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Post-Variscan Early Permian magmatism is widespread from Corsica to the Eastern Alps. After the formation of
the Variscan orogenic belt between Laurussia and Gondwana, felsic and mafic bodies were emplaced during an
extensional tectonic phase. This study focuses on a mafic dyke swarm that intruded in the region of Ajaccio (Cor-
sica, France) and on a gabbroic intrusive complex outcropping in the Eastern Alps (Bressanone/Brixen, South
Tyrol, Italy) both of which were emplaced during this extensional event. New U-Pb data from zircon show that
both of these intrusions were emplaced at ca. 282 Ma. Most Ajaccio dykes display a calc-alkaline affinity and
are characterized by enrichment of LILE (Large Ion Lithophile Elements) and LREE over HREE (Light and Heavy
Rare Earth Elements) and HFSE (Nb, Ta, Hf, Zr; High Field Strength Elements). Two dykes show tholeiitic affinity
and are characterized by marked LREE and Th-U depletion and by minor negative Nb-Ta anomalies on multi-
element diagrams, which is typical for within-plate basalts. Bressanone/Brixen gabbros display similar geochem-
ical features to the Ajaccio calc-alkaline samples with LREE enrichment over MREE (Medium Rare Earth Ele-
ments) and HREE, and HFSE depletion. Such characteristics are also confirmed by trace element data obtained
by LA-ICP-MS on clinopyroxene and plagioclase crystals.
The calc-alkaline to tholeiitic dykes are characterized by enriched to depleted Sr-Nd-Pb isotopic compositions, re-
spectively. Some Ajaccio dykes and the Bressanone/Brixen gabbros are clearly affected by crustal contamination.
However, the combination of trace element and isotopic variations suggests that mantle source heterogeneities
were also involved. Isotopic compositions of the Ajaccio dykes reveal the presence of two distinct mantle source
signatures: an enriched mantle (EM) component, which dominates the composition of the calc-alkaline-like
suite, while a DMM (Depleted MORB Mantle) component dominates the source of the tholeiitic suite. The EM
mantle source likely formed during Variscan subduction, however the composition of the tholeiitic suite requires
a source composed dominantly of depleted mantle, with a minor contribution from both the subducting slab and
supra-subduction mantle wedge. The mantle source of the tholeiitic magmas possibly originated from greater
depths (compared to the calc-alkaline-like suite) during the post-orogenic extensional phase potentially due
to break-off and/or roll-back of the Variscan slab or mantle flow from the front or margins of the subducted slab.
Notably, coeval Permian mafic intrusive bodies from throughout Corsica (Bocca di Tenda, Porto, Pila Canale) and from
the Australpine and Southalpine Alps intruded at a similar time and have geochemical features that are very similar to
the Ajaccio dyke swarm and Brixen gabbro. This indicates that a widespread Permian magmatic province developed
in a post-orogenic extensional tectonic setting at the margin of the former Variscan belt. During the Middle-Late Tri-
assic magmatism with similar enriched geochemical signatures occurred in the Southern Alps, Dinarides, Australpoine
domains and at the end of the Triassic over central Pangea (Central Atlantic Magmatic Province). This would highlight
the importance that the Variscan orogeny had in the development of a more fertile mantle.
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1. Introduction

The last stages of an orogenic system may be characterized by mag-
matic activity immediately post-dating the main collisional event and
persisting for several million years (Turner et al., 1992). The post-
collisional and post-orogenic magmatism produced in such scenarios
is usually characterized by relatively depleted isotopic compositions, bi-
modal magmatism (acidic and basic) and shoshonitic to tholeiitic affin-
ities compared to the previous syn-collisional magmatism (e.g., Bonin
et al,, 1998; Dokuz et al,, 2019; Guo et al., 2015).

Post-collisional magmatism may be directly linked to the collapse of
the orogenic belt and its lithospheric roots at the end of an orogenic
cycle (e.g. Rey et al.,, 2001), resulting in extensional tectonics, thinning
of the lithosphere and decompression melting of the rising astheno-
sphere (Bonin et al., 1998). Slab break-off events may occur during
these phases, which lead to the rise of hot mantle from depth (Davies
and von Blanckenburg, 1995). In such late- or post-orogenic environ-
ments, melting of the mantle may also occur due to poloidal or toroidal
mantle flow rising from the front or margins of the subducted slab
(Brombin et al., 2019; Faccenna et al., 2011). The composition of the
post-orogenic magmas may preserve the signature of the subduction,
which persists in the remnants of the mantle wedge. Alternatively, the
magmas may record new mantle domains that have melted during
the extensional regime (Zheng, 2019 and references therein).

Extensive post-collisional rift-related magmatism developed during
the latest Carboniferous to early Permian throughout the entire
European Variscan domain, e.g. in the Alps (Petri et al., 2017; Rottura
et al,, 1998; Schaltegger and Brack, 2007; Zanetti et al., 2013), the Ibe-
rian Peninsula (e.g., Pereira et al., 2014), the French Massif Central
(e.g., Poilvet et al., 2011), the German Basin (e.g., Hoffmann et al.,
2013), England (e.g., Hamilton and Pearson, 2011), the North Sea
(e.g., Heeremans et al., 2004) and the Oslo Rift (e.g., Neumann et al.,
2004). This first phase of post-collisional magmatism was followed by
a second phase of widespread magmatism during the Ladinian to
Norian (Middle-Late Triassic) in the southern Alps (e.g., Ivrea Zone, Do-
lomites, Australpine Karawanken Massif; Bellieni et al., 2010; Zanetti
etal, 2013; De Min et al., 2020). Finally, during the latest Triassic tholei-
itic basaltic magmas of the Central Atlantic Magmatic Province (CAMP)
were emplaced over most of central Pangea (Callegaro et al., 2014;
Davies et al., 2017; Marzoli et al., 2019).

This study focuses on a mafic dyke swarm that intruded the Corsica-
Sardinia batholith in the region of Ajaccio (Corsica, France) and on the
gabbro-diorite masses associated with the Bressanone/Brixen granodio-
rite pluton located in North-eastern Italy (South Tyrol). New U-Pb ages
constrain the emplacement age of these mafic dykes and plutons, while
whole-rock major and trace element analyses, and Sr-Nd-Pb isotopic
compositions combined with modelling highlight variations in the geo-
chemical signature and petrogenesis of this magmatism. The studied in-
trusions are also compared to other magmatic events in the widespread
European Variscan domain in order to improve the general understand-
ing of the post-orogenic evolution of the Variscan belt and the evolution
of different mantle domains at the northern margin of Gondwana.

2. Geodynamic and geological setting
2.1. General geodynamic context

Subduction of the Medio-European oceanic crust beneath the Ar-
morica microplate began during the Silurian-Devonian (Matte, 2001),
which lead to collision between Armorica and Gondwana during the
Devonian-Carboniferous (Rossi et al., 2009). Extensional tectonics de-
veloped during the Late Carboniferous, accommodating crustal re-
equilibration (Faure et al., 2005), classically referred to as orogenic col-
lapse (Rey et al., 2001). The collapse of the collisional belt at the end of
orogenic cycles is usually associated with the formation of extensional
detachment faults and core complexes (Froitzheim et al., 2008;

Whitney et al., 2013), opening of sedimentary basins (Cassinis et al.,
1995), lithospheric thinning, increasing of the crustal geothermal gradi-
ent, partial melting of the asthenospheric mantle and production of
calc-alkaline to tholeiitic magmatism (Bonin et al., 1998). This tectonic
phase may also be associated with break-off of the subducting slab
and to poloidal up-flow of deep mantle from the front of the subducted
lithosphere (e.g., Brombin et al., 2019; Faccenna et al., 2011). Variscan
deformation culminated during the Early Carboniferous (Ldufer et al.,
2001) and at the end of the orogenesis the direction of the belt was ori-
ented E-W to WSW-ENE (Matte, 2001; Ziegler et al., 1997). During the
Permo-Carboniferous, the beginning of subduction of the Palaeotethys
plate beneath Eurasia and the Variscan chain progressively transformed
the western convergent margin into a diffuse dextral transform margin
associated with transtension, crustal thinning, intrusive and effusive
magmatic activity, and strike-slip basins (Cassinis et al., 2012).
Muttoni et al. (2003), on the basis of palaeomagnetic data, described a
“Pangea B” configuration in which Gondwana is located ca. 3000 km
east with respect to Laurasia, as usually described in the “Pangea A” con-
figuration (Van der Voo, 1993). The transformation from “Pangea B” to
“Pangea A” occurred during the Early Permian due to a dextral
megashear between Gondwana and Laurussia (Muttoni et al., 2003).

2.2. Corsica

The Corsica batholith can be divided into three main groups of intru-
sions, formed at different times and characterized by distinct petro-
graphic and mineralogical features (Fig. 1a). The first intrusion group
consists of Mg-K-rich calc-alkaline granites, exposed in the western
and north-western areas of Corsica. These intrusions are referred to as
“U1 intrusions” after Orsini (1980). They are mainly composed of quartz
monzonites and monzogranites and were dated at 344 + 2 Ma to
335 + 4 Ma (zircon Pb-evaporation ages; Paquette et al., 2003; Rossi
and Cocherie, 1995).

The second group of intrusions is the most common and comprises
the “U2 association” of Orsini (1980). Most of these rocks are granodio-
rites and monzonites, but tonalites and gabbros are also present. All of
the U2 intrusions were formed over a short period of time, from ca.
305 to 290 Ma (e.g. Pila Canale, Casta, Malfacu granodiorites, 304 +
2 Ma, 303 4+ 6 Ma, 302 + 3 Ma, respectively; zircon Pb-Pb-
evaporation ages from Rossi and Cocherie, 1995). Basic intrusions are
usually slightly younger than the acid and intermediate intrusions,
with ages of ca. 290-280 Ma. Gabbros in Pila Canale and Levie have
been dated at 279.2 4+ 0.6 Ma and 285.2 + 0.6 Ma respectively (U-Pb
zircon by ID-TIMS; Paquette et al., 2003). The youngest suite of intru-
sions is the “U3 metaluminous and alkaline granites”. These granitoids
are exposed in the Elvisa, Bonifatto, Tolla, Bavella and Popolasca massifs
(Rossi and Cocherie, 1995). The ages for these rocks are 282.9 + 1.1 Ma
and 259 + 6 Ma (U-Pb zircon and Sm-Nd mineral isochrons respec-
tively; Poitrasson et al., 1998).

