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Abstract: The European Variscan belt is a unique orogen that is covered by comprehensive
sets of seismic and potential field data from the Iberian Peninsula in the west to the Polish
Sudetes in the east. The combination of both allows for a new interpretation of the structure
and evolution of the European Variscides at the continental scale. The European Variscan belt
has been divided into three domains according to distinct geological and geophysical
characteristics: 1) the North-eastern Variscan Domain (NVD) outcropping in the Bohemian
Massif, Black Forest and Vosges Massifs, and the Rhenish Massif, 2) the Central Variscan
Domain (CVD) represented by the French Massif Central, Armorican Massif and British
Variscides, and 3) The South-western Variscan Domain (SVD) represented by the Iberian
Massif. The gravity data show the presence of high amplituac short-wavelength gravity
anomalies that are mainly correlated with the outcrops of ~clegites, ultramafic rocks and
ophiolites. These anomalies locate the main body of the \.'d-V ariscan Allochthon in the SVD
and CVD and the Devonian Mid-Variscan suture in the MVD. The gravity data also show
medium amplitude elongated long-wavelength gravity =:ghs aligned parallel to the structural
grain of the Variscan belt, represented by the Jteiormed Tepla-Barrandian-Kraichgau upper
crustal rocks, a Devonian supra-subduction v~sin in the Mid-Variscan Allochthon, and the
autochthonous rocks of the Central Ibei.~n Zone in the SVD, the Armorican Massif in the
CVD and the Saxothuringian Zone :n the NVD. The short wavelength negative gravity
anomalies are mainly developed i *he central part of the belt and coincide with
Carboniferous (330 — 310 Ma' pe- to meta-aluminous magmatic bodies, pre-Variscan
orthogneisses and Carboniferou: felsic granulite bodies. Noticeably, Permian (300 — 290 Ma)
granitoids do not reveal any arzvity lows indicating that these bodies are not deeply rooted.
The magnetic data shrw *wo odelts correlated to Carboniferous Rhenohercynian and Devonian
Mid-Variscan magmatic rc granitoids. The Rhenohercynian and Mid-Variscan subduction
systems are well imaged by moderately SE dipping primary A-type reflectors in reflection
seismic lines in the NVD and CVD, while in the SVD the reflectors related to the
Rhenohercynian subduction are dipping to the NE and the seismic signature of the Mid-
Variscan suture is weakly developed. In the NVD, a third belt of SE-dipping reflectors is
attributed to the Carboniferous subduction of the Saxothuringian continental lithosphere
beneath the Mid-Variscan Allochthon. Younger B-type moderately dipping reflectors in the
upper-middle crust coincide with outcrops of Carboniferous detachments, sometimes limiting
granite plutons and core complexes along-strike the core of the Variscan orogeny. C-type
reflectors occur mainly in the deep crust and are considered as an expression of lower crustal

flow resulting from extensional re-equilibration of the previously thickened Variscan crust. A



synthesis of P-wave velocity logs at the scale of the whole Variscan belt shows the existence
of three different continental crusts: (i) cratonic crust marked by a thick, high velocity lower
crust, (ii) transitional crust characterised by a relatively thin high velocity lower crust and
intermediate velocity middle crust, and (iii) a thin Variscan orogenic crust defined by low
velocity lower and middle crust. The latter crustal type coincides with regional outcrops of
330 — 310 Ma per- to meta- aluminous granitoids and associated gravity lows along-strike the
belt. It is argued that the specific “Variscan” orogenic crust originated by Carboniferous
extensional thinning and extensive melting of previously thickened “Tibetan” type crust and

not from Permian tectogenesis, which is restricted to marginal parts of the orogen.
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1. Introduction

The European Variscan belt is a classical collisional orogenic system characterised by
Devonian to Carboniferous oceanic subductions and terrane accretion followed by a major
Carboniferous collision between the Gondwana and Laurussia continental masses (Matte et al.,
1986; Matte, 2001; Stampfli et al., 2013; Edel et al., 2018, Martinez Catalan et al., 2021).
Concerning the oceans involved, published models contemplate between just one (Rheic;
Kroner and Romer, 2013) and five (Rheic, Saxothuringian, Moldanubian, Rhenohercynian
and Paleotethys; Franke et al., 2017). Even more have been recognized or can be hidden
inside the Alpine domains (Neubauer et al., 2022).

