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Abstract. The Slovenian Basin was a Mesozoic deep-water
paleogeographic domain located north of the Dinaric Carbonate Plat-
form. Due to a considerable amount of southward-directed thrusting
and subsequent erosion, the marginal parts of this basin are only
sparsely preserved. The southernmost remains of the Slovenian Basin
in western Slovenia are found in the Ponikve Klippe, where we stu-
died a Middle Jurassic (? Aalenian) to Lower Cretaceous (Albian)
succession. We dated the succession with radiolarians, calpionellids,
and benthic foraminifers.

The succession is divided into three formations. The first is the
Middle Jurassic to Lower Tithonian Tolmin Formation, composed of
radiolarian cherts, siliceous limestone, and calciturbidites. The second
formation is the Upper Tithonian-Berriasian Biancone limestone,
which consists of pelagic limestone with calpionellids and one inter-
stratified calciturbidite. The third formation, the Lower flyschoid for-
mation, rests upon a prominent, regionally recognized erosional un-
conformity. The formation begins with calcareous breccia and con-
tinues with finer-grained calciturbidites that alternate with marl/shale
and chert. Only the lower part of this formation was investigated and
dated to the late Aptian to early Albian.

The correlation of the studied section with the previously de-
scribed successions of the Slovenian Basin shows that the Jurassic part
of the section clearly exhibits a more marginal setting, whereas the
Cretaceous part of the section correlates well with the central basinal
succession. This inversion was related to the late Aptian tectonic event
that was also responsible for the considerable submarine erosion and
deposition of the basal breccia of the Lower flyschoid formation.

Introduction

The Slovenian Basin was a Mesozoic deep-water
paleogeographic unit situated between the south-lying

Dinaric (or Adriatic, sensu Vlahovié et al. 2005) Carbo-
nate Platform and the north-lying Julian Carbonate
Platform (Buser 1989, 1996). The latter drowned during
the Jurassic and first turned into a submarine plateau
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Fig. 1 - a) General location of the studied area within the South-

Alpine realm; the boxed area is enlarged in Figure 1b
(Channell & Kozur 1997 with modifications from Bosel-
lini et al. 1981; Martire 1992; and Placer 1999); b) geotec-
tonic map of the South-Alpine-Dinaric transition (modi-
fied from Buser 1987), with a star marking the position of
the studied section; Julian Nappe with successions of the
Julian Carbonate Platform, Tolmin Nappe composed of
the Slovenian Basin successions, Trnovo Nappe with suc-
cessions of the Dinaric (Adriatic) Carbonate Platform.
Internal tectonical elements within Tolmin Nappe sepa-
rate lower-order thrust units (simple line: neotectonic
strike-slip faults; line with triangles: South-Alpine
thrust-faults); the boxed area is enlarged in Figure 2.
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known as the Julian High. This paleotopographic dif-
ference with the Slovenian Basin was diminished at the
end of the Jurassic (Buser 1996; Smuc 2005; Smuc &
Rozi¢ 2010). In present-day western Slovenia (Fig. 1a,
b), the successions of the Slovenian Basin belong to the
Tolmin Nappe, which is overthrust by the Julian
Nappe, composed of Julian Carbonate Platform succes-
sions. These two south-vergent nappes originated dur-
ing the Miocene and form the eastern continuation of
the Southern Alps. To the south, the Slovenian Basin
successions are thrust over the Dinarides, which are
characterized by slightly older southwest-vergent
thrusting and composed of Dinaric Carbonate Platform
successions (Buser 1986, 1987; Placer 1999, 2008). The
general sedimentary evolution of the Slovenian Basin
has been well known for decades (Cousin 1970, 1973,
1981; Caron & Cousin 1972; Buser 1989, 1996). How-
ever, detailed work in the last decade has considerably
improved our understanding of this rather complex pa-
leogeographic unit (Rozi¢ 2005, 2009; Rozi¢ & Popit
2006; Rozi¢ et al. 2009; Gale 2010; Ro%i&é & Smuc
2011; Oprékal et al. 2012; Gale et al. 2012; Gorican et
al. 2012a, b; Rozi¢ et al. 2012). The main Mesozoic
paleogeographic units are today bound to the individual
thrust-units and the transitional areas between the units
are tectonically highly obliterated, not exposed due to
overthrusting, or not preserved due to erosion. Conse-
quently, spatial paleogeographic reconstruction of the
slopes (i.e., shape, inclination, channel-cut vs. apron

- Geological map with schematic stratigraphic column of the Ponikve Klippe.

fed, etc.) between the units remains questionable and
mainly unresolved. Some light was shed on the basin’s
northern slope by the study of newly discovered Juras-
sic successions of marginal blocks in the Mt Kobla area
(Rozi¢ & Smuc 2009). Conversely, the southern transi-
tion with the Dinaric Carbonate Platform remains prac-
tically unstudied.

All previously mentioned studies were performed
in the Tolmin Nappe, a continuous basinal facies belt
found today in the foothills of the Julian Alps extend-
ing eastward from Tolmin town. These successions all
show continuous basinal successions characteristic of
inner basinal domains. To the south, they are clearly
limited by the east-west trending South-Alpine thrust
front (Placer 1999). Nevertheless, a succession of the
Slovenian Basin reappears southward in the Ponikve
Klippe, which represents the only erosional remnant
of the Tolmin Nappe preserved today south of the
South-Alpine thrust front (Buser 1987; Placer 1999,
2008). The succession that composes this structural unit
is believed to have originated in the southernmost still-
preserved part of the Slovenian Basin. The Middle Jur-
assic to Lower Cretaceous part of an Upper Triassic —
Upper Cretaceous succession is fully exposed in the
gorge southwest of the village of Ponikve and was stu-
died in detail with the aim of reconstructing the sedi-
mentary evolution of the basin’s southern margin and
correlating the investigated section with the rest of the
Slovenian Basin.
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Fig. 3 - The Lovris section, with the
position of thin sections and
radiolarian samples.

Geological setting

The studied section (Lovri§
section, Fig. 2) is located in the
Ponikve Plateau, which is named
after its largest village and situ-
ated between deeply incised val-
leys of the Baca River towards
the north and the Idrijca River
towards the southwest. Structu-
rally, the area surrounding the
Ponikve Plateau (see Fig. 1b) be-
longs to the Trnovo Nappe of the
Dinarides (Placer 1999, 2008),
which is characterized by Trias-
sic and Jurassic shallow-water
carbonates of the Dinaric Carbo-
nate Platform. These platform
carbonates end with a prominent
gap and are overlain by Conia-
cian-Campanian calcareous tur-
bidites (the Volé¢e Limestone) or
directly by the Maastrichtian
Upper  flyschoid  formation
(Ogorelec et al. 1976; Buser
1986, 1987). The Ponikve Plateau
and its southwestern slopes are
composed of the structurally
higher Ponikve Klippe, com-
posed of basinal succession. This
structural unit was previously
part of the Tolmin Nappe and to-
day represents its only erosional
remains south of the South-Al-
pine thrust front that extends
along the Baca River. The Po-
nikve Klippe is the lower limb
of an overturned anticline (Buser
1986, 1987); all strata are in over-
turned position and dip towards
north to northeast (Fig. 2). The
contact between the Ponikve
Klippe and the underlying Trno-
vo Nappe is dissected by neotec-
tonic strike-slip faults, among
which the NW-SE dextral Idrija
Fault is the most prominent.

The stratigraphy of the
Ponikve Klippe (Fig. 2) consists
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of several lithostratigraphic units that characterize the
entire area of the Tolmin Nappe. Names and ages of
these units are given according to previous studies in
this broader area (Caron & Cousin 1972; Cousin
1973; Buser 1986; Rozi¢ 2009). The succession of the
Ponikve Klippe starts with Carnian “Amphiclina beds”,
a formation characterized by alternating micritic lime-
stone with chert and shale, whereas calcarenites (calci-
turbidites) occur sporadically. The Norian-Rhaetian is
characterized by the 540-m-thick Baca Dolomite For-
mation, which is characterized by bedded dolomite
with chert nodules that laterally pass into massive do-
lomite. With a sharp contact, the Ba¢a Dolomite is over-
lain by a 100-m-thick succession of thin-bedded micri-
tic limestone with chert nodules of uncertain chronos-
tratigraphic position. The facies is very similar to the
Hettangian to Pliensbachian Krikov Formation from
the southern part of the Slovenian Basin (Rozi¢ 2009;
Gorican et al. 2012b), but could also correlate with the
Upper Norian to Rhaetian Slatnik Formation known
from the northernmost part of the basin (Rozi¢ et al.
2009; Gale et al. 2012). This formation is overlain by 80-
m-thick, partly brecciated and dolomitized massive
limestone that contains abundant Late Triassic coral-
reef fauna and yielded Sevatian-early Rhaetian cono-
donts in the topmost part. This formation is known so
far only from the Ponikve Klippe (Rozi¢ et al. 2013) and
is still under research. With a sharp contact, this massive
limestone is overlain by the 18-m-thick, Middle Jurassic
to Lower Tithonian Tolmin Formation, which is com-
posed of thin-bedded radiolarian chert, siliceous lime-
stone, and calciturbidites. The Jurassic ends with an
Upper Tithonian-Berriasian Biancone limestone forma-
tion only 5 m thick and composed of calpionellid-bear-
ing micritic limestone. The Lower Cretaceous is marked
by an important, regionally documented gap that spans
from the Berriasian to the upper Aptian or lower Al-
bian. The overlying Lower flyschoid formation is 200 m
thick, generally starts with calcareous breccia, and, up
section, is marked by alternating marl and calciturbi-
dites that usually contain replacement-chert nodules.
Red thin-bedded cherts occur at the base of the forma-
tion. In the upper part, the formation passes through
upper Cenomanian-Turonian red marly limestone (also
known in the literature as Globotruncana limestone or
Scaglia Rossa) to the Coniacian-Campanian Volce
Limestone Formation, which is 300 m thick and com-
posed of alternating micritic (pelagic) limestone and cal-
citurbidites with chert nodules. The succession ends
with the ?upper Campanian-Maastrichtian Upper
flyschoid formation, which closely resembles the Lower
flyschoid formation but lacks any silicification and ad-
ditionally contains limestone breccia megabeds up to a
few metres thick. In the studied section, the Tolmin
Formation, Biancone limestone formation, and basal

part of the Lower flyschoid formation were investi-
gated.

