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Abstract. A complete Jurassic succession, recording the evolu-
tion from platform margin to a deep-water basin, is exposed at Mt.
Mangart in the Julian Alps. The succession is a part of the Julian
Nappe, where the Southern Alps overlap with the Dinarides. In the
Jurassic, the area comprised part of the south Tethyan passive con-
tinental margin. The section was studied sedimentologically in detail
and dated with radiolarians. It is divided into five lithostratigraphic
units: Unit 1: Lower Jurassic shallow-water peloidal and oncoidal
limestones; Unit 2: Pliensbachian distal shelf limestones rich in juve-
nile ammonites and sponge spicules topped by an Fe-Mn hardground;
Unit 3: lower to possibly middle Toarcian sequence of black shales
with interbedded siliceous limestone; Unit 4: upper Bajocian/Batho-
nian to lower Tithonian cherts, cherty limestones, and carbonate grav-
ity-flow deposits; Unit 5: upper Tithonian red nodular cherty lime-
stones with abundant calpionellids and aptychi. A stratigraphic gap,
comprising the late Toarcian to early Bajocian, separates Unit 4 from
Unit 3.

In general, the succession correlates well with known Tethyan
transgressive/regressive facies cycles. In addition, two periods of accel-
erated subsidence were recognized, the first, in the Pliensbachian,
drowned the platform, the second, prior to the late Bajocian, created
accommodation space for resedimented carbonate deposits from the
adjacent Friuli Carbonate Platform. The present day position of the
succession is between the Belluno Basin to the west and the Slovenian
Basin to the south. The hitherto described successions of these two
basins were located more distally from the Friuli Carbonate Platform
than the Mt. Mangart succession.

Riassunto. Al Mt. Mangart nelle Alpi Giulie affiora una succes-
sione Giurassica completa, che registra I’evoluzione dal margine della
piattaforma sino a un bacino di acque profonde. La successione fa parte
della Falda delle Giulie dove le Alpi meridionali sovrascorrono sulle
Dinaridi. Durante il Giurassico, I’area faceva parte del margine conti-
nentale passivo della Tetide meridionale. La successione ¢ stata studiata
in dettaglio da un punto di vista sedimentologico e datata con 1 radio-
lari. E stata suddivisa in cinque unita litostratigrafiche: Unita 1: calcari
a pelodi ed oncoidi di bassa profonditd di etd Giurassica inferiore;
Unita 2: calcari di piattaforma distale ricchi di nuclei di ammoniti e

spicole di spugne, di eta Pliensbachiana, sigillati da un hardground ricco
in Fe-Mn; Unita 3: sequenza di argilliti nere con intercalazioni di cal-
cari silicei di eta Toarciana inferiore e forse media; Unita 4: selci, calcari
con selce e accumuli carbonatici gravitativi di etd da Bajociano/Batho-
niano a Titoniano; Unita 5: calcari nodulari con selce del Titoniano
superiore, con abbondanti calpionelle e aptici. Una lacuna stratigrafica,
dal Toarciano superiore al Bajociano inferiore, separa I’ Unita 4 dall’U-
nita 3. In generale, la successione & ben confrontabile con i gia noti cicli
di trasgressione/regressione nella Tetide. Inoltre, si riconoscono due
intervalli di subsidenza accelerata. Il primo, nel Pliensbachiano, portd
all’annegamento della piattaforma. Il secondo, prima della fine del Ba-
jociano superiore, permise il formarsi dello spazio per accogliere 1 car-
bonati risedimentati provenienti dalla Piattaforma Carbonatica Friula-
na adiacente. La posizione attuale é tra Bacino di Belluno ad ovest e
Bacino Sloveno a sud, ma originariamente le successioni di questi due
bacini si trovavano in posizione piu distale rispetto alla successione del
Mt. Mangart.

Introduction

The investigated section at Mt. Mangart is located
in the Julian Alps, which comprise northwestern Slove-
nia and extend to the west, to the easternmost part of
Italy (Fig. 1). In the Jurassic this region belonged to the
passive continental margin of the southern Tethys and
experienced extension due to rifting. Consequently, the
relatively uniform Upper Triassic carbonate platform
that comprised W Slovenia was dissected into blocks
with different subsidence rates forming a horst-and-gra-
ben structure. The Jurassic subsidence history of south-
ern Tethyan blocks is well documented westward, in the
Southern Alps of Italy (Bosellini et al. 1981; Winterer &
Bosellini 1981; Bernoulli et al. 1990; Bertotti 1991; Ber-
totti et al. 1993; Martire 1992, 1996) whereas in Slovenia
information is scarce (Aubouin et al. 1965; Cousin 1970,
1981; Buser 1989, 1996).
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Few studies on Mt. Mangart have thus far been
published. Cousin (1981) and Jurkovsek et al. (1990)
mapped the Mt. Mangart area (Fig. 3). They also pre-
sented a composite stratigraphic section of the exposed
Upper Triassic to Cretaceous formations. Jenkyns
(1988) focused on a horizon of organic-rich shales with
siliceous-limestone intercalations and interpreted these
deposits as a product of the Toarcian Oceanic Anoxic
Event. Recently, the Toarcian age of this horizon was
confirmed using well-preserved and diverse radiolarian
faunas (Gorican et al. 2003).

thick-bedded Dachstein Limestone studied section

( Norian, Rhaetian)

Fig. 3 - Geological map of the Mt. Mangart saddle (Jurkovsek et

al. 1990) with the position of the studied section.

The aims of this paper are to:

1) present a detailed sedimentologic and biostra-
tigraphic study of the Jurassic-lowermost Cretaceous
succession at Mt. Mangart,

2) discuss the control of eustatic vs. tectonic fac-
tors on the observed depositional pattern, and

3) compare the sedimentary evolution of the Mt.
Mangart area to the coeval evolution of the Belluno and
Slovenian basins.
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Geological setting

The Julian Alps are a part of a complex structure
of western Slovenia formed mostly in the Cretaceous
and in Tertiary during the Alpine orogeny (Placer
1999). The Julian Alps structurally belong to the Julian
Nappe, which, together with the south-lying Tolmin
Nappe, forms the eastern continuation of the Southern
Alps (Placer 1999, fig. 1). In the Julian Alps, the Eocene
or earlier, SW-directed (“Dinaric”) nappe emplacement
is overprinted by the younger, Oligocene, south direc-
ted (“Southalpine”) thrusting (Doglioni & Bosellini
1987; Doglioni & Siorpaes 1990; Placer & Car 1998;
Placer 1999).

The overall Mesozoic succession in the Julian
Alps is characterized by a thick pile of shallow-water
Upper Triassic to lower Lower Jurassic limestones over-
lain by condensed upper Lower Jurassic to Upper Cre-
taceous deeper-water sediments. Because of this strati-
graphic situation, the inferred paleogeographic setting
of this area (Fig. 2) during the late Early to Late Jurassic
was thought to be a pelagic submarine high (Julian High
in Buser 1996). The Julian High, however, was not a
uniform plateau but was dissected into differentially
subsided blocks. Some of these blocks became isolated
pelagic carbonate platforms (sensu Santantonio 1994)
while other blocks became a part of deeper basins re-
ceiving gravity-displaced material from the adjacent
shallow-water platforms (as is the case at Mt. Mangart).

The Julian High was separated from the Friuli
Carbonate Platform (Dinaric Carbonate Platform in
Slovenian literature) by a deep basin, the Slovenian Ba-
sin (Cousin 1970). The pattern of these topographic
highs and depressions distributed approximately in N-
S direction is similar to the pattern recognized west-
ward, where in the E-W direction we observe the Friuli
Platform, Belluno Basin, and Trento Plateau (Fig. 2).
The paleogeographic connection between the Belluno
Basin and Slovenian Basin is still a matter of debate.
Some authors (Aubouin et al. 1965; Cousin 1970,
1981; Buser 1996; Buser & Debeljak 1996) state that
the Belluno and the Slovenian Basin did not form a
physiographically uniform basin, but were both
wedge-shaped and separated by a topographic high,
while others (Bosellini et al. 1981; Winterer & Bosellini
1981; Bellanca et al. 1999; Clari & Masetti 2002) suggest
that they were directly connected.

Mt. Mangart section: description of lithostratigraphic
units

The Mt. Mangart section is exposed at the Slove-
nian-Italian border on the saddle between Travnik and
Mali Mangart, near the footpath leading off the road

towards Veliki Mangart (46°26°80” N, 13'39°18” E, alti-
tude 2164 m).

Detailed mapping of the Mt. Mangart saddle by
Cousin (1981) and Jurkovsek et al. (1990) revealed a
complex tectonic structure of the area comprising three
small-scale thrust sheets (Fig. 3). The studied section
belongs to the topmost thrust sheet. The section is a
part of an overturned syncline (Fig. 4a, b). We divided
the section into five lithostratigraphic units (Fig. 5).

Mt. Mangart (2678m) b

U4 and U5 of the
Mt. Mangart
. section

Upper Triassic
massive limestone

Fig.4 - aView of the northern flank of Mt. Mangart. b — Structural

sketch of the photograph in Fig. 4a. The three thrust
sheets are clearly visible. The section belongs to the top-
most thrust sheet, and was measured in an overturned
syncline (for abbreviations of lithostratigraphic units see
Fig. 5).

Unit 1 (U1) represents the base of the section and con-
sists of lower Lower Jurassic shallow water peloidal and
oncoidal limestone.

Unit 2 (U2, 27 m thick) is composed of Pliensba-
chian bioclastic limestones rich in echinoderms, juvenile
ammonites, sponge spicules and foraminifers.
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times of increased tectonic
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radiolarian samples in Unit 4
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Unit 3 (U3, 27.5 m thick) consists of a lower
Toarcian and possibly middle Toarcian sequence of
black shales with interbedded dark gray siliceous lime-
stone.

Unit 4 (U4, 77 m thick) is composed of upper
Bajocian/Bathonian to lower Tithonian cherts, cherty
limestones and carbonate gravity-flow deposits. On
the basis of structure and composition of carbonate re-
sediments, Unit 4 is subdivided into 4 members.

Unit 5 (U5) consists of upper Tithonian to low-
ermost Cretaceous red nodular cherty limestone with
abundant calpionellids and aptychi.

