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Abstract

The Raduha section represents a continuation of the research of the Anisian Strelovec Formation in the
Kamnik-Savinja Alps. The Strelovec Formation was deposited during the Anisian on a drowned section of
the Serla Dolomite carbonate platform in a restricted probably outer ramp environment associated with an
intraplatform basin. The base of the section is represented by dolostone breccia containing angular carbonate
lithoclasts of shallow-marine origin. This is followed by alternations of laminated and homogenous hemipelagic
limestones deposited in a restricted and anoxic environment. Hemipelagic sedimentation was occasionally
interrupted by clay input and deposition of sediments from gravity mass flows. Slow filling of the basin lead to
a gradual cessation of anoxic conditions and sedimentation of bedded shallow-marine limestones. After shallow
water conditions were established, bioclastic dolostone of the Contrin Formation was deposited.

Izvleéek

Profil Raduha predstavlja nadaljevanje raziskav anizijske Strelovske formacije v Kamnisko-Savinjskih
Alpah. V aniziju se je na potopljenem delu karbonatne platforme formiral intraplatformni bazen, v katerem
je prislo do sedimentacije Strelovske formacije na verjetno zunanjem delu karbonatne rampe. Profil se pri¢ne
z dolomitno breco s klasti spodaj lezece anizijske karbonatne platforme. Sledi sedimentacija hemipelagi¢nih
plastnatih laminiranih ter homogenih apnencev v hidrodinami¢no mirnem in anoksi¢nem okolju. Umirjene
pogoje sedimentacije so obcasno prekinili gravitacijski tokovi (sinsedimentni zdrsi in turbiditi), ki so vnesli
droben klasti¢ni material s kopnega. S pocasnim zasipavanjem bazenskega okolja pride do postopne prekinitve
anoksi¢nih pogojev ter sedimentacije plastnatih plitvovodnih apnencev, kar nakazuje na popolno zapolnitev
intraplatformnega bazena. Sledi sedimentacija bioklasticnega dolomita zgornjeanizijske Contrinske formacije.

Introduction
teristic for most of the Southern Alps (e.g., Ma-

Kamnik-Savinja Alps are a part of the east-
ern Southern Alps (Placer, 2008) which were in
the Middle Triassic placed at an intertropical
northern latitude of 15°18° (Stefani et al., 2010).
In the Anisian, the area was subjected to the
extensional tectonic phase, probably caused by
regional strike-slip tectonics that are charac-

setti & Neri, 1980; Doglioni, 1987). This resulted
in the formation of blocks with differential sub-
sidence (De Zanche et al., 1993, 1995; Gianolla et
al., 1998; Neri & Stefani, 1998). On the uplifted
(less subsided) blocks shallow-water platform
sedimentation was continuous (Maurer, 20009),
whereas different basinal units deposited on in-
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tensively subsided blocks (Masetti & Neri, 1980;
Farabegoli et al., 1984; Sudiro, 2002; Brack et al.,
2007). A similar synsedimentary Middle Triassic
tectonics are also typical for the nearby Balaton
Highland and Veszprem plateau, located east of
the Southern Alps, where the Anisian Felsoors
Formation deposited on drowning blocks (Haas
& Budai, 1995; Budai & Voros, 2006).

The first evidence for the Middle Triassic
rifting phase in the Kamnik-Savinja Alps are
thin- to medium-bedded bituminous limestones
of the Velika planina member (Gale et al., 2022)
and bedded bituminous carbonates and clastic
rocks of the Strelovec Formation (Celarc, 2004).
Regardless the similarity of facies and macrofos-
sil biota in the Velika planina Member and Stre-
lovec Formation, the relationship is not yet clear.
The Strelovec Formation can be traced over the
entire NE part of the Kamnik-Savinja Alps and
was first defined as a distinct unit by Celarc
(2004). In recent years, excavations in the Stre-
lovec Formation have revealed numerous speci-
mens of macrofossil biota, especially vertebrates.
Most of the vertebrate finds are complete and ar-
ticulated fish fossils (Hitij et al., 2010a; Hitij et
al., 2010b; Tintori et al., 2014), while reptilian re-
mains belonging to ichthyosaurs and pachypleu-
rosaurs are also locally very common (Hitij et al.,
2010a; Hitij et al. 2010b). In addition to vertebrate
fossils, the Strelovec Formation is also known
for finds of various crustaceans (Gaspari¢ et
al., 2019; Laville et al., 2022), including the only
horseshoe crab fossil in the Alpine Triassic de-
posits described by Bicknell et al. (2019), as well
as rare echinoderms, bivalves, and plant remains
(Hitij et al., 2010b). First detailed sedimentologi-
cal study of the Strelovec Formation was carried
out by Miklavc et al. (2016) in the SW part of the

