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Abstract: The area of eastern Srem is situated in the southern periphery of the Pannonian basin. Its depo-
sitional evolution during the Neogene and the Quaternary has been controlled by tectonic processes. Miocene
extensional subsidence was followed by the Pliocene-Quaternary inversion of the basin. The latter was
accomplished as the result of replacement of the tensile by the compressive stress field. Since the Late
Neogene, the regional tectonic activity has been controlled by compressive stress produced by the north-
northeastern propagation of the Adria microplate. In the compressive NE-SW-oriented stress field, the recent
structural plan of the Pannonian basin and its wider environment, including its southern periphery, was reac-
tivated. The youngest tectonic deformations are characterized by positive and negative vertical motions of
large intrabasinal segments and basinal periphery, resulting in the final inversion of the basin. The effects of
the basinal inversion can be recognized in genetic features of Quaternary sediments and geomorphological
characteristics of the relief. Sources of data used for the interpretation of the Quaternary tectonic activity in
the area of eastern Srem are of geological, geomorphological, thermochronological, and geophysical charac-
ter. The positions of prominent fault structures have been ascertained by remote sensing, interpretations of
available geophysical cross-sections, and using the field data.

Key words: tectonic activity, Pannonian basin, northwest Serbia, subsidence, basin inversion, eastern
Srem, Quaternary.

Ancrpakrt: [logpyyje ncrounor Cpema Hanasu ce y jyxHoM obogHoM ey [lanoHckor Gacena. Hherosa
JITIO3UIIMOHA €BOJIYIMja TOKOM HEOTeHa M KBapTapa OWia je KOHTpOJMcaHa TEKTOHCKUM Ipoliecuma. Mu-
OIICHCKY €KCTEH3UOHY CYOCH/ICHIIN]Y, TIPATH ILTHOIICHCKO-KBapTapHa HHBEp3Huja OaceHa. lHBep3uja OaceHa je
M3BeJIeHa Kao MOCJIeIUIa CMEeHe TeH3NOHOT HAITOHCKOT TI0Jba ca KOMIpecHoHnM. KacHo-HeoreHa 1 pelieHTHa
TEKTOHCKa MOOMJIHOCT KOHTPOJIMCAHA je€ KOMIIPECHOHUM CTPECOM, T€HEPUCAHUM CEBEP-CEBEPOMCTOYHOM
MpoMaraujoM aJIpujcke MUKpOIUIode. PelieHTHH CTPYKTypHH IuiaH yutaBor [laHOHCKOT OaceHa M HEroBOr
HIMPEr OKPYXKewa, yKIbyuyjyhu U jyHH 000/, peakTUBHPAH je Y TOMEHY KOMIIPECHOHOT HAMOHCKOT M0Jba,
OpHjeHTHCAHOM IO TPABILy CEBEpOHMCTOK—jyro3amaa. Hajualhe tekToHcke medopmanuje KapakTepHIIe MO-
3UTHBHA U HETaTWBHA BEPTHKAJIIHA MOOWMIHOCT 3HAYajHUX YHYTapOAacEHCKHMX CerMEHaTa Kao W mepudepuje
OaceHa, mTO je pe3yaTupano GUHATHOM WHBEp3HjoM OaceHa. Edextn OaceHcke WHBEp3Hje TPENo3Hajy ce y
TEHETCKMM KapaKTepUCTHKaMa KBapTapHUX CeIMMEHaTa, Kao U y reoMOpP(OJIOIKHM KapaKTepUCTHKaMa
pespeda. M3Bopu nonaraka Koju €y KOpUILNEHH 3a MHTEpIpETAlHdjy KBapTapHE TEKTOHCKE aKTUBHOCTH Y
nozpy4jy ucrouHor Cpema cy reosIomKor, FeoMOPQOIONIIKOT, TEPMOXPOHOJIOIIKOT ¥ Te0(U3UIKOT KapakTepa.
[Mo3nnuje 3HauajHUjUX paceiHUX CTPYKTypa yTBpl)eHe Cy Na/bMHCKOM JETEKIMjOM, HHTEPIPETAalHjoM pa-
CHOJIOKMBUX Te0(PU3NUKUX MPOoQHIa U Ha OCHOBY TEPEHCKUX IO/aTaKa.

Kibyune peun: TektoHcka MobOmiHOCT, [laHOHCKH OaceH, ceBeposananHa CpOuja, cyocuaeHuja, 6acen-
CKa MHBep3uja, ncrodnn Cpem, KBaprap.
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Introduction

In the area of eastern Srem during Quaternary peri-
od tectonic activity has been manifested as a signifi-
cant control factor of deposition and final shaping of
modern relief (MAROVIC et al. 2007). However, tec-
tonic evolution of the Pannonian basin has started
much earlier, hence all tectonic structures that have
been active in Quaternary, are actually a part of previ-
ously existing structural pattern and they belong to the
category of inherited structures. Furthermore, sedi-
mentation as a dominant process of final phases of
filling of an inverted depositional basin, took place in
previously tectonically defined domains (MAROVIC et
al. 2002, and other references therein).

During the younger stages of Pliocene and earlier
part of Quaternary, after the retreat of Paratethys, the
area of the southern rim of the Pannonian basin in
whole passed through the terrestrial phase of devel-
opment (NENADIC et al. 2010, 2011). In that interval
tectonic shaping of low intensity has been carried out,
by which regional morphostructural forms were
finally shaped. Also, tectonically controlled mobility
within basinal segments caused the absence of some
stratigraphical substages of Pliocene, and change of
facies and thickness of the youngest lithostratigraph-
ical units (MAROVIC et al. 1996, 1998; RAKIC et al.
2005).

In the southern parts of the Pannonian basin,
Pliocene-Quaternary tectonic activity was manifested
in gradual, continuous descending of extensional
areas in Posavina toward the interior parts of the
Pannonian basin and in uplift of the area of the Fruska
Gora massif, Belgrade promontory and some parts of
Sumadija (MAROVIC et al. 2007). This vertical mobil-
ity brought significant changes in relief and initiated
the development of exogenic denudation-accumula-
tion processes.

The postbasinal structural complex, formed in a
post-Neogene phase, is represented by a relatively
thick sequence of sediments within which two parts,
differing in superposition and origin, can be distin-
guished (NENADIC ef al. 2003, 2009).

— older, fluvial and fluvio-lacustrine, with relics of
basinal frame, generated by movements on the bound-
ary between Pliocene and Quaternary, which were
manifested in a poly-phase lowering of the former
basin bed and formation of complex alluvial plains of
the pre-Danube and pre-Sava.

— younger, which corresponds to the fluvio-denuda-
tion system s.s., and which comprises morphological
structures made in the Late Pleistocene and Holocene.

Geological settings

The Pannonian basin is an intracontinental entity
situated between the Dinarides, the Alps, and the

Carpathians. It is filled with Neogene and Quaternary
deposits. The basement of the basin is formed by the
tectonic units of both Adriatic and European continen-
tal affinity: the Dinarides (as a part of Adria), Tisza
and Dacia (as parts of Europe), and also tectono-strati-
graphic contents that belong to the Sava zone (as a
suture between Adria and Europe, SCHMID et al.
2008). The territory of Serbia includes the southern-
most parts of the Pannonian subsidence area repre-
sented by basinal and peribasinal structures, and
deeply penetrated towards the south between Dinaric
and Carpatho-Balkan morphostructures (MAROVIC et
al. 2007). Neotectonic movements formed some inter-
esting structural, depositional, and morphological fea-
tures that are different from those in the other parts of
the Pannonian basin.

In the recent literature, there are interpretations that
the southern boundary of the Pannonian basin in
Serbia is formed by the rivers Danube and Sava, while
the areas south of them, made of Neogene deposits of
similar or same composition as those in the Pannonian
basin, belong to the peri-Pannonian area. Although
this boundary has a certain geographical and geomor-
phological sense, from the geological point of view it
is difficult to place it here, since the basin boundary is
situated further south of the Sava and Danube.
Locally, the investigated area belongs to eastern Srem,
limited by the Danube and Sava from the north, east
and south, and by the line Sremska Mitrovica—Nestin
from the west (Fig. 1A).

Identification of structures in the investigated part
of the area, as well as monitoring of their activity dur-
ing the youngest tectonic phase, was carried out on the
basis of palaeogeographical, structural, thermochro-
nological, and geophysical, characteristics of this
area. When reconstructing the tectonic evolution, be-
side the remote sensing analysis, the data from the
exploration wells and field data have been used as
well as reinterpretation of available seismic sections.

Material and methods

The positions of prominent fault structures in the
investigated area have been ascertained by remote
sensing, interpretations of available geophysical
cross-sections, and using the field data. The field data
were obtained by the analysis of numerous borehole
cores situated in the investigated area. The mineralog-
ical and petrological composition of these samples has
been preliminary analyzed. Remains of molluscs and
ostracodes have been picked out under a binocular
microscope and determined to the level of species
when it was possible, using the qualitative methods.
When no fossils were available, the age of deposits
has been estimated by the so-called superposition
principle.



