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Microstructures of the Lim Zone along the contact
with Dinaridic Ophiolite nappe

ALEKSANDAR ILI¢! & LUKA PESIC?

Abstract. The Lim Zone is a part of the low-grade metamorphic core complex called the Lim Palaeozoic
Unit, overlain by detached Triassic sedimentary successions. The Lim Unit is located in the footwall of over-
riding Dinaridic Ophiolite nappe. In general, three major ductile deformation phases could be observed on the
boundary between the Lim Unit and the overriding Dinaridic Ophiolite nappe. In both, the Lim Unit and the
Dinaridic ophiolite nappe, the major deformation event was related to the SSW-directed, oblique thrusting along
the Dinaridic ophiolite thrust. The same orientation of the stretching lineation in both units is related to the
predominant top-to-the-south shear, which suggests, therefore, oblique thrusting during the emplacement of the
ophiolites over the Lim Unit. This paper deals with the results of microstructural analysis of Palacozoic rocks
of Lim Zone along the contact with Dinaridic ophiolite nappe.

Key words: microstructure, shear zone, shear bends, transpression, oblique thrusting.

AocrpakT. JIuMcKa 30Ha je ileo HHCKO-MeTaMOp(HCaHOT KOMIIIeKca 3BaHOT JIMMCKH Naneo3ouK, KOjH je
IPEeKPUBEH TPUjaCKUM ceuMeHTIMa. JINMCKY TaJle030UK Ce Hajla3u y HOAUHCKOM 610Ky [IuHapcke oguonureke
HaBnake. ['enepanHo, rnasHa ¢asza gecopmanyja, kako y JIMMCKOM naneo3ouky Tako u 'y JuHapckoj ohuonut-
CKOj HaBlanM je Be3aHa a JJ3-mHo HaBinauewme AyxX [uHapcke oduonuTcke HaBinake. MicTa opujeHTanuja
“streaching” nuHeanuje y obe jequHUIIE je Be3aHa 3a CMHLAKE y MpaBlly jyra IITO CTYrepulle KOCO HaBllauyemhe
odmonmra mpeko JImmcke 30He. OBaj paj IpHKa3syje pe3yiaTaTe MUKPOCTPYKTYpPHE aHAIU3e Malle030UjCKUX

creHa JIumcke 30He JAY2K KOHTaKTa ca HI/IHapCKOM OCbI/IOJ'[I/ITCKOM HaBJIaKOM.

Kibyune peun: MEKpOCTPYKTYpE, 30HE CMUIlamkba, KIU3He 30He, C-S CKJIOMN, TpaHCIpecHja.

Introduction

The working area is part the East Bosnian—Durmitor
Unit of the Central Dinarides in westernmost Serbia and
easternmost Montenegro, located in the footwall of over-
riding Dinaridic Ophiolite nappe (Figs. 1A, B). The Di-
naridic Ophiolite nappe is correlated with the Mirdita
Zone of Albania (SHALLO 1990) and the ophiolites of the
Pindos and Subpelagonian Zones of Greece (e.g., JONES
& ROBERTSON 1990). The East Bosnian—Durmitor Unit
represents a composite pile of nappes (DIMITRIEVIC
1982) and is considered to be the eastern passive conti-
nental margin of an Apulian plate (ROBERTSON & Ka-
RAMATA 1994). The outcrops to the south—west of the
Dinaridic Ophiolite nappe show mainly Palacozoic suc-

cessions, which are overlain by partly detached Triassic
sedimentary and sub-volcanic rocks. Within the working
area, this is represented by the Lim Zone, part of East
Bosnian—Durmitor Unit (“Zone de Lim” of RAMPNOUX
1970). The Lim Unit was overthrusted by Dinaridic
Ophiolite nappe (Figs. 1A, B) during the Late Creta-
ceous time, associated with low-grade metamorphic con-
ditions. This led to the formation of brittle-ductile and
ductile fabrics along the thrust zones (ILIC er al. 2003).

Geological and structural settings

The Lim Zone is characterized by molasse-type de-
posits, including metaconglomerate, metasandstone and

! Caspian Wireline Services, Baku, Azerbijan. E-mail: alexandar.ilic@gmail.com
2 Department of Geology, Faculty of Mining and Geology, University of Belgrade, Kamenicka 6, P.O. Box 227, 11000

Belgrade, Serbia. E-mail: gorgf(@rgf.bg.ac.yu
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Fig. 1. A, Simplified tectonic map of the Dinarides; B, Section across the Central Dinarides.

metasiltstone of Early and Late Carboniferous age, of the Zone (“Paleozoic of Praca” in SE Bosnia) is rep-
which are overlain by Early Triassic clastics, Middle resented by Early Carboniferous flysch deposits and
Triassic reef and pelagic carbonate deposits and vol- large, Late Devonian olistostromes (KRSTIC et al. 1988;
canic successions (PAMIC 1984). The north-western part EBNER 1991), overlain by Permian and Triassic sequ-
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Table 1. Correlation table showing the different ductile deformation phases in the Lim Unit and Dinaridic Ophiolite nappe;

DOT, Dinaridic Ophiolite Thrust. (ILIC et al. 2006).

2 Open folds with strongly developed
axial plane foliation and NS trending
fold axes

Lim Unit DOT Dinaridic Ophiolite nappe Age
NW-trending extensional veins in
D Crenulation, kink bands and kink o serpentinites 52-58 Ma
3| folds with NW-trending fold axes : Kink bands and SW-vergent kink (ILIC et al. 2003)
folds
Top-to-the west shearing in Triassic
cover and EW extension
D Updoming of Palacozoic rocks ? EW trending extensional veins Late Cretaceous

Formation of metamorphic foliation
D, and N-trending stretching lineation

Top-to-the south shearing

SSW-thrusting

Formation of pressure solution
foliation and NS stretching lineation
Internal W and SW-directed thrust
structures

78-80 Ma
(ILIC et al. 2003)

ences. The Central and southern part of the Unit (Prije-
polje-Brodarevo area in south-western Serbia, the Bijelo
Polje area in north-eastern Montenegro, respectively)
consists mainly of low-grade molasse-type sediments
with Late Carboniferous fusulinide limestones (CIRIC
1980), covered in some places in the south with Early
to Middle Permian clastic and volcanic rocks (ZIVALJE-
viC 1980). The whole complex of Paleozoic rocks is
overlain by partly detached slices of very low-grade
Early Triassic sandstones and shales, Anisian—Ladinian
massive, pelagic limestones, volcanic rocks and mas-
sive Ladinian—Carnian carbonates. The Triassic magma-
tism is represented mainly by intermediate and acid
plutonic and volcanic rocks of calc-alkaline affinity
(PAMIC 1984).

ILIC et al. (2004) reported Variscan “0Ar/*°Ar ages of
detrital white mica from nearly undeformed sandstones
exposed within a higher structural level of the Lim Pa-
lacozoic Subunit. The presence of dominantly Variscan
ages of the detrital white mica indicates that Alpine me-
tamorphism was not sufficient to reset these ages, which
constrain, therefore, variable Alpine, very low- to low-
grade metamorphic overprints (ca. 300-350° C) within
these structural levels. There is no evidence for Variscan
metamorphic overprints on Carboniferous molasse-type
deposits.

The study area, represented by the central part of the
Lim Unit, forms a NNW trending structural dome with
Palaeozoic rocks in the core and Triassic sequences on
the limbs (Fig. 2). An ENE trending zone with Triassic
rocks separates the north-western, Prijepolje subdome
from the south-eastern, Brodarevo subdome.

In general, three major ductile deformation phases
could be observed on the boundary between the Lim
Zone and the overriding Dinaridic Ophiolite nappe (ILIC
et al. 2006). In both, the Lim Zone and Dinaridic Ophio-
lite nappe, the major deformation event was related to
the SSW-directed, oblique thrusting (D;) along the Di-

naridic ophiolite thrust (DOT). The same orientation of
the stretching lineation in both units (ILIC et al. 2006)
is related to the predominant top-to-the-south shear,
which suggests oblique thrusting during the emplace-
ment of the ophiolites over the Lim Zone.

Table 1 presents a correlation of these tectonic phas-
es between the two tectonic units. A more detailed
description of the ductile deformation phases is given
in ILIC et al. (2006).

Results of microstructural analysis

The structures were mapped in many stations all over
the study area. A relative succession of outcrop-scale
deformation structures was established on the basis of
overprint criteria. Sets of structures belonging to the
same deformation phase were correlated within the
study area using their style, geometry and orientation as
distinguishing markers (e.g. HANCOCK 1985; PRICE &
CosGROVE 1990). Shear sense indicators, such as shear
bands, C-S fabrics or asymmetric pressure shadows,
were employed to obtain information on the kinematics
of the deformation phases on the macroscopic as well
as the microscopic scale. Thin sections, prepared for
kinematic analysis, were cut parallel to the stretching
lineation and perpendicular to the foliation plane (XZ
finite strain plane). This paper deals with the results of
microstructural analysis of Palaeozoic rocks of the Lim
Zone along the contact with Dinaridic Ophiolite nappe.
The terminology follows PASSCHIER & TrRouw (1996).

Microfabrics of the Lim Palaeozoic Unit
Based on the compositional types of metamorphic

rocks, Palaeozoic rocks of area along the contact with
ophiolites can be divided into three main categories:
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a™ of foliation (D)
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\4 Thrust ,
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Fig. 2. The central part of the Lim Unit.

— semi-pelitic to pelitic metasediments,

— quartzo-feldspathic-mica rich metasedimentary rocks,
and

— metabasites.

Each of thes groups of rocks has its own microfab-
rics and style of deformation. Semi-pelitic and pelitic
metasediments of this area are highly sheared rocks,
dominated by phyllosilicates. They show a continuous
slaty cleavage (S,) (after the classification proposed by
PASSCHIER & Trouw 1996; Fig. 3A). Quartzo—felds-
pathic—mica rich metasedimentary rocks are charac-

terised by irregular and often curved quartz and feld-
spar grain boundaries, while mica aggregates dominate
the microstructure; i.e., the quartz grains tend to be
elongated parallel to the micas. This is indicative for a
higher surface energy system (very small degree of sta-
bility; PASSCHIER & TROUW 1996). In low-grade slates
and schists, undulose extinction is most common (Fig.
3B). It is frequent in pre- and syn-tectonic minerals,
especially in quartz.

The main deformation mechanism in quartzo—felds-
pathic—mica rich metasediments is pressure in the solu-
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Fig. 3. Microfabrics and shear crite-
ria of the Lim Unit. A, Crenulation
cleavage developed in phyllonites of
the Prijepolje-domain; B, Quartzo-
-feldspathic-mica rich metasandstone;
C, Apparent slip due to pressure in
the solution; D, Quartz pressure sha-

tion (Fig. 3B), localized along the grain boundaries,
which are at a high angle to the instantaneous shorten-
ing direction. Furthermore, a slip along the contact due
to the pressure in the solution can be displayed (Fig.
30).

Pressure fringes around rigid clasts are another char-
acteristic feature of most quartz-feldspar-mica rich meta-
sedimentary rocks of this area. Pressure shadow develop-
ed around pre- and syn-tectonic rigid crystals. These pres-
sure shadows are low strain areas where new minerals
preferentially crystallised. They result from strain parti-
tioning around rigid porphyroblast or -clast. In this par-
ticular case, quartz pressure shadows developed around
euhedral crystals of pyrite (Fig. 3D), show the top-south
sense of the shear. According to RamMsAY & HUBER
(1983) they represent a pyrite-type of strain shadow.

The pyrite-type of strain fringes involve incremental
fibre growth of different mineral species at the inter-

dows developed around an euhedral
crystals of pyrite in Paleozoic meata-
sandstone; E, Continuous slaty cleav-
age in metabasites; F, Grain-scale
faults and undulose extinction of Tri-
assic sandstone; G, Mica fishes in Pa-
leozoic siltstones; H, Calcite grains
recrystallised along the boundary and
elongated in the east-west direction
in Triassic limestones.

face between porphyroblast or porphyroclast and its
pressure shadow. Depending on the mode of growth,
fibres of pyrite-type shadows can be sub-divided into
two categories: (1) displacement-controlled fibres (Fig.
3D) show consistent geometry of progressive growth of
the fibres along the displacement path; and (2) face-
controlled type fibres exhibit fibre growth normal to the
faces of the rigid object, irrespective of the displace-
ment direction. Depending on the P-T conditions, the
fibres may also be deformable or rigid. Pressure shad-
ows asymmetry in the X-Z section (deformable-fibre
type). The sense of the shear in this particular case is
top-to-the-south (Fig. 3G).

Metabasites are found only in the central part of the
Prijepolje subdome. They are generally fine-grained
rocks, composed of chlorite, albite and quartz. As with
the meta-pelites, they are mostly characterised by the
presence of a continuous slaty cleavage and quartz, pla-
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gioclase, chlorite and white mica grains elongated in
the direction parallel to the stretching lineation (Fig.
3E).

Microfabrics of Triassic sandstones and carbonates

Triassic sandstones mainly comprise quartz, feldspar,
white mica and some lithic components. These sand-
stones were deformed under very low-grade metamor-
phic conditions, probably below 300° C (ILIC er al.
2004) and are less deformed than rocks of the under-
lying Lim Palaecozoic Unit. The main deformation me-
chanisms were brittle fracturing and pressure in the
solution. The quartz and feldspar grains display irregu-
lar grain boundaries, intercrystalline deformation, in-
cluding grain-scale micro-faults (Fig. 3F) and undulose
extinction. Pressure in the solution was localized at the
grain boundaries, where stress in the grains was prob-
ably high. Compared to similar rocks of the underlying
Paleozoic Unit, the deformation style of these sand-
stones shows that they were deformed under brittle
rather than ductile conditions.

Triassic carbonates are represented by recrystallised
micrite-type limestones. The large calcite grains (ca.
2 mm) were recrystallised along the boundary and elon-
gated in the east—west direction (Fig. 3H). Deformation
by twinning dominates, indicating very low-grade meta-
morphic conditions (SCHMID et al. 1987). Finer grains
of the matrix show the same elongation in ca. the
east—west direction.

Discussion and concluding remarks

In both the Lim Unit and Dinaridic Ophiolite nappe,
a major deformation event was related to the SSW
directed, oblique thrusting along the Dinaridic Ophiolite
thrust (DOT) in the Upper Cretaceous times (ILIC er al.
2006).

This is the time of first ductile deformation phase,
D, formation of flat-lying milonitic foliation S; and the
peak metamorphic conditions in the Lim Palaeozoic
Unit (ILIC et al. 2003). The L, stretching lineation is
marked by elongated quartz grains, preferred orientation
of mica flakes and mica-chlorite associations. Conse-
quently, the N-S mineral elongation is seen to be pa-
rallel to the direction of the maximum extension due to
the major D; compressional event.

The previous S, foliation is deformed by E-W com-
pression related structures due to updoming of the Lim
Palacozoic Unit in the second phase of ductile defor-
mations (ILIC et al. 2006). On the thin-section scale,
these structures are represented, by crenulation cleav-
age within semi-pelitic and pelitic metasediments (Fig.
3A). The metamorphic foliation S, is folded, sheared
and overprinted by close-space crenulation cleavage
(Sc). The E-W compressional event was followed by

top to the west shearing in the Triassic cover (ILIC et
al. 2006). The structures of this deformation phase are
represented by decimetre-scale ductile shear fabrics in
Middle Triassic flaser limestones (Fig. 2J).

The third deformation event is probably related to
further updoming and it had a brittle-ductile character.
In the thin-section, micas deformed by this event are
bent without recrystallization in the fold hinges, indi-
cating the brittle-ductile nature of the last deformation
event.
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Pe3ume

MuKpoOCTPpYKTypHA aHAIN3a ejieMeHaTa
ckjona Jlumcke 30ne [Innapuga

I'maBue ¢aze pedopmammja y “JIuMcKoj] 30HH® ©
“INuHapcKko] O(HONMTCKO] HaBJamu” Cy Be3aHE 3a
jyr-jyrosanajHo TpacIpecuOHO HaBladewme “[luHap-
cke odmonuTcke 30He” mpeko “JImmckor [Taneo3onka”
TOKOM ropme Kpenie. To je yjemHo u Bpeme nipBe asze
AYKTWIHUX fAecdopMalyja Be3aHe 3a CTBapame IpBO-
outHe onujanuje ;.

IIpenxopHa S, ponujanuja je fecpopmucana y aApyroj
¢a3m pykTITHEX AedopManmja opMupameM Habopa
npubaMKHE opujeHTanuje ceBep—jyr. Habupamwe npBo-
6utHe (onujanmje je mpaheHo popMupameM KInBaXxa
C 1 cMHLIakbeM TPUjacKor MOKpUBaya y IpaBlly 3amaja.

Tpeha ¢aza medpopmanmja je BepoBaTHO Be3aHa 3a
fajbe U3fnu3ame u popmMupame cTpykTypHe fome. OHa
UMa ceMU-IyKTUJIHU KapaKkTep U Oryefa ce y npeHadu-
pamby MYCKOBHTA Yy TeMeHMMa Habopa 6e3 pekpucra-
n3aimyje.
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Paleogene-Early Miocene deformations of Bukulja—Vencac crystalline
(Vardar Zone, Serbia)

MILUN Marovi¢!, ILua Pokovi¢2, MARINKO ToOLIC3,
JELENA MILIVOJEVIC* & DARKO SPAHICS

Abstract. Low-grade metamorphic rocks of the crystalline of Mts. Bukulja and Vencac, which are integral
parts of the Vardar Zone, are of Late Cretaceous age. From the Middle Paleogene to the beginning of the
Miocene, they were subjected to three phases of intensive deformations. In the first phase, during the Middle
Paleogene, these rocks were subjected to intense shortening (approximately in the E-W direction), regional
metamorphism and deformations in the ductile and brittle domains, when first-generation folds with NNE-SSW
striking fold hinges were formed. In the second phase, during the Late Oligocene and up to the Early Miocene,
extensional unroofing and exhumation of the crystalline occurred, which was followed by intrusion of the gran-
itoid of Bukulja and refolding of the previously formed folds in a simple brachial form of Bukulja and Vencac
with an ESE-WNW striking B-axis. The third phase was expressed in the Early lowermost Miocene (before
the Ottnanghian), under conditions of NE-SW compression and NW-SE tension. It was characterized by wrench-
-tectonic activity, particularly by dextral movements along NNW-SSE striking faults.

Key words: Serbia, Vardar Zone, Bukulja—Vencac crystalline, structural analysis, tectonics, metamorphic
core-complex.

Ancrpakr. Hucko MetamopdHe crene KpucranuHa Bykybe u Benuana, xoje cy cacraBHu fieo Bappgapcke
3oHe CpOuje, cy ropmokpenHe crapoctd. OHe Cy Off CpeiuHe NajeoreHa 1o no4yeTka MuolieHa oune 3axBahene
UHTEH3UBHUM JedopMalyjaMa TOKOM TpH ha3e 0OIUKOBama. Y IpBOj (a3u, TOKOM CPE[IbET NajeoreHa, oune
Cy M3IIOXKEHEe jaKOM CyKelby (IpHONIKHO npasieM M-3), pernoHaIHOM MeTaMophu3My H AecdopManmjama y
AYKTHIIHOM U brittle noMeHy, Kaga cy ¢hopmupanu Habopu npBe rerepanyje ca b-ocama npyxamwa CCU-JI3. Y
Apyroj ¢asm, TOKOM TOPHET OJMTOIeHa, 10 Y AOHH MIOIEH [OINIO je O eKCTeH3MOHOT OTKPUBamba U eKCXY-
Malyje KpHCTaliHa, IITo je 6uino mpaheHo yTHCKUBameM rpaHuTonfa Bykybe m mpeHaOHpameM IPETXOTHO
¢opmupanux Habopa y jeqHocTaBHY Opaxudopmy Bykyme n Benuana ca B-ocom npyxama MIN-3C3. Tpehy
a3y, Koja ce CIOJBIIIA Y PAHOM JJOWEM MHOIIeHY (Tpe oTHaHra) y yeaosuma CY-J3 komnpecuje u C3-JU, TeH-
3Wje KapakTepuile wrench-TeKTOHCKa aKTHBHOCT, IIOCEOHO AEKCTpajiHa KpeTama Ay:K pacefa IpyxKama
CC3-JJ1.

Kmyune peun: CpOuja, Bapgapcka 30Ha, OyKy/bCKO-BEHUaUKU KPUCTAIUH, CTPYKTYPHA aHAIu3a, TEKTOHUKA,
MeTaMOpdHH core-complex.
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Introduction

Crystalline of Bukulja and Vencac, with its non-me-
tamorphosed Mesozoic—Cenozoic cover and Oligocene—
—Miocene granitoid, spatially belongs to the Vardar Zo-
ne (Fig. 1). These are terrains with complex geological
compositions which have been discussed many times,
often with controversial explanations.

There are dilemmas about the age of the crystalline
in the first place, which directly influenced different
explanations of the tectonics of these terrains. The crys-
talline has most often been considered to be of Paleo-
zoic age (Smmi¢ 1938; FiLipovic 1973; FiLipovi¢ & Ro-
DIN 1980; PokoVIC et al 1995; Trivic 1998). Such an
opinion is mostly based on the fact that these are rocks
of different metamorphic grade, while there are no reli-
able paleontological proofs or even paleontological
proofs of any kind. However, according to findings of
globotruncana and other fauna and on the base of paly-
nologic data from low-metamorphic rocks of Vencac,
BRKOVIC et al. (1980) and MAROVIC et al. (2005), re-
spectively, concluded that the Bukulja—Vencac crystal-
line is of Late Cretaceous age.

According to its age, folding of the area has also
been explained in different ways. Pokovi¢ & MAROVIC
(1985, 1986) separated three generations of folds in
these terrains. These authors related the first fold gene-
ration to Hercynian deformation, which is marked by
NE-SW striking fold axes. In the second phase, during
older Alpine tectogenetic events, the Hercynian fold
structures were refolded into E-W striking folds. The
third generation of folds is the consequence of a plu-
ton intrusion and further refolding of all the existing
folds into large domes and brachial synclines.

TRIVIC (1998) separated three (? four) generations of
folds. According to this author, axes of the oldest,
Hercynian structures are oriented in the WNW-ESE
direction. These structures were refolded into folds with
NNW-SSE striking axes during the first phase of Alpi-
ne deformation in the Mesozoic. Later, during the later
Alpine phases, the geometry of such folds became more
complex due to a pluton intrusion and strike-slip move-
ments along E-W striking faults.

MAROVIC et al. (2005) considered the metamorphic
rocks of Bukulja and Vencac to be of Late Cretaceous
age and the authors are of the opinion that there are
only Alpine and no Hercynian folds in these rocks.

The relationship between the crystalline and the non-
metamorphosed Cretaceous (prevailingly Late Cretaceous)
deposits, including tectonically incorporated slices of ser-
pentinite, is unclear and has been explained in differ-
ent ways. Sedimentary deposits are widespread on the
surface, mostly north, east and southeast of the Buku-
lja—Vencac crystalline, and they were also drilled out
under Neogene deposits of the Arandelovac and Bela-
novica Basin. There are also isolated and disconnected
portions of Cretaceous sediments on the southern rim
of the crystalline. All this points to the possibility that

the crystalline was completely covered by Cretaceous
sediments. The majority of authors is of the opinion
that the Cretaceous sediments transgressively overlie the
crystalline. According to TRIVIC (1998), metamorphic
rocks were thrust over Cretaceous sediments in certain
parts of the terrain in the South. BRKOVIC et al. (1980)
and Pokovic & MAROVIC (1986) mentioned sections
where metamorphic rocks gradually transit into non-
metamorphosed Upper Cretaceous deposits.

Finally, in accordance with different interpretations
of the geologic composition, the geotectonic position of
the Bukulja—Vencac crystalline unit is also controver-
sial. Its metamorphic content resembles the Drina—Iva-
njica crystalline (POKOVIC et al. 1995). The Bukulja—
—Vencac crystalline is located on the eastward exten-
sion of the Jadar Block, which is made of Paleozoic
rocks. This fact led FiLipovic (1995), FiLipovi¢c & Jo-
VANOVIC (1998) and FiLIpovIC (2005) to include at least
a part of it (western part of Bukulja) into the Jadar
entity. There is also the opinion that Bukulja—Vencac
crystalline is completely different from the metamor-
phic rocks of both the Drina—Ivanjica and Jadar devel-
opments and that it is made of metamorphosed Creta-
ceous deposits belonging to the Vardar Zone (BRKOVIC
et al. 1980; MAROVIC et al. 2005).

The above-cited problems concerning the geologic
composition of the Bukulja—Vencac crystalline are a
challenge for further investigations directed toward new
and better documented solutions. The results of one of
these studies, which represent a contribution to a bet-
ter understanding of the Paleogene—Early Miocene tec-
tonics of these regions, are presented in this paper.

Short Review of The Lithostratigraphic
Characteristics of the Terrain

A wider area of the Bukulja—VenCac crystalline is
made of rocks of different composition and age (Fig. 1).
Four large lithostratigraphic domains can be distin-
guished: (1) Bukulja—Vencac crystalline, (2) serpenti-
nite, Cretaceous clastics, carbonates and flysch, (3) Pa-
leogene—Neogene granitoid and volcanic rocks and (4)
Neogene—Quaternary sediments.

(1) The Bukulja—Vencac crystalline is made of rocks
of different degrees of metamorphism, mostly low-grade
metamorphics and, to a smaller extent, medium-to-high-
grade metamorphics. These are mostly sedimentary rocks
which were subjected to regional metamorphism and
also to contact metamorphism in the vicinity of the
granitoid. The lowest structural position is occupied by
gneisses (and also leptynolites in places), which are fol-
lowed by: micaschists, sericite schists, meta-quartz con-
glomerates, phyllites and sericite schists, marbles, calc-
schists, metacalcarenites and metasiltstones. Also epi-
dote-actinolite- and chlorite schists occur subordinately
in the low-grade metamorphic complex. Rocks with a
higher grade of metamorphism are found in the vicin-
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ity of the granitoid, while going away from it — towards
the Vencac, low-grade metamorphics predominate. The
Bukulja—Vencac crystalline is of Late Cretaceous or
maybe partly even of Paleogene age. The second author
(I.D.) is of the opinion that Vencac domain of the crys-
talline is of Late Cretaceous age, while the rest of it is
Paleozoic and resembles the Drina—Ivanjica Paleozoic.
During these investigations, rich microfloral associa-
tion, which indicates Late Cretaceous age, was found
in the calcschists and metacalcarenites of Vencac. This
is in full agreement with the results on the crystalline
age based on globotruncanas (BRKOVIC er al. 1980).
However, this age most probably does not refer to the
whole crystalline. Based on a lithostratigraphic correla-
tion, FiLipOvIC (2005) is of the opinion that the meta-
morphic rocks west of Bukulja are similar to the Jadar
Paleozoic, thus that they are Devonian and Carboni-
ferous in age.

(2) Cretaceous sequence of non-metamorphosed de-
posits and serpentinite are exposed on the northern,
eastern and southern slopes of the Bukulja—Vencac
morphostructure. The Cretaceous sediments are repre-
sented by reefal and stratified limestones, rarely also by
Early Cretaceous clastites and, for the largest part, by
various types of carbonates, clastites and Late Creta-
ceous flysch (BRKOVIC et al. 1980). Smaller tectonic
slices of serpentinite of Jurassic age occur locally near
the Cretaceous sediments.

(3) Oligocene—Early Miocene granitoid was intruded
into the Bukulja crystalline (KARAMATA et al. 1994;
KNEZEVIC et al. 1994). It induced also contact meta-
morphism of the surrounding rocks. The granite intru-
sion was followed by volcanic rocks, prevailingly phe-
noandesites, latites and their pyroclastics.

(4) A Neogene—Quaternary cover is represented by lo-
osely bound coarse-grained, gravely-sandy, clayey-sandy
and clayey deposits. These are mostly fresh-water equi-
valents of the Ottnangian—Karpatian and, to a lesser
extent, also marine deposits of the Badenian and Sar-
matian. The highest stratigraphic level is represented by
different types of Quaternary deposits.

Tectonic Setting
Methodology of research

Geologic mapping of the Bukulja—Vencac crystalline
(including the granitoid) and its non-metamorphosed
cover of Late Cretaceous age provided information re-
levant for solving the tectonic setting of the area. These
were data on bedding, foliation, folds of different scale
and faults. They were analyzed within different scale
ranges and homogeneous domains and the obtained data
were incorporated in a tectonic synthesis, together with
knowledge on the lithostratigraphic units.

Particular attention was paid to the determination of
the orientation of fault planes and associated slip direc-

tion, which was used for the reconstruction of pale-
ostress and deformation phases manifested from the
middle Paleogene to the beginning of the Miocene.
Reconstruction of faulting succession and displace-
ment was based on the criteria given by PETIT (1987)
and GAMOND (1983, 1987). Reduced deviatoric paleo-
stress tensors were computed for a cogenetic fault po-
pulation which was separated from polyphase sets,
based on field observations and kinematic compatibili-
ty. The method of numerical and graphical inversion
proposed by ANGELIER & MECHLER (1977), ANGELIER
(1979, 1989) and method of numerical dynamic analy-
sis (NDA) by SPERNER et al. (1993) were used. Compu-
tation of the data for paleostress analysis was perform-
ed using Tectonic FP software (ORTNER et al. 2002).

Structural features

In a structural sense, three large homogeneous do-
mains can be distinguished within the research area: (1)
Bukulja—Vencac crystalline, (2) the thrust-fold sequence
of non-metamorphosed Cretaceous deposits with tecton-
ically incorporated slices of serpentinite and (3) Neo-
gene basins. The first two structural domains are dis-
cussed in this paper, because they resulted from Paleo-
gene—Early Miocene deformations, which were the sub-
ject of the research.

The structural setting of the Bukulja—Vencac crys-
talline is very complex with a polyphase-deformation
history and at least two phases of folding. The area is
dominated by a large (Dkm) brachial-antiform struc-
ture, the hinge of which plunges toward ESE. The best-
developed fabric element is foliation, which actually
makes this antiform (Fig. 2A). Foliation is unevenly
developed: it is best-developed in gneisses and micas-
chists, less present in phyllites, sericite schists and calc-
schists, while it is poorly developed in metacalcarenite,
metasiltstone and “massive” marble.

The foliation is probably the result of flattening per-
pendicular to the foliation planes. Isoclinal intrafolial
folds of cm and dm scale are indicators of shearing
along foliation. They are particularly well-visible in the
metacalcarenites of Vencac, and locally, also in quartz-
sericite schists (Fig. 3). The Folds are mostly rootless
and represent thickened hinge zones, while their limbs
are strongly flattened and sheared. These folds are
west—northwest-vergent with fold axes plunging toward
NNE and SSW (Fig. 2B). Crenulations of foliation are
noticed locally. The crenulation axes plunge toward
south—southeast to, southeast and northwest and they
are genetically related to the formation of the brachial
antiform (Fig. 2C). Foliation and intrafolial rootless
folds could have been formed in an almost horizontal
position. All this indicates refolding in the Bukulja—
—Vencac crystalline.

Foliation is developed in the granitoid as well. It has
a periclinal distribution (Fig. 2D) compatible with foli-
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Fig. 3. Isoclinal folds in metacalcarenites of Vencac (Vencac
quarry).

ation in the Bukulja—Vencac crystalline, which indi-
cates their genetic relationship.

The thrust-fold stack of non-metamorphosed Creta-
ceous sediments with tectonically incorporated slices of
serpentinite also have a very complex structure as well.
Today, this unit is preserved within several small, more
or less homogeneous structural regions on the northern,
eastern and southern rims of the Bukulja—Vencac anti-
form. The structure is dominated by bedding and faults.
The Bedding planes are well-exposed and penetrative.

Terrains on the northern slopes of Mt. Vencac are
composed of non-metamorphosed deposits of Cretaceous
age. Despite the fact that a large part of the area is cov-
ered with deluvium, a lot of information was acquired
for fault analyses.

On the diagram F (Fig. 2), poles to bedding are
mostly concentrated in the NW quadrant, marking a
monoclinal dip toward southeast. However, field inves-
tigations showed that the folds in this area are not sim-
ple but that it is a folded unit with normal and over-
turned limbs of NNW (NW) vergent folds, similar to
the folds of the first generation in the underlying Bu-
kulja—Vencac crystalline, only less developed with less
strain. Cretaceous deposits north of Bukulja are identi-
cally deformed (Fig. 2E).

East of Vencac, there is an intensely tectonized zone
in the Cretaceous deposits and serpentinite. Unfortuna-
tely, this area is mostly covered, with no outcrops of
Cretaceous deposits, thus a comprehensive measure-
mant the of bedding attitude could not be performed.
According to the data from the wider surroundings (BR-
KOVIC et al. 1980), the area is characterized by a thrust-
fold pattern marked by West-vergent recumbent folds
and reverse faults, developed under dextral transpressio.

Terrains made of non-metamorphosed Cretaceous de-
posits on the southern and southwestern slopes of Ven-

Cac are mostly covered with deluvium and are unfavor-
able for structural investigations. The scattering of the
bedding data, presented on diagram G (Fig. 2) is prob-
ably a consequence of the rotation of faulted blocks,
but also of the small number of measurements which are
statistically not representative. Field observations show-
ed that the Cretaceous deposits here are also intensely
folded, with the occurrence of overturned west—north-
west-vergent folds.

Results of paleostress analysis

Paleostress analysis in the area of the Bukulja—Ven-
Cac crystalline, non-metamorphosed Cretaceous deposits
and the granitoid show three kinematic stages, the first
probably being of Middle Paleogene, the second of Oli-
gocene to Oligocene—Miocene and the third of Early
Miocene (Pre-Ottnangian to Karpatian) age. The rela-
tive chronology of these events is deduced from cross-
cutting map-scale faults in key outcrops.

Deformational event (D;) — E-W compression

This paleostress tensor group comprises a conjugated
pair of NW-trending sinistral and NE-trending dextral
strike-slip faults (Fig. 4). These faults are overprinted by
mainly extensional structures on numerous outcrops.

Folds of the first generation with a NNE (NE)-SSW
(SW) striking axes probably originated in such a stress
field. Today, they are exposed as intrafolial folds in the
Bukulja—Vencac crystalline, as well as in WNW (NW)
vergent folds in non-metamorphosed Cretaceous deposits.

Deformational event (D,) — N-S-to-NE-SW extension

The second paleostress tensor group comprises WNW
to NW and NE-trending normal faults (Fig. 5). These
faults are probably related to an Oligocene unroofing
of the Bukulja—Vencac crystalline and the granitoid
intrusion. In this case, WNW to NW trending normal
faults often form conjugate sets: synthetic, gently slop-
ing northwards and antithetic, with steeper dips toward
the south. They were formed above the brittle-ductile
detachment zone along which the extensional unroofing
occurred.

Deformational event (D;) — wrench tectonic
regime, NE-SW compression and NW-SE tension

The third paleostress tensor group comprises NNW
to NW trending dextral and WNW trending sinistral
strike-slip faults (Fig. 6). Fault systems with these kine-
matic characteristics, which originated in the stress field
with NE-SW compression and NW-SE tension, can be
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Discussion and Conclusions

Investigations in the area of the Bukulja—Vencac
crystalline showed the following:

* The Bukulja—Vencac crystalline is of Late Creta-
ceous age, maybe even partly Early Paleogene. It was
intruded by an Early Miocene granitoid.

* The crystalline is overlain mostly by Late Creta-
ceous non-metamorphosed clastic-carbonate rocks and
flysch.

* Metamorphic grade in the crystalline decreases
from the granitoid to the periphery and toward the up-
per structural levels, where there is a gradual transition
into non-metamorphosed members of the Late Creta-
ceous.

* There is a similar manner of folding (fold shape,
vergences) in both sequences of Cretaceous deposits:
the metamorphosed and the non-metamorphosed ones,
but deformations in the crystalline is more intense and
occurred in the ductile domain. Two phases of folding
are noticed.

