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Abstract

A sediment infill of a small, late Anisian—earliest Ladinian half-graben, sealed by massive lime-
stone of the Schlern Formation is exposed on the northeastern slopes of Mt. Vernar in the east-
ern Julian Alps, Slovenia. The pre-rift base of the succession is formed by a chaotic mixture of
massive limestone and limestone breccia of the Anisian platform. Sedimentation in the half-gra-
ben started with a 20 m thick thinly bedded pink nodular limestone which is informally named
here as the Vernar member. It consists of microbial carbonate and was probably deposited with-
in the photic zone. The Vernar member is overlain by poorly sorted polymict breccias of the Ug-
gowitz Breccia Formation which reaches a thickness of at least 150 m, but pinches out rapidly
towards the SE graben margin, reflecting the highly asymmetric basin geometry. Individual beds
of breccia represent successive debris flow deposits. The Uggowitz Breccia Formation is fol-
lowed by a few metres of sandstone and sandy limestone of the Buchenstein Formation. The
limestone contains abundant grains of shallow marine origin and terrestrial plant fragments. The
overlying post-rift Schlern Formation consists of crudely bedded and massive limestone, cover-
ing the graben. The consistent NE-SW strike of the graben-bounding faults and of the small-
scale conjugate normal faults observed in the Uggowitz Breccia Formation suggests that the
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deposits

half-graben originated from NW-SE directed extension.

1. INTRODUCTION

During the early and middle Anisian, the western margin of the
Palaeotethys Ocean of the present Dinaric-Carpathian-Alpine re-
gion was characterised by relatively uniform sedimentation
(HAAS etal., 1995; KOVACS et al., 2011). Sea level changes were
strongly expressed in the more landward-located areas, such as in
the present-day central and western Southern Alps (GIANOLLA
etal., 1998; MIETTO et al., 2020), whereas they had limited or
no effect in the more oceanward positioned platform of the pres-
ent-day eastern Southern Alps (BUSER, 1989). The relatively
widespread and uniform sedimentary conditions were terminated
during the late Anisian due to the more vigorous transtensional
tectonics, and a more differentiated topography was established
(BUSER, 1989; HAAS & BUDAI, 1999; BUDAI & VOROS,
2006; BALINI ET AL., 2006; BERRA & CARMINATI, 2010;
STEFANI et al., 2010; VELLEDITS et al., 2011; GAWLICK et
al., 2012; MIETTO et al., 2020; SMIRCIC et al., 2020). Extension
of the upper crust is evidenced in the area of the present-day Ju-
lian, Carnic, and Kamnik-Savinja Alps, as well as in the Kara-
vanke Mts. in the formation of a number of small-scale half-gra-
bens filled with breccia and conglomerate of the so-called
Uggowitz (Ugovizza) Breccia Formation (FARABEGOLI et al.,
1985; VENTURINI, 1990; KOZUR et al., 1994; KRAINER &
LUTZ, 1995; CELARC et al., 2013). The Uggowitz Breccia For-
mation was deposited in a variety of settings and the stratigraphic
successions vary. In the Carnic Alps, it forms the basal part of a
transgressive sequence and is interpreted as a fluvial or deltaic
depositional unit (e.g., FARABEGOLI & LEVANT], 1982; FARA-
BEGOLI et al., 1985; VENTURINI, 1990, 2006). In contrast, in
the Karavanke Mts., in the Julian Alps, and in the Kamnik-

Savinja Alps, the Uggowitz Breccia Formation is under- and over-
lain by deeper-marine sediments (KOZUR etal., 1994; CELARC
etal., 2013). Contemporary regional volcanism added to the litho-
logical diversity resulting from the interplay between tectonics,
sea level changes and carbonate production (BUSER, 1989;
BOSELLINI etal., 2003; MIETTO et al., 2020).

CELARC et al. (2013) described the Uggowitz Breccia For-
mation occurrences in the Kamnik-Savinja Alps, but other expo-
sures in the eastern Southern Alps remain undescribed or are
only briefly mentioned. The aim of this research is to present a
detailed sedimentological analysis of the Uggowitz Breccia For-
mation underlying the Schlern Formation of Mt. Vernar in the
Julian Alps (Slovenia). The succession was briefly mentioned by
JURKOVSEK (1987) and RAMOVS (2000) but was never inves-
tigated in detail. Here, we aim to interpret the mechanism of de-
position and the depositional environment for the described units,
and to offer an interpretation of the basin evolution.

