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ABSTRACT

In the central part of the External Ligurian Briangais in the Ligurian Alps (NW ltaly), a
large and diverse set of stratigraphic, sedimegtoland petrographic data provides evidence
for the occurrence of Cretaceous kilometre-scalago@scarpments. These
palaeoescarpments consist of irregular erosionéd@es more or less deeply incising a
stratigraphic succession that ranges from Uppe&s3ig limestones down to Permian
volcano-sedimentary rocks; at present they ardypexposed and partly covered by Upper
Cretaceous—Upper Eocene sediments, and patchifystad by authigenic minerals.
Palaeoescarpments resulted from the remodellipgekofault planes by gravity-driven rock
fall processes, whose products are representedebgibs and metre- to tens of metres-sized
blocks of Upper Jurassic limestones either lyinmgatly over the surfaces or embedded
within onlapping sediments. Palaeofault-relateditamal stresses are also documented by the
occurrence of subvertical sedimentary neptuniaresydad tabular breccia bodies, interpreted

as fault rocks and locally bearing evidence ofithgse of hot, overpressured fluids. Fault



activity started during the Aptian, with most oéttlisplacement - which locally reached
several hundred metres - accomplished during the Ceetaceous, resulting in deep morpho-
structural depressions that, by Eocene times, netrget levelled out. Two systems of
kilometre-long palaeoescarpments are recognizedrepged, suggesting the existence of a
Cretaceous kilometre-sized fault-bounded basintdichio the north and south by two main
transcurrent zones, presently striking E-W andinatidy partitioned by N-S oriented east-
dipping normal faults. This type of setting coukel dbnsistent with the Western Tethys
tectonic context, in which the Ligurian BriancomBiomain, close to the Early—-Late
Cretaceous boundary, was located at the eastermmosif a transcurrent belt connecting the

Bay of Biscay to the Valais and Ligurian-Piedmoo¢ans.

Keywords palaeoescarpments, breccias, External Brian¢connigigrian Alps, syn-

depositional faults, Cretaceous transtensionabtecs.

1. Introduction

Synsedimentary faults play a fundamental role mm@dling the geometries of basins
on extensional continental margins, and are comynamged on seismic profiles where their
extension and 3D geometry can be depicted in dgtaion-Pinvidic et al., 2007; Afilhado et
al., 2008). In outcrop, synsedimentary palaeofaarkscommonly inferred from variations in
the thickness of sedimentary bodies and the coromuceof several features such as
neptunian dykes (Montenat et al., 1991; Winterex €t1991; Winterer and Sarti, 1994),
megabreccias (B6hm et al., 1995; Spence and Tutf6v,; Aubrecht and Szulc, 2006) and
soft sediment deformation (e.g. seismites: Montenat., 2007). Direct observation of
palaeoescarpments - morphological features reguitii surface exposure and erosion of

fault planes (Carminati and Santantonio, 2005) hasvever, more rarely reported (Surlyk
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and Hurst, 1983; Bice and Stewart, 1985; Surlyk laedon, 1992; Bosellini et al., 1993;
Santantonio, 1993, 1994; Purser and Plaziat, 19B8tefano et al., 2002; Montenat et al.,
2002; Morsilli et al., 2002; Gill et al., 2004; @ainati and Santantonio, 2005; Rusciadelli,
2005; Bertok and Matrtire, 2009).

The aim of the present paper is to describe Cretackilometre-scale
palaeoescarpments, related to the activity of $awith vertical displacements in the order of
hundreds of metres, that occur in the central gfattie External Ligurian Brianconnais in the
Ligurian Alps. The Ligurian Briangonnais is the #warnmost sector of the Briangonnais
Domain, a major palaeogeographical and tectonicinnie Alpine orogen which has been
interpreted as part of the northern continentalgimaof the Western Tethys (Faure Muret and
Fallot, 1954; Amaudric du Chaffaut et al., 1984ndssi et al., 1984; Lemoine et al., 1986;
Lemoine and Trumpy, 1987; Lanteaume et al., 19Bi@. Ligurian Brianconnais
Mesozoic—Cenozoic stratigraphic succession reflgiftsrent evolutionary stages of an
extensional margin, from its initiation up to itedl involvement in the Adria - Europe
collision. According to the literature (e.g. Botllet al., 1984), the Ligurian Briangonnais was
mainly structured during the Late Triassic—Earlyadsic rifting phase of the Western Tethys
(which was characterized by intense extension&bmgcs giving rise to a horst-and-graben
structure) and was followed during the Middle—-Laiteassic and Cretaceous by a post-rift
phase marked by thermal subsidence and the endesfstonal tectonics. However, this
scenario has recently been questioned by sevdtarauvho have documented the
occurrence of extensional synsedimentary tectahicmg the Middle—Late Jurassic (Claudel
and Dumont, 1999; Bertok et al., 2011). In the pnéstudy, geometric, stratigraphic and
sedimentologic evidence is provided at all sca#ewing the documentation of intense fault

activity during the Cretaceous and the evaluatioth® associated displacements. The



significance of this Cretaceous extensional tectaotivity on a more regional scale and in

the frame of the Western Tethys geodynamic evatusalso discussed.

2. Geological setting

The Ligurian Alps are a tectonic stack of four mgroups of units which have always
been assumed to correspond to four adjacent masoé palaeogeographical domains: the
Dauphinois and Ligurian Briangonnais domains, whigne part of the European continent;
the Pre-Piedmont domain, which was the margin @Btropean continent; and the
Piedmont-Ligurian domain, which represents theigowus oceanic basin (Vanossi et al.,
1984; Lemoine et al., 1986). These units were sihsknce the Late Eocene by SW-verging
Alpine thrusts, coeval with a subduction of contita crust along an intracontinental shear
zone. In the present-day geometric setting, thePRrdmont units rest on the Brianconnais
units, which in turn are thrust onto the outernidatphinois Domain. Detached cover units
of inner Piedmont-Ligurian domain (the so-calléelminthoided=lysch unit) overlie all these
units (Vanossi et al., 1984; Seno et al., 2003528@nini et al., 2010)

The Ligurian Briangonnais Domain can be subdiviohd two main sectors: internal
and external. The Internal Ligurian Brianconnais weolved in the subduction channel up
to a maximum depth of about 30 km, developing lpgessure blue schist metamorphic
parageneses (Messiga et al., 1982; Goffé, 1984) Ekternal Ligurian Briangconnais was not
involved in subduction and developed only low gramlanchizone metamorphism (Messiga
et al., 1982; Seno et al., 2003, 2005; Piana €2@09; Bonini et al., 2010).

The study area is located in the Marguareis Alpaga Marazzi, 2005), and extends
from Cima della Fascia to the NW, and Monte Mongjiand Colle del Lago dei Signori to the
East and South, respectively. It belongs to thérakpart of the External Ligurian
Brianconnais (Fig. 1), and is composed of kilomstale tectonic units which, although
intensively strained at certain stratigraphic Isydid not experience significant transposition
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and/or mineralogical reorganization, so that priredimentologic features and original
stratigraphic relationships are preserved at allesc(Piana et al., 2009). This effect is likely
due to the low intensity of metamorphism (anchiarel the localization of deformation
along the Limone-Viozene deformation zone to thélscand along the Verzera shear zone,
that corresponds to the northern boundary of thergal Ligurian Brianconnais, to the north.
The Verzera and Limone-Viozene zones were activingall stages of Alpine deformation
and mainly accommodated left-lateral movementstmam@spressive regime (Piana et al.,
2009).

The oldest rocks outcropping in the study areavaleanic and volcanoclastic rocks of
Carboniferous—Permian age (Boni et al., 1971). &laee overlain by a condensed
Mesozoic—Cenozoic succession which is subdividemlseveral lithostratigraphic units
systematically bounded by important hiatuses (Vaind963, 1972, 1974; Boni et al., 1971;
Bertok et al., 2011) (Fig. 2).

The Quarziti di Ponte di Nava (QPN) (Upper Permidrd®ver Triassic?) comprises
littoral conglomerates and cross-bedded quartzataseriocally interbedded with shales (up to
110 m thick).

The Dolomie di S. Pietro dei Monti (DSPM) (Anisidradinian) consists of peritidal
dolomites and limestones (200-400 m thick). Lualdil Bianchi (1990) proposed that the
mainly calcareous Anisian lower portion be distiisped, as the Formazione di Costa Losera,
from the Ladinian dolomites of the upper portiorSfEM s.s.). The top of the DSPM is
truncated by an erosional surface correspondiraghi@atus which spans the Upper Triassic,
Lower Jurassic and part of the Middle Jurassic.

The Calcari di Rio di Nava (CRN) (Bathonian) consps monotonous dark micritic
limestones, locally bioclastic in the lower portidnat are intensely laminated and nearly

barren of fossils in the upper portion (about 5€hink); conglomerates composed of Triassic



dolomite clasts are present locally at the baseesiricted carbonate shelf environment may
be inferred (Bertok et al., 2011). The top is trated by an erosional surface, locally
associated with an angular unconformity.

The Calcari di Val Tanarello (CVT) (Kimmeridgian?etBiasian) consists of pelagic
facies represented by crinoidal limestones at #s& land massive light micritic limestones,
locally exhibiting a nodular Ammonitico Rosso fagien the upper part. The thickness of the
CVT is variable (25-70 m).

The Formazione di Upega (FU) (Upper Cretaceous3istsof grey marly limestones
lithologically equivalent to the “calcschistes ptéoniques” of the Briancon area (Faure
Muret and Fallot, 1954) and interpreted as slopripelagic sediments. These marly
limestones are separated from the underlying CV@& bilack crust of Fe-Mn oxides,
glauconite and phosphates containing plankton&niamiferal assemblages referable to the
middle Albian—-Cenomanian (Bertok et al., 2011).sTimineralized hard ground documents a
prolonged hiatus encompassing the Valanginian—Aptiterval and may refer to
palaeoceanographic changes taking place at a mdgioale. This gap is in fact widespread
throughout the Briangconnais Domain (Lualdi et 8989; Barfety et al., 1996), but is also
known in other Western Tethys sectors (e.g. Lak@®5). Within the FU, Lanteaume et al.
(1990) have reported the presence of foraminifgsabmblages indicating a late
Cenomanian—Campanian age. The FU is crossed bywagpee foliation that documents a
strong localization of the deformation, due to theological contrast with respect to the
underlying, massive carbonate formations (Piarad. €2009). For this reason the real
stratigraphic thickness is hard to assess and mayly approximately estimated to several
tens of metres.

