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In the Schistes Lustrés of Alpine Corsica (France) serpentinized mantle rocks are associated with continental 
basement and meta volcanic/ sedimentary cover rocks. The relationships among these different lithologies 
are especially well exposed in the Monte San Petrone unit, where Alpine metamorphism reached lawsonite 
eclogite conditions. The contact between serpentinites and slivers of continental basement, relatively flat 
lying over several kilometers, is characterized by evidence of cataclastic deformation pre dating Alpine High 
Pressure ductile fabrics. The serpentinite/continental basement pair is stratigraphically overlain by 
metasediments with a typical Jurassic Cretaceous supra ophiolitic lithostratigraphy, with metaradiolarites 
passing upward to marbles and calcschists. Noticeably, no evidence of cataclastic deformation is found in 
metasediments. These observations indicate that the lithostratigraphy of the Monte San Petrone unit was 
established during a pre Alpine polyphase evolution, which culminated in extensive brittle deformation along 
a flat lying detachment fault prior to the deposition of Jurassic sediments. We suggest that the inferred 
Mesozoic extensional tectonics were related to the opening of the Western Tethys. The Mesozoic architecture 
of the Monte San Petrone area, which is typical of an Ocean Continent Transition (OCT) zone, was preserved 
despite Alpine deformation and metamorphism, when the different lithologies (i.e. meta ophiolites, 
continent derived rocks and metasediments) underwent a common metamorphic evolution, culminating at 
T=490 550 °C and P=2.2 2.6 GPa. Similar tectono stratigraphic associations are observed in other high 
pressure terranes of Alpine Corsica, suggesting that inherited OCT type domains may be common in Alpine
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1. Introduction

Within the Corsican Sardinian block, which consists of a
Hercynian/Variscan basement intruded by large bodies of Permo
Carboniferous granitoids, the northeastern part of Corsica, the so
called Alpine Corsica (Fig. 1), consists largely of ocean derived 
sequences emplaced during the Alpine orogeny. In this portion of 
the Alpine belt and in other subduction related orogens, such as 
the Western Alps (e.g. Beltrando et al., 2010; Dal Piaz, 1999; 
Hermann, 1937) and the Apennines (Marroni et al., 1998, 2002), 
continental basement slivers and meta ophiolites, especially 
serpentinites, are common. In Alpine Corsica, where the origin of 
due to the extent of Alpine deformation, three main interpretations 
have been proposed to account for such juxtaposition:

i) the continent derived slivers within ophiolites correspond to 
olistoliths embedded in sedimentary sequences (“sedimentary 
mélange”, e.g. Lahondère, 1996);

ii) the juxtaposition of continent derived rocks and ophiolites
results from Alpine compression (“Alpine tectonic mélange”:
e.g., Durand Delga, 1978, 1984; Faure and Malavieille, 1981; 
Malavieille, 1983; Mattauer et al., 1981; Péquignot and
Potdevin, 1984; Sauvage Rosemberg, 1977);

iii) continental basement slivers and related sedimentary cover 
represent relics of continental crust thinned during rifting 
(“continental extensional allochthons”; Lahondère, 1996; 
Lahondère and Guerrot, 1997).

In the Western Alps, the origin of such lithological associations 
has also been alternatively ascribed either to Alpine tectonics 
(Ballèvre and Merle, 1993; Bousquet, 2008; Forster et al., 2004; 
Gerya et al., 2002; Reddy et al., 2003) or to Mesozoic extensional 
 to



Fig. 1. Simplified map of northern Corsica. The box indicates the Monte San Petrone 
area. Minor continental slivers are reported in Fig. 13. From Lahondère (1996) and 
Molli (2008), modified. Ce: Centuri; Fa: Farinole; Ne: Nebbio; Pi: Pigno; S.Fl.: Saint 
Florent; Ba: Balagne; Po: Popolasca; Fr: Francardo; Ca: Caporalino; SL: Santa Lucia; Ve: 
Vecchio; Li: Linguizetta; Te: Tenda massif; In: Inzecca region; RM: Rio Magno; Pi: 
Pineto; Ma: Macinaggio; and Zu: Cima Zuccarello.
opening of the Western Tethys (e.g. Beltrando et al., 2010; Dal Piaz, 
1999). The second interpretation is based on a significant number of 
studies on present day (e.g., Boillot et al., 1980, 1987; Péron Pinvidic 
and Manatschal, 2009) and fossil Ocean Continent Transition (OCT) 
zones (e.g., Florineth and Froitzheim, 1994; Froitzheim and 
Manatschal, 1996; Hermann and Müntener, 1996; Manatschal et al., 
2006). The term “OCT” refers to portions of rifted margins where 
“typical” continental and oceanic lithospheres are separated by 
extensive regions of exhumed mantle rocks locally overlain by slivers 
of continental basement, and are known as ‘continental extensional 
allochthons’ (e.g., Manatschal, 2004). Drilling along the Iberia/
Newfoundland margins, and reflection and refraction seismic studies 
suggest that these domains may extend over N50% of the present day 
rifted margins (Péron Pinvidic and Manatschal, 2009).

In these settings, slivers of continental rocks are locally juxtaposed 
to exhumed mantle rocks as a result of rift related lithospheric 
thinning (e.g. Florineth and Froitzheim, 1994; Froitzheim and 
Manatschal, 1996; Hermann and Müntener, 1996; Manatschal et al., 
2006; Péron Pinvidic and Manatschal, 2009).

This paper focuses on the High Pressure Low Temperature (HP
LT) lawsonite eclogite units of Monte San Petrone in Alpine Corsica, 
where this particular tectono stratigraphic association is well 
exposed. The study area will then be compared with similar 
tectonostratigraphic units found throughout Alpine Corsica, including 
the blueschist facies Zuccarello unit, and the implications of these 
findings for the pre Alpine paleogeography will be discussed.
domains: (1) the Hercynian (or Variscan) Corsica, which originally 
belonged to the European margin and largely escaped the Alpine 
orogeny. This domain consists of basement rocks intruded by 
granitoids, overlain by a sedimentary cover up to the Eocene; and 
(2) the Alpine Corsica, consisting largely of ophiolitic rocks with their 
sedimentary cover sequences and subordinate slivers of continental 
basement that underwent HP/LT metamorphism during the Alpine 
orogeny. Alpine Corsica can be subdivided into three major sub
domains (Fig. 1):

1) the External Continental units to the west, which comprise variably
deformed crystalline rock units locally preserving evidence of 
Variscan deformation and Carboniferous to Permian intrusive 
rocks. In these units (Tenda, Vecchio, Popolasca/Corte/Razzo 
Bianco/Santa Lucia/Caporalino slices) continental basement rocks 
are variably overlain by Permian to Eocene sediments that 
underwent Alpine metamorphism ranging from low temperature 
greenschist  to blueschist facies conditions (Molli et al., 2006; 
Tribuzio and Giacomini, 2002).

2) The Schistes Lustrés complex, comprising several tectonometa
morphic units that mostly consists of meta ophiolites and their 
metasedimentary cover rocks, which were derived from the 
Ligurian portion of the Jurassic Western Tethys. Continental 
basement slivers of variable size, which are known as Internal 
Continental Units (e.g. the Farinole, Centuri, and Pigno slices), are 
commonly found within the Schistes Lustrés units (e.g., Caron and 
Delcey, 1979; Faure and Malavieille, 1981; Fournier et al., 1991; 
Jolivet et al., 1990; Lahondère, 1996; Malavieille, 1983; Mattauer 
et al., 1981: cf. Section 2.1). Metamorphic grade in the Schistes 
Lustrés increases eastward and ranges from subgreenschist to 
lawsonite eclogite facies (e.g. Caron and Péquignot, 1986;
Péquignot and Potdevin, 1984).
In the less metamorphosed Inzecca region of the Schistes Lustrés 
(Fig. 1), geochemical work on metabasalts indicate a N MORB 
affinity (Beccaluva et al., 1977; Venturelli et al., 1981), which is 
considered as a characteristic signature of normal mid ocean 
basaltic effusions (Desmurs et al., 2002). Otherwise, the 
paleogeographic provenience of highly deformed terranes of the 
Schistes Lustrés complex is still under debate. In particular, the 
origin of the high pressure domain, which consists of meta
ophiolites associated with continental basement rocks (cf. Section 
1), and of the Castagniccia region (Caron and Delcey, 1979; 
Lahondère, 1996), mostly consist ing of monotonous 
metasedimentary sequences, are still under debate.

3) The upper Balagne, Nebbio, Rio Magno, Pineto and Macinaggio 
units, which alternatively consist of ophiolitic rocks, continental 
basement rocks or Cretaceous metasediments, are characterized 
by prehnite pumpellyite bearing assemblages in mafic rocks 
(Bezert and Caby, 1988; Caron, 1994; Dal Piaz and Zirpoli, 1979; 
Fournier et al., 1991; Malasoma et al., 2006; Péquignot and 
Potdevin, 1984). Similarly to the Inzecca region of the Schistes
Lustrés, metabasalts from the ophiolitic Pineto and Rio Magno 
units have N MORB geochemical signatures characteristic of 
internal paleo domains (Padoa et al., 2001; Saccani et al., 2000). In 
contrast, the Nebbio nappe basalts show enriched E MORB affinity 
referred to transitional areas (Saccani et al., 2000). 

