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ABSTRACT

The Alpine orogenesis partially overprinted the Southern
European Variscan Belt complicating paleogeographic
reconstructions. A main debate concerns the extension and the
tectonic significance of the regional-scale East Variscan Shear Zone
(EVSZ). This work reviews the data obtained thanks to a systematic
and multidisciplinary study of the Ferriere-Mollieres shear zone in
the Argentera Massif, the Emosson-Bérard shear zone in the Aiguilles
Rouge Massif and the Cavalaire Fault in the Maures Massif. A pure
shear-dominated transpression with a a variable component of
simple shear is recognized in the studied shear zones. Syn-kinematic
paragenesis, microstructures and quartz c-axis fabrics revealed syn-
shear decreasing temperature starting from amphibolite-facies.
Petrochronology constrained the timing of deformation. Ages range
between ~340-330 Ma and ~320 Ma. Older ages are interpreted as
the beginning of the activity of the EVSZ along its older branches
(Ferriere-Mollieres shear zone) while ages of ~320 Ma, obtained in all
the shear zones, demonstrate that they were active at the same time.
The data revealed a similar tectono-metamorphic evolution of the
shear zones and highlights that transpressional deformation affected
the European Variscan Belt after the metamorphic peak linked to
the initial collisional stage. The review constrains the extension, the
kinematics and the timing the EVSZ.

KEY WORDS: East Variscan Shear Zone, Argentera Massif,
Aiguilles Rouge Massif, Maures Massif, Structural Analysis.

INTRODUCTION

The Variscan Belt in Europe results from a Devonian—
Carboniferous continent-continent collision between
Laurentia-Baltica and Gondwana (Arthaud & Matte, 1977;
Burg & Matte, 1978; Tollmann, 1982; Matte, 1986, 2001). It
is characterized by a composite orocline showing two large
scale arcs (Matte, 1986, 2001): a western branch, the Ibero—
Armorican arc (Arthaud & Matte, 1977; Dias & Ribeiro,
1995; Matte, 2001; Dias et al., 2016; Fernandez-Lozano
et al., 2016), and a smaller eastern branch (Matte, 2001;
Bellot, 2005; Ballevre et al., 2018). Some authors proposed
that this arc is delimited by a regional-scale dextral
transpressive shear zone known as the East Variscan Shear
Zone (EVSZ; Corsini & Rolland, 2009; Carosi et al., 2012;
Padovano et al., 2012, 2014; Simonetti et al., 2018, 2020a).
This led some authors (Matte, 2001; Kroner & Romer, 2013;
Dias et al., 2016; Simonetti et al., 2018) to hypothesize that

the Variscan Belt in Europe developed and evolved in a
manner analogous to the indentation model proposed by
Tapponnier & Molnar (1977) and Tapponnier et al. (1982).

The EVSZ is actually not completely understood, in
particular in those sectors of the Variscan Belt that are
now part of the Alps, and its role during the Variscan and
post-Variscan time is still debated. According to some
authors, shear deformation along the EVSZ in the Variscan
basement of the Western Alps is related to the possible
transition between Pangea B to Pangea A that started
during the Permian (Muttoni et al., 2003, 2009).

However, it is not clear which structures would have
allowed the movement of Gondwana, and if their remnants
are still recognizable. Some authors proposed as evidence
in support of this model the extensive presence of pre-
Alpine dextral shear in the fragments of the Variscan Belt
in the Mediterranean area coupled with the formation of
Early Permian basins (Muttoni et al., 2003; Muttoni &
Kent, 2019).

In contrast with this hypotesis, geochronological data
from pre-Alpine shear zones in the Western Alps point
out to an older deformation still related to the Variscan
orogeny (Pohl et al., 2018; Simonetti et al., 2018; Simonetti
et al., 2020a, 2021c) suggesting that the activity on the
EVSZ is not related to the post-Variscan events. A detailed
structural and geochronological analysis of the shear zones
in the Variscan basement of the Western Alps is therefore
necessary to address this problem.

