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Do major Neogene hiatuses in the Ciscaucasian semi-enclosed basin

(Eastern Paratethys, southwestern Russia) record eustatic falls?

DMITRY A. RUBAN', MICHAEL ROGERSON* & H. MARTYN PEDLEY?

Abstract. Hiatuses in semi-enclosed basins can be caused by either eustatic falls or local tectonic uplifts.
The Ciscaucasian basin is located in the south of European Russia. In the Neogene, it belonged to the Eastern
Paratethys domain. On the basis of available stratigraphic data, four major hiatuses are traced in this basin as
erosional surfaces or lengthy sedimentation breaks, namely the Tarkhanian, Middle/Upper Sarmatian,
Sarmatian/Maeotian, and Kimmerian hiatuses. They are documented in most of the areas of the study basin.
The three earlier hiatuses mark short-term and nearly isochronous, basinwide sedimentation breaks, whereas
the latter hiatus is diachronous, embracing more than 2 myr. All reported hiatuses record the eustatic falls.
Consequently, we argue that eustatic processes controlled sedimentation in the Ciscaucasian basin throughout
the entire Neogene. This means the basin was connected to the open ocean throughout this period, with
important consequences for our understanding of watermass history in the Mediterranean and Paratethyan
basins further west and south.

Key words: hiatus, stratigraphic correlation, eustatic fall, glaciation, Neogene, Ciscaucasian basin, Eastern
Paratethys.

Ancrpakr. Xujarycu KOJ MOJy3aTBOPEHUX 0a3eHa MOTY HACTATH €yCTATUTHYKMM IaJ0BUMA MM TEKTOH-
ckuM m3nu3ameM. [IpeakaBkacku 0a3eH ce Halasd Ha jyry eBpoIckor aena Pycuje. Y HeoreHy 6aseH je mpu-
nagao Mcrounom Terucy. Ha ocHOBY pacnosioxkuBUX cTparurpadCKux mojaraka YeTHpH IIaBHA Xujaryca cy
youeHa y OBOM 0a3eHy, OMJIO Kao epO3WOHE MOBPIIMHE WM YU CEIMMEHTAIIMOHH MPEKUIU: TAPKXaHCKH,
Cpellibe/TOpIbE CapMaTCKH, CApMaTCKU/MEOTCKH 1 KUMepHujcku. OHH Cy JIOKa3aHU Ha BHUIIE MECTa MPOy4aBaHOT
6azena. [IpBa Tpu xujaryca cy O3Ha4€HH KpaTKUM, IPHOJIMIKHO W30XPOHUM U IIHPOKUM CETUMEHTAIIMOHUM
MPEKUIMMa, JTOK j€ 33K XHjaTyC TUjaxpoH, TPajao je BHIlC o1 2 MIIMOHA rofuHa. CBH MOMEHYTH XUjaTyCH
yKa3yjy Ha eycrarhuke najgose. To je Ouo pasinor ga jJokaxkemo na y [IpenkaBkackoMm 0aszeHy eycTaTHUKH
MPOLIECH KOHTPOJIUILY CEIMMEHTAI]y KPO3 [1€0 HEOTeH U Jia je 6a3eH OMO y Be3U ca OTBOPEHUM OKEaHOM 3a
BpeMe Tor nepuona. OBY mojany 00jallmbaBajy pacpoCcTpamemhe BOACHUXK MMOBPIIMHA Y 3allalHUM U jY)KHUM
JIETIOBIMA MEANTEPAHCKHUX M MapaTeTHCKUX 0a3eHa 3a BpeMe HeoreHa.

KibyuHe peun: xujatyc, crparurpadcka Kopenanyja, €ycTaTHIKy IaJ], Taiujannja, HeoreH, [IpeakaBka-
cku OaceH, Mcrounu [lapareruc.

Introduction

The Paratethys was a major palaecogeographical do-
main, consisting of a constellation of small sedimen-
tary basins. During the Cenozoic, it stretched from the
Alps in the west to the Caspian Sea in the east. The
basins were isolated partially from the Mediterranean
by the tectonic uplift associated with the Alpine Oro-

geny, with important consequences for their water-
mass history and palaeoecology (ROGL & STEININGER
1983; ROGL 1996, 1998, 1999; STEININGER & WES-
SELY 1999; GoLONKA 2004; Porov et al. 2006, 2010;
KRUGSMAN et al. 2010). Traditionally, the Paratethys
is subdivided into three parts; Western, Central and
Eastern (Fig. 1). Due to their peripheral connection
with the World Ocean and with the Mediterranean

I Division of Mineralogy and Petrography, Geology and Geography Faculty, Southern Federal University, Zorge Street
40, Rostov-na-Donu, 344090, Russian Federation. E-mails: ruban-d@mail.ru; ruban-d@rambler.ru
2 Department of Geography, University of Hull, Cottingham Road, Hull, HU6 7RX, United Kingdom. E-mails:

m.rogerson@hull.ac.uk; h.m.pedley@hull.ac.uk
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Fig. 1. Sedimentary basins of the Paratethys (modified after ROGL & STEININGER 1983; STEINENGER & WESSELY 1999;
GOLONKA 2004). Land masses are shown as grey. Abbreviations: SMb, Swiss Molasse basin; Vb, Vienna basin; DNb,
Danube basin; DCb, Dacian basin; Tpb, Tanais palacobay (Rostov Dome); TCb, Transcaucasian basin. The cross-section
through the western part of the Ciscaucasian Basin is simplified strongly from Popov et al. (2010).

(e.g., Porov et al. 2006; KRUUGSMAN et al. 2010),
Paratethyan basins offered an environment in which
eustatic signals, particularly those encompassing the
onset and duration of the so-called “Messinian Sa-
linity Crisis”, may be amplified within sedimentary
successions. However, these successions may also
have been modified by local tectonic activity.
Despite decades of research, the Eastern Paratethys
has remained relatively poorly-known within the in-
ternational audience and reviews of Paratethyan basin
evolution have been overwhelmingly concerned with
the Western and Central parts (SISSINGH 2001; BERGER
et al. 2005; HARZHAUSER & MANDIC 2008; HARZHAU-
SER et al. 2008; LIRER et al. 2009). Publications by
RuBAN (2005), Porov et al. (2006), and KRIJGSMAN et
al. (2010) are amongst the minority of papers within
the international scientific press specifically concern-
ed with the Eastern sub-basins. Nevertheless, this re-
gion may provide some important clues to the under-

standing of basinwide environmental changes during
the Neogene. For example, so long as the connection
between the Mediterranean and Eastern Paratethys re-
mained open, the net precipitative flux in the Cauca-
sian region, which receives up to 3,000 mm precipita-
tion per year today, is likely to have been large enough
to alter the degree of salinification of Mediterranean
water. Consequently, before the Messinian Salinity
Crisis can be understood mechanistically, it is critical
that the presence/absence and magnitude of freshwa-
ter supply from the Eastern Paratethys to the Mediter-
ranean is established (MEUER & KRuIGSMAN 2005;
KRUGSMAN et al. 2010).

During the Neogene, the Earth experienced a series
of glaciations and tectonic events (KENNETT 1977;
ZACHOS et al. 2001; SMiTH & PICKERING 2003; GOR-
NITZ 2009), which resulted in a complicated chain of
eustatic changes (HAQ ef al. 1987; HAQ & AL-QAH-
TANI 2005; MILLER et al. 2005; KOMINZ et al. 2008).
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Investigating evidence for the presence or absence of
their signatures in the semi-enclosed Ciscaucasian
basin therefore provides the empirical test for the con-
nection of these basins to the World Ocean via the
Mediterranean, and consequently the first direct indi-
cator that these basins were a potential source of
freshwater to the Mediterranean during the Messinian.
This effort is in analogy to a previous study in Japan,
where HirokI (1995) and HIrROKI & MATSUMOTO
(1999, 2003) investigated eustatic signals within the
Miocene sequence boundaries in central Honshu.
Despite the complexity of the tectonic setting of Ja-
pan, which does drive some local differences between
basins, a number of common surfaces were recog-
nized as being traceable through the entire region, and
positive shifts in 8180 that occurred synchronously
with these relative sea level falls suggesting a relation
to the phases of growth of the Antarctic ice sheet, and
consequently to eustasy. The accumulation of deposits
of the Pleistocene Atsumi Group, which occurred in
the tectonically-active region, was also controlled by
the eustatic fluctuations (HIROKI & Kimiya 1990).

This paper is aimed at tracing major hiatuses in the
Neogene sedimentary successions of the Ciscaucasian
basin, which represents the central component basin
of the Eastern Paratethys, with the intention of testing
the degree of connectivity with the World Ocean.
Eustasy and local tectonic activity are two important
controls on the basinwide depositional settings (CATU-
NEANU 2006). In the case of a basin positioned within
the foreland of an active collisional zone, the local
tectonics may reasonably be expected dominate the
basin evolution. The main Caucasian orogeny started
in the Greater Caucasu in the Paleogene, and acceler-
ated from the mid-Sarmatian, i.e., early Tortonian
(ERSHOV et al. 2003). SAINTOT et al. (2006) prescribes
the Sarmatian tectonic pulse as the crucial event for
the evolution of the entire region. This tectonic activ-
ity would definitely result in the development of ma-
jor hiatuses spread across the entire Ciscaucasian basin
or, at least in its southern areas. Should major changes
in sedimentation coincide with major changes in eusta-
tic sea level, this would confirm that the basin history is
dominated by global (largely climatic) rather than local
(largely tectonic) influences. If no coincidence can be
shown, then the opposite conclusion may be drawn.
The knowledge of hiatuses is therefore crucial to link
regional sedimentation breaks with global environmen-
tal perturbations in this area.

Geologic setting

The Ciscaucasian basin is a typical foreland basin,
which formed between the emergent Greater
Caucasus in the south, which was probably rising dur-
ing the period of interest of this study, and the stable
Russian Platform in the north (ErRsHOV ef al. 2003;

SAINTOT et al. 2006). As in the case of other Para-
tethyan basins, its origin and tectonic evolution were
both related closely with the Alpine Orogeny (Go-
LONKA 2004). In the Neogene, the Ciscaucasian basin
was wide and had an asymmetrical profile, with its
deepest part located close to the island of the Greater
Caucasus (i.e. in the south). The Ciscaucasus basin
was connected with the Euxinic basin in the west and
the Caspian basin in the east (NEVESSKAJA ef al. 1984;
Popov et al. 2006, 2010; Fig. 1).

The Neogene deposits vary in time and space with-
in the Ciscaucasian basin. Sandstones, siltstones, and
shales are dominating lithologies, whereas carbonates
(including bioclastic limestones), conglomerates,
diatomites, and other sedimentary rocks are also
known. On the basis of lithology and facies, 17 areas
are distinguished within this basin (NEVESSKAJA et al.
2004, 2005; Fig. 2). Each area represents a peculiar

17

Astrakhan'e

Caspian Sea

Sea

- absence of the

Neogene deposits 100 km
|

Fig. 2. Areas of the Ciscaucasian basin considered in this stu-
dy. 1, Taman’-Adagum; 2, Anapa-Gladkovskaja; 3, Afips-
Pshekha; 4, northern Western Kuban’; 5, Western Ciscau-
casus; 6, Adygeja; 7, northeastern Eastern Kuban’; 8, western
Central Ciscaucasus; 9, eastern Central Ciscaucasus; 10,
Eastern Ciscaucasus; 11, northeastern Eastern Caucasus;
12, central Eastern Caucasus; 13, southeastern Eastern
Caucasus; 14, Rostov Dome and Manytch; 15, Nizhnij
Don; 16, Ergeni; 17, Ciscaspian area (after NEVESSKAJA et
al. 2004, 2005). Data on the Rostov Dome are taken from
RuBAN (2002, 2005).

Neogene sedimentary succession. The total thickness
of Neogene deposits reaches up to 5700 m, and both
short-term hiatuses (documented as erosional sur-
faces) and long-term hiatuses (represented by uncon-
formities) occur within the succession (Fig. 3). The
Neogene depositional environments in the Ciscauca-
sian basin did not remain constant. The position of the
shoreline fluctuated significantly alongside the basin
depth (Popov et al. 2010). Palaeoecological studies
(ILYINA et al. 1976; NEVESSKAJA et al. 1984, 1986;
Porov et al. 2006) also suggested significant changes
in salinity of the Eastern Paratethys. Although these
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Fig. 3. Generalized composite sections of the Neogene deposits of the Ciscaucasian basin (data extracted from NEVESSKAJA
et al. 2004). See Fig. 2 for explanation of area numbers. Maximum thickness (m) of the main stratigraphic units is given
along each lithologic column. Lithology: 1, hiatuses; 2, conglomerates; 3, sandstones and siltstones; 4, shales; 5, carbon-
ates; 6, siliceous rocks; 7, iron-rich rocks; 8, volcanics and volcaniclastics, 9, coals.

changes occurred cyclically, a general trend towards a
decrease in salinity can be traced. Undoubtedly, this is
linked with a more or less gradual isolation of the
Eastern Paratethys from both the Mediterranean and
the other Paratethyan counterparts.

Neogene lithostratigraphy of the Ciscaucasian ba-
sin is summarized by NEVESSKAJA et al. (2004, 2005),
who re-evaluated the available information, and de-
fined or re-defined formations and groups. The ages
of these lithostratigraphic units are established on the
basis of bivalves, foraminifera, mammals, ostracods,
calcareous nannoplankton, and other palaeontological
data, and thus is based on published frameworks for
the regional stages of the Eastern Paratethys (ROGL
1996; STEININGER 1999; NEVESSKAJA et al. 2004,
2005; Porov et al. 2006; RuBaN 2009). Correlation of
regional and global stages remains uncertain, howev-
er, because of poor biostratigraphic control of the cor-
relation between the Eastern Paratethyan region fra-

mework and global chronostratigraphy (see discus-
sions in KRIJGSMAN et al. 2010). Detailed correlation
between global chronostratigraphic stages fixed by
Gobal Stratotype Sections and Points (GRADSTEIN et
al. 2004; OGG et al. 2008) and the Neogene succes-
sion of the Eastern Paratethys remains an objective for
further studies. Meanwhile, absolute dating of region-
al stage boundaries CHUMAKOV et al. (1992a, b) is the
primary basis of correlation of existing regional and
global stages (RuBAN 2005, 2009; Fig. 4). New results
obtained by KRIGSMAN et al. (2010) facilitate this
correlation significantly.

Materials and methods

We use the dataset compiled by NEVESSKAJA et al.
(2004) as the basis for tracing major hiatuses in the
Neogene sedimentary successions of the Ciscaucasian



Do major Neogene hiatuses in the Ciscaucasian semi-enclosed basin record eustatic falls? 5

basin. For the territory of the Rostov Dome (area 14 on
Figs. 2, 3), previous constraints by RUBAN & YANG
(2004) and RUBAN (2002, 2005) as well as results from
new field investigations are used. Correlation between
global and regional stages is based on the framework
proposed by RUBAN (2009), which takes into account
recent chronostratigraphical developments (STEININGER
et al. 1997; CASTRADORI et al. 1998; Rio et al. 1998;
HILGEN et al. 2000a,b; 2003, 2005, 2006; VAN
COUVERING et al. 2000; KurpEr 2003; BILLUPS et al.
2004; GRADSTEIN et al. 2004; KUIPER et al. 2005;
HUSING et al. 2007, 2010; OGG et al. 2008), absolute
dating of Upper Miocene regional stage boundaries
(CHUMAKOV et al. 1992a, b), and earlier constraints by
NEVESSKAJA et al. (2005). New results presented by
KRIGSMAN et al. (2010) are also accounted. Examples
from the Swiss Molasse basin (BERGER et al., 2005),
the Dacian basin (VASILIEV et al. 2004), and the Central
Paratethys (LIRER ef al. 2009), provide great confidence
in the efficacy of our approach.

Regional hiatuses are considered major if they can
be traced in most of the areas of the Ciscaucasian basin.
The next step is comparison of regionally-documented
major hiatuses with global eustatic falls. For this pur-
pose, we used two widely-accepted eustatic curves.
Although the compilation by MILLER ef al. (2005) was
updated by KoMINZ et al. (2008), these authors altered
only the pre-Pliocene part of the dataset, so here we use
the original data of MILLER et al. (2005). The second
eustatic curve considered in this paper is that proposed
by HAQ & AL-QAHTANI (2005), who updated the earli-
er constraints by HAQ et al. (1987). The correlation of
basinwide major hiatuses and eustatic fluctuations is
possible on the basis of the correlation between region-
al and global Neogene stages.

We assume that a coincidence of major basin-wide
hiatuses and eustatic falls indicates a global sea-level
control on regional sedimentation. Absence of this sig-
nal either indicates a lack of connectivity with the open
ocean or complication derived from local tectonic acti-
vity. Basin subsidence larger than eustatic fall would
prevent a hiatus from appearing, whereas uplift would
produce additional hiatuses. Thus, finding a significant
coincidence of hiatuses and eustatic falls is a good indi-
cation of a relatively stable tectonic regime and absence
of significant activity within the given basin.

Results
Tracing the major hiatuses

Four major hiatuses can be documented within the
Neogene deposits of the Ciscaucasian basin (Fig. 4).
The lowest encompasses the entire Tarkhanian region-
al stage, and affects the succession in 14 of the 17
areas of the basin (Fig. 3). However, this hiatus is
diachronous, appearing in some areas as erosional

surfaces at the bottom and/or the top of the Tarkha-
nian, whereas in other areas it embraces the entire
stage. An increase in the number and extent of sedi-
mentation breaks occurred in the Kotsakhurian and
remained until the Karaganian, indicating that this
major hiatus was a culmination of sedimentation dis-
ruption, which embraced 3 regional stages. Despite
some diachroneity of this hiatus, the absolute time-
range encompassed was not so extensive, around 0.5
Ma, because the absolute duration of the Tarkhanian
stage was probably short (NEVESSKAJA et al. 2004,
2005; RuBaN 2009). The Tarkhanian hiatus corre-
sponds to the Burdigalian/Langhian boundary of the
global chronostratigraphic scale (RUBAN 2009; Fig. 4).

The second major, but short-term hiatus, which mod-
ifies the succession in 13 of the 17 areas (Fig. 3), is
observed within the Sarmatian regional stage (Fig. 4).
This hiatus is a generally isochronous erosional surface
with few exceptions. In the area 1, this surface appears
to be diachronous (Fig. 3), whereas long-term hiatuses
are registered in the areas 14, 16, 17, and, partly, in the
area 15 (Fig. 3). According to data presented by NE-
VESSKAJA et al. (2004), this hiatus marks the boundary
between the Middle Sarmatian and the Upper Sarma-
tian, for which an absolute age was established by
CHUMAKOV ef al. (1992b) of 11.2 Ma, which lies just
above the Serravallian/Tortonian boundary dated as
11.608 Ma (OGG et al., 2008; Fig. 4).

The third major short-term hiatus is established at
the top of the Sarmatian regional stage (Fig. 4). It is
traced in 15 of the 17 areas of the Ciscaucasian basin
(Fig. 3), and it is marked by a slightly diachronous
erosional surface which is sometimes embraced by
lengthy hiatuses. Diachroneity is evident from the
areas 6, 7, and 8, where erosional surfaces are traced
below the upper boundary of the Sarmatian (NEVES-
SKAJA et al., 2004; Fig. 3). The Sarmatian/Maeotian
hiatus occurs within the middle interval of the Torto-
nian global stage (RuBAN; 2009; Fig. 4).

The last major hiatus is pronounced in both its dura-
tion and spatial extent (Fig. 4). It encompasses the
entire Kimmerian regional stage. Its signatures (ero-
sional surfaces and lengthy hiatuses) are found in 15 of
the 17 areas in the basin (Fig. 3). As in the case of the
Tarkhanian hiatus, the concentration of hiatuses in the
sedimentary successions appears to pre-date the major
break in sedimentation since the upper Pontian, and
continues up to the upper Aktchagylian with a culmina-
tion in the Kimmerian. Plotted against the global chro-
nostratigraphic scale, this major hiatus started in the
late Messinian (the Messinian/Zanclean boundary has
an age of 5.332 Ma; OGG et al. 2008) and ended in the
early Piacenzian as one may judge by stage correlations
attempted by CHUMAKOV et al. (1992b) and RuBaN
(2009) and improved recently by KRUIGSMAN et al.
(2010). The time span of this hiatus exceeded 2 myr.

We can thus distinguish two kinds of Neogene ma-
jor hiatuses in the Ciscaucasian basin. The Tarkhani-
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Fig. 4. Major hiatuses in the Ciscaucasian basin, eustatic changes (modified from 1 - MILLER et al. 2005 (Messinian-
Gelasian curve is shown very schematically), 2 - HAQ & AL-QAHTANI 2005), and global glaciations (after ZACHOS et al.,
2001). Chronostratigraphy after OGG et al. (2008). Correlation of the Eastern Paratethyan stages and the global stages of the
Neogene according to RUBAN (2009) with improvements following by KRUGSMAN ef al. (2010). The latters concern the age

of the Maeotian/Pontian and Pontian/Kimmerian boundaries.

an, Middle/Upper Sarmatian, and Sarmatian/Maeoti-
an hiatuses, which were short-term and relatively
1sochronous, and the Kimmerian hiatus, which was
long-term and diachronous.

Major hiatuses versus eustatic falls

Comparison of the timing of major Neogene hiatus-
es in the Ciscaucasian semi-enclosed basin with eusta-
tic fluctuations through the same period (Fig. 4) indi-
cates a high degree of coincidence, especially with the
HaQ & AL-QAHTANI (2005) dataset. The Tarkhanian
(Langhian/Burdigalian) hiatus corresponds to the pro-
nounced global sea-level fall documented by MILLER
et al. (2005) and is similar in timing (post-dates by no
more than 0.5 myr) to a fall indicated by HAQ & AL-
QAHTANI (2005). Additionally, the noted regional hia-
tus coincides some inversion of eustatic trends. The
Middle/Upper Sarmatian (lower Tortonian) hiatus co-
incides with the onset of a very abrupt and strong
eustatic fall on the curve of MILLER et al. (2005) and
again post-dates (by no more than 0.5 myr) the fall
indicated by HAQ & AL-QAHTANI (2005). The Sarma-
tian/Maeotian (mid-Tortonian) hiatus corresponds

well to the global sea-level fall documented by both
alternative curves (HAQ & AL-QAHTANI 2005; MILLER
et al. 2005). Finally, the Kimmerian (late Messinian-
early Piacenzian) hiatus formed at a time marked by a
strong eustatic fall registered as by HaQ & AL-
QAHTANI (2005) and a period of strong eustatic vari-
ability in the MILLER et al. (2005) dataset. If growth
and fluctuation of Antarctic and then both Antarctic
and Arctic ice sheets (KENNETT 1977; ZACHOS et al.
2001; SmiTH & PICKERING 2003; GoOrNITZ 2009) is
presumed as a main control on the global Neogene
sea-level changes (MILLER et al. 2005; KOMINZ et al.
2008; GorNITZ 2009), we need to hypothesize a direct
influence of the global climate perturbations on the re-
gional sedimentation in the Ciscaucasian basin, be-
cause all major hiatuses from there coincide well with
the global eustatic falls.

It is important to question whether there were signif-
icant eustatic falls, which did not leave an imprint in the
Neogene stratigraphic record of the Ciscaucasian
Basin. The falls of such kind occurred in the late Aqui-
tanian, the mid-Burdigalian, the mid-Langhian, and
probably in the early Gelasian (Fig. 4). Weak or no
local evidence of these falls can be found (Fig. 3). It
should be noted, however, that a lack of correspon-
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dence between some eustatic falls and the stratigraphic
architecture of the Ciscaucasian Basin does not dis-
prove an eustatic control on the basinwide depositional
setting. This is likely to reflect that tectonic conditions
in the basin masked the eustatic signal during some
time intervals (NEVESSKAJA et al. 1984). We conclude
that there is evidence of persistant, if punctuated, eusta-
tic control on sedimentary rearrangments in the Ciscau-
casian Basin throughout the entire Neogene.

Discussion
Major hiatuses and orogeny

The available data (NEVESSKAJA ef al. 2004, 2005;
Fig. 3) provide evidence that the four most significant
hiatuses in the Ciscaucasian basin all coincide well
with major eustatic falls (Fig. 4). Therefore, though
intuitively it might be assumed that in a foreland
semi-enclosed setting such as this tectonics would
dominate over eustasy, this does not appear to be the
case for the Ciscaucasian basin. In particular, we high-
light the two major hiatuses reported from the
Sarmatian, which were near-isochronous and short in
duration, and so could not be produced by tectonic
activity. The likely eustatic origin of these hiatuses
provides a disproof of previous assumptions of a Sar-
matian pulse or an acceleration in orogeny (ERSHOV et
al. 2003; SAINTOT et al. 2006).

If even local tectonic activity in the Ciscaucasian
Basin or in the neighbour Greater Caucasus explains a
lack of regional signature of some eustatic falls (see
above), this fact is not enough to hypothesize any sig-
nificant tectonic pulses for at least two reasons. First,
major regional hiatuses linked to global sea-level falls
may be absent in only the case of increasing subsi-
dence (e.g., this might have been the case during the
pre-Tarkhanian interval), but not uplift. Second, there
were eustatic falls with no major hiatuses in the
Ciscaucasian Basin, but all major hiatuses have an
appropriate eustatic explanation.

Other local hiatuses and local tectonics

We do not observe numerous local hiatuses in the
lower-middle Miocene stratigraphic interval (Fig. 3).
Their occurrence increases at the Kotsakhurian-Tcho-
krakian interval, which is linked to a series of promi-
nent eustatic lowstands (Fig. 4). Many local (i.e.,
those registered in few areas only) Miocene hiatuses
were short-term, and they are marked often by ero-
sional surfaces or significant interruptions in the sed-
imentary record (NEVESSKAIJA et al. 2004). These local
events are unlikely to have been formed by tectonic
pulses. There is some increase in both the quantity and
the duration of local hiatuses in the latest Miocene and

Pliocene (Fig. 3), but this coincides with the onset of
higher frequency eustatic fluctuations (HAQ & AL-
QAHTANI 2005; MILLER et al. 2005) linked to the
strengthening of Antarctic glaciation and then an
appearance of ice sheets in the Arctic (ZACHOS et al.
2001; Gornitz 2009; Fig. 4).

The areas 1, 2,3, 6, 7, 8,9, 11, 12, and 13 located
in the south of the basin, i.e., along the Greater
Caucasus, are supposed to be most prone to tectonic
influence (Fig. 2). However, these areas are not distin-
guished by a higher number of local hiatuses in com-
parison to other areas (Fig. 3). In contrast, areas locat-
ed on the gentle northern slope of the Ciscaucasian
basin (14-17 — see Fig. 2) are characterized by a high-
er number of local hiatuses, which is consistent with
frequent interruption of sedimentation on the shallow
basin periphery, where even small eustatically-driven
fluctuations led to the emergence of large areas.

The clear regional signature of the global eustatic
fluctuations in the Ciscaucasian basin implies a rather
stable geodynamic regime, confirming an earlier as-
sumption made by EFENDIYEVA & RUBAN (2009). Our
results do not imply an absence of tectonic activity in
the Greater Caucasus or its influences on sedimentation
in the Ciscaucasian basin. In fact, tectonism might have
been responsible for some local hiatuses. However, it
seems that eustatic control prevailed over local tecton-
ic control within the Ciscaucasian basin during the
Neogene. Further structual, fission-track, and isotope
studies will allow testing of the exact timing of defor-
mation phases and uplifts in the Caucasian region.

Connections of the Eastern Paratethys

One further inference must be made when docu-
menting the evident eustatic control on the Neogene
sedimentation in the Ciscaucasus. It has already been
hypothesized, particularly by ROGL & STEININGER
(1983), NEVESSKAJA ef al. (1984), CHEPALYGA (1995),
STEININGER & WESSELY (1999), Poprov et al. (2006),
and KRIJGSMAN et al. (2010), that the Eastern Para-
tethys retained at least ephemeral connections with
the World Ocean via the Mediterranean Sea or the
Indian Ocean until the end of the Neogene. Our results
confirm this was present during the majority of the
period studied. It therefore becomes crucial to consi-
der whether this connection was via an Indian Ocean
corridor or through an Euxine basin corridor. Given
our knowledge of the palacogeography of the time,
the latter seems more likely and this has significant
consequences for our understanding of the Messinian
Salinity Crisis in the Mediterranean. The modern net
freshwater flux from the Black Sea into the Mediter-
ranean reducesthe total net freshwater export from the
basin by 10% (BETHOUX & GENTILI, 1999) and the
presence/absence of this flux is one of the most
important unresolved issues in quantitative asses-
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sment of the Miocene Mediterrancan (MEDER &
KR1GSMAN 2005; ROHLING et al. 2008; KRIIGSMAN et
al. 2010). Incorporation of the net freshwater flux
from the Ciscaucasian and Caspian basins, which is
the implication of the basin connectivity described in
this paper, could mean that the Euxinic net freshwater
flux was an even more important parameters in
determining late Neogene Mediterranean palaeocea-
nography than it is in the late Quaternary. This con-
nection is well reflected in the close relationships
between Late Messinian Lago-Mare faunas from the
Mediterranean and Ciscaucasian basins (ESU 2007)
caused by a westwards faunal invasion from the Para-
tethyan basins into the Lago-Mare basins. Early
Messinian links between the two regions can also be
demonstrated on the basis of cardiid bivalve faunas
common to both southern Italy and the Ciscaucasian
regions (PEDLEY et al. 2008) and indicates an earlier
global eustatic fall which encouraged ecological
“leakage” from the Paratethys into the semi-isolated
Mediterranean basins. Compelling evidence for earli-
er global eustatic control influencing water exchange
between the two interconnected regions is demonstra-
ted by the Tarkhanian event which correlates precisely
with a major Burdigalian/Langhian lowstand within
the Mediterranean (GRASSO et al. 1994).

Further work on the location of the connections
between the Eastern Paratethys and Mediterranean ba-
sins the watermass exchanges associated them should
therefore be a priority for future research.

Conclusions

Four major Neogene hiatuses are traced in the Cisca-
ucasian semi-enclosed basin, which played a key role
in the Eastern Paratethys domain. These include the
Tarkhanian (Burdigalian/Langhian), Middle/Upper Sar-
matian (lower Tortonian), Sarmatian/Maeotian (mid-
Tortonian), and Kimmerian (late Messinian-early Pia-
cenzian) hiatuses. The Ciscaucasian successions reflect
well the eustatic falls recorded by global sea level data-
sets (HAQ & AL-QAHTANI 2005; MILLER ef al. 2005).
Eustatic control on basinwide sedimentation breaks per-
sisted througout the Neogene, which suggests a relative-
ly “calm” tectonic regime and rather stable connections
of the Eastern Paratethys and the World Ocean.

Further studies should be aimed at a precise recon-
struction of the Neogene transgressions/regressions and
depth changes in the Ciscaucasian basin. These may
then be compared with known eustatic fluctuations and
the position of the corridor connecting the Caucasian
region with the World Ocean. KoMINZ et al. (2008)
pointed out a broad interregional comparison of data on
sea-level changes as the most desirable tool to reveal
the true eustatic changes, but it is equally true that iden-
tification of known eustatic signals can be critical in
understanding the history of poorly-known regions.

Acknowledgements

The authors acknowledge the “GABP” Editor-in-Chief
V. RADULOVIC (Serbia) for his help, H. ZERFASS (Brazil) and
S. O. ZorINA (Russia) for their valuable improvements, and
also N.M.M. JansseN (Netherlands), W. KRIJGSMAN
(Netherlands), YUu.V. MosSEICHIK (Russia), W. RIEGRAF
(Germany), A.J. vaN LooN (Netherlands/Poland), and
many other colleagues for literature support. This paper is
dedicated to the memory of M. BECAUD, a distinguished
French palaeontologist and a helpful colleague, whose
enthusiasm in seeking out relevant literature helped to
launch this project.

References

BERGER, J.-P., REICHENBACHER, B., BECKER, D., GRIMM, M.,
GriMM, K., Picot, L., STORNI, A., PIRKENSEER, C. &
SCHAEFER, A. 2005. Eocene-Pliocene time scale and
stratigraphy of the Upper Rhine Graben (URG) and the
Swiss Molasse Basin (SMB). International Journal of
Earth Sciences, 94: 711-731.

BEeTHOUX, J. P. & GENTILI, B. 1999. Functioning of the
Mediterranean Sea: past and present changes related to
freshwater input and climate changes. Journal of Marine
Systems, 20: 33-47.

BiLLups K., PALIKE H., CHANNELL J.E.T., ZacHos J.C. &
SHACKLETON N.J. 2004. Astronomic calibration of the
late Oligocene through early Miocene geomagnetic
polarity time scale. Earth and Planetary Science Letters,
224:33-44.

CASTRADORI, D., Rio, D., HILGEN, F.J. & LOURENS, L.J.
1998. The Global Standard Stratotype-section and Point
(GSSP) of the Piacenzian Stage (Middle Pliocene).
Episodes, 21: 88-93.

CATUNEANU, O. 2006. Principles of sequence stratigraphy.
Elsevier, Amsterdam, 375 pp.

CHEPALYGA, A.L. 1995. East Paratethys-Tethys marine con-
nections along Euphrat Passage during Neogene. Roma-
nian Journal of Stratigraphy, 76 (suppl. 7): 149—-150.

CHumMmakov, L1.S., Byzova, S.L., GANZEY, S.S., Arias, C.,
Bicazzi, G.,, BoNaADONNA, F.P., HADLER-NETO, J.C. &
NORELLL P. 1992a. Interlaboratory fission track dating of
volcanic ash levels from eastern Paratethys: a Mediterra-
nean-Paratethys correlation. Palaeogeography, Palaeo-
climatology, Palaeoecology, 95: 285-287.

CHumakov, L.S., Byzova, S.L. & GaNzEy, S.S. 1992b.
Geochronology and correlation of the Late Cenozoic of
the Paratethys. Nauka, Moskva, 95 pp. (in Russian)

EFENDIYEVA, M.A. & RUBAN, D.A. 2009. The Caucasus in
the Mesozoic and the Crnozoic - geodynamic analogs
and new questions. Azerbaihjan Oil Industry, 2: 9—13.
(in Russian).

ErsHov, A.V., BRUNET, M.-F., NIKISHIN, A.M., BoLOTOV,
S.N., NazarevicH, B.P. & KoOROTAEv, M.V. 2003.
Northern Caucasus basin: thermal history and synthesis of
subsidence models. Sedimentary Geology, 156: 95-118.



Do major Neogene hiatuses in the Ciscaucasian semi-enclosed basin record eustatic falls? 9

Esu, D. 2007. Latest Messinian “Largo-Mare” Lymno-
cardiinae from Italy: Close relations with the Pontian
fauna from Dacic Basin. Geobios, 40: 291-302.

GOLONKA, J. 2004. Plate tectonic evolution of the southern
margin of Eurasia in the Mesozoic and Cenozoic.
Tectonophysics, 381: 235-273.

GORNITZ, V. (ed). 2009. Encyclopedia of Paleoclimatology
and Ancient Environments. Springer, Dordrecht, 1049
pp.

GRADSTEIN, F.M., OGgG, J.G., SMITH, A.G., AGTERBERG, F.P.,
BLEEKER, W., COOPER, R.A., DAVYDOV, V., GIBBARD, P.,
HinNov, L.A., Housg, M.R., LOURENS, L., LUTER-
BACHER, H.P., MCARTHUR, J., MELCHIN, M.J., RoBB, L.J.,
SHERGOLD, J., VILLENEUVE, M., WARDLAW, B.R., ALl J.,
BrINKHUIS, H., HILGEN, F.J., HOOKER, J., HOWARTH, R.J.,
KnoLL, A.H., LASKAR, J., MONECHI, S., PLumB, K.A.,
PowEeLL, J., RAFFI, 1., RoHL, U., SADLER, P., SANFILIPPO,
A., Scamitz, B., SHACKLETON, N.J., SHIELDS, GA.,
StrAUSS, H., VAN DaMm, J., vaN KOLFSCHOTEN, T.,
VEIZER, J. & WILSON, D. 2004. A Geologic Time Scale
2004. Cambridge University Press, Cambridge, 589 pp.

GRrASSO, M., PEDLEY, H.M. & MANISscALCO, R. 1994. The
application of a late Burdigalian-early Langhian high-
stand event in correlating complex Tertiary orogenic car-
bonate successions within the Central Mediterranean.
Geologie Mediterraneene, 21: 69—83.

HaQ, B.U., HARDENBOL, J.& VAIL, P.R. 1987. Chronology
of fluctuating sea levels since the Triassic. Science, 235:
1156-1167.

HaQ, B. U. & AL-QAHTANI, A.M. 2005. Phanerozoic cycles
of sea-level change on the Arabian Platform. GeoArabia,
10: 127-160.

HARZHAUSER, M. & MANDIC, O. 2008. Neogene lake sys-
tems of Central and South-Eastern Europe: Faunal diver-
sity, gradients and interrelations. Palaeogeography,
Palaeoclimatology, Palaeoecology, 260: 417-434.

HARZHAUSER, M., KERN, A., SOLIMAN, A., MiNaTI, K.,
PiLLER, W.E., DaNIELOPOL, D.L. & ZuscHIN, M. 2008.
Centennial- to decadal scale environmental shifts in and
around Lake Pannon (Vienna Basin) related to a major
Late Miocene lake level rise. Palaeogeography,
Palaeoclimatology, Palaeoecology, 270: 102—115.

HiLGeN, F.J., IaccarNO, S., KruGsMAN, W., VILLA, G,
LANGEREIS, C.G. & ZACHARIASSE, W.J. 2000a. The
Global Boundary Stratotype Section and Point (GSSP)
of the Messinian Stage (uppermost Miocene). Episodes,
23:172-178.

HiLGeN, F.J., BissoLl, L., JACCARINO, S., KRIIGSMAN, W.,
MEUER, R., NEGRI, A. & VILLA, G. 2000b. Integrated
stratigraphy and astrochronology of the Messinian GSSP
at Oued Akrech (Atlantic Morocco). Earth and Plane-
tary Science Letters, 182: 237-251.

HiLGEN, F.J., ABDUL Aziz, H., KRuUGSMAN, W., RAFFI, 1. &
Turco, E. 2003. Integrated stratigraphy and astronomi-
cal tuning of the Serravallian and lower Tortonian at
Monte dei Corvi (Middle-Upper Miocene, northern Ita-
ly). Palaeogeography, Palaeoclimatology, Palaeoecolo-
gy, 199: 229-264.

HiLGEN, F.J., ABDUL Aziz, H., BICE, D., IACCARINO, S., KRIJG-
SMAN, W., KUIPER, K., MONTANARI, A., RAFFI, 1., TURCO,
E. & ZACHARIASSE, W.J. 2005. The Global Boundary Stra-
totype Section and Point (GSSP) of the Tortonian Stage
(Upper Miocene) at Monte dei Corvi. Episodes, 28: 6-17.

HiLGeN, F., BRINkKHUIS, H. & ZACHARIASSE, W.-J. 2006.
Unit stratotypes for global stages: The Neogene perspec-
tive. Earth-Science Reviews, 74: 113—-125.

HirokI, Y. 1995. Sea-level changes in the Early to early
Middle Miocene series, Central Honshu, Japam. Journal of
the Faculty of Science, University of Tokyo, 22: 251-284.

HiroK1, Y. & Kimiva, K. 1990. The development of barrier-
island and strand-plain systems with the glacio-eustatic
sea-level change in the Pleistocene Atsumi Group, cen-
tral Japan. Journal of the Geological Society of Japan,
96: 805-820 (in Japanese).

HiroK1, Y. & MATsuMoTO, R. 1999. Magnetostratigraphic
correlation of Miocene regression-and-transgression
boundaries in central Honshu, Japan. Journal of the
Geological Society of Japan, 105: 87-107.

Hirok1, Y. & MaTsumoTo, R. 2003. Correlation of Miocene
(18-12 Ma) sequence boundaries in central Japan to
major Antarctic glaciation events. Sedimentary Geology,
157: 303-315.

HuUsiNG, S.K., HILGEN, F.J., ABDUL Aziz, H. & KRIJGSMAN,
W. 2007. Completing the Neogene geological time scale
between 8.5 and 12.5 Ma. Earth and Planetary Science
Letters, 253: 340-358.

HUsING, S.K., CASCELLA, A., HILGEN, F.J., KRUGSMAN, W.,
Kurper, K.F., Turco, E. & WINsON, D. 2010. Astro-
chronology of the Mediterranean Langhian between
15.29 and 14.17 Ma. Earth and Planetary Science Let-
ters, 290: 254-2609.

Iymna, L.B., NEVEsskAIA, L.A. & ParamonNova, N.L.
1976. Trends of molluscs development in the Neogene
brackish basins of Eurasia (Late Miocene-Early Plioce-
ne). Nauka, Moskva, 288 pp. (in Russian).

KENNETT, J.P. 1977. Cenozoic evolution of Antarctic glaci-
ation, the circum-Antarctic ocean, and their impact on
global palaeogeography. Journal of Geophysical Re-
search, 82: 3843-3860.

Kominz, M.A., BROWNING, J.W., MILLER, K.G., SUGARMAN,
P.J., MIZINTSEVA, S. & SCcOTESE, C.R. 2008. Late Creta-
ceous to Miocene sea-level estimates from the New
Jersey and Delaware coastal plain coreholes: an error
analysis. Basin Research, 20, 211-226.

KruGsmaN, W., Stoica, M., VasiLIEv, 1. & Porov, V.V.
2010. Rise and fall of the Paratethys Sea during the
Messinian Salinity Crisis. Earth and Planetary Science
Letters, 290: 183-191.

Kuiper, K.F. 2003. Direct intercalibration of radio-isotopic
and astronomical time in the Mediterranean Neogene.
Geologica Ultraiectina, 235: 1-223.

Kurrer, K.F., WonBRANS, J.R. & HILGEN, F.J. 2005.
Radioisotopic dating of the Tortonian Global Stratotype
Section and Point: implications for intercalibration of
40Ar/39Ar and astronomical dating methods. 7erra Nova,
17: 385-398.



10 DMITRY A. RUBAN, MICHAEL ROGERSON & H. MARTYN PEDLEY

LIReR, F., HARZHAUSER, M., PELOsI, N., PILLER, W.E.,
Scumip, H.P. & SpROVIERL, M. 2009. Astronomically
forced teleconnection between Paratethyan and
Mediterranean sediments during the Middle and Late
Miocene. Palaeogeography, Palaeoclimatology, Pala-
eoecology, 275: 1-13.

MEUER, P.T. & KRUUGSMAN, W. 2005. A quantitative analy-
sis of the desiccation and re-filling of the Mediterranean
during the Messinian Salinity Crisis. FEarth and
Planetary Science Letters, 240: 510-520.

MILLER, K.G., KomMINz, M.A., BROWNING, J.V., WRIGHT,
J.D., MounTaIN, G.S., Karz, M.E., SUGARMAN, P.J.,
CRAMER, B.S., CHRISTIE-BLICK, N. & PEKAR, S.F. 2005.
The Phanerozoic Record of Global Sea-Level Change.
Science, 310: 1293-1298.

NEVESSKAJA, L.A., VORONINA, A.A., GONTCHAROVA, [.A.,
ILymna, L.B., PARAMONOVA, N.P., Poprov, S.V., TCHEPA-
LYGA, A.L. & BaBAK, E.V. 1984. History of the Para-
tethys. In: LiSITSIN, A.P. (ed.), Paleokeanologija. 27
Mezhdunarodnyj Geologitcheskij Kongress, doklady, 3:
91-101. Nauka, Moskva (in Russian).

NEVESSKAJA, L.A., GONTCHAROVA, [.A., ILYINA, L.B., Pa-
RAMONOVA, N.P., Porov, S.V., BaBak, E.V., BAGDA-
SARJAN, K.G. & VORONINA, A.A. 1986. History of the
Neogene molluscs of the Paratethys. Nauka, Moskva,
208 pp. (in Russian).

NEVEsskAJA, L.A., KOVALENKO, E.I., BELUZHENKO, E.V.,
Porov, S.V., GONTCHAROVA, I.A, DANUKALOVA, GA.,
ZHIDOVINOV, N.JA., ZAJTSEV, A.V., ZASTROZHNOV, A.S.,
ILyina, L.B., PARAMONOvVA, N.P., PINTCHUK, T.N.,
P1s’MENNAJA, N.S., AGADZHANJAN, A.K., LOPATIN, A.V.
& TRUBIKHIN, V.M. 2004. Explanatary note to the uni-
fied regional stratigraphical chart of the Neogene
deposits of the southern regions of the European part of
Russia. Paleontologitcheskij institut RAN, Moskva, 83
pp. (in Russian).

NEVESskAJA, L.A., KOVALENKO, E.I., BELUZHENKO, E.V.,
Porov, S.V., GONTCHAROVA, I.A, DANUKALOVA, GA.,
ZHIDOVINOV, N.JA., ZAJTSEV, A.V., ZASTROZHNOV, A.S.,
PinTcHUK, T.N., ILYINA, L.B., PARAMONOvVA, N.P.,
P1S’MENNAJA, N.S. & KHONDKARIAN, S.O. 2005. Regio-
nal stratigraphical chart of the Neogene of the South of
the European part of Russia. Otetchestvennaja geologi-
ja, 4: 47-59 (in Russian).

0GG, J.G,, OGG, G. & GRADSTEIN, F.M. 2008. The Concise
Geologic Time Scale. Cambridge University Press, Cam-
bridge, 177 pp.

PepLEY, H.M., GrRASSO, M., MANIscaLco, R. & Esu, D.
2007. The Monte Carrubba Formation (Messinian,
Sicily) and its correlatives: New light on basin-wide
processes controlling sediment and biota distributions
during the Palaecomediterranean-Mediterranean transi-
tion. Palaeogeography, Palaeoclimatology, Palaeoeco-
logy, 253: 363-384.

Porov, S.V., SHCHERBA, 1.G., ILYINA, L.B., NEVESSKAIJA,
L.A., PARAMONOVA, L.P., KHONDKARIAN, S.O. & Ma-
GYAR, 1. 2006. Late Miocene to Pliocene palacogeo-
graphy of the Paratethys and its relation to the Mediter-

ranean. Palaeogeography, Palaeoclimatology, Palaeo-
ecology, 238: 91-106.

Porov, S.V., ANTIPOV, M.P., ZASTROZHNOV, A.S., KURINA,
E.E. & PiNnTcHUK, T.N. 2010. Sea-level fluctuations on
the northern shelf of the Eastern Paratethys during the
Oligocene-Neogene. Stratigrafija. Geologitcheskaja
korreljatsija, 18: 99—124 (in Russian).

Ri0, D., SPROVIERI, R., CASTRADORI, D. & D1 STEFANO, E.
1998. The Gelasian Stage (Upper Pliocene): a new unit
of the global standard chronostratigraphic scale. Epi-
sodes, 21: 82-87.

ROGL, F. 1996. Stratigraphic correlation of the Paratethys
Oligocene and Miocene. Mitteilungen der Geselschaft
Geologische Bergbaustudie Osterreich, 41: 65-73.

RoGL, F. 1998. Palacogeographic Considerations for
Mediterranean and Paratethys Seaways (Oligocene to
Miocene). Annalen des Naturhistorischen Museum in
Wien, 99A: 279-310.

RoGL, F. 1999. Mediterranean and Paratethys. Facts and
hypotheses of an Oligocene to Miocene paleogeography:
Short Overview. Geologica Carpathica, 50: 339-349.

ROGL, F. & STEINENGER, F.F. 1983. Vom Zerfall der Tethys
zu Mediterranean und Paratethys. Annalen des Naturhi-
storischen Museum in Wien, 85A: 135-163.

ROHLING, E.J., SCHIEBEL, R. & SippALL, M. 2008. Controls
on Messinian Lower Evaporite cycles in the Mediterra-
nean. Earth and Planetary Science Letters, 275: 165-171.

RuBaN, D.A. 2002. Lithostratigraphy of the Upper
Miocene deposits of the Rostov Dome. Nautchnaja
mysl’ Kavkaza. Prilozhenije, 14: 133—136 (in Russian).

RuBaN, D.A. 2005. The Upper Miocene of the Rostov
Dome (Eastern Paratethys): Implication of the chronos-
tratigraphy and bivalvia-based biostratigraphy. Geoloski
anali Balkanskoga poluostrva, 66: 9—15.

RuBaN, D.A. 2009. Regional Stages: Their Types and
Chronostratigraphic Utility. Cadernos do Laboratorio
Xeoloxico de Laxe, 34: 59-73.

RuBAN, D.A. & YANG, W. 2004. Upper Miocene Sequence
Stratigraphy of Rostov Dome, Russian Platform, Eastern
Paratethys. American Association of Petroleum Geolo-
gists. Annual Convention. Abstract Volume, 121. Dallas.

