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ABSTRACT 

Carmignani, L., T. Cocozza, N. Minzoni & P. C. Pertusati 1981 Structural and palaeogeographic 
lineaments of the Variscan cycle in Sardinia. In: H. J. Zwart & U. F. Dornsiepen (eds.): The 
Variscan Orogen in Europe - Geo!. Mijnbouw 60: 171-181. 

In the Variscan orogen of Sardinia it is possible to distinguish: 
(l) A Southwestern zone (foreland), restricted to the SW of the Cenozoic graben of Campidano, 
with slight metamorphism and minor folding without important overthrusts. 
(2) A central zone that runs across the entire island from Nurra to Sarrabus, characterized by 
important overthrusts and a rather uniform metamorphism never exceeding the greenschist facies. 
The metamorphism grades towards the NE into the higher-metamorphic area. 
(3) The Northeastern zone (granitized root zone) that includes the northern tip of the island and is 
characterized by the superimposition of several metamorphic episodes and by tectonic events that 
have intensively remobilized the pre-Variscan basement. 

A conventional boundary between the two last belts may be drawn along the NW-SE line joining 
Stintino and Dorgali. Furthermore, there seems to be a parallellism between post-Cambrian palaeo­
geographic domains and Variscan tectono-metamorphic zones. 

The absence of ophiolite associations, the Ordovician magmatism, the Silurian one with conti­
nental alkaline affinity and the Variscan metamorphism of low or intermediate pressure suggest that 
the Variscan orogenic cycle in Sardinia had an ensialic evolution. 

The structural style of the different zones, the asymmetry of the belt, the division into metamor­
phic zones and the relationship between crystallization and deformation suggest also that the 
northeastern Sardinian Variscan belt represents the portion of the crust deeply subducted along 
intracontinental shear zones dipping towards the NE. 
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Nell'orogeno ercinico sardo e possibile distinguere: 
(1) Una Fascia sud-occidentale (avampaese), limitata a NE dal Graben terziario de! Campidano, 
poco metamorfica e con tettonica plicativa ma senza importanti sovrascorrimenti. 
(2) Una Fascia centrale con sovrapposizione di falde econ un metamorfismo abbastanza uniforme 
in facies scisti verdi, che verso NE passa gradualmente alla successiva fascia piu metamorfica. 
(3) Fascia nord-orientale (zona di radice) con una tettonica polifasata complessa, granitizzazione e 
metamorfismo generalmente in facies anfibolitica. 

JI limite convenzionale tra queste ultime due fasce puo essere posto in corrispondenza di un 
allineamento, diretto NW-SE, che congiunge Stintino a Dorgali. Queste fasce tettono-metamorfiche 
sembrano coincidere con i domini paleogeografici post-cambrici. 

L'assenza di ofioliti, il magmatismo acido ordoviciano, quello silurico con affinita alcalina conti­
nentale e ii metamorfismo di pressione bassa e intermedia fanno ritenere che ii ciclo orogenetico 
ercinico si sia svolto interamente su crosta continentale. 

Lo stile strutturale delle diverse fasce, la asimmetria della catena, la zonazione metamorfica e i 
rapporti tra cristallizzazione e deformazione fanno ritenere inoltre che la catena si sia originata 
lungo zone di taglio immergenti a NE, le quali hanno in teressato tutto lo spessore della crosta 
continentale. 
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INTRODUCTION 

In Italy, the most complete Palaeozoic succession that has 
not been overprinted by the Alpine orogeny crops out in 
Sardinia. Even though deformations occurred also between 
the Middle Cambrian and the Early Ordovician (Sardinian 
phase) and in the Ordovician (pre-Caradoc), the most im­
portant metamorphic and tectonic lineaments of the region 
are produced by the Hercynian orogeny (CARMIGNANI ET AL., 
1978-a). 

The age of the main phase of the Variscan orogeny falls 
between the early Tournaisian, the last intensely deformed 
fossiliferous sediment (OLIVIERI, 1970), and the late Westpha­
lian (vAr & cocozzA, 1974), which overlies the Palaeozoic 
folded sediments with a marked unconformity. This age, es­
tablished on stratigraphic grounds, is confirmed by the ra­
diometric age of metamorphism in northeastern Sardinia 
(344-300 Ma: FERRARA ET AL., 1978) and of late Variscan 

. granitoids (297-279 Ma: DEL MORO ET AL., 1975). 
Because of structural, metamorphic, and lithostratigraphic 

affinities, it is likely that the Variscan belt of southern France 
extended into Sardinia (WESTPHAL ET AL., 1976; MATTE, 1976; 
ARTHAUO & MATTE, 1977-a, b; RICCI & SABATINI, 1978). Ne­
vertheless, the exact connection between Sardinia and the 
South-European Variscan belt, still remains one of the most 
challenging problems since its reconstruction is complicated 
by the late-Variscan strike-slip faults (ARTHAUO & MATTE, 
1975) and the rotation of the Sardo-Corsican massif begin­
ning in the ?arly Cenozoic (ALVAREZ, 1972; WESTPHAL ET AL., 
1976). 

