I'EOJIOIIKH 3ABO YHUBEP3UTETA Y BEOI'PAIY
INSTITUT GEOLOGIQUE DE L’UNIVERSITE A BELGRADE

I'EOJIOIIKH AHAJIN
BAJIKAHCKOTA MOJIYOCTPBA

I'omuaa ocHmBama 1888.

KIbUT A LXVII

YpenHucxk
BJIIAJAH PAINYJIOBUh

ANNALES GEOLOGIQUES
DE LA PENINSULE BALKANIQUE

Fondée en 1888

TOME LXVII

Rédacteur

VLADAN RADULOVIC

BEOI'PA]T 2006 BELGRADE



ISSN 0359-0608 UDC 55+56 (1-924.64)

I'eonomkn ananu bajakanckora noJjyocrpsa
Annales Géologique de la Péninsule Balkanique
Founded in 1888

Editor-in-Chief
Vladan RaDULOVIC

Editorial Board

Aleksey BENDEREV (Sofia, Bulgaria) Milun MAROVIC (Belgrade, Serbia),
Ljubomir CVETKOVIC (Belgrade, Serbia), Djordje MiHAILOVIC (Belgrade, Serbia),
Vesselin DEKoOV (Sofia, Bulgaria), Mihailo MiLIvOJEVIC (Belgrade, Serbia),
Vesna DIMITRUEVIC (Belgrade, Serbia), Dragan MILOVANOVIC (Belgrade, Serbia),
Frantz T. FUrSICH (Wiirzburg, Germany), Luka PESIC (Belgrade, Serbia),

Janos HaAs (Budapest, Hungary), Eric StMON (Brussel, Belgium),

Rade JELENKOVIC (Belgrade, Serbia), Milan SupARr (Belgrade, Serbia),

Vidojko JoviC (Belgrade, Serbia), Jozef VozAr (Bratislava, Slovak Republic)
Séndor KovAcs (Budapest, Hungary), Ivan ZAGORCEV (Sofia, Bulgaria).

Jan van der MADE (Madrid, Spain),

For this volume, the following reviewers are gratefully acknowledged
Kamen BoGDANOV (Sofia, Bulgaria), Zhelyazko DAaMYANOV (Sofia, Bulgaria), Vesselin DEkov (Sofia, Bulgaria),
Neda DEKOVA-MOTCHUROVA (Sofia, Bulgaria), Aleksandar GRUBIC (Belgrade, Serbia), John W.M JAGTH (Maastricht,
The Nederland), Jovan JANKICEVIC (Belgrade, Serbia), Marcin MACHALSKI (Warszawa, Poland), Eric W.A. MULDER
(Dene Kamp, The Nederland), Vladimir SucHA (Bratislava, Slovak Republic).

Managing Editor
Bozo KoLoNia, Dean

Technical Editor and computer work
Nenad MALESEVIC

Language review
Lynne KATSIKAS

Published by
Department of Geology and Department of Palaeontology,
Faculty of Mining and Geology, University of Belgrade,
Kamenicka 6, 11000 Belgrade, Serbia.

Abbreviation
Geol. an. Balk. poluos. / Ann. Géol. Pénins. Balk.

Printed at
“Excelsior”, Belgrade

Impression
500 exemplares



T'EOIOKN AHANU BAJIKAHCKOTA TTOJTYOCTPBA 67
ANNALES GEOLOGIQUES DE LA PENINSULE BALKANIQUE

The palaeogeographic outlines of the Caucasus in the Jurassic:
The Caucasian Sea and the Neotethys Ocean

DMITRY A. RUBAN

Abstract. The Caucasian Sea, fringing the northern margin of the Jurassic Neotethys Ocean, largely covered
the Caucasus. Continental, shallow-marine and deep-marine palacoenvironments delineate palaeogeographic out-
lines for three significant time slices: the Late Toarcian, the Early Bajocian and the Middle Oxfordian. These
new palaeogeographic outlines of the Caucasus and adjacent territories match the Neotethys Ocean reconstruc-
tions. In the Late Toarcian, the Caucasian Sea embraced the Greater Caucasus Basin and the Black Sea —
Caspian Sea Basin, which were divided by the Northern Transcaucasian Arc; it opened to the Neotethys Ocean
which covered the Exterior Caucasian Basin. In the Early Bajocian, the Caucasian Sea only embraced the
Greater Caucasus Basin; it opened the epicontinental seas of the Russian Platform, connecting them with the
Neotethys Ocean by straits between islands of the Transcaucasian Arc. In the Middle Oxfordian, the Caucasian
Sea which further embraced the Greater Caucasus Basin had its outer shelf fringed by carbonate build-ups. The
connection between the Russian Platform shallow sea and the Neotethys Ocean was maintained. In the course
of the Jurassic, a seaway developed along the northern margin of the Neotethys, of which the Caucasian Sea
became a significant part.

Key words: sea, seaway, basin, arc, Jurassic, Caucasus, Neotethys.

AncrpakT. KaBkacko MoOpe 3axBaTallo je ceBepHH 000f jypckor HeoreTuckor okeaHna u BEJHKHUM JEIIOM je
npekpuBano Kaka3. KoHTHHEHTallHe, IIIMTKOBOJHE U JyOOKOBOJHE MAaJ€OCPEAMHE OLpTaBajy Majeo-
reorpagcke OKBUpPeE TPU 3HauajHAa BpDEMEHCKA pa3fo0ba: FOPHU TOap, AOmH Oajec 1 cpeamu okcdoph. OBe HoBe
naneoreorpadcke rpanuie Kapkasa u cyceqHux o651acTy yKilanajy ce y peKoHcTpykuujy HeoreTuckor okeaHa.
Y ropmeMm Toapy KaBkacko Mope je oOyxBaTano Benuku KaBkacku 6aceH u Ilpao mope — Kacnujcku Mopcku
GaceH, koju cy Ounu pasBojeHu CeBepHMM TpaHCKAaBKAaCKUM JIYKOM KOju ce oTBapao npema HeoreTuckom
OKeaHy KOjH je mpeKpuBao crnosbanimu Kapkacku 6aceH. 3a BpeMe Jomer 6ajeca, KaBkacko Mope je 3axBaTaio
camo Benuku KaBkacku 6aceH; OHO je GMJIO OTBOPEHO IpeMa eMMKOHTHHEHTAaTHOM Mopy Pycke miartdgopme
nose3yjyhu ra ca Heoretnckum okeanoM 3emiboy3uma u3Meby ocrpsa TpanckaBkackor jyka. TOKoM cpefber
okcdoppa cTBapale cy ce KapOoHaTHe Hacjare o o0ofy crosbalimer menga KaBkackor Mopa, Koje je u jajbe
3axBaTtano Bemmku KaBkackm 6acen. OpnpxkaBana ce Be3a m3Mmeby mmmTkoBogae Pycke mmatdgopme m Heo-
TETUCKOT OKeaHa. Y TOKY jype IIOCTOjao je MOpCKHU Iponas [y ceBepHor obona HeoteTuca, rae je KaBkacko
MOpE 3ay3MMallo BbEroB 3Ha4yajHu 1€0.

Kibyune peun: Mope, Mopcku npoinas, 6aceH, JyK, jypa, Kaskas, Heoreruc.

Beorrafn, nenem6ap 2006
BELGRADE, December 2006

Introduction

The Caucasus stretches over about 1000 km betwe-
en the Black and Caspian seas (Fig. 1). In the Jurassic,
it was located on the northern margin of the Neotethys
Ocean, forming a “key” transition between western and
central parts of the Northern Neotethys (STAMPFLI &
BOREL, 2002; GOLONKA, 2004). Not only palacogeogra-

phically and palaeotectonically, but also palaeobiogeo-
graphically, the Caucasus was an important region. WES-
TERMANN (2000) after UHLIG (1911) have defined the
Mediterran-Caucasian Subrealm of the Mesozoic Tethy-
an Realm.

In spite of its importance, the Caucasusian Jurassic
palaeogeography is still poorly known. Previous publi-
cations are often only available in Russian and/or lack

Department of Geoecology and Applied Geochemistry, Geology & Geography Faculty, Rostov State University, Zorgfe st.,
40, Rostov-na-Donu, 344090, Russia. E-mail: ruban-d@mail.ru; ruban-d@rambler.ru
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the incorporation of modern palacogeographic and pa-
lacotectonic concepts. Outdated “formation” analysis or
geosynclinal theory are the basis of many studies. To
date, plate-tectoinc and terrane analysis of the Caucasus
still remains sporadic and schematic. In many Russian
reconstructions, the Caucasus was viewed as an isolat-
ed region and its border often delineated by the bound-
aries of the former USSR. To avoid misunderstanding,
which is inevitable when dealing with a high amount
of the sufficiently reliable sources, in this paper only a
few Russian works have been considered. The first one
is a book by JasamMaNov (1978), who presented gener-
al palaeogeographic information on the Caucasus for
each of the Jurassic stages, while the second is a re-
view by LORDKIPANIDZE et al. (1984), who presented
the most acceptable palaeotectonic reconstructions, based
on palacomagnetic data. Tectonic models proposed by
ERSHOV et al. (2003) were also employed.
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Fig. 1. Geographic location of the studied region. GE — Ge-
orgia, AR — Armenia, AZ — Azerbaijan. The position of the
Caucasus in the Jurassic is shown on the palaeogeographic
map, strongly simplified after SCOTESE (2004).

Thus, in any somewhat more detailed palacogeo-
graphic reconstruction of a larger portion of the Juras-
sic Northern Neotethys, the Caucasus remained a blank
space. The general target of this article is to initiate a
discussion on the highlighted topic. Simplified Jurassic
palacogeographic outlines of the Caucasus are proposed
and discussed. It should be emphasized that this
attempt is based on personal field investigations, as
well as a revision of the available and trustwarthy data
from recent studies of the entire Jurassic Neothethys
(StampPFLI & BOREL, 2002; GOLONKA, 2004).

Geologic setting

The Caucasus consists of three main segments: (1)
the Greater Caucasus, (2) the Lesser Caucasus (or the
Transcaucasus) and (3) the Kura-Rioni Depression (or
the Rioni Depression and the Kura Depression, also
called the Transcaucasian Depressions) (Fig. 1). Their
tectonic settings have been briefly overviewed by SAIN-
TOT & ANGELIER (2002), ALLEN et al. (2003) and ERr-
SHOV et al. (2003).

The Jurassic deposits, widely distributed within the
Caucasus, vary in distinct areas. Their stratigraphy has
been reviewed by ROSTOVTSEV et al. (1992). The strati-
graphic scale used in the Caucasus was revised by the
author according to new developments in the Jurassic
chronostratigraphy, using ammonoids, brachiopods (for
detail see RuBaN, 2003), foraminifers and marker hori-
zons (Fig. 2). Stratigraphic suggestions from both
International Commission on Stratigraphy and the
Groupe Francais d’Etude du Jurassique (CARIOU &
HANTZPERGUE, 1997) were taken account in doing this.
A correspondence between the chronstratigraphic stages
and substages (after GRADSTEIN et al., 2004) and stages
in the regional sense (after ROSTOVTSEV et al., 1992)
was established. The precise revision of the regional
ammonoid-based zonation is a task for further special
studies. It is also necessary to note that traditionally the
Callovian stage in the Caucasus is attached to the
Upper Jurassic (ROSTOVTSEV et al., 1992), in contrast
to the present scale, recommended by the International
Commission on Stratigraphy (GRADSTEIN et al., 2004).

Jurassic lithostratigraphy of the Caucasus has been
reviewed in detail by ROSTOVTSEV et al. (1992). In gen-
eral, two major sedimentary complexes are identified.
The Sinemurian-Bathonian complex comprises argilla-
ceous and clastic deposits with a total thickness upto
10000 m. The Callovian-Tithonian complex is represent-
ed chiefly by carbonates (thickness up to 3000 m) and
also evaporites in the upper part. The accumulation of
the Late Jurassic deposits was connected with the evo-
lution of a large carbonate platform rimmed by carbon-
ate buildups (KuzNeETsov, 1993; AKHMEDOV et al.,
2003; RuBAN, 2005). In some areas (especially in the
Lesser Caucasus), substantial amounts of volcanoclastic
deposits are present. Two major regional hiatuses
encompass the Hettangian-Early Sinemurian and the
Bathonian.

In the Jurassic, the Caucasus was located in the cen-
tral part of the northern margin of the Neotethys Ocean
(Fig. 1) (StamprLl & BOREL, 2002; GOLONKA, 2004).
Tectonic activity resulted from the dynamics between the
terranes, which contacted with each other, and also with
the larger Eurasian Plate. Several parallel subduction and
spreading zones were located in this territory (LORDKI-
PANIDZE et al., 1984; ERSHOV et al., 2003), although a
precise interpretation of the Jurassic geodynamics in
this region has not been made yet and many questions
remain open.
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Fig. 2. Corrected stratigraphic scale of the Jurassic used in the Caucasus. Abbreviations:
L — Lower, M — Middle, U — Upper. Unzoned intervals are shaded as gray. Dashed
lines mark uncertainty in the boundary definition. Regional ammonoid zonation does not
correspond on this scale to the shown chronostratigraphy (it seems to be impossible to
correlate them at present), but only to the stages in a regional sense. The Callovian
macrocephalus and calloviense regional zones, and the Oxfordian vertebrale and corda-

tum regional zones are evidently not separated in the regional ammonoid succession.

In the Early-Middle Jurassic, the Caucasus was lo-
cated in a subtropical to moderate humid zone. The

Toarcian palaeotemperatures are
estimated as 15-20°C; in the
Early Aalenian, they decreased to
5-15°C, but in the Late Aalenian,
the temperatures increased again
to 20-25°C, and apparently con-
stant until the end of the Jurassic
(Jasamanov, 1978). After the be-
ginning of the Callovian, the cli-
mate became subtropical to tropi-
cal and semi-humid. In the Late
Kimmeridgian-Tithonian, evapor-
ites were accumulated (JASAMA-
Nov, 1978; ROSTOVTSEV et al.,
1992), which indicated arid condi-
tions. In the Early-Middle Juras-
sic, dysoxic to anoxic palaeoenvi-
ronments were typical for the Ca-
ucasian basins (RUBAN, 2004;
EFENDIYEVA & RUBAN, 2005; RU-
BAN & Tyszka, 2005). The pa-
laeobiogeographic position of the
Caucasus is uncertain. While
DOMMERGUES (1987) places it in
the Euro-Boreal domain for the
Early Jurassic, WESTERMANN
(2000) includes it into the Te-
thyan Realm. An analysis of bra-
chiopods suggests a rather transi-
tional position (RUBAN, 2003).

Methods

Essentially, this study relies
on palaecoenvironmental interpre-
tation, realized in the same way
as described by RuBaN (2006).
The territory of the Caucasus is
subdivided into several dozens of
particular areas, which are tradi-
tionally called “zones”. They are
distinguished by the facies com-
position of the Jurassic succes-
sion. A total of 36 “zones” deli-
neate the Hettangian-Bathonian
interval (Fig. 3A), and 26 the
Callovian-Tithonian interval (Fig.
3B) (ROSTOVTSEV et al., 1992). A
palacoenvironmental interpreta-
tion for all formations in each
“zone” was made. The compre-
hensive information of RoSTOV-
TSEV et al. (1992) and personal
field observations in the Labino-
Malkinskaya (see also EFENDIYE-

va & RuBaN, 2005; RuBaN & Tyszka, 2005), Lago-
Nakskaja and Labinskaja “zones” were used.
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Fig. 3. Location of the Jurassic “zones” (marked by circles) in the Caucasus (after
ROSTOVTSEV et al., 1992). A, Hettangian-Bathonian ‘“zones” (1-36); B, Callovian-
Tithonian “zones” (37-62). “Zones” (“subzones” and regions of ROSTOVTSEV et al.
(1992) are mentioned here as “zones”): 1, Western Labino-Malkinskaja; 2, Central
Labino-Malkinskaja; 3, Eastern Labino-Malkinskaja; 4, Western Pshikish-Tyrny-
auzskaja; 5, Eastern Pshikish-Tyrnyauzskaja; 6, Northern Arkhyz-Guzeripl'skaja;
7, Eastern Arkhyz-Guzeripl’skaja; 8, Southern Arkhyz-Guzeripl’skaja; 9, Digoro-
Osetinskaja; 10, Agwali-Khivskaja; 11, Western Bokovogo Khrebta; 12, Central Bo-
kovogo Khrebta; 13, Eastern Bokovogo Khrebta; 14, Southeastern Bokovogo Khrebta;
15, Gojtkhsko-Atchishkhinskaja; 16, Severoabkhazskaja; 17, Svanetskaja; 18, Western
Glavnogo Khrebta; 19, Central Glavnogo Khrebta; 20, Tfanskaja; 21, Durudzhinskaja;
22, Western Gagra-Dzhavskaja; 23, Eastern Gagra-Dzhavskaja; 24, Amuksko-Lazarev-
skaja; 25, Sakaojskaja; 26, Shakrianskaja; 27, Vandamskaja; 28, Kakhetino-Letchkhum-
skaja; 29, Tskhenistskali-Okribskaja; 30, Southwestern Dzirul’skaja; 31, Northeastern
Dzirul’skaja; 32, Loksko-Khramskaja; 33, Alaverdskaja; 34, Shamkhorsko-Karabakh-
skaja; 35, Kafanskaja; 36, Araksinskaja; 37, Lago-Nakskaja; 38, Labinskaja; 39, Mal-
kinskaja; 40, Kabardino-Dagestanskaja; 41, Jugo-Vostotchnogo Dagestana; 42, Sudur-
skaja; 43, Shakhdagskaja; 44, Abino-Gunajskaja: 45, Novorossijsko-Lazarevskaja, 46,
Svanetsko-Verkhneratchinskaja; 47, Liakhvi-Aragvinskaja; 48, Kakhetinskaja; 49, Dibrar-
skaja; 50, Akhtsu-Katsyrkha; 51, Dzhirkhva-Akhibokhskaja; 52, Tkvartcheli-Okribskaja;
53, Ratchinskaja; 54, Tsessi-Kortinskaja; 55, lori-Tsitelitskarojskaja; 56, Vandamskaja;
57, Khramskaja; 58, Lalvarskaja; 59, Idzhevanskaja; 60, Dashkesano-Karabakhskaja; 61,
Kafanskaja; 62, Nakhitchevanskaja.

Three main types of the palacoenvironments were
distinguished in general: continental, shallow-marine
and deep-marine. Continental palacoenvironments were
usually documented by the hiatuses, while rarely by the
subaeral deposits. Shallow-marine palaeoenvironments

were interpreted by the presence
of clastic or carbonate deposits,
similar to those usually accumu-
lated at a seashore or on a shelf.
Deep-marine palacoenvironments
were traced mostly by the slope
deposits (e.g., turbidites). In addi-
tion to lithology, also fossils,
including plant remains, as well as
sedimentological criteria, such as

submarine slumps, concretions,
etc., were used to determine the
palacoenvironments.

Special attention was paid to
three time slices: the Late Toar-
cian, the Early Bajocian and the
Middle Oxfordian, which all cor-
respond to important phases in
the evolution of the Caucasus. In
the Late Toarcian, all the princi-
pal basins of the Caucasus were
formed completely. The Early
Bajocian and the Middle Ox-
fordian correspond to the time
invervals after something like
reorganizations of the Caucasian
basins occurred, each following
major regressions.

Maps showing the variety of
the palacoenvironments during
these time slices were drawn for
the Caucasus (Figs. 4A, 5A,
6A). They are attached to the
present-day geography of the
studied region. Therefore, the
next step was to take into con-
sideration the palaeotectonic
reconstructions. In this paper, the
reconstructions of LORDKIPANIDZE
et al. (1984) were preferred, be-
cause they are based on reliable
palacomagnetic data. Additional-
ly, the results of ERSHOV et al.
(2003) were considered. Analy-
zing the composed maps of the
palacoenvironment distribution,
attempt were made to recognize
palaeogeographic elements (ba-
sins, arcs) highlighted by LORDKI-
PANIDZE et al. (1984), and, when
necessary, correct their location.
Then the verified and corrected
information from the Caucasus

was incorporated into the reconctructions for the entire
Neotethys made by StAamPFLI & BOREL (2002) and
GOLONKA (2004). Additionally, reconstructions made for
the Pliensbachian by MEISTER & StAMPFLI (2000)
became very helpful.
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The final result, a set of the palacogeographic sketches
delineates what was the outline of the Caucasus at each
of the studied time slices (Figs. 4B, 5B, 6B). They em-
brace the whole territory of the Caucasus and adjacent
regions, including the Pontides, Moesia, Iranian terranes
and the southern periphery of the Eurasia continent.
Although these sketch-maps remain at a relatively low
resolution and the position of landmasses (i.e., con-
tinents and islands) is schematic, they may help to fill
the gap in our knowledge of the Jurassic palacogeo-
graphy of the Caucasus.

environments to the south of it correspond potentially to
the Southern Transcaucasian Arc, i.e. another subduction
zone. This arc is considered as the eastern edge of the
Pontide structure (LORDKIPANIDZE et al., 1984). In our
palacoenvironmental interpretation, there is no evidence
to recognize the Lesser Caucasus Strait of the Tethys and
the Nakhitchevan’ Block, which were shown by LORDKI-
PANIDZE et al. (1984). Another basin, with the proposed
name “the Exterior Caucasian Basin”, might have been
located between the Southern Transcaucasian Arc and the
main subduction zone of the Northern Neotethys.

PN }J
i\_A Yk Bl % 4 |
e \
\ / \ \r Caspian Sea
. Rostov-na-Donu ) Makhatchkald —~———_
™ N~ ~
e ‘P" Baku
,/(’, . Stayropol } O {
~ 2 N
R e
il o 5 % Ooz? -
e 3 9 19 P B
K \ ) q ,—xxi-fra s E
2 ‘<Kr snoda .1 @ . 2@0 ~Tbilsi ___,/ \K\
=] 8 . .
< ® “e ?15 . %Q @) |) &) 033 @ Fig. 4. The Late Toarcian palacoen-
s, O, @2 ?;\oj‘ff B 2 S vironments (A) and the palaecogeo-
Sotehi 4 ! Erevan 50 km graphic outline (B) of the Caucasus
Black Sea | b (explanation of “zones” — Fig. 3A).
\ “?” marks uncertainty in the inter-
pretation of the continental palaeo-
PALAEOENVIRONMENTS environments, because of the doub-
[ continental tful establishment of hia.tus. GCB,
Greater Caucasus Basin, BCB,
MAIN SUBDUCTION ZONE OF | shallow-marine Black Sea B Caspian $ea BaS}n,
THE NORTHERN NEOTETHYS ECB, Exterior Caucasian Basin,
- deep-marine NTA, Northern Transcaucasian Arc,
-] Neotethys Ocean STA, Southern Caucasian Arc. The
| and masses . .
o G dotted line bounds the Caucasian
. —_— LATE TOARCIAN

Reconstructions of the Jurassic outlines
of the Caucasus

The Late Toarcian (~ 177 Ma)

Marine palacoenvironments prevailed over most of the
Caucasus in the Late Toarcian (Fig. 4A). In its northern
part, dominating deep-marine environments trace the
elongated basin, which may evidently correspond to the
Greater Caucasus Basin of LORDKIPANIDZE et al. (1984).
Perhaps its western part was the widest and deepest.
Sporadic shallow-water environments to the south support
the idea of the presence of the Northern Transcaucasian
Arc (LORDKIPANIDZE et al., 1984), related to the subduc-
tion zone. Moreover, there is no sound evidence for the
presence of a large landmass there, as this is usually
imagined (e.g., JasamaNov, 1978). Presumably, only
small islands might have been related to this arc.

Another deep basin is weakly delineated southwards,
which may be related to the Black Sea — Caspian Sea
Basin of LORDKIPANIDZE et al. (1984). Shallow-water

Sea.

In the Late Toarcian outline of the Caucasus (Fig.
4B), a large sea, for which the name Caucasian Sea is
proposed, opens towards the Neotethys Ocean. Wide
straits between the landmasses to the west and east of
this region entered this sea. The Caucasian Sea
embraced two sedimentary basins, divided by a subma-
rine mountain range, united perhaps to the west. Pos-
sibly, two archipelagoes consisting of very small is-
lands which formed the Northern and Southern Trans-
caucasian Arcs characterized this sea. The boundary
between the Caucasian Sea and the Neotethys Ocean
stretched along the Southern Transcaucasian Arc. Our
sketch-map suggests that the Exterior Caucasian Basin
was embraced by the Neotethys Ocean.

The Early Bajocian (~ 171 Ma)

The Early Bajocian times were characterized by lat-
erally variable palaeoenvironments within the Caucasus
(Fig. 5A). Deep-marine environments trace the Greater
Caucasus Basin, while shallow-water and continental
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environments delineate an island arc to the south, in-
cluding relatively large islands. Intriguing was the land-
mass in the western part of the studied territory, where
several continental deposits suggest large islands, which
appeared as the result of the collision between Northern
and Southern Transcaucasian Arcs, which closed the
Black Sea — Caspian Sea Basin, generating a single
Transcaucasian Arc. Palacomagnetic data that highlight
the presence of the Black Sea — Caspian Sea Basin in
the Middle Jurassic appear doubtful (LORDKIPANIDZE et
al. 1984). The Exterior Caucasian Basin was located
between the Transcaucasian Arc and the main subduction
zone of the Northern Neotethys. Some islands can be
locally evidenced from continental palacoenvironments.
The Early Bajocian outline of the Caucasus is pre-
sented in Fig. 5B. The studied territory was occupied
by the Caucasian Sea. It was isolated from the Neo-
tethys Ocean by the island archipelago of the Trans-
caucasian Arc. Connection between the sea and ocean
was realized by straits between these islands, as well
as landmasses, located to the west. From the north, the
Caucasian Sea was opened to the large, but shallow
interior sea, occuping a waste area of the Russian
Platform. Only one sedimentary basin was embraced by
this sea. The transgression resulted in the appearance
of a very large shelf to the north of this basin, and the
structure of the sea in the Early Bajocian was charac-
terized by a strong asymmetry. The boundary between
the Caucasian Sea and the Neotethys Ocean stretched
along the Transcaucasian Arc. Our sketch-map suggests
that the Exterior Caucasian Basin was embraced by the
Neotethys Ocean. The islands occurring there might
have been of volcanic origin and, therefore, related to

EARLY BAJOCIAN

TA, Transcaucasian Arc. The dotted
line bounds the Caucasian Sea.

the wide belt of intense magmatism to the north of the
main subduction zone of the Northern Neotethys.

The Middle Oxfordian (~ 158 Ma)

During the Middle Oxfordian, the Caucasus was do-
minated by shallow-marine palaeoenvironments (Fig.
6A). Marine environments trace the Greater Caucasus
Basin. The composed map does not permit the idea of
LORDKIPANIDZE et al. (1984) about the complete sepa-
ration of the Western and Eastern Subbasins and the
presence of island between them, to be supported. We
observed deep-marine environments in the western,
central and eastern parts of the Greater Caucasus Basin.
Nevertheless, the existence of islands at the western and
eastern edges of the latter, hypothesized by LORKIPA-
NIDZE et al. (1984) and also by GOLONKA (2004), is con-
firmed by our results, because continental palaeoenviron-
ments were interpreted for those areas. Another island
(or a chain of islands), delineated by the continental
environments to the south, may be related to the Trans-
caucasian Arc. In contrast to LORDKIPANIDZE et al.
(1984), no evidence for the presence of the Northern and
Southern Transcaucasian Arcs, separated by the Black
Sea — Caspian Sea Basin, was found. Therefore, it is
hypothesized that in the Middle Oxfordian, a unique
arc existed, as it was already in the Early Bajocian.
However, this arc migrated southwards in comparison
with the earlier time slices. Shallow-marine environ-
ments in the south of the studied territory are attributed
to the Exterior Caucasian Basin.

The Middle Oxfordian outline of the Caucasus is
presented in Fig. 6B. The studied territory was oc-
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cupied by the Caucasian Sea. It was only a little
isolated from the Neotethys Ocean by the above men-
tioned island and submarine mountain range of the
Transcaucasian Arc. Straits between landmasses to the
west and east of this sea also connected it with the
Neotethys Ocean. From the north, the Caucasian Sea
opened into the interior sea, as in the Early Bajocian,
but its area was diminished. Only one sedimentary
basin was embraced by this sea. A large shelf existed
to the north-east of this basin. Thus, the sea basin in
the Middle Oxfordian was characterized by strong
asymmetry in its eastern part, but it was quite sym-
metric in its western part. The boundary between the
Caucasian Sea and the Neotethys Ocean stretched along
the Transcaucasian Arc. Our sketch-map suggests that
the Exterior Caucasian Basin was embraced by the
Neotethys Ocean.

A distinctive feature of the Late Jurassic of the Cau-
casian basins was the wide distribution of carbonate
buildups (JAsAMANOV, 1978; KHAIN, 1962; LORDKIPA-
NIDZE et al., 1984; KuzNETSOV, 1993; MARTIN-GARIN et
al., 2002; ROSTOVTSEV et al., 1992; AKHMEDOV et al.,
2003; CeccA et al., 2005; RuBaN, 2005). This coincid-
ed with the reef growth documented on the entire north-
ern margin of the Neotethys Ocean (KIESSLING et al.,
1999; LEINFELDER et al., 2002; MARTIN-GARIN et al.,
2002; OLIVIER et al., 2004; CeccA et al., 2005). The
term “carbonate buildups” is preferred to that of “reefs”,
as they are traditionally called in Russian literature (e.g.,
Jasamanov, 1978; KHAIN, 1962; ROSTOVTSEV et al.,
1992). ScHMID et al. (2001) mentioned the Caucasian
buildups as mounds. The carbonate buildups are concen-
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trated around the deepest parts of the Greater Caucasus
Basin (Fig. 7). It is suggested that to the north, they
developed on the outer shelf periphery, connected to the
stable landmass of the Russian Platform, while in the
south, they occupied the narrow outer shelf of the
Transcaucasian Arc. However, some buildups were also
found crossing the basin, suggesting atolls, isolated or in
groups, characterizing the Late Jurassic Caucasian Sea
and Exterior Caucasian Basin. In general, the distribu-
tion of the carbonate buildups was tectonically controlled
(KHAIN, 1962; AKHMEDOV et al., 2003).

Discussion

The presented palacogeographic sketch maps suggest
that during the Jurassic, the Caucasian Sea was located
between the FEurasian landmass and large and little
islands (Figs. 4B, 5B, 6B). A string of large islands
located west- and eastwards were the result of accretion
of small terranes along the subducted margin of the
northern Neotethys. Straits between these small land-
masses made a connection with the Caucasian Sea pos-
sible. Together they were able to form an important
seaway that stretched along the southern periphery of
Eurasia. The tectonic origin of this Exterior Caucasian
seaway is very different from thopse of the well-known
Hispanic Corridor and the Viking Corridor, the results
of break-up of continents (HALLAM, 1983; SMITH &
TIpPER, 1986; RICCARDI, 1991; WESTERMANN, 1993;
ABERHAN, 2001). It also differed from the other sea-
ways, Isuch as the Cretaceous Western Interior Seaway
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Fig. 7. The location of the Callovian-Tithonian carbonate buildups in the “zones” of the Caucasus (data was extracted from
ROSTOVTSEV et al. (1992); for the western part of the Caucasus, it was supported by personal field observations) (for an expla-
nation of the “zones”, see Fig. 3B). “Zones” where carbonate buildups were evidently documents are highlighted as gray, while
“zones” where only coral founds are known are marked by x. The age of buildup- or coral-bearing deposits is indicated.

in North America (REYNOLDS & DoOLLY, 1983; SAGE-
MAN & ARTHUR, 1994; ROBERTS & KIRSCHBAUM, 1995;
WHITE et al., 2001, 2002).

The western branches of this seaway included the
oceanic basins of the Western Neotethys, such as the
Meliata, Maliac, Pindos and Vardar, as well as the Alpi-
ne Tethys which opened during the Jurassic (STAMPFLI
& BOREL, 2002; BROWN & ROBERTSON, 2004; GOLONKA,
2004). The central part of the seaway consisted of straits
separating the blocks of Moesia, Rhodope and Western
Pontides. Further east, the seaway communicated with
the small Izmir-Ankara Ocean (STAMPFLI & BOREL,
2002). It was directly connected with the Caucasian Sea.
The eastern branches of the mentioned seaway extended
as straits between the Alborz, South Caspian, Aghdar-
band, Herat and other terranes of the central part of the
northern Neotethyan margin (GOLONKA, 2004). STAMPFLI
& BOREL (2002) additionally placed the so-called South
Caspian Ocean eastwards of the Caucasus, which seems
to be a fragment of the seaway. The latter ended in two
branches, as is suggested from the palaeoreconstructions
of GOLONKA (2004). Northwards, the seaway connected
the basin between the Turan, Herat and Pamirs land-
masses, while southwards it led directly to the Neotethys
Ocean.

Conclusions

This study of the Jurassic palaeogeography of the
Caucasus allows the formulation of some important
conclusions:

1) the Caucasian Sea occupied most, although not
all, of the studied area during the entire Jurassic;

2) in the Late Toarcian, the Caucasian Sea embraced
most of the Caucasus, including the Greater Caucasus
Basin and the Black Sea — Caspian Sea Basin, and was
opened to the Neotethys Ocean, which covered the Ex-
terior Caucasian Basin;

3) in the Early Bajocian, the Caucasian Sea com-
prised the Greater Caucasus Basin, it opened to the epi-
continental seas of the Russian Platform, and it was
connected with the Neotethys Ocean by the straits
between islands of the Transcaucasian Arc;

4) in the Middle Oxfordian, the Caucasian Sea also
covered the Greater Caucasus Basin and was open to
both the epicontinental sea of the Russian Platform and
the Neotethys Ocean;

5) during the Jurassic, the Caucasus was included in
the long seaway, which stretched along the northern
margin of the Neotethys.

Further studies are necessary to verify and detalize
the very simple palaeogeographic reconstructions pro-
posed in this paper. A significant task is the collection
of data on the carbonate buildups, which has already
been made for the Azerbaijanian part of the Caucasus
(AKHMEDOV et al., 2003). These data will help to delin-
eate the Late Jurassic carbonate platform. Special atten-
tion should also be paid to the high-resolution palaeo-
tectonic interpretations.

Acknowledgements

The author gratefully thanks F. HIRSCH (Japan) for the pre-
liminary review of this paper, and also many colleagues for
their help with this literature and useful suggestions, especial-
ly M. Btcaup (France), M. GEIGER (Norway), N.M.M. JANs-



The palacogeographic outline of the Caucasian in the Jurassic: The Caucasian Sea and the Neotethys Ocean 9

SEN (Netherlands), B. MARTIN-GARIN (France) and P. QUE-
REILHAC (France). The support by V. I. PUGATCHEV (Russia)
and his hospitality at a field camp are highly appreciated.

References

ABERHAN, M., 2001. Bivalve palaeobiogeography and the
Hispanic Corridor: time of opening and effectiveness of a
proto-Atlantic seaway. Palaeogeography, Palaeoclima-
tology, Palaeoecology, 165: 375-394.

AxHMEDOV, A K., BABAYEV, R.G. & MaMEDOV, LI., 2003.
Towards the distribution of the surficial and buried
Mesozoic organogenous buildups in Azerbaijan. Azerbai-
jan National Academy of Sciences. Proceedings. The Sci-
ences of Earth, 1: 71-77. (in Russian)

ALLEN, M.B., VINCENT, S.J., ALsor, G.I., ISMAIL-ZADEH, A. &
FLECKER, R., 2003. Late Cenozoic deformation in the South
Caspian region: effects of a rigid basement block within a
collision zone. Tectonophysics, 366: 223-239.

BrowN, S.AM. & ROBERTSON, A H.F., 2004. Evidence for
Neotethys rooted within the Vardar suture zone from the
Voras Massif, northernmost Greece. Tectonophysics, 381:
143-173.

CArIOU, E. & HANTZPERGUE, P. (eds.), 1997. Biostratigraphie
du Jrassique ouest-européen et méditerranéen: zonations
parall¢les et distribution des invertébrés et microfossiles.
Bulletin du Centre Recherche Elf Exploration et Produc-
tion, 17: 1-440.

CEcca, F., MARTIN GARIN, B., MARCHAND, D., LATHUILIERE,
B. & BARTOLINI, A., 2005. Palaeoclimatic control of bio-
geography and sedimentary events in Tethyan and peri-
Tethyan areas during the Oxfordian (Late Jurassic). Palaeo-
geography, Palaeoclimatology, Palaeoecology, 222: 10-32.

DOMMERGUES, J.-L., 1987. L’evolution chez les Ammonitina
du Lias moyen (Carixien, Domerien basal) en Europe
occidental. Documents du Laboratoire de Géologie de
Lyon, 98: 1-297.

EFENDIYEVA, M.A. & RuBAN, D.A., 2005. Anoxia, disoxia
and euxinia in Mesozoic-Cenozoic basins of the Caucasus.
Azerbaijan Oil Industry, 8: 7-14 (in Russian).

ErsHOV, A.V., BRUNET, M.-F., NIKISHIN, A.M., BoLoToOV,
S.N., NAZAREVICH, B.P. & KOROTAEV, M.V., 2003. North-
ern Caucasus basin: thermal history and synthesis of sub-
sidence models. Sedimentary Geology, 156: 95-118.

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

GRADSTEIN, F.M., OGaG, J.G., SMITH, A.G., AGTERBERG, F.P.,
BLEEKER, W., COoOPER, R.A., DavYDOV, V., GIBBARD, P.,
HmnNov, L.A., House, M.R., LOURENS, L., LUTERBACHER,
H.P., MCARTHUR, J., MELCHIN, M.J., RoBB, L.J., SHER-
GoLD, J., VILLENEUVE, M., WarbpLAw, B.R., AL J.,
BriNkHUIS, H., HILGEN, F.J., HOOKER, J., HOWARTH, R.J.,
KnoLL, A.H., LASKAR, J., MONEcHI, S., PLumB, K.A., Po-
WELL, J., RaFrI, 1., RoHL, U., SADLER, P., SANFILIPPO, A.,
ScamiTz, B., SHACKLETON, N.J., SHIELDS, G.A., STRAUSS,
H., VaN DaM, J., vAN KOLESCHOTEN, T., VEIZER, J. & WIL-

SON, D., 2004. A Geologic Time Scale 2004. Cambridge
University Press, Cambridge, 589 pp.

Harram, A., 1983. Early and mid-Jurassic molluscan biogeog-
raphy and the establishment of the central Atlantic seaway.
Palaeogeography, Palaeoclimatology, Palaeoecology, 43:
181-193.

Jasamanov, N.A., 1978. Landscape and climatic conditions
of the Jurassic, Cretaceous and Paleogene of the South
USSR. Nedra, Moskva, 224 pp. (in Russian).

KIESSLING, W., FLUEGEL, E. & GOLONKA, J., 1999. Paleoreef
maps: evaluation of a comprehensive database on Phane-
rozoic reefs. American Association of Petroleum Geo-
logists, Bulletin, 83: 1552-1587.

KHAIN, VE., 1962. Rify i tektonika. In: OBUT, A.M. (ed.),
Znatchenije biosfery v geologitcheskikh protsessakh. Vo-
prosy vzaimosvjazi paleontologii i tektoniki, 162-170.
Gosgeoltekhizdat, Moskva (in Russian).

Kuznetsov, V.G. 1993. Late Jurassic — Early Cretaceous
carbonate platform in the northern Caucasus and Preca-
ucasus. In: Smo, J.A.T., Scort, RW. & MAaSSE, J.-P.
(eds.), Cretaceous Carbonate Platforms. American Asso-
ciation of Petroleum Geology, Memoirs, 56: 455-463.

LEINFELDER, R.R., Scumip, D.U., NOSE, M. & WERNER, W.,
2002. Jurassic reef patterns: the expression of a changing
globe. In: KIESSLING, W., FLUEGEL, E. & GOLONKA, J.
(eds.), Phanerozoic reef patterns. SEPM Special
Publication, 72: 465-520.

LORDKIPANIDZE, M.B., ApAaMIA, SH.A. & ASANIDZE, B.Z.,
1984. Evolution of the active margins of the Tethys
Ocean. In: LiSITSIN, A.P. (ed.), Paleookeanologija. Do-
klady 27 Mezhdunarodnogo geologitcheskogo kongressa,
72-83. Nauka, Moskva. (in Russian).

MARTIN-GARIN, B., LATHUILIERE, B. & GEISTER, J., 2002. Re-
cifs, coraux et climats oxfordiens de la Tethys. Documents
du Laboratoire de Géologie de Lyon, 156: 154-155.

MEISTER, C. & StaMPFLI, G., 2000. Les ammonites du Lias
moyen (Pliensbachien) de la Néotéthys et des ses confins:
compositions faunique, affinités paléogéographiques et
biodiversité. Revue de Paléobiologie, 19: 227-292.

OLIVIER, N., CARPENTIER, C., MARTIN-GARIN, B., LATHUI-
LIERE, B., GAILLARD, C., FERRY, S., HANTZPERGUE, P. &
GEISTER, J., 2004. Coral-microbialite reefs in pure versus
mixed carbonate-siliciclastic depositional environments:
the example of the Pagny-sur-Meuse section (Upper
Jurassic; northeastern France). Facies, 50: 229-255.

REYNOLDS, M.W. & DoLLEY, E.D. (eds.), 1983. Mesozoic
paleogeography of the west-central United States. Rocky
Mountain Section, Society for Sedimentary Geology,
Denver, CO, 391 pp.

RiccarpI, A.C., 1991. Jurassic and Cretaceous marine con-
nections between the southeast Pacific and Tethys.
Palaeogeography, Palaeoclimatology, Palaeoecology, 87:
155-1809.

RoBerTs, LN.R. & KirscHBAUM, L.A., 1995. Paleogeo-
graphy of the Late Cretaceous of the Western Interior of
Middle North America — Coal distribution and sediment
accumulation. United States Geological Survey, Profes-
sional Papers, 1561: 1-115.



10 DMITRY A. RUBAN

RostovTsEv, K.O., AGAJEV, V.B., AZARIAN, N.R., BABAIEV,
R.G., BeEznosov, N.V., GasaNov, N.A., ZASASCHVILI,
V.I., Lomiz, M.G., PartcHADZE, T.A., PaNov, D.I., Pro-
SOROVSKYA, E.L., SakHAROV, A.S., TopriA, V.A., ToP-
TCHISCHVILI, M.V., ABDULKASUNZADE, M.R., AVANESJAN,
A.S., BELENKOVA, V.S., BENDUKIDZE, N.S., Vuks, V.JA.,
DoLupENKO, M.P., KIRITCHKOVA, A.l., KLIKUSCHIN, V.G.,
KrymHoLz, G.Ja., RomaNnov, G.M. & SCHEVTCHENKO,
T.V., 1992. Jurassic of the Caucasus. Nauka, Sankt-
Peterburg, 192 pp. (in Russian).

RuBaN, D.A., 2003. A correction of the Jurassic of the
Northern Caucasus with brachiopods. Izvestija Vysshikh
Utchebnykh Zavedenij. Severo-Kavkazskij region. Este-
stvennyje nauki, 4: 78-79 (in Russian).

RuBaN, D.A., 2004. Diversity dynamics of Early-Middle
Jurassic brachiopods of Caucasus, and the Pliensbachian-
Toarcian mass extinction. Acta Palaeontologica Polonica,
49: 275-282.

RuBaAN, D.A., 2005. Rises of the macrobenthos diversity and
the Paleozoic — Mesozoic rimmed shelves in the northern
Caucasus. The First International Scientific Conference of
Young Scientists and Students: “New Directions of In-
vestigations in Earth Sciences”. Abstracts. Baku.

RuBaN, D.A., 2006. Taxonomic diversity dynamics of the
Jurassic bivalves in the Caucasus: regional trends and
recognition of global patterns. Palaeogeography, Palaeo-
climatology, Palaeoecology, 239: 63-74..

