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Trans-border (south-eastern Serbia/south-western Bulgaria) correlations
of the Jurassic sediments: the Getic and Supra-Getic units

PLATON TCHOUMATCHENCO', DRAGOMAN RABRENOVICZ, VLADAN RADULOVIC3,
NENAD MALESEVIC® & BARBARA RaDULOVIC

Abstract. The Getic and Supra-Getic are palacogeographic 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 KRAUTNER & KRsSTIC 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 Zdrelo Limestones, and in
SW Bulgarian, the Belediechan Formation of Callovian—Kimmeridgian p.p. age. Characteristic for the Supra-
Getic 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 Kucaj Reef Limestones), while in SW Bulgaria, the
Slivnitsa Formation. On the Supra-Getic in SE Serbia formed LuZnica 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.

Ancrpakr. I'etukym u Cynpa-retukyM cy naneoreorpadceke jepunune y JM Cp6uju u J3 Byrapcekoj. Ha ocHo-
By TIPHCYCTBa U OJICYCTBAa JIMjaCKUX MOPCKHX CeflUMEHaTa ['e€THMKyM je TMofelbeH Ha HCTOYHM W 3amagHu. Y
ucroyHoM I'eTuky jypcka cepumenTanyja je npencrasibeHa, y JYI Cp6uju, ca BULITMUKIM KJIaCTUTUMA IPEKO KOjHUX
JIeXe JIYKamCKH YITbeBUTH CJIOjEBH, JIyKambCKU KBAPIHY IeLIYapH, TYKamhCKU OPaXUOHIOICKH CII0jeBHU, TyKaHCKH
JIanopIy, JTyKambCcKN OeIeMHUTCKO-TPU(EjCKN CIOjeBH M JYKAHCKM aMOHUTCKH Kpeumand, a y J3 Byrapckoj
ceiMMEHTAaIja MOYNbE TYJEHCKOM (popMaImjoM MpeKo Koje Jiexke KOCTHHa popManyja 1 03MpoBcKa hopmanu-
ja ca Hexonuko wiaHoBa. Cpesima jypa JV CpOuju nounme ca CCHOKOCHUM aJIEBPOIUTHMA U HIKPUIBIIUMA U TyJIe-
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HOBAUKMM CJI0jeBUMa, 0K y J3 Byrapckoj mounwme ca OPHUM HIKPU/bLMMA €HTPOMNOJICKE opMalyje, 3aTUM
JlarnopiyMa U TIIMHOBUTUM Kpeumanuma 0oBcke ¢opmarnuje. Cpeamojypeku ceIuMeHTH y 3amagHoM [eTukymy
ucroyne CpOuje MpeAcTaB/bEeHH CY KYPWIOBCKUM KIIACTUTAMA U KYPHIOBCKAM KpeumhaluMma (TyMIHHA Kped-
many, KRAUTNER & KRSTIC 2003). Y Cynpa-T'erukymy CpOuje HacTajy jepMCKU KIIACTUTH ¥ JEPMCKH KPEUHhali
(rymmuHa Kpeumanu). Y J3 Byrpackoj cpefirb0jypeKu CeAMMEHTH CY IIPEJICTaB/beHN TelyapumMa rpajgedke ¢op-
Manyje 1 OMOKJIAaCTUYHUM KpedmaluMa IoNeTeHcke hopmanyje.

3a BpeMe KenoBeja (cpefmer ?) nounme opMupame KapooHaTHE IIIATHOPME ca MUKPUTCKAM KpeUthaluMa.
Y JU Cp6uju To cy 6acapcku Kpeumaly, BUAJINUKY Kpeumhaly, 6e/baHuuKU WU KAPEJICKU Kpeuwany, a y J3
Byrapckoj To je Genepmexancka popmanyja KellOBejCKO-KUMEpHIICKe p.p. cTapocTH. KapakTepuctuyHo 3a
Cynpa-reTHkyM je chopMHEpame HEKOJIUKO POBOBA ca CHeN(hITIHOM CEIIMEHTAIIN]OM: CBETIAjCKH POB (3KabJbaH-
CKa M 03MpOBCKa (hopManumja) u 10001IKa popManmja, TpeKIbaHCKH POB (TOOpUAOIICKA U pajaHauka hopManmja)
1 BaH BHUX METXOXHjCKa U cpeflopeuka dopManuja. 3a BpeMe KelloBeja U KUMEPUIIa p.p. Y CBETIAajCKOM POBY ce
IemnoHnyje o6omka opManyja, Koja 609HO pesas3y y jaBOpeuKy U THHAuKy hopManyjy. 3a BpeMe HajKacHUjer
KIMEPHII-TUTOHA HACTa]y BeJuKe panmjaine pazHonukocty: Ha ['etukymy, y JU Cp6uju ce Tanoxe cupyaHu 1
cyGenpyaHu Kpeurbany (PHOBPIIKK KpeUyrhallll 1 Ky4JajcKu Kpedmai), Aok ce y J3 Byrapckoj dopmupa ciu-
BHMUKa popmanyja. Ha Cynpa-retukymy y JW Cpbuja mnenonyje ce myxuuuku ¢, a 'y J3 Byrapckoj npe-
(pnum HemkoBauke popmanyje U CHINNUKIACTUYHY (hIIUII KOCTeNcKe hopMmanyje.

Kibyune peun: jypa, I'etukym, Cynpa-reTuky™m, nuroctpaturpadceke kopenanuje, JM Cp6uja, J3 Byrapcka.

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 Ser-
bian and the Bulgarian geological maps on the scale
1:100 000. An exception is the map on the scale 1:300 000
composed by KRAUTNER & KRSTIC (2003). To avoid this
incompleteness of our knowledge on the lithostratigra-
phy of the Jurassic from both sides of the Bulgari-
an/Serbian border, a team of Bulgarian and Serbian geo-
logists started correlations of the Jurassic sediments and
the Jurassic lithostratigraphic units (TCHOUMATCHENCO
et al. 2006a, b). In the first paper, the large palacogeo-
graphic and palaeotectonic units concerneing the Juras-
sic, i.e., the Serbian—-Macedonian Massif (= Thracian
Massif), the Supra-Getic (Luznica—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 (LuZnica—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 differ-
ences 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 Lo-
wer Jurassic and the character of the Middle Jurassic
sediments. The largest differences between the two big
palacogeographic areas commenced during the Callovi-
an, probably during the Middle Callovian, when in the
Supra-Getic (LuZnica—Koniavo Unit) started neritic cal-

careous sedimentation, followed by siliciclastic flysch
sedimentation, whereas in the Getic started the forma-
tion of a carbonate platform with reef or sub-reef shal-
low water sedimentation. At the same time, in the In-
fra-Getic started neritic carnonate sedimentation with
“ammonitico rosso” type sediments. The boundaries,
especially the boundary between the Getic and the In-
fra-Getic, changed in time. During the Early and Mid-
dle Jurassic, the sediments near the Kalotina Village
(and west of the border, in Serbia), were of Infra-Getic
type, with complete Lower—Middle Jurassic sedimenta-
tion, whereas during the Callovian—Tithonian—Berriasi-
an, 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 separat-
ed localities with only the Lower Jurassic continental
sediments of the Zhablyano Formation (in Serbia it is
the Gresten Facies), with the Middle Jurassic sandsto-
nes of the Gradets Formation, or with the limestones
of the Polaten Formation (in Serbia known as the Gum-
pina Formation).

We would like here to express our gratitude to A.
GRUBIC, 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 ocea-
nic 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 (pa-
laeotectonic) unit, situated between the Moesian Plat-
form and the Getic carbonate platform, composed in
different parts of various sediments, deposited in differ-
ent 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 geolog-
ic times. In one very interesting paper GRUBIC & JAN-
KICEVIC (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

pelagic facies. To the north—east in north-eastern Ser-
bia, this “transitional facies” consists of Sinaya beds,
Quazi-Sinaya, Kiloma and ofiolites, i.e., only these
rocks represent the Infra-Getic after GRUBIC & JANKICE-
VIC (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 rela-
tively deep water Upper Jurassic sediments “ammoniti-
co rosso” type deposited in the basin situated between
the Getic and the Moesian platforms. After ANDJELKO-
VIC et al. (1996), this zone represents the Stara Pla-
nina—Pore¢ Unit of the Balkanikum and the Dobri Dol—
—Grliste Unit of the Karpatikum. In Bulgaria this zone
is known as the Jurassic Izdremets Graben (SAPUNOV
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Fig. 1. Main Jurassic palaecogeographic units in south-eastern Serbia and in south-western Bulgaria.
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et al. 1985). To the west from the Getic “carbonate para-
platform”, in the same figure of GRUBIC & JANKICEVIC
(1972), there is a zone with Upper Jurassic and lower-
most Lower Cretaceous siliciclastic flysch sediments;
this is LuZnica (or Ruj) flysch in Serbia and the Nish-
-Troyan flysch trough in Bulgaria. This palacogeograph-
ic unit is known as the Luznica thrust of the Karpatikum
of ANDIJELKOVIC et al. (1996) or the Supra-Geticum, for
which GRUBIC (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 palacogeographic unit,
i.e., during the Jurassic the Supra-Getic Zone represent-
ed a trough filled by “ammonitico-rosso” pelagic sedi-
ments (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 palacogeographic 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 TupiZnica-Tepos units of the Karpatikum of
ANDJELKOVIC 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 Sedi-
ments and the Lukanja Quartz Sandstones (Hettangian—
—Sinemurian p.p.), followed by three levels: (i) Pliens-
bachian dark grey sandy bioclastic limestones and cal-
careous sandstones with brachiopods and bivalves; (ii)
sandy limestones and clayey sandstones with spiriferi-
nids and ammonites (Androgynoceras). These two lo-
wer levels correspond to the Lukanja Brachiopod Beds
(ANDJELKOVIC et al. 1996), and in Bulgaria to the Dol-
niloukovit Member of the Ozirovo Formation; (iii) clay-
ey sandstones and sandy limestones with brachiopods,
bivalves and belemnites, which correspond to the Upper
Pliensbachian Lukanja Belemnitic-gryphaean Beds (AN-
DJELKOVIC et al. 1996), and in Bulgaria to the Bukorov-
tsi Member (Ozirovo Formation). During the Toarcian
were sedimented aleurolites, argilites, yellow sandsto-
nes and sandy limestones with ammonites Hildoceras

bifrons, Pseudogrammoceras dispansum, etc. They cor-
respond 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-yellow-
ish 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 (ANDJELKOVIC et al. 1996) were
sedimented Gulenovci Beds represented by thin-bedded
and sheeted grey and bluish sandy clays with interca-
lations 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 sub-
contractus, Bullatimorphites sp.) Bathonian were depo-
sited the Gulenovci Sandstones, beds formed of yellow
and bluish coarse and small grained sandstones, detrit-
ic 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” (ANDJEL-
KOVIC et al. 1996). These sediments can be correlated
partly with the Bulgarian Bov Formation and especial-
ly 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 Kaloti-
na and Berende Izvor villages, the Jurassic sedimenta-
tion continued horizontally from the Infra-Getic until
the Bajocian—Bathonian (DODEKOVA et al. 1984). Only
the Upper Bathonian—Lower(?) Callovian sediments be-
came shallow water and commenced the formation of
the Getic carbonate platform.

The sedimentation, analogous to the Infra-Getic sedi-
mentation, 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 Pli-
ensbachian 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 lime-
stones 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 repre-
sented 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 homoge-
nous 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 co-
vered by grey to reddish sandy and bioclastic lime-
stones (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 For-
mation intercalated the black shales of the Etropole
Formation. Also, near the Kalotina Village, where the
section of the Middle Jurassic is finished also with bio-
clastic 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 con-
cluded that the boundary between Infra-Getic and Getic
represented a palacogeographic 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, Kucaj—Svrljig, Gornjak—Suva Planina units of
the Karpatikum of ANDJELKOVIC 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 Zhab-
liano Formation, and in Serbia, they are involved in the
Gresten Facies.

South-eastern Serbia

In Greben Planina Mountain, the lithostratigraphic
unit of the Gumpina Limestones (sensu KRAUTNER &
KRrsTi¢ 2003), described as “Dogger — conglomerates,
sandstones, sandy-limestones, marly-limestones, marls”
(KRAUTNER & KRsTIC 2003), about 40 m thick (after
Basic geological map), represent Middle Jurassic sedi-
ments. They are represented in the Zdrelo of the Jerma
River near the Poganovo Monastery by grey oolitic lime-
stones with many bioclasts, especially of brachiopods.
Below them, at some localities the Kurilovo Clastites
crop out, analogous to the Gradets Formation in SW Bul-
garia, which covered the predominantly continental sand-
stones, 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 Forma-
tion (STEPHANOV 1966), intercalated by Bajocian sand-
stones 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 Ser-
bia. The Gradets Formation can be correlated with the
Kurilovo Clastites. Below them, at many isolated loca-
lities, 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 (ANDJELKOVIC et al.
1996), are represented by pinkish and reddish sand-
stones and sandy limestones with Macrocephalites ma-
crocephalus, Hecticoceras lunnaloides, bivalves, gas-
tropods, 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, re-
presented 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 lime-
stones (ANDJELKOVIC 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 Lime-
stones are similar to the Belediehan Formation in west-
ern Bulgaria, and the Vidli¢ Limestones can be corre-
lated to the Javorets and to the Gintsi formations from
south-western Bulgaria. Similar horizontal transition be-
tween the Belediehan Formation and the Javorets and
the Gintsi formations can be observed in the vicinities
of Beledie Han Village. This horizontal transition be-
tween the two types of limestones shows that the east-
ern 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 Sliv-
nitsa Formation from western Bulgaria. In Fig. 28 AN-
DJELKOVIC 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 li-
mestones 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 Liu-
basha 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-east-
ern 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 Ti-
thonian—lowermost Early Cretaceous age. Probably the
Crni Vrh Limestones marked the north-eastern rim of
the Getic carbonate platform.

South-western Bulgaria
Kalotina Village

Similar to the Vidli¢ Zone by its palaecogeographic
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 lime-
stones of the Bov Formation), with a visible, irregular
erosional surface, occur micritic limestones with whitish
chert concretions of the Belediechan Formation, about
150 m thick. Their range is Callovian (Middle ?)-Kim-
meridgian p.p. (IVANOVA et al. 2000; IvANOVA & KOLE-
vA-REKALOVA 2004). They are covered by bioclastic
limestones of the Slivnitsa Formation (400-450 m thick),
with a range Kimmeridgian p.p.—Late Valanginian (Iva-
NOVA et al. 2000; IvaNovAa & 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

type, connected with a sub-marine gap of sedimenta-
tion; it is covered by alternation of marls and micritic
limestones of the Salash Formation of Early Hauteri-
vian age (MANDOV 1976; IVANOVA et al. 2000).

