JAHRBUCH DER GEOLOGISCHEN BUNDESANSTALT
—
A Jb. Geol. B-A. || ISSN 0016-7800 Band 151 Heft 3+4 | S.281-354 Wien, Dezember 2011

Jurassic Evolution of the Tectonostratigraphic Units
of the Circum-Pannonian Region

JANOS HAAST, SANDOR KoVACS', HANS-JURGEN GAWLICK2, EUGEN GRADINARUS3, STEVAN KARAMATA%, MILAN SUDARS,
CsABA PERO', JAN MELLO®, MILAN POLAK®, BOJAN OGORELEC” & STANKO BUSERS

16 Text-Figures, 12 Plates

Piemont-Penninic Ocean

Pannonian Basin
Carpathians
Stratigraphy
Dinarides
Neotethys
Jurassic
Facies
Alps

Contents
ZUSAMMENTASSUNG - & . o e ittt e e et e e e e e e e e e e e e e e e e 283
A S raCT . . . o 283
g Yo [ o1 o o 283
Jurassic Stratigraphy and Evolution of Tectonostratigraphic Units . .. ... ... 283
ALCAPA MEGAUNIT . oo e e e e e e e e e e 283
Penninic Unit. . .. e 283
Austroalpine — Western Carpathian Units . . ... ... . e e 284
Eastern Alps (Austroalpine Unit) . ... ... e e e e e e e e e e e e e 284
Lower Austroalpine Units and p.p. Central Alpine Mesozoic Units .. ....... .. e 284
Northern CalcareoUs AlPS . .. ..o ittt e et e e e 284
Bavaric Unit . .. e 287
TiroliC UNit . oo e e e 287
Hallstatt Facies Belt (reworked Jurassic Hallstatt Mélange) . . . ... ... et 288
Drau Range . ..o 288
Lienz Dolomites and Gailtal AlPS . . . . ..ottt 288
NoOrthern KaravanKs . . . ... e 289
Central Western Carpathian (Tatro-Veporic) Unit . . ... ... e ettt e et ettt 289
Pieniny Klippen Belt . . . ... e 289
Tatric UNit . oo e e e e 290
Fatro-VeporiC UnNit . . .. e e e e 291
HroniC Uit ..o e e e 291
PelSO Uit . . e 291
Transdanubian Range UnNit. . .. ... e e 291
Gemer-BUkk-Zagorje Unit . . ... . e 293
Inner Western Carpathian (Gemeric s.I.) Unit . . ... ... e 293
Meliatic, Turnaic, Silicic UNits . . . . . ..o e e 293
Bodva UnNit . .. e e 293

1 JANOS HaAs, $SANDOR KovAcs, CsABA PERO: Geological, Geophysical and Space Science Research Group of the Hungarian Academy of Sciences, Department of
Geology, Eotvos Lorand University, Pazmany Péter sétany 1/c, 1117. Budapest, Hungary. haas@Iludens.elte.hu; perocs@elte.hu

2 Hans-JURGEN GAwLick: Department of Applied Geosciences and Geophysics, Prospection and Applied Sedimentology, University of Leoben, Peter-Tunner-Stra-

Be 5, 8700 Leoben, Austria. hans-juergen.gawlick@unileoben.ac.at

EUGEN GRADINARU: Faculty of Geology and Geophysics, University of Bucharest, Bd. Balcescu Nicolae 1, 010041 Bucharest, Romania. egradin@geo.edu.ro

STEVAN KARAMATA: Serbian Academy of Sciences and Arts, Knez Mihailova St. 35, 11000 Belgrade, Serbia. inga@eunet.rs

MiLAN SuDAR: Department of Paleontology, Faculty of Mining and Geology, University of Belgrade, Kamenicka St. 6, P. 0. Box 227, 11000 Belgrade, Serbia.

sudar@eunet.rs

6  JAN MELLO, MILAN PoLAk: State Geological Institute Dyoniz Stir, Mlynska dolina 1, 817 04 Bratislava, Slovak Republic. janismello@gmail.com; milan.polak@

geology.sk

BoJAN OGORELEC: Geological Survey of Slovenia, DimiCeva ulica 14, 1000 Ljubljana, Slovenia. bojan.ogorelec@geo-zs.si

1 STANKO BUSER: Geological Department, University of Ljubljana, NTF, ASkerceva 12, 1000 Ljubljana, Slovenia.

a1 w

oo~

281


mailto:haas@ludens.elte.hu
mailto:perocs@elte.hu
mailto:egradin@geo.edu.ro
mailto:inga@eunet.rs
mailto:sudar@eunet.rs
mailto:janismello@gmail.com
mailto:milan.polak@geology.sk
mailto:milan.polak@geology.sk
mailto:bojan.ogorelec@geo-zs.si

Tornakapolna UnNit. . .. ... e e e e e e e 293

Martonyi (TOrna) UnNit. . . ... e e e e e e e e e e e e e e e e e e e e e e e e 293

BUKK UNit Sl oo 293

BUKK Uit 8.8, . . o 293
MONOSDEl UNit . . oo 294
Szarvaskl UNit . . ..o 295

Darnd Unit . ... 295
Zagorje-Mid-Transdanubian Unit . . . ... e 295
Julian-Savinja Unit . . ..o 295

South Zala, Medvednica and Kalnik UNnits ... ... ... i e e e e e 295
ADRIA-DINARIA MEGAUNIT o e e e e e e e e e e e e 295
South Alpine Unit. . oo e e 295
Adria UNit. e e 297
Adriatic-Dinaridic Carbonate Platform. . . . ... .. e 297
Slovenian Basin and BOSnian Zone . ... ... ... 297
Dinaridic Unit . . ..o e e e e e e e 298
Central Bosnian Mountains Unit . . . ... ..o e e 298

East Bosnian-Durmitor Unit . . ... ... e 298
Dinaridic Ophiolite Belt . . . . .. .. e e e 299
VARDAR MEGAUNIT e e e e e e e e e e e e 300
Jadar Block, Sana-Una and Banija-Kordun Units . . . . ... 300

Vardar Zone Western Belt . . . . . ... e 300

Main Vardar Zone . . .. .. e e e e e e 300
TransyIVanIdes . . . . ..o e e 301
Simic Metaliferi Mts Nappe System (Southern Apuseni Mts) . .. ... ... e e 302
Transylvanian Nappe System (Persani, Olt and Haghimas Nappes in the Eastern Carpathians) . ..................... 303

TISZA MEGAUNIT Lo e e e e e e e 304
MECSEK UNit . .o e e e e e e 304
ViIllANY-Binor Unit . ..o 306
Papuk-Beékés-Codru Unit . . . ... 307

DA CIA MEGAUNIT L L e e e e e e e e e 308
Danubian-Vr$ka Cuka-Stara Planina (-Prebalkan) UNit . ... ... .. ...ttt e 308
Southern Carpathians . ... .. .. e 308
Lower Danubian Units . . .. ... e e e e e 308

Upper Danubian Units . . ... e e e e 310

East Serbian Carpatho-Balkanides . .. ... ... ... e e 310

Vrska Cuka-Mirod Unit (LOWEr DAanUDIANY . . . . . ..o et et e e e e e e e e e e e e e e e e e e e e e e 311

Stara Planina-Pore¢ Unit (Upper Danubian) . . ....... .. . ittt ettt ettt 311
Civéin-Ceahldu-Severin-Krajina UNit . . . .. ... ... e 312
Eastern Carpathians .. ... ... . 312
Civéin-Ceahlau-Black FIYSCh UNit . ... ..ottt e e e e e e e 312
Southern Carpathians . ... . . .. e 312
Severin UNit . .. e 312

East Serbian Carpatho-Balkanides . ... ...... ... ittt ettt et 312
Krajina Unit . . .. 312
Bucovinian-Getic-Kuc€aj (-Sredno Gora) Unit . . .. ..o i e 312
Eastern Carpathians ... ... ... 312
Bucovinian, Subbucovinian and Infrabucovinian Units . . .. ... ... e 312
Southern Carpathians . . ... ... e e e 314
Getic-Supragetic Units . . .. ..o 314

East Serbian Carpatho-Balkanides . .. ... ... ... e 315

KUCA] UNit (GELIC) . . .t e e e e e e e e e e e e e e e e e e e e e 315
Kraishte Uit . .o e e e 315
East Serbian Carpatho-Balkanides . .. ... ... ... e 315
Luznica Unit (West Kraishte) . . . ..o e e e e e 315

History of Evolution and Notes for Paleogeographic Interpretation ... .. ... ... . . . e 316
CONCIUSIONS . . e e e e e e e e e e e e e e e e e e e 317
ACKNOWIEAGEMENTS . . . ..o 318
R ErENCES . . o oo e 318
PlateS . . o 330

282



Jura-Tektonostratigraphie im Circum-Pannonischen Raum

Zusammenfassung

Die Jura-Sedimentation in den verschiedenen tektonischen Einheiten im Circum-Pannonischen Raum (Alpen-Karpaten-Pannonien-Dinariden) ist geprégt
durch bedeutende plattentektonische Veranderungen. Im Norden bzw. Nordwesten 6ffnet sich der zum Atlantik-System gehdrenden Piemont-Pennin
Ozean, wahrend sich gleichzeitig der zum tethyalen System gehdrende westliche Teil des Neotethys Oceans im Osten bzw. Siidosten schlieBt. Ziel der
vorliegenden Arbeit ist es, die Jura-Entwicklungen der verschiedenen Einheiten kurzgefasst darzustellen, ihre fazielle und lithostratigraphische Entwick-
lung zu dokumentieren und die jeweils beschriebenen Fazies-Affinitaten fiir die Diskussion der urspriinglichen Jura-Paldogeographie heranzuziehen.
Neben der textlichen Darstellung erfolgt eine bildliche Klarstellung in Form von vergleichenden stratigraphischen Entwicklungsschemen. Dartiber hinaus
wird eine kurze Ubersicht zur Jura-Gesamtentwicklung im dargestellten Raum angeschlossen.

Abstract

In the Jurassic due to important plate tectonic processes remarkable changes took place in the setting of the tectonostratigraphic units in the Circum-
Pannonian (Alpine-Carpathian-Pannonian-Dinaridic) domain. These changes were mostly controlled by coeval closure of the westernmost part of the
Neotethys Ocean in the eastern Mediterranean region and the opening of the Piemont-Penninic Ocean as an eastern continuation of the early Atlantic
Ocean in the western Mediterranean area. The aim of the present paper is to briefly summarize the main characteristics of the Jurassic successions of the
tectonostratigraphic units, referring to the recognized affinities and relationships among the units. Demonstration of the stratigraphy and basic facies pat-
tern is facilitated by simplified lithofacies columns for the units defined. This review may provide a base for an interpretation of the Jurassic evolutionary

history of the studied domain and for better paleogeographic reconstructions. A brief summary of the evolutionary history is given.

Introduction

Coeval closure of the westernmost part of the Neotethys
Ocean in the eastern Mediterranean region and opening of
the Piemont-Penninic Ocean as an eastern continuation of
the early Atlantic Ocean in the western Mediterranean area
resulted in a new plate configuration in the Circum-Pan-
nonian (Alpine-Carpathian-Pannonian-Dinaridic) domain
in the Jurassic, discussed controversially (STAMPFLI et al.,
1991; DERCOURT et al., 1993; PLASIENKA, 2000; STAMPFLI
& BOREL, 2002; CSONTOS & VOROS, 2004; HAAs & PERO,
2004). Spreading of the Piemont-Penninic Ocean (“Alpine
Tethys”; e.g. STAMPFLI et al., 2001; BILL et al., 2002; SCHMID
et al., 2004; “Alpine Atlantic”; MISSONI & GAwLICK, 2010)
with formation of oceanic crust since the late Early Juras-
sic (e.g. RATSCHBACHER et al., 2004) and early Middle Ju-
rassic (e.g. BILL et al., 2002) led to the separation of the
Austroalpine-Western Carpathian and the Tisza Megaunits
(e.g. GECzy, 1973; KOVACS, 1984; HAAS & PERO, 2004) from
other parts of the European plate. In the late Early Juras-
sic to Middle Jurassic subduction initiated in the Neote-
thys realm (e.g. GAWLICK et al., 2008) that resulted in the
formation of accretionary complexes in the Vardar Zone,
the Dinaridic Ophiolite Belt / Mirdita Ophiolite Zone (e.g.
DIMITRIVEVIC, 1997; DIMITRIJEVIC et al., 2003; KARAMATA,
2006; GAwLICK et al., 2008) and the Meliata-Hallstatt Zone
(GAwWLICK et al., 1999) in the Middle to Late Jurassic. The
accretionary complex and the out-of-sequence nappes in
the more proximal part of the former continental margin
are locally covered by platform carbonates of Kimmeridg-
ian to Berriasian age.

Due to further tectonic shortening after the closure of the
westernmost Neotethys and the Piemont-Penninic ocean-
ic basins since Late Cretaceous and lateral displacements
of plate fragments during the Cretaceous and Tertiary, the
Jurassic formations moved partly relatively far from their
original position leading to significant changes in their re-
lationships and paleogeographic setting (e.g. SANDULESCU,
1984; BALLA, 1987; ROYDEN & BALDI, 1988; RATSCHBACHER
et al., 1991; CsoNTOs, 1995; KOVAC et al., 1998; FODOR et
al., 1999; NEUBAUER et al., 1999; HaAs & KovAcs, 2001;
CSONTOS & VOROS, 2004; FRANK & SCHLAGER, 2006; SCHMID

et al., 2008). Essential characteristics of the Jurassic for-
mations of the tectonostratigraphic units are presented
below, thus providing the basis for the reconstruction of
the provenance of the tectonostratigraphic units that will
be briefly summarized in the last part of the present paper.
Setting and names of the structural units referred to in the
text and locations of the lithofacies columns are presented
in Text-Fig. 1.

Jurassic Stratigraphy and Evolution
of Tectonostratigraphic Units

ALCAPA MEGAUNIT

Penninic Unit

The Jurassic sedimentary successions of the Penninic Unit
represent the distal continuation of the Lower Austroalpine
successions towards the newly formed Penninic Ocean,
but finer-grained. Accordingly, the sedimentary evolution
of this unit is more or less the same as that of the Lower
Austroalpine passive continental margin. The sedimentary
successions generally are highly deformed and metamor-
phosed (e.g. Engadin and Tauern Windows), form differ-
ent nappes and lack mostly in determinable fossils (de-
tails in TOLLMANN, 1977). In the Early Jurassic, quartzites,
arkoses and phyllites (Hochstegenquarzit, Schwarzkopf-
quarzit) dominate in both windows beside conglomerates
and Bindner schists. First ophiolites (PI. 1, Fig. 1) occur
in the upper part of the Early Jurassic (RATSCHBACHER et
al., 2004). In the Middle Jurassic the fine-grained Blndner
schists are dominating (PIl. 1, Fig. 2) beside sandstones
(Idalp sandstone). Rare radiolarites (e.g. in the Idalp re-
gion) may be contemporaneous with the radiolarites in
the Swiss or French Alps (Bathonian to Oxfordian; BILL et
al., 2001). In the Late Jurassic the sedimentation changed
from shaly/siliceous sediments to more carbonatic ones:
Hochstegen limestone/-dolomite and Klammkalk in the
Tauern and Rechnitz windows (Oxfordian to Tithonian),
Falknis and Sulzfluh limestone in the Engadin window (Ox-
fordian to Tithonian) (TOLLMANN, 1977; PILLER et al., 2004).
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Text-Fig. 1.

Megaunits (A) and lower-rank structural units (B) in the Circum-Pannonian region, with location of the lithofacies columns.

Austroalpine-Western Carpathian Units

Eastern Alps (Austroalpine Unit)

For a detailed description of the Jurassic evolution of the
Austroalpine with definition and revision of all formations
see GAWLICK et al. (2009a).

Lower Austroalpine Units and p.p. Central Alpine
Mesozoic Units (Text-Fig. 3, col. A1)

The Lower Austroalpine Units formed in Jurassic times the
passive continental margin facing the Penninic-Piemont
Ocean to the northwest. Breccia formation due to exten-
sional tectonics started above siliciclastic influenced car-
bonates in the Late Hettangian and should prevail until
the end of the Early Jurassic or early Middle Jurassic (e.g.
ENZENBERG, 1967; HAUSLER, 1988; CONTI et al., 1994), but
metamorphism and deformation prevent exact dating of
the successions in the Lower Austroalpine units (TOLL-
MANN, 1977). Exact dating of the equivalent breccias in
the Engadin shows that breccia formation decreased in
the Sinemurian to Early Pliensbachian (e.g. EBERLI, 1988;
CONTI et al., 1994). This Late Hettangian to Early Pliens-
bachian breccias are related to the first extensional pulse.
A second pulse may start in the Late Toarcian to Aalenian
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and could be related to the final break-up of the Penninic
Ocean (RATSCHBACHER et al., 2004).

The Early Jurassic breccias occur in deep-water marly and
cherty limestones and derive from nearby escarpments
(Text-Fig. 3). Radiolarite deposition may start in the late
Middle Jurassic, contemporaneous with the deposition of
the radiolarian cherts in the Penninic-Piemont oceanic do-
main (O’DOGHERTY et al., 2006). In Late Jurassic times,
after the deposition of the radiolarites, calcareous sedi-
mentation becomes important, but again breccias occur
(e.g. GRUNER, 1981; HAUSLER, 1988). Whereas in the Lower
Austroalpine Units the Jurassic successions seems to be
more or less completely prevailed, they are rare (mostly
eroded) in the Central Alpine Mesozoic Units. Where pre-
vailed these successions show the same evolution as in
the Lower Austroalpine Units but with less tectonic influ-
ence (compare TOLLMANN, 1977).

Northern Calcareous Alps

At the Triassic/Jurassic boundary carbonate production
significantly decreased in connection with the environ-
mental crisis leading to a mass extinction accompanied
by a sea-level drop. Therefore earliest Jurassic sedi-
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Legend to lithofacies charts (Text-Figs. 3—16).

ments are missing on top of the morphologic highs (for-
mer Hauptdolomit/Dachstein Carbonate Platform). Only
in basinal areas sedimentation was continuous (HILLE-
BRANDT & KRYSTYN, 2009). Lack of sufficient sediment
supply led to drowning of the Hauptdolomit/Dachstein
Carbonate Platform in Late Hettangian times due to a
sea-level rise. Later on, a horst and graben morphol-
ogy developed (BERNOULLI & JENKYNS, 1974; EBERLI,
1988; KRAINER et al., 1994) and triggered breccia for-
mation (Text-Figs. 1, 2 and 3) along submarine slopes
and escarpments, mainly in Pliensbachian to Early Toar-
cian times (BOHM et al., 1995). An increasing pelagic in-
fluence was manifested in the Early to Middle Jurassic
sediments of the Northern Calcareous Alps (NCA) (GAR-
RISON & FISCHER, 1969; BOHM, 1992). Breccia formation
in late Early Jurassic times was mostly interpreted as a
result of the opening of the Penninic Ocean (e.g. BER-
NOULLI & JENKYNS, 1974; EBERLI, 1988; KRAINER et al.,
1994). Whereas the lower part of the Early Jurassic se-
quences of the Lower Austroalpine shows the typical
features of a rifted margin (e.g. EBERLI, 1988); the Ba-
varic and Tirolic Units were only slightly influenced by
these rifting processes. In contrast, late Early Jurassic
tectonic movements affected mainly the Tirolic Unit and
resulted in a completely new paleogeographic setting,
whereas the Bavaric to Lower Austroalpine Units show
only mild or no influence of these tectonic processes.
This change in the late Early Jurassic (Late Pliensbachi-
an to Early Toarcian) was interpreted by many authors
also as a result of the opening of the Penninic Ocean
(e.g. EBERLI, 1988; KRAINER et al., 1994). In contrast,
FRISCH & GAwWLICK (2003) and MiISSONI & GAwLICK (2011)
attributed this “event” to the onset of subduction of the
Neotethys Ocean.

Due to the subduction processes in the Neotethys realm
and the contemporaneous out-of-sequence thrusting to-
wards the continent (Juvavic and Tirolic Nappes), the
sedimentation pattern in the Northern Calcareous Alps
changed dramatically in the Middle Jurassic (GAWLICK &
FRriscH, 2003), and not in the Oxfordian as formerly as-
sumed (TOLLMANN, 1985). Significant sedimentation re-
sumed with the deposition of the Ruhpolding Radiolarite
Group, which documented the change from condensed
carbonates to almost purely siliceous sediments. In the
Middle Jurassic, the sedimentary evolution in the southern
part of the Tirolic Unit (Upper Tirolic Nappe with Bajocian
to Oxfordian Hallstatt Mélange) clearly differed from the
one in the northern part (Lower Tirolic Nappe with Oxford-
ian Tauglboden Mélange). The main difference of the Hall-
statt and Tauglboden Mélanges was the earlier onset and
the different composition of huge mass-flows in the Hall-
statt Mélange basins. The mélanges are interpreted as car-
bonate-clastic-radiolaritic trench fills formed in sequence
due to the closure of parts of the Neotethys Ocean.

The Plassen Carbonate Platform (PCP, Kimmeridgian to
Early Berriasian; GAWLICK & SCHLAGINTWEIT, 2006) devel-
oped during tectonically active periods in a convergent
regime (GAWLICK et al., 2009a). In the Late Kimmeridgian
to Early Berriasian huge masses of shallow-water carbon-
ates were formed. The platform carbonates are covered
by calpionellid-radiolaria wackestones to packstones of
Late Berriasian age. A siliciclastic influenced drowning se-
quence sealed the highly differentiated PCP (Schrambach
Formation). The onset, evolution and drowning of the PCP
took place in a tectonic active regime. The tectonic evolu-
tion of the Northern Calcareous Alps during Kimmeridg-
ian to Berriasian times and the final drowning of the PCP
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Lithofacies chart of the Eastern Alpine Units (A1-A9) (ALCAPA I).
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LAA = Lower Austroalpine,
Lienz D. = Lienz Dolomites,

CAM = Central Alpine Mesoz

oic,

Ultra Tir. U. = Ultra-Tirolic Unit.
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can be interpreted as a result of further tectonic shorten-
ing and uplift of the accretionary prism after the closure of
parts of the Neotethys Ocean. This led to the erosion of
siliciclastic material, which reached at this time the inner
parts of the NCA.

