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A mid-Miocene age for the Slanci Formation near Belgrade (Serbia), based
on a record of the primitive antelope Eotragus cf. clavatus from ViSnjica

JAN VAN DER MADE!, SLOBODAN KNEZEVIC? & IVAN STEFANOVIC?

Abstract. In a borhole at Veliko Selo near Belgrade in the Miocene lacustrine sediments Slanci, which are
locally known as the Slanacka Serija, a mammal tooth was found. The age of these deposits is under discus-
sion. The fossil is here described and attributed with a query to the primitive antelope FEotragus clavatus
(GERrvAIs, 1850), which is suggestive of a Early Serravallian (“upper Badenian”) or Early Middle Miocene age
for these deposits, whereas an Aquitalian or Eggenburgian (“Egerian” or “Eggenburgian”) (Early Miocene) age

can be ruled out.
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AnctpakT. Y je3epckuM MHUOLEHCKUM Hacnarama Bummuie kon beorpaga, mo3HaTuM y crapyjoj 1UTepaTypu
nop HasueoM “CllaHauka cepuja” y UcTpaxkHoj Oymorunu Kop Benukor Cena HabeH je 3y0 docunHor cucapa
Eotragus cf. clavatus (Gervais, 1850). Hana3 cocunuux ocrataka Eotragus-a je off 3Hadyaja 3a carjefiaBame
pasBoja cucapcke ¢ayHe y Eppormm. Takobe, pesynraTu mcTpaXkuBamba H3HETH y OBOM pajly NPEACTaBIbajy
IONIPUHOC TI03HABamky cTpaTHrpaduje n maneoreorpacuje MmuoneHa okonuHe beorpana.

Kipyune peun: Muonen, bagen, Cp6ouja, beorpan, Cnanauka popmanuja, Bovidae, Eotragus.

Introduction

The Danube Klju¢ area near Belgrade is situated on
the borderline of the Balkan Mountains and the Panno-
nian lowlands on the south bank of the River Danube,
comprising the villages of Grocka, Visnjica and Veliko
Selo. Recent studies into the construction of a canaliza-
tion basin near ViSnjica—Veliko Selo have yielded new
data on the geological structure of this area, as well as
the first fossil mammal molar from Miocene lacustrine
sediments (Slanacka serija, “formation” sensu PAVLOVIC
(1922). This tooth enables an age assignement for stra-
ta from which it was recovered.

PavLoviC (1922) described a new lithostratigraphic
unit (“formation” sensu PAVLOVIC 1922) at Veliko Selo
and Slanci, east of the city centre of Belgrade, where
sandy clays and marly clays with floral imprints were
found. He assumed a “First Mediterranean Age” (the old
name for Aquitanian and Burdigalian age used localy)
for these lacustrine sediments. These strata referred to

in older literature as The Slanacka Serija (or Slanci Se-
quence; PAVLOVIC 1922; STEVANOVIC & STANGACILOVIC
1954; StEVANOVIC 1975, 1977), are the oldest Neogene
sediments in the Belgrade area. The age of these depo-
sits has, however, been the subject of a long debate.
The lacustrine sediments at Slanci were interpreted
by STEVANOVIC & STANGACILOVIC (1954) as a sequence
of lake deposits, including schistose, laminate clays,
bituminous clays, platy marlstone and tuff. Those
authors suggested a Burdigalian age because they con-
sidered that the sediments were stratigraphically older
than Serravallian marine sediments nearby. The thick-
ness of the Slanacka serija sediments was estimated to
be in excess of 300 m. They are divided into a lower
barren portion, lacking tuff, and an upper portion with
fauna, including the last cephalopod to have lived in
the area, Aruria aturi (BASTEROT, 1825). STEVANOVIC
(1977) again proposed a Burdigalian—Helvetian age.
Lukovi¢c (1922), KrsTi¢c (1978) and KRSTIC et al.
(1992) and suggested a Middle Miocene or Badenian age
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of the “Slanacka serija”. On the basis of fauna collected
from stratigrafically younger transgressive marine sedi-
ments, for example ostracods, foraminifera and fish teeth.
According to F. Rogl (pers. comm. to KrsTi¢ 2007), the
benthic species Spiroplectinella carinata (D’ORBIGNY)
and planctonic Globigerinidae are present. The age of
these younger strata deposited in the Danube Klju¢ area
is estimated to be between 13.25 and 12.9 Ma.