The Calcari della Madonna dei Cancelli (CMC) (u@@metres thick) comprises

foramol-type ramp massive bioclastic limestoneshwbundant macroforaminifera that



enable the formation to be dated to the Middle Bedearly Bartonian; Rendinella, 2006).
These are transitionally overlain by pervasiveljated dark marls with interbedded more
calcareous and thin beds. They were dated to thbdtian by Lanteaume et al. (1990). An
important discontinuity surface is present at tasebwith a hiatus encompassing all of the
Paleocene and part of the Eocene.

The Flysch Noir (FN) consists of dark argillacesegiments, locally with turbiditic
sandstone layers, that have been tentatively ass$ignthe late Priabonian (Guillaume, 1969;
Michard and Martinotti, 2002).

In the last decade, two papers examining the Maejgidlps have shown that
extensional synsedimentary tectonics did not stapeaend of the Late Triassic—Early
Jurassic rifting phase. Bertok et al. (2011) predic large set of sedimentologic and
stratigraphic data pointing to the primary rolgextonics in controlling sedimentation
patterns throughout the Middle—Late Jurassic, wameMichard and Martinotti (2002)
hypothesized the occurrence of kilometre-scale Wefding normal faults active during the
Late Cretaceous—Eocene time interval. The presgpgnfocuses instead on evidence for
palaeofault activity during the Cretaceous, andhendescription and characterization of the
related palaeoescarpments.

The Marguareis Alps have some favourable featunesetognizing evidence of
paleofault activity: very good exposure of rockshivi a high altitude karstic landscape; a
substantial preservation of the original, pre-Apigeometries of sedimentary bodies and
their structural relationships; and a highly corseshMesozoic stratigraphic succession that
in a few hundred metres encompasses the Triasklpgier Cretaceous interval, thus allowing

the displacements of the syn-depositional faultsettighlighted.

3. Methods of study



Geological mapping at a 1:10.000 scale was perfdrimerder to reconstruct the
geometries of the sedimentary bodies and the stalcetting. A detailed mesostructural
analysis was then undertaken in order to distifgthe effects of the syndepositional
tectonics from the Cenozoic Alpine deformation tedieto the build up of the mountain chain.
Detailed outcrop observation was integrated wittelesive sampling, mainly aimed at the
breccia deposits that directly overlie the palaeagsnents. Petrographic analyses of peels
and thin sections, and cathodoluminescence (CIT1088k3 equipment operating at
400-500uA and 15-17 kV) enabled the nature and origin aétd to be defined and the
complex history of diagenesis, fracturation and eetation that has preceded and succeeded
deposition to be unravelled. O and C stable isotoadyses were also carried out in order to

constrain the nature of the fluids involved in gemesis of the breccia deposits.

4. Cretaceous palaeoescar pments

A large and diverse dataset illustrating the o@re of palaeoescarpments onlapped
by Upper Cretaceous sediments has been gatheresndst ubiquitous and compelling
evidence is represented by stratigraphic conthawisng features such as unconformable
relationships and/or an absence of lithostratigaphits which normally occur in complete
stratigraphic successions. The physical continnfityhe palaeoescarpments is still
recognizable and they can be traced over sevdamh&ires. Four different palaeoescarpments
are recognized: the E-W striking Chiusetta palaggrpsnent, and the N-S striking Passo
delle Saline, Colle del Pas and Mongioie palaeaopsoants (Fig. 1). The following sections
contain a description of several outcrops seleictedider to provide a full picture of the main

features of the palaeoescarpments.

4.1. Chiusetta palaeoescarpment



4.1.1. Vallone dei Maestri (outcrop 1 in Fig. 1)

In this region, located some hundreds of metresad3olle del Lago dei Signori, the
gently southward-dipping CVT limestones are cutaitsurface dipping steeper than the
bedding and incised for about ten metres (FigTBis surface has a very irregular
morphology and is locally covered by limited patelo¢ a millimetre- to centimetre-thick
mineralized crust - closely similar to that commypotupping the Calcari di Val Tanarello - at
the unconformable but concordant boundary withRle The FU marly limestones onlap this
surface, with beds becoming progressively thinmer steeper as they approach it (Fig. 4).
Two blocks of CVT limestones, respectively a fewtrae and tens of metres in size, are
entirely embedded within the FU a few metres alibeebounding surface. The outer surface
of the largest CVT block shows small scatteredipegof a centimetre-thick mineralized
crust. A few millimetre- to centimetre-sized ca@#j with irregular morphologies and
rounded edges, also occur (Fig. 5). The cavit@grnal walls are uniformly covered by an
isopachous rim of finely crystalline sparry calag@ment, and they are geopetally infilled
with a graded micritic sediment and a zoned speatgite cement. The polarity indicated by
the geopetal structures is not concordant withptlesent position; the blocks are also crossed
by many millimetre- to centimetre-wide randomlyerried neptunian dykes infilled with a red

micritic sediment.

4.1.2. Pian Ambrogi (outcrop 2 in Fig. 1)

The southernmost sector of the Pian Ambrogi arehasacterized by a staircase
arrangement of the CVT (Fig. 6), separated by dl@enassy slope covering FU marly

limestones. The horizontal distance between thesteps is about one hundred metres,
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corresponding to a height difference of some témsaires. Looking closely at the boundary
between the FU and the upper step, it can be obdéimat the subhorizontal CVT bedding
planes are cut abruptly by a steep surface dipgdughwestward; the latter presents a highly
irregular morphology and is patchily covered byeatometre-thick mineralized crust (Fig. 7).
containing planktonic foraminiferal associatiofgc{nella primula T. raynaudi,T. roberti,
Muricohedbergellasp.,Macroglobigerinelloidesp.,Rotalipora subticinensjswvhich point to

a Middle to Late Albian age. The FU onlaps thidawe with the same geometric
relationships observed in the Vallone dei Maesitcmop, and similarly metre-sized CVT
blocks embedded within the FU have been observeel bbundary between the FU and the
CVT at the top of the lower step is not exposedyédwer, the geometry of the FU allows to

infer a tangential downlap relationship.

4.1.3. Discussion

At both sites described above, the CVT-FU contaet primary stratigraphic
boundary showing anomalous features, with the bimgrslrface - clearly highlighted by the
authigenic mineral crust - markedly discordant vité CVT bedding planes. This surface
represents a specific type of angular unconformityhich the erosional surface dips more
steeply than the beds of the underlying rocks. @ltih the intense Alpine tectonic overprint
masks primary bedding within the FU, the onlap Gfgediments onto this surface may be
reconstructed. Fully embedded within the FU, théreasized masses of the CVT represent
original blocks that fell into the marly limestonefsthe FU during the early stages of
deposition. The occurrence of planktonic foramirafesithin the authigenic mineral crusts
highlights the submarine origin of the surface ahows it to be dated to the Albian. The

occurrence of cavities filled with sediment and eeirin the CVT blocks points to the
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opening of fissures associated with creep procdagex) place within poorly consolidated
levels of the CVT preceding the block fall.

The evidence observed at the Vallone dei MaesttiRian Ambrogi sites documents
the existence of a wide palaeoescarpment incistdnathe CVT limestones, which was
generated during the Albian and then progressivelered by the Upper Cretaceous FU
marly sediments, and affected by the collapse dfar@zed blocks of the exposed partly-

lithified substrate.

4.2. Passo delle Saline palaeoescarpment

4.2.1. Gias Gruppetti (outcrop 3 in Fig. 1)

The stratigraphic succession between the DSPMIan8W outcrops spectacularly on
the eastern side of Cima delle Saline, just a femdnred metres north of Passo delle Saline
(Fig. 8), with beds dipping 30-40° toward the SWthe lower portion of the slope a massive
rock body is present, composed of CVT light micritmestones 5-6 m thick and some
hundreds of metres wide. This roughly tabular rfoc#ly rests on a relatively planar surface
which dips about 30° toward the SE and is deepised within the DSPM. The body itself is
in turn onlapped by marly sediments attributableheoupper part of the Eocene CMC (Fig.
9). Underneath the rock body, a 1.5 m-thick brebody occurs locally, internally organized
in erosionally-based 20-40 cm-thick beds (Fig. I®g breccia is clast-supported and poorly
sorted, with millimetre- to centimetre-sized clastslolomites and a fine grained matrix. Two
main different textures may be recognized in thastsl, including finely crystalline (crystals
smaller than 5@m) and coarsely crystalline dolomite (crystals @@ tmm). Locally, the fine-
grained dolomite clasts also show irregularly-shigpa&tches with a coarser crystal size.

These lithologies may be correlated with the umaet of the DSPM where homogeneous,
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finely crystalline beds alternate with beds in whahrinkage pores, dissolution vugs and/or
collapse breccias are filled with a coarse doloméiement. Most clasts are internally crossed
by a complex framework of spar-filled veins. Dii#at generations of mutually crosscutting
veins, some of which display a fibrous aspect, imayecognized by cathodoluminescence
analysis. The fine-grained matrix of the brecciave® a complex network of very thin dark

laminae with branched geometries, interpretabléust escape structures.

4.2.2. Discussion

The spectacular outcrop conditions on the eastdenas Cima delle Saline allow the
observation of anomalous stratigraphic and geometfationships between Triassic to
Eocene lithostratigraphic units. From this it itenpreted that the present eastern side of the
mountain closely corresponds to a submarine pasaagement irregularly covered by
monomict breccias with Triassic dolomite clasts] anlapped by Eocene marly sediments. In
this context, the big slab of CVT represents adantistolith which slid down from the edge
of the palaeoescarpment.