2. GEOLOGICAL SETTING

Mt. Vernar (lat. 46°21'36.25", long. 13°51'46.62") isa 2225 ma.s.l.
high mountain in the Julian Alps, NW Slovenia, a part of the east-
ern Southern Alps (Fig. 1A). The structure of the Julian Alps is
largely governed by the two Alpine thrust systems: the Maas-
trichtian to Eocene SW- to W-vergent Dinaric system, and the
late Oligocene—early Miocene S- to SE-vergent South Alpine
thrusts. Neotectonic NNW-directed shortening starting in the
Late Miocene-Pliocene and produced NW-SE-striking dextral
and NE-SW striking sinistral faults which displace the thrusts
(Fig. 1B) (POLI & ZANFERARRI, 1995; CASTELLARIN &
CANTELLI, 2000; PLACER, 2008; CAPUTO et al., 2010,



2

GORICAN et al., 2018, 2022). Mt. Vernar sits in the Dinaric
Zlatna Klippe, which occupies the highest structural position and
lies over the South Alpine Krn Nappe (Fig. 1B) JURKOVSEK,
1986, 1987; GORICAN et al., 2012, 2018).

Previous research in the Julian Alps and the Kamnik-Savinja
Alps (CELARC et al., 2013) showed that the carbonate platforms
of the eastern South Alpine domain were drowned during the late
Anisian. Locally formed half-grabens were filled with pelagic red
nodular limestone (the Loibl Formation), pyroclastics, and rhyo-
lites or carbonate breccia (the Uggowitz Breccia Formation), and
finally by thin-bedded limestone, grainstone, and subordinate
marl (the Buchenstein Formation). A carbonate platform (the
Schlern Formation) then prograded over the wider area and sealed
the half-grabens (CELARC et al., 2013).

3. MATERIAL AND METHODS

The area of Mt. Vernar and its surroundings was mapped at a
1:5.000 scale. Since a large part of this area is inaccessible due to
rugged alpine terrain, the NE face of Mt. Vernar was also sur-
veyed with an unmanned aerial vehicle (UAV) DJI Phantom 4
Pro and then a 3D model of the exposure was created using Struc-
ture-from-Motion photogrammetry in Metashape Pro modelling
software to get additional insight into the structure and stratigra-
phy of the subvertical sections of the mountain. The stratigraphic
succession of the NE slope of Mt. Vernar was logged and sampled
in four sections. Fifty-eight samples were taken from in-situ beds.
An additional 29 samples were taken from scree deposits. Of
these, 10 samples belong to the Uggowitz Breccia Formation, and
19 are derived from the overlying platform (Schlern Formation).
Samples from the scree were considered only when their origin
was undisputed and only as additional samples. Biostratigraphic
interpretations are not based on these samples. Thin sections of
28 x 47 mm and 75 x 49 mm sizes were made and analysed with
apolarizing microscope. Carbonates were classified according to
DUNHAM (1962), and EMBRY and KLOVAN (1971). As sug-
gested by WRIGHT (1992), we use the term calcimudstone as a
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texture of carbonate rocks as opposed to mudstone used for
siliciclastic rocks. The terminology employed for microbial
carbonate follows RIDING (2000).

4. RESULTS

4.1. General stratigraphy and structure

The logged succession begins with thin-bedded, often nodular
pinkish limestone some 20 m thick, which only outcrops in the
SE part of the exposure (Figs. 2, 3). It is informally named here
as the Vernar member. To the SE, the Vernar member laterally
passes into a chaotic mixture of massive grey limestone and mo-
nomictic breccias, which probably belong to the upper Anisian
Contrin Formation. We interpret this contact as a NW-dipping
low-angle normal fault zone, separating the Vernar member from
the underlying Contrin Formation (Fig. 3A). The pinkish lime-
stone of the Vernar member is cut by Neptunian dykes filled with
polymictic breccia, identical to the breccias of the overlying Ug-
gowitz Breccia Formation. The topmost layers of the Vernar
member overlying the normal fault zone are not affected by fault-
ing, suggesting that the fault was active during sedimentation and
that its activity terminated before the end of deposition of the
Vernar member.