Our research, especially in Sardinia northeast of Campida­
no, as part of Working Group 9, 'The Variscan Orogen of 
Europe', has revealed three different zones parallel to the 
trend of the Sardinian segment of the Variscan orogeny. 
Despite the lack of continuity of the Palaeozoic outcrops due 
to the large granitoid intrusions and post-Variscan sedi­
ments, these three zones can be traced across the entire 
island. In central and northern Sardinia they run NW-SE, 
and in southern Sardinia, N-S ; they nearly parallel to the 
axial trends of the main phase of deformation . The subdivi­
sion in three parallel zones is not only connected with the 
Variscan syntectonic events but is also in relation with the 
post-Cambrian palaeogeographical evolution. This situation 
is not unique in the South-European Variscan belts ; in Spain 
palaeogeographic and structural zones are paralle l for hun­
dreds of kilometres (MATTE, 1968). 

The three zones into which we subdivide the Sardinian 
Variscan Orogen are as follows: 
(1) The Southwestern zone is restricted to the area SW of the 
Tertiary graben of Campidano, including Iglesiente-Sulcis. 
This is the zone with the lowest grade of metamorphism, 
where intense folding has occurred without important over­
thrusts (ARTHAUD, 1970). 
(2) The Central zone cuts across the entire island from Nurra 
to Sarrabus. It is characterized by_ a rather uniform metamor-

phism that never exceeds the greenschist facies, and by tan­
gential tectonics with recumbent folds and important over­
thrusts. Towards the NE it grades into the most metamorphic 
zone. A conventional boundary between the two may be 
drawn along the NW-SE line joining Stintino and Dorgali 
(the so-called 'Linea Stintino-Dorgali': or SIMPLICIO ET AL., 
1975). 
(3) The Northeastern zone includes the northern tip of the 
island. It is characterized by a higher metamorphic grade and 
may be an area where the pre-Variscan basement has been 
intensively remobilized. 

According to the literature, the tectonics of the Southwest­
ern zone seems to lack a clearly defined polarity, whereas in 
the other two zones the belt shows a clear asymmetry 
towards the W and SW. Thus the orogenic polarity indicates 
that the southwestern-most zone is also the more external 
one. 

LITHOSTRATIGRAPHIC CHARACTERISTICS OF 
THE THREE ZONES 

The succession in the Southwestern zone 

The Iglesiente-Sulcis area is characterized by a thick epicon­
tinental Cambrian succession consisting of sandstone with 
Archeocyathid-bearing dolomite and limestone lenses (Ne­
bida Formation), overlain by dolomite and limestone (Gon­
nesa Formation) of the Early Cambrian, and, lastly, by no­
dular limestone and Paradoxides-bearing slate (Cabitza 
Formation) of the Middle Cambrian (cocozzA & LEONE, 
1977). 

The Cambrian succession is unconformably overlain by 
polygenic conglomerate ('Puddinga') and sandstone, passing 
at the top into siltite and slate, both containing basic volca­
nites and, sometimes, lenses of encrinite-bearing Caradocian 
fossils. This sequence continues with the Silurian and Devo­
nian rocks.The former consists of graptolite-bearing carbo­
naceous slate, while the latter is made up of limestone lenses 
embedded in slate. The Devonian is the last fossiliferous le­
vel and is overlain by a thick detritic formation ('Postgotlan­
diano' AUCT.), which has been interpreted as a synorogenic 
Variscan deposit and attributed to the Early and Middle 
Carboniferous (vAr & cocozzA, 1974). In southern Sulcis at 
the base of the Matoppa Member ( cocozzA, 1979) there is a 
succession consisting of slate and siltite with subordinate 
sandstone, limestone and microconglomerate lenses, the lat­
ter containing orthogneiss clasts. This succession is probably 
attributable to the Precambrian ( cocozZA & LEONE, 1977 ; 
COCOZZA, 1979). 

The succession in the Central zone 

Northeast of Campidano there is no direct evidence of Cam­
brian sediments4 • The succession begins with a thick forma­
tion of volcanite and volcanoclastic or arkosic metasediments 



of pre-Caradocian age ('porphyroids'), overlain without per­
ceptible unconformity by another thick series dated as Early 
Ordovician to Carboniferous. 

The 'porphyroids' often form the base of the nappes in the 
central zone and are frequently exposed from Gerrei to Sar­
cidano. It is a composite formation consisting of sometimes 
stra.tified detrital rocks characterized by quartz and, espe­
cially, feldspar 'eyes', which are sometimes as much as 10 cm 
long, with occasional siltite and quartzite intercalations. The 
origin of this formation still has not been clarified. It is likely 
that most of it is derived from acidic volcanites or the pro­
ducts of their subaerial reworking. Whatever the origin of 
this formation, it is lithologically strikingly similar to the Pre­
cambrian porphyroids ('Olio de Sapo') exposed at the base of 
the Cambrian and the Lower Ordovician in central Spain 
(CAPDEVILA ET AL., 1964; PARGA-PONDAL ET AL., 1964; ANTHO­
NIOZ & FERRAGNE, 1967; MATTE, 1968; HERNANDEZ ENRILE, 
1971; BARD ET AL., 1972; FERRAGNE, 1972). Thus we feel justi­
fied in concluding that, like the analogous Spanish forma­
tions, it is older than the Cambrian. 