Two discontinuity surfaces are recognized. The
first one separates Pliensbachian bioclastic limestones
(Unit 2) from the overlying lower Toarcian shales
(Unit 3) and is evidenced by Fe-Mn nodules. The sec-
ond surface is placed on the top of Unit 3, i.e. between
the Toarcian shales of Unit 3 and upper Bajocian/Bath-
onian resedimented carbonates and cherts of Unit 4.
This surface is characterized by intensive boring and
corresponds to a significant stratigraphic break.

Unit 1: Peloidal and oncoidal limestone

Description. The dominant lithofacies is a light
gray, massive, medium to well-sorted grainstone com-
posed of non-skeletal and skeletal grains (PL 1, fig. 1).
Non-skeletal grains are mainly intraclasts of peloidal
wackestone/packstones and mudstones, peloids, micri-
tized ooids and oncoids. The skeletal component con-
sists of echinoderm fragments, gastropods, bivalves,
spongiomorphids, fragments of algae and foraminifers.
Grains are cemented first by bladed and syntaxial ce-
ments and then by coarser sparite.

In the uppermost part of the unit, up to 1 m thick
beds of the above described grainstone alternate with up
to 30 cm thick beds of a finer-grained wackestone/pack-
stone (Pl 1, fig. 2). Grains are peloids, rare ooids,
benthic foraminifers (Textulariidae, Valvulinidae, Lenti-
culina, and Agerina martana (Farinacci)), rare echino-
derms, and bivalves.

In the upper part of Unit 1 the presence of Ager-
ina martana (Farinacci) (according to the biozonal
scheme of Chiocchini et al. (1994)) suggests a Pliensba-
chian age. In the lower part of the section A. martana is
not present so a Sinemurian age for this part of Unit 1 is
possible.

Interpretation. Grainstones of the lower part of
Unit 1 were deposited in a high-energy subtidal envir-
onment, most probably a sand belt in a marginal part of
a shallow-water carbonate platform (cf. Di Stefano et al.
2002). The majority of grains originated from a subtidal
lagoonal environment in the internal part of the shelf
and were later transported to the platform margin.

The finer-grained peloidal wackestones/pack-
stones intercalated in the upper part of the Unit 1 were
deposited in hydrodynamically quieter environment lo-
cated basinward from the marginal sandbelt. Deeper
depositional environment is indicated by open marine
elements (Lenticulina).

Unit 2: Bioclastic wackestone to packstone

Description. The boundary between the Unit 1
and the Unit 2 is sharp. The Unit 2 consists of light
brownish-gray, massive or indistinctly bedded, and at
places nodular (beds are up to 10 cm thick), bioclastic
wackestone to packstone (Pl. 1, fig. 3a, 3b). The fossil
content consists of sponge spicules, echinoderm frag-
ments, locally abundant juvenile ammonites, and
benthic foraminifers (Textulariidae, Lenticulina, Ageri-
na martana), as well as rare ostracods and brachiopod
shells. Glauconite is observed as small individual grains
or as infilling in chambers of foraminifers. Pellets are
abundant at places.

A distinctive 1 m thick greenish package occurs in
the upper part of the Unit 2. It is composed of thin beds
of poorly sorted, moderately to densely packed, nor-
maly graded, fine-grained breccia to coarse-grained cal-
carenite (Pl. 1, fig. 4). Elongate grains are oriented par-
allel to the bedding. Fragments of echinoderms and di-
verse intraclasts (mudstones, peloidal mudstones, bio-
clastic wackestones, and peloidal grainstones) are
embedded in micritic and microsparitic matrix. Echino-
derm grains show evidence of mechanical breakage and
abrasion. Other grains are rare peloids, foraminifers
(Lenticulina, Agerina martana), and bivalve fragments.
Glauconite, chlorite and pyrite grains also occur within
the matrix. In the outcrop this level is well distinguished
from the underlying limestone by its darker color and
increased clay content.

The uppermost 1.5 meters of the Unit 2 are com-
posed of red siliceous limestone. The limestone is
bedded, the beds are up to 10 cm thick and slightly
nodular, the texture is wackestone/packstone with
abundant, partly calcified, sponge spicules and radiolar-
ians. Other grains are rare echinoderm fragments that
are not present in the topmost beds of the Unit 2. The
matrix is partly impregnated by Fe-Mn oxides. The si-
liceous limestone contains up to 3 cm large Fe-Mn no-
dules. They occur throughout the entire uppermost part
of Unit 2 and are concentrated at the top of the unit
forming a 25 cm thick bed composed exclusively of Fe-
Mn nodules. The nodules mainly consist of quartz and
pyrolusite and in minor content of cryptomelane, to-
dorokite and goethite; the MnO content reaches up to
55% (Jurkovsek et al. 1990).

The common presence of Agerina martana (Far-
inacci) in the lower part of the Unit 2 suggests a Pliens-
bachian age. Because the overlying Unit 3 is early Toar-



50 Smuc A. & Gorican S.

cian in age (see below), the Fe-Mn hardground at the
top of the Unit 2 corresponds approximately to the
Pliensbachian/Toarcian boundary.

Interpretation. Bioclastic wackestones and pack-
stones of the Unit 2 were deposited in low energy en-
vironment. Presence of open-marine biota (sponge spi-
cules and juvenile ammonites) and absence of shallow-
water elements suggest a deeper depositional environ-
ment compared to Unit 1, probably a distal shelf (cf.
Elmi 1990).

Fine-grained breccias and coarse-grained calcare-
nites in the upper part of the unit are interpreted as
gravity-flow deposits, as suggested by normal grading,
relatively dense packing and parallel orientation of the
elongate grains. The presence of completely lithified
clasts of Unit 2 and Unit 1 indicates exhumation of un-
derlying lithologies by synsedimentary extensional tec-
tonics that produced unstable slope, uncovered older
rocks and enabled erosion. The exhumed rocks were
additionally eroded due to the mechanical abrasion by
the grain-loaded turbulent water (cf. Di Stefano &
Mindszenty 2000; Di Stefano et al. 2002).

In wackestones and packstones with ferromanga-
nese nodules above the resedimented limestones, sponge
spicules and radiolarians prevail and benthic calcareous
organisms become scarce to absent. Extremely reduced
sedimentation rates of these pelagic limestones is evi-
denced by Fe-Mn nodules. The sedimentation rate
reached its minimum with the formation of the Fe-
Mn hardground.

Unit 3: Shales with siliceous limestone

Description. In the lowermost part of the unit, a
40 cm thick bed of dark gray organic-rich, recrystallized
wackestone/packstone occurs. It is composed of echi-
noderms, calcitized radiolarians, and sponge spicules.

Above the wackestone/packstone, a 10 ¢cm thick
bed of very poorly-sorted grain-supported fine-grained
breccia is present. Normal grading is observed within
the breccia bed. The breccia is composed mainly of
echinoderm fragments and intraclasts. Rare foramini-
fers, fragments of bivalves and gastropods, glauconite,
and phosphate grains are present. Intraclasts are made of
mudstones and peloidal packstones. The breccia is ce-
mented by drusy and syntaxial cement.

The breccia is overlain by black laminated calcar-
eous organic-rich shales with interbedded black silic-
eous limestones. In the upper part of the unit, the shales
are brown. The shales contain the minerals quartz,
smectite and illite, and Mn oxides (Jenkyns 1988; Jur-
kovsek et al. 1990). The TOC values range between 0.48
and 1.7%. The manganese content is high (up to0 9.27%)
in the basal portion and decreases (1.12% or less) upsec-
tion (Jenkyns 1988).

The siliceous limestone (bed thickness up to 15
cm) intercalated within the shales varies from packstone
to mudstone. In the lower part, beds are abundant and
are mainly packstones and wackestones (Pl. 1, fig. 5).
Towards the top of the unit, the beds of siliceous lime-
stone become rare and are predominantly wackestones
to mudstones. In the lower part of the unit, the siliceous
limestone shows both normal and inverse grading, par-
allel and ripple cross-lamination, while upsection, only
indistinct parallel lamination is present. The grain-to-
matrix ratio and the mean size of radiolarians decrease
upward. In the uppermost limestone beds, the grain-to-
matrix proportion is again high (packstone/wackestone
laminae). The limestone contains mainly radiolarians,
sponge spicules (only in the lowermost part of the unit),
intraclasts of lime mudstone (in the lowermost part of
the unit only), and phosphate grains. Authigenic quartz
and pyrite occur and are especially abundant in wack-
estone, while they are less common in the packstone
beds. The matrix is micrite with high organic matter
content.

Above the shale is a light green, thinly-bedded,
laminated, recrystallized limestone that forms the top
0.90 m of Unit 3. Echinoderms, ostracods, foraminifers
and calcitized radiolarians are very rare. Pyrite, limo-
nite, quartz and glauconite are present. The limestone is
intensively bored.

On the basis of radiolarians found in the interca-
lated siliceous limestone, we determined that Unit 3 is
early Toarcian and possibly middle Toarcian in age
(Gorican et al. 2003).

Interpretation. The entire Unit 3 records the
high input of terrigenous clayey material. Black organ-
ic-rich shales in the lower part of the unit were depos-
ited during the early Toarcian Oceanic Anoxic Event, as
suggested by Jenkyns (1988) and confirmed with radi-
olarian dating (Gorican et al. 2003).

The limestone in the lowermost part of the unit is
interpreted as hemipelagic limestone and indicates an
increase in sedimentation rates following the formation
of the Fe-Mn crust. Sedimentary structures and compo-
sition of the breccia bed are very similar to that in the
breccia beds of Unit 2 and suggest a deposition by a
high-density gravity-flow.

The sedimentary structures found in the siliceous
limestone intercalated within shales are typical of fine-
grained turbidites (e.g. Piper & Stow 1991). The nature
of resedimented grains (only pelagic fauna) indicates
redeposition of material within the sedimentary basin.

A stratigraphic gap, corresponding at least to the
late Toarcian, Aalenian, and early Bajocian, separates
Unit 3 from Unit 4. It was formed due to extremely
slow sedimentation rates as evidenced by presence of
extensive borings at the top of the Unit 3.
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Unit 4: Resedimented limestones and siliceous
sediments

Description. Unit 4 is composed of cherts, cherty
limestones and carbonate gravity-flow deposits. On the
basis of composition and sedimentologic features we
divided Unit 4 into four members (Fig. 5).

