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Abstract

Structural and petrological analyses on the Ali Unit, in the Peloritani Thrust Belt, document the first evidence for Alpine
exhumation associated with syn-orogenic extension in this part of the Calabria-Peloritani Arc. The Ali Unit displays ductile
structures occurred during three Alpine deformation phasgg 2, D3). D51 and Dyzdeveloped in a contractional context,
whereas Q> was generated in an extensional regime. The present-day tectonic contact between the Ali Unit and the overlying
Mandanici Unit is interpreted as a low-angle extensional detachment responsible for the metamorphic break between the two
units. Structural overprinting relationships indicate that the developmenggffuctures and related tectonic exhumation
occurred during syn-convergence extension, and were followed by further nappe stacking in the Peloritdni delthis
article: R. Somma et al., C. R. Geoscience 337 (2005).
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Résumé

Extension synorogénique dans la chaine alpine péloritaine (Nord-Est de la Sicile, Italie) : I'exemple de I'unité d’ Ali.

L'étude de I'évolution tectono-métamorphique de I'unité d’Ali (monts Péloritains) apporte la premiére indication de I'exhuma-
tion alpine par extension synorogénique dans cette partie de I'arc Calabro-Péloritain. L'unité d’Ali montre des structures ductiles
développées durant trois phases de déformation alpings [y, Da3). D41 et D43 se sont développées dans un contexte com-
pressif, alors que B s'est formée dans un régime extensif. Le contact tectonique entre 'unité d’Ali et I'unité superposée de
Mandanici est représenté par des failles extensives, responsables de 'omission métamorphique et stratigraphique entre les deu
unités. Les rapports structuraux indiquent que les structuggseDl’exhumation associée se sont produites au cours d'une
extension synorogénique, suivie par I'empilement des nappes de la chaine példPaameter cet article: R. Sommaet al.,

C. R. Geoscience 337 (2005).
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Version francaise abr égée La premiere déformation alpine {8, associée a
un raccourcissement sub-horizontal, produit des struc-
1. Introduction tures compressives représentées pamurn plissement

alpin F,; avec plans axiaux a fort pendage) (ne

Lexhumation des roches métamorphiques peut se folliation de plan axial & sub-vertical pénétrative
produire, soit par compression, soit par extension, qui (Fig. 2. N . o
peut étre elle-méme, soit post-orogénique, soit syno- & deuxieme phase alpine 48), liee & un raccour-
rogénique13]. cissement vertlcal,'est responsa}ble dg la formt':\tlon de

Dans ce travail, nous exposons les données quistrucf[ures d’extension represeqtees pE)rur(systeme
apportent la premiére preuve d’exhumation par ex- 4€ plissement& avec plans axiaux sub-horizontaux,
tension synorogénique dans la chaine péloritaine (arc (1) un clivage espace de plan axiabSsub-horizontal
Calabro-Péloritain). Ces données fournissent de nou- €t PeU penétratifiigs. 3-9.

velles contraintes pour la reconstruction de I'évolution L@ troisieme geformat|on a'ff?lne (), quin'estpas
tectono-métamorphique de la chaine Péloritaine. accompagnee de metamorphisme, est associee a un
nouveau raccourcissement sub-horizontal. Elle forme

des structures compressives, avec une foliation de
crénulation g3 et des linéations de gaufrage locales
(Figs. 4c et &.

_ Lunite d',M',f,(UA) appartient a la cf|1.a|ne Pélo- Un saut métamorphique caractérise le contact tec-
ritaine, un édifice tectonique d'age Oligo-Miocéne yonine entre I'UA, métamorphisée durant I'événe-

formé par des nappes de crolte continentale amin-ant ainin, et I'unité de Mandanici sus-jacente, une
cie. Cette unité, composée par un substratum varisque,anoe composée par un substratum varisque sans meé-
(Palequmque) revetuh_d une Icquv(frt‘;r?blmzsoz‘?'q”e'tamorphisme alpin. L'analyse structurale de ce contact
a subi un métamorphisme alpin de faible defig tectonique révéle la présence de zones de cisaillement

L'UA s'étend le long de la cote ionienne. Elle est qyangif 3 faible angle. Les indicateurs cinématiques
recouverte tectoniquement par les roches épiméta- iy ciures S—C et'SC) suggérent un sens de cisaille-
morphiques, d’age Varisque, de l'unité de Mandanici \,ant normal vers le nord.