Near the Slivnitsa Town, the Beledichan 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 For-
mation, represented by bioclastic limestones with many
coral buildings. These coral reefs are the east prolon-
gation 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 NIKO-
Lov & Tzankov (1998), Kimmeridgian p.p—Late Va-
langinian 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 calpionel-
lids, 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 Gin-
tsi 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 ton-
gue 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 pro-
gressively passes into the flysch alternation of the Cher-
niosum/Kostel Formation.

Western Getic
South-eastern Serbia
Greben Planina Mountain (near the Poganovo Monastery)

This area is called the Kusovranska Zone in the Ba-
sic geological map of Yugoslavia, sheet Breznik. Here
crop out the sub-reef (platform) limestones, which were
named by ANDIELKOVIC & MITROVIC-PETROVIC (1992)
the Beljanica Limestones (or the Zdrelo Limestones),
about 40 m thick. These sediments cross the Serbi-
an/Bulgarian border. The Beljanica Limestones can be
correlated directly (as it is done in the Basic geologi-
cal map, sheet Breznik, but with out the lithostrati-
graphic 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 Kucaj Reef Limestones (ANDJELKOVIC & MITROVIC-
-PETROVIC (1992), with age “Early Malm, Tithonian
and passes into Berriasian” and can be regarded also as
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the western prolongation of the Crni Vrh Reef and sub-
reef limestones from the Vidli¢ Mountain of the same
age. They can be correlated with the Slivnitsa Forma-
tion from south-western Bulgaria.

South-western Bulgaria
Liubasha Planina Mountain

In the Eastern Getic in Bulgaria (southern prolonga-
tion of the Vidli¢ Mountain near the Kalotina Village,
the Chepun Mountain, the Beledie Han Village, the
Slivnitsa Town, etc.) and in the western Getic — Liu-
basha Mountain (the southern prolongation of the Gre-
ben Planina Mountain) existed a carbonate platform. In
Bulgaria, this zone is called the Dragoman Palaco-Horst
(SapuNov et al. 1985).

There are three sections in the Liubasha Mountain
which document the three parts of the carbonate plat-
form, to the north, (i) the section of the Velinovo Vil-
lage, situated in the laguna area; (ii) the Lialintsi sec-
tion, with many coral reefs, situated at the rimmed car-
bonate 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 Callo-
vian (Middle?)-Kimmeridgian age, 100-150 m thick
(TcHOUMATCHENCO 2006). It can be correlated with the
Basara Limestones from the Vidli¢ Mountain (ANDJEL-
KOVIC et al. 1996) or with the Beljanica Limestones
from Kucaj and the Zdrelo Limestones from the Greben
Mountain (ANDJELKOVIC & MITROVIC-PETROVIC 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 Cal-
lovian-Late Valanginian (IVANOVA & KOLEVA-REKALO-
VA 2004). The upper boundary is discordant, the upper
surface of the Slivnitsa Formation is with many bor-
ings of the Trypanites type, covered by Upper Creta-
ceous (Turonian) limestones. The Slivnitsa Formation
can be correlated with the Crni Vrh Reef and sub-reef
limestones from the Vidli¢ Mountain (ANDIJELKOVIC et
al. 1996), as well as with the Kucaj Reef Limestones
(ANDJELKOVIC & MITROVIC-PETROVIC 1992). In the Sliv-
nitsa 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
SucI¢ (1959) near the Jerma Coal Mine.

Supra-Getic (LuZnica—Koniavo Unit)

This unit coincides more or less with the LuZnica
Unit of ANDJELKOVIC et al. (1996).

Lower—-Middle Jurassic
South-eastern Serbia
Zvonce Village

The Jurassic transgression in the Supra-Getic (LuZni-
ca—Koniavo) Unit, as well as in the Western Getic
commenced in the so-called “Suvoplaninska Zone” with
the Middle Jurassic Gumpina Limestones — “conglom-
erates, sandstones, sandy-limestones, marly-limestones,
marls” (KRAUTNER & KRsTIC 2003), 40 m thick, corre-
sponding 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 expo-
sures, 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 Zhabli-
ano Formation in Bulgaria. In the region of the LuZnica
River, they are separated as the Luznica Clastites. The-
re are no marine Lower Jurassic sediments here.

South-western Bulgaria
Bobovo and Stanyovtsi villages (Kraishte)

In the Bulgarian parts of Supra-Getic (LuZnica—Ko-
niavo Unit), the most characteristic feature is the pres-
ence 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 Pliensbach-
ian, thick 60 m). These rocks correspond to the Gresten
Facies in eastern Serbia. They are followed by the shal-
low 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.—Aale-
nian, 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
Palacograben 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 (Aaleni-
an—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.

MIROVA 1986; BONCHEVA et al. 2004). The western shal-
low water board of the Trekliyano Middle Jurassic Gra-
ben was the location of sedimentation of the Methohiya
Formation (sandstones and conglomerates of the Toar-
cian?-Aalenian age, 10 m thick), and of the Sredorek
Formation built up of bioclastic limestones (Aalenian—
—Bathonian ?, 80 m thick). There is information (BON-
CHEVA et al. 2004) that these formations crossed the
Serbia/Bulgaria state border.

Callovian (Middle ?)-Tithonian
South-eastern Serbia

Zvonce Village

The Callovian (Middle?)-Tithonian succession start-
ed with the Callovian (Middle?)-Kimmeridgian p.p. li-

mestones with chert nodules, 1020 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 con-
tinues by nodular limestones, which may represent the
prolongation through Bulgaria of the Pokrovenik Acan-
thicum Limestones from the Infra-Getic. In the Serbian
literature, analogous nodular sediments are not men-
tioned, but they must be part of what is subdivided in
the Basic geological map, sheet Breznik as the upper
part of the J;'+2 about 20 m thick of Kimmeridgian
age. To the Pokrovenik Limestones in Bulgaria corre-
sponds the Gintsi Formation.

Luznica flysch (Ruj flysch)

The Jurassic section finishes with flysch type sedi-
ments. They are described as the LuZnica Flysch, later
named by DIMITRUEVIC & DIMITRUEVIC (1987) as the
Ruj Flysch. The name Luznica Flysch has the priority
and we conserve this nomination. Its is structured by
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turbidity alternation of sandstones, marls, clays, aleuro-
lites with fallen blocks (olistolites), more than 1000 m
thick. In Serbia its age is reported to the Tithonian
(DitrRUEVIC & DITRUEVIC 1987, etc.), to the Tithonian—
—Berriasian (GRUBIC 1980) or to the Tithonian—Hauteri-
vian (KRAUTNER & KRsTIC 2003). In Bulgaria it corre-
sponds 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—Berrias-
sian in the LuZnica—Koniavo (Supra-Getic) Unit conti-
nues, 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., se-
dimentation in the Svetlya Graben continues with the
formation of calcareous conglomerate, i.e., the Lobosh
Formation (SAPUNOV et al. 1985), which is a horizon-
tal 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 cal-
careous 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 rep-
resented part of the shelf area, situated on the south
part of the basin. The lower boundary of the Lobosh
Formation is abrupt, unconformable, irregular, connect-
ed with sub-marine erosion of the underlying Polaten
Formation. The upper contact with the Neshkovtsi For-
mation, 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, restart-
ed with grey micritic limestones with chert nodules,
7-10 m thick, of the Javorets Formation (NIKOLOV &
SapuNov 1970) embracing the Middle Callovian—earli-
est 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 Kim-
meridgian age (SAPUNOV et al. 1985). In the area where
the Javorets Formation had been sedimented, the volu-

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 impor-
tant change in the Supra-Getic basin, sedimentation
started of marls to calcareous clays with rare and thin
intercalations of sandstones or limestones of Late Kim-
meridgian age. This is the Neshkovtsi Formation built
up of pre-flysch sediments, 10-20 m thick (NIKoLOV &
SapuNov 1970). Above them were deposited siliciclas-
tic turbidite — sandstones (Ta-Tb-Tc Bouma intervals)
and marls/clays (Td Bouma interval). In many locali-
ties, they contain fallen blocks, predominantly of Upper
Jurassic limestones, often with corals. This is the latest
the Late Kimmeridgian—earliest Early Cretaceous Ko-
stel 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 LuZnica 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 separat-
ed. 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 Di-
mitrovgrad 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 Bul-
garia — the Svetlya Graben, the Rayantsi Graben), with
specific sedimentation. A differentiation in the palaeo-
geography commenced at the end of the Middle Juras-
sic (probably at the end of the Early Callovian). On the
Getic area started the formation of a carbonate plat-
form, which deepened to the south and passed progres-
sively to deep water sediments. On the Supra-Getic
started generally relatively deep water sedimentation of
the pelagic micritic and nodular limestones (“ammoniti-
co rosso” type), cut out by the calcareous clastic sed-
imentation of the Lobosh Formation in the Svetlya
Graben. The greatest diversification of the sedimenta-
tion started at the end of the Kimmeridgian and con-
tinued 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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Pe3ume

Ynopehemwe jypckux cequmenara l'eTcke n
Cynpa-rercke jequaune y rpaHI9HOj 00J1aCTH
jyroncroune Cponje u jyrozanagne byrapcke

Lusm oBora pajja je ynopeheme jypckux cefuMeHaTa
I'ercke u Cymnpa-rercke nageoreorpadcke jeiUHuUIEe y
norpannyHoj obnactu JU Cp6uje n J3 byrapcke. Ha
OCHOBY IIPUCYCTBA U OJICYCTBA JINjaCKUX MOPCKUX CEH-
MeHaTa ['eTUKyM je mopebeH Ha UCTOYHM U 3amlaj{Hu.
Jypcku cepumenTu ucrtoyHor I'etukyma ynopebenu cy
ca ounMa y Mladpa-retukymy. Y uctounoM ['eTukymy
jypcka ceiuMeHTalyja 3all04ibe ca KOHTUHEHTAIHUM
ceflMMEeHTMAa KOju HaBwmire npenase, y JU Cpbuju y
XeTaHIIKe BUIJINYKE KIJIaCTUTE, KOjU C& MOTY yIOpeNu-
TH ca MOPCKMM INIMHaMa U Ielryapuma TyaeHcke ¢op-
matnmje y J3 Byrapckoj.

Hagume y cryOy ciepie JlyKawkbCKU KBapIHM IEll-
qapu y JUU Cpbujm W MOpPCKH Tenrdapu KOCTHHCKE
¢opmammje y J3 Byrapckoj ca kKojuma 3amodnme jyp-
cKa TpaHcrpecyja. IIpeko Wux cy CeflUMEHTU O3UPOB-
cke popmarmje, Koja ce cacToju Off pa3IMIUTHX JINTO-
cTpaTUrpaCcKux 4iaHOBa y UCTOYHOM JIENTy UCTOYHOT
I'eTukyma 1 XOMOI€HHX CeJUMeHaTa y 3alajHOM Jey
ucroyHor I'etukyma. OHE yKa3yjy Ha 3anajHy I'paHULy
Jyjackor Mopckor OaceHa. JIykamcKu OpaxXHOIONCKH
CIIOjeBH, JYKaWCKH JIalloOpLy, JyKambCKU OeleMHUT-
CKO-TpU(EjCKN CIIOjeBU W JYKAWHCKH 1e(haToNOCKH
kpeumsarn y JU Cp6uju opgrosapajy o3mpoBckoj op-
mammju y J3 Byrapckoj. Cpenmojypcka cefuMeHTanu-
ja y ucrounom l'etukymy 3anoumme, y JU Cp6wuju, ca
CEHOKOCHMM aJIEBPOIMTHMA U LIKPUIbIMMA U T'YJIEHO-
BaUYKUM CJIOjeBUMa Koju ce mory ynopenutu y J3 By-

rapckoj ca LpHUM aJIeBpPOJUTUMa €HTPOHoJIcKe op-
Mallgje 1 JanopuuMa U IIIMHOBUTHM Kpedkbhaluma 60B-
cke popmanyje. Y 3amajiHuM AeoBUMa UCTOYHOT I'e-
tikyMma, y J3 Byrapckoj, cpenmojypcka cefuMeHTaIu-
ja 3amounme ca IpajeTCKuM Ielryapuma u Ouokiac-
TUYHAM KpeumeluMa MoJieTeHCcKe opmalyje, Koju
Jexe IPeKO XOMOreHe O3HMpOoBcKe ¢opmanuje. Y
3anagHoM I'eTHKyMy jypcKa ceuMeHTalyja 3al0ynibe
3a Bpeme anena, y JU Cpouju ca KypmIIOBCKAM KITACTH-
TiMa, a y J3 byrapckoj ca nemrdapuma rpageuke ¢op-
manmje. [Ipeko wux cy, y JW Cpbuju, KypuioBcKH
Kpeumanu (TYMIIMHCKH Kpedumainu), a y byrapckoj
OMOKIIACTUIHY Kpedhaly MojieTeHcke opmarmje. Y
3aBPILIHUM [IeJIOBUMA CPEfbe Jype A0JIa3u 10 yjefHa-
yyBamwa najeoreorpadckux yciaoBa U HacraHka ['eT-
cKke KapOoHaTHe Iu1aTgopmMe, Kako Ha 3alaHOM, TaKO
u Ha ucrouyHoM I'etukymy. Ha ncrouHom pesny ucroy-
Hor I'etnkyma y JU Cpbuju ce Mmory u3nBojuTu 6acap-
CKH CJIOj€BM NPEKO KOjUX Jiexke 6acapckyl Kpeuwaly u
BUANINYKK Kpeuwanyu. OHu ce Mory ynopeputu y J3
Byrapckoj ca Geneamexan gopmanujoM, TpeKo Koje
Jexxe OMOKIIACTUYHY Kpeukalld CIMBHUYKE (hopMalu-
je, a y JU Cpbuju oBe TBOpeBHHE OArOBapajy IPHO-
BPLUKMM Kpeukanuma Bupnny mianuse.

Y 3anagHoM ['eTukymy, 3a BpeMe KejoBeja U Kume-
puna p.p., y JU Cp6uju cTBapajy ce 6esbaHndKH (WIH
SKIPEJICKN) Kpeumhany MPEeKPUBEHN KyJIajCKUM CIIPY/-
HUM merrdapuma, a 'y J3 byrapckoj kpeumanu 6esne-
auexaHcke popmalyje NMPeKpUBEeHH OUMOKIJIACTUYHUM
Kpeumaluma CIIMBHUYKe popManyje.

