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Geology of the Montigiu Nieddu metamorphic basement, NE Sardinia (Italy)
Gabriele Cruciania, Marcello Franceschellia, Giovanni Musumecib and Massimo Scodinaa

aDipartimento di Scienze Chimiche e Geologiche, Università degli Studi di Cagliari, Cagliari, Italy; bDipartimento di Scienze della Terra,
Università di Pisa, Pisa, Italy

ABSTRACT
A geological map at 1:10,000 scale is presented that shows the distribution of the metamorphic
rock units in the area of Montigiu (Mt.) Nieddu (NE Sardinia). These units belong to the High-
Grade Metamorphic Complex in the Inner Zone of the Variscan chain of Sardinia. The rocks
include different types of migmatite, amphibolite, and retrogressed eclogites. The geological
map and cross section show the complex tectonic and metamorphic setting of the area,
whereas the metamorphic assemblages and deformation framework represent a valuable
tool for the reconstruction of the P-T metamorphic evolution for the crustal sectors involved
in the Variscan orogeny. The metamorphic rock units reported in the map derived from the
lower and upper continental plates involved in the Variscan collision and were tectonically
juxtaposed during the early Carboniferous exhumation stage.
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1. Introduction

The Sardinian Variscan belt has been subdivided into
three main tectono-metamorphic zones from SW to
NE: External Zone, Nappe Zone, and Inner Zone (Car-
mignani et al., 2001). The Inner Zone, which also
extends to southern Corsica (Massonne et al., 2018),
is subdivided into a southern Low to Medium-Grade
Metamorphic Complex (L-MGMC) and a northern
High-Grade Metamorphic Complex (HGMC, or Mig-
matite Complex), separated by the Posada-Asinara tec-
tonic line, a km-wide NW – SE trending shear zone
(Carmignani et al., 1994, 2001).

In this paper we present a detailed geological map
(Main Map) of high-grade metamorphic rocks exposed
in an area of ca. 7–8 km2 north of Olbia, comprising
the Montigiu (Mt.) Nieddu, Nodu Pianu, Sos Aranzos
and Iles localities. This area, characterized by the
occurrence of gneisses, high-pressure (HP) migmatites
and metabasites with eclogite and granulite facies
relics, is of significant relevance for the dynamics of
the Variscan continent-continent collision.

2. Geological setting

The Migmatite Complex in the Inner Zone consists of
HP migmatite and paragneiss with polyphase defor-
mation (Cruciani et al., 2014a, 2014b; Fancello et al.,
2018; Massonne et al., 2013) and sillimanite + K-feld-
spar metamorphic grade (Franceschelli et al., 2005).
Orthogneisses, calc-silicate nodules and metabasite
with eclogite and granulite facies relics also occur

(Cruciani et al., 2011, 2012, 2015a, 2015b; Franceschelli
et al., 2007). In the Golfo Aranci area (5–6 km NE of
the mapped area), Elter et al. (2010) further subdivide
the HGMC into two amphibolite facies: the Old Gneiss
Complex and New Gneiss Complex.

A polyphase ductile deformation was recognized
and described by several authors (Carosi et al., 2005;
Cruciani et al., 2015c; Elter et al., 2010; Franceschelli
et al., 2005). The early syn-collisional deformation
phase (D1; Carmignani et al., 1994), is well preserved
in the L-MGMC (Cruciani et al., 2013a, 2013b). Within
the Migmatite Complex, D1 deformation is only docu-
mented by the transposition of centimetre-thick leuco-
somes. The D2 deformation phase is related to the
development of NE-verging folds and dextral shear
zones (e.g. Posada-Asinara line, Carosi et al., 2012
and references therein). In the migmatites the D2
phase is evidenced by WNW-ESE striking foliation
(S2) and N140°-striking isoclinal folds gently plunging
(5–20°) toward SE. Corsi and Elter (2006) documented
the occurrence of two opposite senses of shear (top to
NW and top to SE/NE) on the S1 and S2 foliation,
respectively, related to D1 and D2 non-coaxial defor-
mations. These authors associated the top-to-NW
shearing with the end of compression and crustal
thickening, whereas the top-to-SE/NE to tectonic
inversion during the exhumation of the metamorphic
basement. The D3 phase consists of upright metric to
decametric open folds associated with an S3 axial-
plane crenulation cleavage. The D4 phase is revealed
by metric to decametric folds with sub-horizontal
axial planes (Cruciani et al., 2015c). An overall
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description of the Variscan metamorphism and defor-
mation can be found in Cruciani et al. (2015c). Intru-
sive rocks of the Sardinia-Corsica batholith are
widely distributed in the Inner Zone of Variscan Sardi-
nia (Casini et al., 2015 and references).

