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Abstract The Julian Alps are located in NW Slovenia
and structurally belong to the Julian Nappe where the
Southern Alps intersect with the Dinarides. In the Jurassic,
the area was a part of the southern Tethyan continental
margin and experienced extensional faulting and differen-
tial subsidence during rifting of the future margin. The
Mesozoic succession in the Julian Alps is characterized by
a thick pile of Upper Triassic to Lower Jurassic platform
limestones of the Julian Carbonate Platform, unconform-
ably overlain by Bajocian to Tithonian strongly condensed
limestones of the Prehodavci Formation of the Julian High.
The Prehodavci Formation is up to 15 m thick, consists of
Rosso Ammonitico type limestone and is subdivided into
three members. The Lower Member consists of a con-
densed red, well-bedded bioclastic limestone with Fe—Mn
nodules, passing into light-grey, faintly nodular limestone.
The Middle Member occurs discontinuously and consists
of thin-bedded micritic limestone. The Upper Member
unconformably overlies the Lower or Middle Members. It
is represented by red nodular limestone, and by red-marly
limestone with abundant Saccocoma sp. The Prehodavci
Formation unconformably overlies the Upper Triassic to
Lower Jurassic platform limestone of the Julian Carbonate
Platform; the contact is marked by a very irregular
unconformity. It is overlain by the upper Tithonian pelagic
Biancone (Maiolica) limestone. The sedimentary evolution
of the Julian High is similar to that of Trento Plateau in the
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west and records: (1) emergence and karstification of part
of the Julian Carbonate Platform in the Pliensbachian, or
alternatively drowning of the platform and development of
the surface by sea-floor dissolution; (2) accelerated subsi-
dence and drowning in the Bajocian, and onset of the
condensed pelagic sedimentation (Prehodavci Formation)
on the Julian High; (3) beginning of sedimentation of the
Biancone limestone in the late Tithonian.

Keywords Rosso Ammonitico - Lithostratigraphy -
Julian High - Eastern Southern Alps - Jurassic -
Trento Plateau

Introduction

During Jurassic times Southern Alps and Dinarides
belonged to the southern passive continental margin of the
Tethys, that experienced extension related to the rifting.
The rifting disintegrated pre-existing carbonate platforms,
producing a complex pattern of pelagic basins, escarpment-
bounded pelagic plateaus and productive carbonate plat-
forms (Bernoulli et al. 1979, 1990; Bosellini et al. 1981;
Winterer and Bosellini 1981; Bertotti 1991; Bertotti et al.
1993; Martire 1992, 1996; Martire et al. 2006). Whereas
this evolution is well known in the Western and Central
Southern Alps, information on the easternmost Southern
Alps is relatively scarce (Aubouin et al. 1965; Cousin
1970, 1973, 1981; Buser 1989, 1996), and it is only
recently that the area has been thoroughly investigated
(Gorican et al. 2003; Smuc and Gori¢an 2005; Crne et al.
2007). Here we focus on a detailed sedimentological and
biostratigraphic study of the Jurassic—lowermost Creta-
ceous successions in the lesser known easternmost part of
the Southern Alps: the Julian Alps.
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The Julian Alps are a typical example of a Tethyan
rifted margin, characterized by a thick pile of Upper Tri-
assic to Lower Jurassic platform limestones overlain by
condensed and discontinuous Jurassic to Cretaceous dee-
per-water deposits of the Julian High.

In this paper we shall, based on new data, discuss the
sedimentary evolution of the Julian High. The succession
of the Julian High will be compared with the coeval, well
investigated successions of the Trento Plateau, in order to
attempt an interpretation of the Jurassic to Cretaceous
paleogeography, sedimentary evolution and rifting history
of this segment of southern Alpine—Dinaric continental
margin.

Geological setting

The Julian Alps comprise the north-western part of
Slovenia and extend into the easternmost part of Italy
(Fig. 1a). Structurally they are part of the Julian Nappe
which, along with the Tolmin Nappe to the south, repre-
sents the easternmost continuation of the Southern Alps
(Fig. 1b). In the Julian Alps the Paleogene Dinarides
intersect with the Neogene Southern Alps. The area was
first deformed by Dinaric SW-vergent thrusting during
Oligocene—early Miocene times, and then by S to SSE-
vergent Alpine thrusting since the late Miocene (Doglioni
and Bosellini 1987; Doglioni and Siorpaes 1990; Carulli
et al. 1990; Bresnan et al. 1998; Placer and Car 1998,;
Placer 1999; Mellere et al. 2000; Vrabec and Fodor 2006).
Around the Miocene—Pliocene boundary a phase of major
strike-slip deformation started in the Julian Alps (Vrabec
and Fodor 2006). NW-SE trending dextral strike-slip faults
dissect the area, displacing both the Dinaric and South-
Alpine fold-and-thrust structures.

In the Jurassic, the Southern Alps and Dinarides
belonged to the Adriatic microcontinent, bordered to the
north and west by the Alpine Tethys and to the east by the
Vardar Ocean (e.g. Stampfli et al. 2001).