Robanov kot valley (NE part of Kamnik-Savin-
ja Alps). The studied succession was divided into
five lithostratigraphic units probably deposited
in a shallow restricted basin under disoxic to
anoxic conditions. Due to the depositional con-
ditions and later diagenetic processes, namely
dolomitization which occurred at the base and in
the upper parts of the succession, no age-diag-
nostic fossils were found. Based on stratigraphic
position above the shallow-water Serla Dolomite
and below the shallow-water Contrin Formation,
the age of the Strelovec Formation was assigned
from Pelsonian to Illyrian (Celarc et al., 2013).
Due to highly variable thickness and litostratig-
raphy of the formation, additional studies were
necessary. To better understand the sedimentary
environment and evolution of the Strelovec For-
mation, a new detailed stratigraphic section was
logged, including transitions with the under- and
overlying shallow-marine litostratigraphic units
(Serla Dolomite and Contrin Formation).

The aim of this study is to describe and define
different lithostratigraphic units of the studied
succession, sedimentary processes and deposi-
tional environment, and to gain new evidence on
the regional evolution of the Anisian basin in the
NE part of Kamnik-Savinja Alps.

Geological setting

The studied succession is located on the NW
slopes of Mt. Raduha in the NE Kamnik-Savinja
Alps (Fig. 1). The succession is exposed along the
mountain trail from the Grohat Alpine Meadow
(1460 m) towards the top of Mt. Raduha (2062 m).

The Kamnik-Savinja Alps structurally belong
to the eastern part of the Southern Alps (Placer,
2008) (Fig. 1). In the Middle Triassic, the area was
situated at the SW embayment of the Neotethys
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Ocean (e.g., Haas et al., 1995; e.g. Stampfli et
al., 2002; Schmidt et al., 2008). From the late
Permian to the Early Triassic and early Middle
Triassic, the eastern part of the Southern Alps
belonged to the extensive shalow marine shelf,
locally known as the Slovenian Carbonate Plat-
form (Buser, 1989). In the Middle Triassic, during
the rifting phase, the uniform platform was dis-
sected into blocks with different subsidence. The
earliest evidence for the extension is the Anisian
formation of shallow intraplatform basins (Bus-
er, 1989; Bertotti et al., 1993).

The eastern part of the Kamnik-Savinja Alps,
where the studied succession is situated, con-
sists of Triassic sedimentary succesions (Teller,
1898; Seidl, 1908; Mio¢ et al., 1983; Celarc 2003,
2004; Celarc et al., 2013) (Fig. 2), which come
into tectonic contact with Paleozoic rocks along
a steep fault south of Mt. Olseva (Celarc, 2002).
Early stratigraphic subdivision of the area was
given by Mioé¢ et al. (1983). They stated that the
oldest rocks of the investigated area are Lower
Triassic carbonates and siliciclastic rocks of the
Werfen Formation, followed by Anisian massive
crystalline dolomites and Ladinian rocks over-
lain by a Savinja thrust sheet composed of Upper
Triassic massive limestones. Later, Celarc (2003,
2004) proposed a new lithostratigraphic division
of Kamnik-Savinja Alps, in which he proved that
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the Middle Triassic successions are in a normal
contact with the older Werfen Formation, and
that the Savinja thrust does not exist (Fig. 2A).
Triassic sequence on Mt. Raduha starts with Wer-
fen Formation, which is composed of alternating
marlstone, marly limestone, sandstone and oo-
lithic limestone. These rocks are overlain by grey
massive, rarely bedded Lower Serla Dolomite
(Anisian). Both formations belong to the Slove-
nian Carbonate Platform (Buser, 1989). During
the Middle Triassic tectonic phase, the Anisian
carbonate platform was covered by well-bedded
carbonates and clastic rocks of the ?Pelsonian
to Illyrian Strelovec Formation (Miklavc et al.,
2016) (Fig. 2B). After shallow water sedimen-
tation was restored, the Contrin (Illyrian) car-
bonate platform of massive, rarely bedded lime-
stones and dolomites prograded over the basinal
successions (Celarc et al., 2013). Younger Triassic
rocks, mainly represented by red nodular lime-
stone (Loibl Formation), pyroclastics and volca-
nics or carbonate breccia (Uggowitz Formation),
thin-bedded limestone (Buchenstein Formation)
and massive carbonate (Schlern Formation) are
not present on the NW slopes of Mt. Raduha, but
outcrop on the SE slopes of Mt. Raduha and on
the N'W slopes of the Robanov kot valley (Celarc
et al., 2013) west of the study area.

