ et al.
2013, 2014).

Laskarev (1938) and Stevanovi¢ (1977) used the presence of the fossil
assemblage of molluscs Corbicula fluminalis (Miiller) and Viviparus
diluvianus (Kunth.) to determine the age as Middle Pleistocene - Mindel,
Mindel/Riss (after the Alpine subdivision of Pleistocene). It has been later
found that Viviparus diluvianus corresponds to the species Viviparus
boeckhi (Krolopp 1983) which made possible the revision of age of Makis
Beds and a more detailed regional correlation.

Somewhat later, on the basis of lithological an palacontological
features, Laskarev (1951) thought that these deposits represented
transitional layers between Neogene and Quaternary, i.e. that in this area
lacustrine phasis lasted long in Pleistocene.

Due to the presence of Viviparus boeckhi, Unio sturi and Bithynia
crasitessta fluvial polycyclic deposits are, after Raki¢ (1990), dated as
“oldest Pleistocene” (equivalent of the Donau and Giinz glacials after the
Alpine subdivision of Pleistocene), while younger, fluvial-marsh deposits
with Corbicula fluminalis and Planorbis planorbis dentata were deposited
in Middle Pleistocene (Mindel).

Stratigraphical considerations and position of the Pleistocene fluvial
deposits in the Danube terraces were somewhat more complicated. After
Cviji¢ (1908), Pliocene lakes of the Pannonian and Wallachian basins have
long continued to exist in Quaternary, while in Late Pliocene they left
traces in the form of three abrasion terraces cut into young valleys of the
Black Sea basin. According to his opinion the formation of Perdap gorge is
the consequence of continual cutting of the Danube, which in Late Pliocene
was outflowing from the Pannonian into Wallachian basin.

According to Cviji¢ (1908) there are eight river terraces on the sides of
the Djerdap gorge cut into the so-called “Pontian valley floor” or the
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central plain of the former strait between the Pannonian and Wallachian
basin (Fig. 2). The highest three: the Sip terrace (200-210 mrh = meters of
relative height), Brza terrace (150-160 mrh) and Klju¢ terrace (90-110
mrh) belong to Late Pliocene; lower three: Kosovica terrace (55—-65 mrh),
Turnu Severin terrace (27-35 mrh) and Kladovo terrace (10-20 mrh)
belong to Pleistocene; the floodplain terrace and recent alluvial plain (47
mrh) are of Holocene age.

It should be taken into consideration that in the time of making Cviji¢’s
stratigraphical scheme Quaternary boundary was officially placed just
below Middle Quaternary (Mindel, after the Alpine subdivision of
Pleistocene).

The high Danube terraces of 200-210, 150-160 and 90-110 mrh
represent, according to Stevanovic¢ (1951) an equivalent of Levantine beds,
while Markovi¢-Marjanovi¢ (1967) considered the terrace of 90-110 m,
after the comparison with Romanian and Bulgarian deposits as an
equivalent of Villafranchian.

The post-Pontian tectonic movements and sudden withdrawal of water
from the Pannonian and Wallachian basin in Middle Pliocene, led to
formation of complicated circulated aquatoria in Plio-Pleistocene
(Eopleistocene), ending with Middle Pleistocene (Mindel). In those
aquatoria fluvial polycyclic sediments were accumulated, and they lie
discordantly over Pontian and Lower Paludina beds (Raki¢ 1977).

Since within the terrace sediments that (according to Cviji¢) belong to
Late Pliocene the elements of lacustrine depositional areas were not
observed (abrasion forms, horizontal facial zonation, very rare horizontal
bedding or its complete absence etc.), Raki¢ and later advocates of a limnic
genesis often referred to the mentioned deposits as fluvial-lacustrine.