Anotherunclear point concerns the lateral relationships
between the Corsica-Sardinia block, the Maures-Tanneron
Massif and the Variscan basement of the Western Alps
(External Crystalline Massifs). The correlation between
those sectors is still debated and is mostly based on
lithological and stratigraphic affinities and paleomagnetic
data. In particular, it is not clear if the Corsica-Sardinia
Block was connected to Iberia (Stampfli et al., 2002; Turco
etal., 2012) or to southern France (Rosenbaum et al., 2002;
Advokaat et al., 2014) during the Late Carboniferous times.

The focus of this review are three fragments of the
Variscan Belt: the Argentera Massif and the Aiguilles Rouges
Massif, that belong to the Alpine External Crystalline
Massifs, and the Maures Massif in southern France.
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The major ductile shear zones in those sectors were
recently studied following a systematic multidisciplinary
approach that combines field work, structural and
microstructural analysis, kinematic vorticity analysis,
quartz microstructure and fabric analysis and U-Th-Pb
monazite petrochronology. The new results are compared
with the data from the Posa-Asinara shear zone in order to
better constrain the extension and the complex evolution
of the EVSZ as well as to improve the for paleogeographic
reconstruction of the southern Variscides.

GEOLOGICAL SETTING OF THE VARISCAN BELT

The Variscan Belt is the result of a continent-continent
collision between Laurentia-Baltica and Gondwana that
occurred between 380 Ma and 280 Ma (Arthaud & Matte,
1977; Burg & Matte, 1978; Tollmann, 1982; Matte, 2001;
Di Vincenzo et al., 2004). This collision led to the final

assemblage of Pangea and to the formation of a 1000
km wide and 8000 km long mountain system, which
extended from the Caucasus to the Appalachian and
Ouachita mountains of northern America at the end of the
Carboniferous (Matte, 2001).

The main debate concerning the Variscan collision in
Europe is about the presence or absence of microplates
between Laurentia-Baltica and Gondwana. Some
authors identified these small microplates thanks to
palaeomagnetism and palaeobiostratigraphy (Scotese
& McKerrow, 1990; Franke et al., 2017 with references
therein). The microplates are known as Avalonia and
Armorica (Matte, 2001). They broke away from Gondwana
during the early Palaeozoic, prior to docking against
Baltica and Laurentia before the Devonian-Carboniferous
collision (Matte, 2001). According to the two plates model,
the European Variscan Belt is the result of the exclusive
interaction of Gondwana and Laurentia-Baltica (Kroner
& Romer, 2013) and its complexity is the result of the
distribution of crustal domains of contrasting rheological
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Fig. 1 - Present day distribution of the Variscan units in Europe (Modified after Compagnoni et al., 2010).
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properties. Despite the differences, both models consider
the evolution of the belt characterized by indentation
tectonics and transpressional deformation (Matte, 2001;
Garcia-Navarro & Fernandez, 2004; Pereira et al., 2008).
The portion of the Variscan Belt exposed in Central
and Western Europe (Fig. 1) is known in the literature as
the Variscides. This is the sector that recorded the longest
tectonometamorphic history of the whole belt and is
characterized by a composite orocline showing two large
scale arcs (Matte, 2001): a western branch known as the
Ibero-Armorican arc (Fig. 1; Dias & Ribeiro, 1995; Matte,
2001; Dias et al., 2016; Fernandez-Lozano et al., 2016) and
a smaller eastern branch (Fig. 1; Matte, 2001; Bellot, 2005;
Ballevre et al., 2018; Simonetti et al., 2018, 2020a, 2020b).
The architecture of the Variscides is well defined (Fig. 1;
Fluck et al., 1991; Matte, 2001; Faure et al., 2009; Skrzypek
et al., 2012; Ballevre et al., 2018): the Saxothuringian Zone
(southwestern Iberian Massif, northern Armorican Massif,
Vosges and Bohemian Massif) and the Moldanubian Zone
(southern Iberian Massif, central and southern Vosges,
Massif Central, southern Armorican Massif and southern
Bohemian Massif) are recognized. The Moldanubian Zone
is considered as the metamorphic root of the Variscan Belt
(Schulmann et al., 2009).
The south-eastern sector of the Variscides underwent
reworking and fragmentation during the Alpine orogenesis.
Key areas for understanding the evolution of the
southern European Variscan Belt are the Maures-
Tanneron Massif in southern France, the Corsica-Sardinia
Block and the Alpine External Crystalline Massifs (Fig. 1).
Some authors proposed that those sectors, that are now
dispersed, were in lateral continuity during Variscan time
and all were affected by a transpressive regional-scale
shear zone known as East Variscan Shear Zone (EVSZ;
Matte, 2001; Corsini & Rolland, 2009; Carosi et al., 2012;
Simonetti et al., 2018, 2020a).

