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Abstract

The uppermost Ladinian to Lower Jurassic Zatrnik Formation is the lithostratigraphic unit of the Mesozoic 
deeper marine Bled Basin. The uppermost part of the Zatrnik Formation and the transition into the overlying 
Ribnica Breccia was logged at the Zajamniki mountain pasture on the Pokljuka mountain plateau in the 
Julian Alps. The lowermost part the section belongs to the “classical” Zatrnik Formation and is dominated 
by beige micritic limestone and fine-grained calcarenite. Foraminifers Siphovalvulina, ?Everticyclammina, 
?Mesoendothyra and ?Pseudopfenderina are present, indicating Early Jurassic age. The beige limestone is 
followed by light pink limestone of the uppermost Zatrnik Formation. Slumps are common in this interval, and 
crinoids are abundant. Alongside some species already present in beds lower in the succession, Meandrovoluta 
asiagoensis Fugagnoli & Rettori, Trocholina sp., Valvulinidae, small Textulariidae, Lagenida, and small 
?Ophthalmidium also occur in this interval. Resedimented limestone predominates through the studied part 
of the Zatrnik Formation, indicating deposition on the slope or at the foot of the slope of the basin. The switch 
to crinoid-rich facies within the slumped interval of the Zatrnik Formation may reflect accelerated subsidence 
of the margins of the Julian Carbonate Platform in the Pliensbachian. The Zatrnik Formation is followed by 
the formation of the Pliensbachian (?) Ribnica Breccia. Impregnations of ferromanganese oxides, violet colour, 
and an increase in clay content are characteristic. The foraminiferal assemblage consists of Lenticulina, small 
elongated Lagenida, and epistominids. Individual beds of the Ribnica Breccia were deposited via debris flows. 
Enrichments in ferromanganese oxides point to slower sedimentation.

Izvleček

Zgornjeladinijska do spodnjejurska Zatrniška formacija je značilna litostratigrafska enota mezozojskega 
Blejskega bazena. Zgornji del Zatrniške formacije in prehod v mlajšo Ribniško brečo smo posneli na planini 
Zajamniki na Pokljuki. Najnižji del posnetega zaporedja pripada “klasičnemu” delu Zatrniške formacije. 
Najpogostejši litologiji v tem delu sta mikritni apnenec bež barve in drobnozrnat kalkarenit. Določene so 
bile foraminifere Siphovalvulina, ?Everticyclammina, ?Mesoendothyra in ?Pseudopfenderina, ki dokazujejo 
zgodnjejursko starost. “Klasičnemu” delu Zatrniške formacije sledi svetlo rožnat apnenec, ki še vedno 
pripada Zatrniški formaciji. Za ta interval so značilne strukture podvodnega plazenja. Pogosti, v nekaterih 
plasteh prevladujoči, so delci morskih lilij. Poleg že prej omenjenih rodov foraminifer, so tukaj prisotne še 
Meandrovoluta asiagoensis Fugagnoli & Rettori, Trocholina sp., Valvulinidae, drobne Textulariidae, Lagenida, 
in drobni ?Ophthalmidium. Resedimenti, ki prevladujejo v obeh posnetih delih Zatrniške formacije, kažejo na 
sedimentacijo na pobočju ali ob vznožju pobočja. Prehod v rožnat apnenec s pogostimi sledovi plazenja in obilico 
ploščic morskih lilij bi lahko odražal pospešeno pogrezanje robov Julijske karbonatne platforme v pliensbachiju. 
Zatrniški formaciji sledi formacija pliensbachijske (?) Ribniške breče. Značilne so impregnacije z železovo-
manganovimi oksidi, vijolična barva kamnine in večja količina glinene primesi. Foraminiferno združbo 
sestavljajo Lenticulina, drobne razpotegnjene Lagenida in epistominide. Plasti Ribničke breče so bile odložene z 
drobirskimi tokovi. Obogatitve z železovo-manganovimi oksidi kažejo na počasnejšo sedimentacijo. 
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Introduction

The Middle Triassic regional extension of the 
continental crust at the western margin of the 
Neotethys Ocean resulted in the formation of nu-
merous intraplatform basins separated by topo-
graphic highs and platforms (Buser, 1989, 1996; 
Bosellini et al., 2003; Kovács et al., 2011). Al-
though by the early Carnian most of the smaller 
basins were already filled with sediments of pro-
grading platforms and/or clastic deposits (Bosel-
lini et al., 2003; Breda et al., 2009; Breda & Preto, 
2011), deeper marine sedimentation continued in 
the Tolmin (sensu Cousin, 1981; see explanation 
in Goričan et al., 2012) and Bled basins (Cousin, 
1981; Goričan et al., 2012), while another major 
Triassic basin, the Tarvisio Basin, was addition-
ally established during the Carnian (Gianolla et 
al., 2010; Gale et al., 2015). 