* Reconstruction of paleostress fields points to three
major phases of brittle formation : in the middle of the
Paleogene, in the Oligocene—Early Miocene and in the
Early Miocene.

The above presented facts point to a unique tecton-
ic-sedimentary environment in this area during the Late
Cretaceous (maybe also in the ?Early Paleogene), which
was inverted in the middle of the Paleogene. Such an
environment is consistent with the model elaborated by
Pami¢ (1993), PamiC et al. (2000, 2002), according to
which the northern part of the Vardar Zone (Vardar—
—Sava) is the result of obliteration in the Upper Creta-
ceous—Paleogene active continental margin of Southern
Europe, with well-defined island arc and back-arc ba-
sins. This sedimentation area was inverted and includ-
ed into the Dinaridic orogene by collisional processes
in the Eocene. According to PaMIC et al. (2000, 2002),
this phase was followed by intense deformation of the
Jurassic ophiolitic mélange, metamorphism and magma-
tism.

The Bukulja—Vencac sedimentation and deformation
area (Fig. 7) was probably generated in a similar tec-
tonic setting. In the middle of the Paleogene, the Bu-
kulja—Vencac area was subjected to shortening in the
approximate E-W direction, when a thick WNW ver-
gent thrust-fold sequence was formed. The second
author (I.D.) is of the opinion that these structures were
formed only in the VenCac domain of the crystalline,
while, in its other parts, the Hercynian structures were
refolded by a Mesozoic—Cenozoic tectonic event. The
lower parts of the sequence reached the zone of duc-
tile deformations and underwent regional low- to medi-
um-grade metamorphism. The whole process was fol-
lowed by the formation of tight and isoclinal folds with
hinges striking NNE (NE)-SSW (SW) with strong axial
plane cleavage, and subsequent transposition of bedding
along the cleavage, the formation of foliation. Rem-

nants of these folds are preserved today as intrafolial
folds.

In the brittle-ductile and brittle domain, above the
metamorphites, this phase of tectogenesis resulted in
the formation of distinctly WNW (NW) vergent over-
turned, sometimes also recumbent, folds with axes
striking NNE (NE)-SSW (SW) and the formation of
conjugated NW trending sinistral and NE trending dex-
tral strike slip faults.

Extension, probably ductile, followed by intrusion of
granitoid, volcanism and exhumation of the Late Creta-
ceous metamorphics (metamorphic core complex) is
characteristic for the second phase, which that was
expressed in the Late Oligocene and up into the Early
Miocene.

The process of exhumation metamorphism and em-
placement of the granitoid was marked by refolding of
the foliation and the previously formed folds, when the
distinct brachial-antiform of the Mts. Bukulja and Ven-
Cac (with an ESE plunging axis) was formed. There are
certain indications that a shallow synform), rim synform,
which is presently mostly burried with Neogene—Qua-
ternary deposits, was formed northeast of the antiform.

Unfortunately, the detachment zone along which the
ductile extension occurred has not been defined, which
certainly does not mean that it does not exist. Further
detailed investigations are necessary for its determina-
tion.

In the brittle domain in the area of extensional allo-
chthon, WNW to NW and NE trending normal faults
were activated, often as pairs of synthetic and antithet-
ic sets.

After the exhumation of the metamorphic core com-
plex of Bukulja and Vencac, tectonic shortening affect-
ed the area. It is expressed through dextral transpression
with NE-SW compression and NW-SE tension. Acti-
vation of the NNW-NW trending dextral and WNW
trending sinistral strike-slip faults is characteristic for this
phase. In the domain of the first system, small NE-trend-
ing normal faults (probably “pinnate” faults) were acti-
vated. Under transpressional conditions, west-vergent
folds and thrusts were formed, particularly on the east-
ern periphery of Vencac. This transpressional event af-
fected the Vardar Zone, the Serbian-Macedonian Unit
and the Carpatho-Balkanides, all the way to the Moesian
Plate (wrench corridor, MAROVIC et al. 2001).

The process of destruction of the previously formed
structures, related to the shaping of the Pannonian Ba-
sin and its periphery, commenced after the transpres-
sional events, already from the Ottnangian.

The performed investigations stress the problem
which demands more detailed research and application
of new methods in order to obtain more reliable and
precise solutions. This refers, in the first place, to the
necessity of performing detailed structural investiga-
tions and registering kinematic indicators of extension-
al processes and stress fields in general. Particular
attention should also, be paid to an explanation of the
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Fig. 7. Scheme of the Paleogene—Early Miocene tectonic evolution of the Bukulja—Vencac domain.

manner of extensional unroofing, transpressional tecton-
ics and related phenomena.

In order to date the tectonic events, it will be nec-
essary to apply methods of thermogeochronology, e.g.,
Ar/Ar on mica and fission-track analyses.
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Pe3ume

IManeoreno-nomoMuonencke gedgopmanuje
ByKy/bCKO-BeHYAYKOT KPHCTAIMHA
(Bappapcka 30na, Cponja)

Huckomeramopdun kpucranua bykymbe n Benuarna
ca CBOjUM HEMeTaMOp(pHUCAaHNM Me3030jCKO-KeHO30-
jckuM TTOKpOBOM je meo Bapmapcke 3oHe. CiioxkeHe je
reosolke rpabe, noceOHO TEKTOHCKOT CKJIOIA, KOjH je
pe3yiaTatr Bulleda3Hor obnukoBamwa. [IpepMer oBor
pajga cy NalleoreHo-JOHBOMUOIEHCKE Aedopmanyje
KOje Cy HajoATOBOpHHWje 3a (popMHUpame HajMapKaHT-
HUjUX CTPYKTYpa y OBOM PETHOHY.

O reosomkoj rpabu 6yKyJbCKO-BEHUYaUYKOT KPHCTa-
JIMHA TOCcToje OpojHe KOHTPOBEp3€e, IOYEB Off HETOBE
CTapoCTH, HAaOOPHOT CKJIONa, OffHOCAa IpeMa HeMeTa-
MOp(HUCaHUM KpeJHUM TBOpPEBUHAMa, CBE O I'€OTEK-
TOHCKE NPUIaJHOCTH.

OBa ucrpaxuBamwa cy okasaia, OffHOCHO IOTBPJU-
7a, fa je KPHUCTAIWH TOpHOKpenHe (MOKIa JeJIoM |
naneorede? ) crapoctu. CarjacHO ToMme He mocefyje
XeprHuHcKe Habope, Beh caMo aimcke, KOju cy pe3yd-
TaT NaJIEOreHO-AOBHOMUOLIEHCKIX OOJIUKOBama. Y TBp-
bene cy Tpu riaBHe ¢aze popmupama naaeoreHo-ao-
HOMUOIIEHCKOT CKJIOIA.

Y npBoj a3y, cpeguHOM HaJeOoreHa, y HallOHCKOM
nojby MI-3 Kommpecuja, creHe OyKYIHCKO-BEHIAUKOT
mofipy4ja O6miie cy M3JI0KeHe jaKOM CaskuMamy, perno-
HaJIHOM MeTaMopdu3My u fepopmanijama y TyKTUi-
HOM H brittle momeny (popmupanu cy uspazuro 3C3-
BEPreHTHU HaOOPH KOjU CY y IYKTUIIHOM IOMEHY IPET-
TIEJIN jOIII ¥ TPAHCIIO3UIH]jy, hopMupame onujalyje u
shearing).

Y ppyroj a3, TOKOM TOPHEI OJUIOLEeHa N[0 Y
[OkU MUOILIEH OOaBIbEHO j€ E€KCTEH3UOHO PacKpOB-
JbaBake M EKCXyMallija KpUCTajuHa, IITO je OuiIo
npaheHoO yTHCKUBaWkEeM IpaHUTON/A U NPeHaOUupameM
MPeTXOHO (POpMHUPAHOT HAGOPHOT CKIIONA y jemHOC-
TaBHy Opaxu-aatucgopmy bykyibe n Benuana.

3a nocnegwy a3y UCHOBEHY Y AOHEM MHOLEHY
(npe otHanra), y ycmopuma CH-J3 kommpecuje u
C3-JU Ten3uje, KapaKTepPUCTUIHA je Wrench-TeKTOHC-
Ka aKTUBHOCT.

TokoM cBe Tpu TEKTOHCKEe (pa3e, aKTHUBHPAHU CY
paceqiu KOju Cy UMajii KHHeMaTcKa o0enexja carjaacHO
HaIlOHCKOM II0JbY Y KOME Cy (popMupaHu.
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Extensional Unroofing of the Veliki Jastrebac Dome (Serbia)
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DARKO SPAHIC* & JELENA MILIVOJEVICY

Abstract. This paper presents the basic structural elements of the dome of Veliki Jastrebac, as well as the
chronology and mechanisms of the deformational events responsible for its formation. It was determined that
the dome of Veliki Jastrebac consists of two large sequences which are, in the vertical section, in the inverse
position. The lower part is made of Late Cretaceous and Cretaceous—Palacogene low-grade to medium-grade
metamorphic rocks, which are intruded by Paleogene granitoid (probably the Vardar Zone), which are covered
with a large overthrust consisting metamorphics of the Serbian-Macedonian Mass. The low-grade to medium-grade
metamorphosed complex of Veliki Jastrebac, with the granitoid, represents a metamorphic core complex, ex-
humed by mechanisms of extensional tectonics in the Paleogene.

Key words: Serbia, Veliki Jastrebac, tectonics, syntectonic intrusion, extension, unroofing.

Ancrpakr. Y pajy cy nIpuKa3aHi OCHOBHH elleMeHTH rpabe BenmkojacTpe6auke 1oMe U XpOHOJIOTHja M MeXa-
HU3MH e opManmoHNX forabaja OIrOBOpHUX 3a BeHO popMupame. Y TBpheHo je ma momy m3rpabyjy nBa KpymHa
HaBJIayHO-HAOOpHA EHTHUTETa KOja Cy, Y BEpTUKAIHO] CYKLECHjH, Y HHBEPCHOM IIOJIOXKajy. [ole nesxke Tropmo-
KpefiHe ¥ KpeHO-TIalIeOTeHe HUCKO [0 Cpefllb-oMeTaMopducane CTeHe y Koje je YTUCHYT MajeoreHn I'PaHuTONN
(BepoBaTHO Bappapcka 30Ha), rope je Kao KpynHa HaBiaka, Kpucraiaud Cprcko-MakefgoHcke Mace. Hucko no
cpenme Metamopducan KoMmiiieke Benukor Jactpenia ca rpaHUTOMOM NpECcTaB/ba METaMOP(HHU Core com-
plex, eKCXyMupaH MeXaHU3MHUMa €KCTEH3MOHE TEKTOHUKE Y [aJeOreHy.

Kmyune peun: Cp6uja, Benuku JacTpebal, TEKTOHHKA, CUHTEKTOHCKA MHTPY3Hja, €KCTEH3Mja, pACKpOB-

JbaBamE.

-Introduction

The geological setting of Veliki Jastrebac and its im-
mediate surroundings, particularly its tectonic setting, is
very interesting and insufficiently defined. According to
all previous concepts, this area was considered to be a
part of the Serbian-Macedonian Mass. In the spatial
sense, this is apparently correct. However, according to
geological characteristics of the terrain of Veliki Jastre-
bac, this opinion should be revised. Namely, there are

deposits in the area of Veliki Jastrebac which are, regard-
ing their lithology and structural-tectonic characteristics,
exotic in the Serbian—-Macedonian Mass. GRUBIC (1999)
was the first to suggest that the Serbian—Macedonian
Mass is not a homogenous structure but is composed of
several thrust-fold stacks with units in inverted strati-
graphic positions (double window). The uppermost level
of this pile is made of high-grade metamorphics, while
the lower parts are made of Paleozoic, Mesozoic and
Mesozoic—Palacogene rocks, and medium to low-grade
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metamorphics. The geological setting of the area of Veli-
ki Jastrebac has hitherto been explained: the Serbian—Ma-
cedonian Mass (gneiss and low-grade metamorphics) in
the lower part and discordant Upper Cretaceous—Paleo-
gene low-grade metamorphics with intruded Palacogene
granitoid of Jastrebac in the upper part (RAKIC et al.
1974, 1976; KRSTIC et al. 1978, 1980).

The model of the geological relations in the area of
Veliki Jastrebac introduced by GRUBIC (1999), GRUBIC
et al. (1999, 2005), has opened new problems related
to the geology of the area:

a) more detailed division of the low-grade metamor-
phic formations;

b) reconstruction of the exhumation of the mecha-
nism of the Veliki Jastrebac Dome (by surface erosion
or by tectonic denudation?).

This paper is focused on solving these problems. For
this purpose, a number of new data on the lithology,
age and fabric of this terrain were collected. Prelimi-
nary results were obtained by these investigations, but
detailed structural analysis and application of geochro-
nology and thermochronology, the fission track method
in the first place, are necessary for more reliable con-
clusions. Despite this, it is still possible to assume, on
the basis of the obtained results, that the Veliki Jastre-
bac Dome was unroofed by tectonic denudation during
the Palaeogene, coevally with an intrusion dome of the
granite of Jastrebac.

Basic characteristics of the main tectono-
-stratigraphic units of Veliki Jastrebac

The structural setting of the Veliki Jastrebac Dome is
a product of polyphase deformation, beginning with the
Baikalian, through the Caledonian and Hercynian to the
Alpine orogen. The Alpine Mesozoic—Cenozoic structu-
ral content is dominant today (Fig. 1). Two major tec-
tono-stratigraphic units are recognized: the Jastrebac
Unit and the Morava Unit, which are divided into sev-
eral smaller subunits each of which being itself a com-
plex thrust-fold pile. These units have different lithos-
tratigraphic characteristics and structural pattern, which
were the criteria for the tectono-stratigraphic divisions
(GRrUBIC 1999). He suggested that the Morava Unit is
thrust over the Jastrebac Unit.

Jastrebac pile of nappes

The Jastrebac pile of nappes — Jastrebicum makes the
central part of the area of Veliki Jastrebac. It lies beneath
the Morava pile of nappes, while its footwall remains un-
known (GRUBIC 1999). He distinguished the following
three subunits within the Jastrebicum: Lomnica, Boljevac
and Vukanja. Detailed investigations showed that the
Boljevac and Vukanja Subunits cannot be easily distin-
guished, because the formations from which these con-

sist of are intercalated, particularly in the border area.
Thus, these two subunits are thus presented as one unit.

The Lomnica subunit consists mostly of Cretaceous—
—Palaeogene low-grade metasediments, anchimetamor-
phosed rocks and, in places, also of non-metamorphos-
ed rocks (PANTIC et al. 1969; RAKIC et al. 1972, 1974,
1976), Palaecogene granitoids and granodiorite-porphyri-
te and aplite (RAKIC et al. 1974, 1976). The Cretaceous—
—Palaeogene deposits are represented by psammites,
psephites and most often by pelites, which are region-
ally metamorphosed up to greenschist facies (“black
phyllite”). These rocks were subjected to contact-meta-
morphism (hornfels, dotted phyllite and micaschists) in
the immediate surroundings of the Paleogene granitoid.

The granitoid of Jastrebac intruded into the Creta-
ceous—Paleogene deposits at 37 Ma (CERVENJIAK et al.
1963). Its periphery is made of fine-grained varieties,
while coarse-grained varieties are in the central part.

The Cretaceous—Palaeogene deposits of the Lomnica
subunit are intensely folded. At least two phases of
folding can be distinguished. According to GRUBIC
(1999), the older phase is characterized by intense fold-
ing accompanied by transposition and formation of
axial-plane cleavage, therefore the primary sedimentary
fabric can only be assumed in hinges of the intrafolial
rootles folds (cm-dm, rarely of meter scale). The hinges
of these folds plunge to NNW and SSE (Fig. 1D,).

The cleavage planes became the dominant S-surfaces
which were deformed during the second phase of fold-
ing in such a manner that they periclinally encircle the
Jastrebac granitoid, forming a rather symmetrical dome
(GRUBIC 1999). Poles to the axial plane cleavage clear-
ly mark such folds (Fig. 1D,).

The initial vergences of I phase old folds and there-
fore the tectonic transport could not have been deter-
mined because of the strong transposition and intense
folding and subsequent refolding. According to the in-
tensity of folding, the Lomnica Subunit could not be
autochthonous, but it was most probably thrust over an
unknown footwall. GRUBIC (1999) believes that trans-
port in this unit was toward the east.

The Boljevac—Vukanja Subunit extends over the im-
mediate periphery of Veliki Jastrebac and, in an arch
shape, it surrounds the deposits of the Lomnica Unit
and in places the Jastrebac granitoid. The Boljevac—Vu-
kanja Subunit is made of two sequences of metamor-
phosed rocks of “greenschist facies” (Fig. 1).

The lower sequence is made up of epidote-actinolite,
albite-chlorite and rarely chamosite schists with certain
amounts of transposed rocks of the upper sequence. In
the lower sequence of the crystalline schists, there are
large and small lenses of metagabbro, particularly in the
southern and southeastern parts of the Veliki Jastrebac
Dome (RAKIC et al. 1974, 1976).

The upper part consists of albite-sericite schists,
calcschists and marble with certain amounts of trans-
posed rocks from the lower sequence (mostly in their
bordering area) (RAKIC et al. 1974, 1976; KRSTIC et al.
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1978, 1980). The presence of calcschists and marble is
rather conspicuous and it represents a criterion for the
easier recognition of the upper package of metamor-
phites in the Boljevac—Vukanja Subunit.

The deposition age of the protolith of the metamor-
phic rocks of the Boljevac—Vukanja Subunit is the cru-
cial question and the final explanation of the tectonic
relations and events on these terrains depends on its
solution. On the Basic Geologic Map, sheet Krusevac
(RAKIC et al. 1974), these deposits were determined as
Paleozoic, with the possibility of being younger. On the
sheet Aleksinac (KRSTIC et al. 1978), these rocks were
considered to be of Riphean—Cambrian age.

The palynological analysis performed during these in-
vestigations showed that the sericite schists, calcschists
and marble are Late Cretaceous or maybe even Palaeo-
gene. Less reliable data were obtained for the lower
sequence, but they also imply Late Cretaceous age.
These two sequences are probably of the same age be-
cause they are often interfingered and have similar struc-
tural characteristics.

Fig. 2. Intrafolial folds in calcshists of the Boljevac—Vukanja
Unit.

The greenshists facies metasediments of the Bolje-
vac—Vukanja Subunit were also folded during at least
two phases, in a similar way to the Lomnica Unit. The
first phase of folding is indicated by parts of the hinges
of intrafolial rootless folds preserved to different de-
grees and, in places, by the whole folding sequences
(Fig. 2). Hinges of these cm-dm and even meter-sized
folds plunge generally to the east and NNW (Fig. 1D;).
The bedding is transposed along the axial-plane cleav-
age; the primary fabric is mostly unrecognizable. The
foliation along the axial plane cleavage of the first-gen-
eration folds is probably the result of flattening perpen-
dicular to the planes. Foliation represents the dominant
planar element. Foliation fabric is particularly well deve-
loped in the lower metamorphic sequence of this unit.
It may be rather the strain than the rheology.

There are indications that folds on the eastern slopes
of Veliki Jastrebac are west-vergent. Sericite schists,
calcschists and marble appear in the cores of synforms,
while epidote-actinolite and albite-chlorite schists ap-
pear in the cores of antiforms.

The cleavage and foliation of the Boljevac—Vukanja
Subunit were folded into a dome structure during the
second phase, similarly to the case of the Lomnica unit.
This is clearly shown by the distribution of poles to
foliation (Fig. 1D,).

Morava pile of nappes

The gneiss which surrounds the Veliki Jastrebac
Dome, except in the southeast where it is probably cov-
ered by Neogene deposits, is considered to be a part of
the Morava Unit (GRUBIC 1999).

On the western slopes of Veliki Jastrebac, along the
Naupare—Josanica Fault Zone (NJFZ), the gneiss is in
tectonic contact with metasediments rocks of the Jastre-
bac Unit. In this part, it is mainly represented by fine-
-grained gneiss, mica-quartz-plagioclase schists, lenses
of amphibolite and amphibolite-schists, as well as by
small portions of quartzite. The composition of the
rocks on the southern slopes of Veliki Jastrebac is sim-
ilar. In the eastern part of Veliki Jastrebac, there are
two groups of high-grade metamorphic rocks. From the
tectonic contact between the gneiss and the Boljevac—
—Vukanja Subunit to the Vukanja Shear Zone (VSZ),
there are mostly andesine gneiss, amphibolite and am-
phibolite gneiss. East of the VSZ, there is mostly mi-
gmatite with smaller portions of gneiss. The structure
of the gneiss complex is extremely complex and in it
was not studied during these investigations. Foliation,
as the most distinct structural element is in the west-
ern part folded into cylindrical antiforms and synforms
with the hinges trending in NNW-SSE, while it forms
gentle open fold forms on the eastern side (Fig. 1).

The Morava Unit most probably consists of two
nappes: the lower, consisting of various gneisses, over-
lays the Jastrebicum and the upper, represented by
migmatites and subordinate gneiss, lays over the gneiss
crystalline from which it is separated by the VSZ.

Exhumation Mechanism of Origin
of the Veliki Jastrebac Dome

At the end of the Cretaceous and at the beginning
of the Palaeogene, during the final phases of conver-
gence between the Serbian—-Macedonian Continental
Plate and the Vardar Basin, intense folding of the de-
posits from the Vardar domain occurred. These deposits
are exposed in the core of the Veliki Jastrebac Dome,
overlain gneiss and schists of the Morava Unit. The
complex fold-thrust sequence with an inverse succes-
sion of deposits was formed in the following manner:
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Mesozoic—Cenozoic deposits are in the lower parts,
while the Serbian-Macedonian Mass, i.e. the Morava
Unit is in the upper part.

These deposits have been metamorphosed to green-
schist facies grade and were folded during this meta-
morphic event at the end of the Paleogene. According
to the lithological characteristics and by analogy to the
certain parts of the Vardar Zone (north Bosnia and
Croatia; PAMI¢ 1993; PAMIC et al. 2000, 2002), this
could be a Vardar-Sava island-arc-back-arc-basin sys-
tem.

During the final phases of convergence between the
Serbian-Macedonian Continental Plate (as above) and
the eastern part of the Vardar Zone, the Mesozoic—Pa-
lacogene rocks were folded into tight, isoclinal folds,
with the formation of an axial-plane cleavage with
transposition. The hinges of the intrafolial folds in the
Boljevac—Vukanja Subunit are generally plunging to the
east, north-northwest and southeast.

The granitoid of Jastrebac originated in the Paleo-
gene, at about 37 Ma (CERVENJIAK ef al. 1963), by the
melting of the crustal material which was buried into
the deeper levels of the convergent Serbian—Macedo-
nian—Vardar suture and subsequently intruded into the
Cretaceous—Palaeogene complex.

Fig. 3. Extensional lineation in epidote-actinolite schists.

The emplacement mechanism of the granitoid into
the higher levels and finally exhumation is still un-
known. The explanation involving simple diapirism and
erosion is hardly acceptable. The following indicators
of extension, noticed in the gneisses and schists of the
Jastrebicum, point to such events in the area of the
Veliki Jastrebac Dome: stretching lineation (Fig. 3),
s-type porphyroclasts (Fig. 4) and the wide mylonitic
zones in the domains of the Naupare—JoSanica and Vu-
kanja shear zones (particularly in the domain of the
Vukanja fault) (SpaHIC 2006). The Vukanja Shear Zone
(VSZ), which extends along the northeastern rim of
Veliki Jastrebac, is bent toward south and southwest.
The shear zone, marked by a several hundred meter-
wide mylonite zone could represent a low-angle detach-

ment normal fault along which extensional unroofing
occurred. The stretching lineation (Fig. 1Ds), shows the
top-to-the south and southeast shear sense (SpaHIC 2006).
It is also confirmed by the shape and orientation of the
s-type porphyroclasts in the calcschists of the Boljevac—
—Vukanja Subunit (Fig. 4).

Fig. 4. Sigma -type porphyro clast in calcshists of the Bolje-
vac—Vukanja Unit.

The process of extensional tectonic denudation prob-
ably induced decompression, uplift of geotherms and
rock uplift of the granitoid body (isostatic adjustment?).
Accompanied with erosion, the extension resulted in
exhumation of the granitoid, together with the previous-
ly deeply seated metamorphic rocks. This resulted in a
core complex-type map pattern of the area.

If the action of such an exhumation mechanism of
Veliki Jastrebac is accepted, the problem of the tecton-
ic denudation model and timing arise immediately.
According to the age of the granitoid, the extension oc-
curred most probably in the Palaecogene, during trans-
tensional activity in the domain of the Naupare—JoSani-
ca Fault Zone. In this case, there are two possibilities
of activation of these extensional mechanisms:

e The Naupare—Josanica and Vukanja shear zones re-
present a conjugate pair (NJFZ — dextral strike-slip, and
VSZ - sinistral strike-slip) under conditions in which
the axis of the maximum horizontal stress (SH) is
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NE-SW oriented. In this case, the area between these
two faults could escape towards the southeast and
induce the extension and exposure of the deeper parts
of the Jastrebicum. Such a lateral, crustal extrusion
raises the problem of free space for the tectonic escape
toward the south and southeast. However, in this par-
ticular case, no such space existed during the time of
the extension.

e The extension could have occurred in the domain
of the dextral strike-slip of the Naupare—JoSanica Fault
Zone in the area of the releasing band (Fig. 5). In this
case, the Vukanja Shear Zone was activated as a major,
low-angle normal detachment fault.

21° 00’

43° 40’ 1

43° 20" 1

21° 00’ 21°30° 22° 00’
Fig. 5. Schematic diagram of extensional unroofing of the
Veliki Jastrabac Dome.

The extension was probably followed by a quick
uplift of the granitoid, accompanied by the consequen-
tial folding, i.e., refolding of the Mesozoic—Palaeogene
folds of the first phase and development of the Veliki
Jastrebac Dome (the second phase of folding of the
Mesozoic—Palacogene deposits).

Conclusion

The geological setting of Veliki Jastrebac, which
was presented during the last several years and which
have been partly obtained by investigations, point to
the possibility that this area is a metamorphic core
complex exhumed by extensional processes, i.e. by tec-
tonic denudation during the Palaeogene. The extension
could be related to the dextral transtension along the
Naupare-Josanica fault in the domain of the releasing
band, with the Vukanja Shear Zone acting as a low-
angle normal fault detachment. It remains necessary to
obtain additional data for a more precise confirmation
of this assumption. In this sense, data should be docu-
mented by structural and thermochronological analyses.

Acknowledgements

The work was funded by the Ministry of Science of Ser-
bia, project No. 146009b. We owe special gratitude to DOR-
PE GRUJIC (Stanford University) for his detailed review and
constructive suggestions for improvements of the work. We
are also thankful to LukA PESIC (Belgrade University) for his
most helpful and useful suggestions.

References

CERVENIAK, Z., FERARA, G. & TONGIORGI, E. 1963. Age de-
termination of some Yugoslav granites and granodiorites by
the rubidium-strontium method. Nature, 197 (4870): 893.

GRUBIC, A. 1999. Tectonic of Jastrebac and its general mean-
ing. Tehnika — Rudarstvo, geologija i metalurgija, 50 (1):
13-17 (in Serbian).

GRUBIC, A., Bokovi¢, 1., MAROVIC, M. & BRANKOVIC, M.
1999. Serbian-Macedonian massif does not exist. Vesnik
zavoda za geoloSka, hidrogeoloska i inZenjersko-geoloska
istraZivanja, 49: 1-14 (in Serbian).

GRUBIC, A., Bokovi¢, 1., MAROVIC, M. & BRANKOVIC, M.
2005. The problem of the tectonic position of Moravicum
crystaline. Zapisnici Srpskog geoloSkog drustva za 1999.
godinu, 35-40 (in Serbian).

KRrsTIC, B., RAKIC, B., VESELINOVIC, M., DoLIC, D., RAKIC,
M., ANPELKOVIC, J. & BANKOVIC B. 1978. Basic geolo-
gical map of the SFR Yugoslavia, Sheet Aleksinac
1:100000. Savezni geoloski zavod, Beograd.

KRrsTIC, B., VESELINOVIC, M., DIvLIAN, M., & RAKIC, M.
1980. Explanatory booklet of the basic geological map of
the SFR Yugoslavia, Sheet Aleksinac 1:100000. 55 pp.
Savezni geoloski zavod, Beograd (in Serbian, English and
Russian summaries).

PaMIC, J. 1993. Eoalpine to Neoalpine magmatic and meta-
morphic processes in the northwestern Vardar Zone, the
easternmost Periadriatic Zone and the southwestern Pan-
nonian Basin. Tectonophysics, 226: 503-518.

Pamic, J., GuSIC, 1. & JELAskA, V. 2000. Basic geological
features of the Dinarides and South Tisia. Vijesti Hrvat-
skog geoloskog drustva, 37 (2): 9-18.

PamiC, J., BALEN, D. & HEerak, M. 2002. Origin and geo-
dynamic evolution of Late Paleogene magmatic associa-
tions along the Periadriatic-Sava-Vardar magmatic belt.
Geodinamica Acta, 15: 209-231.

PANTIC, V., RAKIC, M.O., & HADZI-VUKOVIC, M. 1969. Pa-
laogene sedimente und jiingere granodiorite auf den nord-
hingen des Veliki Jastrebac. Zapisnici Srpskog geoloskog
drustva za 1966. godinu, 633-635 (in Serbian).

RAkI¢, M.O., SiMmoNoVIC, S. & Hapzi-Vukovi¢, M. 1972.
One more contribution to the geology and stratigraphie of
Veliki Jastreba mountain (Serbia). Zapisnici Srpskog geo-
loskog drustva za 1969. godinu, 3-6 (in Serbian).

RAKI¢, M., HADZI-VUKOVIC, M., KALENIC, M. & MILOVANO-
VIC, Li. 1974. Basic geological map of the SFR Yugo-
slavia, Sheet KruSevac 1:100000. Savezni geoloski zavod,
Beograd.



Extensional Unroofing of the Veliki Jastrebac Dome (Serbia) 27

Raki¢, M.O., Hapzi-Vukovi¢, M., DIMITRUEVIC, M., KALE-
NIC, M. & MARKOVIC, V. 1976. Explanatory booklet of
the basic geological map of the SFR Yugoslavia, Sheet
KruSevac 1:100000. 63 pp. Savezni geoloski zavod, Beo-
grad (in Serbian, English and Russian summaries).

SpaHIC, D. 2006. Geology of eastern part of Veliki Jastre-
bac. Unpublished M.Sc. thesis. 74 pp. Rudarsko-geoloski
fakultet, Univerzitet u Beogradu (in Serbian).

Pe3ume

Excren3nono orkpuBame qome Beankor
Jacrpemma (Cpouja)

omy Bemmkor Jactpemnma m3rpabyjy aBe KpymHe
TEKTOHOCTpaTUIrpadcke LeNuHe Koje CYy Y UHBEPCHOM
NI0JIOXKAjy U y TEKTOHCKOM KOHTAKTY. Y HOHEM eIy Cy
TOPHOKPEHE U KPEAHO-NAleoreHe HUCKOMETaMop-
¢He crene (BepoBaTHO Bapmapcke 30Ha), MpeKo KOjux
Cy HaByY€HHU KPHUCTAJIACTH LIIKPUIbcH BUCOKOT CTEIlEHa
meTamopdu3ma Cpricko-MaKeToHCKe jefuHuIe. Y Me-
3030jCKO-NIAJIEOTEHU METaMOP(HU KOMIIJIEKC YTUCHYT
je maneoreHu rpaHuTOUN.

Y cknony Benukor JacTpeniia foMAHApa CTPYKTypa
nome. lleHTpanHO MecCTO y HOj 3ay3uMa PaHUTOWJ

OKOJIO KOjeT Cy eNMITHIHO pacnopebene ocrane ¢op-
Malyuje: pBO, Me3030jCKO-TIalleOreHe M Ha Kpajy Kpu-
cranacty WKpwb CprcKo-MaKeJOHCKE jeIUHAILIC.

HcrpaxkuBama cy mokazaia fja cy Me3030jCKO-Tiaje-
oreHn MeTaMOp(QUTH TpeTprenn ABe daze yompama.
Y npBoj ¢asm, KpajeM Kpefie U MOYEeTKOM TajeoreHa
ca HaBlauemeM KpucrtanmHa CpICKO-MaKeTOHCKe
Mace TPEeKO TOPHOKPENHUX W KPETHO-TAICOTCHUX
TBOPEBUHA, OBE CTEHE Cy AehopMucaHe Y AYKTHIHAM
ycimoBuma. OBakaB jiorabaj o3HaueH je permoHaTHIM
MeTamophu3MoM, (popMUpameM N30KIMHUX Habopa u
KJIMBaXka akcHWjajiHe TOBPIIU YK KOjer ce OfiBhjaja
TpaHCIO3WIKja W reHepucaina onmjanmja. Ipyrn
nedopmanmonu forabaj je mocneguiia UCHoJbEHE eKC-
TEH3WOHEe aKTHBHOCTH M TEKTOHCKE JieHyfaluje y ma-
nmeoreny. To je omoryhmno pabame m mpememrame
TpaHATONAA Ka TOBPIIMHM, EKCXyMAaIlljy HHUCKO [0
cpenmbe MeTaMOp(UCAHUX TOPHOKPETHUX U KPEIHO-
MaJeoreHNX TBOPEBUHA U NpeHaONpame JOWmET U Top-
Ber HaBllauHO-HAOOpHOT TakeTra y jgoMmy Bemmkor
Jactpenma. Excrensnja je o6aBibeHa y yCIOBIMA JIEKC-
TpajHe wrench-TeKTOHCKe aKTUBHOCTH pacena Hayma-
pe-Jomannna m ca BykamCKOM [AHMCIOKANjoM Kao
rimaBHAM low-angle detachment rpaBUTanoHUM pace-
oM.
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A new view on the structural pattern of the Metohiya Basin and its margin:

a preliminary note

MiLoSAV SIMIC! & ANTONUE ANTONOVIC?

Never before could our imagination be
measured with the inventiveness of nature.
(Hurxaoa 0o caoa nawa mawiitia Huje ce
MOZaa mepuiliu ca uHeeHitiugHowhy upupooe)

RICHARD MILLER, In ”Nemesis”, 1994

Abstract. The region of the Metohiyan depression and its complex geological margin is a morphotectonic
entity formed over the complicated structures of the basement. The first glance of the orographic-geological map
or satellite image shows the hexagonal shape of the depression, in clear contrast to the linear structure of the
Vardar Zone. Sedimentation of Neogene deposits began in a trough, the “main shape of which was finished”
and the depression itself had been formed and modified over a long period of time. This is indicated by the
slight deformations of the Miocene deposits, somewhat stronger along the rim of the basin, and the relatively
great thickness of the Neogene in general, uniformity in lithological composition and other characters of deposits.

This region in the south of Serbia was much explored during the last (20th) century, in the latter half in
particular, when abundant and interesting information was collected on the geology, structural pattern and min-
eral resources. Some of the newly collected information has been published and threw new light on the geol-
ogy of the Metohiyan depression and its margin. Other data, also important, have remained unpublished in
numerous documentation funds.

Gaps in the geological knowledge of the Metohiyan depression and its margin, viewed through reference
data, account for the missing links of many facts and fragmentation. Also, for some reason, a more compre-
hensive and reliable idea of the geological relationships or evolution is difficult to conceive.

This work will present the idea of the Metohiya Basin as a ring structure like one resulting from a mete-
orite impact. In view of its form (morphology) and some indirect indications, there are few conclusive indica-
tions that it is an impact structure of about 50 km in diameter. Why? “Sometimes one should know what to
look for to be able to see it”. From this standpoint, so far actual facts of a certainly strong impact have nei-
ther been viewed nor their evidence searched for from any aspect (atomic-molecular, mineralogical, crystallo-
graphic, petrochemical, geoelectrical, structural, etc.). Structures in the marginal parts of the Metohiya Basin,
which have different strike directions (NW-SE, NE-SW, ENE-WSW, E-W, N-S), may be well interpreted
should it be accepted that they border an impact ring structure.