Fig. 2. A) Middle Triassic lithostratigraphic units of NE part of Kamnik-Savinja Alps (Celarc et al., 2013); B) Middle Triassic
stratigraphy on NW slopes of Mt. Raduha (Raduha section is marked with a star).



240 Primoz MIKLAVC & TBogomir CELARC
1] - < o =
£ £ Lithology §§ g § 3
2|5 YY V¥V V V¥
Raduha section
1
M = g “ ° % =~ £
+— - S © - © o
= =|< Lithology EE 8 &5 2
5 2|5 YY ¥V YV V¥
= £ = -+
El=
5L~
- = Y 1
.0
=
m ——
E = ==
° AR
[V "o
v
K =
A
- i
K]
® =
£
i
v o =
$ |2 =
(<]
3 )
& =
: %
=
c
> =
E LEGEND:
10m I I || Bedded limestone 9,9 | Breccia
7 Bedded dolostone Covered
‘qé —+ | Massive limestone = Subplanar lam.
M|~ AR Wavy lam.
= 74 Massive dolostone
2 = . //ZZ/ Folds
3 I, | Dolomitized
omk L limestone ==>> Slumps
% Bedded limestone/ Erosinal
marlstone channels

Fig. 3. Lithological and sedimentological characteristics of the Raduha section.
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Materials and methods

On the NW slopes of Mt. Raduha, a strati-
graphic section of almost perfectly exposed Ani-
sian basinal succession was logged according to
the standard sedimentologic procedure. Visual
description of the exposed sediments was docu-
mented on 1:50 scale graphic log. A total of 25
samples were collected, out of which thin sections
for sedimentological analysis were prepared. The
latter was conducted on Zeiss Axioplan 2 micro-
scope using plane and polarised light. The thin
sections were photographed using a Zeiss Axio-
Cam Hrc camera. Limestones and dolomites were
classified according to Folk (1959) and Dunham
(1962). To better determine and interpret sedi-
mentary textures and structures, eight rock slabs
were polished and then scanned using an Epson
perfection V750 PRO scanner.

Lithostratigraphic units of Raduha section

The Raduha section (46°24’47,54"’; 14°44°20,39”)
(Fig. 3) is 87 m long and is characterised by dark
grey and black laminated to medium bedded bi-

tuminous limestones intercalated with marls
and, in the lower part of the succession with beds
of intraformational breccias. This basin sedi-
ments overlay grey massive brecciated dolostones
of the Serla Dolomite. The uppermost part of the
succession is characterised by a transition from
bedded basinal limestones to light grey massive
dolostones of the Contrin Formation. The section
is divided into four distinct lithostratigraphic
units.

Lithostratigraphic Unit 1: grey massive dolos-
tone breccia, uppermost Serla Dolomite

The base of the Raduha section is 6,9 m thick
and is represented by grey massive dolostone
breccia (Fig. 4A) of Unit 1.

Dolostone breccia in the lower part of the
unit is composed of lithoclasts of shallow water
limestone with microbialite and undetermined
sparitic bioclasts (Fig. 6a). The matrix is com-
posed of microsparite. Only locally are clasts
cemented with calcite spar. In the upper part of

Fig. 4. Lithostratigraphic Units 1 and 2: A) polymictic dolostone breccia of Unit 1; B) polished slab of intraformational breccia of
Unit 2; C) thin- to medium bedded limestone of Unit 2 with laterally variable bed thickness (?hummocky cross-stratification) .