RuBaN, D.A. & Tyszka, J., 2005. Diversity dynamics and
mass extinctions of the Early-Middle Jurassic forami-
nifers: A record from the Northwestern Caucasus. Pa-
laeogeography, Palaeoclimatology, Palaeoecology, 222:
329-343.

SAGEMAN, B.B. & ARTHUR, M.A., 1994. Early Turonian pale-
ogeography/paleobathymetry of the Western Interior
Seaway. In: Caputo, M.V., PETERSON, J.A. & FRANCZYK,
K.J. (eds.), Mesozoic Systems of the Rocky Mountain
Region, 460-469. Rocky Mountain Section, Society for
Sedimentary Geology, Denver, CO.

SAINTOT, A. & ANGELIER, J., 2002. Tectonic paleostress
fields and structural evolution of the NW-Caucasus fold-
and-thrust belt from the Late Cretaceous to the
Quaternary. Tectonophysics, 357: 1-31.

Scotesg, C.R., 2004. A Continental Drift Flipbook. Journal
of Geology, 112: 729-741.

ScaMmip, D.U., LEINFELDER, R.R. & NoSE, M., 2001. Growth
dynamics and ecology of Upper Jurassic mounds, with
comparisons to Mid-Palacozoic mounds. Sedimentary
Geology, 145: 343-376.

SmitH, P.L. & TippER, HW., 1986. Plate Tectonics and
Paleobiogeography: Early Jurassic (Pliensbachian)
Endemism and Diversity. Palaios, 1: 399-412.

StamprLl, GM. & BorEL, G.D., 2002. A plate tectonic mo-
del for the Paleozoic and Mesozoic constrained by dynam-
ic plate boundaries and restored synthetic oceanic iso-
chrons. Earth and Planetary Science Letters, 196: 17-33.

UHLIG, W., 1911. Die marinen Reiche des Jura und der
Unterkreide. Mitteilungen der Geologischen Gesellschaft,
Wien, 1V: 229-448.

WESTERMANN, G.E.G., 1993. Global bio-events in mid-
Jurassic ammonites controlled by seaways. In: HOUSE,
MR. (ed.), The Ammonoidea: Environment, Ecology and
Evolutionary Change. The Systematics Association,
Special Volume, 47: 187-226.

WESTERMANN, G.E.G., 2000. Marine faunal realms of the
Mesozoic: review and revision under the new guidelines
for biogeographic
Palaeogeography,
163: 49-68.

WHITE, T., GoNzALEZ, L., LupviGsoN, G. & PouLSEN, C.,
2001. Middle Cretaceous greenhouse hydrologic cycle of
North America. Geology, 29: 363-366.

WHITE, T., FURLONG, K. & ARTHUR, M., 2002. Forebulge
migration in the Cretaceous Western interior basin of the
central United States. Basin Research, 24: 43-54.

classification and nomenclature.
Palaeoclimatology, Palaeoecology,

Pe3ume

ITaneoreorpagcku oxsupu Kaskasa y Jypn:
Kaskacko mope u HeoreTncku okean

KaBka3 npepcraBiba MpocTpaHy U3AyXKeHy obJact
m3meby Lpaor mopa n Kacnmjckor je3epa, kKoja o0yx-
BaTa jyrouctouny Pycujy n ueny I'py3ujy, Jepmennjy n
A3zep6ejipan. OBa obnact ce 3a BpeMe jype Haja3uia
Ha ceBepHOM 000y HeoTeTuckor okeaHa 1 peficTas-
Jbana je "rnaBHE' mpesia3 u3Meby 3amagHOr U Cpember
nena ceepHor Heoreruca. PaHuja Tymauewa meHe
najeoreorpaduje cy 3acTapesa U YeCcTO 3aCHOBaHa Ha
morpenTHuM cxBatambnma. OBaj paj je TOKyIaj fja ce
peKkoHcTpyuiy najeoreorpadgcku okBupu Kaskasa y
TPpU BpeMeHcKa pa3go0iba — TOpU Toap, JOmH Oajec u
cpenmn okcopa. Tepuropuja KaBkasa je moperbeHa
Ha 62 mocebHe 0bJ1acTh, KOje ce TPaUIMOHAIIHO Ha3u-
Bajy "30Hama". 3a cBaKky 30HY je JIaTO TyMadewme Ma-
JeocpeuHe CBUX (popMalyja U TO KOHTHMHEHTAJHa,
IUTUTKOBOJIHA U lyOOKOBOJHA NaJIeOCpeHa 3a IOMe-
HyTa BpeMEeHCKa pa3foOiba. AHanM30M KapaTa pac-
nopefa najeocpeHa yrBpbenu cy naneoreorpagcku
eleMeHTH mnoparaka 3a KaBka3z y pekoHcTpykuuje
yutaBor Heorerunca. Kao koHauHM pe3ynTaT obujeH
je ckym maneoreorpacknx cKuiia Koje Aajy KOHTYpY
KaBka3za u3 cBuX Ipoy4yaBaHUX pa3fgobiba.

Y ropmweM Toapy (oko 177 Ma), mpocTpaHo Mope, 3a
Koje ce mpepiaxe Ha3uB KaBkacko Mope, OTBapalo ce
npema HeoreTnckom okeany. Y 0BO MOpeE cy 3ala3uin
LIMPOKK MOpPey3u u3Meby KolHa ca 3amajjHe ¥ UCTOYHE
cTpase oBe obnactu. KaBkacko Mope je o0yxBaTajo jjBa
ceUMeHTaluoHa OaceHa, pa3[BOjeHa MOJBOJHUM ILIa-
HUHCKVM JIaHLIEM, KOjHU Cy Ce MOXKJIa Cllajajii Ha 3arajfy.
To mMope cy BepoBaTHO KapakTepucasa JBa apxumenara
BpJIO MajMX OCTpBa Koja cy oOpa3oBajla CEBEpHU U
jyXHM TpaHCKaBKacku JyK. I'panuna m3meby Kaskac-
Kor Mopa U HeoreTuckor okeana mporesaia ce Iy
JY’KHOT TpaHCKaBKackKor jyka. Criosbaibi, jy>KHA KaB-
Kacku 6aceH 0uo je onkobeH HeoTeTuckum okeaHoM.
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Y pomeM Oajecy (oko 171 Ma) mpoydyaBaHy Tepu-
Topujy je 3ay3umano KaBkacko mope. OHO je 6mio
ofBojeHo off HeoTeTuckor okeana apxurnenaroM TpaH-
CKaBKacKor Jyka. Be3a usmeby Mopa u okeana ocra-
puBaia ce Mopey3uma u3Meby ocTpBa M KomHa Ha
3anajy.

Ha ceBepy ce KaBkacko Mope oTBapajo mpema Be-
JIUKOM aJiil INIUTKOM YHYTpaIlllbeM MOpY Koje je 3ay3-
“MaJIo Impoctpany obinact pycke miatgopme. To yHy-
Tpalllke Mope je o0yxXBaTallo caMo jeflaH CelUMEeHTa-
nroHu OaceH. Pesynrar Tpancrpecuje je popmupame
BEJIMKOT 111enipa Ha ceBepy 0aceHa, a CTpyKTypa Mopa
ce y momeM Oajecy KapakTepucana BEIMKOM acH-
meTtpujoM. I'panunia m3meby Kaskackor mopa u Heo-
TETUCKOT OKEeaHa, Kao U y MPEeTXOJHOM CIy4ajy, Ipo-
Te3ajla ce Ay>K TpaHCKaBKackor Jyka. CriosbHU OaceH
je 6mo oOyxBahem Heorermckmm oxeanom. OctpBa
KOja Cy TamoO IMOCTOjaia MOTJIa Cy OWTH BYJIKAHCKOT
NOpeKJIa, 1a cy IpeMa TOMe y Be3H ca IIUPOKKM I10ja-
COM HMHTEH3MBHOI MarmMaTu3Ma CEBEPHO Off IJIaBHE
30He NoJiBlIaueka ceBepHor HeoreTuca.

Y cpemmem okcopay (oko 158 Ma) je mpoydyaBaHa
TepuTopHja jomr yBek Omma mop KaBkackmM Mopem.
Buna je camo mano usonoBaHa opf TeTuckor oxeaHa
TIOMEHYTHM NOIMOPCKUM IIJIAHUHCKUM JIaHIEM TpaHC-
KaBKackor lyka. Mopey3u u3Mmeby KonHa 3amajfHO U
HUCTOYHO OfI OBOI MOpa Takobe cy ra nose3uBaja ca
Heotetuckum okeanom. Ca ceepa ce KaBkacko mope
OTBapalio NpeMa YHYTpaLIlbeM MOpPY Kao U y JIOHEM
Gajecy, anm ce HEroBa MOBpIIMHA cMamia. Mope je

o0yxBaTaio caMoO jeflaH cefmMeHTannoHn OaceH. Be-
WKW 1eld je MOCToja0 Ha CEeBEpPOUCTOKY OaceHa.
Tako ce Mopcku OaceH y cpefilbeM okcopay Kapak-
TepHUcao BEJIUKOM aCUMETPHjOM y UCTOYHOM JIeNy, allu
My je 3amajiHu feo OMO JocTa cUMeTpHu4YaH. I'paHuna
u3Mmeby Kaskackor Mmopa n HeoreTuckor okeana npo-
Te3aja ce AYyX TpaHCKaBKackor nyka. Cxemarcka
KapTa yKasyje Jia je CHoJballllbll KaBKacKu O6aceH 6o
o6yxBahen HeoreTncknm okeaHOM.

IIupoka pacnpocTpalbeHOCT KapOOHATHUX Hacliara
NpeAcTaB/ba 3HayajHy KapaKTEPUCTHKY KaBKacKUX
GaceHa ropme jype. TokoM jype je CTBOpeH MOpPCKH
nmpona3 gy obona Heorteruca, a KaBkacko mope je
MIOCTaJIO HEroB 3Ha4YajHU Aeo. 3amajHi OrpaHiil OBOT
MOPCKOTI' Iposa3a OOyXBaTUJIM Cy OKeaHCKe OaceHe
3amagHor Heoretuca kao mro cy Menmnara, Mannak,
ITuag w Bappap xao u ammcku Tetuc. Cpenmu neo
MOPCKOTI' IIpojia3a cacTojao ce Off Mopey3a KOju cy
pas3nBajanu 6mokoBe Mesnje, Pomomna n 3amaganx [1on-
Tufa. [lajbe Ha UCTOK MOPCKH ITpoJia3 je OUo y Be3H ca
MamnM M3MHpCKO-aHKapCKUM OKEeaHOM, KOju je O6mo
AUpeKTHO mnoBe3aH ca KaBkackuMm mopeMm. Mcrouynu
OTpaHI MOPCKOT IpoJjia3a HaCTaBJbaJIU Cy Cce Y MOpe-
y3e m3meby Anbop3sa, jyskaor Kacnmja, ArgapOanna,
XepaTa M Jpyrux TepaHa Cpefler Jejla CEeBEepHOT
o6oa HeoreTtunca. Tako3Banu Jy>kHU KaCIUjCKN OKEaH
uctoyHo off KaBkasa je o cBoj NpuiIuLy IpeacTaBbao
meo OaceHa m3Mehy TypaHckor, XepaTCKOT M IaMup-
CKOT' KOIIHa, JIOK je Ha jyry Boguo fupekTHo y Heo-
TETUCKU OKEaH.
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Trans-border (east Serbia/west Bulgaria) correlation of the Jurassic sediments:

main Jurassic paleogeographic units

PLATON TCHOUMATCHENCOI, DRAGOMAN RABRENOVICZ,
BARBARA RaDpuLOVIE & VLADAN RaDULOVIC

Abstract. In the region across the Serbian/Bulgarian state border, there are individualized 5 Jurassic paleogeo-
graphic units (from West to East): (1) the Thracian Massif Unit without Jurassic sediments; (2) the Luznica-Koniavo
Unit — partially with Liassic in Grsten facies and with deep water Middle Callovian—Kimmeridgian (p. p.) sedi-
ments of the type “ammonitico rosso”, and Upper Kimmeridgian—Tithonian siliciclastics flysch; (3) The Getic Unit
subdivided into two subunits — the Western Getic Sub-Uni — without Lower Jurassic sediments and the Eastern
Getic Sub-Unit with Lower Jurassic continental and marine sediments, which are followed in both sub-units by
carbonate platform limestones (type Stramberk); (4) the Infra (Sub)-Getic Unit — with relatively deep water Liassic
and Dogger sediments (the Dogger — of type “black shales with Bossitra alpina”) and Middle Callovian-Tithonian
— of type “ammonitico rosso”; (5) the Danubian Unit — with shallow water Liassic, Dogger and Malm
(Miro&—Vrska Cuka Zone, deep water Dogger and Malm (Donjomilanovatko—Novokoritska Zone).

Key Words: Jurassic, paleogeographic units, south-eastern Serbia, western Bulgaria.

AmncrpakT: Y NO[pydYjy CpICKO-Oyrapcke Ap:>KaBHE IpaHHIE M3[BOjEHO je MEeT jypcKux najeoreorpagckux
jemuuuna (o 3amajga Ka MCTOKy): 1. Tpakujcku MacuB Ge3 jypckux cemuMeHnara; 2. Jlyskuuia—KoHnnaBo — nenu-
MHYHO ca JHjacOM pa3BHjeHHM Yy TPECTEHCKOj hanuju U ca AyOOKOBOJHUM CEAMMEHTHMA Cpefmber
KaJloBeja—KuMepHiia (p. p.) THIA “ammonitico rosso“ N CUITAKOKIIACTIYHIM (DJIHIIOM FOPHET KUMEpPHIIa—TUTOHA;
3. letukyM, nofiesbeH Ha 3alafHOreTCKy HNOfjeuHuIly Oe3 JO’O0jypCKUX ceffuMeHarta u McrouHoreTcKy mopje-
AUHULY Ca JOHOjyPCKUM KOHTUHEHTAJIHUM U MAapUHCKHUM CEMMEHTUMA IIOCIe KOjuX y 00e MOAjeJuHHLE Clefie
Kpeumany KapOoHarcke miatgopme (tuma Stramberk); 4. MHppa(cyd)reTnkyM ca pelaTHBHO 1yGOKOBOJXHEM
CelMMEHTHMa JIFjaca | jorepa (forep TUIA “IpHUX INIMHAIA ca Bossitra alpina®) u cpefiber KajloBeja—THTOHA
(Tuma “ammonitico rosso®); 5. IlaHyOujcKa jeIMHMIA ca TUINTKOBOITHUM JIMjacoM, TOT€pOM M MalMOM (30Ha

Mupou-Bpmka Hyka), fyBOKOBOTHUM IOT€POM B ManMoM ([JomoMHUIIaHOBAaUKa—HOBOKOPHUTCKA 30HA).

Kibyune peun: jypa, naneoreorpadcke jenunuie, jyroncrouna Cp6uja, 3anagna Byrapcka.

Introduction

During the Springer of 2005, a Serbian—Bulgarian
team commenced bilateral research with the aim of mak-
ing an effort to unify the views of Bulgarian and the
Serbian geologists concerning the geology of the Juras-
sic on both sides of the Bulgarian/Serbian border. For
the beginning, an attempt will be made to unify our

opinions on the main paleogeographic units and subse-
quently new research on the lithostratigraphy and the
correlation of Jurassic sediments from both side of the
border will be performed.

During the Jurassic, from the Romanian Carpathians,
the following main paleogeographic units can be pro-
longed in eastern Serbia: Thracian Massif Unit, LuZnica—
Koniavo Unit, Getic, Infra (Sub)-Getic, Danubian. They
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are more or less accepted by the Serbian geologists, but
are not used in Bulgaria. These units, which are strictly
paleogeographic and differ from the present day tecton-
ic units, have a bipartite structure, built of two ensem-

The Luznica—Koniavo Unit (Figs. 1, 2)

A characteristic for the Jurassic of this paleogeograph-
ic unit is the almost complete lack of Lower Jurassic
sediments and the presence of
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Fig. 1. Main Jurassic paleogeographic units in south-eastern Serbia and western Bulgaria.
1, Thracian Massif Unit; 2, Luznica—Koniavo Unit; Getic Unit: 3, Western Getic Sub-
Unit; 4, Eastern Getic Sub-Unit; 5, Infra (Sub)-Getic Unit; 6, Danubian Unit.

bles of beds — lower (the Lower Jurassic up to the Lower
Callovian) and upper (the Middle Callovian-Tithonian).
From the differences in these two parts, the main paleo-
geographic units in the studied region were reconstructed.

The Thracian Massif Unit (Fig. 1)

The name Thracian Massif Unit is used for the pale-
ogeographic unit which unifies the Rhodope Massif, the
Serbo-Macedonian Massif and the Srbsko-Makedonska
Masa (DIMITRUEVIC, 1992), etc. During the Jurassic, the
Thracian Massif Unit played the role of source area and
was never covered by sea water, and hence there are not
marine sediments on it. For this unit (ANDJELKOVIC et
al., 1996) used the name of Moravska Zone.

lites/marls and graded bedding
sandstones — Nis-Troyan Flysch
Trough (Basin) (NACHEvV, 1976),
Luznica Flysch, or Ruj Flysch
(DIMITRUEVIC & DIMITRUEVIC,
1987) started. As a whole, the
terrain is noted as Supra Geti-
kum (DIMITRUEVIC, 1992), or Supragetic units (SAN-
DULESCU & DIMITRESCU, 2004). This unit is noted (AN-
DJELKOVIC et al., 1996) as the tectonic structure Luznicka
nappe (K-I) of the Karpatikum. In Bulgaria (TCHOUMAT-
CHENCO, 2002) the name Jurassic Kraishtides is used for
this unit. To avoid discordance between the meaning
included by the different authors, the most neutral term
of LuZnica—Koniavo Unit is used here.

The Getic Unit (Figs. 1, 2)

The paleogeographic unit with the same name is
well known in the Romanian East and South Car-
pathian (SANDULESCU & DMITRESCU, 2004; etc.), as
well as in Serbia (DIMITRUEVIC, 1992; KRAUTNER &
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Fig. 2. Stratigraphical section across the main Jurassic paleogeographic units in south-eastern Serbia and western Bulgaria. 1,
Continental clays and sandstones (Gresten facies); 2, sandstones; 3, black shales; 4, sandy and bioclastic limestones; 5, micrit-
ic limestones; 6, micritic limestones with chert concretions; 7, nodular and lithoclastic limestones (type “ammonitico rosso”);
8, thick bedded limestones (type “Stramberk”); 9, flysch type alternation of sandstone and clay; 10, interval with submarine
break in the sedimentation; 11, interval with aerial break in the sedimentation (dry land conditions); 12, stratigraphic bound-
aries: a, transgressive; b, connected with submarine break in the sedimentation.

KRrsTI¢, 2003). In the Bulgarian literature, this paleo-
geographic unit is known as Dragoman Jurassic Horst
(SAPUNOV et al., 1985). As a Jurassic paleogegraphic
unit, the Getic finished in the region south of the town
of Pernik on Bulgarian territory, where it is “cut” by
the Thracian Massif Unit (its Rhodope part).

More uniform for the Getic Unit is the upper part
(beds), which consist of Callovian—Upper Jurassic—Lo-
wer Cretaceous thick bedded carbonate platform lime-
stones, in many places with coral reefs. However the
lower part — the Jurassic sediments lying below these
thick bedded bioclastic limestones is different in differ-
ent parts of the Getic Unit. This permited the division

of the Getic Unit into two sub-units: the Western Getic
Sub-Unit with Middle Jurassic marine sediments and
the Eastern Getic Sub-Unit with Lower and Middle
Jurassic in the lower part.

The Western Getic Sub-Unit (Figs. 1, 2)

The Western-Getic Sub-Unit is situated to the East
of the LuZnica—Koniavo Unit. It is structured by two
parts. The lower part is built up of Middle Jurassic
shallow water sandstones and sandy and bioclastic li-
mestones, which lie locally on continental Lower Juras-
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sic clays and sandstones of Gresten facies. The upper
part is built up of relatively thick bedded carbonate
platform limestones, in the lower part with concretions
of white chert and in the upper part by chert-free thick
bedded shallow water bioclastic limestones.

The Western Getic Sub-Unit represents the Karpa-
tikum in the territory of Serbia and enters into the fol-
lowing tectonic units (ANDJELKOVIC et al., 1996):
K-IT — Gornjacko-Suvoplaninska nappe, K-IV — Kucaj-
sko-Svrljiska nappe.

The Eastern Getic Sub-Unit (Figs. 1, 2)

The characteristic for this paleogeographic unit (e.g.
the section of Berende Izvor in western Bulgaria) is the
presence of Lower Jurassic sediments upwards from the
base: continental clay and sandstones, marine sandstones,
bioclastic limestones and marls, interbedded by clayey
limestones, and of Middle Jurassic black shales with
Bositra alpina (facies well known in the Alps), followed
by clayey limestones and marls, caped by a thin bed of
sandy, crinoidal limestones. To West (e.g. near the town
Slivnitsa), the Liassic is represented by irony red lime-
stones, and the Dogger by sandstones and bioclastic
limestones, similar to those in the Western Getic Sub-
Unit. The upper parts are also similar to those of the
Western Getic Sub-Unit — thick bedded limestones, in
the base with concretions of white chert, and capped by
chert free limestones. These sediments build the Vidli¢
Mountain in Serbia and are individualized as Vidli¢
Scale (KRAUTNER & KRsTIC, 2003), or Vidlicka nappe
(K-VII) (ANDJELKOVIC et al., 1996). In Bulgaria it is part
of the Dragoman paleo-horst (SAPUNOV et al., 1985).

The Infra (Sub)-Getic Unit (Figs. 1, 2)

The Infra (Sub)-Getic Unit, with relatively deeper
water sediments is situated to the east of the Getic Unit.
It is built also built up of two parts: lower and upper.
The sedimentation (Fig. 2) of the lower part started dur-
ing the Late Hettangian with marine sandstones, contin-
ued with bioclastic limestones, followed by marls, inter-
calated by clayey limestones. The Middle Jurassic is rep-
resented by black shales with Bossitra alpina, followed
by marls and clayey limestones, similar to those in the
lower part of the Eastern Getic Sub-Unit. The Middle
Callovian-Tithonian sediments are represented by litho-
clastic and nodular grey and red limestones, similar to
the facies “ammonitico rosso superiore”, well-known in
the Alps. In Bulgaria, the Infra-Getic paleogeographic
Unit is known as Izdremets Paleograben (SAPUNOV et al.,
1985). In the Serbian literature it is known as Infra
Getikum (DIMITRDEVIC, 1992), Dobrodolsko-Grliska nap-
pe (K-VII) of the Karpatikum and the Staroplaninsko-
Porecka Unit (ANDJELKOVIC et al., 1996), or Upper Da-
nubian (KRAUTNER & KRsSTIC, 2003).

The Danubian Unit (Figs. 1, 2)

The terrain of the Danubian Unit is situated to the
East of the Infra (Sub)-Getic Unit. The Lower Jurassic
is represented by shallow water brecco-conglomerates,
sandstones, clays, clayey limestones with bivalves and
sparite limestones with crinoids. The Middle Jurassic in
the region of Danubian Unit is represented by two fa-
cies: (a) the Klaus facies (red nodular and ferruginous
limestones of Upper Bajocian, Bathonian and Lower
Callovian age — stratigrapical condensation; (b) laterally
it passed to black shales with Bositra alpina. The Callo-
vian—Upper Kimeridgian is developed in the facies “am-
monitico rosso” (Donjomilanovacko—Novokoritska region
in Serbia and Mihaylovgrad Paleo-Graben in Bulgaria).
The Oxfordian—Berriasian in Serbia is built of deep
water sediments: radiolarites and limestones with cherts.

In the Bulgarian literature (SAPUNOV et al., 1988),
this Unit is known as the Vratsa Jurassic Horst; in the
Serbian literature it is individualized as Milanovacko-
Novokoritska Unit (ANDJELKOVIC et al., 1996), the
Danubikum (DIMITRDEVIC, 1992), the Lower Danubian
Units (KRAUTNER & KRrsTI¢, 2003), etc.
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Pe3ume

Ynopeheme ceqmenara riaBHHX jypcKux
najgeoreorpa)CKux jeHHNNa y rpaHu4HOj
odnactn ucroune Cpouje n 3anagne
byrapcke

Ha OyrapckuM u CpICKAM T€OJIOMIKAM KapTama
(amp. reomomke kapre Cpbuje u Byrapcke y pasmepn
1:100000, HemaBHO OGjaBibeHE Y 00€ 3eMIbe) “HOpMall-
HO” ce BHAM fla 3aXBaTajy TepeHe caMo IO MAp>KaBHE
rpannne. Ca o6e cTpaHe TpaHHIe TeOJIOMIKe KapTe Cy
MOTIIYHO Pa3jIMIATe U BEOMa je TEIIKO YTBPAUTH OJHO-
ce TEOJIOMIKNX jeuHAIa. 360T TOTa je jeHa MEIIOBUTO
cprcko-Oyrapcka ekmma reosiora y mpoisiehe 2005.

roAMHe 3amoyesia UCTpakuBama y OONacTU Ap:KaBHE
rpaHulie Y UWJbY ycarjallaBarmba IJIefIUIlITa O T€0JI0TUju
jype ca obe cTpaHe Oyrapcko-cprcke rpasHmie. 3a
MoyYeTak MOKYIIaBaMo f1a ycarylacuMo Hallla MUIIJbEHha
0 IVIaBHMM ITajieoreorpackiM jefluHALama, a 3aTuM ja
YIIOPEAUMO JYPCKE CeJUMEHTE Ha 00e CTpaHe I'PaHulle.

I'maBHe mnaneoreorpagcke jenuHuLe U3 BpeMeHa
jype Koje ce mpoTrexy oj pymyHckux Kapmnara y
ncrounoj Cp6uju cy: Tpakujcku macus, Jlyskanma—Ko-
HuaBo, I'etukym, Muadpa(cy6)retukym u Jlany6ujcka
jequHuna. lbux Mame WM BUllle NPUXBaTajy CPIICKU
reoso3u, ajiyi ce Ta nofesia He npuMemyje y byrapckoj.
Hajseha pasnwuka je y mojmy “jyxkam Kapmatu”. Y
Byrapckoj, mpema BONCHEV-y (1936, 1938) no HOBHjuX
pamoBa DaBOvVsKI et al. (2002) m NACHEV & NACHEV
(2003), “jyxamm Kapmatuma” cy ce Ha3uBajdud caMo
HNOWBOKPEHU M TOPHOKPEIHM CEIMMEHTH CeBepo3a-
nage byrapcke Ha KpajuHckuM BHCOBHMa 3allafiHO Off
Bapoiwu Kyna — 30Ha npocTupama cuHajcKor (piuiia.
3a pmpyre ceguMeHTEe KOjU Ipena3e CpICKO-0yrapcky
TpaHUIy, a KOjU Ce€ HACTaBJbajy HA JYPCKE jEeIVHMIIC
pymyHckux Kaprnarta, Kopucre ce Oyrapcku TEpMUHH
camo 10 ApKaBHe rpanuie. Hacrojahemo ga npatumo
najeoreorpadcke jefluHuIe Koje cy OTKpUBEHE ca 00e
CTpaHe TrpaHHLle ¥ Ha3BaheMOo HMX IO HPEeJHOCTHU
BUXO0BOI 00eliexKaBama.

Te jeguHuue cy cTporo mnaineoreorpagcke, anu
maneoreorpacduja je mpepgonpebeHa jypckoM TeKTO-
HUKOM y OBOM jeny bankanckor nosmyoctpBa. OBe
najeoreorpadcke jefUHULE UMajy ABOCTPYKY CTPYK-
Typy, OBHOCHO u3rpabeHe cy of jBe rpymne ciojeBa —
moma (Ioma jypa JIo MOmer KalloBeja) U ropma (cpef-
U KaJIOBej—TUTOH). Ha ocHOBY pa3nuka oBa fiBa ieia
PEKOHCTpyHCcaId CMO INIaBHE Haneoreorpagcke jequ-
HuLe y mpoydaBanoj obmactu. IllTa je xapakre-
pUCTHYHO 3a jypy oBux jegmamna? Jepmawuma Tpakwuj-
CKOT MacwBa je 0e3 jypcKWX cefuMeHaTa; je[inHUIa
Jlyxxuuna—KoHuaBo eTMMIYHO Cajip>Ku Jigjac y rpec-
TeHCKO] anuju u JyOOKOBOAHE CPENHOKEIOBEjCKe—
—KUMEPHIICKE (p. p.) CEAUMEHTE THIIA “‘ammonitico ros-
50" 1 TOPHOKNMEPUIICKO—TUTOHCKH CUIIUKOKIIACTUYHH
umr; ['eTcka jepuHAIA je TOfleIbeHA HAa 3anaHOTeT-
CKy MOJjefIMHUIy ca JOHOjYPCKUM CEeAMMEHTHMa U
HcTouHoreTcKy NofijequHULy ca TOHO0jyPCKUM KOHTH-
HEHTAJIHUM U MOPCKUM CeIMMEHTHMa, IpaheHa y obe
MofijeiuHAIle KpedymanuMa KapOoHaTHe IuraTgopMme
(tumma Crtpambepk); MHubpa(cyd)reTcka jemwHHIA
cajpX¥ pejlaTUBHO JyOOKOBOJHE JIMjacKe U JOTepCKe
ceuMeHTe (lorep TWNa “UpPHUX TNIWHANA ca Bossitra
alpina”) u cpenmbOKeI0BejCKO—TUTOHCKE THIIA “‘ammo-
nitico rosso”; [lanyOujcka jequHWIIA CaIp>KU TIIUTKO-
BOJHU IHjac, morep W MamM (30Ha Mupod-Bpmka
Yyka) u gy60KOBOTHH AOTep U MalM y [10OmOMUIIaHO-
BaYKO—HOBOKOPUTCKO] 30HU.
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Tran-sborder (south-east Serbia/west Bulgaria) correlations
of the Jurassic sediments: Infra-Getic Unit

PLATON TCHOUMATCHENCOI, DRAGOMAN RABRENOVICZ,
BARBARA RaDpULOVIC & VLADAN RapuLovi¢!

Abstract. The Infra-Getic Unit is a palaecogeographic unit, predestined by palaeotectonics. From the point of
view of geological heritage, it represents a geosites framework. For the purpose of the correlation, the Serbian
sections of Lukanja, Bogorodica Monastery, Rosoma¢ and Senokos, as well as the Bulgarian sections of
Komshtitsa, Gintsi, and Stanyantsi were used. The Jurassic sediments of the Infra-Getic Unit crop out on the
southern slops of the Stara Planina Mountain in east Serbia and west Bulgaria. The Lower Jurassic started with
continental and continental-marine sediments (clays and sandstones) (Lukanja clastics and Lukanja coal beds in
Serbia and the Tuden Formation in Bulgaria) and continue with Lukanja quartz sandstones (Serbia) and the
Kostina Formation (Bulgaria). These sediments are covered by Lukanja brachiopod beds and Lukanja limestones
(Serbia) and the Romanov Dol, Ravna and Dolni Loukovit Members of the Ozirovo Formation (Bulgaria) pre-
dominantly consist of bioclastic limestones. The sedimentations follow with Lukanja belemnites-gryphaea beds
(marls and clayey limestones), which in Bulgaria correspond to the Bukorovtsi Member (also marls and clayey
limestones) of the Ozirovo Formation. The Middle Jurassic sedimentation started with black shales with Bossitra
alpine. These sediments are individualized in Serbia as Senokos aleurolites and clays and in Bulgaria they are
known as the Etropole Formation. In Serbia the section continues with sandstones called Vodenicki sandstones
of Bajocian age, known in Bulgaria as the Dobrogled Member of the Polaten Formation. However, in Bulgaria,
the age is Upper Bajocian-Lower Bathonian, and it cover the marls of the lower member (Gornobelotintsi
Member) of the Bov Formation and is covered by the upper member — alternation of marls and clayey lime-
stones — the Verenitsa Member of the Bov Formation. The Vodenicki sandstones—Dobrogled Member which
ended their distribution in the section of Komshtitsa, to the east (in the Gintsi section), they are not represent-
ed — build a body of sandstones, a prodelta coming from the west to the east. The Bov Formation corresponds
to the Senokos ammonite beds in east Serbia. The upper boundary of the Senokos ammonite beds and of the
Bov Formation is sharp. It is covered by grey limestones of the Yavorec Formation in Bulgaria and by the
Kamenica limestones in eastern Serbia. They are covered by grey or red nodular/lithoclastic limestones (“ammo-
nitico rosso” type) of the Gintsi Formation in Bulgaria and the Pokrovenik ammonitic (acanthicum) limestones
in Serbia. The Jurassic section in the Infra-Getic ended with grey micritic and lithoclastic limestones, which
belong to the Rosoma¢ and Rsovci limestones in east Serbia and to the Glozhene Formation in Bulgaria.

Key words: Jurassic, Infra-Getic, correlations, lithostratigraphic units, south-eastern Serbia, western Bulgaria.

AncrpakT. MHppareTcka jeuHNIA je NaTEOTEKTOHCKH YCIOBJ/bEHA Maneoeorpadcka jeiiHNIA a ca CTaHo-
BUIIITA [EOJIOLIKOTr Hacleba mpefcTapiba NOApYYje reolIoKNX objekaTa. Y Luby ynopebema aHanusupaHu cy
npocunu Jlykame, Manacrupa Boropopuue, Pocomaua u Cenokoca y Cp6uju u npodunu Kommrune, I'nauny u
Cramwanuy y Byrapckoj. Jypeku cegumentu MHpareTcke jefuHuUIe Cy OTKPUBEHU Ha jy>KHUM NapguHaMa Crape
IInanune y ucrounoj Cp6uju u 3anagnoj byrapckoj. [Joma jypa nounme ca KOHTUHEHTAJIHUM M KOHTHHEHTAIIHO-
MapHHCKAM cefinMeHTHMa (TnuHIy ¥ nemrdapn) (JIyKamcKH KIACTHTH U JIYKamCKU CIOjeBH yriba y Cpoujn
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u Typen popmanmja y Byrapckoj) u Hactaiba ce JIykamckuM KBapuHuM nenrdapuma (Cpouja) n KoctrHoM dop-
mamujom (Byrapcka). OBu ceguMeHTH cy NpeKpuBeHN JIyKamCKIM GpaxXmMOMOACKAM ciojeBuMa n JIyKamcKIM
kpeumaruma (Cpouja) n uwiranoBuma Pomanos Jlos, PaBua u Jonuu JIlykosut O3uposcke hopmanmje (Byrapceka)
nirpabeHn nmpeTexXHo off OMOKIIACTHUHUX Kpeumaka. CeguMeHTandja ce HacTaBba JIyKamcKkuM GeJIeMHHUTCKO-
rpudpejckuM ciojeBuMa (JTanopiy M IIIMHOBATH Ienryapu) kojuma y Byrapckoj oproBapa BykypoBauku wiaH
(Takobe manopuu u ramHoBuTH neurdapu) O3uposcke dopmanpje. Cpenrojypeka CeiIMEHTalMja TIOYHIbE PHAM
rnuHOUMa ca Bossitra alpina, ceqpumenTMa Koju cy y Cpouju no3Hatu kao CEHOKOCKHM aJIeBPOJIUTH U TIIMHE, a Y
Byrapckoj kao Etpomnoncka ¢dopmanuja. ¥ Cpouju ce npogun HacraBba BopeHuukuM nemruapuma Gajecke
crapoctu, koju cy y Bbyrapckoj mosnatu kao Jlo6pornepcku unan IlonareHcke copmanuje Iie ¢y ropmO-
6ajecke—fomobaTcKe crapocti. OBH IelIYapy MPEeKpHBajy Janopre wiana bos opmanuje (Fopmo6eIoTHHAYKY
4IaH), a IPEKO HUX JIEKW TOPHI WIaH ucre (opmanuje (Bepernukn unan) m3rpaben on cMeHe namopana u rim-
HOBUTHX Kpeuwaka. BoleHnuku menrdapu, ofHocHo J1oOGpornecky 4iaH, 3aBpiuasa ce y npocuny Kommrune,
lasbe mpeMa HCToKy (y mpodmty I'maIm) oHn HuCY pa3BujeHn. BoBcka (popmanmja ogroapa CeHOKOCHAM aMOHHAT-
ckmM ciojeBnMa y ucrouHoj Cpouju. ['opma rpannma CeHOKOCHUX aMOHUTCKHX ciiojeBa U BoBcke opmatmje je
OLUTPA; IPEKPUBEHA je CUBUM Kpeuwaluma JaBopeuke opmanyje y byrapckoj, ogaocHo KaMeHnukuM Kpeumanu-
Ma y uctouHoj Cp6uju. ITpeko mux j1eke CHBA U IIPBEHN KBPTaBY MITH TNTOKIACTHYHA KPEeUbaly (THIIA anmoniti-
co rosso) T'mui popmanmje y Byrapckoj n I[ToKpoBeHHUKM aKaHTHIKH Kpeumaly y ucTouHoj Cpouju. Jypeku mpo-
¢un y Mudpa-reHeTukymy 3aBpillaBa c€ CMBUM MMKPUTCKUM M JIUTOKJIACTHYHMM Kpeumauuma Pocomaua u
PcoBaua y ucrounoj Cp6uju u I'noxkeHckoj hopmanuju y Byrapckoj.

Kibyune peun: Jypa, Undpa-retuxk, ynopebeme, murocrpaturpadceke jequnue, jyrouncrousa Cpbuja, 3anaj-

Ha Byrapcka.

Introduction

In this paper we expose our essay to make correla-
tions accross the Serbian/Bulgarian state border of the
existing in the published literature Jurassic formal litho-
stratigraphic units in the framework of the Infra-Getic
paleotectonic and paleogeographic unit (Fig. 1). This
unit is known in the Serbian literature presumably as
the Staroplaninska—Porecka units (ANDJELKOVIC et al.,
1996) and as the Izdremets Jurassic paleograben (SAPU-
NOV et al., 1986, etc.).

Substratum

The substratum of the Jurassic sediments in the stud-
ied area of the Infra (Sub)-Getic consists of Triassic
rocks. In the Serbian Bogorodica, Rosomac and Senokos
sections, the substratum consists of redish aleurolites,
marls to argillites with concretions of sphaero-siderites,
inter-bedded by sandstones, from 5 up to 100 m thick.
They are called the Senokos red series (ANDJELKOVIC,
1996, p. 78) (PI. 1, Fig. 2). These sediments cross the
state border near the village Komshtitsa and continue to
the east up to the Gintsi village. They are the Bulgaria
Komshtitsa Formation in the Bulgaria (TRONKOV, 1969).
The problem of the age is controversial because of the
lack of characteristic fossils: in Serbia two opinions
exist: (1) that of ANDJELKOVIC et al. (1996, p. 78, etc.),
after which the Senokos red series is with the Late
Triassic age; (2) this of UROSEVIC & RADULOVIC (1990),
after which they are Rhaeto—Liassic. ANDJELKOVIC (1996,
p- 78) considered the Senokos Formation as Upper Rhae-
tian because they were formed under a dry and hot cli-
mate, while Jurassic sediments were formed under hu-

mid conditions. In Bulgaria, the Komshtitsa Formation,
after TRONKOV (1993, p. 170) is connected by a progres-
sive lithologic passage with the Carnian Russinovdol
Formation and for that reason it is considered as
Carnian—Norian.

In the section of Velika Lukanja, the Jurassic sub-
stratum is represented by 2 m of thick red breccia lime-
stones — the Jelovica limestones (Pl. 1, Fig. 1), of Late
Raetian age (ANDJELKOVIC et al., 1996, p. 78).

In the out crops near the villages Stanyantsi,
Berende Izvor, Tuden, etc. in Bulgaria, the Jurassic
substratum is built up of grey Middle Triassic lime-
stones of the Iskar Carbonate Group.

Lower Jurassic (Figs. 2, 3)

In the vicinities of the villages of Velika Lukanja
(Serbia) and Stanyantsi (Bulgaria), the Lower Jurassic
sedimentation started by a continental sedimentation (Fig.
2). These sediments are called, in Serbia, the Lukanja
clastics and Lukanja coal beds (ANDJELKOVIC, 1996, p.
84-86) and, in Bulgaria, the Tuden Formation (SAPUNOV
et al., 1990). They are covered by marine sandstones.

The Lukanja clastics, (2-120 m thick), (known also
as ,,podinski nivo”, ANDJELKOVIC, 1958, pp. 13-14) lie
with discordance on different Triassic rocks. The
Lukanja clastics are built up of conglomerates and
sandstones. The conglomerates are with quartz pebbles
and cement of silica, rarely of clay. The sandstones
predominantly consist of quartz and silica or clayey
cement. (Pl. 1, Fig. 4).

The Lukanja coal beds (8-150 m thick) started with
fine grained quartz sandstones are gradually intercalated by
clay and clayey sandstones with coal beds (Pl. 1, Fig. 3).
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Fig. 1. Geological map of the studied region (simplified, after KRAUTNER & KRSTIC, 1993) with the location of the studied
sections. A. Infra-Getic: 1, Lower Jurassic continental and continental/marine: sandstones and clays; 2, Lower and Middle
Jurassic marine sandstones, bioclastic limestones, marls, black shales with Bossitra alpina, clayey limestones and marls; 3,
Middle Callovian-Tithonian micritic, nodular and/or lithoclastic limestones; Getic: 4, Middle Jurassic sandstones, sandy and
bioclastic limestones; 5, Middle Callovian-Tithonian reef and subreef limestones; 6, substratum; 7, cover; B. Location of the

studied region.
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The Tuden Formation (about 30 m thick) consists
predominantly of clays, intercalated with sandstones.
The sections started with grey to black clays and coal
shales; the higher sections are intercalated with fine
grained sandstones, often laminated (Pl. 3, Fig. 1).

Marine sandstones (Fig. 3) also lie on continental
Lukanja coal beds and the Tuden Formation, as well as
directly on Triassic sediments. In East Serbia, they are
known as Lukanja quartzy sandstones (ANDIJELKOVIC et
al., 1996, pp. 86-87) and in Bulgaria as the Kostina For-
mation (SAPUNOV in SAPUNOV et al., 1967) (Pl. 3, Fig. 2)

The Lukanja quartzy sandstones (Pl. 1, Fig. 5) (2.8 m
thick in Rosomac, 8 m in Senokos and up to 120 m in
the Mala Lukanja River) are built of coarse to middle

Fig. 2. Simplified columnar sections of the continental and
continental-marine Lower Jurassic sediments of the Infra-
Getic domain: Velika Lukanja (Pirot)-Stanyantsi (Godech)
area. 1, micritic limestones (Middle Triassic); 2, red brec-
ciated limestones = Senokos red series (Upper Rhaetian);
Lower Jurassic: 3, black to grey limestones with quartz peb-
bles; 4, clays; 5, clays with coal beds and/or coal clays; 6,
sandstones; 7, transgressive boundary.
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Fig. 3. Simplified columnar sections of the Lower and Middle Jurassic sediments of the Infra-Getic domain in the Pirot-
Godech area. 1, sandstones; 2, calcareous sandstones; 3, black shales and aleurolites with Bossitra alpina; 4, clays; 5, micrit-
ic limestones; 6, sandy and/or bioclastic limestones; 7, lithoclastic and/or nodular limestones (type “ammonitico rosso™); 8,
clayey limestones; 9, marls; 10, leptochloritic ooids; 11, chert nodules; 12, sideritic concretions; 13, phosphoritic concretions;
14, conglomeratic pebbles; 15, transgressive boundary; 16, boundary, connectected with submarine gap in the sedimentation.
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grained quartz with silica cement and a transition to
quartzite of Early Liassic age.