Member M1 starts with a 1.3 m thick package of
green, bedded (beds are up to 25 cm thick) fine-grained,
poorly- to medium-sorted clast-supported breccia that
grades into thin- to medium-bedded, coarse to medium-
grained calcarenite. Breccia is composed mainly of
lithoclasts and bioclasts: filaments, echinoderms, bivalve
fragments, foraminifers (Textulariidae, Lenticulina),
radiolarians and sponge spicules. Glauconite is abun-
dant. The lithoclasts are composed of light gray lime-
stone and siliceous limestone of the underlying Unit 3
and bioclastic wackestone/mudstone of Unit 2. The cal-
carenite is parallely laminated, and elongate grains are
aligned parallel to bedding. It has the same bioclasts as
breccias, but contains more highly evolved glauconite
grains (determined according to classification of Odin
& Fullagar 1988) and it is devoid of lithoclasts. Some of
the glauconite grains have fractured grain surface.

The overlying fine-grained rocks are thin-bedded
gray siliceous limestone (packstone/wackestone) and
dark gray laminated cherts that alternate with med-
ium-bedded light gray homogenous wackestone with
lenses of chert. The siliceous limestone shows parallel,
low-angle cross lamination and wispy, convoluted lami-
nation. Grains are partly calcitized radiolarians and rare
fragments of echinoderms, and phosphate grains. The
intercalated wackestone is composed of completely cal-
citized radiolarians and rare filaments. Rare, ooid bear-
ing, beds (up to 30 cm thick) are interbedded in this
interval.

Member M2 is characterized by 0.3 - 5 m thick
beds of light gray oolitic packstone and grainstone (Fig.
6). Thicker beds are structureless while thinner (less
than 0.5 m) beds at places show grading and parallel,
and rarely ripple cross lamination. Limestones are com-
posed mainly of ooids (Pl 1, fig. 6). Other grains are
echinoderms, peloids, foraminifers (Textulariidae, Invo-
lutinidae, Lituolidae), and micritic intraclasts. In some
beds black chert nodules are present.

Member M3 begins with six, up to 2.60 m thick,
carbonate breccia beds, each of them capped by fine-
grained parallelly laminated limestone. The lowermost
breccia bed lies within channel excavated into underly-
ing M2. At places fine-grained calcarenites are missing
and only amalgamated breccia beds are present. Breccias
are grain-supported, graded and composed of up to 5 cm
large lithoclasts of lithologies of members M2 and M1,
and Unit 2 (PL. 1, fig. 7). Other clasts are abundant frag-
ments of echinoderms, fragments of stromatoporoids,
corals and foraminifers (Textulariidae, Involutinidae, Li-

Fig. 6

- Unit 4: limestone megabeds (arrow) composed mainly of
ooids: member M2 of Unit 4 (the section is in overturned
position).

tuolidae). The overlying laminated fine-grained lime-
stone is wackestone to packstone composed of filaments,
small echinoderm fragments and micritized ooids.

This package is overlain by thin- to medium-
bedded, coarse- to fine-grained limestones showing
grading, parallel and wavy lamination (Ta-Tc Bouma
divisions). They have similar composition as limestones
of M2, but contain less ooids.

Thin-bedded, parallelly laminated radiolarian-
bearing cherty limestone characterizes the middle part
of the member M3.

Member M3 ends with a 3 m thick bed composed
of 30 cm thick breccia at the base, which abruptly passes
into massive fine-grained indistinctly laminated lime-
stone with chert nodules. The breccia has the same com-
position as the breccias in the lower part of the member
M3. The limestone with chert nodules ranges from
packstone to wackestone composed of filaments, echi-
noderm fragments, rare ooids, phosphate grains and
pyrite (PL 1, fig. 8).

Member M4 contains cherty limestones, cherts
and siliceous mudstones with intercalations of fine to
very coarse- grained calcarenites. Carbonate breccia is
present in the uppermost part of the member.

The lower 15 m of member M4 are characterized
by thin-bedded laminated (Td) black cherts and cherty
limestones (same composition as cherty limestones of
M3) with intercalated thin-bedded, fine to coarse-
grained calcarenites. Calcarenites show Ta-b and Tb-d
Bouma divisions and are packstones composed of fila-
ments, peloids, echinoderm fragments, foraminifers
(Textulariidae, Involutinidae, Lituolidae) and phosphate
grains. Ooids are rare. In coarse-grained facies, re-
worked lithoclasts of M1, M2, and M3 occur. In the
middle part of member M4, thin beds of orange repla-
cement chert are present.



52 Smuc A. & Gorican S.

The upper part of the member M4 (at sample M8
14.30) starts with red radiolarian cherts with interca-
lated coarse to very coarse-grained calcarenites (Ta Bou-
ma divisions), and continues with a 2.5 meter thick clay-
rich package containing intercalations of red calcareous
clay-rich chert and coarse-grained calcarenites. The
uppermost part of M4 is composed of red radiolarian-
rich marls with intercalations of a carbonate breccia and
coarse-grained calcarenites. The intercalated coarse-
grained calcarenites are packstones to grainstones com-
posed of peloids, echinoderm grains, foraminifers (Tex-
tulariidae, Involutinidae), rare small ooids and mud-
stone clasts. In the uppermost part of the Member 4
the calcarenites are composed exclusively of echino-
derm fragments.

The breccia bed (30 cm thick) in the upper part of
M4 is coarse-grained (clasts are up to 10 cm), grain-
supported and composed mainly of large lithoclasts of
underlying lithologies of Unit 4. Other grains are echi-
noderms, belemnites, peloids, foraminifers (Textularii-
dae, Valvulinidae), fragments of algae and corals. Impor-
tant constituents are rare but large (up to 2 mm) euhe-
dral detritic grains of bytownite-anorthite feldspars.

Unit 4 was dated with radiolarians. It ranges from
the upper Bajocian to lower Tithonian. Ages of indivi-
dual samples are discussed separately in the next chap-
ter.

Interpretation. Unit 4 was deposited in a deeper
basin that was directly connected to the adjacent carbo-
nate platform. Homogenous wackestones, cherts, and
calcareous clayey cherts constitute the background se-
dimentation. Fine-grained siliceous limestones show se-
dimentary characteristics that indicate hydrodynamic
sorting of material and probably deposition by low-
density turbidity currents. Medium to fine-grained
limestones exhibit Bouma sequences, with base-cut-
out sequences being the most frequent. This indicates
that through most of Unit 4 time, the depositional set-
ting was a lower slope or basin plain. Oolitic megabeds
in M2 are continuous at the outcrop scale and their
thickness is laterally constant. In addition, oolitic mega-
beds are associated with finer-grained turbidites. Their
position in the basin was thus relatively distal as well.
The most proximal deposits of Unit 4 are channelized
and often amalgamated breccia beds at the base of the
M3 member. Individual breccia beds are directly over-
lain by fine-grained calcarenites interpreted to be the
dilute "tail” of the same gravity flow that produced each
breccia bed, thus indicating substantial sediment by-
pass (cf. Mutti 1992).

The composition of limestone reveals that most of
the grains result from penecontemporaneous carbonate
production supplied from the marginal parts of the ad-
jacent platform. The coarser-grained beds include litho-

clasts of older basinal sediments and thus indicate par-
tial erosion of underlying deposits. The basal breccias
and calcarenites of M1, in addition, contain highly
evolved glauconite grains that indicate long sediment
starvation in the provenance area (Odin & Fullagar
1988; Amorosi 1995). Clasts of older pelagic rocks are
the largest and prevail over other constituents in the
breccia bed of M4. This breccia was probably deposited
relatively close to an escarpment produced by normal
faulting.

Unit 5: Red nodular cherty limestone

Unit 5 consists of red nodular (bed thickness is up
to 5 cm) mudstone/wackestone composed mainly of
calpionellids (including Crassicollaria sp. and Calpio-
nella alpina (Lorenz)), aptychi, and calcitizied radiolar-
ians. Beds (up to few centimeters thick) of red replace-
ment chert occur within nodular limestones.

The occurrence of Crassicollaria sp. and Calpio-
nella alpina suggests that limestones are not older than
late Tithonian (according to Remane 1985 and Griin &
Blau 1997). At the Mt. Mangart section, the overlying
beds are extensively folded and could not be logged.

Radiolarian dating

The siliceous-limestone intercalations of Unit 3
contain diverse and well preserved radiolarian faunas,
which indicate an early and possibly middle Toarcian
age. Systematics, age assignment and paleoecological
implications of these faunas have already been presented
in detail (Gorican et al. 2003).

In this chapter we discuss the radiolarian content
of Unit 4. Seven productive samples (for stratigraphic
position see Fig. 5) were analyzed. The samples
MM 30.60 and M8 14.30 are radiolarian cherts and were
treated only with diluted 9% hydrofluoric acid. The
other samples contain some carbonate; these were trea-
ted first with acetic and then with HF acid. The sample
M8 21.90 revealed moderately-well preserved radiolar-
ians after both treatments, while in samples M8 38.40,
MS8 33.30, M8 10.90, and MS8 6.80 determinable radi-
olarians were obtained only after HF attack. In all sam-
ples nassellarians are much more abundant than spumel-
larians, spumellarians are relatively common only in the
acetic-acid residue of the M8 21.90 sample.

The assemblages were dated with the zonation of
Baumgartner et al. (1995c¢), who established 22 Unitary
Association Zones (UAZ) for the Middle Jurassic to
Early Cretaceous time interval. The species inventory
is given in Table 1 and illustrated in P 2 to 4.