The Vernar member is overlain by a few beds of poorly
sorted polymict breccias of the Uggowitz Breccia Formation
(Figs. 2, 3A). Towards the SE, these beds pinch out entirely.
North-westward, less than 20 m from the Vernar member out-
crop, the thickness of the Uggowitz Breccia Formation rapidly
increases to 35 m (section 2 in Fig. 2), and then to more than 150
m in a large outcrop about 150 m to the NW. The lateral juxtapo-
sition of the Vernar member with the Uggowitz Breccia Forma-
tion in the SE part of the exposure (Fig. 2) implies the existence
of a steep NW-dipping synsedimentary normal fault separating
these two units, which is presently covered by scree. This fault
must have formed after the deposition of the Vernar member but
terminated its activity before the end of the deposition of the Ug-
gowitz Breccia Formation, as the prominent topmost breccia layer

Figure 1. Location of the study area. A: Geographical position of the Julian Alps and of the study area (shown by a red dot). The blue rectangle indicates the map
area shown in Fig. 1B. B: Simplified tectonic map of the eastern Julian Alps (after GORICAN et al., 2018). Data sources: EU-DEM digital elevation model (produced
using Copernicus data and information funded by the European Union), Europe coastline shapefile (European Environmental Agency), and digital elevation mod-
el with 5 x 5 m raster grid, DEM 5, 2006 (Public Information of Slovenia, The Surveying and Mapping Authority of the Republic of Slovenia).
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Figure 2. Oblique aerial view of the ENE face of Mt. Vernar, showing the interpreted geometry of the stratigraphic formations and structures described in this work
(image produced from the photogrammetrically-generated 3D model). The locations of the logged sections described in the text are also shown.

is not transected (Fig. 2). Breccia beds and subordinate beds and
lenses of sandstone in the larger outcrop are cut by numerous
small-scale conjugate normal faults (Fig. 3B). The faults strike
NE-SW and dip towards the SE and NW at around 60°.

The Uggowitz Breccia Formation is vertically succeeded by
approximately 7 m of bedded sandy limestone and sandstone
which we attribute to the Buchenstein Formation. The outcrop of
the Buchenstein Formation is very limited and its NW-ward con-

tinuation is only speculative due to extensive cover by scree de-
posits (Fig. 2). Immediately NW-ward of our study area, green
tuff layers also outcrop (Fig. 2).

The Buchenstein Formation is followed by weakly and dis-
continuously bedded limestone, which passes upwards into the
massive limestone of the Schlern Formation (Figs. 2, 3A).

The pre-Schlern succession is terminated to the NNW by a
NE-SW-striking fault with a ~30 m wide fault zone, which forms

[1 Schlern Fm
[__1 Buchenstein Fm
[ Uggowitz Breccia
[ Vernar member
[ Contrin Fm

Figure 3. Detailed views of the geological structure of the ENE slope of Mt. Vernar in the photogrammetrically-generated 3D model. Refer to Fig. 2 for locations. A:
View of the SE part of the exposure, showing the pinching out of beds and the normal fault controlling the deposition of the Vernar member. Field of view is ro-
tated to better visualize the original depositional geometry. B: Conjugate SE-NW-striking, probably synsedimentary normal faults and fractures cutting the Ug-
gowitz Breccia Formation. Vertical extent of the field of view is approximately 90 m.

roeol) ei1hojos



a prominent narrow gulley in the northern ridge of Mt. Vernar
and dips 65°- 70° towards the SE. We interpret this fault as the
master fault of the Middle Triassic half-graben. The somewhat
curved trace of the master fault in map view suggests that it may
have a listric geometry with the dip angle decreasing downdip,
but this is not clearly visible in the field. On the NNW side of the
master fault a few tens of metres of thin-bedded marly limestone,
dolostone and marlstone of the (middle?) Anisian Strelovec For-
mation are exposed below the basal part of the massive limestone
of the Contrin (?) Formation.

4.2. Description of the lithological units

The succession on the NE slope of Mt. \ernar was logged in four
sections, graphically presented in Figure 4.

