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Abstract. The problem of correlating Lake Pannon sediments across its basin
has been the occupation of many geologists. At first, it was hampered by the
prevalence of biostratigraphic, rather than lithostratigraphic correlation. The
task became accomplishable when, thanks to seismic survey data, the strongly
progradational character of Lake Pannon sedimentation had been understood.
Thus, this paper aims to describe the formations from all parts of Lake Pannon
and compare them to the ones described in Serbia. Material used includes pub-
lished and unpublished data from all countries with Pannonian Basin System
upper Miocene and lower Pliocene deposits, in the form of seismic, borehole
and outcrop data.

Even though the system is strongly asymmetric, both spatially and temporally,
the formation synthesis framework should help better understanding among
geologists operating within the basin. For the first time the informal forma-
tions are proposed for all Lake Pannon sediments in Serbia. The formations
are linked to a progradational deltaic system within the following succession:
basinal plain-turbidite-slope-delta front-delta plain-lacustrine and alluvial
environments.

The lithostratigraphic correlation has a huge potential in the context of indus-
try. The main potential surely lies in petroleum geology, but it could be also
very useful for exploration of geothermal energy, hydrogeology and construc-
tion materials.

Ancrpakr. [Ipo61eMoM Kopesanyje ceiuMeHaTa CBUX 06J1acTH je3epa [laHoH
6aBUJIM CY Ce MHOT'M T'e0JIO3U. Y MOYeTKy Npenpeky je cTBapasa JoMUHaLMja
6uocTpaTUrpadcke HacnpaMm JUTOCTpaTUrpadcKe Kopesaluje. 3aJaTak je
[I0CTA0 pelIuB KaJa je, 3aXBabyjyhu nofanuMa CeU3MUYKUX UCTPAXKUBAILA,
cxBaheH M3pa3uToO NporpajalyoHU Mojes cefuMeHTauuje jesepa [laHoH.
Crora, oBaj paJ; ©Ma 3a Wb Aa onuuie ¢popMalyje U3 CBUX ZieJioBa je3epa
[TaHOH M ynopeu UX ca OHMMa OMKCAaHUM Ha npoctopy Cpb6uje. Kopumhenu
MaTepHjal je pe/icTaB/beH MyGJIMKOBAaHUM U HENY6JIMKOBAaHUM CEU3MUUKUM,
OYIIOTHHCKMM U MOBPIIMHCKUM IT0/AllMMa U3 CBUX 3€MaJba Koje Cy Tpunazase
Cucremy [laHOHCKOT 6GaceHa TOKOM ropHer MUOLIeHa U JIOHer IJIMOoLeHa.

Hako je cucTeM U3pa3suTo aCUMeTpHUYaH, KAKO IIPOCTOPHO TAKO U BPEMEHCKH,
ajaroputaM ¢opManroHe aHauK3e folpuHehe 60/beM pasyMeBakby reoJora
KOjH paJie Ha moMeHyToM npocTtopy. [lo npBu nyT npeasnoxeHe cy Hedop-
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MaJiHe popMalidje 3a cBe ceiuMeHTe je3epa [laHOH Koju ce Hasase Ha Mpo-
cropy Cpouje. Popmanuje cy BesaHe 3a MPOTPaAALMOHHU JIeJITHU CUCTEM Ca

K/by4He peun:
JAumocmpamuezpadguja,

desimHa npozpadayuja,

cucmem [laHoHCKo2 6aceHa, jezepo
TlaHoH, 20pHeU MUOYEH-NJIUOYEH,
2€0/102uja y2/08000HUKA.

cnegehoM cyKijecHjoM: 6aceHCKa paBHULA-TYPOUAUTH-TIaIMHA-4Y€eJI0 JleJITe—
JleJITHA paBHULa-je3epcka U ¢GJiyBUjaHa AeN03ULIMOHA CpeiMHA.
JlutocTpaTturpadcka kopesanuja uMa BeJIMKUA NOTEHIMjal y UHAYCTPUjH.
[J1aBHUY MOTEHIMjas je CBAKaKo Y HapTHOj re0JIOTHjH, a/Id TaKohe MoXke OUTH
KOPHCHA U IPU UCTPAKUBAY re0TepMaJiHe eHepruje, MoJj3eMHUX BO/1a, Kao
U rpaheBUHCKOT MaTepujasia.

Introduction

The problems related to late Miocene chronos-
tratigraphy of Central Paratethys have been subject
of numerous studies in the last couple of decades
(e.g. SaccHl et al., 1997; MAGYAR et al. 1999; SaccHl &
HorvATH, 2002; SaccHI & MULLER, 2004; MAGYAR et al.
2007). The first attempts of establishing a Lake Pan-
non stratigraphic framework were made at the end
of 19th century. The study of standard outcrops
does not provide enough chronological data (only
10*to 10° years) for the determining of the biostrati-
graphic turnover. Some early biostratigraphic stud-
ies focused on the chronological meaning of
different fossil species. This practice was, however,
proved to be wrong. In a geological setting of a Lake
Pannon-style basin, various fossil species are indica-
tive of a depositional environment, rather than age.
In a certain point in time, several species could co-
exist in different depositional systems (e.g. delta
plain, delta front, shelf, deep basin). The underlying
principle of strata correlation in the early works on
Pannonian upper Miocene was that biozones were
interpreted horizontally, without understanding of
the progradational system that existed in the basin.
Nowadays, it is known that the biozones have both
vertical and horizontal extent, leading to the differ-
ent age of the same biozones in different parts of the
basin (MAGYAR & GEARY, 2010). When methods of ex-
ploration switched from solely logging outcrops to
examining subsurface data (borehole material, well
logging, regional seismic surveys), a full picture of a
progradational system now became clear.

The previous regional stratigraphic nomencla-
ture subdived upper Miocene sediments into two
stages - Pannonian and Pontian (ROGL & STEININGER,
1983) but the recent studies (MAGYAR & GEARY, 2010;
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KovAci¢ & PaveLi¢, 2018; Manbic et al., 2019 among
others) suggest avoiding use of Pontian stage in
Central Paratethys since the first occurrence of early
Pontian marker fossil Paradacna abichi precedes the
Black Sea Basin Pontian stage (KrijGsman et al,,
2010). The Pontian stage is excluded from Pannon-
ian Basin System (later referred to as ‘PBS’) and
abichi and rhomboidea beds are assigned to late
Pannonian stage except the uppermost rhomboidea
beds which are assigned to lower Pliocene Cerni-
kian stage (Manbic et al,, 2015).

Already complex stratigraphy is additionally ag-
gravated with use of different names for Miocene-
Pliocene formations with same characteristics in
distinct PBS parts. The formation names are given
by local places and only recently geologists tried to
correlate them in the region (MAwi¢ & CVETKOVIC,
2013; SzTaNo et al., 2016; Kovaci¢ 2018; SEBE et al.
2020) while also some attempts were made for small
part of PBS in Serbia - Northern Banat area (RADI-
VvOJEVIC, 2014; RADIVOJEVIC & RUNDIC, 2016; IVANISEVIC &
RaDIVOJEVIC, 2018; ANPELKOVIC & RADIVOJEVIC, 2019).

The importance of formation correlation is both
scientific and industrial. While the scientific corre-
lation will improve regional knowledge about the
postrift basin fill, the industrial importance lies in
better understanding of petroleum system, geother-
mal potential and raw materials. The Lake Pannon
sediments represent the most important element of
PBS petroleum system (source, reservoir, and cap
rocks) containing the greatest amount of generated
and produced oil and gas reserves and resources.

The sediments representing the Lake Pannon are
almost entirely found in the subsurface environ-
ment, and besides some outcrops (Mecsek Mt.,
Medvednica Mt.,, Slavonian Mts., FruSka Gora etc.),
rock samples and data are governed by oil compa-
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nies operating in the region (MOL, INA, NIS Gaz-
promneft, OMV Petrom, etc.) and because of that
frequently treated as confidential. Additional prob-
lem is that the companies in some parts of PBS
didn’t find interest dividing these sediments into
formations while in some parts they are still using
Pontian stage just as is suggested to avoid.