3. Methods

The Main Map at 1:10,000 scale covers an area of about
7–8 km2 included in the municipal territories of Olbia
and Golfo Aranci. The mapping was based on the orig-
inal 1:10,000 vector topographic maps from ‘Regione
Autonoma della Sardegna – Carta Tecnica Regionale’,
Sections 44030 and 44040, called ‘Cabu Abbas’ and
‘Golfo Aranci’, respectively. Field data were localized
by GPS and reported on the georeferenced digital
map. The coordinate system is Monte Mario Ovest,
projection Gauss-Boaga.

4. Lithostratigraphy

The study area (Figure 1 and Main Map) is located
between the localities of Mt. Nieddu, Nodu Pianu,
Sos Aranzos and Iles (NE of Olbia). It is featured by
the occurrence of two metabasite lenses in Mt. Nieddu
and Iles localities, hosted in the migmatite and gneiss of
the HGMC.

The lithological sequence in Figure 1 and in the
Main Map is based on field observations and geochro-
nological data published by different authors (Cruciani
et al., 2008a, 2008b; Ghezzo et al., 1979; Giacomini
et al., 2005, 2006; Padovano et al., 2012, 2014). We
have distinguished a Migmatite Unit, a Montigiu
Nieddu Unit and an Eclogite Unit (Figure 1). The
lithologies cropping out in the study area and rep-
resented in the Main Map will be described below:

4.1. Granites, pegmatites, leucocratic bodies

All metamorphic rocks in the study area are crosscut by
granitic,pegmatiticand, less frequently,basicdykes.Peg-
matitic dykes show a coarse-grained size, with quartz-
feldspathic crystals up to 10 cm in size and millimetric
to centimetric tourmaline crystals. The granitic rocks
differ from the pegmatites for a yellowish colour and a
finer grain size. Rare basic dykes, up to 1 m in width,
are massive rocks with a general NNE-SSW direction.

Foliated leucocratic bodies with abundant coarse-
grained muscovite and sub-millimetric garnet crystals
are frequently observed within the migmatites and
paragneiss (Figure 2(a)), mainly near to Punta Bados.
These leucocratic bodies often occur as metric to deca-
metric lenses of coarse- to medium-grained rocks with
sharp contact to the host rock. At the interface between
leucocratic bodies and the host migmatite or gneiss,
folding and deformation involving the two lithologies
are locally observed.

4.2. Migmatite Unit

In the Migmatite Unit the following main lithologies
were distinguished:

4.2.1. Migmatite and gneiss
They are the dominant lithologies in the study area.
Migmatites consist of coarse-grained whitish leuco-
somes, locally pegmatoid, parallel to or folded by the
S2 schistosity and of darker medium-grained melano-
somes. The migmatites show the typical layered struc-
ture locally strongly deformed with development of
folds and boudins (Figure 2(b)). The migmatites con-
tain centimetre-thick stromatic leucosomes which are
mainly trondhjemitic (<1% modal K-feldspar) and,
rarely, granitic in composition (Cruciani et al.,
2008a). The rare granitic leucosomes differ from
trondhjemitic ones for modal content of K-feldspar,
which is up to 25% vol.%.

Paragneisses mostly occur at Bados peninsula and
Nodu Pianu (Figure 1) and as small bodies elsewhere
within the migmatites. The gneisses are brownish,
fine-grained and with millimetric fibrolite nodules
close to the contact with orthogneisses (Figure 2(c)).
U/Pb dating on zircon suggests, for the migmatite pro-
tolith, a maximum deposition age of 480–450 Ma (Gia-
comini et al., 2006).

