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Abstract - G. CruCiani, D. FanCello, M. FranCesChelli, G. Musu-
MeCi, The Paleozoic basement of Monte Grighini Unit, a deep view in 
the nappe structure of Variscan belt in Sardinia. Synthesis of geological 
data and field guide.

The Monte Grighini Complex (MGC; central-west Sardinia) is a met-
amorphic complex belonging to the Nappe Zone of the Sardinian Va-
riscan belt, located at the northwestern end of the Flumendosa Anti-
form. It consists of three tectonic units, among which Monte Grighini 
Unit represent the deepest of the whole nappe zone, and a kilome-
ter-wide shear zone with synkinematic granitoid intrusion. We present 
a guide for a two days field trip. The first day will be mainly focused 
on the metamorphic rocks of Monte Grighini Unit, and mylonitic leu-
cogranite with S-C fabric together with other interesting structures 
(i.e. a giant quartz dyke). The second day will be developed along the 
mylonite/cataclasite belt on the southwestern side of the complex. The 
field guide is preceded by a brief, updated excursus on Sardinian Vari-
scan basement and by a detailed description of the complex from the 
most recent papers.

Key words - Monte Grighini metamorphic units; shear zone; ultramy-
lonite; synkinematic granitoids; Variscan orogeny; Sardinia

Riassunto - G. CruCiani, D. FanCello, M. FranCesChelli, G. Mu-
suMeCi, Il basamento Paleozoico dell’Unità del Monte Grighini, uno 
sguardo approfondito nella struttura delle falde della catena Varisica Sar-
da. Sintesi dei dati geologici e guida all’escursione.

Il complesso del Monte Grighini (MGC; Sardegna centro-occiden-
tale) è un complesso metamorfico appartenente alla Zona a Falde della 
catena Varisica Sarda. Esso è situato all’estremità nord-occidentale 
dell’antiforme del Flumendosa ed è costituito da tre unità tettoniche 
sovrapposte, tra le quali l’Unità del Monte Grighini rappresenta la più 
profonda dell’intera zona a falde, e da una zona di taglio chilometrica 
marcata dall’intrusione di granitoidi sincinematici. Di seguito viene 
presentata una guida all’escursione articolata in due giorni. Il primo 
giorno sarà incentrato prevalentemente sull’unità metamorfica del 
Monte Grighini e su un leucogranito milonitico con strutture S-Cin-
sieme ad altre interessanti strutture quali un filone di quarzo chilo-
metrico. Il secondo giorno si svilupperà lungo la fascia milonitica/
cataclastica affiorante lungo il margine sud-occidentale del complesso. 
La guida all’escursione sarà preceduta da un breve e aggiornato excur-
sus sul basamento Varisico Sardo e da una dettagliata descrizione del 
complesso del Monte Grighini emergente dalla più recente letteratura.

Parole chiave - Unità metamorfiche del Monte Grighini; zona di taglio; 
ultramilonite; granitoidi sincinematici; orogenesi Varisica; Sardegna

introDuCtion

The Paleozoic basement of Sardinia is a classical col-
lisional-type chain made up of an External Zone (SW 
Sardinia), a Nappe zone (central Sardinia) and an Axial 
Zone (north Sardinia) (Carmignani et al., 1994, 2001). 
Since the seventies the Variscan chain of Sardinia has 
been the subject of several geological studies that have 
defined the structure, the tectono-metamorphic evo-
lution and the sequence of volcanic and intrusive cy-
cles (Carmignani et al., 1994, 2001; Franceschelli et al., 
2005a; Cruciani et al., 2015c). 
The most relevant features of the Sardinia chain are the 
slight increase of the degree of metamorphism from the 
External to Nappe Zone opposed to the rapid increase 
of metamorphic grade in the Axial Zone. In the Axi-
al Zone, the P-T paths of eclogite, chloritoid-bearing 
schist, and migmatite have allowed to characterize the 
tectono-metamorphic evolution, the main geodynamic 
processes during the Variscan orogeny, and their main 
relationships with other terranes of the southern Euro-
pean Variscides (Carosi & Palmeri, 2002; Ricci et al., 
2004; Carosi et al., 2012, 2015; Cruciani et al., 2010, 
2015a,b; Massonne et al., 2013). In the Nappe Zone 
the metamorphic rocks show a slight metamorphic zo-
nation from south to north and from the lower (Mt. 
Grighini) to the upper unit (Gerrei Unit). 
The Monte Grighini Unit, the deepest portion of the 
Nappe zone, outcropping in the core of theFlumen-
dosa antiform, is bounded by one of the main late Va-
riscan strike-slip shear zones (Elter et al., 1990; Mu-
sumeci, 1992; Musumeci et al., 2015; Cruciani et al., 
2016). 
Based on the lithological composition, metamorphism 
and on the occurrence of several types of granitoids, 
the Monte Grighini Unit constitutes the main element 
of correlation for the tectono-metamorphic evolution 
of the metasedimentary sequences between the Axial 
Zone and the various tectonic units of the Nappe Zone.
The aim of this paper is to provide an overview of geo-
logical and petrological data of the rocks of the Mon-
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te Grighini Unit and their geological interpretations 
within a regional scale framework.
This paper is accompanied by a geological field guide 
through the most representative outcrops of the Monte 
Grighini Unit that delineate the tectono-metamorphic 
evolution and the character of igneous intrusive rocks 
in the root of the Variscan Nappe Zone of Sardinia.

GeoloGiCal FraMe oF the varisCan Chain

The Paleozoic basement of Sardinia belongs to the 
European Variscan chain. Together with Corsica it 
is usually correlated with Maures (Elter et al., 1990, 
1999, 2010; Elter & Pandeli, 2005; Corsini & Rolland, 
2009). After Carmignani et al. (1994, 2001) the Sar-
dinian segment of the Variscan chain is divided into 
four tectono-metamorphic zones. From NE to SW 

they are (Fig. 1): 1) Axial zone, with medium- to high-
grade metamorphic rocks and migmatites. Metabasite 
lenses, with eclogite and granulite-facies relics, occur 
in the migmatites; 2) Internal Nappe zone, with low- to 
medium-grade metamorphic rocks; 3) External Nappe 
zone, with low-grade metamorphic rocks; 4) External 
zone, with very low- to low-grade metamorphic rocks.
The Axial Zone - The Axial (or Inner) Zone corresponds 
to northern Sardinia (Fig. 1) and consists of medium 
to high-grade metamorphic rocks, intruded by late Car-
boniferous-Permian igneous rocks. This zone was fur-
ther subdivided into two metamorphic complexes, sep-
arated by a major shear zone, the Posada-Asinara Line 
(PAL; Carmignani et al., 1994, 2001; Carosi & Oggiano, 
2002; Carosi & Palmeri, 2002; Helbing, 2003; Pado-
vano et al., 2012; Carosi et al., 2005, 2012, 2015). The 
High-Grade Metamorphic Complex (HGMC), north of 
the PAL, is made up of gneisses and igneous- and sed-

Fig. 1 - Tectonic sketch map of 
the Variscan Belt of Sardinia 
(modified from Carmignani et 
al., 2001). The red arrow shows 
the location of the Monte Grigh-
ini Metamorphic Complex.
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imentary-derived migmatites (Cruciani et al., 2008a,b, 
2014a,b; Massonne et al., 2013). It is also characterized 
by minor calc-silicate nodules, gneiss, metabasite lens-
es still preserving granulite (Ghezzo et al., 1979; Fran-
ceschelli et al., 2002) and/or eclogite-facies relics (Miller 
et al., 1976; Franceschelli et al., 2007; Cruciani et al., 
2011, 2012), and mafic-silicic layered sequences resem-
bling leptyno-amphibolite complexes that are preserved 
within the migmatites (Franceschelli et al., 2005b). The 
Low to Medium Grade Metamorphic Complex (L-MG-
MC), south of the PAL, consists of a sequence of mi-
ca-schists, para and orthogneisses (Carosi & Palmeri, 
2002; Carosi et al., 2005, 2015; Cruciani et al., 2013a) 
and minor amphibolite lenses sometimes preserving 
eclogite-facies relics (Cruciani et al., 2015a,b). 
The Nappe Zone- it extends throughout the central part 
of the island (Fig. 1) and is characterized by a stack of 
southward verging tectonic units. Based on stratigraph-
ic, structural and metamorphic differences, this zone is 
further divided into External and Internal Nappe Zone 
(Carmignani et al., 1994; Conti et al., 2001).
The Internal Nappe Zone consists of metasandstones, 
quartzites and phyllites in the Monti del Gennargentu 
(“Postgotlandiano “Auct. p.p”), Goceano and Nurra 
regions. Additionally, metaconglomerates crop out in 
Goceano, Barbagia and Baronie near to the contact 
with metavolcanic rocks. Micaschists and paragneiss-
es belonging to the internal units crop out in Barba-
gia and Baronie. Acidic metavolcanic rocks, known in 
the literature as “Porfiroidi”, metarkoses and micro-
cline-bearing quartzites, together with subordinate 
mafic and intermediate (andesite) metavolcanic rocks 
of probable Middle-Ordovician age are also found in 
the Internal Nappes (Oggiano et al., 2010; Gaggero et 
al., 2012). These rocks are followed by Siluro-Devoni-
an graphite-rich black phyllite, marble and calcschist 
with small bodies of metadolerite and metagabbro of 
Lower Carboniferous age. The lithological sequences 
that crop out in southern Nurra and Baronie can be 
correlated with the Cambro-Ordovician successions of 
the External Zone.
The External Nappe Zone is characterized by the oc-
currence of thick metavolcanic sequences, related to 
a Middle Ordovician magmatism, cropping out above 
Cambro-Ordovician metapsammites. The sedimentary 
cycle started at the beginning of the Upper Ordovician 
(Caradoc), when a marine transgression occurred on 
the remains of a volcanic arc. Silurian black phyllites 
have an homogeneous areal distribution, which most 
likely corresponds to an extended pelagic environment, 
whereas Devonian carbonates, related to a platform en-
vironment, gradually decrease their thickness towards 
the inner parts of the chain. In the External Nappe 
Zone, the deepest metamorphic units are the Castello 
Medusa, Riu Gruppa and Monte Grighini Units, reach-
ing the biotite zone and staurolite - sillimanite zone, 