Rock samples, residues and photographed radi-
olarian specimens are stored at the Ivan Rakovec Insti-
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Species Samples |UAZ95| MM 30.60 | M8 38.40 | M8 33.30 | M8 21.90 | M8 14.30 | M8 10.90 | M8 6.80
Angulobracchia biordinalis Ozvoldova (PI. 2, fig. 12) 9-11 X
Archaeodictyomitra ? amabilis Aita (P\. 4, fig. 3) 4-7 X X

Archaeodictyomitra apiarium (Rust) (P\. 4, fig. 6) 8-22 X X
Archaeodictyomitra minoensis (Mizutani) (PI. 4, figs. 7-8) 9-12 X X

Bernoullius dicera (Baumgartner) (Pl. 2, fig. 15) 3-10 X
Cinguloturris carpatica Dumitrica (Pl. 4, fig. 22) 7-11 X X
Cryptamphorella spp. (PI. 3, figs. 31a-b, 32a-c) X
Deviatus diamphidius (Foreman) s.I. (PI. 2, fig. 11) 8-22 X
Dicerosaturnalis trizonalis angustus (Baumgartner) (PI. 2, figs. 9-10) 6-10 X X
Dictyomitrella ? kamoensis Mizutani & Kido (PI. 4, figs. 27-28) 3-7 X X X

Eucyrtidiellum nodosum Wakita (Pl. 2, fig. 23) 3-10 X

Eucyrtidiellum ptyctum (Riedel & Sanfilippo) (PI. 2, figs. 26-28) 5-11 X X X
Eucyrtidiellum semifactum Nagai & Mizutani (P. 2, figs. 24-25) 5-7 X X

Eucyrtidiellum unumaense pustulatum Baumgartner (PI. 2, figs. 21-22) 5-8 X X X

Fultacapsa sphaerica (Ozvoldova) (Pl. 2, fig. 19) 9-11 X
Gongylothorax favosus Dumitrica (P\. 3, fig. 26) 8-10 X X
Gongylothorax ponticus Bragin & Tekin (Pl. 3, figs. 4a-b, 5) X X

Gongylothorax sp. A (Pl. 3, figs. 27-28, 29a-b, 30a-c) X
Guexella nudata (Kocher) (PI. 3, fig. 3) 5-8 X X

H irnalis suboblongus minor (Baumgartner) (PI. 2, figs. 6-8) 3-11 X X X
H irnalis suboblongus ssp. A (Pl. 2, figs. 3-5) X X X
H irnalis suboblongus suboblongus (Yao) (P. 2, fig. 2) 3-11 X

He turnalis cf. tetraspinus (Yao) (Pl. 2, fig. 1) 1-6 X

Higumastra imbricata (Ozvoldova) (Pl. 2, fig. 16) 4-8 X

Hsuum rutogense Yang & Wang (PI. 4, figs. 1-2) X X

Kilinora spiralis (Matsuoka) (P!. 2, fig. 42) 6-7 X

Levileugeo ordinarius Yang & Wang (pl. 2, fig. 17) X

Loopus doliolum Dumitrica (PI. 4, fig. 29) X
Palinandromeda podbielensis (Ozvoldova) (PI. 2, fig. 20) 59 X

Parahsuum carpathicum Widz & De Wever (PI. 4, figs. 4-5) X

Podobursa rosea Hull (Pl. 2, fig. 30) X

Podobursa triacantha (Fischli) (PI. 2, fig. 29) X X X X
Praecaneta spp. (Pl. 4, fig. 30) X X

Protunuma japonicus Matsuoka & Yao (PI. 2, figs. 36-37) 7-12 X X

Protunuma ? aff. lanosus Ozvoldova (PI. 2, fig. 35) X

Protunuma ? ochiensis Matsuoka (P!. 2, figs. 33a-b) 5-14 X

Pseudoristola tsunoensis (Aita) (P. 3, figs. 15a-b, 16a-b) 6-7 X

Pseudodictyomitrella spp. (P\. 4, figs. 25-26) X X X X

Ristola altissima altissima (Rust) (PI. 4, fig. 36) 7-12 X X

Ristola altissima major Baumgartner & De Wever (Pl. 4, fig. 35) 5-7 X X

Stichocapsa convexa Yao (PI. 3, figs. 6-7) 1-11 X X X

Stichocapsa robusta Matsuoka (PI. 3, figs. 11-12) 5-7 X X X

Stichomitra ? annibill Kocher (Pl. 4, fig. 24) X

Stichomitra ? tairai Aita (PI. 4, fig. 23) X

Striatojaponocapsa conexa (Matsuoka) (PI. 2, figs. 40-41) 4-7 X X X X

Striatojaponocapsa ? matsuokai (Sashida) (Pl. 2, figs. 43a-b) X X

Striatojaponocapsa plicarum plicarum (Yao) (Pl. 2, figs. 38a-b, 39) 4-5 X

Stylocapsa ? catenarum Matsuoka (Pl. 3, fig. 2) 6-7 X

Stylocapsa oblongula Kocher (PI. 3, fig. 23) 6-8 X X

Tethysetta dhimenaensis (Baumgartner) s.I. (Pl. 4, fig. 31) 3-11 X X X X X

Tetratrabs bulbosa Baumgartner 7-11 X

Tetratrabs zealis (Ozvoldova) (P. 2, fig. 14) 4-13 X X X X
Theocapsomma medvednicensis Gorican (P!. 3, fig. 1) X

Transhsuum brevicostatum (Ozvoldova) gr. (PI. 4, figs. 10-14) 3-11 X X X

Transhsuum maxwelli (Pessagno) gr. (Pl. 4, fig. 9) 3-10 X

Triactoma blakei (Pessagno) (Pl. 2, fig. 18) 4-11 X

Tritrabs casmaliaensis (Pessagno) (Pl. 2, fig. 13) 4-10 X X

Triversus ? spp. (Pl. 4, figs. 32-33) X

Unuma darnoensis Kozur (Pl. 2, fig. 32) X

Unuma gordus Hull (Pl. 2, fig. 34) 4-6 X X X

Unuma latusicostatus (Aita) (PI. 2, fig. 31) 4-5 X

Williriedellum carpathicum Dumitrica (Pl. 3, fig. 20) 7-11 X X
Williriedellum crystallinum Dumitrica (PI. 3, fig. 17) 7-11 X X
Williriedellum marcucciae Cortese (Pl. 3, figs. 21a-b) 4-8 X X

Williriedellum yahazuense (Aita) (P. 3, fig. 19) X

Williriedellum yaoi (Kozur) (PI. 3, figs. 24a-b, 25a-b) X X X

Xitus magnus Baumgartner (PI. 4, fig. 21) 8-11 X X

Xitus skenderbegi (Chiari, Marcucci & Prela) (Pl. 4, figs. 15-16) X X

Xitus spp. (Pl. 4, figs. 17-20) X X X X X
Zhamoidellum ovum Dumitrica (PI. 3, figs. 8a-b, 9-10) 9-11 X X X
Zhamoidellum ventricosum Dumitrica (PI. 3, figs. 13, 14a-b) 8-11 X X

Age (UAZones 95) 5 5-7 6-7 6-7 9 9 107
Tab.1 - Occurrence of radiolarian species in the samples studied. The first column gives zonal ranges of species according to Baumgartner et

al. (1995¢), the zonal assignment of the samples is shown in the bottom row.
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tute of Palaeontology, Scientific Research Centre of the
Slovenian Academy of Sciences and Arts.

Sample MM 30.60: dark gray laminated chert;
radiolarians poorly preserved, relatively large sponge
spicules common. The assemblage corresponds to
UAZ 5 (latest Bajocian — early Bathonian). This zonal
assignment is indicated by co-occurrence of Eucyrtidiel-
lum semifactum (FAD in UAZ 5) and Unuma latusicos-
tatus (LAD in UAZ 5). Among other species, Unuma
darnoensis also seems to be stratigraphically important.
It was recorded by Gorican (1994) in UAs 6 to 8, which
are approximately correlative to UAZs 4 to 5 (late Ba-
jocian to early Bathonian) of Baumgartner et al. (1995c,
p. 1037).

Sample M8 38.40: black cherty limestone; radi-
olarians poorly preserved, rare tetraxone and monaxone
spicules co-occur. Only a broad age assignment to
UAZs 5 to 7 (latest Bajocian-early Bathonian to late
Bathonian-early Callovian) is possible on the basis of
Archaeodictyomitra? amabilis, Ristola altissima major,
and Stichocapsa robusta. Unuma gordus, by Baumgart-
ner et al. (1995c¢) supposed to be restricted to UAZs 4 to
6, was also found in overlying samples M8 33.30 and
M8 21.90, and probably has a longer range than pre-
viously thought.

Sample M8 33.30: laminated gray limestone with
black replacement chert; radiolarians poorly preserved;
monaxone and tetraxone sponge spicules rare, rhaxes
very rare. The assemblage is assignable to UAZs 6 to
7 (middle Bathonian to late Bathonian-early Callovian)
based on the range of Stylocapsa? catenarum, FAD of
Stylocapsa oblongula in UAZ 6, and LAD of several
species in UAZ 7 (Table 1). Zhamoidellum ovum (Pl.
3, figs. 8a-b) co-occurs, suggesting that the proposed
range of this species (UAZs 9 to 11) should be extended
down to the Middle Jurassic.

Sample M8 21.90: gray limestone with small no-
dules of black chert; radiolarian fauna moderately-well
preserved but relatively diverse; monaxone and tetra-
xone sponge spicules common. The stratigraphically
most important species is Kilinora spiralis, which is
rather common in this sample. Its range is restricted
to UAZs 6 to 7. Several characteristic species, which
last appear in UAZ 7 are present (e.g. Striatojaponocap-
sa conexa, Dictyomitrella ? kamoensis, Stichocapsa ro-
busta), the sample is thus certainly not younger than
early Callovian. Because the age assignment is the same
as for the previous sample, it seems probable that the
sample M8 21.90 belongs to the upper part of the de-
termined time interval.

Sample M8 14.30: violet red bedded chert, radi-
olarians moderately-well preserved; sponge spicules
common, relatively large. The age is constrained with
Archaeodictyomitra minoensis and Palinandromeda
podbielensis, which co-exist in UAZ 9 (middle-late Ox-

fordian). Eucyrtidiellum unumaense pustulatum, con-
fined to UAZ 8 and older zones is also present.

Sample M8 10.90: red laminated calcareous clay-
rich chert; radiolarians abundant, relatively well-pre-
served and diverse; sponge spicules rare. The species
inventory is similar to that of the previous sample.
The assemblage is assignable to UAZs 9 to 10 (FADs
of Angulobracchia biordinalis and Archaeodictyomitra
minoensis in UAZ 9, LADs of Bernoullius dicera, Gon-
gylothorax favosus, and Tritrabs casmaliaensis in
UAZ 10). In the zonation of Gorican (1994), the assem-
blage corresponds to the union of UA 19 to UA 22, that
are correlative with the UAZ 9 (Baumgartner et al.
1995c¢, p. 1037). The most probable age is thus UAZ 9
(middle-late Oxfordian).