3a Bpeme jype Cympa-reTukymM ce KapaKTepulie
MPUCYCTBOM MHOTOOPOJHUX POBOBA, KOjU YCIOBJHABAjY
cequmeHTannjy. Jlmjacku cepmMmeHTn (opmupajy ce
CaMoO Yy CBETJIajCKOM POBY — KOHTUHEHTAJIHU MelIdYapu
7 TiimHe 3a0rajancke ropManuje, KOju Cy aHAJIOTHH Y
Cpbuju ca JTy>KHWYKAM KJIACTUTHMa W YIJbOHOCHUM
ciojeBuMa Jepme.

Cpenmojypckil CeIUMEHTU Y 3amajiHoM ['eTukymy
ucroyne CpOuje cy IpeAcTaB/beH!u KYpUIOBCKUM Kila-
CTHTAMAa W KYPWJIOBCKHM KpeumanuMma (TYMIOMMCKA
kpeumany, KRAUTNER & KRrsti¢ 2003). ¥ Cynpa-Te-
tukymy Cpouje popmupajy ce jepma KIIACTUTH U jepMa
Kpeumany (TyMIOUMCKU Kpeumanu). Y J3 Byrapckoj
CPEN0jyPCKU CEIUMEHTH MIPENICTABILEHHU CY ca Ielya-
puMa rpasgedke dopmarnuje u OMOKIACTHYHAM Kped-
BaluMa MoJeTeHcke ¢opmanyje. Y 3amagHuM fe-
nmoBuMa 6yrapckor Cymnpa-retTukyma popMupa ce Tpe-
KJbAHCKM POB Ca PafiMONMTCKUM LPHUM IIKPHIbIKMA
pajanauke opmalyje, a Ha 3amafHOM ey OBOT T'pe-
OeHa HacTajy IJIMTKOBOJAHU CEAUMEHTH METXOXHjCKE U
cpenopedke opmaryje.
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3a BpeMme KellOoBeja CeMEHTaIldja Ce HacTaBJba Y
JU Cpbmju kKaMeHnYKNM OpedacTrM Kpedmhanuma Koju
HaBWIIIE TIpena3e y MOKPOBEHWUYKE Kpeumake, a y J3
Byrapckoj MEKpUTCKIM KpeumanuMa jaBopeuke ¢op-
Marje nmpaheHa TUTOKIACTHYHIM KpeUmbaliiMa rHHaq-

ke ¢opmanumje. Hajeha ceguMeHTONOIKA pa3HOIU-
KOCT HacTaje ca ¢ummHoM ceguMmeTtanujom y Cympa-
T'etukymy. ¥ JU CpOuja genonyje ce Jy>KHAIKH ITUTII,
a y J3 byrapckoj npeduin HemKkoBauke popmanmje u
CIUTMIAKIIACTUIHY (DIIHIII KOCTEJICKe popmartyje.
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Late Barremian—Early Aptian Urgonian Limestones from the
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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 Kucaj 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 micro-
associations 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, Strati-
graphy, Kucaj Mountains, eastern Serbia

Ancrpakr. Y pafy cy IpUKa3aHU HajHOBUjU Pe3yNTATU CCJUMEHTOIOMKUX ¥ MUKPOIAJIEOHTOIOMKNX UCTPa-
>KUBamba JieNla YProHCKUX Kpeumaka OTKPUBEHUX Y OKonuHK BosbeBna Ha jyroucroynum nmaguHama Kyuajckux
mannHa (Kapnarto-6ankanuan, ncrouna Cp6uja). Ha aBa nokanurera y atapy cena Pana Bajanu koHcTaTOBa-
Ha Cy YeTHpH THIa MUKpodaluja U jegHa nopdanuja y okBUpy OMOKIACTUYHUX KpeumaKa. Y TBpbeHe U IucKy-
TOBaHE Cy KAapaKTEPUCTUKE [EIO3UIMOHUX CPEMHA HCTPAaKUBAHUX YPrOHCKHUX Kpeumwaka. M3 ycTaHOBIbEHE
BeoMa Gorare MuKpoaconujanyje popamMmuandepa 1 alri Ipenu3Ho je feUHICAHO BEPTUKAIHO PACIPOCTparhe-
e opaMUHUGEPCKUX BPCTa Koje cy oMoryhuie yTBpbuBame CTapoCTH OBOT [iejla YPrOHCKHX Kpeumaka y
OKBUPY KaCHOOApPEMCKOT ¥ PAaHOANTCKOI KaTa AOKkE KPeJe.

Kmyune peum: xacHu GapeM-paHH anT, YPrOHCKM Kpeumaly, CeAUMEHTOJIOTHja, MUKPOIAJIEOHTOJIOrH]a,

crparurpacduja, Kydajcke nnanute, ucrousa Cp6uja

Introduction

The rocks of Lower Cretaceous age, belonging to the
eastern Serbian Carpatho-Balkanides, are widely distrib-
uted and facially heterogeneous. It refer to the Barremi-
an and Aptian sediments and their special type known
as Urgonian, Urgonian facies or Urgonian development.
The mentioned sediments are most often in the moun-
tainous 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: Be-
ljanica, Kucaj Mts., Rtanj, Ozren, Devica, Svrljig Mts.,
Tupiznica, Tresibaba, Pajez 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 JANKICEVIC (1978). In addi-
tion, his monograph contains numerous new and com-
prehensive data about the paleontology, stratigraphy, and
lithology of the Urgonian. Hence in further investiga-
tions, 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 Kucaj Mts., the Master Thesis of RADU-
LOVIC (2003) could be mentioned, in which, together
with Upper Barremian and Lower Aptian brachiopods,
microassociations from the Urgonian of the Kucaj were
separated. It is also necessary to emphasize the paper
of JANKICEVIC (1996) who studied the Urgonian of the
Carpatho-Balkanides using formational analysis and sug-
gested the name TupizZznica Formation for these carbon-
ate-terrigenous deposits of Upper Barremian and Lower
Aptian (Bedoulien and possibly also lower Middle Ap-
tian — 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 (south-
eastern slope of the Kucaj Mts.) and macrofossils and
material for thin sections were collected. The investi-
gated sites were: Faca Vajali-Izvor, Faca Vajali-Usce
Arnaute, Faca Vajali—Vidikovac, Mali Izvor/1, Mali 1z-
vor/2, Bogovina—Kamenolom and Bogovina—Pecina. At
that time, relatively poor sedimentological and micropa-
leontological studies were used for the determination
and explanation of the paleoecological characteristics of
the established microassociations, and on that way, in-
directly for the analysis and solutions of paleoecologi-
cal 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 avail-
able for the geological science (MARAN 1999, MARAN
et al. 2005).

As part of an ongoing project, in past decade, the lo-
calities Faca Vajali-Izvor and Faca Vajali-Usce 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 sedimen-
tological 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 en-
riched, which is very important because a 40 m high
dam will be built on the Crni Timok River close to lo-
cality Faca Vajali-Izvor, the main purpose of which
will be to supply regional water to towns in the Timok
Region (the towns Bor and ZajeCar). 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 frequent-
ly considered as part of the Kucaj—Svrljig Structural-
Facial Zone (JANKICEVIC 1978, ANPELKOVIC & NIKOLIC
1980 and many other authors), i.e. the Kucaj Zone (DI-
MITRUEVIC 1997). Nowadays, it is adjoined to the Kucaj
(Getic) Terrane/Unit, one of several large Alpine geo-

tectonic (structural) units in the Carpatho-Balkanides of
eastern Serbia (KARAMATA et al. 1997, KRAUTNER &
Krsti¢c 2003) (Fig. 1).

The Kucaj Terrane had a long (Proterozoic to Neo-
gene) and very complex geological evolution. The
western boundary of the Unit is an Alpine eastward
thrust, the eastern boundary is mostly of the same char-
acter. The time of the docking of the Kucaj Terrane to
the Stara Planina—Pore¢ Terrane at the East is the end
of the Viséan.

In the Kucaj Unit, the oldest rocks (Osanica meta-
morphics) are of Proterozoic age, metamorphosed under
amphibolite facies conditions, and represent part of the
old crystalline basement. The following Upper Protero-
zoic to Lower Cambrian rocks are volcanic-sedimenta-
ry rocks metamorphosed under greenschists facies con-
ditions. 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 de-
pressions. In the Lower until the Middle or even in a
part of the Upper Triassic, mainly shallow water car-
bonate rocks were deposited. In the Bajocian, basal
clastics and oolitic limestones were formed transgres-
sively. After that, in the eastern parts of the terrane,
shallow water sediments of a carbonate platform (inclu-
sively 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 multi-
stage magmatism (the Timok area). Brackish Upper
Maastrichtian sediments represent the final stage of the
marine regime. Lacustrine Paleogene sediments uncon-
formably ovelie the Upper Cretaceous formations. The
Middle and Upper Miocene limnic rocks are a post-
Alpine overstep sequence.

The Lower Cretaceous sediments belonging to the
Kucaj 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, brachio-
pods, echinoids, foraminifera and algae. A small flysch
depression located in the southwestern part was formed
in theUpper Jurassic and was present to the Valangin-
ian. 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, KRAUTNER
& KRsTIC 2003): SM, Serbian-Macedonian Unit; RV, Ranovac—Vlasina Unit; LU, LuZnica Unit; KU, Ku¢aj Unit; HU, Homo-
lje Unit; SPP, Stara Planina—Pore¢ Unit; VCM, Vrska Cuka-Miro& Unit; SU, Severin (Krajina) Unit; MP, Moesian Plate.

represented by carbonate sediments with three facies
(limestone facies with rudists, facies of bioclastic lime-
stones with orbitolinids and facies of bioclastic lime-
stones with a terrigenous component and orbitolinids)
and terrigenous non-carbonatic rocks with three/four fa-
cies (facies of sandstones and marlstones with orbitolin-
ids, sandstone facies with ostreids and sandstone facies
with plant detritus) (JANKICEVIC 1978, 1996). Their total
thickness is circa 450-500 m and fossils are abundant,
especially representatives of rudists (and other bival-
ves), 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 glau-
conitic 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 Bo-
govina near the village Faca Vajali on two sections:
Faca Vajali-Izvor and Faca Vajali-Usée Arnaute (Fig.
1). In both sections are present only a part of the Urgo-
nian Limestones, which are macroscopically, i.e., litho-
logically, represented with two groups of limestones:
thick-bedded to massive grey limestones with visible
sections of macrofauna and thin- to decimeter thick-bed-
ded 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 sedimen-
tological, macro- and micropaleontological features (de-
positional textures, biota, etc.), to define four microfa-
cies types (MFT 1-4) and one subtype (MFT 2A). The
extended version of the DUNHAM (1962) and the meth-
ods described by WiLsoN (1975) and FLUGEL (2004)
were used for the microfacies analysis.

The thin sections are housed in the collection of M.
SupARr (Department of Paleontology, Faculty of Mining
and Geology, University of Belgrade, Belgrade, Serbia),
under the numbers MS 3000-3041.

The Faca Vajali-Izvor Section

The geological column from this locality is located
westward of the village Faca Vajali. It begins from the
middle parts of a temporary flow which from level 350
descends to the Crni Timok River and continues east-
ward, on the left side of the local road leading to the
center of the village (coordinates: x 4859050, y 7574470).
The locality is named by the spring (in Serbian = Izvor)
which is situated close below the section, directly along
the Crni Timok River.

Fig. 3. Thick-bedded, friable and disintegrated grey-yellowish marly limestones from
the middle parts (unit 7) of the Faca Vajali-Izvor Section, eastern Serbian Carpatho-

Balkanides.

At the locality Faca Vajali-Izvor, the studied column
has a thickness 51.9 m (Fig. 2). It is possible to dis-
tinguish the lower and upper part of the column on the
field. The lower part (3 units, 12.4 m thickness) is
composed of compact, grey thick-bedded to massive
limestones with a good visible extracted macrofauna on

the surfaces — colonial and solitary corals, stromatopo-
roids, 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 carbon-
ate sediments, partially enriched by clayey and sandy
fractions and with a yellowish weathering of the sur-
faces. 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), echi-
noids, gastropods, brachiopods, orbitolinids, efc.

On the the Faca Vajali-Izvor Section column are sep-
arated the.following two characteristic microfacies types
and one subtype, the photomicrographs of which are
given in Fig. 4: MFT 1 - bioclastic wackestone with
transitions to packstone, grainstone or floatstone; MFT
2A — bioclastic wackestone with transition to packstone,
rare boundstone; and MFT 4 — orbitolinid packstone.

MFT 1. Bioclastic wackestone with transitions to
packstone, grainstone or floatstone (Fig. 4, 5-7) are
present in rocks, around 70 %, mostly from the upper
parts of the column (units 4-10). In addition to rich
macrofaunal biota, the microassociation is represented
by fragments (bioclasts) of bivalves (but no rudists),
gastropods, corals, algae, foraminifera, echinoids, bra-
chiopods, crinoids, efc. The bioclasts are unequally dis-
tributed in micrite, rarely micro-
sparite, 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 mo-
re. The bioclastic and another
allochems (coated grains, grape-
stone, rarely ooids, pelloids etc.,
sometimes with geopetal fill-
ings) are well rounded, mostly
middle to bed sorted. Very
often they have micritic envelo-
pes as a result of work of cy-
anobacterias, fungi efc., which
are characteristic for protected
shoals and lagoons of higher
salinity.

The following algae were
established: green algae (Chlo-
rophyta), represented by numer-
ous Dasycladaceae (Neomeris,
Acroporella, Salpingoporella,
etc.), Udoteaceae (Boueina, Li-
thocodium), other Halimedaceae
and some dasycladacean mor-
phogenera (Coptocampylodon,
Terquemella). Red algae (Rhodophyta) are scarse, rep-
resented only by crusty structures of the genus Poly-
strata. Cyanobacterias (blue-green algae — “Cyanophy-
ta”), as endolithic algae and fungi, produce micrite (the
result of activities of prokaryotes) which envelopes the
allochems.
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In association connected with bioclastic wackestone
are present numerous benthic foraminifera and between
them various orbitolinids (Orbitolinopsis, Palorbitoli-
na), simple or complex agglutinated forms (Ammobacu-
lites, Charentia, Everticyclammina, Sabaudia, Debari-
na, Nezzazata, Nezzazatinella, Choffatella, Daxia, etc.),
calcareous imperforate, porcelaneous forms, represented
by miliolids (Quinqueloculina, Rumanoloculina, Pyrgo,
Sigmolina, Dervantina), calcareous perforate forms (Neo-
trocholina, Trocholina, Spirillina, Lenticulina, etc.) and
scarse sessile foraminifera (Coscinophragma and others).