(Fig. 1). Ce contact tectonique a été interprété comme
un chevauchement alpin. Le contact tectonique infe- , Discussion et conclusion
rieur n'affleure pas, mais I'étude régionale de la chaine
Péloritaine indique que I'UA est probablement super-
posée a l'unité de Fondachelli.

2. Rappel géologique

Les données pétrologiques de l'unité d’Ali indi-
quent la présence de deux stades métamorphiques al-
pins : le stade By a P = 0,3-04 GPa et = 330+
3. Données structurales 20°C; le stade R, en conditions deP et T plus

basses.

Les analyses méso- et microstructurales nous ont Vers la fin de la phase {3, des sur-charriages se
permis de reconnaitre trois phases de déformation duc-sont produits, déterminant un épaississement crustal
tiles alpines. La premiére et la troisieme phases se sontdans la chaine Péloritaine.
développées dans un régime compressif, alors que la Lextension synorogénique, mise en évidence par
deuxiéme s’est produite dans un contexte d’extension I'analyse de la déformation interne de I'UA et par
(synorogénique). L'analyse microstructurale indique la reconnaissance de zones de cisaillement extensif,
gue les deux premieres phases ont aussi été accomest probablement responsable du saut métamorphique
pagnées par un métamorphisme. entre ces unités et de I'amincissement de la pile de
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nappes, en causant I'élimination de la surcharge et ranean are42,14] including the Calabria—Peloritani
I'exhumation de certaines portions de la chaine. La Arc [20-23]
déformation interne de I'UA permet d’attribuer une In this paper, meso- and microstructural data are
part considérable de la déformation finie coaxiale et reported, documenting the first evidence for Alpine
de 'amincissement des terrains étudiés, au raccourcis-exhumation associated with syn-orogenic extension
sement vertical. En revanche, une omission tectoniquein the Peloritani Thrust Belt (Southern Sector of the
substantielle, au niveau du contact entre les unités deCalabria—Peloritani Arc). These data provide new ele-
Mandanici et d’Ali, est vraisemblable, compte tenu ments for the reconstruction of the tectono-metamor-
des données pétrologiques qui indiquent un saut de phic evolution of the Peloritani Thrust Belt.
pression de sens normal.

Pendant I'orogenése alpine, 'UA était recouverte
par une épaisseur considérable de roches, conservé@. The Peloritani Thrust Belt
seulement en partie dans la chaine actuelle. La tecto-
nique liée, vraisemblablement, & I'extension synorogé- ~ The Ali Unit (AU) belongs to the Peloritani Thrust
nique a exhumé cette unité de portions plus profondes Belt, which belt is formed by thin continental crust
de la chaine. Le fait que I'unité tectonique structu- happes emplaced during the Upper Oligocene—Aquita-
ralement sous-jacente a I'UA, c’est-a-dire 'unité de Nian time span and postdated by Burdigalian wedge-
Fondachelli, n’ait pas été métamorphisée durant I'oro- top basin deposits. The belt includes, from base to
genése alpine suggére que I'exhumation s'est pro- top: the Longi-Taormina, Fondachelli, Ali, Man-
duite avant 'emplacement de I'UA et des unités sus- danici, Piraino, Mela and Aspromonte Unjis3]. The
jacentes sur 'unité de Fondachelig. 7). Ainsi, la ~ Aspromonte Unit records three metamorphic (Pre-
phase @, et 'exhumation de I'unité métamorphique Variscan, Variscan and Alpine) and two plutonic (Pre-

