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Middle Miocene Badenian transgression: new evidences from the
Vrdnik Coal Basin (Fruska Gora Mt., northern Serbia)

Liyurko RUNDIC!, SLOBODAN KNEZEVIC' & MILOVAN RAKIJAS?

Abstract. The latest field investigation of the Vrdnik Coal Basin as well as new data from numerous bore-
holes enabled the finding of an unconformity between the undivided continental-lacustrine Lower Miocene
and the marine Middle Miocene Badenian. The different terrestrial-lacustrine sediments indicate a very
mobile and dynamic environment (according to known drilling data, the total thickness of these deposits
reaches up to 300 m). All these rocks belong to the Vrdnik series (Vrdnik Formation). The evolution of the
Vrdnik series is distinguished by several stages (e.g. pre-lacustrine, lacustrine, peat-swamp, efc.). Each of
these phases was proved by their sedimentologic and structural characteristics. On the other hand, among the
fossils, only the swamp flora remains (Sequoia, Laurus, Taxodium, Glyptostrobus, etc.) and poor and frag-
mented ostracode valves (Candona sp.) were documented. Presently, the exact stratigraphic position of the
Vrdnik series is unknown. Discordantly over the mentioned rocks, real marine sediments of the Paratethys Sea
occur. To date, it was a completely unknown subsurface distribution of these sediments. Among a few types
of rocks that have a small distribution, the so-called the Leitha limestones (Middle Miocene, Badenian) have
great significance (up to 98% of CaCO;). The total thickness of the limestones reaches up to 70 meters (bore-
hole B-11). The findings of key foraminifer species (Orbulina — Globigerinoides Zone) indicate an early
Badenian (Moravian) transgressive event (ca. 15 Ma). Lithologically, it is represented by gray, sandy marls
and sandy clays, coarse-grained sands and microconglomerates in the base of the mentioned limestones (bore-
holes B-11, B-15, B-19, and B-21) with a total thickness of up to 15 meters.
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AncrpakT. HajHOBHja TepeHCKa UCTpaxkuBamba BpIHUYKOr yribeHOr OaceHa, Ka0 W HOBH MOJALHU H3
OpojHHUX OyIIOTHHA, IOTIPUHENH Cy Ja Ce yKaXKe Ha JUCKOPJAaHTaH M TPaHCTpecHuBaH ogHOC n3Mmel)y Hepami-
YJIaFEHOT KOHTHUHEHTAITHO - J€3€PCKOT IOHET MUOLICHA M MOPCKOT CpE/Iibel’ MUOlIeHa, OaieHa. PazinnanTu Ko-
ITHEHU ¥ je3epCKH CEIMMEHTH yKasyjy Ha BpJIO MOOWIHY M JUHAMHYHY NajleocpeiuHy (TpeMa MO3HaTUM
OyLIOTMHCKHMM IOAAIMMa, YKyIHa JieOJbiHa OBHMX Haciyiara jgoctimke u jo 300 m ). CBe Te creHe 3ajesHo
npunanajy Bpaunukoj cepuju (Bpmuuukoj dpopmanunju). Hacranak un pasBoj Bpauuuke cepuje onsujao ce
KpO3 HEeKOJIMKO (hasza (HIp. mpe - je3epceka, je3epcka, TpeceTHO-MouBapHa, uta). CBaka o OBHX (asa je JoKa-
3aHa Ha OCHOBY OZIpe)eHNX CeAMMEHTONOMIKHX M CTPYKTYPHUX Kapakrepuctuka. C npyre ctpate, ox Gpocuia
JEAMHO Cy 3aIma)XeHU OCTaIl MoUBapHe Beretanuje (Sequoia, Laurus, Taxodium, Glyptostrobus, uTn) u peTkw,
(hparmenTupanu xamu octpakona (Candona sp.). 360r Tora, TauHo cTpaTurpadcko MecTo Bpaauuke cepuje
HHje MO3HATO. J[MCKOpAAHTHO MPEKO IIOMEHYTHX CTEHA HATaJOXKEHU Cy IpaBU MOpPCcKH ceauMmeHTH [lapare-
tuca. Jlo naHac, OMJIO je MOTIYHO HEIO3HATO MOTIOBPIIMHCKO PacIpOCTPamkCHhe OBHX cequMeHara. Meby
HEKOJIMKO THIIOBA CTEHA KOje MMajy Majo PaclpoCTPambCHE, T3B. JIAJTOBAYKH Kpeurhald (CpeImbH MHOLCH,
0ajeH) nMmajy BeaMKH 3Ha4aj (MMajy 10 98 % CaCO;). YkynHa nebjpuHa Kpedmaka JocTike U 1o 70 MeTapa
(6ymoruna b-11). Hanazak pykoBogehux ¢opamunudepckux Bpcra Orbulina — Globigerinoides 30He, yka-
3yje Ha cTapuje 0aqeHCKH (MOpaBUaH) TpaHCIpecuBHU aorahaj (mpeko oko 15 Muinona roguHa). Jlutomomnikwy,
0Ba 30HA je NPE/ICTaB/beHa CUBUM, IECKOBUTHM JIAlIOPLIUMA, IECKOBUTHM IVIMHAMa, Tpy0O3pHHUM HIECKOBUMA
1 MUKPOKOHIVIOMEpaThMa KOjH ce Hasase y 0a3u OMEHYTHX Kpeumakaa (Oymorusne b-11, b-15, b-19 u b-21)
U HCHA YKYITHA 1e0JbHHA JOCTIDKE U 10 15 MeTapa.