Sample M8 6.80: red radiolarian-rich marl; radi-
olarians fairly-well preserved, diversity very low, as-
semblage dominated by cryptocephalic and cryptothor-
acic nassellarians; sponge spicules diverse, relatively
large, more abundant than radiolarians. The high abun-
dance of cryptocephalic nassellarians (see Ziigel et al.
1998) as well as the proportion of sponge spicules (see
Kiessling 1996) indicate a shift to more proximal basin
facies in the last few meters of Unit 4. Because of ob-
served very low diversity, a precise age assignment is
rather difficult. The presence of Dicerosaturnalis trizo-
nalis angustus suggests that this assemblage is not
younger than UAZ 10 (late Oxfordian — early Kimmer-
idgian). The sample is certainly not younger than early
Tithonian as evidenced by Hexasaturnalis suboblongus
minor and Fultacapsa sphaerica (LADs in UAZ 11) as
well as by the stratigraphic position below the limestone
with calpionellids.

Notes to systematics

Basic synonymy is provided for the species which
are not included in the catalogue of Baumgartner et al.
(1995a) and short remarks are given for the species in
open nomenclature. The taxa are listed in alphabetical
order.

PLATE 1

Microfacies of the Mt. Mangart section. Scale bar in all pictures is 1

mm long, except Fig. 3b, where scale bar is 0,1mm long.

Fig. 1 - Unit 1: grainstone with peloids, oncoids, bioclasts and
intraclasts.

Fig. 2 - Upper part of Unit 1: packstone with smaller peloids,
intraclasts and small benthic foraminifera (Agerina mar-
tana (Farinacci) in the upper left corner of the picture,
marked with arrow).

- Unit 2: wackestone with juvenile ammonites, sponge
spicules, echinoderm fragments and Agerina martana

Fig. 3a

(Farinacci).
- Unit 2: close up of Fig. 3a showing Agerina martana
(Farinacci).

Fig 3b
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Fig. 4 - Upper part of Unit 2: carbonate breccia composed
mainly of echinoderm debris and diverse intraclasts (in-
traclast of peloidal grainstone in the middle of the pic-
ture).

- Unit 3: graded siliceous limestone with radiolarians and

rare micritic intraclasts,

Fig. 5

Fig. 6 - Unit 4, Member 2: grainstone with ooids, peloids, micri-
tic intraclasts and echinoderms.

- Unit 4, Member 3: carbonate breccia with lithoclasts of
mudstones with radiolarians of M1, and bioclastic wack-
estone of Unit 2 (in the upper right corner of the pic-
ture).

- Unit 4, top of Member 3: massive fine-grained partly

Fig. 7

Fig. 8

silicified wackestone with radiolarians.

PLATE 2

Radiolarians from Unit 4 of Mt. Mangart section. For each illustra-
tion the sample number, SEM negative number, and magnification are
indicated.

Fig. 1 - Hexasaturnalis cf. tetraspinus (Yao), MM 30.60,
023329, 150x.

Fig. 2 - Hexasaturnalis suboblongus suboblongus (Yao), MM
30.60, 023328, 150x.

Figs. 3-5 - Hexasaturnalis suboblongus ssp. A. Fig. 3) M8 38.40,
030220; Fig. 4) M8 21.90, 030522; Fig. 5) M8 6.80,
031111; 150x.

Figs. 6-8 - Hexasaturnalis suboblongus minor (Baumgartner).
Fig. 6) M8 14.30, 020224; Fig. 7) M8 10.90, 030803;
Fig. 8) M8 6.80, 031112; 150x.

Figs. 9-10 - Dicerosaturnalis trizonalis angustus (Baumgartner).
Fig. 9) M8 6.80, 031114; Fig. 10): M8 14.30, 020225;
150x.

Fig. 11 - Deviatus diamphidius (Foreman) s.l., M8 10.90,
030832, 150x.

Fig. 12 - Angulobracchia biordinalis Ozvoldova, M8 10.90,
030902, 100x.

Fig. 13 - Tritrabs casmaliaensis (Pessagno), M8 21.90, 030533,
150x.

Fig. 14 - Tetratrabs zealis (Ozvoldova), M8 38.40, 030222,
100x.

Fig. 15 - Bernoullins dicera (Baumgartner), M8 10.90, 030831,
200x.

Fig. 16 - Higumastra imbricata (Ozvoldova), M8 21.90,
030525, 100x.

Fig. 17 - Levilengeo ordinarius Yang & Wang, M8 21.90,
030528, 150x.

Fig. 18 - Triactoma blakei (Pessagno), M8 10.90, 030905,
100x.

Fig. 19 - Fultacapsa sphaerica (Ozvoldova), M8 6.80, 031122,
150x.

Fig. 20 - Palinandromeda podbielensis (Ozvoldova),
M8 14.30, 020219, 100x.

Figs. 21-22 - Eucyrtidiellum unumaense pustulatum Baumgartner.
Fig. 21) M8 33.30, 030512; Fig.22) M8 14.30 020121;
200x.

Fig. 23 - Eucyrtidiellum nodosum Wakita, M8 14.30, 020124,
200x.

Figs. 24-25 - Eucyrtidiellum semifactum Nagai & Mizutani. Fig.
24) MM 30.60, 023315; Fig. 25) M8 33.30, 030401,
200x.

Figs. 26-28 - Eucyrtidiellum pryctum (Riedel & Sanfilippo). Fig.

26) M8 21.90, 030713; Fig. 27) M8 14.30, 02122;
Fig. 28) M8 10.90, 030909; 200x.

Fig. 29 - Podobursa triacantha (Fischli), M8 10.90, 031035,
150x.

Fig. 30 - Podobursa rosea Hull, M8 21.90, 030605, 150x.

Fig. 31 - Unuma latusicostatus (Aita), MM 30.60, 023314,
200x.

Fig. 32 - Unuma darnoensis Kozur, MM 30.60, 023312, 200x.

Figs. 33 a-b - Protunuma? ochiensis Matsuoka, M8 33.30. Fig. 33a)
030406; Fig. 33b) antapical view, 030407; 200x.

Fig. 34 - Unuma gordus Hull, M8 33.30, 030411, 200x.

Fig. 35 - Protunuma? aff. lanosus Ozvoldova, MS$ 21.90,
030804, 200x.

Figs. 36-37 - Protunuma japonicus Matsuoka & Yao, M8 14.30.

Fig. 36) 020235; Fig. 37) 020201; 200x.

Figs. 38 a-b, 39- Striatojaponocapsa plicarum plicarum (Yao), MM
30.60. Fig. 38a) 023316; Fig. 38b) antapical view,
023317; Fig. 39) 023322; 200x.

Figs. 40-41 - Striatojaponocapsa conexa (Matsuoka), M8 33.30.
Fig. 40) 030413; Fig. 41) 030416; 200x.

Fig. 42 - Kilinora spiralis (Matsuoka), M8 21.90, 030718, 200x.

Figs. 43 a-b - Striatojaponocapsa? matsuokai (Sashida), M8 21.90.

Fig. 43a) 030630; Fig. 43b) antapical view, 030629;
200x.

PLATE 3

Radiolarians from Unit 4 of Mt. Mangart section. For each illustra-
tion the sample number, SEM negative number, and magnification are
indicated.

Fig. 1 - Theocapsomma medvednicensis Gorican, M8 33.30,
030428, 200x.

Fig. 2 - Stylocapsa ? catenarum Matsuoka, M8 33.30, 030334,
300x.

Fig. 3 - Guexella nudata (Kocher), M8 33.30, 030328, 200x.

Figs. 4 a-b, 5 - Gongylothorax ponticus Bragin & Tekin. Figs. 4 a-b)
M8 33.30, Fig. 4a) 030519, Fig. 4b) antapical view,
030518; Fig. 5) M8 21.90, 030725; 200x.

Figs. 6-7 - Stichocapsa convexa Yao, Fig. 6) MM 30.60, 023332;
Fig. 7) M8 21.90, 030811; 200x.
Figs. 8 a-b, - Zbamoidellum ovum Dumitrica. Fig. 8) M8 33.30,

9-10 Fig. 8a) 030506, Fig. 8b) antapical view, 030507;
Fig. 9) M8 14.30, 020214; Fig. 10) M8 10.90,
030920; 200x.

- Stichocapsa robusta Matsuoka. Fig. 11) M8 38.4Q,
030232; Fig. 12) M8 21.90, 030701; 200x.

Figs. 13, 14a-b- Zhamoidellum wventricosum Dumitrica, M8 21.90.

Fig. 13) 030628; Fig. 14a) 030729, Fig. 14b) antapical
view, 030728; 200x.

Figs. 11-12

Figs. 15 a-b, - Pseudoristola tsunoensis (Aita), M8 21.90. Fig. 15a)
16 a-b 030615; Fig. 15b) antapical view, 030616; Fig. 16a)
030733; Fig. 16b) antapical view, 030732; 200x.

Fig. 17 - Williriedellum  crystallinum Dumitrica, M8 14.30,
020208, 200x.

Fig. 18 - Williriedellum  cf. yahazuense (Aita), M8 14.30,
020209, 200x.

Fig. 19 - Williriedellum yahazuense (Aita), M8 14.30, 020236,
200x.

Fig. 20 - Williriedellum  carpathicum Dumitrica, M8 14.30,
020222, 200x.

Figs. 21 a-b - Williriedellum  marcucciae ~ Cortese, M8 33.30.
Fig. 21a) 030428; Fig. 21b) antapical view, 030427;
200x.

Figs. 22 a-b - Stichocapsa sp., M8 21.90. Fig. 22a) 030711, Fig. 22b)
antapical view, 030712; 200x.

Fig. 23 - Stylocapsa oblongula Kocher, M8 33.30, 030515,

300x.
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Figs. 24 a-b, - Williriedellum yaoi (Kozur). Fig. 24a) M8 38.40,
25 a-b 030224; Fig. 24b) antapical view, 030223; Fig. 25a)
M8 14.30, 020212; Fig. 25b) antapical view, 020214;
200x.
Fig. 26 - Gongylothorax  favosus ~Dumitrica, M8 10.90,
030926, 200x.
Figs. 27-28, - Gongylothorax sp. A, M8 6.80. Fig. 27) 031218; Fig.

29 a-b, 30 a-c 28) 031134; Fig. 29a) 031221; Fig. 29b) antapical view,
031219; Fig. 30a) 031209; Fig. 30b) antapical view,
031208; Fig. 30c) apical view, 031207; 200x.

- Cryptamphorella spp., M8 6.80. Fig. 31a) 031201;
Fig. 31b) apical view, 031203; Fig. 32a) 031215; Fig.
32b) antapical view, 031214; Fig. 32c¢) apical view,
031213; 200x.