se seraient développées dans le contexte d’une dé-2nd Late-Variscan) events. The other units include
formation syn-convergence, suivi par un raccourcisse- Falaeozoic successions affected by Variscan metamor-

ment crustal ultérieur. phism showing peculiar characteristics. The Mela and

Lanalyse tectono-métamorphique précédente ré- AI_‘| Units ex_hibit a more com_ple>_< tectonic evolution,
véle que, dans I'arc Calabro-Péloritain, de la méme fa- With Eo-Variscan eclogite relics in the former and an
con que dans d'autres orogenes, des épisodes d’exten£IPin€ overprintin the lattef18]. The Meso-Cenozoic
sion syn-convergence ont accompagné I'empilement Ccr):?tesr is lacking only in the Aspromonte and Mela

des nappes et le raccourcissement crustal. ) .
In the Aspromonte Unif18], the Alpine meta-

morphism ranges from the Barrovian-type garnet
1] ducti zone of the greenschist facies (first stagg B P =
- Introduction 0.7-09 GPa,T = 380+ 10°C) to the oligoclase zone

of the amphibolite facies (second stagg Bnd Dy3—
Exhumation of metamorphic rocks may occur asa p < 0.5 GPa,I > 550°C; 22 Ma).

result of different mechanisms, including crustal short-

ening (accompanied by substantial erogj8}), rock

buoyancy in a subduction channdl5], or crustal/ 3. TheAli Unit

lithospheric extensiofi4]. Both syn- and post-oroge-

nic extension may occur in orogens. Syn-orogenic ex-  The AU is made up of a Palaeozoic (Upper Car-
tension is contemporaneous with the build up of the boniferous—Lower Devonian) succession, affected by
belt and it is restricted only to the upper cry#. a low-grade Variscan metamorphism, and a Meso-
Post-orogenic extension occurs once tectonic build- zoic cover, both interested by a very low-grade Alpine
ing stops, affecting the whole lithosphefE3], and metamorphisni9]. The AU crops out on the lonian
so it contributes (with erosion) to the erasing of the coast, near the Ali village, with a thickness of 300-
chain. The occurrence of both syn- and post-orogenic 450 m §ig. 1). It is tectonically overlain by the
extension has been widely documented in the Mediter- Variscan epimetamorphites of the Mandanici Unit.
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Fig. 1. Geological mapa) and cross sectiorbj of the Ali area. Lower hemisphere, equal area projection shgw<dtd hinges (dots),
La1 = So/Sy1 intersection lineation (squares) and poles to axial surfaces (triangles). LebeQdiaternary cover2, Aspromonte Unit;
3, Mandanici Unit. Ali Unit-Mesozoic cove#, metamarls (Lower Cretaceous?—Juras&ichetamarly-limestonededolotype, Domerian);
6, meta(?)-dolomites, meta-limestoneargneulegNorian-Carnian?)7, Verrucanoetype (Upper—Middle Triassic?g, Palaeozoic basement
(Scisti a pianteUpper Carboniferous—Lower Devonian).

Fig. 1. Carte §) et coupe géologiqueb] de la région d’Ali. La projection équivalente de Schmidt, hémisphére inférieur, montre les charniéres
de pli Fy1 (points), les linéations d'intersectiont.= Sp/Sa1 (carrés) et les pdles de plans axiaux (triangles). Légehdaépobts quaternaires ;

