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The field-trip deals with the eastern part of the Southern

Alps where the South Alpine and the Dinaric structures

now overlap. In Mesozoic times, this area belonged to the

northeastern Adriatic continental margin which wasfacing
the Meliata-Maliac-Vardar Ocean but was also closeto the

Alpine Tethys.

Several paleogeographic unitsare differentiated inthe area.

The Bled Basin occupied the most distal position on the

continental margin. This basin was characterized by deep-

water sedimentation from the Norian onwards and by a

relatively early onset of flysch-type sedimentation in the

Valanginian-Hauterivian. The Julian High was a pelagic

plateau that formed when the Triassic to Early Jurassic

carbonate platform (the Julian Carbonate Platform) was
dissected into blocks, subsided and drowned. The Bovec

Basin evolved during the Pliensbachian to the Bajocian

on a more deeply subsided block of the same platform.

The Tolmin Basin existed between the Julian High and

the stable Dinaric Carbonate Platform from the Triassic to

the end of the Cretaceous.

Based on the stratigraphic record, the Norian to Albian

evolution of these sedimentary basins is divided into the

following stages:

1) In the Norian and Rhaetian, the lagoonal Dachstein
limestone and marginal coral reefs were deposited on
the Julian Carbonate Platform. Limestones and dolo-
mites with chert accumulated in the Bled and Tolmin
basins. These deeper-water deposits include fault-
derived coarse-grained breccias. Until the Pliensbachian,
both basins were characterized by resedimented car-
bonates shed from the coeval Julian Carbonate Platform.

2) The main subsidence phase occurred in the Pliens-
bachian and is documented by a shift to deeper-marine

Bovec Basin) and thefirst generation of neptunian dikes
on the subsided platform, coarse-grained brecciain the
Bled Basin, and a change in composition of
resedimented limestones (crinoidal limestones start to
prevail) in the Tolmin Basin. The Toarcian was a
tectonically quiet period. Clay-rich deposits including
L ower Toarcian black shales are preserved in the Bovec
and Tolmin basins.

3) The subsequent subsidence phasein the Bajocian caused
a further deepening of the entire area. Up until the late
Early Tithonian condensed Rosso Ammonitico type
limestones accumulated on the Julian High, whereas
the surrounding basinswere characterized by radiolarian
cherts and shales. Carbonate gravity-flow deposits, this
time sourced from the Dinaric Carbonate Platform, were
common in the Tolmin and Bovec basins, but absent in
the Bled Basin.

4) In the Late Tithonian, the Biancone limestone started
to accumulate in al paleogeographic units of the area.
Berriasian limestone brecciasin the Bled Basin provide
evidence of an isolated carbonate platform that, after
the ophiolite emplacement and uplift, formed in more
internal Dinaric units and was later eroded. The
overlying Valanginian-Hauterivian turbidites with
clastic admixtures document the evolution of the Bled
Basin into a typical foreland basin.

5) Around the Aptian-Albian boundary, the Early
Cretaceous orogeny was intensified and caused a
renewed subsidence (associated with an erosional event)
in more external paleogeographic units. Coarse-grained
polymictic breccias accumulated in the Tolmin Basin.
The second generation of deep breccia-filled neptunian
dikes on the Julian High was most probably also related
to this tectonic event.
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1. Topicsand area of thefield trip

Thisfield trip focuses on the latest Triassic to Cretaceous
sedimentary evolution and pal eogeography of the Adriatic
continental margin that isnow preserved in the Julian Alps
in NW Slovenia (Fig. 1).

Like elsewhere on the Adriatic continental margin, a well
expressed horst-and-graben topography was created during
thelatest Triassic to Early Jurassic rifting phase. Remnants
of four different deeper-water paleotopographic units are
preserved inthefield-trip area. Arranged according to their
location on the continental margin (from relatively distal
to more proximal), these units are: the Bled Basin (Stops
1, 2), the Julian High (Stop 6), the Bovec Basin (Stop 5)
and the Tolmin Basin (Stops 3, 4). The most proximal
paleogeographic unit was the stable Dinaric Carbonate
Platform, which bordered the Tolmin Basin and is now
exposed south of the field-trip area.

Thefollowing lithologieswill be examined during thisfield
trip:
- Shallow-water limestones (Upper Triassic to Lower
Jurassic)

Cherty limestones and dolomites (Upper Triassic)
Calcareous gravity-flow deposits (from fine-grained
low-density intrabasinal turbidites to debris flows,
Jurassic and Cretaceous)

Mixed carbonate-siliciclastic turbidites (Lower
Cretaceous)

Bedded radiolarian cherts (Middle and Upper Jurassic)
Pelagic cherty limestones (Upper Tithonian to
Neocomian Bianconelimestone and Upper Cretaceous
Scaglia rossa)

Polyphase neptunian dikes

Thefleld trip aimsto discuss the sedimentary evolution of
these locally recognized basinsin the larger framework of
the Adriatic continental margin. The relationship to regi-
onal synsedimentary tectonic events is introduced and a
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brief comparison with neighboring depositional basins of
the Dinarides and the Southern Alps is presented. For the
described area in NW Slovenia we give an extensive list
of references relevant to the local geology. Only a few
general papers are cited to give the necessary information
on the wider regional framework. For geological maps of
Slovenia, the reader is referred to the Basic Geological
Map 1:100,000 (available online at the Geological Survey
of Slovenia, http://www.geo-zs.si/), and to the compiled
and updated version of the Basic Geological Map at scale
1:250,000 (Buser 2009).

2. Introduction

The field-trip area is located in the eastern part of the
Southern Alps (Fig. 2) where the South Alpine and the
Dinaric structures now overlap. In the Mesozoic and early
Tertiary, this area clearly evolved as part of the NW-SE
oriented Dinaric system (PLacer 1999). Only later, in the
Neogene, were the Dinaric structures overprinted by
southward-directed Alpinethrusting (DocLiont & BOsELLINI
1987, DocLIoNI & SiorraEs 1990, PLAcER 1999). The nappe
system in the research area derived from the continental
margin of the Adriatic microplate. In the Middle and Late
Jurassic, this part of the margin was facing the Meliata-
Maliac remnant basin and the Vardar Ocean, which
together formed a single branch of the Neotethys (ScHmip
et al. 2008), but was also close to the Alpine Tethys (see
Fig. 3b).

During the latest Triassic and Early Jurassic, the
continental margin experienced a major period of
extensional tectonics related to the reorganization of
lithospheric plates due to the breakup of Pangea and the
formation of the Atlantic Ocean. An array of grabens and
horsts was created by episodic differential subsidence

_ 72 J\( 1510 _(U—-C/ \%t(agskogellﬂ g N Flg 1: Road map Of NW
= V> %ﬁ 1839 . . .
= T\a isi Rateée ”E»'Z’dkoren ) K’e;a\ l//,{, { / Sloveniawith locations of
4 "~ . . .
biz Ldi.Ft V S e— J S - -
i Manémussklln]e_.; -l ,\Q,{u o A j field-trip sections 1-6.
) . { > ; Manuljek ' I oPlanina
lontasio 1§ Predil = 22 1 olstran O~ p od Gol I|co
nad Pol. A RabeliR® f I’erlcnr \ < .
L 70 - 2740 » 236)™S.
:,S:R yi Skrlat:ca S adovna \\\ € i) Izw?ﬁ--Ar ubelf
bedio 11 ~ 206
1 f & 2607 2393 erovnlca Podllubel
? Rombon | \ 5864 %orenlskem A
208 Triglav 5
Bovec . 2390 Q o ’ Sglé
B()kd ~ “Soca \ "~ Soda 2348 A A ’\ p 0Go
2Ll Cézssca Lepena ’ | @
< ~ Bohinjsko Sl Jt uzin
73 K 2005 § Savtca‘\—i(zc—’gr/‘ \
2244 : = w
. S o A= 512 NS . N
o DreZnica Vogel Ribéev Laz 'Bohiniska . PO
1922 Bistric (g277  Ratitovec Besnica
+  Rodica ) 1667 397 \\=\{
L KRANY
Y 0012 32 Zg.Sori &
;) o //bJ ﬁodbrdo o) g o Q
M.Matamr\. '2I‘O:Imin \ \ f Davc" / Zali| LOQ \
20 =
- e /\/
) Kneia Obaé] g /rm vth Fy EL 0OS O, 3% A- =
0 1291:0 155, SKOFJA e,
g . /B éa . Q BUKOVO AM Blegos &}7 LO| ‘—J & o
,‘/ 5 \ |Modreju J— = S
Focini_Jf7 /“as" AN | 20KM

10

3



GoricaN et al.: Mesozoic deep-water basins in the eastern Southern Alps (NW Slovenia)

Vienng

adminﬁ

Schl
QSchladm

O

Eastern Alps &
Western Carpathians

Tisza Mega-Unit
|:| Europe-derived units

N

Adria-derived thrust sheets:

|]]] Southern Alps
|:| Dinarides - Hellenides

Ophiolites, suture zones,
oceanic accretionary prisms

- in general

- Western Vardar Ophiolitic Unit

- Sava Zone

@ undeformed Adriatic plate

* field-trip area

"YBeograd (

0]

Q

=

°
S
P

S
3
2

/

A\

o Sofia

Fig. 2 Major tectonic units of
the Alps, Carpathians, Dinari-
des and Hellenides (simplified
after Schmip et al. 2008 and

200 km

(BernouLL! et a. 1990, Sarti et a. 1992, BertotT! €t al.
1993, BerrA et a. 2009). The extent of this rifting was
regional and has been well documented from the western
Mediterranean to the Arabian Peninsula (ScHETTINO &
Turco 2011). During the Middle to Late Jurassic, after the
final opening of the Alpine Tethys, the region became
progressively deeper due to post-rift thermal subsidence.
From the Bajocian onwards, the elevated areas were
submerged submarine plateaus with condensed pelagic
sedimentation and considerable stratigraphic gaps. The
surrounding basins subsided to bathyal depths and were
mostly characterized by highly siliceous pelagic sediments,
occasionally punctuated by calcareous turbidites from
adjacent platforms (see Fig. 3afor the present-day location
of deep basins and pelagic plateaus).

Structurally, the Southern Alps of NW Slovenia consist of
two composite south-verging tectonic units, the Tolmin
Nappe and the Julian Nappe; the Julian Nappe overthrusts
the Tolmin Nappe (PLacer 1999) (Fig. 4). To the north,
the Southern Alps are separated from the Austroal pine units
by the Periadriatic Line; to the south, the South Alpine

Usrtaszewsk! et al. 2009).

front is in direct contact with the Trnovo Nappe of the
External Dinarides (PLACER 1999).

The Tolmin Nappe (Fig. 4) consists of several thrust sheets
composed of Upper Triassic to Upper Cretaceous deep-
water successions that are paleogeographically ascribed
to the Tolmin Basin. The successions comprise pelagic
sediments (thin-bedded micritic limestones, radiolarian
cherts and shales) and intervening carbonate gravity-flow
deposits (Fig. 5). In the Middle Jurassic and later, the
shallow-water carbonate material was sourced exclusively
from the stable Dinaric Carbonate Platform, which now
occupies a large area of the External Dinarides. The
deposition of siliciclastics (flysch) in the Tolmin Basin
started in the Campanian-Maastrichtian.

The structure of the Julian Nappe (Fig. 4) is more
complicated and has not been satisfactorily reconstructed
yet. In addition to structural elements, the differences in
the stratigraphic record clearly document the existence of
several tectonic/paleogeographic units. Triassic to Lower
Jurassic platform limestones predominate over the entire
area but the overlying pelagic successions may vary
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Fig. 3a: Present-day po-
sition of paleogeographic
unitsin NW Sloveniaand
NE Italy (according to
WINTERER & BOSELLINI
1981. Smvuc 2005).

Fig. 3b: Paleogeographic
reconstruction for the
Oxfordian (after ScHmip et
al. 2008) with thelocation
of the Julian Alps marked
(star symboal).
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Fig. 5: Geological map 1:500,000 of NW Slovenia (after Buser & DraksLER 1993).

significantly in thickness and facies types. In terms of
paleotopography (best pronounced during the Middle and
Late Jurassic), these deep-water deposits are attributed to
three separate units: the Bovec Basin, the Julian High,
and the Bled Basin. Since the structure within the Julian
Nappeisrelatively complex, and because the exposures of
Jurassic and Cretaceous sediments are scarce and laterally

discontinuous (see Fig. 5), the exact location of different
sedimentary basins in the regional paleogeography is
difficult to ascertain. The Bovec Basin was presumably
part of the Tolmin Basin but may have belonged to the
Belluno Basin of the Southern Alps. The Julian High was
anisolated intrabasinal plateau characterized by condensed
pelagic sedimentation and, locally, deep breccia-filled
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neptunian dikes. This succession ends with a Campanian-
Maastrichtian flysch that is approximately coeval to the
flysch of the Tolmin Basin. On the other hand, the
succession of the Bled Basin shows clear affinities with
more internal Dinaric units. The Lower Cretaceous mixed
carbonate-siliciclastic turbidites suggest a correlation with
the Bosnian Flysch, which is extensively exposed only in
the central Dinarides. In Slovenia, the Lower Cretaceous
deposits of the Bled Basin are the oldest known sediments
related to Dinaric orogeny and represent the most internal
zone preserved in a wider area. The nearest outcrops of
Lower Cretaceous flysch-type deposits are known about
200 km southeastwards at Mt. Ivanscica in northern
Croatia.

In thefield trip we will focus on sedimentary evolution of
the deeper-water basinsfrom the latest Triassic to the mid-
Cretaceous (Albian) to encompass the interval from the
initial rifting to the early stages of orogeny.