2.1. Distribution of ophiolites and continent derived rocks

As mentioned above, most of the tectono metamorphic units of 
the Schistes Lustrés are characterized by the association of 
ophiolites and scattered continental slivers (i.e. “Internal Continental 
Units” of Fig. 1). These continental slivers are found all over the 

2. Geological setting

The island of Corsica is subdivided in two different geological
Schistes Lustrés domain,
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with the exception of the metasedimentary Castagniccia unit, and show
different tectono metamorphic evolutions with metamorphic peak
locally reaching lawsonite eclogite facies conditions. In the eclogiti
Morteda Farinole unit (Lahondère, 1996), continental basement rock
occur between serpentinites and metasediments. Similarly, in th
blueschist Campitello unit (Lahondère, 1996) slices of continenta
basement rocks are found between serpentinites and metasediments. I
this case, the continental sliver is alternatively overlain by Triassi
dolomite, in the Campitello area, and metaconglomerates, in th
Battagliole area (Lahondère, 1996; Rossi et al., 2003). Other slices o
continental basement rocks associated with meta ophiolites an
metasediments occur in the blueschist Zuccarello and Serra di Pign
areas (Fournier et al., 1991; Lahondère, 1996; Meresse, 2006), and in th
Ersa Centuri Unit associated with the Monte Maggiore metaperidotit
(Jackson and Ohnenstetter, 1981; Malavieille, 1983; Piccardo an
Guarnieri, 2010; Rampone et al., 2009). Slices of continental basemen
rocks are also found in the Inzecca region, close to the contact with th
Hercynian Corsica basement (Sampolo slices: Garfagnoli et al., 2009) o
to the east, in the Aleria plain (Linguizzetta slice: Caron et al., 1990).

Within the Schistes Lustrés nappe, continent derived rocks occu
also as variably metamorphosed silicoclastic sediments. In the Balagn
nappe continent derived debris is found in several horizons in th
sequence, from the Jurassic basalts (Durand Delga et al., 1997) up t
the upper Cretaceous sequences (Marroni and Pandolfi, 2003; Sagri e
al., 1982). A representative example is found in the Barremian/Aptia
Alturaja formation (Marroni et al., 2004). Similar continent derive
debris found throughout the high pressure units of Alpine Corsica i
known as the Santo Pietro di Tenda metasedimentary formation (e.g
Caron and Delcey, 1979). These rocks are observed both associated wit
the Tenda Unit and within the Schistes Lustrés nappe. The most notabl
occurrences of these metasediments within the Schistes Lustrés napp
include the blueschist and eclogite facies metaconglomerates of th
Golo valley (Lahondère, 1996), the eclogite facies meta arkose of th
Monte San Petrone and Sant'Andrea di Cotone areas (Caron et al., 1981
Péquignot and Potdevin, 1984).
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2.2. Available metamorphic data of the Monte San Petrone unit

The Monte San Petrone unit, which is the main subject of this study
belongs to the Schistes Lustrés nappe and represents the souther
extension of the eclogite facies Morteda Farinole units of Lahondèr
(1996). It is separated from the underlying Castagniccia unit by 
blueschist  to greenschist facies shear zone characterized by a thic
sliver of metabasalts running north south throughout the Schiste
Lustrés complex. This shear zone corresponds to the Mandriale unit
defined to the north by Lahondère (1996). Previous studies on th
Monte San Petrone unit suggested that eclogites formed at 1.0 1.4 GP
and 420 °C (Caron and Péquignot, 1986), but this estimate has bee
recently revised to 520±20 °C and 2.3 ± 0.1 GPa (Vitale Brovarone e
al., 2011). No geochronological data are available from the Monte Sa
Petrone area, but similar lawsonite eclogites (1.5 GPa/500±50 °C
Lahondère, 1996) from the Farinole unit yielded contrasting ages o
83.8 ± 4.9 Ma (Sm Nd: Lahondère and Guerrot, 1997) and a phengit
40Ar 39Ar age of about 34 Ma (Brunet et al., 2000).
3. Tectono-stratigraphy of the Monte San Petrone unit

The MSP unit is characterized by a basal body of
serpentinized basement overlain by a laterally variable 
lithostratigraphy, which comprises: i) a sliver of continental 
basement, extending for several kilometers in the NS direction, 
ii) ophiolite type rocks, and iii) a metasedimentary cover (Figs. 2 
and 3). The contacts between the basal serpentinite and the 
overlying lithologies are described in detail in the following sections.
3.1. Serpentinized basement

Mantle derived rocks crop out in the eastern part of the MSP unit 
as a N S elongated body that represents the lowermost structural 
member of the tectono stratigraphic sequence (Figs. 2 and 3). This 
composite basement mainly consists of massive or foliated 
serpentinites, serpenti nized peridotites and small bodies of 
metagabbros. The top of the serpentinized basement is defined by a 
tectonic contact, which will be referred to as Basal Tectonic Contact 
(BTC in Fig. 2 and following). This contact has been interpreted by 
Péquignot and Potdevin (1984) as an Alpine tectonic contact. In the 
following sections, ample evidence for its pre Alpine origin will be 
discussed.

Serpentinites range from highly strained mylonites to rather 
undeformed ultramafic rocks where the original peridotitic fabrics 
have been statically serpentinized. Ultramafic mylonites, 
characterized by a marked mineral stretching lineation defined by 
relict chromite, are locally found along the contact with the overlying 
continental rocks (Figs. 4e, f and 5a, b).

Metagabbros crop out mainly to the north, outside the study area, 
where they overlie the serpentinized basement, below the Basal 
Tectonic Contact. In the study area metagabbros are otherwise found 
as small bodies embedded in serpentinite. The outer portion of these 
bodies is locally characterized by a rodingitic rim, a typical feature of 
ophiolites. Such rims are generally due to metasomatic processes 
occurring during seafloor serpentinization (e.g. Coleman, 1977). This 
feature suggests that the association of metagabbros and serpentinites 
is primary. The presence of Cr rich omphacite (smaragdite; Péquignot 
and Potdevin, 1984) in metagabbros suggests that both metagabbros 
and the host serpentinite underwent eclogite facies metamorphism.

Serpentinite breccia crops out as lenticular bodies at the top of the 
serpentinized basement. It is clast supported with local evidence of 
jigsaw clasts of serpentinite, indicating in situ cataclastic flow (Figs. 
4a, e, and 5c).

3.2. Continental basement

A sliver of continental basement, ranging in thickness from less 
than 2 m to ~20 m, rests directly upon the serpentinized ultramafic 
basement (Figs. 3 and 4e). Its lower contact coincides with the Basal 
Tectonic Contact (Figs. 2 and 3), while its upper boundary, whose 
characteristics will be discussed below, is referred to as the Upper 
Allochthon Surface (UAS in Fig. 2 and following). Péquignot and 
Potdevin (1984) interpreted these rocks as meta arkoses of the 
“Santo Pietro di Tenda” sequence (sensu Caron and Delcey, 1979), 
whose type locality is on the eastern side of the Tenda massif. These 
rocks are considered to be Mesozoic sediments derived from the 
erosion of a continental margin (e.g. Caron and Delcey, 1979; 
Lahondère, 1996). However, our new field observations reveal that 
these gneissic rocks are derived from a composite basement crosscut 
by leucocratic dykes, suggesting that these rocks are a coherent slice 
of continental crust (Fig. 5d g).

A lithological layering parallel to the Basal Tectonic Contact is 
observed, with the lower part of the sliver consisting of polycyclic 
basement with Permian granulite facies garnet bearing micaschists 
and meta mafic rocks (Martin et al., under review). The garnet
bearing micaschists (Fig. 5d, e and f), characterized by relics of 
centimeter sized pre Alpine HT garnet porphyroclasts (high Mg Fe 
content, Martin et al., under review) are especially common in the 
Monte Calleruccio area. In this area, the Alpine paragenesis, consisting 
of garnet + lawsonite+ phengite+ chlorite + pumpellyite+ quartz, 
is well developed in the highly strained “Monte Calleruccio 
mylonite” (cf. Section 4; Fig. 5e). Alpine garnets occur as small crystals 
or overgrowths on the relict pre Alpine garnets. The two garnets can 
be distinguished on the basis of their chemistry, the Alpine garnet 
being characterized by a Ca rich composition (cf. Section 5.1 for more 

details). Meta mafic rocks usually preserve the original 
microstructure



Fig. 2. View of the northern part of the Monte San Petrone (MSP) unit (a), and line drawing (b) showing the MSP architecture. (c) Stratigraphic section of the MSP and simplified 
column (on the right). (d) Simplified geological map of the internal part of the MSP unit. In (c): a: serpentinite breccia; b: polycyclic basement; c: pre-Alpine cataclasite; d: meta-
pillow breccia; and e: marble layers.
of the pre Alpine amphibolite, where the original plagioclase and 
amphibole have been statically replaced by Alpine lawsonite and 
glaucophane aggregates, respectively.

The most common rocks in the continental sliver are 
metagranitoids and orthogneisses, whose protoliths range in 
composition from granite to granodiorite. The gneisses, which are 
exposed in the upper part of the continental sliver, usually show an 
augen structure with porphyroclasts of relict igneous K feldspar 
wrapped around by the Alpine foliation mainly consisting of white 

mica and quartz. Metamorphosed dykes,

Fig. 3. N–S interpretative cross section (b) and stratigraphic columns (a) showing the latera
crosses the main MSP summits reported in Fig. 2d. In Fig. 3b, light blue indicates the undiff
originally ranging in composition from aplites to leucocratic 
granitoids, are widespread. Primary intrusive contacts between 
granitoids and the host rocks of the polycyclic basement are locally 
observed in spite of Alpine transposition (Fig. 5g). In metagranitoids, 
Alpine HP LT assemblages, mainly represented by Na clinopyroxene, 
Na amphibole, phengite and lawsonite, are locally well preserved. 
Alpine garnet is found only occasionally. In the orthogneisses the 
relics of pre Alpine minerals are mainly igneous K feldspar and 
allanite.
l variability of the MSP tectono-stratigraphy (vertical scale = 2X). The geologic section 
erentiated metasedimentary cover.



