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In Corsica, continental units (the Lower Units) affected by high-pressure metamorphism
represent the remains of the European margin deformed during the Alpine orogeny. In
order to document how Alpine deformation and metamorphism changed along the Eu-
ropean margin involved in the Alpine subduction, we selected three key areas: the Corte,
Cima Pedani, and Ghisoni transects. The three transects show a broadly similar lithos-
tratigraphy. They are characterized by a Variscan basement intruded by Permo-
Carboniferous metagranitoids, and by a sedimentary cover including Mesozoic carbon-
ates and middle to late Eocene breccias and sandstones. The three transects recorded a
similar deformation history with three deformation phases. Thermo-baric estimations,
instead, reveal that each unit was exhumed along an independent retrograde path within
the orogenic Alpine wedge. In particular, the lowest units of the Lower Units stack were
exhumed along an isothermal path, whereas those located at upper structural levels

experienced progressive heating.
© 2019 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

1. Introduction

The exposure at the Earth's surface of continental units
affected by (ultra-)high-pressure (U)HP metamorphism
indicates that the continental crust can move along the
plates interface reaching depths greater than 50 km
(Guillot et al., 2009 and references therein). The preserva-
tion of these units testifies to the crucial role played by
subduction processes in the growing and recycling of the
continental crust and help solve fascinating and chal-
lenging problems, such as the understanding of the
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tectonic processes responsible for the subduction and
subsequent exhumation of granitic and metasedimentary
rocks.

Alpine Corsica, cropping out in the northeastern sector
of island of Corsica, is a key area for studying continental-
derived units affected by HP metamorphic conditions.
Alpine Corsica is made of continental- and oceanic-affinity
units, derived from the thinned European margin and the
Western Tethys Ocean (Durand-Delga, 1984; Frizon de
Lamotte et al, 2011; Lacombe and Jolivet, 2005;
Malasoma et al., 2006; Molli et al., 2006), buried during
the Eocene subduction of the European margin and sub-
sequently affected by syn-convergent exhumation (Brunet
et al., 2000; Gueydan et al., 2017; Malasoma and Marroni,
2007; Molli and Malavieille, 2011; Rossetti et al., 2015;
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Vitale Brovarone and Herwartz, 2013 and references
therein).

To constrain the processes responsible for continental
crustal recycling and exhumation of HP rocks and to un-
derstand how (and if) these processes change along the
continental margin, we compared tectono-metamorphic
and stratigraphic data from three transects across the
western border of the Corsica Alpine tectonic prism, i.e.
from north to south (Fig. 1), the Cima Pedani, Corte, and
Ghisoni transects.

2. Geological setting

The island of Corsica is a piece of continental lithosphere
isolated between two Tertiary back-arc basins: the Liguro-
Provengal basin, to the west, and the Tyrrhenian basin, to
the east. The island exposes two geological domains sepa-
rated by NNW-SSE-trending tectonic boundary (e.g.,
Durand-Delga, 1984): the Alpine and the Hercynian Corsica
domains. Although locally obliterated by the late
Eocene—early Oligocene sinistral strike-slip fault zone
(Maluski et al., 1973), known as the Central Corsica Shear
Zone (CCSZ; Waters, 1990), this tectonic boundary ideally
marks the thrust zone of Alpine Corsica onto the Hercynian
Corsica Domain (Fig. 1).

The latter domain, which is widely exposed in the
Southwest of the islands of Corsica and Sardinia, represents
the southern Variscan realm (Matte, 2001). It consists of
Pan-African and Variscan metamorphic rocks (Rossi et al.,
2009) intruded by Permo-Carboniferous magmatic rocks.
The Permo-Mesozoic covers are represented by Permian
rhyolites, by volcanic and volcanoclastic and sedimentary
deposits (conglomerates, arenites and pelites, Rossi et al.,
2009), and by Mesozoic carbonates, unconformably top-
ped by middle to late Eocene deposits (Durand-Delga,
1984).