Palacogeographically, from the Late Triassic to the
earliest Jurassic, the Julian Alps were a relatively homo-
geneous carbonate platform: the Julian Carbonate Platform.
With Early Jurassic rifting, the platform was dissected into
blocks, forming a horst-and-graben structure. Some of
these blocks became part of an isolated pelagic plateau
named the Julian High (Fig. 2), while other blocks formed
hangingwall deeper basins, e.g. the Bovec Trough (Smuc
and Gorican 2005).

In the Julian High the Pliensbachian platform limestones
are unconformably overlain by Bajocian to Tithonian
strongly condensed limestones of the Prehodavci. In the
most condensed sections, the platform limestones are
crossed by polyphase Jurassic neptunian dykes and
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unconformably overlain by middle Cretaceous Scaglia
Variegata or Senonian Scaglia rossa. The areas which are
key to an understanding of the Jurassic tectono-sedimentary
evolution of the Julian High are the Triglav Lakes Valley,
Ravni Laz, Luznica Lake, Vas na Skali, and Cisti Vrh
(Fig. 1b).

Prehodavci Formation

The Prehodavci Formation is a newly described strati-
graphic unit in the Julian Alps. The definition of the
formation is based on the detailed research of seven
selected sections: TVI-TVS sections (Triglav Lakes
Valley), R1 (Ravni Laz) and L1 (Luznica Lake) sections
(Fig. 3). The Vas na Skali and Cisti Vrh areas did not allow
detailed measuring due to poor exposure, but still provided
additional information on individual stratigraphic units.
A location map is given in Fig. 1b.
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The formation is named after the Prehodavci saddle in
the Triglav Lakes Valley. It consists of condensed lime-
stones of Rosso Ammonitico type subdivided into three
members. The Lower Member consists of red, well bedded
bioclastic limestone with Fe—-Mn nodules passing into
light-grey, faintly nodular limestones. The Middle Member
consists of thin-bedded red marly limestones. The Upper
Member unconformably overlies the Lower or Middle
Member. It is represented by red nodular limestone, and by
red-marly limestones with abundant Saccocoma sp.

The Prehodavci Formation unconformably overlies the
Pliensbachian platform limestone of the Julian Carbonate
Platform. The contact is marked by an irregular uncon-
formity with oval-shaped depressions, up to 3 m deep and
up to 10 m wide, cut into the Lower Jurassic platform
limestone (Figs. 4, 5). The Prehodavci Formation is over-
lain by the upper Tithonian pelagic Biancone (Maiolica)
limestone. The formation reaches a maximum thickness of
about 15 m.
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Fig. 4 Unconformity between Lower Jurassic platform limestone and
the Prehodavci Formation (arrows). Triglav Lakes Valley, section
TV1

A Bajocian to Tithonian age of the formation is estab-
lished, based on ammonite assemblage found by Ramovs
(1975), along with planktic foraminifers, Saccocoma sp.,
and on stratigraphic correlation with the Trento Plateau.

The first authors who mentioned Jurassic beds in Julian
Alps were Stur (1858), Diener (1884), and Kossmat (1913).
Seidl (1929) was the first to give a schematic cross-section
of the Jurassic beds in the Triglav Lakes Valley. Salopek
(1933) provided the first general description of Jurassic and
Lower Cretaceous beds in the Triglav Lakes Valley and
reported the following ammonites from the Jurassic beds:
Phylloceras sp., Holcophylloceras? sp., and Perisphinctes
sp. Ramovs§ (1975) dated the red nodular limestones in
Triglav Lakes Valley as Oxfordian and Kimmeridgian on
the basis of the following ammonites: Euaspidoceras sp.,
Gregoryceras sp., Lytoceras sp., Paraspidoceras sp. and
Sowerbyceras sp. The area of the Triglav Lakes Valley was
mapped by Buser (1986) and Jurkovsek (1986) for the

Basic Geological Map of Yugoslavia on the 1: 100,000
scale.

Lower Member of the Prehodavci Formation

The Lower Member was investigated at the TV1-TV5,
R1, and L1 sections (Fig. 3). It consists of red bioclastic
limestone with Fe—Mn nodules, limestone with ooids
(found locally), and light-grey nodular limestone. The
Lower Member is disconformably overlain by either the
Middle or Upper Member of the Prehodavci Formation.
The erosional surface separating the Lower and Middle
Members is virtually flat, while the contact between the
Lower and Upper Members is irregular and cuts up to
1 m deep into the light-grey limestone of the Lower
Member.

The bioclastic limestone with Fe-Mn nodules makes up
the lowermost part of the Lower Member (Fig. 3). This
unit unconformably overlies an irregular discontinuity
surface developed on top of the Pliensbachian platform
carbonates and displays significant thickness variations,
from a few decimeters to 3 m (Figs. 4, 5). The lower part is
represented by red, thinly bedded, locally nodular (up to
10 cm) wackestone to packstone (rarely grainstone), with
faint cross-lamination. Bedding surfaces locally display
Fe-Mn oxide crusts. The limestone is composed of frag-
ments of echinoderms, benthic foraminifers (Lenticulina
sp.), gastropod protoconchs, juvenile ammonites, disartic-
ulated valves of thin-shelled bivalves, algal fragments
(Fig. 6a) and intraclasts of sparite limestone and bioclastic
limestone with the same composition as the host rock.
Planktic foraminifera (Protoglobigerinids) occur in the
middle part of the bioclastic facies. In places, the limestone
is composed exclusively of bored echinoderm fragments
cemented by syntaxial cement. The bioclastic limestone
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Fig. 6 a Lower Member of the Prehodavci Formation: bioclastic
limestone with echinoderm fragments, gastropods and thin-shelled
bivalve (section TV4). Scale bar is 1 mm. b Lower Member of the
Prehodavci Formation: Fe-Mn encrusted echinoderm fragments
(section TV1). Scale bar is 0.5 mm. ¢ Lower Member of the
Prehodavci Formation: limestone with ooids and peloids (section R1).
Scale bar is 1 mm. d Lower Member of the Prehodavci Formation:
light gray nodular limestone with calcified radiolarian moulds, thin-