The features displayed by the breccias point tonaptex genetic process. The different
systems of veins document repeated fracturing anteotation of the parent rock preceding
its exhumation and erosion. The breccias werenims likely derived from the erosion of a
fault-rock exposed at the sea floor due to the deavd displacement of the fault hanging-
wall. After transportation for a short distancedrgvity, the clasts were accumulated in local
depressions of the underlying palaeoescarpmenthtegeith minor amounts of a fine-
grained matrix. Breccia deposition was soon folldwg the emplacement of a large block
which provoked the sudden expulsion of intergranifllads, as shown by the fluid escape

structures within the matrix.
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4.2.3. Vallone Saline (outcrop 4 in Fig. 1)

This outcrop is located in the southern part ofNé&-oriented Vallone delle Saline.
Exposed on the right-hand side of the valley ardleting a westward dip, QPN sandstones
are separated by a high-angle eastward-dipping féarie from a large domain (several
hundred metres in size) that is internally subdidiéhto three blocks tilted in a domino-like
arrangement. The upper portions of the blocks angposed of CVT massive limestones,
while the depressions between the blocks are filled the FU (Fig. 11). Specific geometric
and facies features of the CVT can be observedch block (Fig. 12).

Within the easternmost block the bedding surfage2@-30° westward and are cut by
the eastward-dipping surface which bounds the blotke west. Close to this surface,
decimetre-thick beds show millimetre- to centimelriek cavities. Elongated and aligned to
the bedding, these cavities are very irregulahapg and are filled with micrite and a sparry
calcite cement, and also contain geopetal strustlitee cavity-bearing beds are frequently
and abruptly crossed by centimetre- to decimetadewedimentary dykes perpendicular to
the bedding. The dykes are themselves filled witt@ias composed of millimetre-sized
clasts and a micritic matrix (Fig. 13).

The CVT limestones of the central block are char@mtd by a regular centimetre-
spaced lamination. Many millimetre-wide sedimentilg also occur parallel to the
lamination, containing a mixed infilling of red mitic sediment and microcrystalline calcitic
cement. Both sills and laminae dip 20—30° eastwand,are cut by a 40-50° westward-
dipping surface which bounds the western edgeetémtral block and which is patchily
covered by a mineralized crust, very similar ta tihich commonly covers the stratigraphic
top of the CVT. A few sedimentary dykes occur patdb the palaeosurface; these are
slightly wider than the sills parallel to the beugliand are filled with a reddish partially-

mineralized sediment which locally contains smafjiments of the mineralized crust.
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The western block is bounded to the east by a g&e{60°) surface which dips
eastward and abruptly cuts the bedding surfacdschvhere dip to the west, as in the eastern
block. This surface is covered by a discontinuoniiimetre- to centimetre-thick clast-
supported breccia (Fig. 14) made up of millimetceeentimetre-sized CVT clasts, an
intergranular carbonate sparry cement and a fingygd matrix. Locally within the clasts,
millimetre-sized irregular cavities are recognizabhich are filled with a non-luminescent
sparry cement. Most clasts are also crossed inkgitnadifferent generations of crosscutting
veins (Fig. 15). The intergranular sparry cemerthefbreccia is zoned and overgrows small
fragments of the same cement infilling the veinthimithe clasts. The textural and structural
features of these breccias indicate a prolongedatyphase history of syndepositional
fracturing at a very superficial level, which camdrhematically subdivided as follows:

1) Creep movements within partially-lithified CVE&diments, probably due to a
gravitational instability along a slope, causeddpening of irregular cavities that were
quickly filled with an early sparry cement.

2) Repeated fracturing events associated with ediind circulation provoked the
opening and cementation of different vein systems.

3) The ongoing fracturing processes resulted irfaheation of a breccia composed
of CVT clasts, vein fragments and micritic sediment

4) An early cementation episode led to the growtthe sparry intergranular cement.

4.2.4. Discussion

The present geometric setting of the Vallone Saduterop is the product of an Early
Cretaceous faulting that resulted in the formatibthree blocks variously downthrown,
rotated and separated by morphostructural depressitis process is clearly confirmed by

the occurrence of small patches of the crust diigahic minerals that coated all exposed
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surfaces of the resulting rugged sea-floor topdayyawhich was subsequently covered by FU
sediments. This faulting was associated with déffieisyndepositional tectonic and
gravitational instability phenomena, whose expas$argely depends on the degree of
lithification of the involved stratigraphic unit§he breccia bodies covering the high-angle
locally-mineralized palaeosurfaces (western bl@sig the dykes parallel to the surfaces
(central block) are the most superficial expresstmeurring just below the sediment-water
interface, of a polyphase fracture zone correspantti normal faults. The creep cavities, the
centimetre- to decimetre-wide sedimentary dykepguatticular to bedding (eastern block),
and the millimetre-wide sedimentary sills paraltiebedding (central block) all indicate the
presence of tensional stresses oriented paraltEdding and represent indirect evidence of

the dislocation and tilting of the blocks.

4.3. Colle del Pas palaeoescarpment

4.3.1. Colle del Pas (outcrop 5 in Fig. 1)

The steep mountainside west of Colle del Pas igposed of massive Permian
volcanic rocks overlain by QPN Lower Triassic qmarénites which dip 30° westward; on
the gentler slope to the east, the Upper CretacEousne succession is exposed, dipping
20-25° westward. The Permian volcanic rocks araghy truncated by an erosional surface
dipping 40° to the east, which is itself overlajnad15 m-thick succession of well-bedded
sediments (Figs. 16, 17). These sediments exhilmiue compositional and sedimentological
features not observed anywhere else within théigtaphic succession of the study area.

Three intervals may be distinguished:
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Interval 1 (6—7 m thick) is composed of 1-2 m-thadternating purple and whitish
beds, both of which display erosional basal basgsd variations in thickness and pinch-out
terminations. The purple beds are composed ofgma@ied breccias to arenites which locally
exhibit a parallel lamination. Cathodoluminesceanalysis enabled to distinguish three
different kinds of grain:

1) Quartz crystals, showing a well-developed cattaminescence zonation, with
bright blue cores and purple to red edges identiicdtie quartz phenocrystals of the Permian
volcanic rocks.

2) Purple microcrystalline grains, with the sanaégeblue luminescence as shown
by the groundmass of the Permian volcanic rocks3/6.00’sum-wide and filled with a dull
brownish luminescent quartz, locally display adils habit and are confined within the
grains (Fig. 18).

3) Polycrystalline quartz grains, showing the séeatures as the above-described
veins.

The white beds are composed of fine- to mediumaghsandstones of the same
composition as the purple beds; the differenceolowr is due to the greater abundance of
quartz grains.

Interval 2 (0.5-1 m thick) is a yellowish massivedlmade up of a clast-supported
breccia with millimetre-sized limestone clasts anghartially dolomitized micritic matrix;

Interval 3 (2 m thick) is a light-coloured massimeritic limestone bed, with a basal
polygenic clast-supported breccia containing mglire- to centimetre-sizeslaccocoma
bearing CVT clasts, dolomite clasts and polycryisialquartz grains.

Interval 3 is bounded at its top by an irregulafate which is partly covered by
discontinuous and thin beds of fine-grained limestwith scattered chert nodules and an ill-

defined internal wavy lamination, which can beiklttted to the FU formation.
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Above interval 3, the outcrop conditions are pdaigh-angle late Alpine faults cross the
succession and thus sedimentary bodies cannoadedtiaterally. However, some tens of
metres to the east just above the FU, discontinpotsons of CMC are recognizable. The
dip of the bedding planes, commonly 20-25° westwaunickly decreases to horizontal
approaching the erosional surface that truncate®émmian volcanic rocks and thus it is

possible to infer onlap relationships with the distinuous levels of FU described above.

4.3.2. Discussion

Many authors (e.g. Faure-Muret and Fallot, 1954jl&@umne, 1969; Lanteaume et al.,
1990) have pointed out the presence of a high-dalglametre-long normal fault, passing
through Colle del Pas with a N-S strike, and halated it to a late stage of Alpine
orogenesis. The data set outlined above, howesamisIto consider the geological setting of
Colle del Pas as instead being the result of aaCeeus fault-related palaeoescarpment,
whose evolution can be tentatively reconstructeal mumber of steps.

Starting from the Early Cretaceous, the Mesozoocession and underlying massive
Permian volcanic rocks were dissected by a higheaNgS striking normal fault. Close to
the main fault plane, Permian crystalline rocksevepeatedly and intensively fractured
giving rise to a fault breccia, early cemented ibigasrich fluids.

Total fault displacement progressively increase@@—-700 m, leading to the
exhumation of all stratigraphic units of the fooliwencluding the Permian volcanic rocks.
The margin of the footwall block was then progreslsi exnumed and eroded, resulting in the
formation of a steep escarpment. The lower pontidihis escarpment was partially covered
by coarse-grained sediments derived from the emasfiothe margin - first of the quartz-

cemented fault breccia and then of the carbonaeckas containing clasts of the Upper
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Jurassic rocks. The occurrence of FU sedimentsigesh these sediments constrains the
main phase of fault activity to the Cretaceous.

The morphological depression generated by the thsplacement was partially filled
during the Middle—Late Eocene by the depositiothefCMC sediments. Alpine tectonic
foliations later developed in all the lithostraighic units, but without any significant change

of the primary stratigraphic relationships.