Lovri$s Section

The investigated section is located in the gorge
that cuts the southwestern slope of the Ponikve Plateau
near the Lovri§ Farm (Fig. 2, N 46° 07° 51, E 13° 48
24). The section covers 45 m of the succession and is in
overturned position. Three distinctive formations are
recognized in the section that encompass the Middle
Jurassic to Albian interval with a prominent gap within
the Lower Cretaceous (Fig. 3, PL. 1, fig. 1).

Tolmin Formation

The Tolmin Formation is underlain by massive
dolomite that shows a few thin beds in the topmost part
(Fig. 3, PL 1, fig. 2) and laterally passes into massive
limestone. Above the dolomite, three 10-cm-thick black
highly siliceous beds occur, the middle one exhibiting a
calcarenitic primary texture. They are followed by a 20-
cm-thick graded calcarenite bed and further upwards by
an equally thick interval of thin-bedded grey biomicritic
limestone. This basal part ends with 40 cm of calcare-
nite that is almost entirely silicified (Pl. 1, fig. 2). The
next 3 m are composed of grey thin-bedded biomicritic
limestone, with occasional chert nodules and a single
thin bed (10 cm) of graded calcarenite. Upwards, four
amalgamated 10-cm calcarenite beds are present. The
following 9 m are dominated by thin-bedded alternating

PLATE 1

Photographs from the Lovris section (for all figures in this plate note

that the entire succession is in overturned position)

Fig. 1 - The Lovri§ section consists of the Tolmin Formation,
Biancone limestone formation, and the basal interval of
the 200-m-thick Lower flyschoid formation.

Fig. 2 - Sharp contact between the stratigraphically older massive
limestone (and dolomite) and the thin-bedded Tolmin For-
mation marked by an arrow.

Fig. 3 - Strongly silicified, 1.75-m-thick, graded limestone breccia
of the Tolmin Formation with the top of the bed consisting
of completely silicified calcarenite (seen at the base of the
photograph).

Fig. 4

Erosional contact (arrow) between the Biancone limestone
and the basal limestone breccia and calcarenites of the
Lower flyschoid formation. Downward, i.e. stratigraphi-
caly upward, the calciturbidites start to alternate with
marl/shale and chert.

Alternating violet cherts, shale, and strongly silicified cal-

Fig. 5
citurbidites (Lower flyschoid formation). The arrow
points to a load cast or a sole mark at the base of the 10-
cm-thick calciturbidite bed, which provides an additional
evidence for the overturned position of the succession.
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dark grey siliceous biomicritic limestone and black
chert. Occasionally limestone is slightly marly. At 10.5
m, a 0.5-m-thick slumped interval is recognizable. The
entire interval contains three beds (50, 10, and 20 cm) of
graded calcarenite. The section continues with the most
prominent bed of the unit, a 1.75-m-thick limestone
breccia that grades into coarse calcarenite (Pl. 1, fig.
3). This bed is strongly silicified, where chert occurs
as irregularly shaped large nodules or selectively re-
places larger bioclasts. The formation continues for
the next 3 m and is dominated by alternating thin-
bedded dark-coloured cherts, siliceous limestone, and,
just above a breccia, also marly limestone. Two calcar-
enite beds occur in this interval. The lower bed is 40 cm
thick and replaced by chert in the upper portion of the
bed, whereas the upper bed is 20 cm thick and graded.
The boundary with the overlying Biancone limestone
formation is placed at 18.8 m of the section, where chert
beds disappear.

The finest-grained sediments of the Tolmin For-
mation are thin-bedded wackestone, rarely lime mud-
stone. Occasionally parallel or slightly wavy laminae are
distinguishable. Grains are biogenic and belong predo-
minantly to radiolarians that exhibit a variable degree of
calcification. Ostracods occur sporadically. Silicification
is poor at the base of the unit and becomes very intense
upwards, where radiolarian cherts are also interstrati-
fied.

Two main microfacies are distinguished within
coarse- to medium-grained calcarenites. At the base of
the formation, these beds are grainstone composed of
ooids, lithoclasts, fossils, pellets/peloids, and rarer in-
traclasts (Pl. 2, fig. 1). Within the ooids, two groups
are outlined: the largest ooids are strongly micritized
and tangential, whereas the smallest ones are rarer and
mostly show a radial-fibrous structure. Occasionally,
grapestones composed of ooids appear. Fossils are echi-
noderms and rarer fragmented bivalve shells, recrystal-
lized calcisponges (often a few millimetres in size), and
foraminifers, among which trocholinas predominate.
Lithoclasts are divided into five groups: A) fine- to
medium-grained packstone/grainstone with pellets/pe-
loids, intraclasts, and rarer ooids and fossils, B) mud-
stone/wackestone with calcified radiolarians and spi-
cules, thin-shelled bivalves, and pellets, C) poorly
sorted packstone with dominant pellets and rare large
intraclasts, fossils, or ooids, D) medium-grained grain-
stone with intraclasts, and E) medium-grained, often
recrystallized packstone that occasionally shows fenes-
tral structure and is composed of pellets, intraclasts, and
rare foraminifers.

The second coarse- to medium-grained microfa-
cies occurs in the upper part of the formation (above 9
m of the section, Fig. 3). It is grainstone/packstone
composed of intraclasts and bioclasts (PL. 2, fig. 2). In-

traclasts represent up to 70% of all grains and are mi-
critic or show some internal structure, revealing either a
shallow-water or a deep-water (mud-chips) origin of
these grains. Some grains are well rounded, isometric,
and predominantly micritic with small oval sparitic
fields in the centre and could belong to Tubiphytes sp.
Ooids are very rare and small-sized (up to 200 pm).
Fossils represent up to 40% (usually 30%) of all grains
and are dominated by echinoderms, typically with syn-
taxial cement overgrowths. Other rare bioclasts are
benthic foraminifers. Sporadic calcispheres (or calcified
sponge spicules/radiolarians) and red algae fragments
occur in some beds.

There is no apparent difference in composition
within the fine-grained calcarenite throughout the for-
mation. This microfacies forms thin beds or upper por-
tions of graded beds. It is packstone composed of pel-
lets/peloids (? very fine intraclasts) and calcified radi-
olarians (Pl. 2, fig. 3). When laminated, some laminae in
the finest parts of beds are the previously described
wackestone. At the very top of a bed at 11.1 m of the

PLATE 2

Microfacies of Tolmin and Biancone formations.

Fig. 1 - Tolmin Formation; coarse-grained grainstone with micri-
tized tangential ooids, rare small radial-fibrous ooids, pel-
lets, and bioclasts with Trocholina sp. (in the upper right
corner); 1.0 m of the section.

Fig. 2 - Tolmin Formation; coarse-grained grainstone with intra-
clasts, peloids, micritized ooid (left margin of the photo-
graph), and bioclasts, mainly echinoderms and benthic for-
aminifers (?Moblerina sp.); 17.7 m of the section.

Fig. 3

Tolmin Formation; slightly compacted packstone burrow
between wrapped laminae of alternating wackestone and
packstone. Grains in wackestone are bioclasts with predo-
minant calcitized radiolarians, whereas packstone is fine-
grained and consists of pellets/small intraclasts and bio-
clasts including numerous calcified radiolarians; 10.1 m of
the section.

Fig. 4 - Tolmin Formation; rudstone with bio/intraclastic grain-

stone matrix (as in fig. 2) and two clasts of: a) wackestone
with large bioclasts and intraclasts (above) and b) coarse-
grained grainstone composed of intraclasts, peloids, and
ooids (below); 14.4 m of the section.

Fig. 5 - Tolmin Formation; rudstone with bio/intraclastic grain-

stone matrix (as in fig. 2) and two clasts showing inter-
growth of recrystallized calcisponges and microbialites;
14.4 m of the section.

Fig. 6 Biancone Limestone; mudstone with calcified radiolarians,
calpionellids, and fragmented thin-shelled bivalves; Cal-
pionella alpina Lorenz is enlarged in the upper right cor-
ner; 23.0 m of the section.

Fig. 7

Biancone Limestone; coarse-grained grainstone similar in
composition to bio/intraclastic grainstone of the Tolmin
Formation (this plate, fig. 2) with additionally present Tu-
biphytes sp. grains; 21.3 m of the section.
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section, a rounded portion of fine-grained packstone, 8
mm in size, is enclosed in the wackestone (Pl. 2, fig. 3).
The shape is ellipsoidal and laminae in surrounding
wackestone are wrapped around the grain. The base of
the body is separated by thin micritic film and could
belong to an additional smaller packstone body, or the
film could originate from a small-scale dissolution seam.
These bodies are interpreted as slightly compacted bur-
row, but could also be a sand-ball originating from the
disintegration of load cast from the overlying bed.