contains a high abundance of Fe—-Mn oxides that occur as
cryptocrystalline aggregates, as coatings of bioclasts, as
individual thin crusts (Fig. 6b), dissolution residues along
stylolites, and as individual Fe—Mn nodules (up to 10 cm in

shelled bivalve and pyrite concretions (section TV2). Scale bar is
1 mm. e Middle Member of the Prehodavci Formation: lime
mudstone with calcite filled radiolarian moulds (section L1). Scale
bar is 1 mm. f Upper Member of the Prehodavci Formation, red
nodular limestone: nodules of wackestone with thin-shelled bivalve
and calcified radiolarian moulds embedded in a thin-shelled bivalve-
rich matrix forming fitted fabric (section TV1). Scale bar is 1 mm

diameter) forming a distinct horizon (Fig. 7). Up-section
the wacke—packstone grades into thick (up to 40 cm)
bedded light-red wackestone that is generally similar
in composition, but contains more abundant pelagic
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Fig. 7 Fe-Mn nodules in the Lower Member of the Prehodavci
Formation, Triglav Lakes Valley

foraminifers, pelagic bivalves and calcite-filled radiolarian
molds, while Fe—-Mn oxides are missing but pyrite occurs.

At R1 section the lower part of the Lower Member ends
with a 40 cm thick package composed of packstone to
wackestone with echinoderm fragments, belemnites, and
rare planktic foraminifers, calcite-filled radiolarian molds
and pelagic bivalves.

Oolitic limestone is only present at the R1 section
(Fig. 3), where it conformably overlies the red bioclastic
limestone. Oolitic limestone consists of three 10-30 cm
thick, horizontally laminated beds of grainstone and
packstone composed mainly of partly micritized Bahamian
type ooids (Fig. 6¢). Other grains are echinoderm and
bivalve fragments, and benthic foraminifera. The upper-
most bed of the oolitic facies represents a transitional facies
to overlying light-grey nodular limestone described below.
In the upper part of this bed pelagic bivalves predominate
while ooids become scarce and finally absent.

A light-grey nodular limestone is 6—-10 m thick and
present in Cisti Vrh and in the TV1-TV5 sections (Fig. 3),
whereas at the R1 section is only 1 m thick. The lower
boundary is conformable and gradual while the upper
boundary is sharp and marked by an erosional surface. The
facies is characterized by packstone to wackestone and
exhibits faint to evident nodular bedding (Fig. 8). Beds are
3-5 cm thick (rarely 10 cm) and marked by thin green clay
films. The packstone is composed mainly of disarticulated
valves of thin-shelled bivalves (Bositra sp.) and calcite-filled
radiolarian molds (Fig. 6d). Other grains are aptychi,
benthic foraminifera, echinoderm fragments, juvenile
ammonites, gastropod protoconchs and pellets. The lower
part of the limestone bears protoglobigerinids. In places
poorly preserved ammonite moulds are also present. Rarely,
ellipsoidal nodules of wackestone composed exclusively of
calcite-filled radiolarian molds occur showing sharp and
transitional boundaries with the matrix. Distinctive feature is

Fig. 8 Lower Member of the Prehodavci Formation: light gray
nodular limestone. Triglav Lakes Valley, section TV2

occurence of a few cm thick concentrations of pyrite
(Fig. 6d).

Age: The common presence of planktic foraminifera
(protoglobigerinids) in the bioclastic limestone with
Fe-Mn nodules and also in the light-gray nodular lime-
stone suggests a Middle Jurassic age, most probably
Bajocian to Bathonian (cf. Caron and Homewood 1983;
Tappan and Loeblich 1988; Darling et al. 1997), for the
Lower Member.

Middle Member of the Prehodavci Formation

The Middle Member of the Prehodavci Formation is
present only in L1 section (Fig. 3). It is a bedded red marly
limestone that disconformably overlies the Lower Member
and is disconformably overlain by the red nodular lime-
stone of the Upper Member. The marly limestone is thin,
evenly bedded (bed thickness is up to 7 cm) lime mudstone
composed of planktic foraminifera (protoglobigerinids),
calcite-filled radiolarian molds, benthic foraminifers, and
echinoderm fragments (Fig. 6e). The matrix is micrite with
a small amount of terrigenous silt-sized mica.

Age: On the basis of the stratigraphic position only a
general age assignment is possible: Callovian and
Oxfordian.