Kibyune peun: Cpenmbu MuoreH, 6aieH, Mopcka TpaHerpecuja, Bpaanakn yropenu 6aceH, cesepHa Cpouja.
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Introduction

During the Upper Oligocene and early Lower Mio-
cene, young Alpine tectonics (so-called the Sava pha-
se) created conditions for the development of conti-
nental-lacustrine sediments in a large area along the
southern margin of the Pannonian Basin and within
the Dinaride Lake System (KRSTIC et al. 2003, 2012;
MANDIC et al. 2012; DE LEEUW et al. 2012). This more
or less similar sedimentation regime lasted more than
eight million years in the southern Pannonian domain
(ca. 23—15 Ma). During the late Lower Miocene, sub-
sidence and sedimentation were effects of the syn-rift
extension phase that resulted in the formation of nu-
merous grabens filled by thin syn-rift marine deposits
(HORVATH et al., 2006). The Middle Miocene Bade-
nian transgression is one of the most important events
that occured within the Miocene. It left observable
marks over the whole Central Paratethys, especially in
the Pannonian Basin (Cori¢ & RoGL 2004; CORIC et
al. 2004, 2009; LATAL et al. 2006; KOVAC et al. 2007;
UTESCHER et al. 2007; HARZHAUSER & PILLER 2007;
PILLER et al. 2007; HARZHAUSER et al. 2003, 2011;
HOHENEGGER et al. 2009; MANDIC ef al. 2012). A lot
of evidence pointing to a sudden change in the sedi-
mentation regime was described on the southern mar-
gin of the Pannonian Basin especially (BAKRAC et al.
2010; KRSTIC ef al. 2012; PEZELJ et al. 2013; TOLIC et

al. 2013). The event was tentatively synchronous and
occurred at the beginning of Badenian age but, in fact,
it was at different times affecting a large area of Para-
tethys (ca. 15 Ma). In Serbia, almost as a rule, different
Badenian marine sediments unconformably and trans-
gressively overlie the colorful series of the Lower Mio-
cene clastics (CicuLic 1958; DoLi¢ 1961, 1998; Cicu-
LIC-TRIFUNOVIC & RAKIC 1977; PETKOVIC et al. 1976;
MAROVIC et al., 2007; RUNDIC et al., 2005, 2011, 2013,
2013a). All the mentioned authors noted the minor
occurrence of the Middle Miocene at the southern flank
of the mountain. An exception was the Vrdnik Coal
Basin, where sediments of the Lower Miocene trans-
gressively overlie the basement rocks (PETKOVIC ef al.
1976). There are no other significant occurrences of
Miocene rocks at the southern slope of the Fruska Gora
Mt. Herein, for the first time, a significant subsurface
distribution of the Middle Miocene rocks is shown.

This paper presents new stratigraphic and paleonto-
logical data from the Vrdnik Coal Basin, the largest
Lower Miocene area on the southern slope of the Fru-
Ska Gora Mt. (Fig. 1). The studied area had had a long
mining history (since 1804). However, after the last
spectacular ground water flooding (1968), all the ex-
ploitation works were ceased forever. Soon afterwards,
the mining activity was replaced by tourism and re-
cently, it has become a very popular spa destination in
Serbia.
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Fig. 1. Geographic position and the simplified geological map of the southern slope of Fruska Gora Mt. Key: 1, Paleozoic;
2, Triassic; 3, Jurassic; 4, Serpentinites; S, Upper Cretaceous; 6, Miocene (general); 7, Miocene volcanites; 8, Quaternary

(Loess).
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A short review of the geology of the
Vrdnik Coal Basin

The Vrdnik Coal Basin (VB) represents a relatively
narrow, tectonic subsided structure between the Fru-
Ska Gora Mt. and Vrdnik where Miocene deposits
occur along a discontinuous belt with E-W direction.
Within the VB, Lower Miocene continental-lacus-
trine sediments, known as the Vrdnik Series (= Vrdnik
Formation (VF)), represents the oldest Neogene unit
(PETKOVIC et al. 1976; CicuLic & RakI¢ 1976; RuN-
DIC et al. 2011, 2013). It discordantly overlies a Pre-
Tertiary paleorelief (Triassic alevrolites and dolomitic
limestones, serpentinites, Jurassic meta-sediments, Up-
per Cretaceous sandstones, efc., see Fig. 1) and is co-
vered by Middle-Upper Miocene sediments at the
higher parts of the mountain. Lithologically, these
deposits consist of heterogeneous clastites (varicol-
ored gravelly clay, gravel, sand, and conglomerate).
On the northern slope of the Fruska Gora Mt., the VF
discordantly overlies the various members of older,
pre-Neogene units (C1CULIC & RAKIC, 1976). In cer-
tain places, the contact with the older formations is
tectonic (e.g. VF/serpentinites). The VF is better de-
veloped and studied on the southern slope of the
Fruska Gora Mt. (environs of the Vrdnik spa especial-
ly), where deposits of brown coal and well-known
fossil flora sites are situated. The Upper Oligocene
(KocH 1876) or Lower Miocene (PANTIC 1956) age of
these rocks were considered. Based on their superpo-
sition, three litho-stratigraphic members are distin-
guished among them: 1) at the base, various breccia,
conglomerate, and sandstone are present, 5-30 m
thick; 2) above that, there is a coal-bearing horizon. It
is composed of 46 coal layers, 0.6-2.5 m thick, rep-
resented by intercalated layers of montmorionite clay
(bentonite, up to 1m thick); 3) the overburden of the
coal layer is composed of lower and upper overbur-
dens. In the lower overburden of the coal layers, there
is some bituminous marl and clay, 10-12 m thick,
containing remains of fossil flora, which is according
to PANTIC (1956) dominated by the species: Taxodium
distichum, Glyptostrobus europeus, Sequoia langs-
dorfi, Castanea atavia, Quercus drimeja, Myrica lig-
nitum, Zelkova ungeri, Laurus princes, Leguminosites
gondini, etc. In addition, the palynological analyses
indicate the Lower Miocene age of these sediments. In
the upper overburden of the coal horizon, there is a
package of diverse sandstones, multicolored clays,
sands, and rarely tuff. The layers of the upper overbur-
den are characterized by greater thickness, which may
be over 100 m. Based on earlier data from boreholes,
the whole thickness of the VF is more than 250 m
(PETKOVIC et al. 1976). However, the latest unofficial
data from some boreholes in the area of the Vrdnik spa
suggest a much greater thickness of the mentioned
rocks. Recently, a similar observation was reported
(RUNDIC ef al. 2013a; ToLIIC et al. 2013).

