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Abstract Anomalous patterns of the sedimentary archi-

tecture have been recognized in passive margins, and only

recently they have been associated with plate reorganiza-

tion or compressional deformations propagating from dis-

tant margins. With the aim of discussing the sedimentary

architecture and the potential tectonic perturbations to the

passive margin pattern, we present the revision of the

stratigraphy of a fossil passive margin, involved in the

retrobelt of the Alpine orogeny. The main events at the

transition from rifted to passive margin have been con-

trolled by palaeoceanography, i.e. the trophic state of sur-

face waters that hampered the carbonate photozoan

productivity for a long period between Toarcian and

Callovian. Toward the latest Bajocian–earliest Bathonian,

the platform productivity increased, dominated by ooids. A

regressional trend up to the Middle Bathonian allowed the

rapid infilling of the previous rift basin. The successive

aggradation in the platform was still dominated by non-

skeletal grains until the Early Oxfordian. The Middle

Oxfordian to Early Kimmeridgian was a time of recovery

of the palaeoceanographic conditions allowing the estab-

lishment of a hydrozoan/coral rich platform. The sedi-

mentation rates in the platform increased at the margin of

the productive Friuli–Adriatic Platform. From Late Kim-

meridgian on, the sedimentation rates at the platform

margin returned to the pre-Oxfordian values. At the scale

of the whole Adriatic Platform, the Middle Oxfordian to

Early Kimmeridgian interval is variable in thickness from 0

to 800 m, and it depicts a couple of folds of around

80–100 km of wavelength. The subsidence analysis of

wells and composite logs from literature suggests this

interval as a perturbation to the passive margin trend of

around 3 Myr of duration. We interpret this folding event,

superimposed to the passive margin subsidence, as the far

field expression of the transition from intraoceanic to

continental obduction, occurred at the eastern Adria active

margin.
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1 Introduction

The classic models of passive margin evolution depict a

stratigraphy progressively less influenced by the previous

rift structures and dominated by thermal subsidence, with

the pull of the adjacent cooling oceanic lithosphere.

Therefore, the resulting subsidence pattern is simple,

thickening toward the continent to ocean transition (COT,

e.g. Manatschal and Nievergelt 1997) and thinning toward

a hinge located near the coastline and mostly influenced by

sea-level oscillations (e.g. Pitman 1978).

A first criticism to this approach was presented by

Cloetingh (1988), who provides thermomechanical models

to suggest the same stratigraphic architecture could derive

from intraplate stresses, folding the lithosphere with large to

very large wavelength. This concept has been later explored
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and demonstrated both in the continental and oceanic

lithospheres (e.g. Stephenson and Cloetingh 1991; Beekman

et al. 1996) and finally proposed as a viable tectonic model

(Cloething et al. 1999). Since then, crustal to lithospheric

buckling has been documented in various settings, mostly

with the help of regional seismic profiles, close to subduction

zones and overprinting flexural basins (e.g. Bertotti et al.

2001) or in continents and associated passive margins (e.g.

India, Müller et al. 2015). A Special Publication of the

Geological Society of London (Johnson et al. 2008) high-

lighted the importance of compressional reactivation of

passive margins. Numerical and analogue models have been

provided by Cloetingh et al. (2008) to describe folded and

faulted rift basins and passive margins, including the Paris

Basin and the Black Sea, as well as the Pannonian Basin.

They concluded that basin inversion and lithospheric folding

control the post rift subsidence in many examples and they

are expression of intraplate deformation. On the other hand,

Doré et al. (2008) reviewed several mechanisms for the

observed North Sea inversion, and concluded that the far-

field compressional stresses from the coeval orogens,

although attractive for explaining the episodicity of the

compressional structures, are difficult to explain, for the

unclear spatial and temporal relationships with the orogens

and the difficult stress transmission pathways. Hillis (2008),

instead, clearly documented the Neogene to Recent com-

pressional strain on the Australian passive margins, and they

related it to the plate boundary forces. More recently,

Cloething and Burov (2011) reviewed the role of litho-

spheric folding on the evolution of sedimentary basin. These

authors defined basins associated with this buckling process

as peculiar for their relatively short temporal scales involved

(few Ma) and for their spatial scales spanning tens to hun-

dreds of km, depending on the rheology of the lithosphere

and its thermo-mechanical age. These features are evidenced

in the subsidence pattern, with acceleration of subsidence in

the depocenters and uplift and erosion from flanking highs.

Notwithstanding the recent literature, a description of

the effects of propagating compressional stresses in ancient

passive margins, later deformed into an orogen, is missing,

mostly because of the difficulty in reconstructing the sed-

iment architecture at a basin scale.

In this paper, we intend to bridge this gap, starting

from the detailed nannofossil stratigraphy of the Belluno

Basin (Cobianchi 2002) to obtain a larger picture of the

Jurassic stratigraphic architecture of the rifted to passive

Adriatic margin. We propose a revision of the stratigra-

phy of the Belluno Basin (Fig. 1) to calibrate the major

tectono-sedimentary evolutionary steps and widen the

view to the whole Friuli–Adriatic Carbonate Platform.

This put the basis to stratigraphically calibrate possible

scenarios for the tectonic interpretation of the sedimentary

successions.

In particular, we provide (i) a detailed revision of the

stratigraphy of the Belluno Basin and the Friuli–Adriatic

Platform (Fig. 1), a rift structure in the Eastern Southern

Alps of Italy that formed and deepened throughout the

Jurassic in the western part of the Tethyan ocean. (ii) We

present and discuss the dynamics of the platform thanks to

detailed biostratigraphy of the basin and slope. Once the

stratigraphic architecture at the transition from rifting to

passive margin is well established, and (iii) taking into

account the adjacent Friuli–Adriatic Platform, we discuss

the factors controlling the Jurassic stratigraphic architec-

ture of the Adria margin prior to the Cretaceous to Tertiary

subduction and collision.

For this long-lived shallow water platform, Vlahovič

et al. (2005) reviewed the Mesozoic evolution. They were

the first to relate the Late Jurassic facies differentiations to

a compressional environment without further details, since

it was not the main focus of their paper.

2 Materials and methods

Although the biostratigraphy of the measured sections has

been long available (Cobianchi 2002), a discussion of its

consequences for the stratigraphic correlations and its

sedimentological implications is still missing. This paper

takes also into account and critically discusses all the

available stratigraphic data in the literature, thus providing

an updated review of the area. Starting from the new cor-

relations, we first present platform to basin stratigraphic

evolution, describing the variations in sedimentary envi-

ronments and the lateral/vertical transitions. In some cases,

we could propose also palaeobathymetric estimates for the

Belluno Basin. Since we document the near filling of the

Basin at the beginning of Bathonian, we consider the

thickness differences between the post Bathonian succes-

sions, thinner in the basin and thicker at platform, as

indication of rough estimates of palaeobathymetry. These

are considered minimum values, since they do not take into

account the residual bathymetry of the top Bathonian in the

basin and the possible compaction of basinal sediments, but

are anyway provided just for a better defining of the sed-

imentary evolution of the basin.