In Sardinia, outcrops of the 'porphyroids' are almost en­
tirely restricted to the area northeast of Campidano ( cocoz­
ZA & MINZONI, 1977) and they are overlain by formations 
attributed to the Early Ordovician. 

The absence of the Cambrian in the Central zone may be 
attributed to the complete erosion of these sediments after 
the 'Sardinian phase', or else to a lack of deposition, through­
out the whole Central zone as in the case of the epicontinen­
tal facies of the Lower and Middle Cambrian in Iglesiente 
(COCOZZA, 1979). 

In the Grighini Mountains, the base of Palaeozoic succes­
sion consists of 'porphyroids' overlying orthogneiss and po­
lymetamorphic garnetiferous micaschists. The contact be­
tween the 'porphyroids' and the underlying rocks is not tec­
tonic (Fig. 1 ). This is the only point in the Central zone where 
the pre-Variscan basement may be exposed. The 'porphy­
roids' would seem to be confirmed as the 'basal conglomera­
te' of the Palaeozoic sequence by their position in this suc­
cession. 

The Palaeozoic successions overlying the 'porphyroids' 
show clear traces of 'Caledonian movements' during the Or­
dovician: the pre-Caradocian sequences have a marked lat­
eral variability both in facies and in thickness. The recog­
nition of important nappe structures of eastern and northeast­
ern provenance (cARMIGNANI & PERTUSATI, 1977; CARMIGNANI 
ET AL., 1978-a) has made possible a palaeogeographic recon­
struction with a gradual transition into the post-Cambrian 
successions of Iglesiente-Sulcis. The highest tectonic units in 
the structural pile are of northeastern provenance and con­
tain a much thicker Ordovician sequence than in the South­
western zone (Iglesiente- Sulcis) (Fig. 1). 

4 While this paper was in print, Acritarchs were found in the ' Are­
narie di S. Vito' in southeastern Sardinia; they are attributed to the 
Late (possibly Middle) Cambrian and the Early Ordovician (see 
Barca et al. , in press). 
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In these units the 'porphyroids' are overlain by alternating 
siltite, sandstone and quartzite attributable to the Ordovician 
partly by analogy with South-European formations such as 
the 'Armorican quartzites' of the Arenig and the 'Calymena 
tristani-bearing slate' of the Llandeilo (SCHNEIDER, 1974-b )4. 
These formations may be more than 1000 m thick ('S. Vito 
sandstone' formation in southeastern Sardinia and the 'Sola­
nas sandstone' formation in central Sardinia) and are over­
lain by thick formations of acidic and basic subaerial volca­
nites and products of their reworking. 

In the structurally lower units, these formations are drasti­
cally reduced in thickness, and the Early Ordovician sand­
stones contain coarse-grained reddish particles that resemble 
the transgressive conglomerate overlying the Cambrian of 
Iglesiente. The volcanism of the Late Ordovician is re­
presented only by thin layers of volcanoclasts, and a few 
small outcrops in northermost Iglesiente ( cocozzA & MINZO­
NI, 1977) . 

All these successions pass up through levels of coarse 
quartzite and conglomerates into greywacke and olive-green 
siltite with Caradocian fossils, sometimes with encrinite len­
ses. The Caradocian sediments are particularly homogeneous 
throughout the Central zone. 

The Silurian is represented by characteristic graptolite­
bearing carbonaceous slate and limestone lenses with Ortho­
ceras. The Devonian is usually marly at its base while the top 
is composed of Clymenia-bearing limestone laid down in con­
tinuous sedimentation lasting as late as the Tournaisian 
(OLIVIERI, 1970). 

Even though the lateral variability of the Silurian-Devo­
nian formations is much less pronounced than in the Ordovi­
cian ones, some distinctions can still be made. Silurian gab­
bro and basalt with alkaline continental affinity are found 
only in the northwesternmost side of the Central zone (RICCI 
& SABATINI, 1978). The Silurian-Devonian successions in this 
part are thicker and the limestone tends to disappear so that 
the succession becomes much less varied. One such sequence 
is at Nurra, where the Silurian-Devonian consists of a mo­
notonous succession of phyllites. 

In the environs of M. Gennargentu, a thick, detrital se­
quence without fossils overlies the youngest part of the 
above-described succession, sometimes with a tectonic con­
tact (BOSELLINI & OGNIBEN, 1968). Here, as in the Southwes­
tern zone, this formation is attributed to the early Middle 
Carboniferous and does not seem analogous to the Culm 
facies, which close the Variscan sedimentary cycle in other 
Mediterranean massifs (BOURROUILH, 1975). 