This paper attempts to give a comprehensive re-
view of upper Miocene and lower Pliocene PBS for-
mations, their history and potential subbasin
correlation pointing to importance of having a more
precise stratigraphic framework. The study uses ex-
tensive published material and covers all countries
occupying the PBS regardless the level of explo-
ration and applied dating, and other methods.

There are several different direction prograding
systems in PBS (KovaciC et al., 2004; MAGYAR et al,,
2013; SztaNo et al.,, 2013; Rabpivojevi€ et al., 2014; Bupal
et al,, 2019 among others) from which the most im-
portant are paleo-Danube and paleo-Tisza rivers. For

the logic of its division related to position in delta-
lake depositional environment is suggested. One
should be vigilant not to force interpretation and for-
mation correlation without thorough study of sedi-
ments age, origin, lithology and depositional
environment. In a strongly asymmetric basin filled
with sediments at different age, such as the PBS, this
kind of formational workflow could help easier un-
derstanding among geologists working in the PBS.

Geological setting

The Pannonian Basin System encompasses the
basin and the pre-rift basement. Pannonian Basin is
a classical back-arc basin formed during Oligocene-
Miocene times (HoRVATH et al., 2006; BALAZS et al.,
2016) and occupies nine countries (Austria, Bosnia
and Herzegovina, Croatia, Hungary, Romania, Ser-
bia, Slovakia, Slovenia and Ukraine, Fig. 1).

Fig. 1. Pannonian Basin system and its surrounding. The red letters represent country codes of countries evaluated in paper.

the first time, the informal formations are proposed
for all parts of PBS in Serbia. Surely, the additional ef-
fortis needed to make them formal and accepted but

Geol. an. Balk. poluos., 2021, 82 (2), 43-67

The PBS was a subject of intensive tectonic and
geodynamic processes. The rifting took place along
asymmetric simple shear extensional mechanism
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(MATENCO & RADIVOJEVIC, 2012; BALAZS et al., 2017).
The extensional regime is strongly time-transgres-
sive, with syn-rift and post-rift sequences of differ-
ent age found in various parts of the basin system.
The analysis of syn-kinematic reflectors demon-
strates that normal faulting migrated in time and
space and that in the Serbian part of the PBS, exten-
sion took place on a wide Miocene time interval
(roughly 20-5.5 Ma) (MATENCO & RADIVOJEVIC, 2012).
SujaN et al. (2021) described several extension ter-
minations and restarts in the Slovakian Danube
Basin. That means that there are several syn-rift and
post-rift sequences before the final definite post-rift
phase (in accordance with the “punctuated subsi-
dence model” described by HoLz et al., 2017). The
same could be expected in the Serbian part of PBS
where the final post-rift phase is represented by
upper Miocene and Pliocene sediments. The uplift
and thermal subsidence begins somewhere in the
Sarmatian (variously defined, for example Rabivo-
JEVIC & RunpIC¢, 2016 or Runpi¢ et al, 2019), but
reaches its climax in the upper Miocene. Younger
parts of Pliocene and Quaternary belong to the
basin inversion phase (MATENCO & RADIVOJEVIC, 2012).

The PBS basement is of highly varying lithology,
namely Paleozoic igneous and metamorphic rocks;
Triassic sediments and metasediments; Jurassic
ophiolitic mélange; Lower Cretaceous carbonates
and clastics and Upper Cretaceous-Paleogene het-
erolithic turbidites (CANOVIC & KEMENCI, 1988; RaDI-
VOJEVIC, 2014).

The Neogene depositional history starts with the
continental to lacustrine deposition during early
Miocene times. The true marine conditions appear
within early Badenian which is far more abundant
then middle and upper part of stage (MATENCO &
RaDIVOJEVIC, 2012). The brackish Sarmatian sedi-
ments have much less areal extent and thickness, ex-
cept in SE part of Serbian PBS (MaTENcO &
RaDIVOJEVIC, 2012) with thick fine-grained deep-
water facies. In the other parts they are represented
with thin shallow-water reef sediments or eroded.

The late Miocene of Central Paratethys generally
had a two-fold internal division: usually the whole
of it is described as having a single stage, the Pan-
nonian sensu lato (further subdivided in different
ways); however, in Serbia the distinction between
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Pannonian and Pontian sensu stricto is still widely
used in industry (similar to the chronostratigraphy
of the Eastern Paratethys: VasiLIEv et al,, 2011; Popov
etal, 2013; vaNn Baak et al,, 2016).

Late Miocene geological setting is characterized
by progradation of paleo-deltas in a relatively deep-
water lake environment. The lake, named , Lake Pan-
non“ (MAGYAR et al., 1999), was actually a saline one,
somewhat similar to the present Caspian Lake (MAG-
YAR & GEARY, 2010), hence the often-used term , caspi-
brackish” (e.g. to describe the Lake Pannon’s waters).
Thus, the main difference is made between marginal
(onshore) and basinal (offshore) facies. They are fur-
ther subdivided into several distinct depositional en-
vironments, which are the basis for establishing the
formations later discussed in the paper.

The Lake Pannon sedimentary infill is generally
characterised by the presence of several linked de-
positional environments, in a framework of a deltaic
progradational system. Hemipelagic open basin en-
vironment is present on the basinal plain. It is rep-
resented by mudstones (usually clays and marls,
sometimes micrite), which are sandy on the lake
boundaries and become cleaner basin-ward. Basinal
turbiditic sediments, deposited from underwater
channels usually overly the hemipelagic muds. They
are of siliciclastic composition, being represented
by sands and muddy intercalations. The shelf slope
environment is home to mostly mud, silt and inter-
calated sand. Overlying the shelf slope are the
deltaic environments: delta front, delta plain and
coastal plain. They are represented by silts, sands,
and lignite seams. Lake Pannon sediments generally
contain abundant fauna (bivalvia, gastropoda, ostra-
coda) and flora (terrestrial plants, calcareous nan-
noplankton, dinoflagellate cysts, palynomorphs).

Overlying the upper Miocene sediments are the
sediments of the Pliocene. These sediments are gen-
erally divided into clays of the remnant Paludina
Lake (,Lake Slavonia“ in HARZHAUSER & MANDIC,
2008), and siliciclastics of the alluvial plain (Ivani-
SEVIC & RADIVOJEVIC, 2018).

The Quaternary is a period of intense climate
change, and has left a big mark on the Pannonian
realm. The thickness of Quaternary sediments is
very small in the southern margins of the PBS, and
gets bigger when moving north. The sediments

Geol. an. Balk. poluos., 2021, 82 (2), 43-67
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show continental depositional environments, in-
cluding loess and loessoids, alluvial and fluvial sed-
iments (Ci¢uLIG-TRIFUNOVIC & RAKIG, 1976).

Overview of Lake Pannon formations
by country

By definition, a formation is the principal lithos-
tratigraphic unit. The formation should be regarded
as a geological body with specific sedimentological
characteristics, which are the result of a single de-
positional environment. [t does not have to be of the
same age in all its parts. In order to formally define
a formation, a reference outcrop or a borehole must
be selected (DIMITRIEVIC & DIMITRIJEVIC, 1989). One
must bear in mind that some of the formations de-
scribed in this paper are only informal at the pres-
ent moment. The classical way to describe an
outcropping formation may not prove viable when
dealing with seismic data, because of lateral vari-
ability of deltaic and fluvial formations.

Upper Miocene sediments have been thoroughly
studied in most areas of PBS. Hungarians were the
first to codify formations, producing a ,stratigraphic
lexicon” (CsAszAR, 1997). Simultaneously and inde-

pendently, geologists from neighbouring countries
have defined various local formations. The differ-
ence in defining formation extent varies by country
- for example, Ivanka Formation of Slovak nomen-
clature is equivalent to three different formations in
Serbia.