BELGRADE CITY Veyo Selo;

Slanci

5 km

Fig. 1. In the vicinity of Belgrade on the banks of the River
Danube, Visnjica, Veliko Selo and Slanci are located. The
thickness of the deposits referred to as the “Slanacka serija”
in the literature, is estimated to be 350 to 400 m (DoLi¢
1977). The Slanci Formation is one unit of this series. In
borehole VI-4i (indicated with asterisk) (GPS position data:
20°35’50”" E; 44°49°30” N) at a depth of 8.8 m in the
Slanci Formation, a specimen RGFKS31 was found.

Rich macrofloral remains from the village of Slanci
were described by MiLAKOVIC (1956, 1959) and MIHAJ-
LOVIC (1978). These fossils, found in grey marls at a
few localities in the village, include forms suggestive
of a subtropical Cinnamomum, Myrica, Engelhartia and
Libocedrus or a warm-temperate climate Populus, Salix,
Zelkova and ferns. Species characteristic of drier and
warm habitats include Quercus, Pinus, Celtis and Ele-
agnus or Eucalyptus, while Metrosideros and Sapindos
are also represented. In general, these floral remains are
typical of Mediterranean and steppe-savanna associa-
tions. Away from the lake, species abundant in a dry
and warm climate occur (MIHAJLOVIC 1978).

OBRADOVIC (1979) described a sedimentary series of
“Burdigalian—Helvetian” age and concluded that these
were deposited in a shallow-water, lacustrine environ-
ment. The size of the lake and its marginal swamps
was estimated to have been about ten square kilome-
tres. The maximum depth was assessed to have been
150 m and preservation of organic material suggested
anaerobic and stagnant conditions. The rich fossil flora
shows that a humid climate existed in this area.

In the G-1 borehole in the village of Grocka, close
to Veliko Selo and Slanci, the stratigraphically oldest
lacustrine sediments are found at depths between 1300
and 1100 m (KNEZEVIC et al. 1994). These are older
than the overlying marine Paratethys sediments of Ba-
denian age.

DoLi¢ (1997) described the strata of “Slanacka seri-
ja” as part of the “Lake group of the Danube Kljuc”.
In strata exposed between the villages of Visnjica,
Slanci and Veliko Selo, he recognised three formations
which represent lacustrine sediments. From bottom to
top these are (Fig. 2):

1) the Veliko Selo Formation, consisting of sand-
stone, conglomerate, tuff and tuffite, with an overal
thickness between 150 and 200 m (not figured).

2) the Slanci Formation, with a coal horizon of 30 m
thickness and lacustrine pelites with laminated shale,
marlstone with tuff and tuffite some 50 to 70 m in
thickness.

3) the Bucvar Formation, consisting of conglomerate,
breccia, laminated shale and marlstone, with a thickness
of 100 m.

Dovri¢ (1997) assumed the lake sediments to be of
Aquitanian—Early Burdigalian (“Egerian—-Eggenburgian”
or Early Miocene) age. The contact between the “Lake
group of the Danube Klju¢” (Veliko Selo, Slanci and
Bucvar formations sensu DoOLIC) and the marine sedi-
ments of Badenian (Middle Miocene) age, he consid-
ered to be discordant.

Thus, the ages proposed for the Slanacka serija vary
between Egerian (some 24 to 20.5 Ma; ages according
to STEININGER 1999) or Eggenburgian (20.5 to 18 Ma),
Ottnangian (18 to 17.2 Ma), Karpathian (17.2 to 16.5
Ma) (all Early Miocene) and Badenian (16.5-13 Ma)
or “Helvetian” (Middle Miocene). The antelope molar,
found in a borehole core and described herein, permits
a more precise indication of the age of the sediments
in which yielded it.

Description of the section penetrated
in borehole VI-4i

During the geological research for a construction of
the future canalization interceptor, a molar was collect-
ed from the core of well VI-4i (Fig. 2). The core was
drilled north of Veliko Selo on the elevated right bank
of the River Danube at elevation 98 m, in the easterly
side of the pit where this canalization interceptor is to
be constructed.