respectively. The metamorphic rocks of the Monte 
Grighini Unit, recently characterized in detail in their 
mineralogy, petrography, geochemistry and P-T con-
ditions (Cruciani et al., 2013b, 2016; Musumeci et al., 
2015) represent the core of the greatest tectonic culmi-
nation in the Nappe Zone (Carmignani et al., 1994).
The External Zone-it corresponds to the southwestern 
part of Sardinia (Fig. 1). In southern Sulcis, the Cam-
bro-Ordovician sequence includes, from bottom to 
top, Monte Settiballas micaschists, the Bithia Fm. and 
the Monte Filau orthogneiss (Carmignani et al., 1994). 
The Bithia Fm. is made up of alternating metapsam-
mites and metapelites, with metavolcanics and car-
bonate intercalations (Junker & Schneider, 1983). 
Some authors consider the Settiballas micaschists and 
Bithia Fm. as a part of a Precambrian to early Cam-
brian basement (Costamagna, 2015; Costamagna et 
al., 2016) other authors consider the Bithia Fm. of Or-
dovician age (Pavanetto et al., 2012). The Monte Filau 
orthogneiss are lower Ordovician granitoids (Delaper-
rière & Lancelot, 1989; Pavanetto et al., 2012) intruded 
within Settiballas micaschists. 
The Cambrian-Early Ordovician sequence is made up, 
from bottom to top, of the Nebida Group, Gonnesa 
Group and Iglesias Group (Pillola, 1991). The Nebida 
Group is a deltaic terrigenous sequence (metasand-
stone and metasiltite), with rare, interlayered, lagoon, 
oolithic limestones followed by the Gonnesa Group 
that is interpreted as a thick platform carbonate suc-
cession showing gradual heteropic transition to nod-
ular limestones (extensional deep basins). The Iglesias 
Group consists of nodular, crystalline, marly limestone 
at the base, and of phyllites and metasiltites interbed-
ded with subordinate massive fine-grained metasand-
stones at the top (Cabitza Fm). 
A sharp angular unconformity known as the Sardic 
phase, which is overlain by a transgressive (Marti-
ni et al., 1991) polygenic metaconglomerate, namely 
the Puddinga Auct., separates the Cambrian-Early 
Ordovician rocks from the overlying Upper Ordovi-
cian-Lower Carboniferous sedimentary cycle. The 
metasedimentary sequence of the External Zone ends 
with the deposits of Silurian and Devonian age, main-
ly consisting of carbonate, and the Pala Manna Fm. 
which represents the Variscan flysch (Carmignani et 
al., 2001 and references therein).

varisCan teCtono-MetaMorphiC Features
anD GeoChronoloGiCal Data in the axial
anD nappe zone

The Axial Zone
In the Axial Zone tectonic and metamorphic history 
of the two metamorphic complexes (HGMC and 
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L-MGMC) results from syn-collisional shortening 
marked by northward increase of deformation intensi-
ty and metamorphic grade. An early deformation (D1 
phase) recognizable in the southern part of the Axial 
Zone is progressively transposed by a later deformation 
(D2 phase), moving toward the PAL at north (Carmi-
gnani et al., 1994; Carosi & Palmeri, 2002). Metamor-
phic grade ranges from low metamorphic grade (upper 
greenschist facies) at south to high grade (migma-
tite-granulite facies) at north, with a fast increase in 
metamorphic grade in a restricted area of only ~40 
km across which the following metamorphic zones 
were distinguished from south to north: 1) biotite; 
2) garnet; 3) staurolite + biotite; 4) kyanite + biotite; 
5) sillimanite; 6) sillimanite + K-feldspar i.e. migma-
tite zone (Franceschelli et al., 1982; Connolly et al., 
1994). A high-pressure metamorphic event (1.8 GPa, 
460-500°C), documented in chloritoid schist from the 
L-MGMC, was broadly coeval to the D1 deformation 
(Cruciani et al., 2013a) and it was followed by a Bar-
rovian-type metamorphism affecting the whole Axi-
al Zone. The metamorphic units are widely intruded 
by Late Carboniferous-Early Permian granitoids of 
the Sardinian batholith which were in turn followed 
by the Late Carboniferous-Early Permian sedimenta-
ry basins (Barca et al., 1995). A synoptic table of the 

polyphase deformation, metamorphic evolution and 
magmatic events in the Axial Zone is shown in Fig. 2 
(after Carosi et al., 2015). 
Metamorphic and radiometric data suggest the fol-
lowing sequence of Variscan events. An early phase of 
HP metamorphism, testified by some metabasites with 
eclogite relics embedded within the HGMC or L-MG-
MC, dated at 400±10 Ma by Palmeri et al. (2004), on 
the basis of U-Pb SHRIMP zircon data. A similar age 
of 403±4 Ma, interpreted as dating the high-grade 
event, was found by Cortesogno et al. (2004) for eclog-
ites included in the HGMC. Giacomini et al. (2005) 
propose a Middle Ordovician protolith age for eclog-
ites embedded within the Sardinian High-Grade Met-
amorphic Complex, an Early Visean age for eclogite 
facies metamorphism and a Late Visean age for amphi-
bolite facies metamorphism, i.e. ages of 460-450 Ma, 
~345 Ma and ~320 Ma, respectively. In the migmatitic 
rocks of the HGMC, old leucosome from a NE Sar-
dinia migmatite yield an age of 344±7 Ma (Ferrara et 
al., 1978, Rb/Sr whole rock). These ages indicate that 
partial melting and metasomatic processes started 
soon after the end of the D1 phase, with attainment of 
peak temperatures very close to the D1-D2 boundary. 
According to Ricci et al. (2004) and Elter et al. (1999) 
the age values around 350-344 Ma, (Del Moro et al., 

Fig. 2 - Synoptic table of the deformation, metamorphic and magmatic events in the Axial Zone of Sardinian Variscan basement. From Carosi 
et al. (2015) and Cruciani et al. (2015c).
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1991a; Ferrara et al., 1978) in the Axial Zone divid-
ed the end of collisional tectonics, with peak pressure 
attainment (D1 phase), from the beginning of the ex-
tensional tectonics, exhumation and uplift (D2 phase). 
In the L-MGMC, the Barrovian metamorphism co-
eval with the early thickening stage of the D1 event has 
been dated at 345-340 Ma (Di Vincenzo et al., 2004). 
These ages are in agreement with (i) the Tournaisian 
age of syntectonic deposits (355-345 Ma) in the Nappe 
Zone of SE Sardinia and (ii) with an 40Ar-39Ar age of 
345±4 Ma on actinolite from a metagabbro (Del Moro 
et al., 1991a). In particular in the garnet zone appar-
ent 40Ar-39Ar ages of muscovite 340-335 Ma have been 
reported for syn-D1 white mica and age clustering at 
320-315 Ma for most syn-D2 white mica (Di Vincenzo 
et al., 2004). Based on syn-D2 white mica Ar-Ar ages 
(Di Vincenzo et al., 2004) and on monazite U-(Th)-Pb 
age (Carosi et al., 2012), a reasonable age of ~320-315 
Ma could be attributed to the D2 shear deformation 
along the PAL, the main tectonic structure in the 
Axial Zone. Furthermore, north of the PAL in the 
HGMC the coeval activity of large scale strike-slip 
shear zones controlled the emplacement and assembly 
of the main part of the Sardinian batholith between 
312 and 308 Ma (Casini et al., 2012, 2015). Barrovian 
mineral assemblages were overprinted by late Variscan 
(Rb-Sr age of 303±6 Ma on muscovite, Del Moro et 
al., 1991a) LP-HT parageneses related to gravitative 
collapse, exhumation and emplacement of intrusive 
granitoids at shallow crustal levels in the L-MGMC 
(Carmignani et al., 1994; Casini & Oggiano, 2008).