According to Raki¢ (1977, 1997) in the area of Kladovo Klju¢ on the
basis of finding Mammuthus meridionalis in sediments of the Sip terrace
(200-210 mrh) and a faunal association with Corbicula apsheronica in the
lower and ostracods Cyprynotus salinus, Ilyocypris bradyi etc. in the upper
part of the level 90—110 mrh, the older part of polycyclic deposits could be
most precisely correlated with Romanian, i.e. Lower Levantian beds of
Romania, while the terraces of Brza (150-160 mrh) and Klju¢ (90-110
mrh) were formed in Early Pleistocene (Donau and Giinz phases after the
Alpine subdivision of Pleistocene).

In the Danube valley, upstream of Golubac (between Kostolac and
Golubac), after Raki¢ (1972, 1977) and Raki¢ and Simonovi¢ (1997),
Pleistocene fluvial deposits overlie beds with Unio davilai. Beds with Unio
davilai overlie discordantly Pontian and other Neogene deposits, and
underlie a formation synchronous with beds with Viviparus boeckhi and
Corbicula fluminalis. Irregular facial changes of these deposits in
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horizontal and vertical direction, cross-bedding and unionid fauna define
together deposition of material by meandering river as in the high terraces
in Kladovo Klju¢. Fauna with Unio davilai, U. flabelatiformis, U. arca etc.
is usually referred to as Lower Levantine or Akchagilian faunal complex,
i.e. synchronous with Middle Paludina beds of the Pannonian basin.
Pleistocene fluvial deposits (beds with Viviparus boeckhi and Corbicula
fluminalis) overlie discordantly beds with Unio davilai (i.e. Middle
Paludina beds), and lie beneath the river terraces into which they are
partially cut. The lower, coarser-grained part of these deposits (riverbed
deposits) with the faunal association of Viviparus boeckhi and Corbicula
apsheronica would belong, according to Raki¢ (1977), to Early Pleistocene
(phases Donau and Giinz after the Alpine subdivision of Pleistocene). The
upper, finer-grained part of the series (deposits of floodplain and oxbows)
with Corbicula fluminalis would belong to Middle Pleistocene (Mindel,
after the Alpine subdivision of Pleistocene).

a) Cviji¢ (1908) and b) Rakié (1990).

According to Raki¢ and Simonovi¢ (1997) the upper part of polycyclic
sediments is synchronous with Middle Paludina beds with Corbicula
apsheronica, while lower parts, with more silts and clays, are of “Mindel”
age; however, the reason for separation several different species of
Corbicula is not clear enough.

CONCLUSION

There are big differences between alluvial deposits which form the
Danube terraces and those in the Pannonian basin. They are reflected in
lithofacial composition, thickness of deposits and dynamics of deposition.

In the area of eastern Srem Pleistocene fluvial deposits are
accumulation in character, so the pre-Quaternary deposits are not detected
on the surface, as is the case in the Danube terrace. According to the shape
of alluvial plain, lithofacial characteristics and dynamics of the
sedimentation processes it could be concluded that Pleistocene fluvial
deposits were made in very wide alluvial plains which was formed by the
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action of meandering rivers. Cross lamination and palaeontological content
of the mentioned deposits confirm that deposition took place in restless and
mobile water environment, and great quantities of sand and gravel
obviously testify about warm and wet climate with abundant precipitation.

Accumulation parts of all levels of the Danube terraces are formed of
heterogeneous or so-called “colourful” well rounded gravels that belong to
riverbed deposits. Floodplain deposits, which overlie the mentioned
deposits, are of significantly lesser thickness and made of silts. All
lithological members can be found in the form of irregular lenses of
different dimensions, which, along with the increased thickness, indicate
the lowering of the bottom/floor of the accumulation plain.

With regard to younger terraces, the high Danube terraces are
characterized by a great width and significant thickness of deposits (more
than 40 m), while the thickness of lower terrace deposits varies from 3—15
m. Lithological composition of high terraces points to facies of river deltas
and complex floodplains, and frequent changes in horizontal and vertical
direction to deposition in flows without permanent position of the riverbed.