4.3.3. Colle del Pas North (outcrop 6 in Fig. 1)

Despite poor outcropping, scattered blocks weremesl north of Colle del Pas along
the northern portion of the Colle del Pas escarpneithe area between Lake Ratoira and
the Sestrera pass, a lozenge-shaped rock slicersamieeds of metres long, tens of metres
thick and composed of Triassic and Jurassic catbanaks, is sandwiched between the
Permian volcanic rocks to the west and the FU ¢oetist. The boundary with the Permian
rocks is represented by a N-S-oriented surfacemjpgbout 30-40° to the east but the
surface itself cannot be directly observed. Théegadoundary with the FU is locally well-
exposed, and appears as an irregularly-shapedcsuktaich dips on average 20—-30° eastward
draped by thin levels of FU in clear stratigraptontact (Fig. 19). The elongated rock body is
composed of different blocks - not in stratigraptaiationships - in which the typical
lithologies of the DSPM, CRN and CVT are recognieam the largest block, a portion of
succession including the top of the DSPM and thetgart of the CRN occurs. This site
demonstrates that the breccia deposits with Peraulnanic clasts are discontinuous and that

very large olistoliths of carbonate rocks may oaong the palaeoescarpment strike.

4.3.4 Valle del Pas (outcrop 7 in Fig. 1)

At this site, located several hundred metres soti@olle del Pas, the dolomitic
limestones of the Costa Losera Formation are wierhosed, dipping slightly to the SW.
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These limestones are abruptly truncated by a shafpce which dips 20-30° towards the SE
and which is characterized by an irregular morpgpld his surface is discontinuously
covered by centimetre- to decimetre-thick patcHeswhitish clast-supported breccia
composed of millimetre- to centimetre-sized dol@wiiasts and a fine-grained matrix (Fig.
20). The textural and compositional features ofdlasts are the same as those described in
section 4.2.1 occurring in the breccia levels &s3sruppetti.

Breccia sediments also occur as infillings of sebtigal fissures tens of decimetres
wide, which strike nearly parallel to the NE-dipgisurface. Just beneath this surface, the
uppermost part of the dolomitic limestones consi$tn ‘in-situ breccia’ defined by a
network of millimetre- to centimetre-wide highlyegular veins filled with a calcitic sparry
cement. Cavities one millimetre in width with artiisopachous rim of finely crystalline
calcite cement and a micrite infilling occur logalFig. 21). Cathodoluminescence shows that
both cement and micrite, with their bright yellowrinescence, are markedly different from
the surrounding dully luminescent dolomitic limestés and in fact closely resemble the
matrix and cement of the breccias.

Most veins do not cross the overlying breccia dépmslicating that deposition of the
latter took place after the fracturing of the doiticrlimestones (Fig. 20). The intensity of this
fracturing progressively decreases with depth,aftet a few decimetres the veins become
more spaced and eventually disappear.

A number of rock bodies composed of metres-thickiQivhestones with a tabular
geometry and an areal extent ranging from tensitolteds of metres, directly lean on the
NE-dipping surface. Both the NE-dipping surfacehich is patchily draped by the whitish

breccia - and the large CVT rock bodies are in amiapped by Eocene marly sediments.

4.3.5. Discussion
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The stratigraphic and geometric relationships oleskat this locality perfectly match
those described at Gias Gruppetti, and can thustbgpreted in the same way. At Valle del
Pas the lower boundary of the breccias and thesJidalolomitic limestones are well-
exposed, with the rocks underlying the palaeoeseanp affected by intense fracturing. The
occurrence of breccia-filled dykes and irregularitbas filled with the micritic matrix of the
breccias further supports the interpretation ofebearpment as a depositional surface, and
also documents the opening of the fissures in tiierying rocks after their denudation and
exposure close to the sea floor. Two distinct Stargjdracturing are recorded here. The first,
occurring before palaeoescarpment formation, gseeto a complex network of calcite- or
dolomite-filled fractures within the rock mass. T¢erond took place close to the surface
after palaeoescarpment formation, and was posgldyed to a mechanical relaxing of the

dolomitic limestones (e.g. Jaeger et al., 2007).

4.4. Mongioie palaeoescarpment

At Bocchin dell’Aseo, close to Monte Mongioie (ordp 8 in Fig. 1), the DSPM
outcrops extensively, with bedding planes dippiinghdly to the SW. These are truncated by
an irregular surface which dips eastward by ab68ia®d is discontinuously overlain by
breccias. The breccia deposits locally reach 4 tiotzkness of 80 cm and are internally
subdivided into dm-thick beds. The texture and cositpn of the clasts are almost the same
as those seen in the breccia levels at Gias Griigpet Valle del Pas, with the only
difference being maximum clast size which reachesthe tens of centimetres at Bocchin
dell’Aseo (Fig. 22). A metre-sized block of CVTdidirectly on the surface and the breccia
sediments, and is in turn covered by the Eocenéyraadiments. A few tens of metres east of
the surface, a larger, decametre—sized block coaapalsboth CRN and CVT limestones is

entirely embedded within the Eocene marly sedimex{zsalaeoescarpment also occurs in the
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Mongioie area, exhibiting the same features anduéoeo as those at Colle del Pas and

Saline.

5. Neptunian dykes and subvertical breccia bodies

Neptunian dykes infilled with Cretaceous sedimeavese observed in two different
settings. In the southern part of Pian Ambrogewa fens of metres north of the Chiusetta
palaeoescarpment, many vertical and horizontalumigm dykes occur within the upper part
of the CVT. A few centimetres to several decimetnewidth, these dykes are filled with red
sediments containing scattered centimetre- to deteaysized clasts of CVT (Fig. 23). The
red sediment is a wackestone/packstone containingraiized echinoderm fragments,
bivalves, and benthic and planktonic foraminifefgenerally Middle Albian-Late
Cenomanian age (e.gicinella primulg Whiteinella apricaDicarinella sp., Rotalipora
cushman). The local occurrence of clasts consisting ofshame red sediment or of finer-
grained similar breccias indicates a polyphase iogesnd infilling of the dykes (Fig. 24).

Close to the southern part of the Colle del Pésepascarpment, two dykes with
different infillings are recognized within the CVS$ubvertical, striking N-S and about 1 m
wide, the first dyke is filled with the FU and ldlyacontains decimetre-sized clasts of CVT.
The dyke walls and the edges of the CVT clastgpatehily covered by a millimetre- to
centimetre-thick mineralized crust. The second dgk¥-50 cm wide, dips 40° northward
and is directly observable for more than 100 m. iffiding sediment in this case is a red-
coloured packstone containing mineralized echinodeagments, belemnites and small
mineralized crust clasts. Outcrop conditions makepossible to evaluate how deep the

dykes penetrate the CVT.
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A close resemblance to these neptunian dykespsagisd by breccia bodies occurring
at a number of different sites in the Pian Ambrargia within the CRN and CVT (Fig. 25).
Ranging in thickness from a few decimetres to Aitki these breccia bodies are
characterized by tabular geometry and occur supepelicular to bedding with a N-S strike.
The breccias also exhibit textural features sindathose of the above-described breccia
deposits which rest on erosional surfaces, beingxrmsupported, strictly monomict breccias
composed of millimetre- to centimetre-sized clagthe enclosing formation (CRN or CVT)
and a fine-grained matrix. The clasts are inteynaibsscut by different systems of veins
infilled with a calcite cement, while many fragmeiof the same cement occur within the
matrix (Fig. 26). Very thin veins, filled with bo#hsparry cement and fine-grained sediment,
commonly occur in the matrix. These show complenbhed geometries recalling fluid
escape structures (Fig. 26). Locally, barite ctgstacur among clasts within the sparry
cement. Some O and C stable isotope analyses bfé¢keia have been undertaken (Table 1).
The marked difference &0 of clasts, matrix and cements clearly shows thatpite of the
Alpine deformation, neither recrystallization neequilibration has taken place since breccia
formation. The strongly negativeO values of the matrix and cements are therefaneagpy
signals and document the involvement of hot flumdthe precipitation of the authigenic
carbonates. The slightly negati®€®0 values of the clasts may relate to a limited Gontion
of strongly negative calcite precipitated in residpores still present in the enclosing fine-
grained sediments during breccia cementation.5ff@ values, varying between 1.4 to 2.1 %o
PDB, are in the range of normal marine waters hnd &ny contribution of organic matter or

hydrocarbons to carbonate precipitation can belraig.

5.1. Discussion
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The neptunian dykes fit the model of opening artinsent-filling of fissures close to
the sea floor, well known from numerous westerrhyah examples (e.g. Wendt, 1971;
Castellarin, 1972; Winterer et al., 1991; Winteaad Sarti, 1994). However, a similar process
cannot explain the formation of the tabular bretxdies. The strictly monomict nature of
the breccias and the presence of different systémasins within the clasts point to an in situ
brecciation process occurring within a semi-liifisediment. Polyphase veining and
fracturing episodes took place and were most piglagsociated with a tensional regime.
The fluid escape structures and isotope valuesaelithe important role of fluids - most

probably overpressured and hot - in the produdiwth cementation of the breccia.

6. Discussion

6.1. Evidence of palaeoescarpments

The anomalous contacts observed among differémtslitatigraphic units - in some
cases previously interpreted as tectonic - infiagtesent primary stratigraphic boundaries
(Fig. 27). These contacts consist of irregularierca surfaces more or less deeply incising a
stratigraphic succession that may range from Uppgassic limestones (CVT) down to
Permian volcano-sedimentary rocks. Such surfacepaatly exposed and partly covered by
Upper Cretaceous (Formazione di Upega) or Eocealed@ della Madonna dei Cancelli)
sediments, with the localized occurrences of dititre breccia deposits or crusts of
authigenic glauconite, phosphates and Fe-Mn oxaktical to the those marking the normal
stratigraphic CVT — FU boundary. No significant@smce of shear at the boundary is
present. Moreover, metre- to tens of metres-siteckb of Upper Jurassic limestones occur

either directly overlying the surface or embeddéithivw the Upper Cretaceous or Eocene
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sediments, indicating that these surfaces are padaarpments that developed in submarine
environments.

Four different kilometre-long palaeoescarpmentdf€dtta palaeoescarpment, striking
E-W, and Colle del Pas, Passo delle Saline and Mmngalaeoescarpments, striking N-S)
have been recognized and mapped in the study area.

