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Abstract: The subduction of continental crust is now a matter of fact but 

which are the mechanisms and the factors controlling the exhumation of 

continental units and their coupling with oceanic units are still a 

matter of debate. We herein present the tectono-metamorphic study of 

selected continental units belonging to the Alpine Corsica (Corte area, 

Central Corsica, France). The tectonic pile in the study area features 

thin slices of oceanic units (i.e. Schistes Lustrés Complex) tectonically 

stacked between the continental units (i.e. the Lower Units), which 

record a pressure-temperature-deformation (P-T-d) evolution related to 

their burial, down to P-T-peak conditions in the blueschist facies and 

subsequent exhumation during the Late Cretaceous - Early Oligocene time 

span. The metamorphic conditions were calculated crossing the results of 

three different thermobarometers based on the HP-LT metapelites. The 

continental units only recorded the P-peak conditions of 1.2 GPa-250°C, 

up to the T-peak conditions of 0.8 GPa-400°C, and the retrograde path up 

to LP-LT conditions. The metamorphic record of the oceanic units includes 

part of the prograde path occurring before the peak conditions reached at 

1.0 GPa-250°C followed by the last metamorphic event related to LP-LT 

conditions. The results indicate that each unit experienced a multistage 

independent pressure-temperature-deformation (P-T-d) evolution and 

suggest that the oceanic and continental units were coupled during the 

rising of the last ones at about 10 km of depth, where the oceanic units 

were stored at the base of the wedge. Subsequently they were deformed 

together by the last ductile deformation event during exhumation. We 

propose a mechanism of tectonic erosion at the base of the wedge, by 

which slices of Schistes Lustrés Complex were removed at the roof of the 

plate interface during the exhumation of the Lower Units. 

 

 

 

 



ABSTRACT 1 

 2 

The subduction of continental crust is now a matter of fact but which are the mechanisms and 3 

the factors controlling the exhumation of continental units and their coupling with oceanic 4 

units are still a matter of debate. We herein present the tectono-metamorphic study of 5 

selected continental units belonging to the Alpine Corsica (Corte area, Central Corsica, 6 

France). The tectonic pile in the study area features thin slices of oceanic units (i.e. Schistes 7 

Lustrés Complex) tectonically stacked between the continental units (i.e. the Lower Units), 8 

which record a pressure–temperature-deformation (P-T-d) evolution related to their burial, 9 

down to P-T-peak conditions in the blueschist facies and subsequent exhumation during the 10 

Late Cretaceous – Early Oligocene time span. The metamorphic conditions were calculated 11 

crossing the results of three different thermobarometers based on the HP-LT metapelites. The 12 

continental units only recorded the P-peak conditions of 1.2 GPa-250°C, up to the T-peak 13 

conditions of 0.8 GPa-400°C, and the retrograde path up to LP-LT conditions. The 14 

metamorphic record of the oceanic units includes part of the prograde path occurring before 15 

the peak conditions reached at 1.0 GPa-250°C followed by the last metamorphic event related 16 

to LP-LT conditions. The results indicate that each unit experienced a multistage independent 17 

pressure–temperature-deformation (P-T-d) evolution and suggest that the oceanic and 18 

continental units were coupled during the rising of the last ones at about 10 km of depth, 19 

where the oceanic units were stored at the base of the wedge. Subsequently they were 20 

deformed together by the last ductile deformation event during exhumation. We propose a 21 

mechanism of tectonic erosion at the base of the wedge, by which slices of Schistes Lustrés 22 

Complex were removed at the roof of the plate interface during the exhumation of the Lower 23 

Units.  24 

 25 
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- Alpine Corsica features intimately associated HP-LT oceanic and continental units  

- Exhumation-related mechanical coupling is a, polyphased, possibly punctuated process 

- Mechanical coupling promotes tectonic erosion at the roof of the plate interface  
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ABSTRACT 25 

The subduction of continental crust is now a matter of fact but which are the mechanisms and 26 

the factors controlling the exhumation of continental units and their coupling with oceanic 27 

units are still a matter of debate. We herein present the tectono-metamorphic study of 28 

selected continental units belonging to the Alpine Corsica (Corte area, Central Corsica, 29 

France). The tectonic pile in the study area features thin slices of oceanic units (i.e. Schistes 30 

Lustrés Complex) tectonically stacked between the continental units (i.e. the Lower Units), 31 

which record a pressure–temperature-deformation (P-T-d) evolution related to their burial, 32 

down to P-T-peak conditions in the blueschist facies and subsequent exhumation during the 33 

Late Cretaceous – Early Oligocene time span. The metamorphic conditions were calculated 34 

crossing the results of three different thermobarometers based on the HP-LT metapelites. The 35 

continental units only recorded the P-peak conditions of 1.2 GPa-250°C, up to the T-peak 36 

conditions of 0.8 GPa-400°C, and the retrograde path up to LP-LT conditions. The 37 

metamorphic record of the oceanic units includes part of the prograde path occurring before 38 

the peak conditions reached at 1.0 GPa-250°C followed by the last metamorphic event related 39 

to LP-LT conditions. The results indicate that each unit experienced a multistage independent 40 

pressure–temperature-deformation (P-T-d) evolution and suggest that the oceanic and 41 

continental units were coupled during the rising of the last ones at about 10 km of depth, 42 

where the oceanic units were stored at the base of the wedge. Subsequently they were 43 

deformed together by the last ductile deformation event during exhumation. We propose a 44 

mechanism of tectonic erosion at the base of the wedge, by which slices of Schistes Lustrés 45 

Complex were removed at the roof of the plate interface during the exhumation of the Lower 46 

Units.  47 

 48 

 49 



1. Introduction  50 

Material transfer across the plate interface of subduction margins occurs spatially 51 

along an ever-increasing range of pressure-temperature-strain conditions. As recently 52 

reviewed by Agard et al. (2018), this mass movement also develops on a wide range of 53 

temporal scales, from the short timescales of the seismic cycle, to longer, million year scales 54 

as that accounting for the exhumation and return of subducted rocks in fossil orogenic belts. 55 

The ability of rock recovery during the long-term evolution of a subduction boundary 56 

depends on the entity and distribution of mechanical coupling along the plate interface (i.e. to 57 

the ability of slicing of units and the net addition of them to the interface), which is in turn 58 

controlled by the nature and structure of the plate interface itself: lithology, topography and 59 

age/thermal state of the incoming plate, thickness and rheology of the incoming sedimentary 60 

sequence, geometry of the subduction plane, and their evolution with depth are some of the 61 

factors that control the long-term mechanical coupling (Agard et al., 2018 and references 62 

therein).  63 

The subduction and exhumation of crustal fragments from continental plates is also 64 

now commonly accepted as a frequent step in the evolution of convergent margins. Several 65 

studies of exhumed HP-LT units, numerical models and review papers, also, indicate that the 66 

processes of continental subduction and exhumation can be envisaged as occurring through a 67 

multistage evolution of burial, slicing and stacking of units similarly, to what classically 68 

described for oceanic units in accretionary prisms, and then exhumed though buoyancy-aided 69 

processes (Raimbourg et al., 2007; Yamato et al. 2007; 2008; Li and Gerya, 2009; Beaumont 70 

et al., 2009; Guillot et al., 2009; Burov et al., 2012; 2014; Strzerzynski et al., 2012; Agard 71 

and Vitale Brovarone, 2013; Vitale Brovarone et al., 2012; Plunder et al., 2015; Di Rosa et 72 

al., 2019a).  73 



The impossibility of directly accessing the entire plate interface in active margins 74 

impedes unraveling the mechanisms and conditions for subduction and exhumation of 75 

continental rocks, so that the study of recovered, high-pressure and low-temperature (HP-LT) 76 

rock slices in fossil orogenic belts remains the only way to understand the structure and P-T 77 

evolution along the plate interface at resolution ranging from the regional- to the micro-scale.  78 

We report here a tectono-metamorphic study of several, juxtaposed HP-LT units with 79 

continental as well as oceanic affinities cropping out at the boundary between Alpine Corsica 80 

and the basement of Hercynian Corsica. The detailed structural study coupled with the 81 

definition of the P-T-t evolution of the units allowed us to make assumption on the 82 

mechanisms of their coupling and exhumation along the plate interface.  83 

 84 

2. Tectonic background of Alpine Corsica 85 

Corsica Island is a lithospheric continental fragment bounded westward and eastward 86 

by two extensional basins, respectively, the Liguro-Provencal and Tyrrhenian basins (e.g. 87 

Gueguen et al., 1998). This fragment bears the remnants of a collisional belt, referred to as 88 

Alpine Corsica, that is regarded as the southern branch of the Western Alps with which it 89 

shares a common history up to Early Oligocene. This history can be summarized in four main 90 

steps (Boccaletti et al., 1971; Durand-Delga, 1984; Jolivet et al. 1990; 1998; Malavieille et 91 

al., 1998; Brunet et al., 2000; Marroni et al., 2010; Handy et al., 2010; Malusà et al., 2015): 92 

1) the Middle to Late Jurassic opening of the Ligure-Piemontese oceanic basin between the 93 

Europe and Adria margins, 2) its closure by the Upper Cretaceous-Lower Eocene Alpine 94 

(east-dipping) subduction, 3) the subsequent Middle Eocene to Lower Oligocene continental 95 

collision and, finally, 4) the extensional collapse of the orogenic wedge as a consequence of 96 

the back-arc extensional regime generated in the upper-plate of the Apennine (west-dipping) 97 

subduction.  98 



As in the Alps, both oceanic and continental units were deformed and metamorphosed 99 

during the Upper Cretaceous - Early Oligocene time span to build the actual Alpine Corsica 100 

unit stack, that was thrust onto the external domain, here referred as to Hercynian Corsica, 101 

and composed of a Variscan basement topped by a Upper Carboniferous-upper Eocene 102 

sedimentary cover (Gibbons and Horak, 1984; Lahondére and Guerrot, 1997; Malavieille et 103 

al., 1998; Tribuzio and Giacomini, 2002; Molli, 2008; Vitale Brovarone and Herwartz, 2013; 104 

Rossetti et al., 2015; Di Rosa et al., 2017a). From Early Oligocene onward, Corsica 105 

underwent two major extensional stages, both related to the rollback of the Apennine slab 106 

(Gueguen et al., 1998; Chamot-Rooke et al., 1999; Faccenna et al., 2004). The first event is 107 

related to the opening of the Liguro-Provençal ocean that in the Early Oligocene isolated the 108 

Corso-Sardinian block from the European plate and, consequently, from the active 109 

deformation of the Western Alps. The breakup leading to the formation of the Liguro-110 

Provençal oceanic basin whose spreading, that spanned from Aquitanian to Langhian, was 111 

coupled to a counterclockwise rotation of around 55° of the Corso-Sardinian block 112 

(Gattacceca et al., 2007). The second event consists in the Late Miocene opening of the 113 

Tyrrhenian Sea that, in turn, isolated the Corso-Sardinian block from the Adria plate.  114 

The present-day Corsica, then, preserves two different domains, the Alpine and 115 

Hercynian Corsica, built during two different orogenies. In Alpine Corsica, the ocean-derived 116 

rocks, the so-called Schistes Lustrés Complex, registered a subduction-exhumation cycle 117 

with a metamorphic peak dated between 80 Ma and 35 Ma, similar to that reconstructed in 118 

the Western Alps (Agard et al., 2002 and references therein). The contact between these units 119 

of the Alpine Corsica and the Hercynian Corsica is marked by a stack of slices of highly 120 

deformed and metamorphosed units of continental affinity derived from the European margin 121 

that is referred to as Lower Units (Bezert and Caby, 1988; Malasoma et al., 2006; Malasoma 122 



and Marroni, 2007; Di Rosa et al., 2017a; 2019a) or to as Tenda Massif (Gibbons and Horak, 123 

1984; Jolivet et al., 1990, 1998; Molli et al., 2006; Maggi et al., 2012; Rossetti et al., 2015) 124 

The Lower Units show a polyphase deformation history associated with a 125 

metamorphic imprint whose peak occurs in the blueschist facies P/T conditions (Bezert and 126 

Caby, 1988; Malasoma et al., 2006; Maggi et al., 2012; Molli et al., 2017; Di Rosa et al., 127 

2019a). The units consist of a Paleozoic basement (i.e. Carboniferous metagranites and their 128 

host rock), covered by a Permian meta-volcanosedimentary complex and a Triassic-Jurassic, 129 

mainly carbonate, a sequence unconformably covered by metabreccias and siliciclastic 130 

metarenites of Eocene age (Durand-Delga, 1984; Rossi et al., 1994; Michard and Martinotti, 131 

2002; Di Rosa et al., 2017b).  132 

The Lower Units stack is bounded at its base by an east-dipping shear zone that is 133 

now almost completely reworked by the wide, sinistral strike-slip fault zone system known as 134 

the Central Corsica Shear Zone (Maluski et al., 1973; Jourdan, 1988; Waters, 1990; Molli 135 

and Tribuzio, 2004; Lacombe and Jolivet, 2005). Where preserved, the primary basal 136 

boundary of the Lower Units is represented by a ductile shear zone with a top-to-the-west 137 

sense of shear (Di Rosa et al., 2017a; 2017b). The Lower Units are in turn overthrust to the E 138 

by the units belonging to the Schistes Lustrés Complex of the Alpine orogenic wedge. The 139 

boundary between the Lower Units and the orogenic wedge is an east-dipping shear zone 140 

showing a syntectonic metamorphic paragenesis indicating lower P-T conditions than those 141 

estimated for the neighboring Lower Units (Di Rosa et al., 2019a). Based on this observation, 142 

Di Rosa et al., (2019a) have proposed an interpretation of this shear zone as a ductile normal 143 

fault.  144 

 145 

3. Materials and methods 146 



The 1:50,000 scale geological maps published by BRGM, France (Rossi et al., 1994) 147 

were used as a first cartographic base for the geology of the Corte area objects of this study 148 

(modified after Di Rosa et al., 2017b, Di Rosa, 2019). The detailed geologic mapping (scale 149 

1:5000) was coupled with mesoscopic structural analyses that were conducted in the area 150 

(Figs. 2-3). Four tectonic units of the Corte area were sampled for a total of seven samples 151 

(Figs. 3-4): 4 samples from the middle to upper Eocene metasandstones of the Lower Units 152 

(Castiglione-Popolasca Unit: CM22b, and CM29a; Piedigriggio-Prato Unit: CM21 and 153 

CM32C, already published in Di Rosa et al., 2017a; 2019b) and 3 samples from the middle 154 

Cretaceous (?) calc-schists of different slices of the Schistes Lustrés Complex (CMD121a 155 

and CMD121b from IZU-Buttinacce, and CMD118 from IZU-Botro, new data exclusive of 156 

this work). On all the samples, a detailed study of the microdeformation history were 157 

performed and quantitative compositional maps and spot analyses were acquired in order to 158 

estimate the P-T conditions of the four tectonic units using the chlorite-phengite multi-159 

equilibrium thermodynamic technique (Vidal and Parra, 2000). The electron probe micro 160 

analysis (EPMA) data have been acquired using a JEOL-JXA 8230 electron microprobe 161 

apparatus of the IsTerre (Grenoble, France) equipped with five wavelength-dispersive 162 

spectrometers and calibrated with the following standards (Tab. 2): wollastonite (Ca, Si), 163 

orthoclase (K), albite (Al), periclase (Mg), rhodonite (Mn), TiO2 (Ti), Al2O3 (Al), Fe2O3 164 

(Fe) and Cr2O3 (Cr). The operating conditions were 15 keV accelerating voltage, 12 nA 165 

sample current and 200 to 300 ms per grid point counting time. Compositional maps and spot 166 

analysis were acquired for each sample; the X-ray maps resolution and the analytical spot 167 

size were set at 1 μm, as recommended by Lanari et al. (2014b), to detect any zoning in 168 

phengites (Fig. 5, Tab. 1). The compositional maps were calibrated with the spot analysis (De 169 

Andrade et al., 2006) using XMapTools 2.1.3 software (Lanari et al., 2014b), in order to 170 

obtain quantitative maps of oxide (Wt%). Chl and Ph structural formulas were calculated on 171 



14 and 11 anhydrous oxygens, respectively. The chemical analysis of Chl and Ph obtained 172 

were processed through three different thermodynamic methods including water (wt) and Qz 173 

(i.e. Chl-Qz-wt, Ph-Qz-wt and Chl-Ph-Qz-wt methods) using ChlMicaEqui software (Lanari 174 

et al., 2012). These results (Tab. 3) were compared with those obtained through classical 175 

thermobarometry. Mineral abbreviations are from Whitney and Evans (2010). 176 

 177 

3.1 The chlorite and phengite thermobarometry methods applied in this study 178 

For each sample, we selected the micro-areas where the mutual relationships between 179 

all the identified generations of foliations were clearly and unambiguously identified. Among 180 

these sites, only those where the generations of foliations are associated to different mineral 181 

paragenesis were considered: particularly, the image analysis was performed with 182 

XMapTools in order to include any chemical heterogeneities of Chl and Ph within the same 183 

foliation and between different foliations (Tab. 2). Through this operation, performed on each 184 

of the 7 samples, at least 50 analyses for each mineral phase (Chl and Ph) were selected along 185 

each foliation. 186 

The data obtained were processed through three different methods, based on the 187 

activity of the chlorite and mica end-members (Mg- and Fe-Ame, Clc, Dph, Sud for chlorite, 188 

Mg-Cel, Ms, Prl, Prl(H) and Php for mica) as well as the activity of water: the Chl-Qz-wt, 189 

Ph-Qz-wt and Chl-Ph-Qz-wt methods. 190 

The Chl-Qz-wt method (Vidal et al., 2006), is a thermometer based on the equilibria  191 

4Clc + 5Fe-Ame = 4Dph + 5Mg-Ame 192 

4Dph + 6Sud = 5Fe-Ame + 3Mg-Ame + 14Qz + 8H2O 193 

and allows the T range to be calculated with an equilibrium tolerance of 30°C and the 194 

percentage of Fe
3+

 for each Chl analysis fixing the pressure value (Lanari and Duesterhoeft, 195 

2019). This method was employed to estimate the temperature conditions of the chlorites 196 



grown during different metamorphic phases, at given pressure (in this case was set at 0.8 197 

GPa) and water activity (fixed at 1 unit, see Supplementary materials). This method is based 198 

on the convergence of the reactions involving the Chl end-members (Mg- and Fe-Ame, Clc, 199 

Dph, Sud), in presence of Qz and water (Vidal et al., 2006). The temperature location 200 

depends on the activity of water and the Chl end-members, that is in turn controlled by the 201 

Fe
3+

 content; this latter can be estimated following the recommendation of Vidal et al. 202 

(2006). T values were considered only when the scatter between T values achieved by the 203 

four reactions was less than 30°C. 204 

The Ph-Qz-wt method (Dubacq et al., 2010) is a geobarometer based on the reactions: 205 

Prl(H) = Prl + H2O 206 

3Mg-Cel + 2Prl = 2Ms + Phl + 11Qz + 2H2O 207 

where Prl(H) is hydrated Prl. The T range of stability is set on the base of the Chl-Qz-wt 208 

method results, as well as the Fe
3+

, calculating an average of the values obtained with the 209 

Chl-Qz-wt method. Thus, the Ph-Qz-wt method allows calculating the P range for each group 210 

of Ph at fixed T and Fe
3+

, with an absolute uncertainty of 0.2 GPa.  211 

The variability of the Ph composition depends on the relative proportion of the end-212 

members Cel, Ms and Prl that is mainly controlled by the activation of Tschermak and 213 

Phyrophyllite substitutions (e.g. Guidotti and Sassi, 1998). Each Ph analysis is represented in 214 

the P-T path with a line: in this work we considered only the P values corresponding to the T 215 

values previously estimated with the Chl-Qz-wt method.  216 

Combining the values obtained from Chl-Qz-wt method with those of the Ph-Qz-wt 217 

method, i.e. considering Chl and Ph grown in the same microstructure, the P-T equilibrium 218 

conditions were calculated with the Chl-Ph-Qz-wt multi-equilibrium approach (Vidal and 219 

Parra, 2000; Vidal et al., 2006; Dubacq et al., 2010) using ChlMicaEqui software (Lanari et 220 

al., 2012). Only the couples whose P-T equilibrium shows T conditions similar to those 221 



obtained with classical thermometry were considered. On this selected group of P-T 222 

equilibrium conditions, an additional equilibrium tolerance was set in order to consider only 223 

the P-T values to which is related the minimum Gibbs free energy (i.e. < 1000 J). 224 

The uncertainty associated to the Chl-Ph-Qz-wt multiequilibrium approach is 30°C and 225 

0.2 GPa (Vidal and Parra, 2000). 226 

Classical geothermometers (Cathelinau and Nieva, 1985; Cathelinau, 1988; Lanari et 227 

al., 2014a) and the geobarometer of Massonne and Schreyer, (1987) were applied on micro-228 

areas within single Chl and Ph crystals showing homogeneous composition, in order to 229 

compare the results obtained with the multi-equilibrium techniques with other methods 230 

related to the Al
IV

 and Si contents in Chl and Ph, respectively. 231 

 232 

4. The association of oceanic and continental units North of the Corte area 233 

The area around the town of Corte (Figs. 1, 2) exposes a stack of deformed units of 234 

both continental and oceanic affinities affected by HP metamorphism. The three continental 235 

units ascribable to the Lower Units (i.e. Castiglione-Popolasca, Croce d’Arbitro and 236 

Piedigriggio-Prato, hereafter CPU, CDU and PPU, respectively) are made of a Paleozoic 237 

basement intruded by the Permo-Carboniferous metagranitoids and covered by a upper 238 

Permian-Middle to upper Eocene metasedimentary succession (Rossi et al., 1994). They crop 239 

out continuously as north-south elongated units with a lateral extension ranging from ca. 12 240 

km (Castiglione-Popolasca Unit), to about 5 km (Croce d’Arbitro Unit) and ca. 7.5 km 241 

(Piedigriggio-Prato Unit), and an estimated average volume of 2-3 km
3
: given the polyphase 242 

deformation affecting these units, their original thickness is hard to estimate.  243 