Fig. 4. Stratigraphic and tectonic contacts of the MSP unit. (a and b) Overturned primary stratigraphic contact between the top of the serpentinized basement, characterized by pre-
Alpine serpentinite breccias, and metaradiolarite. Note that the Basal Tectonic Contact (BTC) and the basal unconformity surface (BUS) here coincide. (Geographic coordinates: 32 T 
526974E 4692467 N). (c and d) Primary stratigraphic contact between the top of the allochthonous continental basement (UAS) and the early post-rift cover (BUS). Note the thin 
veneer of metaradiolarite (3–5 cm) overlying the “reworked granitoid”, which suggests a paleo-high morphology (32T 527069E 4691843N). (e and f) BTC separating serpentinized 
peridotites and a continental basement sliver. The locations of these outcrops are reported in Fig. 3b (32T 527124E 4691700N).
Several somewhat unusual rock types are associated with the 
continental basement:

(1) A characteristic lithology, consisting of polymineralic clasts 
comparable to the rocks found in the rest of the continental 
basement sliver, is locally observed along the lower and upper 
boundaries of the slice. The best outcrop is located in the area 
between Bocca di Calleruccio and Bocca di Querciole, where 
they are found both in outcrop and as loose blocks. They consist 
of several centimeter wide clasts of continental rocks stretched 
and wrapped around by the Alpine foliation, which is defined 
by phengite+ blue amphibole ±lawsonite + quartz. Angular 
clasts can still be observed in the less deformed domains (Fig. 
5h), indicating that these rocks may be derived from an original 
cataclasite that was formed within the continental sliver prior 
to the HP Alpine metamorphism and deformation.

(2) A Ca rich metasomatic rim, mainly consisting of lawsonite, 
is discontinuously found along the lower margin of the 
continental sliver, which coincides with the Basal Tectonic 
Contact, just at the contact with the underlying serpentinites.

(3) A thin layer of a highly foliated phengite rich rock, ranging in 
thickness from a few tens of centimeters to a few meters, is 
locally observed along the Upper Allochthon Surface, overlying 
the metagranitoids (Fig. 5i). Its contact with the orthogneisses 
can be either sharp, such as to the east of Punta Ventosa (Fig. 4c) 
or transitional, such as at Bocca al Prato.

3.3. “Ophiolite type” rocks

This group of rocks consists mainly of: i) meta ultramafic debris, 
including mostly “detrital ophicalcites” (“OC2 type” of Tricart and 
Lemoine, 1989), and ii) metabasaltic rocks, such as pillow basalts and 
pillow breccias, lying above the Basal Tectonic Contact as defined in 
the previous sections.
“OC2 type meta ophicalcites” are particularly abundant in the 
northern part of the Monte San Petrone, where they crop out in two 
main localities (Figs. 2 and 3). They consist of a monogenic 
metaconglomerate (Fig. 6a and b) with an extremely variable clast/
matrix ratio. Serpentinite clasts are mostly rounded and vary in size 
from a few millimeters to several meters (Fig. 6a and b). The matrix 
consists of carbonates, diopside, green amphibole, chlorite, and rare 
green uvarovitic garnets grown around detrital Cr spinels. In some 
localities (e.g. Punta Favalta), reddish clasts of hematite rich fibrous 
carbonates, which are often observed in OC2 type ophicalcites, are 
also found (e.g. Framura breccia, Folk and McBride, 1976. Fig. 6c).

Metabasaltic rocks are also found in the same structural position 
as the continental basement, where the latter wedges out both to the 
north (Monte San Petrone) and to the south (Punta Caldane; Figs. 2 
and 3). They consist both of pillowed and massive lavas and basaltic 
breccias (Fig. 6d and e). Both types of metabasalts are common in the 
northern and southern part Monte San Petrone unit, where they form a 
body with a maximum thickness of about 200 m (Figs. 2 and 3). 
Relics of pillows and igneous structures, such as varioles and 
plagioclase phenocrysts are locally preserved. Such relict domains, 
ranging in size from a few millimeters to tens of meters, are 
statically overgrown by Alpine HP LT minerals (Fig. 6f and g) and are 
wrapped around by the Alpine foliation. Eclogitic assemblages are 
often well preserved in meta basalts, and consist of omphacite
+lawsonite +garnet+phengite+ titanite or glaucophane
+actinolite + lawsonite +garnet +phengite + titanite (for details, 
see Vitale Brovarone et al., 2011). Retrogression is generally static and 
more pervasive in the pillow breccias than in the more 
competent pillowed basalts.

3.4. Metasedimentary cover

A wide range of metasediments is found in the Monte San Petrone 
Unit. As will be shown below, these metasediments stratigraphically 

overlie the serpentinized basement, the continental basement and the



Fig. 5. Serpentinized ultramafic basement and continental basement rocks. (a) Primary undeformed coarse-grained peridotitic structure cross cut by a dike (32T 526402E 4692286N).
(b) Mylonitic fabric (white lines) intersecting inherited mantle fabrics (dashed lines) in serpentinite (32T 527489E 4689770N). (c) Pre-Alpine serpentinite breccia wrapped around 
by the Alpine foliation (white lines) (32T 526974E 4692467N). (d) Leucocratic dike intruding the polycyclic basement, which consists of garnet-bearing micaschist (32T 527179E 
4691636N). (e and f) Polycyclic garnet-bearing micaschist near Monte Calleruccio. Note the preserved garnet porphyroclasts (f) and the high strain Monte Calleruccio mylonite (e) 
(32T 527435E 4689635N). (g) Metagranite intruded by a leucocratic dike (32T 527146E 4691659N). (h) Relics of pre-Alpine cataclasite wrapped around by the Alpine high-pressure 
foliation. Note the granitic angular clasts (32T 527699E 4688822N). (i) Top of the allochthonous continental basement east of Punta Ventosa: note the primary contact between a 
more competent metagranitoid and the weaker “reworked granitoid”, which is interpreted as the result of seafloor alteration consequent to the exhumation of the allochthonous 
continental sliver (32T 527069E 4691843N).
“ophiolite type” rocks. The lower boundary of the metasedimentary 
cover, which coincides with both the Basal Tectonic Contact (Fig. 4a) 
or the Upper Allochthon Surface (Fig. 4c) depending on the absence/
presence of continental basement, respectively, is known as the Basal 
Unconformity Surface (BUS in Fig. 2 and following).

The cover sediments, which display a marked lateral 
heterogeneity (Fig. 3), have been subdivided into two main groups, 
depending on the inferred time of deposition (see below): i) early 
post rift metasediments, consisting of metaradiolarites and marbles; 
ii) post rift metasediments, which consist of calcschists sensu lato and 
metaconglomerates of both continental and ophiolitic origin 
(“Morosaglia metaconglomerates”; Sedan, 1983). The two groups 
are separated by a transitional contact characterized by 
interlayering of both types of lithologies (i.e. marbles and calcschists) 
for a minimum thickness of several tens of centimeters. No strain 
gradient is observed across this contact. This contact is hereafter 
called the Post Rift Lower Boundary (PRLB in Fig. 2 and 
following), referring to the beginning of the homogeneous post
rift cover deposition.

3.4.1. Early post rift cover
The early post rift cover mainly consists of a nearly continuous 

layer of metaradiolarites and marbles, which covers the basement 

and the meta volcanics. Its thickness varies from several meters 
(e.g. to the
south east of Punta Ventosa and to the east of Aja Rossa, Punta 
Caldane) to a few tens of centimeters (east of Punta Ventosa) (Figs. 3 
and 4c).

Metaradiolarites may overlie the different terms of the lithostrati
graphy, i.e. serpentinites, serpentinite breccias, ophicalcites, metabasalts 
and the continental sliver (Fig. 3). The thickest metaradiolarites are 
systematically found in the vicinity of metabasaltic bodies (see below). 
The occurrences of metaradiolarites over the different lithologies are best 
observed: i) to the east of Monte Calleruccio, where amphibole poor 
whitish metaradiolarites rest on top of meta basalts; ii) in the Bocca al 
Prato flat, where dark, blue amphibole  and tourmaline rich metaradio
larites overlie metagranitoids and the polycyclic basement; and iii) to the 
east of Punta Favalta, where they overlie both serpentinitic metabreccias 
and ophicalcites. When in contact with the serpentinitic metabreccia 
(Fig. 4a), they are locally characterized by a Ca rich metasomatic rim 
ranging in thickness from a few dm to a few meters. This metasomatic 
rock, which mainly consists of lawsonite and Na rich pyroxene, is 
identical to the one found at the bottom of the continental sliver (see 
Section 3.2). The Alpine fabrics of this rock are cross cut by late 
pumpellyite veins (Fig. 6h). When in contact with the ophicalcites, 
metaradiolarites are macroscopically bluish in color because of the 
presence of blue amphibole, and contain small pinkish garnets; iv) at 
Punta Caldane, where they variably overlie the allochthonous basement, 

serpentinites and metabasalts.



