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ABSTRACT: In the central part of the External Dinarides in Plavno, Croatia, near Knin, a re-
markably thick (927.5 m) Early Triassic depositional sequence was investigated. The Plavno se-
quence starts in the EarlyGriesbachian and ends with a continuous transition into the Anisian strata.
A complete "*C isotope curve has been achieved and combined with conodonts, bivalves and am-
monoids to establish and correlate stage and substage boundaries. The 8"*C curve is consistent with
former studies. It displays a general increase from the Griesbachian to a prominent maximum be-
yond the +8%o0 amplitude around the Dienerian-Smithian boundary (DSB), followed by a steep and
continuous decline to low, negative values in the Smithian. Around the Smithian-Spathian boundary
(SSB) a steep rise to a second maximum occurred. It is followed by a saw-tooth shaped decline in the
Spathian and a similar increase to a peak at the Spathian-Anisian boundary (SAB).
Sedimentologically, the Plavno sequence is interpreted as having been deposited on an extensive
epeiric ramp under long-term transgressive conditions, sharing depositional characteristics of both
the epeiric platform and the carbonate ramp. The entire Plavno sequence was deposited above the
storm-wave base and was storm influenced. Three informal members are differentiated: 1) the
dolostone member (Early Griesbachian); 2) the siliciclastic member (red-coloured shale, siltstone,
sandstone with oolitic/bioclastic grainstone intercalations), which can be further divided into lower,
middle and upper intervals (Late Griesbachian, Dienerian and Smithian); and 3) the mudstone
member (grey lime mudstones, marls and calcisiltites with common ammonoids and gastropods-
Spathian). The Plavno sequence is compared with other western Tethyan sections. Observed differ-
ences stem from local controls on deposition in the overall shallow marine environment.
KEY WORDS: Early Triassic, Dinarides, epeiric ramp, 5"*C isotope curve, litho- and biostratigraphy.
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0 INTRODUCTION

The continuous, almost complete and enormously thick
(~1 000 m) Early Triassic sequence of Plavno, Croatia, near
Knin (a central part of the External Dinarides), represents the
very important locality in a Dinaridic region documenting the
Early Triassic sedimentary evolution of the western Tethys
margin. It is thus a key area for comparison with the inten-
sively studied Early Triassic sequences in the Southern Alps in
Italy, and the Transdanubian and Biikk Mountains in Hungary
(e.g., Brandner et al., 2012; Kovacs et al., 2010; Hips and
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Pelikan, 2002; Riiffer and Ziihlke, 1995; De Zanche et al.,
1993; Krainer, 1993; Perri, 1991; Broglio Loriga et al., 1986,
1983 and references therein) to reveal more about lateral and
vertical continuity; similarities and differences in the litho-
zones and biofacies zones; and the lithostratigraphy between
these neighbouring areas.

Lower Triassic rocks of the External Dinarides extend
through Slovenia, Croatia, Bosnia and Herzegovina, and Mon-
tenegro (Fig. 1) and have been studied by many authors
(Krystyn et al., 2014; Kolar-Jurkovsek et al., 2011a; Aljinovi¢,
1997, 1995; Herak et al., 1983; S¢avni¢ar and Susnjara, 1983;
Ivanovi¢ et al., 1978; Grimani et al., 1975, 1972). Lithostrati-
graphic nomenclature of Lower Triassic rocks in the Dinarides
was traditionally based on the Alpine Region—Dolomites and
Northern Calcareous Alps, (Herak et al., 1983) following the
historic division of the Werfen Formation into two lithostrati-
graphic units: the lower “seiser schichten” and the upper
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Figure 1. (a) Regional map showing the general location of the Southern Alps, Biikk Mts. and the Plavno Section; (b) geological map of the Plavno Section

(modified after Grimani et al., 1972).

“campiler schichten” (Bauer et al., 1983; Von Richthofen,
1860; Wissmann and Miinster, 1841). These two Early Triassic
units were also used during mapping of the Plavno area and the
External Dinarides (e.g., Grimani et al., 1975, 1972 shown in
Fig. 2). Due to the alleged similarity with the Werfen beds of
the Dolomites, Herak et al. (1983) proposed the Mu¢ Section
(~ 60 km SE of Plavno) as the “Upper Scythian” standard for
the Werfen facies. However, the Werfen Formation of the
dolomites is still divided into nine members based on the con-
tributions of many geologists (e.g., De Zanche et al., 1993,
1980; Assereto et al., 1973; Bosellini, 1968, 1964). Addition-
ally, palaeontological research by Broglio Loriga et al. (1986,
1983) documented a significantly different age for the South
Alpine Seis and Campil Member than the historically-used age
associated terms “Seis beds” and “Campil beds.” For the Di-
narides, this historical nomenclature continued until recently,
when Aljinovi¢ et al. (2011) declined usage of the Italian defi-
nitions when referenced within the Croatian part of the Di-
narides. Aljinovi¢ et al. (2011) noted that the Dinaridic “Seis”
and “Campil beds” as lithostratigraphic units have a different
chronostratigraphic meaning with respect to their Italian coun-
terparts. Similar conclusions were also previously made by
Herak et al. (1983), who implied that the Campil Member of
the Werfen facies in the Southern Alps was older than the
investigated “Campil beds” (Unit B) of the Mu¢ Section.
Biostratigraphic constraints for the Lower Triassic rocks
in the Croatian part of the External Dinarides are typically
obtained from macrofossils such as bivalves and ammonoids,
but rarely from microfossils such as conodonts (Aljinovi¢ et al.,
2011, 2006; Jelaska et al., 2003; Herak et al., 1983). The char-
acteristic bivalve genus Claraia has been reported from the
“Seis beds” in the Gorski Kotar region (e.g., Herak et al., 1983;
Babi¢, 1968; DPurdanovié, 1967). Spathian ammonoids have

been described by Krystyn (1974) and Golubi¢ (2000) from the
“Campil beds” of Muc.

More recently, sedimentary features and biostratigraphy
of the Early Triassic strata were documented at several locali-
ties: Gorski Kotar (Aljinovi¢ et al., 2006, 2005), Plavno and
Bosansko Grahovo (Aljinovi¢ et al., 2011; Aljinovié, 1995). At
Gorski Kotar, the depositional environment has been inter-
preted as a storm influenced shallow marine shelf with carbon-
ate oolitic barrier bar interval (parvus-isarcica Zones) overlain
by mixed siciliclastic-oolitic facies (obliqgua Zone) of the inner
shelf. The vertical change of facies was interpreted as a conse-
quence of transgression that led to widening and development
of shallow epicontinental sea.