To discuss the tectono-stratigraphy of the Adria rifted to

passive margin between the Belluno Basin and the Friuli–

Adriatic Platform, we present some subsidence curves from

the platform. We choose this carbonate platform for several

reasons. First, in this environment always near sea-level,

there is no need of palaeobathymetric correction, usually

associated with large uncertainties. Second, carbonate

platforms undergo early diagenesis, therefore the burial

compaction is minimal and associated to pressure solution,

not much effective in the study area, since the low post-
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Jurassic burial. Finally, the Friuli–Adriatic platform is one

of the widest palaeogeographic domain in the Adria plate,

and it allows us to cover around 200 km of the original

Jurassic spaces in west to east direction.

The subsidence curves are derived from stratigraphic

logs of the Friuli–Adriatic Platforms presented in the

regional synthesis by Vlahovič et al. (2005). The stratig-

raphy presented by the quoted authors is the synthetic

representation of a wide area, shown in our Fig. 1 with a

grey stretch, therefore providing a regional meaning to our

subsidence curves. Particular attention was devoted to

reconstruct the eroded stratigraphic interval in the two

sections, where an important erosional unconformity was

remarked by the occurrence of a bauxitic interval. For the

assessment of the missing interval, we adopted a minimum

value, averaging measured erosion rate in tropical car-

bonates, with dissolution of 100 m/Ma (see Viles and

Trudgill 1984). The westernmost subsidence curve has

been constructed after the Cesarolo 1 well, described by

Cati et al. (1987) and slightly reinterpreted in the present

paper.

3 Geological setting

The Jurassic successions studied are located in the eastern

part of the Southern Alps of Italy, an Adria-vergent fold-

and thrust belt derived from the retrowedge collision and

inversion of the Adria Tethyan passive margin. This latter

rifted off Pangea from the Triassic to the Early Jurassic.

Actually, the Adria margins recorded two rifting events:

the first, Permian to Middle Triassic, was associated to a

Tethyan ocean opening to the east of Adria (Meliata, and

then Vardar, e.g. Channell and Kozur 1997). The second

formed the rifted to passive margin under study and was

associated to the opening of a Tethyan branch to the west

of Adria (Piedmont-Ligurian or Alpine-Tethys, see Bertotti

et al. 1993). The wide Norian peritidal platform of the

Dolomia Principale/Hauptdolomit (Bernoulli and Jenkyns

1974; Winterer and Bosellini 1981) was dissected by sev-

eral north-south faults that separated areas with different

subsidence rates, resulting in a horst and graben submarine

topography. From west to east four different domains

bounded by rift faults were formed (e.g. Auboin 1963;

Bernoulli and Jenkyns 1974): the more subsident Lom-

bardian Basin, the Trento Platform, a carbonate swell

evolving during the Middle Jurassic into a pelagic plateau,

the narrow pelagic Belluno Basin and the Friuli Platform.

This latter (Fig. 1), characterised by shallow water sedi-

mentation throughout the Jurassic and most of the Creta-

ceous, represents the northwestern part of the larger

Adriatic carbonate platform of Vlahovič et al. (2005).

Several studies have demonstrated that this sector of the

Alps maintained the original pre-Alpine geographic order

of the domains and the platform-basin juxtaposition across

faults during the subsequent fold and thrust belt evolution
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Fig. 1 Jurassic palaeogeographic domains projected over the present

day geography. The original spaces are shortened in the north by

Alpine and in the east by Dinaride structures. The red faults are

Jurassic rift structures recognized in the field. The studied strati-

graphic sections are aligned along the two perpendicular tracks and

are spatially represented in Figs. 4 and Fig. 5, respectively. The four

sites chosen for the subsidence analysis of Fig. 6 are Cesarolo 1 well,

and the composite sections Istria 2, Gorsky Kotar 3 and Karlovac 4.

Open dots are HC exploration wells, locally used for reconstructing

the geological features in the subsurface
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(e.g. Picotti et al. 1995; Schumacher et al. 1997, see

Fig. 1). The same physiographic-structural elements

occurring in the Southern Alps have been also recognized

in the subsurface of the Venetian-Friulian plain (Cati et al.

1987; Masetti et al. 2012).

Different successions developed in each structural

domain, in particular this study deals with the stratigraphy

of the Belluno Basin during the Middle–Late Jurassic.

However, in order to better describe the evolution and

interaction of the Belluno Basin with the Trento Plateau to

west and the Friuli–Adriatic Platform to east, also data

coming from these domains will be included.

The Belluno Basin is a fault-bounded rift basin that

formed during the Late Triassic and Early Jurassic as part

of the Adria rifted margin (Bernoulli and Jenkyns 1974;

Winterer and Bosellini 1981). The basin is narrow,

20–50 km wide (Fig. 1) and less subsident than the coeval

basin to the west (Lombardian Basin, see Bertotti et al.

1993). The Belluno Basin has been described by Bosellini

et al. (1981) as an equivalent of the ‘‘Tongue of the

Ocean’’, the deep trench dissecting the Bahama banks.

This is true only until the Bajocian (Middle Jurassic)

when the Trento Platform drowned becoming a sub-

merged plateau and the only productive carbonate plat-

form was the Friuli to the east. This latter was established

in the Early Jurassic on the less subsiding blocks, east of

the Belluno Basin.

4 Middle to Upper Jurassic stratigraphy
of the Belluno Basin and adjacent platforms

The sections shown in Figs. 2 and 3 (and located along the

transects in Fig. 1) are studied in detail for their strati-

graphic features. Age calibration is based on the analyses

of the calcareous nannofossil content from 279 samples

performed by Cobianchi (2002), to which we refer for the

detailed description of the nannofossil biostratigraphy. The

bio-chronostratigraphic schemes proposed respectively by

Mattioli and Erba (1999), Chiari et al. (2007) and Casellato

(2010) are used in this paper to improve the age calibration

of the sections.

The studied succession of the Belluno Basin starts with

the Igne Fm, which overlies the Lower Jurassic Soverzene

Fm and is abruptly overlain by the Vajont Oolitic Lime-

stone (Vajont Lms). It consists of thin-bedded couplets of

pelagic marl and limestone. Limestones, upwards replaced

by dolomitic limestones to dolostones, are peloidal wacke-

packstone with sponge spicules, pelagic bivalves, ostra-

cods, echinoid fragments, lagenids, ammonoid proto-

conchs. In the upper portion of the unit the visible chert

sharply increases for the increasing of the radiolarian

abundance, locally ranging from 20 to 40%.