The least known of the three major Triassic 
basins in the eastern Southern Alps is the Bled 
Basin, which was established on the basis of the 
continuous, upper Anisian to Hauterivian deep-
er marine succession preserved in the Pokljuka 
Nappe and exposed on the Pokljuka Mountain 
Plateau and in the surroundings of Bled (Cous-
in, 1981; Kukoč et al., 2012; Goričan et al., 2012; 
Kukoć, 2014; Goričan et al., 2018). From the lat-
est Ladinian to the Early Jurassic, a unit con-
sisting largely of thin- to medium-thick beds of 
limestone with chert nodules several hundreds 
of meters thick, known as the Zatrnik Forma-
tion, was deposited. This lithostratigraphic unit 
was first mentioned by Diener (1884), and then 
by Härtel (1920), and Budkovič (1978). The name 
presently used was introduced by Cousin (1981), 
but later authors also referred to this unit as 
Pokljuka Limestone or the Pokljuka Formation 
(Dozet & Buser, 2009, with references). The latest 
Ladinian to Norian age of the lower and middle 
part of the Zatrnik Formation was determined 
on the basis of bivalves (Buser, 1980), radiolar-
ians (Gale et al., 2019), and conodonts (Kolar- 
Jurkovšek et al., 1983; Ramovš, 1986, 1998; Gale 
et al., 2019). The uppermost part of the Zatrnik 
Formation differs from the rest of the forma-
tion in the abundance of echinoderm debris (the 
“Hierlatz facies” in Budkovič, 1978). The Early 
Jurassic age of this facies was previously de-
termined on the basis of brachiopods, ammo-
nites, bivalves, fish remains, and foraminifer  
Involutina liassica (Jones) (Härtel, 1920; Bud-
kovič, 1978). However, more detailed sedimen-
tological and biostratigraphic research of the 
upper part of the Zatrnik Formation was never 
performed. 

The uppermost part of the Zatrnik Formation 
is located below the Javorski vrh peak, SE of the 
Zajamniki mountain pasture in what we refer to 
here as the Zajamniki section. The upper part 
of this section was previously described by Ku-
koč (2014) in an unpublished thesis. The section 
starts with the micritic limestone-dominated 
“classical” Zatrnik Formation, spans the “Hier-
latz facies” of the Zatrnik Formation, and ends 
with the Ribnica Breccia overlying the Zatrnik 
Formation. This paper presents the sedimento-
logical and micropaleontological analysis of the 
logged section, thereby providing some new in-
formation on the evolution and sedimentary dy-
namics of the Bled Basin. 

Geological Setting and Lithostratigraphy

Structurally, the area of the Pokljuka plateau 
belongs to the Southern Alps (Placer, 2008), more 
precisely, to the Pokljuka Nappe (Buser, 1986). 
The Pokljuka Nappe is thought to have formed 
during Dinaric thrusting and is positioned above 
the Krn Nappe, which is characterised by a thick 
succession of Triassic to Lower Jurassic shallow 
marine carbonates, followed by Middle Juras-
sic – Cretaceous condensed carbonates (Šmuc, 
2005; Šmuc & Rožič, 2010). The primary thrust 
contacts of the Pokljuka Nappe are completely 
obliterated by post-thrust faults, and the plat-
form and the basin contacts are along NW-SE 
and NW-SE-directed steep faults (Goričan et al., 
2018). As already mentioned, the Pokljuka Nappe 
comprises a continuous Anisian to Hauterivian 
basinal succession (Fig. 2). The succession above 
the Zatrnik Formation continues with the Ribni-
ca Breccia unit. Its Pliensbachian age was deter-
mined on the basis of the foraminifer Involutina 
liassica (Jones) found in clasts and the regional 
comparison (Kukoč, 2014; Goričan et al., 2012). 
The succession continues with the uppermost 
Bajocian- lower Tithonian radiolarite, which is 
succeeded in turn by upper Tithonian - ? Berria-
sian Biancone (calpionellid) limestone with chert 
nodules and marl interlayers. The calpionellid 
limestone is overlain by the Bohinj Formation 
(Kukoč et al., 2012), comprising limestone brec-
cia, and calcarenite. Finally, the ?upper Berria-
sian - Hauterivian flysch-type succession follows 
(Fig. 2). This succession is informally divided 
into two parts. The lower part consists of pelagic 
limestone with marl interlayers and calarenites. 
The upper part (Studor Formation) is character-
ized by the presence of sandstone beds increas-
ing in proportion towards the top (Kukoč, 2014; 
Goričan et al. 2018). Ophiolitic detritus is present 
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from the Bohinj Formation upwards, indicating 
the ocean-ward position of the Bled Basin (Ku-
koč et al., 2012; Goričan et al., 2012, 2018).

The studied Zajamniki section is located on 
the southern slopes of the Pokljuka mountain 
plateau (1000–1600 m.a.s.l.) in the eastern part of 

the Julian Alps in NW Slovenia (Fig. 1). The sec-
tion starts at 46°18’33.24” lat., 13°56’24.86” long., 
and ends at 46°18’30.33” lat., 13°56’29.21” long. 
On the basis of the geological map, published in 
Goričan et al. (2018), the succession is in over-
turned position.