Alpine Corsica is exposed in the northeastern part of the
island. In analogy to the Western Alps, it consists of a stack
of units derived from the Ligure-Piemontese oceanic basin
and the neighbouring Adria and Europe continental mar-
gins (Durand-Delga, 1984; Maggi et al., 2014; Marroni and
Pandolfi, 2007; Marroni et al., 2017; Molli and Malavieille,
2011; Saccani et al, 2015). These units are meta-
morphosed and deformed during the Late Cretaceous (?)—
late Eocene eastward-dipping subduction of the Ligure-
Piemontese oceanic lithosphere and of the European
margin. This process was succeeded by the west-dipping
subduction of the Adria margin and the incipient conti-
nental collision (Malavieille et al., 1998; Marroni et al.,
2004, 2017; Molli and Malavieille, 2011; Vitale Brovarone
and Herwartz, 2013). In the early Oligocene, the
convergence-related processes were replaced by large-
scale extension related to the Adria slab south-westward
retreat that induced the collapse of the thickened
orogenic wedge, as well as the opening of the Liguro-Pro-
vencal basin and then of the Tyrrhenian (Brunet et al,
2000; Gueydan et al., 2017).

The present-day tectonic setting of the Alpine Corsica
Domain consists of a stack of three groups of tectonic units
known as, from top to bottom, the Upper Units, the
“Schistes lustrés” Complex and the Lower Units (Durand-

JAlpine belt 9°20' [ @

|42°40"

Cima Pedani
area (Fig. 3)
D

Castagniccia
dome

Corte area
(Fig. 4)

HcD

Ghisoni area
(Fig. 5)

Ghisoni ®

\:l Quaternary deposits (Qd)
|:| Miocenic basins (F: Francardo basin; SF: Saint Florent basin)

Upper Units (Ma: Macinaggio flysch; Ne: Nebbio Unit;
Ba: Balagne Unit; SD: Serra debbione Unit; PIU: Pineto Unit;
SLu: Santa Lucia Unit)

|:| Schistes Lustrés Complex (SL)

Alpine Domain

I:l Lower Units (Ce: Centuri slice; SPi: Serra di Pigno Unit;
Te: Tenda; CS: Corte slices ; Ca: Caporalino unit;)

|:| Hercynian Domain (HcD)

CCSZ: Central Corsica Shear Zone T Main iormal fault

——— Main tectonic contact

Fig. 1. (a) Tectonic sketch of Alpine Corsica; the location of the three studied
areas (i.e. Figs. 3—5) is indicated. (b) Schematic cross-section of the island of
Corsica (modified after Malavieille et al., 1998).

Delga, 1984; Malavieille et al., 1998; Molli and Malavieille,
2011; Pandolfi et al., 2016). The Miocene (Burdiga-
lian—Langhian) deposits of the Saint-Florent and Francardo
basins (Cavazza et al., 2001, 2007; Ferrandini et al., 2003)
seal their reciprocal contacts.
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The very low-grade metamorphic Upper Units (i.e.
“Nappes supérieures” of Durand-Delga, 1984), include
Middle to Late Cretaceous ophiolitic units associated with
slices of Late Cretaceous carbonate turbidites (Pandolfi
et al., 2016 and references therein). The “Schistes lustrés”
Complex consists of ophiolitic and oceanic-continental
transitional sequences deformed under eclogite to blues-
chists facies conditions during the Late Cretaceous (?) to
late Eocene subduction (Gueydan et al, 2017; Vitale
Brovarone and Herwatz, 2013 and references therein).
The Lower Units represent fragments of the European
margin affected by late Eocene HP—LT metamorphism ac-
quired during their subduction below the Adria margin
(Bezert and Caby, 1988; Di Rosa et al., 20173, b; Faure and
Malavieille, 1981; Malasoma and Marroni, 2007; Mattauer
et al., 1981; Molli and Malavieille, 2011).

The stack was lately affected by the brittle deformations
related to the CCSZ (Di Rosa et al., 2017a; Lacombe and Jolivet,
2005), and during the early Miocene time, Alpine Corsica
underwent a generalized extension (Cavazza et al., 2001;
Danisik et al., 2007) leading to the development of basins,
like those of Francardo and Saint-Florent (Fig. 1). The ramp-
flat geometry of the normal faults is responsible for large-
scale rollover anticlines and synclines, probably like that
documented in the Castagniccia dome (Gueydan et al., 2017).

