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Trias-Tektonostratigraphie im Circum-Pannonischen Raum

Zusammenfassung

Nach einer kontinentalen Riftingphase vom Mittel-Perm bis zum Beginn der Mittel-Trias entwickelte sich von der Mittel-Trias an der Neotethys-0zean und
es kam zur Ausbildung eines passiven Kontinentalrandes mit seiner typischen karbonatdominierten Entwicklung. Diese Entwicklung ist in allen unter-
schiedlichen tektonischen Einheiten im Circum-Pannonischen Raum relativ gleichartig ausgebildet mit geringen regionalen Unterschieden.

Ziel der vorliegenden Arbeit ist es, die Trias-Entwicklungen der verschiedenen Einheiten kurzgefasst darzustellen, ihre fazielle und lithostratigraphische
Entwicklung zu dokumentieren und die jeweils erhaltenen Faziespolaritdten fiir die Diskussion der urspriinglichen Trias-Paldogeographie heranzuziehen.
Neben einer textlichen Darstellung erfolgt eine bildliche Klarstellung in Form von vergleichenden stratigraphischen Entwicklungsschemen und photogra-
phischer Dokumentation.

Abstract

After a long lasting continental rifting stage from the Middle Permian to the early Middle Triassic, the opening of the Neotethys Ocean commenced during
the Middle Triassic in the Circum-Pannonian area. It was followed by spreading of the oceanic basement and typical passive margin evolution during the
Late Triassic. The aim of this paper is to summarize the basic characteristics of the Triassic successions of the tectonostratigraphic units, together with
interpretation of the paleoenvironments providing data for the facies polarity of the units and through this for the paleoreconstructions. The characterization
is supported by lithofacies columns of the units and photos on the typical facies. There is a short summary of the evolutionary history.

Introduction

The Variscan tectogenesis and orogenesis brought about
a pattern of Variscan tectonostratigraphic zones (NEUBAU-
ER & RAUMER, 1993; VAI, 1994, 1998, 2003; KOVACS, 1998;
and EBNER et al., 2008 for latest reviews) which basically
influenced the subsequent Neotethyan (“Early Alpine”) pa-
leogeography. The assembly of the Pangea superconti-
nent led to the closure of the western part of the Protote-
thyan domain. However, from the present Dinaridic domain
eastward a huge V-shaped embayment of the Panthalassa
Ocean - the “Paleotethys” — remained open (FLUGEL, 1990;
KARAMATA, 2006; STAMPFLI et al., 1998, 2001).

Following a major regression in the late Early Permian or
early Middle Permian time (VAI & VENTURINI, 1997), a new
significant transgression began in the Middle Permian
(FiLIPOVIC et al., 2003; ALJINOVIC et al., 2008) with coastal
plain, then sabkha stage, in the eastern part of the former
Variscan Carnic-Dinaridic domain. Further transgression
led to the development of a wide ramp of mixed siliciclas-
tic-carbonate sedimentation during the Early Triassic that
was followed by the prevalence of the carbonate deposi-
tion in the early Middle Triassic.

The northwestward propagating Neotethyan oceanic rift-
ing reached the Dinaridic-Carpathian-Alpine region in the
middle part of the Middle Triassic leading to the establish-
ment of a young, rifted ocean and its continental margins.
On the Adriatic margin the extensional tectonics resulted
in the formation of troughs and submarine highs and it was
accompanied by volcanism, locally. In the Late Triassic
coeval with the spreading of the ocean a thick carbonate
succession developed on the subsiding passive margins.

The aim of this paper is to summarize the major facies
characteristics of the Triassic formations, and interpret
the paleoenvironmental conditions in the Circum-Panno-
nian region. Where available, the most important biostrati-
graphic constraints are also given. Sets of colour strati-
graphic and facial charts and photos on the typical facies
are presented to assist the characterization of the units.
Demonstration of the facies polarity of the tectonostrati-
graphic units is also an important goal of this article be-
cause this is crucial for the reconstruction of the original
setting of the tectonostratigraphic units (terranes).

Triassic Stratigraphy and Evolution of Tectonostratigraphic Units

ALCAPA MEGAUNIT

Austroalpine — Western Carpathian Units
Eastern Alps (Austroalpine Unit)

The presented Triassic stratigraphic and facies descrip-
tions for the Eastern Alps resp. the Austroalpine Unit mir-
ror the facies belts from the proximal, Europe-near facies
zones to the distal shelf areas in respect to tectonic events
in Triassic and Jurassic times (TOLLMANN, 1976, 1985;
LEIN, 1987; GAWLICK et al., 1999a, b; KRYSTYN, 1999; Mis-
SONI & GAWLICK, 2011). They follow mostly in their nomen-
clature the official Stratigraphic Chart of Austria, which was
presented by PILLER et al. (2004) in a first version follow-
ing TOLLMANN (1985), but also with additional changes on
the basis of new results (e.g. MANDL, 2000; KRYSTYN, 2008;
KRYSTYN et al., 2007, 2009; MISSONI & GAWLICK, 2010, 2011).

Following a major post-Variscan regression and Permian
crustal extension (e.g. SCHUSTER & STUWE, 2008), sedi-
mentation started in Middle/Late Permian with coarse-
grained siliciclastics in the north (Alpine Verrucano; com-
pare TOLLMANN, 1976, 1985) and evaporites in the south
(Alpine Haselgebirge; TOLLMANN, 1976, 1985) due to ear-
ly Neotethyan crustal extension (SCHUSTER et al., 2001).
In the Early Triassic the siliciclastic sedimentation contin-
ued with the deposition of the Alpine Buntsandstein in the
north and with deposition of the marine Werfen Beds in
the south. Around the Early/Middle Triassic boundary car-
bonate production started forming carbonate ramps (top
Werfen Formation, Gutenstein and Steinalm Formations).
A first opening event (Annaberg Formation) with hemipe-
lagic influence is recognized by LEIN et al. (2010) below the
Steinalm Formation. Shallow-water carbonate sedimenta-
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tion with the overlying hemipelagic carbonates (GALLET et
al., 1998), which represent a partial drowning event due to
the final break-up of the Neotethys Ocean (LEIN & GAWLICK,
2008), dominated in the entire Eastern Alps in the Mid-
dle Triassic. In late Middle to early Late Triassic times the
Wetterstein Carbonate Platform was formed. This platform
was overlain by the siliciclastics of the Lunz and Northal-
pine Raibl Formations or by the Reingraben Formation
(Halobia Beds) in the Hallstatt realm (HORNUNG et al., 2007;
KRYSTYN, 2008). On top (Tuvalian) of this siliciclastic event
a new carbonate ramp was formed (Opponitz and Wax-
eneck Formations). During the Norian and Rhaetian opti-
mum climatic and geodynamic conditions produced the
classic Late Triassic Hauptdolomit/Dachstein Carbonate
Platform.

The present-day N-S alignment of the facies zones has
been caused by a complex rotation pattern of the Eastern
Alps since the Late Cretaceous (e.g. HAUBOLD et al., 1999;
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Text-Fig. 1.

A: Megaunits in the Circum-Pannonian region.

CSONTOS & VOROS, 2004; THONY et al., 2006; PUEYO et al.,
2007). The Triassic paleogeographic alignment may have
been NE-SW.

Northern Calcareous Alps

The Northern Calcareous Alps, part of the complicated
Austroalpine Unit, are an elongated fold-and-thrust belt
with complex internal structures (FRISCH et al., 1998). The
classic tectonic subdivision of the Northern Calcareous
Alps in a Lower Bavaric, an intermediate Tirolic, and an
Upper Juvavic Nappe Group resp. unit (PLOCHINGER, 1980;
TOLLMANN, 1985; GAWLICK, 2000a, b; MANDL, 2000; FRISCH
& GAWLICK, 2003; MISSONI & GAWLICK, 2010, 2011) was in
controversial dispute, and is in contradiction with mod-
ern stratigraphic, structural, metamorphic and geochro-
nological data (e.g. GAwLICK et al., 1994, 1999a; FRANK
& SCHLAGER, 2006; MISSONI & GAwLICK, 2011). FRISCH &
GAWLICK (2003) performed a palinspastic restoration for

B: Lower-rank tectonic units and most important nappe systems of the Circum-Pannonian region including the location of the lithofacies columns (in Text-

Figs. 3-15).
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the time before the Miocene lateral tectonic extrusion, re-
garding continuity of nappe structures, facies, and diage-
netic/metamorphic zones. This new nappe concept, intro-
duced in the central Northern Calcareous Alps, subdivided
this part into three subunits: Lower and Upper Bavaric
Nappe (= Bavaric Unit), Lower and Upper Tirolic Nappe,
separated by the Late Jurassic Trattberg thrust, and the
metamorphic Ultra-Tirolic Nappe (FRISCH & GAWLICK, 2003)
(= Tirolic Unit). The Hallstatt (Juvavic) Nappe(s) formed the
highest unit (GAWLICK et al., 1999b; KRYSTYN, 1999), which
was completely destroyed by erosion after nappe stacking
in Middle/early Late Jurassic times (GAWLICK et al., 2009a).
In the Northern Calcareous Alps only remnants of these
Hallstatt nappes exist. These remnants are represented by
components up to kilometre-size in Middle to Late Juras-
sic radiolaritic wildflysch sediments (“Hallstatt Mélange”
belonging to the Upper Tirolic Nappe). Destruction of the
continental margin started from the oceanic side in late
Early Jurassic times (GAWLICK & FRISCH, 2003; GAWLICK
et al., 2008; MissoNI & GAwLICK, 2010, 2011), and affect-
ed the Tirolic nappes in Middle to Late Jurassic times and
should have propagated towards the shelf (Bavaric Unit)
until Mid-Cretaceous times (FAUPL, 1997). Internal defor-
mation of central parts of the Northern Calcareous Alps
during the subsequent Cretaceous and Tertiary tectonic
phases was relatively minor.

According to the classical view (TOLLMANN, 1985), in Va-
langinian to Aptian times a pulse of thrusting and uplift of
the Northern Calcareous Alps should have been associat-
ed with siliciclastic flyschoid sedimentation (FAUPL & TOLL-
MANN, 1979) and probably remobilization of the Juvavic
nappes (GAWLICK et al., 1999a). New results show, that
the Early Cretaceous basins are foreland (Molasse) basins
(GAWLICK et al., 2008), which were simply filled up (MISSONI
& GAWLICK, 2011). Only minor tectonic movements in Early
Cretaceous (RoBfeld) times can be confirmed in the Tirolic
realm (MISSONI & GAwLICK, 2011). Early Cretaceous thrust-
ing movements affected mostly the Bavaric nappes by
forming new flyschoid basins (FAUPL, 1997; FAUPL & WAG-
REICH, 2000). In Late Cretaceous times the Gosauic sedi-
mentary cycle started (e.g. TOLLMANN, 1976; WAGREICH,
1995; FAUPL, 1997), partly with lateral movements of some
blocks and extensional tectonics. The Eocene final closure
of the Penninic realm resulted in northward thrusting of the
entire Northern Calcareous Alps, in reactivation of older
thrusts, and the formation of new nappes (e.g. Dachstein
and Berchtesgaden Nappes: FRISCH & GAWLICK, 2003; Mis-
SONI & GAWLICK, 2010, 2011). Continued N-S convergence
and E-W extension in the Late Tertiary caused the disinte-
gration of the Eastern Alps along strike-slip faults and mi-
nor extensional and compressional features (RATSCHBACH-
ER et al., 1991; LINZER et al., 1995; FRISCH et al., 1998).

Bavaric Unit

In the northern Bavaric Nappe Permian and Early Trias-
sic sediments are mostly missing due to younger tectonic
movements (TOLLMANN, 1985), except for the western part.
The thickness of the Middle and Late Triassic formations
can only be roughly estimated due to the polyphase tec-
tonic history, but it could be around 4-5 km (BRANDNER,
1984) (location on Text-Fig. 1; Text-Fig. 3, col. A3).

Carbonate production started around the Early/Middle
Triassic boundary with carbonate ramp sediments above
the Alpine Buntsandstein (STINGL, 1989) and the evaporit-
ic Reichenhall Formation. The Gutenstein Formation was
formed in a restricted, periodically hypersaline lagoon-
al area. The overlying Steinalm Formation formed under
more open marine conditions. Partly small buildups and
reefal structures were developed, mostly of calcareous al-
gae and microbial mats. The Gutenstein and Steinalm For-
mations are named as Virgloria Formation in the Bavaric
Unit of the western Northern Calcareous Alps (PILLER et
al., 2004). In late Anisian times a large part of this (Stein-
alm) carbonate ramp was drowned and widespread basin-
al carbonate sedimentation took place (grey, cherty lime-
stones of the Reifling Formation) (BECHSTADT & MOSTLER,
1974, 1976; KRYSTYN, 1991; KRYSTYN & LEIN, 1996). Ac-
cording to GAWLICK (2000a) and MISSONI & GAWLICK (2011)
in the Late Ladinian (Longobardian) the hemipelagic car-
bonatic basins were separated from the open shelf area
by the onset of the Wetterstein Carbonate Platforms in
the south (compare KRYSTYN & LEIN, 1996). The Reifling
sedimentation was interrupted by deposition of the fine-
grained siliciclastic Partnach Beds. During Early Carnian,
after a regressive/transgressive cycle, the Wetterstein
Carbonate Platform (Arlberg and Wetterstein Formations)
starts to prograde also above the northern Bavaric realm
(BRANDNER & RESCH, 1981; KRYSTYN & LEIN, 1996). South of
the rapidly southward (in direction to the Tirolic Unit) pro-
grading platform (the slope deposits are represented by
the Raming Formation; LEIN, 1989) a basinal area prevailed
in Early Carnian (“Cordevolian”) times. The youngest sedi-
ments in these basinal areas were the organic-rich grey,
cherty limestones of the Géstling Formation. In the Julian
the Lunz/Reingraben event (SCHLAGER & SCHOLLNBERGER,
1974; LEIN et al., 1997) drowned the Wetterstein Carbon-
ate Platform nearly in the whole area and siliciclastic sedi-
ments (Lunz and Northalpine Raibl Formations) were de-
posited (TOLLMANN, 1976, 1985; KRAINER, 1985a). These
siliciclastics filled the basinal areas between the Wetter-
stein Carbonate Platforms and created a uniform topogra-
phy at the end of the siliciclastic event. In the Late Carnian
the siliciclastic input decreased rapidly and a new carbon-
ate ramp was established (Opponitz-Waxeneck carbon-
ate ramp). The transition between the lower Late Carnian
“Northalpine Raibl Formation” and the more southernward
carbonatic sedimentation is gradual. Around the Carnian/
Norian boundary this carbonate ramp progressed into the
Late Triassic Hauptdolomit/Dachstein Carbonate Platform
(for details see GAwWLICK & BOHM, 2000), represented only
by the Hauptdolomit in the Bavaric Unit (PIl. 1, Fig. 1). It
was formed from the ?latest Carnian/earliest Norian to the
Middle/Late Norian. Intraplatform basin developed during
the Middle to Late Norian (Seefeld Formation) (DONOFRIO et
al., 2003; compare BECHTEL et al., 2007). In the late Norian
the opening of the restricted Hauptdolomit lagoon resulted
in the formation of the “Plattenkalk”. In the Early Rhaetian
the lagoon deepened and the siliciclastic input resulted in
mixed terrigenous-carbonatic sedimentation of the Koés-
sen Formation (stratigraphic details in GOLEBIOWSKI, 1990,
1991). The Kdssen Formation was partly overlain in the
Late Rhaetian by shallow-water, in some areas reefal car-
bonates (Oberrhat Limestone; FLUGEL, 1981). These shal-
low-water carbonates prograded in the Bavaric Unit from
north to south.
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Tirolic Unit

In the Tirolic Unit the stratigraphic and facies evolution re-
flect roughly the intermediate passive margin setting bet-
ween the Bavaric Unit and the Hallstatt Facies Belt (Text-
Fig. 3, col. A4-6). Permian and Early Triassic formations
are also mostly missing due to later tectonic movements
(TOLLMANN, 1985), especially in the Early Tirolic Nappe.
The thickness of the Middle and Upper Triassic formations
is similar to that in the Bavaric Unit.

Carbonate production began in the Late Olenekian,
slightly earlier as in the Bavaric Unit (MOSTLER & ROSS-
NER, 1984), followed by the evaporitic Reichenhall For-
mation in both Tirolic nappes around the Olenekian/An-
isian boundary. Increased carbonate productivity started
also around the Early/Middle Triassic boundary with car-
bonate ramp sediments (Gutenstein and Steinalm Forma-
tions) above the Alpine Buntsandstein/Werfen Formation
and the evaporitic Reichenhall Formation. The Gutenstein
Formation was partly formed in a restricted shallow-water
area. The Steinalm Formation represents carbonates of
more open marine conditions; partly forming small build-
ups and reefal structures, made up of calcareous al-
gae and microbial mats formed locally. In late Anisian
times a large part of this carbonate ramp drowned, and
widespread basinal carbonates (mostly dolomitized) were
formed (Reifling Formation) (e.g. MISSONI et al., 2001: Up-
per Tirolic Nappe). The siliciclastic influenced Partnach
Formation took partly place in the Lower Tirolic Nappe,
whereas in the Upper Tirolic Nappe the Wetterstein Car-
bonate Platform was formed since the Late Ladinian
(KRYSTYN & LEIN, 1996). Transitional to the hemipelagic ar-
eas the Raming and Grafensteig Formations (HOHENEGGER
& LEIN, 1977) were formed. This platform drowned in Ju-
lian times due to the Lunz/Reingraben event (SCHLAGER &
SCHOLLNBERGER, 1974) nearly in the whole area. Siliciclas-
tic (e.g. Raibl Formation, Reingraben Formation) and car-
bonatic sediments (Cidaris Limestone) were deposited.
Just like in the Bavaric Unit, these siliciclastics filled ba-
sinal areas between the Wetterstein Carbonate Platforms,
which led to a uniform levelled topography at the end of
the siliciclastic event. In the Late Carnian the siliciclastic
input decreased rapidly and a new carbonate ramp was
established. The partly evaporitic Opponitz Formation in
the Lower Tirolic Nappe passed gradually into the more
open marine Waxeneck Formation in the Upper/Ultra Ti-
rolic nappes. Around the Carnian/Norian boundary this
carbonate ramp progressed into the classical Late Trias-
sic Hauptdolomit/Dachstein Carbonate Platform (roughly
Hauptdolomit in the Lower Tirolic Nappe and lagoonal to
reefal Dachstein Limestone in the Upper Tirolic Nappe).
In the Tirolic Unit the Hauptdolomit and Dachstein Lime-
stone ranged from the earliest Norian to the Middle resp.
Late Norian, without recognised intraplatform basins in
the Middle resp. Late Norian (PI. 1, Fig. 2). In the latest
Norian the opening of the restricted Hauptdolomit lagoon
resulted in the formation of the Plattenkalk. In Early Rhae-
tian the lagoon deepened and the siliciclastic input led
to the deposition of mixed terrigenous-carbonatic sedi-
ments of the K&ssen Formation (PI. 1, Fig. 3), intercalated
by the Lithodendron reef limestone (GOLEBIOWSKI, 1990,
1991). The Kdssen Formation was partly overlain in the
Late Rhaetian by shallow-water, partly reefal carbonates
(Oberrhéat Limestone resp. Rhaetian Dachstein Limestone;
Pl. 1, Fig. 5). The Rhaetian Dachstein Carbonate Platform
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(FLUGEL, 1981; SCHAFER & SENOWBARI-DARYAN, 1981) pro-
graded from the area of the Upper Tirolic Nappe to the
north reaching area of the Lower Tirolic Nappe.

The southern part of the Upper Tirolic Nappe and parts of
the Ultra Tirolic Nappe represented the transitional area
from the lagoon to the open marine shelf (reef rim and
transitional zone to the Hallstatt Facies Zone). The Middle
Triassic sedimentary succession is similar to those of the
other parts of the Tirolic Unit. In the Early Ladinian the tran-
sition of the Reifling Formation to the Hallstatt Limestone
is partly preserved. The formation of the Wetterstein Car-
bonate Platform started in the Late Ladinian rapidly pro-
grading to the south (Raming Formation, LEIN, 1989). The
Lunz/Reingraben event affected these areas only peripher-
ally with thin, fine-grained siliciclastics (Reingraben Beds).
In some areas shallow-water organisms survived the event
as recorded in the Julian Leckkogel Formation (DuLLO &
LEIN, 1982). The Leckkogel Formation passed gradual-
ly into the Late Carnian Waxeneck Formation (KRYSTYN
et al., 1990) and later in the Norian to earliest Rhaetian
reefal Dachstein limestone (ZANKL, 1969; FLUGEL, 1981),
which drowned in the Early Rhaetian (KRYSTYN et al., 2009:
new introduced Donnerkogel Formation). In fact in this pa-
leogeographic area alternation of basinal sediments, fore
reef to back reef sediments, partly lagoonal sediments oc-
curred reflecting sea-level fluctuations and some ?exten-
sional tectonic movements (LEIN, 1985; GAwWLICK, 1998,
2000a; compare MISSONI et al., 2008). In the Late Norian
in some areas of this belt hemipelagic sequences were de-
posited in newly formed basins (Murztal facies, Aflenz fa-
cies: LEIN, 1982, 1985, 2000; TOLLMANN, 1985).

The Ultra Tirolic Nappe in the sense of FRISCH & GAw-
LICK (2003) represents metamorphosed Triassic to Jurassic
successions, including mostly the reef rim and the transi-
tional area to the Hallstatt Facies Belt. But in fact the Ul-
tra Tirolic Nappe is not a single and homogenous nappe, it
is built by many slices/nappes of different facies and age
range.

Hallstatt Facies Belt
(reworked Jurassic Hallstatt Mélange)

The eroded Juvavic nappe stack represented the Juras-
sic accretionary prism in the Northern Calcareous Alps
(FRISCH & GAwLICK, 2003). Remnants of this nappe com-
plex are only present in the Middle to Late Jurassic radio-
laritic trench-like (wildflysch) basin fills (GAWLICK & FRISCH,
2003) in front of the propagating thrust belt (Neotethyan
Belt according to MISSONI & GAWLICK, 2010). In those radi-
olaritic wildflysch basins all sedimentary rocks of the Me-
liata Facies Zone, the Hallstatt Facies Belt and the reefal
belt of the Triassic carbonate platform occur. Some blocks
show the effect of transported metamorphism (GAWLICK &
HOPFER, 1999; MISSONI & GAWLICK, 2010; compare FRANK
& SCHLAGER, 2006).

The Hallstatt Facies Belt (i.e. Hallstatt Zone) is subdivided
into three facies zones:

a) Zlambach/Poétschen Facies Zone (grey Hallstatt facies,
Zlambach/Poétschen facies with shallow-water allodapic
limestone intercalations)

b) Hallstatt Limestone Facies Zone (red or various colored
Hallstatt facies or Hallstatt Salzberg facies) (for newest
review see KRYSTYN, 2008) and



c) Meliata Facies Zone (LEIN, 1987; GAWLICK et al., 1999a),
including the Pdtschen Limestone sensu stricto (com-
pare MOSTLER, 1978).

Recently the depositional area of the Pétschen Limestones
without redeposited shallow-water carbonates (Pétschen
Formation sensu stricto) was interpreted as transitional fa-
cies from the Meliata facies belt (continental slope) to the
oceanic realm (MISSONI & GAwLICK, 2010, 2011; compare
GAWLICK et al., 2008).

Zlambach/Pdtschen Facies Zone

Early Triassic as well as Early and Middle Anisian sedi-
ments of this facies belt are not preserved in continuous
sections. Clasts of fine-grained siliciclastic sediments of
the Werfen Formation occur as components together with
components of the Gutenstein and Steinalm Formations
and the complete reconstructable hemipelagic Late An-
isian to Early Jurassic succession of this facies belt (GAw-
LICK, 1996). Late Anisian to Ladinian Reifling Limestone is
also proven in small clasts within upper Middle Jurassic
mass-flow deposits (GAWLICK, 1996, 2000b). The continu-
ously preserved sections start in the earliest Carnian (Text-
Fig. 3, col. A7) with well bedded, chert-rich limestones or
hemipelagic dolomites (GAwLICK, 1998). The Julian Halo-
bia Beds are partly preserved in some sections but they
do not form a definite horizon in this facies belt (MANDL,
1984). In Late Carnian to Middle Norian times mostly well-
bedded cherty hemipelagic limestone of the Pétschen For-
mation with allodapic limestone intercalations of shallow-
marine origin were deposited (LEIN, 1985; GAWLICK, 1998;
MissoNI & GAwLICK, 2011; PI. 1, Fig. 4) in more distal shelf
areas, probably transitional to the red or various coloured
Hallstatt Facies Zone (LEIN, 1981; LEIN & GAWLICK, 1999).
Hemipelagic dolomites (P6tschen Dolomite similar to the
Baca Dolomite of the Slovenian Trough and equivalents in
the Cukali area of Albania) and bedded cherty limestones
occur more proximally near the transitional area of the car-
bonate platforms and ramps. Here the sedimentological
features of the carbonatic basinal facies reflect the evo-
lution of the neighbouring carbonate platform (REIUMER &
EVERAAS, 1991). Due to sea-level fluctuations partly shal-
low-water carbonates were deposited as well (GAWLICK,
1998). In Late Sevatian to Early Rhaetian times due to ter-
rigenous input and synsedimentary tectonics (strike-slip
related movements according to MISSONI et al., 2008) the
sedimentary facies became complex, and different lithol-
ogies of the Pedata Formation were formed: e.g. Pedata
Plattenkalk, Pedata Dolomite, Pedata Limestone (MANDL,
1984; GAwLICK, 1998, 2000a). Also the basinal areas of
the Mirzalpen facies and Aflenz facies deepened during
this time interval (LOBITZER, 1974; LEIN, 1982). Since Mid-
dle Rhaetian times (KRYSTYN, 1987, 2008) the marly Zlam-
bach Formation was deposited (PI. 2, Fig. 1), which grad-
ually passed into the Early Jurassic Durrnberg Formation
(GAwLICK et al., 2001, 2009a). The youngest known sedi-
ments in the Hallstatt Facies Zone are thick cherty to marly
successions of the Toarcian to Aalenian Birkenfeld Forma-
tion (GAWLICK et al., 2009a; MISSONI & GAWLICK, 2011).

Hallstatt Limestone Facies Zone

As a distal continuation of the grey Hallstatt facies the red
or various coloured Hallstatt facies (LEIN, 1987; KRYSTYN,
2008) started with the drowning of the Steinalm carbonate

ramp in Anisian (late Pelsonian) times (Text-Fig. 3, col. A8).
The existence of the Early Triassic Werfen Beds is only
proven by clasts in the Late Triassic Hallstatt Limestone
(LEIN, 1981). The Steinalm Formation followed stratigraphi-
cally the Early Anisian Gutenstein Formation. Deposition of
hemipelagic sedimentary successions started in the late
Middle Anisian with the condensed red Schreyeralm Lime-
stone (e.g. KRYSTYN et al., 1971; TOLLMANN, 1985), that is
followed by the Grauvioletter-Graugelber Bankkalk (Ladin-
ian), the Hellkalk (Late Ladinian to Early Carnian), Halobia
Beds (Julian), the Roter Bankkalk (Tuvalian), the Massiger
Hellkalk (Lacian), the Hangendrotkalk (Alaunian to Sevat-
ian; (Pl. 2, Fig. 2), the Hangendgraukalk (Early Rhaetian)
(KRYSTYN, 1980, 2008) and the Zlambach Marls (Middle
to Late Rhaetian: KRYSTYN, 1987, 2008), which gradually
passed into the Early Jurassic Dirrnberg Formation and
later into the Birkenfeld Formation (see above).

Meliata Facies Zone

The Meliata Facies Zone (Text-Fig. 3, col. A9) represent-
ed the most distal part of the shelf area and the conti-
nental slope as well as the transition to the Neotethys
Ocean. Rare remnants of this facies belt are described
from the eastern (MANDL & ONDREJICKOVA, 1991, 1993; Ko-
ZUR & MOSTLER, 1992) and from the central Northern Cal-
careous Alps (GAWLICK, 1993). These remnants occur part-
ly as metamorphosed isolated slides (Florianikogel area) or
as breccia components. In a general stratigraphic, recon-
structed succession the Middle Triassic radiolarites and
partly cherty marls were followed by Early Carnian Halobia
Beds and Late Carnian to Early Rhaetian Hallstatt Lime-
stone (red and grey). Younger sediments are not proven
so far, but a similar sedimentary succession as in the Hall-
statt Limestone Facies Zone can be expected. The Me-
liata Facies Zone is thought to be the first facies belt with
continental crust, which is incorporated in the accretionary
prism formed during the closure of the western part of the
Neotethys Ocean in this area (late Early Jurassic as men-
tioned by GAwLICK & FRISCH, 2003; GAwWLICK et al., 2009a;
MissoNI & GAwLICK, 2010, 2011). Recently also sequences
of the Pdtschen Limestone sensu stricto are interpreted to
derive from the transitional area of the Meliata Facies Zone
to the Neotethys Ocean (MISSONI & GAwLICK, 2010, 2011;
compare GAWLICK et al., 2008).

Lower Austroalpine and Central Alpine Mesozoic

In the Triassic the Lower Austroalpine and Central Alpine
Mesozoic (Text-Fig. 3, col. A1) represented the most prox-
imal facies zone in the Eastern Alps, i.e. the transition to
the facies belts of the Germanic Triassic (TOLLMANN, 1977).
Therefore the facies evolution is rather similar to those
of the Lienz Dolomites and Gailtal Alps (see there). Due
to intense tectonic movements the occurrences show in-
complete sequences and metamorphic overprint (like the
Brenner Mesozoic; LEIN & GAWLICK, 2003 with references).
LEIN & GAWLICK (2003) presented data, which show clear-
ly, that all former reconstructions of the sedimentary suc-
cessions must be revised. The sedimentary succession in
these nearshore zones started in Early Triassic with si-
liciclasts (quartzites — Alpine Buntsandstein). It was fol-
lowed by carbonate deposition in a restricted lagoonal
area (Gutenstein Formation). The Steinalm Formation can
not be separated from the Gutenstein Formation in respect
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to similar depositional conditions. Upsection the clay-rich
and partly dolomitic Reifling Formation follows, overlain
by Partnach Beds and later by the Wetterstein Formation.
In the Middle Carnian, the Wetterstein Carbonate Plat-
form was drowned and overlain by the siliciclastics of the
Northalpine Raibl Formation. In the Late Carnian the silici-
clastic influence decreased and the ?Opponitz Formation
with some siliciclastic layers was formed. Partly the Op-
ponitz Formation is included in the Northalpine Raibl For-
mation. In the Late Triassic in the western Eastern Alps the
Hauptdolomit, overlain by the Késsen Formation and the
“Oberrhat Limestone”, is dominant, whereas in the eastern
Eastern Alps the Carpathian Keuper facies occurs (as in
the Semmering Triassic; see LEIN, 2001 for latest review).

Drau Range

The Drau Range consists of four different tectonic units
originating from a facies belt, which is comparable to the
western Northern Calcareous Alps to proximal shelf ar-
eas of western Lombardy (BECHSTADT, 1978; LEIN et al.,
1997). The sedimentary sequence of the Lienz Dolomites
(Text-Fig. 3, col. A2) can be correlated with those of west-
ern Lombardy, that of the Gailtal Alps with the transition-
al area between western Lombardy and Vorarlberg p.p.,
meaning the Lower Bavaric Nappe, whereas the North-
ern Karavanks can be correlated with the Upper Bavaric
Nappe of the western Northern Calcareous Alps (Lechtal
Nappe). The Dobratsch Unit can be correlated with the
(Lower) Tirolic Inntal Nappe of the western Northern Cal-
careous Alps (for details of these correlations, LEIN et al.,
1997). The sedimentary sequence of the Dobratsch Unit is
described by COLINS & NACHTMANN (1974).