2.3. North-East Italy (South Tyrol)

In the Southern Alps (Fig. 1b) large volumes of Permian volcanics
(the Athesian Volcanic district; Rottura et al., 1998) are rimmed by coe-
val plutons, i.e. M. Sabion, M. Croce, (Kreuzberg), Ivigna (Ifinger),
Bressanone/Brixen to the northwest and Cima d'Asta to the south
(Bellieni et al., 2010). The volcanism occurred simultaneously with the
deposition of the Ponte Gardena conglomerates (290.7 + 3 Ma, U-Pb
zircon SHRIMP; Visona et al., 2007) and ended at 274.1 &+ 1.6 Ma, (U-
Pb zircon; Marocchi et al., 2008) with the formation of large calderas
and eruption of rhyolitic ignimbrites in the Bolzano/Bozen area. The vol-
canic lava piles reached a thickness of ~2000 m, most of which was
acidic in composition, although andesites and basaltic andesites are
also common (Bellieni et al., 2010; Marocchi et al., 2008). In the plutonic
sequences, mafic rocks (diorites and gabbros) are scarce, and usually
form small, dismembered bodies scattered within the acidic plutons
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showing localized mingling with the coeval felsic magmas. The diorites
and gabbros from the Bressanone/Brixen or Lives (Brixen hereafter)
area represent an exception and form a distinct belt south of the Brixen
granodioritic pluton. Together they constitute the Brixen-Chiusa/
Klausen Intrusive Complex (Visona, 1995). The Brixen granodiorite is
a composite pluton emplaced into the metamorphic basement at
about 10 km depth (Wyhlidal et al., 2012). It consists mainly of granodi-
orites and minor S-type cordierite-hypersthene granites (Rottura et al.,
1998). The gabbro-dioritic belt (Visona, 1995), which crop out immedi-
ately south of the pluton, is composed of three major bodies (Brixen,
Luson/Liisen and Chiusa/Klausen; Rottura et al., 1998), and a swarm of
dykes and plugs (Fig. 1b). Diorites are the most common, followed by
(in decreasing abundance) quartz-gabbros, scarce monzodiorites,
granodiorites and granites. The acidic and mafic igneous bodies have
identical ages, i.e. 282 + 14 Ma for the Brixen granodiorites (Rb/Sr
whole-rock isochron; Del Moro and Visona, 1982) and 280.2 + 3.6 Ma
for andesitic necks near Klausen/Chiusa (U-Pb zircon SHRIMP; Visona
et al., 2007).

3. Sampling

For this study, mafic dykes were sampled in southwestern Corsica, in
the region between Ajaccio, Coti-Chiavari and Petreto Bicchisano
(Fig. 1a). Despite widespread alteration, most dykes yield fresh cores,

which were targeted in this study and all intruded into the U2 granitic
unit of the Variscan Corsica batholith, whose grain size, mineral assem-
blage and composition are highly variable. The width of the dykes is var-
iable: most are less than 1 meter wide, but numerous 2-3-meter-wide
dykes are also present as well as a few 10 m wide dykes.

Fig. 1a shows the distribution of all the sampled Ajaccio dykes, with a
N-S trend and N45E dip. Among the larger dykes (6-10 m thickness)
three are oriented N50E to N60E, one is N-S, and one ca. N6OW. There
is no significant difference between the orientation of intermediate
(2-6 m) and thin (<1-meter) dykes.

In Northern Italy, gabbroic rocks were sampled from the southern
portion of the magmatic complex of Brixen (South Tyrol), in the
Scheindenberg-Lufiskofel area (Monte del Bersaglio and Dosso Lives)
(Fig. 1b). The basic intrusion covers an area of about 12 km? and the
rocks range from coarse-grained (cm-sized crystals of pyroxene and
plagioclase), to fine-grained. Mineral layering with cumulus texture is
locally observed. Brixen gabbros are similar to gabbroic rocks from
gabbro-dioritic belt, the nearby Liisen/Luson, Chiusa/Klausen bodies
and related dykes (Visona, 1995 and references therein).

4. Analytical methods

Analytical methods are briefly described here; complete descrip-
tions can be found as supplementary material.
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Whole-rock major element and selected trace element contents were
determined by X-ray fluorescence (XRF) at the University of Padova with
a Philips PW2400 spectrometer, following methods described in
Callegaro et al. (2014). Analytical uncertainties range from 1% to 2% for
major elements and from 10% to 15% for trace elements. Trace elements
were also analysed by Inductively Coupled Plasma-Mass Spectrometry
(ICP-MS) at the University of Bretagne Occidentale at Brest (France), fol-
lowing the analytical protocols described in Barrat et al. (1996).

Sr, Nd and Pb radiogenic isotope ratios were measured at the Depart-
ment of Earth Sciences (University of Geneva, Switzerland) using a
Thermo Neptune PLUS Multi-Collector ICP-MS following the method
described in detail in Chiaradia et al. (2011) and Béguelin et al. (2015).

Mineral major element compositions were obtained by electron mi-
croprobe analysis (CAMECA SX50) at the CNR-IGG, Padova (Italy) fol-
lowing methods described in Marzoli et al. (2019).

The trace element concentrations of the minerals were determined
by LA-ICP-MS at the IGG-C.N.R,, Pavia using a PerkinElmer SCIEX ELAN
DCR-e quadrupole ICP-MS coupled to a Q-switched Nd:YAG laser
source, model Brilliant (Quantel), following the methods described in
Miller et al. (2012).

U-Pb geochronology was conducted at the Universities of Geneva
and Lausanne (Switzerland). At the Institute of Earth Sciences at the
University of Lausanne, zircons from Ajaccio samples were analysed
using a Thermo ELEMENT XR sector field ICP-MS coupled to a UP-
193FX ArF excimer laser ablation system (following methods described
by Ulianov et al., 2012). U-Pb zircon analyses on the Brixen samples
were conducted in Geneva lab with an IsotopX PHOENIX thermal
ionisation mass spectrometer (TIMS) using the techniques described
by Davies et al. (2017).

5. Petrography and mineral compositions
5.1. Petrography

Ajaccio samples are porphyritic to glomerophyric with phenocrysts
of plagioclase (40-60%) and clinopyroxene (30-40%) in variable
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concentrations; amphibole and Fe-Ti oxides are also present in lower
abundances (5-10%). The groundmass is typically aphanitic and made
of clinopyroxene and plagioclase. Five Ajaccio samples are phaneritic
and contain large (up to 1.5-2 mm) euhedral to subhedral crystals of
clinopyroxene and plagioclase (and sometimes primary amphibole).
Other samples contain abundant plagioclase (50-70%) and less abun-
dant clinopyroxene (10-20%). In several cases, plagioclase is affected
by sericitic alteration, which can be pervasive in some samples. Two
Ajaccio samples (AB14 and AB15) are phaneritic and contain abundant
phenocrysts of euhedral to subhedral clinopyroxene (50-70%) and
minor plagioclase (10-20%), which are less altered compared to other
samples. Opaque minerals (titanomagnetite and rare ilmenite) are com-
mon in all Ajaccio dykes (5-10%).

Brixen gabbros mainly contain clinopyroxene (30-40%),
orthopyroxene (10-20%), plagioclase (50-60%), secondary amphibole
and minor secondary biotite and less abundant interstitial quartz (<5%),
locally displaying granophyric texture when paired with alkali feldspar.
Heavily altered olivine is present in some samples, however it can still be
recognized due to the crystal shape and due to the alteration minerals
(mainly iddingsite). Generally, fine-grained samples are allotriomorphic
and are pervasively altered. Coarse-grained samples are hypiodiomorphic
to idiomorphic. They tend to be less altered than fine-grained samples and
characterized by abundant pyroxene and zoned plagioclase.

5.2. Mineral compositions

Clinopyroxene crystals from sample AB15 in Ajaccio plot in the au-
gite field (Fig. 2a; Morimoto et al., 1988). They have an augitic composi-
tion (Wo039_41 Engg_47 Fs12_12) and Mg# (molar 100 x Mg / [Mg + Fe],
where Fe is total iron) of ~70, with no significant variation from core
to rim. Amphibole crystals from sample AB5 plot in the Mg-
hornblende and pargasite fields, while crystals from samples AB23
and AB37 plot in the sadanagaite field and in the tschermakite field, re-
spectively (Fig. 2c; Locock, 2014).

Clinopyroxene crystals from Brixen gabbros BRO8 and BR10 are
augites (Flg 2a; Wo37_40 Engs_44 Fs17_-15 and Wo33 Ensg Fsq7,
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respectively) and have slightly decreasing Mg# from core to rim
(Mg# = 79 to 68). These crystals have also been analysed for trace
element contents. They are characterized by similar LREE and HREE
contents and patterns, with depleted LREE/MREE (e.g., La/Smy =
0.414) and HREE/MREE (e.g., Yb/Smy = 0.681) and a distinct nega-
tive Eu anomaly. They also display Sr and HFSE (Zr, Hf, Ti) depletion
(Fig. 3a).

The orthopyroxene crystals from the Brixen gabbro plot in the
clinoenstatite field (Flg 2a; Wo3_4 Engs_72 FS32_24 and Wog4 Enyq Fsye, re-
spectively) and have similar Mg# core-rim variations to the
clinopyroxenes (Mg# = 75 to 66).