Upper Member of the Prehodavci Formation

The Upper Member was investigated TV1, 2, 3, 5, R1, and
L1 sections (Fig. 3) and at Cisti Vrh and Vas na Skali
areas. The Upper Member unconformably overlies the
Lower or Middle Member of the Prehodavci Formation.
The contact is irregular and cuts up to 1 m deep into the
Lower Member (Fig. 9). The Upper Member is a nodular
limestone of Rosso Ammonitico type. The exact thickness
of this member could not be determined, since the upper
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Fig. 9 Irregular contact (arrow) between Lower and Upper Member
of the Prehodavci Formation. Triglav Lakes Valley, section TV1

Fig. 10 Upper Member of the Prehodavci Formation: red nodular
limestone. Triglav Lakes Valley, section TV1

boundary is not visible in the outcrops, but can be esti-
mated to be no less than 2.5 m at TV sections, 3.5 m at R1
section, and 6 m at L1 section (Fig. 3).

This facies is characterized by red color and a marked
nodular aspect in outcrop (Fig. 10). Nodules are up to
10 cm across and are mainly intraclasts, ammonite moulds,
and early diagenetic nodules. The intraclasts consist
of wackestone to packstone with disarticulated valves of
Bositra sp., calcite-filled radiolarian molds, fragments
of ammonite shells, echinoderm fragments, juvenile
ammonites, gastropod protoconchs, benthic foraminifers
(Lenticulina sp.), and planktic foraminifera (protoglobige-
rinids) (Fig. 6f). The intraclasts show sharp boundaries
with the surrounding matrix. In the upper part of the
member, they are also bored, and the borings are coated
with Fe-Mn crusts (Fig. 11a). Ammonite moulds are
frequent but are usually broken, abraded and coated with
Fe—Mn oxides. The early diagenetic nodules have the same
composition as the intraclasts but show transitional
boundaries with the surrounding matrix that is darker, and
more clay-rich. The matrix consists of packstone with
fragments of Bositra sp., forming fitted fabrics, and rare
echinoderm fragments. Stylolites are common and occur

within the matrix and at the boundary between matrix and
nodules. In R1 section a 70-cm thick package of packstone
with bioclasts is present in the upper part of the section,
bearing abundant Saccocoma sp., belemnite rostra, echi-
noderm fragments, aptychi, calcite-filled radiolarian molds,
and intraclasts.

At Cisti Vrh and Vas na Skali the Upper Member of the
Prehodavci Formation is composed of nodules that are
wackestones with abundant Saccocoma fragments, aptychi,
and calcite-filled radiolarian molds (Fig. 11b). Rarely,
fragments of echinoderms and detritical grains of quartz
are present. The nodules are embedded in a clay-rich
packstone matrix with abundant Saccocoma sp., and rare
calcite-filled radiolarian molds and other echinoderm
fragments.

Age: Ammonite moulds are relatively frequent in the
upper Member, but they are not well-preserved and very
hard to extract from the rock. Ammonite fauna from Upper
Member in Triglav Lakes Valley described by Salopek
(1933) and Ramovs (1975) points to the Oxfordian. A Late
Kimmeridgian to Early Tithonian age for the nodular
limestones of the Cisti Vrh and Vas na Skali was assumed
based on the occurence of Saccocoma sp. (by Sartorio and
Venturini 1988). The Oxfordian to early Tithonian age of
the Upper Member of the Prehodavci Formation is thus
most probable.

Depositional environment of the Prehodavci Formation

The limestones of the Prehodavci Formation represent a
typical deposit of an isolated pelagic plateau as is evi-
denced by characteristic composition of limestones: the
presence of mainly pelagic bioclasts (radiolarians, ammo-
nites, pelagic bivalves and planktic foraminifers) and
benthos (foraminifers and echinoderms), whereas shallow-
water elements are completely missing. Abundant Fe—-Mn
oxides present in the bioclastic facies of the Lower Mem-
ber of the Prehodavci Formation suggest extremely
reduced sedimentation rates, owing to the strong bottom-
currents that were sweeping the ocean floor and thus pre-
vented high sediment accumulation (Martire 1992, 1996).
Sedimentation rates were at their lowest when Fe—Mn
nodules and encrustations on the bedding planes formed.
Additionally the episodic high-energy conditions are indi-
cated by mud-free limestones composed exclusively of
bored echinoderm fragments and cemented by syntaxial
cement.

Beds of oolitic limestone (Ravni Laz section) composed
of the partly micritized Bahamian type ooids in the upper
part of the Lower Member of the Prehodavci Formation
occur within a typical condensed pelagic platform facies
and are allochthonous gravity-displaced deposits (see dis-
cussion in chapter 5.2).
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Fig. 11 a Upper Member of the Prehodavci Formation: Fe-Mn
incrusted intraclast in a thin-shelled bivalve-rich packstone matrix
(section TV1). Scale bar is 1 mm. b Upper Member of the Prehodavci
Formation: packstone with Saccocoma fragments and aptychi (Vas na
Skali area). Scale bar is 1 mm. ¢ Neptunian dyke: breccia with
echinoderm fragments and lithoclasts of wackestone with echinoderm
fragments (neptunian dyke infill at Ravni Laz, section R1). Scale bar is
1 mm. d Neptunian dyke: laminated and normally graded wackestone.
In lower part of the photograph wackestone with Saccocoma passes