The Early Triassic deposits of the Plavno Section were
previously investigated for sedimentology (Aljinovié, 1995)
and biostratigraphy (Aljinovi¢ et al., 2011). Aiming to provide
more exact sedimentological, litho-, bio-, and chemo-
stratigraphic constraints, we reinvestigate the Plavno succes-
sion, and include a summary of our palacontological and stable
isotopic results. With this new lithostratigraphic and sedimen-
tologic data, we aim to correlate the Plavno sequence with the
Early Triassic sequences in the Southern Alps (Dolomites,
Italy), Hungary (south of the Inner Western Carpathians Biikk
Mts. and Central Transdanubia) and other parts of the External
Dinarides.

1 GEOLOGICAL SETTING

The Dinarides are classically subdivided into the Internal
and External Dinarides. The fold belt striking along the coast
of the Adriatic Sea has been termed the External Dinarides
subunit (Herak, 1986). It consists predominantly of Jurassic
and Cretaceous carbonates (Vlahovi¢ et al., 2005). Palacozoic
and Triassic rocks crop out in anticlinal or thrust-related struc-
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tures (Chorowitz, 1977; Grimani et al., 1975, 1972; Herak,
1973). Consequently, the Early Triassic Plavno sequence de-
scribed in Fig. 1 is part of an overturned SW limb of a NW-SE
striking anticline formed in hanging wall of a NE dipping
thrust fault. The Plavno Section is located some 2 km to the
west of the village after which it is named (Fig. 1) and is per-
fectly exposed along the road leading to Knin (Fig. 1). Less
than 10% of the nearly 1 000 m thick section is covered. The
beds are vertical and steeply overturned. The start of the sec-
tion is at 44°8'41.53"N, 16°9'19.99"E.

Séavnicar and Susnjara (1983), Tisljar (1992) and Herak
(1973) documented a trend of tectonic uplift at the end of Per-
mian and beginning of the Early Triassic. This uplift generated
a hypersaline sea with very low relief (Herak, 1973) and
evaporitic coastal sabkhas (Tisljar, 1992). The contact between
the Permian and Lower Triassic rocks has been debated (Gri-
mani et al., 1975; Ivanovi¢ et al., 1971), though it is generally
considered conformable and is usually complicated by tecton-
ics and younger diapiric phases of Permian evaporites.

Dunja Aljinovié¢, Micha Horacek, Leopold Krystyn, Sylvain Richoz and et al.

2 METHODS

Petrography and facies analysis were performed at the
University of Zagreb, Faculty of Mining, Geology and Petro-
leum Engineering. A total of 126 thin sections were analysed
using a polarized microscope after a staining procedure with
Alizarin Red S and K-ferricyanide.

Fifty of the 92 total conodont samples proved to be pro-
ductive. The positions of the samples containing time diagnos-
tic conodonts are shown in Figs. 2 and 3. The rock samples
weighed 2—4 kg were processed at the Geological Survey of
Slovenia using standard laboratory techniques.

More than 190 samples were collected along the entire
section for the carbon isotope analysis. The hand specimens
were cut and inspected for weathered surfaces and other altered
areas, which were avoided during sampling. Micrite rich layers
were preferred for the isotope analysis. Sampling was con-
ducted using a dental micro-drill. Sample powders were re-
acted with 100% phosphoric acid at 70 °C in a Kiel II auto-
mated reaction system, and the evolved carbon dioxide gas was
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Figure 2. Simplified column of the Plavno Section with major stratigraphic divisions according to lithology, conodonts, macrofossils and C-isotope curve.
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analysed with a Finnigan Delta Plus mass spectrometer at the
University of Graz (analytical precision, 1 : <0.05%o for 5"°C,
<0.1%o for 8'80). The §"C and 8'*0 values were corrected
according to the NBS19 standard and reported in per mill (%o)
relative to the Vienna-peedee belemnite (V-PDB) standard. '80
results were not corrected for the different fractionation factor
of dolomite.

3 STRATIGRAPHY
3.1 Chemostratigraphy (6"°C Isotope Curve)

Along the section, a continuous &"C isotope curve was
produced (Figs. 2 and 3; Supplement 1). By comparing the
Early Triassic 8"°C isotope curve from successions in Italy,
China, Iran and many other regions (e.g., Clarkson et al., 2013;
Grasby at al. 2012; Sun et al., 2012; Horacek et al., 2009,
2007a, b; Payne et al., 2006; Richoz, 2006), chemostrati-
graphic stage and sub-stage boundaries were possible to pro-
pose. In the basal Griesbachian strata, the trend of the s8¢
isotope curve remains at low values (~ -3.5%o), followed by a
steady increase toward -1.5%o. Near the assumed Griesbachian-
Dienerian boundary a minor negative excursion (~1%o) has
been noticed, which is consistent with other regions (e.g.,
Horacek et al., 2007b). In the Dienerian strata, the BC-values
increase with several short, negative inflections and a steepen-
ing of the slope toward the Dienerian-Smithian boundary
(DSB), as seen in many other sections (e.g., Clarkson et al.,
2013; Romano et al., 2013; Song et al., 2012; Horacek et al.,
2010, 2009, 2007a, b; Richoz, 2006; Payne et al., 2004).
Around DSB, a prominent maximum of +5.2%o occurs, fol-
lowed by a steep and continuous drop to low, negative values
(-2%o to -1%o) in the Smithian. This trend is also visible in
numerous other sections (e.g., Sun et al., 2015; Clarkson et al.,
2013; Romano et al., 2013; Song et al., 2012; Horacek et al.,
2010, 2009, 2007a, b; Payne et al., 2004). Right before the
Smithian-Spathian boundary (SSB), a steep rise to a second
maximum of +5.6%o occurs. This is followed by a declining
saw-tooth pattern in the Spathian (between -2%o and -1%o) and
an increase to a third positive maximum at +3.4%o around the
Spathian-Anisian boundary (SAB).

