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ABSTRACT

The inner zone of the Sardinia Variscan segment consists of two metamorphic complexes:

I) A polymetamorphic Migmatite Complex, with migmatites showing polyphase anatectic processes, in the presence of kyanite or sillimanite. The
Migmatite complex preserved decametric lenses of eclogite relicts (eclogites A) affected by high T, high- to intermediate P recrystallization under granulite
facies conditions The decompressional garnet + Ca-clinopyroxene + amphibole + orthopyroxene-bearing assemblages developed in granoblastic textures g
erally in no stress conditions. In most cases, only symplectite textures provide evidence for the eclogitic event.

II) A medium grade, mostly metapelitic complex consisting of Grt, Ky, Stau-bearing micaschists and paragneisses includes quartzites and garnet-bearir
amphibolite boudins with N-MORB chemical affinity. Relicts of eclogite assemblages were locally found in the metabasite (eclogites B).

In eclogites A, the geothermobarometric parameters yield temperatures in the range 690°-760°C for minimurrh&€50ee Pyroxene compositions
accord with temperatures in excess of 700°C. In eclogites B, the thermometric calibrations provide temperatures in the range 610°-700°C for pressures 1.3-
GPa, based on the jadeite content. The temperatures are consistent with the biotite+muscovite+garnet+kyanite+staurolite assemblage in the host paragnei
and with lack of anatectic processes.

The age of 457+2 Ma, obtained by U/Pb dating on one sample of Type A eclogite is interpreted as a minimum estimate for the magmatism of the eclogif
protolith. A second zircon population defined an age of 403+4 Ma interpreted as dating the zircon crystallization during the high-grade event.

The relationships between Types A and B eclogites, and their bearing on the regional framework (Sardinia, Ligurian Alps) are discussed.

INTRODUCTION I) A polymetamorphic Migmatite Complex (Figs. 1, 2)
developed in the northernmost part of the island up to Corsi-
Within the Sardinia basement eclogites are known to oc-ca. The migmatites show polyphase anatectic processes, in
cur within the Gallura High Grade Metamorphic Complex the presence of kyanite or sillimanite.
(Miller et al., 1976; Franceschelli et al., 1998) associated In the Migmatite Complex, decametric basic lenses pre-
with migmatites affected by Late Variscan HT\LP metamor- serve eclogite relicts (eclogites A) affected by high T, high-
phic overprint. Eclogites are described also from within Grt, to intermediate P recrystallization under granulite facies
Ky, and Stau-bearing metapelites, close to an important reteonditions (Miller et al., 1976; Ghezzo et al., 1979; 1982; Di
rograde transcurrent shear zone at regional scale. The miPisa et al., 1992; Franceschelli et al., 1998, 2002). The de-
caschist belt hosting the eclogites was interpreted as @ompressional garnet+Ca-clinopyroxene+amphibolezor-
Variscan suture zone (Posada - Asinara line; Cappelli et al.thopyroxene-bearing assemblages developed in granoblastic
1992), as an accretionary mélange thrust on the northermextures, generally under no stress conditions.
Gondwana margin (Carmignani and Oggiano, 1997) or as a Paragenetic mineral relicts, of the pre-granulite history,
wide Variscan transpressional shear belt (Carosi andother than zoning in garnet, are rarely preserved, so that in
Palmeri, 2002). This article 1) aims to compare the protolith most cases only symplectite textures provide evidence for
nature and the PT conditions recorded during the metamorthe eclogitic event.
phic peak and the exhumation paths by the metabasites from 1) A medium-grade, mostly metapelitic complex (Gneiss
the two complexes; Il) tentatively approaches the regionalComplex; Figs. 1, 2A; 2B), consisting of Grt, Ky, Stau-bear-
implications by comparing the Sardinia metabasites withing micaschists and paragneisses includes quartzites and
their homologous of the Ligurian Alps Ill) discusses their garnet-bearing amphibolite boudins with N-MORB chemi-
significance in the peri-Gondwanian framework, in the per- cal affinity (Cappelli et al., 1992; Oggiano and Di Pisa,
spective of recent geodynamic reconstructions (Stampfli et1992). Relicts of eclogite assemblages were locally found in
al., 2002; von Raumer et al., 2003). the metabasites (eclogites B).
The Gneiss Complex is confined along a narrow, NNW-
trending belt (Posada-Asinara Line). Thrusting, or combined
GEOLOGICAL OUTLINE thrusting-wrenching, of the Migmatite Complex onto the
Gneiss Complex (Fig. 2) is apparent in places where the
The inner zone of the Sardinia Variscan chain (Fig. 1) iscontact is not complicated by late-Variscan retrograde
characterised by medium- to high-grade metamorphic rocksstrike-slip shears (Oggiano and Di Pisa 1992; Carosi and
and consists of two metamorphic complexes (Fig. 1A): Oggiano, 2002). Within the collisional frame, the Migmatite
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o which exhibit different structures depending on the protolith
3 nature and composition. In any case evidence of mobiliza-
Asﬁn&raﬁ\ ****** tion of a leucogranitic melt is widespread, resulting in both

E i n e - planar leucosomes arranged into stromatic structures and in
dilatant shear zones crosscutting the layering obliquely.

The diatexites, particularly the stromatic varieties, show
mineral assemblages consistent with the occurrence of mus-
covite dehydration melting below biotite dehydration condi-
tions. The occurrence of relict sillimanite, K-feldspar and
biotite at the selvedges within neosome, suggests the reac-
tion: Ms +PI+Qtz = Melt+Kfs+Sil+Bt. Late muscovite, also
common in coarse grains within such diatexite, may be, ac-
cording to Solar and Brown (2001), the product gDHex-
solved during the crystallization of the stagnant melt caus-
ing the hydration reaction Kfs+Sill-+ = Ms+Qtz.

Within the Gneiss Complex, metabasites occur as:

I- Decametric lenses and boudins within intermediate P
metapelites and quartzites affected by late Variscan HT/LP
(Asinara Island and Coghinas Lake). No relicts of the eclog-
ite event are evident, and plagioclase+hornblendezbiotite
largely replace the garnet.

II- Small lenses in the Posada valley phyllonitic belt (El-
ter, 1987), where decametric bodies of metabasite crop out
along the retrograde strike-slip zone. Here, important fluid
circulation caused a generalised retrograde re-equilibration
to amphibolite and greenschist facies compatibilities.

