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Abstract. The late Triassic in the Southern Alps is marked by
an extensive growth of carbonate platforms. Whereas Dolomia Prin-
cipale dominates the western and central sections, Dachstein Lime-
stone dominates the eastern side of the Southern Alps on the so-called
Julian Platform in what is now N'W Slovenia. Younger tectonic move-
ments greatly deformed the original configuration of the Julian Plat-
form and its margins are consequently poorly preserved. While late
Tuvalian and early Norian platform progradation has been recorded
on the northern and eastern side of the platform, no such information
is available for the southern edge of the platform, where it borders the
deeper Slovenian Basin. Three detailed sedimentological sections from
the southern slopes of the Jelovica plateau span from the top of the
basinal Ba¢a dolomite to the Slatnik Formation and the prograding
slope of the Dachstein Limestone. The progradation has been dated as
late Norian in age, and can be correlated to a poorly-expressed coar-
sening event recorded in previously known sections of the Slovenian
Basin. In contrast to deeper parts of the basin, shallow water condi-
tions were established on the Jelovica plateau by the beginning of the
Rhaetian.

Introduction

The Norian and Rhaetian geologic history of the
Southern Alps is marked by the growth of extensive
carbonate platforms that produced an up to 2000 m
thick succession of peritidal carbonates (see Meister et
al. 2013). Currently, these platforms provide the distinct
character of the mountainous area from Lombardian
Alps in the west to the Slovenian Julian Alps in the east
(Buser 1986; Ciarapica & Passeri 1990; Borsato et al.
1994; Berra & Cirilli 1997; Ogorelec & Buser 1997;

Sattler & Schlaf 1999; De Zanche et al. 2000; Bosellini
et al. 2003; Gianolla et al. 2003; Galli et al. 2007; Jadoul
et al. 2007; Gianolla et al. 2010; Meister et al. 2013).
During the latest Triassic, the majority of these plat-
forms belonged to the Dolomia Principale (Hauptdolo-
mit) tidal-flat complex (e.g. Frisia 1994; Cozzi & Podda
1998; Cozzi 2002; Gianolla et al. 2003; Berra et al. 2010;
Iannace et al. 2011; Meister et al. 2013). Instead, the
Dachstein Limestone dominates the eastern part of the
Southern Alps, now belonging to the Slovenian Julian
Alps (Buser 1986; Ciarapica & Passeri 1990; Ogorelec &
Buser 1997). The growth of these platform systems was
strongly governed by sea-level changes. Starting with
the late Carnian transgression, platform conditions be-
came widely established during the Norian sea-level
highstand (Carulli et al. 1998; Gianolla et al. 1998; Gaw-
lick & Bohm 2000; Haas & Tardy-Fildcz 2004; Pélfy et
al. 2007; Krystyn et al. 2009; Berra et al. 2010; Haas et
al. 2010a). The main progradation took place during the
late Norian and early Rhaetian (Reijmer et al. 1991;
Carulli et al. 1998; Haas & Budai 1999; Gawlick &
Bshm 2000; Mandl 2000; Krystyn et al. 2009), when
platform carbonates reached deeper parts of the basins
(Mandl 2000).

The extent of the Dachstein Limestone has tradi-
tionally been synonymised with the extent of the Julian
Platform (Buser 1989; Ogorelec & Rothe 1993; Buser
1996; Smuc 2005; Vrabec et al. 2009), which at the time
bordered the Slovenian Basin to the present south
(Cousin 1981; Buser 1989, 1996; Buser et al. 2008), the
Bled Basin to the present east (Cousin 1981; Gori¢an et
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al. 2012), and the Tarvisio basin to the present north
(Gianolla et al. 2010; Celarc et al. 2013). The original
configuration of the platform was later obscured by
tectonic deformation in a collision zone between the
Adriatic and European plates (Golonka 2004; Vrabec
& Fodor 2006; Vrabec et al. 2006). Consequently, plat-
form margins are rarely preserved. This is especially
true at the South-Alpine thrust front, where the Julian
Platform carbonates come into contact with deep-water
strata of the Slovenian Basin (Placer 1999, 2008).

In this paper, we present new stratigraphic data
from the southern border of the Julian Platform. The
area of the Jelovica plateau (western-central Slovenia),
which belongs structurally to the Krn (Julian) Nappe,
is marked by transitional, basin-to-slope deposition of
late Norian deeper water hemipelagics intercalated
with calciturbidites. Moving upward, a thickening of
the calciturbidite intercalations and a decrease in the
proportion of hemipelagic limestone beds provide the
first clear evidence of the late Norian progradation of
the Julian Carbonate Platform towards the Slovenian
Basin.

Late Triassic palaeogeography and structural
subdivision of the eastern Southern Alps

The studied sections are located in the Julian
Alps, which dominate the NW part of Slovenia (Fig.
1A). In the late Triassic, this area was divided into
two large paleogeographic domains that originated dur-
ing the Neotethys (Meliata) Ocean rifting in the middle
Triassic (Vrabec et al. 2009). The deep-water Slovenian
Basin was located to the present south, and most likely
pinched-out to the present west (Buser 1989; Buser &
Debeljak 1993; Buser et al. 2008). The northern part of
the present Julian Alps belongs to the (most of the time)
shallow Julian Platform (Buser 1989, 1996; Buser et al.
2008). It is connected on its western side with the larger
Dinaric (Adriatic) Platform (Buser 1989; see also Cou-
sin 1981; RoZi¢ & Smuc 2011) and the Dolomia Princi-
pale Platform (Gianolla et al. 2003; Meister et al. 2013).

In the eastern sector of the present Southern Alps,
namely in the eastern Julian Alps, the basic NE-SW-
directed late Cretaceous to Paleogene thrusting overlaps
with the Neogene N-S-directed South Alpine thrusting,
which provides the dominant characteristic of this area
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(Doglioni & Bosellini 1987; Placer 1999; Placer & Car
1998; Placer 2008; Kastelic et al. 2008). The Julian Alps
thus comprise two large-scale thrust units, separated by
a roughly west-east running Krn (Julian) thrust-fault
(Buser 1986; Placer 1999, 2008). The majority of the
eastern Julian Alps belongs to the upper Julian Nappe
(Fig. 1B), which is composed mostly of middle to late
Triassic carbonates deposited on the Julian Platform
(Buser 1986, 1987; Placer 1999). The lower unit known
as Tolmin Nappe is located south of the Krn thrust and
composed of Slovenian Basin deposits of middle Trias-
sic to Cretaceous age. Due to a high proportion of
ductile, easily deformable clastics, the Tolmin Nappe
does not form a coherent unit. Instead, it is further
disintegrated into three larger subunits, the uppermost
Kobla Nappe to the north, the middle Rut Nappe, and
the lowermost Podmelec Nappe to the south, along
with a plethora of minor internal thrusts (Buser 1987;
Placer 1999). This complicated thrust-structure of the
Julian Alps is further complicated by Pliocene to recent
strike-slip faults (Placer 1999; Castellarin et al. 2006;
Vrabec & Fodor 2006; Kastelic et al. 2008; Bavec et
al. 2012; Kastelic & Carafa 2012). The transition be-
tween the Julian Platform and the Slovenian Basin is
thus highly obliterated, and the proximal slope of the
platform is missing.