Austria

The Styrian Basin is the part of Austria which can
be considered as a subbasin of the Pannonian Basin,
while the Vienna Basin is a separate entity, compris-
ing the Central Paratethys together with Pannonian
and Transylvanian Basins.

Styrian Basin

The Styrian Basin is a marginal subbasin of the
Pannonian Basin System, 100 km long and 60 km
wide (REUTER & PILLER, 2014). Total thickness of
Neogene sediments exceeds 4 km in the deepest
part. It is separated from the rest of the PBS by the
South Burgenland Swell (SACHSENHOFER et al., 1996;
Kosr et al., 2003) (Fig. 2).

Fig. 2. Styrian Basin geological map (left, after Gross et al, 2007) and its position within PBS (indicated with red polygon at the map in top
left corner). The Lake Pannon formations and members (after RoGL & DAXNER-HOck, 1996; Gross, 2000) defined within the basin (right).

Geol. an. Balk. poluos., 2021, 82 (2), 43-67
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Lithostratigraphical subdivision of the Styrian
Basin has been mentioned by KoLLMANN (1965) and
studied in detail by Gross (2000, 2003). Papp bio-
zones (Papp, 1951, 1953) are used in the chronos-
tratigraphy of the Styrian Basin, although they are
calibrated for the Vienna Basin, so their use could
be inadequate.

Pannonian sediments of the Styrian Basin are
separated from Sarmatian sediments by a regional
unconformity. Feldbach Formation (Papp zones A-
B) is composed out of two members: Eisengraben
and Sieglegg (Fig. 2). Eisengraben Member is char-

lamm (Papp zones D-E), and the Pliocene sediments
are described as parts of Tabor Gravel and Jenners-
dorf Beds (Papp zone G) (Fig. 2) (Kosi et al. 2003).

Bosnia and Herzegovina

Only a small part of the PBS is present in Bosnia
and Herzegovina (Fig. 3). Most of the data about
Pannonian sediments are related to oil and gas ex-
ploration from deep depressions, even though the
main discoveries and oil and gas shows are related

Fig. 3. The Bosnia and Herzegovina basins within PBS indicated with red polygon at the map in bottom left corner.

acterised by fine-grained sediments (clays, silts and
marls) (Kosi et al. 2003), possibly deposited in a
shallow, sublittoral environment, as indicated by
small thickness of clinoforms, showing delta slope
position. Sieglegg Member is a remnant of a limnic-
deltaic system, comprising sands and clays. The
overlying Paldau Formation (Papp zone C) contains
several members: Kapfstein Member (sandy gravel
basal unit), Mayerhanselberg Member (limnic-
deltaic), and Kirchberg (middle Paldau) and Karner-
berg (upper Paldau) Member (Fig. 2), composed of
fluvial gravels and interfingering clays and sands
(Kost et al. 2003). The final parts of Pannonian s.L
are represented by Beds of Loipersdorf and Unter-
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to older Mesozoic and Paleogene-early Miocene rocks
(Sokri¢, 1951-53; Hrvarovi¢, 2006; SajNoviC et al.,
2020). Since the Pannonian age rocks do not have
significance to petroleum system, not much atten-
tion was given to them and they were not subject of
lithostratigraphic analysis. They could be found in
the northernmost part of the country and represent
the southern and eastern prolongation of well-
known basins in Croatia and Serbia. The Posavina,
Semberija and Prnjavor (Fig. 3) sub-basins could be
connected to Slavonija-Srijem basin (Croatian “Sri-
jem” has the same meaning as Serbian “Srem”),
showing slope progradation from the NE direction
(ASaNIN, 2019), while Dubica and Prijedor basins

Geol. an. Balk. poluos., 2021, 82 (2), 43-67
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represent the southern part of bigger Sava Basin
(Fig. 3). There are also two other basins which are
separated from Slavonija-Srijem basin with North
Majevica Ridge (Lopare basin) and Middle Majevica
Ridge (Tuzla basin) (Fig. 3).

Croatia

According to the latest publications (PAVELIC &
Kovaci¢, 2018; MaToSevi¢ et al., 2019; SEBE et al.,,
2020), the Croatian part of the PBS can be divided
into two basins: North Croatian Basin (NCB further
in the text) and Zagorje Basin (Fig. 4). The NCB en-
compasses Sava, Drava and Srijem-Slavonija sub-
basins (Fig. 4). The Zagorje Basin is connected to
Slovenian Mura Basin and its formations are de-
scribed in the part of the text concerning Slovenia.

Formations of the NCB were first analysed by
SiMON (1966, 1980) and VELIC et al. (2002). MALVIC
and CveTkoviC (2013) have given an extensive review

age. West Drava depression has the following forma-
tions: the upper part of Moslavacka Gora shallow to
open basin calcareous marl (with Koprivnica sand-
stones and Krizevci member), Ivani¢-Grad deep open
lacustrine marls, Klostar Ivani¢ basinal turbidites, Bil-
ogora slope clays and delta sediments and Lonja la-
custrine and alluvial sediments of Pliocene age (SEBE
et al, 2020). Eastern Drava depression contains fol-
lowing formations: Valpovo basinal calcareous marl;
Vinkovci basinal hemipelagic marls; basinal tur-
bidites and shelf slope clayey marls; Vera delta slope
and delta plain sand, silt, clay and lignite; as well as
Pliocene Vuka lacustrine formation.

However, these authors did not unite the subde-
pressions in a single framework. This is misleading,
because the North Croatian and Zagorje Basins were
a single depositional area during the late Miocene.
Thus, a set of formations described by Kovacic et al.
(2017), Kovaci¢ (2018) and SEBE et al. (2020) are
most adequate in the description of Croatian part of
PBS (Fig. 4).

Fig. 4. North Croatian Basin with its depressions and Zagorje Basin (after PAVELIC & Kovacic, 2018, left), and its position within PBS - in-

dicated with red polygon. The Lake Pannon lithostratigraphic units defined within the NCB (right), Preferred formation names are bold,

abandoned, or local names are in plain format according to SEBE et al., 2020.

of the formations where they have described differ-
ent formations for Sava and Drava subbasins of the
NCB. Sava depression encompasses following for-
mations: Prkos and Ivani¢-Grad formations of early
Pannonian age, Klostar Ivani¢ and Siroko Polje for-
mations of late Pannonian age and Lonja of Pliocene

Geol. an. Balk. poluos., 2021, 82 (2), 43-67

Four formations, one member and two lenses
were defined (Fig. 4). The succession begins with the
Croatica Formation. It has a thickness of 20-50 m and
is represented by lacustrine limestones. Medvedski
Breg Formation is represented by the hemi-pelagic
lacustrine depositional environment, built up of

49



FiLip ANPELKOVIC & DEJAN RADIVOJEVIC

marls and silty marls, with a thickness of 20-80 m.
The formation encompasses the Ozalj Member,
Sveti Matej Lense and Ba¢un Lense (Kovaci¢, 2018).
These three units are represented by sand and
gravel and are of local significance, originating from
the islands already present in the basin. Andrasevec
Formation is represented by a distal turbiditic sys-
tem, made up of sands, silts and marls. It is defined
as deep-basin distal turbidites in its lower part and
the shelf slope environments in the upper part. It
has a thickness of up to 600 m. Nova Gradiska For-
mation belongs to a delta system, especially the
topset part. It is represented by silts, sands and coal
and it has a thickness of 5-160 m. The succession
ends with the Pluska Formation, which is of Plio-
cene age and deposited in delta plain and lacustrine
environments.

Hungary

First mention of formations in Hungarian geol-
ogy is by JAMBOR in 1980. Hungarian geologists have
since then produced an extensive stratigraphical

(2016). In this chapter the focus is given to Great
Hungarian Plain and Little Hungarian Plain forma-
tions, while Zala Basin (synonymous with Mura
Basin) formations are given in Slovenia section.
Such description was described because earlier
studies were limited to the country borders and re-
gional correlation began only in recent times. Be-
sides that there are dozens of other formations
which have local significance and are out of scope
of this paper.

