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Abstract A kilometer-sized block in the Sirogojno car-
bonate-clastic mélange provides a complete succession of
the Wetterstein Carbonate Platform evolution. The platform
starts its progradation in Early Carnian times over hemipel-
agic Late Ladinian cherty limestones with Wne-grained
allodapic limestone intercalations. Shallow-water reef-
slope, reefal to back-reef/lagoonal limestones evolved in
the Early Carnian. The top of the platform is recrystallized
and partly slightly dolomitized, and in parts karstiWcation is
visible. After a period of omission caused by uplift, new
subsidence started in the early Late Carnian. This is docu-
mented by a Xooding respectively drowning sequence of
the same age, starting with reefal carbonates and rapidly
followed by hemipelagic-inXuenced limestones. The evolu-
tion of the onset and the drowning of the Wetterstein

Carbonate Platform prove a paleogeographic derivation of
this block from the outer shelf-area facing the Neotethys
Ocean, but still in a shallow-water carbonate platform posi-
tion transitional to the Hallstatt facies zone. This paleogeo-
graphic position is especially conWrmed by the new pulse of
subsidence in the Late Carnian after a long lasting phase of
omission. The evolution of the Wetterstein Carbonate Plat-
form in the Inner Dinarides corresponds to successions
known from the Northern Calcareous Alps or the southern
Western Carpathians. In the Late Triassic both regions
belong to the same northeast–southwest striking shelf area
facing the Neotethys Ocean to the east and southeast,
respectively.

Keywords Stratigraphy · Dinarides · Triassic · 
Conodonts · Neotethys Ocean · Drowning

Introduction

Triassic shallow- and deep-water carbonates occur together
with Triassic radiolarites widespread as olistoliths and
slides in the Middle to early Late Jurassic mélanges of the
Dinaridic Ophiolite Belt in the Zlatibor Mountain (Fig. 1;
compare DimitrijeviT 1997; DimitrijeviT et al. 2003). The
carbonate slides should have derived from the Drina-Ivanj-
ica Unit (Fig. 1), forming there the original sedimentary
cover (DimitrijeviT and DimitrijeviT 1991; DimitrijeviT
1997), which was disintegrated in Late Jurassic times.

The key for the reconstruction of the Jurassic history of
mélange formation is the knowledge of the paleogeo-
graphic derivation of diVerent slides in the Triassic passive
continental margin arrangement facing the Neotethys
Ocean further to the east. The overall arrangement of the
Late Triassic facies belts is shown in Fig. 2. Especially for
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Fig. 1 a Regional geological setting showing the External zones, the
western ophiolites (Dinaridic, Mirdita, Hellenic ophiolites), the Inter-
nal zones (“Korabi-Pelagonian Microcontinent” = Pelagonian Zone,
Korab Zone, Drina-Ivanjica Element; see also Schmid et al. 2008,
2010) and the eastern ophiolites (Vardar Zone). For details, see e.g.,
Aubouin (1973), Smith and Spray (1984), DimitrijeviT (1997, 2001),
Channell and Kozur (1997), StampXi et al. (2001), and Karamata
(2006). b Tectonic units and terranes of the Balkan Peninsula sensu
Karamata et al. (2000) and Karamata (2006). SMU Serbian-Macedonian

Unit, MVZ Main Vardar Zone, KBRU Kopaonik Block and Ridge Unit,
VZWB Vardar Zone Western Belt, JB Jadar Block, DIE Drina-Ivanjica
Element, DOB Dinaridic Ophiolite Belt, EBDU East Bosnian-Durmi-
tor Unit. Localities with meta-andesites of the Porphyrite-Chert
Formation in the JB: 1 Podbukovi, 2 Tronona Monastery, and in
EBDU: 3 vicinity of Prijepolje. c Study area with the investigated
Wetterstein Carbonate Platform blocks in the Zlatibor Mountain
(northwest of the village Sirogojno, SW Serbia) and other localities with
bentonite layers intercalated with bedded cherty limestones in DOB
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the Late Triassic the facies zones arrangement (Hauptdol-
omit[Dolomia Principale]/Dachstein Carbonate Platform
and equivalents to the Hallstatt facies belt) is proven from
the Austroalpine/Western Carpathian domain (Haas et al.
1995; Gawlick et al. 1999) to the Albanides (Gawlick et al.
2008). In the Inner Dinarides, the detailed reconstruction of
the Triassic facies belts is still at the beginning (Pilger
1941; Sudar 1986; DimitrijeviT and DimitrijeviT 1991;
DimitrijeviT 1997; Gawlick et al. 2009b; Schefer et al.
2010).

According to Sudar et al. (2008), the slides of the
Sirogojno carbonate-clastic mélange diVer in age, facies,
and paleogeographic origin. The carbonate rocks originated
from a relatively broad Triassic shelf facing the Neotethys

Ocean (Fig. 2), maybe also from the Drina-Ivanjica Unit
but also from further east. In contrast, the Middle to Late
Triassic radiolarites and the ophiolitic rocks, which occur
mostly on top the Sirogojno carbonate-clastic mélange,
belong to the late Middle to early Late Jurassic radiolaritic-
ophiolitic mélange and ophiolite nappes, which derive from
the Neotethys Ocean Xoor (Gawlick et al. 2008; Schmid
et al. 2008; Lein et al. 2010). For a diVerent view, see e.g.,
Karamata (2006).