Bavaric Unit (Text-Fig. 3, col. A3)

In the Early Jurassic the sedimentation was mainly con-
trolled by the Late Triassic topography (BOHM, 2003; GAW-
LICK & FRIsCH, 2003). Block tilting was mild in this area.
The Rhaetian shallow-water carbonates were overlain by
red and grey crinoidal limestones in the Late Hettangian to
Sinemurian with a gap (EBLI, 1997). On top of the Rhaetian
Kdssen Formation cherty and marly bedded limestones
were deposited (Kirchstein Formation). These sediments
progressed gradually to the hemipelagic Allgdu Forma-
tion (Sinemurian to ?Bathonian). In the depositional ar-
eas of the Adnet Formation condensed sedimentation
prevailed partly until the late Middle Jurassic (Adnet For-
mation: Sinemurian to Toarcian; Klaus Formation: Batho-
nian to Callovian), and condensed red limestones were
formed subsequently (Steinmihl Formation — Kimmeridg-
ian to Tithonian) (KRYSTYN, 1971, 1972). In the Upper Ba-
varic Nappe, i.e. in the basinal transitional areas to the
Lower Tirolic Unit only the deposition of the organic rich
Sachrang Member indicates a slight tectonic influence in
the Early Toarcian, in contrast to the stronger tectonic in-
fluence which occurred in the Tirolic Units. In the Callovian
to Oxfordian these depositional areas deepened which re-
sulted in the deposition of cherty limestones, cherty marls,
and radiolarites. In basinal areas on top of the Allgau For-
mation dark grey cherty marls and cherty limestones were
deposited, formerly interpreted as early to late Middle Ju-
rassic Allgdu Formation (EBLI, 1997; PILLER et al., 2004),
being in fact time equivalents of the Ruhpolding Radio-
larite Group in the sense of GAWLICK & FRISCH (2003). On
the Early to Middle Jurassic topographic highs red con-
densed limestones or condensed radiolarites were depos-
ited (Callovian to Kimmeridgian). In the Kimmeridgian the
siliceous sedimentation passed gradually to marly sedi-
mentation, which is characteristic for the Kimmeridgian to
Early Berriasian (Ammergau Formation, Aptychus beds).
Typical Aptychus beds beside Biancone were deposited in
the Late Tithonian. These sediments may reflect tectonic
movements in the Tirolic Units and an enormous amount
of fine-grained carbonate export from the PCP to the Pen-
ninic realm. This time synchronity suggests that coeval
tectonic subsidence and shedding of huge amounts of
carbonate material from the platform areas of the PCP
may have been responsible for the great thickness of the
Oberalm Formation/Aptychus beds (GAWLICK & SCHLAGINT-
WEIT, 2006) rather than enhanced nannoplankton produc-
tivity in the whole Tethys realm (e.g. COLACICCHI & BiG0OzzI,
1995).

Tirolic Unit (Text-Fig. 3, col. A4-A6)

In the Early Jurassic the sedimentation was controlled
by the topography of the Late Triassic Hauptdolomit/
Dachstein Carbonate Platform (BOHM, 2003; GAWLICK &
FRISCH, 20083). On top of the Rhaetian shallow-water car-
bonates red condensed limestones of the Adnet Group
(Late Hettangian to Toarcian; BOHM, 1992, 2003) were
deposited, partly above a gap. On top of the Rhaetian

Kdssen Formation cherty and marly bedded limestones
(Scheibelberg Formation: Sinemurian to Toarcian - PI. 1,
Fig. 3; Kendlbach Formation: Hettangian; BOHM, 1992,
2003; EBLI, 1997; KRAINER & MOSTLER, 1997), whereas in
the transitional areas to the Rhaetian Kdssen Basin cri-
noidal or sponge spicule rich limestones of the Enzes-
feld Formation were deposited (Hettangian to Sinemurian;
BOHM, 1992). In the Late Pliensbachian and Early Toarcian
a horst and graben morphology developed (BERNOULLI &
JENKYNS, 1974; KRAINER et al., 1994) and triggered brec-
cia formation along submarine slopes and escarpments
(PI. 1, Fig. 4; BOHM et al., 1995). On the horsts the Toarcian
and most of the Middle Jurassic is characterized by starv-
ing sedimentation and ferro-manganese crusts or there is
a hiatus, whereas the grabens were filled with deep-water
carbonates and breccias, which were formed at near fault
scarps. Neptunian dykes developed in various places. In
these newly formed basinal areas grey bedded limestones
of the Scheibelberg Formation were deposited, whereas
the topographic highs were covered by condensed red
limestones of the Klaus Formation (e.g. KRYSTYN, 1972).

This sedimentation pattern changed dramatically in the
late Middle Jurassic (GAWLICK & FRISCH, 2003) when ra-
diolarian cherts and radiolarian rich marls and limestones
of the Ruhpolding Radiolarite Group start to deposit (DIER-
SCHE, 1980) (PI. 2, Fig. 1).

In the Bajocian the sedimentary evolution in the south-
ern part of the Tirolic Unit (= Upper Tirolic Unit) differed
from that in the northern part (= Lower Tirolic nappe
group; recently subdivided by GAwLIicK et al. (2011) in
a Lower Tirolic nappe and a Lowermost Tirolic nappe,
separated by the Brunnwinkl Rise in central position).
Deep-water trenches were formed in front of advancing
nappes. The southern parts of the Northern Calcareous
Alps (=Upper Tirolic nappe) received mass-flow depos-
its and large slides derived from the Hallstatt zone (GAw-
LICK & FRISCH, 2003; PIl. 2, Fig. 3). The thickness of the
basin fills may reach 2000 m (GAwLICK, 1996; GAWLICK et
al., 2007). The Tauglboden trench in the north (= Upper
Tirolic nappe) was subjected to high subsidence and sed-
imentation rates in the Oxfordian (SCHLAGER & SCHLAGER,
1973; GAWLICK & FRISCH, 2003). A rise (= nappe front of
the Upper Tirolic units; northern part) was eroded and
supplied the Tauglboden trench to its north with mass-
flow deposits and slides (PI. 1, Fig. 5). These two groups
differ significantly, since the Hallstatt Mélange trenches
formed earlier and exhibited a different composition of its
huge mass-flows. However, both basins formed syntec-
tonically suggesting a substantial relief between the basin
axis and the source area. The third type of radiolarite ba-
sin, the Sillenkopf Basin (MISSONI et al., 2001), remained
a starved basin in the Kimmeridgian in the southern NCA.
This basin contains the earliest ophiolitic detritus deriving
from the accreted and or obducted Neotethys ocean floor
(MissoNI, 2003; MISSONI & GAWLICK, 2011).

GAWLICK et al. (1999) interpreted all these patterns of sedi-
mentation as a reflection of nappe movements in the today
eroded southernmost Northern Calcareous Alps (= eroded
Juvavic nappe pile) in late Middle to Late Jurassic times
and related it to the Kimmeridgian orogeny according to
earlier authors (see “Jurassic gravitational tectonics”;
PLOCHINGER, 1976; TOLLMANN, 1981, 1985, 1987; MANDL,
1982). This orogenic event (e.g. LEIN, 1985, 1987a) was
related to the closure of parts of the Neotethys Ocean.
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According to other authors (e.g. WACHTER, 1987; CHANNELL
et al.,, 1992; FRANK & SCHLAGER, 2006) these Late Juras-
sic coarse clastic sediments should be related to strike-
slip faulting (compare ScHMID et al., 2008; GAWLICK et al.,
2008).

The Hallstatt Mélange as erosional product of the today
eroded Juvavic nappes was formed in the late Early to
early Late Jurassic interval as a result of a successive
shortening of the Triassic to Early Jurassic distal shelf area
(Hallstatt Zone). In front of advancing and rising nappes,
trenches were formed and filled up by various depos-
its. These trenches were overthrusted and incorporated
into the accretionary prism subsequently (GAWLICK et al.,
2009a).

In the Tirolic Units of the Northern Calcareous Alps es-
tablishment of the shallow-water PCP started on the
frontal parts of the rising and advancing nappes (GAw-
LICK et al., 1999, 2005). From there these platforms pro-
graded towards the adjacent radiolarite basins (GAWLICK
& FRISCH, 2003; GAwWLICK et al., 2005). This resulted in a
complex basin and rise topography with shallow-water
and deep-water areas with different types of sediments
(GAWLICK & SCHLAGINTWEIT, 2006). In the Kimmeridgian a
huge carbonate platform was formed in the southern and
northern parts of the Upper Tirolic Unit (Pl. 2, Fig. 4),
whereas in the Lower Tirolic Unit the formation of Kim-
meridgian shallow-water carbonates was restricted to its
central part (GAWLICK et al., 2007), i.e. the rise separat-
ing the Lower and Lowermost Tirolic nappe (GAWLICK et
al., 2011). The whole PCP cycle lasted from the Kim-
meridgian till the Early Berriasian platform drowning, but
drowning resp. uplift of the platform was not contempo-
raneous (GAWLICK & SCHLAGINTWEIT, 2010). From the Late
Tithonian onwards due to the break up of rises a large
amount of carbonate debris was shed into the adjacent
basins, and further to the Bavaric Units and to the Low-
er Austroalpine realm forming there the Oberalm Forma-
tion (resp. Aptychus beds). The “Barmstein Limestones”
consists of proximal reef debris and in parts with alloch-
thonous components (PLOCHINGER, 1976; STEIGER, 1981;
GAWLICK et al., 2005) and represent mass-flows and tur-
biditic layers in a basinal succession (Oberalm Forma-
tion) with components deriving mostly from the adjacent
autochthonous PCP (PI. 2, Fig. 2), although older clasts
also occur (SCHLAGINTWEIT & GAWLICK, 2007).

Hallstatt Facies Belt (reworked Jurassic Hallstatt Mélange)

In the area of the Northern Calcareous Alps, the erod-
ed Juvavicum represents the Jurassic accretionary prism
(FRisCH & GAwLICK, 2003). Remnants of this nappe com-
plex are only present in the Middle to Late Jurassic radio-
laritic trenches respectively on top of them where all sedi-
mentary rock types of the Hallstatt facies belt from the
transitional area to the Triassic platform and to the Meliata
Facies Zone occur (for details: MISSONI & GAWLICK, 2011).

Zlambach/Potschen Facies Zone (Text-Fig. 3, col. A7)

The Rhaetian marly Zlambach Formation progresses grad-
ually to the Early Jurassic Dirrnberg Formation (GAWLICK
et al., 2001) that is made up of marly sediments in its basal
part (Hettangian) that gradually progress into cherty lime-
stones (Sinemurian), cherty marls and radiolarites (Pliens-

288

bachian) (O’DOGHERTY & GAWLICK, 2008). The Toarcian is
represented by dark grey marly limestones and grey marls
(MissoNI, 2003; GAwLICK et al., 2009b). In the Middle Ju-
rassic the Zlambach/Pétschen Facies Zone was incorpo-
rated into an accretionary prism.

Hallstatt Limestone Facies Zone (Text-Fig. 3, col. A8)

The Zlambach Marl (Rhaetian) progresses gradually into
the Early Jurassic Dirrnberg Formation (for small varia-
tions and transitional successions in this typical sedimen-
tary sequence see KRYSTYN, 1970, 1987; TOLLMANN, 1985;
LEIN, 1987b; GAwLICK, 1998). The Dirrnberg Formation
passes also gradually from marly sediments (Hettangian)
to cherty limestones (Sinemurian) and cherty marls to ra-
diolarites (Pliensbachian) (O’'DOGHERTY & GAWLICK, 2008).
Toarcian sediments are dark grey marly limestones and
grey marls (MISSONI, 2003; GAwWLICK et al., 2009a). In the
Middle Jurassic the Hallstatt Facies Zone was incorporat-
ed into an accretionary prism. Resedimented remnants of
these early trenches formed in this area occur in the Flori-
anikogel Formation (PILLER et al., 2004) and the Sandling-
alm Formation (GAWLICK et al., 2007).

Meliata Facies Zone (Text-Fig. 3, col. A9)

The Meliata facies zone represents the most distal part
of the shelf area and the continental slope as well as
the transition to the Neotethys Ocean. Rare remnants of
these facies belt are described from the eastern (Kozur &
MOSTLER, 1992; MANDL & ONDREJICKOVA, 1993) and cen-
tral part of the Northern Calcareous Alps (GAWLICK, 1993).
These remnants occur partly as metamorphosed isolated
slides (Florianikogel area) or as breccia components in the
Hallstatt Mélange (GAwLICK, 1993). The Meliata facies zone
should have been the first, which was incorporated into
the accretionary prism.

Drau Range

Lienz Dolomites and Gailtal Alps (Text-Fig. 3, col. A2)

In the Lienz Dolomites Jurassic sediments are only pre-
served on top of the Oberrhdtkalk. In contrast to the Bavar-
ic and the Tirolic Units of the Northern Calcareous Alps the
shallow-water Oberrhatkalk drowned partly, and was over-
lain by the Allgdu Formation (partly with breccias) or the
Adnet Formation. Contemporaneously the Lavant Breccia
was formed (Hettangian to Sinemurian; SCHLAGER, 1963;
BLAU & SCHMIDT, 1988) in contrast to similar but young-
er breccias in the Tirolic Units. This clearly shows that the
Lienz Dolomites represent a transitional area between the
Bavaric Units and the Lower Austroalpine, where parts of
the Turkenkogel and Tarntaler breccias started to form at
that time (TOLLMANN, 1977; HAUSLER, 1988). These brec-
cias are overlain by the Pliensbachian Adnet and the Klaus
Formations (TOLLMANN, 1977; BLAU & SCHMIDT, 1988). The
overlying sequences are not very well investigated (TOLL-
MANN, 1977), the correlation with other Middle to Late
Jurassic sequences is poorly constrained (PILLER et al.,
2004). The radiolarian-rich red cherty limestones may cor-
relate with the cherty sediments of the Ruhpoldinger Ra-
diolarite Group and the red nodular crinoid-rich limestones
may correlate with the Late Jurassic Steinmuihl Formation.
The following Calpionella-rich reddish-greyish limestones
progress into the Early Cretaceous and can be correlated



with the Oberalm Formation or Aptychus beds respectively
Biancone.

Northern Karavanks

The Jurassic sedimentation (TELLER, 1888; TOLLMANN,
1977) started with deposition of red limestones of the
Adnet Group which progress into red condensed lime-
stones of the Klaus Formation. The radiolarian-rich red
cherty limestone may correlate with the cherty sediments
of the Ruhpoldinger Radiolarite Group, and the red nodu-
lar crinoid-rich limestone may correlate with the Late Ju-
rassic Steinmihl Formation. The following Calpionella-rich,
reddish-greyish limestones progress into the Early Creta-
ceous and can be correlated with the Oberalm Formation
or Aptychus beds (SUETTE, 1978; BAUER et al., 1983).

Central Western Carpathian (Tatro-Veporic) Unit

Pieniny Klippen Belt (Text-Fig. 4, col. 1-3)

The Pieniny Klippen belt is the most complicated unit of the
Western Carpathians, Slovakia and Poland that continues
eastward in the North-Eastern Carpathians, Ukraine and in
the Eastern Carpathians, Romania. Two markedly different
sequences are present: the deep-water Pieniny (-Kysuca)
sequence and the shallower Czorsztyn sequence (AN-
DRUSOV, 1968; BIRKENMAJER, 1977, 1998; GOLONKA & KRO-

BICKI, 2004) (Text-Figs. 1, 2 and 4); however, there are tran-
sitional sequences too.

Hettangian sediments occur only in the Pieniny(-Kysuca),
Drietoma and Klape sequences, but continuous succes-
sions are not exposed. The Kopienec Formation is similar
to the Gresten facies. Similar rock types occur in the Sine-
murian to Pliensbachian in the Manin and Haligovce se-
quences, with increasing amount of coarse bioclastic ma-
terial. In the Czorsztyn sequence and Drietoma transitional
sequence the Sinemurian to Toarcian is represented by
deep-water dark-grey, mottled, marly limestones similar to
the Allgéu facies. In the Pieniny(-Kysuca) sequence black
shales reflecting euxinic environment also occur (Zazriva
beds). Deepening took place in the late Pliensbachian to
Toarcian when variegated marly limestones (Kozince beds)
were formed, which progress into Adnet-type red nodular
limestones. The Aalenian is represented by sandy lime-
stones, calcareous sandstones (ANDRUSOV, 1968) with in-
tercalations of the Posidonia beds (Szlachtowa Formation).

The Upper Bathonian to Oxfordian is represented in the
Pieniny(-Kysuca), Drietoma and Manin sequences by
variegated radiolarian limestones and radiolarites. The
Kimmeridgian is characterized in almost all sequenc-
es by red, nodular, Saccocoma limestones (Czorsztyn
Limestone, VrSatec Limestone) that is overlain by Ti-
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thonian to Valanginian marly, cherty pelagic limestones
(Pieniny Formation). In the Pieniny sequence the whole
Bathonian to Tithonian interval is represented by radio-
larian cherts.

In the Pienides in the Transcarpathian Flysch Zone of the
Eastern Carpathians, Pieniny-type klippens containing pe-
lagic Jurassic to Cretaceous and ?Paleocene sequences
occur only in the frontal scales of the Botiza Nappe (i.e. in
the Poiana Botizei region) (SANDULESCU, 1984). The Juras-
sic succession includes in ascending stratigraphic order:
basic cinerites with a basal breccia of variolitic basalts and
hyalobasalts of ?Callovian age, radiolarites (Callovian-Ox-
fordian), detrital limestones with fragments of basic rocks
(Oxfordian — ?Lower Kimmeridgian) and Aptychus beds
(Kimmeridgian — ?Berriasian; SANDULESCU et al., 1982;
BOMBITA et al., 1992).

Tatric Unit (Text-Fig. 4, col. 4-7)

The sedimentation area of the different Tatric units was
most probably the continuation of the Lower Austroalpine
units of the Eastern Alps (PUTIS et al., 2008). Differentia-
tion of the Tatric sedimentation area commenced in the

latest Triassic to earliest Jurassic. Intense extensional tec-
tonics led to the development of the Siprui Trough in the
Middle to Late Liassic (PLASIENKA, 1998). The sedimen-
tary record in the eastern segment of the northern Tatric
Ridge in the High Tatra (Vysoké Tatry) is reflected in the
presence of the continental Rhaetian Tomanova Forma-
tion, and Pisany Sandstone that is followed by crinoidal
and sandy limestones. The western segment of the north-
ern Tatric Ridge controlled the sedimentation record of the
Malé Karpaty Mts (PLASIENKA, 1991, 1995). In the Early Li-
assic the South Tatric Ridge emerged at the southern part
of the Siprur area (Cervena Magura sequence, Donovaly
sequence). This paleogeographic setting is reflected in
the sedimentological features of the Upper Liassic silici-
clastic rocks, crinoidal and Hierlatz-type limestones and
also of the Dogger crinoidal and sandy limestones. During
the Pliensbachian to Toarcian an intensive extension took
place and characteristic Allgdu facies developed. In the
Bathonian to Oxfordian radiolarian limestones and radio-
larites were formed. The deep-water sedimentation con-
tinued in the Early Cretaceous with deposition of pelagic
limestones (Lu¢ivna Formation).
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In the Tatric Unit an intense segmentation took place in the
latest Triassic which resulted in erosion and non-deposi-
tion over a predominant part of the area. Rudimentary oc-
currences are present only in the western part of the unit.
During the Early Liassic differentiation of the sedimentary
basin continued; longitudinal basins (troughs) separated
by rigdes were formed. The sedimentation was controlled
by extensional tectonics until the Pliensbachian, when the
Siprun Basin developed.

The Hettangian to Sinemurian sequences of the Tatric Unit
are characterized by slope facies of crinoidal and sandy-
crinoidal limestones with a different abundance of silici-
clastic components. In the eastern part of the unit Hettan-
gian to Sinemurian sequences are missing. In the central
part of the unit mottled Hierlatz-type limestones were
formed during the Sinemurian and partly in the Pliensba-
chian. In the Pliensbachian deepening took place in the
Sipran Basin which was reflected in the deposition of 100-
250 m “Fleckenmergel” (Allgdu facies), which continued in
the Toarcian and Aalenian. In the Bathonian to Oxfordian
radiolarian limestones, claystones and radiolarites were
formed up to 30 m in thickness (POLAK et al., 1998).

In the other, relatively elevated parts of the Tatric sedi-
mentation area the contribution of terrestrial siliciclastic
material was remarkable. Variegated, crinoidal and crinoi-
dal-sandy limestones were formed in ventilated, strongly
agitated environments.

The sedimentation conditions became more and more uni-
form during the Late Jurassic. Deep-water sedimentation
prevailed during the Kimmeridgian to Middle Tithonian,
when mottled, up to 10 m thick nodular Saccocoma lime-
stones were formed. The Upper Tithonian is represented
in the whole Tatric area by light marly, cherty Calpionella
limestones that belong to the Lucivna Formation (Upper
Tithonian to Lower Aptian).

The geological setting is significantly different in the area
of the Malé Karpaty Mts that is characterized by the Borin-
ka sequence (PLASIENKA, 1987). Shallow-water, biodetritic
and sandy limestones to sandstones (Prepadlé Formation
of the Borinka sequence) were deposited during the Sine-
murian to Pliensbachian. The upper part of the Borinka se-
quence is made up mostly by carbonate breccia. The lat-
eral equivalent of the Prepadlé Formation is the Korenec
Formation, which is composed of turbiditic claystones,
marlstones, sandstones and sandy limestones. The most
characteristic formation in the Borinka sequence is the
Marianka Formation, which consists of black shales indi-
cating anoxic conditions with intercalations of crinoidal-
sandy limestones, breccias and manganiferous beds. The
age of this formation is Toarcian to Kimmeridgian(?). The
uppermost part of the Borinka sequence (Somar Forma-
tion; Toarcian to Tithonian?) is made up of polymictic brec-
cias composed of various rock-types (granitic and meta-
morphic rocks, carbonates, siliciclasts).

Fatro-Veporic Unit (Text-Fig. 4, col. 8-9)

The Krizna Nappe of the Fatricum is characterized by a
continuous sedimentary succession from the Upper Pa-
leozoic to the Upper Cretaceous (Cenomanian). Accord-
ing to the lithofacies subdivision of the Krizna Nappe sen-
su MAHEL (1964), the Zliechov sequence was deposited
from the Early Jurassic to the Albian and is character-
ized by shallow-marine Hettangian to Sinemurian deep-

er-water shales and carbonates in the Pliensbachian-To-
arcian; deep-water radiolarian limestones, radiolarites in
the Middle to early Late Jurassic; hemipelagic limestones
and marly limestones in the Kimmeridgian to the early part
of the Early Cretaceous. MAHEL (1964) and MAHEL & Bu-
DAY (1968) distinguished the shallow-water Belianska and
Vysoka sequences of the Krizna Nappe.

In the Vysoka sequence the Late Triassic sedimentation
progressed continuously into the Jurassic. The Fatra For-
mation is overlain by the Hettangian to Sinemurian Kopi-
eniec Formation of slope facies. It consists of 100-150 m
thick dark-grey calcareous sandstones, sandy shales and
crinoidal limestones rich in quartz sand. At the end of the
Pliensbachian the sedimentation area differentiated.

In the Zliechov sequence the Pliensbachian is represented
by Allgdu facies up to 150 m thick (ANDRUSOV, 1964, 1965).
Pink to red Adnet-type nodular limestones formed in the
Toarcian. The Upper Toarcian to Aalenian is made up of
dark-grey, spotted, cherty limestones with intercalations of
black shales (MISiK, 1964; SOTAK & PLASIENKA, 1996). In the
shallower-water sequences the Sinemurian to Pliensbachi-
an is made up of crinoidal limestones. Its uppermost part
consists of pink, pinkish-grey crinoidal limestones contain-
ing irregular nodules of pink biomicritic limestones (Prist-
odolok Limestone). Condensed Ammonitico Rosso facies
with hardgrounds were formed in the Toarcian to Bajocian.

The Bathonian to Lower Kimmeridgian is characterized by
deep-water facies (Zdiar Formation) over the whole Vepor-
ic area. This succession is composed of radiolarian lime-
stones up to 50 m thick, claystones and radiolarites (POLAK
& ONDREJICKOVA, 1993; POLAK et al., 1998). It is overlain by
Kimmeridgian to Lower Tithonian Saccocoma limestones,
which is composed of red, pink, brownish-grey nodu-
lar and tabular limestones with common intercalations of
shale beds. The Upper Tithonian to Lower Berriasian is
represented by Calpionella limestones (Osnica Formation).