Two main oceanic sutures are traditionally recognized i2sulting from Carboniferous
closure of the Devonian Rhenohercynian basin in the NW &nd tie Middle-Upper Devonian
closure of a Cambro-Ordovician ocean pertaining to the F'heic realm further SE (e.g., Matte,
2001; Franke et al., 2017), although probably repres~nti»9 a marginal ocean instead of the
true Rheic (Martinez Catalan et al., 2021). A Carbonii>rous subduction zone located between
these two previously mentioned sutures was rec :n:.y identified in the Saxothuringian Zone of
the Bohemian Massif and northern Vosges (Franke and Zelazniewicz 2000; Mazur and
Aleksandrowski 2001; Edel and Schulm.nn 2009) and could represent the closure of another
narrow ocean of the Rheic domain. “ollisions involved three Gondwana-derived terranes:
Avalonia, that was underthrust ben-ar.. = large Gondwana-derived block here referred to as
the Autochthon, which in turn we~ overthrust by a large nappe stack formed by peri-
Gondwanan oceanic and conti. »nta: terranes (e.g., Faure et al., 2009; Lardeaux et al., 2014;
Martinez Catalan et al., 1297, 2020). The latter will be referred to as the Mid-Variscan
Allochthon following M. rtin: z Cataléan et al. (2021).

Altogether, the ar hitecture of the whole orogenic belt is highly noncylindrical and
varies from east to west according to the importance of the allochthonous domain relative to
that of its autochthonous counterpart. In the east (Bohemian Massif) and part of the centre
(French Massif Central), the Allochthon dominates, while in the west (Armorican and Iberian
massifs), the outcropping domains are dominantly autochthonous, and the Allochthon in NW
Iberia is only represented by five klippen underlain by a common parautochthonous thrust
sheet. In all cases, the Allochthon has an important continental component of peri-Gondwana
origin, while the oceanic component is irregularly distributed, but always separating two
continental domains (e.g., Lardeaux et al., 2014; Martinez Catalan et al., 2021). The principal
terrane boundaries are often concealed by Mesozoic — Cenozoic basins in Central Europe and

sea water of the Atlantic Ocean and the English Channel in the west. The scattered exposures



of Variscan massifs in Europe thus preclude a full understanding of orogenic architecture
including the position of oceanic sutures, magmatic arcs and the origin of the dominant
orogenic fabric. Despite these shortcomings, it was recognized that the Variscan belt was
formed by a succession of tectonic events related first to the closure of oceanic domains and
associated amalgamation of peri-Gondwana blocks followed by reworking of the whole
system due to relative movements of the Laurussia and Gondwana megablocks during the
final formation of the Pangea supercontinent (Arthaud and Matte, 1977; Behr et al., 1984;
Matte, 1991; Edel et al., 2018). The finite structural pattern of the orogen and the nature of the
lower crust thus result from a number of events during which the accreted crust was
magmatically recycled and tectonically reworked (e.g., Artemiew.> and Meissner, 2012).

Continental-scale geophysical studies have allowed geclogists to define the main
continental blocks (Pharaoh, 1999; Oncken et al., 1999; Crad tt al., 2002; Mazur et al., 2015)
and their mutual boundaries using mainly refraction anu to a lesser scale reflection seismic
profiles (Meissner, 1986, 1999; Coérdoba et al., 157, 1988; Pérez-Estaun et al., 1994;
Alvarez-Marron et al., 1996; Pulgar et al., 199¢, ,\varza et al., 1998; Simancas et al., 2003;
Edel and Schulmann, 2009; Guterch et al., 2C10; wiartinez Poyatos et al., 2012; Ehsan et al.,
2015). Moreover, published gravity an ¢ afromagnetic maps from various databases were
mostly used to unravel the geometry of geoiogical units at the local scale (Edel and Fluck,
1989; Edel and Weber, 1995; Ayarca ~nu Martinez Catalan, 2007; Martinez Catalan et al.,
2012, 2018; Garcia-Lobon et al., v 4; Baptiste et al., 2016; Mikotajczak et al., 2019). Rarely,
both seismic and potential fi:'d riethods were combined to develop large-scale tectonic
models at the scale of indivicual domains of the Variscan belt (e.g., Guy et al., 2011;
Martinez Catalan et al., 201."; Mazur et al., 2020). Therefore, these studies result in models
that may be mutually incompatible as they are valid only for part of orogenic system and do
not take into consideration results and models developed elsewhere.