The succession in the Northeastern zone 

Our information on the original lithostratigraphic successions 
of the most metamorphic zone is far from complete. The 
outcrops of metamorphic rocks are isolated from the late ­
Variscan granitoids, and have often undergone contact me­
tamorphism in addition to the intense regional meta~or­
phism. 
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According to the geological-petrographical map of the 
Sardinian crystalline basement (DI SIMPLICJO ET AL., 1975), 
two metamorphic complexes can be distinguished: one in its 
southwestern and the other in its northeastern part. Originally 
monotonous pelitic, psammo-pelitic or volcanic rocks were 
metamorphosed in the SW into an amphibolite facies, while 
along the northeastern coast of the island, metamorphism 
ranged from migmatite to amphibolite. 

In the ultrametamorphic facies, relics of eclogites (MILLER 

ET AL., 1976) have been found and, most recently, granulites 
retrograde into amphibolite facies (GHEZZO ET AL., 1979) . In 
Nurra it has been possible to ascertain that the metamor­
phism ·of amphibolite facies, characteristic of the Northeas­
tern zone affects the same Palaeozoic successions that are 
exposed in the Central zone ( CARMIGNANI ET AL., 1979). There­
fore we consider it likely that most of the original pelitic or 
psammo-pelitic rocks, metamorphosed to an amphibolite fa­
cies, were derived from a Palaeozoic sequence that was pro­
bably monotonous but essentially coeval with that of the 
central zone. The presence of graphite, slate and marble also 
seems to confirm this assumption. In contrast, the meta­
morphic rocks with eclogite and granulite relics from the 
extreme northeast of the island may be remnants of a deeply 
reactived pre-Variscan basement. 

Even though many problems remain unsolved, especially in 
the Northeastern zone, certain fundamental aspects of the 
Palaeozoic palaeogeography emerge from a comparison of 
the various successions (Fig. 1) : 
(1) The successions in the various zones can be compared 
only with regard to the Early Ordovician. The thick epiconti­
nental Early and Middle Cambrian succession in Iglesiente 
probably corresponds to a hiatus lasting until the Early Or­
dovician. 
(2) As early as the Early Ordovician the Central zone can be 
identified as an area with greater subsidence with thick de­
posits of sandstone, pelite and quartzite with a maximum 
thickness in the northeasternmost side. 
(3) In the Central zone, the Late Ordovician is a period of 
particular instability evidenced by levels of conglomerates 
and substantial outflows of basic and acidic volcanites of 
which there are only slight traces in the Southwestern zone. 
(4) The greater subsidence of the Northeastern zone con­
tinued in the Silurian and Devonian. The presence of basalt 
with continental alkaline affinity in the northeastern Silurian 
sediments of the Central zone indicates that in this period the 
continental crust was fracturing, thus forming an abortive rift 
where, in place of the Clymenia-bearing Devonian limestone 
of the more southwesterly zones, pelitic deposits were laid 
down (CIAMPI, 1913). 

5 In the Grighini Mountains micaschists with garnets and staurolite 
are also present. These amphibolite-facies rocks are associated with 
orthogneiss and retrograde-metamorphic rocks in gree;1schist facies 
which, as mentioned above, may be a fragment of the old pre-Varis­
can basement. 
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TECTONIC AND METAMORPHIC FRAMEWORK IN 
THE THREE ZONES 

The Southwestern zane 

It has long been known that the axis of the main Variscan 
tectonism in this zone runs roughly N-S and cuts across the 
earlier Caledonian folds running E -W (Sardinian phase) gi­
ving rise to typical 'dome and basin' structures (LAMARMORA 

DE FERRERO, 1857; GRAUL!CH, 1953; POLL & SWART, 1964; VALE­

RA, 1967; BRUSCA & DESSAU, 1968; ARTHAUD, 1970; COCOZZA 

ET AL., 1974 ). According to CONTI ET AL. (1978) low regional 
metamorphism is present in the 'Cabitza slate' (Middle Cam­
brian) and not in the Early Ordovician sequences. According 
to some geologists the main (N-S) Variscan phase was prece­
ded by weak folding along an E-W axis retracing the Caledo­
nian structures, which was followed by a final weak folding 
phase with a NE-SW axis. 

Regarded as a whole, Iglesiente and northern Sulcis are 
characterized by N-S folds that may be accompanied by 
fracture or strain-slip cleavage and rarely slaty cleavage. 
Nappe structures and important metamorphic recrystalliza­
tion are lacking (ARTHAUD, 1970). 

On the other hand, in southern Sulcis the Variscan cleav­
age becomes sub-horizontal and is associated with recumbent 
isoclinal folds (ARTHAUD, 1970). There is a larger degree of 
synkinematic recrystallization, which, however, never ex­
ceeds the greenschist facies. 