4.2.2. Amphibole-bearing migmatite
The amphibole-bearing migmatite forms a lens-
shaped body (100–150 m in length and 50–70 m in
width) in the southern part of the study area, close
to Villaggio Bados (see Main Map). This rock
shows a N 145° striking and steeply dipping foliation
transposing leucosomes and quartz-feldspathic ‘rods’
(Cruciani et al., 2008b). The evidence of a pre-D2
deformation is the occurrence of a gneissose layering
(D1) pre-dating the D2 folding phase. The amphi-
bole-bearing migmatites display a discontinuous
banding with alternation of quartz-feldspathic leuco-
somes and well-foliated biotite-bearing melanosomes
(Figure 2(d)). Coarse-grained and weakly foliated leu-
cosomes are parallel to the main schistosity, or
folded. Coarse-grained amphibole grains up to 2 cm
long are common in the leucosomes (Figure 2(d)).
The contact between leucosome and melanosome is
often marked by biotite-rich selvedges. The melano-
some is characterized by a medium-grained size
and a dark colour due to the abundance of biotite
and amphibole, which are aligned to the foliation.
The emplacement age of igneous protolith was con-
strained at 461 ± 12 Ma by a Pb-Pb isochron (Cru-
ciani et al., 2008b).

4.2.3. Migmatized orthogneiss
Migmatized orthogneiss (and orthogneiss s.s.) occurs
close to Punta Bados and Nodu Pianu as some
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metre- to decametre-thick lenticular bodies with
NW-SE direction within the migmatites. Orthog-
neisses are greyish in colour, medium- to coarse-
grained and show a pervasive foliation marked by
the orientation of biotite crystals. Leucosomes are
coarse-grained and centimetric in width. The bound-
ary leucosome-melanosome is sharp and marked by
biotite-rich selvedges, which, when folded, become
thicker in the fold hinge. Melanosomes display a
medium grain size and a dark colour due to the pres-
ence of abundant mafic minerals.

Locally, millimetric to centimetric garnet crystals
occur. Orthogneiss, cropping out at Golfo Aranci
dated by U/Pb zircon geochronology, yielded a Middle
Ordovician emplacement ages of 469 ± 3.7 Ma (Giaco-
mini et al., 2006).

4.3. Montigiu Nieddu Unit

The Mt. Nieddu Unit is a wide (2 km × 300–350 m)
metabasite lens-shaped body oriented NE/SW to N/S.
Two different lithologies can be distinguished:
amphibolite and banded amphibolite, ultrabasic
amphibolite.

4.3.1. Amphibolite and banded amphibolite
Amphibolite and banded amphibolite crop out as a
large lens-shaped body, in which poorly foliated or
massive rocks mainly occur in the core of the lens
and well-foliated ones along the edge close to the
host migmatite. The massive portions are slightly
lighter in colour, related to a higher modal abundance
of plagioclase. These rocks show a banded (flaky) struc-
ture with an alternation of centimetric to decimetric
dark green, amphibole-rich bands and white,

plagioclase-rich bands frequently folded and stretched
along the S2. The amphibolites are featured by S2 par-
allel, white to greenish millimetric to centimetric epi-
dote-rich veins and, locally, by centimetre-thick
layers containing garnet porphyroblasts up to 1 cm in
size (Figure 2(e)). The matrix of these layers mainly
consists of amphibole and fine-grained symplectite-
type microstructure.

The tectonic contact with the surrounding migma-
tites is slightly discordant with the S2.

4.3.2. Ultrabasic amphibolite
Ultrabasic amphibolites occur in a small lenticular
body (about 100 m in length and 40–50 m in width)
hosted within the banded amphibolite.

The ultrabasic amphibolite (i.e. the ultramafic
amphibolites of Ghezzo et al., 1979) is an hetero-
geneous group of rocks characterized by the occurrence
of relics of igneous minerals (pyroxene, olivine and pla-
gioclase) and metamorphic minerals in variable
amounts. These rocks are dark-coloured, characterized
by a massive to poorly foliated texture and show a med-
ium- to coarse-grained size. On the basis of mineral
distribution and microstructures, three main
compositional layers (A, B, C) have been distinguished
(Franceschelli et al., 2002).