The Nappe Zone 
In the Nappe Zone Variscan tectonics led to regional 
thrusting with km-scale isoclinal folding, southward 
nappe emplacement and syntectonic greenschist facies 
metamorphism. Deformation resulted from early Car-
boniferous (post Tournaisian) N-S crustal shortening 
and late Carboniferous extension (Carmignani et al., 
1994, 2001). The nappe stack is widely exposed across 
the main tectonic structure represented by the NW-
SE trending Flumendosa Antiform (Carmignani et 
al., 1994). Deformation and metamorphic grade show 
a remarkable increase across the Nappe Zone from 
the External Nappes at south towards the Internal 
Nappes at north. The highest intensity of deformation 
is reached in the internal nappes (Meana Sardo and 
Barbagia Units), characterized by widespread mylo-
nitic deformation developed under greenschist facies 
conditions coeval with southward thrusting onto ex-
ternal units (Conti et al., 1998). Within the external 
nappes the deformation and the metamorphic grade 
increase downward throughout the nappe stack from 
the uppermost Sarrabus and Gerrei Units to the low-
ermost Riu Gruppa and Monte Grighini Units (Caro-

si et al., 1990; Conti et al., 1998). Amphibolite facies 
conditions are reached in the Monte Grighini Unit 
in the core of the Flumendosa antiform (Musumeci, 
1992; Cruciani et al., 2016). Crustal thickening led to 
nappe emplacement followed by the development of 
km-scale upright WNW-ESE trending antiform and 
synform that refolded previous foliation and thrusts. 
This evolution corresponds to the D1 phase in the Sar-
rabus and Gerrei Units and to D1 and D2 phases in the 
Rio Gruppa and Monte Grighini Units (Carmignani 
et al., 1994; Carosi et al., 1990; Conti et al., 2001). The 
late orogenic evolution resulted in the exhumation of 
deep tectonic units and crustal extension, driven by 
low- to high- angle normal faults, mainly developed on 
the limbs of antiform, and km-scale, strike-slip faults. 
According to Conti et al. (2001) these deformation cor-
respond to the D2 and D3 phases and the late stage of 
tectonic activity was closely followed or partly coeval 
with late Carboniferous (305-285Ma) widespread in-
trusive magmatism (Carmignani et al., 1994).

the Monte GriGhini CoMplex:
GeoloGiCal outline

The Monte Grighini Complex (MGC; Fig. 3), ex-
posed in the External Nappe Zone at the western 
terminationof the Flumendosa antiform, consists of 
superposed Paleozoic tectonic units and late Vari-
scan synkinematic granitic intrusions (Musumeci, 
1992; Musumeci et al., 2015). Due to the occurrence 
of amphibolite facies metamorphic rocks it was at first 
interpreted as a pre-Variscan metamorphic basement 
of Caledonian age (Carmignani et al., 1982). By the 
mid-eighties, detailed field surveys joined with struc-
tural and petrological studies allowed reinterpretation 
of the Monte Grighini Complex as a metamorphic 
complex of Variscan age marked by the occurrence of: 
(i) the deepest unit of the Nappe Zone; (ii) a major 
late Variscan strike-slip shear zone (Elter et al., 1990); 
(iii) synkinematic intrusions of metaluminous (diorite 
to monzogranite) and peraluminous (leucogranite) 
composition (Cherchi & Musumeci, 1987; Musumeci, 
1992).

Lithostratigraphic units
The Variscan basement in the MGC consists of three 
superposed tectonic units with lower greenschist to 
upper amphibolite facies metamorphism and late Car-
boniferous intrusive rocks. From top to bottom of the 
nappe pile they are: Gerrei Unit, Castello Medusa Unit 
and MonteGrighini Unit.
Gerrei Unit -This unit, cropping out in the western 
and southern sides of complex (Fig. 3), consists of 
Middle Ordovician to Siluro-Devonian very low met-
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amorphic grade (lower epizone facies) metasediments 
and metavolcanics. The lithostratigraphic succession 
starts with Middle Ordovician metavolcanics (Carmi-
gnani et al., 1994) of intermediate composition (Monte 
Santa Vittoria Fm.) upward followed by metasand-
stones and metarkoses (Su Muzzioni Fm.) and rhyo-
litic-rhyodacitic metavolcanics (Porfiroidi Fm.). The 
Upper Ordovician-Silurian succession starts with me-
tarkoses and quartzites (Genna Mesa Fm.) followed 
by metapelites with fossiliferous metasiltites (crynoids 
articles and inarticulated brachiopods) and thick fos-
siliferous (encrinite) metalimestones (Rio CanoniFm.). 
Black shales with decameter-thick lenticular bodies of 

nodular limestone correspond to the Siluro-Devonian 
succession (Scisti Neri Fm.).
Castello Medusa Unit - This unit crops out in a very 
limited extent at the easternmost side of the complex-
(Fig. 3). The lithostratigraphic succession comprises 
low metamorphic grade (upper epizone facies)metar-
koses belonging to Upper Ordovicianvolcanoclastic 
(Genna Mesa Fm.), upward followed by metapelites 
with intercalateddecameter-thick marble and calc-
schist lenses belonging to the Sa Lilla Fm. of Upper 
Silurian-Devonianage.
Monte Grighini Unit - This unit crops out extensively 
in the northern and southern portion of complex 

Fig. 3 - a) Geological sketch map of Monte Grighini Complex. Blue stars indicate the stops; b) lithostratigraphic column of Monte Grighini Unit; 
c) simplified map of metamorphic zonation. Modified after Cruciani et al. (2016) and references therein.
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(Fig. 3) and consists of medium metamorphic grade 
(lower to upper amphibolite facies), lower Paleozoic 
metavolcanics (Truzzulla Fm.) and metasediments 
(Toccori Fm.) (Fig. 3b).
The Truzzulla Fm. consists of Upper Ordovician 
(447±4.3 Ma) acidic metavolcanics, metarkoses and 
arkosic metasandstones of calc-alkaline affinity (Cru-
ciani et al., 2013b) followed upward by metarkoses 
and arkosic metasandstones with augen textures parti-
tioned in intensely foliated domains.
The Toccori Fm. consists of metapelites with interca-
lated centimeter to decimeter-thick metasiltite layers 
(Cruciani et al., 2013b) (now schist, micaschist and 
paragneiss) and hornfels schists mainly adjacent to, or 
enclosed as septa, in the granite. White quartzite levels 
mark the base of the Toccori Fm., whereas black gra-
phitic metapelite and meter-thick marble lenses occur 
in the uppermost portion of the formation. Accord-
ing to Cruciani et al. (2016), the metamorphic grade 
increases toward west, from lower amphibolite facies 
(characterized by the presence of garnet, biotite, white 
mica, plagioclase) to upper amphibolites facies (char-
acterized by occurrence of staurolite and/or andalusite 
in addition to garnet, biotite, white mica, plagioclase). 
The highest conditions are registered close to the con-
tact with granitic intrusions with mineral assemblages 
of white mica, oligoclase, biotite, garnet, andalusite, 
sillimanite, K-feldspar and cordierite (Fig. 3c).