To fill the gap, we collected and synthesised the gravity and magnetic data as well as
results of both reflection and refraction profiles gathered over the whole western and central
part of the European continent. The potential field data are analysed using various filtering
techniques to bring a coherent and homogeneous set of maps over the whole belt, which
provides a tool to interpret both deep and shallow crustal anomalies. These datasets are used
to build a map of gravity and magnetic lineaments that identify deep crustal heterogeneities
often related to boundaries of individual terranes or shallow crustal structures related to the
distribution of granitoids or tectonic units. In addition, the aeromagnetic data are synthesised

to define highly magnetic magmatic arcs and sutures composed of mafic and ultramafic rocks.



Refraction seismic data combined with gravity surveys are further used to characterise
variations of the thickness of lower and upper crust across the belt, while reflection seismic
profiles with modelled gravity and magnetic profiles help to precise the boundaries of terranes
and the deep crustal structure of individual deformed continental segments. Altogether, the
existing set of geophysical data from the European Variscan belt is here analysed by a
homogeneous set of techniques allowing characterization of the 3D crustal architecture of the
whole belt. Finally, an innovative model of the amalgamation of one of the principal
collisional systems on the Earth is proposed together with reworking of continental crust

during a 110 m.y. long Palaeozoic history.

2. Geology of the European Variscan belt

The continental European Variscan basement c:\os vut in seven main massifs which
from the west to the east are the Iberian Massif in Spai1 and Portugal, the Pyrenean Axial
Zone between Spain and France, the Armorican N.assih and Massif Central in France, the
Rhine-Ardennes or Rhenish Massif in G~on ary, France and Belgium, the Vosges-
Schwarzwald massifs at the French-Ge’maa burder, and the Bohemian Massif, scattered
between Germany, Austria, Czech Repuu.’c and Poland (Fig. 1). The general structure,
lithologies and to a certain degree .2ctonic history are common for the Bohemian,
Schwarzwald and Vosges Massife b.'t differences increase to the west, in the French and
Iberian parts of the orogen (Ba'lev-e et al., 2014; Lardeaux et al., 2014). Most of geophysical
studies such as expensive sei>mic sections cover parts of the individual massifs and only
rarely transcend their bov.iu~ries.

Since pioneeiing wurk by Kossmat (1927), the geological structure of the Variscan
orogen is represented by NE-SW tectonic zones formed by continental domains and mutually
separated by oceanic sutures (Matte, 2001). Some of these tectonic zones are also described in
the Alpine belt in which a significant part of the Variscan crust was reworked (Von Raumer et
al., 1999, 2013). The Alpine Helvetic-Dauphinois and Penninic Zones show many witnesses
of the Variscan Moldanubian Zone (Von Raumer et al., 2009, 2013: Spalla et al., 2014;
Jouffray et al., 2020; Regorda et al., 2020). Moreover, in the last two decades, distinct
Variscan oceanic sutures have been recognized within the Alpine Autroalpine and
Southalpine domains (see Marotta and Spalla, 2007; Chang et al., 2021; Filippi et al., 2021;
Neubauer et al., 2022 with references therein). Such a situation is also found in the Apennines,
where pieces of the Variscan crust (i.e. the Calabria—Peloritani Terrane) are now well
recognized (see Fornelli et al., 2020, with references therein). However, although the



lithological, petrological and geochronological Variscan markers are sometimes well
preserved in the Alps, the Variscan geophysical signatures have been largely erased by alpine
orogenesis. Consequently, the Varican structuration of the Alpine belt is beyond the scope of
this paper.