The Vernar member was recorded in the lower 15 m of sec-
tion 2 (Fig. 4). Pinkish limestone is divided into beds 5-15 cm
thick, amalgamated in “packages” ranging in thickness from 20
cm to 100 cm (Fig. 5A). Some beds are crosscut by neptunian
dykes some dm thick, filled with breccia, which is identical in
appearance to the breccias described from the Uggowitz Breccia
Formation (Fig. 5B). The limestone is fenestral microbialite
boundstone (Fig. 5C, F) and wackestone/packstone. Microbialite
boundstone (locally representing up to 50% of the rock volume)
comprises clumps of peloidal micrite and structureless leiolite.
Birdseye fenestrae are mostly irregular in shape, a few mm in
size, and in some thin sections represent up to 50% of the sam-
ple. Some are geopetally filled with sediment and cement in the
following order: (1) micrite, (2) silt-sized micrite with rare os-
tracod valves, (3) acicular/fibrous rim cement, with (4) crystal
silt and blocky spar filling the remaining space. Ostracods with
both valves and foraminifers can be found in some of the cement-
filled fenestrae. The wackestone/packstone locally represents up
to 50% of the samples. It contains small pellets, ostracods with
disarticulated or complete carapaces, foraminifers (common En-
dotriada sp., Earlandia sp., Krikoumbilica sp., rarely small
Frondicularia sp., Reophax sp., Endotebanella or Ammobacu-
lites sp., and some undetermined involutinids — see Fig. 5D),
Tubiphytes/Schamovella-like microproblematica, calcimicrobes
in growth positions (Fig. 5E), and sporadically also echinoderms
and gastropods.

The Vernar member is followed by the Uggowitz Breccia
Formation. The latter was recorded in Section 1 (separated from
the wall by scree deposits) in a total thickness of 65 m, whereas
it is only a few metres thick in other sections (Fig. 4). The Ug-
gowitz Breccia Formation is predominantly represented by clast-
supported breccia (Fig. 6). Thinner (5-15 cm) beds and lenses of
carbonate sandstone and mudstone occur subordinate to the brec-
cia beds. Breccia beds are 0.2-5 m thick (Fig. 6A). Bed bounda-
ries are irregular, with clasts often protruding from the upper
bedding plane (Fig. 6B). Several beds display internal layers,
which are in some cases normally or inversely graded (Figs. 6C—
D). Clasts are poorly sorted, ranging in size from 0.5 cm to 0.5
m. They often represent up to 90% of the rock, strongly dominat-
ing over the matrix. Clasts are sub-rounded to angular, with su-
tured, long, and concavo-convex, more rarely tangential contacts.
Between 55% and 95% of clasts are represented by lithoclasts of
carbonate rocks (Fig. 7A), light and dark grey in colour, or with
pink, red, or yellow hues that can be divided into several groups.
The most common microfacies of the carbonate clasts is calci-
mudstone (Group A). Group B includes common lithoclasts of
grainstone to rudstone with bioclasts and lithoclasts of microbi-
alite (Fig. 7B), fenestral peloid grainstone (microbialite), and ho-
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Figure 4. Logged sections. Note that the distribution of the sections in this fig-
ure does not correspond to their stratigraphic order or their lateral relationships.
See Figure 2 for locations. Section coordinates (obtained with GNSS in WGS 84,
September 2019): Section 1: lat. 46°21'47.46", long. 13°51°56.14". Section 2: lat.
46°21'41.98", long. 13°51'50.91". Section 3: lat. 46°21'41.98", long. 13°51'50.17".
Section 4: lat. 46°21°40.59", long. 13°51°47.94".
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Figure 5. Field view and photomicrographs of the Vernar member. A: Field photo of the pinkish nodular limestone. B: Neptunian dyke cutting the pinkish nodular
limestone and filled with breccia. C: Fenestral microbialite boundstone. Thin section 1264. D: Undetermined aragonitic foraminifer. Thin section 1270. E: Calcimi-
crobe in growth position. Thin section 1272. F: Pelletal grainstone (microbialite) with fenestrae. Thin section 1272.