Previous research of the studied area

The Jelovica plateau is situated at the southeastern
corner of the Julian Alps and has an average altitude of
approximately 1100 m above sea level (Fig. 1C). Lipold
drew the first geologic map of this area around year
1859 (see Ramov$ 2001). Vetters (1933) composed a
geologic map based on data gathered by Teller, Koss-
mat, Hirtel and Ampferer. A new map was later drawn
by Grad & Ferjanci¢ (1974, 1976). According to these

studies, two large structural units meet in this area. The
steep walls and the plateau itself belong to the Julian
Nappe (Placer 1999), locally referred to as the Jelovica
Nappe (e.g., Grad & Ferjanci¢ 1976). The majority of
this thrust comprises upper Triassic-Jurassic shallow
water carbonates. With the exception of Lipold, who
distinguished upper Triassic from lower Jurassic strata
(see also Budkovi¢ 1978), these carbonates were not
turther subdivided into more precisely-defined litholo-
gic units. A minor part at the top of the Jelovica plateau
is represented by volcanics, pyroclastics, marlstone and
shale, which were determined as Ladinian Pseudozilian
beds (cf. Plenicar et al. 2009) beds (Fig. 1D). Near Kam-
na Gorica (see Figs 1C, D), Carnian platform prograda-
tion over Pseudozilian beds has been recorded (Ska-
berne et al. 2003).

Pseudozilian beds of the second large structural
unit, the Tolmin Nappe (Placer 1999), belong to a much
deeper depositional milieu (Skaberne et al. 2003), i.e., a
more distal part of the Slovenian Basin.

In addition, more narrowly focused research in
this area was performed by Grafenauer (1980), Turnsek
& Buser (1991), TurnSek (1997), Brenci¢ (2003), and
Skaberne et al. (2003), while Zupan (1990), Zupan-Haj-
na (1995) and Pleni¢ar (2000) primarily summarised
data from other researchers.

Methods

The first step in this study involved the new geologic mapping
of a small area 1.5 km N'W of the Drazgose village (Fig. 2). This new
mapping serves to establish lateral and vertical relationships among the
lithologic units (“formations”) that are unknown from existing maps.
Subsequently, three sedimentological sections were investigated in de-
tail. Fifty-five thin sections were prepared from 54 samples. Thin sec-
tions are stored at the Faculty of Natural Sciences and Engineering,
Department for Geology (Privoz 11, SI-1000 Ljubljana, Slovenia).
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Fig. 3 - Schematic lihostratigraphic column of the southern and

south-eastern Jelovica plateau.

Microfacies types are described in terms of Dunham (1962)
classification. The clast proportion was determined using the charts
of Baccelle & Bosellini (1965).

For very small and rounded micritic grains (peloids) in mud-
dominated microfacies the term fecal pellet (Fliigel 2004: 111) is used as
we predict their fecal origin. In grain-dominated microfacies, peloids
exhibit larger size variation. Most have clear, distinct boundaries and
subangular to angular shapes. These characteristics suggest the synde-
positional reworking of carbonate mud, and they are thus named mud
peloids. Due to poor sorting and repeated occurrence throughout the
section, the more narrow term “lithic peloids” could also be applied.
Based on the arbitrarily set size limit, mud peloids larger than 200 um
are called intraclasts. Alternatively, a minor portion of the peloids in
grain-dominated microfacies types possibly belongs to fecal pellets and
bioerosional peloids (Fliigel 2004: 113).

For the purposes of biostratigraphy, 11 samples were collected
for conodont preparation, and later treated with 5% formic acid fol-
lowing the standard procedure. Residues are stored at the Geological
Survey of Slovenia (Dimiéeva ul. 14, SI-1000 Ljubljana, Slovenia) under
repository numbers 5037, 5246, 5247, and 5267-5272.

Results

Geologic structure of the studied area

A small part of the southern slope of the Jelovica
plateau NW of Drazgose village was mapped anew (Fig.
2). Four lithostratigraphic units were distinguished in
the field: Pseudozilian beds, Baca dolomite, the Slatnik
Formation, and shallow-water (peritidal) limestone and
dolostone (Fig. 3). Two major structural units have been

identified. The Tolmin Nappe in the south, comprised
of clastic Pseudozilian beds, forms the lower slopes of
the Jelovica plateau up to an elevation of 1000 m above
sea level (a.s.l.). Its northern border is indicated by a
WNW-ESE verging fault (Fig. 2). The slopes above
1000 m a.s.l. and the top of the plateau belong to the
Julian Nappe, which is crossed by several faults. One of
these faults, which runs in a NW-SE direction, forms
the northern boundary of a distinct tectonic block in
which basinal carbonates (Baca dolomite and Slatnik
Formation) are recumbently folded. The Julian Nappe
north of this fault consists of shallow-water carbonates.

The Pseudozilian beds are characterised by black
shale, lithic sandstone and tuffaceous sandstone that are
mostly covered by scree and rock-fall deposits. No fos-
sils were found in the field, and a Ladinian age is as-
sumed on the basis of the general stratigraphy of the
eastern Southern Alps (e.g. Buser 1986; Skaberne et al.
2003).

The Baca dolomite is distinguished by medium to
very-thick beds of dark grey dolomicrosparite and do-
losparite along with occasional nodules of black or
white chert (PL. 1, fig. 1). Parallel lamination is rarely
visible. Dolomitic slump breccias with dolomitic intra-
clasts and brecciated chert are locally present (Pl. 1, fig.
2). This informal stratigraphic unit was described until
now only for the Tolmin Nappe (Kossmat 1914; Buser
1986; Gale 2010), although Brenéi¢ (2003) also men-
tioned it on the northern slopes of the Jelovica plateau.

PLATE 1

Macroscopic features of the Norian Ba¢a dolomite and the Slatnik
Formation.

- Thin- to medium-thick bedded dolostone with chert no-
dules. Ba¢a dolomite.

Fig. 1

Fig. 2 - Dolostone breccia with chert clasts. Bata dolomite.

Fig. 3 - Thin- to medium-thick bedded micritic limestone with
chert nodules. Arrows point in the direction of the
pinching-out of two thicker beds. Slatnik Formation.

Fig. 4 - Limestone bed with two horizons and normal grading
(arrowheads at the base). Packstone passing into wack-
estone/mudstone texture. Slatnik Formation.

Fig. 5 - A boulder of silicified coral limestone (hand) in a massive
limestone bed with packstone texture. Slatnik Forma-
tion.

Fig. 6 - A meandroid colonial coral (arrowhead) and a comple-
tely silicified cockade (K) from the boulder in Fig. 5. The
facing surface is directed perpendicular to bedding plane.

Fig. 7 - A silicified phaceloid colonial coral (arrowhead) and a
silicified cockade (K) from the boulder in Fig. 5. The
upper side of the boulder is to the left (in the direction
of the point of the hammer). The facing surface is direc-

ted perpendicular to the bedding plane.
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The Baca dolomite is succeeded by the Slatnik
Formation, i.e., bedded limestone with or without chert
nodules (PL. 1, fig. 3). Thin to medium-thick bedded
mudstone, wackestone and packstone/grainstone pre-
dominate in the lower part of the unit. Thick and
very-thick bedded packstone/grainstone (Pl. 1, fig. 4)
are more common higher up in the succession, where
it is interchanged with 30-40 cm thick packages of thin-
ner beds; slumps are also present. The Slatnik Forma-
tion has been known until present only from the Tolmin
Nappe, where it was dated as late Norian to end-Rhae-
tian in age (Rozi¢ 2008; Rozi¢ et al. 2009; Gale et al.
2012; Rozié et al. 2013). Upper Triassic limestone with
chert NE of the Ratitovec summit was mentioned by
Plenicar (2000). However, a detailed description was not
provided.