The oceanic units of the Schistes Lustrés Complex are exposed through several thin 244 

slices whose lateral extension varies from 0.1 km
2
 to 0.6 km

2
, for an approximate volume 245 

ranging from 0.05 to 0.2 km
3
. They are made up of Jurassic – middle Cretaceous (?) 246 



ophiolitic-bearing lithotypes such as dominant metabasalts and calc-schists, and rarer 247 

metaserpentinites and metagabbros (Durand-Delga, 1984). In the present study, we focused 248 

on the slices cropping out around the localities of Buttinacce and Botro (here after referred to 249 

as IZU-Buttinacce and IZU-Botro tectonic slices, Figs. 1, 2). 250 

Despite the Schistes Lustrés Complex crops out at the top of the Lower Units 251 

everywhere in the Alpine Corsica nappe stack, the Corte area is the only place where thin 252 

slices of the Schistes Lustrés Complex are found either sandwiched between the Lower Units 253 

or at the base of them along the Lower Units - Hercynian Corsica boundary zone (Figs. 1, 2) 254 

Therefore, Corte is a privileged area to reconstruct the pre- and post-coupling evolution of the 255 

Lower Units and the slices of the Schistes Lustrés Complex in the context of the evolution of 256 

the whole Alpine tectonic stack.  257 

 258 

4.1 Map-scale relationships 259 

The area between Buttinacce and Botro (top-east: 42°38’45.35’’N 9°18’91.17’’E, 260 

bottom-west: 42°28’56.41”N 9°16’31.42”E) is characterized by a N-S trending stack of 261 

metamorphic units belonging to both the Lower Units and the Schistes Lustrés Complex, 262 

respectively, that are thrust westward onto the domain of Hercynian Corsica (Fig. 2A and B). 263 

Toward the east/southeast, around Botro, this pile of units is separated from the rest of Alpine 264 

Corsica (e.g. Caporalino and Santa Lucia Units and other units of the Schistes Lustrés 265 

Complex) by the CCSZ (Di Rosa et al., 2017b). The detailed field mapping of the area allows 266 

a first order characterization of the progressive deformation experienced by the continental 267 

and oceanic units, as well as an estimation of the relative chronology.  268 

The boundaries between the Lower Units, and those juxtaposing the Lower Units and 269 

the slices of Schistes Lustrés Complex, are marked by meter-scale ductile shear zones 270 



roughly N-S striking, E-dipping and with a top-to-the-west sense of shear (Di Rosa et al., 271 

2017b, Fig. 4C), locally overprinted by later cataclastic deformation.  272 

At map-scale, the ductile deformation in the Lower Units mainly consists of 273 

decimeter-scale isoclinal folds with axes plunging less than 35° towards N-NW and S-SE, 274 

with E/NE-dipping axial plane foliation. They are confined to each unit and cut by the units-275 

bounding thrusts, as shown by the axial plane trace reported in Fig. 2A and B (see sections 276 

4.2.1 and 4.2.2). In the Schistes Lustrés Complex slices the most dominant structures at 277 

mesoscale are isoclinal folds, with N-S trending, sub-horizontal axes. The subsequent folding 278 

event visible at map-scale is characterized by open to closed megafolds with an axial plane 279 

foliation gently dipping toward the W (Fig.2). The top to W shear zones bounding the 280 

mapped units, and responsible for their internal imbrication are all folded by this ductile 281 

event, suggesting that it postdates both the deformation described in each group of units as 282 

well as the stacking of the Lower Units and their coupling with Schistes Lustrés Complex 283 

slices (Fig. 2A and B, see sections 4.2.1 and 4.2.2). The units pile is subsequently reworked 284 

by the brittle deformation, the structures of which are all ascribable to the poorly constrained 285 

activity of the CCSZ. 286 

In the following section, we describe in details the meso- and micro-scale features of 287 

the multiphase deformation events recorded by the oceanic and continental units prior to 288 

coupling, the deformation they shared together after coupling, and, for each group of units, 289 

we provide a brief description of the samples selected for the structural and petrological 290 

study. 291 

 292 

4.2 The deformation until the coupling of continental and oceanic units 293 

As introduced above, the oceanic and continental units are both characterized by a 294 

multiphase deformation evolution. Both the oceanic and the continental units, during their 295 



independent subduction/exhumation paths, registered two ductile deformation phases before 296 

the last ductile event that is common to all units. For the seek of clarity, we have named D1 297 

and D2 with the subscript “c” and “o” for the independent deformation path of continental 298 

and oceanic units, respectively (see Figs. 3, 4). Then the third deformation event, shared by 299 

all units, is referred to as simply D3 (see also Bezert and Caby, 1988; Malasoma et al., 2006; 300 

Malasoma and Marroni, 2007; Di Rosa et al., 2017a). As we will show in the following 301 

sections, and described already elsewhere in Corsica (Di Rosa et al., 2017a; Di Rosa et al., 302 

2019 a; b), the D1c-o and D2c-o occurred before the stacking of the units, and are therefore 303 

interpreted as related to the subduction/exhumation path followed by each single unit at the 304 

plate interface, from different depths (i.e. under different P-T conditions, see Di Rosa et al., 305 

2019 a; b). 306 

 307 

4.2.1 Deformation fabrics of the continental units 308 

The deformation history recognized in the Lower Units is therefore schematized in 309 

the D1c, D2c and D3 phases (Bezert and Caby, 1988; Malasoma et al., 2006; Malasoma and 310 

Marroni, 2007; Di Rosa et al., 2017a, Figs. 3, 4). 311 

The D1c phase. In the CPU, CDU and PPU the D1c phase is characterized by rarely 312 

preserved isoclinal F1c folds with acute to sub-acute hinges. Rare F1c non-cylindrical folds 313 

are observed in CPU and PPU (Fig. 3A-D).  The F1c folds are associated with S1c axial 314 

plane foliation, occasionally preserved at meso-scale in the F2c hinge zones, where it is 315 

crenulated by the S2c foliation (Fig. 3A-D). At microscale, the S1c foliation is a continuous 316 

cleavage constituted by a Chl+Ph+Qz+Cal metamorphic assemblage (Fig. 3C-D). well 317 

preserved in the metapelites (e.g. in the matrix of the Permian metavolcaniclastics and of the 318 

Tertiary metabreccias and metasandstones). 319 



The D2c phase. The D2c phase is characterized by W-verging, close to isoclinal F2c 320 

folds with NNE/SSW-trending A2c axes (Fig. 3A-D). F2 folds show typically necked and 321 

boudinaged limbs and are associated with a well-developed NNE/SSW-striking S2c foliation 322 

that represents the main planar anisotropy at the scale of the outcrop (Fig. 3B). ESE-WNW 323 

trending L2c mineral and mineral stretching lineations are widespread everywhere in the 324 

Corte area. In the metapelites, the L2c mineral stretching lineation is represented by 325 

elongated Chl, Qz and Ph grains, whereas in the metalimestones and in the metadolomites are 326 

dominated by boudinaged millimetric Py and Qz grains. At the microscale, the 327 

metagranitoids show protomylonitic to ultramylonitic S2c foliation marked by discontinuous 328 

lepidoblastic layers of recrystallized Ph, Chl, Bt and granoblastic layers of fine-grained 329 

recrystallized Qz, wrapping weakly elongated Fsp grains and Qz grains. Relicts of Qz, 330 

characterized by bulging recrystallization and subgrain rotation, are affected by cataclastic 331 

flow, and the fractures are filled by Ph, Chl and thin-grained Qz. S2c foliation in metapelites, 332 

is a crenulation cleavage characterized by a new generation of Chl+Ph+Qz+Ab+Cal.  333 

Following is a brief description of the selected samples analyzed in this study (see 334 

Fig. 1B for sample location). 335 

Sample CM22b (CPU) is a matrix-supported metasandstone. Qz and Ab 336 

porphyroclasts ranging in size from 200 µm to 2 mm are immersed in a foliated matrix 337 

composed of layers of Qz, Ab and K-Fsp smaller than 30 µm alternated to Chl- and Ph-rich 338 

layers. This foliation, ascribable to the D2c deformation phase, is associated with F2c 339 

microfolds at the hinge of which are typically preserved relicts of the S1c foliation. The Chl 340 

and Ph grown along the S1 foliation are bigger than those aligned along the S2 foliation, 341 

despite being always smaller than 200 µm. Zones of localized deformation with mylonitic to 342 

ultramylonitic fabric are a common feature of this sample. 343 



Sample CM29a (CPU) is a matrix-supported coarse-grained metasandstone with 200 344 

µm- to 8 mm- sized deformed porphyroclasts of Qz, K-Fsp, Chl and Ab in a fine-grained 345 

matrix comparable to that of sample CM22b. The S1c foliation is detectable only as a relict in 346 

rare microlithons of the S2c foliation. The S2c foliation is a penetrative foliation marked by a 347 

preferred orientation of deformed Qz and Ab porphyroclasts. Particularly, the D2c phase 348 

produces high-strained bands with stretched clasts: the measurement of 25 clasts resulted in 349 

an average major/minor axis ratio (Rxz) of 13:1 (S.D.=0.055, Dunnet, 1969).  350 

Samples CM21 and CM32c (CPU) are metasandstones with clasts of Qz, Cal, 351 

metamorphic rocks (i.e. the Roches Brunes Fm.) and metagranitoids immersed in a pelitic 352 

matrix of phyllosilicates, Qz and Ab. Relicts of the D1c phase are preserved within mm-thick 353 

metapelites layers in the D2 microlithons. These relicts are represented by a S1c continuous 354 

foliation marked by syn-kinematic grown of Chl, Ph, Ab and Qz. The S2c foliation is a 355 

continuous and pervasive foliation highlighted by the growth of new Chl, Ph, Ab, K-Fsp and 356 

Qz minerals. The S2 represents a composite layering given by the superimposition of the S2 357 

on the S1 foliation. In the F2 hinge zones, the S2 foliation can be instead classified as a 358 

crenulation cleavage. The S3 foliation is classifiable as crenulation cleavage, to which no 359 

recrystallization is associated.  360 

 361 

 362 

4.2.2 Deformation fabrics of the oceanic units  363 

As for the Lower Units, the slices of the Schistes Lustrés Complex outcropping in the 364 

Corte area also show a polyphase deformation history comprising pre-coupling phases (D1o-365 

D2o phases), and post-coupling D3 deformation (Figs. 3, 4). 366 

The D1o phase. The D1o phase structures at the meso-scale have been completely 367 

transposed by the subsequent D2o phase. In the metabasalts the S1o foliation is the main 368 



anisotropy defined by layers of Cpx, Pl and Ep, and layers of Pl, Chl and opaque oxides. 369 

D1o-related veins filled by Qz affected by grain boundary migration recrystallization are 370 

abundant (sample CMD123a’). In the calc-schists, at the microscale, the S1o foliation is 371 

superimposed on the primary layering of phyllosilicates, Cal and Qz. Relicts of the S1o 372 

foliation can be documented only in the F2o folds hinges, where thin crystals of Chl and Ph 373 

are preserved in the microlithons of the S2 foliation (Fig. 3G).  374 

The D2o phase. In the Schistes Lustrés Complex slices the most dominant structures 375 

at mesoscale are F2o isoclinal folds, with N-S trending, sub-horizontal A2o axes. They are 376 

associated with a pervasive S2o, N-S trending axial plane foliation (Fig. 3E). An L2o mineral 377 

lineation is well visible in the calc-schist (Fig. 2B), marked by preferred alignment of 378 

synkinematic Cal and Ph. 379 

At the microscale, F2o folds and S2o foliation are well developed in both metabasalts 380 

calc-schists (Fig. 3F-H). In the calc-schists, the relations between the S1o and the S2o 381 

foliation are well visible within the hinge zones of centimeter-scale F2o folds (Fig. 3G). 382 

Locally, in the calc-schists, -type porphyroclasts made by Qz aggregates, with asymmetric 383 

tales of re-crystallized Qz and/or Ph, together with bookshelf structures in Fsp, suggest a 384 

sinixtral, top-to-W sense of shear. 385 

A later foliation arranged at low-angle with respect to the S2o and defined by re-386 

crystallization of a new generation of Chl and Ph, is visible exclusively at microscale (Fig. 387 

3H). This foliation is clearly subsequent to the S2o foliation, but, given the lack of mesoscale 388 

evidence of a foliation between the S2o and the S3, this anisotropy has been assigned to the 389 

late stages of the D2o phase. In the metabasalts Qz veins are arranged parallel to the S2o 390 

foliation, whereas Cal veins are set parallel to this late S2o foliation. 391 

Here again we report a brief description of the selected samples analyzed in this study 392 

(see Fig. 1B for sample location). 393 



Samples CMD121a and CMD121b (IZU-Buttinacce) are calc-schists made by a 394 

millimeter-scale alternation of granoblastic layers of Qz and lepidoblastic layers of 395 

Chl+Ph+Ab+Qz+Cal. This planar anisotropy is a composite S0+S1o+S2o foliation. Only in 396 

the hinge zone of the centimetric F2 folds, in which relicts of the S1o foliation are preserved, 397 

is possible to distinguish the S1o foliation to the S2o foliation, both characterized by the 398 

recrystallization of Chl, Ph, Ab Qz and minor Cal. The late S2o, to which are associated late-399 

F2o microfolds, is accompanied by recrystallization of Chl, Ph and Cal.  400 

Sample CMD118 (IZU-Botro) is a calc-schist characterized by Cal-rich layers less 401 

than 1 mm thick alternating with thinner lepidoblastic layers of phyllosilicates and Qz. 402 

Similarly, to the samples CMD121a and CMD121b, the main foliation is the composite 403 

S0+S1o+S2o foliation, made by metamorphic Chl, Ph, Ab, Qz and folded by F3o folds. 404 

Opaque oxides oriented along the S2o foliation have been also found. At the thin section 405 

scale, the S1o/S2o interference pattern has been rarely observed: if present, relicts of Chl and 406 

Ph were observed within the microlithons of the S2o foliation in the F2o hinge zones. The 407 

S3o is classifiable as disjunctive cleavage and no recrystallization seems to be associated to 408 

it. 409 

 410 

4.2.3 The tectonic imbrication of the continental and oceanic units 411 

As said in section 4.1, after the folding events that deformed independently the Lower 412 

Units and the slices of Schistes Lustrès Complex, these units are tectonically juxtaposed by 413 

N-S trending shear zones bounding the mapped units and responsible for their internal 414 

imbrication (see Figs. 2, 3C and 4). The shear zones are characterized by protomylonitic to 415 

mylonitic fabric with S-C fabric, σ-type porphyroclast of Fsp and bookshelf structures (with 416 

synthetic and antithetic fractures) in Fsp, all indicating a top-to-W sense of shear. 417 



These shear zones cut the axial planes of the F2c and F2o folds (Fig. 2A and B), and 418 

are in turn deformed by the following phase, which is traditionally referred in literature as D3 419 

(e.g. Di Rosa et al., 2019a). Therefore, in this paper, we will refer to these shear zones as late-420 

D2. 421 

 422 

4.3 The deformation after the coupling between continental and oceanic units 423 

The D3 phase recorded in the Lower Units has the same features of the D3 phase 424 

documented in the slices of the Schistes Lustrés Complex. The F3 folds rework the S1 and S2 425 

foliations registered independently by the two groups of units, and they also deform the 426 

tectonic contacts between them (Figs. 1, 2 and 4). Therefore, the D3 phase occurred after the 427 

coupling of the Lower Units with the slices of the Schistes Lustrés Complex, uniformly 428 

deforming the entire stack of units (Di Rosa et a., 2017b), and can be considered as the last 429 

ductile event affecting the units.  430 

At the mesoscale, the D3 phase produces F3 open to close, gently inclined to 431 

recumbent folds with eastward/southeastward vergence and a NNE-SSW trending S3 axial 432 

plane foliation (Fig. 4A-C). A type-3 interference pattern (Ramsay, 1967) describes the 433 

relationship with the F2 generation of folds both in the Lower Units and in the slices of the 434 

Schistes Lustrés Complex.  435 

Microscale F3 open folds are visible in calc-schists samples (e.g. CMD120), 436 

associated with an axial plane S3 disjunctive cleavage marked by recrystallizations of Cal 437 

and Qz (Fig. 3D-E). The morphology of the S3 foliation and the sole recrystallization of Cal 438 

and Qz suggest development of the D3 phase at shallow structural levels. Microfractures, 439 

averagely 300 µm to several mm in thickness, commonly mimic the S3 foliation.  440 

After the D3 phase, the main deformation event affecting Corsica is the brittle 441 

deformation related to the activity of the Central Corsica Shear Zone system (i.e. CCSZ, Figs. 442 



1, 2). In the study area CCSZ develops as a km-wide, N-S trending sinistral strike slip fault, 443 

associated with sinistral and dextral syntethic, and dextral antythetic strike-slip faults (Di 444 

Rosa et al., 2017b).  445 

 446 

5. Petrography and phase equilibria  447 

 448 

5.1 Mineral chemistry and P-T results 449 

5.1.1 Chlorite 450 

The Chl and Ph thermobarometry of the Lower Units is reconstructed in detail in Di 451 

Rosa et al., (2019b). The analyzed samples (CM22b and CM29a from CPU and CM21 and 452 

CM32c from PPU) are characterized by different generations of Chl grown along both the 453 

S1c and S2c foliations (Di Rosa et al., 2019b). All of them show XMg content ranging 454 

between 0.15 and 0.55 and Si content between 2.58 and 3.00 apfu (atom per formula unit, see 455 

Fig. 5 and Tab.1); they have a minimum Clc + Dph content of 54 %, with higher values for 456 

CM22b (CPU). The Chl along the S1c foliation are distinguishable from those grown along 457 

the S2c because of a slightly lower Si content. In addition, the Chl related to the S1 have 458 

lower content in Sud, that never reaches the 35 %, and their composition varies between Ame 459 

and Clc+Dph (Fig. 5, Tab.1).  460 

In the samples from the slices of Schistes Lustrés Complex analyzed in this paper 461 

(CMD118 for IZU-Botro and CMD121a and CMD121b for IZU-Buttinacce), the Chl are 462 

arranged on the relicts of the S1o foliation, on the S2o main foliation and on the late S2o 463 

foliation, which is set at a low angle to the main one. XMg content varies between 0.43-0.47 464 

in the sample CMD118 and between 0.47-0.55 in the samples CMD121a and CMD121b, 465 

without showing appreciable differences among the S1o, S2o and late S2o foliations (Fig. 5, 466 

Tab.1). The Si
 
content ranges from 2.53 and 2.98 apfu with higher values for the samples 467 



CMD121a and CMD121b. All the samples are characterized by Clc+Dph end-members 468 

proportion between 55 and 90 % (Fig. 5, Tab.1). In the sample CMD118, the S1o foliation 469 

contains Chl enriched in Clc+Dph, whereas in the S2o foliation the Ame (main S2o foliation) 470 

and Sud (late S2o foliation) contents increase. The samples CMD121a and CMD121b show a 471 

more homogeneous composition (Clc+Dph between 65 and 90 %), with small-scale 472 

differences between the S1o and the S2o foliations similar to those observed for the sample 473 

CMD118 (Fig. 5, Tab.1). 474 

 475 

5.1.2 Phengite 476 

For the samples from the Lower Units (CM22b and CM29a for CPU and CM21 and 477 

CM32c for PPU), Di Rosa et al., (2019b) report that the Ph are located along the S1c and the 478 

S2c foliations and have Si and Al content that vary between 3.20 and 3.80 apfu and between 479 

1.55 and 2.45 apfu, respectively (Fig.5, Tab.1). The end-members proportion is always 480 

intermediate between Cel and Ms, with a Prl content always lower than 40 %. The 481 

composition of the Ph grown along the S1c shows slightly higher Si content with respect to 482 

the S2c-related phases, which are instead characterized by higher Al contents. More in 483 

general, small-scale differences show that the composition of the S2c-related Ph is more 484 

homogeneous that the composition of those grown along the S1c (Di Rosa et al., 2019b). The 485 

end-members composition related to the Ph of the S1c foliation ranges between the Cel and 486 

Ms end-members of 25-60 % and 30-65 % respectively. Ph grown along the S2c foliation are 487 

instead characterized by an increasing Prl content observable in all the units (Tab.1).  488 

Different generations of Ph have been observed in the samples from slices of the 489 

Schistes Lustrés Complex (CMD118 for IZU-Botro and CMD121a and CMD121b for IZU-490 

Buttinacce). Si content varies from 3.15 to 3.53 apfu in all the samples: in this range, the S1o 491 

foliation is characterized by an homogeneous Si content of 3.20-3.49 apfu (Fig. 5, Tab.1). 492 



The K-content in the S1o-related Ph is generally higher in sample CMD121a (0.74-0.84 apfu) 493 

than in sample CMD118 (0.34-0.92 apfu), but tends to decrease in the Ph related to the late 494 

S2o of all the samples (Tab.1). End-member proportions of phengite change in the three 495 

samples: CMD118 records only small differences for Cel, slightly increasing in the S2o 496 

foliation compared to the S1o foliation, and an increase in Prl content (up to ~30 %) 497 

associated to the late S2o foliation (Fig. 5, Tab.1). The Ph of the sample CMD121b have a 498 

fairly homogeneous composition (5-20 % Prl, 35-60 % Ms and 35-60 % Cel). In the sample 499 

CMD121a the Cel proportion is lower than 40 % in the S1o foliation and higher than 30 % in 500 

the S2 foliation; a Prl content between 10 and 25 % characterizes the late S2o (Tab.1).  501 

 502 

5.1.3 Estimation of the P-T conditions 503 

For all the samples, each homogeneity of Chl and Ph recognized in the compositional 504 

map has been considered, in order to have a dataset in which every different mineral phase is 505 

represented by at least 50 wt% analysis (Fig. 6A, C). The results obtained with the Chl-Qz-wt 506 

and Ph-Qz-wt methods (listed Tab. 3) allowed the P-T conditions to be identified from 507 

chlorite and white-mica local equilibra (Fig. 6B, D).  508 

The Chl-Qz-wt method (Vidal et al., 2006) applied to the selected samples, indicate 509 

that chlorite formation temperatures span three different ranges of temperatures (histograms 510 

of Fig. 6B, D): in the Lower Units, two of them are related to the mineral phases grown along 511 

the S1c foliation and one is related to the S2c foliation; in the Schistes Lustrés Complex the 512 

three T ranges correspond to the Chl related to the S1o, S2o and late S2o foliations, 513 

respectively. Then, the P conditions have been estimated through the Ph-Qz-wt method 514 