mogenous or laminated microbialite boundstone (leiolite and
stromatolite). The common bioclasts are Tubiphytes/Schamovella
-like microproblematica (including Tubiphytes/Schamovella sp.
and Plexoramea sp.), and cortoids. Less common are ostracods,
brachiopods, bivalves, echinoderms, foraminifers, and dasyclada-
cean algae. The foraminiferal assemblage within the clasts of
Group B consists of Citaella dinarica (Kochansky-Devidé and
Panti¢) (Fig. 7D-E), Pilamminella semiplana (Kochansky-
Devidé and Panti¢) (Fig. 7F), and Endotriadella wirzi (Koehn-
Zaninetti) (Fig. 7G). Completely recrystallised limestone repre-
sents the clasts of Group C, which is next in terms of abundance.
Less common are the lithoclasts of Group D, comprising fenestral
peloid-bioclastic packstone, peloid-bioclastic wackestone, peloid
packstone, and peloid wackestone with a partly washed matrix.
Rare clasts of foraminiferal wackestone (Group E) contain a high
density of the foraminifer Pilammina densa Panti¢ (Figs. 7H).
Fenestral calcimudstone or sparse wackestone with some fora-
minifers and ostracods (Group F), together with filament wacke-
stone, and radiolarian wackestone to packstone (Fig. 7C) (Group

G) are very rare among carbonate clasts. Subordinate to lime-
stone clasts are clasts of red rhyolite, red, and greenish grey pe-
perite, green tuff, light brown, beige and red sandstone, mud-
stone, and clasts of fault breccias. The breccia matrix is sandy,
locally muddy, and represents only 10-30% of the rock. It is com-
monly reddish orange in colour, locally greenish grey. It locally
consists of up to 50% grains of quartz, feldspar (plagioclase), and
some opaque minerals.

Beds and lenses of sandstone and mudstone are subordinate
to the breccia beds, and are between 5 cm and 15 cm thick. Mud-
stone commonly contains small coalified fragments of terrestrial
plants. Sandstone is fine- to coarse-grained. A few beds show
boundary-parallel (horizontal) planar lamination (Fig. 8A). Sand
particles are poorly to moderately sorted, with point, long, con-
cavo-convex, and, in some samples, sutured contacts (Fig. 8B).
Approximately 90% of clasts are carbonate lithoclasts, which
texturally match the prevailing carbonate clasts described from
breccias (see above). Quartz, mica, plagioclase, and opaque
minerals, as well as clasts of volcanic rocks and mudstone are
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Figure 6. Field aspect of breccia within the Uggowitz Breccia Formation. A: Well-expressed bedding. Beds are laterally continuous. B: Upper surface of the breccia
bed. Note the clasts protruding from the upper bed surface, characteristic of the debris flow deposits. C: Amalgamation (along the irregular line) of two (or more)
layers of breccia. D: Stacking of several inversely or normally graded layers of breccia (block rotated by 90° with respect to the bedding). E: Rare example of matrix-

supported breccia.

present in subordinate amounts. The matrix (10-40% of the rock
volume) is micrite or microsparite, locally limonitic.

The uppermost breccia bed shows transitions from a red, to
green-grey, and finally an almost black coloured matrix. The
clasts in these beds are less variable in lithology, represented only
by white, grey, beige, and pink limestone, and lacking clasts of
volcanic and volcaniclastic rocks.

The Buchenstein Formation overlying the Uggowitz Breccia
Formation consists of thin beds of dark brown sandstone and

sandy limestone, which often contains coalified plant fragments.
The sandstone beds range from 4 cm to 20 cm in thickness. The
sandstone is moderately to well sorted (Fig. 9a). Depending on
the amount of micritic carbonate matrix, grains are in point or
long contacts. Angular carbonate lithoclasts predominate: mic-
ritic and microsparitic clasts represent 50% of all clasts, and an
additional 12% of clasts are completely recrystallised limestone.
Clasts of volcaniclastic rocks, quartz, feldspar, and of undeter-
mined opaque minerals represent 35% of clasts. Bioclasts, such
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Figure 7. Clast composition within the Uggowitz Breccia Formation with some important microfacies types and microfossils. A: Grain-supported fabric and poly-
mict clasts. Thin section 1303a. B: Grainstone with bioclasts and microbialite intraclasts. The two largest grains are Tubiphytes/Schamovella-like microproblematica.
Clast from breccia. Thin section 1304. C: Clast of radiolarian wackestone to packstone. Thin section 1293. D-E: Citaella dinarica (Kochansky-Devidé and Panti¢) with-
in a clast. Off-centred section. Thin section 1288. F: Pilamminella semiplana (Kochansky-Devidé and Panti¢) within a clast. Thin section 1297. G: Endotriadella wirzi
(Koehn-Zaninetti) within a clast. Thin section 1293. H: Pilammina densa Panti¢ within a clast. Thin section 1304.