Key words: Metohiyan impact, impact structure, Metohiya, Serbia.

Ancrpakr. MeToxujcka KOTJIHHA, Y IIHPEM CMUCIY, Ca CBOjHM T'€OJIOIIKH BeOMa CIOXKEHUM 00O0JIOM, Hpef-
CTaBlba MOCEOHY MOP(OTEKTOHCKY LeNnHy (hOpMUpaHy HM3HAJ BPIO KOMIUIMKOBAHHX CTPYKTypa ‘“OCHOBHOT
ropja”. Beh Ha mpBu 1orseq Ha OporpadcKy — reoIOKy KapTy WM CATEIUTCKY CIIUKY, yoUuaBa ce MIeCTOyraoHa
CTPYKTypa OBe KOTJIHMHE, KOja jaCHO Ofiyiapa Of INHeapHe cTpyKType Bapmapcke 3oHe. CenuMeHTanyja Heore-
HUX Haclara 3amodveTa je y poBY UHjH je “OCHOBHM OONWK OMO rOTOB”, a caMa KOTJIMHA HacTala je u OuBaia Mo-
mrUKOBaHA MMOCTENEHO W KPO3 Iy>Ke reosonko Bpeme. Ha oBo Hac ynyhyje mana nopemeheHocT Haciara Muo-
1eHa, Herto Beha y3 060/ 6aceHa, Kao U peJaTUBHO BeJnKa ieOJbiHa Hacjaara HeoreHa YOomIlTe, yjeqHauYeHOCT
nuTodanrjaTHor cacTaBa 1 Apyrux OcCOOMHA Hacnara.

! “Dundee plemeniti metali”’, Makedonska 30, 11000 Belgrade, Serbia. E-mail: m.simic@dundee.co.yu
2 Gogoljeva 132, 11000 Belgrade, Serbia.
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OBo nogpyyje Ha jyry Cp6uje je y npomwtom (20-oM) BeKy, a HAPOUHUTO Y APYroj MOJIOBUHY, OHIIO HHTEH3UBHO
ucTpaxkupano. [1pu TUM pajjoBUMa NPUKYIIbEH jeé MHOTOOPOjaH U MHTEPECaHTaH MaTepHjall O TeOJIOIIKOM cacTa-
BY, CTPYKTYPHOM CKJIOIly U MHUHEPAJIHUM CUPOBHHAMa OBOT MOApYyYja. JelaH 1e0 THX HOBUX IeOJIOLIKHX oaTa-
Ka 00jaBibeH je y BUILEe MyOInKalyja, MHOTH Off IbUX 0allajy HOBY CBETJIOCT Ha reoyiorujy MeToxXujcKe KOTIHE
7 ’eHoT oboma. MHOTH ipyru, Takobhe 3HaYajHU MOAAIM OCTald ¢y, MehyTnM, HeoOjaB/LEH! 1 Halla3e ce Y MHO-
ro6pojHuM (POHTOBCKUM MaTepHjaInMa.

360r THX Mpa3HUHA TEOJIOIIKO NMO3HaBakhe MeToxX1jcke KOTIMHE U IheHINX OOOIHUX TepeHa KapaKTepulIle ce,
TocMaTpaHo Kpo3 NMOflaTKe U3 JIUTepaType, HeOBe3aHoIThy MHOTHX YH-eHHIA 1 (pparMeHTapHouihy. 360r Tora
ce UCTOBPEMEHO, TEIIKO MOXe JOOUTHU NperyieHrja 1 Noy3aHnja clliKa O reoJIONIKUM OfJHOCUMA U FeO0JIOLIKO]
€BOJIYLIUjU TUX TePEeHa.

Y oBoMm pany usHehemo uziejy o Metoxujckom GaceHy, Kao IPCTEHACTO] CTPYKTYPH Koja OM OfroBapana MeTe-
OPHUTCKOM MMITaKTy. AKO N3y3MeMO HeH 001K (MOp(OIOrujy) 1 HeKe MocpefiHe NHHIHje, 3a cajja, IMaMo Mallo
MaTepHjalTHUX J0Ka3a /1a je TO UMIIaKTHA CTPyKTypa npeynuka oko 50 km. 3amro? “Tlonekay je noTpeOGHO 3HATH
mTa Tpaxure jja 6u To n Bupenn” Kaxe Puuaprq M. mucan “Nemeze” (1994). Jo caja, ca TOT CTAaHOBHIITA, HUCY
IocMaTpaHe peajiHe YM-CHUIE HUTH Cy TPaXKeHW MaTepHUjaliHH JOKa3W Ha HUjEeJHOM HHBOY (ATOMCKO-MOJIEKY-
JApHOM, MUHEPAJIOIIKOM, KPUCTAIOTPaCKOM, ETPOXEMHjCKOM, T€OXEMHjCKOM, CTPYKTYPHOM HT/.) O jeTHOM
CBaKaKO BEJIMKOM cyfapy. Moxpa cTpyKType y 060HOM Aenry MeToxujckor 6aceHa, Koje uMajy pa3induTe mpas-
e npyxkama (C3-JU, CU-J13, NC1-3]13, N-3, C-J) mohu he cacBum 106po J1a ce HHTEPIPETHPAjy aKO IpUXBa-
THMO, J1a jé OBO jeflHa UMITAKTHA MTPCTeHACTa CTPYKTypa.

Kmbyune peun: MeToXujcKy UMIIAKT, UIMIIAKTHA CTPYKTypa, Meroxuja, Cpouja.

Introduction

The Methohiyan Basin in the shape of a huge am-
phitheater of about 2000 km?2 in surface area is situat-
ed in the southern and southwestern parts of Serbia
bordering on Albania. This depression, for its complex
tectonic pattern, especially on its margin, has been the
subject of interest of many geologists and other natu-
ral scientists from ancient times. Opinions about the
origin of the depression, age of faults and Tertiary de-
posits and other aspects are controversial.

Thus, Cvuic¢ (1901, 1913, 1924) maintained that Me-
tohiyan depression was formed and modified (the phase
of faulting of the Dinarides) over a relatively long geo-
logic time and is a typical example of an intermontane
depression — tectonic valley filled with terrestrial de-
posits with coal. The same author explained the forma-
tion of the depression by subsidence resulting from a
large-scale orographic convergence of the Prokletije and
Shar Mountains, or the convergence of the Dinaric and
Shar-Pind systems, and the numerous marginal faults
on the northern, western and southern sides as “formed
by abrupt bending of folds from the Dinaric into Meto-
hiyan (system), giving the impression that the ground
was fractured. Sedimentation of Neogene deposits began
in the graben, the “main shape of which was finished”.
If the “ground was fractured” and “the main shape was
finished” does this not suggest certain doubts of Cviic¢
in the formation of the depression by “convergence”?
The hypothesis of convergence of two systems is still
prevailing with minor variations.

Important information on the presence and historical
evolution of the depression is contained in KOBER (1952)
that reads: “Pe¢ depression, almost 100 km wide, divides
the Dinarides and the Hellenides and is a tectonic line of
the first order. It strikes transversally to the Dinarides di-

rection short of Prishtina in the east. At the present time
it is covered by younger and Upper Cretaceous forma-
tions.” It may be deduced that KOBER assumed faulting of
pre-existing structures even before the Upper Cretaceous.

Old alpine orogenies led to large structural deforma-
tions and subsidence along longitudinal and transversal
dislocations in the convergence zone of magmatic and
sedimentary rocks. MOZINA et al. (1961) wrote: “fold-
ing and faulting were the strongest in the Laramian,
less strong in Pyrenean and Savian orogenies”.

Each phase, according to the same authors, was char-
acterized by disjunctive movement that led to subsi-
dence of masses “along intermittent and newly formed
dislocations and to the formation of basins in which
Tertiary sediments were deposited”. However, the mo-
vements could have been older.

VIDoviC (1965) refers to the Pec faulting feature as
“a deep fault through the Earth’s crust” associated in
time with “the earliest differentiation of the Dinaric geo-
syncline — the Caledonian phase”. Vidovic, like CvDIC,
describes that geotectonic zones and directrices con-
verge to the Pec fault, which is the boundary “of the
Dinaric and Shar-Pind systems”.

CIRIC (1967) refers to the Metohiya depression as “a
large molasse basin particular in its position”. He takes
it to be a typical example of “an inherited depression
that was formed at the point of convergence of Dinaric
and Bosnia—Raska Zone of the Inner Dinarides”. It is
classified into the “central molasse depressions”.

A contribution in the collective authorship of a Za-
greb Industroprojekt (1969) hypothesizes that during
the Mesozoic, the Metohiyan basin was part of a rela-
tively narrow “eugeosyncline” extending from Albania
to this area. They describe the depression as a “graben-
form” most likely in the “continental phase — without
sediment filling” in the time interval K,-Ol,.
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A note of interest (BoGDANOVIC 1976) is that “intru-
sion of the huge Mirdita peridotite massif in the late
Triassic and early Jurassic led to the bending of Trias-
sic and Paleozoic strata that surrounded the Mirdita
pluton”. He states that the Mirdita peridotite massif
“had a crucial effect on the deviation of folds from the
NW-SE to NE-SW or even E-W direction”. This fold
deviation and the depression formation occurred, accord-
ing to Bogdanovié, “before the Upper Cretaceous, but
after the Triassic”, and the diagonal Pe¢ and Prizren
faults were certainly older than the “Lower Miocene
volcanogenic series near Trepca and on Kopaonik, but
younger than the Lower Cretaceous”.

According to MAKSIMOVIC (1978), the study area of
the Pec¢ part of Metohiya belongs to “central ophiolite,
which is the most distinctive zone, the membership in
the Dinarides of which has never been disputed”.

PETKOVIC & SIKOSEK (1976) argue that the period of
Neogene tectonics is characterized by the following:
“Savian-phase orogeny activated old and formed new
vertical structures, along which land was dissected,
depressions formed and filled with Tertiary waters from
which molassic sediments deposited.”

Bokci¢ (1983) does not consider the Metohiyan Ba-
sin a “static basin” predisposed for filling. It was a
highly dynamic depression where tectonic movements,
though frequent, were not abrupt or variable. Tectonic
events influenced the formation of relatively thick de-
posits of different types: Lower Pliocene coal to about
60 m or a “group” of deposits of uniform grain size.
This is particularly true of lake deposits of the Middle
Miocene and Lower Pliocene.

HADZI et al. (1974) associate tectonic events in the
region with plate rotation, in detail the collision of
plates and the growing pressure of the Arabian—African
plate on Eurasia. To quote: “under the growing pres-
sure of the Arabian platform from SE to NW in the
late Eocene, the entire southeastern Europe and south-
western Asia began to move through the section from
the style platform to the south Budva—lonian—Tauride
margin”. As the movements to the west and northwest
were soon retarded by resistance met by the northern
part of the Karnic—Apulian massif, individual plates
deviated in the Oligocene to SW, or to the oceanic re-
gion of the present-day central Mediterranean. From
variations in the paleodeclination and paleoinclination,
it may be inferred that the events which disturbed the
earlier paleomagnetic balance, or the pre-existing distri-
bution of plates, occurred between the Eocene and the
Middle Miocene.

All these large-scale displacements (which have con-
tinued to the present day) had a great influence on the
youngest structural relationships established through the
Neogene and the Quaternary. In modern views, the
neoalpine structural relationships are marked by conti-
nental subduction of the Adriatic plate under the Di-
naric orogen during the Neogene and the Quaternary
(MARoVIC & Dokovi¢ 1993; MAROVIC et al. 1998; PET-

KOVSKI 1990). Structures, such as basins, troughs, and
even true basins (Aegean Sea), formed in the post-col-
lision phases and/or under some particular circumstan-
ces within the perimeter of the Dinaric orogen. Move-
ments manifested in the border belt of the Adriatic plate
and the Dinaride-Hellenide orogen had a direct effect
on the neostructural plan of the study area. The littoral
belt is a zone of marked level difference. Subsidence
was a consequence of the Adriatic lithosphere deflex-
ion during its subduction under the Dinaric orogen, and
the rising of the Dinaric orogen was a result of con-
traction caused by the interaction of African (Adriatic)
and European (Mesian) plates and of the relative thick-
ening of the Earth’s crust.

Younger Neogene basins in the region may be genet-
ically associated with extension processes, or explained
as the result of tectonic activities during most of the
Neogene and through the Quaternary, formerly differ-
entiated (rising and sinking) and later epeirogenic ris-
ing. However, the formation of the initial depression
structures is directly related to the closing movements
of the second formational phase (during the Paleogene
to the earliest Neogene), when contraction was marked
by reverse slipping, imbrication, thrusting over and
transcurrent shearing along intermittent dislocations of
N-S, NW-SE and NE-SW directions (MAROVIC & Po-
KOVIC 1993; PETKOVSKI 1990).

A new neotectonic (geodynamic) process that evolv-
ed through two phases: from the Middle Miocene to the
Quaternary and reached the paroxysm in the Pliocene,
represented by the clockwise rotation of the Hellenides
and the Dinarides pushed by the Asia Minor plate,
could have influenced the evolution of neoalpine (neo-
tectonic) structural relationships in South Serbia, Mace-
donia and a larger area (KRSTIC et al., 1977). The rota-
tion resulted from the formation of the western and
northwestern parts of the Aegean island arc; its effect
reached the Skutari—Peé transverse, known as the Mir-
dita Zone (BILIBAIKIC et al. 1979; MaRoOVIC & Dokovi¢
1995). It was along the Skutari—Pe¢ transverse that the
Dinaric—Hellenide orogen arcuated and formed, on its
convex side, trough structures, the most conspicuous of
which is the Metohiyan trough. Spreading in the trans-
verse zone must have reflected, to a lesser extent, on the
west, deep into the Mediterranean. The eastward exten-
sion bent to Sofia and passed the southern Sredna Gora
trough boundary to southern Bulgaria. Within this trans-
verse fracture, differential displacements influenced the
formation of many faults of NE-SW strike direction and
relatively narrow Tertiary basins normal to the Dinaric
ones (NE-SW). Similar events also occurred along the
transversal fractures Elbasan—Kyustendil, Joannina—Plov-
div and on the Aegean geofracture (PETKOVSKI 1997).

A zone of more frequent earthquake events extends
south of and parallel to the formed boundary (Skutari—
—Pec). The earthquake epicentral depths were about 10 km
(KRSTIC et al. 1997). The seismic activity indicates mo-
vements of more recent history. Active seismotectonic
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levels are associated mainly with young systems, faults
of neotectonic manifestation.

As described above, views on the origin and age of
the Metohiyan Basin and its structures are controver-
sial. The depression could not have been formed in a
lineament structure, eventually initiated by rotation,
though it is hard to imagine a homogeneous geological
body to be moved by conjugate forces. It seems more
likely that an impact body (impactite, asteroid) formed
the circular crater which was modified by other tecton-
ic movements. The very beginning of the formation of
the depression is difficult to determine from the pres-
ent stage of our knowledge and on the available infor-
mation.

Geology and Structural Pattern

The Metohiyan Basin and its margin are made up of
Paleozoic, Mesozoic and Cenozoic sedimentary and
various types of igneous rocks (Fig. 1).

Paleozoic sedimentary rocks build up the basal parts
of the Shar Mountain and southeastern, eastern, north-
eastern and northwestern parts of the Metohiya depres-
sion. The Lower Paleozoic is represented by Silurian and
Devonian, and the Upper Paleozoic by Carboniferous
and Permian. The Silurian—-Devonian complex consists of
two series: lower, dominantly greenschist of high crys-
tallinity and upper rocks of lower metamorphic grade.
The complex equivalent to the Upper Paleozoic consists
in the lower part of lustrous foliated phyllite, greenschist,
slate and slate clay, and of various sandstones, mar-
bleized limestones and conglomerates in the upper part.

Mesozoic sedimentary rocks are widespread in the
eastern, northern and western areas of the Metohiyan
depression.

Triassic sedimentary rocks constitute large parts of
the northwestern and northern Metohiyan depression and
much of the marginal Prizren Polje and Shar Mountain,
in the form of east-west lands. These rocks are light-
grey, whitish or white limestones, occasionally dolomite.

Jurassic is characteristic for typical diabase-chert for-
mation and serpentinite where Triassic and partly Up-
per Cretaceous rocks prevail.

Upper Cretaceous is dominantly in the calcareous
facies in the Pastrik area and largely in flysch facies in
the eastern margin of the Metohiya Basin.

The Tertiary is represented by Neogene formations —
freshwater Miocene and Pliocene deposits of large
thickness and relatively complex lithology. There is no
paleontological evidence of Lower Neogene deposits in
the deepest part of the basin.

Miocene sedimentary rocks have a small distribution
as compared to Pliocene, around Pec¢ and in the north-
eastern part of the depression (Rudnik, Banja, Crkolez,
Rakos), known in the literature as the Pec Series. It is
made up of sands with gravel lenses, whitish ostracod
marls, a few tuff layers, coarse green sands and small-

grained conglomerates, and a few coal seams. The series
is deformed and inclined to the west, northwest and
north at different angles (from 10° to 45°). Coal seams
are thin (between 0.1 m and 1.2 m). Also thin beds and
coaly clay interbeds occur in the upper part of the
series. The age of the Pe¢ Series is most likely Middle
Miocene and Upper Miocene (Sarmatian). Its thickness
is about 450 m. All this is indicative of a long lake
phase with shallowing episodes (MILOSEVIC 1966; AN-
TONDEVIC et al. 1969; BOKCIC 1983).

Interstratal tuff emplacements suggest volcanic activi-
ty during the deposition, along dislocations on the mar-
gin of the basin. Distinct lower and upper tuff bound-
aries indicate rapid deposition of ash. In the views of
many investigators, volcanic activity occurred in the
Middle Miocene. Identical or very similar volcanic evi-
dence is identified in the underlying Kosovo Series.
Most references describe Kosovo tuff interbedded in
white marls of the northern basin as Miocene (ATANAC-
KOVIC, 1959).

Pliocene rocks have a large distribution in the Meto-
hiyan depression and form two horizons: (a) Lower
Pliocene deposits and (b) Middle and Upper Pliocene
deposits.

(a) Lower Pliocene deposits. The principal character-
istic of the Lower Pliocene, which has a fairly large
coverage in the northern Metohiyan depression, is its
large coal deposit. The unit is divided the underlying
strata and coal measures and overburden.

The underlying strata are widely exposed and trans-
gressive over the Pec Series. They consist of conglom-
erate and sandy green clay with CaCO; concretions and
knots. Fossils have not been found. These strata are
identical with those underlying the coal measures in
Kosovo. The estimated thickness of the underlying stra-
ta is between 200 m and 300 m.

The coal measures and the overburden are exposed
in the Pe¢ area of the depression. The coal measures,
about 35 m thick, and the overlying barren rock mate-
rial, clay-marl deposits with some red burned are Upper
Pontian. The entire overlying sequence is highly fossil-
iferous and resembles Kosovo deposits, which indicates
a wide communication of Kosovo and Metohiya lakes
(MILOSEVIC 1976; ATANACKOVIC 1959).

(b) Middle and Upper Pliocene. Younger Pliocene
deposits of sand and sandy marl conformably overlie
the coal measures. Their distribution is relatively small
in northern Metohiya, but is more widespread in the Da-
kovica—Prizren part of the depression, where they are
the only Neogene deposits. These deposits, abounding
in molluskan fossils, primarily unionids and viviparids,
have a total thickness of about 300 m.

The Quaternary is represented, among others, by
rocks that indicate glaciation, which must have preced-
ed the formation of the large pre-Mindel fluvio-glacial
terrace of Orno Brdo.

The territory of Metohiya is a part of the Inner Di-
narides geotectonic entity that extends from Serbia into
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Fig. 1. Geological map of the Metohiyan Basin and its margin (Geological map of Yugoslavia 1:500 000, Federal Geological
Survey, Belgrade, 1970). GSm, Gneiss and mica-schist; Pz, Paleozoic metamorphite; xPz, Paleozoic igneous rocks; PT,
Permo-Triassic; T, Triassic; vT, Triassic igneous rocks; J, Jurassic; BBJ , Jurassic diabase; Se, Serpentinite; K, Cretaceous;
E.Ol, Eocene—Oligocene; ON, Neogene pyroclastics; M, Miocene; Pl, Pliocene; 0lolgN, Neogene dacite andesite; xON, Neogene
quartz latite; BTBPI,Q, Pliocene and Quaternary pyroclastics and feldspar leucite basite; TBPI,Q, Pliocene and Quaternary

feldspar leucite basite; Q, Quaternary; Ul, coal.

Bosnia in the NW and Macedonia and Albania in the
SE. The tectonic depression of Metohiya is radial in
form and has a complex tectonic pattern on its pe-
riphery. Rock strata are tightly folded, faulted and im-
bricated. Fold axes have different trends, Dinaric or
Metohiyan, and strike the direction north—south on the
eastern margin of the depression. Major tectonic units
in this area, which control the tectonic depression, are:
a marginal system of faults, the river Klina fault sys-

tem and the Cicavica thrust-sheet (PETKOVIC & SIKOSEK
1976) (Fig. 2).

The view so far prevailing is that the Metohiyan
depression was formed by the stepwise subsidence
(about 1000 m) along the system of bounding faults as
they strike today. The system of faults of ENE-WSW
strike, probably Pontian in age (Cvui¢, 1913), bound
the Metohiyan tectonic depression on the north and
south. On its western rim, there are two faults: one
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almost N-S from Peé¢ to Decani, and the other NW-SE
from Dobro§ to Damnjan, forming its southwestern
boundary (Fig. 2). The thus-shaped depression was fill-
ed with Miocene terrestrial sediments, with the central
occurrence of tectonically controlled Cretaceous deposits
and serpentinite. The tectonic depression of Metohiya is
located in the “migration” area of the strike directions
Dinaric orogen structures, where during the neotectonic
events, the pressure release was the greatest.

The term “Metohiyan direction” was introduced by
Cvui¢ (1924). He noted in the extreme south that the
Dinaric Mountain ranges curved from NW-SE to E-W
or NE-SW, locally N-S, while the outer folds nearer
to the Adriatic Sea retained the Dinaric direction
(NW-SE), sank to the level of the Drim and Bojana
Rivers backland and converged “at an obtuse angle
with Albanian folds of the Mediterranean direction”.
However, “internal directrices bent right behind Skutari,
in Taraba$ and Rumija to the NE, the direction present-
ly referred to as Metohiyan, because it is best marked
around the Metohiyan depression”.

Similar curvings are noted on the other side of the
Metohiyan depression in the Shar Mountain system
(Shar, Koritnik and Pastrik), where the meridian direc-
tion changes into the Metohiyan direction (NE). Cviic
(1901, 1924) tried to explain the phenomenon by tec-
tonic control. His hypothesis was that the curving of
the folds and directrices in Prokletije and further west-
ward caused the orographic bending.

General Impact Effect and
Product (Impactite)

It is interesting to note that not one of geologists or
other researchers who studied this region ever thought
of the impact of an extraterrestrial body, though images
of such bodies from artificial satellites have become
available (ANTONOVIC & SmMiI¢ 2006).

As a result of cosmic explorations in the late 20th
and beginning of the new century, an abundance of in-
formation has been obtained on the composition and
structure of planets in the solar system, what led to
new knowledge and a new scientific discipline, Com-
parative Planetology.

Studies of the surface geology of the family planets
of the Earth (Mars, Mercury, and Venus) and their sa-
tellites the Moon, etc.) have shown that many charac-
teristic features of their surface configuration and deep-
er structures are controlled by ring (circular) structures
of various dimensions. It has been noted that most of
the ring structures were impact craters and that no more
than 20% of all the ring structures were volcanic cra-
ters (MARKOV 1984; ANTONOVIC & SiMIC 2006). Esti-
mates have shown that intensive meteorite showers
were dominant in the early phases of their evolution,
from 4 to 3.8 milliard years, and before two milliard
years had decreased 200 to 300 times (it was calculat-
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Fig 2. Tectonic map of Metohiya and its margin (modified
after PETKOVIC & SIKOSEK 1976). DN, Durmitor nappe; KN,
Kudi (Zijovo) nappe; RN, Rumija nappe. Geotectonic units:
A, Central Paleozoic and ophiolite belt; B, Tectonic depres-
sion of Metohiya (a, Metohiya depression marginal fault sys-
tem, b, the Klina system of faults, c, the Cicevica thrust
sheet); C. Korab nappe.

ed that in the early stages of the Earth’s evolution,
103-10* bodies between 10 km to 100 km in radius
should have fallen on its surface at a velocity rate
between 10 km/s and 20 km/s; in: MARKOV 1984).
Intensive bombardment of planets in the early stage of
their evolution should be considered as a universal pro-
cess of substance transformation for any solid body of
the solar system. The geochemical effect of this impact
transformation has been inadequately evaluated and
studied, or little is known about the proportions of the
events, their effects and influences on the evolution and
transformation of the continental crust.

If the Earth’s nearest neighbours were exposed to me-
teorite showers in different stages of their history, there
should be hardly any doubt that meteorites fell on the
Earth surface as well. As mentioned earlier, many spe-
cialists in Earth geology have given little consideration
to or ignored impact occurrences as a geological process
on the Earth, even if they were obvious and should have
been taken into consideration both in the early geologic
history and the latest evolution of the plant Earth. It is
understandable, because endogenic processes have done
much in erasing the traces of impacts. Moreover, at the
present time, about a hundred impact structures, some of
140 km or more in diameter have been identified on the
Earth (BARSUKOV & BAZILEVSKIY 1984; MARKOV 1984;
GRIEV & PARMENTE 1984; GLUHOVSKIY & PAVLOVSKIY
1984; MASAITIS et al. 1984; ENGELGARDT 1984; FELD-
MAN 1984; ANTONOVIC & SiMi¢C 2006).

The study of tectonics and magmatism in the early
stage of the Earth’s evolution is very important in
itself, because it affords insight into the origin of the
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geological history of our planet, and a view on the
sources of the formation of its upper mantle. This is
equally interesting for tectonists and petrologists, geo-
chemists and sedimentologists, or, in other words, for
many disciplines of geological science.

Principal bombardment effects are the following: (1)
essential contribution to the planet is energy on the ac-
count of rapidity of the strikes, transformation of kinet-
ic into thermal energy, (2) initiation of volcanism, the
products of which mostly fill craters and (3) meteorite
bombardment on the Earth’s surface, which led to es-
sential redistribution and mixing of material, and to
changes of its chemical composition.

Nevertheless, it is interesting to learn and explain the
character of basalt volcanism on different planets,
because basalt is one of the essential constituents in the
crusts of planetss. It is well known that in the Phanero-
zoic history of the Earth, the primary mass of basalt
formed in contemporary oceans and their paleoana-
logues. May this pattern of an early stage of the geo-
logical history of Earth be applied to other planets of
the Earth’s family? The question is still obscure be-
cause the moon “seas” and “continents” are not ana-
logues, in the strict sense of the word of similar struc-
tures on the Earth.

Craters more than 2 km across in sedimentary and
more than 4 km in crystalline rocks have a character-
istic depth-to-diameter ratio of less than 1/10 and an
elevated central area of shock-metamorphosed rocks,
which form a central peak and/or inner ring (ANTONO-
vIC & SMmIC 2006).

A brief review of the geology and geophysics of many
Earth’s craters can be found in the works by DENCE et
al. (1977) and MASAITIS et al. (1980). In some exam-
ples of extraordinary geological circumstances, the for-
mation of large impact structures influenced the precip-
itation and emergence on the ground of surface ore
deposits (e.g. Ni-sulphides in the Sudbury structure;
MORRISON 1982). In some impact structures, appre-
ciable reserves of hydrocarbon were also formed, as in
the Boltish depression (YURK et al. 1975) and View-
field (SAwATzKY 1977). An impact exerts deep effects
on the local geology, disturbing the physical and chem-
ical balance in rocks, which in particular cases leads to
the formation of a structure of much larger horizontal
scale than the largest volcanic product.

The effects that indicate a large-scale impact on the
early Earth’s crust may include the following: landform
of a few km in amplitude, thermal gradient rise in the
lithosphere and the atmosphere directly beneath the shock
site, controlled ascension to the surface of deep material,
some potential energy for the next eruption of basalt on
account of adiabatic expansion, endogenic mineralizations
(Pb—Zn and the like), geomagnetism and other relevant
indications (ANTONOVIC & VUKASINOVIC 1989/1990).

In case of the relatively thin lithosphere of the Earth,
which probably was even thinner in the early history
of the planet, large-scale impacts could have supplied

asthenosphere material to the ground surface, which
caused volcanic events over a large area (GRIEV &
PARMENTE, 1984).

An impact is followed by the transformation of the
large impact basin. The transformation processes include
contraction and expansion after heat loss, subsidence and
rise after the shock, degradation of landforms on account
of erosion and rapid relaxation, the filling of basins.

During the hypervelocity impact of a relatively solid
body onto the hard planetary surface, there follows a
rapid succession of phases:

a) penetration of the impacting body and consequent
compression, compaction of material;

b) excavation — caving and formation of a crater;

¢) transformation of the transient crater and its fill-
ing both underneath (rapid replacement of dislodged
and crushed socle) and above (numerous settlings and
emplacement of ejected, broken and molten material of
target rocks).

The shock wave spreads from the shock zone in con-
centric rings and is manifested in: (a) evaporation, (b)
complete melting, (c) partial melting and plastic defor-
mation, (d) crushing and fissuring. In crater structures
only relics have remained, formed in the zone of par-
tial melting and plastic deformation, and complete in
the zone of crushing and fissuring. According to cur-
rent estimates, the area of complete destruction in an
impact crater (zones a, b and partly c) is characterized
by high pressure (about 25 GPa).

Rock and structure transformation, during a collision,
may be considered at several levels:

1. On the atomic/molecular level, the shock wave
causes atom compaction, or destruction of atomic or
molecular bonds. The high temperature rise leads to
dehydration of water-bearing minerals, carbonate de-
composition and moisture evaporation.

2. On the crystal lattice plane, fine mosaic cracking
of crystal structure and lattice rearrangement or com-
plete destruction at a higher or lower level.

3. On the mineral level, transformation evolves
through several successive stages: (a) propagation of
the shock wave (progressive shock metamorphism), (b)
heat effect from the impact melt source (pyrometamor-
phism) and its cooling (crystallization, glass formation,
neocrystallization, recrystallization, polymorphic transi-
tions, etc.), and (c) during the action of aqueous solu-
tions that flow through the cooled rock mass.

The processes, due to high temperature and pressure
generated within the short time of the collision, lead to
different structural transformations and formation modes
of the group of crystal and glass phase: crystals under
high pressure, monomineral and polymineral impact
glass, grassy condensate, glassy products of pyrometa-
morphic melt and glassy products of thermal decom-
position. The glassy formations or tektites are small,
rounded, spherical or uniform-surface bodies found in
groups. Tektites have high silica (70%-80%), aluminium
oxide (11%-15%) and alkalis (Na,0+K,O from 3.34%
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to 4.04%), and very low water contents (RIKA & Ma-
LYSHEVSKAYA 1989).

Impact structure

The Metohiyan depression in South Serbia is a large
geotectonic unit of complex structure. Major tectonic
units in the region, which control the depression, form
a system of marginal faults, the fault system of the
River Klina and Cicavica overthrust nappe.

The geological-structural map of this Serbian region
clearly shows its principal features:

1. Distinct bending of deep-seated structures in the
southern, western, northwestern and northern parts of the
Metohiyan depression is manifested in sharp changes of
the strike directions, from E-W to NW-SE to NE-SW
to N-S (Figs. 1 and 2). An impact or a vestige of its
edge may explain the abrupt changes in the strike di-
rection, or almost circular pattern of the structures. The
western margin is formed by two faults: one, extend-
ing from Pe¢ to Decani, almost N-S, and the other,
bounding the basin on southwest, strikes in the NW-SE
direction from Dobro§ to Damnjan. The eastern border
of the Metohya Basin is similarly curved. The morphol-
ogy of the bent structures and abrupt change in their
strike directions on the edge of the Metohiyan depres-
sion can be satisfactorily explained neither by the con-
vergence of the Dinaric and Shar-Pindus systems nor
by plate rotation or gravitational sliding. The best ex-
planation is that it was produced by an impact.

2. Another feature suggesting its impact structure is
the recognizable circular depression, almost a thousand
metres deep, filled with Neogene sediments, including
thick coal deposits, bounded by fractured and deformed
rocks of “the central Paleozoic and ophiolite belt” (Fig.
2). The base under the depression fill (clastics) is the
some rock as those building up the sides of the depres-
sion. Also, subsidence is manifested (DRAGASEVIC 1974),
in the then thinner Earth’s crust in the structures, by a
lower common thermal gradient.

3. More evidence of the likely impact character of
the structures is provided by some geophysical data,
foremostly the agreement of positive geomagnetic ano-
malies with the circular structure (VUKASINOVIC 2005).

4. A supportive evidence of the circular structure is
the distribution of Oligocene/Miocene intermediate ig-
neous rocks, which frequently bear large and locally
Pb—Zn rich deposits (NE of Metohiya depression, Trep-
Ca, etc.).

The time when Metohiyan depression was formed is
difficult to determine. It probably occurred before the
Upper Cretaceous, after the Triassic (possibly also in
the Paleogene). Some references (BOGDANOVIC, 1976)
associate the fold deflections with the Mirdita peridotite
massif. Could not a meteorite impact cause synchro-
nous deviations of folds and the formation of Orahovac
peridotite? The answers to this and many other ques-

tions may be searched for in the sediments of the
Metohiyan depression and rocks building up its edges.
The search must be multidisciplinary and comprehen-
sive to include geological-structural, atomic-molecular,
crystallographic, mineralogical, petrological, geochemi-
cal, and geophysical studies.
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Pe3ume

HoBu norjien Ha CTPYKTYPHH CKJION
MeTtoxujckor 6acena 1 leroBor oooaa

MeToxmjcka KOTJIHHA TIPEACTaBiba jeHY O KpYII-
HUX 7 Y CTPYKTYPHOM TIOTJIEAY CIOKEHUX I€OTEKTOH-
CKUX jeguHUIA Y jy>kHO] Cpbujn. 3HavyajHe TEKTOHCKE
jenuHAIEe, KOje Ce Y TOM MPOCTOPY jaBibajy, OJJHOCHO
KOje yCIIOBJhaBajy MOjaBIbUBAKE TE€ caMe JIeNIpecHje cy
0OONTHY CHCTEM pacefia i CHCTeM pacefia peke Knmae n
kpasbymT huhasune. I neTuMuaHEM TIOTIIEIOM Ha
TeoJIONIKO-CTPYKTYPHY KapTy oBor mopapydja CpoOuje
HEeKe ocoOeHoCTH n36Mjajy y MpBU IJIAH:

1. OHoO mITO je ogMax yO4bWBO je HEOOWIHO CaBH-
jambe MYyOWMHCKHX CTPYKTypa y jy>KHOM, 3amlajHOM,
CeBepO3alaHOM W CeBEpHOM Jieny MeToXmjcKe KOT-
JWHE, MITO Ce MaHM(eCcTyje HarJIuM MpoMeHaMa MpaB-
na npyxama og 1-3, C3-JU, CU-J3, C-J u nip, (ca. 1,
2). OBe HeHafiHE W HArJIe POMEHE MpaBIia MpyXkKama
CTPYKTypa, BbUXOB CKOPO KpysKaH (IPCTEHACT) OOIHMK
MOXKe OuTu OoOjallllbeH MMIIAKTOM, OJHOCHO MOXKe
outn HacinebeH of obopga mmmakTa. Ha 3amagHOM
0060jy TIOCTOje fiBa pacefa, KOju ce MpyxXKajy: jeflad off
ITehn no [leuana, ckopo y mpaBuy C-J, a npyru, Koju
YMHA jyro3amajHy TpaHuly OaceHa, MpOTeXe ce Y
npasny C3-JU, ox Hobpoxka mo [lammana. Hemro
CIIMYHO MMaMO W Y MCTOYHOM OOOmHOM neny Meto-
xmjckor Oacena. OBakBa Mopdoiioruja CTPyKTypa ca
BEJIMKNAM TOBHja-eM W HAIJIIM MpoMeHaMma TIpaBIa y
obogHOM Jlenry MeToxmjcKe fiemnpecuje, He MOXe ce
3a/ioBoJbaBajyhe 06jacHUTH, TEKTOHCKAM CyTOKOM [1u-
Hapcke u lllapcko-mHACKE crcTeMe, Kao HU €BEHTYall-
HOM POTANMjOM IUIOKA WIJIM TPaBUTAIMjCKUM KOJIal-
coM, Beh IMITaKTHOM CTPYKTYpPOM.