Monte Grighini Intrusive Complex
The Monte Grighini Intrusive Complex is a NW-SE 
trending, subvertical sheet intrusion of Late Variscan 
age (305-295 Ma) emplaced in the Monte Grighini 
Unit (Fig. 3 and Fig. 4). On the basis of mineral assem-
blages and geochemical signatures, a diorite, tonalite, 
monzogranite suite (I-type calc-alkaline metalumi-
nous suite) and a leucogranite one (S-type peralumi-

noussuite) have been defined (Del Moro et al., 1991b).
Both metamorphic and intrusive rocks are crosscut by 
ENE-WSW and NW-SE trending aplitic/pegmatitic 
dikes and quartz dykes (Musumeci et al., 2015).
Calc-alkaline suite - This suite manly consists of mon-
zogranite with minor bodies of tonalities and diorite. 
Monzogranite forms a wide NW-SE elongated sheet 
intrusion exposed in the central and northern portion 
of the massif. This intrusion extends eastward at shal-
low depth and locally crops out in the northern and 
southern portions of the Monte Grighini Unit. These 
rocks give a K/Ar biotite age of 305±6Ma (Musumeci, 
1991a). Biotite-bearing, medium- to fine-grained to-
nalites occur in two NW-SE elongated small sheet 
bodies localized along both the eastern and western 
sides of monzogranite intrusion. An igneous foliation 
marked by plagioclase and biotite alignment charac-
terizes the tonalite fabric. Fine-grained, biotite-bear-
ing diorites occur as decameter-thick bodies within 
tonalite and as centimeter- to decimeter-thick enclaves 
within monzogranites. Diorite gives a K/Ar biotite age 
of 302±6 Ma and Rb/Sr biotite ages of 294±9 Ma and 
293±4 Ma (Del Moro et al., 1991b).
Peraluminous suite - Fine-grained, muscovite-bearing 
leucogranite forms a wide NW-SE elongated sheet in-
trusion extending from the northwestern to the south-
eastern side of the Monte Grighini Complex. Mineral 
assemblages are (i) quartz + K-feldspar + plagioclase + 
K-white mica + biotite + garnetand (ii) quartz + K-feld-
spar + plagioclase + K-white mica + garnet + biotite. The 
muscovite-bearing assemblage dominates in the south-
ern portion (Su Cruccuri) while K-white mica- and bio-
tite-bearing assemblages occur in the northern portion 
(Cuccuru Mannu). Rb/Sr in muscovitedetermination 
gives an age of 305±6 Ma in a meter-thick undeformed 
dyke and average age of 298±2 Ma for large-scale leu-
cogranite bodies that well match the Ar/Ar muscovite 
age of 302±0.24 Ma (Del Moro et al., 1991b). 

Fig. 4 - Geological cross section of the Monte Grighini Complex along the line A-A’ in Fig. 3 (from Cruciani et al., 2016).
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teCtoniC anD MetaMorphiC Features

The tectonic units experienced a polyphase Variscan 
tectonic and metamorphic evolution characterized by 
syn-collisional shortening deformation related to the 
regional-scale southward nappe stacking (D1 and D2 
phases of nappe zone; Carmignani et al., 1994; Conti 
et al., 2001) followed by late Variscan extensional and 
transtensive tectonics (Carmignani et al., 1994; Mu-
sumeci, 1992). The resulting structural framework is 
well shown in the geological section of Fig. 4 (from 
Cruciani et al., 2016).

Syn collisional structure
The early shortening and nappe stacking deformation 
results in the development of southwestern verging 
folds with NW-SE striking axial plane foliations repre-
senting the main planar fabric at meso and macroscop-
ic scale. This shortening deformation corresponds to 
the D1 phase in the Gerrei Unit and D1 - D2 phases in 
the Castello Medusa and Monte Grighini Units, with 
NW- to WNW-trending isoclinal folds overturned 
towards the south-southwest and NW striking axial 
plane foliation (F1 - S1 Gerrei Unit and F2 - S2 Castello 
Medusa and Monte Grighini Unit). In this latter unit 
the first S1 schistosity is preserved as relict foliation 
recognizable in correspondence of tight to isoclinal 
intrafoliar folds verging toward southwest. The rela-
tionships between deformation, folding phases, and 
metamorphic grade in the tectonic units belonging to 
the Monte Grighini Complex are shown in Table 1. 
The early shortening deformation (D1 and D2 phases) 
developed under lower greenschist facies in the Gerrei 

Unit while Castello Medusa and Monte Grighini units 
experienced syn-D2 metamorphism under greenschist 
facies and amphibolite facies conditions, respectively. 
In the Monte Grighini Unit amphibolite facies condi-
tions are testified by syn-D2 growth of garnet and stau-
rolite assemblages and syn-post-D2 growth of andalu-
site, sillimanite/fibrolite and cordierite assemblages; 
these latter appear in the metasediments hosting the 
magmatic bodies belonging to the Intrusive Complex. 
According to Cruciani et al. (2016), the metasediments 
of Monte Grighini Unit reached pressure conditions 
of 0.7-0.9 GPa with temperatures ranging between 
475-540°C(baric peak) at the beginning of the D2 
phase. Baric peak was followed by decompression 
with attainment of P-T conditions of 0.35-0.55 GPa 
and 520-580°C at the end of the D2 phase, coeval with 
the emplacement of metaluminous and peraluminous 
granitic intrusions.

Late collisional structure
Early structures were deformed by successive defor-
mation phases (D2 phase Gerrei Unit, D3 phase Castel-
lo Medusa Unit and D3- D4 phase in the Monte Grigh-
ini Unit; Conti et al., 2001; Musumeci et al., 2015). 
Late folding structures are represented by large scale 
NW-SE trending upright antiform and synform (F2 
fold Gerrei Unit and F3 fold Castello Medusa Unit and 
Monte Grighini Unit; Fig. 4). The F3 folds in Castello 
Medusa and Monte Grighini Units are characterized 
by axial plane crenulation cleavage with synkinematic 
recrystallization of white mica, chlorite and Fe-oxides. 
The D4 phase localized in the Monte Grighini Unit 
and in the easternmost side of Gerrei Unit corresponds 

Table 1 - Deformation phases and related metamorphic events in the different tectonic units of Monte Grighini Complex. L-MG: low metamor-
phic grade; M-MG: medium metamorphic grade. From Musumeci et al. (2015).

Variscan nappe stacking late Variscan deformation

Monte Grighini Unit D1 phase
fold
F1 fold - S1 foliation
L-MG (Wmca + Chl ± Bt)

D2 phase
fold and thrust
F2 fold - S2 foliation         M-MG 
(Wmca + Bt ± Grt ± St) 
Post-S2 (And ± Sil ± Crd)

D3 phase 
late fold 
F3 fold - S3 
foliation

D4 phase 
stryke-slip shear zone shear 
band - mylonites 
brittle fault - cataclasites 
(Wmca + Qtz

Castello Medusa     
Unit

D1 phase 
fold F1 fold - S1 foliation 
L-MG (Wmca + Chl)

D2 phase 
fold and thrust
F2 fold - S2 foliation 
L-MG (Wmca + Chl ± Bt)

D3 phase 
late fold            
F3 fold - 
S3 foliation

Gerrei Unit D1 phase
fold and thrust
F1 fold - S1 foliation 
L-MG

D2 phase 
late folding      
F2 fold

D3 phase 
stryke-slip shear zone  brittle 
faults
cataclasites
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to a kilometer-wide NW-SE trending dextral strike-
slip shear zone with shear displacement of at least 6-7 
kilometers (Musumeci, 1991b) and is marked by the 
synkinematic emplacement of the Intrusive Complex 
(Fig. 3 and Fig. 4). This late collisional structure is the 
main tectonic lineament of the Monte Grighini Com-
plex and one of the main late Variscan strike-slip shear 
zones in Sardinian Variscan chain (Elter et al., 1990; 
Musumeci, 1992). Shear deformation overprinted all 
previous foliations (S1 - S3) and metamorphic assem-
blages of Monte Grighini Unit metasediments, and 
developed under retrograde conditions from amphib-
olites to lower greenschist facies, this latter testified by 
extensive growth of fine-grained white mica as a prod-
uct of retrograde alteration of previous metamorphic 
and igneous mineral assemblages. Shear deformation 
is characterized by an increasing gradient from NE 
to SW, which define a succession of NW-SE trending 
deformation zones from protomylonite to the east to 
ultramylonite to the west. This latter corresponds to a 
decameter-thick continuous belt marking the western 
side of the shear zone (Fig. 3 and Fig. 4). At mesoscopic 
scale, shear fabrics are NW-SE trending C-type shear 
bands and mylonite-ultramylonite foliations that steep-
ly dip toward the southwest (70-80°) and bear subhori-
zontal to gently plunging (10-25° toward NW) mineral 
lineations. The C-type shear bands occur throughout 
the shear zone from protomylonite to mylonite zone 
and correspond to the main foliation in the ultramy-
lonite zone where the largest shear strains are reached 
(Musumeci, 1991b). Along the westernmost and the 
southernmost portions of the shear zone NW-trending 
detachment fault marks the tectonic contact with the 
Gerrei Unit. Detachment fault consists of a westward 
dipping cataclasite zone of variable thickness (deca-
meter to hectometer), made up of highly brecciated 
and cataclastic metamorphic and igneous rocks (Fig. 
3 and Fig. 4). Southwest dipping cataclastic foliations 
and brittle shear planes, overprinting all previous fo-
liations and/or fabric, show a top-to-the-southwest 
sense of shear movement. Detachment fault and cata-
clasite zone are related to the brittle deformation that 
characterizes the late stage of the shear zone activity 
(Musumeci, 1992).
Ductile to brittle shear deformation affected the whole 
late Carboniferous Intrusive Complex (peraluminous 
leucogranites and calc-alkaline tonalite-monzogran-
ites). On the basis of (i) the NW-elongated shape of 
intrusions parallel to the shear zone, (ii) the transition 
from WNW-striking magmatic foliation to NW-strik-
ing steeply dipping shear bands, and (iii) shear defor-
mation of synkinematicporphyroblasts (andalusite) in 
the high metamorphic grade host rocks, the emplace-
ment of the Intrusive Complex as a whole is regarded 
as synkinematic to the shear zone. Thus, on the basis 
of available ages of synkinematic intrusions (Carmi-

gnani et al., 1987; Del Moro et al., 1991b; Laurenzi et 
al., 1991) the shear zone activity ranges from 305 to 
295 Ma (Elter et al., 1990; Musumeci, 1992).