2, unité de I’Aspromonte3, unité de Mandanici. Unité d’Ali—couverture mésozoigdemétamarnes (Crétacé inférieur ?—Jurassigbeiné-
tacalcaires marneux (de typdedolg Domérien) ;6, méta( ?)-dolomies, méta-calcaires, cargneules (Carnian—Nori&n%rrucano(Trias
supérieur—-moyen ?)8, substratum paléozoiquBchistes a plante€arbonifere supérieur—-Dévonien inférieur).
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Locally, the AU is overlain by reworked, cataclastic the Mandanici Unit, two Alpine deformation cycles.
meso-catametamorphites (Modderino klippe). The up- Four Alpine ductile deformation phases were identi-
per boundary of the AU is commonly interpreted as an fied by Giunta and Somnfa1]. These authors recon-
Alpine overthrust. The lower tectonic contact does not structed a very complex structure characterised by two
crop out. According to regional analyses on the belt, structural sets. The structurally uppermost group was
the AU probably overthrusts the Fondachelli Unit. formed by several tectonic slices and the lowermost
The AU stratigraphic succession, strongly deformed one numerous duplexes. The related kinematic model,
by Alpine tectonics, has been reconstructed based characterised by a piggy-back thrust sequence with a
on lithostratigraphic observations. It is characterised, south-wards tectonic transport direction, would have

from top to base, by: involved first the uppermost set of slices, and then the
duplex level.
— aMesozoic covervariegated siliceous metamarls New meso- and microstructural investigations on

with intercalations of grey centimetre-thick cal- the AU allowed us to recognise three main ductile
carenites and microbreccia (Lower Cretaceous?— deformation phases. The first and third phases devel-
Jurassic), grey to bluish cherty metamarly lime- oped in a contractional regime, the second generated in
stones Kledolotype, Domerian), grey to yel- an extensional context (syn-orogenic extension). Mi-
lowish meta(?)-dolomites, black meta-limestones crostructural analyses indicate that the first two phases
(Norian?), strongly cataclastic pinkish to yel- were also accompanied by metamorphism.
lowish cargneules(Carnian?), reddish to yel- The first Alpine deformation{Da1), syn-metamor-
lowish Verrucanetype metapelites, metasiltites, phic and associated with sub-horizontal shortening,
metarenites and metaconglomerates (Upper-Mid- generated pervasive contractional structures repre-
dle Triassic?); sented by:ij an Alpine polyharmonic g fold system

— a Palaeozoic basemenpolymetamorphic dark  with steeply dipping axial surfaces, and) @ steeply
graphite, metapelites, metasiltites, metarenites dipping S; axial plane foliation.

and metaconglomerates with plant resgciéti Da1 is responsible for the dominant macroscopic

neri a piante— Upper Carboniferous—Lower De-  structural setting of AU rocks. Along the lonian coast,

vonian). an overturned tight syncline with a 100-m wavelength
preserves the variegated metamarls in the deige ().

According to most authorgl,5,6,24] the Ali Fa1 folds consist of S—-SSW-vergent tight buckle

Mesozoic rocks and some other Peloritani Alpine folds showing wavelengths of tens of metres to a few
overprinted rocks belong to the cover of the Man- metres, east—-west to WNW-ESE axial trerfig (2a)
danici Unit. Our data on the Mandanici Unit, also near and axial surfaces dipping towards N-NNE with an-
the tectonic contact with the Ali rocks, indicate that gles of 55 (Figs. 1 and 3a-bF,1 folds show different
this unit is not affected by an Alpine metamorphic styles both in the various formations of the AU mul-
overprint. Moreover, the AU preserves a Palaeozoic tilayer and within the same formation, depending on
basement not recognised by previous studies. the lithotype. In metamarly limestones, parasitic, close
buckle folds with rounded hinge zonebid. 3a—d)
evolve, along the axial surface, to open kinks in the
4, Structural and petrological data range of a few metres. Cuspate-lobate folds are also
common along the interface between limestone/marly
4.1. Internal deformation and metamorphism of the  beds with different pelite contents. Moreover, in the
Ali Unit Medolo and variegated metamarls, fold limbs often
presentboudinlike structures, originating pinch and
Structural analyses and kinematic reconstructions swell structures with the long axis parallel tg;Fold
on the AU[5,11] did not point out the occurrence of axes.
syn-orogenic extensional structures. Cirrincione and  The S foliation (Figs. 3c—f and 4a-Jboccurs as
Pezzing[5] recognised, both in the Mesozoic succes- axial plane foliation to k folds (Fig. 3c—d). It is well
sion of the Ali area and in the terrains ascribed to recognisable both at the micro- and the mesoscale.
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is accompanied by phengite (3.3 Si content — p.fu.)
chlorite + quartz+ hematite+ graphite+ magnetite.