 
 
 
 
 
 
 
 
 
l 
 

Fig. 6. Ophiolite-type and metasedimentary rocks. (a and b) Conglomeratic meta-ophicalcite. Note the clast variability (a) and the local preservation of depositional/sedimentary 
layering (b) (32T 527487E 4692044N). (c) Uvarovite-bearing meta-ophicalcite. Note the dark clast of carbonate rich in small inclusions of hematite (32T 526343E 4692272N). 
(d–g) Eclogitic metabasalts. Primary magmatic and sedimentary structures are preserved down to the microscale. Note the preserved pillow structures (d, 32 T 526496E 
4692735 N), the partially reworked pillow meta-breccias (e, 32 T 525680E 4693236 N), the variolitic microstructure overgrown by eclogite-facies lawsonite porphyroblasts (f, 32 T 
526877E 4693784 N), (plane-polarized-light: PPL) and the igneous plagioclase phenocrysts pseudomorphically replaced by lawsonite aggregates (g, 32 T 526932E 4693586 N). Early 
post-rift cover. (h) Metaradiolarite. Note the late pumpellyite (green surface) cross-cutting the metaradiolarite foliation. The metaradiolarite fabric is indicated by the red lines. (32T 
526974E 4692467N) (i and j) Marble with pebbles of continental rocks. Note the pre-Alpine foliation preserved in a polycyclic basement clast (j, 527163E 4691241 N). (k) 
Silicate-rich marble patch interpreted as a meta-hardground. (32T 527104E 4691526N). Post-rift cover. (l) Morosaglia conglomerate. Note the granitoid matrix (light), the ophiolitic 
clasts (dark-green), and the stretched carbonate clasts (32T 524847E 4698318N).
Metaradiolarites are overlain by marbles, which are widely
distributed all along the Monte San Petrone unit and vary in thickness
from a few tens of centimeters to several meters. The thickest portions
commonly contain detrital layers with pebbles ranging in diameter
from a few centimeters to a few tens of centimeters (e.g., east of Punta
Ventosa, Monte Calleruccio and Aja Rossa) (Figs. 3 and 6i). These
pebbles, which consist of meta granitoids and polycyclic basement (to
the east of Punta Ventosa and Monte Calleruccio, Figs. 3 and 6j) or
basaltic clasts (in the Aja Rossa area, Fig. 3), are chemically and
petrographically comparable to the rocks of the nearby continenta
sliver. Where the continental sliver displays significant variations in
thickness (e.g. east of Punta Ventosa), metaradiolarites and marbles
may be associated to form isolated patches less than a meter thick and 
of limited lateral extent. These thin patches generally contain silicate
rich mineral assemblages, including Na pyroxene, Na amphibole, 
garnet and chlorite (Fig. 6k).
3.4.2. Post rift cover
The post rift cover, which is exposed in the western part of the 

Monte San Petrone unit, consists mainly of calcschists. They are 
relatively homogeneous, apart from the presence of impure marble 
layers folded at a hundred meter scale. Calcschists commonly contain 
lawsonite porphyroblasts pseudomorphically replaced by aggregates 
of white micas.



A lenticular layer of metaconglomerates crops out one kilometer to
the north of the study area, close to the Morosaglia church, in the
uppermost part of the calcschist succession. The metaconglomerate
mainly consists of pebbles derived from a granitic basement, but
eclogite pebbles and stretched carbonate (nowmarble) clasts are also
observed (Fig. 6l).

4. Alpine deformation

The Monte San Petrone unit is characterized by polyphase HP
deformation, leading to the formation of west dipping fabrics (dip
direction~N270/30). These fabrics are marked by HP minerals, i.e.
omphacite, garnet, lawsonite and glaucophane in metabasalts,
Fig. 7. Orientation of the high pressure fabrics and structures in continental basement and
high-pressure stretching lineations (triangles); b: Fold hinges (circles) and axial planes (tria
e and f: detail of high-pressure sheath folds in metagranite (32T 5272069E 4691548N).
phengite, lawsonite and jadeite in metagranitoids, indicating law
sonite eclogite facies conditions. Stretching lineations associated with 
HP conditions, mostly striking at ~N250/20, are defined by jadeite and 
Na amphibole in metagranitoids and elongated quartz rods in 
calcschists. Locally, northwest dipping stretching lineations are 
present in metasediments (Fig. 7a). Highly strained domains, such as 
in the Monte Calleruccio area, generally preserve evidence of coaxial 
deformation, as indicated by symmetric strain fringes around garnet 
porphyroclasts. These microstructural observations are at odds with 
the widespread occurrence of sheath folds both at the meso  and 
macro scale. Indeed, in the metagranitoids, HP mineral fabrics 
(phengite: Si ~ 3.6 a.p.f.u.) and asymmetric strain fringes around 
garnet porphyroclasts locally indicate top to the east sense of shear.
metasediments (lower hemisphere Schmidt projection) a: Foliation poles (circles) and
ngles). c and d: High-pressure sheath folds in metagranite. Note the curved fold hinges.



Despite that, microstructural evidence for non coaxial deformation is 
relatively rare, suggesting either that the observed deformation 
pattern resulted from complex strain partitioning within an overall 
coaxial flow or, alternatively, that the different HP fabrics found in the 
Monte San Petrone formed at different times.

Non cylindrical folds are typically found both within the thickest 
parts of continental basement, giving rise to meter scale sheath folds, 
and in the northern part of the Monte San Petrone, where the entire 
lithostratigraphy is affected by synformal and antiformal structures 
with NE SW trending fold axes.

On the other hand, hundred meter scale isoclinal folds are 
commonly observed in the post rift cover (Fig. 2d). All folds are 
characterized by highly scattered fold hinges, with a maximum 
coinciding with the mineral stretching lineations, while the 
orientation of the axial planes is significantly more uniform 
(poles=~90/70). These features are typical of folds progressively 
rotating into parallelism with the maximum stretching direction (Fig. 
7b) (e.g., Alsop and Holdsworth, 2004).

Importantly, a local angular discordance is observed between the 
HP fabrics and the regional scale, internal lithological boundaries (i.e. 
BTC, UAS, BUS and PRLB of Figs. 2, 3, 4 and 8), suggesting that such 
contacts were formed prior to HP deformation. This is especially 
evident in the Monte Calleruccio area, where the rather flat Alpine 
fabrics cut across the Basal Tectonic Contact forming the “Monte 
Calleruccio mylonite” in both serpentinites and continental basement 
rocks (Fig. 8a). Similar relationships are observed to the east of Punta 
Ventosa, where the allochthonous basement, which is separated from 
the metasediments by the Basal Unconformity Surface, tapers
Fig. 8. Interpretative geologic cross-sections of the Monte Calleruccio (a) and east of Punta V
i) the synformal structures, defined by the BTC (a) and by the UAS~BUS (b), are discordant w
lithological boundaries (i.e. UAS, BUS, PRLB); and iii) the patched distribution of condensed e
indicate an inheritance from pre-Alpine structures. Question marks in (a) indicate eroded or 
southward (Fig. 8b). Significantly, the Alpine metamorphic fabrics are 
discordant with respect to the Basal Unconformity Surface.

Retrograde fabrics are rarely found in the study area. They 
formed under epidote blueschist conditions and are parallel to the 
eclogitic fabrics. These fabrics are especially pervasive along the 
shear zone separating the Monte San Petrone unit from the underlying 
Castagniccia unit, where shear bands indicate a top to the East 
sense of shear. Further away from this contact, blueschist facies 
deformation locally leads to minor reworking of the eclogitic fabrics/
mineral assemblages. Greenschist retrogression is generally static, 
except for the metasedi ments, where it is locally associated with 
mineral fabrics. In continental rocks and metabasalts greenschist
facies retrogression is shown by the pseudomorphic growth of albite 
and chlorite porphyroblasts after blue amphibole or Na pyroxene and 
garnet, respectively.
5. Petrology

In many orogens, the association/juxtaposition of lithologies
of different origin (e.g. continental rocks, mantle derived rocks, 
meta ophiolites and metasediments) has been interpreted as 
diagnostic of tectonic mélanges formed in a “subduction 
channel” (e.g., Agard et al., 2009; Cloos and Shreve, 1988; Federico et 
al., 2007; Garcia Casco et al., 2002; Shreve and Cloos, 1986). 
Numerical models show that this mechanism implies that the 
different lithologies underwent indepen dent P T paths (e.g., Gerya 
et al., 2002), as also proposed in natural settings (e.g., Brouwer et 
al., 2005; Federico et al., 2007; Garcia Casco et al., 2002). In order to 
test this possibility for the Monte San Petrone lithologies, we will 

compare P T estimates obtained with different

entosa (b) areas. The approximate scale is reported in Fig. 3b. Note that in both figures: 
ith respect to the Alpine fabrics; ii) the Alpine fabrics are discordant with respect to the 
arly post-rift sediments suggests their deposition on a scalloped surface. These features 
non-exposed areas.



Fig. 9. (a) Relict microstructures of pre-Alpine continental amphibolite OF3584. 
Original sites of pre-Alpine plagioclase and hornblende consist of Alpine HP lawsonite
+ phengite aggregates and Na-amphiboles, respectively. (a) Sodic amphibole composi-
tions plotted on a Mg/(Mg+Fe2+) versus Al/(Al +Fe3+) diagram (Leake et al., 1997).
techniques from different lithologies, namely continental rocks 
and cover metasediments. These results will be then compared with 
those recently obtained from metabasalts of the same area (Vitale 
Brovarone et al., 2011), for the purpose of testing whether the 
different rock types underwent analogous or different P T conditions. 
A detailed discussion of the P T evolution of the studied rocks is 
reported in Section 7.3.2.