242 Primoz MIKLAVC & TBogomir CELARC

Fig. 5. Lithostratigraphic Unit 3: A) laminated thin- to medium-bedded black limestone; B) polished slab of the laminated
limestone. Note rip-up clasts at the top of the sample (arrow); C) wavy bedding probably caused by movement of the semi-con-
solidated mudstones; D) synsedimentary deformation structures characterised by semi-ductile features.

the unit, clast-supported dolostone breccias are
composed of angular granule- to pebble-sized
micritic limestone and laminated micritic lime-
stone clasts (Fig. 6b). The majority of clasts are
cemented with calcite spar while in parts, mi-
crosparite matrix occurs. Strong fracturing of
the whole rock and of some individual clasts is
common. Some calcite-filled fractures postdate

Lithostratigraphic Unit 2: black laminated
thin bedded limestone intercalated with breccia,
lower part of the Strelovec Formation

Unit 2 with thickness of 26 m overlies Unit
1 with a sharp contact. It is characterised by
black laminated to medium bedded limestones
which are slightly dolomitized in the first 3 m

brecciation. of the unit. Bed thickness ranges from 1 cm to

15 cm, with the exception of a 30 cm thick layer.

Fig. 6. Microfacies of the Raduha section: a) Unit 1; Polymictic dolostone breccia composed of shalow-water clasts. The clasts
are cemented by dolomitized microsparite matrix and calcite spar cement. b) Unit 1; Clast-supported dolostone breccia with
mudstone and laminated mudstone clasts. Matrix is in places composed of microsparite, while most of the clast are cemented
with calcite spar. Fracturing of individual clasts is common. c): Unit 2; Rare foraminifera Trochammina in recrystallised
intra-bioclastic wackestone (turbidite layer). Streaks and seams of amorphous organic component are common. d) Unit 2;
Grain to matrix-supported intraformational breccia. The dominant clasts are mudstones. Note the tightly packed clasts with
boundaries due to pressure solution. Matrix is micrite to microsparite. €) Unit 3; Subplanar laminated mudstone/wackestone.
Note the microrytmitic pattern which is indicated with alternation of micrite (dark) and microsparite (light) laminae. In rare
microsparite laminae, recrystallized, probably detrital grains, oriented parallel to lamination, can be observed (upper part
of the section). f) Unit 3; Bioturbation within bioclastic wackestone with rare ostracods. g) Unit 3; Recrystallized bindstone of
microbial origin. h) Unit 4; Peloidal bioclastic wacke-packstone with peloids, bivalve shell fragments (overgrown by microbial
mats), foraminifers and intraclasts.
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Laterally discontinuous beds of limestones
(?hummocky) are characteristic for the lower
part of the unit (Fig. 4C). Slumps and synsedi-
mentary folds are also common. Limestone in-
tercalates with up to 120 cm thick beds of black
intraformational limestone breccia (Fig. 4B) and
layers of dark grey marlstone.

Limestone is thin to medium bedded and oc-
casionaly subplanar laminated. Two distinct mi-
crofacies types are common for this unit. Peloi-
dal wackestone predominates over recrystallised
intra-bioclastic wackestone (Fig. 6¢). Peloidal
wackestone (grain to matrix ratio of 15:85) is com-
posed of poorly sorted peloids and recrystallised
clasts, which are concentrated in bands paral-
lel to stratification, while silicified bioclasts and
terrigenuos grains of angular quartz are rare. In
recrystallised intra-bioclastic wackestone (grain
to matrix ratio of 30:70) grains are mainly repre-
sented by recrystallized, probably shallow-ma-
rine clasts, peloids and intraclasts. Bioclasts of
unknown origin are subordinate. Foraminifers
are also very rare (Fig. 6¢). Streaks and seams of
amorphous organic matter parallel to lamination
and silicification of small disolution cavities are
also common in this microfacies.

Grain to matrix-supported breccias are inter-
calated within the limestone in the upper 17 m of
the unit. Breccia is polymictic and poorly sort-
ed (Fig. 6d). It is composed of up to 7 cm large,
mostly angular to subrounded lithoclasts. Matrix
is micrite to microsparite with seams of amor-
phous organic matter. Some parts of breccia are
matrix-free and clasts are cemented with sparry
calcite. Sparite-filled fractures indicate fractur-
ing after deposition. Parts of tightly packed clasts
with stylolitic contacts are common. The pre-
dominant lithoclasts are mudstone, while clasts
of bioclastic mudstone and peloidal wackestone
also occur.