The second Alpine deformatio(Ds2), syn-meta-
morphic and associated with vertical shortening, is
responsible for the development of structures repre-
sented by:ij a Ry fold system with moderately dip-
ping to sub-horizontal axial surfaces, ang @ sub-
horizontal 2 axial plane foliation.

Da1 structures are deformed by cascadeg felds

Fig. 2. Orientation data for §)-related Alpine mesoscopic fabrics (Figs. 3c-d and pshowing both rounded and angular

(lower hemisphere, Schmidt equal area projectiors).Poles to hinges, weakly plu_nging towards the west. In the m?ta'
bedding (198 data) and pole to the best fit great circle of bedding marls, folds are widespread and present centimetric to

poles (the meam fold axis is 270/15). ) Poles to & Alpine millimetric wavelengths. Differently, £ folds in the

foliation (123 data). Symbols: empty squaresmetamarls; large MedoIthpe rocks are not common and are genera”y

solid squares= Medolg small solid squares- Verrucang rhombs . . .
represented by kink bands, only few centimetres wide,

= Palaeozoic basement. i ) . -
Fig. 2. Stéréogrammes des éléments structuraux associés a la dé-deformIng the prewousﬁfabnc. Fold hlnges are also

formation alpine Ry (projection équivalente de Schmidt, hémi-  VETY rare to observe in théerrucanolayers.
sphére inférieur).d) Poles de stratification (198 données) et pole de The S fabric (Fig. 5a), well recognisable both

meilleur ajustement avec la stratification (meilleur axe€70/15). at micro- and mesoscaléi@s. 3e—f and ¥ occurs

(b) Poles de’folla_ltlon de premiere phase glplne_(123 données). S‘_;ym- as a crenulation cleavage associated with flds.
boles : carrés videss métamarnes; carrés pleins de grande taille

= Medolo; carrés pleins de petite taille Verrucano, losanges= S{ﬁ anlsotropy-surfaces display dominant gentle north
substratum paléozoique. dips, steepening towards the structurally uppermost

portion of the unit. The intersection lineationd =

Sa1/Sa2 is oriented consistently withgp axial trends.
It forms convergent (in competent beds) and diver- A further Loy = So/Sa2 lineation is easily observable
gent (in less competent units) cleavage fans typical on bedding surfaces. In the pelitic rocks:2$s rep-
of buckle folds. The foliation dips towards north and resented by a pronounced, parallel to anastomosing
south (because of both cleavage refraction and later crenulation cleavage-(g. 4b), defined by crystallisa-
deformation phases), showing a wide range of dip val- tion of the same minerals forming the:Swith strain
ues Fig. 2b). The intersection lineationgy = So/Sa1 fringes rimming clastic quartz. During J3, quartz
roughly lies sub-parallel to J1 axes (stereonet in  polycrystalline microlithons also originated irregular
Fig. 1a). In the pelitic rocksKig. 4b), Siyconsists ofa  grain boundaries. &5 is represented by a zonal crenu-
slaty cleavage defined by Alpine syn-kinematic phen- lation cleavage, locally of discrete type, with rough
gitic white mica (3.3 to 3.25 Si content p.f.u.) or to smooth cleavage domains and with symmetric mi-
paragonitet chlorite + quartz+ hematite+ graphite crofolds deforming the § fabric. In theMedolotype
+ magnetitet pyrophyllite. Quartz shows irregular  carbonate level, £ shows features analogous to those
grain boundaries in response to grain boundary mi- described above, but it is only incipiently developed.
gration recrystallisation. In théerrucanometapelites, In the Verrucang S,z crenulation cleavage is mainly
white mica grew at the expense of previous albite of discrete type and is associated with open, asymmet-
(paragonite) and biotite (phengite). Relict clastic ma- ric microfolds. The & foliation is pervasive only in
terials consist of white mica, hematite, quartz and the Palaeozoic basemeifig. 4c), and is represented
chloritised biotite (pennine). In the calcareous levels, by a crenulation cleavage with symmetric microfolds
S,1 is spaced and consists of an anastomosing folia- deforming the & foliation. S;2 is defined by the same
tion marked by wriggly to stylolitic cleavage domains Sa1 mineral assemblage.
mainly defined by hematite. In the Variscan basement, = Thethird Alpine deformation(Da3), hot accompa-
Sa1is observable only at the microscalgy 8ppears to nied by metamorphism, is again associated with sub-
produce an intensification of the Variscan foliation and horizontal shortening. It locally originated contrac-
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Fig. 3. Photographsa( ¢) and lines drawinglf, d) of mesoscopic structures in the Alledolotype metamarly limestones. Photograghgnd
line drawing €) of mesoscopic structures in the AU metamarls.