The carbonate blocks in the Sirogojno carbonate-clastic
mélange reach sizes of several tens to hundreds of meters,
partly kilometers, and include predominantly rocks of
Triassic age (olistoplaka in the sense of DimitrijeviT and
DimitrijeviT 1991). In most slides, only parts of the sedi-
mentary evolution are preserved (compare DimitrijeviT and
DimitrijeviT 1991). Some of them, however, provide com-
plete sedimentary successions. We investigated a huge slide
with a well-preserved Late Ladinian to Late Carnian sec-
tion, northwest of the village Sirogojno (Figs. 1, 3), in
which the onset and the drowning/demise of the Wetter-
stein Carbonate Platform is preserved. The age range of the
Wetterstein Carbonate Platform remains until now enig-
matic, but should be part of a complete shallow-water evo-
lution from the Ladinian/Carnian to the Rhaetian, according
to DimitrijeviT and DimitrijeviT (1991). The Wetterstein
Formation should pass directly into the Carnian/Norian/
?Rhaetian Dachstein Formation without interruption of e.g.,
siliciclastics, drowning-sequences or longer-lasting gaps, as
known from other areas in the Alpine-Carpathian-Dinaridic
realm. Hemipelagic intercalations were not recognized by
DimitrijeviT and DimitrijeviT (1991). Exact biostratigraphic
data were not available from the succession, only a rela-
tively detailed description of the microfacies of the reefal
to lagoonal shallow-water carbonates was used before to
determine facies and age (DimitrijeviT and DimitrijeviT
1991).

Today, these carbonate slides occur tectonically on top
of the Drina-Ivanjica Paleozoic as well as below of the late
Middle to early Late Jurassic ophiolitic mélange and the
ophiolites, respectively (Ampferer 1928) as interpreted by
DimitrijeviT and DimitrijeviT (1991) (Fig. 3).

Stratigraphy and facies

The investigated complete section of the Wetterstein Car-
bonate Platform evolution (Fig. 4) is well exposed in the
Klisura (or DedoviTa) quarry and its surroundings (Fig. 3).
The whole succession of the Wetterstein Carbonate Plat-
form evolution, according to stratigraphic and facies char-
acteristics, can be separated into the following parts:
lowermost part (hemipelagic limestones with resedimented
limestone intercalations; a to b1 in Figs. 3, 4), central part

Fig. 2 Paleogeographic position and facies zones of the northwestern
Neotethys passive margin for Late Triassic times (modiWed after
Krystyn and Lein in Haas et al. 1995; Gawlick et al. 2009a). The star
marks the study area west of the Drina-Ivanjica Units (compare to
Fig. 1). IAZ future Iberia-Adria-Zone, AAT future Austroalpine-Adria
strike-slip fault, TTT future Tisza-Tatra strike-slip fault, TMT future
Tisza-Moesia strike-slip fault, TQL Tornquist Line. AA Austroalpine,
AL Albanides, BI Bihor, BR Brianconnais, BU Bükk, C Csovar, Co
Corsica, DI Dinarides, DiAd Dinaridic/Adriatic platform, DIE Drina-
Ivanjica units, DO Dolomites, DR Drau-Range, HA Hallstatt zone, IO
Ionian, JU Juvavicum, JL Julian Alps, KP Korabi/Pelagonia, ME Me-
liata units, MK Mecsec, MO Moma unit, MP Moesian platform,
P Pilis-Buda, R Rudabanya units, SA Southern Alps, SI Silicica units,
SL Slovenian trough, SM Serbo-Macedonian unit, TA Tatricum, TO
Tornaicum, TR Transdanubian Range, VA Vascau unit, WC central
Western Carpathians
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(prograding platform and overlying shallow-water carbon-
ates; b2 to c in Figs. 3, 4), and upper part (omission and
Xooding/drowning sequence; d1 and d2 in Figs. 3, 4). The
lower part of the succession is preserved in the Klisura
quarry, the lower central part on the small road from the
quarry in a southwestward direction (Fig. 3). The upper
central and the upper part of the succession, i.e., the Xood-
ing and drowning event, respectively, is preserved in an old
quarry and locally along the main road Sirogojno-Roqans-
tvo (d1 and d2 in Fig. 3). In the brooklet of the DedoviTa
creek northeast of the Klisura quarry (e in Fig. 3) and along
the road from Trnava to ObradoviTi also blocks of the
Trnava Formation underlying the Wetterstein Formation
(f in Fig. 3) occur.

The investigated big slide block and the overlying Stop-
iTa Formation as well as smaller blocks of the Trnava and
Wetterstein Formations northeast of Klisura quarry and east
of ObradoviTi in Fig. 3 are surrounded by red lines.

The Wgured thin-section as well as the positive conodont
samples (for exact position of the samples see Figs. 3, 4)
and their faunal content are listed in Table 1. Conodonts
from the diVerent limestones and dolomitic limestones
were treated with acetic acid and represent the Wrst exact
biostratigraphic data of the succession. Also, the radiolari-
ans were treated with acetic acid. In addition, we Wgure the
diVerent hemipelagic series with shallow-water debris.