ANALYTICAL METHODS

A systematic and multidisciplinary approach was used
in the last years in order to investigate the regional scale
shear zones described in this review. Here a description
of the methods used for structural analysis and for
petrochronology is presented.

Structural and microstructural analyses were all
performed on oriented samples of sheared rocks cut
along the XZ section of the finite strain ellipsoid. The
kinematic of the flow, i.e. components of pure and simple
shear acting simultaneously during the deformation
(see Xypolias, 2010 and Fossen & Cavalcante, 2017 for
a review) was estimated using independent kinematic
vorticity gauges: the C' shear band method (Fig. 2a;
Kurz & Northrup, 2008; Gillam et al., 2013), the stable
porphyroclasts method (Fig. 2b; Passchier, 1987; Wallis
et al., 1993) and the gauartz c-axis fabric (Fig. 2c¢; Wallis,
1995). Kinematic vorticity data were combined with
a finite strain analysis, performed with the center-to-
center method (Fry, 1979), on the XZ section and, where
possible, on the YZ section in order to obtain the shape of
the 3D strain ellipsoid.

Quartz fabric, combined with the observed
microstructures and the syn-tectonic mineral assemblages,
have also been used to estimate the deformation

temperature thanks to the opening angle thermometer
(Kruhl, 1998; Law, 2014; Faleiros et al., 2016).

U-Th-Pb Petrochronological data (Fig. 2d) were
obtained following the analytical procedure reported
in Montomoli et al. (2013) and Braden et al. (2017).
Monazite grains were selected taking into account their
microstructural position, internal features and zoning
revealed by X-Ray compositional maps (for Y, Ce, Pr,
Th, La, P, Ca, U) and chemical analyses acquired with an
electron microprobe (JEOL 8200 Super Probe hosted at
the University of Milano, Italy) following the procedure
given in Montomoli et al. (2013).

In metapelitic systems in wich monazite is associated
with garnet (as observed in the studied mylonites),
chemical proxies like Y + HREE zoning and REE patterns
coupled with grain textural position and zoning are used to
guide the interpretation of monazite ages with respect to
the prograde and/or retrograde stages of metamorphism.
This is possible thanks to the partition phenomena of those
elements observed in the two phses (Engi et al., 2017;
Iaccarino et al., 2017; Pyle et al., 2001; Pyle & Spear, 1999;
Williams et al.,, 2007). In particular garnet breakdown
durign retro-metamorphism will release HREE and Y
that can be preferentially sequestered by monazite. Grains
were analyzed in situ by laser ablation inductively coupled
plasma mass spectrometry (LA-ICP-MS) or by laser
ablation split-stream (LASS; Kylander-Clark et al., 2013).

ARGENTERA MASSIF: THE FERRIERE-MOLLIERES SHEAR
ZONE

The Argentera Massif is composed of the Gesso-Stura-
Vésubie (GSV) and the Tinée (TMC) metamorphic complexes
(Malaroda et al., 1970; Compagnoni et al., 2010) which are
separated by the Ferriere-Mollieres Shear Zone (FMSZ; Fig. 3a).