A particular problem is posed by the rocks exposed at the 
base of.the Lower Cambrian (Matoppa Member), near Capo 
Spartivento. In fact their microscopic fabric is complex: the 
Variscan schistosity refolds and transposes an older foliation. 
The age of the phase that produced these old deformations is 
unclear, though efforts are underway to solve the problem. 
However, since the 'Caledonian events' (Sardinian phase) 
that deformed the Cambrian sediments into gentle open folds 
with an E-W orientation seem to have produced an over-all 
shortening (ARTHAUD, 1970; SCHNEIDER, 1974-a), it is likely 
that the pre-Variscan foliation of the rocks underlying the 
fossiliferous Lower Cambrian (Punta Manna Member) is at­
tributable to the Assyntic orogeny. In fact the presence of 
pebbles of orthogneiss in the conglomerate in the lower part 
of the sequence, near Capo Spartivento, probably indicate 
their proximity to the basal unconformity of the Palaeozoic 
succession of Iglesiente (COCOZZA & LEONE, 1977; COCOZZA, 

1979). 

The Central zane 

Three Variscan deformational phases can be recognized in 
this area. The first produced sub-horizontal cleavage (S1 ) and 
nappes ; two later ones involved much less shortening. 

Only the first phase is accompanied by synkinematic meta­
morphism, generally of greenschist facies, with biotite ap­
pearing in the deepest tectonic units5 . This phase produced 
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synkinematic metamorphic isoclinal recumbent folds cover­
ing as much as several kilometres. While the folds in Gerrei 
run N-S, their direction is NW-SE in the centre and north of 
the island, thus displaying broad virgation (Fig. 1). The po­
larity of the sediments and the geometry of the fo lcls indic<ite 
that the direction of overturning was towards the west or 
southwest. The most important structural lineaments are 
nappe structures of eastern or northeastern provenance. The 
superposition of three tectonic units which have been palae­
ontologically proven in Sarcidano (Central Sardinia) have 
their tectonic correlations in Gerrei, SE Sardinia ( CARMIGNA­

NI ET AL., 1978-a). The overthrusts run for tens of kilometres. 
The emplacement of the allochthonous units in the more 

internal zones of the Central zone (Nurra) differs from that 
in the external zones (Sarcidano-Gerrei). In the external zo­
ne the overthrust surfaces are sub-parallel to the general 
allignment of the S1 , but cut across the folds of the first 
phase, and the basal cataclasites show an early schistosity. 
The grade of metamorphism sometimes increases abruptly as 
one moves down to the deeper tectonic units. Taken toge­
ther, these facts suggest that at least part of the displacement 
occurred when most of the metamorphism was already ac­
complished, and that the tectonic superpositions represent a 
late development of the first phase. The more internal part of 
the Central zone displays a style characteristic of deeper 
structural levels. The nappe structures consist of large re­
cumbent folds with their inverted limbs preserved; the dis­
placement along the late sliding planes was much less im­
portant. A good example of this type of deformation is found 
in the central and southern zones of the metamorphic base­
ment in Nurra (CARMIGNANI ET AL., 1979). 

Throughout the Central zone, the folds and nappe struct­
ures of the first phase are refolded into antiforms and syn­
forms (second phase) with axial directions ranging between 
E-W and N 140. Even though the shortening involved in the 
second phase is slight, the lineations, which are cartographi­
cally most evident NE of Campidano, are largely due to these 
antiforms and synforms. The largest structures, whose axial 
planes are, on the whole, sub-vertical are accompanied by 
minor structures ( crenulations, kinks, chevron folds etc.) 
typical of late phases. Axial-plane cleavage (S2) is of strain­
slip or fracture cleavage type and is rarely associated with 
recrystallization. 

The shortening in the third phase is negligible. It is eviden­
ced mostly in the less competent rock by open folds or kinks 
that are spaced out and oriented N-S. These structures are 
always related to strike-slip fractures. The most important 
effect of this phase can be observed on the map: affecting the 
second-phase folds it produced axial depressions, in which 
the uppermost tectonic units are preserved, and culmina­
tions, in which the deepest and most metamorphic units are 
exposed. 

The Northeastern zone 

This is the zone with the highest-grade metamorphism and 
the most widespread granitization. Metamorphism remains 
low-grade (green schist facies) up to the NW-SE line that 
crosses the entire island from the promontory of Stintino to 
Dorgali (the 'Stintino-Dorgali line') . To the northeast of this 
line, the metamorphism gradually increases, and biotite, gar­
net, kyanite-staurolite and sillimanite isograds succeed each­
other rapidly (Fig. 1). 

On the northeastern coast, migmatites and metabasites are 
also exposed. Whether or not the higher-pressure metamor­
phism of these rocks should be attributed to a pre-Variscan 
cycle will be discussed later. It is possible that all the other 
metamorphites are derived from Palaeozoic successions 
which underwent syntectonic Variscan metamorphism in 
amphibolite facies. The structural framework of this zone is 
still unclear both because of the high grade of metamorphism 
and the lack of continuity among these outcrops, which are 
often completely isolated by late-Variscan granitoid intru­
sions. 

Usually the most evident foliation almost completely 
transposes an older schistosity, which can be distinguished 
only in thin sections. However, the presence of orthogneiss at 
the core of the recumbent folds testifies strong shearing with 
remobilization of the deep parts of the basement. 