These sediments were deposited in a shallow subti-
dal, and/or rather deeper intertidal area (carbonate plat-
form margin, i.e., open shelf lagoon behind a platform
margin; WILSON 1975; FLUGEL 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 detri-
tus, is made of fragments of colonial and solitary co-
rals, foraminifera, algae (Fig. 4, 3), crinoids, bryozoans,
echinoids, stromatoporoids, chaetetids (Fig. 4, 1), (mi-
cro)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 (Neome-
ris, Zittelina), Boueina from Udoteaceae, and also with
some dasycladacean morphogenera (Coptocampylodon,
Terquemella). Aggutinated foraminifera (Ammobaculi-
tes, Evertyciclammina, Charentia, Sabaudia and numer-
ous orbitolinids) are more typical than benthic calcare-
ous 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 or-
ganisms, whole tiny foraminifera and microgastropods,
tiny organic debris (echinoid spines, efc.), etc.

Their microfossil community is monotonous because
of the presence of terrigenous matter which reduced
flourishing of the organic world. In addition orbitolin-
ids, 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-USée Arnaute Section

The section is located in the eastern part of the vil-
lage, on the slope of Cukloj, 200 m SW from the con-
fluence (in Serbian = US¢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 fri-
able sandy-marly limestones without macrofauna. They
are followed by thick-bedded to massive grey limesto-
nes (units 4-9, thickness 37 m), which represent thick-
er and a more imposing part of the column with sur-
faces where numerous concentrations are visible, coqu-
inas of the rudists and very rare other macrofaunas — co-
rals, stromatoporoids, gastropods, bryozoans, etc. (Fig.
6). The highest part of the column (unit 10, thickness
2.3 m) is made.up of yellowish disintegrated sandy-
marly limestones, identical to the sandstones at the base
of the section and also without fauna.

On the geological column of the Faca Vajali-Usce
Arnaute Section the following characteristic three mi-
crofacies types are present and their photomicrographs
are given in Fig. 7: MFT 2 — bioclastic wackestone
with transition to packstone; MFT 3 — bioclastic grain-
stone and MFT 4 — orbitolinid packstone.

The MFT 2 microfacies (Fig. 7, 1, 3-6) from the mid-
dle part of column and the friable MFT 3, which is pres-
ent in the lowest and final part of the Faca Vajali-Usce
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

R

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 numer-
ous bioclasts of gastropods, molluscs etc., MS 3022; 3, Bioclastic wackestone/packstone with dasycladacean algae (Salpingopo-
rella pygmea), foraminifera (Charentia cuvillieri) and other well-rounded coated grains, MS 3023; 4, Bioclastic wackestone/packe-
stone 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, ezc.), 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-USée 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, thodophycean algae; 26, udoteacean green
algae; 27, dasycladacean green algae; 28, orbitolinids; 29, other agglutinated foraminifera; 30, calcareous porcelaneous (imperfo-
rate) foraminifera (miliolids efc.); 31, calcareous perforate foraminifera; 32, sessile foraminifera.
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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 abun-
dant rudist genera Toucasia, Matheronia, Monopleura
and Requienia, which build coquinas. Fragments of
shells, stromatoporoids, chaetetids, efc. which are dis-
tributed 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 frac-
tion, 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, dasycla-
daceans — Neomeris, “Epimastopora”, dasycladacean
morphogenera Coptocampylodon, Terquemella); simple
or complex agglutinated (Charentia, Sabaudia, Pseudo-
textulariella, orbitolinids) and forms of calcareous per-
forate foraminifera (Neotrocholina).

These rocks have two main characteristics: an abun-
dance of rudists (and rare specimens of other reef ma-
crofaunas) and a bioclastic character. Although the first
characteristic indicates reef origin, the fauna present in
the bioclastic, very fragmented limestones is not suffi-
cient to mark the limestone of MFT 2 and MFT 2A as
reefal. This was confirmed with their view, manner of
appearance, structure, efc. For the other characteristics
of these limestone with rudists and an interpretation of
their depositional nature see in the penultimate chapter
of this paper.

Fig. 6. The uppermost middle (mas-
sive grey limestone of unit 9) and
upper (thin- to decimetre thick-
bedded grey-yellowish friable and
disintegrated limestones of unit 10)
parts of the Faca Vajali-Usce Ar-
naute Section (eastern Serbian Car-
patho-Balkanides) with the detail
of a rudist coquina.

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).

k0 ok ok

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 se-
parately. These localities are: Faca Vajali—Vidikovac,
Mali Izvor/1, Mali Izvor/2, Bogovina—Pecina and Bogo-
vina—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—Pecina, and Mali Izvor (both
fossiliferous sites). MFT 3 is found only in the lower
and higher part of the Faca Vajali-USce Arnaute Section
(units 1-3 and 10). MFT 4 is also present in remain-
ing sections but in smaller amounts than other micro-
facial types.

MFT 2 is the most common in the middle part of
the Faca Vajali-Us¢e Arnaute Section (units 4-9) and
at the locality Bogovina—Kamenolom. MFT 2A, char-
acterized 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.

ko ok ok

In comparison with the facies studied in the Barre-
mian—Lower Aptian sediment complex established by
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Fig. 7. Thin-section photomicrographs of the sediments from the Faca Vajali-Usée 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 (frag-
ments 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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JANKICEVIC (1978), the microfacial types and subtypes
separated and described herein could be probable equal-
ized 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 Ur-
gonian facies sensu stricto and, according to his opin-
ion, it was formed in a reef environment, i.e., in infra-
littoral, more in his internal part (op. cit., p. 172). As
was pointed out in the previous section, sufficient rea-
sons which would allow this limestone with rudists to
be designated as reefal do not exist. The second type
of JANKICEVIC (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 sedimento-
logical and paleontological (especially micropaleontolog-
ical) study of a part of the Urgonian bioclastic limesto-
nes from near to the village Faca Vajali, the Boljevac
Area on the SE slopes of the Kucaj Mts. (Carpatho-
-Balkanides, eastern Serbia), some summary discussions
and conclusions in relation to the interpretation of their
depositional environment and stratigraphy can be made.

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 con-
ditions 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 tradi-
tionally known as the “carbonate (Urgonian) platform”
(ARNAUD-VANNEAU 1980; MASSE & PHILIP 1981; MAs-
SE 1993, efc. and many other earlier and newer refer-
ences) and in Serbian literature, it is defined as the
“paraplateforme carbonatique” (GRUBIC & JANKICEVIC
1973) or the “shelf carbonate platform” (JANKICEVIC
1978, 1996).

GuSIC & JELASKA (1990) while establishing some
depositional environments of the Upper Cretaceous of
the Brac¢ Island made comparisons with the ambients of
the middle shelf in sense of WILSON & JORDAN (1983).
The investigated biotop of part of the Urgonian sedi-
ments 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 carbon-
ate sands of higher water energy formed in sandy shoals,
beaches, tidal accumulations, submarine rises — bioclas-
tic grainstone), with a depth from shallow low and/or

high energy infralittoral (subtidal less than 10 m) to lit-
toral (intertidal, tidal flat). Different microfacies rich
with carbonate mud from the protected shelf lagoon of
limited circulation below the wave base are very fre-
quent.

Bioclasts (whole or fragmented fossil specimens)
mostly derived from rudist shells and also from other
reef fauna: corals, chaetetids, stromatoporoids, ezc. indi-
cate the interspersing of these organisms on the plat-
form or accumulation in coquinas. According to WIL-
SON & JORDAN (1983) and MASSE (1990, 1993), the Ur-
gonian 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 insi-
de), in which occupy different paleoecological niches.

These small ecologic reefs (small biostromes, car-
bonate build-up or patch reefs) built by the mentioned
bioclasts and other reef organisms were formed as ele-
vations 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 eco-
systems 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.

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 Va-
jali 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 Fa-
caVajali-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 paleoenvi-
ronments, essentially infralittoral to partially or rarely
littoral, with a more or less distinct water energy, prob-
ably 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 plat-
form 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 bound-
aries 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 Ap-
tian age was mostly established.

In the Serbian geological literature attempts were
made to subdivide the mentioned stages. The first
results were given by V. PETKOVIC who considered that
the boundary between the Barremian and the Aptian on
the Tupiznica Mt. lies “eventually between limestones
with pachydont shells and orbitolinid limestones”
(PETKOVIC 1908 from JANKICEVIC 1978, p. 161). The
question of boundary in the investigated Urgonian com-
plex of eastern Serbia was of special interest for
JANKICEVIC (1978). The same author defined the whole
complex as Barremian-Lower Aptian, although he con-
sidered 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.

Also of interest is part from his conclusion: “The
boundary between the Barremian and Aptian stage is
most often provisory undertaken, because exists a grad-
ual 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 RabuLovi¢ (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 lentic-
ularis and Neotrocholina aptiensis are of Lower Aptian
age. Unfortunately, their conclusions were not confirm-
ed with detailed defined stratigraphic characteristics of
the whole microassociation and their members. In addi-
tion, 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 subdivi-
sion of the Urgonian sediments, microfossils are much
more suitable than the present macrofauna. This paper
is one attempt to precisely define the stratigraphic rang-
es of the present foraminifera, i.e., to separate charac-
teristic 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 deci-
piens (even from the Hauterivian), Sabaudia minuta,
Pfenderina cf. globosa, Orbitolinopsis buccifer, Orbito-
linopsis gr. cuvillieri kiliani, Palorbitolina lenticularis,
Neotrocholina cf. aptiensis, and Neotrocholina cf. in-
fragranulata (even from the Berriasian), and

— third, for the Aptian, even the Albian (Mayncina
bulgarica, Sabaudia cf. briacensis and Sabaudia capi-
tata).

O

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, thin-
section MS 3038; 8, Martinottiella jucunda ARNAUD-VANNEAU, thin-section MS 3041; 9-11, Orbitolinopsis buccifer ARNAUD-
VANNEAU & THIEULOY, Fig. 5.9, and 5.10, thin-section MS 3027, Fig. 5.11, thin-section MS 3022; 12, Melathrokerion valser-
inensis 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. briacen-
sis ARNAUD-VANNEAU, thin-section MS 3041; 23, 24, Neotrocholina cf. aptiensis I0CHEVA, 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? con-
radi 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. 531, thin-section MS 3039, Fig.
5.32, thin-section MS 3041. Figs. 5.14, 5.15, 5.29, 5.30. are X 6,5 and all other Figs. are X 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 pro-
bably, the main cause for this is the exclusively bio-
clastic character of the investigated part of the Urgoni-
an Limestones, in which are obviously inserted orga-
nisms 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 de-
tailed 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 up-
per 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

Faca Vajali-Izvor Section

MS 3020. Bioclastic wackestone/floatstone; fragments of
bivalves, brachiopods, bryozoans, corals, echino-
derms; chaetetids Chaetetopsis rumanus (SIMO-
NESCU); Orbitolinopsis gr. cuvillieri kiliani, Ha-
plophragmoides cf. globosus 1L0zo, Charentia
cuvillieri NEUMANN, Rumanoloculina sp.; Sole-
noporaceae, Coptocampylodon fontis PATRULIUS,
Terquemella sp.

Bioclastic wackestone/floatstone; fragments of
bivalves, brachiopods, bryozoans, corals, stroma-
toporoids, echinoderms; Orbitolinopsis buccifer
ARNAUD-VANNEAU & THIEULOY, Orbitolinopsis
gr. cuvillieri kiliani, Sabaudia cf. capitata AR-
NAUD VANNEAU, Pfenderina cf. globosa FOURY,
miliolids; Lithocodium aggregatum ELLIOT, Sal-
pingoporella pygmea (GUEMBEL), Coptocampylo-
don fontis PATRULIUS, Zittelina sp., Triploporella
sp.

Bioclastic wackestone/packstone; fragments of
bivalves, brachiopods, bryozoans, corals, echino-

MS 3021.

MS 3022.

MS 3023.

MS 3024.

MS 3025.

MS 3026.

MS 3027.

MS 3028.

MS 3029.

derms; Orbitolinopsis buccifer ARNAUD-VAN-
NEAU & THIEULOY, Charentia cuvillieri NEU-
MANN, Trocholina sp.; Boueina sp., Gyroporella
cf. lukicae Soxkac & VELIC, Salpingoporella
pygmea (GUEMBEL), Salpingoporella sp.
Bioclastic wackestone/packstone; fragments of
bivalves, brachiopods, bryozoans, corals, echin-
oderms; Charentia cuvillieri NEUMANN; Salpin-
goporella pygmea (GUEMBEL), Neomeris sp., Zit-
telina sp.

Bioclastic wackestone/packstone; fragments of
bivalves (rudists and others), corals, calcareous
sponges, bryozoans, stromatoporoids, and others;
Charentia cf. cuvillieri NEUMANN, Melathroke-
rion cf. valserinensis BROENNIMANN & CONRAD,
Neotrocholina cf. infragranulata (NOTH), Pse-
udotriloculina 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, echino-
derms, bryozoans; Orbitolinopsis buccifer AR-
NAUD-VANNEAU & THIEULOY, Charentia cuvil-
lieri NEUMANN, Pseudocyclammina cf. P. lituus
(YOKOHAMA), Pfenderina cf. globosa FOURY,
Nezzazata sp., Verneuilina sp., Sigmoillina sp.
(and other miliolids), Neotrocholina sp., Spi-
rillina 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, efc.;
Orbitolinopsis  buccifer ARNAUD-VANNEAU &
THIEULOY, Palorbitolina lenticularis (BLUMEN-
BACH), Orbitolinopsis sp., Nezzazata isabellae
ARNAUD-VANNEAU & SLITER, Neotrocholina cf.
aptiensis 10CHEVA, Ammobaculites sp., Charen-
tia sp., Melathrokerion sp., Everticyclammina
sp., Bolivinopsis sp., sessile foraminifera Cosci-
nophragma sp.; cyanobacterial crusts, Boueina
cf. hochstetteri TOULA, Boueina sp.; other Hali-
medaceae; Acroporella sp.