The units of the Drau Range form together with other dis-
membered units in the south (e.g. Steiner/Kamnik Alps,
Koschuta and Hahnkogel Units with exotic basinal sedi-
ments: KRYSTYN et al., 1994; in total “Juvavicum p.p.”,
GAwLIcK et al., 1999b) a mega shear-zone formed as a
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result of polyphase lateral movements along the Periadri-
atic Lineament and its precursor (LEIN et al., 1997; GAWLICK
et al., 2006). This “Juvavicum p.p.” should belong accord-
ing to the most recent tectonic divisions to the Southern
Alps (i.e. Adria-Dinaria Megaunit), but shows facies evolu-
tion transitional to the Eastern Alps.

Lienz Dolomites and Gailtal Alps

In the Lienz Dolomites and Gailtal Alps (Text-Fig. 3, col.
A2-3) carbonate sediments following the Alpine Bunt-
sandstein (KRAINER, 1985b). The evaporitic Reichenhall
Formation started to form around the Early/Middle Trias-
sic boundary with the Virgloria and Alplspitz Formations
(BRANDNER, 1972; PILLER et al., 2004) equivalent to the
Gutenstein and Steinalm Formations, respectively. These
sediments were deposited in a restricted, periodically hy-
persaline shallow-water area. The following organic-rich
and partly hemipelagic Fellbach Formation (Late Anisian
to Late Ladinian: Lienz Dolomites, Late Anisian to Early
Carnian: Gailtal Alps) is a time equivalent of the Reifling
Formation and the Partnach Formation. In the Late Ladin-
ian (Longobardian) this area was separated from the open
shelf area by the onset of the Wetterstein Carbonate Plat-
form to the south, and sediments of a partly restricted
shallow-marine facies were deposited (Abfaltersbach and
Arlberg Formations), in part with evaporites (Abfaltersbach
Formation). These formations represent the restricted la-
goonal areas of the Wetterstein Carbonate Platform (ZEEH
et al., 1988).

In the Julian the Lunz/Raibl event drowned the Wetterstein
Carbonate Platform in the whole area and the siliciclastic
Northalpine Raibl Formation was deposited (e.g. CERNY,
1982). In the Late Carnian the siliciclastic input decreased
rapidly and a new carbonate ramp was established. The
Opponitz Formation is replaced by the (partly evaporitic)
Raibl Formation representing a proximal carbonate ramp.
Around the Carnian/Norian boundary this carbonate ramp
passed gradually into the Hauptdolomit. In the Lienz Do-
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lomites and Gailtal Alps the Hauptdolomit ranges from the
?latest Carnian/earliest Norian to the Middle to Late Nori-
an (TICHY, 1975), with intraplatform basins in the Middle to
Late Norian (Seefeld Formation) (CzURDA, 1973). In the lat-
est Norian an opening of the restricted Hauptdolomit re-
sulted in the formation of the Plattenkalk. In the Early Rha-
etian the lagoon deepened, and the siliciclastic input led
to mixed terrigenous-carbonatic sedimentation of the Kos-
sen Formation. In the Late Rhaetian the K&ssen Formation
was partly overlain by shallow-water carbonates (Oberrhat

Limestone).
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shallow-water carbonate ramp in the Northern Karavanks
took place in the Late Anisian. The following Reifling For-
mation (Late Anisian to Late Ladinian) and Partnach Forma-
tion (Late Ladinian to Early Carnian) (LEIN et al., 1997) were
in parts overlain by shallow-water carbonates of the Wet-
terstein Carbonate Platform in the Early Carnian (Ladinian:
STRUCL, 1971: BOLE, 2002; ?Late Ladinian to Early Carnian:
CERNY, 1989; compare LEIN et al., 1997) partly with Pb-Zn ore
deposits (e.g. Bleiberg ore deposit: CERNY, 1989; SCHROLL et
al., 2006), that evolves in this area in a classical shallowing
upward manner: the basinal Partnach Formation was over-
lain by allodapic limestones, equivalent to the Raming For-
mation, followed by reefal limestones and later by the la-
goonal carbonates of the Wetterstein Carbonate Platform
(LEIN et al., 1997). In the Julian the Lunz/Raibl event drowned
the Wetterstein Carbonate Platform in the whole area. The
siliciclastic Northalpine Raibl Formation (e.g. STRuCL, 1971;
JURKOVSEK, 1978; JELEN & KUSEJ, 1982; KAIM et al., 2006;
KOLAR-JURKOVSEK & JURKOVSEK 1997, 2010) was partly
formed under freshwater conditions. In the Late Carnian the
siliciclastic input decreased rapidly, and a new carbonate
ramp was established. The Opponitz Formation is replaced
by the (partly evaporitic) Northalpine Raibl Formation rep-
resenting a proximal carbonate ramp (HAGEMEISTER, 1988).
Around the Carnian/Norian boundary this carbonate ramp
progressed gradually into the Hauptdolomit. In the Northern
Karavanks the Hauptdolomit ranges from the earliest Norian
to the Middle to Late Norian. In the latest Norian an open-
ing of the restricted Hauptdolomit resulted in the formation
of the Plattenkalk. In Early Rhaetian the lagoon deepened,
and the siliciclastic input led to mixed terrigenous-carbon-
atic sedimentation of the Kdssen Formation. The Oberrhat
Limestoneis very rare in the Northern Karavanks.

Central Western Carpathian (Tatro-Veporic) Unit

The Triassic stratigraphic and facial patterns of the Central
Western Carpathians are very similar to that of the East-
ern Alps. It is, in fact, the eastern (NE) continuation of the
same facial zones from Europe-near facies zones to the
distal shelf. Only names and the definitions of the indi-
vidual zones or units — (Tatric, Veporic-Fatric, Hronic and
Silicic Units) are different. The position of the Zemplinic
Unit is ambiguous, and the Pieniny Klippen Belt has spe-
cial setting in between the Central and Outer Western Car-
pathians.

Moreover, there exist in the Central Western Carpathians
(in comparison to the Eastern Alps) some “special” facies
— for example variegated Carpathian Keuper in the Norian
of the Tatric, Fatric and Veporic zones.

Integration of the Pieniny Klippen Belt into the Central West-
ern Carpathians is questionable. Pieninian sedimentary
zones opened only in the Jurassic time. Triassic rocks in the
Pieniny Klippen Belt are known mainly in a form of small de-
tritus, pebbles or blocks in younger sediments. These were
derived often from “exotic” sources. Triassic (mainly Upper
Triassic) formations are present to a larger extent only in the
Drietoma (Klape), Manin and Haligovce sequences, which
are included in the Pieniny Klippen Belt, but they are con-
sidered as being of Central Carpathian origin.

Pieniny Klippen Belt

The Pieniny Klippen Belt is the most complicated unit of
the Western Carpathians (ANDRUSOV, 1959, 1968, 1974;
BIRKENMAJER, 1986; PLASIENKA et al., 1997a; GOLONKA,
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2007; GOLONKA et al., 2008; GOLONKA & PICHA, 2008). It did
not yet exist in the Triassic time. Klippen in which Triassic
rocks are present originated in the Central Western Car-
pathians and became part of the Pieniny Klippen Belt tec-
tonically only later.

Anisian-Ladinian ramp carbonates are present only in a
limited area of the Haligovce outliers. The Norian is rep-
resented by the Carpathian Keuper Formation with char-
acteristic lagoonal sedimentation only in the Drietoma
sequence. The Rhaetian is represented by black organo-
detritic and coral limestone and shales (location on Text-
Fig. 1; Text-Fig. 2; Text-Fig. 4, col. 1). Triassic formations
are not known in other klippen sequences.

Tatric Unit

The Tatric Unit, which is the deepest tectonic unit of the
Central Western Carpathians, is composed of a crystalline
core and its sedimentary cover, consisting of Upper Paleo-
zoic and mainly Mesozoic sequences.

The Tatric depositional area probably lied in the continua-
tion of the Lower Austroalpine domains.

Lower Triassic sediments in the Tatric Unit are the most
completely developed in the area of the “core mountains”
of the Western Carpathians. Lower Triassic siliciclastic
sediments lay discordantly on crystalline rocks. They are
represented by the Luzna Formation, consisting of var-
iegated siliciclastic rocks: conglomerates, silicified sand-
stones, quartzites and shales with a thickness up to 100
m. Early Triassic sedimentation was typified by fluvial sedi-
ments, which were gradually changed to coastal and shal-
low-marine deposition.

At the beginning of the Anisian restricted carbonate ramp
sedimentation began, that was extended almost over
the whole Tatric area and characterized by grey to black
Gutenstein Limestone of various types. Deposition of ramp
carbonates continued in the Ladinian, represented by the
Ramsau Dolomite. In the upper part of this cycle, in a lim-
ited area (Velka Fatra Mts) slates alternating with dolo-
mites (DoSnianske Formation; PLANDEROVA & POLAK, 1976)
were formed, continuing in the Carnian. This interval corre-
sponds probably to the Lunz Formation, which is not pres-
ent in most part of the Tatric area.

The Norian in the Tatric Unit is represented by the “Car-
pathian Keuper” Formation (Text-Fig. 4, col. 2), which con-
sists of siliciclastic sediments, composed of basal con-
glomerates, coarse-grained quartzites and variegated
shales in the upper part. Thin layers of dolomites occur
only rarely.

The uppermost Rhaetian is missing in the Siprun trough,
there is a stratigraphic hiatus. On the contrary, on the
North-Tatric ridge in the Tatra Mts remnants of continen-
tal sedimentation (Tomanova Formation) are present (Mi-
CHALIK et al., 1976). Rhaetian in Tribe¢ Mts and Strazovska
hornatina Mts is developed only rudimentary as crinoidal
and bioclastic coquina limestone.

Fatro-Veporic Unit

This unit includes elements of a crystalline complex, as
well its Upper Paleozoic and Mesozoic cover. Two Mesozo-
ic units are present in the Northern Veporic Unit: the Velky
Bok sequence (metamorphosed) and the Krizna Nappe.
ANDRUSOV et al. (1973) described the Fatric tectonic unit



(Text-Fig. 4, col. 3), which includes a group of the Sub-
Tatric nappes: Krizna, Beliansky and Vysocky Nappes. The
Mesozoic of the Southern Veporic Unit is represented by
the metamorphosed Féderata Series.

The Lower Triassic formations of the Northern Veporic
Unit (Text-Fig. 4, col. 3 and 5) directly overlie the Permian
siliciclastics. Their character is almost identical to that of
the Tatric Unit. They consist of light silicified sandstones
and arkoses. Variegated shales prevail in the upper part.
The maximum thickness reaches approx. 80 m.

At the beginning of the Anisian, the peritidal platform sedi-
mentation of the Gutenstein Limestone started, accom-
panied by bioturbated limestone (“calcaire vermiculaire”).
It continued during the whole Anisian. In the Early Ladin-
ian the formation of Ramsau Dolomite began, often of the
stromatolitic type, relatively rich in Dasycladacea, which
progresses to a well-ventilated shallow platform facies. In
the Longobardian the Podhradcké Limestone occurs spo-
radically, consisiting of dark-grey to black bioclastic lime-
stone with detritus of crinoids, bivalves and remnants of
conodonts. Most part of the sedimentary sequence was
subject to slight metamorphosis in the Northern Veporic.

Siliciclastic Lunz Beds deposited in the Carnian, which are
only rudimentary in the Veporic Unit. Their maximum thick-
ness reaches up to 20 m. The Upper Carnian is represent-
ed by Main Dolomite (Hauptdolomit), which deposited un-
der semiaridic conditions.

The Norian is characterized by the Carpathian Keuper For-
mation, composed mainly of variegated red, green clay-
stones, shales alternating with platy, grey-yellow dolo-
mites (PI. 2, Fig. 3). Psammitic and pelitic layers are more
common in the lower part of the formation. Thin intercala-
tions of evaporites occur as well. Maximum thickness of
the formation does not exceed 100 meters. The Carpathi-
an Keuper Formation developed in lagoonal, significantly
aridic environment.

The Rhaetian is characterized mainly by the Késsen Beds,
consisting of black, bituminous marly shales, oolitic, cri-
noidal, mainly bioclastic limestones with shells of bivalves,
brachiopods and corals.

The Triassic of the Southern Veporic Unit (Text-Fig. 4, col.
6) is represented by the low-grade metamorphosed Fode-
rata Group (ROzLOZSNIK, 1935; PLASIENKA, 1993; MELLO et
al., 2000a, b). Lower and Middle Triassic formations are
similar to those of the North Veporic Velky Bok sequence:
light and greenish quartzites, at the base sporadically with
conglomerates, higher up sericitic shales with beds of
platy quartzites or greywackes dominate.

The Middle Triassic carbonate sequence begins usually
with rauhwackes and dolomites, followed by dark platy
limestones of Gutenstein type, with dark calcareous shales
(Anisian). They are gradually replaced upward by light lime-
stones (Anisian-Ladinian).

UNITS | ALCAPA Megaunit II.
(REGION) PIENINY CENTRAL WESTERN CARPATHIANS
KL. BELT (TATRO -VEPORIC UNIT)
1 [ 2 3 4 5 3 | 7 | [
AGE KLIPPEN BELT | TATRIC [ FATRIC ZEMPLINIC ooy | M l HRONIC
199,6+ I
RHAETIAN 40 1 I
I 5 1 | | [ ——
Savitian - 205 I | T | |
[ [
i ] [ T[T T
NORIAN  Alaunian|12,9F 210 7 [ I
12 I
= [ [
o N T T[T 1
(wl Lacian - 215 4 I T
= [
Tuvalian I |
L 220 [ T 1
CARNIAN Julian{ 19 5} : O RO
s
- 225 1 &
Cordevolian - I
i} 1 P22
Longobardian v ] | 4
A L 230 /I
w | LADINIAN 9,0 | %
= 235 L4
()} Fassanian L 1 ke s |~
o I [ 4 7|
= Iliyrian 3 1 T fl' l T
= - 240 /
ANISIAN F 1 = Z | £
Pelsonian 1z >
Bithynian — o
Aegean

L 245

OLENEKIAN 47
INDUAN 1 1.3

251

000-0 L - LK ]

Text-Fig. 4.

"VELKY BOK **FODERATA
SERIES SERIES

Lithofacies chart of the Pieniny Klippen Belt (1) and Central Western Carpathians (Tatro-Veporic Unit) (2—8). (ALCAPA II).

209



Deepening of the sedimentation area in the (Ladinian?) —
Carnian interval is documented by a sequence of dark to
black shaly limestones, cherty limestones and dark marly
shales with intercalations of sandstones and layers of dark
limestones. From this sequence STRAKA (1981) determined
Lower-Middle Carnian conodonts (Gondolella polygnathi-
formis, Gladigondolella tethydis, etc.).

The Uppermost part of the Féderata Group (Upper Carnian
— Norian) consists of light massive dolomites (“Hauptdolo-
mit”), in up to 100 m thickness.

The Foderata Group facially reminds basinal sequences
of the Hronic Unit (former Biely Vah facies, or Homdlka
sequence); therefore no wonder that since SCHONENBERG
(1946) some geologists have considered it as the root zone
of the Hronic nappes.

Zemplinic Unit

The Zemplinic tectonic Unit became amalgamated into
the Central Western Carpathian block only during the
youngest, Neogene phases of tectonic development. The
unit consists of a Variscan crystalline basement and its
Upper Paleozoic — Mesozoic cover (BEZAK et al., 2004b).
According to VOZAROVA & VOZAR (1988), the Zemplinicum
represents the continuation of the Veporicum. Its Lower
Triassic, developing with continuity from Upper Paleozoic
continental siliciclastics, is likewise formed of continen-
tal sandstones, shales, sandy conglomerates and yellow-
ish grey dolomitic shales with thin gypsum intercalations
(Luzna Fm.; VozAROVA & STRAKA, 1989). The evaporitic
upper part of the sequence probably belongs to the low-
ermost Anisian. The upper Lower or Middle Anisian to
Lower Ladinian? carbonate succession (Ladmovce Fm.)
is represented in its lower part by dark grey, massive or
thick bedded, partly bioturbated limestone, whereas in
its upper part by light coloured dolomites with intercala-
tions of shales, rauhwackes and breccias. From this up-
per part a Late Anisian conodont fauna (Gondolella ex-
celsa, G. cornuta) was reported (STRAKA in VOZAROVA &
STRAKA, 1989). Younger Triassic formations are not pre-
served (Text-Fig. 4, col. 4).

10-15 km SW of the outcrops of the Zemplinic Unit, in the
area of Hungary, Ladinian—Carnian Wetterstein and Nori-
an—-Rhaetian Dachstein type platform carbonates were dis-
covered in drill cores near Sarospatak (PENTELENYI et al.,
2003). Due to the discontinuous record, it is unclear, if they
represented the continuation of the Triassic of Zemplin-
ic Unit, or a unit of higher position above that. In the lat-
ter case, the situation would resemble that of the Muran
Nappe above the Veporic Unit.

Hronic Unit

The Hronic Unit represents the highest Paleoalpine cover
nappe system in the majority of the Central Western Car-
pathians. Only three tectonic outliers of the Silicic Unit s.I.
(the Drienok, Muran and Vernar Nappes) are lying above
(higher) in the central and eastern part of the Central West-
ern Carpathians (see below). The Hronic Nappe System is
composed of numerous nappes and duplexes, containing
Upper Paleozoic sediments and volcanics, dominantly Tri-
assic carbonates representing various paleoenvironments
of the Hronic sedimentation area: carbonate platforms, in-
traplatform basins and slopes between them. Jurassic and
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Lower Cretaceous sediments are preserved in much small-
er extent.

Some nappes of the Hronic Unit are monofacial (uniform
basin facies, so-called “Biely Vah facies”), while the oth-
ers are polyfacial. The concept to assigne the nappes, or
partial nappes derived from carbonate platforms or from
the slope areas (typically with the Wetterstein, Raming,
Schreyeralm and even Reifling Limestone) to the “higher”
(highest) Subtatric or Gemeric (later Silicic) Nappe System,
caused long lasting problems of delimitation and classi-
fication of the Hronic Unit. This was the case with the
Strazov, Veternik, Havranica, Jablonica, Nedzov, Tematin
and Tlstd Nappes (and some other small tectonic outli-
ers), which by the majority of the authors were considered
as more “southern” elements than the Hronic Unit. The
idea about the structure and paleogeography of such a
“narrowly” defined Hronic Unit was then very simple (AN-
DRUSOV et al., 1973, p. 33-34): “The Hronic is the major
tectonic unit overthrust on the Veporic and Fatric. Essen-
tially, it is a large nappe which was translated from the
south over Veporic and Fatric into the Tatric area”. The
Cho¢ and Sturec Nappes were considered not only as two
different “developments” (basinal Biely Vah and carbonate
platform Cierny Vah facies), but as the only subunits of the
Hronic Unit, as well.

A different paleogeographical and structural idea of the
nappe system of the Hronic Unit (based mainly on the
Middle and partly Upper Triassic facies differences) was
presented by HAVRILA in several works (HAVRILA & BUCEK,
1992; HAVRILA, 1993; in PLASIENKA et al., 1997b; KoVAC &
HAVRILA, 1998; and mainly in KOHUT et al., 2008). Accord-
ing to HAVRILA the nappes of the Hronic Unit were derived
from two basins and two carbonate platforms belonging
exclusively to the Hronic sedimentation area (Text-Fig. 4,
col. 7-8).

In the western part of the Central Western Carpathians
there are the Dobra Voda and Homoélka Nappes, derived
from the Dobra Voda Basin, and the Povazie Nappe (origi-
nally Havranica, Jablonica, Nedzov and Strazov Nappe)
derived from the Mojtin-Harmanec Carbonate Platform.
The depositional area of the Veterlin and Ostra Malenica
Nappes had an intermediate position between the two pa-
leoenvironments, containing a facially mixed succession.

This new interpretation of the Hronic Unit, with special
consideration of the former “Strazov Nappe” plays a criti-
cal role in recent paleogeographical interpretations of the
Central and Inner Western Carpathians. CSONTOS & VOROS
(2004) in their large-scale overview on the Mesozoic plate
tectonic evolution of the Carpatho-Pannonian-Dinaridic
domain - based on the former “North Gemeride” interpre-
tation of the “StraZzov Unit” —, placed the “Meliatic oceanic
domain” even to the N of the Strazov domain.

In central and eastern part of the Central Western Car-
pathians there are disintegrated nappes derived from the
Biely Vah Basin — Cho¢&, Svarin and other nappes with lo-
cal names (Bystra, Svibova and Okos$enad), and nappes de-
rived from the Cierny Vah Carbonate Platform — Boca and
Maluzina Nappes. Tistd and Sturec Nappes are derived
from the eastern part of the Mojtin-Harmanec Carbonate
Platform and from a transitional area to — Biely Vah Basin,
respectively.

The Lower Triassic sedimentary rocks of the Hronic Unit
are represented by the siliciclastic Sunava Formation, con-



sisting of quartzose sandstones, sandstones and shales.
The Middle Triassic commences by Lower Anisian Guten-
stein dolomites and limestones. The basic architectural
element is formed of Ramsau Dolomite of Late Anisian
— Early Ladinian age. Typical deep-water deposits are rep-
resented by the Middle/Upper Anisian to Ladinian/Lower
Carnian Reifling Limestone, and sometimes by the Upper
Anisian Schreyeralm Limestone. In some parts the light
coloured Wetterstein Limestone represents this time hori-
zon. The middle part of the Carnian mostly consists of the
siliciclastic Lunz Formation. The Upper Carnian and Norian
is built up by thick and massive Hauptdolomit, which rep-
resents the uppermost lithostratigraphic unit of the Hronic
Unit in most of the core mountains (JANOCKO et al., 2006).
At several places the sequence terminates with limestones
(Dachstein Limestone Fm., Norovica Lmst. Fm.) of Norian-
Rhaetian age.

Silicic Unit s.I.

The structurally highest nappes of the Central Western
Carpathians (Stratena, Muran, Strazov, etc.) were previ-
ously included into the “Gemericum” (ANDRUSOV et al.,
1973; ANDRuUSOvV, 1975) or the “North Gemeride Units”
(MAHEL, 1973). At the same time the Mesozoic of the Slo-
vak Karst area (lying south and above the Gemer Paleozo-

ic; “Gemericum” s.s., a term still applied even nowadays)
was classified as “South Gemeride Unit” (MAHEL, 1973).
The discovery of the Mesozoic age (KOzUR & Mock, 1973)
of fragmentarily preserved deep-water sediments (radio-
larites, shales) and ophiolites initiated a major challenge
in the geotectonic concepts about the southern part of
the Western Carpathians, nowadays called “Inner Western
Carpathians” (since Mock, 1980b). A decade later MAHEL
(1984 and especially 1986, p. 39) classified the former
“North Gemeride Units” (after the “Spi§ Nappe” of AN-
DRUsOV, 1968) as “SpiScum” (SpiS Nappe) including the
Strazov, Muran and Besnik Nappes.

Recently, however, the distantly lying Strazov Nappe has
been included into the Hronic Unit (HAVRILA, 1993, and
other publications, see above), where it is described as
well (see above).

On the other hand, the Stratena Nappe, although already
thrust onto the Veporic Unit, is described herein as part of
the Gemer-Bikk-Zagorje Unit and of the Silicic Unit s.s.
within that, since “Meliatic rocks” (radiolarites, etc.) occur
below it (HAVRILA & OZVOLDOVA, 1996).

The Muran Nappe lying just west of the “Gemericum” (Ge-
mer Paleozoic) is described herein, as it clearly lies above
the Veporic Unit and no oceanic remnants can be found
below it (VoJTKO, 2000, p. 339, assigned questionably a
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slightly metamorphosed siliciclastic-evaporitic sequence
beneath the Muran Triassic to the Meliata Unit; however, it
contains no trace of ophiolites or deep-water sediments).
Except of the Hronic Unit, slices of Carboniferous sedi-
ments assigned to the Gemeric Unit were reported from
beneath the Muran Nappe (PLASIENKA & SOTAK, 2001). It is
to be added, apart from its well-known Dachstein facies,
the Hallstatt facies was recently discovered in the Muran
Nappe (MELLO, unpubl.), which confirms its facial affiliation
to Silicic Units.

As mentioned above (in chapter “Hronic Unit”), there ex-
ist only three tectonic outliers of the Silicic Unit s.I. (the
Muran, Vernar and Drienok Nappes) in the Central Western
Carpathians (compare for example BEZAK et al., 2004a, b).
They are lying above the Hronic Unit or directly above the
Veporic Unit in case of the Muran Nappe, if the Hronic Unit
(and Gemeric Unit) is missing.

The problem of these nappes (and especially of the Vernar
Nappe) has been discussed by HAVRILA (in MELLO et al.,
2000a, b). He accepts assignement of these nappes to the
Silicic Unit, but nevertheless speculates about the “tran-
sitional” character of the Vernar, Drienok and the “lower”
Muran Nappe (according to him only the “upper” Muran
Nappe belongs to the Silicic Unit).

The Vernar Nappe (location on Text-Fig. 1; Text-Fig. 5, col.
10) which has a relatively simple structure and the posi-
tion on the northern margin of former “North Gemeric syn-
cline” was originally assigned to the Gemeric Unit or Cho¢
Nappe (Hronic Unit), by some authors to the Veporic Unit
and recently has been ranged to the Silicic Unit (MELLO et
al., 2000a, b). The uncertainty with its classification was
(and still is) also due to its peculiar facial development —
acid volcanics in the Lower Triassic, Middle Triassic se-
quences similar to the Silicic Unit and Upper Triassic se-
quences similar to the Hronic Unit.

The Muran Nappe (Text-Fig. 5, col. 11) is a distinct nappe
outlier about 150 km? large which was overthrust from the
former “Gemeric” to the Veporic area. Similar to the Silica,
Stratend, Drienok and Vernar Nappes, it was recently as-
signed to the Silicic (and not Gemeric) Unit.

Though in the past it was considered as a coherent nappe
body, later it got more and more evident, that the Muran
Nappe (or nappe outlier) consists of several parts or sub-
units — “lower” and “upper” Muran Nappe as discussed by
HAVRILA (MELLO et al., 2000b), “Turnaicum”(?) of VOJTKO
(2000) and Dudlava skala slice with Hallstatt Limestone
(MELLO, unpubl.).

The Drienok Nappe (Text-Fig. 5, col. 9) is a tectonic outlier
of the Silicic Unit in middle Slovakia (SE of Banska Bystri-
ca) lying above the Hronic, or Veporic Unit. It formally was
delimited and named by BYSTRICKY (1964b), and recently
studied and described in POLAK et al. (2003).

The stratigraphic setting and facies evolution of the
three above mentioned nappes are comparable with the
nappes of the Silicic Unit s.s. of the Inner Western Car-
pathians (i.e. the Silica and Stratenda Nappes). Never-
theless, there exist some differences or peculiarities, in
which they partly differ: the trace of an Early Triassic
acid volcanic activity in the Vernar and Drienok Nappes
(MELLO et al., 2000b; PoLAK et al., 2003), and the pres-
ence of terrigenous sediments in the middle Carnian in
the Vernar Nappe (Lunz event). Concerning the final em-
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placement of these units, PLASIENKA (1997) and PLASIENKA
et al. (1997a) proposed a post-Gosau (latest Cretaceous)
final emplacement of at least of the Muran and Stratena
Nappes onto the Veporic Unit.

Pelso Unit

While in the northern part of the ALCAPA Megaunit the
strike-ward continuation of Austroalpine units/zones
into the Central Western Carpathian (Tatro-Veporic) Unit
is well established (HAUSLER et al., 1993), in its southern
part large-scale facies offsets can be recognized both to
the Northern Calcareous Alps and to the Southern Alps
and Dinarides (KAzMER & KoOVAcs, 1985; SCHMIDT et al.,
1991; HAAS et al., 1995a). This part includes predominant-
ly South Alpine and Dinaridic related crustal blocks/frag-
ments, which together form the Pelso Unit (“Pelso Mega-
unit”; FULOP et al., 1987).

The largest of these blocks is the Transdanubian Range
Unit (= Bakonyia Terrane; KOVACS et al., 2000), delimited in
the NW and N by the Raba and Hurbanovo lines (interpret-
ed as sinistral strike-slip fault; VOzAR, 1996) and sealed in
its most part by Middle Miocene, but in the E by Upper Oli-
gocene sediments (NAGYMAROSY in KOVACS et al., 2000),
whereas on the S by the Balaton Line, interpreted as dex-
tral strike-slip fault and representing the continuation of
the Periadriatic Lineament (FODOR et al., 1998; HAAS et
al., 2000b). Although this unit structurally lies in an “Upper
Austroalpine” position (HORVATH, 1993), its Permo-Meso-
zoic stratigraphy and facies shows closer affinity to cen-
tral and western parts of the Southern Alps (HAAS & BUDAI,
1995; VOROS & GALACzZ, 1998).

More about the facies offsets see chapter “Gemer-Bikk-
Zagorje Unit”.

Transdanubian Range Unit

The main part of the Transdanubian Range (Keszthely,
Bakony, Vértes, Gerecse and Buda Mts) is made up of Tri-
assic formations (location on Text-Fig. 1; Text-Fig. 6, col.
20), showing striking affinity with the corresponding forma-
tions in the Southern Alps (HAAS & BuDAI, 1995). The thick-
ness of the Triassic formations may exceed 4 km. Classic
exposures of the Lower and Middle Triassic are known in
the southern part of the Bakony Mts, i.e. on the Balaton
Highland.

In the northeastern part of the Transdanubian Range,
above Upper Permian shallow-marine, lagoonal dolomites
the Triassic succession begins with shallow subtidal lime-
stones and marls, representing shallow to deeper ramp
deposits. Southwestward, these sediments were replaced
by marl of mud shoal facies and dolomite of restricted
lagoon facies (HAAS et al., 1988; BROGLIO-LORIGA et al.,
1990).

These formations are covered by a siltstone-sandstone se-
quence which indicates an intensified terrigenous input
(Campil event in the Southern Alps). Deposition occurred
in a subtidal ramp setting. This evolutionary stage was
completed by a sea-level fall and a coeval decrease of
terrigenous input, resulting in the formation of peritidal-
lagoonal dolomites. During the next sea-level rise a marl
succession was deposited on the outer ramp below the
wave base.



In the Early Anisian the termination of terrigenous input
led to deposition of pure carbonates on the ramp (HAAS
& BUDAI, 1995), and dolomite was formed in a restricted,
periodically hypersaline inner ramp lagoon. It is overlain
by laminated and thick-bedded, strongly bioturbated lime-
stone. The dolostones above it probably reflect an increas-
ing restriction and dryer climatic conditions.

In the Middle Anisian, in connection with the Neotethys
rifting, extensional tectonic movements began (BUDAI &
VORO0S, 1992). This phase was followed by an onset of vol-
caniclastic deposition from distant volcanic centres during
the Late Anisian.

In the southwestern part of the Transdanubian Range (Ba-
laton Highland), intrashelf basins began to form during
Pelsonian times (Balatonites balatonicus zone). Peritidal-
subtidal carbonates were deposited on the most elevated
blocks, whereas in the basins the dolomite progressed into
the cherty Fels66rs Limestone of basin facies (PI. 2, Fig. 5;
VOROs, 2003).

The Anisian/Ladinian boundary interval is characterized by
pelagic limestones. The limestones are intercalated by vol-
canic tuff layers. It is followed by red cherty limestone, and
tuffaceous limestone (Buchenstein Formation). Products
of the Middle Triassic volcanism are mainly rhyodacite-tra-
chyte pyroclastics, predominantly crystal tuffs (HARANGI et
al., 1996). Until the earliest Carnian, deposition of pelagic
cherty limestone continued in the Balaton Highland area
(PI. 3, Fig.1). In the northeastern part of the Transdanu-
bian Range the volcanic activity is indicated only by very
thin tuff horizons. During the Ladinian to earliest Carnian,

platform dolomite with dasycladacean algae (Budaérs Do-
lomite) was formed in that area (PI. 2, Fig. 4).

In the Early Carnian (Julian) the input of a great amount of
clay and silt from distal source areas and carbonate mud
from the ambient shallow banks resulted in the deposi-
tion of a thick marl succession in the basins (HAAS, 1994).
Rising sea-level in the late Early Carnian led to drowning
of significant parts of the platforms. It was followed by a
significant platform progradation in the middle part of the
Carnian. In the late Early to early Late Carnian the rem-
nant intraplatform basins were filled up with carbonates
and shales.