An abundant fauna of ammonites and Aulacoceras,

described by Boyer (1913) and Ferasin (1956), assigned the

unit to the Toarcian–Aalenian interval. Subsequently,

based on new ammonite finding, Casati and Tomai (1969)

ascribed the top of the Igne Fm to the Early Bajocian.

Based on the abundant and well-preserved calcareous

nannofossils, Cobianchi (2002) assigned the Igne Fm to the

interval from the Early Toarcian (first occurrence of

Carinolithus superbus) to the Bajocian. However, in the

measured sections, the top of the unit displays different

ages as a consequence of the erosional nature of the

boundary with the overlying Vajont Lms. The youngest age

was documented in the Vajont Gorge section (Fig. 2); here

the topmost of the Igne Fm is barren in calcareous nan-

nofossils, owing to the strong late diagenetic dolomitiza-

tion. However, the youngest bioevents, recorded at 13.6 m

below the top, is the first occurrence of Watznaueria

manivitae, which documents the late Early Bajocian age

(Fig. 2, Mattioli and Erba 1999). The non-decompacted

sedimentation rates reconstructed in this section for the

Toarcian and Aalenian interval of the Igne Fm are

respectively 3.4 and 2.7 m/Myr. If we apply an average

sedimentation rate of 3 m/Myr, the 13.6 m above the FO of

W. manivitae can represent the entire Bajocian, only 2 Myr

long (Cohen et al. 2013), or even the base of the Bathonian.

Therefore, notwithstanding the downcutting erosion of the

basal Vajont Lms makes it difficult to date the top Igne, a

Late Bajocian age for the top of the Igne Fm is very likely.

Finally, the unconformity at the base of the Vajont Lms is

documented not only by its erosional geometry but also by

the features of the clasts (endolithic boring documenting

hard-ground bioerosion) ripped off from the topmost

unconformable surface of the Igne Fm into the basal Vajont

Lms.

The Vajont Lms, observed in all the studied section, is

spanning from few to 400 m of thickness and it consists of

poorly bedded to massive oolitic lime grainstones and lime

packstones with frequent oncoids, peloids, lumps, micritic

intraclasts and skeletal grains. Bosellini et al. (1981)

interpreted the Vajont Lms as a turbiditic deposit, locally

interbedded with hemipelagic mudstone, which filled pro-

gressively the Belluno Basin. In our stratigraphy, we limit

the Vajont Lms to the body embedded within the Igne Fm

and the first hemipelagic mudstone that is correlated with

the overlying Fonzaso Fm. Therefore, we see no pelagic

interbeds in the Vajont Lms, and we rather interpret it as an

apron transported downslope mainly by hyperconcentrated

currents (grain flows), poorly bedded because of the fre-

quent amalgamation surfaces. In the Ponte Serra section

(Fig. 2), 2 m of peloidal wackestone, representing the

distal facies of the Vajont body, stratigraphically cover a

red condensed and nodular ammonite rich unit of Late

Bajocian–Early Bathonian age formed over the former
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Trento Platform. At the top surface of this condensed unit,

Cobianchi and Picotti (2002) reported the finding of several

intact shells of the irregular echinoid Cyclolampas cf.

castanea. This monospecific assemblage was formed and

preserved by burial of the Vajont deposits, documenting its

sudden emplacement.

Casati and Tomai (1969) dated the Vajont Lms to the

Late Bajocian–Bathonian interval based on the co-occur-

rence of Protopeneroplis striata and Trocolina sp. Bosel-

lini et al. (1981) assigned it to a generic Bajocian–

Callovian interval, based on its stratigraphic position.

Zempolich (1993) found a ?Docidoceras sp. ind. at around

150 m from the base of the Vajont Lms. The distribution of

this genus is ambiguous in the recentmost database, span-

ning the Late Aalenian to the top Bajocian

(171.6–168.4 Ma), or the Early Bajocian (http://fossil

works.org/bridge.pl?a=taxonInfo&taxon_no=14794).

Zempolich and Erba (1999) attributed the Vajont Lms to

the latest Aalenian–Late Bajocian interval, based on few

and poorly preserved nannofossil assemblages from the Col

Visentin section. Cobianchi (2002) documented an age for

the Vajont Lms spanning between the Early Bathonian (FO

of Watznaueria barnesiae at Ponte Serra Section) and the

early Late Bathonian (FO of Cyclagelosphaera wiedman-

nii, Mattioli and Erba 1999). Based on the palaeontological

evidences, the Vajont Lms is Late Bajocian to Middle

Bathonian in age: therefore, older age assigned by Zem-

polich and Erba (1999) could be due to nannofossil

assemblages reworked from the underlying Igne Fm, the

scoured substrate.

The Fonzaso Fm was studied in detail at the Ponte Serra

section, which represents the type locality of the formation,

and at the Vajont Dam, Soccher and Col Visentin sections

(Figs. 2 and 3). This unit attains a variable thickness

(20–80 m), but it covers the whole Belluno Basin. The

Fonzaso Fm, which abruptly overlies the Vajont Lms and

grades upward into the Maiolica Fm, is characterised by

cherty limestones and marls, rich in grey and red chert,
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Fig. 2 The studied stratigraphic sections along a west to east profile. See text for details
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Fig. 3 The studied stratigraphic sections along a north to south profile. See text for details
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interbedded with turbiditic calcarenites. A compositional

change of the resedimented debris occurs from a lower

portion of the unit, where it consists essentially of ooids, to

a middle portion that is enriched in skeletal fragments. This

change is here used to subdivide the unit into informal

members.

The lower oolitic member consists of thin-bedded red

and green cherty limestones, with red marly interbeds and

red chert. These layers are interbedded locally with white

peloidal and oolitic grainstone showing parallel and wavy

lamination. Grains are mostly composed of concentric

ooids, with minor miliolids and agglutinated foraminifers.

Based on the distribution of the nannoplankton in the

studied sections (Figs. 2 and 3, and Cobianchi 2002), this

member spans the Late Bathonian to the Early Oxfordian.

The skeletal member starts with a bioclastic matrix-

supported breccia, grading to a grainstone at the top, with

thickness ranging from 1 (Ponte Serra section) to 10 m

(Col Visentin section). Clasts consist of corals, calcareous

sponges, calcareous algae and micritic intraclasts, embed-

ded in a whitish micritic matrix. This basal breccia is

overlain by a thinning upward interval of well-bedded light

grey mudstones and bioclastic grainstones, followed by

radiolarian-rich grey-green lime mudstones, with marly

interbeds, and abundant chert nodules and ribbons. Based

on the distribution of the nannoplankton in the studied

sections (Figs. 2 and 3, and Cobianchi 2002), this unit

spans the Middle Oxfordian to the Kimmeridgian.