DisCussion: teCtoniC anD MetaMorphiC history

The Monte Grighini complex is an outstanding ex-
ample of nappe stack where tectonic units that expe-
rienced syn to late-collisional evolution at different 
crustal levels are well exposed. In particular, is the 
unique tectonic complex of External Nappe Zone 
where the deepest levels of nappe stack and synkine-
matic intrusion can be examined. Thus, these features 
allow to investigate the relationship between tectonic, 
metamorphic and magmatic processes in a deep sec-
tion of the Variscan crust farther south of the Axial 
Zone.
The P-T path reconstructed for the Monte Grighini 
Unit metasediments indicates a clockwise loop (Fig. 5), 
corresponding to an orogenic evolution with an ini-
tial burial, followed by heating during decompression 
and exhumation (Cruciani et al., 2016). The baric peak 
(0.7-0.9 GPa, 475-540°C) points to an underthrusting 
with deep burial to about 30 km depth (Cruciani et 
al., 2016). The peak conditionsof burial event postdat-
ed the D1deformation, being pre-syn the early stage 
of the D2. This implies that the deep burial recorded 
by this unit was reached during the underthrusting 
of Palaeozoic sequences of External Nappes (D1and 
D2 phase). Thus, in this unit crustal shortening and 
nappe stack is recorded by the S1/S2 foliations and 
F2folds. Differently, at upper crustal level (i.e. Gerrei 
Unit) shortening and nappe stacking was recorded 
by S1 foliation and F1 folds. Decompression and first 
exhumation of the Monte Grighini Unit to higher 
crustal levels (18-15 km) was accompanied by heating 
(T = 520-580°C, P = 0.35-0.55 GPa) and the almost 
coeval intrusion of metaluminous and peraluminous 
granitic melts. Indeed, the P-T conditions of granite 
bodies indicate depths of emplacement of about 18 
km, which is similar to the depth estimated for the 
peak metamorphism in the metasediments of Toccori 
Fm. at the end of the D2 deformation. Therefore, ther-
mal peak conditions, recorded by sillimanite-bearing 
assemblages in metasediments of Toccori Fm. mainly 
reflect a large scale perturbed thermal state of the-
crust as also evidenced by generation of peraluminous 
melts. This means that the deepest level of the nappe 
stack experienced partial melting (anatexis) as a con-
sequence of high geothermal gradient during the late 
orogenic stage in this portion of the Variscan belt.
The final exhumation of deep Monte Grighini Unit to 
upper crustal level occurred under retrograde (pres-
sure and temperature) metamorphic conditions and 
was associated with upright folding (D3 phase) and 
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ductile to brittle activity of shear zone and detach-
ment faults (D4 phase). Upright open folds with large 
wavelength also affected the overlying tectonic units 
(F3 folds in theCastello Medusa Unit and F2 folds in 
the Gerrei Unit). Ductile shear zone acted as a prefer-
ential pathway for magma rise and emplacement, and 
the activity of both shear zone and detachment fault 
produced the final setting leading to the contact be-
tween the deepest and the uppermost tectonic units of 
External Nappe Zone.
Available radiometric data (Rb/Sr and Ar/Ar cooling 
ages on metamorphic and magmatic mica; Carmignani 
et al., 1987; Del Moro et al., 1991b) consistently suggest 
that (i) emplacement of metaluminous and peralumi-
nousintrusions, (ii) D3 folding and D4 dextral strike-
slip shear zone and detachment fault likely occurred 
in a narrow time span (305-295 Ma) in the late Car-
boniferous-early Permian. Moreover, the similar ages 
of peraluminous intrusions and thermal peak in the 
host metamorphic rocks allow us to delineate the oc-
currence of crustal anatexis with S-type melts coeval 
with metamorphism in the lower-middle crust in the 
External Nappe Zone. 
The reconstructed P-T-t path for the Monte Grighi-
ni Unit contributesto a better understanding of the 
tectonic evolution of the Nappe Zone and the rela-

tionships with the Axial Zone of the Variscan belt in 
northern Sardinia. In particular, the baric condition-
srecorded by this unit means that the deep portion 
of the external unit nappe stack underwent to deep 
underthrusting in the accretionary wedge during the 
early collisional phase. Other units (i.e. Gerrei Unit 
and Sarrabus Unit) experienced moderate to lower 
underthrusting representing the upper portions of the 
accretionary wedge. Moreover, geological data issuing 
from Monte Grighini Complex allow to depict the 
diachronicity of the metamorphic-tectonic evolution 
across the collisional belt from the Axial to the Exter-
nal Nappe Zone. Indeed, the main tectonic and met-
amorphic events related to the building of the chain 
(i.e. syn to late collisional) show a difference in age of 
about 10-20 Ma (Cruciani et al., 2016). 
In particular, a relevant feature is the diachronicity 
of thermal perturbation leading to crustal anatexis 
and LP/HT metamorphism, the ages of which rang-
es between 330-320 Ma in the migmatitic complex of 
the Axial Zone (Schneider et al., 2014; and references 
therein) to 305-295 Ma in the External Nappe (Cru-
ciani et al., 2016). Hence, the external units experi-
enced a metamorphic evolution (burial, exhumation 
and thermal heating) strictly similar to that recorded 
bythe inner units with a significant diachronicity of 

Fig. 5 - P-T path for the Monte Grigh-
ini rocks. Ellipses’ size refer to the 
estimated errors. The yellow ellipses 
represent P-T conditions inferred 
from the garnet core and rim and 
white mica compositions of micas-
chists from the Toccori Fm. The pink 
ellipsis represents P-T conditions 
estimated for the hornfelsed schist. 
Vertical dashed line represents es-
timated depth of granite emplace-
ment. Colored dashed line roughly 
represents the relationships between 
P-T and deformation events. From 
Cruciani et al., 2016. 
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tectono-metamorphic events. Thus, the ductile shear 
zone that is the most relevant tectonic lineament of 
Monte Grighini Complex is likely the most external 
and youngest (305-295 Ma) strike-slip shear zone in 
the Variscan belt of Sardinia, that contribute to final 
exhumation and played a major role in the drainage of 
synkinematic melts from deep partially molten crust 
in late Variscan time.

FielD GuiDe to the exCursion

Monte Grighini (Figs. 6, 7) is a Regional Forestry 
complex of about 5000 ha, belonging to several sur-
rounding villages. It is supervised by “Fo.Re.S.T.A.S.” 
regional agency, that also attends to the in progress 
reforestation.
To reach Monte Grighini from Cagliari take the high-
way S.S. 131 northward until the exit to Simaxis (km 
93). After crossing the village, take the S.P. 35 toward 

Siamanna and follow driving directions to Allai (on 
the left at the roundabout before Siamanna, S.P. 39). 
After about 8 km, turn on the right to enter in the 
main paved road of the Monte Grighini Complex 
through an iron gate.
From Olbia take the S.S. 131dcn toward Abbasanta 
and then take the S.S. 131 southward until the exit to 
Simaxis. The stops localization is shown in Figs. 6, 7.