In the latest Carnian large carbonate platforms began to
form (BALOG et al., 1997). In the early stage of the platform
evolution cyclic dolomite (Fédolomit Formation, an equiva-
lent of the Hauptdolomit — Dachstein Dolomite or Dolomia
Principale) was formed under semiarid conditions.

In small outcrops east of the Danube and in the Buda Hills
in the easternmost part of the Transdanubian Range, in
addition to the platform carbonates cherty limestone and
dolomite of slope and intraplatform basin facies also ap-
pear in the Carnian and continue in the Norian-Rhaetian
(Matyashegy Formation) and locally even into the Early Ju-
rassic (Csévar Limestone) (PI. 3, Fig. 3) (HAAs et al., 1997,
2000a).

At the end of the Middle Norian, in the southwestern part
of the Transdanubian Range extensional basins began to
form leading to stabilisation of the restricted subtidal con-
ditions in this area. Thin-bedded dolomite was formed in

UNITS | ALCAPA Megaunit V.
(REGIONS) ‘ TRANSDANUBIAN RANGE UNIT ‘ ‘ GEMER - BUKK - ZAGORJE - UNIT Il
AGE [ 20 ][ 21 ] 22 | [ 23
N BUDA | DAMNUBE JULIAN SOUTH
e ZALA |KESZT| BAKONY | VERTES [GERECSE| HILLS | EAST PLATFORM KARAVANKS U. KALNIK L.

| 2 e I s [ =

I

) |

RHAETIAN 40 |

.

Sevalian 3 205

I
I
|
[

1
I
|
I

1
1
|
I

NORIAN Alaunian|12,8f 210

PP H HEH

UPPER

Lacian| | 215

I
I
|
I
Jers]
1
I
I

T
[
|
[
1
|
[
[

HHEEYH H HoH
R H HHD

T [
[ [
| |
[ [
Jes]eney
| |
[ [
[ [

I
[
[

I
|
[
]
I
I
[

I
[
1
I

| |
I I
| |
I I
[ [
| |
| |
I I

L H DD H H EHH

I
[
1
I

Tuvalian

- 220
Julian 1,56F

CARNIAN

E 225
Cordevolian - b

Longobardian

L 230 -

LADINIAN 9.0 |

- 235 |

Fassanian

liiyrian

MIDDLE

- 240

ANISIAN

Pelsonian
Bithynian
Aggean

- 245

OLENEKIAN 4.7

VHHH
1y

THHR
NHHH

Y

AN

INDUAN 13

_\—.
1N
(\.

¢

251
Text-Fig. 6.

Lithofacies chart of the Transdanubian Range Unit (20) and of the SW part (Slovenia and NW Croatia) of the Gemer-Biikk-Zagorje Unit | (21-23) (ALCAPA IV).

213



this environment in the area of the Southern Bakony and
the Keszthely Hills. In the Late Norian, a significant climat-
ic change led to enhanced influx of fine terrigenous mate-
rial and deposition of organic-rich marl in the restricted ba-
sin (Késsen Formation; HAAS, 2002).

In the central part of the Transdanubian Range the car-
bonate platform evolution continued until the end of the
Triassic or locally even in the earliest Jurassic. However,
the more humid climatic conditions led to cessation of the
dolomitization, therefore the Fédolomit Formation was fol-
lowed by the Dachstein Limestone (HAAS & DEMENY, 2002)
(PI. 3, Fig. 2).

Gemer-Biikk-Zagorje Unit

To the ENE of the block of the Transdanubian Range Unit
crustal blocks of more complex affinity (mostly Dinaridic—
Hellenidic, but in the north also Upper Austroalpine) are in
contact with the Central Western Carpathian (Tatro-Vepor-
ic) Unit. This region is referred to as “Gemer-Blikk area”
(LESS et al., 2004). Units (Text-Fig. 5, col. 12-19; Text-Fig. 7,
col. 24-34) building up this area show northern (Austro-
alpine) structural vergency in the north (“Gemeric Nappe
System” - or “Inner Western Carpathians”), whereas in
the south they show southern (Dinaridic) vergency (“Bikk
Nappe System”). However, in the middle, vergencies are
alternating (HAAS & KovAcs, 2001, Fig. 4).

In the area of the “Gemer-Bikk units” the northwestern-
most occurrences of some typical Neotethyan formations
can be found, characteristic for the Hellenides—-Dinarides:
Upper Permian marine “Bellerophon Limestone” in the
Bikk Mts, Middle Triassic early rift-type basalt volcanism
with peperitic facies (Darnd Hill) and calc-alkaline, andes-
itic ones (BUkk Mts), Bédvalenke-type limestones (transi-
tion between Hallstatt Limestone and red radiolarite) in the
Bodva Unit of Rudabanya Hills, Jurassic redeposited, plat-
form-derived carbonates (western Bikk Mts and Darnd
Hill region).

To explain the Dinaridic connections of the Late Paleozoic
and Early Mesozoic of the Bikk Mts, proven at that time
already by deep-drilling evidences, WEIN (1969) introduced
the term “Igal-Bikk Zone”. FULOP et al. (1987) introduced
the term “Mid-Transdanubian Zone” for the Transdanubian
(e.g. lying W of the Danube River) part of this zone. Later
PAMIC & TOMLJENOVIC (1998) introduced the term “Zagorje-
Mid-Transdanubian Zone”. To express the connections to
the surface outcrops until the Bikk Mts and further to the
whole Gemer-Bikk area (especially because of the Me-
sozoic Neotethyan ophiolites), PAMIC et al. (2002, 2004)
and PAMIC (2003) proposed the term “Zagorje-Bikk-Melia-
ta Zone / Composite Terrane”. As ophiolites make up only
part of the units incorporated into the “Gemer-Bikk area”,
many of them reflecting the Paleozoic and Mesozoic facies
offsets discussed above, we use herein the term “Gemer-
Bukk-Zagorje Unit”, forming the southeasternmost part of
the large ALCAPA Megaunit.

Following former paleogeographic considerations KOVACS
(1983,1984) supposed a common origin for the Bikkian
and Gemeric ophiolitic units (“Meliaticum”), an idea which
occurred in many subsequent works. However, altough
both originated from the Neotethys Ocean (but from its dif-
ferent parts), they clearly differ in their structural settings
and partly also in composition.
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Different surface and borehole geological data on the Slo-
vakian and, respectively, Hungarian sides of the Slovak
Karst — Aggtelek Karst area (LESS et al., 2004) led to dif-
ferent interpretations on the architecture and structural
orientation of tectonostratigraphic units building up this
terrain. It should be noted, that already ROTH (1939) and
BALOGH & PANTO (1953) recognized the opposite struc-
tural vergencies at the northern and southern, respective-
ly, margins of the karst area, confirmed by recent stud-
ies (MELLO & REICHWALDER, 1979; PLASIENKA et al., 1997a;
PERO et al., 2003). In the Slovakian territory the superpo-
sition of ophiolite-bearing units (Meliatic Unit) — very low
to low-grade metamorphosed unit (Turnaic Unit) — non-
metamorphosed unit (Silicic Unit s.s.) can be recognized
from below upward (like in the Brusnik area: VOZAROVA &
VOzAR, 1992; MELLO et al., 1997, and references therein).
On the contrary, on the Hungarian side (Aggtelek Karst) the
metamorphosed unit of intermediate position is missing
and ophiolite slabs (Tornakapolna Unit) are incorporated
in the Upper Permian evaporitic sole of the non-metamor-
phosed Aggtelek Unit (RETI, 1985; KOVACS et al., 2004,
and references therein).

Inner Western Carpathian (Gemeric s.l.) Unit

The Inner Western Carpathians means the innermost part
of the Western Carpathians that is situated south of the
Lubenik-Margecany line (Text-Fig. 1). They differ not only
facially from the Central and Outer Western Carpathians.

The structure of the Inner Western Carpathians is com-
posed (from its base upwards) of four main tectonic units,
the Gemeric, Meliatic, Turnaic and Silicic s.s. The Inner
Western Carpathians represent a segment of the Western
Carpathians, in which the remnants of the oceanic zone
(Meliatic Unit), of the adjacent continental slope (Gemeric
and Turnaic Units) and the shelf (Silicic Unit s.s.) are pre-
served (MELLO et al., 1998).

Gemeric Unit (s.s.)

The Gemeric (s.s.) Unit is the lowermost tectonic unit in
the nappe pile of the Inner Western Carpathians (MocCK,
1980a). In tectonic superposition the Meliatic, Turnaic and
Silicic s.s. tectonic units are lying above it.

The Gemeric Unit (Text-Fig. 5, col. 13) consists mainly of
Paleozoic slightly metamorphosed sedimentary and vol-
canic rocks (EBNER et al., 2008; VOzZAROVA et al., 2009a,
b). The Mesozoic (exclusively Lower and Middle Triassic)
cover is preserved only in several places (mainly around
Petrovo and Kobeliarovo villages and around Krompachy)
underneath of the Borka Nappe of the Meliatic Unit.

The Lower Triassic deposits of the Gemeric Unit are very
similar to those of other Inner Western Carpathian units;
formations of the Werfen Group are present: at the base
variegated sandstones and shales with bodies of evapo-
rites (Nova Ves and Kobeliarovo Formations), higher up
marlstones and limestones. The Middle Triassic is rep-
resented mainly by Gutenstein-type dolomites and lime-
stones, partly light (recrystallised) limestones. Locally (in
Petrovo village) cherty (?Reifling) limestones occur.

Meliatic Unit

The Meliatic Unit derived from the oceanic domain of the
northwesternmost part of the Neotethys (KozuRr, 1991), in-



cluding the deepest part of its continental slope (cf. its in-
terpretation in the chapter Northern Calcareous Alps). The
unit occurs prevailingly in form of a mélange consisting of
slices. The mélange fringes the southern margin of the Ge-
meric Unit, or appears in a form of tectonic inliers beneath
the Turna or Silica Nappes. Several occurrences are also
known in the northern part of the Gemeric Unit (Dankova,
Galmus, Jaklovce and Murovana skala). The Meliata Unit
is usually represented by smaller or larger (often of km-
sized) blocks incorporated within Upper Permian (evapo-
rites) or Lower Triassic (marls) ductile rocks that form the
base of the overlying Silicic and ?Turnaic Units (HOVORKA,
1985); the earliest interpretations of the “Meliata Series”
(CEKALOVA, 1954; BYSTRICKY, 1964a; see in MELLO et al.,
1997) were based on these observations. According to
several researchers (Mock, 1980a; MELLO, 1996, and oth-
ers) two subunits can be distinguished: the Meliata Group
s.s. and the Borka Nappe.

The Meliata Group s.s. (occurring at the localities Drzkovce,
Honce, Meliata, Jaklovce, etc.) is a relict of sediments and
volcanics originated in a basin with oceanic crust. The
Meliata Group s.s. was defined as a complex of dark ar-
gillaceous shales of Jurassic age, up to several hundred
metres thick, with thin beds of dark and greenish-red ra-
diolarites (Bathonian—Callovian) and spotted marlstones
with intercalation of sandstones, which are considered as
Liassic. The olistostrome bodies in a shaly complex con-
tain clasts and blocks, mainly of Triassic age, attaining the
size of up to several hundred metres in diameter. Petrolo-
gy and stratigraphy of the Meliatic Unit at the Meliata and
Jaklovce localities were described in details by Mock et al.
(1998) and AUBRECHT et al. (2010).

However, the Triassic blocks represent two depositional
settings: the distal (deepest) part of the continental slope
and the ocean floor (IVAN & MELLO, 2001; KRONOME, 2002).
The former is represented by the Meliata type section it-
self (Mock et al., 1998), where light coloured crystalline
limestone (of “meta-Steinalm” type), containing neptunian
dykes of similarly metamorphosed Pelsonian red, pelag-
ic limestones (the age is proven by conodonts; KOzZUR &
Mock, 1973) and Middle Triassic red radiolarites, occurs.
In accordance with the interpretation of the Meliata Facies
Zone in the Northern Calcareous Alps (see above), we re-
tain the term Meliata Unit s.s. (Text-Fig. 5, col. 15) for this
setting. DUMITRICA & MELLO (1982) demonstrated the pres-
ence of the Late lllyrian radiolarian zone (Oertlispongus
inaequispinosus zone) in the area of Slovak Karst from a
red radiolarite block near Drzkovce. The northwesternmost
occurrence of the Meliatic Unit was proven by Ladinian
red radiolarites found beneath the Stratena Nappe (HAVRI-
LA & OzvOLDOVA, 1996), that is thrust already onto Veporic
basement.

The true ocean floor setting is represented by the Jaklovce
locality, where MOR-type basalt (IVAN, 2002) occurs in as-
sociation with red radiolarite in an outcrop along the rail-
way. From here MELLO et al. (1995) reported lllyrian to Lon-
gobardian conodonts and radiolarians (Gondolella excelsa,
Eptingium manfredi). For this setting the term Jaklovce
Unit is used herein (Text-Fig. 5, col. 16).

The second subunit, occurs tectonically directly above the
Gemer Paleozoic and partly also the Mesozoic sequenc-
es, represents a remnant of the Jurassic accretional com-
plex, which is designated as the Bérka Nappe (LESKO &

VARGA, 1980; redefined by MELLO et al., 1996, 1997, 1998).
The occurrences of Late Paleozoic — Mesozoic meta-
morphosed sequences (types Dubrava and Hacava) are
classed to this subunit, which occurs along the northern
margin of the Slovak Karst between Jasov and Sirk, as well
as in the Nizna Slana depression. A characteristic feature
of these rocks is the Late Jurassic medium to high pres-
sure metamorphism with low thermal gradient (MAzzoLI et
al., 1992; MELLO et al., 1998). In this type of metamorphism
the Bérka Nappe differs from the underlying Gemeric, as
well as overlying Turnaic or Silicic s.s. Units. Its lithological
composition is variable. The abundant metabasites (pre-
dominantly glaucophanites and light-coloured crystalline
limestones with volcanic material) are assigned to the Tri-
assic (Text-Fig. 5, col. 14), whereas the slates are probably
of Jurassic age.

Based on the study of protoliths and geochemical char-
acteristics of metabasites (glaucophanites) of the Boérka
Nappe, IVAN & KRONOME (1996) concluded that they are
very complex and inhomogenous, and accordingly cannot
be classed to a coherent group.

Tectonic slices with amphibolite facies assemblages were
reported as a further member of the Meliata Unit, besides
the above mentioned metamorphosed rocks. Their meta-
morphic characteristics indicate, that they represent frag-
ments of an older basement unit, which was involved into
a subduction zone (FARYAD, 2000).

Turnaic Unit

Nappes of the anchimetamorphosed to epimetamor-
phosed Turnaic Unit (Turna Nappe and Slovenska skala
Nappe; Text-Fig. 5, col. 17-18) occur in the wider region
of the Slovak Karst, as a rule above the Meliatic and be-
low the Silicic s.s. Unit. They are represented by rocks of
Middle Carboniferous to Late Triassic and/or Jurassic age
(MELLO et al., 1996). A series of more or less similar lithol-
ogy is also known in the Rudabanya Hills, Hungary (“Tor-
na Series”: GRILL et al., 1984; KovAcs et al., 1989; LESS,
2000); see Martonyi Unit below after GRILL (1988), howev-
er, in different setting; and of different interpretation.

The Lower Triassic is represented by the Werfen Group
similar to that in the Silica Nappe, but metamorphosed.
Carbonate ramp facies (Gutenstein and Steinalm Forma-
tions) characterize the Lower and partly the Middle An-
isian. In the Pelsonian due to the onset of the extensional
tectonics the ramp was drowned (in contrast to the Silicic
Unit). Therefore in the higher Middle and Upper Triassic,
basinal and slope facies (grey, bedded cherty limestones —
Reifling and Pdtschen Limestones) are predominant. In the
Carnian traces of basic volcanic activity (Dvornik Member)
occur.

Silicic Unit s.s. (incl. Aggtelek Unit)

It is the uppermost and innermost unit of the Inner Western
Carpathians, thrust over the Turnaic and Meliatic Units and
more northerly also over the Gemeric Unit. Several tecton-
ic outliers of the Silicic Unit s.I. (Muran, Vernar and Drienok
Nappes) can be found also over the Veporic and Hronic
Units (see the chapter “Central Western Carpathians”).

The Silicic Unit s.s. is represented in Slovakia by the
Stratena Nappe (in the north; Text-Fig. 5, col. 12) and the
Silica Nappe in the south (Text-Fig. 5, col. 19). In Hungary
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the Aggtelek Unit is actually the continuation of the latter
(see below). Although the Stratena Nappe is thrust already
onto the Central Western Carpathian basement (Veporic
Unit), it is classified to this unit herein, since Meliatic rocks
(proven by Ladinian red radiolarites: HAVRILA & OZVOLDOVA,
1996) still occur below. Their stratigraphic successions
range from the (?Middle-)Late Permian to the Late Juras-
sic. The oldest formation, the Permian to earliest Triassic
Perkupa Evaporite Formation, on which the Silica Nappe
was overthrust (or slid down) to its present-day position.
The Lower Triassic formations are predominantly siliciclas-
tic in the lower part, consisting of variegated sandstones
and shales (Bodvaszilas Formation), higher up the carbon-
ate constituent increases (marlstones and limestones of
the Szin Formation).

The Middle and Upper Triassic is made up of carbonates,
in places attaining a thickness of nearly 2 km. The Carbon-
ate ramp and platform facies (the latter being dissected
into reefs and lagoons) are represented by limestones and
dolomites of the Gutenstein, Steinalm, Wetterstein and
Dachstein Formations, whereas rocks deposited on the
adjacent slopes and in basinal environments by the Reif-
ling, Nadaska, Schreyeralm, Raming, Hallstatt, Pétschen
and Aflenz Limestones and Zlambach Marl.

The pre-rift stage (Early to Middle Anisian) of the carbon-
ate ramp facies is represented by the restricted lagoon-
al Gutenstein Formation, and then by the open lagoonal
Steinalm Formation with rich dasycladacean algae asso-
ciation (BYSTRICKY, 1964a, 1986).

As a result of rifting processes taking part in the Meliatic
domain, the uniform Steinalm carbonate ramp was dis-
sected and extensional intrashelf basins were formed dur-
ing the Middle and Late Anisian, in which reddish Schrey-
eralm-type or grey Reifling-type limestones, whereas on
their slopes varicoloured limestones (Nadaska Limestone)
were deposited. In other areas, however, development of
carbonate platforms continued, as indicated by a contin-
uous succession of dasycladacean algae zones (Physo-
porella pauciforata + Oligoporella pilosa - Diplopora an-
nulatissima — D. annulata zones) (BYSTRICKY, 1964a, 1986).
In most of these areas (the northern or northwestern parts
of the present Stratena and Silica Nappes) carbonate plat-
form building (rimmed with reefs) was continuous till the
end of the Norian (Wetterstein, Tisovec: see KRYSTYN et al.,
1990 / and Dachstein Limestones: MELLO, 1974, 1975a).
The intrashelf basins were overlain by the prograding Wet-
terstein reefs in the Late Ladinian (MELLO, 1975b). No silici-
clastic event is recognizable in the Carnian. The presence
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of horizons with large oncoids (up to 2 cm) in the upper-
most part of the Wetterstein Limestone indicate shallowing
in the late Julian.

The southern respectively southwestern parts of the pres-
ent Silica and Stratena Nappes were broken down in the
Late Carnian, and pelagic, red or pinkish Hallstatt and grey
Poétschen Limestones were deposited till the Late Nori-
an (MISiKk & BORzA, 1976; MELLO et al., 1997, 2000a, b) all
summarized in HAAS et al. (2004).

Both the Stratena Nappe in the north and the Silica Nappe
in the south show a more or less obvious southern facies
polarity concerning their Middle (Wetterstein Limestone la-
goonal facies - reefal facies — Nadaska Limestone of slope
facies in the former) and Upper Triassic (Dachstein Lime-
stone - Hallstatt Limestone in both) formations (MELLO et
al., 1996, 2000a, b). However, they both show definite N-
vergent structures bearing evidence of thrusting over the
Gemer Paleozoic (and other underlying) units (PLASIENKA et
al., 1997a). The duplication of the Silicic s.s. Unit both in
the N and in the S and likely the opposing structural ver-
gencies recognized on the Slovakian and Hungarian terri-
tories can be best explained by the pre-Late Cretaceous
(likely intra-Jurassic) sinistral strike-slip duplex proposed
by LEIN et al. (1997) and FRANK & SCHLAGER (2006) with the
example of the Eastern Alps.

The Aggtelek Unit in NE Hungary forms a direct continu-
ation of the Silica Nappe of SE Slovakia, with southerly
deepening facies polarity (GRILL et al., 1984; KOVACS et al.,
1989; LESs, 2000) and predominantly S-vergent structural
polarity (see below).

As a result of re-mapping of the Aggtelek Karst and
Rudabanya Hills, GRILL et al. (1984) and GRILL (1989) elab-
orated a three-fold nappe structure of the area. Accord-
ingly, the non-metamorphosed Aggtelek and Bodva Units
in highest position, showing definite southward deepen-
ing polarity, were attributed to the Silicic Unit in its origi-
nal sense (as introduced by Kozur & Mock, 1973). Oce-
anic remnants of the Tornakdpolna Unit are found only as
blocks in the evaporitic sole of the former units, and were
attributed to the Meliatic Unit (RETI, 1985). The metamor-
phosed Torna (GRILL et al., 1984) or Martonyi (GRILL, 1989)
Unit was considered to occur in the deepest position. The
latest review of this period on the structural investigations
of the area was presented by LESS (2000). Recent structur-
al studies (FODOR & KOROKNAI, 2000; Hips, 2001; PERO et
al., 2002, 2003; KOVER et al., 2008) confirmed the predom-
inantly S-vergent structures of the area, known already
since BALOGH & PANTO (1953).

In the pre-rift stage (from ?Middle-Late Permian to Mid-
dle Anisian; KOVAcS, 1984) these units were not yet facially
separated, therefore their evolution in this time interval can
be characterized together.

Following a probably Middle Permian continental red-
bed stage, represented only by a small outcrop (KOVACS &
Hips, 1998; after pers. comm. by A. VozAROVA), Neotethy-
an transgression began with the sabkha stage (Perkupa
Evaporite Formation) in the Late Permian, under arid
climatic conditions. According to bivalve-biostratigraphic
data (the oldest Claraia zone is missing), the Permian/
Triassic boundary lies within the uppermost part of the for-
mation (HIPs, 1996).

Fully marine conditions were established in the Early Tri-
assic from the Claraia clarai zone onward (shallow-ma-

rine “Werfen Group”). At first a pure siliciclastic inner ramp
environment formed, represented by the red Bddvaszilas
Sandstone Formation, containing shallow-marine fossils
(bivalves) and sedimentary features (ripple marks). In the
higher part of the Early Triassic, due to the transgression,
the area shifted to the deeper outer ramp domain, with
mixed carbonate-siliciclastic sedimentation (Szin Marl For-
mation, containing the ammonoid guide form Tirolites cas-
sianus). By the end of the Early Triassic, the input of fine-
grained siliciclastics was strongly reduced and carbonate
deposition became predominant. The inner ramp became
restricted, where bioturbated (“vermicular”) limestone and
marls (Szinpetri Limestone Formation) accumulated under
disaerobic conditions, but containing in its lower part still
some ammonoids and bivalves (HIPS, 1996, 1998).

Following the cessation of siliclastic input, a fully restrict-
ed, euxinic environment came into existence on the inner
ramp, with deposition of dark grey to black carbonates
(Gutenstein Formation; mostly limestones in the Aggtelek
Unit, and mostly dolomites in the Bdédva Unit) in the ear-
ly part of the Early Anisian. In the later part of the Early
Anisian, the area became part of a well-oxygenated and
wave-agitated ramp, typified by accumulation of dasy-
cladacean in the subtidal zone (Physoporella pauciforata,
Diplopora hexaster, etc.) and stromatolitic limestones in
the peritidal zone (Steinalm Limestone, partly dolomitized).

In the Middle Anisian (in some places probably even in
the late Early Anisian), due to onset of the Neotethyan rift-
ing, the disrupture of the Steinalm carbonate ramp began
(synrift stage), leading to differentiation of the future tec-
tonostratigraphic units. This is indicated by the onset of
pelagic (Bédva Unit s.s.) and slope (Szélésardd Subunit)
sedimentation, whereas more to the north the carbonate
platform building continued (Aggtelek Unit; location on
Text-Fig. 1; Text-Fig. 7, col. 24).

Carbonate platform building in the outer shelf and shelf
margin setting continued. In the Late Anisian the first true,
rimmed platform developed (Aggtelek reef, VELLEDITS et
al., 2011) facing southeastward towards the Szdl&sardo-
Boédva domains. This pre-Wetterstein-type reef can be
considered as the reefal facies of the Steinalm lagoon ly-
ing to the north.

Development of the carbonate platform (Wetterstein
Formation) continued throughout the Ladinian (Diplopora
annulata dasycladacean zone) and Carnian (Poikiloporel-
la duplicata dasycladacean zone), till the early part of
the Late Carnian. In the Carnian the elongated Alsé-
hegy Carbonate Platform (Alsdhegy Subunit) was built
with a reef facies in the south, facing towards the Bdéd-
va pelagic domain, and a lagoon northward (KOVACS,
1979; PERO et al., 2003). According to the relevant lit-
erature, the building of the carbonate platform was not
interrupted in the middle part of the Carnian by any
siliciclastic event; instead, it continued (Physoporella
heraki dasycladacean subzone; KovAcs, 1979; PIROS,
2002). Recently a hardground formation was found be-
tween the Lower Carnian reef and the overlying Upper
Carnian basinal formations (Gawlick, pers. comm.). In
front of the western part of this platform a characteris-
tic slope facies developed coevally (Derenk Limestone,
Derenk Subunit; Text-Fig. 7, col. 25).

The break-down of the Wetterstein shelf margin took place
in the early part of the Late Carnian and deposition of the
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pelagic Hallstatt Limestone commenced till the Late Nori-
an, where it was followed by the deposition of the Zlam-
bach Marl (KovAcCs et al., 1989; KoVAcs, 1997; LESS, 2000).

Bodva Unit s.I.

As a result of the disrupture and breakdown of the former
Steinalm carbonate ramp, a slope environment (Szél8sardo
Facies Unit) and a deep-water pelagic domain (Bdédva Fa-
cies Unit) formed on attenuated continental crust, came
into existence (GRILL et al., 1984; KoOVACS, 1984). As they
interfinger with each other, they represent the same struc-
tural unit (Bdédva Unit s.I. of the Rudabanya Hills), however
we distinguish a Szélésardé and a Bodva s.s. Facies Unit.

Széldsardo Facies Unit

Following the break-down of the outer part of the Stein-
alm carbonate ramp during the Middle and Late Anisian,
a distally steepened slope environment developed, char-
acterized by a varicoloured limestone formation (Nadas-
ka Limestone Formation), with signs of sediment gravity
movements. It ranges maximally from the Middle Anisian
(Gondolella bulgarica conodont dominance zone) to the
early part of the Middle Carnian (Gondolella auriformis
conodont range zone), and may interfinger with the grey,
partly cherty Reifling Limestone. A remarkable, several 10
m thick, marly-shaly succession of the Szdél6sardé Marl
Formation in the middle part of the Carnian represents the
siliciclastic “Reingraben event” (with the characteristic bi-
valve Halobia rugosa). The slope setting of the Szél8sardé
Subunit ceased after the break-down of the Aggtelek shelf
margin (early part of the Late Carnian) and grey, cherty pe-
lagic limestone (P&tschen Limestone) was deposited dur-
ing the rest of the Carnian and the Early Norian (Text-
Fig. 7, col. 26).

Bddva Facies Unit s s.

In the most distal part of the down-breaking Steinalm
ramp, nearest to the rift zone, a deep-water sedimenta-
ry domain formed during the Middle and Late Anisian,
where the characteristic Bodvalenke Limestone represent-
ing a transitional facies between the Hallstatt facies and
the Middle Triassic red radiolarite was deposited. In some
places, the break-down could happen even in the late Ear-
ly Anisian (Bithynian), as indicated by an uncertain ammo-
noid fauna, containing Nicomedites? sp. determined by
Krystyn (KovAcs et al., 1989). The typical version of the
Bddvalenke Limestone, which follows the Steinalm Lime-
stone with some transitional facies, is formed by alterna-
tion of purplish red or pinkish, micritic limestone beds and
red chert beds, with mm-thick purplish-red shale intercala-
tions, and with interbedded whitish calciturbidites consist-
ing of juvenile pelecypod (Posidonia) coquinas with their
recrystallized matrix (Pl. 3, Fig. 4-5). In some places (e.g.
the Szarhegy-East section; KovAcs et al., 1989) the Bdd-
valenke Limestone passes upward into radiolarite. Depo-
sition of the Bdédvalenke Limestone continued also up to
the early part of the Late Carnian (Gondolella polygnathi-
formis conodont interval zone) and then (with a remark-
able hiatus in some sections) was followed by the Hallstatt
Limestone (Text-Fig. 7, col. 27), indicating continuation of
the oxydative environment, but also, as opposed to that of
the Aggtelek Unit, an uneven, highly dissected sea-floor
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topography, as witnessed by frequent “intraconglomer-
ates” related to sediment gravity movements. Variegated
marls (green to purplish red) of the Telekes-Vélgy Group
(KOVER et al., 2009) may represent some kind of the upper-
most Triassic Zlambach Marl (GRILL, 1988). The Bodvalen-
ke-type limestones represent a transitional facies between
coeval red, Hallstatt-type limestones and red radiolarites;
similar facies are common constituents of inner Dinarid-
ic — inner Hellenidic ophiolite mélanges, however, asso-
ciated with basalts. This association occurs also in the
Darné Unit (see below) (SKOURTSIS-CORONEOU et al., 1995;
KovAcs, 2011; KOVACS et al., 2011).

Tornakapolna Unit

Remnants of a Neotethyan oceanic assemblage, tectoni-
cally incorporated as slices or blocks into Upper Permian
evaporites at the sole thrust of the Aggtelek and (?)Bodva
Units are classed to this unit that does not represent an
independent structural unit. These include mostly serpen-
tinites, gabbros and basalts of MOR-affinity (RETI, 1985;
HORVATH, 2000). The drill-core section of the borehole Tor-
nakapolna 3 is considered as the type section of the “com-
plex” (RETI, 1985; JOzSA et al., 1996) in which some sedi-
mentary rocks do occur as well: Upper Anisian — Lower
Ladinian red pelagic mudstones and radiolarites in one ho-
rizon within pillow basalts, containing radiolarians of the
Oertlispongus inaequispinosus radiolarian zone (KOzUR &
RETI, 1986; DOSzTALY & JOzsA, 1992), as well as black sili-
ceous shales and sandy shales in one tectonic slice with-
in serpentinites (Text-Fig. 7, col. 28). The latter proved to
be barren of radiolarians, but being lithologically similar to
that encountered in the Darné drill core sections, can be
considered as Jurassic (HAAS et al., 2004; KOvVACS et al.,
2008a, b, and 2011). In some shear zones (but not overall)
ophiolites and evaporites form true “autoclastic mélange”
(DIMITRIJEVIC et al., 2003). The continuous transition from
the Upper Permian evaporites embracing these ophiolite
blocks into the shallow-marine Lower Triassic formations
is documented by Hips (1996; including also the above
mentioned drill core sections).

The geological setting of the Bédva Valley Ophiolite Com-
plex (blocks incorporated into Upper Permian evaporites
after obduction) clearly differs from the Darndé Ophiol-
ite Complex of the Blikk Unit s.l. and may correspond to
the Gemeric Meliata ophiolites, if they are defined by the
Sankovce borehole (BYSTRICKY, 1964a; GAAL in VASS et al.,
1986) or by the Jaklovce occurrence (MocCK et al., 1998).
However, current structural interpretations (PLASIENKA et
al., 1997a; LESS, 2000; for latest discussion see DOSZTALY
et al., 2002) are still differing widely, implying the necessity
of further joint correlational works.