Lower part of the succession: hemipelagic limestones 
with Wne-grained allodapic limestone intercalations

The succession starts with bedded cherty limestones on top
of the green bentonite layers, which forms a thrust or low-
angle normal fault (Sudar et al. 2008) on top of the Late
Anisian Bulog Limestone Formation (Fig. 4). This benton-
ite layer is in the Serbian geological literature known as
tuYtic “pietra-verde” facies. In the Zlatibor Mountain

(e.g., villages of Sirogojno, Zbojntica—Rid, Dqegeruna,
Grivska) and in the Zlatar Mountain (e.g., near the town
Nova Varon, valley of Zlonnica River, close to Vodena
Poljana forest house), these bentonite layers are intercalated
in bedded cherty limestones. These cherty limestones,
mostly Middle (diVerent levels of the Ladinian) to Late Tri-
assic (rarely) in age are usually attributed to the Grivska
Formation (DimitrijeviT and DimitrijeviT 1991; Radovano-
viT and PopeviT 1999). On the other hand, Middle/?Late
Triassic volcanism appears in the Dinarides also as huge
masses of meta-andesites (porphyrites) as part of the Por-
phyrite-Chert Formation (0iriT 1954, 1984). Occurrences
are known from the Jadar Block (NW Serbia: localities
Podbukovi, Tronona Monastery), near to the town Prijepolje
in the East Bosnian-Durmitor Unit, and in Montenegro.

The cherty limestones (Fig. 5) at the base of the succes-
sion in the Klisura quarry contain Wne-grained allodapic
layers (Fig. 5e, f) with Wne-grained shallow-water debris
(Klisura Member of the Trnava Formation in Fig. 4). The
age of this lower part of the whole succession is Late
Langobardian, dated by means of conodont taxa (Table 1).
Up-section follows an around 30-m-thick succession of
bedded limestones with identical microfacies characteris-
tics, partly with some chert nodules of latest Ladinian age
(Table 1). In this part of the succession, shallow-water
debris is missing, radiolarian-Wlament wackestones domi-
nate (Fig. 5a–c).

This part of the succession, represented by a basal main
bentonite layer and thin-bedded cherty limestones, were
named by DimitrijeviT and DimitrijeviT (1991) as Klisura
Member of the Wetterstein Limestone Formation and
should “represent a lagoonal deposit of a quiet subtidal to
intertidal” environment. In fact, this part of the succession
represents the lowermost part of the prograding platform
containing conodonts and radiolaria and is therefore not
part of the Wetterstein Formation. The microfacies resem-
ble mainly a hemipelagic sequence deWned in the Kopaonik
area as part of the Kopaonik Formation by Schefer et al.
(2010). It is also equivalent to the upper ReiXing Formation
of the Northern Calcareous Alps and Western Carpathians.
This part of the succession proves the existence of a shal-
low-water carbonate platform in far distance.

Central part of the succession: prograding platform 
and shallow-water carbonates

Up-section, the shedding of shallow-water debris increased
rapidly and pure Wlament limestone with chert nodules
became rare (upper part of the Trnava Formation in Fig. 4).
The Wrst coarse-grained shallow-water debris (Figs. 4, 6a–
d) from a nearby prograding carbonate platform occurs
together with the Wrst appearance of the conodont taxon
Gondolella polygnathiformis indicating an Early Carnian

Fig. 3 A ModiWed section of the geological map of Republic Serbia,
Uqice 4, 1:50,000 (area between ObradoviTi, Sirogojno and Roqanstvo
in the Zlatibor Mountain, SW Serbia; RadovanoviT and PopeviT
1999). The investigated slide blocks are marked by red lines. Locality
a type section of the Klisura Member of the Trnava Formation. Local-
ity b1–b2 type-section of the uppermost Ladinian to lowermost
Carnian Trnava Formation. Locality c Trnava and Wetterstein forma-
tions: from the prograding platform to lagoonal dolomitic limestone
and completely recrystallized limestones, respectively (Lower
Carnian). Locality d1–d2 Late Carnian drowning sequence (StopiTa
Formation) of the Wetterstein Carbonate Platform. Locality e Lower
Carnian (?Cordevolian) Trnava Formation underlying the Wetterstein
Formation. Locality f Lower Carnian Trnava Formation on the road
from Trnava towards ObradoviTi. B Photo from Google Earth show-
ing the morphological situation with Klisura quarry and the exact
situation of the roads. The whole area consists of blocks and slides of
diVerent sizes, diVerent ages, and diVerent facies. The complete area
mapped only as Wetterstein Formation needs to be re-mapped on the
basis of the new results

�
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(Cordevolian) age (for age dating see Table 1). Up-section,
the content of reefal shallow-water debris increases rapidly
(Fig. 6e, h), and the around 100-m-thick succession of the
prograding platform shows a coarsening- and shallowing
upward trend, still of Early Carnian (Cordevolian) age
(Table 1; Fig. 4).

According to DimitrijeviT and DimitrijeviT (1991), these
two parts (Trnava Formation in Fig. 4) of the sedimentary
succession resemble lithologically the Grivska Formation
(named after the village Grivska northeast of Sirogojno,
type section), and should represent a basinal time and facies
equivalent of the Wetterstein Carbonate Platform of

Fig. 4 Sedimentary succession 
showing the evolution of the 
Wetterstein Carbonate Platform 
from its progradation in Early 
Carnian to its Wnal drowning in 
Late Carnian. New nomencla-
ture of the formations (compare 
DimitrijeviT and DimitrijeviT 
1991: the whole succession was 
originally placed in the Wetter-
stein Limestone Formation). 
Sample numbers are indicated in 
the section. The Anisian part of 
the section is described in Sudar 
et al. (2008). Compare Table 1 
for conodont samples
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Table 1 Conodont taxa and biostratigraphic ages of the samples in the diVerent parts of the investigated succession; for sample locations compare
Figs. 3 and 4