The GSV complex is made of migmatitic gneiss
derived from Late Ordovician granitoids and migmatitic
paragneiss. Within the migmatites, the small Frisson Lake
layered mafic sequence (Ferrando et al., 2008; Rubattoetal.,
2010) is recognized. The rocks of the GSV recorded a high-
pressure metamorphic peak followed by decompression
down to high-temperature amphibolite-facies conditions
and finally to low-temperature amphibolite-facies
conditions. Migmatites are intruded by the Central granite
(Fig. 3a) at 292 + 10 Ma (Ferrara & Malaroda, 1969) and
by other minor granitic bodies such as the Valle Stura
Leuocogranite (Fig. 3a)

The TMC complex is made of migmatites formed at
the expense of metasediments (Compagnoni et al., 2010).
Eclogite relicts are reported by Faure-Muret (1955),
Malaroda et al. (1970) and recently by Jouffray et al.
(2020) that interpreted those rocks as a dismembered
cryptic suture zone. According to Compagnoni et al. (2010)
migmatites of the TMC present a smaller proportion
of leucosomes than the migmatites of the GSV complex
suggesting a smaller amount of melting.

The FMSZ strikes NW-SE and extends for about 20
km with a thickness between 100 m to the south-east and
more than 1000 m to the north-west. The fault rocks in the
FMSZ resulted from the shearing of migmatites of the GSV
and the TMC. The transition from non-sheared migmatites
to protomylonites, mylonites and ultramylonites can be
observed along a gradient of increasing deformation traced
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Fig. 2 - Sketch summarizing the main used methodologies for structural and pretrochronological analysis. A) Left: schematic diagram of
possible microstructures developed under general flow conditions in a mylonite with dextral sense of shear and their appearance in thin section
(modified after Simonetti et al., 2018). The flow apophyses Al and A2 are indicated in red and green, respectively. The angle 2v between the two
apophyses (yellow) is bisected by the C’ shear plane (dotted line). The equation to calculate Wk is also shown (modified after Kurz & Northrup,
2008). Right: micrograph (crossed polars) showing C’ planes in mylonite of the FMSZ (the short and the long borders of the micrograph are
parallel to Z and X axes of the finite strain ellipsoid, respectively); B) Schematic illustration of stable porphyroclasts method (Wallis et al., 1993)
for vorticity analysis, R = axial ratio of porphyroclasts, ¢ = orientation of long axis of porphyroclasts respect to foliation, Rc_, and Rc__ are
the minimum and maximum critical axial ratios respectively (modified after Simonetti et al., 2020b); C) Schematic illustration of quartz c-axis
method for vorticity analysis (modified after Xypolias, 2010); A2 = flow apophysis 2; ISA2 = istantaneous stratching axis 2; Sa = macroscopic
foliation; Sb = quartz oblique foliation; a = angle between ISA2 and x axis of finite strain; B = angle between x axis of finite strain and flow
apophysis 2; ¢ = angle between ISA2 and flow apophysis 2; D) example of petrochronological study of mylonitic samples of the Cavalaire
Fault (modified after Simonetti et al., 2020b): 1 = monazite grain located along the mylonitic foliation; 2 = monazite grain included in garnet
porphyroclast; 3 = example of chondrite normalized (based on values of McDonough & Sun 1995) REE pattern of dated monazites in sample
CD6 from the Cavalaire Fault.
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towards the center of the shear zone (Fig. 3b; Carosi et al.,
2016; Simonetti et al., 2017, 2018, 2021a, 2021c).
Mylonitic foliation is subvertical and oriented NW-
SE with a mineral lineation plunging at low angle toward
the NNW (Fig. 3b). Kinematic indicators, such as S-C’