Martonyi (Torna) Unit

This unit was first distinguished by LESS (GRILL et al., 1984)
as “Torna Series”; it was named by GRILL (1989), as “Mar-
tonyi Unit”. It includes anchizonal to epizonal metamor-
phosed (ARKAI & KOVACS, 1986) Triassic series, which oc-
cur in the NE part of the Rudabanya Hills, enclosed by
the Darné fault zone. Ilts known sequence (Text-Fig.7,
col. 30) begins with Lower to Middle Anisian Gutenstein
Dolomite and Steinalm Limestone, similarly to those of the
Aggtelek and Bdédva Units. The Steinalm ramp disrupted
and broke down in Middle to Late Anisian, and deposition



of grey limestone of basinal facies, lacking chert (Becske-
haza Subunit) or having chert only in the upper part of
the section (Esztramos Subunit) took place under quiet
conditions (practically without any trace of sediment grav-
ity movements) till the end of Ladinian or beginning of the
Carnian. Carbonate sedimentation was interrupted in the
middle part of the Carnian by a fine siliciclastic input rep-
resenting the “Reingraben event”, resulting in a few 10
m thick shale sequence. Basinal carbonate sedimentation
renewed in the early part of the Late Carnian, then grey,
cherty limestone (Pétschen Limestone s.l.) was deposited
till the end of Early Norian, followed by variegated lime-
stones with red chert in the Middle to Late Norian.

A specific, more deep-water development is represented
by the Bddvarakoé Subunit, in which the open-lagoonal
Steinalm ramp stage was missing and the Gutenstein Do-
lomite (Text-Fig.7, col. 29) was immediately followed by
the anoxic deep-water Bodvaraké Formation: dark grey
to black, cherty limestone alternating with claystones
or marls in the Middle to Upper Anisian, and dark grey,
strongly silicified limestone and black cherts up to the Up-
per Ladinian. The continuation of the sequence, although
tectonically separated, in the Carnian and Norian was like-
ly the same, as above (FODOR & KOROKNAI, 2000).

Biikk Unit s.lI.
Biikk Unit s.s.

The Upper Permian shallow-marine carbonates are over-
lain by lowermost Triassic oolithic limestone (in more than
100 m thickness; PI. 4, Fig. 1). Until the end of the Early
Triassic, carbonate and siliciclastic dominated ramp sedi-
mentation alternated. The succession shows a deepening
upward trend. A bioturbated limestone unit appears at the
top of the Lower Triassic (HIPS & PELIKAN, 2002).

In the Anisian a dolomite ramp was formed. It is capped lo-
cally by dolomite conglomerates or breccias with red, ter-
restrial clay intercalations (VELLEDITS, 1999, 2004). Updom-
ing can be considered as a sign of the initiation of rifting
and related volcanic activity in connection with the Neo-
tethyan opening (VELLEDITS, 2006).

In the Early Ladinian, intense calc-alkaline volcanic activity
took place. A volcanic complex, hundreds of metres thick
(Szentistvanhegy Metaandesite or “porphyrite”) was accu-
mulated, consisting of lava rocks, agglomerates, tuffs, ig-
nimbrites and various volcanoclastic sediments (KuBovICS
et al., 1990; SzOLDAN, 1990; HARANGI et al., 1996).

The rifting manifested also in facies differentiation, platform
and intraplatform basin environments were established in
the Late Ladinian. A larger part of the mountains is built up
of an anchizonal to epizonal metamorphosed (ARKAI et al.,
1995) carbonate platform sequence, which includes both
the Wetterstein and Dachstein evolutionary stages encom-
passing a range from the Ladinian to the Rhaetian (RIEDEL
et al., 1988; FLUGEL et al., 1992; VELLEDITS, 2000). In the
coeval basins grey cherty limestones were accumulated,
which extend according to conodont biostratigraphic data
from the latest Ladinian to the Rhaetian (VELLEDITS, 2000).
A second volcanic activity represented by within-plate ba-
salts (SzOLDAN, 1990; HARANGI et al., 1996) took place in
the basin environments, mostly in the Late Ladinian, but
manifesting in places up to the Late Carnian (VELLEDITS et
al., 2004; PELIKAN, 2005).

The platforms were drowned by the latest Triassic, and
variegated limestones were deposited locally, which may
extend into the Jurassic (Text-Fig. 7, col. 34).

Monosbél Unit

Within the Middle-Late Jurassic fine siliciclastic-carbonate
turbiditic Monosbél complex slide blocks of up to sever-
al 10 m in size occur in the area of Darné Hill. The blocks
consist of reddish, cherty, Bodvalenke-type limestone and
chert, and reddish, amygdaloidal basalt. Radiolarian data
(DOSzTALY & JOzZSA, 1992; DOSzTALY, 1994) constrain the
age of these blocks as Ladinian—-Carnian. The easternmost
occurrence of such blocks on the surface is known in the
central part of the southern Blkk Mts (basalt, red chert,
Upper Carnian Hallstatt-type limestone; DIMITRIJEVIC et al.,
20083, PL. 1I, Fig. 4), which is quite exotic to the Triassic se-
quence of the Bikk Unit s.s. (Text-Fig. 7, col. 33).

Szarvaské Unit

In an olistostrome horizon of this Jurassic complex (HAAS
et al., 2001) Ladinian to Carnian red radiolarite blocks oc-
cur (DoszTALY & JOzsA, 1992; DoszTALY, 1994; Text-Fig. 7,
col. 32). Rare occurrences of Norian, conodont-bearing
grey limestone blocks are also known.

Darno Unit

In a Jurassic accretionary complex (KovAcs et al.,
2008a, b; HaAs et al., 2011, in this volume), as docu-
mented by drill-core sections, abyssal sediments (red
pelagic mudstones and radiolarites) in less amount al-
ternate with basalts in larger amount. Part of the radi-
olarites is of Ladinian—-Carnian age (DOSzTALY & JOZSA,
1992; DoszTALY, 1994; JOzSA et al., 1996; HaAs et al.,
2004; KovAcs et al., 2008a; PI. 4, Fig. 3). The basalts
are of two types: the early rift-type is reddish or green-
ish and rich in calcite amygdales, and contains contact
metamorphosed Boddvalenke-type limestone inclusions.
The latter are reddish, recrystallized limestone blocks of
a few cm to a few 10 cm in diameter, with red chert.
Some radiolarian data (DoszTALy, 1994; JOzsA et al.,
1996) point also to their Ladinian-Carnian age (Text-Fig.
7, col. 31). This mixture of basalt with red micritic lime-
stone, formed due to the interaction of hot lava flow
with cold lime mud on the sea floor, represents a typi-
cal peperitic facies (Pl. 4, Fig. 2) and is compared with
those occurring in the Kalnik Mt, NW Croatia (Kiss et
al., 2008), where they are known to a much larger ex-
tent (PALINKAS et al., 2008; KovAcs et al., 2011). The
other type of basalt lacks signs of mixing with calcar-
eous lime mud and reminds of the Jurassic Szarvaské
type (HAAs et al., 2011, in this volume).

Zagorje-Mid-Transdanubian Unit

This unit represents the southwestern part of the Ge-
mer-Bukk-Zagorje Unit and crops out on the surface in
the Zagorje region (Medvednica, lvans€ica and Kalnik
Mts) in NW Croatia. Their subsurface extension, also to
Hungary (“Mid-Transdanubian Unit”; FULOP et al., 1987)
is quite well known due to plenty of deep-drilling data
(BERCZI-MAKK et al., 1993; PAmMIC & TOMLJENOVIC, 1998;
HAAs et al., 2000b). Structurally, the Julian Alps -
South Karavanks and Sava folds (MioC, 1981), thrust
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during the Oligocene? — Miocene southward onto the
northwestern part of the Dinarides, are also consid-
ered as the western extension of this zone (HAAS et
al., 2011, in this volume), therefore they are included
(Text-Fig. 1) and described herein. Details on the bore-
hole data of the subsurface continuation of these units
into Hungary (“Mid-Transdanubian Unit” of FULOP et al.,
1987) can be found in the publications of BERCzI-MAKK
et al. (1993) and HAAs et al. (2000b), which are sum-
marized below.

Mid-Transdanubian Unit

In the northern part of the Mid-Transdanubian Unit non-
metamorphosed Permian and Triassic formations form the
pre-Tertiary basement, whereas slightly metamorphosed
Permian, Triassic and Jurassic formations occur in the
southwestern part of the unit. Ophiolite mélange was en-
countered in a few wells in a narrow strip along the south-
ern structural contact of the unit (BERCzI-MAKK et al., 19983;
HAAS et al., 2000b).

South Karavanks Unit

The Triassic sequence of the South Karavanks is typified
by Werfen-type Lower Triassic, shallow-marine Anisian do-
lomite, coeval platform carbonates (Schlern and Conzen
Dolomite) and basin facies consisting of marl with volca-
nic tuff (Wengen Fm.) in the Ladinian, marl, limestone and
sandstone (Raibl Group) in the Carnian (PI. 4, Fig. 5), and
Hauptdolomit and Dachstein Limestone in the Norian to
Rhaetian (GIANOLLA et al., 1998; Cozzi, 2000), that is very
similar to what was encountered in the wells south of the
Balaton Line.

A great number of wells encountered Triassic formations
in the same zone, making it possible to compile a gener-
alised succession. The Lower Triassic is made up of lilac-
coloured variegated shale that is overlain by an interval
of alternating limestone, dolomite and shale, representing
shallow ramp and lagoon facies. Shallow-marine dolomite
typifies the Anisian. Coeval platform and basin facies char-
acterises the Ladinian to Carnian interval. Wetterstein-type
limestone represents the platform facies. The basin facies
is typified by gray cherty limestone, marl and volcanic tuff
in several horizons in the Ladinian, and marl and siltstone
in the Carnian. The Norian to Rhaetian is represented by
Dachstein-type platform carbonates (BERCzI-MAKK et al.,
1993).

Julian-Savinja Unit

South of the above-described narrow strip there is a rela-
tively wide zone where, beneath a Tertiary cover, predomi-
nantly non-metamorphosed Triassic platform carbonates
were encountered. The Middle and Upper Triassic is char-
acterised by a typical shallow-ramp platform facies, name-
ly Steinalm-Wetterstein-type and Dachstein-type facies,
respectively (BERCzI-MAKK et al., 1993).

South Zala Unit

In the Mid-Transdanubian area the South Zala Unit, locat-
ed south of the above described non-metamorphic units
consists of Upper Permian evaporitic carbonates, Triassic
carbonates of basin and slope facies and Middle Jurassic
hemipelagic shale and volcanoclastics affected by low-
grade metamorphism. Possibly, the Medvednica and the
South Zala Units are part of one tectonostratigraphic unit.

220

Julian Carbonate Platform

The Julian Carbonate Platform (Text-Fig. 6, col. 21) was
formed after disintegration of the Slovenian Carbonate
Platform during the Anisian (BUSER, 1989; BUSER et al.,
2008). From then it acted as a distinguished paleogeo-
graphic unit up to the Early Jurassic.

Accordingly, Scythian and Anisian beds are similar to those
in southern and central Slovenia. In the Scythian shallow-
water carbonate and siliciclastic deposits alternate in a
succession up to 300 m thick. Frequent oolitic beds and
in places evaporites are very characteristic (DOLENEC et
al., 1981; RAMOVS, 1989b; KOLAR-JURKOVSEK & JURKOVSEK,
1996; LuCAs et al., 2008).

The Anisian stage is represented mostly by bedded dolo-
mites. However, in Bled and locally in the Western Kara-
vanks massive and bedded algal-reef limestones occur as
well (RAMOVS, 1987a; FLUGEL et al., 1993). These beds are
up to 600 m thick. In some places massive limestone beds
continue upwards into the Ladinian stage.

The Ladinian stage is characterized by sandstones, marls,
shales, limestone with cherts, and also volcanic, mostly
tuffaceous rocks (RAMOVS, 1989a). Among volcanic rocks,
quartz keratophyre, porphyry, and tuffs of ignimbritic char-
acter occur. In the Western Karavanks (Text-Fig. 6, col. 22)
and in places in the Julian Alps a horizon of breccia-con-
glomerate some tens of metres thick — Uggowitz (Ugovica)
Beds — occurs under the Lower Carnian (“Cordevolian”)
dolomite.

Lowermost Carnian (“Cordevolian”) is represented by a
succession up to 1000 m thick of light coloured massive
and bedded limestones with diplopore algae and rarely
corals and hydrozoans (RAMOVS & TURNSEK, 1984; RAMOVS,
1987b; RAMOVS & SRIBAR, 1992). The Julian and Tuvalian
beds, known as Tamar Formation (= “Raibl Beds”), are up
to 200 m thick (PI. 4, Fig. 4; PI. 5, Fig. 3). They were depos-
ited in a shallow restricted shelf. Dark argillaceous lime-
stone with marl intercalations is predominating over do-
lomite (Ramovs, 1987b; OGORELEC et al., 1984). In places,
the limestone beds contain megalodonts and algal flo-
ra with Clypeina besici (DOBRUSKINA et al., 2001; KOLAR-
JURKOVSEK & JURKOVSEK, 2003; KOLAR-JURKOVSEK et al.,
2005). The limestone beds are locally overlain by pelitic
tuff. Formation of the Main Dolomite (Hauptdolomit) start-
ed in the latest Tuvalian (BUSER, 1979). In the deeper envi-
ronments of the Julian Platform towards the Slovenian Ba-
sin, micritic limestones with abundant fauna (JURKOVSEK
& KOLAR-JURKOVSEK 1986, 1997; KOLAR-JURKOVSEK, 1991;
CELARC & KOLAR-JURKOVSEK, 2008, etc.) dolomites, and
limestones with chert nodules were deposited (JURKOVSEK
et al., 1984).

In the Norian and Rhaetian the Dachstein Limestone in
Lofer facies predominates, reaching a thickness of 1500
m (PI. 5, Fig. 1; BUSER, 1979; OGORELEC & ROTHE, 1993).
In the northern part of Triglav widely extended coral-reefs
occur (TURNSEK, 1997).

Kalnik Unit

The ophiolitic mélange of the Kalnik Unit (Text-Fig. 6, col.
23) crops out in the Kalnik, Medvednica and Ivanscica
Mts, in Croatia, but its subsurface extension to the ter-
ritory of Hungary is also proven by borehole data (HAAS
et al., 2000b). Its matrix is composed of fine-grained



siliciclastics (mostly dark grey to black shales), the age
of which is Middle Jurassic based on intercalated radio-
larites (HALAMIC et al., 1999). The m to km-sized blocks
in this matrix include ultramafics, basalts, gabbros and
deep-water sediments (radiolarites, silicified limestones)
(PAMIC, 1997; PAMIC & TOMLJENOVIC, 1998). Triassic red
radiolarites, interlayered with basalts or lying on top of
them, range in age from the Late Anisian (Oertlispongus
inaequispinosus, Falcispongus calcaneum, etc.) to Late
Carnian — Middle Norian (several Capnuchosphaera spe-
cies, Capnodoce sp., etc.; HALAMIC & GORICAN, 1995;
GORICAN et al., 2005). Triassic basalts are frequently
amygdaloidal and represent peperitic facies with red,
micritic limestone inclusions (Pl. 5, Fig. 2), from which
conodonts were reported in the Kalnik Mt (PALINKAS et
al., 2008). In the NW part of the Medvednica Mt (OreSje
quarry) well-preserved Late Anisian conodonts (plat-
formless forms of Gondolella excelsa, figured as “Para-
gondolella cf. excelsa”) were found in red limestone
inclusions in MOR-type basalt (HALAMIC et al., 1999).
Triassic early rift type basalts are considered to be re-
lated to sea-floor spreading in back-arc basin setting,
initiated around the Anisian/Ladinian boundary (GORICAN
et al., 2005). A whole submarine volcanic complex with
abundant peperitic facies was reconstructed in the Kal-
nik Mt, having equivalents in NW Bosnia (Vare$ region,
Dinaridic Ophiolite Belt) and in NE Hungary (Darné Unit)
(Kiss et al., 2008; PALINKAS et al., 2008). A sudden-
ly broken down shelf margin setting is represented by
the Belski dol section in the eastern part of Ivanscica
Mt, where Anisian light coloured platform limestone
is directly overlain by red radiolarite of the Late An-
isian Oertlispongus inaequispinosus zone (HALAMIC &
GORICAN, 1995; GORICAN et al., 2005). In Mt. Ivanscica
GRGASOVIC & SOKAC (2003) reported also blocks of An-
isian reef limestones suggesting shallow-marine carbon-
ate sedimentation.

Medvednica Unit

The metamorphosed “Medvednica Complex” (PAMIC &
TOMLJENOVIC, 1998), besides Devonian and Carbonifer-
ous ones, includes also Triassic conodont-bearing lime-
stones (reported as Ladinian to Carnian, but figured
also typical Norian “metapolygnathoids”; DJURDJANOVIC,
1973).

ADRIA-DINARIA MEGAUNIT
South Alpine Unit

In the area of the Southern Alps (location on Text-Fig. 1;
Text-Fig. 8, col. 35-38) the Alpine (Neotethyan) cycle be-
gins with a westward Late Permian transgression. Accord-
ingly, the continental, predominantly fluvial Gréden (Val
Gardena) Sandstone was step by step overlain by sabkha
and shallow lagoon facies of the Bellerophon Formation
in the eastern part of the Southern Alps (Dolomites, Car-
nic Alps). This trend continued after the Permian/Triassic
boundary event led to the inundation of Eastern Lombar-
dy and formation of shallow ramp deposits of the Werfen
Formation, 300-400 m in thickness, that transgressively
overlies continental and marine Upper Permian formations
(GAETANI, 1979; GAETANI et al., 1998).

The Lower Triassic sequence was deposited in a shallow
ramp setting that was characterised by mixed siliciclas-
tic and carbonate deposition. The sea-floor was usually
located below the fair-weather wave base but it was fre-
quently subjected to storm currents. The succession is
made up of transgressional-regressional cycles. The first
transgressional cycle starts at the Permian/Triassic bound-
ary with a characteristic oolite horizon that is overlain by
marl and mudstone. This basal member pinches out west-
ward in Lombardy (ASSERETO et al., 1973; BRANDNER &
MOSTLER, 1982; BROGLIO-LORIGA et al., 1990). Predomi-
nantly shallow subtidal carbonates with storm interlayers
were formed during the second cycle in the Dolomites that
also pinch out westward. Siliciclastics prevail in the next
cycle (Campil Member) all over the South Alpine domain
probably as a result of a significant climatic change. The
fourth transgressional cycle led to formation of a deeper
ramp facies (Val Badia Member), containing a rich ammo-
nite fauna (Tirolites cassianus) in the area of the Dolomites.
It progresses into shallow inner ramp facies westward and
southward (BROGLIO-LORIGA et al., 1990). The area of the
westernmost Southern Alps (Ticino) was not yet reached
by the transgression, and the whole Lower Triassic is rep-
resented by continental, Buntsandstein-type siliciclastics
(“Servino”; P1sA, 1974; GAETANI et al., 1987; SCIUNNACH et
al., 1999).

The Werfen Formation is comformably overlain by Lower
Anisian cyclic peritidal, shallow subtidal dolomites (Low-
er Serla Dolomite). In the Western Dolomites and in NE
Carnia it is covered by Upper Anisian conglomerates —
Richthofen Conglomerate, Uggowitz (Ugovizza) Breccia
— indicating uplift in the Late Anisian that resulted in an
intense erosion. As a consequence, in these areas the
Werfen Formation became deeply eroded or it is lacking
completely.

As a result of the next relative sea-level rise in the later
part of the Late Anisian platform carbonates (Contrin For-
mation) began forming on the structural highs and basinal
carbonates in the intraplatform basins. The tectonic ac-
tivity reached its maximum intensity in the Ladinian when
a platform carbonate succession was deposited, several
km thick (BOSELLINI, 1984, 1991; DOGLIONI, 1988) where-
as deposition of pelagic carbonates (Buchenstein Forma-
tion) with pyroclastic intercalations (“pietra verde”) contin-
ued in the basins. Predominantly in the Dolomites, intense
mafic volcanism (shoshonites) took place coevally which
was accompanied by the formation of magmatic intrusions
(CASTELLARIN et al., 1980). In the Late Ladinian to Early
Carnian the Ladinian intraplatform basins progressively
filled up with volcanics (pillow lavas, hyaloclastics) and
volcanoclastics (Wengen Formation). Parallel to the filling-
up, the platforms (Cassian Dolomite) prograded onto the
basin deposits (San Cassian Formation). A volcanic chain
was situated also south of the area of the present South-
ern Alps, in the basement of the Po Basin, as revealed by
AGIP wells (BRUSCA et al., 1982).

In the Late Carnian, large areas of the South Alpine domain
became subaerially exposed (GNACCOLINI & JADOUL, 1990)
and then covered by fine siliciclastics with humid paleo-
sols (lower part of the Travenanzes Formation; STEFANI et
al., 2010). Then evaporites and caliche soils indicate arid
climatic conditions (upper part of the Travenanzes Forma-
tion; STEFANI et al., 2010). In Lombardy a delta complex
developed contemporaneously.
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The following cyclic peritidal-subtidal dolomites (Dolomia
Principale) formed also under an arid climate. It is of over-
all extension in the South Alpine realm in a thickness at
km-scale (BOSELLINI & HARDIE, 1988; JADOUL et al., 1992).
In the Norian incipient stage of the opening of the Piemont-
Penninic ocean branch led to disintegration of the platform
and formation of fast subsiding basins and structural highs
in Lombardy (JADOUL et al., 2004). As a result the thick-
ness of the Upper Triassic succession is extremely variable
(from 0.5 to 4 km). First basinal carbonates were deposit-
ed in the basins coeval with the formation of the Dolomia
Principale (Aralalta Group; JADOUL, 1985). During the Late
Norian to Hettangian, a cyclic shale-carbonate succession
was formed (Riva di Solto Shale and Zu Limestone; JADOUL
et al., 1992). In the Dolomites the development of carbon-
ate platforms continued till the end of the Triassic. In the
Carnic Fore-Alps, in the eastern part of the Southern Alps,
among carbonate platforms made up of Norian Dolomia
Principale and Rhaetian Dachstein Limestone, small intra-
platform basins occur (CARULLI et al., 1998; Cozzl & PoD-
DA, 1998). In the basins Norian cherty dolomite and Rhae-
tian to Liassic limestones were formed. The platforms are
bounded by N-S and NE-SW trending synsedimentary lis-
tric faults (Cozzi, 2000). The development of these basins
was related to the Neotethys opening.

Adria Unit
Adriatic-Dinaridic Carbonate Platform

The Mesozoic Adriatic-Dinaridic Carbonate Platform
(ADCP; Text-Fig. 8, col. 39) of PAMIC et al. (1998) or Adri-
atic Carbonate Platform (AdCP) of VELIC et al. (2004) was
built on a large part of the Variscan “Carnic-Dinaridic mi-
croplate” (in the sense of VAI, 1994, 1998, 2003) or south-
ern part of the “Noric-Bosnian Terrane” (in the sense of
FLUGEL, 1990; NEUBAUER & RAUMER, 1993; EBNER et al.,
2007), characterized by mostly marine Late Carbonifer-
ous and Permian sedimentation (VOzAROVA et al., 2009a,
b). Building of a coherent, immense carbonate platform
(one of the largest in the Tethys domain) began in the Late
Triassic (Norian—-Rhaetian) and continued (with local differ-
entiations: short-lived basins or emersions, the latter be-
ing indicated by bauxite horizons) until the end of the Cre-
taceous.

The area of Slovenia since the Late Permian to the end
of the Anisian was an integrated part of an extensive and
shallow carbonate platform (the Slovenian Carbonate Plat-
form; BUSER, 1989; BUSER et al., 2008). At the end of the
Anisian the Slovenian Carbonate Platform was disinte-
grated into the Adriatic-Dinaridic Carbonate Platform in
the south and the Julian Carbonate Platform in the north,
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Lithofacies chart of the Southern Alps (35-38), Adriatic-Dinaridic Carbonate Platform (39) and Slovenian Basin (40) (ADRIA-DINARIA I).
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separated by the Slovenian Basin (COUSIN, 1973; BUSER,
1989). This basin extended from Tolmin, through Ljubljana
and Zagreb to Bosnia (e.g. into the Bosnian Zone).

Sediments of the Adriatic-Dinaridic Platform (Slovenian
part) are lying on the carbonate-clastic succession of the
uniform Slovenian Carbonate Platform (BUSER, 1989), that
existed until the end of the Anisian.

The transition from the Permian to the Lower Triassic is
continuous and consists of limestone and dolomite (PI. 5,
Fig. 4). The P/T boundary is characterized by the extinction
of the Permian fossils and defined by the first appearance
datum (FAD) of the conodont species Hindeodus parvus
(KOLAR-JURKOVSEK & JURKOVSEK, 2007; KOLAR-JURKOVSEK
et al. 2011). The boundary is marked also by a strong en-
richment of the light 3'3C in carbonate rocks (DOLENEC et
al., 2004). The Tesero horizon occurs at the P/T boundary
interval and reaches a thickness of 0.5 m to a few meters.

Scythian beds south of the Periadriatic lineament are rel-
atively uniform. Their thickness varies strongly from 40 to
600 m. Alternation of siliciclastic and carbonate rocks, par-
ticularly limestone with admixtures of silicate detritic grains
is noticed in the lower part of the succession. Red oolitic
limestones or dolomites are characteristic lithotypes (GRAD
& OGORELEC, 1980; Ramovs, 1989b; DozeT, 2000). Echino-
derms, gastropods (Natiria costata) and the foraminifera
Meandrospira pusilla are frequent fossils (ANICIC & DOZET,
2000). The oolitic lithofacies contains a conodont associa-
tion of the Smithian Obliqua Zone represented by shallow-
water genera (KOLAR-JURKOVSEK & JURKOVSEK, 1996).

At some places beds and lenses of evaporitic minerals,
gypsum and anhydrite occur (CAR et al., 1980). In the
Scythian succession the amount of siliciclastic component
shows an upward decreasing trend. Dark biomicritic and
marly limestone is prevailing over dolomite, with rare stro-
matolitic laminae.

The Anisian succession is rather uniform, represented
mostly by bedded dolomite, often showing signs of per-
itidal sedimentation (GRAD & OGORELEC, 1980). Subordi-
nately biomicritic limestone also occurs, containing the
foraminifera Meandrospira dinarica and Glomospira densa.
The Anisian deposits reach a thickness up to 600 m.

The previously uniform Slovenian Carbonate Platform dis-
integrated into two parts: the Julian Carbonate Platform in
the north, and the Adriatic-Dinaridic Carbonate Platform in
the south. In connection with this significant facies differ-
ences can be observed already in the Anisian, especially
on the slope zones of both carbonate platforms to the Slo-
venian Basin.

In the lower part of the Ladinian succession basinal fa-
cies prevail: micritic limestone and cherty limestone, which
may be partly dolomitized. They are overlain by shallow-
water carbonates characterized by a Diplopora associa-
tion, sandstones and tuffs of the spilite-keratophyre as-
sociation.

The lower part of the Carnian is represented mostly by
dolomitized platform carbonates, rich in Dasycladaceae,
some hundreds of metres thick. The Julian and Tuvalian
beds were deposited in a shallow restricted lagoonal en-
vironment and are up to 400 m thick. They are represent-
ed by dark, marly limestones, intercalated by siliciclas-
tics (marly siltstones and sandstones) and also by tuff and
tuffitic beds and coal (CIGALE, 1978; BUSER, 1979). South-

ern Slovenia was partly subaerially exposed in the Tuval-
ian, where bauxites and siliciclastics of the Borovnica For-
mation were deposited (BUSER, 1996). On the northern
margin of the Adriatic Carbonate Platform and towards the
Slovenian Basin, deposition of black, marly limestone, rich
in a thick-shelled mollusc fauna, took place (BUSER, 1979;
JELEN, 1990; JURKOVSEK & JELEN 1989; JURKOVSEK 1993).

The Norian and Rhaetian stages are represented by the
Main Dolomite (Hauptdolomit), up to 1200 m thick and
characterised by Lofer facies (OGORELEC & ROTHE, 1993).
Above it 200 m of Dachstein Limestone are preserved lo-
cally. Megalodontids are the most characteristic fossils.
Both the Main Dolomite (Hauptdolomit) and the Dachstein
Limestone show in places clear evidence of paleokarstifi-
cation.

In the area of Croatia due to extensional tectonic move-
ments in the Middle Permian, the uniform shallow epeiric
platform disintegrated, and horst and grabens developed
(VELIC et al., 2003). Some of the Permian highs (horsts)
(e.g. Velebit Mts) were probably isolated from the main
carbonate platforms in the Southern Alps and possibly ex-
perienced continuous carbonate sedimentation from the
Permian to the Early Triassic (TISLJAR et al., 1991). Some
Permian interplatform areas (grabens) were filled with clas-
tics prior to the Early Triassic shallow-marine carbonate-
dominated deposition (for example the Gorski Kotar re-
gion).

The AdCP platform evolution can be divided into three
megasequences:

1) Middle Permian — Upper Ladinian or Carnian
2) Norian — Upper Cretaceous and
3) Paleocene — Middle Eocene (VELIC et al., 2001, 2003).

The first megasequence began with platform carbonate
deposition in the Middle to Late Permian that was con-
formably overlain by Lower Triassic strata in some places
(Velebit Mts). The oldest Lower Triassic deposits in Croatia
were documented (by means of conodonts) in the Gorski
Kotar Region but the P/T boundary interval is not exposed
(ALJINOVIC et al., 2006).

The Lower Triassic successions are usually devided into
two lithostratigraphic units: mainly red shales, sand-
stones and oolitic grainstones containing representatives
of the characteristic bivalve genus Claraia are considered
as the Lower Scythian “Seis (= Siusi) beds”; dominantly
grey clayey/silty limestones and marls as Upper Scythian
“Campil beds”. According to the similar lithologic char-
acteristic of the Lower Triassic (Scythian) deposits in the
wide Dinaridic area, deposition in a wide shallow epeiric
sea was suggested especially due to the presence of oo-
litic grainstones and shallow-water structures (ALJINOVIC,
1995; MARJANAC, 2000; JELASKA et al., 2003).

In the Middle Triassic, the area of the future Adriatic Car-
bonate Platform proceeded to disintegrate due to rift re-
lated tectonic movements, forming the huge isolated plat-
form - the Adria Microplate (VELIC et al., 2003) or Southern
Tethyan Megaplatform (STM) (VLAHOVIC et al., 2005). This
carbonate platform represents the fundament of the future
Adriatic Carbonate Platform.

The Middle Triassic rifting disintegrated the area; highs
(horsts) and grabens were developed. Some rift-related
highs experienced continuous shallow-marine carbon-
ate deposition usually with algal limestones (HERAK, 1974;
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GRGASOVIC & SOKAC, 2003), while between the uplifted
blocks the influence of a deeper environment has been
recognised mostly by the presence of ammonoids or pe-
lagic microorganisms in grey, cherty limestones (SAKAC,
1992; BALINI et al., 2006). Recently MissoNI et al. (2010)
distinguished four independent platform stages for the
Late Anisian to Early Carnian interrupted by basinal se-
quences (Velebit Mountains). As a consequence of the rift
related tectonic movements, resedimented intraformation-
al breccia facies (analogous to the Richthofen Conglomer-
ate of the Southern Alps) occur in many places (for exam-
ple the “Otarnik breccia” at the base of the intraplatform
succession at the Svilaja Mt; MARJANAC, 2000; JELASKA et
al., 2003).

Widespread volcanic and volcaniclastic rocks (basalts, an-
desites and dacites, which were largely transformed into
metabasalt — mainly spilite, metaandesite, mainly kera-
tophyre and metadacite, mainly quartzkeratophyre; e.g.
PAMIC, 1982, 1984) are also interpreted as consequenc-
es of the rifting. The magmatic activity reached its parox-
ism during the Ladinian. In S Bosnia, along the NE mar-
gin of the Adriatic-Dinaridic Carbonate Platform plutonic
rocks, among which intermediate ones predominate over
basic and acidic ones, are represented by varieties of gab-
bro, diorite, granodiorite, granite, albite-syenite and albite-
granite. The largest Triassic plutonic body is the Jablanica
gabbro-norite pluton occurring SW of the Bosnian Schist
Mountains in an area of 20 km? (PAMIC, 2000; TRUBELJA et
al., 2004; ROBERTSON et al., 2009).