Hronic Unit (Text-Fig. 5, col. 10)

Hettangian rocks occur only in the Nizke Tatry Mts. This
sequence consists of grey to black, mostly well-stratified
limestones. Crinoidal limestones occur is some levels.
Grey, black or brownish chert nodules or even chert layers
are common. Slope facies of the mottled thick-crinoidal
Hierlatz-type limestones represent the Sinemurian to To-
arcian. The uppermost part of the Toarcian to Aalenian is
a condensed sequence composed of red limestones with
hardgrounds and rich ammonite faunas (MAHEL, 1985).
This is overlain by radiolarian limestones and variegated
radiolarites. The age of this formation is Late Toarcian to
Oxfordian (POLAK & OzvOLDOVA, 2001). During the Late Ox-
fordian to Kimmeridgian red, nodular Saccocoma lime-
stones were formed. The sedimentation of Biancone-type
pink, light grey, marly limestones started in the Tithonian
and continued until the Hauterivian.

Pelso Unit

Transdanubian Range Unit (Text-Fig. 6, col. 14-18)

The process of segmentation and unequal subsidence of
the carbonate platforms was initiated around the Trias-
sic/Jurassic boundary. In the Bakony Mts. and the base-
ment of the Norh Zala Basin the shallow-marine carbon-
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ate deposition continued in the Hettangian; 100-150 m
thick, oolitic-oncoidal limestones were formed (For set-
ting of localities see Text-Fig. 1). In contrast, in the Ge-
recse and Vértes Mts., the topmost part of the Trias-
sic and the lower part of the Hettangian are missing; the
Dachstein Limestone is overlain by pinkish limestones
with brachiopods, and ammonites (PI. 3, Figs. 1 and 2).
In the Csévar (East of Danube), deposition of pelagic
grey cherty limestones continued in the Early Jurassic
(PALFY et al., 2001, 2007).

In the Sinemurian intense extensional tectonic move-
ments initiated forming a substantial relief (GALACZ &
VOROS, 1972; GALACZ, 1988; CSASZAR et al., 1998, VOROS
& GALACz, 1998). In the Bakony area (GeEczy, 1971) a
variable facies pattern developed in the Early Sinemuri-
an: light red, nodular limestones, grey, cherty limestones
with sponge spicules, or crinoidal, brachiopodal grain-
stones (Hierlatz Limestone) were deposited. Neptunian
dykes of generally Sinemurian to Pliensbachian age are
common (Pl. 2, Fig. 5). An Ammonitico Rosso-type fa-
cies is characteristic in the troughs. Condensed sequenc-
es with gaps and hardgrounds are typical on the top of
the paleo-highs, whereas lithoclastic, crinoidal-brachio-
podal grainstones characterize the fault-controlled, step-
like slopes.

In the Toarcian an anoxic event caused the formation of
black shales and manganese ores in some restricted sub-
basins (JENKYNS et al., 1991; VOROS & GALACZ, 1998). In the

Toarcian to Aalenian interval pelagic argillaceous carbon-
ate sedimentation prevailed in the basins. Bositra/radiolar-
ia limestones and red nodular limestones are characteris-
tic. In the sequences of the paleo-highs this stratigraphic
interval is represented by a gap or condensed carbonate
layers only a few m thick.

A new phase of tectonic mobility began in the Bajocian
manifested in the formation of a new generation of nep-
tunian dykes, the accumulation of synsedimentary brec-
cia and redeposited mostly crinoidal calcarenites (GALACZ,
1988). In the basins the deposition of Ammonitico Rosso-
type limestones continued, whereas in the deepest parts
of the basins radiolarites began forming.

In the Bathonian to Oxfordian deposition of radiolarites
extended over the top of the paleo-highs (VOROS & GA-
LAcz, 1998). The thickness of radiolarites in the south-
western part of the Transdanubian Range exceeds 150 m,
in the Bakony not more than 5-50 m, and in the Gerecse
usually only a few m (PIl. 3, Fig. 3). In the Late Oxfordian
the deposition of radiolarites ended. At the same time,
due to resuming tectonic mobility, facies types of highs,
basins and slopes similar to those in the Early Jurassic
were re-established; Ammonitico Rosso-type basin facies,
crinoidal calcarenite slope facies, locally also megabrec-
cias were formed and new neptunian dykes were opened
(PI. 3, Fig. 4). The Kimmeridgian to Middle Tithonian in-
terval is characterized by pelagic red nodular Saccocoma
limestone, 5-15 m thick. The Upper Tithonian to Valangin-
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ian is represented by white cherty limestones of Biancone
facies in the SW part of the area progressing NE-wards
into more condensed white, pinkish or reddish Calpionella
limestones (FULOP, 1964).

In the Gerecse Mts clasts of Tithonian platform carbonates
appear in a breccia horizon in the Berriasian.

Jurassic sedimentation and tectonics of the Transda-
nubian Range Unit show an intermediate charactact-
er between the South Alpine and the NCA reflecting its
paleogeographic setting. The thickness pattern of the ra-
diolarites at its western side may have been in close con-
nection with the Piemont-Penninic oceanic domain. Ap-
pearance of clasts of Tithonian platform carbonates and
detritus of ophiolitic origin in the Lower Cretaceous depos-
its in the Gerecse Mts suggests close relationship to the
Lower Tirolic in the NCA (HAAS & CSASZAR, 1987; POBER &
FAUPL, 1988; FAUPL & WAGREICH, 1992; CSASZAR & BAGOLY-
ARGYELAN, 1994).

Gemer-Biikk-Zagorje Unit
Inner Western Carpathian (Gemeric s.l.) Unit
Meliatic, Turnaic, Silicic Units (Text-Fig. 5, col. 11-13)

In the Meliatic, Turnaic and Silicic Units pelagic sedimen-
tation prevailed in the Jurassic.

The Meliatic Unit is made up mostly of dark shales with
turbiditic sandstones, claystones, radiolarite intercala-
tions and olistostrome beds. This is a trench fill mélange
complex of Middle Jurassic age containing blocks of vari-
ous types of Triassic limestones, marbles, red radiolarites,
cherty limestones, basic volcanics and serpentinites (Ko-
ZUR & Mock, 1985; Mock et al., 1998; RAKUS et al., 1998;
AUBRECHT et al., 2010).

From the Turnaic Unit Jurassic dark shales, radiolarites
and olistostromes are reported (MELLO et al., 1997).

In the Silicic area the carbonate platforms drowned at
the Triassic/Jurassic boundary. The Jurassic sedimenta-
tion began with deposition of variegated breccias, Hier-
latz and Adnet limestones and continued with deposition
of the Allgdu Formation in the Lower Jurassic. Bathonian—
Oxfordian radiolarites with olistostromes are the youngest
Jurassic formation.

Bddva Unit (Text-Fig. 7, col. 21)

Jurassic formations of the Bdédva Unit are exposed in the
Rudabanya Hills.

There are three units containing Jurassic formations of dif-
ferent development, namely the Telekesvolgy, the Tele-
kesoldal and the Csipkéshegy Units.

In the Telekesvélgy Unit there are two Jurassic lithofacies
units. One of them consists of grey, bioturbated marls to
marly limestones, alternating with shales and allodapical
crinoidal calcareous turbidite beds, the latter being partly
chertified. Based on lithological analogies it is considered
a variant of the Liassic “spotty marl” (“Fleckenmergel”)
(GRILL, 1988). The other lithofacies is made up of dark grey
to black, manganiferous siliceous mudstones and shales,
containing large amounts of sponge spicules and radiolar-
ians. Based on radiolarians, the age of the formation ex-
tends from Bajocian to Bathonian (KOVER et al., 2009).

The Telekesoldal Unit is made up of a lower, shaly mud-
stone or shale-siliceous marl unit and of an upper, turbid-

itic-olistostromal unit (GRILL, 1988). The lower unit con-
sists of grey to dark grey, partly siliceous shaly mudstones
and shales, and grey siliceous marls, in its higher part with
black chert intercalations and rhyolite bodies. Based on
radiolarian and dinoflagellate data the Bajocian—-Bathonian
age of this segment of the formation was proved (Dosz-
TALY, 1994; KOVER et al., 2009).

The upper unit is characterized by sandstone turbidites
and (intraformational) olistoliths in its lower part, and by
limestone-rhyolite olistostromes with very rare basalt
clasts (KovAcs, 1988) and limestone olistoliths in its mid-
dle and upper part, in a dark grey shale matrix. Based on
dinoflagellates this unit is Callovian in age (KOVER et al.,
2009).

This group represents a fragment of a Middle to Late Ju-
rassic Neotethyan accretionary complex with acidic sub-
volcanic bodies and/or olistoliths, probably of Jurassic
age (HARANGI et al., 1996).

The Telekesoldal Group shows some similarity with the
Moénosbél Unit of the Blkk Unit s.l., the latter also con-
tains olistostromes with rhyolite fragments. Similarities to
the Meliata Unit of SE Slovakia can be recognized as well.

The Csipkéshegy Unit is characterized by a dark grey shale
matrix with debrites (“microolistostromes”) clasts of the
Triassic of the Bddva Unit (especially Boédvalenke-type
limestone and red chert clasts) and Jurassic platform-de-
rived carbonate turbidites (KOVER et al., 2009). The lat-
ter are common in the Ménosbél Unit of the Bikk Unit s.1.
(HAAs et al., 2006) as well.

Tornakapolna Unit (Text-Fig. 7, col. 22)

Serpentinite slices are known in the evaporitic sole of the
Aggtelek-Silica nappe system. In a borehole (Tornaka-
polna 3) dark grey to black siliceous shales and silicified
sandstones were found between two large serpentinite
slices showing a marked lithological similarity with Juras-
sic formations exposed in cores in the Darné Unit. The ser-
pentinite blocks probably emplaced in the Jurassic (com-
pare with the description of the Dinaridic Ophiolite Belt
and Vardar Zone). The serpentinites are of Iherzolitic origin
(RETI, 1985).

Martonyi (Torna) Unit (Text-Fig. 7, col. 23)

Strongly sheared, schistose “spotty marl” (exposed in a
small quarry near Tornaszentjakab) might correspond to
formations of similar lithology in the Telekes Valley sec-
tions and can be tentatively assigned to the Liassic(?).

Biikk Unit s.I.
Biikk Unit s.s. (Text-Fig. 7, col. 24)

Following the disintegration and drowning of the Triassic
carbonate platforms, variegated (pinkish, yellowish) micrit-
ic limestones with red cherts and purple crinoidal lime-
stones were deposited in some places. It is likely that the
deposition of these pelagic limestones continued during
the Early and Middle Jurassic; however, biostratigraphic
evidences for this are still lacking.

Variegated radiolarites (red, brown or green) uniformly cov-
er all former depositional settings: the variegated lime-
stones, the Upper Triassic grey, cherty limestones, or they
even rest directly on platform carbonates. Slump struc-
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tures and slide blocks of purple crinoidal limestones and
of Upper Triassic reef limestones are common within the
radiolarite. The poorly preserved radiolarian fauna allowed
only a wide age range from the Bathonian to Oxfordian of
the radiolarite (CSONTOS et al., 1991; PELIKAN et al., 2005;
HAAS et al., in press). The radiolarites are overlain by a dark
grey shale sequence of distal turbiditic character, a few
100 m thick.

Moénoshél Unit (Text-Fig. 7, col. 25)

This unit was originally recognized in the SW Bikk Mts
(CsoNTOs, 1988, 1999), but recent investigations have
proven also its presence beneath the Darné Unit s.s. (HAAS
& KovAcs, 2001; DosSzTALY et al., 2002; KOVACS et al., 2008)
and above the Bukk Unit s.s. It consists of dark grey to
black shales and bluish grey siliceous shales, which can
be considered as a matrix, and two types of redeposited

carbonates intercalated into them: platform-derived bio-
clastic, oolitic limestones (HAAS et al., 2006), and grey,
marly, cherty peloidal micritic limestones. Gravity flows
(olistostromes) are also common with cm-sized micaceous
sandstone clasts, rich in granitic and rhyolitic rock frag-
ments (ARGYELAN & GULACsI, 1997); their age has not yet
been determined.

In the Szarvaskd area, western part of the Bikk Mts, the
Modnosbél Unit occurs beneath the Szarvaské Unit and
above the Bikk Unit s.s. It consists of dark grey or black
shales, black radiolarites containing Bathonian to Oxford-
ian radiolarians, and olistostromes with limestone, radio-
larite and basalt clasts (DOSzTALY et al., 1998; HAAS et al.,
2006).

In the SW Bikk Mts the Mdénosbél Unit is made up of
sandstones, dark shales and radiolarites and peloidal mi-
critic limestones (Oldalvdlgy Limestone) that is overlain by
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olistostromes with Triassic and Jurassic limestone, radio-
larite, sandstone, siltstone, phyllite, rhyolite, andesite and
basalt components (PELIKAN et al., 2005; PI. 4, Figs. 1 and
2). Platform-derived redeposited oolites containing Bajo-
cian to Bathonian foraminifera (BERCzI-MAKK, 1999; HAAS
et al., 2006) characterize the upper part of the succession
(BUkkzsérc Limestone; Pl. 4, Fig. 3) being usually pres-
ent in the form of components of debris flows or large slid
blocks (PELIKAN & DOsSzTALY, 2000; HAAS et al., 2006; PI. 3,
Fig 5).

Szarvaskd Unit (Text-Fig. 7, col. 26)

The Szarvaskd Unit occurs in an uppermost structural po-
sition in the Szarvaské area, on top of the Monosbél Unit
and is made up of siliciclastic rocks (shales, sandstones)
and mafic effusive (pillow basalts; PIl. 4, Fig. 4) and in-
trusive rocks (massive basalts, dolerites, gabbros). Lime-
stone turbidites are missing. The lower part of its recon-
structed sequence (DOSZzTALY et al., 1998) is made up by
shales and turbiditic sandstones and higher up by olisto-
stromes containig sandstone olistoliths. This sequence is
intruded by mafic magmatic rocks. The upper part of the
sequence is made up of shales and 300-600 m thick pil-
low basalt. Another olistostrome horizon occurs here, with
radiolarite blocks, which yielded both Triassic and Juras-
sic (Callovian to Oxfordian) ages. Around 165 Ma of K/Ar
age was measured on basalts, and 168 +8 Ma on gabbros
(ARVA-SOs et al., 1987).

Darnd Unit (Text-Fig. 7, col. 27)

This unit is made up by a Jurassic accretionary complex,
in which both Triassic and Jurassic magmatites and deep-
sea sediments occur. Basalt bodies predominate, which
are separated by abyssal sediments. Red radiolarites and
pelagic mudstones yielded either Triassic (Ladinian to Car-
nian) or Jurassic (Bathonian to Callovian) radiolarian fau-
na. Bluish grey siliceous shales, similar to that in the un-
derlying Moénosbél Unit are thought to be of Jurassic age.
Greenish basalts, macroscopically similar to those in the
Szarvaské Unit are probably Jurassic in age (JOzSA et al.,
1996; KOVACS et al., 2008; PI. 4, Fig. 5). Gabbros yielded
Middle Jurassic ages (175 Ma; DoOszTALY & JOzsA, 1992).
Blocks of Upper Permian black, algal limestones akin
to those in the Blkk Unit s.s. were encountered in this
unit (Kiss, 1958; FULOP, 1994) and also in the underlying
Monosbél Unit.

Zagorje-Mid-Transdanubian Unit

Julian-Savinja Unit

Sheared and dislocated eastern continuation of the South
Karavanks and Julian and Savinja Alps and Internal Dina-

rides occur in this composite unit that is usually covered
by Tertiary formations in the Pannonian Basin.

In the lvanscica Mts that can be assigned to the Julian-Sav-
inja Unit, the Upper Triassic or locally Lower Jurassic shal-
low-marine formations are unconformably overlain by
deep-water carbonates, graded siliciclastics and shales
with radiolarites and tuffaceous interlayers, Tithonian to
Turonian in age (SIMUNIC & SIMUNIC, 1992).

No Jurassic formations have been encountered so far in
the subsurface part either of the South Karavanks or the
Julian-Savinja Units.

In the Julian Alps (Text-Fig. 6, col. 20) the Upper Triassic
platform carbonates are overlain by shallow-marine Low-
er Jurassic deposits. At the contact red emersion brec-
cias occur locally (BABIC, 1981). The Liassic succession
is made up of an alternation of biosparitic, oolitic, and mi-
critic limestones, subordinately also by stromatolitic and
loferitic beds. The Julian Carbonate Platform was bro-
ken into several variously subsided blocks in the Late Li-
assic. On them, condensed pelagic sedimentation took
place (BUSER, 1986; JURKOVSEK et al., 1990; SMuc, 2005).
At many localities Ammonitico Rosso-type limestones de-
posited with Fe-Mn nodules. Dogger and Malm red and
brownish micritic limestones with chert nodules, a few
tens of m in thickness overlay the manganese horizon that
is followed by Biancone-type limestones in the Berriasian.

South Zala, Medvednica, and Kalnik Units (Text-Fig. 6, col. 19)

South to the Julian-Savinja Unit slightly metamorphosed
Jurassic formations, of deep-sea slope and basin facies
were encountered in Transdanubia, Hungary that were as-
signed to the South Zala Unit. Middle to Upper Jurassic
radiolarians were found in dark gray radiolarite in one of
the wells (RALISCH-FELGENHAUER, 1998).

Remnants of a Jurassic accretionary complex of the Neo-
tethys are known in the Medvednica and Kalnik Mts in Cro-
atia that was assigned to the Kalnik Unit (PAMIC et al., 2002;
HALAMIC et al., 2005). Along with basalts Triassic and Ju-
rassic radiolarian chert and Calpionella limestone were re-
ported from the Medvednica Mts. The ophiolitic mélange
that is similar to that in the Darné Unit probably contin-
ues in the Pannonian Basin in a narrow zone within the
Zagorje-Mid-Transdanubian Unit along the Mid-Hungarian
Lineament (HAAS & KOVACS, 2001).

ADRIA - DINARIA MEGAUNIT

South Alpine Unit (Text-Fig. 8, col. 28-30)

In spite of significant Alpine shortening since the Middle
Jurassic the original facies relationships are usually visible,
providing a suitable base for reconstruction of the paleo-
geographic setting, as a rule. Based on thickness and de-
velopment of the Jurassic succession the following basic
facies units can be distinguished within the South Alpine
domain: Lombardian Basin in the west which was locat-
ed in the neighbourhood of the Ligurian-Piemont Ocean;
Trento Plateau; Belluno Trough in the east. Further east,
the Friuli Platform belongs to the Adriatic-Dinaridic Car-
bonate Platform (Text-Fig. 1).

In the Hettangian to Pliensbachian dark grey well-bedded
cherty (spongiolithic) limestones (Moltrasio Formation) and
Adnet-type limestones were deposited. Development of
north-south trending major listric faults led to the forma-
tion of asymmetric sub-basins (BERNOULLI, 1964). East of
the Lugano-Monte Grona fault, nearly 4 km thick hemipe-
lagic siliceous limestones, carbonate turbidites and olisto-
liths were deposited in the Generoso Basin during the Het-
tangian to Sinemurian (BERNOULLI, 1964; BAUMGARTNER et
al., 2001). In contrast, west of the major fault zone on the
Lugano High, only a 100 m thick succession was formed in
the Rhaetian to Liassic interval, shallow-water limestones
in the Rhaetian and pelagic limestone in the Pliensbachian.
The extensional tectonics are constrained here by multi-
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generation neptunian dykes (BAUMGARTNER et al., 2001; PI.
5, Fig. 1).

The Lombardian Basin was separated from the Trento
Plateau by the Garda fault. On the Trento Plateau depo-
sition of shallow-water carbonates continued in the Ear-
ly Jurassic till the end of the Pliensbachian. The Dolomia
Principale is overlain by massive to thick-bedded shallow-
water limestones predominantly oolitic, oncoidal grain-
stones (Calcari Grigi), interrupted at the end of the Pliens-
bachian leading to a regional unconformity (SARTI et al.,
1992). In the Belluno Trough deposition of cherty lime-
stones (Soverzene Formation) prevailed in the Hettangian
to Pliensbachian (WINTERER & BOSELLINI, 1981).

The Tethys-wide Toarcian anoxic event is reflected in the
deposition of organic-rich shales (“fish shale”) in the Lom-
bardian Basin and dark siliceous limestones (Misone and
Tenno Formation) on the Trento Plateau. In the Belluno
Trough thin-bedded cherty limestones (Igne Formation)
were formed coevally (WINTERER & BOSELLINI, 1981).

The Toarcian to Lower Cretaceous in the Lombardian Ba-
sin is characterized by deep-water sediments (CHIARI et
al., 2007). Condensed red nodular limestones (Rosso Am-
monitico Lombardo) and cherty limestones (Sogno Forma-
tion) were deposited in the Toarcian to Aalenian and radio-
larites in the Bajocian to Early Oxfordian (BAUMGARTNER et
al., 1995). The Upper Oxfordian to Lower Tithonian is char-
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acterized by red nodular, cherty limestones (Rosso ad Ap-
tici; PI. 5, Fig. 2). The Upper Tithonian to the lower part of
the Lower Cretaceous is made up of white cherty Calpio-
nella limestones (Maiolica or Biancone facies).

On the Trento Plateau the shallow-water conditions in the
Toarcian to Aalenian led to deposition of more than 100 m
thick cross-bedded oolites (Vigilio Oolite). Drowning of the
platform happened at the beginning of the Bajocian coeval
with the onset of radiolarite deposition in the Lombardian
Basin (BAUMGARTNER et al., 1995). The oolites were cov-
ered by condensed pelagic limestones (Rosso Ammonitico
Inferiore — Upper Bajocian to Lower Callovian). It is over-
lain by cherty radiolarian limestones with bentonite inter-
layers (Upper Callovian to Oxfordian), red nodular lime-
stones (Rosso Ammonitico Superiore — Kimmeridgian to
Lower Tithonian) and white cherty Calpionella limestones
(Biancone — Upper Tithonian to Lower Aptian).

In the Belluno Trough limestones consisting predom-
inantly of redeposited shallow-marine carbonate grains,
mostly oolites were formed in the Bajocian to Bathonian.
The thickness of the redeposited carbonates (Vajont Lime-
stone) may reach 600 m (BOSELLINI et al., 1981). The Fri-
uli Platform was the source area of the Vajont Limestone
(CLARI & MASETTI, 2002) which is overlain by Ammonitico
Rosso and Biancone facies.

Adria Unit
Adriatic-Dinaridic Carbonate Platform (Text-Fig. 8, col. 31)

In the Adriatic (Apulian) the domain development of the
tropical carbonate platforms continued after the Triassic
until the late Early Jurassic, when extensional tectonics
led to the formation of the Adriatic basin that separated
the Adriatic (AdCP) and the Apulian Carbonate Platforms.
On the AdCP shallow-marine conditions prolonged more
or less for the Jurassic and also for the Cretaceous. An ex-
tremely thick platform carbonate succession was formed
that extends over a very large area from ltaly (Friuli Plat-
form) through Slovenia, Croatia, Bosnia, Herzegovina, and
Montenegro to North Albania (VLAHOVIC et al., 2005).

The Upper Triassic peritidal dolomites (Main Dolomite)
progress gradually into Lower Jurassic dolomites, still
formed in peritidal environments (OGORELEC & ROTHE,
1993). In the marginal part of the platform (Herzegovina,
Montenegro, western Slovenia) where the Rhaetian is rep-
resented by Dachstein Limestone (DRAGICEVIC & VELIC,
2002), limestones occur also in the lower part of the Low-
er Liassic sequence. In places, up to some tens of m thick
breccia occurs at the contact, which indicates short em-
ersion periods and development of paleokarstic surfaces
(BUSER, 1978; OGORELEC & ROTHE, 1993).