2. Cnepmeha ocobeHocT KoOja ykaszyje Ha MMITAKTHY
CTPYKTYPY j€ CeMIMEHTOIOIKN MPeno3HaTIFUBA TOTO-

Bo 1000 meTapa gyboka KpysKHA enpecHja UCIymaHa
HEOTEHNM CEUMECHTHMA Ca BEJIMKMM Hacllarama yriba,
OTrpaHMYCHA Pa3IOMJBEHIM U Jie(pOPMUCAHUM TBOpE-
BHHAMA “IEHTPAIHOT IIaJIe030jCKOT M O(MHUOIUTCKOT
nojaca* (ci1. 2). 3anpaBo OCHOBY cefijuMeHaTa (KJIacTu-
Ta) KOjH WMCNYHaBajy KOTJIMHY YMHE CTEHE KOje W3-
rpabyjy obonnu fieo nenpecuje. FicTo Tako je eBupeHT-
HO Tomwewe (Buau JJPATAIIEBUR 1974), Mama nebibuHA
3eMIbIHE KOpE Y OBUM CTPYKTYypaMa, Kao U HIDKH TEM-
nepaTypHU TOK (TPajiijeHT) Off yOOMKajeHUX.

3. Cnepehn moka3 y ogHOCY Ha MOTyhe MMIaKTHE
KapakTepe CTPYKTypa HyAe HeKe reo(pu3nuke Unibe-
HUIE. Y TPBOM PEy je carjJacHOCT IO3WTHUBHUX I'eo-
MarHeTCKUX aHOMaJjHja ca OBOM KPYKHOM IpCTEHAc-
TOM CTPYKTYpoM (BYKAMMHOBWE 2005).

4. Wpejy o mpcTeHacToj CTPYKTYpH TOTKPEIIbYje
AACTpUOYIHja OIUTOMUOICHCKUX WHTEPMEIHjapHUX
BYJIKQHNTA, KOjU Cy KECTO HOCHOIN BEJIMKUX U MECTH-
MIKHO Ooratmx Pb—Zn nexwuinrta (ceBepOUCTOYO Off
Meroxujcke KotauHe — Tpermya u jip.).

dopmupame METOXHjCKE JIeTIpecHje, TEIIKO je Bpe-
MEHCKHU TayHO ofnpenuTu. HajBepoBaTHmje fja ce TO
JIECHIIO TIpe TOpIL-E Kpefie, a mocie Tpujaca (Moryhe m'y
naneoreny). Hekm ayropm (BormaHoBus 1976)
cKpeTame Habopa Be3yje 32 MUpINTCKU MEePUAOTHTC-
K1 MacuB. Huje i ckpeTame 60pa W HacTaHAK Opaxo-
BavYKOT NEPUOTHTAa BPEMEHCKHN MOBE3aHO W Y3POKO-
BaHO METEOPHUTCKIM yIapOM, OMHOCHO mMmIakToM. Of-
TOBOp Ha OBO MUTAI-E W, MHOTA JIPyra, Kpuje ce Kako y
ceguMeHTIMa MeToxuje, TaKO W TBOPEBMHA HETOBOT
obofia u 3axXTeBa CTYHO3HO IpoyUaBame. Ta mpoyda-
Bama Mopajy fa 6yny MyJITHANCIUIUIMHAPHA U CBEO-
OyxBaTHa Off T€OJOIIKO-CTPYKTYPOIIOIIKIX, ATOMCKO-
MOJIEKyJIapHAX, KPUCTaJIOTpapcKuX, MIHEPAIIOIIKIX,
METPOJIOIIKIX, T€OXEMIjCKHX, TeO(U3MIKAX 1 APYTUX
UCTINTHBAHA.
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Neomeris mokragorensis sp. nov. (Calcareous alga, Dasycladales)
from the Cretaceous of Serbia, Montenegro and the Northern
Calcareous Alps, (Gosau Group, Austria)

RAJKA RADOICIC! & FELIX SCHLAGINTWEIT2?

Abstract. The new species of the genus Neomeris — Neomeris mokragorensis sp. nov. described in this paper
from western Serbia originates: from the Albian of Mokra Gora (the succession transgrading on the serpenti-
nite) and from the Turonian of the Skrapez—Kosjeri¢ area (the succession transgrading on the Carboniferous).
The presence of this species has been noted in the Turonian of the Kukes and in the Santonian of the Meto-
hija Cretaceous Unit (Mirdita Zone). In the surrounding of Podgorica (Dinaric Carbonate Platform, Montenegro),
the same species previously was presented as Neomeris cf cretacea STEINMANN. Well preserved Neomeris speci-
mens from the Turonian to the Santonian strata of the Northern Calcareous Alps (Gosau Group, Austria) pre-
viously described as Neomeris circularis BADVE & NAYAK, is assigned to Neomeris mokragorensis sp. nov.
Neomeris mokragorensis is characterized by a thin loosed skeleton formed only around ampullae, by which,
besides the form of the ampullae, this species is clearly distinct from Neomeris cretacea (Steinmann).

Key words: Dasycladales, genus Neomeris, new species, Middle and Late Cretaceous, Serbia, Montenegro,
Austria.

AnmncrpakT. 13 xpenux cinojeBa 3anagae CpOuje onucaHa je HoBa BpcTa facukiaganeca Neomeris mokragoren-
sis sp. nov. o caja Habena y an6y Mokpe Tope (Turicku jokanuTet) u TypoHy poiaute Ckpamneska. OcuM y 3amaj-
Hoj CpOuju, HaJacy OBe BpCTe MO3HATHU ¢y Y MupauTa 30HI: U3 JOKOTYPOHCKHX cllojeBa Kykecke M CaHTOHCKHX
ciojeBa MeToxujcke Kpenne jequnuie. Y okonunu [Togropune ([IuHapcka kapGoHaTHa miatgopma, Lpua Topa)
HeoMepHC paHuje NpuKa3aH Kao Neomeris cf. cretacea STEINMANN cafia ce IIPUIINCYje HOBOj BPCTU. 3a pa3jIuKy Off
penaTUBHO MAacUBHOI KapOOHATHOI cKejeTa Takobe anbcke Bpcre Neomeris cretacea, CKENeT HOBE BpPCTE
dopmupaH je KaIuuUKanujoM MOojeJUHAYHIX aMIyJia Te je cTora ciado Be3aH M OrpaHMYeH caMO Ha IO OKO
penpoayKTUBHUX oprana (ammysa). OBe ABHje BPCTe ce Pa3iMKyjy U MO OOJIUKY aMITyJia Koje Cy OBOMHO-CyOc-
¢epryHe KOJ| HOBE BPCTE, HACYIPOT U3YKEHO MMNTHIYHAM aMIlysiaMa Bpcte Neomeris cretacea.

Kibyune pujeun. Dasycladales, pon Neomeris, HoBa BpcTa, cpefma U Miaba kpega, Cpouja, Lipna I'opa,
Aycrpyja.

Introduction

Neomeris mokragorensis sp. nov. is described from
the Cretaceous of western Serbia. The today living ge-
nus Neomeris LAMOUROUX (dasycladalean alga) is
known since the Early Cretaceous (Valanginian). Fol-
lowing the compilation of GRANIER & DELOFFRE (1993)
only two species of Neomeris (excluding the subgenus
Larvaria DEFRANCE, and Drimella RADOICIC) are knouwn
from Cretaceous strata: Neomeris cretacea (STEINMANN)
(Albian of Mexico) and Neomeris circularis BADVE &

NAYAK, 1993 (?Cretaceous of India). Neomeris cre-
tacea was throughly described and well illustrated from
the type-locality area by BARATTOLO (1990), whereas
Neomeris circularis was introduced by one single poor-
ly preserved fragment. GENOT (1994) did not list this
species in valid Cretaceous Neomeridae. Well preserv-
ed representatives of Neomeris from the Late Creta-
ceous of the Northern Calcareous Alps, ascribed by
SCHLAGINTWEIT & EBLI (1995) to Neomeris cirularis, is
assigned, in this paper, to Neomeris mokragorensis. sp.
nov.

I Kralja Petra 1. 38, 11000 Belgrade, Serbia. E-mail: rradoicic(@sezampro.yu
2 Lerchenauerstrasse 167, Miinchen. E-mail: EF.Schlagintweit@t-online.de
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Fig. 1. Location map of the studied sections. 1, Mokra Gora;
2, Skrapez Valley; 3, Vardiste; Dotted line: Drina Cretaceous
Unit.

Geological setting
Western Serbia

In western Serbia, Neomeris mokragorensis sp. nov.
has been found in two regions: in the Albian sediments
of Mokra Gora (Figs. 1, 1) and in the Turonian of the
Skrapez Valley (Figs. 1, 2).

Mokra Gora (c¢f. Mirdita Zone)

The Cretaceous succession of Mokra Gora is part of
the Drina Cretaceous Unit (RADOICIC 1995). In western
Serbia, this unit crops out in the Zlatibor-Tara—Zvijezda
Belt, from where it stretches further to the area of Vi-
Segrad in eastern Bosnia (Fig. 1, dotted line). Large ophi-
olite massifs, basinal Diabase-chert Formation and shal-
low water Triassic carbonates are transgressively and
diachronously overlain by Albian to Turonian—-Lower Se-
nonian sediments. The Albian, Early-Middle Cenoma-
nian, Middle Turonian and Early Senonian ages of Mokra
Gora successions were documented by rich micro and
macrofossil associations (ZIVKOvVI¢ 1905; Loczy 1924;
MILOVANOVIC 1934; PEJOVIC & RADOICIC 1971; BANJAC
1994) and also by Albian—Cenomanian palynolospectra
(DuLIC 1994). Precise stratigraphic data on the interval

between the Early-Middle Cenomanian and the Middle
Turonian limestone with rudists (on the Ogradenica marly
sequence, respectively) are lacking. The Ogradenica mar-
ly sequence (Fig. 5) represents a peculiar feature in the
paleogeography of the Drina Cretaceous Unit, occurring
in the Mokra Gora area only, as a result of Mid-Creta-
ceous tectonic events. Early Cenomanian slump breccia
(Fig. 6), observed in the western periphery of Mokra
Gora, was the first announcement of these events.

Kremna
( J

L

. 4. BEs L.

Fig. 2. Simplified geological map of the eastern Mokra Gora
area. 1, Triassic; 2, serpentinites; 3, Cretaceous; 4, Kremna
Neogene. According “Carte géologique de la R. S. de Ser-
bia”, 1:200 000, by MiLovaNoVvIC & Cri¢ (1968).

In the eastern part of the Mokra Gora (Fig. 2), Cre-
taceous sediments, represented by some tens of metres
of marls and marly limestones, overlying serpentinites
with weathering crust, outcropped at places. These fresh-
water? to brackish deposits without noted microfossils,
but in some beds with molluscs (Glauconia, Acteonella,
Natica, Cerithium, other different gastropods; Lucina,
Cirena, Lopha, Gryphaea, ostreid coquinas at places and
other bivalvies) were ascribed to the Albian, although a
latest Aptian age of the lowermost beds cannot be ex-
cluded. These sediments gradually pass into a sequence
of alternating marls and marly-silty, peloidal or bioclas-
tic limestone (Fig. 4), some of them containing benthic
foraminifera, Charophyta gyrogonites and small mol-
luscs. Within the beds about 10-12 metres below the
outcrop in Fig. 4, the presence of Hemicyclammina sigali
MayNC indicated an age not older than middle Albian.
The hand sample 011541 containing Neomeris mokra-
gorensis sp. nov. and marls with Afopochara trivolvis
Peck (011541a; see LiuBovIiC-OBRADOVIC 1995) are
from the base of this outcrop. Wackestone — p. p. pack-
stone with Neomeris contains frequent annelids (prevail-
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Fig. 3. Simplified geological map of the Skrapez Valley area.
1, Paleozoic (Lower Carboniferous); 2, Diabase-chert For-
mation; 3, Cretaceous; 4, Neogene. Aaccording “Carte géolo-
gique de la R.S. de Serbia”, 1:200 000, by MILOVANOVIC &
CIRIC (1968).

ing fragments), rare Charophyta gyrogonites, micromol-
luscs and few foraminifera (last occurrence of Hemicy-
clammina sigali in this sequence!) In the sample 011545,
only few a Charophyta gyrogonites were detected (Pl. 3,
Figs. 9, 10). Very rare Ovalveolina maccagnoae DE
CASTRO, associated with minute molluscs and rare ostra-
cods, were found in samples 011546, 011549 and
011551. They became abundant in the topmost beds (Pl.
3, Figs. 7, 8). This sequence is ascribed to the Late
Albian—Earliest Cenomanian (Vraconian).

Upward, badly exposed Early-Middle Cenomanian
limestone with orbitolinids, Pseudorhapydionina lauri-
nensis (DE CASTRO), Charentia cuvillieri NEUMANN,
Cuneolina, nezzatidae and ostracods is present. Further,
followed friable deposits, some of them rich in mol-
luscs (e.g. ostreids coquina, those with different gas-
tropods), corresponding to the lower part of the Ogra-
denica marly sequence (Fig. 5). The succession contin-
ues in friable hemipelagic marly limestone with rare
and badly preserved ammonites, echinoderms and rare
planktonic microfossils (minute Pithonella, “Hedbergel-
la”). In this part of the sequence, olistostromatic beds
and some bioclastic limestone with debris of rudists
and other molluscs, halimedacean algae and rare fora-
minifera were noted. Based on the ammonites, Loczy
(1924) considered a Cenomanian—Turonian age for this
deposit, a view accepted by later researches. The Ogra-

011552

g

2=% 011551

N 011550
74 011549

T 011542
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Fig. 4. Outcrop of a part of the Albian (Vraconian) deposits
(about 15 metres) in the eastern part of Mokra Gora, at the
crossing of the road and the railway (Photo: 1970).

denica marly sequence is discontinuously overlain by
Middle Turonian to Early Senonian limestone with ru-
dists (Fig. 5, on the top-arrow). The presence of the
Santonian species Vaccinites oppeli (DOUVILLE) was
mentioned by MILOVANOVIC, 1934, probably from the
upper part of this limestone sequence. Younger beds of
the Santonian are not documented.

It should be mentioned at this point that the Albian
sequence of the same Cretaceous Unit at Vardiste, west-
ward of Mokra Gora (Fig. 1, 3), have been studied by
BORTOLOTTI et al. (1971). According these authors “the
fossils indicate an Late Jurassic age and an environment
of shallow water and anomalous salinity”. Between the
illustrated microfossils shown in Fig. 6, the specimen
“L”, assigned with reserve to Haplophragmoides sp. is
recognized as Hemicyclammina sigali MAYNC, a species
widely distributed in the Albian of Mokra Gora.

In the basal part of the Drina Cretaceous Unit, fossils
are rare and badly preserved. In addition, Albian shal-
low water facies in this area are different from those in
the Albian of the Periadriatic Carbonate Platforms, there-
fore these deposits were not recognized, by our Italian
colleagues, as Albian.
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Fig. 5. Ogradenica marly sequence, on the top (arrow) lime-
stone with rudists (Photo: 1970).

SkrapeZ Valley (The Cretaceous of Kosjeric,
western belt of the Vardar Zone)

The Late Cretaceous deposits of Skrapez occur in
the most eastern part of the Kosjeri¢ Cretaceous area
(Fig. 3). The oldest known sediments are Cenomanian
in age transgrading over Early Carboniferous strata.
The shallow water Cenomanian and p.p. Turonian de-
posits gradually pass into a basinal succession.

In the Skrapez Vallley, Neomeris mokrogorensis sp.
nov. was found in two localities. In both cases in the
sequences between the Cisalveolina fraasi Zone and sed-
iments with hippuritids. In the locality Gradnja (sampled
in 1966, the outcrop was 14 m thick), the Neomeris was
found in the 4 m thick marly limestone (samples in the
base and on the top, 07504, 07505) associated with bar-
rel-shaped segments of Halimeda, Terquemella, Nezza-
zatinella picardi (HENSON), Gendrotella rugorensis
(MAYNC), remains of gastropods and rare coral debris.
About 10 metres upward (marly limestone, sandy marls
and sandstones), Turonian hippuritids where discovered
within a conglomeratic bed (data of D. PEjovIC 1966).
The other locality with Neomeris mokragorensis sp. nov.
is on the opposite riverside to Gradnja.

Limestone with Neomeris mokragorensis sp. nov. in
the SkrapeZ area was deposited in a low energy, shal-
low-water, lower?-middle ramp environment.

Other localities
Mirdita Zone and Montenegro

Neomeris mokragorensis sp. nov. has been recognized
in the Turonian and Santonian limestone of the Mirdita
Zone, and in the Albian (revised) of the Dinaric Car-
bonate Platform (Montenegro).

Mirdita Zone, Kukes Cretaceous Unit. A rare prevail-
ing Neomeris fragment was found in the Early Turoian

Fig. 6. Lowerl Middle Cenomanian slump breccia cropped
out during road constructions in 1970, Kotroman, Mokra
Gora (Photo: 1970).

(Helvetotruncana helvetica Zone) of the GradiSte succes-
sion, where it was associated with frequent Halimeda
elliotti CONARD & RIOULT (RADOICIC 1998, Pl. 1, Figs.
1-3). From here originates a unique Neomeris mokra-
gorensis specimen with the contour of the central stem
preserved and, consequently, the space corresponding to
the primary laterals (Fig. 7). Dispersed ampullae and
fragments of Neomeris in the Santonian limestone of the
Metohija Cretaceous Unit (Mirdita Zone, RADOICIC 1997,
Pl. 4, Fig. 12) are ascribed to this species.

Fig. 7. Neomeris mokragorensis sp. nov. with preserved con-

tour of the main stem, Turonian, Helvetotruncana helvetica
zone, Kukes Cretaceous Unit (Mirdita Zone), thin slide
RR2049, sample 015203, X39.

Dinaric Carbonate Platform Montenegro. From the
Albian marly limestone in the surroundings of Pod-
gorica (SE segment of the DCP), previously ascribed
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to the Cenomanian, this species was presented as
Neomeris cf. cretacea STEINMANN (RADOICIC 1976; Pl.
5, Figs. 1-2). The limestone with Neomeris mokra-
gorensis sp. nov. was deposited in a very shallow pro-
tected inner platform area, characterized by the pres-
ence of beds with Atopochara trivolvis.

Austria

The Gosau Group of the Northern Calcareous Alps
uncoformably overlies the already deformed sediments
of the Upper Austroalpine nappe complex. The remants
of the neritic Lower Gosau Subgroup comprise differ-
ent facies associations (continental to shallow marine),
which altogether cover a range from the Late Turonian
to the Early Campanian (e.g. WAGREICH & FAUPL 1994;
SANDERS 1998). The occurring lithologies (marls, lime-
stones, sandstones) comprise a wide range of nearly
pure silicoclastic, mixed clastic carbonate and pure car-
bonate lithologies, including also diverse types of bio-
constructions Neomeris mokragorensis sp. nov., as-
signed to Neomeris circularis BADVE & NAYAK, has
already been reported from various localities of the
Lower Gosau Group of Austria:

Pletzachalm, Tyrol, (see SCHLAGINTWEIT & EBLI 1995).

Eisenbach, Salzkammergut area: Brownish lagoonal
wackestones with miliolids (Quinqueloculina, Vidalina),
Thyrsoporella eisenbachensis SCHLAGINTWEIT & LOBIT-
ZER (abundant), Dissocladella pyriformis SCHLAGINTWEIT
(common) and Neomeris mokragorensis sp. nov. (rare)
and plant remains (see SCHLAGINTWEIT & LOBITZER
2003). Stratigraphy: ?Late Turonian.

Hofergraben, type area of the Gosau Group: Mixed
silicoclastic-calcareous tempestites layers within marls
of the Hochmoos Formation with abundant debris of
pelycopodes, Neomeris mokragorensis sp. nov., Jodo-
tella koradae, Trinocladus tripolitanus (RAINERI), and
Halimeda paucimedullaris SCHLAGINTWEIT & EBLI (see
SCHLAGINTWEIT 2004).

Summarizing, Neomeris mokragorensis sp. nov. occurs
in lagoonal, partly marly, wackestones with or without si-
licoclastic influence of the Lower Gosau Subgroup in stra-
ta ranging from Late? Turonian to Late Santonian age.

Paleontology

Order Dasycladales
Family Dasycladaceae
Genus Neomeris (LAMOUROUX, 1816) DELOFFRE, 1970

Neomeris mokragorensis sp. nov.
PlL. 1, Figs. 1-12; Pl. 2, Figs. 1-3; Pl. 3, Figs. 1-6.

1962 Neomeris cretacea STEINMANN — DELMAS & DE-
LOFFRE, 216, pls. 1-2, Albian—Cenomanian of Aqui-
tane, France.

nf 1971 Neomeris cf. cretacea STEINMANM — PEJOVIC & RADOI-
CIC: 138, Cenomanian (revised. Albian), Mokra Gora.

1976 Neomeris? cf. N. cretacea STEINMANN — CONRAD &
PEYBERNES: 187, figs. 11b, 14e, Albian of the Spain.

1976 Neomeris cf. cretacea STEINMANN — RADOICIC: pl. 5,
figs. 1-2, Cenomanian (revised. Albian), Montenegro.

1991 Neomeris cf. pfendere KoONisHI & EPIS — SCHLA-
GINTWEIT: 49, pl. 18, fig. 8, Albian of the Northern
Calcareous Alps.

1995 Neomeris circularis BADVE & NAYAK — SCHLA-
GINTWEIT & EBLL: 718, text-fig. 3, pl. 1, figs. 1-10,
Late Turonian—Early/Middle Coniacian of the North-
ern Calcareous Alps.

1995 Neomeris circularis BADVE & NAYAK — SCHLA-
GINTWEIT: 101, pl. 1, figs. 6, 11, Late Santonian of
the Northern Calcareous Alps.

1998 Neomeris sp. — RADOICIC: pl. 4, fig. 12, Santonian,
Mirdita Zone.

Origin of name. The species name refers to the type
area Mokra Gora in Western Serbia.

Holotype. The transversal slightly oblique section
with few individually calcified ampullae (Pl. 1, Fig. 12,
arrow), holotype (left) and (right) longitudinal section,
arrow: primary calcified ampulla. PI. 2, Fig. 1, thin
slide RR4588 (sample 011541), Collection R. RADOI-
CI¢, Geological Institute, Belgrade.

Isotypes. Different section in thin slides RR4588,
4588/1, 4588/2 and 4588/3 (sample 011541) some of
them illustrated in the PI. 1.

Type locality. Mokra Gora, the outcrop along the
road, at the crossing of the road with the railway,
43°47°45.80” N, 19°30’41.12" E (Fig 4, photo 1970).

Age. Albian—Santonian, (in the type locality Middle—
—Late Albian).

Diagnosis. Representative of Neomeris with an elon-
gated cylindrical thallus and densely set whorls with
laterals set in quincunxes. Calcification formed in dis-
tal part of the whorls around fertile ampullae only, re-
sulting in a wide central cavity. Primary laterals, basal
parts of the secondaries and their distal swellings (cor-
tex) unknown (not calcified); fertile ampullae ovoidal-
subspherical in shape and individually calcified includ-
ing the membrane and thin sheath around the ampulla,
usually overgrown during diagenesis.

Dimensions. Data from western Serbia and the North-
ern Calcareous Alps show good accordance. Minimum
values (D, d) from the Alps correspond to a tiny speci-
men (SCHLAGINTWEIT & EBLI 1995: pl. 1, fig. 5).

Austria Serbia
D 0.72-2.32 1.28-1.88
d 0.58-1.68 1.05-1.52
d/D 0.6-0.88 0.7-0.86
25-34 3045
L 9 (12, on the sample)
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According the specimen Neomeris mokragorensis sp.
nov. from the Kukes Cretaceous Unit, Mirdita Zone
(Fig. 7) the main stem of this species is about one third
of the diameter.

Description. The variably preserved, simple, thin, lo-
osely connected skeletons (Pl. 1, Figs. 1-6) consist of
individually calcified laterally fussed ampullae, alternat-
ing in whorls. The skeleton of the primary carbonate
sheaths, due to recrysallization and overgrowth some-
times becomes better preserved ( Pl. 1, Fig. 3; PlL. 2,
Fig. 2; Pl. 3, Fig. 4) The primary calcified ampullae
were preserved in both the studied material — from the
Alps (SCHLAGINTWEIT & EBLI 1995, pl. 1, figs. 4, 8, 9)
and from Western Serbia (Pl. 1, Fig 11). The ampul-
lae have an ovoidal-subspheric form. Usually, in ran-
dom sections in thin slides, have a circular form
because the axial sections of the ampullae, as those in
the fragment shown in PI. 1, Fig. 11, are extremely
rare. In the same fragment (and in some others simi-
larly preserved) are clearly distinct a primary calcified
membrane (up to 0.01 mm thick) and a sheath around
it (up to 0.02 mm thick). Dimensions of ampullae, in
the axial sections (according PI. 1, Fig. 12): internal
diameter 0.1 mm, external with calcareous sheath 0,16
mm Axial dimensions, internal 0.13 mm, external, with
primary sheath, about 0.2 mm. Some specimens or a
part of them consist only of orthosparite internal
moulds of ampullae (about 0.1 mm in diameter) or of
subspheric to irregular sparite units, mending both
internal moulds and sheaths (PI. 1, Figs. 2, 6, partly
Fig. 1).

The particularly preserved, unique specimen of this
species is shown in PI. 1, Fig. 4. It has a netlike skele-
ton of fused individual calcified ampullae with micrite
filling. Similarly preserved are the oblique sections in
PI. 1, Figs. 5, and 10, both with mixed individually cal-
cified and completely recrystallized ampullae.

The middle part of the secondary laterals, visible in
the tangential sections, usually appears as micritic pores
(P1. 1, Fig. 8, d is about 0.025 mm) somewhat in a dis-
placed position.

Relations. Neomeris mokragorensis sp. nov. differs
greatly from Neomeris cretacea (STEINMANN) by the
skeletal structure and by the form of the reproductive
organs (ampullae). The calcareous skeleton of Neomeris
cretacea is compact and relatively massive, the ampul-
lae are elongated-ellipsoidal in form. The biometric dif-
ferences between the two species were given by
SCHLAGINTWEIT & EBLI (1995).
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Pe3ume

Neomeris mokragorensis sp. nov. U3 KpexHux
cemumenara Cpouje, Lipue T'ope n CjeBepuux
Kpeumauknx Ammna Aycrpuje (Gosau rpyna)

Hosga Bpcra popa Neomeris onucaHa je U3 KpegHUX
cepmmenaTta 3amagHe CpOwje, n3 anba Mokpe T'ope
(Tumckm nmokamwTeT) W TypoHa moimHe CKpameska.
3abmwbekeHn Cy Takohe Haja3um OBE BPCTE Y AOHEM
TypoHy Kykecke u caHTOHy MeToxujcke KpenHe
jemmanie Mupnuta 30He. Neomeris mokragorensis sp.
nov. U3 auOcKuX Kpedmaka okonuHe I[Topropune (JU
cerMeHT [luHapcke kapOoHaTHe miatdgopme, LlpHa

T'opa) 6mo je panuje mpukasan Kao Neomeris cf. cre-
tacea STEINMANN (RADOICIC 1976, Tab. 5, ci1. 1 u 2).

damunmja Dasycladaceae
Pon Neomeris (LAMPOUROUX, 1816 ) DELOFFRE, 1970

Neomeris mokragorensis sp. nov.
Tab. 1, co. 1012; Tab. 2, cn. 103; Tab. 3, cin. 106

ITopujexno umena. no Mokpoj I'opu rije ce Hanasu
THTICKY JIOKAJUTET.

XojoTHn. mompeyaH Majo HWCKOIICH IIpecjek ca
pa3nuunuTO OYyBaHMM ammynama (Tal. 1, cm. 11, cTpe-
JuIa), XoNoTul (JIMjeBO) W JIOHTHTYAUHATIAH Tpecjek
ca OYyBaHOM NIPUMApPHO KaNMU(PHUIIPAHOM aMIIYIOM
(Tab. 1, cn 12, crpenuna). [Ipenapat PP4588, y3opak
011541, Koneknja P. PATONYNR, ['e0I0Ky MHCTATYT
Beorpap.

HUcurnnopu. Paznmmuntn mpecjen y mpemapaTtuMa
PP4588, 4588/1, 4588/2 m 4599/3 opm kojux cy HekH
npuKas3aHu Ha Ta6mm 1.

Tunckn nokamarer. [Ipocdun (mpukasan Ha cmmy 4,
caumiber 1970. roguHe) OTKpUBEH MOpes MyTa y
ncrouHoM paumjeny Moxkpe [ope, Ha Mmjecty TAje ce
YKPINTA]y KeJbe3HNIKA M KOJICKH MyT.

Mujarnoza. Neomeris BeoMa N3y>KCHOT IMIMHIPIYI-
HOT' Tajyca ca TyCTUM MpOIBEHOBHMAa Yy KOjuMa Cy
OrpaHIy Ham3MjeHnIHO pacnopebenn. Kammmdpukanm-
ja je oOyxBaTasa caMO JAUCTAJHU WO TPILHEHA, OKO
(hepTIITHEX amITyJia, CTOra KpeUmadKd CKeJleT Kapak-
Tepullle MPOCTpaHa yHyTapma Ipa3HuHa. [IpumapHm
orpaHny, 6a3ajHN OWO CEeKyHAApHUX OrpaHaka W
HUXOBO JMICTATTHO MPOIINpeHe (KOPTEKC) HEMO3HATH.
deprunHe ammysne OBOUTHO-CyOCEepHIHOT OOIHKA,
WHAMBHIYAIHO Cy Kajuuduuupane (MeMOpaHa M CIIO-
JbalIBbA OMOTaY) U OOMYHO CEKYHTAPHO H3MHjCH-CHE —
IpeKpHUcTanucalie U HalpacTaie TOKOM JIdjareHese.

Neomeris mokragorensis sp. nov. BeoMa ce pas3iu-
Kyje o Bpcre Neomeris cretacea O CTPYKTYpH CKe-
JeTa U OONHKY PETPOAYKTHBHUX OpraHa (aMmyina).

IIpema pacnoOXWBEM IOfAIIMa CTPATHTPGCKO
pacrpocTpamehe HOBE BPCTE je allG—CaHTOH. Y THII-
CKOM JIOKQJIATETY CTApPOCT clioja ca Neomeris mokra-
gorensis sp. NOV. je CPEeNBA-TOPHH alob.
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PLATE 1

Figs. 1-12. Neomeris mokragorensis sp. nov. from the type locality, Albian of the Mokra Gora.

1-6.

1.

10.

11.

12.

Different skeleton preservations:

The primary calcification obliterated by recrystrallization; some ampullae preserved as orthosparite moulds
(arrow). Longitudinal slightly oblique section, thin slide RR4588/3, scale bar = 0.5 mm.

A skeleton in the disintegration stage; note that, notwithstanding a few, the ampullae are in part preserved
on primary calcification (arrow). Longitudinal-tangential section, thin slide RR4588/2, scale bar = 0.5 mm.
Prevailing recrystallized skeleton, mixed preservation, few ampullae preserved as individually calcified,
some as orthosparite moulds (arrows). Longitudinal slightly oblique section, thin slide RR4588/3, scale bar
= 0.5 mm.

Netlike skeleton. Longitudinal oblique section cat distal part of the ampullae, thin slide RR4588/2, scale
bar = 0.5 mm.

Mixed preserved skeleton. Oblique section, thin slide RR4588/3, scale bar = 0.5 mm.

Oblique section of the skeleton (a frequent type of preservation), thin slide RR4588/3, scale bar = 0.5 mm.
A fragment of the oblique section, prevailing preserved individually calcified ampullae, thin slide
RR4588/2, scale bar = 0.5 mm.

A fragment of a skeleton with micrite filled ampullae and (left) Charophyta gyrogonite, tangential section;
thin slide RR4588/3, scale bar = 0.5 mm.

A fragment of the whorl, few ampullae with well preserved primary calcification, some recrystallized and
deformed by overgrowth, thin slide RR4588/3, scale bar = 0.5mm.

A fragment of a disintegrated whorl; ampullae filled by orthosparite, membrane and sheath recrystallized,
thin slide RR4588/3, scale bar = 0.025 mm.

The form of the ampulla characteristic for this species, axial section: well preserved calcified membrane
and sheath, detail from Fig. 12., thin slide RR4588/2, scale bar = 0.015 mm.

A fragment of the whorl; on the left transversal sections of two ampullae with well preserved primary cal-
cification of the membrane and the sheath, thin slide RR4588/2, scale bar = 0.050 mm.
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PLATE 2

Figs. 1-3. Neomeris mokragorensis sp nov.

1. Holotype, slightly oblique transversal section (left) showing some individually calcified ampullae (arrow), and
(right) longitudinal section with one primary calcified ampulla (arrow). Thin-slide RR4588 (sample 011541);
Albian, Mokra Gora (Fig. 4), scale bar = 1 mm.

2. Oblique section of the skeleton with altered primary calcification and orthosparite ampullae moulds, thin slide
4666, Turonian, SkrapeZz, scale bar = 0.6 mm.

3. Detail from Fig. 2, scale bar = 0.14 mm.
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PLATE 3

Figs. 1-6. Neomeris mokragorensis sp. nov., from the Late Cretaceous of the Lower Subgroup of the Northern Calcareous Alps.
1. Oblique section showing ampullae and sterile laterals, thin-section BSPG 5212-a-93, scale bar = 0.2 mm.
2. A fragment showing spherical ampullae, thin-section BSPG 5214-a-93, scale bar = 0.2 mm.

3. Bentic foraminifer Reophax sp. with agglutinated ampullae of the Neomeris, thin-section Pletz 1, scale bar
= 0.5 mm.

4. The longitudinal section, slightly oblique, thin section BSPG 5213-a-93, scale bar = 1 mm.
5. A fragmentary tangential section, slightly oblique, thin-section BSPG 5215-a-93, scale bar = 0.2 mm.
6. A transverse section slightly oblique , thin-section BSPG 5213-a-93, scale bar = 1 mm.

Figs. 7-10. Foraminifera and Charophyta gyrogonites from the Albian (Vraconian) sequence shown in the Fig. 4.
7-8. Ovalveolina maccagnoae DE CASTRO, thin slide RR5226 (sample 011552), scale bar = 0.5 mm.
9. Charophyta gyrogonites, thin slide RR5218 (sample 011545), scale bar = 0.5 mm.

10. A fragment of the gyrogonites and the micronerineid fragment, thin slide RR5224 (sample 011551), scale
bar = 0.5 mm.
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A mid-Miocene age for the Slanci Formation near Belgrade (Serbia), based
on a record of the primitive antelope Eotragus cf. clavatus from VisSnjica
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Abstract. In a borhole at Veliko Selo near Belgrade in the Miocene lacustrine sediments Slanci, which are
locally known as the Slanacka Serija, a mammal tooth was found. The age of these deposits is under discus-
sion. The fossil is here described and attributed with a query to the primitive antelope FEotragus clavatus
(Gervals, 1850), which is suggestive of a Early Serravallian (“upper Badenian”) or Early Middle Miocene age
for these deposits, whereas an Aquitalian or Eggenburgian (“Egerian” or “Eggenburgian”) (Early Miocene) age

can be ruled out.