In the Svilaja Mt volcaniclastic deposits — ignimbrites and
tuffs (called “pietra verde”) — occur in deeper marine suc-
cessions. They are conformably overlain by bioclastic,
grey cherty limestones and dolomites with calcareous al-
gal skeletons, foraminifers, radiolarians, gastropods, bi-
valves and brachiopods (MARJANAC, 2000; JELASKA et al.,
2003; BALINI et al., 2006).

The Middle/Late Triassic boundary is mostly characterised
by a relatively long emersion phase, which is indicated by
bauxite occurrences (VLAHOVIC et al., 2005) marking the
end of the first megasequence (VELIC et al., 2001, 2003;
VLAHOVIC et al., 2005). In the Carnian terrestrial red con-
glomerates, sandstones and shales occur locally (VLAHOVIC
et al., 2005), probably on the uplifted blocks. However in
some places shallow-marine conditions prevailed during
the whole Middle to Late Triassic period (Central Croatia;
VLAHOVIC et al., 2005).

Transgression at the end of the Carnian led to the estab-
lishment of shallow carbonate platform conditions over a
huge area called “Southern Tethyan Megaplatform” includ-
ing the later Adriatic Carbonate Platform. Development of
the Dachstein-type platform can be considered as the be-
ginning of the second megacycle that is characterized by
carbonate platform evolution which was continuous over
large areas until the Late Cretaceous in the territory of the
Adriatic-Dinaridic Carbonate Platform (VELIC et al., 2003).

The Upper Triassic platform carbonates are exposed al-
most continuously along the NE margin of the Adriatic-
Dinaridic Carbonate Platform from Slovenia to southern
Montenegro and northern Albania (DRAGICEVIC & VELIC,
2002). Two typical lithofacies of these platform carbon-
ates are distinguished. There are predominantly dolomite
successions corresponding to the Hauptdolomit or Dolo-
mia Principale, and there are limestones only subordinate-
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ly dolomitized corresponding to the Dachstein Limestone.
Generally the lower part of the Upper Triassic platform car-
bonates are dolomitic whereas the upper part is usually
limestone containing a typical megalodontid and foramin-
ifera assemblage of the Dachstein Limestone. This thick
carbonate sequence represents typical deposits of the
isolated carbonate platform but it should not be ascribed
to the Adriatic Carbonate Platform s.s. During that period
the entire area of the Southern Tethyan Megaplatform was
still united (VLAHOVIC et al., 2005). The Upper Triassic plat-
form carbonates are directly overlain by Lower Jurassic
platform carbonates (usually fossiliferous limestones) or
their dolomitized equivalents.

The huge Southern Tethyan Megaplatform was partly dis-
integrated during the Late Liassic, resulting in the for-
mation of several basins and platforms, among them the
Adriatic Carbonate Platform (AdCP; VELIC et al., 2003;
VLAHOVIC et al., 2005).

In Montenegro, at the SW part of the Adriatic-Dinarid-
ic Carbonate Platform, due to the neighbourhood of the
Budva Zone (not extending to the area of our map) which
later evolved into a Mesozoic deep-water seaway, Ear-
ly Anisian siliciclastic flysch/wildflysch-type sediments (cf.
DIMITRIJEVIC, M.N., 1967; RADOICIC, 1987) were reported, too.

Central Bosnian Mountains Unit

The Upper Permian shallow-water, fossiliferous Bellero-
phon limestone, cavernous limestones and locally evap-
orites (gypsum, anhydrite) grade into the siliciclastic and
rarely cavernous limestone of the Travnik Formation, of the
Permian/Triassic boundary interval (KARAMATA et al., 1997;
HRvATOVIC, 1999). Gradually developing from this forma-
tion or directly lying over the Paleozoic basement Lower
Triassic sandstones and siltstones follow (location on Text-
Fig. 1; Text-Fig. 9, col. 41). The Anisian is represented by
massive ramp-type limestone. In the Ladinian the “volca-
nogenic-sedimentary formation” (shales, cherts, and with
the volcanic members of “within-plate” character as spi-
lites, rare keratophyres and pyroclastic rocks) was formed
in basin areas. The gabbro-diorite-albite-granite body of
Radovan Mt is related to this Triassic magmatic activity.
During the Ladinian and in the whole Upper Triassic, mo-
notonous reefal, platform-type limestones and dolomites
were deposited (KARAMATA et al., 1997).

Slovenian Basin and Bosnian Zone

In the Late Permian in the region of Slovenia the wide Slo-
venian Carbonate Platform established, and remained sta-
ble till the Late Anisian. In the Late Anisian the platform
started to disintegrate along regional faults (BUSER, 1989;
BUSER et al., 2008). However, carbonates still kept depos-
iting on elevated blocks. In the basins the deposition of
deeper marine reddish and light grey nodular limestone of
Han Bulog-type took place. This event was the beginning
of later total destruction of the carbonate platform.

Due to the “Ildrija tectonic phase”, in the Ladinian a com-
plete tectonic disintegration of the Slovenian Carbonate
Platform took place. Certain areas became submerged
deep below the sea, and others became land. Only at rare
localities smaller remains of the former carbonate plat-
form persisted. The region in central Slovenia was sub-
merged deepest and this signifies the beginning of the



later Slovenian Basin (Text-Fig. 8, col. 40). In deeper parts
the Pseudogailtal beds were deposited, which consist
of alternation of shaly mudstones, greywackes and tuffs
with rare beds of dark grey limestone. Dark grey layered
and platy limestones often accompanied by green tuffa-
ceous beds of “pietra verde”-type contain Ladinian con-
odonts, as well as radiolarians, ammonoids and bivalves
(KOLAR-JURKOVSEK, 1991; GORICAN & BUSER, 1990; PLACER
& KOLAR-JURKOVSEK, 1990; JURKOVSEK 1983, 1984).

On the uplifted terrestrial areas variegated conglomerates
were accumulated. During Ladinian, in a horst-bounded
graben, at Idrija a world famous hydrothermal-volcano-
genic synsedimentary mercury deposit was formed.

During the Late Ladinian or Early Carnian a compressional
phase commenced. The area of central Slovenia still re-
mained a deep basin, and that was defined as the Slove-
nian Basin. The volcanism ceased completely. North of the
deeper sea region the stable Julian Carbonate Platform
was formed, comprising the present South Karavanks, Ju-
lian and Kamnik-Savinja Alps. South of the Slovenian Ba-
sin the Adriatic-Dinaridic Carbonate Platform came into
being, comprising the actual External Dinarides. In the
western part of the Slovenian Basin, dark grey platy lime-
stones with chert and the “Amphiclina Beds” were depos-
ited (BUSER et al., 2008). At the basin margin dark grey
massive reef limestones, rich in sponges and corals oc-
cur (TURNSEK, 1997). In the upper part of the basin suc-
cessions siliciclastics alternate with bedded limestones.
The limestones contain Late Carnian to Early Norian con-
odonts (KRIVIC & BUSER, 1979; KOLAR-JURKOVSEK, 1991;
Ramovs, 1998).

In the central and eastern Slovenian parts of the Slove-
nian Basin, dark grey bedded micritic limestones occur,
intercalated by thin marl layers, wich contain Carnian con-
odonts (KOLAR-JURKOVSEK, 1991), and rarely ammonoids.

During the Norian and Rhaetian, deep-sea conditions es-
tablished all over the basin (BUSER et al., 2008; RozZIC et
al., 2009). Platy and layered limestones with chert nodules
and lenses were deposited, which were subject to perva-
sive dolomitization; Ba¢a Dolomite is the most typical rock
of the Slovenian Basin containing Late Triassic conodonts
of the genus Misikella (OGORELEC & DOZET, 1997; RozIC et
al. 2009; KoLAR-JURKOVSEK 2011). Intraplatform troughs
stretched from the basin into the Julian Carbonate Platform
also during the Norian and Rhaetian, in which white micritic
limestone with chert nodules containing monotids and con-
odonts were deposited (KOLAR-JURKOVSEK et al., 1983).

The Bosnian Zone s.s. (in Bosnia) embraces units that
were deposited at the northern slope of the Adriatic-Di-
naridic Carbonate Platform and of terranes accreted be-
fore the Permian/Triassic (i.e. the Bosnian Schist Moun-
tains). Sedimentation is dated from Middle Jurassic to Late
Cretaceous; the presence of Upper Triassic formations is
questionable (PAMIC et al., 1998; KARAMATA et al., 2004).

Dinaridic Unit
The eastern margin of Adria, i.e. the base of the Dalma-
tian-Herzegovian Unit (= the Adriatic-Dinaridic Carbon-
ate Platform) and amalgamated units (the Central Bosnian
Mountains and the Drina-lvanjica), together with the Di-
naridic Ophiolite Belt and the East Bosnian-Durmitor Unit,
form the Dinarides. The Triassic sequences (as well as the
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overlying Jurassic ones) of the first group (Dalmatian-Her-
zegovian Composite Unit, Central Bosnian Mountains and
Drina-lvanjica Units) were affected by the subduction pro-
cesses of the oceanic lithosphere in the Vardar Ocean.

Triassic successions occur in practically all different units
and nappes of the Dinarides. Also, they form the underly-
ing strata in these nappe complexes, which consist near
the surface only of Jurassic or Cretaceous sequences. The
description of the different units starts with the western-
most units and ends with the easternmost ones.

East Bosnian-Durmitor Unit

Principal subunits of this unit are the Durmitor, Cehotina
and Bjelasica Subunits (Text-Fig. 9, col. 42); the Lim Sub-
unit will also be described here, although it could repre-
sent a possible part of the Dinaridic Ophiolite Belt thrust
over the East Bosnian-Durmitor Unit (DIMITRIJEVIC, 1997).
The Lim Subunit is not equivalent to the Lim Zone of
ANDJELKOVIC (1982) and SUDAR (1986). Triassic sequenc-
es in these subunits do not show much difference, so they
will be described together, highlighting the differences.

In the Bjelasica Subunit the Lower Triassic beds are the
oldest, and Ladinian ones are the youngest on the surface;
Anisian-Ladinian volcanic rocks of rhyolitic to andesite-
basaltic composition and calc-alkaline affinity are asso-
ciated with polymetallic ore deposits (e.g. Brskovo, Zuta
Prla, etc., DIMITRIJEVIC, 1997).

In the Lim Subunit clastic beds older than Early Triassic
are absent. Upper Triassic deposits above the Anisian and
Ladinian pelagic carbonate and volcanic succession are
not known (DIMITRIJEVIC, 1997).

The Upper Permian “Bellerophon limestones” are overlain
by red Lower Scythian siliciclastics, often with carbonate
matrix, and varicoloured marlstones. The upper part of the
Lower Triassic shallow-marine carbonate-terrigenous de-
posits are composed of sandy and marly “bioturbated”
limestones, with oolites and occasionally siltstones and
claystones. The thickness of Lower Triassic deposits is
250-500 m.

Shallow-water carbonate deposits are typical for the An-
isian. It commonly began with sandy limestones and do-
lomites equivalent to the Gutenstein-type limestone/do-
lomite sequence, formed in a restricted, periodically
hypersaline intertidal area. They are overlain by different
types of massive, light grey limestones, equivalent to the
Steinalm Limestones of the Eastern Alps / Western Car-
pathians, and are characteristic for environments of more
open marine conditions. In the Late Anisian red Bulog
Limestone (DIMITRIJEVIC, 1997), which indicates the drown-
ing of this Steinalm carbonate ramp, were deposited in
some places. The Anisian deposits reach a thickness of
about 300 m, but only 5-10 m are of Bulog Limestone.

Submarine volcanism began in places at the end of the Ear-
ly Triassic (Visitor Mt) or before, during or after the deposi-
tion of the Bulog Limestone in other places (DIMITRIJEVIC,
1997). Calc-alkaline volcanic rocks are scarce in the west,
but they form km-long flows in the north and northeast do-
mains. They are more numerous in the southeast and the
first generations occur as typical submarine flows inter-
layered with volcanic breccias, tuffs, tuffites, limestones,
and marly sediments. The succession mostly ends with
red limestones and cherts, but in some places the volcanic
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rocks are directly overlain by Ladinian red limestones. To
the northwest, large masses of dacites with andesites and
rhyolites occur.

The pelagic Ladinian sediments are exposed over large ar-
eas in the northwestern part of the unit. They begin with
dark red chert, sporadically interbedded with shales, tuffs
and marlstones. Overlying them or directly over the An-
isian beds red limestones with varicoloured cherty nod-
ules and intercalations follow. The basinal succession is
topped by the Wetterstein Limestone with massive reef-
al limestone and dolomite lenses, rich in fauna and flora
(DIMITRIJEVIC, 1997).

The transition to the Upper Triassic is everywhere gradual,
without change in the platform depositional regime. The
Upper Ladinian to Lower Carnian deposits are analogous
to the Wetterstein Limestone. Then Upper Carnian — Nori-
an Dachstein platform-type carbonates follow with reef
and lagoonal Loferite facies (DIMITRIJEVIC, 1997). Rhaetian
has not been proven. The Upper Triassic limestones are
500-700 m thick.

Dinaridic Ophiolite Belt

The Early-Middle Triassic rifting, which is interpreted as
a result from continuous subduction of the oceanic litho-
sphere of the main Vardar Ocean (KARAMATA, 2006) was in-
tensified in the late Middle Triassic and should be followed
according to KARAMATA (2006) by the formation of a mar-
ginal sea between the main part of the Adria and the Cen-
tral Bosnian Mountains Unit in the southwest and the Dri-
na-lvanjica Unit in the northeast. Therefore, the Dinaridic
Ophiolite Belt should be a remnant of an autochthonous
ocean between these two units. This basin evolved during
the late Middle — Late Triassic — Early Jurassic into the Di-
naride Ocean (ROBERTSON et al., 2009; Text-Fig. 9, col. 43)
and its continuation to the south, represented by the ophi-
olite complexes of Mirdita Zone in Albania, and the ophio-
lite complexes of northern Pindos Mts and western Othrys
Mts in Northern Greece. The boundary between these
ophiolite complexes is a younger strike-slip fault now cov-
ered by the Neogene deposits of the Metohija depression.
This view of an autochthonous position (KARAMATA, 2006)
of the Dinaridic Ophiolite Belt was recently discussed con-
troversially. SCHMID et al. (2008) and GAWLICK et al. (2008,
2009b) found several arguments for a westward Jurassic
obduction of the ophiolite nappes. According to these au-
thors the Dinaridic Ophiolite Belt represents a far-travelled
nappe stack from the Neotethys Ocean. According to Mis-
SONI & GAWLICK (2010, 2011) the Dinaridic Ophiolite Belt is
part of the orogenic Neotethyan Belt, formed in the Middle
to early Late Jurassic, striking from the West Carpathians
to the Hellenides.

The Triassic formations (limestones, terrigenous, siliceous
and oceanic crust rocks, etc.) in that basin are not pre-
served and exposed on their original places. They are
found only as blocks, olistoliths and slide blocks (= olis-
toplakae in the sense of DIMITRIUEVIC, 1997), in the olis-
tostrome/mélange of this basin (e.g. DIMITRIUEVIC et al.,
2003; KARAMATA, 2006). Several Middle to Late Jurassic
carbonate-clastic trench-like basin fills were recently dis-
tinguished by SUDAR et al. (2010), GAWLICK et al. (2010a,
2010b, 2010c) and RICHARD L. (= LEIN, R.) et al. (2010).
These authors interpret also the Middle-Late Triassic ba-
sinal sequences, similar to the Hallstatt Limestone succes-



sions of the Eastern Alps or the Albanides/Hellenides as
derived from the outer shelf region facing the Neotethys
Ocean to the east.

Another type of Triassic rocks derived from the Drina-lvan-
jica Unit, from the area marked now as the eastern bound-
ary of the Dinaridic Ophiolite Belt (in the Zlatibor and Zlatar
Mts, etc.). In this area the special and controversially dis-
cussed Triassic carbonate rocks of the Grivska Formation
occur together with limestones of different Hallstatt fa-
cies zones, as yet not defined in detail (SUDAR et al., 2010;
GAWLICK et al., 2010a, b; MiSsONI et al., 2012). Both forma-
tions were deposited, according to former interpretations,
from the Late Triassic onwards, on the margin/slope of
the Drina-lvanjica carbonate platform facing the Dinaride
Ocean to the west. According to SUDAR et al. (2010) and
GAWwLICK et al. (2010a, b) they derive from the Hallstatt Fa-
cies Belt facing the Neotethys Ocean to the east and rep-
resent far-travelled remnants of this shelf further east of
Drina-lvanjica. This view is confirmed by the occurrence
of blocks with a complete Late Ladinian to Early Carnian
carbonate platform evolution (Wetterstein Carbonate Plat-
form), and the drowning sequence beside other carbonate
blocks in the carbonate-clastic mélange west of the Drina-
Ivanjica Unit (Sirogojno area) (MISSONI et al., 2012). These
blocks derive from the Drina-lvanjica Unit or further east
and document in that area the transition to the outer shelf
region, represented by the grey Hallstatt facies zone (e.g.
Kopaonik Formation; SCHEFER et al., 2010) and the various
coloured Hallstatt facies zone further east (SUDAR et al.,
2010; GAwWLICK et al., 2010a, b).

The first type, i.e. the Grivska Formation is quite specif-
ic (compare the new definition as Grivska Group by Mis-
SONI et al., 2012), it is everywhere in tectonic relationship
with its surroundings (blocks/slides in a argillaceous-ra-
diolaritic matrix), and is known from olistoliths and km-
sized slide blocks (olistoplakae) inside the olistostrome/
mélange below the ophiolites of the Dinaridic Ophiolite
Belt; rarely Grivska Formation blocks were also found
mixed with the Drina-lvanjica carbonate platform succes-
sion (DIMITRIVEVIC, 1997). The Grivska Formation consists
of platy to thin-bedded mostly turbiditic grey limestones.
It is characterized by grey, brownish to black chert nod-
ules and interbeds, silicification, structures of submarine
slides, some cross-lamination, and thin siltstone beds, etc.
(PI. 6, Fig. 3). This formation is interpreted as the product
of the hemipelagic deposition on the proximal slope en-
vironments of the Drina-lvanjica Carbonate Platform to-
ward the present southwest, to the oceanic tract of the
Dinaridic Ophiolite Belt (DIMITRIJEVIC, 1997). According to
the available data, we suppose the age of the formation
in a very wide stratigraphic range, from the latest Middle
Triassic to the Middle (?Late) Jurassic (compare MISSONI et
al., 2012). Its Triassic part was documented by conodonts
ranging from latest Ladinian to Middle Norian (ANDJELKOVIC
& SUDAR, 1990; SUDAR, 1996; SUDAR, unpubl. data).

The second type, the Upper Triassic red, light grey to yel-
lowish limestones of the various coloured Hallstatt facies
are present in the wide region of Zlatar Mt (PI. 5, Fig. 5),
and in the surroundings of Sarajevo (Trebevi¢ Mt), etc. The
age of these rocks was established by SUDAR (1986), Su-
DAR et al. (2010) and GAwLICK et al. (2010a), in the Lim
Zone of ANDJELKOVIC (1982), but their mentioned regions
of deposition according to Serbian literature (e.g. KARA-
MATA et al., 1997, etc.) belong to the Dinaridic Ophiolite

Belt. These pelagic carbonate deposits should represent,
according to the in-situ view of the Dinaride Ocean, prod-
ucts of deep-water deposition on the more distal parts of
the continental slope of the Drina-lvanjica Carbonate Plat-
form, or on its toe towards the deep-sea or oceanic realm
of the Dinaridic Ophiolite Belt basin. They represent tran-
sitional deposits between the hemipelagic limestone of
the Grivska Formation, and the different types of siliceous
rocks deposited on the oceanic crust of this basin. From
these limestones in the Trebevi¢c Mt and Zlatar Mt all con-
odont zones of the Carnian and Norian were documented
(SuDAR, 1986 and unpubl. data).

Except for the mentioned carbonate rocks from the out-
er shelf, the more internal outer shelf (Grivska Formation),
and the reef/platform depositional domains, in the area of
the Zlatibor and Zlatar Mts also various types of Triassic
siliceous rocks, which were deposited in different parts
of this oceanic basin, are present. These rocks also be-
long to the Dinaridic Ophiolite Belt. The age determina-
tions of these mostly radiolaritic deposits connected with
basalts of the ophiolite sequence confirm, that remnants
of a Ladinian and Late Triassic deep-sea are preserved in
the Dinaridic Ophiolite Belt (OBRADOVIC & GORICAN, 1988;
GAwLICK et al., 2010a; etc.).

Beside the mentioned data, in the ophiolite-related basalt-
radiolarite locality near Visoka village (basin of rivers Mali
Rzav and Ljubi$nja, Zlatibor Mt), a Late Ladinian radiolar-
ian assemblage of the Muelleritortis cochleata zone was
reported by VISHNEVSKAYA & DJERIC (2006) and VISHNEVS-
KAYA et al. (2009).

In the locality Potpe¢, along the road Bistrica-Priboj, a
slide block of red cherty limestone overlying amygdaloi-
dal basalt, and with intercalations of red chert and vio-
let-red shales, appears in the olistostrome/mélange (PI.
6, Fig. 1). It was first reported by POPEVIC (1970) as part
of the Jurassic “Diabase-Chert Formation”. But after find-
ing Late Anisian (previously Early Ladinian, before the new
GSSP at the base of the Curionii Zone) radiolarians of
the Oertlispongus inaequispinosus zone, this block was
described as “another olistolith from the porphyrite-chert
assemblage occurs also in the Diabase-Chert Formation”
(OBRADOVIC & GORICAN 1988, p. 54), because of its Trias-
sic age. At the western side of the road Gostilje-Sirogojno
descending to the Katusnica River (Zlatibor Mt) a similar
olistolith is exposed. On that locality basaltic pillow la-
vas are associated with red cherty limestone, intercala-
tions of violet to red shales, and with red cherts (PI. 6,
Fig.5), which yielded Carnian radiolarians (DOSZzTALY, un-
publ. data). Such blocks are known in the Hungarian geo-
logical literature (HAAS et al., 2004; KovAcs, 2011) as “Béd-
valenke-type olistoliths”. It is interesting to note, that this
kind of olistoliths has a much wider distribution at the sur-
face on the Othrys and North Pindos ophiolite complexes
of Greece (PALINKAS et al., 2010).

Three kilometres west of Sjenica a ten metres-sized chert
olistolith is exposed, slightly sheared at the margins. It oc-
curs in a Jurassic argillaceous-silty-radiolaritic matrix, to-
gether with other olistostrome components, such as an
albite-granite olistolith, olistoliths of basalts and different
carbonate blocks. The radiolarite chert olistoliths in a Mid-
dle Jurassic matrix (radiolaritic-ophiolitic mélange accord-
ing to GAWLICK et al., 2009b) are bedded, reddish to green,
locally with thin interlayers of siliceous shale. They contain
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latest Carnian to late Middle Norian radiolarians (GORICAN
et al., 1999). A similar radiolaritic-ophiolithic mélange was
recently dated in the Ljubi$ area in the Zlatibor mélange
(GAwLIcK et al., 2010b): here several Triassic radiolarite
slides occur together with ophiolite blocks in a late Middle
Jurassic matrix. These occurrences of mélange with Tri-
assic blocks of the sedimentary cover of the ocean floor
occur below the ophiolite nappes of the Dinaridic Ophio-
lite Belt. They form in this case a classical sub-ophiolite
mélange (age and component composition), on which the
ophiolite nappes where transported to the west (compare
GAWLICK et al., 2008, for Mirdita ophiolites).

Drina-Ilvanjica Unit

A Triassic succession, probably deriving from the the Dri-
na-lvanjica Unit or from further east (MISSONI et al., 2012)
can only be reconstructed from different blocks. Two dif-
ferent types of blocks can be recognized: an older one
(Early Triassic to the end of the Middle Anisian), which
belongs to the pre-platform continental and ramp depo-
sition, and a younger second (Late Anisian/Ladinian to
the end of the Triassic), which belongs to a carbonate
platform depositional system (DIMITRIJEVIC & DIMITRIJEVIC,
1991; Text-Fig. 9, col. 44).

On the low to very low metamorphosed Paleozoic rocks,
the deposition of the succession began with Triassic Klad-
nica Clastics, deposited prevailingly in braided river sys-
tems and with the greatest known thickness of about
250 m. They are, most probably unconformably, overlain
by “Seisian” Clastics up to 180 m thick (DIMITRIJEVIC &
DIMITRIJEVIC, 1991) or Zuniéi Clastics (RADOVANOVIC, 2000)
which represent products of a siliciclastic inner ramp envi-
ronment. Both of these deposits were largely eroded or re-
duced during the younger thrusting processes.

The late Early Triassic is represented by the deposits of
the “Bioturbate Formation”, in which micrites (bioturbated
almost everywhere) and marlstones are predominant, but
siliciclastic sediments, dolomites and locally oolites are
present as well. Later, the depositional area deepened and
a mixed siliciclastic-carbonate sedimentation prevailed.
By the end of the Early Triassic or the Early/Middle Triassic
boundary respectively, the input of fine-grained siliciclas-
tics decreased and carbonate deposition in a restricted
environment took place.

In the area of Sirogojno village there is an enigmatic vol-
canogenic-sedimentary formation (Sirogojno Formation)
of about 350 m in thickness. It is an olistoplaka which
consists of different pinkish tuffaceous and coarse-
grained siliciclastics, tuffs, volcanic breccias, and andes-
ites. Original position and stratigraphic age of these rocks
are unknown and their extension in the adjoining areas
is also not known. It has been regarded as Early Triassic
by DIMITRIJEVIC (1997). Both below and above these rocks
the “Bioturbate Formation”occurs, but both contacts are
clearly tectonic.

The Anisian Ravni Formation equivalent to the Gutenstein
and Steinalm Limestone succession in other areas lies over
the upper Lower Triassic limestone with a thickness of about
400 m. It consists of three members: The Utrina Micrite of
Gutenstein-type (deposited in a subtidal, fully restricted,
oxygen-depleted environment), Dedoviéi Biosparite (Stein-
alm-type limestone deposited in the shallow subtidal to in-
tertidal environment with open circulation and with well ox-
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ygenated and, in parts, high water energy conditions), and
Lucici Oncosparite (Steinalm-type limestone formed in sub-
tidal and intertidal environments, respectively). In the last
two members conodonts of the Paragondolella bulgarica
zone of Pelsonian age were found (SUDAR, 1996).

In the Late Anisian the Steinalm-type carbonate ramp was
drowned and the hemipelagic red nodular Bulog Limestone
Formation was deposited, in parts with a hardground and
normally with shallow-water clasts. In the Klisura quarry
near Sirogojno the formation reaches 17-19 m thickness.
Its deposition started on top of the Dedovici Biosparite with
neptunian dykes and a hardground. It includes several ho-
rizons rich in ammonoids of the Late Anisian Paraceratites
trinodosus zone (MUDRENOVIC, 1995). Conodonts of the
Late Anisian, Early lllyrian Paragondolella bifurcata and
Pridaella cornuta zones are abundant (SUDAR, 1996). The
formation is terminated by a decollement surface in the
quarry, interpreted as a low-angle normal fault by SUDAR
et al. (2008). The overlying succession starts with the ben-
tonite shear horizon of the Late Ladinian Klisura Member
(slope facies of the prograding Wetterstein-type platform
of the Trnava Formation) (MISSONI et al., 2012). In other
places the basal Bulog Limestone is split into irregular
interbeds or fissures in the uppermost parts of the Lucici
Oncosparites and in the Dedovi¢i Biosparite (Ravni For-
mation).

The first carbonate platform evolution stage represented
by the Wetterstein Formation is latest Ladinian or Early
Carnian in age. The formation consists of remains of de-
stroyed reef flats and skeletons of patch reefs, back-reef
sands and deposits of inter-reef lagoons. The thick bed-
ded transitional facies in the Klisura Quarry section con-
tains rare conodonts of the Paragondolella foliata zone
(lowermost Carnian, “Early Cordevolian”; SUDAR, 1996).
The deposition of the Wetterstein Carbonate Platform end-
ed in the Early Carnian (? in the early Middle Carnian) by
uplift and emersion. In the early Late Carnian a new wave
of subsidence led to inundations of the platform (Stopi¢a
Formation) (MISSONI et al., 2012).

Late Triassic Dachstein-type platform carbonates are ex-
posed in a wide area around Zlatibor Mt. It consists of the
following members or formations according to DIMITRIJEVIC
& DIMITRIJEVIC (1991): Dachstein Formation or Dachstein
Reef Complex (high-energy marginal domain with grains
mainly of patch-reef origin; inside it is possible to distin-
guish patch-reefs, reef sand, inter-reef lagoon, reef flat,
reef framework, and reef slope facies), Ilidza (Vapa) For-
mation (limestone with abundant black pebbles and infilled
cavities originated in the back-reef depositional environ-
ment), and Lofer Formation (?Carnian to Rhaetian peritid-
al-lagoonal Lofer cyclothems formed in a low-energy inner
platform domain) (HiPs et al., 2010).

Triassic formations originated from this unit extend over
the southwestern border of the Drina-lvanjica Unit, as the
northeastern part of Adria-Dinaria, as well as on top of
parts of the Dinaridic Ophiolite Belt, e.g. in the Zlatibor
and Zlatar Mts area. They have probably deposited onto
the Paleozoic basement originally, but during the Late
Jurassic thrusting and closing of the Dinaridic Ophiolite
trough, they should have slid into it as blocks, olistoliths
and huge olistoplakae (DIMITRIJEVIC & DIMITRIJEVIC, 1991;
DIMITRIJEVIC, 1997, etc.). For a different view see MISSONI
et al. (2012).



In the area SE of Zvornik, on both sides of the Drina
River, strongly recrystallized pelagic grey to dark grey
limestones of the Zvornik Limestone Formation occurs,
with conodonts of the Paragondolella regale, Paragon-
dolella bulgarica and Neogondolella cornuta zones, doc-
umenting the Early to Late Anisian age (SUDAR 1986).
In the same narrow zone, but on the eastern side of
Drina River, metamorphosed grey cherty limestones of
Late Carnian (Paragondolella polygnathiformis and Para-
gondolella nodosa zones) and Early Norian age (Epigon-
dolella abneptis zone) are exposed (SUDAR, 1986). These
metacarbonates do not show any sedimentological and
paleontological similarities with the other carbonate de-
posits of the Drina-lvanjica Unit. Probably they are not
in original position either, and may represent the relics
of the NE margin/slope of the original Dinaridic micro-
continent (Drina-lvanjica Unit), towards the Vardar Zone
Western Belt.

VARDAR MEGAUNIT

The Vardar Megaunit (or Zone) includes the following units
from west to east: Vardar Zone Western Belt, Kopaonik
Block and Ridge Unit and the Main Vardar Zone. Dur-
ing the Triassic and Jurassic they occupied large areas,
but in the latest Cretaceous and Tertiary they were com-
pressed to narrow belts (KARAMATA, 2006; ROBERTSON et
al., 2009). Besides these, at present within the Vardar
Zone Western Belt the isolated geotectonic units of Sana-
Una and Banija-Kordun, and of the Jadar Block are com-

prised. They both represent fragments with a very similar
or practically equivalent Late Paleozoic and Early Meso-
zoic geologic evolution. Their present geologic position (as
wedges stuck into geologically different surroundings) was
achieved by (Late Cretaceous -) Tertiary strike-slip move-
ments. According to ScHMID et al. (2008), the Jadar and
Kopaonik Units represent tectonic windows below the Var-
dar ophiolites.

Sana-Una and Banija-Kordun Units

The succession (PROTIC et al., 2000) starts with the Middle
Permian Tomasica Formation (different siliciclastics with
dolomites, rauhwackes and gypsum) on top of the older
(Paleozoic) strata. According to the present data, Upper
Permian formations are not known in this unit.