The metamorphic basement of Nurra (NW Sardinia) pro­
vides a significant example of the structural and metamorphic 
evolution of the Northeastern zone ( CARMIGNANI ET AL., 

1979) . In fact, moving from the south to the north of this 
region, there is a progressive increase of the grade of meta­
morphism from the greenschist facies of the Central zone to 
the amphibolite facies typical of the Northeastern zone. The 
main characteristics of the first phase resemble those of the 
central zone: a tangential phase with isoclinal folds over­
turned towards SW. The relationship between crystallization 
and deformation shows that a syntectonic crystallization 
never exceeding the greenschist facies is ubiquitous. 

The amphibolite facies was attained in northern Nurra dur­
ing an episode of static recrystallization after the first-phase 
deformation. This period was responsible for the crystalliz­
ation of the plagioclase which is the most striking mark of 
metamorphism ('gneiss di Stintino'). 

In comparison with the Central zone, the most important 
structural differences are the effects of the second phase. 
Moving northward, the second-phase deformation gradually 
becomes more and more intense, until the folds are isoclinal 
and recumbent. At the northern tip of Nurra the S2 is the 
most evident schistosity and is accompanied by syntectonic 
recrystallization of biotite. Thus, in addition to the difference 
in metamorphic grade, it would seem that the following differ­
ences exist between the Central and Northeastern zones: 
(1) In the Central zone the higher-grade metamorphism oc­
curs during the first phase, while in the Northeastern zone it 
is later than the first phase. 



(2) In the Northeastern zone the second phase also involves 
a great shortening, which is evidenced by isoclinal folds and 
pervasive cleavage that often eradicates all traces of older 
deformations. Thus the northeasternmost zone has a Varis­
can metamorphic history and a deformational evolution that 
is more complex with two important tangential,phases. This 
makes the reconstruction of its overall geometry and the suc­
cession of its tectonic phases difficult. Undoubtedly the 
deepest part of the belt is exposed in this area. 

From the above discussion it is evident that there is a clear­
cut contrast between an external domain (Iglesiente ), with 
slight shortening and metamorphism, and a more metamor­
phic internal domain where shortening was presumably high­
er. The Central zone forms an area of intermediate struc­
tural and metamorphic characteristics. 

At present definite proof that the Variscan deformation is 
coeval throughout the island is lacking. In the southwestern 
zone, the exact age of the last deformed sediment ('Postgot­
landian') is unkwown, and stratigraphic data only restrict the 
orogeny to a time interval between the Tournaisian and the 
late Westphalian. ARTHAUD & MATTE (1977-a) propose a pre­
Visean age for the orogeny in the internal zones and a post­
Visean age in the external one throughout the segments of 
the Variscan belt around the north Balearic basin. But since 
radiometric ages of metamorphism in the Northeastern zone 
(441-300 Ma: FERRARA ET AL., 1978) agree with the strati­
graphic data of the Southwestern zone, we prefer to consider 
the orogenic events in the various parts of the island as essen­
tially coeval. 

TWO UNSOLVED QUESTIONS 

The existence of a pre-Variscan orogenic cycle accompanied 
by penetrative deformation and metamorphism in Sardinia is 
still under discussion. The 'porphyroids' underlying the Or­
dovician sequence in Central Sardinia can be taken as an 
indirect evidence of a previous Assyntic cycle. If the assign­
ment of the 'porphyroids' to the Precambrian is correct, this 
thick series of volcanic, volcanoclastic and arkosic rocks must 
have been derived from the erosion of a Precambrian belt, 
together with products of postorogenic volcanism. In addi­
tion to the above-mentioned orthogneiss and micaschist of 
M. Grighini and the repeatedly deformed phyllites in Sulcis, 
the relicts of eclogitic and/or granulite facies assemblages in 
the northeastern coast may constitute direct evidence of a 
pre-Variscan baseP1ent. They underwent a higher-pressure 
metamorphism before the recrystallization into amphibolite 
facies typical of the Northeastern zone had occurred. Fur­
thermore, their rare earth content proves their derivation 
from tholeiitic basalt, while the geochemical data available in 
the basic volcanites of the Palaeozoic indicate a continental 
alkaline affinity (RICCI & SABATINI, 1978). In the Assyntic 
massifs of eastern Galicia peridotite, gabbro and basic lava 
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are found which underwent higher-pressure metamorphism 
previous to Variscan events (DEN TEX ET AL., 1972; ENGELS, 
1972; ENGELS ET AL., 1974; DEN TEX, 1977). 

For the present the possibility that the metamorphites in 
the northeasternmost part of Sardinia may also be derived 
from Palaeozoic successions recrystallized during distinct 
episodes of Variscan metamorphism cannot be excluded. 