The along-strike geometry of the European Variscan belt is non-cylindrical being
disrupted by lithosphere-scale NW-SE trending transcurrent faults and modified in the west
by the large Ibero-Armorican oroclinal bend. From that reason Edel et al. (2018) divided the
belt into three domains which are characterised by a different width of tectonic zones (Fig. 1):
1) The North-eastern Variscan Domain (NVD) is limited by the Bray Fault in the west and the
Sudetic fault system (SFS) in the east and comprises the Bou.,emian Massif, the Vosges-
Schwarzwald massifs and associated small outcrops further north - Odenwald and Spessart), as
well as the Rhenish massif. 2) The Central Variscan Doinain (CVD) is limited by the Bray
Fault in the east and the North Pyrenean Fault in the ‘west, and comprises the Variscan
outcrops in SW England and Ireland, the Armoric.~ ‘Massif, French Massif Central and
Maures-Tanneron Massif in continental France w gether with Variscan outcrops in Corsica
and Sardinia islands. 3) The South-wester~ Variscan Domain (SVD) is formed by the
Variscan outcrops in the Iberian Peninst ‘a, *.amely the Iberian Massif, Pyrenees, Iberian and
Catalonia Coast ranges. The Iberian ™ 4assif includes the hinge zone and wide southern flank
of the Ibero-Armorican oroclinal arc, v icn continues to the NE in the Armorican Massif.

2.1. The North-eastern Varisca,. Domain

The tectonic zoning 6. the NVD was defined by Kossmat (1927) and it is represented
by the Rhenohercynian Z~-~e (mHZ) in the northwest, the Saxothuringian Zone and the upper
crustal Tepla-Barranu.on . the centre, and the deep crustal Moldanubian Zone in the south.
Later, an easternmost B~ :novistulian Zone was defined by Dudek (1980).

The Rhenohercynian Zone consists of a deformed Avalonian margin in the NW and
accreted and imbricated Devonian syn-rift sediments and syn-orogenic Carboniferous flysch
(Franke, 1989; Plesch and Oncken, 1999). The western part of the Rhenish Massif consists of
the autochthonous Avalonian Cadomian basement, and its Cambrian to Silurian cover that is
unconformably overlain by Laurentia or Baltica-derived Lower Devonian clastics (Franke,
2000; Sintubin et al., 2009). The Lower Devonian continental rifting associated with felsic
volcanism, which turned to basaltic during the Middle Devonian to early Carboniferous, is the
hallmark of the Emsian opening of the Rhenohercynian Ocean. This oceanic domain was
closed in the Upper Devonian (Franke, 2000) or early Carboniferous (Zeh and Gerdes, 2010),

when a large subduction wedge started to form being associated with a deposition of syn-



orogenic turbidites in the mainly Carboniferous foreland basin. These sediments were derived
mainly from a south-easterly active margin of the Saxothuringian basement characterised by
Carboniferous arc-type magmatism called the Mid-German Crystalline Rise (Franke, 2000).
This unit crops out in the Odenwald, Spessart and Ruhla regions and consists of a Cambro-
Ordovician succession of paragneisses and metabasites, late Ordovician-early Silurian
granites and Silurian-early Devonian arc-related granitoids. The whole successions terminated
with Middle Devonian to Tournaisian sediments, and middle Carboniferous granitoids
interpreted as the Rhenohercynian arc (340-325 Ma; Franke, 2000; Zeh and Will, 2010).

The two hundred kilometres wide Saxothuringian Zone (STZ) is represented by a
Proterozoic basement overlain by early Palaeozoic to Devor.>n passive margin volcano-
sedimentary sequences and Carboniferous flysch overthrust Lv Dt vonian HP nappes (Franke,
2000). In detail, the Saxothuringian basement includes Neo roterozoic to early Cambrian
volcano-sedimentary sequences intruded by numerous g 2nitoids in between 570 — 530 Ma.
These Cadomian syn-orogenic complexes and late ruterozoic arcs developed along the
margin of Gondwana during the oceanic subru dion followed by magmatism and clastic
sedimentation related to the Cambro-Ordovician (000 — 480 Ma) rifting (Linnemann et al.,
2007; Collett et al., 2018). The Palaec 7oir pre-orogenic sequences are formed by Lower
Ordovician quartzites and pelites, Silurian graptolite shales, Lower Devonian (cherty)
limestones and pelites, Middle Dev~n:cn vlack shales and Upper Devonian limestones. This
sequence is unconformably coverzu v Famennian to Visean syn-orogenic flysch. The eastern
Erzgebirge and Sudetic parts ¢ the Saxothuringian Zone are affected by late Carboniferous to
early Permian magmatism ana volcanism. The boundary between the the Saxothuringian
Zone and the hangingwvah units are defined by a zone with high deformation and
metamorphic contrasts c.'led the Lalaye Lubine Shear Zone (LLSZ) in the French Vosges
and the Baden Baden Shear Zone (BBSZ) in the Schwarzwald.

