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Trans-border (south-eastern Serbia/south-western Bulgaria) correlations
of the Jurassic sediments: the Getic and Supra-Getic units
PLATON TCHOUMATCHENCO1, DRAGOMAN RABRENOVI]2, VLADAN RADULOVI]3,
NENAD MALE[EVI]2 & BARBARA RADULOVI]3
Abstract. The Getic and Supra-Getic are palaeogeographic units in SE Serbia and SW Bulgaria. Based on
the presence (in Eastern) or absence (in Western) of Lower Jurassic marine deposits, the Getic is divided into
Eastern and Western. In the Eastern Getic, the Lower Jurassic sedimentation in SE Serbia is represented by
the Vidli~ Clastites covered by the Lukanja Coal Beds, Lukanja Quartz Sandstones, Lukanja Brachiopods Beds,
Lukanja Marlstones, Lukanja Belemnitic-Gryphaean Beds and Lukanja Cephalopod Limestones; in SW Bulgaria,
the sedimentation commenced with the Tuden Formation, followed by the Kostina Formation and the Ozirovo
Formation with a few members. The Middle Jurassic in SE Serbia commenced with the Senokos Siltstones and
Shales and the Gulenovci Beds, while in SW Bulgaria with black shales (the Etropole Formation), followed by
marls and clayey limestones of the Bov Formation. The Middle Jurassic sediments are represented in the
Western Getic of SE Serbia by the Kurilovo Clastites and the Kurilovo Limestones (synonym to Gumpina
Limestones of KRAÜTNER & KRSTI] 2003); in the Supra-Getic of SE Serbia they are formed by the Jerma
Clastites and Jerma Limestones (synonym of the Gumpina Limestones). In SW Bulgaria the Middle Jurassic
sediments are represented by the sandstones of the Gradets Formation and by the bioclastic limestones of the
Polaten Formation. During the Callovian (Middle?) started the formation of a carbonate platform with micritic
limestones. In SE Serbia, it is Basara Limestones, Vidli~ Limestones, Beljanica and @drelo Limestones, and in
SW Bulgarian, the Belediehan Formation of Callovian–Kimmeridgian p.p. age. Characteristic for the SupraGetic is the formation of a few grabens with specific sedimentation: the Svetlya Graben (the Zhablyano and
Ozirovo Formations) and the Lobosh Formation; the Treklyano Graben (the Dobridol and Sredorek Formations),
and out of it – the Methohya and Sredorek Formation. During the Callovian–Kimmeridgian p.p., in the Svetlya
Graben was sedimented the Lobosh Formation, horizontally passing into the Javorets and Gintsi Formations.
During the latest Kimmeridgian–Tithonian commenced a big facial diversification: on the Getic in SE Serbia
sedimented reef or sub-reef limestones (the Crni Vrh and Ku~aj Reef Limestones), while in SW Bulgaria, the
Slivnitsa Formation. On the Supra-Getic in SE Serbia formed Lu`nica Flysch and in SW Bulgaria pre-flysch
of the Neshkovtsi Formation and siliciclastic flysch of the Kostel Formation.
Key Words: Jurassic, Getic, Supra-Getic, lithostratigraphic correlations, SE Serbia, SW Bulgaria.
Apstrakt. Getikum i Supra-getikum su paleogeografske jedinice u JI Srbiji i JZ Bugarskoj. Na osnovu prisustva i odsustva lijaskih morskih sedimenata Getikum je podeqen na isto~ni i zapadni. U
isto~nom Getiku jurska sedimentacija je predstavqena, u JI Srbiji, sa vidli~kim klastitima preko kojih
le`e lukawski ugqeviti slojevi, lukawski kvarcni pe{~ari, lukawski brahiopodski slojevi, lukawski
laporci, lukawski belemnitsko-grifejski slojevi i lukawski amonitski kre~waci, a u JZ Bugarskoj
sedimentacija po~iwe tudenskom formacijom preko koje le`e kostina formacija i ozirovska formacija sa nekoliko ~lanova. Sredwa jura JI Srbiji po~iwe sa senokosnim alevrolitima i {kriqcima i gule-
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nova~kim slojevima, dok u JZ Bugarskoj po~iwe sa crnim {kriqcima entropolske formacije, zatim
laporcima i glinovitim kre~wacima bovske formacije. Sredwojurski sedimenti u zapadnom Getikumu
isto~ne Srbije predstavqeni su kurilovskim klastitima i kurilovskim kre~wacima (gumpina kre~waci, KRAÜTNER & KRSTI] 2003). U Supra-Getikumu Srbije nastaju jermski klastiti i jermski kre~waci
(gumpina kre~waci). U JZ Bugraskoj sredwojurski sedimenti su predstavqeni pe{~arima grade~ke formacije i bioklasti~nim kre~wacima poletenske formacije.
Za vreme keloveja (sredweg ?) po~iwe formirawe karbonatne platforme sa mikritskim kre~wacima.
U JI Srbiji to su basarski kre~waci, vidli~ki kre~waci, beqani~ki ili `drelski kre~waci, a u JZ
Bugarskoj to je belediehanska formacija kelovejsko-kimeriyske p.p. starosti. Karakteristi~no za
Supra-getikum je formirawe nekoliko rovova sa specifi~nom sedimentacijom: svetlajski rov (`abqanska i ozirovska formacija) i lobo{ka formacija, trekqanski rov (dobridolska i rajana~ka formacija)
i van wih methohijska i sredore~ka formacija. Za vreme keloveja i kimeriya p.p. u svetlajskom rovu se
deponuje lobo{ka formacija, koja bo~no prelazi u javore~ku i gina~ku formaciju. Za vreme najkasnijeg
kimeriy–titona nastaju velike facijalne raznolikosti: na Getikumu, u JI Srbiji se talo`e sprudni i
subsprudni kre~waci (crnovr{ki kre~waci i ku~ajski kre~waci), dok se u JZ Bugarskoj formira slivni~ka formacija. Na Supra-getikumu u JI Srbija deponuje se lu`ni~ki fli{, a u JZ Bugarskoj prefli{ ne{kova~ke formacije i siliciklasti~ni fli{ kostelske formacije.
Kqu~ne re~i: jura, Getikum, Supra-getikum, litostratigrafske korelacije, JI Srbija, JZ Bugarska.

Introduction
Usually geologic maps (including those of Bulgaria
and Serbia) are published only to the state border and
geologists do not know many things about the geology
of a neighboring country. This is the case with the Serbian and the Bulgarian geological maps on the scale
1:100 000. An exception is the map on the scale 1:300 000
composed by KRAÜTNER & KRSTI] (2003). To avoid this
incompleteness of our knowledge on the lithostratigraphy of the Jurassic from both sides of the Bulgarian/Serbian border, a team of Bulgarian and Serbian geologists started correlations of the Jurassic sediments and
the Jurassic lithostratigraphic units (TCHOUMATCHENCO
et al. 2006a, b). In the first paper, the large palaeogeographic and palaeotectonic units concerneing the Jurassic, i.e., the Serbian–Macedonian Massif (= Thracian
Massif), the Supra-Getic (Lu`nica–Koniavo Unit), the
Getic and Infra-Getic units, were restituted, and in the
second, correlations of the Jurassic sediments from the
Infra-Getic unit were commenced. In the present paper,
the aim is to make a correlation from both sides of the
borders between the sediments of the Getic and the
Supra-Getic (Lu`nica–Koniavo Unit). The descriptions
of these two units were united together because they
show many common peculiarities in the Early and the
Middle Jurassic development. After one of us (P.T.),
these units have been formed within the framework of
the Serbian–Macedonian Massif and the large differences started at the end of the Middle Jurassic. During
the Early and the Middle Jurassic, the Getic has been
divided into two sub-units, the Western and Eastern
Getic, on the basis of the presence/absence of the Lower Jurassic and the character of the Middle Jurassic
sediments. The largest differences between the two big
palaeogeographic areas commenced during the Callovian, probably during the Middle Callovian, when in the
Supra-Getic (Lu`nica–Koniavo Unit) started neritic cal-

careous sedimentation, followed by siliciclastic flysch
sedimentation, whereas in the Getic started the formation of a carbonate platform with reef or sub-reef shallow water sedimentation. At the same time, in the Infra-Getic started neritic carnonate sedimentation with
“ammonitico rosso” type sediments. The boundaries,
especially the boundary between the Getic and the Infra-Getic, changed in time. During the Early and Middle Jurassic, the sediments near the Kalotina Village
(and west of the border, in Serbia), were of Infra-Getic
type, with complete Lower–Middle Jurassic sedimentation, whereas during the Callovian–Tithonian–Berriasian, at these localities sedimented platform carbonates,
typical for the Getic area. Near the Slivnitsa Town, the
Lower Jurassic Ozirovo Formation is thin and formed
by ferriferous limestones, which show the western end
of the Lower Jurassic basin, the in Bulgaria so-called
“Ponor-Kremikovtsi Lias”. To the west of Slivnitsa
Town, there are no Lower Jurassic sediments; at these
localities, the Jurassic sedimentation started at separated localities with only the Lower Jurassic continental
sediments of the Zhablyano Formation (in Serbia it is
the Gresten Facies), with the Middle Jurassic sandstones of the Gradets Formation, or with the limestones
of the Polaten Formation (in Serbia known as the Gumpina Formation).
We would like here to express our gratitude to A.
GRUBI], one of our reviewers. In his review he made
important notes and we would like to answer some of
them and explain our point of view on these problems.
The principal note refers to the Infra-Getic. He reacts
to our opinion about the Infra-Getic with the following
words: ”Infra-Getic had been formed on the deep oceanic bottom – there is not neritic there. Please do not
make confusion in the Carpatho-Balkanides. The Infra-Getic are: Sinaya, Quasi-Sinaya, Kiloma and ofiolites.”
We well understand his opinion that the Infra-Getic
consists only of deep water sediment, but our notion is
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larger, not in the narrow sense of the word Infra-Getic.
As Infra-Getic, we consider one palaeogeographic (palaeotectonic) unit, situated between the Moesian Platform and the Getic carbonate platform, composed in
different parts of various sediments, deposited in different parts of this unit, in deep (oceanic) water at some
localities and in relatively shallower at other localities.
These differences can be produced in different geologic times. In one very interesting paper GRUBI] & JANKI^EVI] (1972) proposed a very informative figure (Fig.
1), in which the authors showed well, after us, the
Getic carbonate platform as a monolithic body with its
different parts. The central part of the para-platform,
the border zone and, to the east of the carbonate body,
the transitional zone between the para-platform and the

3

pelagic facies. To the north–east in north-eastern Serbia, this “transitional facies” consists of Sinaya beds,
Quazi-Sinaya, Kiloma and ofiolites, i.e., only these
rocks represent the Infra-Getic after GRUBI] & JANKI^EVI] (1972). The “transitional zone” is located between
the Getic carbonate para-platform from the west and
the Moesian platform from the east. We prolong the
unit “Infra-Getic” to the south to encompass the relatively deep water Upper Jurassic sediments “ammonitico rosso” type deposited in the basin situated between
the Getic and the Moesian platforms. After ANDJELKOVI] et al. (1996), this zone represents the Stara Planina–Pore~ Unit of the Balkanikum and the Dobri Dol–
–Grli{te Unit of the Karpatikum. In Bulgaria this zone
is known as the Jurassic Izdremets Graben (SAPUNOV

Fig. 1. Main Jurassic palaeogeographic units in south-eastern Serbia and in south-western Bulgaria.
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et al. 1985). To the west from the Getic “carbonate paraplatform”, in the same figure of GRUBI] & JANKI^EVI]
(1972), there is a zone with Upper Jurassic and lowermost Lower Cretaceous siliciclastic flysch sediments;
this is Lu`nica (or Ruj) flysch in Serbia and the Nish-Troyan flysch trough in Bulgaria. This palaeogeographic unit is known as the Lu`nica thrust of the Karpatikum
of ANDJELKOVI] et al. (1996) or the Supra-Geticum, for
which GRUBI] (2006) indicated to the fact that the
Supra-Getic Zone is thrusted over the carbonate platform
of the Getic. This is from the tectonic point of view, but
we look at the Supra-Getic as a palaeogeographic unit,
i.e., during the Jurassic the Supra-Getic Zone represented a trough filled by “ammonitico-rosso” pelagic sediments (Callovian–Late Kimmeridgian p.p. and by Upper
Kimmeridgian p.p.–Berriasian siliciclastic flysch, and
this zone later thrusted over the Getic.

Getic
The Getic palaeogeographic unit has been divided into
two sub-units based on the presence (in Eastern Getic)
or the absence (in Western Getic) of Liassic sediments.

Eastern Getic
The Eastern Getic coincides more or less with the
Vidli~ and Tupi`nica-Tepo{ units of the Karpatikum of
ANDJELKOVI] et al. (1996).
Early–Middle Jurassic (up to the Early Callovian?)
South-eastern Serbia
Vidli~ Zone
The Lower–Middle Jurassic sediments are the same as
in the Infra-Getic. At the base of the Jurassic occur the
Lukanja Clastics, covered by the Lukanja Coal Sediments and the Lukanja Quartz Sandstones (Hettangian–
–Sinemurian p.p.), followed by three levels: (i) Pliensbachian dark grey sandy bioclastic limestones and calcareous sandstones with brachiopods and bivalves; (ii)
sandy limestones and clayey sandstones with spiriferinids and ammonites (Androgynoceras). These two lower levels correspond to the Lukanja Brachiopod Beds
(ANDJELKOVI] et al. 1996), and in Bulgaria to the Dolniloukovit Member of the Ozirovo Formation; (iii) clayey sandstones and sandy limestones with brachiopods,
bivalves and belemnites, which correspond to the Upper
Pliensbachian Lukanja Belemnitic-gryphaean Beds (ANDJELKOVI] et al. 1996), and in Bulgaria to the Bukorovtsi Member (Ozirovo Formation). During the Toarcian
were sedimented aleurolites, argilites, yellow sandstones and sandy limestones with ammonites Hildoceras

bifrons, Pseudogrammoceras dispansum, etc. They correspond to the Senokos Siltstones and Shales in the
Infra-Getic Zone and to the Bukorovtsi Member of the
Ozirovo Formation in Bulgaria.
Near Radejna Village (Dimitrovgrad area), the Late
Pliensbachian is represented by unnamed dark-yellowish sandstones, over which follow brownish sandstones
with Hildoceras bifrons, Dactyloceras commune. They
are covered by dark grey calcareous-clayey sandstones.
These aleurolites, sandy limestones and argilites can be
correlated with the non-divided homogenous Ozirovo
Formation near Slivnitsa Town, the so-called Ponor-Kremikovtsi type Early Jurassic in Bulgaria.
In the Vidli~ Basin (ANDJELKOVI] et al. 1996) were
sedimented Gulenovci Beds represented by thin-bedded
and sheeted grey and bluish sandy clays with intercalations of bluish limestones. During the Late Bajocian
were deposited aleurolites, clays, sandy limestones,
which can be assigned to the Gulenovci Sandstones.
During the Early (Morphoceras multiforme, Oxycerites
sebachi, corals, brachiopods) and Middle (Tulites subcontractus, Bullatimorphites sp.) Bathonian were deposited the Gulenovci Sandstones, beds formed of yellow
and bluish coarse and small grained sandstones, detritic limestones and calcarenites (= ? Polaten Formation)
with Acantothyris (close to the Polaten Formation from
the Belogradchik area). Between the Bathonian and the
Callovian, there is a level “ferruginous level” (ANDJELKOVI] et al. 1996). These sediments can be correlated
partly with the Bulgarian Bov Formation and especially with the Gradets and Polaten Formations, but there
are many differences between them.
South-western Bulgaria
Kalotina Village and Slivnitsa Town
In Bulgaria, in the Eastern Getic, around the Kalotina and Berende Izvor villages, the Jurassic sedimentation continued horizontally from the Infra-Getic until
the Bajocian–Bathonian (DODEKOVA et al. 1984). Only
the Upper Bathonian–Lower(?) Callovian sediments became shallow water and commenced the formation of
the Getic carbonate platform.
The sedimentation, analogous to the Infra-Getic sedimentation, started with 24–25 m of continental clays
and sandstones of the Tuden Formation (SAPUNOV et al.
1990), which in its upper parts passes into marine clays
and sandstones with marine fauna, Pseudopecten sp.,
undeterminable ammonites and thin intercalations of
gypsum. Over them follow sandstones of the Kostina
Formation, 3–5 m thick, of Hettangian–Sinemurian p.p.
age (SAPUNOV et al. 1967). On them lie the Sinemurian
bioclastic and sandy limestones, 2 m thick, which are
the western prolongation of the Romanovdol Member of
the Ozirovo Formation and the Sinemurian–Lower Pliensbachian marls, interbedded by cleyey limestones,
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about 10 m thick, of the Ravna Member of the Ozirovo
Formation. They are covered by grey bioclastic limestones with many bivalves and brachiopods, with thin
intercalations of marls of Sinemurian –Pliensbachian
p.p. age of the Dolniloukovit Member of the Ozirovo
Formation (SAPUNOV 1983). The Lower Jurassic section
finished by marls with rare intercalations of clayey
limestones with large Pseudopecten aequivalvis of the
Bukorovtsi Member (SAPUNOV et al. 1967) of the
Ozirovo Formation (50–52 m). The section continues
upwards with black shales (10–30 m) of the Aalenian–
–Bajocian Etropole Formation (SAPUNOV et al. 1967)
and alternation of marls and clayey limestones (30 m)
of the predominantly Bathonian Bov Formation.
In the western direction, to the west of Slivnitsa
Town end the Lower Jurassic outcrops. To the east of
Slivnitsa Town, the Sinemurian sediments are represented by 2–3 m thick quartz sandstones of the Kostina
Formation and the Pliensbachian–Toarcian sediments
by ferriferous bioclastic limestones, rich in brachiopods,
bivalves and ammonites, thick 5–6 m, of the homogenous Ozirovo Formation (DODEKOVA et al. 1984). The
section continues with 4–5 m sandstones of the Gradets
Formation of Aalenian–Bajocian p.p. age. They are covered by grey to reddish sandy and bioclastic limestones (about 15 m thick) of the Polaten Formation of
the Bajocian p.p.–Bathonian age.
The eastern boundary between Getic and Infra-Getic
is well outcropped in the region of the Mourgash
Village (to the south-west of Godech Town), where
tongues of bioclastic limestones of the Polaten Formation intercalated the black shales of the Etropole
Formation. Also, near the Kalotina Village, where the
section of the Middle Jurassic is finished also with bioclastic limestones of the Polaten Formation which lie
above the clayey limestones of the Bov Formation the
clayey limestones of the Bov Formation. It can be concluded that the boundary between Infra-Getic and Getic
represented a palaeogeographic boundary, probably a
fault in the deeper part of the crust, but on the surface
it was expressed by a horizontal facial transition over
a short distance of a few km, not more than 10 km.