Layer A is 20 m thick and is featured by the occur-
rence of igneous olivine grains, locally rimmed by a dis-
continuous thin layer of orthopyroxene. Layer A shows
a dark-grey colour with reddish shades, related to olivine
oxidation. Amphibole and chlorite are also abundant.

The Layer B is about 5 m thick, lenticular in
shape, dark grey to greenish in colour and mainly
consists of greenish amphibole and large (up to
1 cm) plagioclase crystals. This layer is characterized
by the occurrence of multilayer corona textures

Figure 1. Geological sketch map of the Montigiu Nieddu metamorphic units.
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around igneous relics of olivine and plagioclase.
These textures are characterized by orthopyroxene
and/or clinopyroxene layers around olivine, and by
garnet coronae and clinopyroxene + spinel symplec-
tite surrounding plagioclase; all these minerals were
overgrown by amphibole.

Layer C is about 15–20 m thick with a dark-green to
reddish colour, due to the abundance of amphibole and
garnet (the latter being up to 60–70%). This layer,
occurring at the top of Mt. Nieddu, is characterized
by millimetric porphyroblastic garnet and large amphi-
bole grains up to 4–5 cm. Spinel, plagioclase, pyroxene,
and chlorite also occur. Garnet-rich nodules, ranging

in size from 1 to 15 cm, and garnet-, amphibole-
and/or epidote-rich veins are also found.

4.4. Retrogressed kyanite-bearing eclogite

Massive to weakly foliated lens-shaped bodies of retro-
gressed eclogites show an alternation of garnet-rich
and garnet-poor layers parallel to S2. They are dark-
green in colour and fine- to medium-grained with
millimetre- to centimetre-sized (1–2 cm) reddish gar-
net porphyroblasts and white pods of pyroxene + plagi-
oclase symplectite (Figure 2(f)). Millimetre-sized,
bluish kyanite crystals are less common but are the

Figure 2. Field aspect of the main lithologies cropping out in the mapped area. (a) Punta Bados, leucocratic body crosscutting the
paragneiss (bottom left corner); (b) folded leucosomes, parallel to the S2 schistosity, in the layered migmatite; (c) Paragneiss with
oriented fibrolite nodules; (d) amphibole-bearing migmatite with centimetric amphibole crystals in the leucosome; (e) Garnet-rich
layer in the banded amphibolite; (f) Iles locality, retrogressed eclogite with garnet porphyroblasts.

546 G. CRUCIANI ET AL.



only example of kyanite among the Sardinian eclogites
(Cruciani et al., 2019a). The dark-coloured matrix is
mainly made up of green amphibole. The eclogite-
facies minerals (i.e. garnet and omphacite) are best pre-
served in the garnet-rich layers, whereas in the garnet-
poor layers the texture is dominated by clinopyroxene–
plagioclase symplectite testifying a more pervasive ret-
rograde overprint. Magmatic zircons from the Golfo
Aranci eclogites, dated by the U–Pb method, yielded
an Ordovician protolith age of 460 ± 5 Ma (Giacomini
et al., 2005).

5. Tectonic and metamorphic evolution

5.1. Deformation

The described metamorphic rock units experienced a
Variscan polyphase tectonic and metamorphic evol-
ution. Deformation shows an heterogeneous distri-
bution at the map and outcrop scale, mainly
controlled by the difference in competence between
rock types.

A relict D1 deformation is locally recognizable in (i)
sigmoidal-shaped gneissic pods, (ii) quartzitic enclaves
in migmatites and (iii) foliation in the paragneisses at
Punta Bados.

The D2 phase, in all rock units, is marked by the
development of S2 schistosity, which is the main foli-
ation at the outcrop and map-scale with metabasite
and orthogneiss bodies parallel to S2 (Figure 1). S2
is marked at mesoscale by (i) leucosome/melanosome
alternation in metasedimentary migmatites and in
amphibole-bearing ones, (ii) plagioclase- and amphi-
bole-rich layers in banded amphibolites and (iii) gar-
net porphyroblast orientation and elongation of
symplectitic pods in retrogressed eclogites. Scarce evi-
dence of S2 is recognizable in the massive ultrabasic
rocks.