The plagioclase crystals are mostly labradorite (Fig. 2b) with core to
rim zoning (Ang; to Ang,) observed in some samples. They display LILE
and LREE enrichment (e.g., La/Smy = 13.078) and a strong positive Eu
anomaly (Fig. 3b). Major and trace element compositions of crystals
are reported in Table A2 and Table A3 in supplementary material.

6. Zircon U-Pb age determinations

Zircon crystals were successfully separated from three samples from
Ajaccio (AB38, AB42, AB50) and used for U-Pb dating. Sample AB38 was
collected south-east of Ajaccio, between Petreto-Bicchisano, Pila Canale
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concordant zircons from Ajaccio samples AB50 and AB38. (c) Concordia diagram and 2°°Pb/?*8U weighted mean age for concordant zircons from the Brixen gabbro BR02.



Table 1

U-Pb age data of zircons from mafic Ajaccio dykes and Brixen gabbros.

Zircon 207pp 235y error 206pp,235 error Apparent ages, Ma

207pp 235y error 206pp 235y error
Sample AB50¢
k12 0.32600 0.01200 0.04476 0.00053 284.6 8.9 282.2 33
k13 0.33230 0.00730 0.04551 0.00046 291.2 5.6 286.8 2.8
k14 0.32100 0.01300 0.04372 0.00053 280.0 10.0 275.8 33
105 0.37390 0.00590 0.04522 0.00056 3221 43 285.1 34
106 0.32530 0.00620 0.04375 0.00041 285.4 4.8 276.0 2.6
107 0.32800 0.01100 0.04576 0.00057 287.3 8.6 288.4 3.5
108 0.33420 0.00620 0.04444 0.00043 2923 4.7 280.3 2.6
109 0.29000 0.01000 0.03400 0.00130 257.0 79 2155 7.8
110 0.33120 0.00780 0.04456 0.00042 289.6 5.9 281.0 2.6
111 0.34520 0.00930 0.04427 0.00046 299.9 7.0 279.2 2.8
112 0.32430 0.00600 0.04399 0.00039 284.7 4.6 2775 24
113 0.33100 0.01200 0.04521 0.00052 2883 9.2 285.0 3.2
114 0.32300 0.01200 0.04528 0.00053 282.5 9.0 285.5 33
mO05 0.33780 0.00660 0.04545 0.00042 2949 5.0 286.5 2.6
moO06 0.33260 0.00540 0.04480 0.00037 291.1 4.1 282.5 23
mO07 0.39590 0.00710 0.05196 0.00059 338.1 5.1 326.5 3.6
mO08 0.43400 0.01600 0.04285 0.00051 363.0 11.0 270.4 3.2
m09 0.34750 0.00690 0.04518 0.00040 302.2 52 284.9 25
m10 0.34010 0.00820 0.04421 0.00045 297.0 6.1 278.9 2.8
ml1l 0.32960 0.00650 0.04566 0.00041 288.7 5.0 287.8 2.5
m12 0.34060 0.00800 0.04291 0.00090 296.7 6.2 270.7 5.6
m13 0.32200 0.00700 0.04472 0.00044 282.7 54 282.0 2.7
m14 0.33610 0.00650 0.04599 0.00042 293.6 49 289.8 2.6
m15 0.34300 0.01200 0.04496 0.00049 297.7 9.0 283.5 3.0
n06 0.31970 0.00590 0.04425 0.00040 281.2 4.6 279.1 25
n07 0.32000 0.00460 0.04470 0.00036 281.6 3.6 281.9 2.2
Sample AB38*
n08 0.35300 0.00560 0.04037 0.00047 306.5 4.1 255.1 29
n09 0.31580 0.00480 0.04205 0.00037 278.3 3.7 265.5 23
nl10 0.33940 0.00590 0.04516 0.00042 296.3 45 284.7 2.6
nll 0.31980 0.00360 0.04345 0.00038 281.6 2.8 2741 23
nl12 0.31390 0.00600 0.04364 0.00037 277.2 4.7 2753 23
nl3 0.33720 0.00980 0.04487 0.00045 293.7 7.4 2829 2.8
nl4 0.32480 0.00610 0.04523 0.00045 285.1 4.7 285.1 2.8
nl15 0.32010 0.00430 0.04276 0.00035 281.7 33 269.9 2.1
006 0.32610 0.00560 0.04520 0.00040 286.1 43 285.0 2.5
007 0.43090 0.00680 0.04273 0.00049 363.2 4.8 269.7 3.0
Sample AB42*
008 0.90500 0.04900 0.04561 0.00059 636.0 28.0 287.5 3.6
Sample BR2*
z01 0.31974 0.22 0.044620 0.19 281.70 0.54 281.40 0.53
z02 0.31993 0.13 0.044678 0.047 281.85 0.33 281.77 0.13
z03 0.32040 0.11 0.044685 0.046 282.21 0.27 281.81 0.13
z04 0.32028 0.12 0.044679 0.048 282.12 0.30 281.77 0.13
z05 0.32073 0.11 0.044779 0.060 282.46 0.26 282.39 0.17

* The Ajaccio samples data errors are 2SE.
** The Brixen sample data errors are 20.

and Urbalacone. It belongs to a N20E oriented and 2 m wide basaltic
dyke. Ten zircons were extracted from the sample. Sample AB50 is clas-
sified as a basaltic trachyandesite collected east of Urbalacone (see
below). It belongs to a N5E oriented and 1 m wide dyke and yielded
26 zircon crystals. Sample AB42 was collected north of Urbalacone. It
is a basaltic andesite and belongs to a N5E oriented, ~5 m wide dyke. No-
tably, the only zircon extracted from this sample yielded a strongly dis-
cordant age and therefore it will be not considered furthermore in the
discussion.

Cathodoluminescence (CL) reveals that most zircons have oscilla-
tory zoning, consistent with a magmatic origin. Grains from sample
AB50 are stubby and euhedral (e.g. k13, k14, 114, m11); some have
unzoned cores and zoned rims (e.g. 109), while others have zoned
cores and rims (e.g. k13, k14, 110, m13). Grains from sample AB38
show no significant zoning (except grain n12) and have very low-
cathodoluminescence emission (e.g. n13, 006,). Selected grains are
shown in Fig. 4a.

All U-Pb zircon ages are reported in Table 1; however, some zircon
grains are not concordant or are clear outliers in terms of apparent age
and these are not plotted on the figure. Grains 105, 109, m08, m12 from sam-
ple AB50 (red) and grains n08, n09, n15, 007 from sample AB38 (green)
have been excluded due to discordance likely related to Pb loss. Grain
mO7 from sample AB50 yielded a significantly older age than the rest of
the concordant zircons and is interpreted as reflecting Pb inheritance.
These ten zircons have been excluded from the age calculations (Fig. 4b).

21 zircons from sample AB50 yielded a 2°°Pb/238U weighted mean
age of 282.53 4+ 0.85 Ma, while the 6 zircons from sample AB38 yielded
a 2%%ph 238y weighted mean age of 281.01 & 1.95 Ma. (Fig. 4b).

Sample BRO2 from the Brixen gabbroic complex contained pockets
with a granophyric texture, from which 5 zircons were extracted. Four
out of five grains analysed by CA-TIMS (chemical abrasion Thermal
lonisation Mass Spectrometry) are concordant and yielded a
205pp,238(J weighted mean age of 281.78 + 0.04 Ma (Fig. 4c). Ajaccio
and Brixen intrusions are therefore statistically indistinguishable in age.



Table 2

Major element compositions (wt.%) of mafic Ajaccio dykes and Brixen gabbros (XRF analyses).

Location Ajaccio, Corsica (France)

Sample AB1 AB3 AB4 AB5 AB7 AB8 AB9 AB14 AB15 AB16 AB17 AB18 AB19 AB20 AB21 AB22 AB23 AB24 AB25 AB27 AB30
SiO, 49.22 4791 50.11 47.57 49.02 48.81 49.86 48.05 47.09 48.95 48.85 48.49 49.56 48.67 49.01 49.75 46.91 47.54 52.27 47.44 54.52
TiO, 2.23 1.70 1.78 1.20 1.97 2.32 2.38 494 4.45 1.97 1.80 1.83 1.76 1.80 1.92 2.98 3.16 3.15 2.02 3.19 1.07
Al,O3 16.23 17.21 16.23 14.07 17.09 16.35 16.43 12.71 12.06 16.52 17.03 17.00 17.11 17.58 17.19 15.21 153 153 16.72 15.35 18.63
Fe,03 1217 10.78 10.45 11.36 11.12 11.66 12.59 15.50 15.85 1143 10.70 10.75 10.41 10.64 10.94 13.77 15.01 14.45 10.79 14.57 9.20
MnO 0.17 0.17 0.18 0.15 0.17 0.15 0.20 0.19 0.19 0.17 0.16 0.16 0.16 0.16 0.16 0.18 0.2 0.21 0.15 0.2 0.15
MgO 7.44 8.10 8.69 12.78 7.44 6.82 5.93 6.68 9.11 7.91 7.56 7.39 7.18 7.70 7.16 4.64 534 4.99 5.24 5.21 4.89
Ca0 8.08 9.63 7.91 10.26 8.74 8.44 6.26 8.41 8.19 8.84 9.58 9.71 9.39 9.69 9.65 7.16 8.1 7.66 5.89 7.37 7.48
Na,O0 343 3.07 3.11 1.95 3.44 3.35 4.55 2.51 213 3.14 293 3.08 2.93 2.98 3.27 3.88 3.06 343 4,16 3.57 2.80
K,0 0.96 1.08 1.07 031 1.14 0.99 1.02 0.98 0.65 0.88 0.82 0.81 0.92 0.39 0.41 1.62 2.07 1.78 1.69 1.84 1.23
P,0s 0.44 0.28 0.46 0.28 0.40 0.86 0.59 0.35 0.33 0.46 0.40 0.38 0.40 0.40 0.43 0.78 0.77 0.75 0.54 0.8 0.20
Tot 100.37 99.95 100.00 99.93 100.52 99.75 99.79 100.32 100.05 100.27 99.85 99.63 99.83 100.02 100.15 99.96 99.93 99.27 99.48 99.55 100.18
LO. 1.96 3.45 3.37 3.61 3.99 2.62 3.79 2.03 2.28 0.86 1.38 0.96 1.27 1.35 2.05 2.86 2.62 2.90 3.80 2.99 2.95
Location Ajaccio, Corsica (France) Brixen (Northern Italy)