At the western tip of the basin (Ponte Serra section) and

at the base of slope (Col Visentin section, Figs. 2 and 3)

the skeletal member grades upward into a more condensed

interval of thin bedded to nodular reddish radiolarian-rich

limestones, with green and red marly interbeds. In this

upper member (nodular member in Figs. 2 and 3) Sacco-

coma-rich beds occur, as it is often the case in the Kim-

meridgian to Tithonian (Nicosia and Parisi 1979). Della

and Martire (1985) also reported a Kimmeridgian to Early

Tithonian age for this nodular member. In the upper por-

tion of this member, some thin beds of whitish bentonites

are interbedded, derived from original volcanic ashes

(Bernoulli and Peters 1970). These ash layers are widely

represented in this interval of the Alpine Tethys and they

are likely related to the Vardar island-arc volcanism

(Pellenard et al. 2013, see next chapter). The age of the

Fonzaso unit was attributed to the Callovian–Kimmerid-

gian interval by Casati and Tomai (1969) and Bosellini

et al. (1981). Beccaro et al. (2008) dated the lower interval

of the Fonzaso at Ponte Serra to the Callovian thanks to a

rich radiolarian fauna. The detailed study of the nanno-

fossil content, performed by Cobianchi (2002), allowed us

to ascribe the Fonzaso Fm to the Late Bathonian–Early

Tithonian interval. In the lower portion of the unit, the FO

of Cyclagelosphaera wiedmannii was documented both in

the Soccher and Ponte Serra sections. This event falls in

the early Late Bathonian (Mattioli and Erba 1999).

Upwards, always within the oolitic member, the LO of

Cyclagelosphaera wiedmannii was recorded, which cor-

responds to the Callovian/Oxfordian boundary (Reale and

Monechi 1994; Chiari et al. 2007; Casellato 2010). The

breccia, marking the onset of the skeletal member, is

Oxfordian in age because it occurs above the LO of C.

wiedmannii and below the LO of Watznaueria contracta.

Unfortunately, in literature the calibration of this latter

event is not well established, also because in the last part

of its range W. contracta appears to be rare. Bartolini et al.

(1995) in the Terminilletto section documented the LO of

W. contracta in a Middle–Upper Oxfordian range.

According to Chiari et al. (2007), the LO of Watznaueria

contracta falls in a transitional zone spanning the radio-

larian Unitary Zones (UAZ) 9 and 10, in a range that

includes the Upper Oxfordian and the base of the Kim-

meridgian. Then, even if this event is not well calibrated, it

anyway falls in a range that includes the Middle–Upper

Oxfordian to lowermost Kimmeridgian. In all the sections

studied, this event precedes slightly the lower bentonite

bed implying that this latter may still be Oxfordian in age.

In the middle portion of the third member the FOs of

Conusphaera mexicana minor and Conusphaera mexicana

mexicana, documenting the Lower Tithonian, were

observed (Cobianchi 2002). At Col Visentin and Soccher,

the Upper Tithonian white micritic limestones of the

Maiolica Fm overlies the Fonzaso Fm. The former, with

thicknesses ranging 250–350 m, encompasses almost the

whole Early Cretaceous (Erba and Quadrio 1987).

5 Discussion

5.1 Birth and infilling of the Belluno rift Basin

The Belluno Basin is just one of the rift structures formed

in the Southalpine realm since the Late Triassic (Bertotti

et al. 1993). As typical of the wide rifted margins (sensu

Buck 1991), both hangingwall (the Belluno basin) and

footwall (the adjacent platforms) were subsident (Brun

1999). During the Early Jurassic rifting, shallow water

carbonate formed, named Calcari Grigi both at the Trento

and the Friuli Platform, deposited over the footwall,

whereas in the hangingwall deeper water sediments, the

Soverzene Fm in the Belluno Basin, occurred (Fig. 4). In

the Sinemurian, drowning of the eastern sector of the

Trento Platform occurred (see Masetti et al. 2012), with

backstepping of the platform margins that brought about

the final basin configuration, with the easternmost 10 km of

the former Trento Platform that hosted only patchy cri-

noidal sand waves in an open shelf (Figs. 1, 4).
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The final drowning of the Calcari Grigi on the Trento

Platform occurred at the end of the Pliensbachian (Dal Piaz

1907, fide Della and Martire 1985; Cobianchi and Picotti

2001). For the remaining Toarcian to Bajocian, the Belluno

Basin was starving, with a reduced interval of limestones–

marls couplets (Igne Fm). The platform contribution was

very limited and coeval successions in the platform sur-

rounding the Belluno Basin, i.e. the eastern Trento and

western Friuli platforms, are not known. The palaeo-

ceanographic conditions in this sector of the Tethys have

been considered unsuitable for the carbonate productivity

during this Toarcian to Bajocian time (Zempolich 1993:

Bartolini et al. 1996; Cobianchi and Picotti 2001).

At Ponte Serra, i.e. the easternmost edge of the Trento

Platform, a thin condensed unit developed, consisting of

Upper Bajocian–Lower Bathonian reddish nodular lime-

stones, rich in ammonoids and globigerinids (see Figs. 2,

4). This unit belongs to the wider pelagic domain of the

Trento platform, consisting of a condensed succession of

Bajocian to Callovian, and corresponding to the lower

member of the Rosso Ammonitico Veronese (Martire

1996; Martire et al. 2006). From the Toarcian–Aalenian on,

the Trento Platform drowned (Zempolich 1993; Picotti and

Cobianchi 1996; Cobianchi and Picotti 2001) and its

bathymetry was deeper than the photic zone: this is the

reason why in the literature the name changes into Trento

plateau (Winterer and Bosellini 1981). The Upper Bajocian

condensed unit is transgressively covering the drowned

platform (Fig. 4), and our data suggest that this transgres-

sion brought also new accommodation space on the margin

Fig. 4 Stratigraphic and geologic cross section along the west-east track shown in Fig. 1, with datum at the Middle Bathonian. In the bottom left

inset, the chronostratigraphic chart corresponding to the section. Note the strong vertical scale exaggeration
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of the Friuli Platform, giving rise to ooidal production and

shedding toward the Belluno Basin (Vajont Lms). In the

available literature (e.g. Bosellini et al. 1981; Masetti et al.

2012), there is confusion in defining the Vajont Lms, since

these authors included also the oolitic interbeds of the

lower member of the Fonzaso Fm. In this review, following

the precise age assignment to the Late Bathonian of the

base of the Fonzaso Fm, we better define the Vajont Lms as

a Upper Bajocian to Middle Bathonian unit. The occur-

rence of the Vajont Lms abruptly covering the condensed

Rosso Ammonitico Veronese at Ponte Serra documents

sharp facies changes at the end of the Early Bathonian.