The limestone breccia bed (around the 15th metre
of the section, Fig. 3) is a rudstone with some clasts up
to 10 cm in size (Pl 2, fig. 4). The texture is bimodal
with a matrix of the previously described bio/intraclas-
tic calcarenite and larger clasts. In the calcarenitic ma-
trix, bivalve shells and some foraminifers were also ob-
served. Within the lithoclasts six main groups are out-
lined: A) fine-grained packstone with pellets, peloids,
benthic foraminifers, echinoderms, calcispheres (? calci-
fied sponge spicules), a single Thaumatoporella, and un-
recognizable bioclastic debris, B) wackestone with rela-
tively large (up to 550 pm) peloids and bioclasts, mostly
echinoderms (Pl 2, fig. 4), C) mudstone with calcified
radiolarians, thin-shelled bivalves, and rare small lagen-
id foraminifers, D) grainstone with small (up to
200 pm) intraclasts, peloids (Pl. 2, fig. 4), and ooids,
some strongly micritized, E) recrystallized packstone
with pellets and fenestral structure, and F) coarse-
grained grainstone with irregularly shaped intraclasts,
microbialites, recrystallized calcisponges, and rare pel-
lets. At the base of the bed, large bioclasts are abundant.
Predominantly they belong to diverse calcisponges
(stromatoporoids) that occasionally show intergrowth
with microbialites and encrusting foraminifers (Pl. 2,

fig. 5).

Biancone limestone formation

The Biancone limestone formation is 5.2 m thick
(Fig. 3) and characterized by thin-bedded micritic light-
grey limestone with rare chert nodules. It contains a 50-
cm-thick calcarenite bed. The contact with the overly-
ing unit is sharp (Pl 1, fig. 4).

The thin-bedded limestone is wackestone, rarely
mudstone, occasionally exhibiting parallel lamination.
Grains are calcified radiolarians and calpionellids (Pl
2, fig. 6). Other rare grains are thin-shelled bivalves,
small benthic foraminifers of the genus Lenticulina,
and calcified sponge spicules.

In structure and composition, the calcarenite bed
closely resembles the coarse- to medium-grained calcar-
enite of the underlying formation. More abundant are
spherical, concentrical grains with small oval sparitic
centers. Usually, these grains are up to 200 um large
and mostly belong to Tubiphytes sp. (Pl. 2, fig. 7). Some

larger grains show curved concentric lamination and
could be oncoids.

Lower flyschoid formation

The Lower flyschoid formation is 200 m thick
(Fig. 3), of which the basal 21 m are well exposed and
were studied in the Lovris section. The formation be-
gins with a 3.3-m-thick basal interval dominated by
graded limestone breccia and subordinate calcarenites
(PL. 1, fig. 4). Below the second thick breccia bed, a very
thin interval of yellowish-brown marl is present. The
next 5.3 m are composed of alternating calcarenites and
marl, the latter changing in colour from yellowish-
brown to green, violet, and green again. At 31.8 m of
the section, a thin bed of violet chert occurs that yielded
datable radiolarians. Calcarenites in this interval are of-
ten silicified. Usually, they contain chert nodules,
whereas in the violet interval they are completely re-
placed by dark-grey to black vitreous chert. The section
continues with three calcarenite beds (20, 40, and
40 cm) that exhibit only minor silicification. The fol-
lowing 7 m are chert-dominated: all calcarenites are
completely replaced by black vitreous chert and are
interlayered with thin-bedded chert at the beginning
of the interval, whereas marl and shale start to occur
after 3.5 m (PL. 1, fig. 5) and become dominant at the
last metre of the interval. With the exception of the first,
greenish 0.6 m, the entire interval is violet-coloured.
The last 4 m of the studied section are alternating green

PLATE 3

Microfacies of Lower flyschoid formation.

Fig. 1 - Chert; SEM photomicrograph of HF-etched rock surface
showing the high proportion of sponge spicules and rare
radiolarians (sample LFF 1).

Fig. 2

Coarse-grained grainstone with intraclasts and bioclasts,
mostly echinoderm plates, fragmented bivalve shells, and
orbitolinas; 26.9 m of the section.

Fig. 3 - Large Orbitolina in grainstone with some small lithoclasts

to the right of the foraminifer; 25.5 m of the section.
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Diverse types of fragmented bivalve and brachiopod shells
in grainstone; 25.5 m of the section; 25.5 m of the section.
Fig. 5 - Fine-grained packstone with intraclasts, pellets, and bio-
clasts, among which echinoderm plates and planktonic and
benthic foraminifers are recognized; 27.4 m of the section.
Fig. 6

Coarse-grained grainstone with a packstone lithoclast
composed of a large Orbitolina fragment, other benthic
foraminifers, and intraclasts; 32.6 m of the section.

Fig. 7 - Rudstone with grainstone matrix, large dasycladacean al-
gae, and a wackestone lithoclast composed of pellets and
bioclasts with recognizable small pelagic foraminifers at
the lower-left end of the grain; 25.5 m of the section.

Fig. 8 - Calcisponge as a large clast in the rudstone described in a

previous figure; 26.9 m of the section.
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marl and calcarenites that are often graded and partially
silicified.

At the base and the top of the formation, the fine
sediments are marl, whereas between 30.5 and 41 m of
the section they turn into alternating chert and shale.
Chert beds are composed mostly of sponge spicules,
radiolarians being less abundant (Pl. 3, fig. 1).

Calcarenites are grainstone composed of intra-
clasts and fossils (PL. 3, fig. 2), each representing ap-
proximately half of all grains. Intraclasts are mostly well
rounded and elongated. Often they show internal re-
crystallization to microsparite. The internal structure
is locally recognizable and includes either peloids/pel-
lets or oval pores filled with sparite (? calcified radiolar-
ians). Oncoids with poorly visible, dense micritic inter-
nal structure occur sporadically. Among fossils, echino-
derms predominate. Benthic foraminifers are also com-
mon and belong to the genera Orbitolina (Pl. 3, figs. 2,
3), Textularia, Lenticulina, and miliolids. Further bio-
clasts are bivalves with three main types of shells; two
types exhibit prismatic structure, where crystal axes are
oriented either perpendicular or parallel to the shell
walls and one type has fibrous structure (PL 3, fig. 4).
The last group at least partially belongs to brachiopods.
Other fossils are fragments of red algae, bryozoans,
calcisponges, and other unrecognizable biogenic debris.
Some small lithoclasts are also present and correspond
to clasts in limestone breccia that are described in the
next paragraph (Pl 3, fig. 6). In the upper part of the
graded calcarenite, the texture turns into packstone and
pelagic foraminifers start to occur (PL. 3, fig. 5).

The limestone breccia forms the base of the for-
mation, is poorly sorted, and grades into coarse-grained
calcarenite. It is rudstone composed mostly of diverse
lithoclasts, intraclasts, and fossils. Fossils and intraclasts
are very similar in composition to those occurring in the
previously described calcarenite. Among the fossils,
echinoderms predominate, whereas other frequent
grains are bivalve shells and foraminifers, among which
large orbitolinas stand out. Additionally, large, i.e. peb-
ble-sized calcisponges and dasycladacean algae occur
(PL. 3, fig. 7), the first being particularly frequent in
the basal breccia bed (Pl. 3, fig. 8). The lithoclasts are
divided into four main groups: A) wackestone to pack-
stone with diverse fossils, mostly bivalves, foraminifers
(Orbitolina and Textularia), echinoderms, and some
pellets (Pl 3, fig. 6), B) wackestone with pelagic bio-
clasts: either ammonites, ? calcified radiolarians, or glo-
bigerinas (PL. 3, fig. 7), C) fine-grained packstone with
pellets, small intraclasts, and rare echinoderms and bi-
valves, and D) rare clasts of medium-grained grainstone
with ooids, intraclasts, and oncoids cemented by rim
and mosaic sparite.

Biostratigraphy

The biostratigraphy of the studied section is based
on planktonic fossils, namely radiolarians (Pl. 4) and
calpionellids. It is further constrained by benthic fossils
found in the coarse-grained beds.

In the Tolmin Formation, radiolarians are com-
mon but very poorly preserved; determinable radiolar-

PLATE 4

Radiolarians and sponge spicules from the Lovri§ section. For each

illustration, the sample number, scanning electron micrograph num-

ber, and magnification (length of scale bar) are indicated. Rock sam-
ples, residues, and illustrated specimens are stored at the Ivan Rako-
vec Institute of Paleontology ZRC SAZU, Ljubljana.

Figs 1-5 - Upper Jurassic radiolarians from the Tolmin Formation.
1) Mirifusus dianae minor Baumgartner, TF 1, n® 120102,
scale bar 200 um. 2) Spinosicapsa? sp. (lateral spines
probably broken off), TF 1, n° 120121, scale bar
133 um. 3) Palinandromeda crassa (Baumgartner),
TF 1, n° 120104, scale bar 200 um. 4) Transhsuum bre-
vicostatum (Ozvoldova), TF 1, n° 120117, scale bar
133 pym. 5) Emiluvia orea Baumgartner, TF 1, n°

120108, scale bar 133 um.