Five Miocene and one Pliocene formations have
been described in the Great Hungarian Plain and Lit-
tle Hungarian Plain (Fig. 5).

The Szak Formation was deposited in an open-
water lacustrine environment (Fig. 5), below the
storm wave base and is represented by silty clay
marls and silts with thin sandstone intercalations.
[ts average thickness is less than 50m. It is similar
to the Endréd Formation, but contains more shal-
low-water fauna (Sztano et al,, 2016).

The Endréd Formation was first to overlie the
basement (Fig. 5) in the deeper parts of depres-
sions. It is an open water formation with varying
depths of 125 to 800 m. Its lowest part is described

Fig. 5. Hungarian basins and its position within PBS - indicated with red polygon (left). The Little Hungarian plain lithostratigraphic

units according to SzTANOG et al., 2016, Great Hungarian plain lithostratigraphic units according to SzTano et al., 2013 (right).

lexicon, codifying formations from around the coun-
try, published in 1997 by the Geological Institute of
Hungary and edited by Geza CsAszar. The latest
achievements in this field are made by SzTaNO et al.
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as Totkomlos Member, represented by calcareous
marl (JuHasz; in Csaszar, 1997). The depositional
character then shifts to hemipelagic marl and clayey
marl (SzTaNo et al., 2016).

Geol. an. Balk. poluos., 2021, 82 (2), 43-67
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The Szolnok Formation represents the remnants
of an extensive turbiditic system (Fig. 5) (SzTaNO et
al, 2016). It is characterised by an alternation of
deepwater turbidic fine-grained sandstone, silt-
stone and clay (JuHAsz et al.; in CsaszAr, 1997). The
sands were transported far from the slope by the
means of large lobes (Sztand et al., 2016). Coalified
plant remnants are abundant. The formation’s thick-
ness exceeds 1000 m in deep basins (JuHasz et al,; in
CSASZAR, 1997).

The Algy6 Formation is represented by sedi-
ments deposited in a shelf slope environment (Fig.
5). It is built up of dark-grey clayey marl. Turbiditic
channel and gravitational sediments can be encoun-
tered and their thickness is 100 to 900 m (Gajpos et
al,; in CsAszAR, 1997).

The Ujfalu Formation left sediments forming part
of the delta front and delta plain environments (Fig.

plant remnants, sometimes forming beds. The thick-
ness is 20 m to 1000 m (NEMETH et al.; in CSASZAR,
1997.).

The Zagyva Formation mostly belongs to the late
Miocene and Pliocene epoch. These sediments were
deposited in lacustrine and alluvial plain environ-
ment (Fig. 5) and are represented by an alternation
of loose medium-grained sands, silt, clay and marl
beds. Lignite seams are found throughout the for-
mation. The total thickness of the formation exceeds
1000 m (JuHasz et al.; in CsAszAR, 1997).

Romania

The Pannonian deposits are found in the Roman-
ian Banat region (Fig. 6), west of Apuseni Mts. The
studied sediments show a progradational shelf

Fig. 6. Romanian Banat region (after RiBiGIA, 2009) and its position within PBS - indicated with red polygon (left). The Lake Pannon

facies (after RABAGIA, 2009) defined within the basin (right).

5), represented by an alternation of sandstone, silt-
stone and clayey marl. The sandstone bodies may be
very thick. There are numerous finds of coalified

Geol. an. Balk. poluos., 2021, 82 (2), 43-67

slope, so the lithostratigraphic units can be corre-
lated with the formations in other countries of the
PBS. First ideas about the deltaic origin of these se-
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diments were introduced in 1975 by MucsI & REVESZ.
Berczl and PHILLIPS (1985) improved this concept
and defined various parts of delta, linked to differ-
ent facies.

RABAGIA (2009) describes facies of the Romanian
part of PBS, which are not described as formations.
However, they mostly correspond to the formations
defined in other countries, so these facies will be de-
scribed as primary lithostratigraphic units. The fa-
cies have been named A-F in chart (Fig. 6).

The facies A is represented by pelagic fine-grai-
ned sediments. They have a widely varying thick-
ness, from 20 to 800 m. The facies B is described as
distal turbidites, and achieve a maximum thickness
of 3500 m in depocentres (RABAGIA, 2009). The facies
C are the shelf slope sediments and are divided into
two subfacies: inclined proximal turbidites and non-
deformed pelitic sediments. The facies D represent
the upper part of the shelf slope. The sediments are
mostly pelitic, with varying content of sand and
coalified plant remains and have thickness of 200-
1000 m. The facies E are delta plain and littoral,
composed of alternating sand, silt and clay. Brown
coal and lignite strata are encountered. The final fa-
cies F are represented by sediments deposited in a
fluvial-palustrine environment of the alluvial plain,
built up of an alternation of pelites, silts and sands.

Slovakia

The Slovakian part of the PBS is represented by
the Danube Basin, which is present in Hungary as
well (known as the Little Hungarian Plain or Kisal-
fold Basin) (Sz1ano et al,, 2016), as well as the East-
ern Slovakian Basin in the east (KovAc, 2000; LExa et
al,, 2000) (Fig. 7). Its formation is tied to the general
pattern of PBS basin evolution. In the Pannonian
age, it has been subject to the progradation of the
paleo-Danube deltaic system.

The pioneers of the Pannonian formational sub-
division in Slovakia were PRIECHODSKA & HARCAR
(1988) and Vass (1990, 2002). Formations were ana-
lysed by KovAc et al. (2006,2011), RyBAr et al. (2015),
CsiBri et al. (2018) and VojTko et al. (2019) among
others and recently described in detail in SzTano et al.
(2016), Sujan (2019) and Sujan et al. (2021).
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Danube Basin

The newest data available are from SzTaNO et al.
(2016) and VLCEk et al. (2020), so mostly these data
will be cited in this chapter. Four formations were
defined: Nemcinany, Ivanka, Beladice and Volkovce
(Fig. 7).

The Nemcinany formation is represented by fan
delta sands and gravel. The formation’s thickness is
usually 10-20 m, up to a maximum of 40m.

Sztano et al. (2016) subdivides the Ivanka Forma-
tion into three units of lower rank. The lower part of
the Ivanka Formation is deposited in a profundal
lake environment. It is represented by calcareous
marl in the base of the succession, with upward de-
crease of the carbonate content and the sediments
becoming more clayey. Thin intercalations of silt-
stone are present. The unit has average thickness of
200 m (SztaNoO et al., 2016). The middle part of
Ivanka Formation was deposited by turbidite flows.
[tis represented by alternation of sandstone and silt-
stone/marl, with the dominance of sandstones.
Graded beds, lamination and convolution are pres-
ent. The thickness of the unit can reach almost 1000
m (SzTaNo et al,, 2016). The upper part of Ivanka For-
mation overlies the middle Ivanka turbidites and is
deposited in a shelf slope environment. It is repre-
sented by clays, marls, silts and sporadic sandy in-
tercalations. They can be laminated or massive.
Convolution and soft-sediment deformations may
point to turbidity currents or slumps (SzTANO et al.,
2016). Cyclicity in sediment input and lake level
change influence the progradational properties of
this unit (UHRIN & SzTANO, 2012; SZTANO et al., 2013).

The Beladice Formation overlies the Ivanka For-
mation and is made up of sediments formed by the
progradation of delta on the shallow shelf. It is rep-
resented by cyclically-deposited sands, silts, clays
and lignitic clays and could reach the thickness of
500m (SzTaANO et al., 2016; Sujan, 2019).

The Volkovce Formation forms the upper part of
the progradational system and is represented by
clays, silts and sandy channel fills deposited in a la-
custrine environment (Sujan, 2019).