Western Getic
The Western Getic coincides more or less with the
Timok, Ku~aj–Svrljig, Gornjak–Suva Planina units of
the Karpatikum of ANDJELKOVI] et al. (1996).
On the Western Getic, there are no Lower Jurassic
sediments. Only in a few isolated localities, in Bulgaria
in Liubasha Mountain, near the Trun Zhdrelo of Erma,
in the Greben Planina Mountain (on the stratigraphic
columns of the Basic geological map scale 1:100 000),
there are continental Lower Jurassic sandstones and
clays, which in Bulgaria are correlated with the Zhabliano Formation, and in Serbia, they are involved in the
Gresten Facies.

5

South-eastern Serbia
In Greben Planina Mountain, the lithostratigraphic
unit of the Gumpina Limestones (sensu KRAÜTNER &
KRSTI] 2003), described as “Dogger – conglomerates,
sandstones, sandy-limestones, marly-limestones, marls”
(KRAÜTNER & KRSTI] 2003), about 40 m thick (after
Basic geological map), represent Middle Jurassic sediments. They are represented in the @drelo of the Jerma
River near the Poganovo Monastery by grey oolitic limestones with many bioclasts, especially of brachiopods.
Below them, at some localities the Kurilovo Clastites
crop out, analogous to the Gradets Formation in SW Bulgaria, which covered the predominantly continental sandstones, separated as Gresten Facies (about 20 m thick).
South-western Bulgaria
On the Western Getic, the Jurassic transgression
commences with Aalenian sandstones of the Gradets
Formation, about 10–15 m thick (SAPUNOV 1969). Over
them, the section continues with bioclastic dark-grey
limestones of the Bajocian–Bathonian Polaten Formation (STEPHANOV 1966), intercalated by Bajocian sandstones of the Lialintsi Wedge (DODEKOVA et al. 1984)
of the Gradets Formation. These two lithostratigraphic
units, the Polaten Formation and the Lialintsi Wedge,
correspond to the Gumpina Limestones in eastern Serbia. The Gradets Formation can be correlated with the
Kurilovo Clastites. Below them, at many isolated localities, sandstones (Zhabliano Formation) crop out, which
can be correlated with the “Gresten Facies”.

Middle Callovian–Tithonian
Eastern Getic
South-eastern Serbia
Vidli~ Zone
The sediments of the Early Callovian of the Vidli~
Basin, assigned to the Basara Beds (ANDJELKOVI] et al.
1996), are represented by pinkish and reddish sandstones and sandy limestones with Macrocephalites macrocephalus, Hecticoceras lunnaloides, bivalves, gastropods, single corals. They can be correlated to the
Javorets Formation from SW Bulgaria.
A new sedimentary cycle started over the Basara
Beds with calcareous rocks: the Basara Limestones, represented by grey limestones with chert nodules and
rare ammonites (thickness 40–120 m) and the Vidli~
Limestones, built up of grey to blue, well bedded limestones (ANDJELKOVI] et al. 1996). The Basara and the
Vidli~ Limestones are often connected with horizontal
and vertical transitions; these limestones embrace the
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Late Callovian–Kimmeridgian age. The Basara Limestones are similar to the Belediehan Formation in western Bulgaria, and the Vidli~ Limestones can be correlated to the Javorets and to the Gintsi formations from
south-western Bulgaria. Similar horizontal transition between the Belediehan Formation and the Javorets and
the Gintsi formations can be observed in the vicinities
of Beledie Han Village. This horizontal transition between the two types of limestones shows that the eastern boundary of the Getic with the Infra-Getic, also
during the Late Jurassic, represented a transition over
a short distance, probably the boundary represented a
fault, situated deep in the Earth’s crust.
During the Early Tithonian started shallowing of the
basin and the deposition of the Crni Vrh Limestones –
thick bedded reef and sub-reef limestones (thickness of
about 350 m). These rocks are analogous to the Slivnitsa Formation from western Bulgaria. In Fig. 28 ANDJELKOVI] et al. (1996, p. 136) showed that the reef
and sub-reef limestones occupied only one part of the
lithostratigraphic column – “6b – reef and sub-reef limestones with hydrozoans, gastropods, corals, etc.”,
and the other part is occupied by “6a – thick-bedded
limestones with gastropods, microfossils”. The same
situation exists also in western Bulgaria, from the Liubasha Mountain to the east from Slivnitsa, Beledie Han,
there is a belt with many coral reefs, which rimmed the
carbonate platform, and the other part is structured by
thick bedded, shallow water limestones. In south-eastern Serbia, as well as in Bulgaria all these limestones
are reported to one lithostratigraphic unit – to the Crni
Vrh Limestones and to the Slivnitsa Formation of Tithonian–lowermost Early Cretaceous age. Probably the
Crni Vrh Limestones marked the north-eastern rim of
the Getic carbonate platform.

type, connected with a sub-marine gap of sedimentation; it is covered by alternation of marls and micritic
limestones of the Salash Formation of Early Hauterivian age (MANDOV 1976; IVANOVA et al. 2000).
Near the Slivnitsa Town, the Belediehan Formation
is almost the same as in the Kalotina section with the
same age (Callovian (Middle?)–Kimmeridgian (p.p.) and
the same lithology. It is covered by the Slivnitsa Formation, represented by bioclastic limestones with many
coral buildings. These coral reefs are the east prolongation of the Lialintsi Coral Belt, coming from the
western Getic and which represents the south rimmed
part of the Getic calcareous platform. The Slivnitsa
Formation has a range up to the Berriasian after NIKOLOV & TZANKOV (1998), Kimmeridgian p.p.–Late Valanginian after IVANOVA et al. (2000) and covered by
the Hauterivian Salash Formation (MANDOV 1976)
In the region of Beledie Han Village, the Belediehan
Formation has a range from the Callovian (Middle?) up
to parts of the Late Tithonian (proved with calpionellids, SAPUNOV et al. 1985) and over a short distance in
the eastern direction, passes into the micritic limestones
of the Javorets and the lithoclastic limestones of the Gintsi Formations. The Slivnitsa Formation passes into the
lithoclastic limestones of the Gintsi Formation and the
micritic limestones of the Glozhene Formation. To the
south of Beledie Han Village, an Lower Cretaceous tongue of the Slivnitsa Formation (the thickness of which
diminishes over a short distance from 100 to 1–2 m and
represent the last outcrop of it) covers the Glozhene
Formation and over a short distance to the south progressively passes into the flysch alternation of the Cherniosum/Kostel Formation.

South-western Bulgaria

South-eastern Serbia

Kalotina Village
Similar to the Vidli~ Zone by its palaeogeographic
situation in the Jurassic basin is the Kalotina area in
SW Bulgaria. On the Bathonian parts of the Polaten
Formation (which represents a tongue 10–20 meters
thick of the Polaten Formation over the clayey limestones of the Bov Formation), with a visible, irregular
erosional surface, occur micritic limestones with whitish
chert concretions of the Belediehan Formation, about
150 m thick. Their range is Callovian (Middle ?)–Kimmeridgian p.p. (IVANOVA et al. 2000; IVANOVA & KOLEVA-REKALOVA 2004). They are covered by bioclastic
limestones of the Slivnitsa Formation (400–450 m thick),
with a range Kimmeridgian p.p.–Late Valanginian (IVANOVA et al. 2000; IVANOVA & KOLEVA-REKALOVA
2004), or up to the Berriasian (NIKOLOV & TZANKOV
1998). The upper boundary is an irregular, erosional
surface, often covered by borings of the Trypanites

Western Getic

Greben Planina Mountain (near the Poganovo Monastery)
This area is called the Kusovranska Zone in the Basic geological map of Yugoslavia, sheet Breznik. Here
crop out the sub-reef (platform) limestones, which were
named by ANDJELKOVI] & MITROVI]-PETROVI] (1992)
the Beljanica Limestones (or the @drelo Limestones),
about 40 m thick. These sediments cross the Serbian/Bulgarian border. The Beljanica Limestones can be
correlated directly (as it is done in the Basic geological map, sheet Breznik, but with out the lithostratigraphic name) with the Basara Limestones of the Vidli~
Mountain (of Callovian–Kimmeridgian age), and with
the Belediehan Formation in south-western Bulgaria.
The section follow upwards with the reef and sub-reef
limestones, which represent the south prolongation of
the Ku~aj Reef Limestones (ANDJELKOVI] & MITROVI]-PETROVI] (1992), with age “Early Malm, Tithonian
and passes into Berriasian” and can be regarded also as
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Supra-Getic (Lu`nica–Koniavo Unit)

the western prolongation of the Crni Vrh Reef and subreef limestones from the Vidli~ Mountain of the same
age. They can be correlated with the Slivnitsa Formation from south-western Bulgaria.

This unit coincides more or less with the Lu`nica
Unit of ANDJELKOVI] et al. (1996).

South-western Bulgaria

Lower–Middle Jurassic

Liubasha Planina Mountain
In the Eastern Getic in Bulgaria (southern prolongation of the Vidli~ Mountain near the Kalotina Village,
the Chepun Mountain, the Beledie Han Village, the
Slivnitsa Town, etc.) and in the western Getic – Liubasha Mountain (the southern prolongation of the Greben Planina Mountain) existed a carbonate platform. In
Bulgaria, this zone is called the Dragoman Palaeo-Horst
(SAPUNOV et al. 1985).
There are three sections in the Liubasha Mountain
which document the three parts of the carbonate platform, to the north, (i) the section of the Velinovo Village, situated in the laguna area; (ii) the Lialintsi section, with many coral reefs, situated at the rimmed carbonate platform, and (iii) the southernmost section near
Rebro Village, situated between the rimmed platform
and the outer shelf.
In the area of the Western Getic, as well as in the
Eastern Getic, two lithostratigraphic units, situated in
superposition, are separated. The lower one, consisting
of grey, relatively thin-bedded limestones (peloidal
packstones), containing many nodules of whitish chert,
is called the Beledihan Formation, which is of Callovian (Middle?)–Kimmeridgian age, 100–150 m thick
(TCHOUMATCHENCO 2006). It can be correlated with the
Basara Limestones from the Vidli~ Mountain (ANDJELKOVI] et al. 1996) or with the Beljanica Limestones
from Ku~aj and the @drelo Limestones from the Greben
Mountain (ANDJELKOVI] & MITROVI]-PETROVI] 1992).
The Belediehan Formation is covered by whitish to
beige, predominantly thick-bedded bioclastic limestones
(270–450 m) of the Slivnitsa Formation, containing
many coral reef buildings. The age is Kimmeridgian–
–Tithonian–Berriasian (TCHOUMATCHENCO 2006) or Callovian–Late Valanginian (IVANOVA & KOLEVA-REKALOVA 2004). The upper boundary is discordant, the upper
surface of the Slivnitsa Formation is with many borings of the Trypanites type, covered by Upper Cretaceous (Turonian) limestones. The Slivnitsa Formation
can be correlated with the Crni Vrh Reef and sub-reef
limestones from the Vidli~ Mountain (ANDJELKOVI] et
al. 1996), as well as with the Ku~aj Reef Limestones
(ANDJELKOVI] & MITROVI]-PETROVI] 1992). In the Slivnitsa Formation in the vicinities of Lialintsi Village–
–Slivnitsa Town–Beledie Han Village, there is a belt
with many coral reefs, which rimmed the platform.
This reef belt is not separated as a lithostratigraphic
unit and can be the correlate of the corals described by
SU^I] (1959) near the Jerma Coal Mine.

South-eastern Serbia
Zvonce Village
The Jurassic transgression in the Supra-Getic (Lu`nica–Koniavo) Unit, as well as in the Western Getic
commenced in the so-called “Suvoplaninska Zone” with
the Middle Jurassic Gumpina Limestones – “conglomerates, sandstones, sandy-limestones, marly-limestones,
marls” (KRAÜTNER & KRSTI] 2003), 40 m thick, corresponding to the Polaten and the Gradets Formations. In
some localities, below them are separated the Jerma
Clastites, analogous to the Gradets Formation in south-western Bulgaria. Below them, in some isolated exposures, there are sandstones, clays and conglomerates
with coal measures (e.g., the Jerma Coal Beds), about
100 m thick of Gresten Facies, analogous to the Zhabliano Formation in Bulgaria. In the region of the Lu`nica
River, they are separated as the Lu`nica Clastites. There are no marine Lower Jurassic sediments here.
South-western Bulgaria
Bobovo and Stanyovtsi villages (Kraishte)
In the Bulgarian parts of Supra-Getic (Lu`nica–Koniavo Unit), the most characteristic feature is the presence of a few palaeo-grabens, which predestinated the
sedimentation. In one of them, the Svetlya Graben, the
Lower Jurassic sedimentation started with continental
sediments – fire proof clays and sandstones (Zhabliano
Formation, Hettangian–Sinemurian–earliest Pliensbachian, thick 60 m). These rocks correspond to the Gresten
Facies in eastern Serbia. They are followed by the shallow water marine sandy, bioclastic limestones (Ozirovo
Formation, Pliensbachian–Toarcian, p.p. thick 10 m).
The succession continues with the sandstones of the
Gradets Formation (SAPUNOV 1969) (Toarcian p.p.–Aalenian, 50 m thick), and with the bioclastic limestones of
the Polaten Formation (Bajocian–Bathonian, 70 m thick).
These rocks correspond to the Gumpina Limestones in
eastern Serbia.
In the western part of the Supra-Getic in Bulgaria, in
the region of the Kraishte Mountain, in the Trekliyano
Palaeograben were sedimented sandstones, black shales
and radiolarites with Radiolaria of Aalenian–Bathonian
age – the Dobridol Formation (Toarcian?–Aalenian, about
10–15 m thick) and the Rayantsi Formation (Aalenian–Bathonian, about 100 m thick) (ZAGORCHEV & TIHO-
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Fig. 2. WIELLER’s Diagram of the Jurassic sediments in the Supra-Getic, Getic and Infra-Getic in south-eastern Serbia and
south-western Bulgaria.

1986; BONCHEVA et al. 2004). The western shallow water board of the Trekliyano Middle Jurassic Graben was the location of sedimentation of the Methohiya
Formation (sandstones and conglomerates of the Toarcian?–Aalenian age, 10 m thick), and of the Sredorek
Formation built up of bioclastic limestones (Aalenian–
–Bathonian ?, 80 m thick). There is information (BONCHEVA et al. 2004) that these formations crossed the
Serbia/Bulgaria state border.
MIROVA

Callovian (Middle ?)–Tithonian
South-eastern Serbia
Zvonce Village
The Callovian (Middle?)–Tithonian succession started with the Callovian (Middle?)–Kimmeridgian p.p. limestones with chert nodules, 10–20 m thick, which
may represent the prolongation through Bulgaria of the

Kamenica Limestones from the Infra-Getic area. In
Bulgaria the Javorets Formation corresponds to them.
Over the Kamenica Limestones, the succession continues by nodular limestones, which may represent the
prolongation through Bulgaria of the Pokrovenik Acanthicum Limestones from the Infra-Getic. In the Serbian
literature, analogous nodular sediments are not mentioned, but they must be part of what is subdivided in
the Basic geological map, sheet Breznik as the upper
part of the J31+2 about 20 m thick of Kimmeridgian
age. To the Pokrovenik Limestones in Bulgaria corresponds the Gintsi Formation.
Lu`nica flysch (Ruj flysch)
The Jurassic section finishes with flysch type sediments. They are described as the Lu`nica Flysch, later
named by DIMITRIJEVI] & DIMITRIJEVI] (1987) as the
Ruj Flysch. The name Lu`nica Flysch has the priority
and we conserve this nomination. Its is structured by
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turbidity alternation of sandstones, marls, clays, aleurolites with fallen blocks (olistolites), more than 1000 m
thick. In Serbia its age is reported to the Tithonian
(DITRIJEVI] & DITRIJEVI] 1987, etc.), to the Tithonian–
–Berriasian (GRUBI] 1980) or to the Tithonian–Hauterivian (KRAÜTNER & KRSTI] 2003). In Bulgaria it corresponds to the Kostel Formation (SAPUNOV et al. 1985)
and it was proven palaeontologically that this flysch
started in the Late Kimmeridgian to the earliest Early
Cretaceous.
South-western Bulgaria
Kraishte
During the Middle (?) Callovian–Tithonian–Berriassian in the Lu`nica–Koniavo (Supra-Getic) Unit continues, from the early Middle Jurassic, the regime of the
formation of a graben with specific sedimentation,
especially continues the regime of the Svetlya Graben.
During the Middle(?) Callovian–Kimmeridgian p.p., sedimentation in the Svetlya Graben continues with the
formation of calcareous conglomerate, i.e., the Lobosh
Formation (SAPUNOV et al. 1985), which is a horizontal correlative of the Javorets and the Gintsi formations,
and was sedimented to the west and the east from the
Svetlya Graben. The Lobosh Formation consists of calcareous fragments coming, probably, from the Polaten,
Javorets and Gintsi formations. They are represented by
boulders and cobbles in the vicinity of the Lobosh
Village (in the southern parts of the Svetlya Graben),
and became predominantly pebbles in the northern part
of the graben near the Stanyovtsi Village, transported
by strong bottom currents, i.e., the source province represented part of the shelf area, situated on the south
part of the basin. The lower boundary of the Lobosh
Formation is abrupt, unconformable, irregular, connected with sub-marine erosion of the underlying Polaten
Formation. The upper contact with the Neshkovtsi Formation, is conformable. An analogue of the Lobosh
Formation is not known in south-eastern Serbia. The
marine sedimentation, after a sub-marine break during
parts of the Bathonian and the Early Callovian, restarted with grey micritic limestones with chert nodules,
7–10 m thick, of the Javorets Formation (NIKOLOV &
SAPUNOV 1970) embracing the Middle Callovian–earliest parts of the Oxfordian. These rocks are analogous
to the eastern Serbian Kamenica Limestones. They crop
out only from west and east of the Svetlya Graben. In
some localities, e.g. around Staro Selo Village, Drugan
Village, etc., the sub-marine break of the sedimentation
continued during the Callovian and the Oxfordian, and
the Polaten Formation was covered directly by grey to
pinkish nodular limestones of the Gintsi Formation.
There, the Gintsi Formation, 10–15 m thick, is of Kimmeridgian age (SAPUNOV et al. 1985). In the area where
the Javorets Formation had been sedimented, the volu-
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me of the Gintsi Formation embraced most of the Early
Oxfordian and continued up to the Late Kimmeridgian
p.p. The Gintsi Formation represents intralithoclastic
limestones with a grey or pinkish colour, the result of
mass debris flow; they are similar to the Pokrovenik
Acanthicum Limestones from east Serbia.
During the Late Kimmeridgian occurred an important change in the Supra-Getic basin, sedimentation
started of marls to calcareous clays with rare and thin
intercalations of sandstones or limestones of Late Kimmeridgian age. This is the Neshkovtsi Formation built
up of pre-flysch sediments, 10–20 m thick (NIKOLOV &
SAPUNOV 1970). Above them were deposited siliciclastic turbidite – sandstones (Ta-Tb-Tc Bouma intervals)
and marls/clays (Td Bouma interval). In many localities, they contain fallen blocks, predominantly of Upper
Jurassic limestones, often with corals. This is the latest
the Late Kimmeridgian–earliest Early Cretaceous Kostel Formation (NIKOLOV & SAPUNOV 1970) structured
of siliciclastic flysch type sediments with filling pieces
of cobbles to boulders in them. The Kostel Formation
is analogous to the Lu`nica Flysch from south-east
Serbia. The lower boundary is placed on the basis of
the first thick sandstones bed over the marls-argillites
of the Neshkovtsi Formation. In the Kostel Formation,
the Bobovo and the Gorochevtsi members are separated. In the vicinity of the Sredorek Village is registered
a very important phenomenon – a basal conglomerate
of the Kostel Formation (the Antovo Member), lying
directly on Middle Jurassic black shales.