Tectonic and depositional evolution of the eastern Srem in the Quaternary (northwest Serbia) 45

STE

DANUBE

20

=] (=)

[ate 20200 ma] LAHe 163516 MaJ

Legende

Loess plaleau

Alluvial terace

Recent alluvial plain
of the Sava river

Tertiary rocks

Paleozoic and Mesozaic rocks

1]
L]

119°

7 BELGRADE

QObrenovac

120°

Fig. 1. A, Geographic position; B, Simplified geological map of the study area with localities where samples for new
(U-Th)/He apatite thermochronology ages (AHe) werecollected.

Results and discussion
Quaternary tectonic mobility

Quaternary tectonic activity of the southern parts of
the Pannonian basin has been perceived in context of
the regional Miocene extensional evolution of the
entire basinal area and its Pliocene-Quaternary inver-
sion (e.g. HORVATH et al. 2006; MAROVIC et al. 2002;
MAROVIC et al. 2007; MATENCO & RADIVOJEVIC 2012
and other references therein). Miocene extension, pro-
duced by rollback of European lithosphere in the Car-
pathians, was accompanied by rifting, thinning of the
lithosphere and subsidence in the domain of the Pan-
nonian basin. A long-term Middle and Late Miocene
post-rift subsidence, controlled by thermal sag cool-
ing (HORWATH & CLOETINGH 1996; CLOETINGH ef al.
2006), was followed by the Pliocene—Quaternary ba-
sin inversion, performed in compressive stress field.
The extensive stress field was replaced by compres-
sion, which was activated as a result of the final break
off of the subducted European lithosphere in the do-
main of the Carpathians, on one side, and the north-
northeastern progression of the Adria plate, on the
other side (BADA et al. 2007). During Pliocene and
Quaternary, both the Dinaric-Carpathian orogen and
intracontinental Pannonian basin were exposed to
constant compression, generally oriented towards
NE-SW in this region (BADA et al. 2007). Under these
conditions the lithologically heterogeneous litho-

sphere in the basement of the Pannonian basin, wrin-
kled in kilometer-scale folds, was thinned (CLOETINGH
et al. 2006). The regional folding of lithosphere was
accompanied by vertical mobility of segments of the
lithosphere, of different direction and intensity, which
finally resulted in a relatively rapid uplift and denuda-
tion of the peripheral parts of the basin and further
subsidence and deposition of the central domains of
the basin. At the same time the existing tectonic pat-
tern was reactivated by local redistribution of com-
pressive stress. This pattern was responsible for the
control of tectonic mobility within basinal entities,
such is the area south of FruSka Gora (ToLJIC et al.
2013). Regionally, in the Pannonian area, to the north
of the Danube and Sava slow subsidence has been
continuing throughout Quaternary, but with smaller
velocity than in Neogene and with a constant tenden-
cy of weakening until recent time. In contrast to this
sinking, peripheral part of the Pannonian basin and
intrabasinally situated morphostructure of Fruska
Gora have been raised.

Quaternary tectonic activity can be identified by
studying the origin and thickness of sediments. Of
particular significance here are pre-loess fluvial poly-
cyclic deposits in the southern and deluvial-proluvial
sediments in the northern part of the area. Geomor-
phological data, such as hypsometric relationship, po-
sition of fluvial terraces, process of erosion, etc., also
point to tectonic changes. Also, information on geo-
detic measurement and seismic activity are of special
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interest. Furthermore, thermochronology can yield in-
formation on the exact timing of the tectonic activity.

Basic geophysical characteristics of the
investigated area

Seismicity represents one of the most relevant fac-
tors in detecting recent fault activity in the Pannonian
and peri-Pannonian region (MAROVIC et al. 2002). On
the basis of existing data it can be concluded that the
Serbian part of the Pannonian basin shows very low
seismicity, with exception of the Fruska Gora massif
and the area of eastern Banat. Particularly, these areas
are characterized by quakes of magnitudes which do
not exceed M=4.5, except the area of Fruska Gora
(M=4.5-5) and a part of eastern Banat. In the Serbian
part of the Pannonian basin the most seismically active
faults are of direction NW-SE, representing structures
across which there have been transcurrent left move-
ments, with a pronounced reverse component (MARO-
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compression oriented in general direction NE-SW.

Recent mobility of the Earth’s crust in the area of
the Pannonian basin has been confirmed by geodetic
measurements (JOVANOVIC 1971, FGS 1972). The ge-
neral model of vertical mobility of the Earth crust in
the domain of the southern parts of the Pannonian ba-
sin suggests that the northern periphery of the investi-
gated area (the area of Fruska Gora) has been raised
by the rate up to +2 mm/year (MAROVIC ef al. 2002;
MaAROVIC et al. 2007). The peripheral northeastern
parts of the Dinarides show a similar trend. Recent
subsidence (by the rate of approximately 1 mm/year)
has been ascertained in the area of Srem (Map of re-
cent vertical movements of the Earth’s crust in the
area of SFRJ, FGS 1972, MAROVIC et al. 2002, MARO-
VIC et al. 2007). The most recent geodetic study of the
Earth’s crust mobility in the southern parts of the
Pannonian basin shows a low level of mobility in the
area of Srem (SuSIC 2013). Isolines map is (Fig. 2)
showing rates of vertical tectonic movement in the
area of Srem.
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Fig. 2. Map of velocities of the recent tectonic movements in the area of Srem (modified after MAROVIC et al, 2002).

VIC et al. 2002). Southern periphery of the Pannonian
basin belongs to a seismic active region in Serbia, with
maximum magnitude M=5,5-6. Southern periphery of
the Pannonian basin and its immediate hinterland are
characterized by seismically active, transcurrent right
faults of direction NE-SW (ENE-WSW). These two
systems of conjugated faults are further active in the
compressive stress field which has an axis of maximum

In the sections of seismic profiles in the area of
Fruska Gora (MATENKO & RADIVOJEVIC 2012) in the
south of the mountain an association of faults that
form the Vrdnik fault could be recognized (TOLJIC et
al. 2013). The southern block was primarily gravita-
tionally downthrown across this structure, so the
thickness of Pliocene-Quaternary sediments to the
south of the fault exceeds 500 m. The synthesis of the
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data obtained by seismic profiling and deep explora-
tion drilling in this area, also indicates the significant
thickness of Pliocene-Quaternary sediments (MARTI-
NOVIC et al. 2010). The greatest thickness is observed
between Stara Pazova and Sabac, in the depression
whose axis lies in the E-W (ENE-WSW) direction.
While the Vrdnik fault is situated in the northern
periphery of the depression, central parts of the area
are controlled by an association of horsts and grabens
defined by the faults across which the central part of
the Sefkerin depression was downthrown (MATENCO
& Rapivosevi¢ 2012). The southern periphery of the
investigated area in seismic section shows a compli-
cated tectonic nature of a transitional region between
the Pannonian basin and its uplifted southern hinter-
land. The Kalemegdan fault (as association of faults)
stands out as a dominant structure. It is a syndeposi-
tionally active fault(s), across which subsidence of the
NW domain has continued to take place in Quater-
nary, as suggested by the significant thickness of the
youngest sediments. This scenario is also indicated by
a relatively small thickness of Pliocene-Quaternary
sediments to the east of this fault. In a planar view, the
association of faults which constitute the Kalemegdan
fault consists of echeloned faults with the NE-SW
direction that may be followed from Kalemegdan
across Obrenovac and further to SW (Fig. 4).

Geomorphological analysis

Effects of Quaternary tectonic movements can be
considered by studying morphogenetic characteristics
of the area and sedimentological features of deposits.
The former include forms of relief, dynamics and ori-
gin of river valleys, sharp de?ection of river valleys
etc., while the later can be obtained by analysis of
thickness of facies and types of sedimentation.

In the investigated area, three units can be clearly
distinguished by the shape of relief: 1) hilly northern
part, which belongs to the positive morphostructure of
Fruska Gora showing constant uplift trend, 2) transi-
tional part, which corresponds to the higher fluvial
terraces of Pleistocene age, and 3) the lowland part of
the Sava valley with lower terraces, which are un-
doubtedly situated in the area of significant, tectoni-
cally controlled, subsidence.