At present, the Chiusetta palaeoescarpment fattsma large polyphase post-
Oligocene Alpine shear zone (Limone-Viozene defdionazone; Piana et al., 2009).
Primary stratigraphic relationships and sedimemjficldiagenetic features are however still
clearly recognizable, making it possible to detine nature and evolution of this
palaeosurface that may be followed along strikeséseral kilometres. The N-S-striking
palaeoescarpments (from west to east: Colle delFR&so delle Saline and Mongioie) are
also well-preserved. Not only is it possible tolaage the original relief, in the order of
hundreds of metres, as well as the geometric/gtegthic relationships between the
sedimentary bodies juxtaposed along these kilorietg palaeoescarpments, but it is also
feasible to investigate in detail the sedimentaamd petrographic features of distinctive

deposits which adhere to the surfaces, such asiaseand authigenic mineral crusts.

6.2. Palaeoescarpments as remodelled palaeofaaitpsc

Two main mechanisms are usually called upon toaéxphe genesis of escarpments in
marine settings: mass gravity flows - that leagear upslope - and faulting. Both the nature
and rheological state of the rocks within which shedied palaeoescarpments were incised
(mainly Permian volcanics and Triassic dolomitas)well as the degree of vertical
displacement, enables submarine landslides to tladed as the process responsible for the

generation of the surfaces. The escarpments aeathsnorpho-structural elements resulting
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from the remodelling of palaeofault planes by gradriven block fall processes. Clast-
supported yet fine-grained matrix-bearing brecd@sally organized in beds with erosional
bases, blanket the escarpments fairly continucarstiyrepresent the first products of erosional
processes to accumulate at the foot of the surfdt¢esoccurrence within the breccias of
clasts characterized by polyphase vein systemsestgjthat they are related to the erosion of
fault rocks and thus supports the fault-relatedgsoent hypothesis (Fig. 27).

The patrtially early-lithified Upper Jurassic limeses (CVT) occurred at the top of the
sedimentary column crossed by the fault planes,stipposedly intense fracturing of these
rocks, subjected to an extensional regime, thewighed suitable conditions for the formation,
detachment and sliding of metre- to tens of mediesd blocks along the surfaces, just before
or during the deposition of Cretaceous—Eocene saaisnwvhich onlapped the surfaces and
filled the structural depressions.

Further evidence of tensional stresses activeeaEttly—Late Cretaceous boundary in
the study area is provided by the occurrence df bob-vertical sedimentary dykes and bed-
parallel creep cavities within the Upper Jurassiif imestones. The tabular bodies of
monomict breccias within the Middle and Upper Jsi@Bmestones may correspond to
cataclastic zones parallel to the N-S-trendinggaekults but characterized by minor
amounts of vertical displacement. Such zones likeyesented preferential conduits for the
circulation of uprising fluids, whose hydrothernagigin is documented by negatis&0O
values. The multiphase evolution of the brecciag bwarelated to high fluid pressure that led

to hydraulic fracturation and cementation of theuteng breccias.

6.3. Age of faulting
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Planktonic foraminiferal assemblages containediwitiwe crust of authigenic
minerals coating the top of the Upper Jurassic @ud the uppermost portion of the E-W
palaeoescarpment indicate an Aptian age for thanbiegy of the fault-related displacements
(Fig. 27). The occurrence of FU sediments just alibe whitish and red-purple
conglomerates which rest directly on Permian vatcaocks at Colle del Pas shows that most
displacement took place during the Late Cretaceusther sites, the present level of
erosion does not allow to observe the deepest phtie escarpments in which the oldest
onlapping sediments occur. An Early-Late Cretacemesof scarp formation may also be the
case for sites at which the palaeoescarpmentasttlircovered by Eocene sediments. The
intense deformation and extreme scarcity of recaiie microfossils within the whole FU
(except for the basal hardground) hinders a pretasieg of the oldest sediments onlapping
the palaeoescarpment, which could range from Cenamao Maastrichtian. The time span
over which the total displacement of about 700 rs mecomplished may accordingly range
from a few to a maximum of 30 my. In any case,aherage rates of fault displacement are in
the order of some cm/ky, which is still much |dsart that observed along active faults in
modern extensional settings such as the Gulf oinBofLykousis et al., 2007).

The onlap of Eocene CMC marly sediments onto tbharesnents and the occurrence
of blocks of the Upper Jurassic CVT, fully embeddethin the same Eocene sediments, both
show that the topography relating to the activitCoetaceous faults was not yet levelled
during the Eocene, and thus blocks could fall fswarps in which Upper Jurassic limestone

was still exposed.

6.4. Geodynamic context
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The large dataset available with regards to thewasdtern Mediterranean clearly
documents the occurrence of significant tectoniivig close to the Early—Late Cretaceous
boundary. This period in fact corresponds to a plugeodynamic restructuration at the
scale of the whole Western Tethys. Palaeogeograpbonstructions have shown that in the
Early Cretaceous this area represented a comphekigm zone crossed by regional strike-slip
fault zones (Dercourt et al., 2000; Golongka, 208gjor plate tectonic events taking place
between the Hauterivian and the Cenomanian resultéet break-up of the Newfoundland
and Iberian margins, i.e. the opening of the N wiitg followed by the eastward transcurrent
movement, in the order of 300-500 km, and courekatlise rotation of Iberia away from
Europe that led to the opening of the Bay of Bis@lvet, 1996; Gong et al., 2009;
Lagabrielle et al., 2010). At the same time theeragpart of the Iberian/European margin
was affected by the opening of the Valais Oceaani$fli, 1993; Stampfli et al., 1998; Handy
et al., 2010; Loprieno et al., 2011), while an imtpot transform system crossed the European
continent in a roughly E-W direction, connecting Bay of Biscay to the Valais and
Ligurian-Piedmont oceans.

Evidence of a transcurrent tectonism is recorddtierPyrenean realm, where it is
associated with intense extensional deformatiarstat stretching and mantle exhumation
(Lagabrielle and Bodinier, 2008; Jammes et al. 92Q@gabrielle et al., 2010). In the
southwestern French subalpine domain, extensiorslike-slip Early Cretaceous tectonics
controlled the evolution of the boundary betweenRhovencal platform and the Vocontian
Basin (Fries and Parize, 2003; Montenat et al.4200he associated regional fault activity is
documented by the occurrence of fault scarps oeldjy Albian sediments, conglomerate
beds and olistoliths (Dardeau and de Graciansky7;1@e Graciansky et al., 1987; de
Graciansky and Lemoine, 1988; Montenat et al., 188htenat et al., 2004), and multiple

stratigraphic hiatuses taking place within the Lo®eetaceous (Hibsch et al., 1992; Pasquini
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et al., 2004). A regional hiatus occurring durihg Aptian—Albian is also documented within
the Brianconnais Domain (Barfety et al., 1996),levi@laudel et al. (1997) and Claudel &
Dumont (1999) reported the incidence of two différeynsedimentary extensional events in
the Albian and Turonian, respectively.

The Ligurian Briangonnais Domain was located ateagternmost end of a regional
transform system connecting the Bay of Biscay &\hlais and Ligurian-Piedmont oceans
(e.g. Stampfli, 1993; Stampfli et al., 2002; Rosaunh and Lister, 2005; Handy et al., 2010)
(Fig. 28). In this tectonic context, the study amesay be envisaged as a Cretaceous kilometre-
sized fault-bounded basin bordered to the northsauth by two main E-W transcurrent
faults - in some way related to the present-day¥®ier and Limone-Viozene transpressive
zones - and internally partitioned by east-dippiogmal faults (Colle del Pas, Passo delle
Saline, Mongioie) with vertical displacement in tireler of some hundreds of metres (Fig.
29). Locally, minor west-dipping normal faults gikse to small horst-and-graben structures

with blocks downthrown by a few tens of metres.(¢éhg Vallone Saline outcrop).

7. Conclusions

The main results of the present paper may be suimedaas follows:

- Kilometre-scale palaeoescarpments have beenmeambin the central part of the External
Ligurian Brianconnais in the Ligurian Alps. Theynsist of irregular erosional surfaces more
or less deeply incising the Permian to Upper Jizassk column and are onlapped by Upper
Cretaceous—Upper Eocene sediments.

- The presence of discontinuous breccia bodiesaguing clasts of fault rocks and draping
palaeoescarpments demonstrates that the lattdrecfnom the erosional sculpturing of

normal fault planes exposed in a submarine envissrinLarge-scale rock fall processes then
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caused the emplacement of olistoliths of Uppershicdimestones directly over the surfaces
or embedded within onlapping sediments.

- The occurrence of subvertical sedimentary dykektabular in situ breccia bodies, related
to cataclastic zones, further supports a tensiauiine. Negative vein calcité®0 values and
the fluid escape structures observed within thaltatbreccias are both suggestive of
hydraulic fracturing by upward flows of overpreszad, hot fluids.

- The biostratigraphic ages of the authigenic maherust, which coats the top of the CVT
and localized areas of the uppermost parts of afeepescarpments, indicate that fault
activity started in the Aptian; most displacememkt place during the Late Cretaceous and
gave rise to morphostructural depressions up teraéliundred metres deep.

- The recognition of different systems of mappaiaéaeoescarpments suggests that, during
the Cretaceous, the study area corresponded tdtebtaunded basin limited by E-W
transcurrent zones and internally partitioned bysNermal faults. This inferred geotectonic
setting could be consistent with the palaeogeogcapdsition of the Ligurian Briangconnais
Domain; located at the easternmost end of a trams$gstem that at the Early—Late
Cretaceous boundary connected the Bay of Bisc#het®alais and Ligurian-Piedmont
oceans.