Based on the lithological and palaeontological characteristics,
Pleistocene fluvial deposits of eastern Srem could be correlated to
synchronous ones that form high terraces of the valley system of the
Danube (Fig. 3). Significant height differences among these deposits in the
part of southern Srem connected to the high terraces of the Danube are the
consequence of differential tectonic movements which were expressed in
the Panonnian basin in descending of 0.5-2 mm/year, while in the river
valleys were manifested in stagnation or uplift of 0.5 mm/year.
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Fig. 3. — Compilation profile of Quaternary sediments in the area of southern
Srem and the Danube terraces with the position of Pleistocene fluvial deposits.
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The results from core analysis in the 1990s suggest that the Pleistocene
Corbicula species of the Sava riparian area belongs to the temperate stages
(equivalent to the interglacials) of the late part of Early and a part of
Middle Pleistocene age (Nenadi¢ et al. 2009, 2014). The results also
support the conclusions of the analysis of the Hungarian sites by Krolopp
(2002).

On the basis of recent studies and the revision of the guide species,
such as Corbicula fluminalis (Miller), Viviparus boeckhi (Halavats) and
Fagotia esperi (Férrusac), Pleistocene fluvial deposits that contain the
mentioned species have been dated as the Lower - Middle Pleistocene
(Nenadi¢ et al. 2009, Gaudenyi et al. 2015) (Fig. 4).
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Fig. 4. — Quaternary geochronologic units and the Serbian fluvial warm stage(s)
climatostratigraphy.

In the territory of southern Banat Pleistocene fluvial deposits lie over
different levels of the Pontian or Paludina Beds (Beds with Viviparus
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vukotinovici), the equivalent of lower part of the Upper Pliocene (Rakic¢
1985). These deposits are widely spread, forming riparian areas on the right
side of the Sava, lower parts of the Kolubara and Tamnava valleys, and
further to the south (Steji¢ 1997, Steji¢ & Raki¢ 1998). At the Belgrade
promontory, to the south of the Danube and Sava, the lateral equivalents of
these deposits are older Pleistocene polygenetic terrestrial and palustrine
deposits (Nenadi¢ 2003). These deposits could be correlated with Lower
and Middle Pleistocene fluvial sediments of the oldest (fourth) terrace of
the Drava in Croatia and the seventh terrace of the Danube (110-120 m) in
the Dacian basin (Peh et al. 1998, Enciu & Balteanu 2002).
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CTPATUI'PA®CKA MO3UIUJIA INIEUCTOLHEHCKUX ®JIYBHJAJTHAX
HACJIATA JYTOUCTOYHOI CPEMA U JIVHABCKHX TEPACA Y
HUCTOYHOJ CPBHIA

JPAXXEHKO HEHAJIUR, TUBAJIAP 'AYJIEHU, KATAPUHA BOT'MREBUR U
MEPU T'AHUR

PE3UME

@dnyBujaiHe  Hacjare IUICMCTOIEHA TPEJCTaBJbaj)y  allyBHjallHE
TBOpeBuHE TmoBehaHe JeO/bMHE KOje C€ OJUIMKY]y IUKIMYHOM CMEHOM
ceMMEHaTa KOpHUTa, I[IOBOJHha M CTapadya W3PaXEHUX Y BUIIE
CeIMMEHTAIlMOHUX 1HKiTyca. OBe Haciare mo3HaTe W Mo Ha3UBOM ,,peuHe
MIOJIMIIUKJINYHE  PaclpoOCTpameHe Cy Ha TOAPYYjy CPIICKOT Jena
[NanoHcKkor OaceHa, a TBOPEBUHE CIAMYHUX KAPAKTEPUCTUKA I'PAJIC U BUCOKE
Tepace nonuHCKuX cucrtema JlynaBa m Mopagse. JleOspuHa M Bapupa y
pacmony ox 10 mo 40 metapa.