Fig. 1. Geographic and structural position of the studied section. a) Structural subdivision of the Alpine-Dinaric-Pannonian 
Transition Zone (after Placer, 2008); b) Structure of the central Julian Alps (after Goričan et al., 2018) with the position of the 
Zajamniki section marked with a star symbol.
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Materials and methods

The sedimentological investigation of the 
logged section is based on 57 thin sections 47 × 
28 mm in size. Fine-grained calcarenite was 
sampled rather than mudstone varieties, so there 
is some bias to the described microfacies as-
semblage. Carbonates were classified according 
to classification by Dunham (1962). When add-
ing components to the textural name, we follow 
suggestion by Wright (1992) and name the pre-
dominant grain type first. Point-counting of 300 
points in a random grid was performed in JMi-
croVision v1.2.7 (Copyright 2002–2008 Nicolas 
Roduit) software. Due to the assumed latest Tri-
assic age for the lower part of the logged succes-
sion, five standard-size conodont samples were 
taken. They were treated in diluted (cca. 8%) ace-
tic acid at the Geological Survey of Slovenia. All 
conodont samples were negative.  

Lithological description

The total stratigraphic thickness of the Za-
jamniki section measures approximately 75 m 
(Figs. 3, 4a). It is divided into three parts: the 
“classical” Zatrnik Formation (up to 25.8 m), the 
“Hierlatz facies” of the Zatrnik Formation (from 
25.8 to 72.0 m), and the Ribnica Breccia (above 
72 m). The “classical” Zatrnik Formation is domi-
nated by beige-coloured, predominantly medium 
bedded micritic (mudstone to very fine-grained 
packstone and grainstone) limestone (Fig. 4b). 
Chert nodules represent up to 30 % of the rock, 
with the exception of two thinner beds, which 
are completely silicified. Amalgamation surfac-
es are common. In addition to micritic limestone, 
two very thick beds of clast-supported breccia 
(rudstone?) are present in the lowermost part 
in beds up to 3.3 m thick. Breccia is normally 
graded. Clasts are moderately sorted. Clasts are 
beige, grey, and pale pink in colour, in compo-
sitions corresponding to the underlying litholo-
gies. Matrix is subordinate and ochre in colour. 
Medium-thick beds of fine-grained calcarenite 
predominate over micritic limestone between 
the 16th and 21st metres of the section. Microfa-
cies types from this first part of the section are 
dense intraclastic-bioclastic wackestone to pack-
stone (MF1), bioclastic-pelletal packstone (MF2), 
peloid packstone (MF3), intraclastic grainstone 
(MF4), and poorly sorted intraclastic packstone 
to floatstone (MF5) (Table 1; Fig. 5). 

The “classical” Zatrnik Formation is followed 
by a thick slumped (Fig. 4c) interval of micrit-
ic and crinoid-rich limestone which is strongly 
silicified in some parts. Such lithology was pre-

Fig. 2. Lithostratigraphic column of the Bled Basin. Modified 
after Goričan et al. (2018).
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Fig. 3. Sedimentological log of the Zajamniki section. Numbers to the right of the lithology represent thin section numbers. The 
microfacies type is written in brackets next to the thin section number. For a description of microfacies types see Tables 1–3.

Sedimentological and paleontological analysis of the Lower Jurassic part of the Zatrnik Formation on the Pokljuka plateau
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MF type Description Figures

dense intraclastic-
bioclastic 
wackestone, 
locally packstone
(MF1)

Grains occupy 35 – 40 % of the area of view. They are medium sorted, in some samples poorly 
sorted due to the presence of larger intraclasts, calcimicrobes and large echinoderm ossicles. 
Micritic intraclasts (peloids) predominate among grains. They are subangular to subround-
ed. Only approximately 5 % of the volume is occupied by echinoderm plates, foraminifers, 
calcimicrobes, fragments of brachiopods, Tubiphytes-like microproblematica. Some echi-
noderm plates show small borings near their margins. Echinoderm plates are rimmed by 
syntaxial cement. 

4a

bioclastic-pelletal 
packstone
(MF2)

While some samples show vague parallel lamination, others appear bioturbated. Micritic ma-
trix is full of small pellets. Highly notable are particles of calcite monocrystals, which are 
the largest particles in this MF. They are locally abundant enough to be in point-contacts 
and forming a great proportion of the rock (in fact, gradually passing into intraclastic-cri-
noid packstone). They are of various sizes (largest 0.85 mm), randomly oriented, and angu-
lar. Brownish inner parts are visible in some, probably representing echinoderm fragments, 
later overgrown by calcite. Many of them, however, cannot be determined. Ostracods, small 
foraminifers (nodosariids, Lenticulina, Textulariidae, Ophthalmidiidae) are rare. Sponge 
spicules are locally present. Fossils are mostly fragmented and/or disarticulated. Thin sec-
tion 1694 also contains a singular angular clast of chert. Echinoderm plates are rimmed by 
syntaxial cement. 