- The results of this study are relevant in patéictor geologists working in mountain chains
where present-day geometric relationships betweeklvodies are mainly interpreted as the
result of contractional tectonics related to oraggmocesses. The primary architecture of a
sedimentary basin, controlled by syndepositionalt$acan in fact be well-preserved even on
a large scale, and within structural domains a#ie@dty polyphase deformation and very low

grade metamorphism.
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FIGURE CAPTIONS

Fig. 1. A. Location of the study area. AM: Argentera mgd3i Dauphinois units; HF:
Helminthoided=lysch unit; PP: Pre Piemontese units; LB: LiguBaianconnais units; TU:
Colle di Tenda unit. B. Geological sketch map & $itudy area, with the four recognized
palaeoescarpments (CP: Chiusetta palaecoescarpGt;Colle del Pas palaeoescarpment;
PSP: Passo delle Saline palaeoescarpment; MP: blengalaeoescarpment) and the
location of the described outcrops (1: ValloneMagestri; 2: Pian Ambrogi; 3: Gias
Gruppetti; 4: Vallone Saline; 5: Colle del PasColle del Pas North; 7: Valle del Pas; 8:
Bocchin dell’Aseo). VIDZ: Limone-Viozene deformati@aone; VZSZ: Verzera shear zone.
Modified after Piana et al. (2009).

Fig. 2. Simplified stratigraphic section of the Externgjlrian Briangonnais succession. In
the right column acronyms of the lithostratigrapints, as used in the text, are reported.
Fig. 3. Panoramic view of the Vallone dei Maestri, showiing E-W oriented Calcari di Val
Tanarello (CVT) - Formazione di Upega (FU) boudaashed line), corresponding to the
Chiusetta palaeoescarpment. The black asteriskspimirthe Vallone dei Maestri outcrop.
The Don Barbera hut (encircled) for scale is al&fum long.

Fig. 4. Vallone dei Maestri outcrop (locality 1 in Figut®g Picture and interpretive sketch of
the mineralized surface incised within the Caldaival Tanarello (CVT), and onlapped by
the Formazione di Upega (FU) sediments. At the b&tiee surface a metre-sized Calcari di
Val Tanarello block (CVT b) is visible. Thin linésghlight bedding planes. Hammer for
scale is 35 cm long. HG: mineralized crust.

Fig. 5. Vallone dei Maestri outcrop. A. Photomicrographwimy an irregular creep-related
cavity occurring in a Calcari di Val Tanarello bkodNote the isopachous calcite cement rim.
The square indicates position of B. B. Close upigtire A in cathodoluminescence,

highlighting the geopetal infilling and the cathtgduainescence zonation of the cement.
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Fig. 6. Staircase arrangement of the Pian Ambrogi outasath, two morphological steps
made up of Calcari di Val Tanarello limestones (G'¥&parated by Formazione di Upega
sediments (FU). Dotted lines indicate the Calca¥al Tanarello — Formazione di Upega
boundaries. The black dot points to location of. Fig

Fig. 7. Pian Ambrogi outcrop (locality 2 in Figure 1). $wvizontal Calcari di Val Tanarello
(CVT) bedding planes (white dotted lines) of th@epmorphological step are abruptly
truncated by a steep surface patchily coveredibynaralized crust (HG) and onlapped by
the Formazione di Upega (FU). A graphic sketcrhefgeometric relationships is shown in
the box at the upper left corner.

Fig. 8. Panoramic view of the eastern side of the Cimke &dline, preserving large
evidence of a submarine palaeoescarpment. ThHea-borresponds to the schematic cross
section shown on Figure 9.

Fig 9. Schematic, not to scale, section across the easitte of the Cima delle Saline
showing stratigraphic and geometrical relationshifge section line (a-b) is shown in Figure
8 and is about 300 m long. DSPM: Dolomie di Sartr®igei Monti; CRN: Calcari di Rio di
Nava; CVT: Calcari di Val Tanarello; CMC: Calcarlth Madonna dei Cancelli; br: breccia
sediments.

Fig. 10. Gias Gruppetti outcrop (locality 3 in Figure 1)raified breccia deposits (br)
between the Calcari di Val Tanarello block (CVTHdhe underlying palaeoescarpment,
incised into the Dolomie di San Pietro dei MontSBM).

Fig. 11. Vallone Saline outcrop (locality 4 in Figure 1)al€ari di Val Tanarello limestones
are subdivided into three blocks (WB: western bjdeR: central block; EB: eastern block)
showing a domino-like arrangement. The depresdiethseen the blocks are filled with

Formazione di Upega (FU) sediments. Height of tHean the right side is about 50 m.
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Fig. 12. Graphic sketch of Figure 11. All the mesoscopid aricroscopic features described
in the text are represented schematically. WB: @radblock; CB: central block; EB: eastern
block; CVT: Calcari di Val Tanarello; FU: Formazmdi Upega; HG: hard ground; ND&S:
neptunian dykes and sills; br: breccias.

Fig. 13. Vallone Saline outcrop. Cavity-bearing beds wittia eastern block. A. Cavities
(Cc) are irregularly shaped, elongated and aligondzbdding. They are filled with a sparry
calcite cement, locally showing geopetal structuBed?olished slab showing cavities
abruptly crossed by a sedimentary dyke (d) fillethw breccia. Hatched lines indicate
bedding.

Fig. 14. Vallone Saline outcrop. A. A steep surface ingdime Calcari di Val Tanarello
(CVT) bounds to the east the western block andligpped by Formazione di Upega
sediments (FU). Breccias (br) plaster the surfeieeched white lines in the CVT indicate
bedding planes. B. Close-up view of the surfacé#) tie thin and discontinuos breccia (br).
Fig. 15. Thin section of the breccia of Figure 14, in traitgd light (A) and in
cathodoluminescence (B). Clasts are internallysgdsy different generations of veins.
Fig. 16. Panoramic view of the Colle del Pas southern. Sitie white asterisk points to the
location of Figure 17. In the corresponding grapgkietch below, the boundaries between
different lithological units are shown. V: Permiasicanics; QPN: Quarziti di Ponte di Nava;
FU: Formazione di Upega; CMC: Calcari della MadodeaCancelli; br: breccia sediments.
Fig. 17. Colle del Pas outcrop (locality 5 in Figure 1). &msional surface (hatched white
line) dipping at medium angle to SE is incised itte Permian volcanic rocks (V) and is
overlain by well-bedded breccia sediments.

Fig. 18. Photomicrographs of the fine-grained brecciathefGolle del Pas outcrop, Level 1,

showing veins (v) filled with dull brownish lumingant fibrous quartz cement and confined
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within microcrystalline volcanic grains (g), showgia pale blue luminescence. A.
Transmitted light, crossed nicols. B. Cathodoluregesce.

Fig. 19. Colle del Pas North outcrop (locality 6 in Figuje Thin beds of Formazione di
Upega sediments (FU) draping an irregular surfabryptly truncating the Calcari di Val
Tanarello limestones (CVT) of the elongated rocyodBlack arrows point to the
stratigraphic contact. Hammer for scale is 35 cnglo

Fig. 20. Valle del Pas outcrop (locality 7 in Figure 1).Hrt layer of whitish clast-supported
breccia drapes an irregular surface incised ingchighly fractured dark dolomitic limestones
of the lower part of the DSPM. Note that a thinnviei the dark dolomitic limestones
(encircled) does not cross the overlying breccia.

Fig. 21. Valle del Pas outcrop. Photomicrograph of a cemiemned and micrite-filled

cavity within the DSPM dolomitic limestones, jusiieath the breccia. A. Transmitted light.
B. Cathodoluminescence.

Fig. 22. Bocchin dell’Aseo outcrop (locality 8 in Figure. Breccia beds resting on the
Mongioie paleoescarpment. Hammer for scale is 3%oom.

Fig. 23. Pian Ambrogi. Vertical dyke (d) within the uppearpof Calcari di Val Tanarello
(CVT). Hammer for scale is 35 cm long. Dyke walle marked by black lines.

Fig. 24. Detail of the infilling sediment of the dyke ofgtire 23. Note that some clasts show
a brecciated texture documenting polyphase fraguaind infilling.

Fig. 25. Tabular sub-vertical breccia body (black arrowguwacing within the subhorizontal
Calcari di Rio di Nava (white arrow). The hammeadhén the upper right is about 18 cm
long.

Fig. 26. Photomicrographs of the breccia of Figure 25. dlhst in the middle is crosscut by

two different veins (I and Il). Fragments of type¢ins are also observable in the matrix.
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Note the occurrence of very thin veins (tv) in thatrix showing branched geometries. A.
Transmitted light. B. Cathodoluminescence.

Fig. 27. Sketch representing four steps in the evolutio@mftaceous palaeofaults and their
remodelling into palaeoescarpments. For the sakeaphical simplicity, the Middle—Upper
Jurassic limestones are represented as a tabwgraftbough it was reported by Bertok et al.
(2011) that thickness changes occur in the Middlpper Jurassic succession and
palaeoescarpments were already present duringpissition. V: Permian volcanics; QPN:
Quarziti di Ponte di Nava; DSPM: Dolomie di S.tRiedei Monti; CRN: Calcari di Rio di
Nava; CVT: Calcari di Val Tanarello; FU: FormaziatidUpega; CMC: Calcari della
Madonna dei Cancelli; HG: hard ground; br: bresgdiments; fr: fault rocks; ol: olistholith.
Fig. 28. Palaeogeographic map of the Western Tethys in gieaA showing the location of
the Marguareis — Mongioie area (black asteriskdreen after Handy et al. (2010) and
Stampfli et al. (2002).

Fig. 29. Schematic plan-view and 3D sketch of the Cretasé&dametre-sized fault-bounded

basin. VIDZ: Limone-Viozene deformation zone; VZSZrzera shear zone.

Table 1. Stable isotope data from the sub-vertical breboidies.

36



37



References

Afilhado, A., Matias, L., Shiobara, H., Hirn, A.,éides-Victor, L., Shimamura, H., 2008.
From unthinned continent to ocean: the deep strecifithe West Iberia passive
continental margin at 38°N. Tectonophysics 458,0-5

Amaudric Du Chaffaut, S., Bourbon, M., De Gracigndk.C., Lemoine, M., 1984. Du
Brianconnais a la Corse: modification longitudisattune marge continentale passive
de la Téthys ligure. Memorie della Societa Geoladialiana 28, 269-283.