The marly lime mudstone of the Middle Member of the
Prehodavci Formation, found only in the Luznica Lake
section, was deposited during a lower hydrodynamic

upward into wackestone with calpionelids (neptunian dyke infill at
Ravni Laz, section R1). Scale bar is 1 mm. e Neptunian dyke: breccia
with lithoclasts of wackestone with thin-shelled bivalves embedded in
a wackestone/packstone with thin-shelled bivalves, and rare echino-
derm fragments (neptunian dyke infill in Triglav Lakes Valley, section
TV1). Scale bar is 1 mm. f Neptunian dyke: wackestone with
echinoderm fragments, thin-shelled bivalves and euhedral quartz grain
in the middle of the photo (neptunian dyke infill in Triglav Lakes
Valley, section TV1). Scale bar is 1 mm

current regime, which permitted deposition of evenly
bedded mud-supported sediment. Absence of cementation,
that prevented firm ground burrowing, hindered formation
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Fig. 12 Neptunian dyke cutting trough an ammonite mould in Upper
Member of the Prehodavci Formation. Triglav Lakes Valley, section
TV1

of nodular structure (cf. Martire 1996). The presence of
silt-sized micas indicates an increased input of terrigenous
material at that time.

The Upper Member of the Prehodavci Formation is
represented by a nodular facies with various pre-deposi-
tional nodules (intraclasts and ammonite moulds) and
diagenetic nodules. Ammonite moulds are usually broken,
abraded and, together with intraclasts, coated with Fe—-Mn
oxides. This is evidence for fluctuating current intensity
resulting in non-deposition and erosion with intensive
boring and mineralization. When current intensity was
weaker, deposition of mud-supported sediment was possi-
ble and also more selective cementation was present (cf.
Martire 1996; Martire et al. 2006). Later the compaction
and pressure-dissolution additionally enhanced the textural
contrast between nodules and matrix.

Neptunian dykes in the Prehodavci Formation

Neptunian dykes in the Prehodavci Formation are present
in all the investigated sections of the Julian High, but their
occurrence and the age of the infillings vary from section to
section.

Neptunian dykes at Ravni Laz section

At Ravni Laz (Fig. 3), neptunian dykes occur throughout
the Prehodavci Formation.

In the Lower Member, the dykes are bed-crossing frac-
tures down to 0.2 m deep and smaller oval cavities with
undulating walls that occur in distinct horizons. The dykes
are filled with Kimmeridgian to lower Berriasian lami-
nated and graded packstone to mudstone with Saccocoma
sp. passing into microsparitic-graded limestones with
echinoderm fragments, calpionellids (Calpionella alpina

(Lorenz)), and intraclasts of packstones with Saccocoma sp.
At places the dykes are filled by a Cretaceous wackestone
with globotruncanids.

In the Upper Member the neptunian dykes are up to
10 cm wide and up to 50 cm deep. The dikes are bed-
crossing and bed-parallel at places with undulate wall
geometries. The dyke infill consists of fine-grained clast-
supported breccias (Fig. 11c) with single echinoderm
fragments, Fe—-Mn encrusted bioclasts and lithoclasts of
wackestones to lime mudstones with echinoderm frag-
ments, benthic foraminifera (Lenticulina sp., Textularidae)
and Calpionella elliptica (Cadisch) embedded mudstone
matrix. The breccias are of early Berriasian age. The dikes
are at places also filled by Late Cretaceous wackestone
with planktic globular foraminifers, globotruncanids and
rare echinoderm fragments (Fig. 11d). In the upper part of
the infills, the limestones become laminated. The lamina-
tions consist of up to 5 mm thick packstone laminae and
thinner lime mudstone laminae. Packstone is composed
exclusively of fragments of globotruncanids.

Neptunian dykes at Luznica Lake section

At Luznica Lake (Fig. 3), the neptunian dykes occur in the
Lower and the Upper Members. Dikes are represented by
subvertical fractures and rarely bed-parallel cavities up to
few dm in diameter showing smooth and strait walls. In the
Lower Member, the dykes are filled with packstone com-
posed mainly of thin-shelled bivalves and encrusted
intraclasts of bioclastic limestone. Other grains include
echinoderm fragments and gastropod protoconchs. In the
Upper Member of the Prehodavci Formation the fill is an
Upper Kimmeridgian to Lower Tithonian packstone com-
posed of numerous filaments, Saccocoma sp. fragments and
intraclasts of host rock. At places the dikes are filled also
with calpionellid mudstone (Calpionella alpina (Lorenz)) of
Tithonian age.

Neptunian dykes in the Triglav Lakes Valley

Neptunian dykes in the Triglav Lakes Valley are developed
only in the uppermost part of the Prehodavci Formation
(section TV1) as bed-crossing, up to 50 cm deep and
10 cm wide fractures with a preferential SE-NW orienta-
tion, filled with two different generations of breccias
(Fig. 12). In places neptunian dykes exhibit a jigsaw
structure. The walls of the fractures are usually encrusted
with Fe-Mn oxides. A first generation of breccias consists
of fragments of ammonite moulds and cm-sized lithoclasts
of red wackestone to packstone, with thin-shelled bivalves
and calcite-filled radiolarian molds of the red nodular
facies. The matrix of the breccia is packstone with pelagic
bivalves, rare echinoderm fragments, belemnites and
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foraminifer (Lenticulina sp.) (Fig. 11e). A second genera-
tion of breccias is composed of euhedral grains of detritic
quartz, lithoclasts of red nodular limestone, packstone with
calcified radiolarian moulds, and wackestones with apty-
chi. The matrix of the breccia is a wackestone with
echinoderm fragments, opaque minerals and Fe-Mn
incrusted bioclasts (Fig. 11f).