Lithostratigraphic Unit 3: black laminated
thin to medium bedded and massive limestone
with intercalated beds of dark grey marlstone
and claystone, upper part of the Strelovec For-
mation

Unit 3 is 50 m thick. In the first 27 m black
laminated thin to medium bedded limestone with
ranging in thickness from 0,5 cm to 50 cm (thick-
er beds of 20 cm to 50 cm predominate in the up-
per part of the unit) (Fig. 5A, B) intercalates with
up to 1 cm thick beds of dark grey marlstone and
claystone. Limestone in places represents later-
ally discontinuous beds. Clearly visible erosion

channels also occur. Slumps and synsedimentary
folds are common (Fig. 5D) while mudstone rip-
up clast are rare (Fig. 5B). The slump structures
(Fig. 5D) are mostly few dm in scale and up to
one meter thick and show evidence for ductile de-
formation of semi-consolidated laminated mud-
stones and brittle deformation of consolidated
material (breccia). The next 9 m of the unit are
represented by massive black limestone which,
especially in the lower part, laterally passes into
poorly stratified limestone. Black laminated to
thin-bedded limestone intercalated with marl-
stone forms the last 15 m of the unit 3.

Thin to medium bedded limestone is subpla-
nar laminated mudstone, wackestone and bio-
clastic mudstone and wackestone. Micritic matrix
predominates in the mudstone microfacies types,
while the grain to matrix ratio in wackestones is
20:80. Subplanar laminae predominate over rare
wavy (Fig. 5C) and wavy discontinuous laminae.
Lamination occurs due to alteration between mi-
crite (dark, enriched in organic matter) and mi-
crosparite or sparitic laminae, which indicates
a microrytmitic pattern of the facies (Fig. 6e).
In rare cases normal grading from microsparite
to micrite occurs. Grains are mainly represent-
ed by various recrystallized grains which are
oriented parallel to lamination (Fig. 6e). Poorly
sorted peloids, intraclasts and ostracods are rare
(Fig. 6f). Pyrite crystals are common while terri-
genuous angular quartz grains are subordinate.
Bioturbation is becoming more common towards
the top of the unit (Fig. 6f) while seams and streaks
of amorphous organic component are decreassing
towards the top of the unit. The uppermost bed
of the unit is slightly recrystallized bindstone of
microbial origin with rare peloids, foraminifers
and bioclasts of unknown origin (Fig. 6g).

7% Contrin Formation

P
P
&

& Strelovec Formation

Fig. 7. Sharp contact (dashed line) of the Strelovec and the
Contrin Formation.
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Massive limestone is characterised by a tran-
sition from poorly stratified mudstone with traces
of subplanar lamination to homogenuous mud-
stone. Micritic matrix predominates. Grains are
represented by recrystallized clast of unknown
origin and rare terrigenous quartz grains. Traces
of bioturbation are very rare, marked by more
coarse sparry calcite infillings of cavities.

Lithostratigraphic Unit 4: bedded and grey
massive dolostone, Contrin Formation

The lowermost 3 m of Unit 4 were logged. The
Contrin Formation begins with brownish-grey
slightly wawy bedded dolostone with bed thick-
ness of 30 cm, followed by light grey massive do-
lostone (Fig. 7).

Medium bedded dolomitic mudstone to wacke-
stone is characterised by wavy and wavy discon-
tinuous micritic laminae. Grains are represented

Raduha

)

by peloids, rare unidentifiable recrystallised bio-
clasts and framboidal pyrite grains.

Massive dolostone is peloidal bioclastic
wackestone and packstone. Grains occupy 30-
40 % of the area and are represented by peloids,
foraminifers, bivalve shell fragments, crinoid
fragments, recrystallized bioclasts and rare in-
traclasts (Fig. 6h).

Depositional environment

Deposition of fine sediments in the Raduha
section, that settled from suspension was occa-
sionally interrupted by slumping. In some cas-
es, slumps evolved into debrites and turbidites
which is evident from mass-flow breccia (Fliigel,
2010) (Fig. 4B) with clasts of deformated and dis-
integrated individual beds (Miklavc et al., 2016).
That these breccias are a product of resedimen-
tation within the same basin is also supported by
predominantly angular (short transport) organic

Slatinski plaz wicav etal, 2016
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Fig. 8. A) Schematic columns of the Raduha and Slatinski plaz sections (Miklave et al., 2016) and their correlation between
lithostratigraphic units; B) Schematic presentation of the depositional environment of the Strelovec Formation. Relative posi-
tion of investigated succession on Mt. Raduha is marked with a star.
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rich mudstone clasts, with the same facies and
texture as underlying beds, within organic-rich
mud matrix.