fabric (Fig. 4a, b), micafish, mantled porphyroclasts
and quartz oblique foliation, indicate a strike-slip
component of movement with a minor reverse, top-to-
the-SSE sense of shear (Carosi et al., 2016; Simonetti et
al., 2018, 2021¢).
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Quartz microstructures (Piazolo & Passchier, 2002;
Stipp et al., 2002) are indicative of grain boundary
migration (Fig. 4c) partially overprinted by subgrain
rotation recrystallization in mylonites (Fig. 4d) and
ultramylonites. The opening angles of c-axis fabrics (Fig. 4e;
Kruhl, 1998; Law, 2014; Faleiros et al., 2016) revealed a
temperature of deformation between 610 °C — 588 °C for
the protomylonites, 538 °C — 482 °C for the mylonites and
500 °C - 418 °C for the ultramylonites in good agreement
with the observed transition from amphibolite-facies to
greenschist-facies syn-tectonic mineral assemblage along
the deformation gradient (Simonetti et al., 2021c¢).

Kinematic vorticity analysis allowed to recognize a
transpressional deformation regime characterized by a
non-coaxial flow with a prevalent component of pure shear
acting together with simple shear, the latter incresing
along the observed deformation gradient. Finite strain
analysis yields average shortening and stretching values of
27% and 36%, measured parallel to the inferred flow plane
(shear zone boundaries) and flow direction, respectively
(Simonetti et al., 2018).

Deformation ages were obtained thanks to U-Th-Pb
monazite petrochronology on grains collected along the
deformation gradient. The 2°°Pb /2*U and 2°Pb/**?Th ages
range mainly from ~340 Ma to ~320 Ma (Simonetti et al.,
2018, 2021c¢). The oldest ages of this range were obtained
in high-Y monazites along the protomylonitic foliation
close to the margin of the shear zone and in asymmetric
high-Y monazite rims in the same rocks. Younger ages
(~320 Ma) were obtained from monazite grains along
the mylonitic foliation in the core of the shear zone. This
broad correlation between ages and deformation gradient
suggests a progressive concentration of deformation into
the center of the shear zone. This approach revealed long
lasting activity on the FMSZ that continued for 20 million
years under progressively temperature decreasing.

AIGUILLES ROUGE MASSIF: THE EMOSSON-BERARD SHEAR
ZONE

In the Aiguilles Rouge Massif (Fig. 5a), in the Emosson
Lake area (Fig. 5b) and along its SW extension the Val
Berard area (Fig. 5¢), rocks are strongly sheared along a
thick belt of mylonites (Von Raumer & Bussy, 2004) known
as Emosson-Berard Shear Zone (Fig. 5; Simonetti et al.,
2020a). Alpine deformation here is very weak and only
developed under brittle conditions (Dobmeier & Raumer,
1995). Mylonites are made at the expense of paragneiss,
micaschist and orthogneiss. Partial melting within the
shear zone is recognized and described by Von Raumer &
Bussy (2004) and Genier et al. (2008).

The main foliation strikes NE-SW and is always
subvertical with a mineral lineation plunging gently
toward the NE (Fig. 5b, ¢). Kinematic indicators such as
-type porphyroclasts (Fig. 6a), S-C and S-C’ fabric (Fig. 6b)
and micafish indicate a dextral top-to-the-SW sense of sub-
horizontal shear (Von Raumer & Bussy, 2004; Simonetti et
al., 2020a).

In all sheared rocks, quartz is generally coarse-grained
with lobate boundaries (Fig. 6¢) and locally window and
pinning structures are present and are indicative of grain
boundary migraton. In some cases an incipient subgrain
rotation recrystallization overprinting higher temperature

microstrucrures can be recognized (Fig. 6d). These quartz
microstructures indicate that grain boundary migration is
the dominant mechanism for dynamic recrystallization.
In good agreement with the observed microstructures,
measured c-axis fabric opening angles (Fig. 6e) are
indicative of moderately high-temperature deformation
conditions ranging from ~550 °C to ~630 °C (Simonetti et
al., 2020a).