5.1. Continental rocks

In order to make a direct comparison with previous results 
obtained from metabasalts (Vitale Brovarone et al., 2011), a 
continental rock of mafic composition has been selected for P T 
estimates. This rock has been selected because its bulk chemical 
composition and mineralogy are comparable with those of ophiolitic 
metabasalts, thus allowing the use of the same thermodynamic 
database used by Vitale Brovarone et al. (2011). In addition, this rock 
is the continental lithotype most suitable for pseudosection calcula
tion. In fact, it shows only structural and not mineralogical relics of 
pre Alpine assemblages, and preserves well the Alpine HP mineral 
assemblage, usually retrogressed in the metagranitoids. The selected 
sample (OF3584) belongs to the polycyclic basement, which pre
serves relics of a pre Alpine amphibolite facies microstructure 
defined by amphibole and plagioclase sites (Fig. 9a) pseudomorphi
cally replaced by Alpine minerals (Table 1). The pre Alpine HT 
amphiboles, which are outlined by fine grained alignments of titanite, 
are fully and mimetically overgrown by Alpine Na amphibole, 
whereas the plagioclases are replaced by lawsonite and phengite 
aggregates. Na amphibole, phengite and lawsonite are also present as 
fine grained crystals defining an Alpine fabric. Fine grained Alpine 
garnet is rare and locally corroded at its rim (Fig. 10b). No evidence of 
pre Alpine garnet has been observed in this sample.

Garnet, amphibole, lawsonite and phengite were analyzed with a 
Cambridge Stereoscan 360 SEM equipment with an EDS Energy 200 
and a Pentafet detector (Oxford Instruments) at the Department of 
Mineralogical and Petrological Sciences, University of Torino (Italy). 
The operating conditions were: 50 s counting time and 15 kV 
accelerating voltage. SEM EDS quantitative data (spot size =2 μm) 
were acquired and managed using the Microanalysis Suite Issue 12, 
INCA Suite version 4.01; the raw data were calibrated on natural 

mineral standards and the ρΦZ correction (Pouchou and Pichoir,
Table 1
Bulk-rock compositions and representative analyses of blue-amphiboles, garnets and phengites of sample OF3584.

Bulk-rock Amphibole Garnet (core) Garnet
(mantle)

Garnet
(rim)

Phengite

Measured* Fractionated

SiO2 57.58 57.68 57.21 57.58 SiO2 37.05 37.30 36.84 37.29 37.17 37.15 SiO2 53.05 53.14 52.97
Al2O3 8.70 8.57 8.81 7.82 Al2O3 20.16 20.23 20.51 20.20 20.28 20.53 Al2O3 23.87 23.91 23.97

SiO2 52.37 53.10 FeOtot 13.65 13.18 13.91 14.06 FeOtot 15.03 19.96 23.33 23.47 25.27 24.89 FeOtot 3.13 3.08 3.27
TiO2 0.95 – MgO 10.11 10.37 10.08 10.24 MnO 17.52 13.75 10.96 8.85 7.31 8.48 MgO 4.23 4.29 4.01
Al2O3 19.69 20.30 CaO 0.89 1.85 0.98 0.62 MgO 0.38 0.76 1.07 1.10 1.28 1.22 K2O 11.26 11.17 11.35
FeOtot 8.11 8.29 Na2O 7.02 6.57 6.95 7.12 CaO 9.86 8.25 7.44 8.63 8.96 7.74 Total 95.54 95.58 95.57
MnO 0.20 0.09 Total 98.51 98.61 98.56 98.08 Total 100.00 100.39 100.34 99.64 100.50 100.00
MgO 5.79 5.96 Si 3.55 3.55 3.55
CaO 7.44 6.63 Si 7.94 7.95 7.89 7.98 Si 2.99 3.00 2.97 3.01 2.98 2.99 Al 1.88 1.88 1.89
Na2O 3.12 3.21 Al 1.41 1.39 1.43 1.28 Al 1.92 1.92 1.95 1.92 1.91 1.95 Fe2+ 0.17 0.17 0.18
K2O 2.34 2.42 Fe3+ 0.57 0.39 0.64 0.67 Fe3+ 0.11 0.08 0.12 0.06 0.13 0.07 Mg 0.42 0.43 0.40
Total 100.00 100.00 Fe2+ 1.00 1.13 0.97 0.96 Fe2+ 0.89 1.26 1.45 1.53 1.56 1.60 K 0.96 0.95 0.97

Mg 2.08 2.13 2.07 2.11 Mn 1.20 0.94 0.75 0.61 0.50 0.58 OH 2.00 2.00 2.00
Ca 0.13 0.27 0.14 0.09 Mg 0.05 0.09 0.13 0.13 0.15 0.15 xMg(Fetot) 0.68 0.71 0.69
Na 1.88 1.76 1.86 1.91 Ca 0.85 0.71 0.64 0.75 0.77 0.67 Fe3+/Fetot 0.68 0.71 0.69

Al(IV) 0.45 0.45 0.45
xMg(Fe2+) 0.68 0.65 0.68 0.69 XCa 0.28 0.23 0.21 0.24 0.25 0.22 Al(IV) 1.43 1.43 1.44
xMg(Fetot) 0.57 0.58 0.56 0.57 XFe 0.32 0.44 0.51 0.52 0.54 0.55
Fe3+/Fetot 0.36 0.26 0.40 0.41 XMg 0.01 0.03 0.04 0.04 0.05 0.05
Al(IV) 0.06 0.05 0.11 0.02 XMn 0.39 0.30 0.24 0.20 0.16 0.18
Al(VI) 1.35 1.35 1.32 1.25
Na(M4) 1.87 1.73 1.86 1.91
Na(A) 0.01 0.03 0.00 0.00

*Bulk-rock chemistry acquired by SEM-EDS as average of 12 areal analyses. In amphiboles TiO2, MnO and K2O are below the detection limit.



1988) was applied. Representative SEM EDS analyses of garnet, 
amphibole and phengite are reported in Table 1.

The Na amphibole plots in the glaucophane field (Leake et al., 
1997) (Fig. 9b) and is generally poorly zoned with XMg=0.56 0.58, 
Na(M4) =1.73 1.91, and AlIV =0.02 0.011 (Table 1).

Garnet shows a gradual growth zoning (Fig. 10)withXMn

decreasing (XMn=0.39 0.16), and XFe and XMg increasing 
(XFe=0.32 0.55 and XMg=0.01 0.05), from core to rim, respectively 
(Table 1). The grossular content (XCa) appears to be more constant and 
comprised between 0.21 and 0.28.

Phengite does not show significant chemical zoning, and is 
characterized by a high celadonitic substitution (Si ~3.6 a.p.f.u, Table 

1).

5.1.1. Pseudosection modeling
The bulk rock chemical composition of the sample used for the 

pseudosection modeling (continental metamafic sample OF3584) was 
acquired as average of 12 SEM EDS analyses on 4.70 × 3.20 mm areas. 
Sample OF3584 has been modeled in the system MnNKCFMASH. 
Fe2O3 was not included in the system because the solid solution 
models for Fe+3 silicates are not very accurate and only amphibole 
contains some Fe+3. Considering all Fe as Fe2+, higher T estimates will 
result from the Fe Mg exchange between garnet and clinopyroxene 

geothermometer (Ghent et al., 2009). Corrections for Ca, Si and Al in

Fig. 10. (a) Compositional Fe, Mn, Mg and Ca X-ray maps of OF3584 garnet. Note that 
the partially corroded/fragmented garnet is compositionally zoned with Mn and Ca 
decreasing and Fe and Mg increasing from core to rim, respectively. (b) Compositional 
Mg, Ca, Fe and Mn profile of garnet in sample OF3584.
titanite and Ca in apatite were applied. The effects of possible 
chemical fractionation due to the growth of garnet porphyroblasts 
have been considered. More in detail, bulk compositions effectively 
reacting during each stage of garnet growth were calculated following 
the method described by Evans (2004) and Gaidies et al. (2006). This 
method applies a Rayleigh fractionation model based on measured 
Mn content of garnet and requires that a strong linear correlation 
between the concentration of Mn versus Fe, Mg and Ca in garnet exists 
(for details, see Vitale Brovarone et al., 2011).

Pseudosections were calculated using Perple_X (Connolly, 1990, 
2005; 07 version) and the internally consistent thermodynamic 
database of Holland and Powell (1998, revised 2004). The phases 
considered in the calculation were: garnet, omphacite, lawsonite, 
zoisite⁄clinozoisite, amphibole, phengite, paragonite, quartz⁄coesite, 
plagioclase and chlorite. The following solid solution models were 
used: garnet and phengite (Holland and Powell, 1998), omphacite 
(Holland and Powell, 1996), plagioclase (Newton et al., 1980), and 
chlorite (Holland and Powell, 1998). Amphibole was modeled using 
the glaucophane tremolite tschermakite pargasite (GlTrTsPg) solid
solution model (Wei and Powell, 2003; White et al., 2003), which takes 
into account the miscibility gap between Ca  and Na amphiboles. H2O 
was assumed to be present in excess: this assumption is supported by 
the abundance of the hydrous phases lawsonite, phengite and 
amphibole. In addition, water saturation is essential to consider the 
lawsonite stability (Clarke et al., 2006). An a(H2O) =1 has been used 
because the presence of titanite instead of rutile implies a very low CO2

activity (e.g., Castelli et al., 2007).
The modeled Si content in phengite is generally overestimated 

with respect to that measured in the selected sample. This may be due 
to the fact that phengite did not completely equilibrate at peak 
conditions (e.g., Ferraris et al., 2005).