SAINTOT, A., BRUNET, M.-F., YAKOVLEV, F., SEBRIER, M.,
STEPHENSON, R., ErRsHOvV, A., CHALOT-PrAT, F. &
McCanN, T. 2006. The Mesozoic-Cenozoic tectonic
evolution of the Greater Caucasus. /n: GEg, D.G. &
STEPHENSON, R.A. (eds), European Lithosphere Dyna-
mics. Geological Society, London, Memoirs, 32:
277-289.

SISSINGH, W. 2001. Tectonostratigraphy of the West Alpine
Foreland: correlation of Tertiary sedimentary sequences,
changes in eustatic sea-level and stress regimes.
Tectonophysics, 333: 361-400.

SMITH, A.G. & PICKERING, K.T. 2003. Oceanic gateways as
a critical factor to initiate icehouse Earth. Journal of the
Geological Society, London, 160: 337-340.

STEININGER, F.F., AUBRY, M.P., BERGGREN, W.A., BIoLzI,
M., BORSETTI, A.M., CARTLIDGE, J.E., CaTtI, F., COR-
FIELD, R., GELATI, R., JACCARINO, S., NAPOLEONE, C.,



Do major Neogene hiatuses in the Ciscaucasian semi-enclosed basin record eustatic falls? 11

OTTNER, F., ROGL, F., ROETZEL, R., SPEZZAFERRI, S.,
TATEO, F., VILLA, G. & ZEVENBOOM, D. 1997. The Global
Stratotype Section and Point (GSSP) for the base of the
Neogene. Episodes, 20, 23-28.

STEININGER, F.F. 1999. Chronostratigraphy, Geochronology
and Biochronology of the Miocene “European Land
Mammal Mega-Zones” (ELMMZ) and the Miocene
“Mammal-Zones (MN-Zones)”. In: ROSSNER, GE. &
HEisseG, K. (eds.), The Miocene Land Mammals of
Europe, 9-24. Dr. Friedrich Pfeil, Munich.

STEININGER, F.F. & WESSELY, G. 1999. From the Tethyan
Ocean to the Paratethys Sea: Oligocene to Neogene
Stratigraphy, Paleogeography and Paleobiogeography of
the cirum-Mediterranean region and the Oligocene to
Neogene basin evolution in Austria. Mitteilungen Der
Osterreichischen Geologischen Gesellschaft, 92:
95-116.

VAN COUVERING, J.A., CasTrRADORI, D., CitA, M.B.,
HiLGeN, F.J. & Ri0, D. 2000. The base of the Zanclean
Stage and of the Pliocene Series. Episodes, 23: 179-187.

VasILIEY, 1., KRuUGSMAN, W., LANGEREIS, C.G., PANAIOTU,
C.E., MATENCO, L. & BERTOTTI, G. 2004. Towards and
atronomical framework for the eastern Paratethys Mio-
Pliocene sedimentary sequences of the Focpani basin
(Romania). Earth and Planetary Science Letters, 227:
231-247.

ZACHOS, J., PAGANI, M., SLOAN, L., THOMAS, E. & BILLUPS,
K. 2001. Trends, Rhythms, and Aberrations in Global
Climate 65 Ma to Present. Science, 292: 686—693.

Pe3nme

Jla 11 IJIABHM HEOTeHM XMjaTyCH y
IIpenkaBkackoM Moy3aTBOpPeHOM OaceHy
(McTounu Ilapareruc, jyrozanagna
Pycuja) yka3yjy Ha eycraTuuke najaose?

[laparetuc je O6mo mpocTpaH maneoreorpadCcKu
aKBaTOPHjyM KOja Ce€ CacTojao O HH3a MamHuX ce-
TUMEHTAINOHNX OaceHa. 3a BpeMe KeHO30juka Ipy-
JKao ce o] AJrma Ha 3amany, na 1o Kacrmjckor Mmopa Ha
UCTOKY. baceHu cy OWiM AETUMHYHO W30JIOBAHU Off
MenuTepaHCKOT MOpa allliCKUM OPOT€HOM KOjU je
YCIIOBHO 3HaYajHe IPOMEHE BOJACHUX MOBPIIIMHA Ka0 U
MAJIEOEKOIOMIKMX yclloBa. Hacynpor Buile neneHw;)-
cknM mpoy4aBamuMa Mcrounu [laparetuc je ocrtao
penaTuBHO cnab0 TMO3HAT MIUPEM aAyIUTOPHjyMY Y
OHOCY Ha 3amajgHe W IEeHTpaJHE JIeNoBe. Y OBOM
pamy TpUKa3aHW Cy TIAaBHU XHjaTyCH Y HEOTECHUM
CeIMMEHTAIlMOHNM cykiecujama [Ipegkacmujckor
OaceHa, KOju TIpelncTaBjba IIaBHU OaceH VcrTowHor
[Taparetuca, kao u merona Be3a ca CBETCKUM OKea-
HOM. /la 7 ce TIaBHEe MpPOMEHE y CeIUMEHTAIHjH
MOJyZlapajy ca TIaBHHM IpOMeHama HHuBoa mopa? Y
KOJIMKO OW OBO Owio TauHo TO OM OMO OOKa3 ma
ucTopruja OaceHa 3aBHCH Of TIOOATHHUX (YTIIABHOM

KIIMMATCKUX ), TIPe HETO JIOKATHUX (YIJIaBHOM TEKTOH-
CKHX) YTHI3ja. YKOJIHKO OBa TPETHOCTaBKa HUje
TagyHa TaZa C€ MOXKEe IMOByhH cacBUM CyNpOTaH
3akspy4ak. Y llpenkaBkackm OaceHy HEOT€HH CEIu-
MEHTH C€ CMemajy y BpeMeHy u mpocTtopy. On
cerMeHara JOMHUHHPAjy Telrdapy, ajJeBpOIUTH U
IKPUJBIM, JIOK Cy Y MameM CTeleHy NPUCYTHH
kapOoHatn (YKJby4uyjyhn OMOKIIaCTHYHE Kpedmake),
KOHTJIOMEPATH, AWjaTOMUTH U JpPyre CeANMEHTHE
crene. Ha ocHOBy nmronoruje u Qamnuja, y OKBHPY
oBor OaceHa, Mory ce m3aBojutu 17 obmactm. lLle-
JIOKyIHa JIe0JbUHa HeoreHa pgocexe mo 5700 m.
YHyTap cykiecHje 1MmojaBibyjy C€ Kako KpaTKh XHja-
Tycu (JOKa3aHW Kao €pO3WOHE MOBPIIWHE), Tak0 U
IyXHU X#jarycu (MpeCcTaB/beHH UCKOPAAHIIjaMa).
VY llpeaxaBKkackoM TOIy3aTBOPEHOM OaceHy MOTY ce
MIPaTUTH YETHPH TNIaBHA HeoreHa xujaryca. OBu xuja-
TyCH Wrpajy KJbY4YHY ynory y obmactu Hcrtodnor
[Taparetnca. To cy apkxaHcku (Oypawrai-JIaHTHaH),
CpPenme/TOPIH-Ee CapMaTCKu (IOHHM TOPTOH), capMar-
CKH/MEOTCKH (Cpel-y TOPTOH) ¥ KUMEPHjCKH (KacHU
Me3WjaH/paHu MHjadeH3ujaH) xujaTtycu. Ynopehyjyhu
BpeMe INIaBHUX HEOTreHHX xujaryca y lIpenkaBkackom
[TOJTy3aTBOPEHOM OeceHy ca eyCTaTUIKUM (hITyKTaIu-
jaMa Kpo3 WCTH TEpHOj 3alaka Ce BEIUKH CTEeTeH
noxynapHoctu. Pact n guykranuja AHTapKTHKA, Kao
Y 3ajeJHIYKN yTUIA] AHTapKTCKAX U APTHUYKUX Jie-
JIEHNX TOKpUBada MOTY C€ CMarpard Kao IJIaBHH
YUHHUOIM TTI00ATHUX HEOTEHNX IIPOMEHa HIBOA MOpa,
IITO Ce MOXXE CMarpard Kao MUPEKTHH YTHUIAj TIIO-
0aTHUX KIMMATCKUX YTHIaja Ha PETHOHAIHY CEIH-
MeHTanyjy llpenkaBkackor OaceHa. Y mNpeAKONHY
MTOJTy3aTBOPEHOT OaceHa TEKTOHHWKa OW Moria Ja
JOMUHUpA HaJl €yCTaTUIM, AT HajBePOBaTHH]E J1a TO
HUje Omo cmydaj ca llpeaxaBkackum OaceHoM. Mu
yKasyjemo Ha JiBa IJIaBHA XHjaTyca y capMmary, Koja cy
Oma mpuONMKHO W30XPOHA Y Tpajamy, M Koja HUCY
Morja OWTH TOCIeNWIa TEKTOHCKE AaKTHBHOCTH.
BepoBarHO eycTaTHuko IMOPEKII0O OBHUX XHjaryca je
JIOKa3 3a OMOBpraBame paHHje MPETHOCTaBKe O cap-
MaTCKOM ITyJICHpamy y oporeHy. U ako wak yiokanHa
TEKTOHCKa akTHBHOCT y [IpenkaBka3skoMm OaceHy, Win
y cycenmnoM Bemmkom Kagka3zy, objamrmaBa 0fCycTBO
pETHOHAIHUX 3HAKOBa HEKWX E€YCTAaTHYKUX MajoBa,
OBa UYMI-EHHUIIA HHjEe [IOBOJbHA Ja C€ IPETIOCTaBe
OMII0 KaKBY 3HAYajHU TEKTOHCKH ITYJICEBH U3 HajMambe
nBa pasnora. [IpBo, TJIaBHM perMoHaHW XHjaTyCH
MTOBE3aHH ca MT00ATHUM MaJ0BUMa HUBOA MOpa MOTY
OWTH OACYTHH caMO y CIyd4ajy IHopacTa CHyIITama,
aJi He W KOJ W3au3ama. Jpyro, OMIIo je eycTaTuiakmx
majgoBa W y ApyruM xwjarycuma (0e3 TIaBHUX
xujaryca) y llpenkaBka3sy, anu CBU TJIaBHH XHUjaTyCH
nMajy onromapajyhe eycrarnuko oljammeme. OBaj
apryMeHT He yKa3yje Ha jaKy TeKTOHCKY aKTHBHOCT.
Taxohe je mpermocraBibeHo na je Mcrounm [lapa-
TEeTHC 3aJpXao NpuBpeMeHe Be3e ca CBETCKHM
okeaHoM (mpexo Meaurepanckor mMopa wim Wuamj-
CKOT' OKeaHa) CBe JI0 Kpaja HeoreHa. Hamm pesynraru
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J0Ka3yjy OBaKkBy AyTy Be3y. OBO je mocienuniia peruo-
HaJJHUX MaHHU(ecTanyja mo0aHuX MpoMeHa HUBOA
Mopa. Y OBOM pany ce yka3yje Ha MOTyYhHOCT IOCTO-
jama crabmmHe Mopcke Bese Mcrounor [laparernca ca

ETOBHM CIOJBALIBUM OKpyXkemeM. bymyha mpoyda-
Baka MMaja OW 3a IMJb JETaJbHYy PEKOHCTPYKIIH]Y
HEOTeHHMX TpaHCTpecHja/perpecuja Kao W TPOMEHE
nyouna y [IpenkaBkackoM OaceHy.
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Upper Cretaceous magmatic suites of the Timok Magmatic Complex
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Abstract. The Upper Cretaceous Timok Magmatic Complex (TMC) developed on a continental crust com-
posed of different types of Proterozoic to Lower Cretaceous rocks. The TMC consists of the magmatic suites:
Timok andesite (AT) — Turonian—Santonian, Metovnica epiclastite (EM) — Coniacian—Campanian, Osni¢
basaltic andesite (AO) and JeZevica andesite (AJ) — Santonian—Campanian, Valja Strz plutonite (PVS) — Cam-
panian and Boljevac latite (LB). The sedimentary processes and volcanic activity of the TMC lasted nearly
continuously throughout nearly the whole Late Cretaceous. The sedimentation lasted from the Albian to the
Maastrichtian and the magmatism lasted for 10 million years, from the Upper Turonian to the Upper
Campanian. The volcanic front migrated from East to West. The volcanic processes were characterized by the
domination of extrusive volcanic facies, a great amount of volcanic material, a change in the depositional
environment during the volcanic cycle, sharp facial transitions and a huge deposition of syn- and post-erup-
tive resedimented volcaniclastics.

Key words: Upper Cretaceous, magmatic suite, volcanism, volcanic facies, sediments.

Ancrpakt. [opwmokpenun Tumoukn marmarcku komiuieke (TMK) pa3BujeH je Ha KOHTHMHEHTAIIHO] KOPH
n3rpaleHoj ox1 pa3IMYMTUX CTEHA IPOTEPO30jcKe 10 NomokpeaHe ctapoct. ¥ TMK ce Mory u3aBojutu cien-
ehe marmarcke cute: Aunesutru Tumoka (AT) — typon—canroH, Enuknactutn MetoBaune (EM) — koHu-
jak—kamman, Angesuroazantu Ocunha (AO) n Angesutn Jexesune (AJ) — caHToH—KamnaH, [lnyToHNTH
Bassa Crpx (PVS) — kamman u Jlarutun bosseBua (LB). CeanmentHu nponecu u Byakannzam y TMK kon-
THHYHPAHO TPajy Kpo3 Iey ropmy kpeny. CenquMenTanuja Tpaje of anda o MacTpUXTa, a MarMaTu3aM KOH-
TUHyHpaHo 10 MUINOHA TOMHA M TO Off TOPHET TYPOHA /10 TOPH-ET KaMnaHa. BynkaHcku (poHT, y TOKy ByI-
KaHW3Ma, MATPHpa Off MICTOKA Ka 3amajy, a ByJIKaHH3aM KapaKTepHIIe JOMUHAL]a eKCTPY3UBHHUX BYJIKaHCKHX
(anyja y oqHOCY Ha €KCIUIO3MBHE M MHTPY3MBHE, BEJIMKE KOJIMYMHE €MHUTOBAHOT BYIKAHCKOT Marepujana,
4ecTe MPOMEHE CPEeANHA JETIOHOBaka, BelHUKe (alijanHe pa3iIuke ¥ OrpOMHE KOJIUYMHE CHH- U IOCT-epyIl-
THUBHO PECETMMEHTOBAHUX BYIKAHOKIACTHYHUX Haclara.

Kbyune peun: [opma kpena, Marmarcke CBHUTE, ByJIKaHH3aM, ByJIKAaHCKe (alyje, CEANMEHTH.

Introduction

The Upper Cretaceous volcano-sedimentary com-
plex of the Carpatho—Balkanides belt spreads discon-
tinuously from the northern parts of the Apuseni
Mountains and Banat in Romania, over Timok Kraji-
na in eastern Serbia, down to Srednogorie and the
Black Sea in Bulgaria. This zone is 1500 km long and
70 km wide. Further on, this complex continues over
the Pontides (Turkey) down to the northern parts of
Iran. This is the most important active mining area in
Europe, belonging to the Tethyan Eurasian Metalloge-
nic Belt (JANKOVIC 1977). More recently, this entire
province was named the Banatitic Magmatic and Me-

tallogenic Belt (abbreviated as BMMB, BERZA et al.
1998), or Apuseni-Banat-Timok-Srednogorie Mag-
matic and Metallogenic Belt (abbreviated as ABTS,
Porov et al. 2002). BOCCALETTI et al. (1974) and
AIELLO et al. (1977) consider Srednogorie in Bulgaria
as a back-arc rift. Geodynamic and tectonic models
have also been provided (Hsu et al. 1977; DABOVSKI
et al. 1991; VLAD 1997; CIOBANU et al. 2002 and VON
QuUADT et al. 2004, 2005). Recent high precision
U/Pb, 40Ar/3%Ar, Re/Os and geochemical data have
improved and refined the tectonic models of this area
and shed more light on its magmatic activity and met-
allogeny (LiLov & CHIPCHAKOVA 1999; VON QUADT et
al. 2002, 2004, 2005; CLARK & ULLRICH 2004;

I SEE d.o.0., Bulevar Oslobodenja 131, 11000 Belgrade, Serbia, E-mail: miodrag.ba@sbb.rs.
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Fig. 1. Schematic geological map and column of the TMC. Legend: 1, Campanian—Maastrichtian clastite; 2,
Campanian—Maastrichtian reef sediment; 3, Boljevac latite; 4, Valja Strz plutonite; S, Osni¢ basaltic andesite and Jezevica
andesite; 6, The epiclastite and the sediment in the BLTB; 7, Turonian—Maastrichtian sediment in the CRTB; 8, Timok
andesite; 9, Albian—Cenomanian clastite; 10, Paleozoic to Lower Cretaceous rock; 11, Alluvium of the Crni Timok Valley.

HANDLER et al. 2004; BANJESEVIC et al. 2006 and  namely: the Timok Magmatic Complex (TMC) and
ZIMMERMAN et al. 2008). the Ridanj—Krepoljin belt in the East and West,

The Upper Cretaceous magmatic activity in eastern ~ respectively. The TMC is 85 km long and extends
Serbia occurred along two subparallel magmatic belts, from Majdanpek in the North all the way to the Bucje
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Village in the South. It developed on a continental crust
composed of different types of Proterozoic to Lower
Cretaceous rocks (ANTONIEVIC et al. 1974). Geotecto-
nically, it belongs to the Getic Nappe (GRUBIC 1983 and
KRAUTNER & KRSTIC 2003) or the Kucaj Terrane as part
of the complex Carpathian—Balkan Terrane in eastern
Serbia (KARAMATA & KRSTIC 1996). The Upper Creta-
ceous rocks of the TMC are overlain by Paleogene,
Neogene and Quaternary deposits. Based on continu-
ous geological mapping (PORPEVIC & BANJESEVIC
1997; BANJESEVIC 2002 and BANJESEVIC et al. 2003)
and new geological data (BANJESEVIC 2006 and Liu-
BOVIC-OBRADOVIC 2008), the TMC is interpreted as a
succession of the following magmatic suites (Fig. 1):
Timok andesite (AT) — Turonian—Santonian, Metovnica
epiclastite (EM) — Coniacian—Campanian, Osni¢ ba-
saltic andesite (AO) and JeZevica andesite (AJ) — San-
tonian—Campanian, Valja Strz plutonite (PVS) — Cam-
panian and Boljevac latite (LB). This paper will show
a synthesis of the data gathered through many years of
geological investigations and a modified version of
the TMC units. A first version of the formations was
published in the Geological Map and Booklet of the
southern part of the TMC (PORBEVIC & BANJESEVIC
1997). The definition of the lithodemic hierarchy in
this paper is made according to the recommendations
of the North American Stratigraphic Code (by North
American Commission on Stratigraphic Nomenclatu-
re) and International Stratigraphic Guide (SALVADOR
1994). In addition, it will provide a volcanological
approach to the study of volcanic facies, including the
implementation of modern volcanological terminolo-
gy (e.g., CAS & WRIGHT 1987; MCPHIE et al. 1993 and
SCHMINCKE 2004).

Geological setting of the TMC

After continuous carbonate sedimentation from the
Early Jurassic, a new sedimentation period commenc-
ed with the Albian transgression. The new sedimenta-
tion processes had clastic character and were related
to oscillations of the depositional environment. The
sedimentation proceeded with manifestations of Tu-
ronian volcanism in the TMC. These Albian—Ceno-
manian sediments are concentrated along the eastern
boundary of the TMC (Fig. 1) and rarely in the central
part of the western boundary of the TMC (near Zlot
and Boljevac). The Albian clastites transgressively
overlie Early Cretaceous rocks (Barremian—Aptian li-
mestones or Aptian carbonate sandstones).

After a hiatus, the Turonian—Senonian evolution
commenced with a new sedimentary cycle. The sedi-
ments overlie Albian-Cenomanian clastites (Figs. 4
and 6). The lowest part of the sediments contain
microfauna (Helvetoglobotruncana helvetica), indi-
cating Lower to Middle Turonian age (LJUBOVIC-OB-
RADOVIC 2008). During the Senonian, the whole TMC

area shows a considerable difference in the evolution
between the eastern (Bor-Lenovac tectonic block —
BLTB) and the western (Crna reka tectonic block —
CRTB) part (PorRPEVIC & BANJESEVIC 1997, Fig. 1).
Until the Maastrichtian, the first sediments and the
epiclastites developed in the BLTB, whereas from the
Turonian to the Lower Campanian, andesites originat-
ed in this block. In the CRTB, the sediments devel-
oped until the Middle Santonian when andesitic and
basaltic andesitic volcanism also started. When the
volcanism ended, in the Early Campanian, plutonic
rock was intruded and the sedimentation continued
over a wider area. After the Upper Campanian to the
Maastrichtian period, in the central part of the TMC,
reef sedimentation commenced (Figs. 1 and 6). On the
eastern part of the TMC, in the Upper Campanian,
coarse-grained and regressive clastites were deposited
(Figs. 1 and 2). This was the period when the TMC
uplifted and its existence as an area of active volcan-
ism and marine sedimentation terminated.

Timok andesite (AT)

Name: After the Timok River

Synonyms: “Timazit” — BREITHAUPT 1860.

“Andesites or volcanites of the I volcanic phase
(Timocite)” — DROVENIK et al. 1962.

“Turonian andesites, Timok andesites, Subvolca-
nic-hypabyssal rocks of the Borska Reka” — DORDE-
VIC & BANJESEVIC 1997.

“Banatite volcanites” — BERZA et al. 1998

“Biotite-hornblende andesite (Timocite)” — CLARK
& ULLRICH 2004.

“Turonian-Campanian andesites” — BANJESEVIC
2006.

“Upper Cretaceous volcanics (Phase 1)” — ZIMMER-
MAN et al. 2008.

Type locality (Type section): The Timok River
locality from the Gamzigradska Banja to the Zvezdan
Village. An a additional outcrops are exposed in the
Krivelj Village area.

Location, boundaries, lithology and genesis: The
AT occur in the eastern parts of the TMC (Fig. 1),
where they overlie Cenomanian and Turonian sedi-
ments. They are covered by Senonian sediments (Fig.
2) and the EM. Amphibole andesites and trachyan-
desites of high potassium character predominate.
They are light-grey to green-grey rocks, showing a
holo- to hypo-crystalline porphyritic texture, some-
times characterized by cm-sized amphibole pheno-
crysts — Timazit (BREITHAUPT 1860). Andesine plagio-
clase, tschermakite amphibole (rarely Mg-horn-
blende), biotite and clinopyroxene are the main phe-
nocryst phases (in decreasing order of abundance),
whereas quartz phenocrysts are very rare. The amount
of phenocrysts is usually around 50 % (rarely more
than 60 %).
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Fig. 2. Schematic geological columns Ostrelj (A) and
Slatina (B) south of Bor, with a graphical lithology log.
Legend: AT, Timok andesite; EM, Metovnica epiclastite;
1, Marl and silty marl; 2, Limestone; 3, Sandstone; 4, Fine-
grained volcanoclastite; 5, Coarse-grained volcanoclastite;
6, Conglomerate.

According to their lithological, volcanological and
petrofabric characteristics, the andesites are distin-
guished into the following facies: lava flows (coherent
and autoclastic), lava domes (Fig. 3), shallow intru-
sions and various volcaniclastic rocks. Completely or
partially autobrecciated lava flow facies are predomi-
nant, while hyaloclastites are very rare. They have
high aspect ratios having thicknesses that sometimes
reach several tens of meters and a rather small aerial
distribution, commonly < 100 m2. The autobrecciated
lava flows show a clast-supported volcaniclastic tex-
ture with subangular to angular clasts up to 30 cm in
size, which show almost the same fabric and compo-

Fig. 3. The central parts of the coherent andesitic lava dome
near the Krivelj Village, with columnar jointing.
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T 1 1
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A B

Fig. 4. Schematic geological columns Gamzigradska Banja
(A) east of the Metovnica Village and Kravarnik (B) near
the Lenovac Village, with a graphical lithology log. EM,
Metovnica epiclastite; 1, Marl and silty marl; 2, Brecia; 3,
Sandstone; 4, Fine-grained volcanoclastite; 5, Coarse-
grained volcanoclastite.

sition. The matrix is usually subordinated (up to a few
vol. %). Lava dome or cryptodome facies are usually
exposed on the surface in the range of several square
kilometers. At several locations, the central parts of
the lava domes are exposed as columnar and rectangu-
lar jointed volcanic rocks (Fig. 3). Dykes are usually
up to 10 m wide and up to 50 m long. Syn-eruptive
and post-eruptive redeposited volcaniclastic rocks
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have a great prevalence (here described as Metovnica
epiclastite, see below).

Age: According to high precision U/Pb, 40Ar/3%Ar
age (VON QUADT et al. 2002 and CLARK & ULLRICH
2004), the AT ranged from 89.0+0.6 to 84.26+0.67 Ma
(Upper Turonian to Upper Santonian).

Metovnica epiclastite (EM)

Name: After the Metovnica Village, southern of Bor.

Synonyms: “Pyroclastites or volcanoclastites of the
I volcanic phase” — DROVENIK et al. 1962.

“Metovnica epiclastics” — DORPEVIC & BANJESEVIC
1997.

“Epiclastics of the Senonian” — DORBEVIC
2004-2005.

“Turonian-Senonian epiclastites” — BANJESEVIC
2006.

Type locality (Type section): The area from the
Metovnica Village to the Nikoli¢evo Village. An a
additional localities are near to the open pit in Bor and
in the Lenovac-Leskovac Villages area.

Location, boundaries, lithology and genesis: The EM
developed in the eastern part of the TMC (Fig. 1) in a
shallow marine environment, infilling sharp volcanic
bedrocks (PORPEVIC & BANJESEVIC 1997). The rocks
are coarse- to fine-grained, massive, coarsely banded,
sometimes even laminated (Fig. 5). They are composed
of texturally and structurally different fragments deriv-
ing from different volcanic facies of the AT. The EM are
often interlayed with the sediments (Figs. 2, 5 and 6).

Age: Sometimes, the rocks contain very well pre-
served Coniacian—Campanian microfauna (PORPEVIC
& BANIESEVIC 1997 and DorpEVIC 2005).

Osni¢ basaltic andesite (AO)
and JeZevica andesite (AJ)

Name: After the Osni¢ Village.

Synonyms: “Basaltic andesites or volcanites of the
II volcanic phase” — DROVENIK et al. 1962.

“Crna Reka andesite-basalt, Dumbrava andesite-
basalt, Osni¢ andesite-basalt, Sarbanovac andesite” —
DORDEVIC & BANJESEVIC 1997.

“Pyroxene andesitic and hornblende andesitic vol-
canic rocks” — BANJESEVIC et al. 2003.

“Hornblende-pyroxene and pyroxene andesite” —
CLARK & ULLRICH 2004.

“Senonian basaltic andesite and andesite” — BA-
NJESEVIC 2006.

“Upper Cretaceous volcanics (Phase II)” — Zim-
MERMAN et al. 2008.

Type locality (Type section): A section northern of
the Osni¢ Village, from the Metovnica Village to the
Sarbanovac Village. An a additional localities are in the
area of the JeZevica Mt. and the Brestovacka Banja.

Fig. 5. Fine-grained, massive, banded and laminated epi-
clastites are interlayed with the sediments.

Location, boundaries, lithology and genesis: The
rock suite corresponding to andesite — basaltic andesite
of calc-alkaline to tholeiitic character can be distin-
guished among the Senonian volcanic rocks of the
TMC. The first subsuite includes pyroxene basaltic
andesite (AO), while the second subsuite comprises
amphibole andesite (AJ). Both rock subsuites are locat-
ed in the central and western parts of the TMC (Fig. 1)
and are sometimes closely associated. The AO are pre-
dominant. These volcanic rocks are both underlain and
overlain by sedimentary rocks (Fig. 6). Field and labo-
ratory studies on several profiles showed that the
underlying sediments contain Turonian—Santonian
microfauna (Fig. 6), while the overlying sediments are
composed of resedimented volcaniclastites, clastitic or
reef sediments of Campanian—Maastrichtian age
(PORPEVIC & BANJESEVIC 1997).

The pyroxene basaltic andesites are dark grey rocks
(Fig. 7) of porphyritic texture, characterized by mm-
sized phenocrysts. The structure is most commonly
massive and sometimes vesicular. Plagioclase and
clinopyroxene are the most abundant phenocrysts,
while orthopyroxene and amphibole occur in small
amounts or are completely subordinate. The plagio-
clase contains 42-93 % of An components, therefore
these plagioclases are more basic than those occurring
in the amphibole andesites and the AT. The amphiboles
correspond to tschermakites, rarely to Mg hornblende,
and show very primitive, more basic character than the
amphiboles in the AT. The clinopyroxene corresponds
to augites (W04 3 502-Enze 3 452-Fs11.1-15.1), while the
rhombic pyroxene is enstatitic in character. The amount
of phenocrysts in these rocks rarely reaches 50 vol. %.
The groundmass is most often hypocrystalline, but rare
holocrystalline varieties also occur.

The amphibole andesites are most frequently mas-
sive rocks, rarely with vesicular or banded structure,
sometimes with very well exposed tabular or rectan-
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Fig. 6. Schematic geological columns Arnauta (A) north-
west of the Osni¢ Village and Metovnica—Sarbanovac (B)
north of the Osni¢ Village, with a graphical lithology log.
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coarse-grained volcanite; 7, Conglomerate; 8, Limestone.
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gular jointing. Their color varies from grey, pale-
green to green-grey. The texture is hypo- to holocrys-
talline porphyritic, often with a fluidal groundmass.
Amphibole and plagioclase phenocrysts are always
present, clinopyroxene is subordinate, while orthopy-
roxene and biotite occur only rarely. The chemical
composition of the minerals is very similar to the
pyroxene-bearing varieties, except that the plagio-
clases are more basic in the latter.

The volcanic rocks predominantly occur as lava
flow facies (autobreccias and hyaloclastic breccias)
and resedimented volcaniclastic deposits. Lava flow
facies are up to several meters thick, while their length
reaches several hundred meters. The transitions from
coherent to autobrecciated parts are usually very sharp
(Fig. 7). The fragments are most often angular, rarely
subangular, and have a very uniform composition and
dimensions. They are rarely coarser than 10 cm in dia-
meter. The hyaloclastites show gradual transitions to-

ward coherent lava flow facies. They are unstratified,
poorly sorted rocks, composed of semi-angular to
angular fragments of different size — from 1 cm to up
to 20 cm. The rock fragments show typical hyaloclas-
tic characteristics, such as chilled margins, tiny nor-
mal joints and jig-saw-fit puzzle textures (YAMAGISHI
1991). In addition, there are numerous occurrences of
lava lobes and pseudo-pillows (KaNO et al. 1991).
Shallow intrusion facies are represented by necks and
dykes. Remnants of the pyroclastic rock deposits are
very rare and exposed at only a few localities.

Fig. 7. The coherent pyroxene basaltic andesite lava flow
(L) and autobreccia (B) in the upper part. The transitions
from coherent to autobrecciated parts are very sharp. The
dashed line marks the boundary lava flow and autobreccia.

The resedimented volcanoclastites are mostly strat-
ified volcaniclastic rocks, psamitic to psephitic in
grain-size of different origin and type of transport.
The sedimentological and lithological characteristics
of some deposits are very well exposed, clearly refer-
ring to sedimentary types of transportation (mostly
debris flow or grain flow). However, for the other
deposits, neither transportation type nor material
source can be determined. The rock composition is
heterogeneous, although there are some layers show-
ing very similar fragment composition. The fragments
are semi angular to rounded. The rocks are mostly
semi- or well-sorted, but sometimes they can be very
poorly sorted, showing typical sedimentary structures:
normal and inversed gradation, parallel lamination,
rarely also crossed or wave-like lamination.

Age: According U/Pb age zircon analysis, between
82.27+0.35 and 81.79£0.54 Ma. The age of the AO of
the dyke from the Brestovac Village to the Bresto-
vacka Banja area was confirmed as Santonian—Lower
Campanian (BANJESEVIC et al. 2006).

Valja Strz plutonite (PVS)

Name: After the Valja Strz area.
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Synonyms: “Laramian plutonite” — DROVENIK et al.
1962.

“Subvolcanic-hypabyssal rocks of Jezevica” —
DORDEVIC & BANJESEVIC 1997.

“Hypabyssal and abyssal rocks” — BANJESEVIC et al.
2003.

“Laramide intrusions” — CLARK & ULLRICH 2004.

“Campanian plutonite” — BANJESEVIC 2006.

“Upper Cretaceous plutons” — ZIMMERMAN et al.
2008.

Type locality (Type section): The area of Valja Strz.
An a additional locality is in the Jezevica Mountain.

Location, boundaries, lithology and genesis: The
PVS occur at the western margin of the TMC (Fig. 1).
They are grey to dark-grey rocks of hypidiomorphic
granular texture and massive structure (Fig. 8), some-
times showing rectangular jointing. They range in com-
position from monzodiorite and monzonite to diorite, Q-
diorite, granodiorite, syenite and rare gabbro. Generally,
the plutonic rocks consist of plagioclase (10-58 vol. %
their chemical composition varies from 20 to 46 % An
component), potassium feldspar (15 — 37 vol. %), quartz
(up to 10 vol. %), amphibole (up to 13 vol. %), biotite
(about 11 vol. %), orthopyroxene (3—4 %, rarely around
23 vol. %, Woyg 5 457-Eng 6 56.1-Fs12.5 19.5), rare clino-
pyroxene (maximum 2 vol. %) and various accessory
minerals (around 3 vol. %) (MAJER 1953; DROVENIK
1959; DoOrRPEVIC & BANJESEVIC 1997 and BANIESEVIC
2006).

Fig. 8. Grey to dark-grey plutonic rock from Valja Strz with
a hypidiomorphic granular texture and a massive structure.

Age: According to U/Pb age zircon analysis, the
age of the Valja Strz plutonite is 78.62+0.44 Ma,
Upper Campanian age of the PVS was confirmed
(VON QUADT et al. 2002).

Boljevac latite (LB)

Name: After Boljevac.

Synonyms: “Volcanite of the III volcanic phase” —
DROVENIK et al. 1962.

“Porphyroid biotite-augite mozonite” — DORPEVIC
& BANJESEVIC 1997.

“Alkali basalt of Zlot” — MILOVANOVIC et al. 2005.

“Latite” — BANJESEVIC 2006.

“Upper Cretaceous volcanics (Phase III)” — Zim-
MERMAN et al. 2008.

Type locality (Type section): The outcrops near
Boljevac.

Location, boundaries, lithology and genesis: Nu-
merous latitic dykes occur along the western border of
the TMC. These rocks crosscut the AO and the AJ.
They appear in the form of shallow intrusions (dykes,
sills and veins), seldom as lava flows. They are usual-
ly small masses, up to several tens of meters long and
3 to 4 meters thick. The rocks are dark-grey, showing
very distinctive textures characterized by large, elon-
gated phenocrysts of plagioclase and potassium
feldspar, which sometimes exhibit fluidal orientations
(Fig. 9). The texture is fine-grained, very fine-grained
or hypocrystalline porphyrithic with a microcrystal-
line, intersertal and pilotaxitic groundmass. The latites
consist of plagioclase (53—67 % An), potassium feld-
spar (61-69 % Or), clinopyroxene and various acces-
sory minerals (MILOVANOVIC et al. 2005).

Fig. 9. The dark-grey latite south of Boljevac shows very
distinctive textures characterized by large, elongated
phenocrysts of plagioclase and potassium feldspar, which
exhibit fluidal orientation.

Age: The latite crosscut the AO and AJ, however
their age is poorly constrained.

Conclusions
Through long-term multidisciplinary and continu-

ous geological investigations, as well as the employ-
ment of the volcanic facies concept in the textural and
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genetic classification of volcanic deposits, new geo-
logical data regarding the petrography and volcanic
characteristics of the TMC magmatic and sedimenta-
ry rocks are available. The TMC consists of magmat-
ic suites and sedimentary formations. After the Al-
bian—Cenomanian sedimentary cycle, sedimentations
lasted continuously from the Lower Turonian to the
Maastrichtian. The available lithostratigraphic, pale-
ontological and radiometric data indicate that the
Upper Cretaceous magmatism in the TMC lasted mo-
re than 10 million years, from the Upper Turonian to
the Upper Campanian. In this period, the volcanic
front moved from East to West. The volcanic process-
es were subaerial to marine effusive, hypoabyssal and
very rarely explosive in character. It commenced with
andesitic to trachyandesitic volcanism (Timok ande-
site) in the present easternmost parts of the TMC. The
volcanic rocks overlay Cenomanian or Lower Turo-
nian sediments. When the volcanic processes ceased
in the eastern parts, a new volcanic front opened in the
central and western parts of the TMC. The Osni¢ ba-
saltic andesite and Jezevica andesite overlay sedi-
ments containing Turonian—Coniacian microfauna
and are overlain by Upper Campanian clastic and reef
sediments. The magmatic activity finished with plu-
tonic rocks (Valja Strz plutonite) and latitic dykes
(Boljevac latite) in the western parts of the TMC. The
termination of volcanic activity in the TMC was fol-
lowed by subvolcanic processes in the Ridanj—Krepo-
ljin Zone, which is situated more to the west. Depo-
sition of reef sediments and coarse-grained sediments
(conglomerates and sandstones) of Upper Campani-
an—Maastrichtian age certainly represent the end of
continual marine development in the TMC area.
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Pe3nme

TopmokpenHa cBUTa MArMaTCKHX CTEHA
THMOYKOT MarMaTcKor KoMILIeKca

Pan mpyxa cuHTE3y HogaTaka o reojomnikoj rpahu n
CBUTH MarMarckux creHa THMOYKOT MarMaTcKor
kommuiekca (TMK), nmoOujeHHX AYroTONHIIEKUM,
MYITUAUCIUILIHHAPHUM, KOHTHHYUPAHHM Te€O0JIO-
IIKUM HCTPaXHBakbUMa U JONMYHEHHX CAaBPEMEHUM
KOHIIETITOM BYJKAaHCKHX M CETMMEHTHHX (aluja u re-
HETCKOM KJIacU(UKAINjOM BYJIKAHCKUX Haciara.
TMK nexu Ha KOHTHHEHTAITHOj KOpU M3rpaljeHoj on
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Pa3IMUUTHX CTEHA MPOTEPO30jCKe N0 IOHOKpPEIHE
crapoctu. [locne ceamMeHTHOT TakeTa KapOOHATHOT
KapakTepa KOju ce KOHTHHYHPAHO TaJOXKH Of JIOHE
jype, HOBH CEIVMEHTAIlMOHU IUKIYC MOYNHhEe HAKOH
anOcke TpaHcrpecuje. MIHTeH3UBHO Konebame Nerno-
3WIAOHE CPENVHE U 3HATAH MPIINB TEPUTEHE KOMIIO-
HEHTEe KapaKTepUCTHKA j€ CEOUMEHTHUX al0—IIeHO-
MaHCKHUX TIpoIieca KOju MPETXOe T0jaBU BYIKaHU3Ma
y TMK. Typor—cenoncku pa3zeoj TMK, mocie kpaher
X#jaryca, MoYnke HOBUM CEIMMEHTAIlMOHUM ITHKITY-
coM. HoBoHacTanu cennMeHTH TPaH3TPECUBHO JIEXKe
MIPEeKo ajJ0—IIeHOMAaHCKUX KJIaCTUTa U mpemMa Hal)eHoj
MUKpo(dayH! TIpUIIAAajy AOHEM U CPENEM TYPOHY.
Henn nmpoctop TMK nasee y ceHOHY moka3syje 3HaTHe
pasnmuke y pa3Buhy HCTOYHHX (OOpPCKO—JIEHOBAYKH
tekToHCKH Onok — BJITB) u 3amagaux (IpHOpEUKH
tekToHckH 050k — [1Th) moapyuja.

Y BJITH, onBuja ce Tanoxeme cenuMeHara 1 emn-
KJIACTUTA CBE 10 MACTPUXTa W T0jaBa BYJIKaHH3MA.
Bynkanuzam mnpeTexHO aHAE3UTCKOT cacTtaBa (AHIe-
3uta TuMOKa), Tpaje oIl TypoHa JI0 TOPHET CaHTOHA.
Bynkancka aktuBHOCT je y HajBehoj mepu Omira
KOITHEHA, Cy0aepCcKor, eQy3uBHOT 10 XUTOAOUCATHOT
kapakTepa. Hacrajy BynkaHcke (aiije KOXepeHTHUX
1 ayTopparMeHTHPAHUX JIABUYHHUX H3JIMBA, IUIUTKE
WHTPY3Hj€ ¥ PECEINMEHTOBAHE BYJIKAHOKIACTUYIHE
Hacmare. MHTpy3uBHY (hazy mpare MOCTBYJIKAHCKH
MIPOIIECH W IUPKYIHCamha MUHEPAIH30BaHUX PACTBO-
pa Koju cTBapajy €eKOHOMCKH Haj3HadajHHja mopQup-
cka Jexumra Oakpa. BymkaHuTtu ce eponyjy u ne-
MOHYjy JaJbe€ OJ BYJIKAHCKHX II€HTapa cTBapajyhm
CHUH- ¥ TTOCT-€PYNTHBHE BYJIKAHOKIACTUYHE HAacJare —
enuknactute (Emmkmactutn MetoBauie). OBe Kita-
CTHYHE CTeHe, TICEPUTCKE J0 MICAMUTCKE TPaHyJIalH-
je, m3rpaleHe cy y BUCOKOM TPOIIEHTY of] (hparmeHara
aH/ie3nTa W3 momiore. Bpio decro cy 3amMemHBaHU
MAPOKIACTUYHUM Hacjarama. Ha wMHoOro wMecra
ENUKIACTUTH C€ TPOCII0jaBajy ca cemuMeHTHMa. Y
BUMa ce Mory Hahu parMeHTH XUAPOTEPMATHO H3-
MEHBEHUX aHJe3uTa U MUKpo(dayHa KOHHjaK—KaMIIaH-
CKE CTapOCTH .

VYV ITB, 0o0HOCHO y LIEHTPAJHUM M 3allaHUM Je-
moBuMa TMK, Tanoxxeme CEHOHCKHX CeluMeHara y
CaHTOHY NpPEKHJa HOBa BYJIKAaHCKa AKTUBHOCT aH-
JIE3UTCKOT JI0 aHjae3uTOazanTckor cacraBa. OBaj
BynakaHn3aMm (Anpe3utOazantu OcHuha), MpeTexHO
TUHeapHoT e(y3WBHOT THIIA, TPBOOUTHO C€ O/IBHja Y
MOpCKAM ycioBnMa. [lampm pa3Boj ByJIKaHHM3Ma Ka-
pakTepuiry edy3uBHE U €KCIDIO3UBHE epynuyje (AH-
ne3utn Jexxesuiie). Tama ce oTaky BelTMKe KOJTHIUHE
BYJIKAHCKOT MaTepwjalia KOju HajBepOBaTHHU]E IOYHHE
na dopMmmpa ByIKaHCKa OCTpBa. BymkaHuzam ce
OlIBMja y KOMHEHHM W MOPCKHM yciioBuMa. Camum
TAM U3/IBajajy Ce pa3HOBpPCHE BYIKaHCKe darmje:
JIABUYHU HM3JIMBHU, ayToOpede, XUjaloKIacTUTH, TUINT-
K€ MHTPY3Hje — AajKOBHU, HEKOBH, XKHIIE, PeCeTUMEH-
TOBaHHW BYJIKAaHOKJIACTUTH W PETKH MHPOKIACTUTH. Y
3aBpmHUM (azama BynkaHuzMa y TMK, yTuckyjy ce
mwiytoHcke creHe (ILryromutmn Bassa Crpxk) y3 H3-
pakeHe MOCTBYIIKAHCKE IMPOIece KOjU Cy PasHOBPCHH
0 Tpajamy, MHTEH3UTETY U KapakTepy. MuHepaim3a-
IIUOHU W XUAPOTEPMATTHH TPOIIECH TI0jaBJbYjy c€ Ha
IIUPOKOM TpocTopy. HakoH wim y TOKy OBe HHTpY-
3uBHE (Daze BYIKAaHCKH (PpOHT ce moMmepa Jajbe Ha
3amajl 0TBapajyhut HOBO BYJIKaHCKHM aKTHBHO ITOApYYje,
PuniamCckO—KpenoJbUHCKY 30HY. Y IIEHTPaJHUM M 3a-
nmagauM nenosrnma TMK jaBieajy ce m Mama 1aBH9HA
TeNa WK IUINTKE MHTPY3HWje jaTutckor cacrasa (Jla-
tutd boseeBna), koje mpoOujajy aHme3uTOa3amTe.
CrapocT OBHX CTEHA jOII HUje MPEenn3Ho ofapeheHa.

Y ropmeM KaMmmaHy, y LEHTPaHUM JeJOBHMa
TMK, noamsiora oa ByJKaHUTa W BEJIUKH NPUIIUB Te-
pUTeHEe KOMITOHEHTE y TOIUTY, IUTUTKY, MOPCKY cpe-
IUHY, TIOTOAYyje CTBapamy CIPYIHUX CeINMEHaTa.
HcroBpemeno, y ucrounum aenopuma TMK, nounme
TaJloKeHe AeOeror makeTa PerpecUBHUX TPyOOoKIIac-
THYHUX CeIMMEHaTa — CUTHO3PHHUX Iemdapa [0
KPYITHO3PHHUX KOHIJIOMEpaTa M PETKHX aJeBpPOIUTA.
Tamoxxeme OBHX CeIMMEHaTa yKa3yje Ha MOCTENeHO
W3M3amke U OoIuhaBame JETO3UINOHUX TPOCTOpa,
YUMe Cce 3aBplIiaBa KOHTHHYHPAaHH MOPCKH Pa3Boj y
TMK.
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Upper Permian ostracode assemblage from the Jadar Block
(Vardar Zone, NW Serbia)

SYLVIE CRASQUIN', MILAN N. SUDAR?,
DivNa Jovanovi¢?® & TEA KOLAR-JURKOVSEK?

Abstract. Ostracodes from the Changhsingian (latest Permian age) in the uppermost part of the “Bitumi-
nous Limestone” Formation of the Komiri¢ Section in NW Serbia (Jadar Block, Vardar Zone) are described
and illustrated. Three new species of ostracodes are introduced: Basslerella jadarensis n. sp., Acratia ser-
bianella n. sp., and Knoxiella vardarensis n. sp. The ostracode assemblage, together with conodonts and
foraminifers, is the first record of the youngest Late Permian age microfaunas from Serbia and from the cen-
tral part of the Balkan Peninsula.

Key words: ostracodes, latest Permian (Changhsingian), taxonomy, stratigraphy, Vardar Zone, Jadar
Block, NW Serbia.

AncTtpakrt. Y pajay Cy NpUKa3aHd OCTPAKOAN YaHTCjJHHICKOT KaTa Hajroper epMa M3 HajBUILIUX IeI0Ba
dhopmargje ,,0MTyMUHO3HHX Kpeurbaka“ tokanutera Komupuh (C3 Cpouja, Jagapcku 610k, Bapaapcka 30Ha).
Mehy Haljenum octpakonuma, yrBphene cy u onucane Tpu HoBe Bpcte: Basslerella jadarensis n. sp., Acratia
serbianella n. sp. u Knoxiella vardarensis n. sp. Octpakojucka acolyjaidja, 3ajeJH0 ca KOHOJOHTHUMA U
¢dopamunnepuma, npencTaBiba NpBU Hanma3z MuKpodayHe Hajmiale ropmorepMcke CTapoCTH, Kako y
CpOuju, Tako U y HEHTPAIHOM jeiy bamkanckor moiyocTpsa.

Kibyuyne peun: octpakony, HajBUIIN IepM (YaHTCJUHTCKH KaT), TAKCOHOMH]a, cTpaturpaduja, Bapmapcka

30Ha, Jamapcku 6mok, C3 CpoOwuja.

Introduction

The Permian and Triassic deposits widely distrib-
uted in the Jadar Block area (NW Serbia) have been
the subject of numerous geological investigations.
Among these strata, sediments belonging to the Per-
mian—Triassic (P-T) boundary interval, represented
by shallow-water marine carbonates with different
fossil associations and specific characteristics of the
depositional environments, are unique in Serbia. They
lack ammonoids, but diverse Upper Permian macro-
and micro-assemblages (brachiopods, bivalves, gas-
tropods, algae, foraminifers, etc.), and a poor Lower

Triassic microfossil association (foraminifers, ostra-
codes) have been determined.

During long-term geological investigations, partic-
ularly in NW Serbia, the Serbian authors of this paper
collected many samples for palacontological and sed-
imentological analysis. The main interest was to con-
firm the presence of conodonts in Palacozoic and Tri-
assic sediments, especially in the P-T interval beds.
Additionally, with these intensive geological studies
of NW Serbia, the authors intended to document pa-
lacontological, biostratigraphical, and sedimentologi-
cal data in order to refine the existing lithostratigra-
phical definitions.