4b

peloid packstone
(MF3)

Some samples show bioturbations, where peloid packstone intermixes with mudstone. Peloids 
occupy 44 % of area. They are very well sorted and in point contacts. Most are 0.08 – 0.1 mm 
in size. Echinoderm plates represent 4% of the area, and thalli of Thaumatoporella and for-
aminifers each 1 %. The latter include Valvulinidae, Siphovalvulina sp., ?Radoicicina sp., 
Earlandia sp., glomospiral forms, and “Agerina”. Also rare are calcimicrobes and ostracods.  

4c

intraclastic 
grainstone
(MF4)

Grains represent 50 % of the area. Sorting is medium to very good. Wide laminae, differing 
in size grains are visible. Small micritic intraclasts represent most of the grains. They are 
subangular to subrounded. Foraminifers (Siphovalvulina sp., Textulariidae, Valvulinidae, 
Gaudryina sp., Earlandia sp., Meandrovoluta asiagoensis Fugagnoli & Rettori), spari-
tic particles, echinoderms, ostracods, calcimicrobes, and Thaumatoporella are very rare. 
Intergranular space is filled with drusy mosaic spar.  

4d

poorly sorted 
intraclastic pac-
kstone, locally 
floatstone
(MF5)

Grains are poorly sorted. Large calcimicrobes, micritic intraclasts, and also some echino-
derm plates are over 2 mm long, and the largest reach 4.2 mm in size. Grains are chaotically 
distributed, floating or supporting each other in wackestone and packstone matrix. Besides 
the clasts mentioned, Thaumatoporella, brachiopod fragments, foraminifers (Pfenderinidae, 
Reophax sp., Siphovalvulina gibraltarensis Boudagher-Fadel, Rose, Bosence & Lord, 
Everticyclammina ? sp.), sponge fragments, and gastropods are present. Echinoderm plates 
are rimmed by syntaxial cement. 

4e

Table 1. Descriptions of microfacies (MF) types of the upper Zatrnik Formation from the first 26 m of the Zajamniki section.

Fig. 4. Field photographs of the section. a: View on the section from the contact with the Ribnica Breccia (hammer). b: Micritic 
limestones of the Zatrnik Formation. c: Slump scar and slump breccia. d: Silicified limestone of the “Hierlatz facies”. e: Contact 
with the Ribnica Breccia. 
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viously marked as the “Hierlatz facies” (Goričan 
et al., 2012), or as the upper part of the Zatrnik 
Formation, rich in echinoderms (Kukoč, 2014; 
Goričan et al., 2018). The base of the “Hierlatz 
facies” is here set at the change in colour (beige 
colour is substituted by light pink). Thin beds 
dominate. Parallel lamination is preserved in 
completely silicified medium thick beds between 
the 61st and 63rd meters of the section (Fig. 4d). A 
sealed paleofault or slump scar outcrops at the 
63rd meter. Here, the fine-grained limestone beds 
are downfolded and chert nodules brecciated. 
The space on the other side of the discontinuity 

is filled by bedded coarse calcarenite. In addi-
tion to the already described peloid packstone, 
dense intraclastic-bioclastic wackestone to pack-
stone, and bioclastic-pelletal packstone, the mi-
crofacies assemblage in this part of the section 
also comprises partly washed intraclastic-oolitic 
packstone (MF6), intraclastic-oolitic packstone 
and grainstone (MF7), filament-bioclastic-pelle-
tal packstone (MF8), and crinoid-intraclastic 
packstone and rudstone (MF9) (Table 2; Fig. 6). 

The uppermost 2.2 m of the section belong to 
the Ribnica Breccia. Impregnations with Fe-Mn 
oxides start at the upper bedding plane of the 

Fig. 5. Microfacies types of the upper Zatrnik Formation from the first 26th meters of the Zajamniki section. a: Dense intra-
clastic-bioclastic wackestone, locally packstone. Thin section 1746. b: Bioclastic-pelletal packstone. Thin section 1715. c: 
Peloid packstone. Thin section 1744. d: Intraclastic grainstone. Thin section 1740. e: Poorly sorted intraclastic floatstone. Thin 
section 1747.

Sedimentological and paleontological analysis of the Lower Jurassic part of the Zatrnik Formation on the Pokljuka plateau
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slumped limestone at the 72nd meter (Fig. 4e). In 
addition to Fe-Mn impregnations, characteris-
tic features of this interval include violet colour 
and a higher clay content. The first bed above 
the slumped interval is marly crinoid limestone. 
This is followed by 20 cm of marlstone and chert, 
which includes clasts of limestone, and poor-
ly-sorted polymictic clast-supported breccia one 
meter thick. Angular clasts range from 4 mm to 
10 cm in size, with the bulk of them approximate-
ly 2 cm in size. They are in stilolitic contacts. Ma-
trix is subordinate to clasts and red in colour. 