Fruska Gora represents a horst whose tectogenesis
began as early as Early Miocene, but it was generally
formed in Early Quaternary, and has been permanent-
ly modified until recent time (ToLJC et al. 2013).
Significant part of primary shaping of morphostruc-
tures in this massif took place in the Miocene, and it
can be recognized in gravitational shear across the
faults of the E-W direction. During Pliocene and the
earlier parts of Quaternary some of these faults were
reversely reactivated, by which an antiform and posi-
tive structural build of Fruska Gora was additionally

highlighted. This was accompanied by a rapid erosion
of the uplifted parts and an equally rapid accumula-
tion in the neighbouring lowered domains. Conse-
quently, recent morphostructural and morphosculptur-
al appearance of this massive is a reflection of causal-
ity and interaction of numerous processes, of both
endogenic and exogenic origin, so the recent geomor-
phological features represent the result of complex
morphogenesis of this mountain.

In the Early Miocene, the metamorphic core of the
mountain was primary exhumed from the ductile do-
main across the zone of decolman shear, situated at
the boundary of metamorphic and underlying Meso-
zoic non-metamorphosed tectono-stratigraphical con-
tents. Further extensional deformations in the brittle
domain were performed in Middle and Late Miocene
across the gravitational faults, which are now situated
in the northern and southern slopes of the mountain
(ToLyic et al., 2013). Finally, in the Pliocene and the
Quaternary, the Dinaric-Carpathian system entered
into compression while the Pannonian basin was pro-
gressively inverted and filled by Plio-Quaternary ter-
restrial sediments. Differential vertical motions of
block structures led to intensification of erosional pro-
cesses and final modelling of an asymmetrical horst
structure surrounded by Quaternary deposits of Srem
and Backa plains.

The uplift that began at the end of Pontian reached
its maximum at the Pliocene/Pleistocene boundary,
when across the existing E-W directed faults remobi-
lization occurred, characterized by asymmetrical rota-
tion of the FruSka Gora block. This is recognized in
stronger uplift of the southern edge of the massif, re-
sulting in high hypsometrical position of the mountain
range.

Throughout the Quaternary time, the activities
along these faults continued in the peripheral parts of
the recently formed FruSka Gora horst, particularly
mobile being the zones of the Vrdnik fault, Karlovac
dislocation and Cortanovci transverse fault. The Da-
nube fault, whose trace coincides with the riverbed of
the Danube, along with the above mentioned faults,
played a key role in the formation of the Fruska Gora
horst, around which very specific genetic categories
of Quaternary sediments were deposited.

After the intensified uplift of Fruska Gora, accom-
panied by subsequent subsidence of the southern fo-
othills, a relatively shallow basin was formed, with
axial parts oriented in accordance with the orientation
of tectonically active structures (i.e. E-W). Also, it
can be considered that these movements were causal-
ly related to climatic changes at the Pliocene-Pleisto-
cene boundary, so that the proluvial sediments formed
in that time have a regional distribution and represent
landmark for the drawing of the lower boundary of
Quaternary in this part of the area.

The neotectonic uplift of the FruSka Gora horst
caused the intensive, but uneven cutting of the Fruska
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Gora watercourses, which on both slopes belong to a
parallel drainage system, developed at the right angle
to the direction of the peripheral structures and paral-
lel to the generally N-S oriented structures. Thus
formed river valleys are composite, mainly transverse
and consequent. The watercourses that belong to the
Sava drainage system have deeply cut and narrow val-
leys only in their source parts. In lower parts, because
of gentler slopes and a gradual transition into the
plain, river valleys are wider, watercourses are often
ephemeral, and form an alluvial fan, often with water-
logging phenomena. At the northern slopes of the
mountain, rivers are deeply cut, of small width, with
steep valley sides in their upper and middle parts,
while in the lower parts they expand and form narrow
floodplains.

Unlike the areas with a steady trend of rising, in the
lowered regions relatively thick deposits of different
origin were formed. Among them are products of flu-
vial, swamp, deluvial, and in Late Pleistocene also
aeolian type of sedimentation. In the areas more low-
ered by tectonic agents, the watercourses of the Da-
nube and Sava have been developed. Vast meanders,
sharp de?ection of river valleys and apparent asym-
metry of their valleys represent distinctive character-
istics of watercourses under the influence of neotec-
tonic and recent tectonic processes.

The intermontane valley of the river Sava has been
sinking during Quaternary, while the horst of Fruska
Gora and the northernmost parts of Sumadija have
been rising. As a result of this trend of movement,
within the young trough a wide river valley was
formed, whose origin was connected to the tectonical-
ly controlled, slow but continuous subsidence.
Throughout the Early and Middle Pleistocene the tec-
tonic trough of the Sava river was constantly descend-
ing, which was reflected in the increased thickness of
the deposits and their polycyclic character. Of partic-
ular importance were gravitational movements across
the Kalemegdan fault, which controlled the develop-
ment of the asymmetrical Sava trough. The depression
axis migrated over time, from NW to SE, which was
followed by migration of the Sava riverbed. From
morphological point of view, the valley of this river
belongs to the asymmetrical type of river valleys — its
right side is in constant motion toward SE, while the
left one is quite poorly distinguished and covered by
deluvial deposits. The longer axis of the river valley is
generally parallel to the extension of the recent
depression, with the width amounting to up to 25 km.

Looking at the broader area, a distinctive double
sharp de?ection valleys of this river can be observed
on the line Sremska Mitrovica—Sabac. Namely, under
the influence of a great floodplain of the Drina, this
river has been shifted towards Sremska Mitrovica, so
outside the zone of its influence it turns abruptly
towards Sabac, from where it spreads (occasionally
meandering) to Belgrade, following mainly the Kale-

megdan fault along the Pannonian part of the section.
Its valley in this part also has an asymmetrical charac-
ter, because the loess and alluvial terrace are much
more developed on the left, than on the right side of
this watercourse.

The dynamic stage of the longitudinal profile of the
Sava river, especially in its lower part to its conflu-
ence with the Danube, is characterized by permanent
sinking, which is manifested in the morphology of the
river valley, as well as in polycyclic character of sed-
imentation. Beside the extreme meandering of the
course of this river, numerous deserted meanders are
present, from completely dry, over occasionally to
permanently active. Permanent lowering within the
Sava trough is also indicated by a significant increase
of the thickness of fluvial deposits with thick alluvial
deposits of Late Pleistocene and Holocene overlying
them. The younger part of these deposits was formed
in conditions of relative rest in this area.

Also, from the regional point of view the Danube
near Vukovar turns from the meridional direction at the
angle of almost 90° towards the east, following the
faults along the northern foothill of Fruska Gora, all the
way to Stari Slankamen where the watercourse changes
its direction and flows to the south. The river valley in
this area is pronouncedly asymmetrical with the mor-
phologically low left valley side and the right side
marked by a steep section. This can be explained by the
recent lowering of the area to the north of the fault, fol-
lowed by migration of the riverbed to Fruska Gora.

From Stari Slankamen to Belgrade the Danube
turns twice. The first turning (Stari Slankamen) is
controlled by the mobility of the faults present on the
eastern slopes of Fruska Gora, the activity of which
led to the separation of the Titel loess plateau from the
Srem loess plateau. Both of them were parts of the
same entity before the deposition of the penultimate
loess level (GORJIANOVIC—KRAMBERGER 1921), when
they were separated by a fault near Stari Slankamen,
which controlled the turning of the Danube and for-
mation of the recent valley. Another turning is in the
area of Stara Pazova. It has a distinctive elbow char-
acter, so it may be related to the fault structures that
control the area of uplift to the south of Stari Banovci
(MARTINOVIC et al. 2010). At the same time, this is an
area of the contact of the Fruska Gora and Zemun
parts of the Srem loess plateau. The valley in this part
also has a pronouncedly asymmetrical character,
wherein its left side makes a vast loess and alluvial
terrace (Pancevacki rit), while the right side forms a
very steep loess section, permanently eroded by the
river.

Lithofacial analysis

Throughout Quaternary in the Serbian part of the
Pannonian basin, and to a much lesser extent in its
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periphery, a relatively thick succession of genetically
different types of sediments was deposited. Of special
interest are pre-loess deposits, whose thickness and
great distribution indicate that in the wider area of
southern part of the Pannonian basin intensive sinking
of the terrain was taking place throughout Pleistocene.
This is particularly indicated by the presence of flu-
vial-lacustrine sediments, whose thickness in some
places exceeds 200 m. However, despite the great
thickness of deposits it can be concluded that subsi-
dences were of low intensity compared to those in the
central parts of this basinal system, such as the Great
Hungarian depression, where the thickness of Quater-
nary deposits exceeds 700 m (RoNal 1974). As op-
posed to the deposits formed in the subsided regions,
deluvial-proluvial sediments (,,Srem series®, ,,Kli¢e-
vac Series®, etc.) that have been formed on the slopes

49

occasionally aquatic (swampy) areas, which were
eroded from the adjacent uplifted structures (Belgrade
Promontory). These parts of the area were subsided
across the cascade systems of faults, indicated by an
increased thickness of older Pleistocene deposits.