The Radomirovac Formation of Early Triassic age is made
up of shallow ramp siliciclastic and carbonate alternations,
with sporadic appearance of ooidal limestones in different
horizons and of bioturbated limestones in the uppermost
level (Dervi$ Kula Member). Stratified light grey to grey co-
loured dolomites and dolomitic limestones dominate in the
Anisian Japra Formation. Alternation of cherts, tuffs (“pi-
etra verde”), marlstones, cherty limestones and limestones
with Daonella and Posidonia build up the Donji Volar For-
mation of Ladinian age. The Upper Triassic consists most-
ly of shallow-water dolomites and limestones with mega-
lodontids (Podvidac¢a Formation; PROTIC et al., 2000), but
Norian and Rhaetian dolomites with cherts are present as
well (HRvATOVIC, 1999; location on Text-Fig. 1; Text-Fig. 10,
col. 45).
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Jadar Block Unit

The Early Alpine succession of the Jadar Block encloses
formations from Middle Permian to Early Jurassic times.
The depositional history was unique over the whole area
of the Jadar Block and very similar to that of the Bukk se-
ries in Northern Hungary (FiLIPOVIC et al., 2003), and also,
of the Sana-Una (PROTIC et al., 2000) and of the Banija-
Kordun Units.

The shallow-marine “Bituminous Limestone” of Late Perm-
ian age passes mostly without break in sedimentation into
the Early Triassic oolitic limestones (Svileuva Formation).
However, according to the latest investigations a tecton-
ic contact between these two formations has been estab-
lished (SUDAR et al., 2007). No indications of the “boundary
clay” have been found as yet.

The overlying Obnica Formation begins with siliciclas-
tic or shallow-marine carbonate sedimentation and with
a deepening upwards trend. Besides an abundant mol-
lusc fauna these sediments contain the conodonts of the
Parachirognathodus — Furnishius and Neospathodus trian-
gularis — Neospathodus homeri zones of Smithian and Ear-
ly Spathian age (BUDUROV & PANTIC, 1974; SUDAR, 1986).
The formation ends with thin bedded dark grey limestones,
rich in bioturbations, sporadically dolomitic, silty or clayey,
with ooids in some beds (Bioturbate Limestone Member).

These rocks pass gradually into grey coloured, brecciated,
massive or bedded dolomites and dolomitic limestones of
Anisian age (Jablanica Formation equivalent to Gutenstein
and Steinalm Formations). Locally, on their top conglom-
erates consisting predominantly of dolomite pebbles with
terrestrial clay intercalations are present. They indicate a
local uplift (Podbukovi Conglomerate Member).

During the Early Ladinian, an intense calc-alkaline volcanic
activity in connection with the rift volcanism took place,
with effusions of andesites (“porphyrite”) and its pyroclas-
tics (Trono$a Formation; Text-Fig. 10, col. 46).

In the Late Triassic time different environments existed.
Platform limestones of the Leli¢ Formation that gradual-
ly developed from the Ladinian formation were subject to
karstification and overlain by reefal limestones. Grey cherty
limestones of the Gu€evo Limestone Formation were de-
posited in basinal environments coevally. They are abun-
dant in “filaments” and conodonts of Carnian and Norian
age (Paragondolella foliata, Paragondolella polygnathifor-
mis, Paragondolella nodosa, Metapolygnathus abneptis,
and Epigondolella postera zones; SUDAR, 1986).

Vardar Zone Western Belt

Because of the widening of the back-arc Dinaride Ocean
(in the sense of KARAMATA, 2006; ROBERTSON et al., 2009)
as a result of the continuous southwestwards subduction
of the Vardar Ocean lithosphere in the Carnian(?)-Nori-
an, another new oceanic realm was formed behind the
Kopaonik Block and Ridge Unit (i.e. SW of that). The ba-
sin probably opened during the Early Norian (KARAMATA et
al., 1999, 2000; KARAMATA, 2006). For a different view see
SCHMID et al. (2008). Identical continental slope formations
composed mainly of fine-grained and rare coarse-grained
terrigenous rocks, with some limestone intercalations,
marbles and basaltic lava flows on the western flank of the
Kopaonik Block and at the eastern flank of the Studenica
slice (the margin of the Drina-lvanjica Unit), occur also on
both sides of the basin.
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In the western basin of the Vardar Zone (the precursor of
the Vardar Zone Western Belt) different Triassic pelagic de-
posits ranging from the continental slope to the deep sea
or oceanic realm occur (Text-Fig. 10, col. 47).

In the Ovc¢ar-Kablar Gorge, after Ov€ar Banja in the di-
rection to Pozega, an olistolith of the volcanogenic-sedi-
mentary formation (formerly known as “Porphyrite-Chert
Formation”; OBRADOVIC & GORICAN, 1988, and others) is
present. It is in tectonic contact with the Triassic (?Ladin-
ian, Carnian) massive shallow-water limestones. The olis-
tolith is made up of folded, purple to grey platy limestones,
red radiolarites, tuffs, siliceous shales and green tuffaceous
cherts (“pietra verde”-type). The age, based on radiolar-
ians, — Oertlispongus inaequispinosus zone (OBRADOVIC et
al., 1986, 1987/1988; OBRADOVIC & GORICAN, 1988) — from
cherts of this locality, is latest lllyrian to Longobardian. In
one of the recent papers the authors mentioned also a
Late Carnian - Early Norian age of the chert and radiolarite
from this section (DJERIC & GERZINA, 2008).

MOR-type pillow lavas in the Ovcar-Kablar Gorge (after
Cadak, near the first dam) (PI. 6, Fig. 2) and in the local-
ity Bukovi (Maljen Mt), are interlayered and covered by
deep-water red cherts and/or siliceous shales with ra-
diolarians of Carnian and Late Carnian to Middle Nori-
an age (OBRADOVIC et al., 1986, 1987/1988; OBRADOVIC &
GORICAN, 1988; VISHNEVSKAYA & DJERIC, 2006; VISHNEVSKA-
YA et al., 2009).

Kopaonik Block and Ridge Unit

This unit (Text-Fig. 10, col. 48) was formed at the be-
ginning of the Late Triassic when it was detached from
the continental units or continental slope units west of
it, probably from the eastern parts of the Drina-lvanjica
Unit. In the unit a dismembered and accreted sedimen-
tary succession is recognized. Its sedimentary succession
can only be reconstructed from different slices. Hemipe-
lagic sedimentation starts on top of metamorphosed grey
limestones (equivalent to the Steinalm Limestone of other
units). Drowning of the Steinalm ramp was dated by SCHE-
FER et al. (2010) as Late Anisian. Upsection, a hemipelagic
series of a terrigenous continental slope formation follows,
the so-called “Central Kopaonik Series”, which comprises
(?) Middle Triassic marbles, basaltic volcanics (MEMOVIC et
al., 2004) and in middle and in higher levels limestone in-
terlayers. Upward, this formation grades into cherty lime-
stones (best exposed at the eastern slopes of Kopaonik
Mt. and in vicinity of Trep&a). The specific “Central Kopa-
onik Series” occurs all around the Kopaonik granodiorite
massif of Oligocene age, which intruded it, and is com-
posed of phyllitoids (dominantly sericite-chlorite schists),
chlorite-epidote-actinolite schists, and thin-bedded grey,
cherty crystalline limestones.

The mentioned “series” was previously considered to be
Paleozoic. After the first discovery of Late Triassic con-
odonts in the northern (MICIC et al., 1972) and southern
Kopaonik Mt (KLISIC et al., 1972), SUDAR (1986) confirmed
the Carnian age of the “Central Kopaonik Series” (Para-
gondolella polygnathiformis zone — middle “Cordevolian”
- Early Tuvalian and Paragondolella nodosa zone — Middle
and Late Tuvalian), and pointed out the presence of the
Norian stage (Lacian Metapolygnathus abneptis and Alau-
nian Epigondolella postera zones) in the metamorphics of
the “Metamorphic Trep€a Series”.



The determined conodonts from these Late Triassic
cherty metalimestones occur both in the “Central Kopa-
onik Series” and “Metamorphic Trepca Series”, overthrust
by ophiolite complexes. They are strongly recrystallized
and ductilely deformed, with CAl values 5.0-7.0 (SUDAR
& KoVACs, 2006; SCHEFER et al., 2010). These limestones
show also strong, rather xenotopic recrystallization with
well expressed preferred orientation (foliation/S; schistos-
ity) in thin sections and they correspond to a higher de-
gree of type C metasparites/marbles which forms at tem-
peratures above 300 °C. Nevertheless, by comparing the
published data about limestone textural alteration and with
previously published metamorphic petrological data from
NE Hungary, at least a Szendré-type (min. 400 °C, but less
then 500 °C, temperature and 300 MPa pressure) can be
assumed for the regional metamorphism of the Triassic
conodont-bearing cherty limestone series of Kopaonik Mt
(SUDAR & KOVACS, 2006).

The regions of the Studenica Valley and Kopaonik area in
southern Serbia represent the easternmost occurrences of
Triassic sediments in the Dinarides (SCHEFER et al., 2010).
In these areas, the most characteristic rocks are strong-
ly deformed and metamorphosed sediments are defined
by SCHEFER et al. (2010) as Kopaonik Formation. These
“hemipelagic and distal turbiditic, cherty metalimestones
indicate a Late Anisian drowning of the former shallow-
water carbonate shelf. Sedimentation of the Kopaonik For-
mation was contemporaneous with shallow-water carbon-
ate production on nearby carbonate platforms that were
the source areas of diluted turbidity currents reaching the
depositional area of this formation. The Kopaonik Forma-
tion was dated by conodont faunas as Late Anisian to
Norian and possibly extends into the Early Jurassic. It is
therefore considered an equivalent of the grey Hallstatt fa-
cies of the Eastern Alps, the Western Carpathians, and the
Albanides-Hellenides.” (SCHEFER et al., 2010, p. 89).

In the Fruska Gora Mt, besides members of the ophiolite
complex, a thick series of variously metamorphosed rocks
is exposed (CANOVIC & KEMENCI, 1999). These sedimen-
tary rocks, metamorphosed under zeolite to greenschist
facies conditions, originated in deep-water environments,
showing identical features like the Triassic “schistes lus-
trés” identified in the broad Kopaonik Mt region (GRUBIC &
PROTIC, 2000). The series occur mostly on the main ridge
and the southern slopes. It comprises different types of
schists (sericite-chlorite, sericite, albite, actinolite types,
etc.), phyllites, metasandstones, metasiltstones, meta-
cherts, bedded to schistose marbly limestones and do-
lomites, “calcschists”, and siliceous (cherty) microcrystal-
line limestones. According to findings of the microfauna
(DJURDJANOVIC, 1971) i.e. conodonts, foraminifera, radio-
larians in the metamorphosed cherty limestones, Middle?
and Late Triassic age (Carnian, Norian) has been deter-
mined.

The characteristics of the metamorphosed series of the
FruSska Gora Mt are described herein, in the Kopaonik
Block and Ridge Unit, because of obvious similarities
with the conodont-bearing cherty limestones, i.e. Trias-
sic “schistes lustrés” in the broad area of Kopaonik Mt.
(Central Kopaonik, near Trepca, vicinity of the Studenica
Monastery, etc.; GRUBIC, 1995). However, it is necessary to
point to the fact that the FruSka Gora Mountain, as “block
or ridge”, is in a geological sense part of the Vardar Zone
Western Belt today.

Main Vardar Zone

The main basin of the Vardar Ocean is — according to
KARAMATA (2006) — the remnant of the westernmost part
of the Prototethys and later Paleotethys. A different view
is presented by other authors (e.g. GAwLICK et al., 2008;
SCHMID et al., 2008; MISSONI & GAWLICK, 2010, 2011; KiLI-
AS et al., 2010; beside others), who see the Vardar oceanic
crust as relic of the Neotethys Ocean floor. The Main Var-
dar Zone is squeezed and deeply eroded, finally also cov-
ered by Tithonian reef limestone (far to the south, close to
Lojane, southernmost Serbia, and the Demir Kapija, south-
ern Macedonia; KARAMATA, 2006) and Lower Cretaceous
“paraflysch”. There are only indications (Text-Fig. 10, col.
49) that this oceanic domain existed during Triassic times
(the lense of the Devonian — Early Carboniferous Veles se-
ries and the early Middle Jurassic age of the metamorphic
sole of ophiolitic rocks south of Razbojna).

The relicts of the Main Vardar Ocean are exposed as a nar-
row discontinuous belt along the boundary of the Serbi-
an-Macedonian Unit (Carpatho-Balkanides in the sense of
other authors; compare SCHMID et al., 2008) and in much
wider areas in the west on the eastern and even western
slopes and in the sagged parts of the Kopaonik Block and
Ridge Unit, as well as parts of this unit in the north and
south. In the east ultramafic rocks are exposed, with rare
amphibolites at their base, and westward gabbros, sheet-
ed dyke complex and basalts follow. In the west, mainly to
the east of the Kopaonik Block and Ridge Unit, but locally
also west of that, there are large masses of mostly serpen-
tinized ultramafics with rare gabbro. The serpentinized ul-
tramafics overthrust the (?Paleozoic—)Triassic of the “Cen-
tral Kopaonik Series”. Their emplacement was probably
due to a younger compression when they were squeezed
out and thrust westward. By this processes these ser-
pentinized ultramafics from the Main Vardar Zone were
brought close (or even together) to the serpentinized ul-
tramafics from the Vardar Zone Western Belt. In gener-
al, now it is impossible to distinguish the ultramafics ac-
cording to their provenance, only in some places they can
be differentiated. For example, the ultramafics at Troglav
(Bogutovacka Banja, central Serbia) and close to Banjska
(near Kosovska Mitrovica, southern Serbia) are considered
to be younger (see HAAS et al., 2011, in this volume), since
the amphibolites at their metamorphic soles belong to the
Vardar Zone Western Belt.

Transylvanides

The Transylvanides (Transylvanian Dacides; SANDULESCU,
1984) are the highest overthrust units both in the South-
ern Apuseni Mts and in the Eastern Carpathians. They are
typical obducted nappes or nappe outliers with ocean-
ic crust and/or Mesozoic sedimentary rocks (SANDULESCU,
1984, 1994; PATRULIUS et al., 1996; PATRULIUS, 1996). 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 inner zones of the Eastern Car-
pathians (SANDULESCU & DIMITRESCU, 2004).

The Southern Apuseni ophiolitic suture zone represents
a complex tectonic collage of mainly obducted nappes,
which are made up of sedimentary Jurassic and Creta-
ceous formations, at the sole of which Jurassic — Low-
er Cretaceous magmatic complexes of ophiolitic or island
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arc character were conserved (IANOVICI et al., 1976; SAvu,
1980, 1983; BLEAHU et al., 1981; LuPu, 1983; SANDULESCU,
1984). The Meso-Cretaceous and Laramian tectogeneses
accomplished the structural framework of the Simic Me-
taliferi Mts Nappe System, which is overthrust on the In-
ner Dacides (including the Northern Apusenides and Si-
alic Metaliferi Mts), part of the “Tisia Block” (SANDULESCU,
1984).

The Southern Apuseni ophiolitic suture zone (or Mures
Zone) can be followed eastwards 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 suture zone, although dis-
sected by the huge South Transylvanian (Mures) dextral
strike-slip zone (SANDULESCU, 1984, 1988; BALLA, 1984;
RATSCHBACHER et al., 1993; ScHMID et al., 2008) is struc-
turally connected to the Vardar Zone, first recognized by
ANDJELKOVIC & LUPU (1967). Continuation in the pre-Tertia-
ry basement of Vojvodina into the eastern part of the Var-
dar Zone (Main Vardar Zone) is proven by borehole data
(KEMENCI & CANOVIC, 1997).

As documented in the Eastern Carpathians, the rifting of
the Transylvanide oceanic domain started in the Middle
Triassic.

Simic Metaliferi Mts Nappe System
(Southern Apuseni Mts)

Proper Triassic sedimentary series, including remnants of
the oceanic basement, are absent in the Southern Apuseni
ophiolitic suture zone. Only a few Triassic olistoliths were
encountered in the Barremian — Lower Aptian Bejan Wild-
flysch in the Bejan Unit by LupPu et al. (1983) and LurPu &
LUPU (1985). They consist of Upper Triassic pelagic, light
grey, micritic limestone with halobiids (location on Text-
Fig. 1; Text-Fig. 11, col. 57). In view of the occurrence of
Triassic olistoliths, SANDULESCU (1984) assumed that the
Bejan Unit had a paleogeographic position near the Buco-
vinian domain.

Transylvanian Nappe System
(Persani, Olt and Haghimas Nappes in the Eastern Carpa-
thians)

The main units of the unrooted Transylvanian Nappe Sys-
tem in the East Carpathians, which were obducted dur-
ing the Meso-Cretaceous tectogenesis, are the Persani,
Olt and Haghimas Nappes (SANDULEScU, 1975b, 1984;
SANDULESCU et al., 1981; PATRULIUS, 1996; PATRULIUS et al.,
1979, 1996). They have different stratigraphic successions
and ophiolitic complexes in their basal part, except the
Persani Nappe where an ophiolitic complex is lacking. The
Persani and Olt Nappes include only rocks of Triassic and
Early Jurassic age, whereas the Haghimas Nappe is made
up exclusively of a Middle and Upper Jurassic to Lower
Cretaceous succession.

SANDULESCU & RUSSO-SANDULESCU (1981), Russo-
SANDULESCU et al. (1981, 1983) and HOECK et al. (2009)
discussed the structural position, age, petrological and
geochemical features of the allochthonous basic and ul-
trabasic rocks belonging to the Transylvanian nappes or to
the olistoplakae and olistoliths included in the Lower Cre-
taceous wildflysch of the Bucovinian Nappe. For most of
them, the Triassic age is well constrained by their close re-
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lationships with the Triassic sedimentary rocks. To others,
e.g. for pillow basalts at Lacu Rosu, interpreted as a thrust
slice underneath the Haghimas Nappe, or for the serpen-
tinites in Rarau Mt, a Callovian—-Oxfordian age is assigned
by SANDULESCU (1984).

PATRULIUS (1996) — based on the facies features of the Tri-
assic and Lower Jurassic formations of the Transylvanian
nappes, also of the olistoliths and olistoplakae embed-
ded in the Bucovinian Lower Cretaceous Wildflysch For-
mation — defined several “independent” sedimentary se-
ries, as follows: the Zimbru, the OIlt, the Lupsa and the
Haghinis “Series”.

In the Zimbru “Series”, outcropping in the Piatra Zim-
brului klippe in the Rarau Mt (Text-Fig. 11, col. 50), La-
dinian red radiolarian cherts and variegated radiolarites
with thin beds of limestones (13 m thick) are overlain by
variegated cherty limestone shales, 7 m thick. The rich
radiolarian fauna shows a Late lllyrian — Fassanian age
(DumITRICA, 1991). Upsection, the Lower Carnian Zimb-
ru Limestone, 80 m thick, consists of light grey micrit-
ic limestones with some pink layers, with conodonts and
Halobia lumachelles, and bioclastic reef detritus in the up-
per part (Pl. 6, Fig. 4). The Upper Carnian — Norian Popi
Limestone, at least 60 m thick, is represented by dark-
coloured bioclastic-biomicritic limestones with chert nod-
ules, which interfingers with light-grey, pinkish and glauco-
nitic nodular limestones (PI. 7, Fig. 1). Its age is proved by
conodonts, halobiids, ammonoids and brachiopods (PAT-
RULIUS et al., 1971; MUTIHAC, 1966, 1968; IORDAN, 1978;
MIRAUTA & GHEORGHIAN, 1978; TURCULET, 2004, and refer-
ences therein). The Upper Norian is present in small olis-
toliths of “Salinaria Marls” with Monotis salinaria. The dark
grey to black Rhaetian (“Kdssen”) limestones contain a
rich fauna (e.g. Rhaetina gregaria; PATRULIUS et al., 1971;
IORDAN, 1978; TURCULET, 2004). Outside the Rarau Syn-
cline, scarce and minor remnants of the Zimbru “Series”
are represented by: Upper Norian grey sandy limestone
with “Monotis”substriata and Rhaetian grey limestone with
Rhaetina gregaria in the Haghimas Syncline, Middle Norian
dark grey shales and thin-bedded limestones with Halo-
bia fallax, as well as Rhaetian black limestones with large
megalodonts in the Persani Mts (Text-Fig. 11, col. 51).

The OIt “Series”, occurring mainly in the OIt Nappe
(Persani Mts; Text-Fig. 11, col. 52), some 200 m thick,
starts with an ophiolitic complex, which includes blocks
of serpentinites (emplaced probably in the Jurassic), gab-
bros, dolerites and basalts, mainly as variolitic pillow lavas
associated with volcanoclastics, radiolarian chert, argilla-
ceous shales and red or grey nodular limestones. In the
Paraul Rotund klippe the pillow-lava sequence includes
red limestone with Anisian conodonts: G. bulgarica, G. bi-
furcata, and foraminifera: Pilammina densa, Trochammina
alpina, etc., pointing to a Pelsonian age (MIRAUTA in PAT-
RULIUS et al., 1996). The ophiolitic complex is capped by
island-arc volcanics, with bostonitic porphyries and an-
desites (CIOFLICA et al., 1965; PATRULIUS, 1996; PATRULIUS
et al., 1996; HOECK et al., 2009). The white, massive lime-
stones, overlying the volcanics, contain a conodont as-
semblage near their base with Gondolella trammeri (Ladin-
ian). In some klippen the Hallstatt Limestone covers the
whole Early Carnian — Late Norian range, in others it under-
lies white massive carbonates, is interbedded with them,
or lies on top of them (PATRULIUS, 1967, 1996; PATRULIUS



et al., 1966, 1971, 1996). Other klippen have red encrinitic
limestone and white-grey encrinitic calcarenites (“Drnava
facies”) with abundant brachiopod faunas of Rhaetian age.

In the Haghimas Syncline the Olt “Series” includes only
small olistoliths and boulders consisting of serpentinites
(emplaced probably in the Jurassic), variolitic pillow lavas,
Upper Carnian and Middle Norian Hallstatt Limestone and
marly limestones with Monotis haueri (GRASU, 1971, and
references therein).

Upper Ladinian — Norian Hallstatt-type olistoliths with very
rich faunas (TURCULET, 2004, and references therein) and
Carnian-Norian light-coloured reefoid limestone olistoliths
were found in the Lower Cretaceous Bucovinian Wildflysch
in the Rarau Syncline.

In the Rarau Syncline (Text-Fig. 11, col. 53), apart from
the large Breaza Outlier consisting of serpentinites (em-
placed probably in the Jurassic), there are also other out-
liers and numerous olistoliths composed of mafic and ul-
tramafic rocks (SANDULESCU, 1973; RuUSSO-SANDULESCU
et al.,, 1981, 1983; SANDULESCU & RUSSO-SANDULESCU,
1981). In the Macies stream, the pillow basalts include
blocks of limestones ranging in age from Ladinian to Nori-
an (MUTIHAC, 1968; IORDAN, 1978; GHEORGHIAN, 1978;
TURCULET, 1991a; PoPEscu, 2008), and even Middle Li-
assic (TURCULET, 1991b). There are biostratigraphic con-
straints to assume that in the area in which the Olt Nappe
has its origin, the volcanic activity lasted at least till the
Early Jurassic (TURCULET, 1991b).

In the outer-shelf zone the Lupsa “Series” of the Persani
Nappe, at least 500 m thick, the Triassic succession of the
Lupsa Outlier (Text-Fig. 11, col. 54), starts with the Spath-
ian Werfen beds, that consist of grey argillaceous to marly
silty shales and siltstones with interbedded silty and san-
dy limestones with Costatoria costata and scarce Tirolites
sp., and a palynologic assemblage belonging to the Den-
soisporites nejburgii zone (ANTONESCU et al., 1976). The
Middle Triassic starts with grey vermicular, and dark-grey
argillaceous, Gutenstein/Annaberg-type limestones (Lower
Anisian), and is followed by the Lower Schreyeralm Lime-
stone with red cherts, sometimes nodular, with Balatonites
sp. (Pelsonian). Upsection, the dark-grey to almost black
limestone (Pelsonian) is followed by the Upper Schrey-
eralm Limestone (lllyrian-Fassanian), which may contain
cherty nodules and bands too. The succession is capped
by Ladinian light-coloured, massive limestone followed by
bedded grey limestone.

In the Coltii Nadasului klippe (Text-Fig. 11, col. 55), the
black limestone is followed by the Schreyeralm Limestone
(Pelsonian), with a thin basal breccia horizon, and the se-
quence is closed by the dasycladacean Steinalm Lime-
stone (Pelsonian and maybe also lllyrian; PATRULIUS et al.,
1971, 1979, 1996).

In the Haghinis “Series” (Text-Fig. 11, col. 56) some 200
m thick, Upper Scythian(?) yellowish quartzitic microcon-
glomerates are followed by red fine siliciclastics; then Anis-
ian dolomite, grey-black limestone, and massive, light-co-
loured, Steinalm-like limestones follow. Upwards, the thin,
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pink-grey micritic limestone with abundant juvenile speci-
mens of halobiids, assumed to be Ladinian in age, is un-
conformably overlain by Upper Hettangian red limestones.

As stated by PATRULIUS (1996), the Triassic to Lower Juras-
sic rock sequence of the Haghinis “Series” has close af-
finities to the corresponding one of the Bucovinian Nappe,
and it was assumed that among the Transylvanian units
the Haghinis Nappe was closest to the area, from which
the Bucovinian Nappe was derived. On the other hand
the Zimbru “Series” with its Wetterstein-like Zimbru Lime-
stone, its Norian rocks with terrigenous materials and es-
pecially its black Rhaetian limestones with Késsen fauna
can be best compared to the rock-sequences of the Lower
Codru Nappes (Northern Apuseni Mts). In consequence,
PATRULIUS (1996) assumed that the original position of the
Olt and Lupsa “Series” was between the western Zimbru
“Series” and the eastern Haghinis “Series”.

TISZA MEGAUNIT

The most part of this microcontinent-sized megaunit forms
the pre-Tertiary basement of the southeastern part of the
Pannonian Basin in Hungary, Croatia and Serbia, continu-
ing to Romania, where it crops out in the Apuseni Moun-
tains on a large surface extension. Isolated outcrops in the
SW part of the megaunit can be found in the Mecsek and
Villany Mts of southern Hungary, just W of the Danube Riv-
er, and in the Papuk and Psunj Mts of NE Croatia.

Based on the types of Mesozoic development of the whole
megaunit and on the structure of the Northern Apuseni
Mts (BLEAHU et al., 1981), the following WSW-ENE striking

tectono-facial zones can be distinguished within (from the
NW to SE; BLEAHU et al., 1994; HAAS & PERO, 2004):

* Mecsek Zone;

e Villany-Bihor Zone;

e Papuk-Békés-Lower Codru Zone;

e Northern Backa-Upper Codru Zone;
e Biharia Zone

Thrusting of the pre-Alpine basement of the Villany-Bihor
Zone (e.g. of the so-called “Bihor Autochthonous”) onto
the metamorphosed continuation of the Mesozoic of the
Mecsek Zone is proven by the Sarand 1 borehole in Hun-
gary, near the Romanian border (ARKAl et al., 1998), with
mean metamorphic ages of 91.5 and 81.1 Ma.

A significant Late Cretaceous (95-82 Ma) tectonometa-
morphic event reaching up to amphibolite facies condi-
tions was recorded in the Szeged Basin (HORVATH & ARKAI,
2002; LELKES-FELVARI et al., 2003); it was presumably relat-
ed to the overthrust of the Codru Nappe System onto the
Villany-Bihor Zone.

The Romanian part of the megaunit was called North-
ern Apuseni Unit (BLEAHU, 1976a, b), Western Dacides
(SANDULESCU, 1980), but actually named Inner Dacides
(SANDULESCU, 1984). It is divided into the lowermost Bihor
Parautochthonous with thick pre-Alpine crystalline base-
ment and Permian — Upper Cretaceous sedimentary cover,
the Codru Nappe System that usually includes N to NW
vergent detached (cover) nappes with Permian — Lower
Cretaceous sedimentary sequences, and the highest Bi-
haria Nappe System that includes pre-Alpine basement
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nappes with scarce low-grade metamorphic Permo-Trias-
sic cover.

The common post-nappe sedimentary cover of the North-
ern Apuseni Unit is the Coniacian—-Maastrichtian Gosau
Formation which is overthrust by the N-NW vergent non-
metamorphic Simic Metaliferi Mts Nappe System in the
southern part of the Apuseni Mountains. It is to be ex-
pected, that certain parts of the Codru Nappe System
were detached from the Biharia Nappe System base-
ment (PATRULIUS et al., 1971). The Arieseni Nappe (which
is identical with the Biharia Nappe), can be correlated to
the Dieva and perhaps Moma(?) Nappes. At least the Tri-
assic of the Vascau and Colesti Nappes has a more exter-
nal shelf facies than the Lower Codru Nappes. This review
was made mainly after the detailed correlational work by
BLEAHU et al. (1994).

Mecsek and Villany-Bihor Units
Mecsek and Villany Units

Facies characteristics of the Triassic formations in the
Mecsek (location on Text-Fig. 1; Text-Fig. 12, col. 58) and
Villany (Text-Fig. 12, col. 59) Facies Zones in Hungary are
similar, thus allowing a common description for them. The
outcropping areas in the Mecsek Mountain and Villany Hills
provided a predominant part of the data however hydro-
carbon exploratory wells proved the continuation of both
facies units in the basement of the Great Plain (BLEAHU et
al., 1971, 1994; BERCzI-MAKK, 1986, 1998).

During the Triassic times, the Tisza Megaunit was located
at the northern Tethyan shelf margin east of the dry lands
of the Bohemian Massive and Vindelician High.

The Lower Triassic sequence is a continuation of Late
Permian fluvial sedimentation. The lowermost Triassic si-
liciclastic sediments (Jakabhegy Sandstone; comparable
with the Germanic Buntsandstein) are divided into three
lithologic units (BARABAS-STUHL, 1993; KONRAD, 1998;
BARABAS & BARABAS-STUHL, 2005). The basal unit is built
by coarse conglomerates with pebbles of quartzite, rhy-
olite, granite and shales (PI. 7, Fig. 4). Based on various
sedimentological characteristics, fluvial transport from NE
(according to the present-day co-ordinates) can be inter-
preted (KONRAD, 1998). The second lithologic unit (“pale
sandstone”) consists of fining-upward cycles: thin con-
glomerates, cross-bedded sandstones, capped by silt-
stones. The topmost unit of the Jakabhegy Sandstone
consists of siltstones and fine-grained sandstones with
paleosol horizons, representing a series of facies from ter-
restrial to alluvial and coastal plain environments (KONRAD,
1998). Intercalations of aeolian dune sands have also been
recognized. Based on sporomorphs the topmost part of
the formation is of earliest Anisian age (BARABAS-STUHL,
1993). Lower Triassic siliciclastic sediments have also
been explored in the drillings of the Great Hungarian Plane
(BERCZI-MAKK, 1986, 1998).

Rising sea-level led to the gradual flooding of the whole
Tisza Megaunit and the development of a mixed siliciclas-
tic-carbonate ramp system in the Early Anisian (TOROK,
1998). Three large-scale sedimentary cycles have been
recognized within the Middle Triassic sequences (TOROK,
2000). The earliest sediments of the first sedimentary cycle
are greenish-red siltstones. Gypsum to anhydrite pseudo-
morphs, desiccation pores and cracks indicate a peritidal

origin of the sandstone-siltstone-dolomite cycles (TOROK,
2000). Sporomorphs indicate Early Anisian deposition
(BARABAS-STUHL, 1993). The covering anhydrite and gyp-
sum layers are coastal plain to sabkha deposits (TOROK,
1998), that are overlain by dolomitized peritidal carbon-
ates. This formation is considered as the “Hungarian R&t”,
corresponding to the Roét in the Germanic Basin (TOROK,
2000).

The second cycle consists of Anisian mid and outer ramp
deposits. Flaser-bedded limestone and marlstones with
numerous tempestites indicate frequent storm activity
(Wellenkalk; PI. 7, Fig. 6). The Bithynian—-Pelsonian age of
these beds is based on crinoids (HAGDORN et al., 1997) and
palynomorphs (GOTZ et al., 2003).

In Mecsek Mts and Villany Hills the deepest facies is char-
acterized by crinoidal-brachiopod beds, representing out-
er ramp deposits (TOROK, 1993). Increased connection to
the open sea is indicated by ammonoids of the Binodosus
Subzone, and abundant conodonts containing still Gon-
dolella bulgarica, i.e. indicating Late Pelsonian. However,
eupelagic elements are missing from the conodont fauna
(KoVACs & RALISCH-FELGENHAUER, 2005).