Figs 6-37 - Aptian-Albian radiolarians from the Lower flyschoid
formation. 6) Pantanellium sp., LFF 1, n° 120203, scale
bar 100 um. 7-10) Turbocapsula costata (Wu), 7 - LFF 1,
n°®120209; 8- LFF 1, n®120207; 9 -LFF 2, n° 120312; 10 -
LFF 2, n® 120310; scale bar 100 pm. 11) Diacanthocapsa
betica O’Dogherty, LFF 3, n® 120403; scale bar 80 pm.
12) Diacanthocapsa sp., LFF 2, n® 120320; scale bar
80 um. 13,14) Cryptamphorella conara (Foreman), 13 -
LFF 2, n°® 120326; 14 - LFF 3, n° 120426; apical view;
scale bar 100 pm. 15-17) Holocryptocaninm barbui Du-
mitrica, 15 - LFF 1, n® 120227, apical view; 16 a,b)
LFF 2, n° 120317, n°® 120316, apical and antapical views
of the same specimen; 17) LFF 3, n°® 120427, apical view;
scale bar 100 pm. 18) Pseudodictyomitra lodogaensis Pes-
sagno, LFF 3, n® 120414; scale bar 80 pm. 19) Pseudodic-
tyomitra sp., LFF 2, n°120321; scale bar 100 pm. 20)
Psendodictyomitra cf. hornatissima (Squinabol), LFF 1,
n°® 120218, scale bar 100 pm. 21) Svinitzium sp., LFF 3,
n° 120404; scale bar 100 pm. 22) Xitus clava (Parona),
LFF 1, n° 120211, scale bar 100 pm. 23) Stichomitra?
communis Squinabol, LFF 2, n° 120306; scale bar
100 um. 24) Stichomitra? mediocris (Tan), LFF 3, n°
120421; scale bar 100 um. 25) Archaeodictyomirra cf.
communis (Squinabol), LFF 1, n°® 120201, scale bar
100 pum. 26-32) Thanarla browweri (Tan), 26 - LFF 1,
n® 120219; 27 - LFF3, n° 120440; 28 - LFF 1, n°
120223; 29 - LFF 2, n°® 120318; 30 - LFF 1, n°® 120213;
31 - LFF 3, n°® 120439; 32 - LFF 3, n°® 120415, scale bar
100 um. 33-37) Archaeodictyomitra montisserei (Squina-
bol), 33 - LFF 2, n° 120303; 34 - LFF 3, n° 120433; 35 -
LFF 3, n° 120419; 36 - LFF 3, n® 120435; 37 - LFF 3, n°®
120428, scale bar 100 pum.

Figs 38-40 - Sponge spicules from the Lower flyschoid formation. 38)
Lithistid desma, LFF 2, n® 120336, scale bar 200 pum. 39)
Cricorhabd, LFF 2, n°® 120338, scale bar 200 pm. 40)
Phyllotriaene, LFF 1, n® 120230, scale bar 200 pm.
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range Tab. 1 - Occurrence of radiolarian
Species Samples (in UAS) LFF 1|LFF 2|LFF 3 species in the Lower
Archaeodictyomitra communis (Squinabol) (P1. 4, fig. 25) 1-9 cf. cf. flyscb01d .formatlon. The
Archaeodictyomitra montisserei (Squinabol) (P1. 4, figs. 33-37) 10-20 X X f;?tlféap?ﬁce ra;fzzt?szori;
C;.’yptamphorella Cszara '(Foreman) (Pl. 4, figs. 13-14) X X X O’Dogherty (1994) are indi-
Dl.acanthocapsa betica O Dc.)gherty (PL 4, fig. 11) 4-9 X cated. The Unitary Associa-
Diacanthocapsa sp. (Pl. 4, fig. 12) . X tions (UAs) 6-9 belong to
Holocryptocanium barbui Dumitrica (P1. 4, figs. 15-17) X X X the Costata Subzone (mid-
Pantanellium sp. (P1. 4, fig. 6) X dle and upper Aptian, possi-
Pseudodictyomitra hornatissima (Squinabol) (PL. 4, fig. 20) 1-9 cf. bly also part of the lower
Pseudodictyomitra lodogaensis Pessagno (Pl. 4, fig. 18) 1-9 X Albian), and the UAs 10-11
Pseudodictyomitra sp. (Pl. 4, fig. 19) X belong to the Romanus Sub-
Svinitzium sp. (PL. 4, fig. 21) X zone (middle Albian).
Stichomitra? communis Squinabol (P1. 4, fig. 23) 5-21 X
Stichomitra? mediocris (Tan) (PL. 4, fig. 24) 1-14 X
Thanarla brouweri (Tan) (Pl. 4, figs. 26-32) 1-11 X X X
Turbocapsula costata (Wu) (PL. 4, figs. 7-10) 6-9 X X
Xitus clava (Parona) (Pl. 4, fig. 22) 1-8 X

ians were found in only one sample. The productive
sample TF 1 (Fig. 3) is a 4-cm-thick highly siliceous
greenish-grey limestone bed containing a layer of black
replacement chert in the middle part. The sample was
treated first with acetic acid and then with diluted (9%)
hydrofluoric acid. The most abundant radiolarians are
Favosyringiinae without lateral spines (Pl 4, fig. 2),
which could not be determined at the species level
due to the poor preservation. The other identified taxa
are (ranges in Unitary Association Zones (UAZ) ac-
cording to Baumgartner et al. (1995) are given in brack-
ets): Emiluvia orea Baumgartner (UAZ 8-11), Trans-
hsuum brevicostatum (Ozvoldova) (UAZ 3-11), Mirifu-
sus dianae minor Baumgartner (UAZ 9-20), and Pali-
nandromeda crassa (Baumgartner) (UAZ 7-10) (Pl. 4,
figs. 1, 3-5). Based on the co-occurrence of Mirifusus
dianae minor and Palinandromeda crassa the sample is
assigned to the UAZ 9 (middle-late Oxfordian) or
UAZ 10 (late Oxfordian-early Kimmeridgian) of
Baumgartner et al. (1995). Various sponge spicules also
occur in this sample but are relatively rare.

The Biancone limestone formation is dated by
calpionellids, among which Calpionella alpina Lorenz
was recognized. Compiled biostratigraphic data and
correlation with the central Slovenian Basin (see the
chapter on correlation) date this unit to the Late Titho-
nian to Berriasian time-interval.

From the Cretaceous cherts and siliceous mud-
stones of the Lower flyschoid formation, siliceous mi-
crofossils were extracted using hydrofluoric acid only.
Sponge spicules, including lithistid desmas and other
megascleres, are much more abundant than radiolarians
in all samples (Pl. 4, figs. 38-40, PL. 3, fig. 1). The pre-
servation of radiolarians is moderate and the diversity is
low. Three samples were selected for a more detailed
analysis (see Fig. 3 for stratigraphic position). Their
radiolarian content is listed in Table 1 and illustrated

in Plate 4 (figs. 6-37). Cryptocephalic and cryptothor-
acic nassellarians (Cryptamphorella, Holocryptocanium)
are the most abundant. Archaeodictyomitridae (Archae-
odictyomitra, Thanarla) are also common but all other
taxa are rare.

The Cretaceous samples were dated with the zo-
nation of O’Dogherty (1994). Two subzones of his zo-
nation that span the middle Aptian to middle Albian are
applicable to our samples: the Costata Subzone (the
upper subzone of the Turbocapsula Zone) and the Ro-
manus Subzone (the lower subzone of the subsequent
Spoletoensis Zone). The Costata Subzone corresponds
to the middle and upper Aptian and possibly extends to
the lower Albian, while the Romanus Subzone is placed
in the middle Albian (O’Dogherty 1994). A relatively
long interval of uncertainty and also a discontinuity in
the radiolarian record characterize the boundary be-
tween the Turbocapsula and Spoletoensis zones, or be-
tween the Costata and Romanus subzones (see fig. 11 in
O’Dogherty 1994).

The lowermost sample, LFF 1, contains Turbo-
capsula costata (Wu), which is restricted to the Costata
Subzone, and Xitus clava (Parona), which makes its last
occurrence in the Costata Zone. It also contains Panta-
nellium, which last appears in the late Aptian (O’Dogh-
erty et al. 2009). In the next sample, LFF 2, Turbocap-
sula costata (Wu) was found together with Archaeodic-
tyomitra montisserei (Squinabol), whose FAD was es-
tablished in the Romanus Subzone. The youngest
sample, LFF 3, is also characterized by a “mixed” as-
semblage with species of both subzones: Archaeodictyo-
mitra montisserei (Squinabol) is associated with Dia-
canthocapsa betica O’Dogherty and Pseudodictyomitra
lodogaensis Pessagno, which do not extend above the
Costata Subzone. Such “mixed” assemblages are not
unusual (e.g. Gorican & Smuc 2004) and may corre-
spond to the missing early Albian interval in O’Dogher-
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ty’s zonation. In all samples, including the highest sam-
ple, LFF 3, Thanarla bronweri (Tan) is common. This
species does not range above the Romanus Subzone and
thus indicates that the samples are certainly not younger
than the middle Albian.

The presented radiolarian dating in the Lower
flyschoid formation is in accordance with previous dat-
ing by Caron and Cousin (1972), who, on the basis of
planktonic foraminifers, assigned the lowermost part of
the formation to the Albian (or possibly Aptian) in
several sections of the central Slovenian Basin. In the
Lovris section it seems likely that the sample LFF 1 is
late Aptian and the younger samples LFF 2 and LFF 3
are early Albian in age. Nevertheless, one should keep
in mind that the radiolarian biochronology of the Ap-
tian-Albian transition has not yet been sufficiently ela-
borated worldwide and that the upper two samples of
the Lovri§ section were in fact not correlated to an
established radiolarian zone but were assumed to corre-
spond to a gap between two zones. The Aptian-Albian
age is also proved by abundant orbitolinas that occur in
the coarse-grained beds of the formation.

Depositional environment

Although there are prominent differences be-
tween the three formations, they share important com-
mon characteristics: they all consist of beds originated
by two distinctive processes. Most of the studied suc-
cession consists of pelagic/hemipelagic sediments, as
indicated by thin beds/laminae composed of mud-sized
material with some pelagic fossils. These deposits are
interstratified with coarse-grained limestone beds that
represent a second, less abundant but also prominent
depositional mechanism. These beds usually exhibit a
partial Bouma sequence (normal grading, laminations)
and were deposited by turbidity currents. The overall
succession records sedimentation in a marginal basinal
environment that was rather proximal to the source
area, that is, the Dinaric Carbonate Platform. Because
both distinctive types of deposits were controlled by
different factors, they are discussed separately. Namely,
the background sediments record regional or even glo-
bal changes in climate, production, oceanography, etc.,
whereas resedimented carbonates reflect changes on
the adjacent platform that can be of rather local cha-
racter.