Interpretation of the neptunian dyke formation

The geometry of the neptunian dikes of the Ravni Laz
section is characterized by bed-crossing and bed-parallel
fractures, smooth walls of the host rock and also by
undulating oval cavities. Thus, the formation of the cavities
was most probably caused by initial mechanical fracturing
of the host rock and also subsequent dissolution in places,
the latter causing reshaping of the existing voids. The
sedimentary structures such as grading and lamination are
result of the minor turbidity currents, which episodically
transported the sediment into the open voids.

The dykes at the LuzZnica Lake and at the Triglav Lakes
Valley were open fractures formed due to brittle fracturing of
a well-lithified host rock. The ‘‘jig-saw’’ structure that is
present at places additionally indicates a mechanical defor-
mation by penetrative fracturing of the host rock (cf. Cozzi
2000). Fe—-Mn impregnated walls of the fractures indicate
episodes of non-deposition following the fracture formation.

Jurassic sedimentary and palaeogeographic evolution
of the Julian High

The Julian Alps are a part of the South-Alpine rifted
margin which experienced an extension beginning in latest
Triassic and continuing into Jurassic times. The Jurassic
successions of the Julian High shed light on the deposi-
tional history of the plateau, and they provide data for
identification of the main factors controlling sedimentation
along this particular segment of the southern Tethyan
margin. The time span of individual formations and
stratigraphic gaps are graphically given in Fig. 13.

Pliensbachian: demise of the Julian Carbonate Platform
and formation of the Julian High

In all investigated sections the Pliensbachian shallow-water
limestones of Julian Carbonate Platform are unconform-
ably overlain by the Bajocian to Tithonian condensed
Prehodavci Formation, with a stratigraphic gap spanning at
least from the Toarcian to Aalenian (Figs. 3, 13). The
drowning unconformity is an erosional surface with broad
scours up to 3 m deep and 10 m wide cut into platform
limestone. They are filled with limestone of the Prehodavci

Formation. The morphology of this surface suggests
chemical erosion. The dissolution can occur in a meteoric
zone indicating an episode of subaerial exposure or it can
occur on the sea-floor (Di Stefano and Mindszenty 2000).
However, no clear evidence for any of the mentioned
scenarios is present. No distinct continental or shallow-
water sediments are entrapped in the topographic lows of
the unconformity surface, no paleokarst features or
cements indicative of vadose-zone precipitation are pres-
ent. For the time being both of the scenarios (subaerial
exposure and karstic dissolution or submarine dissolution)
are equally possible.

Based on the data from the studied sections, the timing
of the demise of the shallow-water sedimentation on the
Julian High can only be assigned as post-Pliensbachian to
pre-Bajocian. However, in the Julian Alps evidence for
tectonically induced subsidence, tilting, and demise of
shallow-sedimentation in the Pliensbachian include: (1)
Pliensbachian polyphase neptunian dykes in the uppermost
part of the Lower Jurassic platform limestone, described
from the Mangart structural unit of the Mt. Magart Saddle
(see Crne et al. 2007), (2) the contrasting manifestations of
drowning on the Julian High with respect to Bovec Trough,
where a synchronous deepening-upward facies trend is
recognized (Smuc and Gori¢an 2005).

On the basis of the present day data we interpret that
shallow-water sedimentation on the Julian Carbonate
Platform ended as a consequence of a Pliensbachian
extensional tectonic phase. The Julian Carbonate Platform
was dissected into blocks with different subsidence rates.
Some of the fault blocks became deeper basins, e.g. the
Bovec Trough (§muc and Gorican 2005), while less sub-
sident blocks became part of an isolated pelagic plateau:
the Julian High. The area represented by the Triglav Lakes
Valley, Ravni Laz and LuZnica Lake sections constitutes
the interior portions of the Julian High, where rift related
tectonic uplift could have produced a karstic discontinuity
surface. An alternative hypothesis is that inner areas of the
Julian High were also drowned, and the discontinuity sur-
face was formed by sea-floor dissolution (cf. Di Stefano
and Mindszenty 2000). The Early Jurassic extensional
tectonic phase that lasted from the middle Hettangian to the
late Pliensbachian is recognized across the entire south-
Tethyan passive continental margin (Winterer and Bosel-
lini 1981; Sarti et al. 1992; Bertotti et al. 1993; Di Stefano
and Mindszenty 2000; Baumgartner et al. 2001; Clari and
Masetti 2002; Di Stefano et al. 2002).