S2 strikes from NNW-SSE to NE-SW in the western
(Iles locality) and eastern (Nodu Pianu) map areas,
respectively. The different orientation of S2 results
from large scale folding at the map-scale with develop-
ment of NW-SE trending hectometre-sized folds
(Figure 1), as evidenced by the arcuate shape of the
Mt. Nieddu amphibolite lens.

5.2. Metamorphic evolution

The metamorphic evolution of the studied rocks can be
schematized as follows:

5.2.1. Migmatite Unit
The metamorphic evolution of migmatites cropping
out in the study area has been described by Cruciani
et al. (2008a, 2008b; 2014a, 2014b) and Massonne
et al. (2013).

The migmatite with trondhjemitic (and minor
granitic) leucosomes derived from syn-D1-pre-D2 par-
tial melting of a pelite/psammite sequence in the kya-
nite stability field. Partial melting was followed by
two stages of metamorphic re-equilibration, (i) syn-
D2 fibrolite-biotite intergrowth and (ii) post-D2
growth of coarse-grained, late-crosscutting muscovite.
An orthogneiss sample from Golfo Aranci yielded a
weighted mean 40Ar−39Ar white mica age of 304 ±
1.6 Ma, whereas biotite ages are within ∼ 290
−310 Ma (Di Vincenzo et al., 2004).

P-T conditions of partial melting in the neighbouring
amphibole-bearing migmatite were∼1.3 GPa and 700°C
(Massonne et al., 2013). Leucosomes crystallized from
the melt at P-T conditions close to 1.05 GPa and 700°
C with the formation of centimetric amphibole crystals.
The complete crystallization of the melt occurred at
0.9 GPa and 680°C. Zircon rim domains in the leuco-
some of amphibole-bearing migmatite yielded average
U-Pb age of 324.2 ± 4.0 Ma, indicating the final stage
of partial melting (Cruciani et al., 2019b). The 40Ar
−39Ar amphibole age of 317.4 ± 2 Ma is related to the
time when migmatites were below the P-T conditions
of partial melting, i.e. at sub-solidus conditions.

5.2.2. Montigiu Nieddu Unit
The metamorphic evolution of the amphibolite and
banded amphibolite cropping out in the study area
was reconstructed by Scodina et al. (2019). The gar-
net-bearing layers (Figure 2(e) and Figure 3(a,b))
recorded the early metamorphic history while the sub-
sequent retrograde equilibration is documented by the
host amphibolite. A remarkable increase in pressure
(from 0.7 to 1.4 GPa) and a very slight increase in
temperature marks their prograde path, reaching maxi-
mum pressure conditions in the granulite facies at T =
690–740°C and P = 1.3–1.5 GPa. Afterwards, a decom-
pression with a slight temperature decrease led to the
growth of clinopyroxene + plagioclase symplectite, cor-
onae and matrix in the garnet-bearing layers. Sub-
sequently, the amphibolites experienced growth of
green amphibole and plagioclase at amphibolite-facies
conditions (560–620°C, 0.7–0.8 GPa). Late formation
of epidote veins, chlorite and actinolite suggests further
retrograde evolution towards the greenschist facies.

Scodina et al. (2020) distinguished three meta-
morphic stages in the rocks of layer B. The first stage
is characterized by the formation of coronitic micro-
structures of orhopyroxene, clinopyroxene, and garnet
developed around igneous olivine and plagioclase
(Figure 3(c,d)) and symplectitic (clinopyroxene, spinel)
minerals. The second stage corresponds to the perva-
sive growth of amphibole in the matrix and over the
coronitic assemblage, together with the formation of
a new spinel generation. Chlorite, talc and corundum
also belong to this stage. A third metamorphic stage
resulted in the local growth of late phases (i.e.
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actinolite, chlorite, epidote) replacing minerals from
the previous stages.

5.2.3. Kyanite-bearing retrogressed eclogite
Kyanite-bearing retrogressed eclogites, cropping out at
Iles, experienced a polyphase metamorphic evolution
(Cruciani et al., 2019a).

Garnet, kyanite, and omphacite belong to the pre-
symplectite stage together with quartz, epidote, apatite,
and rutile inclusions preserved in garnet (Figure 3(e)).
Eclogite-facies P-T conditions were recorded by garnet
compositional zoning.