Palaeogeography of the Getic and
the Supra-Getic units during the Jurassic
During the Early Jurassic, the largest parts of the
Getic and Supra-Getic represented dry land; the eastern
part of the area, being the western parts of a basin with
shallow water sediments, sandstones and ferriferous
limestones reached the region of the Slivnitsa and Dimitrovgrad towns. To the east existed a relatively deep
water basin of the Infra-Getic. The western part of the
Getic and all the Supra-Getic represented dry land cut
of by differently deep grabens (on the territory of Bulgaria – the Svetlya Graben, the Rayantsi Graben), with
specific sedimentation. A differentiation in the palaeogeography commenced at the end of the Middle Jurassic (probably at the end of the Early Callovian). On the
Getic area started the formation of a carbonate platform, which deepened to the south and passed progressively to deep water sediments. On the Supra-Getic
started generally relatively deep water sedimentation of
the pelagic micritic and nodular limestones (“ammonitico rosso” type), cut out by the calcareous clastic sedimentation of the Lobosh Formation in the Svetlya
Graben. The greatest diversification of the sedimentation started at the end of the Kimmeridgian and continued during the Tithonian and the earliest Early Cre-
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taceous when turbidity sedimentation (at the base with
pre-flysch marls) settled in the Supra-Getic and reef
and/or sub-reef on the Getic.
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Rezime
Upore|ewe jurskih sedimenata Getske i
Supra-getske jedinice u grani~noj oblasti
jugoisto~ne Srbije i jugozapadne Bugarske
Ciq ovoga rada je upore|ewe jurskih sedimenata
Getske i Supra-getske paleogeografske jedinice u
pograni~noj oblasti JI Srbije i JZ Bugarske. Na
osnovu prisustva i odsustva lijaskih morskih sedimenata Getikum je podeqen na isto~ni i zapadni.
Jurski sedimenti isto~nog Getikuma upore|eni su
sa onima u Infra-getikumu. U isto~nom Getikumu
jurska sedimentacija zapo~iwe sa kontinentalnim
sedimentima koji navi{e prelaze, u JI Srbiji u
hetan{ke vidli~ke klastite, koji se mogu uporediti sa morskim glinama i pe{~arima tudenske formacije u JZ Bugarskoj.
Navi{e u stubu slede lukawski kvarcni pe{~ari u JI Srbiji i morski pe{~ari kostinske
formacije u JZ Bugarskoj sa kojima zapo~iwe jurska transgresija. Preko wih su sedimenti ozirovske formacije, koja se sastoji od razli~itih litostratigrafskih ~lanova u isto~nom delu isto~nog
Getikuma i homogenih sedimenata u zapadnom delu
isto~nog Getikuma. Oni ukazuju na zapadnu granicu
lijaskog morskog basena. Lukawski brahiopodski
slojevi, lukawski laporci, lukawski belemnitsko-grifejski slojevi i lukawski cefalopodski
kre~waci u JI Srbiji odgovaraju ozirovskoj formaciji u JZ Bugarskoj. Sredwojurska sedimentacija u isto~nom Getikumu zapo~iwe, u JI Srbiji, sa
senokosnim alevrolitima i {kriqcima i gulenova~kim slojevima koji se mogu uporediti u JZ Bu-
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garskoj sa crnim alevrolitima entropolske formacije i laporcima i glinovitim kre~wacima bovske formacije. U zapadnim delovima isto~nog Getikuma, u JZ Bugarskoj, sredwojurska sedimentacija zapo~iwe sa gradetskim pe{~arima i bioklasti~nim kre~wecima poletenske formacije, koji
le`e preko homogene ozirovske formacije. U
zapadnom Getikumu jurska sedimentacija zapo~iwe
za vreme alena, u JI Srbiji sa kurilovskim klastitima, a u JZ Bugarskoj sa pe{~arima grade~ke formacije. Preko wih su, u JI Srbiji, kurilovski
kre~waci (gumpinski kre~waci), a u Bugarskoj
bioklasti~ni kre~waci poletenske formacije. U
zavr{nim delovima sredwe jure dolazi do ujedna~ivawa paleogeografskih uslova i nastanka Getske karbonatne platforme, kako na zapadnom, tako
i na isto~nom Getikumu. Na isto~nom delu isto~nog Getikuma u JI Srbiji se mogu izdvojiti basarski slojevi preko kojih le`e basarski kre~waci i
vidli~ki kre~waci. Oni se mogu uporediti u JZ
Bugarskoj sa belediehan formacijom, preko koje
le`e bioklasti~ni kre~waci slivni~ke formacije, a u JI Srbiji ove tvorevine odgovaraju crnovr{kim kre~wacima Vidli~ planine.
U zapadnom Getikumu, za vreme keloveja i kimeriya p.p., u JI Srbiji stvaraju se beqani~ki (ili
`drelski) kre~waci prekriveni ku~ajskim sprudnim pe{~arima, a u JZ Bugarskoj kre~waci belediehanske formacije prekriveni bioklasti~nim
kre~wacima slivni~ke formacije.
Za vreme jure Supra-getikum se karakteri{e
prisustvom mnogobrojnih rovova, koji uslovqavaju
sedimentaciju. Lijaski sedimenti formiraju se
samo u svetlajskom rovu – kontinentalni pe{~ari
i gline zablajanske formacije, koji su analogni u
Srbiji sa lu`ni~kim klastitima i ugqonosnim
slojevima Jerme.
Sredwojurski sedimenti u zapadnom Getikumu
isto~ne Srbije su predstavqeni kurilovskim klastitima i kurilovskim kre~wacima (gumpimski
kre~waci, KRAÜTNER & KRSTI] 2003). U Supra-Getikumu Srbije formiraju se jerma klastiti i jerma
kre~waci (gumpimski kre~waci). U JZ Bugarskoj
sredwojurski sedimenti predstavqeni su sa pe{~arima grade~ke formacije i bioklasti~nim kre~wacima poletenske formacije. U zapadnim delovima bugarskog Supra-getikuma formira se trekqanski rov sa radiolitskim crnim {kriqcima
rajana~ke formacije, a na zapadnom delu ovog grebena nastaju plitkovodni sedimenti methohijske i
sredore~ke formacije.
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Za vreme keloveja sedimentacija se nastavqa u
JI Srbiji kameni~kim bre~astim kre~wacima koji
navi{e prelaze u pokroveni~ke kre~wake, a u JZ
Bugarskoj mikritskim kre~wacima javore~ke formacije pra}ena litoklasti~nim kre~wacima gina~-

ke formacije. Najve}a sedimentolo{ka raznolikost nastaje sa fli{nom sedimetacijom u SupraGetikumu. U JI Srbija deponuje se lu`ni~ki fli{,
a u JZ Bugarskoj prefli{ ne{kova~ke formacije i
siliciklasti~ni fli{ kostelske formacije.

GEOLO[KI ANALI BALKANSKOGA POLUOSTRVA
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Late Barremian–Early Aptian Urgonian Limestones from the
south-eastern Ku~aj Mountains (Carpatho-Balkanides, eastern Serbia)
MILAN SUDAR1, DIVNA JOVANOVI]2, ALEKSANDRA MARAN3 & SVETLANA POLAVDER2
Abstract. The newest results of sedimentological and paleontological investigations of part of the Urgonian
Limestones studied in the surrounding of Boljevac on the SE slopes of the Ku~aj Mts. (Carpatho-Balkanides,
eastern Serbia) are presented. On two localities, near the village Faca Vajali, four types of microfacies and one
subtype within the bioclastic limestones were separated. The characteristics of the depositional environments of
the investigated Urgonian Limestones were studied and are discussed. At the base of the established rich microassociations of foraminifera and algae, the vertical distribution of foraminiferal species was precisely defined
which enabled the determination the the age of this part of the Urgonian Limestones as Late Barremian–Early
Aptian.
Key words: Late Barremian–Early Aptian, Urgonian Limestones, Sedimentology, Micropaleontology, Stratigraphy, Ku~aj Mountains, eastern Serbia
Apstrakt. U radu su prikazani najnoviji rezultati sedimentolo{kih i mikropaleontolo{kih istra`ivawa dela urgonskih kre~waka otkrivenih u okolini Boqevca na jugoisto~nim padinama Ku~ajskih
planina (Karpato-balkanidi, isto~na Srbija). Na dva lokaliteta u ataru sela Faca Vajali konstatovana su ~etiri tipa mikrofacija i jedna podfacija u okviru bioklasti~nih kre~waka. Utvr|ene i diskutovane su karakteristike depozicionih sredina istra`ivanih urgonskih kre~waka. Iz ustanovqene
veoma bogate mikroasocijacije foraminifera i algi precizno je definisano vertikalno rasprostrawewe foraminiferskih vrsta koje su omogu}ile utvr|ivawe starosti ovog dela urgonskih kre~waka u
okviru kasnobaremskog i ranoaptskog kata dowe krede.
Kqu~ne re~i: kasni barem–rani apt, urgonski kre~waci, sedimentologija, mikropaleontologija,
stratigrafija, Ku~ajske planine, isto~na Srbija

Introduction
The rocks of Lower Cretaceous age, belonging to the
eastern Serbian Carpatho-Balkanides, are widely distributed and facially heterogeneous. It refer to the Barremian and Aptian sediments and their special type known
as Urgonian, Urgonian facies or Urgonian development.
The mentioned sediments are most often in the mountainous area of the middle eastern Serbian Carpatho-Balkanides, which extend as an elongated arc from the
Danube in the north southwards, then twist toward
southeast and east until the Serbian-Bulgarian boundary.

The composite range encompasses the mountains: Beljanica, Ku~aj Mts., Rtanj, Ozren, Devica, Svrljig Mts.,
Tupi`nica, Tresibaba, Paje` and part of the western
slope of Stara planina.
A detailed summary of investigations of the Urgonian
sediments of the eastern Serbian Carpatho-Balkanides
until 1974 was given by JANKI^EVI] (1978). In addition, his monograph contains numerous new and comprehensive data about the paleontology, stratigraphy, and
lithology of the Urgonian. Hence in further investigations, just a few authors in Serbia paid attention to the
study of these sediments. In addition to papers of MA-
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RAN (1996, 1998), which dealt mostly with Urgonian
echinids of the Ku~aj Mts., the Master Thesis of RADULOVI] (2003) could be mentioned, in which, together
with Upper Barremian and Lower Aptian brachiopods,
microassociations from the Urgonian of the Ku~aj were
separated. It is also necessary to emphasize the paper
of JANKI^EVI] (1996) who studied the Urgonian of the
Carpatho-Balkanides using formational analysis and suggested the name Tupi`nica Formation for these carbonate-terrigenous deposits of Upper Barremian and Lower
Aptian (Bedoulien and possibly also lower Middle Aptian – Gargasian) time/stratigraphic position.
During field investigations for the Master Thesis of
A. MARAN in the period 1994–1995, a few geological
columns were made at localities near Boljevac (southeastern slope of the Ku~aj Mts.) and macrofossils and
material for thin sections were collected. The investigated sites were: Faca Vajali–Izvor, Faca Vajali–U{}e
Arnaute, Faca Vajali–Vidikovac, Mali Izvor/1, Mali Izvor/2, Bogovina–Kamenolom and Bogovina–Pe}ina. At
that time, relatively poor sedimentological and micropaleontological studies were used for the determination
and explanation of the paleoecological characteristics of
the established microassociations, and on that way, indirectly for the analysis and solutions of paleoecological problems of echinoid macrofauna (MARAN 1996).
Afterwards, the complex of the Faca Vajali sections
were chosen and proposed for protection within the
frame of the Cretaceous Geosite Conservation Program
in Serbia as being representative, accessible and available for the geological science (MARAN 1999, MARAN
et al. 2005).
As part of an ongoing project, in past decade, the localities Faca Vajali–Izvor and Faca Vajali–U{}e Arnaute
were investigated several times and new material was
collected. The aim of this paper is to present the results
of the new detailed micropaleontological and sedimentological studies and evaluate these results in order to
contribute to a better understanding of this part of the
Urgonian sediments of eastern Serbia. In this way, the
fund of our geological knowledge and practice is enriched, which is very important because a 40 m high
dam will be built on the Crni Timok River close to locality Faca Vajali–Izvor, the main purpose of which
will be to supply regional water to towns in the Timok
Region (the towns Bor and Zaje~ar). As a result, the
closest area surrounding the village together with all the
geological localities will be submerged and lost forever.

Geological setting
Earlier, this area, was geotectonically most frequently considered as part of the Ku~aj–Svrljig StructuralFacial Zone (JANKI^EVI] 1978, AN\ELKOVI] & NIKOLI]
1980 and many other authors), i.e. the Ku~aj Zone (DIMITRIJEVI] 1997). Nowadays, it is adjoined to the Ku~aj
(Getic) Terrane/Unit, one of several large Alpine geo-

tectonic (structural) units in the Carpatho-Balkanides of
eastern Serbia (KARAMATA et al. 1997, KRÄUTNER &
KRSTI] 2003) (Fig. 1).
The Ku~aj Terrane had a long (Proterozoic to Neogene) and very complex geological evolution. The
western boundary of the Unit is an Alpine eastward
thrust, the eastern boundary is mostly of the same character. The time of the docking of the Ku~aj Terrane to
the Stara Planina–Pore~ Terrane at the East is the end
of the Viséan.
In the Ku~aj Unit, the oldest rocks (Osanica metamorphics) are of Proterozoic age, metamorphosed under
amphibolite facies conditions, and represent part of the
old crystalline basement. The following Upper Proterozoic to Lower Cambrian rocks are volcanic-sedimentary rocks metamorphosed under greenschists facies conditions. Over this basement, Upper Cambrian to Lower
Carboniferous sediments of the Caledonian–Variscan
Cycle were deposited: shallow marine clastics (Upper
Cambrian–Ordovician), deep-sea black shales (Upper
Ordovician–Lower Devonian), pre-flysch (Lower and
Middle Devonian) and flysch (Upper Devonian–Lower
Carboniferous).
The post-Variscan overstep sequence begins with the
Stephanian Limnic sediments grading into the Permian
Red Sandstone Formation formed in intramountain depressions. In the Lower until the Middle or even in a
part of the Upper Triassic, mainly shallow water carbonate rocks were deposited. In the Bajocian, basal
clastics and oolitic limestones were formed transgressively. After that, in the eastern parts of the terrane,
shallow water sediments of a carbonate platform (inclusively Urgonian Limestones were deposited up to the
end of Lower Aptian. In the western regions of the
Unit, Callovian–Valanginian deep water deposits are
present. From the Cenomanian to the Maastrichtian, in
places to the Paleocene, identical pelagic clastics and
carbonate sediments occur, accompanied by a multistage magmatism (the Timok area). Brackish Upper
Maastrichtian sediments represent the final stage of the
marine regime. Lacustrine Paleogene sediments unconformably ovelie the Upper Cretaceous formations. The
Middle and Upper Miocene limnic rocks are a postAlpine overstep sequence.
The Lower Cretaceous sediments belonging to the
Ku~aj Unit/Terrane are widely distributed and thick.
Differentiation of the sea bottom started in the Upper
Jurassic, and continued in the Lower Cretaceous. The
main rock types of the Neocomian are different kinds
of shallow water limestones, but sandstones and sandy
marlstones are also present. The rocks are characterized
by rich association of bivalves, gastropods, brachiopods, echinoids, foraminifera and algae. A small flysch
depression located in the southwestern part was formed
in theUpper Jurassic and was present to the Valanginian. After the flysch sediments post-flysch marlstones
and marly limestones were deposited. Over the whole
area, Urgonian rocks of Barremian and Aptian age are
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Fig. 1. Location of the Faca Vajali Village in the vicinity of Boljevac, eastern Serbia. A. Terranes/units of the eastern Serbia
Serbian Carpatho-Balkanides (between horizontal lines) as part of the Balkan Peninsula (KARAMATA et al. 1997, KRÄUTNER
& KRSTI] 2003): SM, Serbian-Macedonian Unit; RV, Ranovac–Vlasina Unit; LU, Lu`nica Unit; KU, Ku~aj Unit; HU, Homolje Unit; SPP, Stara Planina–Pore~ Unit; V^M, Vr{ka ^uka–Miro~ Unit; SU, Severin (Krajina) Unit; MP, Moesian Plate.
represented by carbonate sediments with three facies
(limestone facies with rudists, facies of bioclastic limestones with orbitolinids and facies of bioclastic limestones with a terrigenous component and orbitolinids)
and terrigenous non-carbonatic rocks with three/four facies (facies of sandstones and marlstones with orbitolinids, sandstone facies with ostreids and sandstone facies
with plant detritus) (JANKI^EVI] 1978, 1996). Their total
thickness is circa 450–500 m and fossils are abundant,
especially representatives of rudists (and other bivalves), corals, echinoids, brachiopods, orbitolinids, other
foraminifera and algae. The lower boundary of these
sediments is not sharp but is undertaken because of the
presence of a rich microassociation of Barremian age.
The previously mentioned fauna of Neocomian age is
very poor. In addition, it is almost impossible to divide
the sediments of Barremian and of Aptian age, and the
boundary is the most often located conditionally because
only a gradual transition exists. The upper boundary is

sharp. The Upper Aptian is not found, hence directly
over the Lower Aptian lie conglomerates and glauconitic sandstones of Albian age or some other rocks
of Upper Cretaceous age.