Sample AB31 AB32 AB33 AB34 AB35 AB36 AB37 AB38 AB41 AB42 AB44 AB46 AB47 AB48 AB49 AB50 BR4 BR8 BR9 BR10
SiO, 48.84 47.33 52.94 50.89 49.10 48.29 48.86 49.7 49.17 53.83 56.20 50.55 50.55 50.35 49.3 53.67 53.28 54.77 54.96 55.91
TiO, 1.93 3.13 1.78 1.75 1.77 2.93 2.76 2.44 2.30 113 1.40 1.56 1.67 1.79 1.71 147 0.67 0.65 0.69 0.83
Al,O3 17.26 1545 15.75 15.83 15.08 15.6 15.65 15.92 17.71 17.70 16.71 16.58 17.47 16.50 16.83 16.77 17.61 16.54 14.24 15.80
Fe,03 11.2 14.69 9.82 10.37 10.58 13.82 13.69 11.84 11.19 7.86 8.12 9.88 9.98 10.70 10.16 9.4 8.14 8.43 8.51 8.46
MnO 0.18 0.21 0.16 0.16 0.16 0.2 0.20 0.17 0.16 0.14 0.14 0.16 0.14 0.25 0.16 0.15 0.15 0.16 0.16 0.15
MgO 6.89 5.11 7.31 8.37 8.70 5.05 5.28 6.02 5.51 6.51 5.56 6.66 5.9 8.09 7.14 5.02 6.95 6.97 9.35 6.43
Ca0 8.19 7.54 7.44 6.56 8.58 7.7 7.57 8.62 8.63 8.62 6.33 8.84 8.36 7.83 9.9 7.04 9.34 9.50 8.59 8.20
Na,O 436 422 2.65 3.83 3.90 3.97 3.82 34 3.52 339 3.63 2.87 3.77 3.08 2.96 3.86 1.95 2.04 1.81 2.19
K,0 0.65 1.06 1.51 1.53 0.87 1.28 1.38 0.95 0.87 0.76 1.70 1.96 1.28 1.05 0.88 147 130 0.97 1.51 1.52
P»05 0.41 0.79 0.53 0.46 1.00 0.77 0.69 0.35 0.55 0.14 0.19 0.37 0.33 043 0.4 0.64 0.11 0.11 0.12 0.15
Tot 99.93 99.54 99.89 99.74 99.74 99.62 99.92 99.41 99.61 100.08 99.98 99.45 99.45 100.08 99.44 99.47 99.50 100.14 99.94 99.64
LO.I 3.63 3.10 3.50 3.65 2.89 1.81 1.90 1.09 1.61 244 2.99 2.12 1.97 2.64 2.08 1.99 2.84 0.27 0.54 0.50




7. Whole-rock compositions

Whole-rock compositions of the Ajaccio dykes and Brixen gabbros
are reported in Table 2 and plotted in a total alkali vs. silica diagram
(TAS; Le Bas et al., 1986). Most Ajaccio samples classify as basalts and
trachybasalts, while a few samples can be classified as basaltic andesites
(Fig. 5). Most samples cluster above and below the line dividing the al-
kaline and sub-alkaline series (Irvine and Baragar, 1971). Notably, sam-
ples that are enriched in alkali elements do not show any systematic
difference in terms of immobile major, minor, or trace elements com-
pared to the rest of the samples (see below).

Based on their modal mineral compositions, the Brixen gabbros are
classified as olivine-gabbros, gabbros and gabbro-norites. Plagioclase-
rich rocks classify as leuco-gabbros. The whole-rock major and trace el-
ement composition of the Brixen intrusion reflects mineral accumula-
tion and therefore can not be used to interpret their petrogenesis and
is not directly comparable with the generally finer grained Ajaccio
dyke samples. Nonetheless, we plotted the data from four Brixen
whole-rock samples in the TAS and other diagrams (Fig. 5). Data for
the Liisen/Luson gabbro, near Brixen (Visona, 1995) are also reported
for comparison. The complete data set for Liisen/Luson are reported in
the Table A4 in the supplementary material where the analytical
methods employed for these gabbros are also briefly described.

Most Ajaccio samples have similar major element compositions
(Fig. 6). Exceptions are represented by sample AB5, which is signifi-
cantly enriched in MgO, and samples AB14 and AB15, which are
enriched in TiO, and Fe,03 o (Fig. 6a, b) and slightly depleted in
Na,O and Al,05 (Fig. 6¢, e), compared to the rest of the samples. In gen-
eral, CaO decreases progressively with decreasing MgO (Fig. 6f). TiO,
and Fe,0O3 are nearly constant in primitive samples (those with
MgO > 7 wt.%), while they show two distinct trends to high and low
values in more evolved samples. Al,O3 increases slightly up to 7 wt.%
MgO and decreases with more evolved compositions. Na,O and K50 in-
crease with decreasing MgO.

In the Ternary AFM plot (Irvine and Baragar, 1971) most samples
plot in the calc-alkaline field or next to the dividing line with the tholei-
itic field (Fig. 7). Three outliers plot in the tholeiitic field: AB14 and AB15

are ferro-basalts, while AB5 is Mg-rich. Despite its apparent tholeiitic
character in the AFM plot, we consider sample AB5 among the calc-
alkaline samples because it shows similar major and in particular simi-
lar trace element compositions and ratios to the rest of the calc-alkaline
samples (see below).

Whole-rock trace elements compositions are reported in Fig. 8 and
Table 3. The tholeiitic signature of the two samples AB14 and AB15 is
also confirmed by their trace element compositions, which can be dis-
tinguished from those of the rocks with calc-alkaline affinity (Fig. 1 in
the supplementary material; Pearce, 1983). Calc-alkaline dykes from
Ajaccio share similar patterns displaying LREE/HREE enrichment (La/
Yby from 2.77 to 6.64) and negative Nb-Ta and Zr-Hf anomalies. AB30
and AB42 show a positive Pb anomaly. Tholeiitic Ajaccio samples
AB14, AB15 display a different pattern, with depleted LREE/MREE
(e.g., La/Smy = 0.64) and more fractionated HREE compared to the
calc-alkaline dykes (e.g., Yb/Smy = 0.36 against 0.50, Fig. 8a). They
also have negative Th-U and Pb-Sr anomalies, a positive Ti anomaly
and no significant Nb anomaly.

Similar patterns to the Ajaccio calc-alkaline basalts are displayed by
two whole-rock samples from the gabbroic complex of Brixen (BR0O8
and BR10). These samples are enriched in LREE over MREE and HREE
and are characterized by negative Nb-Ta, Zr-Hf and Eu anomalies and
a positive Pb anomaly. (Fig. 8b). Since the Brixen whole-rocks composi-
tions may not be representative of magmatic liquid compositions, we
used trace element data obtained on clinopyroxenes to calculate mag-
matic melts, assuming equilibrium conditions using the partition coeffi-
cients of Hill et al. (2000). Melts calculated from clinopyroxene display
LREE-enrichment over MREE and HREE and negative HFSE (Nb, Zr, Hf)
and Eu anomalies (Fig. 8c).

Initial Sr, Nd and Pb isotopic compositions recalculated to 280 Ma
were obtained for twelve Ajaccio and two Brixen samples (Table 4).
For the Ajaccio dykes, 87Sr/%6Sr; values range from 0.70373 to 0.70677
and are negatively correlated with Nd isotopic compositions (Fig. 9a).
Sample AB30 has a quite low *3*Nd/***Nd; and high 8Sr/86Sr; ratio com-
pared to the rest of the samples. The two tholeiitic samples AB14 and
AB15 have the highest Nd ('**Nd/'**Nd; = 0.512607 and 0.512608, re-
spectively) and the lowest Sr (37Sr/%6Sr; = 0.70373 and 0.70387)
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Fig. 5. Total alkali vs. silica (TAS) classification diagram (after Le Bas et al., 1986) with the Ajaccio dykes and Brixen gabbros. It should be noted that Brixen gabbros are cumulitic rocks and
do not correspond to magma compositions. Green fields: data for Brixen and nearby gabbros from Visona (1995). (For interpretation of the references to colour in this figure legend, the
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isotopic compositions. Brixen gabbros have more radiogenic Sr and less
radiogenic Nd isotopic composition ('**Nd/'#*Nd; = 0.512039.
8751/85Sr; = 0.70534 and 70,703) compared to the Ajaccio dykes.

Pb isotopic ratios for Ajaccio samples plot above the NHRL (Northern
Hemisphere Reference Line; Hart, 1984) with 2°7Pb/2%Pb; from 15.609
to 15.664, 2°5Pb/2°*Pb; from 38.061 to 38.375 and 2°°Pb/2°*Pb; from
18.134 to 18.470 (Fig. 9b, c). The two analysed Brixen gabbros yielded
similar 2°°Pb/2%4Pb; (18.268 and 18.278) but significantly higher
207pp 204py; (15.679 and 15.680) and 2°8Pb/2%Pb; (18.333 and 18.436)
compared to the Ajaccio dykes. Pb isotopic compositions are poorly cor-
related with '*3Nd/'**Nd;. However, a subset of Ajaccio samples shows
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a negative correlation of Nd vs. Pb isotopic compositions (trend 1 in
Fig. 9d).