The uppermost 1.7 m of the core comprise Quater-
nary colluvial deposits, while the reminder consists of
Miocene sediments of the Slanci Formation. Between 1.7
to 2.7 m, occur clays with coal bands and a number
amount of gypsum crystals, while between 2.7 to 8 m,
there first are red clays on top with “rusty” siltstone
clays with occasional gypsum crystals, and tuff and tuf-
fite below. From 8 to 23.2 m, there are grey clays and
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yellowish silty clays with intercalations of sandstones of
2 to 3 cm in thickness. Gradually, to the lowest part of
this section, sediments are represented by hard marly
siltstone and clays. The molar was found at a depth of
8.8 m. In the lowermost portion of the core, at a depth
of 23.8-23.2 m, there are grey siltstone sands with in-
tersections of clays and a bed of sand with gravel.

Core lithology and correlation with other drillhole
sections in the vicinity and sediments exposed suggests
that the core covers the older portion of the Slanacka
serija (see Fig. 1). The appearance of coal and coaly
clays, as between 2.7 and 1.7 m, is characteristic of the
lower part of the Slanci Formation in the eastern area
of the Danube Klju¢. The multicoloured sediments
found at the base of the core probably represent the
transition between the Slanci Formation and the under-
lying Veliko Selo Formation.

Palaeontology
Material and methods

The single molar from ViSnjica, is kept in the collec-
tion of the Institute for Regional Geology and Paleonto-
logy, Faculty of Mining and Geology, University of
Belgrade (RGF). It is here compared with Eotragus teeth
from other localities, as housed at in the following col-
lections: IPS, Institut de Paleontologia, Sabadell; IPUW,
Institut fiir Paldontologie der Universitit Wien; MHNT,
Muséum d’Histoire Naturelle, Toulouse; MNHN, Musé-
um National d’Histoire Naturelle, Paris; NMB, Natur-
historisches Museum, Basel; SLJG, Steiermirkisches
Landesmuseum Joanneum, Graz.

Measurements are taken as indicated by VAN DER
MADE (1989) and descriptive tooth morphology follows
VAN DER MADE (1996).

Description and comparison

The specimen preserves the buccal half of a right
upper molar of selenodont morphology (Fig. 3). In the
matrix sample contacting it, there is a root of another
molar in front, suggesting it to be a second or third
molar. The buccal wall extends much further posterior-
ly at the occlusal surface than at the base, which sug-
gests that it is not a M3, but rather a M2. The seleno-
dont morphology and its low crown show the tooth to
have belonged to a ruminant, most probably a bovid or
cervid. Although the crown is worn, it is visible that
the tooth must have been fairly low, suggesting a Mid-
dle Miocene bovid or Miocene cervid, because younger
members of these families tend to have higher crowns.

The buccal wall is relatively flat, as in early bovids.
Early cervids, like Procervulus, Dicroceros and Euprox
generally have a more strongly developed paraexocrista
and the style in the centre is much more massive than
at the base. In these characters, the tooth is closer to
that in low-crowned early bovids, such as Eotragus and
Pseudoeotragus. Of the protocone, only the protoen-
docrista can be seen. It is well developed, but at the
occlusal level, it is not fused to the tetraprecrista or
parapostcrista. In early cervids, the protopostcrista is
better developed than the protoendocrista, whereas in
later cervids the former crest tends to disappear and the
latter becomes well developed. Even the earliest bovids
have a well-developed protoendocrista and the proto-
postcrista is absent. The tetraprecrista and tetrapost-
crista do not reach the buccal wall at the occlusal sur-
face, leaving the posterior fossa open at both sides.
Thus, the tooth represents an early bovid.

The tooth has a very low crown, much lower than in
the Hypsodontinae (KOHLER 1987), Protragocerus/Mio-
tragocerus and also lower than a bovid from MNS5 in
Spain (Puente de Vallecas, Arroyo del Olivar, Valde-
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moros, etc.; MORALES & SORIA 1985), which was re-
ferred to as Protragoceros or Miotragoceros. In addi-
tion, the latter forms generally are larger. Tethytragus
(Caprotragoides) tends to be more hypsodont (AZANZA
& MORALES 1994; VAN DER MADE & RiBor 1999).
Although Tethytragus from Pasalar, Candir and La
Grive are relatively low-crowned, they still are slightly
higher than the molar from ViSnjica. Pseudoeotragus
seegrabensis has a M2 that is slightly more high-crown-
ed (VAN DER MADE 1989). Eotragus is a bovid having
molars with the lowest crowns and thus is comparable
in this respect to the molar from Visnjica.