Key words: Miocene, Badenian, Serbia, Belgrade, Slanci Formation, Bovidae, Eotragus.

AncrpakT. Y je3epckuM MHUOICHCKUM Hacnarama Bummuie kon Beorpana, mo3HaTuM y cTaphjoj IUTepaTypu
noj Ha3uBoM “CrnaHauka cepuja” y ucTpaxHoj oymoruau Koy Benukor Cena Haben je 3y6 ¢ocunHor cucapa
Eotragus cf. clavatus (Gervais, 1850). Hana3 docunnux ocrataka Eotragus-a je Off 3Hauaja 3a carjefiaBame
pa3Boja cucapcke ¢ayHe y EBpomu. Takobe, pe3ynratu HCTpaskMBarbha W3HETH y OBOM pajly NPECTaBIbajy
TONPUHOC TIO3HABaKkY cTpaTHrpaduje U naneoreorpaduje MuoneHa okoianae beorpana.

Kibyune peun: Muonen, bagen, Cp6uja, beorpan, Cnanauka popmanuja, Bovidae, Eotragus.

Introduction

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

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

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

BELGRADE CITY Veliko Selo

b

Slanci

5 km

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

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

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

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

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

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

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

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

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

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

Description of the section penetrated
in borehole VI-4i

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

The uppermost 1.7 m of the core comprise Quater-
nary colluvial deposits, while the reminder consists of
Miocene sediments of the Slanci Formation. Between 1.7
to 2.7 m, occur clays with coal bands and a number
amount of gypsum crystals, while between 2.7 to 8 m,
there first are red clays on top with “rusty” siltstone
clays with occasional gypsum crystals, and tuff and tuf-
fite below. From 8 to 23.2 m, there are grey clays and
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Siltstone clays Fig. 2. Section penetrated in well VI-
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tion of the formations of the Danube
Klju¢ (according to DoLIC, 1997).
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and clays
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is indicated.
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yellowish silty clays with intercalations of sandstones of
2 to 3 cm in thickness. Gradually, to the lowest part of
this section, sediments are represented by hard marly
siltstone and clays. The molar was found at a depth of
8.8 m. In the lowermost portion of the core, at a depth
of 23.8-23.2 m, there are grey siltstone sands with in-
tersections of clays and a bed of sand with gravel.

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

Palaeontology
Material and methods

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

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

Description and comparison

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

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

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

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

The FEotragus fossil and
the age of the Slanacka serija

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

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

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

9
MN
10
9
# 5 Fig. 3. Molar RGFKS31 of Eo-
tragus cf. clavatus from Visnjica,
12 buccal (left) and occlusal (right)
i view. The graph shows the DAPo
13 1" 12 13 14 15 16 or occlusal maximum length of
........... 6 ' ' ' ' ' ' M2 of Eotragus from different
14 ' <_\Sansan u lﬂh-lﬂ || European localities. In approxi-
Visnjica u mate stratigraphical order from
5 g\ Gériach m old to young: Artenay (MNHN),
15 Sii?%;::l - " Sant Mamet (IPS), Seegraben
/ iy I m (SLIG), Gériach (SLIG, IPUW),
16 . . ; . . , Visnjica (RGF), Sansan (MNHN,
4 / 1 12 13 14 15 16 MHNT, NMB). Correlations with
17 DAPo - M2 to the MN proposed by VAN DER
MADE (2005) (see discussion in
3 text).
18
Discussion (DaAMS et al. 1999b). Manchones 1 is placed in MN6

Morphological features ViSnjica molar best fit Eo-
tragus. Accepting the range of variation as indicated by
the Sansan sample, the specimen could be a particular-
ly large individual of the small species E. artenensis.
However, assuming that the small samples for Fig. 3

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

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

Cpeanmomuonencka crapoct “Cianauke
Cepnje” (okonuna beorpana, Cpouja) na
OCHOBY (DOCHJIHHX OCTATAKa NPUMHTHBHE
anTuaone Eotragus cf. clavatus n3 Bummnue

Y HemnocpenHoj okonuHe beorpaja Hanase ce cefu-
MEHTH MHOIEHCKE CTapOCTH! NO3HATH Y CTapUjoj JIUT-
epatypu Kao cegumenTtn “Cranauke Cepuje”. OBH je3-
€pCKU CEeVIMEHTH, NIPECTaB/bLEHN TTIMHIMMA U JIaIoll-
WMa, ca T0jaBOM yTiba, Tyda u TyduTa, NCTpaKnBaHH
¢y BHuIle nyTa y nmpouutoctu (PAVLOVIC 1922; LukoviC

1922; STEVANOVIC & STANGACILOVIC 1954; MILAKOVIC
1956, 1959; OBrADOVIC 1970; STEVANOVIC 1975, 1977,
MIHAILOVIC 1978; KRSTIC 1978, 1988, 1992; KNEZEVIC
1994; DoLIC 1997). TokOM paHUjuX UCTpaXKuBamwba Mpo-
Habenu cy ocranu ¢mope u dayne. Cama crapocrT jes-
epckux cequMenaTta CrmaHauke ¢opMmanmje onpebena
je Ha OCHOBy cynepno3unmje W Miabux cegumeHarta
KOj! Cy TaJIOXEHHW y MapWHCKO] TPaHCTPECHju Koja ce
pecusna TokoM bagena (KRrsti¢ 1992). CrapocTt MapuH-
CKUX cef[uMeHaTa je ogpeheHna Ha ocHOBY payHe.

TokoM ucTpaxuBama Koja cy 00aB/beHa IPUIUKOM
KOIama KaHalu3alUoHOr KonekTopa y CiaHuuma, y
oymotuan VI-4i, mponabenm cy ocramm gocuiaHOTr
cucapa KOju Ipumaja eBoJyTuBHOM HU3y Eotragus ar-
tenensis GINSBURG & HEINTZ, 1968 — E. clavatus (GER-
VAIS, 1850) (= sansaniensis (LARTET, 1851)). Ha ocHo-
By NAJICOHTOJIOLIKE aHAIM3€ OCTald T'OPHEr NECHOT
Morapa ofnpebenu cy kao Eotragus cf. clavatus (GER-
vals, 1850). ITopebemem ca gpyrum ocranmmma OBe
nuarje ¢ocmaHUX OOBUAA, KOju cy mpoHabeHm y
MHOIITBY €BPOIICKUX JIOKAJUTETA, II0Ka3ajo ce ja o6u
Halll IPUMepPaK OAroBapao BpacTaMa Koje Cy er3UCTH-
painie TokoM Tpauzunmje NM5 y MN6 jeguamiy. Onpe-
ben je Mmoryhu mHTEpBa, N3paxkeH y alcoNyTHO] CTa-
poctu, u3meby 15.1 u 13.25 munuona roguHa (ci. 3).

ITpucycTBo (hocmrHOT MaTepujana KOju je TpPUKyH-
JbeH TOKOM paHMjUX UCTPaKWBama HUje OMO MOBOJhaH
ma 6u ce ompenwia Tadna crapoct Cinanauke dopma-
nuje. HanackoM ocraTaTaka NpUMHUTHBE aHTENOIE U3
pona Eotragus, Moxe ce 3aKIbY4UTH [1a je CTapocCT Cefl-
nMenaTta Ciranauke popmanyje Mamba HeTro IITO Cy TO
MIPENNOCTaB/balId HEKHU ayTOPH.
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Cassiopid gastropods from the Cretaceous of western Serbia

NENAD Banjac', KrLaus BANDEL® & STEFFEN KIEL’

Abstract. Three species of Cassiopidae (Cerithioidea, Gastropoda) are described from outcrops in the vicinity
of the villages RastiSte and Mokra Gora in western Serbia. They occur in marly limestones of near shore shal-
low water deposits. Earlier micropaleontological investigations have indicated an Albian-Cenomanian age. The
species encountered are related to those present in deposits of the European margin of the Tethys and closest rela-
tionships exist to those of the Armenian and Transcaucasian region. Our species can be placed in the genera
Cassiope, Paraglauconia and Bicarinella. A new species Cassiope kotromanensis is erected. Assumptions about
post-mortem shell transport and size sorting of gastropod shells were examined through statistical analysis.

Key words: Gastropoda, Cassiopidae, Cretaceous, Albian, Cenomanian, statistical analysis, western Serbia.

Amncrpakr. Y paay cy onucane Tpu Bpcre Kacuonuaa (Cerithioidea, Gastropoda) Koje moTudy ca u3fgaHaka y
okomuun cena Pacrumre m Mokpa I'opa y 3anagaoj Cpouju. [Tpumepiu cy HabeHn y TaopOBUTAM KpeUhallu-
Ma HaCTaJM y IUTUTKOj BoaH, 61u3y obane. Pannja MIKponaJeoHTOIOIIKA HCTPaskKuBamka yKasaa ¢y Ha anb-1e-
HOMAaHCKY CTapoCT OBUX cTeHa. Bpcre Koje cy onmcane moKasyjy BeJIHKY CIMIHOCT ca IPUMEPIUMa OTKPUBEHUM
y Jepmennju u 3akaBka3jy. OHe npunayajy pogosuma Cassiope, Paraglauconia n Bicarinella. Onucana je HOBa
Bpcra Cassiope kotromanensis. IlpeTnocTaBKe O HOCTMOPTAJHOM TPAHCIOPTY JBYIITypa HCHHTaHE Cy CTa-

TUCTUYKOM aHaJIUu30M.

Kipyune peun: Gastropoda, Cassiopidae, kpepa, a6, leHOMaH, CTaTUCTHYKA aHau3a, 3anagaa Cpouja.

Introduction

Albian to Campanian sediments, resulting from a
wide ranging transgression, are commonly encountered
in western Serbia. Some of the outcrops are located
between the Beli Rzav and Crni Rzav Rivers, with an
extent of about 40 km in a NN-SSE direction. These
deposits contain many fossils and were previously con-
sidered to be of Senonian age (ZUJOVIC’ 1893; ZIVKOVIC
1908; AMPFERER 1928; MiLovAaNOVIC 1933). More Re-
cent work on their microfauna point to an Albian—Ce-
nomanian age (PEJOVIC & RADOICIC 1971). The fossil
assemblages are dominated by cassiopid gastropods, less
frequent are bivalves, ostracods, dasycladaceans and fo-
raminifers. The aim of the present study was to describe
more closely the cassiopid gastropods, and to discuss
their systematic and biogeographic relationships.

Geological setting

The lithology is represented by terrigenous clastites
in the base, covered by bioclastic limestone. A local
stratigraphic column was observed at the right bank of
the Beli Rzav River at the hamlet UroSevici (coordi-
nates N 43°45°50”, E 19°28°30”). Three separate mem-
bers of the stratigraphic column could be distinguished:

1. The lowermost member consists of dark gray
oolitic sandstone and conglomerate with intercalated thin
beds of micritic limestone. The coarse sandstone holds
particles of different size including fragments of ser-
pentine, glauconite and infrequent quartz. The compo-
nents are poorly sorted and weakly rounded. Larger
particles predominate over smaller ones. Conglomerate
pebbles originated from laterites and the peridotitic
bedrock of the former islands. This composition of the
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Fig. 1. Topographic map with fossiliferous localities.

beds presents evidence for a deposition in an environ-
ment of agitated shallow water, close to a seashore,
with strong wave action. Rapid deposition of terrige-
nious material corresponds with about facial belts 8 and
9 of the classification adopted by WILSON (1975). The
total thickness of the lowermost member is about 7 m.

At the beginning of marine flooding of the area, the
surface was rugged and the surrounding area mountain-
ous. Due to the composition of the soil formed on peri-
dotites in an arid climate, plant cover on land was thin.
Eroded material, therefore, was washed into the area of
deposition rapidly and came from nearby. The almost
complete absence of fossils in these beds indicates a
stressed environment for marine organisms. The pres-
ence of oolites point to the presence of strong oscillat-
ing currents in shallow water. Intercalated fine beds
were deposited in more protected lagoons.

2. The middle member of the stratigraphic column is
composed of bioclastic limestones with a fine grained
matrix, nodular bedding planes, and thin layers of inter-
bedded marls. Thin sections revealed the composition of
a shell coquina with a micro-crystalline calcitic matrix
and evenly distributed clay material. Beside minute shell

particles of mollusks, fecal pellets and algae are abun-
dant. PEJIOVIC & RADOICIC (1971) mentioned Bacinella
sterni RADOICIC, Nezzazatinella cf. picardi (HENSON) and
Salpingoporella urladanasi CONRAD, RADOICIC & REyY,
from the lower part of this member and scarce assem-
blage with Nezzazatinella cf. picardi and Hemicyclami-
ina sigali (MYNC) from the upper part. In thin-bedded
micrites, numerous microscopic mud cracks and birds-
eye structures are present. These voids are sporadically
filled by silico-clastic silt. The sediments were deposited
under shallow water conditions, with frequent exposure
above sea level. The influx of material from the land was
less if compared with the beds of the lower member. The
thickness of the middle member is nearly 28 m.

3. The upper member in this stratigraphic column is
composed of bioclastic micritic limestone with inter-
bedded thin marl. In thin section fecal pellets, biotur-
bation, debris of organic material, mollusc shells, and
some oogonia and stem fragments of charophytes are
noted. The lower part of the member consists predom-
inantly of algal marly limestone with a lot of pyrite and
organic material. Here small codiacean pebbles and
grains and some Hemicyclammina sigali are present.
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Higher up in the column the sediments are predomi-
nantly marly and contain abundant hematite and limoni-
te particles as well as numerous dasycladaceans, codi-
acean grains, a few miliolinid foraminifera, shells of
small gastropods, sponge spicules, spines of echino-
derms and other biogenes. The sediment suggests depo-
sition in warm shallow water, with varying salinity, and
without significant water circulation. Frequent charo-
phyte and ostracode debris indicate the temporary influ-
ence of brackish water. According to the enumerated
characteristics, the sediments were formed on an open or
restricted platform, behind an organic reef, about facies
belts 7 and 8 of the classification of WILSON (1975).
Some charecteristics indicate the environment of slight-
ly deeper lagoons, intermittently connected with the
open sea. The thickness of the upper member of the
stratigraphic column is about 14 m.

The tectonic characteristics of the Cretaceous deposits
are such that the beds form a syncline with Turonian
deposits at the axial part, while outcrops of Albian—Ce-
nomanian sediment are wide-spread at the margins of
this structure. The syncline became fractured by numer-
ous subsequent faults, forming several vertically dis-
placed blocks.

|Age| m.| Lithology | Short description |
i
! T Cassiope kotromanensis
— [ =717 = Paraglauconia lujani
f & Bicarinella bicarinata
40+

Bioclasitic micrite
width organic debris

Nezzazatinella picardi
Hemicyclamina sigali

Bioclasitic micrite
thin bedded marl

Albian — Cenomanian

Bacinella sterni
Salpingoporella urladanasi

Terrigenous clastite
sandstone, conglomerate

Fig. 2. Local stratigraphic column at Urosevici.

Material and methods

The majority of the material (84 specimens in total)
described below was hand-picked from the bioclastic mi-

critic limestone with interbedded thin marl (upper mem-
ber of the stratigraphic column). The gastropod as-
semblage contains Cassiope kotromanensis, Bicarinella
bicarinata and Paraglauconia lujani. Gastropods were
collected from outcrops of marly limestone in the vicin-
ity of Mokra Gora, Kotroman and RastiSte villages.
Fossil bearing localities were numbered 1 to 5 and are
indicated at Fig. 1.

The collection is housed at the Faculty of Mining and
Geology in Belgrade (registration numbers NB/67/11 to
NB/162/97).

Principal components analysis was conducted to ex-
amine the possibility of post-mortem shell transport and
size sorting within the gastropd assemblage.

Some of the taxa concerned here were introduced
and studied by the Armenian paleontologist Vardges
Akopyan. In his publications his name was spelled Ha-
cobjan, but is frequently cited as Akopyan. His publi-
cations were originally written in Russian, and accord-
ing to transliteration rules his name would have to be
spelled Akopyan, even though it is Armenian. To avoid
confusion, we use here the transliteration Akopyan.

Systematic paleontology

Family Cassiopidae BEURLEN, 1964
(= Cassiopidae KOLLMANN, 1979;
Glauconiidae PCHELINTSEV, 1953)

The family is based on the genus Cassiope COQUAND,
1865. which is conical in shape, with wavy spiral ribs
and a rounded aperture. The base is angular and the um-
bilicus open. According to CLEEVELY & MORRIS (1988),
the wide conical shell has flattened whorls that are orna-
mented by spiral ribs that may bear tubercles. The outer
lip of the aperture is curved so that there is a posterior
lobe. The protoconch morphology has been discussed by
KowALKE & BANDEL (1996, pl. 5, figs. 5, 6) based on
Cassiope kefersteinii (MUNSTER in GOLDFUSS, 1844) from
the Late Cretaceous of the Gosau (Northern Alps). That
protoconch consists of 3 whorls with the embryonic shell
about 0.12 mm wide. The ornament of the larval whorls
consists of two spiral ribs and a row of tubercles below
the suture (BANDEL 1993). The operculum found in the
aperture of a half grown individual shows multispiral
composition similar to that found in modern Potamididae.
It is quite possible that this modern group of coastal
Cerithioidea represents the closest relatives to the Creta-
ceous Cassiopidae, which obviously also lived near shore
and was influenced by fresh water run off.

Genus Cassiope COQUAND, 1865
Type species. Cassiope kefersteini MUNSTER in

GoOLDFUSS, 1844, Gosau Group, Coniacian—Campanian,
Austria.
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Diagnosis. The shell is conical with flattened whorls
angled at the base. The ornament consists of spiral
threads and rows of nodes. The growth line pattern is
sinuous with a shallow bay below the suture. The base
is flattened to weakly convex and may have a small
slit-like umbilicus. The aperture is simple and of elon-
gated oval shape (WENz 1938; CLEEVELY & MORRIS
1988). The protoconch consists of three rounded whorls
forming a conical shell, ornamented by two spiral ribs
in its larval shell portion (BANDEL 1993, pl. 4, fig. 6;
KOwWALKE & BANDEL 1996). The genotype has an up
to 40 mm high shell that consists of about ten whorls
with a regular increase in size. Ornament consists of
spiral ribs, sometimes increasing in number at latest
whorls. In addition to the main spiral ribs, there may
be fine spiral threads.

Cassiope kotromanensis sp. nov.
Fig. 3A-E.

? 1949 Glauconia coquandi (D’ORB.) — PETKOVIC & PA-
Si¢: 141, pl. 1, fig. 1.
? 1952 Glauconia coquandi (D’ORB.) var. velesana n. var.
— CIri¢: 256, pl. 4. fig. 2, non figs. 3-5.
non 1952 Glauconia coquandi (D’ORB.) — CIRIC: 253, pl. 2,

figs. 1-3, 5, 6.

1968 Cerithium exiguum ZEKELI — BRKOVIC: 127, pl. 1,
fig. 1.

1968 Cerithium distinctum ZEKELI — BRKOVIC: 127, pl. 1,
fig. 2.

Holotype: NB/67/23, Plate 1, Figs. 1, 2.

Paratypes: NB/67/11...NB/162/97.

Derivation of the name: After nearby locality Kotro-
man.

Type locality: UroSevi¢i Hamlet, Beli Rzav River.

Type horizon: Cenomanian bioclastic micritic limesto-
nes (upper part of the local stratigraphic column in Fig.
2).

Material. 47 specimens from outcrops at Kamisna,
the banks of the Beli Rzav River and Andri¢i Hamlet,
localities 3, 4 and 5 in Fig. 1.

Diagnosis. A small cassiopid, variably ornamented
with 3-4 tuberculated spiral ribs. The sinus in the
opisthocyrt growth lines occurs at the middle part of
the whorls, while a shallow sinus occurs at the base.

Description. The conical shell consists of about five
whorls with flat sides and is up to 35 mm high, with
an apical angle of 25-31°. Sutures are V-shaped and
narrow, and inclined at about 16°. The juvenile whorls
also have this characteristic suture. The whorls are sculp-
tured by three wide, equally spaced spiral cords, which
bear 18-20 up to 2 mm wide tubercles on each whorl.
The spiral ribs are clearly separated and slightly wider
than the space between them. In some specimens, a nar-
row tuberculated spiral thread positioned between the
central and the abapical spiral cords appears. This thread
is slightly narrower than the other cords, or it can be a
fine, pustulae bearing spiral thread of second order.

The growth lines reflect the broad and shallow sinus
of the outer lip. The corner to the base is sharp, the base
is convex, has a narrow umbilical slit and bears three or
four spiral lines with small tubercles. Besides the main
sinus, there is a delicate shallow sinus of secondary
order at the basal surface. Longitudinal sections indicate
the whorl height as large as the whorl width.

Remarks. The significance of the patterns of the
growth line in species determination of Cassiope had
been emphasized by KOLLMANN (1979) and CLEEVELY &
MOoRRIs (1988). One of the characteristic features of the
shell of Cassiope kotromanensis is the presence of the
collabral sinus reflecting the shape of the outer lip, and
a second sinus present on the basal surface. Our speci-
mens have an average height of about 23 mm, and,
therefore, measure only about half the size of other spe-
cies of the Cassiopidae. They also have a slightly small-
er spiral angle than Glauconia coquandiana (D’ORBIGNY)
described by AKOPYAN (1976). PETKOVIC & PASIC (1949)
described four subspecies of Glauconia coquandiana,
ornamented by small pustules on some of the spiral
cords. Only one of their specimens (PETKOVIC & PASIC
1949, pl. 1, fig. 1) shows some characteristics of Cassio-
pe kotromanensis and is tentatively included in the syn-
onymy. Also CIRIC (1952) described numerous types as
different subspecies of Glauconia coquandiana. The ori-
ginal specimens are not available, while according to the
author’s description only Glauconia coquandiana var. ve-
lesana bears tuberculated spiral cords, resembling Cas-
siope kotromanensis. CIRIC (1952) mentioned a wider api-
cal angle, 34—40°, when compared with Cassiope kotro-
manensis, and the specimen is hesitantly included in the
synonymy. Specimens from other nearby localities iden-
tified as Cerithium exiguum ZEKELI and Cerithium distinc-
tum ZEKELI by BRKOVIC (1968) also belong to Cassiope
kotromanensis. The characteristic shape of the growth li-
nes reflecting the sinus of the median and basal part of
the outer lip of the aperture was not noted by these
authors.

Occurrence. Albian—-Cenomanian beds in the vicini-
ty of Kotroman, UroSevici, Kamis$na and Beli Rzav Ri-
ver banks, western Serbia.

Genus Paraglauconia STEINMANN, 1929

Type species. Paraglauconia carbonaria (ROEMER,
1836), Wealden (Early Cretaceous), Germany.

Diagnosis (following AKOPYAN, 1976). According to
it, the shell is of conical shape with concave whorls.
Ornament consists of two rows of nodes positioned at
the apical corner and the edge to the base of whorls.
Spiral rows of secondary order may occur. The growth
lines bear a wide sinus which reflects a wide lobe at
the middle of the outer lip of the aperture.

CLEEVELY & MORRIS (1988) noted in Paraglauconia
tricarinata (SOWERBY in FITTON, 1836) a protoconch
which is in essential features like that of Cassiope
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Fig. 3. A-E. Cassiope kotromanensis sp. nov. A, B. NB/67/23, lateral and apertural view, X1.5; C, NB/67/28, apertural view,
X1.5; D, NB/67/30, lateral view, X2; E, NB/67/23, basal view, X2; F, G, Paraglauconia lujani (DE VERNEUIL & COLOMB,
1853). F, NB/DS8/7, lateral view, X1.5; G, NB/D9/2, lateral view, X1.5; H-K, Bicarinella bicarinata (PCHELINTSEV, 1953).
X1.5, H, NB/94/89, lateral view, X1.5; J, NB/94/89, apertural view, X1.5; I, NB/67/21, lateral view, X1.5; K, NB/94/90, lat-

eral view, X1.5.

kefersteini, having two spiral keels on its larval shell
portion. They noted that the base of the teleoconch is
convex and may bear spiral lines. The aperture have an
oval shape.

Paraglauconia lujani
(DE VERNEUIL & CoLOMB, 1853)
Fig. 3F, G.

1853 Cerithium Lujani DE VERNEUIL & CoLOMB: pl. 3,
fig. 17.
? 1865 Cassiope verneuilli COQUAND: pl. 4, figs. 1, 2.
1865 Cassiope Lujani var. crassa COQUAND: 61, pl. 4,

figs. 1, 2.

1865 Cassiope Lujani var. laevigata COQUAND: 61, pl. 4,
figs. 3, 4.

1865 Cassiope Lujani var nodosa COQUAND: 62, pl. 4,
fig. 5.

1868 Vicarya lujani (DE VERNEUIL & CoLoMB) — DE
VERNEUIL & LORIERE: 5-7, pl. 1, fig. 3.

1868 Vicarya strombiformis SCHLOTHEIM DE VERNEUIL &
Loriere: pl. 7, pl. 1, fig. 4.

1899 Glauconia cf. lujani (DE VERNEUIL) — PERON: 95-96,
pl. 1. fig. 10.

1909 Glauconia Lujani (DE VERN.) — COSSMANN: 168, pl.
4, figs. 11-12.

1932 Glauconia Lujani VERN. — PETKOVIC & Boc: 13.

1952 Glauconia coquandi D’ORB. var. excavata Rep. — CI-
RIC: 255, pl. 2, fig. 9.

1976 Paraglauconia lujani (VERNEUIL) — AKOPYAN: 138.

1982 Paraglauconia lujani (VERNEUIL) — KOLLMANN: 337,
pl. 1, figs. 7-9.

1984 Paraglauconia lujani (DE VERNEUIL & COLOMB) —
CLEEVELY et al.: 98, fig. 2, (non figs. 11-14).

1984 Cassiope dorsetensis MENNESSIER: 78, pl. 27, figs.
10, 11.

1984 Cassiope luxani (DE VERNEUIL) emend. VILANOVA —
MENNESSIER: 78, pl. 26, figs. 18-27; pl. 27, fig. 6.

1984 Cassiope luxani (DE VERNEUIL) nodosa COQUAND —
MENNESSIER: 78, pl. 26, figs. 27 a-b.

1984 Cassiope luxani (DE VERNEUIL) crassa COQUAND —
MENNESSIER: 78, pl. 27, figs. 4-5.

1988 Paraglauconia lujani (DE VERNEUIL & COLOMB) —
CLEEVELY & MORRIS: 265, text-fig. 14.
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Material. 29 specimens from the hamlets Andrici
and Rastiste, localities 3, 4, 5 in Fig. 1.

Description. The shell is conical, up to 40 mm high,
consists of four to six slightly concave whorls with
grooved sutures, and has an apical angle of 26°. The
sculpture consists of two main spiral ribs, which bear
broad tubercles and are positioned next to the suture,
one above it, the other below it. Some specimens have
in addition two or three spiral lines in the centre of the
whorl, while others have numerous very fine and deli-
cate spiral lines all over the outer surface of the whorls.
The growth lines are opisthocyrt, very fine, and the tan-
gental point of their sinus is situated between the mid-
dle of the whorl and its upper third. The base carries
one spiral rib and numerous fine narrow spiral lines. In
longitudinal section, the inner cavities have an oval
outline with a height/width ratio of 0.88.

Remarks. Cassiope verneuilli COQUAND (1865) has
a more prominent apical spiral rib and is included in
the synonymy, but with doubts. Paraglauconia lujani
resembles in shape and orientation Cassiope branneri
(HiLr, 1893) from the Aptian to Early Cenomanian Co-
manche Formation in North America (STANTON, 1947),
but is more stout and has a wider apical angle. Para-
glauconia lujani was described but not figured by PET-
KOVIC & Boii¢ (1932) from Aptian beds of eastern Ser-
bia, and also Glauconia coquandi D’ORB. var. excava-
ta described by CIRI¢ (1952) from Turonian deposits in
central Macedonia appears to belong to this species.

Occurrence. Albian—Cenomanian beds in the vicini-
ty of Andri¢i and RastiSte hamlets.

Genus Bicarinella AKOPYAN, 1976

Type species. Pseudomesalia bicarinata PCHELINTSEV,
1953, Late Cenomanian, Armenia.

Diagnosis (according to AKOPYAN, 1976). The shell
is conical with a high spire. Whorls are slightly con-
vex, with two major keels. They frequently bear tuber-
cles and give the whorls an angular shape. The suture
is well expressed. Ornament may also consist of addi-
tional weak spiral threads. The area between the keels
in the central part of the whorls is flattened. The base
is convex with a narrow umbilicus. The aperture is
rounded and has a wide and deep sinus at its outer lip.

Bicarinella bicarinata (PCHELINTSEV, 1953)
Fig. 3H-K.

? 1938 Paraglauconia mediocarinata MIKINCIC: 155, pl. 1,

figs. 3—4.

1953 Pseudomesalia bicarinata PCHELINTSEV: 99, pl. 11,
figs. 34, (non figs. 1, 2, 5, 6), pl. 12, figs. 1-5.

1974 Pseudomesalia bicarinata PCHELINTSEV — AKOPYAN:
234, pl. 119, figs. 2-3.

1976 Bicarinella bicarinata (PCHELINTSEV) — AKOPYAN:
165.

1976 Bicarinella bicarinata bicarinata AKOPYAN: 166, pl.
38, figs. 1-3.

1976 Bicarinella bicarinata ornata AKOPYAN: 167, pl. 38,
figs. 5-6.

1981 Pseudomesalia bicarinata PCHELINTSEV — TSANKOV:
58, pl. 13, figs. 14-17.

1984 Pseudomesalia (Bicarinella) bicarinata PCHELINTSEV
— MENNESSIER: 54, pl. 14, figs. 17-21, 35.

Material. 18 specimens from the right bank of the
Beli Rzav River, and from the Kremic¢i Stream, locali-
ties 1, 2, 3 and 5 in Fig. 1.

Description. The conical shell is up to 30 mm high
and has an apical angle of 26-30°. Its whorls have flat-
tened sides and distinct sutures. Ornament consists of two
prominent spiral ribs the upper of which lies at the cetre,
the second at the basal edge of the whorls. The spiral
cords bear tubercles that are small on early whorls and
increase in size towards the last whorl. Two or three sec-
ondary spiral threads appear between the main cords in
some individuals. Growth lines are opisthocyrt and bear
a shallow, widely V-shaped sinus with the tangental point
between the central and the abapical third of the whorl,
the point of inflexion is at the main spiral rib. Growth
lines have a secondary shallow sinus near the base of the
whorls. The base is convex, has a narrow umbilicus and
bears two prominent spiral ribs and a few spiral threads.

Remarks. Our specimens are only about half the size
of those individuals that have been described from other
localities and listed in the synonymy. Bicarinella bicar-
inata resembles Cassiope burnsi from the Aptian to
Early Cenomanian Comanche formation, Texas, describ-
ed by STANTON (1947). Cassiope burnsi bears ornament
with a less nodose character of the spiral cords. From
Aptian beds in central Serbia, MIKINCIC (1938) describ-
ed the species Paraglauconia mediocarinata, which
closely resembles B. bicarinata in size and shape. It dif-
fers by having a delicate second sinus at the base of the
shell and by the absence of an umbilicus. This species
is only tentatively included in the synonymy. If future
research shows that the two species are conspecific, B.
mediocarinata would have priority over B. bicarinata.

Occurrence. Albian—-Cenomanian at Mokra Gora and
UroSevidi.

Discussion of the small size
of the specimens

During the investigation, it became evident that the
studied shells are quite small, even with same amount
of whorls, much smaller than specimens cited in the sy-
nonymy. There are three possible explanations for the
small size of cassiopids from the examined outcrops.

One of the possibilities is that Cassiopidae from the
central part of the Tethys, during Albian and Cenoman-
ian time did not attain the same large dimensions of the
individuals which form the typical Late Cretaceous
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members of this family. This assumption may be sup-
ported by the fact that the here reported individuals
come from beds which are older than the beds where
the cited species were found. Consequently species re-
garded as synonyms of Cassiope kotromanensis were
mentioned in localities of Turonian age, while here it is
found in Albian—Cenomanian beds. As some other cas-
siopids known from older rocks have no miniature di-
mensions, for example, Paraglauconia lujani according
to COQUAND (1865), FRITSCHE (1924), CLEEVELY & MOR-
RIS (1988), this reason seems less probable (although it
should not be absolutely rejected).

A second possibility for the small size of the discus-
sed individuals may be seen in the influence of envi-
ronmental factors. Living conditions in the coastal lago-
ons along the Tethys terranes now representing central
Serbia could have been sub-optimal. They could have
inhibited the proper growth of the snails. This assump-
tion is difficult to confirm, since unfavorable factors of
the environment which could have inhibited growth are
not easily detected from rock facies. Also the preser-
vation of the shells is not sufficient to compare indi-
viduals by counting their number of shell whorls. This
could provide a clearer picture of the possible reasons
for the smallness of the individuals. Difficulties during
growth of the individuals may have come from the pe-
riodical influence of fresh water, supported by presence
of charophyte stems in the deposits.

A third hypothesis explaining the small shell dimen-
sions may come from post-mortem shell transport and
size sorting. The occurrence of shell sorting during tran-
sport on the sea-bed has been described in numerous
cases (Boucor 1953; CADEE 1982, 1988, 1989). Water
currents may have transported and sorted dead shells.
During the transport, according to size and weight, sort-
ing is performed, affecting the size frequency distribu-
tion of the reworked shells. The resulting death assem-
blage may have concentrated predominantly small shells.
A modern case of such a secondary shell sorting in the
tropical environment of the Philippines has been describ-
ed by BANDEL (1991). This third explanation could be
checked by several statistical methods.

Statistical analysis

Assumptions about small size of the gastropods were
checked through statistical analysis. Firstly all the spec-
imens were measured and the size distribution was cal-
culated, just to confirm the assumptions concerning the
small size of the individuals. Subsequently statistical
analysis was performed through two steps. The first in-
cluded a comparison of the shell dimensions, to con-
firm the presence of any significant differences between
shells of several species originating from the same out-
crops. The second included a similar investigation con-
ducted over the same species originating from different
localities. For each specimen, appropriate dimensions

were measured and parameters calculated, while princi-
pal component analysis was used for the further statis-
tical investigations. Considering dimensions such as ge-
neral shell height, width, height of last whorl, principal
components were calculated, mutually correlated (to de-
signate the most contrasted dimensions of the entered
data). Principal components were sorted by the magni-
tude of variability, so that the first one has the highest
variability, while the last one has the lowest variability.

Size distribution in the fauna

For each specimen, the following dimensions were
measured: height of the shell (H), height of the last
whorl (h), shell width (W), angle of spire (?). Some
parameters were indirectly calculated: height per width
ratio for the whole shell (W/H), and the same ratio for
the last whorl (W/h). Furthermore, sample mean and
standard deviation for each parameter were calculated.
The results are shown in Table 1.

The observation that the shells are notably smaller
than those of the specimens cited in the synonymy was
confirmed by the values presented in Table 1. In some
species, the shells are nearly only half as large as the
corresponding specimens from other localities.

Relationship of different species
from the same outcrops

The first investigation was performed on the speci-
mens collected at outcrops near the hamlet UroSevici
(locality 3, Fig. 1), regarding specimens of the species
Cassiope kotromanensis and Bicarinella bicarinata.

Considering the data (Table 1), it is evident that
Bicarinella bicarinata has a mean height of 22 mm,
while specimens described in the literature reach up to
50 mm (AKOPYAN 1976) or even 75 mm (MENNESSIER
1984). Furthermore, Cassiope kotromanensis has half of
the typical height of Cassiopidae (ZEKELI 1852; AKO-
PYAN 1976). As both species are quite small and have
about equal dimensions, we assume that the shells en-
dured moderate transport, and consequently adequate
sorting due to dimension, before they finally became
deposited and fossilized.