For the Ajaccio dykes, the Nd isotopic compositions are roughly
correlated with trace element ratios such as La/Sm and La/Ta
(Fig. 10a, b). Tholeiitic samples AB14 and AB15 plot at the depleted
end of such trends, yielding the highest **Nd/!#*Nd; and the lowest
values for strongly- vs moderately incompatible element ratios. For
most Ajaccio calc-alkaline samples, Zr/Nb is negatively correlated
with 296pb/204pPb; (excluding sample AB42; Fig. 10c) and positively
correlated with '3Nd/!*“Nd; (excluding sample AB30, low
143Nd/"4Nd;; Fig. 10d).
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8. Discussion
8.1. Tectonomagmatic discrimination and emplacement age

The U-Pb ages for the two calc-alkaline samples AB38 and AB50 are
indistinguishable with 2°°Pb/?*8U weighted means of 281.01 + 1.95 Ma
and 282.53 £ 0.85 Ma, respectively. Assuming that these ages represent
the crystallization age of all of the studied calc-alkaline dykes, we can
infer that the dyke swarm in the region of Ajaccio is coeval with other
mafic bodies that intruded the Corsica batholith between ca. 289 Ma
and 279 Ma (i.e., Pila Canale and Levie complex, Paquette et al., 2003;
basaltic dykes in southern Corsica, Traversa et al., 2003; Bocca di
Tenda gabbroic rocks, Cocherie et al., 2005; Porto gabbro, Renna et al.,
2007). This suggests that the early Permian mafic magmatism was
widespread throughout Corsica over an area of ca. 2700 km? (Fig. 1)
in the southern foreland of the Variscan belt after the end of the oro-
genic cycle (after ca. 305 Ma; Soder and Romer, 2018). The Brixen gab-
bro also yielded an identical weighted mean age (281.78 + 0.04 Ma),
testifying to widespread basic magmatism at ca. 280 Ma along a ca.
500 km transect from Corsica throughout the Southern Alps, from East
(Brixen) to the central Alps (the Sondalo gabbro in the Austroalpine
units; Petri et al,, 2017; Tribuzio et al.,, 1999) and the western Southern

to the web version of this article.)
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Table 3

Trace element whole-rock compositions (ppm) of mafic Ajaccio dykes and Brixen gabbros (ICP-MS data).

Location  Ajaccio, Corsica (France) Brixen (Northern
Italy)
Sample AB1 AB5 AB14 AB15 AB16 AB22 AB23 AB24 AB30 AB37 AB38 AB41 AB42  AB50 BRO8 BR10
Sr 359 507 228 221 344 389 393 323 304 328 356 445 263 344 232 257
Y 3942 21.67 49.23 43.83 39.87 54.54 54.09 54.76 22.16 46.63 40.86 36.99 2379 4822 20.41 25.95
Zr 236 136 265 242 149 312 301 309 74 176 165 95 103 165 24 46
Nb 10.55 6.77 12.75 11.16 12.60 19.79 19.33 20.43 6.33 17.03 13.34 13.05 3.49 18.65 7.35 9.80
Mo 1.02 0.16 0.92 0.96 0.53 1.48 1.30 1.23 0.37 1.22 0.89 0.82 0.26 0.50 - -
Cs 1.26 0.27 0.76 1.62 1.67 141 1.01 0.84 1.23 0.41 1.15 2.75 0.71 0.32 3.95 8.11
Ba 164.78  68.52 19293 13452 19401 39542 369.74 33440 270.10 388.81 147.62 21511 9447 264.77 22834 26338
La 17.42 17.34 9.26 8.69 20.18 33.67 32.59 33.72 12.94 28.43 22.85 22.20 9.17 37.39 17.13 23.57
Ce 44.15 35.88 28.39 26.53 4943 80.71 78.26 81.38 29.19 69.45 54.38 54.61 2090 8535 36.72 48.30
Pr 6.24 5.03 5.16 4,76 6.99 11.14 10.87 11.23 3.95 9.60 7.27 7.77 2.92 11.21 4,62 5.97
Nd 27.64 20.47 28.21 25.94 30.66 4739 46.35 47.62 17.01 41.18 30.37 3391 12.89 46.03 17.60 23.11
Sm 6.73 4.19 8.98 8.24 7.21 10.37 10.20 10.48 4.02 9.18 7.06 7.70 3.40 9.86 3.79 4.90
Eu 2.03 1.21 2.89 2.62 2.01 2.86 2.78 2.84 1.13 2.56 1.71 231 1.20 2.36 0.99 1.19
Gd 7.07 4.05 10.39 9.48 7.36 10.09 9.90 10.00 4.06 8.99 7.25 7.58 3.95 9.47 3.62 4.80
Tb 1.14 0.61 1.66 1.51 1.17 1.55 1.51 153 0.63 1.38 1.17 1.16 0.66 1.47 0.56 0.72
Dy 6.88 3.54 9.56 8.59 6.92 9.01 8.73 8.91 3.77 8.06 7.01 6.75 413 8.65 3.40 430
Ho 1.42 0.71 1.81 1.62 1.39 1.80 1.74 1.77 0.76 1.60 1.44 133 0.86 1.73 0.71 0.86
Er 3.97 1.95 4.64 4.12 3.80 4.90 4.72 4.76 2.09 431 3.98 3.54 2.43 4.67 2.02 242
Yb 3.64 1.75 3.54 3.14 335 430 4.10 4.15 1.89 3.74 3.63 291 2.22 4.01 1.83 2.28
Lu 0.54 0.26 0.48 0.42 0.48 0.63 0.60 0.61 0.28 0.54 0.52 0.41 0.32 0.57 0.27 0.32
Hf 517 3.25 6.80 6.11 3.86 6.70 6.32 6.41 2.08 4.46 427 2.61 2.77 411 0.87 141
Ta 0.61 0.42 0.78 0.67 0.68 1.03 1.00 1.07 0.36 0.95 0.84 0.64 0.26 1.02 0.57 0.72
Pb 334 2.61 1.77 1.67 3.47 5.61 6.11 6.25 5.07 4,52 4,01 2.85 6.13 5.44 7.67 8.76
Th 1.90 2.32 0.73 0.67 1.69 3.48 3.19 3.25 2.36 2.99 481 2.24 1.84 513 5.24 6.19
U 0.51 0.65 0.20 0.19 0.37 0.90 0.82 0.83 0.53 0.69 1.24 0.35 0.57 0.96 1.13 1.40
Sc 26.18 20.27 27.24 24.92 28.68 30.63 31.79 33.35 27.08 33.80 32.24 26.12 2721 2272 37.16 36.75
\% 201 151 463 409 208 297 327 316 210 306 312 245 165 119 208 234
Cr 172 892 188 378 242 12 16 13 26 27 77 83 170 111 588 263
Co 43.58 63.19 53.46 62.86 48.85 38.43 4411 41.52 31.01 41.71 42.28 40.41 3239 26,54 - -
Ni 125.88 545.86 106.15 207.04 13220 14.63 19.06 15.51 13.87 2527 69.16 55.71 4027 4240 - -
Rb 29.61 8.16 59.62 39.42 22.36 61.82 61.40 82.40 70.48 63.31 32.23 36.75 3117  41.01 66.15 80.12

Alps (e.g., Ivrea gabbros; Peressini et al., 2007; Zanetti et al., 2013;

Fiorentini et al.,, 2018).

Only two Ajaccio samples (AB14 and AB15) have a tholeiitic mid
ocean ridge (MORB) affinity (Fig. 11;Hollocher et al., 2012; Wood,
1980) suggesting a different origin compared to the calc-alkaline ones.
Unfortunately, no zircons were found in these dykes therefore dating
them was not possible. Based on field evidence, these dykes intruded

the U2 granitoids (Fig. 1; ca. 305-290 Ma), yielding a maximum crystal-
lization age of about 290 Ma. Therefore, the tholeiitic Ajaccio dykes may
be either coeval to the calc-alkaline suite in the same area (ca. 280 Ma)
or related to subsequent magmatic events. Other examples of tholeiitic
Permian intrusions include troctolites and gabbroic rocks from Corsica
(ca.280 Ma; Cocherie et al., 1994), the Braccia gabbro from Val Malenco,

Eastern Central Alps (ca. 275 Ma; Hermann et al.,, 2001, and references
therein) (Fig. 1 in the supplementary material), which yield similar
trace element composition to the Ajaccio tholeiitic samples AB14 and
AB15 (Fig. 31 in the supplementary material). Moreover, Permian Ivrea
gabbros are considered as tholeiitic based on their clinopyroxenes REE
patterns (Zanetti et al., 2013) and their MORB-like isotopic composi-
tions (Voshage et al.,, 1990). In the nearby regions, post-Permian
magmatism is represented chiefly by the Middle-Late Triassic
magmatism in the Southern Alps, Australpine domain and Dinarides
(ca. 240 Ma; Zanetti et al., 2013; Lustrino et al., 2019; De Min et al.,
2020), and by the CAMP activity (ca. 201 Ma), which is widespread in
southwestern Europe and northwestern Africa (e.g., Callegaro et al.,
2014; Marzoli et al., 2019) and may have occurred also in the Ivrea

Table 4
Sr-Nd-Pb isotopic compositions of selected samples from mafic Ajaccio dykes and Brixen gabbroic complex. Initial values are recalculated to 280 Ma.
875y /86y 8751./8651_i 143Nd,/144Nd 1431\](:1/144[\1(:1i eNd; 206py, 204p}y 207p}, 204p}y 208py, 204p}y ZOGPb/ZO4Pbi 207Pb/204l’bi ZOSPb/204Pbi