Deposits of Plio-Pleistocene age (marsh-lacustrine
deposits) were found by deep drilling in the area of
Zemun and Novi Beograd, where their upper bound-
ary is situated at an altitude of about 30,0 m, and
lower at —60,0 m; while in some boreholes which are
even deeper, their lower boundary is not reached, so
presumably it could descent to a much greater depth.
Taking into consideration that in the area of the
Kvantas pijaca (meaning Green market) in Zemun the
Neogene basement was not reached even at the depth
of 260 m, it can be concluded that these deposits have
a great thickness (Fig. 3).
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Fig. 3. Map of thicknesses of the pre-loess Pleistocene deposits in the area of Srem (amended after MAROVIC et al. 2002).

of Fruska Gora and in the peripheral belt of the Pan-
nonian basin, especially in its eastern part towards the
Carpathians (RakIC, 1977), indicate the environment
of inflicted areas between elevated regions.
According to the thickness of Quaternary deposits,
in particular Pleistocene pre-loess deposits, it can be
assumed that in the extreme SE part of Srem (today’s
territory of Novi Beograd and Zemun) the differentia-
tion of relief under the influence of vertical tectonic
movements occurred in Early Pleistocene (KNEZEVIC et
al. 1998; NENADIC 1997, 2003; NENADIC et al. 2009,
2010, 2011). The lowered parts were then quickly
buried by rapid accumulation of slope deposits in

A very distinct and relatively extended subsidence
in the area of Zemun and Bezanija is indicated also by
a great thickness of fluvial polycyclic deposits of
Early Pleistocene, which largely overlie the Plio-
Pleistocene deposits. The faults that caused cascade
subsidence in this part of the area, are covered with
these sediments and other overlying Quaternary
deposits. NE-SW directed structures can be followed
from Kalemegdan to Obrenovac, from where further
on, in a planar view, they form a system of echeloned
faults of similar orientation.

The deposits of the Early Pleistocene age are situ-
ated in the hilly areas to the south of the Danube and
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Sava rivers (area of the Belgrade Promontory and
around it) on the significant height which is variable
and ranges from an altitude of 170-179 m on Zve-
zdara, 135-156 m on Mirijevo, 113—130 m on Cubu-
ra, 69-78 m on Kalemegdan etc.

The hypsometric position of the fluvial polycyclic
deposits to the north of the Danube and Sava is signif-
icantly lower. In the area of Novi Beograd their lower
boundary begins on an altitude of 35-48 m, and the
upper on approximately 55 m, sometimes over 66 m,
so that some recent mollusk shells are found in these
deposits together with the washed shells of the genus
Corbicula. The most extensive subsidence was no-
ticed in the area of Zemun, where the lower boundary
of these deposits descends in some places to an alti-
tude of 25 m.

A significantly decreased thickness of pre-loess
Quaternary sediments in the riparian parts of the Sava
river indicates that subsidence in this region took
place a little later, in relation to northern parts of the
territory. Locally, on the right bank of the river, a mor-
phologically prominent fault system has been devel-
oped. Across these structures the NW block has been
subsided, which brought to development of the Makis
depression. It can be concluded from the mentioned
data that during Quaternary the overall subsidence in
the area of the hanging-wall of the Kalemegdan fault
was approximately 160 m.

Opposite to the areas of subsidence, the uplifted
area of the Belgrade promontory and the Fruska Gora
massif were in the stage of intensive erosion and accu-
mulation of eroded material, which was transported
by colluvial-deluvial processes and then deposited in
the environments that were gradually sinking.

In the northern part of the territory (on the slopes of
the FruSka Gora massif) the earlier Pleistocene prolu-
vial-deluvial deposits were formed by a stronger hyp-
sometric denivelation of the area on the boundary
between Neogene and Quaternary, i.e. by a prominent
tectonic activity manifested in the uplift of the core of
this massif and subsidence of the outlying foothill
areas. In the process of accommodation of the newly
formed inflicted areas between the uplifted and sub-
sided morphostructures, there was active erosion, de-
nudation and filling of these areas with proluvial-
deluvial deposits.

According to the stratigraphic-lithological charac-
teristics of Quaternary deposits in the area of eastern
Srem, it can be concluded that palustrine-lacustrine
and fluvial polycyclic sediments mark the areas of
subsidence, and proluvial-deluvial — inflicted areas
beside the uplifted structures (RAKIC 1977; NENADIC
2003; NENADIC et al. 2011; NENADIC & GAUDENYI
2013).

During Late Pleistocene great areas of the Pan-
nonian basin were covered by loess and loess-like
deposits. Loess deposits cannot be an indicator of tec-
tonic activities, because they could be primarily de-

posited at any height, but their thickness can immedi-
ately point to the existent palaeorelief, as well as to
the intensity of erosional processes which occurred in
the areas where these deposits were sedimented. Con-
sidering the number of palaeosols and loess horizons
and their disturbances, ZEREMSKI (1960, 1961) estab-
lished three phases of tectonic movements of epeiro-
genic character on the section of the loess plateau
above the Danube. The oldest movements were fin-
ished before the accumulation of loess; the move-
ments of the second phase took place during deposi-
tion of these sediments, while the third phase took
place after the accumulation of the last loess horizon,
in younger Neolithic. Movements of two older phases
were manifested only in some parts across the profile
line Stari Slankamen—Zemun, i.e. they have local
character, while the younger ones were manifested on
the whole profile of the loess plateau.

An example of tectonic activity can be seen near
Slankamen (locality Surduk), where beneath two
upper horizons of loes, which are horizontal, a pack-
age of deluvial-proluvial deposits is situated, tilted at
the angle of 8° together with paleosols. On the contact
of these two units there are slope debris and pebbles
of hard Neogene and Mesozoic rocks. These were
probably formed by the action of proluvial process on
the slopes of the Fruska Gora mountain, in the course
of which the base across which the water mass was
moving was leveled. In this way, on the horizontal
surface formed in such way the upper loess complex
was deposited in the undisturbed position. This
unconformity between lower and upper horizons, with
colluvial gravels, was probably formed at the bound-
ary between Middle and Late Pleistocene. In the other
parts of the loess plateau similar elements that would
point to the presence of tectonic activity have not been
observed, since all loess horizons (as well as pale-
osols) are horizontal, which was also noted across the
visible profiles from Surcin to Stari Slankamen.

According to the lithostratigraphic characteristics
of deposits it can be concluded that tectonic activity in
Holocene has a similar character as in Pleistocene, i.e.
areas of subsidence were marked by fluvial, palustrine
and swamp deposits, while deluvial and more rarely
deluvial-proluvial deposits were linked to the inflict-
ed areas toward the uplifted structures.

Thermochronological data

(U-Th)/He dating of apatite minerals (AHe) repre-
sents a low-temperature thermochronological tech-
nique, which is used for documenting the latest stages
of cooling of rocks as they pass the uppermost levels of
the crust, corresponding to the temperatures of ~75 °C
(closure temperature Tc of AHe system, WOLF et al.
1996). Therefore, this method is frequently used to
quantify the time of vertical movements in the upper-
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most ~1-2 km and correlate these movements with
the associated tectonic phases. Two (U-Th)/He single
grain ages were determined on the two rock samples
collected in greenschist facies metamorphic core,
located in the southern part of the Fruska Gora (Fig.
1B.). The ages were obtained following standard ana-
lytical procedures available at the VU University
Amsterdam (see STOJADINOVIC et al. 2013).

The AHe single grain age of the sericite schist sam-
ple Fgl is 16.3£1.6 Ma, while the AHe age of chlo-
rite-sericite schist sample Fg2 is 2.4+0.9 Ma (Table
1). The older age of 16.3+1.6 Ma recorded in sample
Fgl reflects a Middle Miocene phase of cooling in the
Fruska Gora metamorphic core. It represents the
result of contemporaneous uplift caused by extension-
al deformations in the brittle domain that occurred
along the gravitational faults along the southern slope
of the mountain (ToLJIC ef al. 2013). Hence, temporal-
ly it can be well correlated with the main phase of
Pannonian extension (HORVATH et al. 2006). The
younger, lowermost Quaternary, cooling age of sam-
ple Fg2 is 2.440.9 Ma, and it is associated with the
most recent phase of regional tectonic activity. The
obtained age corresponds well with strong uplift at
Pliocene/Pleistocene boundary that was recorded in
the southern parts of the mountain and was associated
reverse reactivation of previously existing E-W ori-
ented gravitational faults. It represents direct evidence
of continuous uplift in the Pliocene and Quaternary,
followed by intensive, tectonically induced erosion of
the source area in the Fruska Gora and the fast depo-
sition of proluvial-deluvial sediments in surrounding
domains. This uplift is, again, associated with the con-
temporaneous phase of compression that affected the
entire region (MAROVIC et al. 2002, 2007).

deposits (especially deposits of Plio-Pleistocene age)
so they are usually not morphologically prominent but
they represent significant control elements of subsur-
face geological structure. In the peripheral parts of the
investigated area there are faults which directly affect
the morphology of the terrain (for example, the faults
by the rim of Makis, along the Fruska Gora massif,
etc.). Across the traces of these faults colluvial move-
ments of rock masses are common.