I CNRS, UPMC Université Paris 06, UMR 7207 CR2P, Laboratoire de Micropaléontologie, T.46-56, E.5, case 104,
75252 Paris cedex 05, France. E-mail: sylvie.crasquin@upmec.fr
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These investigations resulted in several important
papers on the Variscan and Early Alpine evolution of
the Jadar Block (FILIPOVIC ef al. 2003), Late Pennsyl-
vanian conodont biostratigraphy and sedimentology
(SUDAR et al. 2007b), Late Permian conodonts (Su-
DAR et al. 2007a), Late Permian foraminifers (NE-
STELL et al. 2009), and Early Viséan ammonoid fauna
(KORN et al. 2010) during the last few years.

The current investigation represents a continuation
of the above mentioned studies. In this paper, the Up-
per Permian ostracode fauna, not only from NW Ser-
bia, but also from the whole of Serbia and the central
part of the Balkan Peninsula is determined for the first
time. From these regions, only PANTIC-PRODANOVIC
(1979) mentioned “Campilian” ostracodes in the vici-
nity of Valjevo, and KRrsTIC (1980) reported the ostra-
code fauna of the same age from the Gucevo Mt.

The ostracodes described and illustrated herein
were found in samples taken from the Komiri¢ section
in the VIasi¢ Mt. region of NW Serbia. They occur
together with conodonts and foraminifers in the up-
permost part of the “Bituminous Limestone” Forma-

SYLVIE CRASQUIN, MILAN N. SUDAR, DIVNA JOVANOVIC & TEA KOLAR-JURKOVSEK

tion from the lower part of the section (SUDAR et al.
2007a, NESTELL et al. 2009).

Geological setting

The Jadar Block, situated at the southern margin of the
Pannonian Basin, covers almost the whole area of NW
Serbia and southern Srem (Vojvodina). Westwards, it ex-
tends beyond the Drina River to eastern Bosnia (Fig. 1A).

This tectonostratigraphic unit is today an exotic
block terrane within the Vardar Zone. It is surrounded
by the Vardar Zone Western Belt, except on the far-
thest south-eastern part where it is in direct contact
with the Kopaonik Block and the Ridge Unit, which is
also a part of the Vardar Zone (Fig. 1A). Unlike the
Vardar Zone Western Belt, the absence of post-Early
Jurassic sediments, ultramafites, ophiolitic mélange,
and Cretaceous flysch development is evident in the
Jadar Block (FILIPOVIC et al. 2003).

In the Jadar Block, the deposition occurred during
the Variscan and Early Alpine evolution with a predo-

mination of Dinaridic featu-
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190 km The Komiri¢ Section is lo-
cated on the north side of the
Valjevo—Loznica road, in the
Komiri¢ Village, on the south-
ern slope of the Vlasi¢c Mt.
(GPS coordinates x 4918588, y
7985697, Fig. 1). About 78 m
of marine carbonates of Late
Permian and Early Triassic age
are exposed in this site, but
only 19 m of the column were

sampled for microfauna. The
lower part of the outcrop con-

Fig. 1. Location maps of the Komiri¢ Section in NW Serbia, Jadar Block, Vardar
Zone (modified after SUDAR et al. 2007a). A. Terranes of a part of the Balkan Penin-
sula (KARAMATA et al. 2000; KARAMATA 2006): SMU — Serbian-Macedonian Unit;
MVZ — Main Vardar Zone; KBRU — Kopaonik Block and Ridge Unit; VZWB — Var-
dar Zone Western Belt; JB — Jadar Block; DIE — Drina—Ivanjica Element; DOB —
Dinaridic Ophiolite Belt; EBDU — East Bosnian—Durmitor Unit.

sists of 7 m dark grey and
black, massive to thick-bed-
ded bituminous bioclastic li-
mestones belonging to the
“Bituminous Limestone” For-
mation (Fig. 2). Abundant
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foraminifers, algae, ostracodes, conodonts, holothuri-
an sclerites, crinoids, echinoids, brachiopods, gastro-
pods and ophiuroids occur. After a fault, marked with
15 cm-thick breccia, there are 12 m of the thick-to-
thin bedded light grey and grey fine crystalline lime-
stones (wackestones) with stylolites and laminae in
certain levels. Occurrences of dolomitic limestones
are less frequent. These latter limestones contain very
rare indeterminable specimens of ostracodes, forami-
nifers and different parts of echinoids, and belong to
the Svileuva Formation, which in Fig. 2 represent
only 5.5 m of the column.

Ostracode fauna

Nine samples from the Changhsingian (Late Permi-
an), processed for conodont study by 15-17 % acetic
acid digestion, gave a poorly preserved ostracode fau-
na. However, it is the first time that ostracodes of this
age have been discovered in Serbia and it is an impor-
tant step in the knowledge of the distribution patterns
of Upper Permian ostracodes.

Thirty eight species, including three new ones,
belonging to 18 genera were distinguished: Oligani-
sus? sp. 1, Knoxiella vardarensis n. sp., Indivisia cf.
pelikani KozUr, 1985, Indivisia cf. symmetrica Ko-
ZUR, 1985, Knightina sp. 1, Hollinella sp. 1, ?Para-
parchites chenshii CRASQUIN, 2010, Bairdia deweveri
CRASQUIN, 2010, Bairdia cf altiarcus CHEN, 1958,
Bairdia cf. bassoni CRASQUIN, 2010, Bairdia cf. dewe-
veri CRASQUIN, 2010, Bairdia cf. gaelleae CRASQUIN,
2010, Bairdia cf. paussi CRASQUIN, 2010, Bairdia sp.
1, Bairdia sp. 2, Bairdia? sp. 3, Bairdia sp. 4, Bairdia
sp. 5, Orthobairdia cf. lilinensis CHEN, 2002, cf.
Bythocypris hongyanensis WANG, 1978, Liuzhinia sp.
2, Liuzhinia? sp. 1, Paramacrocypris schallreuteri
Kozur, 1985, Paramacrocypris? sp. 1, Paramacrocy-
pris? sp. 2, Pseudobythocypris sp., Bairdiacypris cf.
caeca SHI, 1987, Pseudorayella hungarica KOZUR,
1985, Pseudorayella sp. 1, cf. Silenites zhejiangensis
FoREL, 2010, Silenites? sp. 1, Acratia serbianella n. sp.,
Acratia visnyoensis KOzZUr, 1985, Acratia? sp. 1, Acra-
tia sp. 2, Basslerella jadarensis n. sp., Cavellina sp. 1,
and Sulcella suprapermiana Kozur, 1985. Most are in
open nomenclature due to their bad preservation and no
internal features were observed. Only the new species
are described. All the species are figured (Plates 1 and
2). The species distributions are given in Fig. 2.

The collection of ostracodes is deposited in Depart-
ment of Palaeontology, Faculty of Mining and Geolo-
gy, University of Belgrade, Belgrade, Serbia under the
numbers from MS 1203/1.01 to MS 1186/1.61, corre-
sponding to certain samples in the collection of MiLAN
SUDAR.

SEM photographs were prepared at the Pierre et
Marie Curie University, Micropaleontology Laborato-

ry (Paris).

Abbreviations: L2: median lobe; S2: median sul-
cus; L3: posterior lobe; DB: dorsal border; AB: ante-
rior border; VB: ventral border; PB: posterior border.

Class Ostracoda LATREILLE, 1806

Subclass Podocopa MULLER, 1894

Order Palacocopida HENNINGSMOEN, 1953

Suborder Kloedenellocopina ScotT, 1961
Superfamily Kloedenelloidea ULRICH & BASSLER, 1908
Family Geisinidae SOHN, 1961

Genus Knoxiella EGEROV, 1950
Type species. Knoxiella semilukiana EGEROV, 1950

Knoxiella vardarensis n. sp.
PL 1, figs. 3-6

Derivation of the name. From the Vardar Zone,
where the Jadar Block and the type locality are located.

Holotype. One complete male carapace figured on
PIL 1, fig. 3; collection number MS 1181.21.

Paratype. One complete male carapace figured on
PI 1, fig. 4, collection number MS 1186/1.39.

Type locality. Komiri¢ Section, Komiri¢ Village,
southern slope of the Vlasi¢ Mt., NW Serbia.

Type level. Bed 2, sample MS 1181, 3.80 m at the
base of the “Bituminous Limestone” Formation
exposed in the Komiri¢ Section, uppermost Permian,
Changhsingian.

Material. 3 complete and 1 broken carapaces.

Diagnosis. A species of Knoxiella with a blade
ridge on L3.

Description. Carapace subrectangular with straight
DB; AB regularly rounded with maximum curvature
located at mid height; VB regularly rounded; PB with
medium radius of curvature and maximum convexity
located at the upper third of height; ACA = 140-145°;
PCA= 130-135°; free margins flattened; L2 poorly
expressed; S2 deep, with lower part located between
upper third and mid height; L3 large and clearly mark-
ed with a ridge in blade form on the dorsal part, its
upper part extends beyond DB; maximum of height
located between the anterior third and mid length; no
secondary ornamentation observed. Sexual dimor-
phism expressed by a thickening of posterior part of
the carapace in heteromorphs. RV overlaps slightly
LV on free margins

Remarks. Knoxiella vardarensis n. sp. has the
same outline as Knoxiella infirma SHi, 1982 from the
Late Permian of South China and Turkey (CHEN & SHI
1982; CRASQUIN-SOLEAU et al. 2004). Here, the free
margins are more flattened and there is a ridge on the
dorsal part of L3. A similar ridge is present in some
Sargentina species, such as Sargentina pamucakensis
CRASQUIN-SOLEAU, 2004 or Sargentina transita (Ko-
ZUR, 1985), but the overlap, of course, differs com-
pletely between Knoxiella and Sargentina.
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Size. L =450-575 pm, H = 285-325 um.

Occurrence. Latest Permian, Changhsingian, up-
permost part of the “Bituminous Limestone” Forma-
tion; Komiri¢ Section, Jadar Block, Vardar Zone, NW
Serbia; samples MS 1181, MS 1184, and MS 1186/1
(see Fig. 2).

Order Podocopida MULLER, 1894
Suborder Podocopina SARS, 1866
Superfamily Bairdioidea SARS, 1887
Family Acratiidae GRUNDEL, 1962

Genus Acratia DELO, 1930
Type species. Acratia typica DELO, 1930

Acratia serbianella n. sp.
PL 2, figs. 10-13

72004 Acratia n. sp. 1. - CRASQUIN-SOLEAU, S., MARCOUX,
J., ANGIOLINI, L., RicHOZ , S., NICORA, A., BAUD, A.
& BERTHO, Y, p. 286, pl. 3, figs. 25-26.

Derivation of the name. From Serbia, where the
type locality is located.

Holotype. One complete carapace figured on Pl. 2,
fig. 10; collection number MS 1203/1.09.

Paratype. One complete carapace figured on Pl. 2,
fig. 11, collection number MS 1203/1.10.

Type locality. Komiri¢ Section, Komiri¢ Village,
southern slope of the Vlasi¢ Mt., NW Serbia.

Type level. Bed 1, sample MS 1181, 1.5 m at the
base of the “Bituminous Limestone” Formation ex-
posed in the Komiri¢ Section, uppermost Permian,
Changhsingian.

Material. 4 carapaces.

Diagnosis. An elongated species of Acratia with a
reversed overlap and a large radius of curvature at AB.

Description. Carapace elongated (H/L = 0.33-0.38);
RV overlaps LV; overlap weak all around the carapace
with the maximum at VB; AB with quite large radius
of curvature for the genus; AVB straight and horizon-
tal; acratian beak clear but not pronounced; VB slight-
ly convex to straight on the RV, straight to gently con-
cave on the LV; PB tapering; PDV and ADB straight
on both valves; carapace thin, biconvex with a maxi-
mum of width at mid L.

Remarks. Acratia symmetrica Hao, 1992 and Ma-
crocypris cf. menardensis HARLTON sensu SHI &
CHEN, 1987 have the same reversed overlap but have
a different outline. Acratia oliverifera CHEN sensu
Hao, 1994 (the species figured by HA0 (1994) is not
A. oliverifera CHEN, 1958) has a similar outline but
here the acratian beak is less pronounced. Acratina
goemoeryi Kozur, 1970 from the Upper Anisian is the
closest species but has a straighter DB and a smaller
radius of curvature at AB. Acratia n. sp. 1 sensu
CRASQUIN et al. 2004 from the Upper Permian of

Turkey (Western Taurus) is questionably included in
the new species. The uncertainty comes from the fact
that the Turkish specimens are not so well preserved.
Size. L = 660—730 um, H = 260-280 um.
Occurrence. ? Late Permian, Wuchiapingian, Pa-
mucak Formation, Ciiriik dag section, Western Tau-
rus, Turkey; latest Permian, Changhsingian, upper-
most part of the “Bituminous Limestone” Formation,
Komiri¢ Section; Jadar Block, Vardar Zone, NW Ser-
bia; samples MS 1203/1 and MS 1203/3 (see Fig. 2).

Superfamily Cytheroidea BAIRD, 1850
Family Cytherideidae SARs, 1925

Genus Basslerella KELLETT, 1935
Type species. Basslerella crassa KELLETT, 1935

Basslerella jadarensis n. sp.
Pl. 2, figs. 2024

Derivation of the name. From the Jadar Block
(NW Serbia) where the type locality is located.

Holotype. One complete carapace figured on Pl. 2,
fig. 20; collection number MS 1203/1.05.

Paratype. One complete carapace figured on Pl. 2,
fig. 21, collection number MS 1203/2.13.

Type locality. Komiri¢ Section, Komiri¢ Village,
southern slope of the Vlasi¢ Mt., NW Serbia.

Type level. Bed 1, sample MS 1203/1, 1.5 m at the
base of the “Bituminous Limestone” Formation
exposed in the Komiri¢ Section, uppermost Permian,
Changhsingian.

Material. 12 complete carapaces and 1 broken one.

Diagnosis. A species of Basslerella with a relative-
ly high carapace (H/L = 0.72), small radius of curva-
ture at AB and straight DB.

Description. Carapace relatively high (H/L = 0.72);
DB straight at RV and convex at LV; AB rounded with
a quite small radius of curvature and a maximum con-
vexity located at the lower third of H; VB nearly
straight; PB relatively angular with postero-dorsal
part quite vertical; maximum H located a little anteri-
or of mid-L; LV overlaps RV all around the carapace;
dorsal view biconvex with a maximum thickness
located in the posterior part.

Remarks. Basslerella annesophieae CRASQUIN,
2010 from the Early—Late Permian of South China
and South Alps is quite close to the new species but
has an AB with a larger radius of curvature.

Basslerella firma KELLETT, 1935 and B. obesa KEL-
LETT, 1935 from the Early Permian of Kansas (USA;
KELLETT 1935) both have a more elongate carapace
(H/L = 0.60) and a more narrowly rounded AB.

Size. L = 315-675 pm, H = 235-425 um (Fig. 3).

Occurrence. Latest Permian, Changhsingian, upper-
most part of the “Bituminous Limestone” Formation;
Komiri¢ Section, Jadar Block, Vardar Zone, NW Ser-
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Fig. 3. Height/length diagram of Basslerella jadarensis n. sp.

bia; samples MS 1203/1, MS 1203/2, MS 1181, MS
1183, MS 1184, MS 1186/1 and MS 1203/3 (see Fig. 2).

Comments on the ostracode fauna

Three species present here are known in other areas.
Acratia visnyoensis Kozur, 1985 is known in the
Wuchiapingian, the late Permian of the Biikkk Mountains
in Hungary (Kozur 1985), in the Wordian—Wuchiapin-

Families/superfamilies repartition

gian of western Taurus, Turkey, (CRASQUIN-SOLEAU et
al. 2004) and in the Changhsingian, Late Permian of the
Meishan Section, Zhejiang Province, South China.

Bairdia deweveri CRASQUIN, 2010 occurs in the late
Changhsingian of the Dolomites, Italy (CRASQUIN et
al. 2008) and of the Meishan Section, South China
(CRASQUIN et al. 2010).

?Paraparchites chenshii CRASQUIN, 2010 is known
from the latest Changhsingian of the Meishan Section
in South China (CRASQUIN ef al. 2010). The presence
of these three common species demonstrates the pa-
laeobiogeographical links between south-eastern, cen-
tral and northern parts of the Palaeo—Tethys during the
Late Permian.

Ostracodes are predominantly benthic inhabitants
and, therefore, reflect sea-floor conditions. Different
families had specific palaeoecological preferences.
All the forms recognized here are characteristic of
intertropical warm waters. Almost all specimens are
represented by closed carapaces. This indicates limit-
ed transport and/or burial in a soft substratum
(OEerTLI 1971). Such preferences of the Late Palaeo-
zoic—Early Triassic ostracode families may be sum-
marized as follow (LETHIERS 1982; MELNYK & MAD-
DOCKS 1988):

— internal zone with variati-
ons of palaeoenvironmental

conditions (bathymetry, salini-

ty), Kloedenelloidea, Kirkby-

oidea, Hollinoidea (group 3 in
Fig. 4);

— median zone with euryha-

line environments in shallow to

very shallow waters: Parapar-
chidoidea, Cytherideidae, Ca-
vellinoinidae (group 2 in Fig. 4);

— external zone, open carbo-

nate environments with normal
salinity: Bairdioidea (group 1

in Fig. 4).

The respective percentages
of the three groups are present-
ed in Fig. 4. This representation

shows that all the assemblages

analysed here are, on the who-

le, typical of a platform envi-

ronment with a depth of less

1186/1 l l ‘ 1 l l l [2]3 |4|
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100 than 50-100 m. Four levels
contain ostracode assemblages
that group three families, which
testify to a more internal zone
(samples MS 1203/1, MS 1181,
MS 1184 and MS 1186/1).

5 Kloedenelloidea
6 Hollinoidea
7 Kirkbyoidea
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Pe3ume

TI'opwonepMmcku ocTpakoau Jagapckor
osi0ka (Bapaapcka 3ona, C3 CpoOuja)

Mehy cennMeHTHMA TIEpMCKe U TPHjacKe CTapOCTH,
BEOMa PacHpOCTpameHuM y 00macTu Jagapckor O6roka
(C3 Cpbwuja), HAPOUUTO Cy HMHTEPECAHTHH OHHU KOjU
MIpUTIa/Iajy TPaHUIHOM MHTepBainy nepM—rtpujac (P-T).
[IpencraBibeHN Cy IUIMTKOBOIHUM MapWHCKHAM Kap-
OoHaTMMa y KOjuMa Cy MPHUCYTHE cHenu(uIHe aco-
nujanuje pocuna jenumactBeHe y CpOuju. AMOHUTH
HUCY Hal)eHH, a cTeHe OOWITyjy pazIUYuTHM TOp-
HOTIEPMCKUM MaKpO M MHKpoacolyjarijama (opaxu-
OTIO/M, WIKOJbKE, IMyXeBHW, anre, (popamuHuUbEpH H
Ip.), JOK CYy MHKPO(OCHIHE acolHjaldje JOmOTPH-
jacke CTapoCTH CHpPOMAIIIHE, U YIIIABHOM Cy TpECTa-
BJbeHE (hopaMHUHHU(PEpUMa U OCTpaKOIUMA.

Jeman on nmokamuTeTa Ha KOM Cy ONpoOOBaHU WU
eTaJbHO TAJCOHTOJOIIKHA, OMOCTpaTHTpadCKu H
cequMeHTOIOMKH o0pahenn cenumentn P-T uaTep-
Baja je y cemy Komupuh. Cty0 ce Hanma3m Ha ceBepHO]j
cTpaHu nyta BasreBo—Jlo3HMIIa, Ha jy>)KHUM TTaguHa-
Ma rutanrHe Brammh (x 4918588, y 7985697). eOrpune
je oko 78 m, amm je camo 19 m y3opkoBaHO 300T
MuKpodayre. Y nomeM Aeny cryba nedspnHe 7 m cy
TaMHO CHBH W I[PHH, €0EN0 CI0jeBUTH O MAaCHBHH
OMOKIIACTUYHN Kpeudmaly ¢opmaruje ,,0nTyMHUHO-
3HHX Kpeumaka' ropmer nepma. O6miyjy hopaMuHu-
¢depuma, anrama, OCTpakonMMa, KOHOIOHTHMA, KPH-
HOMJIMMa, exuHouAnMa u aAp. Cienu pacen MapKupaH
opeuom nmebspuHE 15 cm, ma 12 m cuBux meberno 1o
TaHKO YCIJIOj€HHX, CIIOPAINYHO JJAMUHUPAHUX (PHHO-
KpHCTaJIaCTHX Kpeumaka ca cruionuTuMma (wacke-
stones) M ca PEeTKHMM HEOAPENJbHBHM OCTPAKOAMMA
kao u (opamuHHU(pEpHMa TOEKOTPHjaCKE CTAPOCTH
¢dopmanmje Cruneyse.

Cry6 je y mouerHo] (a3m HCTpakwBaH pagu
onpehrBama KOHOMOHATA KapakTepucTHIHUX 3a P-T
uaTepBai. KacHujum m3yyaBamrMa HaljeHa je ¢opa-
MUHHG(EPCKa W OCTpakoacka (hayHa TOPH-OIIEPMCKE
crapoctd. Hanazak octpakoga, U APYruX HaBEIEHUX
MUKpo(docHiIa, U3 TOpmEr MepMa Ha OBHM IPOCTO-
puMma je jennHCTBeH y 1enoj CpOuju Kao M 'y eHTpal-
HOM JIeNTy bajkaHCKOT MOITyoCTpBa.

[ocneamum nctpakuBamuma yTBphero je 38 Bp-
cra ocrpakoma (mel)y mmma cy 3 HOBe) Koje Cy
cepcrane y 18 pomosa. Kako cy gerepmuHHCaHu 00-
JUIM YTIIABHOM JIOIIE OYYBaHHW, V pamy Cy OIHCaHe
caMmo HOBe Bpcte: Knoxiella vardarensis n. sp., Acra-
tia serbianella n. sp. n Basslerella jadarensis n. sp.
Tpu Bpcre: Acratia visnyoensis KOZUR, Bairdia de-
weveri CRASQUIN U ?Paraparchites chenshii CRASQU-
IN Ccy MTO3HATe U y JPYTUM 00JIaCTHMA a MPECTaBIbhajy
najxeoonoreorpacKy Be3y ca jyrOMCTOYHUM, IIEH-
TPaJIHUM U CeBepHUM JenoBumMa llaneorernca Tokom
Hajmmaher mepma. McutrBanu octpakoam cy TIpeo-
Biahjyjyhe OEHTOCKHM OpraHW3MH, KapaKTePUCTUIHH
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3a MeljyTporicke ToIuie BOJE, W TPEINCTaBJbEHU CY
MpUMepIFIMa ca 3aTBOPEHUM Karmuma. To ymyhyje Ha
3aKJby4aK Jla Cy KPaTKO TPAHCIOPTOBAHW W/WIH CY
OmIM TOXpameHH Yy MeKoj momiodu. Mcnurtupane
TOPHOTIEPMCKe-TOHOTPHjacKe OCTPaKOACKe (haMITH-
j€ ce MOTY CBPCTaTH Y: UHMEPHY 30HY TIPOMEHIBUBHX
ycioBa maneocpennHe (AyOWHa, CAJIMHUATET) KOjoj
npunanajy: Kloedenelloidea, Kirkbyoidea, Hol-

linoidea (rpyma 3 Ha ci1. 4), cpedr)y 30Hy eyXanuHCKE
CpelMHe IUIMTKUX 10 Bpio TuMTKuX Boxa (Para-
parchitidea, Cytherideidae, Cavellinoidea, rpyma 2 Ha
ci1. 4) u excmepHy 30Hy OTBOPEHO KapOoHaTHe
cpenwHe HopManHoT canuHuTeTa (Bairdiidae, rpyma 1
Ha ci. 4). AHanmusupajyhu cBe Tpu Tpyne y HeTHHH
cMaTpa ce Jia Cy THIUYHE 3a TIaTGOpMHY CpeIuHy
nyonHe Mame ox 50-100 m.
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PLATE 1

Ostracodes from the Komiri¢ Section, Jadar Block, Vardar Zone, NW Serbia; uppermost part of the “Bituminous
Limestone” Formation, uppermost Permian, Changhsingian. Scale bars represent 100 pm.

Figs. 1, 2. Oliganisus? sp. 1. 1. Left lateral view of a complete carapace; MS 1183.25. 2. Right
ateral view of a complete carapace; MS 1186/1.41.

Figs. 3-6. Knoxiella vardarensis n. sp. 3. Holotype, left lateral view of a complete carapace; MS
1181.21. 4. Paratype, left lateral view of a complete carapace; MS 1186/1.39. 5. Left
lateral view of a complete carapace; MS 1184.27. 6. Left lateral view of a broken cara-
pace; MS 1186/1.40.

Fig. 7. Indivisia cf. symmetrica Kozur, 1985. Left lateral view of a complete carapace;
MS 1186/1.42.

Fig. 8. Indivisia cf. pelikani Kozur, 1985. Left lateral view of a complete carapace; MS
1203/3.14.

Fig. 9. Knightina. sp. 1. Left lateral view of a complete carapace; MS 1186/1.55.

Figs. 10, 11.  Hollinella sp.10. Left lateral view of a damaged carapace; MS 1186.35. 11. Left later-
al view of a damaged carapace; MS 1181.18.

Fig. 12. ?Paraparchites chenshii CRASQUIN, 2010. Left lateral view of a complete carapace;
MS 1186/1.57.

Fig. 13. Bairdia cf. altiarcus CHEN, 1958. Right lateral view of a complete carapace; MS
1184.28.

Fig. 14. Bairdia cf. bassoni CRASQUIN, 2010. Right lateral view of a complete carapace; MS
1186/1.49.

Fig. 15. Bairdia cf. deweveri CRASQUIN, 2010. Right lateral view of a complete carapace; MS
1186.37.

Figs. 16, 17.  Bairdia cf. gaelleae CRASQUIN, 2010. 16. Right lateral view of a complete carapace;
MS 1186/1.45. 17. Right lateral view of a broken carapace; MS 1184.32.

Fig. 18. Orthobairdia cf. lilinensis CHEN, 2002 (in SHI & CHEN, 2002). Right lateral view of a
damaged carapace; MS 1181.17.

Fig. 19. Bairdia cf. paussi CRASQUIN, 2010. Right lateral view of a complete carapace;
MS 1186/1.50.

Figs. 20-22.  Bairdia deweveri CRASQUIN, 2010. 20. Right lateral view of a quite complete carapace;
MS 1186/1.43. 21. Right lateral view of a broken carapace; MS 1186/1.44. 22. Right
lateral view of a complete carapace; MS 1184.31.

Fig. 23. Bairdia sp. 1. Right lateral view of a complete carapace; MS 1183.22.

Fig. 24. Bairdia sp. 2. Right lateral view of a complete carapace; MS 1186/1.51.

Fig. 25. Bairdia? sp. 3. Right lateral view of a complete carapace; MS 1186.38.

Fig. 26. Bairdia sp. 4. Right lateral view of a broken carapace; MS 1185.33.

Fig. 27. Bairdia sp. 5. Right lateral view of a complete carapace; MS 1181.16.

Fig. 28. cf. Bythocypris hongyanensis WANG, 1978. Right lateral view of a complete carapace;
MS 1186/1.53.

Fig. 29. Liuzhinia sp. 2. Right lateral view of a complete carapace; MS 1185.34.

Fig. 30. Liuzhinia? sp. 1. Left lateral view of a complete carapace; MS 1186/1.56.

Fig. 31. Paramacrocypris schallreuteri Kozur, 1985. Right lateral view of a damaged cara-

pace; MS 1181.19.
Fig. 32. Paramacrocypris? sp. 1. Right lateral view of a complete carapace; MS 1181.20.
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Ostracodes from the Komiri¢ Section, Jadar Block, Vardar Zone, NW Serbia; uppermost part of the “Bituminous

PLATE 2

Limestone” Formation, uppermost Permian, Changhsingian. Scale bars represent 100 pm.

Fig. 1.
Fig. 2.
Fig. 3.

Fig. 4.

Figs. 5, 6.

Figs. 7, 8.

Fig. 9.

Figs. 10-13.

Figs. 14-17.

Fig. 18.
Fig. 19.

Figs. 20-24.

Fig. 25.

Figs. 26-29.

Paramacrocypris? sp. 2. Right lateral view of a complete carapace; MS 1186/1.46.
Pseudobythocypris sp. Right lateral view of a complete carapace; MS 1186/1.58.

Bairdiacypris cf. caeca SHi, 1987. Right lateral view of a complete carapace; MS
1186/1.52.

Pseudorayella hungarica Kozur, 1985. Right lateral view of a complete carapace; MS
1203/3.15.

Pseudorayella sp. 1. 5. Right lateral view of a complete carapace; MS 1186/1.59.
6. Right lateral view of a complete carapace; MS 1186/1.60.

cf. Silenites zhejiangensis FOREL, 2010 (in CRASQUIN et al. 2010). 7. Right lateral view
of a complete carapace; MS 1184.29. 8. Right lateral view of a complete carapace; MS
1184.30.

Silenites? sp. 1. Right lateral view of a complete carapace; MS 1186/1.61.

Acratia serbianella n. sp. 10. Holotype, left lateral view of a complete carapace; MS
1203/1.09. 11. Paratype, right lateral view of a complete carapace; MS 1203/1.10.
12. Right lateral view of a complete carapace; MS 1203/1.11. 13. Dorsal view of a
complete carapace; MS 1203/1.12.

Acratia visnyoensis KOZUR, 1985. 14. Left lateral view of a complete carapace; MS
1203/1.01. 15. Left lateral view of a complete carapace; MS 1203/1.02. 16. Dorsal
view of a complete carapace; MS 1203/1.03. 17. Dorsal view of a complete carapace;
MS 1203/1.04.

Acratia? sp. 1. Right lateral view of a complete carapace; MS 1186/1.47.
Acratia sp. 2. Right lateral view of a broken carapace; MS 1186/1.48.

Basslerella jadarensis n. sp. 20. Holotype, right lateral view of a complete carapace;
MS 1203/1.05. 21. Paratype, right lateral view of a complete carapace; MS 1203/2.13.
22. Left lateral view of a complete carapace; MS 1203/1.06. 23. Dorsal view of a com-
plete carapace; MS 1203/1.07. 24. Dorsal view of a complete carapace; MS 1203/1.08.

Cavellina sp. 1. Left lateral view of a complete carapace; MS 1186/1.54.

Sulcella suprapermiana KozUr, 1985. 26. Left lateral view of a complete carapace;
MS 1184.26. 27. Left lateral view of a complete carapace; MS 1183.23. 28. Right lat-
eral view of a complete carapace; MS 1186.36. 29. Dorsal view of a complete cara-
pace; MS 1183.24.
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The age of the Dinaride Ophiolite Belt — derived olistostrome
mélange at the northern slope of Moracka Kapa (Montenegro)

MARKO D. ERCEGOVAC!

Abstract. This paper presents the first results of a palynological investigation of the Dinaride Ophiolite
Belt — derived olistostrome mélange at the northern slope of Moracka Kapa (Montenegro). The analysis of
microfloral association provided a reconstruction of the Late Jurassic sedimentation conditions and
depositional environment in the Morac¢a Kapa Unit. The samples (8) collected from the different parts of
ophiolite matrix yielded palynomorph assemblages (fossil spores, pollen grains and dinoflagellates) of the
Upper Jurassic age. The uppermost part of the ophiolite suite on the presented palynomorphs could also
indicate the lowermost Lower Cretaceous. These palynological results provide a very interesting framework
of these widespread, but poorly stratigraphically understood sediments. The paleoecological results suggest
humid and subtropical conditions in the hinterland.

Key words: palynomorphs, age, ophiolite mélange, Upper Jurassic, Moracka Kapa, Montenegro.

AncrpakT: Y paay ce npukasyjy IpBU pe3yiTaTH MaJMHOJOIIKUX UCIHTHBamba J{uHapuiackor oduoint-
cKor mojaca Ha mpoctopy Mopauke Kare (L{pua ['opa). AHanuza MuUKpodQIOpUCTHYKE acoldjaruje oMoryhuia
j€ PEKOHCTPYKIIH]y YCJIOBa CeAMMEHTAIIM]jE Y TOPH0j JypH Y jenunuiu Mopauka Kama. Y3opuu (8) motuuy u3
Pa3IMUUTHX JIeI0Ba OHUOINTCKOT MeJlaHXKa caJpke acouujanujy nainHomopdu (dpocwiiHe criope, HOJIEH U
nuHO(IIarenare) Koja ykasyje Ha TOpHOjypcKy crapocT. Hajpumm neo oduomuTckor cryda Ha OCHOBY
NPUCYTHUX MATMHOMOp®a Morao O MPUIAATH U HAjHIKUM JeJIoBUMa Tomke kpeae. Cyaehn no kapakrepy
MHKpOQIIOpe MOXKe ce 3aKJbYUYHTH 2 je KJIMMa y BpeMe TOpie jype Oria BllayKHa U CyOTpOIICKa.

Kibyune peun: nanmunomopde, crparurpaduja, ohpHOIUTCKU MENamxK, Topba jypa, Mopauka Kamna, Lpaa ['opa.

Introduction

The Moracka Kapa Unit is located between the
Mesozoic cover overlying the Adria-derived Dalma-
tian-Herzegovinian composite terrane and the East Bo-
snian—Durmitor terrane which continues towards the
southeast to the Korab terrane. It is composed of frag-
ments to blocks (up to few decameters is size) of lime-
stones, sandstones, basalts and serpentinites, all set in a
shaly and marly matrix. It is very similar to the Jurassic
olistostrome mélange of the Dinaride Ophiolite Belt,
formerly named the Diabase-chert formation. The Mo-
racka Kapa unit represents an isolated part of the detrial
subduction trench assemblage of the western margin of
the Dinaride Ophiolite Belt (KARAMATA et al. 2010).

The purpose of this study is to present the micro-
floral characteristics of the Upper Jurassic sediments
(ophiolite mélange) with special emphasis on their
stratigraphic position, correlation with other similar

palynological assemblages in Serbia and aboard and
their geodinamic implications.

The Moracka Kapa Unit was first mentioned by
KALEZIC et al. (1966). Given that the position of the
unit is absolutely strange in this surrounding, its
geological properties and stratigraphic position de-
serve a special our attention. All the field work,
petrographical investigation of selected samples, pale-
ontological investigation and trace element analysis
were coordinated by S. KARAMATA.

Experimental
Samples
The palynological studies (spores, pollen grains

and dinoflagellates) were performed on 8 represen-
tative samples collected from an outcorp in the Mora-

I Serbian Academy of Sciences and Arts, Knez Mihailova 35, 11000 Belgrade, Serbia. E-mail: merc@ptt.rs
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¢a Kapa ophiolite mélange in the valley of the Moraca
River (Dragovi¢a Polje, Velje Duboko, Montenegro;
Fig. 1). The samples from the matrix in Moraca
ophiolite mélange were collected during earlier field
works by S. KARAMATA and M. PAjovi¢, who studied
these localities in great petrological and geological
detail. Figure 1 shows the location of the exposed
surface, which was discovered at Dragovi¢i Polje and
the position of the investigated samples.

Methods and aims

About 200 grams of each sample were taken for
maceration. Palynomorphs were observed on isolated
kerogen concentrates from different rock samples. The
samples were initially treated with the classical 30 %
HCL (removal of carbonate) and later with 40 % HF
(3-5 days) to remove siliceous matter. Subsequently,
the material was washed and submitted to separation
(ZnCly; d = 1.9-2.0 g/cm?).

Occasionally, the separated ke-
rogen concentrate was also
treated to conditional aceto-
lysis and oxidation for about
three days (NaCl+HNOjs;
KCIO;+HNOj;; the staining
efect on exines; ERCEGOVAC,
1996). Afterwards the material
was again subjected to repeat-
ed washing to remove all traces
of the acids. The macerated de-
tritus was finally treated with
10 % KOH to dissolve the hu-
mic substances and clear the
palynomorphs.

Some of the most signifi-
cant and well preserved paly-
nomorphs are illustrated on
the Plates I-III. The prepared
slides and the original rock
samples are kept in the Paly-

Fig. 1. The geographical position of the sampling points at Dragovi¢i Polje.

Palynological investigations are performed on the
samples that were taken from the sequences without
any other microfossils. Due to the lack of ammonites
and other macro-fossils, stratigraphic control was not
possible for the investigated succession.

Details of the samples labeled with the numbers are
as follows: 2347 (Mm-1: Moraca, elevation 674,
x—4 747 995, y — 6 607 355); 2348 (Mm-2: Starce,
north from the elevation 890, x —4 746 975, 6 607 180);
2349 (Mm-3: StarCe, north from the elevation 890,
x—4746 975,y —6 607 180); 2350 (Mm-4: Starce, north
from the elevation 890; x — 4 746 895, y — 6 607 095);
2351 (Mm-5: StarCe, north from the elevation 890,
x—4746 800, y—6 607 030); 2352 (Mm-6: Starce, south
from the elevation 890, x — 4 746 760, y — 6 607 130)
and 2353 (Mm-7: StarCe, south from the elevation
890; x — 4 746 750, y — 6 607 185, Fig. 1).

It also should be mentioned that samples for petro-
logic investigations, labeled as: Mp-1/1, Mp-1/2, Mp-
2/1, Mp-2/2, Mp-3 and Mp-4, originated ftom the same
localities. They are composed of fragments to blocks of
limestones, cherts sandstones, basalts and serpentinites,
all set in a shaly and matrix (KARAMATA ef al. 2010).

nological Laboratory of the
Faculty of Mining and Geolo-
gy, Belgrade.

Systematic palynology and
biostratigraphic character of the
palynomorph association

Spores, gymnosperm pollen grain and dinofla-
gellate types identified in the Upper Jurassic (Kim-
meridgian; the Lowermost Cretaceous is not exclud-
ed) Moraca ophiolite mélange (Fig. 1) are listed
below. The spores and pollen grains reported in the
present paper were treated under the morphographic
system of R. POTONIE (1956, 1958, 1960).

Anteturma SPORITES H. PoTonIE, 1893
Turma TRILETES (REINSCH) DETTMANN, 1963
Subturma AZONOTRILETES (LUBER) DETTMANN,
1963
Infraturma LAEVIGATI (BEnNIE & KiDSTON) R.
POTONIE, 1956
Genus Cyathidites COUPER, 1953
Cyathidites australis COUPER, 1953 (PL 1,
Fig. 1)
Cyathidites minor COUPER, 1953 (PL. 1, Fig. 2)
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Cyathidites cf. mesozoicus (THIERGARTH) R.
Portonig, 1956 (PL. 1, Fig. 3)
Cythidites hausmanoides COUPER, 1953 (Pl. 1,
Fig. 12)
Genus Todisporites COUPER, 1958
Todisporites minor COUPER, 1958 (Pl. 1, Fig. 5)
Genus Deltoidospora (MINER) R. POTONIE, 1956
Deltoidospora cf. mesozoica (THIERGART)
ScHURMAN, 1960 (P1. 1, Fig. 4)
Genus Biretisporites DELCOURT, DETTMANN and
HUGHES, 1963
Biretisporites potoniaei DELCOURT and SPRU-
MONT, 1955 (Pl1. 1, Fig. 23)

Infraturma APICULATI (BenNIE & KIDSTON) R.
PoTONIE, 1956

Genus Osmundacidites COUPER, 1953
Osmundacidites cf. wellmanii COUPER, 1953
(PL. 1, Fig. 6)

Osmundacidites parvus DE JERSEY, 1965 (PI. 1,
Fig. 24)

Genus Acanthotriletes (NAUMOVA) R. POTONIE and

KREMP, 1955
Acanthotriletes cf. varrispinosus Pocock, 1962
(PL. 1, Fig. 22)

Genus Neoraistrickia R. POTONIE, 1956
Neoraistrickia cf. taylorii PLAYFORD and DET-
TMANN, 1970 (P1. I, Fig.19)

Neoraistrickia sp. (PL. 1, Fig. 20)

Genus Apiculatisporites R. POTONIE and KREMP,

1956
Apiculatisporites cf. parvispinosus (LESCHIK)
E. ScHurz, 1963 (Pl 1, Fig. 18)

Infraturma MURORNATI R. PotoNIE and KREMP,
1954

Genus Lycopodiumsporites (THIERGART) DELCO-
URT and SPRUMONT, 1955
Lycopodiumsporites cf. gristhorpensis COUPER,
1958 (PL 1, Fig. 19)
Lycopodiumsporites cf. clavatoides COUPER,
1958 (PL 1, Fig. 21)

Turma ZONALES (BENNIE and KIDSTON) R. POTONIE,
1956

Subturma AURITOTRILETES R. PotonIE and
KRruTzCH, 1954

Infraturma AURICULATI (ScHOPF) DETTMANN, 1963

Genus Trilites (COOKSON) COUPER, 1953
Trilites cf. distalgranulatus COUPER, 1958 (Pl.
1, Fig. 13)
Trilites cf. verrucatus COUPER, 1958 (Pl. 1, Fig. 14)
Genus Leptolepidites COUPER, 1953
Leptolepidites verrucatus COUPER, 1958 (PL. 1,
Fig. 8)

Leptolepidites sp. (Pl. 1, Fig. 7)

Genus Ischyosporites BALME, 1957
Ischyosporites sp. (Pl. 1, Figs. 9, 10, 11)
Ischyosporites cf. variegatus (COUPER) SCHULZ,
1967 (PL. 1, Fig. 26)

Subturma ZONOTRILETES WaLtz, 1935
Infraturma CINGULATI (R. PortoniE and KLAUS)
DETTMANN, 1963

Genus Cingutriletes PIERCE, 1961
Cingutriletes sp. (Pagyophyllum cf. connivens
KENDALL, 1952 (P1. 1, Fig. 25)

Genus Cingulatisporites (THOMSON) R. POTONIE,

1956
Cingulatisporites cf. rigidus COUPER, 1958 (Pl.
1, Fig. 17)

Genus Staplinisporites COUPER, 1953
Staplinisporites cf. pocookii COUPER, 1953 (PI.
1, Fig. 16)

Infraturma TRICRASSATI DETTMANN 1963

Genus Gleicheniidites (Ross) DELCOURT and
SPRUMONT, 1955
Gleicheniidites cf. senonicus Ross, 1949 (P1. 1,
Fig. 15)
Gleicheniidites cercinidites (COOKSON) DET-
TMANN, 1963

Anteturma POLLENITES R. PoTonIE, 1931

Turma SACCITES ERDTMAN, 1947

Subturma MONOSACCITES (CHTALEY) R. POTONIE
and KrRemp, 1954

Infraturma SACCIZONATI BHARDWAIJ, 1957

Genus Callialasporites (SUKH DEV) R. POTONIE,
1966
Callialasporites dampieri (BALME) SUKH DEV,
1961 (PL 2, Fig. 5)
Callialasporites cf. trilobatus (BALME) SUKH
Deyv, 1961 (P1. 2, Fig. 6)

Subturma DISACCITES CooKksoN, 1947

Genus Vitreisporites LESCHIK, 1955
Vitreisporites cf. pallidus (REISSINGER) NILSSON,
1958 (PL 2, Fig. 7)

Genus Alisporites DAUGHERTY, 1941
Alisporites cf. grandis (COOKSON) DETTMANN,
1963 (PL. 2, Fig. 1)

Genus Abietinaepollenites R. POTONIE, 1951
Abietinaepollenites microalatus R. PoT., 1958
(PL. 2, Fig. 2)

Genus Podocarpidites (COOKSON) R. POTONIE, 1958
Podocarpidites cf. biformis ROUSE, 1954 (P1. 2,
Fig. 4)



40 MARKO ERCEGOVAC

Turma ALETES IBrRAHIM, 1933

Subturma AZONOLETES (LUBER) R. POoTONIE and
KRrEMP, 1954

Infraturma GRANULONAPITI CooksoN, 1947

Genus Araucariacites (COOKSON) COUPER, 1953
Araucariacites australis COOKSON, 1947 (P1. 2,
Fig. 8)

Araucariacites sp. (Pl. 2, Fig. 9)

Genus Sphaeripollenites (COUPER) JANSONIUS, 1962
Sphaeripollenites subgranulatus COUPER, 1958
(Pl. 2, Fig. 13, 14)

Subturma ZONALETES LUBER, 1935

Genus Perinopollenites COUPER, 1958
Perinopollenites elatoides COUPER, 1958 (P1. 2,
Fig. 12)

Turma PLICATES (NaumMova) R. POToNIE, 1958
Subturma PRAECOLPATES R. PoTonNIE and KREMP,
1954

Genus Eucommiidites (ERDTMAN) HUGHES, 1961
Fucommiidites cf. troedssonii ERDTMAN, 1948
(P1. 2, Fig. 10)

Subturma MONOCOLPATES IVERSEN and TROALS-
SMITH, 1950

Genus Gingocycadophytus (SAMOILOVITCH) DE
JERSEY, 1962
Gyngocycadophytus sp. (PL. 2, Fig.19)
Genus Cycadopites (WODEHOUSE) WILSON and
WEBSTER, 1946
Cycadopites sp. (Pl. 2, Fig. 20)
Genus Monosulcites (COOKSON) COUPER, 1953
Monosulcites cf. minimus COOKSON, 1947 (Pl.
2, Fig. 18)

Turma POROSES (Naumova) R. POTONIE, 1960
Subturma MONOPORINES Naumova, 1939

Genus Classopollenites (PFLUG) Pocock and
JANSONIUS, 1961
Classopollenites cf. classoides (PFLUG) Pocock
and JANSoNIUS, 1961 (PL. 2, Fig. 10)

DINOFLAGELLATEAE
Division PIRRHOPHYTA PASCHER, 1914
Class DINOPHYCEAE FritscH, 1929
Order PERIDINIALES HAECKEL, 1894
Genus Escharisphaeridia ERKMEN and SARJEANT,
1980
?Escharisphaerida sp. (Pl. 3, Fig. 5)
Genus Pareodinia (DEFLANDRE) STOVER and
EvitT, 1978

Pareodinia ceratophora var. pachyceras
(DEFLANDRE) GOCHT, 1970 (PL 3, Fig. 2)
Pareodinia cf. arctica WI1GGINS, 1975 (PI. 3,
Fig. 4)
?Pareodinia cf. imbatodinesis VOZHENNIKOVA,
1967 (PL. 3, Fig. 14)
Genus Apteodinium EISENACK, 1958
Apteodinium sp. (Pl. 3, Fig. 3)
Genus Lepdodinium (KLEMENT) STOVER and
EvitT, 1978
Leptodinium cf. eumorphum (COOKSON and
EISENACK) SARJEANT, 1969 (PL. 3, Fig. 8)
Genus Nanoceratopsis (DEFLANDRE) PIEL and
EviTT, 1980
?Nanoceratopsis cf. pelludica (DEFLANDRE)
EvitT, 1961 (PI. 3, Fig. 9)
Genus Indodinium KUMAR, 1986
?Undodinium sp. (Pl. 3, Fig. 10)

INCERTAE SEDIS

Group ACRITARCHA EviTT, 1963
?Epiplosphaera sp. (Pl. 3, Fig. 7)
Tasmanites cf. tardus EISENACK, 1958 (Pl. 3,
Fig. 15)
?Membranolimbus sp. (Pl. 3, Fig. 12)
Penetetrapiites cf. mollis HEDLUND and NOR-
RIS, 1973 (PL. 3, Fig. 13)
Acritarcha gen. et. sp. indet. (Pl. 3, Fig. 6)

Informal division: “PALYNOFORAMINIFERA*
Genus Lagenammina RHUMBLER, 1911
?Lagenammina sp. (PL. 3, Fig. 11)

The palynomorph association from samples 2346,
2347, 2348, 2349 and 2353 are more or less similar in
floral composition. They are presented as a integral
assemblage of pteridophyte spores and conifer pollen,
which was used for stratigraphic and paleoecological
reconstructions. General characters of the presented
palynomorph association can be described as follows:

Trilete pteridophytic spores of Cyathidites austra-
lis, Deltoidospora minor, Trilites cf. verrucatus and
Apiculatisporites sp. are relative frequent in this asso-
ciation. The palynomorph assemblage of the Moraca
area is characterized by the abundant presence of the
genus Cyathidites. These spores correspond to the
plant species Coniopteris, or the families Cyatheaceae
and Dicksoniaceae, which is a general characteristic
of the Late Jurassic, partially of the Lowermost Cre-
taceous deposits in North America and Europe. The
shallow depositional environment is characterized
with dominant ferns (Cyathidites, Ischyosporites,
Deltoidospora, etc.).

The species Licopodiumsporites clavatoides and
other form with typical reticulum on the distal face is
quite infrequent in the presented association. Its pre-
sence, however, has certain biostratigraphic impor-
tance. The common elements of the late Jurassic in this
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assemblage include Ischyosporites variegatus, Perino-
pollenites elatoides and Leptolepidites verrucatus.