An additional Kolarovo Formation of alluvial ori-
gin are sometimes included in the scheme repre-
senting Pliocene sediments (Sujan, 2019).
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Fig. 7. Slovakian Basins and its position within PBS - indicated with red polygons (top left), DB - Danube basin; ES - Eastern Slovakia
basin. The Danube basin Lake Pannon formations (after SzTano et al., 2016 and references within) defined within the basin (top right).
The Eastern Slovakia (Transcarpatian) basin Lake Pannon formations (after Kovic, 2000; Lexa et al, 2000) defined within the basin
(bottom).

Eastern Slovakian Basin SecCovce Formation is the product of early Pan-

nonian lacustrine and deltaic sedimentation. It is

Three formations were defined in this basin by represented by calcareous shales with lignite and tuff
KovAc¢ (2000) and Lexa et al. (2000) (Fig. 7). (KovAc, 2000; Lexa et al., 2000).
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Senné Formation is the late Pannonian fluvial-la-
custrine unit. It consists of grey and variegated
shales, with lignites (KovAc, 2000; Lexa et al.,, 2000).

Ce¢ehov Formation is represented by Pliocene la-
custrine and fluvial sediments: grey and variegated
shales, gravel and sand (KovA¢, 2000; Lexa et al,
2000).

Slovenia

Slovenia occupies a small portion of the PBS, but
formations have nevertheless been defined, probably
as a consequence of petroleum exploration. Within
Slovenia, the productive series all lie in the Mura
basin (Mio¢ & Znidar¢i¢, 1996; KERCMAR, 2018). Mura

lowed by SraMm et al. (2015), KEREMAR (2018) and SEBE
et al. (2020). Three formations and two members
were defined in this area (Fig. 8).

The upper part of the Murska Sobota Formation
belongs to the early Pannonian. It is represented by
hemipelagic marls formed on a basinal plain. The for-
mation additionally contains two members: PetiSovci
Sandstone and Benica Member (Mio¢ & ZNIDARCIC,
1996; SEBE et al,, 2020), which were probably part of
distal turbidites.

Lendava Formation is represented by turbiditic
deepwater sands and silts, clays and marls of the
shelf slope (SraM et al., 2015; KERCMAR, 2018; SEBE et
al.,, 2020).

Mura Formation is deposited in delta front and
delta plain environments and is represented by

Fig. 8. Mura basin (after Mio¢ & ZnipARCIC, 1996) and its position within PBS -indicated with red polygon (top left). The Lake Pannon
formations and members (after Simon, 1980; SEBE et al,, 2020) defined within the basin (right).

basin (Fig. 8) is adjacent to and shares the geological
setting with the Croatian-Hungarian Drava basin, as
well as the Hungarian Zala basin. Thus, the forma-
tions are very similar in character when compared
to the Croatian part of the Drava basin (SEBE et al,,
2020). First attempts to codify the formations were
done by Mio¢ and ZNIDAREIC (1996), and were fol-
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sands, silts, clays, marls and coal (§RAM etal, 2015;
KERCMAR, 2018; SEBE et al., 2020).

Ukraine

A small part of the PBS belongs to Ukraine (Fig.
9). It is a part of the Transcarpathian Basin, where
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three formations pertaining to the Lake Pannon
have been described by KovA¢ (2000) and LExA et al.
(2000).

Iza Formation represents the lower Pannonian
basinal and deltaic depositional environments and
is made up of calcareous shales, with lignite and tuff
occurrences (KovAc, 2000; Lexa et al., 2000).

RADIVOJEVIC (2014). The Serbian part of PBS encom-
passes different progradational paleo-river systems
but so far only northern Banat area was discussed.
The Lake Pannon sediments filled the basin with
large amount of material prograding from different
directions and sources which points to necessity of
having distinct formations. The northern Banat for-

Fig. 9. Ukranian Carpathians tectonic map (simplified from GLusHko & KruGLoy, 1986) with Transcarpathian Basin and its position within
PBS - indicated with red polygon (top left). The Lake Pannon formations and members (after Kovic, 2000; Lexa et al, 2000) defined

within the basin (right).

Kolesevo Formation belongs to the upper Pan-
nonian succession, being deposited in lacustrine
and fluvial environments and represented by grey
and variegated clays with lignites (KovAc, 2000; LExa
etal, 2000).

The sediments of Ilica Formation have been de-
posited during the Pliocene in a lacustrine and flu-
vial environment and represented by gray and
variegated shales, gravel and sand (KovAc, 2000;
LExa et al,, 2000).

Comparison to the state-of-art Pannonian
lithostratigraphy in Serbia

Formational analysis of Pannonian sediments is

an emerging field in Serbian geology with pioneer-
ing works made by PicoTT & RaDIvOJEVIC (2010) and
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mations with progradation system from N and NW
have been extensively evaluated in the last couple
of years (RaDIVOJEVIC & RuNnDIC, 2016; IVANISEVIC &
RaDIVOJEVIC, 2018; ANPELKOVIC & RADIVOJEVIC, 2019)
(Fig. 10a). The prograding system which has mi-
grated from south and southeast with sediment
source in the Dinarides, Carpathians and local
sources remains undiscussed so far. The only excep-
tion to the general depositional architecture in the
Serbian Lake Pannon is northern Backa area, where
lake’s sediments are thin and represented almost
exclusively with topsets (Fig. 10d).

Northern Banat area

Northern Banat is the most prolific hydrocarbon
area in Serbian part of PBS (Rapivojevic, 2014;
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Fig. 10. The different progradation direction of Lake Pannon sediments in Serbia. a) Banatsko Arandelovo Depression - clinoforms

showing progradation toward southeast, b) Zagajica Depression - clinoforms showing progradation toward west-southwest, c) Morovic¢

depression - clinoforms showing progradation toward north. $4 - bottomset, F1 - shelf margin, F2 - marine lacustrine, F3 - alluvial

sedimentation (seismic lines modified from TER BorGH et al, 2015), The Upper Pannonian sediments are present at surface in Zagajica

depression because of recent Vrsac Mountains uplift. Hence, the F3 is missing. d) Map of Northern Serbia with locations of seismic

profiles shown. Also, only topsets are present in the Backa area, as indicated on the map.

RaDIVOJEVIC & RUNDIC, 2016; IvANISEVIC & RADIVOJEVIC,
2018) and is bordered by Southern Banat, Romanian
Banat, Great Hungarian Plain (Alf6ld) and Backa
basins. Five formations have been described by
[VANISEVIC & RADIVOJEVIC (2018) (Fig. 11). They are de-
fined on the basis of seismic surveys and borehole
data. For example, MAGYAR et al. (2013) define the
Endréd (correspondning to Hetin) Fm. as having
low-amplitude continuous reflections, whether Szol-
nok (corresponding to Majdan) turbidites have high-
amplitude continuous reflections. The
boundary of Mokrin Formation is diagnosed on seis-
mic profiles as a downlap surface, whereas the upper
boundary marks the shelf break (IvANISEVIC & Ra-
DIVOJEVIC, 2018),

Hetin Formation is represented by hemipelagic
marls. Unlike other parts of PBS, there is no vertical
change in carbonate content and clay marls directly
overlie synrift sediments. The calcareous marl unit
is not confirmed, but its existence could be assumed

lower
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(PicoTT & RADIVOJEVIC, 2010; RADIVOJEVIC, 2014; IVANI-
SEVIC & RaDIVOJEVIC, 2018). The formation is covered
by either Majdan turbidites or the Mokrin Formation
(IvaniSEviC & Rapivojevic, 2018).

Majdan Formation is represented by turbidites
deposited in a deep-basin fan environment, generat-
ed by an overspill from upstream basins (SzTANO et
al.,, 2013; IvaniSevic & Rabpivojevi¢, 2018). The tur-
bidites are represented by sandstones, clays and
marls. They were deposited on top of Hetin marls.
They are always overlain by Mokrin Formation
(IvaniSEviC & Rapivojevic, 2018).

Mokrin Formation has traits characteristic of a
prograding shelf slope built up of clayey marls, silt-
stones and intercalated sands, with well-developed
clinoforms (IvANISEVIC & RaDIVOJEVIC, 2018).