These gravity-driven flows originated from the Friuli

Platform at the time of maximum progradation of the slope

apron of the Vajont Lms (Fig. 4). The occurrence of the

Vajont Lms at Ponte Serra documents the spilling of the

sediments over the margin of the Trento Plateu after the

filling of the previous bathymetry of the Belluno Basin,

where almost 400 m of oolitic limestones occur (see

Fig. 4). Therefore, the infilling of the Belluno Basin is

mostly constrained between the Late Bajocian and the

Early Bathonian (Fig. 4), whereas the Vajont Lms contin-

ued up to the end of the Middle Bathonian. This sedi-

mentary body shows an abrupt increase of sedimentation

rate from 3 m/Myr of the underlying Igne Fm to around

300 m/Myr of the Vajont Lms.

At the Friuli Platform margin, a unit of prevailing

dolostones, not better dated than Middle Jurassic, is known

from the subsurface (Cesarolo 1 well, Fig. 1 for location

and Fig. 5; Cesarolo Dolomite in Cati et al. 1987), where

ghosts of ooids have been described. Due to the lack of

exposure of coeval shallow water carbonates in the Friuli

Alps, this is the only possible shallow water counterpart of

the Vajont Lms, as it has been generally proposed in the

literature (Bosellini et al. 1981, who called it Ternowaner

Oolite). The Vajont Lms sedimentation rate is two orders

of magnitude higher than any other basinal carbonates,

including the syn-rift Soverzene Fm that was well supplied

from the surrounding Calcari Grigi platforms during Early

to Middle Lias, a time of good carbonate productivity (see

Figs. 4, 5; Cobianchi and Picotti 2001). The Vajont Lms

consists of ooidal sand-size deposits mostly, and this sug-

gests the reduction of peritidal environments in the plat-

form, usually exporting mud. Therefore, the shallow

bottom of the Friuli Platform was swept by ooidal shoals,

likely controlled by tidal currents, and, to explain the very

efficient offshore transportation of the ooids, not only a

high ooid productivity is required, but also a low accom-

modation space in the platform. For this reason, we inter-

pret the Vajont Lms as a prograding slope apron deriving

from the reworking of the platform margins, at a time when

most of the Friuli Platform was swept by strong currents.

Interestingly, in the second order stratigraphic cycles of

both Boreal and Tethyan realm, the Early Bathonian is the

onset of a regression that culminate in the Middle Batho-

nian (Jacquin et al. 1998). Therefore, the Vajont apron

developed as lowstand shelf/slope wedge. At the third

order scale, the sea-level oscillations could have been more

complex, as suggested by the stratigraphic reconstruction

of the European margin, where similar ooidal shelf wedges

coevally developed (e.g. Gonzalez and Wetzel 1996).

Unfortunately, our case study does not allow to enter into

the third-order frequency. Following this interpretation, we

think that the counterpart of the Vajont Lms on the Friuli

Platform could not form a thick body during the Late

Bajocian–Middle Bathonian. Most of the Cesarolo Dolo-

mite should have started to aggrade only after the mid-

Bathonian peak regression, mostly developing between

Late Bathonian and Early Oxfordian (see Fig. 5), thus

coeval with the Fonzaso Fm (Oolitic member) in the basin.

5.2 Aggradation of the Friuli Platform margin

and deepening of the adjacent basins

In the Belluno Basin, the Callovian to middle Oxfordian

lower member of the Fonzaso Fm record several intervals

of oolitic grainstones interbedded within the radiolarian-

rich pelagic limestones (Oolitic member, Figs. 2, 3). These

gravity-driven deposits, derived from the Cesarolo Dolo-

mite (Fig. 5), reached the most distal sector at Ponte Serra

in the Late Callovian–Early Oxfordian, whereas they

encompass the whole Callovian–Middle Oxfordian at the

base of slope of the Friuli Platform (Col Visentin, Figs. 3,

5). This younging of the top of the gravity-driven deposits

from distal to proximal suggests a backstepping trend of

the platform margin, as already shown in the seismic

profiles of the subsurface by Cati et al. (1987, see Fig. 5).

At the Middle–Upper Oxfordian, a lime mud-supported

breccia occurs all over the basin with thicknesses ranging

from 1 m at Ponte Serra section, to 2.5 m at Soccher and

finally 10 m at Col Visentin, with a clear thickening toward

the slope. The clasts include angular pieces of coral and

sponge boundstones (Ellipsactinia sp.), rip-up clasts of

slope sediments and skeletal grains from the platform. This

breccia represents a single event of failure of the platform

margin and it is a unicum in the stratigraphy of the Belluno

Basin. No outcrops of the Oxfordian platform margin are

available, and the few published seismic lines do not show

platform edge collapses. Therefore, we can only interpret

this breccia body as the most important failure of the

Jurassic margin of the Friuli Platform, given the volumes

involved (see e.g. Reijmer et al. 2015). A possible expla-

nation for it is a (series of) ground shaking due to effective

earthquakes, affecting a slope whose angle was increasing,

thanks to the change from the shoal-rimmed Cesarolo

Dolomite to the reefal-rimmed Ellipsactinia Lms (Fig. 5).
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During the Early Kimmeridgian, prevailing hemipelagic

sedimentation dominated the basin. The only gravity-dri-

ven deposits are found at the slope section of Col Visentin.

The Upper Oxfordian–Lower Kimmeridgian platform is

very thick (850 in the Cesarolo 1 well), showing a sedi-

mentation rate much higher than the previous platforms

(240 m/Myr against 50 m/Myr of the underlying Cesarolo

Dolomite). This fast aggrading margin was typically

dominated by calcareous sponge of the genus Ellipsactinia

and corals. This evolution limited the exportation toward

the basin, starving and deepening it from a bathymetry of

around 500 m at the Middle Oxfordian to around 1400 m

at the end of Kimmeridgian (Fig. 5). In the only outcrop

known of the top of the Ellipsactinia Lms at Polcenigo

(Fig. 1), described by Sartorio (1987), few tens of meters

of boundstones with Ellipsactinia and corals occur, with a

topmost nerineid mound. A drowning succession on top of

the Ellipsactinia Lms consists of less than one meter of

pinkish nodular to bedded limestones, bearing an ammonite

of the late Early Kimmeridgian (Taramelliceras compsum,

Sartorio 1987). This unit marks the basal boundary to the

subsequent unit, the Cellina Limestone that in the Cesarolo

1 well (Cati et al. 1987) was not well dated. This latter unit

consists of a large peritidal platform both in the outcrops

(Cuvillier et al. 1968) and in the subsurface (Cati et al.