In the Late Anisian (lllyrian) significant spatial differences
occur in the grade of dolomitization and facies develop-
ment. The evaporitic “Middle Muschelkalk” event seems
to be represented by a hiatus in the Mecsek Mts, however,
gypsum pseudomorphs were reported from the dolomites
(KONRAD, 1998).

The uppermost Muschelkalk (Ladinian) is characterized by
bituminous oncoidal packstones and bivalve shell beds of
backshoal origin (TOROK, 1993). These are overlain by lam-
inated organic carbon-rich calcareous marls. The succes-
sion contains an abundant ostracod and gastropod fau-
na, but with very low diversity, as well as characeans and
plant fragments (MONOSTORI, 1996), indicating freshwater
conditions probably due to a climate change that is also
reflected in the gradually enhanced terrestrial input (HAAS
et al., 1995b).

The Late Triassic, representing the third major sedimen-
tary cycle, is characterized by a differentiation of facies
units within the Tisza Megaunit. A rapidly subsiding half-
graben structure developed in the Eastern Mecsek Mts,
resulting in the formation of several hundred metres (up to
500 m) of arkosic sandstones and siltstones (Karolinavolgy
Sandstone). Continuation of these half-graben structures
in the basement of the Great Plain is proven by deep drill-
ing evidences (BERCzI-MAKK et al., 1996). Various depo-
sitional environments include lacustrine, fluvial and del-
taic settings (NAGY, 1968). The upward transition of these
beds to the Jurassic Gresten-type sequence is continu-
ous. Subsequent strongly differing burial depths in the
Mecsek half-graben and on the Villany ridge can be shown
by the sharply changing Colour Alteration Indexes (CAl) of
Anisian conodonts in the two zones (KOVACS et al., 2006).

The Villany Unit is characterised by a thin, coastal-conti-
nental Upper Triassic succession akin to the “Carpathian
Keuper” facies of the European shelf of the Tethys. In the
Villany Hills, Ladinian dolomite is conformably overlain by
a formation made up of an alternation of yellowish-grey
dolomitic marl and dolomite, brownish or greenish-grey
sandy siltstone, and greyish-white quartzarenite. In the up-
per part of the 15-40 m-thick formation, the dolomite lay-
ers disappear and greenish-reddish variegated siltstone
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becomes predominant. Marine fossils are completely ab-
sent from these layers. Above the Middle Triassic carbon-
ates a few wells also encountered similar sequences in the
basement of the Great Plain (BERCzI-MAKK et al., 1996).

Bihor Unit

The Triassic sequence of the Bihor Unit in Romania (loca-
tion on Text-Fig. 1; Text-Fig. 13, col. 63) has a typical tri-
partite development with mixed Germanic and Neotethyan
character: continental Lower Triassic, shallow-marine car-
bonatic Middle Triassic to Lower Carnian and continental
Upper Triassic. The Triassic formations are usually under-
lain by pre-Alpine crystalline schists, but different Permian
formations appear in between them, southward.

The Scythian is made up of fluvial and deltaic, partly lim-
nic siliciclastics (continental redbeds or “Buntsandstein”
stage). There is a typical coarse basal conglomerate mem-
ber. Sediment transport directions are usually from NE to
SW. Red, sometimes green shales of tidal flat and shallow-
marine facies characterize the lowermost Anisian, with rich
Triadispora crassa assemblage (ANTONESCU et al., 1976).
It is overlain by evaporitic dolomite, akin to the Rét in the
Germanic facies.

The Lower Anisian is characterised by a mixed shallow
ramp facies (DIACONU & DRAGASTAN, 1969; DRAGASTAN et
al., 1982) while the Lower-Middle Anisian is represented
by a lower and an upper dolomite sequence with thick
dark, vermicular limestones and dolomites (Bucea and

Padis-Célineasa Formations) in between (IaNoviCI et al.,
1976; PATRULIUS, 1976). These formations (<800 m) were
deposited on a deeper, restricted ramp, and are equivalent
to the Germanic “Wellenkalk”.

The lllyrian shows maximum deepening with basinal lime-
stones, with calcarenitic and coquina storm-beds, slumps
and mud-flows (brachiopods, crinoids, daonellids, con-
odonts and ammonoids) and siliciclastic sediments (Lugas
Formation). The Upper lllyrian displays strong affinities
with the Germanic Triassic, with the occurrence of reptiles
of poor swimming capacity (Nothosaurus, Tanystropheus;
JURCSAK, 1978, and the references therein), also known
from the Germanic Basin (“insular extension of the Vindeli-
cian Land”; PATRULIUS in IANoviICI et al., 1976; PATRULIUS et
al., 1979).

Wetterstein-type platform carbonates can be considered
as a Neotethyan feature, wich corresponds to the Late
lllyrian (Diplopora annulata, D. annulatissima) to earliest
Carnian interval. They are thicker in the south, with reef
buildups, and thinner (usually dolomitized) in the north
with dasycladacean back-reef lagoon facies (MANTEA,
1969, 1985; POPA & DRAGASTAN, 1973; POPA, 1981). In the
marginal Central Bihor the platform building “was inter-
rupted by three coarse continental sequences”, Zugai,
Ordancusa, Scarita (BALTRES & MANTEA, 1995), which are
interpreted as signs of proximity of the continental hinter-
land, the “Bihor Land” (BLEAHU et al., 1994). Although the
Zugai Formation can also be interpreted as a paleokarsti-
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Lithofacies chart of the eastern part of the Tisza Megaunit (Apuseni Mts, Romania) (63-72) (TISZA II).
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fied horizon upon Wetterstein Formation, underlying the
Gresten sandstones.

The carbonate platform development was followed by a
long subaerial erosional interval (paleokarst) in the Late
Triassic. However, the Upper Triassic is represented lo-
cally by a less than 100 m thick fine-grained siliciclas-
tic continental — shallow marine(?) succession (the Carpa-
thian Keuper-type Scarita Formation; PATRULIUS & BLEAHU,
1967).

Papuk-Békés-Codru Unit
Papuk Unit

The Lower Triassic in the Papuk Mts in Croatia is bipar-
tite (Text-Fig.12, col. 61). The lower unit consists of li-
lac and white continental quartzites directly overlying Va-
riscan granites and metamorphic rocks. The upper unit is
made up of the shallow-marine “Werfen Shales”, with a
characteristic Late Scythian bivalve fauna (Unionites fas-
saensis, Eomorphotis cf. hinnitidea, etc.; Siki¢ & BRKIC,
1975; names revised by K. HIPS, pers. comm.), providing
biostratigraphic evidence, that here a marine transgression
took place earlier than in the Villany and Mecsek areas fur-
ther north. Carbonate ramp conditions were established
in the Anisian: first dark grey Gutenstein-type dolomites,
then light coloured Steinalm-type dolomites were formed.
Facies differentiation took place in the following part of the
Middle Triassic: Reifling-type grey cherty limestones were
deposited in the central part of the mountains, whereas
in other parts light coloured, Wetterstein-type dolomites
containing locally dasycladacean algae (Diplopora annu-
lata) were found. Grey shale intercalations (up to a few
meters thick) with the bivalve Daonella lommeli may cor-
respond to the Partnach beds of the Northern Calcareous
Alps. The following part of the Triassic sequence is ex-
posed only in the westernmost part of the mountains, in
the valley of the Pakra Creek, where grey sandstones and
shales of a few 10 m thickness may correspond to the Car-
nian Lunz Formation, and the overlying black, stromatolitic
dolomites (in ca. 200 m thickness) to a special type of the
Alpine Hauptdolomit. The uppermost part of the Triassic
sequence consists of black shales (in the lower part) and
black, marly limestones (in the upper part), representing
the Alpine Késsen Formation, with the same, rich fauna, as
in the equivalents in the Northern Calcareous Alps and in
the Western Carpathians (SIKIC et al., 1975; SIKIC in BLEA-
HU et al., 1994).

Békés Unit

Lower and Middle Triassic rocks were explored southeast
to the Codru overthrust in the Békés(-Codru) Unit (Text-
Fig. 12, col. 60), in the basement of the Great Plain in Hun-
gary. The basement of the Szeged Basin and the Békés
Basin belongs to this unit.

In the Békés Basin the Lower Triassic is represented by
grey and lilac continental sandstones (Jakabhegy Forma-
tion). Lower Anisian “Werfen-type” variegated or red shales
were encountered in both basins. In the Szeged Basin, the
higher part of the Anisian and the Ladinian is represented
by shallow-marine, lagoonal dolomites. In the Békés Ba-
sin similar dolomites are covered by grey shallow-marine
marls and limestones with calcareous algae of Late Ladin-
ian age and light grey dolomites of Carnian to Norian age.

Northern Backa Unit

In the SSE part of the Tisza Megaunit, in Serbia, hydro-
carbon-prospecting boreholes explored a marine Triassic
succession representing outer shelf and shelf margin set-
tings, comparable with the Tirolic nappes in the North-
ern Calcareous Alps (CANOVIC & KEMENCI, 1988; KEMENCI
& CANOVIC, 1997) and with the higher Codru nappes of the
Apuseni Mts (BLEAHU et al., 1994).

Sporadically reported evaporites may be either Late Perm-
ian or earliest Triassic in age. The (?Permo-)Scythian
succession begins with a quartz conglomerate — quartz
sandstone formation, without fossils, followed by a shal-
low-marine mixed carbonate-siliciclastic deposition con-
sisting of shales, marls, marly limestones and dolomites.
The latter contains a foraminifera association characteris-
tic for the higher Scythian (Meandrospira pusilla, M. che-
ni, etc.) and Myophoria-type bivalve shells. The Anisian
is represented by Steinalm-type ramp carbonates with
dasycladaceans (Physoporella pauciforata) and foramin-
ifera. At the Anisian/Ladinian transition dark grey, Reifling-
type marly limestones were deposited. The Ladinian to
Norian (?Rhaetian) is made up of thick Wetterstein, then
Dachstein-type platform carbonates, with both reefal (cal-
careous sponges, hydrozoans, corals) and lagoonal (dasy-
cladaceans Teutloporella herculea in the former, Diplopora
muranica in the latter) facies (CANOVIC & KEMENCI, 1988;
KeMENCI & CANOVIC, 1997; Text-Fig. 12, col. 62).

Codru Nappe System

In the Codru Nappe System in Romania, the Lower Trias-
sic is represented by continental redbeds, with marine in-
fluences in the upper part. After an Early-Middle Anisian
outer and middle shelf period, a huge Reifling-type intra-
shelf basin developed (Rosia and Izbuc Formations; PAT-
RULIUS et al., 1976) which was infilled from the earliest
Carnian (“Cordevolian”) to the Lacian. Starting from Tuval-
ian—-Alaunian the coeval Carpathian Keuper, Hauptdolomit,
Dachstein Limestone and “Wand” Limestone (PATRULIUS &
BLEAHU, 1967; PATRULIUS et al., 1971, 1979) appear pass-
ing on from the lower nappes to the higher ones (Text-
Fig. 13, col. 64-72). The traces of the K&ssen event appear
only in the Lower Codru Nappes.

Red sandstones of fluvial-deltaic facies represent the Low-
er Triassic, the basal conglomerate member is less devel-
opped, as in the Bihor Unit. However, in the Finis Nappe
(Highis Mts) and the Dieva Nappe (Codru Mts) a grey shal-
low-marine succession occurs in the upper part of the
Scythian with bivalves, and Tirolites sp. too (PATRULIUS et
al., 1979).

Shallow-marine mixed ramp facies characterise the Low-
er Anisian. In the Middle Anisian a large carbonate ramp
developed and predominantly monotonous grey dolomite
(Sohodol Formation) or dark grey anoxic dolomites (Bulz
Formation) were formed. Only in the south (Vascau Nappe)
the well-oxygenated outer shelf facies appears, with Stein-
alm Limestone, around 500 m thick (PATRULIUS et al., 1979;
BUCUR, 2001).

The platform drowned in the Early lllyrian (Gondolella con-
stricta cornuta zone in the sense of KovAcs, 1994) (Reif-
ling event), and a large basin came into being (Rosia
Limestone). This resulted in an extreme narrowing of
the platform facies zones, and their shifting towards the
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continental hinterland. The basinal, frequently cherty grey
limestones with shales contain pelagic elements, such as
radiolarians, “filaments”, conodonts, ammonoids, daonel-
lids. The basin evolution continued in the Ladinian — Early
Carnian with the appearance of slope deposits (Raming-
type) and allodapic carbonates originated from the neigh-
bouring Wetterstein Platform (Moma Nappe). It was fol-
lowed by progradation of the Wetterstein Platform (Valani
Nappe, Arieseni Nappe/Corbesti Outlier). In the most dis-
tal, hemipelagic basin (Vascau Nappe) the succession
starts with lllyrian—Julian (the latter is indicated by G. au-
riformis) red “Schreyeralm” Limestone (PATRULIUS et al.,
1971, 1979; BLEAHU et al., 1970, 1972, 1994); on top of it
Rosia Limestone appears too.

The top of Rosia Limestone reaches the Alaunian as indi-
cated by Gondolella steinbergensis, Metapolygnathus ab-
neptis abneptis, etc. (PATRULIUS et al., 1979; PANIN et al.,
1982). The last remnants of the Rosia Basin were filled
up by the grey, siliciclastic-marly Codru Formation af-
ter the Early Lacian in the north (Seasa Nappe), or was
followed by the “Wand Limestone” in the south (Vascau
Nappe). The Middle Lacian - Early Alaunian Codru Forma-
tion (GRADINARU, 2005) in the Apuseni Mts significantly dif-
fers chronostratigraphically from the Middle Carnian Lunz-
Reingraben infillings of East Alpine — Western Carpathian
Reifling Basins.

Development of large carbonate platforms resumed in
the Late Carnian when reefal (Dachstein Reef Limestone)
and reef-slope facies (“Wand” Limestone; PATRULIUS &
BLEAHU, 1967; PATRULIUS et al., 1971, 1979) were formed
on the outer shelf, with Late Rhaetian lagoon facies (lofer-
itic cycles) on top, as documented in the Colesti Nappe
(PANIN & TOMESCU, 1974; PATRULIUS et al., 1979; BLEAHU
et al., 1994; BALTRES, 1998; BUCUR & SASARAN, 2001). In
some places, the Dachstein Limestone shows an irregular
network of paleocarst cavities filled with variegated, from
mauve to brick-red and ochreous-brown, ferruginous lime-
stones, sometimes bearing Late Norian Halorella coqui-
nas. It proves that during the Late Norian the carbonate
platform emerged, with evolving carstification and lateritic
weathering processes (Gradinaru, unpubl. data).

The latest Norian — Rhaetian is represented by Carpathian
Keuper and Kdssen Formation in the Finis-Garda Nappe
and Urmat Outlier, and by limestones with Involutina in the
Vascau Nappe.

Due to the extreme narrowing of the inner shelf facies zone,
because of enhanced terrigenous influx from the proximal
continental hinterland (Bihor Land), the typical Hauptdolo-
mit is almost absent (restricted only to the Arieseni Nappe/
Corbesti Outlier and Vetre Nappe). A special transition-
al facies from the Dachstein Limestone to the Carpathian
Keuper in the Upper Alaunian — Sevatian has been docu-
mented (Seasa-Ferice Nappe; BORDEA et al., 1978; BLEAHU
et al., 1984; STEFANESCU et al., 1985).

In the Lower Codru Nappes typical Carpathian Keuper
is common, with red-purplish, sometimes grey or green-
ish continental siliciclastic sedimentation, with interbed-
ded evaporites and light coloured micritic dolomites-lime-
stones. Its age is Tuvalian-Rhaetian (Valani Nappe) or
restricted to the Late Alaunian — Sevatian (Finis, Seasa-
Ferice, Urmat Nappes).

In the Finis, Seasa-Ferice, Urmat and Dieva Nappes Kos-
sen-type restricted basin facies represents the Rhaetian,
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that is overlain after a probable gap by sandstone and dark
grey Gryphaea shale (Sinemurian). “Oberrhétkalk” appears
only in the Dieva Nappe (BORDEA & BORDEA, 1973; BORDEA
et al., 1975).

Biharia Unit
Biharia Nappe System

The Arieseni Nappe was assigned to the Biharia Nappe
System by BALINTONI (1994), who proved the correspon-
dence of the Biharia and the Arieseni Series. As it was dis-
cussed above, the Arieseni/Corbesti Outlier belongs to the
Hauptdolomit Facies Belt.

The Vulturese-Belioara Series, which was traditionally in-
terpreted as low-grade metamorphosed Middle Paleozoic
cover of the medium-grade Upper Precambrian — Lower
Paleozoic crystalline basement, has possible interpreta-
tions as Triassic sequence too (BORCOS & BORCOS, 1962;
PATRULIUS et al., 1971; BALINTONI, 1994). It starts with
pink quartzitic conglomerates, sandstones and sericitic
schists (Scythian?), followed by well-bedded, black, gra-
phitic dolomite and massive pinkish-yellowish dolomite
(Upper Scythian? or Anisian?). The third formation is a
thick-bedded light marble, partly dolomitic (Middle Trias-
sic, or even younger?). Its Variscan basement was subject
to a Mesozoic rejuvenation (100.6 Ma; DALLMEYER et al.,
1994). Based on this interpretation DIMITRESCU (in IANOVICI
et al., 1976) suggested that the Vulturese-Belioara Series
might be compared to the Fdderata-Struzenik Series of
the Western Carpathians.

DACIA MEGAUNIT

The Dacia Megaunit, which includes only some of the
Dacidian units (Median, Outer and Marginal Dacides;
SANDULEScU, 1984) within the Eastern and Southern Car-
pathians, generally has a more external character than
the ALCAPA or Tisza Megaunits. Triassic successions are
found only in the Median Dacides. In the Eastern Car-
pathians, the Median Dacides are represented by the Cen-
tral Eastern Carpathian Nappe System (Bucovinian Nappe,
Subbucovinian Nappe and the Infrabucovinian Units;
SANDULESCU et al., 1981), whereas in the Southern Car-
pathians they include the Getic Nappe and the Supragetic
Units (SANDULESCU 1976b, 1988).

Generally, the Triassic sedimentary series are stratigraphi-
cally incomplete, punctuated by discontinuities and have
reduced thicknesses, that prove swell-type sedimen-
tary environments during the Triassic (PATRULIUS, 1967;
SANDULESCU, 1984). Their present day scattered occur-
rences, mostly in the Southern Carpathians, are the result
of the extensive pre-Jurassic erosion that affected the ar-
eas of the Median Dacides.

Within the Dacia Megaunit, in the region of the East Ser-
bian Carpatho-Balkanides, Triassic successions can be
recognized in the following units from east to west: (1)
Danubian-Stara Planina-Vr$ka Cuka (-Prebalkan) Unit Sta-
ra Planina-Pore¢ Unit (Upper Danubian), (2) Bucovinian-
Getic-Kuc€aj (-Sredno Gora) Unit within it Ku¢aj Unit (Get-
ic), and (3) Kraishte Unit within it Luznica Unit (West
Kraishte). All these units behaved during the Triassic as
a single megaunit, made up of former Variscan terranes,
which amalgamated and docked to Moesia in Carbonifer-



ous times (KARAMATA, 2006) and became again separated
in the Middle-Late Jurassic by the opening of the Severin-
Krajina oceanic domain between them (see: HAAS et al.,
2011, in this volume).

Danubian-Vrska Cuka-Stara Planina
(-Prebalkan) Unit

Southern Carpathians
Lower Danubian and Upper Danubian Units

In the Danubian Units from Romania (Marginal Dacides in
the sense of SANDULESCU, 1984), having the most external
position and lying on the European continental margin, the
Triassic formations are completely missing. The lacking of
Triassic sedimentary series is due either to non-deposition
or to erosion. The oldest Mesozoic deposits, overstepping
the crystalline rocks, are Hettangian-Sinemurian continen-
tal “Gresten Beds”.

East Serbian Carpatho-Balkanides
Stara Planina-Pore¢ Unit (Upper Danubian)

Whereas in the northern, Pore¢€ part of the Stara Planina-
Pore¢ Unit (location on Text-Fig. 1; Text-Fig. 15, col. 78),
the Triassic sediments are absent (MASLAREVIC & KRSTIC,
2001), in the Stara Planina region (Jelovica-Viso¢ka Rzana
section) the Lower Triassic overlies various parts of the
Topli Dol Formation (Permian red clastics; MASLAREVIC &
CENDIC, 1994) or Riphean-Cambrian schists.

These lowermost Lower Triassic siliciclastic sediments,
named as Temska Formation (MASLAREVIC & CENDIG, 1994)
mark the beginning of a new megasequence that is char-
acterized by fluvial sedimentation deposited in semi-arid
or arid climate with storm episodes (PI. 7, Fig. 2). These
are deposits of braided rivers, the middle part is an allu-
vial fan and others are related to that of meandering riv-
ers. The major facies are channels with bars (longitudi-
nal and transversal), and interchannel fine-grained facies
(flood plain, natural levee, crevasse, and crevasse splay)
(MASLAREVIC & KRSTIC, 2001). This formation, 300-400 m
in thickness, is overlain by the marine siliciclastic Zavoj
Formation deposited on tidal flats and contains an Early
Scythian flora (UROSEVIC in MASLAREVIC & CENDIC, 1994).

The Zavoj Formation is overlain by micaceous sandstones,
partly clayey, and dolomitic limestones representing the
upper part of the Lower Triassic. The carbonate depo-
sition took place on a ramp. These “shelly limestones”
(also known as “myophorian” or “gervilleian limestones”)
in most cases are strongly bioturbated; coquina beds are
common.

The following carbonate deposits consist of lowermost
Anisian platy, “folded limestones” with bivalves, Pelsonian
thick-bedded “brachiopod limestones” with numerous
brachiopods and conodonts of the Paragondolella bulgari-
ca zone (SUDAR, unpubl. data); the uppermost part of the
exposed section is made up of “crinoidal limestones” with
crinoid calyces and stems, and calcareous algae, lllyrian
in age.
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The crinoidal limestones are followed by massive, slightly
dolomitic limestones with gastropods, bivalves and bra-
chiopods of Ladinian age. These rocks represent the end
of the Triassic sequence in this part of the Stara Planina
Mts region. The thickness of the Middle Triassic is about
250 m, only about 15 m are Ladinian.

More eastwards in the Stara Planina Mts, the very con-
densed Upper Triassic has been preserved only in the Se-
nokos area. On the basis of the different lithofacies and as-
sociations of bivalves, brachiopods and foraminifera, the
following lithologic units can be separated: Carnian silt-
stones, sandstones, and sandy and dolomitic limestones,
Norian dolomites, dolomitic limestones and limestones,
and Rhaetian biosparites, oolite and dolomitic limestones,
and algal limestones. This succession is overlain by Rhae-
tian-Liassic terrigenous siliciclastics of various lithology
(“red series”; UROSEVIC & ANDJELKOVIC, 1970; Senokos
Formation; UROSEVIC & RADULOVIC, 1990), deposited in al-
luvial, lacustrine, or marshy environments. The thickness
of the unit is from 30 to 350 m.

Bucovinian-Getic-Kucaj (-Sredno Gora) Unit
Eastern Carpathians

Bucovinian, Subbucovinian and several Infrabucovinian
Units are distinguished. They form a pile of thrust nappes
stacked during the Meso-Cretaceous tectogenesis, as-
signed to the Central Eastern Carpathian Nappe System
(SANDULESCU, 1984). Having the most extended occur-
rences in the Bucovinian Nappe, the Triassic series are
generally incomplete in all units. The diversity of facies
demonstrates a complex paleogeography of the Buco-

vinian realm during the Triassic (PATRULIUS et al., 1971;
SANDULESCU, 1984).

Infrabucovinian Units

The Infrabucovinian Units (location on Text-Fig. 1; Text-
Fig. 14, col. 73), the lowest in the Central Eastern Carpath-
ian Nappe System, are represented in the Maramures Mts
by the following units (starting from the outside): Vaser-
Belopotok, Pentaia (Stevioara), Petriceaua, Poleanca and
Stanisoara (SANDULESCU, 1984, 1985). In the Vaser-Be-
lopotok Unit, the Triassic sequences are missing. In the
Pentaia Unit the Triassic succession starts with continen-
tal Scythian quartzose sandstones (“Buntsandstein”-like)
succeeded by Middle Triassic dolomites and bituminous
limestones with sills of basalts and tuffites. The Polean-
ca Unit has Scythian light-coloured quartzose sandstones
and Middle Triassic well-bedded grey bituminous and mas-
sive dolomites. The Petriceaua Unit has Scythian light-
coloured quartzose sandstones and variegated shales, fol-
lowed by Middle to Upper(?) Triassic massive dolomites,
bituminous limestones and dolomites, grey bedded lime-
stones, red limestones and massive limestones locally do-
lomitized. In the Stanisoara Outlier Scythian(?) quartz-
ose sandstones are followed by Middle Triassic massive
dolomites and limestones. In the lacobeni Unit the Trias-
sic succession starts with continental Scythian conglom-
erates and quartzose sandstones followed by red shales
with platy limestones and then by Gutenstein-type grey
bedded bituminous dolomites with yellowish massive do-
lomites in the middle part (Pl. 7, Fig. 3). The succession
continues with Ladinian variegated limestones, sometimes
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nodular, and chloritic shales, with dolomite lenses in the
upper part (Pl. 7, Fig. 5), and ends with Upper Triassic(?)
light, slightly metamorphosed limestones (SANDULESCU,
1976a; PoPEscu & PoPEscu, 2005a; PoPEScu, 2008).

The Triassic succession from the Magurele Scales in-
cludes a basal Anisian sequence with dark-coloured lime-
stones and dolomitic limestones. Upsection, the succes-
sion is made up of dark-coloured bituminous dolomites
and limestones, platy grey limestones with hydrozoans and
solenoporacean algae, and grey dolomitic limestones with
halobiids, the whole sequence being assigned to the La-
dinian (SANDULESCU, 1976a; PoPEScU & PoOPEScU, 2005a;
PoPEscu, 2008). The Upper Triassic is generally missing.

Subbucovinian Unit

In the Subbucovinian Nappe (SANDULEScCU, 1976a, 1985;
Text-Fig. 14, col. 74), the Triassic succession starts with a
thin sequence of Scythian whitish quartzose sandstones
(“Buntsandstein”-like), either overlying Permian continen-
tal red siliciclastics or directly the crystalline basement.
The Middle Triassic is represented by Anisian massive grey
dolomites which are covered by Ladinian red siltstones
with radiolaritic cherts, and grey platy limestones. The Up-
per Triassic is usually absent.

In the Tomesti tectonic window, the succesion starts with
a thin siliciclastic sequence of redbeds followed by a se-
quence, around 200 m thick, of Middle Triassic massive
dolomites (GRAsU, 1976). A sequence of variegated radio-
larites and shales, around 100 m thick, unconformably
overlies the older Triassic succession. The radiolarites
used to be assigned to the Ladinian, but Callovian-Ox-
fordian radiolarians were identified by DUMITRICA (unpubl.
data).

Bucovinian Unit

The Triassic series of the Bucovinian Nappe is largely oc-
curring in the Rarau and Haghimas Synclines, and also in
the Persani Mts (Text-Fig. 14, col. 75).

The Bucovinian Triassic series in the Rarau Syncline
(MUTIHAC, 1968; TURCULET, 1971, 2004, and the referen-
ces therein; SANDULESCU, 1973, 1974, 1976a; TOMESCU &
SANDULEScU, 1978; GRASU et al., 1995; PoPEScu, 2004,
2008) starts with continental redbeds grading upwards to
marine shallow-water carbonates. The first sequence, with
a variable thickness from 5 to 25 m, has basal conglomer-
ates and quartzose sandstones with intercalations of red
shales more frequent towards the upper part. The first car-
bonate sequence, 50 to 150 m thick, is made up of Lower
Anisian massive dolomites (PIl. 7, Fig. 7), locally platy and
fossiliferous in the basal part (Costatoria costata, Entoli-
um discites). In some places, the dolomites directly cov-
er the crystalline basement. The carbonate sedimentation
continued with Steinalm-type algal limestones, up to 100
m thick, only locally preserved, which delivered dasycla-
dacean algae (Physoporella-Oligoporella group, Diplopora
annulatissima, D. annulata), foraminifera indicative for the
Pelsonian-Ladinian interval. The presence of some Ladin-
ian radiolarites is very controversial. Upper Triassic suc-
cessions are missing, mostly due to erosion before the de-
position of the Middle Jurassic Tatarca Breccia.

The Bucovinian Triassic series in the Haghimas Syncline
(PELIN, 1969; PATRULIUS, 1967; PATRULIUS et al., 1969,

1971, 1979; SANDULEScU, 1974, 1975a; GRAsu, 1971;
BALTRES, 1975, 1976; POPESCU & POPEScU, 2005b; POPES-
CU, 2008; GRAsU et al., 2010) is similar to the Triassic se-
ries in the other regions within the Bucovinian Nappe. It
starts with a continental siliciclastic sequence of variable
thickness, 5 to 30 m, and includes quartzose conglomer-
ates and sandstones, variegated siltstones and shales, but
commonly conglomerates and sandstones. The following
sequence, reaching up to 250 m in thickness in the region
of Lacu Rosu, and reduced only to some tens of meters
in thickness on the eastern margin of the Haghimas Syn-
cline, is made up of grey to white-yellowish, massive do-
lomites. Locally this sequence is transgressive and rests
directly on the crystalline basement. In some places there
is a gradual transition from the siliciclastic sequence to
the massive dolomites by a package, 10 to 20 m thick, in-
cluding platy limestones with intercalations of micaceous
siltstones, platy dolomitic limestones and dolomites. The
faunas from this transitional package (PELIN, 1969; GRA-
Su, 1971) include Costatoria costata, Unionites fassaensis,
etc. The palynological investigations done by ANTONESCU
et al. (1976) pointed out components of the Triadispora
crassa zone (latest Spathian(?) — Aegean). The microfacies
investigations (DRAGASTAN & GRADINARU, 1975; POPESCU
& PoPESscu, 2005b; PopPEscu, 2008) provided a rich latest
Spathian — Aegean foraminifer assemblage. In the platy
dolomites underlying the massive dolomites Beneckeia
tenuis (under Ceratites semipartitus; PELIN, 1969) indica-
tive of the Aegean lower part of the Rt Formation of the
Germanic Triassic (KOzUR, 1999), was found. It is followed
by Steinalm-type, white massive limestones, locally dolo-
mitized (BALTRES, 1975). The sequence ends with Upper
Triassic(?) light-coloured carbonates with frequent halo-
biid “filaments” and dasycladacean algae (SANDULESCU,
1975a).

The Bucovinian crystalline basement in the western limb
of the Haghimas Syncline is intruded by the well-known
Ditrau alkaline intrusive complex, wich includes two
rock assemblages. The older one (231-227 Ma, Late La-
dinian to Early Carnian) consists of mantle derived gabbro-
dioritic magma with mantle xenoliths. The younger one
(216-212 Ma, Late Norian) shows mixing and mingling with
crustal syenite magma due to rising of the older magma
(DALLMEYER et al., 1997; KRAUTNER & BINDEA, 1998).

The Pelsonian-Norian white limestones from the Rarau
Syncline (Piatra Soimului) assigned formerly to the Bu-
covinian Unit (e.g. PATRULIUS, 1967; GRASU et al., 1995;
TURCULET, 2004), are actually olistoliths, slid on Callovian—
Oxfordian radiolarites of the Bucovinian Nappe, and thus
belong to the Transylvanian Unit (PATRULIUS, 1996; POPES-
Ccu & PopPEscu, 2004; PopPescu, 2008).