C. Spartivento IlI- Hectometric slices within staurolite+garnet+kyanite-
Fig. 1 - Main structural elements of the Sardinia basement: 1: Post -b?a'f'”g micaschists a.nd paragnelsses in the Anglona region,
Variscan covers; 2: Late Hercynian batholith; 3: High grade metamorphic Within the Posada-Asinara Belt (Fig. 2), close to the retro-
complex; 4: Internal nappes; 5: External nappes; 6: External zone; 7: Majorgrade shear zone Il) but far enough (2.5 km) from its core.
and minor thrusts; 8: Posada - Asinara Line. Four samples preserving eclogite paragenetic and textur-
al relicts were selected from the third occurrence.
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Complex has been regarded as a crustal nappe comparable
to the inner crystalline nappe of the French Massif Central, ECLOGITES A
whereas the high-strain Gneiss Complex has been regarded
as the Sardinia segment of the south Variscan suture zone
(Cappelli et al., 1992; Carmignani et al., 1994), re-equili-  In the study outcrop, the eclogite is massive and isotropic
brated under intermediate-P amphibolite facies conditions. to weakly foliated, and at various extent preserves textural
Both complexes are overprinted by Late Variscan HT/LP and paragenetic evidence of the polyphase evolution from
re-equilibration, related to the late Carboniferous post-colli- eclogite conditions throughout high-temperature decompres-
sional gravitative collapse of the chain (Oggiano and Di sion up to low P (garnet—out) amphibolite facies conditions.
Pisa, 1992; Di Pisa et al., 1992; Carmignani et al., 1994), The eclogitic assemblage includes garnet+omphacite+
mostly on the base of micas blocking ages and of meso- andolourless Na-Ca amphibole+quartz+ilmenite+rutile+ap-
micro-structural evidence (Del Moro et al., 1991). atitexzoisitexbrown mica (Plate 1A). Zircon and allanite oc-
cur in sample B1 (Plate 1B) that is also characterised by a
relatively high apatite content. Garnet (1-5 mm in size) is
FIELD OCCURRENCE AND SAMPLING zoned, and shows polyphase growth features: the subhedral
to lobate pre-kinematic core hosts abundant, randomly ori-
The Migmatite Complex metabasites occur in the Costaented micrograins of quartz, omphacite, Na-Ca amphibole,
Smeralda area as rotated boudins within andalusite+utile and ilmenite. The rim is inclusion-free and seldom
cordierite-bearing metatexites retaining relict mylonitic fab- flattened on the foliation, suggesting syn-kinematic growth.
ric. Elsewhere, metabasites are hosted within diatexitic rocks Omphacite only survives as armoured relicts in the garnet,
derived from both ortho- and paragneisses showing a silli-but symplectite pseudomorphs commonly mimic the habit of
manite+K-feldspar assemblage. The structural relationshipgnedium-grained (1-2 mm), subhedral, isoriented omphacite
between metabasites and migmatites were obscured due to tigsystals (Plate 2A). Na-Ca amphiboles in part survive as
strongly different rheology during the polyphase deformation. zoned cores within Ca-amphibole; the foliation highlighted
Three samples preserving garnet-omphacite relicts werdy Ca-amphiboles result mimetic by replacement of Na-Ca
selected for detailed investigation from a decametric eclog-amphibole partly preserved at their cores. Granoblastic (0.5-
ite body hosted in sillimanite+K-feldspar anatectic 2 mm) quartz sparsely occurs (0-5% in volume).
migmatites cropping out twenty kilometres north of the  llmenites inclusions in garnet show exsolution lamellae
Posada-Asinara Line. The decompressional, granulite faciesf rutile, which are lacking in ilmenites re-equilibrated with
re-equilibration and the later overprint are widespread at theamphibole or in the pseudomorphs with orthopyroxene after
outcrop scale. brown mica (Plate 1A, B). limenite and rutile are wide-
These eclogites are embedded within diatexitic gneissesspread in the garnet inclusions, where they coexist with in-
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tergrowth textures (Plate 1A). Brown mica (phlogopite?) re- dration occurs during the breakdown of brown mica to or-
licts are hardly preserved. thopyroxene, likely no or minor exotic input of®i are re-

The decompressional event is characterised by (Plate 2)quired. The diopside+albite pair, in fine-grained symplectite
1) the breakdown of omphacite into symplectite aggregatesrepresents metastable equilibria, and towards the boundaries
of diopside+plagioclasetCa-amphiboletorthopyroxene; Il) of the former omphacite, it grades towards diopside+plagio-
the development of keliphytic rims of plagioclase+Ca-am- clase+Ca-amphibolexorthopyroxene with increasing grain
phibole on garnet; Ill) the widespread growth of pinkish- size up to granoblastic mosaic textures. lImenite exhibits
brown Ca-amphibole replacing the colourless Na-Ca amphi-equilibrium boundaries with Ca-amphibole, whereas rutile is
bole; IV) the growth of orthopyroxeteummingtonite re-  corroded. At the outcrop scale, the most re-equilibrated sam-
placing brown mica (Plate 2B). Cummingtonite is also found ples hardly preserve any trace of symplectite.
rimming the orthopyroxene at the contact with quartz (Plate The retrograde amphibolite facies overprint, poorly de-
1B), or intergrown with Ca-amphibole. Ca-amphibole repre- veloped in the study samples, is recorded by patchy growth
sents the stable hydrous phase; it mostly developed at the ex@long mm to cm-thick areas of fine-grained to acicular
pense of Na-Ca amphibole, and only at minor extent, of om-green Ca-amphibole, rarely of cummingtonite, in equilibri-
phacite (in symplectite) and garnet (in kelyphites). As dehy-um with plagioclase and biotite. The alteration of garnet and
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diopside to Ca-amphibole and biotite suggests a control bydeveloped rational equilibrium boundaries.

local fluid mobilisation.

Pyroxenes

Mineral chemistry

Garnet

Garnet shows pyrope contents in the range 10-35 mole%
(Fig. 3; Table 1), almandine 30-67 mole %, and grossular 2—
28 mole%. The contents of spessartine (0.2-4.4 mole%) and
andradite (0-1.1 mole%) are low, with appreciable, Tidp
to 0.4 wt%) and CO, (up to 0.25 wt%) contents. Pyrope,
almandine and grossular contents from different samples
broadly correlate with bulk rock chemistry. Concentric zon-
ing is widespread with a relatively homogeneous core, Mg—
increase and Mn, Ca and Fe decrease in the rim, thus sug-
gesting a prograde trend.

In samples preserving eclogite relicts, the garnet margin
(for about 50 m) is commonly destroyed by the growth of
kelyphites. In samples showing near complete decompres-

Na-Ca clinopyroxene.

The Na-Ca clinopyroxene within the garnet cores is om-
phacite (Fig. 4; Table 2) rarely aegirine augite, with
jadeite 12-28 mole%, and aegirine 1-27 mole %.
Ca-clinopyroxene

Ca-clinopyroxenes from symplectites are diopsides
(Mg/Mg+Fe: 0.64-0.72) with low contents of jadeite (0.4-
2.2 mole %) and aegirine (0.0-0.6 mole %) (Table 3). In
samples completely re-equilibrated to granulite, the diop-
side has jadeite contents up to 10 mole %.
Orthopyroxene

Orthopyroxene (Table 3) shows Mg/Mg+Fe values in the
range 0.38-0.65, with low CaO (0.5 and 0.88 wt%) and
Al,O, (0.11 and 0.80 wt %). Minor Tiup to 0.23 wt%),
Cr,0, (up to 0.20) NiO (up to 0.45) and MnO (up to 0.71).

sional recrystallization, garnet, diopside and Ca-amphibole

Alm + Sps

Grs + Adr Prp

Fig. 3 - Compositional variability of garnets (eclogite facies assemblages).
O: A-type eclogitesQ: B-type eclogites.