3. Methods

The 1:50,000 scale geological maps published by BRGM,
France (Rossi et al., 1994, 2012) were used as a first carto-
graphic base for the geology of the Cima Pedani, Corte, and
Ghisoni regions, objects of this study (see the Corte and
Bastelica sheets of the BRGM maps database). Detailed
geologic mapping (scale 1:5000) was achieved during our
work in the three areas, coupled with mesoscopic struc-
tural analyses that were conducted in the three areas.
Detailed microstructural investigations were performed on
metapelites and on Late Variscan metagranitoids. P—T
conditions were estimated using the chlorite-phengite
multi-equilibrium thermodynamic technique (Vidal and
Parra, 2000) for each tectonic unit. The Electron probe
microanalysis analyses were acquired on the JEOL JXA
apparatus of the IsTerre (Grenoble, France) equipped with
five wavelength-dispersive spectrometers and treated with
XMapTools 2.1.3 (Lanari et al, 2014) and ChlMicaEqui
softwares. We estimated the P and T conditions for
phengite—chlorite pairs grown in different microstructural
domains, elaborating pressure—temperature—deformation
paths for each tectonic unit. To corroborate our results, we
also used classical geobarometer and geothermometers
(see Supplementary Material).

4. Tectono-metamorphism and stratigraphy of the
Lower Units in the Cima Pedani, Corte and Ghisoni
areas

4.1. Tectono-stratigraphy
The Lower Units consist of Variscan metamorphic rocks

(i.e. Roches Brunes Fm.) and Permo-Carboniferous magmatic
and volcanics products (metagranitoids and Metavolcanic

and Metavolcaniclastic Fm., Fig. 2). The post-Paleozoic
sequence consists of Mesozoic platform-type metacar-
bonates and middle to late Eocene metasandstones and
metabreccias, unconformably lying on both the Variscan
basement and the Permo-Mesozoic sequence (Fig. 2).

4.1.1. Cima Pedani area

In the Cima Pedani area, the Lower Units (Canavaggia
Unit — CAU, Pedani Unit — PEU and Scoltola Unit — SCU)
crop out in a tectonic window delimited by the “Schistes
lustrés” Complex (i.e. Lento Unit — LEU) and the Upper
Units (i.e. Serra Debbione Unit — SDU and Pineto Unit —
PIU) (Figs. 3 and 6).

CAU is made of metagranitoids intruded in the “Roches
brunes” Fm., covered by the Permian metavolcanics and
metavolcaniclastics, in turn unconformably covered by the
Metabreccia and Metasandstone Fms. (Fig. 2, Puccinelli
et al., 2012). The Mesozoic sequence is missing in CAU,
whereas in PEU, it is well represented at the top of the
Permian Metavolcanic and Metavolcaniclastic Fm. (Fig. 2).
SCU is represented exclusively by the Metasandstone and
Metabreccia Fms..

4.1.2. Corte area
In the Corte area (Figs. 1, 4 and 6; Di Rosa et al., 2017a,
2017b; Rossi et al., 1994), the Lower Units (i.e. the “Ecailles

W E

f———— Cima Pedani area —

Corte area

Fig. 2. Stratigraphic logs of the Lower Units in the Cima Pedani, Corte, and
Ghisoni areas (the green star indicates the metapelitic lithotype sampled
and used for the study of the metamorphism). dc RB: “Roches brunes” Fm.;
pc y: metagranitoids; pc v: epidote-bearing metagabbros; pc ya: dykes
complex; p VV: Metavolcanic and Metavolcaniclastic Fm.; t CV: Cavernoso
Metalimestone Fm.; t DO: Lower Metadolostone Fm.; t CG: Meta-
conglomerate Fm.; t LD: Metalimestone and Metadolostone Fm.; j LM:
Lumachella Metalimestone Fm.; j DO: Upper Metadolostone Fm.; j LL:
Laminated Metalimestone Fm.; j CB: Metacarbonate breccia; j CL: Cherty
Metalimestone Fm.; j DL: Detritic Metalimestone Fm.; e BR: Metabreccia Fm.
and e SS: Metasandstone Fm.
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Fig. 3. (a) Geological map and stereographic projections of the main structural elements documented in the Cima Pedani area. (b) Tectonic sketch of the area.