Kinematic vorticity analyses allow to define the
flow regime of the EBSZ, obtained data indicate a pure
shear-dominated transpression (Simonetti et al., 2020a).
The amount of pure shear and simple shear measured
in the different sheared rocks is variable: orthogneiss
always record a larger component of pure shear than the
metasedimentary rocks. This is indicative of a partitioning
of the deformation between the two lithotypes that is
probably controlled by the difference in their rheological
properties.

U-Th-Pb dating was performed in situ on monazite
grains within samples collected in the shear zone. Two
groups of monazites are recognized: a first group composed
of grains included in garnet or biotite porphyroclasts
and a second group composed of grains within the main
foliation.

Th-Pb ages ranges from ~333 + 5 Ma to ~319 = 3 Ma
while U-Pb ages ranges from ~329 + 13 Ma to ~318 + 7
Ma (Simonetti et al., 2020a). Older ages of ~340-330 Ma
were obtained from low-Y cores or from grains included
in porphyroclasts and represent monazite growth during
prograde metamorphism under near peak amphibolite-
facies conditions. Younger ages of ~320-310 Ma are
recorded in syn-tectonic high-Y monazite grains along the
mylonitic foliation and are representative of the onset of
transpressional deformation along the EBSZ.

MAURES MASSIF: THE CAVALAIRE FAULT

The Maures Massif (Fig. 7a) is the southernmost
segment of the Variscan Belt in France (Matte, 2001; Bellot,
2005). It is composed of low- to high-grade metamorphic
rocks (Fig. 7a), the latter intruded by Carboniferous
granitoids. Low- and medium-grade rocks belong to
the External Zone while high-grade rocks belong to the
Internal Zone (Fig. 7a).

The contact between the two zones is marked by a km-
scale shear zone known as Cavalaire Fault (CF, Fig. 7b;
Schneider et al., 2014; Oliot et al., 2015; Gerbault et al.,
2016; Simonetti et al., 2020b).

The CF, as testified by field observations, is
characterized by a NE-SW trending km-thick high-strain
zone (Simonetti et al., 2020b), involving biotite-kyanite
and biotite-muscovite-sillimanite zones. West of the CF
unsheared gneiss and micaschist of the External Zone are
present, whereas migmatites of the Internal Zone crop out
on the eastern side (Fig. 7b).

Mylonitic foliation dips to the NW, with a mineral
lineation materialized by biotite and/or staurolite, trending
NW-SE and plunging to the NW (Fig. 7b). Asymmetric
strain fringes around porphyroclasts (Fig. 8a) and C-S
fabrics (Fig. 8b) indicate a top-to-the-NW sense of shear.

Quartz grains have lobate grain boundaries (Fig. 8c)
and pinning microstructures can be recognized (Fig. 8d).
Those features suggest a dynamic recrystallization by
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Fig. 6 - A) S-C-C’ fabric and o-type K-feldspar porphyroclast at the outcrop scale in the orthogneiss of the Val Bérard area; B) S-C-C’ fabric in
the micaschist in thin section (parallel nicols); C) detail of a quartz grain showing a lobate boundary; D) quartz subgrains (green arrow) and
small new grains (pink arrow) around older coarse grains; E) examples of optically measured quartz c-axis fabrics (equal-area lower-hemisphere
projections) for a sheared micaschist and ortogneiss (modified after Simonetti et al., 2020a).
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Fig. 8 - A) Asymmetric quartz strain fringes around a staurolite porphyroclast in staurolite-bearing micaschist showing a top-to-the-NW sense
of shear; B) S-C’ fabric in the mylonitic gneiss of the Cavalaire Fault showing a top-to-the-NW sense of shear (C’ is marked by a black dashed
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arrow); E) examples of optically measured quartz c-axis fabrics (equal-area lower-hemisphere projections) for two samples of the Cavalaire
Fault (Simonetti et al., 2021b).
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grain boundary migration under a temperature range
between 500 °C and 700 °C. Quartz fabric analysis (Fig. 8¢)
confirms this temperature range, in particular the opening
angle thermometer gives temperatures between ~520 °C
and ~630 °C (Simonetti et al., 2021b).