According to earlier data from the basic geological
map, sheet Novi Sad, 1:100 000, the mentioned depo-
sits lie below various Middle Miocene Badenian sands,
conglomerates, sandy marls and clays, and different
limestones and sandstones (CICULIC & RAKIC 1976).
On the surface, marine Badenian deposits located at
several places to the south of the Vrdnik spa have a
very small distribution. On the other hand, their, to
date, unknown subsurface spreading is very signifi-
cant and their determination represents the main goal
of this paper. Herein, the marine sedimentation was
interrupted at the end of Badenian time and the depo-
sition break lasted until the Upper Miocene. It was
connected to the well-known marine regression at the
beginning of the late Middle Miocene. Subsequently,
a very small lacustrine phase during the Pannonian
age (Lake Pannon) affected this area and resulted in
the deposition of the so-called Beocin marls (RuUNDIC
& Pori¢ 2013). During the latest Middle Miocene,
Pliocene, and Quaternary, because of the uplifting of
the Fruska Gora Mt., different terrestrial sediments
were formed (freshwater equivalents of the Upper
Miocene —Pontian, the Pleistocene Srem series, the
loess-paleosoil sequences, etc).

Materials and Methods

All the presented data were obtained from field
investigations (2010, 2011) and from core-samples of
twenty-seven boreholes drilled during 2007 and 2008.
Many data were collected and more than a half of
these boreholes are presented herein (Fig. 2). All the
measured logs were performed in the field. Later, the
logs were compared and more precise stratigraphic
analyses were realized (Figs. 3—6). Different and rela-
tively abundant marine fauna (mollusks, foraminifers,
ostracodes, echinoids, corals, etc.) from forty core-
samples were determined. Ten limestone samples
were examined by thin-sections. Additionally, the four
soft samples from the boreholes B-19 and B-20 were
treated with 6 % hydrogen peroxide and later washed
(0.5-0.063 mm sieves). Approximately 100 g of each
dried residue was examined under a stereomicrosco-
pe. All the mentioned material is stored at the Hidro-
Geo Rad Co., Belgrade and at the Chair of Historical
Geology, Faculty of Mining and Geology, University
of Belgrade. Some information was plotted on a geo-
detic plan on the scale 1:2500, and two simplified
geological cross-sections were drawn (Figs. 10, 11).

Results

Quaternary deposits, mainly loess-paleosoil sequ-
ences, cover the area of the southern and southwestern
part of the Vrdnik Coal Basin. The subsurface investi-
gation of the wider area of Strmoglavnice and Velika
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Fig. 2. A geological map of the investigated area and the positions of the boreholes (black circles and WGS84 coordinates),

and the location of the geological cross-sections (A—B, C-D).

Pecina determined the geological structure and provid-
ed many previously unknown data. According to the
BGM, sheet Novi Sad 1:100,000 (CICULIC’—TRIFUNOVIC’
& RAKIC 1977), on the surface were only a few small
“patches” of marine Badenian sediments. They trans-
gressively overlaid Lower Miocene freshwater depo-
sits. On surface of the studied area, regardless of the
package of quite thick Quaternary sediments, smaller
outcrops of multicolored, gray-bluish, brown and red-
dish clay, and brown ferruginous sands (Fig. 3 A, B).
They represent the final part of the lithological succes-
sion of the VF. A part of the continental-lacustrine
series was discovered in some of the boreholes (e.g., B-
19 (72.80-76.90 m), B-20 (20.70-36.60 m), and B-27
(17.50-32.00 m — see Figs. 3C, 8). Generally, it con-
sists of green, bentonite clays, and carbonaceous clay
without fossil remains. Moreover, in almost all the
other exploration wells, Middle Miocene Badenian
deposits were registered. They overlie the Early Mio-
cene clays and indicate the marine transgression in
this area (Figs. 4-8).

The marine Badenian sediments have a relatively
small distribution in the Vrdnik Coal Basin and they

include only a few different facies. If compared with
the synchronous rocks on the northern parts of the
mountain, a clear difference is evident (PETKOVIC et
al. 1976; RUNDIC et al. 2011). However, Badenian li-
mestones appear much more than all the other syn-
chronous rocks. Generally, these sediments are pres-
ent as a split rock body with E-W direction. Accor-
ding to borehole data, there are sporadic occurrences
of very rare grayish-green clays and sandy marls and
wider distribution of biogenic limestones (the so-
called Leitha limestone, in all the other boreholes).
They contain abundant fossils and these limestones
could be distinguished as separate biofacies (e.g., the
Lithotamnian, Amphistegin, Bryozoan, etc.). The li-
mestone is massive, reefy, developed by the activities
of corallinacean red algae, foraminifers and bryozo-
ans, efc. In addition, it includes various fossil remains
of mollusks, echinoids, corals and other organisms.
Based on sediment analyses, a dominance of algal and
algal-foraminifer biomicsparite and biomicrudite was
determined (Fig. 9). Laterally, toward the E-NE mar-
gin of the Vrdnik Coal Basin, the limestones turn into
marly limestones, sandy marls and clays. Biostrati-
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Fig. 3. The Lower Miocene Vrdnik series: A, B, Surface
outcrops and C, A detail of green bentonite clay from the
borehole B-20/08 (26.10 m).

graphically, the sediments of the Lower, Middle and
Upper Badenian could be separated. Grayish sandy
marls represent the oldest marine Badenian sedi-
ments. Occasionally, the Badenian sediments were
overlaid by Upper Miocene (?Pontian) clastites or dif-
ferent Quaternary sediments (boreholes B-1, B-2, B-3
B-4, etc).

For example, in the borehole B-1/07 (N 45°6°44.97";
E 19°47°29.61” — Fig. 4) under different Pleistocene
sediments and thin interbeds of ?Pontian gray
alevrites (the first 17 meters of the core section), there
is a relatively thick series of Badenian limestone
(17.70-74.80 m). At higher levels, the limestone is
more whitish, massive and has typical structural char-
acteristics such as those documented in other areas of
the FruSka Gora Mt. It is the well-known Leitha lime-
stone (name after the Leitha Mountains, Austria). A
sample from a depth of 38.50 m has a system of ca-
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Fig. 4. The stratigraphic section and some core-samples
from the borehole B-1/07.
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verns, which are filled by reddish-brown alevrites and
clays. This is a very common occurrence in these sed-
iments (RUNDIC ef al. 2011). These limestones alter-
nate with gray and partly marly limestones in the
deeper parts of the borehole (63.00-74.80 m). Ac-
cording to its structural properties and fossil associa-
tion involved, it corresponds to the real bioclastic
limestones (corallinaceans, bryozoans, foraminifers,
echinoderms, bivalve remains, efc.). Although the red
algae are not as dominant, the textural pattern is pre-
dominantly composed of unattached coralline algal
branches, rhodoliths, and their detritus. FREIWALD et
al. (1991) described a similar modern environment
from Norway.