Ajaccio
AB1 0.70486 0.70390 0.51267 0.51240 2.33389 18.564 15.632 38.583 18.134 15.609 38.061
AB5 0.70497 0.70478 0.51259 0.51236 1.65156 18.881 15.663 38.967 18.182 15.626 38.157
AB14  0.70672 0.70373 0.51296 0.51261 6.42292 18.658 15.681 38.737 18.342 15.664 38.355
AB15  0.70593 0.70387 0.51296 0.51261 6.45253 18.620 15.655 38.646 18.300 15.638 38.283
AB16  0.70519 0.70443 0.51257 0.51231 0.56769 18.581 15.653 38.668 18.287 15.638 38.225
AB23  0.70703 0.70516 0.51256 0.51231 0.72537 18.621 15.658 38.712 18.252 15.639 38.243
AB30  0.70946 0.70677 0.51239 051212 —3.02089  18.566 15.660 38.722 18.284 15.645 38.308
AB37  0.70698 0.70475 0.51258 051233 1.03213 18.746 15.662 38.841 18.330 15.640 38.250
AB38  0.70580 0.70476 0.51255 0.51229 0.28965 19.151 15.692 39.271 18.295 15.647 38.186
AB41  0.70605 0.70511 0.51257 0.51232 0.83454 18.809 15.678 39.079 18.470 15.660 38.375
AB42  0.70546 0.70413 0.51275 0.51246 3.55727 18.558 15.653 38.581 18.306 15.640 38313
AB50  0.70631 0.70493 0.51250 0.51226 —0.27841 18.887 15.679 39.120 18.397 15.654 38.260
Brixen
BRO8  0.70852 0.70534 0.512278 0.51204 —4.65 18.276 15.680 - 18.268 15.679 38.333
BR10  0.71308 0.70703 0.512263 0.51204 —4.65 18.306 15.681 - 18.278 15.680 38.436
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zone (Denyszyn et al, 2018). However, Middle-Late Triassic
magmatism is characterized by orogenic affinity acquired by deep-
seated recycled crustal components (Lustrino et al.,2019; De Min
et al., 2020, Casetta et al., 2018), and is chiefly alkaline to transitional
in character (Casetta et al., 2018). Such Triassic magmatism is different
from the Corsica tholeiites also in terms of isotopic compositions
(Fig. 12). The end-Triassic CAMP basalts from southwestern Europe
are different from Corsica tholeiites in terms of trace element contents
and patterns as well as their Sr-Nd-Pb isotopic composition (Fig. 12;
Callegaro et al., 2014; Marzoli et al., 2019). For example, all analysed
CAMP rocks from Europe are low-Ti basalts (TiO, < 2.0 wt%), while
the Ajaccio tholeiites are high in TiO, (> 4 wt%). CAMP rocks are not
known, so far, from Corsica or Sardinia. In the Ivrea zone, a dunite con-
tains zircons (most likely xenocrystic) which yielded an age close to
200 Ma (Denyszyn et al., 2018), compatible with CAMP. However, the
geochemical composition of those Ivrea rocks is quite different from
other European CAMP rocks as well as from Ajaccio tholeiites.

On the contrary, deep crustal gabbroic rocks from the Permian
Ivrea zone (Voshage et al., 1990) bear geochemical similarities with
the Corsica tholeiites, e.g., high '*3*Nd/'**Nd; (> 0.5126) suggesting
a dominant DMM component (Fig. 12a). Permian tholeiitic dykes
have been described also for southern Corsica and northern Sardinia
(Traversa et al., 2003). In summary, we consider an early Permian
age as the most likely also for the tholeiitic Ajaccio dykes as sug-
gested by field and by the minor presence of Permian rocks with
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tholeiitic and DMM-like affinity both in Corsica and the Southern
Alps (Cocherie et al., 1994; Hermann et al., 2001). Nevertheless,
since we lack geochronological data for the tholeiites, we cannot ex-
clude that calc-alkaline and tholeiitic Ajaccio intrusions may repre-
sent distinct magmatic pulses separated by several milion years
(e.g., Rogers et al.,, 2016).

8.2. Crustal assimilation

As shown in the AFM diagram and in the trace element plots of
Fig. 11 (Hollocher et al., 2012; Wood, 1980), most samples from the
Ajaccio region and the Brixen gabbros have a calc-alkaline affinity and
subduction signature. The subduction signature of most dykes and
gabbros is in contrast with the extensional (or trans-tensional) tectonic
setting in which these intrusions were emplaced ca. 20 Ma after the end
of the Variscan orogeny. In this case, the subduction signature may re-
flect either a significant amount of crustal contamination or a previously
metasomatized mantle source.

The Ajaccio dykes could have been affected by assimilation of crustal
material during their intrusion or during their ascent through the crust.
We used EC-AFC modelling (energy-constrained assimilation and frac-
tional crystallization; Bohrson and Spera, 2001) to simulate the evolu-
tion of both the calc-alkaline and the tholeiitic series in terms of
changing Sr-Nd isotopic ratios and trace element (Sr, Nd, Zr/Nb) compo-
sitions with increasing degrees of crustal assimilation. Sample AB1 is
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considered to be representative of the parental composition for the calc-
alkaline series, since it has the lowest 87Sr/26Sr; among these samples
(87Sr/85Sr; = 0.70390), while AB14 is representative of the tholeiitic se-
ries (37Sr/%5Sr; = 0.70373). To simulate the assimilated crust, we used
the composition of a Variscan granodiorite from Western Corsica (sam-
ple CLB28; Cocherie et al., 1994) dated at 312 Ma, with its Sr-Nd isotopic
compositions recalculated to 280 Ma and the average Zr/Nb of the upper
crust (ca. 16; Rudnick and Gao, 2003). Finally, we assumed four differ-
ent values for the Sr distribution coefficient of the evolving basic
magma (Kds, = 1.5, 0.9, 0.5, 0.1), while the assumed Nd, Zr and Nb dis-
tribution coefficients are 0.1, 0.2 and 0.01, respectively, since they are
incompatible in plagioclase (Aigner-Torres et al., 2007) and
clinopyroxene (Hill et al., 2000). Modelling parameters are shown in
Table 5 and the results are shown in Fig. 13.
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Assuming that the chosen parameters are appropriate, the results of
the EC-AFC simulation do not reproduce the general trends and evolu-
tion of the entire set of dykes. The modelling precludes any EC-AFC
link between the calc-alkaline and the tholeiitic series, implying distinct
parental magmas and possibly distinct mantle sources for the two
suites. Accordingly, the calc-alkaline Ajaccio dykes display a positive
correlation between Zr/Nb and '#*Nd/'#*Nd; (with one outlier;
Fig. 13d). This trend is not reproduced by the assimilation of upper
crust with a mean Zr/Nb ratio of ca. 16 (Rudnick and Gao, 2003) and
low *3>Nd/'**Nd;. Therefore, heterogeneities in the mantle source are
our preferred explanation for the variations in the data (as discussed
below). However, among the calc-alkaline group, the modelling sug-
gests that the samples with the highest Sr and lowest Nd isotopic com-
positions could be derived from the least isotopically enriched magmas



Table 5
Input parameters for EC-AFC model.

Thermal parameters of the system

Composition of magma and assimilant

Calc-alkaline sample AB1

Tholeiitic sample AB14

Liquidus of magma (Tlm) = 1300 °C Element Sr Nd Sr Nd

Initial temperature of magma (Tmo) = 1300 °C Magma conc. 359.14 27.64 227.52 28.21
Liquidus of assimilant (Tla) = 900 °C Kd 1.5/0.9/0.5/0.1 0.1 1.5/0.9/0.5/0.1 0.1

Initial temperature of assimilant (Tao) = 300 °C Assimilant conc. 220 40 220 40

Solidus of magma and assimilant (Ts) = 550 °C Kd 1.5 0.1 1.5 0.1

Specific heat of magma (Cpm) = 1484 J/Kg K Isotope 87r/86Sr 143Nd/"4Nd 875r/855r 143Nd/"*4Nd
Specific heat of assimilant (Cpa) = 1388 J/Kg K Ratio magma 0.703897 0.512397 0.70373 0.51261
Heat of crystallization (Hcry) = 396,000 J/Kg Ratio assimilant 0.707735 0.512063 0.707735 0.512063
Heat of fusion (Hfus) = 354,000 J/Kg

(e.g., sample AB1) through crustal assimilation (Fig. 13a, c). In this case,
the amount of assimilated crust required to reach the composition of the
sample with highest 87Sr/6Sr and lowest '**Nd/'*4Nd (i.e. sample
AB50) would be ca. 40%, a highly unlikely value that would result in
the basic magmas to reach andesitic composition. Contamination with
older or more evolved crustal rocks (with higher Sr and lower Nd isoto-
pic compositions) would require lower degrees of assimilation how-
ever, such rocks are unknown for Corsica, therefore EC-AFC has been
attempted considering a kinzigite from the Ivrea Verbano area (sample
VS10; Voshage et al., 1990). Assimilation of such rock would require a
much lower amount of assimilated crust (ca. 15-20%; Fig. S2 in supple-
mentary material). Nevertheless, even assimilation of evolved rocks
such as this fails to reproduce the general trends of the calc-alkaline
suite, even if it could explain the composition of some of the most
evolved dykes.

The Brixen gabbros seem to have been severely affected by crustal
contamination. Their enriched Sr-Nd isotopic compositions cannot be
reached starting from a hypothetical calc-alkaline or tholeiitic parental
magma similar to the Ajaccio dykes (e.g., similar to AB1 or AB14) com-
bined with assimilation of Variscan granitic crust (Fig. 13a, b, ¢). High de-
grees of assimilation (ca. 30%) of a fairly evolved crustal rock (e.g., similar
to the kinzigite from Ivrea Verbano area; Fig. S2 in supplementary mate-
rial) would produce compositions similar to those of the Brixen gabbros.
Such high degrees of contamination would produce magmas with
basaltic-andesite or andesite composition and could explain why quartz
crystallized in Brixen olivine-gabbros as a late magmatic phase. Gabbroic
sequences from the Ivrea-Verbano (Voshage et al., 1990; Sinigoi et al.,
2016) and Sondalo (Tribuzio et al., 1999) are also heavily contaminated,
displaying degrees of assimilation of up to ca. 30-40% and ca. 20-40%, re-
spectively. According to Sinigoi et al. (2016), crustal contamination is
favoured in zones of deep, fertile and thick crust occurring close to the
former Variscan belt like in the Ivrea or Brixen areas. On the other
hand, where dyking favours a rapid passage of basic magmas through
the crust, crustal contamination may be less efficient (Sinigoi et al.,
2016), such as in the Ajaccio region or in the Bocca di Tenda gabbroic se-
quence (ca. 16-21%; Tribuzio et al., 2009).