Plate 1 - SEM-BSE photomicrograph, Type A, partially retrogressed, eclog-

QUAD

JD AEG

ite. A: bar scale is 0.1 mm; coexisting rutile (Rt) and ilmenite (llm) inclu-

sions in garnet (Grt) with quartz (Qtz) and zircon (Zr). Trellis texture in il- Fig. 4 - Na-Ca clinopyroxene compositions (eclogite facies assemblages)
menite. B: bar scale is 0.1 mm; orthopyroxene (Opx)+plagioclase (Plg)+il- in the Jd-Aeg-QUAD triangle. Nomenclature after Morimoto (1988), com-
menite (Ilm) pseudomorphs on biotite. Cummingtonite (Cum) rim between positional fields after Rock (1990). Symbols as in Fig. 3. Crosses: diop-
orthopyroxene and quartz (Qtz). Top left: iimenite and hornblende (Hbl).  sides from symplectites (eclogites A).
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Amphiboles TiO, varies between 1.01 and 1.90 wt%, and the highest
The colourless to greenish Na-Ca amphibole (Table 4),contents occur at the contact with ilmenite and/or relict ru-
preserved as inclusions in the garnet or as metastable relictsle. A tschermakite substitution trend is shown by the
at the core of the Ca-amphibole, is barroisite in the LeakeAlV'+Fe&*+Ti vs. AlV diagram (Fig. 5A; Table 5). The com-
et al. (1997) classification. TiOs in the range 0.24 and position of Ca-amphiboles falls largely in the field of inter-
0.75 wt%. mediate pressure amphiboles (Laird and Albee, 1981),
Compositions of the pinkish-brown Ca-amphibole, stable whereas high-pressure vectors arise for Na-Ca amphiboles.
in the granulite assemblage, range from Mg-hornblende toThe wide compositional range and partial compositional
tschermakite, more rarely is pargasite, without clear rela-overlap of Na-Ca and Ca-amphiboles are likely due to in-
tionships with the different textural site; the coarse zonedcomplete re-equilibration.
nematoblastic grains show the largest compositional range. The green amphiboles formed during the amphibolite fa-

Plate 2 - Photomicrograph of Type A, retro-
gressed, eclogite. Plane polarised light. A:
garnet showing large kelyphite rim. Fine
grained diopside - plagioclase symplectite 3k
(dark grey) and decussate zoned amphibole §sEses
Il. Scale bar: 1 mm. B: Orthopyroxene+pla-
gioclase+ilmenite+hornblendexcumming-
tonite pseudomorphic aggregate from biotite.
Bottom of photo: kelyphite rims around gar-
net. Scale bar: 1 mm.
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Table 1A - Representative garnet compositions from type B eclogites.

TYPE B
Sample REC2 REC2 REC2 REC2 REC2 REC2 REC2 REC3 REC3 AV35 AV35
Analysis n. 2 3 4 5 6 7 8 1 2 1 2
Eclogitic
- - - | Grt + Na-Ca cp; _ Eclogitic assemblage .
Texture Coexisting w/Hbl Coexisting w/Hbl Coexisting w/Hbl  Hbl/grt pai pair Grt - hbl pair Grt assemblage, coex overgrown by | Na-Ca cpx pair| Na-Ca cpx pajr
w/ Na-Ca cpx | retrograde Greej
Hbl
Sie’ 38.26 38.27 38.49 38.23 38.25 37.8 38.04 38.28 37.94 37.7 37.4
TiO, 0.18 0.18 0.13 0.14 0.03 0.15 0.18 0.07] 0.15 0.14 0.24
Cr,0, 0.26 0.23 0.2 0.18 0.24 0.11 0.19 0.25 0.23 0.19 0.18
AlO; 21.24 21.11 214 21.03 21.36 21.12 21.25 21.22 21.18 22.13 22.04
FeO, 1.09 1.04 0.50 1.99 1.23 2.19 0.93 1.11 1.24 0.24 0.94
FeO 25.93 26.04 26.84 26.13 26.99 26.17) 26.27 26.81] 25.95 26.05 25.39
MnO 0.63 1.35 0.87| 0.48 0.34 0.61 1.47 0.69 0.46/ 0.95 0.57
MgO 3.06| 2.65 2.61 3.12 3.32 3.08 2.61 2.90 2.88 2.46 2.76
NiO 0.00 0.13 0.14 0.16 0.06 0.18 0.02 0.02] 0.03 0.00 0.09
CaO 10.75 10.6 10.55 10.45 9.65 10.01 10.22 10.26 10.77 10.71 10.85
NaOo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K0 0.04 0.03 0.04 0.04 0.03 0.02 0.04 0.00 0.04 0.03 0.02
Total 101.44 101.62 101.97 101.95 101.5 101.44 101.22 101.6 100.87 100.59 100.48
Si 2.9774 2.9836 2.9929 2.968 2.9767 2.9523 2.9779 2.9818 29718 2.9574 2.9344
Ti 0.0105 0.0106 0.0076 0.0082 0.0018 0.0088 0.0106 0.0041 0.0088 0.0083 0.0142
Cr 0.01§ 0.0142 0.0123 0.013 0.0148 0.0068 0.0118 0.0154 0.0142 0.0118 0.01112
Al 1.9481 1.9391L 1.9612 1.9242 1.9591 1.9441 1.9606 1.9481 1.9558 2.0466 2.0381
Fe 0.0641 0.0609 0.0295 0.1163 0.0722 0.1287 0.0548 0.0648 0.0731L 0.0146 0.0566
Fe 1.6872 1.6975 1.7451 1.6964 1.7566 1.7093 1.7200 1.7461 1.7002 1.7087 1.6662
Mn 0.0415 0.0891L 0.0573 0.0316 0.0224 0.0404 0.0975 0.0455 0.0305 0.0631 0.0379
Mg 0.3549 0.3079 0.3025 0.36. 0.3851 0.3586 0.3045 0.336 0.3362 0.2876 0.32p8
Ni 0.000 0.0082 0.0088 0.0 0.003 0.0113 0.0013 0.0013 0.0019 0.000 0.0057
Ca 0.8963 0.8854 0.8789 0.8692 0.8046 0.8377 0.8572 0.8563 0.9039 0.9001 0.91p1
Na 0.000 0.000 0.000 0.00! 0.000 0.000 0.000 0.000 0.000 0.000 0.000
K 0.004 0.003 0.004 0.00: 0.003 0.002 0.004 0.00Q 0.004 0.003 0.002
Grossular 0.254 0.253 0.269 0.22: 0.224§ 0.21 0.248 0.245 0.255 0.286 0.269
Almandine 0.565 0.569 0.584 0.57 0.591 0.58 0.577 0.585 0.572 0.577 0.567|
Pyrope 0.119 0.103 0.10% 0.12: 0.13 0.122 0.102 0.113 0.113 0.097| 0.11
Spessartite 0.014 0.03 0.019 0.01. 0.008 0.014 0.033 0.01§ 0.0 0.021 0.013
Andradite 0.032 0.031 0.015 0.05! 0.036 0.066 0.028 0.033 0.037 0.007| 0.028
Uvarovite 0.008 0.007| 0.006 0.00¢ 0.007 0.003 0.006 0.008 0.007| 0.006 0.006
Ti-Al Garnet 0.003 0.004 0.002 0.00: 0.00Q 0.003 0.003 0.002 0.002 0.003 0.006
Na-Ti Garnet 0.004 0.003 0.004 0.00: 0.002 0.002 0.004 0.000 0.004 0.003 0.002

Textural features referred to in the table.

cies overprint are Mg-hornblende with low Ti(®.01-0.95 the eclogite assemblage are only preserved in rare samples
wt%) sometimes grading to actinolite. as armoured relicts in the garnet (Plate 3).