Bajocian to Tithonian: sedimentation on the Julian High
The Bajocian saw a major turnover in the style of sedi-

mentation. On the Julian High the sedimentation of the
condensed Prehodavci Formation, the typical deposit of
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pelagic plateau began in the Bajocian. Additionally, in the
adjacent Tolmin Basin change from carbonate to predom-
inantly siliceous pelagic sedimentation occurred at that
time (Rozi¢ 2009), while the Bovec Trough deepened at
that time and started to receive resedimented carbonates
(Smuc and Gori¢an 2005). This major turnover was most
probably related to the pulse of accelerated tectonic sub-
sidence in the Bajocian that is also well documented to the
west in the Belluno Basin and on the Trento Plateau
(Winterer and Bosellini 1981; Martire 1992, 1996; Win-
terer 1998).

In the Julian High the Prehodavci Formation directly
overlies the Pliensbachian platform limestone with a
stratigraphic gap encompassing the Toarcian and Aalenian
(Figs. 3, 13). Similar stratigraphic gaps, having a maxi-
mum extent from the Sinemurian to the early Bathonian,
are common on submarine highs in the Mediterranean
Tethys. They were documented in the Trento Plateau in the
Dolomites (Winterer and Bosellini 1981; Baumgartner

et al. 1995; Clari et al. 1995; Martire 1992, 1996; Clari and
Masetti 2002; Martire et al. 2006), a number of pelagic
plateaus in the Apennines (Santantonio 1993, 1994; San-
tantonio et al. 1996; Santantonio and Muraro 2002), and on
the submarine highs of the Sciacca and Trapanese domains
(Di Stefano and Mindszenty 2000; Di Stefano et al. 2002;
Baldanza et al. 2002; Martire and Pavia 2004). These
stratigraphic gaps are often interpreted as having formed on
more elevated areas of structural highs where current
activity was strong enough to erode the substrate or totally
hinder sedimentation for a long time span (e.g. Clari et al.
1995).

At the Ravni Laz section (R1, Fig. 3) thin beds of
limestone containing Bahamian type ooids conformably
overlie the bioclastic limestone with Fe—Mn nodules. The
occurence of ooid-rich levels within a typical condensed
pelagic facies is quite unexpected. In our interpretation
these must be held as allochthonous gravity-displaced
sediments. A similar situation was reported from the
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Sabina Plateau in the Apennines, where Galluzzo and
Santantonio (2002) described up to 30 cm thick lenses of
posidoniid/oolite calcarenites on the top of the late Bajo-
cian Bugarone inferiore Formation. The occurrence of
ooids on a morpho-structural high was interpreted as a
result of the overbanking of a turbidity flow that travelled
across the adjacent Sabina Basin and eventually impacted
on a huge obstacle represented by the marginal palaeoes-
carpment of the plateau (Galluzzo and Santantonio 2002;
Santantonio and Muraro 2002). We believe that the
occurrence of ooids within typical condensed limestones of
the isolated Julian High can be explained in a similar way.

The Middle Member of the Prehodavci Formation is
present only in the LuZnica Lake area while in all other
sections this level corresponds to a stratigraphic gap.
A similar situation is present in an E-W oriented central
belt of the Trento Plateau, where the Middle Member of the
Rosso Ammonitico Formation (RAM) is missing (Martire
1996; Martire et al. 2006). Here the absence of RAM is a
consequence of an extensional tectonic phase following the
deposition of RAI which generated a half graben structure
(Martire 1996). During the early Callovian to late Oxfor-
dian the elevated areas were sediment-starved, and
sediment was transported into lows and the deeper parts of
slopes. On the Julian High, the irregular sea-bottom
topography had an influence on the sedimentation, pro-
ducing lateral thickness variations. The Triglav Lakes
Valley and Ravni Laz sections represented more elevated
areas that were swept clean, while the LuZnica Lake area
was an area where sediment could settle and accumulate.

In the Oxfordian to early Tithonian the red nodular
limestones of the Upper Member of the Prehodavci For-
mation were deposited and cut by Kimmeridgian neptunian
dykes (Figs. 3, 13). Presence of the dikes implies the
existence of extensional tectonic activity in the Late
Jurassic.

Late Tithonian to early Aptian: pelagic sedimentation
of the Biancone limestone

At the early/late Tithonian boundary the sedimentation of
the condensed Prehodavci Formation was replaced by
sedimentation of the pelagic Biancone limestone (Fig. 13)
that resulted from normal pelagic sedimentation in a dee-
per-water environment. The change to the calcareous
Biancone formation is also observed in the adjacent Tolmin
Basin (Cousin 1981; Buser 1986, 1987; Rozi¢ 2009), in the
Southern Alps (Weissert 1979; Winterer and Bosellini
1981; Baumgartner 1987; Baumgartner et al. 1995; Bart-
olini et al. 1999), and in the Dinarides (e.g. Gorican 1994).
In the Dinarides this change is abrupt, while on the Trento
Plateau the change is gradual from the Oxfordian into the
Early Cretaceous.

Correlation of the Julian High with the Jurassic Trento
Plateau

The successions of the Julian High bear some resemblance
with those of the Trento Plateau in the Southern Alps,
belonging to the same passive continental margin (Bosel-
lini et al. 1981; Winterer and Bosellini 1981; Baumgartner
et al. 1995; Martire 1989, 1992, 1996; Clari and Masetti
2002; Martire et al. 2006). A litho- and chronostratigraphic
correlation of the stratigraphic successions is graphically
shown in Fig. 13.