Microfacial analysis of Urgonian Limestones
in the investigated sections
The Urgonian sediments located in the vicinity of
Boljevac were sampled in detail southwestern from Bogovina near the village Faca Vajali on two sections:
Faca Vajali–Izvor and Faca Vajali–U{}e Arnaute (Fig.
1). In both sections are present only a part of the Urgonian Limestones, which are macroscopically, i.e., lithologically, represented with two groups of limestones:
thick-bedded to massive grey limestones with visible
sections of macrofauna and thin- to decimeter thick-bedded friable, disintegrated partly, sandy-marly grey-yel-
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Fig. 2. Geologic column and vertical distribution of the determined foraminifera species in the Late Baremian–Early Aptian
of the Faca Vajali–Izvor Section, eastern Serbian Carpatho-Balkanides (for the symbols, see Fig. 5).
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lowish limestones with the whole forms of fossils. In
these rocks, it was possible, on the basis of sedimentological, macro- and micropaleontological features (depositional textures, biota, etc.), to define four microfacies types (MFT 1–4) and one subtype (MFT 2A). The
extended version of the DUNHAM (1962) and the methods described by WILSON (1975) and FLÜGEL (2004)
were used for the microfacies analysis.
The thin sections are housed in the collection of M.
SUDAR (Department of Paleontology, Faculty of Mining
and Geology, University of Belgrade, Belgrade, Serbia),
under the numbers MS 3000-3041.
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the surfaces – colonial and solitary corals, stromatoporoids, chaetetids, gastropods, bryozoans and other forms.
In the upper part of the column (thickness 39.5 m, units
4–10) predominate friable thick- to thin-bedded carbonate sediments, partially enriched by clayey and sandy
fractions and with a yellowish weathering of the surfaces. Only sporadically are harder beds, thick to a few
dm, visible (Fig. 3). This part of the.column is abundant
with whole forms of fossils: bivalves (no rudists), echinoids, gastropods, brachiopods, orbitolinids, etc.
On the the Faca Vajali–Izvor Section column are separated the.following two characteristic microfacies types
and one subtype, the photomicrographs of which are
given in Fig. 4: MFT 1 – bioclastic wackestone with
The Faca Vajali–Izvor Section
transitions to packstone, grainstone or floatstone; MFT
2A – bioclastic wackestone with transition to packstone,
The geological column from this locality is located
rare boundstone; and MFT 4 – orbitolinid packstone.
westward of the village Faca Vajali. It begins from the
MFT 1. Bioclastic wackestone with transitions to
middle parts of a temporary flow which from level 350
packstone, grainstone or floatstone (Fig. 4, 5–7) are
descends to the Crni Timok River and continues eastpresent in rocks, around 70 %, mostly from the upper
ward, on the left side of the local road leading to the
parts of the column (units 4–10). In addition to rich
center of the village (coordinates: x 4859050, y 7574470).
macrofaunal biota, the microassociation is represented
The locality is named by the spring (in Serbian = Izvor)
by fragments (bioclasts) of bivalves (but no rudists),
which is situated close below the section, directly along
gastropods, corals, algae, foraminifera, echinoids, brathe Crni Timok River.
chiopods, crinoids, etc. The bioclasts are unequally distributed in micrite, rarely microsparite, sporadically enriched by
Fe-pigment or fine siliciclastic
detritus (quartz predominates).
Their size varies from 0.1 mm
and less to over 2 mm and more. The bioclastic and another
allochems (coated grains, grapestone, rarely ooids, pelloids etc.,
sometimes with geopetal fillings) are well rounded, mostly
middle to bed sorted. Very
often they have micritic envelopes as a result of work of cyanobacterias, fungi etc., which
are characteristic for protected
shoals and lagoons of higher
salinity.
The following algae were
established: green algae (Chlorophyta), represented by numerous Dasycladaceae (Neomeris,
Fig. 3. Thick-bedded, friable and disintegrated grey-yellowish marly limestones from
Acroporella, Salpingoporella,
the middle parts (unit 7) of the Faca Vajali–Izvor Section, eastern Serbian Carpathoetc.), Udoteaceae (Boueina, LiBalkanides.
thocodium), other Halimedaceae
and some dasycladacean morphogenera (Coptocampylodon,
At the locality Faca Vajali–Izvor, the studied column
Terquemella). Red algae (Rhodophyta) are scarse, rephas a thickness 51.9 m (Fig. 2). It is possible to disresented only by crusty structures of the genus Polytinguish the lower and upper part of the column on the
strata. Cyanobacterias (blue-green algae – “Cyanophyfield. The lower part (3 units, 12.4 m thickness) is
ta”), as endolithic algae and fungi, produce micrite (the
composed of compact, grey thick-bedded to massive
result of activities of prokaryotes) which envelopes the
limestones with a good visible extracted macrofauna on
allochems.
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In association connected with bioclastic wackestone
are present numerous benthic foraminifera and between
them various orbitolinids (Orbitolinopsis, Palorbitolina), simple or complex agglutinated forms (Ammobaculites, Charentia, Everticyclammina, Sabaudia, Debarina, Nezzazata, Nezzazatinella, Choffatella, Daxia, etc.),
calcareous imperforate, porcelaneous forms, represented
by miliolids (Quinqueloculina, Rumanoloculina, Pyrgo,
Sigmolina, Dervantina), calcareous perforate forms (Neotrocholina, Trocholina, Spirillina, Lenticulina, etc.) and
scarse sessile foraminifera (Coscinophragma and others).
These sediments were deposited in a shallow subtidal, and/or rather deeper intertidal area (carbonate platform margin, i.e., open shelf lagoon behind a platform
margin; WILSON 1975; FLÜGEL 2004).
MFT 2A. Bioclastic wackestone with transition to
packstone; rare boundstone (Fig. 4, 1–4), are minor, in
rocks of the lower part of the section (units 1–3) and
are present with around 20 %. At coarse sparry calcite
are distributed well-rounded, unsorted intraclasts, which
represent coated and reworked bioclasts formed by tidal
currents and waves. Their cores, as the other fine detritus, is made of fragments of colonial and solitary corals, foraminifera, algae (Fig. 4, 3), crinoids, bryozoans,
echinoids, stromatoporoids, chaetetids (Fig. 4, 1), (micro)gastropods (Fig. 4, 2), bryozoans, stromatoporoids,
calcareous sponges, some undeterminable “organic”
structures, etc. In some parts, the carbonate mud is not
washed out and rests like small patches.
The microassociation of these rocks is very diverse,
as in the previous microfacies. Algae are represented
only by green algae: thedasycladacean genera (Neomeris; Zittelina), Boueina from Udoteaceae, and also with
some dasycladacean morphogenera (Coptocampylodon,
Terquemella). Aggutinated foraminifera (Ammobaculites, Evertyciclammina, Charentia, Sabaudia and numerous orbitolinids) are more typical than benthic calcareous forms (Neotrocholina and some tiny miliolids).
MFT 4. Orbitolinid packstone is present in the rocks
of the both parts of the column in an amount of 10 %.
Higher contents of sandy-clayey, hence ferruginous
matter, is typical in microsparite-micrite. In addition to
numerous agglutinated orbitolinids (only Palorbitolina,
Fig. 4, 8), they contain small coated bioclasts with a
core of dasycladaceans, stromatoporoids, and other organisms, whole tiny foraminifera and microgastropods,
tiny organic debris (echinoid spines, etc.), etc.
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Their microfossil community is monotonous because
of the presence of terrigenous matter which reduced
flourishing of the organic world. In addition orbitolinids, Nezzazata, Nezzazatinella, Everticyclammina, and
calcareous perforate genera Neotrocholina, Lenticulina
and some miliolids were determined. Algae are present
only with rare Boueina (Udoteaceae).
These microfacies types were probably formed in the
shallow subtidal of a partially protected lagoon in a
carbonate platform.

The Faca Vajali–U{}e Arnaute Section
The section is located in the eastern part of the village, on the slope of Cukloj, 200 m SW from the confluence (in Serbian = U{}e) of the Arnauta River into the
Crni Timok River (coordinates: x 4858950, y 7576175).
The column, thick 45.5 m contains 10 units (Fig. 5).
At the base (3 units, thickness 6.2 m) are yellow friable sandy-marly limestones without macrofauna. They
are followed by thick-bedded to massive grey limestones (units 4–9, thickness 37 m), which represent thicker and a more imposing part of the column with surfaces where numerous concentrations are visible, coquinas of the rudists and very rare other macrofaunas – corals, stromatoporoids, gastropods, bryozoans, etc. (Fig.
6). The highest part of the column (unit 10, thickness
2.3 m) is made.up of yellowish disintegrated sandymarly limestones, identical to the sandstones at the base
of the section and also without fauna.
On the geological column of the Faca Vajali–U{}e
Arnaute Section the following characteristic three microfacies types are present and their photomicrographs
are given in Fig. 7: MFT 2 – bioclastic wackestone
with transition to packstone; MFT 3 – bioclastic grainstone and MFT 4 – orbitolinid packstone.
The MFT 2 microfacies (Fig. 7, 1, 3–6) from the middle part of column and the friable MFT 3, which is present in the lowest and final part of the Faca Vajali–U{}e
Arnaute Section (Fig. 7, 2) are dominant. In adition to
these, in the whole column also exist rocks with the
MFT 4, but with much fewer and rarer microfossils than
in the same MFT of the Faca Vajali–Izvor Section.
MFT 2. Bioclastic wackestone with transition to
packstone. In comparison with the microfacies subtype
2A from the Faca Vajali–Izvor Section, in the MFT 2

Fig. 4. Thin-section photomicrographs of the sediments from the Faca Vajali–Izvor Section, eastern Serbian Carpatho-Balkanides.
1, Bioclastic wackestone/floatstone with a large fragment of chaetetids, MS 3020; 2, Bioclastic wackestone/packstone with numerous bioclasts of gastropods, molluscs etc., MS 3022; 3, Bioclastic wackestone/packstone with dasycladacean algae (Salpingoporella pygmea), foraminifera (Charentia cuvillieri) and other well-rounded coated grains, MS 3023; 4, Bioclastic wackestone/packestone with a large shell fragment coated with micrite, small gastropods and other fragments, MS 3024; 5, Bioclastic grainstone
with large and small unsorted intraclasts, peloids and bioclasts (undifferentiated foraminifera, algae, etc.), MS 3030; 6, Bioclastic
grainstone/packstone with large, badly preserved ooids, MS 3031; 7, Bioclastic grainstone/packstone with will sorted micritized
ooids and bioclasts (benthic foraminifera, etc.), MS 3032; 8, Bioclastic packestone/wackstone with large orbitlinids (Palorbitolina
lenticularis, Palorbitolina sp.) and other bioclasts, MS 3035. Scale bar = 1 mm.
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Fig. 5. Geologic column and vertical distribution of the determined foraminifera species in the Late Baremian–Early Aptian of
the Faca Vajali–U{}e Arnaute Section, eastern Serbian Carpatho-Balkanides. Legend: 1, wackestone; 2, packstone; 3, grainstone;
4, floatstone; 5, boundstone; 6, bioclasts; 7, lithoclasts; 8, pelloids; 9, ooids; 10, oncoids; 11, agregated grains; 12, fenestrae;
13, geopetal fabric; 14, quartz; 15, chaetetids; 16, solitary corals; 17, colonial corals; 18, gastropods; 19, bivalves in general;
20, pachyodonts; 21, bryozoans; 22, brachiopods; 23, echinoids; 24, cyanobacterias; 25, rhodophycean algae; 26, udoteacean green
algae; 27, dasycladacean green algae; 28, orbitolinids; 29, other agglutinated foraminifera; 30, calcareous porcelaneous (imperforate) foraminifera (miliolids etc.); 31, calcareous perforate foraminifera; 32, sessile foraminifera.
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Fig. 6. The uppermost middle (massive grey limestone of unit 9) and
upper (thin- to decimetre thickbedded grey-yellowish friable and
disintegrated limestones of unit 10)
parts of the Faca Vajali–U{}e Arnaute Section (eastern Serbian Carpatho-Balkanides) with the detail
of a rudist coquina.

of this site, the most important differences lie in the
biota and the diversity of the macrofaunal species,
which is more dominant. Except for rare colonial and
solitary corals, the macrofauna is represented by abundant rudist genera Toucasia, Matheronia, Monopleura
and Requienia, which build coquinas. Fragments of
shells, stromatoporoids, chaetetids, etc. which are distributed in micrite can be rounded (rarely angular)
because of transport. Usually they are unsorted, often
with micritized coats. Corals, which fix the base, are
scarse and fragmented. Due to periodical and intense
movements and wave actions, robust forms of fossils
were accumulated in the tidal area.
In parts with an unequal presence of a sandy fraction, the development of an abundant organic world
was enabled but it was also suitable for agglutinated
foraminifera (orbitolinids). They rarely appear together
with algae in the bioclastic packstone (MFT 4).
Microfossils are poorer than in the previous sections:
rarely algae (cyanobacterias, red – Polystrata, dasycladaceans – Neomeris, “Epimastopora”, dasycladacean
morphogenera Coptocampylodon, Terquemella); simple
or complex agglutinated (Charentia, Sabaudia, Pseudotextulariella, orbitolinids) and forms of calcareous perforate foraminifera (Neotrocholina).
These rocks have two main characteristics: an abundance of rudists (and rare specimens of other reef macrofaunas) and a bioclastic character. Although the first
characteristic indicates reef origin, the fauna present in
the bioclastic, very fragmented limestones is not sufficient to mark the limestone of MFT 2 and MFT 2A as
reefal. This was confirmed with their view, manner of
appearance, structure, etc. For the other characteristics
of these limestone with rudists and an interpretation of
their depositional nature see in the penultimate chapter
of this paper.

MFT 3. Bioclastic grainstone appears subordinately
in yellowish, partially friable and thicker limestone
beds without macrofauna but with a relatively rich and
diverse microfossil community.
Limestone of this microfacial type were deposited in
intertidal (WILSON 1975, washed grains of a platform
margin; LOGMAN 1981, backreef sands).
* * *
For comparison with the given investigated sections,
existing results of sedimentological and paleontological
analyses from a few other localities near to Boljevac
were used but the given data will not be presented separately. These localities are: Faca Vajali–Vidikovac,
Mali Izvor/1, Mali Izvor/2, Bogovina–Pe}ina and Bogovina–Kamenolom. The established microfacial types and
subtype are distingished on the following sections.
MFT 1 and especially MFT 4: Faca Vajali–Izvor
(units 4–10), Bogovina–Pe}ina, and Mali Izvor (both
fossiliferous sites). MFT 3 is found only in the lower
and higher part of the Faca Vajali–U{}e Arnaute Section
(units 1–3 and 10). MFT 4 is also present in remaining sections but in smaller amounts than other microfacial types.
MFT 2 is the most common in the middle part of
the Faca Vajali–U{}e Arnaute Section (units 4–9) and
at the locality Bogovina–Kamenolom. MFT 2A, characterized by rarer presence or almost without rudists, is
found in the lower units (1–3) of the Faca Vajali–Izvor
Section and at the site Faca Vajali–Vidikovac.
* * *
In comparison with the facies studied in the Barremian–Lower Aptian sediment complex established by
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Fig. 7. Thin-section photomicrographs of the sediments from the Faca Vajali–U{}e Arnaute Section, eastern Serbian Carpatho-Balkanides. 1, Biolithoclastic wackestone/packestone with angular, unsorted bioclasts, MS 3001; 2, Well sorted bioclastic
grainstone with rare foraminifera (miliolids), MS 3002; 3, Bioclastic wackestone/packestone with one large lithoclast (fragments of bivalve shells) and numerous other small, well sorted grains, MS 3003; 4, Bioclastic wackestone with abundant
detritus (mostly of bivalve shells), MS 3006; 5, Sandy wackestone/packstone with a large undeteriminable orbitolinid, MS
3011; 6, Bioclastic wackestone/packestone with fragments exclusively from bivalve shells, MS 3015. Scale bar = 1 mm.
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JANKI^EVI] (1978), the microfacial types and subtypes
separated and described herein could be probable equalized with the facies with rudists (= MFT 2 and 2A),
i.e., with facies of bioclastic limestones (= MFT 1, 3
and 4). The first type of limestones (the present MFT
2 and 2A) was define by the mentioned author as Urgonian facies sensu stricto and, according to his opinion, it was formed in a reef environment, i.e., in infralittoral, more in his internal part (op. cit., p. 172). As
was pointed out in the previous section, sufficient reasons which would allow this limestone with rudists to
be designated as reefal do not exist. The second type
of JANKI^EVI] (1978), i.e., the present MFT 1, 3 and 4,
was signified as bioclastic (para-Urgonian) limestones
deposited in a para-reef environment – internal and/or
external infralittoral (op. cit., p. 174).

Summary and conclusions
The herein presented results of a detailed sedimentological and paleontological (especially micropaleontological) study of a part of the Urgonian bioclastic limestones from near to the village Faca Vajali, the Boljevac
Area on the SE slopes of the Ku~aj Mts. (Carpatho-Balkanides, eastern Serbia), some summary discussions
and conclusions in relation to the interpretation of their
depositional environment and stratigraphy can be made.
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high energy infralittoral (subtidal less than 10 m) to littoral (intertidal, tidal flat). Different microfacies rich
with carbonate mud from the protected shelf lagoon of
limited circulation below the wave base are very frequent.
Bioclasts (whole or fragmented fossil specimens)
mostly derived from rudist shells and also from other
reef fauna: corals, chaetetids, stromatoporoids, etc. indicate the interspersing of these organisms on the platform or accumulation in coquinas. According to WILSON & JORDAN (1983) and MASSE (1990, 1993), the Urgonian forms of rudists were formed on the middle
shelf, i.e., on the internal parts of the external platform
margin and in an intraplatform lagoon (margin or inside), in which occupy different paleoecological niches.
These small ecologic reefs (small biostromes, carbonate build-up or patch reefs) built by the mentioned
bioclasts and other reef organisms were formed as elevations a few meters over the sea bottom (3–6 m in
recent analogues, JAMES 1983) in the interior of the
platform. In addition, they represented immature ecosystems in the initial stabilization/colonization stadium
and because of their fast destruction, nowadays, just
products of their erosion and disintegration are found,
such us in the limestone B group, i.e., in MFT 2.