de Corte”: Castiglione-Popolasca Unit — CPU, Croce d’Arbitro
Unit — CDU and Piedigriggio—Prato Unit — PPU) are sand-
wiched between the Hercynian Corsica Domain and the
“Schistes lustrés” Complex (i.e. Inzecca Unit - IZU). CPU is
made of Mesozoic dolostones to limestones lying above the
“Roches brunes” Fm. and unconformably covered by the
Metabreccia and Metasandstone Fms. (Fig. 2). In CDU, the
Variscan basement is topped by the Permian Metavolcanic
and Metavolcaniclastic Fm. and by the Mesozoic sequence
(i.e. Laminated Metalimestones Fm.). The Metabreccia and
the Metasandstone Fms. overlie unconformably both the
Paleozoic and Mesozoic Fms. PPU has the more complete
succession (Fig. 2). It consists of the Roche Brunes Fm., the
Permian Metavolcanic and Metavolcaniclastic Fm., a com-
plete Mesozoic succession and the Metabreccia and

Metasandstone Fms. Moreover, the middle Eocene angular
unconformity crosscuts the Mesozoic sequence down to the
Norian Metadolostone Fm. (Fig. 2).

4.1.3. Ghisoni area

In the Ghisoni area (Figs. 1 and 5; Garfagnoli et al., 2009),
the Lower Units are sandwiched between the Hercynian
Corsica Domain and the “Schistes lustrés” Complex (i.e.
Inzecca Unit — IZU) and are strongly overprinted by the CCSZ
(Fig. 6). They are represented by the Ghisoni Unit (GHU),
which consists, from bottom to top, by the Roches Brunes Fm.,
the epidote-bearing metagabbros (emplaced within the
continental crust during the oldest Permo-Carboniferous
intrusive pulse), the Late Paleozoic metagranitoids, and the
Permian Metavolcanic and Metavolcanoclastic Fm. (Fig. 2).
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Fig. 4. Geological map and stereographic projections of the main structural elements documented in the Corte area. (b) Tectonic sketch of the area. Modified after

Di Rosa et al. (2017a; 2017b).
4.2. Structural analysis

In the studied transects, the Lower Units recorded a
similar deformation history, with three deformation
phases (D1—D3) described in the following sub-sections.
The microscopic description of foliations was performed
taking as a reference the Permian Metavolcanic and
Metavolcaniclastic Fm. and the metapelitic layers in the
Eocene Metabreccia and Metasandstone Fms., where the
P—T paths were calculated, whereas quartz microstruc-
tures were investigated in the Permo-Carboniferous
metagranitoids.

In the field, the pervasive foliation documented in the
metagranitoids is parallel to the main foliation documented

in the post-Variscan covers (i.e. the S2 foliation). As a
consequence, we described the meso- and microscopic
feature of the metagranitoids foliation within the D2 phase
section.

Considering the goal of this paper, the presentation of
data and their discussion will be focused on the three
deformation phases documented in the field. Post-D3 tec-
tonics is not described and discussed.

4.2.1. D1 phase

The structural elements produced during the oldest
deformation phase (D1) are rarely observable at the
mesoscale. They are represented by F1 sheath folds in
Laminated Metalimestone Fm. and by an S1 foliation
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Fig. 5. (a) Geological map and stereographic projections of the main structural elements documented in the Ghisoni area. (b) Tectonic sketch of the area.

preserved in the hinge zones of the F2 folds (Fig. Sm1a and
b). At the microscopic scale, S1 foliation is often preserved
within D2 microlithons as a continuous, coarse-grained
schistosity marked by the syn-kinematic growth of chlo-
rite, phengite, albite, quartz, and calcite (Sm1b). No relics of
an earlier foliation were documented within the D2
microlithons in the metagranitoids.

4.2.2. D2 phase

The D2 phase is responsible for the main structural el-
ements documented at the mesoscale (Sm1). This phase
produced F2 isoclinal and similar folds associated with a S2
axial plane foliation, and also top-to-the-west shear zones,
located within the units or close to the tectonic contacts
between them. The trend of the A2 axes ranges from
NE—SW in the Cima Pedani area (Fig. 3), to NNE-SSW in the
Corte area (Fig. 4), and to SE—NW in the Ghisoni area
(Fig. 5), always plunging less than 30° either toward north
or south. Together with the A2 trending axes, the S2 axial

planar foliation changes from NE—SW in the Cima Pedani
area, to NNE—SSW in the Corte area, and to NNW—SSE in
the Ghisoni area, showing dips either to the west or the east
probably as a result of later D3 folding. The S2 foliation
bears mineral and stretching L2 lineations that generally
show a rough east-west trend with variable plunge. Along
the limbs of the F2 folds, the S2 foliation is classified as a
continuous foliation, whereas in the hinge zone of F2 folds,
it can be classified as a gradational to discrete spaced
crenulation cleavage.