Figs. 31 a-b,
32 a-c

PLATE 4

Radiolarians from Unit 4 of Mt. Mangart section. For each illustra-
tion the sample number, SEM negative number, and magnification are
indicated.

Figs. 1-2 - Hsuum rutogense Yang & Wang. Fig. 1) M8 21.90,
030822; Fig. 2) M8 33.30, 030316; 200x.

Fig. 3 - Archaeodictyomitra ? amabilis Aita, M8 33.30, 030321,
200x.

Figs. 4-5 - Parahsuum carpathicum Widz & De Wever, M8 10.90.
Fig. 4) 031007; Fig. 5) 031010; 200x.

Fig. 6 - Archaeodictyomitra apiarium (Riist), M8 14.30, 020117,
200x.

Figs. 7-8 - Archaeodictyomitra minoensis (Mizutani). Fig. 7)

M8 14.30, 020102; Fig. 8) M8 10.20, 031003, 200x.

- Transhsuum maxwelli MM 30.60,
020308, 200x.

Figs. 10-14 - Transhsuum brevicostatum (Ozvoldova) gr. Fig. 10)
M3 33.30, 030308; Fig. 11) M8 10.90, 031016; Fig. 12)
M8 10.90, 031014; Fig. 13) M8 14.30, 020234; Fig. 14)
MS8 14.30, 020109; 200x.

Figs. 15-16 - Xitus skenderbegi (Chiari, Marcucci & Prela). Fig. 15)
M8 38.40, 030204; Fig. 16) M8 33.30, 030313; 200x.

Figs. 17-20 - Xitus spp. Fig.17) M8 33.30, 030314; Fig. 18)

M8 14.30, 020111; Fig. 19) M8 10.90, 031015; Fig. 20)

M8 14.30, 020101; 200x.

Fig. 9 (Pessagno) gr.,

Fig. 21 - Xitus magnus Baumgartner, M8 10.90, 031021, 150x.

Fig. 22 - Cinguloturris carpatica Dumitrica, M8 14.30, 020125,
200x.

Fig. 23 - Stichomitra? tairai Aita, M8 21.90, 030609, 200x.

Fig. 24 - Stichomitra? annibill Kocher, M8 21.90, 030806, 200x.

Figs. 25-26 - Pseudodictyomitrella spp. Fig. 25) M8 10.90, 031034;
Fig. 26) M8 14.30, 020130; 200x.

Fig. 27-28 - Dictyomitrella?  kamoensis  Mizutani &  Kido,
MM 30.60. Fig. 27) 023304; Fig. 28) 023306; 200x.

Fig. 29 - Loopus doliolum Dumitrica, M8 10.90, 031013, 200x.
Fig. 30 - Praecaneta sp., M8 10.90, 031027, 200x.
Fig. 31 - Tethysetta dhimenaensis (Baumgartner) s.l., M8 14.30,

020233, 200x.
Figs. 32-33 - Triversus ? spp., M8 21.90. Fig. 32) 030631; Fig. 33)
030821; 200x.

Fig. 34 - Tethysetta sp., M8 14.30, 020112, 200x.

Fig. 35 - Ristola altissima major Baumgartner & De Wever,
M8 38.40, 030216, 150x.

Fig. 36 - Ristola altissima altissima (Riist), M8 10.90, 031023,

150x.
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Gongylothorax ponticus Bragin & Tekin, 2002
Pl 3, figs 4a-b, 5

2002 Gongylothorax ponticus Bragin et al., p. 624, Fig. 7.15-17.

Gongylothorax sp. A
Pl 3, figs 27, 28, 29a-b, 30a-c

Remarks. This species is closely related to Gon-
gylothorax favosus Dumitrica, from which it differs in
having larger pores. The ridges around hexagonal areas
are more elevated in relief. Gongylothorax sp. A was
found only in sample M8 6.80.

Hexasaturnalis suboblongus ssp. A
Pl 2, fig. 3-5

1995a Acanthocircus suboblongus suboblogus (Yao) - Baumgart-
ner et al,, p. 68, pl. 3088, fig. 1, not figs 2-4.

Remarks. This subspecies has the external blades
of the ring fused on one spine and separated on the
other spine. In Hexasaturnalis suboblongus suboblongus
(Yao) the blades on both spines are separated, whereas
in Hexasaturnalis suboblongus minor (Baumgartner)
both spines have fused blades. In Baumgartner et al.
(1995a) Hexasaturnalis suboblongus ssp. A was included
in Hexasaturnalis suboblongus suboblongus. According
to Dumitrica (pers. comm. 2003) Hexasaturnalis subo-
blongus ssp. A first appears in the Bathonian.

Hsuum rutogense Yang & Wang, 1990
Pl 4, figs 1-2

1990 Hsuum rutogense Yang & Wang, p. 207, pl. 3, figs 2, 4, 10.
1990 Hsuum cf. rutogense Yang & Wang, p. 208, pl. 4, fig. 15.

Levileugeo ordinarius Yang & Wang, 1990
Pl 2, fig. 17

1990 Levileugeo ordinarins Yang & Wang, p. 203, pl. 1, figs. 2,
14; pl. 2, fig. 1.

Loopus doliolum Dumitrica, 1997
Pl 4, fig. 29

1997 Loopus doliolum Dumitrica et al., p. 30, pl. 5, figs. 3, 5, 14.

Parahsuum carpathicum Widz & De Wever, 1993
Pl. 4, figs 4-5

1993 Parabsuum carpathicum Widz & De Wever, p. 85, pl. 1,
figs 14-16.

Podobursa rosea Hull, 1997
Pl. 2, fig. 30

1997 Podobursa rosea Hull, p. 102, pl. 42, figs. 2, 3, 15, 17, 20.

Podobursa triacantha (Fischli, 1916)
Pl. 2, fig. 29

1997 Podobursa triacantha — Hull, p. 106, pl. 41, figs. 1-3, 5, 15,
16, 19 (and synonymy therein).

Protunuma ? aff. lanosus Ozvoldova, 1996
Pl 2, fig. 35

aff. 19962 Protunuma lanosus Sykora & Ozvoldova, p. 23, pl. 2,
fig. 13, pl. 3, figs. 1-6.

Remarks. This morphotype differs from the type
material by having a more elongated test.

Stichomitra? annibill Kocher, 1981
Pl. 4, fig. 24

1981 Stichomitra annibill Kocher, p. 96, pl. 16, figs. 24-26.

1997 Stichomitra (?) matsuokai Hull, p. 164, pl. 49, figs. 2, 3, 13,
14, 19, 20.

Stichomitra ? tairai Aita, 1987
Pl. 4, fig. 23

1987 Stichomitra (?) tairai Aita, p. 72, pl. 3, figs. 7a-b, 8a-b, 9;
pl. 10, figs. 3-4.

Striatojaponocapsa? matsuokai (Sashida, 1999)
Pl 2, figs 43 a-b

1999 Tricolocapsa matsuokai Sashida et al., p. 566, pl. 1, figs. 4-5.

Theocapsomma medvednicensis Gorican, 1999
Pl 3, fig. 1

1999 Theocapsomma medvednicensis Halamic et al., p. 37, pl. 1,
figs. 12a-b, 13, 14a-b, 15-16.

Unuma darnoensis Kozur, 1991
Pl. 2, fig. 32

1991 Unuma darnoensis Kozur, pl. 2, fig. 2.
1994 Unuma darnoensis - Gorican, p. 95, pl. 10, figs. 7-8, 9a-b.

Unuma gordus Hull, 1997
Pl 2, fig. 34
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1995a Unuma sp. A - Baumgartner et al., p. 624, pl. 3309, figs 1-

1997 Unuma gorda Hull p., 172, pl. 43, figs 9, 11, 12.

Williriedellum yahazuense (Aita, 1987)
Pl 3, fig. 19

1987 Sethocapsa yahazuensis Aita, p. 73, pl. 2, figs 88a-b, 9a-b;
pl. 9, figs 16-17.

Williriedellum yaoi (Kozur, 1984)
Pl 3, figs 24 a-b, 25 a-b

1984 Praezhamoidellum yaoi Kozur, p. 53, pl. 3, figs 3a-b.

Xitus skenderbegi (Chiari, Marcucci & Prela, 2002)
Pl 4, figs 15, 16

2002 Neorelumbra skenderbegi Chiari et al., 68, pl. 1, figs 14-21.

Depositional history of Mt. Mangart succession

The Mt. Mangart area underwent tectonic exten-
sion related to the formation of the southern Tethyan
continental margin that started in the latest Triassic and
continued into the Jurassic (Bertotti et al. 1993). The
Mt. Mangart succession allows us to observe the transi-
tion from shallow-water carbonate platform to deeper-
water basin, to reconstruct a depositional history of the
basin-margin depositional system, and to discuss the
main mechanisms controlling the sedimentation on a
Jurassic southern Tethyan margin. For major facies
changes and second-order transgressive-regressive cy-
cles, discussed in this chapter see Fig. 5.

Lower Jurassic shallow water sedimentation
and demise of the carbonate platform.

The limestones of Unit 1 formed as a sand belt in
the marginal sector of a shallow-water platform record-
ing the Early Jurassic continuation of shallow-water
sedimentation since the latest Triassic. The finer-grained
peloidal wackestones/packstones in the upper part of
the Unit 1 were formed in a hydrodynamically quieter
environment. They contain open marine elements (Len-
ticulina), thus indicating deepening of the environment.
Because limestones of Unit 1 are the last evidence of
shallow-water deposition, that was never fully reestab-
lished, we interpret this deepening as being controlled
predominately by increased rates of tectonic subsidence
in the early Pliensbachian related to the development of
the southern Tethyan continental margin. At that time,
a shallow-water platform was dissected into blocks with
different subsidence rates. The intercalated peloidal
wackestone/packstones are thus interpreted as markers

of incipient drowning. Continuously increasing tectonic
subsidence rates probably coupled with carbonate pro-
ductivity decrease due to the eutrophication (cf. Dro-
mart et al. 1996; Mallarino et al. 2002; Morettini et al.
2002) caused complete drowning of the Mangart block
in the Pliensbachian. As a consequence, distal shelf
limestones with sponge spicules and juvenile ammonites
of Unit 2 began to accumulate.