Background pelagic/hemipelagic sediments

The background (inter-turbidite) sediments of the
Tolmin Formation are characterized by a high-silica
content. The beds are predominantly calcareous only
in the basal 5 m; upwards, radiolarian cherts become
dominant. They become slightly more calcareous and

marly in the uppermost 4 m of the unit. Parallel lamina-
tion in these beds indicates sorting of sediment, prob-
ably by bottom currents. Minor slumping of the semi-
consolidated material also occurs and implies gentle in-
clination of the basin floor. Radiolarian cherts are the
most common Middle and Upper Jurassic pelagic sedi-
ments of all Tethyan basins. Their deposition is related
to high surface productivity and lack of terrigenous or
periplatform input (for a recent review on radiolarites
see Baumgartner 2013).

An abrupt increase in micrite defines the bound-
ary with the overlying Biancone limestone formation.
The mid-Tithonian change to almost purely calcareous
pelagites is also regional in extent. Comparisons of the
Tolmin and Biancone formations with coeval pelagic
deposits of the neighbouring deep-water basins in the
Southern Alps and Dinarides have been thoroughly dis-
cussed in our previous papers (Rozi¢ 2009; Gorican et
al. 2012a).

Silica-rich sediments start to prevail again in the
upper Aptian-Albian, but an obvious difference in com-
position exists between the Jurassic cherts of the Tolmin
Formation and the Cretaceous cherts of the Lower
flyschoid formation. The Jurassic cherts are almost en-
tirely composed of radiolarians, whereas in the Cretac-
eous cherts, sponge spicules prevail and radiolarians are
rare. A very high proportion of sponge spicules was
claimed as a general characteristic of the Cretaceous
cherts in the Slovenian Basin (Buser 1986). This change
from plankton- to benthos-dominated siliceous deposits
indicates that in the late Early Cretaceous the deposi-
tional environment became shallower or was at least
closer to the shelf (cf. Kiessling 1996). Similarly to the
Jurassic cherts, we relate the chert-dominated part of
the Lower flyschoid formation to high seawater fertility
(cf. Baumgartner 2013 and references therein).

The sediments of the Lower flyschoid formation
are further characterized by a high clay content in the
siliceous interval. The origin of clay is attributed to the
warm and humid greenhouse climate in the late Early
Cretaceous (review in Skelton 2003), which enhanced
erosion of continental areas, introducing prominent ter-
rigenous input. Clay-rich sediments were widespread in
Tethyan basins. Cretaceous radiolarian cherts interca-
lated with a high proportion of shale are characteristic
of the Dinarides and Hellenides, e.g., they characterize
the Bijela Radiolarite in the Budva Zone (Gori¢an 1994)
and the Katafito Formation in the Pindos-Olonos Zone
(Neumann & Zacher 2004). Successions of chert and
shale extend further east to Iran (Neghareh Khanech
Formation in Robin et al. 2010) and Oman (Nayid
and Qumayrah formations, upper part of the Musallah
Formation in Béchennec et al. 1993). Westwards, in the
Southern Alps and Apennines, the late Early Cretaceous
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deposits (Scaglia Variegata and Marne a Fucoidi forma-
tions, Puez Marl Member of the Puez Formation) are
more calcareous but similarly exhibit an increased clay
input especially during Albian times (Lukeneder 2010
and references therein).

Calciturbidites

The composition of calciturbidites reflects the se-
dimentary environment on the adjacent Dinaric Carbo-
nate Platform, which was a source area of the resedi-
mented material. Middle Jurassic platform sedimenta-
tion is characterized by high ooidal production fol-
lowed by a poorly dated drowning event marked by
the superposition of thin-bedded micritic limestone
and calcarenite with chert nodules on the platform mar-
gin (Buser 1978, 1986). In the late Oxfordian, the Di-
naric Carbonate Platform became rimmed by an exten-
sive barrier reef that thrived until the end of the Kim-
meridgian (Turnsek 1997). Its demise coincides with a
tectonically induced regional uplift, which caused a sub-
aerial exposure of the inner areas of the Dinaric Carbo-
nate Platform (Dozet et al. 1996; Tisljar et al. 2002).
Carbonate production was re-established in the Late
Kimmeridgian or Early Tithonian with sedimentation
of bedded limestone with Clypeina jurassica Favre (Bu-
ser 1986). Although the onset of the Tolmin Formation
in the Lovri$ section lacks an exact biostratigraphic dat-
ing, the composition of calciturbidites at the base of the
formation indicates that these beds originated during
the main ooid-producing episode, broadly acknowl-
edged as Middle Jurassic in age. Upwards, calciturbi-
dites lack debris of reef-building organisms as well as
ooids and originated either before or after the promi-
nent reefal episode. The exception is the thick lime-
stone-breccia bed, which contains quite abundant grains
of reef-building organisms such as calcisponges and mi-
crobialites. In addition, this breccia contains a large
amount of various lithoclasts, suggesting erosion of
the platform and slope limestones. Platform-derived
lithoclasts are peloidal/bioclastic packstone, peloidal/in-
traclastic/ooidal grainstone, pelletoidal packstone with
fenestrae, and intraclastic/bioclastic grainstone, whereas
bioclastic wackestone indicates erosion of open-shelf or
slope limestones. This breccia was presumably origi-
nated by the tectonic uplift of the Dinaric Carbonate
Platform and destruction of the marginal reef, which is
in accordance with the middle Oxfordian-early Kim-
meridgian age obtained in the TF1 radiolarian sample
just below the breccia bed.

In contrast to pelagic sedimentation that shows an
end-Jurassic turnover, the sedimentary conditions on
the Dinaric Carbonate Platform persisted into the Early
Cretaceous (Buser 1986), which is directly reflected in
the composition of the single calciturbidite of the Bian-

cone limestone formation, which closely resembles old-
er, previously discussed beds.

The change to the Lower flyschoid formation is
characterized by a prominent basinal unconformity that
covers most of the Lower Cretaceous (Caron & Cousin
1972). Re-establishment of sedimentation around the
Aptian-Albian boundary is explained by intensified re-
gional tectonics that resulted in normal faulting at the
basinal margins (Rozi¢ 2005). Coeval tectonic activity is
thought to have generated the quick lateral facies
changes reported from the Dinaric Carbonate Platform,
especially from the present-day Istria (Croatia), which
belonged to its northern part (Fucek et al. 2003; Veli¢ et
al. 2003; Vlahovi¢ et al. 2002, 2003; Husinec & Jelaska
2006).

When compared to the Jurassic strata, compo-
nents of the calciturbidites in the Lower flyschoid for-
mation reveal significantly changed sedimentary condi-
tions in their source area; i.e. the Dinaric Carbonate
Platform. Apart from similarities (intraclasts and echi-
noderms), grains consist of distinctly more abundant
and diverse bivalve shells as well as benthic foraminifers
which include very characteristic orbitolinas. In the Ap-
tian, the Dinaric Carbonate Platform was, at least in
western Slovenia, rimmed by an Urgonian-type reef
(Turn$ek & Buser 1974; Grotsch 1994; Turnsek 1997;
Samiee 1999) and patch-reefs lagoon-wards (Koch et
al. 1989, 2002). Similarly to the end-Jurassic reefs, main
reef-growth predates the prominent regional platform
exposure at the Aptian/Albian transition, marked by
emersion breccia (Tisljar & Veli¢ 1991; Tisljar et al.
2002; Vlahovi¢ et al. 2005; Jurkov3ek 2010). The emer-
sion is also reflected in the reef-limestone with paleo-
karst cave infilling (Grétsch 1994; Samiee 1999). The
overlying Albian strata consist of abundant, commonly
rock-forming, orbitolinid foraminifers (gribar 1979; Jur-
kovsek et al. 1996; Dozet & Sribar 1998; Koch et al.
1998). A few meters-thick interval of rock-forming Or-
bitolina (Mesorbitolina) texana Roemer composes the
base of the Povir Formation just above the emersion
breccia in the northern part of the Trieste-Komen Pla-
teau (Jurkovsek 2010). Late Aptian and Early Albian
orbitolinid limestone is also reported further to the
south on the same platform (Veli¢ 1988; Husinec et al.
2000, 2009) as well as on other Tethyan carbonate plat-
forms (Raspini 2012 and references therein). We con-
clude that, with the possible exception of the basal lime-
stone breccia bed, which contains slightly more abun-
dant calcisponges, the resedimented limestones of the
Lower flyschoid formation in the Lovri§ section were
deposited during the early Albian orbitolinid expansion,
which postdated the regionally recognized platform
emersion.
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- Correlation of the Lovris section with selected sections from the Slovenian Basin (Poljubinj, Zaposkar, and Perbla sections according
to Rozi¢ 2009). The Lower flyschoid formation was not included in detailed logs at Zaposkar and Poljubin; sections, where it shows a
marl-dominated interval just above the Biancone limestone formation (40 and 5 m in thickness). In the Perbla section, the basal
limestone breccia (partly included in detailed logs) is 30 m thick and composed of several thick graded beds. Upwards it passes into a
50-m-thick shale/marl-dominated interval, above which calciturbidites (mostly graded calcarenites) gradually start to predominate

(Gori¢an et al. 2012b).
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Correlation with other sections of the Slovenian Basin

During the Middle and Late Jurassic the Slove-
nian Basin was dominated by thin-bedded (hemi)pelagic
sedimentation. The succession lies with gradual contact
above the marl-dominated Toarcian Perbla Formation
and was defined as the Tolmin Formation (Rozi¢ 2009).
It is divided into two members; the lower member con-
sists of siliceous limestone and subordinate cherts,
whereas the upper member is characterized by radiolar-
ian chert (Rozi¢ 2009). The turnover to siliceous pelagic
sedimentation is dated to the late Bajocian (Gorican et
al. 2012a). Two intervals of resedimented limestones
occur in the formation (Rozi¢ & Popit 2006; Rozil
2009). The lower interval marks the boundary between
the members and is Bajocian to Bathonian, and possibly
also early Callovian in age (Rozi¢ 2009; Gorican et al.
2012a, b). It is characterized by ooidal/peloidal calcitur-
bidites that form a succession up to 25 m thick in the
southern margins of the basin and become diluted to
several calciturbiditic beds interstratified between pela-
gites in the central part of the basin. This interval cor-
relates well with co-eval deposits in other deep-water
paleogeographic domains that surrounded the Dinaric
Carbonate Platform (Bosellini et al. 1981; Gorican 1994;
Zempolich & Erba 1999; Smuc 2005; 2012; Smuc &
Gori¢an 2005). The upper interval is Late Kimmerid-
gian to Early Tithonian in age and occurs in the south-
ern and central part of the basin as bioclastic/intraclastic
calciturbiditic interlayers between radiolarian chert
(Rozi¢ & Popit 2006; Rozi¢ 2009; Goritan et al.
2012a,b). Time-equivalent resedimented limestones are
known from the Budva Basin located in the southwes-
tern margin of the Dinaric Carbonate Platform (Gori-
Can 1994).