The Kostina Formation (Pl. 3, Fig. 3) lies directly
on the Komshtitsa Formation in the vicinities of the vil-
lages Komshtitsa and Gintsi and on the Tuden
Formation near the village of Stanyantsi. It consists of
coarse to middle grained sandstones, from 3.5 m (near
Stanyantsi village) up to 12 m thick (near Komshtitsa
village). Its age is Middle Hettangian.

The Lower Jurassic sections continue with calcareous
sedimentation. In east Serbia, the Lukanja brachiopod
beds developed, which, in western Bulgaria, correspond
to the Dolniloukovit Member of the Ozirovo Formation
(PL. 3, Figs. 4, 5).

The Lukanja brachiopod beds (ANDJELKOVIC, 1958,
p- 15) near Senokos village started with dark grey to
black crinoidal limestones (1.5 m thick), which contain
many well-rounded quartz pebbles (Pl. 1, Fig. 6), as
well as many brachiopods and bivalves. The same
limestones with quartz pebbles and fossils also crop out
in the Bulgarian section of Komshtitsa. In Senokos
above them crop out marls (4-5 m) with rare interbeds
of clayey limestones (Pl. 1, Fig. 7) (of Hettangian—Si-
nemurian age). Analogous sediments are individualized
in Bulgaria as the Ravna Member of the Ozirovo For-
mation. The largest part of the Lukanja brachiopod
beds is structured by sandy and bioclastic dark grey
bituminous limestones, with many brachiopods, bival-
ves and belemnites (Pl. 1, Fig. 8). Near Senokos vil-
lage, they were separated by ANDJELKOVC & MITROVIC-
PETROVIC (1992) as the Senokos beds. The thickness of
the Lukanja brachiopod beds is 40-45 m.

The Bulgarian Dolni Lukovit Member of the Ozirovo
Formation (SAPUNOV, 1983) is presented by sandy and/or
bioclastic (predominantly crinoidal) dark grey limestones
(PI. 3, Figs. 4, 5), containing many brachiopods, bivalves
and belemnites. They are between 20—40 m thick and
are of Carixian—-Domerian (p. p.) age.

The Lower Jurassic sedimentation finished with rocks,
individualized in east Serbia as the Lukanja marlstones
and Lukanja belemnitic-gryphaean beds and in Bulgaria
as the Bukorovtsi Member of the Ozirovo Formation.

The Lukanja marlstones (Upper Pliensbachian) consist
of grey, laminated marls, clays, aleurolites and thin bed-
ded clayey sandstones, with many small belemnites. They
are covered by the Lukanja belemnitic-gryphaean beds
(Upper Pliensbachian—Toarcian) (ANDJELKOVIC, 1958),
built up of thin bedded sandy marls and clays. Within
them, two parts are individualized: lower — belemnitic-
brachiopod (with a predominance of small belemnites
and brachiopods) and upper — belemnitic-gryphaean
parts (with many large belemnites and Gryphaea). They
contain many sideritic and phosphoritic concretions.

The Bulgarian Bukorovtsi Member is represented by
grey silty marls, interbedded by thin (10-15 cm thick)
beds of clayey limestones with many sideritic and
phosphoritic concretions (Pl. 3, Fig. 6). They contain
many belemnites and large bivalves (aequipectens and

gryphaeas). They are not subdivided into different parts
and encompass the Domerian and the Toarcian.

Middle Jurassic (Fig. 3)

The Middle Jurassic sediments, in south-east Serbia, are
subdivided into the following lithostratigraphic units: Seno-
kos siltstones and shales (Aalenian), Vodenica sandstones
(Middle Bajocian) and Senokos ammonitic beds (Upper
Bajocian, Bathonian and Lower Callovian), and in western
Bulgaria into: the Etropole Formation (Aalenian—Bajocian)
and the Bov Formation (Upper Bajocian—Upper Batho-
nian), intercalated by the Dobrogled Member of the Po-
laten Formation (Bathonian, lower part). The Senokos
ammonitic beds and the Etropole Formation are similar to
the “black shales with Bossitra alpine” from the Alpes.

The Senokos silstones and shales (ANDIJELKOVIC,
1958) are structured by dark grey to black aleurolitic
argillites and marly sandstones with phosphoritic, si-
deritic and calcareous concretions (Pl. 2, Fig. 1). Near
Senokos and Rosomac villages, they are 50-70 m thick.
The upper boundary with the Senokos ammonitic beds
represents a transition. In Bulgaria, the Etropole For-
mation is analogous (SAPUNOV in SAPUNOV et al., 1967).
It is built up of dark grey to black shales, generally aleu-
rolitic with sideritic and rare phosphoritic concretions (Pl.
3, Figs. 7, 8). Near Komshtitsa village it is about 30 m
thick and encompasses the Aalenian up to the lower part
of the Upper Bajocian.

The Vodenica sandstones (ANDJELKOVIC, 1958, p. 20,
21), about 40 m thick, encompasses coarse grained quartz
sandstones of red and reddish colour, thick bedded in the
base, upwards becoming thin bedded (PI. 2, Fig. 2); they
also contain intercalations of microconglomerates.

The Dobrogled Member of the Polaten Formation
(SAPUNOV et al., 1993) is about 4 m thick in the sec-
tion of Komshtitsa (Bulgaria). This lithostratigraphic
unit is represented by yellow to brown thick bedded
limy sandstones in alternation with thin bedded calcare-
ous limestones (Pl. 4, Fig. 1). Its age is Lower
Bathonian.

Between the Senokos siltstones and shales and the
Vodenica sandstones, as well as between the Etropole
and the Bov Formation, the boundary is connected with
a progressive transition. In the section of Komshtitsa
(Bulgaria), between them grey-greenish silty marls with
rare sideritic concretions, greenish marls developed,
which are the horizontal prolongation of the lower
member — Gornobelotintsi Member (Pl. 3, Fig. 8) of
the Bov Formation. Such a lithostratigraphic unit is not
individualized in the sections of south-east Serbia.

Above the Vodenica sandstones, in the vicinities of
the villages Senokos and Rosomac, lies the Senokos am-
monitic beds (ANDJELKOVIC et al., 1996, pp. 124-125),
represented by grey-greenish sandy marls and clayey
marls, rich in ammonites, which in the upper part be-
come an alternation between grey-greenish aleuritic
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marls and clayey limestones with Zoophycos, about
30-40 m thick (PIL. 2, Figs. 3, 4). The lower boundary
represents a passage effectuated by 3—4 m thick aleurit-
ic limestones with many muscovite flakes. From the up-
per part, in marls and clayey limestones, ANDJELKOVIC
et al. (1996, p. 128) cited Macrocephalites macrocepha-
lus, Oxycerites neumayeri and Hecticoceras haugi. From
the Lower Callovian (thickness 0.75 m); higher, also in
marls and clayey limestones (thickness 0.50 m) were
found the Middle Callovian ammonites Hecticoceras
haugi, Oxycerites tilli, Hecticoceras pompecki, etc.

In Bulgaria, this unit corresponds to the Verenitsa
Member of the Bov Formation (TCHOUMATCHENCO,
1978), represented by an alternation between clayey-
silty limestones and thin beds of silty marls, about 8 m
thick containing Zoophycos sp. indet of Late Bathonian
age (Pl. 4, Fig. 2). From the uppermost part were col-
lected Rhopaloteuthis gillieroni and Homoeoplanulites
homoemorphus, which prove the middle part of the Up-
per Bathonian (Oppelia (Oxycerites) aspidoides Zone).

To west of Rosomaca, in the valley of Jelovica Ri-
ver, Middle-Upper Callovian sandy limestones and
sandstones crop out.

Middle Callovian-Tithonian (Fig. 4)

In the base, near the villages of Senokos and Roso-
mac, crop out the Kamenica limestones (ANDJELKOVIC
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et al., 1996, p. 133) represented in the base by brec-
ciated limestones, which are covered by micritic, well
bedded limestones, on the beds surfaces of which there
are lumachelles of ammonites. These limestones are
Lower and Upper (p. p.) Oxfordian.

To west of Rosomac village crop out sub reef sedi-
ments known as the Rzana limestones. They are repre-
sented by grey, well bedded limestones, 10 m thick,
which contain many bivalves, gastropods, bryozoans,
brachiopods, sponges, etc.

To the Kamenica limestones, in the vicinities of the
villages of Komshtitsa, Gintsi, etc. in western Bulgaria,
correspond the micritic limestones of the Late Callo-
vian—Oxfordian—-Middle Kimmeridgian (p. p.) Javorets
Formation (Pl. 4, Figs. 3, 4) (NIKOLOV & SAPUNOV,
1970; TCHOUMATCHENCO et al., 2001) which consists of
grey, predominantly micritic, medium to thin bedded
limestones with concretions of black to dark grey chert.
The hickness is about 20 m.

The Late Jurassic section continues with the Pokrove-
nik acanthicum limestones (Pl. 2, Figs. 5-7) in Serbia
and the Gintsi Formation (Pl. 4, Figs. 5, 6) in Bulgaria.

The Pokrovenik acanthicum limestones (ANDJELKO-
VIC, 1958; ANDIELKOVIC et al., 1996, p. 139-142) (of
“ammonitico rosso” type) consist of red, redish to grey,
thin bedded limestones, which contain many lithoclasts
and bioclasts (ammonites). On the basis of the ammo-
nites, the Pokrovenik limestones are subdivided in three
parts: Lower acanthicum limestones with red to reddish
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nodular limestones, 3—5 m thick; Middle acanthicum
limestones (7-20 m thick) with reddish limestones,
intercalated by grey limestones, with ammonite fossils;
Upper acanthicum limestones (3—10 m) with well bed-
ded clayey, nodular and/or lithoclastic limestones, grey-
redish to red, rich in ammonites.

The Pokrovenik acanthicum limestones are of Kim-
meridgian—Early Tithonian age.

The Gintsi Formation in Bulgaria is analogous to the
Pokrovenik limestones in Serbia. They are lithoclastic
and/or nodular, red or grey limestones, with marly
cement, of Middle Kimmeridgian (upper part)-Middle
Tithonian (upper part) age, in the Komshtitsa section
29.15 m thick and in Gintsi section about 40 m.

The Rosomac limestones cover the reddish Lower Ti-
thonian Pokrovenik limestones. The Rosomac limestones
are represented by grey well stratificated limestones, con-
taining dark grey to black interbeds of chert. They are
Middle Tithonian—Berriasian (p. p.) (Pl. 2, Fig. 8). These
limestones are known in Bulgaria as the Glozhene
Formation (PI. 4, Fig. 7).

The Jurassic sediments in east Serbia are covered by
the Berriasian—-Lower Barremian RZana beds, consisting
of slaty, grey biomicritic limestones with intercalations
of chert nodules, situated in the Berriasian parts in 5
levels. Their analogous in Bulgaria are the clayey lime-
stones of the Salash Formation (NIKOLOV & TZANKOV,
1971) (PL. 4, Fig. 8).
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Pe3ume

Yuopeheme jypckux cequmenara
Nudpa-rercke jequnnne y rpaHuvHOj
odaactu jyroucroune Cpouje u 3anagne
byrapcke

Hudpa-rercka maneoreorpadcka jequHANA YCIOB-
JbeHa MAIEOTEKTOHNKOM Hanasu ce m3meby [lanyomjcke
u 'eTcke mameoreorpadceke jequamIe. Y CpPIICKOj JUTE-
partypu je mo3HaTa kao MHudpa-reTukym, a y 6yrapckoj
Kao jypcku M3ppemeukn maneopos. Lluis oBor papa je
ymopebeme offHOCca jYPCKUX cefiMeHaTa ca 00e cTpaHe
CPICKO—Oyrapcke rpaHuie. Y TOM Wby Cy KOpuITheHn
npocmwmn Jlykame, Boropommumaor mMaHactupa, ceia
Pocomau u Cenokoc (okommua ITmpota, jyromcromc-
touna Cp6uja) u mpodmin y atapuma cesia Kommruia,
Twamu m Cramannu (Iomeuku cpe3 y 3amamHo] By-
rapckoj). Jypcku cegumentn y MH(ppa-reTckoj jeaunu-
IV Cy OTKpHWBEHM Ha jyxkuuM mapmaama Crape Ilma-
HUHE. Jleske TpaHCrpecWBHO NPEKO TpHjacKe IOfUHE
[PBEHKACTAX aJIeBpPOJIMTa, Jlaropala W apriiuTa ca
npociojiuma netrdapa. HasuBajy ce CeHOKOCHA 1pBe-
Ha cepuja y Cpbuju, a y 3anagnoj byrapckoj popmanu-
ja Kommruma. Jypcke Haciiare mounthy KOHTHHEHTAT-
HAM ¥ KOHTHHEHTATHO-MAapUHCKUM CEeINMEHTHMA
(romaamm u neurdapn) (JIykamCcKe KITACTATH U JTYKaHCKA
yribern ciojesn y Cpbuju m Tymencka ¢opmanmja y
Byrapckoj), HacTaBIbajy ce JTyKamCKAM KBapIHIM ITEII-
yapuma (Cp6Ouja) u KBapuHuM nerrgapuma KocrrHcke
dopmanmje (byrapcka). OBe cequMeHTe TOKpHBajy JIy-
KambCKU OPaxWOIOACKN CIOjeBH (OMOKIaCTHIHA Kped-
wanu) u Jlyrkamckn Kpeumwany (CpOuja) W 4iIaHOBH
Osuposcke ¢opmanmje: Pomanor Jlonm (Kpeumanu ca
KBapIHUM [IUBYHKOM), PaBHa (Kpedumany ¥ TIMHIN [0
nanopuu) u Homan JIykoBUT (GMOKIACTHYHH Kped-
Balli) y KojuMa npeosiabyjy GHOKIaCTHIHH KpeUrhally
(Bbyrapcka). CemumenTanmja ce HacTaBiba JIykamcKaM

0eJIEeMHUTCKO-TpU(]EjCKUM CITojeBUMa (JTAOpIX W TITH-
HOBHUTH TIlemrdapm) kojuma y Byrapckoj opromapa
BykopoBaukn wian (Takobe Off jamopana U TIMHOBH-
THX Kpeumaka ca KBprama pocopuTa W CHCPHUTA)
Oswmposcke opmanmje. Cpenmbojypcka celuMeHTanyja
je moyena LPHUM alIeBPUTCKUM IJIMHIMMA Ca CUTHUM
mKoJbKama (Bossitra alpina) v XpymHUM GeJIEeMHATAMA.
Ogu cegumenTn cy yrBphern y Cpomju kao CeHOKOCHA
aJIeBPOJIUTH U IMHMHIM, a y byrapckoj kao ETpomnoncka
¢opmamnmja. OBa ¢anuja je y Anmmma Mmo3HAaTa Kao
“npuu rwHAL, ca Bossitra alpina”.’yY Cpbwuju ce mpodun
HacTaB/ba BoieHnukum nemrdyapuma 6ajecke CTapocTH,
a y Byrapckoj HoGpornencknm wianoMm [lonmatencke
¢opmammje. Y bByrapckoj, oHu cy ropmobajecke—o-
BH00aTCKe CTapOCTH, IPEKPHBA]y Janoplie JOmEr YWiaHa
(FopwobenornHaukn uyiaH) BoBcke dopmamnuje, a
JIeKe UCIOJ] ropwmer BepeHHYkor unaHa, IpefcTas-
Jb€HUX CMEHOM Jlanopana U IJIMHOBUTHX Kpeumaka,
Boscke ¢dopmanuje. BoneHnuku nemryapu, OfHOCHO
Hob6pornenacku uinaH, 3aBpiiaBajy y mpodmry Kowm-
mtune. byrapcka Boscka ¢opmarmja ogrosapa CeHo-
KOCHIM aMOHHUTCKHUM cjiojeBuMa y uctouHoj CpOwuju.
l'opwa rpanuna amoHutckux cinojeBa CeHokoca u
Bogscke dopmanuje je omrpa, MECTUMUIHO €pO3UOHA
(HempaBmIIHA), TPEKPHBEHA aMOHUTCKOM OpedoM ca
MHOIITBOM Macrocephalites—a. Y Byrapckoj, HaBuiie
clefe CHUBM Kpeumalld ca pPOXHA4YKMM KBprama
JaBopeuke ¢opmanmje, a y ucrounoj Cpouju Kame-
HUYKK Kpeuwanu. VM3Haj mHUX Cy CHBU WIM LIPBEHH
KBpraBW, OJHOCHO IJIMTOKJIACTUYHU Kpedmand (THII
“ammonitico rosso” ) I'mamu popmanmje y Byrapckoj u
ITokpOBEHNYKN aMOHUATCKU (aKAaHTUKYM) KpPEUmani y
Cp6uju. Jypcku npodun Muppa-reTrkyma ce 3aBpiia-
Ba CUBUM MUKPHUTCKUM U JIUTOKJIACTUYHIM KpeUHhali-
Ma Koju y ucrounoj Cpbuju npumnanajy Pocomaukum n
PcoBauknm kpeumarnuma, a y Byrapckoj — 'moxken
¢dopmanmju. 3akibydaK je jia ce JauTocTpaTurpadcke
jenmHMAIIE, KOje Cy MOceOHO U3BOJUIIN Pa3HU ayTOPH Y
ncrouHoj Cp6uju u 3anagaoj byrapckoj, mory nopenu-
TH U HUXOB OHOC [OBOAMUTH y Be3y ca o0e cTpaHe
Ap>KaBHE TpaHUlIIe.

PLATE 1

Serbia

Fig. 1. Jelovica limestones, Triassic, Velika Lukanja.

Fig. 2. Senokos red series, Upper Triassic, Senokos.

Fig. 3. Lukanja coal beds, Lower Jurassic, Velika Lukanja.

Fig. 4. Lukanja clastics, Lower Jurassic, Velika Lukanja.

Fig. 5. Lukanja Quartz sandstones, Lower Jurassic, Senokos.

Fig. 6. Base of the Lukanja brachiopod beds, Lower Jurassic, Senokos.
Fig. 7. Lukanja brachiopod beds, detail, Lower Jurassic, Senokos.

Fig. 8. Lukanja brachiopod beds, general view, Lower Jurassic, Senokos.
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PLATE 2

Serbia

Fig. 1. Senokos siltstones and shales, Middle Jurassic, Senokos.

Fig. 2. Vodenica sandstones, Middle Jurassic, Senokos.

Fig. 3.  Senokos ammonitic beds, Middle Jurassic, Senokos.

Fig. 4.  Senokos ammonitic beds, Middle Jurassic, Senokos.

Fig. 5. Pokrovenik acanthicum limestones, Upper Jurassic, Rosomac.

Fig. 6. Pokrovenik acanthicum limestones, detail, Upper Jurassic, Rosomac.
Fig. 7. Pokrovenik acanthicum limestones, Upper Jurassic, Rosomac.

Fig. 8. Rosomac limestones, Upper Jurassic, Rosomac.
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PLATE 3

Bulgaria

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1
2
3
4.
5.
6
7
8

Touden Formation (Lower Jurassic) and the boundary with the Middle Triassic limestones, Stanyantsi.

Boundary between the Komshtitsa Formation (Upper Triassic) and the Kostina Formation (Lower Jurassic), Komshtitsa.
Kostina Formation, Lower Jurassic, Visochica River, Komshtitsa.

Dolni Loukovit Member, Ozirovo Formation, Lower Jurassic, Komshtitsa.

Dolni Loukovit Member (detail), Ozirovo Formatin, Lower Jurassic, Komshtitsa.

Bukorovtsi Member, Ozirovo Formation, Lower Jurassic, Komshtitsa.

Etropole Formation, Middle Jurassic, Barlya.

. The boundary between the Etropole Formation and the Bov Formation (Gornobelotintsi Member), Middle Jurassic, Barlya.
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PLATE 4

Bulgaria

Fig. 1. Dobrogled Member, Polaten Formation, Lower Bathonian, Barlya.
Fig. 2. Verenitsa Member, Bov Formation, Middle Jurassic, Barlya.

Fig. 3. Yavorets Formation, Callovian—Oxfordian, Barlya.

Fig. 4. Yavorets Formation, Callovian—Oxfordian, Barlya.

Fig. 5. Gintsi Formation, Upper Jurassic, Barlya.

Fig. 6. Gintsi Formation (detail), Upper Jurassic, Barlya.

Fig. 7. Glozhene Formation, Upper Jurassic, Barlya.

Fig. 8. Salash Formation, Lower Cretaceous, Barlya.
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A storm event during the Maastrichtian
in the Cauvery basin, south India

Mu. RAMKUMAR

Abstract. Sedimentary structures in the Kallankurichchi Formation of the Ariyalur Group, South India have
been examined with a view of assessing the depositional setting of these rocks. Of the different sedimentary
structures, such as cross bedding, cut and fill, etc., hummocky cross stratification is significant as it resulted
from a major storm event. This paper deals with the recognized sedimentary structures, their genesis and envi-

ronmental implications.

Key words: storm event, Maastrichtian, Kallankurichchi Formation, Ariyalur Group, South India.

Anmncrpakr. CenumenTtHe cTpykType opmanmje Kanankypwan, Apujanyp rpyna, jyxkaa Uaamja, mpoydaBane
Cy paiM yTBpbuBama [eNO3UIHOHOT IPOCTOpa TUX cTeHa. Meby pas3inmunTuM ceAMMEeHTHIM CTPYKTypaMa, Kao
HITO Cy YKPUITEHA CIOjeBUTOCT, CTPYKTYypa CIMpama UTA., OpexkylbkacTa Koca CIOjeBUTOCT je 3HadajHa Kao
HOCNeula [leJoBalba CHaXKHE Ojyje. Y OBOM pajly ce TOBOpU O YTBpheHUM CEAMMEHTHUM CTPYKTypama,
BIXOBOM MOPEKIY M YTULAjMa Ha IETO3UIIOHY CPEUHY.

Kipyune peun: ytunaj onyja, Mactpuxt, Kanaukypuuu popmanuja, Apujanap rpyna, jy>kaia Unaauja.

Introduction

Sedimentary structures play a vital role in the inter-
pretation of depositional conditions and hence an attempt
was made to understand the depositional environment of
the Kallankurichchi Formation of the Ariyalur Group,
Tamil Nadu based on its sedimentary structures. The
study area is situated east of the town Ariyalur and forms
a part of the Kallankurichchi Formation (Fig. 1). The
general stratigraphic setup is as follows (after SASTRY et
al., 1968; CHANDRASEKARAN & RAMKUMAR, 1995).

Age Formation Gross Lithology

Kallamedu Formation Sandstone

Maastrichtian Outakoil Formation Sandstone

Arivalur Kallankurichchi Formation Limestone

_____ i g
Group Unconformity
Campanian

Sillakkudi Formation Sandstone

----- Unconformity ===-

Trichinopoly Group

In the study area, the Kallankurichchi Formation is a
prominent carbonate unit and is exposed as isolated out-
crops (GUHA & SENTHILNATHAN, 1990). The formation is
40 m thick and has N-S extension of 35 kilometers with

a width varying from 500-3500 m. Based on the faunal
composition, Maastrichtian age has been assigned by
SASTRY et al. (1972) and later refined to Lower Maas-
trichtian by RAMAMOORTHY (1991) & RADULOVIC and
RAMAMOORTHY (1992). HART et al. (2000) speculated the
commencement of the deposition of this formation dur-
ing the late Campanian—Earliest Maastrichtian. The gen-
eralized lithological succession of this formation was
provided by RAMKUMAR (1999) and is presented herein.

Kallamedu Formation
Outakoil Formation

————— Unconformity = =--- —

Gryphaean Ist Mb (18 m) Gryphean fragmental shell 1st

Gryphean Ist

Fragmental shell Ist Mb (8 m) Gryphean fragmental shell 1st
Bedded fragmental shell st
HCS shell hash

Cross bedded fragmental shell 1st

Bedded fragmental shell 1st

ARIYALTR GROUP

Inoceramus 1t

Inoceramus Ist Mb (8 m)

Kallankurichchi Formation

Arcnaccous gryphean 1st
Arenaceous Mb (6 m)

Silicious and limy conglomerate

----- Unconformity ====- —

Sillakkudi Formation —
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commenced with a transgression
during the Latest Campanian—Ear-
ly Maastrichtian (HART et al.,
2000). Towards the top, the con-
glomeratic deposits show a reduc-
tion in proportion and size of si-
liciclastics which were increasing-
ly replaced by gryphean colonies.
In due course, the gryphean bank
shifted towards shallower regions
and the locations previously oc-
cupied by coastal conglomerate
become middle shelf, wherein ty-
pical inoceramus limestone started
developing. The break in the sed-
imentation of inoceramus limesto-
ne was associated with a regres-
sion of the sea level, resulting in
the erosion of shell banks and mid-
dle shelf deposits and their re-
deposition into biostromal depo-
sits. Again the sea level rose to
create a marine flooding surface,
as a result of which gryphaean
shell banks started developing mo-
re widely than before. Towards the
top, shell fragments and minor
amounts of siliciclastics are observ-
ed, indicating the onset of regres-
sion and higher energy conditions.
The occurrence of a non-deposi-
tional surface at the top of this for-
mation and the deposition of shal-
low marine siliciclastics (Ottakoil
Formation) immediately over the
carbonates and a conformable of-
flap of much younger fluvial sand
deposits (Kallamedu Formation)
are all suggestive of a gradual re-

Fig. 1. Location map of the study area

The rocks of this formation consist predominantly of
skeletal limestones and fragmental limestones analo-
gous to the bank and bank-derived materials of NELSON
et al. (1962). They contain whole shells and bioclasts
of mollusca, bryozoa, foraminifera, brachiopoda, echin-
odermata, ostracoda and algae. Minor to significant
amounts of peloid, quartz, lithoclasts and intraclasts are
also observed. The six standard types of microfacies of
WILsON (1975) are recognized from this formation
(RAMKUMAR, 1995) and interpreted to have been de-
posited in a distally steepened carbonate ramp setting
(RAMKUMAR, 1999). The depositional history of this
formation was elucidated by RAMKUMAR (1995, 1999)
and a brief note of it is presented herein.

gression associated with the estab-
lishment of a fluvial system during
the end of the Cretaceous.

Sedimentary structures
Cross Bedding

Tabular cross bedding is a common in fragmental li-
mestone. The maximum thickness of the cross bedded
unit is of the order of 1.8 meters. Due to the presence
of shell fragments, the foreset beds do not exhibit well
defined layers in the vertical section. However, they do
appear as uniform layers on the surface (Fig. 2A). The
cross bedding structure is found in a limited region with-
in finely fragmented limestone and can be seen in the
southwest wall of mine pit I of the Tancem mine (locat-
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ed west of Kallankurichchi Village and north of the Ari-
yalur—Kallankurichchi road — Fig. 1). This cross bedded
unit can be termed as large scale cross bedding (REINECK
& SINGH, 1986). The individual laminae have a more or
less uniform thickness varying from 1.5-2.3 cm. The
bounding surfaces of the foresets are sharp. The indi-
vidual laminae can be traced throughout the length. The
grains are well sorted irrespective of the nature of the
clasts. High roundness is observed in both the bioclasts
and peloids. Since this unit is bounded by bank deposits,
the cross bedded deposits can be described as large un-
derwater sand dunes developed in the shelf region which
might have originated by shoaling waves (Chakraborty,
personal communication). Like the carbonate sequence
of the Middle Eocene of Peninsular Florida, described
by RANDAZZO et al. (1990), this cross bedded unit also
has abundant burrows.

Cut-and-Fill Structure

Cut-and-fill structures characterized by a shallow
concave base and a flat top are common. These are
observed in the Tancem mine I along the SW wall of
bench I (located west of Kallankurichchi Village and
north of the Ariyalur—Kallankurichchi road — Fig. 1).
These have a maximum length of 150 cm and a height
of 20 cm. These structures occur above the cross bed-
ded strata and form the base of the hummocky cross
bedding. The channel fill material does not show any
cross bedding and the channels are filled up with fin-
ing upwards coarse grained carbonate sand. This car-
bonate sand consists of minor amounts of intraclasts,
ferruginous matrix and fine quartz sand. These channel-
fill structures gradually merge into hummocky cross
stratification (HCS).

Hummocky Cross Stratification

Hummocky cross bedding is found near the location
where cut-and-fill structures predominate. Its character-
istics are described herein.

a. The laminae are curved both in hummocks (con-

vex up) and swales (concave up) sectors.

b. The laminations dip at 12°; but the bed sets ap-
pear to meet at very low angles in such a way
that, at times, they are parallel to the lower
bounding surface.

c. Individual laminae have a maximum thickness of
4 cm at swales and 1.8 cm at hummocks, reflec-
tive of a thickening (at swales) and a thinning (at
hummocks) nature. Maximum wave height is 97 cm
and wave length 6 meters.

d. The laminations show no preferred orientation.

e. The rocks showing HCS structures are composed
of polished fragmental shells (Fig. 2B, C). These
are sandwiched between normal bedded and cross

bedded carbonate sand. The upper contact of the
hummocky cross stratification unit is also sharp.

Hummocky cross stratification is commonly associ-
ated with storm deposits (“Tempstites” of AGER, 1973;
KRrEISA & BAMBACH, 1982; LooPE & WATKINS, 1989;
MENG et al., 1997). It is observed on the continental
shelf of the northwest Atlantic Ocean in water depths
of 1040 meters. It is also found in tidal flats (MuUK-
HERJEE et al., 1987; WEIDONG et al., 1997). It has been
reported from clastic sediments (Bose et al., 1997), as
well as from carbonate skeletal deposits (MENG et al.,
1997; WEIDONG et al., 1997). The HCS is interpreted
as being due to a combination of storm generated and
geostrophic currents (SWIFT et al., 1983).

In the present area, reworked autochtonous fauna in
the HCS with little lateral variation of texture and
structures are found to occur. This suggests that this
particular unit of the Kallankurichchi Formation did not
receive material from distant sources during the storm.
The absence of whole unabraded, well marked layer-
ing, edge-polished shell fragments of fossils (Fig. 2B,
C), in addition to the occurrence of storm deposits as
a single thick unit, etc., suggest that the prevalent
major storm might have mobilized already deposited
sediments on the bottoms (MENG et al., 1997; KROH &
NEBELSICK, 2003). According to the descriptions of
AIGNER (1982) and AIGNER & REINECK (1982), the
exposures of HCS at Tancem mine I SW wall bench 1
represent a proximal storm bed in view of the follow-
ing characteristics.

a. This storm depositional unit is a very thick bed.

b. The beds are composite and intermixed with var-

ious bedforms and materials.

c. It is composed of bioclasts which are coarse grained

(Gravel to coarse sand).

These characteristics of this sequence are spread
over short distances and die out towards the east where
the size of the bioclasts decreases. Further east, thinly
bedded, mud dominated rocks with unabraded fossils
are observed, which may represent the distal end of
storm beds (TUCKER & WRIGHT, 1990). BOUOUGRI &
PoOrRADA (2002) and MENG et al. (1997) also observed
the deposition of mud and finer grain rich deposits after
major storm event in the Neoproterozoic deposits of
Morocco. As has been observed in storm associated
deposits elsewhere (MENG et al., 1997; SAVRDA &
NANSON, 2004), due to the reduction of intensity of the
storm, the finer grade materials also started to settle
and hence, this sequence shows fining upward grada-
tion from gravel to sand. The grains were carried and
settled from a suspension cloud. These interpretations
are supported by the horizontality of platy shell mate-
rial with reference to the original sedimentation sur-
faces. Comparison of these characteristics based on the
criteria enlisted by GOFF et al. (2004) clearly affirms
the storm generated nature to these deposits. This type
of typical storm deposit and its distal expression (MAR-
TINI & BANKS, 1989) are interpreted to be of inner and
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Fig. 2. A, Field photograph of planar cross bedded limestone exposed in a mine floor. Due to low dip and planar bedding, the
exposure at the mine floor depicts only feeble bedding planes, indicated by dashed lines; B, Field photograph showing the nature
of the HCS sequence in a mine section. The shoal facies is superposed by HCS beds. Note the sudden change from shoal facies
limestone (lower) to edge polished fragmental limestone (HCS bed) as reflected by the sudden change in skeletal composition.
Differential compaction of the shoal facies limestone and the HCS limestone has obliterated the sharp erosional bedding plane
(indicated by pen in the photograph) between these two units; C, Close-up view of the HCS bed showing fragmented and round-
ed shell material. Also note the presence of Stigmatophygus in life position (indicated by pen in the photograph); D, Typical
gryphean limestone deposit of the Kallankurichchi Formation. Occurrence of these gryphean colonies over the HCS unit denotes
the return of normal depositional conditions after a major storm event.

middle shelf in origin respectively (DROSER & BOTTIER,
1988; BURCHELL et al., 1990).

Since the storm bed with HCS is found to occur in
between normal bedded and cross bedded deposits, the
energy of the shoaling waves is presumed to have been
short lived. The gradual change of the storm beds to
cross bedded, well sorted carbonate sands is indicative
of the waning period of the storm. The escape struc-
ture in a ‘V‘-shaped burrow at the base of the storm
deposit (HECKEL, 1972) suggests the sudden appearance
of storms. Oyster beds above the bedded and cross bed-
ded carbonate deposits suggest that the colonization of
oysters (Fig. 2D) started after the major storm event.

Conclusion

From the nature and sequence of the sedimentary
structures, particularly the hummocky cross beds, it can

be concluded that during the deposition of the Kallan-
kurichchi Formation, there were storm events, which
contributed to the continuous and homogenous deposi-
tion of bank deposits and middle shelf deposits. The
intensity of the storm event was very high in the dep-
osition of 1.8 meters thick fragmental shell beds. From
the change in the nature of sediments within the storm
bed, an easterly storm condition has been inferred. The
storm deposits of the Kallankurichchi Formation show
similarities in broader terms with that of the Cretaceous
Mzamba Formation of South Africa, as reported by Liu
& GREYLING (1996).
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Pe3ume

Ouyjna nojasa 3a BpeMe MacTpHUXTa y
oaceny Kaysepu, jyxna Unguja

Kpeumauke nacmare ¢opmanmje Kamankypwum,
Apwujanyp rpyne y jyxuoj Manamju, cagpxke KapakTe-
PUCTHYHY acOIMjalljy CEMUMEHTHUX CTPYKTypa orpa-
HUUYeHWX Ha ofijpebeny obmnact y 6mm3unn cena Kanan-
kypuun. Kako cy cefuMeHTHe CTPyKType OWTHE 3a
TyMauele MalleOCpeinHe, YUNCH je TOKYIIaj fja ce
YIIO3HAjy TJIaBHU YCIIOBH TAJIOXEHa, a TAME CE JOIIIO0
W JI0 0Ka3a I0jaBa CHaKHE OJyje TOKOM MacTpHUXTa y
6aceny Kaygsepn y jyxxuoj Vunujn.

dopmanuja Kamaakypydn ce cacToju IpeTeskKHO Off
CKEJIETHUX KpeumaKa W (pparMeHTapHHX Kpedumaka
IITO OAroBapa O0AJCKUM W MOPEKIOM OOAIICKUM Ma-
TepujannMa. 3amakeHe ¢y Mame 10 3HaTHE KOIWINHE
meJjonpa, KBapla, JIMTOKJIAacTa W WHTpakKiacra. YT-
BpbeHo je miecT cTaHAgapHUX TUMOBAa MUKpodamnuja
oBe (popManyje 1 BIXOBO TANIOXEHE Y CPEANHH JJOHET
Kpaja cTpMe KapOOHATHE pamIe.

TabymapHa Koca CJI0jeBHTOCT je decTa KOJ CIIojeBa
MOJIOMJBEHUX Kpeumaka ¢opmanuje Kamankypyum.
MakcnmanHe meGibrHA KOCO YCIIOjeHMX Kpeumhaka je
pena 1,8 meTapa. 360r npucycTBa ofyioMaKa IKOJhaKa,
KOCH CJIOj€BH HE TOKAa3yjy jacHO AeuHrcaHe CIIojeBe Y
BepTHKaTHOM nipodmiy. MebyTnm, Ha TOBPIIMHA CIIOje-
BU M3rJIeajy yjemHadeHo. OBa KOCO yciIojeHa jeluHAIa
ce MO3Ke y3eTH jfla IPENCTaBlba KOCy yciojeHocT Behnx
pa3mepa. Kaxko je oBa jenmHmIa OrpaHmdeHa 0OAJICKUM
Hacjarama, Koco yCIIOjeHe Hacjare ce MOTy ONFCAaTH Kao
MIOIBOJIHE BENIMKE TIelTYaHe INHE HajBepoBaTHHje (pop-
MHUpaHe TajacuMma y obiactu ommuhanor mesnda.

CrpykType chmpama (HaKHAJHO 3allyleHe BOJO-
JepuHEe) Cy YecTe y MpOoydaBaHOj OOJACTH M Kapak-

TEpHIIY ce IITITKOM KOHKaBHOM OCHOBOM 1 3apaBH-€H-
uM BpxoM. Te cTpyKType ce jaBibajy u3Haj] YKPIITCHUX
cnojeBa m (pOPMUPajy OCHOBY OpesKyJbKacTe CIIOjeBU-
TocTH. MaTepujall u UCITyHe BOIOfIEpMHA HE MOKa3yjy
HIKaKBy KOCY CJIOjeBHTOCT, Beh cy BoofiepiHe WMCIy-
IBEHe KPYIHO3pHUM KapOOHATHNM IIECKOM KOjH ce
HaBUIIIEC YCUTHaBa. Te CTPYKType cnmpama HOCTENeHO
mpena3e y OpexXyJbKacTy KOCYy CTpaTU(UKANHjy
(BKC).

Ha 6pexyibkacTy KOCy CIOjeBHTOCT CE€ HaWjIa3H y
OIIM3WHY MecTa Ijie peoBiabyjy cTpyKType cnmpama.
Bpexymkacra koca cTpatudukalmja ce OOUIHO JOBO-
nu y Besy ca onyjumMm HanocuMa. BKC ce o6jamrmana
la mOTWYe O KOMOWHOBAHOT JIEjCTBA OJIyjHE W Te€O-
crpodre crpyje. Capma cy y Toj obimactu HaheHe mojaBe
npetanoxkeHe ayroxTtoHe ¢ayne y BKC ca mamom
GOYHOM pa3IMKOM Y CTPYKTYpH 1 TeKcTypu. Ta cTpyk-
Typa yKa3syje fia 3a BpeMe OJIyje HHje CTUTA0 MaTepujal
ca Behe ymalbeHOCTH HapOUHTO Y OBY jeAMHUIY (hopMa-
mmje Kanmankypwum. OncycTBO UYMTaBHX, H3PaKEHO
CIIOjeBUTHX, (pparMeHaTa (pocuia MKOJbKH YIIIadaHuX
WBWIIA TIOPEJl T0jaBe OJYJHUX HAciara y BUAY jeflHE
nebere jequHUIE W APYTrO yKaszyje fa je TOMUHAHTHA,
Beha omyja Moxja mokpeHysa cegumeHTe Beh Hara-
JIOXKeHe Ha Hy. Ha ocHOBY TOora mITo je mojaBa oyjHOT
cnoja ca BKC nabena m3meby HopmanHO ycrnojeHux n
KOCO YCJIOjeHUX Hacliara, mpeTIoCcTaBjba ce fa je eHep-
rgja Tamaca y omimhalioj cpeluHM KpaTKO Tpajaia.
IlocTenenn mpenas ONyjHHUX ClIOjeBa y KOCO YCIOjeHe
Haciare, HOOpO cOpTHpaHW KapOOHATHM MECKOBH,
yKa3zyjy Ha nepuop cnabibema onyje. CTpyKTypa ucmu-
pama y Opa3am y o6nmKy cioBa “V” y 06a3um onyjHE
Hacjlare ykas3yje Ha Harily mojaBy odyja. CiojeBn
OCTpHUTra M3HaJ] CII0jeBUTHX M KOCO YCIIOjeHnX KapOoH-
aTHUX Hacllara yKa3yjy fia je KOJOHM3amWja OCTpHra
moveJia Ipe TIIaBHe OIlyje.

Ha ocHOBY mpupoje W CEKBEHIE CEIUMEHTHHX
CTPYKTypa, HApOUHTO OpesKyIbKacTO-KOCHX CJIOjeBa,
MOXe C€ 3aKJbYUNTH a Cy Ce 3a BpeMe TalloXema
Kanankypnun ¢opmanmje jaBmpae olyje Koje cy Jo-
NPUHEJIE CTATHOM M YjeHAYCHOM TaIOKEHYy 00acCKuX
Hacjara W Hacjara cpepfmer menda. Omnyje cy Omie
BpJIO BENWKOT WHTEH3UTETa Kaj Cy Ce HATAIOXKWIN
CJI0jeBH OfiJIOMaKa IKoJbKH nebspuHe 1,8 metapa. U3
IpOMeHe TPUpPONie CeAUMEHaTa YHyTap ONYjHOT Clloja
3aKkJbydyje ce fa je Oiyjy cTBapao MCTOYHHU BeTap.
Ounyjue nHacmare gopmanmje Kamankypwam moxasyjy
CIIMYHOCT y IIMPEM CMHCIY ca KPEeTHUM OIYjHAM
Hacnarama popmanuje M3amba y Jyskaoj Adputm.
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The Cretaceous/Paleogene (K/Pg) boundary in the Mezdra
and Lyutidol syncline, Vratza District (West-Fore Balkan, Bulgaria)

NIKOLA A. JOLKICEV

Abstract. This paper discusses the unjustified assignment (based on calcareous nannofossils) of a large por-
tion of the Maastrichtian strata in the Mezdra and Lyutidol synclines (West Fore Balkan, Bulgaria) to the
Paleogene. The co-occurrence of Paleocene nannofossils, reported by some authors, and Maastrichtian macrofos-
sil taxa in these sections indicates diachronism in the appearance of macro- and nannofossils across the K/Pg
boundary. Thus, this boundary cannot be precisely localised except if the Maastrichtian fossils are assumed to
have been redeposited, but there is no evidence of resedimentation. Maastrichtian macrofossils are found not only
within the range of the Paleogene nannofossil zones, but also in sections overlying them in the Kajldka Formation
where new Maastrichtian macrofossil taxa, such as the echinoid Hemipneustes striatoradiatus (LESKE), appear and
some inoceramid and cephalopod taxa range into this unit. These facts shed doubt over the applicability of nan-
nofossils in determining the K/Pg boundary where this has already been firmly documented by macrofauna.

Key words: Cretaceous/Paleogene boundary, Maastrichtian strata, nannofossils, foraminifers, inoceramids,
ammonites, echinoids, West Fore Balkan, Bulgaria.

Ancrpakt. Y pajy ce pachpaBba O HEONPAaBIaHOM INPHUIKCHBAKY (HA OCHOBY KpEeUHauyKHX HaHO(OCHIIA)
BEJIMKOT [leJla MACTPUXTCKOT Mpoduiia y cuHkinHazamMa Mesnpe u Jbytunona (3ananuu [pegbankan, Byrapcka)
naneoreny. VIcTOBpeMeHO MojaBJbUBahe NACOLEHCKIX HaHO(OCHIIa, O KOjIMa NIy HEKH ayTOPH, ca MAaCTPHXT-
CKMM MakKpO(OCHIHIM TaKCOHMMa Y OBHM INpO(miINMa yKasyje Ha JAMaXpoHW3aM y II0jaBH Makpodocuia u
HaHo(ocuna Ha rpanuny K/Pg. [Ipema ToMe, oBa rpaHmIja ce He MOXe MPEUU3HO YTBPAUTU OCHM aKO Ce HE MpeT-
IIOCTABU f1a Cy MaXxCTPUTCKU (POCHIIM OUNIY NIPETATOXKEHH, alli He [IOCTOj€ 0Ka3!U MPeTaloXuBamba. MacTpUXTCKU
HaHOOCHIIU cy HabeHN He caMO Yy OKBUPY BEPTUKAIIHOT MPOCTHpamha MalleOreHnX HaHO(OCUITHHAX 30HA, Beh 'y
¢opmanumju Kajnaka rje ce jaBibajy HOBH MaCTPUXTCKH MaKpO(OCHIIHA TaKCOHM Kao 1ITO je Hemipneustes stria-
toradiatus (LESKE) 1 HEKM MHOLIEpaMCKH 1 1iepanonofcky TakcoHn. OBe unmeHnle 6anajy CeHKY CyMibe Ha Ipu-
MeHJbUBOCT HaHO(gocuna y oapebuBamy rpanutie K/Pg riie je ona Beh noyspgaHo joka3zaHa Ha OCHOBY MakpogayHe.