3. Field-trip description
3.1. The Bled Basin

General description

The remnants of thisbasin are exposed in the surroundings
of Bohinj and on the Pokljuka Plateau in the eastern Juli-
an Alps (Fig. 5). Cousin (1981) introduced the
paleogeographical term Bled Basin because he noticed
significant differences in the stratigraphy of this area
compared with other deep-water successions in the Julian
Alps. The most notable difference is the age of flysch
deposits. The flysch-type sedimentation in the Bled Basin
started in the Early Cretaceous, but significantly later, in
the Campanian to Maastrichtian, in the other basins of
the Julian Alps. This comparison led Cousin to correlate
flysch deposits of the Bled Basin with the Bosnian Flysch
in the Central Dinarides and, thus, to assume arelatively
internal position of this paleogeographic unit.

The general stratigraphy of the Bled Basin (Fig. 6) is
summarized from previousworks (HARTEL 1920, Bubkovic
1978, Buser et al. 1979, Cousin 1981, KoLAR-JURKOVSEK €t
al. 1983, Buser 1986, 1987, Kukoc et al. 2012). The Norian
and Rhaetian deposits are mostly relatively thick-bedded
limestones with chert nodules (Zatrnik limestone of Cou-
siNn 1981). Locally, reef limestone occurs. The Lower
Jurassic succession is characterized by bedded, often cherty
limestoneswith echinoderms (Hierlatz facies) that laterally
and vertically pass into massive oolitic limestone. The
uppermost part consists of coarse-grained carbonate breccia
that also includes chert nodules. Cousin (1981) informally
named this interval the Ribnica breccia. The following
lithostratigraphic unit comprises Middle and Upper
Jurassic bedded radiolarian cherts and shales. In the upper
part, cherts and shales alternate with marly limestone and
areoverlain by approximately 50 m of laminated limestone,
which passes into typical Upper Tithonian Biancone
limestone. The Bianconelimestoneisoverlain by carbonate
gravity-flow deposits of the Bohinj Formation. The
overlying succession starts with siliceous limestone with

Journal of Alpine Geology, 54: 101-143, Wien 2012
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stratigraphic position of Stops 1 and 2 is indicated.

asignificant proportion of marl and then passesinto mixed
siliciclastic-carbonate turbidites, referred to as flysch by
previous authors. In places, olistostrome brecciacontaining
blocks (afew m?®in size) of the Biancone limestone occurs
(Buser 1986). The matrix of the brecciais siliciclastic and
composed predominantly of quartz but also includes lithic
grains, hornblende and plagioclase. Buser (1986) estimated
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the entire flysch sequenceto be approximately 400 m thick.
Theflysch-type deposits near Bohinj have been dated with
nannoplankton as Valanginian - Hauterivian (Buser et al.
1979). These mixed calcareous-siliciclastic turbidites have
a very limited areal extent and their present location in
the Julian Alps appears quite “exotic”. Facies and time-
equivalent lithostratigraphic units are the Vranduk For-
mation of the Bosnian Flysch (Mikes et al. 2008 and
references therein), the Ostrc Formation in NW Croatia
(BaBic & Zupanic 1978, Luzar-OBERITER €t a. 2009), and
the Rossfeld Formation in the Northern Calcareous Alps
(e.0., FaurL & WacRreIcH 2000, Missoni & GawLick 2011).

Sop 1: The Ribnica Valley
Pliensbachian to Tithonian
Guided by Dusk Kukoc

General description

The Lower Jurassic Ribnica breccia and the overlying
Middle to Upper Jurassic radiolarian cherts (Fig. 8) are
best exposed at the first waterfall in the Ribnica Valley
(N 46° 18.190, E 13° 54.821', Fig. 7). The lowermost part
of the section is composed of calcarenite with more than
50% echinoderms and rare foraminifers (Fig. 9a). The
calcarenite is followed by a 0.5 m thick layer of greenish
marly limestone and a 20 cm thick layer of reddish
filament-bearing limestone, which also contains
echinoderms and foraminifers (Fig. 9b).

The Ribnica breccia consists of several beds. The first is
1 m thick and contains limestone clasts up to 40 cm in
size, but no chert. The overlying bed is thinner (0.5 m)
and the limestone clasts are smaller. The upper part of the
Ribnicabrecciais an approximately 5 m thick chaotic bed
containing large limestone and chert clasts, and also
irregularly shaped folded layers of chert upto 1 minsize.
The upper bedding planeisin placessilicified and covered
by a10 cm thick horizon of gray marl. Thetopmost breccia
bed issimilar to theonebelow; itis0.5mthick and contains
a high amount of chert (app. 50%) in the form of folded
nodules and layers (Fig. 9e, f).

The most common microfacies of the breccia clasts is
bioclastic wackestone-packstone with abundant
echinoderms and foraminifers (e.g., Involutina liassica

(Jones)). Ammonite and gastropod shells also occur (Fig.
9d). Some clasts are wackestones with radiolarians and
sponge spicules. Glauconite grains are rare but present
throughout the Ribnica breccia.

The overlying succession is dominated by radiolarian
cherts. It starts with a6 m thick slumped interval of dark-
green bedded chert. The shale interlayers constitute less
than 10% of the sequence. The transition to the overlying
bedded cherts is not exposed; presumably mostly shales
occur in this covered interval. The upper part of the
succession consists of dark-brownish-red bedded chertsand
shales. The content of shale in this part of the succession
is high and reaches up to 60%. Individual chert beds are 3

Laminated siliceous
limestones

Cherts and shales

Slumped chert

RIB1 3.60 _&
-

(UAZ 6-7)

Involutina liassica (Jones)
-~

Ribnica breccia

Calcarenite with
echinoderms

0-

Fig. 8: Jurassic stratigraphy in the Ribnica Valley (Stop 1).
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to 5 cm thick and generally laminated. In places, normal
grading and channel structures (Fig. 9g) clearly indicate
that the chert beds were deposited aslow-density turbidites.
In the upper part of the section carbonate content increases
again. Gray laminated siliceous-limestone beds, up to
10 cm thick, are intercalated in the dark-gray shale. The
content of shale decreases upsection and the succession
ends with thin-bedded laminated siliceous radiolarian-

2,5 mm

e S
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bearing limestones. The entire thickness of the laminated
limestones is estimated to 50 m but is not visible at this
outcrop.

Age

In the breccia clasts, the diagnostic foraminifer Involutina
liassica (JonEs) indicates an Early Jurassic age. The
maximum range of this species is from the Upper Norian

1,5 mm

Fig. 9: Microfacies and field photographs from the section at Stop 1: @) calcarenite with echinoderms and peloids
(Hierlatz facies) at the base of the section; b) reddish limestone with filaments, echinoderms and rare foraminifers
beneath the Ribnica breccia; c) lower part of the Ribnica breccia with mudstone clasts in the matrix composed of the
same material as the microfacies in Fig. 9b; d) clast from the upper part of the Ribnica breccia: wackestone with
echinoderms, foraminifers and an ammonite shell; e, f) field photograph of the uppermost part of the Ribnica breccia;
g) bedded chert and shale from the upper part of the section, the thickest chert bed displays a channelized base and
parallel lamination on the top.
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Fig. 10: Tithonian-Berriasian stratigraphy along the road
to Uskovnica (Stop 2).

to the lowermost Toarcian (BassouLLeT 1997). Based on
regional stratigraphic correlations, the Pliensbachianisthe
most probable age of the Ribnica breccia. The slumped
cherts above the breccias yielded a middle Bathonian to
early Callovian radiolarian assemblage (UA Zones 6-7 of
BAUMGARTNER et al. 1995b). These two age constraints
suggest that asignificant stratigraphic gap occurs between
the Ribnica breccia and the overlying radiolarian cherts.
The age of the upper part of the succession is yet to be
determined.

Sop 2: Along theroad from Srednja vasto Uskovnica
Tithonian and Lower Cretaceous
Guided by Dusk Kukoc

General description

An approximately 40 m thick section of pelagiclimestones,
including carbonate gravity-flow deposits (Fig. 10), iswell
exposed northeast of the Bohinj Lake, along the road from
Srednja Vas to Uskovnica (N 46° 17.992', E 13° 55.069,
H =785m, Fig. 7).

This section is subdivided into three lithostratigraphic
units: 1) the Biancone limestone; 2) carbonate gravity-flow
deposits (the Bohinj Formation); and 3) siliceouslimestone
with marl. The section combines two partial sections
(marked BU1 and BU2in Fig. 10), and the contact between
them is tectonized. The missing part is estimated to be
10 m.

The Biancone limestone is characterized by thin- to medi-
um-bedded light-gray to white limestone with individual
beds up to 20 cm thick. Up to 5 cm thick discontinuous
beds of dark-gray chert and irregularly shaped chert
nodules are common. Intercalations of marl are also
present. The predominant microfacies are radiolarian-rich
wackestone and packstone (Fig. 11a). Parallel lamination
is present in some layers. In places, normally graded
calcarenites occur as several centimeters thick
intercalationsin micrite beds and contain up to 5 mm large
clasts in the basal part (Fig. 11b).

The second lithostratigraphic unit has recently been
described as the Bohinj Formation (Kukoc et a. 2012). At
the type locality, the Bohinj Formation consists of 3 m of
carbonate breccia and 4 m of calcarenite. Slump folds are
present in the breccia. The calcareniteis massive and shows
no internal folding or bedding.

The third lithostratigraphic unit is reddish siliceous
limestone similar to the Biancone limestone, from which
it differs by its higher proportion of marl and the red co-
lor. At this section, the transition into the overlying flysch-
type depositsis covered.

Composition of the breccia and calcarenite

The breccia consists primarily of matrix-supported angu-
lar to subangular shallow-water carbonate clasts. The
largest clasts are up to 2 cm in diameter. The matrix is
radiolarian-rich lime mudstone with sponge spicules and
scarce calpionellids. Most of the limestone clasts are
bioclastic grainstones and bioclastic-peloidal packstones
(Fig. 11f, k). Clasts of algal wackestone and oncoid
packstone are also present but rare. The skeletal grainsin
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Fig. 11: Microfacies at Stop 2: a) pelagic Biancone limestone, radiolarian packstone; b) graded layer in Biancone
limestone with grains of chert at the base and accumulation of radiolarian skeletons above; silicified parts (lighter area)
are visible below and above; c) bioclast of Cayeuxia in mud-supported breccia and clasts of bioclastic packstone with
textulariids; d) isolated Clypeina jurassica Favre and an isolated ooid in matrix-supported breccia; €) bioclast of Clypeina
jurassica Favre; f) bioclastic packstone with foraminifers and echinoderm fragments; g) bioclast of cal careous sponge;
h) matrix with coated echinoid spine; i) clast of oolite weakly cemented with athin fringe of early cement, pore spaces
arefilled with the brecciamatrix; j) clast of pelagic wackestone containing abundant cal pionellids; k) clast of bioclastic-
peloidal packstone with benthic foraminifers.
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these clasts are miliolid and textulariid foraminifers,
echinoderm fragments and algal fragments. The dasyclad
algae Clypeina jurassica Favre, characteristic of the upper
Kimmeridgian to lowest Berriasian, is found both in the
clasts of algal wackestone and in the form of isolated
fragments (Fig. 11d, €). Intraclasts of pelagic calpionellid
wackestone are also present (Fig. 11j). Calpionella alpina
Lorenz, ranging from the late Tithonian to earliest
Valanginian has been recognized. In addition to common
remains of Clypeina jurassica Favre, the green algae
Cayeuxia, and fragments of sponges (Fig. 11g, h),
bryozoans, echinoderms and thick-shelled bivalves are
identified as single bioclasts. Well-developed concentric
and radial ooids and oncoids are present asisolated grains
(Fig. 11i, h); rare chert grains also occur. Calcarenite is
predominantly composed of shallow-water skeletal
fragments and lithoclasts similar to those found in the
breccia. Grains of chert and glauconite are present but are
less abundant than carbonate components.

The microfacies analysis reveal s that the main source area
of the resedimented limestone was a penecontemporaneous
carbonate platform. Limestone clasts and isolated grains
from the outer platform prevail, but lagoonal facies (algal
wackestone) is also present.

Age

Radiolarians from the pelagic Biancone limestone below
the Bohinj Formation indicate alatest Tithonian to earliest
Berriasian age (UA Zone 13 of BAUMGARTNER et al. 1995b),
and those above may range into the early Valanginian (UA
Zones 13-16). Theradiolarian dating isin accordance with
the ages suggested by Clypeina jurassica and calpionellids
from the breccia clasts.

Significance for local paleogeography

The Bohinj Formation provides evidence of a carbonate
platform that must have been located more internally but
is now not preserved. This inferred platform (named the
Bohinj Carbonate Platform by Kukoc et a. 2012) may have
developed on top of a nappe stack which formed during
the early emplacement of the internal Dinaric units onto
the continental margin (Fig. 12). The platform correlates
regionally with genetically similar isolated carbonate
platforms of the Alpine - Dinaride - Carpathian orogenic
system, e.g., with the Plassen Carbonate Platform in the
Northern CalcareousAlps (GawLick & ScHLAGINTWEIT 2006)

and the Kurbnesh Carbonate Platform in Albania
(ScHLAGINTWEIT €t a. 2008).

3.2. The Tolmin Basin

General description

Among the three basins of the eastern Southern Alps, the
Tolmin Basin is characterized by the largest extent of
outcrops and the most complete stratigraphic record.
Several well-preserved Mesozoic successions provide
evidence for the longest basinal history, a relatively
complex intrabasinal variability, and an indisputable
pal eogeographic position between the Dinaric Carbonate
Platform and the Julian High.

The successions of the Tolmin Basin are exposed in the
southern foothills of the Julian Alps in NW Slovenia
Structurally, they form the Tolmin Nappe that is generally
subdivided into three second-order nappes (Fig. 13). From
bottom to top, these are the Podmel ec Nappe, the Rut Nappe
and the Kobla Nappe (Buser 1986, 1987). In terms of
pal eogeography, the stratigraphic successions of these
nappes correspond to different parts of the Tolmin Basin.
Different proximal to distal successionsare now juxtaposed
primarily because of the Neogene N-S shortening. Facies
variations in the W-E direction have also been observed;
these variations reflect the original NW-SE basin
orientation, which was amplified by older, i.e., Paleogene,
thrusting towards the southwest (Rozic 2009). The Triassic
to Cretaceous rocks of the Tolmin Nappe exhibit a
considerable thermal overprint which occurred in post-
L ate Cretaceous to pre-mid Oligocene times (RAINER et al.
2009). Vitrinite reflectance and illite crystallinity studies
have demonstrated that these rocks were subject to deep
diagenesis and, in the area NE of Cerkno (see Fig. 13),
reached the anchizone (Rainer et al. 2002, 2009).