Aubrecht, R., Szulc, J., 200Beciphering of the complex depositional and diagjeriestory
of a scarp limestone breccia (Middle Jurassic Kr&seccia, Pieniny Klippen Belt,
Western Carpathiansyedimentary Geology86, 265-281

Barfety, J. C., Lemoine, M., De Graciansky, P.Ricart, P., Mercier, D., 1996. Notice
explicative, Carte géologique de France (1/50.0f@@))le Briancon (823). Bureau de
Recherche Geologiques et Minieres, Orléans.

Bertok, C., Martire, L., 2009. Sedimentation, fragtg and sliding on a pelagic plateau
margin: the Middle Jurassic to Lower Cretaceouseasgion of Rocca Busambra
(Western Sicily, Italy). Sedimentology 56, 1016-004

Bertok, C., Martire, L., Perotti, E., d’Atri, A.iéha, F., 2011. Middle—Late Jurassic
syndepositional tectonics recorded in the LiguBalanconnais succession
(Marguareis-Mongioie area, Ligurian Alps, NW Italwiss Journal of Geosciences,
doi:10.1007/s00015-011-0058-0.

Bice, D.M., Stewart, K.G., 1985. Ancient erosiogeboves on exhumed bypass margins of

carbonate platforms: examples from the Apenninesl@&gy 13, 565-568.

38



Bohm, F, Dommergues, J.L., Meister, A.995.Breccias of the Adnet Formation: indicators
of a Mid-Liassic tectonic event in the Northern €&akous Alps (Salzburg, Austria)
Geologische Rundschau,8472-286

Boillot, G., Montadert, L., Lemoine, M., Biju-DuvaB., 1984. Les margins continentales
actuelles et fossiles autour de la France. Mad3ais.

Boni, A., Cerro, A., Gianotti, R., Vanossi, M., I9Note illustrative della Carta Geologica
d’Italia alla scala 1:100.000, foglio 92-93 Alber§avona. Stab. L. Salomone, Roma.

Bonini L., Dallagiovanna, G., Seno, S., 2010. Tdle of pre-existing faults in the structural
evolution of thrust systems: insights from the lrign Alps (ltaly). Tectonophysics
480, 73-87.

Bosellini, A., Neri, C., Luciani, V., 1993. Platformargin collapses and sequence
stratigraphic organization of carbonate scope:dexius—Eocene, Gargano
Promontory, southern Italy. Terra Nova 5, 282-297.

Carminati, E., Santantonio, M., 2005. Control dfedential compaction on the geometry of
sediments onlapping paleoescarpments: insights fiethgeology (Central
Apennines, Italy) and numerical modelling. Geol@§y 353—-356.

Castellarin, A., 1972. Evoluzione paleotettonigessidimentaria del limite tra piattaforma
veneta e bacino lombardo a Nord di Riva del Ga@Edarnale di Geologia 38, 11-212.

Claudel, M. E., Dumont, T., Tricart, P., 1997. Ureuve d’extension contemporaine de
I'expansion océanique de la Téthys ligure en Boan@is: les failles du Vallon
Laugier. Comptes Rendus de I'Académie des scig@REe273-279.

Claudel, M. E., Dumont, T., 1999. A record of mstitige continental break-up on the
Briangconnais marginal plateau (Western Alps): Yarld Middle—Late Jurassic

rifting. Eclogae Geologicae Helveticae 92, 45-61.

39



Dardeau, G., De Graciansky, P.C., 1987. Indiceraltectonique synsédimentaire distensive
d’age crétacé inférieur dans la basse valléektdion (Alpes-Maritimes) et
conséquences géodynamiques. Bulletin de la SdGetéogique de France 6,
1207-1210.

De Graciansky, P.C., Busnardo, R., Doublet, R.,tidad, J., 1987. Tectonogenese distensive
d’age crétaceé inférieur aux confins des Baronrghaifies subalpines méridionales);
liaison avec le rifting atlantique; consequenceadatectonique alpindBulletin de la
Societe Geologique de France 6, 1211-1214.

De Graciansky, P.C., Lemoine, M., 1988. Early Gretaus extensional tectonics in the
southwestern French Alps: a consequence of Nordm#ade rifting during Tethyan
spreading. Bulletin de la Societe Geologique deéedb, 733-737.

Dercourt, J., Gaetani, M., Vrielynck, B., Barri€r, Bijuduval, B., Brunet, M.F., Cadet, J.P.,
Crasquin, S., Sandulescu, M., 2000. Atlas PeriyigtRalaeogeographical maps.
CCGM/CGMW, I-XX, 1-269.

Di Stefano, P., Galacz, A., Mallarino, G., MindszerA., Voros, A., 2002. Birth and early
evolution of a Jurassic escarpment: Monte Kumeesstevn Sicily. Facies 46,
273-298.

Faure-Muret, A., Fallot, P., 1954. Sur le Secorelatrle Tertiaire aux abord sud-orientaux du
Massif de I'Argentera-Mercantour. Bulletin de lart@agéologique de la France 241,
fasc. LIl

Fries, G., Parize, O., 2003. Anatomy of anciensp@&smargin slope systems: Aptian gravity-
driven deposition on the Vocontian palacomargiestern Alps, south-east France.

Sedimentology 50, 1231-1270.

40



Gill, G., Santantonio, M., Lathuiliere, B., 200hd& depth of pelagic deposits in the Tethyan
Jurassic and the use of corals: an example fromApleanines. Sedimentary Geology
166, 311-334.

Goffé, B., 1984. Le faciés a carpholite-chloritottdns la couverture brianconnaise des Alpes
ligures: un témoin de I'histoire tectono-métamoquia régionale. Memorie della
Societa Geologica Italiana 28, 461-179.

Golonka, J., 2004. Plate tectonic evolution ofghathern margin of Eurasia in the Mesozoic
and Cenozoic. Tectonophysics 381, 235-273.

Gong, Z., van Hinsbergen, D.J.J., Vissers, R.LDMkkers, M.J., 2009. Early Cretaceous
syn-rotational extension in the Organya basin—nemstraints on the palinspastic
position of Iberia during its rotation. Tectonopitgs473, 312—323.

Guillaume, A., 1969. Contribution a I'étude géolpgg des Alpes liguro-piemontais.
Documents Laboratoire Géologique Faculté Scienges B0, 658 pp.

Handy, M.R., Schmid, S.M., Bousquet, R., Kissligg, Bernoulli, D., 2010. Reconciling
plate-tectonic reconstructions of Alpine Tethyshathie geological-geophysical record
of spreading and subduction in the Alps. Earth4SmeReviews 102, 121-158.

Hibsch, C., Kandel, D., Montenat, C., D’estevolp) P1992. Evénements tectoniques dans la
partie méridionale du bassin subalpin (massif Viextioure et partie orientale de I'arc
de Castellane, SE France). Implications géodinaesigBulletin de la Societe
Geologique de France 2, 147-158.

Jaeger, J.C., Cook, N.G.W., Zimmerman, R.W., 26@inhdamental of Rock Mechanics.
Blackwell Publishing, 488 pp.

Jammes, S., Manatschal, G., Lavier, L., Masini2BQ9. Tectonosedimentary evolution
related to extreme crustal thinning ahead of aggaping ocean: example of the

western Pyrenees. Tectonics 28, TC4012.

41



Lagabrielle, Y., Bodinier, J.L., 2008. Submarine/oeking of exhumed subcontinental mantle
rocks: field evidence from the Lherz peridotiteserieh Pyrenees. Terra Nova 20,
11-21.

Lagabrielle, Y., Labaume, P., Saint Blanquat, M.2ZD.10. Mantle exhumation, crustal
denudation and gravity tectonics during Cretaceiftiisg in the Pyrenean realm (SW
Europe): insights from the geological setting a therzolite bodies. Tectonics 29,
TC4012.

Lanteaume, M., Radulescu, N., Gravos, M., Feraydraure-Muret, A., Haccard, D., Villey,
M., Lecanu, J.P., Dufay, D., Gigot, P., Vigne, MA&guinet, R., Vaslet, D.,
Campredon, R., 1990. Carte géologique de Fran&QD8, feuille Vieve-Tende
(948). Notice explicativeBureau de Recherche Geologiques et Minieres, fsléa

Lemoine, M., Bas, T., Arnaud-Vanneau, A., Arnaud, Bumont, T., Gidon, M., Bourbon,
M., De Graciansky, P.C., Rudkiewicz, J.L., MegaraliiGJ., Tricart, P., 1986. The
continental margin of the Mesozoic Tethys in thest##m Alps. Marine and
Petroleum Geology 3, 179-199.

Lemoine, M., Trumpy, R., 1987. Pre-oceanic riftinghe Alps. Tectonophysics 133,
305-320.

Loprieno, A., Bousquet, R., Bucher, S., Cerianj(&lla Torre, F.H., Fligenschuh, B.,
Schmid, S.M., 2011. The Valais units in Savoy (Egna key area for understanding
the palaeogeography and the tectonic evolutioh@tWestern Alps. International
Journal of Earth Sciences 100, 963-992.

Lozar, F., 1995. New sedimentological and biogjraphical evidence of a discontinuity
surface in the Lower Cretaceous of the westerntérBtateau (Southern Alps, Italy).

Palaeopelagos 5, 175-186.

42



Lualdi, A., Bianchi, U., 1990. La Formazione di @o&osera: una nuova unita stratigrafica
dell’'Anisico delle Alpi liguri (Brianzonese e Prgpnontese). Atti Ticinensi di Scienze
della Terra 33, 33-62.

Lualdi, A., Menardi Noguera, A., Mosna, S., 1988lyBhase hardground from the Aptian-
Cenomanian of the Maritime Alps, NW lItaly. (Liguni@8rianconnais domain,
Marguareis-Besimauda and Ormea units). BollettieitadSocieta Geologica Italiana
108, 41-57.