Interpretation of the depositional environment
Sedimentological and paleontological data of the Late
Barremian–Early Aptian Urgonian Limestones of the
studied area of eastern Serbia confirmed shallow water
carbonate sedimentation of a platform type under conditions of a tropical to subtropical climate on a wide
unstable shelf of developed relief in a warm sea of the
Tethyan areal. In French literature, this area is traditionally known as the “carbonate (Urgonian) platform”
(ARNAUD-VANNEAU 1980; MASSE & PHILIP 1981; MASSE 1993, etc. and many other earlier and newer references) and in Serbian literature, it is defined as the
“paraplateforme carbonatique” (GRUBI] & JANKI^EVI]
1973) or the “shelf carbonate platform” (JANKI^EVI]
1978, 1996).
GU[I] & JELASKA (1990) while establishing some
depositional environments of the Upper Cretaceous of
the Bra~ Island made comparisons with the ambients of
the middle shelf in sense of WILSON & JORDAN (1983).
The investigated biotop of part of the Urgonian sediments near to Boljevac could be correlated with the
ambient and characteristics of that area. It represents an
extensive and morphologically differentiated backreef
platform, partially opened (presence of sceletal carbonate sands of higher water energy formed in sandy shoals,
beaches, tidal accumulations, submarine rises – bioclastic grainstone), with a depth from shallow low and/or

Fig. 8. Overthurned colonial coral from the lower part (unit
3) of the Faca Vajali–Izvor Section, eastern Serbian Carpatho-Balkanides.

A special characteristic of the sedimentary area of
the investigated Urgonian Limestones of the Faca Vajali area is the exclusive presence of bioclastic varieties
of all the included limestones. In addition, some fauna
was found in an abnormal position, as an example the
overturned coral colony in the beginning of the FacaVajali–Izvor section (Fig. 8). Chaotical distribution of
the rest of macrofauna (especially rudists), recognizable
transport and erosion of allochems (for example many
of the orbitolinids have not a top with an embryonic
chamber). All this points to constant transport, i. e., to
parautochthonity of all the presented biota and other
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material in a depositional marine environment of very
shallow subtidal and/or somewhat deeper intertidal.
Hence, it can be concluded that all these paleoenvironments, essentially infralittoral to partially or rarely
littoral, with a more or less distinct water energy, probably occupy an area linked either just before the outer
edge of a platform or just inside, i. e., also before the
inner open, to more of less protected parts of the platform lagoon.

Stratigraphy
The age of the Urgonian sediments from eastern
Serbia is of great importance. Usually it is determined
as Barremian–Aptian, Upper Barremian–Lower Aptian,
etc. As is shown in the geological setting, their boundaries are distinctly determined, the upper more than the
lower. In spite of the presence of rich fossil material,
especially macrofauna and the absence of lithological
variabilities, the precise determination of Barremian–
–Aptian boundary is not always sure and simple. For
this reason, during earlier geological investigations of
the Lower Cretaceous of eastern Serbia, the presence
of Urgonian sediments and their Barremian and/or Aptian age was mostly established.
In the Serbian geological literature attempts were
made to subdivide the mentioned stages. The first
results were given by V. PETKOVI] who considered that
the boundary between the Barremian and the Aptian on
the Tupi`nica Mt. lies “eventually between limestones
with pachydont shells and orbitolinid limestones”
(PETKOVI] 1908 from JANKI^EVI] 1978, p. 161). The
question of boundary in the investigated Urgonian complex of eastern Serbia was of special interest for
JANKI^EVI] (1978). The same author defined the whole
complex as Barremian–Lower Aptian, although he considered all separated limestone facies as Barremian
(whole, or only their upper part) to Lower Aptian, and
other terrigenous non-carbonate sediments as only
Lower Aptian.
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Also of interest is part from his conclusion: “The
boundary between the Barremian and Aptian stage is
most often provisory undertaken, because exists a gradual transition. But, the fossil association of organisms, in
which are numerous Palorbitolina lenticularis (Blum.),
surely confirms Lower Aptian” (op. cit., p. 183). A
very similar is opinion is shared by RADULOVI] (2003).
She decided that the parts of the columns of Urgonian
sediments at the localities Faca Vajali and Mali Izvor
with a defined microassociation of Palorbitolina lenticularis and Neotrocholina aptiensis are of Lower Aptian
age. Unfortunately, their conclusions were not confirmed with detailed defined stratigraphic characteristics of
the whole microassociation and their members. In addition, the mentioned foraminifera have a range from the
Late Barremian to the earliest Late Aptian (ARNAUD-VANEAU et al. 1991, and many other earlier and newer
papers).
However, for stratigraphic/biostratigraphic subdivision of the Urgonian sediments, microfossils are much
more suitable than the present macrofauna. This paper
is one attempt to precisely define the stratigraphic ranges of the present foraminifera, i.e., to separate characteristic microfossil associations into Barremian and/or
Aptian. For this reason, the vertical distributions of the
determined foraminifera species in both studied sections
were given (Figs. 2 and 5). It was possible to separate
three foraminiferal microassociations:
– first, for the Barremian (Charentia cuvillieri (even
from the Berriasian), Praereticulinella cuvillieri and
Neotrocholina cf. friburgensis),
– second, for the Late Barremian and the Early
Aptian (Melathrokerion valserinensis, Choffatella decipiens (even from the Hauterivian), Sabaudia minuta,
Pfenderina cf. globosa, Orbitolinopsis buccifer, Orbitolinopsis gr. cuvillieri kiliani, Palorbitolina lenticularis,
Neotrocholina cf. aptiensis, and Neotrocholina cf. infragranulata (even from the Berriasian), and
– third, for the Aptian, even the Albian (Mayncina
bulgarica, Sabaudia cf. briacensis and Sabaudia capitata).

Fig. 9. Late Baremian–Early Aptian foraminifera from the Faca Vajali–Izvor Section, eastern Serbian Carpatho-Balkanides
(determined by S. POLAVDER). 1, Charentia cuvillieri NEUMANN, thin-section MS 3023; 2, 3, Mayncina bulgarica LAUG,
PEYBERNES & REY, Fig. 5.2, thin-section MS 3040, Fig. 5.3, thin-section MS 3041; 4, 5, Choffatella decipiens SCHLUMBERGER,
thin-section MS 3041; 6, 7, Praereticulinella cuvillieri DELOFRE & HAMAOUI, Fig. 5.6, thin-section MS 3029, Fig. 5.7, thinsection MS 3038; 8, Martinottiella jucunda ARNAUD-VANNEAU, thin-section MS 3041; 9–11, Orbitolinopsis buccifer ARNAUDVANNEAU & THIEULOY, Fig. 5.9, and 5.10, thin-section MS 3027, Fig. 5.11, thin-section MS 3022; 12, Melathrokerion valserinensis BROENNIMANN & CONRAD, thin-section MS 3028; 13–19, Palorbitolina lenticularis (BLUMENBACH), Figs. 5.14. and
5.16–18, thin-section MS 3036, Fig. 5.13, thin-section MS 3034, Figs. 5.15. and 5.19, thin-section MS 3035; 20, 21, Sabaudia
cf. capitata ARNAUD-VANNEAU, Fig. 5.20, thin-section MS 3042, Fig. 5.21. thin-section MS 3036; 22, Sabaudia cf. briacensis ARNAUD-VANNEAU, thin-section MS 3041; 23, 24, Neotrocholina cf. aptiensis IOCHEVA, Fig. 5.23, thin-section MS 3039,
Fig. 5.24, thin-section MS 3027; 25, Neotrocholina cf. infragranulata (NOTH), thin-section MS 3024; 26, Neotrocholina cf.
friburgensis GUILLAUME & REICHEL, thin-section MS 3031; 27, Nezzazatinella sp., thin-section MS 3038; 28, Earlandia? conradi ARNAUD-VANNEAU (left) and Nezzazata sp. (right), thin-section MS 3041; 29, 30, Miliolids (?Quinqueloculina sp.), Fig.
5.29, thin-section MS 2029, Fig. 5.30, thin.section MS 3037; 31, 32, Nezzazata sp., Fig. 5.31, thin-section MS 3039, Fig.
5.32, thin-section MS 3041. Figs. 5.14, 5.15, 5.29, 5.30. are × 6,5 and all other Figs. are × 13.
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However, some foraminiferal taxa from different
associations in the whole investigated interval appear
together, mutually overlap, and it was not possible to
put a boundary between them, i.e., between Barremian
and Aptian. Therefore, in this paper, the age of the
studied part of the Urgonian Limestones is still treated
as the interval Late Barremian–Early Aptian. Most probably, the main cause for this is the exclusively bioclastic character of the investigated part of the Urgonian Limestones, in which are obviously inserted organisms of different ages and from different biotops.
A large part of the mentioned interval belongs to the
Palorbitolina lenticularis Zone according to the range
of this foraminifera, one of the most important taxon
and geographically widespread in the Tethys. Since detailed investigations and a more exact dating of the
whole Urgonian geologic column of eastern Serbia are
missing, their later biostratigraphic sudivision was not
possible. Also, real knowledge about the lower and upper boundary of the investigated Late Baremian–Early
Aptian Urgonian Limestone in the Boljevac area does
not exist.
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Appendix: Determined limestone types and
fossils in the thin sections

MS 3024.

MS 3025.

MS 3026.
MS 3027.

Faca Vajali–Izvor Section
MS 3020. Bioclastic wackestone/floatstone; fragments of
bivalves, brachiopods, bryozoans, corals, echinoderms; chaetetids Chaetetopsis rumanus (SIMONESCU); Orbitolinopsis gr. cuvillieri kiliani, Haplophragmoides cf. globosus LOZO, Charentia
cuvillieri NEUMANN, Rumanoloculina sp.; Solenoporaceae, Coptocampylodon fontis PATRULIUS,
Terquemella sp.
MS 3021. Bioclastic wackestone/floatstone; fragments of
bivalves, brachiopods, bryozoans, corals, stromatoporoids, echinoderms; Orbitolinopsis buccifer
ARNAUD-VANNEAU & THIEULOY, Orbitolinopsis
gr. cuvillieri kiliani, Sabaudia cf. capitata ARNAUD VANNEAU, Pfenderina cf. globosa FOURY,
miliolids; Lithocodium aggregatum ELLIOT, Salpingoporella pygmea (GUEMBEL), Coptocampylodon fontis PATRULIUS, Zittelina sp., Triploporella
sp.
MS 3022. Bioclastic wackestone/packstone; fragments of
bivalves, brachiopods, bryozoans, corals, echino-

derms; Orbitolinopsis buccifer ARNAUD-VAN& THIEULOY, Charentia cuvillieri NEUMANN, Trocholina sp.; Boueina sp., Gyroporella
cf. lukicae SOKAC & VELIC, Salpingoporella
pygmea (GUEMBEL), Salpingoporella sp.
Bioclastic wackestone/packstone; fragments of
bivalves, brachiopods, bryozoans, corals, echinoderms; Charentia cuvillieri NEUMANN; Salpingoporella pygmea (GUEMBEL), Neomeris sp., Zittelina sp.
Bioclastic wackestone/packstone; fragments of
bivalves (rudists and others), corals, calcareous
sponges, bryozoans, stromatoporoids, and others;
Charentia cf. cuvillieri NEUMANN, Melathrokerion cf. valserinensis BROENNIMANN & CONRAD,
Neotrocholina cf. infragranulata (NOTH), Pseudotriloculina sp., Pyrgo sp., Rumanoloculina sp.,
Spirillina sp.; Lithocodium aggregatum ELLIOT,
Coptocampylodon fontis PATRULIUS, Neomeris
sp., Terquemella sp., Zittelina sp.
Bioclastic packstone/wackstone; fragments and
sceletal detritus of bivalves, gastropods, echinoderms, bryozoans; Orbitolinopsis buccifer ARNAUD-VANNEAU & THIEULOY, Charentia cuvillieri NEUMANN, Pseudocyclammina cf. P. lituus
(YOKOHAMA), Pfenderina cf. globosa FOURY,
Nezzazata sp., Verneuilina sp., Sigmoillina sp.
(and other miliolids), Neotrocholina sp., Spirillina sp., sessile foraminifera; undeterminable
dasycladaceans.
Bioclastic boundstone/wackestone; large colonial
coral structure.
Bioclastic floatstone/wackestone; fragments of
bivalves (rudists: Monopleura sp. and others),
gastropods, calcareous sponges, bryozoans, etc.;
Orbitolinopsis buccifer ARNAUD-VANNEAU &
THIEULOY, Palorbitolina lenticularis (BLUMENBACH), Orbitolinopsis sp., Nezzazata isabellae
ARNAUD-VANNEAU & SLITER, Neotrocholina cf.
aptiensis IOCHEVA, Ammobaculites sp., Charentia sp., Melathrokerion sp., Everticyclammina
sp., Bolivinopsis sp., sessile foraminifera Coscinophragma sp.; cyanobacterial crusts, Boueina
cf. hochstetteri TOULA, Boueina sp.; other Halimedaceae; Acroporella sp.
Bioclastic floatstone; fragments of bryozoans;
microgastropod Nerinea sp.; Palorbitolina lenticularis (BLUMENBACH), Charentia cuvillieri NEUMANN, Melathrokerion valserinensis BROENNIMANN & CONRAD, Mayncina sp., tiny miliolids,
Lenticulina sp.; cyanobacterial crusts, Polystrata
album (PFENDER), Lithocodium aggregatum ELLIOT, Gyroporella lukicae SOKAC & VELIC,
Triploporella sp., Neomeris sp.
Bioclastic packstone/floatstone; fragments of gastropods, etc.; Palorbitolina lenticularis (BLUMENBACH) and many other undeterminable orbitolinids, Haplophragmoides cf. globosus LOZO,
NEAU

MS 3023.

MS 3028.

MS 3029.
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MS 3030.

MS 3031.

MS 3032.

MS 3033.

MS 3034.

MS 3035.

MS 3036.
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Choffatella decipiens SCHLUMBERGER, Praereticulinella cuvillieri DELOFRE & HAMAOUI, Pfenderina cf. globosa FOURY, Nezzazatinella sp.,
Everticyclammina sp., Lenticulina sp., miliolids
(? Quinqueloculina sp. and others); Udoteaceae
(Boueina cf. hochstetteri TOULA, Boueina sp.);
other Halimedaceae; Terquemella sp.
Bioclastic grainstone; fragments and detritus of
macrofauna, e.g., bryozoans and others; microgastropod; Orbitolinopsis cf. nikolovi PEYBERNES, CONRAD & CUGNY, and many other undeterminable orbitolinids, Ammobaculites sp.,
Everticyclammina sp., miliolids, sessile foraminifera; Boueina cf. hochstetteri TOULA, Boueina
sp.; other Halimedaceae; Coptocampylodon
fontis PATRULIUS, Terquemella sp.
Bioclastic grainstone/packstone; tiny organic
debris of crinoids, bryozoans; microgastropod
(Nerinea sp.); Palorbitolina lenticularis (BLUMENBACH), Orbitolinopsis sp. and many other
undeterminable orbitolinids, Charentia cuvillieri
NEUMANN, Neotrocholina aptiensis IOCHEVA, Neotrocholina cf. friburgensis GUILLAUME & REICHEL, Ammobaculites sp., small miliolids, Neotrocholina sp., Lenticulina sp.; Terquemella sp.
Bioclastic packstone/grainstone; fragments of
macrofauna, e.g., bryozoans and others; microgastropods; Palorbitolina lenticularis (BLUMENBACH), Charentia cuvillieri NEUMANN, Melathrokerion valserinensis BROENNIMANN & CONRAD,
Neotrocholina cf. aptiensis IOCHEVA, Mayncina
sp., Sabaudia sp., Rumanoloculina sp., Neotrocholina sp.; Boueina sp., Coptocampylodon fontis PATRULIUS, Terquemella sp., Neomeris sp.
and numerous algal fragments.
Bioclastic wackestone/packstone; tiny sceletal
detritus with numerous bryozoans; Palorbitolina
lenticularis (BLUMENBACH) and other orbitolinids, Nezzazata sp., Lenticulina sp.; Marinella
lugeoni PFENDER, Boueina hochstetteri TOULA
and other algal debris.
Bioclastic packstone/wackestone; fragments of
bryozoans, crinoids, echinoids (e.g., spines, etc.),
stromatoporoids, annelids, etc.; Palorbitolina
lenticularis (BLUMENBACH) and other numerous
orbitolinids, Neotrocholina aptiensis IOCHEVA,
Sabaudia sp., Neotrocholina sp.; Boueina sp.,
Terquemella sp.
Bioclastic packstone/wackestone with orbitolinids;
fragments of different macrofauna; Palorbitolina
lenticularis (BLUMENBACH) and other numerous
orbitolinids, Choffatella decipiens SCHLUMBERGER,
Martinottiella jucunda ARNAUD-VANNEAU, Neotrocholina cf. infragranulata (NOTH), miliolids,
Neotrocholina sp, Lenticulina sp.; Boueina sp.,
Terquemella sp., Neomeris sp.
Bioclastic packstone/wackestone; fragments and
detritus of macrofauna; Palorbitolina lenticularis

MS 3037.

MS 3038.

MS 3039.

MS 3040.

MS 3041.

MS 3042.