Peak conditions of 460b Tb 490 °C and 2.3b P b2.6 GPa have been 
estimated using the garnet compositional isopleths (XGrs and XPrp). These 
modeled P T conditions fall in the tri variant field garnet+lawsonite+ 
phengite+glaucophane+actinolite+chlorite+omphacite (field 1 in 
Fig. 11) that slightly differs from the observed assemblage, in which 
actinolite, omphacite and chlorite are lacking. On the contrary, the 
observed assemblage is represented by the quadri variant field garnet+ 
lawsonite+phengite+glaucophane+omphacite+quartz (field 4 in 
Fig. 11 with very low amount of omphacite), modeled at TN 520 °C. 
Therefore, the T estimates inferred from garnet compositions have been 
considered as minimum temperatures, on the basis of the following 
observations: 1) garnet is partially corroded at the rim: therefore, T 
modeled using rim compositions might not be representative of peak 
conditions; 2) the modeled amount of omphacite+actinolite+chlorite 
in the tri  and quadri variant fields 1 to 4 of Fig. 11 is very low (b10 vol.%) 
and does not invalidate the results of the pseudosection; and 3) the lack 
of omphacite in the observed assemblage might be due the presence of 
inherited microchemical domains storing Ca, such as the pre Alpine 
plagioclase and amphibole sites (Fig. 9a), which could buffer the 
omphacite formation in the natural sample.

5.2. Metasediments

In the Mont San Petrone calcschists, peak assemblages are 
commonly statically overprinted during blueschist/greenschist facies 
retrogression. HP metamorphism is documented by relics of lawsonite 
porphyroclasts and small pale blue chloritoid fragment generally 
overgrown by paragonite and chlorite, respectively. Thus, the 
estimate of peak metamorphic conditions of metasediments by 
means of traditional thermobarometry or phase diagram modeling 
is often complicated by the pervasive retrogression.

Since the studied metasedimentary cover is rich in Carbonaceous 
Material (CM), peak T conditions may be better estimated by Raman 
Spectroscopy of CM (RSCM thermometry). RSCM thermometry is 
based on the quantitative study of the degree of graphitization of CM,



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11. P–T pseudosection of continental amphibolite OF3584. Mineral assemblages are 
reported for fields of interest only: 1: glaucophane+phengite+garnet+lawsonite+ 
chlorite+omphacite+actinolite; 2: omphacite+glaucophane+actinolite+phengite+ 
garnet+lawsonite; 3: glaucophane+phengite+garnet+lawsonite+quartz+ompha-
cite+actinolite;  and  4:  glaucophane+phengite+garnet+lawsonite+quartz
+ompha-cite. White, light-, medium- and dark-gray fields are di-, tri-, quadri- and quini-
variant fields, respectively. In the center of the diagram, the white elongated field 
indicates the lawsonite-zoisite transition: the narrow di- and tri-variant fields occurring in 
this part of the pseudosection, not relevant to the discussion, have not been represented in 
detail. Black dashed box summarizes peak P–T conditions of the MSP estimated from 
ophiolites, continental amphibolite and metasediments: the pale ellipsoid (a) indicates the 
minimum peak conditions from continental amphibolite OF3584; the dark (b) ellipsoid 
indicates peak-conditions from metabasalts (from Vitale Brovarone et al., 2011); and field 
c indicates temperatures obtained from metasediments by means of Raman 
Spectroscopy of Carbonaceous Materials (RSCM).

Table 2
Raman Spectroscopy of Carbonaceous Material analyses of the Monte San Petrone 
metasediments.

Sample Locality n. spectra R2 SD T (°C) SE

0707a Prato 13 1.99 0.05 552 6
OF3569 Funta Favalta 14 2.02 0.06 544 7
OF3552 14 2.83 0.09 510 6
OF3553

M.te Muffraje
West of M.te Muffraje 11 3.02 0.07 510 9

R2 ratio with standard deviation (SD); and T with standard error (SE). See Beyssac et al.
(2002) for details.
which is a reliable indicator of the peak metamorphic temperature. 
Because of the irreversible character of graphitization, CM structure is 
not sensitive to retrogression, thus recording the maximum T reached 
during metamorphism (Beyssac et al., 2002). With this method 
temperature can be determined in the range 330 650 °C with a 
precision of ±50 °C due to uncertainties of petrologic data used for 
calibration. Relative uncertainties on T are, however, much smaller 
(around 10 15 °C: Beyssac et al., 2004).

Raman spectra were obtained at the Institut de Minéralogie et de 
Physique des Milieux Condensés (IMPMC) Paris, France, using a 
Renishaw InVIA Reflex microspectrometer. We used a 514 nm Laser 
Physics argon laser in circular polarization. The laser was focused on 
the sample by a DMLM Leica microscope with a 100× objective 
(NA=0.85), and the laser power at the sample surface was set around 
1 mW. The Rayleigh diffusion was eliminated by edge filters, and to 
achieve nearly confocal configuration the entrance slit was closed 
down to 10 15 μm. The signal was finally dispersed using a 1800 gr/
mm grating and analyzed by a Peltier cooled RENCAM CCD detector. 
Before each session, the spectrometer was calibrated with a silicon 
standard. Because Raman spectroscopy of CM can be affected by 
several analytical biases, we followed closely the analytical and fitting 
procedures described by Beyssac et al. (2002, 2003). Measurements 
were done on polished thin sections cut perpendicularly to the main 
fabrics (S0 and S1) and CM was systematically analyzed below a 
transparent adjacent mineral, generally quartz. 12 15 spectra were 
recorded for each sample in the extended scanning mode (1000 2000 
cm−1) with acquisition times from 30 to 60 s. The spectra were then 
processed using the software Peakfit (Beyssac et al., 2003).

The selected samples, consisting of quartz, carbonate, white 
mica, and lawsonite and chloritoid pseudomorphs, yield RSCM 
temperatures between 510 °C and 552 °C (Table 2).
6. Comparison with similar lithological associations: new data on
the Zuccarello unit

Associated meta ophiolites, continental basement rocks and meta
sedimentary cover rocks also occur in the blueschist facies Zuccarello
unit (cf. Section 2.1, Fig. 1), to the south west of Bastia. The tectono
stratigraphy of this area is only roughly known (Fournier et al., 1991).
Meta ophiolites, such as serpentinites, ophicalcites and metabasalts
occur in this area, but their relationships appear to be more complex
than those described in the San Petrone unit, possibly as a result of
more pervasive Alpine deformation. Despite this, similar features to
the Monte San Petrone unit are locally found. In particular, the contact
separating the Zuccarello continental sliver and the overlying
metasedi ments is similar to the Upper Allochthon Surface of the
Monte San Petrone (Figs. 4c, d and 5j). From the bottom to the top, this
sequence consists of: i) Orthogneiss, whose igneous origin is
suggested by the presence of variably deformed leucocratic and
mafic dikes, locally only  weakly transposed by Alpine deformation
(Fig. 12a e). These rocks are characterized by relics of K feldspar
wrapped around by a mica rich foliation. Glaucophane is locally
observed. ii) A highly foliated phengite rich rock (Fig. 12f), similar to
that described along the Upper Allochthon
Surface of the Monte San  Petrone (Figs. 4c and d, and 5j).
iii) Metaradiolarite (Fig. 12g). The characteristic purple and yellow
layers, mainly consisting of piemontite and small spessartinic garnet,
respectively, are typical of Mn rich metaradiolarite. iv) Impure
marbles. v) A metaconglomerate consisting of pebbles and blocks of
continental basement, quartzites, carbonates and mafic rocks in a calc
micaschist matrix (Fig. 12h and  i).

Ultramafic rocks occur further to the East, as both variably
deformed serpentinites and ophicalcite (Fig. 12j). These ultramafic
rocks are associated with by quartzite and carbonate rich metased
iment. However, neither the contact between ultramafic rocks and
metasediments nor their relationship with the nearby continental
sliver is exposed.

7. Discussion

7.1. Monte San Petrone tectono stratigraphy: a Jurassic OCT

The Monte San Petrone lithostratigraphy is characterized by the
vertical juxtaposition of serpentinites, continent derived slivers,
“ophiolite type” rocks and cover metasediments. These four main
lithological groups are separated by contacts that may be followed for
several kilometers in a N−S direction. The Basal Tectonic Contact
(Figs. 2, 3, and 4a and e) separates the serpentinized basement from
the overlying rocks (i.e. the continental sliver, “ophiolite type” rocks
and metasediments). This contact has already been studied by
Péquignot and Potdevin (1984), who interpreted it as an Alpine
tectonic contact. However, the absence of unambiguous Alpine
deformation led Péquignot and Potdevin (1984) to propose that it was
established early in the Alpine evolution of the Monte San Petrone.
Alternatively, we suggest that our new data indicates that the Basal

Tectonic Contact and the Upper Allochthon Surface were formed prior



Fig. 12. Cima Zuccarello area: (a) strongly deformed orthogneiss and associated leucocratic and mafic dikes; (b) partially transposed leucocratic dikes in metagranitoid;(c and d) 
primary contact between metagranitoid and metaradiolarite. Note that the two lithologies are separated by a thin layer of phengite-rich rock. (32T 531354E 4718973N); (e) detail of 
the gneissic structure; (f) detail of the phengite-rich rock; (g) detail of the Mn-rich metaradiolarite; (h and i) metaconglomerate of Cima Zuccarello. Note the occurrence of white 
pebbles (h) and blocks (i) wrapped around by a calc-micaschist matrix; and (j) meta-ophicalcite of the Cima Zuccarello area.
to the deposition of Monte San Petrone metasediments and that they 
are unrelated to Alpine tectonics. There are several lines of evidence 
supporting this conclusion.