The absence of typically Lower Cretaceous ele-
ments (Trilobosporites, Appendicisporites, Cicatrico-
sisporites, Schizosporis, Plicatella, Cooksonites and
others) in investigated samples is very characteristic.
VAKHRAMEEV et al. (1973) believe that the transition
from the Volgian (Tithonian) to the Berriasian (Lo-
wermost Cretaceous) was characterized by the first
occurrence of canaliculate spores of the type Cica-
tricosisporites, whereas in the Indo—European paleo-
floral province the genus Appendicisporites occurs in
the Lower Cretaceous (Valanginian). The biostrati-
graphicaly significant presence of the Upper Jurassic
taxa such as Klukisporites, Callialasporites, Concavi-
sporites, Perinopollenites and Araucariacites, indica-
tes to a Late Upper Jurassic, probably Kimmeridgian
to Tithonian age for the Moraca ophiolite mélange.

The coniferous miospores are represented by
nonsaccate, monosacate and bisaccate elements viz.,
Araucariacites, Classopollis, Callialasporites, Ali-
sporites, Abietinaepollenites, Vitreisporites and Po-
docarpidites. A quantitative analysis the forms of the
microflora from the integral palynological association
showed the different frequencies of the various taxa.
It was concluded that Araucariaceae, Podocarpaceae
and Calliala grains among the Gymnosperms, and
Cyatheaceae, Gleicheniaceae, Lycopodiaceae and Os-
mundaceae among the Pteridophytes represent the
most important families of the Morac¢a microfloral
assemblage. A vegetation of dominating conifers from
the family Araucariaceae and Classopollis group
existed in the land habitatus in the prominent places
on islands, under a then warm climate. The species
Callialasporites dampieri is a representative element
for the middle—upper part of the Mesozoic in Europe,
North America, Australia, China and India.

This assemblage is also characterized by gymno-
spermous pollen grain among which are the forms with
two sacci, such as Quadraeculina, Abietinaepollenites,
Podocarpidites, etc. Of lower abundance are the pollen
grains of the monosaccate coniferales, such as Arau-
cariacites, Callialasporites, Classopollenites, etc. In
addition, there are some monosaccate coniferales, such
as Cerebropollenites, together with a few monocolpate
pollen grains of Ginkgocycadophytus nittidus.

The species Eucommidites troedsonii has been also
recorded from the Moraca assemblages, as a cha-
racteristic species of the young Mesozoic of the North
Hemisphere; Araucariacites australis is distributed in
the Upper Jurassic and Early Cretaceous in China, in
limited numbers, but it is a characteristic species
occurring in great abundance in the Middle Jurassic of
England, Sweden and some others countries in
Northwest Europe.

The Upper Jurassic (mostly Tithonian) in most of
the localities over the world contain dinoflagellates

(Gonyaulax, Pareodinia, Apteodinium, etc.; BERGER
1986; DAVEY 1982) and specific plankton remains
(Acritarcha and [Incertae sedis). The spore-pollen
association of the Moraca contain a low amount of
marine microplankton. Late in the Tithonian, the
phytoplankton content was much lower than in the
Kimmeridgian, while spores and pollen grains of
terrestrial plants are higher. The dynocyst assemblage
reported the Upper Jurassic age of the investigated
samples. The species Gonyaulax jurassica and
Pareodinia ceratophora are scare in lowermost parts
of the Lower Cretaceous Unit. The depositional envi-
ronment is partially marked by the different plankton
forms (Dinoflagellates, Acritarchs and Palynofora-
minifers). The rare appearance of the low preserved
genus Sentusidinium most probable point to the Upper
Jurassic. On the whole the presence of the dynocyst
assemblage predominantly reports the Upper Jurassic
age of the investigated samples.

The microflora described from the ophiolite
mélange of the Moraca shows a remarkable analogies
with the palynological assemblage of the bauxite
deposits at Bio¢ki Stan (north of Niksicka Zupa),
which are located in the southern part of the Dinaric
Carbonate Platform of Montenegro. The mentioned
sedimentary rocks were formed during the Upper
Jurassic—Lowermost Cretaceous (mainly late Kimme-
ridgian; ERCEGOVAC et al. 1996). The assemblages
examinated near the Jurassic—Cretaceous boundary
from the Biocki Stan are characterized by the fol-
lowing: Gleicheniidites senonicus, Allisporites bila-
teralis, Vitreisporites pallidus, Cerebropollenites me-
sozoicus, Inaperturopollenites dubius, Araucariacites
australis, Perinopollenites elatoides, Classopollenites
torosus, Exesipollenites scabrosus, Podocarpidites cf.
ellipticus and Eucommidites troedssonii.

The present palynomorph assemblage of the
Moraca Region bears significant similarities to those
of England (the Sycarham Beds in Yorkshire; COUPER
1958; Norris 1969), Germany (Regensburg—Passau
area, Bavaria; LUND & EckEg 1987), the Netherlands
(BURGER 1966; HERNGREEN et al. 1980), Normandy
(SARJEANT 1968), Sweden (TRALAU 1968), Russia
(Siberia; ILyna 1986), Egypt (El Maghara, north-
central Sinai; ABOUL & ALy 1988), Algero-Tunisian
Sahara (REYRE 1973), North America (SARJEANT
1979), Canada (Pocock 1967, 1970) and India
(SRIVASTAVA 1966).

Some remarks about the palynological
criteria for the recognition of the
Jurassic—Cretaceous boundary in western
Europe

Many references were originally demonstrated that
significant palynologic differences exist between the
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major Jurassic—Cretaceous formations. NORRIS (1969,
1973), BATEN (1973), MORGAN (1980) for example,
recognized three principal microflora assemblages
close to the Jurassic—Cretaceous boundary, as follow:

The microflora of Lower—Middle Thithonian is
very restricted in composition containing only the
following species over and above the background
species: Cyathidites minor, C. australis, Coronatispo-
ra caldensis, Dyctiophydites equiexinus, D. harrisii,
Deltoidospora psilostoma, Osmundacidites wellma-
nii, Lycopodiumsporites austroclavatoides, Klukispo-
rites pseudoreticulatus, Rubinella major, Callialaspo-
rites dampieri, C. obrutus, Classopollis hammenii,
Abietinaepollenites minimus, Cycadopites sp., C. niti-
dus, Eucommidites minor, etc. Some of these species
were of restricted diversity as a consequence of the
offshore marine environment during the Late Jurassic.

The microflora of Upper Tithonian is characterized
by the incoming of Acanthotriletes varispinosus,
Cicatricosisporites purbeckensis, Plicatella abaca,
Deltoidospora rafaeli, Converrucosisporites sp., Lepdo-
lepidites psarosus, Couperisporites complexus, Parri-
saccites radiatus, Sphaeripollenites subgranulatus,
Cycadopites carpentieri, Schzosporites spriggii, etc.

The microflora of Berriasian — the following spe-
cies first appear: Concavisporites juriensis, Sterei-
sporites antiquasporites, Leptolepidites epacrornatus,
Baculatisporites comaumensis, Pilosisporites tricho-
papillosus, Pilosisporites delicatulus, Lycopodimspo-
rites cerniidites, Cicatricosisporites brevilaesuratus,
C. angicanalis, Tripartina sp., Foveosporites canna-
lis, Contignisporites dorsostriatus, Duplexisporites
problematicus, Appendicisporites potomacensis, Tri-
lobosporites bernissartensis, T. apiverrucatus, Denso-
isporites perinatus, Heliosporites sp., Aequtriradites
spinulosus, Januasporites tumulosus, Callialasporites
cf. trilobatus, Marattisporites scabratus, Monosul-
cites cf. minimus, Schizosporis reticulatus, Sch.
parvus, Sigmopollis callosus, etc.

Paleoecological reconstruction

The analysis of spores and pollen grains, also of
dinoflagellate remains, provides for the reconstruction
of land vegetation on the surrounding islands.

The younger Jurassic microflora from the Moraca
area is representative of a typical continental flora of
island archipelagos in the tropical regions of the
Tethys. From the palynological assemblage two main
types of land vegetation were distinguished on the
islands.

a. Wet coastal regions of islands with shallow water
formations were characterized with vegetation of do-
minant ferns (Klukisporites, Deltoidospora and Lyco-
podiacidites) and some seed ferns (Cycadophytes).

b. Prominent areas on the islands had more xero-
phyte flora which is evidenced by the abundance of

conifers (mostly pollen grains of Araucaria and Clas-
sopollis). Macrofloral remains of Bracyphyllum and
Pagiophyllum were not recorded. The presence of
Classopollis pollen indicates their xerophitic nature.
However, the presence of Classopollis pollen can be
related to both arid and humid climates of high littoral
areas. Its occurrence in Mesozoic rocks indicates a
warm climate (VAKHRAMEEV 1970). Similar climatic
conditions are suitable also for plants producing
pollen of Araucariacites and Callialapollenites types;
in many examples, they are found together in Jurassic
and Lower Cretaceous sedimentary rocks. The pre-
sence of the families Gleicheniaceae and Schizaceae
in the Uppermost Jurassic and Lower Cretaceous
indicates humid climate.

c. The depositional environment is also marked by
a sparse form of dinoflagellatae, acritarchs and pa-
lynoforaminifers. As has already been mentioned, the
occurrence of phytoplanktonic — algal remains is
associated with an aquatic environment, which
indicates a great influence of marine sedimentation
conditions during the formation of these sediments.

The palynological assemblage could be used for
consideration concerning the paleoclimate during the
sedimentation of the investigated sequences in the
Moraca area. Transitional tropical-subtropical clima-
tic belts during Upper Jurassic were concluded.

In the Upper Jurassic and Lowermost Cretaceous,
in the stil large Tethys, continental flora of the Tethy-
an phytogeographic realm existed on many archi-
pelagos situated between the south “Laurasian
Phytogeographic Realm* (“Indo-European relm®;
VAKHRAMEEV 1975) in the north and the north
,Gondvana Realm* (African continent) in the south
(BRENNER 1976). Continental floras on archipelagos
in the realm of the west Tethyan intraoceanic
carbonate platforms, at the time were much closer to
the African continent, during the Jurassic and Lower
Cretaceous (,,separate Tethyan phytogeographic
realm*; PANTIC et al. 1983).

Conclusion

Based on the first palynological investigation of the
Moracka Kapa ophiolite mélange (Montenegro), the
conclusions are as follows:

From the possible affinity of the palynomorphs, it
may be deduced that in the Upper Jurassic, the
Moraca area was not rich in floras, which include
Pteridophytes belonging to families such as Lyco-
podiaceae, Selaginellaceae, Osmundaceae, Dicksoni-
aceae, Cyatheaceae, etc. Among the Gymnosperms,
are those plants of Cycadaceae, Ginkgoaceae, Pi-
naceae, Podocarpaceae and Araucariaceae. From the
ecological environment of the parent plants, it was
inffered that this region at that time was under a warm
and humid subtropic to temperate climate.
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All these paleontological data contribute to an
elucidation of the characteristic late Jurassic vege-
tation from the Tethyan phytogeographic province.
The younger Jurassic microflora from Moraca area is
representative of a typical continental flora of island
archipelagos (near shore environment) in the sub-
tropical—tropical regions of the Tethys. The microflora
described is of special paleo- and phytogeographical
interest and shows remarkable analogies with me-
diterranean and south-alpine floras of the Tethys, but
differs from the north-pennine flora, which may b-
elong to the Laurasian floral realm.

Although the palynomorphs assemblage is not
complete, the biostratigraphical analysis of the con-
tained pteridophyte spores, conifer pollen and the
remains of the monadophytic algae Peridineae, allows
the conclusions that the mentioned unit was forming
during the Upper Jurassic (most probably the Kim-
meridgian). The presence of some taxons from the
Lowermost Cretaceous is not excluded. Taking into
account all the mentioned palynological data it was
concluded that the Upper Jurassic age of the Moracka
Kapa Unit coresponds to late phases of the Dinaride
Ophiolite Belt foramation.

The microflora of the obtained palynological
investigation on the Moracka Kapa ophiolite mélange
allows a new consideration in relation to Upper
Jurassic—Lowermost Cretaceous boundary.

The available data concerning the age of the
Moracka Kapa Unit are very important for a new
interpretation of palaeogeographic and geodynamic
events in this part of Tethys during the Upper Jurassic
(KARAMATA et al. 2010).

Acknowledgments

I wish to thank the reviewers POLINA PAVLISHINA (Sofia)
and PLATON TCHOUMATCHENCO (Sofia) for useful discus-
sions and comments that significantly improved the paper.

References

ABOUL ELA, N.M. & ALy, M.F. 1988. Jurassic microflora
from the coal deposits El Maghara, north-central Sinai,
Egypt. Neues Jahrbuch Geologie Paldontologie, Mo-
natheft, 5: 263-277.

BALME, B.E. 1957. Spores and pollen grains from the
Meesozoic of Western Australia. C.S.I.R.O. Australian
Coal Research Section. T.C., 25, 48 pp.

BaATTEN, D.J. 1973. Use of palynologic assemblage-types in
Wealden correlation. Paleontology, 16: 1-40.

BERGER, J.-P. 1986. Dinoflagellates of the Callovian-
Oxfordian boundary of the ,Liesberg-Dorf* quarry
(Berner Jura, Switzerland). Neues Jahrbuch Geologie
Paldontologie Abhandlungen, 172 (3): 331-355.

BURGER, D. 1966. Palynology of Uppermost Jurassic and

Lowermost Cretaceous strata in the easter Netherlands.
Leidse Geologische Mededlingen, 35: 209-276.

COUPER, R.A. 1958. Britisch Mesozoic microspores and
pollen grains. Palaeontographica Abt. B, 103 (4-6):
75-179.

Davey, R.J. 1982. Dinocyst stratigraphy of the latest
Jurassic to Early Cretaceous of the Haldager No. 1,
Denmark. Geological Survey Denmark, Ser. B, 6: 1-56.

ErRcEGOvAC, M., JEREMIC, M. & RaADOICIC, R. 1996.
Stratigraphic column above bauxite at Biocki Stan,
Montenegro. Geoloski anali Balkanskoga poluostrva, 60
(2): 99-122.

FiLATOFF, J. 1975. Jurassic palynology of the Perth Basin,
Western Australia. Palaeontographica, (B), 154 (1-4):
1-113.

HERNGREEN, G.F.W., HOEKEN-KLINKENBERG, P.M.J. & VAN
DER BOER, K.F. 1980. Some remarks on selected
palynomorphs near the Jurassic-Cretaceous boundary in
the Netherland. IV, International Palynological Confe-
rence, 2: 357-367, Lucknow.

ILymNa, V.I. 1986. Subdivision and correlation on the ma-
rine and non-marine jurassic sediments in Siberia based
on palynological evidence. Review of Palaeobotany and
Palynology, 46: 357-364.

KALEzIC, M., MIRKOVIC, M. & SKULETIC, D. 1966. Basic
Geological Map 1:100000, sheet Savnik. Federal
Geological Survey of SFRJ, Belgrade.

KARAMATA, S., DIMITRUEVIC M.N., DIMITRUEVIC, M.D., ER-
CEGOVAC, M., KALEZIC M., MILOVANOVIC, D., MIRKOVIC,
M., Orunc J., PoPevIC, A., Pajovi¢c, M., RADUSINOVIC,
S., STOVIC, V., SUDAR, M., CVETKOVIC, V., SARIC, K. &
ZAHARIADZE, G. 2010. The Dinaride Ophiolithe Belt-
derived olistostome mélange at the northern slope of
Moracka Kapa (Montenegro): evidence of the emplace-
ment of the southeast Bosnian-Durmitor terrane. Bulletin
Tome CXL de I’Académie serbe des sciences et des arts,
Sciences naturelles No 46.

Lunp, JJ. & Eckg, H.-H. 1987. Dinoflagellate cyst
stratigraphy applied to the Middle to Late Jurassic of the
Regensburg-Passau area, Bavaria. Bulletin des Centres
de Recherches, Exploration-Production, Elf-Aquitaine,
12 (1): 345-359.

MORGAN, R. 1980. Palynostratigraphy of the Australian
Early and Middle Cretaceous. Memoits of the geological
Survey of New South Wales. Palaeontology, 18: 1-153.

NoRrIS, G. 1969. Miospores from the Purbeck Beds and
marine Upper Jurassic of southern England. Paleonto-
logy, 12 (4): 574-620.

NoRRris, G. 1973. Palynologic criteria for recognition of the
Jurassic-Cretaceous boundary in Western Europe: In
“Palynology of Mesophyte, Proceedings 3 Internati-
onal Palynological Conference Akademia Nauk SSSR,
Sibir, Otdel. Geologiceskij, Geofiziceskij Institut,
97-100.

PaNTIC, N. & BURGER, H. 1981. Palynologische Unter-
suchungen in der untersten Kreide des Ostlichen
Helevikums. Eclogae geologicae Helvetiae, 74 (3):
661-672.



44 MARKO ERCEGOVAC

PANTIC, N., GRUBIC, A. & SLADIC-TRIFUNOVIC, M. 1983. The
importance of mesozoic floras and faunas from intraoce-
anic carbonate platforms for interpretation of palacogeo-
graphic and geodynamic events in the Tethys. Bulletin Dela
Societa Paleontologia Italiana, 22 (1-2): 5-14.

Pocock, S.A.J. 1967. The Jurassic-Cretaceous boundary in
Northern Canada. Review Paleobotany and Palynology,
5:129-136, Amsterdam.

Pocock, S.A.J. 1970. Palynology of the Jurassic sediments
of Western Canada. Palaeontographica 130, B, 12-72.

Pocock, S.A.J. 1980. Palynology at the Jurassic-
Cretaceous boundary in North Amerika. IV, Interna-
tional Palynological Conference, 2: 377-385, Lucknow.

PoToNIE, R. 1956. Synopsis der Gattungen der sporae
dispersae, 1. Teil: Sporites. Beihefte Geologischen
Jahrbuch, 23, 103 pp.

PoToNIE, R. 1958. Synopsis der Gattungen der sporae
dispersae, II. Teil: Sporites. (Nachtrige), Saccites,
Aletes, Precolpates, Polyplicates, Monocolpates.
Beihefte Geologischen Jahrbuch, 31, 114 pp.

PotoNIE, R. 1960. Synopsis der Gattungen der sporae
dispersae. III. Teil: Nachtrige Sporites, Fortsetzung
Pollenites mit general Register zu Teil 1 bis 3. Beihefte
Geologischen Jahrbuch, 39, 189 pp.

REYRE, Y. 1973. Palinologie du M¢ésozoique Saharien.
Meémoires du Muséum National d’Histoire Naturelle, C,
XXVII, 284 pp., Paris.

SARJEANT, W.A.S. 1962. Upper Jurassic microplankton
from Dorset, England. Micropaleontology, 8: 255-268.

SARJEANT, W.A.S. 1968. Microplankton from the Upper
Callovian and Lower Oxfordian of Normandy. Revie
Micropaléontologie, 10: 221-242.

SARJEANT, W.A.S. 1979. Middle and Upper Jurassic
dinoflagellate cysts: the world excluding North Amarica.
Proceedings AASP, seria 5, B, 133—157.

SMELROR, M. 1988. Bathonian to early oxfordian dinofla-
gellate cysts and acritarchs from Kong Karls Land,
Svalbard. Review of Palaeobotany and Palynology, 56:
275-304.

SRIVASTAVA, S.K. 1966. Jurassic microflora from Rajasthan,
India. Micropaleontology, 12: 87—103.

TRALAU, H. 1968. Botanical investigations into the Fossil
Flora of Eriksdal in Fyledalen, Scania, II., The Middle
Jurassic microflora. Sveriges Geologiska Undersékning,
C, 633, 62/4, 185 pp. Stockholm.

VAKHRAMEEV, V.A., BARKHANTNAJA, I.N., DOBRUTSKAIJA,
N.A., PavLov, V.V,, RoviNa, L.V. & Fokina, N.I. 1973.
Paleobotanical data and the Jurassic-Cretaceous boun-
dary. Mémoires Du B. R. G M. Coll. sur la limite
Jurassique-Cretace, Lyon, Neuchates.

VAKHRAMEEYV, V. 1975. Main features of global
phytogeography in the Jurassic and Early Cretaceous.
Paleontological Journal, 2, 247-255.

Pe3ume

Crapoct luHapuackor opuoJIuTCKOr
10jaca — MeJIaHK OJIMCTOCTPOME HA
cesepHoj nagunu Mopauke Kane (Llpua
T'opa)

Jenuanma Mopauka Kana Hanasu ce usmel)y meso-
30jckor JlanmMmaTrHCKO- XepieroBavkor Tepana u Mcro-
yHo bocancko-Ilypmutopckor tepana. OBaj ommcTo-
CTPOMCKH MeJIaHXX CcacToju ce on (¢parMeHara H
OJIOKOBa Kpeumaka, Ienrdapa, 0a3ajira U CepreHTHHA
YKJIOIUBEHUX Yy TIMHOBUTO-JIAIIOPOBUTOM MAaTPHUKCY.
OBa jeMHUIIA je BeOMa CIIMYHA jYPCKOM OJTUCTOCTPOM-
ckoM MenaHxy JluHapuackor oduonmTCKOT TOjaca,
KOjH je paHHje o3Ha4daBaH Kao [ujada3-pokHadka Gop-
Marmja. OBa jeqUHMIA TIPEICTaBJba HM30JIOBAHU [0
CYOIyKIIMOHOT poBa Ha 3amajHoj Mapruau wHapum-
ckor odpuomutckor nojaca (KARAMATA et al. 2010)

AHanm3a MUKpPO(IOPUCTHYKOT cacTaBa MalMHO-
Mopda u3 oduoIUTCKOr Menamka Mopauke Karre
MoKa3asa je /la TOMUHUPA MPUCYCTBO CIOpa MEeTPHUIO-
¢uTa Koje yrmaBHOM mpumnanajy dammimjama Lyco-
podiaceae, Selaginellaceae, Osmundaceae Dickso-
niaceae, Cytheaceae n npyre. lloneH rumHOCTIEpMH
nperexHo npurnana ¢amunujama Cycadaceae, Gink-
goaceae, Pinaceae, Podocarpaceae n Araucariaceae.
Ha OCHOBy eKOJOIKHX KapakTepUCTHKA MaTHYHUX
Omibaka, 3aKJbYYEHO je Jla je 0Baj MPOCTOp y BpeMe
CTBapama MOMEHYTHX JeloHara OWO IO YTHIlajeM
TOTUIE U BIIaXKHE CYOTPOIICKE 0 yMEpPEeHEe KIINMeE.

[IpBU mManeoHTONOMIKK HAJlaCIy JTOTPUHOCE YIIO-
3HaBaky KapaKTEPHCTHUKA BEreTalfje TOpmE jype Y
naneoreorpadckoj npopuHnUju Tetrca. Mmaha jyp-
cka Mukpodiopa u3 Mopauke Kare mpencrabipa TH-
MUYHY KOHTHHEHTAIHY (IIOpPY OCTPBCKHX apXuIle-
nara (cpequHe O1m3y ob6ane) y cyOTpOICKO-TPOTICKOT
pernona Ternca. Kapakrepuctuke oBe MHUKpodIope
MOKa3yjy /a MOCTOoje 3amakeHe CIUYHOCTH ca MEeIH-
TEPAHCKHUM H Jy>KHO-aJIIMHUCKUM (hIIopaMa Ha POCTOpPY
Teruca, anmm ce pasmUKyjy O CEBEPHO-TIEHHHCKUX
¢uopa, xoje mpumnanajy EBpoasujckoj praopucTHUKoj
obmacru.

HNako koHCTaToBaHa NANHWHOJIONIKA AacoIWjaldja
HUje TOTIyHa OwocTparurpadcka aHajgn3a cropa
nrepuaoduTa, IOJIeHa YeTHHAPA U OCTaTaka MOHAJIO-
(GuTHHUX anTH nepuanHea oMoryhasajy 1a ce 3akjbydn
na GpIOPUCTHYKM cacTaB OBE acolWjaldje ykasyje aa
j€ MaTpukc O(pHONUTCKOT MellaH)Ka HACTao 3a Bpeme
TOpH:E jype, HajBepoBaTHHje y kumepunyy. Heku mpu-
CyTHH TaKCOHW ymyhyjy ma OW Je0 HCHTHBaHUX
JIETIOHaTa MOTao MPHIAJaTd W JelIOBUMA HajHIKE
Kpezne. Y CBakoM CIiIydajy IpodaBama HalinHoMopda
13 O(HONUTCKOT MeJaHKa TOTPUHOCE U TIPEIH3HU-
jeM yTBphuBamy rpanuile u3mMel)y ropme jype u 10me
KpeJie Ha UCTPaXUBAHOM IIPOCTOPY.

HoBwu nomamm o crapoctu jenuauiie Mopauka Karma
Cy BeoMa 3Ha4ajHH 32 HOBE MHTEPIIpPETAIlyje Tayeo-
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reorpad)CKUX W TE€ONWHAMHYKHX jgorahaja y OBOM
nemy Teruca 3a Bpeme ropme jype (KARAMATA et al.
2010).

Acommjanja manmmaOMOphu w3 Mopauke Karre
MOKa3yje 3HaTHE CIIMYHOCTH ca OoHmMa y EHrmieckoj
(Sycarham Beds, Yorkshire; COUPER 1958; NORRIS
1969), Hemaukoj (Regensburg-Passau, Bavaria; LUND

& Ecke 1987), Xomanmmju (BURGER 1966; HERN-
GREEN et al. 1980), HopBemkoj (SARJEANT 1968),
[Benckoj (TRALAU 1968), Pycuju (Siberia; ILYNA
1986), Erunty (El Maghara, north-central Sinai;
ABOUL & ALy 1988), CeBepHoj Amepurit (SARJEANT
1979), Kanamgu (Pocock 1967, 1970) u Wvmujn
(SRIVASTAVA 1966).
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PLATE 1

Cyathidites australis COUPER (sample 2347/5; 13-0/7).

Cyathidites minor COUPER (sample 2347/4; 17-6/08).

Cyathidites cf. mesozoicus (THIERGART) R. POTONIE (sample 2348/6; 46- 10/08).
Deltoidospora cf. mesozoica (THIERGART) SCHURMAN (sample 2348/5; 39-8/08).
Todisporites major COUPER (sample 2349/2; 3-8/08).

Osmundacidites wellmanii COUPER (sample 2349/2; 11-0/8).

Leptolepidites sp. (sample 2353/1; 49-8/08).

Lepdolepidites verrucatus COUPER (sample 2353/1; 11-6/08).

Neochomotriletes sp. (sample 2348/1; 53-6/08).

Ischyosporites sp. (sample 2348/3; 41-7/08 and 2348/6; 43-12/08).

Cyathidites cf. hausmanoides COUPER (sample 2347/5; 23-6/08).

Trilites cf. distalgranulatus COUPER (sample 2348/2; 15-7/08).

Trilites cf. verrucatus COUPER (sample 2348/1; 35-6/08).

Gleicheniidites cf. senonicus ROSS (sample 2348/1; 31-6/08).

Staplinisporites cf. pocookii COUPER (sample 2348/4; 55-7/08).
Cingulastisporites cf. rigidus COUPER (sample 2348/6; 50-10/08 ).
Apiculatisporites cf. parvispinosus (LESCHIK) E. SCHULZ (sample 2348/1; 3-7/08).
Neoraistrickia cf. taylorii PLAYFORD ET DETTMANN (sample 2348/1; 1-7/08).
Lycopodiumsporites cf. gristhorpensis COUPER (sample 2348/2; 35-7/08).
Lycopodiumsporites clavatoides COUPER (sample 2348/1; 45-6/08).
Acanthotriletes cf. varrispinosus Pocock (sample 2348/4; 59-7/08).
Biretisporites potoniaei DELCOURT ET SPRUMONT (sample 2348/2; 23-12/08).
Osmundacidites parvus DE JERSEY (sample 2348/6; 54-10/08).

Cingutriletes sp.; Pagiophyllum cf. connivens KENDALL (sample 2348/6; 37-6/08).
Ischyosporites cf. variegatus COUPER (sample 2348/5; 47-8/08).
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PLATE 2

Alisporites sp. (sample 2347/7; 85-6/08).

Abietinaepollenites microalatus R. POTONIE (sample 2347/2; 5-6/08).
Podocarpidites sp. (sample 2348/1; 27-6/08).

Podocarpidites cf. biformis ROUSE (sample 2348/1; 55-6/08).

Callialasporites dampieri (BALME) SUKH DEV (sample 2348/2: 39-7/08).
Callialasporites cf. trilobatus (BALME) DEV (sample 2347/10; 58-10/08).
Vitreisporites cf. pallidus (REISSINGER) NILSSON (sample 2348/2; 9-7/08).
Araucariacites australis COOKSON (sample 2347/10; 56-10/08).
Araucariacites sp. (sample 2347/4; 15-6/08).

Classopollenites cf. classoides (PFLUG) POoCcOCK & JANSONIUS (sample 2347/1; 3-6/08).
? Sequoiapollenites sp. (sample 2348/1; 39-6/08).

Perinopollenites cf. elatoides COUPER (sample 2348/2; 25-7/08).
Sphaeripollenites subgranulatus COUPER (sample 2348/1; 51, 61-6/08).
Eucommidites cf. troedssonii ERDTMAN (sample 2348/6; 66-10/08).
Eucommidites sp. (sample 2352/2; 55- 8/08).

Quadraeculina cf. limbata POCOoK (sample 2347/3; 9-6/08).

Monosulcites carpentieri DELCOURT & SPRUMONT (sample 2348/6; 64-10/08).
Ginkgocycadophytus cf. nitidus (BALME) DE JERSEY (sample 2348/1; 85-7/08).
Cycadopites cf. follicularis WILSON & WEBSTER (sample 2347/7; 19-6/08).
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PLATE 3

?Steevesipollenites sp. (?Bennettitales) (sample 2348/6; 37-10/08).
Pareodinia ceratophora var. pachyceras SARJEANT (sample 2349/1; 1-8/08).
Apteodinium sp. (sample 2348/4; 47-7/08).

Pareodinia cf. arctica WIGGINS (sample 3248/4; 45-7/08).

Wallodinium cf. cilindricum (HaBIB) DUXBURY (sample 2348/1; 29-6/08).
Acritarcha gen et sp. indet. (sample 2348/6; 48-10/08).

?Epiplosphaera sp. (sample 2348/4; 57-7/08).

Leptodinium ct. eumorphum COOKSON & EISENACK (sample 2348/1; 49-6/08).
?Nanoceratopsis cf. pellucida (DEFLANDRE) EVIT (sample 2348/1; 63-6/08).
?Indodinium sp. (sample 2347/1; 21-6/08).

Lagenamina sp. (Palynoforaminiferae) (sample 234875; 45-6/08).
?Membranolimbus sp. (sample 2348/3; 45-7/08).

Penetetrapites cf. mollis HEDLUND & NORRIS (sample 2348/6; 50-10/08).
?Pareodinia cf. imbatodinensis (VOZHENNIKOVA) LENTIN & WILLIAMS (sample 2348/2; 29-7/08).
Tasmanites cf. tardus EISENACK (sample 2346/6; 48-10/08).
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Beorran, nenemoOap 2010
BELGRADE, December 2010

71 53-71

DOI: 10.2298/GABP1071053R

Observations on Dissocladella annulata (ELLIOTT, 1993) nov. comb.
(Calcareous algae, Dasycladales) from the Cenomanian of west Serbia

RAJKA RADOICIC! & FELIX SCHLAGINTWEIT?

Abstract. Based on material from the type area at Tetrebovo in the Zlatibor massif of W Serbia, the Ceno-
manian dasycladalean alga originally described as Harlanjohnsonella annulata by ELLIOTT (1968, typified
1993 in: GRANIER & DELOFFRE), is emended and revisited as Dissocladella annulata (ELLIOTT) nov. comb.
The evidence of tufts of short secondaries arising at the top of the drop-like primaries allows its transfer to the
genus Dissocladella PIA, 1936. This species displays a different degree of skeleton calcification which is de-
scribed in detail. The monospecific genus Harlanjohnsonella ELLIOTT becomes invalid, as being a junior syno-
nym of Dissocladella.

Key words. Dasycladales, Dissocladella annulata (ELLIOTT) nov. comb., systematic taxonomy, Cenoma-
nian, Serbia.

Ancrpakr. Jla3ukiaznanejcky BpcTy U3 EHOMaHCKuX ciojeBa Terpebosa (jyxuu 3narubop) onwmcao je EL-
LIOTT (1968, turmdurkosana 1993 y: GRANIER & DELOFFRE) kao Harlanjohnsonella annulata nov. gen., nov. spec.
[MpencrimTuBameM y30paka U3 THIICKOT JIOKAJIUTETa JOOMjEHH Cy JeTaJbHUjHU Tofanm o rpahu oBe BpcTe — J0-
KYMEHTOBAHO j€ MMOCTOjabe CeKyHAApHUX orpaHaka. OBaj IMojaTak ykaszao je Ha HeHy MpPHIagHoCT pony Dis-
socladella P1A, a Ha ocHOBY Tora MoHOCTIenmuaan pox Harlanjohnsonella je vaBamimsupad. J{ujaraosa Bpcre
Dissocladella annulata (ELIOTT, 1968) nov. comb. nomymeHa je y3 AeTajbHe WIyCTpalyje O CTPYKTYpH CKelleTa.

Kbyune peun: Dasycladales, Dissocladella annulata (ELLIOTT) nov. comb., cucteMarcka TakCOHOMHUja,

nieHomaH, Cpowuja.

Introduction

In 1968 ELLIOTT described a new dasycladalean ge-
nus and species as Harlanjohnsonella annulata from
transgessive, basal Upper Cretaceous, possibly Ceno-
manian of “Tetrebovo, Dlaglica SE of Zlatibor massif,
SW Serbia” with the following diagnosis of the genus
“Weakly calcified thin-walled tubular and annular
dasyclad, with successive verticils showing numerous
swollen primaries, the presumed secondaries not be-
ing calcified”. The species is typified 1993 in
GRANIER & DELOFFRE Discussing the relationships,
ELLIOTT concluded “that the form now described was,
in fact, a dasyclad of very similar plant morphology to
D. (Dissocladella) savitriae, but more weakly calci-
fied” and because “there is no direct fossil evidence of
secondary branch-structure the species cannot cor-
rectly be referred to Dissocladella.”

Based on material sampled at the type locality (RA-
DOICIC 1995), from which new thin sections have been
prepared, it is documented that the genus Harlan-
johnsonella ELLIOTT represents a younger synonym of
Dissocladella PIA confirming ELLIOTT’s presumption.
The scope of the present paper is a taxonomic revision
and detailed illustratation of Dissocladella annulata
(ELLIOTT) nov. comb.

Geological setting

The Cretaceous deposits of the southern (Tetrebo-
vo, Vis, Fig. 1) and of the central Zlatibor Mountains
are rare remnants of a Cretaceous (Albian—?Lower
Senonian) cover resting upon ultramaphic rocks. First
data on the Cretaceous strata of southern Zlatibor
were given by ELLIOTT (1968, “possibly Cenoma-
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Fig. 1. Geological map of the Tetrebovo area, according to
RampNoux (1970, fig. 145), and Geological map sheet
Prijepolje 1:100000, CIRIC et al. (1977). Legend: 1, Upper
Triassic limestones; 2, Serpentinites; 3, Habzburgites; 4,
Weathering crust, Lower Cretaceous; S, Upper Cretaceous
limestones (?Albian—Cenomanian).

Fig. 2. Tetrebovo hill, northern view, Cretaceous deposit are covered by forest.

(Fig. 1), in the central Zlatibor and Ravni area in the
eastern part of Zlatibor. Regrettably, these data was
ignored in the context of geological mapping for the
Prijepolje sheet (CIRIC et al. 1977), and by subsequent
researchers (e.g., DIMITRUEVIC ef al. 2002: Geology of
Zlatibor).

The Tetrebovo succession (Figs. 1, 2), overlies pe-
ridotites. According to RampNoux (1970, p. 275, fig.
145; 1974, p. 63), it starts with a Lower Cretaceous
weathering crust. In detail the succession consists of:

— basal conglomerates,

— sandy limestones with gastropods, at places lime-
stones with “Harlanjohnsonella” annulata ELLIOTT,
and,

— limestones with Chondrodonta joannae CHOFAT,
Radiolites lusitanicus PARONA and R. peroni Dou-
VILLE.

This succession was ascribed to the Turonian by
RampPNOUX in 1970, afterwards in 1974 to the Ce-
nomanian—Turonian as being equal to that one at Rav-
ni (East Zlatibor). In the meantime, the rudist lime-
stones in the Ravni area, dated as Turonian by PEjovIC
& PasIC (1958) were revised as being Cenomanian in
age (RADOICIC 1995). It should be mentioned, that this
does not correspond to the same Ravni succession
dated as Turonian by RADOICIC. Afterwards, these
sparsely outcropping Tetrebovo Cretaceous deposits
were sampled only at places (RADOICIC 1995). One of
the oldest observed beds is represented by a marly
limestone containing gastropods and large specimens
of Dissocladella annulata (EL-
LIOTT) nov. comb., which are
well visible without lens. Up-
ward in the section, the lime-
stone contains rare benthic
foraminifera, the dasycladale-
an algae Heteroporella lepina
PRATURLON, Terquemella sp.
and a few fragments of Disso-
cladella annulata. They are
followed by limestones with
frequent foraminifera, respecti-
vely Marssonella turris (D’OR-
BIGNY), Rotalia mesogeensis
TRONCHETTI, Pseudorhipidio-
nia casertana (DE CASTRO),
Pseudocyclammina rugosa (D’
ORBIGNY) and Praealveolina
cf. iberica REICHEL. Between
these beds and youngest ob-
serveds skeletal calcarenites
(middle-upper Cenomanian),
the limestone with relatively
frequent Pseudorhapydionina
dubia DE CASTRO is sampled.

The limestone with Dissocladella annulata con-
tains numerous large skeleton fragments, small and
minute debris, different gastropods, molluscan shells

nian”, based on RAMPNOUX’s data and fossil material)
and RampNoUx (1974). The presence of Turonian
strata was documented by RADOICIC (1995) at Vis
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and rare crustacean fragments, also mentioned by
ELLIOTT (1968). In the 25 thin sections studied, only
one specimen of Pseudorhipidionina casertana and a
few small foraminifera were observed. Clearly, Disso-
cladella annulata obviously populated shallow-water
environments, probably of low salinity. At the type
locality, the limestone with Dissocladella annulata
can be ascribed to the lowermost Cenomanian.

Systematic taxonomy

Division Chlorophyta

Order Dasycladales PASCHER

Family Triploporellaceae (P14, 1920)

Tribus Dissocladelleae ELLIOTT, 1977

Genus Dissocladella Pia, 1936 in: RaMA RAO and
P14, 1936

(Synonym Harlanjohnsonella ELLIOTT, 1968)

Dissocladella annulata (ELLIOTT, 1968),
nov. comb., revisited
Pls. 1-5, P1. 6, Figs. 1-16

1968  Harlanjohnsonella annulata nov. gen., nov.
sp. — ELLIOTT, p. 494, pl. 93, figs. 1-2, pl. 94,
figs. 1-2.

1978  Harlanjohnsonella annulata ELLIOTT — BASSO-

ULLET et al., p. 120, pl. 12, figs. 8-9.

Harlanjohnsonella annulata ELLIOTT — LAU-

VERJAT & POIGNANT, p. 123, pl. 2, figs. 1, 5-6.

1995  Harlanjohnsonella annulata ELLIOTT — RADOI-
CI¢, pl. 1, fig. 1.

non 1978

Material. Twenty-five thin sections from the sam-
ple 022070, R. RADOICIC collection RR4579 — 4584/9
deposited at the Geological Institute, Beograd.

Diagnosis. Elongated cylindrical thallus exhibiting
a large central stem with moderately spaced horizon-
tal whorls. The whorls consist of numerous laterals:
drop-like primaries which, at the top, bear tufts of 5—6
thin phloiophorous secondaries. Primary calcification
generally weak, stronger or only somewhat thicker
around the proximal area of the primaries, becoming
thinner outwards, especially at tip and around the
secondaries. Possible presence of fertile and sterile
individuals.

Description. Being rather variable in size, the skele-
ton of this species is rather thin with smooth inner sur-
face. The primary calcification is diagenetically over-
grown in variable degrees. Different degrees of recrys-
tallization can be observed even within the same whorl.
The weakly calcified distal part of the whorls, if not
early diagenetically recrystallized, is more or less dis-
solved or abraded. Therefore, secondary laterals are
preserved only in very rare cases, while poorly pre-
served secondaries are discernable as pores or open
pores on the surface of many recrystallized skeletons

(P1. 1, Figs. 2, 4; P1. 2, Figs. 3, 4; P. 3, Fig. 7; Pl. 4, Fig.
9; PL. 5, Figs. 1-6). Only in some specimens, the mem-
brane of the central stem can be recognized as a dark
thin micritic line (P1. 2, Figs. 1, 2, 5; PL. 3, Fig. 7). The
thin calcareous encrustation of the membrane is rarely
preserved; it can be recognized only between two pri-
maries of successive whorls, visible in some sections
(P1. 1, Fig. 4, arrows; Pl. 3, Fig. 4, left; Pl. 6, Figs. 4, 5).
A thin-walled calcareous tube encloses the pores of pri-
maries (Pl. 2. Fig. 1), PL 3, Fig. 6; PL. 4, Fig. 1) or more
frequently, the thin wall on the surface bears open pores
of primaries (Pl. 1, Fig. 1; PL 2, Fig. 5; PL. 3, Figs. 2-5).
In rare specimens, the skeleton is dissolved so that it
consists of a thin calcareous layer with irregular exter-
nal surface, on which some parts of the basal calcifica-
tion of the primaries can be recognized (Pl. 1, Fig. 3; P1.
2, Figs. 6, 7).

The laterals are arranged in a plane; they are rarely
slightly overlapping as shown in the specimen illus-
trated in PIL. 5, Fig. 8. In successive whorls, laterals do
not alternate regularly, but occasionally alternation
can be observed in a few successive whorls. In the
proximal part the primaries display a regular funnel-
like form; they communicate with the central stem by
means of minute pores. In deep tangential sections,
small basal pores can be seen gradually increasing
from the center to the periphery (Pl. 4, Figs. 1).
Transversal sections of primaries are circular in shape
(PL. 4, Figs. 1, 2; PL. 5, Fig. 7, 8). In both, transversal
and longitudinal sections of the skeleton, the pores are
often secondarily enlarged or diminished and/or more
or less deformed.

Besides more or less large specimens, the analyzed
limestones of Tetrebovo contain numerous small and
especially minute fragments of disintegrated skele-
tons. These have particular value for the recognition
of the structure of this species and the processes of the
skeleton alteration. Minute and small fragments as
those shown in Pl. 1, Fig. 4 (arrows), Pl. 3, Fig. 3 (ar-
rows), and Pl. 6, Figs. 1-7 indicate that some skele-
tons are characterized by a somewhat stronger pri-
mary calcification only of the shorter proximal part of
the whorls, along with an especially thin calcification
of the main axis membrane. Therefore, such a kind of
calcification facilitated skeleton disintegration, more
probably early post-mortem and becoming preserved
as small or minute fragments. A further abiogenic
stage of calcification resulted in the overgrowth of the
primary calcification leading to irregular thallus coat-
ings to variable degrees that is completely or partly
coverage even within the same whorl.

Calcification and mode of preservation (Figs. 3
and 4) Dissocladella annulata is characterized by two
types of primary calcification, shown in the drawings
on Fig. 3/1 and 3/3; Figure 3/4 illustrates the relation-
ship between these two types, on Fig. 4. are given dif-
ferent calcification types of the laterals and of the
preservation of skeleton.
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Fig. 3. Two types of calcification of Dissocladella annula-
ta (longitudinal sections): 1, 2 — Skeleton A: relatively
strong calcified proximal part of primaries which generally
occur in the rock as dispersed elements of disintegrated
skeleton; examples: PIL. 6, Fig. 1; Pl. 1, Fig. 4, arrows; Pl.
3, Fig. 3, arrows. 3 — B skeleton; example: PIL. 6, Fig. 9.
4 — Relation between A and B skeletons.

First type, skeletons of group A (A skeleton): rela-
tively strong proximal calcification usually covering
1/3 of their length, and then distally gradually becom-
ing thinner. Distally, delicate parts of the skeleton,
including the secondaries (Fig. 4/1A), were not pre-
served in the studied material. The characteristic fea-
ture of the group A skeleton is that the specimens dis-
play a smaller size of the primary laterals (Fig. 3/1,
Fig. 4/1A-B, and 2A ), resulting in a primarily non-
calcified space between the calcified whorls and an
annulation of the skeleton (referring to the species
name annulata). The best examples are illustrated in
Pl 4, Figs. 3, 5 also in PL. 6, Figs. 1-7, 10 and 11, and
also in Fig. 3/1, 4/1A and 2A.

Second type, skeletons of group B (B skeleton):
this type is characterized by a) larger primary laterals
which are, also in both transversal and longitudinal
sections, in slight contact in the largest middle part of
the lateral’s length and b) by the stronger proximal
calcification which, between successive whorls is
compact - cf. collective calcified skeleton sensu DE
CASTRO (1997, “guaine calcificata collettiva™). Se-
condarily altered, this skeleton part is formed by cal-
cite mosaic trimmed by smaller grains. In the studied
material the B skeleton is often preserved as non
annulated relatively thin calcareous tubes (proximal
area) with open pores of primaries (Pl. 3, Figs. 2-5).
It has to be mentioned that in some recrystallized
skeletons including secondaries, the “annulations” are

2

Fig. 4. Dissocladella annulata - different calcification
types of the laterals and of the preservations of skeleton
(longitudinal sections): 1A — Skeleton A: primary calcifica-
tion of primaries and secondaries with non-calcified space
between the whorls; 1B — More or less calcified distal part
of primaries with advanced recrystallization in the space
between the whorls; example: Pl. 4, Fig. 1 and 4, left; 1C —
Usual preservation of type B skeleton (collective calcified
skeleton); example: Pl. 3, Figs. 2, 3, Pl. 6, Fig. 9. In the
material studied, these parts of the skeleton are preserved
as a mosaic trimmed by small calcite grains; 1D — Recry-
stallized type B skeleton with only primary pores and with
preserved secondaries, too; example: PL. 2, Fig. 1 and Pl. 6,
Fig. 13. 2A — Completely recrystallized primaries in the
annulated skeleton with encrusted stem membrane; exam-
ple: PL 4, Fig. 3, right arrow. 2 A/B — Different grades of
recrystallized space between whorls, with or without pre-
served pores of primaries, type A skeleton; example: Pl. 4,
Figs. 3, left arrow. 2C — Calcification type of the primaries
corresponding to the collective calcified skeleton sensu DE
CASTRO (1997).

reflected on the surface only as shallow feeble canals
between the whorls (Pl. 4, Fig. 9; Pl. 5, Fig. 2).
Therefore, the space between them is not calcified and
as a consequence of this, the strong proximal primary
calcification ends in this area (Fig. 5/3; Pl. 4, Figs. 3
left wall, and 4). Hence, this skeleton type is general-
ly preserved as calcareous tubes mainly with open
pores of the primaries at the surface.

Dimensions. The dimensions given by ELLIOTT
(1968) are indicated between brackets.

Longest observed specimen (L): 12 mm
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External diameter (excluding small form in Pl. 2,
Fig. 5) (D): 1.18-3.10 mm (up to 2.25 mm)

Central stem diameter (d): 0.940-2.590 mm

d/D: 71% — 89.5% (about 74 %)

Thickness of the calcareous wall (e): 0.098-0.247
mm, maximum up to 0.330 mm (recrystallized —
skeletons into secondaries) (0.26 mm)

Distance between successive
0.198-0.210 mm (0.19-0.25 mm)

Diameter of primary pores (p): 0.098-0.123 mm
(0.13-0.14 mm)

Thickness of central stem membrane 0.015— 0.024 mm

Number of laterals in a whorl (w): 35-70 (48-50)

The distance between the whorls represents a fairly
constant value, while the most variable biometric
parameter is the main stem diameter.

Relationships As a consequence of the species
emendation and new combination, Dissocladella an-
nulata (ELLIOTT) is placed in the Tribus Dissocla-
delleae ELLIOTT, 1977. The genus Harlanjohnsonella
ELLIOTT, 1968 (so far monospecific) becomes invalid
as representing a synonym of Dissocladella P1a, 1936.
Mention should be made, that the possible existence
of secondary laterals was already assumed by ELLIOTT
(1968) and integrated in the genus diagnosis. ELLIOTT
anticipatorily remarked the similarity of “Harlan-
johnsonella” annulata with Dissocladella savitriae
Pia, 1936 (type-species of the genus) from the Ma-
astrichtian—Danian of India showing some similar
dimensional parameters (d, d/D, p) and both dis-
playing typical thallus annulation. Dissocladella an-
nulata (ELLIOTT) may show more variable and relati-
vely larger external diameters and higher number of
laterals per whorl (w about 40 in D. savitriae). Apart
from this, the special type of calcification and diffe-
rent degree of preservation (due not only to diagene-
sis) seems to be a species-specific feature of D. annu-
lata, not reported from D. savitriae with fully calci-
fied ring-like elements enclosing both primaries and
secondaries. Curiously, BASSOULLET et al. (1978, p.
92) mention an internal thallus undulation, though not
mentioned in the original description. In any case, D.
annulata lacks any internal undulation.