The prominent breccia bed is followed by thinner 
beds of marlstone, marly crinoid limestone, grad-
ed calcarenite, and fine-grained breccia. The last 
three beds in the section are yellowish in colour. 
The microfacies assemblage of this unit consists 
of crinoid-intraclastic packstone and rudstone, 
already described from lower parts of the sec-
tion, and new microfacies types, which comprise 
bioclastic wackestone to packstone (MF10), fil-
ament packstone or rudstone (MF11), intraclas-
tic-crinoid wackestone (MF12), and stylolitised 
intraclastic rudstone (MF13) (Table 3; Fig. 7). 

MF type Description Figures

partly washed 
intraclastic-oolitic 
packstone
(MF6)

Packstone of this type appears more poorly sorted and with much less intergranular 
cement than in intraclastic-oolitic packstone and grainstone, but the general compo-
sition of the two is similar. Grains represent 70 % of the area. They are mostly in point 
contacts, some in long or concavo-convex contacts. Sorting is poor, with most grains 
ranging between 0.150 mm and 1.5 mm. The largest grain in thin section measures 
3.7 mm. The dominant grains are sub- to well-rounded micritic intraclasts (60 % of 
area). Some (10 %) of the latter possibly represent micritic ooids. Oolitic envelops are 
locally visible, but more common are what appears to be cortices crushed by compac-
tion. Calcimicrobes represent 2 % of the total area, as well as echinoderms and mol-
lusc fragments. Calcimicrobes are abraded, some partly overgrown by oolitic envelops. 
Foraminifers (Siphovalvulina colomi colomi Boudagher-Fadel, Rose, Bosence & Lord, 
Siphovalvulina sp., ?Everticyclammina sp., Trocholinidae), brachiopods and gastropods 
are also present. Echinoderm plates have micritic outlines, are bioeroded, or overgrown 
by syntaxial rim cement. 

5a

intraclastic-ooid 
packstone and 
grainstone
(MF7)

Grains are in point-contacts. In thin section 1725 they are moderately sorted, whereas 
in thin section 1728 they display a bimodal distribution in size due to the extra presence 
of small peloids. The grain size is between 0.175 and 0.95 mm. The largest grains are 
2.27 mm in diameter. Micritic intraclasts represent 45 % of area. They are subrounded 
to well-rounded, in thin section 1728 also angular. The well-rounded ones could also 
be completely micritised ooids. Ooids are the second most common clasts (25 %). Most 
are of tangential type, but some are recrystallized into radial. They have between 2 and 
16 envelops, which are often partly bioeroded. Their nuclei contain micritic intraclasts, 
calcimicrobes, bioeroded sparitic particles, gastropods, foraminifers, or dasycladacean 
algae. Rarely or only sporadically present are sparitic bioclasts, foraminifers, clasts of 
Pseudolithocodium/Lithocodium, echinoderm plates, and gastropods. Foraminifers 
within and outside ooids are Siphovalvulina ex gr. gibraltarensis Boudagher-Fadel, 
Rose, Bosence & Lord, S. ex gr. variabilis/colomi Boudagher-Fadel, Rose, Bosence & 
Lord, Valvulinidae, ?Everticyclammina sp., “Nautiloculina” sp., Meandrovoluta asia-
goensis Fugagnoli & Rettori, planispiral porcellaneus forms with porcelaneous walls, 
Trocholinidae, and Lagenida were recognised. Intergranular space is filled with drusy 
mosaic cement. Locally, grains are rimmed by granular cement, and the remaining inter-
granular space filled with micrite. Echinoderms are overgrown by syntaxial rim cement.

5b

filament-boioclastic- 
pelletal packstone...
(MF8)

This MF is similar to bioclastic-pelletal packstone (see Table 1), but with a significant 
amount (20 – 40 % of area) of filaments. These are disarticulated, concordant to bedding 
plane, and roughly uniform in size. The calcitic particles are here clearly echinoderm 
plates rimmed by syntaxial cement. The two MF types are most like members of the 
same MF group, differing in different proportions of components. 

5c

crinoid-intraclastic  
packstone and 
rudstone
(MF9)

Concerning the composition, this MF is comparable to bioclastic-pelletal packstone, 
but with larger intraclasts and crinoids. Within the given level, grains are well sorted. 
Vertically, however, the grain size varies from 0.25 to over 3 mm. Grading is clearly visi-
ble in some samples. Grains represent 85 % of the area. They are in long to stylolitic con-
tacts. Crinoids represent 60 % of the area. Intraclasts represent 25 % of area. They com-
prise various lithologies: a) mudstone, b) fenestral mudstone, c) bioclastic wackestone 
with ostracods and sparitic particles, d) bioclastic wackestone with ostracods, sparitic 
particles, pellets and small foraminifers (Agerina sp., Planispirillina sp.), e) bioclastic 
wackestone with sparitic particles, spicules, nodosariids, and juvenile ammonites, f) 
bioclastic wackestone with sponge spicules, juvenile ammonites and filaments, g) peloid 
packstone, h) well sorted peloid grainstone, i) peloid-cortoid grainstone, j) calcisiltite. 
Besides intraclasts, finer-grained varieties of MF 9 contains rare ostracods and fora-
minifers (nodosarids, Pseudonodosaria, ?Epistominidae, Lenticulina sp.). Echinoderm 
plates are rimmed by syntaxial cement. Manganese nodules and impregnations are pres-
ent in some samples.