Peritidal carbonates, which form the major part of
the Julian Nappe north of the studied area, are repre-
sented by massive reef limestone, thick and very-thick
bedded limestone with mudstone, wackestone, pack-
stone/grainstone and (rarely) bindstone (i.e., stromato-
litic texture), as well as thick to very-thick bedded do-
lostone. According to corals identified at other localities
(Turnsek & Buser 1991; Turnsek 1997), this unit is Nor-
ian and Rhaetian in age. However, a Carnian or even
late Ladinian age was determined further to the east
(Grad & Ferjanci¢ 1976; Skaberne et al. 2003).

Description of the Slatnik Formation

The Slatnik Formation was investigated in detail
in three sections (Fig. 2):

o Section A (N 46°15°48", E 14°09°07"; Fig. 4)
encompasses the basal part of the Slatnik Formation.
This section starts with thin to medium-thick bedded
Baca dolomite followed by partly-dolomitised lime-
stone bed with packstone/grainstone texture and nor-
mal grading. Thin-bedded fine grained packstone/grain-
stone and mudstone then interchange through the sec-
tion. Limestone is occasionally dolomitised and exhibits
planar or nodular bedding. Parallel lamination, biotur-
bation, and normal grading are rarely visible. Scour
structures are evident as laterally restricted packstone/
grainstone beds (PL 1, fig. 3). In addition to the already-
mentioned textures, the upper third of the section also
contains packstone with filaments. Chert nodules are
present throughout the section; their distribution does
not seem to be selective to bed thickness or texture.

o Section B (N 46°15°51", E 14°08°45"; Fig. 5) was
measured along the dry channel ending on top of the
scree. This section represents the upper part of the Slat-
nik Formation. Black thin- and medium-thick bedded,
normally graded coarse grainstone predominates in the
lower 15 m. Chert nodules are rarely present and amal-
gamation is common. Two very-thick beds have scoured
bases. Up to 1.5 m large boulders of strongly silicified

reef limestone were found in the upper one (Pl. 1, fig. 5).
Corals are of the meandroid and faceloid types and are
randomly oriented (Pl. 1, figs 6-7). Cockades are com-
pletely replaced by silica. Grainstone surrounding the
boulders contains small and dispersed silicified bivalve
shells with no preferable orientation with respect to the
bedding. Over the next 6 m (metres 15 to 20 in Fig. 5),
medium-thick beds of black mudstone and wackestone
are prevalent while fine-grained packstone/grainstone is
subordinate. From the 20th metre up, thin- and med-
ium-thick packstone/grainstone again predominates and
normal or inverse grading is locally visible. Some beds
have scoured bases, or show synsedimentary deforma-
tion (slumping). Another very-thick grainstone bed be-
tween metres 26 and 27 contains isolated limestone
boulders. Lateral thinning is evident, and the base is
most likely scoured. From 27th to 34th metres, thin-
to medium-thick limestone with mudstone and wack-
estone textures are again predominant, and chert no-
dules are a bit more abundant. Thinner, laterally pinch-
ing-out layers of normally graded packstone/grainstone
occasionally interrupt the interval. The lithology
abruptly changes at the 34th metre of the section;
very-thick beds of light gray limestone and dolostone
with packstone/grainstone texture start to prevail.
Although the transition itself is poorly exposed due to
dolomitisation, it appears structurally undisturbed.
Bedding is hardly discernible. Mudstone and wackes-
tone are rarely present, occurring mostly in horizons
with no distinct bedding. The texture is generally mas-
sive, with only one case of normal grading.

o Section C (N 46°15°51", E 14°08°45"; Fig. 6) 1s
positioned approximately lateral to Section B. Thin to
middle-thick beds with mudstone and wackestone tex-
tures interchange with packstone/grainstone in the low-
er part of the section. Beds are internally amalgamated,
and the bedding is somewhat nodular. Nodules of black
chert are common. Normal grading is rarely present in
the packstone/grainstone (Pl 1, fig. 4), and one bed with
a scoured bottom was recognised around the 11th
metre. After the 17th metre, medium- to very-thick
bedded packstone/grainstone that is often normally
graded begins to predominate. Chert nodules are com-
pletely absent, even in the rare wackestone beds. Bed-
ding planes become indistinct, and internal amalgama-
tion further renders determination of bed boundaries

difficult.

Microfacies analysis

From the 54 samples collected along the measured
sections of the Slatnik Formation, seven microfacies
(MF) types are described. Their distribution along the
sections is presented in Figures 4-6.

The first four MF have mud-supported textures,
while the last three have grain-supported textures. The
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bation, 1- laminae. Important
foraminiferal species are pre-
sented on the right (see Table
2 for all data). For legend see
Figure 4 or 6.

Microfacies types: 1- mud-
stone, 2- radiolarian wackes-
tone, 4- peloidal-bioclastic
wackestone, 5- very fine-
grained  bioclastic-peloidal
packstone, 6- fine- to med-
ium-grained bioclastic-peloi-
dal grainstone (subtype 6B-
with high abundance of bi-
valve shell fragments; sub-
type 6C- with abundant mi-
critic envelopes; subtype 6M-
with abundant micritic envel-
opes and calcimicrobes), 7-
lithoclastic-bioclastic-intra-
clastic grainstone/rudstone.
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transition from one MF type to a
similar one can take place over a
distance smaller than the thin-
section size. This change is
usually related to grading, alter-
nating lamina, bioturbation or
erosion. Dolomitisation and sili-
cification are locally present ir-
respective of MF type, and are
thus described after the descrip-
tion of each MF type.

o MF 1: Mudstone - This MF type
(PL 2, fig. 1) is homogenous in structure
and composition. Fine grained micritic
matrix predominates. Fecal pellets and
fine bioclasts are very rare (2.5%), and
echinoderms and filaments are present.

o MF 2: Radiolarian wackestone -
The texture is homogenous or even-lami-
nated with laminae up to 8 mm thick.
Laminae are defined by varying grain-
contents which typically do not exceed
30%. Lower boundaries of the laminae
are sharp, while upper boundaries are gra-
dual. Grains mostly comprise small bio-
clasts (90% of grains) and fecal pellets
(10%), and grain size is usually less than
200 um. Radiolaria are the most common
among bioclasts (PL. 2, fig. 2). Small echi-
noderm plates, filaments (thin-shelled bi-
valves), small foraminifera (mostly Ober-
hauserellidae), ostracods, sponge spicules,
and unrecognisable debris are subordi-
nate. One sample from the upper part of
Section B contained more abundant
sponge spicules. Bioturbation was de-
tected in all thin sections. The texture in
large burrows is typically homogenised
and clearly distinct from the surrounding
sediment. In some thin sections bioturba-
tion completely obliterates primary lami-
nation. Rare laminae have a very fine-
grained packstone texture and contain
more abundant fecal pellets.