1987) (Fig. 5). Thus, the drowning succession, topping the

marginal facies of the Ellipsactinia Lms represent the

maximum transgression of the relative sea-level, followed

by a regression, due to the establishment of the healthy

Cellina platform. Its equivalent margin, consisting again of

a coral–hydrozoan reef and associated talus, described by

Ferasin (1958) and more recently by Schindler and Conrad

(1994), shifted about 8 km northwest, re-establishing at the

Middle Jurassic location. The early growth of the Cellina

platform finds its basinal counterpart in the Upper Kim-

merigian to Lower Tithonian nodular member of the Fon-

zaso Fm. This is a condensed interval with rosso

ammonitico facies, developed on the more elevated areas,

such as the Ponte Serra section at the distal part of the basin

and the Col Visentin section, located at the slope. After this

condensed interval, the sedimentation rates in the basin

abruptly increased, starting at the Late Tithonian, due to
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the combined factors of the increasing exportation from the

platform and production of planktonic organisms (nanno-

conid bloom, Erba and Quadrio 1987).

5.3 Jurassic subsidence history of the Friuli–

Adriatic Platform: tectonic perturbations

in the Adria passive margin

The Middle–Late Oxfordian to Early Kimmeridgian

increased sedimentation rate is not recorded all over the

Adriatic Platform. In their regional review, Vlahovič et al.

(2005) showed composite sections from Istria and Gorsky

Kotar north of Rijeka, for the platform interior and Kar-

lovac for the eastern Adriatic Platform margin. We have

analysed these data for their subsidence history together

with the Cesarolo 1 well for the Friuli Platform margin

(Cati et al. 1987), and we present them in this section

(Fig. 6, see Fig. 1 for location).

In Istria, an important emersion and erosion event

occurs, recorded by bauxite deposits embedded between

the Lower Oxfordian and the Upper Tithonian (Vlahovič

et al. 2005). On the Gorsky Kotar section, located around

50 km to the east, the Middle Oxfordian to Lower Titho-

nian interval, missing on the Istria section, reaches thick-

nesses of more than 500 m, comparable to the 800 m of the

Cesarolo 1 well (Fig. 6). Finally, the Karlovac section

shows the absence of the whole Middle Jurassic and the

Oxfordian, again due to emersion and erosion, but the

shallow-water sedimentation recovers at the Kimmerid-

gian–Tithonian.

The overall picture is provided by a profile presented in

Fig. 6e, where one can evaluate the large wavelength

folding of the substrate, with around 80–100 km wave-

length, a value that has been already observed (Cloething

et al. 1999; Cloething and Burov 2011).

Subsidence during Early Jurassic was controlled by

rifting with variable rates even in the Friuli–Adriatic

Platform, possibly due to the activity of normal faults

within the platform domain (Fig. 6, see Franceschi et al.

2014). In most of the Southalpine rifted margin, the normal

faults were already inactive at the end of the Early Jurassic

and the rift activity went focusing from Toarcian to Bajo-

cian at the westernmost edge of the Southern Alps, more

than 300 km west of the Friuli–Adriatic Platform, even-

tually leading to the breakup west of it (Bertotti et al.

1993). For this reason, in Fig. 6 we indicate the rifting

stage only until the Toarcian, followed by a drifting that

anyway is associated with oceanic lithosphere spreading

only in the Middle Jurassic (Fig. 6). The cessation of the

rift fault activity brought about variable subsidence pat-

terns, from low and steady (e.g. Karlovac section in Fig. 6),

to similar to the previous (Istria) or even null, but

increasing toward the onset of Late Jurassic (Cesarolo 1),

to a gradually increasing subsidence pattern throughout the

Middle Jurassic (Gorski Kotar) (Fig. 6). From the Middle

Oxfordian to the Kimmeridgian, the subsidence pattern

changed dramatically. Istria and Karlovac sections record

negative subsidence (uplift) and stop of sedimentation with

emersion and erosion (Vlahovič et al. 2005), whereas

Cesarolo 1 and Gorsky Kotar show a coeval abrupt

increase of the sedimentation rates. From the Tithonian to

the Early Cretaceous the subsidence returned to the pre-

vious values, with the exception of a short-lived variation

at Karlovac (Fig. 6). These latter rates appear compatible

with the thermal subsidence of the drifting stage (e.g.

Stampfli 2000).

The subsidence history for the Middle Oxfordian to the

Kimmeridgian, on the contrary, is not compatible with a

passive margin subsidence of the Adria lithosphere. We

interpret these movements as long wavelength folding, a

compressional perturbation superimposed to the drifting trend

and affecting this sector of the Adria passive margin. The

wavelength measured from the profile in Fig. 6e is around

80–100 km, a value that is considered typical by Cloething

and Burov (2011) for the folding of the whole lithospheric

mantle in case of young (around 100 Ma) thermotectonic

ages. This is well suitable in the case of this sector of the Adria

lithosphere that was strongly reworked by thermotectonic

events in the Early Permian and Middle Triassic, respectively

110–65 Ma earlier than the Middle Oxfordian.

The timing of this folding corresponds to important

events at the eastern margin of the Adria plate (Fig. 7). In

recent years, and following the first pioneering works (e.g.

Mercier 1966; Bernoulli and Laubscher 1972), several

papers highlighted the evolution of the orogenic belt

forming the transition between the eastern Adria and Eur-

asia margins (e.g. Schmid et al. 2008; Mikes et al. 2008;

Bortolotti et al. 2013; Gallhofer et al. 2017). These

reconstructions are based on structural and stratigraphic

relationships between the obducted ophiolites and the

deformed units of the Adria plate. They include

radiochronometric ages and geochemistry of magmatic

products associated with the subduction(s) and metamor-

phic ages associated with obduction.

All these papers have in common the recognition of the

important obduction of the West Vardar ophiolites (sensu

Schmid et al. 2008) over the Adriatic plate. Obduction

started as intraoceanic, and its evolution throughout the

Middle Jurassic can be tracked with the stratigraphic age of

the youngest oceanic sediments underneath the obducted

ophiolites (Late Bajocian–Early Oxfordian, Schmid et al.

2008), and with the peak metamorphism of the metamor-

phic sole (174–157 Ma, Schmid et al. 2008; 176 to 158 Ma

Bortolotti et al. 2013). In the Late Jurassic, the Adriatic

continental lithosphere started to get involved in the

obduction process (Fig. 7). This is documented by the
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absence of Late Jurassic age for the metamorphic sole

(Bortolotti et al. 2013), but also by the sedimentary rocks

on the Adria plate. In literature, in fact, occurrence of

ophiolitic detritus in the Upper Jurassic clastic deposits is

reported in the Bosnian flysch, to the east of the Friuli–

Adriatic Carbonate Platform (Mikes et al. 2008), and in the

Middle Oxfordian–Lower Kimmeridgian Sillenkopf Basin

in the Northern Calcareous Alps near Salzburg (Gawlick

et al. 2015) (see Fig. 7e). Furthermore, over the obducted

ophiolitic bodies, shallow water platform carbonates have

been described as Upper Oxfordian to Kimmeridgian, or,

more generally, Upper Jurassic (e.g. Bortolotti et al. 2013,

Gallhofer et al. 2017). These carbonate platforms postdate

the obduction and their shallow bathymetry confirm the

ophiolites were already thrusted over the thick continental

lithosphere of the eastern margin of the Adria plate.