Kikinda Formation is represented by sediments
deposited in a shallow environment of delta front,
delta plain and coastal plain. These sediments are
sandstones with silt and clay intercalations, as well
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Fig. 11. Serbian Basins and its position within PBS - indicated with red polygons (top left), asterisks represent the position where two

prograding systems meet. Arrows indicate shelf progradation direction (from TER BorGH et al,, 2015). The Northern Banat lithostrati-

graphy is taken from IvANISEVIC & RaDIVOJEVIC, 2018) while the Southern Banat is new proposed one.

as local appearance of lignites. They are marked by
clay-sand alternations. The base of Kikinda Forma-
tion is characterised by more sandy intervals.
Kikinda Formation is overlain by Pliocene Paludina
Formation, formed in a lacustrine and fluvial envi-
ronment, whose sediments were not subject to core
sampling or well-logging (IVANISEVIC & RADIVOJEVIC,
2018).

Southern Banat area

The southeasternmost depressions in Vojvodina
(Zagajica and Plandiste, mentioned by MATENCO &
RaDpIvojEVIC, 2012) shows progradation of Pannonian
sediments toward north and west sourced from
Carpathians and probably local sources (Vrsac
Mountains) (Fig. 10b). The published seismic lines
(MATENCO & RADIVOJEVIC, 2012; TER BORGH et al,, 2015)
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and well data allow division to five formations (Fig.
11). All these formations, or at least most of them,
could be transferred toward south to Podunavlje
area.

Plandiste basinal plain formation is represented
with homogenous, horizontally laminated dark gray
marlstones. Also, gray clay-sandy marls are present
with intercalation with fine-grained marly sand-
stones and dark-green to black coloured silty and
clayey marlstones.

Velika Greda basinal turbidite formation is pre-
sented with rhythmic interlayering of deepwater
sandstones, marls and silts and clays with internal
cross-lamination, convolution, load and flame struc-
tures.

The Janosik shelf slope formation is represented
by clayey marls, siltstones and intercalated sands.

The Jermenovci formation delta plain and delta
front facies of clay-marly-sandy sediments which
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frequently have laminas and thin layers of clayey
coals and coals.

The Paludina lacustrine formation with fine to
medium- grained sands represent the last stage in
the evolution of PBS. The freshwater lake, named
“Lake Slavonia” by HARZHAUSER & MaNDIC (2008) or
“Lake Paludina” by KrsTi¢ et al. (2012), covered a rel-
atively small area.

Srem

The only area where these northward prograd-
ing Lake Pannon sediments could be recognized is
Morovi¢ depression (Fig. 10c) whose eastern part is
settled in Serbia while western lies in Croatia. Due
to a lack of seismic and borehole data, no formations
have been defined.

Regional correlation and economic importance
of formational analysis

Taking all the aforementioned into account, it can
be concluded that defining basin-scale formations
is not a simple task. Correlating sediments de-
posited in several paleodelta progradation direc-
tions (MAGYAR et al., 2013; RaDIvoJEVIC, 2014; TER
BorgGH et al., 2015, among others) or correlating lit-
toral and basinal strata can sometimes prove to be
problematic. Even though Lake Pannon sediments
covered nine countries, it is possible to compare and
unify its formations. Styrian Basin has been omitted
from strict correlation because it was semi-isolated
during the Pannonian age, and lacks the deep-water
basinal depositional environment, which is present
in all other basins.

The use of formations as principal stratigraphic
units enables correlation of time-rock units across
the various parts of the basin. Basically, all of the
Lake Pannon formations belong to basin floor-tur-
bidites-slope-delta-lacustrine-alluvial system. The
main difference lies in progradation direction and
material source which point to necessity of having
different formations which still belong to the same
depositional system (Fig. 12). Thanks to oil industry,
subsurface data allow good insight in the architec-
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ture of these sediments and establish a quite func-
tional framework for formation definition with de-
positional systems defined.

Several basins within the PBS can be linked due
to spatial and temporal proximity, as well as belong-
ing to the same progradational system. The basis for
temporal correlation would be dated slope positions
cited from MAGYAR et al. (2013). The PBS is divided
into three different correlatable areas, based on
progradation direction and position within the Sys-
tem.

The first correlatable area is Slovakian Danube
Basin-Little Hungarian Plain-Slovenian Mura Basin-
Croatia (NCB and Zagorje). All of these basins are
related to paleo-Danube delta progradation, with
the dominant direction being NW-SE. Slovakian
Danube Basin has a slope progradation age of 10
Ma. It is important to notice that fluvial and alluvial
deposition started already during late Pannonian, at
about 9.5Ma, and ended at about 6Ma. These dates
are quite early when compared with most other
basins (fig. 12). The Little Hungarian Plain has all
the characteristics of the Danube Basin, except
slightly different timings. It has a slope age of about
9.5 Ma. Slovenian Mura basin is of simple archicture,
with the slope age defined as about 8.6 Ma. There
was no freshwater deposits in the Mura Basin be-
cause it was rapidly inverted and eroded. The Croa-
tian NCB and Zagorje Basin contain the full deltaic
sequence, whose formations could be expanded to
Bosnia and Herzegovina and Srem/Srijem areas.
The slope age recorded in this part of PBS (near Za-
greb) is 8 Ma. The end of freshwater lacustrine sed-
imentation in connection with Lake Slavonia is
dated at about 3Ma. It can be concluded that the fol-
lowing correlations could be made: basinal plain
(lower Ivanka/Endréd/upper Murska Sobota and
lower Lendava/Medvedski Breg); deep-water distal
turbidites (middle Ivanka/Szolnok/middle Len-
dava/lower AndraSevec); slope (upper Ivanka/Al-
gy6/upper Lendava/upper Andrasevec); delta
front-delta plain (Beladice/Ujfalu/Lower Mura/No-
va GradiSka); lacustrine-fluvial (Volkovce/Zagy-
va/Pluska) (Fig. 12).

The second area is Great Hungarian Plain-North-
ern Banat/Southern Banat (Serbia)-Romanian Ba-
nat. The basins forming this area are of more
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Fig. 12. Correlation of upper Miocene - Pliocene lithostratigraphic units of Danube - Kisalfold (Little Hungarian Plain) basin, northern
and central Drava basins (modified from SzTano et al, 2016 and SEBE et al.,, 2020) (top figure). Correlation of upper Miocene-Pliocene

lithostratigraphic units between Great Hungarian Plain (from SzTANG et al, 2013), Northern Banat (IvANISEVIC & RADIVOJEVIC, 2018),

Southern Banat (newly proposed here for the first time) and Romanian Banat area (RABAcIA, 2009) (bottom left). Correlation of upper

Miocene and Pliocene lithostratigraphic units between Eastern Slovakian basin and Transcarpathian basin (modified from Kovic, 2000,
Lexa et al,, 2000 (bottom right).
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complex character: paleo-Danube progradation
(NW-SE, N-S), paleo-Tisa progradation (NW-SE), as
well as S-N progradation in the case of Southern
Banat. The first two basins are fully correlatable,
having the same progradation direction (NW-SE),
very similar vertical and areal distribution and simi-
lar depositional environment change timings. Both
basins have continuous deposition up to Quater-
nary. The difference is the earlier dates of slope
progradation, which are defined as 8.6 to 5.3 Ma in
GHP and 5.3 to 4 Ma for Serbian Banat. Southern
Banat is characterised by opposite progradation di-
rection (SE-NW). The Serbian Banat systems (N and
S) met in the area of Zrenjanin city at 4 Ma. Despite
direction differences, correlation is fully feasible due
to almost identical depositional environments pres-
ent throught the basin. Romanian Banat has a very
similar architecture, but different progradational di-
rection (NE-SW) and different timing, with Pliocene
deposition stopping before 3 Ma and then the basin
being subject to erosion. Following formations,
based on linked depositional systems, can be corre-
lated: basinal plain (Endréd/Hetin/Plandiste /facies
A & B); deep-water distal turbidites (Szolnok/Maj-
dan/Velika Greda/facies C); slope (Algy6/Mokrin/Ja-
nosSik/facies D); delta front and delta plain (Ujfa-
lu/Kikinda/Jermenovci/facies E); lacustrine-fluvial
(Zagyva/Paludina/facies E).