The curve presented in this study (Figs. 2, 3) is generally
more negative than most other published curves, especially
during the Griesbachian (e.g., Clarkson et al., 2013; Romano et
al., 2013; Song et al., 2012; Horacek et al., 2010, 2009, 2007a,
b; Richoz, 2006; Payne et al., 2004), but the trends are easily
recognized and correlated. However, the values of the dolos-
tone member should be taken with caution, as they may have
been altered (Fig. 4a) during dolomitization. Usually Early
Triassic dolomitic samples record the marine 8'°C-patterns as
reliably as calcite samples (previously demonstrated for many
sections, e.g., Horacek et al., 2010, 2007a, b). However, in the
cited literature early/primary dolomite was mostly present. For
late diagenetic dolomite, the situation might be different. Read
et al. (2016) managed to demonstrate a high stability of 3"°C in
dolomite despite variations in 8'*0 and Sr-content and isotopes
due to dolomitization.

3.2 Biostratigraphy (Conodonts, Bivalves, Ammonoids)
Conodonts from the Plavno Section are rather rare and of

moderate preservation (the determined taxa listed in Supple-
ment 2). Yet, the fauna enabled determination of a few diag-
nostic elements. The basal-most sample, PL 01, yields only
fragments of Hindeodus sp. On the other hand, the Sample PL
03/04 is characterized by the presence of Hindeodus parvus
(Kozur and Pjatakova), Isarcicella isarcica (Huckriede) and I
staeschei (Dai and Zhang), thus marking the isarcica-staeschei
Zone (Figs. 2 and 3). The co-occurrence of these taxa in the
lowermost part of the isarcica-staeschei Zone coincides with
the conodont zonation proposed by Kolar-Jurkovsek and Jurk-
ovsek (2007) for the Luka¢ Section (Slovenia). Samples PK 23,
T 17 and T 17a contain Eurygnathodus costatus (Staesche) and
E. hamadai (Koike), which are indicative of the basal Smithian
strata (Horacek et al., 2015; Krystyn et al., 2004; Payne et al.,
2004). In Sample PK 40a presence of Foliella gardenae
(Staesche) marks a top-Smithian (Kolar-Jurkovsek and Jurk-
ovsek, 2015; Figs. 2 and 3). Samples PK 48 through PK 66
bear the youngest conodonts from the Spathian genus Triasso-
spathodus (T. ex gr. hungaricus (Kozur and Mostler) 7. ex gr.
triangularis (Bender)) (Figs. 2 and 3).

Biochronologically significant macrofossils are extremely
rare in the lower part of the section (Figs. 2 and 3). Single
occurrences of Claraia clarai (Emmr.) are important in prov-
ing the Dienerian age for beds T 5a and T 6. Bivalves from the
Smithian part (Eumorphotis venetiana (Hauer), Promyalina)
have limited stratigraphic value. Ammonoids occur exclusively
in the Spathian part of the sequence within two widely sepa-
rated intervals. The first level (T 81b), which is approximately
157 m above Smithian-Spathian boundary, contains Dinarites
muchianus (Hauer) and Tirolites sp., and is indicative of
EarlySpathian strata. The second horizon (T 116) with Carnio-
lites cf. carniolicus (Mojsisovics), located more than 200 m
higher up section, exhibits a Late Spathian strata (Figs. 2 and
3). Conodont taxa are listed in Supplement 2 and illustrated in
Supplement 3.

4 LITHOLOGY AND DEPOSITIONAL ENVIRONMENT

The Plavno sequence is subdivided into three well-
differentiated units—informal members: (1) the dolostone
member (Early Griesbachian); (2) the red siliciclastic member
(shale, siltstones and sandstones—Late Griesbachian), with
upward-occurring intercalation of bioclastic calcarenites and
ooid grainstones (Dienerian and Smithian); and (3) the grey
mudstone member, with alternating lime mudstones, marls and
calcisiltites (Spathian) (Figs. 2 and 3). In Aljinovi¢ et al. (2011)
equivalents of the mudstone member were two-fold divided
(mudstone versus siltstone-mudstone facies), due to an overall
dominance of mudstone vs. siltstone. We merged these two
facies into a single unit. The most significant lithofacies
features, including occurrence, sedimentary structures,
composition, diagenetic features and depositional setting are
listed in Table 1.

4.1 Dolostone Member

The Early Griesbachian dolostone member is represented
by a ~40 m thick succession consisting of pale yellow dolos-
tone, sandy/silty dolostone and rare limestone. The middle part
of the member is covered by vegetation. The dolostone is
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macrocrystalline anhedral to subhedral (Fig. 4a) and its pri-
mary rock structure is obliterated by dolomitization and, occa-
sionally, de-dolomitization processes. Only remnants of ostra-
cods and rare spheroidal forms (ooids/microspheres?) can be
observed (Fig. 4a) as well as tests of the foraminifer genus
Earlandia.

4.2 Siliciclastic Member
Late Griesbachian, Dienerian and Smithian deposits of the

Plavno Section (Fig. 2) are represented by interlayered shales,
siltstones and sandstones (Figs. 3, 4c—4e) with a thickness of
440 m. The proportion of sandstone/siltstone versus shale beds
is variable and is shown in the columnar section (Fig. 3). Inter-
calation of dolostone, bioclastic and oolitic/oncolitic cal-
carenite beds rarely occurs. Oolitic grainstones occur in the
uppermost part of the Siliciclastic facies (Late Smithian).
Shales consist mainly of illitic material (Aljinovi¢, 1991)
while siltstones are composed of quartz, feldspar grains and

Figure 4. (a) Macrocrystalline structure of late diagenetic dolostone (dolostone member) containing ostracods and siliciclastic grains (arrow); (b) lower interval

of the siliciclastic member with grey, even, thinly-bedded (3—10 cm) shale, siltstone and sandstone alternation; vertical beds; stratigraphic top to left; (c) me-

dium thick bedding in the middle interval of the siliciclastic member with load casts often preserved on lower bedding planes; rotated photograph; stratigraphic

top is up; (d) enlarged detail from 4c shows a simple internal structure with unidirectional lamina sets overlain by conformable wavy offshooting; rotated

photograph; stratigraphic top is up; (e) large load casts in the thick-bedded upper interval of the Siliciclastic member; rotated photograph; stratigraphic top is up;

(f) medium sand-sized superficial and radial ooids (upper part of microphotograph) overlay larger, coarse sand-sized tangential ooids (lower part of microphoto-

graph). A firm crust (hardground-arrow) formed between them due to early cementation (Sample P1-31).
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varying amounts of argillaceous minerals and calcite cement
(Aljinovié, 1991). Sandstones are well-sorted, very fine-
grained to fine-grained quartz arenitic to subarcosic types.
According to its bed thickness and structural characteristics,
the siliciclastic member can be divided into three intervals.