Fig. 3. Photographies(c) et dessinst{, d) des structures mésoscopiques dans les calcaires métamarneuxiedypede I'UA. Photographie
(e) et dessinf{) des structures mésoscopiques dans les métamarnes de I'UA.

tional deformation features mainly represented by a basementKig. 4c). The S3fabric displays southward
steeply dipping §s crenulation cleavage. dips of about 45 (Fig. 63. A crenulation lineation ks

The S3 cleavage, recognisable both at micro- and = S32/Sa3 trends mainly WNW-ESEHjg. &b). Si3is
mesoscale, was observed mainly in the Palaeozoiccharacterised by a zonal crenulation cleavage, locally
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Fig. 5. Orientation data (lower hemisphere, equal area projections)
for Dyo-related Alpine mesoscopic fabrics) (Poles to §» Alpine
foliation (174 data).lf) F42 Alpine fold hinges (32 data), 4o =
S,1/Sq2 intersection lineations (14 data), and poles 4o &xial sur-
faces (10 data). Symbols as kig. 2 triangles= poles to axial
surfaces.

Fig. 5. Stéréogrammes des éléments structuraux associés a la défor-
mation alpine @@ (projection équivalente de Schmidt, hémisphére
inférieur). @) Poles de foliation de deuxieme phase alpine (174 don-
nées). i) Charniéres de plis alpinsgf (32 données), linéations
d’intersection la» = S31/S52 (14 données), et poles de plans axiaux
Fa2 (10 données). Symboles comme suFig. 2, triangles= pdles

de plans axiaux.

Fig. 6. Orientation data (lower hemisphere, equal area projections)
for Das-related Alpine mesoscopic fabrics) (Poles to g3 Alpine
foliation (11 data). I§) F53 Alpine crenulation microfold hinges
(40 data). Symbols as irig. 2

Fig. 6. Stéréogrammes des éléments structuraux associés a la défor-
Fig. 4. (@) Photograph of mesoscopic structures in the Wedo- mation alpine Q3 (projection équivalente de Schmidt, hémisphere
lo-type metamarly limestones) Photomicrograph of structures in inférieur). @) Pdles de foliation de troisieme phase alpine (11 don-
the AU variegated metamarls (P.P.L.52). (c) Photomicrograph nées). B) Linéations de gaufrage alpinegd(40 données). Sym-
of structures in the AU Palaeozoic basement (P.P.k), &raph= boles comme sur IRig. 2
graphite; Qtz= quartz; Wm= white mica; Hem= hematite.