The Tepla-Barrandian Zone (TBZ) is composed of Proterozoic to early Cambrian
volcano-sedimentary, weakly metamorphosed, sequences recently interpreted as a Proterozoic
accretionary wedge (Ackermann et al., 2020) intruded by late Cambrian mafic bodies and
granitoids (Zak et al., 2014). This wedge is unconformably covered by Ordovician to Middle
Devonian volcano-sedimentary sequences of the Prague Basin. This sequence consists of
Ordovician quartzites, Silurian graptolite shales, Lower Devonian limestones and terminates
by Middle Devonian deposition of carbonate and siliciclastic flysch. The whole TBZis further
intruded by Upper Devonian to Lower Carboniferous granitoids mainly along its southern and

eastern margin.



The core of the belt is formed by the Moldanubian Zone (MZ), which is traditionally
divided in two principal ensembles called the Drosendorf and Gfohl units (Fuchs, 1976,
Tollmann 1982). The Drosendorf Unit consists of lower Monotonous and upper Varied
Groups. The structurally deeper Monotonous Group is composed of a high-grade, most likely
Ordovician to Proterozoic metasedimentary sequence (Skrzypek et al., 2012a; Kosler et al.,
2014, Lindner et al., 2021) and is represented by sometimes migmatized paragneiss, schist,
quartzite and amphibolite intercalated with Neoproterozoic gneisses (Finger et al., 2000;
Friedl et al., 2000; Lindner et al., 2021). The structurally deepest part of the Monotonous
Group is in some places formed by amphibolitized gabbros and leptyno-amphibolite
complexes of Cambrian age (Kroner et al., 2000). The Var.od Group is represented by
paragneiss, schists and marbles associated with amphibolitec Thz Gfohl Unit is featured by
the presence of large HP granulite massifs associated witl gart 1et-spinel peridotites, eclogites
and Mg-K syenitic intrusions. The Moldanubian Zone is \~truded by tonalites to granodiorites
of the late Devonian to early Carboniferous Central =~kemian plutonic complex in the west
and by middle Carboniferous granite intrusions 1 “he giant Central Moldanubian pluton in its
central part (Zak et al., 2011, 2014).

The easternmost part of the NV is formed by the Brunia Neoproterozoic basement
block consisting of granitoids, migmc:tites and metasediments unconformably covered by an
early Cambrian clastic succession r.'nor Ordovician and thick Devonian shallow-water
sediments and Carboniferous flyscn (foudek, 1980; HanZl et al., 2019). The boundary between
the Moldanubian Zone and tho Brunia block is formed by a 30 km wide and up to 300 km
long zone of intense deformati,a and Barrovian metamorphism called the Moravo-Silesian
Zone (Suess, 1912). Th's zcne is composed of a stack of Brunia basement-derived nappes
imbricated with Devonia.» sequences and overthrust by the thick Moldanubian nappe along
the Moldanubian thrust (Suess, 1912; Schulmann et al., 1991; Stipska et al., 2020).

2.2. The Central Variscan Domain

The CVD includes the Variscan outcrops in SW England and Ireland, the Armorican
Massif, French Massif Central and Maures-Tanneron Massif in metropolitan France. The
CVD shows similar zoning as the NVD, but the lithological content and tectonic position of
key sequences are somewhat different. In SW England, the Rhenohercynian Zone is
represented by the deformed Avalonia basement and inverted Devonian basins overthrust by
the Devonian Lizard ophiolites (Lo) and imbricated with Carboniferous flysch (Shail and
Leveridge, 2009). On the French coast of the English Channel, the Léon Unit consists of

paragneisses, orthogneisses and schists and is considered a direct equivalent of the