The Basal Tectonic Contact is locally characterized by cataclastic 
rocks (i.e. serpentinite breccias; Fig. 5c) that predate the formation of 
HP Alpine fabrics. These pre HP fault rocks, occurring at the top of the 
serpentinized basement, indicate that the Basal Tectonic Contact 
developed in the structural domain of brittle deformation. The finding 
of similar pre HP cataclastic structures at the bottom of the 
continental basement sliver suggests that the ultramafic/continental 

basement pair
has been juxtaposed by means of a brittle tectonic contact, the 
Basal Tectonic Contact. Motion along this contact must have 
predated the juxtaposition of Mesozoic sediments, as indicated by 
the absence of brittle structures in the metaradiolarite overlaying 
the serpentinite breccias. This observation suggests that the Basal 
Tectonic Contact originated prior to the cover deposition.

Field data indicate that also the Upper Allochthon Surface was formed 
prior to or during the deposition of typical Mesozoic sediments. First of all, 
pebbles of continental basement rocks can be observed in the early post
rift cover directly overlaying the continental basement sliver (Figs. 3, 6i,



and 8). The presence of these clasts indicates that the Upper Allochthon 
Surface was already exhumed at the ocean floor prior to the deposition of 
the marble's protolith. Furthermore, along the Upper Allochthon surface, 
continental rocks and metaradiolarite are separated by a transitional 
contact. These two lithologies are separated marked by a phengite rich 
layer with a pervasive foliation (“reworked granitoid” in Figs. 4c and 8). 
These rocks may be interpreted as altered and/or brecciated granite, 
suggesting that the Upper Allochthon Surface may represent a pre Alpine 
tectonic surface reworked at the seafloor. In principle, two scenarios could 
be proposed for the origin of the Upper Allochthon Surface: i) either it is 
derived by complete erosion of the primary pre rift cover, predating the 
radiolarite deposition, ii) or it is the top of the exhumed basement that was 
unroofed during rifting at the footwall of large scale extensional faults. 
According to this latter hypothesis, pre rift sediments were never 
deposited above the Monte San Petrone continental basement. This 
hypothesis is supported both by the lack of clasts of pre rift sediments in 
the overlaying metasedimentary sequence, which locally contains clasts of 
continental basement or basalt. In both cases, the “reworked 
granitoid” (Figs. 4c, 5i, and 8) may correspond to the so called “tectono
sedimentary breccia” that locally characterizes the continental extensional 
allochthons' top (Manatschal et al., 2006).

Further evidence of the pre Alpine juxtaposition of continental 
basement and ultramafic rocks in the Monte San Petrone area comes 
from the strong control exerted by the morphology of the top
basement surface on the distribution and thickness of the early post
rift cover, which is also an indication of the stratigraphic origin of such 
juxtaposition. In particular, the thicker the continental wedge, the 
more condensed is the early post rift cover (Fig. 3). Conversely, where 
the continental sliver grows thinner  such as to the east of Punta 
Ventosa (Fig. 8b)  patched silicate rich marble layers are found (Fig. 
6k). These patches might represent meta hardgrounds 
corresponding to condensed sequences deposited on local flats along 
paleoscarps filled with localized early post rift covers and continuous 
late post rift sediments. Thus, the variable thickness of the early post
rift cover, which is covered by the homogeneous late post rift 
sediments, suggests that both metaradiolarite and marble precursors 
were deposited on a pre Alpine rugged paleotopography. This feature 
implies again that sediment deposition postdated the brittle 
deformation that led to the juxtaposition of the ultramafic/continental 
basement pair. The maximum age of this tectonic juxtaposition is 
suggested by the structural position of metaradiolarite, which overlies 
the lower sequence terms (i.e. serpentinites, continental rocks and 
“ophiolite type” rocks) by means of a stratigraphic contact (Basal 
Unconformity Surface and, locally, Post Rift Lower Boundary). The age 
of such tectonic juxtaposition is likely to be Jurassic, and more 
precisely the Bathonian Oxfordian, by analogy with a wealth of 
published studies from the peri Tethyan domain (e.g., Bill et al., 2001; 
Cordey and Bailly, 2007; Danelian et al., 2008). The contact between 
the early post rift cover and the post rift cover, the Post Rift Lower 
Boundary, appears to be transitional, i.e. corresponding to a primary 
stratigraphic contact.

In conclusion, the structural relationships among the mantle
derived basement, the continental sliver and the Mesozoic sediments 
strongly suggest that the large scale architecture of the Monte San 
Petrone area corresponds to an original Jurassic Ocean Continent 
Transition zone. In this context, the cataclasites that mark the Basal 
Tectonic Contact probably represent the tectono hydrothermal type 1 
ophicalcites of Tricart and Lemoine (1989), which correspond to the 
tectonized top of the exhumed peridotites. This surface may sample 
parts of a large scale low angle detachment fault, possibly responsible 
for the exhumation of the subcontinental mantle, by analogy with 
direct observations at mid ocean ridges and ophiolitic complexes 
(Bonatti et al., 1974; Boschi et al., 2006; Escartin et al., 2003) and in 
fossil OCT (Florineth and Froitzheim, 1994). In addition, pre HP 
cataclastic continental rocks are locally preserved in the proximity of 
the upper boundary of the continental sliver (Fig. 5h). Similar features 

are found in the Tasna fossil OCT, Eastern Alps, where the widespread
brittle deformation at the top of a continental allochthon is 
interpreted as related to cataclastic flow along a low angle normal 
fault (Florineth and Froitzheim, 1994; Manatschal et al., 2006). For 
these reasons we interpret the Monte San Petrone brittle structures as 
representative of a Jurassic tectonic contact.

Also petrological and structural data, which are discussed in detail 
in Section 7.3.2, indicate that the different lithologies of the Monte 
San Petrone (i.e. ophiolites, continental rocks and metasediments) 
underwent a comparable Alpine P T d evolution. This feature 
provides further support for the pre Alpine origin of the Monte San 
Petrone lithostratigraphy, indicating that it did not form by tectonic 
mixing during orogenesis, as previously proposed (Péquignot and 
Potdevin, 1984). Moreover, similar P T d relationships between 
ophiolites and continental basement rocks are also described along 
the eastern margin of the Tenda unit (Molli et al., 2006). In that case, 
authors suggest that these rock types show a common tectono
metamorphic evolution conditions at least from peak metamorphism. 
However, the possibility of an earlier association, possibly from 
rifting related tectonics, cannot be excluded. It seems that although 
strongly deformed during the Alpine tectonic history these specific 
rock assemblages are not really dismembered and they preserve a 
good record of the early inherited tectonostratigraphic architecture.

7.2. Relationship between Tethyan architecture and Alpine deformation

In several circumstances, the meso  and macro scale geometries of 
the main lithological boundaries of the study area (BTC, UAS, BUS, and 
PRLB in Fig. 2 and following) are difficult to reconcile with the effects 
of Alpine deformation alone. As an example, near Monte Calleruccio, 
the interface between the serpentinitic basement and the overlying 
continental allochthon is characterized by a synformal shape (Fig. 8). 
Significantly, this synformal structure is discordant with respect to the 
nearly horizontal Alpine fabrics and is not associated with any upright 
fold generation, indicating that the shape of this lithological interface 
may be largely inherited from its pre Alpine history (Fig. 8). In 
addition, Alpine metamorphic fabrics are locally discordant with 
respect to the main MSP internal boundaries (cf. also Section 4).

Furthermore, pre Alpine geometries appear to exert a significant 
control on the development of Alpine structures. As an example, the 
large scale synformal and antiformal structures observed in the 
northern part of the MSP and described in Section 4 are possibly 
derived from Alpine superposition on a pre existing  Jurassic 
architecture characterized by structural highs and lows.

7.3. Tectono metamorphic evolution of the Monte san petrone OCT

The studied unit shows a complex lithostratigraphy  consisting of 
serpentinized peridotite, a composite middle upper continental crust, 
Jurassic oceanic basalts and Mesozoic sediments  that was acquired 
during a multistage evolution, spanning from Jurassic rifting to Alpine 
orogenesis.

7.3.1. Jurassic rifting
This composite evolution may be subdivided into three main 

events:

1) Mantle exhumation and emplacement of the allochthonous
continental slivers. The mantle  continental sliver interface, 
which is characterized by the presence of pre Alpine brittle 
structures, is the only unambiguous tectonic contact of the Monte 
San Petrone unit. The absence of pre rift sediments and the 
presence of a nearly continuous layer of metaradiolarites [most 
likely of Callovian Oxfordian age by analogy with the dating of Bill 
et al. (1997, 2001)] on top of the basement constrain the 
emplacement of the continental allochthon to the Middle Upper 
Jurassic.