Undoubtedly, the most striking structures are situ-
ated along the northern and southern periphery of the
Fruska Gora massif, and they actually formed this
asymmetrical horst surrounded by Quaternary depo-
sits. The northern Danubian fault, whose trace gener-
ally coincides with the Danube riverbed, is covered by
a thick package of Quaternary sediments but it is mor-
phologically very distinct because of a pronounced
asymmetry of the river valley. In the investigated area,
on the southern slopes of the Fruska Gora, Vrdnik
fault is situated (ToLJIC ef al. 2013). Its trace is local-
ly observed in the area of Vrdnik, while laterally it is
mostly hidden by loess and pre-loess Quaternary sed-
iments. In the eastern periphery this massif is lateral-
ly limited by the Karlovac and Cortanovci transverse
structures. In the south of the investigated area espe-
cially striking is the Kalemegdan fault, developed
along the Pannonian part of the section, extending
from the SW part of the investigated area across
Ostruznica, Zeleznik and Zarkovo to the confluence
of the Sava. Across this complex fault its NW block
was downthrown, which was accompanied by deposi-
tion of a thick package of sediments of Neogene—Qua-
ternary age. The central parts of the area are covered
by thick Quaternary deposits, hence fault structures
are rarely visible on the surface. However, on the

Table 1. Apatite (U-Th)/He (AHe) Analytical Data. Bold numbers represent corrected final AHe single grain ages obtained
in this study. *Ft is fraction of alphas retained, “corrected ages” are corrected for this effect.

Sample Rock 4He 4He error 238U |238U error| 235U |235U error
name type (atms) (atms) 238U7233U (atms) (atms) (atms) (atms)
Fgl |sericite schists 8.762E+09 | 1.820E+08 2.220 1.712E+11{ 9.293E+09 | 1.272E+09| 6.740E+07
Fg2 |chlorite-sericite schist| 1.447E+08| 4.513E+06 1.004 6.485E+10( 3.521E+09 [4.703E+08| 2.554E+07
e R R e e
Fgl |sericite schists 1.368E+12| 7.403E+10 7.99 14.0 1.3 0.86 16.3
Fg2 |chlorite-sericite schist|-1.850E+09| —6.51E+14 -0.03 1.7 0.6 0.73 24

Quaternary active faults and structures

The faults across which movements were perform-
ed represent inherited structures, primarily formed in
the Miocene, as previously interpreted by TOLIIC et al.
(2013). They are mostly covered by Pleistocene

available seismic sections (MATENKO & RADIVOJEVIC
2012) syn-depositionally active faults are recognized,
across which the axial parts of the Srem depression
were deeply downthrown.

By the analysis of satellite image (1:250 000) infor-
mation on spatial position of larger and morphologi-
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Fig. 4. Map of the regional fault setting of the eastern Srem

cally prominent faults in the area of the eastern Srem
has been obtained (Fig. 4). The basic feature of this
structure is the existence of several fault systems. In
the area of Fruska Gora the most significant faults are
aligned with the strike of the plicative structures.
These longitudinal structures are oriented in the E-W
(ENE-WSW) direction and associated with the
NW-SE directed faults. Longitudinal structures are
large regional ruptures of deca-kilometre dimensions,
among which the Vrdnik fault and Kalemegdan fault
are particularly prominent. Across them the down-
throw of central parts of the eastern Srem was per-
formed (Eastern Srem Block), opposite to the uplift of
the Fruska Gora Block in the north and Sumadija
Block to the south of the investigated area (Fig. 4).
According to the determined positions of large
faults, difference in spatial distribution of internal
structures, as well as the lithofacial characteristics of
the investigated deposits, 3 structural-depositional
environments can be singled out in this area: Fruska
Gora block, Eastern Srem Block and Sumadija block
(Sumadija—Belgrade hills, Fig. 4).

Fruska Gora block

It represents an area limited by the Danube fault on
the north and the Vrdnik fault on the south. By statis-
tical data processing on spatial positions of the faults
of this block, a maximum has been obtained with the
direction 90-270 (diagram R1, Fig. 4). The majority
of ruptures developed in this block generally belong

with simplified review of the tectonic blocks structure.

to this system, which represent the faults that form the
periphery of the positive FruSska Gora morphostruc-
ture. On the diagram in the form of a submaximum a
system of faults with a statistical direction 150-330 is
also observed. The NW-SE directed faults are often
detected in the central and eastern parts of Fruska
Gora.

Geodetic measurements confirm that the Fruska
Gora block has been uplifted in recent times at the
velocity of 0—1 mm/year (MAROVIC et al. 2002).

Eastern Srem block

On the north it is limited by the Vrdnik fault, and on
the south by the Kalemegdan fault. This block is com-
pletely covered by Quaternary sediments, which ham-
pered geometrical analysis of fault structures. Still,
careful analysis of the satellite image made it possible
to define spatial position of a part of dislocations
developed in this area. The data on the fault structures
were measured, statistically processed and shown on
the diagram R1 (Fig. 4). On the rosetta a conspicuous
maximum marks ruptures with a medium strike direc-
tion of 150-330. These structures are found on the
eastern periphery and in center of the block. The sub-
maximum with a medium direction 30-210 corre-
sponds to the faults detected in the SW part of the
block. Part of the fault setting developed in the
domain of this block is also comprised of faults with
the direction 90-270, which are situated in the area
between Sremska Mitrovica and Pazova.
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The available geodetic measurements indicate that
the block of the central Srem subsided at the velocity
up to —2 mm/year (MAROVIC et al. 2002).

Sumadija Block (Sumadija—Belgrade hills)

The northwestern boundary of this block makes the
complex Kalemegdan fault, while the southern one is
poorly defined and beyond the investigated area. The
results of analysis of the faults are represented on the
rosetta R1 (Fig. 4). Detected structures are uniformly
oriented. On the diagram the faults that belong to the
complex Kalemegdan fault have a statistical strike
direction of 60—240. These faults are developed in the
domain of the Sava river and they could be followed
from Zemun on NE to Obrenovac and Debrec on SW.

Geodetic information confirms that this area has
been slowly uplifted at the velocity of 1 mm/year
(MAROVIC et al. 2002), whereas more to the south the
velocity of uplift is increased up to 4 mm/year.

Generally speaking, by the analysis of obtained
data it can be observed that in the blocks of Fruska
Gora and Sumadija Block, as well as at their periph-
ery, the E-W (ENE-WSW) directed faults dominate,
while in the Eastern Srem Block the NW-SE faults
prevail. The reasons for such discrepancies probably
lie in the fact that the central block is covered by rel-
atively thick Quaternary deposits, which masked
older structures of this area, so their remote sensing is
disabled in that way.

Conclusion

Quaternary tectonic activity in southern parts of the
Pannonian basin genetically corresponds to the stress
field, established earlier, at the end of Miocene (ToLJC
et al. 2013). As a consequence of the northward move-
ment of the Adria microplate and final abruption of a
segment of the subducted lithosphere in the Carpathian
domain (MATENKO & RADIVOJEVIC 2012), the whole
Pannonian basin was exposed to permanent compres-
sion. In the border area between the Dinarides and
Pannonian basin, the axis of maximum compression is
NE-SW oriented (BADA et al. 2007). In this stress field
lithologically and structurally complex and thinned
lithosphere of the basement of the Pannonian basin was
folded in regional fold structures of low amplitudes.
Folding has been accompanied by vertical mobility of
blocks limited by the existing fault pattern.

By the analysis of spatial position of faults, their
kinematic features and origin and mutual relationship
of deposits formed in Quaternary, the data were ob-
tained for the purpose of reconstruction of Quaternary
tectonic mobility in the area of Srem. The peripheral
southern parts of the Pannonian basin have similar
evolution as the internal parts of the basinal area. In

these parts there are also domains characterized by
permanent late Neogene and Quaternary subsidence.
Intensity of the subsidence is lower compared to the
central parts of the Pannonian basin. Relatively high-
ly hypsometrically uplifted blocks of Fruska Gora and
northern parts of Sumadija have been developed on
the periphery of the downthrown areas, in the area of
Srem, during Late Neogene and Quaternary.

Simultaneous existence of neighboring domains,
which are uplifted and subsided in a compression stress
field, can be explained by flexion banding of the litho-
sphere (CLOETINGH et al. 2005; DOMBRADI ef al. 2010),
followed by reactivation of the large existing faults
which are in the same time boundaries between the seg-
ments with a different character of vertical movement.
Different character and intensity of vertical mobility of
the lithosphere in the southern parts of the Pannonian
basin have been, throughout Quaternary, the control
factors of the origin and thickness of deposited sedi-
ments. A significant control factor of the Quaternary
depositional environment were the faults on the south-
ern slopes of Fruska Gora and to the southeast of the
Sava river. The internal mobility and outline of the de-
pressions are controlled on the east by the faults (from
Sremski Karlovci, across Slankamen and Belegi$ to
Zemun), while the basin is open towards the west.