o MF 3: Filament packstone - This
MF exhibits a bimodal grain-size distri-
bution: larger grains (up to 2 mm long)
belong to filaments (Pl 2, fig. 3), whereas
other grains are typically smaller than 200
pum. This MF type commonly alternates
in laminae with MF 2 and MF 4. The ratio
between grains varies, but filaments
usually compose at least 50% of the total
grain surface. Filaments are often oriented
parallel to bedding to form shelter tex-
tures, which are particularly expressed
when they are orientated convex-up-
wards. The sheltered parts are partly filled
with spar. Where filaments are prevalent,
a prominent recrystallisation is observed
in which subhedral large crystals (up to
30 pm large) of spar are concentrated in
vertical columns. Because the filaments
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- Section C. Upper part of the Slatnik Formation. Numbers to the right represent thin

section numbers. Numbers in brackets indicate microfacies type (see text). Where two or
more microfacies types are present within the same thin section, the dominant type is
written in bold, and the contact with other types marked by a letter: b- bioturbation, g-
graded, I- laminae. Important foraminiferal species are presented to the right (see Table 2
for all data).
Microfacies types: 4- peloidal-bioclastic wackestone, 5- very fine-grained bioclastic-
peloidal packstone, 6- fine- to medium-grained bioclastic-peloidal grainstone (subtype
6C- with abundant micritic envelopes), 7- lithoclastic-bioclastic-intraclastic grainstone/
rudstone.
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are often bent upward along these features, we relate these textures to
the water-escaping tubes; alternatively, they could represent burrowing.
Intergranular spaces among filaments are filled with very-fine-grained
packstone in which fecal pellets and small intraclasts prevail (over 90%
of small clasts). Other grains are echinoderm plates (approximately 5%
of the fine-grained component), neomorphically-altered fragments of
mollusc shells (2.5%), rarely with micritic envelopes, and rare forami-
nifera (mostly Lagenina and Miliolina).

o MF 4: Peloidal-bioclastic wackestone - Peloidal-bioclastic
wackestone shows homogenous and in-part bioturbated texture. Grains
represent up to 40% of area (PL. 2, fig. 4). They have the same compo-
sition as MF 2 but are generally larger in size (up to 0.5 mm). Echino-
derm plates, calcified radiolaria and sponge spicules prevail among
bioclasts, which typically represent 90% or more of the total grain
number, but whose proportion can decrease also below 10% of the
total grain number. Ostracods, foraminifera and fragmented filaments
can also be locally common, while gastropods and mollusc fragments
with lamellar or columnar crystal-arrangements are always subordinate
in number. Peloids (likely fecal pellets) are mostly rare, but can amount
up to 90% of grain count at the expense of bioclasts. Some thin sections
contain large (up to 3 mm) ovular and slightly elongated fields filled
with spar and sometimes containing microquartz in the centre. These
fields are presumably recrystallised, and occasionally contain silicified
bioclasts.

o MF 5: Very-fine-grained bioclastic-peloidal packstone - This
MF type is homogenous with well-sorted grains or evenly laminated
texture. Grains represent 50% of the thin section area (Pl. 2, fig. 5, 6).
Intergranular space is filled with micritic matrix, which may have been
partly winnowed away. These interstices were later filled with blocky
spar. Grain size is mostly 100-180 pm, with exceptions reaching 300
pm; some filaments or echinoderm plates, however, can be up to 1.8
mm in size. Mud peloids are prevalent (90% of total grain number)
followed by echinoderm plates (5%), and cortoids (i.e., neomorphi-
cally-altered mollusc shells with micritic outline (3.5%). Foraminifera,
brachiopod fragments, ostracods and other bioclasts as well as small,
mostly micritised ooids are less abundant. Filaments are locally more
abundant in some laminae.

o MF 6: Fine- to medium-grained bioclastic-peloidal grainstone
- The grainstone is texturally homogenous, although partly-washed-out
packstone (MF 5) can also be encountered in the same thin section.
Gradation (average grain size ranging from 150-200 um to 250-350 pim)
and parallel lamination are sometimes visible. Fine-grained variety ex-
hibits good sorting, whereas sorting turns poor in the medium-grained
subtype. Grain proportion is approximately 50%, and elongated grains
are oriented parallel to bedding. Shells can form shelter and geopetal
textures (PL. 2, fig. 7). Intraclasts predominate in this MF type (74% of
total grain number). A few exhibit wackestone, fine-grained peloidal or
bioclastic-peloidal packstone textures; however, the majority is com-
pletely micritised. Micritic intraclasts smaller than 200 pm are termed
mud peloids. Micritic grains are usually sub-rounded and isometric to
elongate.

Bioclasts are subordinate in number (up to 25% of grains), as
are small, radial ooids (0.5%). Among bioclasts, echinoderms are pre-
valent (9% of grains). Foraminifera are also common (1% of grains),
whereas ostracods, fragments of mollusc and brachiopod shells, small
gastropods, calcimicrobes, calcisponges, microproblematica (Baccanella
sp. and Bacinella sp.) and neomorphically-altered dasycladacean geni-
culi occur only sporadically. In some thin-sections, some grains are
encrusted by microbialites and foraminifera. The micritic envelopes
of bioclasts (i.e., cortoids) are quite common in some samples; this
variety is marked as number 6C in Figures 4-6. In the uppermost part
of the Slatnik Formation (Section B), cortoids co-occur with the more
abundant calcimicrobial grains that also show micritic edges; this vari-
ety of MF 6 is marked as 6M in Figure 5. The third variety, also en-
countered in the upper part of the Slatnik Formation and marked as 6B
(Fig. 5), has a distinct high abundance of bivalve shell fragments.

o MF 7: Lithoclastic-bioclastic-intraclastic grainstone/rudstone -
This MF is characterised by a bimodal grain size distribution where
pebble-sized (up to 10 mm) grains are supported by grainstone (Pl. 2,
fig. 8), which is the same as in MF 6.

Pebble-sized grains are sorted in three major clast-groups. The
first comprises large echinoderm plates, bivalve shells, rarer calcis-
ponges, and calcimicrobes. Two shell types were recognized; in the first
type, the thinner outer layer is foliated, whereas the thicker inner layer
is prismatic. These layers may successively alternate in a few multi-
layered fragments. The second type of shells is characterised by a thick-
er, inner foliated layer followed by a thin, prismatic outer layer. In one
of the samples, elongated, isolated patches of spar up to 4 mm in size
occur within the grainstone. These patches have indistinct boundaries,
and spar infilling displays a general increase in crystal-size moving
towards the centre. These features indicate the cement infill of a void.
We interpret these patches as either completely dissolved and neomor-
phically-replaced shells or bioturbation fillings.

The second clast-group includes well-rounded clasts with tex-
tures and compositions corresponding to the previously described MF
types; these clasts are thus interpreted as intraclasts. Microfacies types 2
and 4 predominate, although clasts of MF 5 are also observed. A 1 cm
large, spherical clast was observed in a sample from the upper part of
Section C with a composition and texture corresponding to MF 4;
however, it also exhibits a concentric inner structure. Alternating lami-
nae differ in the amount of bioclasts, which become more abundant in
outer laminae. Edges of this clast show plastic deformation, thus, it
could also be interpreted as a poorly lithified oncoid.

The third clast-group comprises lithoclasts of the following
types: (a) boundstone with alternating crusts of microbialites and mi-
croproblematica Bacinella; (b) wackestone (rarely passing to packstone)
similar to MF 4, but with rare, large (up to a few millimeters) echino-
derm plates, bivalve fragments and foraminifera; (c) intraclastic-bioclas-
tic wackestone with framboidal pyrite, bioclasts (echinoderms and frag-
ments of molluscs), and intraclasts (recrystallised peloidal-bioclastic
wackestone); (d) coarse-grained peloidal-bioclastic grainstone with
neomorphically-altered bivalve shell fragments with micritic outlines,
echinoderms, foraminifera, gastropods, calcimicrobes, and rare juvenile
ammonite as bioclasts; (e) partly washed-out packstone with a large
two-layered shell, encrusted by foraminifera, intraclasts and foramini-
fera; (f) bioclastic-peloidal grainstone with common foraminifera; and
(g) peloidal wackestone/packstone with a pseudospar matrix.