The S2 foliation represents the main structural element
documented at the microscopic scale (Sm1b, d). In meta-
pelites, it is marked by recrystallized albite, quartz, calcite,
chlorite, and phengite. Within the D2 shear zone, meta-
morphic phyllosilicates fill asymmetric tails of ¢- and d-
type porphyroclasts (Passchier and Trouw, 2005) of quartz
and feldspar pointing to a top-to-the-west sense of shear.
Additional kinematic indicators are S—C/C’' fabrics, mica
fishes, and bookshelf structures in feldspar.
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locations.

Metagranitoid samples from CAU (Cima Pedani), CPU
(Corte area), and GHU (Ghisoni area) have the same pro-
toliths  consisting of quartz +  k-feldspar +
plagioclase + white micas (+biotite). They show poorly
developed protomylonitic fabrics in CAU and proto-
mylonitic to ultramylonitic fabrics (Passchier and Trouw,
2005) in CPU and in GHU. Discontinuous layers of recrys-
tallized white mica (up to 100 um) + biotite, and grano-
blastic layers of fine-grained recrystallized
quartz + plagioclase (albite) mark the mylonitic foliation. It
generally wraps centimeter-sized feldspars and quartz
grains, aggregates of quartz + feldspar, and lenses of very
fine-grained (less than 6 pm) recrystallized quartz and
feldspar. In CPU, feldspar and quartz grains show nearly
sub-euhedral geometry, whereas in CAU they are weakly
elongated, with the main axis parallel to the mylonitic
foliation. The strongest aspect ratio (Ry;) and parallelism
are observed in GHU, where quartz and feldspar reached
Rxz max = 13:3 and 9:3, respectively.

In CAU, quartz and feldspar crystals often show angular
shape and reduction in grain size produced by micro-
cracking and microfaulting, indicative of a late-to post-
foliation cataclastic event. Calcite crystals filling syntec-
tonic veins, show type-IV deformation twins (Ferrill et al.,
2004), indicative of deformation temperatures greater
than 250 °C.

In GHU and CPU, centimeter-sized quartz crystals are
affected by undulatory extinction, deformation lamellae,
deformation bands (developing frequently as conjugate
sets), and bulging (e.g., Passchier and Trouw, 2005). The
biggest crystals show conjugate bands of recrystallized
grains (4—8 um) oriented at low and high angle with
respect to the mylonitic foliation. The crystal preferred

orientation, determined with a lambda plate inserted in an
optical microscope, is weak, and the preferred orientation
of grain shape is limited to the asymmetric tails in c-por-
phyroclasts. Locally, quartz crystals are strongly elongated
and partly recrystallized, indicating that incipient subgrain
rotation recrystallization mechanisms occurred. Rare
deformation twins are also present. These microstructures
indicate that dislocation creep represents the main defor-
mation mechanism in quartz during the development of
the main foliation, suggesting a deformation temperature
of ~400 °C. Feldspar shows features typical of low-
temperatures conditions (<400 °C) such as undulatory
extension, microfaulting, and boudinage. S—C' fabric, o-
type porphyroclasts of feldspar showing asymmetric tails
of recrystallized quartz and/or white micas, and bookshelf
structures in feldspar represent the main kinematic in-
dicators pointing top-to-the-west in both GHU and CPU.

4.2.3. D3 phase

The D3 phase produced open-to-close gently inclined F3
folds associated with a spaced and sub-horizontal S3 axial
plane foliation (Sm1c). The A3 axes trend changes in the
studied transects from ENE—WSW in the Cima Pedani area
to NNE-SSW in the Corte and Ghisoni areas. At the meso-
scopic scale, F3 folds affected both the tectonic contacts
within the Lower Units and those separating the Lower
Units from the “Schistes lustrés” Complex and the Upper
Units (Fig. 6). At the microscopic scale, the S3 foliation can
be classified as spaced crenulation cleavage associated with
minor metamorphic recrystallizations of calcite, Fe-oxides
and quartz. In the metagranitoids, the D3 phase was
documented exclusively in the thicker phyllosilicate-rich-
layers as symmetric microfolds (Sm1d).
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4.3. P-T equilibrium conditions