To check this assumption, the first principal compo-
nents of all specimens were compared and tested. Small
differences between the components for both groups
was confirmed with a simple t-test 1.17, which is sig-
nificantly less than 2.14, a critical value for the relat-
ed number degrees of freedom.

The assemblage that had been collected in the west-
ern part of the Rastiste Village (locality 5 in Fig. 1) was
considered in the same manner. Here the abundant asso-
ciation of Paraglauconia lujani and Cassiope kotroma-
nensis is characterized by shells which are significant-
ly smaller than those from other localities noted in the
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Table 1. Average values of the shell dimension (in mm) for the collected sample. Legend: H, height of the shell; h, height of
the last whorl; W, width of the shell; 0., spire angle (in degrees); W/H, width/height ratio for the whole shell; W/h, same ratio

for the last whorl. The numbers in brackets represent the standard deviation for the collected sample.

Species H h w o W/H W/h
. . 25.30 849 13.71 31.39 0.55 0.34
Cassiope kotromanensis
(6.64) (2.25) (341) (3.89) 0.07) 0.05)
. L. 27.65 9.90 16.70 32.55 0.62 0.36
Paraglauconia lujani
(6.50) (3.28) (3.77) (4.20) (0.18) (0.09)
22.39 8.49 13.22 29.11 0.60 0.39
Bicarinella bicarinata
(6.43) (2.92) (3.12) (521) (0.10) (0.15)

other parts of the Tethys Ocean. As in the previous
associations, Paraglauconia lujani is 27 mm high versus
65 mm (specimen pictured in MENNESSIER 1984), while
Cassiope kotromanensis reaches 25 mm versus 50 mm
of most Cassiopids (AKOPYAN 1976). For the two spe-
cies present here, principal components were calculated
and checked with the t-test. The result 1.66 is less than
2.05, the critical value for 27 degrees of freedom.

As in the previous example, there are no significant
differences between shell size for the different groups. It
is thus assumed that the shells from this outcrop are part
of a moderately transported fossil death assemblage.

Relationship of the same species
from different outcrops

The survey was conducted with shells belonging to
the same species, but which were collected at isolated
outcrops. The analysis was carried out for different
samples: Cassiope kotromanensis collected at the Ras-
tiSte Village (localities 4 and 5, Fig. 1); a sample of
Bicarinella bicarinata collected at the left bank of the
Kamisna River (locality 2, Fig. 1), was compared with
samples collected at the localities Urosevici (locality 3,
Fig. 1) and Jokici (locality 5, Fig. 1). For each pair of
samples t-tests of the principal components were per-
formed. The results are shown in Table 2. The first col-
umn represents localities for which the t-test was cal-
culated, the second column represents the degrees of
fredom, the third column shows the calculated value of
t-tests, while the last column shows the critical value
for the appropriate degrees of freedom.

As becomes evident, Cassiope kotromanensis shows
notable size differences between the assemblages col-
lected at outcrops 4 and 5. The second listed species
Bicarinella bicarinata shows significant differences for
the shells originating from localities 2 and 3, as well
as for the shells from localities 2 and 5. The other sam-
ples show no significant differences.

This contrast is visible in the principal components
plot. The diagram in Fig. 4 shows the parameters of

Table 2. Principal components t-test for the same species at
separate localities.

Localities: df | t stat t critical
Cassiope kotromanensis 34| 3280 2.030
loc. 4 vs loc. 5
B. N . b : f

icarinella bicarinata 9 3746 2262
loc. 2 vs loc. 3
Bicarinella bicarinat

icarinella bicarinata 9 2539 2262
loc. 2 vs loc. 5

Cassiope kotromanensis with larger specimen compo-
nents (originating from the locality 5) predominant at
the right side (black circles), and smaller ones (locali-
ty 4), at the left side of the diagram (white circles).
The diagram in Fig. 5 shows the analysis of Bicarinella
bicarinata collected at the localities 2 and 3. As in the
previous diagram, the larger specimen components (lo-
cality 2) are grouped at the right side of the diagram,
while the smaller ones (locality 3) are noted at the left
side.
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Fig. 4. Principal components diagram for Cassiope kotroma-
nensis. Legend: black circles, specimens from locality 5;
white circles, specimens from locality 4; horizontal line, 1st
principal component; vertical line 2nd principal component.

The presented data confirm the conclusion that the
studied gastropod assemblages are composed of shells
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Fig. 5. Principal components diagram for Bicarinella bicar-
inata. Legend: black circles, specimens from locality 2;
white circles, specimens from locality 3, horizontal line 1st
principal component; vertical line 2nd principal component.

that had been transported before their fossilization. As
there were no significantly damaged shells, it may be
concluded that the transport was short, but prolonged
enough to remove shells out of their original habitat and
to perform sorting by size. The sedimentological analy-
sis confirms this suggestion. Rock characteristics at the
fossiliferous localities correspond to the facial belts 7
and 8 after the classification by WILSON (1975). The gas-
tropod assemblages can be connected with intertidal
flats, close to a shore line.

Conclusions

Three species of Cassiopidae (Cerithioidea, Gastro-
poda) are described from outcrops in western Serbia.
Earlier microfossil investigations (PEJOVIC & RADOICIC
1971) indicated an Albian—Cenomanian age. According
to its character, this fauna resembles associations which
have been noticed from other outcrops of Tethyan sed-
iments of the Cretaceous. The greatest similarity was
recognised with the Armenian and Transcaucasian
regions.

The generally smaller size of the individuals encoun-
tered in the material of this study is explained by sort-
ing due to transportation. But also environmental fac-
tors may have had an influence on the shell size.
Evolutionary factors are considered unlikely to be of
greater importance.
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Pe3ume

Kacnonugau ractTponogun Kpene
3anapne Cponje

OmnucaHe cy TpU BpcTe racTpolofa OTKPUBEHE Y
KpegHUM ceguMeHTHMa 3amajgae Cpowuje. Anbeko-
LEHOMAHCKHU CEAVMEHTH TaJOXEHU CYy TOKOM TpaHC-
rpecuje Koja je cpeluHOM Kpefie oOyXBaTuja MUPOKH
npoctop. OBe TBopeBuHE Hana3se ce u3Meby pexa benn
u lpuu P3aB, npyxajyhu ce oko 40 km y mpasiy ces-
epceBepo3anas—jyrjyroucrok. OHe campxke docuie 3a
KOje Ce CMaTpalIo fia cy ceHOHCKe crapoctu (2KYJOBUA
1893; 2KmBKOBUR 1908; AMPFERER 1928; MMIOBA-
HOBWHR 1933). HoBuju pamoBu, 3aCHOBaHM Ha aHAU3H
acomyjanyja MuKpodayHe yKa3anu cy Ha cTpaTtarpad-
CKy mpunagHocT and-neHomany (PEJOVIC & RADOICIC
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1971). Y docunanM 3ajegHUIIaMa JOMUHAPAjy KacHO-
TIATHA TaCTPOTIONH, a TIOpeT BhUX jaBibajy ce OWBAIBU-
je, ocTpakopu, fa3ukiananee u popamuaugepn. Lnm
OBOT pajja je Aa ce OIMIIY HEeKe BpCTe racTporoja u
pa3MoTpe HBHUXOBH CUCTEMATCKM U Oureorpadcku
OJIHOCH.

Moryhe je u3nBOjUTH TpH WiaHA JIOKAIHOT CTPaTH-
rpacdckor cryba. HajHuskm uiaH 4YWHE TaMHOCHBH
OOJIUTCKH TIeIT9apH, c1ab0 COpTHpaHu u ciaabdo 3200-
JbeHu. TanmoxeHu cy 0au3y obase y CpefiuHU BUCOKE
enepruje. Oarosapajy danujanauM mojaceBuma 8 u 9,
WiLson (1975). Cpegmwu 4jaH 4YuHe OWOKIIACTUIHH
kpeumary. Cazapske peTke gparmMeHTe mMakpodaysHe,
dexaman nener, n anre: Bacinella sterni RADOICIC,
Nezzazatinella cf. picardi (HENSON) u Salpingoporella
urladanasi CONRAD, RADOICIC & REY. Y BUIIIM J€eJ10-
BUMa jaBIbajy ce Nezzazatinella cf. picardi n Hemicy-
clamiina sigali (MYNC). Ha mpenapaTtuma ce youaBajy
6pojHe TMyKOoTWHE W (PEHECTPUpPAHE CTPYKTypE HCIIY-
BbeHe PUHO3PHNUM MaTepujaioM. Y nmopebemy ca npet-
XOIHMM YJIaHOM, IIPUHOC MaTepujaja ca KonHa Ouo je
Mawu. HajBuinm unaH mpeficTaBibeH je OMOKIacThd-
HAM KpedumaliMa KOjH Ce€ CMEemYjy ca TaHKOCIIOjeBHU-
TuM Janopuuma. Caapxe (pparMeHTe JbyLITypa MEKY-
1ana, 3pHa Kofualea, ooronuje xapodura u anre He-
micyclammina sigali. Y BWIIIIM JIeTOBAMAa OBOT YJIaHA
yecTe cy JbYIITYpe TracTpomnofa, CuKyle cyHbepa u
6omibe exuHopepMmaTa. CeqUMEHTH Cy AENOHOBaHU Y
IJIUTKO] BOJAM, IPOMEHIBUBOTI CAaJIMHUTETA, Ca YECTUM
IIPUHOCOM claTKe BOJiE ca KOIHA, U3a CIPYyAHOTr rpede-
Ha, a OroBapajy ganmjarHuM rnojaceBuma 7 u 8 mpema
WILsON-y (1975).

T'actponogu onucanu y pajy OTKpUBHH Cy Y OHO-
KJIaCTMYHUM KpeudmhalliMa HajBHUILEr YilaHa CTpaTH-
rpadckor cry6a. @OCUIIOHOCHU JTOKAIUTETH ce Hasla3e
y Korpomany, Mokpoj I'opm u Pactumry n oberne-
keHu cy OpojeBnma 1 o 5 Ha ci. 1. OnmcaHa je HOBa

BpcTa racrponofa Cassiope kotromanensis, 1 Bpcte Bi-
carinella bicarinata w Paraglauconia lujani xoje cy
ofipaHyje NO3HaTe Ha HAIIUM JIOKAJUTeTUMa. Y IoMa-
hoj nurepatypu Beh cy onucaHe BpcTe ca HEKMM OJIJIU-
Kama npumepaka Cassiope kotromanensis, alii Cy IpH-
nmucane pony Cerithium wunu pony Glauconia. Mopa ce
HarJIacUTH fla je HOBa BPCTa BPJIO CIMYHA MOjeJUHUM
BapmjeTeTnMa npumepaka Glauconia coquandi Koje je
omcao hrpns (1952), anu uMa pa3IAIuT yrao 3aBo-
jHHIE, a OpUrHHAIHU puMepn hPURA (1952) Hucy
OWNIM NOCTYIIHU 3a JleTa/bHUja UCTpakuBama. Ponosu
Paraglauconia n Bicarinella Takobe cy OTKpUBEeHH Ha
HaIllUM [IPOCTOPUMA, aJlM CYy ONUCAHU NOJ] Pa3IUIUTHM
Ha3uBUMa ¥ NTOTUYY ca APYTUX JOKAIUTETA.

TokoM mucTpaxkuBamba KOHCTAaTOBAHO je fa Ccy IpH-
KYIJbEHU FacTPOIOAM 3HATHO Mabu Off IpUMepaka Ko-
ju motmay ca fpyrux gokanurteta, BaH Cpouje. [Ipen-
MIOCTaBJ/bE€HA Cy TpU Moryha y3poka oBe mojase. IIpBu
je ma racTpomogu TOKOM ajba W IeHOMaHa jOIl yBeK
HUCY JOCTHUIIM AUMEH3Hje OroBapajyhux nmpumnagHuka
ucre amunuje y ApyruM, CEBEpHUjUM JIOKaJIUTETHMA
ropwe Kpefe Teruca. [Ipyru Mmoryhu y3pok je fa npu-
MepLU HUCY MOIUIM fja JOCTUTHY OfroBapajyhy Bemu-
YUHY YCle[ [IejcTBa HENOBOJbHUX (pakTOpa CpefuHe,
YecTUM NPUHOCOM cnaTke Boje u ci. Tpehu Moryhu
y3pOK je KiacuuKanuja U COPTUpPame TOKOM TpaHC-
MopTa JbYILITYypa 00aBIbEHOT IIOCIIE CMPTH OpraHu3a-
Ma, a ipe ¢ocunusanyje. Ha ocHOBy Tora je ycmocras-
JbeHa XHUIIOoTe3a KOja je HpOBEepeHa CTaTUCTHYKUM
Meronama. Pe3synraTu uctpaxuBamwa cy ca OfroBapa-
jyhuM creneHOM BepoBaTHOhe yKa3aiu fa Cy JbYIITYpe
TpaHCHOPTOBaHe IIpe KOHa4He (pocun3anyje mna je oa
XuInoTe3a npuxsaheHa Kao ofjallllbelkhe 3a OTpaHNYEH
pact unpuBuaya. PakTOpu pas3Boja u €BoJyLUje opra-
HU3aMa, Kao U YCJIOBYU CpPeiuHEe, HUCY Y IOTIYHOCTH Ofl-
0aveHM aim ce cMaTpajy Kao Mame BEepOBATHH 3a 00-
jalimbe ke MaJIoT pacTa HHAUBUAYA.
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Pollen analyses of Pleistocene hyaena coprolites
from Montenegro and Serbia

JACQUELINE ARGANT' & VESNA DIMITRUEVIC

Abstract. The results of pollen analyses of hyaena coprolites from the Early Pleistocene cave of Trlica in
northern Montenegro and the Late Pleistocene cave of Baranica in southeast Serbia are described. The Early
Pleistocene Pachycrocuta brevirostris, and the Late Pleistocene Crocuta spelaea are coprolite-producing species.
Although the pollen concentration was rather low, the presented analyses add considerably to the much-need-
ed knowledge of the vegetation of the central Balkans during the Pleistocene. Pollen extracted from a copro-
lite from the Baranica cave indicates an open landscape with the presence of steppe taxa, which is in accor-
dance with the recorded conditions and faunal remains. Pollen analysis of the Early Pleistocene samples from
Trlica indicate fresh and temperate humid climatic conditions, as well as the co-existence of several biotopes
which formed a mosaic landscape in the vicinity of the cave.

Key words: pollen, coprolites, Pleistocene, cave, Serbia, Montenegro.

AnctpakT. Y pajly cy IpUKa3aHU Pe3yITaTH aHaIu3e I0JNIeHa EKCTPAXOBAHOr U3 KOIPOINUTa (POCUIHUX XUje-
Ha W3 PaHOT INICUCTOIleHa KapcTHe mymbrHe Tpiuna y ceBepHoj LlpHoj T'opn 1 KacHOT miencToneHa nehuHe
Bapanruna y jyroucrounoj Cpouju. KonpoiauTi moTHdy of iBe pa3iIWdIHTe BPCTE XHjeHA, PAHOILUICHCTOICHCKE
Bpcre Pachycrocuta brevirostris, 1 KacHomnencroueHcke Bpere Crocuta spelaea. Mafia je 6poj eKCTpaxoBaHUX
TIOJIGHOBHX 3pHA MalU, pe3yJITaTh aHAJIA3e TI0JIeHa M3 OBUX y30paKa jjajy 3Ha4uajaH JONPUHOC TO3HABAY IIJICHC-

TOLECHCKE BeFeTaHI/Ije HEHTpPATHOT EaJIKaHa, 3a KOje nHa4ve HOCTOjI/I BpJIO MaJIO mojjaTaka.

KipyuHe peun: noneH, Konponury, miencroneH, nehuna, Cpouja, Lpua T'opa.

Introduction

Pleistocene pollen data from the central Balkans are
very scanty (JANKOVIC et al. 1984; NIKOLIC 1992). The
Early Holocene is somewhat better covered. Data on
the history of Postglacial vegetation come from the
Vlasina peat-bog in south-eastern Serbia (CERNJAVSKI,
1938) and the Jelica Mountain in western Serbia (SER-
CELY & CULIBERG 1992). Important information about
the Early Holocene vegetation comes from the Vlasac
archaeological site found in the Iron Gates sector of the
Danube Gorge. It is a Lepenski Vir culture site, exca-
vated in the 1970s (GARASANIN 1978; SrEIOVIC &
LETICA 1978). Pollen analysis has been performed on
human coprolites (CARCIUMARU 1978), and gave a ra-
ther large number of pollen grains. Findings of copro-

lites at Pleistocene sites in Montenegro and Serbia gave
hope about the potential of palynology in these food
stuffs, and provide previously missing data concerning
the vegetation.

Localities

Baranica. It is a cave in eastern Serbia, situated on
the right bank of the Trgoviski Timok River, approxi-
mately 5 km south-east of the town KnjaZevac. It is a
composite cave consisting of many narrow cave pas-
sages. There are several entrances into the cave system;
one positioned 15 m above the river bed (260 m alti-
tude) opens into an entrance chamber 5 m wide. This
part of the cave is named Baranica I. The other entrance

' Unité Mixte de Recherche 6636, Economies, Sociétés et Environnements Préhistoriques, Institut Dolomieu, 15 rue Maurice
Gignoux, F-38031 Grenoble, Cedex, France. E-mail: j.argant@wanadoo.fr
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is located about 20 m above the first (280 m-asl), and
is named Baranica II.

Archaeological excavations were first performed in
1994 in Baranica I. The site became renowned because
many bones were found that “looked like” bone imple-
ments, which were later recognized in further research
as hyaena-made. Nevertheless, archaeological imple-
ments were found during the continuation of the exca-
vations between 1995 and 1997. Upper Palaeolithic arti-
facts were found in Baranica I (MIHAILOVIC et al. 1997)
and numerous faunal remains in both Baranica I and
Baranica II (DIMITRIEVIC 1997, 1998).

The accumulation of faunal remains is mostly due to
the scavenger activity of cave hyenas (DIMITRUEVIC
2004), which produced a very rich vertebrate assemblage.
The list of large mammals found gives a good represen-
tation of the fauna in the region at this period, with more
taxa being found than in any other cave locality in Serbia
(Table 1). The regional importance of Baranica is accen-
tuated by the fact that it is the first locality in the region
with fauna reflecting the conditions of the Last Glacial
Maximum. As opposed to other excavated sites in Serbia,
Baranica also shows cold fauna, including the wolverine,
Gulo gulo and the wooly rhino, Coelodonta antiquitatis.
It is also worth stressing the absence of warm temperate
species such as the roe deer and the wild boar.

Table 1. List of the large mammals found in the caves Bara-
nica I and II, Late Pleistocene, eastern Serbia.

Order Species

Lagomorpha Lepus sp.

Ochotona pusilla (PALLAS)

Carnivora Canis lupus LINNAEUS

Vulpes vulpes (LINNAEUS)

Ursus spelaeus ROSSENMULLER
Gulo gulo (LINNAEUS)

Martes martes LINNAEUS
Meles meles (LINNAEUS)
Mustela nivalis LINNAEUS

Crocuta spelaea (GOLDFUSS)

Panthera spelaea (GOLDFUSS)

Panthera pardus (LINNAEUS)

Felis silvestris SCHREBER

Proboscidea Mammuthus primigenius (BLUMENBACH)

Perissodactyla | Coelodonta antiquitatis (BLUMENBACH)

Equus ferus BODDAERT

Equus hydruntinus REGALIA

Artiodactyla Megaloceros giganteus (BLUMENBACH)

Cervus elaphus LINNAEUS

Bos primigenius BOJANUS

Bison priscus (BOJANUS)

Capra ibex LINNAEUS

Rupicapra rupicapra (LINNAEUS)

Besides large mammal bones, remains of small
mammals, birds, herpetofauna and fish are also found.
Nineteen species of rodents have been identified (Table
2). Similar to large mammals, the small mammal re-
mains indicate the cold conditions of the Last Glacial
period, especially boreal and arctic species such as
Microtus gregalis and Dicrostonyx (BOGICEVIC 2005).

Table 2. List of the rodent fauna found in the caves Bara-
nica I and II, Late Pleistocene, eastern Serbia.

Family Species

Sciuridae | Spermophilus cf. citellus (LINNAEUS)

Castoridae | Castor fiber LINNAEUS

Dipodidae | Sicista subtilis (PALLAS)

Cricetidae | Cricetulus migratorius (PALLAS)

Cricetus cricetus LINNAEUS

Mesocricetus newtoni NEHRING

Arvicola terrestris (LINNAEUS)

Chionomys nivalis (MARTINS)

Microtus arvalis (PALLAS)

Microtus agrestis (LINNAEUS)

Microtus gregalis (PALLAS)

Terricolla subterraneus (DE SELYS-LONGCHAMPS)

Clethrionomys glareolus (SCHREBER)

Dicrostonyx sp.

Lagurus lagurus (PALLAS)

Muridae | Apodemus sylvaticus (LINNAEUS)
Spalacidae| Spalax leucodon (NORDMANN)
Gliridae | Dryomys nitedula (PALLAS)

Muscardinus avellanarius (LINNAEUS)

Trlica. It is a karstic cavern which opens at 770 m-
asl in Triassic limestones, located on the slope of the
so-called Trlica Hill, near the city of Pljevlja in north-
ern Montenegro. The Trlica Hill surmounts a Tertiary
coal basin and the valley of the Cehotina River. Palaeo-
ntological excavations were performed in three short
campaigns (1988, 1990, and 2001). Abundant remains
of mammals were found embedded in clastic deposits
infilling the karstic cavern (Table 3) (DIMITRUEVIC
1991, 1997, 2004; FORSTEN & DIMITRDEVIC 1995; CRE-
GUT & DIMITRUEVIC 2006). Large herbivores, particu-
larly ruminants, are numerous, while carnivores and
rodents are each represented by a few bones and/or
teeth. Several layers are distinguished in the cave pro-
file (layers I-V), showing that the conditions were
changing during deposition, although probably not dur-
ing a long time span. The stratigraphic age has been
correlated to the upper part of the Early Pleistocene
(DIMITRUEVIC 1990) and more precisely defined by Ste-
phanorhinus cf. hundsheimensis (CODREA & DIMITRI-
JEVIC 1997), which correlates the fauna with biozones
20-22 (GUerIN 1980) and MQ3 (late Early Pleistocene)
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Table 3. List of the mammal fauna found in the Trlica Cave, Early Pleistocene,

is incorporated into coprolites in

Montenegro. different ways: absorbed with
food (meat and stomach con-
Order Species tents of the prey), with water,
Rodentia Dolomys dalmatinus KORMOS by the licking of fur or paws
Hystrix sp. and, in some cases, even by in-
Carnivora Canis etruscus MAJOR gestlp & Vegetab'l ¢ matter. Tapho-
— - nomic observations on fresh hy-
Canis falconeri FORSYTH MAJOR aena dung show that the pollen
Vulpes sp. spectra obtained from coprolites
Ursus etruscus CUVIER gave relatively unbiased pictu-
Gulo schloseri KORMOS res of the landscape (ScoTT et
Mustelidae gen. et sp. indet. a_l' 2003). Thps, foss'il copro-
Homotherium cf. crenatidens FABRINI lites ca? provide aYallable Pa—
Panih ; = K lacoenvironmental information
anthera cf. gombaszoegensis KRETZOI (LEROI-GOURHAN  1966; MOE
Lynx sp. 1983; ScoTT 1987; ARGANT
Pachycrocuta brevirostris (AYMARD) 1990, 2004; CARRION et al.
Proboscidea Palaeoloxodon antiquus (FALCONER & CAUTLEY) 2001; YLL et al. 2006). As they
Perissodactyla Stephanorhinus cf. hundsheimensis (TOULA) generally ?Orrespond'to a very
Equus stenonis COCCHI short period of time, they
- should also be indicators of the
Equus cf. major BOULE .
- season when the coprolites were
Artiodactyla Alces cf. carnutorum (LAUGEL) produced (ARGANT 1990, 2004;
Eucladoceros giulii KAHLKE ToMEscu 2006).
Cervus elaphus LINNAEUS According to the faunal list
Megalovis balcanicus CREGUT-BONNOUIRE & DIMITRIEVIC from the two localities, these
Soergelia intermedia CREGUT-BONNOUIRE & DIMITRUEVIC coprolites might originate from
. two different hyena species,
cf. Rupicaprinae .
i Eobi Early Pleistocene Pachycrocuta
ison (Eobison) sp. brevirostris, and Late Pleisto-

(AGUSTI et al. 1987). The presence of Hystrix indicates
a temperate climate.

Samples

Two coprolites, one from the Baranica Cave, and
another one from the site of Trlica were extracted for
pollen analysis in 2004. The number of pollen grains
was low, especially in the Trlica sample. For this rea-
son, five more coprolites were analysed in 2005, which
gave better results (Fig. 1). Their dimensions and mass
are given in Table 4.

The specimen from Baranica comes from the part of
the cave named Baranica II. Specimens from Trlica
originate from the layers I, sublayer Ia (TRL 90/10/19,
TRL 90/10/21, and TRL 90/34/7) and IV (TRL 90/80/2,
TRL 90/82/2, and TRL 90/84/4).

By their shape, dimensions and texture, all specimens
resemble hyena coprolites, especially those specimens
from Trlica which are complete. The specimen from
Baranica is a broken half, showing a compact structure
and homogeneous composition on the breakage, which
is essentially calcium phosphate originating from the
bones consumed by this animal. It is known that pollen

cene Crocuta spelaea (ERXLE-

BEN). Even if the feeding habits
of these two species could slightly differ, the chemical
composition and morphology of their coprolites look
similar. Their life habits and territorial range should be
reasonably similar to those of the recent species Cro-
cuta crocuta, mostly a scavenger. Since it is considered
that members of the latest species cover a territory with-

Fig. 1. Five analyzed coprolites from the Early Pleistocene of
Trlica, Montenegro. 1, TRL 90/82/2; 2, TRL 90/34/7; 3, TRL
90/84/4; 4, TRL 90/80/2; 5, TRL 90/10/19.
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Table 4. Dimensions and masses of the coprolites from Trlica,
Early Pleistocene, Montenegro. * measurement was impos-
sible because the coprolite was broken

Length | Width Thickness Mass

(mm) | (mm) (mm) (€9)
TRL90/8012 323 300 32.1 242
TRL90/10119 27.0 17.2 * 6.7
TRL90/3417 242 220 250 13.6
TRL90/8212 21.2 200 27.1 135
TRL90/8414 25.0 * * 6.1

in a distance up to 4 km (ARGANT 2004), the pollen
analyses from coprolites are expected to give data on
climatic and edaphic conditions in the near vicinity of
the sites.

Sample preparation

The surface was first very precisely cleaned, by
intensive brushing under a jet of water, in order to
remove potentially polluted material and to ensure that
only the content of the coprolite was treated.

The content of the coprolite was then prepared by
concentration in a dense liquid, comprising the follow-
ing principal stages:

* Decarbonatation with hydrochloric acid, desilicifica-
tion with hydrofluoric acid (concentration 40%, cold test).

* Removal of the organic matter by heating in potas-
sium hydroxide solution for 10 minutes.

e Concentration in a dense solution (Thoulet solu-
tion, potassium iodomercurate d = 2)

* Mounting in glycerin.

* Washing out with distilled water after each operation.

Results of the pollen analysis, Baranica II
Cave (Table 5)

The sample from the Baranica Cave came from half
of the coprolite (inventory number BAR 1I 97/12/3).

Altogether it yielded 13 pollen grains and only 7 tax-
ons. Trees were mostly represented by Pinus and
Juniperus, both genera heliophilous and pioneers. A sin-
gle deciduous tree was present: Fraxinus, a tree demand-
ing moist soil and good exposure to sunlight. Its pres-
ence most probably depicting a gallery forest. Among
herbs, the genus Artemisia was the best represented. It
was accompanied by an Asteraceae of the Carduus type,
one Poaceae and one pollen grain of Scrophulariaceae.

According to these results, it is obviously not possible
to precisely reconstruct the past vegetation. Yet, some
information can be given: a very open landscape with the
presence of steppe taxa related to rather rigorous climat-
ic conditions. Together with the fauna, this is in accor-

dance with the conditions of the Last Glacial. It is not
possible to be more precise because of the small number
of pollen grains and the isolated character of the sample.

Results of the pollen analysis, Trlica Cave
(Table 5, Fig. 2)

Only three pollen grains were extracted out of the
first sample from Trlica, (TRL 90/1021), two originat-
ing from trees, and one from grass. Nevertheless, even
this small number of pollen grains showed the absence

Table 5. Content of pollen and spores from the Late Ple-
istocene Crocuta spelaea coprolite from Baranica II Cave,
and Early Pleistocene Pachycrocuta brevirostris coprolites
from the Trlica Cave. AP, arboreal pollen; NAP, nonboreal
pollen.

SAMPLE

TAXA

BAR 1II 97/1213
TRL 90/1021
TRL 8012

TRL 8414

TRL 8212

TRL 10119

— | TRL 3417

Alnus

Quercus 1

—

— ==l alun]alw] =

Corylus 1
Pinus 2
Fagus
Abies

Betula

Carpinus

Buxus

Juniperus

Fraxinus
AP

NAP
POACEAE
Artemisia
CYPERACEAE 2
RANUNCULACEAE 1
SCROPHULARIACEAE | 1
Carduus type 1

40 0| 1| 0
16| 0| 0] 0] O

Wl—=|e|un|o|—

Plantago

Calluna

Typha latifolia

A=~

Indeterminate 2
Total 13 56| 0| 1| 0 1
Spores de Sphagnum 18
Phytoliths 2
Ind. Microfossils 3
Indet. Sporange 1
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Fig. 2. Pollen extracted from the coprolite TRL 90/80/2 from Trlica, Early Pleistocene, Montenegro. Hypothetical distribution

of the taxa along an imaginary profile.

of a steppe environment. Quercus and Corylus are me-
sothermophilous trees, demanding temperate and humid
conditions.

Due to the small number of grains in this sample,
five more coprolites were analysed. All of them were
completely searched under the microscope.

Two coprolites were completely sterile: TRL 90/84/4
and TRL 90/82/2. Two others contained a single grain
each: TRL 90/34/7 (Alnus) and TRL 90/10/19 (Cory-
lus). Only the largest and best preserved coprolite, TRL
90/80/2 showed a relatively rich content, with a total
of 56 pollen grains (Table 5).

All of the latter were very well preserved, and in
some of them the cell structure is still observable.
Fifteen different taxons were identified. Tree pollen
grains dominated with 40 grains out of the total of 56.
Although the sum of pollen grains was not sufficient
to calculate percentages, they were sufficient to suggest
that wooded areas existed in the animal habitat, and
that they occupied an important portion of the region.

A quarter of the tree pollen grains originated from
alder (Alnus), a tree demanding soil humidity. The ani-
mal probably visited an alder forest and, consequently a
field in the vicinity of a stream and/or a swamp. This

was confirmed by observing moss fibres together with
18 spores of Sphagnum cf. fallax, a species which is
characteristic of swampy fields, peat bogs, alder fields
or humid and sour prairies (JAHNS 1989). Sphagnum
spores do not disperse widely; consequently in this case
they could have been absorbed by an animal only at the
place at which they developed. Some of them were still
sealed in an organic fibrous matter (Fig. 2), which could
originate only from swampy alder terrains. A humid
environment where animals were coming to drink is also
illustrated by a tetrad of club grass (Typha latifolia), a
species which grows on low elevations, and, in this case,
was probably not very far from the cave. Birch undoubt-
edly represented a part of this humid formation. Oak
(Quercus) and hazel (Corylus) seem to have been quite
abundant. Hornbeam (Carpinus) and ground box (Buxus)
were also observed, which can grow in low humid
places, but also on more arid slopes, while on higher
elevations there were fir (Abies) and beech (Fagus),
although, the presence of fir and beech in a valley can-
not be excluded. Finally, the presence of Junmiperus,
heliophilous taxon signalling the presence of openings in
the tree cover occupied also by grasses (Poaceae, plan-
tain) and Calluna ( Ericacae), was also registered.
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The complete pollen content from the coprolites of
Trlica enables a tentative reconstruction of the environ-
ment in which the Trlica fauna existed. A summary of
this reconstruction is given in Fig. 2, illustrating a pos-
sible distribution of the identified vegetation, as well as
providing photographs of some of the pollen grains
extracted from the coprolite TRL 90/80/2.

The reconstruction is, of course, hypothetical, and
should be taken with caution. The coexistence of sev-
eral biotopes is suggested, forming a mosaic landscape
where trees occupied an important place. At the bottom
of the valley, the humid bank of a stream or a pond
was mostly occupied by alder, at the foot of which a
moss (Sphagnum) carpet had developed. Mesothermo-
philous trees (oak, hornbeam, hazelnut), as well as
shrubs (juniper, ground box and broom) were growing
on the slopes, while at higher levels there were fir-
beech forests. Throughout this area, open spaces were
interspersed. The observed combination of species indi-
cates temperate climatic conditions, fresh and humid,
which enabled development of different biotopes
dependent on the altitude and on edaphic conditions.

Conclusion

The number of pollen grains extracted from the
coprolites from the two cave localities, Late Pleistocene
Baranica in Serbia and Early Pleistocene Trlica in
Montenegro, was rather low and gave only modest
possibilities for the reconstruction of the vegetation
milieu of the surroundings of the two caves. Yet, for
those two localities, coprolite analyses gave the only
data on the vegetation. This may also be the case for
other cave localities in which coprolites are found,
since cave sediments are often unsuitable for fossili-
sation of plant remains, and pollen grains particularly.
Since it is well known that important faunal remains,
sometimes only available for certain regions or time
spans, are often related to caves, the instances of pollen
preservation in coprolites are even more valuable. Pol-
len is not always present in coprolites but encompassed
in their mass, pollen grains are sometimes safe from
digestive processes and oxygen impact and are, there-
fore, well preserved. When coprolites are numerous,
and their stratigraphical position well-defined, they
should be regarded as important for pollen sampling.
On the basis of the analyses of pollen extracted from
the coprolite from the Baranica Cave an open landscape
with the presence of steppe taxons related to rather
rigorous climatic conditions is assumed, which is in
accordance with the conditions of the Last Glacial and
faunal remains recorded. The pollen content from the
coprolites of Trlica enabled a tentative reconstruction of
the environment. Temperate climatic conditions were
indicated, fresh and humid, as well as the co-existence
of several biotopes which formed a mosaic landscape,
depending on the altitude and edaphic conditions.
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Pe3ume

Anamm3a nosieHa n3 ()OCHIHHX KOMPOJIHTA
xujena u3 niaencronena Cpouje u Lpue I'ope

Maso uMma nogaTaka o IJIEUCTOLEHCKO] BereTauuju
neHTpanHor bankana, oK je, 3axBasbyjyhu aHanu3ama
MIOJIEHA, PAHOXOJIOLIEHCKA BereTalyja HelTo 60Jbe M03-
HaTa. JegaH o IpuMmepa PEeKOHCTPYKIMje PaHOXOJIO-
LIEHCKEe BereTanyje je IMOJeH aHajlu3a U3 XyMaHOT
KOIIPOJIMTA ca apXeoJIOMIKOr Haja3uiuTa Biacan. Kana
CMO Ha IUIEMCTOLCHCKMM HanasuiuTuma bapaHuna y
Cp6uju, u Tpnuma y Lproj I'opu, mopep pocmiranx Ko-
CTHjy ¥ 3y0a, OTKPWJIN U KONPOJIUTE XMjeHa, IOHAIaIU
CMO Ce Jla ce Y IbuMa cauyBao IOJIEH, jep Cy CeAUMEHTHU
ca UCTHX Hajla3WIlTa, NehMHCKU KIacTUTHU, HETIOBOJbHU
3a OYyBame NoJieHa 1 OMJbHUX OcTaTaka YOIILITe.