KipyuHe peum: rpaHuna Kpepa-najaeoreH, MaCTpUXTCKHU CIIOjeBH, HaHO(oCcHIU, (popaMuHupepH, HHOLEpa-
MycCH, aMOHUTH, eXuHUAY, 3anajguu [Ipenbankan, Byrapcka.
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Upper Cretaceous sediments in the Mezdra and Lyuti-
dol synclines in the Vratza District, West Fore Balkan,
Bulgaria are widely distributed and of essential tectonic
importance. For a long time, based on erroneously iden-
tified fossils, these were assumed to be of Cenomanian
age (ZLATARSKI, 1904, 1905, 1910). This author (ZLa-
TARSKI, 1905) assigned only a portion of the limestones
exposed at the village of Varbeshnitza, northwest of
Mezdra and those around the village of Lyuta (now
Vladimirovo) to the Senonian. Later, ZLATARSKI (1910)
pointed out that the limestones at Lyuta were certainly

of Senonian age but those at Varbeshnitza were of
doubtful Senonian age, although he cited some Senonian
fossils found earlier by him. He assumed these sediments
to be of Cenomanian age but later again referred them
to the Senonian (ZLATARSKI, 1927). The same author
(ZLATARSKI, 1904) assigned a Cenomanian age also to
Eocene sandstones resting upon the “Cenomanian” lime-
stones which, as he pointed out, were easily distinguish-
ed from the Lower Cretaceous sandstones in the Vratza
area. For the first time, BONCEV (1932) proved that the
Upper Cretaceous sediments in the Fore Balkan to the
south of the Iskar River were of Maastrichtian, not Cen-
omanian, age. Simultaneously, BONCEV & KaMENOV
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(1932) extended the studies of this stage to the north of
the Iskar River — between Mezdra and Roman, and later
they (BONCEV & KAMENOV, 1934) continued these to the
west — between the rivers of Iskar and Ogosta. Based on
inoceramids, cephalopods, echinoids and other macrofos-
sil taxa, they documented in detail the biostratigraphy of
the Maastrichtian Stage in the western Fore Balkan. The
Maastrichtian age of the Upper Cretaceous sediments in
this area was confirmed by all subsequent investigators,
based on macrofossil fauna (COHEN, 1946; TZANKOV,
1968; JOLKICEV, 1982, 1986, 1989, and others).

During recent years, calcareous nannofossils have
been assumed to be of extreme importance for the sub-
division of Upper Cretaceous and Cenozoic sediments
— an importance that, seemingly, cannot be put in ques-
tion. However, NAIDIN (2002, p. 46) has recently point-
ed out that “nevertheless we should have some doubts”
of the applicability of nannofossils.

Under the influence of nannoplankton euphoria, a
number of publications have recently appeared in which
the Cretaceous/Paleogene boundary in the study area
was traced without taking into account the presence of
characteristic macrofauna in the same sections that
were subdivided by means of nannoplankton. The Cre-
taceous/Paleogene boundary as determined by macro-
fauna was disregarded in these papers.

The macrofaunal data presented below raise ques-
tions about the applicability of nannofossils in defining
the Cretaceous/Paleogene boundary in the study area.

Facts and discussion

This paper discusses the Maastrichtian strata in the
southern limb of the Mezdra syncline and the same
deposits in the northern and southern limb of the
Lyutidol syncline in the southern parts of the West Fore
Balkan (Fig. 1).

The stratigraphic section in these two structures com-
prises the following lithostratigraphic units in ascending
order (JOLKICEV, 1986): Darmanci Formation — Lower
Maastrichtian; Kunino Formation — Lower Maastrichtian;
Mezdra Formation — Lower Maastrichtian and Kajlaka
Formation — Upper Maastrichtian (Fig. 2).

The studies of SINNYOVSKY (1991, 1993, 1998, 2001),
SINNYOVSKY & CHRISTOVA-SINNYOVSKA (1993) and StoY-
KOVA et al. (2000) all focused on the Darmanci, Kunino
and Mezdra Formations. It is unexplainable why they did
not discuss the age of the overlying Kajladka Formation.

The Mezdra Formation in the two structures com-
prises three lithological units of variable thickness: the
lower unit — microgranular limestones with flint con-
cretions; the middle unit — argillaceous limestones with-
out flint concretions with interbeds or in alternation
with marls and the upper unit — microgranular lime-
stones with flint concretions (Figs. 2-4). SINNYOVSKY
& CHRISTOVA-SINNYOVSKA (1993, p. 32) referred to the
middle unit in the Lyutidol syncline as the “Limestone
Formation”. In this unit EK. DMITROVA (Geological
Institute, Bulgarian Academy of Sciences (BAS), unpub-
lished data) identified a foraminiferal assemblage (see
Fig. 3). From the same strata at the southerly limb of
the Mezdra syncline (at the village of Chelopeck), Y.
MaLiakov (Geological Institute, BAS) collected eighteen
echinoid tests (now housed at the museum of the
Geological Institute, BAS No F.002525 to 002542).
Among these, the following taxa have recently been
identified (Fig. 2): Echinocorys conoidea GOLDFUSS as
well as several Echinocorys sp. which belong to a group
of species morphologically close to E. gr. marginata/sub-
globosa (of early to late Campanian age; compare
ERNST, 1972, 1975; JAGT et al., 2004); this may repre-
sent a continuation into, or recurrence(?) during the
Maastrichtian of such test morphologies (compare JAGT,
2000). In the Maastrichtian type area, these forms occur
as well, and are nearly always associated with typical

Fig. 1. Sketch map (inset) of Bulgaria with
location and geological map of the study
area (after TZANKOV et al., 1991, modified).
1, Quaternary; 2, Lower—Middle Eocene;
3, Middle Eocene; 4, Kajlaka Formation —
Upper Maastrichtian; 5, Darmanci, Kunino,
Mezdra formations — Lower Maastrichtian;
6, Lower Cretaceous; 7, thrust; 8, reverse
fault; 9, transgressive boundary; 10, bound-
ary of Quaternary sediments; 11, strati-
graphic sections (sections I and II, shown
in Figs, 3, 4, respectively).
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Fig. 2. Generalized stratigraphic section of the Mezdra syncline. 1, conglomerates; 2, sandstones; 3, glauconitic sandstones;
4, marls; 5, clayey limestones; 6, medium- to coarse-grained limestones; 7, limestones with flints; 8, chalky limestones; 9,
biomorphic limestones; 10, “quarry type” limestones; 11, megaslump; 12, hardground; 13, phosphorites; 14, transgressive
boundary; 15, “x”, fossils discovered by BONCEV & KAMENOV (1934) and probably some of them misidentified; 16, ’v”, fos-
sils discovered by ZLATARSKI (1910) and probably some of them misidentified. The meaning of the question marks “?” in
Figs. 2, 3 and 4 is as follows: Fig. 2 — part of the section unstudied by SINNYOVSKY (1998) and StOYKOVA et al. (2000);
Fig. 3 — the upper part of Mezdra Fm is not shown in the paper of SINNYOVSKY & CHRISTOVA-SINNYOVSKA (1993, fig. 8);
Fig. 4 — the middle part of Mezdra Fm is not shown in the section of SINNYOVSKY (2001, fig. 3).
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Fig. 3. Schematic stratigraphic section of the Maastrichtian Stage south of the village of Perchovtzi (Section I in Fig. 1).

(1) - Ex. DiMITROVA, unpublished data. For legend see Fig. 2.

Echinocorys gr. conoidea, hence a Maastrichtian age is
not in doubt (J.W.M. JAGT, pers. comm., April 2006).
In outcrops south of the village of Perchovtzi (Section
I in Fig. 1; Fig. 3) and at the Malata reka River (Section
I in Fig. 1; Fig. 4), SINNYOVSKY & CHRISTOVA-SIN-
NYOVSKA (1993, p. 38, fig. 8) and SINNYOVSKY (2001, p.
15, fig. 3) did not include the normal and complete mag-
nitude of the Mezdra Formation. Furthermore, in the
“Paleocene nannofossil zone” in these sections, single
specimens of Cataceramus sp. and Cataceramus cf. reg-
ularis (Figs. 5A, B), and a juvenile ammonite undeter-
minable to the species level cf. Pachydiscidae (Figs. 5C,
D) have been found. Ammonites are common in the
“limestone formation” along the southern limb of the
Lyutidol syncline, SW of the village of Lipnitza (Fig. 1).

In my opinion, the upper portion of the Mezdra For-
mation in the southern limb of the Mezdra syncline
(Fig. 2) above the hardground (SINNYOVSKY, 1991, p.
264, fig. 2; 1998, p. 12, fig. 4; p.14, fig. 6), which
comprises bioclastic, medium- to coarse-grained lime-
stones, in fact belong to the base of the Kajlaka
Formation. These limestones are analogous to the lime-
stones of Unit 9 in the northern limb of the Mezdra
syncline (JOLKICEV, 1982, pp. 18-19, fig. 7). From
these, in the eastern centricline of the Mezdra syncline,
a single specimen of Cataceramus balticus BOHM and
one of “Inoceramus” sp. indet. have been found.

The transitional limestones are followed upwards by
whitish (with beige), indistinctly bedded micro- to me-
dium-grained quarry limestones — the so-called “Vratza



The Cretaceous/Paleogene (K/Pg) boundary in the Mezdra and Lyutidol syncline, Vratza District (Bulgaria) 45

SINNYOVSKY

(2001) This work Macrofauna
2
b
KLY
>
c =
2 51| [ 2ls
o i o | 8 a : | ®
> | E Lithology £E| 3 g| & E 3
2| o 51 S |8l 219
= Lo 02| E|B
§leg|2
@ S
= % & ® 5 o @ 7 @ o
oo el Mo (8| 8|8
® ® & @ . c [ F:
® . = S "S
= I oy
/ | / "
? L — | - .
/
— @
i
Z 7 © -
i I — o -
N
ﬂ:.) T\[\/\I. - — =
o ~_ W~
‘E)‘ ’\-./[ - N [0) o
D |
£ = [0}
z | = [@a | N 5 |
2 -=>"T]= _
< || | e
—_ | - E m
[ = 1
z : — & 3
< = = ©
S — | _ .
. —
ol ELZ ] 71 < b=
3 . = =
/ f / <
cA=
Aptian [~ =< <--] Aptian

Fig. 4. Schematic stratigraphic section of the Maastrichtian
Stage near to the village of Lyutidol — on the left bank of
the Malata River (Section II in Fig.1). For dating the
“Danian” strata SINNYOVSKY refers to the nannofosil taxa
mentioned in the same paper (SINNYOVSKY, 2001, p. 12). For
legend see Fig. 2

Stone”. From these limestones, ZLATARSKI (1910) men-
tioned Baculites baculoides ROEMER (probably misiden-
tified ammonite), Baculites sp., Hamites sp.; while BON-
CEV & KAMENOV (1934, p. 81) reported Hemipneustes
striatoradiatus (LESKE) and Belemnitella mucronata
(SCHLOTHEIM) (probably misidentified Belemnitella), and
JOLKICEV (1982, p. 18 — packet 9; p. 19, fig. 7) noted a
Pachydiscus gollevillensis gollevillensis (D’ORBIGNY), =
Anapachydiscus cf. terminus WARD & KENNEDY, 1993
which is figured here (Fig. SE).

These sediments are overlain by light grey to whitish
fine-, medium- to coarse-grained limestones from which
BONCEV & KAMENOV (1934, p. 82) collected Hemipne-

ustes striatoradiatus, “Inoceramus” sp., Pycnodonte vesi-
cularis (LAMARCK), Exogyra decussata COQUAND and
Pecten (=Entolium) cf. membranaceus (NILSSON) (Fig. 2).

In the area of the Lyutidol syncline, the Kajlaka For-
mation is preserved only in the southern limb of the struc-
ture — along the left bank of the Malata River, at the
southern end of the village of Lyutidol. There, different
horizons of Maastrichtian strata are transgressively over-
lain by terrigenous Middle Eocene deposits (TZANKOV et
al., 1991), which SINNYOVSKY & CHRISTOVA-SINNYOVSKA
(1993) and SINNYOVSKY (1993, 2001) assumed to be in
allochthonous position and of Campanian—-Maastrichtian
age, as defined by nannofossils (Figs. 3, 4). I subscribe to
the transgressive, but not allochthonous, position of the
terrigenous sediments upon the Maastrichtian ones. The
nannofossil samples have presumably been collected from
Upper Cretaceous blocks, included as a common compo-
nent within Middle Eocene terrigenous sediments.

Disregarding the presence of inoceramids, cephalo-
pods and characteristic Maastrichtian echinoid fauna in
the whole section of the Upper Cretaceous series in
these structures, SINNYOVSKY & CHRISTOVA-SINNYOV-
SKA (1993), SINNYOVSKY (1991, 1993, 1998, 2001) and
STOYKOVA et al. (2000), on the basis of nannofossils,
defined the Paleocene age for most of this section
(Figs. 2-4). They assumed (pers. comm., 2004) the Ma-
astrichtian inoceramid, cephalopod and echinoid fauna,
which occurs in the range of their “nannofossil zones”,
as well as the macrofauna from the Kajlaka Formation,
to have been redeposited. I assert that this does not cor-
respond to the fossil sequences in the section and there
is no physical evidence of resedimentation of Maas-
trichtian macrofossils.

The outcrops of the Mezdra Formation continue into
the Fore Balkan and to the west of the Mezdra syn-
cline as far west as the valley of the Ogosta River.
There, in a quarry at the village of Lyuta (now Vla-
dimirovo), Vratza District, BONCEV & KAMENOV (1934,
p- 80) found Pachydiscus neubergicus (VON HAUER)
together with numerous echinoids, analogous in specif-
ic content to those from the Mezdra Formation in the
area of Mezdra (determined also by the present author).
SINNYOVSKY (2003, p. 152) analysed the limestones in
this quarry for nannoplankton and “proved” that they
are of Paleocene and not of Maastrichtian age. SINNYOV-
SKY is well aware of the presence of Maastrichtian
macrofossil taxa at this locality, cited by him in this
paper (p. 149), but fails to comment on this fact.

Conclusion

The normal superposition of lithostratigraphic units,
which form the limbs of the Mezdra and Lyutidol syn-
clines, as well as their macro- and microfossil content
unambiguously confirm their Maastrichtian age.

The co-occurrence of Paleocene nannofossils and
Maastrichtian macrofossil taxa in the sections of these
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Fig. 5. A. Cataceramus sp., specimen No SU6030, Mezdra Formation, south of the village of Perchovtzi (section I from Fig.
1; Fig. 3); x 1. B. Cataceramus cf. regularis D’ORBIGNY, specimen No SU6029 (plaster cast), Mezdra Formation, on the left
bank of Malata River, near the village of Lyutidol (section II from Fig. 1, Fig. 4); x 1. C, D. A juvenile ammonite unde-
terminable to the species level cf. Pachydiscidae, specimen No SU6028, Mezdra Formation, on the left bank of Malata River,
near the village of Lyutidol (section II from Fig. 1, Fig. 4); C, X 1; D, X 2. E. Anapachydiscus cf. terminus WARD &
KENNEDY, specimen No SU267, found in Kajldka Formation, the quarry at the village of Varbeshnitza, NW from Mezdra
(mentioned in JOLKICEV, 1982, p. 18, packet 9, p. 19, fig. 7 as Pachydiscus gollevillensis gollevilensis (D’ORBIGNY), x 0.5.
SU — collection numbers from the Museum of Paleontology at Sofia University “St. Kliment Ohridski”.

structures indicates the diachronic appearance of macro- this is not the case. Furthermore, the Maastrichtian
and nannofossils at the Cretaceous/Paleogene boundary. macrofauna is found not only within the ranges of the
From this viewpoint, the respective boundary cannot be “nannofossil zones” but also in the sections overlying
fixed by nannofossils except if it is assume the Maas- them — in the Kajldka Formation, where a number of

trichtian macrofossils to have been re-deposited, but new Maastrichtian taxa, such as Hemipneustes stria-
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toradiatus, appear. Accompaning to this taxon, inoce-
ramids and cephalopods continue to occur (Fig. 2).
These facts call into question the applicability of nanno-
fossils for defining the Cretaceous/Paleogene boundary.

This recalls the situation in the type area of the
Maastrichtian Stage, where all nannofossil taxa except
one (Biantholithus sparsus), including the ones held to
be indicative of the lower Paleocene, already occur in
the underlying Maastricht Formation [(MAI er al, 1994;
Mal et al, 1997a; MAI et al, 1997b; Mal, 1999; Mal
et al, 2003), yet in a different size category], which is
well dated by macrofossil taxa as late Maastrichtian
(J.W.M. Jacr, pers. comm., 2005).

Diachronism in the occurrences of macro- and nan-
nofossils is observed not only at the boundary Creta-
ceous/Paleogene, but also at other boundaries, e. g. the
Campanian/Maastrichtian boundary in some European
outcrops (JAGT & FELDER, 2003; KUCHLER & WAGRE-
ICH, 1999; WAGREICH et al., 2003). ROBASZYNSKI et al.
(1985) also expressed some doubts on the applicability
of nannofossils in determining the Campanian—Maas-
trichtian boundary and pointed out that “the Campan-
ian—Maastrichtian boundary is somewhat difficult to re-
cognize with nannoplankton because of problems in
determining the index species and possible diachronism
of their appearances and extinctions from the Tethyan
to the Boreal realms”. WAGREICH (1987, p. 85) stated
that “no exact correlation of nannoplankton and macro-
fossil zonation at the Campanian/Maastrichtian bound-
ary for low and high latitudes exists”. According to
BURNETT (1998, p. 137) “stages have been historically
defined onshore using macrofossils. In the absence of
macrofossil data from oceanic cores, stages boundaries
started to be “defined” using microfossil events”. Final-
ly, BURNETT (1998, p. 137) concluded: “Nannofossils
do not define the bases of any Upper Cretaceous sta-
ges.” This evidence, as well as the data presented
above, shows that nannofossils should be used in bios-
tratigraphy with more care in the case of chronostrati-
graphic boundaries already fixed by macrofauna.
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Pe3ume

I'panuna Kpeje 1 najeoresa y CHHKJIMHA/IaMa
Mesape n J/byrupona y odaactm Bpanma
(3anagnu IIpendankan, byrapcka)

Y paay ce rOBOpH O HEONPaBAHOM IPHUIUCUBAKY
(Ha OCHOBY KpeumadyKuX HaHO(OCUIIA) BEIUKOT Jena
MacTpUXTCKOr Ipoduiia y CUHKIMHajdaMa Mesfpe u
Jbyrunona (3anaguu IlpenGankan, Byrapcka) maneo-
reny. l'opmOKpenHu ceaMEHTH Yy CHHKJIMHajlama
Mesppe u Jbytugona Bpauke o61acTu 3amajHor jesna
IIpepbankana y Byrapckoj mmpoko cy pacmpoc-
TpambeHU M BEJIMKOT Cy TEKTOHCKOI' 3Haudaja. BONCEV
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(1932) je mpBE A0Ka3a0 fa Cy TOPHOKPEIHA CETUMEH-
tn [IpepbankaHna jyskHO Off peke Vckap MacTpuxTcKe
CTapOoCTH. MacCTPHUXTCKY CTapOCT CY NOTBPAWIN CBH
KacHUjN HWCTpaskWBayl Ha OCHOBY MaKpoOCHIIHE
¢ayne (COHEN, 1946; TzAaNKOV, 1968; JOLKICEV, 1986,
1989; u mpyrn).

3a Kpeumauke HAHO(OCWIE ce TOCIEHBAX TONHA
MPETIOCTaBJba Jla CY H3Y3€THO BaKHU 32 pacwuiiamaBa-
e TOPIOKPETHNX U KEHO30jCKHUX CelMMeHaTa — BaXK-
HOCT KOjy U3riIefla He MOKEMO /1a TIOBEIeMO Y TATAbE.
[Top yTumajeM HaHOIUIAHKTOHCKE eydopuje HEeJaBHO
ce T0jaBWIO0 HEKOJIMKO MyOJIIMKOBAHUX PajioBa y KOju-
Ma ce TpaHdIa Kpele ¥ TalleoreHa y IpoydaBaHOM
TOAIPYY]jy MpaTu He y3uMmajyhm y 063up mpucycrBo Ka-
pakTepHuCTHYHE MaKpoayHe Y UCTAM CII0jeBAMa KOjH
Cy pacwiameHH Ha OCHOBY HAaHOIUTaHKTOHA. I'paHmia
Kpefe W maneoreHa oppebena momohy makpodayne
3aHeMapyje ce y THM pajoBHMa.

MaxkpogayHUCTHYKA TIOfany MPHUKa3aHd y OBOM
pany mokpehy muTame NpUMEHIBHBOCTH HaHO(OCHIIA
3a fgeduHACame TpaHule Kpefa—TiajieoreH y 1aToj oo-
smactu. 3aHemMapyjyhu nprucycTBO mHOLEepamyca, reda-
JOTIOfla ¥ KapaKTepUCTHIHE MACTPUXTCKE EXMHUJCKE
dayne y nesroM npoduiy ropmhOKpeIHE CEpHUje Y OBUM
CTpyKTypaMma, SYNNOVSKY & CHRISTOVA-SYNNOVSKA
(1993), SynNovsky (1991, 1993, 1998, 2001) u STOY-
KOVA et al. (2000) ompenuiay cy Ha OCHOBY HaHO(DOCH-
J1a maJIeONEeHCKyY cTapocT HajBeher mena mpodmma (cI.
2-4). OHH TPeTNOCTaBIbajy (YCMEHO CaONIITEHE,
2004) pa cy MacTpuXTCKa MHOIepaMcka, 1medaiono-
CcKa 7 exuwHHUJCKa (ayHa, KOja Ce jaBjhba y TpaHUIaMa
BUXOBHUX “HAHO(OCWIHAX 30HA”, Ka0 W MakpodayHa
¢opmanmje Kajmaka, mpeTtanmoxeHe. Ja TBpauM fa To
oniroBapa (pOCHITHO] CEKBEHIN y PO Uy 1 /la HE MOC-
TOjH MaTEepHjaTHA NOKa3 MPETaJOXKNBamkba MaCTPUXT-
CKUX Makpodocuna.

Hopmanna cymeprosunuja JTATOCTpaTHTPadCKUX
jemmHMIA KOje popMmpajy KpHiia CHHKIIMHAMa Me3apa
u JbyTumon, Kao W HBUXOB MakKpO W MHUKPO(OCHIHA
cafgpXaj HEJIBOCMHUCIEHO TNOTBPbHyjy HUXOBY MacT-
puxTcKy crapoct. To je mpruKa3aHO y OBOM papiy Opoj-
HUM YUEH-CHATIAMA.

HcroBpemena mojaBa masieoneHCKUX HaHO(OCHIIA I
MaCTPHUXTCKUX MaKpO(OCWIHUX TaKCOHA Y HMpOQIIn-
Ma OBHX CTPYKTypa yKa3yje Ha [AMjaxpOHUYHY II0jaBY
Makpo ¥ HaHO(pOCHIIa Ha TPaHMI Kpefie 1 ajeoreHa.
Ca oBOT cTaHOBHINTA OATOBapajyha rpanuma ce He Mo-

ke yTBpAuTH moMohy HaHOOCHIIa OCAM aKO HE TIpef-
MIOCTaBAMO Jla Cy MAacCTPHUXTCKH Makpodocmnn Omimn
MpeTaJOXEeH!, allm TO OBAe Huje 6mo ciydaj. Ocum
TOra, MacTpUXTCKa MakpodayHa je HabeHa He camoO y
rpaHunama “HanogocuiHux 30Ha” Beh m y crojeBuma
n3Hap Bux — y popmaruju Kajmaka, rje ce jaBiba Buiie
HOBUX MACTPHXTCKHX TaKCOHa Kao mTO je Hemi-
pneustes striatoradiatus. Tlopen oBOT TaKCOHA ¥ [aJbe
ce jaBJbajy wHONepamycH u nedanonogu (ci. 2). Ope
YUELCHALC IOBOJIC Y MUTAHE TPUMEHIBIMBOCT HaHO(O-
cuia 3a nepuHUCA-e TPaHNIe Kpeaa—IIaleoreH.

To morceha Ha curyanujy y THIICKO] 06IacTu Mac-
TPUXTCKOT KaTa, Ifie Ce CBU HAaHO(MOCWIHM TaKCOHH
ocuM jeHoT (Biantholithus sparsus) yKibydyjyhu u oHe
3a KoOje ce cMaTpa fja yKa3yjy Ha JOWmH IIaJieolcH,
jaBibajy y mommam Mactpuxtcke gopmanuje [(MALI,
1999; MALI et al., 1994, 1997a, 1997b, 2002), mafia apy-
raunjux guMeHsuja), Koja je moysmaHo ofpebena Ha
OCHOBY MaKpO(OCHITHIX TaKCOHA Ka0 TOPH-OMACTPHUXT-
cka (JAGT, ycMeHo caommTembe, 2005).

IwjaxpoHn3am y mojaBaMa Makpo W HaHO(ocuia
3amakeH je He caMo Ha TpaHuIM Kpejie U naieoreHa, seh
W Ha IpyTUM rpaHuIaMa, Halp. TPaHWIM KaMITaHa ¥ Mac-
TpUXTa y HeKUM HHAaHImMa y EBponn (JAGT & FELDER,
2003; KUCHLER & WAGREICH, 1999; WAGREICH et al.,
2003). RoBASZYNSKI et al. (1985) Takobe cy m3pazunm
CYMIbY Y IPUMEHJBMBOCT HaHO(OCHIIa 3a ofipebuBame
rpaHNIle KaMIIaH-MacTpUXT W yKa3aju fia je ‘TpaHuIy
KaMITaH-MacTpPHUXTa JOHEKJe TEIIKO MNpemo3HaTH Ha
OCHOBY HaHOIUTAHKTOHa 300r mpoGiieMa yTBpbuBama
Bojiehe BpcTte m Moryher pmjaxpoHW3Ma HIXOBOT
mojaBJbMBama W M3ymMupama off TeTnca o 6opearHux
ob6macti”. WAGREICH (1987, cTp. 85) KoHcTaTyje ia “He
MOCTOjH TadHa Kopellandja HAaHOIUIAHKTOHCKOT W
MaKpO(OCHITHOT 30HWparma Ha TPAHUIM KaMIlaH-Mac-
TpUXT 3a Mame U Behe reorpadcke mmpune”. [Ipema
BURNETT-y (1998, crp. 137), “KaToOBH Cy HCTOPHjCKH
neduwHNCAHN HAa KOMHY momohy Mmakpodocwmma. Y
HEOCTaTKy MakKpO(OCHITHIX TOflaTaKa W3 OKEaHCKUX
jesrapa, rpaHmie KaToBa cy modesne Aa ce “‘oupebyjy”
nomohy Mukpodocmia”. Ha kpajy, BURNETT (1998, ctp.
137) 3akibyuyje: “Hanodocunu He ofpebyjy 6aze 6mio
KOjiX KaToBa ropme kpese”. OBaj oka3 Kao ¥ mojanm
NprKa3aHd y OBOM pajy MOKa3yjy fla y OmocTpartu-
rpacduju HaHogocuiae Tpeba KOPHUCTUTU Ca BHIIE
MaXXhe Y CIy9ajy XPOHOCTPATHTPa(pCKIX TpaHUIa Koje
cy Beh yrBpbene nomohy makpodayse.
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Latest Cretaceous mosasaurs and lamniform sharks from Labirinta cave,
Vratsa district (northwest Bulgaria): a preliminary note

JoHN W.M. JAGT', NEDA MOTCHUROVA-DEKOVA®, PLAMEN IVANOV’,
HENRI CAPPETTA' & ANNE S. SCHULP'

Abstract. Preliminary descriptions are given of selected specimens from an assemblage of >65 isolated ver-
tebrate remains, collected in 1985 at the Labirinta cave, situated between the villages of Drashan and Breste,
east of Cherven Briag (Vratsa district, northwest Bulgaria), from strata of late Maastrichtian age (Kajlaka
Formation). Recorded are a fragmentary lower jaw of a mosasaurine squamate, Mosasaurus cf. hoffmanni
(MANTELL, 1829), with two teeth preserved in situ, as well as two isolated teeth of lamniform sharks, assigned
to Squalicorax pristodontus (AGASSIz, 1843) and Anomotodon sp. Other vertebrate remains in this assemblage
include rather poorly preserved fragments of ?skull and appendicular skeleton of mosasaurs, but it cannot be
ruled out that other vertebrate groups (?elasmosaurid plesiosaurs) are represented as well. To establish this, the
additional material needs to be studied in detail and compared with existing collections; it will be described in
full at a later date. A partial phragmocone of a scaphitid ammonite, found associated, is here assigned to
Hoploscaphites constrictus (J. SOWERBY, 1817) and briefly described as well. This record dates the Labirinta
cave sequence as Maastrichtian, as does the echinoid Hemipneustes striatoradiatus (LESKE, 1778); tooth mor-
phology of Squalicorax pristodontus and a find of the pachydiscid ammonite Anapachydiscus (Menuites) cf.
terminus WARD & KENNEDY, 1993 from correlative strata nearby narrow this down to late, or even latest,
Maastrichtian. Finally, some remarks on mosasaur and plesiosaur distribution during the Campanian—Maas-
trichtian across Europe are added.

Key words: Mosasaurs, lamniform sharks, Maastrichtian, Bulgaria, scaphitid ammonites, echinoids, stratigra-
phy.

Anmncrpakr. [Jajy ce IpeTXOHU ONMCH IpUMepaKa ofabpaHux U3 acouyujanmje off Ipeko 65 N3ABOjeHNX ocTaTa-
Ka KHUMe’aka, cakylbeHux 1985. rogune y nehunu Jlabupunra usmeby cena paman u bpecre ucroyno op
Yepsenor Bpuara (BpauaHncku Kpaj, ceBepo3anajgia Byrapcka) u3 ciojeBa ropspoMacTpuxTcKe crapocti (op-
Mmanuja Kajmaka). PerucrpoBaH je fico fome BWIMIE KpalbyIITAcCTOr Mo3asaypa, Mosasaurus cf. hoffmanni
(MANTELL, 1829), ca nBa ouyBaHa 3y0a WH CHTY, Kao 1 J[Ba moceOHa 3y0a TaMHU(OPMHUX ajKyjia, KOju ce TPH-
nucyjy Squalicorax pristodontus (AGASs1z, 1843) u Anomotodon sp. Meby octanum ocraiiuMa KHIMEHaka y OBOj
acouyjalnmju Hanase ce gocra cnabo ouyBaHu pparmMeHTu ?06ame U npunajajyher ckenera Mo3asaypa, ajiu ce
He MCKIJbyUyje MPUCYCTBO W APYIUX Tpyla KHuMemaka (?eracMo3aypujcKy Iwie3no3aypn). [Ja 61 ce To yTBpAH-
710, MOTPEOHO je [eTa/bHO HPOYYUTH JOINYHCKM MaTepujal M YIOPEAUTH ra ca mocrojehum Kosjexknujama.
ITornynuju onuc he 6utu HakHagHO ypabeH. [lenumuynu pparMakoH ckaUTUAHOT aMOHKTA, HabeH y aconu-
jauuju, npunucyje ce Hoploscaphites constrictus (J. SOWERBY, 1817) u ykpaTko ce onucyje. [Ipema oBoM Hanasy,
Kao M Ha OCHOBY jexka Hemipneustes striatoradiatus (LESKE, 1778); cekBenua nehune Jlabupunra oapebyje ce kao
MacTpHXTcKa; Mopdonoryja 3yba Squalicorax pristodontus 1 Hana3ak NaXUAUCLUAHOT aMOHUTA Anapachydiscus
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(Menuites) cf. terminus WARD & KENNEDY, 1993 un3 obnumxmer uznanka opmanuje Kajmaka omoryhasa npe-
IU3HU]Y OfpeNi0y CTapOCTH Kao KaCHNM MacTPUXT, MM YaK HajKacCHUjH MacTpHXT. bimka ofpenba Ha TOpHE Mac-
TPHXT 3acHHBa ce Ha Mopdornornju 3y6a. Ha kpajy, 1ajy ce 1 HeKa 3amaxama y Be3l paclpocTpameHOCTH MO3a-
3aypa U IIe3no3aypa 3a BpeMe KaMIaH-MacTpuxTa mmpoM Esporre.

Kmbyune peum: Mo3zosayp, namHuopMmHe ajkyje, MacTpuxT, byrapcka, ckapuTHAHM aMOHUTH, jeXKEBH,

cTpaturpaduja.

Introduction

In the summer of 1981, a team of speleologists dis-
covered a new, unexplored cave in Upper Cretaceous
limestones between the villages of Drashan and Breste,
Vratsa district (northwest Bulgaria; Fig. 1). This expe-
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Fig. 1. Locality map of the study area in Vratsa district,
northwest Bulgaria; the asterisk denotes the location of the
Labirinta cave between the villages of Drashan and Breste.

dition was organised by the speleoclub ‘Stalacton’, ba-
sed in the nearby town of Cherven Briag. After a ver-
tical descent of eight metres, the speleologists encoun-
tered a labyrinth of several galleries with a total length
of about 1 km. The new cave was named Labirinta,
Bulgarian for ‘The labyrinth’. On the way back to the
entrance, 28 m below the surface, the group came
across several fossil bones protruding from the cave
wall at two sites (A, B in Fig. 2). During a subsequent
expedition to the same area, the speleologist Zdravko
Iliev invited two palaeontologists, Drs Stoycho Bres-
kovski and Vassil Popov, who noted that this fossil
occurrence was significant and rather unique. Together
with Dr Nikolay Spassov they were responsible for a
preliminary identification of the bones excavated. They
attributed them to the extinct squamate family Mosa-
sauridae and, more specifically, to the genus Mosasa-
urus. In the summer of 1985, a palaeontological exca-

vation was carried out, during which all fossil materi-
al accessible was collected, albeit rather chaotically
without documenting the exact position of specimens
taken from the rock. The material from the two sites
was subsequently mixed and transferred to the collec-
tions of the National Museum of Natural History Sofia
(NMNHS). This excavation has so far been described
in a popular paper (GENOV, 1985) only. Part of the
material was later sent to the Paleontological Institute
of the Russian Academy of Sciences (Moscow) for de-
tailed examination, while the remainder stayed at Sofia.
After that, studies came to a halt. A single tooth from
this lot was put on exhibit in the Paleontology Hall of
the National Museum of Natural History, but the mate-
rial was never formally published. The current where-
abouts of the specimens sent to Moscow is unknown.

w + E
Entrance

=

Fig. 2. Schematic vertical section of the Labirinta cave,
showing the provenance (A and B) of macrofossil collec-
tions described herein; 1, soil; 2, limestones of the Kajlaka
Formation.

In total, this lot comprises sixty registered, mostly
fragmentary, specimens. Amongst them are two teeth
(one of which is described below) associated with part
of a jaw bone [NMNHS 11897/1 (ex Mos 60) and
11897/2 (ex Mos 20)], a radius, single phalanges, ribs,
and vertebrae. For the present note, we have selected
the following elements for brief discussion: a fragment
of a lower jaw (NMNHS 11897/1) of a mosasaurine
mosasaur with a tooth preserved in situ, and two iso-
lated teeth of lamniform sharks [NMNHS 31362 (ex
Mos 55) and NMNHS 31363 (ex Mos 7)]. Some of the
other material is rather poorly preserved, being embed-
ded in an indurated matrix not conducive to mechani-
cal preparation. It may be that the present lot also in-
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cludes isolated bones of other vertebrate groups, e.g.
elasmosaurid plesiosaurs. Our aim is to provide, at a
later date, detailed descriptions of this material (held at
NMNHS), within the framework of a revision of all
mosasaur material from the Upper Cretaceous of Bulga-
ria known to date, inclusive of the originals of TzAN-
KoV (1939) and NikoLOV & WESTPHAL (1976).

Of interest is a single scaphitid phragmocone
(NMNHS 29929), collected when recovering the verte-
brate remains from the Labirinta cave; its stratigraphic
value is briefly commented on. Added also are more
general notes on mosasaur and plesiosaur distribution
in the Campanian—Maastrichtian across Europe, with
references to a few recent papers.

Geological and stratigraphical setting

The Labirinta cave is situated within limestones as-
signed to the Kajlaka Formation (JOLKICEV, 1986), a
unit widely distributed in the Fore-Balkan and Moesian
Platform of northern Bulgaria and usually the highest
Cretaceous unit in outcrops in this area. Geomorpholo-
gically, the entrance to the Labirinta cave is situated in
a sinkhole; such karst phenomena are very common in
this area and are developed along vertical fractures in
the Kajldka Formation. This formation comprises
whitish or beige, medium- to thick-bedded (albeit indis-
tinctly), recrystallised limestones, and varies in total
thickness between 10-25 and 200-280 m. In places, the
limestones contain organogenic layers composed of
shells and detritus mostly of bryozoans, bivalves and
echinoids and rarely of gastropods, brachiopods and
cephalopods. In the study area, within this limestone
unit, there is an interval of 50—60 metres of whitish
(with a beige hue), indistinctly bedded, fine- to medi-
um-grained ‘quarry type’ limestones, the so-called
Vratsa Stone, famous in Bulgaria and some other Euro-
pean countries for wall tiling (see JOLKICEV, 2006, fig.
2). We assume that the mosasaurid material described
by NIKoLOV & WESTPHAL (1976), and briefly comment-
ed upon below, originated from this interval.

The rock which yielded the mosasaur and shark
material from the Labirinta cave described herein is a
light grey, strongly recrystallised, slightly sandy lime-
stone, containing Mn-oxihydroxide dendrites. This in-
terval of the Kajlaka Formation probably correlates
with the highest limestone unit in a section near the
village of Varbeshnitsa, northwest of Mezdra. This
highest unit overlies the ‘quarry type’ limestones (see
description of section in JOLKICEV, 1982, p. 18, fig. 7;
topmost limestone unit 10).

The age assignment of the Kajlaka Formation in the
study area has been based mostly on the superposition
of this unit on strata of early Maastrichtian age, and on
ammonite and echinoid evidence. A single echinoid
species, commonly recorded from this formation, Hemi-
pneustes striatoradiatus (LESKE, 1778), corroborates a

Maastrichtian date [it occurring most commonly in the
upper Maastrichtian]. The isolated scaphitid phragmo-
cone (Fig. 3) found associated with the vertebrate
remains from Labirinta cave is here assigned to Hoplo-
scaphites constrictus (J. SOWERBY, 1817), also confirms
a Maastrichtian date. The tooth morphology of the lam-
niform shark described here as Squalicorax pristodon-
tus (AGAssiz, 1843) allows this to be specified as late
Maastrichtian, and the pachydiscid ammonite, Anapa-
chydiscus (Menuites) cf. terminus WARD & KENNEDY,
1993, recorded from the ‘quarry type’ limestones of the
Kajlaka Formation at the nearby village of Varbeshnitsa
(see JOLKICEV, 2006, fig. SE) narrows the dating more
precisely to the latest part of the late Maastrichtian.
Anapachydiscus (Menuites) terminus is also known from
the uppermost Maastrichtian of the Bay of Biscay sec-
tions (France, Spain), the southeast Netherlands, north-
ern and eastern Denmark, central Poland, Azerbaijan,
Crimea and South Africa (see WARD & KENNEDY, 1993)
and the Bjala area of eastern Bulgaria (Ivanov, 1995).

Fig. 3 A-C. Hoploscaphites constrictus (J. SOWERBY, 1817),
NMNHS 29929, partial phragmocone, in lateral (left and
right) and ventral views. Scale bar equals 5 mm.

Preliminary descriptions

To denote the repositories of material described,
illustrated and/or referred to, the following abbrevia-
tions are used in the text: IRScNB, Institut Royal des
Sciences Naturelles de Belgique, Brussels; MNHN,
Muséum National d’Histoire Naturelle, Paris; NHMM,
Natuurhistorisch Museum Maastricht, Maastricht;
NMNHS, National Museum of Natural History, Sofia.

Mosasaurs

From what can be seen, the fragmentary lower jaw
with two teeth preserved can be assigned to the mosa-
saurinae genus Mosasaurus CONYBEARE, 1822 (type
species: Mosasaurus hoffmanni MANTELL, 1829).
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Mosasaurus cf. hoffmanni MANTELL, 1829
Fig. 4 A-D

Material. A partial lower jaw with two teeth asso-
ciated (NMNHS 11897); here, we only describe the
larger tooth (NMNHS 11897/1). The smaller one, situ-
ated more posteriorly, is longitudinally broken and not
prepared yet.

Description. Being partially embedded in hard matrix
and, in general, of rather poor preservation, the jaw bone
cannot be described in detail. From what can be seen
(e.g., foramina, overall size and height as compared to
tooth size, as well as dental and root structure; Fig. 4A),
this fragment is best interpreted as the anterior/mesial
portion of a lower jaw (dentary) of an adult individual,
pending further preparation. It contains two teeth in situ;
the larger of these is a sturdy, bicarinate crown (incom-
plete, tip broken off; Figs. 4 A-D) measuring 43 mm in
overall height (as preserved; original height estimated to
have been 46 mm), and 19 mm in basal width, in meso-
distal direction. It has an elliptical, typically U-shaped
cross section (Fig. 4 D), with unequal labial and lingual
surfaces; labial face gently convex with no facetting vis-
ible, not even proximally; lingual face deeply U-shaped
and no facetting seen either. Enamel beading is not well
developed; it is seen only in patches proximally. The
crown is moderately posteriorly and lingually recurved.
Both anterior and posterior carinae are well developed,
but partially damaged; carinae minutely serrated over

their entire length. The uppermost portion of the root is
exposed considerably (Fig. 4A), being reversed conical
in shape but lacking a clearly developed ‘rim’; its length
cannot be determined and the resorption pit is not seen.
The extent to which the root is exposed is exceptional
in comparison to material of M. hoffmanni from the
Maastrichtian type area; it could be a pathological fea-
ture of the present individual.

Remarks. Tooth morphology (U-shaped cross sec-
tion, minutely serrated carinae, obliquely positioned
carinae, recurvature and enamel beading) allow this
material to be compared favourably with Mosasaurus
hoffmanni, the largest species in the genus Mosasaurus.
The type material of M. hoffmanni is from the upper
part of the Maastricht Formation (upper Nekum Mem-
ber; holotype is MNHN AC 9648) in the type area of
the Maastrichtian Stage (St Pietersberg, Maastricht and
environs, the Netherlands; see LINGHAM-SOLIAR, 1995;
BARDET & JAGT, 1996; KUYPERS et al., 1998) and is of
late Maastrichtian age (Belemnitella junior Zone of
authors). In southern Limburg (the Netherlands) and
adjacent Belgian territory (provinces of Li¢ge and Lim-
burg), M. hoffmanni (or a closely related taxon) first
appears, albeit extremely rarely, in the upper Vijlen
Member (Gulpen Formation; interval 6), is compara-
tively rare in the remainder of this formation (Lixhe
1-3 and Lanaye members) and the lower portion of the
overlying Maastricht Formation (Valkenburg, Gronsveld
and Schiepersberg members), but common in the Emael

Fig. 4 A-D. Mosasaurus cf. hoffmanni MANTELL, 1829, anterior-mesial fragment of lower jaw (NMNHS 11897/1), with a
single tooth preserved in situ; tooth shown in labio-mesial (A), mesial (B), lingual (C) and apical (D) views, respectively.
Scale bar equals 10 mm.
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and Nekum members of that formation, in particular.
The species ranges to within a metre below the Creta-
ceous—Paleogene (K/Pg) boundary in the area, and
shows a wide range of variation in tooth morphology
(facetting, size, enamel structure) which may be onto-
genetically controlled (compare MERTENS, 1942); there
is currently no evidence of sexual dimorphism in
mosasaur taxa. From the Eben Emael area (northwest
Belgium) in particular, fairly numerous finds have been
made of articulated material in the past decade, inclu-
sive of at least five skulls (JAGT et al., 2002). This mate-
rial is currently being studied, in an attempt to describe
the species in detail and better determine its range of
morphological and ontogenetic variation. Tooth morphol-
ogy along the dental and (pre)maxillar rami in particu-
lar is assessed to allow isolated tooth crowns and teeth
to be assigned with more confidence.