A direct lithological and microfacies comparison
between the Tolmin Formation in the Lovris section
and other sections shows that the basal four metres of
the formation, which are limestone dominated, correlate
with the lower member of the Tolmin Formation. The
rest of the formation corresponds to the upper member
but shows slightly elevated carbonate content when
compared with pure siliceous background sediments
in other sections.

The formation in other sections can be up to six
times thicker (Fig. 4), which probably indicates that
several gaps, undetected in the field, exist within the
formation in the Lovri§ section. Hidden discontinuities
were revealed by radiolarian dating even in distal parts
of the basin (Gori¢an et al. 2012a) and are expected to
be more common in the proximal setting. These differ-
ences are explained by the proximal position of the
Lovris section with respect to the Dinaric Carbonate
Platform.

We also note that the chert layers of the Tolmin
Formation are dark grey in the Lovri§ section but green
and then red in the other sections of the Slovenian Basin
(Rozi¢ 2009; see also Fig. 4). The colour is determined
by the presence of Fe’* in reddish cherts and Fe** in
grey and green cherts, and can thus be used as an in-
dicator of redox conditions in the depositional/early
diagenetic environment. It has been demonstrated that
within the same basin, dark-coloured cherts predomi-
nantly occur in proximal settings, whereas coeval cherts
which were deposited closer to the depocentre are red
(Gori¢an 1994). This spatial distribution of rock colours
was explained in relation to the oxygen minimum zone
(OMZ) at mid-water depths (Gori¢an 1994; Gorican et
al. 2012a). Grey/green cherts indicate a depositional en-
vironment within the OMZ, whereas red cherts may
indicate greater depths below the OMZ. The lack of
red cherts in the Lovri§ section is in agreement with
its location in close proximity to the adjacent platform
and relatively shallow bathymetry within the basin.

In the Tolmin Formation in the Lovris section it is
impossible to distinguish between lower and upper re-
sedimented limestones because calciturbidites occur
throughout the formation. To some degree it correlates
only to the Zaposkar section, where calciturbidites are
uniformly distributed through the formation (Fig. 4),
although these beds are characteristically rare, thin,
and very fine-grained in the lower part of radiolarian
cherts and become coarser and more abundant upwards,
whereas in the Lovri$ section calciturbidites are gener-
ally coarser. Considering the very rough age determina-
tion, we cannot exclude the possibility that in the Lovris
section the chert-dominated interval observed in other
sections is considerably reduced or entirely missing.
Down-slope sliding of a thick package of semi-consoli-
dated pelagic sediment would not be unusual in such a
proximal setting.

The Biancone limestone formation is uniformly
developed across the Slovenian Basin including the Lov-
ri$ section. Nevertheless, the calciturbiditic bed repre-
sents an exception, because such beds are practically
absent in more distal basinal sections. Recently, one
calciturbidite was reported within the Biancone lime-
stone in the Kneza Valley (Smrkolj 2012), whereas few
beds of resedimented limestones are known from the
Mirna Valley from eastern Slovenia (Rozi¢ et al. 2010).

During the late Aptian to the Turonian, the Low-
er flyschoid formation accumulated in the Slovenian
Basin (Caron & Cousin 1972). Generally, the formation
begins with a basal limestone breccia that passes up-
wards to marl and shale interbedded with calciturbidites
(Caron & Cousin 1972; Cousin 1981; Buser 1986), but
the formation exhibits significant lateral variations espe-
cially towards the basinal margins. Namely, the wes-
ternmost, i.e. proximal, successions (at Mt Mrzli vrh
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and to some degree also at Tolminske Ravne) consist
predominantly of resedimented carbonates, whereas in-
terstratified pelagites are mostly pelagic limestone (Sa-
miee 1999; Rozi¢ 2005; Gorican et al. 2012b). The Low-
er flyschoid formation of the Lovri§ section correlates
well with more distal, i.e. classical sections. This is in
contrast with the Jurassic tract of the succession, where
more calcareous pelagites and abundant calciturbidites
in the Tolmin and Biancone limestone formations of the
Lovri$ section point to a marginal basinal settings. This
indicates that the tectonic event that is reflected in the
regional erosional unconformity and deposition of basal
breccia (Caron & Cousin 1972; Buser 1986) also chan-
ged the paleotopography at the platform-basin transi-
tion. The retreat of the adjacent carbonate platform was
probably greater near the present-day Lovri§ section
than further west, towards the paleogeographic termi-
nation of the Slovenian Basin (cf. Smuc 2012 and refer-
ences therein).

Conclusions

The Lovris section exposes Middle Jurassic to
Lower Cretaceous basinal strata of the Ponikve Klippe,
which represents the only erosional remains of the Tol-
min Nappe south of the South-Alpine thrust front. Due
to its specific structural position, the studied succession
records the southernmost development of the Slovenian
Basin in present-day western Slovenia. The section con-
sists of three formations. It begins with the Middle Jur-
assic to Lower Tithonian Tolmin Formation, composed
of radiolarian chert and siliceous limestone alternating
with calciturbidites, i.e. ooidal/bioclastic/lithoclastic
calcarenite at the base of the formation and the intra-
clastic/bioclastic calcarenite within the rest of the for-
mation. With a sharp contact, the Tolmin Formation is
overlain by the upper Tithonian-Berriasian Biancone
limestone formation, which is composed of typical cal-
pionellid-bearing pelagic limestone with a single calci-

turbiditic bed equal in composition to the ones in the
underlying formation. Above a prominent stratigraphic
gap, the section continues with the Upper Aptian to
Turonian Lower flyschoid formation. Only the basal
part of the formation was studied, and it begins with
carbonate breccia and calciturbidites that upwards start
to alternate with chert and marl/shale. Lithoclasts, in-
traclasts, and bioclasts, especially echinoderms, orbito-
linas, and bivalve shells, characterize the resedimented
limestones. Background sediments of the studied suc-
cession record regional changes, whereas resedimented
limestones reflect perturbations of sedimentary condi-
tions on the south-lying Dinaric Carbonate Platform.
Jurassic resedimented limestones occur throughout the
section and indicate the Middle Jurassic main ooid-pro-
ducing period and reestablishment of open-marine se-
dimentary conditions after the emersion-related demise
of reefs. Resedimentation documented in the Lower
flyschoid formation postdates a prominent reef-growth
at the platform margin that, similarly to Upper Jurassic
reefs, ended due to regional emersion. Correlation of
the section with the central part of the Slovenian Basin
reveals that the Tolmin Formation and the Biancone
limestone exhibit a marginal basinal setting. Conversely,
the Lower flyschoid formation shows characteristics of
more inner basinal domains, which indicates that a pro-
minent change in the geometry of the marginal area
occurred during the late Aptian tectonic event, which
also caused submarine erosion and deposition of basal
breccia.

Acknowledgements. The study was sponsored by the Slovenian
Research Agency (project number Z1-9759 and funds of the research
groups Geochemical & Structural Processes and Paleontology & Sedi-
mentary Geology). The geological map of the Ponikve Klippe (Fig. 2) is
simplified from detailed maps made by students of the Geological
Department at the University of Ljubljana under the mentorship of
Tomaz Verbi&, Marko Vrabec, and Andrej Smuc. Luka Gale is ac-
knowledged for the help with calpionellas and Mir¢ Udov¢ for the
preparation of thin-sections. Luca Martire and Luis O’Dogherty are
thanked for constructive review of the manuscript.

REFERENCES

Baumgartner P.O. (2013) - Mesozoic radiolarites — accumu-
lation as a function of sea surface fertility on Tethyan
margins and in ocean basins. Sedimentology, 60: 292-
318.

Baumgartner P.O., Bartolini A., Carter E.S., Conti M., Cor-
tese G., Danelian T., de Wever P., Dumitrica P., Du-
mitrica-Jud R., Gori¢an S., Guex J., Hull D.M., Kito
N., Marcucci M., Matsuoka A., Murchey B,
O’Dogherty L., Savary J., Vishnevskaya V., Widz D.
& Yao A. (1995) - Middle Jurassic to Early Cretac-

eous radiolarian biochronology of Tethys based on
Unitary  Associations. In: Baumgartner P.O.,
O’Dogherty L., Gorican S., Urquhart E., Pillevuit
A. & De Wever P. (Eds) - Middle Jurassic to Lower
Cretaceous Radiolaria of Tethys: Occurrences, Sys-
tematics, Biochronology). Meém. Géol. (Lausanne),
23: 1013-1038.

Béchennec F, Le Métour J., Platel J.P. & Roger J. (1993) -
Geological map of the Sultanate of Oman, scale:
1:1,000,000. Explanatory notes. V. of 93 pp. Sultanate



100 Rozic B., Gorican Sv., Svara A. & Smuc A.

of Oman, Ministry of Petroleum and Minerals, Direc-
torate General of Minerals, Muscat.