Based on the analyzes of thin-sections from core-
samples, the facies comprises packstones, rudstones,
and floatstones consisting of angular and subrounded
corallinacean clasts. The corallinaceans are represent-
ed by Lithothamnion, Mesophyllum, and ?Lithophyl-
lum. Sporadically, rhodoliths of corallinacean red al-
gae are present (Fig. 9). Bivalves and gastropods
occur in variable quantities (Ostrea sp., Aequipecten
sp., and Conus sp.), as well as regular and irregular
echinoids and bryozoans (64.50-65.00 m) which are
represented by branching forms. Elsewhere, rotaliids
forms, such as Amphistegina and ?Planostegina
(37.00-37.50 m), scarce cibicidoids and miliolids rep-
resent the abundant foraminifers. In the deepest core
interval (74.80—83.50 m), this bioclastic limestone is
more fine-grained and alternates to sandy marl. From
time to time, the genus Amphistegina has mass occur-
rence and can then make a separate biofacies — Am-
phistegina limestone (Fig. 9).

In the borehole B-11/08 (N 45°6’44.73”, E
19°47°15.93” — Figs. 5, 11), under a thicker package
of ?Pontian and Quaternary sediments (total thickness
of approximately 33.50 m), two different facies of
Middle Miocene Badenian were determined (RUNDIC
et al. 2013a). Leitha bioclastic limestone with a very
diverse fauna of corallinacean algae, bryozoa, forami-
nifers, mollusks, and echinoderms was determined at
depth of 33.50-104.00 m. In all the boreholes in this
area, it is the thickest package of limestones that has
been specified (thickness almost 70 m). The limesto-
nes are not the same everywhere; there are few differ-
ences in texture, fossils and color (whitish to light yel-
low in shallow samples, and more grayish in the deep-
er samples of the borehole (80.50-104.00 m). In the
sample from depth of 35.00-35.80 m, foraminifer
species Amphistegina mammilla is dominate, while
elphidiums and rotalids are individually present. Besi-
des corallinacean algae and bryozoa that are macro-
scopically observable, very numerous bivalves were
found in a sample from a depth of 82.50-83.00 m
(Fig. 6): Glycymeris pilosus, Flabellipecten besseri,
?Gigantopecten sp., Chlamys latissima, Cardiocardi-
ta partschi, Panopea menardi, and Ostrea sp.(cf. Os-
trea lamellosa), and significantly less gastropods
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Fig. 5. The stratigraphic section and some core-samples
from the borehole B-11/08. For key, see Fig. 4.

(Conus sp. and Turritella sp.). In the gray, sandy lime-
stone (87.50-88.00 m) algal and bryozoans sections
dominated (Fig. 9). The algal-zoogenic biomicrudi-
te/floatstone is real. Within the rock, algal and zooge-
nic fragments are visible (> 2 mm). The deepest sam-
ple (109.5-110.00 m) taken from gray, sandy, and
sandy-marl clay represented a completely different
facies of the Badenian Stage. Based on fossil associa-
tions with the predominant forms of planktonic fora-
minifera (Orbulina suturalis, Globigerinoides cf. tri-
lobus, and Uvigerina sp.) and mollusks such as Am-
musium cristatum and Dentalium sp., and other small-
er forms of bivalves, it could be assumed that these
sediments belong to the Lower Badenian Lagenidae
Zone. At moment, the precise biostratigraphic posi-
tion of these layers (?Lower or Upper Lagenidae
Zone) is unknown and requires detailed quantitative
and qualitative analyses of the mentioned foraminifers
and calcareous nannoplankton (CoRrIC et al. 2009;
HOHENEGGER et al. 2009; PEzZELJ et al. 2013) as well
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Fig. 6. The bioclastic limestone: A, Remains of bivalves (? Chlamys sp.) and gastropods (Conus sp.) from the borehole B-
11/08 (82.50-83.00 m), and B, the core sample with rhodoliths — corallinacean limestone (B-12/08, 79.20 m).
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Fig. 7. Comparative stratigraphic logs of boreholes B-3/07. B-4/07, and B-8/07.

as provision of the initial time of marine flooding in
this area (MANDIC et al. 2012).
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In the other boreholes, the
lithological pattern is similar
(Figs. 7, 8). The Badenian de-
posits are largely presented by
bioclastic limestones (B-2/07,
B-3/07, B-4/07, B-7/07, B-8/07,
B-9/08, B-10/ 08, B-12/08, B-
19/08, B-20/08, B-21/08 and
B-27/08 — see Fig. 3). Excepti-
onally, other different facies of
the Badenian stage were ob-
served (e.g., B-11/08, B-19/08).
Lithologically, these are repre-
sented by sandy marls and
sandy clays, coarse-grained
sands, gravel and microcon-
glomerates. The very scarce
fossil remains (mostly plank-
tonic foraminifers such as
Globigerinoides and Orbuli-
na) enable the oldest Badenian
age to be suggested. In bore-
holes B-11/08, B-15/08, and
B-19/08, these sediments ma-
ke the basis of the mentioned
bioclastic limestones. Someti-
mes, they consist of well-ro-
unded but poorly sorted poly-
mict gravel (1-5 cm) com-
posed of metamorphic and ca-
rbonate rocks (CicuLic &
RaAki¢ 1976). They are sup-
ported by fine-grained quartz
sand reaching 60-80% and
occasionally clay up to 20 %.
(Fig. 8, see B-19/08). Quartz

fine-sand layers or dispersed fine-sand lenses of vari-
able thickness (cm to dm) are intercalated within the
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gravels. However, in the boreholes B-3/07 in the
depth interval between 34.90-54.60 m and B-4/07
(28.00-50.50 m) very similar gray sandy marls over-
lie bioclastic limestones. They contain marine forami-
nifers and ostracodes (predominantly rotalids forms of
foraminifers), which probably belong to the Upper
Badenian age.