Common diagenetic features. Some diagenetic
features appear independent of MF type. The most

PLATE 2

Microfacies types of the Slatnik Formation.

Fig. 1 - Mudstone with rare bioclasts (MF 1). Thin section 408.

Fig. 2 - Radiolarian wackestone-packstone (MF 2). Thin section
439.

Fig. 3 - Filament packstone (MF 3). Thin section 457.

Fig. 4 - Peloidal-bioclastic wackestone (MF 4). Thin section 460.

Fig. 5-6 - Very fine-grained bioclastic-peloidal packstone (MF 5).
Thin sections 435 and 394, respectively.

Fig. 7 - Fine- to medium-grained bioclastic-peloidal grainstone
(MF 6). Note the geopetal texture in the bivalve shell.
Thin section 391.

Fig. 8 - Lithoclastic-bioclastic-intraclastic ~ grainstone/rudstone

(MF 7). Thin section 469.
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Tab. 1 - Distribution of foraminifera
= . . . .

S (vertical axis) in thin sec-
tions (horizontal axis) from

404
399
403
406
409
396
407
400
402
395
408
393
394
410
398
397
392
391
401
387
405
388
8

411

Alpinophragmium perforatum +
?Duotaxis birmanica + Section A.

Verneuilininae +

Reophax rudis +

Ammobaculites in Reophax + + +|+ |+ + + 4|+

»Trochammina« almtalensis + + +

»Trochammina« jaunensis +

Earlandia tintinniformis +

Endotriada tyrrhenica +

Endothyroidea + +

Planiinvoluta carinata +

Ophthalmidium sp. + + + | + + 1+

Galeanella tollmanni + +

Miliolipora tamarae + | +

?Cucurbita infundibuliformis +

Agathammina austroalpina + + |+ + |+ +

Decapoalina schaeferae + |+ |+ +

Duostominidae + + | +

Variostoma coniforme

Oberhauserellidae +|+ |+ + + +

]+

Lagenina + |+ + + + |+ |+

443
436
446
454
460
468
461
464
465
469
462
458
463
459
442
452
453
451
455
440
439
448
441
444
435
445
450
449
438
437
447

Tolypammina sp. + + |+ |+
Gandinella falsofriedli + +

Kaeveria fluegeli + 4]+

Alpinophragmium perforatum +

?Duotaxis birmanica + +

Duotaxis metula +

Verneuilininae +

Reophax rudis +| A+ ]+ + + +

Ammobaculites ali Reophax +| + + |+ ]+ + + +| + + + 4|+

»Trochammina« almtalensis + +

»Trochammina« jaunensis +

Endotriada tyrrhenica + +

?Endoteba controversa + + + +
Endothyroidea + | + + + +

Trocholina? turris +

Aulotortus sinuosus +
Aulotortus friedli + +

?Aulosina oberhauseri +

Ophthalmidium sp. + +| + + ; "

?Miliolipora cuvillieri +

Miliolipora tamarae +

Agathammina austroalpina

Decapoalina schaeferae +

Miliolechina stellata

|+
+
+
+
+
+

Duostominidae +

?Variostoma cochlea +

Variostoma coniforme + + +l+ |+ + +

Oberhauserellidae +

Lagenina + + + + | + + |+ |+ + |+ [+ + ]+ +| + |+

Tab. 2 - Distribution of foraminifera (vertical axis) in thin sections (horizontal axis) from Section B (left of the double vertical line) and
Section C (right from the double vertical line).
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common of these are dolomitisation and silicification.
Dolomitisation occurs in form of dispersed sub- to eu-
hedral crystals (usually up to 200 um large), which tend
to replace micrite in either matrix or in grains. The
process seems more intense in the lower part of the
Slatnik Formation, where the dolostone completely re-
places individual laminae or is concentrated in ovular
fields up to a few millimeters in size. The transition
from this intensely dolomitised rock into unaltered rock
is gradual. Some of the dolostone patches were inter-
preted as selectively-replaced mudstone/wackestone in-
traclasts. Silicification occurs in the form of chert no-
dules. In thin-section, selective replacement of bioclasts
by fibrous or microgranular quartz was rarely observed.

Other diagenetic features include recrystallisation
to microsparite in matrix-containing MF types 1 to 5,
and crystallisation of framboidal pyrite.

Biostratigraphy

The age of the Slatnik Formation is determined on
the basis of benthic foraminifera (more abundant in
packstone), and conodont elements. While Triassic for-
aminifera generally have rather broad stratigraphic
ranges, dating with conodonts provides much better
resolution.

Foraminifera are relatively few in number; alto-
gether, 23 species were determined (Pls 3-5). Their dis-
tribution in thin sections is reported in Tables 1 and 2.
The species of stratigraphic importance are Decapoalina
schaeferae (Zaninetti et al.), Galeanella tollmanni (Kri-
stan) and Alpinophragmium perforatum Flugel. Their
stratigraphic range is restricted to the Norian and Rhae-
tian (see Gale 2012a, with references). The specimen
figured on Plate 4, figure 14 and determined as Triasi-
nalAulosina sp. matches specimens determined by Gale
(2012b) and Gale et al. (2012) as Triasina oberhauseri
Koehn-Zaninetti (in Koehn-Zaninetti & Bronnimann).
Triasina oberbauseri (Aulosina oberhauseri according to
Rigaud et al. 2013) differs from Triasina hantkeni Maj-
zon because of its smaller test, fewer coilings, and high-
er chamber lumen. The upper stratigraphic range of
Aulosina oberhauseri is late Norian (Gale 2012b; Rigaud
et al. 2013), while Triasina hantkeni corresponds only to
the Rhaetian (Grgasovi¢ 2003; Veli¢ 2007; Gale et al.
2012; Rigaud et al. 2013), although some researchers
also consider it late Norian in age (Oravecz-Scheffer,
1987; Martini et al. 2004; Mancinelli et al. 2005; Krystyn
et al. 2007).

Conodont elements were recovered from all three
sections. The distribution of samples is shown in Fig-
ures 4-6. The Conodont Alteration Index is 6-7, point-
ing to a rather high thermal degradation of elements.
Epigondolella bidentata Mosher is the most common
element in the assemblage. It was recovered from the
lower and upper parts of all measured sections. This

element narrows the depositional time span of the Slat-
nik Formation to late Norian, i.e., Sevatian (Kolar-Jur-
kovsek 1991; Buser et al. 2008; Krystyn et al. 2009;
Mazza et al. 2012). Norigondolella steinbergensis
(Mosher) is present as a single specimen in the basal part
of Section A, i.e., at the base of the Slatnik Formation.
According to Buser et al. (2008), this species ranges
throughout the Norian, while Krystyn et al. (2009) con-
sider it middle Norian to Rhaetian in age. The first
occurrence in middle Norian is also advocated by Maz-
za et al. (2012). The second most common element,
present from the base of the Slatnik Formation and
from the topmost measured part (the upper part of Sec-
tion B), is Epigondolella postera (Kozur & Mostler).
Buser et al. (2008) suggest that it ranges throughout
the Norian, while Krystyn et al. (2009) restrict it to
the middle Norian. The possibility of reworking seems
unlikely, because the majority of samples were collected
from limestone with mudstone or wackestone textures;
thus, we adopt the entire Norian age after Buser et al.
(2008). Epigondolella abneptis (Huckriede) is present
only in the upper part of Section A. As for Epigondol-
lela postera, its range is either late Carnian to late Nor-
ian (Buser et al. 2008) or middle Norian (Krystyn et al.
2009).