Saxothuringian Zone (Ballevre et al., 2009). This unit is intruded by numerous granitoid
plutons of Carboniferous age comparable to the intrusive sequence of the Mid-German
Crystalline Rise (Faure et al., 2010). Further southeast, the Armorican Massif occurs,
composed of three domains named North, Central and South separated by right-lateral shear
zones and faults such as Nort-sur-Erdre Fault (NEF). The North Armorican Domain (NAD;
Fig. 1) is mainly composed of Paleoproterozoic basement gneisses and the Neoproterozoic
volcano-sedimentary “Brioverian” succession (Barrois, 199) intruded by Cadomian plutons
and affected by early Cambrian migmatization and magmatism (Brun et al., 2001). The
Central Armorican Domain (CAD) is formed by Neoproterozoic “Brioverian”
detrital/terrigeneous sequences and Cadomian plutons, slightly =formed and uncorformably
overlain by pre-orogenic Ordovician, Silurian and Devonicn siiccessions (Ballevre et al.,
2014). The Neoproterozoic sedimentation occurred on an acti 'e continental margin (Murphy
and Nance, 1991) while the Cambrian to Lower Ordo.ician is considered to represent a
passive margin and continental rift associated with hiriodal volcanism during the Middle
Ordovician. Syn-orogenic Upper-Middle Carhu .iferous sediments unconformably cover
Upper Palaeozoic sequences. The South Arrrarican Domain (SAD) includes autochthonous
Cambrian to Devonian metasediments and volcanics in the SE and schists and gneisses
towards the NW (Ballévre et al., 2C*4), which were overthrust by an allochthonous nappe
stack with several units, of whic.. e Champtoceaux Unit consists of Barrovian
metasediments containing eclog.ac lenses. In the scheme of Ballévre et al. (2014), the
Champtoceaux Unit is interpi:ted as a lower allochthonous sheet. In the hangingwall, the
Maugues Proterozoic unit 2ccui s, with the Ancenis Palaeozoic basin recently interpreted as
equivalent of the TBZ ir the NVD on the basis of lithological and paleontological arguments
(Paquette et al., 2017; Ba.'évre et al., 2019).

The geology of the French Massif Central is characterised, as most of the SAD, by a
stack of nappes overlying a schistose para-autochthonous ensemble (Faure et al., 2009). The
Parautochthon Unit (PAU) crops out in tectonic windows and consists of low to medium-
grade metasediments represented essentially by schist, quartzite and limestone intercalated
with mafic metaigneous rocks (Lardeaux et al., 2014). Structurally above the Lower Gneiss
Unit (LGU) occurs, consisting of Barrovian paragneisses of possible Proterozoic age and
Cambro-Ordovician metaigenous rocks (Ledru et al., 1989; Lardeaux et al., 2014). Higher in
the pile, the Upper Gneiss Unit (UGU) includes at its base the Leptyno-Amphibolite Complex
(Santallier et al., 1988) which is formed by an assemblage of metagabbros, metabasalts,

metatuffs and metasediments associated to ultrabasic rocks (Gardien et al., 1990) with



Cambro-Ordovician magmatic protolith ages (Pin and Lancelot, 1982; Paquette et al., 1995).
This unit underwent HP and/or UHP metamorphic conditions (Lardeaux et al., 2001; Berger
et al.,, 2010; Lardeaux et al., 2014) testified by numerous occurrences of Lower-Middle
Devonian eclogites (Lotout et al., 2018, 2020; de Hoym de Marien et al., 2020) and HP
granulites (Pin and Vielzeuf, 1988; Lardeaux et al., 1989). The UGU was interpreted as a relic
of subducted oceanic lithosphere or hyper-extended margin forming a subduction mélange
(Lardeaux et al., 2014; Lotout et al., 2018). The uppermost part of the pile is represented by a
low-grade Cambrian sequence in the SW, represented by the Thiviers-Payzac Unit and the
Middle Devonian ophiolite of the Génis-Thiviers-Payzac Unit (Faure et al., 2009). In the NW,
a weakly metamorphosed ophiolitic sequence of late Devoniar cne is above the UGU in the
Brévenne area, while in the Morvan area, arc-type volcanic rocis cover the UGU (Pin and
Paquette, 1997, 2002). The whole nappe stack is intruded 1y le rge volumes of early to middle
Carboniferous syn-orogenic granitoids and late Carponiferous post-orogenic granitoids
represented mainly by the large Velay intrusion (LeJ v et al., 2001). This magmatism was
associated with the development of post-oroger.. 2xtensional Permian basins (Malavieille et
al., 1990; Burg, 1991).