The third area is Eastern Slovakian Basin and
Ukrainian Transcarpathian Basin. These two basins
are actually two parts of the same basin, only sepa-
rated by the administrative border between Slova-
kia and Ukraine. These basins are remote border
areas of Lake Pannon and are not correlatable with
other systems. Both have three formations de-
scribed, with lacustrine and deltaic lower Pannon-
ian (Secovce/Iza), fluvial and lacustrine upper
Pannonian (Senne/ KoleSevo) and fluvial Pliocene
(Ce¢ehov/llica).

The significance of formation analysis also has
its practical use, since Lake Pannon sediments pres-
ent the great resource base for hydrocarbons, coal,
geothermal, hydrothermal, etc. For example, the
Pannonian basinal-type marls are both a very pro-
lific source rock (Kosri¢, 2012), as well as a good raw
material for cement industry (Gani¢ et al., 2012).
The use of lithostratigraphic correlation implies
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having insight as to where the economically impor-
tant strata can be expected, both in space and time.

Formation analysis greatly improves the under-
standing of the petroleum geological system of a
basin or its part. Regionally important source, reser-
voir and seal rocks can be correlated within the
basin. For petroleum companies it is very important
to have resource base figures as accurate as they can
be and imprecise definition of source and reservoir
rocks could led to hydrocarbon potential over/un-
derestimation. In Serbian part of the basin the Pan-
nonian Age (sensu STEVANoVIC, 1977) sediments are
recognized as the main source rock (Kosrti¢, 2000;
JELENKOVIC et al., 2008; MRrki¢ et al.,, 2011; KosTIc,
2012). Still this time interval covers formations of
basinal plain as well as turbidite sandy sediments
and generating thickness map of ,Pannonian“ age
sediments could lead to hydrocarbon potential over-
estimation, while also some of the reservoir rocks
would be overlooked. Turbidite sandstones and
delta plain sandstones are most prolific reservoir
rocks while alluvial and lacustrine clays represent
the cap rock (HorvATH & Tari, 1999; RADIVOJEVIC,
2014).

Most of the Serbian part of PBS belong to mature
exploration area where big structural traps were
drilled. Still, the sole license owner NIS Gazpromneft
invested a lot of money in 3D seismic surveys in last
decade. Using interval attribute maps and 3D vol-
ume attributes (amplitudes as good indicator of fa-
cies types, and frequencies as good indicator of
subsurface discontinuities) should help better un-
derstanding of paleoenvironments and unlock the
potential in subtle stratigraphic traps.

Conclusions

The delta and shelf progradational system is
time-transgressive throughout the basin and sedi-
ments comes from different sources (Alps, Dinar-
ides, Carpathians, local uplifted areas). Still, it is
possible to correlate Lake Pannon sediments using
basin floor-turbidites-shelf slope-delta-alluvial
plain/lacustrine system.

All formations are grouped into three areas
based on progradation direction, material source
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and position within the basin. The main systems are
related to paleo-Danube and paleo-Tisza while also
lower magnitude local systems are present within
Serbian part of the Pannonian basin.

In Serbian part of Lake Pannon sediments three
different direction (toward SE, N and NW) progra-
dational systems are detected at seismic sections
and split into formations. The northern Banat area
is connected to adjustment Great Hungarian plain
formations. Small magnitude Serbian Srem north-
ward progradational system is linked with Northern
Croatian basins, while formations are introduced to
southern Banat northwestern progradation. The
southern Banat formations could be also trans-
ferred toward south to Podunavlje area.

At 4 Ma Serbian Banat progradation systems
meet each other in last stage of Lake Pannon exis-
tence near Zrenjanin. Despite opposite progradation
direction and different material source their forma-
tions could be correlated based on their position
within the basin.

Future work on this subject would comprise for-
mation formalization by writing a detailed descrip-
tion of its vertical and lateral extent, position and
characteristics of a type section/borehole, precise
data on contacts with other formations etc.

Unlocking the full potential of recently acquired
3D seismic surveys should help in better under-
standing of depositional environments using the
modern techniques like seismic attributes, spectral
decomposition etc., and help in formation correla-
tion.
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npe/cTaBJ/ba IpeMeT BEJUKOT UHTepecoBamba Xp-
BaTCKUX, MahapcKUX U c10BauKUX reoJiora. Mako cy
ce HeKU HOBUjU paJloBU GABUJIU CPIICKUM CeBep-
HUM BaHaToM U HepopMasHUM NpeI0TOM yBoDhe-
wa popManuja Ha OBOM NPOCTOPY [0 caja Huje
MoCTOojasa CTyAuja Koja 61 06yxBaTUIIA L0 CPIICKU
Jieo npocTtopa [laHoHCKOT 6aceHa Kao U HeroBy
KOopeJianujy ca cyceJHUM 06J1acTUMA.

ExcreHsuja [laHoHCKOT 6aceHa reHepaiHO UMa
acHMMeTpUYHY reoMeTpH]y ca AedopManyjaMa Koje
LYK bera MUIpUpajy y NpocTopy U BpeMeHy. Ce-
JUMEHTAlMOHA eBOJIyLMja KaCHOT HeoreHa OBOT
MpocTopa Ayro je 6ua ciabo pasymM/bUBa yCae[
TOra IITO Cy JUTOCTpaTUrpadcke jeJUHULE KOpe-
JIUCaHe U UHTepIpeTHpaHe Y XpoHOCTpaTurpad-
ckoM cmucay. [IpobsieM mnpejcTraB/ba TO LUTO
TpaJULMOHA/JHe 6GLO30He 3alIpaBo OAroBapajy Je-
MO3MLIMOHO] CPeIMHU U MeCTy y nporpazupajyhoj
JeJITH, a He CaMO BpeMeHy cejUMeHTaLluje. Y cu-
CcTeMy Ifie je nporpajanyja JOMUHAHTAH IPOLecC TO
HEMHWHOBHO JJ0BOJM [I0 MOTpelIHe KopeJsanuje 1
Jiolle ofpeheHUx cTpaTUrpadCKUX IpaHULA.

CBu ceToBHU Ppopmalyja (YCBOjeHUX U TpeJIJIoKe-
HUX) Yy OBOM paZly IpaTe HU3 Be3aHUX [JIeI03UI10-
HUX CpeJlMHa, KOje MpeJCTaB/bajy Ae0 NPorpasu-
pajyher geatHor cucreMa. Y1aHoOBU HU3a cy: 6a-
CeHCKa paBHULA-yOOKOBOAHU AUCTAJIHU TYpOU-
JUTHU-TIaZIMHA-YeJIOo leJITe U JleJITHA paBHULA-je-
3epcka U ¢uiyBUjasiHa cpeiuHa. [IpunagHocT ozape-
heHoj popmanuju onpeheHa je Ha OCHOBY CEU3MU Y-
KHUX [l0JjaTaKa, nojaTaka Jo0HjeHUX UCTPaXKHUM
OylllereM yI/bOBOJIOHHKA (je3rpo, y30piiu ca BU-
6pocuTa, reoPpU3UYKU KapoTaxK) U MojaTaka ca
M3/laHaKa U OTBOpeHUX npodusa. JJoMHUHAHTHY
yJiory y ofpehuBamwy ¢popmalja ©UMaau Cy ceus-
MUYKH MOZALM MOIITO je jeIUHO Ha ’hbMa OHJI0 MO-
ryhe npaTUTH peruoHasiHe KJIMHOPOpMe Be3aHe 3a
wesadHY NaZMHYy, Koja NpeJCcTaB/bajy K/bYUHU J10-
Ka3 NporpaZjaliuoOHOT KapaKTepa OBUX ce/JUMeHaTa.