(Dubacq et al., 2010) considering only the Ph analysis (in Fig. 6B, D, each colored lines 515 

represents one single Ph analyses) contained in the T range defined with the Chl-Qz-wt 516 

method. For the metabreccias and metasandstones (Lower Units) the P conditions of the D1c 517 



phase have been estimated through the two groups of Ph related to the S1c foliation, and 518 

those of the D2c through the single group of Ph related to the S2c foliation, fixing the T 519 

conditions at the values calculated with the Chl-Qz-wt method. Similarly, for the calc-schists 520 

of the Schistes Lustrés Complex, the P conditions of the D1o phase was estimated through 521 

the first generation of Ph grown along the S1o foliation, while those related to the D2o phase 522 

have been calculated on the base of the second and third generations of Ph recrystallized 523 

along the S2o and the late S2o foliations, respectively.  524 

The P-T estimates obtained with the Chl-Ph-Qz-wt multi-equilibrium approach (Vidal 525 

and Parra, 2000) were compared with the T and P ranges defined with the Chl-Qz-wt and Ph-526 

Qz-wt methods (stars and P/T diagrams of Fig. 6B, D). Accordingly, data have confirmed 527 

that for all units, the different deformation events where accompanied by a multistage 528 

metamorphic history.  529 

Three clusters of data have been recognized within the microstructures of each sample 530 

collected from the CPU and PPU Lower Units (Di Rosa et al., 2019b): the first set of data 531 

related to the S1c foliation (i.e. firsts Chl-Ph generations) is associated to HP/LT (P-peak), 532 

the second data set, still aligned along the S1c foliation (i.e. seconds Chl- Ph generations) is 533 

stable at LP/HT (T-peak) and the third set, related to the Chl-Ph couples grown along the S2c 534 

foliation (i.e. thirds Chl-Ph generations) is stable at LP/LT conditions. These three P-T 535 

conditions are reached at slightly different pressures and temperatures in the two tectonic 536 

units (Tab. 3). If we take together these two P and T ranges (samples CM22B and CM29A 537 

for CPU and CM21 and CM32C for PPU), the maximum variability of P-T conditions for all 538 

the continental units, calculated with the Chl-Ph-Qz-wt multi-equilibrium are (for details see 539 

Di Rosa et al., 2019b):  540 

- P-peak (HP/LT) event: 1.22-0.75 GPa/250-330°C for CPU and 1.10-0.75 GPa/200-541 

270°C for PPU; 542 



- T-peak (LP/HT) event: 0.80-0.50 GPa/320-350°C for CPU and at 0.80-0.50 543 

GPa/280-400°C for PPU; 544 

- the LP/LT event: 0.45-0.25 GPa/230-310°C for CPU and 0.45-0.25 GPa/230-300°C, 545 

for PPU  546 

Similarly, the Chl-Ph-Qz-wt multi-equilibrium method applied in this study to the 547 

samples from the Schistes Lustrés Complex (IZU-Botro and IZU-Buttinacce), allowed 548 

identifying 3 clusters representative of 3 different P-T conditions during the D1o, D2o and 549 

late-D2o deformation events (Tab. 3): 550 

- D1o phase: the Chl-Ph couples are in equilibrium at mP/Ht conditions of 0.75-0.65 551 

GPa/220-245°C for IZU-Botro (sample CMD118) and 0.70-0.50 GPa/265-310°C for IZU-552 

Buttinacce (widest T and P ranges considering the samples CMD121A and CMD121B); 553 

- D2o phase: the samples reached HP/mT conditions of at 1.00-0.85 GPa/200-250°C 554 

for IZU-Botro and at 0.90-0.70 GPa/ 240-300°C for IZU-Buttinacce; 555 

- late-D2o event: the Chl-Ph couples are stable at LP/LT conditions of equilibrium, at 556 

0.60-0.50 GPa/ 150-190°C for IZU-Botro and at 0.60-0.40 GPa/ 140-275°C for IZU-557 

Buttinacce.  558 

Similar T values related to the S1o and to the S2o suggest that the transition between 559 

the D1o and the D2o phases occurs in almost isothermic conditions in the studied samples of 560 

the Schistes Lustrés Complex. 561 

 562 

6. Discussion: evidence for syn-collisional processes 563 

6.1 Critical aspects about the method and related P-T estimates 564 

Thermobarometry showed that the metapelites from the Lower Units and the slices of 565 

Schistes Lustrés Complex have recorded contrasted P-T conditions. Particularly, three 566 

Chl+Ph+Ab+Qz+wt assemblages were documented on the base of chemical (i.e. chlorite and 567 



phengite composition) and microstructural (i.e. the foliation along which the mineral grown) 568 

criteria in each group of units. For the Lower Units, two of these paragenesis grew along the 569 

S1c foliation, and are related to the P- and T-peak, while a third one, along the S2c foliation, 570 

at lower P-T conditions. In the samples from the slices of the Schistes Lustrés Complex, the 571 

first paragenesis records the prograde path along the S1o foliation, while the other two 572 

parageneses are related to the peak conditions and to the retrograde path (early and late S2o 573 

foliations). Partial re-equilibration of the phyllosilicates during a multi-stepped history of 574 

deformation and metamorphism cannot be excluded a priori (e.g., Sheffer et al., 2016; 575 

Airaghi et al., 2017; Lanari and Duesterhoeft, 2019), but it is not observed in the samples 576 

studied for this work. 577 

Every P-T estimate is affected by a relative uncertainty of 0.2 GPa and 30°C that 578 

includes the uncertainties of the Chl-Qz-wt and Ph-Qz-wt methods. To give strength to the 579 

final data, the local equilibrium of the chlorite-phengite pairs have been tested in all the 580 

samples for at least 50 couples grew in each microstructure. Only when the scatter between 581 

the data is lower than the uncertainty of each single estimates the local equilibrium was 582 

considered as achieved.  583 

Another choice made while processing the data is the water activity settled to 1 unit 584 

(see Supplementary materials). Water activity can vary in calcite bearing metapelites and 585 

affect the P-T estimates obtained via fluid-buffered equilibria. In this work, applying the Chl-586 

Qz-wt, Ph-Qz-wt and the Chl-Ph-Qz-wt methods, the water activity has been set to 0.8 and 587 

1.0 unit in each calculation in order to catch any differences in the results (see Supplementary 588 

materials). Our results show that the scatter between the two sets of calculations (i.e. 589 

considering the water activity to 1 and 0.8 unit) is lower than the uncertainty of the methods 590 

(0.2 GPa and 30°C) and therefore we present the data with the higher water activity (i.e. 1 591 

unit).  592 



 593 

6.2 Structural setting of the coupling between oceanic and continental units  594 

The processes allowing the tectonic coupling of oceanic and continental units during 595 

the exhumation of high grade units in the subduction setting have been the object of many 596 

studies in the last decade (Brun and Faccenna, 2008; Lapen et al., 2007; Angiboust et al., 597 

2012; Agard and Vitale-Brovarone, 2013; Plunder et al., 2012; 2015). Most of these studies 598 

provided a detailed reconstruction of the tectono-metamorphic evolution of the continental 599 

and oceanic units to decipher how slices of oceanic units, previously subducted and accreted 600 

at the base of the orogenic wedge, are then coupled with the continental units that are rising 601 

up within the plate interface.  602 

The structural setting of the Corte area at map scale clearly indicates that the oceanic 603 

units of the Schistes Lustrés Complex not only occupy the uppermost structural levels of the 604 

Alpine Corsica unit stack, but occur also as fragments tectonically sandwiched between the 605 

Lower Units, i.e. the units of continental crust that underwent subduction and slicing within 606 

the plate interface (Figs. 2, 4). In addition, the structural analysis at meso- and microscale 607 

indicate that the oceanic and continental units experienced a polyphase and independent 608 

deformation history before their coupling. This polyphase deformation includes two 609 

generations of isoclinal folds (D1c/o and D2c/o) showing axial plane foliations developed 610 

during the highest metamorphic conditions: none of these sets of folds (F1c/o and F2c/o) 611 

deform the tectonic boundaries between oceanic and continental units. The juxtaposition of 612 

continental and oceanic units develops through N-S trending top-to-W shear zones (Fig. 4C 613 

and section 4.1). These shear zones truncate the F2c fold structures and are in turn deformed 614 

by the F3 folds and the associated S3 foliation: therefore they can be consequently considered 615 

as occurring at the late stages of the D2 phase (e.g. Molli et al., 2006; Malasoma and 616 

Marroni, 2007; Di Rosa et al., 2017a; 2019b). From a structural point of view, the units 617 



coupling is therefore defined by the late stage of the D2 phase. In this picture, we can 618 

envision the D3 phase as originated from vertical shortening and folding of preexisting non-619 

horizontal layers during the extensional tectonics due to the collapse of the Alpine orogenic 620 

wedge, similarly to what recognized in several areas of the Alpine Corsica as, for instance, in 621 

the Tenda Massif (e.g., Jolivet et al., 1998; Molli et al., 2006; Maggi et al., 2012; Rossetti et 622 

al., 2015) or in the Corte area (e.g. Malasoma et al., 2006; Di Rosa et al., 2017a; 2019a). 623 

Additional constraints to the coupling processes are provided by the metamorphic 624 

study of the oceanic and continental units. For the Lower Units, the Chl-Ph couples grown 625 

along the S1c foliation recorded the P-peak and T-peak conditions, whereas the same 626 

minerals grown along the S2c foliation are in equilibrium at LP-LT conditions. Since no 627 

evidence of older foliations occur, and thus no trace of prograde relicts is preserved, we can 628 

assume that the P-T history reconstructed in this study is related to the retrograde path of 629 

CPU and PPU, recording a multiphase history of exhumation after the P-peak conditions (Di 630 

Rosa et al., 2017a; 2017b; 2019b). Moreover, the estimated P-T paths in the two continental 631 

units are different: the different absolute P and T values reached during the D1c phase in the 632 

CPU and PPU, allowed Di Rosa et al., (2019b) identifying two different paths during 633 

exhumation, isothermic for CPU and warmer for PPU. Given a geobaric gradient for a 634 

“normal” crust of 27 MPa/km (Best, 2003) and considering that the lithostatic pressure 635 

exerted on the Lower Units is given by metamorphic rocks of both oceanic and continental 636 

affinities, we have used an average crustal geobaric gradient of 30 MPa/km for every 637 

calculation The P–T estimates related to the P-peak suggest a steady thermal regime of 5-6 638 

°C/km for these units, lower than what suggested by Agard and Vitale-Brovarone (2013) for 639 

the continental subduction in Oman and New Caledonia, and for other continental units of 640 

Alpine Corsica. The proposed lower thermal regime could better fit the subduction of a 641 

continental margin after the underthrusting of an old and cool oceanic lithosphere, below an 642 



upper plate dominantly made of a continental crust without arc-related magmatism (Marroni 643 

et al., 2010 and references therein). 644 

In the Schistes Lustrés Complex, the P-peak conditions are reached during the D2o 645 

phase. The P-T differences between the investigated samples indicates that each oceanic 646 

tectonic slice moved along independent paths until the end of the D2o phase. The maximum 647 

P-T burial conditions for these oceanic slices span roughly between 6 and 11 °C/km, 648 

approximately in the range of the subduction gradient estimated for the Schistes Lustrés in 649 

the Western Alps (5-10 °C/km, Agard et al., 2001; Plunder et al., 2012). 650 

On the whole, the P-T data confirm these observations. Oceanic and continental units 651 

followed different P-T paths until the end of the D2 phase, when they were coupled along 652 

what we have defined the late-D2 N-S trending top-to-W shear zones at ~10 km of depth, 653 

before being deformed by the F3 folds during the final stages of exhumation. The 654 

reconstructed P-T paths for the subduction evolution of the continental units can be compared 655 

to what proposed for other sectors of Alpine Corsica by Agard and Vitale-Brovarone (2013) 656 

in their “scenario 3” model of burial and slicing of continental units. In this scenario the 657 

authors depict early slicing and continued underthrusting of the continental units with HP 658 

conditions reached late in the burial evolution. Most importantly, they suggest that this 659 

scenario, might be representative of a mechanical coupling concentrated at the bottom of the 660 

upper plate. Similar reconstructions of the evolution of both continental and oceanic units of 661 

Alpine Corsica have been proposed in literature by Molli et al. (2006), Molli (2008), Maggi 662 

et al. (2012) and Rossetti et al. (2015). 663 

A similar P-T evolution has been observed in the Alps by Berger and Bousquet, 664 

(2008), which described exhumation of oceanic units occurring through cold geothermic 665 

gradients, while that of the continental units as requiring an increasing in temperature during 666 

their retrograde path. In the case of Corsica, in particular, the continental units show between 667 



them relevant differences during their exhumation, being subjected to isothermic as well as 668 

warm paths.  669 

 670 

6.3 Timing of the exhumation for the oceanic and continental units 671 

The convergence between the Europe and Adria plates induced the closure of the 672 

Ligure-Piemontese oceanic basin during Upper Cretaceous-Early Eocene that was followed 673 

in the Middle to Late Eocene by the continental subduction of the European margin (Schmid 674 

et al., 1996; Malavieille et al., 1998; Handy et al., 2010; Malusà et al., 2015; Marroni et al., 675 

2017). Coherently with this picture, a progressive younging trend of the deformation and 676 

metamorphism from the oceanic and ocean/continent transition (i.e. the Schistes Lustrés 677 

Complex) to the continental margin (i.e. the Lower Units) is expected, in accordance with 678 

what proposed in literature (Strerzynski et al., 2012, Lanari et al., 2012; 2014a).  679 

For the Lower Units of the study area, no recent and reliable radiogenic data about the 680 

metamorphism are available. The age of the deformation and the related metamorphism can 681 

be constrained only by stratigraphic relations between the youngest rocks involved in the 682 

deformation and the oldest sediments that unconformably seal the stack of the tectonic units. 683 

The depositional age of the youngest deformed rocks is attributed to the Late Eocene 684 

(Bartonian) for the occurrence of Nummulites sp. in the Metabreccia and Metasandstone Fms. 685 

of CPU (Bezert and Caby, 1988). The deposits unconformably found at the top of the stack of 686 

the Lower Units are represented by the continental sedimentary succession of the Francardo 687 

Basin (Ferrandini et al., 2003), whose base has been assigned to the Burdigalian (Alessandri 688 

et al., 1977). Therefore, the progressive, multiphase deformation recorded in the Lower Units 689 

can be bracketed between 37.8, i.e. the age of the Metabreccia and Metasandstone Fms., and 690 

20.4 Ma, i.e. the age of the base of the Francardo Basin. More accurate constraints are 691 

provided by Rossetti et al. (2015) that have studied the East Tenda Shear Zone located at the 692 



eastern side of the Tenda Massif (Fig. 1), an European-derived continental crust slice 693 

correlated with the Lower Units (Bezert and Caby, 1988; Malasoma and Marroni, 2007; Di 694 

Rosa et al., 2017a). The Rb–Sr geochronological data provided by Rossetti et al. (2015) 695 

documented that the deformations related to the continental subduction in Alpine Corsica, 696 

including our D1c and D2c phase, occurred during the ~27-32 Ma time span, corresponding 697 

to Rupelian (Early Oligocene; Walker et al. 2018). In addition, these authors suggested that 698 

the extensional tectonic connected to the orogenic collapse occurred after ~27 Ma, with a 699 

final exhumation of the continental units of Alpine Corsica during the Early Miocene (~20-21 700 

Ma). These constraints are in agreement with the 
40

Ar/
39

Ar dating of the Alpine deformations 701 

performed in the Hercynian Corsica by Di Vincenzo et al. (2016). These authors have 702 

provided the evidence of the syn-kinematic growth of white micas in the strike-slip shear 703 

zones between 37-35 Ma and 33-32 Ma, i.e. in the Late Eocene–Early Oligocene time span. 704 

As for the Lower Units, no radiogenic data are available for the metamorphism of the 705 

slices Schistes Lustrés Complex cropping out around Corte. Elsewhere in the Alpine Corsica, 706 

the ages of the prograde and retrogarde metamorphism in the oceanic and transitional units 707 

span a wide range from Upper Cretaceous (Lahondére and Guerrot, 1997) to Late Eocene 708 

(Lahondère, 1996; Brunet et al., 2000; Martin et al., 2011; Vitale Brovarone et al., 2012). For 709 

the oceanic units correlated with the Lento Unit (e.g. Levi et al., 2007) i.e. the unit to which 710 

the slices of the studied area can be correlated, Vitale Brovarone and Hewartz (2013) 711 

provided an age for the peak metamorphism of 37.5 Ma. Considering the time span necessary 712 

for the subducted oceanic crust to reach the depths of 33 and 28 km, i.e. the estimated depth 713 

of peak metamorphism (e.g. Levi et al. 2007 and this study), the inception of subduction of 714 

these units must have occurred before the Middle Eocene. 715 

To summarize, the oceanic units of the study area where already subducted and 716 

incorporated in the accretionary wedge in the Late Eocene, when the continental margin, 717 



represented by the Lower Units of the study area, was still undeformed and characterized by 718 

the foredeep sedimentation of the Bartonian Metabreccia and Metasandstone Fms. (CPU 719 

unit). This picture is therefore coherent with the progressive younging trend of the 720 

deformation and metamorphism from the oceanic and transitional units to the continental 721 

units mentioned above (Strerzynski et al., 2012, Lanari et al., 2012; 2014a), and provides 722 

further evidence that the continental and oceanic units of the study area have followed an 723 

independent tectono-metamorphic history before their coupling. 724 

 725 

6.4 In search for a possible model for the coupling 726 

 727 

Even if the exhumation record is incomplete, the available data provide evidence that 728 

the continental and oceanic rocks of the study area have been exhumed as tectonic units that 729 

have followed an independent tectono-metamorphic history before their mechanical coupling. 730 

According to what suggested by several tectono-metamorphic studies and thermo-mechanical 731 

modeling, these independent histories have in common a multiphased evolution made of 732 

several, distinct deformation phases (Raimbourg et al., 2007; Yamato et al. 2007; 2008; Li 733 

and Gerya, 2009; Beaumont et al., 2009; Guillot et al., 2009; Burov et al., 2012; 2014; 734 

Strerzynski et al., 2012; Agard and Vitale-Brovarone, 2013; Vitale-Brovarone et al., 2013; 735 

Plunder et al., 2015; Di Rosa et al., 2019a; 2019b). The structural data indicate that the 736 

coupling has occurred in the late stage of the D2o-c deformation phases, so that after this 737 

stage, the two groups of units all share the same deformation history, recorded by the D3 738 

structures which also deform all the previous structures in all units. The P-T data about the 739 

metamorphism confirm this observation showing that the oceanic and continental units 740 

followed different P-T paths until the end of the D2 phase. All these data indicate that 741 

coupling occurred at about 10 km of depth. Afterwards, during post-D3, latest stage of 742 



exhumation along the plate interface, a possible brittle re-activation of these shear zones 743 

responsible for coupling can be hypothesized on the base of the meso-scale observation. 744 

However, not much can be said about these tardive, brittle phases, because of the poor-745 

constrained activity of the CCSZ system in the area. 746 

The mechanical coupling thus produced an association of continental and oceanic 747 

units, with the latter located both at the top and tectonically sliced inside the continental units. 748 

This evidence indicates that the continental units during their exhumation are able to drag 749 

slices of the orogenic wedge that are subsequently displaced upward inside the continental 750 

rocks (Fig. 8). Therefore, the tectonic erosion of the orogenic wedge, i.e. the removal of 751 

materials at the roof of the plate interface, might be envisioned as an effective process active 752 

also during the continental subduction. 753 

The contrasting P-T paths recorded in the Lower Units indicate that the CPU and PPU 754 

were exhumed at different metamorphic gradients. Whereas the CPU is characterized by 755 

isothermal decompression, the PPU is affected during the exhumation by a warming with a 756 

small increase of temperature, not higher than 200°C (Fig. 7). Variable factors may influence 757 

the thermal structure of plate interface during the oceanic and continental subduction, 758 

including not only the effects of shear heating and radioactive heating but also the thermal 759 

conditions of the subducting and the overriding plates as well as the plate convergence rate 760 

(e.g. Faccenna et al., 2008; Gerya et al., 2008; Maierová et al., 2012; Syracuse et al., 2010; 761 

Warren et al., 2008; Zheng and Chen, 2016). Particularly, Gerya et al. (2008) have proposed 762 

possible transient episodes of anomalously high temperature along the plate interface during 763 

incipient continental collision. These episodes seem to be primarily controlled by changes in 764 

the intensity of viscous and radioactive heating in subducted crustal rocks, and are generally 765 

associated with partial melting (Burg and Gerya, 2005). In addition, focused pulses of 766 

dehydration during subduction have been proposed in literature as contributing to the rapid 767 



heating during the early stages of exhumation within the plate interface (Camacho et al., 768 

2005; John et al., 2012; Dragovic et al., 2015). Therefore, we could postulate the occurrence 769 

of transient episodes of anomalously high temperature during the exhumation of the Lower 770 

Units, to explain the difference in temperature observed in the exhumation paths of CPU and 771 

PPU. A possible explanation to these episodes for the PPU case can derive from the P-T path 772 

estimated for this unit, where the warming during the exhumation seems to be connected with 773 

a break or a slowing in the exhumation process resulting in a stationing at a depth of ca.17-774 

25 km.  775 

We could simply comment that in the reported study we see no evidence of the 776 

melting described by Burg and Gerya, (2005) because the supposed increase of temperature 777 

during the exhumation of the PPU was not so relevant to produce the partial melting of 778 

subducted crustal rocks. However, this hypothesis is at present only a speculation and will 779 

deserve more attention in future investigations on the subducted continental rocks in Alpine 780 

Corsica. 781 

In the proposed model we envision a flow of material that is dragged and translated 782 

upward through a mechanism that can be regarded as similar to the basal tectonic erosion, 783 

when fragments of the wedge are dragged and translated downward during the oceanic 784 

subduction (von Huene and Scholl, 1991; Clift and Vannucchi, 2004; Sallares and Ranero, 785 