The other unsettled question regards the geodynamic sig­
nificance of Ordovician and Silurian magmatic events. 
Whole-rock Rb/Sr isochron analyses yield an age of442 ± 30 
Ma for the granodioritic orthogneiss of Siniscola-Mamone 
(or SIMPLICIO ET AL., 1975), recalculated on the basis of the 
new constants as 458 ± 31 Ma, and of 441 ± 33 Ma for the 
'augengneiss' of rhyolitic composition of the same area (FER­
RARA ET AL., 1978). A slightly different radiometric age has 
been obtained for the orthogneiss at the opposite side of the 
island (Capo Spartivento): 413 ± 33 Ma (cocozzA ET AL., 
1977), recalculated by FERRARA ET AL. (1978) as 427 ± 34 Ma. 
According to various authors (GHEZZO & RICCI, 1970; DI SIM­
PLICIO ET AL., 1975; GHEZZO & RICCI, 1977; FERRARA ET AL., 
1978), these acidic magmatic products together with the vol­
canism of the Late Ordovician suggest a late-orogenic mag­
matic-anatectic association of the Caledonian cycle. How­
ever, the main obstacle in accepting this interpretation lies in 
the absence of major tectonism in 'Caledonian times'. 
(1) In the Ordovician sediments there is no penetrative de­
formation previous to the Variscan folding (cARMIGNANI & 

PERTUSATI, 1977). We maintain that the Ordovician deforma­
tions, which are attested to by the sudden variations in thick­
ness of the succession or by conglomerate levels, consisted of 
vertical displacements probably associated with tensional 
tectonics ( CARMIGNANI ET AL.; 1978-a). 
(2) In the Cambrian sediments of Iglesiente too, the main 
deformations are attributable to the Yariscan cycle. The de­
formations here of the 'Sardinian phase' are, as throughout 
southwestern Europe, so slight, that SCHNEIDER (1974-a) has 
proposed to group them togheter under the term 'Sardinian 
movements'. On the other hand it is likely that this phase 
represents the end of the Assyntic orogenic cycle rather than 
the beginning of the Caledonian one (cocozZA, 1969). In 
Spain too, the tectonic phase between the Cambrian and the 
Ordovician is considered to be the last, weak event of the 
Assyntic orogeny ( CAPDEVILA, 1965). 
(3) At present no proof of a Sardinian regional metamor­
phism definitely referable to the Caledonian orogenic cycle 
has been obtained, excepted for lglesiente (CONTI ET AL., 
1978). 

The contrast between the conformity of the Ordovician­
Silurian-Devonian succession, or even from the Cambrian 
through the Devonian, in the various Variscan massifs of 
southern Europe (zwART, 1976) on the one hand, and the 
radiometric data substantiating the intrusion of granitoids 
and sometimes even the presence of metamorphism during 
the Ordovician and Silurian on the other hand, has been a 
matter of discussion throughout Europe for years (a biblio-
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graphy for this question can be found in ZWART & DORNSIE­
PEN, 1978). In order to explain the abundance of granitoids 
and volcanites of anatectic-crustal origin during a non-oro­
genic period VAN CALSTEREN (1977) recently proposed a high 
heatflow regime in the mantle during the Caledonian. DEN 
TEX (1977) considers the calc-alkaline and hyperalkaline gra­
nitoids of Galicia (radiometric age ranging from 460 to 430 
Ma) as originated by diapiric bodies moving up from the 
subcontinental mantle at a time of crustal tension. 

In Sardinia too, the geological data indicate an analogous 
tensional phase during the Ordovician and Silurian, but, no 
orthogneiss derived from alkaline granitoid has yet been 
found, and the basic volcanism with continental alkaline affin­
ity seems to be restricted to the Silurian ( cocozzA & MINZO­
NI, 1977). 

The geodynamic significance of the magmatism of the Late 
Ordovician should become clearer when research on trace 
elements like that done by RICCI & SABATINI (1978) on the 
Silurian metabasites will be extended to the whole Palaeozoic 
magmatism. 

DISCUSSION AND CONCLUSIONS 

Considering only Variscan events along a section running 
SW-NE, a tectono-metamorphic division into zones analo­
gous to those of the ' alpine belt' can be made. In fact, the 
weakly metamorphosed Southwestern zone can be identified 
as a domain with structural characteristics of a forel and; the 
Central zone as an accumulation area of nappes originating 
more internally, and, lastly, the Northeastern zone as a gra­
nitized ' root zone' , characterized by the superimposition of 
several metamorphic episodes. Furthermore, there seems to 
be a parallelism between post-Cambrian palaeogeographic 
domains and Variscan tectono-metamorphic zones. 

An analogous situation is found in many south European 
Variscan massifs from the Maures massif to Spain, where 
important tangential tectonics have been described (DEMAY, 
1952; GUITARD, 1960, 1964; ARTHAUD & MATTE, 1966, 1977-b; 
MATTE, 1968; ARTHAUD ET AL., 1969; ARTHAUD, 1970; WEST­
PHAL ET AL., 1976; etc.) as well as a certain parallelism be­
tween tectono-metamorphic lineaments and palaeogeo­
graphic zones (MATTE, 1968, 1976; ARTHAUD & MATTE, 1977-
a). 