Y paay je faT KpaTak uctopujaT ¢popmanuja u
UXOBO NOC/Ie/[ibe BUheme 3a CBUX JieBeT 3eMaJba
KOje ce HaJsia3e Ha npocrtopy jesepa [lanon. [lopen
Beh 106po no3HaTUX NpOrpajalluOHUX CUCTeMa Be-
3aHUX 3a nasjneo-/lyHaB u najseo-Tucy far je u He-
dbopmanHu npegJior ysohemwa popMalmja y jyrKHOM
BaHaTy 3a nporpaZilaliuOHU CUCTEM KOjH Ce 0 BHja0
y CYIpOTHOM INIPaBLy 0] OBUX [VIaBHUX MPaBLa.
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3a noTpebe kopesanuje popMalmja UCTPAKU-
BaHU 6aceHH Cy Ha OCHOBY IIpaBlia porpajanuje u
Crajamba MojeJUHUX CUCTeMa I0/le/beHU Y TPHU 00-
snactu. U3 kopesanyja je usyset jeguso lltajepcku
6aceH y AycTpuju 063UpoM /1a OH UMa 3HATHO APY-
rauujy reoJsIolIKy rpahy v Jeno3uLoHy eBOJNYLHjY
- 0/IBOjeH 0J1 ocTaTKa 6aceHa U 6e3 JleNMOHOBamba
JlyOOKOBOAHUX Ce/lUMEHATA.

[IpBy o6s1acT ca JOMUHAHTHUM IpaBLEeM Hpo-
rpaganuje C3-JU yuHe: cioBauku /lyHaBCKU GaceH-
Masa mahapcka paBHUIIA-Mypa 6aceH y C/i0BeHUju-
6acenu y XpBartckoj. [lope/; Tora 0Boj 06s1acT MOTY
ce MPUK/BYYUTH U CeJMMEHTH OO0CaHCKO-xeplie-
roBayKor geJia jesepa [laHoH u cprickor fesa cpeM-
CKe Jenpecuje. Y 0BUM 06J1acTHMa HUCY ofipeheHe
noce6He popMariyje Beh je mpenopydeHa ynorpebda
JIOKaJIHUX XpBaTckux ¢popmanuja 3a UcroyHocna-
BOHCKO-CPHjeMCKY JlelIpeCcHjy Koja je y HOBUjOj JIuTe-
paTypu NpuIojeHa CeBepHO XpBaTCKKUM 6aceHHMa.

Jpyra o6sacT uMa JOMHHaHTe MNpaBle Mpo-
rpagauuje C-] u CHU-J3, anm u nporpagauujy us
CyTpOTHOT npaBla (jyr-ceBep). MecTo cnajamba 0BUX
CUCTeMa Ce HaJla3| Y OKOJIMHU 3pemhaHuHa (IIpe 0KO
4 MUJIMOHA rOJIMHA) U NIpeJCTaB/ba NOCAeAwny dpasy
ersucreHIyje jesepa [lanoH. OBy o6s1acT unHe Besu-
ka Mabapcka paBHHLa-CeBepHU/]JykHU BaHaT y
Cp6uju-neo PymyHckor banata. Ha mpocTtopy jy»Hor
BbaHaTa npe/iyioxeHo je HedbopMasiHO yBohewe dpop-
MallMja Koje Cy, 4 mopeJ; Tora 1uTo (BepoBaTHO) UMa-
jy pas/JMYUTO NOPEKJIO MaTepujaja YU Nnpunagajy
porpaJlalliOHOM CUCTEMY KOju MMa CyNpOTaH Ipa-
Ball Iporpajaluje, BUCOKO KopeJlaTUBHe ca popMa-
Lujama ceBepHor baHara.

Tpehy ob6sacT npejcTaB/bajy Kpajikhe CEBEPOUC-
TOYHHU JieJIoBU cucTeMa [laHOHCKOT 6aceHa Koju cy
nozse/beHu uaMehy CioBauke U YkpajuHe. Koau-
YMHa pacloJIoKUBUX loJlaTaka oMoryhaBa KopeJia-
11jy usmehy aZIMUHUCTPATHBHOM I'PAHULOM O/1BO-
jeHux McToyHo cioBaukor 6aceHa U TpaHckapnat-
CKe 06J1aCTH Y YKpajuHH, a/ld HE U ’bUXOBY KBaJIU-
TETHY KopeJialiujy ca MahapcKUM, OJHOCHO PYMyH-
ckuM dpopMaLMjaMa Ha jyry.

3Hayvaj peruoHaJiHe JUTOCTpaTUrpadcke Kope-
Jlallvje je KaKO Hay4YHH, TaKO U eKOHOMCKH. [loBe-
3uBame ¢dopMaliyja U HHUXOBAa perdoHajHa Ko-
peJsianiija CTBapajy OKBUP 3a 60J/be U MpENU3HUje
pasyMeBame JeN03ULMOHOT CUCTeMA KOjH je LOBeo
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Jl0 TIOTHYHOT 3alylaBama CeJMMeHTHMa HeKa-
Jaumer jesdepa [laHoH. EKOHOMCKHY 3Ha4aj I0O3Ha-
Bala [JeNO3ULHOHEe HCTOpHje U aApXUTEKType
6aceHa je BULIECTPYK y pa3JUYUTUM 06JacTHUMa
npuBpeJie 0/ NMPOU3BO/Jbe HAaPTHE U raca, NpeKko
kopuiuhemwa reoTepMajHe eHepruje U XuJporeo-
JIOUIKOI' OTeHIMjasa, rpaheBUHCKOT MaTepujaJa
utA. [losHaTo je fa cy Ha npoctopy BojBoauHe 3Ha-
YyajHe MaTU4YHe CTeHe Npe/iCTaB/beHe 6aceHCKUM Jia-
nopuyMa, Ja Melyapu Be3aHU 3a TYpOUAUTHE
TOKOBE U JleJITHE CUCTeMe INpe/CTaB/bajy Haj3Ha-
YajHUje pe3epBoap CTeHe, JOK MaJUHCKHU [EeJUTH U
NOKPOBHU CUTHO3PHHU CEIUMEHTH YUHe 3alITUTHE
creHe. Kopuiiheme ¢popManmja u bUXOBE CTAPOCTH
YMEeCTO OKBUPA KOjU Ce Be3yje UCK/bYYUBO 3a ofpe-
heHU BpeMeHCKU UHTepBaJ (peLiuMo KapTe Je6/bu-
He NNaHOHCKUX ceJluMeHaTa) oMOoryhuao 64 Ta4HUjy
poleHy HapTHOreoJIOIIKe MOTEHLUjaTHOCTH H
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YTHULAJ0 HA eKOHOMCKe MpOoLieHe N0jeJUuHUX Mpo-
jekaTa. Takohe, mo3HaBamwe AEMO3UIUOHOT CUCTEMA
VMMa U3Yy3eTHO BeJIMKU 3Hayaj y OTKPUBaHy HOBUX
Kao U eKcIvioaTauyjy Beh nocrojehux jiexkuurra yr-
JbOBOJJHUKA.

Y nocnejie BpeMe, 106pU pe3yJaTaTH KOPHULL-
hema HanpeHUX TeXHUKA UCTPaKUBama yI/bOBO-
JIOHUKa Cy Jo0BeJse [0 BeJUKUX (PHUHAHCHjCKUX
yaarawa y 3/l ceu3MUKy U caBpeMeHHje TEXHOJIO-
ruje npousBoAme. Kopuihemwe nyHor noteHuyjasua
MeTo/e 3/l cen3aMuKe Koja 6U 06yXBaTuJIa aHAJIU3€e
CEU3MUYKUX aTPUOYTa, CIEKTPAJIHY JAEeKOMIIO3U-
LIUjy U APYTro 61 JoNnpuHesa 60/beM pa3yMeBamby
JlelI0O3MLIMOHOr CUCTeMa M MMaJla 3HayajHe eKo-
HOMCKe edeKTe.
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