In most cases of laminated mudstone, which
is dominant in the lower part of the section
(Fig. 5A, B), lamination is subplanar and is most-
ly homogeneous. Some laminae show grading.
Wavy and wavy discontinuous laminations are
rare. In some cases, the channels are cut into the

underlying beds indicating erosional base sur-

face. Erosional surface is also characteristic for
rare laminae containing up to 5 mm in diameter
large mudstone rip-up clasts (Fig. 5B). Within ho-
mogeneous laminae recrystallised platform-de-
rived grains occur and are oriented parallel to
lamination. These characteristics indicate ero-
sion of semi consolidated base sediments and
sedimentation from short-lived events related
to low-density, fine-grained muddy distal tur-
bidites (Piper & Stow, 1991; Shanmugam, 2002;
Stockar, 2010).

Rythmitic interchange of laminated mudstone
and homogeneous mudstone is also very common
for this section. The absence of stratification in
homogeneous beds could be related to the possi-
ble presence of weak oscillating bottom currents
during the deposition of hemipelagic limestone
(Sander, 1989; Bernasconi, 1991) and in the upper
part of the succession could also be interpreted
as the result of bioturbation.

Very common features of the finely laminat-
ed limestones of the Raduha section are relative-
ly high contents of amorphous organic matter,
which occurs in the form of streaks and seams
parallel to lamination, presence of framboidal
pyrite grains, absence of bioturbation in the bas-
al and middle part of the succession and lack of
benthic fauna. These features indicate sedimen-
tation in a restricted reducing, anoxic environ-
ment.

Mostly in the Unit 3, bedded limestones are
intercalated with marls. The periodic input of
fine siliciclastic material could indicate periods
of humidic climate with strong monsoonal activ-
ity (Parrish et al., 1986) which intensified the in-
put of fine-grained material into the basin.

Toward the top of Unit 3 bed thickness in-
creases from few centimeters in the lower part to
a few tens of centimeters in the upper part, indi-
cating shallowing of the basin. Higher up in the
unit, bioturbation and various bioclasts are com-
mon, suggest gradual transition from oxygen-de-
ficient to more oxygenated basin conditions. Dep-
osition of massive grey dolostone with numerous
bioclasts, especially foraminifers and fragments

of molluscs indicate deposition in moderate to
high-energy well-oxygenated subtidal environ-
ment.

In view of the observed microfacies and sed-
imentary structures, the sedimentary succession
was deposited on a deepened part of the Anisian
platform in a restricted distal part of the car-
bonate ramp, often under the influence of eu-
trophic conditions (Fig. 8B).

Discussion

The results of this study suggest that the dep-
ositional system of the Strelovec Formation can
plausibly be described with a carbonate ramp
model linked to an intraplatform basin formed by
disintegration of the Anisian carbonate platform
(Serla Dolomite), with facies types characteris-
tic for subtidal mid- to outer ramp environment.
Ramps are thought to be formed continuously in
tectonic regimes characterised by gentle subsid-
ence (Burchette & Wright, 1992; Duda et al., 2015).

Extensional tectonics and sea- level fluctu-
ations are the most probable controlling fac-
tors in the formation of the intraplatform basin.
Synsedimentary tectonic activity is indicated by
the presence of basal polymictic dolostone brec-
cias with angular shallow-marine lithoclasts
originating from the underlying Serla Dolomite.
Breccias indicate initiation of the tectonically
induced subsidence of the area. However, due
to Cenozoic deformations of the area, the recon-
struction of the geometry of the intraplatform
basin is not possible.

Facies types of the Raduha section indicate
sedimentation of the Strelovec Formation in a
hydrodynamically mostly quiet depositional
environment. Considering the absence of typi-
cal storm-related features, such as hummocky
cross-stratification, and the presence of slumps,
fine-grained muddy distal turbidites, and re-
stricted bottom conditions, the sedimentary suc-
cession was more likely deposited on the outer
part of the ramp, but deposition on middle part
cannot be excluded either. In fact, lateral trunca-
tion of beds is illustrated in Fig. 4C as an exam-
ple of hummocky cross-stratification.