MULDER (1999) relegated the North American (New
Jersey) species, M. maximus COPE, 1869 into the syn-
onymy of M. hoffimanni, and subsequently MULDER et
al. (2004) expressed doubts over the specific status of
M. lemonnieri DoLLO, 1889 (holotype is IRSCNB R 28
[ex 1470]) from the lower Maastrichtian (‘Craie phos-
phatée de Ciply’; Belemnella obtusa Zone) at Mesvin,
Mons Basin (southern Belgium), noting that it might
well be nothing more than a juvenile M. hoffinanni. In-
terestingly, CALDWELL et al. (2004) noted that the type
lot of M. lemonnieri from that unit included a specimen
(IRScNB R3211) that would be better assigned to Moa-
nasaurus, a genus otherwise known only from the Cam-
panian (Haumurian) of New Zealand (WIFFEN, 1980).

The current stratigraphic and geographic range of M.
hoffmanni, or of closely related taxa generally referred
to in the literature as M. cf. hoffimanni, corresponds to
the late Campanian to latest Maastrichtian in a belt
across the Northern Hemisphere (LINDGREN & JAGT,
2005). From west to east this includes Missouri, Ala-
bama, New Jersey (all USA), southern and northeast
Belgium, southeast Netherlands, Denmark, northern
Germany, central Poland, northwest Bulgaria and Tur-
key (BARDET & TUNOGLU, 2002; KIERNAN, 2002; REICH
& FRENZEL, 2002; MACHALSKI et al., 2003; GALLAGHER
et al., 2005; TUNOGLU & BARDET, 2006).

Sharks

The present lot from the Labirinta cave comprises
two isolated neoselachian teeth, both assignable to lam-
niforms, with the larger one representing the anacoracid
genus Squalicorax WHITLEY, 1949, and the other the
Talopiid genus Anomotodon ARAMBOURG, 1952.

Squalicorax pristodontus (AGAssiz, 1843)
Fig. 5 A, B

Material. A single, incomplete lateral tooth (NMNHS
31362 [ex Mos 55]).

Description. This is an element of the lateral file, the
crown being well preserved, broad and triangular, with
a regularly convex cutting edge, bearing strong serra-
tions. The distal cutting edge is oblique on the whole,
with a slight concavity in its upper two-thirds; the labi-
al face is very flat while the lingual one, much more
reduced, is slightly convex. The root, not perfectly pre-
served, is also labio-lingually flattened and shows many
small, irregularly spaced foramina on the labial face.

Remarks. Morphologically, this tooth can be identi-
fied as S. pristodontus beyond any doubt. Considering
its general design, a late Maastrichtian age can be as-
signed to this specimen, by comparison with Maas-
trichtian material collected from the phosphate series of
Benguerir (Morocco), currently under study (H. CAp-
PETTA, pers. obs.). Thus, this allows the general age as-
signment of the vertebrate association of Labirinta cave
to be narrowed down to the late Maastrichtian.

Occurrence. This species is widely distributed and
occurs in the Campanian of Belgium, France and Ger-
many (LERICHE, 1929; ALBERS & WEILER, 1964; VUL-
Lo, 2005), but is particularly common in the Maas-
trichtian of the Netherlands and Belgium (LERICHE,
1929; HErRMAN, 1977), Spain (CAPPETTA & CARMELO
CORRAL, 1999), northern Bulgaria (TZANKOV & DATCHEV,
1966), Morocco (ARAMBOURG, 1952; NOUBHANI & CAP-
PETTA, 1997), Angola (ANTUNES & CAPPETTA, 2002),
Syria (BARDET et al., 2000), New Jersey and Texas
(CAPPETTA & CASE, 1975; WELTON & FARIsH, 1993)
and Brazil (REBOUCAS & DA SILVA SANTOS, 1956).

Anomotodon sp.
Fig. 5 C-E

Material. A single, incomplete latero-anterior tooth
(NMNHS 31363 [ex Mos 7]).

Description. This is an element of a latero-anterior
file, the crown being fairly high, narrow, and with a
sharp apex. The labial face is slightly convex trans-
versely but shows a basal median excavation of trian-
gular outline; the lingual face is transversely convex
and completely smooth. On one side, a short oblique
heel, slightly and irregularly serrated, can be seen. The
root is damaged and only one side is preserved; its lin-
gual face is rather high, and it seems that there was
not a long lobe.

Remarks. In lateral teeth of Anomotodon, the lingual
face of the crown often is devoid of folds. The same is
seen in teeth of the genus Paranomotodon HERMAN in
CAPPETTA & CASE, 1975, the crown of which complete-
ly lacks folds (Siverson, 1992; VuLro, 2005). So, on
the basis of the material available, it is quite difficult to
give a definite generic assignment. NMNHS 31363 can
be compared to A. toddi CASE & CAPPETTA, 1997 (p.
142, pl. 5, figs. 1, 2) from the upper Maastrichtian
Kemp Clay Formation of Texas, but also to A. hermani
SIVERSON, 1992 (p. 544, pl. 5, figs. 1, 2) from the
lower-upper Campanian of southern Belgium and south-
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Fig. 5. Lamniform shark teeth. A, B. Squalicorax pristodontus (L. AGASsiz, 1843), lateral tooth (NMNHS 31362), in labial
and lingual view, respectively. C-E. Anomotodon sp., lateral anterior tooth (NMNHS 31363), in labial (C), lateral (profile)
(D) and lingual (E) view. Scale bars equal 10 mm.

ern Sweden. Yet, as a definite specific identification is
difficult on the basis of a single, imperfect tooth, it
appears better to leave it in open nomenclature.

Discussion

Earlier records of mosasaurs from the Upper Creta-
ceous of northern Bulgaria include dissociated teeth and
tooth crowns from near the village of Somovit at the
River Danube, listed and illustrated by TzANKOV
(1939). That author referred these strata to the upper-
most Maastrichtian, but his listing [in original nomen-
clature] of characteristic macrofossil taxa from there
shows that a modern revision is called for, as there ap-
pears to be a curious mixture of typically Campanian

and Maastrichtian elements (e.g., Echinocorys gibbus,
Bostrychoceras polyplocum, Belemnitella mucronata
and Parapachydiscus colligatus being Campanian, and
Hemipneustes striato-radiatus and Discoscaphites con-
strictus being Maastrichtian). Mosasaur taxa recorded
by Tzankov are Leiodon anceps, Mosasaurus gigan-
teus (= M. hoffmanni) and Globidens fraasi (= Ca-
rinodens belgicus). Judging from his description of the
matrix and based on the occurrence of the echinoid
Hemipneustes striatoradiatus (which cannot be misi-
dentified), we assume the material described by TZAN-
KOV (1939) to have come from strata assignable to the
Kajlaka Formation as well, and thus to be of (late)
Maastrichtian age.

NIKoLOV & WESTPHAL (1976) recorded from an acti-
ve quarry c. 2 km east of Varbeshnitsa, northwest of
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Mezdra, part of the vertebral column (580 mm in
length, 14 vertebrae) of a mosasaur, as well as three
teeth, possibly of a single individual. The level from
which these remains came was described as a unit of
white to yellowish, fine-grained limestone quarried for
wall tiles, c. 40 m thick, with occasional, scattered flint
nodules, yielding the coleoid cephalopod Belemnitella
mucronata and the holasteroid echinoid Hemipneustes
striatoradiatus. The quarry exposing the Kajlaka For-
mation near Varbeshnitsa is in unit 9 of ‘quarry-type’
limestones (see JOLKICEV, 1982, p. 18, fig. 7, limestone
unit 9), having yielded Pachydiscus gollevillensis
gollevillensis (sensu JOLKICEV, 1982 = Anapachydiscus
cf. terminus; see JOLKICEV, 2006). Anapachydiscus
(Menuites) terminus is characteristic only of the latest
part of the late Maastrichtian (see remarks about the
species distribution above).

With regard to the macrofossil taxa mentioned in
NIkKOLOV & WESTPHAL (1976), we wish to observe the
following. Amongst belemnite workers, there currently
is consensus that B. mucronata is a predominantly late
Campanian species (CHRISTENSEN, 1997a, b; compare
STOYANOVA-VERGILOVA & JOLKICEV, 1993), which is
why the record by NIKOLOV & WESTPHAL (1976) may
be taken to refer to another species of Belemnitella,
probably of the B. junior group which in northwest
Europe characterises the late Maastrichtian. The pres-
ence of B. junior in the lower Maastrichtian of south-
ern Limburg (the Netherlands), as noted by KEUTGEN
(1996) and CHRISTENSEN et al. (2004), could not be
substantiated in recent belemnite studies in the area
(KEUTGEN et al., in prep.). The holasteroid echinoid
Hemipneustes striatoradiatus is widely distributed in
the Kajlaka Formation (JOLKICEvV, 1989, 2006). This
species is a typically Tethyan element, known to range
through the whole of the Maastrichtian, but particular-
ly characteristic of the latter part of the stage in the
Netherlands, northeast Belgium, French Pyrenees, Na-
varra and Alicante (Spain), Bulgaria, Georgia, Ka-
zakhstan, northern Caucasus and Tadzhikistan (SMITH
& JErreErY, 2000). In the Maastrichtian type area, H.
striatoradiatus first appears in the lower Lanaye Mem-
ber (Gulpen Formation), of late Maastrichtian age (Be-
lemnitella junior Zone of authors; equivalents of fegu-
latus/junior Zone sensu SCHULZ & SCHMID, 1983) and
ranges to the top of the Meerssen Member (Maastricht
Formation, IVf-7; Belemnella (Neobelemnella) kaz-
imiroviensis Zone) (JAGT, 2000).

Elsewhere in Bulgaria, the age of Kajlaka Formation
is late Maastrichtian as based on records of the am-
monite Sphenodiscus binckhorsti J. BOHM, 1898 (see
Tzankov, 1982; KENNEDY, 1987; Jagt, 2002, 2005;
MACHALSKI, 2005a), as well as on the basis of regular
superposition in several outcrops with underlying lower
Maastrichtian sediments.

For dating the present material from the Labirinta
cave, an associated scaphitid phragmocone (NMNHS
29929) collected during recovery of the vertebrate

material, is of importance. This consists of half a whorl
(Fig. 3), of c. 22 mm in length (as preserved) and rep-
resents a highly compressed, flat-sided phragmocone,
with fairly broadly rounded ventrolateral shoulders and
a narrow, flattened venter (Fig. 3B). The diameter of
the umbilicus is c¢. 6.5 mm. Ornament consists of up
to nine flexuous primary ribs, arising at the umbilical
seam (Fig. 3A, C); these are feebly concave and pror-
siradiate on the inner flank, convex at mid-flank and
concave on the outer flank and ventrolateral shoulder
and convex over the venter. Primary ribs divide at mid-
flank, and single (or double) intercalatories are insert-
ed on the outer flank, giving a total of c. 22 ribs at
this growth stage. No ventrolateral tubercles are seen at
the largest diameter, but this may in part be preserva-
tion induced. No sutures can be seen.

Comparison with similar-sized material from the
Maastrichtian type area (Maastricht Formation, Meer-
ssen Member, subunits IVf-5 and -6; NHMM JJ 8297
and JJ 13341a-c), the upper Maastrichtian of Petites-
Pyrénées, France (KENNEDY et al., 1986, pl. 4) and the
uppermost Maastrichtian of Turkmenia (JAGT et al., in
prep.) shows NMNHS 29929 to be comparatively
coarsely ribbed and with a large umbilicus, but this is
well within the range of variation documented for cor-
responding growth stages of Hoploscaphites constrictus
(J. SowerBy, 1817). This species is typically Maas-
trichtian, with records from southern Sweden, Denmark,
northern Germany, the Netherlands, southern and north-
east Belgium, Cotentin (Manche), Landes and Petites-
Pyrénées (all France), Lleida (Spain), Switzerland,
Austria, the Czech Republic, Poland, Bulgaria, the
Ukraine, Carpathians, Donbass, Transcaspia, Kazakh-
stan and Kopet Dag, Turkmenia (KENNEDY, 1987; JAGT,
2002; NIEBUHR, 2003; MACHALSKI, 2005a, b). At least
at two localities, Stevns Klint (Denmark) and the Maas-
trichtian type area (the Netherlands), it extends into the
lower Paleocene (MACHALSKI & HEINBERG, 2005). On
the basis of a detailed study of shell ornament, both of
micro- and macroconchs, MACHALSKI (2005a, b) was
able to demonstrate the occurrence of several temporal
subspecies during the late Maastrichtian. Unfortunately,
with but a single, incomplete phragmocone available, it
cannot be determined to which of these taxa NMNHS
29929 might be assigned. A more detailed age assign-
ment than Maastrichtian is thus impossible on the basis
of this scaphitid record.

Isolated teeth of neoselachian sharks are common in
epicontinental Upper Cretaceous strata in Bulgaria.
TzAaNKOV & DATCHEV (1966, pl. 7, figs. 6-16) record-
ed, for the first time in Bulgaria, the species Anacorax
(= Squalicorax) pristodontus (AGASSIz, 1843) (erro-
neously spelled priostodontus) from Maastrichtian stra-
ta near the towns of Pleven and Shumen, and near the
village of Somovit on the River Danube, but they did
not provide a description of the occurrence of the stra-
ta, hence, it is difficult to judge from which exact level
of the Maastrichtian their material came. It is presumed
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that their material also originates from the Kajldka
Formation. The good preservation of the specimen
described here allows a comparison with Maastrichtian
material from Morocco and, thus, enables a more pre-
cise age to be assigned to this specimen.

In summary, the Labirinta cave material is definite-
ly of late (?latest) Maastrichtian date as based on den-
tal morphology of Squalicorax pristodontus and on cor-
relation with nearby outcrops, which have been dated
on echinoid and ammonoid evidence.

Remarks on mosasaur and plesiosaur
distribution across Europe

Mosasaurid occurrences are known from numerous
outcrops of Campanian and Maastrichtian strata across
Europe. Distinct stratigraphic levels, representing most-
ly shallow-water, (sub)littoral settings, in three areas in
particular have yielded diverse assemblages, and at two
of these, more or less completely preserved cranial and
post-cranial material has been shown to be relatively
common. These are:

1. The lower Maastrichtian ‘Craie phosphatée de
Mons’ (Belemnella obtusa Zone) in the Mons Basin,
southern Belgium (LINGHAM-SOLIAR & NOLF, 1990;
LINGHAM-SOLIAR, 1992, 1993, 1994, 1999, 2000; CALD-
WELL et al., 2004; MULDER et al., 2004; JAGT, 2005),
which has produced ‘Mosasaurus lemonnieri’ (= M.
hoffmanni juv.?; Moanasaurus sp.), Plioplatecarpus
houzeaui, Halisaurus ortliebi, Prognathodon solvayi
and Hainosaurus bernardi. Two additional species,
Prognathodon giganteus and Globidens dakotensis, are
of Campanian age (JAGT, 2005);

2. The extended type area of the Maastrichtian Stage
(LINGHAM-SOLIAR, 1993, 1994, 1995, 1996, 1999; DOR-
TANGS et al., 2002; JAGT et al., 2002; MULDER, 2003a,
b; SCHULP et al., 2004; Jagt, 2005; ScHULP, 2006; see
also MULDER & MalI, 1999). Here, Maastrichtian strata
(Vijlen Member, Gulpen Formation to Meerssen Mem-
ber, Maastricht Formation) have yielded Mosasaurus
hoffmanni, ‘M. lemonnieri’ (= M. hoffmanni juv.?),
Plioplatecarpus marshi, Liodon ‘sectorius’, Carinodens
belgicus and Prognathodon saturator. Campanian spe-
cies include Prognathodon ‘solvayi’ and Hainosaurus
sp. (JagT, 2005);

3. Skane (southern Sweden, Kristianstad Basin),
from where almost no articulated material is known,
but which shows a remarkably high diversity in the
lower and upper Campanian in particular, having yield-
ed material assigned to Platecarpus sp., Clidastes pro-
python, Platecarpus cf. somenensis, Halisaurus stern-
bergi, Dollosaurus sp., Hainosaurus sp., Tylosaurus
ivoensis, Prognathodon sp. and Plioplatecarpus sp.
From the lower Maastrichtian, two species are known,
namely Plioplatecarpus primaevus and Mosasaurus aff.
lemonnieri (LINDGREN, 2005a, b; LINDGREN & SIVER-
SON, 2002, 2004, 2005).

Taken together, these three areas can be assumed to
represent all mosasaur taxa distributed across Europe
during the Campanian—Maastrichtian, with the possible
exception of one or two rare taxa. From other locali-
ties in Europe, far less common, and usually highly
fragmentary material (with few exceptions), is known.
These probably all represent deeper-water settings, far
from coastal areas, and include:

4. The Miinsterland (northwest Germany; CALDWELL
& DieprICH, 2005), from where a late Campanian
species of Clidastes has been recorded;

5. England (MILNER, 2002), from where material
assigned to Clidastes sp. (Santonian—Campanian; Sur-
rey, Sussex), indeterminate mosasaurines (Campanian—
—Maastrichtian; Norfolk), Prognathodon (upper Cam-
panian; Norfolk), indeterminate plioplatecarpines
(Santonian—Campanian; Sussex, Hampshire), ?Tylosau-
rus (upper Santonian—lower Campanian; Hampshire,
Kent and Yorkshire) and Leiodon anceps (= ?Haino-
saurus, Coniacian—upper Campanian; Sussex, Essex and
Norfolk) has been recorded;

6. Southwest Russia and Crimea (Ukraine) (YARKOV,
1993; STORRS et al., 2000; SCHULP et al., in press),
with a cranial and post-cranial skeleton of Dollosaurus
lutugini from the upper Campanian of central Russia
and isolated tooth crowns of Carinodens belgicus from
the upper Maastrichtian of Trudotyubovka, Crimea and
Volgogradskaya oblast’, Russia;

7. Northern Spain (BARDET et al., 1993, 1997b, 1999;
BARDET & PEREDA SUBERBIOLA, 1996), with isolated
teeth and tooth crowns of Prognathodon solvayi,
Platecarpus cf. ictericus, Leiodon anceps, Leiodon sp.,
Mosasaurus sp. and indeterminate mosasaurines;

8. Central Poland (MACHALSKI et al., 2003; JAGT et
al., 2005), with records of Mosasaurus cf. hoffmanni
from the upper Campanian and uppermost Maastrichtian,
M. cf. lemonnieri from the upper Maastrichtian, ‘M.
(Leiodon) cfr. anceps’ [sensu Arambourg, 1952] from
the same level, Hainosaurus sp. 1 and Prognathodon sp.
from the upper Campanian, and Hainosaurus sp. 2 from
the upper Maastrichtian, all from sections in the Wisla
River valley;

9. France (BARDET, 1990; BARDET er al., 1991,
1997a), with records of Hainosaurus bernardi and
?Hainosaurus sp. from the Santonian—Campanian
(Somme, Aude), Prognathodon giganteus from the
lower Campanian (Champagne) and Platecarpus sp.
from the lower Campanian of Corbiéres;

10. Denmark where lower and upper Maastrichtian
strata in Jylland and Sjelland have yielded very rare
remains, mostly tooth crowns, of Mosasaurus cf. hoff-
manni and Plioplatecarpus sp. (LINDGREN & JAGT,
2005).

Interesting is also Riigen (northeast Germany) from
where historical material of early Maastrichtian age, the
current whereabouts of which is unknown, was illus-
trated by REICH & FRENZEL (2002, pl. 2, fig. 4). This
isolated tooth from the voN HAGENOW Collection
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appears conspecific to material recorded from the upper
Maastrichtian of central Poland by JAGT et al. (2005),
as Hainosaurus sp. 2. Representatives of the tylosaurine
genus Hainosaurus may thus have been more widely
distributed in the European Campanian—Maastrichtian
than previously assumed. In general, mosasaur remains
from deeper-water settings represented by the ‘white
chalk facies’ of northeast Germany and Denmark are
comparatively rare; a few isolated tooth crowns of
Mosasaurus cf. hoffmanni are known from Riigen
(REICH et al., 2005). With the exception of some ver-
tebrae in matrix, none of the vertebrate fossils record-
ed by LapwiG (1997) from Légerdorf (northern Ger-
many) can be assigned to mosasaurs; the majority of
teeth illustrated are of enchodont teleosts and allies.

In comparison to mosasaurs, plesiosaurs in the Cam-
panian—Maastrichtian are much rarer, and mostly refer
to isolated cranial and post-cranial elements, rarely to
associated skeletal elements of a single animal. Plesio-
saurs appear to have frequented upwelling areas, rich
in food; occurrences in shallow-water environments
such as the upper Campanian of the Mons Basin
(BARDET & GODEFROIT, 1995) and the upper Maas-
trichtian of the Maastricht area (MULDER et al., 2000)
are best explained as stemming from floating carcasses,
or from animals that only on certain occasions visited
the area to feed. Anomalous in this respect is the com-
parative richness of plesiosaur remains from the Cam-
panian of southern Sweden (PERSSON, 1959, 1962, 1963,
1967); this may be related to preferred feeding and/or
breeding grounds in the shallow-water settings of the
Kristianstad Basin and other areas there. The find of a
partial elasmosaurid skeleton in the uppermost Campa-
nian (grimmensis/granulosus Zone) of Ligerdorf, north-
ern Germany (MAISCH & SPAETH, 2004) is of special
interest, in being one of the very few examples of asso-
ciated plesiosaur remains known to us.

Conclusions

During the latest Cretaceous (Campanian—Maastrich-
tian), marine lizard (mosasaurid) species inhabited the
epicontinental seas along the northerly margins of the
Tethyan ocean. Mosasaurid records from Bulgaria are
very rare and refer mostly to fragmentary material, all
collected from strata assigned to the Kajlaka Formation.
The new material described herein adds to our under-
standing of mosasaur distribution across Europe during
the Campanian—Maastrichtian. For a proper document-
ation of all of the Bulgarian material, detailed compar-
isons with identified material contained in museum col-
lections, both in Bulgaria and elsewhere in Europe, are
needed. Future fieldwork in northern Bulgaria is also
called for, in an attempt to recover more, and strati-
graphically well-documented, skeletal remains there.

Rare and randomly distributed cephalopods and other
characteristic macrofossils in the epicontinental Upper

Cretaceous cause problems in Bulgaria, because there
are no zonal subdivisions for the whole of the Upper
Cretaceous based on ammonites or belemnites, or any
other macrofossil group for that matter. For the Maas-
trichtian, in particular, only schemes based on micro-
fossils are available. This study shows that shark teeth
may be used for dating some strata where other char-
acteristic fossils in the Upper Cretaceous of Bulgaria
are missing.
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Pe3ume

Hajmaabu kpennn mo3a3zaypu u
Jamangopmue ajkyie u3 nehune Jladnpunra,
Bpauancka odJact (ceBepo3anajgHa
Byrapcka) — npeTxogHa oeliemka

N3 crnojeBa koju mpumnapajy ¢opmanuju Kajnaka,
oTkpuBeHuX y nehwan Jlabupuara y Bpauanckom kpa-
jy, ceBepo3amagHa byrapcka, mpukymbeHa je 1985.
rojuHe 30MpKa OcTaTaka KMIMemaka (yKymHo 65 pe-
THUCTPOBAaHUX IIpUMepaka y Konekuujama Hapopsor
npupoamavkor myseja y Cocpuju). O cBUX OBHX Ha-
Ja3a jjaje ce ONUC U CIMKE jefHOT Jiena JOHe BUIINLE
MOpCKOT rymTepa (Mo303aypa) ca iBa 3y0a in situ
IBa M30IJI0BaHa 3y6a ajkyna (Squalicorax pristodontus n
Anomotodon sp.). Ha ocHOBY BenmumHe, jako yayOsbe-
HOT HOINPEYHOT IpeceKka y OOJUKY JIATHHUYHOT CJIOBa
“U”, kapuHe w riaebHOr HM3a, 0Baj MO303aypcKH
MaTepujan je yciaoBHO oppebeH kao Mosasaurus cf.
hoffimanni, BpcTe MO3HATE U3 NOWET U TOPHET MacTpU-
xTa Mucypmja, Anabame, by Ilepcuja, [Jancke, ces-
epae Hemauke, cpenme [lobcke, Xonanamje, benruje
n Typcke. Acomnujanmja MakpOQOCHIHINX TaKCOHA
cajip>ku ¥ Jieo pparmMakoHa ckaduTuma, Koju Ipuraja
Hoploscaphites constrictus mo KojeM je ogpebeHa mac-
TPUXTCKa cTapocT 30upke. Mopdomnoruja 3yba S.
pristodontus yka3yje Ha KaCHO MaCTPHUXTCKY CTapoCT.
IlpucyctBo exwmnumpa Hemipneustes striatoradiatus
Takobe yka3yje Ha MacTpUXTCKy crapocT. Hama3
MaXAAUCIUHOT aMOHUTa Anapachydiscus (Menuites)
cf. terminus n3 oOnMXKeT M3fanKka popmanuje Kajmna-
Ka omoryhasa yxy ofipefi0y CTapOCTH — KaCHU MacTpu-
XT. YcKopo he OuTu u3BpllIeHa peBU3Hja LEeIOKYIHOT
perucTpoBaHor Marepujajia Mo3osaypa u3 byrapcke,
3ajemHo ca HajacuuMa u3 nehwmne JlaGupuHTa (Koju
MOXKJa cajip:Ke U ipyre rpyne KHUMeHjaka Kao LITO cy
eJacrocaypupcku 1iecnocaypu). OcuM Tora, moTped-
Ha Cy HOBa TEPEHCKa HCIUTUBalbA y CEBEPO3aNagHO]
Byrapckoj pagu nmpukymbarma BHILE, cTpaTUrpadcku
rmoy3manujer Marepujana. M3riema a moctoju modpa
Kopenanuja byrapcke ca gpyruM IJIUTKOBOXHUM,
EMMKOHTHHEHTAIIHUM cpefuHaMma y EBponu koje cy ce
KpajeM Kpefie Hajaswie Ha o0oay Teruckor okeasa.
Petkn u cnyvajuu Hamacuu uedajionofga M APYTUX
KapaKTepUCTUYHUX Makpo (ocuiia y TOpwOj Kpeau
cTBapajy npobmneme y byrapckoj, jep He moctoju 30H-
ajiHa Mofejia Lielie TOpHke Kpee Ha OCHOBY aMOHHTA
uny OeJeMHUTa, WM HEKe Apyre Makpo (ocuiiHe
rpyne. 3a MacTpuxT, yIIIaBHOM, IIOCTOj€ NOJieJIe 3aCHO-
BaHEe Ha MuKpodocunuma. Hama npoydaBama cy
mokaszajsia jla ce 3yOm ajkysie MOTy ymoTpeOuTH 3a
ofpendy CTapOCTH TaMoO Ifie APYI'M KapaKTepUCTUYHU
¢ocunm y ropmoj Kpeau Byrapcke m3ocrajy.
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Trinocladus divnae and Montiella filipovici — a new species (Dasycladales, green
algae) from the Upper Cretaceous of the Mountain Pastrik (Mirdita Zone)

RaikA RADOICIC

Abstract. Two new dasycladalean species from the Upper Cretaceous of the Mountain Pastrik, Kukes Creta-
ceous Unit of the Mirdita Zone are described:

Trinocladus divnae sp. nov. is characterized by variable size of the thallus, relatively narrow main axis, typi-
cal Trinocladus organization of the laterals and thin calcification limited to the distal part of the thallus which
includes a swollen part of secondaries and short tertiaries. Often, the internal portion of the whorls (except
sometimes the main stem membrane), tends to dissolve and form dissolution cavities filled with cement.

Montiella filipovici sp. nov. is characterized by a primary skeleton made of a thin individual sheath around
a fertile ampullae, often obliterated by recrystallization. Four to six laterals, each giving one secondary and one
fertile ampulla located on the upper side of the relatively thick short primary lateral.

Upper Cenomanian limestone with Cisalveolina fraasi and Trinocladus divnae sp. nov. was deposited imme-
diately before the events that resulted in sea level rising. The middle and upper Cenomanian eustatic-tectonic
processes had different effects in the Pastrik shallow water areas, depending on the distance from the basinal
part of the Unit. Bathymetric changes in a part of the Pastrik sedimentary area were not significant, even neg-
ligible. Montiella filipovici is found in the post-fraasi shallow water sequence, assigned to the ?uppermost Ce-
nomanian—lowermost Turonian (= Whiteinella archaeocretacea Zone p. p.; a short stratigraphic gap, in a part of
the area, is noted). Shallow water limestone with Turonian taxa, corresponding to the helvetca Zone, occurs a
few meters upward.

Supplementary note: the species Cylindroporella parva RADOICIC is transferred in the genus Montiella, the
species Permocalculus elliotti JOHNSON is transferred in the genus Trinocladus, while the species Trinocladus
bellus YU JING is transferred in the genus Belzungia.

Key words: Dasycladales, new species, new combination, Cenomanian, Turonian, Mountain Pastrik, Kukes
Cretaceous Unit, Mirdita Zone

AdctpakT. Onucase cy JBHje HOBE BpcTe Aasukiaganeckux anru: Trinocladus divnae sp. nov. U3 ieHOMaHa U
Montiella filipovici sp. nov. u3 ?HajBUIIET IIeHOMaHa—HajHIKer TypoHa [Tamrpuka (Kykecka KpenHa jennHALA,
Mupputa 30Ha):

Bpcry Trinocladus divaae sp. nov. KapakTepullle Talyc BeoMa BapnjaOMIHIX TUMEH3Hja, y3aHa IJIaBHa oca,
opranm3anuja orpanaka Trinocladus tumna m cnaba kanmudukanuja Hajuenthe orpaHUYeHa caMO Ha JUCTAITHI
AMO Tallyca: OKO NUCTAJTHOT NMPOIIMPEHa CEKYHAApHUX W OKO TEePUUjapHUX OrpaHaka. YHyTapma CTPYKTYpa,
n3y3eB KaTKajja KajaudunupaHe MeMOpaHe Ii1aBHE oce, Ouiia je BeoMma MOAJIoKHa Auconynuju. Tako Hacrana
Ipa3HUHA OOMYHO je OuBala UCIyHeHa lieMeHToM. BekcTon-niekcToHe ca Trinocladus divnae sp. nov. Ilotuue
u3 Hajsuier aujena Cisalveolina fraasi 30ne

Bpcry Montiella filipovici sp. nov. KapakTepuille TAaHaK IPUMapHA KapOOHATHH OMOTa4 caMO OKO (hepTUi-
HPX aMITyJia KOjU je Hajuelrhe YHIIINTEH yClef peKpucTanu3anyje. 4—6 peJaTHBHO KPaTKUX MAaCHBHUX MpIMap-
HPX OrpaHaKa Hoce 110 jeflaH CEeKYHJJapHH OrpaHaK ! je[Hy (pepTHIIHY aMIIyJy CMjeIlITeHy HaBUIIE.

T'opwonenomancku Kpeuwak ca Cisalveolina fraasi u Trinocladus divhae sp. nov. JeIIOHOBaH je HENIOCPETHO
npuje forabaja Koju cy y3poKoBaIH HOPAacT MOPCKOT HUBOA.

Cpenmo-TopmOIeHOMaHCKI TEKTOHCKO-eyCTaTHIKA MPOI[ECH PAa3IIMINTO CY Ce OfjpaXkaBajy Ha I TKOBOHA
apea 3aBHCHO Off YAaJbeHOCTH OTHOCHO Onm3mHe 6GaceHckor anjena Kykecke kpenne jegunnne. batnmerpujcke
MpOMjeHe Y AWjesly OBOT IUNIMTKOBOJHOT CEJUMEHTAMOHOT MpocTopa Ouie cy He3HaTHe. IlocT-fraasi mimmTKo-
BOJHY CEKBEHIly KapaKTepullle Hcue3aBambe KapaKTepHUCTHUHUX [EHOMAaHCKUX (hocuiia, OCHpoMallenhe OuoTe,

Kralja Petra I, 38, 11000 Belgrade, Serbia. E-mail: rradoicic@sezampro.yu
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TEepHUTeHN NpuHOC (KBapIl), a MjeCTEMUYHO H pa3opeHH ciojeBu. Montiella filipovici HabeHa je y KpedmaukoM
CclI0jy OoBe cekBeHIle ca yuyectanoM Halimeda elliotti CONARD & RIOULT ucnoj kapGoHaTHE CEKBEHIE Koja je
JaTepallHd eKBUBalleHaT helvetica 30He. OBaj nuo HOCT-fraasi cTyba NpUNUCAH je ?HAJBUIIEM LEHO-
MaHy-HajHIkeM Typony (= Whiteinella archaeocretacea 30Ha p. p.).

Y momaTHO] GMIBENIIN IaTH Cy IOAAI O HOBUM KoMbuHanujama: Bpcra Cylindroporella parva npe6auena je y
pon Montiella, Permocalculus elliotti y pon Trinocladus, a Trinocladus bellus y pon Belzungia.

Kibyune pujeun: Dasycladales, HoBe BpcTe, HOBe KOMOMHaIH]je, IeHOMaH, TypoH, [TamTpuk, Kykecka kpegHa

jemuanna, MuppuTa 30Ha.

Introduction

The Cretaceous succession of the Mountain Pastrik
is an attached platform (superimposed paleogeography)
overlaying the Diabase Chert Formation, serpentinite
and Tithonian—Berriasian carbonate clastics (flysch
auct.) in the north. From the middle Cenomanian into
the Turonian, it was a ramp — a transitional stage from
the platform to the basin.

Dasycladales, common in some of shallow water
Albian, Cenomanian and Turonian levels of this area,
have been mentioned or described by PEjOVIC & RaA-
DOICIC, (1974), CHERCHI et al. (1976), CONRAD et al.
(1977) and RaADOICIC (1978, 1983, 1984, 1994, 1998).
The present note is a further contribution to the Dasy-
cladales in Pastrik limestone: two new species — Trino-
cladus divnae and Montiella filipovici are described.

Systematics

Order Dasycladales PACHER, 1931

Family Triploporellaceae (PiA, 1920) emend. BER-
GER & KAEVER, 1992

Subtribe Triploporellinae (Pia, 1920) emend. ASSO-
ULLET et al., 1979

Genus Trinocladus RAINERI, 1922

According to ELLioTT (1972, p. 619), the tubular
thallus of Trinocladus is composed of “Successive ver-
ticils of radial branches, each branch showing outward-
ly widening primaries giving rise to several secondar-
ies, and these in turn to bunches of tertiaries. Branches
of the lower verticils may not show the full detail.
Branches usually not alternate in position from verticil
to verticil.”

Based only on a transversal section, RAINERI (1922)
maintained that a trichotomic partitition of the laterals
is characteristic of the genus. In fact, the main gener-
ic feature is the form of laterals: club-shaped phloio-
phorous primaries with a more or less large subspher-
ic distal part, similar shaped thinner secondaries, four
or more per each primary, and bunches of similar short
tertiaries.

It should be mentioned that, in some cases, recrys-
tallized or poorly preserved Trinocladus tubes were
also ascribed to Permocalculus or to Griphoporella.

Gradiét
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Fig. 1. Geological map of the Pastrik area, according to Geo-
logical map 1:000000, sheet Prizren (MENKOVIC et al., 1982),
simplified (new stratigraphic data are not included). 1, ?Barre-
mian—Aptian, carbonate breccia and bioclastic limestone; 2,
shallow water Albian sediments, 3, shallow water lower into
upper Cenomanian; 4, shallow water Turonian carbonates with
rudists and hemipelagic limestone; 5, Senonian, breccia, micro-
breccia, calcarenites and marly limestone with planktonics.
New stratigraphic data are not included. A, Bistrica section;
B, — Vrbnica 1 section.

Specimens of such preservation are often really diffi-
cult to distinguish from some Permocalculus. Compare:
fragments of 7. divnae in Pl. 3, Figs. 10, 11, with
“typical Permocalculus debris” illustrated by JOHNSON
(1969, pl. 17) and by JOHNSON in JOHNSON & KASKA
(1965, pl. 14). In the same paper, JOHNSON introduced
a new species Permocalculus elliotti, which is, in fact,
Trinocladus (see further text).

Among the species ascribed to the genus Trinocla-
dus, there are those which do not have a branching pat-
tern characteristic to Trinocladus. Only Paleogene spe-
cies from China, Trinocladus bellus Ju YING, 1976,
which has a Belzungia type of arrangement of the lat-
erals will be mentioned (see farther text).

Trinocladus divnae sp. nov.
PIL. 1, Figs. 1-14; PI1. 2, Figs. 1-8; PI. 3, Figs. 1-6

Origin of name. The species is dedicated to my
friend and colleague Dr. DivNA JovaNovi¢ (Belgrade)
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for her contribution to the study of depositional envi-
ronments of the Late Paleozoic in northwestern Serbia.

Holotype. Slightly oblique transversal section of the
calcareous tube shown in Fig. 2 (= PI. 1, Fig. 1), thin
slide RR2379, sample 013577, author’s collection
deposited in the Geological Institute, Belgrade.

This section shows the thinly calcified central stem
membrane with well preserved insertion points of 4 lat-
erals. The central stem, the irregular space around it
and between the laterals were early post mortem filled
with matrix. Open pores on the calcareous tube surface
(dentate surface) is the evidence of the tertiaries. Pri-
mary and secondary laterals are not preserved predom-
inantly due to dissolution in the post-filling phase with
matrix. The two primaries are not completely obliterat-
ed by recrystalization (arrows). Dissolution cavities
were subsequently filled with cement. This space, cor-
responding to the space of the laterals R1-R3 has an
inverted triangular form (Fig. 2, arrows).

Fig. 2. Trinocladus divnae sp. nov. Holotype, slightly ob-
lique section; thin slide RR2379, x 61,5. Notice the insertion
points of 4 laterals. Arrows: recrystallized space of inverted
triangular forms corresponding to units of laterals (R1-R3),
and on the bellow the two pores of primaries which are not
completely obliterated by recrystalization.

Isotypes. Specimens in thin slides RR2379 and 2380.
Some of them illustrated in Pl 1, Figs. 2, 3, 9, 13; PL
2, Figs. 2, 9; PL. 3, Figs. 2, 3, 4.

Other materials. Specimens in thin slides RR2448-
2351 and RR2343-2346a, samples 015126 and 015130
collected in 1973 near Miljaj

Type locality and type level. Southeastern slope of
Mountain Pastrik, GraZdanik—Bistrica—Dobruste belt, Geo-
logical map SFRJ 1:100 000, Sheet Prizren. The sam-
ple 013577 was collected in 1972 from the top part of
the Cisalveolina fraasi Zone in the Bistrica section north
of the Bistrica River, east of the Drim River (Fig. 1).

The Albian—Cenomanian succession of the Bistrica
lies on Upper Triassic limestone (= large block sliding,
during the Cimmerian event in the Diabase Chert For-

mation) and on the Diabase Chert Formation (RADOI-
CIC, 1994).

In the Bistrica column, about 220-230 meters thick,
Salpingoporella milovanovici RADOICIC (last occur-
rence) and Suppiluliumaella schroederi BARATTOLO (Pl.
7, Figs. 2-4) occur in the level at about 180 meters.
Upward from 200 meters, the foraminiferal assemblage
is notably impoverished (Cuneolina, Nezzazatinella,
miliolids, a few Pseudolituonella reicheli MARIE, Chry-
salidina gradata D’ORBIGNY and Pseudocyclammina),
the new datum is the first occurrence of the “Bry2” —
bryozoan species known only from the Cisalveolina
fraasi Zone. Cisalveolina fraasi REICHEL was found in
the 210t meter. Some beds of the fraasi Zone abound
in hydrozoans (monospecific assemblage, RADOICIC,
1994, pl. 2, fig. 4). Frequent sponge spicules, Pieninia
oblonga, bryozoan zoeciums, rare Heteroporella lepina
PRATURLON, Montiella parva (RADOICIC), microprob-
lematica “Pri0”, a few corals, gastropods, moluscan
fragments, Neithea and FEoradiolites are also present.
Sediments younger than the Cenomanian are outcrop-
ping in the western Drim riverside (Western Nasec sec-
tion, RADOICIC, 1994).

Diagnosis. Thallus cylindrical, central stem narrow
with whorls consisting of three orders of similarly
shaped phloiophorous laterals; 7-8 primary laterals bear
probably six relatively long secondaries, giving rise to
bunches of fine short tertiaries. Distal widening of the
laterals relatively small, maximum of 0,076 mm in the
primaries, about 0,050 mm in the secondaries and about
0.025 mm in the tertiaries. Length of the primary lat-
eral is almost equal to both secondary and tertiary lat-
erals. Primary calcification delicate, prevailing around
the distal portion of the thallus.

Dimensions (in mm) (extreme in the brackets):

Outer diameter 0.710-1.640 (1.947).

Main stem diameter (given on a few sections only)
0.126-0.177.

Length of primary laterals (= pores) nearly half the
wall thickness.

Distance between whorls about 0.100.

Description. Trinocladus divnae sp. nov. in the Pas-
trik material is quite differently preserved. The primary
feature of some specimens are completely or prevailing
obliterated by recrystallization (P1. 1, Figs. 4, 7, 10, 11,
14; Pl. 3, Figs. 1-4). Open pores on many of the cor-
puscule surface (dentate surface) correspond to external
moulds of parts of the tertiaries (Pl. 1); their distal
unpreserved part form a cortex. In a few sections, some
pores, swelling of secondaries or rarely of primaries,
are visible (Pl. 1, Figs. 5, 8, 10; PIL. 3, Figs. 5, 6).

Sometimes, the contour of the main stem is also rec-
ognizable (Pl. 1, Figs. 5, 9; PI. 3, Figs. 2, 4), or, even,
the calcified stem membrane is preserved as a thin
black line (Pl. 1, Fig. 7). The central stem and proxi-
mal whorl area, in a few individuals, occur as a cavi-
ty with the internal wall surface more or less zig-zag
undulated (Pl. 1, Figs. 6, 9, 10).



68 RAJKA RADOICIC

The internal structure of the specimen shown in Pl.
1, Fig. 9 seems, at a first glance, relatively well pre-
served. The structure of the whorls, in this case, is
obliterated: only contours of the recrystallized whorl
areas and the intervening space can be distinguished.

Here, subcircular sections give a wrong impression
that they are sections through thick laterals. Most like-
ly, the membrane of the primary and secondary later-
als are not at all or only slightly calcified. They were
enveloped in a thick mucilage layer giving a cuplike
form to every unit of laterals (triangular in the sec-
tions), which are, in this case, completely recrystallized.

Individuals with a calcified distal thallus area, around
the swelling of secondaries and of dense short tertiaries,
are presented as thin-walled cylindrical calcareous tubes,
relatively resistant to dissolution and abrasion (Pl. 2,
Figs. 1-5). The small sized fragments of this thin fine-
porous calcified wall is difficult to recognize as dasy-
cladalean skeleton elements (PI. 3, Figs. 10, 11).