First Day
Stop 1.1 - Toccori Formation - garnet+staurolite-bear-
ingmicaschist (Coord. 8°49’48.41’’E - 39°57’19.59’’N)
The first stop is located along the main paved road that 
crosses the Monte Grighini Complex, at the third hair-
pin turn (about 1 km from the entrance gate) where a 
lateral pathway insert in it. From here, looking to the 
east we can see the Allai plain.
The outcrop consists of a garnet + staurolite micas-
chists (Fig. 7) belonging to the Toccori Fm. (Monte 

Fig. 6 - Satellite image of 
Monte Grighini Complex with 
the position of field stops. (Im-
age from Google Earth); 
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Grighini Unit) well exposed along the road cut. Ac-
cording to Musumeci et al. (2015) and Cruciani et al. 
(2016), Toccori Fm. represents the upper part of the 
volcanic-sedimentary Monte Grighini Unit, whereas 
the base is represented by Truzzulla Fm.
Micaschists of Toccori Fm. are dark, fine- to medi-
um-grained, well-foliated rocks, sometimes alternat-
ing with metarkoses. At the naked eye is possible 
to distinguish rounded, submillimeter-sized pla-
gioclase, garnet and biotite. Structural framework is 
characterized by a pervasive S2 foliation that strikes 
N80-110° and moderately dips (55-60°) to NNE or 
SSW. D3 phase is expressed by N90-100°-trending 
open folds with subhorizontal axes and N95-100° 
striking axial planes, with a well developed S3cren-
ulation cleavage (Fig. 8a-b). Relics of a previous 
metamorphic foliation (S1) are recognizable in corre-
spondence of centimeter-sized, isoclinal, intrafoliar 
folds (Fig. 8a). The protolith of garnet + staurolite 
metasediments was a pelitic-psammitic sequence, as 

shown by the micaschists/metarkoses alternations, 
that underwent a greenschists to amphibolite facies 
metamorphism. 
In the micaschists several decimeter-sized, fine-
grained, foliated, quartz-feldspathic layers are com-
monly found (Fig. 8c). They represent WNW strik-
ing foliated aplite dykes parallel to schistosity (S2) 
of host micaschist. In other parts of the complex, 
aplite dykes are discordant and not foliated (see Stop 
1.2). Going uphill along the road cut, alternation of 
paragneiss and metavolcanics levels appears, mark-
ing the transition from the Toccori Fm. to the Tru-
zzulla Fm.
In thin section micaschists appear as medium- to fine-
grained rocks that are made up of Grt + Bt + Wmca 
+ Pl+ Qtz ± St ± And ± Chl (abbreviations accord-
ing to Fettes & Desmons, 2007); accessory phases are 
K-feldspar, apatite, ilmenite, zircon, monazite, epi-
dote and Fe-oxides. The fine-grained matrix consists 
of alternating quartz-feldspathic and phyllosilicate 

Fig. 7 - Tectonic sketch map with the po-
sition of stops (modified from Musumeci 
et al., 2015).



 THE PALEOZOIC BASEMENT OF MONTE GRIGHINI UNIT, A DEEP VIEW IN THE NAPPE STRUCTURE OF VARISCAN BELT IN SARDINIA 69

Fig. 8 - a) Structural framework of Grt+St-bearing micaschists with F2 intrafoliar fold, S2 main foliation and late F3 folds; b) F3 folds and S3 
crenulation cleavage in micaschists; c) foliated aplite dyke hosted in micaschists; d) microphotograph of the texture of garnet-bearing micas-
chists with subhedral garnets immersed in a quartz-feldspathic matrix with oriented phyllosilicates trails; e) detail of garnet with rotational 
structures.
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rich layers, hosting garnet and plagioclase porphyro-
clasts (Fig. 8d). Garnet shows anhedral to subhedral 
habitus, is compositionally zoned and sometimes ex-
hibits rotational microstructure (Fig. 8e). Common 
inclusions in garnet are quartz, plagioclase, white 
mica and accessory phases (zircon, monazite, titanite 
and Fe and Ti oxides). Phyllosilicate-rich matrix is 
strongly oriented according to the S2 and hosts sub-
millimeter-sized staurolite. Cordierite has not been 
found in this area but occurs as submillimeter-sized, 
altered crystals in the southern portions of the Monte 
Grighini Unit.
From Stop 1.1 we drive along the same paved road for 
few hundreds of meters and then we take on the left 
a dirt road southwestward. We drive for less than one 
kilometer and then park in a small area at the base 
of the Ghenniespos hill, at a few hundreds of meters 
from the metavolcanic outcrop. 

Stop 1.2 - Truzzulla Formation metavolcanics 
(8°50’23.13’’E - 39°56’48.44’’N)
At Ghenniespos locality (Figs. 6, 7) the basal part of 
Truzzulla Fm. and thus of the whole Monte Grighi-
ni Unit can be observed. This outcrop consists of two 
subparallel, decameter-sized bodies of metavolcanic 
rocks belonging to the Truzzulla Fm. (Fig. 9a)that 
form the core of a large E-W oriented antiform (Gh-
enniespos antiform) in the northeastern part of the 
Monte Grighini Complex. The metavolcanics are sur-
rounded by the metarkose and arkosic metasandstones 
of the Truzzulla Fm. that in turn are overlain by the 
metapelites of the Toccori Fm. The field relationships 
with the metapelites of the Toccori Fm. point out that 
the latter represent the sedimentary cover of the vol-
canic-volcanoclastic sequence of Truzzulla Fm. (Cru-
ciani et al., 2013b).
The metavolcanics are characterized by a well-devel-

Fig. 9 - a) View from north of the southern metavolcanic body; b) aplite dyke hosted in metavolcanics. On the left side of the photo the dyke is 
subparallel to the main foliation; c) close up view of the sharp contact between metavolcanics and aplite dyke; d) Photomicrograph of metavol-
canics from Ghenniespos. Note the alternation between coarse grained Qtz-rich levels and finer-grained Qtz-Feld-Wmca-rich ones (1.25X 
- crossed polars).
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oped E-W trending S2 foliation with a large amount of 
rounded to subrounded quartz and feldspar porphyro-
clasts visible at the naked eye. 
In the southern body, the hinge zone and southern 
limb of the large antiform crop out. Here, in the limb 
zone, the S2 foliation strikes N100° and moderately 
dips toward south, whereas in the hinge zone the S2 
foliation becomes subhorizontal. On this foliation sur-
face, a quartz mineralogical lineation strikes N100° 
and dips 10° to the E.
Within the metavolcanics a fine-grained, light-col-
ored, aplitic dyke crosscuts the foliation of the hosting 
metavolcanics. On its eastern side, the dyke progres-
sively thins and its strike becomes subparallel to the 
foliation of the metavolcanics (Fig. 9b, c). 
At the thin section scale the Truzzulla Fm. metavolca-
nics show a weakly developed augen texture (Fig. 9d) 
consisting of Qtz + Kfs + Ab + Bt + Wmca, with acces-
sory zircon, monazite, apatite and Fe-oxides. The por-
phyroclasts/matrix ratio has been visually estimated at 
~30/70. K-feldspar, plagioclase (now albite) and quartz 
are thought to be of igneous origin. Microcline occurs 
as subhedral crystals up to ca. 3-4 mm in size sur-
rounded by oriented phyllosilicates and partially re-
placed by recrystallized quartz. K-feldspar, plagioclase 
and quartz are stretched and deformed following the 
S2 foliation. The matrix is mainly made up of quartz, 
albite, K-feldspar and S2-oriented biotite and K-white 
mica, locally arranged in alternating coarser- and fin-
er-grained levels; the former are quartz rich, the latter 

are quartz-feldspathic with variable amount of micas 
(Fig. 9d). 
A metavolcanic sample collected from one of these two 
lenses yielded a zircon weighted average 206Pb/238U 
protolith age of 448±5Ma (Cruciani et al., 2013b). Ac-
cording to these authors, the volcanic and volcanoclas-
tic rocks of the Truzzulla Formation have a Katian age 
(Late Ordovician) since all the analyzed samples give 
a relatively well-defined age close to 447 Ma. The scat-
ter toward slightly younger ages (about 430 Ma, Early 
Silurian) characterizing the samples of the Truzzulla 
Fm. can be explained with a lead loss that most likely 
occurred during the LP/HT contact metamorphism 
related to the intrusion of Late Carboniferous intru-
sive rocks in the Monte Grighini Unit.
From Ghenniespos we come back to the paved road 
and then we go uphill until we reach the fire lookout 
tower. Along this road we are crossing the Toccori Fm.

Stop 1.3 - Truzzulla-Fire lookout tower (8°49’50.83’’E - 
39°55’47.19’’N)
In this area (Figs. 6, 7) both Toccori Fm. and Truzzulla 
Fm. crop out. The former consists of micaschists with 
decameter thick quartzitic lenses (50-60 m in width and 
more than 1 km in length). The Truzzulla Fm. consists 
in NW-SE-elongated metasandstones and metarkoses 
bodies, that in the landscape form well recognizable 
rocky outcrops. The structural setting of this area and 
the relation between the different formations are sche-
matized in the geological cross section of Fig. 10. 

Fig. 10 - Detail of the geological cross section of Fig. 4 around Truzzulla (from Musumeci et al., 2015, modified).
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Quartzite lenses, that mark the contact between the 
top of Truzzulla Fm. and the base of the Toccori 
Fm., are light grey-pinkish, fine-grained, well-foli-
ated rocks, formed by alternating quartz-rich and 
quartz+micas-rich layers (Fig. 11a). The here used 
term “quartzite” includes quartzite s.s. (>80% vol. of 
quartz), mica-rich quartzite and quartz-rich metasilt-
ite. Structural framework is dominated by a NW-SE 
trending pervasive foliation (S2), steeply to moderately 
dipping toward NE. At the thin section scale S2 folia-
tion is marked by millimeter-sized, quartz-rich layers 
alternating with thin mica-rich layers. Quartzite par-
agenesis is formed by Qtz + Wmca ± Bt ± Kfs ± Chl; 
accessory phases are tourmaline and oxides. Quartz 
occurs in equigranular domains showing evidence of 
dynamic recrystallization with involvement of sub-
grain rotation (SGR) and grain boundary reduction 
area (GBAR) processes. White mica forms submilli-
meter-sized, strongly oriented crystals, commonly con-
centrated in thin layers.