This quiet sedimentation was occasionally in-
terrupted by siliciclastic input and deposition of
sediments from gravity mass flows. Very similar
conditions are characteristic for the Slatinski
plaz section (Miklave et al., 2016) (correlations
between the units of the Raduha and Slatinski
plaz sections can be seen in Fig. 8A), although due
to the greater thickness of the Strelovec Forma-
tion in the Slatinski plaz section, sedimentation
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of this section probably occurred on more distal
parts of the ramp environment, compared to the
Raduha section. The diversified vertebrate fauna
found in Strelovec Formation indicates shallow
basin environment in close connection to carbon-
ate platform with near-shore areas inhabitated
with different fishes, pachypleurosaurs, ichtyo-
saurs, and horseshoe crabs (Hitij et al., 2010;
Stockar, 2010; Cerniansky et al., 2018; Bicknell et
al., 2019; Gale et al., 2022).

Anoxic conditions, recognisable by dispersed
framboidal pyrite and sediment rich in organic
matter (Stockar et al., 2013; Huang et al., 2017),
are characteristic for the outer ramp environ-
ment. The development of poorly oxygenated
conditions could be related to transgressive puls-
es that transported larger amounts of terrestri-
al organic debris into the basin, which was later
consumed by bacteria (Jenkyns, 1980). Tempo-
rary basin anoxic conditions in the lower and
middle part of the Strelovec Formation are in-
dicated by well-preserved primary sedimentary
textures (lamination) and excellent preservation
of vertebrate skeletons (Hitij et al., 2010; Miklave
et al., 2016; Bicknell et al., 2019). Both are possi-
ble due to the absence of bioturbation and scav-
enging of macrofaunal biota. The preservation
of skeletons could also be possible due to the
growth of microbial mats, which prevent early
decay after death (Stockar, 2010). In the Raduha
section, absence of benthic fauna is a further in-
dicator of anoxic conditions. Towards the middle
ramp, transition from anoxic to more oxygenat-
ed conditions is suggested, which is evident from
the lighter colour and absence of organic matter
in the uppermost part of the Slatinski plaz sec-
tion (Miklave et al., 2016) and from bioturbation,
which is evident in the last few meters of the Unit
3 in the Raduha section. Oxygenation of the up-
permost parts of Strelovec Formation is proba-
bly related with shallowing of the basin (Miklave
et al., 2016). Beds of grey to dark marlstone and
claystone indicate periods of increased input of
sliciclastic material into the basin. These peri-
ods could be related to Anisian pulse of humid
climate (Parrish et al., 1986; Stefani et al., 2010)
and tectonic evolution of the area. During humid
period in an otherwise arid and dry Anisian cli-
mate, there was also an increase in the vegetation
of the land areas, as evident from the fossil plant
remains within the Strelovec Formation (Hitij et
al., 2010).

Conclusions

The depositional system of the Raduha sec-
tion can be described as a carbonate ramp. The
subtidal facies types were deposited in a restrict-
ed, mostly hydrodynamically quiet and probably
distal parts of the carbonate ramp, occasionally
disturbed by episodic storm deposits and tecton-
ically induced depositional events (slumps, tur-
bidites), partly under anoxic conditions.

After Anisian extensional tectonics, the do-
lostone breccia of Unit 1 was deposited on the
submerged part of the shallow-water carbonate
platform, represented by the Serla Dolomite. The
Strelovec Formation begins with Unit 2, char-
acterised by mudstone and wackestone depos-
ited from fine-grained muddy turbidites. This
exchange of hemipelagic mudstone and turbid-
ite-derived wackestone was occasionally inter-
rupted by slumps, that formed beds of intraform-
ational breccias, and rare clay-rich interlayers.
In Unit 3, hemipelagic sedimentation continues
with fewer turbidite intercalations and more clay
input. This indicates that the area was more tec-
tonically active during deposition of Unit 2 than
during Unit 3, where there was a greater amount
of gravitational mass-flow deposition. The in-
creased input of fine clastic component in Unit
3 indicates probably more humid climate than in
Unit 2. After deposition of Unit 3, the basin was
successively filled, as reflected by the deposition
of mudstones under more oxygenated conditions
and the progradation of shallow-marine bioclas-
tic dolostones from Contrin Formation.

This paper supports the previous interpreta-
tion by Miklavc et al. (2016) that the Strelovec
Formation in the NE part of the Kamnik-Savinja
Alps deposited in the distal parts of the ramp en-
vironment. However, some outcrops still need to
be investigated to gain a better insight into the
evolution of the carbonate ramp environment of
the intraplatform basin.
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