4.3.1. Chlorites and phengites characterization

The chlorite (Chl) and phengite (Phg) end-members
proportions in the analysed micro-areas of the samples
are reported in Supplementary Material (Table Sm1). The
Chl of all the samples studied are characterized by a
composition similar to the pure clinochlore (Cl) and
daphnite (Da) end-members (>60%). Chl in CAU, PEU and
SCU show a higher amesite (Am) content with respect to
the other units, suggesting that they have reached higher
temperature conditions (Vidal et al, 2001). In all the
studied samples, Phg composition is intermediate between
celadonite (Ce) and muscovite (Mu) end-members, with a
pyrophyllite (Py) content always lower than 35%, suggest-
ing high-P conditions (Vidal and Parra, 2000). The
composition of the Phg grown along the S1 foliation ranges
between the Ce and Mu end-members from 40—60% to
30—60%, respectively, whereas those grown along the S2
foliation are characterized by an increasing Py content
observable in all the units. Inside this general trend, several
small-scale differences in the proportions of the end-
members can be recognized.

4.3.2. Multi-stepped P—T paths

The Chl-Phg—quartz—water multiequilibrium method
(Vidal and Parra, 2000) allows us to calculate the P—T equi-
librium condition for each selected couple of Chl—Phg (ac-
cording to Vidal and Parra (2000), the admitted error for Pand
T calculated with this method is 0.2 GPa and 30 °C, respec-
tively). In all the analysed samples, we measured different
equilibrium conditions from different Chl—Phg couples in
order to determine: (1) the baric (Pmpax) peak, (2) the thermic
(Tmax) peak, and (3) the lower P—T conditions of recrystalli-
zation. The Ppax and Tyax conditions are obtained from two
different generations of Chl and Phg grown along the S1
foliation, whereas the couples of Chl and Phg in equilibrium at
lower P—T conditions have grown along the S2 foliation.

Although the three equilibrium conditions have been
observed in all samples, the absolute P and T estimates in
each sample vary in a range of 0.3 GPa and 100 °C (See
Supplementary Material, Table Sm2). The P—T—d (pressur-
e—temperature—deformation) paths obtained for each unit
show two different trends: a straight path (GHU and CPU)
and a more complicated trend (PPU, SCU, CAU and PEU)
(Fig. 7). In GHU, the two generations of chlorite and
phengite associated with the S1 foliation are in equilibrium
at P = 0.81-0.72 GPa and T = 245-250 °C and at
P = 0.68—0.39 GPa and T = 263—243 °C, respectively. In
CPU, the first generation is in equilibrium at
P=1.22—1.10 GPa and T = 250—330 °C, whereas the second
is in equilibrium at P = 0.82—0.56 GPa and T = 320—350 °C
(Fig. 7) (Di Rosa et al., 2017a). The rest of the units are
characterized by variable P—T conditions related to the P-
peak and a subsequent reverse trend of increasing T and
decreasing P. The differences between the samples in the
P—T conditions related to the T-peak are smaller than those
of the P-peak. The evolution from the second generation
(i.e. T-peak) and the third generation (i.e. related to the S2
foliation) of Chl—Phg couples is associated with an abrupt
cooling of ca. 100 °C.
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Fig. 7. Summary of the pressure—temperature—deformation (P—T—d) paths
of the Lower Units in the three selected areas. P-T—d paths of CPU and PPU
are after Di Rosa et al. (2017a). The stacking of the Lower Units occurred
during the late D2 phase. Bs: blueschist facies; Gs: greenschist facies.

5. Discussion
5.1. Stratigraphy

Differently from the classification of lithotypes by
Amaudric du Chaffaut et al. (1983), who defined a different
stratigraphy in each study area, we propose a unique
stratigraphic evolution during the Permian—late Eocene
time span along the European margin. Minor differences
within the units are mainly due to (Fig. 2): (1) the presence/
lack of the Variscan basement and of the Permian sedi-
ments, (2) the presence/lack of the Mesozoic sequence, (3)
if present, the thickness of the Mesozoic sequence, (4) if
present, the thickness of the middle to late Eocene
sequence and the position of the angular unconformity at
its base.