2005, see also re-definition by Agard et al., 2018). Analogously to what described for basal 786 

erosion, specific weak lithological horizons within the orogenic wedge, characterized by 787 

rheological contrasts, can be re-activated as shear zones during exhumation, allowing mass 788 

dragging along the plate interface/orogenic wedge boundary. Then, the oceanic fragments 789 

detached from the base of the orogenic wedge are subsequently incorporated within the 790 

continental units and translated upward along the roof of the plate interface. In their model of 791 

burial of continental units suggested for Corsica, Agard and Vitale-Brovarone (2013) propose 792 



a correlation between the proposed model and a mechanical coupling (i.e. strain) 793 

preferentially concentrated at the base of the upper plate. Accordingly, this could facilitate 794 

the possibility of removing previously underplated material from the bottom of the wedge as 795 

tectonic slices to be incorporated in the rising continental units. Moreover, if we take into 796 

account the large volumes of the studied continental units, compared to the small volumes of 797 

the Schistes Lustrés slices, we could speculate, in accordance with what observed and 798 

proposed for the continental subduction in W. Turkey (Plunder et al., 2015), and in the 799 

Western Alps (Angiboust et al., 2009; Plunder et al., 2012), that the buoyancy-driven 800 

exhumation of the large Lower Units units may have contributed to scrapping off the slices of 801 

oceanic units on its way up the plate interface.  802 

A similar occurrence of oceanic fragments intimately associated with and deformed 803 

within the continental rocks has been described by Molli et al. (2006) at the eastern border of 804 

the Tenda Massif. The Tenda Massif is regarded as a fragment of the European continental 805 

margin involved into subduction during Middle Eocene. As a consequence, the Tenda Massif 806 

is strongly deformed and is affected by HP/LT metamorphism and bounded at its roof by the 807 

Schistes Lustrés Complex (Waters, 1990; Daniel et al., 1996; Gueydan et al., 2003; Molli et 808 

al., 2006; Maggi et al., 2012). In the area studied by Molli et al. (2006), slices of oceanic 809 

rocks are recognized inside the orthogneisses of the Tenda Massif, at the core of strongly 810 

non-cylindric recumbent F1 fold developed in association with epidote-blueschist facies 811 

metamorphism (peak metamorphism at about 1.0 GPa and 450°C). The oceanic and 812 

continental rocks show a common retrograde structural and metamorphic history during 813 

exhumation that is recorded by the D2 ductile fabrics described in the Tenda Massif and 814 

developed under greenschist facies P-T metamorphic conditions. On the whole, the eastern 815 

border of the Tenda Massif provides the evidence that the slices of the orogenic wedge are 816 

dragged in a ductile way and exhumed with the continental rocks also at a depth of 30-35 km. 817 



If we integrate the information derived from the study area with those from the Tenda 818 

Massif, the mechanical coupling between continental and oceanic rocks seems to be effective 819 

at two different depths, i.e. at 30-35 km and at about 10 km, where small volumes of rocks 820 

are eroded at the roof of the subduction channel and incorporated within. According to Agard 821 

et al. (2009), the buoyant continental crust seems to be exhumed during continental 822 

subduction with velocities comparable with those of plate tectonics at mantle depths (1–5 823 

cm/yr) and later decelerates (ca. 1 mm/yr) in the upper crust. As a first approximation, the 824 

available data for the Lower Units seems to be coherent with this picture, indicating a mean 825 

velocity of ∼ 1 cm/yr for their burial and exhumation.  826 

The presented data are insufficient to assess whether the coupling between continental 827 

and oceanic rocks and their basal erosion occur along the entire plate interface, or if they 828 

show a punctuated character and/or a connection with large-scale, lithospheric-scale 829 

geodynamic events (Agard et al., 2009; Penniston-Dorland et al., 2015). However, we could 830 

tentatively favor a more punctuated process, according to several studies of rock recovery 831 

from literature, that point to a mechanical coupling effective only at precise depths (for an 832 

exhaustive review, see Agard et al., 2018). The hypothesized stationing at ca.17-25 km of 833 

the PPU during exhumation could support this option. Thus, if the exhumation is punctuated, 834 

also the coupling between continental and oceanic fragments can be hypothesized as 835 

punctuated and connected with main geodynamic events. Assuming a correlation between the 836 

D2c phase in the Lower Units with the D2-phase in the Tenda Massif dated by Rossetti et al. 837 

(2015), we can constrain the D2c phase between ~27 and 32 Ma. In this time span also the 838 

activation of the shear zones that developed in the Lower Units at the late stage of the D2c 839 

phase occurred. This age is highly critical for the geodynamics of the Alpine-Apennine 840 

system (e.g. Malusà et al., 2015) since it records: 1) the inception of rifting phase leading to 841 

the opening of the Ligure-Provençal oceanic basin (e.g. Chamot-Rooke et al., 1999); 2) the 842 



slab-break off of the alpine subducted slab (Handy et al., 2010) and 3) development of the 843 

strike slip tectonics connected to the indenter of the Adria plate within the Alpine-Apennine 844 

collisional system (Marroni et al. 2019).  According to Vignaroli et al (2010) and Agard et al. 845 

(2002), all these geodynamic events occurred during the switch from syn-to-post-orogenic 846 

extensional deformation in the Alpine-Apennine system. A direct link between these 847 

geodynamic events with the erosion at the roof of the plate interface and the final exhumation 848 

of the continental and oceanic units requires, however, more data to be assessed. 849 

 850 

7. Conclusions 851 

The study of the Corte area (Corsica) presented in his work has revealed a complex 852 

tectonic setting with intimately associated oceanic and continental units, both affected by HP 853 

metamorphism. In this area the oceanic units, belonging to the Schistes Lustrés Complex, not 854 

only occupy the uppermost structural levels of the tectonic stack as in the other areas of the 855 

Alpine Corsica, but occur also as thin slices tectonically sandwiched between the Lower 856 

Units, i.e. the units of European continental margin that underwent to subduction. This area 857 

enables studying the mechanisms of coupling between oceanic and continental units during 858 

their exhumation along the plate interface in the frame of continental subduction.  859 

The data collected show that the units experienced different tectono-metamorphic 860 

histories, occurred at different time, that represent the oceanic (D1o and D2o) and continental 861 

(D1c and D2c) subduction stages until their coupling (late D2o and D2c), after which they 862 

were deformed together (D3). The tectono-metamorphic study highlighted that (i) each 863 

tectonic unit has a different P-T history, which implies that they followed independent 864 

exhumation path until their coupling and (ii) the coupling of the tectonic units occurred at 865 

about 10 km of depth through top-to-W ductile shear zones and thus in a still compressive 866 

tectonic regime. 867 



Considering the different time in which the oceanic and the continental units were 868 

exhumed, we provided the evidence that the processes of exhumation of the continental units 869 

were able to drag oceanic slices from the orogenic wedge and displace them upward in 870 

intimate association with the continental rocks. This picture suggests that the tectonic erosion 871 

of the orogenic wedge, i.e. the removal of materials at the roof of the subduction channel, 872 

might be an effective process also during the continental subduction. Moreover, if we take 873 

into account the large volumes of the studied continental units, compared to the small 874 

volumes of the Schistes Lustrés slices, we could speculate that the buoyancy-driven 875 

exhumation of the large Lower Units may have contributed to the scrapping off the slices of 876 

oceanic units on its way up the plate interface. 877 

Even if the exhumation record is incomplete, all the available data for the continental 878 

units from Alpine Corsica tentatively favor a punctuated process, where the mechanical 879 

coupling is effective only at specific depths. The possible link between the main geodynamic 880 

events of the Alpine-Apennine system with the erosion at the roof of the plate interface and 881 

the final exhumation of the continental and oceanic units should be investigated in the future. 882 

 883 
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 1208 

FIGURE CAPTIONS 1209 

Figure 1. (A) Tectonic map of the north-eastern Corsica (modified after Vitale Brovarone et 1210 

al., 2012) and schematic cross section (not to scale, after Di Rosa et al., 2017a). QtD: 1211 

Quaternary deposits, SfB: Saint-Florent Basin, FcB: Francardo Basin, AlP: Aleria Plain, 1212 

MaU: Macinaggio Unit, BoU: Bas-Ostriconi Unit, BaU: Balagne Unit, NeU: Nebbio Unit, 1213 

SpU: Serra Debbione and Pineto Units, SlU: Santa Lucia Unit, CsU: Castagniccia Unit, MfU: 1214 

Morteda-Farinole-Volpajola Unit, SoU: Serra di Pigno and Oletta Units, IZU: Inzecca and 1215 

Lento Units, BrU: Bagliacone-Riventosa Unit, CeU: Centuri Unit, TeM: Tenda Massif, AnU: 1216 

Annunciata Unit, EcU: External Continental Units, PdU: Cima Pedani Units, CoU: 1217 

Caporalino Unit, HcY: Hercynian Corsica; the position of the Fig. 1B is marked in blue. (B) 1218 

Tectonic sketch of the study area; the positions of the Fig. 2A, B are marked in black. 1219 

 1220 

Figure 2. Geological map, cross section and stereographic projections of (A) Buttinacce 1221 

(modified after Di Rosa et al., 2017b) and (B) IZU- Botro, where the relationships between 1222 

the continental and oceanic units are highlighted. In the stereographic projections related to 1223 

the D3 phase different colours are used for the data measured in the Lower Units (A3: blue, 1224 

S3: red) and in the Schistes Lustrés Complex (A3: green; S3: yellow), to highlight that this 1225 

deformation event affected uniformly the entire stack of units 1226 

 1227 

Figure 3. D1-D2 phases (A-E) in the continental units and (F-H) in the oceanic units. (A) F1c 1228 

sheath fold in the Metasandstone Fm., Piedigriggio-Prato Unit. (B) F2c isoclinal folds and 1229 

related S2c axial plane foliation, Detritic Metalimestone Fm., Piedigriggio-Prato Unit. (C) S-1230 

C fabric in the Detritic Metalimestone Fm. in the Lower Units (CPU). (D) Relict of chlorite 1231 

crystal grown during the D1c phase in the Metasandstone Fm., Castiglione-Popolasca Unit 1232 



(sample CM29A, parallel nicols); the S1c foliation is also shown. (E) S1c-S2c foliations 1233 

interference pattern in the Metasandstone Fm., Castiglione-Popolasca Unit (sample CM29A, 1234 

crossed nicols). (F) F2o subisoclinal folds in the calc-schists, Inzecca Unit; a subtle S3 1235 

foliation is also shown. (G) Relicts of S1o foliation within the S2o foliation in a pelitic layer 1236 

in the calc-schists, Inzecca Unit (sample CMD121A, parallel nicols); the late S2o foliation is 1237 

also shown. (H) Subgrain rotation (SR) recrystallization parallel to the S2 foliation in the F2o 1238 

hinges zones, quartz veins in metabasalts, Inzecca Unit (sample CMD123A’, crossed nicols). 1239 

 1240 

Figure 4. Map-, meso and microphotographs of the D3 phase. (A) Landscape of Pietra Piana 1241 

(NE of Monte Cecu): a slice of the Schistes Lustrés Complex (IZU) is sandwiched between 1242 

the Lower Units (two subunits of PPU). Both the tectonic contacts are folded by the D3 1243 

phase. (B) Folded tectonic contact between the Lower Units (PPU) and the Schistes Lustrés 1244 

Complex (IZU) in San Quilico hill, NE of Monte Cecu; the contact is cut by two post-D3 1245 

faults (CCSZ). (C) S2c-S3 foliations interference pattern in the Metasandstone Fm., PPU 1246 

(sample CM23B, parallel nicols).  1247 

 1248 

Figure 5. Binary and ternary diagrams showing the compositions of the Chl and Ph of the 1249 

samples studied. The position of each colored rhombus in the diagrams is that of the average 1250 

value calculated on 15 spot analysis. The position of the DT (di-trioctahedral) and TK 1251 

(Tschermak) substitutions in the Al/Si diagram are calculated by Trincal and Lanari, 2016. 1252 

Blue spots in the small ternary diagrams indicate the distribution of all the spot analysis 1253 

acquired from the compositional map. Yellow triangles and DT and TK substitutions reported 1254 

in the ternary diagrams are taken from Vidal and Parra, 2000.  1255 

 1256 



Figure 6. Chemical analysis, compositional maps and the results of the analytical methods 1257 

employed (Chl-Qz-wt, Ph-Qz-wt and Chl-Ph-Qz-wt multiequilibrium methods) for the study 1258 

of the sample CM22B related to the Lower Units (A-B) and the sample CM121B related to 1259 

the Schistes Lustrés Complex (C-D). In the binary plots and in the compositional maps (Si- 1260 

and Al-content for Ph, Mg- and Al-content for Chl) of the samples (A) CM22B and (C) 1261 

CMD121B, the Chl and the Ph types discussed in the text are noted by black arrows. The 1262 

colored boxes in the P/T diagram represent the P-T equilibrium stability of the Chl-Ph 1263 

couples (in (B): Early D1c, Late D1c and D2c; in (D): D1o, D2o and late D2o), tracked using 1264 

the results of the Chl-Qz-wt method of Vidal et al., 2006 (histograms) and of the Ph-Qz-wt 1265 

method of Dubacq et al., 2010 (blue, red and yellow lines). Black circles along the colored 1266 

lines indicate the activity of the water (aH2O). Stars indicate the P-T equilibria conditions of 1267 

a single representative Chl-Ph couple (blue star for the early D1c and D1o, red star for the 1268 

late D1c and D2o and yellow star for the D2c and late D2o) estimated with the Chl-Ph-Qz-wt 1269 

multiequilibrium approach (Vidal and Parra, 2000). Details about the reactions related to 1270 

these Chl-Ph couples are reported in the small P-T diagrams.  1271 

 1272 

Figure 7. P-T paths of the samples studied. Colored boxes indicate the P-T ranges calculated 1273 

with the Chl-Qz-wt and Ph-Qz-wt methods (average ranges were calculated in the case of 1274 

more than one sample for the same unit). The paths (colored arrows) were drawn considering 1275 

the best fit between the boxes and the P-T estimates obtained with the Chl-Ph-Qz-wt 1276 

multiequilibrium method (average values were considered in the case of more than one 1277 

sample for the same unit). 1278 

 1279 

Figure 8. 2D sketch (not to scale) of a snapshot of the Corsica system at Late Eocene/Lower 1280 

Oligocene time, showing the model proposed in this work for the mechanical coupling of the 1281 



Lower Units with the Schistes Lustrés Complex in the Corte area. In the main sketch the 1282 

position the blue box evidences the position of the Lower Units as well as the Tenda massif at 1283 

the plate interface; thick white and thin black arrows represent the last extensional event, 1284 

thick black arrows indicate the kinematics at the boundaries of the plate interface and the blue 1285 

box indicates the position of the zoom. The zoom shows a schematic representation of the 1286 

path (i.e. the dotted orange line) made by the Lower Units at the plate interface and the 1287 

geometry of the zone of mechanical coupling between the Lower Units and the slices of the 1288 

Schistes Lustrés Complex (in the dotted box); black arrow indicates the subduction of the 1289 

European crust. In the PT path, the three thick arrows represent three different stages of the 1290 

unit deformation. Blue arrow indicates the underplating of the Lower Units up to the p-peak 1291 

(i.e. early D1c). Green arrow indicates the first stage of exhumation from the early D1c phase 1292 

to the D2c phase. During a later stage of exhumation (i.e. the late D2c phase), top-to-W shear 1293 

zones are activated within the plate interface and along the roof decollement and produced 1294 

the basal erosion of the Schistes Lustrés Complex that is exhumed as thin slices together with 1295 

the Lower Units (yellow arrow). At the end of the D2 phase the Lower Units are located at 1296 

the base of the Schistes Lustrés Complex (the tectonic contact is indicated by a thick black 1297 

line in the zoom). The last stage of exhumation deformed this unit pile in an extensional 1298 

regime (i.e. the D3 phase). In the PT diagram, the path of CPU (orange), PPU (red), IZU-1299 

Botro (green) and IZU-Buttinacce (blue) is drown (simplified version of Fig. 7). 1300 
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Tab. 1 Chemical ranges and end-members proportions of Chl and Ph related to each 1302 

metamorphic assemblage.  1303 

 1304 

Tab. 2 Representative electron microprobe analysis of the Chl-Ph pairs selected in the 1305 

samples of metapelites. 1306 



 1307 

Tab. 3 P-T estimates for the three generations of Chl-Ph pairs in the 5 studied units. P-T 1308 

estimates of CPU and PPU are after Di Rosa et al. (2019a). The results (Chl-Ph 1
st
, 2

nd
 and 3

rd
 1309 

generation) obtained with the Chl-Ph-Qz-wt multiequilibrium approach (Vidal and Parra, 1310 

2000) are compared with those calculated with the Chl-Qz-wt (Vidal et al., 2006) and Ph-Qz-1311 

wt (Dubacq et al., 2010) methods (T and P range, respectively) and with classical 1312 

geothermometers and geobarometers (P and T max).   1313 
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ABSTRACT 25 

The subduction of continental crust is now a matter of fact but which are the mechanisms and 26 

the factors controlling the exhumation of continental units and their coupling with oceanic 27 

units are still a matter of debate. We herein present the tectono-metamorphic study of 28 

selected continental units belonging to the Alpine Corsica (Corte area, Central Corsica, 29 

France). The tectonic pile in the study area features thin slices of oceanic units (i.e. Schistes 30 

Lustrés Complex) tectonically stacked between the continental units (i.e. the Lower Units), 31 

which record a pressure–temperature-deformation (P-T-d) evolution related to their burial, 32 

down to P-T-peak conditions in the blueschist facies and subsequent exhumation during the 33 

Late Cretaceous – Early Oligocene time span. The metamorphic conditions were calculated 34 

crossing the results of three different thermobarometers based on the HP-LT metapelites. The 35 

continental units only recorded the P-peak conditions of 1.2 GPa-250°C, up to the T-peak 36 

conditions of 0.8 GPa-400°C, and the retrograde path up to LP-LT conditions. The 37 

metamorphic record of the oceanic units includes part of the prograde path occurring before 38 

the peak conditions reached at 1.0 GPa-250°C followed by the last metamorphic event related 39 

to LP-LT conditions. The results indicate that each unit experienced a multistage independent 40 

pressure–temperature-deformation (P-T-d) evolution and suggest that the oceanic and 41 

continental units were coupled during the rising of the last ones at about 10 km of depth, 42 

where the oceanic units were stored at the base of the wedge. Subsequently they were 43 

deformed together by the last ductile deformation event during exhumation. We propose a 44 

mechanism of tectonic erosion at the base of the wedge, by which slices of Schistes Lustrés 45 

Complex were removed at the roof of the plate interface during the exhumation of the Lower 46 

Units.  47 

 48 

 49 



1. Introduction  50 

Material transfer across the plate interface of subduction margins occurs spatially 51 

along an ever-increasing range of pressure-temperature-strain conditions. As recently 52 

reviewed by Agard et al. (2018), this mass movement also develops on a wide range of 53 

temporal scales, from the short timescales of the seismic cycle, to longer, million year scales 54 

as that accounting for the exhumation and return of subducted rocks in fossil orogenic belts. 55 

The ability of rock recovery during the long-term evolution of a subduction boundary 56 

depends on the entity and distribution of mechanical coupling along the plate interface (i.e. to 57 

the ability of slicing of units and the net addition of them to the interface), which is in turn 58 

controlled by the nature and structure of the plate interface itself: lithology, topography and 59 

age/thermal state of the incoming plate, thickness and rheology of the incoming sedimentary 60 

sequence, geometry of the subduction plane, and their evolution with depth are some of the 61 

factors that control the long-term mechanical coupling (Agard et al., 2018 and references 62 

therein).  63 

The subduction and exhumation of crustal fragments from continental plates is also 64 

now commonly accepted as a frequent step in the evolution of convergent margins. Several 65 

studies of exhumed HP-LT units, numerical models and review papers, also, indicate that the 66 

processes of continental subduction and exhumation can be envisaged as occurring through a 67 

multistage evolution of burial, slicing and stacking of units similarly, to what classically 68 

described for oceanic units in accretionary prisms, and then exhumed though buoyancy-aided 69 

processes (Raimbourg et al., 2007; Yamato et al. 2007; 2008; Li and Gerya, 2009; Beaumont 70 

et al., 2009; Guillot et al., 2009; Burov et al., 2012; 2014; Strzerzynski et al., 2012; Agard 71 

and Vitale Brovarone, 2013; Vitale Brovarone et al., 2012; Plunder et al., 2015; Di Rosa et 72 

al., 2019a).  73 



The impossibility of directly accessing the entire plate interface in active margins 74 

impedes unraveling the mechanisms and conditions for subduction and exhumation of 75 

continental rocks, so that the study of recovered, high-pressure and low-temperature (HP-LT) 76 

rock slices in fossil orogenic belts remains the only way to understand the structure and P-T 77 

evolution along the plate interface at resolution ranging from the regional- to the micro-scale.  78 

We report here a tectono-metamorphic study of several, juxtaposed HP-LT units with 79 

continental as well as oceanic affinities cropping out at the boundary between Alpine Corsica 80 

and the basement of Hercynian Corsica. The detailed structural study coupled with the 81 

definition of the P-T-t evolution of the units allowed us to make assumption on the 82 

mechanisms of their coupling and exhumation along the plate interface.  83 

 84 

2. Tectonic background of Alpine Corsica 85 

Corsica Island is a lithospheric continental fragment bounded westward and eastward 86 

by two extensional basins, respectively, the Liguro-Provencal and Tyrrhenian basins (e.g. 87 

Gueguen et al., 1998). This fragment bears the remnants of a collisional belt, referred to as 88 

Alpine Corsica, that is regarded as the southern branch of the Western Alps with which it 89 

shares a common history up to Early Oligocene. This history can be summarized in four main 90 

steps (Boccaletti et al., 1971; Durand-Delga, 1984; Jolivet et al. 1990; 1998; Malavieille et 91 

al., 1998; Brunet et al., 2000; Marroni et al., 2010; Handy et al., 2010; Malusà et al., 2015): 92 

1) the Middle to Late Jurassic opening of the Ligure-Piemontese oceanic basin between the 93 

Europe and Adria margins, 2) its closure by the Upper Cretaceous-Lower Eocene Alpine 94 