Finally, some papers deal with the magmatic activity

peaking between around 160 and 155–153 Ma, intruding

the oceanic lithosphere (e.g. Gallhofer et al. 2017) as well

as the Eurasian margin (Rhodope, e.g. Burg 2012; Bonev

et al. 2015). This magmatic activity is interpreted as a

volcanic arc setting associated to the subduction (see

Fig. 6 Subsidence history for the chosen sites, located in Fig. 1. At the bottom, a stratigraphic cross section across the whole studied area, with

datum at the Early Aptian. Note the strong vertical scale exaggeration
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Fig. 7). The end of this magmatic activity has been asso-

ciated to obduction of oceanic lithosphere over the Adria

plate margin. The timing of the end of magmatic activity

corresponds to the subsidence perturbations of the studied

sector of the Adriatic lithosphere (Figs. 6, 7).

We have depicted a very short review of the main steps

of the tectonic history of the eastern margin of the Adria

plate, with the main relevant literature. A deeper discussion

is beyond the scopes of this work. However, to better

understand the role of the transition from oceanic to

(a) (b)

(c)

(d)

(e)

Fig. 7 Palaeogeographic setting at 160 (a) and 152 (b) Ma (modified

after Gallhofer et al. 2017). Note in a the track of the next cross

sections c–e. The cross sections (not to scale) are simplified

reconstructions of the main events affecting the eastern Adria plate

during the drifting of the Alpine Tethys at the western margin:

c oceanic subduction of Meliata and west Vardar oceans. d impinge-

ment of Adria continental lithosphere into the subduction system and

activity of the Vardar volcanic arc with explosive volcanism and ash

fall over Adria and Europe. e obduction of the W Vardar against

Adria and E Vardar against Rhodope
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continental obduction, in Fig. 7 we present a palaeogeo-

graphic reconstruction based on the interpretation of

Gallhofer et al. (2017) that in our view offers a suit-

able plate tectonic reconstruction of the Adria plate, linking

the drifting of the Alpine Tethys and its Adriatic passive

margins to the subduction and obduction to the east.

5.4 Other sedimentary evidences of tectonic activity

in the margins and interior of plates

The Upper Jurassic sediments record tectonic movements

not only in the Adriatic passive margin, and include several

indicators.

Rhyolitic to trachytic ash layers weathered into ben-

tonites (Bernoulli and Peters 1970) are very common in

the Middle Oxfordian all over the Adria plate (Pellenard

et al. 2013), but they are also found on the European plate

(Paris basin, Subalpine basin, eastern France, Pellenard

and Deconinck 2006). In the studied Belluno Basin, as

well as in the Lombardian Basin, similar weathered ash

layers are found also at the base of Early Kimmeridgian

(Fig. 2 and Chiari et al. 2007). Overall, they have been

correlated to the arc volcanism associated to the Vardar

oceanic subduction (see Fig. 7 for a possible

interpretation).

A coeval tectonic activity in terms of surface faulting

is recorded by sudden thickness variations in the Oxfor-

dian successions of the Adria plate both in the Southern

Alps (e.g. Martire 1996), and in the northern Calcareous

Alps (Austroalpine). Here, large breccia bodies and olis-

tholiths in the mid-Oxfordian have been interpreted as

evidences of compressional (Gawlick et al. 1999; Mandl

2000) or extensional faulting (Ortner et al. 2008). What-

ever the interpretation of tectonic environment, these

faults and associated breccias are coeval with the

described buckling of the Adria lithosphere, and are

possibly different expressions of the ongoing tectonics at

its eastern margin.

On the European side, a Late Jurassic stress field reor-

ganization was claimed (Ziegler 1990) to explain the

widespread evidence of subsidence pulse, such in the Jura,

with possible reactivation of basement faults (Allenbach

2002; Wetzel et al. 2003), or in the Helvetics (Rais et al.

2007).

Similar pulses of subsidence at the beginning of the Late

Jurassic are recorded in the Anglo-Paris Basin (Rioult et al.

1991) and in the Paris Basin (Loup and Wildi 1994), as

well as other parts of Europe and Iberia (e.g. Pittet and

Strasser 1998). The occurrence of similar perturbations in

the subsidence pattern of the European and Iberian plates

points to a wider plate reorganization (e.g. Ziegler 1990),

with the obduction processes in the eastern margin of the

Adria plate that represents only part of it.

5.5 A geochronological problem

In the reconstruction of the subsidence curves, we adopted

the recentmost available chronostratigraphic chart that

shows the Oxfordian/Kimmeridgian boundary age to

157.3 ± 1.0 Ma (Cohen et al. 2013 updated). Accordingly,

the timing of observed folding of the Southalpine passive

margin, Middle Oxfordian to Early Kimmeridgian, would

correspond to a geochronological timespan of around

160–155 Ma (Fig. 6).

The timing of obduction of the West Vardar ophiolites

over the Adriatic continental margin is constrained by

Schmid et al. (2008) and Bortolotti et al. (2013) between

the Early Oxfordian (biostratigraphic age of the youngest

oceanic deposits underneath the ophiolites) and the Late

Oxfordian to Early Kimmeridgian (based on the biostrati-

graphic age of the carbonate platforms capping the

obducted ophiolites). The metamorphic ages available from

literature (Schmid et al. 2008, Bortolotti et al. 2013) also

document the transition from intraoceanic to continental

obduction occurred at 157 Ma. On the other hand, the end

of the arc-volcanism, by most authors associated with the

continental obduction, is recorded at 155–153 Ma (e.g.

Bonev et al. 2015; Gallhofer et al. 2017).

Therefore, there is a mismatch between the age of the

buckling of the Adria lithosphere reconstructed from

biostratigraphy (Middle Oxfordian–Early Kimmeridgian,

i.e 160–155 Ma according to Cohen et al. 2013 updated)

and those of the obduction process (157–153 Ma), recon-

structed through radiochronometric dating. These latter are

3–4 Ma younger than the former.

We acknowledge this point could be due to two alter-

native reasons: (1) folding is not associated to the obduc-

tion of the eastern Adria margin or (2) the

geochronological dating of the Oxfordian and Kimmerid-

gian in the recent chronostratigraphic chart of Cohen et al.

(2013) is not consistent with the biostratigraphy. This latter

hypothesis could be raised also because of the absence of

GSSP in the Late Jurassic, whose boundaries are mostly

interpolated using cyclostratigraphy.