Lykousis, V., Sakellariou, D., Moretti, I., KabeH,, 2007. Late Quaternary basin evolution
of the Gulf of Corinth: Sequence stratigraphy, seitation, fault—slip and
subsidence rates. Tectonophysics 440, 29-51.

Marazzi, S., 2005. Atlante Orografico delle AlpOD®JSA. Priuli & Verlucca, Pavone
Canavese.

Messiga, B., Oxilia, M., Piccardo, G.B., Vanossi, #082. Fasi metamorfiche e
deformazioni alpine nel Brianzonese e nel Prepiges@mPiemontese esterno delle
Alpi liguri: un possibile modello evolutivo. Rendiati della Societa di Mineralogia e
Petrografia 38, 261-280.

Michard, A., Martinotti, G., 2002. The Eocene unimosmity of the Briangonnais domain in
the French—Italian Alps, revisited (Marguareis nfagiineo); a hint for a Late
Cretaceous—Middle Eocene frontal bulge setting.dd®sonica Acta 15, 289-301.

Montenat, C., Barrier, P., D’Estevou, P.O., 199dm8 aspects of the recent tectonics in the
Strait of Messina, Italy. Tectonophysics 194, 20B5:2

Montenat, C., Hibsch, C., Perrier, J.C., PascaudHetizel, P., 1997. Tectonique cassante
d’age crétacé inférieur dans I’Arc de Nice (Alpdaritimes, France). Géologie

Alpine 73, 59-66.

43



Montenat, C., Barrier, P., D’estevou, P.O., 2002e Vigny limestones: a record of
Palaeocene (Danian) tectonosedimentary eventgiRdhs Basin. Sedimentology 49,
421-440

Montenat, C., Janin, M.C., Barrier, P., 2004. Lident du Toulourenc: une limite tectonique
entre la plate-forme provencale et le Bassin vaeard I'Aptien-Albien (SE France).
Comptes Rendus Geosciences 336, 1301-1310.

Montenat C., Barrier P., D'estevu, P.O., Hibsch2G07.Seismites: an attempt at critical
analysis and classification. Sedimentary Geolody, 59-30.

Morsilli, M., Rusciadelli, G., Bosellini, A., 2002.arge scale gravity-driven structures:
control on margin architecture and related depaditsCretaceous Carbonate
platform (Montagna della Maiella, Central Apenninialy). Bollettino Societa
Geologica Italiana 1, 619-628.

Olivet, J.L., 1996. La cinématique de la plaqueithée. Bull.Rech. Explor. Elf-Aquitaine 20,
131-195.

Pasquini, C., Lualdi, A., Vercesi, P.L., 2004. Dsitional dynamics of glaucony-rich deposits
in the Lower Cretaceous of the Nice arc, southEesice. Cretaceous Research 25,
179-189.

Péron-Pinvidic, G., Manatschal, G., Minshull, T, 8awyer, D. S., 2007.
Tectonosedimentary evolution of the deep Iberia-fdevwdland margins: evidence for
a complex breakup history. Tectonics 26, TC2011.

Piana, F., Musso, A., Bertok, C., d’Atri, A., Magj L., Perotti, E., Varrone, D., Martinotti,
G., 2009. New data on post-Eocene tectonic evalufdhe External Ligurian
Brianconnais (Western Ligurian Alps). Italian Jaalraf Geosciences 128, 353-366.

Purser, B.H., Plaziat, J.C., 1998. Miocene perfiptat slope sedimentation in the north-

western Red Sea rift, Egypt. In: Purser, B.H., BoseD.W.J., (Eds.), Sedimentation

44



and Tectonics of Rift Basins: Red Sea-Gulf of Adehapman & Hall, London, pp.
320-346.

Rendinella, P., 2006. Rilevamento geologico e ststhiatigrafico della successione
cretacico—paleogenica di Piano Ambrogi — MassidebMarguareis (Alpi
Marittime). Unpublished thesis, Universita degludtdi Torino, 143 pp.

Rosenbaum, G., Lister, G. S., 2005. The Westers &fm the Jurassic to Oligocene: spatio-
temporal constraints and evolutionary reconstrusti&écarth-Science Reviews 69,
281-306.

Rusciadelli, G., 2005. The Maiella Escarpment (Agpplatform, Italy): geology and
modelling of an Upper Cretaceous scalloped erosiatform margin. Bollettino
Societa Geologica Italiana 124, 661-673.

Santantonio, M., 1993. Facies associations andigwnlof pelagic carbonate platforms/basin
systems: examples from the Italian Jurassic. Sedwtagy 40, 1039-1067.

Santantonio, M., 1994. Pelagic carbonate platfdmibke geological record: their
classification, and sedimentary and palaeotectevidution. AAPG Bulletin 78,
122-141.

Seno, S., Dallagiovanna, G., Vanossi, M., 2003a&@ieography and thrust development in
the Pennidic domain of the Western Alpine chaimfitbe Ligurian Alps. Bollettino
della Societa Geologica Italiana 122, 223-232.

Seno, S., Dallagiovanna, G., Vanossi, M., 2005eHMiatic evolution model for the Penninic
sector of the central Ligurian Alps. Internatiodalrnal of Earth Sciences 94,
114-129.

Spence, G.H., Tucker, M.E., 1993enesis of limestone megabreccias and their sigmifie
in carbonate sequence stratigraphic models: awe@edimentary Geology12,

163-193

45



Stampfli, G.M., 1993. Le Brianconnais, terrain egqoé dans les Alpes? Eclogae Geologicae
Helveticae 86, 1-45.

Stampfli, G.M., Mosar, J., Marquer, D., Marchant, Baudin, T., Borel, G., 1998.
Subduction and obduction processes in the Swiss. Alpctonophysics 296, 159-204.

Stampfli, G.M., Borel, G.D., Marchant, R., Mosar,2002. Western Alps geological
constraints on western Tethyan reconstructiongnabof the Virtual Explorer 8,
77-106.

Surlyk, F., Hurst, J.M., 1983. Evolution of the lgd?aleozoic deep-water basin of north
Greenland-Aulacogen or narrow ocean? Geology 148%.7

Surlyk, F., Ineson, J.R., 1992. Carbonate gravw fdeposition along platform margin scarp
(Silurian, North Greenland) Journal of Sedimentgyrology 62, 400-410.

Vanossi, M., 1963. Segnalazione di una microfauraaltitoniana nei calcari a facies di
“Guillestre” della Val Tanarello (Alpi MarittimeBollettino della Societa geologica
italiana 82, 3-9.

Vanossi, M., 1972. Rilevamento geologico ed anatisitturale delle dorsali del M. Mongioie
e del M. Cimone (Brianzonese ligure). Atti dellitato Geologico dell’Universita di
Pavia 23, 29-71.

Vanossi, M., 1974. Unita di Ormea: una chiave ppeterpretazione del Brianzonese ligure.
Atti dell'lstituto Geologico dell’Universita di Paa 24, 74-91.

Vanossi, M., Cortesogno, L., Galbiati, B., MessiBa,Piccardo, G., Vannucci, R., 1984.
Geologia delle Alpi liguri: dati, problemi, ipotedflemorie della Societa Geologica
ltaliana 28, 5-75.

Wendt, J., 1971. Genese und Fauna sedimentarde®j#dlngen im Mediterranen Jura.

Palaeontographica Abteilung A 136, 122-192.

46



Winterer, E. L., Metzler, C. V., Sarti, M., 199N eptunian dykes and associated breccias
(Southern Alps, Italy and Switzerland): role of\gtg sliding in open and closed
system. Sedimentology 38, 381-404.

Winterer, E. L., Sarti, M., 199Meptunian dykes and associated features in SouSysaim.

Mechanism of formation and tectonic implicationsdBnentology, 41,1109-1132.

47



(EWIT IERLAND

| w
Y]
=
<
N
w

s 0y 200" 17500
faults
stratigraphic boundaries

—— Helminthoides Flysch Middle Triassic
formations
[ | Cretaceous-Eocene

l | formations

% « 1 Permian-Lower Triassic :
Fl fmrmatinne ®  described outcrops

Fig. 1

48



: ; FLYSCH NOIR
Priabonian— =z
Rupelian? Deep-water shales and| L
sandstones
TS e CALCARI MADONNA o
Bartonian ' “a0m DEI CANCELLI =
Bioclastic limestones to marls o
HIATUS —
FORMAZIONE
Upper UPEGA -
Cretaceous Hemipelagic marly L
. limestones
. L
s — HG
Kimmeridgian?| — CALCARI -
—Berriasian | — 10-60m-— VAL TANARELLO | =
S Pelagic limestones (&)
HIATUS
) CALCARI =
Bathonian RIO DI NAVA o
Inner shelf limestones | Q
HIATUS
y / 200m/ DOLOMIE
Anisian SAN PIETRO =
Ladinian 7 7 DEI MONTI %
| Peritidal dolomites | ()
and limestones
10? m
]
Upper QUARZITI
Permian PONTE DI NAVA =
i 110 m o
Lower Littoral conglomerates e
Trias and quartz arenites
T AT T Ty PORPHIROIDS
Fig. 2

49




Fig. 3

50



Fig. 4

51



Fig. 5

52



Fig. 6

Fig. 7

53



54



Fig. 10

W Fig. 14 E

Fig. 12

55



Fig. 15

56



Fig. 16

Fig. 17

57




©
i
k=2
i

58



Fig. 20

59



Fig. 21

60



Fig. 22

61



Fig. 23

62



63



64



CVT

RN

| latest Jurassic—Barremian

creep cavities (Fig. 5)
subvertical breccia bodies (Figs. 25, 26)

Cenomanian?

Fig. 27

65



Adria

TTTL o\ lonian
c ~_\ Sea

Lithosphere

Fig. 28

Pull-apart basin

<
N
w
N

-
———
% @
@ o
o £ o
= = c
[] ]
G » 2
@ Q
-_ W
=] ]
o [}
o
- T
—

VIDZ

Fig. 29

Faults

North

66

[ Soreadina ridae