Bosellini A., Masetti D. & Sarti M. (1981) - A Jurassic “Ton-
gue of the ocean” infilled with oolitic sands: the Bel-
luno Trough, Venetian Alps, Italy. Mar. Geol. 44: 59-
95.

Buser S. (1978) - Razvoj jurskih plasti Trnovskega gozda,
Hrusice in Logaske planote. Rudarsko - metalurski
zbornik, 4: 385- 406.

Buser S. (1986) - Explanatory book for Basic Geological
Map SFR], Sheet Tolmin and Videm (Udine). V. of
103pp. Zvezni geoloski zavod Jugoslavije, Beograd.

Buser S. (1987) - Basic Geological Map of SFR], Sheet Tol-
min and Videm (Udine). Zvezni geoloski zavod Jugo-
slavije, Beograd.

Buser S. (1989) - Development of the Dinaric and Julian
carbonate platforms and the intermediate Slovenian
basin (NW-Yugoslavia). In: Carulli G.B., Cucchi F.
& Radrizzani C.P. (Eds) - Evolution of the Karstic
carbonate platform: relation with other periadriatic
carbonate platforms. Mem. Soc. Geol. Ital, 40
(1987): 313-320.

Buser S. (1996) - Geology of western Slovenia and its paleo-
geographic evolution. In: Drobne K., Gorican S. &
Kotnik B. (Eds) - The role of Impact Processes in
the Geological and Biological Evolution of Planet
Earth. International workshop, ZRC SAZU, 111-
123, Ljubljana.

Caron M. & Cousin M. (1972) - Le sillon slovene: les for-
mations terrigénes crétacées des unités externes au
Nord-Est de Tolmin (Slovénie occidentale). Bull.
Soc. Geol. France, 14: 34-45.

Channell J.E.T. & Kozur H.W. (1997) - How many oceans?
Meliata, Vardar, and Pindos oceans in Mesozoic Al-
pine paleogeography. Geology, 25: 183-186.

Cousin M. (1970) - Esquisse géologique des confins italo-
yougoslaves: leur place dans les Dinarides et les Alpes
méridionales. Bull. Soc. Géol. France, (7), X1I: 1034-
1047.

Cousin M. (1973) - Le sillon slovene: les formations triasi-
ques, jurassiques et neocomiennes au Nord - Est de
Tolmin (Slovenie occ., Alpes mer.) et leurs affinites
dinariques. Bull. Soc. Géol. France, (7), XV: 326-339.

Cousin M. (1981) - Les rapports Alpes — Dinarides. Les
confins de I'Italie et de la Yougoslavie. Société Géo-
logique du Nord, 5, 1, V. of 521 pp. 2 — Annexe.

Dozet S. & Sribar L. (1998) - Lower Cretaceous Shallow-
Marine Sedimentation and Biota on Dinaric Carbo-
nate Platform between Logatec, Krka and Kolpa
(Southeastern Slovenia). Geologija, 40: 153-186.

Dozet S., Misi¢ M. & Zuza T. (1996) - Malm Bauxite Occur-
ences in Logatec, Nanos and Kocevje area. RMZ-ma-
terials and geoenvironment, 43: 23-35.

Fucek 1., Vlahovié L, Tisljar J., Veli¢ 1., Husinec A., Korbar
T., Maticec D., Ostrié N., Prtoljan B., Palenik D. &
Ibrahimpasi¢ H. (2003) - Dynamics of latest Albian-
Cenomanian sedimentary environments in the N'W
part of the Adriatic Carbonate Platform (Istria and
northern Adriatic Islands, Croatia). In: Vlahovi¢, 1.

(Ed.) - Abstracts book, 22" TAS Meeting of Sedimen-
tology - Opatija 2003, 60, Zagreb.

Gale L. (2010) - Microfacies analysis of the Upper Triassic
(Norian) "Bala Dolomite": early evolution of the
western Slovenian Basin (eastern Southern Alps, wes-
tern Slovenia). Geol. Carpathica, 61: 293-308.

Gale L., Kolar-Jurkoviek T., Smuc A. & Rozi& B. (2012) -
Integrated Rhaetian foraminiferal and conodont bios-
tratigraphy from the Slovenian Basin, eastern South-
ern Alps. Swiss J. Geosci., 105:435-462.

Gorican S. (1994) - Jurassic and Cretaceous radiolarian bios-
tratigraphy and sedimentary evolution of the Budva
Zone (Dinarides, Montenegro). Mém. Géol., 18, V. of
177 pp. Lausanne.

Gorican S. & Smuc A. (2004) - Albian Radiolaria and Cre-
taceous stratigraphy of Mt. Mangart (western Slove-
nia). Razprave IV. Razreda SAZU, 45(3): 29-49.

Goritan S., Pavsi¢ J. & Rozi¢ B. (2012a) - Bajocian to Titho-
nian age of radiolarian cherts in the Tolmin Basin
(NW Slovenia). Bull. Soc. géol. France, 183: 369-382.

Gorican S., Kosir A., Rozi¢ B., Smuc A., Gale L., Kuko¢ D.,
Celarc B., Crne A.E., Kolar-Jurkovsek T., Placer L. &
Skaberne D. (2012b) - Mesozoic deep-water basins of
the eastern Southern Alps (NW Slovenia). 29th IAS
Meeting of Sedimentology [10-13 September 2012,
Schladming]: field trip guides, J. Alpine geol., 54:
101-143.

Grétsch J. (1994) - Guilds, cycles and episodic vertical ag-
gradation of a reef (late Barremian to early Aptian,
Dinaric carbonate platform, Slovenia). Spec. Publ.
Int. Assoc. Sediment., 19: 227-242.

Husinec A. & Jelaska V. (2006) - Relative Sea-Level Changes
Recorded on an Isolated Carbonate Platform: Titho-
nian to Cenomanian Succession, Southern Croatia. J.
Sed. Res., 76: 1120-1136.

Husinec A., Velié 1., Fu¢ek L., Vlahovi¢ 1., Mati¢ec D., Os-
tri¢c N. & Korbar T. (2000) - Mid Cretaceous orbito-
linid (Foraminiferida) record from the islands of Cres
and Losinj (Croatia) and its regional stratigraphic cor-
relation. Cretaceous Res., 21: 155-171.

Husinec A., Veli¢ I. & Sokaé B. (2009) - Diversity patterns in
mid-Cretaceous benthic foraminifers and dasyclad al-
gae of the southern part of Mesozoic Adriatic Plat-
form, Croatia. In: Demchuk J. & Gary A. (Eds) -
Geologic Problem Solving with Microfossils, SEPM
Spec. Pub., 93: 153-170.

Jurkovsek B. (2010) - Geological map of the northern part of
the Trieste-Komen plateau 1: 25 000, explanatory
book. V. of 72 pp. Geoloski zavod Slovenije, Ljublja-
na.

Jurkovsek B., Toman M., Ogorelec B., Sribar L., Poljak M.,
Drobne, K. Sribar L. (1996) - Geological map of the
southern part of the Trieste-Komen Plateau: Cretac-
eous and Paleogene carbonate rocks. V. of 143 pp.
Institut za geologijo, geotehniko in geofiziko, Ljubl-
jana

Kiessling W. (1996) - Facies Characterization of Mid-Meso-
zoic Deep-Water Sediments by Quantitative Analysis
of Siliceous Microfaunas. Facies, 35: 237-274.



The southernmost outcrops of the Slovenian Basin in western Slovenia 101

Koch R., Ogorelec B. & Orehek S. (1989) - Microfacies and
diagenesis of Lower and middle Cretaceous carbonate
rocks of NW-Yugoslavia (Slovenia, Trnovo area). Fa-
cies, 21: 135-170.

Koch R., Buser S. & Bucur L. (1998) - Biostratigraphy and
facies development of Mid- to Late Cretaceous strata
from the Nanos mountain (Western Slovenia, High
Karst). Zbl. Geol. Paliont., 1: 1195-1215.

Koch R., Moussavian E., Ogorelec B., Skaberne D. & Bucur
I. (2002) - Development of a Lithocodium (syn. Baci-
nella irregularis) -reef-mound- A patch reef within
Middle Aptian lagoonal limestone sequence near
Nova Gorica (Sabotin Mountain, W-Slovenia). Geo-
logija, 45: 71-90.

Lukeneder A. (2010) - Lithostratigraphic definition and stra-
totype for the Puez Formation: formalisation of the
Lower Cretaceous in the Dolomites (S. Tyrol, Italy).
Austrian J. Earth Sci., 103: 138-158.

Martire L. (1992) - Sequence stratigraphy and condensed
pelagic sediments. An example from the Rosso Am-
monitico Veronese, northeastern Italy. Palacogeogr.,
Palaeoclimatol., Palaeoecol., 94: 169-191.

Neumann P. & Zacher W. (2004) - The Cretaceous sedimen-
tary history of the Pindos Basin (Greece). Int. J. Earth
Sci., 93: 119-131.

O’Dogherty L. (1994) - Biochronology and Paleontology of
Mid-Cretaceous Radiolarians from Northern Apen-
nines (Italy) and Betic Cordillera (Spain). Mem. Geol.,
21, V. of 415 pp.

O’Dogherty L., Carter E.S., Dumitrica P., Gori¢an S., De
Wever P., Bandini A.N., Baumgartner P.O. & Matsuo-
ka A. (2009) - Catalogue of Mesozoic radiolarian gen-
era. Part 2: Jurassic-Cretaceous. Geodiversitas, 31:
271-356.

Ogorelec B., Sribar L. & Buser S. (1976) - O litologiji in
biostratigrafiji vol¢anskega apnenca = On Lithology
and Biostratigraphy of Vol¢e Limestone. Geologija,
19: 125-151.