8.3. Partial melting and fractional crystallization

In this section, we explore the melting conditions, i.e. the source
mineralogy, temperature and depth, through modelling of incompatible
trace elements and REE (Fig. 14). Two non-modal batch-melting curves
are calculated for a garnet and for a garnet-amphibole lherzolite with
primitive mantle compositions. Apart from the tholeiitic samples AB14
and AB15, all other Ajaccio samples plot just below the primitive mantle
lherzolite curves and yield an apparent melting degree of 3-5%. Samples
AB14 and AB15 plot at higher Dy/Yb and lower La/Yb with respect to the
rest of the samples and require a more depleted mantle source compo-
sition (Fig. 14a).

Modelling was also performed with REEBOX (Table 6; Brown and
Lesher, 2016). In the case of a hot harzburgite (potential temperature,

TP, of 1550 °C), melting would start at ca. 4.1 GPa, while for a TP of
1450 °C melting would start at ca. 2.9 GPa. In the case of a hydrous
lherzolite with a TP of 1400 °C to 1250 °C and an initial water content
of 700 ppm, melting would start at ca. 5.9 to 3.7 GPa, respectively. If
we assume a lithospheric thickness of 70 km, the melting column
would straddle the garnet-spinel transition. All of the calc-alkaline sam-
ples are in agreement with partial melting of a lherzolite source that has
a potential temperature between 1350 °C to 1250 °C with melting
starting at ca. 2.9 to 2.7 GPa and variable melting degrees between ca.
1-4%. However, the tholeiitic samples AB14 and AB15 have composi-
tions which are in agreement with melting of a depleted harzburgite
source, with relatively high potential temperature between 1550 °C to
1500 °C, quite high initial melting depth (ca. 3.9 to 3.3 GPa) and an ap-
parent melting degree of about 2% (Fig. 14a). A depleted mantle source
would explain the depleted La/Sm of the tholeiites, while a high melting
depth would explain the depleted HREE, i.e. a residual garnet signature.

Fractional crystallization has also been modelled considering the in-
volvement of plagioclase and clinopyroxene in equal proportions from a
basaltic melt (plagioclase- and clinopyroxene- melt partition coeffi-
cients from Aigner-Torres et al., 2007, and Hill et al., 2000, respectively).
Sample AB5 (highest MgO at 12.78 wt.%) was selected as the parental
magma in order to test Dy/Yb and La/Yb variations for O to 50% fraction-
ation (blue curve, Fig. 14a). Only limited variations (mainly for La/Yb)
are caused by the fractionation of plagioclase and clinopyroxene, what-
ever the composition of the parental magma. The observed variations
require slightly variable melting degrees (as suggested above) or dis-
tinct mantle sources (and possibly distinct amounts of crustal
assimilation).

Brixen gabbros yield similar La/Yb and slightly lower Dy/Yb com-
pared to most of the Ajaccio dykes. With one exception, melts calculated
from Brixen clinopyroxene data plot close to the Brixen whole-rock
data. Such compositions are close to those of the Ajaccio calc-alkaline
dykes and suggest a similar melting scenario.

8.4. Mantle source composition

As previously stated, major and trace elements and Sr-Nd-Pb isoto-
pic compositions indicate that there are two different magmatic suites
among the Ajaccio dykes. The differences between the calc-alkaline
and the tholeiitic samples and the variability among the calc-alkaline
group cannot be explained only as the result of magmatic processes
such as crustal assimilation, low-pressure fractionation and partial
melting of a homogeneous mantle source. Therefore, if we assume
that the calc-alkaline and the tholeiitic suites are similar in age, a hetero-
geneous mantle source is suggested for the Permian.

The trace element patterns of the calc-alkaline dykes (Fig. 8a) are in-
dicative of a subduction-related signature (Johnson and Plank, 1999).
These patterns are characterized by negative anomalies in HFSE such
as Nb, Ta, Hf and Zr, which are immobile elements during fluid transfer
and are thus typically depleted in subduction-related magmas (Johnson
and Plank, 1999). Also, the dykes are relatively enriched in LILE such as

16



0.708 KdSr=15

_ KdNd=0.1
0.5128
Kd Sr=09 b
0.707 | Assimilant @ ° KdSr=05 05126 L m
Kd Sr=0.1
— 5 @
& 0706 & Z 05124 | A a0
A e @ 3 %
£ 0705 } ® o N Zos5122 | v
<
- ]
0.704 | a 0.5120 A \
Assimilant
0.703 1 1 1 1 1 J 05 1 1 8 1 1 1 1 1 J
0 100 200 300 400 500 600 0 10 20 30 40 50 60
Sr ppm Nd ppm
0.5128 KdSr=15 35 1 KdZr=02
KdSr— 09 Kd Nb=0.01
30 )
05126 | | KdSr— 05
Kd Sr=0.1 25 r .
—g 05124 () r=0. Assimilant
. -  40% v
§ PS 2 20 | \ 40% A ”m
e L @ Assimilant N
£ 05122 | \ 15 r
B ® 0t ® ®
X3 o ®
0.5120 F () d
C 5 F 8
0-51 18 1 1 1 1 ] 0 1 1 1 1 ]
0.703 0.704 0.705 0.706 0.707 0.708 0.5118 0.5120 0.5122 0.5124 0.5126 0.5128
87Sr/86Sr; 1Nd/Nd,

@ Calc-alkaline Ajaccio dykes A Calc-alkaline Ajaccio dyke AB5 M Tholeiitic Ajaccio dykes € Brixen gabbros

Fig. 13. EC-AFC modelling for calc-alkaline and tholeiitic Ajaccio dykes and Brixen gabbros. (a) 87Sr/%Sr vs. Sr (ppm) variation diagram for different Sr distribution coefficients (Kds; = 1.5, 0.9, 0.5,0.1). (b)'**Nd/"#Nd vs. Nd (ppm) variation diagram
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Table 6
Input parameters for REEBOX model.
Spreading Rate  Pre-existing Water Mantle Potential Ambient Mantle Potential Initial trace element Reference
(cm/yr) lithosphere (km) content Temperatures (°C) Temperatures (°C) compositions (ppm)
(ppm)
Hydrous Peridotite 1.5 70 700 1250; 1300; 1350; 1450  1250; 1300; 1350; 1450 DMM Salters and Stracke (2004)
Harzburgite 1.5 70 - 1450; 1500; 1550 1450; 1500; 1550 Depleted DMM Workman and Hart (2005)
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Rb, Sr, K, Ba and Pb, which are all mobile in fluids and concentrated in
subduction magmas (Kessel et al., 2005).

Further constraints on the mantle sources of the basic calc-alkaline
dykes are provided by isotopic and trace element relationships.
143Nd/*4Nd; and 2°°Pb/2°4Pb; are negatively correlated and are posi-
tively and inversely correlated (respectively) to Zr/Nb (and Hf/Ta).
REEBOX modelling shows that increasing Zr/Nb may be related to
slightly increasing degree of mantle melting (Fig. 14b), as Nb is more in-
compatible than Zr (Sun and McDonough, 1989). Generally, high
143Nd/1Nd; (and low 2°5Pb/294Pb;) would suggest a relatively depleted
mantle source, while low **Nd/**Nd; (and high 2°°Pb/2°Pb;) would
indicate a relatively enriched mantle source. Therefore, the Zr/Nb,
143Nd/**4Nd; and 2°°Pb/2%Pb; variability displayed by the calc-alkaline
samples (Fig. 9¢, d and 10d) could represent slightly variable melting
degrees (ca. 1-4%; Fig. 14a) of a variably metasomatized mantle source.
In such scenario, low degree melts would preferentially tap the enriched
component, which are then diluted at higher degrees of melting.

An altogether different source is required for the tholeiitic samples
AB14 and AB15. On trace element diagrams, these tholeiitic samples
plot in the MORB fields (Fig. 11a, b). They also lack major HFSE negative
anomalies (Fig. 8a), while they are relatively depleted in LREE compared
to MREE (e.g., La/Smcy < 1), resembling N-MORBs (Hofmann, 1988;
Sun and McDonough, 1989). Such geochemical features suggest deriva-
tion from a predominantly depleted mantle source (e.g., Zheng, 2019
and references therein) rather than a subduction-related enriched man-
tle source. Accordingly, the Ajaccio tholeiites also yield low Sr and high
Nd isotopic compositions and plot towards the Depleted MORB Mantle
field (Fig. 9a). Nevertheless, they are relatively enriched in Pb and yield
relatively high Pb isotopic compositions (Fig. 9b, c), suggesting a minor
subduction-like signature (i.e., small degrees of metasomatism) or small
degree of mixing with the enriched mantle source that issued the calc-
alkaline suite.

The mantle source of Brixen gabbros is difficult to constrain, due to
the heavy overprint associated with crustal assimilation. Despite this,
Brixen gabbros display whole-rock and calculated melt trace element
compositions in many ways similar to the calc-alkaline Ajaccio dykes,
likely indicating a subduction-related signature (Fig. 8b, c). They also
plotin the calc-alkaline field (Fig. 11a) and towards the Enriched Mantle
poles. In general, a calc-alkaline parental magma and thus an enriched
source is likely for the Brixen gabbros.