Cummingtonite intergrown with Ca-amphibole shows  Coarse to medium-grained (0.5-4 mm), subhedral to
high Mg contents (Mg/Mg+Fe = 0.8-1.00) and low Al and amoeboid garnets include abundant, randomly or poorly ori-
Ca (Al = 0.05-0.032 a.p.f.u. Ca = 0.79-0.09 a.p.f.u.). Cum-ented quartz, clinozoisite, omphacite, Na-Ca amphibole, ru-
mingtonite coexisting with orthopyroxene is too fine tile, iimenite, apatite.

grained for reliable analysis. Fine-grained symplectites of clinopyroxene+plagio-
clasexCa-amphibole (Plate 3B) preserving the habit and
Plagioclase shape of pristine medium-grained, subhedral omphacite

Plagioclase from symplectites shows a continuous com-grains are found in amphibole aggregates or overgrown by
positional range from near pure albite to andesine (An: 12-garnet. Decussate to nematoblastic green Ca-amphiboles
41 mole %). Andesine plagioclase also occurs in kelyphitesrarely preserve cores of colourless Na-Ca amphibole and co-
and interstitial to Ca-amphibole. Thg® content varies be-  exist with plagioclase, clinozoisite, titanite and rare brown
tween 0.1-0.5 wt%. Plagioclase in retrograde amphibolitemica (Plate 3A, B). Relics of a syn-eclogiteeSidenced by

facies aggregates is oligoclase. flattened garnets or isoriented omphacite ghosts, can be de-
o tected. The orientation of Ca-amphiboles and garnet fractur-
Biotite ing evidence a post-eclogitic schistosity, parallel to thefS

Biotites replacing garnet, with plagioclase and green am-the host gneisses. Locally, plagioclase+Ca-amphibole+bi-
phibole have Mg# between 0.4-0.6, and relatively high otite replace garnet whereas titanite overgrows rutile and il-
Al O, (15-16 wt%) and TiQ(2.06-2.80 wt%). menite. In the host paragneisses, garnet, kyanite, staurolite,
biotite and muscovite preserve the foldedsghistosity,
whereas biotite, muscovite and plagioclase recrystallise on
the S. A later mylonitic phase, associated with chloritisa-
"tion, is widespread.

lImenite

The composition is homogeneous close to that of the
pure end member except for appreciable contents of M
(0.74 < MnO < 1.70), GO, (up to 0.18 wt%), NiO (up to
0.69 wt %) and CaO (up to 0.43 wt%).

Mineral chemistry

ECLOGITES B Garnet
In spite of the relatively wide bulk rock compositional
range (Mg# 27.4-34.4), garnet has homogenous composition
Re-crystallization to amphibolite facies compatibilities is (Fig. 3; Table 5) and lacks appreciable zoning. The alman-
pervasive throughout the outcrop so that mineral phases ofline content is high (55-60 mole %), grossular is in the

Petrography
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range 21-27 mole% and pyrope is relatively low (10-13 very low jadeite (1-2.5 mole %) and aegirine (0.0-1.3
mole %). Spessartine (1-3 mole %) and andradite (1-6 molemole%).
%) are low. Minor elements are TjQup to 0.22 wt %) and

Cr,0, (up to 0.25 wt%). Amphiboles
Colourless Na-Ca amphiboles (Table 4) are barroisites
Pyroxenes (Leake et al., 1997) showing low Tj@ontent (0.14-0.55

Na-Ca clinopyroxenes from garnet inclusions are om-wt%). Ca-amphiboles are Mg-hornblendes with wide ,TiO
phacites (Fig. 4; Table 2) with jadeite in the range 33-43range (0.04-1.39 wt%; Fig. 5B).
mole %, and low aegirine contents (0-9 mole %), without
correlation with the bulk rock composition. Feldspars

Ca-clinopyroxenes in symplectites are diopsides with  Plagioclase coexisting with Ca-amphibole has anorthite

Plate 3 - Photomicrograph of Type B, retro-
gressed, eclogite. Plane polarised light. A:
Unzoned poikiloblastic garnet affected by lat-
er deformation. Very fine grained (dark grey)
symplectite aggregates preserve the shape of
ghost omphacite. Coarse zoned amphiboles Il
(light grey). Opaque is ilmenite partially sur-
rounded by titanite. Scale bar: 1 mm. B: de-
tail of ghost subhedral omphacite in aggre-
gates of amphibole Il. Scale bar: 1 mm.
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25 GEOTHERMOBAROMETRIC CONSTRAINTS

Thermobarometric evaluations for the eclogite stage are
based on the Fe-Mg exchange in garnet — omphacite pairs as
calibrated by Ellis and Green (1979), Ganguly (1979), Krogh
(1988), Dahl (1980), Pattison and Newton (1989), Ai (1994)
and on jadeite mole fraction of omphacite in the presence of
quartz (Holland, 1983; Essene and Fyfe, 1967). Composi-
tions of omphacite inclusions combined with adjacent garnet
are considered in equilibrium and suitable for PT evaluation.
Furthermore, solutions to combinations of the phase equilib-
riums were obtained by application or iteration of the Ther-
mobarometry 2.1 program (Spear and Kohn, 1999;
http://ees2.geo.rpi.edu/MetaPetaRen/Frame_software.html).