Bioclastic floatstone; fragments of bryozoans;
microgastropod Nerinea sp.; Palorbitolina lenti-
cularis (BLUMENBACH), Charentia cuvillieri NE-
UMANN, Melathrokerion valserinensis BROENNI-
MANN & CONRAD, Mayncina sp., tiny miliolids,
Lenticulina sp.; cyanobacterial crusts, Polystrata
album (PFENDER), Lithocodium aggregatum EL-
LIOT, Gyroporella lukicae SOKAC & VELIC,
Triploporella sp., Neomeris sp.

Bioclastic packstone/floatstone; fragments of ga-
stropods, etc.; Palorbitolina lenticularis (BLU-
MENBACH) and many other undeterminable orbi-
tolinids, Haplophragmoides cf. globosus 1.0z0,
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MS 3030.

MS 3031.

MS 3032.

MS 3033.

MS 3034.

MS 3035.

MS 3036.

MILAN SUDAR, DIVNA JOVANOVIC, ALEKSANDRA

Choffatella decipiens SCHLUMBERGER, Praereti-
culinella cuvillieri DELOFRE & HAMAOUI, Pfen-
derina 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; micro-
gastropod; Orbitolinopsis cf. nikolovi PEYBER-
NES, CONRAD & CUGNY, and many other unde-
terminable orbitolinids, Ammobaculites sp.,
Everticyclammina sp., miliolids, sessile forami-
nifera; 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 (BLU-
MENBACH), Orbitolinopsis sp. and many other
undeterminable orbitolinids, Charentia cuvillieri
NEUMANN, Neotrocholina aptiensis IOCHEVA, Neo-
trocholina cf. friburgensis GUILLAUME & REI-
CHEL, Ammobaculites sp., small miliolids, Neotro-
cholina sp., Lenticulina sp.; Terquemella sp.
Bioclastic packstone/grainstone; fragments of
macrofauna, e.g., bryozoans and others; micro-
gastropods; Palorbitolina lenticularis (BLUMEN-
BACH), Charentia cuvillieri NEUMANN, Melathro-
kerion valserinensis BROENNIMANN & CONRAD,
Neotrocholina cf. aptiensis 10CHEVA, Mayncina
sp., Sabaudia sp., Rumanoloculina sp., Neotro-
cholina sp.; Boueina sp., Coptocampylodon fon-
tis PATRULIUS, Terquemella sp., Neomeris sp.
and numerous algal fragments.

Bioclastic wackestone/packstone; tiny sceletal
detritus with numerous bryozoans; Palorbitolina
lenticularis (BLUMENBACH) and other orbitolin-
ids, 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, efc.),
stromatoporoids, annelids, etc.; Palorbitolina
lenticularis (BLUMENBACH) and other numerous
orbitolinids, Neotrocholina aptiensis 1OCHEVA,
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, Neo-
trocholina cf. infragranulata (NOTH), miliolids,
Neotrocholina sp, Lenticulina sp.; Boueina sp.,
Terquemella sp., Neomeris sp.

Bioclastic packstone/wackestone; fragments and
detritus of macrofauna; Palorbitolina lenticularis
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(BLUMENBACH) and other numerous orbitolinids,
Pseudocyclammina cf. lituus (YOKOHAMA), Pra-
ereticulinella cuvillieri DELOFRE & HaMAoOUI,
Sabaudia cf. capitata ARNAUD-VANNEAU, Deba-
rina sp., numerous miliolids, Lenticulina sp.
Bioclastic packstone with orbitolinids; fragments
and detritus of macrofauna; Palorbitolina lentic-
ularis (BLUMENBACH) and other numerous orbi-
tolinids, Choffatella decipiens SCHLUMBERGER,
Sabaudia capitata ARNAUD-VANNEAU, Ammoba-
culites sp., Nezzazatinella sp., Pseudotextu-
lariella sp., Dobrogelina sp., numerous miliolids
(?Quinqueloculina sp. and others); Boueina sp.
Bioclastic wackestone/packstone; fragments of
bivalves, crinoids, echinoid spines, corals; mi-
crogastropod; Palorbitolina lenticularis (BLU-
MENBACH), Debarina hahounerensis FOURCADE,
RaouLT & ViLA, Choffatella decipiens SCHLUM-
BERGER, Pseudocyclammina cf. lituus (YOKOHA-
MA), Praereticulinella cuvillieri DELOFRE &
HamaoUl, Nezzazatinella sp., Everticyclammina
sp., Sabaudia sp., Neotrocholina sp.; Vermi-
porella? tenuipora CONRAD.

Bioclastic wackestone/packstone with coral;
fragments of bivalves, crinoids, echinoid spines;
Palorbitolina lenticularis (BLUMENBACH), Deba-
rina hahounerensis FOURCADE, RAOULT & VILA,
Mayncina bulgarica LAUG, PEYBERNES & REY,
Neotrocholina cf. aptiensis 10CHEVA, Sabaudia
capitata  ARNAUD-VANNEAU, Daxia sp., Ammo-
baculites sp., Nezzazata sp., miliolids, Lenticu-
lina sp.

Bioclastic packstone; fragments and detritus of
bivalves, corals, efc.; microgastropod; Reophax?
giganteus ARNAUD-VANNEAU, Mayncina bulgar-
ica LAUG, PEYBERNES & REY, Choffatella decip-
iens SCHLUMBERGER, Neotrocholina cf. fribur-
gensis GUILLAUME & REICHEL, Pseudocyclammi-
na sp., Sabaudia sp., Quinqueloculina sp. and
numerous other miliolids, Lenticulina sp.; Bou-
eina 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 AR-
NAUD-VANNEAU, Sabaudia cf. capitata ARNAUD-
-VANNEAU, Pseudocyclammina cf. lituus (YOKO-
HAMA), Martinottiella jucunda ARNAUD-VANNE-
AU, Earlandia? conradi ARNAUD VANNEAU, Nez-
zazata 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 (YO-
KOHAMA), Sabaudia briacensis ARNAUD-VAN-
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NEAU, Sabaudia cf. capitata ARNAUD-VANNEAU,
Martinottiella  jucunda  ARNAUD-VANNEAU,
Lenticulina sp.

Bioclastic packstone/grainstone; fragments and
detritus of bivalves, corals, efc.; Mayncina bul-
garica LAUG, PEYBERNES & REY, Sabaudia bri-
acensis ARNAUD-VANNEAU, Sabaudia minuta
(Horker JR.), Martinottiella jucunda ARNAUD-
-VANNEAU, Neotrocholina aptiensis 10CHEVA,
Daxia sp., Nezzazata sp., Rumanoloculina sp.,
Quinqueloculina sp. and other miliolids,
Trocholina sp.

Faca Vajali — USée Arnaute Section

MS 3000.

MS

MS

MS

MS

MS

MS

MS

MS

MS

MS

3001.

3002.

3003.

3004.

3005.

3006.

3007.

3008.

3009.

3010.

Biolithoclastic wackestone /packstone; tiny or-
ganic debris, predominantly from bivalves, gas-
tropods, etc.; Earlandia? conradi ARNAUD-VAN-
NEAU, Nautiloculina sp., Bolivinopsis sp.

Lithobioclastic wackestone/packstone; tiny orga-
nic debris, predominantly from bivalves, gastro-
pods, etc.; Polystrata album (PFENDER) DENIZOT,

“Epimastopora” sp.; Vermiporella? tenuipora
CONRAD.

Bioclastic grainstone; tiny organic debris of bi-
valves, echinoderms (small echinoid spines,

etc.), algae, efc.; microgastropods.; Palorbitolina
lenticularis (BLUMENBACH), Mayncina bulgarica
LEUG, PEYBERNES & REY, Charentia cuvillieri
NEUMANN, Nezzazata sp., Pseudotextulariella
sp.; Polystrata album (PFENDER) DENIZOT.
Bioclastic wackestone/packstone; tiny organic
debris of bivalves, echinoderms (echinoid spi-
nes, efc.), algae, efc.; microgastropods.; Palorbi-
tolina lenticularis (BLUMENBACH), Sabaudia cap-
itata ARNAUD-VANNEAU, Sabaudia minuta (HOF-
KER), miliolids, Neotrocholina sp.

Bioclastic grainstone; fine organic debris, bio-
clasts of molluscs and tiny benthic foraminifera.
Bioclastic grainstone; fine organic debris, bio-
clasts of molluscs and tiny benthic foraminifera;
Bolivinopsis sp.

Bioclastic wackestone; fragments of rudists and
other bivalves; microgastropods; Nautiloculina
sp., Neotrocholina sp.

Bioclastic wackestone; fragments of rudists and
other bivalves; microgastropods; Neotrocholina
cf. friburgensis GUILLAUME & REICHEL.
Bioclastic packstone/wackestone; fragments of ru-
dists, stromatoporoids, efc.; Charentia cuvilllieri
NEUMANN, Nezzazata sp., Neotrocholina sp.; dif-
ferent algal structures (e.g. cyanobacterias, efc.).
Bioclastic packstone; fragments of rudists, stro-
matoporoids, efc.; Charentia cuvillieri NEUMANN,
Sabaudia sp.; Terquemella sp.

Bioclastic packstone; fragments and detritus of
rudists and other bivalves, gastropods, crinoids,

MS 3011.

MS 3012.

MS 3013.

MS 3014.

MS 3015.

MS 3016.

MS 3017.

MS 3018.

MS 3019.

echinoids (e.g. spines, efc.), 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, gastro-
pods, crinoids, echinoid spines, stromatoporoids,
and others; Nautiloculina cf. bronnimanni AR-
NAUD-VANNEAU & PEYBERNES, Charentia cuvil-
lieri NEUMANN, Choffatella decipiens SCHLUM-
BERGER, Neotrocholina cf. friburgensis GUIL-
LAUME & REICHEL, Nezzazata sp., Sabaudia sp.,
Neotrocholina sp.; Polystrata album (PFENDER)
DeNizot, Coptocampylodon fontis PATRULIUS,
“Epimastopora” sp.

Bioclastic wackestone; Palorbitolina lenticularis
(BLUMENBACH), Sabaudia minuta (HOFKER), De-
barina sp., Quinqueloculina sp., Pyrgo sp. and
other miliolids, Neotrocholina sp.; Terquemella
sp.

Bioclastic wackestone; Mayncina bulgarica LEUG,
PEYBERNES & REY, Debarina sp., Quinquelo-
culina sp., Pyrgo sp. and other miliolids,
Neotrocholina sp.; Polystrata album (PFENDER)
DEeNizot, Coptocampylodon fontis PATRULIUS.
Bioclastic wackestone; fragments and tiny debris
of rudists, efc.; 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 al-
bum (PFENDER) DENIZOT.
Bioclastic wackestone/packstone;
macrofauna (e.g., rudists, efc.); Mayncina bul-
garica LEUG, PEYBERNES & REY, Charentia
cuvillieri NEUMANN, Ammobaculites sp.; Terque-
mella sp.

Bioclastic wackestone/packstone; detritus of ma-
crofauna (e.g., rudists, etc.); Charentia cf. cuvil-
lieri NEUMANN; Neomeris sp.

Bioclastic grainstone/packstone; detritus of bry-
ozoans, echinoderms, bivalves, etc.; Palorbito-
lina 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 bry-
ozoans, echinoderms (e.g. echinoid spines, efc.),
and others; Palorbitolina lenticularis (BLUMEN-
BACH), Mayncina bulgarica LEUG, PEYBERNES &
REY, Choffatella decipiens SCHLUMBERGER, Sa-
baudia briacensis ARNAUD-VANNEAU, Pfenderi-
na globosa FOURY, Neotrocholina aptiensis

detritus  of
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locHEVA, Ammobaculites sp., Sabaudia sp., Do-
brogelina sp., miliolids, Trocholina sp., Neotro-
cholina sp., Lenticulina sp.; Boueina sp., Cly-
peina sp., Terquemella sp.

Pe3ume

Yprouckn Kpeumanu KacHOT GapemMa u
PaHOT anTa jyroucTOYHNX NajuHa
Kyuajckux nnannna (Kapnaro-6ankannamy,
ucrouna Cponja)

Y OKBHpY pacnpocTpameHux M (panujaaHo pa3Ho-
BPCHUX JOHOKpPENHUX cefuMeHaTa Kyuajckor TepaHa
Kapnarto-6ankanuna ncroune CpOuje HapOInTO Cy Ka-
paKTepUCTUYHE TBOPEBUHE OAPEMCKOT U allTCKOT KaTa
U noce6aH THUIl HBUXOBOTr pa3Buha MO3HAT MO UMEHOM
yproH, yproucka danuja wim yproucko passmhe. Ha
ABa JiokanuTeTa y atapy cena Pauma Bajanu koje ce
Hajla3d y OKONMHU BosbeBla, Ha jyTOUCTOYHUM Maju-
HaMa Kyyajckux nijaHuHa, U3BplIeHa Cy JeTalbHa Cefl-
HMMEHTOJIOIKA U MHUKPONAJEOHTONOIKA UCTPaKUBa-
A JeJHOT BUXOBOT fiea.

PesynraTu npoyyaBama cy ykas3aiu fia je OH UCKIbY-
4yuBO u3rpabeH of OMOKIIACTUYHHUX BapujeTeTa Kped-
BbaKa y KojuMa cy, y3 OpojHe Makpo u MUKpoocuie,
KOHCTaTOBaHa yeTupu Tuna mukpodanmja: MFT 1 Tj.
OMOKJIaCTUYHM BEKCTOHHU ca IIPeJIa30M Ka NEKCTOHNUMA,
rpejuctonnMa unu gaoyrcroamma; MFT 2 T1j. Gmo-
KJIACTUYHU BEKCTOHM ca IIpelia3oM Ka INEeKCTOHMMA;
MFT 3 Tj. 6uoknactuyunu rpejucronn 1 MFT 4 Tj. op-
6uronuHcKE nieKcToHN. Takobe je ompeben u jegan Tumn
nondaruja - MO®T 2A Tj. GUOKIACTUIHN BEKCTOHU ca
npeJja3oM Ka eKCToHUMa, pebe 6ayHacronnma. Kpeu-
wmary u3 MFT 1 u 3 Hama3se ce y TaHKoO 110 fiebeso 6aH-
KOBUTUM TPOIIHMM JO AEJUMHUYHO PpacHafgHyTHUM,
MIECKOBUTO-JTAIOPOBUTHM, U CHUBO-KyhKacTuMm Kpeu-
BalumMa ca nenmM obimmmmMa gocuia. Y aebeno 6aH-
KOBUTHUM JJO MaCHBHUM CHBHMM Kpedmaluma y KojuMa
je makpodpayna, Hajuenthe pyAWCTHa, MPHUCYyTHA WC-
KIJbYUYHBO y IpeceliMa 3acTyIUbeHH ¢y Kpeuwbanu MFT

2 u 2A. Op6uronuucku nekcroun (MFT 4) nojaBiby-
jy ce y o6a Tuma OMOKJIaCTUYHUX KpedaKa y Ipoyya-
BaHUM JoKanuTeTnMa cena Pana Bajanu.