Recent papers highlighted discrepancies between the

Late Jurassic radiochronometric ages and their strati-

graphic position. Pellenard et al. (2013) provided a
40Ar–39Ar age of 156.1 ± 0.89 Ma for a Middle Oxfordian

(transversarium Zone) bentonite layer of the Rosso

Ammonitico Veronese of the Trento Plateau. The above-

mentioned authors discussed this age with respect to the

chronostratigraphic chart and concluded with an evident

4 Ma discrepancy between their age and the interpolated

age from the Cohen et al. (2013) chart.

The same 4 Ma discrepancy was noted by Gallhofer

et al. (2017) when they discuss the onset of the continental

obduction after the youngest island arc intrusion at
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153 Ma. In the same region, on top of the obducted ophi-

olites, a shallow water carbonate was biostratigraphically

dated at the Oxfordian/Early Kimmeridgian (Gallhofer

et al. 2017), i.e. 157 Ma according to the stratigraphic

chart of Cohen et al. (2013).

A similar geochronological problem has been recently

raised by Tribuzio et al. (2016) for older stages of the

Middle Jurassic. The authors U/Pb dated oceanic crustal

rocks of the Ligurian Alpine Tethys, located west of the

Southalpine rifted margin (Fig. 7) covered with radiolar-

ian-rich sediments. Whilst the palaeontology documents a

Bathonian age for these sediments, the underlying rocks

provided U/Pb ages between 165 and 160 Ma, that is

Callovian to Middle Oxfordian, according to the chronos-

tratigraphic chart of Cohen et al. (2013 updated). This

mismatch, again around 4 Ma, suggests the necessity of

reconsidering the geochronology of the Middle–Late

Jurassic.

If we accept the younging of the boundary ages of the

Cohen et al. (2013) chart by around 4 Ma, then we can

reconcile also our stratigraphic observations of peak

activity between Middle Oxfordian and Early Kimmerid-

gian (Fig. 6), with the radiometric dated evolution of the

eastern margin of Adria (see Fig. 7d, e).

6 Conclusions

The effects of stress transmittal from the margins toward

the interior of the plates are known mostly from modelling

experiments (e.g. Cloething and Burov 2011), but their role

on the evolution of sedimentary basins is still poorly

documented.

In this paper, we first set the timing of the main

depositional events by providing a detailed stratigraphy

for the Belluno Basin and the adjacent Trento and Friuli

Platforms, at the rifted- to passive margin of the Adria

plate in the Southern Alps of Italy. With the aim of

assessing the wavelength of the movements affecting the

study area, we enlarged the view to the whole northern

Adriatic Platform, moving to the east toward the Jurassic

active margin of Adria to reconstruct its stratigraphic

architecture.

The transition from rifting to drifting in the study area is

associated with important changes in the sedimentary style.

On the other hand, the sea-level and palaeoceanography

modulated the productivity of the carbonate system and the

exportation potential toward the deep basins. The com-

bined effects of these factors controlled the final basin

architecture that we can summarize as follows.

The rift basin in the Early Jurassic was narrow and few

hundreds of meters deep (Belluno Basin, see Fig. 4), sup-

plied with carbonate sediments exported from the adjacent

productive carbonate platforms. A long period of scarce

productivity in the platform from the Toarcian to the

Bajocian finally drowned the Trento platform to the west,

and induced starvation in the Belluno Basin that was either

not supplied by the Friuli Platform. Reasons for this star-

vation are likely due to the subsidence decrease at the

footwall of the Belluno Basin, with less to null accom-

modation space in the platforms for the carbonate pro-

duction. The most important factor hampering the

carbonate factory, however, was the fluctuation in the

trophic state of surficial waters in this part of the Tethyan

sea (e.g. Bartolini et al. 1996).

Under these conditions of decreased subsidence and

scarce carbonate productivity, a particular event occurred

from Late Bajocian to Middle Bathonian. A strong bottom

current regime at the edge of the Friuli Platform associated

with a regressive trend of the sea-level produced the rapid

filling of the Belluno Basin with ooids (Vajont oolitic

Limestone) spilling over the edge of the drowned Trento

Platform (Fig. 4).

After the slow Late Bathonian to Early Oxfordian

recovery of the carbonate productivity in the Friuli Plat-

form, the other important event is the development of a

Middle Oxfordian to Lower Kimmeridgian photozoan

(corals and calcareous hypercalcified sponges) Ellipsac-

tinia platform. The coeval important subsidence pulse at

the Friuli edge of the Adriatic Platform is documented by

the five-fold increase of the sedimentation rate (Fig. 5).

The effect on the adjacent Belluno Basin was starvation

and consequent deepening, since most of the sediment was

trapped on the subsiding platform. The Upper Kimmerid-

gian–Tithonian carbonate platform show a rapid decrease

and a return to sedimentation rates similar to pre-Oxfordian

times (Fig. 5).

In a section crossing the whole northern Adriatic Plat-

form and from the subsidence analysis of four representa-

tive sections, the Middle Oxfordian to Kimmeridgian

interval is laterally variable in thickness, from around

800 m at the western edge (Friuli Platform) to 0 in Istria

and again thickening and thinning toward the east (Fig. 6).

These stratigraphic data depict a couple of large-wave-

length folds with around 80–100 km of length, followed by

a Tithonian to Early Cretaceous interval of almost equal

thickness, documenting the end of folding.

The timing of this folding corresponds to important

tectonic variations at the eastern edge of the Adria plate

(Fig. 7). For these reasons, we interpret the observed large-

wavelength folding as the effect of stress transmittal to the

plate interior at the transition from intraoceanic to conti-

nental obduction. Changes in rheological character of the

subducting lithosphere allowed the involvement of larger

volumes of rocks within the deformed zone, eventually

coupling a larger section of the continental lithosphere with
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consequent folding in the studied sector of the Adria plate,

quite far from the active margin.

Middle Oxfordian–Early Kimmeridgian evidence of

tectonic or subsidence pulses are recorded in many places

of the former Adria plate, especially to the north (present-

day Austroalpine units, Gawlick et al. 1999, 2015), as well

as in various areas of the Eurasian plate, where first Ziegler

(1990) attributed the intense mobility recorded to an

important plate reorganization.

The western Adria passive margin was strongly per-

turbed by this compressional event of around 3 Ma of

duration. At the end of it, the normal thermal subsidence

controlled the evolution of the Southern Alps passive

margin until the Late Cretaceous, when the Alpine colli-

sion of the northern margin induced again other waves of

compression all along the Adria plate (e.g. D’Argenio and

Mindszenty 1995).
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91–97.

Schindler, U., & Conrad, M. A. (1994). The Lower Cretaceous

Dasycladales from the Northwestern Friuli Platform and their

distribution in chronostratigraphic and cyclostratigraphic units.
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