In the Mezozoic, the Tolmin Basin was a deep-water
pal eogeographic domain located between the Dinaric Car-
bonate Platform in the south and the Julian Carbonate
Platform in the north. During the Early Jurassic, the Julian
Carbonate Platform was dissected, subsided and
progressively drowned making a pelagic plateau known
as the Julian High (Buser 1989, 1996, Jurkovsek €t al.
1990, Smuc 2005, Svuc & Rozic 2010). Except for the
marginal parts, the Dinaric Carbonate Platform (also
named Friuli or Adriatic or Adriatic-Dinaric Carbonate

W
Dinaric
Carbonate Platform

Julian High

E
Bohinj
Carbonate Platform

Fig. 12: Schematic cross-section of paleogeographic units in western Slovenia in the Berriasian (from Kukoc et al.

2012).
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Fig. 13: Structural map of the area between Kobarid and Cerkno with the locations of Stops 3 and 4.

Platform) was less affected by tectonic subsidence and
remained the most stable shallow-water carbonate system
in the Mediterranean Tethys throughout the Jurassic and
Cretaceous (e.g., ViLaHovic et al. 2005 and references
therein).

The Tolmin Basin originated in the Middle Triassic when
a uniform carbonate platform (the Slovenian Carbonate
Platform, Buser 1989) was disintegrated due to the rifting
related with the opening of the Meliata-Maliac Ocean. The
Ladinian is marked by alternating siliciclastic and
carbonate (hemi)pel agi ¢ sedimentation with intercalations
of volcaniclastics. A similar depositional style, but without
volcaniclastics, continued into the Carnian (Buser 1989,
1996, Buser et a. 2007, 2008). The Norian/Rheatian is
marked by pure carbonate sediments that are dolomitized
to the Baca Dolomite Formation (bedded dolomite with
chert nodules). In just the northern part of the basin, the
uppermost Norian and Rhaetian is preserved as alternating
hemipel agic/resedimented limestone succession and was
recently defined asthe Slatnik Formation (Rozic et al. 2009,
GaLE 2010). Replacement chert nodules are common in
all lithologies. Early Jurassic rifting events of the Alpine
Tethys are reflected in a progressive deepening of the
Tolmin Basin. During Hettangian to Pliensbachian period
the Krikov Formation originated (Cousin 1973, 1981) that
is often marked by thick limestone breccias in the basal
part. The Krikov Formation is composed of alternating
resedimented and hemipel agic limestones that show great
lateral variations. The northern part of the basin reveals
the predominance of resedimented carbonates, whereasthe
southern part is dominated by hemipelagic sediments
(Rozic 2006, 2009). Such facies distribution implies that
the north-lying Julian Carbonate Platform was the main
source area of the redeposited carbonate material. Furt-
her, the demise of shallow-water sedimentation on this
platform at the end of the Pliensbachian (Svuc 2005) is
directly reflected in the sharp upper boundary of the Krikov
Formation (Rozic 2009). The Toarcian is marked by marl-
dominated Perbla Formation, a succession typical of this
stagein theAlpine Realm (Cousin 1973, Rozic 2009, Rozic

& Swuc 2011), while the Middle and Upper Jurassic is
characterized by pelagic siliceous limestones and
radiolarian cherts (Cousin 1973, 1981, Buser 1989) that
were recently defined as the Tolmin Formation (Rozic
2009). In the southern part of the basin resedimented
limestones occur sporadically and wedge out towards the
north. Such facies distribution indicates a south-lying
Dinaric Carbonate Platform as a source area of Middle
and Upper Jurassic redeposited shallow-water material
(Rozic & PoriT 2006, Rozic 2009). The Jurassic succession
ends with the upper Tithonian to Neocomian Biancone
limestone (Cousin 1981). Local and regional stratigraphic
correlations of the Jurassic deposits are presented in Figs.
14 and 15.

The Early Cretaceous (Valanginian to Aptian) is missing
in the Tolmin Basin due to a prominent erosional event.
The Lower flyschoid formation (Caron & Cousin 1972,
Cousin 1981, Buser 1986, 1989) starts around the Aptian-
Albian boundary with a thick limestone breccia which
unconformably overlies mostly the Biancone limestone,
but can belocally in direct contact with the Toarcian Perbla
Formation. Above the basal breccia, the Lower flyschoid
formation is characterized by shales and marls with
intercalations of calcareous turbidites. In marginal areas,
adjacent to the Dinaric Carbonate Platform, there is less
marl and the succession is almost entirely composed of
calcareous turbidites (Samiee 1999, Rozic 2005). In the
upper, i.e. Turonian, part of the formation, red marls and
pel agic limestones with globotruncanids are characteristic.
The Coniacian to Campanian is marked by the Volce
Limestone, which consists of thin-bedded calcareous
turbidites and pelagic limestones with globotruncanids
(OcoreLEC et a. 1976, Buser 1989). Replacement chert
nodules and layers are abundant in the Volce Limestone.
The succession of the Tolmin Basin ends with the
uppermost Campanian-Maastrichtian coarse-grained
calcareous breccias that upsection pass into mixed
calcareous-siliciclastic flysch-type deposits (Caron & Cou-
siN 1972, Cousin 1981, Buser 1989).
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Fig. 14: Stratigraphic correlation of uppermost Triassic to lowermost Cretaceous formations of the Tolmin Basin (after

Rozic 2006, updated).

A note on the history of the name Tolmin Basin: In the
past, several names were introduced for the basinal facies
belt located in the foothills of the Julian Alps. The facies
belt, where Mezozoic successions are common, well-
exposed and most studied, is 50 kilometerslong and up to
20 kilometers wide, extending W-E between Tolmin and
Cerkno (see Fig. 5). For al basinal successions that crop
out in the eastern Southern Alps, Ausouin (1963)
introduced the term Julian Basin. After a more detailed
study, Cousin (1970) defined the Slovenian Basin for the
successions in the foothills of the Julian Alps. The same
term Slovenian Basin (or Trough) was used by Buser (1989,
1996) who claimed that the basinal successionsextend from
the Tolmin area much further to the east through the whole
central and eastern Slovenia (also see OcoreLEC & Dozet

1997, Buser et a. 2007, 2008). Subsequently, the term
Slovenian Basin became widely accepted and is still used
inthe Slovenian literature. In hislater work, Cousin (1981)
extended the definition of the Slovenian Basin to all
Jurassic deeper-water paleogeographic domains of the
Julian Alps (including the Bovec Basin and the Bled Basin),
whereas the basinal facies belt previously described as the
Slovenian Basin was considered a sub-basin and re-named
the Tolmin Basin. Here we usetheterm Tolmin Basin sensu
Cousin (1981). Neverthel ess, we believe theterm Slovenian
Basin should remain confined to the Middle Triassic to
Cretaceous basinal successionsthat arefound asalaterally
continuous facies belt in the foothills of the Julian Alps,
but are also traceable eastwards. According to this
definition, the term Tolmin Basin corresponds to the
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westernmost part of the Slovenian Basin, but the Bovec
and Bled basins are considered separate basinal areas.

Sop 3: Slatnik
Norian and Rhaetian
Guided by Luka GALE

General description

The Mt. Slatnik section (Figs. 16, 17) is accessible along
an old mountain path crossing the southern flank of Mt.
Slatnik (N 46° 02.756', E 14° 29.932', 1597 m a.s.l.). The
section is located in the Kobla Nappe, the northernmost
subunit of the Tolmin Nappe (Fig. 13). The section displays
the most proximal development of the Tolmin Basin with
respect to the north-lying Julian Carbonate Platform. Along
the path, the following formations are exposed: the Baca
Dolomite, the Slatnik Formation and the Krikov Formati-
on. The section provides somekey evidence of theevolution
of the Tolmin Basin during the Norian-Rhaetian period.

The Baca Dolomite

The Baca Dolomiteis usually denoted as Norian-Rhaetian
bedded dol ostone with chert (Fig. 18a) (Buser 1979, Buser
1986, Buser et a. 2008, GaLE 2010). The Mt. Slatnik
section is unique for its non-dolomitized parts in which
primary sedimentary structures are preserved (Fig. 18d).
The total exposure of the Baca Dolomite is 257 m (Fig.
17). The section starts with slump breccias with intraclasts
and chert clasts (Fig. 17, Interval A). The breccias are
followed by medium-thick amalgamated, partly bioturbated
beds of dolostone with parallel lamination and chert
nodules; slump brecciasarerare (Interval B). Thefollowing
10 m are composed of thin-bedded cherty limestone and
light-brown dolostone, arranged in up to 1 m thick
sedimentary cycles (Interval C; Fig. 18c). Texturally these
are thin-shelled bivalve wackestone/floatstone to
packstone/rudstone (Fig. 18g), or very fine-grained peloidal

Y T Sl —=—u N (]
VR e A
= Nemski— =

)*_ i

1

on of Stop 3.

and fine-grained peloidal-bioclastic packstone. The light-
brown color of the dolostone comes from a large amount
of pyrite. Very fine plant detritus and detritial quartz are
present. Higher up, the pyrite content decreases and the
beds become thicker (Interval D). Rare mudstone or
wackestone beds are preserved in the lower part. Dolos-
tone beds are mostly medium-thick, with partly visible
parallel and cross lamination. Chert is common in this
and in the next interval where amalgamated limestones
predominate (Interval E). Very fine-grained peloidal and
fine-grained pel oidal -bioclastic packstone (Fig. 18i) shows
normal and inverse grading, parallel, cross and convolute
lamination, geopetal structures and load casts (Fig. 18d).
A new package of slump brecciasfollows (Interval F; Fig.
18b). It issucceeded by medium-thick dolostone bedswith
subordinate laminated wackestone to packstone (Interval
G; Fig. 18h), dolostone with chert nodules (Interval H)
and then by a succession of dolostone without chert (Inter-
val I). In the last interval, limestone predominates again
(Interval J). Amalgamated wackestone to packstone shows
grading, parallel, cross and convolute lamination. The
uppermost part of thisinterval consists of some mudstone
layers. The Baca Dolomite is separated from the overlying
Slatnik Formation by a minor fault.

The Slatnik Formation

The Slatnik Formation represents the non-dolomitized
uppermost part of the Baca Dolomite known solely in the
Kobla Nappe (Rozic et a. 2009, KoLAr-Jurkovsek 2011).
The 52 m thick succession consists of resedimented
limestones and sporadic hemipelagic limestones. The
progradational trend, from predominantly mudstone-
wackestone (IntervalsL, M) to packstone and fine-grained
rudstone (Interval N; Fig. 18j) and finally to limestone
breccias with large boulders (up to several metersin size)
of reef limestone (Interval O; Figs. 18e, 18f) can befollowed
through the first half of the formation. Crinoids appear in
large amounts for the first time in Interval N. Numerous
channel structures indicate development of the sediment
by-pass zone. The rest of the Slatnik Formation exhibits
retrogradation (Intervals O, P) and an abrupt change to
platy micritic limestones at the very top (Interval R).

The Krikov Formation

The contact between the Slatnik Formation and the Krikov
Formation is faulted. The Krikov Formation is exposed
for 28 m and completely dolomitized in the lowermost part
(probably afault-related alteration). Higher in the section
it consists of resedimented limestones, predominantly
graded calcarenites composed of ooids, peloids and
bioclasts, mainly crinoids (Fig. 18k).

Age: Conodont data are quite scarce in the Mt. Slatnik
section. Norigondolella steinbergensis, Epigondolella ex
gr. E. abneptis, E. bidentata and E. postera were found in
the Baca Dolomite. Most samples from the Slatnik For-
mation were taken from very fine-grained packstones and
at least a short-term resedimentation cannot be totally
excluded. However, clearly resedimented older conodont
elementsfrom the upper part of the Slatnik Formation were
easily recognized due to their fragmented nature and dif-
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Fig. 18: Macroscopic and microscopic features of the Mt. Slatnik section: a) atypical appearance of the Baca Dolomite
(bedded dolomite with chert); b) dolomite slump breccia with dolomite intraclasts and chert clasts (Baca Dolomite,
Interval Fin Fig. 15); ) light brown dolostone interchanging with thin-bedded, resedimented limestone (Baca Dolomi-
te, Interval C in Fig. 15); d) partial Bouma sequences in non-dolomitized beds of the Baca Dolomite (L- parallel
lamination, N- normal grading, P- more buoyant particles settled later); €) polymictic limestone breccia of the Slatnik
Formation, Interval O (P- packstone, M- mudstone); f) partly silicified corals in limestone breccia (Slatnik Formation,
Interval O); g) hemipelagic limestone with pelagic bivalves and radiolarians (Baca Dolomite, Interval C), scale bar
1 mm; h) radiolarian packstone (Baca Dolomite, Interval G), scalebar 0.5 mm; i) spheroidal-bioclastic-pel oidal packstone
with winnowed matrix (P- Parafavreina sp.) (Baca Dolomite, Interval E), scale bar 0.5 mm; j) coarse-grained bioclastic
grainstone (G- fragments of reef-forming organisms) (Slatnik Formation, Interval L), scale bar 1 mm; k) partly dolomitized
intraclastic-ooidal packstone (Krikov Formation), scale bar 1 mm; 1) Galeanella tollmanni, scale bar 0.2 mm.

ferent color. It is important to note, that Misikella
posthernsteini was found in the residue of micritic,
hemipelagic limestone, ten meters above Misikella
hernsteini. The transitional form between the two species
was found in between these levels. The Norian-Rhaetian
boundary can thus be set between 5 m (with atransitional
form between M. hernsteini and M. posthernsteini) and
10 m of the formation (with M. posthernsteini) (Fig. 17).
In contrast, highly abundant resedimented limestones
providerelatively rich assemblages of benthic foraminifera.
The assemblages contain over 30 genera and over 50
species, derived mostly from the reef and back-reef area of
the adjacent Julian Carbonate Platform. Stratigraphically
important species are: Galeanella tollmanni (Fig. 18l) and
“ Sgmoilina“ schaeferae (supporting Norian-Rhaetian age
for the Baca Dolomite and the Slatnik Formation),
Involutina turgida (its First Occurrence closely coincides
with the conodont-dated Norian-Rhaetian boundary),
Trocholina turris and Triasina hantkeni (supporting the
Rhaetian age of the upper Slatnik Formation), and
Duostominidae (the family became extinct at the end of
the Triassic and duostominids are a good proxy for the
Triassic-Jurassic boundary where conodont data are
absent).