Y30puu KONpONWTa, jeflaH U3 TOpPHOIUIEUCTOLEH-
ckux ciojeBa nehune bapanuna y Cpbuju, u mecT u3
TomOIUIenCcTONeHCKHX ciojeBa Tpnume y Lpuoj ['opn
(Tabena 1), mociatu cy y mabopatopujy y OpaHiycky,
rme cy, yobmdajeHuM J1abopaTOpHjCKUM METOjama,
MIOJIEHOBA 3pHA M3[BOjeHa U3 KOIPOJIUTA U HAIlpaBIbe-
HU TaHKY IIPECEeIy.

Y3opak n3 bapanune cagpxkao je cBera 13 momeH-
OBHIX 3pHa, OTHOCHO 7 TakcoHa (Tabemna 2). [psehe je
YIJIaBHOM IIPEJCTaB/bEHO XENUO(UIHUM, THOHUPCKIM
ponoBuMa 60poM (Pinus) u kKnekoM (Juniperus). Op muc-
TonagHor ApBeha 3acTymbeH je camo jaceH (Fraxinus),
APBO KOME je OTPEOHO BIAKHO 3€MJBUILTE U OCBETIbE-
HOCT, U 4lje je IIPUCYCTBO BEpOBATHO Y Be3M ca OJIu3u-
HOM peke. Of TpaBa M Ipmiba, 3aCTYIUbEH je IeJeH
(Artemisia), 3aTuM Asteraceae Tumna Carduus, ¥ TIO JeTHO
3paHo Poaceae, Ranunculaceae m Scrophulariaceae. Ha
OCHOBY OBaKO Majior Opoja MOJIeHOBUX 3pHA, HHje, Ha-
paBHO, Moryhe peKOHCTpyWcaTH BereTainyjy, aiu je
UIaK OYUIJIE[HO Jla c€ pajii O OTBOPEHMM IIpefesInmMa ca
MIPUCYCTBOM CTEIICKHX €JIeMEHaTa y OLUTPUM KJIuMaT-
cKuM ycaoBuMa. To cy ycrnoBu Koju OAroBapajy mnocnen-
EM IJ1allyjajly, OfHOCHO Y CarjlaCHOCTH Cy ca OfipefiooM
CTapOCTH Ha OCHOBY (DayHUCTHUYKUX OCTaTaKa.

Y y3opuuMma U3 JOHOIUIEUCTOLEHCKMX Hacjara
Tpautie 6poj 0UyBaHMX TMOJIEHOBUX 3pHA OWO je pa3Ho-
JIUK: y je[lHOM Ce Hajla3WwjIo CBera TpH 3pHa, y fiBa IO
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jemHO 3pHO, 1Ba y30pKa cy OmMiia MOTHYHO CTEpIITHA, a
W3 jeJTHOT je 3IBojeHo 56 3pHa (ci. 1; Tabema 1 u 2).

ITonenosa 3pHa cy BeoMa HOOpO OouyBaHa, M Ha He-
KuMa ce Bujie fetabu henmmjcke crpykrype. Onpebeno
je 15 paznmuntux TakcoHa. [JlommHupa noneH apseha.
ob6ap meo moneHoBux 3pHa ApBeha moTwue of jose,
IpBETa KOME je HeONXOfHa Bjara, OHOCHO HEMoCpey-
Ha O6mm3mHa Tekyhe mim crajahe Boje 3a MpesKWBIba-
Bame. OBaKBH yCIIOBU OIrOBapajy M MaXOBHHU TPECET-
Huny (Sphagnum cf. fallax) op xoje je mponabeno 18
ciopa. Heke op cmopa cy jomr yBeK YKIIOIUbEHE Y
¢ubpo3Hy oprancky Mmarepwjy (ci. 2). Ha Bmaxkny
cpenuHy ykasyjy u poros (Typha latifolia) m Opesa
(Betula). Tlpumuano Opojuu cy xpact (Quercus) m
necka (Corylus). I'pad (Carpinus) n mmamump (Buxus)
MOTY JIa PacTy y XyMHAIHAM HHA3WjaMa, aJTi 1 Ha CYBIbAM
majiiHaMa, TOK Cy Ha BWIINM JIeIOBAMA TepeHa pacid
jema (Abies) m OykBa (Fagus). Haj3an, mpucycTso
xeanomTHOT pofa Juniperus yka3yje Ha MOCTOjarbe H
OTBOPEHHX HpPOCTOpa Ha KOjEMa Cy paciie Tpase
(Poaceae) u Calluna (Ericacae).

[Mokyiaj peKOHCTPYKIMje BereTanuje y OKOJWHH
Tpnuie mpukasaH je Ha 1. 2, Ha KOjoj je Moryhu pac-
mopen WHACHTH(UKOBAHAX TaKCOHA WIYCTPOBAH CIU-

KaMa IOjeJUHA4YHUX IOJICHOBUX 3pHA, W3[IBOJEHUX M3
Hajooratujer y3opka TRL 90/80/2. PekoHcTpykuyja je,
HapaBHO, XUNIOTETUYKA, U Tpeba je ONpe3HO Y3eTH Y
003up. IIpeTnocraBiba ce KOEr3UCTEHIHja HEKOIMKO
ouoTona y Mo3aumyHoM pacnopeny. Ipsehe wurpa
BaXKHY YJIOTY. Y JJOJIMHU, BlaXKHe o0aje peyHor ToKa,
unu Oape, 3ay3uMa YIJIaBHOM jOBa, WCIIOf KOje ce
pasBmja Tenmx TpecetHuUne (Sphagnum). Me3orepmo-
¢unHo npBehe (xpacrt, rpad, Jlecka), Ka0 U TPMIbe
(k7eka, Bpec 1 poro3) paciy ¢y Ha affuHaMa, IOK Cy ce
Ha y3BULIEHUMa IPOCTHpaje jeJl0BO-OyKOBE IIyMeE,
UCIpeKkufiane MpoIulaHnuMa. Acolyjanyja ykasyje Ha
yMepeHe KJIIMMAaTCKe YCIOBe, CBEXKE U BIIaKHE, KOjH Cy
oMoryhuinyu pa3Boj pa3auyuTHX OMOTOIA, 3aBUCHO Off
BUCHHCKUX U ea)CKUX yCIOBa.

Ilonen Huje yBeKk HpUCYTaH y KONPOJUTHMA, ajy,
VKJIOIUbEHA Y Macy KOIIPOJINTA, MOJEHOBa 3pHa IO-
Hekaji Oyly cauyBaHa Off JUT€CTUBHHUX Ipoleca Hu JIej-
cTBa KuceoHuka. Kapma cy konponutu GpojHH, a BUXO-
Ba cTpaTurpadcka npunagHocT aepuHucana, Mory ou-
TH BayKHYU U3BOP y30paKa 3a I0JIEH aHAJIU3Y, HAPOUUTO
Ha OHMM Hajla3uIITHMa, Ha KOjUMa HEAOCTajy ApYru
MaTepujajid IOrOIHU 32 OYyBame M0JIeHa, Kao LITO je
cnydaj ca nehnHCcKMM Hacimarama.
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Pleistocene malacofauna of the Pozarevac Danube Area
(NE Serbia)

BiLjANA MITROVIC

Abstract. The results of recent analyses of loess samples from the localities: Cirikovac, Klenovnik, Novi
Kostolac, Zatonje and Kisiljevo, confirm the idea that malacological associations identify biotope characteris-
tics. Using palaeontological analyses, 25 species of gastropods were identified. Statistical analyses, tables and
histograms based on ecological indices separate malacolgical associations: forest and species living mainly in
woods, but also in mesophilous places and both damp and dry biotopes, steppe, open biotopes, mesophilous
and hygrophilous species. Based on the current literature on the PoZarevac Danube Area, the species Vertigo
pygmaea in Cirikovac and Columella columella in Klenovnik were recorded for the first time. Based on the
following species: Succinella oblonga, Cochlicopa lubrica, Granaria frumentum, Vallonia costata, Vitrea crys-
tallina, Pupilla muscorum, etc. it could be concluded that loessoid eolian sediments have their origin in the
arid climate during the Pleistocene.

Key words: Pleistocene, gastropods, palacoecology, loess, loessoid sediments.

Anmncrpakr. [IpoyuaBamkeM nmogaTaka U3 y3opaka ca JEeCHUX Ipoguiia Ha nokanutetuma y hupukosuy, Kie-
HoBHUKY, HoBoM Kocromnny, 3arowu n KucmibeBy, nomnuia caM 1o pesyiTata Ha OCHOBY KOjUX ce NOTBpbyje
YHMHjeHUIIa J]a MaJTaKoJIOIIKa acouujandja oapebyje Kapakrep ouorona. [1aqeOHTONOMIKOM aHATH30M UJCHTHU-
¢ukoBaHo je 25 Bpcra. CTaTUCTHYKOM 00pajjoM HojaTaka, TabeapHO U XUCTOTPaMOM Ha OCHOBY 3aCTYIJbEHOC-
TH EKOJIOIIKHUX BaJIeHIW H3/IBOjeHE CYy MAaJaKOJIOIIKe acouyjanyje: IYMCKUX M ITYMCKOME30(HMIHUX BpCTa,
cTela, OTBOPEHNX OMOTOIa, ME30(UIIHIX W XUTPOMITHEX BpcTa. [IpeMa mocafanimbaM TUTepaTypHAM TTOfali-
Ma, Ha ipoctopy IToxkapeBaukor ITogyHasipa o mpBu nmyT cy npoHabene Bpcre Vertigo pygmaea y RupukoBny
u Columella columella y KneHOBHHKY.

Ha ocuoBy ¢ayne: Succinella oblonga, Cochlicopa lubrica, Granaria frumentum, Vallonia costata, Vitrea
crystallina, Pupilla muscorum W fip., MOXe C€ 3aKJbjyUUTH a Cy JECOUIHU €OJICKU NECKOBU CTBapaHy y apUIHOM
KJIMMAaTy 3a BpeMe IJICHCTOIICHA.

K.rby‘me pe4n: IenCcToleH, racCTponoau, HaJIeOBKOJIOFI/Ija, JIeC, JIECHE TBOPEBUHE.

Introduction

The Pozarevac Danube Area is located along the
right bank of the Danube River, from the mouth of the
Velika Morava River to the city of Golubac. In the
geomorphologic sense, this area belongs to Morava
lowland and the Mlava valley, with an average altitude
of 85-110 m (Fig. 1).

The relief of the area is composed of low-level lake
terraces, desiccated by fluvial erosion. Fluvial erosion
has had a huge effect as is evident by the broad flu-
vial planes and wide river valleys. Erosion significant-
ly reduced the Pliocene lake coverage, and moved it

from the recent Danube valley further to the south,
which was sometimes left in the form of fold belts (i.e.,
the Pozarevac fold belt).

Quaternary eolian sedimentary loess and quicksand
cover 97 % of the Pozarevac Danube Area, being the
most extensive in this geographic region. Quicksand is
limited to the immediate beach areas and lies along a
distance of 5—6 km from the Danube River, while loess
is stretches further to the south, up to 34 km from the
river. In the PoZzarevac Danube Area, loess sediments
were, at the time of their formation, represented by one
continuous cover, which was later, as a result of ero-
sion, lowered, and broken into several separated parts:

Natural History Museum, NjegoSeva 51, 11000 Belgrade, Serbia. E-mail:bmitrovic3@yahoo.com
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Fig. 1. Geographical position of the sites (blacks stars) with
fossil macrofauna.

a) The nearest region between Velika Morava and
Mlava rivers and from PoZarevac to Kostolac consti-
tutes the “PoZarevac fold belt”; b.) Loess sediments
between Mlava and Pek rivers follow the banks of the
Danube River; from Ram to Pek River, loess outcrop
at the lowest terrain between the villages Zatonja and
Kisiljeva up to 100 m altitude, and to the highest ter-
rain, where loess covers Tertiary relief from the village
Topolovnik to Pek River; c.) Loess from Pek to the
town of Golubac has the smallest geographic distribu-
tion and is situated at the base of loessoid sand, which
according to its morphology and higher absolute alti-
tude could not belong to the PoZarevac Slope.

The Holocene is represented with the formations of
lower river terraces, fluvial and slope sequences. In the
Ram Danube Area (south of Ram, Topolovnik, Kuma-
ne, Biskuplje and Klicevac), eolian loessoid sands are
well distributed and positioned over the Older Pleisto-
cene sediments of the “Klicevac Formation”. The loes-
soid sediments of the Smederevo—Ram Danube Area are
often changed into deluvial formations, composed of
gravel which indicates repeated sedimentation through
rinsing processes.

Literature on this subject is numerous and includes:
ZUIovIC (1889, 1893), Cvuic (1924), STEVANOVIC (1949),
MARKOVIC-MARJANOVIC (1951), MILOJEVIC (1960), MI-
LAKOVIC (1973), MALESEVIC et al., (1980), RAKIC (1980),
DIMITRUEVIC & KNEZEVIC (1988), STEVANOVIC et al.
(1992), etc.

Material and methods

Quaternary malacofauna was collected from sedi-
ments in two ways: as individual specimens (visible to
the naked eye) and in bulk samples of 3 kg. The spe-
cimens visible to the naked eye were collected individ-
ually.

During the mechanical processing and extraction of
individual fossils from the loess sediments, hand tools,

such as trowels, knives and brushes, were used. The
taxonomical determination of the “naturally prepared
fossils” was done depending on the degree of preser-
vation, on the genus or species level. The extracted fos-
sil snails with preserved sculpture were studied and
prepared again in the laboratory. The restoration of the
broken shell fragments was made by glue and polish.
Employing table lenses, the extremely fragile and tiny
specimens were “quickly” transferred in order to pre-
serve the shell specimens. In order to perform the iden-
tification of macrofauna with stronger shells, when it
was necessary to determine the elements of oral aper-
ture, regularity and structure, these specimens were
washed with 3% H,0,.

The fossil material was identified under binocular
lenses, using the comparative collection of fossil and
recent molluscs from the Collection of Natural History
Museum, Belgrade, collected by PETAR PAvLOVIC, as
well as foreign literature (BROHMER et al. 1962; GROSSU
1956, 1993; FrRANK 2004; LoZex 1964; KERNEY et al.
1983, 1999; SiLEIKO 1984; KroLorp & SUMEGI 1993,
2000; Soos 1943, 1959; and PFLEGER 2000).

During the preparation of the histogram, ecological
valences for species were used according to LOZEK
(1964). In the text, the percent representation is shown
in parentheses after the name of the species. The sta-
tistic processing of the results is shown Table 1 and in
the histogram in Fig. 7. The material was inventoried
and labeled under the Inventory number K 6306-6402
and kept in the collection of the Natural History Mu-
seum, Belgrade.

Results and discussion
Cirikovac

According to the Basic Geological Map (MALESEVIC
et al. 1980), on the “Kostolac (PoZarevac) fold belt”,
between Pozarevac and Cirkovac, deluvial-proluvial se-
diments (dpr) lie discordantly over the Pontian sedi-
ments — “Kli¢evac Formation”. The major components of
the “dpr” are gravels, sand and silty-sands up to 10 m
thick, while in the base is loessoid sandy-clayey-silts,
5 m thick (Fig. 2), in which a diverse land fauna of the
Upper Pleistocene was identified: Pupilla sterri (VOITH),
Chondrula tridens (MULLER) and Granaria frumentum
(DRAPARNAUD); species of open habitats: Pupilla mus-
corum (LINNE), Vertigo pygmaea (DRAPARNAUD) and
Vallonia pulchella (MULLER); the mesophilous species
Trochulus hispidus (LINNE) and hygrophilous species:
Sucinella oblonga (DRAPARNAUD) and Catinella cf. are-
naria (BOUCHARD-CHANTEREAUX) (PI. 1, Fig. 7). The top
level of this profile is composed of fossil soil, 0.5 m in
thickness. From the loessoid sands, the only fossil-bear-
ing layer, the warmth-loving Trochulus striolatus (PFEIF-
FER) (Pl. 1, Fig. 9) was recorded as the only represen-
tative of forest-mesophilous species (24%). It inhabited
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Table 1. Survey of Quaternary malacofauna with a column of percentage distribution on different localities, of the PoZarevac
Danube area. Explanation of symbols according to LoZEK (1964). 1W, forest associated species; 2W(M), species living main-
ly in woods, but also in mesophilous places and both damp and dry biotopess; 4S, steppe dry sunny places; 50, species liv-

ing in open places without arboreous vegetation; 7M, mesophilous species which sometimes, can live in damp or dry places;

7WI, mesic rupestral and scree-forest species; 8H, humidity requiring, cold resistant species; No, number of the specimens.

Fig. 2. Detailed view of the upper part of the section from
Cirikovac.

moist forest habitats and high grasses, along the eco-
tone boundary belt between forest and grasslands.

A colder climate is indicated by steppe fauna (41.4%):
Pupilla sterri (0.64%), Chondrula tridens (33%) and
Granaria frumentum (7%), while species inhabiting

Locations
Paleoeco. o . . . . -
character. Molluscan records Cirikovac Klenovnik Novi Kostolac Zatonje Kisiljevo
No. % No. % No. % No. % No. %
Discus ruderatus (FERUSSAC) 9 6.25 8 3.69 1 0.21
1w Cochlodina laminata (MONTAGU) 1 0.7 5 521 1 021
Aegopinella nitens (MICHAUD) 10 6.94 8 3.69 1 1.04 51 11.36
Vitrea crystallina (MULLER) 4 2.78 4 1.84 15 15.63
Triochulus striolatus (PFEIFFER) 39 24.84 19 13.20 18 83 117 26.06
ZW(M) Arianta arbustorum (LINNE) 5 2.3 2 0.44
Fruticicola fruticum (MULLER) 1 1.04 21 4.68
Pupilla sterri (VOITH) 1 0.64 2 0.92
Chondrula tridens (MULLER) 52 33.12 43 29.86 55 25.35 3 3.13 10 2.23
48 Granaria frumentum (DRAPARNAUD) | 12 | 764 | 14 | 972 | 14 | 645 | 27 | 2813 | 71 | 1582
Cecilioides acicula (MULLER) 2 0.44
Pupilla muscorum (LINNE) 10 6.37 6 4.17 19 8.75 8 8.33 7 1.56
Vertigo pygmaea (DRAPARNAUD) 3 191
Vertigo alpestris ALDER 2 2.08
50 Columella columella (MARTENS) 1 0.7
Vallonia costata (MULLER) 2 1.39 25 11.52 2 2.08 24 5.35
Vallonia pulchella (MULLER) 8 5.1 5 3.47
Catinella cf. arenaria
3 1.91
(BOUCHARD-CHANTEREAUX)
Euconulus fulvus (MULLER) 3 2.08 3 3.13
Punctum pygmauem (DRAPARNAUD) 5 347 10 4.61 8 8.33 4 0.89
™ Trichulus hispidus (LINNE) 26 | 1656 1| 764 | 17| 783 I 104 | 71 | 1582
Cochlicopa lubrica (MULLER) 5 347 7 323 43 9.58
Clausilia dubia DRAPARNAUD 4 2.78 11 5.07 3 3.13
TWE Orcula dolium (DRAPARNAUD) 2| 139 | 8] 369 6 | 625 | 17| 3719
8H Succinella oblonga (DRAPARNAUD) 3 1.91 6 2.76 11 11.45 7 1.56
157 100 144 100 217 100 96 100 449 100
open biotopes: Pupilla. muscorum (6%), Vertigo pyg-
Epoch Lithology s Description maea (2%), Vallonia pulchella (5%) and mesophilous
— T e oSS SOl Trochulus hispidus (16%) were weakly represented.
Pleistocene{| o | 5 Loessoid sandy-clayey-silts One of the most common representatives of the ge-
_ nus Vertigo, Vertigo pygmaea, (Pl. 1, Fig. 5) was
Pleistocene 10 | Gravels, sand and silty-sands recorded only at the locality of Cirikovac. It occurs in
association with species inhabiting open habitats, as
_ well as those living in forests. In the Late Pleistocene,
12 Gray bluish clays . .
V. pygmaea became more common in the sediments
Pontian originating in cooler and moister periods (KROLOPP &
10 | Gray fine-grained sands with SUMEGI 1993). From the genus Vertigo, V. pygmaea is
tiny lens of graybluish lays . A
peceon one of a few typical of loess formations (KROLOPP &
; s | Coa SUMEGI 2000).

Klenovnik

A profile of the Pleistocene sediments was discovered
close to Klenovnik on the road to Kostolac, after the
right turn towards the school. These sediments lie over
Pontian gray coarse-grained quartz sands, 2.5 m thick.
The profile (Fig. 3) shows brown silty sands (1.0 m
thick), overlaid by reddish sandy clays (1.5 m thick)
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and light brown silty sands a (2.5 m thick). The ex-
posed profile is covered with silty sands with a low
humus content, 0.5 m thick.

Th Description

Epoch Lithology m)

Hol.

FETETTEETTETTT T 0.5| Silty sands low in humus content

. » | 2.5 Light brown silty sands

Quaternary
Pleistocene

Reddish sandy clays

---------

. _& . . . .= .|1.0|Brown silty sands

.........
..........
---------
..........

--------- 2.5|Gray coarse-grained quatrz sands

Neogene
Pontian

Fig. 3. Detailed view of the upper part of the section from
Klenovnik.

In the silty sands, a diverse gastropod fauna com-
posed of species confined to certain habitats was discov-
ered. The forest species were few in numbers: Discus
ruderatus (FERUSSAC) (6.25 %), Cochlodina laminata
(MonTtAGU) (0.7%) and Aegopinella nitens (MICHAUD)
(6.94%). The mesophilous species of forest biotopes:
Vitrea crystallina (MULLER) (2.78%) and Trochulus stri-
olatus (13.20%) belong to species living in conditions
of mesic forests. The forest-steppe zone was replaced
by steppe, with the characteristic species Chondrula tri-
dens (29.86%) and Granaria frumentum (9.72%). The
species of open spaces, inhabiting biotopes ranging from
wetland meadows to steppe: Pupilla muscorum (4.16%),
Columella columella (MARTENS) (0.7%) (PI. 1, Fig. 3),
Vallonia costata (MULLER) (1.38%), Vallonia pulchella
(MULLER) (3.47%), were replaced by mesophilous spe-
cies: Euconulus fulvus (MULLER) (2.08%), Punctum pyg-
maeum (DRAPARNAUD) (3.47%) (Pl. 1, Fig. 10), Tro-
chulus hispidus (7.64%), Cochlicopa lubrica (MULLER)
(3.47%), and species of screen forests and rocks: Clau-
silia dubia DRAPARNAUD (2.78%), Orcula dolium (DRA-
PARNAUD) (1.38%).

In the region of the Pozarevac Danube Area, the
species Columella columella was recorded only at this
locality. It is a species typical of loess formations, indi-
cating the existence of specific cold tundra areas in
Upper Wiirm, but was also present in the more hygro-

philous parts of the steppe (SUMEGI & RUDNER 2001).
It commonly appears in association with other charac-
teristic loess species, such as Sucinella oblonga, Val-
lonia tenuilabris, etc.

In these sediments, land fauna of a steppe associa-
tion was best represented (39.58%), a certain indication
that they were formed by wind-blown particles being
laid upon the already formed accumulative plain. Such
a cover of aeolian dust is connected with the last
glaciation or Wiirm in a broader sense.

Novi Kostolac

In the vicinity of the coal pit Novi Kostolac, at the
surficial pit Drmno, Pontian sediments (Fig. 4) are rep-
resented with fine to coarse gravels bound with clay
2 m thick, yellowish, slightly silty sands 1 m thick.
Overlying these sediments are sandy loessoid silty
sands 5 m thick with a rich association of Pleistocene
molluscs: Forest species include Discus ruderatus
(3.69%) and Aegopinella nitens (3.69%). Mesophilous
species of a forest biotope are: Vitrea crystallina
(1.84%), Trochulus striolatus (8.3%) and Arianta arbu-
storum (LINNE) (2.3%) (Pl. 1, Fig. 12). The following
interval of cold winters and a fairly dry vegetation peri-
od during the summers caused the appearance of the
most common steppe species Chondrula tridens (25%),
Granaria frumentum (6.45%) and Pupilla sterri (0.92%)
of interstadial stage. The mesophilous species: Pupilla
muscorum (8.75%) and Vallonia costata (11.5%) were
especially important in areas characterized by open

Epoch Lithology ;I'r:) Description
...... I T . e . . .
| ................ |
L
------------ | Loessoid silty sands
...... N~
o | & ''''''''''''''
§ [ s
o o
K T [
o | ....... I
............ [
B A RRRRRRRE
b
...... o~
e P
........ o 1| Yellowish, slightly silty sands
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b= | ° ol ~ ol with clays
o
Sl o |~ 2
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Fig. 4. Detailed view of the upper part of the section from
Novi Kostolac.
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steppe biotopes. The species Vallonia costata is highly
tolerant, a so-called species of “transition zones”
between open and woodland habitats (KroLOPP 1995).
The mesophilous species: Punctum pygmaeum (4.6%),
Trochulus hispidus (7.83%), Cochlicopa lubrica (3.2%)
replaced the species of screen forest biotopes: Clausilia
dubia (5%), Orcula dolium (3.69%).

The humidity from tree leaves or from moist soil was
suitable for life of hygrophilous species, such as Suci-
nella oblonga (2.76%). According to the malacological
results from the analyzed locality, the appearance togeth-
er of warmth-loving, cold-loving and mesophilous fauna
is obvious evidence that the loess series was deposited
during several phases of stadial and interstadial.

Zatonje

At the road Ram—Biskuplje, on the right bank of the
Danube, at the exit from the village of Zatonje, a pro-
file of sandy sediments, about 12 m thick occurs, which
consist of eight determined layers (Fig. 5). The thickest,
fifth layer included the fauna of steppe biotopes: Chon-
drula tridens (31.3%), Granaria frumentum (28.13%).
The species Sucinella oblonga (11.45 %) in most of the
European loesses is typical snail assemblages of loess
steppe. Three ecological groups were present, meso-
philous species: Euconulus fulvus (3.13%) (Pl. 1, Fig.
8), Punctum pygmaeum (8.33%), Trochulus hispidus
(1.04%); species of open biotopes: Pupilla muscorum
(8.33%), Vertigo alpestris ALDER (2.08%) (PI. 1, Fig.
2), Vallonia costata (2.08%) and species inhabiting for-
est detritus and rocks: Clausilia dubia (3.13%) and
Orcula dolium (6.25%).

In the gray, fine-grained quartz sands with small lens-
es of sandy silts (Fig. 5), the fauna of a forest biocoeno-
sis was also recorded: Cochlodina laminata (5.21%),
Aegopinella nitens (1.04%), as well as that of mesic for-
est biotopes: species Vitrea crystallina (15.63%) (Pl. 1,
Fig. 11) and Fruticicola fruticum (MULLER) (1.04%). The
species Vertigo alpestris was recorded for the first time
at the open profile of the locality Zatonje. It is charac-
teristic only for the Upper Pleistocene (Wiirm), including
loess (but it is not typical) (KrRoLoPP & SUMEGI 2000).
This petrophilous species may be locally an indicator of
forest and shrub habitats, during cold and moist climat-
ic periods. According to the collected fauna, the hypoth-
esis of MARKOVIC-MARJANOVIC (1951) on a multi-phase
nature of land loess is supported. Additional proof are
the limestone rock plates 1 cm thick, which appear seri-
ally in the water wells of the village Zatonje at a depth
of 21 m. The other layers are not fossil-bearing.

Kisiljevo

Between the villages Kisiljevo and Biskuplje, discor-
dantly over Miocene sediments, lay the Lower Pleisto-

Th

Epoch Lithology m) Description

Nnnnnnnm Dark brown sands with low
Holocene 0.5 humus content

""""" 0.8 | Brown fine-grained sands

Light brown silty sands

Gray fine-grained quartz sands with
lens of sandy silts and large rounded
sandstone concretions

Pleistocene

: ...d .............. 0.4 Gray silts with tiny carbonate concretions

......... 1.5| Gray fine-grained sands

.........

N v v ~~v A~ 10.2] Thinly layered ribbon clays

Gray sands with medium-sized
to large grains

Fig. 5. Detailed view of the upper part of the section from
Zatonje.

cene deluvial folds of the “Kli¢evac Formation”, com-
posed of gravel, sands, silts and tufa (RAKIC 1980). In
the broader area of the village Kisiljevo toward Topo-
lovnik, the sands are joined in inundation layers by var-
ious silts, which are, especially at the surface, of allu-
vial character and transformed into a loessoid or fluvial
horizon 5 m thick (Fig. 6). It contains Holocene malaco-
fauna of a forest biotope: Discus ruderatus (0.21%), Co-
chlodina laminata (0.21%), Aegopinella nitens (11.36%)
(Pl. 1, Fig. 4); and mesophilous fauna Trochulus strio-
latus (26.06%), Arianta arbustorum (0.44%), Frutici-
cola fruticum (4.68%). This fauna was included in the
formation of a biocenosis belonging to the forest-steppe
type, which later became less diverse and turned into
some kind of steppe. The species: Chondrula tridens
(223%), Granaria frumentum (15.82%) (Pl. 1, Fig. 1)
and Cecilioides acicula (0.44%) showed that the steppe
conditions were maintained for some time. The species
Pupilla muscorum (1.56%) and Vallonia costata (5.35%)
confirm the existence of a common feature of steppe
adaptations and life in open terrains. The mesophilous
species are Punctum pygmaeum (0.89%), Trochulus his-
pidus (15.82%) and Cochlicopa lubrica (9.58%), while
Orcula dolium (3.79%) (Pl. 1, Fig. 6) and Sucinella
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oblonga (1.56%) represented transitional forms of these
and neighbouring associations.

Epoch Lithology Th. Description

Silts and loess sediments
Gravels and silty sands

Holocene
Pleistocenel -

Fine-grained silty sands

Pannonian |.".

Brown fine-grained sands
with graybluish clays

Sarmatian ;,' 150

Fig. 6. Detailed view of the upper part of the section from
Kisiljevo.

Conclusions

By analyzing the abundances of malacofauna from
loess sediments of the PoZarevac Danube Area, sever-
al biotopes were recognized (Fig. 7): forest, open areas
within forest biotopes, steppe, open biotopes, forest-me-
sophilous areas and moist biotopes.

and arid winters and humid summers; the succession of
“cold-loving forms” and “warm-loving forms” indicate
that the loess was deposited in three Wiirm stadials,
while the basal part was deposited during the Ris—Wiirm
interglacial. The majority of these dry, grass, steppes rep-
resented the biogeography area of the Pannonian—Dakian
steppe, suggesting diluvium origin (MATVEIEV 1961).

The open biotope consists of places of moist mead-
ows and steppe. It is hypothesised that the S and SE
winds in the southern parts, enabled the development of
open biotopes for many species represented with 11.76%.

The mesophilous species were continually distributed
along all of the studied profiles, they are represented
with 24.92 %, and could live in fallen leaves and in
relatively moist meadows.

According to some hypotheses (RAKIC 1977), the eco-
logical conditions with more humid environment formed
during the deposition of the oldest horizon, matching the
penultimate phase of glaciations. Although the terrestri-
al fauna of gastropods had the widest distribution, it does
not necessarily mean that the sediment was formed on
land, because terrestrial forms could also indicate open
grassland areas in the vicinity of water or moist ground.
The presence of hygrophilous species (2.54%) may indi-
cate that this loess was also occasionally flooded, but
still not long enough to develop water fauna.

During the Riss—Wiirm interglacial, an analogous
type of Balkan—Middle European ecological conditions
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Fig. 7. Percentrage distribution of the terrestrial gastropod fauna on the basis of ecological groups.

Forest and forest-mesophilous species are abundant
with 32%; the most common species is Trochulus stri-
olatus (Cirikovac, Klenovnik, Novi Kostolac and Kisi-
ljevo). The “warmth-loving forms” also belong to this
group, and they appear mostly in the relatively warmer
phases of the late Wiirm.

Steppe fauna is abundant with 28.78%, with species
Chondrula tridens and Granaria frumentum present at
all localities. The steppe species lived in intrazonal bio-
topes (forest valleys, flooded forests along rivers, etc.),
while some of them are representatives of mesophilous
groups. The steppe climate was characterized by cold

was occasionally widely distributed in Europe. In the re-
gional sense, the sediments of the “Klicevac Formation”
of the Pozarevac Danube Area can partially be correlat-
ed with similar sediments of the “Srem Formation” at
the slopes of Fruska Gora Mountain and the “Zagajicka
Formation” in Southern Banat (RAKIC et al. 1998).

Acknowledgments

The author appreciates the critical reading and improve-
ment of the manuscript by reviewers VOJEN LoZEk (Prague),



Pleistocene malacofauna of the Pozarevac Danube area (NE Serbia) 87

ENDRE KRrROLOPP (Geological Institute of Hungary, Budapest)
and JAROSLAV HALAVAC (Institute of Geology AS CR, Pra-
gue).

The research was supported by the Ministry of Science
of the Republic of Serbia (project No. 146023).

References

BROHMER, P., EHRMANM, P. & ULMER G. 1962. Die Tierwelt
Mitteleuropas. 2. 264 pp. Verlag von Quelle & Meyer,
Leipzig.

Cvuic, J. 1924. Geomorphology 1. 588 pp. Drzavna Stam-
parija kraljevine Srba, Hrvata i Slovenaca, Belgrade

DIMITRUEVIC, V. & KNEZEVIC, S. 1988. On the discovery of
Procapreolus cf. loczyi (Pohlig) in the Pontian of Ciriko-
vac (Kostolac, Serbia). Geoloski anali Balkanskoga polu-
ostrva, 52: 339-407 (in Serbian, English summary).

FraANk, C. 2004. Mollusca (Gastropoda et Bivalvia) aus den
Kamptalgrabungen, Niederosterreich. Mitteilungen der Pri-
historischen Kommission, 56: 1-157 (in German).

GRossu, V.A. 1956. Fauna Republicii populare Romine. Edi-
tura Academiei Republicii Populare Romine, Bucuresti, 3
(2): 1-217 (in Rumanian).

GRrossu, V.A. 1993. Gastropodele din Roméania. 412 pp. Ti-
parit la IPCT, Bucurest (in Rumanian).

KERNEY, P.M., CAMERON, A.D.R. & JUNGBLUTH, H.J. 1983.
Die Landscchnecken Nord-und Mitteleuropas. 384 pp.,
Paul Parey Publisher, Hamburg und Berlin.

KERNEY, P.M. 1999. Atlas of the land and freshwater molluscs
of Britain and Ireland. 261 pp. Harley Books, London.
Kroropp, E. 1995. Palaeoecological Reconstruction of the
Late Pleistocene, Based on Loess Malacofauna in Hunga-

ry. GeoJournal 36 (2/3): 213-222.

KroLopp, E. & SUMEGI, P. 1993. Vertigo modesta (SAY), Ver-
tigo geyeri (LINDHOLM, 1925) and Vertigo genesii (GRED-
LER, 1856) species in Pleistocene formations of Hungary.
Malacological Newsletters, 12: 9-14.

KroLopp, E. & SuMEGI, P. 2000. Pleistocene Vertigo species
in Hungary. Annales Reports of the Geological Institute
of Hungary, 2 (for 1994-1995): 177-189.

Lozek, V. 1964. Quartdrmollusken der Tschechoslowakei.
Rozpravy Ustiedniho iistavu geologického 31: 1-374 (in
German).

MATVEIEV, S. 1961. Biogeography of Yugoslavia. Bioloski
Institut Narodne Republike Srbije. Posebno izdanje, 9:
1-232 (in Serbian, English summary).

MALESEVIC, M., KALENIC, M., KARAICIC, LJ. & SERDAR, R.
1980. Explanaroty book for Sheet Pozarevac, 1:100 000.
45 pp. Savezni geoloski zavod, Beograd.

MARKOVIC-MARJANOVIC, J. 1951. Les dépbts Quaternaires de
Pozarevacko podunavlje. Zbornik radova geoloskog insti-
tuta “Jovan Zujovic”’ 16 (2): 7-53 (in Serbian, French
summary).

MiLakovIC, B. 1973. The Pleistocene deposits of the south-
eastern part of the Danubian basin (wider region of Ve-
liko GradiSte, Serbia). Bulletin Scientifique, A, 18 (7-9):
141-142.