(BLUMENBACH) and other numerous orbitolinids,
Pseudocyclammina cf. lituus (YOKOHAMA), Praereticulinella cuvillieri DELOFRE & HAMAOUI,
Sabaudia cf. capitata ARNAUD-VANNEAU, Debarina sp., numerous miliolids, Lenticulina sp.
Bioclastic packstone with orbitolinids; fragments
and detritus of macrofauna; Palorbitolina lenticularis (BLUMENBACH) and other numerous orbitolinids, Choffatella decipiens SCHLUMBERGER,
Sabaudia capitata ARNAUD-VANNEAU, Ammobaculites sp., Nezzazatinella sp., Pseudotextulariella sp., Dobrogelina sp., numerous miliolids
(?Quinqueloculina sp. and others); Boueina sp.
Bioclastic wackestone/packstone; fragments of
bivalves, crinoids, echinoid spines, corals; microgastropod; Palorbitolina lenticularis (BLUMENBACH), Debarina hahounerensis FOURCADE,
RAOULT & VILA, Choffatella decipiens SCHLUMBERGER, Pseudocyclammina cf. lituus (YOKOHAMA), Praereticulinella cuvillieri DELOFRE &
HAMAOUI, Nezzazatinella sp., Everticyclammina
sp., Sabaudia sp., Neotrocholina sp.; Vermiporella? tenuipora CONRAD.
Bioclastic wackestone/packstone with coral;
fragments of bivalves, crinoids, echinoid spines;
Palorbitolina lenticularis (BLUMENBACH), Debarina hahounerensis FOURCADE, RAOULT & VILA,
Mayncina bulgarica LAUG, PEYBERNES & REY,
Neotrocholina cf. aptiensis IOCHEVA, Sabaudia
capitata ARNAUD-VANNEAU, Daxia sp., Ammobaculites sp., Nezzazata sp., miliolids, Lenticulina sp.
Bioclastic packstone; fragments and detritus of
bivalves, corals, etc.; microgastropod; Reophax?
giganteus ARNAUD-VANNEAU, Mayncina bulgarica LAUG, PEYBERNES & REY, Choffatella decipiens SCHLUMBERGER, Neotrocholina cf. friburgensis GUILLAUME & REICHEL, Pseudocyclammina sp., Sabaudia sp., Quinqueloculina sp. and
numerous other miliolids, Lenticulina sp.; Boueina sp.
Bioclastic packstone/wackestone; fragments and
detritus of bivalves, corals, etc.; Palorbitolina
lenticularis (BLUMENBACH), Reophax? giganteus
ARNAUD-VANNEAU, Mayncina bulgarica LAUG,
PEYBERNES & REY, Choffatella decipiens
SCHLUMBERGER, Sabaudia cf. briacensis ARNAUD-VANNEAU, Sabaudia cf. capitata ARNAUD-VANNEAU, Pseudocyclammina cf. lituus (YOKOHAMA), Martinottiella jucunda ARNAUD-VANNEAU, Earlandia? conradi ARNAUD VANNEAU, Nezzazata sp., Lenticulina sp.
Bioclastic packstone/wackestone; fragments and
detritus of bivalves, corals, etc.; Palorbitolina
lenticularis (BLUMENBACH), Mayncina bulgarica
LAUG, PEYBERNES & REY, Choffatella decipiens
SCHLUMBERGER, Pseudocyclammina lituus (YOKOHAMA), Sabaudia briacensis ARNAUD-VAN-
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NEAU,

Sabaudia cf. capitata ARNAUD-VANNEAU,
Martinottiella jucunda ARNAUD-VANNEAU,
Lenticulina sp.
MS 3043. Bioclastic packstone/grainstone; fragments and
detritus of bivalves, corals, etc.; Mayncina bulgarica LAUG, PEYBERNES & REY, Sabaudia briacensis ARNAUD-VANNEAU, Sabaudia minuta
(HOFKER JR.), Martinottiella jucunda ARNAUD-VANNEAU, Neotrocholina aptiensis IOCHEVA,
Daxia sp., Nezzazata sp., Rumanoloculina sp.,
Quinqueloculina sp. and other miliolids,
Trocholina sp.

MS 3011.

Faca Vajali – U{}e Arnaute Section
MS 3000. Biolithoclastic wackestone /packstone; tiny organic debris, predominantly from bivalves, gastropods, etc.; Earlandia? conradi ARNAUD-VANNEAU, Nautiloculina sp., Bolivinopsis sp.
MS 3001. Lithobioclastic wackestone/packstone; tiny organic debris, predominantly from bivalves, gastropods, etc.; Polystrata album (PFENDER) DENIZOT,
“Epimastopora” sp.; Vermiporella? tenuipora
CONRAD.
MS 3002. Bioclastic grainstone; tiny organic debris of bivalves, echinoderms (small echinoid spines,
etc.), algae, etc.; microgastropods.; Palorbitolina
lenticularis (BLUMENBACH), Mayncina bulgarica
LEUG, PEYBERNES & REY, Charentia cuvillieri
NEUMANN, Nezzazata sp., Pseudotextulariella
sp.; Polystrata album (PFENDER) DENIZOT.
MS 3003. Bioclastic wackestone/packstone; tiny organic
debris of bivalves, echinoderms (echinoid spines, etc.), algae, etc.; microgastropods.; Palorbitolina lenticularis (BLUMENBACH), Sabaudia capitata ARNAUD-VANNEAU, Sabaudia minuta (HOFKER), miliolids, Neotrocholina sp.
MS 3004. Bioclastic grainstone; fine organic debris, bioclasts of molluscs and tiny benthic foraminifera.
MS 3005. Bioclastic grainstone; fine organic debris, bioclasts of molluscs and tiny benthic foraminifera;
Bolivinopsis sp.
MS 3006. Bioclastic wackestone; fragments of rudists and
other bivalves; microgastropods; Nautiloculina
sp., Neotrocholina sp.
MS 3007. Bioclastic wackestone; fragments of rudists and
other bivalves; microgastropods; Neotrocholina
cf. friburgensis GUILLAUME & REICHEL.
MS 3008. Bioclastic packstone/wackestone; fragments of rudists, stromatoporoids, etc.; Charentia cuvilllieri
NEUMANN, Nezzazata sp., Neotrocholina sp.; different algal structures (e.g. cyanobacterias, etc.).
MS 3009. Bioclastic packstone; fragments of rudists, stromatoporoids, etc.; Charentia cuvillieri NEUMANN,
Sabaudia sp.; Terquemella sp.
MS 3010. Bioclastic packstone; fragments and detritus of
rudists and other bivalves, gastropods, crinoids,

MS 3012.

MS 3013.

MS 3014.
MS 3015.

MS 3016.

MS 3017.
MS 3018.

MS 3019.
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echinoids (e.g. spines, etc.), stromatoporoids, and
others; Palorbitolina lenticularis (BLUMENBACH)
and other undeterminable orbitolinids; Mayncina
bulgarica LEUG, PEYBERNES & REY, Charentia
cuvillieri NEUMANN, Nautiloculina sp.; large algal
nodule, Coptocampylodon fontis PATRULIUS.
Bioclastic wackestone/packstone; fragments and
detritus of rudists and other bivalves, gastropods, crinoids, echinoid spines, stromatoporoids,
and others; Nautiloculina cf. bronnimanni ARNAUD-VANNEAU & PEYBERNES, Charentia cuvillieri NEUMANN, Choffatella decipiens SCHLUMBERGER, Neotrocholina cf. friburgensis GUILLAUME & REICHEL, Nezzazata sp., Sabaudia sp.,
Neotrocholina sp.; Polystrata album (PFENDER)
DENIZOT, Coptocampylodon fontis PATRULIUS,
“Epimastopora” sp.
Bioclastic wackestone; Palorbitolina lenticularis
(BLUMENBACH), Sabaudia minuta (HOFKER), Debarina sp., Quinqueloculina sp., Pyrgo sp. and
other miliolids, Neotrocholina sp.; Terquemella
sp.
Bioclastic wackestone; Mayncina bulgarica LEUG,
PEYBERNES & REY, Debarina sp., Quinqueloculina sp., Pyrgo sp. and other miliolids,
Neotrocholina sp.; Polystrata album (PFENDER)
DENIZOT, Coptocampylodon fontis PATRULIUS.
Bioclastic wackestone; fragments and tiny debris
of rudists, etc.; microgastropod; cyanobacterias,
Polystrata album (PFENDER) DENIZOT.
Bioclastic wackestone/packstone; fragments and
tiny debris of rudists, etc.; Mayncina bulgarica
LEUG, PEYBERNES & REY, Choffatella decipiens
SCHLUMBERGER; cyanobacterias, Polystrata album (PFENDER) DENIZOT.
Bioclastic wackestone/packstone; detritus of
macrofauna (e.g., rudists, etc.); Mayncina bulgarica LEUG, PEYBERNES & REY, Charentia
cuvillieri NEUMANN, Ammobaculites sp.; Terquemella sp.
Bioclastic wackestone/packstone; detritus of macrofauna (e.g., rudists, etc.); Charentia cf. cuvillieri NEUMANN; Neomeris sp.
Bioclastic grainstone/packstone; detritus of bryozoans, echinoderms, bivalves, etc.; Palorbitolina lenticularis (BLUMENBACH), Mayncina cf.
bulgarica LEUG, PEYBERNES & REY, Charentia
cuvillieri NEUMANN, Choffatella decipiens
SCHLUMBERGER, Everticyclammina sp., Sabaudia
sp., Neotrocholina sp.; Lenticulina sp.; Boueina
sp.
Bioclastic grainstone/packstone; detritus of bryozoans, echinoderms (e.g. echinoid spines, etc.),
and others; Palorbitolina lenticularis (BLUMENBACH), Mayncina bulgarica LEUG, PEYBERNES &
REY, Choffatella decipiens SCHLUMBERGER, Sabaudia briacensis ARNAUD-VANNEAU, Pfenderina globosa FOURY, Neotrocholina aptiensis
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IOCHEVA, Ammobaculites sp., Sabaudia sp., Dobrogelina sp., miliolids, Trocholina sp., Neotrocholina sp., Lenticulina sp.; Boueina sp., Clypeina sp., Terquemella sp.

Rezime
Urgonski kre~waci kasnog barema i
ranog apta jugoisto~nih padina
Ku~ajskih planina (Karpato-balkanidi,
isto~na Srbija)
U okviru rasprostrawenih i facijalno raznovrsnih dowokrednih sedimenata Ku~ajskog terana
Karpato-balkanida isto~ne Srbije naro~ito su karakteristi~ne tvorevine baremskog i aptskog kata
i poseban tip wihovog razvi}a poznat pod imenom
urgon, urgonska facija ili urgonsko razvi}e. Na
dva lokaliteta u ataru sela Faca Vajali koje se
nalazi u okolini Boqevca, na jugoisto~nim padinama Ku~ajskih planina, izvr{ena su detaqna sedimentolo{ka i mikropaleontolo{ka istra`ivawa jednog wihovog dela.
Rezultati prou~avawa su ukazali da je on iskqu~ivo izgra|en od bioklasti~nih varijeteta kre~waka u kojima su, uz brojne makro i mikrofosile,
konstatovana ~etiri tipa mikrofacija: MFT 1 tj.
bioklasti~ni vekstoni sa prelazom ka pekstonima,
grejnstonima ili floutstonima; MFT 2 tj. bioklasti~ni vekstoni sa prelazom ka pekstonima;
MFT 3 tj. bioklasti~ni grejnstoni i MFT 4 tj. orbitolinski pekstoni. Tako|e je odre|en i jedan tip
podfacija – MFT 2A tj. bioklasti~ni vekstoni sa
prelazom ka pekstonima, re|e baundstonima. Kre~waci iz MFT 1 i 3 nalaze se u tanko do debelo bankovitim tro{nim do delimi~no raspadnutim,
peskovito-laporovitim, i sivo-`u}kastim kre~wacima sa celim oblicima fosila. U debelo bankovitim do masivnim sivim kre~wacima u kojima
je makrofauna, naj~e{}e rudistna, prisutna iskqu~ivo u presecima zastupqeni su kre~waci MFT

2 i 2A. Orbitolinski pekstoni (MFT 4) pojavquju se u oba tipa bioklasti~nih kre~waka u prou~avanim lokalitetima sela Faca Vajali.
Za definisawe depozicionih sredina istra`ivanih urgonskih kre~waka kori{}ene su i paleoekolo{ke osobine utvr|enih mikrofosila, me|u
kojima su naro~ito brojni foraminiferi, a re|e
alge. Skoro iskqu~ivo su prisutne bentoske
forme dok su pri~vr{}eni foraminiferi dosta
retki. Me|u prvima se zapa`aju aglutinantni
(me|u kojima su naro~ito brojni orbitolinidi),
kre~wa~ko porcelanski (imperforatni) tj. miliolidi i dr., kao i kre~wa~ko perforatni oblici. Cijanobakterije, crvene i zelene (primerci
familija Udoteaceae i Dasycladaeae) alge su podre|ene.
Interpretacija celokupne depozicione paleosredine istra`ivanog dela urgonskih kre~waka
Faca Vajali pokazala je da su oni stvarani u morskoj sredini veoma plitkog subtajdala i/ili malo
dubqeg intertajdala. Ove, pre svega infralitoralne do delimi~no, ali re|e i litoralne paleosredine, sa vi{e ili mawe izra`enom dinamikom
vode, najverovatnije zauzimaju prostore vezane za
spoqnu ivicu platforme, ili za wenu unutra{wost, tj. tako|e za unutra{we otvorene, do vi{e
ili mawe za{ti}ene delove platformne lagune.
Svi prisutni paleoekosistemi i nedovoqno konsolidovani deponati u navedenim sredinama su u velikoj meri bili podlo`ni brzom razlagawu {to je
uslovilo da u istra`ivanim delovima urgonskih
kre~waka lokaliteta Faca Vajali danas
iskqu~ivo nailazimo na bioklasti~ne varijetete
kre~waka i fragmentirane fosile.
U okviru veoma bogate mikroasocijacije foraminifera i algi precizno su definisana vertikalna rasprostrawewa utvr|enih foraminiferskih vrsta {to ipak nije omogu}ilo razdvajawe
tvorevina baremskog i aptskog kata. Utvr|ena je
kasnobaremska i ranoaptska starost ovog dela urgonskih kre~waka pri ~emu ve}i deo intervala
pripada zoni Palorbitolina lenticularis.
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The Albian–Cenomanian Kotroman Formation of Mokra Gora
(western Serbia)
IVAN

NENAD BANJAC1, DIVNA JOVANOVI]2,
DULI]3 & DARIVOJKA LJUBOVI]-OBRADOVI]2

Abstract. Cretaceous deposits in the wider area of Mokra Gora village (western Serbia) were studied previously during basic, thematic mapping and detailed metallogenic investigations. These former studies neither
distinguished the clearly defined formations, nor defined the lower rank lithostratigraphic units. The oldest
Cretaceous formation in the area of Mokra Gora, the “Basal series”, lies above peridotite and serpentinite and
below the “Hemipelagic series” (RADOI^I] 1995, and references therein). This study preliminary defines the
“Basal series” as a formation and proposes the lithostratigraphic term “Kotroman Formation”. The stratigraphic column of the Kotroman Formation consists of three separate members of lower rank. The ferruginous sandstone and conglomerate of the Kami{na Member occupy the lower part, nodular bedded marly limestone of the
Uro{evi}i Member are in the middle part and thin bedded bioclastic limestone of the Jatare Member made up
the upper part of the formation. Fossils are represented by sporadic assemblages of mollusks, foraminifers, algae,
brackish water charophytes and ostracodes, which indicate an Albian–Cenomanian age of the formation.
Key words: Kotroman Formation, palaeontology, sedimentology, Albian–Cenomanian, Mokra Gora, western
Serbia.
Apstrakt. Kredne tvorevine u {iroj okolini Mokre Gore (zapadna Srbija) bile su prou~avane tokom
osnovnih geolo{kih istra`ivawa i detaqnih istra`ivawa le`i{ta mineralnih sirovina. Nijednim od
ovih istra`ivawa nisu definisane formacije, niti je odre|en rang pojedinih litostratigrafskih
jedinica. Najstarija kredna formacija u okolini Mokre Gore, tzv. “Bazalna serija”, le`i preko
peridotita i serpentinita, a ispod “Hemipela{ke serije” (RADOI^I] 1995). Ovom studijom je
prelimarno definisana “Bazalna serija”, za koju je predlo`en naziv “Formacija Kotroman” i u kojoj su
izdvojena tri posebna ~lana ni`eg reda. Gvo`|eviti pe{~ari i konglomerati ~lana Kami{na zauzimaju
najni`i nivo, kvrgavi kre~waci ~lana Uro{evi}i se nalaze u sredwem nivou, dok je najvi{i ~lan
predstavqen tankoslojevitim kre~wacima i laporcima ~lana Jatare. Fosilna zajednica predstavqena
je sporadi~nim asocijacijama meku{aca, foraminifera, algi, slatkovodnim harofitama i ostrakodima,
koji ukazuju na alb-cenomansku starost formacije.
Kqu~ne re~i: Formacija Kotroman, paleontologija, sedimentologija, Alb-cenoman, Mokra Gora,
zapadna Srbija.