- In eclogites A, omphacite grains occur at the garnet core,
0.5 | A as the zoning suggests a prograde trend, the analysed pairs
L A probably represent an early eclogite stage at PT conditions
lower than the metamorphic peak. In eclogites B, omphacite
i) R R IO ST i B S e G i O inclusions are randomly distributed and no apparent zoning
1.5 0 o5 is present in the garnet. The amphibolite facies thermobaric
AIY conditions were estimated by the hornblende-plagioclase ge-
othermometry (Blundy and Holland, 1990; Holland and
25 Blundy, 1994).
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The calibrations, calculated for six omphacite-host garnet
i pairs, provide temperatures in the range 690°-760°C for
A minimum pressures1.3 GPa, consistent with the isopleths
A of jadeite in omphacite. Underestimated temperatures arise
a o A A A from the Pattison and Newton (1989) calibration. Pyroxene
A compositions in the solvus omphacite P2/n - augite C2/c
A (Carpenter, 1980) accord with temperatures in excess of
Win AKaip, Pgs 700°C. Temperatures about 600°-700°C, and pressures 1.3-
1.5 GPa were estimated for the eclogitic stage in metaba-
A x A sites from Punta de li Tulchi and Punta Tittinosu (Palmeri et
al., 1997; Franceschelli et al., 1998).
The omphacite breakdown and the coexistence of
B clinopyroxene, orthopyroxene and plagioclase with garnet
A i and amphibole indicate transition to conditions between high
ol v v temperature amphibolite and granulite facies. Temperatures
0.5 1 15 2 25 exceeding 700°C, suggested by coexisting plagioclase-Ca-
AV amphibole pairs (Blundy and Holland, 1990) for pressures
below 0.8-1.0 GPa are consistent with a virtually adiabatic
rise during the exhumation phase. The garnet - clinopyrox-
ene geothermometer (Powell, 1985) in well re-equilibrated
samples yields temperatures about 700°C. The replacement
contents between 22 and 30 mole% an@® Kn the range  of brown mica by orthopyroxene and cummingtonite corre-
0.1-0.2 wt%. Rare interstitial K-feldspar coexists with pla- sponds to the equilibrium Phl+4En+4C#z Cum+Or, where
gioclase. Anorthite grains (An >90 mole %) occur with cummingtonite is stable at the considered temperatures for

1.5

AV Fel+Ti
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—
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Fig. 5 - AlV - AIV'+Fe&*+Ti for Ca- and Na-Ca-amphiboles. Symbols as in
Fig. 3. A: A-type eclogites. B: B-type eclogites.

quartz as inclusions in garnet. P<= 0.8 GPa (Evans and Ghiorso, 1995). Mg-cumming-
tonite is stable with orthopyroxene+quartz for temperatures
Epidote =2750°C and pressures between 1.0-0.5 GPa (Ghiorso et al.,

Clinozoisite inclusions in garnet, have relatively low 1995; Evans and Ghiorso, 1995).
pistacite (Ps ;) contents solutions, and likely represent  K-feldspar from the mica breakdown was never found,
equilibrium compositions with garnet. However, a partial likely due to KO solution in the coexisting plagioclase.
re-equilibration cannot be excluded. Epidotes developed in The amphibolite facies overprint is poorly developed in
amphibolite facies assemblages have higher pistacite conthe study samples; temperatures in the range 550°C-650°C
tents (Pg 5). and pressures 0.3-0.7 GPa are suggested by Palmeri et al.

(1997).

lImenite

IImenite has homogeneous compositions, close to the
pure end-member, with low MnO (0.79-2.78 wt%),Q@r
(up to 0.27 wt%), NiO (up to 0.89 wt %), and CaO (up to  The thermometric calibrations based on five omphacite-
0.31 wt%). host garnet pairs yield temperatures in the range 610°-

Eclogites B
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700°C for pressuresl.5 GPa, based on the jadeite content. have relatively flat trends about 10-30 times chondrite, with
Higher temperatures obtained with the Ganguly (1979) cali-negative LREE fractionation (I m = 0.44-1.03 eclogites
bration are considered as overestimated. A; La,/Sm, = 0.52-0.57 eclogites B) with the exception of
Thermometric evaluations in the considered range aresample D1 (eclogite A) showing relative enrichment of La,
consistent with the biotite+muscovite+garnet+kyanite+stau-Ce and Nd Y LREE = 138 ppm).
rolite assemblage in the host paragneisses, moreover the Type A eclogites show 1-3 MORB-normalised abun-
lack of anatectic processes allows to exclude temperaturedances (Fig. 7) with the exception of K, Ba and Rb. The oc-
largely exceeding 650°C. currence of positive spikes in Ti, Zr, P with appreciable
The occurrence of An-rich plagioclase and quartz as in-compositional variation from the same outcrop, and the
clusions in garnet can be interpreted as due to dehydratioscatter in most ternary and binary diagrams based on less
reactions within a confined chemical domain, such as clino-mobile elements (Fig. 8), suggest an origin from Fe-Ti ox-
zoisite+quartz = anorthite+garnet+fluids, zoisite+quartz = ide enriched cumulates, consistent with the compositions
anorthite+grossular+fluids and epidote+quartz = observed in metabasites from the Migmatite Complex (Cap-
anorthite+grossular/andradite+hematitg®H(Nitsch and pelli et al., 1992; Cruciani et al., 2001)
Winkler, 1965; Holdaway, 1966). Taking into account the  In such a context the high abundance of Ce, P, Nd in D1
low Ps content in the relict clinozoisite, and inferring nearly can match localised apatite enrichment by cumulus. The
isothermal conditions during the uplift (i.e=B00-650°C), high modal zircon in B1 cannot be ascribed to fractionation,
the dehydration can develop at pressef®d GPa (Boettch-  taking into account the Mg#, Ti and P values. In analogy
er, 1970). Low pressure conditions associated with the amwith the occurrences in Fe-Ti oxide gabbros from present-
phibolite facies overprint are consistent with the destabilisa-day ocean floors and in Jurassic Tethyan ophiolites, lo-
tion of garnet, kyanite and staurolite in the host gneisses.  calised zircon enrichment can be ascribed to diorite veins in
the basic protolith, homogenised during the metamorphic re-
crystallisation. Type B eclogites show relatively homoge-
ROCK CHEMISTRY neous composition, also with the amphibolites from the
same unit (Oggiano and Di Pisa, 1992). On the whole, the
Analysed eclogites A (3) and B (6) show a common sub-REE and multivariation diagrams are consistent with
alkalic basaltic composition in the TAS e Zr/TiONb/Y evolved N-MORB liquids (Table 1). The N-MORB affinity
classificative diagrams (not reported). The high Fe/Mg results also from the element ratios (e.gFZr, Ti vs. Zr,
(Mg# in the range 30.60-31.64 for Eclogites A; 27.44-34.37 Zr/Y vs. Zr and Ti/Y vs. Nb/Y, not reported) and in the
for Eclogites B) and binary correlations (not reported) sup-La/10 - Y/15 - Nb/8 ternary diagram (Fig. 8).
port strong fractionation along a tholeiitic trend. Scattered values of Rb, Ba and K in both A and B types
Chondrite-normalised REE patterns (Fig. 6, Table 6) are likely due to mobilization.
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La Ce Pr NdSmEu GdTb Dy Y Ho Er Tm Yb Lu Nakamura (1974). Symbols as in Fig. 3. A:

A-type eclogites. B: B-type eclogites.



Table 6 - Major, trace and RE element abundances of Type A and B eclogites.