(east-dipping) subduction, 3) the subsequent Middle Eocene to Lower Oligocene continental 95 

collision and, finally, 4) the extensional collapse of the orogenic wedge as a consequence of 96 

the back-arc extensional regime generated in the upper-plate of the Apennine (west-dipping) 97 

subduction.  98 



As in the Alps, both oceanic and continental units were deformed and metamorphosed 99 

during the Upper Cretaceous - Early Oligocene time span to build the actual Alpine Corsica 100 

unit stack, that was thrust onto the external domain, here referred as to Hercynian Corsica, 101 

and composed of a Variscan basement topped by a Upper Carboniferous-upper Eocene 102 

sedimentary cover (Gibbons and Horak, 1984; Lahondére and Guerrot, 1997; Malavieille et 103 

al., 1998; Tribuzio and Giacomini, 2002; Molli, 2008; Vitale Brovarone and Herwartz, 2013; 104 

Rossetti et al., 2015; Di Rosa et al., 2017a). From Early Oligocene onward, Corsica 105 

underwent two major extensional stages, both related to the rollback of the Apennine slab 106 

(Gueguen et al., 1998; Chamot-Rooke et al., 1999; Faccenna et al., 2004). The first event is 107 

related to the opening of the Liguro-Provençal ocean that in the Early Oligocene isolated the 108 

Corso-Sardinian block from the European plate and, consequently, from the active 109 

deformation of the Western Alps. The breakup leading to the formation of the Liguro-110 

Provençal oceanic basin whose spreading, that spanned from Aquitanian to Langhian, was 111 

coupled to a counterclockwise rotation of around 55° of the Corso-Sardinian block 112 

(Gattacceca et al., 2007). The second event consists in the Late Miocene opening of the 113 

Tyrrhenian Sea that, in turn, isolated the Corso-Sardinian block from the Adria plate.  114 

The present-day Corsica, then, preserves two different domains, the Alpine and 115 

Hercynian Corsica, built during two different orogenies. In Alpine Corsica, the ocean-derived 116 

rocks, the so-called Schistes Lustrés Complex, registered a subduction-exhumation cycle 117 

with a metamorphic peak dated between 80 Ma and 35 Ma, similar to that reconstructed in 118 

the Western Alps (Agard et al., 2002 and references therein). The contact between these units 119 

of the Alpine Corsica and the Hercynian Corsica is marked by a stack of slices of highly 120 

deformed and metamorphosed units of continental affinity derived from the European margin 121 

that is referred to as Lower Units (Bezert and Caby, 1988; Malasoma et al., 2006; Malasoma 122 



and Marroni, 2007; Di Rosa et al., 2017a; 2019a) or to as Tenda Massif (Gibbons and Horak, 123 

1984; Jolivet et al., 1990, 1998; Molli et al., 2006; Maggi et al., 2012; Rossetti et al., 2015) 124 

The Lower Units show a polyphase deformation history associated with a 125 

metamorphic imprint whose peak occurs in the blueschist facies P/T conditions (Bezert and 126 

Caby, 1988; Malasoma et al., 2006; Maggi et al., 2012; Molli et al., 2017; Di Rosa et al., 127 

2019a). The units consist of a Paleozoic basement (i.e. Carboniferous metagranites and their 128 

host rock), covered by a Permian meta-volcanosedimentary complex and a Triassic-Jurassic, 129 

mainly carbonate, a sequence unconformably covered by metabreccias and siliciclastic 130 

metarenites of Eocene age (Durand-Delga, 1984; Rossi et al., 1994; Michard and Martinotti, 131 

2002; Di Rosa et al., 2017b).  132 

The Lower Units stack is bounded at its base by an east-dipping shear zone that is 133 

now almost completely reworked by the wide, sinistral strike-slip fault zone system known as 134 

the Central Corsica Shear Zone (Maluski et al., 1973; Jourdan, 1988; Waters, 1990; Molli 135 

and Tribuzio, 2004; Lacombe and Jolivet, 2005). Where preserved, the primary basal 136 

boundary of the Lower Units is represented by a ductile shear zone with a top-to-the-west 137 

sense of shear (Di Rosa et al., 2017a; 2017b).  138 

The Lower Units are in turn overthrust to the E by the units belonging to the Schistes 139 

Lustrés Complex of the Alpine orogenic wedge. The boundary between the Lower Units and 140 

the orogenic wedge is an east-dipping shear zone showing a syntectonic metamorphic 141 

paragenesis indicating lower P-T conditions than those estimated for the neighboring Lower 142 

Units (Di Rosa et al., 2019a). Based on this observation, Di Rosa et al., (2019a) have 143 

proposed an interpretation of this shear zone as a ductile normal fault.  144 

 145 

3. Materials and methods 146 



The 1:50,000 scale geological maps published by BRGM, France (Rossi et al., 1994) 147 

were used as a first cartographic base for the geology of the Corte area objects of this study 148 

(modified after Di Rosa et al., 2017b, Di Rosa, 2019). The detailed geologic mapping (scale 149 

1:5000) was coupled with mesoscopic structural analyses that were conducted in the area 150 

(Figs. 2-3). Four tectonic units of the Corte area were sampled for a total of seven samples 151 

(Figs. 3-4): 4 samples from the middle to upper Eocene metasandstones of the Lower Units 152 

(Castiglione-Popolasca Unit: CM22b, and CM29a; Piedigriggio-Prato Unit: CM21 and 153 

CM32C, already published in Di Rosa et al., 2017a; 2019b) and 3 samples from the middle 154 

Cretaceous (?) calc-schists of different slices of the Schistes Lustrés Complex (CMD121a 155 

and CMD121b from IZU-Buttinacce, and CMD118 from IZU-Botro, new data exclusive of 156 

this work). On all the samples, a detailed study of the microdeformation history were 157 

performed and quantitative compositional maps and spot analyses were acquired in order to 158 

estimate the P-T conditions of the four tectonic units using the chlorite-phengite multi-159 

equilibrium thermodynamic technique (Vidal and Parra, 2000). The electron probe micro 160 

analysis (EPMA) data have been acquired using a JEOL-JXA 8230 electron microprobe 161 

apparatus of the IsTerre (Grenoble, France) equipped with five wavelength-dispersive 162 

spectrometers and calibrated with the following standards (Tab. 2): wollastonite (Ca, Si), 163 

orthoclase (K), albite (Al), periclase (Mg), rhodonite (Mn), TiO2 (Ti), Al2O3 (Al), Fe2O3 164 

(Fe) and Cr2O3 (Cr). The operating conditions were 15 keV accelerating voltage, 12 nA 165 

sample current and 200 to 300 ms per grid point counting time. Compositional maps and spot 166 

analysis were acquired for each sample; the X-ray maps resolution and the analytical spot 167 

size were set at 1 μm, as recommended by Lanari et al. (2014b), to detect any zoning in 168 

phengites (Fig. 5, Tab. 1). The compositional maps were calibrated with the spot analysis (De 169 

Andrade et al., 2006) using XMapTools 2.1.3 software (Lanari et al., 2014b), in order to 170 

obtain quantitative maps of oxide (Wt%). Chl and Ph structural formulas were calculated on 171 



14 and 11 anhydrous oxygens, respectively. The chemical analysis of Chl and Ph obtained 172 

were processed through three different thermodynamic methods including water (wt) and Qz 173 

(i.e. Chl-Qz-wt, Ph-Qz-wt and Chl-Ph-Qz-wt methods) using ChlMicaEqui software (Lanari 174 

et al., 2012). These results (Tab. 3) were compared with those obtained through classical 175 

thermobarometry. Mineral abbreviations are from Whitney and Evans (2010). 176 

 177 

3.1 The chlorite and phengite thermobarometry methods applied in this study 178 

For each sample, we selected the micro-areas where the mutual relationships between 179 

all the identified generations of foliations were clearly and unambiguously identified. Among 180 

these sites, only those where the generations of foliations are associated to different mineral 181 

paragenesis were considered: particularly, the image analysis was performed with 182 

XMapTools in order to include any chemical heterogeneities of Chl and Ph within the same 183 

foliation and between different foliations (Tab. 2). Through this operation, performed on each 184 

of the 7 samples, at least 50 analyses for each mineral phase (Chl and Ph) were selected along 185 

each foliation. 186 

The data obtained were processed through three different methods, based on the 187 

activity of the chlorite and mica end-members (Mg- and Fe-Ame, Clc, Dph, Sud for chlorite, 188 

Mg-Cel, Ms, Prl, Prl(H) and Php for mica) as well as the activity of water: the Chl-Qz-wt, 189 

Ph-Qz-wt and Chl-Ph-Qz-wt methods. 190 

The Chl-Qz-wt method (Vidal et al., 2006), is a thermometer based on the equilibria  191 

4Clc + 5Fe-Ame = 4Dph + 5Mg-Ame 192 

4Dph + 6Sud = 5Fe-Ame + 3Mg-Ame + 14Qz + 8H2O 193 

and allows the T range to be calculated with an equilibrium tolerance of 30°C and the 194 

percentage of Fe
3+

 for each Chl analysis fixing the pressure value (Lanari and Duesterhoeft, 195 

2019). This method was employed to estimate the temperature conditions of the chlorites 196 



grown during different metamorphic phases, at given pressure (in this case was set at 0.8 197 

GPa) and water activity (fixed at 1 unit, see Supplementary materials). This method is based 198 

on the convergence of the reactions involving the Chl end-members (Mg- and Fe-Ame, Clc, 199 

Dph, Sud), in presence of Qz and water (Vidal et al., 2006). The temperature location 200 

depends on the activity of water and the Chl end-members, that is in turn controlled by the 201 

Fe
3+

 content; this latter can be estimated following the recommendation of Vidal et al. 202 

(2006). T values were considered only when the scatter between T values achieved by the 203 

four reactions was less than 30°C. 204 

The Ph-Qz-wt method (Dubacq et al., 2010) is a geobarometer based on the reactions: 205 

Prl(H) = Prl + H2O 206 

3Mg-Cel + 2Prl = 2Ms + Phl + 11Qz + 2H2O 207 

where Prl(H) is hydrated Prl. The T range of stability is set on the base of the Chl-Qz-wt 208 

method results, as well as the Fe
3+

, calculating an average of the values obtained with the 209 

Chl-Qz-wt method. Thus, the Ph-Qz-wt method allows calculating the P range for each group 210 

of Ph at fixed T and Fe
3+

, with an absolute uncertainty of 0.2 GPa.  211 

The variability of the Ph composition depends on the relative proportion of the end-212 

members Cel, Ms and Prl that is mainly controlled by the activation of Tschermak and 213 

Phyrophyllite substitutions (e.g. Guidotti and Sassi, 1998). Each Ph analysis is represented in 214 

the P-T path with a line: in this work we considered only the P values corresponding to the T 215 

values previously estimated with the Chl-Qz-wt method.  216 

Combining the values obtained from Chl-Qz-wt method with those of the Ph-Qz-wt 217 

method, i.e. considering Chl and Ph grown in the same microstructure, the P-T equilibrium 218 

conditions were calculated with the Chl-Ph-Qz-wt multi-equilibrium approach (Vidal and 219 

Parra, 2000; Vidal et al., 2006; Dubacq et al., 2010) using ChlMicaEqui software (Lanari et 220 

al., 2012). Only the couples whose P-T equilibrium shows T conditions similar to those 221 



obtained with classical thermometry were considered. On this selected group of P-T 222 

equilibrium conditions, an additional equilibrium tolerance was set in order to consider only 223 

the P-T values to which is related the minimum Gibbs free energy (i.e. < 1000 J). 224 

The uncertainty associated to the Chl-Ph-Qz-wt multiequilibrium approach is 30°C and 225 

0.2 GPa (Vidal and Parra, 2000). 226 

Classical geothermometers (Cathelinau and Nieva, 1985; Cathelinau, 1988; Lanari et 227 

al., 2014a) and the geobarometer of Massonne and Schreyer, (1987) were applied on micro-228 

areas within single Chl and Ph crystals showing homogeneous composition, in order to 229 

compare the results obtained with the multi-equilibrium techniques with other methods 230 

related to the Al
IV

 and Si contents in Chl and Ph, respectively. 231 

 232 

4. The association of oceanic and continental units North of the Corte area 233 

The area around the town of Corte (Figs. 1, 2) exposes a stack of deformed units of 234 

both continental and oceanic affinities affected by HP metamorphism. The three continental 235 

units ascribable to the Lower Units (i.e. Castiglione-Popolasca, Croce d’Arbitro and 236 

Piedigriggio-Prato, hereafter CPU, CDU and PPU, respectively) are made of a Paleozoic 237 

basement intruded by the Permo-Carboniferous metagranitoids and covered by a upper 238 

Permian-Middle to upper Eocene metasedimentary succession (Rossi et al., 1994). They crop 239 

out continuously as north-south elongated units with a lateral extension ranging from ca. 12 240 

km (Castiglione-Popolasca Unit), to about 5 km (Croce d’Arbitro Unit) and ca. 7.5 km 241 

(Piedigriggio-Prato Unit), and an estimated average volume of 2-3 km
3
: given the polyphase 242 

deformation affecting these units, their original thickness is hard to estimate.  243 

The oceanic units of the Schistes Lustrés Complex are exposed through several thin 244 

slices whose lateral extension varies from 0.1 km
2
 to 0.6 km

2
, for an approximate volume 245 

ranging from 0.05 to 0.2 km
3
. They are made up of Jurassic – middle Cretaceous (?) 246 



ophiolitic-bearing lithotypes such as dominant metabasalts and calc-schists, and rarer 247 

metaserpentinites and metagabbros (Durand-Delga, 1984). In the present study, we focused 248 

on the slices cropping out around the localities of Buttinacce and Botro (here after referred to 249 

as IZU-Buttinacce and IZU-Botro tectonic slices, Figs. 1, 2). 250 

Despite the Schistes Lustrés Complex crops out at the top of the Lower Units 251 

everywhere in the Alpine Corsica nappe stack, the Corte area is the only place where thin 252 

slices of the Schistes Lustrés Complex are found either sandwiched between the Lower Units 253 

or at the base of them along the Lower Units - Hercynian Corsica boundary zone (Figs. 1, 2) 254 

Therefore, Corte is a privileged area to reconstruct the pre- and post-coupling evolution of the 255 

Lower Units and the slices of the Schistes Lustrés Complex in the context of the evolution of 256 

the whole Alpine tectonic stack.  257 

 258 

4.1 Map-scale relationships 259 

The area between Buttinacce and Botro (top-east: 42°38’45.35’’N 9°18’91.17’’E, 260 

bottom-west: 42°28’56.41”N 9°16’31.42”E) is characterized by a N-S trending stack of 261 

metamorphic units belonging to both the Lower Units and the Schistes Lustrés Complex, 262 

respectively, that are thrust westward onto the domain of Hercynian Corsica (Fig. 2A and B). 263 

Toward the east/southeast, around Botro, this pile of units is separated from the rest of Alpine 264 

Corsica (e.g. Caporalino and Santa Lucia Units and other units of the Schistes Lustrés 265 

Complex) by the CCSZ (Di Rosa et al., 2017b). The detailed field mapping of the area allows 266 

a first order characterization of the progressive deformation experienced by the continental 267 

and oceanic units, as well as an estimation of the relative chronology.  268 

The boundaries between the Lower Units, and those juxtaposing the Lower Units and 269 

the slices of Schistes Lustrés Complex, are marked by meter-scale ductile shear zones 270 



roughly N-S striking, E-dipping and with a top-to-the-west sense of shear (Di Rosa et al., 271 

2017b, Fig. 4C), locally overprinted by later cataclastic deformation.  272 

At map-scale, the ductile deformation in the Lower Units mainly consists of 273 

decimeter-scale isoclinal folds with axes plunging less than 35° towards N-NW and S-SE, 274 

with E/NE-dipping axial plane foliation. They are confined to each unit and cut by the units-275 

bounding thrusts, as shown by the axial plane trace reported in Fig. 2A and B (see sections 276 

4.2.1 and 4.2.2). In the Schistes Lustrés Complex slices the most dominant structures at 277 

mesoscale are isoclinal folds, with N-S trending, sub-horizontal axes. The subsequent folding 278 

event visible at map-scale is characterized by open to closed megafolds with an axial plane 279 

foliation gently dipping toward the W (Fig.2). The top to W shear zones bounding the 280 

mapped units, and responsible for their internal imbrication are all folded by this ductile 281 

event, suggesting that it postdates both the deformation described in each group of units as 282 

well as the stacking of the Lower Units and their coupling with Schistes Lustrés Complex 283 

slices (Fig. 2A and B, see sections 4.2.1 and 4.2.2). The units pile is subsequently reworked 284 

by the brittle deformation, the structures of which are all ascribable to the poorly constrained 285 

activity of the CCSZ. 286 

In the following section, we describe in details the meso- and micro-scale features of 287 

the multiphase deformation events recorded by the oceanic and continental units prior to 288 

coupling, the deformation they shared together after coupling, and, for each group of units, 289 

we provide a brief description of the samples selected for the structural and petrological 290 

study. 291 

 292 

4.2 The deformation until the coupling of continental and oceanic units 293 

As introduced above, the oceanic and continental units are both characterized by a 294 

multiphase deformation evolution. Both the oceanic and the continental units, during their 295 



independent subduction/exhumation paths, registered two ductile deformation phases before 296 

the last ductile event that is common to all units. For the seek of clarity, we have named D1 297 

and D2 with the subscript “c” and “o” for the independent deformation path of continental 298 

and oceanic units, respectively (see Figs. 3, 4). Then the third deformation event, shared by 299 

all units, is referred to as simply D3 (see also Bezert and Caby, 1988; Malasoma et al., 2006; 300 

Malasoma and Marroni, 2007; Di Rosa et al., 2017a). As we will show in the following 301 

sections, and described already elsewhere in Corsica (Di Rosa et al., 2017a; Di Rosa et al., 302 

2019 a; b), the D1c-o and D2c-o occurred before the stacking of the units, and are therefore 303 

interpreted as related to the subduction/exhumation path followed by each single unit at the 304 

plate interface, from different depths (i.e. under different P-T conditions, see Di Rosa et al., 305 

2019 a; b). 306 

 307 

4.2.1 Deformation fabrics of the continental units 308 

The deformation history recognized in the Lower Units is therefore schematized in 309 

the D1c, D2c and D3 phases (Bezert and Caby, 1988; Malasoma et al., 2006; Malasoma and 310 

Marroni, 2007; Di Rosa et al., 2017a, Figs. 3, 4). 311 

The D1c phase. In the CPU, CDU and PPU the D1c phase is characterized by rarely 312 

preserved isoclinal F1c folds with acute to sub-acute hinges. Rare F1c non-cylindrical folds 313 

are observed in CPU and PPU (Fig. 3A-D).  The F1c folds are associated with S1c axial 314 

plane foliation, occasionally preserved at meso-scale in the F2c hinge zones, where it is 315 

crenulated by the S2c foliation (Fig. 3A-D). At microscale, the S1c foliation is a continuous 316 

cleavage constituted by a Chl+Ph+Qz+Cal metamorphic assemblage (Fig. 3C-D). well 317 

preserved in the metapelites (e.g. in the matrix of the Permian metavolcaniclastics and of the 318 

Tertiary metabreccias and metasandstones). 319 



The D2c phase. The D2c phase is characterized by W-verging, close to isoclinal F2c 320 

folds with NNE/SSW-trending A2c axes (Fig. 3A-D). F2 folds show typically necked and 321 

boudinaged limbs and are associated with a well-developed NNE/SSW-striking S2c foliation 322 

that represents the main planar anisotropy at the scale of the outcrop (Fig. 3B). ESE-WNW 323 

trending L2c mineral and mineral stretching lineations are widespread everywhere in the 324 

Corte area. In the metapelites, the L2c mineral stretching lineation is represented by 325 

elongated Chl, Qz and Ph grains, whereas in the metalimestones and in the metadolomites are 326 

dominated by boudinaged millimetric Py and Qz grains. At the microscale, the 327 

metagranitoids show protomylonitic to ultramylonitic S2c foliation marked by discontinuous 328 

lepidoblastic layers of recrystallized Ph, Chl, Bt and granoblastic layers of fine-grained 329 

recrystallized Qz, wrapping weakly elongated Fsp grains and Qz grains. Relicts of Qz, 330 

characterized by bulging recrystallization and subgrain rotation, are affected by cataclastic 331 

flow, and the fractures are filled by Ph, Chl and thin-grained Qz. S2c foliation in metapelites, 332 

is a crenulation cleavage characterized by a new generation of Chl+Ph+Qz+Ab+Cal.  333 

Following is a brief description of the selected samples analyzed in this study (see 334 

Fig. 1B for sample location). 335 

Sample CM22b (CPU) is a matrix-supported metasandstone. Qz and Ab 336 

porphyroclasts ranging in size from 200 µm to 2 mm are immersed in a foliated matrix 337 

composed of layers of Qz, Ab and K-Fsp smaller than 30 µm alternated to Chl- and Ph-rich 338 

layers. This foliation, ascribable to the D2c deformation phase, is associated with F2c 339 

microfolds at the hinge of which are typically preserved relicts of the S1c foliation. The Chl 340 

and Ph grown along the S1 foliation are bigger than those aligned along the S2 foliation, 341 

despite being always smaller than 200 µm. Zones of localized deformation with mylonitic to 342 

ultramylonitic fabric are a common feature of this sample. 343 



Sample CM29a (CPU) is a matrix-supported coarse-grained metasandstone with 200 344 

µm- to 8 mm- sized deformed porphyroclasts of Qz, K-Fsp, Chl and Ab in a fine-grained 345 

matrix comparable to that of sample CM22b. The S1c foliation is detectable only as a relict in 346 

rare microlithons of the S2c foliation. The S2c foliation is a penetrative foliation marked by a 347 

preferred orientation of deformed Qz and Ab porphyroclasts. Particularly, the D2c phase 348 

produces high-strained bands with stretched clasts: the measurement of 25 clasts resulted in 349 

an average major/minor axis ratio (Rxz) of 13:1 (S.D.=0.055, Dunnet, 1969).  350 

Samples CM21 and CM32c (CPU) are metasandstones with clasts of Qz, Cal, 351 

metamorphic rocks (i.e. the Roches Brunes Fm.) and metagranitoids immersed in a pelitic 352 

matrix of phyllosilicates, Qz and Ab. Relicts of the D1c phase are preserved within mm-thick 353 

metapelites layers in the D2 microlithons. These relicts are represented by a S1c continuous 354 

foliation marked by syn-kinematic grown of Chl, Ph, Ab and Qz. The S2c foliation is a 355 

continuous and pervasive foliation highlighted by the growth of new Chl, Ph, Ab, K-Fsp and 356 