Discussion

Facies interpretation

The microfacies types encountered in the mea-
sured sections of the Slatnik Formation are comparable
to those already known from sections of the Tolmin
Nappe west of the studied area (Rozi¢ 2006; Rozi¢ et
al. 2009; Gale 2012b).

Mudstone (MF 1) with rare pelagic elements cor-
responds to Standard Microfacies Type (SMF) 1, depos-
ited in a basinal deep-water environment (Fliigel 2004).
This interpretation is further supported by radiolarian
wackestone (MF 2) and filament packstone (MF 3),
both belonging to the SMF 3 of Fliigel (2004). Radiolar-
ia and filaments (i.e., thin-shelled bivalves) represent
open-marine biota, indicating deposition in a basinal
setting (Watts 1987; Reijmer et al. 1991; Maurer et al.
2003). Concordant orientation of shells suggests either
resedimentation via bottom currents or compaction
(Kidwell & Bosence 1991: 154; Tucker 2003: 167). The
close association of thin-shelled bivalves and peloids in
MF 3 can be explained by their similar settling rates
(Maurer et al. 2003) and suggests agitated bottom water
rather than compaction for the cause of concordant
shell orientation. The deep-water character of peloi-
dal-bioclastic wackestone (MF 4) is likewise expressed
via large contents of radiolaria, spicules and fecal pellets;
mollusc fragments, however, are an allochthonous plat-
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form-derived component, presumably transported into
the basin by turbidity currents (see Reijmer et al. 1991;
Fliigel 2004: 483). Analogies to SMF 2 can be drawn (see
Fliigel 2004). Intense bioturbation indicates oxygenated
sediments (Brenchley & Harper 1998), and stronger
current activity is evident in the very-fine-grained bio-
clastic-peloidal packstone through partial winnowing of
the mud matrix. Mud peloids, cortoids, benthic forami-
nifera, brachiopod fragments, and ooids were derived
from the platform rim and top (see Reijmer et al.
1991) via turbidity currents. The same interpretation is
suggested for fine- to medium-grained bioclastic-peloi-
dal grainstone (MF 6) and lithoclastic-bioclastic-intra-
clastic grainstone/rudstone (MF 7). All three varieties

PLATE 3

Foraminifera from the Slatnik Formation

Fig. 1 - Gandinella falsofriedli (Salaj, Borza & Samuel). Thin
section 444.

Figs 2-3 - Kaeveria fluegeli (Zaninetti, Altiner, Dager & Du-
cret). 2) Longitudinal section. Thin section 449. 3)
Transverse section. Thin section 444.

Fig. 4 - Alpinophragmium perforatum Fliigel. Thin section
407.

Figs 5-7 - ? Duotaxis birmanica Zaninetti & Brénnimann, in
Bronnimann, Whittaker & Zaninetti; axial section.
5) Thin section 439. 6) Thin section 467. 7) Thin
section 399.

Fig. 8 - ? Duotaxis metula Kristan; axial section. Arrowhead
points at a short keel on the outer surface of the test.
Thin section 446.

Fig. 9 - Verneuilininae. Thin section 444.

Figs 10-11, 13 - ? Reophax rudis Kristan-Tollmann. 10) Thin section
449. 11) Thin section 446. 13) Thin section 464.

- Reophax rudis Kristan-Tollmann. Mark the offset of

the initial chamber from the direction of later

Fig. 12

growth (see Kristan-Tollmann 1964). Coarsely ag-
glutinated wall is clearly visible. Thin section 43.

- Ammobaculites. 14) Thin section 388. 15) Thin sec-
tion 444. 16-17) Thin section 451.

- “Trochammina” jaunensis Bronnimann & Page. Thin

Figs 14-17

Fig. 18
section 397.

PLATE 4

Foraminifera from the Slatnik Formation

Fig. 1,4 - Endotriada tyrrbenica Vachard, Martini, Rettori & Za-
ninetti. Equatorial section. 1) Thin section 451. 4) Thin
section 460.

Fig. 2 - Endothyracea. Thin section 447.

Figs 3, 5-9 - ? Endoteba ex gr. E. controversa Vachaard & Razgallah.
3) Equatorial section. Thin section 447. 5) Equatorial
section. Thin section 449. 6) Equatorial section. Thin

(MF 5-7) can be regarded as distal turbidity deposits
corresponding to SMF 4 or 5 (Fliigel 2004). This inter-
pretation is supported by the depositional textures,
namely normal grading and parallel lamination (Watts
1987; Reijmer et al. 1991; Iannace et al. 1994; Tucker
2001). An increase in the proportion of lithoclasts and
spar cement in calciturbidites has been explained by
more proximal position (Maurer et al. 2003). Inverse-
graded packstone/grainstone could represent modified
grain-flow deposits (Watts 1987). According to Schlager
et al. (1994) and Reijmer et al. (2012), hardened peloids
form the bulk of grains during times of flooded plat-
form top, which is in agreement with a the high sea-
level during the Norian (Reijmer et al. 1991; Gianolla et

section 435. 7) Axial section. Thin section 451. 8) Ob-
lique centred section. Thin section 438. 9) Axial section.
Thin section 446.

Figs 10, 11- Endoteba sp. Axial section. Mark the biconcave test
shape. 10) Thin section 448. 11) Thin section 446.

Fig. 12 - Trocholina? turris Frentzen. Thin section 439.

Fig. 13 - Aulotortus sinnosus Weynschenk. Thin section 467.

Fig. 14 - Triasina/Aulosina sp. See possible internal pillars
(“strengthenings” sensu Rigaud et al., 2013) transecting
the chamber lumen (arrowead). Thin section 449.

Fig. 15 - Planiinvoluta carinata Leischner (white arrowhead) and
possible Decapoalina schaeferae (Zaninetti, Altiner, Da-
ger & Ducret) (grey arrowhead). Thin section 467.

Fig. 16 - Galeanella tollmanni (Kristan). Thin section 434.

Figs 17-18 - Miliolipora tamarae Gale, Rettori & Martini. Mark cost-
ae on the test surface (arrowhead) and quasi-quinquelo-
culine chamber arrangement. 17) Thin section 446. 18)
Thin section 392.

PLATE 5

Foraminifera from the Slatnik Formation

Fig. 1 - Miliolipora cuvillieri Bréonnimann & Zaninetti in Bron-
nimann, Zaninetti, Bozorgnia, Dashti & Moshtaghian.
Thin section 465.

Fig. 2 - Agathammina austroalpina Kristan-Tollmann & Toll-
mann. Thin section 446.

Figs 3-4 - Decapoalina schaeferae (Zaninetti, Altiner, Dager & Du-
cret). 3) Thin section 438. 4) Thin section 430.

Fig. 5 - Miliolechina stellata Zaninetti, Ciarapica, Cirilli & Ca-
det. Thin section 446.

Fig. 6 - Diplotremina subangulata Kristan-Tollmann vel Diplo-
tremina placklesiana Kristan-Tollmann. Thin section
411.

Fig. 7 - ? Variostoma cochlea Kristan-Tollmann. Thin section
464.

Figs 8-9 - Variostoma coniforme Kristan-Tollmann. 8) Thin section

448. 9) Thin section 395.