The central parts of the investigated area are gener-
ally characterized by a slow, permanent tectonically
controlled subsidence, distinctive also in the recent
time. The peripheral parts of the Sumadija-Belgrade
hills and Fruska Gora horst have been in younger
Neogene and Quaternary permanently and relatively
slowly, uplifted. The (U-Th)/He cooling age obtained
in the metamorphic core of the Fruska Gora horst,
provides a direct evidence for the continuous uplift at
the transition from Pliocene to Quaternary, which is
the result of the ongoing compression. As a result of
accommodation of uplift and following erosion of the
uplifted blocks, in the domain of active faults relative-
ly thick deposits of proluvial-deluvial character have
been formed. In the subsided areas, thick deposits of
different genetic origin have been formed. Among
them the most prominent are lacustrine, alluvial, pa-
lustrine, and in younger Pleistocene aeolian deposits.
In all tectonically subsided parts the flows of major
rivers (Danube and Sava) have been developed. Their
river valleys are situated in areas of faults in which
during Quaternary gravitational movements of high
intensity have been performed. These faults in the
same time represent main tectonic boundaries of the
morphostructural entities developed in this part of the
Pannonian basin.
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Pe3nme

KBapTapHa TeKTOHCKA U 1eN03MLIMOHA
eBoJiynuja ucrounor Cpema
(ceBepo3anagna CpoOuja)

Toxom KBaprapa Ha moapydjy wmctouHor Cpema,
cactaBHor zaena llanoHckor OaceHa, WCIOJBMIIA Cce
TEKTOHCKa aKTUBHOCT Kao OWTaH KOHTPOIHU (PaKTop
Jeno3unyje U QUHATHIX yoOnn4yaBama CaBPEMEHOT
pemeda. Texroncka epomymuja [laHoHCKOT OaceHa je
modvelia 3HaTHO paHHje, TaKo Ja Cy CBE TOKOM KBap-
Tapa TeKTOHCKH aKTUBHE CTPYKType Je0 paHHje Io-
ctojeher mpeapTeka U cragajy y KaTeropujy Hacie-
hennx u peakTuBHpaHUX CTPyKTypa. CeauMeHTamyja,
Kao JTOMHUHAHTaH Tporec huHaTHUX (a3a 3amymaBa-
A WHBEPTOBAHOT JICTIO3UIIMOHOT OaceHa, BpIIIIa ce
y paHHje TeKTOHCKHU Ae(PUHUCAHUM JOMEHIMA.

Toxom mmahux ozespaka IIMOIIEHA U CTapHjer KBap-
Tapa, HakoH rnoBnadema llaparernca, obmact jyxHOTr
o0oma [laHoHCKOT OaceHa y WENWHH IIPOJIA3d KPO3
KOITHeHy (pazy pa3Boja. Y TOM WHTEpBay 00aBJbEHA CY
TEKTOHCKa OOJIMKOBaFa HUCKOT MHTEH3UTETa, KOjuMa
cy (uHANHO YOOIMYEeHH PETHOHATHH MOP(OCTPYyK-
TypHHU 00y, Takohe, TEeKTOHCKH KOHTPOJIMCAaHA MO-
OmITHOCT yHyTap OaCEHCKUX CErMeHaTa Ipoy3pOKoBaia
je HeZocTarak HeKuX CTpaTurpad)CKuX MOIKaTOBa TUTH-
olleHa, mpoMeHy (aryja u aedsprHa HajMimahux JuTo-
crparurpadckux neiaraa (MAROVIC i dr. 1996, 1998).

[TocTrbaceHckn cemWMEHTH, IETOHOBAaHU TOKOM
KBapTapa, NpeACTaBJbeH! Cy PEIaTUBHO e0eTNM Ta-
KETOM CeInMeHaTa y OKBUPY KOTa ce Cymepro-

3WIMOHO Y TEHETCKH MOTY Pa3lIMKOBATH JBa JeJa:

- cmapuju, peYHA U PEYHO-]€3EPCKH, Ca PEIUKTAMA
0aceHCKOT CKIIOTa, TeHepHCaH IOKPETHMa BIIAIIKe
WM BaJlaxHjcKe TEeKTOHCKe ¢aze, Mmarudectyjyhu ce
BHIIIEKPATHIUM CHYIITamEeM HEKaIallmher OaceHCKOT
ITHAa ¥ CTBApambEM CIIOKEHHX allyBHjalTHUX pPaBHU Ipa-
Hynasa u npa-Case, u

- mnahu, xoju oarosapa (HITyBHOJIEHYIAIIIOHOM CH-
CTEMY Y yXKeM CMUCITY, a KOju 00yxBaTa Mop(doIroIike
o0JMKe cTBapaHe TOKOM TOpPHET IUICHCTOLCHA W
XOJIOTICHA.

KBaprapHy TEKTOHCKY aKTHBHOCT jy>KHHIX [€JIOBa
[laHOHCKOT OaceHa je camienaHa y KOHTEKCTY PErHo-
HaJIHE MHOIICHCKE €KCTEH3HOHE EBOJIYIHje OaceHCKOT
IIPOCTOpa M HHErOBe IUIMOIIEHCKO-KBapTapHE HWHBEP-
3uje. MHuoIeHCKa eKCcTeH3mja, mpoayiupana rollback-
oM eBporcke murocdepe y Kapmaruma, 6mna je mpa-
hena pudtrHTOM, HCTamemeM JuTochepe u CcyOCcH-
nennrjom y nomeny llanonckor 6aceHa (HORVATH et
al. 2006). [yrorpajHy cpelmme M TOPEHOMHOIICHCKY
MOCTpU(THY CyOCHIIEHNN]Y, KOHTPOJHUCAHY Ca IIOC-
TymHIM Xiahemem jurocdepe y momeny IlaHoHCKOT
Oacena (thermal sag cooling, CLOETINGH et al. 2006),
IpaTwiia je TUIMOIIEHCKO-KBapTapHa OaceHcKa WHBEp-
3Wja, W3BeACHAa Y KOMIIPECHOHOM HAIMOHCKOM IOJBY.
EKCTeH3MOHO HAIOHCKO TOJbE jeé CMEHEHO KOMIIpe-
CHjOM, aKTHBHPAaHOM Kao TOCTequa (PHHAITHOT OTKH-
nama (break off) cyomyxoBane eBporicke nurocdepe y
nomeny Kapmara, ¢ jemHe crpaHe, m ceBep-ceBepo-
WCTOYHE TIporpecuje AIpHjcke Iiove, ¢ Jpyre CTpaHe.
ToxoM TuMOIIEHAa W KBaprapa, JnHapcko-Kapnarcku
OpOT€H M WHTpakoHTWHeHTanHU [laHoHCKM OaceH cy
M3JIOKEHN KOHCTAHTHO] KOMIIPECH]H, 32 OBE TPOCTOPE
TeHepaHo opujeHTHcanoj 1o npasiy CHU-J3 (BADA et
al. 2007). Y oBuM ycloBHMa je WCTAamEeHAa W IJUTO-
JIOIIKU XeTeporeHa JmToctepa y noxuHu IlaHoHCKOT
OaceHa, yOpana y HaOope KHIIOMETapCKHX pa3Mepa
(CLOETINGH et al. 2005, 2006). Pernonanaa murocdep-
Ha yOupama cy Omia npaheHa BepTHKaTHOM MOOHITHO-
mhy cermeHara nutocdepe, pa3IMIuTOr cMepa W WH-
TEH3UTETa, IITO je Kao (UHATHY MOCIETUIy HMAIO
penaruBHO Op3 AT U NeHyHanujy nepudepujckux
nenoBa OaceHa W Jalby CYOCHACHIN]Y W JCTIO3HIIN]Y
LeHTpaHuX OaceHcknx noMeHa. [Ipu Tome je moxan-
HOM pemuCTpUOYIIHjOM KOMIPECHOHOT CTpeca peax-
TUBHpPaH NOCTOjehn TEeKTOHCKH PEIIPTERK, KOju je Oro
y GOYHKIMjH KOHTPOJIE TEKTOHCKE MOOMITHOCTH YHYTap
0aCeHCKIX EHTHTEeTa, KaKaB je OMo MpOCTOp jy>KHO Off
®pymike [ope.