as bivalve and brachiopod shells, gastropods, ostracods, fora-
minifers, and echinoderms are rare, or are only locally more
abundant. Some sandstone beds also contain centimetre-sized
lithoclasts (Fig. 9B). Limestone and sandy limestone beds are
15-25 cm thick. Microfacies types include calcimudstone, lami-
nated calcimudstone, and peloid wackestone, peloid packstone
with partly washed matrix (Fig. 9C), bioclastic-intraclastic pack-
stone (Fig. 9D-E), wackestone with Tubiphytes/Schamovella-like
microproblematica (Fig. 9F), and oncoid rudstone. The calcimud-
stone locally contains a small admixture of silt-sized terrigenous
material, pellets, and a few bioclasts (echinoderms, foraminifers,
ostracods). In addition to peloids, the peloid packstone with partly

washed matrix contains subordinate bivalves, foraminifers (?Tro-
chammina sp., Glomospirella sp., and Endothyracea), echino-
derms, gastropods, and ostracods, as well as small amounts of
fine grains of quartz, feldspar, and volcanics. The bioclastic-in-
traclastic packstone is relatively rich in foraminifers (Fig. 10).
Involutinidae Parvalamella friedli (Kristan-Tollmann) and ?Au-
lotortus? eotriasicus Zaninetti, Rettori and Martini, as well as
Duostominoidea are abundant and well preserved. The specimens
determined as ?Aulotortus? eotriasicus Zaninetti, Rettori, and
Martini are somewhat smaller than the holotype and the para-
types (0.8-1.6 mm in diameter, according to ZANINETTI et al.,
1994), and display glomospiral initial coiling, whereas only small
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Figure 8. Field view and microfacies of sandstone. A: Parallel horizontal lamination. B: Photomicrograph of sandstone from the Uggowitz Breccia Formation. Thin
section 1300.

Figure 9. Microfacies of the Buchenstein Formation. A: Sandstone. Thin section 1256A. B: Large lithoclast in sandstone. Thin section 1802. C: Partly washed peloid
packstone. Thin section 1801. D: Bioclastic-intraclastic packstone. Thin section 1275. E: Bioclastic-intraclastic packstone. The white arrowhead points to Parvala-
mella friedli (Kristan-Tollmann). The black arrowhead with white outline points to ?Aulosina sp. Thin section 1266. F: Wackestone with Tubiphytes/Schamovella-like
microproblematica (arrowhead). Thin section 1253.
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Figure 10. Foraminifers from the Buchenstein Formation. Thin sections, not shown in Fig. 4, are cut from samples collected from the scree deposit. Foraminifera
from these samples are illustrated here solely because of their good preservation. A-C: ?Aulotortus? eotriasicus Zaninetti et al. Note that some specimens appear
biconcave due to stylolitization. Thin sections: 1266 (figs. A, C), 1255 (fig. B). D-E: ?Aulosina sp. Thin sections 1255 (fig. D), 1266 (fig. E). F-G: Lamelliconus ex gr.
ventroplanus (Oberhauser) sensu RETTORI (1995). Thin section 1266 (fig. F). Specimen in figure G is from the sample from scree. H-1: ? Trocholina cf. turris Frentzen.
Note the papillae in the umbilical mass (arrowhead) in fig. I. Thin sections: 1255 (fig. H), 1266 (fig. I). J-K: ?Duostominidae. Sample from scree. L: Duostomina bicon-
vexa Kristan-Tollmann. Arrowheads point to Parvalamella friedli (Kristan-Tollmann). Sample from scree. M: Duostomina alta Kristan-Tollmann. Thin section 1258. N:
?Diplotremina altoconica Kristan-Tollmann. Thin section 1266. O: Parvalamella friedli (Kristan-Tollmann). Sample from scree.

deviations from the planispiral coiling have been observed in the
type material of this species (ZANINETTI et al., 1994). The bi-
concave shape of some specimens (e.g., Figs. 10A, D) is probably
due to stylolitization and is not a primary characteristic of them.
Other important species from this microfacies include Lamelli-
conus ex gr. ventroplanus (Oberhauser) sensu (RETTORI, 1995),
?Aulosina sp., and ?Trocholina cf. turris Frentzen. Other bioclasts
present include bivalve shells, echinoderms, gastropods, ostra-
cods, and Tubiphytes/Schamovella-like microproblematica. Some
limestone beds become progressively sandier towards the top,
and a few end with a horizon of mud-supported breccia. One
limestone bed was found to hold small, disarticulated bivalves on
the upper bedding plane.