Discussion and interpretation

All the mentioned data derived from the borehole
sections and surface outcrops clearly suggest a rela-
tively wide subsurface distribution of the Middle
Miocene marine sediments. More or less, these sedi-
ments represent a part of the well-known carbonate
ramp, which was formed during the Middle Miocene
(Langhian/Badenian) Climatic Optimum (SCHMID et
al. 2001; BouME, M. 2003; HARZHAUSER & PILLER
2007; ROGL et al. 2008). According to the first evalu-
ation, the dominant reef limestone occupies a relative-
ly narrow strip of the east-west direction with a total
length of about 1,200 m. The potential width of the
limestone reservoir is about 250 m. The most prevail-
ing limestone components are coralline red algae but
bryozoans and rare corals locally formed small patch
reefs (RUNDIC ef al. 2011). Except these, other marine
facies occur but they have a minor distribution. Stra-
tigraphically, all of these marine sediments transgres-
sively overlie Pre-Tertiary units or undivided Lower
Miocene continental sediments.

From the lithological point of view, the basal part
of the marine Badenian succession was made of grav-
els and sandy gravels (borehole B-19/08), which orig-
inated from different older tectonic units (CICULIC
1958; DoLI¢ 1961, 1998; CicULIC-TRIFUNOVIC & RA-
KIC 1976, 1977; PETKOVIC et al. 1976; RUNDIC et al.
2013a). They are relatively poorly sorted but well-
rounded with a medium fine-sand content. The medi-
um/high degree of roundness indicates relatively long
transport and/or following coastal reworking. The
exact provenience of the gravels is still unclear; the
source area could be the basement rocks of the Fruska
Gora Mt. (PETKOVIC et al. 1976; RUNDIC et al. 2005,
2011). WIEDL et al. (2012) have discussed river trans-
port but also marine reworking by coastal breakers in
a deltaic system. However, the sporadically presence
of the coarse-grained sediments, gravels and micro-
conglomerates within only one of the investigated
boreholes is insufficient for a more precise recon-
struction.

During the Miocene time, the southern part of the
Pannonian Basin (i.e. the Vrdnik Coal Basin) was
strongly affected by the Alpine orogeny (PETKOVIC et
al. 1976; KoVAC et al. 2007; ToLiC et al. 2013). The
Middle Miocene Badenian was the peak of the Mio-
cene carbonate production in the Central Paratethys
(ScHMID et al. 2001; HARZHAUSER & PILLER 2007;

ROGL et al. 2008; Basso et al. 2008; PEZELJ et al.
2013; WIEDL et al. 2012, 2013). The Middle Miocene
Climatic Optimum (MCO) led to an extension of the
tropical belt and favored the wide distribution of coral
reefs throughout the Mediterranean and Central
Paratethys during the Langhian age (BonME 2003;
HARZHAUSER & PILLER 2007; BASSO et al 2008). Coral
reefs are found along the Mediterranean and the
Central Paratethys up to the southern Vienna and
Transylvanian Basins (WIEDL et al. 2012). From this
distribution pattern of the circum-Mediterranean
region, a subdivision into two biogeographic areas
during the Langhian time is possible (WIEDL et al.
2012). Coral reefs (sensu strictu) characterize the
southern area. Its northern boundary could be drawn
from the Aquitaine Basin to the Vienna and Tran-
sylvanian Basins (WIEDL et al. 2012, 2013). Further to
the north, the coral occurrences are characterized by
coral carpets/assemblages. In this context, the Leitha
limestone, which is positioned at the edge of the coral
reef belt, indicates the transition zone between coral
reefs to non-reefal coral communities (WIEDL et al.
2013). The distribution of corals in the Central Pa-
ratethys is linked with the Middle Miocene Climatic
Optimum, which supported the northward shift of
tropical elements (HARZHAUSER et al. 2003, 2011;
WIEDL et al. 2013).

In the southwestern part of the Vrdnik Coal Basin,
within the Badenian shallow-water carbonates (the
Leitha Limestone), a few (bio) facies types could be
recognized according to the abundance of some bio-
genic characteristics (e.g. Amphistegina, Bryozoan,
Lithothamnion, efc). Similarly, recent sediments up to
40 m of water depth were reported by RASSER (2000)
from the Mediterranean Sea and HALFAR et al. (2000,
2012) from the Gulf of California. Generally, the Am-
phistegin’s limestone is the youngest biofacies and
corresponds to the Upper Badenian mostly. Other bio-
facies have stratigraphic range the Middle—Upper Ba-
denian.

The Amphistegina limestone (Amphistegina biofa-
cies) is characterized by the very common occurrence
of the foraminer genus Amphistegina (Fig. 9A). Re-
cent Amphistegina inhabit the tropical to subtropical
belt in shallow waters down to 70-80 m where they
are primarily attached to macrophytes with high den-
sities. Their presence implies a minimum water tem-
perature of 17°C (WIEDL et al. 2012). In summary, the
Amphistegina subfacies was formed in a shallow,
sublittoral environment with a depth range of ca.
20-30 m between the bryozoan subfacies and the
mollusc subfacies. A typical bivalve of this facies is
the deep-burrowing Panopea menardi. Modern
representatives of Panopea live in sandy and muddy
substrates preferring shallow subtidal habitats down
to 20 m, burrowing between 0.6 and 2 m deep into the
sediment (WIEDL et al. 2012). Besides, during the
MCO, the optimal conditions resulted in extraor-
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dinary growth rates of oysters (Crassostrea gryphoi-
des). Marine waters during the MCO in Central
Europe displayed a seasonal temperature range of ca.
9-11°C. The absolute water temperatures ranged from
17-19°C during cool seasons and up to 28°C in the
warm seasons (HARZHAUSER et al. 2011). The findings
of bivalve species (?Gigantopecten sp., Chlamys la-
tissima, Glycymeris sp., Cardites partschi, Panopea
menardi, and Ostrea sp. (cf. Ostrea lamellosa) could
support this paleotemperature pattern. A similar facies
is present in the Badenian corallinacean limestones of
Bosnia and Herzegovina, Croatia and Austria (CORrIC
& ROGL 2004; CORIC et al. 2004, 2009; HOHENEGGER
et al. 2009; PEZELJ et al., 2013). In addition, the other
foraminifers that were found in the Badenian sedi-
ments indicate more or less similar conditions. Thus,
the relatively scarce finding of Globigerina sp. as well
a Globigerinoides sp. may indicate short-time cli-
matic oscillations of cooler climate during the MCO,
which could be characterized as fairly uniform for the
Badenian climate of the Central Paratethys realm
(BouMmE 2003; BALDI 2006; KOVACOVA et al. 2009;
Korecka 2012; WIEDL et al. 2012, 2013).