In the south, a sequence of earl, Per.aeozoic sediments occurs, folded together with
early Carboniferous flysch interpreted as an external orogenic fold belt (Faure et al., 2009).
This sequence surrounds the late Pa’ar >7nic dome of the Montagne Noire, composed mainly
of migmatized Cambro-Ordoviciin cruiogneisses (Faure et al., 2014). In the western Maures-
Tanneron Massif weakly met: morphosed Silurian sequences are in tectonic contact with
Barrovian para- and orthcanei.ses, while a late Palaeozoic migmatitic dome, including
retrogressed eclogites is Jeve loped easterly in this massif (Schneider et al., 2014; Gerbault et
al., 2018). Edel et al., (2u"4, 2018) proposed that the Maures-Tanneron Massif formed during
Palaeozoic times a joint unit with Corsica and Sardinia, the so-called the Maures-Estérel-
Corsica-Sardinia Block. The Autochthon is developed in Sardinia and consists of a
Neoproterozoic sequence covered by Cambrian and Ordovician siliciclastic sediments. It is
overthrust by a stack of nappes consisting of Lower Palaeozoic sequences with metamorphic
grade increasing northwards (Rossi et al., 2009). The internal zone is developed in northern
Sardinia and Corsica, and it is represented by early Carboniferous migmatites, HP granulites
and Mg-K granitoids (Rossi et al., 2009). In the Maures-Estérel-Corsica-Sardinia micro-plate
the Variscan geophysical signatures are severely overprinted by the opening of the Western

Mediterranean oceanic domain (Edel et al., 1981, 2014; Chamot-Rooke et al., 1999; Séranne,



1999; Béthoux et al., 2008). Thus these specific data are not included in the various

geophysical datasets herafter discussed in this paper.

2.3. The South-western Variscan Domain

The largest outcrop of the Variscan basement in the Iberian Peninsula (SVD) is the
Iberian Massif, which occupies its western part. Based mainly on stratigraphic features, the
Iberian Massif was divided in tectonic zones by Lotze (1945), which were later revised by
Julivert et al. (1972) and Farias et al. (1987).

The South Portuguese Zone (SPZ) represents the Rhenohercynian Zone in lberia. It is
a south-verging thrust belt formed by a terrigenous and volcani : sequence consisting of Upper
Devonian shallow-water slates and quartzites, an early Cark.o ite;ous volcano-sedimentary
complex, mostly felsic, and early to late Carboniferous 2 m-ciogenic flysch (Silva et al.,
1990). This sequence is underthrust beneath the (.ssa ivlorena Zone along a suture
characterised by the Pulo do Lobo Devonian accreticnar * prism (Silva et al., 1990; Onézime
et al., 2002; Rubio Pascual et al., 2013) and a tecto'ic 1.¢lange with pieces of eclogites and
Lower Ordovician oceanic rocks, the latter prok.24lv being relics of the Rheic Ocean (Aradjo
and Ribeiro, 1996; Pedro et al., 2010). Al*:ic’1gi. no units older than Devonian crop out in the
SPZ, detrital zircon age populations (Braiu >t al., 2011; Rodrigues et al., 2015; Pérez-Caceres
et al., 2016) and inherited zircons in arc itoids (de la Rosa et al., 2002; Gladney et al., 2014)
suggest that their source was the basernet of Avalonia.

The Ossa-Morena Zone ((Mz) is a slate belt including Neoproterozoic basement with
an important Cadomian impi.nt (3andreés et al., 2004), characterised by arc-type magmatism
that continued during the “axorian reflecting arc collapse, and ended by rift-related early
Ordovician bimodal «~a -'.aline magmatism in the north (Garcia Casquero et al., 1985;
Ochsner, 1993). The P~.aeozoic sequence is rather complete and of shallow-water type
(Robardet and Gutiérrez Marco, 1990). Early Variscan high-P metamorphism at its southern
and northern boundaries suggests that the OMZ is limited by sutures. However, in the north
no oceanic assemblages exist, rather suggesting an aborted rift. The boundary between OMZ
and the easterly Central Iberian Zone (C1Z) is defined by the Badajoz-Cérdoba Shear Zone
(BCS2).

The Central Iberian Zone (CIZ) is formed by a terrigenous Ediacaran succession
overlain by shallow-water Palaeozoic slates, quartzites and carbonates. The whole sequence is
similar to that of the CAD and the autochthonous part of the SAD, which together with the
Pyrenees and Catalonia Coast Ranges represent the northern branch of the Ibero-Armorican
Arc (IAA; Fig. 1). Structurally, the CIZ is a wide slate belt with abundant upright folds that