In the Sinemurian to Toarcian Lithiotis limestones occur
widely in the AdCP (BUSER & DEBELJAK, 1996; MEGO &
ALIAJ, 2000; VLAHOVIC et al., 2005), e.g. in Slovenia, Croa-
tia (Velebit) to the Albanian Alps. Rare coral buildups and
crinoid biostromes occur (TURNSEK, 1997). In the late Ear-
ly Jurassic dark grey bio- and pelmicritic limestone de-
posited in the more quiet parts of the shelf, and in small-
er lagoons reductive conditions prevailed (VLAHOVIC et al.,
2005). Along the NE margin of the platform, oolitic lime-
stones were typically formed under high-energy conditions
(DRAGICEVIC & VELIC, 2002).

During the Pliensbachian to Toarcian various depositional
environments characterized the shallow carbonate shelf.
In the Middle Jurassic large areas became subaerially ex-
posed along the NE margin of the platform. Ooid shoal fa-
cies are typical in the outer platform and peritidal to shal-
low subtidal facies in the inner platform (VLAHOVIC et al.,
2005).

In the Kimmeridgian synsedimentary tectonics caused sig-
nificant facies differentiation. Some parts of the platform
emerged and bauxite deposited on the karstified surface
(W Istria). Coevally in the area of Velika Kapela Mt a shal-
low intraplatform basin developed where dark cherty lime-
stones with tuff interlayers were deposited (VELIC et al.,
2002).

In the Late Jurassic large areas of the AdCP (Slovenia,
Croatia, Montenegro, Albania) were characterized by the
deposition of algal-foraminiferal carbonates formed in an
inner platform environment. A coral-stromatoporid reef
complex developed in the platform margin zone in a thick-
ness of 500 m at most (Oxfordian-Kimmeridgian) (TURNSEK
et al., 1981; TURNSEK, 1997). The Kimmeridgian to Titho-
nian succession is also characterized locally by oolitic
limestones.

Slovenian Basin and Bosnian Zone (Text-Fig. 8, col. 32)

Pelagic deposits of Jurassic age can be found at the foot-
hills of the Julian Alps (SMuc, 2005; SMuC & GORIGAN, 2005)
(Tolmin Nappe according to KRYSTYN et al., 1999) and in
the western part of the South Karavanke Mts (Koschuta
and Hahnkogel Units according to KRYSTYN et al., 1994).
To some extent they also occur in the eastern Sava Folds.
Sedimentation took place under deep water conditions.

The Hettangian to Pliensbachian is represented by platy
limestones 300 m thick at most with chert nodules that are
intercalated by thin layers of muddy marlstone. It is over-
lain by Toarcian black shale (Perbla Formation) that pro-
gresses upwards into siliceous limestones (Aalenian) and a
thick succession of limestone breccias and graded oolitic
limestones (Tolmin Formation) of Early Bajocian to Early
Callovian age which were deposited along the trough mar-
gins at the toe-of-slopes via gravity flows (RoziC & POPIT,
2006). The Upper Callovian to Lower Tithonian sequence
consists of clayey shales with chert intercalations, radio-
larites and cherty limestones in a thickness of tens of m
(BUSER, 1979; OGORELEC & Do0zET, 1997). The Tithonian—
Berriasian is characterized by 50 m thick light coloured mi-
critic Calpionella limestones with chert nodules.

Middle to Upper Jurassic carbonate lithoclastic slope de-
posits and redeposited oolitic limestones very similar to
that in the Slovenian Basin were reported from Croatia
(DRAGICEVIC & VELIC, 2002; BuckoviIC et al., 2004; BuckoviIC,
2006). In the Pre-Karst and Bosnian Zone in the territory of
Herzegovina and Montenegro platform derived sediments
of slope and toe-of-slope facies were accumulated during
the Late Triassic(?) to earliest Cretaceous (Berriasian) in-
terval (PAMIC, 1993; PAMIC et al., 1998; DRAGICEVIC & VELIC,
2002). The succession (Vranduk Group; OLUJIC, 1978) is
made up of turbiditic series consisting of graded calca-
renites (mostly oolites), graded arenites alternating with
argillaceous micritic limestones and pelagic carbonates,
shales and intercalating radiolarites.
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Dinaridic Unit
Central Bosnian Mountains Unit (Text-Fig. 9, col. 33)

As in the Upper Triassic the whole Jurassic of this unit
is represented by limestones and dolomites of the shal-
low-water carbonate platform sedimentation (PI. 5, Fig. 3).
In this very monotonous carbonate sequence only Lower
to Upper Jurassic (to Valanginian) is sporadically proven
(KARAMATA et al., 1997; HRVATOVIC, 1999).

East Bosnian-Durmitor Unit (Text-Fig. 9, col. 34)
Durmitor Subunit

Triassic deposition continued without break in the Ju-
rassic in the western part of the subunit. The Lower Ju-
rassic begins with platy limestones with thin-shelled pe-
lecypods and foraminifera. These are overlain by deeper
marine marly limestones interbedded with red marlstones.
The upward transition into grey or grey-green marly biomi-

crites reflects a gradual deepening. The overlying Middle
Jurassic limestones are red, brecciated and the sequence
terminates with varicoloured interlayers of platy cherty
marlstones and detrital limestones with foraminifera and
radiolarians. The entire Lower-Middle Jurassic succession
is only 40-60 m thick (DIMITRIJEVIC, 1997).

In the Upper Jurassic reef and near-reef facies sediments
contain gastropods, pelecypods, hydrozoans and al-
gae (PI. 5, Fig. 4). In the Tithonian two flysch troughs de-
veloped along the margins of this platform (DIMITRIJEVIC,
1997). The Suha Flysch occurs along the front of the Dur-
mitor Nappe. There is a gap on the top of the Middle Ju-
rassic marly limestones, locally. It is overlain by a few m of
limestone breccia, with chert nodules. It was followed by
deposition of marly and sandy limestones alternating with
varicoloured marlstones. These rocks contain Late Titho-
nian and possibly also Valanginian pelagic microfossils.
They are overlain by a flysch sequence that is made up
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of graded calcareous microrudites, sandstones displaying
graded bedding and cross lamination, marly limestones
with Calpionellids, and marlstones.

Near to the margin of the Cehotina Subunit the around
100 m thick Lever Tara flysch trough developed in the Ti-
thonian to Berriasian. The sedimentary succession shows
a fining upward trend with basal calcareous rudites and
microconglomerates, which progress gradually upsection
into siltstones, and finally marlstones upsection. It is sig-
nificant that rudites and sandstones contain numerous
mafic rock fragments and chert detritus derived from the
ophiolite mélange. Limestone fragments in rudites con-
tain algae.

Cehotina Subunit

The principal difference between the Jurassic of the Dur-
mitor and Cehotina Subunits is that in the latter the Lower
Jurassic basin facies is overthrusted by ophiolitic mélange
from the Dinaridic Ophiolite Belt (DIMITRIJEVIC, 1997).

Lim Subunit

After the Late Triassic hiatus, the deposition resumed dur-
ing the Early and Middle Jurassic only in the western part
of the subunit. The Hettangian—-Sinemurian is represented
by silicified limestones with chert interbeds and nodules.
The estimated thickness of the whole Lower Jurassic stra-
ta is more than 100 m. The 250 m thick Middle Jurassic
sequence shows similar features. Marly limestones with
chert intercalations and nodules are characteristic for the
Oxfordian to Kimmeridgian deposits. Thick-bedded oolitic
limestones and biosparites with laminated bituminous bio-
microsparite intercalations are typical. The greatest pre-
served thickness is 550 m, although these strata are miss-
ing over large areas.

According to DIMITRIJEVIC (1997) the overthrusted Ox-
fordian to Kimmeridgian ophiolitic mélange from the Di-
naridic Ophiolite Belt is made up of a marlstone-siltstone
matrix with clasts and blocks of sandstones, cherts
and magmatites (syenite, spilite, diabase, serpentinite).
The greatest estimated thickness of the olistostrome/mé-
lange is 350 m.

Dinaridic Ophiolite Belt (Text-Fig. 9, col. 35)

During the Early to Middle Jurassic, the marginal oceanic
basin formed in the Middle-Late Triassic, evolved into the
wide Dinaridic Ophiolite Belt (DOB) basin (KARAMATA, 2006)
and its southward continuation, after a transform fault cov-
ered in the Metohija depression, to Albania (Mirdita Belt;
Pl. 5, Fig. 5; SHALLO, 1994) and Northern Greece (JONES &
ROBERTSON, 1991).

The DOB is primarily characterized by the ophiolitic mé-
lange, i.e. “Diabase-Chert Formation” in former Yugo-
slavian geological literature. It was considered a volca-
no-sedimentary series, formed by normal “bed-to-bed”
deposition; a concept, which persisted up to recent times.
However, the chaotic fabric of these rocks of different age
and provenance suggests that it can not be regarded as a
“normal formation”. These chaotic associations of differ-
ent sedimentary rocks and rocks of ophiolite affinity (mag-
matics and ultramafics) represent olistostrome/mélange
deposits of sedimentary origin (in the sense of DIMITRIJEVIC
et al., 2003, etc.), or oceanic trench assemblages (in the

sense of KARAMATA et al., 1999, etc.). Jurassic depos-
its and fragments of the continental slope and the oce-
anic crust are preserved in the complex of olistostrome/
mélange only as blocks or olistoliths varying in size and
with chaotic composition (DIMITRIJEVIC et al., 2003). The
ophiolitic assemblages are always dismembered, two or
three rock-types occur together mainly in very large bod-
ies (KARAMATA et al., 1999, etc.).

The Jurassic carbonate successions of the DOB consist,
besides the cherty limestones of the Jurassic part of the
Grivska Formation (compare MISSONI et al., 2011), of Low-
er Jurassic pelagic limestones of the Ammonitico Ros-
so facies, which were formed on a drowned platform. In
the Middle (?Upper) Jurassic bioclastic, rarely ooidal car-
bonate turbidites deriving from a platform margin occur in
deep-water radiolarites.

In the wider regions of the Zlatar Mt several types of the
Jurassic siliceous rocks are present. According to pre-
liminary studies some of them deposited probably on the
deeper part of the continental slope. The others are the
products of the deposition from the oceanic basin or even-
tually from the margin of the abyssal plain. The former
type is made up of more or less folded red, green or black
cherts and radiolarites with one to two beds of calcaren-
ites (calcrudites) mainly in the upper part of the sequence
which are of ?Late Aalenian to Callovian age (OBRADOVIC &
GORICAN, 1988, etc.), but they reach the Kimmeridgian or
Early Tithonian, locally (DJERIC & VISHNEVSKAYA, 2006) (PI.
6, Fig. 1).

During the late Early Jurassic subduction started in the
provenance area of the Dinaridic ophiolites. The inversion
from a previous extensional regime to a compressional
one is indicated by the obduction of ultramafic/ophiolit-
ic units over parts of the oceanic crust located along the
oceanic ridge, or over the previously accreted oceanic
trench complex.

The km to tens of km sized ultramafic massifs are partic-
ularly important in the DOB. The largest of them are the
massifs of Zlatibor Mt (PI. 6, Fig. 5) and the Konjuh-Krivaja,
together with Ozren, Brezovica-Kodza Balkan and others.
These mostly plate-shaped bodies are composed of lher-
zolite with subordinate harzburgite and rare dunite, strong-
ly serpentinized on the margins. They were introduced as
hot masses, producing conspicuous metamorphic (am-
phibolite to greenschist) soles. The age of metamorphism
of the amphibolites in the basement of the obducted ultra-
mafic slices in this belt (from Central Bosnia to Northwest
Greece) was determined as 181-157 Ma by the K/Ar and
174-162 Ma by the Ar/Ar method (LANPHERE et al., 1975;
KARAMATA & LOVRIC, 1978; OKRUSH et al., 1978; DIMO-LA-
HITTE et al., 2001, etc.); both methods yielded very similar
results. Therefore the metamorphic soles in the DOB and
further in Albania and Greece, originated in a time interval
181-157 Ma (= late Early Jurassic to Middle Jurassic).

The most characteristic constituents of the olistostrome/
mélange of DOB are as follows:

a) small blocks (up to a few m to tens of m), mostly sand-
stones-subgreywackes (= ophiolitic sandstones), rarely
limestones, which slid into the trench probably from the
adjacent Drina-lvanjica Unit

b) small blocks (up to a few tens of m) of rocks derived
from the oceanic crust which were scratched off by sub-
duction, e.g. Triassic and Jurassic radiolarites, ophiolitic
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magmatic rocks: basalts or spilites, less frequently dia-
bases and gabbros, Triassic deep-water carbonates, rare
blocks of a sheeted dyke complex

c) exotic blocks, m to tens of m in size of albite granite and
other kind of granite, conglomerates of unusual composi-
tion, hydrothermally altered ultramafic rocks, etc.

d) large plate-shaped bodies, i.e. “massifs” of ultramafites,
but many smaller blocks occur, too and

e) different types of limestones:

e4) plate- to lense-shaped Triassic shallow-marine lime-
stone bodies slid into or over the trench assemblage
(PI. 6, Fig. 2)

e,) rather monotonous thin-bedded pelagic, basinal
limestones with cherty interlayers, lenses and nodules,
and with rare intercalations of calcarenite of latest La-
dinian to Middle (? Late) Jurassic age (PI. 6, Figs. 3 and
4), or

e;) Upper Triassic Hallstatt and Lower Jurassic pelagic
grey and reddish Ammonitico Rosso-type limestones.

The mentioned bodies and components of the ophiolitic-
radiolaritic mélange are in argillaceous/sandy-silty to part-
ly radiolaritic matrix which until now, were dated only in
central DOB as Middle Jurassic (GAWLICK et al., 2009Db).

In the Dalmatian-Herzegovian Unit and Central Bosnian Mountains
Unit a unique sequence of Lower to Upper Jurassic (Lower
Cretaceous) hemipelagic sediments was deposited (KARA-
MATA et al., 2004, etc.). This unit, earlier regarded as Tri-
assic-Jurassic in age, is a sequence of bedded cherts
and radiolarites with rare interlayers and blocks (?olisto-
liths) of siliceous limestones, and extremly rare turbidite
beds consisting of terrigenous material. Geographically,
this chert unit up to hundred km long and up to a few km
wide (or thick respectively), are exposed in NW and cen-
tral Bosnia, but similar rocks occur locally, also further
at southeast. Up to now, from this bedded chert forma-
tion radiolarians of Aalenian — Early Bajocian, Late Bajo-
cian — Bathonian and Callovian-Kimmeridgian age were
documented (VISHNEVSKAYA & DJERIC, 2006). This unit is
overlain by Tithonian-Valanginian-Hauterivian siliceous
limestones alternating with spongiolith-radiolarites, spon-
gioliths and other continental slope deposits (VISHNEVSKA-
YA & DJERIC, 2006).

Subsequent to the Late Jurassic closure of the DOB in
their eastern and central parts the olistostrome/mélange
complex was covered by uppermost Tithonian-Valangin-
ian shallow-water transgressive deposits, about 1000 m
thick (i.e. “Pogari Series”). These sequences are com-
posed mostly of coarse and unsorted siliciclastics, con-
taining pebbles of all rocks from the ophiolitic mélange;
they grade into sandstone with subordinate marly shale,
that laterally interfinger with platform limestones.

VARDAR MEGAUNIT

Jadar Block, Sana-Una and Banija-Kordun Units
(Text-Fig. 10, col. 36-37)

The Upper Triassic rocks of the Leli¢ Formation occur only
in a few places in the area of the Jadar Block Unit and
pass gradually into red and grey coloured, thick-bedded
lowermost Lower Jurassic limestones with foraminifera
(FILIPOVIC et al., 2003) (Text-Figs. 1, 2 and 10).
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In the Sanski Most area, south to the Blaha river (Sana-
Una and Banija-Kordun Unit) Upper Jurassic (Oxfordian to
Tithonian) shallow-water deposits occur (HRVATOVIC, 1999)
(Text-Fig. 10).

Vardar Zone Western Belt (Text-Fig. 10, col. 38)

The Late Triassic opening was followed by spreading of the
VZWB which continued during the whole Jurassic and the
basin became the main oceanic realm of the Vardar Ocean
(i.e. Neotethys) (KARAMATA et al., 2005; KARAMATA, 2006).
In the direction of the subduction large masses of trench
deposits (i.e. olistostrome/mélange with argillaceous-silty
matrix and gravity slides from the oceanic crust and the
continental margin) accumulated in this basin (PI. 6, Fig. 6).
From the oceanic area (a) blocks of basalts (pillow or rarely
compact lavas), of MORB or IA type, altered by low-grade
ocean-floor metamorphism, (b) bedded green and red-
dish radiolarite/cherts, with documented Carnian to Nori-
an, Middle Jurassic (Late Bajocian — Early Callovian) and
Late Jurassic radiolarians, (c) gabbro, rare as small-round-
ed fragments, and (d) ultramafics, sometimes silicified,
as very small-rounded fragments or as huge masses, as
well as associated metamorphic rocks in their base were
transported. From the margins of the oceanic realm ar-
rived: (a) sandstones, coarse to fine-grained greywackes,
mostly as rounded or ellipsoidal blocks, up to a few m in
diameter, which dominate in many parts of the belt, and
(b) limestones of Middle-Late Triassic, Late Jurassic and
Late Cretaceous age; some are as large lense or plate-like
limestone slabs slid into the basin. Large olistoplakas of
sedimentary rocks are absent in the olistostrome/mélang-
es of both belts of the Vardar Zone.

According to the age of metamorphic soles beneath the
ultramafics the closing of this basin began 157-146 Ma
ago (KARAMATA & POPEVIC, pers. comm.). The youngest
basaltic rocks, members of the ophiolite complex of this
unit include Campanian limestone blocks (FILIPOVIC, pers.
comm.); also basaltic pillow lavas are interlayered with Up-
per Campanian — Lower Maastrichtian sandy limestones
(KARAMATA et al., 2005). The diabase of the sheeted dyke
unit below these basalts is dated (K/Ar age) at 80 Ma.
The first sequences that cover the trench deposits of the
VZWB are rudist limestones grading into Upper Maastrich-
tian to Eocene flysch. Accordingly, the western oceanic
basin of the Vardar Ocean (Neotethys) was closed by the
end of the Maastrichtian (KARAMATA, 2006).

Along the western flank of the Kopaonik Block and Ridge
Unit the Jurassic is represented by the olistostrome/mé-
lange of the VZWB. Along the eastern flank of the same
unit the Jurassic deposits are represented only locally as
olistostrome/mélange which were thrusted together with
ultramafics onto older formations in the Maastrichtian to
the Late Oligocene interval.

Main Vardar Zone (Text-Fig. 10, col. 39)

The units of this eastern branch, i.e. the present-day Main
Vardar Zone, are represented by trench deposits and ophi-
olitic rocks, together with metamorphics at its margin
formed during the closing of the Vardar Ocean. In the Late
Jurassic this basin became probably completely closed
and was subject to strong erosion. The initiation of the final



closure can be dated at around 185 Ma (182-187, accord-
ing to the age of amphibolites; KARAMATA, pers. comm.).

The Middle-Upper Jurassic olistostrome/mélange of this
unit consists of a very fine-grained siltstone matrix with
clasts and olistoliths. They represent the relics of ophiol-
itic rocks (ultramafics lenses with very rare metamorphic
sole, gabbros, basalts of IA type, diabases) of this belt
occurring at its eastern and western borders (Pl. 7, Figs.
1, 2 and 3). Ophiolitic rock-assemblage is of tholeiitic af-
finity, but calc-alkaline granitoids and dioritoids indicate
the existence of an intraoceanic island arc environment
(RESIMIG-SARIC et al., 2000). Also, in the trench deposits
the relics of the continental margin and of oceanic crust
are present: mainly greywackes and rare cherts/radiola-
rites, dark or white silicified limestones (of unknown age)
and Upper Jurassic limestones. This chaotic rock asso-
ciation is transgressively overlain by Tithonian reef lime-
stones, exposed in the southern part of this area (PI.

7, Fig. 5). In a synform, between the above-mentioned
ophiolitic associations in Central Serbia, a basin succes-
sion (“paraflysch”) was formed in the Early Cretaceous
(DIMITRIJEVIC, 1997). This belt, i.e. the relics of the main
basin of the Vardar Ocean can be traced from Central
Serbia northward up to the important transcurrent fault
running along the southern margin of Tisza Megaunit (be-
low the Neogene deposits) and further, after eastward
displacement in the Southern Apuseni Mountains (Mures
Zone; Transylvanides), as well as southward to Macedo-
nia and Greece.

Transylvanides

The Transylvanides (Transylvanian Dacides; SANDULESCU,
1984) are the highest overthrust units both in the Eastern
Carpathians, and in the Southern Apuseni Mts. They are
typical obducted nappes or nappe outliers with oceanic
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crust and/or Mesozoic deposits (PATRULIUS et al., 1966,
1972; PATRULIUS, 1971a; SANDULESCU, 1975a, b, 1984,
1994; HOECK et al.,, 2009). The Transylvanides include
two distinct groups of units, i.e. the Simic Metaliferi Mts
Nappe System located in the Southern Apuseni Mts, and
the unrooted Transylvanian Nappe System from the in-
ner zones of the Eastern Carpathians (SANDULESCU & DiMI-
TRESCU, 2004).

Simic Metaliferi Mts Nappe System
(Southern Apuseni Mts) (Text-Fig. 11, col. 45)

The Southern Apuseni ophiolitic suture zone (or Mures
Zone) can be followed eastward in the basement of the
Transylvanian Basin (RADULESCU et al., 1976; SANDULESCU
& VISARION, 1978; IONESCU et al., 2009). Farther to the west
the continuation of the ophiolitic suture zone, although
dissected by the huge South Transylvanian (Mureg) dextral
strike-slip zone (SANDULESCU, 1975b, 1984, 1988; BALLA,
1984; RATSCHBACHER et al., 1993) is structurally connected
to the Vardar Zone.

The Southern Apuseni ophiolitic suture zone represents
a complex tectonic collage of mainly obducted nappes

(Simic Metaliferi Mts Nappe System; SANDULESCU, 1984),
which are made up of sedimentary Jurassic and Creta-
ceous formations, at the base of which magmatic com-
plexes of ophiolitic or island arc character were conserved
(IaNovicl et al., 1976; BLEAHU et al., 1981; Lupu, 1983;
SANDULESCU, 1984; SANDULESCU & DIMITRESCU, 2004).

The ophiolites of the Southern Apusenides include (1) a
gabbroic intrusive section, (2) a sheeted dyke complex
showing transition to (3) a volcano-sedimentary cover.
Mantle rocks are absent, and thus these ophiolites rep-
resent only the upper oceanic crust (SAvu et al., 1981;
SAvu, 1983). Small, discontinuous gabbroic bodies occur
in the Techereu-Drocea Nappe, show both layered and
isotropic textures, and include scarce ultramafic cumu-
lates, melagabbros, gabbros, and rare gabbronorites as-
sociated with ferrogabbros. The sheeted dyke complex
is formed by basaltic and subordinate basaltic-andesitic
dykes. The volcano-sedimentary cover is by far the most
abundant portion in the ophiolitic sequence and includes
massive and pillow-lava basalts (PI. 8, Fig. 2), with pillow
breccias and related arenites occurring between several
of the different lava flows. The entire ophiolite sequence
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displays MORB patterns suggesting a mid-ocean ridge
setting.