Formation and age locality Sample number Conodont taxa

Locality a

Trnava Formation, Klisura Member
Late Langobardian

MS 1671 Gladigondolella tethydis (HUCKRIEDE)

Trnava Formation, Klisura Member
Late Langobardian

SCG 63 Gondolella inclinata KOVÁCS

Trnava Formation, Klisura Member
Late Langobardian

SRB 206 Gondolella inclinata KOVÁCS

Gondolella foliata (BUDUROV)
Budurovignathus mungoensis (DIEBEL)

Trnava Formation, Klisura Member
Late Langobardian

MS 1595 Gondolella cf. foliata (BUDUROV)
Gondolella inclinata KOVÁCS

Trnava Formation, Klisura Member
Late Langobardian

MS 1024 Gladigondolella tethydis-ME sensu KOZUR & MOSTLER

Gondolella sp.

Trnava Formation, Klisura Member
Late Langobardian

SRB 204 Gondolella cf. inclinata KOVÁCS

Gladigondolella tethydis-ME sensu KOZUR & MOSTLER

Neocavitella sp.

Trnava Formation, Klisura Member
Late Langobardian

SRB 203 Gladigondolella tethydis (HUCKRIEDE)
Gondolella inclinata KOVÁCS

Trnava Formation, Klisura Member
Late Langobardian

SRB 201 Budurovignathus mungoensis (DIEBEL)
Gondolella cf. inclinata KOVÁCS

Gladigondolella tethydis (HUCKRIEDE)
Gladigondolella tethydis-ME sensu KOZUR & MOSTLER

Trnava Formation, Klisura Member
Late Langobardian

A 4180 Gladigondolella tethydis (HUCKRIEDE)
Gladigondolella tethydis-ME sensu KOZUR & MOSTLER

Trnava Formation, Klisura Member
Late Langobardian

SRB 198 Gondolella inclinata KOVÁCS

Muelleritortis Wrma (GORIBAN) - radiolaria

Trnava Formation, Klisura Member
Late Langobardian

MS 1023 Gladigondolella tethydis-ME sensu KOZUR & MOSTLER

Trnava Formation, Klisura Member
Late Langobardian

A 4178 Budurovignathus longobardicus (KOVÁCS)
Gladigondolella tethydis (HUCKRIEDE)

Locality b1

Trnava Formation, prograding platform
Cordevolian

A 4181 Gondolella polygnathiformis BUDUROV & STEFANOV

Trnava Formation, prograding platform
Cordevolian/Julian

SRB 467 Gondolella foliata (BUDUROV)

Trnava Formation
Cordevolian

MS 1029 Gondolella polygnathiformis BUDUROV & STEFANOV

Gondolella inclinata KOVÁCS

Budurovignathus mostleri (KOZUR)

Trnava Formation
Cordevolian

MS 1028 Gondolella polygnathiformis BUDUROV & STEFANOV

Locality b2

Trnava Formation, coarse-grained 
prograding platform sediments 
with intercalated Wlament limestones

Cordevolian

A 4800 Gladigondolella malayensis NOGAMI

Locality b1

StopiTa Formation
Drowning sequence
Tuvalian 2

SRB 428 Gondolella polygnathiformis BUDUROV & STEFANOV

Gondolella carpathica (MOCK)

Locality d2

StopiTa Formation
Drowning sequence
Tuvalian 2

SRB 429 Gondolella polygnathiformis BUDUROV & STEFANOV

Gondolella carpathica (MOCK)
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Ladinian age. Characteristic of the Grivska Formation are
up to decimeter-thick carbonate beds intercalated by marls
and clays, in parts with coarser-grained allodapic layers.
Chert nodules are common. Our investigations of the type
section, and also earlier ones of M. Sudar, show a Norian to
Rhaetian age.

Up to now the name Grivska Formation is a potpourri
for all Ladinian to Late Jurassic bedded limestones with
cherts in the Dinaridic Ophiolite Belt (e.g., DimitrijeviT
1997; RadovanoviT and PopeviT 1999, and many others).
Due to the fact that in this case the name Grivska Formation
summarizes a lot of genetically diVerent sedimentary suc-
cessions, we restrict the name Grivska to Triassic hemipela-
gic sequences and advocate for the name Grivska Group.
This group should contain in future all diVerent Middle and
Late Triassic hemipelagic bedded cherty limestones with
shallow-water debris. The originally introduced (Triassic to
Jurassic) Grivska Formation needs a complete revision, a
modern deWnition, and a new type-section.

In the studied section, the Late Ladinian Klisura Mem-
ber resembles lithologically the Grivska Formation, but is
diVerent in age and microfacies characteristics. The Early
Carnian sequence with its shallowing-upward cycle and the
coarse-grained turbidites intercalated with hemipelagic
limestones represents a diVerent type of sedimentary rocks.
For this sequence, we introduce the name Trnava Forma-
tion of the Grivska Group, and for their basal part (Wrst
29 m of the hemipelagic limestones) we redeWne the Kli-
sura Member (tuYtic “pietra-verde” facies).

Trnava Formation

Validity: Valid, description in this paper.

Type area: Zlatibor Mountain, Sirogojno carbonate-clastic
mélange.

Type section: Section along the small road from the
Klisura quarry to the main road from the village Sirogojno
to Roqanstvo (marked as b1–b2 in Fig. 3).

Reference section: In the DedoviTa creek northeast of the
Klisura quarry, slightly deformed succession underlying the
Wetterstein Formation.