Remarks. In the generic discussion, ELLIOTT inclu-
ded the Carboniferous Coelosporella, the Permian
Epimastopora and Pseudoepimastopora. From annu-
lar forms such as the Cretaceous Neomeris cretacea
DELMAS & DELOFFRE non STEINMANN (DELMAS &
DELOFFRE, 1962), Dissocladella annulata “differs in
the apparently simple branch-structure”. Furthermore
ELLIOTT concluded that “a closer comparison can be
made with Dissocladella, especially the Paleocene
Dissocladella savitriae (PIA, 1936).”

BASSOULLET et al. (1978, p. 120) essentialy refer to
affinities with Pseudoepimastopora: “Le genre Pseu-
doepimastopora parait trés voisin du genre Harlan-
johnsonella et les differences n’apparaissent pas évi-
dentes” and....... “cette espece pourrait appartenir au

whorls  (h):

genre Pseudoepimastora”. BASSOULLET et al. (1978)
furthermore express doubts on the existence of “annuli
or rings” in Harlanjohnsonella (ELLIOTT 1968, p. 494).
Also JAFFREZO et al. (1980) describing Pseudoepima-
stopora pedunculata were discussing affinities/diffe-
rences to the genus Harlanjohnsonella. Pseudoepima-
stpora, however, cannot be considered in the discussion
as it represents a nomen nudum (e.g. GRANIER &
DELOFFRE 1993; GRANIER & GRGASOVIC 2000). In the
“New taxonomy of Dasycladale Algae” presented by
DELOFERE (1988), Harlanjohnsonella ELLIOTT, 1968 is
treated as a synonym of Paraepimastopora Roux, 1979
although Harlanjohnsonella was established more than
ten years earlier. Paraepimastopora is included by
DELOFFRE (1988) in the Mastoporea Pia with aspondy-
le thalli, whereas in the original description ELLIOTT
placed it in the tribus Thyrsoporelleae. DRAGASTAN
(1975) reported Harlanjohnsonella sp. from the Lower
Cretaceous of Romania, a form later included tentative-
ly in the synonymy of Anisoporella? cretacea (DRAGA-
STAN 1967) by BUCUR (1995). From the Valanginian of
Greece, DRAGASTAN & RICHTER (2003) described
Harlanjohnsonella fuechtbaueri as a new species cha-
racterized by a head-and-peduncle thallus morphology:
the peduncle bearing “only primary vesiculiferous ra-
mification with two shapes: a proximal tubular and the
distal part globulous, like vesicle. The cylindrical pe-
duncle is continued by a "head” made up of euspondy-
le verticils with vesiculiferous ramification”. As shown
in the present paper, Harlanjohnsonella represents a
junior synonym of Dissocladella; therefore the generic
position of the dasycladalean alga described by DRra-
GASTAN & RICHTER (2003) remains open. The authors
also allege that Dissocladella annulata (ELLIOTT)
should exhibit a head-and-peduncle type thallus, a view
that must be rejected due to the studied abundant mate-
rial. Concerning the section designated as holotype, in
PL 4, Fig. 3, it has to be mentioned that the presence of
a “head” is not sure (it may be the section of another
specimen in a densely packed algal limestone).
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Pe3ume

OncepBaumje o Bpctu Dissocladella
annulata (ELLIOTT, 1993) nov. comb.
(Dasycladales) u3 nenomana 3anajaHe
Cpouje

Kpenne nacnare jyxsor (Terpeboso, Buc, ci1. 1) n
[EHTPATHOT 31aTHOOpa OCTAIM CYy KPEITHOT MOKPOBa
(as16—?momu ceHoH) Ha ynTtpamadutuma. [IpBu moma-
TaKk 0 Kpeadu Ha jy>)KHOM 3marubopy mao je ELLIOTT
(1968), a Ha ocHOBY mojaraka u Marepujaia RAMP-
NOUX-a. TIpuCycTBO TYpOHCKHX CeJMMEHAra JO0KY-
MEHTOBAHO j€ 3HATHO JIOIHU]j€ Ha y3BHIemY Buc (ci.
2), HA TEHTPATHOM, 1 Y o0nactu PaBHM Ha MCTOYHOM
3nmarubopy (RADOICIC, 1995). Tlomamm o xpeau Ha
jy’)XHOM 37aTHOOPY WTHOPHCAHW Cy Of CTpaHe THUMa
KOjH je paauo TeNomKy Kapry jmcra llpujenosbe
1:100 000 (CIRIC ef al. 1978), ka0 i O/ IOTOHHX ayTO-
pa crymmje o kpeau 3nmarubopa (DIMITRUEVIC et al.
2002).

CucremaTuka

Pen Dasyladales PACHER

®ammunuja Triploporellaceae (Pia, 1920)

Tpuba Dissocladelleae ELLIOTT, 1977

Pon Dissocladella Pia, 1936, in RAMA RAO and PIa,
1936

(Cunonum Harlanjohnsonella ELLIOTT, 1968)

Dissocladella annulata (ELLOTT, 1968),

nov. comb., revisited
Tab6ne 1-5; Tab. 6, ci1. 1-16.

dujarnoza. M3ayxeH UUIMHApPUYAH Talyc ca
MPOCTPAHOM IIEHTPATHOM CTa0JPUKOM KOja HOCH
pa3aBojeHe XOpU3OHTANHE NpuIbeHoBe. [IpuseHoBH
ce cactoje o OpojHUX CyOC(hEepHIHHX MPUMApPHUX
orpaHaka Koju, Ha BpXy, Hoce 5—6 Tamux (uowno-
(opHUX ceKyHIapHHX orpaHaka. lIpumapHa kammm-
¢ukamyja je penaTuBHO ciaba, jaya WM CaMO HEIITO
nebsba y MPOKCUMAITHOM AWjelly MPUMapHHUX Orpa-
Haka, oTaH4aBajyhu aucTaisHo, 0cOOUTO y BPXY U OKO
ceKyHIapHHuX orpanaka. Moryhe je moctojame hep-
TUJTHUX U CTEPIIHUX HHIUBUIYA.

Bpcery Dissocladella annulata xapaxrepurie 3Ha-
THa BapHjaOMITHOCT AMMEH3H]ja, CKEJIET je PeJIaTHBHO
TaHaK, TJaTKe YyHyTpamlmke noBpmmHe. llpnMapra
KanuQuKanrja MpeKprUBeHa CEKyHIApHO U TPEKPH-
cTanmcana y pa3lIi4uToOM CTeIeHY, YeCTO HeyjeqHa-
4YeHO y MCTOM mpuubeHy. CeKyHIapHU OTPaHIH pPH-
jerko cy oayBaHH. OCOOEHOCT OBE BPCTE je pa3nunTa
KauQuKalmja — moTojame aa Tuna (tun A u b, ci.
3). Ckener Thma A wWMa HEWITO CHUTHHje TpUMapHe
orpaske, Te Mel)y MpIIJbeHOBHMa OCTaje MPUMapHO
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HeKaNIMU(PUIIMpaH MPOCTOP IINTO je Y3pOK aHyJaluje
CKelleTa allil U CKIIOHOCTH Ka jaecuHTerpanuju. Cke-
ner tuna b nma HelTo KpymHKje MpUMapHe OrpaHKe,
jade KamuQuIupaH TPOKCUMATHH IHO0, T€ KOMITAKHY
KannuuKanujy Mel)y mpuubeHOBHMA (THIT “KOJIEKTHB-
He kanmuupukanyje ckenera” y cmuciay DE CASTRO-a,
1997). OdyBaHOCT CKeJleTa OBOT THIIA je Apyraduja —
TO Cy Kpeumauyke I[JeBUHIE Ca TopaMa MpPUMapHHX
orpaHaka WM ca OTBOPCHUM MOpaMa YKOIUKO 3H]]

HUje TIOTITyHHje OdyBaH. Y CKeJeTy paHo MpeKpucTa-
JMCANNX jeJMHKU N3TyOJbeHU Cy €JIEMEHTH YHYTaphe
rpabhe, anu ca oTHCIMIMAa CEKyHIApHHX OrpaHaka Ha
TIOBPIIMHY CKEJIETA.

Dissocladella annulata Ouna je HactameHa y
IUIMTKOBOJHOM apealry, HajBjepoBaTHHjE Y yCIOBHMa
cMameHor canuauTeTa. Kpeumaru ca Dissocldella
annulata y TUTICKOM JIOKaJIUTETy MPUIMCAHU Cy Haj-
HIDKEM IICHOMaHy.
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PLATE 1
Dissocladella annulata (ELLIOTT, 1993) nov. comb., emended, aspects of different skeleton preservation.

Fig. 1. Relatively well preserved oblique section of type B skeleton with calcification reaching from the main stem
to p.p. distal parts of the primary laterals; note, that in the topmost whorl, the primary laterals are in slight
contact. Thin section RR4584/7.

Fig. 2. Oblique section of type B skeleton altered by endolithic activity; in parts of the wall secondaries are
discernible. Thin section RR4583.

Fig. 3. Oblique section of a dissolved skeleton with only a very thin remnant of the proximal part being preserved.
Note some primary pores in the upper part of the figure. Thin section RR4583/5.

Fig. 4. Slightly oblique transverse section of a completely recrystallized type B skeleton with denticulated outer
(moulds of secondaries) and smooth inner surface. Arrows: minute fragments of primaries (type A skeleton),
in two of which parts of the encrusted stem membrane are preserved. Thin section RR4583/2.

Scale bar for all figures = 0.50 mm
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Fig. 1.

Figs. 2, 3.

Fig. 3.

Fig. 4.

Fig. 5.

Figs. 6, 7.

RAIKA RADOICIC & FELIX SCHLAGINTWEIT

PLATE 2
Dissocladella annulata (ELLIOTT, 1993) nov. comb., emended.

Relatively well preserved, slightly oblique trnsverse section with main stem preserved as a thin micritic line;
arrow: somewhat thicker part of the skeleton wall with a few poorly preserved open pores of secondaries.
Thin section RR4584/8.

Transverse sections of poorly preserved, recrystallized and more or less dissolved skeletons with, in the
upper part, slightly visible micritic main stem membrane. Thin sections RR4583/1 and 4583/7.

Slightly oblique transverse section of a recrystallized type B skeleton, partly dissolved, with denticulate outer
and smooth inner surface. Thin section RR4583/7.

Oblique section of a large fragment, partly recrystallized, altered by endolithic activity and showing some rel-
atively well visible open pores of secondary laterals. Thin section RR4583.

Slightly oblique transverse section with only the proximal part of the skeleton and the main stem membrane
as a thin micritic line being preserved. Thin section RR4583.

Transverse and longitudinal section of skeletons in nearly last stadium of dissolution; in both the inner sur-
face is smooth. In Fig. 6, left, note the fragment of longitudinal wall section with three drop-like pores of pri-
mary laterals; Thin sections RR4584/8 and 4583/5.

Scale bar for all figures = 0.50 mm.
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Fig. 1.

Figs. 2, 3.

Fig. 4.

Fig. 5.
Fig. 6.
Fig. 7.

RAIKA RADOICIC & FELIX SCHLAGINTWEIT

PLATE 3
Dissocladella annulata (ELLIOTT, 1993) nov. comb., emended.

Longitudinal section of a prevailing recrystallized calcarecous tube (9 mm in length) in which some
subsequently recrystallized pores of primaries are discernible. Thin section RR4584.

Longitudinal-oblique sections of thin type B skeleton’s wall showing open pores of primaries on the surface.
Arrows in Fig. 3: small fragments; note on the left: calcification of group A, versus those of group B skeletons;
detail shown in Fig.4. Thin sections RR4584 /5 and 4584/1.

Detail of the section in Fig. 3, A versus B type skeletons; note the white lines: the relationship of the distance
between the whorls (c-c): in group A (left) and B (right). Thin section RR4584/1.

Transverse section. Thin secttion RR4583/4.
Oblique section of the smallest skeleton observed. Thin section RR4584/2.

Recrystallized skeleton, note (arrow), two pores of primaries arising from the micrite main stem (micrite line)
(lower arrow). In the upper part a few pores of secondaries are slightly discernible (upper arrow). Thin scetion
RR4583/5.

Scale baar for all figures = 0.50 mm.
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Figs. 1, 4.

Fig. 2.
Fig. 3.

Fig. 7.

Fig. 8.

Fig. 9.

RAIKA RADOICIC & FELIX SCHLAGINTWEIT

PLATE 4
Dissocladella annulata (ELLIOTT, 1993) nov. comb., emended

Longitudinal-oblique sections of annulated, selectively altered skeletons. Only the space between the whorls
in the proximal area is recrystallized, while the primary calcification is preserved in their distal parts (left in
both figures). Thin sections RR4584/8 and 4584/5.

Longitudinal-oblique section of type B skeleton. Thin section RR4584/1.

Longitudinal-oblique section of an annulated skeleton in which, in contrast to that one in Fig. 2, the whorls
with the primaries are completely recrystallized (Fig. 4/2A), while the space between the whorl is not filled;
arrows: thin encrusted stem membrane (right) and (left) recrystallized basal part of the space between the
whorls. Thin section RR4582.

Tangential section corresponding to the skeleton shown in Fig. 2. Thin section RR4584/5.

Slightly deformed longitudinal-oblique section of type A skeleton similar to that one shown in Fig. 3, poorly
preserved and slightly deformed. Thin section RR4584/2.

Fragment of a longitudinal-oblique section of a type A skeleton; note the encrusted main stem membrane on
the right. Thin section RR4584.

Oblique section of type A skeleton with encrusted stem membrane between the whorls. Thin section
RR4584/6.

Oblique section of a recrystallized skeleton altered by endolithic activity; secondaries discernible in the upper
part (arrow). Thin section RR4583/3.

Scale bar for all figures = 0.50 mm.
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Fig. 1.

Figs. 2—6.

Figs. 7, 8.

Fig. 9.
Fig. 10.

RAIKA RADOICIC & FELIX SCHLAGINTWEIT

PLATE 5
Dissocladella annulata (ELLIOTT, 1993) nov. comb.

Fragment of a tangential section with pores of secondaries in the upper part. Thin section RR4583/1.

Poorly preserved recrystallized oblique sections and fragments with pores of secondaries on the surface. Thin
sections RR4584/2, 4584/2, 4584/4, 4584/3 and 4584/9.

Tangential-oblique and shallow tangential section; “pores between whorls in Fig. 7 are in fact pseudopores.
Thin sections RR4584/2 and 4584/4.

Oblique deep tangential section. Thin section RR4584/7.

Tangential section with pseudopores (= not uniformly calcified space between whorls). Thin section
RR4583/5.

Scale bar for all figures = 0.50 mm.
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PLATE 6

Dissocladella annulata (ELLIOTT, 1993) nov. comb., emended (Figs. 1-16), and associated organisms (Figs. 17-21).

Figs. 1-8, 10. Longitudinal and longitudinal-slightly oblique sections of different minute and small fragments of type A

Fig. 9.
Fig. 11.

Fig. 12.

Fig. 13.
Fig. 14.
Fig. 15.
Figs. 16.

Figs. 17, 18.
Figs. 19-21.

skeletons. Thin sections RR4584, 4583/2, 4584/5, 4584/2, 4581, 4584/8, 4584/7, 4584/1, 4583/2 and 4584.
Longitudinal section, fragment of type B skeleton. Thin section RR4583/4.

Tangential section of a type A skeleton, corresponding to longitudinal section of skeleton in Fig. 10. Thin
section RR4583/2.

Fragment, longitudinal section of a recrystallized type B skeleton with few open pores of secondaries. Thin
section RR 4583/4.

Fragment of a slightly oblique transverse section with three pores of secondaries. Thin section RR4583/5.
Fragment of recrystallized transverse section with denticulate surface. Thin section RR4584/4.
Oblique section, note pores of secondaries . Thin section RR4586/5.

Oblique section of a recrystallized skeleton affected by endolithic activity within the primaries. Thin section
RR 4583.

Microgastropods. Thin section RR4583/6.

Sections of crustaceans — Carpathocancer SCHLAGINTWEIT & GAWLICK (former Carpathiella MISIK, SOTAK &
ZIEGLER). Thin sections RR4583/2, 4584/6 and 45 84/3.

Figures 1-15: scale bar = 0.25 mm; figures 16-21: scale bar = 0.50 mm.
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The age of the brachiopod limestones from Guca, western Serbia

RAJKA RADOICIC!, VLADAN RADULOVIC?,
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Abstract. The asymmetric rthynchonellide brachiopod Cyclothyris? globata (ARNAUD, 1877) has a large
distribution in the Coniacian, Santonian and Campanian outcrops of the western Tethys. The species has also
been identified in Guéa, (Vardar Zone, western Serbia), where it occurs together with the capillate terebratu-
loid “Terebratula” sp. (gen. et sp. nov.). In addition to Serbia, this brachiopod association is found in many
localities of northeastern Bulgaria (Shumen Formation). In older literature, in Romania and Bulgaria,
“Terebratula” sp. (gen. et sp. nov.) was confused with the Late Maastrichtian Terebratulina striata
(WAHLENBERG, 1821). The present microfaunal study based on planktonic foraminifera showed that the age of
the beds with Cyclothyris? globata and “Terebratula” sp. (gen. et sp. nov.) in Guéa may be dated as Lower-
most Campanian, i.e., the Santonian/Campanian boundary.

Key words: brachiopods, Cyclothyris? globata, “Terebratula’ sp. (gen. et sp. nov.), foraminifera, stratigra-
phy, Lowermost Campanian, Guca, Vardar Zone, western Serbia.

Ancrpakrt. Acumerpuyuan puaxonenun Cyclothyris? globata (ARNAUD, 1877) uMa BETHKO pacmpocTpa-
Bemhe y KOHMjaKk—KaMITaHCKUM H3JaHnnMa 3anaaHor Tetuca. Bpcra je Taxole mo3nara u u3 I'yue (Bapmapcka
30Ha, 3anaana CpOuja) e ce mojaBibyje 3ajeHO ca KalmiaTHUM TepedparyaumoM ““Terebratula’ sp. (gen. et
sp. nov.). M3san CpOuje, oBa OpaxuoIojcKka aconujaiyja je npoHaljeHa y MHOTHM JIOKaJIMTETHMAa CEBEPO-
3anaane byrapcke (Illymen dopmartuja). ¥ crapujoj aureparypu, y Pymynuju u byrapckoj, “Terebratula” sp.
(gen. et sp. nov.) je oapehuBaHa kao ropmomMacTpuxtcka Terebratulina striata (WAHLENBERG, 1821). Ca-
Jlalba MUKpO(hayHUCTHYKA POYYaBarha 3aCHOBAHA HA TUIAHKTOHCKMM (hopaMuHu(peprMa Cy mokasaja aa je
crapoct ciojesa u3 I'yue ca Cyclothyris? globata i “Terebratula” sp. (gen. et sp. nov.) onpeleHa kao Hajpa-
HUjH KaMIIaH, Tj. TPaHHUIa CAHTOH/KaMIIaH.

Kibyune peun: opaxuononu, Cyclothyris? globata, “Terebratula” sp. (gen. et sp. nov.), popamunudep,

crparurpaduja, HajpaHujH KammnaH, ['yua, Bapaapcka 30Ha, 3ananHa Cpouja.

Introduction

A brachiopod assemblage of two species, i.e.,
Cyclothyris? globata (ARNAUD) and “Terebratula” sp.
(gen. et sp. nov.), was found in the Upper Cretaceous
succession at the Dupljaj Stream, near Guca, in the
Bjelica Belt of the Vardar Zone (western Serbia) (Fig.
1). The occurrences in ex-Yugoslavia of Cyclothyris?
globata, which is common in several Coniacian—
—Campanian outcrops along the northern and southern

Tethyan margins and in central Tethyan domains,
were described and dated as Campanian by RADULO-
VIC & MOTCHUROVA-DEKOVA (2002). In several local-
ities of the Vardar Zone (Guca, western Serbia) and
the Balkans (the Shumen Formation, northern Bulga-
ria), C.? globata was found in assemblages with the
capillate “Terebratula” sp. (gen. et sp. nov.), which
previously was misidentified with the Late Maast-
richtian Terebratulina striata (WAHLENBERG). The age
of the brachiopod association from Guca, based on the
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abundance of microfossils, is updated herein. It is
documented by the evidence of a rich association of
benthic and planktonic foraminifera. The sequence of
deposits bearing brachiopods evolved from a shallow
marine environment weakly influenced by open sea
into true hemipelagic calcisphere—globotruncanid de-
posits of the lower ramp-transition to a shallow basi-
nal environment.

Fig. 1. Location map of the studied section (star).

Geological setting

The Cretaceous succession, according to CIRIC
(1958), is formed of Senonian limestones and clastics
transgressive and unconformable over different units
of the Paleozoic complex. The author used abundant
mollusks, mainly rudists, then corals and brachiopods,
to document the Santonian, Campanian and Maast-
richtian ages of the deposits; the latter also rich in
large foraminifera — loftusiae and orbitoids.

Micropaleontological examinations and research of
the rudist fauna during the geological mapping for the
Sheet Cacak on the scale 1:100 000 documented the
presence of the Coniacian and Turonian. Transgression
in the present-day Dragacevo area started in the Albian,
according to unpublished information (RR). Successive
phases of the transgression evolved in the latest Ceno-
manian?—Early Turonian (following the Late Cenoma-
nian event), in the Santonian and in Maastrichtian,
when sea advanced over most of the area.

Albian deposits, precisely limestones bearing
Hemicyclammina sigali MAYNC, are known only from
the NE Kravarica Belt, under the Lower Cenomanian
limestones with Ovalveolina sp, Murgeina apula (LU-
PERTO SINNI), Pseudolituonella reicheli MARIE, Chry-
salidina gradata D’ORBIGNY, Pseudorhipidionina
casertana (DE CASTRO) etc. A layer containing bra-
chiopods, which is the subject of this note, was found
in a minor exposure of the Bjelica Belt near Guca. The

Cretaceous limestones and clastic preflysch succes-
sion of Bjelica were deposited during the Santonian,
Campanian and Maastrichtian, whereas the age of the
flysch (based on the nautilid Hercoglossa cf. danica)
is Maastrichtian-Danian (CIri¢ 1958). According to
the authors of the geological map, massive marly
limestones and partly marls in the Bjelica Belt are
designated in the Middle Campanian only, while the
flysch sedimentation in the belt, and in the entire Dra-
gacevo expanse, excluding Jelica II, began (unsub-
stantiated!) much earlier, in the Late Campanian (Br-
KOVIC et al. 1978, Fig. 4). The presence of Maastrich-
tian limestones with rudists, loftusiae and orbitoids,
well known from the publications on Dragacevo, has
been unjustly and inexcusably neglected (first infor-
mation on the Maastrichtian limestones was given by
V. PETKOVIC 1909; in CIRIC 1958).

Observation on the Cretaceous of Jelica
Mt. followed by an Explanatory Text for
the Geological Map, Sheet Cacak on the
Scale 1:100 000

The Cretaceous of Jelica Mt. is designated on the
geological map in two belts of different develop-
ments: Jelica I (assigned to the Inner Dinarides) with
a succession similar to the Bjelica Belt, and Jelica II
(assigned to the Vardar Zone) with only a Middle
Campanian Diabase-Chert Formation present (BRKO-
VIC et al. 1978, Fig. 4).

Why the (Jurassic) Diabase-Chert Formation was
dated Campanian and what kind of deposits were
developed there are the questions answered in the
controversial text “Senonian of the Vardar Zone”, as
follows (translation from Serbian): “Senonian rocks in
the Vardar Zone are represented by a particular Diaba-
se-Chert Formation. They form a narrow, discontinu-
ous belt along the Jelica Range, in a zone of intensive
structural deformation, thereby in structural unconfor-
mity with adjacent units” “These rocks are rudistid in
character (sic!) in a chaotic arrangement of units of
ill-defined beds. The rock constituents are knots of
different rocks chiefly in an arenite-silt matrix. Some
areas in the breccioid mass differ in the composition
and size of the knots and in the cementing material.
The Jelica Range is built of breccia composed only of
diabase fragments, with even the binder being fine-
grained diabase breccia. The rocks in the western Jeli-
ca Range are sedimentary, subordinately mafite and
ultramafite. In relation to the attitude of different units
and their structures, these breccioids are likely an
ophiolite mélange of olistostrome origin.” (p. 36).

What the mapping researchers observed in the field
was obviously tectonite, a chaotic unit or ophiolite
mélange, by no means a Diabase-Chert Formation,
which was only one component of a major tectonic
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event during the Campanian. Lamentably, the authors
of the map uncritically accepted then the prevailing
interpretation of M. N. DIMITRUEVIC & M. D. DIMITRI-
JEVIC (1973, pp. 228, 230) that the Diabase-Chert
Formation was a “typical olistostrome mélange”, gi-
ven “Cretaceous age” on Jelica.

Jelica II is a part of the known tectonic Rujevac—
Veliki Majdan Zone in western Serbia (CIRIC 1996;
Rapoici¢c 1997). Based on planktonic foraminifera
from some minor masses and blocks of the Jelica II
Belt, the newest sediment is dated Early Campanian,
the same as the Rujevac—Veliki Majdan ending in
Kosovo.

Not infrequently, differentiation is not made be-
tween tectonites s.str:, particularly those of higher
order of magnitude and post-tectonic sedimentation
processes (there are, of course, specific relationships).
Concerning the ophiolite mélange — tectonite, it de-
pends on the mechanical properties of the rocks,
crushed and broken in strong tectonic events, which
were sufficiently plastic to include more compact
components. In the given terrains, it is mostly the
Diabase-Chert Formation.

Microbiostratigraphy

Upper Cretaceous rocks of the Bjelica Belt in the
Dupljaj Potok near Guca are known from the finds of
brchiopods. Basal terrigenous deposits of the Bjelica
Belt pass into carbonate rocks (sandstone-calcareous
sandstone-sandy to silty limestone) unexposed in the
Dupljaj Potok. Neither of the oldest carbonate rocks is
uncovered sufficiently for observation of the stratifi-
cation. For detailed stratigraphical dating of the bra-
chiopods, six samples (VR 101 through VR 106) were
collected for micropaleontological examination from
10-12 meters of the stratigraphic column, viz.:

— The lowermost 2 m of the observed calcareous
sandstone (sample VR 101) contains an abundance of
coarse agglutinated foraminifer Hemicyclammina
chalmasi (SCHLUMBERGER), few other benthic forami-
nifers: Pararotalia minimalis HOFKER, Nummofallotia
cretacea (SCHLUMBERGER), Goupillaudina sp., milio-
lids and a few planktonic microfossils — Heterochelix
sp. and calcispheres. Sparse fragments of corallina-
cean algae and mollusks are also found. (PIL. 1, Figs.
1-5; PL. 3, Fig. 9; PL 6, Figs. 1, 11).

— Sandy limestone with brachiopods (sample VR
102), 1.5 m thick, contains cm-size fragments of co-
rals, calcisponges and mollusks. In addition to some
algal grains, the limestone contains quite rich benthic,
dominantly varied rotaliform foraminifera, and plank-
tonic microfossils. The microfossils are: Hemicyclam-
mina chalmasi (very rare), Pararotalia minimalis, Pa-
rarotalia cf. minimalis, Pararotalia sp. G3, Pararo-
talia? sp. G4, Rotalia cf. R. saxorum D’ORBIGNY,
Goupillaudina sp., Sulcoperculina? sp., rotaliacean

foraminifera species G1 and species G2, Nummofallo-
tia cretacea, Vidalina sp., miliolids and some undeter-
mined forms. The planktonic foraminifera and other
planktonics found in this limestone are: Globotrunca-
na linneiana (D’ORBIGNY), Globotruncana lapparenti
BROTZEN, Globotruncana hilli PESSAGNO, Globotrun-
cana sp., Globotruncanita cf. G. elevata (BROTZEN),
Heterohelix sp., Pithonella multicava BOrRzA, Stomio-
sphaera sp. and other calcispheres. Sparse algal grains
are of Terquemella, fertile ampullae of Neomeris and
corallinacean fragments.(Benthic: Pl. 2, Figs. 1-6; pl.
3, Figs. 1-6, 11; Pl. 4, Figs. 1-6; PL. 6, Figs. 5-10;
planktonic: PI. 4, Fig. 11; PL. 5, Figs. 1-7; Pl. 6, Fig. 2).

Upward follow 2-2.5 meters of hemipelagic silty
calcispherulid limestones (samples VR 103 and 104):

— The planktonic microfossils from sample VR 103
are: Pithonella ovalis KAUFMAN, Pithonella multicava
Borza, Cercidina supracretacea VOGLER, Stomio-
sphaera sp., other calcispheres, than Dicarinella asy-
metrica (SIGAL), Marginotruncana coronata (BOLLI),
Globotruncana linnneiana (D’ORBIGNY), G. lapparen-
ti BROTZEN, G. mariei BANNER & BLOW, and very rare
benthic foraminifera — Navarella joaquini CiTy & RAT
and Goupillaudina sp. (PL. 5, Figs. 8, 9-11).

— The limestone of sample VR 104 bears: Globo-
truncana linneiana, G. lapparenti, Globotruncananita
stuartiformis (DALBIEZ), Heterohelix sp., genus? (aff.
Gublerina—Schackoina), frequent calcispheres and
benthic foraminifera Tekkeina anatoliensis FARINACCI
& YENIAY, Navarella joaquini (both large agglutinat-
ed species known from hemipelagic—pelagic deposits)
and Lenticulina sp. (Benthic: Pl. 4, Figs. 7-11; plank-
tonic: PL. 5, Figs. 13, 14, 16; Pl. 6, Fig. 3).

— The some six meters of silty limestones of sam-
ples VR 105 and 106 contain Marssonella sp., then
calcispheres and very few glogotruncanids — Globo-
truncanita elevata (BROTZEN), a transitional form be-
tween Globotruncana arca and Contusotruncana
patelliformis. (P1. 5, Figs. 15, 17).

Brachiopods

The brachiopod assemblage from the sandy lime-
stones (sample VR 102) at Guca consists of two
species: the asymmetric rhynchonellide Cyclothyris?
globata and the capillate terebratulide “Terebratula”™
sp. (gen. et sp. nov.).

Cyclothyris? globata (ARNAUD, 1877) (Figs. 2.1-5)
— This species was recently described by RADULOVIC
& MOTCHUROVA-DEKOVA (2002) from Slovenia,
Croatia, Serbia and Bulgaria. Here follows the
description based on the specimens from Guca.

Shell of medium size (L, 17.7 mm; L., 26.7 mm),
generally with subtriangular outline, or transversely-
oval, always with a twisted asymmetrical anterior
commissure. The dorsal valve is usually more convex
than the ventral valve. Greatest width at the anterior
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Fig. 2. Cyclothyris? globata (ARNAUD), Lowemost Campanian, Guc¢a, western Serbia. 1 — RGF VR 62/4; 2 — RGF VR 65/14;
3 - RGF VR 62/6; 4 — RGF VR 62/2; 5 — RGF VR 65/27. The letters imply the view: a, dorsal; b, ventral; ¢, lateral; d, ante-
rior.
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Fig. 3. “Terebratula” sp. (gen et sp. nov.), Lowermost Campanian, Guca, western Serbia. 1 — RGF VR 65/9; 2 — RGF VR
65/4; 3 — RGF VR 65/1. The letters imply the view: a, dorsal; b, ventral; ¢, lateral; d, anterior.

third, maximum thickness at midvalve. The lateral
commissure straight. Beak massive, suberect to near-
ly straight with sharp and short beak ridges. Squama
and glotta developed. The apical angle ranges be-
tween 72° and 96°. Foramen rounded, circular, rela-
tively large, hypothyrid to submesothyrid, slightly la-
biate. The interarea small, concave. Each valve is
ornamented with 24 to 36 simple ribs, which anterior-
ly become stronger and sharper.

Referring to the external features, such as asym-
metric shell, the species is very similar to Cyclothyris
difformis (VALENCIENNES in LAMARCK) and C. contor-
ta (D’ORBIGNY) known from the Cenomanian of Euro-
pe, with which it was very often confused. C. globata
differs from both latter species in having fewer costae,
a more triangular outline, smaller foramen and a per-
manently asymmetric shell (“obligate asymmetry™),
whereas C. difformis and C. contorta can develop
both asymmetric and symmetric shells (“facultative

asymmetry” sensu FURSICH & PALMER, 1984). (See
RaDULOVIC & MOTCHUROVA-DEKOVA 2002.)

The species frequently occurs in the Coniacian—Lo-
wer Campanian of the Pyrenees (MuNoz 1985, 1994),
the Campanian of southwestern France (ARNAUD
1877; FAGE 1934; GASPARD 1983a, 1983b, 1991;
GaspARD & ODIN 2001), the Late Campanian of
Slovenia (PLENICAR 1960), the Santonian of Croatia
(PeJOVIC & RADOICIC 1987), the Campanian of Serbia
(RAaDULOVIC & MOTCHUROVA-DEKOVA 2002), the
Latermost Santonian of Bulgaria (Cankov 1930;
TzaNKOV 1947; ZACHARIEVA-KOVACEVA 1947; JULKI-
CEV 1989; MOTCHUROVA-DEKOVA 1992a, 1992b,
1994, 1995, 1996b; RADULOVIC & MOTCHUROVA-DE-
KOVA 2002) and the Coniacian—Santonian of the
southern Caucasus (ALIEV & TiTOvA 1988).

“Terebratula” sp. (gen. et sp. nov.) (Figs. 3.1-3) —
Medium-size shell (L;, 19.5 mm; L,,, 26.7 mm),
outline, independent of the size, can vary from ovally



78 RAJKA RADOICIC, VLADAN RADULOVIC, DRAGOMAN RABRENOVIC & BARBARA RADULOVIC

elongated to nearly circular. The valves are moderate-
ly and nearly equally biconvex or slightly dorsibicon-
vex. Maximum width at about mid-length; maximum
thickness in the posterior third. The anterior commis-
sure rectimarginate, in one large specimen slightly
and widely uniplicate; the lateral commissure slightly
curved towards the dorsal valve. Beak suberect to
erect, with mesothyrid foramen. Under beak, very
short and thickened ridges developed. Beak ridges
rounded, poorly developed. The surface is covered by
fine radiating capillae, increasing in number both by
bifurcation and intercalation (about 2-3 capillae per
mm near the anterior margin).

Remarks. Specimens of supposedly the same spe-
cies from Romania and Bulgaria (northern margin of
Tethys) were confused with Terebratulina striata
(WAHLENBERG, 1821), known from the Late Maast-
richtian of Sweden (Epicontinental Sea). A prelimi-
nary research of the internal morphology of this new
form by V. RADULOVIC and N. MOTCHUROVA-DEKOVA
on Bulgarian specimens reveals a terebratuloid loop.
This feature clearly distinguishes this taxon from 7.
striata that has a ring-like loop; this feature places
them in two different families. The capillate ornamen-
tation of the shell of the new form makes it similar to
Capillithyris capillata (D’ARCHIAC 1847), known
from the Albian and Cenomanian of western Europe
(Belgium, England, Poland and the Ukraine). How-
ever, the Serbian terebratuloid differs in having
straight capillae (in C. capillata the capillae are wav-
ing and intersected by concentric growth lines.
Internally, it is distinguished from the latter in having
much reduced hinge plates.

This new capillate terebratuloid brachiopod will be
officially described elsewhere by a different co-
authorship board. Its preliminary description is pro-
posed here with the kind permission of the colleagues
N. MOTCHUROVA-DEKOVA and E. SIMON.

The species is known from the Santonian-Campa-
nian of Romania (southern Dobrudja, Remus Opre-
anu; NEAGU & BARBULESCU 1979; BARBULESCU et al.
1979; BARBULESCU & NEAGU, 1988), the Latemost
Santonian of northeastern Bulgaria (CaNkov 1930,
ZACHARIEVA-KOVACEVA 1947; JOLKICEV 1989; Mo-
TCHUROVA-DEKOVA 1996a), the Campanian and
Maastrichtian of the Crimea and the Caucasus
(ASTAF’EVA 1959).

Discussion

Hemicylammina chalmasi, a large agglutinated
foraminifer, is known from the Coniacian—Late
Santonian of the Spanish Pyrenees (CORNELLA 1977,
CAUS et al. 1981), from the Late Turonian or Early
Campanian of the Northern Calcareous Alps (SCHLA-
GINTWEIT & WAGREICH 2004) and from the Campani-
an of the Vardar Zone in Serbia. The Campanian age

of Hemicyclammina chalmasi is based on planktonic
foraminifera in the limestone with planktonic and
benthic foraminifera (PoLAvDER 2003). The abun-
dance of Hemicyclammina chalmasi in bed VR101 is
the acme of this species or, more probably the
paracme, because extreme scarcity of specimens in
the limestone with brachiopods (VR102) can be inter-
preted as their last occurrence. Other benthic fora-
minifera in bed VR102 have a larger stratigraphic dis-
tribution — the Coniacian to the Campanian.

Prevailing planktonic foraminifera in sample
VRI102 are two keeled species distributed in both the
asymetrica and elevata zones, some of them earlier, in
the concavata Zone. Species of the genus Dicarinella
were not found in the five thin sections, whereas, in
the overlying hemipelagic-pelagic silty limestone,
Dicarinella asymetrica and Marginotruncana corona-
ta were present in the sample VR103. Both species
totally disappeared in the Lowermost/Lower Campa-
nian (PREMOLI-SILVA & VERGA 2004, p.45). This leads
to the conclusion that the layer containing brachio-
pods was the basal bed of the Campanian that marked
the Santonian/Campanian boundary.

A few benthic macroforaminiferal specimens of
Navarella joaquini were found in the samples VR103
and 104. This species is described by CIRyY & RAT
(1951) from the Maastrichtian of the Spanish Pyre-
nees, then cited also from the Maastrichtian of the
Suisse Alps, from Scaglia rossa of the Veronese in
Italy, in the Pyrenees and France (SAMPO 1972). In the
Western Aquitaine, the species was found in the
Campanian (RiBIS 1965 fide SAMPO 1972). The hemi-
pelagic limestone of the sample VR104, beside Nava-
rella, bears another macroforaminifer Tekkeina ana-
toliensis FARINACCI & YENIAY, a species described
from the Santonian of Susus Dag in the Western Pon-
tides, Turkey. The Santonian age was confirmed by
the planktonic foraminiferal association with Dicari-
nella concavata (BROTZEN). In the type locality, the
species ends at an unconformable boundary (a gap
between the Santonian and Late Campanian), and is
absent in the Upper Campanian (FARINACCI & YENAIY
1994).

Takkeina anatoliensis was known only from the
Campanian in the Mur exposure near Novi Pazar, the
Vardar Zone; the Campanian age is confirmed by
planktonic foraminifera and nanofossils (POLAVDER
2003). A Tekkeina anatoliensis from the hemipelagic
Campanian limestones of the Dol Formation on the
Brac¢ island, Adriatic Carbonate Platform, was illus-
trated as “large coarsely agglutinate foraminifer, sim-
ilar (or akin) to Navarella joaquini” (GUSIC & JE-
LASKA 1990, pl. 11, fig. 2).

It follows from the above that Tekkeina anatolien-
sis is distributed in Santonian and Lower Campanian
hemipelagic—pelagic deposits.
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Conclusions

The researched stratigraphic sequences of Dupljaj
Potok, based on micropaleontological contains, is
dated as Latest Santonian and Early Campanian. The
bed with brachiopods marks the boundary between
the Santonian and the Campanian and is included in
the basal Campanian.

Cyclothyris? globata is a species of large geograph-
ical distribution, known from the Northern and South-
ern Tethyan margins and the Central Tethys. The spe-
cies occurs in the stratigraphic interval from Coniacian
to Campanian. In western Serbia, it is found at Guca
(Bjelica Belt, the Vardar Zone) in association with the
capillate “Terebratula” sp. (gen. et sp. nov.). The asso-
ciation is also known from the uppermost Santonian of
northeastern Bulgaria (Shumen Formation).

According to the obtained data, a part of the Bjelica
Cretaceous Belt, during the Latest Santonian and
Early Campanian, evolved gradually from a shallow
marine environment weakly influenced by open sea
(few planktonic foraminifera in Hemicyclammina
chalmasi carbonate sandstone) to hemipelagic with
mixed benthic and planktonic foraminifers and bra-
chiopods into true hemipelagic calcisphere-globotrun-
canid deposits on a lower ramp-transition to shallow
basinal environment. Information on the development
of facies (CIRIC 1958; BRKOVIC ef al. 1978) indicates
subsidence of the Cretaceous Dragacevo Unit in the
Bjelica Belt, which continued to the Maastrichtian or
even into the Danian.
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Pe3ume

Crapoct Opaxuonoackux kpeumaka I'yue,
3anagna Cpouja

Kpennau cenumentn nojaca bjenmie (paradeso) y
nokanutety Jlympaj motok kox ['yde, mo3Haru cy 1o
Hanacky Opaxuomona (CIRIC 1958; RADULOVIC&
MOTCHUROVA-DEKOVA 2002). bazaiiHu TepureHu ce-
JTUMEHTH OBOT T10jaca MOCTYITHO IIpeiaze y KapOoHaTe
(mjenrdapu—kapOOHATHU ITjeNTiyapr—IIjeCKOBUTH Kped-
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BAIlI—CHUIITO3HU Kpeumanu). Y Jlympaj moToky Oa-
3aJTHU TEPUTCHU CEIMMEHTH HUjeCy OTKpUBEHU. Tako-
he, HajcTapuju nuo kapOoHaTHe cykuecwje bjemure
OBJIje HUje T00pO OTKPUBEH, T€ CTOTA CTPATHU(UKAIIH-
ja HUje jacHO BHUJbMBA. Y IUJbY NpENHM3HUjeT AaTH-
pama Opaxuomnoncke (ayne yzopkoBaHo je 10—12 m
crparurpadkor cryba 3a MHUKpPOIAJICOTOJIONIKE aHa-
m3e ca 6 yzopaka (VR101-VR106).

Hajcrapuju oTkuBeHU c10j je KapOOHATHU TIjerrdap
(oxo 2 m, VR101) ca ammyruHeHTHHM (HOpaMUHH-
tdhepom Hemicyclammina chalmasi, TOHEKUM PyTHM
OCHTOCKUM U BEOMa PUjETKUM TIIAHKTOHCKAM MHKPO-
(hocummma.

Crnujenehn, TjeCKOBHTH KpedmaK ca Opaxworo-
muma (oko 1.5 m, VR102) y xojeM ce 3anaxajy ¢par-
MEHTH Kopalia, KaIIUCIIOHTHja U MEeKyIIana, CaapiKu
OpojHe OEHTOCKe, IPETEXKHO poTaTrudopMHe hopamu-
Hudepe, anmn Takohe W ITAaHKTOHCKE MHKpodocHie:
Hemicyclammina chalmasi (Beoma pujetka), Pararo-
talia minimalis, Goupillaudina sp., Sulcopeculina sp.,
Nummofalotia cretacea, Globotruncana lapparenti,
Globotruncana hilli, Globotruncanita cf. Gl. elevata,
u 1p. bpaxuonoacky 3ajenHUIYY U3 TjECKOBUTOT KPEd-
maka (yzopak VR 102) unne nBuje BpcTe: pHHXOHE-
mun Cyclothyris? globata n xanunatHu TepeOpaTyIua
“Terebratula” sp. (gen. et sp. nov.).

Hasumme cnmjene xemunenanku Kpedmaru (2—2.5
m, VR103, VR104; 5-6 m, VR105, VR106):

— ca CUTHHM POTaTu(GOPMHUM OOIUIINMA, KaJIld-
cthepama u mmoborpynkanunama: Dicarinella asymet-
rica, Marginotruncana coronate, Globotruncana
marie, Globotruncana linneiana, Globotruncana lap-
parent, 1 Jp.

— ca xanmuchepama u modorpyHkanuaama — Glo-
botruncanita stuartiformis, Globotruncana linneiana,

Globotruncana lapparenti m KpyITHUM arTyTHHEHT-
HUM QopamuHA(EpHMa KOjH Cy TIO3HATH W3 XEMUIIe-
nmamkux cexuMenara: Navarella joaquini CIRY & RAT
u Tekkeina anatoliensis FARINACCI & YENIAY.

— ca xanmucdepama U pUjETKUM TIIOOOTPYHKAHU-
nama Globotruncana elevata, npenazna dopma Glo-
botruncana arca—Contusotruncana patelliformis n
ap.

Ha oCHOBYy MUKpOTMAJCOHTOJOMKHX TOJaTakKa,
KpenHu cefuMeHary Jymnibaj moToka cy CaHTOH—KaM-
maHcke crapoctd. Ilomazehn om momatka ma 171000-
TpyHKaHCKa Bpcta Dicarinella asymetrica (nalhena
W3HAJ cJi0ja ca OpaxWomojrMa) WIrve3aBa y HajHU-
KeM KaMIIaHy, CJI0j ca OpaxuoroguMa TMpHITHCaH je
HajHWKeM KammaHy. OH oBIje oOWMIbekKaBa TPaHUILY
mmehy caHToHa W KamIaHa, JOK ce KapOOHAaTHU
mjenmaap ca Hemicyclammina chalmasi cmatpa rop-
FOCAHTOHCKUM (aKMa WM TlapaakMa BpCTe, JOK je
BEHO MOCIBEIHC T0jaBJbUBAKBE Y PAHOM KaMIIaHy, y
CJI0jy ca OpaxuoIoauma).

[Ipema noOujeHuM mofanuMa CEINMEHTH OBOT M-
jerna xpeqHor mnojaca bjenuiie, TOKOM KaCHOT CaHTOHA
W paHOT KaMIaHa MOCTYIHO Cy €BOJIYUPATH Of TUIU-
TKOBOJIHE MapHHCKE CpEIUHE Ca jaKUM TEPUTCHUM
IIPHHOCOM H BeoMa CJIa0MM yTHI[ajeM OTBOPEHOT MO-
pa, TIPEKO XeMUIEalIKuX KpedmhaKka ca MjeIlOBHTOM
OCHTOCKOM M IUIAHKTOHCKOM (ayHOM, IO YHCTO
XEMUTIENANIKUX-TIENIAIKUX CeIMMEHaTa JemoHOoBa-
HUX y Tpefjeny J0mba pamiia — mpeja3 y JOMEH pera-
TUBHO TUTUTKOBOIHE OaceHcke cpenvHe. Ha ocHoBy
(danmjaTHX KapakTepucThka Miahux cegumeHara
(CIRIC 1958; BRKOVIC et al. 1978) 3aksbyuyje ce 1a je
TOBEHE Yy Aujeny KpemHe jemmauIle J[[paraueBa
HACTABJHECHO Y TOKY MAaCTPHUXTA, Ca MPETHOCTABKOM JI0
Y JaHUjeH.
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Plate 1

Figs. 1-5. Hemicyclammina chalmasi (SCHLUMBERGER), sample VR101, thin sections VR101a and 101b.

Scale bar = 0.5 mm for all figures.
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Plate 2

Figs. 1-7. Rotaliform foraminifera from a bed with brachiopods, sample VR102.
1, 2. Rotalid — species G1, thin section VR102e, 102c.
3-6. Rotalid — species G2, thin section VR102c, 102d, 102d, 102.
7. Rotalid — species aff. G2, thin section VR102b.

Scale bar = 0.25 mm. for all figures.
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Plate 3

Figs. 1-6, 11. Rotaliform foraminifera from a bed with brachiopods, sample VR102.
1-3. Pararotalia ? G3, thin sections VR102b, 102a, 102c.
4-6. Sulcoperculina sp., thin sections VR102, 102a, 102a, 102c.
11. Rotalia aff. R. saxorum D’ORBIGNY, thin section VR102e.

Figs. 7, 8. Goupillaudina sp., thin sections VR103a, 103b.
Fig. 9. Goupillaudina sp., thin section VR101a.
Fig. 10. Thin walled rotaliform foraminifera (aff. Goupillaudina), thin section VR103a

Scale bar = 0.2 mm for all figures.



The age of the brachiopod limestones from Guca, western Serbia




88

RaJkA RADOICIC, VLADAN RADULOVIC, DRAGOMAN RABRENOVIC & BARBARA RADULOVIC

Plate 4

Figs. 1-6. Benthic foraminifera from a bed with brachiopods, sample VR102.
1-4. Nummofallotia cretacea (SCHLUMBERGER), thin sections VR102¢, 102¢, 102b, 102b.
5. Lituolid, thin section VR102¢

6. Rotaliform foraminifera and (upper) Pithonella multicava BORSA, thin section VR102c.
Scale bar = 0. 25 mm for all figures.
Figs. 7-11. Large Lituolidae from the hemipelagic limestone with planktonic microfossils, sample VR104.
7, 8. Navarella joaquini CIRY & RAT, thin section VR104a.