5d 

Table 2. Description of microfacies (MF) types of the “Hierlatz facies” of the upper Zatrnik Formation between the 26th and 
72nd meters of the Zajamniki section. In addition to these, previously described peloid packstone, dense bioclastic-intraclastic 
wackestone to packstone, and pelletal-bioclastic packstone are also present (see Table 1).
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MF type Description Figures

bioclastic 
wackestone to 
packstone
(MF10)

Grains represent 30 – 50 % of the area. Echinoderm plates predominate (60 – 70 % of 
grains). Micritic intraclasts form approximately 30 % of grains, foraminifers 1 % of 
grains, and ostracods 5 % of grains. In packstone variety, peloids occupy additional 10 % 
of the surface area, and limonitised oncoids locally 5 % of surface. Very rare are ap-
tychi. Among foraminifers are most common lagenids, including Lenticulina, and less 
numerous Ophthalmidium and Valvulinidae. Foraminifers are commonly broken, and 
many bioclasts are bioeroded. Intergranular space is filled with micritic matrix, which is 
limonitised in some levels.

6a-b

filament packstone 
and rudstone
(MF11)

Filaments are even more abundant and densely packed together than in filament-bioclas-
tic-pelletal packstone. Filaments represent approximately 90 % of the surface, echino-
derm plates 5 – 10 %, and peloids only around 2.5 %. The amount of micritic matrix is very 
small due to grains being in long contacts. 

6c

intraclastic-
crinoid 
wackestone
(MF12)

Grains represent 60 % of the area. Grains are randomly distributed within the matrix, 
most are matrix-supported. The most common grains are various intraclasts (21 %): a) 
mudstone, b) bioclastic wackestone with filaments and juvenile ammonites, c) wacke-
stone with crinoids, and peloid grainstone. Echinoderm plates occupy 13 % of the area. 
Ferromanganese nodules cover 3.5 % of the area. The rest of the volume is taken by fila-
ments, ostracods, and foraminifers (nodosariids, Lenticulina). Margins of clasts are often 
covered by opaque mineral (ferromanganese or limonite crust).

6d

stylolitised 
intraclastic 
rudstone
(MF13)

Clasts in thin sections are over 3 cm in size. They are in limonitised stylolitic contacts. 
Intraclasts comprise light pink and beige bioclastic wackestone with sponge spicules, 
echinoderms, gastropods, nodosariids, and juvenile ammonites. Less common are intra-
clasts of peloidal-bioclastic wackestone. 

6e-f

Fig. 6. Microfacies (MF) types of the uppermost Zatrnik Formation. a: Partly washed intraclastic-oolitic packstone. Thin secti-
on 1696. b: Intraclastic-oolitic packstone, partly washed. Thin section 1725. c: Filament-bioclastic-pelletal packstone. Thin 
section 1699. d: Crinoid-intraclastic packstone and rudstone. Thin section 1712. 

Table 3. Description of microfacies (MF) types of the Ribnica Breccia from the Zajamniki section. In addition to these, intra-
clastic-crinoid packstone and rudstone is also present (see descriptions in Table 2).
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Fig. 7. Microfacies (MF) types of the Ribnica Breccia. a-b: Bioclastic wackestone to packstone. Thin sections 1717 and 1733, 
respectively. c: Filament packstone or rudstone. Thin section 1726. d: Intraclastic-crinoidal wackestone. Thin section 1711. e-f: 
Stylolitised intraclastic rudstone. Thin section 1714.
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1721 ● ● ● ●
1717 ●
1706 ● ● ●
1711 ● ●
1737 ● ●
1733 ●
1718 ●
1707 ● ●
1708 ● ● ● ●
1722 ●
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1693 ●
1704 ●
1727 ●
1701 ●
1719 ●
1695 ● ●
1697 ●
1698 ● ●
1725 ● ● ● ● ● ●
1724 ●
1728 ● ●
1735 ● ● ●
1696 ● ●
1729 ● ●

“c
la

ss
ic

al
” 

Z
at

rn
ik

 F
or

m
at

io
n

1748 ● ● ● ●
1740 ● ● ● ● ● ● ● ●
1744 ● ●
1742 ● ● ● ●
1746 ● ●
1747 ● ● ● ●
1739

1741 ● ● ● ● ●
1738 ● ●

Table 4. Distribution of foraminiferal species in the uppermost Zatrnik Formation and in the Ribnica Breccia in the Zajamniki 
section.

for precise stratigraphic control and are difficult 
to determine even at the genus or species level. 
The presence of Siphovalvulina spp. in the lower 
part of the section excludes Triassic age and in-
stead places this part of the section already in the 
Jurassic (Septfontaine, 1988; Chiocchini et al., 
1994). The Triassic-Jurassic boundary thus lies 
lower in the succession and is not present in the 