As postulated by Durand-Delga (1984), the entire Eu-
ropean continental margin is characterized by two main
sedimentary cycles divided by a regional angular uncon-
formity: the Variscan cycle and the Alpine cycle. The former
consists of Devonian to Early Carboniferous low-to-
medium grade metamorphic rocks (i.e. the Roches Brunes
Fm. Auctt). The Alpine cycle is characterized by two strati-
graphic sequences, separated by an angular unconformity
located at the base of middle Eocene. The older sequence
starts with the intrusion of the Permo-Carboniferous
monzogranites and the deposition of Permian volcanics
and volcaniclastic sediments (Metavolcanic and Meta-
volcaniclastic Fm.) and continues with the deposition of
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Jurassic—Triassic carbonate sequences. The younger alpine
cycle is instead represented by the Eocene foredeep
sequence (i.e. Metabreccia and Metasandstone Fms.)
crosscutting not only the carbonates of the first cycle, but
also the Variscan sequence (Fig. 2).

As documented in the Alps (e.g., Michard and
Martinotti, 2002), subduction-related peripheral bulge
can produce or enhance local uplift with consequent
erosion of the forebulge and the deposition of uncon-
formable foredeep sequences. In our reconstruction, the
same processes may have occurred when the European
plate reached the Eocene subduction zone. The angular
unconformity documented inside the Alpine cycle (i.e.
separating the Paleozoic—Mesozoic passive margin from
the middle to late Eocene foredeep deposits) in all the
studied Lower Units represents a regional surface produced
by erosion processes affecting the continental lithosphere
during its approach toward the subduction zone.

5.2. The Lower Units from subduction to exhumation: the D1
and D2 phases

The Lower Units exposed in the Cima Pedani, Corte and
Ghisoni areas share the same deformation history, but re-
cord different P—T exhumation paths (Fig. 7). The main
ductile event preserved in all the units is the D2 phase. It is
a non-coaxial deformation phase characterized by isoclinal
folds, penetrative S2 foliation and top-to-the west shear
zones (i.e. top-to-the foreland shearing, considering the
eastward-dipping subduction plane reconstructed for the
Alpine evolution of this sector of Corsica). Relics of the
earlier D1 deformation phase are scarce and preserved in
D2 low-strain domains.

The thermo-baric estimates obtained by chlorite-
phengite pairs grown during the D1 and D2 phases in the
Lower Units exposed in the Ghisoni area constrain only the
retrograde path recorded in the Lower Units during their
exhumation up to shallower levels along the base of the
Alpine Corsica wedge, today represented by the “Schistes
lustrés” Complex. No prograde path related to the under-
thrusting of the unit and to their transfer at the base of the
Alpine Corsica wedge is recorded. These results corroborate
those documented in Corte (Di Rosa et al., 2017a).

In detail, three generations of phyllosilicates were
documented in the Ghisoni samples. The growth of the first
two, documented along the relics of S1 foliation, occurred
during pressure, then temperature peak conditions,
respectively. This implies that the D1 phase occurred from
HP—LT to LP—HT metamorphic conditions (Fig. 7). A third
generation of Chl and Phg have grown along the S2 foliation
and are in equilibrium at lower P and T conditions. Even if
the three generations of Chl—Phg pairs have been docu-
mented in all the units, the P—T conditions at which they
were in equilibrium differ, suggesting that each unit fol-
lowed an independent trajectory of exhumation until the
end of the D2 phase.

The straight path documented in GHU and CPU in-
dicates that their exhumation during the D1 and D2 phases
occurred under almost isothermal paths. GHU shows a
maximum change in temperature during the D1 phase
between Ppeak and Tpeak of less than 20 °C, and between the

D1 phase Tpeak and the D2 phase of ca. 60 °C (Fig. 7). This
trend indicates that the GHU stationed shortly in the
deepest position and was quickly exhumed; assuming an
average crustal geobaric gradient of 30 MPa/km (Best,
2003), it is estimated that GHU moved from ca. 27 to ca.
4 km. CPU recorded greater differences in pressure and
temperature during the D1 phase and between D1 and D2
phase (Fig. 7). It records a trend broadly comparable to that
of GHU P-T path, suggesting probably analogous fast
exhumation. This trend could be explained by considering
that both units are the lowest units of the Alpine tectonic
pile laid directly above the Hercynian Domain. On the
contrary, SCU (Cima Pedani area) and PPU (Corte area)
occupy the uppermost positions in the tectonic stack of the
Lower Units. Despite the different P—T estimates registered
during the D1 phase, both units show comparable P—T
paths. The progressive warming from the Ppe,k to the Tpeak
suggests that these units, during their exhumation, expe-
rienced progressive heating due to the re-equilibration of
the isothermic field. This implies that, during their exhu-
mation in the D1 phase, and differently from what
described for GHU and CPU, SCU and PPU stationed for
some time between 45 and 17 km and between 35 and
17 km, respectively. During the D2 phase, the P—T trends of
SCU and PPU are comparable with that of CPU, although
with higher P—T values.