9-11. Tekkeina anatoliensis FARINACCI & YENIAY, thin section VR104b.

Scale bar = 0.5 mm for all figures.
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Plate 5

Planktonic foraminifera and Pithonella from a bed with brachiopods, sample VR102.
1-3. Globotruncana linneiana(D’ORBIGNY), thin section VR102a, D740 (= VR102), 102d
4. Globotruncaanita cf. G. elevata (BROTZEN), thin section D740.
5. ?Muricohedbergella sp., thin section VR102b.
6. Globotrtuncana hilli PESSAGNO, thin section VR102b.
7. Pithonella multicava BORSA, thin section VR102b.

Marginotruncana coronata (BOLLI), thin section VR103b

Globotruncana lapparenti BROTZEN, thin section, VR103a.

Dicarinella asymetrica (SIGAL), thin section VR103b.

Globotruncana hilli PESSAGNO, thin section VR103b.

Globotruncana linneana (D’ ORBIGNY), thin section VR104b.

Genus? (the form aff. Gublerina—Schackina), thin section VR104a.

The form between Globotruncana arca and Contusotruncana patelliformis, thin section VR106.
Globotruncanita stuartiformis (DALBIEZ), thin section VR104b.

Globotruncanita elevata (BROTZEN), thin section VR105.

Scale bar = 0.2 mm for all figures.
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Plate 6
Fig. 1. Heterohelix sp., thin section VR101a.
Fig. 2. Heterohelix sp., thin section VR102a.
Fig. 3. Globotruncanita stuartiformis (DALBIEZ), thin section VR104c.
Fig. 4. Pithonella ovalis (KAUFMANN), Stomiosphaera, other calcispheres, thin section, VR103b.
Fig. 5. Goupillaudina sp. and Pararotalia minimalis HOFKER, thin section VR102a.
Fig. 6. Goupillaudina sp., thin section D740 (= VR102).
Figs. 7,9, 10. Pararotalia cf. P. minimalis HOFKER, thin sections VR102c, 101a, 102e¢.
Fig. 8. Pararotalia sp. G4, thin section VR102c.
Fig. 11. Pararotalia minimalis HOFKER, thin sction VR102a.

Scale for = 0.2 mm for all figures.
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The Upper Miocene Lake Pannon marl from the Filijala Open Pit
(Beocin, northern Serbia): new geological and paleomagnetic data

MERI GANIC', LuPKO RUNDIC!, SLOBODAN KNEZEVIC' & VESNA CVETKOV?

Abstract: This work presents major lithological, structural, paleontological and paleomagnetic character-
istics of the Upper Miocene Pannonian marl in the Filijala Open Pit of the La Farge Cement Plant near Beocin,
northern Serbia. Pannonian marl lies between the underlying heterogeneous Sarmatian deposits and the over-
lying set of Pontian sand beds and Quaternary sediments. The open pit is located on the NE range of Fruska
Gora, a horst structure with a core of Paleozoic, Mesozoic and Paleogene rocks in a complex structural pat-
tern. Pannonian sediments, which are part of a younger structural stage, deposited on the horst limbs. The
Pannonian marl strata dip at angles from 12° to 26° (to the NNW), forming a monocline. The strata deforma-
tions are a consequence of radial tectonics and are a potential source of landslides. The many mollusks (7 gas-
tropod and 9 bivalve species) and ostracodes (27 species) and their biostratigraphical position indicate marl
deposition throughout the Pannonian age. A paleomagnetic investigation established that the marl has incon-
sistent remanent magnetization (with bad statistical parameters), which originates from neoformed magnetite.

Key words: Upper Miocene, Lake Pannon, cement marls, lithology, stratigraphy, paleomagnetism,
Beocin, Fruska Gora.

AncrpakT: Y pajy cy npukazaHe IIaBHE JIUTOJIOLIKE, CTPYKTYPHE, MMaJCOHTOJIOKE U MajleoMarHeTHe
KapaKTepHCTHKE T'OPHOMUOLICHCKUX, NMAaHOHCKUX Janopala ca HOBpUIMHCKOr kona ®uimjana y beounny
(ceBepna CpOwuja). Y HOIUHM MaHOHCKHX JIallopalia Cy XeTepOreHH CapMaTCKU CEIMMEHTH JIOK UM TOBIIATY
YHHE MIOHTCKH TIECKOBU M KBapTapHe Hacnare. [JoBpIIMHCKH KON je JIOLMpaH Ha CEBEPOMCTOUHHUM MaJHaMa
Opynike rope Koja NpeACTaBiba jeAHY XOPCT CTPYKTypy usrpahleHy oJf pasiM4uTHUX MalIe030jCKHX,
ME3030jCKHX W MaJICOreHUX TBOPEBHHA KOjH CE€ Haja3e y BPJIO CIOXEHUM TEKTOHCKUM OfHOCHMA. [TaHOHCKH
CEIMMEHTH KOjU NPECTaBIbajy Aeo Mialje CTPYKTypHE eTaxe JeOHOBAaHH Cy 110 00oauMa xopera. [laHoHCKH
JAMOPI Tpajie jeqHy MOHOKIIMHAY Y K0joj ce magHu yrao kpehe ox 12° no 26° (mag mpema C—C3). Takse
nedopmarje ciojeBa Cy MOCIEANIA paafjalHe TEKTOHHUKE M YeCTO MPEACTaBIbajy M3BOP MOTEHIIMjaTHUX
KIM3UINTA Ha Kory. bpojau mekymim (7 BpcTa myeBa U 9 BpcTa IIKOJBKK) M 27 BPCTa OCTpakoda Kao U
BUXOB OMOCTpaTHrpadcKu MOJOXKaj, YKaszyjy Aa ce JENO3WIHja OAWTpana TOKOM IIeJIOr IMaHOHCKOT Kara.
[MTaneomarneTHa HCTpaXkKMBamba Cy MOKa3aJa Jia Jarnopliy UMajy HEKOH3UCTEeHTHY peMaHEHTHY MarHeTHU3alujy
KOja IoTH4e of TpaHc(opMaluje MPUMapHOT MarHeTUTa y CEKyHIapHH.

Kbyuyne peum: ropmu muoneH, jesepo [laHOH, IEeMEHTHH IalopIy, JUTOJIOTHja, cTparurpadwuja,
najeomaraerusam, beounn, @pymika ['opa.

Introduction was formed as result of continental collision and sub-
duction of the European Plate under the African Plate

The area of the FruSka Gora Mountain represents during the Late Early to Late Miocene (FODOR et al.
an inselberg in the southern part of the Pannonian  2005). Late Early Miocene subsidence and sedimenta-
Basin, which extends between the Alps, Dinarides, tion was an effect of the syn-rift extension phase that
and the Carpatho-Balkanides. The Pannonian Basin  resulted in the formation of various grabens filled by
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thin sin-rift marine and brackish deposits (HORVATH &
RoyYDEN 1981). The Pre-Pannonian (Late Miocene)
unconformity is an effect of the first early post-rift
phase of basin inversion that occurred during the Sar-
matian (HORVATH & Tari 1999). Later, a quiet and
slow thermal subsidence occurred combined with an
uplift and erosion of the neighboring mountains
(HORVATH & ROYDEN 1981; HORVATH et al. 2006;
ScHMID et al. 2008). This post-rift sinking was com-
pensated by intensive sedimentation in the caspi-
brackish Lake Pannon during the Late Miocene (Fo-
DOR et al. 2005; CLOETHING et al. 2006; HARZHAUSER
& PILLER 2007). The tectonic events that formed the
Pannonian Basin also affected the structure of the
Neogene deposits on the northern range of Fruska Go-
ra, which were deformed mainly by radial tectonics
(MAROVIC et al. 2007). Still, deformations that are
more complex have been noted in the Upper Miocene
and Pliocene nearer to the Danube, in the influence

MERI GANIC, LiUuPKO RUNDIC, SLOBODAN KNEZEVIC & VESNA CVETKOV

zone of the regional fault that separated large blocks:
the uplifted structures of the FruSka Gora horst from
the southern Backa depression (MAROVIC et al. 2007).
Examples of strong deformations are located above
the right bank of the Danube River and in the northern
part of the Filijala Northern Field, which, at present, is
the main worked deposit of the Beo¢in Cement Plant.
This resource has been known since 1838 and worked
from 1869. It is located on the northern Fruska Gora
range near the piedmont, above the Danube. The marl
deposit is worked in three fields unequal in size and
degree of exhaustion: (1) the Northern Field, the larg-
est, oldest and most exploited field, (2) the Middle
Field or Interfield and (3) the Southern Field (Fig. 1).

The Fruska Gora Mountain was the focus of geo-
logical interest in the second half of the 19th century.
Information on the initial geological prospecting of
Fruska Gora was given by LENz (1874), KocH (1876,
1896 and 1902), who gave the first integral descrip-
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Fig. 1. The geological sketch map of the BeocCin town area, with position of the geological cross-section and the studied

boreholes.
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tion of the geology of Fruska Gora and the first geo-
logical map on the scale 1:100000. R. HORNES (1874)
studied mollusks from cement marl near Beo¢in. Much
later, CicuLic (1957, 1977), CICULIC-TRIFUNOVIC &
Rakic¢ (1971), PETKOVIC et al. (1976), STEVANOVIC &
Papp (1985) wrote important contributions to the study
of the stratigraphy of Fruska Gora. More recently, geol-
ogy, stratigraphy, marl resource and quality of the
Filijala property, and the chronostratigraphy of the Pan-
nonian, were studied by DRASKO et al. (1998), DURrIC
(2005), RUNDIC et al. (2005), SiMIC (2005), GANIC et al.
(2009) and BORGH et al. (2010).

This work presents new structural and stratigraph-
ic—paleontological data for the Filijala property based
on observations in the field and on drill-core analysis,
as well as paleomagnetic measurements and interpre-
tation.

Materials and methods

Data presented on the geological map and structural
cross-sections were collected in all three fields of the
Filijala Open Pit, where azimuths and dip angles, and
fracture and fault positions were successively measured.
Data from boreholes B-150/75, B-153/75, B-157/75,
B-184/95, B-9/01, B-10/06, B-14/06, B-17/06, B-19/06,
B-1/07, B-2/07, B-3/07, B-6, B-8, B-10, B-13 and IB-9
were used. Information was plotted on a geodetic plan
on the scale 1:25 000, and cross-sections drawn, to be
reduced to the scale and prepared for print.

Mollusks were identified from 18 samples and col-
lected from the all three Filijala Pit fields, and from
boreholes B-8 and IB-9. For a more precise stratigra-
phic position and biostratigraphic control, five marl
samples were examined on ostracodes. Paleomagnetic
measurements were conducted in Pannonian marls on
the northern and southern margins of the Filijala
Northern Field (BCP LAFARGE, Beocin).

Twenty two fresh cores, light-grey in color, were
drilled in four sections inclined about 10° to the north.
The cores were oriented by means of a geological
compass. Several samples cut from each core were
examined in detail in the laboratory. For measurement
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of the initial magnetic susceptibility and the anisotropy
of the susceptibility (AMS) in the low-intensity field
(in fifteen positions) KLY-2 kappabridges was used
with relevant software support. The line, direction and
intensity of the remanent magnetization (RM) were
measured using a JR-5 spinner magnetometer (in four
positions) within the domain of the natural remanent
magnetization (NRM) and after each step of demagnet-
ization. A Schonstedt thermal demagnetizer was used
for thermal demagnetization of the specimens, and an
AFD300, Schonstedt AF and an LDA 3A demagnetizer
were employed for the alternating field demagnetiza-
tion. Magnetic minerals, the bearers of characteristic
RM, were identified using KLY-2 kappabridges com-
plete with a Curie temperature measuring device, pulse
magnetizer and spinner magnetometers JR-4 and JR-
5A. The demagnetization data were processed statisti-
cally following standard paleomagnetic procedures
(KirscHVINK 1980; FISHER 1953).

Geology of the Filijala Pit property

The area of the Filijala Pit property occupies a seg-
ment of the northern Fruska Gora horst. Paleozoic and
Mesozoic rocks and Paleogene igneous rocks that
form the basement constitute the horst body with
Neogene sediments on its lateral sides. The basement
rocks of Fruska Gora form a very complex structural
pattern with features of most diverse folding and radi-
al deformation.

Neogene sediments form a younger structural stage
and are distributed on the slopes and piedmont of the
Fruska Gora horst. In the Beocin area, the Neogene is
part of a large range and foothill belt of northern Fruska
Gora (Fig. 1). While the older Miocene beds are nearer
to the Pre-Tertiary core of FruSska Gora in the south,
younger stratigraphic members of the Neogene extend
northward to the Danube River. Sarmatian sediments
were identified in boreholes SE in the Filijala and
exposed on a hill above the Filijala Southern Field in
Beogin Village, in the Cerevi¢ Stream valley (between
Veliki Komesarovac and Mali Komesarovac heights)
and elsewhere (Fig. 2). The Sarmatian consists of het-
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Fig. 2. Geological cross-section A-B through the Miocene sediments on the Filijala Open Pit near BeocCin. Legend:
1, Sarmatian (only in cross section) laminated marl, sandy marl, banded silty marl and siltstone, marly sandstone, stratified
sandy limestone, lenses of conglomeratic marl, coaly clay, etc.; 2, Pannonian marl; 3, Pontian sand; 4, Pleistocene loess;
5, Holocene alluvial-prolluvial deposits, recent delluvial deposits and artificial deposits.
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erogeneous strata, a succession of commonly laminat-
ed intrabasinal marl, banded marl, sand-conglomeratic
marl, limestone and stratified sandy limestones.

Pannonian sediments are apparently conformable
over the Sarmatian, developed in marly facies, associ-
ated with cement marl in the Filijala property (only at
borehole B-9/01 in the Southern Field). At the contact,
the Pannonian strata consist of compact sandy marl.
Upward follows bedded or thick marl in a total thick-
ness of 200 meters (Figs. 2 and 3).

C

m
2407

B-10/06

180

B-17/06
B-157/75

Lithostratigraphy

The whole Filijala Pit, all three worked fields, is
formed of Upper Miocene and Quaternary deposits.
Before the mining began, almost the entire terrain of
the property had a Quaternary cover, but the long
exploitation has uncovered the Neogene sediments,
especially the units containing the mined raw materi-
al for the cement plant. The Sarmatian deposits under
the productive strata, they themselves being gangue in

the cement production, are not

D exposed on the surface any-

56° where within the borders of

the property. They were found
only in exploratory boreholes
(IB-9 and B-9/01) located SE
of the property, in the Casor
Stream valley. It was inferred
based on borehole sections,
observations and mapping that
the Sarmatian deposits under-
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lie the Quaternary in a narrow
tract on either side of the
Casor Stream, SE of the delin-
eated area. Further WNW, the
Sarmatian sediments lie under
the Pannonian marl. Beds of
the Sarmatian and Lower Pan-
nonian sediments, being pro-
visionally conformable or
without visible angular discor-
dance, dip in almost the same

60

Fig. 3. Geological cross-sections C—D and E-F through the Miocene sediments on
the Filijala Open Pit near Beocin. Legend: 1, Pannonian marl; 2, Pontian sand; 3,
Pleistocene loess; 4, Holocene alluvial-prolluvial deposits, recent delluvial deposits

and artificial deposits.

Near Beocin, the Pannonian marls are also located
west of the Filijala. In addition, these deposits are
present at the surface or under the Pontian on the local
heights of Tanco§, Mali Komesarovac and Belo Brdo,
designated as cement marl prospects.

Near Beocin, the Upper Pontian/Portaferrian beds
unconformably and transgressively lie over the Upper
Pannonian marls. They consist of sand, interbeds and
lenses of sandy siltstone and gravelly sand, in small
“oases” on the Filijala northern border (Figs. 1 and 2)
and in larger areas on the Tancos and Belo Brdo hills
west of BeocCin. The Pontian deposits are highly vari-
able in thickness, more than fifty meters thick near
Cerevié, west of Beogin.

direction (Fig. 2). As the Lo-
wer Pannonian exposures in
the Southern Field have dip
angles of about 20° to the
4 NNW, the older Sarmatian
layers presumably have the
same dip direction. Tracing
the inclination of the Neogene
deposits, or the SSE-NNW
azimuth, the Sarmatian layers
dip in the same direction.
Hence, even the deepest bore-
hole did not enter Sarmatian rocks in the Northern
Field. The measured section of borehole IB-9 and of
the exposed deposits in the bordering areas indicated
heterogeneous lithology of the Sarmatian (Fig. 4).
Lithologically, it consists of laminated marl, sandy
marl, banded silty marl and siltstone, marly sand-
stone, stratified sandy limestone, sand-gravelly marl
lenses, coal clay, etc. The coal clay lies at the bottom
of IB-9, between 14 m and 15 m deep, on the right
bank of the Casor Stream (Fig. 4). The identified fos-
sil fauna were Pirenella picta (DEFRANCE), Ervilia cf.
dissita (EICHWALD), Cerastoderma sp.

Pannonian deposits have the largest distribution in
the Filijala property, particularly in the largest mined
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Age Description
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Fig. 4. Measured section of borehole IB 9 in the Casor
Stream (near Southern Field of the Filijala Open Pit).

Northern Field. Unlike the heterogeneous Sarmatian
sediments that frequently vary in both the horizontal
and vertical directions, the Pannonian deposits are
uniform in composition, represented by marl facies.
They are sandy, hard at the boundary with the Sar-
matian. The rest of the sequence consists of true marls
to the boundary with the Pontian sandy beds.

The lower level of marls (Slavonian, sensu STEVA-
NovIC) is located in the mined Southern Field and
probably is covered in the transitional area from the
Southern Field to the Northern Field. It is marked by
fossil fauna of scarce small gastropods, bivalves and
ostracodes. These marls in the Southern Field are
platy, then bedded and relatively hard, locally sandy
with the occurrences of beds of indurated carbonate
sandstone and marly siltstone. The average amount of
CaCOj in the lower Pannonian marls of the Southern
Field is 62.55 %.

The upper set of the Beocin marl beds (Serbian,
sensu STEVANOVIC) is developed in the northern part
of the Middle Field and in the Northern Field. The
marl deposits of the Upper Pannonian form thick
beds, or rather groups of beds, rarely partly massive
and less indurated on average than the lower Pan-
nonian marl. The average CaCO; in the Northern
Field marls is 64.42 %. Upper Pannonian marls of the
Northern Field include interbeds and lenses entirely
different from the enclosing rocks. In exposures of the
Northern Field, the interbeds of ferruginous silty sand
are 10 cm or thinner, for example in observation
points determined by the coordinates 45°12°12” N,
19°44°40” E and 45°12°08” N, 19°44°38” E (eastern
border of the worked field). Sand or even gravel
interbeds in massive marl deposit are found in some
boreholes of the Northern Field. For example, a layer
of sand-marl conglomerate, depth interval from 60 m
to 61.1 m in borehole B-6, included pebbles of quartz,
chert, serpentinite, Cretaceous sandstone, efc.; in bo-
rehole B-8 depth interval from 51.2 m to 53 m, a layer
of marly sand succeeds gravelly-sandy marl. Note that

these beds, as do the common Pannonian deposits, have
a dip direction to the NNW. Minor local sand/gravel
interbeds are wedges in marlstones, which deserve con-
sideration because, being permeable, they may contain
water and under certain conditions may disturb the sta-
bility of slopes. The landslide uncovered marl beds,
which were the parting plane, with the dip elements
340/18 (45°11°51” N, 19°44°20” E, altitude 204 m).

In respect to granularity, sediments in the Filijala
Open Pit property are classified as clay-silt deposits
based on petrographic examination of samples from
different parts of the marl deposit. The sand con-
stituent is negligible, except in the mentioned lowest
horizons and in small local interbeds and lenses. Con-
sequently, Pannonian marl from the Filijala property
should be taken for fine silt-clay material, micrite, or
mudstone. Microcrystalline calcite is the essential
mineral constituent varying between 60 % and 67 %
on average. The non-carbonate proportion of the marl
consists of quartz, hydromica, montmorillonite, feld-
spar kaolinite, limonite goethite and organic matter.

The Pannonian deposits generally have a dip direc-
tion from SSE to NNW at a gradually changing angle:
about 20° in the Southern Field, 18° in the centre of the
Interfield to 26° at the northern border of the Interfield.
Following the azimuth, the marl dip angle in the North-
ern Field lessens to 12° or 14° in the northern pit slope.
Within the confines of the marl deposit, Pannonian
marls continuously dip to NNW from the southern bor-
der of the Southern Field, increasing in thickness to
about 200 meters at the Ostra Glavica Hill. However,
long excavation of marl in a large area of the Northern
Field has reduced its natural thickness to the base bench
level at an altitude of 110 m. The greatest thickness of
about 109 m was measured in borehole B-19/06, which
ended in Pannonian marl (Fig. 3).

While seemingly monotonous over a wide area,
Pannonian marls vary upward in the lithostratigraphi-
cal section. Pontian sediments are the youngest Mio-
cene stratigraphic unit in the Filijala property, which
once covered it completely, but have naturally eroded
and remained only in the north of the Northern Field.
Through its mining history, however, most of Pontian
deposits have been removed as mine waste, with only
“oases” of Pontian left on the Ostra Glavica Hill and
on the northernmost border of the property.

The Upper Pontian deposits of the Portaferrian sub-
stage (STEVANOVIC 1990) in the Filijala are transgres-
sive and unconformable over the Upper Pannonian
marl. These deposits have deep angle between 5° and
8°. The Upper Pontian strata consist entirely of sandy
sediments, distinctly different in lithology from the
older Pannonian marls. Pontian deposits begin with a
layer of ferruginous silty sandstone, abounding in
characteristic Portaferrian fossil fauna, over Pannoni-
an marl. Upward follow cross-laminated grey-brown
sand, lenses of gravelly sand and silty sand to the
Quaternary loessoid (loess-like) deposits.
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Fig. 5. Synthetic column of the Miocene sediments of the Filijala Open Pit. A, Outcrops at the Southern field; B, Lower
Pannonian marls with Gyraulus praeponticus; C, Outcrops at the Middle field; D, Marls with Congeria banatica; E, Fossil
fish at bedding surface; F, Outcrops at the Northern field of the Upper Pannonian marl; G, Fault in the Northern field;
H, The peak Ostra glavica (Northern field) where there is a fault on the last layer that separates Pontian sand (left) and
Pannonian marl (right); I, Contact between Pontian sand and Pannonian marl in the fault zone near the peak Ostra glavica
— the Northern field.
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The Pontian deposits lie over the Upper Pannonian
marls on the Ostra Glavica Hill at altitudes over 175 m.
Here, Pontian sands build up the last bench in the
northern slope and continue upward to the Pleistocene
boundary in a thickness of some 15 meters. In a small
depression between the two tops of the hill, Pontian
deposits fill a trench to the Pannonian marls (altitude
125 m) behind the highest bench above the northern
pit slope.

The Northern Field has several identified faults that
influence the morphostructural pattern. A fault in the
strike direction ENE-WSW is at present in the base
bench in the northern slope face and a similar minor
fault in the northern slope (Fig. 5G). Open sections
near the northern slope and in the new boreholes indi-
cate a number of faults. A fault closes a small but rel-
atively deep trough that is closed in the south by a
fault of ENE-WSW trend (Fig. 6). The fault is locat-
ed in a high bench where, along the same elevation, it
separates the zone of Pannonian marl development in
the south from the zone of the younger Pontian sand.
The trough is closed by faults striking NNW-SSE
(western) and ESE-WNW (eastern), which on the
plan give the trough the shape of an elongated inequi-
lateral triangle.

Ostra Glavica Hill

earlier, but, unfortunately, they have been lost. A very
well-preserved fossil fish (Fig. SE) was recently dis-
covered in a landslide scar north in the Middle Field.

Fossil mollusks and ostracodes may be used in dat-
ing the Lower Pannonian, the so-called Slavonian sub-
stage (Slavonian, sensu STEVANOVIC), and the Upper
Pannonian (Serbian, sensu STEVANOVIC).

The Lower Pannonian (Slavonian) is developed in
the Southern Field. Its fossil content consists of
scarce, small gastropods, notably of the Lymnaeidae
family: Radix croatica (GORJANOVIC-KRAMBERGER)
and Radix kobelti REUSS, then Gyraulus praeponticus
(GORJANOVIC-KRAMBERGER) (Fig. 5B), Limnocardium
praeponticum (GORJIANOVIC-KRAMBERGER), Paradac-
na cekusi (GORJANOVIC-KRAMBERGER) etc. in the lo-
wer horizons, and Undulotheca pancici (GORJANOVIC-
KRAMBERGER), Undulotheca halavatsi KocH, Gyrau-
lus praeponticus (GORJANOVIC-KRAMBERGER) and
others in the upper horizons. The assemblage of ostra-
codes identified from the Southern Field includes Am-
plocypris ex gr. acuta KRSTIC, Herpetocyprella auric-
ulata (REUSS), Cypria sp., Candona (Candona) sp.,
Candona (Propontoniella) sp., Candona (Thaminocy-
pris) improba KRSTIC, Candona (Typhlocypris) fossu-
lata (POKORNY) and Loxoconcha sp. Younger horizons

of the Lower Pannonian are de-
veloped in the north of the

Fig. 6. Geological cross section in Ostra Glavica, northern border of the Filijala Open
Pit. Legend: 1, Pannonian marl; 2, Pontian sand; 3, Pleistocene loess; 4, Holocene
alluvial-prolluvial deposits, recent delluvial deposits and artificial deposits.

Fossils in cement marls

Marl samples collected for examination contained a
relative abundance of mollusks (gastropods and bival-
ves), a few fish and floral remains and numerous ostra-
codes. Fossil fish and fossil turtle are known from pre-
vious excavations in the pit (PUrIiC 2005). The remains
of a fossil proboscidean were excavated some years

RIAN ?OO Southern Field and probably
also in the boundary area of the
180 Southern and Middle Fields,
presently under the embank-

160 ment of the old waste dump.
The Upper Pannonian (Ser-
140 bian) contains abundant mol-
lusks with the specific domi-
120 nance of Congeria banatica R.
HORNES (Fig. 5D), Congeria
100 subdigitifera STEVANOVIC, Pa-

radacna syrmiense R. HORNES,
Provalenciennius pauli R.

80 N ; .
HORNES, Provalenciennius sp.

and Gyraulus cf. praeponticus
4 (GORJANOVIC-KRAMBERGER).

The ostracodes identified from
the Northern Field are Herpe-
tocyprella hieroglyphica (ME-
HES), Amplocypris acuta KR-
STIC, A. major KRSTIC, Cypria
cf. serbica KrsTIC, Cypria sp.,
Candona (Serbiella) gr. kolu-
barae KRrSTIC, Candona (Zalanyiella) buchi KrsTIC, C.
(Z.) rurica KrsTIC, Candona (Caspiolla) prebalcanica
posterior KrSTIC, C. (C.) alasi beocini KrSTIC, Can-
dona (Typhlocypris) sp. 1, Candona (Typhlocypris) sp.
2, Candona (Reticulocandona) reticulata (MEHES),
Candona (Typhlocyprella) cf. ankae KRSTIC, Candona
(Lineocypris) sp. and Hemicytheria sp. A similar asso-
ciation was identified from the Middle field, which
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additionally includes Amplocypris sincera ZALANYI
and A. cf. marginata SOKAC.

Paleomagnetic survey

Paleomagnetic measurements within the domain of
the NRM indicate very low magnetic susceptibility
and remanent magnetization of the Pannonian marls,
a result of the low magnetic strength of minerals (Tab.
1). On a stereographic projection of ellipsoid AMS
axes, the k;, axes are crowded near the centre of the
equatorial projection, in the geographic and structural
systems, which indicate a remanent magnetization
induced through the process of compaction (Fig. 7,
Tab. 2).

Table 1. Initial magnetic susceptibility, remanent magneti-
zation and polarity of the Pannonian marls after the process
of demagnetization.

Filijala (YM 3044-065)
Susceptibility (10° SI) | Intensity(10~ A/m) | Polarity kRM
min max int min max
38.07 53.18 44.88 7.32 58.7 N

Table 2. Magnetic properties of the Pannonian marls from the Filijala surface mine.
Positions of the AMS ellipsoid axes (Kyax> Kine kmin) are expressed by declination (D)
and inclination (), anisotropy (P), lineation (L), foliation (F) and measurement reli-

ability parameters (e;,, e,3 and e;3).
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Fig. 7. Equatorial projection (on the lower hemisphere)
kax (square), k., (triangle) and k;, (circle) of the AMS
ellipsoid axes for individual marl samples from the Filijala
Open Pit. Left: before correction for tectonics and right:
after correction for tectonics.

alternating magnetic field and/or heating. The demag-
netization steps were small, 2-3 mT or by 10 °C (Fig.
9), due to the low initial RM intensity. Thermal
demagnetization, at temperatures exceeding 400 °C,
caused pyrite oxidation and led to its transformation
into magnetite. The newly formed magnetite grains
induced chemical remanent magnetization during
cooling along the ambient field (Fig. 8.C and Fig. 9).

Statistical processing of the demagnetization data
did not give any RM direction sufficiently uniform for
a definition of the primary
RM. The heterogeneous direc-
tions of the RM independent
of the cores are due to the
transformation of a primary
magnetic mineral into a sec-

Filijala (geographic orientation)

ondary mineral.

K e ki Kopin P | L | F | statistical stability
be ° D® r° D r n % % en(?) ex(®)  e(®) Discussion
976 -80 87 79 1427 78.7/1.10 024 086 14.1 22 6.7
Filijala (tectonic orientation) Pannonian marls on the
o — northern ridges of Fruska Go-
Ko k,, ki P | L F statistical stability ra Mountain formed during
pe [°  D° I° D° I° % % % e,°) ey ey(°)  the early phase of evolution of
977 1.5 80 —122 09 77.7 1.09 024 085 126 29 = 67 the Lake Pannon (MAGYAR e?

Hematite (Fe,O;), determined by mineralogical
and petrological tests, was not confirmed by standard
magnetic measurements, which was why special
experiments for inducing isothermal remanent magne-
tization (IRM) and thermal demagnetization of the
composite IRM were applied. The measured NRM
and IRM values and the behavior of the magnetic sus-
ceptibility during heating indicated magnetite
(Fe304), whereas the participation of hematite in the
total RM of the marls was excluded (Fig. 8).

With the initial NRM measured, it was decided to
demagnetize all samples from the southern and five
samples from the northern pit borders by means of

al. 1999; MAGYAR et al. 2007),

in which a mesohaline/oligo-
haline lake formed related to the isolation of the
Pannonian domain and fresh water inflow. Mollusks
and ostracodes carried from the surrounding rivers
and lakes into this lake modified to the slightly brack-
ish environment and together with the few adapted
marine species formed an endemic community (simi-
lar to that of the present-day Caspian Lake). The prin-
cipal mass of calcium carbonate in the Beo¢in marl
presumably formed through the chemical process of
carbonate precipitation in the warm, mildly agitated
aquatic environment saturated with bicarbonate solu-
tion. The chemogenetic carbonate mud mixed with
inflown clay and clay-sand clastic materials (silicates)
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Fig. 8. Magnetic mineralogy. Diagrams of the magnetiza-
tion-bearing mineral behavior during the magnetic field
control and heating in the laboratory. Key: A, IRM acqui-
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1990) behavior on thermal demagnetization. The hard
(square), the medium hard (dots) and soft (circle) compo-
nents of the composite IRM were acquired in fields of 1 T,
0.36 T and 0.2 T, respectively; C, Susceptibility variation
with heating.

produced a carbonate-clay composite that later lithi-
fied into marl. The morphologic features of the fossil
fauna give evidence of the depositional environment
that produced the marls (MAGYAR et al. 1999;
MAGYAR et al. 2007). Ostracodes and other fossils
with mostly thin carapaces and their morphology indi-
cate to their existence in calm water (RUNDIC 1998,
2006). There was an opinion that the uppermost marl
at the contact with the Upper Pontian sand was transi-
tional from the Upper Pannonian to the Lower Pontian

(CreuLic 1977). It was explained that grey marl with
Valenciennius pauli R. HORNES, Congeria banatica R.
HORNES of the Upper Pannonian was succeeded by
pale-yellow marl with Congeria banatica R. HORNES,
Limnocardium syrmiense R. HORNES, Paradacna
lenzi (R. Hornes), Plagiodacna cf. auingeri (FUCHS),
Congeria cf. zagrabiensis BRUSINA, which could have
marked the boundary between the Upper Pannonian
and the Lower Pontian. Above, there is a layer of fer-
ruginous sand bearing Upper Pontian faunal fossils
including the frequent Melanopsis decollata StO-
LICZKA, Congeria zagrabiensis BRUSINA, Congeria cf.
rhomboidea M. HORNES and Caladacna steindachneri
(BrusiNA). The fossil fauna and some lithological and
structural characteristics were used to date the Early
Pannonian (Slavonian, sensu STEVANOVIC) deposits in
the Southern Field and the more widespread Late
Pannonian (Serbian, sensu STEVANOVIC) in the Middle
and Northern Fields. Generally, different characteris-
tics of the investigated mollusk and ostracode species
indicate stable conditions in a relatively deep-water
environment. The common findings of Congeria
banatica as well as C. subdigitifera point to deeper
(basinal) development whilst the association with
Limnocardium, Valenciennessius and Paradacna indi-
cate a more shallow-water, sublittoral influence
(MAGYAR et al., 1999). In addition, ostracode associ-
ations with smooth, thin and elongated forms of cara-
pace suggest a calm deeper environment. Based on the
results of stable isotope data from mollusk’s shells,
the climate in the Lake Pannon was changeable. The
Early Pannonian was a period with an arid, subtropi-
cal climate that was followed by a more humid cli-
mate during the Middle (“Upper”) Pannonian
(HARZHAUSER et al. 2007). All the analyzed fossil
assemblages indicate a mesohaline sublittoral envi-
ronment of the Lake Pannon. The salinity of the lake
water was estimated as 8—16 %o. This is quite compa-
rable to the recent sublittoral zones of the Black Sea
and Caspian Sea (CzICZzER et al. 2009).

Generally, the Pannonian deposits in the Filijala
property have a dip direction to the NNW, only form-
ing a gentle flexure (Fig. 2) at the Middle/Northern
Field border. From the initial 20°, the deposits have a
smaller dip angle in the central Interfield, again an
increase in the inclination to the southern border of
the Northern Field, and a lowering of the dip to the
northern property border. Gentle flexures in the Pan-
nonian marl may be explained by tectonic events that
caused differential block faulting of the older geolog-
ic units under the marls. The molding of the marl
probably evolved through the Lower Pontian, after the
deposition of the Pannonian marl, when sedimenta-
tion ceased in the BeoCin area due to an uplift of a part
of Fruska Gora. Pannonian marl, still fresh and ductile
sediments, possessed plasticity to form gentle flexures
adjusting to the new underlying morphostructure
without themselves being block faulted or displaced.
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Another type of deformation features prevailing in
the structural pattern of the Neogene deposits are dif-
ferent fractures and faults, the products of radial fault-
ing (Fig. 5QG). Fractures are visible everywhere in the
exposed marl beds in the open pit. Interlacing frac-
tures usually form two perpendicular systems: (a) one
in the dip direction, SSE-WNW or slightly deviating
from it and (b) the other transversal to the primary
system of fractures. Diagonal fissures are present
locally in more heavily crushed areas, which traverse
the bedding planes at an angle.

There also are interstratal fissures along natural dis-
continuities between bedding planes, in the open pit
easily filled with groundwater, the so-called fissure
aquifers. A number of “springs” occur in the cross-
points of interstratal and longitudinal fractures, for
example below the slide face in the southern part of the
Northern Field, in the observation point determined by
the coordinates 45°11°56” N and 19°44°19” E.

The areas of visible fractures and much crushed
deposits are always potential landslides. Such an area
is where fractures and small faults form networks
(block faulting 1 m high) in the north of the Middle
Field and the south of the Northern Field (Fig. 5G).

Potential gravity slides in the Filijala property are
related to the structural pattern and dip to the NNW of
the Neogene deposits, the nature of rocks and long
uncontrolled exploitation in the northern part of the
marl deposit. Two potential landslide areas are identi-
fied: (1) fault zone at the contact of the Pannonian marl
and the Pontian sand at the base of the Ostra Glavica
Hill (Fig. 5H, I) and (2) the steeper-sloping part of the
flexure in the border area of the Middle and Northern
fields (Fig. 5C). Slides develop in places of pressure
relief of removed artificial deposits, which leads to
relaxation of the rocks and to fracturing along natural-
ly predisposed discontinuity surfaces. Slides of this
type usually develop under the effect of abundant rain
or melting snow, when water infiltrates along the fault.
A newly developed slide in the north of the Middle
Field has exposed how colluvial gravity materials
broke and divided marl beds along the fracture surfaces
into square or polygonal flat-faced sharp-edged blocks.

The most complex structural geology in the Filijala
property is found above the northern slope of Ostra
Glavica. Several faults near the unconformable Pan-
nonian/Pontian contact and within the Pannonian marl
controlled the formation of a particular structural pat-
tern. It could be suggested as the phase of post-Sar-
matian basin inversion and later, the post-rift subsi-
dence combined with uplifting (HORVAT et al. 2006).

Negative results of the paleomagnetic study of marls
in the Filijala Northern Field was surprising consider-
ing the promising preconditions: known stratigraphic
age, comparatively gentle slope of the beds, detailed
petrological and mineralogical studies additionally
based on the new exposure of the lower section and,
finally, the suitable of marl for paleomagnetism. For

this reason, Pannonian marls were “measured” once
more west of the Filijala property under the magne-
tostratigraphic survey on the Belo Brdo Hill. The
obtained results were practically the same. Low and
isotropic magnetic susceptibility (10-5 SI), the intensi-
ty of the RM, which varied along the entire core (of
10-6 to 10-3 A/m), unstable directions of the character-
istic RM and variable angle of inclination. These are all
parameters that indicate an environment with variable
physical-chemical conditions (oxidated water), during
which constant transformation of magnetic mineral
bearing the remanent magnetization occurs. An infer-
ence based on the correlation with the paleomagnetic
data for the Pannonian—Pontian locations in Croatia
(VASILIEV et al. 2007; BABINSzKI et al. 2007), Hungary
(BaBINSzKI et al. 2007) and FruSka Gora is that sedi-
ments with magnetite that bears remanent magnetiza-
tion are not capable of “bearing” a coherent magnetic
signal, because the RM was induced during the forma-
tion of secondary magnetite. If the bearer of the rema-
nent magnetization is primary magnetite, it is low and,
consequently, the “remanent signal” very weak, often
additionally burdened by “magnetic disturbance” due
to the presence of pyrite. Overall, the general paleo-
magnetic direction of Pannonian—Pontian deposits in
the Pannonian domain coincides with the actual direc-
tion of the geomagnetic field, which indicates that the
remanent magnetism is of a recent date. In contrast,
fine-grained Pannonian—Pontian deposits with greigite,
formed through the early diagenetic process, mostly
possess a harmonized paleomagnetic signal, often of
reversed polarity, with a declination deviating from the
recent Earth’s magnetic field due to the rock mass rota-
tion around the vertical axis (MARTON et al. 2002a, b;
MARTON & FODOR 2003).

The latest magnetostratigraphic prospecting of Pan-
nonian marl in the Filijala property has been started
(BORGH et al. 2010) and is expected to produce addi-
tional information on the marl chronostratigraphic posi-
tion and the time of the isolation of the Lake Pannon.

Conclusions

The open pit Filijala is located on the NE ridges of
Fruska Gora, near the Danube, over a surface area of
792563 m2. It consists of three unequal in size work-
ed fields (the Northern Field, the Middle Field or
Interfield and the Southern Field). The entire marl
deposit belongs to a belt of the late Neogene and
Quaternary on the margin of the large horst morpho-
structure of the Fruska Gora Mountain.

Most widespread in the Filijala property are the
Pannonian deposits of the Upper Miocene, which are
apparently conformable over Sarmatian sediments
(recently, more precise data concerning the nature of
the Sarmatian/Pannonian boundary are missing).
These deposits are present in the facies of marls,



106 MERI GANIC, L1UPKO RUNDIC, SLOBODAN KNEZEVIC & VESNA CVETKOV

which are mined and used in the cement works. The
distribution of the Pannonian marls is about 1.5 km
long, and their assumed thickness is more than 200
meters. The marls dip in the Southern Field by about
20°, then 18° in the central Middle Field, slopes at 25°
or 26° in the border area of the Middle and Northern
Fields, and the dip continuously decreases across the
Northern Field to some 12°. In the geological section,
marl strata in the Filijala have the shape of a gentle
flexure (monocline).

Elements of radial tectonics, dominantly systems of
fractures and small faults (of very small throws), are
recognized in the property. Major deformations by
appreciable differential block faulting were formed on
the Ostra Glavica Hill in the north of the property area.
Surface landforms are related to these faults. There is a
small but deep trough in the form of an elongated
unequilateral triangle. The down-thrown block in the
trough is formed of Pannonian marl and Pontian sand.
The depth of the subsidence is not uniform, being the
greatest in the B-1/07 area west in the depression. A
correlation of Pannonian—Pontian strata from a bore-
hole in the trough and from rises above the trough indi-
cates differential faulting (heave and throw) of 35 to 50
meters. The folding structures, monoclines and flexures
presumably formed at the time when the marl was still
unsolidified (probably during the Early Pontian when
sedimentation ceased as a result of uplifting). The
widespread system of fractures and faults, and the
trough in the Ostra Glavica Hill developed later in rela-
tion to the radial faulting during the Pliocene and early
Quaternary (Pleistocene).

All analyzed fossil assemblages indicate a mesoha-
line, basinal development of the Lake Pannon. The
salinity of the lake water was estimated as 8—16 %o,
which is quite comparable to the recent zones of the
Black Sea and Caspian Sea.

By a paleomagnetic investigation, it was estab-
lished that magnetite-bearing sediments deposited
during the Pannonian mainly do not carry a coherent.
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Pe3nme

Topwomuonencku jsanopuu Ilanonckor
je3epa Ha MOBPIIMHCKOM Kony Duiujajia
(beounn, cesepHa CpoOuja): HOBH
re0JIOIKHU M MAJeOMATHETHU MOAAH

[oBpmmHCcKHM Ko Punnjana y beounny, Hamasu ce
Ha CEeBEPOMCTOYHOM 000my rpedena dpymike rope, y
OmvsuHu J{yHaBa, Ha TOBPIIMHK Of OKO 792.563 m?2.
Cacroju ce ox TpH pajHa 10Jba Tj. PEBUpa HEjeTHaKe
pesimuuHe: CeBepHo moJsbe, Cpenme nojbe wim Me-
hymospe u JyxHO TIOJBE.

[TaHOHCKYM JTaMTOPITU TOPEHET MUOIICHA TIPEACTABIhA-
jy mmaBHU cTparurpad)Cku U TMPOXYKTHBHH HHUBO Ha
Komy (OCHOBHA IIEMCHTHA CHPOBHHA) WM JISKE IPEKO
CTapujuX, CapMaTCKUX CJI0jeBa ca KOjuMa Tpaje je-
IUHCTBEHY CTPYKTYpHY eTaxky. Ha ocHOBy mumeHTH-
(hMKOBaHWX MaKpo W MHKpPO(OCHIA OTHOCHO IPOY-
YeHUX CTPYKTYPHO-CTPaTHTpa(CKuX KapaKTepUCTH-
Ka, IIEeMEHTHHU JIalopIH MPHUIAIajy AOHEM MaHOHY
(cmaBoHMjeH) Ha Jy)KHOM TIOJBY OJHOCHO TOPHEM
naHoHy (cepOujeH) Ha Cpenmem n CeBepHOM TIOJBY.
IIpotexy ce y ayxuHu of oko 1,5 kuinomerapa, 10K
UM ykymHa aeOspmHa mpemarnryje 200 merapa. Ha
OCHOBY XEMH]jCKHX KapaKTePHCTHUKa CEANMEHTA Kao 1
aHanu3e (QOCIIHMX OcCTaTaka (IOMHHAHTHa BpCTa
Congeria banatica R. HORNES) cmarpa ce na cy mo-
MEHYTH JIAOPIH MPOAYKT CEIUMEHTAIN]e Y MUPHHM,
nyospuM (,,0aC€HCKUM®®) NenoBUMa jyKHOT 00ona H-
exagammer [laHoHCKOT je3epa.

Ha ocHOBy cTpykTypHUX OCOOWHA, MTOOPO MOKY-
MeHTOBaHOT magHor yrma (ox 18°-20° y mompydjy
Jyxuor u Cpenmer nospa, 25°-26° y morpaHu4HOM
nmonpy4jy Cpenmer u CeBepHor mosba, 10 camo 12°
Ha CeBepHOM I0OJbY) YTBphEHO je ma MaHOHCKH Ja-
rmopIiy uMajy obnuk Omare MoHOKIIMHANE ((IeKcype).
CucreMn TyKOTHHAa W MajUX pasjoMa ca ciabum
BEPTHUKAITHUM KpeTamHhMa Cy JOMHUHAHTHE pajrjaHe
CTPYKTYpE Ha KOITy. Y CEBEPHOM [IENy JIeXKHINTA, Ha
Brucy OmTpa maBuIa U y HETOBOM ITOIHOXK]Y, MPH-
CYTHU cy 1 Behu pacenn ca jaunM qudepeHIrjaTHIM
KpeTamiMa pa3iBojeHux OmokoBa. OBH pacenu Cy
YTHUIIATN U Ha MOP(QOJIOIIKE KapaKTePUCTUKE pesbeda.
OBze je yTBpheHO MOCTOjamke MaJoT ajau yOOKOT
TEKTOHCKOT pOBa OOJHKa H3IYKEHOT Pa3HOCTpPaHU-
YHOT TpOyIJia y KOME je CIyIITeH OJoK m3rpaheH ox
MAaHOHCKHX JIariopara U MOHTCKHUX Teckopa. JlyOmna

CIyIITama je HejeqHaka, a HajBeha je y nokaruju Oy-
motuHe b-1 Ha 3amagHoj cTpanu yBane. Kopemanujom
MAaHOHCKO-TIOHTCKHX CII0jeBa U3 OYIIOTHHE y POBY, ca
UCTHM CeINMEHTHMa Ha BHCOBHMa HW3HAJ pOBa,
yTBpheHo je aa cy BepTUKaiHa Kperama 35-50 m.

Y morneny paTtupama CTPYKTYPHO-TEKTOHCKHX
nedopmanmja, Moxe ce pehm na je MOHOKJIHMHAIA
HacTana y miahoj dasu pasBoja [lanoHcKoT jesepa,
KaJia Cy Jarmopuy OWJIH jOIl HEKOHCOJIHIOBAHE CTEHE
(BepoBaTHO y AOH-EM TOHTY KaJia je TI0CT0jao TPEKHI
y CemuMEHTalWju ycien u3am3ama fgena Dpyike
I'ope). [lomenyTH 1 pacpocTpameHH CHCTEMH ITYKO-
THHA ¥ pacesa, Kao ¥ TEKTOHCKH poB Ha Opmy Omrpa
TJIaBUIla, HACTAIN CY yIIIABHOM KacHH]je, IMOJl yTHIla-
jeM paaujaHe TeKTOHMKE TOKOM IUIHOIEHa U CTapH-
jer xBaprapa (IJICHCTOICHA).

3a majeomMarHeTcKa WCIMTHBama Y30PKOBaHU CY
JIAOPIIH ca CEBEPHOT | jyKHOT 06oma CeBepHOT 1mo-
Jba. Marsercka CycuenTHOMITHOCT JIaroparia je HicKa
Y MarHeTCKH M30TponHa. PemMaHeHTHa MarHeTH3anyja
je dopmmpana TokoMm cemumeHTanje. Huckor je
WHTEH3HUTETa 300T MaJie KOHIIETpaIlHje MarHETHIHHX
MuHepana. JlommHatHn HOocwianm PM je Marmerwr,
npahen muputom. [IpaBim PM m3nBojern HakoH fe-
MarHeTu3allfje Cy XeTeporeHH, ca BeoMa JIOIINUM CTa-
TUCTUYKHM IapaMeTpuMa CHUIYPHOCTH (K, Olgs) Ha
HUBOY JIoKanuteTa. Jucnepsmja mpaBama PM Hesa-
BHCHUX Yy30paka Tocienumna je TpaHchopmaiuje
MpUMapHUX MUHEpajia HOCHWJAaIla MarHeTH3aluje y
cexkyHnapue. [laHoHCKH nanopiw OWiw cy peaMeT u
MarHeToCTpaTurpad)CKuX WCIHUTHBaKka Ha JIOKAJH-
tety beno bpno (bb-115)," 3ananno ox koma ®unuja-
ma. MarHeTcka CycHeNnTHOMITHOCTH, KOXEPEHTHa II0
WHTEH3UTETYy U MarHETCKUM CBOjCTBHMA, IMTOKJIAIA Ce
ca BpPENHOCTHMa H3MEPEeHWM Ha namopunma Ou-
mjane. CynpoTHO MarHeTCKO]j CyCHEeNTHONITHOCT, WH-
TEeH3WUTEeT W mpasar PM Bapupa ca myOnHOM WHCITH-
THBama, IITO yKa3yje Ha CpenuHy ca HecTaOWIHHM
(U3UIKO-XEMH]CKUM YCIIOBUMA y KOjOj j& TOJa3uiIo
JI0 CTUIaha PEMaHEHTHE MarHeTH3alrje TOKOM BH-
IIECTPYKO TOHOBJBEHUX TpaHC(OpMalrja MarHeTH-
YHUX MUHEpaja.