Ha cexmujama cemsmuukux npodmra Opymrke [o-
pe (MATENKO & RADIVOJEVIC 2012) Moxe TIperno3Ha-
TH acollfjanrja pacefa kKoju unHe Bpaawmukn pacen
(ToLyic et al. 2013). 1o 0BOj CTPYKTYpH j€ IpAMAapHO
TPaBUTAIMOHO CIYIITEH jYKHHU OJOK, TP 4YeMy je
nebJbMHA TUTHOTIEHCKO-KBApTapHUX CeOMeHaTa jyx-
HO ox pacena u npeko 500 m. Takohe cunHTe3a MOAA-
TaKa CEeM3MHYKOT Tpodripama U JyOOKHUX HCTpaxK-
HUX OyIlIema W3BEJIEHNX Y OBOM MOApYYjy, ymyhyje
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Ia je nebJprHa TUTHOIEHCKO-KBapTapHUX CeIMMeHara
3aavajHa (MARTINOVIC i dr. 2010). Hajseha neGspuna
cenuMenara je m3mely Crape [lazoBe u Illamma, y
IerpecHju duja oca ce mpyxa mnpasinem H-3
(MCH-3J3). Ha ceBepHoj nepucdepuju nenpecuje ce
Haja3u BpIHWYKM pacen, LEHTpallHEe JeJOBE II0-
Ipydja KOHTPOIUIIIE acoIfjallrja XOpPCTOBA U POBOBa
neduHICAaHUX paceirMa 10 KojuMa je TyOoKo cITy-
mTeH neHtpanran jaeo CedkepuHCKe Aemnpecuje
(MATENCO & RADIVOJEVIC, 2012). JyxxHa nepudepuja
MPOYYaBaHOT MPOCTOpPa HA CEM3MHYKHUM CEKIIHjaMa
MOKa3yje CIIOKEHY TEKTOHCKY MPUPOAY IPeNa3HOT
monapydja m3mel)y [laHoHCKOT OaceHa W FHETOBOT W3-
TUTHYTOT jyxHOT 3aneha. Kao moMuHaHTHA CTPYKTY-
pa ce npeno3naje Kanemernancku paces, CHHAETIO3H-
[IMOHO aKTUBHU pacell, M0 KOMe je CyOcuIeHImja
CEBEPO3aJHOT JOMEeHa OWja aKTHBHA U TOKOM KBap-
Tapa, Ha mro ynyhyje 3HadajHa nebsprHa HajMmiIahux
cenuMeHara. Ha oBakaB CIleHapHO yKasyje W pena-
THUBHO MaJta Ae0JbHHA ITHOIEHCKO-KBAPTAPHUX CEITH-
MEeHaTa WCTOYHO on oBor pacema. [locmarpano y
IIaHy, acolujalujy pacena koju unHe Kajemerman-
CKM pacej, YMHU HH3 EMIAJIOHHPAHHWX pacena Tpy-
xama CH-J3 koju ce mory miparuti ox Kamemergana
no O6peHoBIa U naJke Ka jyrozamany (Ci. 4).

Opymka ['opa npencraBiba XOpCT Ydja TEKTOTeHE3a
je oTrmouena jour y JOmeM MHOIICHY, TeHEpaIHO yo-
ONMYeH TOKOM paHOT KBapTapa, MepMaHEeHTHO MOMIH-
(hMKOBaH 10 y PEIIEHTHO BpeMe. 3a MpUMapHO MOpdo-
CTPYKTYpHO OOIIMKOBam€ OBOI' MacHWBa 3Ha4dajHA CY
MHOILIEHCKa OOJMKOBama Koja c€ MOTY IPENo3HaTH Y
TPaBUTALMOHUM CMHUIAbAMa JyXK paceia TpyxKamba
N-3. Toxom 1ummorieHa 1 cTapujer KBaprapa JIe0 OBUX
pacena je peBepCHO PEaKTHBHpPAH, YAME j& JONATHO
WCTaKHyTa aHTU(POPMHA, TIO3UTHBHA CTYPKTypHA rpaha
Opymke [ope, mTo je 6mo mpaheHo parmumIHOM €epo-
3WjOM atUTM(THPAHUX JIENOBA U UCTO TAKO PalUIHOM
aKyMYJaIfjOM Y OKOJTHUM CITyIITeHUM JIOMEHUMA.

[locne wnTeH3mBHUjer m3muzama Ppymke [ope,
npaheHOr CyOCEKBEHTHOM CYOCHIEHIINjOM jy>KHOT
mpearopja, Jonasu 10 GopMupama pelaTuBHO TUTUT-
KOr 0aceHa ca akCHjalTHUM JEJIOBHMa OPHjeHTHUCAHH
CartacHO OpPHjEHTAINjH TEKTOHCKH aKTHBHUX CTPYK-
Typa npyxama 3. Takole, Moxke ce cmMarparu aa cy
OBH TOKPETH Kay3aJlHO OWIIM TOBE3aHHW ca KIIMMart-
CKMM TpOMEHaMa Ha TPaHWIM IUIMOIEHa U TIIeHC-
TOIIEHA, T€ Jla TajJa HACTalHd IPOIYBUjaHH CEIH-
MEHTH WMajy pETrHOHAJHO pacupoCTpameme W
MIPENICTaBJbajy pErep 3a W3BIAUeHe [[OFhE TpaHUIle
KBapTapa Ha OBOM JIeTy T€pEHa.

MNHTpannaHuHCKU cuTyupaHa aonuHa peke Case
TOKOM KBapTapa ToHe, 10K ce xopcT @pyuike ['ope u
HajceBepHuju nenoBu lllymammje m3mmxy. Kao mo-
CJIEZINIIa OBaKBOT TPEHJA KpeTama, Y OKBUPY MIIaI0T
poBa QopmupaHa je mUpoOKa JONWHA PEKe, duja ce
€BOJTyIIja MOYKE BE3aTH 332 TEKTOHCKH KOHTPOIHCAHY
CHOpY, ald¥ KOHTHHYHUPaHY CYOCHIEHIH]y. Y TOKY
CTapHjer W Cpenmer IUIEHCTOlleHAa TEKTOHCKH DPOB

CaBe Halla3Wo ce y KOHCTAaHTHOM CITyIITamy, IITO Ce
1 onpa3miio Ha noBehaHy neOJpHHY Haciara u \bHX0B
MONUIMKINYHY Kapakrep. [Ipu Tome cy moceOHO o
3Ha4aja Omia rpaBHTallMOHA Kperama mo Kamemer-
JTAHCKOM pacefly, Koja cy KOHTpoOJIMcaja pa3Boj acH-
merpuyHor Casckor poBa. Oca nempecuje je Bpe-
MEHOM MHUTpHpaja, O ceBepo3amnaa Ka jyroucToKy,
mTo je 6mro npaheHo W MUTPAIMjOM PEYHOT KOPHTa
peke Cage.

ToxoMm kBapTtapa y cprickom neny Ilanonckor 0Oa-
CeHa, a y 3HaTHO Mam0j MEpPH Ha HEroBoM 000my,
HaTaJO)KeHa je pellaTUBHO nebeira Cykiecuja re-
HETCKH pa3IMYATUX TUMOBa Hacyara. [loceban 3Ha4aj
MIpH TOM Cy MMaJie TIpeliecHe Haciare, ddja nebJprHa
W BEJIHMKO paclpocTpameme yiyhyje ma cy ce Ha
mupeM ToApydYjy jyxHor nema [laHoHckor OaceHa
TOKOM IIJICHICTOIIEHA OJ[BHjajla WHTEH3MBHA CITyIIITa-
wma. Ha To HapoumTo yKazyjy CEIHMEHTH PpEedHO-
je3epckor KapakTepa uHuja aeOJbMHa MECTHMHYHO
npenasu U npeko 200 m. Hacynmpor Hacnarama
(hopMHUpaHUM y CIYIITEHHM OOJIaCTHMa, JeITyBHjall-
HO-TIPOJYBHjaIHA CEIUMEHTH (,,cpeMCKa cepuja’,
,,KIIMdeBauka cepuja’, uTa.) Koju cy (hopMHpaHU Ha
naanaama Opymke [ope n Ha obomHOM Tojacy lla-
HOHCKOT 0aceHa, IMoCce0HO y MCTOYHOM JeNy IpeMa
Kapmaruma (RAKIC 1977), ykasyjy Ha mpeBojHa
Mmojpydja MpeMa U3IUTHYTHM CTPYKTypama.