Norian-Rhaetian evolution of the Tolmin Basin

The observed succession was deposited on the basin plain,
lower and upper slope (Rozic et al. 2009, GaLe 2010). In-
tensive slumping in the lower and middle parts of the Baca
Dolomite (Intervals A and F) indicates periods of tectonic
activity. Corresponding breccia levels have been found
throughout the Tolmin Nappe (also see Fig. 14). An
increased terrigenous input (detritial quartz, plant
remains), and a decrease in the carbonate input (thinning
of resedimented limestone beds) in Interval C areattributed
to the 3 order sea-level fall separating the two tectonic
events. Based on the correlation with the Dolomites
(GianoLLA et a. 1998) and the Transdanubian Range (Haas
& Bubal 1999), thefall is set at the boundary between the
Lower and the Middle Norian. Above the second interval
of slump breccias, the rest of the Baca Dolomite records a
slow progradation of carbonate platform into the basin
during the Norian sea-level highstand (for a correlation,
see GianoLLA et al. 1998, Haas & Bupal 1999, GawLick &
BoHm 2000, Berra et al. 2010). A sudden shift to a fast
progradation near the Norian-Rhaetian boundary is taken
to mark the 2™ order sea-level fall. The sequence boundary
is set above the thickest breccia bed of Interval O. The

change to retrogradation took place at the beginning of
the sea-level rise. The paucity of fossils in the platy
limestones at the top of the Slatnik Formation is probably
related to the biocal cification crisis at the Triassic-Jurassic
boundary (e.g., Crne et a. 2011 and references therein),
coupled with the beginning of the transgression (Rozic et
al. 2009).

Sop 4: From Perbla to Tolminske Ravne
Hettangian to Albian
Guided by Bosraan Rozic

General description

The section is exposed along the road between the villages
of Perbla (N 46°13.066', E 13° 45.733', Fig. 19) and
Tolminske Ravne on the northern limb of alarge anticline
that characterizes the middle structural unit (the Rut
Nappe) in this area (Figs. 13, 20). The succession (Fig.
20) is characteristic of the central part of the Tolmin Basin
(for a correlation with other sections, see Fig. 14). The
uppermost Norian to Albian deposits are divided into the
following formations:

A) the Hettangian-Pliensbachian Krikov Formation
overliesthe Baca Dolomite and starts with athick interval
of basal limestone breccia that passes into alternating
calciturbidites and hemipelagic limestone;

B) the Toarcian Perbla Formation dominated by laminated
dark marl;

C) the Aalenian to Lower Tithonian Tolmin Formation
composed of thin-bedded siliceous limestones and rare
chert beds in the lower part, and radiolarian cherts in the
upper part; some calciturbiditic interbeds are present in
the middle and uppermost parts of the formation;

D) the Upper Tithonian to Berriasian Biancone-type pelagic
limestone; and

E) Aptian/Albian to Turonian Lower flyschoid formation
which startswith athick interval of basal [imestone breccia
and passes upwards into marls, shales and calcareous
turbidites. Where the road reaches the Tolminske Ravne
village, Quaternary tillites occur.

TheKrikov Formation

The contact with the underlying Norian-Rhaetian Baca
Dolomite is erosional. The Krikov Formation (Fig. 20)
startswith a50 m thick interval dominated by thick-bedded
brecciaand subordinate cal carenite (Fig. 21a). The breccia
is deposited in channels and at the base is intensively
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Fig. 19: Geographic location of Stop 4.

dolomitized.

Clasts in the breccia are:

1) grainstone with pellets, peloids, ooids, intraclasts and
bioclasts, predominantly echinoderms and benthic
foraminifera;

2) peloidal-intraclastic packstone/grainstone;

3) wackestone (mudchips) with calcified radiolarians and
sponge spicules (Fig. 22a); and

4) bioclasts, mostly codiaceans and cal cisponges.

The brecciamatrix is calcarenite, equal to the surrounding
calcarenite beds. Calcarenite is graded and horizontally
laminated, texturally grainstone or rarely packstone
composed of ooids, peloids, intraclastsand bioclasts, mostly
echinoderms and codiaceans, together with brachiopods,
benthic foraminifera (lenticulinas and biserial textularians)
and bryozoans (Fig. 22b). With grading the ooids become
rarer, whereas pellets and small intraclasts become more
abundant. The upper part of the formation is 200 meters
thick and characterized by alternating calcarenite and
micrite (Fig. 21b,c). Calcarenite is graded, horizontally
and wavy laminated and usually intensively silicified (Fig.
22c). At first, the composition closely resembles the
calcarenite from the basal interval. Upwards, the ooids
become rarer, whereas echinoderms, intraclasts and
lithoclasts (similar to those from the base of the formation)
become progressively abundant (Fig. 22d). Thin-bedded
hemipelagic wackestone is composed predominantly of
pellets, calcified radiolarians, sponge spicules, and thin-
shelled bivalves. Replacement chert nodules are common.
Parallel and wavy laminations occur rarely.

Age: Hettangian to Pliensbachian age was determined with

benthic foraminifera by Cousin (1973, 1981) and Buser
(1986), and confirmed by Rozic (2006).

Depositional environment: The limestone breccia and
calcarenite at the base were formed by high-density
turbidity currents and rarely two-component flows, i.e. a
debrite overlain by a turbidite. Such facies association is
characteristic of alower slope environment. Clasts in the
brecciaindicate the erosion of platform carbonates, whereas
the matrix reveal sthat the deposition originated from high-
energy ooidal shoals. The basal breccia-dominated interval
presumably reflects the accelerated rifting-related
subsidence of the basin margins. The upper part of the
formation is characterized by hemipelagic carbonate
sedimentation occasionally interrupted by calciturbiditic
events. The facies association is characteristic of
sedimentation on the proximal basin plain. Firstly,
calciturbidites originated on ooidal shoals. Upwards, a
change in composition (with ehinoderms replacing ooids)
indicates adeepening of the source area. There-occurrence
of platform lithoclastsimplies atectonic disintegration and
subsidence of the adjacent platform margin.

Lateral variations: The Krikov Formation shows
considerablelateral variation (Fig. 14). The succession seen
at Stop 4 (especially its upper part) is characteristic of the
central part of the basin. In the northern part of the basin
(KoblaNappe), calcarenites are dominant. The succession
is marked by thick- to medium-bedded graded peloidal/
ooidal grainstone and subordinate packstone. Brecciawith
basinal intraclasts and grainstone matrix is common at
the base. The composition of resedimented limestones
changes abruptly at the top of the formation where
grainstone, richin echinoderms and diverse platform clasts,
prevails. Hemipelagic limestone is rare in this part of the
basin. Contrary to this, in the southern part of the basin
(Podmelec Nappe) the formation consists exclusively of
hemipelagic limestone and distal turbidites deposited by
low-density currents. The transition from the underlying
BacaDolomiteis often gradual or marked by afew meters
thick interval of thin-bedded vitreous black chert. In the
southwestern margin of the basin (westernmost Podmelec
Nappe) the breccias re-occur at the base of the formation.
Clasts correspond to those from the basal breccia in the
central basin (Stop 4), but the grainstone matrix lacks ooids
and is dominated by echinoderms.

The Perbla Formation

The contact with the Krikov Formation is sharp (Fig. 21d).
The formation is 24 m thick and characterized by dark-
gray, parallelly laminated marl and subordinate cal careous
shale. In the first meter, the calcareous shale is black and
intensively impregnated with manganese. Thin interbeds
of black chert and dark-gray wackestone with pellets,
calcified radiolarians, and rarely sponge spicules, lagenid
foraminifers, ostracods, and thin-shelled bivalves are rare.
A similar composition is observed in marl but the clayey
component is more abundant and often concentrated in
laminae or dissolution seams. In the lower part of the
formation, two beds of pebbly marl areinterbedded. Pebbles
(up to 10 cm) form 10% of these beds, are well-rounded
and composed of the wackestone described above, whereas
the matrix corresponds to the surrounding marl.
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Age: Fossils are scarce in the Perbla Formation. The
occurrence of the foraminifer Agerina martana FARINACCI
in the lower part of the formation in the Zaposkar and
Javor sections (see Fig. 14) indicates a Pliensbachian to
Toarcian age (CHioccHint 1994). Preliminary results for
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palinomorphs have provided dinoflagellate cyst Luehndea
spinosa, a marker species for the Pliensbachian/Early
Toarcian (Gotz, personal comm.). Enrichments with
manganesein thelower part of theformation, characteristic
of the early Toarcian OAE (JENkyYNs 1988, JEnKYNs et al.
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Fig. 20: Stratigraphic log of the section at Stop 4 (left) with a geological map and a cross-section (right).
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Fig 21: Photographs of outcrops in the Perbla area: a) students resting on outcrops of the basal, thick-bedded limestone
breccia of the Krikov Formation in the Zadlascica Canyon (a closer ook at brecciain the upper-right corner); b) cliffs
in the Krikov Formation in the Zadlascica Canyon; c) ageologist standing on the uppermost cal carenite bed intercal ated
in thin-bedded hemipelagic limestone at the top of the Krikov Formation; d) the sharp boundary between the limestone-
dominated Krikov Formation and the marl-dominated Perbla Formation; €) lower member of the Tolmin Formation:
thin-bedded, dark-gray siliceous limestone; f) alarge outcrop in the Jelovscek Stream side-gorge near the road between
Perbla and Tolminske Ravne with three formations. Radiolarian cherts and upper resedimented limestones of the Tolmin
Formation pass with a sharp contact into the pelagic Biancone limestone that is with erosional contact overlain by basal

limestone breccia of the Lower flyschoid formation.

1991) are another important stratigraphic marker.
Depositional environment: The Perbla Formation is
dominated by basinal sediments that record a high input
of terrigenous material. As suggested by the manganese
impregnations and geochemical analyses (Oven et al.
2007), the lower part of the formation could have been
deposited during the Toarcian OAE. The parallel
lamination and occurrence of silt-sized grainsin calcareous
shale and marl point to deep-water bottom currents. Pebbly
marlsoriginated from the redeposition of basinal sediments
by debrisflows.

Lateral variation: The composition of the Perbla Forma-
tion isuniform throughout the basin, whereas the thickness
varies significantly (Fig. 14). The formation is thickest in
the southeastern part of the basin, where it reaches 130
meters. The formation thins out towards the basin margins
and reaches 9 m at the southwestern margins and 2 m in
the northeastern part of the basin. The thinnest known
interval of just 0.6 m was recently reported from a small
thrust-sheet located between the Rut and Kobla nappes
(SvetLicic et a. 2011). In north-western and south-eastern
parts of the basin calciturbidites (calcarenite) also occur.
These are crinoidal grainstones that usually grade into
packstones composed almost exclusivelly of thin-shelled
bivalves (for details, see Rozic & Swuc 2011).

The Tolmin Formation

The boundary with the Perbla Formation is gradual and
defined at the point where cherts start to predominate. The
formation isdivided into two members. The lower member
is 74 m thick and begins with a5 m thick interval of thin-
bedded, dark-violet, and upsection dark-green chert that
alternates with marl. In the following 7 m, the marly
intervals are thicker (up to 90 cm) and alternate with thin-
bedded, dark-gray limestone with chert nodules. Upwards,
marl intercalations become rare and limestone beds
occasionally thicker. Between 19 and 25 m slumps are
present. Thelimestoneisdark-grey, bioturbated, parallelly
and wavy laminated (Fig. 21€). The prevailing microfacies
is wackestone composed predominantly of calcified
radiolarians (Fig. 22e). Other grains are sponge spicules,
thin-shelled bivalves, small lagenid foraminifers,
ostracods, echinoderm fragments, and pellets. Chert
nodules are present throughout the member. The
silicification is especialy intense in the middle part where
horizons of thin-bedded, black chert are common. Chert
nodules and beds are strongly altered and usually only
radiolarians are recognizable. The upper member is 57 m
thick and composed of thin-bedded, paralelly and rarely
wavy laminated radiolarian chert. The color changes from

greenish-gray at the base to violet-red towards the top of
the member (Fig. 21f). Shale intercalations are rare but
become progressively abundant in the uppermost 3 m of
the member. Within pelagic beds, two intervals of
resedimented limestones are distinguished. The lower
interval consists of thin- to medium-bedded, graded, par-
alel and rarely cross-laminated calcarenite that occurs
around the boundary between the two members. It is
composed of ooids, peloids, shallow-water intraclasts,
basinal clasts, and fossils, predominantly echinoderms (Fig.
22f). Other fossils are bivalve, brachiopod, and ostracod
shells, gastropods, bryozoan fragments, and benthic
foraminifers. The upper resedimented interval occurs at
the top of the formation and consists of thin- to medium-
bedded, graded and parallel laminated calcarenite (Fig.
21f), composed predominantly of (shallow-water)
intraclasts, peloids, basinal clasts, fossils, and very rare
ooids (Fig. 22g). The most abundant fossils are
echinoderms. Others are bivalves and brachiopods,
fragments of cal careous sponges, and benthic foraminifers.
Rare aptychi and Saccocoma fragments are observed in
the uppermost beds. Finer calcarenite exhibits a similar
texture, structure, and composition as the corresponding
beds of the lower interval. All resedimented limestones
are partially replaced by chert nodules.