YoueHo je 1a TaHOHCKW CEIUMEHTH KOJ KOjuX je
JIOMAHAHTaH MarHETUYHN MUHEPAJI, MarHETUT, HE T10-
celyjy mpuMapaH MarHeTckd 3ammc 30o0r: (a) maie
KOHIIEHTpaIlfje TPUMApPHOT MarHeTHTa KOjU HOCH
c1ab pemaHeHTHH curHan u (0) decte TpaHchop-
Malfyje MpuMapHOT MarHeTUTa y CeKyHIapaH.
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Synchrotron radiation X-ray tomographic microscopy (SRXTM)
of brachiopod shell interiors for taxonomy: preliminary report

NEDA MoOTCHUROVA-DEKOVA! & DAVID A.T. HARPER?

Abstract. Synchrotron radiation X-ray tomographic microscopy (SRXTM) is a non-destructive technique
for the investigation and visualization of the internal features of solid opaque objects, which allows recon-
struction of a complete three-dimensional image of internal structures by recording of the differences in the
effects on the passage of waves of energy reacting with those structures. Contrary to X-rays, produced in a
conventional X-ray tube, the intense synchrotron light beams are sharply focused like a laser beam. We report
encouraging results from the use of SRXTM for purely taxonomic purposes in brachiopods: an attempt to find
a non-destructive and more efficient alternative to serial sectioning and several other methods of dissection
together with the non-destructive method of X-ray computerised micro-tomography. Two brachiopod samples
were investigated using SRXTM. In “Rhynchonella” flustracea it was possible to visualise the 3D shape of
the crura and dental plates. In Terebratulina imbricata it was possible to reveal the form of the brachidium. It
is encouraging that we have obtained such promising results using SRXTM with our very first two fortuitous
samples, which had respectively fine-grained limestone and marl as infilling sediment, in contrast to the dis-
couraging results communicated to us by some colleagues who have tested specimens with such infillings
using X-ray micro-tomography. In future the holotypes, rare museum specimens or delicate Recent material
may be preferentially subjected to this mode of analysis.

Key words: brachiopods, internal morphology, non-destructive technique, SRXTM, tomographic recon-
structions, holotypes.

AncrpakTt. CunxporpoHcka X-3pauHa Tomorpadcka mukpockonuja (SRXTM) je HemecTpyKTHBHA
TEXHHKa 32 POyYaBambe U cariie/laBabe YHyTpaLlbUX 0COOMHA KaJ YBPCTUX U HeNpo3payHux odjekara. OHa
oMoryhaBa TOTIYHY pPEKOHCTPYKIHjy TPOAMMEH3HjAIHOI H3Iea YHYTpPAIIlBHX CTPYKTYpa Ha OCHOBY
CHHMMama pa3jivka y edexkarnmMa eHepreTCKUX 3pakoBa Kao peakija Ha Te cTpykrype. Hacynpor X-3paruma,
NPOM3BEICHUM y yoOu4ajHOj X-3payHOj I1I€BH, jaKd CHHXPOTPOHCKH CBETJIOCHH CHOIIOBU Cy jAacHO
(oxycupanu kao nacepcku cHotl. IIpukasanu cy oxpadpyjyhu pesynraru nooujern ynorpedbom SRXTM 3a
TAKCOHOMCKE CBpPXE KoJ Opaxuorona: HaunH 1a Ha)eMO HelEeCTPYKTHBHY U €(HKACHU]Y 3aMEHY CEpPHjCKUM
npecenruMa, HeKUX APYTUX METO/a ceuerha Kao M X-3padHoj KOMIIjyTepH30BaHO] MUKpoO-ToMorpaduju. /Ise
Opaxmomnoncke mpobe cy mpoydaBane nomohy SRXTM. Kox “Rhynchonella” flustracea je 6mmo moryhe
cammenqu 3/l oOnmmK Kpype W 3yOHMX Iutouwna, a kon Ierebratulina imbricata mobumm cMo w3IIIEn
Oopaxuamjyma. Hacympor obecxpabpyjyhum pesynratuma ymorpeboMm X-3padHe MHUKpO-TOMorpaduje
CAOMNIUTEHUX Off CTPaHE HEKMX KOJIera MU CMO JOOMIIM MO3UTHBHE pe3ynrare yrnorpedom SRXTM kox Hamie
NpBe JIBe HACYMHUYHE Npo0e Ha MPUMEPIMMa 3aryHheHUM (PHHO3PHUM KpPEUmhakoM U JarnopieM. Y OynyhHo-
CTH, XOJIOTHUIIOBH, PETKH MY3€jCKH MPUMEPIH HJIH JIeJIMKaTaH caBpeMeH Marepujai Mohu he ce mpoyuaBartu
Ha OBaj Ha4YMH.

Kibyune peun: Opaxuonony, yHyTpairma MOpQooryja, HemecTpykTuBHa TexHika, SRXTM, Tomorpad-
CKE PEKOHCTPYKIIH]j€, XOIOTUIIOBH.
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Introduction

Brachiopods are one of the prime examples among
all animal phyla in which the morphology of the shell
interior has proved crucial for the classification and
understanding of their phylogeny. In order to reveal
the internal structures of fossil brachiopods with a
consolidated internal matrix, destructive serial sec-
tioning has most commonly been applied. In several
cases, this technique is the only way possible to reveal
the critical internal morphological features of many
fossil taxa. The advantage of such destructive tech-
niques is that they are usually relatively inexpensive
and efficient. However, they have several major dis-
advantages: (i) destruction of the specimen; (ii) pro-
viding a poor volumetric (3D) representation of the
internal structures; (iii) time and labour consuming.
Many of the new brachiopod taxa investigated with
this technique were based on a very small number of
specimens (sometimes only one), thus only parts of
the internal morphology of some species have been
sufficiently studied and variability was often neglect-
ed and/or open nomenclature was applied more often
than necessary.

A modern variant of serial sectioning is the method
used by SUTTON et al. (2005) where the morphology
of a new Silurian brachiopod was reconstructed digi-
tally by serial grinding at 20-um intervals.

Here we report some pilot studies using a novel and
relatively advanced method to reveal the internal mor-
phology of fossil brachiopods. Synchrotron radiation
X-ray tomographic microscopy (SRXTM) is a non-

destructive technique for the investigation and visual-
ization of the internal features of solid opaque objects,
which allows reconstruction of a complete three-di-
mensional image of internal structures by recording of
the differences in the effects on the passage of waves
of energy reacting with those structures. It uses a syn-
chrotron, a form of particle accelerator, as a bright
monochromatic X-ray source. Contrary to X-rays,
produced in a conventional X-ray tube, the intense
synchrotron light beams are sharply focused like a
laser beam. The wavelengths range from infrared to
hard X-rays. SRXTM can produce tomographic data
of exceptional resolution and clarity (SuTToN 2008).

Material and Methodology

The analyses were performed at the Swiss Light
Source (SLS), Paul Scherrer Institute, Villigen,
Switzerland. The SLS (Fig. 1) is a third-generation
synchrotron light source. With energy of 2.4 GeV, it
provides photon beams of high brightness for research
in materials science, biology and chemistry.

We have applied SRXTM for three-dimensional
reconstructions of the internal morphology of two pilot
fossil brachiopod samples: (i) the rhynchonellide
“Rhynchonella” flustracea Schlotheim from Faxe
Quarry, Paleogene (Danian) of Denmark; (ii) the tere-
bratulide Terebratulina imbricata Owen from the
Cretaceous (Lower Cenomanian) in northern Bulgaria.

SRXTM in this study was performed at the TOM-
CAT beamline (Fig. 2) at SLS (STAMPANONI et al.

1

Fig. 1. Interior view of the experimental hall at the Swiss Light Source SLS (Photo credit: H.R. Bramaz/PSI, source:
http://www.psi.ch/media/MM2007 1121 FrueheVerwandteDE/igp 1024x640%3E _MMO071121 sls.jpg).
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photo/10865922.

Fig. 3. External dorsal view of the rhynchonellide brachio-
pod “Rhynchonella” flustracea from the Danian of
Denmark.

2006). According to the absorption properties of the
samples, monochromatic X-ray beams, respectively

20 keV (for “Rhynchonella”
flustracea) and 33 keV (for Te-
rebratulina imbricata) have
been used. The magnification of
the X-ray microscope was X4.
A scintilator LAG: Ce 20 um
was used. The number of pro-
jections for both specimens is
1501. Reconstruction was per-
formed on a 32 node Linux PC
farm using highly optimized
filtered back projection rou-
tines.

Slice data derived from the
scans were then analyzed and
manipulated using Aviso 5.0
on a Dell Precision T 7400 PC
with 64 GB DDR SDRAM at
the Natural History Museum,
Stockholm.

The specific investigative
parameters for the two samples
were: (i) for “Rhynchonella”
flustracea the energy was 20
keV; objective - 4X; exposure
time 300 ms; voxel size 1,85 um; (ii) for Terebratulina
imbricata on-chip binning (2X) was used; energy
33 keV; objective 4X; exposure time 400 ms; voxel size
3,7 um.

Results

“Rhynchonella” flustracea SCHLOTHEIM (Fig. 3):
The infilling sediment in this species was fine-grained
limestone. Using SRXTM it was possible to visualise
the 3D shape of the crura, the lack of hinge plates, the
orientation and thickness of the dental plates (Figs. 4a,
b) that helped to confirm our hypothesis that this
species belongs to a new basiliolide genus (to be for-
mally erected elsewhere).

Terebratulina imbricata OWEN (Figs. 5, 6): The
infilling sediment in 7. imbricata was marl. It was
possible to reveal the form of the brachidium in cross
and longitudinal (Fig. 7) sections, especially the
details of the tetebratulide loop forming a ring. Some
traces of growth of shell material in the umbonal part
were also observed (Fig. 5.4). Such growth structures
are not usually revealed using X-ray computerised
microtomography (PAKHNEVICH, pers. com. 2010).

Discussion

Non destructive techniques for the study of the bra-
chiopod shell interior were applied for the first time
by HAGADORN & NEALSON (2001), HAGADORN et al.
(2001) and later by PAKHNEVICH (2007; 2010a, b),
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Fig. 4. Several views of tomographic reconstructions of the internal umbonal part of intact “Rhynchonella” flustracea.
Anterior part of the shell virtually ‘removed’ to allow visual access to the interior of the umbonal part. Scale: one unit on x
and y equal to 0.25 mm.



Synchrotron radiation X-ray tomographic microscopy (SRXTM) of brachiopod shell interiors for taxonomy: ... 113

[units
2e+003

3e+003

[units]
2e+003

3e+003

Fig. 4. Continued.

who reported successful experiments using X-radi-
ographic computed axial tomography in a number of
conference abstracts and papers but without providing
any illustrations. PAKHNEVICH (2008, 2009a, b) illus-
trated for the first time some promising results using
X-ray computerised microtomography (micro CT) on
brachiopods interiors and shell structure. However,
the effectiveness of the micro CT technique depends
on the mineral composition of both brachiopod shells
and host rock. PAKHNEVICH (2009a) performed exten-
sive experiments to test the contrast of the 3D images
depending on the mineral and rock compositions of
different palaeontological specimens including bra-
chiopods. He developed a scale of contrasts where he
divided the studied minerals in 10 groups according to
their contrast under micro CT Skyscan 1172.
Recently, ANGIOLINI et al. (2010) also reported that
due to the intrinsic limit of this method based on den-
sity differences, only brachiopods filled with sand-
stone produced valuable CT images showing details
of the cardinalia. Out of the many micritic limestone,
bioclastic limestone and marlstone infilling the bra-
chiopod interiors, in one case only satisfactory CT
images were obtained by these authors due to the
presence of a thin void layer (dark grey in the images)
between the internal structures and the micritic
matrix. The more extensive survey by PAKHNEVICH

[units

2e+003

3e+003

[units]

2e+003

3e+003

(2009a; 2010a) on the matrix showed that silicified,
ferruginised, or pyritised shells demonstrate clear
contrasts in a carbonate rock. Calcite shells in phos-
phorite rocks and dolomitised shells in carbonate
rocks show insufficient contrasts.

In brachiopod research SRXTM was previously
used to obtain three-dimensional information from
Recent brachiopods to ascertain the function and
growth of punctae in the shell and increase our under-
standing of the role of cell biology in the context of
biomineralisation (PEREZ-HUERTA et al. 2009).

Here we report encouraging results from the use of
SRXTM for purely taxonomic purposes: an attempt to
find a non-destructive and more efficient alternative
to serial sectioning and several other methods of dis-
section together with the non-destructive method of
X-ray micro CT. The scans for our pilot attempts were
carried out at the lowest available resolution, one that
could be accomplished by more easily accessible
X-ray micro-tomography scanners that are available
at several institutions worldwide. X-ray tomographic
microscopy is now a rather a routine method for seve-
ral other groups of fossils (SurtoN 2008), but not, to
date, for brachiopods.

It is encouraging that we have obtained such prom-
ising results using SRXTM with our very first two
fortuitous samples, which had respectively fine-
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Fig. 5. Tomographic reconstructions of Terebratulina imbricata, 3.5 mm long. 1, Orthogonal slices in xy and xz directions
— general view; 2, Volume rendering of the specimen (Voltex); 3, Shape and external morphology of the specimen (isosur-
face) — dorsal view; 4, Orthogonal slice in xz direction (longitudinal section). Note the traces of growth of shell material in

the umbonal part.

Fig. 6. A SEM micrograph of a prepared dorsal valve of
another specimen of Terebratulina imbricata showing the
shape of the cardinalium which can be revealed on the lon-
gitudinal sections obtained by the SRXTM (see Fig. 7).
Courtesy M.A. BITNER.

grained limestone and marl as infilling sediment, in
contrast to the discouraging results communicated to
us by some colleagues who have tested specimens
with such matrices using X-ray micro-tomography.

A major disadvantage of SRXTM, however, is that
it is quite expensive and not readily accessible to tax-
onomists.

ALVAREZ & BRUNTON (2008) noted that very often,
due to the scarcity of well-preserved specimens and
the destructive nature of the technique, some authors
chose the worst specimens for serial sectioning, keep-
ing the best preserved (frequently only one) for the
holotype. In future the holotypes may be prefe-
rentially subjected to this mode of analysis in order to
check their conspecificity with the sectioned para-
types. Rare museum specimens or delicate Recent
material can also be subjected to non destructive
analyses (PAKHNEVICH, 2010). SRXTM and X-ray
micro-tomography are also useful for the investi-
gation of shell microstructure, microtexture and
punctation (PEREZ-HUERTA et al. 2009; PAKHNEVICH
2008, 2010a).

The X-ray tomographic microscopy and specifical-
ly SRXTM provides an opportunity to study the inte-
riors of many taxa established only on exteriors, con-



Synchrotron radiation X-ray tomographic microscopy (SRXTM) of brachiopod shell interiors for taxonomy: ... 115

Fig. 7. Eight longitudinal sections of Terebratulina imbricata — tomographic reconstructions of the intact specimen on Fig.
5 obtained by the SRXTM (the most important outlines highlighted in white). Note the almost complete section of the ring
in the second section.
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firming or otherwise their taxonomic placement. We
hope that this new methodology will also stimulate
the study of intraspecific and intrageneric variability
when enough material is available and help avoiding
unjustified splitting or lumping in brachiopod taxono-
my due to insufficient data on internal structures.
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Pe3nme

CunxporpoHcka X-3pauHa Tomorpagceka
Mukpockonuja (SRXTM) ynyTpammocTu
OpaxuonoJcKe JbYHITYpe 3HAYAJHE 32
TAKCOHOMMJY: NMPeJMMUHAPHYA U3BELITAj

Bpaxuomnonu cy jenan on HajOOJBUX IPUMeEpPA Y KH-
BOTHE,CKOM IIapPCTBY Y KOME j& YHyTpaIlmba MOpQoIIo-
THja JbYIType O KJbYYHOT 3Ha4aja 3a KiIacupuKammjy
1 pazyMeBame BUX0Be (UIIOTeHrje. Y by OTKpHBa-
A YHYTPAIIBHIX CTPYKTypa (OCHITHAX Opaxromnoia ca
KOHCOJIMJIOBAaHVM YHYTPAIIFbUM MaTPUKCOM, Hajderrhe
ce IpUMemyje JeCTPYKTHBHA cepHja rpeceka. Y HeKo-
JIMKa CIy4ajeBa OBa TEXHHKA j€ jelNWHHM HauWH J1a OT-
KpHjeMO BeOMa BaXKHE YHYTpallkbe MOpPQOIIOIIKe
ocobmne (ocunHMX TakcoHa. IIpegHOoCT OBakBe me-
CTPYKTHBHE TEXHUKE j€ y TOME IITO je OHa OOWYHO pe-
nmatuBHO jedtHAa M eduracHa. Mehytum oHa mma
HEKOITMKO Hemocrtartaka: (1) yHHMINITaBame MpUMEpKa,
(2) najy moury TpOCTOPHY CIHKY YHYTPAIIFBbHX Ka-
pakTepucThka U (3) 3axTeBa BpeMe M pan. MHOTH 10
cajia POyYaBaHW TAKCOHU Ca OBOM TEXHUKOM CY 3a-
CHOBaHM Ha BEOMa MajioM Opojy TpuMepaka (ITOHEKa/T
Ha caMO jEJHOM TPUMEpKY), Tako Ja je caMo JelTH-
MUYHO TpOydYaBaHa YHYTpallmba MOpQoIoTHja, 0K je
BaprjabMITHOCT YECTO 3aHEMaprBaHa, TaKo Ja je OTBO-
pCeHA HOMEHKJIIATypa YeCTO MPUMEHUBAHA.

OBOM MpPHJIKOM, YHOTpeOOM HOBE M CAaCBUM Ha-
mpegHe MeTone, MpHKa3aHa je MpoOHa cTyauja 3a
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MpoyvaBame KapAnHaIHMjyMa (GOCHITHIX Opaxuormnosa.
CuHXpOoTpOoHCKa X-3padHa ToMorpadcka MHUKpPOCKO-
nmuja (SRXTM) je HepecTpyKTHBHA TEXHUKA 3a TPOY-
yaBame M CariefaBame YHYTpAIIlkbUX OCOOMHA Kaj
YBpPCTUX W HEMpo3payHux objekara, kKoja omoryhasa
MOTITYHY PEKOHCTPYKIIH]Y TPOAMMEH3HjaTHOT H3IJIe-
Jla YHYTpAIIHUX CTPYKTypa HAa OCHOBY CHHUMama pa-
3muKa y edekaruMa eHepreTCKHX 3paKkoBa Kao
peakiija THX cTpykTypa. OHa KOPUCTH CHHXPOTPOH
(BpcTa akmeneparopa) Kao H3BOP MOHOXPOMATCKHX
X-3paka. SRXTM moxe ma mpou3Boau ToMmorpadcke
MoJlaTKe M3y3eTHE pe3onynvje W jacHohe (SUTTON
2008). Ymorpebom SRXTM mobuimu cMO TPOAUMEH-
3MOHAHE TIOJaTKe O YHYTPAIIk0j MOP(OIOTHjU /1Ba
(documHa Opaxmomoacka TakcoHa: (1) pUHXOHEITHT
“Rhynchonella” flustracea SCHLOTHEIM U3 TTajieoreHa
Faxe Quarry y Jlauckoj u (2) Tepebparynun Terebra-
tulina imbricata OWEN W3 HOWET IIcHOMaHa CeBEepHE
Bbyrapcke. OBe aHanm3e cy o6aBibeHe kox Swiss Light
Source (SLS), Unacturyt Ilayn Illepep, Bumures,
IBajuapcka. Kom “RA.” flustracea mogli cmo na
MoCMaTpaMo OOJIMK Kpypa (BUAX CTPETHIle KoJ CII. 4)
KOja je IMoMOTIIa J1a TOKaKEMO Hallly MPeNoCTaBKy J1a
OBa BpCTa TMpHUNaAa HOBOM OacCHIIMOIUIHOM POIY
(xoju he Outm yckopo yBeneH), ok kon 1. imbricata
omo je moryhe ma noOujeMo neTasbe TepeOpaTyIu-
cKke reTJpe Koja ¢opmupa npcreH. SRXTM je panuje

Omna ynorpeOJpMBaHa 3a A0OWjame TPOMUMEH3NO-
HaJHUX TOJaTaka, yrmo3HaBame (YHKIHje W pacTra
MYHKTH JBYIITYype U OOJbEr pa3yMeBarba yaore IUTO-
JIOTHje Y KOHTEKCTY OMOMHUHepaIHn3alrje PEreHTHUX
opaxuomniona (PEREZ-HUERTA ef al. 2009). IIpukazanu
cy oxpabpyjyhu pesynararu ynorpedbom SRXTM 3a
OCHOBHE TaKCOHOMCKE CBpXe: MOKyIIaj Aa ce Hahe
3aMeHa 3a METOJIe CepHjCKUX Mpeceka Kao M APYTuX
MeTofa ceuema. CkeHOBH Cy ypalleHH y HajHHIXKO]
PE30JIyLIHjH TaKo J]a CE OBa METO/Aa MOXKE KOPHCTHTH
n ca Bumie npuxBaheHuM X-3paqHUM MHKPOTOMO-
rpad)CKUM CKEHEpUMa KOje MOCEnyjy HEKOIUKO
WHCTHUTYIIHja y CBETY. X-3payHa ToMorpad)cka MHKpO-
CKOTIMja je caxa PYTHHCKa METOoJa 3a HEKOJIHKO
Ipyrux GocwrHux rpymna (SUTTON 2008).

Beoma decro, 300r HemocTaTaka JO0OpO OYyBaHUX
NpUMepaka M JEeCTPyKTUBHE TEXHUKE, HEKH ayTOpH
KOpHUCTe oImTeheHe TpUMEpKe 3a CcepHje Ipeceka,
yyBajyhn HajOOJbe OUyBaH MPHUMEPAK 3a XOJIOTHUI. Y
Oyayhe XOJOTHIIOBM MOTY OWTH TIPHOPUTETHH TIPE-
MET OBaKBOI' HAa4YMHA TPOydYaBama y LUJBY IPOBEpE
HUX0BE KOHCIEM(DUIHOCTH Ca CEYEHHM MapaTHIio-
BHMa. X-3payHa ToMorpadcka MOKPOCKOIHja Mpyka
MoryhHOCT 3a mpoydaBame yHYTPAIIOCTH MHOTHX
TaKCOHA YBEAEHHX CaMO Ha OCHOBY CIIOJbAIIHOCTH,
notBphyjyhu nnu ocnopaBajyhu BUXOBY TaKCOHOM-
CKY TIPHITIaHOCT.
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Abstract. Detailed micropalaeontological research of Jurassic siliceous rocks was performed at the local-
ity Komarani on the eastern flanks of the area of Mt. Zlatar in SW Serbia. According to the determined radi-
olarian associations, the investigated radiolarites are of Late Bajocian to Early Callovian age.

Key words: Middle Jurassic, radiolarians, Internal Dinarides, Komarani Village, SW Serbia.

Ancrpakt: Ha nokanurery Komapanu, Ha HCTOYHMM MaguHaMa manute 3narap (J3 CpOuja) usspiicHa
Cy JleTaJbHa MUKPOIIAJIEOHTOJIOIIKA HCTPAKUBAA JYPCKUX CHIIMIMjCKUX ceauMenaTa. Ha ocHoBy oapehennx
panuonapujcKuX acolujacuja yTBpheHa je ropmobajecka 0 JOHOKEIOBEjCKa CTAPOCT PaaUOIAPUTA JIOKA-

nutera Komapanu.

Kibyune peun: cpenma jypa, paguonapuje, Yayrpammsn Junapunu, ceno Komapanu, J3 Cpbuja.

Introduction

The investigated area is situated in western Serbia,
in an extremely complex geotectonic setting (Fig. 1).
There are two belts of ophiolitic mélange in the terri-
tory of western Serbia. Petrographic and geochemical
differences between the ophiolites of the two belts
were used as evidence for the existence of two distinct
oceanic basins, originally separated by one or several
Adria-derived micro-continents (ROBERTSON & KA-
RAMATA 1994; DIMITRUEVIC 1997 and KARAMATA
2006). The more external belt is known as the Dinari-
dic Ophiolite Belt (PAMIC et al. 2002 and KARAMATA
2006) or the Central Dinaridic Ophiolite belt (LuGo-
VIC et al. 1991), while the internal belt is known as the
Vardar Zone Western Belt (KARAMATA 2006), Inner
Dinaridic ophiolite belt (LUGOVIC et al. 1991), Exter-
nal Vardar Subzone (DIMITRUEVIC 1997, 2001) or sim-
ply the Vardar Zone (PAMIC et al. 2002). This “two
ocean” model contrasts with that of PAMIC (1998),
Pamic¢ et al. (2000), CSONTOS et al. (2003) and SCHMID
et al. (2008), who suggested that both ophiolitic belts
originated in a single ocean. SCHMID et al. (2008)
considered the two belts of ophiolites as relics of the

same, formerly coherent ophiolitic sheet (their
Western Vardar Ophiolitic Unit) that was obducted
onto the Adriatic passive margin in the Late Jurassic.
Parts of the Adriatic margin, which occur below the
ophiolitic units in the form of windows, were inter-
preted as microcontinents by earlier authors.

The ophiolite belts in western Serbia are separated by
the Drina—Ivanjica Unit. The majority of authors regard-
ed the Drina—Ivanjica Unit as a continental terrane that
was originally located between two separate oceanic
basins (DIMITRUEVIC & DIMITRIJEVIC 1973; ROBERTSON
& KARAMATA 1994; DIMITRUEVIC 2001; KARAMATA
20006). Others were of the opinion that this element was
formed by out-of-sequence thrusting from the European
margin (PAMIC et al. 1998; PamiC & HrvATOVIC 2003).
According to SCHMID et al. (2008), the Drina—Ivanjica is
a thrust sheet which was probably emplaced on top of
the East Bosnian—Durmitor thrust sheet in the Early to
mid-Cretaceous times. Similar to the East Bosnian-
Durmitor composite thrust sheet, the Drina—Ivanjica
thrust sheet passively carried the previously obducted
Western Vardar ophiolites (Zlatibor ophiolites).

Due to the tectonic position of the investigated
area, this paper is an important contribution to a bet-
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essarily a part of an in situ pre-
served stratigraphic cover of an
ophiolitic sequence, but that
they could also occur as gravi-
tationally emplaced olistoliths
or olistoplake (DIMITRIEVIC
1997), or as tectonically incor-
porated slices torn off the
Adriatic margin and incorpo-
rated into the mélange below
the obducted ophiolite (DJERIC
et al. 2007a; SCHMID et al.
2008). The third, largest group
includes radiolarite strata de-

i
Pl
E= 47 N

posited onto the drowning pas-
sive margin of the Adria (East
Bosnian—Durmitor nappe and
Drina—Ivanjica thrust sheet)
(DJERIC et al. 2007a).

The radiolarites found at the
locality Komarani could be a
part of the ophiolitic mélange
that structurally underlies the
ophiolites of the Dinaridic
Ophiolite Belt (KARAMATA et
al. 1997). Alternatively, they
could also represent the matrix
(could also be a block in the
mélange) of the mélange for-
mation of the East Bosnian—

=ia

A

[ s M s 18°

—Durmitor Unit (DJERIC et al.
2007b).

Fig. 1. Tectonic sketch of the Dinarides (after SCHMID et al. 2008), indicating the

position of the studied locality. The units mapped are, from external to internal:

Material and Methods

1, External Dinarides (without subdivisions); 2, East Bosnian—Durmitor Unit;

3, Drina Ivanjica Unit (parallelized with the Korab Unit of Albania or the Pelagonian
Massif of Greece, part of the Internal Dinarides); 4, Jadar and Kopaonik blocks (part
of the Internal Dinarides); 5, Dinaridic and Western Vardar ophiolites (parallelized
with the Mirdita ophiolites of Albania, obducted onto the internal Dinarides in
Jurassic times); 6, Sava Belt (Paleogene suture zone); 7, Eastern Vardar Ophiolites;

8, “European” units (Tisza-Dacia and Carpatho-Balkan).

ter understanding of the geological evolution of the
area, which will enable comparison with similar rocks
in the surrounding regions.

Geological setting

Very thick Jurassic radiolarite successions are typical
for the area of the Zlatar Mt. A widely accepted opinion
among Serbian geologists is that the association of
siliceous rocks (cherts and radiolarites) that belong to
the Zlatar Formation represents a sedimentary cover of
an oceanic crust (RaApovanoviC 1987, 2000). Accord-
ing to other opinions, Jurassic radiolarites are not nec-

The described radiolarian
assemblages originated from
one single section at the Ko-
marani Village (Fig. 1). Four
samples were taken from the
radiolarites at the locality Ko-
marani, but only two were po-
sitive. The chert samples were
treated only with dilute 5-7 % hydrofluoric acid, fol-
lowing the method of PESSAGNO & NEWPORT (1972).
In all samples, nassellarians were much more abun-
dant than spumellarians. The residues of the acid
treatment, which yielded well preserved faunas, were
studied for biostratigraphic purposes. In order to
establish the age of the radiolarian assemblages, the
zonation schemes proposed by BAUMGARTNER et al.
(1995) were used. An SEM microscope ISI-160 in
GIN RAN (Moscow) was utilized for the precise iden-
tification and illustration of the radiolarians. These are
illustrated in Plate 1. The micropaleontological mate-
rial is housed at the Faculty of Mining and Geology in
Belgrade (registration numbers ND 328 and ND 329).
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Section description and biostratigraphy

The locality is, actually, an abandoned chert quarry
in the Komarani Village, by the road Nova Varos$—
—Akmaci¢i—Komarani—Pavlovi¢a Brod (x = 7411117,
y =4811144). The investigated section is composed of
alternating thin-bedded silicified siltstone and dark
brown to black thin- to medium-bedded radiolarite.
Siltstone is the predominating rock. The actual thick-
ness of the radiolarite in this section can not be deter-
mined because the layers are extremely tectonically
deformed. These radiolarites might belong to the
ophiolitic mélange situated below the ophiolites of the
Dinaridic Ophiolite Belt (KARAMATA et al. 1997). On
the other hand, the radiolarites might be the matrix of
the mélange in the East Bosnian—Durmitor Unit
(DJERIC et al. 2007D).

Four samples were taken from the radiolarites in
the quarry, but only two were positive.

Sample ND 328 was taken from dark brown, thin-
bedded, partly clayey radiolarite. The fauna is sparse,
poorly preserved, with mostly broken or deformed
forms. The following species were identified:
Triversus hungaricus (Kozur), Cinguloturris getsen-
sis O’DOGHERTY, GORICAN & DUMITRICA, Eucyrti-
diellum sp. cf. E. semifactum (NAGAI & MIZUTANI),
Unuma sp. cf. U. gordus HULL, Williriedellum (?) sp.
and Hiscocapsa sp. (Plate 1).

The uppermost Bajocian to Early Callovian (UAZs
5-7) age of the chert is based on the identified
Eucyrtidiellum sp. cf. E. semifactum.

Sample ND 329 was taken from glassy, dark gray
compact radiolarite. The radiolarian association is
abundant and versatile. The following species were
identified: Dictyomitrella ? kamoensis MIZUTANI &
Kipo, Eucyrtidiellum unumaense s.l. YAo, Willirie-
dellum tetragona (MATSUOKA), Protunuma ? ochien-
sis MATSUOKA, Williriedellum sp. aff. W. yaoi (Ko-
ZUR), Williriedellum carpathicum DUMITRICA, Sticho-
capsa japonica YAO, Unuma gordus HULL, Unuma sp.
cf. U. gordus, Triversus kasinzovae VISHNEVSKAYA,
Stichocapsa sp., Protunuma sp., Unuma sp., Dictyo-
mitrella sp., Xitus (?) sp. 1 Zhamoidellum sp. (Plate 1).

Late Bathonian to Early Callovian age (UAZ 7)
was established according to the presence of
Dictyomitrella ? kamoensis (UAZs 3—7; BAUMGART-
NER et al., 1995) and Williriedellum carpathicum
(UAZs 7-11; BAUMGARTNER et al., 1995).

Final remarks

Siliceous deposits from the Komarani locality con-
sist of radiolarian cherts with clay and silicified silt-
stone. Based on the radiolarians, the analyzed cherts
were deposited between the Latest Bajocian and Early
Callovian. The radiolarian association in the sample
NbD 329 is more abundant and versatile, thus it indi-

cates a shorter time interval — Late Bathonian to Early
Callovian. Radiolarites that represent the matrix
(could also be a block in the mélange) were also
observed in a nearby locality Abesko Brdo (area of
Sjenica, SW Serbia). The age of the radiolarites from
the locality Abesko Brdo is compatible with the age of
the siliceous sediments in the locality Komarani
(Callovian; GAwLICK et al. 2009). The radiolarian
associations from the locality Komarani are correlat-
able with the radiolarian associations identified from
sediments of the central Pontides in northern Turkey
(BRAGIN et al. 2002), in the West Carpathians (RAKUS
& OzvoLpova 1999), as well as with the Upper
Bajocian to Oxfordian associations from the sedimen-
tary cover of ophiolites in Albania (MARCUCCI et al.
1994). Similar radiolarian associations are known
from a locality on the Mangart Mt. in Slovenia (SMuc
& GORICAN 2004), the Medvednica Mt. in NW
Croatia (HALAMIC et al. 1999), as well as from the
Mirdita area in Albania (CHIARI et al. 1994; PRELA
1994).
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Pe3ume

Cpenmojypcke paauoJiapuje mjiaHuHe
3aarap (J3 CpoOuja)

Cununujcke CeTUMEHTHE CTEHE, MPEICTaBbeHE
POXKHAIIMMA M PAJUONIAPUTHMA, IIUPOKO Cy PACIPO-
crpamene y Cpouju. Hajuenrhe cy mpucyTtHe y yHYy-
TpauimbuM JieNtoBrMa JIuHapuaa, y OKBUPY O(QHOIUT-
CKHX TIOjaceBa w/miu ca (popmairjama ohuOITUTCKOT
MeNaHxa, pehe y IpyruMm reonomkuMm cperuHaMma.
Poxxnamm n pamuonaputu CpOuje dopMmupanHu cy y
Pa3TUYUTHM yCIOBAMA, O] TOJTHOXKja KOHTHHEHTATHE
MajJfHe 70 a0MCaTHUX JeNI0Ba, Y TyOOKOMOPCKOM po-
BY M Y KOHTUHCHTAIHUM pudTOBUMA. MaKkCUMyM aKy-
MyJaluje poXKHAIM H PATUONIAPUTH JOCTHXKY Y Cpell-
HBEM U TOPHEM TPHJACY, KA0 U TOKOM CPEJEhe U TOPIHE
jype.
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Ha noxamurery Komapanu koju ce Halazu mopen
myta Hosa Bapom—Axkmaunhin—Komapann—Ilasnosu-
ha bpoxg (x = 7411117, y = 4811144) oTKpHBEH je
MPO(UIT TAHKOYCIIOjeHIX CHITU(PUKOBAHUX AJIEBPOIH-
Ta ¥ TAMHOOPAOH JI0 IIPHUX TAHKO JI0 CPEIhE YCIIoje-
HuX paanonapura. CTBapHa Ae0JpHHA pagroNapuTa u
aJeBpoJIUTa Ha OBOM NPOQUIYy Ce HE MOXE yCTaHO-
BUTH jep Cy CJIOjeBM TEKTOHCKH jako mopemeheHwm.
IIpema RADOVANOVIC (1987) poskHAIIM B aJIEBPOJIATH
nokanutera Komapann mpencrasspajy wian dopma-
nuje 3marapa JwHapuiackor oQHONHTCKOT Tojaca.
HaBenenn aytop cMarpa Aa acounmjanyvje CHIIUIH]-
CKHX CT€Ha Ca CIMBOBHMAa 0a3alNTHHUX BYJIKAHHWTa OBE
(hopmarmje HECy 00yxBaheHe MpoIecoM MelaHKHupa-
ma. IIpema DIERIC et al. (2007b) ucTpakuBanu ce-
IUMEHTH HajBEpPOBAaTHHjE€ TIPEICTaBIhajy MATPHUKC
(6mokx?) memamka McTogHOOOCAHCKO-TyPMHTOPCKE
jenuHHAIIE.

U3 pagnonapurta Komapana y3ere cy 4 mpobe, anu
Cy caMo 2 fanie MOo3UTHBHE pe3ysTare:

[Ipo6a HD 328 — dayHa je peTka, yIiIaBHOM cliabo
odyBaHa U BehrHa mpruMepaka je moJIoMIbeHa TN Je-
(hopmucana. CrapocT poxHana je ropmu Oajec (Haj-
BUIIK nAenoBH) 1m0 nomu kenoBe] (UAZs 5-7) wm
ofipehena je Ha OCHOBY mpucycTBa BpcTe FEucyrti-
diellum sp. cf. E. semifactum (NAGAI & MIZUTANI).

IIpo6a HDb 329 — Acommjanmja paanonapuja je
OpojHa 1 pazHoBpCcHa. [ opmobdaTcKa 10 JOHOKEIOBE)-
cka crapoct (UAZ 7) ompeheHa je Ha OCHOBY IpH-
cyctBa Dictyomitrella ? kamoensis (UAZs 3-7; BAUM-
GARTNER et al. 1995a) u Williriedellum carpathicum
(UAZs 7-11; BAUMGARTNER et al. 1995a).

CrnudHEe cpenmbOojypeKe paauoIapHrjcKe acoIHjalu-
je mo3HaTe cy W W3 Jokanmureta Abemxko Opmo, J3
Cpbuja (GAWLICK et al. 2009), mnannne Manrapr,
Cnoennja (SMUC & GORICAN 2004), mnarure Men-
Bemuuia, C3 Xprarcka (HALAMIC et al. 1999), Mup-
muta oapydja y Anbanuju (CHIARI ef al. 1994; PRELA
1994), xao u 3anmagamx Kapmara (Raku$ & OzvoL-
DOVA 1999).
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PLATE 1
Middle Jurassic radiolarians from the Komarani locality.

Scale bar = 50 um (Figs. 1-6, 8, 10-22, 24-29); = 20 um (Fig. 7); = 100 um (Figs. 9, 23).

Triversus hungaricus (Kozur), sample NP 328.

Cinguloturris getsensis O’DOGHERTY, GORICAN & DUMITRICA, sample NP 328.
Williriedellum (?) sp., sample ND 328.

Hiscocapsa sp., sample ND 328.

Unuma sp. cf. U. gordus HULL, sample ND 328.

Eucyrtidiellum sp. cf. E. semifactum (NAGI & MIZUTANI), sample ND 328.
Dictyomitrella sp. cf. D. kamoensis MizUTANI & KIDO, sample NP 329.
Dictyomitrella kamoensis MizUTANI & KIDO, sample ND 329.
Triversus kasinzovae VISHNEVSKAYA, sample NP 329.

Xitus sp., sample ND 329.

Eucyrtidiellum unumaense s. I. (YAO), sample ND 329.

Stichocapsa sp., sample ND 329.

Stichocapsa japonica YAO, sample NP 329.

Williriedellum sp. cf. W. tetragona (MATSUOKA), sample NP 329.
Williriedellum tetragona (MATSUOKA), sample ND 329.

Williriedellum sp. aff. W. yaoi (Kozur), sample ND 329.
Williriedellum carpathicum DUMITRICA, sample NP 329.
Zhamoidellum sp., sample ND 329.

Arcanicapsa (?) sp., sample ND 329.

Hiscocapsa (?) sp., sample NP 329.

Unuma sp., sample ND 329.

Unuma sp. cf. U. gordus HULL, sample ND 329.

Unuma gordus HULL, sample ND 329.

Protunuma ochiensis MATSUOKA, sample ND 329.

Protunuma sp., sample ND 329.
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Note on the first fossil remains of a whale from northern Bosnia

IvAN STEFANOVIC!

Abstract. Herein, the first find of a fossil whale Cethotherium aff. rathkei is reported from the Middle
Miocene sediments (Badenian) of the West Paratethys (the Strbci village, east of Banja Luka and Prnjavor,
northern Bosnia). Although mostly represented by vertebra, the well preserved remains of the single individ-
ual consist also of humeri, tympanicum, and some isolated fragments of the skull. The find is discussed in its
paleogeographical context, and the importance of the discovery in an international context is shown.

Key words: Miocene, Badenian, whale, Paratethys, Bosnia.

Ancrpakr. [Ipsu npumepak documHor kuta Cethotherium aff. rathkei mpoHaljeH je y cpeamOMUOIICHCKIM
cennmenTnMa (Oanencke crapoctu) 3amagHor Ilaparetmca y cemy LTpOrm, mcrouno on bama Jlyke u
[IpwaBopa y ceBepHoj bochu. [loOpo odyBaHM ocTauu jenHe MHAMBHAYE YIIIABHOM Cy IPEICTaBJbCHU
NpIbEHOBHMA, OCTAallMMa XyMepyca, TYMIIaHUKyMa, Kao U (parMeHTHMa KocTHjy miaBe. Hanas je mpukazan

U y najgeoreorpadckoM KOHTEKCTY M HPEACTaBIba APYTH Haja3ak 0BE BPCTE.

Kibune peun: muonieH, 6aaeH, kut, [laparetuc, bocHa.

Fossil whales of the Paratethys Sea

Although fossil finds of whales (Cetacea/Cetartio-
dactyla — depending on which classification is fol-
lowed) are known from most of the regions of the
world, their morphology and evolution is not well
known (FORDYCE & DE MuizioN 2001). In Europe, the
Pliocene and Miocene species of whales seem to have
been the most abundant and they were also present in
Central Europe in the region that was once covered by
the Paratethys Sea. During the Middle and Late
Miocene, tectonics and a decreasing eustatic sea level
gradually isolated the Paratethys Sea from the other
seas, causing a decrease in salinity (ROGL 1998;
HAMOR 2001). This process resulted in the extinction
of the marine fauna which was once present in the
Paratethys. Cetacea became extinct during the final
stages of the Miocene, when the Paratethys became a
fresh water lacustrine environment. The presence of
fossil whales is thus and indicator for higher salinity
levels.

The Paratethys Sea was once present in extensive
parts of Central Europe and fossil whales are found in
Austria, Slovakia, Hungary, Croatia, Bosnia and Ser-

bia. Most of the previously discovered specimens are
attributed to the genus Mesocethus.

Mesocetus hungaricus KADIC, 1907 is known from
several localities. KADIC (1907) based the species on
a well-preserved complete skeleton from the
Badenian of Borbolya in West Hungary. It is also
known from the Middle Miocene (Late Badenian)
locality Neudorf-Sandberg (Dvinska Nova Ves) on the
border of Slovakia and Austria (THENIUS 1952,
StaBOL & HOLEC 2001).

Mesocetus agrami VAN BENEDEN, 1880 is known
from Sarmatian marls from Susjed in Zagreb (Agram
was the former name of the city) and it was described
by VAN BENEDEN (1880) and GORJANOVIC-KRAMBER-
GER (1892). The remains were recovered from the Sar-
matian marls close to the border with the Badenian
(“Sarmatian marls near to Mediterranean layers”;
GORJANOVIC-KRAMBERGER 1892) at Susjed and Vrbac
in Zagreb (Croatia). This species seems to have been
the most abundant in the region. PAunovi¢ (1993)
published a paper on Mesocetus aff. agrami found in
northern Bosnia and stated that it is found in several
localities in Bosnia: KneZica, Sargovac, Luzani, Daz-
nica Ukrina and Kalenderovci. A Middle Miocene

I Department of Palacontology, Faculty of Mining and Geology, University of Belgrade, Kamenicka 6, P.O. Box 62,

11000 Belgrade, Serbia. E-mail: ivstefano@sezampro.rs
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(Badenian) age was proposed for all these finds.
Nevertheless, the remains described by PAUNOVIC
(1993) consist only of fossil vertebra.

Mesocetus sp. is found in Slovakia in the Middle
Miocene (Late Badenian) locality Glavica (SABOL &
HoLEc 2002).

STEPANOVIC (1938) described lower jaws of a tooth-
less whale found in Belgrade (Serbia). These jaws
were atributed to Cethotherium sp. without any inten-
tion to attribute specimen to the genus Cethotherium,
but to the Cetacea in general. The age of the sediments
that yielded the fossil is Lower Sarmatian s. str.
(Middle Miocene).

Locality Strbci in northern Bosnia

The fossil was found in the village Strbci east of Ba-
nja Luka and Prnjavor in northern Bosnia. It was recov-
ered from a well at the depth of 26 m in a coat of marls.

The region of Strbci was studied by EREMUA
(1970). Marls found in the area include remains of
fauna represented by an association of Vaginella aus-
triaca KITTL and rare finds of Amussium and Natica
milepunctata LAMARCK with a long list of foraminife-
ra. Eremija stated that the association of pelagic gas-
tropods found in gray marls is characteristic for the
region being well-connected to open sea. According
to EREMUA (1970), 214 species of foraminifera are
found in strata of the same age in other parts of the
basin and most numerous are representatives of the
genera Globigerinoides and Globigerina, Lagenidae
(Robulus, Dentalina and Lagena), Spiroplectamina
carinata (D’ORBIGNY). The association suggests a Ba-
denian age for the marls.

Northern Bosnia is geographically in contact with
the Pannonian Lowlands that were the center of the
Paratethys Sea, and in the late stages of the Miocene,
northern Bosnia was a region of shallow waters.

Fossil remains

Order Cetacea BRISSON, 1762

Suborder Mysticeti FLOWER, 1864

Family Cethotheriidae CAMBERA, 1926

Genus Cethotherium VAN BENNEDEN, 1868—1880

Cethotherium aff. rathkei vaN BENNEDEN, 1868—1880

Material. Cethotherium aff. rathkei found in marls
of Badenian age in Strbci (N. Bosnia) represented by
left and right tympanicum (RGFC1 and RGFC2), left
and right humerus (RGFC6 and RGFC7), 4 well-pre-
served thoracic vertebra (RGFC11, RGFCI12,
RGFC13 and RGFC14), 4 well-preserved lumbal ver-
tebra (RGFC15, RGFC16, RGFC17 and RGFC18),

Fig 1. Geographical position of Strbci (triangle) and other
localities of the Paratethys Sea: 1, Borbolya; 2, Neudorf-
Sandberg; 3, Zagreb (Susjed); 4, KneZica; 5, Sargovac;
6, Kalenderovci; 7, Daznica; 8, Luzani; 9, Glavica; 10, Bel-
grade.

one caudal vertebra (RGFC19), 8 fragmented vertebra
(RGFC29, RGFC30, RGFC31, RGFC32, RGFC33,
RGFC34, RGFC35 and RGFC36), 5 vertebral epiph-
ysis (RGFC25, RGFC26, RGFC27, RGFC28 and
RGFC29), 8 skull fragments (RGFC3, RGFC4,
RGFCS5, RGFCS8, RGFC9, RGFC10, RGFC34 and
RGFC35) and other unidentified fragments.

The fossil is the property of the Gradiska Museum
(Zavicajni muzej Gradiska) and it is kept at the Col-
lection of the Faculty of Mining and Geology (Uni-
versity of Belgrade)

Description. The fossil whale found in Badenian
(Middle Miocene) sediments in Strbci (North Bosnia)
east of Prnjavor is represented by a number of well-
preserved bones and the skeleton was probably almost
complete before it was excavated.

The auditory bulla is one of the most important
bones. The auditory bulla was subject to notable
changes during the evolution; thus it is important for
distinguishing fossil and recent species (FORDYCE &
DE MuizoN 2001). The tympanicum (PL. 1, figs. 1-6,
No. RGFCI1 and No. RGFC2) show most resemblance
to those of the fossil whale Cethotherium rathkei
found on the Crimean Peninsula (VAN BENEDEN &
GEervals 1868-1880, fig. 6, fig. 7, Tab VXII and
BranDT 1873, fig. 3b, fig. 4b, Tab XII). Figured here
as Fig. 3 and Fig. 4. The size and shape of the tymp-
nicum are almost the same and the dorsal surface of
the bulla is without any texture, as in other C. rathkei
specimens.