Ha ocHOBy ne0JsbHMHE KBapTapHUX, MOCEOHO TIpe-
JIECHUX IUIEMCTOIIEHCKHAX Hacliara, MOXe Ce IMPeTIo-
cTaBuUTH Ha je Ha kpajibem JU memy Cpema (ma-
HammeM mnpoctopy Hosor beorpaga u 3emyHna)
monaswio o audepeHmujanuje peibeda mMom yTH-
1ajeM BEPTUKAIHUX TEKTOHCKHX TOKPETa TOKOM
crapujer miuenctoneHa (KNEZEVIC i dr. 1998;
NENADIC 1997, 2003; NENADIC i dr. 2009, 2010,
2011). Ilpu TomMe Cy CIyHITEHH NENOBH 3aTpHaBaHH
Op30M aKyMyimanujoM TMaJWHCKHX Hacjara y TOBpe-
MEHO aKBaTMYHUM (3a0apeHuM) cpemrHamMa, epojo-
BaHUX Ca OKOJHHUX M3IUTHYTHX CTPYKTypa (Oeorpai-
ckor pra). OBU JENIOBH TepeHa Cy MY KacKaJIHUX
CHCTeMa pacela CITyIITaHH HaHIDKE, O YeMy Hapo-
9UTO cBefoun moBehaHa meOspMHA CTapHjerencTo-
[IEHCKUX Hacjara.

TBopeBuHe mHo-TUIEHCTONIEHa (OapCKO-je3epeke
Haclare) cy KOHCTaTOoBaHE AYOMHCKHM OyIlemeM Ha
nmonpy4jy 3emyHa u Hosor beorpanma, rme um je
onpehena ropma rpanuiia Ha oko 30,0 mnv, a moma Ha
—60,0 mnv, ok mojenuHe OYIIOTHHE M TIPEKO Te
IyOMHe HUCY CTWIJIE IO FheroBe TOAWHE, TMa je 3a
MPETIIOCTAaBUTH Jia Ce JOHa TPaHMIla OBHX Haciara
MECTUMHUYHO CIIYIITa IOCTa HIDKE O]l TOpe HaBeIeHE.
VY3umajyhn y 063up na ce Ha mpoctopy Kpanrarike
nyjare y 3eMyHy HHje HaOyIlIeHa HeoTeHa MoJIoTa HH
Ha nyOmHU o 260 m, 3a MPETIIOCTAaBUTH j€ /a OBe
Hacllare€ MECTHMHUYHO HMMajy jaKo BEIUKY JEOJbUHY
(Cn. 3).

WuTepecanTHu cy u mojanu T0OWjeHH TPUMEHOM
TepMOXpoHoOJIomKe Merone. Kao mro je mosHaro,
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onpehuBame cTapocTu Xiahema amaruTa KOPWIII-
hemeMm (U-Th)/He TepMOXpOHOIOITKE METOAE, MPE-
CTaBJba TEXHHKY KOja c€ YecTo ymoTpeOJraBa 3a
neduHUCake BpeMeHa OJBHjarha BEPTHUKATHHUX TEK-
TOHCKHX TOKpeTa y HajITMhuM HHUBOWMA 3eMJbUHE
kope. OBO je oMoryheHO THME INTO je Temreparypa
3arBapama (U-Th)/He cucrema y amarutuma ~75 °C
(WOLF et al. 1996), mTo O6m omrosapaio Xxjiahemy
CTeHa TpPH FHUXOBOM BEPTHKAIHOM KpeTamy Kpo3
MIPUIIOBPITHHCKE HHUBOE 3eMJbMHE Kope (~1-2 km).
JBe crapoctn xmahema moOujeHe Cy aHAIM30M JBa
y30pka u3 MeramopdHor jesrpa @pymke rope (Ta-
oena 1 u Cn. 1b., Fgl 16.3£1.6 Ma u Fg2 2.4+0.9
Ma). Crapoct y3opka Fgl od 16.3+1.6 Ma, mpen-
CTaBJba pe3yiTar xiahema H3a3BaHOT H3IU3aEHEM
MeTamopdHor jesrpa Ppymike rope TOKOM MHOIEH-
CKHX EKCTeH3MOHUX JedopMaliija JayX TpaBUTALINO-
HUX pacela JOUWUPAHWX Ha jY)KHOM 000y TJIaHWHE
(ToLii¢ et al. 2013). Crapoct y3opka Fg2 od 2.4+0.9
Ma ce, mehyTum, MoXe KopelrucaTt ca XjahemeM OBUX
CTeHAa TOKOM CHQ)XKHOT H3IW3amba Ha TPAHUIU TUTH-
OlleHa W IUIEHUCTOIIEHAa, a Koja je acomupaHa ca pe-
BEpCHOM peakThBanyjoM Beh mocrojehnx rpaBuTa-
IIUOHUX pacella OPUjeHTHCAHMX II0 MPABIy HCTOK—3a-
nag. Crapoct y3opka Fg2 mpeacraBiba JupeKkTaH
JI0OKa3 KOHTHHYHPAHOT W3AH3alka MeTaMOpPQHOT
jesrpa @®pymike rope TOKOM IDIHOIIEHA M KBapTapa,
IITO TpeJCTaB/ha MOCIEAUI]y KOMIIpecHje Koja
IUKTHpPAa PEIEeHTHU TEKTOHCKH PEeXUM UYHTaBOT
peruona (MAROVIC et al. 2002, 2007).

Ha ocHoBy yTBpheHHx mo3uiija KpymHHX pacena,
pasnuKa y TMPOCTOPHO] MUCTPUOYLIHjU HHTEPHHUX
CTPYKTypa, Ka0 W Ha OCHOBY JMTO(anujaTHUX Ka-
paKTepuCTHKa MPOyYaBaHUX JIENIOHATa, Ha WCTPAXKH-
BaHOM TOpy4jy Moryhe je u3aBojutu 3 CTpyKTypHO-
Jeno3unuone uenuHe: bnox @Ppywxe lope, bnok
ucmoynoz Cpema wn Lllymadujcku 610K (wymaouj-
cko—beoepadcko nobphe) (Ci. 4). bnok @pymke ['ope

MpeAcTaBba MOAPYYje OTrpaHHYeHO JyHaBCKHM
pacenoMm Ha ceBepy W BpIHWYKMM pacemoMm Ha jyTy.
brox ncrounor Cpema je ca ceBepa orpanndeH Bpa-
HUYKUM paceqioM, a ca jyra Kamemermanckum pace-
oM. [llymammjcku brok kao ceBepo3ananny rpaHuUILy
nMa criokeHn KamemermaHcku pacen, OK je jyKHa
HenepUHNCAaHA U U3BaH MOAPYYja UCTPAKHUBAKA.

KBaprapHa TeKTOHCKa aKTHBHOCT y jY)KHUM Je-
nmosrMa [laHOHCKOT OaceHa TeHETCKH KOPeCIOHANpa
ca HAIOHCKUM II0JFEM YCIIOCTaBJHEHUM pPaHHje, Kpa-
jem mmorena. Kao mocnemuma kperama Anpujcke
MUKpPOIIJIOYE Ka CeBepy W (PMHAIHOT OTKHIama Cer-
MEHTa CyOIyKoBaHe JHTOC(hEpe y KapIraTcKoM JI0-
MeHy, meo llaHOHCKM OaceH je W3JOXKEeH IepMma-
HEHTHOj KOMIIPECHjU. Y TpPaHUIHOM MONpy4)jy m3mely
Juuapuna n IlanoHckor OaceHa, oca MaKCHMalTHE
KoMIIpecHje je opujeHTHcaHa mpasiem CU-J3. V
OBOM HAIIOHCKOM TIOJBY j€ JTUTOJIOIIKH M CTPYKTYPHO
CIIO)KEHa U UcTameHa nmuTochepa noamnae [lanoHCKOT
OaceHa, yOpaHa y pernoHajHe HaOOpHE CTPYKType
HHCKE aMIuTuTyne. YOupama cy mpaheHa BepTHKal-
HOM MOOMIHOINY OJIOKOBa JUMHUTHPAHHUX MOCTOje-
huM pacegHUM MPEaIPTEROM.

HcroBpemeHO er3ucTupame CycenHuX JoMeHa KOju
ce W3MMKYy W TOHY Yy KOMIIPECHOHOM HAIOHCKOM
M0JbY, MOTY ce 00jacHUTH (PIEKCHOHUM CaBHjameM
nutochepe, mpaheHO peaKTUBHpamEeM KPYITHHX,
rmocTojehnx pacena Koju Cy yjeIHO U TpPaHHIIE cerMe-
HaTa ca pa3IndYUTHM KapaKTepoOM BEPTHKAIHOT
KpeTama. Pa3nmuuuT kapakTep M MHTEH3UTET BEpPTH-
KalTHe MOOMITHOCTH JUTOC(hepe y jy’)KHUM JeTOBHMa
[lanoHckor OaceHa Cy TOKOM KBapTapa OWIIM KOH-
TpoiHU (aKTOpH TeHe3e W AcOJpHHE TCTTOHOBAHMX
cennMeHara. Kao BakaH KOHTPONHH (DaKTop KBap-
TapHOT JEMO3UIIHOT TPOCTOpa IMPETMO3HATH Cy pa-
cenu Ha jy>)kHUM naguHama Opymike [ope (Bpaamakn
pacen) m jyrouctouno ox peke CaBe (CIIOXEHH
Kanemermancku pacen).