The Early Jurassic limestones of the Julian Carbonate
Platform are time and facies equivalents of the Lower and
Middle Members of the Calcari Grigi Formation (Clari and
Masetti 2002).

On the Julian High the Pliensbachian platform lime-
stones are separated by a stratigraphic gap from the
Bajocian or Bathonian Prehodavci Formation. A correla-
tive stratigraphic gap is present on the Trento Plateau,
between the Calcari Grigi Formation and the Lower
Member of the Rosso Ammonitico Formation (Winterer
and Bosellini 1981; Baumgartner et al. 1995; Martire 1992,
1996; Clari and Masetti 2002; Martire et al. 2006). In the
middle part of the Trento Plateau, the gap spans the
Toarcian to the Bajocian, whereas in the other parts of the
plateau the gap is shorter.

In the Trento Plateau the thin and discontinuous for-
mations not present on the Julian High occur between
shallow-water deposits and the base of the Rosso Ammo-
nitico. They include Calcare di Campotorondo, Calcari a
Skirroceras, Lumachella a Posidonia alpina, and other
crinoidal-ooid limestones.

The Lower Member of the Prehodavci Formation is
partly time-equivalent to the Lower Member of the
Ammonitico Rosso Formation (RAI), which consists of
pseudonodular, mineralized and bioclastic limestones
(cf. Martire 1992, 1996; Martire et al. 2006). The bio-
clastic limestone of the Lower Member of the Prehodavci
Formation with Fe-Mn nodules and encrustations is
similar to the mineralized facies of the RAI dated as
Middle-Late Bathonian (Martire 1992; Martire et al.
2006). The light-grey bioclastic nodular limestone in the
upper part of the Lower Member of the Prehodavci
Formation is the facies equivalent to the bioclastic facies
present in the upper part of the RAI (Martire 1992, 1996;
Martire et al. 2006).

The red, evenly bedded limestone of the Middle Member
of the Prehodavci Formation is present only in Luznica Lake
section, where it disconformably overlies the Fe-Mn min-
eralized facies of the Lower Member. Age diagnostic fossils
are missing, therefore only a broad age assignment between
the Callovian and the Kimmeridgian is possible. This facies
is a facies equivalent to the white-to-pink lime mudstone
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with radiolarian moulds found in the thin-bedded limestone
facies of the Middle Member of the Rosso Ammonitico
Formation (RAM). The RAM was dated as latest Callovian
to middle Oxfordian across most of the Trento Plateau
(Martire et al. 2006) and as middle? Oxfordian to early
Kimmeridgian for an ‘‘anomalous’ section at Ceniga
(Beccaro 2006). The Middle Member of the Prehodavci
Formation is entirely made of carbonates, while the RAM
consists of thin-bedded cherty limestone and abundant chert
(Martire 1992, 1996; Martire et al. 2000).

The Upper Member of the Prehodavci Formation cor-
relates with the Upper Member of the Rosso Ammonitico
Formation (Martire 1992, 1996; Baumgartner et al. 1995),
that ranges from late middle Oxfordian to the Tithonian
(Rabeschini section) or from latest early Kimmeridgian to
Tithonian (Kaberlaba section) (Martire et al. 2006).

The Biancone Limestone is present both in the Julian
High and the Trento Plateau.

The successions of the Triglav Lakes Valley and Ravni
Laz, being those where the Middle Member of the Pre-
hodavci Formation is missing, are similar to the
successions in the middle sector of the Trento Plateau
where the RAM is missing.

Conclusions

In the Jurassic the Julian Alps belonged to the passive
southern Tethyan continental margin; they preserve a
record of rifting history, platform drowning and subsequent
deeper-water deposition. The Jurassic successions of the
Julian Alps correlate with regional tectonics and major
palaeogeographic changes as follows:

1. Early Jurassic platform deposits of the Julian Alps
were deposited on the Julian Carbonate Platform and
represent a continuation of shallow-water sedimenta-
tion from the Late Triassic.

2. In the Pliensbachian, shallow-water sedimentation on
the Julian Carbonate Platform ended as a result of
extensional tectonic phase. The platform was dissected
into blocks with different subsidence rates, forming the
deeper-water Bovec Trough and a structural high
named the Julian High. The Julian High was uplifted
above sea level resulting in the formation of a karstic
discontinuity surface. An alternative hypothesis is that
the Julian High also drowned, and the discontinuity
surface was formed by sea-floor dissolution.

3. Accelerated subsidence in the Bajocian caused sub-
mergence and/or deepening of the Julian High.
Foundering into deeper water was coincident with the
onset of the condensed Prehodavci Formation in the
Bajocian.

4. The occurrence of Kimmeridgian neptunian dykes on
the Julian High implies the existence of extensional
tectonic activity in the Late Jurassic.

5. In the late Tithonian sedimentation of the Biancone
limestone became ubiquitous across the Bovec Trough,
Julian High, in the Tolmin and Belluno basins, and on
the Trento Plateau.

The condensed successions of the Julian High can be
correlated with those known on the Trento Plateau. In
particularly they show, with few local exceptions, similar-
ities to those parts of the Trento Plateau where the Middle
Member of the Ammonitico Rosso (RAM) is missing.
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