Comparing these differently preserved specimens, I
could not immediately decide: whether they were the
same species. Specimens with a thin distal calcification
are ascribed to Trinocladus divnae because of the
somewhat larger size of the thallus and, especially, the
difference in the preservation are not of specific max-
imal values. Smaller individuals generally had an early-
altered internal structure (recrystallized) and were more
resistant to break. The thin calcareous wall of larger
specimens, although resistant to dissolution and abra-
sion, were more friable.

Relations. This species resembles Trinocladus tripo-
litanus RAINERI the most, which has the same number
of primary laterals but is not so variable in the size of
the thallus. The main difference lies in the distal part
of the thallus: relatively delicate secondaries of Trino-
cladus divnae bear dense bunches of fine tertiaries,
forming a resistant thin calcified wall.

Trinocladus sp. from the Maastrichtian of Iraq (RA-
DOICIC, 1979, pl. 2, fig. 4) now is tentatively referred
to Trinocladus divnae.

It does not exclude that the alga presented as Gri-
phoporella sp.” by SCHLAGINTWEIT, 1992, pl. 1, fig. 7
is a thin-walled specimen of Trinocladus divnae.

Family Dasycladaceae (KutzING, 1843) emend.
BERGER & KAEVER, 1992
Tribe Dasycladeae Pia, 1920

Genus Montiella MORELLET & MORELLET, 1922

The genus Montiella is characterized by a simple cy-
lindrical thallus consisting of whorls with two orders of
laterals. The primary laterals arranged in quincunxes
bear one fertile ampulla and one secondary lateral en-
larged distally.

Type species is Montiella munieri, from the Montian
of Belgium. Other species of the genus, Montiella ma-

cropora, was contemporary described from the Thanetian
of the Paris Basin. Isolated specimens and fragments of
the both species were studied by GENoT (1978, 1987, in:
DELOFFRE & GENOT, 1982). This author (1982, p. 108)
compares the calcareous sleeve of both species with
those in some Neomeris “chés lesquelles les ramifica-
tions primaries et 1’extrémité proximale des ramifications
secondaires ne sont jamais conservées.”

The find of genus Montiella in the Cretaceous sedi-
ments is of a later datum: when Cylindroporella elitzae
BAkALOVA and Cylindroporella benizarensis FOURCADE
et al. were transferred to the genus Montiella (RADO-
ICIC, 1980, GRANIER, 1990). The difference in the extent
of calcification of the Paleocene and Cretaceous Mon-
tiellae is readily evident. In contrast to the Paleocene
species, the known Cretaceous species have a calcare-
ous sheath around the proximal part of the whorl with,
in the some specimens, a well preserved morphology
of the central stem.

In the calcareous sheath of the known Cretaceous
Montiellae, as a rule, the pore of the secondary is not
differentiated from the pore of the primary lateral (sec-
ondary effect). They look like a single pore: a thick
and short proximal part with a fertile ampulla followed
by somewhat narrower tube, distally enlarged having
the protective function of the ampulla.

Besides the fertile ampullae, other whorl elements
are often not or only partially preserved. Therefore, it
is often difficult to distinguish the calcareous sleeves of
Montiella from those of Cylindroporella. Bearing in
mind that the type species of the genus Cylindroporella
is poorly preserved (some structural elements are oblit-
erated), the question is: what is Cylindroporella? The
Cylindroporella problem is discussed by BARATTOLO
and PARENTE (2000).

Montiella filipovici sp. nov.
PlL. 4, Figs. 1-9; PL. 5, Figs. 1-12; PI. 6, Figs. 14

Origin of name. The species is dedicated to my
friend and colleague Dr. Ivan Filipovi¢ (Belgrade), for
his contribution to the study of on the Paleozoic in
Western Serbia.

Holotype. Oblique section of the specimen in Pl. 4,
Fig. 1, thin slide RR2328, sample 015117, author’s col-
lection deposited in the Geological Institute, Belgrade.

Isotypes. Different sections in thin slides RR2326 to
2336, partly illustrated in Pl. 1, Figs. 2-9; Pl. 3, Figs.
1-12; Pl. 3, Figs. 1-4.

Type level and locality. Sample 015117 was collect-
ed in 1973 from the upper part of the section Vrbnica
1, southern slope of the Mountain Pastrik. This section
is exposed on the footpath between Vrbnica-Drim and
Miljaj—Ninaj, east of the section Vrbnica 2 (CHERCHI et
al., 1976); Geological map SFRJ 1:100000, Sheet Pri-
zren (Fig. 1).

Lateral equivalents of the sediments with Cisalveo-
lina fraasi, in the Vrbnica 1 section, are followed by
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some ten meters of limestone with a prevailing weak ter-
rigenous influx, changed and impoverished biota. A few
meters upward, limestone abounding in halimedacean
algae was sampled (15117). This bed, grainstone-pack-
stone dominated by Halimeda elliotti CONARD & RIOULT,
Halimeda sp. and some other halimedacean algae is the
type level of Montiella filipovici sp. nov. The associa-
tion also contains Montiella parva (RADOICIC), Terque-
mella sp., sparse fragments of Neomeris and Heteropo-
rella lepina PRATURLON, a few foraminifera Nezzazati-
nella, Cuneolina, Reticulinella, miliolids, rare ostracodes
and metazoan fragments (Pl. 6, Figs. 5, 6, 8-11).

Further upwards (the bedding is not well visible), the
lower Turonian (equivalent to the helvetica Zone) is doc-
umented by Moncharmontia apenninica (DE CASTRO),
Pseudocyclammina sphaeroidea GENDROT (sample
015119), and the rudists Hippurites, Durania, Biradiolites
and Distefanella. The interval between the Cisalveolina
fraasi Zone and the lower Turonian is equivalent or part-
ly equivalent to the Whiteinella archaeocretacea Zone

In the GradiSte succession (the same Cretaceous Unit,
Fig. 1), Halimeda elliotti occurs abundandly in some
beds of the Hemipelagic Sequence (= Whitinella archa-
eocretacea and Helvetotruncana helvetica zones). In the
Metohija Cretaceous Unit, the abundance of Halimeda
elliotti associated with Helvetotruncana helvetica is
known from the Zabel Section (RADOICIC, 1993, 1998).

Diagnosis. Thallus with a narrow central stem and
whorls commonly consisting of 6 laterals, exceptional-
ly 4 or 5. Primary laterals arranged in quincunxes, short
and relatively thick, each bears a fertile ampulla and a
secondary lateral. Egg shaped slightly inclined upward
fertile ampulla located on the upper side of the primary
lateral close to the central stem, a secondary lateral
grows from its distal end. Ampulla pedunculus is short,
usually not clearly differentiated.

Walls of the fertile ampullae have been individually
calcified. This primary calcareous skeleton is altered or
partly altered.

Dimensions (in mm) (extreme value in brackets):

External diameter 0.607-0.708 (0.759); the trans-
verse section with 5 laterals in the whorl shown in Pl
5, Fig. 5 is a specimen with a narrower thallus diam-
eter — 0.430 mm.

Diameter of the main stem (0.075) 0.101 — 0.151 (0.177).

Length of the ampulla with pedunculus 0.180.

Length of the primary laterals up to 0.127.

Diameter of the fertile ampulla up to 0.170.

Diameter of the primary lateral about 0.051.

Description. The surface of the calcareous tubes was
more or less eroded, often to half of the fertile ampul-
lae (Pl. 4, Fig. 9). The fertile ampullae primary have
been individually calcified as more or less thin carbon-
ate envelopes (about 0.002 mm). A similar primary cal-
cification is not observed in the laterals, they were poor-
ly preserved, probably due to weak or no calcification at
all. The form of their distal-cortical part is not known
(it seems they were much enlarged). The best example

of individual calcified fertile ampullae is the transverse
section in Pl. 2, Fig. 5. Some other sections, with a pre-
served individual sheath around the ampullae, and pri-
mary contact between them are illustrated in the same
plate. In the same calcareous tube, parts of the skeleton
may be differently preserved. An example of the differ-
ent grade of the obliterated structure in the same whorl
is the transversal section in Pl. 2, Fig. 4: well preserved,
slight contact between the ampullae observable as a
black line, and both, the sheath and the space between
the ampullae are almost obliterated by advanced recrys-
tallization in the other part of the section. The mentioned
transverse section with 5 laterals is also an example of
gradual alteration. The original sheath around the ampul-
lae is preserved in part of this section, and obliterated
by recrystallization in the other part.

Relations. Montiella elitzae and the very similar
Montiella benizarensis are species with a larger thallus
bearing 6-8 laterals per whorl and more variable
dimensions than M. filipovici characterized by slightly
variable thallus dimensions.

Some specimens of Cylindroporella elitzae and Cy-
lindroporella benizarensis (are these two species?) are a
nice examples of a post-mortem process resulting in
axis widening at the whorl level (RADOICIC et al., 2005,
pl 1, fig. 3). The primary calcification around the fer-
tile ampullae in these species is not preserved, except
the thin calcification around fertile ampulla of Montiella
elitzae from Eastern Serbia (RapoicCi¢, 1980, pl. 2, fig.
4), which indicates the same primary calcification as
that of Montiella filipovici.

A list of algal flora in the Cretaceous of Pastrik
(in alphabetic order):

Acroporella radoicicae PRATURLON, Pl. 8, Fig. 3
Bacinella irregularis RADOICIC

Charophyta

Coptocampylodon fontis (PATRULIUS)
Coptocampylodon sp.

Clypeina pastriki RADOICIC

Cylindroporella sp. div.

Dissocladella?, Pl. 8, Fig. 5

Halimeda elliotti CONARD & RiouLT, PI. 6, Figs. 8-10
Halimeda sp. (spec. nov.?), Pl. 6, Fig. 12
Halimedaceae sp. div.

Heteroporella lepina PRATURLON, PI. 7, Fig. 10
Koskinobulina socialis CHERCHI & SCHROEDER
Lithocodium aggregatum ELLIOTT

Lithocodioidea, different species

Marinella lugeoni PFENDER, Pl. 7, Fig. 9

Montiella filipovici sp. nov., Pl. 1, P1. 2, Pl. 3, Figs. 1-6
Montiella parva (RADOICIC), Pl. 4, P1. 5, PL. 6, Figs. 14
Neomeris (Drimella) drimi RADOICIC

Neomeris sp., Pl. 2, Fig. 9

Neomeridae, subgenus?

?Pseudoclypeina, Pl. 7, Fig. 6

Pseudolikanella cf. danilovae (RADOICIC)
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Pseudolithotamnium album (PFENDER), Pl. 7, Fig. 7
Salpingoporella hasi CONRAD, RADOICIC & PEYBERNES
Salpingoporella milovanovici RADOICIC

Salpngoporella pygmaea (GUMBEL)

Salpingoporella turgida (RADOICIC)

Suppiluliumaella schroederi BARATTOLO, Pl. 7, Figs. 2—4
Solenoporaceae

Suppiluliumaella sp., Pl. 8, Fig. 1

Terquemella div. sp.

Trinocladus divnae sp. nov., Pl. 1, PL. 2, PIL. 3, Figs. 1- 6
Trinocladus aff. tripolitanus RAINERI, Pl. 3, Figs. §, 9
Trinocladus?, Pl. 3, Fig. 7

Triploporella sp.

Digfferent microbial epiliths

Supplementary note
Montiella parva (RADOICIC, 1983) comb. nov.

Cylidroporella parva n. sp., RADOICIC, 1983: pl. 1,
figs. 1-5; pl. 2, figs. 1-2; thin slide RR3557, author’s
collection, Geological Institute of Serbia.

Turonian, Tripolitania, Libya,

The taxon is found in the type level of Montiella fil-
ipovici and also in association with Trinocladus divnae
(Pl. 6, Figs. 5-7).The subaxial section, Fig. 7, is the
only specimen of this species with preserved pores of
primary laterals upward bearing the fertile ampulla (the
structure of the genus Montiella). The secondary later-
als most probably were not calcified.

From the Turonian of Sinai in Egypt, the species
was presented by IMAaM (1996, 1b, not 1a). A primary
calcification of this specimen, the individual sheaths
enclosing the fertile ampullae which is the feature of
the genus Montiella, is well preserved in the part of
this recrystallized body.

Trinocladus elliotti (JOHNSON, 1965) comb. nov.

Permocalculus elliotti n. sp., JOHNSON (in JOHNSON
& Kaska) 1965: pl. 5, figs. 1-5; thin slide 18587,
(USNM in Washington, Division of Paleobotany, no
42340), earliest Early Cretaceous, possibly Late Juras-
sic, Rosario area of Spanish Honduras.

Although the calcareous sheath of the illustrated speci-
mens is diagenetically altered, sections in figures 1-3 give
sufficient data on the dasycladalean nature of this species.
Branching arrangement — primary, secondary (Figs. 2, 3,
on left) and tertiary (Fig. 3) laterals is of the Trinocladus
pattern. Accordingly, the species is transferred into the
genus Trinocladus RAINERI, 1922. In order to obtain a
diagnosis, a study of the type material is necessary.

Belzungia bella (YU JING, 1976) comb. nov.

Trinocladus bellus. spec. nov., YU JING, 1978: pl. 8,
figs. 10 (thin slide 28434) and 11 (thin slide 28435),

7Fig. 9, non Fig. 12, Paleocene—Ypresian of Lungma
Region, China

The holotype of Trinocladus bellus is a large frag-
ment of the calcareous tube — longitudinal-oblique sec-
tion through 6 or 7 whorls. The insertion points of the
primary laterals in this section are not preserved because
the main stem is secondary enlarged. Thick short pri-
maries, thick irregular secondaries and somewhat thin-
ner tertiaries, give rise to further laterals, thin and anar-
chically arranged. Whorls bearing such arrangement of
laterals characterize the genus Belzungia, MORELLET,
1908. The new combination refers to two out of four
sections illustrated by YU JING (1978, fig. 10), holotype
and transversal section in Fig. 12. This species, intro-
duced on insufficient material, is different from other
Belzungia species by coarser proximal (3 orders) and
seemingly somewhat more anarchically arranged distal
laterals.
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Pe3ume

Trinocladus divnae u Montiella filipovici -
HoBe Bpcre (Dasycladales, 3enene anre) u3
ropwe Kpege IHamrpuka (Mupaura 30Ha)

N3 ropwmokpenanx cemuMenarta [Tamrpuka (Kykec-
Ka KpefiHa jefrHnnIa, MupnnTa 30Ha) ONmcaHe Cy ABHje
HOBE BpCTE la3uKiajaseca:

Triploporella divnae sp. nov.

Xomnorun. Majo WCKOIIEH MONpevaH MpecjeKk MpH-
Ka3aH Ha Ttabmu 1, ci. 1.

Hujarnoza. lunuanpraad Tamyc ca y3aHOM IICH-
TpaJTHOM CTa0JLUKOM KOja HOCH, Ha pacTojamy, MpII-
JbEHOBE Ca TPH pefla OrpaHaka CIUIHOT o6nmka. 7-8
MpUMapHAX OTrpaHaka Jajy HajBjepoBaTHHWje MO CecT
CEKYHJIapeHNX, a OBH IO CHOIl KPaTKWUX TEPUHjapHAX
orpaHaka. [lyskuHa 06a, CEKyHIapHOT W TEpPUHjapHOT,
IpUOIIKHO je jeHaKa TY>KWHU IPAMAapHOT OTrpaHKa.
Kanmudpumnupan je yecTo caMoO TaHaK AWCTATHA U0
Tamyca (BpX CEKyHEApHHX M TEpIUjaHH OTPAaHIN),
pujeTko m MeMmOpaHa riaBHe ctabibuke. CeKyHaapHe
poMjeHe 3HATHE.

Crparurpagcku mojiokaj M THICKH JOKAIUTET.
T'opmu (anu He HAjTOPEHY IIEHOMAH ), BAIIH AWO 30HE ca
Cisalveolina fraasi y npodwiny Buctpuiie Ha jyrouc-
TOYHAM maguHaMma [lamrpuka.

Montiella filipovici sp. nov.

Xomaorun. Koc TOHTATYIMHAIIHY TIpecjeK MpUKa3aH
Ha Ta6mu 4, cn. 1.

Hujarno3a. Tanxyc ca y3aHOM LEHTpaJHOM CTab-
JbUKOM W TPILBEHOBAMA KOjU OOMYHO mMMajy 6, m3y-
3eTHO 4 mim 5 orpaHaka. KpaTku penaTnBHO MacHBHA
IpUMapHA OTpPaHIOU HOCE (PEPTHIIHY aMITyJy U jefaH
CEKYHJIapHH IVCTATHO NPOIIMPEH orpanak. ®eprTmiHa
aMmIyyia je CMjellITeHa Ha TOHOjO] CTpaHW OrpaHKa
Onm3y IeHTpallHe CcTabJbhKe, MEeAYHKYIYC aMmIryse
BeoMa KpaTak, HejacHO amepeHnmpan. TaHak Kped-
BAaYKM OMOTad [ICTOHOBAH je IOjefHHAYHO OKO
(hepTIITHEX amTyIa.

[IpumapHu, a 0COOMTO CEKYHJApPHU OTPaHIM OWIH
cy cabo WM HUjecy YOIITe OWiTn KanupuimpaHm.
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butHe npuMmapse npre popa Montiella npekpucra-
nu3anujoM OmBajy m3ryoseeHe. Ctora ce TakBe Kped-
Bbayke IjeBYUIle MOIY IOrPEIIHO IPUIUCATH PORY
Cylindroporella, npeMpa 10 asac, ¢ 063MpoOM Ha JIOITy
OYYBAaHOCT THUIICKOT MaTepwjana, HHje Ne(UHUCAHO
LITO Cy OUTHE OJIJIMKE OBOT Pofa.

Montiella filipovici moTrde 3 cefMeHaTa HajBUIIIET
LIEHOMaHa—HajHIZKET TYpOHa KOjU JIEXKEe HENOCPEegHO
UCTIOf] KpeUumakKa ca TYPOHCKUM MUKPO(OCUINMA U PY-

[WCTUMA, a OTKPUBEHHU Cy y mpocminy Bporuma 1 Ha jyx-
HuM maguHama [lamrpuka, m3meby Musbaja n Hunaja.
Y popaTHOj OWJbELIIM AATH CYy YKPaTKO MOAaly o
HOBMM KoMmOmWHanujama 3a Bpcre Cylindroporella parva
RaDoICIC, 1983, Kkoja je mpeBefieHa y popn Montiella
MORELLET & MORELLET, 1922, Permocalculus elliotti
JOHNSON, 1965 xoja je npebaueHa y pon Trinocladus
RAINERI, 1922 u Trinocladus bellus Yu JING, 1978,
Koja je mpebadeHa y pod Belzungia MORELLET, 1908.

PLATE 1

Figs. 1-14.  Trinocladus divnae spec. nov.

1. Holotype, slightly oblique transversal section also shown in text-fig. 2; arrows: the inverted
triangular form corresponds to the space of the laterals; thin slide RR2379; X 33.
2,3, 6, 12. Oblique (2, 6, 12) and transversal (3) section. Specimens of the same preservation;
thin slides RR2379, 2379, 2338, 2338; X 33.
5. Transversal section of the damaged specimen; notice poorly preserved primary latera (arrow); thin

slide RR2344; X 53.

7. Oblique section (fragment). Pores of the primary and the secondary laterals have been completelly
obliterated by recrystallization, thin central stem membrane with insertion points of worls is well

preserved; thin slide RR2336; X 33.

8. Oblique section of recrystallized specimen with 3 deformed pores of primaries. Dense pores of
tertiaries are visible at the top of the section; thin slide RR2338; X 33.
9. Oblique section of the strangely preserved specimen (see text); thin slide RR2379; X 33.
10. Slightly oblique transversal section with rare primary pores; thin slide RR2346/1; X 33.
11, 14. Recrystallized specimens, transversal sections: thin slide RR2344; X 33.
13. Oblique section of damaged specimen, the preservation similar to those in fig. 9, thin slide

RR2378; X 33.
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PLATE 2

Figs. 1-8. Trinocladus divnae spec. nov.
1, 4,5, 7. Oblique and transversal sections of the specimens with calcified more or less thin distral area Fig. 1
is the largest specimen of the collection; in its middle tangential section of the fragment with pores
of swollen parts of secondaries; thin slides RR2344, 2346, 2344/1, 2379; X 33.
2, 3. Fragments of longitudinal section; swollen parts of the secondaries are well preserved; thin slides
RR2380, 2343/1; X 33.
6. Damaged specimens of partially recrystallized interior, some pores of seconradies recognizable; thin
slide RR2343/1; X 33.
8. Fragment of prevailing recrystallized specimen with two primary pores and open pores of tertiaries at
the outer surface; thin slide RR2344/1; X 52.

Fig. 9. Neomeris sp.. Oblique section, thin slide RR2345; X 20.
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Figs. 1-6.

Fig. 7.
Figs. 8, 9.
Figs. 10,11.

RAIKA RADOICIC

PLATE 3

Trinocladus divnae spec. nov.

1-4. Oblique (1, 2, 4) and transversal (3) section. Specimens obliterated by recrystallization; the contours of

central stem, in the specimens 2 and 3, are recognizable, slightly deformed central stem of the specimen

1 is filled by micrite; thin slides RR2345, 2380, 2379, 2379; X 33.

Fragment of tangential section with pores of secondary laterals, thin slide RR2343/1; X 33.

6. Slightly oblique transversal section of recrystallized specimen with rare, pores of secondary laterals; thin
slide RR2343/1; X 33.

9}

Trinocladus sp. Thin slide RR2380; X 52.
Trinocladus aff. tripolitanus RAINERI. Fragmnts; thin slides RR2344 and RR 2346; X 52
Trinocladus divnae spec. nov. Fragments of calcified thin distal part, thin slides RR2348, 2346/1; X 30.
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PLATE 4

Figs. 1-9.  Montiella filipovici spec. nov.
1. Holotype, sub-longitudinal oblique section; thin slide RR2328; X 60.
2-8. different more or less oblique sections; thin slides RR2334; 2335/2, 2330, 2335, 2327, 2326/1, 2326;
2 =X40;6,7,8=X60; 4,5 =X 63.
9. slightly oblique longitudinal section; thin slide RR2328; X 40.
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Figs. 1-12.

RAIKA RADOICIC

PLATE 5

Montiella filipovici spec. nov.
1. Tangential section. Notice characteristic section through primary laterals and ampulla (arrows); thin slide

RR2327; X 63.
2, 3. Oblique sections; thin slides RR2335, 2326/1; X 63.
4-10. Transversal sections; thin slides RR2327/1, 2332, 2332, 2326/1, 2327, 2326, 2335/2; X 60; 9 = X 63.
11. Tangential-oblique section, fragment; thin slide RR2331; X 63.
12. Transversal-oblique section of damaged fragmen; thin slide RR2331; X 60.
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PLATE 6

Figs. 1-4.  Montiella filipovici spec. nov. Different oblique sections; thin slides RR2327, 2333, 2333, 2331; X 60; 4 = X 63.

Figs. 5-7. Montiella parva (RADOICIC). Longitudinal (5, 6) and oblique section (7); thin slides RR2336, 2327 (type level
of M. filipovici), 2379 (type level of Trinocladus divnae); X 63.

Figs. 8-10. Halimeda elliotti CONARD & RIOULT. Longitudinal, oblique and transversal section, thin slides RR2330, 2328,
2236/1; 8 = x 40; 9, 10 = x 45.

Fig. 11. Neomeris sp. Fragment; thin slide RR2331; X 60.
Fig. 12. Halimeda sp. (spec. nov.?). Thin slide RR2332; X 34.
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PLATE 7

Figs. 1. Salpingoporella hasi CONRAD, RADOICIC & REY. Microfacies; thin side RR2389; X 37.

Figs. 2-4.  Suppililuimaella schroederi BARATTOLO (until recently known only from Apennines — BARATTOLO, 1984); thin
slides RR2381, 2381/1; X 33.

Fig. 5 Problematic microfossil “Pr-10” and fragment of Neomeris; thin slide RR2345; x 44.

Fig. 6 Pseudoclypenia?. Fragment; thin slide RR6015 (Valdanchella dercourti Zone); X 67.

Fig. 7. Pseudolithothamnium album (PFENDER) (monospecific assemblage); thin slide RR23471/1; X 10.
Fig. 8 Sponge spicules, type level of Trinpocladus divnae; thin slide RR2379; X 33.

Fig. 9 Marinella lugeoni PFENDER. Thin slide RR2340; X 36.

Fig. 10. Heteroporella lepina PRATURLON. Fragment; thin section RR3246; X 36.

Figs. 11-12. Ostracods from the type level of Montiella filipovici; thin slide; RR2332; X 60.
Fig. 13. Jurella? from the type of Montella filipovici; thin slide RR2331; X 60.
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PLATE 8

Figs. 1-6.  Aptian bioclastic sediments of the northern Pastrik:
1. Suppiluliumaella sp. Thin slide RR2422; X 35.5.
2. Salpingoporella pygmaea (GUMBEL). Thin slide RR2422; X 355.
3, 4, 6. Acroporella radoicicae PRATURLON (3) algal crusts (4) and Planomalina sp. (6); thin slide RR2045;
2045/1; 3 = X 43; 4, 6 = X 30.
5. Dissocladella?; thin slide RR2422, X 60.

Figs. 7-10. Problematic microfossil “Pr 11” from the Lower Cenomanian of the Vrbnica; Thin slide RR2318/4; 7, 8 = X 85;
9, 10 = X 175.
Figs. 11-13. Problematic microfossil “Pr 10” in association with Trinocladus divnae; thin slides RR2344, 2344, 2343; X 130.
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Late Miocene ostracodes of Serbia: morphologic
and palaeoenvironmental considerations

Liupko M. RunbpI¢

Abstract. About 11.5 million years ago, a tectonic uplift of the Eastern and Western Carpathians separated
the Pannonian Basin from the rest of the Paratethys. This orogenesis event caused an unconformity between
the Sarmatian brackish sediments and the Pannonian lake-sea deposits. More than 6 Ma later, in these parts of
the Paratethys, changes in the geographic framework, hydrological conditions and brackish — caspibrackish water
chemistry led to the disappearance of restricted marine forms of life. A few euryhaline and marginal marine
species survived this environmental change. Among the ostracodes, some originally freshwater taxa, such as
Candoninae, entered the lake-sea. Many lineages show gradual morphological changes. The older, low diversi-
ty ostracode fauna from the Lower Pannonian dispersed to the endemic species and genera during the Upper
Pannonian. This interval is assigned as the “bloom time” for many ostracodes, both qualitatively and quantita-
tively. This time sequence is the last appearances of genera such as Aurila, Cytheridea, Propontoniella, etc.
and simultaneously, the first appearances for many new genera, such as Zalanyiella, Serbiella, Camptocypria,
Sinegubiella etc. During the Pontian, migration processes were present. Therefore, it can be supposed that many
eastern Paratethyan forms have Pannonian origin.

Key words: Late Miocene, ostracodes, morphology, paleoenvironment, Serbia.

Ancrpakr. Ha npenasy usmeby cpenmer u ropmer MuoleHa, npe oko 11,5 MunmoHa ropgmHa, TEKTOHCKA
u3au3ama y Kapnatuma cy goBena fgo opBajama [TanoHckor mpocropa of octatka [Taparertuca. To je pesyntu-
paiio guckopaaHIyjoM u3Meby capmMaTcKux, OpakKUuyHUX U TAHOHCKUX, KacMuOpaknyHuX Haciara. CKopo 6 Munu-
OHa TOflHAa KacHUje, IpOMeHe reorpadcKux NMpUINKa, XUAPOIOIIKHUX YCIoBa U popMupame ocnabeHe BoaeHe
CpenuHe, oBelle Cy A0 MOTIYHOT U3yMUpamha MOPCKUX opranu3aMa. CaMo HEKOIMKO €BPUXATHMHCKUX (DOPMHU Kao
U OHUX KOjU Cy HacTamUBalIM NpHOOAJHE JeJO0Be YCIeNo je fa ce mpuiarogu u npexusu. Kop ocrpaxopa,
CIIATKOBOJHM OOJIMIY MONYT KaHJOHWHA, CBE BUIIIE HACTahYjy TAKBO BEJIMKO je3epO-MOpE TOK HEKH (PUIIOTEHET-
CKM HU30BU NIOKa3yjy nocreneHe u3mene. Crapuje naHOHCKa, cnabuje pa3HOBPCHA OCTPAKOJCKa hayHa eBOIyHpa
y HeKe eHjileMIuHe o0IrKe TOKOM Milaber maHoHa Kajia 1oJ1a3y U 10 PaBorT NpolBaTa OCTpaKkofa, Kako 1o 6pojy
BpCTa Tako U 1o 6pojy jepusku. To je mepuop nocnefmwer nojapbuBama pofgosa Aurila, Cytheridea, Proponto-
niella ofHOCHO BpeMe IPBOT IojaBibuBama pofioBa Zalanyiella, Serbiella, Camptocypria, Sinegubiella. 3a Bpeme
MIOHTA, 3alaXXCHH Cy MHUTPAIMOHM IPOIIECH Ha OBOM IIPOCTOPY M cCMaTpa ce Aa MHOTH OOJHMIU KOjH XXHUBE Y
ucroyHoM IlapareTucy nMajy maHOHCKO HOPEKIIO.

Kmyune peun: Mnabu MuoneH, octpakope, Mopdonoryja, naneoekonoruja, Cpouja.

Introduction

As a product of Alpine tectonics in the Late Oligo-
cene and the Early Miocene, a few molasse basins were
created along the northern foreland of the uplifting
mountain ranges in middle and southeastern Europe
(Fig. 1). Although, each basin has its own individual
history, their developments display some common fea-

tures; repeated cycles of isolation from the world
oceans, as inferred from the barrenness of the fauna or
the presence of endemic organisms, and evolution from
fully marine through brackish to caspibrackish and flu-
vial depo-environments (Kova¢ & MARTON, 1998; PI-
PiK, 2000; FORDINAL et al., 2006;). Temporary isolation
and filling of the western-central Paratethyan basins
started from west to east. Firstly, the Alpine molasse
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basin was filled with sediments during the Middle Mio-
cene, then the Pannonian Basin during the Late Mioce-
ne—Early Pliocene and, finally, the Dacian Basin dur-
ing the Pliocene (HORVATH, 1990; MAGYAR et al.,
1999). Simultaneously, the eastern Paratethyan basins
(Black Sea and Caspian) remained aquatic (SAFAK,
2002; TuNocLu, 2001, 2002, 2003; WitT, 2003).
During the Late Miocene, most of Serbia belonged to
the Pannonian Basin, while a small part of eastern Serbia
corresponded to the Dacian area. During this time inter-
val, there was a brief connection between them, but the
most important period was during the existence of the
so-called “Pannonian—Pontian lake-sea”, a deposition
area completely isolated and closed from the east by the
Carpathian Mountains. Some authors when referring to
the Pannonian and Pontian Stages used the name Lake
Pannon (MAGYAR & GEARY, 1999; MAGYAR et al.,
1999; MULLER et al., 1999; SzUROMI-KORECZ et al.,
2004). The above-mentioned connections between the
basins established in the Pontian represented the last
phase of the evolution of the western Paratethys. Sub-
sequently, the Pannonian Basin disappeared as a lake-sea
and transformed to a marshland environment. On the
other side of the Carpathians Mt., the Dacian Basin still
continued its existence during the early Pliocene.

- ¥ ﬁ?’f,ﬂ _;.- .ﬂ.'_:zéﬂ -

- =

Fig. 1. The Late Miocene Paratethyan province: 1, the Pan-
nonian Basin; 2, the Dacian Basin; and 3, Euxinian Basin;
4, the Carpathians Mt.; 5, the Balkans Mt.; and 6, the
Dinarides.

Sedimentological studies have been limited to the
investigation of main grain-size classes (rudites, aren-
ites and lutites). Among forty samples, 42% of them
are rudites (> 2mm), 38% are sand (0.63-2mm) and
20% are mud (< 0.63 mm). These deposits are slight-
ly dominated by a coarse mean grain-size of gravel and
sand (rudites, > 2mm). The distribution of the sedimen-

tary material follows the expected general, fluvial lacu-
strine model: the coarsest deposits are distributed in the
main channels, associated with a more dynamic water
regime. On the contrary, the smaller particles occur in
zones of low energy (OBRADOVIC & JOVANOVIC, 1987).
Except in the opening of the main channel (the Kolu-
bara Bay), where tidal currents and waves continuous-
ly generated high dynamic conditions throughout the
year, the mean grain-size pattern does not correspond
to a dynamic regime during the major part of the year.

Table 1. CO, and CaCOj; content of the well Rgh-107.5, the
Kolubara basin, western Serbia.

BOREHOLE|  SAMPLES ; -
Rgh-107.5 | No.| Depth(m) | 2 C0: [ %CaCO;

| 01 | 05700680 | 320 | 727

2 16 | 92709300 | 120 | 273

3 27 | 139.60-139.80 | 200 | 4.55

1 28 | 144.00-14420 | 240 | 546

5 29 | 150.00-15020 | 440 | 10.00

6 31 | 168.70-16890 | 240 | 546

7 35 | 1920019220 | 280 | 636

8 41 | 2340023420 | 560 | 1273

9 12 | 2403024050 | 1440 | 3273

10 13 | 2473024750 | 120 | 273

1 44 | 257.00257.20 | 3560 | 8092

B 15 | 2624026260 | 2960 | 67.28

3 16 | 267.50-267.70 | 3440 | 78.19

For example, in the well Rgh-107.5 (Kolubara Ba-
sin), there are rapid decreases of calcium carbonate
from the bottom to the top of the investigated well
(Table 1). More consolidated deposits, such as Sarma-
tian limestones and sandstones, contain up to 80% of
CaCOj;. On the other hand, semi-consolidated Panno-
nian and Pontian marls and sands contain a low per-
cent of carbonate, as well as of carbon dioxide. Sample
No. 28 (144.00-144.20 m) corresponds to marly sands
and marls (OBRADOVIC & JovaNovi¢, 1987). Sands
have a symmetrical grain size distribution and good
sorting. Sandy marls shown similar effects. It is con-
cluded that there was multiple alteration in the profile
of the fluvial and near shore lake-sea deposits. Fluvial
flows dispersed silicoclastites to the near shore parts
and temporary deposited them on the land or alluvial
environment. Somewhat different cases were observed
on the sandy-silts (maximum 21.46% sand) and silts
(maximum 98.95% silt) from the Late Miocene sedi-
ments of eastern Serbia. These deposits were earlier in-
vestigated by KRSTIC et al. (1992, 1995, 1997) and MI-
HELCIC (1990, 1991). There is a clear trend of decreas-
ing calcium carbonate toward the younger Miocene
Stages (Fig. 2). Also, curves of sorting and grain-size
values show that the sediments have middle to good
sorting and dominantly an asymmetrical grain-size distri-
bution. Some other characteristics, such as pH (7.7-7.9)
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Fig. 2. Decreasing trend of CaCOj;
from the Bessarabian to the Ponti-
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and Eh (+26 to -20), indicate that these deposits are
the products of a slightly alkaline and low reduction
environment (Dobikovi¢, 2001).

Quantitative and qualitative diversity
of ostracodes

In the western and central Serbia (an example of the
Kolubara Basin), more than 36 genera with 206 ostra-
cod species were identified in the Late Miocene (RUN-
DIC, 1997). The most abundant taxa are representatives
of Candoninae, including genera such as Camptocypria,
Cryptocandona, Fabaeformiscandona, Hastacandona,
Lineocypris, Pontoniella, Propontoniella, Serbiella, Sin-

30

findings of Cypria (8 species), Hungarocypris (4), Xesto-
leberis (3), Candona (2), Ilyocypris, Tyrrhenocythere,
Mediocytherideis and Stenocypria (all with one species)
were scarce and they represent only 10% of the men-
tioned population. Most of them have been recognized
as infra/sublittoral. A smaller number of taxa have been
found in the intertidal zone. Individual abundance may
exceed 400 individuals per sample. Species diversity
increases appreciably from the Lower Pannonian and is
maximal during the Upper Pannonian (Fig. 3). This
basin is the most illustrative example of marginal dep-
osition in the whole of western and central Serbia dur-
ing the Late Miocene. Other areas have more-less sim-
ilar characteristics, except the northern province of
Serbia (Vojvodina), where there is carbonate develop-

Fig. 3. Species number of main ge-
nera in relation to the sediments.
The Lower Pannonian of the Kolu-
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egubiella, Thaminocypris etc. with about 80 species.
Among the more abundant genera are Amplocypris (25
species), Cyprideis (23), Loxoconcha (22), Hemicythe-
ria (20) and Amnicythere (19), which represent togeth-
er about 90% of the total number of specimens. The

bara Basin.

ment. The best example of this kind is on the Fruska
Gora Mt., where the Upper Pannonian is represented by
fine grained “cement marls”, which correspond to the
deeper part of the Pannonian Basin. The ostracod assem-
blages contain several genera, such as Typhlocyprella,
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Zalanyiella, Camptocypria, Serbiella, Amplocypris, He-
micytheria, and Cypria. Apart from Candoninae, all
other genera are represented by a few species only and
their percentage contribution to the total population is
small. The most abundant forms are different Reti-
culocandona, Zalanyiella, Serbiella, Camptocypria, etc.
It seems that some representatives of Candoninae prefer
more fine-grained deposits than the others.

In the eastern Serbia (Dacian Basin), there are cer-
tain similarities with the Pannonian basin but the ostra-
codes represent a different paleoenvironment, including
a greater numbers and diversity of Leprocytherinae
(Table 2). Conversely, the Candoninae are not as diver-
sified as in the Pannonian Basin. During the Late Mio-
cene (Late Bessarabian — Pontian), the ostracodes had
the greatest diversity in the Maeotian and Pontian. The
most abundant genera are representatives of Leptocythe-
rinae (Amnicythere, Euxinocythere, Maeotocythere) on
the one hand, and different forms of Candoninae on the
other (> 80%). More than others, Dacian and Euxinian
species, such as Amnicythere sinegubi KRSTIC, A. aliza-
dei SHEIDAEVA, A. palimpsesta (LIVENTAL) A. subcaspia
(LIVENTAL), Maeotocythere prebaquana (LIVENTAL),
Euxinocythere immutata STANCHEVA, E. suzini (SCHNEI-
DER) etc., have been found.

Among the Candoninae, Candona ex gr. neglecta
Sars, C. fagiolata STANCHEVA, Camptocypria ossoinensis
KRrsTIC, Camptocypria balcanica ZALANY1, Hastacando-
na pontica AGALAROVA, Bakunella guriana (LIVENTAL),
Reticulocandona orientalis KRSTIC, Pontoniella paracu-
minata KRSTIC, have been identified. Genera such as
Loxoconcha, Aurila, and Xestoleberis are present in
Sarmatian with a small number of species and relative-
ly abundant specimens. In the higher stratigraphic levels,
in addition to representatives of Candoninae and Lepto-
cytherinae, the rare Darwinula, Getocytheria, Stanchevia,
Mediocytherideis, Tyrrhenocythere etc. have been found.
Most interestingly, representatives of the genus Cyprideis
have a very small frequency and are limited to a few
species, unlike the Pannonian basin. There are also sim-
ilar results regarding the Pontian ostracodes from the
eastern Black Sea region of Turkey (TuNocLu, 2001,
2002, 2003).

Generally, there is a high diversity in the ostracod
assemblages of the Upper Pannonian, Chersonian and
also Maeotian. What are the possible reasons for this?
First of all, there are some external factors, such as tec-
tonic events and geographical isolation, the conse-
quences of which were relatively stable aquatic condi-
tions and an adequate range of time. If the Sarmatian
s. str. — Upper Pannonian time period (over 2 Ma) is
considered, then it can be said that the time interval
was sufficient for taxonomic adaptation. During the
older Pannonian, the first ‘shock’ affects the ostracodes
and other fauna. The already freshened and relatively
well-adapted Sarmatian brackish forms could not toler-
ate more freshening. Some of genera are completely
absent, for example: Cytheridea, Miocyprideis, Cyamo-

cytheridea, Aurila, etc. However, some other represen-
tatives, such as Loxoconcha, Leptocythere, Hemicythe-
ria, etc., managed to survive the critical point and later
developed special features as result of the adaptation.
Mesohaline to freshwater and river-marsh genera, such
as different Candona, Cypria, Amplocypris, and Hun-
garocypris, played the most important role. They are
the markers for the future new ostracod assemblages,
which consequently occur at the beginning of the Upper
Pannonian. The second important event in the ostracod
development during the Pannonian was the first appear-
ance of many new taxons, such as Zalanyiella,
Camptocypria, Serbiella, Lineocypris, and Thaminocyp-
ris, etc. There was also an increase in the ostracod abun-
dance and diversity. An individual abundance may
exceed a few hundred individuals per sample. At the
same time, there was a high rate of speciation, which
was probably the result of some optimal conditions and
natural factors, such as geographic isolation, lake-sea
adaptation, reproductive mode and dispersal, sexual
selection, etc. (MARTENS, 1997). According to these
authors, the tempo and manner of speciation were very
different in various ancient lake assemblages. An exam-
ple of a high diversity phenomenon, considered by
MAYBURY & WHATLEY (1988), was the Upper Pliocene
faunas of Cornwall, England and northwest France. They
concluded that “the high diversity symbolize general
result of many factors as favourable preservation, high
abundance, competent niche exploitation, the mixing of
brackish, marine, cold and warm water species and
some degree of allopatric speciation due to partial iso-
lation of faunas because of the incomplete transgression
of the Armorican and Cornubian massifs”.

It seems that there are many similarities between
these and the Upper Pannonian assemblages. It was the
time of the highest development of the faunas of the
Pannonian basin. Biostratigraphically, it was the acme
zone for many species (an example, the genus Hemi-
cytheria represent 75% of all individuals).

After the Pannonian, tectonic subsidence of the
Carpathian belt resulted in the reconnection of the Pan-
nonian and Dacian Basins during the Pontian for the
last time. At the beginning, thanatocoenoses were
slightly different with many transitional types. Later,
these differences became more visible. The faunal as-
semblages had new elements, such as Bakunella, Tyr-
rhenocythere, etc. During the Upper Pontian in this
widespread environment, there was a trend of decreas-
ing biodiversity among the ostracodes, unlike the pre-
vious period. The habitat was more saline and it result-
ed in species reduction. Analogous ideas were present-
ed by BODERGAT (BONADUCE & SGARRELLA, 1999). The
samples have numerous specimens but with relative
few species. On the other hand, the faunas show an east-
wards migration trend as some genera occupied eastern
provinces and finally the Dacian Basin. In my opinion,
many of the ostracod genera from the Dacian area have
a Pannonian origin. In the Dacian Basin, for example,
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Table 2. The correlation chart of the Late Miocene of Central Paratethys of Serbia and local ostracodes biozonation.
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there are very abundant and diversified associations
with Amnicythere, Pontoniella, Candona, Bakunella and
Tyrrhenocythere in the younger levels of Pliocene
(OLTEANU, 1998, 2000). There are also similar results
regarding some representatives of molluscs (MULLER et
al., 1999).

Morphological and phyllogenetical
relationships (an example of the genus
Hemicytheria, POKORNY)

An attempt has been made to correlate morphologi-
cal features with some phylogenetical and paleoecolog-
ical characteristics of the genus Hemicytheria. In earli-
er ostracod references, there are many different consid-
erations concerning the genus Hemicytheria. In some,
it was considered as an independent genus like in the
first Pokorny description (POKORNY, 1955; STANCHEVA,
1971; SokAc, 1972; OLTEANU & VEKUA, 1989; OLTE-
ANU, 2001; RunbIi¢, 2002). Others considered it to be
one of the subgenus: Heterocythereis (Hemicytheria)
and Heterocythereis (Tyrrhenocythere) — MORKHOVEN
(1962); Graptocythere (Hemicytheria) or Aurila (Hemi-
cytheria) — KRsTIC, 1985, 1990. STANCHEVA (1971)
divided the genus Hemicytheria on the three subgenus:
Getocytheria, Hemicytheria s. str. and Tyrrhenocythere.
The main parameters for these taxonomic relationships
were: carapace morphology, hinge structure, muscle
scars pattern and type of marginal pore canals. The
anatomy of the soft body of recent representatives of
the subfamily Hemicytherinae were also explored
(McKENzIE & BONADUCE, 1993).