The lower interval consists of grey to yellow, thin shale,
siltstone and sandstone beds (Fig. 4b). Horizontal-planar, wavy
and current-ripple cross-laminations are common. Sinuous
symmetric ripples of wave origin and hummocks are preserved
on the upper bedding plane. The lower bedding planes of sand-
stone and siltstone beds are sharp and often exhibit small load
casts or moulds of monospecific bivalves.

In the middle interval, intercalations of red sandstones, silt-
stones and shales dominate, but with an increasing amount of
shale. The thickness of the beds increases from the lower interval
(Fig. 4c). Lenticular, wavy or hummocky-shaped beds occur.
The most prominent structures in sandstones are horizontal-
planar or cross-laminations (sometimes unidirectional ripple
cross-lamination) (Fig. 4d), as well as load casts.

The upper interval is characterized by the presence of me-
dium to thick-bedded siliciclastics and oolitic grainstones.
Sandstones, siltstones and coarse-grained oolitic grainstones
prevail over shale interbeds. The tabular, sometimes wavy or
hummocky-shaped sandstone and grainstone beds typically
exhibit internal horizontal or cross-lamination. Beds can be
deformed due to loading (Fig. 4e).

Grainstones are locally composed of ooids, with signifi-
cant amounts of coarse-grained to gravel-sized bioclasts (bi-
valves, microgastropods, echinoderms) and small amounts of
siliciclastic sand grains. Varying grain sizes and the cortex
fabric suggest different origins of the ooids. Medium sand-sized
ooids have characteristics of superficial or radial types, whereas
the larger ones (coarse sand-sized) are tangential. In the thick
oolite bed marked by Sample P1-31, two ooid types occur and
are separated by a hardground surface (Fig. 4f).

4.3 Mudstone Member

The mudstone member in the Plavno sequence consists
of very thick beds of plane-laminated lime mudstones and
marls (Fig. 5a). There is an abrupt change from red siliciclas-
tics in the Smithian to grey carbonate-dominated deposition in
the Spathian (Figs. 4c, 4d, 4e and 5a—5d for comparison).
Ammonoids are exclusively present in this member (listed in
Figs. 2 and 3).

Coarse-grained bioclastic or intraclastic detritus, some-
times larger than 2 mm (echinoids and mollusk) is often accu-
mulated as a few-centimeter thick basal lag in mudstone layers
(Fig. 5e). Bioturbation is common (Fig. 5b). In the uppermost
part of the member, deposition of lime mudstones and marls is
frequently accompanied by deposition of 1-20 cm thick lami-
nated calcisiltite layers where basal laminae embrace coarser
skeletal particles and are overlain by parallel, slightly undulous
(Fig. 5¢) or hummocky cross-laminae sets. Well preserved
gutter casts are common on the lower bedding planes of the
calcisiltites (Fig. 5d). The calcisiltites are composed of skeletal
particles and silt-sized quartz grains (Fig. 5f) cemented by
sparry calcite.

Deposition does not vary significantly across the Spathian,

even at the boundary toward the Anisian.

5 DISCUSSION
5.1 Depositional Model

The Plavno sequence was formed in the so-called Wer-
fen facies belt at the western end of the Tethys Ocean
(Scotese et al., 2001) (Fig. 8). The western Tethyan area
during the Early Triassic time represented a shallow bay that
mostly resembles vast epicontinental sea (Stampfli et al.,
2013; Stampfli and Borel, 2002; Scotese, 2001). This long
semi-circular palaeogeographic zone stretches several thou-
sand kilometres between Bulgaria in the northeast and the
Dinarides in the southwest, and developed as a ramp during
the Middle-Late Permian but later evolved into an epeiric
shelf during the Early Triassic when the ocean expanded
westward (Haas et al., 2007; Hips and Pelikan, 2002; Riiffer
and Ziihlke 1995; Krainer 1993; Mostler and Rossner 1984).
The long-term global sea-level rise (Haq et al., 1987) shifted
the coastline toward the west-northwest until the Spathian,
when the coastal zone reached the western part of the North-
ern Calcareous Alps and Southern Alps (Krainer 1993; Bro-
glio Loriga et al., 1990; Mostler and Rossner 1984; Tollmann
1976; Gwinner 1971).

To interpret the vertical facies associations in Plavno, we
propose an epeiric ramp model (Fig. 6). Following Burchette
and Wright (1992) and Lukasik et al. (2000), we define the
epeiric ramp as a homoclinal ramp with a very low bathymetric
slope (negligible in its proximal region), a water depth 10s of
metres, a width of many hundred kilometres, no distinct shore-
face facies, and depositional processes dominated by storms.
The epeiric ramp model shares sedimentological characteristics
with the epeiric platform (Irwin 1965) and carbonate ramp
models (for comparison see Lukasik et al., 2000). In the epeiric
ramp, inner, mid- and outer ramp zones can be differentiated
(Fig. 6). These zones are divided according to the depth of the
fair-weather wave break. From the point the fair-weather waves
strike the sea bottom, there exists a narrow high-energy zone
with oolitic grainstones. A low energy zone resembling the
epeiric platform occurs in the more proximal, shallower part of
the ramp. Fair-weather waves dissipate progressively along the
inner ramp; therefore, restricting conditions occur in the most
inboard facies that were affected primarily by storm and tidal
processes and occasionally by waves.

The vertical facies arrangement presented in Fig. 3 is in-
terpreted as a lateral facies shift during long-term transgression
(Fig. 6). Deposition in the wide ramp environment seems plau-
sible because metazoan reef builders were generally absent
during the Early Triassic (Kiessling, 2010; James, 1984; Fliigel,
1982; Heckel, 1974). Ooid-dominated ramps were widespread
in periods when framework reefs were globally absent. The
abundance of ooids likely reflects low rates of metazoan car-
bonate production in shallow-water environments, as suggested
by Wright and Faulkner (2010) and, Burchette and Wright
(1992) and an arid/semi-arid climate (Read, 1998).

In the studied area, the Upper Permian is represented by
evaporates deposited in a supratidal (sabkha-like) environment
(Tigljar, 1992; Herak, 1973). Casts of halite crystals (S¢avniéar,
1973) confirm a shallow hypersaline lagoonal environment. At
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Figure 5. The main lithofacies characterstics of the mudstone member. (a) Evenly bedded/laminated grey lime mudstones. Overturned beds; stratigraphic top to

the left. (b) Intense bioturbation in lime mudstones. Vertical position of beds; Photograph is rotated to the right stratigraphic position. (c) Calcisiltite layer—

arrow, with a sharp lower bed surface. The amount of silt decreases upward as the mud content increases. (d) Gutter casts on the lower bedding plane of the

calcisiltite bed. Vertical bed; Stratigraphic top to left. (¢) Microphotograph of coarse-grained bioclastic lag, which accumulated at the base of storm layers in the

mudstone member; note an increasing amount of lime mud toward the top. (f) Microphotograph of calcisiltite composed of skeletal particles (usually echino-

derms) and silt-sized quartz grains cemented by calcite.

the beginning of the Early Triassic, this supratidal flat/

nearshore lagoon developed to an epeiric ramp in the Dinarides.