Fossils and age of the uppermost Zatrnik 
Formation

The age of the investigated interval was de-
termined on the basis of benthic foraminifers. 
The stratigraphic distribution of foraminifers is 
shown in Table 4, and some are depicted in Fig-
ure 8. Overall, the foraminiferal assemblage con-
sists of small benthic specimens that do not allow 
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logged section. Besides Siphovalvulina, which is 
the most typical genus in the lower part of the 
section, the assemblage from the first 21 m of the 
section also consists of a few other species, which, 
however, are determined with great uncertainty. 
These are dubious specimens of ?Everticyclam-
mina, ?Mesoendothyra, ?Pseudopfenderina, Ear-
landia sp., and ?Reophax sp. Calcimicrobes and 
?Thaumatoporella are also commonly present. 
Similar assemblages characterise the platform 
tops from the Lower Jurassic of the peri-Medi-
terranean area (e.g., Chiocchini et al., 1994; Man-
cinelli et al., 2005; Rožič et al., 2019). Siphoval-
vulina is present also in the lower samples of the 
”Hierlatz facies” of the Zatrnik Formation. Early 
Jurassic age is supported by rare occurrences of 

Meandrovoluta asiagoensis Fugagnoli & Rettori 
(Fugagnoli et al., 2003). Along with some of the 
previously present species, Trocholina sp., Val-
vulinidae, small Textulariidae, small elongated 
and at least partly uniserial Lagenida, and small 
?Ophthalmidium occur. The highest occurrence 
of Siphovalvulina, Trocholina, Valvulinidae 
and ?Everticyclammina appears in sample 1725, 
which is 35.6 m from the base of the section. Fo-
raminifers are then scarce until the base of the 
Ribnica Breccia. The assemblage of the Ribnica 
Breccia stands in contrast to the assemblages 
from the Zatrnik Formation. The most common 
genus is Lenticulina, commonly associated with 
small elongated Lagenida. Several specimens of 
small epistominids were also determined.

Fig. 8. Some characteristic foraminifers from the uppermost Zatrnik Formation and the Ribnica Breccia. a: Siphovalvulina 
sp. Thin section 1696. b: Valvulinidae. Thin section 1725. c: Meandrovoluta asiagoensis Fugagnoli & Rettori. Thin section 
1740. d: Trocholina sp. Thin section 1735. e: Lenticulina sp. Thin section 1721. f: Uniserial Lagenida. Thin section 1722. g: 
Nodosariid Lagenida. Thin section 1721. h–k: ?Epistominidae. h–i: Thin section 1706. j: Thin section 1717. k: Thin section 1718. 
l: Spirillina sp. Thin section 1708.
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Sedimentological interpretation 

The absence of cross-laminations or other 
textures related to water depths above the storm 
weather wave base in the “classical” Zatrnik 
Formation in the Zajamniki section is consistent 
with the previous interpretation of the deposition 
within a deeper marine environment (Gale et al., 
2019). Calcimicrobes, Tubiphytes-like micro-
problematica, Thaumatoporella, some foramini-
fers (Siphovalvulina, Meandrovoluta, Everticy-
clammina – see Gale, 2014) and also small borings 
on echinoderm plates suggest that at least some 
of the particles originate from within the photic 
zone. Due to the presence of parallel lamination 
in some beds, we suggest that microfacies types 
1–4 (see Table 1) deposited as distal turbidites. 
Bioturbation suggests an oxygenated sea floor. It 
should be noted, again, that the sampling was bi-
ased towards calcarenites, thus possibly omitting 
hemipelagic microfacies types. The two thicker 
rudstone beds may represent the base of a tur-
bidite or debris flow deposits (Mullins & Cook, 
1986). Slumps in the uppermost part of the Za-
trnik Formation could indicate some intensive 
tectonic-controlled movements of the sea floor. 
Like the foraminifers Siphovalvulina, Trocholi-
na, Valvulinidae and ?Everticyclammina, which 
are most numerous here, ooids also originate 
from the platform top (see Gale, 2014). The fa-
cies association of distal turbidites, hemipelag-
ic deposits, clast-supported debris breccias, and 
slumps points to deposition on a slope of the ba-
sin (Mullins & Cook, 1986).

From the 63rd meter onwards, virtually only 
crinoids and intraclasts constitute the resedi-
mented material, while the strictly platform-top 
elements are missing. Haas and Tardy-Filács 
(2004) suggested that the large amount of cri-
noids within the Rhaetian carbonates originat-
ed from terrace-like slopes, since crinoids are 
not a common element of uppermost Triassic 
carbonate platforms and reefs. Crinoid-domi-
nated sand-sized material was also interpreted 
to originate from a shallow pelagic environment 
by Rožič et al. (2017, with references). In light of 
this study, this could indicate major changes in 
the topography of the Julian Carbonate Platform 
and the establishment of a step-like topography 
along normal faults. 