Qz minerals. The S2 represents a composite layering given by the superimposition of the S2 357 

on the S1 foliation. In the F2 hinge zones, the S2 foliation can be instead classified as a 358 

crenulation cleavage. The S3 foliation is classifiable as crenulation cleavage, to which no 359 

recrystallization is associated.  360 

 361 

 362 

4.2.2 Deformation fabrics of the oceanic units  363 

As for the Lower Units, the slices of the Schistes Lustrés Complex outcropping in the 364 

Corte area also show a polyphase deformation history comprising pre-coupling phases (D1o-365 

D2o phases), and post-coupling D3 deformation (Figs. 3, 4). 366 

The D1o phase. The D1o phase structures at the meso-scale have been completely 367 

transposed by the subsequent D2o phase. In the metabasalts the S1o foliation is the main 368 



anisotropy defined by layers of Cpx, Pl and Ep, and layers of Pl, Chl and opaque oxides. 369 

D1o-related veins filled by Qz affected by grain boundary migration recrystallization are 370 

abundant (sample CMD123a’). In the calc-schists, at the microscale, the S1o foliation is 371 

superimposed on the primary layering of phyllosilicates, Cal and Qz. Relicts of the S1o 372 

foliation can be documented only in the F2o folds hinges, where thin crystals of Chl and Ph 373 

are preserved in the microlithons of the S2 foliation (Fig. 3G).  374 

The D2o phase. In the Schistes Lustrés Complex slices the most dominant structures 375 

at mesoscale are F2o isoclinal folds, with N-S trending, sub-horizontal A2o axes. They are 376 

associated with a pervasive S2o, N-S trending axial plane foliation (Fig. 3E). An L2o mineral 377 

lineation is well visible in the calc-schist (Fig. 2B), marked by preferred alignment of 378 

synkinematic Cal and Ph. 379 

At the microscale, F2o folds and S2o foliation are well developed in both metabasalts 380 

calc-schists (Fig. 3F-H). In the calc-schists, the relations between the S1o and the S2o 381 

foliation are well visible within the hinge zones of centimeter-scale F2o folds (Fig. 3G). 382 

Locally, in the calc-schists, -type porphyroclasts made by Qz aggregates, with asymmetric 383 

tales of re-crystallized Qz and/or Ph, together with bookshelf structures in Fsp, suggest a 384 

sinixtral, top-to-W sense of shear. 385 

A later foliation arranged at low-angle with respect to the S2o and defined by re-386 

crystallization of a new generation of Chl and Ph, is visible exclusively at microscale (Fig. 387 

3H). This foliation is clearly subsequent to the S2o foliation, but, given the lack of mesoscale 388 

evidence of a foliation between the S2o and the S3, this anisotropy has been assigned to the 389 

late stages of the D2o phase. In the metabasalts Qz veins are arranged parallel to the S2o 390 

foliation, whereas Cal veins are set parallel to this late S2o foliation. 391 

Here again we report a brief description of the selected samples analyzed in this study 392 

(see Fig. 1B for sample location). 393 



Samples CMD121a and CMD121b (IZU-Buttinacce) are calc-schists made by a 394 

millimeter-scale alternation of granoblastic layers of Qz and lepidoblastic layers of 395 

Chl+Ph+Ab+Qz+Cal. This planar anisotropy is a composite S0+S1o+S2o foliation. Only in 396 

the hinge zone of the centimetric F2 folds, in which relicts of the S1o foliation are preserved, 397 

is possible to distinguish the S1o foliation to the S2o foliation, both characterized by the 398 

recrystallization of Chl, Ph, Ab Qz and minor Cal. The late S2o, to which are associated late-399 

F2o microfolds, is accompanied by recrystallization of Chl, Ph and Cal.  400 

Sample CMD118 (IZU-Botro) is a calc-schist characterized by Cal-rich layers less 401 

than 1 mm thick alternating with thinner lepidoblastic layers of phyllosilicates and Qz. 402 

Similarly, to the samples CMD121a and CMD121b, the main foliation is the composite 403 

S0+S1o+S2o foliation, made by metamorphic Chl, Ph, Ab, Qz and folded by F3o folds. 404 

Opaque oxides oriented along the S2o foliation have been also found. At the thin section 405 

scale, the S1o/S2o interference pattern has been rarely observed: if present, relicts of Chl and 406 

Ph were observed within the microlithons of the S2o foliation in the F2o hinge zones. The 407 

S3o is classifiable as disjunctive cleavage and no recrystallization seems to be associated to 408 

it. 409 

 410 

4.2.3 The tectonic imbrication of the continental and oceanic units 411 

As said in section 4.1, after the folding events that deformed independently the Lower 412 

Units and the slices of Schistes Lustrès Complex, these units are tectonically juxtaposed by 413 

N-S trending shear zones bounding the mapped units and responsible for their internal 414 

imbrication (see Figs. 2, 3C and 4). The shear zones are characterized by protomylonitic to 415 

mylonitic fabric with S-C fabric, σ-type porphyroclast of Fsp and bookshelf structures (with 416 

synthetic and antithetic fractures) in Fsp, all indicating a top-to-W sense of shear. 417 



These shear zones cut the axial planes of the F2c and F2o folds (Fig. 2A and B), and 418 

are in turn deformed by the following phase, which is traditionally referred in literature as D3 419 

(e.g. Di Rosa et al., 2019a). Therefore, in this paper, we will refer to these shear zones as late-420 

D2. 421 

 422 

4.3 The deformation after the coupling between continental and oceanic units 423 

The D3 phase recorded in the Lower Units has the same features of the D3 phase 424 

documented in the slices of the Schistes Lustrés Complex. The F3 folds rework the S1 and S2 425 

foliations registered independently by the two groups of units, and they also deform the 426 

tectonic contacts between them (Figs. 1, 2 and 4). Therefore, the D3 phase occurred after the 427 

coupling of the Lower Units with the slices of the Schistes Lustrés Complex, uniformly 428 

deforming the entire stack of units (Di Rosa et a., 2017b), and can be considered as the last 429 

ductile event affecting the units.  430 

At the mesoscale, the D3 phase produces F3 open to close, gently inclined to 431 

recumbent folds with eastward/southeastward vergence and a NNE-SSW trending S3 axial 432 

plane foliation (Fig. 4A-C). A type-3 interference pattern (Ramsay, 1967) describes the 433 

relationship with the F2 generation of folds both in the Lower Units and in the slices of the 434 

Schistes Lustrés Complex.  435 

Microscale F3 open folds are visible in calc-schists samples (e.g. CMD120), 436 

associated with an axial plane S3 disjunctive cleavage marked by recrystallizations of Cal 437 

and Qz (Fig. 3D-E). The morphology of the S3 foliation and the sole recrystallization of Cal 438 

and Qz suggest development of the D3 phase at shallow structural levels. Microfractures, 439 

averagely 300 µm to several mm in thickness, commonly mimic the S3 foliation.  440 

After the D3 phase, the main deformation event affecting Corsica is the brittle 441 

deformation related to the activity of the Central Corsica Shear Zone system (i.e. CCSZ, Figs. 442 



1, 2). In the study area CCSZ develops as a km-wide, N-S trending sinistral strike slip fault, 443 

associated with sinistral and dextral syntethic, and dextral antythetic strike-slip faults (Di 444 

Rosa et al., 2017b).  445 

 446 

5. Petrography and phase equilibria  447 

 448 

5.1 Mineral chemistry and P-T results 449 

5.1.1 Chlorite 450 

The Chl and Ph thermobarometry of the Lower Units is reconstructed in detail in Di 451 

Rosa et al., (2019b). The analyzed samples (CM22b and CM29a from CPU and CM21 and 452 

CM32c from PPU) are characterized by different generations of Chl grown along both the 453 

S1c and S2c foliations (Di Rosa et al., 2019b). All of them show XMg content ranging 454 

between 0.15 and 0.55 and Si content between 2.58 and 3.00 apfu (atom per formula unit, see 455 

Fig. 5 and Tab.1); they have a minimum Clc + Dph content of 54 %, with higher values for 456 

CM22b (CPU). The Chl along the S1c foliation are distinguishable from those grown along 457 

the S2c because of a slightly lower Si content. In addition, the Chl related to the S1 have 458 

lower content in Sud, that never reaches the 35 %, and their composition varies between Ame 459 

and Clc+Dph (Fig. 5, Tab.1).  460 

In the samples from the slices of Schistes Lustrés Complex analyzed in this paper 461 

(CMD118 for IZU-Botro and CMD121a and CMD121b for IZU-Buttinacce), the Chl are 462 

arranged on the relicts of the S1o foliation, on the S2o main foliation and on the late S2o 463 

foliation, which is set at a low angle to the main one. XMg content varies between 0.43-0.47 464 

in the sample CMD118 and between 0.47-0.55 in the samples CMD121a and CMD121b, 465 

without showing appreciable differences among the S1o, S2o and late S2o foliations (Fig. 5, 466 

Tab.1). The Si
 
content ranges from 2.53 and 2.98 apfu with higher values for the samples 467 



CMD121a and CMD121b. All the samples are characterized by Clc+Dph end-members 468 

proportion between 55 and 90 % (Fig. 5, Tab.1). In the sample CMD118, the S1o foliation 469 

contains Chl enriched in Clc+Dph, whereas in the S2o foliation the Ame (main S2o foliation) 470 

and Sud (late S2o foliation) contents increase. The samples CMD121a and CMD121b show a 471 

more homogeneous composition (Clc+Dph between 65 and 90 %), with small-scale 472 

differences between the S1o and the S2o foliations similar to those observed for the sample 473 

CMD118 (Fig. 5, Tab.1). 474 

 475 

5.1.2 Phengite 476 

For the samples from the Lower Units (CM22b and CM29a for CPU and CM21 and 477 

CM32c for PPU), Di Rosa et al., (2019b) report that the Ph are located along the S1c and the 478 

S2c foliations and have Si and Al content that vary between 3.20 and 3.80 apfu and between 479 

1.55 and 2.45 apfu, respectively (Fig.5, Tab.1). The end-members proportion is always 480 

intermediate between Cel and Ms, with a Prl content always lower than 40 %. The 481 

composition of the Ph grown along the S1c shows slightly higher Si content with respect to 482 

the S2c-related phases, which are instead characterized by higher Al contents. More in 483 

general, small-scale differences show that the composition of the S2c-related Ph is more 484 

homogeneous that the composition of those grown along the S1c (Di Rosa et al., 2019b). The 485 

end-members composition related to the Ph of the S1c foliation ranges between the Cel and 486 

Ms end-members of 25-60 % and 30-65 % respectively. Ph grown along the S2c foliation are 487 

instead characterized by an increasing Prl content observable in all the units (Tab.1).  488 

Different generations of Ph have been observed in the samples from slices of the 489 

Schistes Lustrés Complex (CMD118 for IZU-Botro and CMD121a and CMD121b for IZU-490 

Buttinacce). Si content varies from 3.15 to 3.53 apfu in all the samples: in this range, the S1o 491 

foliation is characterized by an homogeneous Si content of 3.20-3.49 apfu (Fig. 5, Tab.1). 492 



The K-content in the S1o-related Ph is generally higher in sample CMD121a (0.74-0.84 apfu) 493 

than in sample CMD118 (0.34-0.92 apfu), but tends to decrease in the Ph related to the late 494 

S2o of all the samples (Tab.1). End-member proportions of phengite change in the three 495 

samples: CMD118 records only small differences for Cel, slightly increasing in the S2o 496 

foliation compared to the S1o foliation, and an increase in Prl content (up to ~30 %) 497 

associated to the late S2o foliation (Fig. 5, Tab.1). The Ph of the sample CMD121b have a 498 

fairly homogeneous composition (5-20 % Prl, 35-60 % Ms and 35-60 % Cel). In the sample 499 

CMD121a the Cel proportion is lower than 40 % in the S1o foliation and higher than 30 % in 500 

the S2 foliation; a Prl content between 10 and 25 % characterizes the late S2o (Tab.1).  501 

 502 

5.1.3 Estimation of the P-T conditions 503 

For all the samples, each homogeneity of Chl and Ph recognized in the compositional 504 

map has been considered, in order to have a dataset in which every different mineral phase is 505 

represented by at least 50 wt% analysis (Fig. 6A, C). The results obtained with the Chl-Qz-wt 506 

and Ph-Qz-wt methods (listed Tab. 3) allowed the P-T conditions to be identified from 507 

chlorite and white-mica local equilibra (Fig. 6B, D).  508 

The Chl-Qz-wt method (Vidal et al., 2006) applied to the selected samples, indicate 509 

that chlorite formation temperatures span three different ranges of temperatures (histograms 510 

of Fig. 6B, D): in the Lower Units, two of them are related to the mineral phases grown along 511 

the S1c foliation and one is related to the S2c foliation; in the Schistes Lustrés Complex the 512 

three T ranges correspond to the Chl related to the S1o, S2o and late S2o foliations, 513 

respectively. Then, the P conditions have been estimated through the Ph-Qz-wt method 514 

(Dubacq et al., 2010) considering only the Ph analysis (in Fig. 6B, D, each colored lines 515 

represents one single Ph analyses) contained in the T range defined with the Chl-Qz-wt 516 

method. For the metabreccias and metasandstones (Lower Units) the P conditions of the D1c 517 



phase have been estimated through the two groups of Ph related to the S1c foliation, and 518 

those of the D2c through the single group of Ph related to the S2c foliation, fixing the T 519 

conditions at the values calculated with the Chl-Qz-wt method. Similarly, for the calc-schists 520 

of the Schistes Lustrés Complex, the P conditions of the D1o phase was estimated through 521 

the first generation of Ph grown along the S1o foliation, while those related to the D2o phase 522 

have been calculated on the base of the second and third generations of Ph recrystallized 523 

along the S2o and the late S2o foliations, respectively.  524 

The P-T estimates obtained with the Chl-Ph-Qz-wt multi-equilibrium approach (Vidal 525 

and Parra, 2000) were compared with the T and P ranges defined with the Chl-Qz-wt and Ph-526 

Qz-wt methods (stars and P/T diagrams of Fig. 6B, D). Accordingly, data have confirmed 527 

that for all units, the different deformation events where accompanied by a multistage 528 

metamorphic history.  529 

Three clusters of data have been recognized within the microstructures of each sample 530 

collected from the CPU and PPU Lower Units (Di Rosa et al., 2019b): the first set of data 531 

related to the S1c foliation (i.e. firsts Chl-Ph generations) is associated to HP/LT (P-peak), 532 

the second data set, still aligned along the S1c foliation (i.e. seconds Chl- Ph generations) is 533 

stable at LP/HT (T-peak) and the third set, related to the Chl-Ph couples grown along the S2c 534 

foliation (i.e. thirds Chl-Ph generations) is stable at LP/LT conditions. These three P-T 535 

conditions are reached at slightly different pressures and temperatures in the two tectonic 536 

units (Tab. 3). If we take together these two P and T ranges (samples CM22B and CM29A 537 

for CPU and CM21 and CM32C for PPU), the maximum variability of P-T conditions for all 538 

the continental units, calculated with the Chl-Ph-Qz-wt multi-equilibrium are (for details see 539 

Di Rosa et al., 2019b):  540 

- P-peak (HP/LT) event: 1.22-0.75 GPa/250-330°C for CPU and 1.10-0.75 GPa/200-541 

270°C for PPU; 542 



- T-peak (LP/HT) event: 0.80-0.50 GPa/320-350°C for CPU and at 0.80-0.50 543 

GPa/280-400°C for PPU; 544 

- the LP/LT event: 0.45-0.25 GPa/230-310°C for CPU and 0.45-0.25 GPa/230-300°C, 545 

for PPU  546 

Similarly, the Chl-Ph-Qz-wt multi-equilibrium method applied in this study to the 547 

samples from the Schistes Lustrés Complex (IZU-Botro and IZU-Buttinacce), allowed 548 

identifying 3 clusters representative of 3 different P-T conditions during the D1o, D2o and 549 

late-D2o deformation events (Tab. 3): 550 

- D1o phase: the Chl-Ph couples are in equilibrium at mP/Ht conditions of 0.75-0.65 551 

GPa/220-245°C for IZU-Botro (sample CMD118) and 0.70-0.50 GPa/265-310°C for IZU-552 

Buttinacce (widest T and P ranges considering the samples CMD121A and CMD121B); 553 

- D2o phase: the samples reached HP/mT conditions of at 1.00-0.85 GPa/200-250°C 554 

for IZU-Botro and at 0.90-0.70 GPa/ 240-300°C for IZU-Buttinacce; 555 

- late-D2o event: the Chl-Ph couples are stable at LP/LT conditions of equilibrium, at 556 

0.60-0.50 GPa/ 150-190°C for IZU-Botro and at 0.60-0.40 GPa/ 140-275°C for IZU-557 

Buttinacce.  558 

Similar T values related to the S1o and to the S2o suggest that the transition between 559 

the D1o and the D2o phases occurs in almost isothermic conditions in the studied samples of 560 

the Schistes Lustrés Complex. 561 

 562 

6. Discussion: evidence for syn-collisional processes 563 

6.1 Critical aspects about the method and related P-T estimates 564 

Thermobarometry showed that the metapelites from the Lower Units and the slices of 565 

Schistes Lustrés Complex have recorded contrasted P-T conditions. Particularly, three 566 

Chl+Ph+Ab+Qz+wt assemblages were documented on the base of chemical (i.e. chlorite and 567 



phengite composition) and microstructural (i.e. the foliation along which the mineral grown) 568 

criteria in each group of units. For the Lower Units, two of these paragenesis grew along the 569 

S1c foliation, and are related to the P- and T-peak, while a third one, along the S2c foliation, 570 

at lower P-T conditions. In the samples from the slices of the Schistes Lustrés Complex, the 571 

first paragenesis records the prograde path along the S1o foliation, while the other two 572 

parageneses are related to the peak conditions and to the retrograde path (early and late S2o 573 

foliations). Partial re-equilibration of the phyllosilicates during a multi-stepped history of 574 

deformation and metamorphism cannot be excluded a priori (e.g., Sheffer et al., 2016; 575 

Airaghi et al., 2017; Lanari and Duesterhoeft, 2019), but it is not observed in the samples 576 

studied for this work. 577 

Every P-T estimate is affected by a relative uncertainty of 0.2 GPa and 30°C that 578 

includes the uncertainties of the Chl-Qz-wt and Ph-Qz-wt methods. To give strength to the 579 

final data, the local equilibrium of the chlorite-phengite pairs have been tested in all the 580 

samples for at least 50 couples grew in each microstructure. Only when the scatter between 581 

the data is lower than the uncertainty of each single estimates the local equilibrium was 582 

considered as achieved.  583 

Another choice made while processing the data is the water activity settled to 1 unit 584 

(see Supplementary materials). Water activity can vary in calcite bearing metapelites and 585 

affect the P-T estimates obtained via fluid-buffered equilibria. In this work, applying the Chl-586 

Qz-wt, Ph-Qz-wt and the Chl-Ph-Qz-wt methods, the water activity has been set to 0.8 and 587 

1.0 unit in each calculation in order to catch any differences in the results (see Supplementary 588 

materials). Our results show that the scatter between the two sets of calculations (i.e. 589 

considering the water activity to 1 and 0.8 unit) is lower than the uncertainty of the methods 590 

(0.2 GPa and 30°C) and therefore we present the data with the higher water activity (i.e. 1 591 

unit).  592 



 593 

6.2 Structural setting of the coupling between oceanic and continental units  594 

The processes allowing the tectonic coupling of oceanic and continental units during 595 

the exhumation of high grade units in the subduction setting have been the object of many 596 

studies in the last decade (Brun and Faccenna, 2008; Lapen et al., 2007; Angiboust et al., 597 

2012; Agard and Vitale-Brovarone, 2013; Plunder et al., 2012; 2015). Most of these studies 598 

provided a detailed reconstruction of the tectono-metamorphic evolution of the continental 599 

and oceanic units to decipher how slices of oceanic units, previously subducted and accreted 600 

at the base of the orogenic wedge, are then coupled with the continental units that are rising 601 

up within the plate interface.  602 

The structural setting of the Corte area at map scale clearly indicates that the oceanic 603 

units of the Schistes Lustrés Complex not only occupy the uppermost structural levels of the 604 

Alpine Corsica unit stack, but occur also as fragments tectonically sandwiched between the 605 

Lower Units, i.e. the units of continental crust that underwent subduction and slicing within 606 

the plate interface (Figs. 2, 4). In addition, the structural analysis at meso- and microscale 607 

indicate that the oceanic and continental units experienced a polyphase and independent 608 

deformation history before their coupling. This polyphase deformation includes two 609 

generations of isoclinal folds (D1c/o and D2c/o) showing axial plane foliations developed 610 

during the highest metamorphic conditions: none of these sets of folds (F1c/o and F2c/o) 611 

deform the tectonic boundaries between oceanic and continental units. The juxtaposition of 612 

continental and oceanic units develops through N-S trending top-to-W shear zones (Fig. 4C 613 

and section 4.1). These shear zones truncate the F2c fold structures and are in turn deformed 614 

by the F3 folds and the associated S3 foliation: therefore they can be consequently considered 615 

as occurring at the late stages of the D2 phase (e.g. Molli et al., 2006; Malasoma and 616 

Marroni, 2007; Di Rosa et al., 2017a; 2019b). From a structural point of view, the units 617 



coupling is therefore defined by the late stage of the D2 phase. In this picture, we can 618 

envision the D3 phase as originated from vertical shortening and folding of preexisting non-619 

horizontal layers during the extensional tectonics due to the collapse of the Alpine orogenic 620 

wedge, similarly to what recognized in several areas of the Alpine Corsica as, for instance, in 621 

the Tenda Massif (e.g., Jolivet et al., 1998; Molli et al., 2006; Maggi et al., 2012; Rossetti et 622 

al., 2015) or in the Corte area (e.g. Malasoma et al., 2006; Di Rosa et al., 2017a; 2019a). 623 

Additional constraints to the coupling processes are provided by the metamorphic 624 

study of the oceanic and continental units. For the Lower Units, the Chl-Ph couples grown 625 

along the S1c foliation recorded the P-peak and T-peak conditions, whereas the same 626 

minerals grown along the S2c foliation are in equilibrium at LP-LT conditions. Since no 627 

evidence of older foliations occur, and thus no trace of prograde relicts is preserved, we can 628 

assume that the P-T history reconstructed in this study is related to the retrograde path of 629 