Fig. 4. @) Photographie des structures mésoscopiques dans les cal-

caires métamarneux de typéedolode I'UA. (b) Microphotogra- of discrete type with a thin foliation marked by trans-
phie des structures dans les métamarnes de I'dAMicropho- . . .

tographie des structures dans le substratum paléozoique de I'UA. pos'“‘_’” of hematlte and.gra‘_phlt%ﬁoth to smooth
Graph= graphite ; Qtz= quartz; Wm= mica blanc ; Hem= hé- domains with asymmetric kink microfolds deform the

matite. pre-existing g fabric.
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4.2. Structural relationships between the Ali Unit
and the overlying terrains

The Mandanici Unit tectonically overlying the AU
is composed of a Palaeozoic succession showing ex-
clusively prograde Variscan metamorphism, from the
chlorite zone of the greenschist facies to the beginning &
of t_he oligoclase+ almandine zone of the amphibolite Fig. 7. Model of the Alpine tectonic evolution for the Ali area (not
facies. to scale). ) Nappe stacking during £. (b) Syn-convergence ex-
A metamorphic break characterises the tectonic tension during Qo. Abbreviations: AsU= Aspromonte Unit; MeU
contact between the Alpine AU and the Variscan ter- = Mela Unit; PU= Piraino Unit; MaU= Mandanici Unit; A= Ali
rains of Mandanici Unit, a nappe not affected by domain; F= Fo_ndachelli doma_in; L= Lc\)ngi_—Taormina domain;
Alpine metamorphism. The contact dips towards the MF=Maghrebid Flysch domain; A= All Unit.
northwest (with a dip angle of about 35-4Fig. 1). Fig. 7. Modéle de I’évo_lution tectonique alpine dans la région d’Ali
Locally the AU is also overlain by a few tens of (zarés tECh.e"e)'ao Emp"eme”tt des gapfles Ee”dagt la phage D
metre-thick cataclastic breccia (Modderino klippe) (b) Extension syr-convergente pendant la phage
formed by reworked meso-catametamorphics of the
Aspromonte and Mela Units. Structural analysis of During the late Q, i.e. following early buckle

these tectonic contacts reveals the presence of I0W-{o|qing (F.y), overthrusting occurred, producing crustal
angle extensional shear zones, marked by phyllonitic thickening in the Peloritani Belf{g. 7a).

to cataclastic levels, accompanied by a foliation ex- gy grogenic extension, pointed out by the analysis
hibiting the same attitude as thezSabric. Where ot w6 internal deformation of the AU and by recog-

(rarely) observed, kinematic indicators such as S-C nition of a phyllonitic to cataclastic extensional de-

fabrics and shear bands suggest a general tOp'down'to'tB?chment, is responsible for the metamorphic break

Lhe'?g.rrzhsse:fs dOcht'r; ia;n%hrz?:ozigzz.aée ?22;22?:36 etween the units and for significant thinning of the
y grain-siz uctl 9 Ve p " original nappe pile, causing removing of overburden

and related exhumation. Although an analysis of the
relative importance of bulk, distributed strain vs lo-
calised shear zone deformation has not been carried

The second Alpine deformatio(Day) of the Al out in this study, ir_lt_ernal deformation features of the
Unit, syn-metamorphic and associated with vertical AY Suggest a significant component of nearly coaxial
shortening, is best interpreted as a result of horizon- Strain and nappe thinning by vertical shortening. On
tal extension leading to ductile thinning of the unit, as the other hand, a substantial tectonic omission along
well as to the development of low-angle normal faults the contact between the Mandanici and Ali Units is
marked by phyllonitic to cataclastic levels between the indicated by the petrological data, showing a ‘normal-
AU and the overlying Mandanici Unit. sense’ pressure gap.