Modern Rhodolith-dominated carbonate systems
are known worldwide (BAsso 1998; BAsso et al 2008;
HALFAR et al. 2012 and references therein). The rho-
dolith biofacies (Fig. 9A) is represented by coralline
algal rudstones with packstone matrix comprising
spheroidal thin-branched rhodoliths (up to 6 cm). It
also contains foraminiferal macroids with diameters
of 0.3-2 cm. Interspaces between the rhodoliths and
macroids are filled with coralline algal debris. Fora-
minifers are represented by rotalids (Amphistegina

o

et al. 2012). For the mentioned facies types, these
authors indicated water depths of 10-20 m. Conse-
quently, a similar water depth could be suggests for
this subfacies in the southwestern part of the Vrdnik
Coal Basin.

The Bryozoan biofacies is very similar to the algal
facies and in some places contain a rich bivalve fauna.
Modern analogues are found on the Apulian shelf
(Italia) along the seashore between 10-30 m of water
depth (WIEDL ef al. 2013). In addition, the bryozoan
subfacies is associated with the Amphistegina subfa-
cies (Fig.9B). A similar bryozoan facies was reported
from the Mannersdorf Quarry, Austria. Therein, the
facies is overlain by a coral facies. The co-occurrence
of coral and bryozoan-bearing assemblages was
explained by differences in the productivity of surface
waters (WIEDL et al. 2012, 2013).

The Mollusk biofacies is equivalent to the bioclas-
tic algal-mollusk facies and to the branching algal
facies (BAsso et al. 2008) with its diversified mol-
luskan assemblage. The mollusk biofacies consist of
rudstones and floatstones that are characterized by
high amounts of various mollusks. ZUSCHIN & HOHE-
NEGGER (1998) described comparable mollusk assem-
blages from the modern Red Sea (Egypt). There, Tur-
ritellids are widely distributed on soft and hard sub-
strates, muddy sediments, and on the reef slope down
to 40 m; Cerithiids show distinct habitat preferences
and occur in water depths up to 40 m with common
occurrences between 5 and 30 m. The genus Glycy-
meris was described from sands between coral patch-
es in depth of ca. 10 m (ZuscHIN & HOHENEGGER
1998). Glycymerids are also reported from present-

Fig. 9. A, Amphistegina biofacies with the rhodoliths, bryozoans and an echinoids section (B-1/07, 72.80-73.00 m); B,

Algal-bryozoans biofacies (B-11/08, 87.50-88.00 m).

and Ammonia), and rare miliolids (Borelis sp.). Bryo-
zoans are rare and commonly encrusted by coralline
algae. A relatively similar rhodolith biofacies from the
Leitha Mountains, Austria was well-described (WIEDL

day sand bottoms at 10-30 m depth from the Florida
Keys (see WIEDL et al. 2012). The mollusk biofacies
is often associated with the rhodolith biofacies. The
mollusk biofacies probably represents a shallow tran-
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Fig. 11. A simplified geological cross-section (C-D) from the central part of the studied area.

sition zone between the rhodolith subfacies and rela-
tively deeper water with the bryozoan biofacies.
Based on preliminary analyses of all the investigat-
ed boreholes as well as the surface distribution of the
bioclastic limestones, the existence of the marine car-
bonate ramp in the southwestern part of the Vrdnik
Coal Basin could be supposed. Additionally, an earli-
er study of similar sediments from the southern slope
of the Fruska Gora Mt. (RUNDIC et al. 2011), indicat-
ed an elongated carbonate belt with E-W direction
around the mountain (Fig. 11). The main part of it is
yet undiscovered and our studies indicate to small,
tectonically dislocated blocks. Based on the boreholes
data, these carbonates underwent significant radial
stress and were dislocated by fault tectonics after the
Middle Miocene (Figs. 10, 11). This is in agreement
with previously documented results from BeSenovo
and Lezimir (more towards the west), where similar
blocks of a shallow-water carbonate ramp occur
(RUNDIC et al. 2011, 2013). In some places, they are
displayed below different Quaternary sediments and

they belong to small uplifted blocks where erosion
processes were expressed (B-7/07, Fig. 10). On the
other hands, there are relatively sunken blocks (B-4/07,
Fig. 10) on whom, above the mentioned Badenian car-
bonates, much more younger stratigraphic units are
present. A similar tectonic pattern was observed on the
northern slope of the Fruska Gora Mt. (Ci¢ULIC-TRI-
FUNOVIC & RAKIC 1977; PETKOVIC et al. 1976; RUNDIC
et al. 2005). However, therein there are no sedimenta-
tion breaks within the late Middle Miocene and there
is a complete Neogene succession.

The studied boreholes showed subsurface features
of Lower and Middle Miocene sediments, which were
unknown before (presence/absence of stratigraphic
units and their thickness, facial diversity, dip angle,
unconformity, etc.). A preliminary analysis of fault
structures in the Vrdnik Coal Basin is confirmed its
complex structure and the character of a tectonic
trench that was formed during the Miocene and in-
verted in the youngest stages of the Pliocene and
Quaternary.
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Conclusions

The data collected from surface researches and nu-
merous boreholes in the southwestern part of the
Vrdnik Coal Basin enabled the following conclusions:

¢ Based on lithological successions, stratigraphic
logs and basic structural elements, the subsurface geo-
logical setting of the southwestern part of Vrdnik Coal
Basin has been reconstructed. The following strati-
graphic units were documented: the Lower Miocene,
the Middle Miocene Badenian, the Upper Miocene
?Pontian, as well as different terrestrial sediments of
Pleistocene age, including the loess-paleosoil sequ-
ences on surface.

e From a stratigraphic point of view, marine Bade-
nian sediments transgressively and discordantly overlie
older rock units (usually above the freshwater Lower
Miocene Vrdnik series). They indicate the well-known
regional transgression, which occurs in the Central
Paratethys during the early Middle Miocene.

o There is a much larger subsurface distribution of
Badenian sediments than previously supposed. Gene-
rally, they belong to an elongated carbonate belt that
was generated during the Middle Miocene Climatic
Optimum. Stratigraphically, this ?Upper Badenian car-
bonate ramp has a significantly wider distribution than
a similar one formed during the Middle Badenian.