Introduction
Cretaceous sediments have a limited extent in western and south-western Serbia. However, in the wider
area of Mokra Gora, there exist well defined Creta-

ceous exposures, which have been studied by numerous authors, e.g., MILOVANOVI] (1933, cum. lit.), PEJOVI] & RADOI^I] (1971), RADOI^I] (1995), BANJAC
(1994) and DULI] (2003). Some detailed mapping of
the formations and lower rank units was made during
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basic and thematic geologic investigation. OLUJI] &
KAROVI] (1986) distinguished units of Cenomanian,
Cenomanian–Turonian and Senonian age, while MOJSILOVI] et al. (1978) distinguished Cenomanian–Turonian
and Turonian units. JOVANOVI] et al. (2004) distinguished three well defined and mappable formations:
The oldest, so called “Basal Series” of Albian–Cenomanian age, which lies directly over serpentinite or its
weathered crust; the middle, “Hemipelagic series” of
Cenomanian age (thin bedded marly limestone with
pithonellas, rarely heterohelicides, hedbergellas,
ammonites, echinoderms and gastropods), and the
youngest, shallow water reef formation of Turonian age
(massive reef limestone with numerous rudists). A
detailed description of the basal part of the succession,
with special emphasis on microfauna assemblages, was
presented in RADOI^I] & SCHLAGINTWEIT (2007).
Exposures at Vardi{te in Bosnia (5 km southwestward
from Mokra Gora, Fig. 1), with rocks similar to Basal

equivalent. On the contrary, the authors refer to Upper
Jurassic age of these rocks.
Distribution and main features of the
Kotroman Formation (“Basal Series”)

The “Basal Series” is best exposed in the close vicinity
of the Kotroman village (43°46’3.81’’ N, 19°28’22.05’’ E),
which can be regarded as the type locality (Fig. 1). We
propose and define the new lithostratigraphic term
“Kotroman Formation” for the former “Basal Series” of
JOVANOVI] et al. (2004). The aforementioned locality
by the Kotroman village is adopted as the type section
of the Kotroman Formation. Other localities are distributed on the surrounding of Mokra Gora, the Rzav syncline, and include: the Valley of the Beli Rzav River
and Kr{anje, Vardi{te, Me|edova Ljeska and Jezdimirovi}i villages. Some limited exposures are present at a
larger distance, i.e., Jago{tica,
Pozder~i} and Ljuto Polje hamlets.
In the western part of the
study area, in the Kotroman and
Uro{evi}i localities, the Kotroman Formation directly overlies serpentinite, while in the
eastern part of the study area it
is located over a few meters
thick weathering crust. It is of
nontronite type with nickel concentrated in a smectite zone.
There is relative enrichment of
Fe2O3 and Al2O3 and some
trace elements in the uppermost part of the crust MAKSIMOVI] (1996). The Kotroman
Formation is overlain by the
Hemipelagic Series (Formation).
The Kotroman Formation is
about 50 m thick and consists
of a clastic sequence in the
lower part and limestone beds
in the upper part of the stratigraphic column. The lower limit
is a sharp transgressive boundary with serpentinite or a few
Fig. 1. Distribution of the Kotroman Formation in the Mokra Gora area. Legend:
meters thick weathering crust,
1, Position of investigated stratigraphic columns; 2, Distribution of the Kotroman Forwhile upper limit is a gradual
mation; 3, Major faults; 4, State boundary.
transition to the Hemipelagic
Series.
Three separate members can
Series, were object of detailed lithological investigabe distinguished: The Kami{na Member, the Uro{evi}i
tions by BORTOLOTTI et al. (1971). Their level 1 and 2
Member and the Jatare Member, even though the last
could be correlated with lower part of Kotroman
one can be consider as lateral equivalent of Kotroman
Formation, while their level 3 (with abundant fossil
Formation.
associations), could be correlated with upper part of
The Kami{na Member is represented by a clastic
Kotroman Formation, or with Jatare member as lateral
sequence consisting of reddish conglomerates and thin-
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Fig. 2. Simplified stratigraphic columns (A. Uro{evi}i, B. Kotroman, C. Jatare) in which appears the Kotroman Formation. Legend:
1, “Hemipelagic series”; 2, bedded limestone intercalated with marlstone (Jatare Member); 3, nodular gray redish limestone
(Uro{evi}i Member); 4, conglomerate and sandstone (Kami{na Member); 5, base, weathering crust of ultramafics; 6, base, altered
ultramafics.

bedded oolitic iron-rich sandstones with cherty nodules.
The lower segment of the Kotroman Formation is
adopted as the type section of the Kami{na Member.
This clastic sequence can also be found close to
Vardi{te, at the northern slope of Me|e|ova ljeska and
Jezdimirovi}i. Here, the polymict basal conglomerate is
composed of serpentinite, gabbro, chert, diabase and
limestone fragments in a sandstone matrix. These conglomerates are interbedded with gradational sandstones.
The upper part of the clastic sequence is characterized

by red chert and alevrolite. There is a smooth transition to the overlain Uro{evi}i Member. Conglomerates
and clastites are increasingly replaced with calcareous
fine grained sandy limestone with ostreids, algae and
microfauna. An economic potential of the Fe–Ni ore
has been reported for the lower part of the clastic
sequence (FOTI] 1965, JANKOVI] 1990).
The middle part of the Kotroman Formation is dominated by nodular limestone of the Uro{evi}i Member,
mostly biomicrites, with frequent yellowish marl inter-
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calations, as well as macro and microfossils associations. Smooth transition to the upper part of the Kotroman Formation is marked by decreasing thickness of
beds and less nodular limestone. Upper segment of
Formation, which is represented by thin bedded bioclastic limestone, is here adopted as Jatare Member.
Schematic stratigraphic columns of the Uro{evi}i,
Kotroman and Jatare localities are presented in Fig. 2.
The Kotroman section is designated as the type section
of the formation.

Description of the stratigraphic columns
A – Uro{evi}i
The cumulative thickness of the Kotroman Formation in the Uro{evi}i locality is 48 m. Here, the basal
conglomerates of the Kami{na Member (A-1 in Fig. 2)
transgressively overlie serpentinite rocks. Iron rich dark
green chamosite ooides and serpentinite particles can be
frequently found in conglomerate fragments. The grains
are cemented with calcareous or clay-ironstone cement.
In addition to conglomerates, loose dark gray sandstone
predominated in this Member (Fig. 3). Small cherty
fragments as well as sand particles of different size are
bound by clayey or limonitic red or brown cement. The
bedding surfaces in the entire lower Member are not
well expressed. Floral remnants, such as fine dispersed
plant particles and fragments of branches and tree
trunks, are common. In addition, bisect particles of
conifers, dominated by Pinus and rarely Podocarpus,
Cedrus can be found.

(43°46’1.44’’ N, 19°28’7.11’’ E). Nodules of floatstone
and wackestone are enclosed in an intimate mixture of
clay and carbonate. Extremely small crystals of quartz,
pyrite and hematite can be found in the clayey matrix.
The microfauna assemblage consists of codiacean fragments and Radoicicelapses sterni, Nezzazatinella cf.
picardi, Salpingoporella urladanasi, Aeolisacus sp.,
Glomospira sp. The macrofauna is represented by gastropod fragments (Cassiope sp.). Rare oogonias and
charophyte trunks represent the microflora association.
Also there are frequent inaperturate pollen grains of
xerophile conifers (Inaperturopollenites limbatus, Araucariacites australis, A. hungaricus, Cingulatipollenites
aegyptica, Caliallasporites, rare Cycadopites, Ephedripites, Steevesiapollenites, Eucommiidites etc.). A rich
assemblage of fern spores can also be found (Gleicheniaceae, Anemiaceae, Schizaceae, Cyathaceae, Disconiaceae). Among the angiosperm pollen grains, the
most frequent are Retimonocolpites reticulatus – peroreticulatus (rarely genera Clavatipollenites), as a rich
assemblage of the genera Tricolpites and Tricolporoidites. Rarely triporate pollen grain of normapolles
(Complexiopollis sp.) can be found.
In the upper part of the Uro{evi}i stratigraphic column (A-3 in Fig. 2), thin bedded nodular bioclastic
limestone represents the third, Jatare Member. Calcareous and silty marlstones in some places contain abundant microfauna associations, which are represented by:
Aeolisacus inconstans, Ovalveolina maccagnae and
Rhapidionina laurinensis. Macrofauna is discovered at
numerous localities, sometimes forming coquina beds.
Frequently, it is represented by mollusk fragments,
bivalves Amphidonte conicum, Ostrea callimorphe, O.
cunabula, and gastropods Pseudomesalia teniucostata,
P. multicostata, Pirenella cf. levadhiae, Paraglauconia
lujani, Bicarinella bicarinata and Cassiope kotromanensis. In addition charophyte remnants can be found.
The Jatare Member of the Kotroman Formation is
here overlain by bituminous, thin bedded, marly limestone of hemipelagic series. The bedding surfaces of
the above series are plain and well expressed.
B – Kotroman

Fig. 3. Oolitic sandstone of basal part of the Kotroman Formation (Kami{na Member), 250 m north-westward from Beli
Rzav and Crni Rzav mouth (43°46’01’’ N, 19°28’06’’ E).

The Uro{evi}i Member of the stratigraphic column is
nodular biomicrite interbedded with yellowish marl (A-2
in Fig. 2). The type section is at the Uro{evi}i hamlet

The cumulative thickness of the Kotroman Formation at its type section (Kotroman Village) is 48 m. The
stratigraphic column at the Kotroman locality (B-1 in
Fig. 2) has a lithology which can be compared with the
previous column. Similarly to Uro{evi}i, the lowermost
Kami{na Member is transgressive iron rich sandstone.
The type section of the Member is at same locality as the
Kotroman Formation (43°46’3.81’’ N, 19°28’22.05’’ E).
This Member here is characterized by well rounded
pyritized grains and fragments of serpentinite, without
any fossils. Subsequently, sediments of the Uro{evi}i
Member can be found. It is well bedded sandy reddish
nodular limestone with bivalve and gastropod shells
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(Figs. 4, 5). These beds contain rare ostracode remnants, gyrogonytes, charophytes, algae Radiocicelapses
sp., etc. Rarely, cm-scale lenses of calcirudite and calcarenite rich in bio- and lithoclasts, fragments of mollusks, peridotites and siliceous rocks can be found. These
are replaced by nodular reddish limestone with rare
macrofauna (B-2 in Fig. 2). Above these, thin bedded
yellowish biomicrite – wackstone (B-3 in Fig. 2) of the
Jatare Member can be found. These beds contain ostracodes, bivalves and the algae fragments. The palynomorph association is similar to that at the Uro{evi}i
locality.
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Here, gray and yellowish marly limestone is the dominating lithological constituent of the stratigraphic column
(C-1 in Fig. 2). The beds contain mollusk shells with
geopetal fillings, foraminifers, ostracodes and rare charopohyte remnants. The latter ones indicate intermittent
fresh water influx. The uppermost part of the stratigraphic column (C-2 in Fig. 2) is represented by thin bedded
marly limestone of the Jatare Member (Fig. 6). The type
section of this Member is situated southward of the
Jatare Hamlet (43°47’45.60’’ N, 19°31’4.45’’ E). Numerous foraminifers (Miliolidae, Nezzazatidae, Glomospira sp. etc.), ostracodes and cyanobacteria Decastroporella inconstans are present. Rarely Rhapydionina
dubia and some orbitolins can be found. The abovementioned microfuna association indicate an Albian/Cenomanian age of the Kotroman Formation.

Fig. 4. Nodular (knobby) limestone of the Uro{evi}i Member (43°46’05’’ N, 19°28’22’’E).
Fig. 6. Thin bedded biomicrite of the Jatare Member
(43°46’29.94’’ N, 19°28’36.41’’ E).

The Kotroman Formation at Jatare is, like at some
other localities, overlain with thin bedded, marly, bituminous limestone of the Hemipelagic series with plain
and well expressed bedding surfaces.

Depositional environment
and stratigraphical problems
Fig. 5. Limestone with mollusk fragments of the Uro{evi}i
Member (43°46’05’’ N, 19°27’57’’ E).

C – Jatare
The cumulative thickness of the Jatare stratigraphic
column is 26 m. Here, nodular limestones of the Uro{evi}i Member are superimposed on top of a weathered
crust. Field observations indicated that no clastic section
comparable to that at the Kami{na Member is present.

During the Early Cretaceous period, the area of the
Inner Dinarides was a landmass composed of mafic and
utramafic rocks with widespread weathering crust, due
to intensive and deep weathering under humid climate
conditions. Transgression, which started at the midAlbian, initiated erosion and redeposition of sediments
that include the basal series of the Cretaceous succession, i.e., the Kotroman Formation. This also includes
the deposition of nickel/iron rich oolithic sandstones.
The sedimentation occurred in littoral and sublittoral
environments. The water was shallow, warm, with limited circulation. Depending on the morphology of the
sea-bottom, the water table was characterized by low
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energy conditions in isolated and uneven depressions.
The presence of charophytes and ostracodes in some
layers strongly suggest irregular fresh water influx from
the aforementioned land masses. There were periods of
time when rapid input of clastic sediment ceased and
calm environmental conditions allowed the fast growth
of mollusk fauna. The origin of the nodular limestone
texture is the product of later differential compaction,
diagenesis and pressure dissolution of the sediment due
to the clay content (JENKYNS 1974).
Detailed stratigraphic analyses in the area of Mokra
Gora were not easy because of the somehow restricted
character of the fossil assemblage. The collected lagoonal gastropod fauna, with Pseudomesalia teniucostata,
P. multicostata, Pirenella cf. levadhiae, Paraglauconia
lujani, Bicarinella bicarinata and Cassiope kotromanensis, indicates isolated sublittoral areas with limited
aerial coverage, and with some features of endemism.
This makes the comparison and correlation with other
faunal assemblages from surrounding localities problematic and doubtful. This is supported by the fact that the
gastropod family Cassiopidae is characterized by rapid
ontogenical and phylogenical changes, e.g. MILOVANOVI]
(1933), CLEEVELY & MORRIS (1988), MENNESSIER
(1984), AKOPYAN (1976), KOLLMANN (1979).
The microfauna assemblage is represented by Radoicicelapses sterni, Nezzazatinella cf. picardi, Hemicyclamina sigali, Salpingoporella urladanasi, Aeolisacus inconstans, Ovalveolina maccagnae, Rhapdionina laurinensis, which indicate an Albian and possibly early
Cenomanian age.

Conclusion
This preliminary research paper investigates a Cretaceous formation in western Serbia known as the Basal
Series. A new lithostratigraphic term is proposed for
this unit, the “Kotroman Formation” after the type locality and type section at the Kotroman village.
The stratigraphic columns from the described localities imply three members within the Kotroman Formation: (1) The Kami{na Member consist of clastites, up
to 8 m thick, (2) The Uro{evi}i Member consist of
nodular limestone up to 27.5 m thick, and (3) the thin
bedded marly limestone of Jatare Member up to 12.5
m in thickness. Nodular limestones are more or less
present in all horizons of the Formation, although they
predominate in the Uro{evi}i Member. Paleontological
analyses indicate an Albian–Cenomanian age. Deposition probably started during the mid-Albian, and continued up to Cenomanian.
Numerous beds of terrigenous clastics with gradual
transitions to nodular limestones and fossiliferous strata point to frequent changes in the local environmental
conditions during the mid Cretaceous time. We believe
that, in some future work, the recognition and correlation of the depositional sequences of the investigated

strata will lead to the assemble of a convenient model
of the sequence stratigraphy for these deposits, which
will be helpful in defining the stratigraphy of a wider
area in western Serbia. The present study shows that in
spite of the limited data, a definition of the formations
and a detailed mapping of these lithostratigraphic units
is possible.
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Rezime
Albsko-cenomanska Formacija Kotroman
(Mokra Gora – zapadna Srbija)
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rektno preko serpentinita ili kore raspadawa.
Asocijacija prisutne mikrofaune detaqno je opisana od strane RADOI^I] & SCHLAGINTWEIT (2007).
Sledi “Hemipela{ka serija” RADOI^I] (1995),
cenomanske starosti, kao i najmla|a serija plitkovodnih sprudnih tvorevina turonske starosti.
“Bazalna serija” je otkrivena u neposrednoj
okolini Kotromana, gde je utvr|ena na nekoliko
lokaliteta. Za ovu seriju predlo`en je naziv “Formacija Kotroman” prema lokalitetu koji je usvojen
za tipski profil ove formacije (43°46’3.81” S,
19°28’22.05” I). Ostali lokaliteti nalaze se du`
dolina Belog i Crnog Rzava, oko Kr{awa, Vardi{ta, Me|edove qeske i na drugim mestima. U
zapadnom delu terena oko Kotromana i Uro{evi}a,
formacija Kotroman le`i direktno preko serpentinita, dok u isto~nom delu le`i preko kore raspadawa debele nekoliko metara. Formacija Kotroman ima debqinu od 50 m, a sastoji se od klastita u ni`em delu i laporovitih kre~waka u vi{em
delu stratigrafskog stuba. Dowa granica je o{tra,
transgresivna, dok je gorwa granica predstavqena
postepenim prelazom prema Hemipela{koj seriji.
Izdvojena su tri ~lana ni`eg reda, nazvana prema
lokalitetima gde su razvijeni: Kami{na, Uro{evi}i i Jatare. ^lan Kami{ne predstavqen je klastitima sa gvo`|evitim ooidima, fragmentima serpentinita, vezanim karbonatnim ili glinovitim
cementom. Pored konglomerata tamno sivi pe{~ari
~ine najva`niji deo ovog ~lana. Ostaci flore i
faune su u ovom ~lanu retki. ^lan Uro{evi}i predstavqen je nodularnim biomikritima, koji se smewuju sa `u}kastim laporcima. Najboqe je razvijen
kod zaseoka Uro{evi}i (43°46’1.44” S, 19°28’7.11”
I). Nodule su uklopqene u me{avinu gline i karbonata. Asocijacija mikrofaune sastoji se od primeraka Radoicicelapses sterni, Nezzazatinella cf. picar-

di, Salpingoporella urladanasi, Aeolisacus sp., Glomospira sp. Makrofauna je predstavqena fragmentima
Cassiope sp. ^esta su inaperturatna zrna polena
kserofilnih konifera (Inaperturopollenites limbatus,
Araucariacites australis, A. hungaricus, Cingulatipollenites aegyptica, Caliallasporites, retko Cycadopites,
Ephedripites, Steevesiapollenites, Eucommiidites i dr.).
Me|u zrnima polena angiospermi ~esti su primerci

Kredne tvorevine su malo rasprostrawene u zapadnoj i severozapadnoj Srbiji. Me|utim, {ira
okolina Mokre Gore je usled velikog broja izdanaka
prou~avana od strane vi{e autora: MILOVANOVI]
(1933, cum. lit.), PEJOVI] & RADOI^I] (1971),
RADOI^I] (1995), BAWAC (1994) i DULI] (2003).
Tada su izvr{ena i prva stratigrafska ra{~lawavawa. Detaqna istra`ivawa izvedena su
tokom izrade listova OGK 1:100 000. MOJSILOVI] i
dr. (1978), OLUJI] i KAROVI] (1986). JOVANOVI] i
dr. (2004) izdvojili su vi{e jedinica ni`eg reda,
koje stratigrafski pripadaju albu, cenomanu i
turonu. Najstarija tzv “Bazalna serija” le`i di-

Retimonocolpites reticulates. Retko mogu da se na|u i
zrna Normapolles (Complexiopollis sp.). ^lan Jatare
zauzima najvi{e delove formacije i predstavqen je
karbonatnim laporcima koje mestimi~no sadr`e
bogate asocijacije mikrofaune u kojima dominiraju: Aeolisacus inconstans, Ovalveolina maccagnae i
Rhapidionina laurinensis. Makrofauna je otkrivena
na brojnim lokalitetima, mestimi~no grade}i
prave lumakele. Naj~e{}e su to fragmenti meku{aca: Amphidonte conicum, Ostrea callimorphe, O. cu-

nabula, Pseudomesalia teniucostata, P. multicostata,
Pirenella cf. levadhiae, Paraglauconia lujani, Bicarinella
bicarinata i Cassiope kotromanensis.
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Brojni slojevi terigenih klastita sa postepenim prelazima ka nodularnim kre~wacima ukazuju
na ~este promene lokalnih uslova sedimentacije
tokom sredwe krede. Analiza prisutne paleoflo-

re i paleofaune ukazala je na stratigrafsku pripadnost formacije Kotroman alb-cenomanu. Sedimentacija je najverovatnije po~ela tokom sredweg
alba i nastavila se kroz cenoman.