Based on paleontological standards, some of the cha-
racteristics of the fossil representatives of the genus
Hemicytheria could be shown. Above all, based on the
carapace morphology, there are two main groups of
Hemicytheria: one with a pitted and the other with a
reticulated sculpture. It is not possible to clearly deter-
mine the phylogenetic evolution of Hemicytheria. It can
be assumed because of biostratigraphical results in
Early Pannonian deposits, that there was a branching
off of the phylogenetic lineage in the Lower Pannonian.
SOKAC (1972) believed it probably occurred in the Up-
per Pannonian. The older Pannonian forms have pitted
sculptures [Hemicytheria ampullata (MEHES), H. hun-
garica (MEHES)] which presented descendant species
for smooth branch (H. marginata SOKAC) and reticulate
branch (H. reticulata SOKAC, H. dubokensis KRSTIC).
SOKAC also considered the smooth forms to be phylo-
genetically younger because the marginal pore canals
can be straight as well as bifurcated, whilst the pitted
forms have only straight pore canals. The oldest Pan-
nonian species, H. omphaloedes (REUSS) and H. loer-
entheyi (MEHES), also have a reticulated surface. There-
fore, it could be said that the branching off occurred
during the Lower Pannonian because there are repre-
sentatives with both types of sculptures (only if the old-

est forms of Hemicytheria are considered as the inde-
pendent subgenus — Graptocythere). During the Upper
Pannonian, there are forms with both types of ornamen-
tation. In the Pontian, only three reticulated species
remained whilst the pitted ones had disappeared. The
ascendant/descendant problems are impossible to solve
at this moment, because of the necessity for a very
detailed instars analysis. If the marginal pore canals are
considered, SOKAC (1972) correctly claimed that the
younger forms have both straight and bifurcated pore
canals while the oldest pitted Hemicytheria have only
straight ones. Meanwhile, investigations have shown
that all the older species have straight pore canals, both
the pitted and reticulated morphotypes.

The carapace size can reveal some of the rules of
the development of Hemicytheria. Diagrams of the
mean value of length and the L/H ratio are correlated
and they show the trend of ostracod carapace develop-
ment. In these diagrams (Figs. 4, 5), two trends in shell
development can be seen. The first one is the continu-
ous tendency of the value to increase from the Lower
Pannonian to the Upper Pannonian, when some of the
Hemicytheria have a maximal value. The second one,
the opposite trend is visible during the Pontian when
the Hemicytheria species decreased in value and lost
some of their features, while some species disappeared
completely. Most of large Upper Pannonian hemi-
cytherids died off. During the Lower Pontian, there are
transitional Pannonian/Pontian forms but they are not of
great significance and disappear afterwards. From the
relatively numerous Pannonian hemicytherids, only a
few species survived [H. josephinae (ZALANYI), H.
portafericae RUNDIC and H. pejinovicensis (ZALANYI)]
in the Upper Pontian. Small forms represented only 5%
of total number of species. There is gradual increase in
value during the Pannonian. In the Late Pannonian, the
ostracodes “bloom” and all of Hemicytheria species
have maximal dimensions. Forms of 1 mm in length
represented about 40% of the total species and they
dominated throughout the Upper Pannonian. Some tran-
sitional Pannonian/Pontian types have large shells but
later the carapace trends to decrease in size. The best
examples are Late Pontian species, which have smaller
dimensions. The five greatest forms, according to the
size of their shells, represented about 25% of the total
species and all of them occurred during the Upper
Pannonian and Pontian, especially (H. dubokensis
KRSTIC, H. portafericae RUNDIC — Figs. 3, 4).

It can be concluded that there was a gradual disap-
pearance of hemicytherids during the Late Miocene in
the Pannonian Basin, as well as during the Maeotian in
the Dacian Basin. This was the result of an increasing-
ly freshening environment, which led to a completely
freshwater biotope at the beginning of the Pliocene.
The low percentages of dissolved carbonates and low
salinity tolerance were not sufficient for the existence
of hemicytherids. Meanwhile, later in the Dacian Basin
there were similar forms represented by the genus
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Tyrrhenocythere (KRSTIC, 1975; KRSTIC & STANCHEVA,
1990; OLTEANU, 2000; OLTEANU & VEKUA, 1989; STAN-
CHEVA, 1990). The genus Tyrrhenocythere has only been
found in two wells in the Kolubara Basin during the
Pontian (RUNDIC, 1997), despite the fact that more than
40 wells have been investigated in a diameter of about
30 km. The findings of the Pannonian realm from other
locations are very limited. This could be explained by
the fact that during the Pontian both basins communi-
cated and migration processes between their inhabitants
occurred for the last time. In addition, some other gen-
era found in the Dacian Basin, such as Bakunella,
Pontoniella and Mediocytherideis and probably many
molluscs, have a western origin. After the Pontian, the
Pannonian Basin finally disappeared.

Paleoenvironmental considerations

The main paleoenvironmental interpretations are based
on the quantitative and qualitative analyses of ostracod
assemblages and their morphological reflection to the
main physico-chemical parameters of the habitat, in-
cluding temperature, oxygen content, ionic concentra-
tion, salinity, etc.

According to PEYPOUQUET (1979) and RUNDIC (1998),
there is a connection between the sculpture and the
Mg/Ca ratio of the carbonate of carapaces. Calcite crys-
tals, constituting the hard layer of the carapace, are
built perpendicular to the cuticle and their thickness is
proportional to the Mg content of the crystal network.
Frequently, the most gradated types are found in sea-
water conditions, the Mg content of which is higher
than in freshwater conditions. As stated by SMITH &
HoORNE (2002), in nonmarine aquatic systems, the cal-
cite mineral branch point represents an important step
in determining the major ion composition of natural
waters. In dilute water, below approximately 0.3 g/l,
the most common major ions are bicarbonate, calcium
and magnesium. With increasing salinity, these ionic
concentrations rise, until calcite saturation is attained
and calcite precipitates, at a total ionic concentration of
approximately 0.3 g/l. This is the calcite branch point,
the first mineral branch point in natural waters. Beyond
this point, at about 1.4 g/l, the water becomes depleted
in calcium and enriched in bicarbonates, or vice versa,
resulting in a solute path towards bicarbonate enriched,
calcium depleted saline water, or bicarbonate depleted,
calcium enriched saline water. Ultimately, other mineral
branch points are attained (gypsum, for example) and



96 Liupko M. RuNDIC

further changes in the major ion composition occurs
[EUGSTER & JONES (1979), in: SMITH & HORNES, 2002].
However, some authors consider that this hypothesis is
not sufficient. Namely, studies of the New Caledonia
area have shown that, despite a high Mg/Ca ratio, the
morphotypes are not more gradated than in others sites,
and certainly less than the specimens living in seawa-
ters where this ratio has only standard values. Other
parameters, such as calcium content of the available
food, pH and Redox potential (HOIBIAN et al., 2000),
may have a contributing effect on carapace calcifica-
tion. Ornamentation of many ostracod shells is affect-
ed by the Mg/Ca ratio of lake water: with Mg/Ca >1,
the carapaces are heavily reticulate and the opposite
ratio favors smooth ostracod valves. For example,
CHIVAS et al. (1983) noted the connection between the
thickness and ornamentation of an ostracod carapace
and the water depth for fossil material obtained from
Lake Buchanan in Queensland. They found that ostra-
codes belonging to the genus Paracypris associated
with charophytes had a thick shell with a rarely visi-
ble reticulation and commonly no spines. Assemblage
with charophytes indicates shallow water (up to 2 m),
since this is the preferred habitat of these algae. In the
same core, specimens of Reticypris with reticulated and
often spinose shells are thought to indicate deeper
water (> 2 m), since remains of shallow-water charo-
phytes are absent (CARBONEL et al., 1988).

Essential in paleoenvironmental studies of the Serbi-
an Late Miocene ostracod assemblages are 1) geograph-
ical position and 2) time range. It must be realised that
there are extensive erosion and unconformity between
Sarmatian restricted marine sediments and younger,
caspibrackish deposits (RuNDIC, 1995, RUNDIC & MI-
TROVIC,1998). This, by mountains enclosed system, was
affected by continental water, which resulted in a
brackish lake-sea and the nearly total extermination of
marine biota. Only a few ostracod genera were able to
survive these environmental changes (Aurila, Loxo-
concha, and Xestoleberis). The newly formed habitats
and gradually expanding lake-sea created a kind of
“ecological gap”, and stimulated the rapid evolution of
survivors and the immigration of freshwater dwellers
from the marshes, ponds and rivers (most of Candona,
Darwinula, Ilyocypris, etc.). As with other fossils and
in a still existing long living lake (MULLER et al.,
1999), the originally low diversity fauna radiated into
a large number of related endemic species and genera
in the expanding and ecologically unoccupied lake-sea.
The best examples for this are the many genera of
Candonids, which had a radiated development during
the Pannonian Stage. From the small number of species
and genera during the Lower Pannonian (such as
Propontoniella and Cryptocandona), in the Upper Pan-
nonian there was an expansive evolution of these line-
ages (Serbiella, Zalanyiella, Camptocypria, Sirmiella,
Lineocypris, Typhlocyprella, etc.) in both species and
specimens. They are immigration forms from the mar-

ginal rivers and swamps, but most of them are the
result of time resolution. Most of them are endemic
species and lived only in this realm, such as Hun-
garocypris, which is a typical near shore dweller, pre-
ferring a sandier type of stratum. It is scarce in asso-
ciations from fine-grained sediments. Its large and mas-
sive carapace must be the result of a rich ionic con-
centration, as well as living in warm, oxygenated and
clear water (RUNDIC, 1991). However, the fossil record
includes only three species of Hungarocypris with nu-
merous individuals during the Pannonian—Pontian. The
genus Amplocypris shows similar characteristics. The
appearance of corpulent forms, strong carapaces and
clear ornamentation give evidence for a shallow-water
basin type with mobile flow and an important donation
of land material. In normal oxygenated habitats, in-
creasing ionic concentrations led to an increase in the
number of sculptured morphotypes. The best examples
are representatives of the family Cytherideidae (Hemi-
cytheria, Loxoconcha, Leptocythere, and Cyprideis)
with mostly ornamented forms. Analyses of the genus
Hemicytheria in both Pannonian and Pontian deposits
show that more than 90% of the species have orna-
mented shells. Taphonomic analysis of fossil associa-
tions, particularly the numerous specimens of Hemi-
cytheria setosa RUNDIC, shows that during the Late
Miocene, salinity was not the principal influence on the
occurrence of valves and the type of ornamentation.
This ornamented form lived on coastal and mobile parts
of the Pannonian lake-sea and its ornamentation is a
reaction to the adaptation. On the other hand, the Upper
Pontian nodose forms lived in environments with
decreased salinity and increased organic matter and sil-
ica (Leptocythere, Ilyocypris). In the Kolubara coal ba-
sin, these forms were discovered in sediments with a
rich organic content. Based on sedimentological studies,
data concerning transport and depositional mechanisms,
which appear with intermittent alteration between fluvial
and coastal deposition, are obtained. Fluvial flows
brought and deposited more silicoclastics in the coastal
regions, but in the alluvial part of the land, this occur-
rence was only periodic (well Rgh-107.5). MULLER et al.
(1999), suggesting that the Pannonian—Pontian lake-sea
continuously shrank in the north, due to the prograding
deltas. They stated that the more southerly shores were
much less affected by progradation. The shoreline re-
mained in more or less the same position for a longer
period of time. Along these shores, successions of par-
alic lignite beds were formed (STEVANOVIC et al., 1990).
In phases of highstand, the lake-sea enlarged in some
areas in the south and the shoreline became simpler as
large islands became flooded. Coarse-grained clastic rims
formed around the islands. From the very beginning of
the lake-sea, these coarse clastics were often capped by
white calcareous marl or limestone in the southern part
of the basin, in locations far from the river mouths.
Modern analogues of Pannonian—Pontian ostracodes
from the modern Ponto-Caspian regions have been used
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to estimate the paleosalinity of the lake-sea. These
comparisons suggest that the average salinity of the
Pannonian—Pontian lake-sea may have been approxi-
mately 1012 %o, but that significant local differences
existed in shallow parts, such as the southern “shelf”
dominated by river deltas. Natural water examination
gives data similar to the results of the paleoecological
approach. Down from the lacustrine prodelta silt, which
is a regional stamp in the basin, inborn waters have salt
in an amount approximately, or sometimes even high-
er, than that of normal marine salinity. Innate waters
from above the silt, however, are diluted because of
mixing with meteoric water, as shown by the diagenet-
ic carbonates. The salinity of these diluted waters is
about 5 %o, which sets the lower limit for the original
lake-sea salinity (MULLER et al., 1999).

Conclusions

According to qualitative and quantitative analysis of
the ostracodes, the results of a factor analysis applied
to the most frequent species to the population struc-
tures, it is possible to distinguish several different
assemblages based on salinity:

» Stenocypria, Cyprinotus, Cypridopsis, Ilyocypris,
Darwinula and Candona characterize the oligoha-
line environments (0.5-8 %o of NaCl) and indi-
cate a shallow, coastal part of river mouths or in
swamps. They occurred in the lowest parts of the
Pannonian and in the Upper Pontian.

* Hungarocypris, Thaminocypris, Propontoniella,
Cypria, Serbiella, Camptocypria, Zalanyiella,
Typhlocyprella, Pontoleberis, etc. represent the
dominant group of the caspibrackish-mesohaline
habitats (8—18 %oc). All of them are related to the
entire  Pannonian—Pontian and lived in shallow
infralittoral environments covered by water plants.

* Assemblages with Cyprideis, Amplocypris, Lepto-
cythere, Hemicytheria, Loxoconcha and Xesto-
leberis represents more meso- to polyhaline
(18-30 %o) habitats and these associations occu-
pied most of the southern Pannonian estuary (the
Kolubara Basin, the Velika Morava Bay, eastern
Serbia). Estuaries are semi-enclosed coastal water-
bodies in which there is a salinity gradient from
fully marine (35 %o) to fresh water. The salinity
varies due to tidal and seasonal influences.

* Ornamented forms of ostracodes lived in the coastal
parts and the sculpture is a reaction to adaptation.

* Increases of ionic concentrations resulted in
increased diversity (for ex. mostly of Upper
Pannonian ostracodes)

* A deficiency of oxygen and a low Mg/Ca ratio in
the water can eliminate sculptured morphotypes.

e Nodose ostracodes from the Upper Pontian
(Amnicythere, Ilyocypris) lived under conditions
of low salinity and increased organic matter.
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Pe3ume

Maabhe mnonencke ocrpakone Cponje:
MOP(0IOIIKA H NAJIE0EKOIOMIKA
pa3marpama

IIpe oko 11,5 MunmoHa rogwHa, TEKTOHCKA M3U3a-
wma y Kaprmatnma cy moBesna o ogajama IlanoHcKOT
npocropa o ocrarka Ilaparernca. To je pesynrupano
mucKoppaHnmjoM m3Meby capmaTckux, OpakKWYHUX W
MaHOHCKMX, KacnuOpakW4HWX Haciara. I[loueTkom
IUTAOIICHa, NpOMeHe reorpadCKAX NPUINKA, XHUAPO-
JOIIKMX YCIIOBa U (hopMupame ocinabene BoyieHe cpe-
OWHE, JOBEJE Cy [0 IOTIYHOT M3yMHpama MOPCKHX
opraam3ama. CaMO HEKOJIWKO €BPUXAINHCKUX (hOPMH
Kao W OHUX KOjU Cy HACTaMBAIIM IpHOOaHE IEIIOBe
yCIeno je ma ce mpmwiaronn u npexusu. Kox ocrpako-
1a, CIIaTKOBOAHU OOJIMIM MOMYT KaHJOHMHA, CBE BUIIE
HACTambYjy TaKBO BEJIMKO je3epO-MOpe JOK HEKH (pHIto-
TeHeTCKN HU30BU TOKa3yjy mocremeHe m3meHe. Cra-
puje TaHOHCKa, cilabuje pa3HOBPCHA OCTPaKOjCKa
¢hayHa eBoiympa y HEKe EHIEMUYHE OOJIMKE TOKOM
miaber maHoHa. ['opmM TaHOH je BpeMe mHpoIBaTa
ocTpakopia, Kako mo Opojy BpcTa Tako W 1O Opojy
jemmaKHA. To je mepuoy mocnemer MojaBhbUBama POIO-
Ba Aurila, Cytheridea, Propontoniella omHOCHO Bpeme

NIPBOI' ITIOjaBJbMBama popoBa Zalanyiella, Serbiella,
Camptocypria, Sinegubiella. 3a BpeMe NOHTa, 3amaKe-
HU Cy MUT'PallMOHHU MIPOIIECH HAa OBOM IIPOCTOPY U CMa-
Tpa ce f[a MHOrM OOJMIM KOjU KMBE Y HMCTOYHOM
ITapareTucy umajy naHOHCKO IIOPEKJIO.

OcTpakoge Koje cy HacTawmuBaie IlaHOHCKY
MPOBHUHIK}Y, a NMOCEOHO HEeHEe MapruHajHe J[eloBe,
[AEeJUMUYHO Cy ce pas3juKoBajle Off OHHX KOje cy
xkuBejie y Jlakmjckoj nmpoBuHIUju. OCHOBHU Pa3iio3n
JIeKEe y YUIEHNUIIHM Jla CY Te JBE IPOBUHIH]jE Y I10jeIuH-
UM eTalamMa TOKOM CTapHjer Topmer MHOLEHa -
maHoHa, Owmiie MmebycoGHO ofBojeHe. CBaka Owmo-
MMPOBWHIIK]A je MMajia CBoje TToceOHe KapaKTepPUCTHKE.
ITanoHncka je Guina Buie M30JI0BaHa W (phopmupana je
BpPEMEHOM cHelu(UUHY OCTPAKOACKY 3ajeHULy.
Crapuje aconmjanmje cy Owie cHpOMaIIHHje jep cy
€r31UCTOBaJIe Y jeJHO] HOBOj CPEANHY y OJHOCY Ha 10Ta-
pmammwe ycaoe. To ce moceGHO A0OpO BHUAM Ha
npumepy n3 Konybapckor 6acena. Mirabe maHoHcke
aconmjamnyje Cy MHOTO BHUIIIE PAa3HOBPCHE W WMAjy
MHOTO Buie jefuHKUA. OCHOBHM PA3Jior je JIOBOJHHO
AyTo BpeMe ajalnTanyje U KacHHje MOBOJbHU XXKUBOTHU
ycnoBu. IlojaBipyjy ce NMOTIYHO HOBM POAOBU Kao
OfrOBOp Ha Beh KOHCOJIUIOBaHE >KHMBOTHE YCJIOBE.
TokoMm ropmer mnaHoHa paecuhe ce mpaBHW NpoOLBAT y
€BOJIYLIj1 OCTpaKofa Ha IIaHOHCKOM Iipoctopy. To ce
MoceOHO OJHOCH HAa HEKe TAaKCOHEe Kao IITO Cy KaH-
[OHUJE U XeMHULUTEPUie KOje NOKUBIbaBajy eKCIaH3U-
jy. C npyre ctpane, y JlakujcKoj IpOBUHIMjHA KOja je Y
UCTO BpeMe BHIlEe KOMyHHMIMpaja ca LPHOMOPCKHUM
OaceHOM, IPHUCYTHE Cy Apyre Ipyle ocTpakofa Koje
yKa3yjy Ha Ty Be3y, a INOCEeOHO JIENTOLUTEPUHE.
Takobe, ”Ma m TOTNYHO ApyrauyMjux TaKCOHA KOjUX
HeMa y [Tanonckom Gaceny (Getocytheria, Stanchevia).
WuTtepecanTtro je pehm ma pom Cyprideis mma BpIio
Mally 3aCTYIUbEHOCT 3a pa3nuky o [TaHoHCcKe NpOoBUH-
nyje rae je jeman o pykoBopehnx obnmka.

[Toce6HO je moObpo mpoydeH pon Hemicytheria ca
cBUM cBojuM BpcTama (20) W Koju mokasyje cBe
NIOMEHYTE TPEHAOBE Yy pa3BOjy OCTpPaKkofcKe cpayHe
KOj¥ cy Bilafiaid TOKOM ITaHOHA U TIOHTA.

Ca naneoeKkosoLIKOr acleKkTa IocMaTpaHo, TOKOM
Miaber MuoleHa Ha IPOCTOpY 00e MPOBUHIIM]E, Er31C-
TOBAJIO j€ HEKONMKO Pa3JIMYUTUX THUIOBA CPElMHE Y
KOjuMa je >KWBeja OCTpaKojicKa 3ajefHuna. [IpBy
KapakTepulle NPUCYCTBO POAOBa KOjU HacesbjaBajy
onuroxanmHcke (< 8 %o), MWIUTKe 0balicKe MelIoBe
peunux yurha u mousapa: Stenocypria, Cyprinotus, Cy-
pridopsis, Ilyocypris, Darwinula, Candona. Ilpucytae
Cy TOKOM cTapyjer maHoHa u miaber monra. [pyra,
moMmuHaHTHA 3ajemaunia (Hungarocypris, Thaminocyp-
ris, Propontoniella, Cypria, Serbiella, Camptocypria,
Zalanyiella, Typhlocyprella, Pontoleberis) npepncTaBiba
KacnmuOpakWyHy, ME30XalMHCKy cpeauHy (< 18 %)
OJHOCHO MH(ppanuTopai oopacTao BOIEHOM BereTalu-
jom. Tpeha octpakojcka acomujanyja y K0joj cy mpef-
crasaunu Cyprideis, Amplocypris, Leptocythere, Hemi-
cytheria, Loxoconcha n Xestoleberis (> 18 %o) onroBapa
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Me30 W MOJUXAIMHCKOM OWOTOITy OfHOCHO Hajuernrhe
BehMHU TafalImbuX NAHOHCKUX U MAKMJCKUX ecTyapa
(Komybapcku 6aceH, BemukoMOpaBCKH 3aJIMB, U IPYTA
3auBM y HCTOYHO] CpOuju).

Y Be3u ca NpeTXOgHUM, Moryhe je mOoHekse ycro-
cTaBUTU MebycoOHy 3aBUCHOCT OMOTOICKUX yCIOBa ca
U3TJIEIOM U cacTaBOM OCTpaKojicKe bymType. [Ipume-

heno je ma, Ha mpmMmep, HOMO3HE (hOpME HACTABHY]Y
cpefuHe KOje uMajy HHM3aK HUBO PAacCTBOPEHE COJH
ONHOCHO TMoBehaH mpoleHaT oOpraHcke MaTepuje
(pomoBu Ilyocypris w Amnicythere y Komybapckom
6aceny). CMaTpa ce W Ja CMameH HHBO KHCEOHWKA
OJIHOCHO HM3aK OHOC Mg/Ca y BOIM, MOXKE TOBECTH 10
eJMMHUHAalMje OpHAMEHTUCAHUX (POPMH OCTpPaKOfa.
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Spectroscopic study of barite from the Kremikovtsi deposit (Bulgaria)
with implication for its origin

Mayva DiMOVA', GERARD PANCZER® & MICHAEL GAFT’

Abstract. Different genetic types (endogene and supergene) of barite from the Kremikovtsi deposit (Bulgaria)
were studied by Laser-induced time-resolved luminescence (LITRL), Infrared (IR) and Raman spectroscopy. The
IR spectra of the endogene barites are quite similar to those reported in the literature and do not show apprecia-
ble differences among them. The IR spectra of the supergene barites are almost identical to those of the endogene
ones in respect to the positions of the vibrational modes v, V, and v, of SO,2, except for a shift of 3 cm! for
the v; band. They displayed a presence of additional bands, which are close to the v; and V; modes of CO5%-
in calcite. The Raman studies support the suggestion that the supergene barite contains traces of calcite.

The modern LITRL technique allowed the detection of several luminescent centers in the endogene barite.
Eu3+ luminescence was identified for the first time in barite. The different emission spectra at 266 and 532
nm excitations suggest there are at least 2 structural positions for Eu3* in the barite crystal lattice. The lumi-
nescent spectra also revealed a rather unusual violet-blue Nd3* emission, which usually occurs in the IR spec-
tral range, as well as emissions of Ce3+, EuZ*, Tb3*, Ag*, Sn2*(?) and UO,2*.

The oxidation state of cations isomorphically present in the barite crystal lattice suggests the endogene barite
in the Kremikovtsi deposit precipitated from reduced fluids supposedly subjected to cooling (conductive/con-
vective) and oxidation (mixing with seawater).

Key words: barite, UV Time-resolved Luminescence, IR spectroscopy, Raman spectroscopy, Kremikovtsi
deposit, Bulgaria.

Amncrpakrt. Pasnuuuty reHeTcku THIOBU OapuTta (EHAOTEHH U CYNEepreHu) U3 KPEMHKOBAUKOr JIEXKHINTA Y
Byrapckoj mpoy4aBanu cy cnektpockornckum metopguma LITRL, IR u Paman. MadpanpBenn cnekTpu eHoreHnx
OapuTa CIMYHY Cy CIIEKTPUMA U3 IUTEPATYPE U HE NOKa3yjy MebycoOHe pasinuke. IR cieKTpy cynepreHux 6apu-
Ta Cy CKOPO MJIEHTUYHM CIEKTPHMAa €HJOT€HHX OapuTa y MOTJEAy NOJ0XKaja BUOPAIMOHNX MUKOBA V|, Vo B Vy
S0,% ocum 3a momak of 3 cm! ko v4. CleKTpH cy NpHKasuBaIy MPHCYCTBO OJATHHX Tpaka Koje ¢y GIIHcKe
mikoBuMa Vs 1 v; CO32 y Kanuury. PaMaHOBa CIEKTPOCKOICKA NMPOyYaBama WAy Y IPUIOr HAroBelTaja ia
cylepreHu 6apuT cajp>Ku TparoBe KaJluTa.

Caspemena texauka LITRL omoryhasa oTKpuBame HEKONHMKO JIyMUHECHEHTHHUX LIEHTapa y €HJOreHnM Oap-
ury. [To pBu nyT je y Gaputy yrBphena nymuHectenuyuja Eu3*, Paznuuury eMUCHOHHU CIIEKTPHU IPH NOOYbUBamy
of 266 u 532 nm ykasyjy Aa mocroje 6ap jiBa CTPyKTypHa mojoxkaja Eu3* y KpucTanHoj pemieTku Gapura.
JIyMMHECIEHTHH CTIEKTPH Cy TAKOhEe OTKPWIIN HEOOHUHY JbyOuuacTo-miasy emucujy Nd3*, koja ce 06uuHO jaBiba
y MH(PAPBEHOM OIICETY CTIEKTPa, Kao u emuchje Ce3+, EuZ*, Tb3+, Ag*, Sn2+(?) u UO,2*.

CreneH okcuanyje KaTHjoHa N30MOP(QHO MPUCYTHUX Y KPUCTATHO] pelIeTKH 6apuTa yKasyje fa je eHJoTeHn
OaputT y nexuiity KpeMukoBIy HaTanoXeH M3 PEelyKOBAaHUX (iyuaa 3a Koje ce NpeTHocTaBiba [a Cy Ounu
M3JI0KeHH Xnabemy (KOHAYKTHBHO OHOCHO KOHBEKTUBHO) MM OKCHAANUN (MEIIameM ca MOPCKOM BOJIOM).

Kibyyne peunm: Gaput, yJaTpaBHOJEHTHa JyMUHHCIEHIMja, MH(paLpBeHa CHeKTpockonuja, PamaH crek-
Tpockonyja, nexumre Kpemukosuu, byrapcka.
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Introduction

A large share of the known and mined reserves of
various metals (Pb, Zn, Cu, Ag, Hg, Sb, less Fe and
Mn) are concentrated in carbonate-hosted polymetallic
deposits of the sedimentary exhalative (SEDEX) type.
A large Phanerozoic deposit of this type, the Kremi-
kovtsi iron(+Mn)-barite-sulphide deposit in Bulgaria,
which has been mined for iron, also contains large
reserves of barite ore (29 million tons of barite ore and
over 60 million tons of BaSO,). Investigations of this
deposit have mainly been focused on the iron ores
(DamMyANOV, 1998, and the references therein). There
are just a few studies on the mineralogy and geochem-
istry of barite (ATANASSOV & VASSILEVA, 1987; ZLATEV
& MLADENOVA, 1997; VASSILEVA et al., 2001; DiMOvA,
2006) and only one of them (ATANASSOV & VASSILEVA,
1987) presents a brief spectroscopic (IR and thermo-
luminescence) characterization of the Kremikovtsi ba-
rite. All these approaches, however, are based on rou-
tine conventional techniques (X-ray diffractometry,
emission spectroscopy). In order to gain more insight
into the barite structure and cation valence with impli-
cations for its origin, a set of modern methods (LITRL,
IR and Raman spectroscopy) was used. Here, spectro-
scopic data for barite from this deposit, with emphasis

on the results obtained using the laser-induced time-
resolved luminescence technique, are reported.

Geological setting

The Kremikovtsi deposit (Fig. 1) lies in the south-
ernmost part of the Kremikovtsi—Vratsa ore district,
located in the eastern part of the Western Balkanides,
which belong to the northern branch of the global Alpi-
ne—-Hymalayan collisional orogenic belt on the Balkan
Peninsula. The lithology of the region is presented by
Paleo-, Meso- and Neozoic sedimentary rocks (Fig. 1).
A major tectonic element is the Kremikovtsi thrust. The
deposit is hosted in Middle Triassic dolomitic lime-
stones in the western part of the Kremikovtsi thrust
sheet. It consists of stratiform and lenticular iron for-
mations and barite orebodies subparallel to the allo-
chton bedding plane and subvertical (pipe-like) bodies
of low-grade sulfide mineralization (DAMYANOV, 1998).

Two main genetic types of barite were found in the
Kremikovtsi deposit — endogene and supergene (ATA-
NASSOV & VASSILEVA, 1987), and 3 main morphologi-
cal types of endogene barite bodies were distinguished:
veins and lenses, veinlets and nests, impregnations (DI-
MOVA, 2006). Supergene barite occurs as colloform
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Fig. 1. Location (A) and geologi-
cal map (B) of the Kremikovtsi ore
field (after DAMYANOV, 1998).
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crusts and crystal aggregates (ATANASSOV & VASSILE-
VA, 1987).

Material and methods

Isomorphic substitutions in barite were studied in 38
samples by Infrared Spectroscopy (Perkin Elmer Spectrum
One fourier transform infrared spectrophotometer, transmis-
sion mode, KBr/sample = 300mg/1mg pellets) and 7 sam-
ples by Raman Spectroscopy (SPEX Raman Spectrometer,
Art laser excitation at 488.0 nm, P=150 mW, step 1 cm™!,
integration time 1s, powder sample in capillary tube).

The luminescence spectra of 7 barite samples were
investigated under 2", 314 and 4" YAG harmonics (532,
355 and 266 nm, correspondingly) pulsed lasers excita-
tions. The spectra observed at the geometry of 90° were
analyzed by INSTASPEC equipment, enabling time-re-
solved spectra acquisition with the following facilities:
delay times and strobe pulse duration 20 ns — 9 ms, spec-
tral detection range 300-900 nm (1200 channels, spectral
resolution 0.5-1 nm, gratings with 300 and 600 lines/mm),
detector type — intensified CCD matrix. The luminescence
spectra were measured at room temperature (300 K).

X-Ray powder diffraction (Philips PW1710 diffrac-
tometer, Cu K, U=45 kV, I=40 mA, 2-70° 20, step
0.02° 20, 2 s/step; DRON M3, Co K,, U=40 kV,
1=40mA, 2-70° 20, step 0.05° 20) was used to control
the purity of the barite samples.

Results and discussion

Barite has an orthorhombic structure (2/m 2/m 2/m),
where the S is situated in tetrahedral coordination with
O and the Ba is surrounded by 12 oxygens of 7 SO,
tetrahedra (JAMES & Woob, 1925). The BaO,, polyhe-
dra and the SO, tetrahedra are edge-bound. The BaO,,
polyhedra are irregular: six of the Ba—O distances are
2.77-2.81 A, and the other 6 — 2.91-3.32 A, which
suggests a “sheet” structure parallel to {001}.

IR and Raman Spectroscopy

The sulfate group has 4 fundamental vibrational
modes: one nondegenerate (V,), one doubly degenerate
(V,), and two triply degenerate (V; and V,). The IR
spectrum of barite exhibits several significant bands: 2
strong bands corresponding to asymmetric stretching
and bending (V5 and V,), and 2 weak ones — to sym-
metric stretching and bending (v, and V,). The IR spec-
tra of the studied endogene barites from the 3 main
morphological types of bodies and from different min-
eral associations (Fig. 2) are very similar each other and
to that reported by OMORI (1968; Table 1). Microprobe
analyses show that Sr is the main isomorphic substitu-
tion for Ba in barite structure (SrO 0-4.5%; DIMOVA,

2006). ADLER & KERR (1965) found spectral shifts of
the stretching modes (V5 and V) to lower frequencies
with increasing cation mass, such as the case of substi-
tution Ba for Sr. The IR spectra of the studied endo-
gene barites with different Sr contents (up to 4.5 %
SrO) do not show any appreciable spectral shifts.
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Fig. 2. IR spectra of endogene (bold line) and supergene
(dashed line) barite from the Kremikovtsi deposit.

The IR spectra of the supergene barite (Fig. 2) are
almost identical to those of the endogene ones in respect
to the positions of the vibrational peaks, corresponding
to the modes V,, V,, V,, except for a shift of 3 cm™!
for v, (Table 1). A significant difference in the IR spec-
tra of the supergene barite in comparison with the endo-
gene one is the presence of additional bands at 1437,
1400 and 874 cm~!, which correspond to the V5 and V,
modes of CO;>~ in calcite (Fig. 2; Table 1). This sug-
gests that the supergene barite has traces of calcite,
undetectable by XRD (<2%).

All the Raman spectra of the studied barite samples
are dominated by an intense V, band (symmetric stretch-
ing of SO, tetrahedra) at 988 and 984 cm~! for endogene
and supergene barite, respectively (Fig. 3). The other
characteristic bands, V,, V3 and v, reported in the liter-
ature, are also present (Fig 3; Table 2). The Raman spec-
tra of the supergene barites show additional bands at
1054, 710 and 270 cm! (Fig. 3; Table 2). The Raman
studies support the suggestion that the supergene barite
contains traces of calcite: v,(1086 cm!), which coincides
with V5 of the SO, group and Vv, (710 cm!) bands.
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Table 1. Peak positions (cm™!) of the Infrared modes of barite and calcite.

IR modes of SOf_

Endogene barite,
Kremikovtski deposit

Supergene barite,
Kremikovtski deposit

Barite

(OMORI, 1968)

IR modes of CO§' in calcite
(NAKAMOTO, 1997)

v, 982 082 980
vV, 467 468 470, 439 879
Vv, 1179, 1118, 1083 1176, 1115, 1182 1180, 1120, 1080 1429-1492
vy 610 610 633. 608 706
Additional bands 1437, 1400, 874
Table 2. Peak positions (cm~!) of the Raman modes of barite and calcite.
Raman 1n9des of Endogene barite, Supergene barite, Barite Raman modes of CO_.,Z'
SOy Kremikovtski deposit Kremikovtski deposit | (OMORI, 1968) in calcite (NAKAMOTO, 1997)
v, 988 984 987 1087
Vv, 462, 453 460, 454 460, 451
Vv, 1167, 1140, 1084 1134, 1086 1167, 1140, 1083 1432
vy 647,618 644,618 646, 630,617 714
Additional bands 1104 1054, 710, 270
2 42E 04 v.S0 are fluorescent under UV expo-
L sure and emit white, yellow,
green or orange light. In order to
understand the nature of this
phenomenon, the luminescence
spectra of barite have been
examined via UV, thermal and
- X-ray excitations. These studies
B _allow the detection of the ap-
3 i pearance of different lumines-
£ v,S0, i cence bands from the UV to the

0.18E 04

100.00

Raman shift (cm™)

1700.00

Fig. 3. Raman spectra of endogene (bold line) and supergene (dashed line) barite from
the Kremikovtsi deposit.

Laser-induced time-resolved luminescence

Barite is one of the first luminescent materials from
which the famous “Bologna stone” was obtained. It has
been known for a long time that some barite specimens

red part of the spectrum.
Laser-induced time-resolved
luminescence is a modern tech-
nique, which allows discrimina-
tion between centers with emis-
sion in the same spectral range,
but with different decay times.
The method involves recording
the intensity in a specific time
gate at a given delay after the
excitation pulse, whereby both
the delay and the gate width
have to be carefully chosen.

Such manipulation allows to be recorded separately the

emissions corresponding to different decay times and to

avoid the overlapping of the emissions produced from

different centers. Laser-induced time-resolved lumines-
cence of barites have detected and identified lumines-
cence centers of Bi3+, Bi2*, Ag*, Cu*, REE3* (Gaft et
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al., 2001a; GAFT et al., 2005) in addition to UO,2*+ and
Eu?* revealed by Steady-State Photoluminescence (TA-
RASHCHAN, 1978; GAFT et al., 1985; GOROBETS &
RoGonNE, 2001). Thus the information about the redox
state of the different cations in the barite crystal lattice
could throw more light on the origin of the barite.

The luminescence spectrum (excitation of 266 nm,
without delay, broad gate of 9 ms) of the studied endo-
gene barite contains 2 relatively narrow ultraviolet
bands: one peaking at 306 nm and the other at 375 nm
(Fig. 4A). The first band has a very short decay time
and disappears after D = 50-100 ns. Such a combina-
tion of spectrum and decay time parameters is evidence
that the luminescence is connected with Ce3+. The emis-
sion of Ce3* corresponds to transitions between 5d! and
4f! electronic configurations. The second band has a
longer decay time of approximately 1 us and belongs to
Eu2+ (GAFT et al., 2005). The Emission spectra of Eu?*
result from electronic transitions between 4f7 and
4f05d! electronic configurations. After a delay of sever-
al us, the Eu?* emission becomes much weaker and
very weak narrow lines appear, peaking at 488, 544
and 615 nm (Fig. 4B). These lines are connected with
trivalent rare-earth elements, which are characterized by
relatively long decay times of hundreds of us: the first
2 lines certainly belong to Tb3+ and the last one is prin-
cipally typical for Eu3* (GAFT et al., 2005). While Eu2*
luminescence is common, Eu3* emission is here detect-
ed for the first time in barite. Under excitation of 532
nm, a luminescence line at 615 nm dominates the spec-
trum, accompanied by several lines near 700 nm (Fig.
4C). Such a behavior confirms that Eu3* is responsible
for these luminescence lines. The emission of Eu3+ cor-
responds to f—f transitions — from the excited D, level
to the 7Fj (G=0, 1, 2, 3, 4, 5, 6) levels of the 4f® con-
figuration.

Some samples do not show Eu3+ luminescence. The
relative intensities of Ce3+, Eu2+ and Eu3* in different
samples are different: Ce3+ emission could be stronger
than that of Eu2*, while the luminescence of Eu3* is
relatively intensive. The different emission spectra at
excitations at 266 and 532 nm suggest at least 2 struc-
tural positions for Eu3* in the barite crystal lattice (Fig.
4C, D). Under excitation of 355 nm, a very broad
orange-red band is detected (Fig. 4E), which was pre-
viously ascribed to Ag* luminescence (GAFT et al.,
2005). One of the samples showed a relatively strong
Ag™ luminescence dominating the spectrum even with
an excitation of 266 nm, which is not optimal for this
emission (Fig. 4F). The emission bands of Ag* result
from d%s—d10 transitions.

Under 266 nm excitation, without delay and with a
broad gate of 9 ms, the luminescence spectrum contains
2 relatively narrow ultraviolet bands: one peaking at
320 nm and another at 375 nm (Fig. 4G). The latter
band belongs to Eu2+, while the origin of the first one
is difficult to suggest. A similar emission has been
found in synthetic barite artificially activated by Sn

(GAFT et al., 2005), but such an interpretation needs
further support. The rather unusual narrow lines (at 370
and 391 nm) which appear in the luminescence spec-
trum with a longer delay of several us (Fig. 4H) belong
to trivalent rare-earth elements. They have been prelim-
inary ascribed to violet-blue emission of Nd3+, but this
identification should be further clarified. The weak
broad green band (at around 500 nm) may be related
to uranyl emission, well known in barite (Fig. 4H).

The LITRL study of supergene barite did not show
any luminescence. This could be connected with the
lower impurity level in supergene minerals in general.
A thermo-luminescence study of barite (KRIVOVICHEV,
1971) showed that the intensity of luminescence de-
pends on the Sr concentrations in barite. The available
data on the chemical composition of the Kremikovtsi
supergene barite (ATANASSOV & VASSILEVA, 1987)
showed very low Sr contents, which accounts for the
absence of luminescence. Another possible explanation
is that the luminescence is quenched by components
with high-energy phonons, such as water or organic
matter (GAFT et al., 2005).

The main prerequisite needed for a mineral to display
luminescent properties, in the case that the luminescent
centers are minor elements, is a similarity of the ionic
radii and charges of the host and isomorphic elements.
It is known that the luminescent centers Eu2+ (1.24-1.40
A), Ce3+ (0.88-1.02 A), Nd** (0.99-1.15 A), Tb3*
(0.89-1.09 A), Ag* (1.13-1.26 A), Sn2+ (0.93 A) substi-
tute for Ba2* (1.35-1.44 A) or Sr2*+ (1.10-1.27 A), which
are in 12-fold coordination in the barite structure (Go-
ROBETS, 2002; GAFT et al., 2005; all ionic radii are for
the 6-coordination form). A possible accommodation for
the established in this study Eu3+ (0.97-1.13 A) is also
isomorphic substitution for Ba2* or Sr?*. The presence
of uranyl molecules in barite is considered to be a result
of chemical adsorption (GOROBETS, 2002).

Samples from both morphological types of endogene
barite (veins and lenses, and veinlets and nests) fall into
2 groups: (1) barite with Eu?* and Sn%*(?), or Eu?* and
Ce3+; (2) barite with Eu?*, Eu* and Ce3*. Barite sam-
ples from the first group contain isomorphic cations in
their reduced form (Eu2+, Sn?*, Ce3*), which implies that
the barite precipitated from reduced fluids. A possible
manner of this precipitation is conductive/convective
cooling of the transporting fluid, which reaches the point
of barite saturation with no substantial oxidation. The
barite from the second group has reduced (Eu2+, Ce3+) as
well as oxidized (Eu3*) cations. This suggests that the
barite from these samples precipitated from reduced trans-
porting fluid subjected to oxidation. It can be speculated
that both morphological types of barite are the result of
conductive/convective cooling and mixing of hydrother-
mal fluid with seawater. This corroborates the most recent
submarine hydrothermal model for the formation of the
Kremikovtsi deposit (DAMYANOV, 1996a; DAMYANOV,
1998): sub- and on-seafloor precipitation upon cooling
and mixing of hydrothermal fluid with seawater.
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Fig. 4. Time-resolved luminescence spectra of endogenic barite from the Kremikovtsi deposit demonstrating different emis-
sion bands: (A) Ce3*, Eu?*; (B) Eu2t, Tb3*; (C) Eu*; (D) Eut; (E) Agt (F) Ag* (G) Eu?t, Sn2*; (H) Nd3*, UO,%*.
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Conclusions

The data obtained in the present study allow the fol-
lowing conclusions to be drawn:

(1) There is no structural difference depending on
the varying Sr content (0—4.5 wt.%) in all the morpho-
logic types of endogene barite, according to the IR and
Raman studies. Supergene barite shows IR and Raman
spectra identical to those of the endogene one with the
only difference being the presence of traces of calcite.