Figs 10-15 - Oberhauserellidae. 10) Thin section 388. 11) Thin section
395. 12) Thin section 397. 13) Thin section 398. 14-15)
Thin section 411.

Figs 16-17 - Foraminifera. 16) Thin section 398. 17) Thin section 448.

Fig. 18 - Pseudonodosaria sp. Thin section 449.
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al. 1998; Gawlick & Béhm 2000; Krystyn et al. 2009).
However, as Maurer et al. (2003) noted, distal turbidites
may be peloid-dominated solely due to grain sorting
during transport. Boulders of silicified limestone with
corals and cockades are interpreted as “Cipit blocks”
s.l., i.e., gravity-displaced shallow-reef limestone blocks
(see Wendt & Fiirsich 1980; Biddle 1981; Wendt 1982;
Russo et al. 1997; Trombetta 2011). These boulders to-
gether with several species of benthic foraminifera such
as Galeanella tollmanni, Decapoalina schaeferae, Kae-
veria fluegeli, and Alpinophragminm perforatum (see
Gale 2012a with references), provide ample evidence
for the existence of a coral-dominated reef on the rim
of the carbonate platform.

The described MF types are randomly-distributed
throughout the Slatnik Formation. However, it should
be mentioned that sampling was targeted mostly at cal-
citurbidites. Hemipelagic limestone predominates in the
lower part of the Slatnik Formation. A notable feature
of the lower part of the Slatnik Formation (Section A) is
also the abundance of Oberhauserellidae (P1. 5, figs 10-
15). These are usually associated with the spreading of
anoxic/disoxic waters during sea level rise (Hillebrandt
2012; Clémence & Hart 2013; Clémence & Hillebrandt
2013). Although first considered to be planktonic, they
are now classified as opportunistic epibenthic grazers
(Clémence & Hart 2013; Clémence & Hillebrandt
2013). Due to the lack of evidence for sluggish water
conditions, and the failure to regard them as deep-water
elements, we currently have no convincing explanation
for the abundance of Oberhauserellidae in the lower
part of Section A.

An upward-thickening trend is clearly visible in
Sections B and C, where bedding becomes indistinct
and very-thick bedded grainstone predominates from
the 37th and 17th metres upward, respectively. This
trend demonstrates the progradation of the Julian Plat-
form towards the Slovenian Basin (see also Maurer et al.
2003). Due to limited visibility, it is impossible to dis-
tinguish clinoforms of the prograding wedge from the
proximal Slatnik Formation, but the predominance of
very-thick bedding and the lack of hemipelagites most
likely mark the base of the prograding slope-and-rim of
the Dachstein platform (see Figures 5, 6).

Norian progradation of the Julian Carbonate
Platform

Extensive shallow-water carbonate deposition
took place throughout the Neo-Tethys (e.g., Golonka
2007) during the Norian-Rhaetian. The Julian Platform
(Fig. 7), situated at the western-most extension of the
Neo-Tethys (see Haas et al. 1995), was characterised by
the sedimentation of peritidal Dachstein Limestone
(Ciarapica & Passeri 1990; Buser 1996; Ogorelec & Bu-
ser 1997; Sattler & Schlaf 1999). Margins of the Julian
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- Present distribution of Late Norian facies units in the
eastern Julian Alps (not palinspastically corrected). Full
arrows indicate the recorded direction of platform mar-
gins towards adjacent basins (based on Gianolla et al.
2003; Celarc & Kolar-Jurkoviek 2008; Gianolla et al.
2010; Celarc et al. 2013). Dashed arrows indicate progra-
dation with an unknown direction and rate (Buser et al.
1982; Jurkovsek 1987; Turnsek & Buser 1989; this paper).
Note that the original relationships are strongly obscured

Fig. 7

by Paleogene to recent tectonic movements. For simplifi-
cation, only major structural boundaries are drawn. The
map is based on Placer (1999), Celarc and Kolar-Jurkov-
$ek (2008), and Bavec et al. (2013).

Numbers in brackets indicate the positions of the follow-
ing sections: 1- Jelovica sections (this study), 2- Mt. Slat-
nik section, 3- Mt. Kobla section, 4- Povdnar section
(Rozi¢ et al. 2013).

Abbreviations: BB- Bled Basin; DPP- Dolomia Principale
Platform; MMG- Martuljek Mountain Group (Celarc &
Kolar-Jukovsek 2008); SB- Slovenian Basin; TB- Tarvisio
Basin (see Gianolla et al., 2010).

Platform and its transition to adjacent basins are rarely
preserved due to the intense structural deformation re-
lated to collision of the northern margin of the Adria
plate with the European margin (Kastelic et al. 2008).
Data from the eastern border of the Julian Alps,
namely from the Pokljuka Plateau, suggest progradation
of the platform (Buser et al. 1982; Jurkovsek 1987;
Turnsek & Buser 1989); however, outcropping is poor,
and the basin (Bled Basin sensu Cousin 1981; Gorican et
al. 2012) into which the platform progrades is inade-
quately known. The platform margin is better defined
towards the north, where it is more or less clear that
progradation commenced at the end of the Carnian or
in the lowermost Norian (Lieberman 1978; Ramov$
1985, 1986; Schlaf et al. 1997; Sattler & Schlaf 1999;
De Zanche et al. 2000; Gianolla et al. 2003; Preto et
al. 2005). From the Vrata Valley (Fig. 7) Schlaf et
al. (1997) described a several hundred meters-thick suc-
cession of Tuvalian hemipelagic limestones and lower
Norian slope deposits of the prograding platform fol-
lowed by a short interval of bituminous micritic lime-
stone. These deposits could reflect a short demise in
progradation during the late Lacian (Gawlick & Bshm
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Fig. 8 - Authors view on the late Norian progradation of the Julian Platform towards the Slovenian Basin (based on Bosellini 1984). The

hypothetically fault-controlled margin is chosen based on seismic-scale sections of the Dolomia Principale Platform (Carulli et al.
1998; Cozzi 2002). Povdnar, Mt. Kobla and Mt. Slatnik sections are redrawn from Rozi¢ et al. (2009), Gale et al. (2012), and Rozi¢ et

al. (2013). The reef margin is left out of the illustration.

2000; Krystyn et al. 2009). Finally, clinoforms and plat-
form-top carbonates follow.

Celarc & Kolar-Jurkovsek (2008) dated the tran-
sition from hemipelagic Martuljek platy limestone to
prograding slope and reef margin facies of the Dachstein
platform system in the Martuljek Mountain Group over
a 5-km distance. The difference in age and the clinoform
geometry point at SW-NE directed upper Tuvalian to
lower Norian progradation of the platform at a rate of
1200 m/Myr (Celarc & Kolar-Jurkovsek 2008). This
rate is in agreement with the progradation of the Dolo-
mia Principale Platform over the hemipelagic Carnitza
Formation, recorded in the Cave del Predil area (Lieber-
man 1978; De Zanche et al. 2000; Gianolla et al. 2003;
Preto et al. 2005).

To the south, the platform carbonates are in con-
tact with the strata of the Slovenian Basin along the
prominent west-east-directed Krn thrust-fault (Buser
1987; Placer 1999, 2008). Dachstein-type reefs, located
in the Bohinj Range at the southern border of the Julian
Alps (Buser et al. 1982; Turnsek & Buser 1991; Turnsek
1997), suggest a reef-rimmed margin; however, informa-
tion about the proximal slope itself is missing, and it is
consequently impossible to recognise Norian-Rhaetian
evolution of the (in the present orientation) southern
platform margin. With the new data from the Jelovica
plateau and the previously gathered information from
the proximal Slovenian Basin (Rozi¢ et al. 2009; Gale et
al. 2012), we can now recognise similar pattern of plat-
form evolution to the one recorded in the Northern

Calcareous Alps (Krystyn et al. 2009; Gawlick & Bohm
2000).