The EarlyGriesbachian dolostone member of the Plavno
sequence likely overlies these Permian evaporates as a confor-
mity, and was deposited after an initial transgression (Tisljar,
1992). The Hindeodus-Isarcicella conodont population repre-
sents deposition in a shallow subtidal environment, possibly
along the inner part of the ramp (Fig. 6). The primary carbon-
ate of the dolostone member underwent severe diagenesis
(secondary dolomitization and dedolomitization), complicating
the possibility to conduct a detailed sedimentological investi-
gation. Although this dolostone displays features characteristic

to burial origin, a primary dolomitization likely occurred be-
fore, since Early Triassic primary dolomitic structures are
nicely preserved in other parts of the Dinarides (Gorski Kotar,
the Velebit Mts., Slovenia). A primary dolostone facies could
have occurred in the restricted inner part of the epeiric ramp or
on the margin of a lagoon, especially if hypersaline conditions
persisted from the Late Permian to the Early Griesbachian
(Tucker and Wright, 1990). Dedolomitization is related to the
dissolution of underlying evaporites.

Microbial sediments (e.g., stromatolites) that have been
reported in many Early Griesbachian sections are missing in
Plavno. In the dolostone member microfossils (ostracods,
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Figure 6. Model of deposition on the epeiric ramp (modified after Lukasik et al., 2000).

foraminifers, conodonts) and macrofossils (bivalves) are rare.
The presence of silty/sandy dolostone indicates an intermit-
tently terrigenous influx.

The structural and compositional differences observed in
the three intervals of the siliciclastic member are probably
controlled by bathymetry and climate. Sedimentation from the
dolostone member was transitional and strongly influenced by
the deposition of siliciclastic material. Appreciable amounts
of feldspar particles in sandstone indicate a preferential me-
chanical weathering of the uplifted hinterland in arid or semi-
arid conditions, as well as enhanced chemical weathering
resulting from higher temperatures. Both mechanisms allowed
feldspar grains to be preserved (see also S¢avni¢ar and Sudn-
jara, 1983). The intensity of weathering on land could have
been enhanced due to the reduction in vegetation during the
end-Permian Extinction (Algeo and Twitchett, 2010; Retal-
lack, 2005, 1995; but see Hochuli et al., 2016). However, as
this increase occurred during the uppermost Griesbachian and
not directly after the mass-extinction, other mechanisms, such
as regional tectonic activity and changes in sea currents, could
have played a role. The role of local tectonic activity is further
indicated when comparing sedimentation on a regional scale
(see Chapter 6.2). Siliciclastic detritus was possibly supplied
to the shallow marine environment by short-lived flows that
fringed the basin edge and possibly transported alongshore
and offshore as in many ancient shallow seas, shelves and
ramps (e.g., Johnson and Baldwin, 1996). The appreciable
sorting of clastic material stems from transport in alluvial and
nearshore zones.

Fine pelitic material was deposited from suspension,
whereas horizontal-planar and cross-laminated sandstones and
siltstones indicate wave- and current-formed structures. Thin-
bedding could have resulted from deposition in a very shallow
sub-tidal environment lacking a significant reworking by or-
ganisms, like the inner part of the epeiric ramp. The sharp
bases of the siltstone and sandstone beds suggest an abrupt
commencement of deposition, whereas the vertical grading
from sandstone or siltstone to shale indicates deposition under
waning energy conditions. Sudden deposition of coarser mate-
rial over hydroplastic mud caused loading, and could be inter-

preted as periodic rapid depositional events, such as storms.
Other structures, such as the pinch and swell geometry of beds,
horizontal planar or ripple cross-lamination, gradation to shale
and small-scale hummocks must have been related to waning
flows that likely bear witness of storm activity in the shallow
part of the epeiric ramp. This is not in accordance with the
common occurrence of storm structures in a deeper, transi-
tional zone between the fair-weather and storm-weather wave
bases in a shelf/ramp environment (e.g., Aigner, 1985). Storms
are capable of reworking the sea floor along the entire epeiric
ramp, whereas fair-weather waves affect the sea floor locally.
Flat pebbles (fragmentis of shale with plastic deformation
accumulated at the base of sandstone beds) can also surve as
evidence of in situ reworking of the sea floor (Sun et al., 2015;
Aljinovi¢ et al., 2005). Due to friction along a wide and shal-
low sea floor, fair-weather waves that impinge the sea bottom
in mid ramp (Fig. 6), do not have sufficient strength to rework
storm sediments in a nearshore zone (no distinct shoreface
facies have been found); therefore, storm deposits can be pre-
served in the shallow, low-energy environment of the inner
epeiric ramp. A considerable amount of siliciclastic mud (shale)
has accumulated in the low-energy part of the epeiric ramp.
The attenuated bed thickness of the inner epeiric ramp mimics
an epeiric “platform”.

A similar style of sedimentation (sandstone-siltstone-shale
intercalation) persisted in the middle interval, but with an
increase in bed thickness. Calcarenites containing bioclasts and
ooids occur. The increased bed thickness is interpreted as
deposition under the slightly deeper/more distal subtidal condi-
tions of the inner epeiric ramp. Extreme mobility of vast
amounts of loose siliciclastic material has to be assumed.
Lenticular and hummocky-shaped beds are again evidence of
storm origin while shale interlayers represent an overall low
energy background deposition during periods without storms.