(2) The laser-induced, time-resolved luminescence
technique is a suitable tool for the identification of
rare-earths (undetectable with conventional methods) in
barite and the discrimination of their oxidation states.

(3) Along with the common Eu?* luminescence, the
emission of Eu3* was detected for the first time in ba-
rite. There are at least 2 structural positions for Eu3*
in the barite crystal lattice.

(4) It seems that the endogene barite in the Kre-
mikovtsi deposit was precipitated from reduced fluids
subjected to cooling (conductive/convective) and oxida-
tion (mixing with seawater).
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Pe3ume

CneKTpOCKoONCKO npoyyaBame dapura u3
aexumra Kpemnkosun (byrapeka) ca
HMIUIMKANHjaMa HberoBor nopexJjia

Jlexxnmire TBOXba(+Mn)-6apura-cynduna Kpemn-
KOBIM y Byrapckoj campxkm paznmunTe MeTaie H
BeNMKe pe3epBe pyae Oapmra. Ilomro ce mexumre
eKCIUIOATHCANO YTIaBHOM 300T IBOXba, IPeTeKHO Cy
BpIICHAa WCOWTHBama TBo3AcHe pyae. Ilocroju camo
HEKOJIMKO MUHEPAJIOMIKNX W TEOXEMHjCKHUX CTYyHAWja
6apwura. LIyib oBOT mpoydyaBama je 60Jbe YIOo3HaBamke
ca CTPYKTYpOM M KaTjOHCKOM BaJICHTHOIThy OapuTa ca
AMIUTIKaNFjaMa BEeroBOT Mopekia. Pasnmanrn reHer-
CKH (CHJIOTEHU U CyNepreHn) 1 MOP(OIIOKY (SKHIE U
COUMBA, Ka0 ¥ XXIIAIE U THE3/[a) TUIIOBU GapuTa MCIH-
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THBAHMU Cy IPUMEHOM CIIEKTPOCKOIICKMX METOja Ja-
cepcku peaykoBane nmymuHecnennuje (LITRL), nagpa-
upseHe aHanmn3e (IR) u Pamonose ananmse.
Nudppaupsenn cnekTpu eHJOreHor 6apuTa CacBUM
Cy CIIMYHH CieKTpuMa oOjaBlbeHUM y auTepatypu. He
MIOCTOjU CTPYKTYpPHa pa3jiKa Koja 3aBHCU Off IPOMEH-
JbUBOT caapxkaja Sr (04,5 Texx. %) Hu y jemaoM Mopdo-
JIOLIKOM THITy eHfjoreHor 6apurta. IH(palpBeHu crek-
TPpU CyllepreHor 6apura cKopo Cy UIEHTUYHU CIEeKTpU-
Ma eHJjoreHor 6apuTa y Morjeny nojoxaja BUOpauuo-
HUX [IKOBA Vy, V, 1V, SO,%-, ocum 3a momake o1 3 cm™!
Kol V5. Tu cekTpy cy mokasmBajy IPHCYCTBO JOHAT-
HUX Tpaka, Koje cy OimcKe mMKoBuMa Vi u vV, CO5;>y
kanuuTy. PamaHoBa mpoy4aBamwa Wy Y NPWIOT Haro-
BellITaja fa CynepreHu 6apuT cajip>kul TparoBe Kajura.
Caspemena Texnmka LITRL, kao moropgaH HadwH
yTBpbHUBama peTKHUX 3eMajba (Koje ce He MOTY OTKpH-

TH KJIACHYHUM METOANMA) W Pa3IMKOBamba HUXOBUX
cTereHa okcupanyje, omoryhmia je yrBpbuBame HEKO-
JUKO IIEHTapa JIYMUHECHEHIHje Y CHIOTeHOM OapuTy.
JIymunecuenmuja Eu3* je mo npsu nyt yrBphena y Gap-
uTy. Pa3nuunTy eMucnonn CieKTpH pu moOyau off 266
7 532 nm yKa3yjy Ha IpHUCyCcTBO Oap fBa CTPYKTypHA
nojoxaja Eu3*t y kpucrannoj pererku 6apura. Jlymu-
HECIEHTHHU CIEKTPHU Cy TaKohe OTKPIIU JOCTa HEo-
OWuHy JbyOHMuacTo-IIaBy emucujy Nd3+, koja ce
0OWYHO jaBIba y OICETy MH(PAIPBEHOT CIEKTPa, Kao U
emuchje Ce3*, Eu?t, Tb3*, Ag*, Sn?*(?) u UO,+.
Crenen okcujjaiyje KaTujoHa mI30MOP(HO MTPUCYTHAX
y KpHUCTAJHO] PEHIeTKN OapuTa yKasyje fia je eHIOreHN
6apurt y nexxnmTy KpeMuKoBIM HaTaIoKeH U3 PeayKo-
BaHMX (pirymaa 3a KOje ce MpeTIocTaBiba fa Ccy omnm
M3JI0KeHn Xnabemy (KOHAYKTHBHO OINHOCHO KOHBEK-
THUBHO) ¥ OKCHaNUju (MeIlIambeM ca MOPCKOM BOJIOM).
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Crystallite size distribution of clay minerals
from selected Serbian clay deposits

VLADIMIR SIMIC! & PETER UHLIK2

Abstract. The BWA (Bertaut-Warren-Averbach) technique for the measurement of the mean crystallite thick-
ness and thickness distributions of phyllosilicates was applied to a set of kaolin and bentonite minerals. Six
samples of kaolinitic clays, one sample of halloysite, and five bentonite samples from selected Serbian deposits
were analyzed. These clays are of sedimentary, volcano-sedimentary (diagenetic), and hydrothermal origin. Two
different types of shape of thickness distribution were found — lognormal, typical for bentonite and halloysite,
and polymodal, typical for kaolinite. The mean crystallite thickness (Tgy ) seams to be influenced by the genet-
ic type of the clay sample.

Key words: kaolinite, bentonite, halloysite, BWA technique, Serbia.

AnctpakTt. Mepewe npoceuHe eGbuHe KpucTanuTa (hUIOCUINKATa H BbUXOBE JUCTPUOYLUje U3BPLICHO je Ha
y30pIyMa KaoJMHCKUX M OEHTOHMTCKMX MuHepana momohy BWA  (Bertaut-Warren-Averbach) meropa.
ITpoyueHo je wiecT y3opaka KaONMHUTCKUX TJIMHA, jeflaH y30paK XaJloj3uTa M HEeT y30paka OEHTOHHUTA U3
m3abpannx nexwnmra y Cpobuju. Te rimHe Cy CeAMMEHTHOT, BYIKAHOTE€HO-CEUMEHTHOT (MjaT€HETCKOT) U
XU[POTEPMAJIHOT OpeKa. Y TBpheHa cy iBa pa3nuuuTa o0JIuKa JUCTpUOynuje 1e0bUHEe KPUCTATIUTA — JIOTHOP-
MaJlHa TUIIMYHA 32 OEHTOHUTE U XaJIOj3UT, M MOJMMOJaNHa TUIIMYHA 33 KAaOJMHUTCKe rnuHe. ITpoceyna neb6ibu-

Beorrafn, nenem6ap 2006
BELGRADE, December 2006

Ha kpucranura (Tgy,) H3rIena 1a 3aBUCK Off TEHETCKOT TUIIA y30paKa IJIMHE.

Kmby4ne peun: KaonuHUTCKe IMHE, GEHTOHUT, Xanoj3uT, BWA merop, Cpbuyja.

Introduction

The size distributions of crystallites can be measured
by powder X-ray diffraction (XRD) because the widths
of the XRD peaks broaden as the crystallite size de-
creases, if the influence of associated components on
the degree of disorder of clay minerals (as presented for
kaolinite by GALAN et al., 1994) is eliminated by ade-
quate sample preparation. The interpretation of distribu-
tion and the shapes of crystallite thicknesses, measured
by the Bertaut-Warren-Averbach (BWA) method, can
then be related to crystal-growth mechanisms according
to the theoretical approach of EBERL er al. (1998a).

The BWA technique has been applied to the meas-
urement of illite particle thickness (EBERL et al., 1998b),
to measure the crystallite size distribution of kaolin min-
erals (SUcHA et al, 1999), to explore crystal growth
mechanisms for illite and smectite (SRODON et al., 2000;

MYSTKOWSKI & SRODON, 2000), to study the diagenetic
evolution of the crystallite thickness distribution of illitic
material (KOTARBA & SropON, 2000), weathering pro-
cesses which affected smectite and illite/smectite (SUCHA
et al., 2001), and crystallite-size changes of pyrophyllite
during grinding (UHLIK et al., 2000). EBERL et al.
(1998a) studied the growth mechanism of minerals based
on the shapes of the crystal size distribution.

Different clay deposits in Serbia have been explored
and studied for many decades (SiMi¢, 2001, 2004; Si-
MIC & Jovi¢, 1997; RADOSAVLIEVIC et al., 1994; STAN-
GACILOVIC, 1970a, 1970b), but the crystallite size of the
clay minerals has never been determined.

The main goal of this study was to measure the
thickness and thickness distribution of kaolinite and
smectite crystallites by the BWA technique and to com-
pare the results with those obtained for similar clays
from Slovakia and some other world deposits, and to

! Faculty of Mining and Geology, University of Belgrade, Pusina 7, 11000 Belgrade, Serbia. E-mail: simicv@rgf.bg.ac.yu
2 Faculty of Natural Sciences, Comenius University, Mlynskd dolina G, 84215 Bratislava, Slovak Republic. E-mail:

uhlik@fns.uniba.sk
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check if the mean crystallite size depends on the ori-
gin of the clay.

This study is a part of the Project “Genesis of Na-
tural Microporous Mineral Resources and their Appli-
cation in Industry and Environmental Protection” which
is performed by the Department of Geology of Mineral
Deposits, Faculty of Natural Sciences, Comenius Uni-
versity, Bratislava, Slovakia, and Department for Ex-
ploration of Mineral Deposits, Faculty of Mining and
Geology, University of Belgrade, Serbia.

Materials and methods

Twelve samples of kaolinites, halloysite, and smec-
tites from selected deposits in Serbia were used for this
study. The kaolinites were collected from the Vrbica
(sample VRB), Cirinac (CIR-Z), Lazine (L-1), and Ko-
Sarno (KOS-5A) deposits (Arandelovac basin), the Ru-
dovci (RUD-3) deposit (Kolubara basin) and the Jase-
novac coal mine, the halloysite was from the Novo
Brdo deposit, and the smectites were from the bentonite
deposits or occurrences Popovac (POP-1), Mecji Do
(MD), Bogovina coal mine (BOG-I), Bivolica (BIV),
and Drmno coal mine (D-3). These deposits were se-
lected on the basis of their different clay minerals,
genetic types and parent rocks.

Prior to analyses, < 2 mm fractions were separated
from the bulk samples by sedimentation. Separated fine
fractions were used for X-ray diffraction (XRD) analy-
sis of oriented specimens. The oriented specimens were
prepared by sedimentation of the clay suspension
(10 mg/cm?) onto glass slides. All specimens were ana-
lysed by XRD ussing a Philips PW 1710 diffractome-
ter equipped with Cu radiation with a graphite mono-
chromator. The step size was 0.02° 20 with a count-
ing time of 5s for the oriented specimens.

The resulting basal reflections of the clay minerals
were used for the determination of the mean crystallite

—O— 6-13 (Best mean = 4.25 nm)

---0-- 10-13 (Best mean = 5.58 nm)

Frequency

0 5 10 15 20
Thickness (nm)

Fig. 1. Changes in the distribution and mean thickness of
halloysite (sample NB) after using the incorrect analysed
area (10-13° 20) in comparison with the recommended area
(6-13° 20).

thickness (crystallite = X-ray scattering domain) and
thickness distribution by means of the BWA techniques
(DriTS et al., 1998) using the MudMaster program
(EBERL et al., 1996). The XRD method of crystallite
size determination is based on the observation that
XRD peaks broaden regularly as a function of decreas-
ing crystallite size. The first basal reflection of all sam-
ples was subjected to BWA analysis in the recommend-
ed two theta intervals between 6 and 13° for the kaoli-
nite (Fig. 1) and 2.5 to 7.5, for the smectites. All kaoli-
nite samples, except the halloysite sample NB, contain
illite in the clay fraction. Therefore, the illite peaks
were chopped by the program PkChopr (Fig. 2). A
longer XRD exposition time (5 s) was used to obtasin
smooth XRD patterns for the analysis.

25000-

20000  --e-e- RUD-3
> CHOPPED
® 15000 PATTERN
)
=

10000+

°20

Fig. 2. Example of the modification of an XRD pattern
before BWA-analysis the by PkChopr program.

Scanning electron images were taken from fresh rock
chips coated with gold using a Jeol JXA 840 scanning
electron microscope (SEM).

Geological features of the studied deposits

Samples of 6 kaolinites, 1 halloysite and 5 smectites
from deposits in three different geological environments
and origin were used for this study. Kaolinites and
smectites from sedimentary (originating in a weathering
crust and transported into sedimentary basins), volcano-
sedimentary (formed by diagenesis of volcanic ash in a
subaqual and subarial environment) and of hydrother-
mal origin were studied. The geological setting of each
sample is indicated in Table 1. The analysed samples
represent a selected collection of kaolinitic clays and
bentonites from the economically most important de-
posits in Serbia, one sample of halloysite and one sam-
ple of Miocene tonstein, recently discovered in eastern
Serbia.
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Table 1. Basic geological features of the studied clays.

Sample Genetic type Age Clay mineral Basin Deposit
Kaolinite
VRB Sedimentary Kaolinite Vrbica
CIR-Z Sedimentary . Kaolinite Cirinac
L-1 Sedimentary Mo Kaolinite PRGeslovRe Lazine
KOS-5 Sedimentary Kaolinite Ko%arno
RUD-3 Sedimentary Pontian Kaolinite Kolubara Rudovci
JAS-5A Volcano-sedimentary Miocene Kaolinite Krepoljin Jasenovac
Halloysite
NB Hydrothermal Oligocene-Miocene Halloysite (7A) Novo Brdo
Smectite
POP-1 Volcano-sedimentary Lower Miocene Smectite Paracin Popovac
MD Volcano-sedimentary Lower Miocene Smectite Zaplanje Mecji Do
BOG-1 Sedimentary (?) Miocene Smectite Bogovina Bogovina
BIV Sedimentary (?) Lower Miocene Smectite Svrljig Bivolica
D-3 Sedimentary Pontian Smectite Kostolac Drmno

The sedimentary kaolinitic clays were deposited in
different basins, but in similar lacustrine settings. The
kaolinitic clays from the Arandelovac basin (Vrbica,
Cirinac, Lazine, and Kogarno deposits) were formed by
weathering and redeposition of materials from Bukulja
granite (SIMIC, 2004). Kaolinite is the dominant clay
mineral, with small amounts of illite. The clay from the
Kosarno deposit also has subordinate smectite. The par-
ent rocks for the clays from the Rudovci deposit (Kolu-
bara basin) are dacitic rocks and their pyroclastics.
Kaolinite is also the most abundant mineral, accompa-
nied by small amounts of smectite and traces of illite
(Smmi¢, 2004). The length of transport in both the Aran-
delovac and Kolubara basins ranged from several hun-
dred meters to 2-3 km, hence crystal disintegration
during transport may have some influence on the crys-
tallite size and thickness. Halloysite from the Novo
Brdo deposit is of hydrothermal origin (MAKSIMOVIC &
NikoLI¢, 1978). The kaolinitic clay from the Jasenovac
coal mine is a typical tonstein, formed by the diagenet-
ic alteration of volcanic tuff (ZIVOTIC’ & Smvi¢, 2003,
unpublished report).

The smectite samples are also of different origin.
Both Popovac bentonites, interbedded in marlstone in
the quarry near the Paradin Town and the Mecji Do
deposit near the Vlasotince Town, are typical volcano-
sedimentary rocks formed as a result of “in situ” sub-
aqual alteration of the volcanic tuff. The bentonites
from the Bogovina coal mine (East field) and the Bivo-
lica deposit, near the Svrljig Town, are most probably
the products of reworking of the weathering crust of
andesitic rocks. The bentonite from the Drmno deposit
(Kostolac coal basin) is of sedimentary origin (SIMIC et

al., 1997), but the primary source of clay minerals has
not yet been established.

Results and discussion

Typical XRD patterns of each genetic type of clay
are shown in Fig. 3, and the results of the BWA meas-
urements of the kaolinite, halloysite and smectite sam-
ples in Table 2.

The Ty, value of the sedimentary kaolinites stud-
ied varies between 5.55 and 7.91 nm, with an average
value of 6.48 nm. The curves of all five samples are
polymodal (Fig. 4), indicating that the samples consist
of two or more generations of crystals with different
thickness. The average Tgy, of the Serbian sedimen-
tary kaolinites is slightly higher than the Tgy, of Slo-
vakian sedimentary kaolinites, but, at the same time,
significantly smaller than the Tgy, of selected world
kaolinites (Table 3).

The BWA measurements confirmed the previously
obtained geological, mineralogical and geochemical data
that the weathering conditions during the Upper Oligo-
cene—Lower Miocene did not lead to the origin of a
well-developed kaolinitic weathering crust, neither in
Serbia (MAKSIMOVIC & NIKOLIC, 1978; SimMmi¢, 2004),
nor in Slovakia (Kraus, 1989).

The halloysite sample of hydrothermal origin has a
rather small mean crystallite thickness of 4.25 nm and
a polymodal distribution pattern (Fig. 4). The Tgwa
values of the Serbian and Slovakian halloysites are very
similar, indicating a similar stage of hydrothermal alter-
ation of the primary rocks. The distribution shapes of
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Intensity

Fig. 3. Typical XRD patterns of the studied samples. A)
Sedimentary kaolinite (CIR-Z), volcano-sedimentary kaolin-
ite (JAS-5A), and hydrothermal halloysite (NB). B)
Volcano-sedimentary smectite (MD), and sedimentary smec-
tite (D-3).
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Fig. 4. Crystallite size distribution of kaolinites obtained by
the BWA technique.

Table 2. List of clays used for BWA-analysis and the input and output data.

S ; Fositioniar d-spacing Analysed area !Best mean ;
ample Genetic type peak maximum (A) ®) (nm; extrqpolated.
@ area-weighted)

Kaolinite
VRB Sedimentary 12.27 7.21 6-13 7.53
CIR-Z Sedimentary 12.29 7.20 6-13 7.91
L-1 Sedimentary 12.21 7.24 6-13 5.64
KOS-5 Sedimentary 12.30 7.19 6-13 5.55
RUD-3 Sedimentary 12.25 7.22 6-13 5.75
JAS-5A Volcano-sedimentary 12.28 7.20 6-13 4.32
Halloysite
NB Hydrothermal 11.89 7.44 6-13 4.25
Smectite
POP-1 Volcano-sedimentary 5.14 17.18 2.5-6 9.00
MD Volcano-sedimentary 5.11 17.29 2.5-6 10.12
BOG-1 Sedimentary (?) 3,15 17.15 2.5-5.36 5.67
BIV Sedimentary (?) 5.13 17.20 2.5-5.32 5.79
D-3 Sedimentary 5.07 17.41 2.5-4.88 5.21
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Table 3. Average mean crystallite thickness (Tgws) of
Serbian, Slovakian and selected world kaolinites and hal-
loysites. Values for the Slovakian and selected world kaolin-
ites are from SucHa et al. (1999).
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lognormal (Fig. 4). The tonstein from the Jasenovac
mine is generally weakly crystallized according to the
XRD (Fig. 5) and at least two generations of kaolinitic
minerals can be observed on the SEM image (Fig. 6),
confirming the polymodal distribution shape.

Country Genetic type TA\'ier(ar%;} The smectites from the volcano-sedimentary type
b have higher mean crystallite thickness with an average
¥aolinites value of 9.56 nm than the smectites from the sedimen-
tary bentonites with an average value of 5.56 nm. The
Serbia Sedimantary 6.48 crystallite size distributions for the volcano-sedimenta-
i . ry samples are lognormal (Fig. 7). Their shapes are
Slovakia Sedimantary 4.8l quite different from the sedimentary types. The vol-
World ’ L cano-sedimentary smectites have identical distribution
(selected) Sedimantary 13.83 shapes with a theoretical lognormal distribution (Fig.
8A). The distribution of smectites from the sedimenta-
Serbia Volcano-sedimantary 4.32 ry bentonites is different from the theoretical lognormal
. shape (Fig. 8B).
Hillgysites "l[“)he megan thickness of smectites from selected world
Serbia Hydrothermal 4.25 volcano-sedimentary bentonites varies from 6 to 9 nm
(MYSTKOWSKI & SRODON, 2000; MoL, 2001). The rel-
Slovakia Hydrothermal 3.50 atively wide range of Tgy, values of volcano-sedimen-
tary smectites does not support the idea of using it to
JAS-5A
Clay fraction
= 1.5 A
= Heated at
Q 5 . 450 °C
K E
Ethylene-
K glycolated
> (S K
= K / /Q Air dried
S 4 6 8 10 12 14
€ Cr 20
Fig. 5. XRD pattern of the kaolin-
ite sample JAS-5A.
I | K - kaolinite,
S — smectite,
I — illite,
Q - quartz,
Cr — crystobalite,
10 20 30 40 50 60 F - feldspar,
20 Py — pyrite.

these two hydrothermal halloysites are different, as the
Slovakian sample has an asymptotic shape and the
Novo Brdo halloysite a polymodal one. The polymodal
distribution of the Novo Brdo halloysite seems to be a
combination of one lognormal and one asymptotic dis-
tribution. The asymptotic distribution is typical for
samples with small Tgy, and could be characteristic
for early stages of formation (EBERL et al., 1998a).
The tonstein sample of volcano-sedimentary origin
also has a small mean crystallite thickness of 4.32 nm
with a polymodal distribution pattern, but similar to

distinguish the origin in general. However, the meas-
urement of Ty, has sense for the differentiation of
the origin of a bentonite in smaller regions, as was
observed for the Serbian bentonites. A similar differ-
ence was found for in situ volcano-sedimentary and
transposed bentonites from middle Slovakia (both types
were characterized by SUCHA et al., 1996). Smectites
originating from the in situ alteration of andesitic vol-
canoclastics have higher Tgy, values (up to 7 nm) in
comparison with smectites originating by the redeposi-
tion of alteration products (5.5 nm).
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Fig. 6. SEM image of the kaolinite sample JAS-5A, show-
ing two different particle generations (I, II).
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Fig. 7. Crystallite size distribution of the smectites obtained
by the BWA technique.

Conclusions

Sedimentary kaolinites from five deposits in Serbia
have a low mean crystallite thickness indicating a poor-
ly developed kaolinitic weathering crust from which
these clays were redeposited, a situation similar to Slo-
vak kaolin deposits. The role of crystal disintegration
during transport may also influence the crystallite size.
The shape of the crystal size distribution is polymodal
for all samples, most probably as a result of the pres-
ence of different kaolinite generations.

Volcano-sedimentary (diagenetic) tonstein from the
Jasenovac coal mine has a very low mean crystallite
thickness, typical for a weakly crystallized material,
and a polymodal distribution shape, due to at least two
generations of kaolinite particles.

05 + MD
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06, B

0.5 +« D3
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Frequency
o
i

Thickness (nm)

Fig. 8. Comparison of the measured (BWA) and the theo-
retical lognormal distributions of smectite particles. A) vol-
cano-sedimentary type, B) sedimentary type.

Hydrothermal Novo Brdo halloysite also has a very
low mean crystallite thickness and a polymodal distri-
bution.

Two diverse shapes of the theoretically lognormal
distributions were observed for the smectites. They cor-
respond to different genetic types of bentonites — sed-
imentary and volcano-sedimentary. The mean crystallite
thickness is also different in the sedimentary and vol-
cano-sedimentary bentonites, with an average Tgy, of
5.56 and 9.56 nm, respectively. This means that “in
situ” alteration of volcanic ash under subaqual condi-
tions led to the formation of well-crystallised smectite
with thicker crystallites.
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Pe3ume

HucTpudoynuja ned/puHe KPUCTAIMTA
MHHEpaJa IJINHA U3 N3a0PaHnX JIeXKUIITA
rina Cponje

Y oBoM pafiy m3MepeHe cy feOJbMHE KPHCTaJINTa
KaoJNWHATAa W CMEKTHTA W HHUXOBA NHCTPUOYIHja
meToioM BWA Ha y3opumma u3 nexwuinra y Cpouju.
HakoH wu3BpmIeHNX MpoydyaBama HAIpaBJbeHA je
KOMITapaluja ca CImJIHuM riauHaMa n3 ClioBauke U U3
HEKWX CBETCKUX JICKHUIIITA.

PernpesenTaTuBHN y30pIM 6 KAaONWHUTCKUX TIIMHA,
jemHor xamoj3uta u 5 6EHTOHUTA W3 JIEXKUIITA CTBapa-
HUX Y Pa3IdIATAM TE€OJIOIIKAM YCIOBIMA: CEIUMEHT-
HUM JICXKUINTAMA TNIrHA (CTBOPEHUX Y KOopaMa pacma-
lama a 3aTUM TPAHCIIOPTOBaHA Y CEAUMEHTHE OaceHe),
BYJIKAHOTCHO-CEIUMEHTHAM JICKAMITIMA (HACTAIAM
AWjareHe30M BYJIKAHCKOT Ieneia y MONBOXHUM WA
MIPUMIOBPIITMHCKAM YCJIOBAMA) U XUAPOTEPMATHUM Jie-
KUMITAMA. ['€HeTCKU THIl JIEKUINTa W OCHOBHE TI'eO-
nomike nHopManmje pruka3ane cy y Tademnn 1.

CenvMEHTHN KAOJNWHATH W3 MET MPOyIaBaHUX Jie-
xkwumra CpOuje ouInKyjy ce MajioM fe0JbMHOM KpHUCTa-
JIWTa, MTO yKa3dyje Ha ciabo pa3BWjeH TUI Kopa pac-
majiara u3 KOjUX Cy TH MUHEPAJIH [IMHA TPETATO0KEHH,
Kao W Ha YTHIA] YCUTHABama YEeCTHIA MPIINKOM
TpaHcmopta. TakBa cuTyamnuja je BeoMa CIMYHA Kao
kop nexwumTa kKaonmmHa y CioBaukoj. OOIWK KpuBe
pacriofiesie feGrpIHE KPUCTAINTA je KON CBUX y30paka
MOJIMMOMIAITHY, HajBepOBaTHHjEe Kao IIOCIENNIa TpHC-
yCTBa Pa3iMUNTUX TeHepalrja KaOJIMHATA.

BynkaHnoreno-cefuMeHTHH (IWjareHETCKN) TOHIITAjH
W3 JIEXWINTa yriba JaceHoBal Mokasyje BeoMa Maiy
neOJbUHY KPUCTAINTA, TAIIMYHY 3a cl1ab0 NCKPUCTAIHU-
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cajy MaTepujal, ¥ TOJIMMOATHU OOJIUK UCTPUOYIHje
3axBaJjbyjyhm TpuCyCTBY HajMame JBE TeHepamnuje
KaOJMHUTCKUX YECTHLA.

XugpoTepMaran xajinoj3ut u3 Jexumra Hoso Bpro
Takobe ce OifIuKyje BeoMa MajloM JeO/bUHOM KpHUCTa-
JIUTa U TIOJUMOJATIHIUM OOIMKOM paciofele.

Kop ncnutnBannx 6eHTOHUTA YyTBPHEHO je IPHICyCT-

BO JIBa pa3IMYMTa THUIA TEOPETCKH JIOTHOpMAaJHE
pacnofiesie ie6GJbMHE KPUCTAINTA, KOje ONTroBapajy
Pa3IMYATAM T€HETCKUM THIIOBAMAa OEHTOHUTA — CEJIU-
MEHTHOM W BYJKaHOTeHO-ceimMeHTHOM. Cpefmba 1e6-
JbAHA KPHUCTANIATA je TaKobe pasnmumTa KOJ| Ceu-
MEHTHUX ¥ BYJIKAHOT€HO-CEJUMEHTHIX OCHTOHUTA, ca
npoceyHnM Tgy, 0 5,56 1 9,56 nm.
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IN MEMORIAM

IIpod. np Ipeapar Hukomnh
(1928 - 2005)

ITpomte ropmuae mpemunuyo je Ilpeppar Huxkomnuh,
ITOKTOp IEOJIOLIKUX HayKa, peOBHU NPOecop y NeH-
3uju, pyrorogumimu Iekan Pypmapcko-meranypiiukor
dakynrera y bopy u [lekan 3ajemanukor Pygapcko-re-
oJomKko-MeTanypmkor gakynrera beorpag-bop YHu-
Bep3uteTa y beorpany.

To cy camMo HajOCHOBHUjHU NoAany U3 OJIucTaBe Kapu-
jepe MpUMepHOT YOBEKa, BPXYHCKOT Ipodecopa U Ha-
YYHOT pajiHuKa, KOjU je MHOTO TOra OCTaBHO IO YEMY
he ra ce cehaTu resepanuje cryfeHara, lberoBu capaj-
HUIY, KOJIETe U IPUjaTesbu.

Hewmepmus je monpunoc [Ipodecopa Hukonmha 3a
¢dopmupamwe Pypapcko-meranypuikor cakyiarera y
Bopy u wmeros pa3poj. Mamwe cy mo3HaTe U BelHKe
3aciyre 3a pa3Boj Pymapcko-reonomkor ¢gakyiarera y
Beorpany Ha kome je Ilpodecop Hukommh mposeo
Apyry MONOBHHY cBOje Kapujepe. [1o Mulsbeby MHO-
rUX KoJiera 6Wo je jegaH off HajOOJbUX, a MOXK/A U Haj-
6osbu I1pencennuk [Ip:kaBHe KOMUCHje 3a OBEPY MUH-
epamaux pesepsu. [lopen Tora Ilpodecop Hukommh
HaM OCTaBJba BpefaH Hay4YHH Omyc off 146 00jaB/LeHUX
Hay4IHUX PajioBa, 6 ynbennka u 4 monorpadgwuje. Hamu-
caHo Beh JJOBOJbHO rOBOPHU O U3Y3€THO]j JMYHOCTH MIPO-
¢ecopa Hukonuha. IIpocTop Ham He [A03BOJbaBa fie-
TaJbaH IpUKa3 XKUBOTHOT NyTa U Aena npodgecopa Hu-
konmha na he oH 6UTH CKpOMaH, yIIpaBO OHAKaB KaKaB
je 6uo mpodpeocp.

ITpodecop Hukonwuh je poben 31. janyapa 1928. ro-
mmae y Topmwem [IpenoBuy kop [Ipokymmba, rae je

3aBpIIMO MMHAa34jy. Ha reosonko-naneoHToN0mKOj
rpynu IlpupogHo-mMaTeMaTHUKOr pakysiaTeTa Y HUBEP-
suteta y Beorpagy mummommpao je 1952. ropgune, a
noktopupao 1962. roguue. Pagny kapujepy je modeo
1953. roguHe Kao pyJHUYKH TE€OJIOT W PYKOBOAWJIALL
re0IOLIKO-PYAAPCKUX UCTPaXKMBamka y PYAHUKY yIiba
“Hobpa cpeha” kox Kmaxkesia, 3aTuM y pyIHAIIMA
BaTPOCTAJIHUX IIMHA — ApaHbesoBal U KibakeBauKuM,
OJTHOCHO TUMOYKHUM pyAHUIIIMA yTiba “Kmaxkeal”. On
1962. ropquae pagu Ha Pygapcko-meTamyprikoM ¢axyi-
TeTy y bopy Kao HacTaBHUK, U TO Hajlpe Kao JOILEHT,
3aTHM Kao BaHpemHu npodecop u o 1969. roguHe Kao
penoBau npodecop. Onx 1980. roguHe je y pagHOM Off-
Hocy Ha Pypapcko-reonomkoM ¢akyarery y beorpa-
ny. buo je 11 rogmna pykoBopmian Pymapcko-mera-
aypuikor ¢akyateTa y bopy, Hampe Kao mpopekas,
3aTUM y KOHTUHYUTETY Kao fiekaH. buo je aBe ropuHe
3aMEHHK JeKaHa jefIMHCTBEHOI PynapcKo-reonomko-
MeTtanypukor ¢gakyiarera beorpan-bop u iBe rogune
nekaH mcror ¢akyarera. Ocrahe ymamheH u meros
pan xao ITpencepnuka ogdopa 3a “I'eonayke” y Munu-
CTapCTBY 3a HayKy u TexHosorujy Pemyonmke Cpouje.
buo je pyroropummwu I'maBau 1 OAroBOpHU ypemHUK
Hay4HOTI yaconuca 300pHUK pajgoBa Pymapcko-mera-
aypukor ¢pakyarera u MHcTuTyTa 3a Oakap y bopy.
PykoBopmo je 1 Ox6opoM 3a BECOKO MIKOJICTBO y 3a-
jemHUIM ycMepeHor obpa3oBama u 6mo unan [Ipencen-
HUIITBA MCTe 3ajeiHulle. 3a CBOj yCIellaH paj cThu3ajna
cy u npu3Hama. [IpBo, 1967. roguae, OkTo6apcka Ha-
rpama I'pasia Bopa, a 3atum 1977. romquae OppeH paja
ca 3JIaTHUM BEHLEM.

Hayunn n crpyunn omyc npodecopa Hukomnmha je
BeoMa OOMMaH M pa3HOBPCTaH I1a ra HUje JaKo U jefHO-
CTaBHO NIpHWKa3aTU. Y OCHOBH, OWO je Teosor (cTpaTu-
rpad), TEKTOHAYAP), aJl je BPXYHCKE pe3yaTaTe OCTBa-
PHO U y JOMEHY HCTpakuBamwa JIEXKHILITAa MUHEPaTHUX
CHPOBHHA, TOCeOHO yribeBa. C1000HU CMO fia KaXKeMO,
aKko je TpBa TeoJiomKa JbydbaB mpodecopa Hukommha
6una TuMouKa 30Ha, OHfia je Apyra JbyOaB yrasb.

He3aobwunazan je m Benmwkwu JoONMpuHOC Mpodecopa
Huxonuha 3a carnepaBamwe reosomike rpabe m Tek-
TOHCKOT' CKJIONA, aji M NPUPOAHE MOTEHIM]jaTHOCTH
Hamux KapnaTto-6ankanupa. IToce6HO ce TO opHOCH
Ha jelHy Off HAjUHTEPECAaHTHH]UX U HAjCIOKEHNjUX I'e0-
JIOLIKUX je[IUHNUIIA Y JTUTEpaTypu MO3HATO] Kao TuMou-
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ka 30Ha. [ToueB off JOKTOpPCKe AucepTanmje y Kojoj je
Ha OpUIMHajlaH HauyMH I[pHKa3ao crpaTurpadgceke
OfiHOCE, TIOCE0HO FOPHOKPEHUX U NTAJIEOr€HUX TBOpe-
BMHA, 3aTUM TEKTOHCKM CKJION M MarmaTu3aMm jeHOT
mena oBe 30He. IloToM, cnefie feceTrHe pajoBa y KOju-
ma npocecop Hukommh mmpu cBoja ncTpakmBama Ha
ey 30Hy. Ha kpajy, cBe TO 00jeiuibyje y jeTHy BpXyH-
cky moHorpadujy “Tumouka 30Ha Ucroune Cpbuje —
reoJyioruja u MuHepaiHe cupoBuHe”. [IOBOJLHO je camo
HabpojaTu TOTJIaB/ha W3 OBE M3y3eTHE MOHOTrpadmje
Ia jja ce carjefia leHa CBeOOYXBaTHOCT M 3Hauaj. Y
IIPBOM IIOIJIaBJbY je AeTalbaH NpuKa3 cTpaturpaduje,
CTPYKTYPHHUX OfHOCAa M TE€KTOHUKE, Ka0 M KPUTHUYKU
OCBPT Ha Jlocajiallilba UCTpaXkuBamwa OBe 30He. [Ipyro
moryaBibe oOpabyje mexkumITa yriba v yJbHAX IIKPUIba-
11a y Jy>KHOM JIeJly OB€ 30H€, IeTaJbHO 110 JJOKAIUTETH-
Ma — pypuunuMma. I[Ipukas oGyxBaTa off reosjoruje fo
pe3epBu. Y Tpehem mornasipy faeTasbHO cy oOpabeHa
nexumTa 0akpa y ceBepHOM jeny Tumouke 30He.
Bpojan cy pagoBu y kojuma je obpabuBao mexwurrra
yribeBa y Uctounoj Cp6uju. [I0BOJbHO je MOMEHYTH
Baamko nosse, [Jo6pa cpeha, [Tonsuc, Jlyonunma, 3Be-
31aH ap. Kao BpXyHCKHU McTpaxkuBad, cBa CBOja, U UC-
TpaXkXWBamha CBOJUX CapajiHUKa, 00jefIubyje y TPU Bpefl-
He MoHorpadmje o yribeBuma. [Ipodecop Hukonmh je
jemaH off Haj3acIy>KHUjUX ayTopa 3a 00jaB/bUBALE [[BA-
HaectoToMene epunuje “I'eonormja Cpbuje” u meceTo-
TOMHOT E€HIMKJIONENjcKOr peyHuka “T'eonomika Tep-
MWHOJIOTHja M1 HOMEHKJIaTypa”.

IMoce6Ho m3gBajaMo Kao HempeBa3mbheH MOHOrpad-
cku pap “Tekronnka Kapraro-6ankanuga Cpouje”, koju
je mpodecop Hukommh o6jaBuo 3ajemHo ca cBojuM, 1O
HaIlleM MUIUbEHY, HajOIKAM KOJIETOM U MPHjaTesheM,
MoKojHUM Tipodpecopom Muntonparom AnbenkoBrhem.
Peu je o HajaeTasbHUjeM TipuKasy crpaTturpaduje u TeK-
ToHuKke Hammx Kapnaro-6ankannma. To je He3ao0mmas-
Ha JIuTepaTypa 3a Hallle, ajli U U 3a IeoJIore CyCeHux
3eMalba.

Hayunn onyc npogecopa Hukommha mosesyje jegHa
Jerna 1 BpeJlHa JuBJbelYy HayyHa HUT. OCHOBHE NMpOO6-
JIeMe Koje je y TOYeTKy CBOje Kaphjepe MoUeo f1a paju,
MocCJie BUIIETOUIIIBLIX UCTPakiBamwba je 00jeumbaBao
7 cy0onmMupao y MoHOrpadujama.

Hacrasau pap 3a npocecopa Hukonmha 6mo je cBe-
Timha. HacraBHUK je mykaH jla 06e36enu yiIOeHIIKY
IUTEpaTypy — O6WO je meroB craB. iMao je HEKOINKO
U3[alka YHUBEP3UTETCKOr yiIoeHnKa OCHOBU I'e€0IOTH-
je m Omnirre reonoruje 1 NpBY YIIOEHNK HA HAIIIEM je3H-
Ky u3 ['eoTekTOHUKE.

Cge To ToBOpH fia je mpocecopa Hukonmha opnmuko-
BaJla OrPOMHA €Hepruja, BpefiHoha, ymopHOCT, KpeaTUB-
HOCT U CUCTEMaTHYHOCT, [1a €TO OATOBOPA 3a CjajHy Ipo-
¢pecopcky, Hay4YHO-UCTpaKuUBavy U JbYACKY KapHjepy.

Hawma xoju cMo nMasnu IpuBIIIETH]Y /1a ca UM MHje-
MO Kady, a MOHeKaj ¥ HelTo Xelthe, ¥ NpuyamMo He
€aMo O reoJIOTHjH, OBO HAMMMCAHO HUje MOTPeOHO, OHO je
yIIUCAHO Y HaMa, aly pagu Miabux u OHUX KOjH fioj1ase,
pagu Pypapcko-reonomkor cakynrera U CpICKe

reonoruje nme npodgecopa [Ipenpara Hukonmha tpe6a
ma Oyae ynucaHO KPYITHAM — HajKPYITHUJIM CIIOBAMA.

IIpog. op Josan Jankuuesuh
Ilpog. op /lpazomarn Pabperosuh
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This book is a typical paleontological work concern-
ing the Middle Miocene ostracodes from the Vienna Ba-
sin and their taxonomy and biostratigraphy. It consists of
the following chapters: (1) Introduction, (2) Regional Ge-
ology, (3) Material and Sample Preparation, (4) Syste-
matic part, (5) Biostratigraphy and (6) References. Techni-
cally, it is a correctly prepared book and illustrated with
very high quality figures (6), tables (4) and plates (55).

All the samples originate from the area of Bad Deutsch
Altenburg — Hainburg/Donau (eastern margin of the Vien-
na Basin, 40 km ESE from Vienna). 64 taxa (species) are
described and illustrated on 55 plates with 591 SEM-
microphotographs. It represents 37 genera and 15 families
of the Order Podocopida. Very good quality, high-resolu-
tion SEM pictures document the intraspecific variability,
juvenile forms and sexual dimorphism of these species as
well as the carapace/valve ornamentation.

The terms and morphological features of the ostra-
codes use here are based on MOORE (1961), MORKHO-
VEN (1962), HARTMANN (1966), OEerTLI (1985) and
HINZ-SCHALLREUTER & SCHALLREUTER (1999). Paleo-
environmental and paleobatimetric interpretations were
made on the basis of criteria by MORKHOVEN (1963),
HARTMANN (1975), LiEBAU (1980), GRAMANN (2000)
and MEISCH (2000). The systematic part was based on
LieBAU (1975) and MADDOCKS & STEINER (1987), as
well as HARTMANN & PuURI (1974) and MEIscH (2000).

Based on this study, the author demonstrates that some
earlier known ostracodes have a wider stratigraphic range
(for example, Callistocythere postvallata and Hemicythe-

ria omphaloedes). Likewise, Aurila hispidula, Xestolebe-
ris tumida and Tenedocythere sulcatopunctata were dis-
covered for the first time from the Lower Sarmatian.

From the (paleo)ecological point of view, the ostra-
codes association are grouped into four taphocoenosis
and the first three correspond to epineritic, epineri-
tic/phytal taphocoenosis and the last one to epi/meso-
neritic taphocoenosis.

In comparison to the foraminifer fauna, most of the
ostracod samples (59) belong to the Upper Badenian and
only 7 samples are assigned to the Lower Sarmatian. In
the chapter of Biostratigraphy (5), one comparative bios-
tratigraphical review of the Middle Miocene (Badenian
and Sarmatian) of Central Paratethys is given based on
the ostracodes and foraminifers biozonation (after JIRICEK
& RIHA, 1991; ZELENKA, 1990). The author distinguished
eight ostracod biozones (NO 7 — NO 14), which corre-
spond to the six-foraminifer biozones. This study of
ostracodes is complementary to the early-adopted model
of ostracod development in the Vienna Basin.

Finally, the very detailed and wide-ranging list of ref-
erences (341) shows that the author employed both clas-
sic papers (MUENSTER, 1830; ROEMER, 1838; REUSS,
1850; BOsQUET, 1852, etc.) as well as modern literature.

At the end of this review, a few important remarks
can be given:

This book represents an important contribution to
study of ostracodes of the Middle Miocene of the Vien-
na Basin, as well as of the Central (Western) Paratethys
area. It is a very high quality, distinct article, both pro-
fessionally and technically, with numerous SEM-micro-
photographs which give this book a high professional
level. Eventually, some paleo(environmental) interpreta-
tions and conclusions are discussed. The absolutely com-
petent approach to the research of fossil ostracodes, as
well as the results given here, make this monograph a
new upgrades for future taxonomic and biostratigraphic
studies of the Middle Miocene of Paratethys.

Prof. Ljupko Rundic

University of Belgrade, Faculty of Mining and Geology, Department of Geology, Kamenicka 6, 11000 Belgrade, Serbia.

E-mail: rundic@rgf.bg.ac.yu
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