CPU and PPU, recording a multiphase history of exhumation after the P-peak conditions (Di 630 

Rosa et al., 2017a; 2017b; 2019b). Moreover, the estimated P-T paths in the two continental 631 

units are different: the different absolute P and T values reached during the D1c phase in the 632 

CPU and PPU, allowed Di Rosa et al., (2019b) identifying two different paths during 633 

exhumation, isothermic for CPU and warmer for PPU. Given a geobaric gradient for a 634 

“normal” crust of 27 MPa/km (Best, 2003) and considering that the lithostatic pressure 635 

exerted on the Lower Units is given by metamorphic rocks of both oceanic and continental 636 

affinities, we have used an average crustal geobaric gradient of 30 MPa/km for every 637 

calculation The P–T estimates related to the P-peak suggest a steady thermal regime of 5-6 638 

°C/km for these units, lower than what suggested by Agard and Vitale-Brovarone (2013) for 639 

the continental subduction in Oman and New Caledonia, and for other continental units of 640 

Alpine Corsica. The proposed lower thermal regime could better fit the subduction of a 641 

continental margin after the underthrusting of an old and cool oceanic lithosphere, below an 642 



upper plate dominantly made of a continental crust without arc-related magmatism (Marroni 643 

et al., 2010 and references therein). 644 

In the Schistes Lustrés Complex, the P-peak conditions are reached during the D2o 645 

phase. The P-T differences between the investigated samples indicates that each oceanic 646 

tectonic slice moved along independent paths until the end of the D2o phase. The maximum 647 

P-T burial conditions for these oceanic slices span roughly between 6 and 11 °C/km, 648 

approximately in the range of the subduction gradient estimated for the Schistes Lustrés in 649 

the Western Alps (5-10 °C/km, Agard et al., 2001; Plunder et al., 2012). 650 

On the whole, the P-T data confirm these observations. Oceanic and continental units 651 

followed different P-T paths until the end of the D2 phase, when they were coupled along 652 

what we have defined the late-D2 N-S trending top-to-W shear zones at ~10 km of depth, 653 

before being deformed by the F3 folds during the final stages of exhumation. The 654 

reconstructed P-T paths for the subduction evolution of the continental units can be compared 655 

to what proposed for other sectors of Alpine Corsica by Agard and Vitale-Brovarone (2013) 656 

in their “scenario 3” model of burial and slicing of continental units. In this scenario the 657 

authors depict early slicing and continued underthrusting of the continental units with HP 658 

conditions reached late in the burial evolution. Most importantly, they suggest that this 659 

scenario, might be representative of a mechanical coupling concentrated at the bottom of the 660 

upper plate. Similar reconstructions of the evolution of both continental and oceanic units of 661 

Alpine Corsica have been proposed in literature by Molli et al. (2006), Molli (2008), Maggi 662 

et al. (2012) and Rossetti et al. (2015). 663 

A similar P-T evolution has been observed in the Alps by Berger and Bousquet, 664 

(2008), which described exhumation of oceanic units occurring through cold geothermic 665 

gradients, while that of the continental units as requiring an increasing in temperature during 666 

their retrograde path. In the case of Corsica, in particular, the continental units show between 667 



them relevant differences during their exhumation, being subjected to isothermic as well as 668 

warm paths.  669 

 670 

6.3 Timing of the exhumation for the oceanic and continental units 671 

The convergence between the Europe and Adria plates induced the closure of the 672 

Ligure-Piemontese oceanic basin during Upper Cretaceous-Early Eocene that was followed 673 

in the Middle to Late Eocene by the continental subduction of the European margin (Schmid 674 

et al., 1996; Malavieille et al., 1998; Handy et al., 2010; Malusà et al., 2015; Marroni et al., 675 

2017). Coherently with this picture, a progressive younging trend of the deformation and 676 

metamorphism from the oceanic and ocean/continent transition (i.e. the Schistes Lustrés 677 

Complex) to the continental margin (i.e. the Lower Units) is expected, in accordance with 678 

what proposed in literature (Strerzynski et al., 2012, Lanari et al., 2012; 2014a).  679 

For the Lower Units of the study area, no recent and reliable radiogenic data about the 680 

metamorphism are available. The age of the deformation and the related metamorphism can 681 

be constrained only by stratigraphic relations between the youngest rocks involved in the 682 

deformation and the oldest sediments that unconformably seal the stack of the tectonic units. 683 

The depositional age of the youngest deformed rocks is attributed to the Late Eocene 684 

(Bartonian) for the occurrence of Nummulites sp. in the Metabreccia and Metasandstone Fms. 685 

of CPU (Bezert and Caby, 1988). The deposits unconformably found at the top of the stack of 686 

the Lower Units are represented by the continental sedimentary succession of the Francardo 687 

Basin (Ferrandini et al., 2003), whose base has been assigned to the Burdigalian (Alessandri 688 

et al., 1977). Therefore, the progressive, multiphase deformation recorded in the Lower Units 689 

can be bracketed between 37.8, i.e. the age of the Metabreccia and Metasandstone Fms., and 690 

20.4 Ma, i.e. the age of the base of the Francardo Basin. More accurate constraints are 691 

provided by Rossetti et al. (2015) that have studied the East Tenda Shear Zone located at the 692 



eastern side of the Tenda Massif (Fig. 1), an European-derived continental crust slice 693 

correlated with the Lower Units (Bezert and Caby, 1988; Malasoma and Marroni, 2007; Di 694 

Rosa et al., 2017a). The Rb–Sr geochronological data provided by Rossetti et al. (2015) 695 

documented that the deformations related to the continental subduction in Alpine Corsica, 696 

including our D1c and D2c phase, occurred during the ~27-32 Ma time span, corresponding 697 

to Rupelian (Early Oligocene; Walker et al. 2018). In addition, these authors suggested that 698 

the extensional tectonic connected to the orogenic collapse occurred after ~27 Ma, with a 699 

final exhumation of the continental units of Alpine Corsica during the Early Miocene (~20-21 700 

Ma). These constraints are in agreement with the 
40

Ar/
39

Ar dating of the Alpine deformations 701 

performed in the Hercynian Corsica by Di Vincenzo et al. (2016). These authors have 702 

provided the evidence of the syn-kinematic growth of white micas in the strike-slip shear 703 

zones between 37-35 Ma and 33-32 Ma, i.e. in the Late Eocene–Early Oligocene time span. 704 

As for the Lower Units, no radiogenic data are available for the metamorphism of the 705 

slices Schistes Lustrés Complex cropping out around Corte. Elsewhere in the Alpine Corsica, 706 

the ages of the prograde and retrogarde metamorphism in the oceanic and transitional units 707 

span a wide range from Upper Cretaceous (Lahondére and Guerrot, 1997) to Late Eocene 708 

(Lahondère, 1996; Brunet et al., 2000; Martin et al., 2011; Vitale Brovarone et al., 2012). For 709 

the oceanic units correlated with the Lento Unit (e.g. Levi et al., 2007) i.e. the unit to which 710 

the slices of the studied area can be correlated, Vitale Brovarone and Hewartz (2013) 711 

provided an age for the peak metamorphism of 37.5 Ma. Considering the time span necessary 712 

for the subducted oceanic crust to reach the depths of 33 and 28 km, i.e. the estimated depth 713 

of peak metamorphism (e.g. Levi et al. 2007 and this study), the inception of subduction of 714 

these units must have occurred before the Middle Eocene. 715 

To summarize, the oceanic units of the study area where already subducted and 716 

incorporated in the accretionary wedge in the Late Eocene, when the continental margin, 717 



represented by the Lower Units of the study area, was still undeformed and characterized by 718 

the foredeep sedimentation of the Bartonian Metabreccia and Metasandstone Fms. (CPU 719 

unit). This picture is therefore coherent with the progressive younging trend of the 720 

deformation and metamorphism from the oceanic and transitional units to the continental 721 

units mentioned above (Strerzynski et al., 2012, Lanari et al., 2012; 2014a), and provides 722 

further evidence that the continental and oceanic units of the study area have followed an 723 

independent tectono-metamorphic history before their coupling. 724 

 725 

6.4 In search for a possible model for the coupling 726 

 727 

Even if the exhumation record is incomplete, the available data provide evidence that 728 

the continental and oceanic rocks of the study area have been exhumed as tectonic units that 729 

have followed an independent tectono-metamorphic history before their mechanical coupling. 730 

According to what suggested by several tectono-metamorphic studies and thermo-mechanical 731 

modeling, these independent histories have in common a multiphased evolution made of 732 

several, distinct deformation phases (Raimbourg et al., 2007; Yamato et al. 2007; 2008; Li 733 

and Gerya, 2009; Beaumont et al., 2009; Guillot et al., 2009; Burov et al., 2012; 2014; 734 

Strerzynski et al., 2012; Agard and Vitale-Brovarone, 2013; Vitale-Brovarone et al., 2013; 735 

Plunder et al., 2015; Di Rosa et al., 2019a; 2019b). The structural data indicate that the 736 

coupling has occurred in the late stage of the D2o-c deformation phases, so that after this 737 

stage, the two groups of units all share the same deformation history, recorded by the D3 738 

structures which also deform all the previous structures in all units. The P-T data about the 739 

metamorphism confirm this observation showing that the oceanic and continental units 740 

followed different P-T paths until the end of the D2 phase. All these data indicate that 741 

coupling occurred at about 10 km of depth. Afterwards, during post-D3, latest stage of 742 



exhumation along the plate interface, a possible brittle re-activation of these shear zones 743 

responsible for coupling can be hypothesized on the base of the meso-scale observation. 744 

However, not much can be said about these tardive, brittle phases, because of the poor-745 

constrained activity of the CCSZ system in the area. 746 

The mechanical coupling thus produced an association of continental and oceanic 747 

units, with the latter located both at the top and tectonically sliced inside the continental units. 748 

This evidence indicates that the continental units during their exhumation are able to drag 749 

slices of the orogenic wedge that are subsequently displaced upward inside the continental 750 

rocks (Fig. 8). Therefore, the tectonic erosion of the orogenic wedge, i.e. the removal of 751 

materials at the roof of the plate interface, might be envisioned as an effective process active 752 

also during the continental subduction. 753 

The contrasting P-T paths recorded in the Lower Units indicate that the CPU and PPU 754 

were exhumed at different metamorphic gradients. Whereas the CPU is characterized by 755 

isothermal decompression, the PPU is affected during the exhumation by a warming with a 756 

small increase of temperature, not higher than 200°C (Fig. 7). Variable factors may influence 757 

the thermal structure of plate interface during the oceanic and continental subduction, 758 

including not only the effects of shear heating and radioactive heating but also the thermal 759 

conditions of the subducting and the overriding plates as well as the plate convergence rate 760 

(e.g. Faccenna et al., 2008; Gerya et al., 2008; Maierová et al., 2012; Syracuse et al., 2010; 761 

Warren et al., 2008; Zheng and Chen, 2016). Particularly, Gerya et al. (2008) have proposed 762 

possible transient episodes of anomalously high temperature along the plate interface during 763 

incipient continental collision. These episodes seem to be primarily controlled by changes in 764 

the intensity of viscous and radioactive heating in subducted crustal rocks, and are generally 765 

associated with partial melting (Burg and Gerya, 2005). In addition, focused pulses of 766 

dehydration during subduction have been proposed in literature as contributing to the rapid 767 



heating during the early stages of exhumation within the plate interface (Camacho et al., 768 

2005; John et al., 2012; Dragovic et al., 2015). Therefore, we could postulate the occurrence 769 

of transient episodes of anomalously high temperature during the exhumation of the Lower 770 

Units, to explain the difference in temperature observed in the exhumation paths of CPU and 771 

PPU. A possible explanation to these episodes for the PPU case can derive from the P-T path 772 

estimated for this unit, where the warming during the exhumation seems to be connected with 773 

a break or a slowing in the exhumation process resulting in a stationing at a depth of ca.17-774 

25 km.  775 

We could simply comment that in the reported study we see no evidence of the 776 

melting described by Burg and Gerya, (2005) because the supposed increase of temperature 777 

during the exhumation of the PPU was not so relevant to produce the partial melting of 778 

subducted crustal rocks. However, this hypothesis is at present only a speculation and will 779 

deserve more attention in future investigations on the subducted continental rocks in Alpine 780 

Corsica. 781 

In the proposed model we envision a flow of material that is dragged and translated 782 

upward through a mechanism that can be regarded as similar to the basal tectonic erosion, 783 

when fragments of the wedge are dragged and translated downward during the oceanic 784 

subduction (von Huene and Scholl, 1991; Clift and Vannucchi, 2004; Sallares and Ranero, 785 

2005, see also re-definition by Agard et al., 2018). Analogously to what described for basal 786 

erosion, specific weak lithological horizons within the orogenic wedge, characterized by 787 

rheological contrasts, can be re-activated as shear zones during exhumation, allowing mass 788 

dragging along the plate interface/orogenic wedge boundary. Then, the oceanic fragments 789 

detached from the base of the orogenic wedge are subsequently incorporated within the 790 

continental units and translated upward along the roof of the plate interface. In their model of 791 

burial of continental units suggested for Corsica, Agard and Vitale-Brovarone (2013) propose 792 



a correlation between the proposed model and a mechanical coupling (i.e. strain) 793 

preferentially concentrated at the base of the upper plate. Accordingly, this could facilitate 794 

the possibility of removing previously underplated material from the bottom of the wedge as 795 

tectonic slices to be incorporated in the rising continental units. Moreover, if we take into 796 

account the large volumes of the studied continental units, compared to the small volumes of 797 

the Schistes Lustrés slices, we could speculate, in accordance with what observed and 798 

proposed for the continental subduction in W. Turkey (Plunder et al., 2015), and in the 799 

Western Alps (Angiboust et al., 2009; Plunder et al., 2012), that the buoyancy-driven 800 

exhumation of the large Lower Units units may have contributed to scrapping off the slices of 801 

oceanic units on its way up the plate interface.  802 

A similar occurrence of oceanic fragments intimately associated with and deformed 803 

within the continental rocks has been described by Molli et al. (2006) at the eastern border of 804 

the Tenda Massif. The Tenda Massif is regarded as a fragment of the European continental 805 

margin involved into subduction during Middle Eocene. As a consequence, the Tenda Massif 806 

is strongly deformed and is affected by HP/LT metamorphism and bounded at its roof by the 807 

Schistes Lustrés Complex (Waters, 1990; Daniel et al., 1996; Gueydan et al., 2003; Molli et 808 

al., 2006; Maggi et al., 2012). In the area studied by Molli et al. (2006), slices of oceanic 809 

rocks are recognized inside the orthogneisses of the Tenda Massif, at the core of strongly 810 

non-cylindric recumbent F1 fold developed in association with epidote-blueschist facies 811 

metamorphism (peak metamorphism at about 1.0 GPa and 450°C). The oceanic and 812 

continental rocks show a common retrograde structural and metamorphic history during 813 

exhumation that is recorded by the D2 ductile fabrics described in the Tenda Massif and 814 

developed under greenschist facies P-T metamorphic conditions. On the whole, the eastern 815 

border of the Tenda Massif provides the evidence that the slices of the orogenic wedge are 816 

dragged in a ductile way and exhumed with the continental rocks also at a depth of 30-35 km. 817 



If we integrate the information derived from the study area with those from the Tenda 818 

Massif, the mechanical coupling between continental and oceanic rocks seems to be effective 819 

at two different depths, i.e. at 30-35 km and at about 10 km, where small volumes of rocks 820 

are eroded at the roof of the subduction channel and incorporated within. According to Agard 821 

et al. (2009), the buoyant continental crust seems to be exhumed during continental 822 

subduction with velocities comparable with those of plate tectonics at mantle depths (1–5 823 

cm/yr) and later decelerates (ca. 1 mm/yr) in the upper crust. As a first approximation, the 824 

available data for the Lower Units seems to be coherent with this picture, indicating a mean 825 

velocity of ∼ 1 cm/yr for their burial and exhumation.  826 

The presented data are insufficient to assess whether the coupling between continental 827 

and oceanic rocks and their basal erosion occur along the entire plate interface, or if they 828 

show a punctuated character and/or a connection with large-scale, lithospheric-scale 829 

geodynamic events (Agard et al., 2009; Penniston-Dorland et al., 2015). However, we could 830 

tentatively favor a more punctuated process, according to several studies of rock recovery 831 

from literature, that point to a mechanical coupling effective only at precise depths (for an 832 

exhaustive review, see Agard et al., 2018). The hypothesized stationing at ca.17-25 km of 833 

the PPU during exhumation could support this option. Thus, if the exhumation is punctuated, 834 

also the coupling between continental and oceanic fragments can be hypothesized as 835 

punctuated and connected with main geodynamic events. Assuming a correlation between the 836 

D2c phase in the Lower Units with the D2-phase in the Tenda Massif dated by Rossetti et al. 837 

(2015), we can constrain the D2c phase between ~27 and 32 Ma. In this time span also the 838 

activation of the shear zones that developed in the Lower Units at the late stage of the D2c 839 

phase occurred. This age is highly critical for the geodynamics of the Alpine-Apennine 840 

system (e.g. Malusà et al., 2015) since it records: 1) the inception of rifting phase leading to 841 

the opening of the Ligure-Provençal oceanic basin (e.g. Chamot-Rooke et al., 1999); 2) the 842 



slab-break off of the alpine subducted slab (Handy et al., 2010) and 3) development of the 843 

strike slip tectonics connected to the indenter of the Adria plate within the Alpine-Apennine 844 

collisional system (Marroni et al. 2019).  According to Vignaroli et al (2010) and Agard et al. 845 

(2002), all these geodynamic events occurred during the switch from syn-to-post-orogenic 846 

extensional deformation in the Alpine-Apennine system. A direct link between these 847 

geodynamic events with the erosion at the roof of the plate interface and the final exhumation 848 

of the continental and oceanic units requires, however, more data to be assessed. 849 

 850 

7. Conclusions 851 

The study of the Corte area (Corsica) presented in his work has revealed a complex 852 

tectonic setting with intimately associated oceanic and continental units, both affected by HP 853 

metamorphism. In this area the oceanic units, belonging to the Schistes Lustrés Complex, not 854 

only occupy the uppermost structural levels of the tectonic stack as in the other areas of the 855 

Alpine Corsica, but occur also as thin slices tectonically sandwiched between the Lower 856 

Units, i.e. the units of European continental margin that underwent to subduction. This area 857 

enables studying the mechanisms of coupling between oceanic and continental units during 858 

their exhumation along the plate interface in the frame of continental subduction.  859 

The data collected show that the units experienced different tectono-metamorphic 860 

histories, occurred at different time, that represent the oceanic (D1o and D2o) and continental 861 

(D1c and D2c) subduction stages until their coupling (late D2o and D2c), after which they 862 

were deformed together (D3). The tectono-metamorphic study highlighted that (i) each 863 

tectonic unit has a different P-T history, which implies that they followed independent 864 

exhumation path until their coupling and (ii) the coupling of the tectonic units occurred at 865 

about 10 km of depth through top-to-W ductile shear zones and thus in a still compressive 866 

tectonic regime. 867 



Considering the different time in which the oceanic and the continental units were exhumed, 868 

we provided the evidence that the processes of exhumation of the continental units were able 869 

to drag oceanic slices from the orogenic wedge and displace them upward in intimate 870 

association with the continental rocks. This picture suggests that the tectonic erosion of the 871 

orogenic wedge, i.e. the removal of materials at the roof of the subduction channel, might be 872 

an effective process also during the continental subduction. Moreover, if we take into account 873 

the large volumes of the studied continental units, compared to the small volumes of the 874 

Schistes Lustrés slices, we could speculate that the buoyancy-driven exhumation of the large 875 

Lower Units may have contributed to the scrapping off the slices of oceanic units on its way 876 

up the plate interface. 877 

Even if the exhumation record is incomplete, all the available data for the continental units 878 

from Alpine Corsica tentatively favor a punctuated process, where the mechanical coupling is 879 

effective only at specific depths. The possible link between the main geodynamic events of 880 

the Alpine-Apennine system with the erosion at the roof of the plate interface and the final 881 

exhumation of the continental and oceanic units should be investigated in the future. 882 
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FIGURE CAPTIONS 1207 

Figure 1. (A) Tectonic map of the north-eastern Corsica (modified after Vitale Brovarone et 1208 

al., 2012) and schematic cross section (not to scale, after Di Rosa et al., 2017a). QtD: 1209 

Quaternary deposits, SfB: Saint-Florent Basin, FcB: Francardo Basin, AlP: Aleria Plain, 1210 

MaU: Macinaggio Unit, BoU: Bas-Ostriconi Unit, BaU: Balagne Unit, NeU: Nebbio Unit, 1211 

SpU: Serra Debbione and Pineto Units, SlU: Santa Lucia Unit, CsU: Castagniccia Unit, MfU: 1212 

Morteda-Farinole-Volpajola Unit, SoU: Serra di Pigno and Oletta Units, IZU: Inzecca and 1213 

Lento Units, BrU: Bagliacone-Riventosa Unit, CeU: Centuri Unit, TeM: Tenda Massif, AnU: 1214 

Annunciata Unit, EcU: External Continental Units, PdU: Cima Pedani Units, CoU: 1215 

Caporalino Unit, HcY: Hercynian Corsica; the position of the Fig. 1B is marked in blue. (B) 1216 

Tectonic sketch of the study area; the positions of the Fig. 2A, B are marked in black. 1217 

 1218 

Figure 2. Geological map, cross section and stereographic projections of (A) Buttinacce 1219 

(modified after Di Rosa et al., 2017b) and (B) IZU- Botro, where the relationships between 1220 

the continental and oceanic units are highlighted. In the stereographic projections related to 1221 

the D3 phase different colours are used for the data measured in the Lower Units (A3: blue, 1222 

S3: red) and in the Schistes Lustrés Complex (A3: green; S3: yellow), to highlight that this 1223 

deformation event affected uniformly the entire stack of units 1224 

 1225 

Figure 3. D1-D2 phases (A-E) in the continental units and (F-H) in the oceanic units. (A) F1c 1226 

sheath fold in the Metasandstone Fm., Piedigriggio-Prato Unit. (B) F2c isoclinal folds and 1227 

related S2c axial plane foliation, Detritic Metalimestone Fm., Piedigriggio-Prato Unit. (C) S-1228 