Synonyms: Parts of the Wetterstein Limestone Formation
in sense of DimitrijeviT and DimitrijeviT (1991).

Derivation of name: After the village Trnava west of the
type section in the Zlatibor Mountain (Figs. 2, 3).

Lithology: Bedded cherty limestones; near the base with
Wne-grained allodapic limestones intercalated in hemipela-
gic limestones, to the top coarse-grained reefal debris with
thin intercalations of hemipelagic limestones. Chert layers
or nodules are present, mostly in the lower parts (Klisura
Member).

History: Formerly interpreted, together with the Klisura
Member, as part of the Wetterstein Limestone Formation in
sense of DimitrijeviT and DimitrijeviT (1991). The term
Klisura Member is now corrected and represents a series of
hemipelagic limestones with intercalated Wne-grained
allodapic limestones partly with cherts and metabentonites
(section marked as a in Fig. 4).

Origin, facies: The formation shows a coarsening-upward
and shallowing-upward trend caused by a prograding plat-
form.

Age: Late Ladinian (latest Langobardian) to Early Carnian
(Cordevolian) according to conodont taxa.

Thickness: In the type area around 100 m.

Lithostratigraphically higher rank: Grivska Group.

Subdivision: The redeWned Klisura Member represents
the lower part of the Trnava Formation.

Underlying units (footwall boundary): Bulog Limestone
Formation (Anisian: Late Pelsonian to Illyrian; Sudar et al.
2008) with tectonic contact.

Overlying units (hanging wall boundary): Wetterstein
Formation (corrected name).

Table 1 continued

Formation and age locality Sample number Conodont taxa

Locality e

Trnava Formation
?Cordevolian

SRB 465 Gladigondolella tethydis-ME sensu KOZUR & MOSTLER

Locality f

Trnava Formation
Cordevolian

SRB 467 Gladigondolella tethydis (HUCKRIEDE)
Gladigondolella tethydis-ME sensu KOZUR & MOSTLER

Gondolella inclinata KOVÁCS

Gondolella polygnathiformis BUDUROV & STEFANO
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Fig. 5 Thin-section photographs of characteristic microfacies of the
redeWned Klisura Member of the Trnava Formation; Langobardian 3
based on conodonts (Table 1). a Radiolaria-Wlament wackestone,
slightly bioturbated. Sample SRB 199. Width of photo: 1.4 cm.
b Another view of sample SRB 199. Beside the recrystallized radiolar-
ia (round calcite dots) and some Wlaments (f), micrite components
occur. Width of photo: 0.5 cm. c Intercalated Wne-grained allodapic
limestone with components of shallow-water origin (arrowed) in a

radiolaria-Wlament matrix. Sample SRB 201. Width of photo: 1.4 cm.
d Radiolaria-Wlament wackestone, slightly bioturbated. Sample SRB
203. Width of photo: 1.4 cm. e Crinoid-rich allodapic limestone over-
lying a Wlament wackestone. Beside the crinoids shallow-water com-
ponents occur (arrowed). The contact is erosional. Sample SRB 204.
Width of photo: 1.4 cm. f Two graded allodapic limestones with main-
ly shallow-water components on top of a Wlament-radiolaria wacke-
stone with erosional contact. Sample SRB 205. Width of photo: 1.4 cm
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Geographic distribution: Only known from the type area,
but should occur below the Wetterstein Formation all over
the Dinarides.

Lateral units: Basinal sediments, in detail unknown. To
the outer shelf region, these basinal sediments are repre-
sented by the Early Carnian parts of the Kopaonik Forma-
tion (Schefer et al. 2010).

Remarks: The Trnava Formation corresponds to the
Raming Formation in the Eastern Alps and the southern
Western Carpathians (Tollmann 1966; compare Lein 1989).

Wetterstein Formation

Up-section, in the central part of the succession (Wetter-
stein Formation in Fig. 4), reefal framework is relatively
well preserved (Wetterstein Limestone Formation accord-
ing to DimitrijeviT and DimitrijeviT 1991; Fig. 6f, g). The
transition between the coarse-grained reefal debris (fore-
slope) and the reef is gradual and is not exact determinable
in the Weld. Following the guidelines for stratigraphic
nomenclature (Salvador 1994; Steininger and Piller 1999;
Remane et al. 2005), the correct name is Wetterstein For-
mation. We deWne, in contrast to DimitrijeviT and Dimitrij-
eviT (1991), the Wetterstein Formation without the
underlying progradation sequence (Trnava Formation with
its hemipelagic Klisura Member at the base) and without the
overlying drowning sequence (newly introduced as the Stop-
iTa Formation). Both can be separated from the Wetterstein
Formation with respect to lithology, microfacies, and age.

The Early Carnian Wetterstein Formation contains in the
study area beside reef builders (mainly sponges; Fig. 6)
occasionally also some lagoonal material (Fig. 7a–c) with

calcareous algae (details in DimitrijeviT and DimitrijeviT
1991: pl. 4, Fig. 2). The upper part of the platform succes-
sion is strongly recrystallized, partly dolomitized and partly
karstiWed (Fig. 7d–f). Therefore, this limestones as well as
the dolostones provide only scarce information about
microfacies characteristics and organisms. The Wetterstein
Formation represents the coarse-grained slope sediments,
the reefal framework, and the lagoonal sediments.