In the upper part of the Unit 2, breccias and cal-
carenites composed mainly of echinoderm fragments
and clasts of underlying lithologies are present. We in-
terpret that their formation is related to a synsedimen-
tary extensional tectonic pulse in the Pliensbachian that
produced an unstable slope, uncovered older rocks and
enabled erosion. The facies change from distal shelf
limestones to echinoderm breccias and calcarenites is
similar to the change observed in the transition from
the Inici M3 Member to the Calcari a Crinoidi Forma-
tion at Monte Kumeta in western Sicily (Di Stefano et
al. 2002). This change is similarly interpreted as a con-
sequence of further down-faulting and relative sea-level
rise (Di Stefano et al. 2002).

The pelagic wackestone and packstone with
sponge spicules, radiolarians, and ferromanganese no-
dules overlying breccias and calcarenites suggest extre-
mely reduced sedimentation rates that reached a mini-
mum with the formation of a 25 cm thick Fe-Mn hard-
ground. We interpret this slowing of the sedimentation
rates and formation of the Fe-Mn nodules and crusts as
a result of the late Pliensbachian widespread Tethyan
regression (R5 in Graciansky et al. 1998) that induced
strong bottom currents sweeping off the sea floor and
thus prevented high sediment accumulation (Martire
1992, 1996).

For the Trento Plateau, which was a part of the
same rifted margin, a depositional depth of a few hun-
dred meters was assumed for the uppermost Lower Jur-
assic to lower Middle Jurassic ferromanganese hard-
ground that marks an unconformity surface (Winterer
& Bosellini 1981). However, other authors (Zempolich
1993; Clari & Masetti 2002) proposed shallower water
depths and suggested subaerial exposure (Zempolich
1993) in order to explain the unconformity in the Trento
Plateau. On the contrary, the Fe-Mn nodules at Mt.
Mangart occur within a pelagic limestone with sponge
spicules and radiolarians, and are overlain by black
shales and radiolarian-bearing limestones. Therefore
they clearly show a slowing of sedimentation rates with-
in marine environment, probably some hundreds of me-
ters deep (cf. Winterer & Bosellini 1981; Martire 1992).

Toarcian anoxic basin

The limestones in the lower part of the Unit 3
represent the upward continuation of open marine se-
dimentation and indicate that sedimentation rates in-
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creased most probably because of weakening of bottom
currents due to the early Toarcian transgression (T6 in
Graciansky et al. 1998) and an important input of terri-
genous clastics. Organic-rich shales with intercalated
siliceous limestones represent anoxic sediments depos-
ited during the early Toarcian Oceanic Anoxic Event,
also recognized in other parts of the Mediterranean in-
cluding the Southern Alps (Jenkyns 1985, 1988; Jenkyns
et al. 1985; Jenkyns & Clayton 1986; Baudin et al. 1990).
The Mt. Mangart area at that time acted as an anoxic
basin trapping the fine-grained sediments. According to
Jenkyns et al. (1991) these basins were located within
the oxygen minimum zone. Intercalated beds of silic-
eous limestone were deposited by fine-grained turbi-
dites. An early to middle Toarcian transgressive-regres-
sive cycle (T6/R6 in Graciansky et al. 1998) is recorded
within Unit 3 with maximum transgression represented
by the most abundant intercalations of siliceous lime-
stones within shales in the lower part of the unit
(Fig. 5). At the same level, a peak in abundance of the
radiolarian family Pantanelliidae was recorded, that
may indicate the maximum development of eutrophic
conditions (Gorican et al. 2003).

Bajocian rapid subsidence followed by deep ba-
sinal sedimentation

In the Bajocian a major reorganization in sedi-
mentation style of the investigated area occurred. The
Mt. Mangart succession at that time became a part of a
deeper basin with sedimentation of cherts and siliceous
limestones with radiolarians, and started to receive car-
bonate resediments from the adjacent Friuli (Dinaric)
Carbonate Platform. We interpret this reorganization
as a consequence of accelerated subsidence that oc-
curred prior to the late Bajocian. Increased subsidence
rates in the Bajocian are also recognized westward in
the Belluno Basin and on the Trento Plateau (Winterer
& Bosellini 1981; Martire 1992, 1996; Winterer 1998). A
long stratigraphic gap (at least from late Toarcian to
early Bajocian) separating Unit 3 from Unit 4 is here
interpreted primarily as a result of extremely slow sedi-
mentation rates due to sediment bypass as evidenced by
borings at the top of Unit 3. This discontinuity surface
is correlative with the Mid-Cimmerian unconformity
recorded in most of the European basin margins and
structural intrabasinal highs (Jacquin & Graciansky
1998; Jacquin et al. 1998).

The fine-grained sediments overlying basal brec-
cias of the Unit 4 are assigned to the UAZ 5 (latest
Bajocian-early Bathonian) radiolarian zone of Baum-
gartner et al. (1995c). The same radiolarian zone was
reported in radiolarian cherts overlying the oldest Jur-
assic ophiolites in the Dinarides — Hellenides, well
documented e.g. in the Mirdita Zone of Albania (Prela
et al. 2000). Moreover, in the Alpine Tethys, the oceanic

spreading also started during the Bajocian (review in
Bill et al. 2001). We can thus deduce that the rapid sub-
sidence of the continental margin in the Bajocian was a
response to oceanic opening in the western Tethys.

In general, the Middle and Upper Jurassic depos-
its of the Mt. Mangart succession (Unit 4) are domi-
nated by siliceous and carbonate background sediments
(cherty limestones, cherts and siliceous mudstones) and
abundant platform-derived carbonates that occur as
coarse debris-flow deposits, and coarse to fine-grained
turbidites.

Background sediments contain plankton (radi-
olarians), open marine benthos (sponge spicules, fila-
ments) and also variable amounts of carbonate mud.
The carbonate admixture in these beds can be either
of pelagic or platform origin. However, since the plank-
tic carbonate producers were scarce in the Middle Jur-
assic we assume that at least part of the carbonate mud
is allochthonous and exported off-platform (cf. Baum-
gartner 1987; Cobianchi & Picotti 2001; Bartolini et al.
2002; Mattioli & Pittet 2002; Pittet & Mattioli 2002).
The background sedimentation shows prominent in-
crease in the clay admixture in the upper part of the
Unit 4, which is the highest in the 2.5 m thick clay-rich
package dated as middle-late Oxfordian. We interpret
this increased clay content as a consequence of a warm
and humid climate in the middle-late Oxfordian that
enhanced weathering and therefore increased clay input
to the basins (cf. Weissert & Mohr 1996).

The variable amount of calcareous gravity-flow
deposits interstratified within pelagic background de-
posits allows the recognition of sea-level changes. Basal
breccias and calcarenites of M1 member contain re-
worked older lithoclasts and many highly evolved glau-
conitic grains. Some glauconitic grains still have pre-
served fractures on grain surface thus indicating that
they were transported over relatively short distances.
Glauconitic grains thus represent resedimented-parau-
tochthonous glauconitic grains (cf. Amorosi 1997) and
indicate long sediment starvation in the provenance area
(Odin & Fullagar 1988; Amorosi 1995, 1997). Parau-
tochthonous glaucony commonly occurs in transgres-
sive system tracts (Amorosi 1997; Harris & Whiting
2000; Cattaneo & Steel 2003). We therefore interpret
basal breccias and calcarenites in the lower part of the
Member M1 of the Unit 4 as transgressive deposits. On
the other hand, the reworked lithoclasts document an
important submarine erosion event cutting into the sub-
stratum down to Unit 2, which was probably exposed
due to normal faulting. It should be mentioned that
other neighboring sections of the same structural unit
show a several meters thick turbidite succession below
the correlative breccias. The formation of breccias thus
cannot be simply a response to the major subsidence
pulse in the Bajocian. Breccias and calcarenites could
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be related to the oversteepening and back-steeping of
the basin margin as transgression proceeds (cf. Emery &
Myers 1996) or they could mark another extensional
tectonic pulse creating slope instability due to normal
faulting.

Homogenous wackestone with radiolarians of M1
may correspond to a flooding of the adjacent carbonate
platform (T7/R7 in Jacquin et al. 1998) and thus max-
imum off-shore transport of lagoonal mud (cf. Schlager
et al. 1994). The lowermost part of the M3 member is
marked by amalgamated breccia beds abruptly overlain
by fine-grained calcarenites and thus indicate sediment
by-pass. 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 se-
quences (Mutti 1992). They represent the most proxi-
mal facies association of Unit 4 and are correlative with
the late Bathonian lowstand (R7/T8 in Jacquin et al.
1998). General thinning and fining upward trend from
upper Bathonian (top of M3) to Callovian-Oxfordian
(lower and middle part of the M4) and then coarsen-
ing-upward trend in the Oxfordian (see Fig. 5) corre-
sponds to the second-order transgressive-regressive cy-
cle 8 of Jacquin et al. (1998). Of special interest are
breccia bed and coarse-grained calcarenites in the upper
part of the Unit 4. They contain large eroded clasts of
underlying lithologies and also detritic grains of bytow-
nite-anorthite feldspars and represent the most proximal
facies in the uppermost part of the Unit 4. Occurrence
of the breccia coincides approximately with the onset of
a compressive regime in the internal domains of the
Dinarides (Chanell et al 1979, see also discussion in
Gorican 1994) and Hellenides (Baumgartner 1985). In
the most external domains of the Dinarides this event
resulted in major uplift and emersion of the Friuli (Di-
naric) Platform as evidenced by widespread bauxites
overlain by Tithonian limestones with Clypeina jurassi-
ca (Favre) (Dozet 1994; Dozet et al. 1996). Therefore we
interpret the breccias in the upper part of the Unit 4 to
be related to convergent plate movements in the Dinaric
Tethys, that caused normal faulting and differential sub-
sidence in pre-existing basins located in external do-
mains. The origin and provenance of the detritic grains
of bytownite-anorthite feldspars is, however, still enig-
matic and difficult to interpret from the single occur-
rence so far recorded.

Carbonate resediments of Unit 4 also record
changes in sediment production on the adjacent Friuli
Carbonate Platform. Oolitic megabeds of M2 corre-
spond to a maximum of oolitic production on the plat-
form in the Bathonian. From M2 upward the carbonate
resediments show increase in skeletal and concomitant
decrease in ooidal content, resulting in the beds com-
posed exclusively of echinoderm fragments in the
uppermost part of the Unit 4, as already observed by

Bosellini et al. (1981) in the coeval succession of the
Belluno Basin.