Transition from the Buchenstein Formation to the Schlern
Formation is through several beds 25-80 cm thick in total thick-
ness of 6 m. Light grey limestone is texturally poorly sorted bio-
clastic wackestone (Fig. 11A), intraclastic-bioclastic grainstone,
and oncoid rudstone (Fig. 11B,C). The wackestone contains cor-
toids, echinoderms, bryozoans, gastropods, bivalves, ostracods,
and foraminifers (’Ammobaculites sp., Endothyracea, Trocham-
mina almtalensis Koehn-Zaninetti). Micritic intraclasts predom-
inate in the intraclastic-bioclastic grainstone. Thalamid and other
sponges, Tubiphytes/Schamovella-like microproblematica, dasy-
cladacean algae (Fig. 11D), bivalves, echinoderms, foraminifers,

and ostracods are present. Foraminifers include Ammobaculites
sp. or Endotebanella sp. (“Earlandinita oberhauseri Salaj” =
“Earlandinita elongata Salaj” in SALAJ et al. 1967) (Fig. 11E),
Reophax sp., Endothyracea, Endotriadella wirzi (Koehn-Zani-
netti) (Fig. 11F), ?“Tetrataxis” nanus Kristan, and Duostomi-
noidea. Massive limestone prevails upwards forming near-verti-
cal walls that could not be sampled in situ.

5. DISCUSSION

We interpret the structure of the NE slope of Mt. Vernar as a Mid-
dle Triassic half-graben with its sediment infill thickening North-
westward towards the NE-SW-striking master fault and pinching
out towards the SE edge of the half-graben (Fig. 2). The master
fault was also (re)activated after the sedimentation of the Anisian
Mt. Vernar succession, as a significant vertical slip can be deter-
mined from the elevated position of the Contrin (?) Formation on
the other side of the master fault. From the consistent NE-SW
strike of the bounding faults and of the conjugate extensional
faults and fractures within the half-graben we conclude that the
half-graben formed during NW-SE oriented extension (in pre-
sent-day reference frame).

The recorded succession is comparable, though not com-
pletely identical to some other examples of graben-filling succes-
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Figure 11. Microfacies of the Schlern Formation. A: Bioclastic wackestone. Thin section 1807. B: Intraclastic-bioclastic grainstone. Thin section 1251. C: Intraclastic-
bioclastic grainstone. Thin section 1261. D: Dasycladacean algae in intraclastic-bioclastic grainstone. Thin section 1262. E: Ammobaculites sp. or Endotebanella sp.
(“Earlandinita oberhauseri Salaj” ="Earlandinita elongata Salaj” in SALAJ et al., 1967). Thin section 1267. F: Endotriadella wirzi (Koehn-Zaninetti). Thin section 1267.

sions from the Julian and the Kamnik-Savinja Alps occurring
within the late Anisian—early Ladinian time interval (CELARC
et al., 2013). The most notable difference is that the Uggowitz
Breccia Formation on the slopes of Mt. Vernar is not underlain
by the radiolarian-rich Loibl Formation. Instead, the limestone
of the Vernar member below the Uggowitz Breccia Formation is
riddled with fenestrae, which seem to be either constructional or
are the product of early diagenesis (the late diagenetic origin of
fenestrae can be excluded based on ostracods found within the
micrite filling the fenestrae). Based on the presence of calcimi-
crobes in growth position, we suggest that deposition still took
place within the photic zone. The normal fault zone between the
massive limestone of the Contrin (?) Formation and the Vernar
member indicates formation of a shallower basin, filled with the
nodular limestone prior to formation of the much steeper fault
and deposition of the Uggowitz Breccia Formation. The timing
of the deposition of the Uggowitz Breccia Formation has to be
estimated on the basis of superposition and/or the age of the
youngest clasts found in the breccia. Whereas most limestone
clasts with fossils are middle to late Anisian in age (based on the
foraminifera Citaella dinarica, Pilamminella semiplana, Endo-
triadella wirzi, and Pilammina densa; see RETTORI, 1995), the
limestone clasts with radiolarians and filaments probably origi-
nate from the Loibl Formation, which has been dated in the Kam-
nik-Savinja Alps to the lllyrian (KOLAR-JURKOVSEK, 1983;
PETEK, 1998; BUSER et al., 2008; CELARC et al., 2013). Based
on these clasts, the Uggowitz Breccia below Mt. Vernar was most
likely deposited during the Illyrian or somewhat later. This is in
accordance with the sequence chronostratigraphic scheme for the