3a necduHncame AENO3ULMOHUX CPEeHA UCTPaKu-
BAaHUX YPrOHCKUX KpeuwaKa KopullltheHe cy u naneo-
eKoJIoKe ocobmHe yTBpheHux Mmkpodocuna, meby
KojuMma cy HapounTo O6pojHu opamuaupepu, a pebe
anre. CKOpO HCKIbYYHUBO CYy INPUCYTHE OEHTOCKE
¢dopme moxk cy mpwuBpirtheHn gopamuHupeEpr gOCTa
perku. Meby mpBumMa ce 3amaxajy arjayTHHAaHTHH
(Meby KojuMa cy HapoO4YMTO OpOjHH OPOUTONHMHUIN),
KpEeUmadKo IOpIeNaHcKu (uMmrep¢opaTHH) Tj. MH-
JIMONUAM U JIp., Kao ¥ KpedmhayKo neppopaTHu o6u-
mu. LlmjanoGakTepuje, pBeHe W 3ejieHe (MpUMepIH
¢amunmja Udoteaceae m Dasycladaeae) anre cy moape-
bene.

MuTepnpeTanyja HelOKyNHE AENO3UIMOHE Iajeo-
CpeiuHe WUCTPakMBAaHOI JeJa YPrOHCKUX Kpeumaka
dana Bajanu nokasaina je ga Cy OHU CTBapaHu y MOp-
CKOj CpefHM BeoMa IJIUTKOT cyOTajmana W/ iim Maio
nybmer mHTepTajgana. OBe, mpe cBera WHPPAIUTO-
pajHe O AEeNMMUYHO, aju pebe m nuropanHe masne-
OCpefyHE, ca BUILIE WU Mabhe N3PasKeHOM JUHAMUKOM
BOJIe, HajBepoBaTHHj€ 3ay3UMajy IPOCTOpE Be3aHe 3a
CIOJbHY MBHIY IUIaT(OpMe, WU 32 HEHY YHyTpall-
BOCT, Tj. TaKObe 3a yHyTpallllbe OTBOPEHE, 10 BHILE
WM Mame 3alTuheHe fienoBe IUaT(OpMHE JaryHe.
CBHU IpUCYTHU N1aJIEOEKOCUCTEMU U HEJJOBOJbHO KOHCO-
JIMJIOBAaHU JEIIOHATH Y HaBEJIEHUM CpeiluHaMa cy y Be-
JINKOj MepHW OWIIH MONIOKHA OP30M pasiiaramy IITO je
YCJIOBUIJIO fla Y MCTPA*KUBAHUM [€JIOBUMa YPTrOHCKUX
Kpeuwmaka Jokanurtera Pama Bajanu panac
UCKJbYYMBO Hamla3uMO Ha OMOKJIACTHYHE BapujeTeTe
Kpeumaka U pparMeHTupane ¢pocuie.

Y oxBupy Beoma 6oraTe MmKpoaconujanuje gopa-
MuHHM(Epa U alrd NPeuu3Ho ¢y Ae(UHUCAHA BEPTH-
KaJlHa pacrnpocTpamema yTBphenux gopammandep-
CKUX BpCTa IITO WMNaK HHje OMOTryhmio pa3jBajame
TBOpEeBMHA 0AapeMCKOT W amTCKOT KaTa. Y TBpheHa je
KacHoOapeMcKa M paHoalTcKa CTapocT OBOT Jieja yp-
FOHCKUX Kpeumaka Ipu uyeMmy Behu feo umHTEepBaia
npunaga 30uu Palorbitolina lenticularis.
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The Albian—-Cenomanian Kotroman Formation of Mokra Gora
(western Serbia)

NENAD BaNJAC', DIVNA JOVANOVIC,
IvaN DULIC & DARIVOJKA LIiUBOVIC-OBRADOVIC

Abstract. Cretaceous deposits in the wider area of Mokra Gora village (western Serbia) were studied pre-
viously 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” (RADOICIC 1995, and references therein). This study preliminary defines the
“Basal series” as a formation and proposes the lithostratigraphic term “Kotroman Formation”. The stratigraph-
ic column of the Kotroman Formation consists of three separate members of lower rank. The ferruginous sand-
stone and conglomerate of the KamiSna Member occupy the lower part, nodular bedded marly limestone of the
Urosevi¢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, palacontology, sedimentology, Albian-Cenomanian, Mokra Gora, western
Serbia.

Ancrpakr. Kpenne TBopeBuHe y mmpoj okonuHr Mokpe T'ope (3anagua Cp6uja) 6miie cy mpoydaBaHe TOKOM
OCHOBHUX I'€OJIOIIKHUX UCTPaKUBakha U AeTaJbHUX UCTPAKUBakha JIEKUIIITA MUHEPAIHUX cupoBuHa. Hujennum oxt
OBHUX HCTpaXknBama HUCY AeduHUcCaHe (popManyje, HUTH je ofpebeH paHr HOjelMHUX JUTOCTPATUTIPadCKUX
jemuunna. Hajcrapuja xpepna cgopmanuja y okonunu Mokpe Tope, T3B. “Baszanna cepmja”, nexxu Ipeko
NEepUIOTUTAa W CepIEeHTHHHTA, a wmcrop “Xemunenamke cepuje” (Pagonuyns 1995). OBoMm crymujoM je
npeauMapHo neduHucana “ba3anHa cepmja”, 3a KOjy je mpemiioxeH Ha3uB “Popmanmja Korpoman” u y K0joj cy
U3[IBOjeHa TpH IoceOHa YilaHa HIKer pefa. I'BoxxbeBuTH nelryapyu 1 KOHIJaoMepaTy yiada Kamuinna 3aysumajy
HajHIKW HUBO, KBPraBW Kpeumaly WiaHa YpolueBwhu ce Halla3e y CpelheéM HUBOY, IOK j€ HajBHUINU WIAH
IpefiCTaBbeH TAHKOCIOjeBUTHM KpeumaluMa 1 Jlanopuuma wiaHa Jatape. ®ocuiiHa 3ajefHAIa IPECTaBIbeHa
je copainyHuM aconyjalpjaMma Mekyiana, hopamMuaudepa, anru, CIaTKOBOJHUM XapoduTama ¥ OCTPaKOAUMA,
KOjH yKa3yjy Ha aj0-IleHOMaHCKY cTapocT opmanyje.

Kipyune peun: Popmanuja Korpoman, nmaneonrosnoruja, cegumenTtosnoruja, Anb-uenoman, Mokpa I'opa,
3anagHa CpOuja.

Introduction ceous exposures, which have been studied by numer-
ous authors, e.g., MILOovANOVIC (1933, cum. lit.), PEJO-

Cretaceous sediments have a limited extent in west- vic & Raporcic (1971), RapoICic (1995), BANJAC
ern and south-western Serbia. However, in the wider (1994) and DuLi¢c (2003). Some detailed mapping of
area of Mokra Gora, there exist well defined Creta- the formations and lower rank units was made during
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basic and thematic geologic investigation. OLUIC &
Karovi¢ (1986) distinguished units of Cenomanian,
Cenomanian-Turonian and Senonian age, while MoJsI-
LOVIC et al. (1978) distinguished Cenomanian—Turonian
and Turonian units. JOVANOVIC et al. (2004) distin-
guished three well defined and mappable formations:
The oldest, so called “Basal Series” of Albian—Ceno-
manian 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 RADOICIC & SCHLAGINTWEIT (2007).
Exposures at VardiSte 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
JovANOVIC et al. (2004). The aforementioned locality
by the Kotroman village is adopted as the type section
of the Kotroman Formation. Other localities are distrib-
uted on the surrounding of Mokra Gora, the Rzav syn-
cline, and include: the Valley of the Beli Rzav River
and Krsanje, Vardiste, Mededova Ljeska and Jezdimiro-
viéi villages. Some limited exposures are present at a

larger distance, i.e., Jagostica,
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Pozderci¢ and Ljuto Polje ham-
lets.

In the western part of the
study area, in the Kotroman and
Uroseviéi localities, the Kotro-
man Formation directly over-
lies 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 con-
centrated in a smectite zone.
* There is relative enrichment of
N Fe,0; and Al,O; and some
trace elements in the upper-

Jatare

Golo brdp

Glibetici

/77/(9;7 8/

Mokra Gora

most part of the crust MAKSI-

MOVIC (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 strati-
graphic column. The lower limit

Fig. 1. Distribution of the Kotroman Formation in the Mokra Gora area. Legend:
1, Position of investigated stratigraphic columns; 2, Distribution of the Kotroman For-

mation; 3, Major faults; 4, State boundary.

Series, were object of detailed lithological investiga-
tions by BORTOLOTTI et al. (1971). Their level 1 and 2
could be correlated with lower part of Kotroman
Formation, while their level 3 (with abundant fossil
associations), could be correlated with upper part of
Kotroman Formation, or with Jatare member as lateral

is a sharp transgressive bound-
ary with serpentinite or a few
meters thick weathering crust,
while upper limit is a gradual
transition to the Hemipelagic
Series.

Three separate members can
be distinguished: The KamiSna Member, the UroSevici
Member and the Jatare Member, even though the last
one can be consider as lateral equivalent of Kotroman
Formation.

The Kami$na Member is represented by a clastic
sequence consisting of reddish conglomerates and thin-
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Fig. 2. Simplified stratigraphic columns (A. UroSevici, 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
(UroSevi¢i Member); 4, conglomerate and sandstone (Kamisna 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 KamiSna Member.
This clastic sequence can also be found close to
Vardiste, at the northern slope of Mededova ljeska and
Jezdimirovici. Here, the polymict basal conglomerate is
composed of serpentinite, gabbro, chert, diabase and
limestone fragments in a sandstone matrix. These con-
glomerates are interbedded with gradational sandstones.
The upper part of the clastic sequence is characterized

by red chert and alevrolite. There is a smooth transi-
tion to the overlain UroSevi¢ci 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, JANKOVIC 1990).

The middle part of the Kotroman Formation is dom-
inated by nodular limestone of the UroSevi¢ci Member,
mostly biomicrites, with frequent yellowish marl inter-
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calations, as well as macro and microfossils associa-
tions. Smooth transition to the upper part of the Kotro-
man Formation is marked by decreasing thickness of
beds and less nodular limestone. Upper segment of
Formation, which is represented by thin bedded bio-
clastic limestone, is here adopted as Jatare Member.

Schematic stratigraphic columns of the UroSevidi,
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 - UroSeviéi

The cumulative thickness of the Kotroman Forma-
tion in the UrosSevici locality is 48 m. Here, the basal
conglomerates of the Kamisna 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.

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

The UroSevici Member of the stratigraphic column is
nodular biomicrite interbedded with yellowish marl (A-2
in Fig. 2). The type section is at the Urosevi¢i hamlet

(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 frag-
ments and Radoicicelapses sterni, Nezzazatinella cf.
picardi, Salpingoporella urladanasi, Aeolisacus sp.,
Glomospira sp. The macrofauna is represented by gas-
tropod fragments (Cassiope sp.). Rare oogonias and
charophyte trunks represent the microflora association.
Also there are frequent inaperturate pollen grains of
xerophile conifers (Inaperturopollenites limbatus, Arau-
cariacites australis, A. hungaricus, Cingulatipollenites
aegyptica, Caliallasporites, rare Cycadopites, Ephedri-
pites, Steevesiapollenites, Eucommiidites etc.). A rich
assemblage of fern spores can also be found (Gleiche-
niaceae, Anemiaceae, Schizaceae, Cyathaceae, Disco-
niaceae). Among the angiosperm pollen grains, the
most frequent are Retimonocolpites reticulatus — per-
oreticulatus (rarely genera Clavatipollenites), as a rich
assemblage of the genera Tricolpites and Tricolpo-
roidites. Rarely triporate pollen grain of normapolles
(Complexiopollis sp.) can be found.

In the upper part of the Urosevici stratigraphic col-
umn (A-3 in Fig. 2), thin bedded nodular bioclastic
limestone represents the third, Jatare Member. Calca-
reous and silty marlstones in some places contain abun-
dant 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 kotroma-
nensis. In addition charophyte remnants can be found.

The Jatare Member of the Kotroman Formation is
here overlain by bituminous, thin bedded, marly lime-
stone of hemipelagic series. The bedding surfaces of
the above series are plain and well expressed.

B - Kotroman

The cumulative thickness of the Kotroman Forma-
tion 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 Urosevici, the lowermost
KamiS$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 UroSevici
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 rem-
nants, gyrogonytes, charophytes, algae Radiocicelapses
sp., etc. Rarely, cm-scale lenses of calcirudite and cal-
carenite rich in bio- and lithoclasts, fragments of mol-
lusks, 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 ostra-
codes, bivalves and the algae fragments. The paly-
nomorph association is similar to that at the UrosSevici
locality.

Fig. 4. Nodular (knobby) limestone of the UroSevi¢i Mem-
ber (43°46°05”° N, 19°28°22"’E).

Fig. 5. Limestone with mollusk fragments of the UroSevici
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 UroSe-
viéi Member are superimposed on top of a weathered
crust. Field observations indicated that no clastic section
comparable to that at the KamiSna Member is present.

Here, gray and yellowish marly limestone is the domi-
nating lithological constituent of the stratigraphic column
(C-1 in Fig. 2). The beds contain mollusk shells with
geopetal fillings, foraminifers, ostracodes and rare charo-
pohyte remnants. The latter ones indicate intermittent
fresh water influx. The uppermost part of the stratigraph-
ic 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). Nume-
rous foraminifers (Miliolidae, Nezzazatidae, Glomospi-
ra sp. etc.), ostracodes and cyanobacteria Decastropo-
rella inconstans are present. Rarely Rhapydionina
dubia and some orbitolins can be found. The above-
mentioned microfuna association indicate an Albian/Ce-
nomanian age of the Kotroman Formation.

Fig. 6. Thin bedded biomicrite of the Jatare Member
(43°46°29.94” N, 19°28°3641”° E).