Kinematic vorticity analyses revealed a transpressional
deformation along the CF occurred under general shear
condition with a major component of pure shear acting
together with simple shear (Simonetti et al., 2020b).

Finite strain data (Simonetti et al.,, 2020b) suggest a
general flattening deformation, in agreement with a pure
shear-dominated transpression (Fossen & Tikoff, 1993;
Fossen et al., 1994; Fossen, 2016), this is also supported
by field evidences such as the presence of boudinage along
both XZ and YZ sections of finite strain ellipsoid.

Age of deformation along the CF was obtained thanks
to U-Th-Pb in situ monazite petrochronology (Simonetti
et al., 2020b). Microstructural position, texture, zoning and
chemical analyses, highlight a complex history of monazite
growth during the tectono-metamorphic history: a first
generation of monazite grew during prograde metamorphic
conditions while a second group of monazite grew during
retrogression coupled with transpressonal deformation.
Ages from the syn-tectonic monazite grains indicate active
deformation at ~323 Ma. Older ages range between ~340
Ma and ~333 Ma and are in agreement with the timing of
the prograde metamorphism developed during collisional
stage before transpression (Oliot et al., 2015).

DISCUSSION

In the last years several new data were collected from
some of the main shear zones in the variscan fragments of
the Mediterranean area (the EBSZ in the Aiguilles Rouge
Massif, the FMSZ in the Argentera Massif and the CF in
the Maures Massif). The systematic and multidiscplinary
study of such structures allowed to better undestrand their
tectono-metamorphic evolution and their role in the frame
of the Southern European Variscan Belt.

The shear zones in the Argentera (FMSZ), Aiguilles
Rouges (EBSZ) and Maures Massifs (CF) present striking
similar features from the structural, geochronological
and petrological point of view. Together with the Posada-
Asinara shear zone in northern Sardinia (Carosi & Palmeri
2002; Cruciani et al., 2015; Carosi et al., 2020), they are all
transpressional shear zones with an important component
of pure shear acting together with simple shear (Fig. 9).

The simple shear component increases across the shear
zones in northern Sardinia (Carosi et al., 2009; Carosi &
Palmeri, 2002; Graziani et al., 2020) and in the Argentera
Massif (Simonettiet al., 2018). Differently, in the Aiguilles
Rouge Massif and in the Maures Massif this temporal
variation in vorticity of flow was not recognized probably
because of the spatial partitioning of flow due to different
rheology of the involved rocks (Simonetti et al., 2020a).

The studied shear zones share a common tectonic
evolution, in the same time interval (Fig. 9), characterized
by initiation under high temperature amphibolite-facies
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Fig. 9 - Relation between vorticity number and age in the Argentera Massif (Simonetti et al. 2017, 2018, 2021¢), in the Aiguilles Rouge Massif
(Simonetti et al., 2020a), in the Maures Massif (Simonetti et al., 2020b) and in northern Sardinia (Carosi & Palmeri, 2002; Frassi et al., 2009;
Carosi et al., 2012, 2020). All data are represented together with the age obtained from the same sample.
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conditions and progressive temperature decrease down to
greenschist-facies in some cases.

Taking into account the position of the studied sectors,
if they are restored to their original orientation during
Variscan times (Fig. 10a), and the kinematics and features
of the studied shear zones, they can readily be interpreted
as interconnected structures belonging to the same
network of dextral shear zones belonging to the EVSZ
(Fig. 10b; Corsini & Rolland, 2009; Carosi et al., 2012;
Schneider et al.,, 2014; Simonetti et al.,, 2020a). Despite
some exceptions, a general increase in the component of
simple shear during time, at the scale of the whole EVSZ,
can be recognized by comparing vorticity data and ages of
the different branches (Fig. 9). This can reflect a change
in the stress field at the continent-scale due to a change
in the relative convergence angle between the plates over
time and/or to rotation of the active structures within the
network during ongoing collision.