Abundant casts of bivalve shells preserved in the bedding
planes of sandstone/siltstone beds imply instant burial of epi-
fauna under subtidal conditions. Monospecific bivalve fauna
and epifaunal activity usually characterize the first stage of
ecosystem recovery following the P-T Extinction Event
(Twitchett, 2006).
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The sandy upper interval of the siliciclastic member also
shows evidence of storm deposition. Medium to thick bedding
implies more distal position on the epeiric ramp than the previ-
ous interval. The prevalence of sandstones and oolitic grain-
stones in the upper interval suggests high-energy conditions
and constant reworking. The origin of the ooids is related to
steady, local high-energy conditions in potentially carbonate-
rich shoals located away from the shore, where the deposition
of siliciclastics was hampered. Formation of ooids could be
located in a mid-part of the epeiric ramp, where the fair-
weather wave break occurs (Fig. 6). This assumption is sup-
ported by the presence of hardgrounds in Bed PI-31. The for-
mation of hardgrounds in such an environment suggests early
cementation due to intensive pumping of water through highly
porous sediments (Tucker and Wright, 1990). It is assumed
that the sandy material was derived from the nearshore envi-
ronment, while oolites formed at some distance from shore
(Fig. 6). Deposition in the shoals was significantly affected
during storms. Storm-driven currents or waves strongly influ-
enced the oolitic shoals, as described by Hine (1977). Never-
theless, storm currents were not able to transport coarse mate-
rial over long distances in the onshore direction; thus, the ooids
stayed restricted within the middle part of the epeiric ramp,
while the calcarenites of the middle interval, containing fine
and medium grained ooids suggest transport further from the
source.

The mudstone member of the Plavno sequence represents
a transgressive phase during Spathian time. The presence of
ammonoids implies deposition in a slightly deeper environ-
ment, namely the outer ramp, and an unrestricted connection
with the open sea. Even in this deeper environment, storms
exerted a significant influence.

The abundance of fine-grained lime mud and lesser
amounts of clay suggest suspension settling in a quiet, low-
energy environment and possibly a decrease in weathering on
the continent. Gradual deposition of fine-grained carbonate
mud was interrupted by deposition periods of coarse skeletal
detritus during high-energy events. Layers consisting of
coarse well-preserved skeletal and intraclastic lags overlain by
lime mud and/or marl are interpreted as distal storm layers.
Intense bottom-shear conditions during storm peaks concen-
trated living and dead shells from the sea bottom, either
through burial by storm-suspended particles or through ex-
huming previously buried shells from underlying weakly-
consolidated sediments. Well-preserved fossils and the
convex-up position of bivalve and gastropod shells confirm
the storm origin because storms tend to bury and protect
large/whole fossil fragments from destructive processes (e.g.,
Kreisa, 1981). The upward fining units consisting of fine-
grained sediments deposited from suspension above coarse lag

material may also confirm a distal expression of storm activity.

No strict structural characteristic could mark the end of a
storm and return to normal basin sedimentation, except the
intensity of bioturbation.

Deposition of calcisiltites also suggests storm origin. The
prevalence of echinoid fragments in the calcisiltites implies
transport away from shallower areas, possibly by storms. Cal-
cisiltites represent distal expressions of storm activity and are

characterized by weak grading similar to the graded beds de-
scribed by Reineck and Singh (1972). Hummocky cross-
lamination is also evidence of storm activity in a deeper envi-
ronment far from shore (Kreisa, 1981), whereas gutter casts are
attributed to a near bottom storm flow component (Duke, 1990)
associated with some helicoidal movements, with axes parallel
to the bedding (Whitaker, 1973). According to the elevated
sediment tiering in the Plavno sequence, we can conclude that
a significant recovery occurred in the Spathian.

The thickness of the Plavno sequence is attributed to a rise
in sea level during the Induan accompanied by steady subsi-
dence in this part of the Dinarides. A significant feature of the
Plavno epeiric ramp setting is that the entire sea floor was
above the storm-weather wave base.

5.2 Comparison of the Plavno Succession with the Western
Tethyan Successions of the Werfen Facies Belt

In general, the distribution of carbonate and siliciclastic
sediments differs temporally and laterally in the extensive
shallow seafloor of the western Tethys. Different successions
and transgressive-regressive cycles can be recognized, as
summarized in Fig. 7. In this figure, we made correlations
based on Plavno’s carbon isotope curve using an adapted re-
gional conodont biozonation following Perri (1991), Kolar-
Jurkovsek and Jurkovsek (2015), Krystyn et al. (2015) and
Chen et al. (2016) and a macrofauna zonation following Golu-
bi¢ (2000) and Posenato (2008). The Early Triassic Plavno
sequence reveals similarities and differences to other parts of
the Dinarides, as well as sections in the Southern Alps and
Hungary (Fig. 7). The palaecogeographic position of Plavno and
other important western Tethyan sections is given in Fig. 8.
Storm-influenced deposition was recognized as an important
mechanism in all sections of the western Tethys. One general
trend, however, is the increase of siliciclastics during the Di-
enerian and Smithian and their replacement by carbonates at
the end of the Smithian.

5.2.1 Dinarides

Although there are lithological variations between the dif-
ferent Early Triassic depositional areas in the Dinarides, a
general three-fold division is recognizable: the oldest strata
consist of carbonates, the middle strata are siliciclastic or
mixed carbonate-siliciclastic, and the youngest strata are car-
bonatic.

5.2.1.1 Gorski Kotar region The Early Triassic sequence of
the Gorski Kotar region (~ 190 km northwest of Plavno near
the Slovenian border) was interpreted as being deposited on a
storm-influenced shelf with oolitic barriers and lagoons that
expanded to a broad shallow sea due to transgression (Aljino-
vi¢ et al., 2006). The thick basal oolitic interval (belonging to
the parvus Zone) was interpreted as an oolitic barrier that was
overlain by a dolomitic lagoonal facies (Aljinovi¢ et al., 2006).
These two facies share many similarities with the Tesero
Oolite and Mazzin Member of the Southern and Carnic Alps
but do not match facies characteristics the time equivalent
dolostone member of the Plavno sequence, which do not reveal
distinguishing characteristics of an oolitic barrier. Silici-
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Figure 8. Palacogeographic reconstruction of the Early Triassic (Scotese et al., 2001) showing the general position of the western Tethys shallow shelf (box).

Stars mark supposed positions of the investigated and the most important compared sections.

clastic deposition started later (Pac. obliqua Zone) in the Gor-
ski Kotar region than in Plavno (Upper Griesbachian). In
Plavno a deposition of siliciclastics started immediately after
deposition of the dolostone member and continued until the
end of the Smithian, which is consistent with the depositional
pattern in Gorski Kotar. Storm currents were important deposi-
tional mechanisms in both areas. No distinct facies sharing
similarities with the mudstone member were found in the
Gorski Kotar region.