Both humeri are well preserved and are about 72.7
and 72.1 mm long (Plate 1, Figs. 13-20; RGFC6 and
RGFC7).
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Table 1. Measurements of bones given in millimeters.

A large part of the fossil material is represented by
vertebrae (PL. 1, Figs. 1-12; P1. 2 and Pl. 3). Most of
the vertebrae are incomplete but measurements of the
preserved ones are given in Table 1. The manner in
which the vertebrae were measured is indicated in Fi-
gure 2. The vertebrae of Mesocetus found in the re-
gion are much larger and the width of the lumbar falls
into range of 12—-14 cm (PAuNoVvIC 1993).

Fig. 2. Measurements of vertebra were restricted to the cor-
pus of vertebra. a, height of corpus; b, width of corpus.

Among the other bones, some isolated fragments of
the skull, and other unidentifiable fragments have to
be noted.

Dimensions of the present specimen are in the
range of that of Cethotherium rathkei. BRANDT (1873)

No. bone length P ro_ximal distal width
width
RGFC6 humerus dex. 72.7 45,7 4272
RGFC7 humerus sin. 72.1 66.2 42.8
corpus cranial corpus caudal corpus cranial | corpus caudal

No. bone length width width width width
RGFCI1 thoratic vertebrata | 24.5 46.8 441 34.7 36.1
RGFCI12 thoratic vertebrata | 25.0 472 46.6 36.1 37.6
RGFCI13 thoratic vertebrata 23.9 47.8 452 34.3 40.0
RGFC14 thoratic vertebrata | 30.7 47.8 457 37.1 37.8
RGFCI15 lumbar vertebrata 31.6 50.2 — 41.8 -
RGFCI16 lumbar vertebrata 33.1 494 — 41.6 —
RGFCI17 lumbar vertebrata 27.8 — 40.2 —
RGFCI18 lumbar vertebrata 33.8 — - - -
RGFCI19 caudal vertebrata 19.8 35.1 35.1 — -

No. bone length
RGFC1 tympanicum dex. 50.2
RGFC2 tympanicum sin. 50.1

Table 2. Comparison of the length of vertebra belonging to
Mesocetus aff. agrami (PAUNOVIC 1993) and Cethotherium
aff. rathkei.

Cethotherium aft. rathkei Mesocetus aff. agrami
No. length in mm No. length in mm
lumbar vertebra
RGFCI5 31.6 DAZ-7 132
RGFC16 33.1 DAZ-8 134
RGFC17 27.8 DAZ-11 135
RGFC18 33.8 DAZ-9 141
DAZ-10 148
thoracic vertebra
RGFC11 24.5 KNEZ-5 63
RGFCI12 25.0
RGFCI13 239
RGFCI14 30.7

gives an overall length of “6 to 7 feet” for this species.
The vertebra of Mesocetus found in the region are
much larger and width of lumbar falls into the range
of 12-14 cm (PauNovi¢ 1993). Comparisons of the
length of vertebra belonging to Mesocetus aff. agrami
(PAuNovIC 1993) and Cethotherium aff. rathkei from
Strbci is given on the Table 2. Although the present
specimen is juvenile, the individual dimensions of the
auditory bulla are identical to the dimensions of the
Crimean specimen.
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Fig. 3. Tympanicum of Cethotherium rathkei, Crimean Pe-
ninsula (original drawing from BRANDT 1873, pl. 12, fig.
3b).

Discussion. The genus Cethotherium includes only
one Miocene species, i.e., C. rathkei. The holotype
was recovered in the Crimean Peninsula by Prof.
RATKE and described by VAN BENNEDEN (1868—1880)
and later by BRANDT (1873). Unfortunately, no further
details were given about the site and the stratigraphi-
cal position of the holotype.

The cethotheres belong to a separate group of
Mystecete. The anatomy of mystecete resembles that of
balenopterides but differs in the primitive structure of
the frontal bone (FORDYCE & MuizoN 2001). Unfor-
tunately, the studied specimen lacks the frontal bone

The geographical localities of the Paratethys Sea
where remains of mystecete were found are shown in
Fig. 1. They generally follow the borders of the Pan-
nonian Lowlands which were once a part of Paratethys
Sea. At the time, there was a connection with eastern
provinces and the Black Sea (HAMOR 2001, appendix
VI). It might be concluded that whales belonging to this
species were able to migrate through the basin and,
hence, it is not surprising to find the representatives of
the same species in two, apparently distant localities.
According to KORETSKY (2001, fig. 58) and ROGL
(1998, pl. 9), there was a water corridor during the
Badenian that allowed this connection. Probably
Cethotherium migrated through this corridor.

While the Cethotheriidae systematics remain un-
certain, they are probably represented by a few spe-
cies and may be considered as probable ancestors of
balaernopterids.

Conclusions

The remains of Middle Miocene whales are abun-
dant in the Paratethys Region. Most of the species are

Fig. 4. Tympanicum of Cethotherium rathkei, Crimean Pe-
ninsula (original drawing from VAN BENEDEN & GERVAIS
1868-80, pl. 17, fig. 7).

attributed to Mesocetus, while a specimen from Strb-
ci (northern Bosnia) belongs to the genus
Cethotherium. Bosnian localities numbered by PAU-
NOVIC (1993) yielded exclusively vertebra of fossil
whales and it should be presumed that the remains of
Cethotherium cf. rathkei from Strbci are the best pre-
served whale fossil in the area.

There is a significant difference in size between
Mesocetus remains and that of Cethotherium rathkei.
The Cethotherium from Strbci probably represents the
only representative of the species found in this region
and the first find of the species in the Western Pa-
rathetys. After the Badenian, (Middle Miocene), the
salinity started to drop and influenced a general
change of the flora and fauna. The climate was also
affected during this process. This caused mass extinc-
tions of marine fauna and whales in the area.

Representatives of the C. rathkei line are rare and
not well-studied. Hopefully, this paper would fill the
gap and allow future studies on this species.
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Pe3nme

Kparak ocBpT Ha Hana3 ¢pocuIHNX
ocTaraka KuTa u3 ceBepHe bocue

Octany CpemOMHUOIICHCKUX KHTOBA Cy YECTH Y
obnactu Ilaparetrica. Behnna mo cama mponahenmx
mpuMepaka cy ocraru Mesocetus-a, TOK OCTallH MPU-
mepka u3 llItpbana (ceepra bocna) mpunanajy pony
Cethotherium. BocaHCKH JOKaJUTETH KOje HABOIU
PAuNoOvIC (1993) campike UCKIBYYHWBO OCTaTKe IIp-
nbeHoBa Mesocetus-a, 1ok octrauu Cethotherium cf.
rathkei w3 llltpbama, OMHMCAaHW OBOM TIPYUIHKOM,
MIpe/ICTaBJbajy HajOOJbe cadyBaHU MpUMEpPaK (QOCHII-
HOT KHTa y 0BOj 00MacTu.

[Toctoje 3navajHe pa3nuke m3mel)y ocraraka mpes-
ctaBHUKa Mesocetus-a u ocraraka Cethotherium
rathkei. Cethotherium w3 lllp6ama BepoBaTHO Tpe-
CTaBJba JEeUHOT JI0 caja Hal)eHOT MpeICTaBUKa y OBO)]
o0JacTH W TPBH je Haja3zak BPCTE Yy 3amagHOM
[Taparetucy. Ilo 3aBpmeTky OanmeHa (cpemmu MHO-
1eH) majn canuauTeTa y [laparerncy ycmosuo je on-
mTy npoMeny ¢uiope u dayHe y ToM MOpy yTHIlajyhu
W Ha OmmTe KiuMmarcke mpomeHe. OBU mporecu
MPOY3pPOKOBAJIM Cy MacOBHA H3yMHUpama MOPCKE
(hayne u xutoBa y peruony. lIpencrasautu C. rathkei
CY PeTKH ¥ HeJI0BOJbHO To3HaTH. {1k oBor pana je na
MOMYHU MPa3HUHY U OMOTYHH Jajba UCTPaKUBAMA.



132 IVAN STEFANOVIC

PLATE 1

Cethotherium aff. rathkei vAN BENEDEN, Middle Miocene (Badenian), Strbei, northern Bosnia.

Fig. 1. Right tympanicum, RGFC1, medial view.
Fig. 2. Right tympanicum, RGFC1, lateral view.
Fig. 3. Right tympanicum, RGFC1, inferior view.
Fig. 4. Left tympanicum, RGFC2, medial view.
Fig. 5. Left tympanicum, RGFC2, lateral view.
Fig. 6. Left tympanicum, RGFC2, inferior view.
Fig. 7. Caudal vertebra, RGFC19, cranial view.
Fig. 8. Caudal vertebra, RGFC19, caudal view.
Fig. 9. Caudal vertebra, RGFC19, dorsal view.
Fig. 10. Caudal vertebra, RGFC19, ventral view.
Fig. 11. Caudal vertebra, RGFC19, view dex.
Fig. 12. Caudal vertebra, RGFC19, view sin.

Fig. 13. Right humerus, RGFC6, lateral view.
Fig. 14. Right humerus, RGFC6, proximal view.
Fig. 15. Right humerus, RGFC6, medial view.
Fig. 16. Right humerus, RGFC6, distal view.

Fig. 17. Left humerus, RGFC7, lateral view.

Fig. 18. Left humerus, RGFC7, proximal view.
Fig. 19. Left humerus, RGFC7, medial view.

Fig. 20. Left humerus, RGFC?7, distal view.



Note on the first fossil remains of a whale from northern Bosnia 133




134 IVAN STEFANOVIC

PLATE 2

Cethotherium aff. rathkei vaN BENEDEN, Middle Miocene (Badenian), thoracic vertebrae, Strbei, northern Bosnia.

Fig. 1. RGFCl11, dorsal view.
RGFCI11, caudal view.
RGFC11, ventral view.
RGFCI11, cranial view.
RGFC12, dorsal view.

Fig. 2
3
4
5
Fig. 6. RGFC12, caudal view (with epiphysis).
7
8
9

Fig.
Fig.
Fig.
Fig. RGFC12, ventral view.
RGFC12, cranial view.
Fig. RGFC13, dorsal view.
Fig. 10. RGFC13, caudal view (with epiphysis).
Fig. 11. RGFC13, ventral view.
Fig. 12. RGFC13, cranial view.
Fig. 13. RGFC14, dorsal view.
Fig. 14. RGFC14, caudal view.
Fig. 15. RGFC14, ventral view.
Fig. 16. RGFC14, cranial view.

Fig.
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PLATE 3

Cethotherium aff. rathkei vaN BENEDEN, Middle Miocene (Badenian), lumbar vertebrae, Strbei, northern Bosnia.

Fig. 1. RGF C15, dorsal view.
Fig. 2. RGFC15, caudal view.
Fig. 3. RGFC15, ventral view.
Fig. 4. RGEFCI15, proximal view.
Fig. 5. RGFC16, dorsal view.
Fig. 6. RGFC16, caudal view.
Fig. 7. RGFC16, ventral view.
Fig. 8. RGFC16, proximal view.
Fig. 9. RGFC17, dorsal view.
Fig. 10. RGFC17, caudal view.
Fig. 11. RGFC17, ventral view.
Fig. 12. RGFC17, proximal view.
Fig. 13. RGFCI18, dorsal view.
Fig. 14. RGFC18, caudal view.
Fig. 15. RGFCI18, ventral view.
Fig. 16. RGFC18, proximal view.
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IN MEMORIAM

Ap DBophe Muxajinosuh, penoun npogecop
(1946-2008)

[IpBor mama 2008. romuHe, OOJHO HEOYEKHUBAHO,
ympo je Bophe Muxajmosuh, TOKTOp T€OTOMIKAX HaY-
Ka, penoBHH nipodecop u Jlekan Pynapcko-reonomnkor
(hakynrera YauBep3utera y beorpamy (2000-2002).

Bophe MuxajnoBuh je oTuIao M3 Hamle cpenruHe
MIpenaHo W WHTEH3WBHO panehw 3a moOpoOuT reoso-
ruje u pynapctsa; og 2004. roguHe 610 je Ha QPyHKITH-
JjU 3aMEHHMKa MHHHCTPA, OIHOCHO JIP’KaBHOT CEKpeTa-
pa MuHucTapcTBa pynapcTBa M eHepreTuke Bnane
Perryommuke Cp6wuje, a og mouerka 2007. roguHe diaH
Ckymmrure [eonomkor uHcTHTyTa CpoHje.

[Ipodecop bophe MuxajmoBuh Ono je jeman on
Haj3HauajHUjUX €BPONCKUX naneoborannvapa. bpoj-
He TeHepauyje CTy[AeHaTa ra maMTe Kao MPUMEPHOT,
MHPHOT U TOJICPAHTHOT YOBEKa M TOOpOT mpodecopa.

Pohen je 18. jyma 1946. ronune y beorpany rae je
3aBpIINO OCHOBHY WIKOIY M TMMHa3ujy. Pymapcko-
reonomku (akynrer, Oncek 3a reomorujy, Cmep 3a
PETHOHANHY TEOJIOTHjy U MAaJICOHTOJOTH]Y YIHCao je
1965., a qummomupao je 1970. ronnHe Ha yecMepemy
3a maneoHTonorujy. Y mepuonmy 1971-1974. romune
panuo je y mpenysehy ,,leoconna®, ma 6u 1974. ro-
JuHEe OMO NMPHUMJBEH 3a aCHUCTEHTA-IPUIPaBHUKA Ha
Pynmapcko-reonomkom dakynrery y beorpamy. Ha
uctoM (akynrery je 1977. rogumHe MarucTpupao H
6mo n3abpaH 3a acuctenra, a 1983. roguae je U JOK-
Topupao ca temMoM ,,PocmitHe (iope naneorena Cp-
ouje‘. 3a momeHTa 3a mpeamer ,,Ilareoborannka™ n3a-
Opan je 1983., a 3a BampemHor mpodecopa 1989.

rogure. Ox 1995. ronune je pemoBHu mpodecop Py-
JIapcko-reosomkor (akynrera YHuBep3utera y beo-
rpazay.

VY CBOjCTBY YHHBEP3WUTETCKOT HACTaBHHKA MpPOQ.
DBophe Muxajnosuh je npxao mpemaBama Ha Ciefe-
huM mpenMeTHMa OCHOBHHUX M MaruCTapcKuX CTyAHja
Pynapcko-reomomkor ¢akynrera: ,,Ilaneodoranmka‘,
»llameoexomnoruja®, ,,EBodyIIMOHa mameoHTOIOTHja™,
,»EBOIyIja OMJBHOT cBeTa* W ,,Mertoxe maneoboTa-
HUYKUX HCTpaknBama™“. bruo je MmenTop OpojHUM 1H-
mwioMuuMa U nocnegumomuuMa. Ox 1996. no 2004.
ronuHe Ouo je med Karenpe 3a Ilameoboranuky. On
2000 mo 2002. romuHe Omo je nexan Pymapcko-reo-
momkor (axynrera, a 2004. roguae u wian CaBeTa
VYuusep3surera y beorpany. Ha Pynapcko-reononikom
tdakynrery y lltumy, Makenonuja, je y mepuogy oxn
1987. no 1990. ronuHe y4ecTBOBao y M3BOhemy Ha-
cTaBe u3 mpeamera ,,Ilaneozoonoruja‘.

Y CBOM Hay4HO-HCTPaKUBAYKOM pagy IOCEOHY
naxmy MocBehnBao je ucTpaxuBamuMa (ocuiaHe
Makpoguiope, Kpe4mauKor HAaHOIJIAHKTOHA, Kao M
Mpoy4yaBamiMa TaIe0eKoNoTHje, OnocTparurpaduje
1 TaJeOKIMMATOJOrHje KEHO30MKa. I3 HaBemeHOr
IIMPOKOT HaydHOT omyca mpodecopa MuxajnoBuha
rmoceOHO Tpeba mctahwm mEroBe pamoBe W3 00JIACTH
nmajyeo00TaHUKe M CTpaTUrpaduje HeoreHa Koju Cy Ta
YUYUHWIM [O3HATUM y HAayYHUM KPYIOBHMa HE Camo
Hallle 3eMJbE, HETO U 'y €BPOIICKUM OKBHpHUMAa. ['oguHe
1990. ma YexocmoBaukoj akamemMuju Hayka y Ilpary
CIEIHjalTi30Ba0 je IPUMEHY KyTUKYyJIapHe aHAIIN3e Y
1aje000TaHUYKUM HCTPAXHUBABIMA.

O6jaBmo je nmpexo 90 HAyIHUX B CTPYYHUX PaJ0Ba
0]] KOjHX j€ IeceTak y Mel)yHapoqHO MPU3HATHM Jaco-
mMcUMa. Y4ecTBOBao je y MHcamy Tpu MeljyHapoaHe,
u nieT nomahux MoHorpaduja. Y4ecTBOBao je ca pe-
tdeparuma y pany 19 mehynaponaux u 6 momahux Ha-
Y4HUX CKynoBa. buo je ypeaHuk Bomuua 3a €KCKyp-
3mje ,,Neogene of Eastern Serbia® u ,,Lacustrine and
Brackish Neogene of western part of Yugoslavia“ koje
Cy OpraHmM30BaHe y Hamioj 3emsbH 1995. ronuHe y ok-
Bupy IUGS/UNESCO International Geological Cor-
relation Programme — IGCP 329.

ITocebno je 3nauajHo mcrahm mehynapomHy capa-
OBy Kojy je mpodecop Muxajmosuh octBapuBao ca
OpojHMM HayYHUM WHCTHTYIHjaMa W KoJerama U3
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[Tosscke, Yermke, Hemauke, Ayctpuje, Mahapcke, by-
rapcke, [ puke, XpBarcke, bocae, Makenonuje u npy-
TUX 3eMalba.

Y Cpbuju je 6no unan cineaehnx HaAyYHUX U CTPY-
Hux Tena: Onbopa 3a naneodmnopy u naneodayny Cp-
CKe aKajeMHuje Hayka u ymeTHocTH (ox 1994. rogune),
Cprickor reonomrkor apymrsa (o 1976. ronure, rre je
on 1977. mo 1980. m ox 1991. mo 1993. romune
00aBJbao qyKHOCT cekperapa). Y mepuony ox 1992. no
1996. rommae OWO je pyKOBOAWIALl JyrOCIOBEHCKE
panmue rpyne IUGS/UNESCO IGCP mpojekra 329.

buo je uman mowacHor ombopa 14. Konrpeca reo-
mora Cp6uje u Llpre Tope (2005. rogmna), Kao u
Hay4Hor oxoopa 18th Congress of the Carpathian-Bal-
kan Geological Association (2006. ronuna). Takohe je
6mo unaH ypehuBaukmx omdopa Bomehwx HaImoHAII-
HUX TeO0JIOIIKUX Yacomnuca ,,I eonomku anaanu bankaH-
ckora momyoctpBa“ (om 1994. rogmHe MO TpeHyTKa
CMPTH) U ,,3anmucHUIN CPIICKOT T€OJIOIIKOT IPYIITBa™
(om 1978. mo 1980. u om 1991. mo 1992. roguse).

JobutHuk je cnenehnx Harpamga u npu3Hama: 1977.
ronuHe Harpazae ,,Muran Mumhesuh umkemep reo-
moruje” 3a HajOOJbH HAyYHO-MCTPAKMBAYKH Pajl MIa-
JIOT Hay4YHHKa, TIOBEJhE 3a pasl y CPIICKOM T€OJIOIIKOM
npymTBy (1991. rogrHe MOBOAOM CTO TONWHA TTOCTO-
jama [pymra), u 1994. Harpage u miakere ,,JoBaH
KyjoBuh* 3a BpXyHCKH Hay9IHU JONMPUHOC U3 MaJIEOH-
TOJIOTHj€ W peruoHaiHe reonoruje 3a 1993. ronuny.

OoBako Kparak TEKCT HEe MOXke Ja 0oOyXBaTu Ieiy
Kapujepy U XKUBOT mpodecopa Muxajmosuha. buo je
nekaH Pynapcko-reonomkor ¢axynTera, Kajga je To Ou-
JIO HajTEXE — OIMAax IOCIE IEMOKPATCKAX MPOMEHa y
CpOuju. Mu Koje cMo ra TIo3HaBaJje, ca ’hAM Pajinie Ha
WCTO] KaTeJpH, CBAKOJHEBHO ITpHUYajie HE caMmo O Talie-
OHTOJIOTH]H, & TOKOM JIEBEIECETHX 3ajeTHO, MHOTO ITyTa
merane beorpamoM, mamTrhemo ra kao Oiaror U MHp-
HOT YOBEKa YBEK CIIPEMHOT J[a CaciyIlla ¥ IOCaBETYje.

Ca mpodecopom Muxajnosuhem cmo oOwumiie
Bennku neo CpOuje, a y3 WHEroBy MOAPIIKY W TOA-
CTpeK MpoOuIIe el y y9ecTBOBamy y Mel)yHapomHuM
CTpyYHUM KOH(epeHnHjaMa. Y THM MpIiIKaMa cMO
YIO3HAlle BECENOT M PaJ03HANIOT YOBEKA ITUPOKOT
o0pa3oBama 1 OIIITE KYITYypeE.

3a Hac Kkoje cMO OwWie HeroBH HajONmKH ca-
PaJHULM, CTYICHTH W TOCIEAUIUIOMIIN, OBa] TEKCT
HUCY camo peun, Beh u ycriomene. [lamtrhemo ra xao
WCKPEHOT W TOY3JaHOT MpHjaTesha, MPHUjaTHOT Caro-
BOPHHUKA U IIEHEHOT MEHTOpA.

30PULIA JIABAPEBUR
JEJIEHA MWIMBOJEBAR
Lloxmopcka mesa
MuxaiioBun, b. 1983. @ocurne ¢rope naneocena

Cpbuje. JloxTopcka amcepranuja, Pynapcko-reonomkn
(axynret, beorpan, 152 ctp.
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1985. ®ocunue ¢pmope naneorena Cpouje. I eonowiku aua-
au Bankanckoe nonyocmpsa, 49: 299—-434.
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IN MEMORIAM

JAp bpanuciaas Kperuh, HaydyHu caBeTHHK
(1933-2010)

[Touerkom 7eTa, y BpeMe Kaga reojio3M Iona3e Ha
TEpPeH, Ha CBOj TOCIEAmH IMyT KpeHyo je bpaHko
Kpcruh Ham BHCOKO LeHmeHHM CTpaTurpad, yBaKeHH
KOJIETa ¥ M3HAJ CBETa YIIEAHU cTpyumak. CapnanaH
Oonenrhy, oTHIIA0 je Kao MITO je U )KUBEO, TUXO, He-
4yjHO, alu je m3a cebe ocTaBHO Tpar mo kome he ra
MAMTHUTH TeHepalnje cagalmuX u Oymxyhux reomora.

Pohen je 10 aBrycra 1933. rox. y Kmaxesiy, kao
Hajmimal)e on Tpoje ele, y MOPOAUIIH TJe je oTal 01O
PyJapcKu MHXKEHmEp, a Majka yunrespuna. CTporo Ba-
CIMTaBaH, O MaJieHa je CTeKao HM3BaHPEOHE palHe
HaBHKe, LITO CE OIVIeJaJI0 U y CBUM HETOBUM KacHU-
JAM aKTHUBHOCTHMA.

Temike paTHe rogrHe IPOBEO je Kao AETe y OKyIH-
panom beorpamy. 3aBpmmo je lllecty beorpancky
TUMHAa3Mjy Ha 3Be31apH, IITO je ca MOHOCOM HUCTHIIA0.
1952. ropuue otam ta je omBeo Kocru IlerxkoBuhy
pexaBum “Briana Ilerkosuh, Bam orar, yecmeprno me
je, mocne Anbanuje u Bonoca Ha pygapcTso, a ja Bam
JIOBOIMM MOT cHHa 1ia Oyne reosor”. Tako ce ynmcao
Ha reonomku onacek llpupomHo-maremarndxor ¢a-
kynrera. On oma JloOpuBoja je BpJO paHO HAY4YHO
IYHO TOra O PyIHHINMA, ajld ¥ O TEOJIOTHjH, TAaKO 1a
My HHje OWJIO TEMKO Ja MocTaHe J00ap CTyAeHT ca
JeBeTKaMa U JileceTKaMa U3 CBUX BaKHUjUX MPEeIMETa.
Kaxo je 6mo BpenaH u eJbaH 3Hamba, TO j€ MHCHCTH-
pao na my aBa npodecopa (Kocra [lerkoBuh u Ilerap
CreBanoBuh) (opMynHITy TeMy 3a TUOTLIOMCKH pPaj.
[Ipenopyuninu cy My Z1a ypaau reojomKy KapTy OKO-

nuHe 3BopHHUKa. Kapry je ycremso ypamno MpHKy-
MUBIIN TIpA TOME O0TaTy KONIEKIHjy OaleHCKHUX Me-
kymana. Jummomupao je y anpuiny 1957. rogune, a
cBOje pe3ynrare 00jaBHO je Kao paj IMox Ha3UBOM
“MapHHCKH MHOLIEH CEBEpPHO M CEBEpO3aliaHO O/
3BopHUKA”, V¥ Becnuky 3asoda 3a ceonowxa u 2eo-
uzuuxa ucmpasicusarba, 1958. romuHe, MOYEBIIN TH-
Me jeHy U3y3eTHO Oorary Kapujepy.

Lleo cBOj pamHM BEeK IMMOCBETHO j& TEONOTHjH, & Pe-
3yATaTH TOTa pajia YYUHWIN Cy T'a jeJHUM Ol HAILIUX
HajBUIIe yBa)kaBaHUX CTpy4dmaka. Hajsehn meo Tora
BpeMeHa MpoBeo je Yy 3as00y 3a 2eonowika u 2eodu-
3uyKa ucmpascugarsa, tae je ouo 3anocned ox 1958.
no 1985. ronune, ckopo 30 roauHa, BpJIO aKTHBHO
panehu Ha pazHuMm 3amanmMa. Kako je y3 oma pymap-
CKOT' MHXKeHepa IocTao no0ap IO3HaBajial pydap-
CTBa, Ha MOYETKY cBora paga y ['eozaBomy mobwuo je
3ayKeme ja CKyIJba JOKyMEHTAlW]y U3 pa3HUX pya-
HUKa. 1959. ronuHe NpUKIbYYEH je eKUIH Koja je Kap-
trpana et bosbeBan. Beh nmpBux maHa cBora pana
Ha neHTpaiHoM Kydajy y yceky HOBOT IyTa, KOJ
Krenmymkor moToka, Hamao je y mKpuJbiiumMa Opojae
OTHCKe TpanToiuTa. Taj Haja3ak OAPEAHO je HEroBy
oynyhy xapujepy. Ilocinemumiomcke cryamje ymucao
je 1961. rogune, a 3aBpmuo ux 1965. ronune. [loxro-
pupao je 1983. ogOpaHuBIIN IUCEPTAIUjy TIOA Ha3HU-
BoM “Crparurpacduja crapujer naieo3onka (OpIoBH-
uujym-neBoH) m3mel)y PecaBe m Humase (ncrouna
Cpbuja)”. 300r N3y3eTHOT 3HAYaja, pe3yaTaTe THX HC-
TpakMBama 00jaBHO je Kao moceOHO m3mame 3a600a
3a eeonouika u eeopuzuuxa ucmpadicusarea, 1984,
TOJIUHE.

HajBehu neo cBora pagHOT Beka MMOCBETHO je& M3pa-
nu OcHoBHe reonomike kapte 1:100.000, Tako ga cko-
PO CBakH JIMCT Be3aH 3a TepeHe ncrtoune Cpouje mehy
ayTOpUMa CaJip’Ku U HBeToBO UMe. TOKOM OBHX HCTpa-
KuBama bpaHKko je paano camMo Ha OCHOBY (hakaTta,
CKyIUbajyhn dnmeHulle, monazehu ox KOHKpeTHE Te-
peHcke cuTyanmje, npahemeM rpaHuie Qopmaryja,
MPUKYIUhajyhn Benwku Opoj mofaraka Ha H3IAHKY.
On ce 6e3 ycrezama XBaTao y KOLITAall ca TPaaULHo-
HaJHUM CTEPEOTHUIIMMA y HaIllOj TEOJIOTHjHU, HITO Ce
BHUIIIE OCIIOPABajIO HEro LITO Ce MOJIyIIacHO oxo0pa-
Bano. Mehytum bpanko, ctpor nmpema apyruma, aim
HajBUIE TpeMa ceOH, pe3ynraTe CBOjUX HCTPaXKH-
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Baka je 3aCHMBA0 Ha YHbGHHIAMa, a CBOja Jena
MpaBHoO off HajWHHUjer MarepHjaia, ca jaCHUM 3a-
KJbYYIINMa, UCTPajaBIIN Ha CBOJUM CTa3aMa, KOjuMa
»ce pehe mme“. Ocrajao je cTalmHO Ha MYTy KOJH je
TEXXaK U 3aXTEBaH, &M U IUIOJOTBOPAH, Ha MyTY KOjU
IoHOcH mpase pesynrare. CBe TO, y3 UMEEHHULY Ja
HUje UMao yHarpes MPUIpEeMIbeHe BelTadke M1adIo-
He, JIaJI0 je ’heTOBUM pe3yJITaTuMa BpeTHOCT Koja Tpa-
je u maHac. Bpio gecTo cBoja ca3Hama mpoBEpaBao je
yuenrheM Ha Mel)yHaApOJHUM CKyTIOBUMA, IIPH YEMY je
CBOja CXBaTama MOAN(HUKOBAO, YCABPIIABAO U MPUIIA-
rohaBao KOHKPETHHM CHTyalldjamMa Ha TepeHy. Ha
TOME je mocTturao cBoj peHome. Kao takaB bpanko
Kpcruh je mao w3BaHpenmaH HONPHHOC TEOJIOTHjH
nctoune CpOuje ycnocraBibajyhu Mozene Ha Koje ce
Beh maHac ociamajy Miazne TeHepalyje Ipu H3paan
CBOJUX JAWIUIOMCKUX paZioBa, MaruCTapcKuxX Te3a U
IOKTOpckux aucepranuja. Tume je bpanko Kpcruh
cebe yrpaano y nenaTHoct Oyayhux reHepanyja

Kao Bpcran crparurpad obaBipao je 3a morpede
I'eozaBoma OpojHE TMOCIOBE Y 3€MJBH, aIH U Y HHO-
CTpaHCTBY. 3aXxBaJbyjyhu BEIMKOM UCKYCTBY Ha M3pa-
o1 uctoBa OCHOBHE TE€OJIOLIKE KapTe, TPU Mecela
poBeo je ca koierama y Hurepy kao crpydmak u
CaBETHHUK TaMOILE BJIaJle 32 U3paay OCHOBHE I€0Io-
mke kapre. [Ipema peunma munmucTpa KytyOnja, y To
BpeMe 3aIyXKEHOT 3a PEcOp IeOJIOIIKUX HCTPaXKHBa-
Ba, BUXOB TAJallkU Pajl OCTaBHO je ITyOOK Tpar u
BEJIMKU yTUIA] Ha MPOrpaMe U3paje IeoJIOMKUX Ka-
para Hurepa u apyrux appudkux 3amaspa. Y OpojHIM
[IpUJIMKaMa OCTBApHBAO j€ KOHTAKTE Ca CTPAaHUM
KOJIeTaMa, OTKPHBAjyhH UM TeO0IIOIIKe TajHe H3Y3E€THO
KOMJIMKOBaHUX TepeHa nctoune Cpouje. Tokom cBoje
KapHjepe, 30IMKHO ce W ca reojo3umMa byrapcke,
Pycwuje, I'py3uje, Aycrpuje, Uexocmosauke, [lnanuje,
Hemauke, Pymynuje, aktuBHO cynenyjyhu y reoio-
mkuM mpojektumMa SEV-a, UNESCO-Bom wmeljyHa-
pormHoMm mporpamy reonoimke kopenandje (IGCP) m
IpyruM mpojextuma. OOHWIIao je MHOTe TepeHe:
Crapy IInanuny, KaBka3, 3amanue Kapmare, Aunrme,
mancky Cujepy, Xapi, obunazehn \BUX0OBa mMaieo-
30jCKa je3rpa W 4YecTo yHampena ykasyjyhu momahmm
ncTpaxuBaunMa Ha mTa he cnenehe namhn. Kama je
1991. y bapuenonu Bumeo moxen Tepana (YIpaBo
KpeupaH Ha AJbacIi) IocTaja Cy My jacHa MHOTa
muTama Koja je cebu mocraBibao panehu, ca Kpojt-
HepoMm, Ha ,,leonmomkoj kaptu Kapmaro-bankannma“.
WnuTen3uBHoO je capahuBao ca konerama u3 Aycrpuje,
Malapcke, kao u ca mpocropa Ousiie Jyrocnaswuje,
KOjH Cy TaKkohe mpUMemHBaIH HajHOBHje MOiese, Yi-
M€ Cy Ha HOB HAaUWH TYMadWIH T'€OJIOLIKY MCTOPH]Y
LEJIOT HUPKYMITAHOHCKOT IIpocTopa. O ToMe cBenouu
ynmbeHnna Aa je bpanko Kpcrwh yepmihen wmeby
penakTope moceOHOT u3gama MahapcKkor reoIonKor
nHcTuTyTa “Tectonostratigraphic Terrane and Paleo-
environment Maps of the Circum-Pannonian Region”,
Kao U TO A2 je MCTOBPEMEHO U KOayTop ABE Kapre
najeo3onka y ucroj eaunuju. Cirob6omHo MOXKEMO /1a

Ka)XeMO [1a je FEroB OJJIa3aK, BEIMKA TyOuTak He
camo 3a Hamy Beh W 3a MmehyHapomHy Teomomky
3ajeHHILY.

On 1985. ronuee ma cBe A0 MEH3WOHWCAama OHO je
BEOMa aHTaXOBAH y T€OJIOIIKIM HCTPaKUBAHAMA, ajlH
kao capamHuk CaMmoympaBHE 3ajeJHHIIE 33 TEOJOIIKa
WCTpakuBama, a kKacHWje n DoHMIa 32 TeoJoKa MC-
TpakuBama. Mako je oBme OWo BHUIIe BE3aH 3a Opra-
HU3AIHjy TEOJIONIKNX UCTPAKUBAMA, YBEK j€ Halla3huo
BpEeMEHa U 32 TEPEHCKH pajl, OWjIo Ja je y4ecTBOBao y
pelraBamy oapel)eHuX TeoNoIKUX MpodiemMa, Omio aa
je mmalje xonere ynmyhrsao y reosomky npooieMaTrKy.
YoBeK HEroBe epyIHIMje W TeoJIor TakBOr (opmara
HHUje ce 3aJI0BOJhaBa0 THME Ja Ceau y KaHIIeTIapHju,
Beh je y cBakoj mpmiHIy Tpakno MoryhHocTH na oba-
BU HEKH TEPEHCKH WiH Jadoparopujcku paj. TakBum
JIeIoBamkeM, a HapoduTo oOmirazehu TepeHe HCTOYHE
Cpbuje, y BENMKOj MEpH je TIPOIIUPHO Ca3Hakba O T'eo-
JIOTHjY HaIllle 3eMJbe, OCTABHBIIN PE3yNTare Mo KojumMa
he ra maMTHTH TeHepanyje CTPyImhaKa.

Hayuna axtuBHOCT Ap bpannciasa Kpcrtuha 6mra
j€ TIpeBacXolHO yCMEpeHa Ha pellaBame Mpodiema
reonomike rpahe mcroune Cpbwmje, amm ce 6aBHO H
nmojequHIM (heHOMEHUMa KOjH HHCY YCKO BE3aHH 3a
Hekn onpehenn mpoctop. Hammcao je Bemmku 6poj
Hay4YHUX panoBa, akTuBHO cynenyjyhu y UNESCO-
BOM Mel)yHapogHOM Tporpamy r'eoIOIIKe Kopesalmje
(IGCP mpojexr 5: I'pysmja 1985., llnmarmja 1991.
WTA.) W Ha CKymoBmMa opranuzanuje SEV (Hmp.
[Tosbcka 1977., UexocnoBauka 1985., byrapcka 1987.,
ncrouna Hemauka 1988.). IlpoyuaBao je ommre Ka-
pPaKTepUCTHKE Iale030jCKUX TYpOMAWTAa WU OJIUCTO-
ctpoma Ha CyBoj [Imannnu, benasn, y Kyuajcko-3B0-
Ha4KoM QIIHITY, aau ce 6aBro 1 majgeo3onkoM [Ipade,
HEOTeHOM TeKTOHHKOM KapmarobankaHua y meInHH,
3aTUM KapaKTepuCTHKaMa naneo3onka nimely Huma-
Be 1 Pyja, unMe je HacTaBMO paj KOjU je 3aro4deo
onOpaHOM CBOje JOKTOpcke mucepraruje. Ha wmerpa-
XKUBamky Me3030uKa capahusao je ca . Ilejopuh u A.
JanumoBoM ¢ kojuMa je TyOIMKOBaO HHU3 pPalioBa
Be3aHMX 3a mcrtouHy Cpbujy. O TepaHuMma y HaIloj
3eMJBH, ITHCa0 je ca akagemukoM C. Kapamarom, 06ja-
HaBajyhn HUXOB pa3BOj W €BOJYIH]y Of HajcTa-
pujux nepuona. [lopen Tora 3aciayxaH je U 3a BEIUKH
Opoj Kapara Koje Cy HM3BaHpEIHO 3HadajHE Kako 3a
MMO3HABAE T€0JIOTHje HATNX TepeHa, TaKO U 3 TOITy-
JApU3alrjy TeoNoTHje Ha OBUM ITPOCTOPUMA, KA0 IITO
je =Hip. cepuja ox 15 xapara y okBupy exumyje ,,I eo-
momky atimac CpOuje®. 3aTum je y3 capaimy ca Ko-
nerom Kpojtaepom n3 PymyHmje 00jaBHO reoomKy
kapty Kapmaro-6ankanuma y pasmepu 1:300.000 koja
MpeAcTaB/ba jeaH on HajO0oJPUX TpHKa3a TepeHa
jyrozamanne Pymynuje, ucroune CpbOuje u ceBepo-
3anagHe byrapcke.

baBmno ce u maseoHTONOMKUM MpodIeMuMa, 11ajy-
hu 3ajeqHO ca ApyrMM KojleramMa M capaIHHIFIMa Be-
JIUKW JTOTPUHOC TTO3HABAaY TPANTONUTa, KOHIOHATA,
nmaguHOMOP(H U MocTaBibajyhu TeMesbe OHocTparh-
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rpaduje nanezonka y Hac. Bpio 3Ha4ajaH TpeHyTaK y
IBEroBoj Kapujepu Ono je oTkpuhe TpanTonura y
00HOBJGEHOM yCEKy MyTa, Y U3BOPHUIITHOM Jeny KieH-
I[IIKOT TOTOKa, Takopehw mpBUX AaHa pajga Ha Teo-
JIOIIKOM KapTtupamwy. Ty ¢y, y HIKpUIBIIAMA TOPHET
CHITypa, OTHCIH TpanTtonnuTta Beoma Opojuu. [Ipe Tora
TPaNTONUTH Cy KOHCTATOBAaHW jEMWHO KO 3BOHAYKE
Oame, o1 cTpaHe Oyrapckor reonora 3adupoBa Koju je
Ty paJino TOKOM JIPYTOT CBETCKOT pata. M3y3eTHo borar
tocuman marepujan bpanko Kpctuh je maneonto-
nomku 00paaro TokoM 1972. roguae y XaMOypry, Kao
crunenaucra Goumanmje Alexander-von-Humboldt
HeMadke Biaje. Tana je oapenno rpanToiuTe He CaMo
u3 curypa Beh m u3 Hajmuaher opmoBuimjyma (u3
Bboroeuncke peke). KacHuje je y3 momoh koxere Jerepa
(bepmuH) ompenwo, Ha mpodrImMa 3BOHAYKE Oame,
TPaHUIy IIPeMa JIEBOHY 1A jé TY YCTAHOBHUJbEH U JOHH
JIEBOH y (alliju TPANTONUTCKUX HIKpUJbara. 3ajeaHo
ca xomerom M. CymapoM mpukazao je OpojHe KOHO-
JIOHTCKE BPCTE U3 JIEBOHA U KapOoHa ncroune Cpouje.

Bpanuncnas Kpcruh je nva Mamuauky (Kydaj), ot-
Kpruo ocrtatke Tpuinodbura Dalmanitina cf. proeva,
IITO je jeaH Of Haj3Ha4ajHUjUX Haja3aka ¢ocuia y
HamreM majeo3ouky. Komery Anbepruja, cBOT moma-
huna y XaMOypry, Kao u3y3eTHOT CTpy4mhaKa 3a TpH-
JIOo0UTE O/IBEO je Ha W3JaHKe Kpeumaka Ha CyBoj
[Inanwan, AnbGepTH je, Kao MaJeoHTONOT Ca BEIUKUM
MCKYCTBOM U3 XapIia U ca Atiaca, BpJio Op30 Haimao
TPUIIOOWTE OJPEAMBINN MIPU TOME HOBY BpCTy Pran-
tlia (Tetinia) krsti¢i Alberti, 1980 (mutammnano y bui-
teny CAHY), unju xomnorun je nemoHosaH y llpu-
pommaukoM Mysejy y beorpamy. Halhene tpunmoOute
AnbepTH je cTaBHO y NOWHU J€BOH, U TO Tetinia krstici
y JOWU JIOKXOBHAH, a APYTry (GOopMy, Majio BHIIE, Y
mparuaH, oba Ha OCHOBY mparehux TeHTakymauTa.
Kachauje je bpanko Kpctuh ca cramanm capagHUKOM
cequMeHnTtosiorom Jb. Macnapesuh, ycTtaHoBHO 1a
JIOFOJIEBOHCKHU KpeumhaK HHUje ayTOXTOH, Beh cy me-
TOBH KOMaJI TOKOM TOPH-ET JIEBOHA WIIH JOHET Kap-
0OHa y BHy OJHCTONIUTA CKIU3HYIH y AyOOKY BOMY,
a Jla Cy KacHHje MPEeKPHUBEHU CEIUMEHTHMa TOPHHET
KapOoOHa.

Kao mrTo je ocTBapno BemuKH JOMIPHHOC y CTPYIIH,
Tako je OMO WCTaKHYT W y APYTHUM ToJbnMa. Bpio
aKTUBHO yYECTBOBAO je y pany [pymTea HHxemepa u
TEeXHWYapa, a TeHepallyje HalluxX Teojiora ymamrtuhe
ra Kao WwiaHa KOMHCHje 3a CTpy4HHU HcruT. HberoBum
omrackoM CpIICKO TEOJIONIKO APYIITBO, OCTAJO je 0e3
CBOT YIIEMHOT M CTajHO akTUBHOT 4iaHa. OH HHje
ce0u J03BOJIMO CaMO ITyKO IIPUCYCTBO U TUCKYCH]jY Ha
300opoBuMa. Y BuIlle HaBpara OHO je mpejiarad u Ou-
paH y oprane J[pymiTBa, y4ecTBOBaO je U y MPHUIIPEMHU
TEOJIOIKMX KOHTpeca W APYTUX 3HauajHUX CKYIIOBA.
Y CcBOjUM aKTUBHOCTHMA HHUj€ MUMOWIIA3U0 HH BEYH-
TO aKTyeJHe MpoOJieMe Hallle TeoNoTHje, O KojuMa je

TOBOPHO Ha TeMaTCKUM cKymoBuMa. CTHIajeM OKOJI-
HOCTH jellaH JIe0 CBOTa PagHOT BEeKa IPOBEO j& Y
@DoHy 3a TEeoNOIIKa UCTPAKIBAKA, T/e je OHo BpIIo
I0O0pO YIO3HAT Cca CTAamkEM Y HaIlloj TeOJIOTHjH, T1a je
YCHEIIHO BOAWO pealu3alijy OpOjHUX HCTpakuBa-
YKUX MPOjeKara.

OBako Oorara reoromrka Kapujepa obOenexeHa je
HarpagoM “‘JoBaH JXKyjoBuh” kojy je moomo 2004. ro-
IUHE 32 JTOTPUHOC Pa3BOjy PETHOHANHE TEOJIOTHje H
najeonTonoruje. [lopen oee memaspe cheruQuIHO
CBE/IOYAHCTBO O F-ErOBOM pajy MpPEeICTaBba U CTH-
neaauja Hemauke Bmame “Alexander-von-Humboldt”
KOja je HaMeeHa caMo Haj0oJbuMa y CTPYIIH.

Bbpanko Kpcruh je xuBeo Bpio akTHBHO U ypaano
Bpsio MHOTO. CBe TO je Beh yrpaljeHo y cprcky reo-
JIOTHjy U CBH CMO OJ Hhera myHo Hayuwmid. [lokyma-
Bajyhr ja cCXBaTUMO KOJIMKO CMO M3TYOWITH, OCTajeMO
ITIOHOCHH IIITO HaM je OWo TpHjareb, YIUTEJb, YOBEK
gmje he Ham ocoOMHe OUTH “‘CBETIIO Ha Kpajy TyHemna”,
CBaKW IYT KaJa ce YXBaTUMO Y KOINITAaIl ca OpOjHUM
TCOJIOMIKIM TIPOOJIeMUMA.

OBoOM NIPUIIMKOM Tpeba MMOMEHYTH 1 Heke bpaHkoBe
KapaKTepUCTHKe KOje HUCY Be3aHe 3a reonoryjy. Kao
YOBEeK OHO je TpaBW TOCIOAWH, YBEK HacMejaH,
pacmonoxeH u Bpio HermocpenaH. [Ipema mianuma ce
OTXOMO Ca BEIUKHM YyBakaBameM. 3axBasbyjyhu
BEMy H MOMONH KOjy je MpYyXHO MHOTHMa, OpojHe
MarucTparype U JOKTOpaTH ¢y ypalheHu Opxe, JIaKime
Y KBAJIMTETHHjE€ HETO MITO je To yobwuajeHo. Hukan
HaaMEH, YBEK CIpeMaH Ja IIOMOTHe, OMO je HeHa-
METJBUB, aJJH M CTPOT, Yak OECKOMIIPOMUCAH, jep je
YBEK JIp’Kao JI0 CBOTa CTaBa.

OOuYHO ce y OBaKBHM IpHIIMKaMa W3HOCH M HEeKa
JIT9IHA TIPTa, OCBPT, eTalb 3 Oorare kapujepe. Mako
HUKaJa HACaM PaJio ca HBHUM y HCTO] OpraHHU3allyjH
WIaK Cy HaM ce cTaze 4ecTo ykpmraie. [logeB ox
Komucuje 3a mpkaBHe wmcrute, TAe je OWO cTpor:
WCIIUTHBAY, T1a IPEKO MOjHUX MPBUX IpOjeKara, rue je
O0mo mrTenpUBY (UHAHCHjEp, Ta IO MOTa IMPBOT YII-
OcHMKa T7e je OMO MaKJEUBY PEICH3CHT. Y CBUM THM
MprinKaMa OWIO je MyHO AWCKYCHja O Pa3IHdUuTHM
npobnemumMa. Mako Mu HUKam HUje OO mpodecop,
WIIaK caM Off iera Haydno MHOro. bpojHe unmeHuIe
reosiomike rpalje caregao cam y mpaBOM CBETIY TEK
rocie bpaHkoBuX o0jamimerma, a HEKH JeTaJbl Ha-
muX pasroBopa octahe 3ayBek ymamheHH Kao CBeIO-
YaHCTBO jEIHOT BPEMEHA.

JKemumo na Bepyjemo na je bpanky mocrao tecan
OBaj CBET Ca CBOjUM TeOJIOIKHUM (hopMaliijama, Koje
je m3y3eTHO A00pOo YIO3HA0 U J1a je KPeHyO Yy HCTpa-
JKWBama HEKMX BUMUX (popmanuja y kojuma he moa-
jeIHaKO YXKHMBAaTH. A HamMa OcCTaje Jla ra 9yBaMmo y TH-
XOM JbyACKOM cehamy.

Henan baman
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Hp bpanncnaB Kpcruh o6jaBuo je Benmmku Opoj
(mpexo 120) HayyHmx pagoBa. Y NajbeM TEKCTY Ha-
BEJIeHH Cy HEeKH OJ pajoBa y KojuMma je bpanucmas
Kpectuh 6mo ayrop wmmm koayrtop. IlpuxBarajyhm
OZITOBOPHO PH3HK J1a HEIITO M HPOITYCTHMO, HABOIH-
JU CMO caMO Haj3HadajHUje paZioBe KOju MOTY Ja
ocBetsie myT kKojuM ce bpanucnas Kpctuh kpetao To-
KOM CBOT HayYHOMCTPaXMBA4yKor pana. PamoBu cy
ypeh)eHn XpoHOJIOIIKY, TpeMa TOMHN HaCTaHKa.
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