The results obtained in the last years support and
strengthen, with new structural and geochronological data,
the model proposed by Rollet et al. (2002), Rosenbaum
et al. (2002) and Advokaat et al. (2014) of the Corsica-
Sardinia Block connected to southern France in continuity
with the Western Alps and located along a major regional
scale transpressive shear zone.

Despite the similarities, the preserved branches of the
EVSZ have slightly different ages (Fig. 10b). This can be
explained by their progressive growth using a tectonic
linkage model (Fig. 10c; Trudgill & Cartwright, 1994,
Dawers & Anders, 1995; Walsh et al., 2002, 2003; Soliva &
Benedicto, 2004; Soliva et al., 2006; Fossen & Cavalcante,
2017). Shear zones within the network grow in length
as they accumulate displacement, and tend to connect
with adjacent structures to form composite systems
and networks. It is therefore possible to recognize older
branches that record a longer deformation history and
younger branches that record a shorter history.

It should be noted that the older branches, such as the
Ferriere-Mollieres Shear Zone in the Argentera Massif,
unlike the younger ones, such as the shear zones in the
Maures-Tanneron Massif, Aiguilles Rouges and northern
Sardinia, developed fully within migmatitic crust. Variscan
transpression is considered to be synchronous with
anatexis, or to have initiate shortly after anatexis (Genier
et al., 2008; Padovano et al., 2012, 2014; Simonetti et al.,
2018, 2020a). It is therefore possible that transpressional
deformation along the EVSZ preferentially started to be
accomodated in the lower crust which was easier to deform
because of the ongoing anatexis, and later migrated into
the non-migmatitic crust.

Since all the branches of the EVSZ developed in
a transpressional regime it is possible to hypothesize
that they have favored the exhumation of the deep crust
in the core of the network during transpression. The
result is that some shear zones, especially those in a
more marginal position within the network, juxtapose
domains with different metamorphic imprint. These
cases can be represented by the Cavalaire Fault in the
Maures Massif or by the Posada Asinara shear zone
in Sardinia. In this context the future Alpine External
Crystalline Massifs should be regarded as being
representative of the sheared and exhumed deep crust
in the core of the EVSZ network.

The transpressional deformation regime, the high

temperature of deformation and the late-Carboniferous age
of shearing that characterize the fragments of the EVSZ, all
suggest that its activity is not related to the post-Variscan
deformation and to a transition from Pangea B to Pangea A.
The available data, demonstrate that, at least in the studied
sectors there is no geological and structural evidence that
supports the dextral movement of Gondwana in Early
Permian time since the observed shear zones were all related
to late variscan transpression. If this process ever occurred,
the structural evidences must be recognized elsewere.

Further studies are needed to recognize other potential
sectors of the southern European Variscan Belt affected by
branches of the EVSZ in order to better constrain the lateral
extent of this system of shear zones. This would allow to
formulate a more detailed model for its evolution, and to
better understand how the presence of this regional-scale
discontinuity influenced post-Variscan tectonic evolution
of western Europe

CONCLUSIONS

The data obtained in the last years allows to establish
that, during Variscan time, the Argentera Massif, the
Aiguilles Rouges Massif and the Maures Massif were all
affected by pure-shear dominated transpression that
started at ~340-330 Ma under high-temperature conditions
and continued during retrograde metamorphism. All
those sectors, together with the northern Sardinia, were
part of the same regional-scale dextral shear zone system
known as the East Variscan Shear Zone. Its activity is now
well constrained in four of its branches and is related to
Carboniferous transpression and not to post Variscan
deformation.

The same approach used in the last years to investigate
the branches of the EVSZ should always be applied when
dealing with regional-scale structures with complex and
polyphasic evolution. Different independent analytical
methods should always be systematically applied in order
to obtain data capable of addressing questions on regional/
continent-scale tectonics.
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