GEOLO[KI ANALI BALKANSKOGA POLUOSTRVA
ANNALES GÉOLOGIQUES DE LA PÉNINSULE BALKANIQUE
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Late Triassic radiolarians from the Ov~ar-Kablar Gorge
(SW Serbia)
NEVENKA DJERI]1 & NATA[A GERZINA2
Abstract. Detailed micropalaeontological research of Triassic siliceous rocks was carried out at a locality in
the Ov~ar–Kablar gorge, NE of Ov~ar Banja. According to the determined radiolarian associations, the investigated chert and radiolarite are of Late Carnian–Early Norian age.
Key words: Late Triassic, radiolarians, Ov~ar–Kablar Gorge, SW Serbia.
Apstrakt. Detaqna mikropaleontolo{ka istra`ivawa trijaskih silicijskih sedimenata izvr{ena
su na lokalitetu u Ov~arsko-kablarskoj klisuri, SI od Ov~ar Bawe. Na osnovu odre|enih radiolarijskih asocijacija utvr|eno je da su ro`naci i radiolariti lokaliteta Ov~ar Bawa gorwe karnijske do
dowe nori~ke starosti.
Kqu~ne re~i: Gorwi trijas, radiolarije, Ov~arsko-kablarska klisura, JZ Srbija.

Introduction
Siliceous sedimentary rocks, such as cherts and radiolarites, are widespread in southwestern Serbia. Noteworthy is that they originated in different geological
settings and during different geological intervals (DIMITRIJEVI] 1997, KARAMATA 2006). They mostly occur in
the internal parts of the Dinarides, in the vicinity of
ophiolitic units and/or within ophiolitic mélange formations, less frequently in other geological environments.
The maximum accumulation of radiolarian cherts occurred in the Middle to Late Triassic, as well as in the
Middle to Late Jurassic, occasionally extending into the
Cretaceous.
The territory of Serbia is rather interesting for studies of Mesozoic Radiolaria. Within the Serbian part of
the internal Dinarides, Triassic and Jurassic radiolarians
were described for the first time by [. GORI^AN (personal communication 1988, 1990) as well as by OBRADOVI] & GORI^AN (1988) and OBRADOVI] et al. (1986,
1987/1988). Recent works reflect the increase of radiolarian studies in Serbia and their importance for strati-

graphic, palaeogeographic, tectonic and palaeotectonic
implications (GORI^AN et al. 1999, KARAMATA et al.
2004, DJERI] & VISHNEVSKAYA 2005, 2006; VISHNEVSKAYA & DJERI] 2006a, b; DJERI] et al. 2007a, b; GAWLICK et al. 2007a). Despite this considerable progress,
knowledge of the Mesozoic Radiolaria from Serbia is
still insufficient. Actually, there are only a few published
data on Middle and Late Triassic radiolarians, as well as
on Middle and Late Jurassic radiolarians. The main aim
of this study was to obtain information on the late
Triassic Radiolaria from SW Serbia.

Geological setting
The studied area is located in SW Serbia, about 2 km
NE of Ov~ar Banja (7434755, 4861714). This region
belongs to the Vardar Zone Western Belt (Fig. 1), according to KARAMATA et al. (2000). On the territory of
western Serbia, there are two belts of ophiolitic mélange overlain by large ultramafic massifs. The more
external belt is known as the Dinaridic Ophiolites or
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Dinaridic Ophiolite Belt (PAMI] et al. 2002, KARAMATA
2006) or as the Central Dinaridic Ophiolite Belt (LUGOVI] et al. 1991). The more internal belt is referred
to as the Vardar Zone Western Belt by KARAMATA
(2006) The Western oceanic basin of the Vardar Ocean,
existing from the Late Triassic, became a wide oceanic basin during the Jurassic–Early Cretaceous and then
closed by the latest Cretaceous; its suture is the Vardar
Zone Western Belt (VZWB).

from the lower plate consist, amongst other lithologies,
of Triassic ultramafics and mafics (MORB-type ophiolitic
blocks up to several km in diameter) that were derived
from the Meliata-Maliac-Vardar Ocean, the age of which
was inferred from preserved stratigraphic contacts with
Triassic radiolarites (SCHMID et al. 2008). Amongst the
blocks derived from the lower plate, Triassic strata
derived from the adjacent Adria passive margin predominate over ophiolites. These Triassic strata, consisting of
platform carbonates, slope to
basinal facies, such as Hallstatt
limestone, cherty limestone,
thin-bedded radiolarite – pelagic limestone successions or radiolarites, of Late Anisian to Norian age (e.g. CHIARI et al. 1996,
DIMITRIJEVI] et al. 2003, GORI^AN et al. 1999, 2005; BORTOLOTTI et al. 2005, GAWLICK et
al. 2007b).
According to S. SCHMID (personal comm. 2007), this particular part of the mélange formation does not contain ophiolites
but Triassic sediments, which
probably derived from the adjacent passive margin. These
Triassic sediments consist not
only of radiolarites but also of
cherty or micritic limestones of
presumably Triassic age. These
sediments were also sheared off
Fig. 1. Location of the Ov~ar Banja section, SW Serbia. A, Tectonic units and terduring mélange formation, but
ranes of part of the Balkan Peninsula in the sense of KARAMATA et al. (2000) and
they are tectonically underneath
KARAMATA (2006): EBDU, East Bosnian–Durmitor Unit; DOB, Dinaridic Ophiolite
(and further W) of the ophiolitic
Belt; DIE, Drina–Ivanjica Element; VZWB, Vardar Zone Western Belt; JB, Jadar
blocks described above. These
Block; KBRU, Kopaonik Block and Ridge Unit; MVZ, Main Vardar Zone; SMU,
large (km-size) slices of Triassic
Serbian–Macedonian Unit.
sediments are analoguous to similar occurrences in Greece
According to KARAMATA (2006), within the Western
(“Maliac” nappes). The mélange formation underlies WBasin of the Vardar Ocean, representing the precursor
Vardar ophiolites, i.e. the Maljen ophiolite (S. SCHMID personal communication 2007).
of the Vardar Zone Western Belt (VZWB), deep-water
The first findings of radiolarians in the chert from
cherts and shales were deposited over basalts of the
this locality were described in papers by OBRADOVI]
ophiolitic association from the Late Triassic to the
(1986), OBRADOVI] et al. (1987/1988), OBRADOVI] &
Kimmeridgian. Large masses of trench deposits, repreGORI^AN (1988). The studied siliceous sediments consented by olistostrome mélange and gravity slides from
tain associations of radiolarians which points to Ladinithe oceanic crust and the continental margin, accumuan age (OBRADOVI] 1986, OBRADOVI] et al. 1987/1988,
lated within this basin from the Mid-Jurassic time.
OBRADOVI] & GORI^AN 1988). These authors are of the
According to SCHMID et al. (2008), there is a single
Jurassic ophiolite sheet in the Dinarides, namely the
opinion that sediments at this locality are olistoliths of
Western Vardar Ophiolitic Unit that was obducted onto
the Porphyrite-Chert Formation.
the passive margin of Adria during the latest Jurassic
times. The ophiolitic mélange, which occurs below the
Material and Methods
metamorphic sole flooring the obducted ophiolites, typically contains a mixture of (1) rock types derived from
The described radiolarian assemblages originate from
the lower plate, mechanically scraped off and accreted
one single section at the Ov~ar–Kablar Gorge (Fig. 1).
to the upper plate, and (2) gravitationally emplaced olisThree samples were collected from the radiolarian
toliths derived from the upper plate. The blocks derived
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cherts. The chert samples were only treated with dilute
5–7 % hydrofluoric acid, following the method of PESSAGNO & NEWPORT (1972). In all samples, spumellarians were much more abundant than nassellarians. The
residues of the acid treatment, which yielded well preserved faunas, were studied for biostratigraphic purposes. In order to establish the age of the radiolarian
assemblages, the zonation schemes proposed by TEKIN
(1999) were used. An SEM microscope ISI-160 in GIN
RAN (Moscow) was utilized for the precise identification and illustration of the radiolarians. These are illustrated in Plates 1 and 2. The micropalaeontology material is housed at the Faculty of Mining and Geology in
Belgrade (registration numbers NDJ 100 to NDJ 103).
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Sample NDJ 102. Chert collected 1 m from the bottom of the section (Fig. 2). The abundant and versatile
radiolarian association is represented by the following
species: Capnodoce sp. cf. C. anapetes DE WEVER,
Capnodoce crystallina PESSAGNO, Capnuchosphaera concava DE WEVER, Capnuchosphaera sp. cf. C. lea DE
WEVER, Capnuchosphaera theloides DE WEVER, Capnuchosphaera theloides minor BRAGIN, Capnuchosphaera
triassica DE WEVER, Japonocampe nova (YAO), Japonocampe sp. cf. J. nova (YAO), Loffa ? mulleri PESSAGNO,
Xiphothecella rugosa (BRAGIN) and Whalenella sp.

Section description and biostratigraphy
Characteristic layered chert with siliceous claystone
and subordinate limestone occurs on a 70 m wide section along the road ^a~ak–Po`ega (Fig. 1), about 2 km
NE of Ov~ar Banja (7434755, 4861714).
The lowermost part of the section is composed of
stratified, gently folded chert of dark red color (Fig. 2),
which are from 10 to 50 cm thick, in alternation with
thin-bedded green siliceous claystone, tuffite and light
silicified and recrystallised limestone. The chert is
intersected by fractures, which are mostly filled with
calcite, rarely with secondary quartz. Microlamination
due to a higher concentration of ferruginous material is
locally visible in the chert. The approximate average
thickness of the layers composed of siliceous claystone
is 5 cm, while the limestone layers reach a thickness
of about 10 cm. The whole sequence is about 20 m
thick (Fig. 2).
Four samples were taken from the chert at the locality Ov~ar Banja, three of which gave positive results.
Sample NDJ 103. Chert collected 20 cm from the bottom of the section (Fig. 2). The radiolarian association is
relatively well preserved and is represented by the following species: Canesium lentum BLOME, Capnodoce
crystallina PESSAGNO, Capnuchosphaera lenticulata PESSAGNO, Capnuchosphaera concava DE WEVER, Capnuchosphaera sp. cf. C. tricornis DE WEVER, Capnuchosphaera sp. cf. C. deweveri KOZUR & MOSTLER, Sarla sp.
aff. S. vizcainoensis PESSAGNO, Spongotortilispinus carnicus (KOZUR & MOSTLER), Spongostylus tortilis KOZUR &
MOSTLER, Pachus multinodosus TEKIN, Whalenella ? speciosa BLOME, Japonocampe sp. and Triassocampe sp.
The radiolarian assemblage can be attributed to the
early Norian due to the co-existence of Capnodoce crystallina PESSAGNO (latest Carnian/earliest Norian–early
Norian, ? late middle Norian; TEKIN 1999), Capnuchosphaera lenticulata PESSAGNO (early Norian–late middle
Norian, ? late Norian; TEKIN 1999), Spongotortilispinus
carnicus (KOZUR & MOSTLER) (middle Carnian–early
Norian; TEKIN 1999) and Spongostylus tortilis KOZUR &
MOSTLER (late Ladinian–early Norian; TEKIN 1999).

Fig. 2. Sample position and lithological log of the Ov~ar
Banja section. Legend: 1, chert; 2, limestone; 3, silicified
chert; 4, tuff; 5, radiolarian sample position.

The age is latest Carnian/earliest Norian–early Norian due to the co-occurrence of Xiphothecella rugosa
(BRAGIN) (latest Carnian/earliest Norian–early Norian;
TEKIN 1999), Capnodoce crystallina PESSAGNO (latest
Carnian/earliest Norian–early Norian, ?late middle Norian; TEKIN 1999), Capnuchosphaera triassica DE WEVER (early Carnian–early Norian; TEKIN 1999), Capnuchosphaera concava De Wever (early Carnian–early Norian; TEKIN 1999).
Sample NDJ 100. Chert collected 2 m from the bottom of the section (sl. 2). The radiolarian association
is relatively well-preserved and represented by the following species: Capnuchosphaera theloides DE WEVER,
Capnuchosphaera theloides minor BRAGIN, Capnuchosphera tricornis DE WEVER, Sarla vetusta PESSAGNO,
Spongotortilispinus carnicus (KOZUR & MOSTLER), Paronella sp., Capnuchosphaera sp., Japonocampe ? sp.,
and Whalenella sp.
Based on the co-occurrence of Capnuchosphera tricornis DE WEVER (late Carnian–middle Norian; TEKIN
1999), Sarla vetusta PESSAGNO (latest Carnian/earliest
Norian–late middle Norian, ? late Norian; DE WEVER
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et al. 1979; BRAGIN & KRILOV 1999, TEKIN 1999) and
Spongotortilispinus carnicus (KOZUR & MOSTLER) (Carnian–early Norian; TEKIN 1999; BRAGIN 2007), the age
of the fauna is late Carnian–early Norian.

Academy of Science, Moscow) for their constructive comments on the manuscript. The work was supported by the
Ministry of Science and Technological Development of the
Republic of Serbia (project No. 146009).
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Rezime
Gorwotrijaske radiolarije iz
Ov~arsko-kablarske klisure (JZ Srbija)
U okviru zapadnog pojasa Vardarske Zone istra`ivani su ro`naci u Ov~arsko-kablarskoj klisuri
(lokalitet Ov~ar Bawa). Lokalitet se nalazi na
putu ^a~ak–Po`ega (sl. 1), oko 2 km SI od Ov~ar
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Bawe (7434755, 4861714). Karakteristi~ni uslojeni ro`naci sa silicioznim glincima i podre|enim kre~wacima otkriveni su na profilu {irokom oko 70 m. Najni`i deo profila sastoji se od
stratifikovanih, blago ubranih ro`naca tamnocrvene boje, debqine od 10 do 50 cm u smeni sa
tankoslojevitim zelenim silicioznim glincima,
tufitima, tufovima i svetlim silifikovanim i
rekristalastim kre~wacima. Ro`naci su ispresecani `icama koje su prete`no ispuwene kalcitom,
re|e sekundarnim kvarcom. Slojevi silicioznih
glinaca su prose~no debqine oko 5 cm, dok slojevi
kre~waka dosti`u debqinu i od oko 10 cm. Ceo paket je debqine oko 20 m. Prema S. SCHMID (usmeno
saop{tewe) ovaj deo formacije melan`a ne sadr`i
ofiolite nego trijaske sedimente koji su verovatno
bili deo pasivne margine. Ove prostrane (km red
veli~ina) plase trijaskih sedimenata su analogne
sli~nim pojavama u Gr~koj (“Maliac” navlake). Iz
trijaskih ro`naca lokaliteta Ov~ar Bawa uzorkovane su tri probe koje su dale pozitivne rezultate:
Proba N\ 103, uzorkovana iz najni`ih delova
profila, sadr`i relativno dobro o~uvanu zajednicu radiolarija. Dowe nori~ka starost odre|ena

je na osnovu prisustva vrsta Capnodoce crystallina
PESSAGNO, Capnuchosphaera lenticulata PESSAGNO,
Spongotortilispinus carnicus (KOZUR & MOSTLER) i
Spongostylus tortilis KOZUR & MOSTLER.
Proba N\ 102, uzorkovana iz sredi{wih delova
profila sadr`i brojnu i raznovrsnu asocijaciju
radiolarija gorwe karnijske do dowe nori~ke starosti. Odredba starosti izvr{ena je na osnovu prisustva karakteristi~nih vrsta: Xiphothecella rugosa
(BRAGIN) i Capnuchosphaera triassica DE WEVER.
Proba N\ 100 uzorkovana je iz sredi{wih delova profila. Prisustvo vrsta Capnuchosphera tricornis DE WEVER, Sarla vetusta PESSAGNO i Spongotortilispinus carnicus (KOZUR & MOSTLER) ukazuje na
gorwe karnijsku do dowe nori~ku starost ro`naca
ove probe.
Gorwe karnijske do dowe nori~ke radiolarijske
asocijacije lokaliteta Ov~ar Bawa mogu se porediti sa asocijacijama radiolarija vulkano-sedimentne formacije Rubik podru~ja u Albaniji
(CHIARI et al. 1996; BORTOLOTTI et al. 2006), Gr~ke i
Sicilije (DE WEVER et al. 1979), kao i dowe nori~kom faunom Slova~ke (KOZUR & MOSTLER 1981)
i Kipra (BRAGIN 2007).

PLATE 1
Late Carnian to Early Norian radiolarians from the Ov~ar-Kablar Gorge
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Capnuchosphaera theloides DE WEVER, Sample NDJ 102, × 200.
Spongotortilispinus ? carnicus (KOZUR & MOSTLER), Sample NDJ 100, × 350.
Spongotortilispinus carnicus (KOZUR & MOSTLER), Sample NDJ 103, × 300.
Loffa ? mulleri PESSAGNO, Sample NDJ 102, × 200.
Capnuchosphaera sp., Sample NDJ 100, × 200.
Capnuchosphaera triassica DE WEVER, Sample NDJ 102, × 200.
Capnodoce sp. cf. C. anapetes DE WEVER, Sample NDJ 102, × 200.
Capnodoce crystallina PESSAGNO, SampleNDJ 103, × 200.
Pachus multinodosus TEKIN, Sample NDJ 103, × 200.
Japonocampe sp., Sample NDJ 103, × 200.
Japonocampe nova (YAO), Sample NDJ 102, × 200.
Xiphothecella rugosa (BRAGIN), Sample NDJ 102, × 100.
Japonocampe ? sp., Sample NDJ 100, × 200.

Late Triassic radiolarians from the Ov~ar-Kablar Gorge (SW Serbia)

45

46

NEVENKA DJERI] & NATA[A GERZINA

PLATE 2
Late Carnian to Early Norian radiolarians from the Ov~ar-Kablar Gorge
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Capnuchosphaera theloides minor BRAGIN, Sample NDJ 100, × 200.
Capnuchosphaera concava DE WEVER, Sample NDJ 102, × 200.
Capnuchosphaera sp. cf. C. tricornis DE WEVER, Sample NDJ 103, × 200.
Triassocampe sp., Sample NDJ 103, × 200.
Japonocampe sp. cf. J. nova (YAO), Sample NDJ 102, × 200.
Whalenella sp., Sample NDJ 102, ×200.
Whalenella ? speciosa BLOME, Sample NDJ 103, ×200.
Spongostylus tortilis KOZUR & MOSTLER, Sample NDJ 103, × 350.
Canesium lentum BLOME, Sample NDJ 103, × 200.
Capnodoce crystallina PESSAGNO, Sample NDJ 103, × 200.
Capnodoce crystallina PESSAGNO, Sample NDJ 103, × 200.
Capnuchosphaera concava DE WEVER, Sample NDJ 103, × 200.
Capnuchosphaera sp. cf. C. tricornis DE WEVER, Sample NDJ 103, × 200.
Capnuchosphaera sp. cf. C. deweveri KOZUR & MOSTLER, Sample NDJ 103, × 200.
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