Age: The lower boundary of the Tolmin Formation is not
dated. It isplaced only by lithological correlation with other
basins of the Western Tethys at the Toarcian/Aaenian
boundary. The upper member has recently been dated with
radiolarians and nannoplankton (Gorican et al. 2012). The
base of the upper member isassigned to the upper Bajocian
(UA Zone 4 of BAUMGARTNER et al. 1995b). The top of the
formation is placed at Lower/Upper Tithonian boundary
(UA Zone 12). The lower resedimented limestone starts at
the boundary between the two members; the directly
overlying chert beds in more proximal areas (see the
Poljubinj section in Fig. 14) are middle Callovian - early
Oxfordian in age (UA Zone 8). The upper resedimented
limestones are assigned to the late Kimmeridgian to early
Tithonian. The age of these limestone interbeds is further
constrained with benthic foraminifers and dasycladalean
algae (Rozic 2009).

Depositional environment: The transitional lower
boundary of the Tolmin Formation records a progressive
decrease in terrigenous input to the basin simultaneously
with the onset of first siliceous and soon after more
calcareous pelagic sedimentation. Laminations in these
beds and in the overlying radiolarian cherts indicate low-
density turbidity currents. Vertical color changes reflect
the changing degree of bottom-water oxygenation during
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Fig. 22: Microfacies characteristics (scale bars 1 mm): a) Basal limestone breccia of the Krikov Formation: wackestone
basinal clasts with calcified radiolarians, sponge spicules and thin-shelled bivalves; b) calcarenite from the lower part
of the Krikov Formation: packstone with ooids, peloids, intraclasts and fossils, mainly echinoderms and benthic
foraminifera; c) calcarenite from the lower part of the Krikov Formation: silicification of the ooids (cross-polarized
light); d) calcarenite from the upper part of the Krikov Formation: grainstone with echinoderms, intraclasts, lithoclasts
and peloids; €) hemipelagic limestone of the lower member of the Tolmin Formation: wackestone with calcified
radiolarians; f) lower resedimented limestones of the Tolmin Formation: grainstone with ooids, peloids, intraclasts and
fossils, mainly echinoderms and benthic foraminifera; g) upper resedimented limestones of the Tolmin Formation:
grainstone with intraclasts and fossils, predominantly echinoderms and benthic foraminifera; h) basal limestone breccia
of the Lower flyschoid formation: rudstone composed mainly of intraclasts and echinoderms, and two larger clasts with

calpionellids.

deposition. The uppermost part of the Tolmin Formation
recordsan increasein terrigenousinput, presumably related
to a more warm and humid climate in the Late Jurassic.
Sedimentary structuresin resedimented limestonesindicate
deposition by turbidity currents. Facies association is
characteristic of a basin plain sedimentary environment.
Abundant ooids and peloids in the lower resedimented
limestones indicate that the source areawas ooidal shoals.
The upper resedimented limestones also originated at an
open carbonate shelf but, in contrast, the end Jurassi c shelf
provided mainly intraclasts and fossils (echinoderms).
Lateral variations: The background sediments are
similarly developed throughout the Tolmin Basin, but in
the southern part of the basin, marl intercalations are
locally common. Apart from the central part of the basin,
resedimented limestones al so occur in the southern part of
the Tolmin Basin (Fig. 14). The lower resedimented
limestones form locally an up to 25 m thick interval of
amalgamated coarse-grained beds. Graded limestone
breccia occurs additionaly and contains the following
clasts: 1) deep-water intraclasts (mud-chips); 2) shallow-
water clasts with abundant ooids/peloids; and 3) chert
clasts. The upper resedimented interval is very similar in
the southern and central parts of the basin.

The Biancone limestone

The boundary with the Tolmin Formation is sharp (Fig.
21f). The Jurassic succession ends with thin-bedded light-
gray micritic Biancone limestone. The formation is up to
16 m thick but laterally wedges out because its upper
boundary is erosional. It consists of mudstone to
wackestone with calcified radiolarians, calpionellids and
rare aptychi. Replacement chert nodules occur sporadically.
Age: A Late Tithonian to Berriasian age was determined
with nannoplankton and calpionellids (Rozic 2009) and is
also constrained with radiolarians at the top of the
underlying Tolmin Formation (Gorican et al. 2012).
Depositional environment: The uniform composition of
this formation indicates pelagic sedimentation in a basin-
plain sedimentary environment.

Lateral variation: Throughout the basin, the formation
is uniform in composition but its thickness varies
significantly (from O to 40 meters). Most of the Biancone
limestone was removed due to mid-Cretaceous erosion (see
below). In the northwestern part of the basin at Mt. Javor
(in the Kobla Nappe just above the Tolminske Ravne
village), the pel agic Neocomian limestones were described
as the Javor Formation (Cousin 1973). They contain more

marl than the typical Biancone limestone, are reddish in
color and possibly range into the Valanginian.

The Lower flyschoid formation

The boundary with the underlying formationsis sharp and
marked by a highly irregular erosional surface. The
formation is up to 280 meters thick. In the area around
Perbla, the formation is subdivided into six members (6A-
6E in Fig. 20). In the southern limb of the anticline (seen
on the way to Stop 4), the formation starts with a breccia
with large blocks (up to a few tens of meters in size) of
Carnian reef limestone embedded in a marly matrix. This
breccia is up to 40 meters thick and was deposited in a
large erosional channel that cuts downwardsto the Toarcian
Perbla Formation. At Stop 4, the formation starts with 30
m of basal limestone breccia and calcarenite. The breccia
beds are up to several meters thick and graded. Clasts in
breccia are very diverse platform carbonates (fenestral
bindstone, ooidal grainstone, coralline framestone etc.),
pelagic carbonates (mainly clasts of the Biancone
limestone; Fig. 22h) and cherts. Calcarenite (that also
forms matrix in the breccia), is graded, horizontally
laminated and composed of intraclasts and bioclasts,
mainly benthic foraminifers, echinoderms, calcisponges
and bivalve shells (Fig. 22h). Upwards, a50 m thick shale/
marl dominated interval starts. It gradually passes into a
150 m thick interval dominated by calcarenite. The
calcarenite is medium-bedded and shows a similar
composition and structure to that at the base of the
formation. Beds of micritic limestone areintercalated. The
5" member (6E in Fig. 20) of the formation is 20 m thick
and composed of black to dark-red marl and shale with
rare thin interbeds of manganese impregnated chert.
Upwards, it passes into the last member that is 30 m thick
and starts with dark-gray graded calcarenite that passes
into red or rarely green pelagic limestone with
globotruncanas. All limestones in this formation contain
replacement chert nodules.

Age: The formation is dated with nannoplankton,
planktonic and benthic foraminifers (Caron & Cousin
1972, Cousin 1973, 1981, Buser 1986, Samiee 1999, Rozic
2005). The lower three members are ?Aptian to middle
Albian in age. The fourth member is probably late Albian
to Cenomanian, whereas the uppermost two members
presumably span the latest Cenomanian and the Turonian.
Depositional environment: The breccia with blocks of
Carnian reef limestone was deposited in an erosional
channel by adebrisflow. At first, based on the analysis of
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corals, thisbrecciawas considered to be part of the Carnian
succession characterized by coral pach reefs (Turnsex 1985,
Turnsek et al. 1987). Later, the nannoplankton analysis of
the marly matrix revealed a middle Cretaceous age of this
gravitational event (Buser, personal comm.). We note,
however, that the breccia with Carnian blocks is so far
only known from the Perblalocality. Thelimestonebreccias
and calcarenites at Stop 4 were deposited by debris flows
and high-density turbidity currents. Member 6B indicates
deposition in marginal parts of the basin characterized by
stratigraphic gaps, highly irregular erosional surfaces and
coarse-grained lithologies. Member 6C records a sharp
distalization of the sedimentary environment from a slope
to basin-plain setting dominated by shales and marls. The
subsequent gradual increase in the amount of resedimented
limestone in member 6D is attributed to the re-
establishment of carbonate production on the margin of
the Dinaric Carbonate Platform. The base of member 6E,
enriched in manganese, probably records the OAE at the
Cenomanian/Turonian boundary, whereas the rest of the
formation is characterized by pelagic carbonate
sedimentation.

Lateral variation: In the major part of the basin the
formation iscomposed of shale, marl and chert interbedded
with distal calciturbidites. Generally, the formation beg-
ins with basal limestone brecciathat is afew meters thick
(CaroN & Cousin 1972, Cousin 1981, Buser 1986). In the
southwestern margin of the basin, the formation has a
similar composition as members 6D and 6E in the Perbla-
Tolminske Ravne section. It is also considered to be only
upper Albian to Turonian in age. The gap between the
underlying formations is greater and limestone breccias
are more abundant. These facts indicate a sedimentation
in a more marginal, i.e. a lower slope, sedimentary
environment (Rozic 2005).

Jurassic to Early Cretaceous evolution of the Tolmin
Basin

This chapter is summarized from the following
publications. Rozic (2006, 2009), Rozic & PoriT (2006)
and Rozic & Swiuc (2011) for the Jurassic, Rozic (2005)
for the Cretaceous.

The limestone breccia at the base of the Krikov Formation
records an accelerated subsidence of the basin around the
Triassic/Jurassic transition. Intensified tectonic activity is
regional and in the Southern Alps leads to the
disintegration of the vast Dolomia Principale Platform
(e.0., WINTERER & BoseLLint 1981). The distribution of
facies associations in the Krikov Formation indicates that
the source area of the resedimented limestone was the
north-lying Julian Carbonate Platform marked by
deposition of ooidal shoals (Buser 1986, Smuc 2005). At
that time, the input from the south-lying Dinaric Carbo-
nate Platform was negligible. This distribution is
interpreted to be a consequence of a south-directed current
regime (probably wind-driven) on the platforms. The
change in composition at the top of the formation, where
ooidal/peloidal grainstone is replaced by crinoidal/
lithoclastic grainstone, records initial stages of a
tectonically induced drowning of the Julian Carbonate
Platform. The disintegration and partial subsidence

accompanied by the formation of extensive neptunian dikes
is dated to the Pliensbachian (Basic 1981, Buser 1996,
Smuc 2005, 2010, Smuc & Gorican 2005, CrNE et al.,
2007). Coeval tectonic activity is also reported from the
rest of the Southern Alps (WINTERER et a. 1991, SarTi et
al. 1992, BertotTi €t al. 1993, CLARI & MaseTTi 2002). In
the Tolmin Basin tectonic disintegration of the wider area
is further manifested in the highly variable thickness of
the overlying Perbla Formation (Fig. 14).

At the beginning of the Toarcian, the input of coarse
carbonate material into the Tolmin Basin ended due to the
termination of shallow-water sedimentation on the Julian
Carbonate Platform. The rest of the Jurassic succession is
dominated by (hemi)pelagic sediments that show similar
trends as observed in other Jurassic basins of Tethyan
continental margins (Fig. 15). The Toarcian is marked by
clay-rich sediments that change to carbonates at the end
of the stage to become siliceousin the Bajocian and finally
pure carbonate at the end of the Jurassic. The middie or
end-Oxfordian reverse trend from siliceous to more
cal careous sedimentation that isreported from the western
and central Southern Alps and Apennines is not observed
in the Tolmin Basin (for details and references concerning
correlation, see Rozic 2009).

After the disintegration of the north-lying Julian Carbo-
nate Platform, resedimented limestones become rare.
Scarce calciturbidites occur at the basin margins already
in the Toarcian. The simple composition with crinoids and
thin-shelled bivalves reveals the deepened margins of the
surrounding platforms or slopes as possible source aress.
Toarcian crinoidal limestone is known from the northern
margin of the Dinaric Carbonate Platform (Crne & Gorican
2008). Carbonate resediments are most common from the
Bajocian to the Callovian and only occur in the southern
and central parts of the basin. Such facies distribution and
composition with abundant ooids and peloids indicate that
the source area was the Dinaric Carbonate Platform that
at this time was a highly-productive open carbonate shelf
(OreHEK & OgcoRreLEc 1979, BoseLLini et al. 1981). The
coeval resedimented limestones in basins that surround
the Dinaric Carbonate Platform to the west and southwest
show asimilar composition and structure but have amuch
greater thickness and usually mask the background
sedimentation. In the Belluno Basin, the corresponding
Vajont Limestone reaches more than 600 m (BoseLLini et
al. 1981, ZempoLicH & Ersa 1999, CLARI & MaseTTi 2002)
and in the Budva Basin, the upper member of the Bar
Limestone Formation isup to 220 m thick (Gorican 1994).
Greater thicknessisalso known from the Bovec Basin that
is today located northwest of the Dinaric Carbonate
Platform (Smuc 2005, Smuc & Gorican 2005). This
distribution of thickness confirms the interpretation of
BoseLLini et a. (1981) who proposed the south-westward
transporting of material on the Dinaric Carbonate Platform,
induced by permanent wind-driven shallow-water and
longshore currents. When al so considering the distribution
of facies associations in the Krikov Formation, we can
conclude that such conditions were characteristic and per-
sistent in awider area at least during the Early and Middle
Jurassic. The resedimentation of shallow-water material
in the Tolmin Basin ceased during the Callovian and was
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scarce up until the late Kimmeridgian. During this time,
the northern margin of the Dinaric Carbonate Platform
wasfirst drowned and later rimmed by abarrier reef (Buser
1978, 1986, Turnsek 1997). At the end of the
Kimmeridgian, large areas of the Dinaric Carbonate
Platform became subaerially exposed (TisLJar et a. 2002)
which led to the demise of barrier reefs (Turnsek 1997).
The re-establishment of platform sedimentation followed
in the latest Kimmeridgian or early Tithonian, when
bedded limestone with Clypeina jurassica Favre started
to deposit (Buser 1986). This change on the Dinaric Car-
bonate Platform is recorded in the Tolmin Basin with the
re-occurrence of resedimented limestones. Although for
thisinterval no apparent differences of facies associations
are observed between the southern and central parts of the
basin, a south-lying source area is still evident because
resedimented limestones are completely absent in the
northern part of the basin. The composition of these beds
indicates the different production in the source area
compared with the Middle Jurassic resedimented
limestones. The platform provided smaller amounts of
ooids but simultaneously more abundant (shallow-water)
intraclasts and diverse fossils.