MILOIJEVIC, B. 1960. Le Danube Pannonien sur le territoire
de la Yougoslavie. Zbornik za prirodne nauke, 18: 5-65
(in Serbian, French summary).

PFLEGER, V. 2000. Molluscs. 216 pp. Aventinum Publishing
House, Prague.

RAKIC, M. 1977. The genesis and stratigraphy of Quaternary
sediments in the drainage basin of the JuzZna Morava and
the Zapadna Morava Rivers. Rasprave zavoda za geoloska
i geofizicka istraZivanja, 18: 1-88 (in Serbian, English
summary).

RAKIC, M. 1980. Explanaroty book for Sheet Bela Crkva,
1:100 000. 48 pp. Savezni geoloski zavod, Beograd.
RAKIC, M., SIMONOVIC, S. & STENC, P. 1998. Pliocene and
Quaternary sedimentary cycles of the southern parts of the
Pannonian Basin. /3. Kongres geologa Jugoslavije, 2:

415-425, Herceg Novi (in Serbian).

So0s, L. 1943. A Kdrpat medence Mollusca-faundja. 478 pp.
Magyar Tudomédnyos Akadémia, Budapest.

So06s, L. 1959. Gastropoda. 2. Magyarorszdg Allatvildga Fa-
una Hungariae, 19 (3): 31-158.

STEVANOVIC, P. 1949. The Results of Geological Studies of
the Veliko GradiSte area, Kostolac and Danube Kljucu.
Srpska Akademija Nauka, Posebna izdanja, 1 (1-2): 86-87.

STEVANOVIC, P., MARoviC, M. & DIMITRUEVIC, V. 1992.
Quaternary geology. 242 pp. Naucna knjiga, Belgrade.

SUMEGI, P. & RUDNER, EZ. 2001. In situ charcoal fragments as
remains of natural wild fires in the upper Wiirm of the
Carpathian Basin. Quaternary International, 76-77: 165-176.

SIEIKO, A.A. 1984. Fauna of SSSR. 3. 399 pp. Science
Press, Leningrad (in Russian).

Zuiovi¢, J. 1889. Esquisse géologique du Royaume de Ser-
bie par J.M. Zujovié, avec une carte géologique. Geoloski
anali Balkanskoga poluostrva, 1: 1-131.

Zuiovic, J. 1893. Geology of Serbia. 1. 334 pp. Srpska kral-
jevska drzavna Stamparija (in Serbian).

Pe3ume

Ilnencronencka manakogayna
IToxapeBaukor Ilogynasba (CH Cpouja)

IIpoyyaBameM 3acTylibeHOCTH MajakodgayHe Ha
necuuM npodunuma IloxkapeBaukor IlopyHaBiba,
YCTaHOBJbEHO j€ HEKOJUKO OMOTONA: IIyMe, OTBOPEHH
MIPOCTOPU Y LIYMCKMM OMOTONKMA, CTENEe, OTBOPEHH
TEepeHH, IIyMe Me30(hUITHOT TUIA U BIaXKHU OMOTOIH.

IIymcke u nymckoMe30(uIHe BPCTE Cy 3aCTyIUbEHE
32%, 0OBOj Tpynu UpHIAAajy “TOmmoibyomse ¢opme”,
KOje ce jaBJbajy y peJaTUBHO TOIUHjUM (hpazaMa KacHOT
BupMa. Hajzacrymwennja Bpera je Trichia striolata (hu-
pukosan, Knenopank, HoBu Kocroman u KrucuibeBo).

Crencka ¢ayna npucytHa je ca 28.78%, a Haj3ac-
Tymbennje cy Bpcre Chondrula tridens u Granaria fru-
mentum Cy 3aCTyIUbeHe Ha CBUM JokanuTeTuma. Cren-
CKe BpCTE XWBE y MHTPA30OHATHAM OnoTommma (IIyM-
CKUM yBaJlaMa, IJIaBJbEHIM IIIyMaMa JIyK peka ¥ fip.) a
HEKE Cy M wilaHOBU Me3o(unHux rpyna. Cremcky
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KMy OJUIAKYjy XJaJHO-CyBE 3MME W 3KapKa JeTa,
CMeHa 3ajeTHHIIA XJIaJHOJbYOnBe 1 TOII0JbyOuBe (hay-
He. CacraB ractponojcke ¢ayHe yKasyje fa je jJecHa
cepuja ¢opmmpaHa 3a Bpeme Puc-BupMckor mHTEp-
rJanyjajia vy Tpu BUPMCKa rianujana. Behu geo oBux
WCYIIEHNX, TPAaBHATHX CTEIIa, CMaTpa ce fja MpefCcTaB-
Jba Gmoreorpadcko moApydje MOAIPOBUHIVjE TMAHOH-
CKO-IaKHUjCKUX CTela, MITO yKa3yje fla Cy CTele “Iuiry-
Bujande crapoctn” (MATBEJEB, 1961).

OTBOpeHe OMOTONE UXMHE BIAKHE JIMBAfic W CTEIIE.
IIpernocrasspa ce fa je yrunaj J u JU BeTpoBa y jy>KHIM
IeJIOBUMA CTele, OMOTYhHO pa3BOj OTBOPEHHX CTAHUIII-
Ta 3a 11.76% mpucyTHHX BpCTa.

Me3odwiHe BpcTe KOHTUHYHPAHO CE€ TOjaBIbYjy Y
CBUM HCTpakMBaHUM Tpodunuma ca yKymHO 24.92%,
MOTY KUBETHU M y ONAJIOM JIMIThY U HA YMEPEHO BIaXk-
HIUM JIMBajjaMa.

ITocroje mpennocraske (PAkn® 1977) ma cy ce eko-
JIOIIKE KapaKTEepUCTHKE KOje yKa3yjy Ha BIAXKHU]Y

CpefuHy, OflUrpase 3a BpeMe JelOHOBatha HajcTapujer
XOPHU30HTA, IITO OM OAroBapao NpeTNoCcIeqno] dasu
rnanujanyje. Mlako je 3acTynbeHa yIriaBHOM CYBO3EM-
Ha ¢payHa MeKyllalla Tj. FacTpPoOIoOja, TO HE Mopa Ja
3Ha4YM fa je CeJUMEHT cTBapaH Ha cyBoM. KomHene
¢dopme yka3yjy Ha OTBOpEHE TpaBHaTe Ipefiene, Koju
cy Ounm y OJIM3WHE BOJIE, OMHOCHO BilaxKHOT Tna. [Ipu-
cycTBOM xurpodmiaux Bpcra (2.54%) Moxe ce mperT-
IIOCTaBUTH J1a Cy ce Bullle nyTa popmupaine Oape, anu
unak HeOBOJbHO AYro ja Ou ce pa3Buia BojieHa pa-
VHA.

3a BpeMe puc-BUPMCKE WHTEprianyjanyje, aHaJIoTh
TUN GAKAHCKO-CPEHhEe-eBPOICKIX €KOJIOUIKHUX YCIIO0-
Ba OHO je MOBPEMEHO IIMPOKO 3acTyIubeH y EBponu. Y
PErMOHAIHOM HOTJIely cefiuMenTH “KinueBauke cepu-
jom” INoxxapeBaukor MOAYHABIbA, ICIUMUIHO CE MOTY
KOpeJucaTy ca CIIMYHUM Haciarama “Cpemcke cepuje”
Ha maguHama Ppymike ['ope, n “3arajuakom cepujom”
y JysxaoMm Banaty (PAKAR 1998).

PLATE 1

Fig. 1.
Fig. 2.
Figs. 3a, b.
Fig. 4.
Figs. 5a, b.
Fig. 6.
Fig. 7.
Figs. 8a, b.
Figs. 9a, b.
Figs. 10a, b.
Fig. 11.

Granaria frumentum (DRAPARNAUD). Kisiljevo; X 8.

Vertigo alpestris ALDER. Zatonje; X 13.

Columella columella (MARTENS). Klenovnik; X 13.

Aegopinella nitens (MICHAUD). Kisiljevo; X 4.

Vertigo pygmaea (DRAPARNAUD). Cirikovac; X 26.

Orcula dolium (DRAPARNAUD). Kisiljevo; X 8.

Catinella cf. arenaria (BOUCHARD-CHANTEREAUX). Cirikovac; x 8.
Euconulus fulvus (MULLER). Zatonje; X 13.

Trochulus striolarus (PFEIFFER). Cirikovac; X 4.

Punctum pygmaeum (DRAPARNAUD). Klenovnik; X 27.

Vitrea crystallina (MULLER). Zatonje; X 13.

Figs. 12a, b, c.Arianta arbustorum (LINNE). Novi Kostolac; X 3.
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Thermomineral water of NikoliCevo Spa (eastern Serbia)

PETAR DOKMANOVIC, VESELIN DRAGISIC & SLAVKO SPADIJER

Abstract. New monitoring results (2000-2002) of the thermomineral water outflow and quality regime of
the Nikoli¢evo Spa (eastern Serbia) show that, during 30 years, a scaling process occurred and decreased the
well outflow by app. 80%, as a consequence of well deterioration and reservoir depletion. Consequently (slow-
er water movement), the water temperature increased by 1,5-2° C. Stabile values of the outflow and water
quality parameters, registered during new monitoring, show an insignificant influence of the annual meteoro-
logical cycle on the outflow and quality regime. According to its chemical composition, the water is sodium-
bicarbonate- fluoride, oligomineral and isothermal and a wide spectrum of applications is available. The limit
for an efficient exploitation and application of the water is the current low outflow rate, so the drilling of new
wells is recommended.

Key words: thermomineral water, Nikoli¢evo Spa, scaling, annual outflow regime, quality.

Amncrpakr. Pesynratu HoBor (2000.-2002. roj.) MOHUTOPUHIA peXKUMa MCTULAaka M KBAIUTETa TEPMOMUHE-
panue Boge Hukonnuescke Game (Mcrouna Cpbuja) mokasyjy ma je, TokoM nepuopa of 30 roguHa, H3AaiHoCT
OyHapa onana 3a oko 80 %, HajsepoBaTHUje Ka0 MOCIEeUIIa “CTapetha” OyHapa U IeIMMUYHE UCHPIVbEHOCTH TEP-
MaJsHor pe3epBoapa. [Tocnenuyno (360r ycnopeHuje Boo3aMeHe ), TeMIepaTypa Bojia nosuiieHa je 3a 1,5-2° C.
CrabunHe BelMMYMHE M3[JAUIHOCTH M IapaMeTapa KBajUTeTa BOJA, PErMCTPOBAaHE TOKOM HOBHX HCIHUTUBAHA,
yKas3yjy Aa He MOCTOjU OCeTaH yTUIaj FOAMUIIHET METEOPOIIOMIKOT IUKITyca Ha PEXKUM M3[JAITHOCTH ¥ KBAJIUTETA.
IIpema xemujckoM cacraBy Bofa HukonmueBcke Game ce CBpcTaBa y HaTpUjyM-XujpokapOoHaTHe (hiyopHpHe
OJINTOMUHEPAIIHE U30TEepME, ca MUPOKUM CHEeKTpoM MoryhHocTH Kopuithemwa. JIuMuT 3a epukacHo Kopuirhe-
€ OBE BOJIe NpeJicTaB/ba TPEHYTHA M3JAIIHOCT, ITa Tpeba NPUCTYIHUTH U3paju HOBUX OyHapa.

Kibyune peun: TepmomuHepanna Bofa, Hukonuyescka 6ama, naj u3galIHOCTH, TOAUILBLY PEXKUM M31AIIHO-

CTH, KBAJIUTECT.

Introduction

There is a natural occurrence of thermomineral water
in the village NikoliCevo, in eastern Serbia, within the
“Timok eruptive region”, app. 7-8 km north—east of the
town of ZajeCar. The thermomineral waters of the Ti-
mok region have been known and used for spa treat-
ments since the Roman times. Another 4 occurrences
of thermomineral waters are known in the region: Bre-
stovac Spa, Gamzigrad Spa, Sarbanovac Spa and Su-
mrakovac Spa, all of them being related to the deep
faults of a NW-SE general strike. In the seventies of
the 20" century, an extraordinary outflow and quality
of thermomineral water of the Nikolicevo Spa were
stated by drilling holes. Unfortunately, during almost

thirty years, there was no real (economic) interest in
this hydrogeological phenomenon. During the period
2000-2002 a certain scope of explorations was realized:
monitoring of the annual outflow and quality regime in
order to define exploitable water reserves.

Geology

The geological structure of the Nikolicevo Zone is
comprised of Barremian—-Aptian carbonate forms, flysh,
volcanoclastic and volcanic rocks of Upper Cretaceous
age and younger Miocene and Quaternary deposits (Fig.
1). The Barremian-Aptian (K,;3#) limestones are devel-
oped according to the “Urgonian facies” type, which

Department of Hydrogeology, Faculty of Mining and Geology, University of Belgrade, Djusina 7, 11000 Belgrade, Serbia.

E-mail: dokmani@eunet.yu
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Fig. 1 Hydrogeological map of the Nikolicevo wider zone (after VESELINOVIC 1967, simplified). Legend: 1. Miocene sandstones
and sandy clays (Intergranular aquifer); 2. Miocene conglomerate, clays, and sands (Intergranular aquifer); 3. Turonian— —Senonian
volcanoclastites-agglomerate, breccias, tuff and sandstone (Fissured aquifer); 4. Turonian—Senonian andesites (Fissured aquifer);
5. Turonian—Senonian sandstones, marlstones, marl carbonates (Minor fissured aquifer); 6. Barremian—Aptian limestones (Karst
aquifer); 7. Geological contacts; 8. Faults; 9. Spring; 10. Group of thermomineral springs; 11. Group of (B1 and B2) wells.

are supposed to be the outermost northern outcrops of
the complex TupiZnica—Knjazevac synclinal. Within the
vast and, as to geologic structure, compound Turonian—
—Senonian volcano-sedimentary complex, there can be
singled out: flysch (K3%) sediments (sandstone, marl-
stone, marl carbonate) lying transgressively over Ur-
gonian carbonates; volcanoclastites (wohpyK3:?) repre-
sented by agglomerate, breccias, tuff, sandstone and tuff;
andesite (chbK 3® and apyK3?), with a prevailing pre-
sence of hornblende. Miocene sediments lie transgres-
sively over the volcano-sedimentary complex, represent-

ing the outermost western parts of the ZajeCar basin.
They are represented by conglomerate, clays, and sands
(M3), namely sandstone, sandy clays and conglomerate
(M}). The spreading of Quaternary sediments is com-
pletely confined.

The terrain belongs to the Carpathian thrust of the
Carpathian-Balkan and within its frame to the Dobrodol-
—Grlica structural zone. Generally, in the Timok eruptive
region, there have been singled out the following fault
systems: longitudinal (NNW-SSE), transversal (NE-SW,
rarely NNE-SSE) and diagonal fault of E-W strike.
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Photogeologic analyze of the Timok region ruptures
showed that the oldest fault trends (NN-SSE, NW-SE)
were generated by the form and position of the old
Hercynian Pluton-Tanda massif, in the eastern rim, and
the Homolje—Kucaj massif, in the west. To this group
also belongs the Nikolievo fault (Fig. 1), along which
there has been some vertical displacement; thus Mioce-
ne sediments are at the same level as older fractured
and blocks-divided Cretaceous sediments. Such defined
geological relations represented a predisposition for the
deep circulation of groundwater, its heating and miner-
alization.

Hydrogeology

The following types of water-bearing formations can
be singled out (Fig. 1):

1. Confined intergranular aquifer, within Miocene
sediments.

2. Fissured aquifer in volcanic and volcano-clastic
rocks, where can be distinguished:

a) The part above the erosive basis — low water
bearing, gravitational water flow

b) The part below the local erosive basis — within
fractured zones with more favourable water bearing
(locally) and ascendant and descendent flow.

3. Upper Cretaceous marls and sandstones represent
an aquitard or minor fissured aquifer, with local and
limited water bearing.

4. Karst aquifer, within Lower Cretaceous limestones
represents mainly a semi-open hydrogeological struc-
ture. Limestones in deeper parts are recrystallised, while
groundwater (with higher temperature, t > 20° C) flows
through faults and fissures.

Thermomineral water occurrences

Several authors has dealt with the thermomineral
water in Nikoli¢evo. ZIvkovi¢ (1893) was the first who
mentioned “fairly hot, sulphurous water” in Nikolievo
and later LEKO (1922) who stated that there were three
hot water springs of which “the main one had a flow
rate of app. 3 1/min, with a water temperature of 34° C”.
MiLoJevIC (1973) noted that “in August 1964 three
main springs had a total outflow of 0.45 I/s with tem-
peratures 26-31° C”. The greatest research contribution
was made by Milojevié¢: two boreholes (wells) were
drilled near the existing springs. Well B, was carried
out in February 1972 and B,, in May 1972. The occur-
rences (inflows) of thermomineral water along the bore-
holes profiles were (MILOJEVIC 1973):

B, well:

—at 16 m — Q =0.1/s, t = 28° C
—at30m-Q =02l/s,t =29 C
—at 106 m — Q =33 I/s, t = 33.80° C

B, well:
—at72m-Q=021s, t=29C
—at 1573 m — Q = 44l/s,t = 343° C

Water tapping was from fractured andesites and lime-
stones, at the depths of 100-160 m (Figs. 2, 3), with-
out an intake screen (open hole).

All thermomineral water occurrences (springs and well
outflows) in NikoliCevo are situated within a radius of
app. 100 m. Their total outflow (May 1972) was 17.5 s,
whereby 16.9 I/s was from the wells, without pumping.
The range of the temperatures was 19-34.9° C, where-
by the well waters were characterized by higher temper-
atures (Tab. 1).

Table 1. Thermomineral water occurrences and flow rates —
17 May 1972 (after MILOJEVIC 1973).

Occurrences Q (I/s) t° C
Well Bl 12.37 349
Tapped spring 1 0.02 24.8
Tapped spring 2 0.12 26.2
Untapped spring 1 0.22 28
Untapped spring 2 0.1 25
Untapped spring 3 0.1 27
Untapped spring 4 0.1 24
Untapped spring 5 0.02 19
Untapped spring 6 0.01 195
Untapped spring 7 0.0 20
Well B2 44 343

It is obvious that the initial B, flow rate of 33 1/s
(February 1972) was reduced to 12,37 1/s (May 1972),
as a consequence of: 1. the hydraulic influence (partic-
ipation) of B, outflow of 4.4 1/s, and 2. an usual scall-
ing with time, as a consequence of the accomodation
of a piesometric level in the well radius.

Flow rate scaling

During the period August 2000 - February 2002,
flow rates and water temperature measurements were
carried out. It was established that the flow rate of the
B, well oscillated within 2.22-2.53 1/s, while the flow
rate of the B, well oscillated within 0.63-0.71 1/s, the
total flow rate was 2.9-3.2 I/s (Fig. 4). This means that
during 28 years (1972-2000), the total flow rate of the
wells was very reduced, by more than 80 %.

Probably, the main reasons for the scaling are:

1. Well deterioration;

2. Depletion of the thermal water reservoir

Well deterioration processes could be:

— Physical (mechanical) causes-rock collapse in the
intake unscreened hole parts of the wells or intensive
deposition of particles carried from the aquifer in the
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Fig. 2. Lithological profile and construction of well B-1
(after MILOJEVIC, 1973, simplified).

intake parts. Both of the mentioned causes are possible,
because of the profiles properties (Figs 2, 3): decayed
andesites (well B,) or cavernous limestones (well B,).

— Chemical incrustation of the intake parts and well
casings and, also, of the transit aquifer zones, next to
the holes. Generally, lowering of hydrostatic pressure
(by groundwater tapping) and, also, changes of ground-
waer velocity upsets the chemical, especially carbonate
and iron equilibrium of groundwater, so incrustation
occurs. The process is more rapid in the small intake
spaces (drill diameters 76-101 mm, Figs 2, 3) and the
manifestation of scaling is more noticable.

Reservoir depletion could be the consequences of a
continual free (uncontrolled) long term outflow of wells.

Water quality

The water temperatures were also measured during
the period August 2000 — February 2002: 35.5-36.6° C
for the B, well, and 36.2-37.0° C for the B, well. (Fig.
4). The temperatures were higher by 0.6-2.7° C than the
ones in May 1972 (Tab. 1).

According to the chemical composition (Tab. 2),
thermomineral waters of the Nikoli¢evo spa are sodium
carbonate ones, with the total mineralization fluctuating
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Fig. 3. Lithological profile and construction of well B-2
(after MILOJEVIC, 1973, simplified).

between 466 and 650 mg/l, low iron and manganese
concentrations, pH value from 6.7 to 8.3, and the pres-
ence of undissolved H,S gas. One of the essential fea-
tures of the water is a higher fluoride (F) concentration
(2.79-3.8 g/l). It should be stated that differences
between the chemical components (Tab. 2) arise, part-
ly, as a result of the analytical methods of different
chemical laboratories. The most noticeable difference is
the one between the concentration of H,S gas (Tab. 2)
in 1972 (4.5-5.1 mg/l) and in 1995 (0.28-0.38 g/1), but
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Fig. 4. Flow rates and water temperatures of the wells B-1
and B-2 (August 2000 — February 2002).
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Table 2. Chronological survey of some chemical components of the thermomineral water.

Date Total miner. | Dry residue | Na+K HCO, Fe Mn HS F pH
Well (mg/l) (mg/l) (mg/1) (mg/l) (mg/l) (mg/l) | (mg/M) (mg/l)
1972 (1)

B-1 | sa12 | 4877 ] 141 | . 0.3 0.0 ] - 7.0
1972 (2)

B-1 - 500 1475 366 4.25 76

B-2 - 490 147.5 366 - - 5.1 - 7.6
1995

B-1 650 - 134.2 328.8 0.17 <001 0.28 3.8 7.5

B-2 650 - 131.7 3255 0.13 <001 0.38 3.6 7.6
1997.

B-1 - 519 - - - - - - 8.12

B-2 = 510 - = - - 2 - 8.04
11.09.'00

B-1 503.66 143.5 3720 001 0.0 = - 7.95

B-2 502.82 138.1 378.6 0.03 0.0 - 7.98
08.06.'01

B-1 490.35 155.2 4269 001 0.0 - - 6.94

B-2 455 .67 138.2 369.4 0.02 0.0 = - 7.49
07.09.01

B-1 498.07 147.6 391.6 001 0.0 = - 7.30

B-2 489.96 138.6 378.6 001 0.0 - - 6.88
16.10.'01

B-1 466.80 140.6 391.6 001 0.0 - - 7.35

B-2 461.77 126.2 391.6 001 0.0 = - 6.70
09.11.01

B-1 = - - <0.05 <0.025 - - 8.30

B-2 = - _ <0.05 <0.025 _ - 8.30
10.01.'02

B-1 B - - <0.05 <0.025 _ - 7.90

B-2 - - = <0.05 <0.025 = - 8.00
26.02.02

B-1 = - = - <0.025 = - 7.70

B-2 = - _ - <0.025 - - 7.90
06.09.02

B-1 - 400 - - 0.03 <001 - 2.82 7.50

B-2 B 400 - = 0.06 0.01 = 2.79 7.70

the availlable results of only two gas analyses are insu-
ficient for a proper interpretation.

On the basis of the hydrochemical results, the water
belongs to the category of sodium carbonate, fluoride,
isothermal, oligomineral ones, suitable for balneothera-
py, drinking (limited, because of fluorine concentration)
and recreation purposes.

An analysis of gas composition show the nitrogen
type and vadose origin of the water (DIMITRUEVIC 1975).

Conclusions

Thermomineral water of Nikoli¢evo Spa was tapped
by two wells, at a depth of 100 to 160 m. A karst-fis-

95

sured aquifer was formed within Cretaceous andesites
and limestones. Thermal character, as well as certain
chemical properties, result from circulation of the
groundwater deep in the Nikolievo fault zone.

During the period 1972-2000, scaling occured and
the flow rate decreased by more than 80 %, from the
initial 17 I/s to 3 1/s, as a consequence of the deterio-
ration of the wells and reservoir depletion. The reduced
flow rate and, consequently, slower groundwater move-
ment, resulted in the water temperature rising by
0.6-2.7° C .

The annual regime (August 2000 — February 2002)
of the wells, flow rates and the water temperature were
assessed as quite stable, without significant influence of
the annual meteorological cycle.
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The chemical composition and water temperature
enable manifold utilization, especially in the domain of
balneology and recreation, but the current low flow rate
is limiting.

The depth of the intake zones and the existence of
overlaying confining beds, as an insulator from (poten-
tial) surface pollution, are the favourable aquifer vul-
nerability factors.

In order to use and sustain this natural resource, the
following should be done:

e TV, calliper, temperature and/or flow-velocity log-
ging of the holes, if possible (because of the small
diameter), in order to identify the inflow and incrusta-
tion zones in the holes and causes of the deterioration.

e Drill a new well or wells, next to the location of
the existing one(s), of suitable constructions, primarily
of larger drill diameters. Construction and position of
the intake parts will depend on the results of wells log-
ging. As to the location B, it should include greater
depth from 160-170 m as well. This will provide con-
siderably larger flow rate(s) than the current one(s).

e Proper sanitation (dysfunction) of the existing ho-
les, because of low production, as well as sanitary pro-
tection of the resource.
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Pe3ume

Tepmomunepanna Boga HukonmgeBcke
o0ame (ucrouna Cpomuja)

IIpuponHn M3BOpPH TEPMOMHHEPAIHUX Bofa, ciabe
M3JAITHOCTH, Hajaze ce y ceny Hwukommuesy, y
ncrouHoj CpOuju, y okBupy T3B. “THMOUYKe epynTUBHE
o6nactn”, Ha cca. 7-8 km ceBepoucToyHO Off 3aje-
gapa. TepMomuHEepamHe BOIE Er3WUCTYjy Y OKBHPY
KOMIUIEKCHE KapCTHO-MYKOTHHCKE M3TaHu, hopMupa-
HE Y OKBHPY HOHOKPENHUX Kpedmaka M TOPHOKpPEN-
HUX BYJIKaHO-KIIACTUYHUX CTEHA, a TIPEAUCIIO3NIH]Y 3a
BHAXOBO (opMmupame (IyOOKYy IMPKYyIanujy) 4YnHE
pacenu npasia npyxama CC3-JJ.

JIBema ucrpaskanm OymotuHama n3 1972. ropune,
ny6mHa 106 m 220 m, KOHCTaTOBaHE Cy M3BaHpEHE
KBAaHTHTATHBHE W KBAaJIINTATUBHE KapaKTETHCTHKE:
cyMapHa m3fjalIHocT of cca. 17 1/s (camom3imBoM) u
Temneparypa Boja o 34-35° C. Peskumckum ocmatpa-
BUMa cnpoBefeHnM y nepuony asryct 2000. — dgebpy-
ap 2002. roguHe, YyCTAaHOBJHLEHO je fia je, yciiey MpoIie-
ca crapema OyHapa H, BEpOBAaTHO, NCIVMUYHE WC-
PIUbEHOCTH “pe3epBoapa” TEpPMalHUX BOJA, W3Jalll-
HOCT omasna 3a cca. 80 % wm uzHOcH 2,9-3.2 1/s, mOK je
TeMmIepatypa Bojda, 300T ycHOpeHHje BOjgo3aMeHe
(Mamer ucTuiama) nopuiieHa ua 35,5-37° C. Crabun-
HEe BeJIMYMHE M3[AITHOCTH M TeMIIepaType, MepeHe y
nepuoay 2000. — 2002. rop., yKa3yjy /ia HE MOCTOjA
OCeTaH YTHIIa] METEOPOJIOMKOT IUKIyca Ha PEKAM
BOJIA.

ITpema xemmjckom cacTaBy, Koju ce 3a HaBeieHH 30-
TOIWIIIEGY TIEPHON MO3KE OIEHUTH Kao cTabmiIaH, BOfe
ce CBpPCTaBajy y HATPHUjyM-XHApPOKapOOHATHE IIyo-
PUHE ONIMTOMHUHEpATHE H30TepME, ca IMUPOKUM CIIeK-
TpoM MOTyhHOCTH Kopuithemwa. Y uiby e(UKaCHA]jET
Kopuithela OBOT W3BaHPENHOT pecypca, MOTPeOHO je
caHmpaTé mocrojehe W W3pagMTH HOBE BOO3axXBaTe
oaroBapajyhux KOHCTPYKTHBHIX KapaKTePHUCTHUKA.



Instructions for authors

Geoloski anali Balkanskoga poluostrva is issued annally
and publishes original scientific contributions over a wide
range of topics in any field of the geological sciences. The
journal accepts papers in English of moderate length, not
exceeding 50 double spaced manuscript pages, including
illustrations.

Submit three copies of a double-spaced manuscript and
illustrations (good photocopies), plus an electronic version of
the manuscript. Leave adequate margins of 3 cm, on all si-
des, and the right margin unjustified with no automatic
hyphenation. Typewritten manuscripts will not be accepted.
Do not send large files (e.g. photographic illustrations) as e-
mail attachments, but submit them on a CD-ROM sen
t by air-mail.

Material being described must be registered as part of a
formal collection housed in some recognised Institution so
that it is accessible and available for study by other workers.

Paper should be arranged as follows: title, name and sur-
name (in full) of author or authors, abstract, key words,
adresses (foot note on the 15t page) with a mention of the
parent organisation and e-mail address, text, acknowledge-
ments, references, summary, figures, tables, and plate cap-
tions.

The title of the paper should be short, but expressing the
principal aim of the paper.

The abstract must be concise, not more than 200-250
words, and should be informative, stating the results present-
ed in the article rather than describing its contents. Inclusion
of references in the abstract is not recommended.

After the abstract, list 5-8 keywords which describe the
subject matter of the work. They should be arranged from
general to more specific ones.

The text should be written as clear and understandable as
possible. Use up to threee levels of headings. Their hierar-
chy should be indicated in the left-hand margin of the text.
Italics are used only for the name of genera and species, or
if a word is italicized in the original title. References should
be cited in the text as follows: DAMBORANEA (2002) or
(DANBORANEA 2002) for a single author; FURSICH & HEINZE
(1998) or (FursicH & HEINZE 1998), for two authors; Ric-
CARDI et al. (1991) or (RICCARDI et al. 1991) for multiple-
author works.

References should be classified alphabetically according to
the author’s names. Include only published papers mentioned
in the text, unpublished reports will be accepted only in exep-
tional cases. Do not abbreviate the titles of journals and give
the names of symposium volumes and edited books. For
books it is necessary to give the publisher’s name and place
of publication. References in Cyrillic alphabet must be
transliterated to the Latin alphabet. The titles of the paper in
a non-Latin alphabet should be translated into English with
an indication of the original language in parenthases, while
the name of the journal must be transliterated into Latin
alphabet. Examples are as follows:

AGER, D.V. 1963. Principles of Paleoecology. 318 pp.
McGraw-Hill, New York.

OweN, E.F. 1962. The brachiopod genus Cyclothyris. Bul-
letin of the British Museum (Natural History), Geology, 7
(2): 2-63.

RABRENOVIC, D. & JANKICEVIC, J. 1984. Contribution to the
study of Albian near Topola. Geoloski anali Balkanskoga
poluostrva, 48: 69-74 (in Serbian, English summary).

SMIRNOVA, T.N. 1960. About a new subfamily of the Lower
Cretaceous dallinoid. Paleontologicheskij Zhurnal, 2:
116-120 (in Russian).

SULSER, H. 1996. Notes on the taxonomy of Mesozoic
Rhynchonellida. /n: Cooper, P. & JiN, J. (eds.), Bra-
chiopods, 265-268. Balkema Press, Rotterdam.

Acknowledgments should be as short and concise as pos-
sible.

A summary (up to 15% of the paper) is published in
Serbian and should contain the essence of all new data and
the conclusions.

Ilustrations can be submitted as conventional hard-copies
or in electronic form. The preferred formats for graphics are
TIF, EPS, CDR (600 dpi) and for photographs and plates
TIF (600 dpi). All original drawings and photographs should
be in the form of glossy prints of profesional quality. The
illustrations should have a width of 8.4, 12 or 17.5 cm, the
final limit is the size of type area (17.5 X 24.5). Lines and
letters must be suitable for reduction. It is also recommend-
ed to send copies reduced to the size for publication; after
reduction, the smallest lettering should be not less then 1 mm
and not greater than 4 mm in height. The aproxiamte posi-
tion of figures and tables should be indicated in the manu-
script margin. Do not incorporate illustrations in the text of
the paper. Figure, table and plate captions should be listed
on separate sheets. The author’s name and figure number
should be indicated at the foot of the illustration. The fig-
ure numbers can be writen by hand on a paper copy of the
plate or on a transparent overlay, not on the plate itself. The
cost of printing colour figures must be paid in full by the
author.

Authors will receive one and if necessary two proofs.
These must be returned within the time limit indicated. If
this does not happen, the publication of the paper will be
postponed automatically to a later date.

50 reprints per article will be provided free of charge for
the author (in the case of multi-authored papers, the senior
author will receive the reprints).

All correspondence, enquires and manuscript submissions
should be directed to the Editor-in-Chief of Geoloski anali
Balkanskoga poluostrva.

Prof. Dr. Vladan Radulovi¢

Institute of Regional Geology and Paleontology
Faculty of Mining and Geology

University of Belgrade

Kamenicka 6, 11000 Belgrade

Serbia

E-mail: vrad@eunet.yu — only for correspondence



TEQJOMKN AHAJIM BAJTKAHCKOTA 1TOTYOCTPBA
ANNALES GEOLOGIQUES DE LA PENINSULE BALKANIQUE

Vol. 68 December, 2007

Contents

ALEKSANDAR ILIC & LUKA PESIC
Microstructures of the Lim Zone along the contact with Dinaridic Ophiolite nappe ......................... 1-7

MILUN MAROVIC, ILIJA DPOKOVIC, MARINKO TOLJIC, JELENA MILIVOJEVIC & DARKO SPAHIC
Paleogene—Early Miocene deformations of Bukulja—Vencac crystalline (Vardar Zone, Serbia) .............. 9-20

MILUN MAROVIC, ILIJA DOKOVIC, MARINKO TOLJIC, DARKO SPAHIC & JELENA MILIVOJEVIC
Extensional Unroofing of the Veliki Jastrebac Dome (Serbia) .............ccooiiiiiiiiiiiiiiiiiii e, 21-27

MILOSAV SIMIC & ANTONIJE ANTONOVIC
A new view on the structural pattern of the Metohiya Basin and its margin: a preliminary note............ 29-38

RAJKA RADOICIC & FELIX SCHLAGINTWEIT
Neomeris mokragorensis sp. nov. (Calcareous alga, Dasycladales) from the Cretaceous of Serbia,
Montenegro and the Northern Calcareous Alps, (Gosau Group, AUSIIa)........covvuieiiiiieiinieeiiiiennann.. 39-51

JAN VAN DER MADE, SLOBODAN KNEZEVIC & IVAN STEFANOVIC
A mid-Miocene age for the Slanci Formation near Belgrade (Serbia), based on a record of the
primitive antelope Eotragus cf. clavatus from VISNJica ..........c.coiiiiiiiiiii e 53-59

NENAD BANJAC, KLAUS BANDEL & STEFFEN KIEL
Cassiopid gastropods from the Cretaceous of western Serbia .............coooiiiiiiiiiiiiiiiiiiiiiia, 61-71

JACQUELINE ARGANT & VESNA DIMITRIJEVIC
Pollen analyses of Pleistocene hyaena coprolites from Montenegro and Serbia ...............c..ooeeeiininn... 73-80

BILJANA MITROVIC
Pleistocene malacofauna of the Pozarevac Danube Area (NE Serbia) ...........cccoiiiiiiiiiiiiiiiiiiiiiiiinnn 81-89

PETAR DOKMANOVIC, VESELIN DRAGISIC & SLAVKO SPADIJER
Thermomineral water of Nikolievo Spa (eastern Serbia) ...........o.oiiiiiiiiiiiiiiii e 91-96




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