In the Persani Mountains the Bucovinian Triassic series
overlies the crystalline basement. On the eastern part of
the Garbova Massif, the succession starts either with a
thin siliciclastic sequence or directly with a dolomite se-
quence, up to 200 m thick, displaying stromatolitic and
loferitic structures (GRADINARU & DRAGASTAN, unpubl. data).
They are of Early Anisian — Pelsonian age, locally includ-
ing also the latest Scythian. On the western side of the
Garbova Massif the succession has a basal siliciclas-
tic sequence of redbeds, 10 to 15 m thick, followed by
a sequence, 20 to 40 m thick, with thin-bedded, grey-
bluish, silty or micritic limestones and silty shales. A rich
sporomorph assemblage of the Triadispora crassa zone
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was inventoried by ANTONESCU et al. (1976) as of latest
Scythian(?) to Early Anisian age, correlative with the R6t
palynoflora from the Germanic Triassic). The occurrence
of the ammonoid Beneckeia tenuis fully supports the Early
Anisian age (GRADINARU, unpubl. data). The upper part of
the platy limestone sequence grades laterally and verti-
cally to dolomites which alternate or are interfingering with
massive Steinalm-type limestones, up to 100 m thick. The
dasycladacean algae are diagnostic for the Pelsonian —
Early lllyrian (GRADINARU & DRAGASTAN, unpubl. data). The
succession ends with a sequence of variegated, nodular
limestones with cherts up to 50 m thick, containing ra-
diolarians, sponge spicules and halobiids. The biofacies
(GRADINARU & DRAGASTAN, unpubl. data), together with the
conodonts, holothurian sclerites and foraminifera (MIRAUTA
& GHEORGHIAN, 1978) indicate a latest Anisian to Ladinian
age. Comparing the successions on both sides of the Gar-
bova Massif, the eastward progression of the dolomite se-
quence on the crystalline basement, and also a deepening
trend in the sedimentation are plausible.

Southern Carpathians

The Triassic formations are restricted to the Sasca-Gornjak
Nappe (continuing in Eastern Serbia; SANDULESCU, 1984),
which is a narrow unit stretched between the Supraget-
ic and the Getic Units in the western Banat region, and
are better developed in the easternmost part of the Getic
Nappe, i. e. in the Brasov region (SANDULESCU, 1964, 1966;
PATRULIUS, 1969). They are included in two distinct sedi-
mentary series, the “Brasov Series” and “Sasca Series”,
respectively. The Triassic sedimentary series of these two
units are very different in their lithostratigraphy and also in
their paleobiogeographic affinities. Small occurrences of
Triassic deposits, ascribed to the “Fagaras Series” are also
found in the Supragetic Unit in Romania.

Getic-Supragetic Units

The “Bragov Series” occurs in the easternmost part of the
Getic Nappe, in the Vulcan-Holbav and Cristian—-Rasnov
regions (Text-Fig. 14, col. 76). Isolated patches of this se-
ries are found in the southern regions of the Leaota and
Bucegi Mts and also in the Lotru Mts. These rocks also ap-
pear in olistoliths and are embedded in the Albian Bucegi
Conglomerate (PATRULIUS, 1963) on the eastern slope of
the Bucegi Mts. The Hettangian-Sinemurian continental
“Gresten Beds” overlap the Triassic terrains from the east-
ernmost part of the Getic Nappe.

In the Vulcan-Holbav region, the succession starts with
Scythian redbed-type siliciclastics, around 300 m thick,
having a basal coarse-grained sequence, 25-100 m thick,
and ending with grey-yellowish to blackish shales and inter-
layers of quartzose sandstones and red clays (SANDULESCU,
1966). The terminal part contains a palynological assem-
blage characteristic for the Triadispora crassa zone (top-
most Spathian(?) — Early Anisian; ANTONESCU et al., 1976).
The succession continues upwards with a Plattenkalk-type
sequence, around 25 m thick, made up of brown-yellow-
ish marls and platy marly limestones, upsection alternat-
ing with platy bituminous limestones. This sequence yield-
ed Costatoria costata praegoldfussi, and is correlated with
the Lower Anisian Germanic R&t (PATRULIUS, unpubl. data).
The sequence ends with Anisian Gutenstein-type medium
to thick-bedded dark grey limestones.
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In the Cristian-Rasnov region, the Scythian siliciclastic
sequence is not known. The “Brasov Series” is represent-
ed only by a carbonatic succession which includes the fol-
lowing units (GRADINARU, unpubl. data):

1) the lower sequence, around 150 m thick, including light
grey bedded bituminous limestones, with tiny cherty
spherules in the upper part;

2) the second sequence, 25 m thick, with light grey, bed-
ded, sometimes laminated, bituminous limestones,
bearing thin layers of dark grey cherts;

3) the third sequence, about 40 m thick, dark grey bedded
limestones alternating with marly shales;

4) the fourth sequence, nodular limestones, more than 50
m thick, with thin layers of marly shales;

5) the fifth sequence, at least 100 m thick, Wetterstein-
type, light-grey to whitish reefal-lagoonal massive bio-
clastic limestones (Brasov Limestone; JEKELIUS, 1936).

The second unit delivered Balatonites stenodiscus, Acro-
chordiceras undatum, etc., whereas the third unit delivered
B. balatonicus, Bulogites reiflingensis, Acrochordiceras
carolinae, etc. These two assemblages are indicative of
the Pelsonian Balatonicus and Binodosus Subzones (in the
sense of MIETTO & MANFRIN, 1995). From the first and sec-
ond units rich Pelsonian radiolarian faunas are described
by DUMITRICA (1982, 1991). A rich Pelsonian sporopollenic
assemblage together with acritarch species was described
by ANTONESCU (1970), which is comparable to that of the
Wellenkalk in the Germanic Triassic. The fourth unit, which
may be correlated with the Reifling Limestone, includes
rich ammonoid assemblages of the lllyrian Trinodosus
Subzone (Paraceratites trinodosus, etc.) and Avisianum
Subzone (Aplococeras avisianum, etc.). Rich assemblages
with conodonts, foraminifera and holothurian sclerites are
described by MIRAUTA & GHEORGHIAN (1978). The fifth unit
occurs mainly in the Dealul Melcilor Hill in Bragsov town, but
only in the Cristian region the Wetterstein-type limestone
conformably overlies the Reifling-type nodular limestone
(GRADINARU, unpubl. data). A very rich Ladinian (- ?Low-
er Carnian) fauna, with Sphinctozoa, corals, gastropods,
bivalves (e.g. Daonella lommeli), crinoids, echinoids, bra-
chiopods, and only scarse cephalopods, was described
by JEKELIUS (1936) and KUHN (1936). Dasycladacean algae
(e.g. ?Diplopora annulata, Teutloporella infundibuliformis)
have also been recorded. Later investigations (DRAGASTAN
& GRADINARU, 1975) yielded further fauna, e.g. Dictyocoelia
manon and Colospongia catenulata. The higher part of the
Triassic, as almost everywhere in the whole Bucovinian
domain, is lacking here.

The two Triassic successions from the Vulcan-Holbav and
Cristian—Rasnov regions developed in different deposition-
al environments, an inner shelf with high terrigenous influx
in the Vulcan-Holbav region, and a much deeper open ma-
rine basinal environment for the Cristian—-Rasnov region
during the Middle and Late Anisian, shallowing-upward to
a reefal-lagoonal environment.

In the southern region of the Leaota Mts the crystalline
basement is covered by a small patch of “Werfen Lime-
stone”. The olistolith from Galma lalomitei (Bucegi Mts),
having platy limestones with Costatoria costata, Unionites
fassaensis, etc. In the Lotru Mts (LuPu & LupPu, 1967), the
lower redbed-type siliciclastic sequence (“Werfen Quartz-



ite”), more than 100 m thick, of Permian(?)-Scythian age
is followed by a “Werfen Limestone” (Costatoria costa-
ta praegoldfussi, Hoernesia socialis, and the palynological
flora with Triadispora crassa and Perotrilites minor) Early
Anisian in age (ANTONESCU et al., 1976; PATRULIUS, unpubl.
data). The recognition that the “Werfen Limestone” auct. in
the Getic Nappe is of Early Anisian age, and thus is cor-
relatable with the Lower Rot from the Germanic Triassic,
is proved by the presence of the Triadispora crassa zone.

Small scattered patches of Triassic sedimentary sequen-
ces are also found in the Supragetic domain in the east-
ernmost Fagaras Mts and in Poiana Marului tectonic
scale (SANDULESCU, 1966).

The actual very scattered occurrences of Triassic sedi-
mentary successions, extending from the Lotru Mts, in the
central part of the Southern Carpathians, to the Brasov
region in the easternmost part of the Getic Nappe, dem-
onstrate the originally large extension of the Triassic de-

position area in the central and eastern part of the Getic
domain. The same conclusion can also be drawn for the
eastern Supragetic domain.

The “Sasca Series” in the Sasca-Gornjak Nappe (Text-
Fig.14, col.77) overlaps Verrucano-type Permian de-
posits. Data on the lithology and biostratigraphy are
found in publications of MIRAUTA & GHEORGHIAN (1993),
BUCUR et al. (1994, 1997) and BUCUR (1997). The Triassic
succession begins with Lower Scythian coarse-grained
continental siliciclastics, around 150m thick. They are
followed by a deepening-upward marine carbonatic se-
quence, around 100m thick. It starts with the Dealul
Redut Dolomite Member made up of light-coloured do-
lomitic limestones with thin encrinitic layers. The forami-
nifer Meandrospira pusilla and the dasycladacean algae
indicate a Spathian — Early Anisian age. The following Va-
lea Susara Limestone Member, made up of Steinalm-type
dasycladacean limestones, is dated as Pelsonian — Ear-
ly lllyrian by a rich foraminifer assemblage (Meandrospi-
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Paleogeography of the western end of the Paleotethys domain during the Late Variscan stage (latest Carboniferous) (slightly modified after Val, 1998).
The Southern Alps — Adria-Dinaria together formed the Carnic-Dinaridic microplate.

Abbreviations:

NHF: Northern Hercynian Front; SHF: Southern Hercynian Front; AA: Austroalpine domain; CARP.-BALK.: Carpatho-Balkanides; MVZ: Main Vardar Zone; SA: Southern

Alps; SM: Serbo-Macedonian Zone.
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ra dinarica, Pilammina densa, etc.) and algae (Diplopora
subtilis, Oligoporella pilosa, etc.). The succession is end-
ed by the Valea Cerbului Limestone Member made up of
dark black to weathered bluish-grey, “filament”-bearing
bituminous limestones. Conodonts (Gondolella bakalovi,
G. transita, etc.), foraminifera (Turriglomina mesotriasica)
and holothurian sclerites prove the Late lllyrian — Early
Ladinian age. The ammonoid fauna includes Latemarites
sp., Parakellnerites cf. loczyi, ?Kellnerites sp. (VOROS,
pers. comm.), and Aplococeras avisianum, etc. and Da-
onella sp. (BADALUTA, unpubl. data). The ammonoid as-
semblage is characteristic for the lllyrian Reitzi and Avi-
sianum Subzones.

East Serbian Carpatho-Balkanides
Kucaj Unit (Getic)

The lowermost Triassic continental siliciclastic sediments
in the Ku€aj Unit (Text-Fig. 15, col. 79) are not uniformly

overlying the Permian terrestrial rocks. In many places, the
overlapping deposits are of Middle Jurassic age.

In the Sasca-Gornjak Subunit on the westernmost part of
the Kucaj Unit, lowermost Scythian rocks resembling the
Temska Formation of the Stara Planina region mentioned
above are represented by basal quartz conglomerates and
white or pink sandstones that pass upwards into subar-
kosic rocks (MASLAREVIC & KRSTIC, 2001). The sequence
has features characteristic for gravel and sand dominat-
ed braided rivers. The continental siliciclastics are over-
lain by shallow-marine deposits (sandstones of greywacke
and subgreywacke types), which contain fossil macroflo-
ra (Sumorovac Formation; UROSEVIC & GABRE, 1986). The
overlying upper part of the Scythian is represented by the
Krepoljin Formation made of sandy dolomites or dolomites
and limestones, sometimes with bioturbations. These
rocks were deposited in a subtidal or at the boundary to
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The starting point of the Neotethyan evolution: Paleogeography of the western end of the Paleotethys domain during the Late Variscan stage (Early—Middle Permian).
(After FLOGEL, H.W., 1990, modified after KARAMATA, 2006 concerning the position of the Serbo-Macedonian Zone).

Legend and abbreviations:

1. Gondwana (Arm Armenia; Elb Elburz), Laurentia, Fennosarmatia.

2. Metamorphic zones.
3. Marine Carboniferous on Gondwana.
4. Circum-Atlantic pre-Mesozoic zones.
5. Betic-Serbian Zone.

6. Notsch-Ochtina Zone (Carboniferous).

7. Mediterranean zones (IB Iberia; SF Southern France; IN Istambul Nappe; Ka Eastern and Southern Carpathians; SMM Serbo-Macedonian Zone; Ba Balkanides; Do
North Dobrogea; M Moesian Platform; Tk Trans-Caucasus; Caucasus: FR Fore Range; MR Main Range; S Svanetian Zone; Pelagonian — Anatolian microplate: Pe
Pelagonian units (?); Sa Sakaryan microcontinent; Me Menderes — Cyclades “massif”; K Kirsehir “massif”; B Bitlis “massif”).
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an intertidal ramp setting, partly in a restricted lagoon en-
vironment.

The most characteristic and well-preserved Middle Tri-
assic and partly Carnian succession of the mentioned
subunit can be seen in the Zdrelo section of the Gornjak
Gorge (vicinity of Zagubica), with a thickness of about 200
m (UROSEVIC & SUDAR, 19914, b).

The Anisian Zdrelo Formation, deposited in shallow sub-
tidal regions on a carbonate ramp with periodical deepen-
ing, is made of:

1) lowermost Anisian light coloured dolomitic limestones
with crinoid calyces and stems,

2) grey, bedded, nodular Pelsonian limestones and shale
with brachiopods, bivalves, foraminifera and conodonts
of the upper part of Paragondolella bulgarica zone,

3) white limestones containing Upper Pelsonian calcare-
ous algae and foraminifera, and

4) lllyrian black, bedded micrites, and sparites with ammo-
nites, foraminifera and conodonts (Neogondolella cor-
nuta zone) (UROSEVIC & GABRE, 1986).

The overlying Ladinian and Lower Carnian rocks are in-
cluded in the Lomnica Formation (UROSEVIC & GABRE,
1986). They were deposited in restricted shallow subtidal
conditions connected to the basin. The formation can be
divided into the following members of different ages: (1)
earliest Ladinian (Lower Fassanian Neogondolella excen-
trica and Late Fassanian Neogondolella transita conodont
zones) dark-grey to black micrite, microsparite and platy
(mm-thick) dark marlstone; fine-grained dolomites, ferrugi-
nous platy, dark-grey to black marlstones, and dark marly
limestones (biomicrites and biosparites with many fila-
ments and foraminifera, e.g. Nodobacularia vujisici), and
(3) micrites and microsparites with an abundant foraminif-
eral fauna and conodonts of the earliest Carnian Paragon-
dolella foliata zone (UROSEVIC & SUDAR, 1991a, b) with Pg.
foliata, Pg. polygnathiformis, Sephardiella mungoensis. It
is interesting to note, that the fauna contains no compo-
nents of the eupelagic Gladigondolella-apparatus, recall-
ing the Balkanide province of BUDUROV et al. (1985). Car-
nian strata in this section have a thickness of about ten
metres. They are apparently conformably and transgres-
sively overlain by Bajocian (Middle Jurassic) oolitic lime-
stones which mark a new depositional cycle.

According to UROSEVIC & GABRE (1986), in other parts of
the Sasca-Gornjak Subunit of the Kuéaj Unit, the follow-
ing lithological units are present over the above mentioned
Lower and Middle Triassic deposits: Wetterstein Forma-
tion (platform limestones of Ladinian — lowermost Carnian,
“Cordevolian”, age, lateral equivalent of the Lomnica For-
mation, deposited in a back-reef lagoon), Rapatna Forma-
tion (Lower Carnian to Norian quartz sandstones depos-
ited in shallow subtidal environment), Golubac Formation
(Carnian limestones, sporadically sandy and dolomitic with
oncoids; deposited in shallow-water basin with low ener-
gy and open circulation; they are lateral equivalents of the
Rapatna Formation), and Dachstein Formation (shallow-
water platform Carnian-Norian and partly Rhaetian lime-
stones and dolomites with Lofer facies).

In the eastern parts of the Ku€aj Unit, Lower Triassic and
Anisian deposits with the same characteristics as in other

parts, are developed only on the Vidli¢ Mt (near Pirot) and
on the Vlaska and Greben Mts (vicinity of Zvonacka Banja).

Kraishte Unit
East Serbian Carpatho-Balkanides
LuzZnica Unit (West Kraishte)

In this unit (Text-Fig. 15, col. 80), exposed only on Ruj Mt
and on its northeastern extension, Lower Triassic rocks
(conglomerates, sandstones and limestones) overlie Perm-
ian red siliciclastics. Anisian nodular and massive lime-
stones with indeterminable pelagic bivalves and foraminif-
era are exposed only in the core of the Talambas anticline
(DIMITRIJEVIC, 1997).

Along the Serbian-Bulgarian border, on the Ploce Hill, sep-
arated from the (?)Devonian by a Neogene belt, low-grade
metamorphic conglomeratic sandstone and sericite-chlo-
rite schist, interstratified with calcschist occur, considered
as Upper Scythian. They are overlain by beds of Anisian
limestones, locally dolomitic and much crushed, followed
by platy to thin-bedded limestones interbedded with chert
(?Ladinian) (DIMITRIJEVIC, 1997).

Younger Triassic deposits are missing in this unit

(DIMITRIJEVIC, 1997).

Serbian-Macedonian Unit

In central Serbia, west of the East Serbian Carpatho-Bal-
kanides, the Serbian-Macedonian Unit ranges in a N-S ex-
tension, with some Triassic deposits (Text-Fig. 15, col. 81)
preserved. It is also included into the Dacia Megaterrane.

Before the Permian, probably in the middle part of the Car-
boniferous, the Ranovac-Vlasina Unit with all other units
on the east (Kucaj, Stara Planina, etc.) were amalgamated
and docked with the eastern margin of the Serbian-Mace-
donian Unit (KARAMATA, 2006). In this unit locally Lower Tri-
assic shallow-water quartz sandstones, claystones etc.,
as well as Middle Triassic limestones at Poslonska Mt are
preserved, representing an overstep sequence on the met-
amorphic basement (KARAMATA & KRSTIC, 1996).

History of Evolution and Notes for
Paleogeographic Interpretation

The Late Variscan (Paleotethyan) marine sedimentary cy-
cle ended with a major regression, as recorded in the sur-
face occurrences of the “Carnic-Dinaridic microplate” (in
the sense of VAI, 1994, 1998) (Text-Fig. 16). The beginning
of the Neotethyan sedimentary cycle is marked by Mid-
dle Permian basal conglomerates and breccias, like the
Tarvis (Tarvisio) Breccia in the Carnic Alps or the Bobova
Breccia in the Jadar Block and its equivalent in the Blkk
Unit. These either unconformably (like in the Carnic Alps)
or even disconformably (like in the Jadar Block) overlie the
marine Late Variscan deposits and are followed by coastal
plain sediments, and then sabkha deposits, most likely still
in the Middle Permian (Text-Fig. 17). In the late Permian a
shallow-marine carbonate ramp developed (“Bellerophon
Formation”).
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Contemporaneously large extensional grabens were
formed in the more distant continental areas (continen-
tal rifting stage) that filled up with terrestrial sediments
and volcanic material. Transgression commencing in the
Late Permian led to step-by-step inundation of the former
continental basins and the eroded surface of the Variscan
basement. The Early to early Middle Triassic sedimenta-
ry successions, deposited in the precursor graben of the
Neotethys Ocean, began to open in this region during the
late Middle to Late Anisian. However, a considerable part
of the Dacia Megaunit became inundated only during the
Early to Middle Jurassic in connection with the opening of
the Piemont/Penninic Ocean. Subsequent to mixed silici-
clastic-carbonate ramp sedimentation, the carbonate de-
position became prevailing during the late Early Triassic
to Early Anisian interval, first under restricted marine and
later more open-marine conditions.

The Neotethyan oceanic rifting initiated already in the Mid-
dle-Late Permian in the domain east of the Circum-Panno-
nian region (e.g. it is recorded in the classical Oman ophi-
olite complexes). Propagating northwestwards the rifting
process reached the domain of the Hellenides and prob-
ably the Albanides in the late Early Triassic, whereas the
Circum-Pannonian region was affected in the early Mid-
dle Triassic (KovAcs, 1992, 1998). It is best documented
in the western ophiolite belt of the Balkan Peninsula, rep-
resented in the study area by the Dinaridic Ophiolite Belt
and equivalents.

The ocean opening resulted in the disruption of the mar-
ginal ramps that is manifested in the partial drowning and
partial uplift of the Steinalm ramp and equivalents. This
process was accompanied by volcanism, locally. By the
Ladinian the Neotethyan passive margin configuration was
already fully established (Text-Fig. 18).
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Late Triassic (Norian) paleogeographic reconstruction of the Neotethys NW-end. Base map (Pangean frame) after FLUGEL, H.W., 1990 (see Fig. 17 herein).
For an alternative model of opening of DOB (Dinaridic Ophiolite Belt) (by SW-ward subduction in the Main Vardar Zone) see KARAMATA, 2006.

Legend and abbreviations:
1: Precambrian shields.

2: Tethyan oceanic domains: D Darnd Unit, DOB Dinaridic Ophiolite Belt, KI Kalnik Unit, Ln Lagonegro Basin, M Meliata Unit, Mal Maliak Zone, Mr Mirdita Zone, MVZ
Main Vardar Zone, Si Sicani Basin, Tr Transylvanides, VZWB Vardar Zone Western Belt.

3: Cimmerian continental blocks: B Bitlis, K Kirsehir, Me Menderes, Sa Sakarya; Pel? “Pelagonia” (only Flambouron Nappe).

4: European margin: AA Austroalpine domain, Ba Balkanides, EC Eastern Carpathians, Mo Moesia, SC Southern Carpathians, SMM Serbo-Macedonian “Massif”, TIS

Tisza, TV Central Western Carpathians (Tatro-Veporic Unit).

5: Adriatic margin: ADCP Adriatic - Dinaridic Carbonate Platform, SA Southern Alps.

6: Spreading axis.

7: Active Paleotethyan subduction zone: Do North Dobrogea, Cr South Crimea, FR Fore Range of Caucasus, MR Main Range of Caucasus.
8: Inactive (pre-Late Carnian) Paleotethyan subduction zone. Emerged Variscan areas in the European foreland: BM Bohemian Massif, IB Iberia; MM Matopolska

Massif; SF Southern France.
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A typical passive margin evolution is reflected in the Mid-
dle and Late Triassic sequences of the Circum-Pannonian
region. However, the local tectonics, sea-level changes,
terrigenous input from the hinterland, climate changes, re-
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Text-Fig. 19.

sult in slightly different sedimentary evolutions in different
regions. In spite of regional differences the overall trend of
deposition is well visible on the stratigraphic and lithologic
charts presented in the previous chapters. Also the facies

Bucharest

Middle — Late Permian — Early Triassic to Early Jurassic facies polarity in the Circum-Pannonian region (from the propagating Neotethys domain towards the con-

tinental margins/hinterland) (base map simplified after KovAcs et al., 2000).
Legend:

1: Neotethyan oceanic domains; a) on the surface; b) in the pre-Tertiary basement.
2: Major strike-slip faults.

3: Major nappe fronts.

4: Direction (sense) of facies polarity.
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polarities are correlatable (Text-Fig. 19): continental influ-
enced sediments near the continental areas, huge carbon-
ate platforms in the central shelf areas and deposition of
mostly hemipelagic carbonates on the outer shelf facing
the Neotethys Ocean.

The subsequent multistage tectonic movements dismem-
bered the original Triassic shelf arrangement that result-

ed in the present-day very complex arrangement of the
structural units in the Circum-Pannonian realm. Therefore
the basic features and trends of the successions form the
basis for a correlation of the different tectonic units in the
whole region and for paleogeographic reconstructions, still
discussed controversially.
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Fig. 1. Norian organic rich Hauptdolomit, Wiesthal, Bavaric Unit, Northern Calcareous Alps (photo: H.-J. Gawlick).
Fig. 2. Dachstein Limestone, reefal facies (Upper Norian), Hochkdnig, Tirolic Unit, Northern Calcareous Alps (photo: H.-J. Gawlick).
Fig. 3. Kossen Formation (Rhaetian) Moertlbach (photo: H.-J. Gawlick).

Fig. 4. Well-bedded cherty hemipelagic limestone of the Pétschen Formation with of shallow-marine origin allodapic limestone inter-
calations (Upper Carnian to Middle Norian). Pétschenwand, Zlambach/Pétschen Facies Zone, Northern Calcareous Alps
(photo: Cs. Pérd).

Fig. 5. Dachstein Limestone lagoonal facies (Norian) — K&ssen Formation (Upper Norian-Rhaethian) - Rhaetian reefal limestone. Sec-
tion Hohes Freieck, Tirolic Unit, Northern Calcareous Alps (photo: H.-J. Gawlick).
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Fig. 1. Zlambach Formation at the type locality (Rhaetian) (photo: H.-J. Gawlick).

Fig. 2.  Light red Hallstatt Limestone, Hangendrotkalk Member (Middle Norian, Alaunian 1-3). Bad Durrnberg, south of Salzburg, Hall-
statt Facies Zone, Northern Calcareous Alps (photo: Sz. K&vér).

Fig. 3. Carnian — Norian Carpathian Keuper with dolomite intercalations. Fatric Unit, Krizna Nappe, Kardolina near Zdiar village,
Belanskeé Tatry, Western Carpathians (photo: Cs. Péro).

Fig. 4. Ladinian platform dolomite; cyclic lagoonal facies, Budadrs, Buda Mts, Transdanubian Range (photo: J. Haas).
Fig. 5. Thin-bedded, laminated limestone. Fels66rs Formation, Anisian 2 (Pelsonian), Asz6f8, Balaton Highland (photo: J. Haas).
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Fig. 1. Thin-bedded pelagic limestone (Fiired Limestone). Uppermost Ladinian to lowermost Carnian, Pécsely, Balaton Highland,
Transdanubian Range Unit (photo: J. Haas).

Fig. 2. Lofer-cyclic Dachstein Limestone. Rhaetian. Gorba Quarry, Gerecse Mts, Transdanubian Range Unit (photo: Cs. Pérd).

Fig. 3.  Chanell structure in a limestone turbidite sequence of slope facies. Csévar Formation. Rhaetian, Csévar, Blocks on the eastern
side of Danube, Transdanubian Range Unit (photo: J. Haas).

Fig. 4. Bddvalenke Limestone Formation, Upper Anisian — Ladinian. Road-side cut at the NW margin of Bédvalenke village, Ruda-
banya Hills, Bédva Unit. Typical development of Bédvalenke Limestone: alternation of purplish red-pink micritic limestone,
whitish Posidonia-coquina and purplish-red chert layers. Lower Ladinian (photo: Sz.K&vér).

Fig. 5. Bddvalenke Limestone Formation. Road-side cut at the NW margin of Bédvalenke village, Rudabanya Hills, B6dva Unit.
Slump fold in alternation of purplish red chert and pinkish micritic limestone. Lower Ladinian (photo: Sz. K&vér).
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Fig. 1. Permian/Triassic boundary in marine succession: P; = top of Upper Permian black, fossiliferous Bellerophon-type limestone
(Nagyvisnyé Fm.); BCl = “boundary clay”; Ty: base of Lower Triassic oolithic limestone (Gerennavar Fm.). Balvany-North key
section, northern part of Biikk Mts., Gemer-Bukk-Zagorje Unit (photo: J. Haas).

Fig. 2.  Peperite: red, micritic limestone enclaves in basalt, Middle Triassic olistolith in Jurassic mélange. Baj-patak Quarry, Darné Unit,
westernmost part of Biikk Mts, Gemer-Biikk-Zagorje Unit (photo: J. Haas).

Fig. 3. Ladinian-Carnian red radiolarite in Jurassic mélange (Dallapuszta Radiolarite Formation). Sirok-Dallapuszta, Darné Unit (photo:
Cs. Péro).

Fig. 4. Folded Carnian beds below Triglav Mt, Julian Alps, Slovenia (photo: B. Jurkovsek).
Fig. 5. “Raibl Beds”, Carnian, Belca, Karavanke Mts, Slovenia (photo: B. Jurkovsek).
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Fig. 1. Dachstein Limestone, cyclic lagoonal (loferite) facies. Triglav Mt, Julian Alps, Julian Carbonate Platform, Gemer-Bukk-Zagorje
Unit (photo: Cs. Pérd).

Fig. 2. Peperite: basalt mingled with red, micritic limestone. Marginal facies of a Triassic volcano complex (PALINKAS et al., 2008).
Hruskovec quarry, Kalnik Mts, Gemer-Blikk-Zagorje Unit (photo: G. Kiss).

Fig. 3. Carnian beds, basinal facies, Kozja dnina, Julian Alps, Slovenia (photo: B. Jurkovsek).
Fig. 4. Permian-Triassic interval, Lukad section, Idrija-Ziri area, Slovenia (photo: B. Jurkovsek).

Fig. 5. Olistolith of Upper Carnian-Lower Norian red and light grey Hallstatt Limestone in the matrix of mélange. Dinaridic Ophiolite
Belt, Zlatar Mt, Bu€evske Luke locality, road Nova Varo$ — Bistrica (photo: D. Milovanovic).
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Fig. 1.

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

Fig. 5.

“Bodvalenke-type” red, cherty limestone (Ladinian) on top (at the right margin) of amygdaloidal basalt. Olistolith in the black
shale matrix of ophiolite mélange, locality Potpe¢ along the road from Bistrica to Priboj. Dinaridic Ophiolite Belt, Zlatar Mts
(photo: Sz. Kévér).

Pillow lava and red chert (Carnian) in the olistostrome/mélange deposits of the Vardar Zone Western Belt. Ov&ar — Kablar Gorge
(photo: D. Milovanovic).

Folded Carnian platy to bedded grey cherty limestones with thin interlayers of argillaceous or tuffitic material of the Grivska
Formation. Dinaridic Ophiolite Belt, Zlatar Mt, valley of ZloSnica River, road Nova Varo$ — Akmaciéi (photo: D. Jovanovig).
Carnian—-Norian massive limestone, Transylvanian Nappe System, Zimbru “Series”, Piatra Soimului klippe, Rarau Mts (photo:
D.A. & L.G. Popescu).

Block of Carnian “Bodvalenke-type” red cherty limestone associated with basalt in the matrix of ophiolite mélange. Dinaridic
Ophiolite Belt, Zlatibor Mt, valley of KatuSnica Creek, road Sirogojno — Gostilje (photo: D. Jovanovic).
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Fig. 1.  Carnian—Norian massive limestone, Transylvanian Nappe System, Zimbru “Series”, Popchii Raraului klippe, Rarau Mts (photo:
D.A. & L.G. Popescu).

Fig. 2. Low-angular discordance contact (less than 10 degrees) between Permian sediments of the Topli Do Formation (lower right
part) and Lower Triassic continental deposits of braided rivers of the Temska Formation (left and upper parts). Stara Planina —
Pore¢ Unit (Upper Danubian) of the East Serbian Carpatho-Balkanides, Stara Planina Mt, Mrtvacki Most locality, canyon of
Temska River (photo: D. Jovanovic).

Fig. 3. Recumbent fold in Gutenstein-type bedded bituminous dolomite (Upper Olenekian), Infrabucovinian lacobeni Unit, Puciosu
Quarry (photo: D.A. & L.G. Popescu).

Fig. 4. Lower Triassic Buntsandstein-type continental conglomerate — sandstone: Babas-szerkdvek, Mecsek Mts, Mecsek Unit (photo:
Gy. Konrad).

Fig. 5. Ladinian-? Lower Carnian variegated limestone, Infrabucovinian lacobeni Unit, Suharzelul Mare Quarry (photo: D.A. & L.G.
Popescu).

Fig. 6. Slump deformation structure in the “Wellenkalk”. Anisian (Pelsonian), Lapis road cut, Pécs, Mecsel Mts. (photo: A. Torok).

Fig. 7.  Anisian massive dolomite unconformably covered by Callovian-Oxfordian reddish radiolarite, Bucovinian Nappe, Fundu
Moldovei Village, quarry on right bank of Cailor rivulet, inner limb of Rardu Syncline (photo: D.A. & L.G. Popescu).
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