T he absence of ophiolite associations, the Ordovician aci­
dic magmatism, that of the Silurian with continental alkaline 
affinity and the Variscan metamorphism of low or inter­
mediate pressure (RICCI & SABATINI, 1978) and the abundance 
of late-tectonic granitoids have led to the long-established 
supposition that the Variscan orogeny in Sardinia involved 
only the continental crust. This entirely ensialic evolution is 
not necessarily in contrast to the structural style described 
here, and is analogous to that of collisional belts along conti­
nental margins. 

In the Himalayas, the 'Main Central Thrust' and the 'Main 

Boundary Thrust' are respectively about 100 and 200 km 
away from the suture zone of the old continental margins 
showing that large shear zones can develop even within the 
continental crust. Recently many Cenozoic belts that mainly 
developed in the continental crust have been interpreted as 
mobile belts originating along prevailing simple shear zones 
and involving the entire thickness of the continental crust 
(HAYNES & MCQUILLAN, 1971; BIRD & TOKOSOZ, 1975; LE FORT, 
1975 ; PECHER, 1975; MATTAUER, 1975; MILNES, 1978; CARMIGN­
ANI ET AL. , 1978-b; KLIGFIELD, 1979; etc.) . 

This model has also been proposed for the Variscan belt of 
the French Central Massif (MATTAUER, 1974; CARME, 1974; 
MATTAUER & ETCHECOPAR, 1976), and we find this a satisfac­
tory explanation of the structural style and zonality of the 
Variscan belt in Sardinia too. 

The relationship between crystallization and deformation 
in the Northeastern zone seems to confirm this geodynamic 
model. In the basement of Nurra, the most intense metamor­
phism is attained after the end of the tangential tectonics of 
the first phase ( CARMIGNANI ET AL., 1979). The thermal model 
proposed by BIRD & TOKOSOZ (1975) for cases of overlapping 
continental crust, in addition to explaining the zones with 
inverted metamorphic gradient connected with the large Hi­
malayan overthrusts (PECHER, 1975; LE FORT, 1976; THAKUR, 
1977) and those recent ly reported by BRIAND (1978) and by 
BRIAND & GAY (1978) in the French Central Massif, offers a 
key for interpreting the time gap between crystallizations and 
tangential tectonics. 

In fact, according to BIRD & TOKOSOZ (1975), the subduc­
tion of the continental crust along a shear zone causes a 
downward inflexion of the isotherms in the subducted slab. 
In the subducted zone, the maximum metamorphism is 
reached only after the end of the main shortening phase 
when the negative thermal anomaly has been dissipated. 

In our opinion the Northeastern zone of Sardinia re­
presents the portion of the crust most deeply subducted a long 
an intracontinental shear zone dipping towards the NE. This 
concept provides a coherent explanation for the nature of the 
overthrust, the style of the belt, the overall division into me­
tamorphic zones, and the chronological relationship be tween 
crystallization and deformation. 

T he relationship between the tensional tectonics connec­
ted with the volcanism of alkaline continental affinity in the 
Silurian and the Hercynian structural lineaments has already 
been discussed by RICCI & SABATINI (1978). 

We agree with these authors that the parallelism between 
Variscan structural lineaments and palaeogeographical zones 
may result from the evolution of the basement starting in 
Ordovician times. The greater thickness of the post-Cam­
brian successions in the internal zone, the thick intercalations 
of a~idic and basic volcanites possibly accompanied by grani­
toid intrusions of the Late Ordovician, and last ly, the basalt 
with continental alkaline affinity of the Silurian suggest a 
long period of crustal th inning culminating in the formation 
of an 'abortive rift' in 'Caledon ian times' . These zones of 



weakness in the crust may have been reactivated during the 
Variscan shortening, becoming the site of the shear zone. 
The belt could thus have been born and shaped along old 
palaeogeographical I ineaments. 

This type of evolution , ;;is h:ois :oilre:oidy heen mentioned, 
seems to be common to the South-European Variscan belts. 
The acidic and basic volcanism of the Ordovician and Silu­
rian appears in many successions from the Maures Massif to 
the Iberian Meseta (MATIE, 1964; SAUPE; 1971; ROBERT & 
THIEBAUT, 1976; RICCI & SABATINI, 1978), and in some cases 
(BARD, 1977) an origin from intracontinental rifting is pro­
posed. Tensional tectonics throughout Europe during 'Cale­
donian times' may have created zones with a thinned crust 
with complicated fault patterns. The reactivation of these 
weakened zones during compressional phases from the De­
vonian onwards llfay be an explanation of the intricate 
structural framework with narrow virgations and branching 
of the chain. Perhaps this is another reason for the difficulty 
of fitting the Variscan orogeny into classical schemes of plate 
tectonics, as is shown by the sometimes completely conflic­
ting interpretations offered over the past years (BURRET, 

1972; NICOLAS, 1972; LAURENT, 1972; BADHAM & HALLS, 1975; 
BOILLOT & CAPDEVILA, 1977; COGNE, 1977; etc). 
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