Upper part of the succession: omission and Xooding/
drowning sequence

After a gap, the recrystallized and partly dolomitized upper
part of the succession is overlain by a Xooding respectively
drowning sequence. At the base, reefal limestones with
some corals occur as well as abundant “Tubiphytes sp.” and
some large gastropods. Here, we still use the name “Tubi-
phytes” for these types of organisms or interaction of
organisms to avoid a decision between the genus names
Shamovella (see Riding 1993) or Crescentiella (Senowbari-
Daryan et al. 2008). According to Senowbari-Daryan et al.
(2008), a revision of “Tubiphytes” and similar morpho-
types, which occur abundant in the Ladinian to Early Car-
nian reefs, is in preparation. Up-section crinoidal sands
with shallow-water debris (Fig. 8a–e) follow amongst oth-
ers with “Tubiphytes sp.” (Fig. 8f) and foraminifera (e.g.,
Tolypammina gregaria Wendt). This sandy material is
intercalated by micritic limestones with Wlaments. These
lithologies represent a drowning event after a phase of
omission and karstiWcation. The lower, 4-m-thick part of
the reefal framework, in parts with gastropods (Fig. 8g) and
crinoid debris cannot be dated, but up-section the occur-
rence of the conodont taxa Gondolella polygnathiformis
and Gondolella carpathica in the Wlament-bearing biomi-
crites indicate a middle Late Carnian age (Tuvalian 2;
Table 1). Therefore, the onset of the sequence, the reefal
limestones with crinoidal sands could start probably slightly
earlier, i.e., in the earliest Late Carnian (Tuvalian 1).

This part of the sequence resembles the base of Late
Carnian Waxeneck Formation (Fig. 8h) in the Northern
Calcareous Alps (Krystyn et al. 1990). Here in the Zlatibor
area, the drowning sequence is introduced as the StopiTa
Formation.

StopiTa Formation

Validity: Valid, description in this paper.

Type area: Zlatibor Mountain, Sirogojno carbonate-clas-
tic mélange.

Type section: Section along the main road from the
villages Sirogojno to Roqanstvo south of StopiTa cave
(locality d1-d2 in Fig. 3).

Fig. 6 Thin-section photographs of characteristic microfacies of the
prograding platform. Early Carnian Trnava Formation with allodapic
limestones, reef slope sediments and reefal framework of the prograd-
ing Wetterstein Carbonate Platform. a Relatively coarse-grained
allodapic limestone intercalated with Wlament wackestone. Beside
mostly micrite clasts crinoids (C), algae (A), and remnants of reef
builders (R) occur. Sample A 4181. Width of photo: 1.4 cm. b Other
view of sample A 4181. The algal remnants are encrusted in contrast to
the crinoid fragments. Width of photo: 0.5 cm. c Sample A 4181, other
view. As reef builder “Tubiphytes sp.” (similar to Crescentiella in the
sense of Senowbari-Daryan et al. 2008; arrowed) occurs associated
with several micrite clasts. Width of photo: 0.5 cm. d Layer consisting
of Xattened micrite clasts, mainly peloids. Sample SRB 416. Width of
photo: 1.4 cm. e Coarse-grained reef debris with reef-derived organ-
isms mixed with crinoids. Some encrusting organisms are visible.
Sample A 4801. Width of photo: 1.4 cm. f Sample A 4801, other view.
Encrusted reef builders and several Wne-grained fore-reef clasts occur
next to non-encrusted reef builders; rich in cement. Width of photo:
1.4 cm. g Cement-rich reef rudstone with several encrusted reef build-
ers. Sample SRB 417. Width of photo: 1.4 cm. h Relatively Wne-
grained reef rudstone with packstone clasts, crinoids, and reef builders.
Sample SRB 418. Width of photo: 1.4 cm

�
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Fig. 7 Upper part of the Wetterstein Formation. Lagoonal deposits
and completely recrystallized back-reef limestone below the drowning
sequence. a Lagoonal Wetterstein Formation from the base of V. Krn
(see Fig. 3) with lithoclasts (e.g., big micrite clast), algal debris and
small benthic foraminifera. Sample SRB 430. Width of photo: 1.4 cm.
b Sample SRB 430, other view. Lagoonal grainstone containing many
lithoclasts and foraminifera (e.g., Diplotremina sp.). Width of photo:

0.5 cm. c Sample SRB 430, other view. Wacke- to packstone with lith-
oclasts, encrusted components, and several foraminifera. Width of
photo: 0.5 cm. d Completely recrystallized back-reef framework be-
low the drowning sequence. Sample SRB 426. Width of photo: 1.4 cm.
e and f Recrystallized back-reef limestone with reef builders and
encrusting organism. Sample SRB 427. Width of photo: 1.4 cm
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Reference section: Unknown in the Dinarides.

Synonyms: Newly introduced.

Derivation of name: After the StopiTa cave north of the
type section in the Zlatibor Mountain. Compare to Fig. 3.

Lithology: Limestones partly with frame-building organ-
ism and decimeter-bedded Wne- and coarse-grained crinoi-
dal sand with shallow-water debris and hemipelagic
inXuence (e.g., Wlaments, conodonts).

History: Formerly mapped as part of the Wetterstein
Limestone Formation (DimitrijeviT and DimitrijeviT 1991).

Origin, facies: Flooding respectively drowning sequence
of the Wetterstein Carbonate Platform.

Age: Late Carnian on the basis of conodont dating
(Table 1). At the moment, only Tuvalian 2 is proven.

Thickness: In the type area only a 10 m thick succession
is preserved. The upper part is eroded.

Lithostratigraphically higher rank: None.