Oprckal P, Gale L., Kolar-Jurkovsek T. & Rozi¢ B. (2012) -
Outcrop-scale evidence for the Norian-Rhaetian ex-
tensional tectonics in the Slovenian Basin (Southern
Alps). Geologija, 55: 45-56.

Placer L. (1999) - Contribution to the macrotectonic sub-
division of the border region between Southern Alps
and External Dinarides. Geologija, 41: 223-255.

Placer L. (2008) - Principles of the tectonic subdivision of
Slovenia. Geologija, 51: 205-217.

Raspini A. (2012) - Shallow water carbonate platforms (Late
Aptian-Early Albian, Southern Apennines) in the
context of supraregional to global changes: re-apprai-
sal of palaeoecological events as reflectors of carbo-
nate factory response. Solid Earth, 3: 225-249.

Robin C., Gori¢an S., Guillocheau F, Razin P, Dromart G.
& Mosaffa H. (2010) - Mesozoic deep-water carbo-
nate deposits from the southern Tethyan passive mar-
gin in Iran (Pichakun nappes, Neyriz area): biostrati-
graphy, facies sedimentology and sequence stratigra-
phy. In: Leturmy P. & Robin C. (Eds) - Tectonic and
Stratigraphic Evolution of Zagros and Makran during

the Mesozoic-Cenozoic. Geol. Soc., London, Spec.
Publ., 330: 179-210.

Rozi¢ B. (2005) - Albian-Cenomanian resedimented lime-
stone in the Lower flyschoid formation of the Mt.
Mrzli Vrh Area (Tolmin region, NW Slovenia). Geo-
logija, 48: 193-210.

Rozi¢ B. (2009) - Perbla and Tolmin formations: revised
Toarcian to Tithonian stratigraphy of the Tolmin Ba-
sin (NW Slovenia) and regional correlations. Bull. Soc.
géol. France, 180: 411-430.

Rozi¢ B. & Popit T. (2006) - Resedimented limestones in
Middle and Upper Jurassic succession of the Slove-
nian Basin. Geologija, 49: 219-234.

Rozi¢ B. & Smuc A. (2009) - Initial stages of carbonate
platform drowning: a Lower Jurassic example from
the easternmost Southern Alps (NW Slovenia). In:
Pascucci V. & Andreucci S. (Eds) - IAS 2009, 27th
Meeting Sedimentary Environments of Mediterranean
Island(s), Alghero, Italy. Book of abstracts. Sassari:
EDES: Editrice Democratica Sarda, 2009, p. 665.

Rozi¢ B. & Smuc A. (2011) - Gravity-flow deposits in the
Toarcian Perbla formation (Slovenian basin, NW Slo-
venia). Riv. It. Paleont. Stratigr., 117: 283-294.

Rozi& B., Kolar-Jurkoviek T. & Smuc A. 2009. Late Triassic
sedimentary evolution of Slovenian Basin (eastern
Southern Alps): description and correlation of the
Slatnik Formation. Facies, 55: 137-155.

Rozi¢ B., Ivekovié A., Smuc A, Paviic ]. & Kastivnik J.
(2010) - Jurske in spodnjekredne plasti Slovenskega
bazena v dolini reke Mirne. In: Kosir A., Horvat A.,
Zupan Hajna N. & Otonicar B. (Eds) - 3° Slovenski
geoloski kongres, Bovec, 16-18 september 2010. Pov-
zetki in ekskurzije. Postojna: Znanstvenoraziskovalni
center SAZU, Institut za raziskovanje krasa; Ljublja-
na: Paleontoloski institut Ivana Rakovca, 44-45.

Rozi¢ B., Crne A.E., Bernasconi S.M., Gale L., Kolar-Jur-
kovsek T. & Smuc A. (2012) - Integrated Norian-
Rhaetian conodont, foraminiferal and stable C-iso-
tope stratigraphy of the Slovenian Basin (Southern
Alps, NW Slovenia). In: Missoni S. & Gawlick H.J.
(Eds) - 29th International Association of Sedimentol-
ogists Meeting of Sedimentology, 10th-13th Septem-
ber 2012, Schladming, Austria. Sedimentology in the
heart of the Alps. [Leoben: Montanuniversitaet],
2012, p. 474.

Rozi¢ B., Gale L., Fabjan T, Smuc A., Kolar-Jurkovsek T.,
Cosovi¢ V. & Turnsek D. (2013) - Problematika juz-
nega obrobja Slovenskega bazena na primeru razvojev
Ponikvanske tektonske krpe. Geol. zb., 21: 138-143.

Samiee R. (1999) - Fazielle und diagenetische Entwicklung
von Plattform-Becken-Ubergingen in der Unterk-
reide Sloweniens. V. of 185 pp. PhD Thesis, Univer-
sity of Erlangen, Erlangen.

Skelton P. (Ed.) (2003) - The Cretaceous World. V. of 360 pp.
Cambridge University Press, Cambridge.

Smrkolj S. (2012) - Sedimentology, stratigraphy and correla-
tion of Jurassic beds of the Slovenian Basin in Kneza
valley. V. of 91 pp. Diploma thesis, University of
Ljubljana, Ljubljana.



102 Rozic B., Gorican Sv., Svara A. & Smuc A.

Smuc A. (2005) - Jurassic and Cretaceous Stratigraphy and
Sedimentary Evolution of the Julian Alps, NW Slo-
venia. V. of 98 pp. Zalozba ZRC, Ljubljana.

Smuc A. (2012) - Middle to Upper Jurassic succession at Mt
Kobariski Stol (NW Slovenia). RMZ-mater. geoenvir-
on., 59: 267-284.

Smuc A. & Gorican S. (2005) - Jurassic sedimentary evolu-
tion of a carbonate platform into a deep-water basin,
Mt. Mangart (Slovenian-Italian border). Riv. It. Pa-
leontol. Stratigr., 111: 45-70.

Smuc A. & Ro#i¢ B. (2010) - The Jurassic Prehodavci For-
mation of the Julian Alps: easternmost outcrops of
Rosso Ammonitico in the Southern Alps (NW Slove-
nia). Swiss J. Geosci., 103: 241-255.

Sribar L. (1979) - Biostratigrafija spodnjekrednih plasti na
Logaski planoti. Geologija, 22: 277-308.

Tisljar J. & Veli¢ 1. (1991) - Carbonate facies and deposi-
tional environments of the Jurassic and Lower Cre-
tace-ous of the coastal Dinarides (Croatia). Geol. vjes-
nik, 44: 215-234.

Tisjar J., Vlahovi¢ 1., Veli¢ I. & Sokaé B. (2002) - Carbonate
Platform Megafacies of the Jurassic and Cretaceous
Deposits of the Karst Dinarides. Geol. Croatica, 55:
139-170.

Turnsek D. (1997): Mesozoic Corals of Slovenia. V. of 512
pp- Zalozba ZRC, Ljubljana.

TurnSek D. & Buser S. (1974) - Spodnjekredne korale, hi-
drozoji, in hetetide z Banjske planote in Trnovskega
gozda. Razprave IV. razv. SAZU, 17: 83-124.

Veli¢ 1. (1988) - Lower Cretaceous benthic foraminiferal
biostratigraphy of the shallow water carbonates of
the Dinarides. Rev. Paléobiol., Vol. Spéc. 2 (Benthos
’86): 467-475.

Veli¢ I, Tisljar J., Vlahovi¢ I, Maticec D. & Bergant, S.
(2003) - Evolution of the Istrian Part of the Adriatic

Carbonate Platform from the Middle Jurassic to the
Santonian and Formation of the Flysch Basin During
the Eocene: Main Events and Regional Comparison.
In: Vlahovi¢ I. & Tisljar J. (Eds) - Field Trip Guide-
book, 22nd IAS Meeting of Sedimentology — Opatija
2003, 3-18, Zagreb.

Vincent B., van Buchem ES.P., Bulot, L.G., Immenhauser
A., Caron M., Baghbani D. & Huc A.Y. (2010) - Car-
bon-isotope stratigraphy, biostratigraphy and organic
matter distribution in the Aptian-Lower Albian suc-
cessions of southwest Iran (Dariyan and Kazhdumi
formations). GeoArabia, Spec. Pub., 4: 139-197.

Vlahovié L, Tisljar J., Veli¢ I. & Mati¢ec D. (2002) - The
Karst Dinarides are Composed of Relics of a Single
Mesozoic Platform: Facts and Consequences. Geol.
Croatica, 55:171-183.

Vlahovié 1., Tidljar J., Veli¢ 1., Matiec D., Skelton P.W.,
Korbar T. & Fulek L. (2003) - Main Events Recorded
in the Sedimentary Succession of the Adriatic Carbo-
nate Platform from the Oxfordian to the Upper San-
tonian in Istria (Croatia). In: Vlahovié I. & Tisljar J.
(Eds) - Field Trip Guidebook, 22nd IAS Meeting of
Sedimentology — Opatija 2003, 19-56, Zagreb.

Vlahovié L., Tisljar J., Veli¢ I. & Maticec D. (2005) - Evolu-
tion of the Adriatic Carbonate Platform: Palaeogeo-
graphy, main events and depositional dynamics. Pa-
laeogeogr., Palacoclimatol., Palaeoecol., 220: 333-360.

Zempolich W.G. & Erba E. (1999) - Sedimentologic and
chemostratigraphic recognition of third-order se-
quences in resedimented carbonate: the Middle Juras-
sic Vajont Limestone, Venetian Alps, Italy. In: Harris
P.M., Saller A.H. & Simo J.A. (Eds) - Advances in
Carbonate Sequence Stratigraphy: Application to Re-
servoirs, Outcrops and Models. SEPM Spec. Publ., 63:
335-370.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