Ha mompyuyjy jyromcrounor Cpema OBH CEAMMEHTH YTJIaBHOM CYy
NPEKPUBEHU JIECHUM HacjlaramMa Milaljer IUICHCTOIIEHA pPaclpoCTpambEeHe
,»,CPEMCKE JIECHE 3apaBHU ‘ UM PEYHUM TBOPEBMHAMa XOJIOLIEHA BE3aHUM 3a
npuobasse CaBe, JOK UM MOJAMHY YWMHE CTApUjU KBApTApHU CEIUMEHTH, a
MECTUMHYHO W Hacllare HeoreHa.
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Jluronomky, wm3rpalleHu Cy o LMKIMYHE CMEHE Hacjlara KOpHTa
(mJpyHAK W Tecak) W MOBOJAma (aneBpuTH W pehe rimue). Y mojenuHuM
JeTIOBUMa IIUKIIyca HEJOCTajy Hacjare MmoBOAMA, a IPaBUIHA BHIIEKpaTHA
rpaganuja je ¢opMuUpaHa O] Y IOHEM Jely KPYIHHUjer, 10 y TOPHUM
JISJIOBUMA CUTHHjET MaTepujaa.

Y MOp}OIOUIKOM CMHUCITY, NTYHABCKH TEPACHU HHUBOU CY E€PO3HUOHO-
aKyMyJIAIIMOHOT ~ KapakTepa. VMcmom IUIEHCTOICHCKUX — (DIryBHjaTHUX
Hacjara Hajia3e c€ MpeKBapTapHE TBOPEBUHE pA3IMUUTOT cacTaBa H
crapoctu. Peune tepace u3Han 50—60 MeTapa penaTHBHE BUCHHE OJIUKY]Y
ce alyBUjaIHUM cequMeHTHMa roBehane nedspuue, ox 15 mo 40 merapa,
JIOK Cy Hacllare y HHKUM PEYHUM TepacaMma KiIacudHe IeOJpIHE aTyBHjOHa,
Koja nzHocu 3—15 merapa.

AKyMyJamyioHe JelIOBE CBHUX HHBOA JYHAaBCKHUX Tepaca wuirpahyje
XETEepOreHH WJIM T3B. ,,lIapeHU" A00pO 3200JbeHH NMUbYHAK KOjJH IMPHIIAAa
Haciarama koputa. V3Haj HaBeJAGHWX Hacllara Hajla3e Ce TBOPEBUHE
MTOBO/IHA, KOje CY 3HATHO Mame neOspuHe W m3rpaleHe ox ameBpurta. CBu
JIUTOJIONIKY WIAHOBH I10jaBJbyjy C€ y BUJY COYMBA HEMPABHIHUX O0JIUKA U
pa3IMuYUTHX TUMEH3H]ja, ITo y3 noBehaHy ne0JbHHY yKa3yje Ha CIyIITamka
JIHA aKyMYyJIal[MOHE PaBHHU.

Ha ocCHOBYy JHTOJIONIKMX ¥ TAJCOHTOJOMIKAX KapaKTEPUCTHKA
TUICUCTOIICHCKE (QIyBHjaHe Hacare uctounor CpemMa MOTy ce KopenucaTu
Ca CMHXpPOHHMM HacjJarama BHUCOKHX IYHAaBCKHX TEpaca. 3HaTHE BHCHHCKE
pasnuke u3Mel)y IUIGMCTOICHCKMX alyBUjalHUX Hacjiara jyroMcTOYHOT
Cpema u BucOkMX Tepaca JlyHaBa mocienuia cy augepeHIrjaTHuX
TEKTOHCKUX TOKpeTa Koju ce y [laHoHCKOM OaceHy orjenajy CIyIiTameM Yy
pacrmony o 0,5 10 2 MUIEMeTapa TOAUIILE, I0K CE Y PEYHUM KOTIMHAMa
MaHU(ECTYjy CTarHalyjoM WK u3u3ameM oj 0,5 MUIMeTapa TOIUIIELE.