The Cretaceous is marked by a strong perturbation in
tectonic organization in the wider area and coincide with
the onset of a compressive regime in the internal Alpine
and Dinaric domains. In the Tolmin Basin, the Aptian-
Albian event is reflected in a significant stratigraphic gap
and the sedimentation of thick brecciasthat lie on ahighly
irregular erosional surface. The diverse platform clasts of
different ages indicate a deep erosion also in the south-
lying platform area. The succession is afterwards followed
by relatively rapid distalization of sedimentary
environments when a typical succession of the Lower
flyschoid formation, i.e. shales, marls and calciturbidites
started to deposit. In the middle Albian, the resedimented
limestones became progresively more abundant, which is
best documented in the proximal parts of the basin, located
closeto the south-lying Dinaric Carbonate Platform (Samiee
1999, Rozic 2005). Several coarse-grained breccias provide
evidence of multiple erosional events during the Eo-alpi-
ne tectonic phase.

3.3. The Bovec Basin

General description

The Bovec Basin was a small N-S trending basin that
developed after the disintegration and drowning of the
Julian Carbonate Platform in the Early Jurassic (CousiN
1981, Buser 1989, Jurkovsek et al. 1990, Gorican €t al.
2003, Smuc 2005, Smuc & GoricaN 2005, CrnE et al. 2007).
To the south-west, the basin was bordered by the Dinaric
Carbonate Platform as suggested by abundant platform-
derived Middle and Upper Jurassic turbidites. The
stratigraphic position of basinal facies above the platform
carbonates and structural relationships on Mt. Mangart
also show that the basin was juxtaposed to the Julian High.
On the other hand, the relation to other Jurassic deep-water
areas (Belluno, Tolmin and Bled basins) is unclear. The
remnants of the Bovec Basin are exposed in just two
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locations. Mt. Mangart Saddle (described below) and the
Bavsica Valley, approximately 10 km to the south.

The Mt. Mangart Saddle (Fig. 23) is part of a complex
tectonic structure (Fig. 24) comprising two larger structural
units: the Mangart and Travnik structural units that are
internally thrusted, folded, and disrupted by faults. The
Travnik structural unit is composed of Lower Jurassic to
middle Cretaceous drowning succession of the Bovec Basin
and characterized by an overturned plunging synclinewith
developed duplex structures (Figs. 25a-b, 26). The Man-
gart unit, on the other hand, is characterized by Upper
Triassic to Late Cretaceous drowning successions of the
Julian High and is additionally divided into four subunits:
Mali Vrh, Rdeca skala, Drn and Mangart peak subunits.
The drowning succession of the Bovec Basin starts with
the Lower Jurassic platform limestones of the Julian Car-
bonate Platform, overlain by upper Pliensbachian distal-
shelf limestones (Sedlo Formation) and followed by
Toarcian black shales (Skrile Formation). The Middle and
Upper Jurassic deposits of the Bovec Basin are
characterized by pelagic siliceous sedimentation and ab-
undant carbonate gravity-flow deposits (Travnik Formati-
on). The succession ends with pelagic, Tithonian to Early
Cretaceous Biancone limestone.

Sop 5: Travnik
Pliensbachian to Berriasian
Guided by ANDREJ SmMuc

The Travnik section (Figs. 23, 24) crops out on the Mt.
Mangart Saddle and is part of an overturned syncline of
the Travnik structural unit (Fig. 26). The Travnik section
records a complete Lower Jurassic to Lower Cretaceous
succession of the Bovec Basin (Fig. 27). The entire section
was first described and dated by Svuc & Gorican (2005);
the lithostratigraphic units were then formally defined by
Swviuc (2005).

Sinemurian to Pliensbachian shallow-water limestone
The dominant lithofacies is a light-gray, massive, medi-
um to well-sorted grainstone composed of intraclasts of
peloidal wackestone/packstones and mudstones, peloids,
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micritized ooids and oncoids (Fig. 28a). The skeletal foraminifers. Grains are cemented first by bladed and
component consists of echinoderm fragments, gastropods,  syntaxial cements and then by coarser sparite. In the
bivalves, spongiomorphs, fragments of algae and uppermost part of shallow-water limestones, up to 1 m
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Fig. 24: Geological map of the Mt. Mangart saddle (from Svuc 2005). The Italian territory was not mapped.
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Fig. 25a: View of the northern flank of the Mt. Mangart
saddle.

Fig. 25h: Structural sketch of the photograph in Fig. 25a
(from Svuc 2005).
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thick beds of the above described grainstone alternate with
up to 30 cm thick beds of finer-grained wackestone/
packstone with peloids, rare ooids, benthic foraminifers
(Textulariidae, Valvulinidae, Lenticulina sp., and Agerina
martana (FARINAccH)), rare echinoderms, and bivalves.
Grainstones of the lower part were deposited in a sand
belt in amarginal part of a carbonate platform. The finer-
grained peloidal wackestones/packstones intercalated in
the upper part were deposited in a deeper environment
located basinward of the marginal sandbelt.

Age: In the upper part of the succession the presence of
Agerinamartana (Farinaccr) suggests a Pliensbachian age.
Inthelower part of the succession A. martana s not present
so a Sinemurian age for this lower part is possible.

Pliensbachian Sedlo Formation

Thelower part of the formation consists of light-brownish-
gray, massiveto indistinctly bedded bioclastic wackestone
to packstone composed mainly of sponge spicules,
echinoderm fragments, locally abundant juvenile
ammonites, and benthic foraminifers (Textulariidae,
Lenticulina sp., Agerina martana (Farinaccr)) (Fig. 28b).
The upper part of the formation is characterized by a
distinctive greenish rudstone-packstone (Fig. 28c) and red
siliceous limestone. The rudstone and packstone are thin-
bedded, poorly sorted, and normally graded. The prevalent
grainsarefragments of echinodermsand diverseintraclasts
of underlying lithologies. Other grainsinclude foraminifers
(Lenticulina sp., Agerina martana (FArinaccl)), bivalve and
brachiopod fragments, and peloids. The red siliceous
packstone/wackestone is thin-bedded and consists of ab-
undant, partly calcified, sponge spicules and radiolarians.
The matrix is partially impregnated by Fe-Mn oxides. The
siliceous packstone/wackestone contains Fe-Mn nodules
up to 3 cm in size. They occur throughout the uppermost
1.5 m of the formation and form a 25 cm thick Fe-Mn
nodule horizon at the top of the formation.

bedding

small
thrust plane

Fig. 26: View of the Mt. Mangart
saddle towards the north with
marked general tectonic features
and the Travnik section. Note that
1 the Travnik section is in an
overturned position.
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The lower part of the formation was deposited in a deeper
depositional environment, most probably that of a distal
shelf. Rudstones and packstones in the upper part of the
formation are gravity-flow depositsindicating exhumation
of the underlying lithol ogies by synsedimentary extensional
tectonics. The uppermost part of the formation is

characterized by acondensed interval indicating extremely
reduced sedimentation rates that reached their minimum
with the formation of the Fe-Mn hardground.

Age: The common presence of Agerina martana
(Farinaccr) in the lower part of the formation suggests a
Pliensbachian age. Because the overlying Skrile Formati-
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on is Early Toarcian in age (see below), the Fe-Mn
hardground at the top of the Sedlo Formation
approximately corresponds to the Pliensbachian/Toarcian
boundary.

Toarcian Skrile Formation

Theformationisrepresented by black |aminated cal careous
organic-rich shales with interbeds of black siliceous
limestone (Fig. 29). In the upper part of the formation, the
shales are brown. The shales contain quartz, smectite and
illite, and Mn oxides (JenkyNs 1988, Jurkovsek et al. 1990).
TheTOC valuesrange between 0.3% and 1.89% (SaBATINO
et al. 2009), and the manganese content is high (up to
8.8%) in the basal portion and decreases (1.8% or less)
upsection (JENnKYNs 1988, SasaTino et al. 2011). The
intercalated siliceous limestones are thin-bedded
packstonesto mudstones. In thelower part of theformation,
the siliceous limestone shows both normal and inverse
grading, parallel and ripple cross-lamination (Ta-d Bouma
sequences), while upsection, only indistinct parallel
lamination is present (Td Boumasequence). Thelimestone
is composed mainly of radiolarians, sponge spicules,
intraclasts of lime mudstone, and phosphate grains (Fig.
28d). The matrix is micrite with a high organic matter
content. The formation ends with 0.90 m of light-green,
thin-bedded, laminated mudstone.

The Skrile Formation records a high input of terrigenous
clayey material. Black organic-rich shalesin thelower part
of the formation were deposited during the Early Toarcian
Oceanic Anoxic Event (OAE). The intercalated siliceous
limestones are typical of low-density turbidites. The na-
ture of resedimented grains indicates the redeposition of
material only within the sedimentary basin.

Age: The Early and possibly Middle Toarcian age of this
formation was constrained with radiolarians (Gorican et
al. 2003). The studied sediments are typical black shales
and were classically attributed to the Early Toarcian OAE
(JEnkYNs & CLAYTON 1986, JENKYNs 1988). Thiscorrelation
with the anoxic event has recently been reinforced by
detailed organic carbon-isotope studies that reveal anega-
tive C-isotope anomaly through the entire Skrile Formati-
on (SasaTiNo et a. 2009).

Bajocian to Lower Tithonian Travnik Formation

On the basis of the lithology, structure and composition of
resedimented limestones, the Travnik Formation is
subdivided into four members. The formation’s age was
determined with radiolarians from intervening cherts
(Svuc & Gorican 2005). For the type section, productive
samples with corresponding radiolarian zones (according
to BAUMGARTNER et a. 1995b) are indicated (Fig. 27). The
following Unitary Association zones (UAZ) were
determined: UAZ 5 (latest Bajocian - early Bathonian) at
the base of the formation, UAZ 6-7 (middle Bathonian to
late Bathonian-early Callovian), UAZ 9 (middle-late
Oxfordian) and, near the top of the formation, UAZ 10
(late Oxfordian-Kimmeridgian). In other, more complete
sections, the base of the formation is older and assigned to
UAZ 3 (early-middle Bajocian) (Svuc 2005).

Member 1 represents the base of the formation and is
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laterally diachronous and variably developed. In complete
sections it is characterized by carbonate mudstones with
radiolarians, with intercalated fine- to coarse-grained
calciturbidites. In the upper part of the member, limestone
breccia with glauconite grains also occurs and
calciturbidites become more abundant. In condensed
successions, asin the case of the Travnik section, only the
upper part of Member 1 is present.

In more complete nearby sections (e.g., sectionsMA 3 and
MA 4 of Smuc 2005) Member 1 startswith bedded (5to 70
cm thick) homogeneous mudstone/wackestone (Fig. 30)
composed of calcified radiolarians, filaments with
intercal ated beds and |enses of replacement chert (Fig. 28e).
Upwards, the intercalations of calcarenites and siliceous
limestones start to occur. The calcarenites are medium- to
fine-grained, beds thicken up to 20 cm and exhibit mainly
a Th Bouma division, while Ta and Tc Bouma sequences
arerare. Lamination isdefined by the alternation of thicker
packstone laminae mostly composed of ooids and thinner
laminae where filaments predominate. Other grains are
peloids, echinoderm fragments, benthic foraminifers
(Textulariidae, Lenticulina sp.), phosphate, and glauconite
grains. The siliceous limestone is thinner bedded
packstone/wackestone and mainly exhibits Th-d Bouma
sequences. It iscomposed of partially calcified radiolarians,
filaments and very rarely sponge spicules, echinoderm
fragments, and phosphate. The upper part of Member 1is
characterized by a few gray to green, medium-thick beds
of fine-grained, poorly- to medium-sorted clast-supported
breccia that grades into calcarenite. The breccia consists
of abundant glauconite grains, filaments, echinoderms,
ooids, bivalve fragments, foraminifers (Textulariidae,
Lenticulina sp.), radiolarians, sponge spicules, and various
lithoclasts of older lithologies (Fig. 28f). The calcarenite
exhibits Th Bouma divisions and has the same bioclasts as
breccias, but contains more ooids and highly evolved
glauconite grains and is devoid of lithoclasts. Member 1
ends with the alternation of the previously described me-
dium-grained ooidal cal carenites and thin-bedded siliceous
limestones with radiolarians.

The homogeneous mudstone/wackestones represent
background deposits sedimented by a pelagic settling.
However, since planktic carbonate producers were scarce
inthe Middle Jurassic, the majority of carbonate deposited
by a pelagic settling was also allochthonous and exported
off-platform. Thus, these background pelagic limestones
are interpreted to be periplatform ooze deposits. The thin-
bedded siliceous packstone/wackestone was deposited by
low-density turbidity currents, while calcarenites were
deposited by sandy turbidite currents. Breccias are aproduct
of gravelly, high-density turbidity currents. Different
lithoclasts of the older Jurassic formations indicate the
exhumation and partial erosion of the underlying deposits.
The presence of evolved to highly evolved glauconitegrains
in the breccia and calcarenite is indicative of long-term
sediment starvation in the provenance area.

This type of deposition with the predominance of pelagic
sediments with only a minor intercalation of the fine- to
coarse-grained calciturbidites is characteristic of distal
basin floor environments. However, in the upper part of
Member 1 calciturbidites are more common and thus
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Fig. 28: Microfacies of the Travnik section (Stop 5). Scale bars are 1 mm long. @) Platform limestones: grainstone with
peloids, intraclasts of mudstones and oncoids; b) Sedlo Formation: bioclastic limestone with juvenile ammonites, sponge
spicules, and echinoderm fragments; c) Sedlo Formation: rudstone with echinoderms, and intraclasts of peloidal
pacsktones, and mudstones; d) Skrile Formation: normally graded siliceous limestone with radiolarians and mudchips;
€) Member 1 of the Travnik Formation: micritic limestone with calcified radiolarian moulds; f) Member 1 of the
Travnik Formation: calcarenite with echinoderm fragments, phosphate and glauconite grains, g) Member 2 of the
Travnik Formation: packstone with ooids. pel oids, benthic foraminifers; h) Member 3 of the Travnik Formation: carbonate
brecciawith lithoclasts of members 1 and 2 of the Travnik Formation, Sedlo Formation and fragments of stromatoporoids.