Underlying units (footwall boundary): Wetterstein For-
mation after a gap (most probably the whole Julian).

Overlying units (hanging wall boundary): Unknown.

Geographic distribution: At the moment, only known
from the type area. Similar drowning sequences of Late
Carnian are known from the Eastern Alps (Northern Cal-
careous Alps) and the Western Carpathians. Paleogeo-
graphically bordering the outer (distal) regions of the Late
Triassic shallow-water carbonate shelf facing the Neotethys
Ocean.

Lateral units: Unknown.

Remarks: The StopiTa Formation resembles the Late
Carnian Waxeneck Formation in the Northern Calcareous
Alps (Lein and Zapfe 1971; Lein 1972; Krystyn et al.
1990). Lithological aYnities of the basal part of the StopiTa
Formation to some parts of the Wetterstein Formations are
evident. A lithostratigraphic separation can be diYcult in
the case of “continuous” shallow-water carbonate develop-
ment. When the lithostratigraphic marker (e.g., siliciclastics
of the Lunz event) is missing, as in the Zlatibor Mountain,
the boundary to the underlying Wetterstein Formation is
often marked by an emersion horizon (compare Krystyn
et al. 1990).

Discussion

The onset and drowning of the Wetterstein Carbonate Plat-
form in the Zlatibor Mountain is directly comparable with

other Wetterstein Carbonate Platform successions known
from the Alpine/Carpathian realm, especially with the well-
investigated successions in the Northern Calcareous Alps
(Krystyn and Lein 1996; Krystyn et al. 2008). The lower
part of the succession corresponds to the Raming
Formation of the Northern Calcareous Alps (Lein 1989);
the general evolution of the platform itself was pointed out
by DimitrijeviT and DimitrijeviT (1991). The drowning
sequence is of similar age as that known from the outer
shelf area in the Northern Calcareous Alps (Lein 1972;
Krystyn et al. 1990) and of the Silica unit in the southeast-
ern part of the West Carpathians (Channell et al. 2003;
Haas 2004), but corresponds paleogeographically to a more
internal part of the shelf transitional to the Hallstatt zone
facing the Neotethys Ocean.

Four main reasons of drowning events are generally dis-
cussed:

1. Mass extinctions, possibly caused by environmental
deterioration (Flügel 2004)

2. Large (relative) sea-level changes, caused by tectonic
plus eustatic events (e.g., Schlager 1981, 2010; Purdy
and Bertram 1993)

3. Repeated emergence and submergence due to small-
scale sea-level changes (Schlager 1998; Wilson et al.
1998), or

4. Changes in sedimentation, especially the increase of
siliciclastic input (Schlager 1989)

These changes commonly produce a drowning unconfor-
mity (Schlager 1989) formed by a relative sea-level rise or
highstand, because drowning can occur only if the platform
top is Xooded (Schlager 2005). The lithological change
from shallow-marine carbonates to hemipelagic deeper
slope sediments is termed a drowning unconformity. Fur-
ther, drowning of carbonate platforms is reXected by a dras-
tic change in microfacies, sediment composition, and
dominant grain types (see Flügel 2004: pp 756–757).

The studied drowning sequence follows platform deposits,
which show signs of emergence/subaerial exposure such as
karstiWcation, strong recrystallization, and dolomitization.
All these features, especially the karst phenomena, are
missing in the overlying drowning sequence. The long-
lasting omission of the platform cannot be explained solely
by a sea-level drop; in fact, the Julian is also characterized
by periods with higher sea level. Only uplift of the Wetter-
stein Carbonate Platform can explain the long-lasting omis-
sion of the platform, followed by rapid subsidence.

The reasons for this rapid subsidence are not fully under-
stood. It occurs widespread on the distal continental margin
of southeast Europe facing the Neotethys Ocean. Our data
Wts with sequences widespread known in the Alpine-
Carpathian realm (e.g., Lein 1981, 1985; Channell et al.
2003; Haas 2004). Especially in areas transitional to the
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outer shelf, early Late Carnian hemipelagic sediments
cover the Early Carnian Wetterstein Carbonate Platform
after a time of omission similar to those in the Zlatibor
Mountain. This indicates clearly new phase of subsidence
in the outer shelf area facing the Neotethys Ocean. This
Late Carnian subsidence pulse contrasts the evolution in the
Outer Dinarides, whereas the Late Ladinian to Early Car-
nian evolution is similar. In the Outer Dinarides, the plat-
forms were partly uplifted and eroded only after the Early
Carnian and partly covered with Early Carnian (Julian)
continental siliciclastics (e.g., VeliT et al. 2002; VeliT 2007;
Missoni et al. 2010). In the area of the Outer Dinarides,
omission of the platform lasted until the Late Norian. In
this area, shallow-water carbonates (dolomites and rarely
limestones) topped the Wetterstein Carbonate Platform
after a long-lasting phase of omission.

The similar Late Ladinian to Early Carnian evolution of
the Wetterstein Carbonate Platform in both the Outer and
Inner Dinarides conWrm the existence of a coherent carbon-
ate shelf extending from the Western Carpathians to the
Dinarides. Facies and sedimentological characteristics in
the Outer Dinarides show a proximal shelf evolution and in
the central Inner Dinarides that of a more outer shelf
setting, but still on a shallow-water carbonate platform
position transitional to the Hallstatt Zone. The hemipelagic
sequences of the outer shelf (Hallstatt Zone) nearer to the
Neotethys Ocean are preserved further to the east (Schefer
et al. 2010) or as components in the Middle to Early Late
Jurassic mélanges in the Dinaridic Ophiolite Belt (e.g.,
Gawlick et al. 2010; Sudar et al. 2010).