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

Depositional environment
and stratigraphical problems

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 mid-
Albian, initiated erosion and redeposition of sediments
that include the basal series of the Cretaceous succes-
sion, 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 lim-
ited 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 lago-
onal gastropod fauna, with Pseudomesalia teniucostata,
P. multicostata, Pirenella cf. levadhiae, Paraglauconia
lujani, Bicarinella bicarinata and Cassiope kotroma-
nensis, 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 problem-
atic and doubtful. This is supported by the fact that the
gastropod family Cassiopidae is characterized by rapid
ontogenical and phylogenical changes, e.g. MILOVANOVIC
(1933), CLEEVELY & MOoRrIS (1988), MENNESSIER
(1984), AkopyaN (1976), KOLLMANN (1979).

The microfauna assemblage is represented by Radoi-
cicelapses sterni, Nezzazatinella cf. picardi, Hemicycla-
mina sigali, Salpingoporella urladanasi, Aeolisacus in-
constans, Ovalveolina maccagnae, Rhapdionina lauri-
nensis, which indicate an Albian and possibly early
Cenomanian age.

Conclusion

This preliminary research paper investigates a Creta-
ceous formation in western Serbia known as the Basal
Series. A new lithostratigraphic term is proposed for
this unit, the “Kotroman Formation” after the type lo-
cality and type section at the Kotroman village.

The stratigraphic columns from the described locali-
ties imply three members within the Kotroman Forma-
tion: (1) The KamiSna Member consist of clastites, up
to 8 m thick, (2) The UroSeviéi 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 UroSevi¢ci Member. Paleontological
analyses indicate an Albian—Cenomanian age. Deposi-
tion probably started during the mid-Albian, and con-
tinued up to Cenomanian.

Numerous beds of terrigenous clastics with gradual
transitions to nodular limestones and fossiliferous stra-
ta point to frequent changes in the local environmental
conditions during the mid Cretaceous time. We believe
that, in some future work, the recognition and correla-
tion 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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Pe3ume

Anodcko-uenomancka ®opmammja Korpoman
(Mokpa I'opa - 3anapgna Cpouja)

Kpenne TBopeBHHE Cy Mallo pacnpocTpameHe y 3a-
magHo] u ceBepo3amagHoj CpOuju. Mebytum, mmpa
okommHa Mokpe ['ope je ycren Bemukor 6poja m3gaHaka
mpoydvaBaHa Off CTpaHe BUIlle ayTopa: MUJIOBAHOBU R
(1933, cum. lit.), [IEJOBUR & PAagmowuwnn (1971),
Panonuns (1995), bawan (1994) u Oymus (2003).
Taga cy w3BpmieHa W TpBa cTpaTurpadcka parmi-
qjamaBama. [leTalbHa WCTpakMBama W3BEICHA CY
TokoM m3paje mrctoa OT'K 1:100 000. MOJICUITOBUR u
op. (1978), Onysurs nu KapoBut (1986). JOBAHOBUHR u
Op. (2004) m3nBOjUIM Cy BWINIE je[MHUIIA HIDKET pefia,
Koje crpaturpad)cku TpHUNaajy andy, MEeHOMaHy H
Typony. Hajcrapuja 138 “ba3amna cepmja” nmexu mau-

PEKTHO IIPEKO CEPIIEHTUHHUTA WU KOpe pachajamba.
Acomnpjanuja mpucyTHe MUKpOdgayHe AeTalbHO je OIH-
caHa ofi ctpaHe RADOICIC & SCHLAGINTWEIT (2007).
Crnegun “Xemwumnenamka cepuja” Pagowunn (1995),
LIEHOMAHCKe CTapoCTy, Kao 1 HajMilaba cepuja IIMTKo-
BOJIHUX CIPYAHUX TBOPEBUHA TYPOHCKE CTAPOCTH.

“Ba3zanmHa cepmja” je OTKpWBEHA y HEMOCPENHO]
okonuHu KoTrpomana, rie je yrBphbeHa Ha HEKOIHMKO
JIOKaJuTeTa. 3a OBY CEpHjy PEIIOKeH je Ha3uB “Pop-
manmja Korpoman” mpemMa JJOKaauTeTy KOjH je YCBOjeH
3a Tuncku npocdun oBe dopmarmje (43°46°3.817 C,
19°28°22.05” W1). Ocranu JOKaJIUTETH Hala3e ce AyxK
nonuHa Benor m Upnor P3aBa, oko Kpmawa, Bap-
puita, MebefoBe Jjbecke W Ha ApyruM Mecruma. Y
3amajHoOM fieay TepeHa oko KoTpomana u ¥YpoueBuha,
¢opmanuja KorpomaHs jiexku JUPEKTHO MIPEKO CEPIICH-
THHUTA, IOK Y UCTOYHOM JIeNly JIeKU NPEKO KOpe pac-
najama jebese Hekoauko Merapa. Popmanuja Ko-
TpomaH uMa fiebsprHy off S0 m, a cacToju ce off KIacTu-
Ta y HUKEM JIeJly U JTIallOPOBUTUX KpeulhaKa y BHUILEM
neny crpaturpadgcekor cryba. [Jloma rpanunia je omrpa,
TPaHCI'PECUBHA, 10K j€ rOpHha IpaHulla INpecTaB/beHa
MIOCTENEHUM ITPeJIa30M IpeMa XeMHUIEIalIKo] CEPHjH.

N3pBojeHa cy Tpu unaHa HIKET pefia, Ha3BaHa IpeMa
JoKanuTeTUMa Ijie cy pas3Bujenu: KamuiHa, Y poleBu-
hu m Jarape. YUnan Kamuminae mpepcraBbeH je Kia-
CTUTHMA ca FBOXbHEeBUTUM OOMAUMA, (PparMeHTUMa cep-
NEHTUHUTA, Be3aHUM KapOOHATHUM WU TJIMHOBUTHM
neMeHToM. [Topes KOHrIIOMepaTa TaMHO CUBH I€IIYapy
YyHEe HajBaKHUjU fieo oBor wiaHa. Ocramm ¢rope u
cpayHe cy y oBoM unany peTku. Ynan YpouieBuhu npen-
CTaBJbEH je HOMYyJIApHUM OMOMUKPHUTHMA, KOjH CE CMe-
BYjy ca kyhkactum manopiuma. Hajoosme je pa3Bujen
KOJI 3aceoka Ypomesuhu (43°46°1.44” C, 19°28°7.11”
). Hogyne cy yknommbeHe y MEUIaBUHY IJIMHE U Kap-
Oonata. Aconmjanuja MUKpoayHe cacToju ce Off MPH-
Mepaka Radoicicelapses sterni, Nezzazatinella cf. picar-
di, Salpingoporella urladanasi, Aeolisacus sp., Glomo-
spira sp. MakpodayHa je mpejicTaBjbeHa (pparMeHTAMA
Cassiope sp. Yecra cy mHanepTypaTHa 3pHa IOJ€Ha
kcepodmranx Kouudepa (Inaperturopollenites limbatus,
Araucariacites australis, A. hungaricus, Cingulatipolleni-
tes aegyptica, Caliallasporites, petko Cycadopites,
Ephedripites, Steevesiapollenites, Eucommiidites 1 fip.).
Meby 3pHuMa nojieHa aHTrHOCIIEPMHU YECTH CY IPUMEPIH
Retimonocolpites reticulates. Petko mory ma ce Haby n
3pra Normapolles (Complexiopollis sp.). Unan Jatape
3ay3MMa HajBHIIIE JieJIoBe (hopMaliije U IPeCTaBIbEH je
KapOOHAaTHUM JIalOpLUMa KOjeé MECTHMHYHO CajipiKe
Oorate acoryjanmje MuKpodayHe y KOjuMa TOMAHUPA-
jy: Aeolisacus inconstans, Ovalveolina maccagnae wn
Rhapidionina laurinensis. MaxpodayHa je OoTKpuBeHa
Ha OpOjHUM JIOKaIMTETUMa, MECTUMHUYHO rpajechm
mpaBe symakene. Hajuenthe cy To ¢parmeHTn mMeky-
mana: Amphidonte conicum, Ostrea callimorphe, O. cu-
nabula, Pseudomesalia teniucostata, P. multicostata,
Pirenella cf. levadhiae, Paraglauconia lujani, Bicarinella
bicarinata n Cassiope kotromanensis.
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Bpojuu cnojeBn TepureHux KjaacTuTa ca IMOCTENeH-
UM IIpejia3uMa Ka HOMYJIapHUM Kpedmaluma yKasyjy
Ha 4ecTe IPOMEHe JIOKAJHUX YCIOBa CefMMEHTaluje
TOKOM cpefilbe Kpefie. AHanu3a MpUCyTHE naneodIo-

pe u maneodayHe ykasaia je Ha cTpaTurpad)cky mpu-
nagHocT popManmje Korpoman anb-nienomany. Cepu-
MEHTalFja je HajBepOBaTHHUjE MOYEJIa TOKOM CPEHEer
anba u HacTaBmia ce KpOo3 EHOMaH.
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Late Triassic radiolarians from the Ovcar-Kablar Gorge
(SW Serbia)

NEVENKA DJERIC' & NATASA GERZINA®

Abstract. Detailed micropalacontological research of Triassic siliceous rocks was carried out at a locality in
the Ovcar—Kablar gorge, NE of Ovcar Banja. According to the determined radiolarian associations, the inves-
tigated chert and radiolarite are of Late Carnian-Early Norian age.

Key words: Late Triassic, radiolarians, Ov¢ar—Kablar Gorge, SW Serbia.

Ancrpakr. [JeTajbHa MIUKPONAIEOHTONONIKA MCTPaXKNBakha TPUjaCKUX CIIIMIMjCKUX CeUMeHaTa U3BpIIeHa
cy Ha jokanureTy y OBuapcko-kKabmapckoj kiaucypu, CU og OBuap Bame. Ha ocHOBY onpebennx pagunomapu-
jCKMX aconmjanyja yTBpheHo je ma cy poxkHany U papuonapuTi jJokanureta Opuap bama ropme KapHUjCKE [0

IOHE HOPUYKE CTAPOCTH.

Kmyune peun: I'opmu Tpujac, paguonapuje, OBuapcko-kabiaapcka knucypa, J3 Cpouja.

Introduction

Siliceous sedimentary rocks, such as cherts and radio-
larites, are widespread in southwestern Serbia. Note-
worthy is that they originated in different geological
settings and during different geological intervals (Dimi-
TRUEVIC 1997, KARAMATA 2006). They mostly occur in
the internal parts of the Dinarides, in the vicinity of
ophiolitic units and/or within ophiolitic mélange forma-
tions, less frequently in other geological environments.
The maximum accumulation of radiolarian cherts occur-
red 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 stud-
ies of Mesozoic Radiolaria. Within the Serbian part of
the internal Dinarides, Triassic and Jurassic radiolarians
were described for the first time by S. GORICAN (per-
sonal communication 1988, 1990) as well as by OBRA-
DOVIC & GORICAN (1988) and OBRADOVIC et al. (1986,
1987/1988). Recent works reflect the increase of radi-
olarian studies in Serbia and their importance for strati-

graphic, palaecogeographic, tectonic and palaeotectonic
implications (GORICAN et al. 1999, KARAMATA et al.
2004, DieriC & VISHNEVSKAYA 2005, 2006; VISHNEV-
SKAYA & DIERIC 2006a, b; DIERIC et al. 2007a, b; GAW-
LICK 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 OvcCar Banja (7434755, 4861714). This region
belongs to the Vardar Zone Western Belt (Fig. 1), ac-
cording to KARAMATA et al. (2000). On the territory of
western Serbia, there are two belts of ophiolitic mé-
lange overlain by large ultramafic massifs. The more
external belt is known as the Dinaridic Ophiolites or
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Dinaridic Ophiolite Belt (PAMIC et al. 2002, KARAMATA
2006) or as the Central Dinaridic Ophiolite Belt (Lu-
GOVIC 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 ocean-
ic 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 er al. 2008). Amongst the
blocks derived from the lower plate, Triassic strata
derived from the adjacent Adria passive margin predom-
inate over ophiolites. These Triassic strata, consisting of
platform carbonates, slope to
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basinal facies, such as Hallstatt
limestone, cherty limestone,
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ic limestone successions or radi-
olarites, of Late Anisian to No-
rian age (e.g. CHIARI et al. 1996,
DIMITRDEVIC et al. 2003, GORI-
CAN et al. 1999, 2005; BORTO-
LOTTI et al. 2005, GAWLICK et
al. 2007b).

According to S. SCHMID (per-
sonal comm. 2007), this particu-
lar part of the mélange forma-
tion does not contain ophiolites
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but Triassic sediments, which
probably derived from the ad-
jacent passive margin. These
Triassic sediments consist not
only of radiolarites but also of
cherty or micritic limestones of
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Fig. 1. Location of the Ovcar Banja section, SW Serbia. A, Tectonic units and ter-
ranes of part of the Balkan Peninsula in the sense of KARAMATA et al. (2000) and
KaArRAMATA (2006): EBDU, East Bosnian—Durmitor Unit; DOB, Dinaridic Ophiolite
Belt; DIE, Drina-Ivanjica Element; VZWB, Vardar Zone Western Belt; JB, Jadar
Block; KBRU, Kopaonik Block and Ridge Unit; MVZ, Main Vardar Zone; SMU,

Serbian—Macedonian Unit.

According to KARAMATA (2006), within the Western
Basin of the Vardar Ocean, representing the precursor
of the Vardar Zone Western Belt (VZWB), deep-water
cherts and shales were deposited over basalts of the
ophiolitic association from the Late Triassic to the
Kimmeridgian. Large masses of trench deposits, repre-
sented by olistostrome mélange and gravity slides from
the oceanic crust and the continental margin, accumu-
lated within this basin from the Mid-Jurassic time.

According to SCHMID et al. (2008), there is a single
Jurassic ophiolite sheet in the Dinarides, namely the
Western Vardar Ophiolitic Unit that was obducted onto
the passive margin of Adria during the latest Jurassic
times. The ophiolitic mélange, which occurs below the
metamorphic sole flooring the obducted ophiolites, typ-
ically contains a mixture of (1) rock types derived from
the lower plate, mechanically scraped off and accreted
to the upper plate, and (2) gravitationally emplaced olis-
toliths derived from the upper plate. The blocks derived

presumably Triassic age. These
sediments were also sheared off
during mélange formation, but
they are tectonically underneath
(and further W) of the ophiolitic
blocks described above. These
large (km-size) slices of Triassic
sediments are analoguous to si-
milar occurrences in Greece
(“Maliac” nappes). The mélange formation underlies W-
Vardar ophiolites, i.e. the Maljen ophiolite (S. SCHMID per-
sonal communication 2007).