In this area the Toccori Fm. consists of garnet-stauro-
lite-bearing and staurolite-andalusite-bearing mica-
schists. The main S2 foliation is crosscut by mylo-
nitic shear bands highlighted by centimeter-spaced 
NW-SE striking shear planes. These outcrop-scale 
shear structures mark the eastern boundary of the 
strike-slip shear zone and the beginning of mylonitic 
deformation (protomylonite zone; Musumeci et al., 
2015). From here, moving westward the mylonitic 
deformation increases reaching the highest degree 
in the ultramylonite zone. In thin section quartz 
is commonly recrystallized and biotite and mus-
covite are strongly oriented marking the foliation. 
From the tower, following the dirt road northeast-
ward for 200 m, we intercept two metarkoses bod-
ies outcropping on both sides of a lateral pathway 
(Fig. 11b). The left outcrop (coord.8°49’54.27’’E - 
39°55’51.15’’N) offers the best rock exposition as well 
as the best overview of the northeastern side of the 
complex. Metarkoses from Truzzulla (Type Locali-

Fig. 11 - a) Field photograph of foliated, mica-rich quartzite from Truzzulla; b) panoramic view of metasandstones/metarkoses Truzzulla out-
crop, from the fire lookout tower; c) detail of metasandstone texture, with deformed K-feldspar porphyroclasts and quartz-rich layers, elongated 
according to the main foliation; d) photomicrograph of metasandstone with a large K-feldspar surrounded by fine grained matrix and elongated 
micas; on its right side there is a Qtz+Wmca pressure shadow.
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ty of these rocks) have augen texture with millime-
ter-sized K-feldspar porphyroclasts and quartz-rich 
levels surrounded by thin phyllosilicate-rich layers 
(Fig. 11c). Locally it is possible to observe a reduction 
in the porphyroclasts content and an enrichment in 
micas suggesting a heterogeneity of the sedimentary 
protolith (metasandstones). Thin section observation 
shows feldspar-rich levels alternating with quartz 
and quartz+mica-rich levels defining the S2 schisto-
sity. K-feldspar porphyroclasts, ranging in size from 
1 to 2-3 mm, are strongly deformed and commonly 
show pressure shadows formed by microcrystalline 
white mica and quartz (Fig. 11d). Plagioclase usual-
ly forms anhedral to subhedral, small crystals (~0.5 
mm) in the matrix but is also found as inclusion in 
K-feldspar. 206Pb/238U zircon dating on metarkoses 
sample yield an age of 447±6 Ma, quite close to the 
age of metavolcanics of Ghenniespos (Cruciani et al., 
2013b). 
From this point we have a good overview of the geol-
ogy of the Monte Grighini Complex. Looking toward 
NW we can see three subparallel, elongated metar-
koses lenses that represent D3 antiform structures. In 
the same direction we can see the top of Monte Grigh-
ini (670 m a.s.l.) with its characteristic quartz dyke on 
the southern slope. Looking toward NE there is the 
Lachixeddus valley; the wide, brownish, rocky out-
crop at the valley bottom is made up by metavolcanics 
similar to those of Ghenniespos. These latter cannot 
be seen from here because are located on the opposite 
slope of the northern crest.
From Stop 1.3 we continue towards NW along the dirt 
road for approximately 2 km until we reach two hair-
pin bends, at a short distance one from the other; we 
park at the second bend on the left side of the dirt 
road and then we walk for about 50 meters until we 
reach the Monte Grighini quartz dyke.

Stop 1.4 - The hugequartz dyke (8°48’50.70’’E - 
39°56’20.89’’N)
The big quartz dyke is one of the most characteristic 
features of the Monte Grighini Complex, being visible, 
with its whitish color, from several kilometers away. The 
Monte Grighini quartz dyke is a massive, NE-SW-ori-
ented dyke (Fig. 12a) of about 1.2-1.3 km in length and 
~50-60 m in thickness. It belongs to a late Variscan dyke 
system, which in turn belongs to the Monte Grighini 
Intrusive Complex (Musumeci et al., 2015), consisting 
of quartz-dykes, quartz-plagioclase-porphyry dykes, 
and aplite and pegmatite dykes hosted in the Monte 
Grighini Unit. The dykes crosscut the lithological con-
tacts and tectonic structures (including the shear zone) 
and strike mainly orthogonal or parallel to the shear 
zone. The quartz dyke of this stop runs along the west-
ern slope of the mountain, and crosscut, from the top 
to the bottom, the metapelites of the Toccori Fm. and 
the monzogranites and leucogranites of the Intrusive 
Complex. The dyke reaches a maximum altitude of 670 
m a.s.l. at the top of Monte Grighini, whereas, at the 
lowest altitude, the outcrop ends at ~370m a.s.l. near to 
Nuraghe Maiori locality. Approximately in its middle 
to lower part, when it encounters the monzogranites, 
the dyke is cut and shifted for ~40-50m by two sub-
parallel, NW-SE-oriented faults. Looking at the SW 
direction (i.e. at the same direction of the quartz dyke 
towards the valley), the panoramic view from this stop 
shows a wide vegetative cover over the leucogranite/
monzogranite bodies and, even more downstream, the 
late Variscan ultramylonite and cataclasite zones are 
visible. Towards NW we have a panoramic view of the 
top of Cuccuru Mannu (539 m a.s.l.) made up of leu-
cogranites and, on its southern flank, we can have a 
look at the flat surface consisting of the sandstones and 
quartzite sandstones of Lower Eocene age belonging to 
the Monte Cardiga Fm. (Fig. 12b).

Fig. 12 - a) Monte Grighini quartz dyke seen from SW; b) Eocene covers at NW of the quartz dyke.
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From Stop 1.4 we move towards N-NW for approxi-
mately 600 m and park near to a hut. We proceed by 
foot for other 350 m and arrive to the Cuccuru Mannu 
leucogranites. 

Stop 1.5 - Cuccuru Mannu leucogranites (8°48’36.27’’ 
E 39°56’42.96’’N)
The Monte Grighini leucogranites, that belong to S-
type peraluminous suite of the late Variscan Intrusive 
Complex, crop out as a NW-SE elongated intrusion 
running along the whole Monte Grighini Unit. They 
are usually in contact with monzogranites in the cen-
tral and northern part of the Complex (Fig. 13) and 
with the Toccori metapelites and ultramylonite/cata-
clasite zones in the southern part. Fine-grained, mus-
covite-bearing leucogranites characterized by the min-
eral assemblage Qtz + Kfs + Pl +K-Wmca ±Bt ± Grt 
host an hectometer-wide metapelite lens of the Toccori 
Fm. 
In this outcrop (Figs. 6, 7) the leucogranites are char-
acterized by protomylonitic to mylonitic fabric with 
well-developed C-type shear bands and S-C planes 
(Musumeci et al., 2015). The C-type shear bands 
are marked by a continuous foliation (S-plane) with 
shape-preferred orientation of igneous minerals, cross-
cut at low angle (<30°) by thin millimeter-spaced shear 
planes, known as C-planes (Fig. 14a, b). Close to the 
shear zone (towards SW), the S-planes progressively 
turn and become parallel to the C-planes. When the 

ultramylonite zone is reached the two planes become 
parallel and only one foliation is observed. 
The mean age of 298±2Ma for leucogranite emplace-
ment, obtained with the Rb/Sr method on muscovite, 
is similar to the Ar/Ar age of 302±0.24Ma obtained 
on the same mineral (Del Moro et al., 1991b). An un-
deformed leucogranite dyke outside the shear zone 
yielded an Rb/Sr muscovite age of 305±6Ma and Ar/
Ar muscovite age of 296±1.5Ma (Musumeci, 1991a).
From this stop, looking towards SE, we take a pano-
ramic look to the northern flank of Monte Grighini, 
where tonalite rocks belonging to the Intrusive Com-
plex contains some lenses of dioritic rocks. 

Second day
The second day of the field trip will be focused on the 
mylonitic granitoids that outcrop along the piedmont 
dirt road. It can be reached following the same driving 
directions of the first day until the left turn to Allai at 
the roundabout near Siamanna; afterabout 4 km along 
the S.P.39, turn on the right to a dirt road.