Sample Al B1 D1 REC 3 REC 2 REC 3C REC 3BIS AV 27 AVB5
Eclogite Type A A A B B B B B B
Tectonic comple» MC MC MC GC GC GC GC GC GC
Oxide wt%
Sio, 48.30 48.80 47.20 46.60 45.80 46.00 46.50 50.60 47.70
TiO, 2.67 2.40 2.61 2.47 2.74 2.63 2.47 1.41 199
AlLO; 12.40 12.10 12.50 12.90 12.60 12.50 12.90 13.90 13.30
Cr,O,4 0.02 0.02 0.02 0,00 0.01 0.02 0,00 0.01 .02
FeO, 18.2 18.4 15.9 18.2 17.8 17.9 18.2 12.7 14,00
CaO 7.11 6.27 10.4 8.71 11.2 8.79 8.72 9.64 10.10
MgO 8.05 8.11 7.36 7.71 6.73 7.7 7.66 6.65 6.71
MnO 0.31 0.34 0.22 0.27 0.29 0.26 0.27 0.19 0.26
NaO 1.93 1.81 2.47 2.09 2.23 2.12 2.08 2.54 3.36
K:0 0.23 0.23 0.08 0.12 0.04 0.13 0.12 0.87 17
PO 0.26 0.17 0.46 0.26 0.28 0.24 0.25 0.14 .16
LOI 0.10 1.40 0.15 0,00 0,00 0.25 0,00 0.75 0.10
Sum 99.7 100.1 99.4 99.1 99.3 98.6 98.8 99.4 99,00
Trace ppm
Ba b.d.l. 46 b.d.l. 57 b.d.l. 21 55 72 27
Cr 128 119 119 111 121 120 b.d.l. 86 164
Nb 4 4 2 3 2 4 3 2 b.f.l
Sr 99 80 163 112 91 116 112 181 59
Th 0.2 b.d.l. 0.5 0.5 0.3 0.3 0.3 0.3 0.2
u 0.1 0.1 0.2 b.d.l. 0.2 b.d.l. 0.1 b.d.l. d.l.
Ni 49 48 38 41 60 47 b.d.l. 51 52
Rb 9 13 b.d.l. 3 5 b.d.I. 2 33 4
Y 44 31 47 48 49 51 48 30 39
zr 163 259 149 144 130 145 142 76 92
REE ppm
La 3.6 2.6 11.2 45 45 5.3 46 2.5 3.4
Ce 12.2 8.1 28.3 135 13.5 15.5 14.3 7 9.5
Pr 2.1 1.4 41 2.2 2.2 2.5 2.3 1.2 1.6
Nd 14.4 9.6 24.5 14.5 14.6 16 15.3 8.6 10.5
sm 5 3.6 6.7 5.2 5.2 5.3 5.4 2.8 3.8
Eu 1.62 1.3 2.14 1.79 1.82 1.8 1.87 1.07 1.37
Gd 5.8 4.2 6.4 6 6.1 6.2 6.3 3.5 4.7
Th 1.1 0.8 1.2 1.1 1.2 1.2 1.2 0.7 0.9
Dy 8.1 55 8.6 8.2 8.8 8.6 8.5 54 6.8
Ho 1.44 1 1.52 1.46 1.59 1.55 15 1 .27
Er 5.7 3.9 6.2 5.7 6.2 6.2 5.9 3.9 49
™™ 0.9 0.6 1 0.9 0.9 1 1 0.6 0.8
Yb 5.1 3.7 5.7 5.3 5.6 5.8 5.5 3.6 4.6
Lu 0.6 0.44 0.66 0.61 0.66 0.67 0.62 0.42 0.52
Law/Yby 0.57 0.54 0.61 0.49 0.46 0.56 1.31 0.47 47
La/Sm, 0.53 0.53 0.62 0.55 0.55 0.52 1.03 0.44 44
GdJ/Yby 0.90 0.87 0.85 0.81 0.77 0.91 0.89 0.91 .91
>REE 288 298 310 233 180 300 365 195 176
300
E 100 Pearce & Parkinson, 1993
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Fig. 7 - Rock / N-MORB ratio (normalization

values after Pearce and Parkinson, 1993).
Symbols as in Fig. 3. A: A-type eclogites. B:

B-type eclogites.
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U/Pb RADIOMETRIC DATING
Methods

Sample dissolution, chemical separation and mass spec
trometry follow the techniques described in Paquette and Pir
(2001). Total Pb blank were 4-10 pg for Pb and less than 1 py
for U during the analytical period. The U-Pb isotopic results
were obtained on a Micromass VG Sector 54-30 mass spec
trometer in a multicollector static mod®4Pb was simultane-
ously measured with a Daly detector ion-counting system. In-|
dividual fraction ellipse errors & and regression calculations
were determined using the PbDat 1.24 and Isoplot/Ex 2.49 pro
grams, respectively (Ludwig, 1993 and 2001). Age uncertain-|
ties are quoted at theZevel. The decay constants used for the
U-Pb system are those determined by Jaffrey et al. (1971) an
recommended by the IUGS (Steiger and Jager, 1977).

Results

In sample ESC1C, two distinct zircon populations were
separated. The first one comprises translucent, pinkish ani
prismatic crystals characterized by their elongation, thin os-
cillatory zoning and rounded edges (Plate 4D). These grain
contain 18-20 ppm of radiogenic Pb (Table 7). Two multi-
grains fractions were analyzed and plot on a concordant po
sition defining an age at 457+2 Ma (Fig. 9). Considering the
euhedral shape of the grains, this age is interpreted as a mil
imum estimate for the magmatism of the eclogite protolith.
A small Pb-loss could have affected the zircons during the
me_tamorphlc event, Sllgh_tly moving down t_he ana_ly_tlcal Plate 4 - Cathodoluminescence images of the analyzed zircons. A-C:
points along the Concordia curve and possibly defining ayounded zircons with irregular and patchy zoning devoid of inherited cores.
younger age of 10-40 myr than the true magmatic emplace b: Euhedral elongated zircon with oscillatory zoning, rounded edges and
ment. The second zircon population is made of rounded,possible thin inner channel.
very small, translucent and colourless grains containing 5-€
ppm of radiogenic Pb (Table 7). Cathodoluminescence im-ages show an irregular, chaotic and patchy zoning (Plate
4A-C) already observed in high-pressure zircons (Corfu et
al., 2003). The two multi-grains analyzed fractions are con-
cordant and define an age of 403+4 Ma (Fig. 9) interpreted
as dating the zircon crystallization during the high-grade
event. Finally, a fifth fraction, probably containing zircons
from both populations, plot on intermediate location be-
tween the two intercepts. Such a feature is well known in U-
Pb zircon dating of eclogites (Paquette et al., 1995).

YA5

Regional comparisons

In the easternmost Migmatite Complex eclogites (Punta
de Li Tulchi), U/Pb radiometric ages on zoned zircons
Nb/8 yielded Upper Ordovician ages (450 Ma) assumed as pro-
TiO, tolith age, Siluro-Devonian ages (41D Ma) inferred as
eclogite peak, ané330 Ma ages considered as due to the
Variscan metamorphic overprint (Palmeri et al., 1997).