o Within the Badenian shallow-water carbonates, the
so-called Leitha limestones have a dominant position
and distribution (thickness over 70 m). They indicate a
shallow reef environment (up to 40 m of water depth),
relatively warm, clear water and favorable bionomical
conditions nearby the Fruska Gora Island of the Central
Paratethys. Among them, a few (bio) facies types could
be recognized according to the abundance of some bio-
genic and textural characteristics (e.g. Amphistegina,
Bryozoans, Lithothamnion, etc).

o Sandy marl, which generally lies below the Leitha
limestone, has a relatively smaller distribution. In pla-
ces, there is a lateral link to the limestone. However,
it is of the great stratigraphic importance because a
preliminarily study of a foraminiferal association indi-
cated older levels of the Badenian Stage (the Lower
Badenian Lagenidae Zone).

o Future biostratigraphic analyses of foraminifers
and calcareous nannoplankton will clearly indicate the
presence of Lower Badenian biozones (Lower or Up-
per Lagenidae Zone) and closely define the time of
the marine transgression in this area. Besides, the pre-
cise biostratigraphic position of the Badenian lime-
stone should be given.
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Pe3nme

Cpenme MHOLIEHCKA 0aleHCKA
TPaHCrpecHuja: HOBU J0KAa3U €a MPOCTOPa
Bpanuukor yribenor 6acena (@pymka
ropa, cesepaa Cpomuja)

Cpenme MuOIeHCKa 0aZieHCKa TpaHCTpecHja je je-
JaH ON HajBaXHUjUX JMoraljaja y MHUOIEHY KOjU je

OCTaBHO BUAJbUBE TPAroBe Ha MPOCTOPY HEKAIALIEHET
[laparetnca. C TUM y Be3u, MHOTO je JIOKa3a KOjH
yKa3yjy Ha HM3HEHaJHE NPOMEHE Yy PEeXHUMY CeIu-
MEHTaluje u 1Mo jyxHoM oboxy I[lanoHckor GaceHa
(BAKRAC et al. 2010; KRSTIC et al. 2012; PEZELJ et al.
2013). IToueTkoM Cpeamer MHOIIEHa, Kao MOCIeInIIa
eKCTeH3UOHUX (paza, CTBOpEHH cy OpojHU TpabeHH H
POBOBM KOjU Cy OWIM HCIYHEHH MOPCKUM CHH-
pudTHEM Hacnmarama. [lorahaj je Ono ycioBHO CHH-
XpOH Ha jelHO] BENHKOj Teputopuju. Melhytum,
JIOTUYHO je BEpPOBaTH Jia je TpaHCTpEeCHja 3axBaThia
nojeauHe nenose [laparetuca y pasmuuuto Bpeme (y
pacroHy of1 CTOTHHY XWibana ronuHa). Y Cpowuju, ro-
TOBO IO MpPaBUILy, KJIACTHYHH MOPCKH CEIUMEHTH
0azeHa, AMCKOPIAHTHO M TPAHCIPECUBHO JIEKE MPEKO
CTapuje MomIore, a BpJO YECTO IIPEKO jemHe XeTepo-
TeHe, IapeHe CepHje CTaphjer MUoIeHa (UMa U JIpy-
rayujux Mulubema — BUIU KRSTIC et al. 2012).
CrngHa cuTyalfja je U paHdje KOHCTaToBaHa Ha Tpo-
cropy ®pymxe rope (C1CUuLIC 1958; DoLi¢ 1961, 1998;
CieuLIC-TRIFUNOVIC & RAKIC 1976; PETKOVIC et al.
1976; RUNDIC et al. 2013). 3a pasnuKy of ceBepHE
CTpaHe IUIaHUHE, IZ€ je MHOTO JIaKIIE HCTPAXXKUTH Te
OIIHOCE Ha caMoj MOBPIIMHY, y OKOJIMHHU BpmHuka cy
TaKBH IPUMEPU BPJIO OCKyAHH. 300r Tora cy 1 ypahena
JOflaTHA TEPEeHCKa ocMarpama Koja Cy, y3 HOLPLIKY
IUIMTKUX OYIIOTHHA y jyro3anaaHoM Aeiny Bpaaudxor
yIJbeHOT OaceHa, MPY)KWiia HOBE J0Ka3e O MPHUCYCTBY
MOpCKe TpaHcTrpecHje Ha oBoM mpoctopy. I[loceGHo je
B@)XKHO TO IUTO je IO NPBU IMyT AOKYMEHTOBAHO 3Ha-
YajHO IOJMOBPLUIMHCKO PacpOCTPABEHE MOPCKHX
cemMMeHaTa 3a Koje ce paHdje HHje Hu 3Hajo. Ha
OCHOBY TOT'a, JOIIJIO C€ 10 HOBUX Ca3Hama O reosIorHju
OBOI Miylaior OaceHa, TEKTOHCKOI poBa (OPMHPaHOT
TOKOM MHOIICHa U Jajbe OOIMKOBAaHOI 3a BpEMe
cTapujer 1horeHa. HajpaxxHuju pesynraru cy:

e Ha ocHoBy momataka IOOWjeHHX TEPEHCKUM
UCTpaXUBakbUMa U aHAJIN30M 14 nTKuX OyIIoTHHA,
U3BpIIEHA j€ PEKOHCTPYKIHMja MOAIOBPLUIMHCKUX
omHoca Ha mote3y Crpmornasune—Benuka Ilehuna,
jyxHo ox 6ame BpnHuk.