Fig. 29: Skrile Formation: shales with interbedded black
siliceous limestones. The section is in an overturned
position.

indicate a gradual change from the distal basin floor to a
distal lower slope environment.

Member 2 is represented almost exclusively by 0.3-5 m
thick beds (Fig. 31) of medium- to coarse-grained
calciturbidites, which are massive or show Ta-c Bouma
sequences. Packstonesto grainstones are composed of ooids
while other grains (echinoderms, peloids, foraminifers
(Textulariidae, Involutinidae, Lituolidae)), and micritic
intraclasts are rare (Fig. 28g). Black chert nodules are
present in some beds.

Thinner calcarenite beds were deposited by sandy turbidity
currents, whilethethicker structureless beds most probably
represent deep-water massive sand bodies and were

‘A.sf 4 4 - ' X Ve At

Fig. 30: Member 1 of the Travnik Formation: bedded
limestone with chert.

Fig. 31: Member 2 of the Travnik Formation: limestone
megabed (arrow). The section isin an overturned position.

deposited by highly concentrated sandy turbidity currents.
The deposition of medium- to coarse- grained
calciturbidites indicates a lower slope environment.

Member 3 startswith several, up to 2.60 mthick, carbonate
breccia beds, some of which are capped by fine-grained,
parallel-laminated packstone/wackestone (Fig. 32). The
breccias are grain-supported, graded and composed of up
to 5 cm large lithoclasts of the underlying lithologies of
members 1 and 2, and older Jurassic formations (Fig. 28h).
Other grains are abundant fragments of echinoderms,
fragments of stromatoporoids, corals and foraminifers
(Textulariidae, Involutinidae, Lituolidae). The overlying
laminated fine-grained packstone/wackestone is composed
of small echinoderm fragments, filaments and micritized
ooids. The middle part of Member 3 is dominated by thin-
to medium-bedded, coarse- to fine-grained calcarenites
showing Ta-Tc Bouma divisions. They have a similar
composition to the limestones of Member 2, but contain
fewer ooids. Calcarenites are overlain by thin-bedded
siliceous limestones with radiolarians exhibiting Th-d
Bouma divisions. Member 3 ends with a 3 m thick bed
composed of 30 cm thick brecciaat the base, which abruptly
passes into massive fine-grained, indistinctly laminated
packstone/wackestone with chert nodules. The brecciahas
the same composition as the breccias in the lower part of
Member 3. The packstone/wackestone with chert nodules
is composed of filaments, echinoderm fragments, rare
ooids, phosphate grains and pyrite.

The base of Member 3 is characterized by amalgamated
breccia beds that are interpreted as debris-flow deposits.
Individual brecciabedsaredirectly overlain by fine-grained
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Fig. 32: Member 3 of the Travnik Formation: erosional
contact between breccias and fine-grained cal carenites.

calcarenites interpreted to be the dilute “tail’” of the same
gravity flow that produced each brecciabed, thusindicating
asubstantial sediment by-pass. The coarse- to fine-grained
calcarenites from the middle part of Member 3 were
deposited by sandy turbidity currents and represent top-
cut-off Bouma sequences. The siliceous limestones with
Th-d Bouma sequences were deposited by low-density
turbidity currents. The massive breccia bed that grades to
a fine-grained limestone with chert nodules in the
uppermost part of the member was deposited by a highly
concentrated turbidity current.

The breccia beds bounded by erosional surfaces are
considered to be the most diagnostic facies of the basal
portions of many erosional and mixed channel-fill

sequences. Member 3 represents the most high-energy
facies association deposited in an upper slope environment
most proximal to the sourceares, i.e. to the adjacent Dinaric
Carbonate Platform.

Member 4 is represented by the background pelagic
sedimentation of cherty limestones, cherts, and radiolarian-
bearing marls with an intercalation of mostly fine- with
some coarse-grained calciturbidites and breccias. Thelower
part of the member is characterized by thin-bedded, paral-
lel-laminated black cherts and cherty limestones (the same
composition as the cherty limestones of Member 3) with
intercalated thin-bedded, fine- to coarse-grained
calcarenites exhibiting Ta-b and Th-d Bouma divisions.
The calcarenites are packstones with filaments, peloids,
echinoderm fragments, foraminifers (Textulariidae,
Involutinidae, Lituolidae), phosphate grainsand rare ooids.
In coarse-grained facies, reworked lithoclasts of members
1, 2 and 3 occur. In the middle part of Member 4, thin
beds of orange replacement chert are present. The upper
part of Member 4 starts with red radiolarian cherts with
intercalated coarse-grained and graded calcarenites (Ta
Bouma divisions), and continues with a 2.5 m thick, clay-
rich package containing intercalations of red calcareous
clay-rich chert (Fig. 33a) and coarse-grained cal carenites.
The cal carenites have the same composition asin the lower
part of the member. The member ends with red laminated
and, in places, graded radiolarian-rich marls with
intercalations of a carbonate breccia and coarse-grained
calcarenites. The intercalated coarse-grained calcarenites
are packstones to grainstones composed of peloids,
echinoderm grains, foraminifers, rare small ooids and
mudstone clasts. In the uppermost part of Member 4, the
calcarenites are composed exclusively of echinoderm
fragments. The breccia bed in the upper part of Member 4
is coarse-grained, grain-supported and mainly composed
of large lithoclasts of underlying lithologies of the Travnik
Formation (Fig. 33b), other grains are echinoderms,
belemnites, peloids, foraminifers (Textulariidae,
Valvulinidae), fragments of algae, coralsand rare euhedral
detritic grains of bytownite-anorthite feldspars (Fig. 33c).
The cherts, calcareous clayey cherts and marls of Member
4 represent the background pelagic sedimentation. The
carbonate admixture in these beds can be either of pelagic
or platform origin. Lamination and, in places, grading
suggest hydrodynamic sorting. The fine- to medium-
grained calcarenites were deposited by low- to medium-
density turbidity currents and are base-missing Bouma
sequences. Coarse-grained cal carenites belong to the Ta-b
Boumadivisionsand were deposited by sandy, high-density

Fig. 33: Microfacies at Stop 5 (Figs. 33/a-d) and Stop 6 (Figs. 33/e-h). Scale bars are 1 mm long. a8) Member 4 of the
Travnik Formation: laminated, radiolarian-rich marl; b) Member 4 of the Travnik Formation: carbonate breccia with
lithoclasts of Members 1, 2, 3 of the Travnik Formation, belemnites and peloids; ¢) Member 4 of the Travnik Formati-
on: breccia with echinoderms and euhedral detritic grains of bytownite-anorthite feldspar; d) Biancone limestone:
mudstone with calpionellids, aptychi, and calcified radiolarian moulds; €) Neptunian dikes: the lower part of the photo
is mudstone with Fe-Mn crusts of the 1% generation. The upper part of the photo is dominated by a wackestone with
echinoderms and mudstone intraclasts of 2™ generation; f) Neptunian dikes: fine-grained laminated calcite in the 2
generation of neptunian dikes; g) Scagliarossa: packstone with abundant globotruncanids; h) Scagliarossa: calcarenite
with mudstone lithoclasts, Inoceramus sp., and fragments of echinoderms.
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turbidity currents. The breccia bed in the uppermost part
of the member is a debris-flow deposit. Member 4 is
characterized by the presence of abundant pelagic
sedimentswith intercalation of the fine- to coarse- grained
calciturbidites that indicate deposition in a distal slope
environment.

Late Tithonian to Neocomian Biancone limestone

The Biancone limestone is bedded pelagic limestone
containing chert. It conformably overliesthe Travnik For-
mation. The lower part consists of red nodular thin beds
of mudstone to wackestone mainly composed of
calpionellids, aptychi, and calcified radiolarians with rare
echinoderms and benthic foraminifers (Fig. 33d). Beds of
red replacement chert that are up to afew centimetersthick
occur within nodular limestones. A few beds of calcarenite
exclusively composed of echinoderm fragments are
intercalated in the lowermost part. In the lowermost part
Crassicollaria sp. and Calpionella alpina (Lorenz) are
present, while in the middle part Calpionella elliptica
(CabiscH) occurs. The upper part is a strongly tectonized
light-gray wackestone/mudstone with chert nodules
containing calcified radiolarian moulds.

The Biancone limestone was deposited by normal pelagic
sedimentation in a deeper-water environment. In places
the nodular bedding suggests the influence of sea-bottom
currents that caused slower sedimentation rates and early
selective cementation.

Age: The Late Tithonian age at the base is suggested by
calpionellids and also inferred from the stratigraphic
position (Smuc & Gorican 2005, Smuc 2005). The light-
gray limestone in the upper part contains late Valanginian-
early Hauterivian radiolarians (UAZ 17-18 of BAUMGARTNER
et al. 1995b) (Gorican & Sviuc 2004).

3.4. The Julian High

General description

The term Julian High (Buser 1996) refers to the drowned
parts of the former Julian Carbonate Platform that, in the
late Early Jurassic, became anisolated submarine high with
condensed sedimentation of Rosso Ammonitico type
limestone (Svuc 2005, Smuc 2010, Smuc & Rozic 2010).
The areas where the Pliensbachian to Tithonian pelagic
deposits are preserved only as neptunian-dike fills also
correspond to the Julian High (e.g., the Mangart structural
unit, see Fig. 24). All successions of the Julian High are
now exposed in the Julian Nappe.

The drowning succession of the Julian High is
characterized by strongly condensed Bajocian to Tithonian
Rosso Ammonitico type limestone of the Prehodavci For-
mation (Smuc 2005, CrnE et al. 2007, Svuc 2010, Svuc &
Rozic 2010) that unconformably overlies a thick pile of
Upper Triassic to Lower Jurassic platform limestones of
the Julian Carbonate Platform. The succession continues
with the Upper Tithonian to Neocomian Biancone
limestone, middle Cretaceous Scaglia variegata, Turonian
to Campanian Scaglia rossa and upper Campanian to
Maastrichtian sandstones (Cousin 1981, Buser 1986,
Jurkovsek 1987, Jurkovsek & KoLAR-Jurkovsek 1987). In

the most condensed successions the Lower Jurassic
shallow-water limestones are cut by numerous polyphase
neptunian dikes and directly overlain by the Scaglia
variegata or Scaglia rossa (Gorican & Smuc 2004, Smuc
2005, CrNE et al. 2007, Smuc 2010, Smuc & Rozic 2010).
The Prehodavci Formation (not seen in this excursion)
unconformably overlies the Pliensbachian platform
limestone. The contact is marked by an irregular
unconformity with oval-shaped depressions, up to 3 m deep
and 10 m wide, cut into the Lower Jurassic platform
limestone. The Prehodavci Formation is overlain by the
upper Tithonian pelagic Biancone limestone. The
formation reaches a maximum thickness of about 15 m
and consists of condensed limestones of the Rosso
Ammonitico type subdivided into three members. The
Lower Member consists of red, well-bedded bioclastic
limestone with Fe-Mn nodules passing into light-gray,
faintly nodular limestones. The Middle Member consists
of thin-bedded, red marly limestones. The Upper Member
unconformably overliesthe Lower or the Middle Member.
It isrepresented by red nodular limestone, and by red marly
limestones with abundant Saccocoma sp.

Sop 6: Theroad to Mt. Mangart Saddle
Guided by ANDREJ SMuC

At Stop 6 (see Fig. 23 for the location) chaotic breccias of
neptunian dikes and Scaglia rossa are exposed.

Neptunian dikes

The Jurassic neptunian dikes on Mt. Mangart are cut into
Upper Triassic to Lower Jurassic platform limestone of
the Julian Carbonate platform (Smuc 2005, CrNE et al.
2007, Svuc 2010, Smuc & Rozic 2010). The following
geometries of the dikeswere observed: irregular dissolution
cavities, thin penetrative fractures, larger fractures with
sharp sidewalls, and laterally confined breccia bodies. In-
side a complex neptunian dike system, two main
generations of infillings were differentiated. The first
generation is heterogeneous and consists of bioclastic
limestones, representing uniquely preserved sediments
subdivided into five different microfacies. The second
generation is more common and typically consists of
coarse-grained breccias with host-rock clasts and marly
l[imestone matrix containing echinoderms.

First generation of neptunian dikes: Thefirst generation
of neptunian dikes was formed by sediment infill and
cement precipitation in three types of voids:

(A) irregular cavities ranging from a few centimeters up
to few decimeters with undulate walls (Fig. 34);

(B) smaller breccia bodies, only afew decimetersin size;
(C) thin fractures, a few millimeters wide and several
decimeters long, penetrating the host rock and
consequently forming mosaic breccias.

Microfacies of the first generation includes:

A) pink wackestone-packstone with ostracod fragments,
foraminifers, spicules and echinoderms,

B) ostracod coquinas;

C) red packstone with lithoclasts of host rock and rare
bioclasts;
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Fig. 34: Neptunian dikes with irregular-undulate walls.

D) gray mudstone to wackestone with sponge spicules and
radiolarians; and

E) red mudstone (Fig. 33e) a ong with different generations
of cements.

The fracture formation and void filling of the first
generation of neptunian dikes is dated as Pliensbachian
and is interpreted as having been caused by the Julian
Carbonate Platform dissection dueto thewidely recognized
Early Jurassic Tethyan rifting.

Second generation of neptunian dikes: The neptunian
dikes of the second generation arefar greater in dimension
and abundance compared to those of the first generation.