Ferromanganese enrichments at the contact 
between the Zatrnik Formation and the overlying 
Ribnica Breccia point to a reduced sedimentation 
rate (Šmuc & Goričan, 2005). The Ribnica Brec-
cia in the Zajamniki section is thinner and finer 
grained in the Zajamniki section than in the Rib-

nica Valley, as was noted in Goričan et al. (2012). 
In the Ribnica Valley, individual beds reach a 
thickness of up to 5 m, containing up to 40 cm 
large clasts and chert clasts some 1 m in size. 
The breccia was interpreted there as debris-flow 
deposit (Kukoč, 2014; Goričan et al., 2018). Intr-
aclastic-crinoid wackestone and stylolitised in-
traclastic rudstone, which are part of the micro-
facies assemblage of the Ribnica Breccia in the 
Zajamniki section, are also interpreted here as 
debris-flow deposits (the former due to mud-sup-
ported and chaotically distributed clasts, the lat-
ter owing to its breccia nature). These mix with 
possible turbidite deposits (crinoid-intraclastic 
packstone and rudstone), or gravity-flow depos-
its of some other type (bioclastic wackestone to 
packstone). We are unsure how to interpret fila-
ment packstone and rudstone – either as autoch-
thonous or allochthonous deposits, but Rožič and 
Šmuc (2011) recorded identical microfacies types 
from turbidites within the Perbla Formation of 
the Slovenian Basin. 

Stratigraphic comparisons 

The lack of biostratigraphic data from this 
and from most of the previously investigated sec-
tions mentioned herein does not allow for precise 
correlations between the sections. However, the 
successions summarised below follow a similar 
pattern, suggesting a common cause.

From Mt. Mangart, Šmuc and Goričan (2005) 
described a stratigraphic succession recording 
the evolution from the margin of the Julian Car-
bonate Platform to a deeper basin. The succession 
starts with Lower Jurassic peloidal and oncoidal 
limestones, probably deposited in the marginal 
belt of a shallow-water platform. It then contin-
ues with bioclastic limestone rich in echinoderms, 
ammonites, sponge spicules, and foraminifers 
Lenticulina, Agerina (here interpreted as small 
Ophthalmidium), Textulariidae, and Valvulini-
dae, deposited on a distal shelf, possibly during 
the Pliensbachian. At the top, this unit contains a 
few beds of fine-grained breccia and calcarenite, 
and finally ends with red siliceous limestone im-
pregnated with Fe-Mn. The overlying shale and 
siliceous limestone contain early Toarcian radi-
olarian fauna. 

Another marginal succession was recorded on 
Mt. Kobla by Rožič and Šmuc (2009), and Rožič et 
al. (2014). The lower part of the 150-m-long sec-
tion is made up of ooidal/peloidal limestone de-
posited on a carbonate platform. These beds are 
followed by bioclastic limestone with common 
sponge spicules and crinoids alternating with 
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crinoidal limestone. Ammonites suggest Pliens-
bachian age (Rožič et al., 2014). Neptunian dykes 
filled with crinoid debris and a breccia bed some 
meters thick are present at the top. Above follows 
a bed of marlstone 50 cm thick, impregnated with 
ferromanganese oxides (Rožič & Šmuc, 2009). 

Within the Slovenian Basin, the lowermost 
Jurassic belongs to the Krikov Formation, fol-
lowed by the Perbla Formation (Rožič, 2009). The 
Hettangian–Pliensbachian Krikov Formation in 
its proximal development in the lower part large-
ly consists of ooidal/peloidal limestone, while its 
upper part is largely made up of crinoid-rich cal-
citurbidites and is rich in diverse clasts of eroded 
basinal to slope limestones. The overlying Per-
bla Formation is Toarcian in age and consists 
of marlstone and hemipelagic limestone, in the 
lower part locally impregnated with manganese 
(Rožič, 2009; Rožič & Šmuc, 2009). 

The shift from the micritic Zatrnik limestone 
to crinoid-dominated Zatrnik limestone thus 
seems to be in accordance with previous obser-
vations and, although precise dating is missing, 
probably took place during the Pliensbachian, 
when the accelerated subsidence changed the 
paleotopography of the Julian Carbonate Plat-
form. 

Conclusions

The following conclusions follow from the 
present study:

1) The “Hierlatz facies,” as well as the upper-
most part of the “classical” Zatrnik Formation, 
are Early Jurassic in age.

2) The uppermost “classical” Zatrnik Forma-
tion consists of distal turbidite deposits, proba-
bly hemipelagic deposits, and some debris-flow 
deposits. Slumping of the sediment is common in 
the “Hierlatz facies” in the studied section.

3) The shift towards the crinoid-dominated 
“Hierlatz facies” could be due to changes in the 
paleotopography of the adjacent platform and its 
slopes. Comparison to previously recorded suc-
cessions suggests that the change occurred dur-
ing the Pliensbachian.

4) The Triassic-Jurassic boundary should be 
sought a few tens of meters below the “Hierlatz 
facies” of the Zatrnik Formation. Although sed-
imentation was largely affected by gravity flows, 
the facies seems more distal than in the sections 
of the Slatnik Formation studied so far, thus 
promising a somewhat more complete record of 
the Triassic-Jurassic boundary events. Further 
research will thus be devoted to locating this 
boundary.
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