Age and provenance of the Sirogojno carbonate-clastic
mélange succession is of special interest for the reconstruc-
tion of the Middle and Late Jurassic geodynamic evolution
of the Dinarides as well as for the reconstruction of the
shelf arrangement facing the Neotethys Ocean to the east.
The Sirogojno mélange consists of diVerent carbonate

blocks of Triassic age (e.g., Hips et al. 2011; Gawlick et al.
2010) of both deep- and shallow-water origin derived from
an outer carbonate shelf position, as proven by facies analy-
sis and conodont dating. The carbonate-clastic mélange in
the Sirogojno area is relatively devoid of matrix, only in
some Wssures of lagoonal Dachstein Limestone blocks rem-
nants of the matrix (radiolarites, ophiolite components) are
preserved. This resembles the situation in Krn Gradac
quarry near the town Sjenica (Gawlick et al. 2009b), where
a Middle to early Late Jurassic radiolarite matrix with
Triassic radiolarite components occurs between blocks of
lagoonal Dachstein Limestone, here proven by means of
radiolarians. The carbonate-clastic mélange topped the
ophiolitic mélange and seems to be of a similar age range.
According to earlier interpretations, the provenance area of
the Triassic shallow- and deep-water carbonate blocks is
the Drina-Ivanjica Unit High further to the east, where
they should have formed the original sedimentary cover
(DimitrijeviT 1997). However, these clasts and the kilome-
ter-sized slide blocks are derived mostly from a carbonate
platform area transitional to the Hallstatt Zone facing the
Neotethys Ocean to the east. Hemipelagic limestones (e.g.,
Hallstatt Limestones) from the outermost shelf area, which
was located originally further to the east, are missing in this
mélange.

We consider therefore a polyphase westward transport of
the ophiolitic mélange and the ophiolite nappes as well as
westward transport of the carbonate-clastic mélange
(compare Schmid et al. 2008; Gawlick et al. 2008, 2009b).
Westward-directed thrusting in Jurassic times occurs wide-
spread in the Dinaridic-Albanide realm, but the exact age of
the emplacement is still a matter of controversial discus-
sion: Middle to early Late Jurassic or latest Jurassic to earli-
est Cretaceous. New data (Gawlick et al. 2010; Sudar et al.
2010; Lein et al. 2010) conWrm a polyphase thrusting of
the ophiolithic mélange, the ophiolite nappes, and of the
carbonate-clastic mélange in westward directions.

An autochthonous position of a Triassic Ocean (Dinaride
or Pindos Ocean) between the Outer Dinarides and the
Drina-Ivanjica Unit as a northward continuation of
Pelagonia/Korabi Units in Greece and Albania, as proposed
by another group of authors (e.g., StampXi and Kozur 2006;
Robertson et al. 2009), can be excluded.

Conclusions

• The Triassic sequence in Zlatibor Mountain does not
consist of an originally complete shallow-water succes-
sion from Ladinian to Rhaetian times.

• The Triassic successions consist of diVerent slides and
are part of a carbonate-clastic mélange; each block pro-
vides its own sedimentary history and may be derived

Fig. 8 Drowning sequence (StopiTa Formation) of the Wetterstein
Carbonate Platform, Late Carnian. a Coarse-grained crinoid-rich
grainstone with many diVerent shallow-water clasts. Several compo-
nents are encrusted. Sample SRB 428. Width of photo: 1.4 cm.
b Sample SRB 428, other view. Encrusted and non-encrusted crinoids
occur amongst micrite clasts. Shells are scarce. Width of photo:
1.4 cm. c Sample SRB 428, other view. Most organisms are intensely
encrusted or have micritic envelopes. Width of photo: 0.5 cm. d Fine-
grained grainstone with crinoids and shallow-water debris. Sample
SRB 429. Width of photo: 1.4 cm. e Sample SRB 429, other view.
Most organisms are encrusted; some remnants of reef builders are also
visible. Width of photo: 1.4 cm. f Sample SRB 429, other view. “Tubi-
phytes sp.” in the center occurs as reef builder. Width of photo: 0.5 cm.
g Grainstone with encrusted components and gastropods. Sample A
5129/3. Width of photo: 1.4 cm. h Coarse-grained crinoid-bearing
grainstone with numerous diVerent shallow-water clasts. Several com-
ponents are encrusted. Type area of the Waxeneck Formation, North-
ern Calcareous Alps, Mürzalpen nappe, section Schwarzkogel
(Naßköhr). Sample H 217. Width of photo: 1.4 cm, 90° tilted
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from diVerent areas of the passive margin facing the
Neotethys Ocean. Such a scenario is also well known
from the Northern Calcareous Alps, the Western Carpa-
thians, and the Albanides.

• The investigated Wetterstein Carbonate Platform
sequence corresponds to known sequences in the Alpine-
Carpathian domain, where they mark the transitional
realm between platforms and the outer shelf of the
Hallstatt Zone.

• Similarities in the setting as well as in the sedimentary
and stratigraphic evolution of the studied slide block
point out that both regions (Alpine-Carpathian realm and
Dinarides) are part of the same continental margin facing
the Neotethys Ocean to the east in Triassic to Jurassic
times (Fig. 2; Gawlick et al. 2008; Missoni and Gawlick
2010, 2011).
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