2)

3)

The emplacement of “ophiolite type” rocks, which mainly consist 
of basaltic lavas and deposition of OC2 type ophicalcite, postdates 
the activity of the Basal Tectonic Contact. The basalt flows appear 
to postdate the emplacement of the continental extensional 
allochthon, since metabasalts rest directly on top of the serpenti
nized basement and are never found between serpentinites and 
continental basement rocks. No clear chronological relationships 
between metabasalt and OC2 type ophicalcite can be inferred 
from field observations. We consider the deposition of OC2 type 
ophicalcites as syn  to post continental sliver emplacement, since 
OC2 type ophicalcites laterally replace the continental sliver and 
are locally deposited on top of it.
The deposition of the sedimentary cover represents the last event. 
Early post rift cover was deposited on a rugged seafloor topogra
phy, as revealed by lateral thickness variations and by the 
presence clasts of continental basement and basaltic rocks. Post
rift cover sealed those irregular geometries with a continuous 
layer of sediments.
7.3.2. Alpine orogenesis
Petrological investigations on different high pressure rocks from 

the Monte San Petrone, such as continental metamafic and metasedi
ments, show that all of them underwent Alpine metamorphism under 
comparable lawsonite eclogite facies conditions (T=490 550 °C; 
P=2.2 2.6 GPa). These data fit well with those obtained from the San 
Petrone metabasalts (520±20 °C, 2.3 ± .01 GPa: Vitale Brovarone et 
al., 2011). Despite the fact that this petrological test cannot 
demonstrate a Jurassic origin for the Monte San Petrone lithological 
association, the petrological and structural data indicate that the 
different lithologies did not undergo independent P T paths, such as 
systematically observed in tectonic mélanges (e.g. Agard et al., 2009; 
Cloos and Shreve, 1988; Federico et al., 2007; Garcia Casco et al., 
2002; Shreve and Cloos, 1986). Furthermore, the Ca rich lawsonite
bearing metasomatic rock marking the interface between the 
serpentinite and both the allochthonous continental sliver and the
Fig. 13. (a) Simplified map of Alpine metamorphic grade of ocean-derived Schistes Lustré
Péquignot, 1986; Lahondère et al., 1992; Lahondère, 1996 ; and this study) and (b) distribu
Morteda (Lahondère et al., 1992); (c) Zuccarello (Fournier et al., 1991); (d) Rutali (Lahondè
Petrone (this study); and (h) S. Andrea di Cotone (Caron and Péquignot, 1986). Ce: Centuri
Francardo; Ca: Caporalino; SL: Santa Lucia; Ve: Vecchio; Li: Linguizetta; Te: Tenda massif; In:
metasedimentary cover, confirms that those lithologies were already 
associated at peak metamorphic conditions.

The Alpine HP tectono metamorphic evolution is documented by 
the well preserved eclogitic assemblages associated with progressive 
deformation, which is responsible for the development of ten meter
scale sheath folds in the continental wedge or hundred meter scale 
isoclinal folds in the calcschists. The mean dip direction of the HP 
foliations (N270) is consistent all over the studied area, minor 
variations being associated to later Alpine structures. The retrograde 
evolution shows lawsonite breakdown under epidote blueschist 
facies followed by a mostly static greenschist facies overprint.

7.4. Other occurrences of OCT related lithostratigraphic associations in 
alpine Corsica

As mentioned above, most of the tectono metamorphic units of 
the Schistes Lustrés are characterized by the association of 
ophiolites, especially serpentinites, and scattered continental slivers 
(Fig. 1). The regional distribution of the continental slivers described 
in the literature and their metamorphic conditions is reported in 
Fig. 13. These continental slivers are found all over the Schistes 
Lustrés domain, with the exception of the metasedimentary 
Castagniccia unit and most of the Inzecca domain, and show 
different tectono metamorphic evolution with peaks up to 
lawsonite eclogite facies conditions (Fig. 13a).

In the Campitello, Pigno and Farinole units (Lahondère, 1996) the 
tectono stratigraphy and architecture are very similar to the Monte 
San Petrone unit (cf. Section 2.1). In particular, in the Campitello and 
Farinole units, which underwent blueschist  and eclogite facies 
conditions, respectively, serpentinites, continental slivers and Meso
zoic cover rocks are juxtaposed (Lahondère, 1996). Furthermore, in 
the Campitello unit a pre rift Triassic carbonate cover was directly 
deposited, or juxtaposed, on top of the continental sliver (Rossi et al., 
2003). This feature is recurrent at both present day (e.g., Hobby High: 
Whitmarsh et al., 1998) and fossil OCTs (e.g., Err Platta nappe: 
Froitzheim and Eberli, 1990; Manatschal and Nievergelt, 1997), where 

continental allochthons may consist of upper crust basement with its

s (SL in legend) units and location of associated continental slivers (after Caron and 
tion of OCT-type terranes. Details of Fig. 13b: (a) Macinaggio (data from this study).(b) 
re, 1996); (e) Campitello (Lahondère, 1996); (f) Golo (Lahondère, 1996); (g) Monte San 
; Fa: Farinole; Ne: Nebbio; Pi: Pigno; S.Fl.: Saint Florent; Ba: Balagne; Po: Popolasca; Fr: 
 Inzecca region; RM: Rio Magno; Pi: Pineto; and Ma: Macinaggio.
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pre rift sedimentary cover. Despite detailed lithostratigraphic studie
on these areas are still lacking, the main geological features point t
inherited OCTs, as already suggested by Lahondère (1996). In th
Serra di Pigno area, primary stratigraphic contacts separatin
continental basement rocks and serpentinites by the overlyin
metasediments are observed (Meresse, 2006).

In the Monte Zuccarello area, despite the lithological association
being similar to that of the Monte San Petrone, clear tectono
stratigraphies are only locally observed. In particular, continenta
basement rocks and Mn rich metaradiolarites are separated by 
transitional contact characterized by the occurrence of a phengite ric
rock similar to the “reworked granitoid” of Monte San Petrone unit. Thi
sequence suggests a primary transition from a continental allochtho
sliver to its Jurassic sedimentary cover (i.e., radiolarite). As furthe
evidence, the overlying metaconglomerate contains clasts of th
underlying rocks, suggesting their primary relationships. Like th
Monte San Petrone unit, these data suggest that the Zuccarello uni
corresponds to an OCT lithological association.

For the Balagne Nebbio Nappe the original proximal position wit
respect to a continental source may be postulated exclusively on th
basis of the presence of continent derived debris, interbedded a
different horizons all along the stratigraphic succession, starting from
the Jurassic basalts (Durand Delga et al., 1997) up to the uppe
Cretaceous sequences (Marroni and Pandolfi, 2003; Sagri et al., 1982)
In addition, in the Nebbio Nappe, an OCT pertinence is supported by th
E MORB Jurassic basalt affinity (Saccani et al., 2000). These features ar
possibly consistent with an OCT paleogeographic origin for the Balagn
Nappe.

On the basis of the data presented above, it is apparent tha
tectonometamorphic units derived from Jurassic OCTs may be sample
during orogenesis. In the case of Alpine Corsica, such slices extend fo
tens of kilometers in the N S direction (Fig. 13b) and show consisten
peak metamorphic conditions under blueschist  or eclogite facie
conditions. Such elongated domains, which exhibit consistent lithos
tratigraphic associations and tectonometamorphic evolution, ma
represent coherent portions of the Tethyan basin that, based on thei
paleogeographic position, underwent a different Alpine evolution.

The abundance of transitional domains with respect to more dista
oceanic units in Alpine Corsica conveys the relevance of OCTs in th
Tethys Alps system. This observation may indicate that the Piemonte
Liguria basin (i.e. the western part of the Tethys ocean) might hav
mostly consisted of OCTs separating the European and African plates, a
already suggested by the pioneering study of Decandia and Elter (1972
in the Apennines and later by Manatschal and Müntener (2009) in th
Alps. Alternatively, the relative abundance of OCT derived units ma
indicate that OCT's are more easily exhumed than typical oceani
domains. This may be due both to the presence of continental slivers an
to the abundance of serpentinites, which may foster their exhumatio
processes with respect to the denser internal zones.

8. Conclusions

The tectono stratigraphy and large scale architecture of the 
eclogite facies Monte San Petrone unit are very similar to those 
observed at modern Ocean Continent Transition zones. In particular, 
the study area preserves primary pre Alpine contacts among 
serpentinized peridotites, continental basement rocks and oceanic 
metasedimentary cover. Such relationships are locally recognizable 
despite the pervasive Alpine tectono metamorphic overprint, 
including diffuse shearing at lawsonite eclogite facies conditions.

Petrology confirms that different lithologies of the Monte San 
Petrone tectono stratigraphy, such as the continental allochthonous 
rocks, meta ophiolite and oceanic metasediments underwent com
parable peak metamorphic conditions in the lawsonite eclogite facies 
field at T=490 550 °C and P=2.2 2.6 GPa. This feature, together 
with the fact that retrograde overprint is limited, suggests that the
whole units underwent the same Alpine tectono metamorphic 
evolution.
Comparable OCT type lithological associations occur in most of the Alp

Corsica and show different Alpine metamorphic evolutio
These terranes form N S elongated tectono metamorphic domains 
that can be followed for several tens of kilometers along strike.

The study of OCT type terranes in high pressure belts may prov
unique access to the most distal parts of rifted margins, as opposed to 
seemingly more proximal exhumed mantle domains preserved in
less metamorphosed orogens, such as the Eastern Alps.
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