CAU and PEU from the Cima Pedani area show D1-
related trends similar to those of the overlying SCU and
to the equivalent PPU from the Corte area, except for the
relative low-P conditions of the P-peak registered in CAU,
which causes the almost isobaric heating between the Ppeak
and the Tpear. Similarly to what was described above for
SCU and PPU, the temperature is of 430 °C in CAU and PEU
at the end of the D1 phase. However, the transition from
the D1 to the D2 phase in these units is characterized by an
almost isobaric cooling, which implies the re-cooling of
CAU. A similar path during the cooling phase has been
described in other orogens as related to the thrusting of
initially warmer over cooler material (Chamberlain and
Karabinos, 1987; Wakabayashi, 2004). Although the base
of CAU is unknown, we can therefore postulate that CAU
was juxtaposed over cooler units. A first possibility is that
CAU overthrusts directly onto the Hercynian Corsica
Domain: in this case, the observed temperature gap would
be justified by the fact that CAU is in contact with a portion
of the European margin that never underwent subduction.
Alternatively, we could postulate an overthrusting of CAU
over other, unexposed Lower Units. If so, we could argue,
similarly to the scenario depicted for CPU in the Corte area,
that these units experienced a much faster exhumation
than CAU, because of their westernmost position (i.e. closer
to the Hercynian Corsica Domain) in the unit pile.

5.3. The final stage of exhumation of the Lower Units: the D3
east-verging deformation

In the three selected areas, the D3 phase is represented
by gently inclined F3 folds characterized by eastward or
southeastward vergence. The crystallization of only calcite
associated with the S3 axial plane foliation indicates their
development at a depth of at most 10 km.
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Contrary to the orientation of the S3 foliation, the trend
of the A3 axes varies in the three areas, from NNE—SSW in
the Corte and Ghisoni areas to ENE-WSW in the Cima
Pedani area. The simplest explanation is that the changing in
the orientation of the A3 axes documented in Cima Pedani
area is the result of a passive rotation around a vertical axis
during the sinistral strike-slip tectonics of the CCSZ.

The D3 extensional top-to-the-east shear zone has been
described in the rest of Alpine Corsica and dated back to the
Oligocene (Brunet et al., 2000) or to the late Oligocene—early
Miocene (e.g., Malasoma et al., 2006). In line with these
authors, we interpret the D3 phase as produced during an
extensional tectonics, mostly developed as a consequence of
the Adria slab roll-back (Gueydan et al., 2017).

Considering the differences within the P and T estimates
obtained for the D1—D2 phases in GHU and in the Lower
Units exposed in the Corte and Cima Pedani areas (Di Rosa
et al., 2017a), and that the tectonic contacts between the
Lower Units and the “Schistes lustrés” Complex were folded
during the D3 event, it is supposed that the stack in
southwestern Alpine Corsica occurred during the late D2
phase.

6. Conclusions

This study provides stratigraphic and tectono-
metamorphic constraints to depict the involvement of the
European continental crust in the processes of subduction
and exhumation during the Alpine orogeny in Corsica. The
data collected in the Lower Units of the Alpine tectonic
prism from the Cima Pedani, Corte and Ghisoni areas
indicate that:

1) according to the stratigraphy of the Lower Units, from
the Triassic to the late Eocene, the sedimentation above
the European continental margin evolved from shallow
to pelagic marine. Starting from the Eocene, the depo-
sition of breccias and sandstones is controlled by the
erosion of the bulge, formed immediately before the
subduction of the continental crust;

2) the Lower Units preserved only the retrograde migration
path within the orogenic wedge;

3) P—Testimates indicate that each unit has an independent
exhumation trajectory with different exhumation rates a
function of their position within the orogenic wedge;

4) the exhumation processes started during convergence-
related processes (D1 and D2 phase) and continue dur-
ing extensional tectonics (D3 phase) driven by both the
overthickening of the orogenic wedge and the Adria slab
roll-back.
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