In Europe, the Eotragus artenensis GINSBURG & HEINTZ,
1968 — E. clavatus (GERVAIS, 1850) (= sansaniensis (LAR-
TET, 1851)) lineage is recognised, characterised by size
increase, plus the very small E. cristatus (BIEDERMANN,
1873) (VAN DER MADE 1989). The M2 from Visnjica
has a length (DAPo = occlusal antero-posterior diame-
ter) of 13.5 mm and a basal length (DAPb = basal an-
tero-posterior) of 12.2 mm. In Fig. 3, the size increase
in M2 in the E. artenensis — E. clavatus lineage is shown.
Additional measurements of other teeth show a similar
picture (MAZO et al. 1998). The large sample from
Sansan shows the range of variation. The molar from
Visnjica is large compared to the M? of most samples,
but is close to the mean value for specimens from
Sansan.
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are probably close to the mean of populations which
they represent, the tooth from ViSnjica probably belongs
to Eotragus clavatus. The use of open nomenclature
reflects these uncertainties.

The FEotragus fossil and
the age of the Slanacka serija

As mentioned above, the ages proposed for the
Slanacka serija vary between Aquitanian or Early Bur-
digalian to Early Serravalien. The molar comes from
the lower Slanci Formatioin, below the coal horizon.

As is apparent from the description and comparison,
the age it indicates lies between the first and last occur-
rence of Eotragus, with a greater probability for a date
close to Goriach and Sansan.

The oldest record of Eotragus, from Pakistan, is about
18 Ma old (SoLouNIAS et al. 1995; GINSBURG et al.
2001). Eotragus is the oldest bovid in Europe and its
first record is from Artenay (GINSBURG & HEINTZ 1968;
GENTRY & HEIZMANN 1996; GENTRY et al. 1999) and the
youngest probably from Manchones I. Artenay is a local-
ity with Democricetodon but still without Megaciceto-
don, Eumyarion, Deinotherium, Bunolistriodon and Dor-
catherium, and is early MN4 (MEIN 1975, 1977, 1990;
DE BRUIDN et al. 1992) or zone B of the Aragonian

Fig. 3. Molar RGFKS31 of Eo-
tragus cf. clavatus from Visnjica,
buccal (left) and occlusal (right)
view. The graph shows the DAPo
or occlusal maximum length of
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Morphological features Vis$njica molar best fit Eo-
tragus. Accepting the range of variation as indicated by
the Sansan sample, the specimen could be a particular-
ly large individual of the small species E. artenensis.
However, assuming that the small samples for Fig. 3
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M2 of Eotragus from different
European localities. In approxi-
mate stratigraphical order from
old to young: Artenay (MNHN),
Sant Mamet (IPS), Seegraben
(SLJG), Goriach (SLIG, IPUW),
Visnjica (RGF), Sansan (MNHN,
MHNT, NMB). Correlations with
to the MN proposed by VAN DER
MADE (2005) (see discussion in
text).

(DAAMS et al. 1999b). Manchones I is placed in MN6
or zone G2 of the Aragonian (MEIN 1990; DE BRUDN et
al. 1992; DAAMS et al. 1999b). The age of Manchones
I is estimated to be 13.25 Ma (DAAMS et al. 1999b).
The ages of MN units are still under discussion,
especially the MN3-4 and MNG6-7 transitions. Higher
ages for MN units are suggested by DAXNER-HOCK et
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al. (1998), and REICHENBACHER et al. (1998), STEI-
NIGNER (1999) while younger dates were by KRIUGSMAN
et al. (1994, 2003), DAAMS et al. (1999a, b), AGUSTI et
al. (2001), LARRASOANA et al. (2006), MONTES et al.
(2006); see also ROGL (1999), VAN DER MADE (1996,
2005). The estimated age of the MN 3-4 transition
varies between 18 and 16.6 Ma and that of the MN 6-
7 transition between 12.5 and 13 Ma. The total range
(18 to 12.5 Ma) represents the possible age of the molar
from Visnjica. An Egerian or Eggenburgian age can
thus be discounted for the deposits which yielded it.