Plagioclase + clinopyroxene (±orthopyroxene and
amphibole) symplectite in the rock matrix, and pre-
served inside the garnet porphyroblasts, documents a
metamorphic stage with development of symplectite
minerals (Figure 3(e)). Spinel + anorthite and sapphir-
ine + anorthite symplectites surrounding kyanite

porphyroblasts (Figure 3(f)) also developed at this
stage, which corresponds to granulite-facies conditions
(Giacomini et al., 2005).

The development of plagioclase + amphibole coro-
nitic assemblages at the garnet/symplectite interface,
as well as the plagioclase moat that surrounds sapphir-
ine + anorthite symplectite, testifies the occurrence of a
corona stage at amphibolite-facies conditions (Giaco-
mini et al., 2005). A post-corona stage at greenschist-
facies P-T conditions is documented by the local
growth of actinolite, chlorite, and minor epidote and
titanite in the rock matrix. In the Golfo Aranci eclo-
gites, Giacomini et al. (2005) determined a U-Pb
weighted average age of 352 ± 3 Ma, which is inter-
preted as the timing of a complete resetting of the U–
Pb systematics of zircon. It is difficult to assess whether
this age is related to the eclogitic or to the post-eclogitic
metamorphic equilibration.

Figure 3. Microphotographs showing the most relevant microstructures of metabasites, plane-polarized light. (a) Garnet porphyr-
oblast and a clinopyroxene + plagioclase symplectite in the garnet-bearing layers of the banded amphibolite. (b) Overview of the
matrix of the garnet-bearing layers made of amphibole + plagioclase, quartz, clinopyroxene + plagioclase symplectite, ilmenite and
rutile. (c) Coronitic microstructure of pyroxene and garnet around olivine and plagioclase in Layer B of the ultrabasic amphibolite
rocks. (d) Detail of the sequence of coronitic minerals. (e) Garnet porphyroblasts and coronitic microstructures of amphibole and
plagioclase in the Iles retrogressed eclogite. The garnet crystals are in turn surrounded by symplectite of pyroxene + plagioclase. (f)
Kyanite surrounded by spinel + plagioclase and sapphirine + plagioclase symplectites in the Iles retrogressed eclogite. Pl = plagi-
oclase; Ol = olivine; Grt = garnet; Opx = orthopyroxene; Cpx = clinopyroxene; Amp = amphibole; Spl = spinel; Rt = rutile; Ilm = ilme-
nite; Qtz = quartz; Sap = sapphirine; Ky = kyanite; Px = pyroxene.
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5.3. P-T evolution

The metamorphic P-T conditions and P-T path of the
rocks have been reported by Giacomini et al. (2005,
2006), Cruciani et al. (2008a, 2008b, 2014a, 2014b,
2019a), Massonne et al. (2013) and Scodina et al.
(2019, 2020).

5.3.1. Migmatite Unit
According to Cruciani et al. (2008a, 2008b, 2014a,
2014b) and Massonne et al. (2013), only the retrograde
part of the migmatite P-T trajectory can be recon-
structed, since most of its prograde part was over-
printed by peak metamorphism.

The migmatite protolith underwent partial melting
at HP conditions (T ∼ 700–740°C, P ∼ 1.1–1.3 GPa)
with approximately 1.5–2.0 wt.% H2O (Cruciani
et al., 2014a). Subsequently, pressure release and slight
cooling resulted in the crystallization of the leucosome
melt to form kyanite and biotite at ∼660–730°C,
∼0.75–0.90 GPa. After the formation of kyanite-bear-
ing leucosomes, the migmatite underwent meta-
morphic re-equilibration with the formation of
fibrolite and late crosscutting muscovite. The trondhje-
mitic leucosomes were generated by H2O-fluxed melt-
ing, whereas the rare granitic leucosomes reveal
peritectic K-feldspar produced by muscovite-dehy-
dration melting.