5.2.1.2 Luka¢ and Idrija-Ziri sections (Slovenia)  While
investigating the Permian and Early Triassic deposits in
Slovenia conodont zonation was introduced (summary in
Kolar-Jurkovsek and Jurkovsek, 2015) and the following
conodont species were distinguished: Hindeodus praeparvus
Z., H. parvus Z., Isarcicella lobata Z., I. staeschei-1. isarcica
Z., H. postparvus Z., Hadrodontina aequabilis 7., Ha. anceps
Z., Eurygnathodus costatus Z., Neospathodus planus Z., N.
robustus Z., Platyvillosus corniger Z., Pl. regularis Z.,
Foliella
Triassospathodus hungaricus Z., T. symmetricus Z., N.

Pachycladina  obliqgua  Z., gardeane 7.,
robustispinus-T. homeri Z. and T. triangularis Z.. Certain
levels of the Early Triassic succession in Slovenia are marked
by shallow water genera and the introduced conodont zonation
is valid for shallow shelf environments of the western Tethys
(Kolar-Jurkovsek and Jurkovsek, 2015, see references therein).

Among the several investigated sections, the PTB was
defined in Slovenia only in the Luka& Section near Ziri in the
External Dinarides, according to an international criterion
based on the finding of the conodont species H. parvus (Kolar-
Jurkovsek et al., 2016, 201la, b; Kolar-Jurkovsek and
Jurkovsek, 2015, 2007).

The following similarities/differences can be observed in
the Slovenian part of the External Dinarides (Luka¢ and Idrija-
Ziri sections, Kolar-Jurkoviek et al., 20011a, b; Nestell et al.,
2011). Like Plavno, the dolostone of the Lukac¢ Section over-
lies thick evaporitic deposits. In the Luka¢ Section, the
evaporite-dolomite member (Mb.), representing the topmost
part of the Upper Permian Bellerophon Formation, is overlain

by Transitional beds (where the PT boundary was identified),
and the Streaky limestone Mb. Transitional beds (laminated
mudstones, biomicrites rich in ostracods and dolomitized
oolitic grainstones) of the Griesbachian parvus-, lobata- and
staeschei-isarcica Zones were deposited in shallow relatively
restricted subtidal marine conditions. The time equivalent of
the Transitional beds is the dolostone Mb. of the Plavno Sec-
tion (parvus-isarcica Zone). The scarce presence of ostracods
and ooids/microspheres(?) suggests their lithological and envi-
ronmental similarity. The Streaky limestone Mb. shares some
similarities with the lower interval of the siliciclastic Mb. as
both facies are characterized by thin-bedding and storm struc-
tures. However, in the Plavno sequence, this interval is almost
purely siliciclastic, in comparison to the Luka¢ Section which
is dominantly calcareous. In the Luka¢ Section, the Streaky
limestone Mb. is followed by the carbonate-clastic Mb. of the
Late Griesbachian and Early Dienerian (postparvus and anceps
conodont Zones). It consists of increasing amounts of silici-
clastics, but with substantial limestone presence (oolitic grain-
stones and micrites/biomicrites). These deposits mirror a very
shallow depositional environment due to oscillatory currents
(Kolar-Jurkovsek et al., 2011a). The time equivalent middle
interval of the siliciclastic member of the Plavno sequence
contains comparatively more siliciclastic material.

The Idrija-Ziri sequence of Slovenia can be seen as a
stratigraphic continuation of the Luka¢ Section since it starts
stratigraphically above the later—around the DSB—and ends
in the Late Spathian (Chen et al., 2016). From the very begin-
ning the Idrija-Ziri sequence is quite calcareous and the
Smithian interval is thus more similar to the Southern Alps
than to Plavno. During the Spathian, Ziri shows widespread
dolomitization that makes detailed facial comparisons difficult.
Astonishing is, however, the rich conodont representation
which points to a more open-marine and more distal shelf
position than all described sections including Plavno.

Recent reports from Serbia (Sudar et al., 2014, 2007,
Nestell et al., 2009) from an exotic block terrane within the
Vardar Zone (Inner Dinarides) are not dealt with here as they
mostly include palacontological data or refer exclusively to the
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Permian-Triassic boundary interval.

5.2.2 Transdanubia and Biikk Mountains (Hungary)

In the Early Triassic sequences from Hungary, the
Permian-Triassic boundary interval (investigated in the core
sections of the Transdanubian Range) represent an inner ramp
setting where oolitic facies overlie lagoonal-sabkha deposits,
with some resemblance to the basal part of the Plavno se-
quence (Haas et al., 2007, 2004).

The Early Triassic sequence investigated in the Biikk
Mountains (Hips and Pelikan, 2002) (Fig. 7), was deposited on
the epeiric shelf of the western Tethys. The Biikk sequence
(Hips and Pelikan, 2002) consists of two formations: the Gren-
(Upper
Griesbachian) and the Ablakoskovélgy Formation (Dienerian—

navar limestone formation Changshsingian—
Spathian, divided into the Ablakoskovélgy sandstone, Lilla-
fured limestone), Savosvolgy marl and Ujmassa limestone
members. In the Biikk sedimentary sequence, transgressive-
regressive cycles have been observed (Hips and Pelikan, 2002),
whereas the Plavno represents a long-term transgressive se-
quence. On the contrary, Hips and Pelikan (2002) concluded
that local subsidence plays an important role in establishing
several short term transgressive-regressive trends.

In its lower interval (parvus and isarcica conodont Zones),
the Gerennavar limestone formation reflects deposition of
peritidal microbial and finely laminated mudstones and
mudstone-wackestones of a shallow subtidal lagoon (Hips and
Pelikan, 2002) or an outer ramp (Haas et al., 2007, 2004).
Microbial facies is missing in the time equivalent interval of
the Plavno Section. The upper part of the Gerennavar lime-
stone formation, which is composed of thick-bedded oolites
and bioclastic grainstones of Late Griesbachian and Early
Dienerian ages, has no facial equivalent in the Plavno sequence.
It was deposited in a high-energy tide and wave-dominated
shallow shelf characterized as a protected, stabilized muddy
sand flat and a high-energy sand belt. The time equivalent
lower interval of the siliciclastic member deposited in Plavno
reflects sedimentation on a low-energy proximal ramp. Several
more similarities in depositional characteristics occur between
the Ablakoskovodlgy sandstone Mb. and the middle and upper
siliciclastic member of the Plavno sequence. It is obvious that
siliciclastic influx intensified in both sections during the Di-
enerian and Smithian. The siliciclastic rich, lower part of the
Ablakoskovolgy Formation indicates a mixed, dominantly
siliciclastic shallow shelf, with deposition in the coastal, shore-
face and transitional zones (Hips and Pelikan, 2002). The
carbonates deposited in the upper part of the Ablakoskovdlgy
Formation indicate a storm-controlled shelf, with facies of the
peritidal-shallow shoals to the low-energy deeper subtidal zone
below the storm wave-base. In the Plavno Section, the middle
and upper intervals of the Siliciclastic Mb. show similar lithol-
ogy (siliciclastic-oolitic grainstone intercalation) with the
Ablakoskovolgy sandstone Mb. having been deposited in the
distal part of the epeiric ramp, partly in the high-energy zone
around the fair-weather wave base due to persistent transgres-
sion. Deposition was influenced by storms in both sections.
The prevalence of carbonates in the Lillafured limestone Mb.,
Savosvolgy marl Mb. and Ujmassa limestone Mb. (Spathian)