In the Cris Nappe the basic volcano-sedimentary suc-
cession includes basaltic lava flows, tuffites, volcanic
sands and agglomerates, violaceous argillites and sand-
stones, violaceous and green radiolarian cherts, and rare
intercalations of marly limestones. The radiolarian assem-
blages suggest ages from Callovian to Tithonian (LUPU
et al., 1993). Similar basic volcano-sedimentary succes-
sions, dated by radiolarians (BLEAHU et al., 1981; CIOFLICA
et al., 1981), are also found in the higher nappes, i.e. in
the Techereu-Docea and Curechiu-Stanija Nappes. In
the last unit the sequence of the Curechiu Formation
continues with greenish-grey micritic limestones with in-
terbedded red argillaceous shales of Tithonian — ?Neo-
comian age.

Several K/Ar datings on the ophiolites are provided by
NICOLAE et al. (1992), falling between 138.9 + 6.0 and 167.8
+ 5.0 Ma. The oldest radiometric age is in agreement with
the Callovian age of the oldest radiolarian assemblages
identified in the basic volcano-sedimentary series. Conse-
quently, Middle Jurassic age is generally accepted for the
lower sections of ophiolites in the Southern Apusenides,
while the upper basic volcano-sedimentary series has a
comprehensive age from Callovian till Tithonian (Lupu et
al., 1993, 1995).

In the Techereu-Drocea, Curechiu and Fenes Nappes,
and also in the Trascau Mts, the ophiolites are overlain by
island arc calc-alkaline rocks ranging from basalts through
basaltic andesites, andesites, and dacites to rhyolites.
Some granitoid intrusions with calc-alkaline affinity are lo-
cated in the southern and western areas of the South-
ern Apuseni Mts, consisting of granites to granodiorites as
well as diorites at the margins of the intrusions (SAvuU et al.,
1986, 1996). The age of the Savarsin Granite, measured on
zircon is 155 Ma (PANA, 1998). For the calc-alkaline island-
arc volcanics, the complex relations with sedimentary for-
mations confine their age mainly to the Middle to Late Ju-
rassic (Pl. 8, Fig. 3; PI. 9, Fig. 1).

The Upper Jurassic and Lower Cretaceous sedimentary
series associated with the calc-alkaline volcanics show
deep-water and carbonate platform facies, in close con-
nections with different depositional settings in the Transyl-
vanian Ocean. They have the most important development
in the Trascau Mts, where several isolated carbonate plat-
forms separated by back arc-type deep-water basins were
identified (SASARAN, 2006; SASARAN & BUCUR, 2006).

In the Bedeleu Nappe of the Trascdu Mts (BALINTONI & IAN-
CuU, 1986) the Upper Jurassic to Lower Cretaceous inter-
val is represented by shallow-water Stramberg-type lime-
stones (PI. 8, Figs. 3 and 4; PI. 9, Fig. 1). The carbonate
platforms are underlain either by island-arc volcanics or
mixed, oceanic/continental basement. The platform car-
bonates are made up of three distinct depositional units
separated by regional unconformities. In the region of the
Trascau Mts there are also numerous olistoliths with Upper
Jurassic — Lower Cretaceous shallow-water carbonate de-
posits, which are included in the Upper Cretaceous wild-
flysh (BORDEA et al., 1968; BUCUR et al., 1993).

The Upper Jurassic — Lower Cretaceous basin succession
is represented by the “Aptychus beds” s.l. (SASARAN, 2006)
which includes (1) slope apron carbonates and mass-flow
deposits with reworked material from both carbonate plat-

form and their magmatic/metamorphic basement, and (2)
basin floor-pelagic and hemipelagic deposits with deep-
sea fans of calcareous or siliciclastic turbidites (PI. 8, Fig.
5). They are included in the Valea Muntelui and Izvoarele
Nappes (BALINTONI & IANCU, 1986).

Outside the Trascau Mts, extended Upper Jurassic — Low-
er Cretaceous platform carbonate deposits are also found
in the south part of the Techereu-Drocea Nappe where
they cover also a volcanic island arc (SAvu, 1983). The
Jurassic sequence is made up of radiolarites and cherty
limestones (Upper Callovian) followed by pelagic, Sacco-
coma limestones (Oxfordian — Lower Kimmeridgian) and
carbonate platform reef-limestones (Upper Kimmeridg-
ian — Tithonian) (DRAGASTAN, 1997). The Jurassic of the
Ardeu Nappe (MANTEA & TOMESCcU, 1986) and the Vulcan
outlier (BORDEA, 1972) includes Ammonitico Rosso-type
limestones (Oxfordian—-Kimmeridgian) and Stramberg-type
limestones (Tithonian—Berriasian).

Transylvanian Nappe System
(Persani, Olt and Haghimas Nappes in the Eastern Carpathians)
(Text-Fig. 11, col. 40-44)

The main units of the unrooted Transylvanian Nappe Sys-
tem in the Eastern Carpathians, which were obducted dur-
ing the Meso-Cretaceous tectogenesis, are the Persani,
Olt and Haghimas Nappes (SANDULESCU, 1984). They have
distinct lithostratigraphic successions and ages of the
ophiolitic complexes from the basal part of the nappes,
except the Persani Nappe whithout ophiolitic complex.
The Triassic age of the ophiolitic rocks in the Olt Nappe
and in many olistoliths is well constrained by their close
relationship with the Triassic sedimentary rocks. The
only ophiolitic rocks of Jurassic age are represented by
the pillowed basalts from Lacu Rosu in the sole of the
Haghimas Nappe, which are assigned to the Callovian—
Oxfordian (SANDULESCU, 1984), and also by the serpenti-
nites in the Rarau Mts. Alongside the Jurassic sedimentary
rocks included in the successions of the above-mentioned
nappes, there are also numerous olistoliths of Jurassic
rocks included in the Bucovinian Lower Cretaceous wild-
flysch that fills the Haghimas and Rarau synclines, and
also found in the Persani Mts.

The Haghimas Nappe, having the most internal paleogeo-
graphic position in the Transylvanian realm, is made up of
a continuous sequence from the Upper Jurassic to Lower
Cretaceous (SANDULEScCU, 1975a). In the Haghimas Mts,
the Ammonitico Rosso-type limestones (Upper Oxford-
ian — Middle Kimmeridgian; PI. 7, Fig. 6), capping Callo-
vian—-Oxfordian pillowed basalts, are followed by a silici-
clastic sequence made up of siltstones and marly shales
(Upper Kimmeridgian — Lower Tithonian), and thick, mas-
sive Stramberg-type limestones (GRASU, 1971; DRAGASTAN,
1975; GRIGORE, 2000; GRASU et al., 2010) (PI. 7, Fig. 4; Pl.
8, Fig. 1). Kimmeridgian stromatactis mud-mound build-
ups with abundant rhynchonellid brachiopod assemblages
(Lacunosella and Septaliphoria) develop locally (LAZAR et al.,
2011).

The outliers made up by Stramberg limestones from the
Meresti region in the northern part of the Persani Mts are
also assigned to the Haghimas Nappe (SANDULESCU, 1984;
PATRULIUS et al., 1996).

The Persani and Olt Nappes, which are found only in the
Persani Mts, are made mainly of Triassic sedimentary
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rocks to which only Lower to ?lower Middle Jurassic rocks
are subordinately added.

Based on the facies characteristics of the Transylvanian
Triassic and Lower Jurassic formations, from both the olis-
toplakae and olistoliths embedded in the Bucovinian Low-
er Cretaceous wildflysch, PATRULIUS (1996) defined sever-
al independent sedimentary “series”. They are as follows:
the Zimbru “Series” (lower olistoplaka of the Rarau Mt), the
Olt “Series” (Olt Nappe, incl. the lower olistoplaka of the
Persani Mts), the Lupsa “Series” (Persani Nappe s.s., incl.
the upper olistoplaka of the Persani Mts) and the Haghinis
“Series” (Haghinis Nappe, incl. the upper olistoplaka of the
Rarau Mt).

In the Rarau Mt, the Zimbru “Series” includes Lower Sine-
murian massive argillaceous, dark limestones (TURCULET,
1971), Pliensbachian sandy limestones and silty marly
shales (STANOIU, 1967a), which are olistoliths within the
Bucovinian Lower Cretaceous wildflysch.

In the Olt “Series” of the Olt Nappe the Middle Hettangian
to Lowermost Pliensbachian Adnet Limestone unconform-
ably overlies Upper Triassic Hallstatt-type limestones (PAT-
RULIUS, 1996; TOMAS & PALFY, 2007). In the central Persani
Mts, also in the Rarau and Haghimas Mts, there are olis-
toliths of Adnet-type Lower Jurassic red limestones as-
sumed to be akin to the OIlt “Series” (PATRULIUS et al.,
1996; TURCULET & TIBULEAC, 2002; GRASU et al., 2010).

In the Lupsa “Series” of the Persani Nappe the Middle Tri-
assic Schreyeralm-type limestone is unconformably over-
lain by the Gresten-type Racila Formation, around 300 m
thick. Its lowest member consists of coarse-grained limy
sandstones and crinoidal sandy limestones (Upper Sine-
murian? to Pliensbachian); the upper one is composed
of grey marls and limestones with interbeds of violet san-
dy siltstone and oolitic limestone (Toarcian—?Aalenian)
(PATRULIUS et al., 1996).

In the Haghinis “Series” the Middle Triassic limestones
in the Rarau Mt are overlain by thin Upper Hettangian red,
argillaceous-sandy encrinitic or oolitic to pisolitic lime-
stones, which also fill narrow neptunian dykes in the Stein-
alm Limestone (PATRULIUS, 1996). On the Norian massive
limestones of the Piatra Soimului outlier Lower Jurassic
red-violet argillaceous diasporic bauxites occur locally
(PATRULIUS, unpubl.).

Olistoliths made up by varied Lower and Middle Juras-
sic lithologies, that are not properly ascribed to one of the
above-mentioned “series”, were also found in the Buco-
vinian Lower Cretaceous wildflysch. In the Rardu Syncline,
olistoliths are described, made up by Toarcian dark san-
dy limestones, grey-yellowish marlstones and siltstones,
fine-grained limy sandstones and marly siltstones, by
Aalenian grey marls with concretions of marlstones and
oolitic limestones, by Bajocian dark limy sandstones and
sandy limestones, bioclastic limestones and marls, or by
Bathonian silty-oolitic limestones, sandy limestones and
limy sandstones (POPESCU & PATRULIUS, 1964; STANOIU,
1967a; MUTIHAC, 1968; TURCULET, 2004). In the Highimas
Syncline olistoliths are reported that are made up by Pliens-
bachian sandy limestones and argillaceous sandstones,
by Toarcian black limestones or sandy limestones, or by
Middle Jurassic limy sandstones and encrinitic limestones
(NASTSEANU & SOLCANU, 1963; GRASU, 1971; SANDULESCU,
1975a; PREDA, 1976; GRASU et al., 2010).
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From among the allochthonous deposits the Callovian—
Hauterivian Carhaga Formation is of special importance.
It is made up of several sheet-olistoliths (PATRULIUS et al.,
1976, 1996). The sequence includes the following mem-
bers:

1) Callovian grey, reddish ammonite-bearing limestones
with angular pebbles of crystalline shists;

2) Callovian and/or Oxfordian red radiolarites and lime-
stones with radiolaria;

3) Upper Jurassic light-grey, pink and red marls and marly
limestones with spongiolithic cherts and interbedded con-
glomerate or breccia with pebbles of crystalline schists,
thin layers of bentonite;

4) Tithonian light-grey or pink marls with small lenses of
calcarenite and bedded white allodapic calcarenites with
brown cherts;

5) Uppermost Tithonian — Berriasian grey-bluish marls with
some glauconite and light-grey to almost white ammonite-
rich limestones with calpionellids and radiolaria;

6) Valanginian and Hauterivian ammonite-rich soft marls.

According to SANDULESCU (1984), the olistoliths of the Car-
haga Formation are presumably derived from a swell or
they could be linked to the Olt or Persani Nappes.

TISZA MEGAUNIT

Mecsek Unit (Text-Fig. 12, col. 46)

Thin coal interlayers already appear in the fluvial succes-
sion in the latest Rhaetian. At the beginning of the Liassic,
fluvial-lacustrine-palustrine sedimentation continued but
paralic coal-swamp deposits became predominant in the
sedimentary record (Mecsek Coal Formation) (Text-Figs. 1,
2 and 12).

The formation is made up of a cyclic alternation of arkosic
sandstone, siltstone, claystone and coal layers (Gresten
facies; PI. 9, Fig. 2). The thickness of the coal-bearing se-
ries is usually 150-300 m; in the southern part of the Me-
csek Mts, however, it may reach 1200 m. This asymmetric
thickening was the consequence of the formation of an ex-
tensional half-graben (NAGY, 1969, 1971).

The basal (partially Rhaetian) part of the Mecsek Coal
was formed predominantly in lacustrine as well as lacus-
trine/deltaic facies. The Hettangian middle member of
the formation is mainly fluvial with channel, flood plain
and swamp facies; however, passing upward, coquinas
of brackish-water molluscs appear in increasing frequen-
cy. The Lower Sinemurian upper member of the Mecsek
Coal may have been deposited in a tidal flat marsh envi-
ronment. In the middle member of the Mecsek Coal thin
(0.5-1.5 m) rhyolitic tuffite interlayers occur (NEMEDI-VAR-
GA, 1983). In some layers of the upper member remnants
of crinoids also appear, indicating a temporary establish-
ment of normal salinity conditions.

The coal formation is overlain by fine-grained sandstone
and dark grey shale with upward-thinning sandstone inter-
layers showing a deepening upward trend. The thickness
of the formation in the Mecsek Mts is 250-500 m.

During the later part of the Sinemurian water depth con-
tinued to increase. Coevally the continental source area
moved even farther away from the site of deposition. In ac-
cordance with this paleogeographic setting an open ma-



rine deep basin had been the site of deposition until the
middle part of the Jurassic. In this basin fine-grained ter-
rigenous material and pelagic biogenic ooze were depos-
ited together; however, their ratio continuously changed.
This heavily bioturbated marl sequence is similar to the
“Fleckenmergel” (Allgdu facies). In the rapidly subsiding
southern zone of the Mecsek half-graben its total thick-
ness may attain 2000 m, whereas in the northern part of
this structural unit, as well as in the subsurface parts of the

Mecsek Zone (i.e. in the basement of the Transdanubian
area and the Great Plain), it generally reaches only 150-
300 m (BERCZI-MAKK, 1998).

In the Mecsek Mts in the upper part of the Sinemurian,
grey, slightly bioturbated marl and calcareous marl be-
come characteristic. This formation was deposited under
open marine conditions in the deeper zone of the open
shelf. In the Pliensbachian, grey, fine to medium-grained
sandstone punctuated by thin shale interbeds was depos-

Text-Fig. 12.

Lithofacies chart of the Mecsek (46), Villany (47) and Bihor Units (48-52). (TISZA I).

Abbreviations:
V. Mnierei = Valea Mnierei,
C. Cailor = Coasta Cailor.

UNITS \ TISZA Megaunit 1. ‘
(RESIONS) NT VELANY BIHOR UNIT
AGE
| | [ e 1 [ e ] 4 ] 50 | st | s
5 £s 5
32 38 3 .
145,5 ;
TITHONIAN : ,
- 150
x 3 1
w KIMMERIDGIAN ¢ y
0. - 155 1
Q. y m
=) C ]
o OXFORDIAN E ]
F 160
CALLOVIAN :
w 165 1
O .| BATHONIAN | -
a =
o 2 BAJOCIAN 170
s &
AALENIAN E E
< L 175
180 -
185
190 -
195 -
199,61

305



ited. Chert nodules and grey, bituminous limestone and
crinoidal limestone interbeds are common. In the rapidly
subsiding southern zone of the Mecsek Mts area the thick-
ness of the formation may attain 1000 m, and only 70 m in
its northern zone. The depositional environment may have
been a relatively deep, pelagic basin.

Upsection, silty marl becomes predominant again and the
share of sandstone decreases. This approximately 150 m
thick formation represents the Lower and Middle Toarcian.
In the Lower Toarcian a 10 m thick, black shale intercala-
tion with thin sandstone and crinoidal limestone interlayers
as well as thin-shelled pelagic bivalves and fish remnants
can be found suggesting anoxic bottom-water conditions
(DuLAl et al., 1992).

Above the black shale intercalation the typical “Flecken-
mergel” facies resumes. The Upper Toarcian to Middle Ba-
jocian is characterized by a rather monotonous, 200-500
m thick sequence consisting of grey, strongly bioturbat-
ed marl, calcareous marl, and silty marl (Pl. 9, Fig. 3). It
contains predominantly pelagic fossil elements (VADASZ,
1935). In the southern and northern margins of the “Me-
csek Basin” grey and red crinoidal-brachiopodal limestone
has been encountered.

At the end of the Bajocian the sedimentation character
fundamentally changed: the amount of terrigenous ma-
terial and the sedimentation rate significantly decreased;
continuous and probably accelerated subsidence led to
increased water depth. A significant change took place
also in the fossil assemblage that is manifested in the ap-
pearance and then prevalence of Mediterranean elements
(Geczy, 1973; VOROS, 1993). Reflecting the changes in the
depositional regime the spotty marl (“Fleckenmergel”) fa-
cies is overlain by greenish-yellowish-reddish marl, then
by red calcareous marl and finally by nodular, argillaceous
limestone rich in poorly-preserved ammonoids and pelag-
ic microfossils. This 10-20 m thick formation of Bathonian
age (GALACz, 1995) may have been deposited in a deep,
pelagic, starved basin. The changes in the sedimentary
pattern and fossil assemblages at the end of the Bajo-
cian can be related to the separation of the Tisza Megaunit
from the European plate (HAAS & PERO, 2004).

The next unit consists of deep-water brownish- and green-
ish-grey, thin-bedded, siliceous calcareous marl of Callo-
vian and probably Early Oxfordian age. It also contains
altered pyroclastics but only a few. The thickness of this
formation does not exceed 10-20 m. The calcareous marl
passes upward into Oxfordian siliceous limestone (NAGY,
1986). In the basal part of the formation brownish-green-
ish, highly silicified radiolarite occurs. Above it, the 30-120
m thick formation is made up of thin-bedded, yellowish-
grey, reddish, and greenish cherty limestone.

The Kimmeridgian to Lower Tithonian interval is represent-
ed by 10 to 50 m thick red, nodular, locally cherty Sacco-
coma limestones with ammonoids and aptychi with fea-
tures of the Mediterranean Ammonitico Rosso facies.

The red nodular limestone passes upward into Upper Ti-
thonian — Berriasian greyish- or yellowish-white, thin-bed-
ded limestone and argillaceous limestone, locally with in-
traclasts and chert nodules, similar to the Mediterranean
Biancone (Maiolica) facies. Its thickness may attain 100 m.
The site of deposition may have been a deep pelagic ba-
sin. Intrabreccia intercalations in the pelagic sequences
and the chronostratigraphically mixed microfossil assem-
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blage indicate a significant gravity mass flow activity re-
sulting in the redeposition of the unconsolidated and semi-
consolidated sediments (NAGY, 1986). In the upper part
of the formation, in addition to the redeposited carbonate
grains, fine pyroclastics and volcanic bombs appear in the
layers, indicating the intensification of volcanic activity in
the Berriasian (NAGY, 1986).

Villany-Bihor Unit (Text-Fig. 12, col. 47-52)

The Jurassic sequence of the Villany-Bihor Zone is known
mainly from the Villany Hills in Hungary, and in the Bihor
Parautochthon in the Northern Apuseni Mountains in Ro-
mania. Core data are only available for the Malm forma-
tions in the Pannonian Basin. In the Villany Hills, uncon-
formably overlying the Upper Triassic rocks, the Jurassic
series of the Villany Unit begins with quartzarenite beds,
grading upward into shallow-marine, sandy, crinoidal lime-
stone with conglomerate interlayers. In the conglomerate,
quartzite and dolomite components are recognized, indi-
cating the proximity of a continental hinterland. The sandy,
pebbly layers are overlain by yellowish-grey limestone, fol-
lowed by grey, strongly bioturbated, thick-bedded, cherty,
crinoidal limestone. Only a 8-10 m thick limestone forma-
tion can be assigned to the Pliensbachian (VORSOS, 1989).
Above a hiatus a thin, yellow, sandy limestone bed, rich in
Bathonian ammonites, occurs. It is overlain by an extreme-
ly condensed limestone layer (GECzy, 1982; PI. 9, Fig. 4).
Most of the ammonites are characteristic of the European
province; a smaller part of the assemblage, however, is
Mediterranean (GEczy, 1973).

The ammonite-bearing limestone is overlain by 300 m
of thick-bedded, grey, brownish- or yellowish-grey lime-
stone. It is characterized by a peloidal and oolitic-oncoidal
texture. In the lower part of the formation pelagic elements
prevail in the microfossil assemblage. In the upper part,
however, a typical shallow-marine biofacies appears and
the pelagic elements disappear. The age of the formation
is Oxfordian-Tithonian and its upper member may extend
into the Berriasian (BODROGI et al., 1993).

In the Bihor Unit, Jurassic deposits are found in the
Padurea Craiului and Bihor Mts (PREDA, 1962, 1971; PAT-
RULIUS et al., 1972; IaNOVICI et al., 1976; PATRULIUS, 19764a;
PATRULIUS et al., 1976; PorA, 1981; MANTEA, 1985; POPA et
al., 1985; DRAGASTAN et al., 1986).

In the Pddurea Craiului (Text-Fig. 12, col. 48-50) and Bihor Mts
(Text-Fig. 12, col. 51-52), the Lower Jurassic succession,
around 250 m thick, unconformably overlies the Ladinian
Wetterstein-type limestone. A continental sequence (100-
180 m) occurs at the base of the succession consisting of
red argillaceous-silty shales locally including breccia with
boulders of Triassic limestones. Upsection there is anoth-
er development that is similar to the Gresten Sandstone.
It is composed of micaceous quarizitic sandstones with
interbeds of refractory clays in the lower part (PIl. 9, Fig.
5), with quartzitic conglomerates at the top (Hettangian),
with vegetal remains. The continental series is followed
by a marine sequence. It starts with a basal member (40—
60 m) consisting of micaceous and fine-grained quartzit-
ic sandstones, locally with marly-argillaceous micaceous
siltstones (?Upper Hettangian — Lower Sinemurian). It is
overlain by massive or thick-bedded Gryphaea limestones
(5-35 m) with crinoidal layers (Upper Sinemurian — Low-
er Pliensbachian), and an upper succession (3-40 m) of



spongiolithic cherty limestones, silty or marly with brachio-
pods and ammonites (Upper Pliensbachian) and a third
member (5-15 m) of grey-blackish condensed marls and
marly/silty limestones with phosphate concretions, with
abundant belemnites and ammonites, Gresten-type (celto-
suab) fauna (Toarcian).

The Middle Jurassic, which is strongly condensed in the
Padurea Craiului Mts, rarely more than 10 m in thickness,
with several breaks in sedimentation in the area of Valea
Mnierei, Coasta Cailor, Ponita and Ponicior (Text-Fig.
12, col. 49-50), includes the following carbonate units:

1) blackish, sometimes spotted marls (“Fleckenmergel”)
and marly/silty limestones, less than 2 m thick (Lower
Aalenian);

2) blackish spotted marly limestones (“Fleckenkalk”), with
phosphate ooids and nodules, 0.8-3 m (Upper Aalenian);

3) red-violaceous ferruginous oolitic/silty limestones and
marls of minette-type (Lower Bajocian);

4) Entolium limestones (Middle Bajocian — Middle Batho-
nian), and nodular limestones (0.2-0.5 m) with an abun-
dant polyzonal ammonite fauna (Upper Bathonian — Lower
Callovian);

5) reddish to grey-greenish marly or silty limestones (Mid-
dle and Upper Callovian).