¥ b

Fig. 35: Photograph (a) and a sketch (b) of a jigsaw
(neptunian dike) breccia.
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The following geometries have been recognized: A)
laterally confined breccias; and B) variously oriented
fractures with sharp sidewalls, up to a few dm wide and
up to 1 m deep. The laterally confined breccias, up to 20
m wide and more than a few meters deep, most probably
represent vertical fractures filled with chaotic breccias; in
places a mosaic structure is observed, which is more evi-
dent in smaller sized breccias (Fig. 353, b).

The second generation of neptunian dikesis characterized
by two lithotypes: common chaotic polymictic breccias and
monomictic breccias exclusively containing host-rock
clasts that are only present as laterally confined breccias
of smaller dimensions. Polimictic brecciainclude host rock
clasts with the first generation of neptunian dikes, clasts
of micritic and microsparitic limestone, black clasts, clasts
of graded packstone to wackestone with pelagic pelecypods
andisolated clasts of thefirst generation of neptunian dikes.
The matrix is mostly red, in places gray, marly limestone
(wackestone to packstone) containing echinoderm
fragments. In thin sections, the normal grading of breccia
into calcarenite or calcilutite can be observed. Horizontal,
vertical and oblique laminations are present in places (Fig.
33Kf).

The timing of the formation of the second generation is
only broadly constrained, ranging from the Pliensbachian
to the Late Cretaceous. Close to the peak of Mt. Mangart,
the blocky brecciaof adikeisin stratigraphic contact with
theoverlying Scagliavariegata, which yielded early Albian
radiolarians (GoricaN & Swmuc 2004, see Fig. 24 for the
location).

Overall, not many of the sediments filling the neptunian
dikes on Mt. Mangart correspond to sediments deposited
in “normal” stratigraphic successions in the Julian Alps.
This could be due to the fact that sedimentation in small
voids or narrow channels differs fundamentally from
sedimentation on the sea floor. Nevertheless, since along
time gap exists on the Julian High from the Pliensbachian
to the Bajocian, sediments filling neptunian dikes may
represent the only preserved sediments of that age on the
Julian High.

Turonian and Senonian Scaglia rossa

On the Mt. Mangart saddle the Scaglia rossa crops out
only inthe Mali Vrh and Rdeca skala subunits of the Man-
gart structural unit. In the Mali Vrh subunit, the Scaglia
rossa unconformably overlies Upper Triassic to lower
Lower Jurassic shallow-water limestone cut by large
neptunian dykes, while the structural subunit Rdeca skala
consists only of completely tectonized Scaglia rossa.

The succession of Scagliarossaiscomposed of thin-bedded
red and subordinately gray wackestone (Fig. 36) that
exhibits horizontal lamination and, in places, normal and
inverse grading and ripple cross-lamination (Ta, Ta-c
Bouma divisions). The limestone is mainly composed of
small keel-less globular foraminifers and globotruncanids
with a developed single keel (Fig. 33g). Sponge spicules,
calcified radiolarians, echinoderm fragments, small sparitic
grains, phosphate, glauconite and quartz grains are rare.
Within these limestones, medium-grained cal carenite and
coarse-grained breccia occur. The calcarenite bed is 10 cm
thick and normally graded, and the base is erosional. It
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edded limestone, overlain by

Fig. 36: Scagliarossa: thin-b
coarse-grained breccia.

consists of lithoclasts of limestones with planktic
foraminifers and mudstones, laminated and graded
siliceous limestones with radiolarians, shallow-water
peloidal grainstones, and cherts (Fig. 33h). Bioclasts are
fragments of Inoceramus sp., fragments of echinoderms,
and benthic foraminifers. Grains are cemented by granu-
lar sparitic cement and syntaxial cement around
echinoderm grains. A breccia bed is present in the upper
part of the section. It is poorly-sorted, normally graded
and clast supported. Clastsare up to 1 mlarge and include:
limestones with globotruncanids, wackestone to mudstone
with calcified sponge spicules, normally graded and
horizontally laminated red siliceous limestones with
radiolarians, red cherts, red laminated marly wackestones
to packstones with abundant Saccocoma, fragments of
echinoderms, aptychi and benthic foraminifers, pelletoidal
limestones, light-gray packstone to grainstone composed
of peloids, fragments of limestone with fenestral porosity,
algae fragments, benthic foraminifers, and echinoderm
fragments, laminated and normally graded wackestone
with pellets and foraminifers, light-gray, shallow-water
limestones with neptunian dikes. The matrix of the breccia
is a wackestone with planktic foraminifers, described in
the lower part of the succession.

The thin-bedded wackestones were deposited by low-
density turbidity currents. The normally graded cal carenite
bed represents a top-cut-off Bouma sequence and was
deposited by medium-grained turbidity currents. The
coarse-grained brecciais considered to be the product of a
hyperconcentrated gravity flow. The presence of various
clastsof older stratain the cal carenite and brecciaindicates
the exhumation of underlying lithologies by
synsedimentary extensional tectonics and erosion at least
down to Upper Jurassic deposits (clasts of red marly
wackestones with abundant Saccocoma). The presence of
Inoceramus sp., fragments of echinoderms, and benthic
foraminifersindicates an input from coeval shallow-water
areas.

Mesozoic deep-water basins in the eastern Southern Alps (NW Slovenia)

4. Summary: Latest Triassic to mid-
Cretaceous evolution of sedimentary basins
in NW Slovenia

The stratigraphic evolution is summarized (Fig. 37) and
briefly discussed in time intervals representing the main
stages of the region’s geodynamic history.

End Triassic and Early Jurassic - rifting and extension
After the major drowning unconformity in the Late
Carnian, the marginal reefs of the Julian Carbonate
Platform rapidly prograded over the surrounding basinal
areas (CeLarc & KoLar-Jurkovsek 2008 and references
therein). In the Norian and Rhaetian, more than 1000 m
of the peritidal Dachstein Limestone with characteristic
Lofer cycles(locally interfingering with the Hauptdol omite)
weredeposited in theinterior of the platform. The platform
was rimmed by anarrow reef crest (see Turnsexk 1997 and
Buser 2009 for the distribution of Norian-Rhaetian reefs).
Somewhat deeper basins also existed, as evidenced by
bedded carbonates containing chert nodulesand layers (the
BacaDolomite and Slatnik Formation inthe Tolmin Basin,
Zatrnik Limestone in the Bled Basin).

In the latest Triassic and earliest Jurassic, intensified
extensional tectonics resulted in gravitational instabilities,
well documented by several breccia levels in the Tolmin
Basin. Calcareous turbidites of the Krikov Formation then
accumulated until the Pliensbachian. The facies
distribution of this formation clearly indicates that the
shallow-water carbonate material was mainly derived from
the Julian Carbonate Platform, which was still productive
during the early Early Jurassic. Most of the coeval Hier-
latz limestone in the Bled Basin is also turbiditic in origin
and may have been sourced from the same carbonate
platform.

The rifting-related tectonic activity culminated in the late
Pliensbachian when an accel erated subsidence pul se caused
the break up and drowning of the Julian Carbonate
Platform. This event is well marked in the stratigraphic
record of all depositional basins. The interior part of the
former platform became the intrabasinal Julian High,
which was characterized by abreak in deposition until the
Bajocian. Neptunian dikes of the first generation are also
ascribed to the Pliensbachian. The Bovec Basin originated
on a more deeply subsided block. The Pliensbachian
subsidence pulse in the incipient Bovec Basin is reflected
in a change from platform to deeper-water limestone with
echinoderms, juvenile ammonites and sponge spicules
(Sedlo Formation). In the Bled Basin, the same event was
responsiblefor the deposition of the coarse-grained Ribnica
breccia. Only in the Tolmin Basin were the changes in
facies more gradual. However, crinoidal limestones start
to predominate in the uppermost part of the Krikov For-
mation and mark the initial stage of tectonically induced
drowning in the source area. Moreover, the overlying
Toarcian Perbla Formation, mostly composed of marlsand
shales, varies significantly in thickness from 2 to 135 m
and thus provides evidence of a considerable basin-floor
relief that was mainly created during the Pliensbachian
tectonic event.
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Fig. 37: Chronostratigraphic overview of Upper Triassic to Cretaceous formations of the Southern Alpsin NE Italy and
NW Slovenia.

The Trento Plateau and the Belluno Basin: Jurassic from BAUMGARTNER €t al. (1995a), Cretaceous according to LEHNER
(1992).

The Tolmin Basin: Rozic (2006, 2009), Rozic et al. (2009), GaLe (2010), Cretaceous according to CArRoN & CousiN
(1972), Rozic (2005).

The Bovec Basin and the Julian High: Smuc (2005), Smuc & Gorican (2005), Swuc & Rozic (2010).

The Bled Basin: Cousin (1981), Kukoc et al. (2012).
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From late Early Jurassic to Late Jurassic - post-rift
evolution and beginning of subduction/accretion in the
Neotethys

The Toarcian sediments are characteristically clay-rich and
are preserved in the Tolmin Basin (Perbla Formation) and
inthe Bovec Basin (Skrile Formation). They include shales
enriched in organic matter that accumulated during the
Early Toarcian oceanic anoxic event. Aalenian deposits
areknown only from the Tolmin Basin and consist of dark-
gray, thin-bedded siliceous limestones that alternate with
rare chert beds (lower member of the Tolmin Formation).
In the Bajocian, the second major subsidence phase
occurred as documented by pronounced shifts to deeper-
water facies and a long stratigraphic gap. The Bovec and
Bled basins at that time evolved into true deep-water basins
with radiolarian cherts as back-ground sediments and the
Julian High became a typical submarine plateau with
condensed sedimentation of the Rosso Ammonitico type
limestone. In the Tolmin Basin, where the sedimentation
was continuous from the Aalenian, the facies shifted from
siliceous limestone (lower member of the Tolmin Forma-
tion) to typical green and upsection red radiolarian chert
(upper member of the Tolmin Formation). The Bajocian
event coincided with the opening of the Alpine Tethys (see
BiLL et al. 2001 for a review of biostratigraphic ages)
implying that thermal subsidence could be the principal
cause of the deepening. However, at least for the Bled Basin
which shows clear Dinaric affinities, this explanation is
unlikely because the Neotethys had opened much earlier,
in the Middle Triassic, and was aready in a convergent
regime in the Middle Jurassic (e.g., Schmip et al. 2008
and the references therein). An alternative explanation is
that the subsidence was caused by flexural bending when
the Adriatic margin approached the subduction zone of
the Neotethys (cf. ScHerreiks et al. 2010). The pronounced
silica enrichment, well recorded in the Tolmin Basin, was
aregional phenomenon as well and was related not only
to subsidence but also to enhanced surface productivity as
suggested by carbon isotope studies (BarToLini et al. 1996,
O’'DocHerTY €t al. 2006). Reorganization of the plate
boundaries leading to the opening of a deep-water
connection with the eastern Tethys could be responsible
for substantial modificationsin the oceanic circulation that,
in turn, had a major long-term impact on climate and
surface productivity (BAUMGARTNER 1987, BiLL et al. 2001).
From the late Bajocian to the early Tithonian radiolarian
cherts and shales characterized all basinal areas. A notable
difference existsin the proportion of intervening carbonate
gravity-flow deposits. Resedimented limestones are abun-
dant in the Bovec Basin and also common in the Tolmin
Basin. In contrast, the Middleto Upper Jurassic succession
of the Bled Basin is devoid of resedimented limestones.
The proportion of shale is far greater in the Bled Basin
than in the other two basins. This facies distribution
suggests that the Bovec and Tolmin basins were located
closeto the Dinaric Carbonate Platform but the Bled Basin
had a more distal position.

End Jurassic and Early Cretaceous - early phases of
orogeny
The topographic differences generated during Early and

Middle Jurassic subsidence events were by the end of the
Jurassic diminished due to the high sediment input in the
basins. The area of the Tolmin Basin, the Bovec Basin and
the Julian High was covered by arelatively similar basinal
sedimentation from the late Tithonian to the Turonian.
Two major lithologies are distinguished in the Lower
Cretaceous: micritic limestone with chert (Biancone
l[imestone) overlain by a succession of marls, shales and
rarely cherts, including abundant carbonate breccias in
areas which were close to the Dinaric Carbonate Platform
(Lower flyschoid formation in the Tolmin Basin, Scaglia
variegatain the Julian High). The contact between the two
lithostratigraphic units is always erosional, the Biancone
limestoneisonly partly preserved or, in places, itisentirely
missing.

The stratigraphic record of the Bled Basin is very diffe-
rent. The Biancone limestone forms a thick succession
which terminates with Berriasian carbonate breccias and
calcarenites (Bohinj Formation). Upsection, the clay
content increases and pelagic limestone beds become
subordinate. These sedimentsgradeinto mixed siliciclastic-
carbonate turbidites of Valanginian-Hauterivian age.

The overall stratigraphy in the Julian Alps provides agood
record of events related to the progressive closure of the
Neotethys. Following the Late Jurassic obduction
(DimiTrigEVIC 1997, KARAMATA 2006), acarbonate platform
formed on top of the ophiolitic nappes. This platform (the
Bohinj Carbonate Platform) is not preserved but can be
reliably inferred from the platform-limestone clasts in the
Bohinj Formation. The overlying turbidites with clastic
admixtures are the oldest classical synorogenic deposits
in the area. They mark the initial stages of the Eo-alpine
orogeny, which started during the Late Valanginian and
reached its climax during the Albian to Turonian (FaurL
& WacREicH 2000, ScHmip et al. 2004, 2008). Inthe Tolmin
Basin, the coarse-grained basal breccias of the Lower
flyschoid formation and the associated erosional
unconformity are good indicators of synsedimentary
tectonism. These breccias are Albian or latest Aptian in
age, which agrees well with the timing proposed for the
intensification of the Eo-alpine orogeny. In the marginal
parts of the Julian High, the correlative Scaglia variegata
in rare places directly overlies the blocky breccias filling
the second generation of neptunian dikes. Age control on
the second generation of neptunian dikes is still scarce.
However, according to the present knowledge on regional
tectono-sedimentary evolution, it seems most likely that
the formation of deep fractures and blocky breccias on the
Julian High was linked to the strong tectonic activity
around the Aptian-Albian boundary.
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