Middle to Upper Jurassic resedimented lime-
stones are characteristic of many Tethyan basins located
close to carbonate platforms, e.g. Belluno Basin in the
Southern Alps (Bosellini et al. 1981; Winterer & Bosel-
lini 1981; Clari & Masetti 2002), Sabina Basin of Um-
bria-Marche Apennines (Bartolini et al. 1996, 1999; San-
tantonio & Muraro 2002), Slovenian Basin (Cousin
1981) and Budva Basin (Gorican 1994) in the Dinarides.

Carbonate pelagic sedimentation

At the lower/upper Tithonian boundary, the silic-
eous background sedimentation (cherts and cherty lime-
stones of Unit 4) was replaced by carbonate back-
ground sedimentation (nodular limestones with chert
layers of Unit 5). Abrupt facies change to the calcareous
Biancone Formation is also observed in the Slovenian
Basin (Cousin 1981; Buser 1986, 1987) and further
south in the Dinarides (e.g. Gorican 1994). In the South-
ern Alps, an overall gradual increase in carbonate pela-
gic sedimentation is observed from the Oxfordian to the
lower Cretaceous (Weissert 1979; Winterer & Bosellini
1981; Baumgartner 1987; Baumgartner et al. 1995b; Bar-
tolini et al. 1999).

Correlation with Belluno Basin and Slovenian Basin

The Mt. Mangart area is located in the region
where the Southern Alps overlap with the Dinarides.
It lies between the Belluno Basin and the Slovenian
Basin (see Fig. 2) and represents a possible paleogeo-
graphic connection between them. We therefore corre-
late the Mt. Mangart succession with the successions of
the Belluno and the Slovenian Basin (Fig. 7).

Correlation with the Belluno Basin

At Mt. Mangart the lower Lower Jurassic shallow
water deposits of Unit 1 are overlain by Pliensbachian
deeper-water limestones of Unit 2. This mirrors the
western part of the Belluno Basin where lower Lower
Jurassic Calcari Grigi are overlain by a cherty limestone
of the Soverzene Formation (Masetti & Bianchin 1987)
but differs from the central part of the Belluno Basin
where the Soverzene Formation ranges down to the
Hettangian.

Unit 3 is correlative to the Toarcian black shales,
a member of the Igne Formation of the Belluno Basin
(Masetti & Bianchin 1987). The early Toarcian Oceanic
Anoxic Event was recorded in both areas. However, the
Igne Formation is much thicker, in general more calcar-
eous, and also contains middle Toarcian to lower-
?upper Bajocian deposits: limestones and dolomitic
limestones with interbeds of marls and dolostones with
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Fig.7 - Correlation of Mt. Mangart section with the successions of

the Belluno Basin and Slovenian Basin (Belluno Basin after
Baumgartner et al. 1995b, Slovenian Basin compiled after
Cousin 1981 and Buser 1987).

chert layers and nodules (Bellanca et al. 1999; Clari &
Masetti 2002), while these deposits are completely miss-
ing at Mt. Mangart.

Resedimented limestones of M1, M2, and M3 of
Unit 4 are time and facies equivalents of the Vajont
Limestone (Bosellini et al. 1981). The age of the Vajont
Limestone has been a matter of debate. On the basis of
calcareous nannoplankton Zempolich and Erba (1999)
proposed Aalenian to late Bajocian age, but Clari and

Masetti (2002) assigned the Vajont Limestone to the late
Bajocian to Bathonian. Our radiolarian data are consis-
tent with the dates of Clari and Masetti (2002).

The M4 member of Unit 4 is correlative to the
Callovian to lower Kimmeridgian Fonzaso Formation
and overlying Ammonitico Rosso Superiore. Unit 5 is
equivalent to the Biancone Formation of the Belluno
Basin (e.g. Baumgartner et al. 1995b; Clari & Masetti
2002).

The Mt. Mangart succession correlates well with
the successions of the Belluno Basin. However, the re-
sedimented limestones of the Vajont Formation are
much thicker in the Belluno Basin (800 to 1000 m in
most proximal sectors) than coeval M1 to M3 members
of Unit 4 of Mt. Mangart (42 m). This can be explained
by paleobathymetry. The Mangart subsided block was
located closer to the Friuli Platform and was topogra-
phically higher, which is also suggested by its relatively
late initial subsidence, conspicuous hiatuses and obvious
sediment bypass within Unit 4. On the other hand, in
the Slovenian Basin the oolitic resediments are also very
thin (25 m in most proximal areas — see below). Oolite
deposition on the platform was strongly controlled by
surface currents (Bosellini et al. 1981). A windward po-
sition of north-eastern margin of the Friuli Platform
facing the Slovenian Basin is thus probable, so that most
of the ooids were transported in south-western direc-
tion towards the Belluno Basin (Wright & Burchette
1996, p. 368).

Another important observation is that at Mt.
Mangart, a thin layer of coarse-grained breccia com-
posed of reworked basinal rocks and feldspars was
found at the top of Unit 4. This layer roughly correlates
with the Fonzaso Formation/Ammonitico Rosso
boundary. A similar breccia is not known in the Belluno
Basin.

Correlation with the Slovenian Basin

Units 1 and 2 of the Mt. Mangart succession are
time equivalent to the Lower Jurassic Krikov Forma-
tion (Cousin 1970, 1981; Buser 1986, 1987), charac-
terised by deeper-water resedimented limestones with
cherts similar to the Soverzene Formation of the Bellu-
no Basin. Unit 3 is correlative with lower part of the
Perbla Formation (Cousin 1970, 1981; Buser 1986,
1987) that consists primarily of shales. Unit 4 correlates
with middle and upper part of the Perbla Formation
(calcareous shales and siliceous limestones) and with
radiolarites (black, green and red cherts). Resedimented
limestones are locally intercalated in the Perbla Forma-
tion and in the radiolarites but are much thinner than
those of Mt. Mangart. Coarse to medium-grained rese-
dimented deposits occur only in the most proximal set-
tings whereas distal parts of the Slovenian Basin are
characterized only by fine-grained calcareous turbidites.



66 Smuc A. & Gorican S.

The Unit 5 of the Mt. Mangart succession is equivalent
of the Biancone Limestone in the Slovenian Basin.

The Mt. Mangart succession and the preserved
Slovenian Basin successions are generally similar. How-
ever, there are important differences. The Slovenian Ba-
sin was a deeper basin at the beginning of the Jurassic
while Mt. Mangart was still a shallow-water carbonate
platform. The transition from the Krikov Formation to
the Perbla Formation in the Slovenian Basin is contin-
uous, whereas at Mt. Mangart, the correlative U2/U3
boundary is discontinuous (Fe-Mn hardground). An
important stratigraphic gap is also recorded between
U3 and U4 at Mt. Mangart, whereas the Slovenian Basin
was characterized by a continuous sedimentation at that
time. The preserved proximal successions of the Slove-
nian Basin contain less oolitic resediments (up to 25m)
(Cousin 1981; Rozic 2003a,b). On the basis of these
differences we conclude that the preserved successions
of the Slovenian Basin were deeper and located more
distally from the Friuli (Dinaric) Carbonate Platform
than Mt. Mangart.

Conclusions

The Jurassic Mt. Mangart succession belongs to a
subsided platform margin that contains a record of rift-
ing history, platform drowning and subsequent basinal
deposition. The succession correlates with regional tec-
tonics, eustatic sea-level changes and major paleoceano-
graphic changes as follows:

1. Shallow water sedimentation at Mt. Mangart
lasted until the early Pliensbachian (Unit 1), when the
carbonate platform was drowned due to the increased
tectonic subsidence probably coupled with carbonate
production decrease. Consequently, distal-shelf deposits
started to accumulate. Further downfaulting continued
into the late Pliensbachian as evidenced by breccias and
calcarenites in the upper part of Unit 2.

2. The Fe-Mn hardground separating Unit 2 and
Unit 3 has been interpreted as the local record of the
Pliensbachian/Toarcian lowstand.

3. The black and brown shales, capped by an in-
tensively bored limestone (Unit 3) record the Toarcian
transgressive/regressive cycle.

4. The stratigraphic gap spanning the late Toar-
cian to early Bajocian corresponds to the Mid- Cimmer-
ian unconformity.

5. The accelerated subsidence prior to the late
Bajocian caused further deepening. Mt. Mangart became
a part of a deeper basin with siliceous background se-

dimentation and important carbonate input from the
adjacent Friuli Carbonate Platform.

6. Coarse-grained breccias capped by fine-
grained calcarenites at the base of the M3 member are
interpreted as the most proximal facies association of
Unit 4 and probably reflect late Bathonian regression.

7. The subsequent maximum transgression is
placed in the Callovian — Oxfordian siliceous sediments
of Unit 4, where the most distal calcareous turbidites
are intercalated.

8. An increased input of clayey material occurred
in the middle-late Oxfordian and was related to a
warming and more humid climate.

9. The formation of the overlying coarse-grained
breccia with basinal lithoclasts and feldspars could be
related to tectonic movements during the first stages of
compression in more internal Dinaric domains.

10. In the Tithonian, the succession shows a
change from siliceous to carbonate pelagic sedimenta-
tion that is a regional characteristic of basinal succes-
sions in the Southern Alps and Dinarides.

Comparison with the Belluno Basin and Slove-
nian Basin shows that Mt. Mangart is similar to the
sections in the marginal part of the Belluno Basin. In
the early Early Jurassic the Slovenian Basin and most of
the Belluno Basin were already deep-water basins while
the Mt. Mangart area was a carbonate platform that was
drowned not earlier than in the early Pliensbachian. Mt.
Mangart became a part of a deeper basin in the late
Bajocian. The preserved Middle to Upper Jurassic suc-
cessions of the Belluno and the Slovenian Basin were
deposited in deeper basinal settings located more dis-
tally from the Friuli (Dinaric) Platform than the Mt.
Mangart succession.

Considering the present day facies distribution
(Fig. 2), these facts could indicate that the Belluno Basin
and the Slovenian Basin were not continuous but were
wedge-shaped and, at least during early Early Jurassic,
disconnected by a topographic high preserved in the Mt.
Mangart succession. However, detailed stratigraphic re-
search, as well as structural analysis of Jurassic rocks in
the western Julian Alps, are needed to obtain a reliable,
more extensive paleogeographic reconstruction of this
region in the Jurassic.
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