During the Upper Jurassic, a carbonate platform was es-
tablished in the territory of the Bihor Unit. In the area of the
Padurea Craiului and Bihor Mts, the carbonate deposits, 100-

300 m thick, show two distinct facies zones with a pas-
sage zone:

1) a NW zone in Vadu Crisului area (Text-Fig. 12, col. 48);
basinal dark-grey cherty limestones progress into pelagic
Saccocoma limestones (Vad and Galaseni Limestone, Ox-
fordian — lower Tithonian) followed by massive Stramberg-
type limestones (Cornet Limestone, Tithonian) or oolitic
limestones (Astileu Limestone, Tithonian);

2) a SW zone in Ponita, Ponicior, Bulz and Garda area
(Text-Fig. 12, col. 50-52) with massive, whitish limestones
with corals and hydrozoans (Farcu Limestone, Oxfordian
— lower Tithonian; PI. 10, Fig. 1) followed by grey, bedded
micritic/oncolitic limestones of lagoonal facies (Albioara
Limestone, Tithonian);

3) a passage zone in the area of Valea Mnierei and Coas-
ta Cailor where all carbonate facies are found in ascend-
ing order (Text-Fig. 12, col. 49).

Papuk-Békés-Codru Unit (Text-Fig. 13, col. 53-57)

The Jurassic deposits are cropping out in the Codru
Nappe System in the Northern Apuseni Mts (classed to-
gether with the Bihor Unit as Inner Dacides by SANDULESCU,
1984) and in the Papuk Mts, Croatia. Jurassic sequences
explored in the basement of the Békés Basin, Hungary can
also be assigned to this unit.

In the Apuseni Mts, Jurassic formations are known in the
Codru-Moma, Padurea Craiului and Bihor Mts (PATRULIUS,
1976a; IANOvICI et al., 1976; BLEAHU et al., 1981).
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The Jurassic succession in the Valani Nappe, Bihor Mts
(PATRULIUS, 1971b) includes: disconformable massive or
thick-bedded quartzitic-micaceous sandstones, 100 m
thick, locally with basal conglomerates (Hettangian); a se-
quence, only a few m thick, of dark shales (?Hettangian
— Lower Sinemurian) and blackish bioclastic limestones
(?Upper Sinemurian — Pliensbachian); after a significant
stratigraphic gap (Toarcian and the Middle Jurassic) the
sedimentation resumed in the Late Jurassic with bedded
Saccocoma and Calpionella limestones interfingering with
massive limestones of platform-edge and reef talus (Farcu
and Cornet Limestones).

The Jurassic succession of the Finis Nappe is the most
complete in the Codru Nappe System. In the Seasa Val-
ley, in the central area of the Codru Mts, a Rhaetian Kés-
sen-type formation is overlain by 150 m thick silty shales
(Lower Sinemurian), succeeded by a 75 m thick calcar-
eous formation, with grey silty limestones in the lower, and
red, sometimes nodular limestones in the upper part (Up-
per Sinemurian - Pliensbachian). In the Moneasa (SW Co-
dru) area, the succession begins with a 200 m thick black
sandstone unit with shales grading upwards to black en-
crinitic limestones (Black Moneasa Limestone) (?Hettan-
gian — Lower Sinemurian). It is overlain by encrinitic, thick-
bedded nodular and breccious red limestones about 80
m thick (Red Moneasa Limestone, Upper Sinemurian —
Pliensbachian) showing lithofacies comparable with the
Adnet Limestone, but it has a Gresten-type (celto-suab)
fauna (PI. 10, Fig. 4). The Lower Jurassic formations are
overlain by pelagic, light grey micritic and cherty calca-
renitic limestones (Oxfordian—-Kimmeridgian) followed by
the Valea Mare Formation (PATRULIUS et al., 1976), around
1000 m thick, including a pre-flysch facies of marls and
marly limestones with Aptychus and calpionellids on the
base (Tithonian—-Berriasian).

The Urmat Nappe outlier in the Bihor Mts includes the
Lower Sinemurian — Pliensbachian Urmat beds. This se-
quence starts with grey sandstone, succeeded by encrin-
itic-micritic limestones with basical volcanic detritus, Gry-
phaea and brachiopods. This is followed by a siliciclastic
turbiditic sequence with olistoliths and slumps, without
fossils. The Urmat beds are overlain by Kimmeridgian Sac-
cocoma limestones (BORDEA et al., 1975; TOMESCU & BOR-
DEA, 1976).

In the uppermost units of the Codru Nappe System only
Lower — lower Middle Jurassic deposits are present. In the
Vascau Nappe (Codru-Moma Mts) (PANIN et al., 1974) the
Jurassic succession unconformably overlies Norian—-Rhae-
tian basinal limestones and includes:

1) a lower sequence, 80 m thick, of pink-greenish mi-
critic/crinoidal limestones associated with greenish
marly limestones and limy sandstones (Sinemurian);

2) a detrital sequence, transgressive upon the lower se-
quence and the Upper Triassic limestones, with limy
sandstones, Holzschiefer-like black argillites with sider-
itic concretions, greenish cinerites, lenses of black en-
crinitic limestones, platy black limestones with layered
cherts (Toarcian-?Aalenian).

In the Colesti Nappe (Codru-Moma Mts) (PANIN et al., 1974),
the Upper Triassic Dachstein Limestone has Lower to Mid-
dle Jurassic neptunian dykes (PI. 10, Fig. 2).

In the basement of the Békés Basin, southeastern Hunga-
ry, Lower Jurassic red limestone was encountered in a few
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wells; it was identified as the Moneasa Limestone of the
Finis Nappe (BERCZI-MAKK, 1998).

In a number of wells in the Békés Basin, Upper Jurassic
to Lower Cretaceous formations were found. The sever-
al hundred m thick series consists of grey and red clay-
ey marl, marl, calcareous marl and limestone layers with
sandstone intercalations in the upper part of the formation
(BERCZI-MAKK, 1986).

In the Papuk Mts, Jurassic formations (overlying the Upper
Triassic K&ssen Formation) are known only at the western
edge of the mountains, near Daruvar (élKlC et al., 1975). It
is a condensed succession (max. 100 m thick).

The Lower-Middle Liassic is represented by grey-pink-
ish, crinoidal limestones, sometimes with chert nodules.
The pelagic fossils (Bositra) appear in Upper Liassic micritic
limestones. The thickness of the Lower Jurassic is 25 m.
The Middle Jurassic — Oxfordian (40 m) is characterized by
grey, pinkish, brownish-red Bositra limestones. Red and
grey radiolarian chert beds are common. The Kimmerid-
gian — Middle Tithonian is represented by thick-bedded
grey limestone (10 m) with radiolarian chert beds, which
are overlain by Tithonian—Berriasian thin-bedded, micritic
cherty Calpionella-bearing limestones (20 m).

DACIA MEGAUNIT
Danubian-Vr$§ka Cuka-Stara Planina (Prebalkan) Unit

Southern Carpathians

The Danubian-Stara Planina-Vr$ka Cuka (-Prebalkan) Unit
in Romania corresponds to the Marginal Dacides in the
sense of SANDULESCU (1984). This unit, together with the
neighbouring Moesia, represents a segment of the Europe-
an-?Asian margin, located outside the ,external” Severin-
Ceahlau ocean basin, which separated them from the Get-
ic microcontinent. This unit can be subdivided north of the
Danube into a Lower (External), and an Upper (Internal)
group of Alpine nappes (STANOIU, 1973; BERzA, 1998; IAN-
CuU et al., 2005).

North to the Danube, the Jurassic — Lower Cretaceous
sedimentary series overlie Variscan crystallines, remnants
of a Variscan oceanic basement and Upper Paleozoic mo-
lasse deposits with sharp disconformity.

Lower Danubian Units (Text-Fig. 14, col. 58)

Two distinct Mesozoic sedimentary zones were former-
ly defined in the External Danubian realm, the Cerna and
Cosustea Zones (CODARCEA, 1940; NASTASEANU, 1979).
The Cerna Zone (= Mehedinti-Retezat Zone; STANOIU,
1973) is the equivalent of the Lower Danubian of BERzA et
al. (1983). Two Alpine tectonic units are recognized in the
Lower Danubian, i.e. the Lainici Unit, in the upper position,
and the Schela Unit, below (BERzA, 1998). The sedimen-
tary series of the Cosustea Zone is assigned to a distinct
tectonic unit, i.e. the Cosustea Nappe (STANOIU, 1996).

In the External Danubian realm, the Jurassic succes-
sions are incomplete and discontinuous. The Lower Ju-
rassic is represented by Gresten-type deposits in all ar-
eas (Text-Figs. 1, 2 and 14). In the Mehedinti Mts, the
50-350 m thick Balta de Arama Formation yielded a rich
flora (DRAGHICI et al., 1964; BADALUTA et al., 1988). In the
Schela Unit, the strongly deformed and metamorphosed
Lower Jurassic Schela Formation starts with very coarse-



grained metaconglomerates succeeded by quartzitic and
arkosic metasandstones, graphitic phyllites, in places with
chloritoid, and pyrophyllitic schists with anthracite lenses
(MANOLESCU, 1932; SEMAKA, 1965). The Middle Jurassic
marks the onset of the marine sedimentation. It is repre-
sented by fossiliferous limy sandstones and gritty lime-
stones, 20 m in thickness (STANOIU, 1973).

The calcareous sedimentation started in the Middle Callo-
vian and lasted for most of the Early Cretaceous and char-
acterized the Cerna Basin which covered the whole area
of the Lower Danubian (STANOIU, 2000). Subsequent to
the Middle Callovian transgression, uniform pelagic se-
quences were settled all over the Cerna Basin. By the end
of Kimmeridgian the paleogeographic pattern significantly
changed; a central deep-water basin bordered by two car-
bonate platforms developed. The central basin is typified
by a continuous succession:

(1) the Middle Callovian to Lower Kimmeridgian Cer-
na Varf Formation (150-200 m thick) that is made up of

stratified, blackish micritic limestones, with chert in the
lower part;

2) the Upper Kimmeridgian to Neocomian Ponicova
Formation (200-300 m thick) consisting of greyish lime-
stones with Saccocoma in the lower part and calpionellids
in the upper part.

The two marginal carbonate platforms are characterized
by a shallow-water carbonate facies in the Upper Kimmer-
idgian — Tithonian. Emersion at the Jurassic/Cretaceous
boundary led to subaerial alteration and accumulation of
ferrolithic deposits. In the Mehedinti Mts and SW the Val-
can Mts, the sedimentation resumed with the uppermost
Tithonian? — Lower Berriasian Sohodol Formation, a mixed
siliciclastic-carbonate sequence with alluvial terrigenous
deposits and lenticular intercalations of paludal or brack-
ish micritic limestones.

In the NE Godeanu Mts, the Lainici Unit includes the Low-
er-Middle Jurassic Albele Sandstone and the Upper Ju-
rassic — Lower Cretaceous Stanuleti Limestone (GHERASI
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et al., 1986), which corresponds to the deep-water basin
facies of the Cerna Basin (STANOIU, 2000).

The Cosustea Nappe is mainly occurring in the Mehedinti
Plateau, and includes also the Jurassic — Lower Creta-
ceous allochthonous occurrences from the Toplet-Cazane
Zone. The Jurassic to Lower Cretaceous has a continuous
basinal succession:

1) a 500 m thick Lower Jurassic Gresten-type sequence
consisting of siltstone, grey-blackish micaceous argillites
with spherosiderites and grey or blackish quartz-feldspar
sandstones;

2) a 30-50 m thick Middle Jurassic siltic-argillitic deep-wa-
ter sequence;

3) a 20-50 m thick Middle Callovian — Lower Oxfordian
deep-water sequence of argillites and grey siltstone grad-
ing to thin-bedded micritic limestones or marly limestones
to its top;

4) a 10-30 m thick Upper Oxfordian — Kimmeridgian se-
quence of cherty micritic limestones with clay intercala-
tions at the top;

5) a 20-50 m thick Upper Kimmeridgian — Upper Tithonian
— ?Neocomian pelagic limestone sequence (Pl. 11, Fig. 1).

Upper Danubian Units (Text-Fig. 14, col. 59)

The facies of the Jurassic to Lower Cretaceous sedimen-
tary series (RAILEANU, 1960; Rusu, 1970; PoPA et al., 1977;
NASTASEANU, 1979; AVRAM, 1984; STANOIU, 1997; POP,
1998; GRIGORE, 2000) demonstrate a complex paleogeog-
raphy of the Internal Danubian realm. The most part of the
Upper Danubian Units are exposed in the western part of
the Danubian tectonic window (IANCU et al., 2005). Three
major zones of Jurassic deposition existed in the western
Upper Danubian in the eastern Banat area, namely Sirinia,
Presacina and Fenes Zones.

In the Sirinia Zone the onlapping Gresten-type Hettan-
gian? to Lower Sinemurian deposits (50-450 m thick) start
with coarse conglomerates succeeded by sandstones and
shales with coal seams (SEMAKA, 1970). The marine depo-
sition started in the Late Sinemurian with two distinct fa-
cies:

1) the Cozla-Bigar sandy-marly facies, and

2) the Munteana sandy-calcareous facies.

The Cozla-Bigar facies succession includes: Upper Sine-
murian calcareous and marly sandstones; Pliensbachian
limy or quartzose sandstones, siltstones and marly shales;
Toarcian thick-bedded whitish quartzose sandstones,
around 100 m thick, with levels of black silty clays grad-
ing upwards to black fine-grained calcareous sandstones
with intercalations of argillaceous siltstones, 150 m thick;
Aalenian massive, coarse-grained sandstones, locally mi-
croconglomerates, grading upwards to limy sandstones,
200 m thick.

The Munteana facies (Pl. 11, Fig. 3) is a condensed cal-
careous-siliciclastic succession rich in ammonites (POPA et
al., 1977; POPA & PATRULIUS, 1996; CALLOMON & GRADINARU,
2005). The lower sequence (~60 m thick) consists of Upper
Sinemurian to Pliensbachian sandy bioclastic-Fe-oolitic
limestones sandstones and siltstones, silty crinoidal lime-
stones. The upper sequence (~20 m thick) is made up of
Toarcian to ?Aalenian bedded sandy limestones and marly
siltstones grading upwards to sandstones.
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In the Sirinia Zone the Bajocian is made up of carbonates,
5 to 20 m in thickness. The Bathonian — Lower Callovian is
represented by two facies:

1) the Bigar facies containing marls and nodular lime-
stones, 200 m thick;

2) extremely condensed (0.40 m thick) Fe-oolitic lime-
stones rich in ammonites (RAILEANU, 1960; PATRULIUS &
Pora, 1971; GALACZ, 1994).

From the Middle Callovian the pelagic carbonate sedi-
mentation became uniform in the Svinita (=Sirinia) Zone
(PI. 11, Fig. 3). The Middle to Upper Callovian red nodu-
lar limestones are followed by Oxfordian to Lower Kim-
meridgian radiolaritic marly limestones and calciturbi-
dites, with banded and nodular radiolarian cherts (25 m
thick; PI. 11, Fig. 2). The Upper Kimmeridgian to Middle
Tithonian is represented by reddish or grey-greenish clay-
ey nodular limestone with debris flow intercalations and
coarse-grained calciturbidites succeeded by thin-bedded
greenish pelagic limestones with rare intercalations of fine-
grained calciturbidites (Greben Formation; PI. 11, Fig. 5).
It is followed from the Upper Tithonian by Maiolica-type,
light grey, cherty Calpionella limestones (NASTASEANU,
1979; AVRAM, 1984).

The Jurassic succession in the Presacina Nappe corre-
sponds to the Presacina facies of NASTASEANU (1979) and
NASTASEANU et al. (1981). The Gresten-type Lower Jurassic
is represented by a fining-upward terrigenous sequence,
800 to 1100 m thick, starting with Hettangian-Sinemuri-
an conglomerates and sandstones, and continuing with
Pliensbachian-Toarcian grey-blackish sandstones grading
upwards to black clays. The siliciclastic sequence ends
with Aalenian thick-bedded sandstones (100 to 250 m
thick). The open-marine carbonate sedimentation started
in the Early Bajocian with deposition of calcareous sand-
stones (10 m thick). It was followed by a condensed se-
quence (1.5 m thick) of dark grey ammonite-rich, common-
ly oolitic limestones in the Late Bajocian — Early Bathonian
(NASTASEANU & BADALUTA, 1984). The remaining Middle Ju-
rassic succession (around 15 m thick) consists of cherty
limestones. The Upper Jurassic succession (less than 150
m thick) is pelagic, with bedded or massive, cherty radio-
larian limestones (Oxfordian — Lower Kimmeridgian), nodu-
lar Saccocoma limestones (Upper Kimmeridgian — Lower
Tithonian) and cherty Calpionella limestones and marl-
stones (Upper Tithonian — Berriasian).

The Jurassic succession of the Fenes facies as de-
scribed by NASTASEANU (1979) is made up of two dis-
tinct Jurassic successions which are allocated to dif-
ferent tectonic units (BERzA et al., 1994). The Arjana
Nappe includes exclusively a volcano-sedimentary se-
quence, 200 to 500 m thick, assigned to the Middle
and Upper Jurassic (up to Oxfordian). Pelagic carbon-
ate deposits are intercalated with alkaline bimodal vol-
canic rocks (GHERASI & HANN, 1990; RUSSO-SANDULESCU
et al.,, 1996).

East Serbian Carpatho-Balkanides

South to the Danube, Jurassic sediments of the Danubian-
Vréka Cuka-Stara Planina (-Prebalkan) Unit are present in
the Vrska Cuka-Miroé (Lower Danubian) and Stara Planina-
Pore¢ (Upper Danubian) Units (KARAMATA et al., 1997).



Vrska Cuka-Miro¢ Unit (Lower Danubian) (Text-Fig. 15, col. 62)

After the Late Carboniferous and Permian the area of this
unit was a dry land until the Early Jurassic. In the Hettan-
gian-Sinemurian shallow depressions were filled by basal
clastics and later by estuarine-lagoonal coal-bearing fa-
cies with sandstones, shales and semi-anthracite beds.
The Pliensbachian strata correspond to the shallow-water
Gresten facies of the Eastern Alps. In the Toarcian deep-
water black shales and carbonate layers are present. The
Lower Jurassic unit may reach 300 m in thickness.

The whole area was submerged during the Middle Jurassic.
Prevailingly up to 50 m thick neritic sediments (sandstones
passing upward into sandy carbonates) were deposited.

The Upper Jurassic sequence is 240 m thick in the north-
west but only 100 m in the southeast. It consists of the
shallow-marine Oxfordian and Kimmeridgian carbonate

rocks, followed by typical Tithonian reef and near-reef fa-
cies. In these regions the Callovian-Kimmeridgian is made
of hemipelagic nodular limestones with chert. They are
overlain by Tithonian to Berriasian deep-water limestones
(DIMITRIJEVIC, 1997).

Stara Planina-Pore¢ Unit (Upper Danubian) (Text-Fig. 15, col. 63)

After the deposition of continental clastic sediments from
Rhaetian to Lower Jurassic a new depositional cycle be-
gan with the deposition of terrigenous-carbonate succes-
sions in depressions. They are composed of marine con-
glomerates, sandstones, and shales including phosphorite
concretions, oolitic iron ores. These deposits are followed
by Pliensbachian formations after a short break. They have
a variable thickness from 10 to 250 m and are conformably
overlain by some 50 m of almost black Toarcian shales fol-
lowed by a hiatus.
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Lithofacies chart of the East Serbian Carpatho-Balkanides Unit (62—66). (DACIA Il).

Abbreviations:
Sr. Gora = Sredno Gora,
St. Planina = Stara Planina.
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The transgressive Middle Jurassic is composed of quartz
conglomerates and sandstones, later calcareous sand-
stones (20-250 m), which are followed by Bathonian sand-
stones and shales (15-20 m) and deeper marine Callovian
limestones and marlstones. This sequence is overlain by
grey and reddish Oxfordian and Kimmeridgian cherty lime-
stones, marly limestones and radiolarites (50 m thick at
the most). It is followed by Tithonian pelagic nodular lime-
stones with cherts (~250 m thick). Reef facies also occur in
the Tithonian, locally (DIMITRIEJVIC, 1997).

Civéin-Ceahlau-Severin-Krajina Unit

This unit, corresponding to the Outer Dacides (SANDULESCU,
1984), can be divided into the following segments: Eastern
Carpathians (Civéin-Ceahlau-Black Flysch Units), South-
ern Carpathians (Severin Unit), and East Serbian Car-
patho-Balkanides (Krajina Unit).

Eastern Carpathians
Civéin-Ceahldu-Black Flysch Unit (Text-Fig. 14, col. 61)

These units originate from a Jurassic to Cretaceous (para)
oceanic trench/trough, which was situated along the Eu-
ropean margin (Severin-Ceahlau Ocean) (SANDULESCU,
1980, 1994). They are built up of a basic magmatic base-
ment that is covered by pelagic and flysch sediments. The
greatest part of Jurassic formations can be found in the
innermost Black Flysch Nappe, while the main Ceahlau
Nappe is made up predominantly of Lower Cretaceous
flysch (SANDULESCU, 1984, 1990).

The mafic complex of the Black Flysch Nappe is older than
the sedimentary formations. The within-plate continental
mafic complex is made up of submarine basalt flows and
cineritic basic rocks (redeposited basalts, limestone brec-
cias, schalstein is known as well; PI. 10, Fig. 3), and are in-
truded by doleritic dykes and sills (RUSSO-SANDULESCU et
al., 1998). The oldest dated sedimentary rocks are pelagic
limestones with Saccocoma of Kimmeridgian or with calpionel-
lids of Tithonian age. Thus, a Middle Jurassic (or perhaps
Lower Jurassic) age of the lowermost part of the mafic com-
plex is assumed, while Tithonian age of its uppermost part is
proved. In the external scales, the mafic complex is covered
by Black Flysch (Tithonian—-Neocomian). It is preceded by
the Mihailec-Vartop Formation (basal Malm) that consists of
calcareous breccias and allodapic limestones.

The Sinaia beds are the most characteristic and widespread
formation of the Ceahlau Nappe (Pl. 11, Fig. 4). Its oldest
member, 100 to 200 m thick, has a preflysch character. It is
made up of grey-greenish marly shales, with scattered inter-
calations of micaceous sandstone and calcareous breccias
(Tithonian). Dismembered slices or lenses (boudins) up to a
km in size are squeezed into the lower and middle parts of
the Sinaia beds. In these boudins red and green cherts and
shales are genetically linked to pillowed basalts (Azuga beds,
Upper Jurassic, up to the Tithonian; STEFANESCU et al., 1979).

Southern Carpathians
Severin Unit (Text-Fig. 14, col. 60)

In the Southern Carpathians the Severin Nappe corre-
sponds to the Ceahlau Nappe in the Eastern Carpathians.
The Severin Nappe of CODARCEA (1940) is a tectonic mé-
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lange including Jurassic oceanic crust rocks and Tithonian
— Early Cretaceous turbidites (STANOIU, 1997).