The Norian-Rhaetian evolution of the adjacent
Slovenian Basin recorded in sections on Mt. Slatnik,
Mt. Kobla and the Povdnar section is schematically
drawn in Figure 8. In all three sections, the lower, mid-
dle and part of the upper Norian correspond to the
deposition of the Baca dolomite, while the deposition
of the Slatnik Formation began in the late Norian and
lasted until the end of Triassic (Rozi¢ et al. 2009; Gale et
al. 2012; Rozi¢ et al. 2013).

In the Mt. Slatnik section, the lowermost part of
the Slatnik Formation is missing due to a fault, and the
lower part of the Slatnik Formation, dated as Sevatian in
age (see Rozi¢ et al. 2009; Gale et al. 2012; Rozi¢ et al.
2013), thus spans only 15 m of the section. The incom-
plete dolomitisation of the upper 30 m of the Baca do-
lomite below allows the recognition of predominately
thin-bedded wackestone and packstone with sedimen-
tary textures attributable to the Bouma sequence. Up to
5.4 m, thick beds are an amalgamation of thin to med-
ium-thick horizons of wackestone and packstone tex-
tures. In the uppermost part of the Baca dolomite, how-
ever, mudstone texture prevails in up to 40 cm thick
beds. This part of the Baca dolomite presents part of a
weakly pronounced late Norian progradation (Rozi¢ et
al. 2009). Crossing a fault, the dominance of mudstone
and wackestone in medium-thick beds continues in the
Slatnik Formation for another 8 m. Chert nodules and

amalgamation are common. Subordinate coarser-
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grained beds point at occasional sedimentation from
turbidites. In the following 2 m thick part of the se-
quence coarse-grained packstone and fine-grained rud-
stone dominate. Below the Norian-Rhaetian boundary,
set at the lowest occurrence of Misikella posthernstei-
ni (Kozur & Mock), hemipelagics again become more
prominent in a 3.5 m thick amalgamated succession,
interspersed with calciturbidites. Above the Norian-
Rhaetian boundary, a pronounced upward coarsening
and thickening trend culminates approximately 10 m
higher. Up to 3.5 m thick limestone-breccia beds with
reef limestone boulders several metres in size have been
set at the peak of the second prograding cycle by Rozi¢
et al. (2009).

The Slatnik Formation is more complete in its
type locality, the Mt. Kobla section, which is 2.3 km
west of the Mt. Slatnik section. The Norian-Rhaetian
boundary in this section is 73 m above the top of the
Baca dolomite (Rozi¢ et al. 2009; Gale et al. 2012; Rozié
et al. 2013). With the exception of 6 m thick interval of
graded or laminated packstone and convolutely lami-
nated wackestone 28 m above the base of the Slatnik
Formation, the Sevatian part of the Slatnik Formation
predominantly consists of hemipelagic limestone, i.e.,
medium-thick mudstone with chert nodules. The men-
tioned coarser interval marks platform progradation and
is equivalent to the progradation recorded in the upper
part of the Bala dolomite in the Mt. Slatnik section.
Calciturbidite intercalations become increasingly more
frequent from the 68th metre of the Slatnik Formation
upwards, i.e., 5 m below the Norian-Rhaetian bound-
ary. This progradation, correlates to the second progra-
dation in the Mt. Slatnik section and reaches its peak 5
m above the base of the Rhaetian (RoZi¢ et al. 2009).

The Povdnar section is the westernmost of the
three discussed sections from the Slovenian Basin. The
Baca dolomite in the lower part of the section is marked
by an at least 90 m thick succession of dolomitised
debris and/or slump breccias, suggesting a strong tec-
tonic influence in this part of the basin (Gale 2012a).
Following a long covered interval and a few dolostone
beds the upper Norian part of the Slatnik Formation
spans for 20 m. Although three slump levels have been
recorded in this part (Rozi¢ et al. 2013), the hemipelagic
sedimentation is uninterrupted by calciturbidite inter-
calations during the Sevatian, confirming a possible tec-
tonic influence on sedimentation. A strong predomi-
nance of hemipelagic limestone with a few scattered
packstone beds continues throughout the Rhaetian part
of the formation. Thus, there is no sign of the first
progradation phase, recorded in the Mt. Slatnik and
Mt. Kobla sections, and only a very weak signal of
the second, much stronger Rhaetian progradation is ob-
served.

Of the three basinal sections, the Mt. Slatnik
section presents deposition closest to the source area
of calciturbidites, i.e., closest to the Julian Platform. In
contrast, the Povdnar section has the most basinal
character (Rozi¢ et al. 2013). The Jelovica sections
are located even further to the east and in the hanging
wall of the South-Alpine thrust-fault. According to the
geologic map (Fig. 2), the total thickness of the Slatnik
Formation on the Jelovica plateau amounts to approxi-
mately 300 m in the Sevatian. Progradation of the plat-
form, marked by thickening-upward calciturbidites
and a general decline in hemipelagic sedimentation re-
lative to gravity-flows, is evident here. While the late
Norian progradation had little impact on sedimenta-
tion in the Slovenian Basin, platform wedge carbonates
most likely closed the Jelovica part of the basin before
the Rhaetian. According to Krystyn et al. (2009), and
Gawlick & Bshm (2000), platform margin prograda-
tion accelerated in the early Rhaetian along the entire
western border of the Neo-Tethys Ocean. This early
Rhaetian progradation is strongly expressed in the Slo-
venian Basin as the main proximalisation phase of the
Rhaetian.

Conclusions

The Jelovica plateau (W Slovenia) belongs struc-
turally to the Krn (Julian) Nappe, a subunit of the east-
ern Southern Alps. This plateau’s southern slopes record
the transition between two late Triassic palacogeo-
graphic units: the deep-water Slovenian Basin and the
prograding Julian Carbonate Platform. The basinal stra-
ta are represented by the Norian Baca dolomite, while
the Dachstein Limestone was deposited on the platform
in a peritidal environment. The intermediate upper Nor-
ian Slatnik Formation records the transition from the
basin to the prograding platform slope. Basinal sedi-
mentation, represented by mudstone, radiolarian wack-
estone, and filament packstone, is more pronounced in
the lower part of the Slatnik Formation. The proportion
and thickness of calciturbidites, i.e., peloidal-bioclastic
wackestone, graded bioclastic-peloidal packstone and
grainstone, and lithoclastic-bioclastic-intraclastic grain-
stone/rudstone, increases moving upwards, suggesting
progradation of the adjacent carbonate platform. Cipit
boulders and some benthic foraminifera from calcitur-
bidites point at the reef-rimed platform margin. The late
Norian platform progradation is consistent with the
progradation of platforms in the western Neo-Tethys
Ocean during the Norian highstand (Reijmer et al.
1991; Gianolla et al. 1998; Gawlick & Bshm 2000;
Krystyn et al. 2009; Haas et al. 2010b). Progradation
is much more poorly expressed in the deeper parts of
the Slovenian Basin (RoZi¢ et al. 2009; Gale et al. 2012;
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Rozi¢ et al. 2013). The marginal part of the basin, pre-
served on the Jelovica plateau, was completely filled by
prograding platform wedge most likely by the begin-
ning of the Rhaetian.
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