Petrological data from Al-rich rock types of the AU During Alpine orogenesis, the AU was overthrust
indicate the occurrence of two Alpine metamorphic by @ significant thickness of rocks, only in part pre-
stages. The early stage, related tg,leveloped un- served in the present-day thrust belt. Syn-orogenic ex-
der pressures around 0.3-0.4 GPa and temperaturedensional tectonics is likely to have exhumed this unit
between 300 and 35@ — phengite (3.3 to 3.25 Si  from deeper portions of the chain. The fact that the tec-
content ar p.f.u.) or paragonite chlorite + quartz4 tonic unit structurally underlying the AU (Fondachelli)
hematite+ graphited pyrophyllite assemblage. Tem- does not show evidence of Alpine metamorphism sug-
peratures are in good agreement with those indicated gests that substantial exhumation occurred prior to fi-
by previous authorf9], whereas pressures are higher nal emplacement of the AU (and structurally overlying
then those envisaged by previous authors. The secondunits) onto such footwallKig. 7b). This, in turn, in-
stage, related to §3, took place at loweP andT con- dicates that I extensional deformation and related
ditions with respect to the first stage. tectonic exhumation occurred within the context of

5. Discussion and concluding remarks
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syn-convergence deformation, and were followed by
further thrusting and crustal shortening.

The analysis of structural and metamorphic pat-
terns in the Calabria-Peloritani Arc reveals that, sim-
ilarly to what occurs in other thrust belts all over the
world and particularly in the western Mediterranean

area, repeated episodes of syn-convergence extension
accompanied nappe stacking and overall crustal short-

ening in the chain21,22] Tectonic evolution and
metamorphic conditions of the AU closely resemble
those of the Tizgarine UnitK < 0.5 GPa andl’ =
300°C, cookeite+ pyrophyllite + phengite assem-
blage[12]) of the Federico Complex in the Rif (Mo-
rocco). In the latter area, an Alpine syn-orogenic ex-

tensional detachment produced the direct superposi-

tion of non-metamorphic Ghomaride rocks on top of
low-grade metasediments of the Tizgarine Unit. Sev-

eral extensional detachments also occur in the footwall

to the Tizgarine Unit, producing significant metamor-
phic breaks among the different Federico Units.
Taking into account the somewhat similar tec-
tonic evolution of parts of the Betic-Rif and Calabria-
Peloritani Arcs[2,14,16,19-23]it may be envisaged

that the extensional phase documented in this paper

for the AU took place within the framework of a ma-
jor geodynamic process involving the retreat of the

R. Somma et al./ C. R. Geoscience 337 (2005) 861-871

uted continental deformation during mountain building, Tec-
tonics 21 (2002) 1027.

[4] A. Chalouan, A. Michard, The Alpine Rif Belt (Morocco):

A case of mountain building in a subduction—subduction-
transform fault triple junction, Pure Appl. Geophys. 161 (2004)
489-519.

[5] R. Cirrincione, A. Pezzino, Caratteri strutturali dell'evento
alpino nella serie mesozoica di Ali e nella unita metamorfica di
Mandanici (Peloritani orientali), Mem. Soc. Geol. It. 47 (1991)
263-272.

[6] R. Cirrincione, A. Pezzino, Nuovi dati strutturali sulle suc-
cessioni mesozoiche metamorfiche dei M. Peloritani orientali,
Boll. Soc. Geol. It. 113 (1994) 195-203.

[7] P.-J. Dezes, J.-C. Vannay, A. Steck, F. Bussy, M. Cosca, Syn-
orogenic extension; quantitative constraints on the age and dis-
placement of the Zanskar shear zone (Northwest Himalaya),
Geol. Soc. Am. Bull. 111 3 (1999) 364-374.

[8] C. Doglioni, M. Fernandez, E. Gueguen, F. Sabat, On the in-
terference between the early Apennines—Maghrebides back-arc
extension and the Alps-Betics orogen in the Neogene geody-
namics of the Western Mediterranean, Boll. Soc. Geol. It. 118
(1999) 75-89.

[9] P. Ferla, E. Azzaro, Il metamorfismo alpino nella serie meso-
zoica di Ali (M. Peloritani-Sicilia), Boll. Soc. Geol. It. 97
(1978) 775.
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