The ophiolitic complex is made of peridotites (serpentinites),
gabbros, dolerites, basalts and tuffs (MARUNTIU, 1983; SAvu,
1985). It is overlain by red, green or grey shales, inter-
bedded with basic tuffites and basalts, red and green ra-
diolarites, cherty or marly limestone, and sandstones of
the Azuga beds (Upper Jurassic, up to the Tithonian). The
deposition of the thick Sinaia beds, with distal turbidites
and Calpionella-bearing limestones, began at the end of the
Jurassic (Late Tithonian) and continued in the Neocomian
(STANOIU, 1978).

East Serbian Carpatho-Balkanides
Krajina Unit (Text-Fig. 15, col. 64)

In the East Serbian Carpatho-Balkanides the Krajina Unit
(GRuBIC, 1983; DIMITRIJEVIC, 1997; KARAMATA et al., 1999;
KRAUTNER & KRSTIC, 2003) corresponds to the Severin Unit
of the Southern Carpathians in Romania.

The lowermost series is the pelagic “Azuga beds” that
is made up of grey and pink siltstones, dark shales and
sandstones with red cherts, basalts. They are overlain
by Upper Tithonian — Berriasian flysch-type sediments:
Sinaia Flysch (dark grey calcarenite, olistostrome brec-
cia conglomerate and mica breccia) and its lateral equiv-
alents, “quasi-Sinaia beds” which are more pelagic in
character.

The Kiloma tectonic window with Tithonian—-Neocomian
basic metavolcanics, black shales and quartzites of the Ki-
loma Metadiabase Formation belongs also to this unit and
may be equivalent to the Eastern Carpathian Black Flysch
Nappe.

Bucovinian-Getic-Kuéaj (-Sredno Gora) Unit

This unit, which corresponds to the Median Dacides of
SANDULESCU (1984), can be subdivided into the following
regions: Eastern Carpathians (Central Eastern Carpathi-
an Nappe System), Southern Carpathians (Getic Unit) and
East Serbian Carpatho-Balkanides (Kucaj Unit).

Eastern Carpathians

Bucovinian, Subbucovinian and Infrabucovinian Units

(Text-Fig. 16, col. 67—70)

The Bucovinian, Subbucovinian and Infrabucovinian Units
form a Mid-Cretaceous nappe stack, assigned to the
Central Eastern Carpathian Nappe System (SANDULESCU,
1984). After a Late Triassic continental period, in the Ear-
ly Jurassic condensed shelf sediments, punctuated by
erosional gaps, were formed. The Early and Middle Ju-
rassic sedimentation suggests a swell-type regime for
the entire area, while during the Late Jurassic it was
drowned and pelagic deposits and flysch sequences
began forming (MUTIHAC, 1968; PATRULIUS et al., 1968,
1972; GRASU, 1971; TURCULET, 1971, 2004; SANDULESCU,
1973, 1974, 1975a, 1976, 1984; Popr, 1987). The Juras-
sic successions are typified by frequent unconformities
that are overlain by transgressive sequences. The thick-
ness of the formations significantly decreases from the
internal Bucovinian zone to the most external Infrabuco-
vinian zone.

The Bucovinian Jurassic succession is the most repre-
sentative and complete, infilling two large synclines in



the Haghimas and Rarau Mts (Text-Fig. 16, col. 67). In the
Haghimas Syncline the succession starts with bauxites de-
posited on karstic surfaces of Middle Triassic carbonatic
rocks, locally. Red oolitic or encrinitic limestones and red-
dish platy limestones (5 to 10 m thick) occur in the basal part
of the marine sequence, which are assigned to the Sinem-
urian and Lower Pliensbachian (PATRULIUS, 1964; GRASU,
1971; SANDULESCU, 1975a; GRASU et al., 2010). These are
unconformably overlain by a Middle-Upper Pliensbachian
Gresten-type sequence starting with basal conglomerates
succeeded by dark-coloured sandy limestones, calcareous
sandstones and fine-grained clayey sandstones. The Toar-
cian—-Bathonian sequence, 20 to 270 m thick, is made up of
grey-bluish sandy limestones with spongiolithic cherts suc-
ceeded by micaceous, silty marls and fine-grained sand-
stones. Blackish micaceous sandy limestones and argil-
laceous-silty sequences with Bositra occur in the southern

regions (DINU, 1971; GRASU & TURCULET, 1978; GRASU et al.,
2010).

In the Rarau Syncline, Lower Jurassic deposits are absent
and the Middle Jurassic deposits are unconformably over-
lying the Middle Triassic carbonate rocks. They start with
a 40 m thick breccia sequence, followed by reddish sandy,
micritic or oolitic limestones (STANOIU, 1967b).

In the Subbucovinian Nappe and Infrabucovinian Units,
the Lower and Middle Jurassic deposits are poorly devel-
oped or absent (Text-Fig. 16, col. 69-70).

Ferruginous quartzitic conglomerates succeeded by a
sandy-argillaceous sequence, made up of blackish silty
clays and limonitized calcareous sandstones, of supposed
Lower Jurassic age, and Middle Jurassic blackish calcare-
ous sequences with Bositra occur in the Subbucovinic do-
main (Sandulescu, 1974).
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Lithofacies chart of the Bucovinian Unit (67—70) and Getic (s.l.) Unit (71-74) (in Romania). (DACIA Ill).

Abbreviations:

Infrabuc. = Infrabucovinian,
Bucov. = Bucovinian,

S. G. = Supragetic.

Subbuc. = Subbucovinian,
E-Carp. = Eastern Carpathians,
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Lower Jurassic Gresten-type deposits, represented by
metamorphosed black siltstones and argillites with thin-
bedded sandstones are known only in the most external
Infrabucovinian Units (i.e. in the Vaser Unit), while Mid-
dle Jurassic sandy limestones occur in the lacobeni Unit
(SANDULESCU, 1976).

During the Callovian and Oxfordian the whole Bucovin-
ian and Subbucovinian domains and partially the Infrabu-
covinian domain were affected by a major transgression.
Variegated radiolarites with intercalations of shales, silt-
stones, sometimes with tuffites and basic cinerites, are
well developed in the Bucovinian, and locally in the Sub-
bucovinian and Infrabucovinian series (STANOIU, 1967b;
TURCULET, 1978; DUMITRICA, 1995).

In the eastern zone of the Haghimas Syncline, the ?Callo-
vian-?Oxfordian is represented by the Antaluc Formation
(PATRULIUS et al., 1976). It is a dark-coloured, homogenous
silty-argillaceous sequence (max. 120 m thick) with fine-
grained micaceous sandstones, calcarenites and sideritic
marly limestone intercalations.

In the Persani Mts, the Bucovinian sedimentary series
has a thin Jurassic succession with frequent gaps (Text-
Fig. 16, col. 68). A lower sequence (~25 m thick) starts with
transgressive Upper Pliensbachian reddish-yellowish san-
dy oolitic limestones, upsection with Lower Toarcian grey-
blackish silty marls and marly limestones, and Upper Toar-
cian to Aalenian ferruginous oolitic and sandy ammonitic
limestones (PATRULIUS, 1996; POPA & PATRULIUS, 1996). The
Bathonian sequence (70 m thick) consists of whitish pseu-
do-oolitic or bioclastic limestones, and quartzose sand-
stones which unconformably overlay older formations. The
Callovian to Oxfordian sequence is composed of reddish
argillites and radiolarites, with grey sandstone, cherty lime-
stone interlayers and thin intercalations of bentonites, and
a Kimmeridgian-Tithonian Aptychus-bearing greenish marly-
sandy-limy sequence (8350 m thick) (TURCULET & GRASU,
1973; PATRULIUS et al., 1976).

During the Tithonian the sedimentation became more
diversified in the Bucovinian domain. Along its exter-
nal part a flysch trough developed, site of deposition
of the Tithonian-Berriasian Pojorata beds (200-300 m
thick) (SANDULEScU, 1973), whereas in the more external
Tarnita tectonic scale, the Tithonian?-Neocomian Clifele
beds are made up of polymictic sandstones and silty-
shaly sequences with polymictic breccias (SANDULESCU,
1981). The inner zone was the sedimentation area of the
Tithonian - Lower Valanginian Aptychus beds, 50-100
m thick, with a lower sandy-marly sequence succeeded
by a limy-marly sequence (TURCULET, 1971; SANDULESCU,
1973, 1976; Pop, 1987). In the external zones of the
Haghimas Syncline, the Tithonian—-Neocomian is repre-
sented by the Lunca Formation (700 m thick at the
most) that is composed of Aptychus marls with interca-
lations of sandstones, calcarenites and cherts (PATRU-
LIUS et al., 1969; GRASU, 1971; GRASU & TURCULET, 1973;
SANDULESCU, 1975a; GRASU et al., 2010).

In the Persani Mts, the Stejaru Flysch (Tithonian-Neoco-
mian) is made up of two members:

1) limy sandstones, marlstones and marls, with calpi-
onellids, and

2) a gritty-limy flysch above it
STEFANESCU, 1981).

(STEFANESCU &
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Contemporaneously, in the Subbucovinian Nappe poly-
mictic breccia with Calpionella limestones and marly se-
quences were formed, whereas in the Infrabucovinian
Units shallow-water Clypeina-bearing carbonates were de-
posited (SANDULESCU, 1973, 1976).

A Callovian-Oxfordian (160 Ma) nepheline-syenite intru-
sion (Ditrau) and dykes of Jurassic age are known in the
Bucovinian and Subbucovinian Nappes (KRAUTNER & BIN-
DEA, 1998).

Southern Carpathians
Getic-Supragetic Units (Text-Fig. 16, col. 71-74)

The Jurassic formations have the widest distribution in the
Getic Nappe while in the Supragetic Units there are only
scarce and very incomplete successions.

Although there are similar facies in various areas and time
intervals, the different zones show distinct sedimentary
features, which suggest complexity of the Jurassic paleo-
geography in the Getic Domain (CODARCEA & Pop, 1970;
PATRULIUS et al., 1972; DRAGASTAN, 2010).

In the Getic domain, after a Late Triassic uplift, the sedi-
mentation started in the early part of the Early Jurassic
with Gresten-type deposits overlain by hemipelagic Toar-
cian deposits. From the Late Callovian onward, troughs
formed which were characterized by a continuous sedi-
mentation leading to the deposition of thick successions
with hemipelagic to pelagic sediments. In contrast, thin
sequences with many gaps were formed on swells. In the
central and eastern areas of the Getic domain carbonate
platforms began to form in the latest Jurassic.

Complete successions occur in the western, Resita-
Anina region of the Getic domain (Text-Fig. 16, col. 72)
(RAILEANU et al., 1964; BADALUTA, 1976; NASTASEANU et al.,
1981; BUCUR, 1997). Coarse clastics occur at the base of
the Gresten-type sequence, they are followed by sand-
stones, siltstones and clays containing coal seams and
vegetal remains (Steierdorf Formation; Pl. 12, Fig. 2) of
Hettangian to Sinemurian age (SEMAKA, 1965; GIVULES-
CU, 1998; PorPA & VAN KONIJNENBURG-VAN CITTERT, 2006).
Pliensbachian black bituminous shales containing sphero-
siderites and coal lenses (~200 m thick) are overlain by a
Toarcian silty argillaceous ammonitic sequence (10 to 15 m
thick) (MUTIHAC, 1959). In the Middle Liassic, alkaline tra-
chyte and basalt volcanism took place. In the central area
there is a 90 m thick continuous succession from Aale-
nian to Lower Callovian, with hemipelagic Bositra spotty
marls and marly limestones. In the eastern marginal area,
a transgression took place during the Middle Jurassic that
resulted in the deposition of basal coarse-grained sand-
stones and later on, in the Bathonian to Early Callovian
sandstones and marly limestones (BOLDUR et al., 1964).

The Middle Callovian consists of sandy limestones with
cherts (15 to 20 m thick). In the eastern marginal area cri-
noidal limestones or glauconite-bearing sandy limestones
developed coevally (RAILEANU & NASTASEANU, 1965). They
grade upwards into Upper Callovian — Lower Oxfordian
medium-bedded, dark grey marls (80 to 100 m thick). The
occurrence of Kosmoceras in this formation demonstrates
close connection of this unit to the Boreal realm (PATRULIUS
& PoPA, 1971; BADALUTA, 1976).

The Upper Oxfordian to Lower Berriasian interval was
characterized by pelagic and allodapic limestones, band-



ed or nodular cherts (250 to 300 m thick; Upper Oxfordian
— Lower Kimmeridgian), Ammonitico Rosso-type Saccoco-
ma limestones (50 to 100 m thick; Upper Kimmeridgian -
Lower Tithonian), Maiolica-type limestones (100 to 200 m
thick; Upper Tithonian — Middle Berriasian).

In the Resita and Sasca-Gornjak Nappes the Bajocian? to
Callovian formations lie transgressively either on Permian
or Middle Triassic rocks with basal microconglomerates,
sandstones, bioclastic and cherty nodular limestones (Bu-
CUR et al., 1997). In the the western Supragetic domain,
i.e. in the Ezeris-Dognecea region, a carbonate platform
rimmed by oolithic shoals developed in the Middle Jurassic
(BUCUR, 1997). It is capped by Upper Tithonian-Barremian
platform carbonates (Por, 1976) (Text-Fig. 16, col. 71).

In the central part of the Getic domain, including Hateg,
Ruschita, Gura Vaii and Vanturarita regions (Text-Fig. 16,
col. 73) the Jurassic succession starts also with a Lower
Jurassic Gresten-type formation (100 to 125 m thick). It
grades upwards to a Middle Jurassic mixed siliciclastic-
carbonate sequence, around 100 m thick. The Oxfordian
— Lower Kimmeridgian is represented by marly and cherty-
calcareous successions which are overlain by Stramberg-
type massive reefal limestones (STILLA, 1985). In other ar-
eas the Jurassic transgression started in different times,
and in some places the pre-Jurassic basement is directly
covered by Stramberg-type limestones.

In the eastern part of the Getic domain (Text-Fig. 16, col.
74), the Jurassic is typified by various facies and com-
plex stratigraphic relationships (SANDULESCU, 1964, 1984;
PATRULIUS et al.,, 1968, 1976; PATRULIUS, 1969, 1976b;
SANDULESCU et al., 1986). In the Brasov Unit, i.e. in the
Cristian and Holbav regions, the Lower Jurassic is represent-
ed by Gresten-type deposits, reaching 250 m in thickness.
The coal-bearing succession with refractory clays oc-
curs in the Hettangian-Sinemurian interval (SEMAKA, 1965;
PHILIPPE et al., 2006) although in the Holbav region the coal
accumulation lasted till the Lower Toarcian (ANTONESCU,
1973). In the Cristian region the marine influences initiated
in the earliest Sinemurian, while in the Pliensbachian-Toar-
cian the marine sedimentation became general, leading to
the deposition of micaceous hemipelagic sandstones. Al-
kaline volcanic rocks (rhyolitic ignimbrites, basalts and tra-
chytes) are common (SANDULESCU et al., 1986).

The Middle Jurassic is transgressive and shows different
facies in the eastern Getic domain (PATRULIUS, 1969; LAZAR,
2006) (PI. 12, Figs. 1 and 3). In some parts of this domain,
i.e. in the Bucegi Mts, the Bajocian is typified by shallow-
water fossiliferous mixed siliciclastic-carbonate depos-
its, of variable thickness, from 3 to 55 m. They directly
overlay the crystalline basement. The Bathonian — Lower
Callovian interval is condensed, less than 1.5 m thick. It
consists of ammonitic limestones with ferruginous ooids
and nodules, capped by a polyphase hardground (PATRU-
LIUS, 1969; LAZAR, 2006). The following starved sedimenta-
tion and planktonic foraminifera demonstrate the onset of
marked deepening of the region starting with the Middle
Callovian (NEAGU, 1996). In other parts of the domain, i.e. in
the Bragov Mts, quartzose conglomerates and sandstones
transgressively onlap the Toarcian micaceous sandstones.
The Lower Bathonian silty clays and marls are followed by
Upper Bathonian — Lower Callovian marly-silty and limy
deposits with Bositra (more than 100 m thick). Locally, on el-
evated areas of the crystalline basement, a transgressive

carbonate sequence occurs. It starts with a basal brec-
cia and continues upwards with alternating Middle to Late
Callovian reddish micritic limestones and brown-yellowish
bioclastic-sandy limestones (SIMIONESCU, 1899).

A deep-water sedimentary sequence with cherty lime-
stones and variegated radiolarites (less than 1.5 m thick)
occasionally with basic volcaniclastics, characterizes the
Middle Callovian to Oxfordian interval (BECCARO & LAZAR,
2007). In some places the Callovian radiolarites are un-
conformably overlain by pelagic limestones and marls of
Late Oxfordian to Neocomian age (Pre-Leaota Group;
less than 100 m thick). Lower Kimmeridgian Ammonitico
Rosso-type limestones (less than 10 m thick) occur only
locally. The Late Kimmeridgian to Early Valanginian inter-
val is represented by a thick succession (up to 900 m) of
Stramberg-type limestones (PI. 12, Fig. 1).

In contrast to the eastern Getic Nappe where a mostly
complete Jurassic to Lower Cretaceous sequence is pres-
ent, the Jurassic to Lower Cretaceous deposits are al-
most absent in the eastern Supragetic Units, suggesting a
swell-type regime of the Supragetic domain (SANDULESCU,
1966). Locally the Middle Triassic rocks are unconform-
ably overlain by a thin sequence with Lower Jurassic coal-
bearing deposits and marine encrinitic limy sandstones
(GRADINARU, unpubl.).

East Serbian Carpatho-Balkanides
Kuéaj Unit (Getic) (Text-Fig. 15, col. 65)

In the Bajocian, basal clastics and oolitic limestones were
formed transgressively above a Middle Triassic to Carnian
basement. After that, in the largest, eastern part of the unit
the platform carbonates were developed up to the Ap-
tian. In the western regions of the unit Callovian-Tithonian
deep-water deposits occur.

Kraishte Unit
East Serbian Carpatho-Balkanides

The Kraishte Unit is located in the territory of Bulgaria; the
Luznica Unit of the East Serbian Carpatho-Balkanides is
considered as prolongation of the west Kraishte. It is char-
acterized mainly by thick flysch deposits in the Upper Ju-
rassic (Ruj flysch) and specific basement rocks (e.g. Dia-
base-Phyllitoid and other units).

Luznica Unit (West Kraishte) (Text-Fig. 15, col. 66)

The Lower Triassic deposits are covered by Lower Juras-
sic quartz conglomerates, micaceous sandstones (with
coal deposits) and shales. This sequence is conformably
overlain by Middle Jurassic coarse grained sandstones
and sandy limestones sporadically with oolitic iron ores
(20 m). Then 50-100 m thick Oxfordian—-Kimmeridgian
limestones follow with chert nodules, and subordinately
dolomitic limestones and dolomites.

The Ruj flysch principally characterizes the unit
(DIMITRIJEVIC, 1997). The sedimentation is initiated by
?Middle Jurassic pre-flysch followed by sandstones, olis-
tostromes and calcarenites. Reef limestones and cherty
limestones were formed during the Tithonian. Discontin-
uous bodies of black non-flysch shales and olistoliths of
Upper Jurassic limestones of various shape and size (up to
1000 m?) are also characteristic. The total thickness of the
formation is more than 1700 m in the proximal part.
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History of Evolution and Notes for
Paleogeographic Interpretation

In the Late Triassic to Early Jurassic spreading in the Neo-
tethys realm still continued. The closure of the western
Neotethys realm started in the late Early to Middle Juras-
sic (GAWLICK et al., 2008; compare SCHMID et al., 2008)
and it was usually completed by the Late Jurassic al-
though the latest oceanic basins still existed until the lat-
est Cretaceous - earliest Paleogene, locally (USTASZEWSKI
at al., 2009). However, in connection with the opening of
the central Atlantic Ocean a new oceanic branch started
to open through continental rifting from the Late Trias-
sic and progressed to ocean opening from the late Ear-
ly Jurassic onward (Piemont-Penninic Ocean respectively
“Alpine Atlantic” or “Alpine Tethys”; FRISCH, 1979; DER-
COURT et al., 1986, 2000; STAMPFLI et al., 1991; FRISCH et
al., 1998; PLASIENKA, 2002; STAMPFLI & BOREL, 2002; CSON-
TOS & VOROS, 2004; GOLONKA, 2004; GOLONKA & KROBICKI,
2004; HAAS & PERO, 2004; MISSONI & GAWLICK, 2010). This
resulted in the dismembering of some parts of the Eur-
asian Plate and the reorganisation of the plate fragments
between the Eurasian and Gondwana plates. So, coeval
development of the two ocean systems controlled basical-
ly the Jurassic evolution of the Circum-Pannonian region.

During Early to Middle Jurassic the ocean basin which
separated Eurasia (with attached units) and Gondwana
(Adria/Apulia) was still large, in spite of narrowing because
of the subduction that took place along an intraoceanic
subduction zone (e.g. NICOLAS & BOUDIER, 1999; DILEK &
FLOWER, 2003; KARAMATA, 2006; KOLLER at al., 2006). On
the margin of the Adria/Apulia, evolution of huge carbon-
ate platforms continued during the entire Jurassic (and
even during the Cretaceous) exporting a large amounts of
carbonate mud and grain to the newly formed trenches;
some of them became part of the Neotethyan accretionary
complex in the course of the subduction and ophiolite ob-
duction. This process was accompanied by intense gravity
mass movements that resulted in the formation of deep-
water chaotic deposits (GAWLICK et al., 1999; DIMITRIJEVIC
et al., 2003) in the trenches. In the Late Jurassic, closure
of this basin was mostly completed and it was followed by
strong erosion. The nappe stacks as well as the ophiolites
were covered by platform limestones during the Kimmer-
idgian to Berriasian.

Large parts of the huge Late Triassic carbonate platforms
developed all around the Neotethys margin drowned at the
Triassic/Jurassic boundary. In the early part of the Early Li-
assic the western Penninic-Piemont related part of Apulia/
Adria (the western part of the South Alps and the Transda-
nubian Range) was subject to intense rifting that resulted
in the formation of rift-related basins. Coevally large exten-
sional basins came into existence along the European mar-
gin (Helvetic, Pieniny, Mecsek, Getic-Kucaj Units) - site of
deposition of fluvial, deltaic, and paralic coal swamp fa-
cies (Gresten facies) in the Rhaetian to Early Sinemurian
interval. This process can be considered as an incipient
stage of evolution of the Piemont-Penninic Ocean. The
continental to shallow-marine siliciclastic sedimentation
was followed by deposition of bioturbated shale in an up-
ward deepening basin from the Late Sinemurian to the Ba-
thonian. Both the Tatric Unit of the Western Carpathians
and the Villany-Bihor Unit of the later Tisza Megaunit pre-
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served their swell position and large parts of these areas
were subaerially exposed for shorter or longer time.

The double effect of ongoing Neotethys rifting and incipi-
ent rifting (sinistral transtension) of the Piemont-Penninic
Ocean (FRISCH, 1979; RATSCHBACHER et al., 2004) resulted
in a step-by-step disruption and drowning of the still ex-
isting platforms between the two oceanic basins during
the Early Jurassic (PLASIENKA, 1998; GAWLICK et al., 1999;
HAAs, 2002). In the Pliensbachian/Toarcian most of the still
existing carbonate platforms were subject to drowning
in the studied region with exception of the huge Adriatic
Carbonate Platform that survived during the entire Juras-
sic and even during the Cretaceous (DRAGICEVIC & VELIC,
2002).