8.5. Early Permian basic magmatism in the Southern Variscan Realm

Calc-alkaline dykes in the region of Ajaccio and the Brixen gabbroic
complex included in this study show a common subduction-like signa-
ture. Such signature is also shared by numerous coeval Early Permian
mafic intrusions throughout the Corsica-Sardinia batholith (Fig. 1a),
e.g., the Porto complex (Renna et al., 2006, 2007), the gabbroic complex
of Bocca di Tenda (Tribuzio et al., 2009), dykes from NW Corsica
(Buraglini and Traversa, 2000), and tholeiitic to transitional basaltic
dykes from central to southern Corsica and northern Sardinia (Traversa
et al., 2003) (Fig. S3 in supplementary material). Apart from the Brixen
gabbroic complex, Early Permian post-Variscan magmatism is also wide-
spread in the Alps, such as the Mafic Formation in the Ivrea-Verbano
Zone (e.g., Peressini et al., 2007; Sinigoi et al., 2016; Zanetti et al.,
2013), the Sondalo gabbroic complex (e.g., Petri et al., 2017; Tribuzio
etal., 1999) and Mt. Collon (e.g., Monjoie et al., 2005, 2007). In particular,
Brixen, Mont Collon, Tenda and Porto gabbroic complexes display com-
parable whole-rock and clinopyroxene trace element compositions,
yielding similar subduction-related signatures and thus supporting the
hypothesis of subduction-enriched mantle being present on a regional
scale as the main source for this magmatism (Fig. S3 in supplementary
material). Moreover, calc-alkaline, transitional to tholeiitic dykes with
slight HFSE-enrichment and alkaline basaltic dykes (Traversa et al.,
2003) are located in southern Corsica and northern Sardinia. According
to those authors, the transitional to tholeiitic dykes represent the shift
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from post-collisional magmatism (still yielding a marked subduction-
related signature) to an anorogenic phase characterized by within-
plate Late Permian-Early Triassic alkaline basaltic dykes.

In terms of Sr-Nd isotopic compositions, the Ajaccio dykes overlap in
composition with other Permian south-Alpine mafic complexes
(Fig. 12a). In particular, the Ajaccio tholeiites overlap with gabbros
from the deep crust of the Permian Ivrea mafic bodies (Val Sesia;
Voshage et al.,, 1990; Sinigoi et al., 2016 and references therein), while
the calc-alkaline Ajaccio suite overlaps with other basic dykes and
gabbros from Corsica, with Ivrea ultramafic pipes (Garuti et al., 2001)
and with partially hybridized (i.e., crustally contaminated) gabbros
from the upper part of the Ivrea zone (Sinigoi et al., 2016; Voshage
et al.,, 1990). In terms of Pb isotopic compositions, they overlap with
mafic rocks from the Ivrea-Verbano area (Fig. 12b, ¢; Cumming et al.,
1987). The Brixen gabbro rocks, being the most crustally contaminated,
overlap with the crustally contaminated rocks from Ivrea (Sinigoi et al.,
2016) and plot close to silicic volcanic and plutonic Permian rocks from
the Southern Alps (e.g. Rottura et al., 1998; Fig. 12a). However, they
have the highest Pb isotopic composition among the Permian mafic
rocks throughout the Corsica batholith and the Alps (Fig. 12b, c).

8.6. Geodynamic significance of Permian magmatism in southern and west-
ern Europe

Overall, based on our new trace element and Sr-Nd-Pb isotopic com-
positions, coupled with mantle-melting modelling, a heterogeneous
mantle is preferred as the source of the post-orogenic magmatism that
affected the Corsica batholith during the Early Permian. The calc-
alkaline dykes may represent partial melting of mantle portions
enriched by metasomatizing fluids released from crustal material
subducted during the Variscan orogenic cycle. In contrast, the tholeiitic
dykes may represent melting of a less enriched to depleted mantle
which rose from greater depth at higher temperature than the mantle
that sourced the calc-alkaline magmas. Likely, mixing of melts and
minor crustal assimilation occurred during ascent and intrusion at shal-
low crustal levels. The Brixen gabbros are probably the most heavily
contaminated magmas studied here, however, they still seem to share
mantle source characteristics with the Ajaccio calc-alkaline suite.

Mantle partial melting in post-collisional settings is usually related
to extensional tectonics, thinning of the lithosphere and partial melting
of the rising asthenosphere (Bonin et al., 1998). Magmatism in late to
post-collisional environments could also be enhanced by slab detach-
ment (Ferrari, 2004), slab roll-back (Singer et al., 2014) and poloidal
and toroidal mantle-flow (Brombin et al., 2019; Faccenna et al., 2011).
In general, these geodynamic scenarios lead to uprising mantle from
greater depths and to decompression melting. We speculate that de-
compression melting affected initially shallow portions of the former
mantle wedge, which still retained the geochemical fingerprint of the
Variscan subduction event(s). Subsequent partial melting may have
formed the tholeiites, which were dominantly sourced from a depleted
mantle rising from greater depths.

The geodynamic context, as well as similar geochemical composi-
tions suggest that similar mantle melting scenarios may be applicable
to the entire South European Permian magmatic suite. All of these
basic magmas were emplaced in extensional environments (Rottura
et al., 1998), but at least parts of them still yield a clear fingerprint of
the subduction-modified mantle source.

8.7. Concluding remarks on the Permian to Triassic evolution of the
Variscan domain

The enriched geochemical signatures observed in the Permian
magmatism are also observed in subsequent magmatic events, which oc-
curred at the edge of the former Variscan belt. During the Middle-Late Tri-
assic, magmatic activity developed in the Southern Alps, Dinarides and
Australpine domains with dominant basaltic rocks bearing a subduction



signature, despite the fact that these magmas are associated with an exten-
sional setting (De Min et al., 2020; Lustrino et al., 2019 and references
therein). Triassic magmas have similar trace element compositions com-
pared to the Permian magmatism studied here, resembling a
subduction-related signature (Fig. S3i, j in the supplementary material).
However, the Triassic magmas are in general more enriched than the
Permian magmas, as shown by their enrichment in K and by their Sr-Nd
isotopic compositions trending to more enriched values (high Sr and low
Nd isotopic compositions; Fig. 12a; Lustrino et al., 2019, and references
therein). In particular, samples with a dominant DMM signature are miss-
ing among the mid-Triassic magmas, whose most depleted compositions
are represented by lamprophyres, which are probable lithospheric mantle
melts (De Min et al.,, 2020). Triassic magmas also yield similar to higher Pb
isotopic compositions than the Ajaccio mafic dykes (overlapping with the
Brixen gabbro; Fig. 12b, c).

At the very end of the Triassic, tholeiitic basalts were emplaced over
central Pangea, forming the CAMP (Marzoli et al., 2019 and references
therein). Basaltic magmas from this province also yield a significantly
enriched subduction-related geochemical signature (Fig. S3k, I in the
supplementary material), e.g. with higher Sr and lower Nd isotopic
composition compared to the Ajaccio dykes or to the Ladinian magmas
(Fig. 12a; Callegaro et al., 2014; Cebria et al., 2003; Lustrino et al., 2019;
Marzoli et al., 2019), but lower Pb isotopic compositions (Fig. 12b, c).
The subduction fingerprint detected in CAMP basalts is probably due
to recycled continental material from Paleozoic subduction events in
the mantle source. The general development of post-Variscan
magmatism during the Permian (e.g., the Permian basic magmas stud-
ied here) to the late Triassic (Carnian magmatism and then CAMP) high-
lights the importance of the Variscan orogeny in modifying the
composition of the shallow mantle domains, probably favouring melt-
ing of more fertile mantle, enriched in incompatible trace element and
possibly in volatiles.

9. Conclusions

New zircon U-Pb ages constrain the emplacement of a dyke swarm
in the region of Ajaccio (Corsica) and of the Brixen gabbroic complex
(Northern Italy) at ca. 282 Ma, i.e., at the end of the Variscan orogenic
cycle. Calc-alkaline Ajaccio dykes display subduction-like signature,
likely resulting from melting of an enriched mantle source rather than
crustal assimilation, while minor tholeiitic dykes tapped a more de-
pleted mantle source which originated from greater depths and tem-
perature. The age of the tholeiites is not constrained here, but the
most likely interpretation is that also their age is similar to those Perm-
ian tholeiites found in the Ivrea zone, Val Malenco or in Corsica and Sar-
dinia. However, we can not exclude that the tholeiitic dykes may be
somewhat younger than the calc-alkaline ones, thus representing a dif-
ferent pulse of the post-Variscan magmatism. Brixen gabbros show sim-
ilar geochemical signatures to the calc-alkaline Ajaccio dykes, but record
higher amounts of crustal assimilation.

Coeval mafic Permian magmatism throughout the Corsica-Sardinia
batholith and the Southern Alps share common geochemical features,
suggesting the presence of a heterogeneous mantle on a regional scale
in the southern Variscan domain during the post-collisional evolution
of the Variscan belt. The geodynamic context, as well as similar geo-
chemical compositions suggest that similar mantle melting scenarios
may be applicable to the entire South European Permian magmatic
suite. Post-collisional magmatism is commonly explained by the col-
lapse of the orogenic belt associated with an extensional tectonic
phase, but other processes are likely to enhance mantle-melting, such
as slab detachment, slab roll-back, and poloidal as well as toroidal man-
tle flow, which may generate magmatism millions of years after the
main collisional event.

The subduction-like signature recognized in the Ajaccio and Brixen
Permian magmatism is still observed in the subsequent mid-Triassic
magmatism throughout the western Tethys and Late-Triassic CAMP
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magmatism, suggesting that shallow mantle modified by fertile crustal
material during subductions may be a critical factor for enhancing man-
tle melting during post-collisional evolution of orogenic belts.
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