C fabric in the Detritic Metalimestone Fm. in the Lower Units (CPU). (D) Relict of chlorite 1229 

crystal grown during the D1c phase in the Metasandstone Fm., Castiglione-Popolasca Unit 1230 



(sample CM29A, parallel nicols); the S1c foliation is also shown. (E) S1c-S2c foliations 1231 

interference pattern in the Metasandstone Fm., Castiglione-Popolasca Unit (sample CM29A, 1232 

crossed nicols). (F) F2o subisoclinal folds in the calc-schists, Inzecca Unit; a subtle S3 1233 

foliation is also shown. (G) Relicts of S1o foliation within the S2o foliation in a pelitic layer 1234 

in the calc-schists, Inzecca Unit (sample CMD121A, parallel nicols); the late S2o foliation is 1235 

also shown. (H) Subgrain rotation (SR) recrystallization parallel to the S2 foliation in the F2o 1236 

hinges zones, quartz veins in metabasalts, Inzecca Unit (sample CMD123A’, crossed nicols). 1237 

 1238 

Figure 4. Map-, meso and microphotographs of the D3 phase. (A) Landscape of Pietra Piana 1239 

(NE of Monte Cecu): a slice of the Schistes Lustrés Complex (IZU) is sandwiched between 1240 

the Lower Units (two subunits of PPU). Both the tectonic contacts are folded by the D3 1241 

phase. (B) Folded tectonic contact between the Lower Units (PPU) and the Schistes Lustrés 1242 

Complex (IZU) in San Quilico hill, NE of Monte Cecu; the contact is cut by two post-D3 1243 

faults (CCSZ). (C) S2c-S3 foliations interference pattern in the Metasandstone Fm., PPU 1244 

(sample CM23B, parallel nicols).  1245 

 1246 

Figure 5. Binary and ternary diagrams showing the compositions of the Chl and Ph of the 1247 

samples studied. The position of each colored rhombus in the diagrams is that of the average 1248 

value calculated on 15 spot analysis. The position of the DT (di-trioctahedral) and TK 1249 

(Tschermak) substitutions in the Al/Si diagram are calculated by Trincal and Lanari, 2016. 1250 

Blue spots in the small ternary diagrams indicate the distribution of all the spot analysis 1251 

acquired from the compositional map. Yellow triangles and DT and TK substitutions reported 1252 

in the ternary diagrams are taken from Vidal and Parra, 2000.  1253 

 1254 



Figure 6. Chemical analysis, compositional maps and the results of the analytical methods 1255 

employed (Chl-Qz-wt, Ph-Qz-wt and Chl-Ph-Qz-wt multiequilibrium methods) for the study 1256 

of the sample CM22B related to the Lower Units (A-B) and the sample CM121B related to 1257 

the Schistes Lustrés Complex (C-D). In the binary plots and in the compositional maps (Si- 1258 

and Al-content for Ph, Mg- and Al-content for Chl) of the samples (A) CM22B and (C) 1259 

CMD121B, the Chl and the Ph types discussed in the text are noted by black arrows. The 1260 

colored boxes in the P/T diagram represent the P-T equilibrium stability of the Chl-Ph 1261 

couples (in (B): Early D1c, Late D1c and D2c; in (D): D1o, D2o and late D2o), tracked using 1262 

the results of the Chl-Qz-wt method of Vidal et al., 2006 (histograms) and of the Ph-Qz-wt 1263 

method of Dubacq et al., 2010 (blue, red and yellow lines). Black circles along the colored 1264 

lines indicate the activity of the water (aH2O). Stars indicate the P-T equilibria conditions of 1265 

a single representative Chl-Ph couple (blue star for the early D1c and D1o, red star for the 1266 

late D1c and D2o and yellow star for the D2c and late D2o) estimated with the Chl-Ph-Qz-wt 1267 

multiequilibrium approach (Vidal and Parra, 2000). Details about the reactions related to 1268 

these Chl-Ph couples are reported in the small P-T diagrams.  1269 

 1270 

Figure 7. P-T paths of the samples studied. Colored boxes indicate the P-T ranges calculated 1271 

with the Chl-Qz-wt and Ph-Qz-wt methods (average ranges were calculated in the case of 1272 

more than one sample for the same unit). The paths (colored arrows) were drawn considering 1273 

the best fit between the boxes and the P-T estimates obtained with the Chl-Ph-Qz-wt 1274 

multiequilibrium method (average values were considered in the case of more than one 1275 

sample for the same unit). 1276 

 1277 

Figure 8. 2D sketch (not to scale) of a snapshot of the Corsica system at Late Eocene/Lower 1278 

Oligocene time, showing the model proposed in this work for the mechanical coupling of the 1279 



Lower Units with the Schistes Lustrés Complex in the Corte area. In the main sketch the 1280 

position the blue box evidences the position of the Lower Units as well as the Tenda massif at 1281 

the plate interface; thick white and thin black arrows represent the last extensional event, 1282 

thick black arrows indicate the kinematics at the boundaries of the plate interface and the blue 1283 

box indicates the position of the zoom. The zoom shows a schematic representation of the 1284 

path (i.e. the dotted orange line) made by the Lower Units at the plate interface and the 1285 

geometry of the zone of mechanical coupling between the Lower Units and the slices of the 1286 

Schistes Lustrés Complex (in the dotted box); black arrow indicates the subduction of the 1287 

European crust. In the PT path, the three thick arrows represent three different stages of the 1288 

unit deformation. Blue arrow indicates the underplating of the Lower Units up to the p-peak 1289 

(i.e. early D1c). Green arrow indicates the first stage of exhumation from the early D1c phase 1290 

to the D2c phase. During a later stage of exhumation (i.e. the late D2c phase), top-to-W shear 1291 

zones are activated within the plate interface and along the roof decollement and produced 1292 

the basal erosion of the Schistes Lustrés Complex that is exhumed as thin slices together with 1293 

the Lower Units (yellow arrow). At the end of the D2 phase the Lower Units are located at 1294 

the base of the Schistes Lustrés Complex (the tectonic contact is indicated by a thick black 1295 

line in the zoom). The last stage of exhumation deformed this unit pile in an extensional 1296 

regime (i.e. the D3 phase). In the PT diagram, the path of CPU (orange), PPU (red), IZU-1297 

Botro (green) and IZU-Buttinacce (blue) is drown (simplified version of Fig. 7). 1298 

 1299 
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Tab. 1 Chemical ranges and end-members proportions of Chl and Ph related to each metamorphic 

assemblage.  

 
Chlorite 

Sample Si (apfu) Altot (apfu) XMg Ame (%) Clc+Dph (%) Sud (%) 

CM22B 

early D1c 2.72-3.00 2.25-2.51 0.35-0,43 0%-25% 75%-85% 0%-20% 

late D1c 2.65-2.92 2.35-2.78 0.37-0.40 20%-30% 65%-80% 0%-20% 

D2c 2.88-3.00 2.15-2.80 0.39-0.42 0%-10% 60%-70% 35%-40% 

CM29A 

early D1c 2.66-2.80 2.22-2.73 0.20-0.42 5%-25% 80%-95% 10%-35% 

late D1c 2.59-2.77 2.51-2.86 0.18-0.34 20%-35% 70%-80% 0%-20% 

D2c 2.79-2.95 2.55-2.69 0.15-0.32 0%-15% 60%-75% 0%-20% 

CM21 

early D1c 2.75-2.92 2.38-2.76 0.29-0.42 5%-25% 70%-80% 0%-20% 

late D1c 2.58-2.93 2.38-2.75 0.35-0.43 20%-30% 70%-75% 5%-15% 

D2c 2.76-3.06 2.50-3.05 0.33-0.40 0%-10% 65%-75% 15%-35% 

CM32C 

early D1c 2.78-2.96 2.35-2.49 0.48-0.54 0%-15% 80%-90% 10%-25% 

late D1c 2.60-2.88 2.45-2.56 0.41-0.45 10%-30% 75%-85% 15%-20% 

D2c 2.90-2.96 2.55-2.59 0.32-0.46 0%-10% 70%-80% 25%-30% 

CMD118 

D1o 2.53-2.92 2.30-2.84 0.44-0.47 10%-40% 65%-70% 0%-15% 

D2o 2.80-2.92 2.25-2.90 0.43-0.44 0%-25% 60%-70% 20%-35% 

late D2o 2.83-2.95 2.58-2.98 0.43-0.45 0%-20% 55%-60% 30%-40% 

CMD121A 

D1o 2.60-2.76 2.51-2.98 0.50-0.52 15%-25% 75%-85% 0%-10% 

D2o 2.84-2.98 2.46-2.97 0.48-0.50 0%-10% 80%-85% 10%-20% 

late D2o 2.88-2.93 2.70-3.10 0.47-0.51 0%-5% 70%-75% 20%-30% 

CMD121B 

D1o 2.61-2.78 2.46-2.55 0.52-0.55 0%-10% 75%-90% 0%-10% 

D2o 2.76-2.98 2.33-2.48 0.48-0.52 5%-25% 70%-90% 10%-20% 

late D2o 2.80-2.96 2.45-2.56 0.47-0.52 10%-30% 65%-80% 20%-30% 

 

Phengite 

Sample Si (apfu) K (apfu) Altot (apfu) Cel (%) Ms (%) Prl (%) 

CM22B 

early D1c 3.62-3.80 0.49-0.68 1.55-1.80 40%-50% 30%-45% 15%-30% 

late D1c 3.41-3.68 0.52-0.70 1.72-2.20 40%-45% 50%-60% 10%-15% 

D2c 3.36-3.77 0.43-0.79 1.68-2.10 30%-40% 35%-55% 20%-40% 

CM29A 

early D1c 3.53-3.71 0.70-0.81 1.90-2-04 45%-60% 30%-35% 15%-20% 

late D1c 3.32-3.55 0.77-0.85 1.95-2.14 35%-45% 35%-50% 10%-20% 

D2c 3.24-3.38 0.62-0.72 2.02-2.12 30%-40% 30%-40% 20%-25% 

CM21 

early D1c 3.25-3.70 0.59-0.80 2.05-2.53 30%-40% 40%-50% 15%-25% 

late D1c 3.30-3.62 0.66-0.82 1.97-2.45 25%-30% 45%-60% 10%-20% 

D2c 3.40-3.72 0.48-0.69 2.08-2.20 25%-30% 50%-65% 20%-30% 

CM32C 

early D1c 3.45-3.61 0.42-0.50 2.00-2.14 40%-55% 30%-50% 10%-30% 

late D1c 3.30-3.47 0.36-0.48 1.95-2.15 30%-35% 45%-55% 15%-35% 

D2c 3.20-3.29 0.22-0.38 1.95-2.03 35%-45% 25%-35% 10%-40% 

CMD118 

D1o 3.23-3.42 0.42-0.92 2.18-2.27 25%-35% 55%-65% 5%-15% 

D2o 3.15-3.48 0.48-0.70 2.12-2.24 30%-45% 40%-50% 15%-25% 

late D2o 3.18-3.24 0.34-0.76 2.30-2.35 25%-35% 50%-60% 10%-20% 

CMD121A 

D1o 3.38-3.49 0.76-0.84 1.85-2.05 30%-40% 60%-65% 0%-10% 

D2o 3.40-3.53 0.74-0.82 1.80-1.94 45%-55% 50%-55% 10%-20% 

late D2o 3.23-3.28 0.75-0.78 2.01-2.14 30%-45% 50%-60% 10%-25% 

CMD121B 

D1o 3.20-3.38 0.71-0.84 1.97-2.03 35%-40% 45%-60% 5%-10% 

D2o 3.29-3.49 0.73-0.86 1.95-1.99 40%-60% 35%-45% 10%-20% 

late D2o 3.22-3.36 0.62-0.89 2.10-2.16 35%-55% 35%-50% 10%-20% 
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Tab.2  Representative electron microprobe analysis of the Chl-Ph pairs selected in the samples of 

metapelites. 
Sample  Schistes Lustrés Complex - Botro (CMD118) Schistes Lustrés Complex - Buttinacce (CMD121B) 

Domain S1o  S2o Late S2o S1o  S2o Late S2o 

Analyse 
Chl27 Ph20 Chl65 Ph10 Chl64 Ph23 Chl38 Ph2 Chl8 Ph6 Chl12 Ph1 

Wt% 

SiO2 27.95 50.07 28.05 44.02 28.65 46.87 25.91 48.29 26.20 48.08 26.41 48.09 

TiO2 0.02 0.09 0.02 0.08 0.02 0.09 0.02 0.14 0.01 0.14 0.02 0.16 

Al2O3 18.80 29.92 23.95 26.70 22.87 27.75 19.57 31.32 19.38 28.65 19.45 29.89 

FeO 
25.99 2.10 25.91 6.64 25.22 5.60 25.28 2.40 25.71 2.96 25.64 2.95 

MnO 0.15 0.02 0.09 0.02 0.09 0.01 0.70 0.04 0.72 0.06 0.70 0.04 

MgO 16.13 2.91 11.11 4.43 11.49 4.00 15.05 2.71 13.71 2.97 13.83 2.92 

CaO 0.03 0.02 0.03 0.02 0.03 0.02 0.07 0.05 0.09 0.05 0.09 0.07 

Na2O 0.03 0.09 0.03 0.09 0.04 0.11 0.04 0.13 0.08 0.12 0.07 0.14 

K2O 0.06 10.31 0.22 7.90 0.21 8.24 0.33 9.66 0.27 9.73 0.27 9.59 

tot. 
89.16 95.54 89.41 89.34 88.62 92.69 86.99 94.74 86.17 92.76 86.48 93.85 

Cations 

Si 2.90 3.32 2.87 3.18 2.94 3.24 2.77 3.23 2.83 3.30 2.84 3.27 

Ti - - - - - 0.01 - 0.01 - 0.01 - 0.01 

Al 2.30 2.34 2.89 2.27 2.77 2.26 2.47 2.47 2.47 2.32 2.46 2.39 

Fe2+ 
2.25 0.12 2.22 0.40 2.17 0.32 2.26 0.13 2.32 0.17 2.31 0.17 

Mn 0.01 - 0.01 - 0.01 - 0.06 - 0.07 - 0.06 - 

Mg 2.49 0.29 1.69 0.48 1.76 0.41 2.40 0.27 2.21 0.30 2.22 0.30 

Ca - - - - - - 0.01 - 0.01 - 0.01 0,01 

Na 0.01 0.01 0.01 0.01 0,01 0.02 0,01 0.02 0.02 0.02 0.02 0.02 

K 0.01 0.87 0.03 0.67 0.03 0.73 0.05 0.82 0.04 0.85 0.04 0.83 

sum ox 14 11 14 11 14 11 14 11 14 11 14 11 

 

Sample Lower Units - CPU (CM22B) Lower Units - PPU (CM21) 

Domain S1c (P-peak) S1c (T-peak) S2c S1c (P-peak) S1c (T-peak) S2c 

Analyse Chl 757 Ph 269 Chl 856 Ph 55 Chl 26 Ph 136 Chl 31 Ph 18 Chl 18 Ph 13 Chl 12 Ph 5 

Wt% 

SiO2 25.77 50.81 27.22 52.92 28.14 45.36 28.27 48.40 25.58 50.22 30.67 55.27 

TiO2 0.03 0,27 0.03 0.18 0.03 0.23 0.02 0.11 0.03 0.12 0.03 0.21 

Al2O3 19.68 20.86 22.35 28.77 19.51 22.06 22.61 30.56 20.98 29.77 23.67 28.36 

FeO 
24.47 4.30 23.58 3.48 24.85 4.19 22.54 3.31 26.91 3.06 19.87 3.48 

MnO 0.42 0.02 0.36 0.03 0.36 0.04 0.04 2.29 0.03 2.27 0.03 0.03 

MgO 
14.94 3.17 13.21 3.65 15.15 2.69 13.99 0.03 13.36 0.03 13.19 3.62 

CaO 0.01 0.04 0.01 0.01 0.01 0.03 0.04 0.01 0.04 0.01 0.03 0.02 

Na2O 0.02 0.17 0.02 0.03 0.02 0.07 0.05 0.14 0.05 0.15 0.05 0.04 

K2O 0.05 7.13 0.02 8.21 0.02 7.90 0.68 8.98 0.06 9.01 1.12 8.29 

tot. 
85.39 86.77 86.8 97.28 88.09 82.57 88.24 93.83 87.04 94.64 88.66 99.32 

Cations 

Si 2.79 3.68 2.85 3.41 2.93 3.50 2.89 3.29 2.73 3.38 3.06 3.48 

Ti - 0.02 - 0,01 - 0.01 - - - 0.01 - 0.01 

Al 2.51 1,78 2.76 2.19 2.39 2.00 2.73 2.45 2.65 2.36 2.78 2.11 

Fe2+ 
2.21 0.26 2.06 0.19 2.16 0.27 1.93 0.19 2.41 0.17 1.66 0.18 

Mn 0.04 - 0.03 - 0.03 - - 0.13 - 0.13 - - 

Mg 2.41 0.34 2.06 0.35 2.35 0.31 2.13 - 2.13 - 1.96 0,34 

Ca - - - - - - - 0.01 0.01 - - - 

Na - 0,02 - - - - 0.01 0.02 0.01 0.02 0.01 0.01 

K 0.01 0.66 - 0,68 - 0.77 0.09 0.78 0.01 0.77 0.14 0,66 

sum ox 14 11 14 11 14 11 14 11 14 11 14 11 

- : below deection limit 



Tab. 3 P-T estimates for the three generations of Chl-Ph pairs in the 5 studied units. P-T 
estimates of CPU and PPU are after Di Rosa et al. (2019b). The results (Chl-Ph 1

st
, 2

nd
 and 3

rd
 

generation) obtained with the Chl-Ph-Qz-wt method (Vidal and Parra, 2000) are compared with 

those calculated with the Chl-Qz-wt (Vidal et al., 2006) and Ph-Qz-wt (Dubacq et al., 2010) 

methods (T and P range, respectively) and with classical geothermometers and geobarometers (T 

max and Lowest P conditions related to the P-peak).   

 

 
  P-T estimates (Vidal and Parra, 2000) T range (Vidal et 

al., 2006) 

P range 
(Dubacq et al., 2010) 

T max  Lowest P 
condition
s related 
to the P-
peak 
(Massonn
e and 
Schreyer, 
1987) 

D1c PHASE D2c PHASE 
  Early D1c 

Chl-Ph  
Late D1c 
Chl-Ph  

D2c Chl-Ph  Earl
y 
D1c 
Chl  

Late 
D1c 
Chl  

D2c 
Chl  

Earl
y 
D1c 
Ph  

Late 
D1c 
Ph  

D2c 
Ph  

  
T 
(°C) 

P 
(GPa
) 

T 
(°C) 

P 
(GPa
) 

T 
(°C) 

P 
(GPa
) 

T 
(°C) 

T 
(°C) 

T 
(°C) 

P 
(GPa
) 

P 
(GPa
) 

P 
(GPa
) 

T (°C) P (GPa) 

L
o

w
e

r 
U

n
it

s 

CM22B 
(CPU) 

250
-
330 

1.20
-
1.10 

320
-
350 

0.80
-
0.55 

230
-
310 

0.35
-
0.25 

250-
310 

320
-
350 

230
-
310 

1.20
-
1.05 

0.85
-
0.50 

0.35
-
0.25 

350  
(Lanari et 
al., 2014a) 

1.25 

CM29A 
(CPU) 

250
-
330 

1.10
-
0.75 

320
-
345 

0.65
-
0.50 

250
-
310 

0.45
-
0.25 

250-
300 

315
-
340 

260
-
320 

1.10
-
0.80 

0.5-
0.65 

0.30
-
0.50 

320 
(Cathelinea
u and Nieva, 
1985) 

1.30 

CM21 
(PPU) 

200
-
240 

1.05
-
0.75 

340
-
400 

0.80
-
0.50 

240
-
300 

0.40
-
0.25 

200-
235 

350
-
385 

195
-
230 

1.00
-
0.80 

0.55
-
0.80 

0.35
-
0.40 

345  
(Lanari et 
al., 2014a) 

1.20 

CM32 
(PPU) 

250
-
270 

1.10
-
1.00 

280
-
390 

0.80
-
0.65 

230
-
270 

0.45
-
0.25 

250-
300 

300
-
370 

225
-
270 

1.10
-
1.00 

0.70
-
0.85 

0.30
-
0.45 

320 
(Cathelinea
u, 1988) 

1.26 

  
D1o PHASE D2o PHASE 

T range (Vidal et 
al., 2006) 

P range 
(Dubacq et al., 2010) 

T max  Lowest P 
condition
s related 
to the P-
peak 
(Massonn
e and 
Schreyer, 
1987) 

  D1o Chl-Ph  D2o Chl-Ph  Late D2o 
Chl-Ph  
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Chl-  
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Chl-  

Late 
D2o 
Chl  

D1o 
Ph  

D2o 
Ph  

Late 
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Ph  

  T 
(°C) 

P 
(GPa
) 

T 
(°C) 

P 
(GPa
) 

T 
(°C) 

P 
(GPa
) 

T 
(°C) 
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 CMD118 
(IZU-
Botro) 

220
-
245
- 

0.65
-
0.75 

200
-
250 

1.00
-
0.85 

150
-
190 

0.60
-
0.50 

220-
240 

205
-
240 

150
-
175 

0.60
-
0.75 

1.00
-
0.90 

0.50
-
0.60 

340 
(Cathelinea
u and Nieva, 
1985) 

1.10 

CMD121A 
(IZU-
Buttinacce
) 

270
-
290 

0.50
-
0.70 

245
-
300 

0.90
-
0.75 

140
-
215 

0.50
-
0.45 

275-
305 

250
-
310 

160
-
200 

0.55
-
0.70 

0.75
-
0.90 

0.45
-
0.65 

335 (Lanari 
et al., 
2014a) 

1.15 

CMD121B 
(IZU-
Buttinacce
) 

265
-
310 

0.55
-
0.65 

240
-
275 

0.85
-
0.70 

200
-
275 

0.60
-
0.40 

265-
320 

220
-
280 

200
-
270 

0.45
-
0.60 

0.85
-
0.65 

0.60
-
0.40 

325 (Lanari 
et al, 
2014a) 

1.00 

 

 