e VYV Cynepmno3ULIUOHOM IIOPETKY, MPHUCYTHE Cy
cienehe crparurpadcke jeAMHULE: KOHTHHEHTAIHO-
Jj€3epPCKH JOKH MHUOLIEH, MOPCKHU CPEelbU MUOLIEH Oa-
JIeH, TOPHU MHUOLEH ?TIOHT, T€ Pa3JIMuuTe IUIEHCTO-
LICHCKE Hacjare (IPBEHCTBEHO T3B. CPEMCKa cepuja U
JIECHO-TIAJIE03eMJbUIIIHE CeKBeHIle). MehyTtuMm, cma-
Tpa ce J1a BEeJUKH J1e0 0aJeHCKUX Hacljlara joul yBeK
HHUje OTKpuBeH. HammM ncTpakuBamuMa je KOHCTa-
TOBAHO MPHCYCTBO BUILIE TEKTOHCKUX OJIOKOBA KOjH CY
pe3ynTar ropmke MUOLEHCKE paiujajiHe TEKTOHHKE.
Tum mokpernMa je OaneHcka kapOoHaTHa miardopma
n3JeheHa Ha OJIOKOBE KOju Cy, y miahum azama To-
KOM IUIMOIICHA, JOAATHO KPETaHW M AWCIOLMPAHU.
Tako Ha HEKUM HM3IUTHYTHM OJoKOoBHMa (OyIIOTHHA
b-7), nupexTHO npeko OaneHa HaleXXy KBapTapHH ce-
JUMEHTH, IUTO yKa3yje a 3HaTaH CTEIEeH epo3Hje.
CynpoTHO TOME, MOCTOje M PEJaTUBHO CIYLITEHH
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ONMOKOBH The cy OocuM OaneHa yTBpheHe u npyre
HeoreHe jequnwuie (OymotrnHa b-4).

e V crparurpad)CkoM CMHCITY, TIOCTOjH TpaHCIpe-
CHBaH M JUCKOPAHTaH OJHOC MOPCKUX Hacjara 6ajgeHa
MIPEKO CTapHjUX jeMHUIIA (Ha HAIIIMM [TPUMEPHUMa CaMo
MpeKo KOHTHHEHTATHO-je3epcke BpaHuuke cepuje).
Takas omHOC ymyhyje Ha IPHUCYCTBO HAIpesA HaBEICHE
MOPCKE TPAaHCTPECHj€ U Ha OBOM IIPOCTOPY.

e AHanm3oM OymioTwHa, YTBphEHO je Nla TocToju
3HAYajHO TMOAIOBPIIMHCKO NPHCYCTBO MOPCKUX Ha-
cimara OameHa y pa3nmuuuTHM ¢anujama, aau je
JIOMUHAHTHO TUTUTKO, KapOOHATHO pa3Buhe Koje yka-
3yje Ha MPHUCYTBO jeAHE PEJATUBHO YCKE M M3IyKCHE
kapOoHaTHe miardopMe MpaBla Npyxkamba UCTOK—3a-
naj (mporemena ayxuHa of mpeko 1200 m a mmpuHa
1o 250 m). Y mojenuHuM OyrioTrHaMa, nedJbrHA Kap-
oonara moctmke 70 m (b-11).

e Ha ocHOBy mnpeiaMMHHapHE MaJE€OHTOJIOMIKE
aHanm3e (IpBeHe ajire, Opruo3oe, MEKYIIIIH, ¢dhopamu-
Hudepe u np.), Moxe ce pehm na je kapOoHaTHa
wiatdopma (pamiia) BUIEe MpHCYyTHA y miahem Oa-
JIeHy, HETO 3a BpEeMe cTapujer U cpelmer OaaeHa. Jle-
NOHOBame 0BakBUX Hacyara (1o 98 % CaCOs) Be3aHo
j€ 3a T3B. Cpelmbe MHOLCHCKU KIMMATCKH ONTUMYM
Koju je omoryhmo cTBapame CITMYHHAX CeINMEeHaTa Ha
mupokoM npoctopy Ilapareruca anu u Meaurepana
(BOHME, M. 2003; HARZHAUSER & PILLER 2007; ROGL
et al. 2008).

e Melyy oBuM Haclilarama, JOMHUHAHTHH CY T3B. Jaj-
TOBAUKU KpeUmaly KOjH, y 3aBUCHOCTH Of JIOMUHAH-

THE (OCHITHE KOMIIOHEHTE, MOTY OH MO/IeJbeHH Ha He-
KONMKo Omodaruja (anramHu, Opro3ojcku, ampucTe-
THHCKH, | Ap.). Y TaJe0eKOJIONIKOM CMHUCIY, CBU OHH
yKa3yjy Ha IUTHTKY, CIPYAHY M CyOCIpyIHY MOPCKY
CpeIVHy ca PeJIaTHBHO TOIUIOM, YUCTOM BOJIOM U JTy-
ouHoM of1 5 110 40 m ( ZUSCHIN & HOHENEGGER 1998;
WIEDL et al. 2012, 2013).

e Mame napTuje NeCKOBUTHX JIariopara M HEeKHX
KJIACTUTA KOje Cy OTKpuBeHe y OymoruHama b-11,
Bb-15, b-19 u b-21 a ucnox majToBaYKuX Kpedrmakxa,
MMajy MaJio ONCEPBHPAHO pacmpocTpameme. Mebhy-
TUM, W3BECHO j€ Jla OHE WMajy BAHPEIHO BaXKHY
crparurpadcky nosunujy. Hawmme, mpenmnmunapHe
onpende mpucytHe MukpodayHe dopamuHUDeEpa
(Orbulina suturalis, Globigerinoides trilobus, Lagena
U Jp. Tj. acomMjanyja Koja oaroBapa JOH00aJIEHCKO]
JIATeHU/IHOj 30HU) YKa3yjy /ia ce pajy O HajCTapHjuM
HUBOHMMa 0aJicHa 1 YIPaBo TH CEIUMEHTH JISKE TPaH-
CTPECHBHO MpEKo MIAPeHHX KiacTuTa Bpamimike
cepuje. O mpenusnmjoj GHOCTPATHrpadcKoj AeTepMt-
HallMjH OBHX CIIOjeBa HHje Moryhe TOBOPHTH y OBOM
TpeHYTKY (? IOMma WIH ropma JIareHuaHa 30Ha) 0e3
JieTaJbHUje KBAINTATHBHE W KBAaHTHUTATHBHE aHAJH3E
NOMEHYTHX (hopaMHHU(Epa U KpPEUHadKOr HAHO-
iankroHa. Ha taj maunn he 6utn moryhe u yTBpau-
TH TIPaBO BpeMe KaJga ce TpaHCIpecHja M JecHia
(OKBHpHO Tpe 15 MHIMOHA TOMMHA), CIIMYHO OHOME
KaKo j€ y4HIEHO My HEKMM JIDyTHM MOJPYYjUMa 10
jyxHoM 060y ITanomckor 6acena (CORIC et al. 2009;
HOHENEGGER et al. 2009; PEzELJ et al. 2013).