northern Julian Alps by GIANOLLA et al. (1998), and previous
research by CELARC et al. (2013).

The large proportion of clasts (up to 90% of the rock volume),
their poor sorting, the presence of internal layering, inverse and
normal grading, and especially the irregular nature of the upper
bedding planes, which are studded by protruding clasts, suggests
that breccias within the Uggowitz Breccia Formation are debris
flow deposits (SOHN, 2000; PROTHERO & SCHWAB, 2013).
The internal layering observed within the individual beds of brec-
ciaresults from the stacking of several debris-flow surges (SOHN,
2000). The subordinate beds of sandstone were probably depos-
ited by turbidity currents generated by flow transformation of the
gravelly debris flow (MOHRIG et al., 1998; SOHN, 2000). The
deposition of the Uggowitz Breccia Formation within a sub-
merged half-graben fits either the coastal marine gulf basin or the
coastal/shelf basin with carbonate facies model, or both, since the
first can evolve into the latter (LEEDER & GAWTHORPE,
1987). According to the coastal marine gulf and coastal/shelf ba-
sins, breccias represent footwall submarine fans and/or peri-plat-
form talus generated through slumping and debris flow mecha-
nisms.

The Buchenstein Formation of the logged section was also
deposited in a marine environment, as evidenced by the common
presence of foraminifers and echinoderms. We interpret these
clasts as redeposited material of shallower origin. Bioclasts of
shallow-marine origin, most notably dasycladacean algae and
corals, also predominate within the Buchenstein Formation in
half-grabens previously documented by CELARC et al. (2013).
The concomitant occurrence of terrestrial plant fragments and
sandy terrigenous material suggests close proximity to the coast,
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although small plant fragments may be transported far from the
shore either as floating material or via turbidity currents. Lenses
and thin tongues of pebble to cobble size clasts in some limestone
beds could represent terminations of lower-viscosity debris flows
in a subaqueous environment (NEMEC & STEEL, 1984).

The Schlern Formation formed as a carbonate platform un-
der subtidal conditions and is free from terrigenous input. This
suggests a migration of the coastline landwards and the relative
rise of sea level. Recorded foraminifera are of insufficient strati-
graphic resolution or have insufficiently defined timespans to de-
termine their precise age. According to GIANOLLA et al. (1998)
and MIETTO et al. (2020), the base of the Schlern Formation is
latest Illyrian to Fassanian in age.

6. CONCLUSIONS

The stratigraphic succession below Mt. Vernar in the Julian Alps
represents a sedimentary fill of a half-graben formed during crus-
tal extension at the end of the Anisian. The beginning of exten-
sion is marked by the formation of a low-angle normal fault zone
and deposition of the Vernar member, filling the newly created
basin and stepping over the fault scarp. The deposition of the Ver-
nar member probably took place within the photic zone. Follow-
ing deposition of the Vernar member, a steeper fault created a
deeper half-graben extending in the present-day NE-SW direc-
tion. The sedimentary infill of this half-graben comprises the Ug-
gowitz Breccia Formation and the Buchenstein Formation. The
latter is overlain by the prograding carbonate platform of the
Schlern Formation. The recorded succession is similar to previ-
ously recorded examples from the Kamnik-Savinja Alps, the Ju-
lian Alps, the Karavanke Mts., and the External Dinarides, where
the Uggowitz Breccia Formation is under- and overlain by plat-
form carbonates. The Uggowitz Breccia from the Carnic Alps, in
contrast, was deposited on top of a more substantial unconformity
and is instead interpreted as a fluvial or paralic deposit, forming
the base of a new transgression.
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