were interpreted as being deposited in storm-dominated peri-
tidal shoals to low-energy deeper subtidal zones below the
storm wave base (regressive-transgressive cycle, Hips and
Palikan, 2002). This differs from the deposition of the mud-
stone Mb. of Plavno deposited in the distal part of the epeiric
ramp, but above storm-wave base.

5.2.3 Southern Alps

The Early Triassic sequences of the Dinarides were tradi-
tionally correlated with the Werfen Formation in the Southern
Alps, but it seems that the studied sections (Plavno, Bulla),
Cencenighe Galleria, L’Omo Picol (all belonging to western
Tethyan depositional area) reveal significant differences (Fig.
7). Storms were recognized as an important depositional
mechanism in both areas. At least four transgressive-regressive
cycles were documented in the Early Triassic Southern Alpine
sections (Brandner et al., 2012, 2009), whereas in the Plavno
sequence it is interpreted as one long-term transgressive cycle.
In the well-known localities in the Southern Alps at Bulla and
Tesero, several members were lithostratigraphically, biostrati-
graphically and sedimentologically differentiated (Brandner et
al., 2012, 2009; Perri and Farabegoli, 2003; Farabegoli and
Perri, 1998; Perri, 1991; Perri and Andraghetti, 1987, and
references therein). The Tesoro Mb. at the base of the Werfen
Formation is characterized by various thick layers of oolitic
grainstones and was interpreted as a shoreface or oolitic bar
facies (Brandner et al., 2012; Perri and Farabegoli, 2003)
gradually passing upwards into the Mazzin Mb. (grey mud-
stone, sometimes microbial) deposited in the mid or outer ramp
position below the wave base. Despite the time correspondence,
petrographical characteristics of the dolostone Mb. of the
Plavno sequence do not provide sufficient evidence to be iden-
tified either with the Tesero or the Mazzin Mb. because late
dolomitization destroyed the primary sedimentary features.
Only rare occurrences of calcitic microspheres (resembling
ooids) are common to both regions. Mudstones and microbial
mudstones of the Mazzin Mb. are also absent as well as the
tidal flat dolomites of the Andraz Horizon due to an earlier
onset of siliciclastic sedimentation in Plavno.

The carbonate-dominated Seis Mb. of the Dienerian dif-
fers from the intensive siliciclastic regime in the time equiva-
lent of the Plavno Section. Only the storm deposits of the
Gastropod oolite facies in the Upper Seis Member demonstrate
similar conditions in both regions with respect to storm influ-
ence. The Spathian Val Badia and Cencenighe Mbs. are inter-
preted as storm-influenced deposits with varying siliciclastic
input. Both members compare well with the mudstone Mb. of
the Plavno sequence, however, they represent more proximal
and shallower depositional settings. Described differences
possibly stem from local controls on deposition (e.g., the
amount of siliciclastic input, proximity of land as a clastic
source area), antecedent topography and characteristics of
depositional environment.

6 CONCLUSIONS

The Early Triassic ~1 000 m thick Plavno succession was
investigated by litho-, bio- and chemostratigraphic methods. A
continuous *C isotope curve was obtained. The isotope data
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combined with the analysis of conodonts, bivalves and am-
monoids served to establish Early Triassic substage boundaries
for the first time in the Dinarides.

Lithostratigraphically, the Plavno sequence was divided
into three informal units: (1) the dolostone member (Early
Griesbachian); (2) the siliciclastic member, further divided into
lower, middle and upper intervals (Late Griesbachian, Di-
enerian and Smithian, respectively); and (3) the mudstone
member (lime mudstones, marls and calcisiltites with common
ammonoids and gastropods—Spathian). The initial transgres-
sion at the beginning of the Early Triassic resulted in flooding
of the Permian evaporitic basement and the continuous deposi-
tion on the epeiric ramp reflecting a long-term transgression.
The Plavno sequence is characterized by storm-dominated
deposition on a very low bathymetric ramp slope (epeiric
ramp). The entire deposition occurred above the storm-weather
wave base, in a relatively shallow water (approx. 10s of metres
depth). Deposition of the dolostone member (Early Griesba-
chian) and the lower interval of siliciclastic member (Upper
Griesbachian) occurred in the low energy inner ramp zone that
was storming influenced (Fig. 6). From the end of the dolos-
tone member to the base of the siliciclastic member, deposition
of siliciclastics dramatically increased and dominated from the
Upper Griesbachian to the end-Smithian. The continuous
transgression resulted in the sedimentation of the middle inter-
val deposits of the siliciclastic member in a slightly deeper part
of the low-energy inner ramp. Sandy-oolitic deposits in the
upper interval of the siliciclastic member (Smithian) were
deposited in the high-energy mid ramp. The formation of ooids
was possible only in the high-energy area around the fair-
weather wave base. Below the fair-weather wave base, in the
low-energy outer ramp the deposition of lime muds, marls and
ammonoid-bearing tempestite beds prevail (Fig. 6). These
conditions were established at the beginning of the Spathian
when the mudstone member was deposited. This could be the
result of the known global transgression during the Spathian.
Episodic storms were able to rework the sea floor along the
entire epeiric ramp, while fair-weather waves affected the sea
floor locally.

Comparison of Plavno with other western Tethyan deposi-
tional areas demonstrates differences specifically in Dienerian
and Smithian time where the high siliciclastic content likely
stems from local controls on deposition within this large shal-
low marine environment. The greatest similarities can be ob-
served with the Biikk Mts. sequence which is in accordance
with the palaeogeographic reconstruction by Haas et al. (1995)
who placed the Biikk Mts. adjacent to the NW Dinarides.
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