Ages about 450 Ma in zircons from amphibolic
migmatites have been referred to emplacement of the igneous
protolith (Cruciani et al., 2001), consistent with the associated
Tanaunella Orthogneisses (483Ma; Helbing, 2003).

Radiometric dating on the metabasites of the Gneiss
Complex are so-far lacking, however, the Lodé Or-
thogneisses have been recognised as old asl@93s the
metarhyolites in the Ligurian Gneiss Amphibolite Complex
(Helbing, 2003).

MnO*10 'P,0.710 The amphibolite overprint affecting both the Migmatite
Fig. 8 - La/L0 - Y/15 - Nb/8 ternary diagram (Cabanis and Lecolle, 1089). 210 the Gneiss Complexes is referred to the Variscan colli
Field 1C- volcanio arc tholeites. Field 26: back arc basi. Freld 3C. £, Sional event and dated at 315-320 Ma (syneBladonite-

type MORB. Field3D: N-type MORB. Ti02-P205*10-MnO*10: discrimi- ~ POOr White micas re-equilibrated during thg flage; Di
nation diagram for basalts after Mullen (1983). Vincenzo et al., 2003).
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Table 7 - U/Pb data for ES1C sample.

n° Fraction Wt. u Pbrad 206Pb 208Pb 206Pb 207Pb 207Pb 206Pb 207Pb 207Pb  correl.
(1m) (mg)  (ppm) (ppm) 204Pb  206Pb 238U 235U 206Pb 238U 235U 206Pb coeff.
atomic _ ratios apparent ages
1 [5] euh. pi. 0,019 213 18,0 1166 0,2805 0.0736 +4 0.571+6 0.0563 +5 458 459 464 0,59
2 [5] euh. pi. 0,009 251 19,8 801 0,2188 0.0729+8 0.566 + 11 0.0563 + 9 454 455 465 0,59
3 [7]rnd.cl. 0,042 81 5,6 3290 0,0808 0.0710+2 0.547+3 0.0559 + 3 442 443 447 0,61
4 [10] rnd. cl. 0,022 91 58 733 0,1210 0.0645 + 8 0.491 + 11 0.0552 + 10 403 406 422 0,58
5 [10]rnd. cl. 0,010 102 6,8 547 0,2139 0.0644 + 12 0.490 + 18 0.0552 + 16 402 405 421 0,58

Individual analyses were performed on the least magnetic (2° forward and side tilt at 2.2 A using a Frantz Isodynamic magnetic barrier separator) crack-fre
zircon grains. The isotopic ratios are corrected for mass discrimination (0.1+0.015 % per amu for Pb and U), isotopic tracer contribution and analytical blank:
4-10 pg for Pb and less than 1 pg for U. Initial common Pb is determined for each fraction in using the Stacey and Kramers (1975) two-step model. Absolu
errors corresponding to the last significant digits are given at the 2s level. Number in brackets is number of grains in fraction. Abbreviations: rad = radiogeni
; euh. = euhedral; rnd. = rounded,; cl. = colourless; pi. = light pink.

DISCUSSION AND GEODYNAMIC INFERENCES The metamorphic path of the Migmatite Complex, points
to a quasi — isothermal uplift. Structural evidence suggests
The high-grade metamorphic Variscides of Sardinia con-that the granulite event occurred in a still active collisional
sist of: I) a metamorphic migmatite complex, where metaba-setting. The uplift of the metamorphic complex coincides
sites locally preserving eclogite relict are associated with or-with the switch from an underplating-kinematics charac-
thogneissic lenses. The metabasites preserve trace of igneoterised by transport normal to the collision, to an oblique
fractionation, and have a whole MORB to transitional tholei- kinematics with transport parallel to the belt (Carosi and
itic signature. 1) A medium-grade metapelite - quartzite Oggiano, 2002). Conversely, the latest low P anatectic event
complex with metabasites that only locally show eclogite re- (about 300 Ma in age) broadly coeval with the emplacement
licts. An origin from N-MOR basalts is suggested. of the Sardinia Batholith and with vertical shortening should
In the Migmatite Complex metabasites record a high be referred to the post-collisional collapse of the belt.
P/high T event followed by nearly isothermal uplift towards  In most metabasites of the Gneiss Complex, relicts of the
metamorphic conditions intermediate between high-T am-eclogite event are lacking; more data are needed to choose
phibolite and granulite facies conditions. The temperaturesbetween the following: I) amphibolites originate from com-
and the thermal gradients attained by eclogites and the tenplete re-equilibration of eclogites or Il) amphibolites repre-
peratures and thermal gradients during the exhumation arsent prograde steps of the evolution within the subducted
likely higher than in the Gneiss Complex. slab that produced the eclogites. In this hypothesis, metaba-
In both complexes, gradients exceeding 10°C/km, andsites sampled at different depths were involved in the same
likely =15 °C/km are reliably inferred. In particular, in the tectonic units during their uplift and underwent low pressure
Migmatite Complex higher thermal gradient2%°C/km) amphibolite facies to low grade retrograde evolution.
occurred during the uplift, further increased The retrograde, low P, amphibolite facies overprint in the
Although in the Migmatite Complex the differential rhe- Gneiss Complex is referred to the collisional stage of the
ology in eclogites and host migmatites erased textural relaVariscan orogen. Only at few sites, the post-collision HT /
tionships, the occurrence of relict kyanite in migmatites andLP overprint affects the complex (Asinara Island, Coghinas
the consistent thermobaric evolution between metabasitesake), giving rise to widespread And+Crd+Sil association.
and migmatites support a common origin within a subductedFurthermore, partial melting did not occur in this unit.
slab formed by sedimentary protoliths associated with acidic ~ Striking similarities arise with the pre-Namurian base-
and basic, mostly subvolcanic, bodies. ment of the Ligurian Alps (Desmons et al., 1999; Cortesog-
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no et al., 1993; Gaggero et al., 2004), where two differentthe local association with ultramafites and the Neo-Protero-
eclogite-bearing complexes occur: zoic, Upper Cambrian and Lower Ordovician protolith ages
I) Eclogites within stromatitic and nebulitic migmatites are consistent with a geodynamic Cambro-Ordovician exten-
(Migmatite-Eclogite Complex) have tholeiitic compositions, sional setting, sometimes attaining oceanisation, followed by
and likely originated from intrusive fractionated protoliths collision and subduction. Estimated ages of the eclogite peak
(Cortesogno et al., 1997). The biotite-, sillimanite- garnet- mostly range from Middle — Late Ordovician to Siluro-De-
rich paleosome of migmatites suggests a pelite protolith.  vonian. Carboniferous ages at about 316-358 Ma are report-
The metamorphic peak attaining T about 760°C for mini- ed for high pressure metabasites and peridotites from the
mum P[1.7 GPa (omphacite-garnet and garnet-phengiteSouth Carpathian pre-Alpine nappe (Medaris et al., 2003).
pairs) was followed by exhumation through granulite facies Therefore, diachronous collisional events are stressed out.
conditions. The granulite facies is characterised by scant or- The occurrence of different P-T conditions of the eclogite
thopyroxene occurrence in clinopyroxene, garnet, horn-metamorphism in sequences overprinted by Variscan amphi-
blende, plagioclase (Ap assemblages. A gabbroic intru- bolite facies conditions in Saxonian Erzebirge has been as-
sion in migmatites includes cm to m-sized nodules of eclog-sumed as evidence of different nappe Units (Schméadicke et
ite relicts. In Al-rich nodules, phlogopite and kyanite relicts al., 1992; Mingram, 1998; Rétzler et al., 1998).
are replaced by sillimanite-, corundum-, sapphirine-, il-  In many segments of the Variscan belt, the PT conditions
menite-, hercynite-bearing assemblages. High T, low P conevaluated for the eclogite event and the exhumation paths
ditions in migmatites are evidenced by localised andalusitesuggest that the lithospheric isotherms were relatively shal-
blasts. Radiometric data are lacking. low along some collision fronts (Eastern Alps: Frisch et al.,
II) Rare metabasite bodies preserving garnet and sym-990; Sassi et al., 1987; Matte, 1991; eastern Austrides,
plectite textural relicts, associated with quartzites and kyan-Calabria: Miller and Théni, 1997; Fornelli et al., 2002;
ite+staurolite+garnet-bearing paragneisses, occur within arassner and Schenk, 2001; external massifs of the Western
Gneiss — Amphibolite complex, affected by polyphase pre-Alps, Paquette et al., 1985); however, low T conditions for
Alpine metamorphism and represented by kyanite+silliman-Devonian subduction are reported for the lle de Groix area
ite+staurolite+garnet paragneisses, diopside- or garnet-beafShelley and Bossiére, 2000; Schultz et al., 2001; Ballévre
ing amphibolites and orthogneisses. The paragneisses origet al., 2003) and West Sudetes in the Bohemian Massif (Pa-
nate from arkosic protoliths; quartzites, micaschists and rarg¢ocka et al., 1996). Moreover, ultra-high pressure settings
hornblende marbles are interlayered, commonly surroundingalong low thermal gradients (5-10°C/km) are indicated, for
the metabasites. The metabasites, originated from MORBthe Saxonian Erzebirge (Schméadicke et al., 1991).
type protoliths, are locally interbedded and likely coeval  The paleoenvironmental restorations of the extensional
with acidic metavolcanites dated at the Early Ordovician basins evidence differing geodynamic environments from
(~500 Ma). Minor serpentinised ultrabasic bodies also occurcrustal thinning and rifting to oceanised crust. Thus, correla-
within the gneissic sequence. The age of the earlier metations between the nature of the subducted slab, depth of sub-
morphic event is considered as lying between two granitoidduction and the developed gradients can be envisaged.
intrusions dated at about 490 and 480 Ma respectively. The diachronous subductions and accretions among mi-
Both the Migmatite-Eclogite and the Gneiss-Amphibolite croplates during the collision of the Laurussia and Hun su-
Complexes, involved in Variscan megafold structures, wereperterrane (von Raumer et al., 2003) during the suture of the
overprinted by medium P amphibolite facies metamorphismaborted Rheic basin, were followed by nappe stacking and
at 327 Ma (Del Moro et al., 1982). fast exhumation during the Late Carboniferous and by sub-
Despite the large incompleteness of radiometric dating itsequent Westphalian to lower Permian orogenic collapse,
seems reasonable to correlate the Ligurian Gneiss-Amphiassociated with transtensional tectonics.
bolite Complex with the Sardinia Gneiss Complex and the
Migmatite-Eclogite Complex with the Migmatite Complex