The amphibole-bearing migmatite protolith was an
intermediate igneous rock. Before partial melting, the
H2O stored in minerals was estimated to be nearly 1.5
wt.% and the free H2O <1 wt. %. At the P-T conditions
of partial melting (1.3 GPa and 700°C), the melt separ-
ated from the rock to form leucosomes. Subsequently,
pressure decrease accompanied by slight cooling led to
the crystallization of the leucosome melt to form large
amphibole crystals, that were subsequently partially
resorbed. The amphibole resorption probably occurred
at 0.9 GPa and 680°C (Massonne et al., 2013). The
clockwise P-T path reconstructed by Massonne et al.
(2013) implies that the melt must have resided in the
rock during exhumation from about 45 to 30 km
depth and thus over a long period of time.

5.3.2. Montigiu Nieddu Unit
The dark-green, massive to weakly foliated Mt. Nieddu
amphibolite underwent a burial path which was
recorded by the compositional zoning of garnet. The
P-T path started at pressures of 0.8 GPa and showed
only a slight increase in temperature leading to peak
P-T conditions. The garnet rim records peak P-T con-
ditions of 1.3–1.4 GPa at 690–740°C. As the early exhu-
mation of the amphibolites occurred already at lower
temperatures than the burial, an anticlockwise P-T
path results, which is in contrast to the typical clock-
wise P-T paths reported for several HP metamorphic
rocks from NE Sardinia (Scodina et al., 2019).

Rocks with coronitic textures around igneous oli-
vine and plagioclase belonging to the ultrabasic amphi-
bolites of Mt. Nieddu are also characterized by an
anticlockwise P-T path (Scodina et al., 2020). Their his-
tory starts with the igneous stage at P < 0.5 GPa and T
= 780–850°C, which was followed by cooling and
increasing pressure values until metamorphic P-T con-
ditions of the granulite-facies were reached. At this
stage, coronitic microstructures, symplectites, and gar-
net formed up to 1.3–1.7 GPa and 680–730°C. Exsolu-
tion of Fe-oxides from igneous orthopyroxene also
occurred at this stage. Subsequently, the rocks under-
went a strong retrogression with decompression
accompanied by cooling towards the amphibolite-
and greenschist-facies.

5.3.3. Kyanite-bearing retrogressed eclogite
The retrogressed eclogites from Iles documented a
clockwise P-T path, recorded by the compositional
zoning of garnet porphyroblasts and reconstructed by
the P-T pseudosection approach by Cruciani et al.
(2019a). Estimated conditions are T = 580–630°C and
P = 1.5–2.0 GPa for the formation of the garnet core,
T = 620–690°C and P = 2.0–2.3 GPa for the garnet
mantle, and T = 650–700°C and P = 1.4–2.1 GPa for
the growth of the garnet rim.

Giacomini et al. (2005), using conventional thermo-
barometry, documented for the same rocks a clockwise
P-T path very similar to that reported by Cruciani et al.
(2019a). The P-T path is similar to that reported in lit-
erature for eclogites from nearby localities such as
Punta Orvili and Punta de li Tulchi (Cruciani et al.,
2011; 2012) and in general for the eclogitic rocks
belonging to the Migmatite Complex.

6. Conclusions

Field survey, sampling and structural investigation
allowed the production of a 1:10,000 scale geological
map of a 7–8 km2 wide crustal sector belonging to
the Variscan Migmatite Complex in the Golfo Aranci
area (NE Sardinia), that contributes to the understand-
ing of the evolution of the Variscan orogeny.

In particular, geological mapping has allowed us to
pursue the following main goals:

- detailed mapping of lithological units with different
metamorphic evolution;

- definition of spatial relation between different metase-
dimentary and meta-igneous lithological units;

- field reconnaissance of metamorphic mineral assem-
blages and texture as well as deformation
structures.

In summary, in the northern Sardinia Migmatite
Complex, all these data allow to document the occur-
rence of both clockwise and anticlockwise Variscan

JOURNAL OF MAPS 549



metamorphic evolution in high-grade metamorphic
rock units. In the scenario of late Palaeozoic continen-
tal collision, these lithological units derived from lower
continental plate (clockwise) and upper continental
plate (anticlockwise) and were tectonically joined
during the early Carboniferous exhumation stage.

Software

The cartographic database was built using the ArcGIS
software, whereas the drawing and layout work were
made using the CorelDRAW X5 graphic suite.
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