The more likely age of this molar ranges between
Goriach and Sansan and possibly also Manchones I.
Goriach was placed in MN6 (MEIN 1975, 1977, 1990;
DE BRUIN et al. 1992), but its more likely age is very
late in MNS, close to the MNS5-6 transition, and time
equivalent to zone E of the Aragonian (VAN DER MADE
1998; VAN DER MADE & RiBOT 1999; DAXNER-HOCK et
al. 2004;). The age of the MN5-6 transition has been
estimated to be about 15.1 Ma (REICHENBACHER et al.
1998) and 13.75 Ma (DAAMS et al. 1999a/b). The age
of Sansan is under discussion as well, since its palaeo-
magnetism has been interpreted in different ways indi-
cating ages of about 15 and 13.6 Ma (SeEN, 1997,
DAAMS et al. 1999a/b). As stated above, the age of
Manchones 1 is estimated to be 13.25 Ma. The more
likely age for deposits at Visnjica thus is around
15.1-13.25 Ma. This is more in line with the younger
age estimates, which places the Slanacka serija Slanci
Sequence in the Middle Miocene.
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Pe3ume

CpeamomMuonencka crapocr “Cinanauke
Cepnje” (oxkonuna beorpana, Cpouja) na
OCHOBY (DOCHTTHMX OCTATAKA NPUMHUTHBHE
aatuaone Eotragus cf. clavatus n3 Bummnne

Y HemocpenHoj okonmHe beorpaja Hanase ce cenu-
MEHTH MUOIIEHCKE CTapOCTH NMO3HATHU y CTapHjoj JIUT-
eparypu Kao ceiuMenTH “Crnanauke Cepuje. OBu je3-
€PCKU CEAUMEHTH, NIPEACTABILEHN [NIMHIUMA U JIAIOLl-
nMa, ca I0jaBOM YIIba, Ty(a U Ty(puTa, NCTpaKNBaAHN
cy Bullle nyTa y npouutocru (PAvLoviC 1922; Lukovic¢

1922; STEVANOVIC & STANGACILOVIC 1954; MILAKOVIC
1956, 1959; OBRADOVIC 1970; STEVANOVIC 1975, 1977;
MIHAJLOVIC 1978; KRSTIC 1978, 1988, 1992; KNEZEVIC
1994; DoLIC 1997). TokOM paHUjuX UCTpaXKUBamwba Mpo-
Habenu cy ocranu ¢nope u ¢ayne. Cama crapocrt jes-
epckux ceguMenaTta CrmaHauke ¢opmanmje oppebena
je Ha OCHOBY cymepno3unuje W Miiabmx cegmmeHarta
KOjH Cy TaJOXEHW Y MAapWHCKO] TPAHCTPECHU KOja ce
necmina TokoM bagena (KrRsTIC 1992). Crapoct mapuH-
CKHX celuMeHaTa je ogpeheHa Ha OCHOBY payHe.

TokoMm ucrpaxkuBama Koja cy 00aB/hbeHa IPIINKOM
Kollamha KaHaJIU3alMoOHOI KosiekTopa y CraHnuma, y
O6ymotuan  VI-4i, mponabenm cy ocramm ¢ocumiaHOT
cucapa Koju Ipulajfia €eBoJIyTUuBHOM HuU3y Eotragus ar-
tenensis GINSBURG & HEINTZ, 1968 — E. clavatus (GER-
VAIS, 1850) (= sansaniensis (LARTET, 1851)). Ha ocHo-
By TaJICOHTOJIONIKE aHAIM3€ OCTall TOPHET JIECHOT
MoJapa oppebenu cy kao Eotragus cf. clavatus (GER-
vals, 1850). ITopebemem ca gpyrum ocranmmma OBe
nuHuje ¢ocuiHux OOBHUMA, KOJjU Cy NIpoHabeHu y
MHOIIITBY €BPOIICKUX JIOKAJIUTETA, TIOKA3aJo ce jja ou
HaIll MPUMEpPaK OfroBapao BpacTaMa Koje Cy er3uCTH-
paine TokoM Tpausuimje NM5 y MN6 jegunauiy. Onpe-
beH je Moryhu uHTEpBaj, U3paxkeH y ancoilyTHO] CTa-
pocru, u3meby 15.1 u 13.25 munuona roguna (ci. 3).

ITpucyctBo hocunHor MaTepujajia KOjU je MPUKYII-
JbeH TOKOM paHUjUX UCTpaXkuBamba HUje OMO NOBOJbAH
ma 6u ce oppenwia TauHa crapoct CinaHauke opma-
nuje. HanackoM ocraTaTaka MpUMHUTHBE aHTENONE U3
pona Eotragus, MOXe ce 3aKJbYIHUTH ia je CTapOCT Cefl-
nMeHaTa Cianauke opmalyje Mamba Hero MITo Cy TO
MIPENNOCTaBbaIN HEKH ayTOPH.