respectively, on the base of petrologic convergence and also ANALYTICAL METHODS
taking into account the vicinity of Sardinia and Ligurian
Alps at Upper Carboniferous-Lower Permian times. Major elements in the mineral phases were analyzed at

If so, the Gneiss-Amphibolite and Gneiss Complexes rep-Genoa University using a Philips SEM 515 scanning elec-
resent an older history beginning during a Neoproterozoic (?Xron microscope equipped with an EDAX PV9100 spec-
Cambro-Ordovician rifting (bimodal tholeiitic basalts and trometer in the energy-dispersive mode. Operating condi-
rhyolite volcanism) within a quartzite-pelite-arenite sedimen- tions were 15 kV accelerating voltage and 2.1 nA of beam
tary sequence attaining incipient oceanisation (mantle ultracurrent. NgO and MgO contents analyzed in silicates by
mafics) later subducted and intruded by granite melts duringmeans of an EDAX microprobe are generally underestimat-
the Early - Middle Ordovician. The Ligurian Migmatite- ed if the analysis is processed with current automatic meth-
Eclogite and the Sardinia Migmatite Complexes originated ods. To overcome this problem, the background value for
from Upper Ordovician tholeiitic intrusives (and ultra- Na (1.040 keV) and Mg (1.252 keV) was manually correct-
mafites?) associated with a pelitic-arenitic sequence togetheed and considered to be between 0.9 and 4.2 keV.
with coeval acidic igneous rocks in an extensional context. Atomic proportions of pyroxene were calculated assuming
The Siluro-Devonian subduction was followed by (rapid) up- stoichiometry and charge balance. Nomenclature follows the
lift under high T regime; finally during the Carboniferous, scheme of Morimoto et al. (1988), amplified by Rock (1990)
both the subducted belts were involved in the lowermostfor Na-Ca and Na-pyroxenes. The Ca-amphiboles cation sum
high-grade levels of the Variscan nappe pile. was normalised to 13-(Ca+Na+K), as suggested by Laird and

Metabasites preserving eclogite relicts occur in most seg-Albee (1981); F& = 46-total cation charge and¥e Fe -
ments of the Variscan belt throughout Europe, from Spain toFe**; Al'Y = 8-Si, AM'= Alwt-Al'V. Leake et al. (1997)’s
the Bohemian massif, The tholeiitic (e.g. Bodinier et al, nomenclature was adopted. Plagioclase was normalised to 5
1981) to alkalic (e.g. von Raumer et al., 1990) compositions,cations and 8 oxygens. Garnet was recast to 5 cations and 12
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oxygens. Epidote was normalised to 12.5 oxygens. Abbrevia- tectono-thermal evolution in eclogitic rocks from the axial zone

tions for minerals are according to Kretz (1983). of Sardinia Variscan chain. In: Variscan - Appalachian dynam-
Whole-rock major and trace element abundances for the ics: the building of the Upper Palaeozoic basement, 15th Base-

metabasites were carried out by XRF techniques at the X-_Ment Tectonic, A Coruna, Spain, Abstract vol.: p.212.

RAL Laboratories Canada. Losses on ignition (LOI) were Cruciani G., Franceschelii M., Caredda A.M. and Carcangiu G.,

determined by the gravimetric method. RE elements were 2001. Anatexis in the Hercynian basement of NE Sardinia,

analysed by ICP-MS at the X-RAL Laboratories, Canada. m;ﬁ %?igsglfgg;f the migmatite of Porto Ottiolu. Mineral.
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