In connection with the opening of the Atlantic Ocean, the
spreading of the Piemont-Penninic Ocean led to the sep-
aration of the Austroalpine-Central Western Carpathian
and the Tisza Megaunits from other parts of the Europe-
an plate (FAUPL & WAGREICH, 2000; GOLONKA & KROBICKI,
2004; HaAs & PERO, 2004). However, according to the rele-
vant paleomagnetic data, prior to the Hauterivian the Tisza
Megaunit moved together with the European plate and its
real dismembering and remarkable rotation began only at
that time (MARTON, 2000).

The Penninic Ocean continued eastward in the supposed
“Vahicum” (Penninic-Vahic trough), although remnants
of the oceanic basement are missing (PLASIENKA, 1998,
2000). Further eastward in the Krichevo-Ceahlau-Severin
zone the rifting processes began in the Early Jurassic
along the European margin and led to the separation of a
continental sliver corresponding to the Bucovinian-Getic-
Kuéaj Unit of the Eastern and Southern Carpathians and
East Serbian Carpatho-Balkanides (SANDULESCU, 1984,
1988). It was accompanied with the formation of volcano-
sedimentary sequences and intrusions. The oceanic basin
reached its maximum extension at the end of the Middle
Jurassic coeval with the onset of the subduction. A signifi-
cant crustal shortening took place in the latest Tithonian to
earliest Cretaceous.

In the late Early Jurassic to Middle Jurassic, parallel to
the opening of the Piemont-Penninic Ocean, subduction
of the Neotethys initiated, which resulted in the formation
of accretionary wedges in the Middle to early Late Jurassic
(MELLO et al., 1998; HALAMIC et al., 2005; KARAMATA et al.,
2005; GAwLICK et al., 2008). More of less displaced rem-
nants of them are preserved in the Vardar Zone, Dinarid-
ic Ophiolite Belt, Mures Ophiolite Zone, Darn6-Szarvaskd
Units and Meliata-Hallstatt Zone.

During the late Middle to Late Jurassic period deep-sea
conditions prevailed over a predominant part of the AL-
CAPA, Tisza and Dacia Megaunits. However, at the begin-
ning of the Callovian a significant change took place in the
sedimentation pattern, the deposition of condensed pe-
lagic carbonates was usually followed by the deposition
of radiolarites.

At the same time gravity mass-flow deposition initiated
in the southern part of the NCA/Western Carpathians as
well as in the Dinarides/Albanides/Hellenides and some-
what later in the Oxfordian in the northern part, indi-
cating the closure of the Neotethys in this region. The
mass-flow deposits were covered by platform carbon-
ates (Plassen Carbonate Platform and equivalents) of



Kimmeridgian to Early Berriasian age (GAWLICK & SCH-
LAGINTWEIT, 2006). Similarly, in the Main Vardar Zone
the accretionary complex was transgressively overlain
by Tithonian reef limestones (KARAMATA et al., 2000) as
well as the Mirdita ophiolites as southward continua-
tion of the DOB (SCHLAGINTWEIT et al., 2008). The Pogari
series (North Bosnia) also contains blocks of Tithonian
platform carbonates. Extended Late Jurassic to earliest
Early Cretaceous carbonate platforms covered the is-
land volcanic arcs in the Mures Zone, feeding with de-
bris the oceanic basins where pelagic sediments (Apty-
chus beds) were deposited (SASARAN, 2006; SASARAN &
BUCUR, 2006).

In the pelagic basins the radiolarian rich deposits were
usually overlain by red and grey Saccocoma limestones
in the Kimmeridgian to Early Tithonian and Biancone-type

Calpionella limestones in the Late Tithonian to Early Cre-
taceous.

The Tatric and Fatro-Veporic Units of the Austroalpine-
Central Western Carpathian Megaunit (PLASIENKA, 1998)
as well as the Villany-Bihor Unit in the Tisza Megaunit and
also the Bucovinian-Getic-Ku€aj Unit (Median Dacides)
(SANDULESCU, 1984) that were located relatively far from
both the Penninic and the Neotethys realms still preserved
their relatively elevated (swell) position.

In the Getic and Lower Danubian Units in the Southern
Carpathians, the Oxfordian to Early Kimmeridgian pelag-
ic deposits were covered by Late Kimmeridgian to Titho-
nian Stramberg-type platform carbonates with reef de-
posits. Tithonian reef limestones were formed in the Stara
Planina-Pore¢ and Vréka Cuka-Miro¢ Units of the East
Serbian Carpatho-Balkanides.

Conclusions

During the Jurassic, as a consequence of the opening of
the Atlantic-related Piemont-Penninic Ocean near to the
western end of the still developing Neotethys, a peculiar
geodynamic situation came into existence in the Circum-
Pannonian region.

In the earliest Jurassic, the paleo-position of the structural
units did not change significantly compared to their Middle
to Late Triassic setting. The basic geodynamic changes
began in the late Early to Middle Jurassic when the open-
ing of the Piemont-Penninic(-Vahic), and Ceahlau-Severin
Oceans resulted in the dismembering of parts of the Eur-
asian plate margin leading to the formation of several con-
tinental plate fragments (Austroalpine-Central Western
Carpathian, Tisza, Bucovinian-Getic-Kucaj) which played
an important role in the subsequent history.

The next main evolutionary stage was the subduction
in the Neotethys realm during the latest Early Juras-
sic to early Late Jurassic period. Radiometric age data
for amphibolite facies metamorphic soles (for data see
in the description of the Dinaridic Ophiolite Belt and
Vardar Zone; KARAMATA, 2006) beneath large ultramafic
bodies constrain Jurassic oceanic thrusting. The middle
to early Late Jurassic obduction was directed onto the
Adriatic/Apulian margin (GAwWLICK et al., 2008; SCHMID et
al., 2008). It was post-dated by overlying latest Juras-
sic platform carbonates. These processes resulted in
the formation of ophiolite nappes and accretionary com-
plexes with a complicated internal structure and compli-
cated history of development. In the course of this pro-
cess (i.e. the “Eohellenic phase”; JAKOBSHAGEN, 1986) the
oceanic sediments were subject to strong deformation,
the attenuated continental crust crushed and nappe-
stacks were formed, accompanied by metamorphism of
the deepest nappe. Basins developed in connection with
the nappe stacking were filled up by reworked material
of the nappes.

The suture zone of the Neotethys can be continuously
followed in the Serbian-Bosnian sector of the Dinarides-

Vardar Zone, although it was subject to multistage nappe
stacking and multiple redeposition of the components of
the ophiolite mélange after the Jurassic.

In the Transylvanides, representing also a segment of the
Neotethys, remnants of the oceanic basin (island arc and
back-arc complexes and flysch) occur in nappes that were
emplaced onto the SE margin of the Tisza Megaunit (Meta-
liferi Mts, Southern Apuseni) in the Late Cretaceous. Dis-
placed remnants of the oceanic basement also appear in
the Eastern Carpathians, Dacia Megaunit in the Mid-Cre-
taceous obducted Transylvanian Nappe System, and in
smaller or larger blocks in the Lower Cretaceous Bucovin-
ian wildflysch.

The deformations and nappe stackings due to the
closure of the Neotethys (Jurassic to Cretaceous/Pa-
leogene) and the various Jurassic-Cretaceous ocean-
ic basins of the Penninic-Piemont-Ligurian realm (Late
Cretaceous to Neogene) and corresponding interactions
among the microcontinental blocks led to significant
displacements/rotations. However, real terrane disrup-
tion and large scale dispersion of the northwestern Neo-
tethys remnants took place mainly in the Tertiary with
a northeastward movement of the Gemer-Biikk-Zagorje
Unit between the Periadriatic and the Mid-Hungarian
lineaments, in the Mid-Hungarian shear zone (CSONTOS
& NAGYMAROSY, 1998). That is why displaced parts of
the Kalnik Unit, that is the northwesternmost remnant
of the Neotethys suture zone of the Adria-Dinaria Mega-
unit, can be found in the territory of NE Hungary (BUkk-
Darné area).

On two sides of the Mid-Hungarian shear zone (Gemer-
Blkk-Zagorje Unit) exotic terranes construct the basement
of the Pannonian Basin: the Transdanubian Range Unit
representing a dislocated fragment of the Adria and the
Tisza Megaunits which belonged to the European margin
until the Middle Jurassic. Differences in the paleogeograph-
ic setting of these units are reflected in their significantly dif-
ferent development in the Devonian to Jurassic interval.
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Fig. 1:  Massive serpentinite, Penninic, Rechnitz Unit, Bernstein tectonic window.
Bernstein N quarry, Rechnitz Mts (photo: Cs. Pérd).

Fig. 2: Folded Late Jurassic — Lower Cretaceous “Kalkglimmerschiefer” from the “Biindner Schist Series”, Penninic Units, Glockner
Nappe, Fuscher-Kar-Kopf, Glocknergruppe, Hohe Tauern Mts (photo: Cs. Péro).

Fig. 3: Bedded grey cherty limestones of the Early Jurassic Scheibelberg Formation (Allgdu Group) in the Wimbach valley south of the
village Berchtesgaden (Berchtesgaden Calcareous Alps) (photo: H.-J. Gawlick).

Fig. 4:  Sinemurian to Toarcian Adnet Formation from the type locality Adnet village (Adnet quarries).
The lower, bedded nodular limestones belong to the Lienbach Member overlain by the Scheck Member, which consist of Late
Pliensbachian to Early Toarcian mass flow deposits (Salzburg Calcareous Alps) (photo: H.-J. Gawlick).

Fig. 5:  Well-bedded Early Oxfordian red and grey radiolarite with intercalated mass flow deposits, which consist of reworked lagoonal
Dachstein Limestone and overlying sediments of the Tauglboden Formation.
Type locality Taugl Valley East of the village Kuchl (Salzburg Calcareous Alps) (photo: H.-J. Gawlick).
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Fig. 1:  Well-bedded Early Oxfordian reddish to black radiolarite on top of Callovian Klaus Formation.
Fludergraben valley north of the village Altaussee (Salzkammergut area) (photo: H.-J. Gawlick).

Fig. 2:  Type locality of the Late Tithonian Oberalm Formation with intercalated Barmstein Limestone (thick bed on top of the well-
bedded grey cherty limestones), which consists of reworked shallow-water reefal carbonates from the Plassen Carbonate
Platform. Adnet Riedel northwest of the village Adnet (Salzburg Calcareous Alps) (photo: H.-J. Gawlick).

Fig. 3:  Polymictic mass flow of the Callovian to Oxfordian Strubberg Formation with components of the Triassic Pétschen Formation.
Mount Rauhes Sommereck south of the village Scheffau (Salzburg Calcareous Alps) (photo: H.-J. Gawlick).

Fig. 4:  Type locality of the Kimmeridgian to Berriasian Plassen Formation.
Mount Plassen west of the village Hallstatt (Salzkammergut area) (photo: H.-J. Gawlick).

Fig. 5:  Neptunian dyke in the Dachstein Limestone filled by Lower Jurassic marine sediments and fragments of the host rock and
previous fissure fills.
Transdanubian Range Unit, Tata (photo: J. Haas).
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Fig. 1:

Fig. 2:

Fig. 3:
Fig. 4:

Fig. 5:

Triassic Dachstein Limestone is overlained by pinkish deeper water Lower Jurassic limestones.
There is a gap at the boundary; the Lower Hettangian is missing. Transdanubian Range Unit, Tata (photo: J. Haas).

Condensed but complete Jurassic succession from the topmost bed of the Dachstein Limestone to the Upper Jurassic deep
sea deposits.
Transdanubian Range Unit, Pisznice, Gerecse Mts (photo: J. Haas).

Radiolaritic chert beds, Bathonian-Callovian, Transdanubian Range Unit, Tata (photo: J. Haas).

Hardground in Kimmeridgian red nodular limestones, rich in ammonites.
The neptunian dykes are filled with Tithonian limestones.
Transdanubian Range Unit, Tata (photo: J. Haas).

Steeply dipping radiolarite and olistostrome beds with large “Biikkzsérc-type” limestone olistoliths, Ménosbél Unit, Tardos
quarry, Bikk Unit s.I., Ménosbél, Bukk Mts (photo: J. Haas).
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Fig. 1: A larger carbonate olistolith in an olistostrome (debrite) bed, Bikk Unit s.l., Ménosbél Unit, Bator, Bukk Mts (photo: J. Haas).

Fig. 2:  Olistostrome (debrite) containing mostly carbonate clasts. Bukk Unit s.l., Ménosbél Unit, Core Rm-118, Recsk, Matra Mts
(photo: J. Haas).

Fig. 3:  Oolite turbidite beds. Bajocian.
Bikk Unit s.l., Ménosbél Unit, Bikkzsérc, Bikk Mts (photo: J. Haas).

Fig. 4: Middle Jurassic pillow basalts in overturned position.
Bikk Unit s.I., Szarvaské Nappe, Szarvaské Gorge, Blukk Mts (photo: Cs. Péro).

Fig. 5:  Pillow basalts, Bukk Unit s.I., Darné Unit, Nagy-Rézoldal, Darné Hill, Recsk, Matra Mts (photo: J. Haas).
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Fig. 1:

Fig. 2:

Fig. 3:

Fig. 4:

Fig. 5:

Lower Liassic unstratified, varycolored micritic and skeletal limestones cut by neptunian dykes with Pliensbachian red crinoideal
and micritic pelagic limestone infillings.
South Alpine Unit, Lombardian Basin, Arzo, Switzerland (photo: J. Haas).

Red radiolaritic cherty limestone of Rosso ad Aptici Mb. (Upper Oxfordian — Middle Tithonian, and overlying white coccolith
limestones Maiolica Fm. (here Berriasian—-Barremian).
South Alpine Unit, Lombardian Basin, Breggia Gorge, Morbio Superiore, Switzerland (photo: J. Haas).

Lower Jurassic Lithiotis beds, and overlying thick, monotonous Middle Jurassic — Lower Cretaceous carbonate platform.
Central Bosnian Mt Unit, Mrtvica Canyon, Mrtvo Duboko locality, Maganik Mts (photo: Cs. Péro).

Upper Jurassic platform carbonates (East Bosnian — Durmitor Unit, Durmitor Subunit) overthrust on Maastrichtian limy Durmitor
Flysch Formation (Central Bosnian Mt Unit).

Bobotov Kuk peak over Samar Pass, Durmitor Mts (photo: Cs. Péro).

Serpentinites of Mirdita ophiolites, Mirdita/Dinaridic Ophiolite Belt.
Gomsiqués Gorge, W of Korthpulé locality, Dukadzin Mts (photo: Cs. Pérd).
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Fig. 1: Deformed Middle — Upper Jurassic red, green and black platy cherts and radiolarites intercalated with few thin carbonate tur-
bidite beds of shallow-water origin.
Dinaridic Ophiolite Belt, road Nova Varo$ - Bistrica, Zlatar Mt (photo: Cs. Pér¢).

Fig. 2:  Coarse limestone olistostrome block resedimented in red Jurassic radiolaritic shales.
Dinaridic Ophiolite Belt, Bela Reka, Ljubis, Zlatar Mt (photo: J. Haas).

Fig. 3:  Calciturbiditic lenses with coarse calcarenite and radiolarite detritus on the base of a channel in red Upper Doggerian — Malmi-
an radiolarites and shales.
Dinaridic Ophiolite Belt, Kri§ Gradac, Zlatar Mt (photo: J. Haas).

Fig. 4: Debrite on the base of an ooidic calcarenite bed with limestone, volcanite and bioclastic clasts.
Dinaridic Ophiolite Belt, Stremenica, Zlatar Mt (photo: J. Haas).
Fig. 5:  Zlatibor ultramafic massif of the Dinaridic Ophiolite Belt.
Lherzolites, road Vode - Vodice, Zlatibor Mt (photo: S. Kovacs).
Fig. 6:  Maljen ultramafic massif of the Vardar Zone Western Belt.
Serpentinized peridotites (left) over ophiolitic mélange (right) made of blocks of pillow lavas, cherts, rare limestones, etc. in
silty-shaly matrix.
Road Kaona - Mionica, over Div&ibare before Kraljevski Sto peak (photo: D. Milovanovic).
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Fig. 1:  Sheeted diabase dyke complex. Main Vardar Zone, Zdraljica locality, Kragujevac (photo: K. Sarid).

Fig. 2:  Basaltic pillow lavas in the olistostrome/mélange deposits of the Main Vardar Zone.
Road KurSumlija - Zu¢ (photo: K. Saric¢).
Fig. 3: Basaltic pillow lavas and dyke (in the left, with S. Karamata).
Sheeted dyke complex in olistostrome/mélange deposits of the Main Vardar Zone, NW from Kursumlija (photo: Cs. Pérd).
Fig. 4: Small nappe outlier of massive Stramberg-type limestone (Tithonian), with Ammonitico Rosso (Kimmeridgian) in the base
(covered), overthrust to the top of the Bucovinian Wildflysch (Barremian — Lower Albian).
Transylvanides, Haghimas Nappe, Mt. Piatra Singuratica, near Balan locality, Haghimas Mts (photo: Cs. Péro).
Fig. 5:  Olistostrome/mélange deposits overlain by Upper Jurassic carbonate platform.
Main Vardar Zone, Taorska klissura (Taor Gorge) near Vetersko locality (photo: Cs. Péro).
Fig. 6:  Burial stone from the Armenian Catholic churchyard in Gheorgheni.

Upper Oxfordian — Middle Kimmeridgian Ammonitico Rosso from the base of the Haghimas Nappe, Transylvanides, Haghimas
Mts (photo: Cs. Pérd).
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Fig. 1:
Fig. 2:

Fig. 3:

Fig. 4:

Fig. 5:

Outlier of massive Stramberg-like and Urgonian-like limestones.
Transylvanides, Haghimas Nappe, in the area of the Lacu Rosu (Red Lake), Haghimas Mts (photo: S. Baciu).

Tholeiitic pillow basalt, Middle Jurassic. Transylvanides, South Apuseni, Techereu-Drocea Nappe, Zam locality, Quarry,
Metaliferi Mts (photo: Cs. Pérd).

Slightly overthrust Kimmeridgian-Tithonian Stramberg-type massive limestones over Oxfordian?-Kimmeridgian-Tithonian
well-bedded turbiditic cherty limestones (in the middle) and Oxfordian island arc andesites (downside).
Transylvanides, South Apuseni, Bedeleu Nappe, Rameti locality, Trascaului Mts (photo: Cs. Pérd).

Channels (Upper Oxfordian?) filled with reef-detritus and volcanic gravels in the base of the Stramberg-type prograding reef
(Kimmeridgian — Lower Tithonian).

Transylvanides, South Apuseni, Bedeleu Nappe, E entrance of Turda Canyon near Turda locality, Trascaului Mts (photo:
Cs. Péro).

Folded Oxfordian?- Kimmeridgian-Tithonian well-bedded turbiditic cherty limestones.
Transylvanides, South Apuseni, Izvoarele Nappe, Rameti locality, E entrance of Rameti Canyon, Trascaului Mts (photo: Cs. Péro).
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Fig. 1:

Fig. 2:
Fig. 3:
Fig. 4:

Fig. 5:

Oxfordian calc-alkaline island arc andesites with prograding ?Upper Oxfordian — Kimmeridgian — Lower Tithonian Stramberg-
type massive reef limestones on the top.
Transylvanides, South Apuseni, Bedeleu Nappe, Piatra Secuiului over Rimetea locality, Trascaului Mts (photo: Cs. Pérd).

Cyclic alternation of white arcose and black coaly clay beds in Hettangian Gresten-type sequence.

Mecsek Unit, Vasas open pit coal mine, Pécs-Vasas, Mecsek Mts (photo: J. Haas).

Spotted marl (“Fleckenmergel”), Upper Toarcian — Middle Bajocian, Mecsek Unit, Obanya Valley, near Obanya locality, Mecsek
Mts (photo: Cs. Pérd).

Highly condensed Callovian ammonitic bed, Villany Unit.

Templom Hill, Villany locality, Villany Hills (photo: J. Haas).

Red sandstone with refractory clay bed in the Gresten-type sandstone (Hettangian).

Bihor Unit, Dumbrava Hill open pit mine, locality Suncuius, Padurea Craiului Mts (photo: Cs. Pérd).
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Fig. 1:  Coral reef in the Upper Jurassic Farcu Limestone bedrock in the open pit bauxite mine Rujetu Hill.
Bihor Unit, locality Zece Hotare, Padurea Craiului Mts (photo: Cs. Péro).
Fig. 2:  Neptunian dyke filled with red encrinitic limestones and marls (Aalenian) in the Dachstein reefal limestone.
North Apuseni, Codru Nappe System, Colesti Nappe, Colesti locality, Vascau Plateau, Codru-Moma Mts (photo: Cs. Pérd).
Fig. 3:  Coeval strained, redeposited limestone clasts in basaltic cinerites in the Upper Jurassic part of the within-plate mafic complex.
Outer Dacides, Obnuj Scale of the Black Flysch Nappe, Repedea Valley near Repedea locality, Mt Farcau, Maramures Mts
(photo: Cs. Péro).
Fig. 4:  Micritic Ammonitico Rosso-type sediments with encrinitic turbidites, with Gresten-type (celto-suab) brachiopod fauna.

Moneasa Limestone (Upper Sinemurian — Pliensbachian), North Apuseni, Codru Nappe System, Finis Nappe, Moneasa locality,
Codru Mts (photo: Cs. Pérd).
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Fig. 1:

Fig. 2:

Fig. 3:
Fig. 4:

Fig. 5:

Basinal limestones (Upper Kimmeridgian — Neocomian) topped by Urgonian-like limestones (Barremian-Aptian).
Lower Danubian Units, Cazanele Mari viewed from Ciucaru Mare Peak on Romanian side Danube Gorge (photo: C. Panaiotu).

Bedded radiolaritic cherts (Oxfordian-Kimmeridgian 1) in between “lower” (Callovian 2-3) and “upper” (Kimmeridgian 2 -
Tithonian 2) Ammonitico Rosso from Sirinia zone.
Upper Danubian Units, Munteana Hill, Danube Gorge, Almaj Mts (photo: Cs. Péro).

East vergent folded Jurassic sequence from Sirinia zone, Munteana facies (base: P3, top: Berriasian).

Upper Danubian Units, Munteana Hill, Danube Gorge, Almaj Mts (photo: Cs. Péro).

Strongly folded calcareous turbidites of the Sinaia Flysch Formation (Tithonian — Lower Barremian).

Outer Dacides, Ceahlau Nappe, Bicaz Valley at Bicaz-Chei locality, Ceahldu Mts (photo: Cs. Péro).

Slump in the Upper Kimmeridgian — Middle Tithonian Ammonitico Rosso/coarse-grained calciturbiditic limestones of Greben

Formation.
Upper Danubian Units, Pore¢ Unit, near Lepenski Vir locality, Danube Gorge (photo: Cs. Péro).
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Fig. 1:  Upper Jurassic — lowermost Cretaceous carbonate platform in the eastern region of the Getic domain.
Getic Nappe, Piatra Craiului Mts, western slope viewed from Papusa Mt (photo: A. Munteanu).

Fig. 2:  Open pit coal mine in the Gresten-type deposits (Hettangian-Sinemurian).
Getic Nappe, Resita-Moldova Noud zone, Doman locality, Anina Mts (photo: Cs. Pérd).

Fig. 3:  Well-bedded Middle Jurassic calcareous sandstones (encircled person as scale), followed by Upper Callovian — Oxfordian
radiolarites (covered), topped by massive Kimmeridgian limestones.
Getic Nappe, Strunga Pass, Bucegi Mts (photo: I. Lazar).
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