Stop 2.1 - Riu S’Iscibi - mylonite-ultramylonite transi-
tion (8°47’54.44’’E - 39°56’52.65’’N)
The Monte Grighini dextral, strike-slipshear zone runs 
along the southwestern and the southern sides of the 
complex (see Fig. 3). Shear strain, mainly partitioned 
in intrusive rocks, results in a mylonite - ultramylonite 

Fig. 13 - Geological cross section along the B-B’ line of Fig. 3 (from Musumeci et al., 2015, modified).
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sequence well exposed along the piedmont road cut. 
At Riu S’Iscibi (about 2 km after we left S.P.39; Figs. 
6, 7) it is possible to observe a decameter-wide alter-
nation of domains with different degree of shear de-
formation (Fig. 15a). Less deformed domains consist 
of coarse-grained monzogranites with S-C- type shear 
band that range from protomylonite to mylonite ac-
cording to the porphyroclasts/matrix ratio (Wise et al., 
1984). Strain increase produces a decrease in grain size 
and the development of a pervasive mylonitic-ultram-
ylonitic foliation, marked by millimeter thick quartz-
rich layers with rare feldspar porphyroclasts and very 
thin phyllosilicate-rich layers. The highest degree of 
shear deformation is attained in correspondence of 
centimeter- to decimeter-thick, very fine-grained phyl-
lonite layers. In thin section phyllonite are made up 
by very fine grained (5-10 mm) phyllosilicates where 
rare rounded quartz relics can be observed. Transition 
between strain domains is sharp and locally phyllonite 
can be in direct contact with protomylonite/mylonite 
rocks (Fig. 15a).
All domains are characterized by a pervasive foliation 
striking N150-160°, and dipping 65-75° to the WSW, 
with quartz mineral lineation gently to moderately 
plunging (10-25°) toward northwest. 
Petrographic and microstructural observation high-
lights the mechanical and mineralogical processes 
affecting this sequence. Millimeter-sized, fractured 
K-feldspar porphyroclasts with domino-type and shear 
band-type structures occurring in the less deformed 
domains (Fig. 15b), are gradually reduced in grain size 
in high strain domains and are completely lacking in 
the highest strain domains (phyllonite fabric).
Phyllosilicates content tends to increase with defor-
mation due to micas replacing feldspars according to 
a well known softening reaction (Hippertt & Hongn, 

1998; Wibberley, 1999; Wintsch & Yeh, 2013 and ref-
erences therein). Quartz concentrates in microcrystal-
line layers in all domains except in phyllonites, where 
it is dispersed in the matrix (Fig. 15c). 
These processes were investigated by Columbu et al. 
(2015) through determination of petrophysical fea-
tures of the different domains. The authors noticed 
that increasing deformation produce: (i) increase of 
solid density due to micas blastesis and feldspars break-
down; (ii) increase of total porosity due to the develop-
ment of open intracrystalline and intrafoliar porosity; 
(iii) decrease of mechanical strength, especially along 
foliation planes, due to the strongly oriented micas and 
to the grain size decrease. “This changes of physical 
and mechanical properties allow strain and displace-
ment to be partitioned into the weak shear zones” (Co-
lumbu et al., 2015).
From previous stop we continue along the same road 
toward SE for about 1 km.

Stop 2.2 - Phyllonite sequence (8°47’56.29’’E - 
39°56’39.13’’N)
Moving toward SE the road cut exposes a decame-
ter-thick sequence made up by ultramylonite-phyl-
lonite sequence that represents the inner part of ul-
tramylonite belt (Figs. 6, 7). These yellowish-brown 
rocks show a very fine-grained, foliated fabric where 
at the naked eyes it is possible to distinguish rare sub-
millimeter-sized rounded porphyroclasts. As a conse-
quence of the intense grain size reduction and absence 
of less deformed protomylonite-mylonite domains, as 
observed in the previous stop, these rocks locally may 
appear in the field similar to the low grade schist be-
longing to the nearby Gerrei Unit (Fig. 16a).
Well developed foliation strikes N130°, and dips 75°to 
the SW. The stretching lineation trends N120° and 

Fig. 14 - White mica-bearing leucogranite from Cuccuru Mannu. a) field photograph of S-C structures; b) photomicrograph of S-C structures, 
with mica-fish marking S planes.
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plunges 15°NW. Locally, late, open folds with NE dip-
ping axial planes are also observed (Fig. 16b). 
Microscopic observation shows millimeter-thick al-
ternations of very fine-grained quartz-feldspathic-rich 
and mica-rich layers. Fine-grained K-feldspar porphy-
roclasts (100-200 mm) are concentrated along thin 
trails or, more rarely, dispersed in the matrix.

From Stop 2.2 we move toward SE for about 1 km un-
til a farmhouse.

Stop 2.3 - Eocene covers (8°48’07.16’’E - 39°56’11.03’’N)
Monte Grighini Complex is surrounded by Eocene 
to Pliocene deposits. In this stop a Oligo-Miocene 
deposit belonging to the Ussana Fm. is exposed 

Fig. 15 - a) Representative sequence of the different strain domains; in the box, a detail of the sharp transition between protomylonite and 
phyllonite (from Columbu et al., 2015, modified); b) photomicrograph of protomylonite showing large, fractured K-feldspar porphyroclasts and 
smaller, altered plagioclase surrounded by fine-grained matrix consisting of recrystallized quartz levels and mica trails; c) ultramylonite and 
phyllonite separated by a 1 mm thick transition belt.
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Fig. 16 - a) Ultramylonite outcrop characterized by very fine grain and pervasive foliation; b) open, late fold in ultramylonites.

Fig. 17 - a) Overview of the Oligo-Miocene sedimentary covers; b) close-up of the coarse, poorly sorted, sandy matrix. 

(Figs. 6, 7). Ussana Fm. consists of poorly-sorted, san-
dy-clayey, reddish matrix with heterometric, polygenic 
(mainly metamorphics belonging to Paleozoic base-
ment) clasts, ranging in size from pebbles to boulders. 

It is considered a continental formation showing a 
complete facies transition from proximal colluvial fan 
to distal alluvial fan and braided river systems (Long-
hitano et al., 2015). Ussana Fm. has been related to the 



78 G. CRUCIANI, D. FANCELLO, M. FRANCESCHELLI, G. MUSUMECI

opening of the Sardinian rift, that could represent the 
eastern branch of a complex rift system, linked to the 
opening of the Balearic basin (Cherchi & Montandert, 
1982a,b).
In this outcrop (Fig. 17a), firstly reported by Assorgia 
et al. (1995), the Ussana Fm. consists of a matrix-sup-
ported assemblage with polygenic, poorly-sorted, 
clasts ranging in size from few centimeter to some 
decimeter. Matrix is a coarse-grained and quite ma-
ture (i.e. quartz- and feldspar- rich) sand. Clasts are 
commonly subrounded to rounded, suggesting their 
transport before sedimentation. The visible part of the 
outcrop does not show stratification or bedding, on 
the contrary it appears massive and chaotic (Fig. 17b). 
The above described features are similar to those of 
“facies 3b” of Longhitano et al. (2015), ascribed to an 
alluvial fan system.
From stop 2.3 we move toward SE along the same dirt 
road for less than 1 km.

Stop 2.4 - Cataclasite zone (8°48’13.19’’E - 
39°55’55.30’’N)
The Monte Grighini shear zone is characterized by de-

tachment fault marked by a meter to decameter-thick 
cataclasite zone cropping out along the whole SW side 
of the complex. The cataclasite is in contact with the 
overlying low-grade metasediments and metavolcanics 
of Gerrei Unit. In this stop (Figs. 6, 7) a cataclasite zone 
is present. This cataclasitic zone is mainly made up of 
intensely fractures and cataclastic rocks belonging to 
the Monte Grighini Unit, to the Gerrei Unit and to 
late Carboniferous granitoids. These rocks show sev-
eral shear planes with different orientations; the pre-
vailing shear surfaces strike N30-50° and dip 20-35°to 
the NW, whereas minor antithetic faults strike NS and 
dip 20-30° to the E. Locally, the NW dipping shear 
planes form lozenge-shaped structures (Fig.18a) where 
it is possible to recognize old foliations with variable 
orientations (from N50°-65°NW to N10°-65°W). Mov-
ing toward SE, massive, quartz-rich rocks occur, like-
ly representing quartzite boulders within cataclasite. 
Proceeding along the same direction thin phyllonite 
levels occur, marking the transition from cataclasite 
to ultramylonite belt. Within cataclasite quartz-felds-
pathic, non-foliated dykes, commonly affected by mi-
nor faults, are observed (Fig. 18b).

Fig. 18 - a) Lozenge-shaped structure, showing a faint foliation, within cataclasite; b) faulted aplite dyke in cataclasite.
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