The first findings of radiolarians in the chert from
this locality were described in papers by OBRADOVIC
(1986), OBRADOVIC et al. (1987/1988), OBRADOVIC &
GORICAN (1988). The studied siliceous sediments con-
tain associations of radiolarians which points to Ladini-
an age (OBRADOVIC 1986, OBRADOVIC et al. 1987/1988,
OBRADOVIC & GORICAN 1988). These authors are of the
opinion that sediments at this locality are olistoliths of
the Porphyrite-Chert Formation.

Material and Methods

The described radiolarian assemblages originate from
one single section at the Ovcar—Kablar Gorge (Fig. 1).
Three samples were collected from the radiolarian
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cherts. The chert samples were only treated with dilute
5-7 % hydrofluoric acid, following the method of PEs-
SAGNO & NEWPORT (1972). In all samples, spumellari-
ans were much more abundant than nassellarians. The
residues of the acid treatment, which yielded well pre-
served faunas, were studied for biostratigraphic purpos-
es. 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 identifica-
tion and illustration of the radiolarians. These are illus-
trated in Plates 1 and 2. The micropalacontology mate-
rial is housed at the Faculty of Mining and Geology in
Belgrade (registration numbers NDJ 100 to NDJ 103).

Section description and biostratigraphy

Characteristic layered chert with siliceous claystone
and subordinate limestone occurs on a 70 m wide sec-
tion along the road Catak—PoZega (Fig. 1), about 2 km
NE of Ovcar 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 local-
ity OvCar Banja, three of which gave positive results.

Sample NDJ 103. Chert collected 20 cm from the bot-
tom of the section (Fig. 2). The radiolarian association is
relatively well preserved and is represented by the fol-
lowing species: Canesium lentum BLOME, Capnodoce
crystallina PESSAGNO, Capnuchosphaera lenticulata PES-
SAGNO, Capnuchosphaera concava DE WEVER, Capnu-
chosphaera sp. cf. C. tricornis DE WEVER, Capnucho-
sphaera sp. cf. C. deweveri KOZUR & MOSTLER, Sarla sp.
aff. S. vizcainoensis PESSAGNO, Spongotortilispinus carni-
cus (KozurR & MOSTLER), Spongostylus tortilis KOZUR &
MOSTLER, Pachus multinodosus TEKIN, Whalenella ? spe-
ciosa BLOME, Japonocampe sp. and Triassocampe sp.

The radiolarian assemblage can be attributed to the
early Norian due to the co-existence of Capnodoce crys-
tallina PESSAGNO (latest Carnian/earliest Norian—early
Norian, ? late middle Norian; TEKIN 1999), Capnucho-
sphaera 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).

Sample NDJ 102. Chert collected 1 m from the bot-
tom 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 con-
cava DE WEVER, Capnuchosphaera sp. cf. C. lea DE
WEVER, Capnuchosphaera theloides DE WEVER, Capnu-
chosphaera theloides minor BRAGIN, Capnuchosphaera
triassica DE WEVER, Japonocampe nova (Y AO), Japono-
campe sp. cf. J. nova (YA0), Loffa 7 mulleri PESSAGNO,
Xiphothecella rugosa (BRAGIN) and Whalenella sp.
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Fig. 2. Sample position and lithological log of the Ovcar
Banja section. Legend: 1, chert; 2, limestone; 3, silicified
chert; 4, tuff; 5, radiolarian sample position.

The age is latest Carnian/earliest Norian—early No-
rian due to the co-occurrence of Xiphothecella rugosa
(BRAGIN) (latest Carnian/earliest Norian—early Norian;
TeEKIN 1999), Capnodoce crystallina PESSAGNO (latest
Carnian/earliest Norian—early Norian, ?late middle No-
rian; TEKIN 1999), Capnuchosphaera triassica DE WE-
VER (early Carnian—early Norian; TEKIN 1999), Capnu-
chosphaera concava De Wever (early Carnian—early No-
rian; TEKIN 1999).

Sample NDJ 100. Chert collected 2 m from the bot-
tom of the section (sl. 2). The radiolarian association
is relatively well-preserved and represented by the fol-
lowing species: Capnuchosphaera theloides DE WEVER,
Capnuchosphaera theloides minor BRAGIN, Capnucho-
sphera tricornis DE WEVER, Sarla vetusta PESSAGNO,
Spongotortilispinus carnicus (KOzuR & MOSTLER), Pa-
ronella sp., Capnuchosphaera sp., Japonocampe ? sp.,
and Whalenella sp.

Based on the co-occurrence of Capnuchosphera tri-
cornis 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 & KRrRiLov 1999, TEKIN 1999) and
Spongotortilispinus carnicus (KOzuR & MOSTLER) (Car-
nian—early Norian; TEKIN 1999; BRAGIN 2007), the age
of the fauna is late Carnian—early Norian.

Comparison

The majority of the species extracted from the sam-
ples taken from the section at the locality Ov¢ar Banja
are widely known, primarily from the Triassic beds of
the Mediterranean Region. Almost all of them occur in
the Upper Triassic (Upper Carnian—Lower Norian) of
southern Turkey (DE WEVER et al. 1979, TEKIN 1999)
and southern Cyprus (BRAGIN 2007). The late Carnian
to Early Norian radiolarians at the locality Ov¢ar Banja
can be compared to the radiolarians in the volcano-sed-
imentary formation of the Rubik area in Albania (CHI-
ARI et al. 1996, BORTOLOTTI et al. 2006), Greece and
Sicily (DE WEVER et al. 1979), as well as to the Early
Norian fauna of Slovakia (KozZUR & MOSTLER 1981).
Some species, for example Capnodoce anapetes, Capno-
doce crystallina, Capnuchosphera theloides, Xiphothe-
cella longa and Xiphothecella rugosa were recorded in
the Late Carnian of Transcaucasia (KNIPPER et al. 1997),
the Upper Carnian—Lower Norian of Oman (OTSUOKA et
al. 1992), the Upper Carnian—-Lower Norian of the Far
East of Russia (BRAGIN 1991) and Japan (SuGIYAMA
1997) and the Upper Carnian—-Middle Norian of Mexico
and Oregon (PESSAGNO et al. 1979, BLOME 1984).

Final remarks

The siliceous deposits from the Ovcar Banja locali-
ty consist of radiolarian cherts with clay, tuff and lime-
stone interlayers. On the basis of the radiolarians, the
analyzed cherts were deposited between the Late Car-
nian and the Early Norian. These sediments were also
sheared off during the formation of mélange; they are,
however, tectonically underneath the ophiolitic blocks
described above. These large (km-size) slices of Trias-
sic sediments are analoguous to similar occurrences in
Greece (“Maliac” nappes). The late Carnian to Early
Norian radiolarians at the locality Ov¢ar Banja can be
compared to the radiolarians in the volcano-sedimenta-
ry formation of the Rubik area in Albania (CHIARI et
al. 1996, BORTOLOTTI et al. 2006), Greece and Sicily
(DE WEVER et al. 1979), as well as to the Early Norian
fauna of Slovakia (KozUrR & MOSTLER 1981) and
Cyprus (BRAGIN 2007).
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Pe3ume

T'opwoTpujacke paguosapuje u3s
Osuapcko-kadnapcke kaucype (J3 Cponja)

Y okBupy 3anagHor nojaca Bappapcke 3oHe ucrpa-
SKUBaHU Cy poxkHau y OBUapCcKO-KabIapcKoj KIUCYpH
(mokanurer OBuap Bama). JlokanureT ce Hama3u Ha
nyty Yauak—IToxera (ci. 1), oko 2 km CU ox OBuap
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Bame (7434755, 4861714). KapakTepucTU4HU yCioje-
HU POKHAIM Ca CHJIMIMO3HUM TJIMHIMMAa M Topapebe-
HUM KpedmhalrMa OTKPHUBEHHU Cy Ha MPOMUITY IIIPO-
koM oko 70 m. Hajumku meo npoduna cacroju ce of
CTpaTu(UKOBaHNX, Oaro yoOpaHUX poXKHAIa TaMHO-
npBeHe 6o0je, ae6puae o 10 mo 50 cm y cMeHm ca
TaHKOCIIOj€BUTUM 3€JICHAM CIJIMIMO3HUM TJIMHIAMA,
TycutMa, Ty(hOoBIMa W CBETIUM CHITM(DUKOBAHUM H
peKpHcTantacTAM KpedmanuMa. PoskHanm cy mcmpece-
[[aHM KUIlaMa Koje Cy MPETEKHO NCIYheHE KAIITOM,
pebe cexymgapumM kBaprom. CrojeBU CHIIMIIMO3HUX
[VIHALIA CY IPOCEYHO NeGJbIHE OKO 5 cm, JIOK CIIOjeBH
Kpeumaka IocTmKy Ae6spuny n o oko 10 cm. Ieo ma-
KeT je ae6rbuHe oko 20 m. IIpema S. ScHMID (ycMeHO
CaoIIITEHE) OBaj flco hopMalyje MeJlaHXka He CapsKu
oronuTe HETO TpHUjacKe CEANMEHTE KOj! CY BEPOBATHO
6w neo macuBHe MapruHe. OBe mpoctpane (km pep
BEJIMUMHA) TTace TPHjacKUX CeAMMEHaTa Cy aHaJOTHE
cmyaAM TiojaBaMa y I'pukoj (“Maliac” HaBmake). U3
TpHjackux poxkHara JokanuTeta OBuap Bama y3opko-
BaHE Cy TpH MpolGe Koje Cy ajie MO3UTHBHE pe3yiTaTe:

ITpo6a HB 103, y3opkoBaHa M3 HAjHWKHX JIEJIOBa
npodmiia, cafip>kKu pesaTHBHO AOOpO OUYyBaHy 3ajefl-
HULY papnonapuja. [lome HOpIIKa cTapocT ofapebena

je Ha ocHOBY mpucycTtBa Bpcta Capnodoce crystallina
PESSAGNO, Capnuchosphaera lenticulata PESSAGNO,
Spongotortilispinus carnicus (KOzUR & MOSTLER) n
Spongostylus tortilis KOZUR & MOSTLER.

ITpo6a H'B 102, y3opkoBaHa M3 CPEHIIILAX [IETOBA
npodmia cafpsku OpOjHY W Pa3HOBPCHY aCOIMjaId]y
pajiuosiapyja ropwe KapHUjcKe A0 AOHmEe HOpUYKE CTa-
poctu. Oppen6a cTapOCTH U3BPILIEHA j€ Ha OCHOBY IIPUC-
YCTBAa KapaKTEpUCTUYHUX BpcTa: Xiphothecella rugosa
(BRAGIN) u Capnuchosphaera triassica DE WEVER.

ITpo6a H'B 100 y3opKoBaHa je u3 CpeuImHIX Ae0-
Ba npodmina. [IpucycrBo Bpcra Capnuchosphera tri-
cornis DE WEVER, Sarla vetusta PESSAGNO u Spongo-
tortilispinus carnicus (KOzUR & MOSTLER) yka3syje Ha
rope KapHUjCKY 0 NOKE HOPUUKY CTapOCT poKHala
oBe mpobe.

T'opwe kapHHjcKe 0 NOWke HOPUUYKE pajroiapujcKe
acomnujanyje gokaimurera OBuap bama mory ce mopen-
UTH ca acoljanyjamMa paguoiiapuja BYJIKaHO-CEu-
MeHTHe (opmanmje PyObmk moppydja y AnbGanuju
(CHIARI et al. 1996; BORTOLOTTI et al. 2006), I'puke n
Cummnimje (DE WEVER et al. 1979), xao u nome HO-
puukoM payHoMm Crnosauke (Kozur & MOSTLER 1981)
u Kunpa (BRAGIN 2007).

PLATE 1

Late Carnian to Early Norian radiolarians from the Ovcar-Kablar Gorge

Fig. 1. Capnuchosphaera theloides DE WEVER, Sample NDJ 102, x 200.

Fig. 2. Spongotortilispinus ? carnicus (KozurR & MOSTLER), Sample NDJ 100, x 350.
Fig. 3. Spongotortilispinus carnicus (KozurR & MOSTLER), Sample NDJ 103, x 300.
Fig. 4. Loffa ? mulleri PESSAGNO, Sample NDJ 102, x 200.

Fig. 5. Capnuchosphaera sp., Sample NDJ 100, x 200.

Fig. 6. Capnuchosphaera triassica DE WEVER, Sample NDJ 102, x 200.

Fig. 7. Capnodoce sp. cf. C. anapetes DE WEVER, Sample NDJ 102, x 200.

Fig. 8. Capnodoce crystallina PESSAGNO, SampleNDJ 103, x 200.

Fig. 9. Pachus multinodosus TEKIN, Sample NDJ 103, x 200.

Fig. 10. Japonocampe sp., Sample NDJ 103, x 200.

Fig. 11. Japonocampe nova (YA0), Sample NDJ 102, x 200.

Fig. 12. Xiphothecella rugosa (BRAGIN), Sample NDJ 102, x 100.

Fig. 13. Japonocampe ? sp., Sample NDJ 100, x 200.
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PLATE 2

Late Carnian to Early Norian radiolarians from the Ovcar-Kablar Gorge

Capnuchosphaera theloides minor BRAGIN, Sample NDJ 100, x 200.
Capnuchosphaera concava DE WEVER, Sample NDJ 102, x 200.
Capnuchosphaera sp. cf. C. tricornis DE WEVER, Sample NDJ 103, x 200.
Triassocampe sp., Sample NDJ 103, x 200.

Japonocampe sp. cf. J. nova (YA0), Sample NDJ 102, x 200.

Whalenella sp., Sample NDJ 102, x200.

Whalenella ? speciosa BLOME, Sample NDJ 103, x200.

Spongostylus tortilis Kozur & MOSTLER, Sample NDJ 103, % 350.
Canesium lentum BLOME, Sample NDJ 103, x 200.

. Capnodoce crystallina PESSAGNO, Sample NDJ 103, x 200.

. Capnodoce crystallina PESSAGNO, Sample NDJ 103, x 200.

. Capnuchosphaera concava DE WEVER, Sample NDJ 103, x 200.

. Capnuchosphaera sp. cf. C. tricornis DE WEVER, Sample NDJ 103, x 200.

. Capnuchosphaera sp. cf. C. deweveri KozZUR & MOSTLER, Sample NDJ 103, x 200.
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