
«NATURA BRESCIANA» Ann. Mus. Civ. Sc. Nat., Brescia, MONOGRAFIA N. 25, 2001: 117-123 

PERMIAN FLORAS OF THE SOUTHERN ALPS 

HENK YISSCHER ', HANS KERP2, JOPtE A. CLEMENT-WESTERHOF' and CINDY V. LOOY' 

Key words - Meganora; Cuticles; Pcrmian; Southern Alps; 
Italy. 

Abstract - Permian plant megafossils are long since known from 
various parts of the Southern Alps. These fossils were tradition
ally mainly used for age estimates of continental formations. 
However. noras with well preserved cuticles on the basis of 
which natural species, genera and families could be recognised, 
also contributed towards a much better understanding of late 

Palaeozoic gymnosperms. 
A short introduction is followed by an updated synthesis of the 
plant fossils discovered until now in the region. The. noras from 

the Collio Formation in the upper Val Trompia (Brescia) and the 
Tregiovo Formation in the uppi;r Val di Non (Trento-Bolzano), 
and from the overlying Upper Permian Val Gardena red beds, 
east of the Adige Valley are discussed. 

THE PRE-VERRUCANO LOMBARDO/ PRE-VAL GAR
DENA FLORAS 

Plant fossils from the Cellio and Tregiovo formations un
derlying the Yerrucano Lombardo and Val Gardena for
mations were first described more than a century ago (e.g .. 
Geinitz, 1869). The age of these floras has been discussed 
repeatedly and age assessments varied from Late Car
boniferous to "Middle'" Permian. The most recent account 
on these megafloras was published by Remy & Remy 
(1978) who dated these floras as respectively "middle to 
higher Saxonian" and "higher Saxonian". In recent years 
a third flora was described from the Ponteranica Con
glomerate in the Orobic Alps (Kerp et al., 1996). None of 
these localities has yielded a really rich and diverse flora. 
Conifers are the dominant elements in all these three flo
ras. However, unlike the situation in the Val Gardena flo
ra (see below), precise identifications are strongly ham
pered by the lack of cuticles, which are of essential im
portance for the recognition of late Palaeozoic conifer 

Pamle chiave - Macro flora; Cuticole; Pem1iano: Alpi Meridiona
li; Italia. 

Ria.mmto - La presenza di piante perrniane e da lungo tempo no

la in vrui seuori della Alpi Meridionali. Tradizionalmente, questi 
fossili furono cssenzialmente utilizzati per stimare l'eta delle for

mazioni continentali. Tuttavia, flore con ben preservate culicole in 
base alle quali specie naturali, generi e famiglie potevano essere ri

conosciute, contribuirono pure ad una assai migliore conoscenza 
delle gimnosperme tardo-paleozoiche. 
Dopo una breve inlroduzione segue una aggiornata sintesi dellc pian
te fossili finora rinvenute nell'area considerata. In panicolare, ven

gono discusse le flore della Formazione di Collio in alta Val Trorn
pia (Brescia), della Formazione di Tregiovo nell'alta Val di Non 
(Trento-Bolzano), nonche quclle sovra~tanti, tardo-pemiiane, delle 
Arenarie rosse di Val Gardena, presenti ad est della Val d' Adige. 

taxa: morphologically very similar species of conifers can 
often only be distinguished on the basis of their epidermal 
characteristics. 

The Collio flora 

The flora of the Cellio Formation in the upper Val Trompia 
consists according to Remy & Remy (1978) of six taxa 
and a number of unidentifiable conifer (and ginkgophyte?) 
remains: Sphenopteris suessii (Pl. I, Figs 6, 7), S. 
kukukiana (Pl. I, Fig.12), S. pa tens, "Sphenopteris" cf. in
terrupre-pinnata, Hennitia (al. Walchia) geinitzii (Pl. I, 
Figs 3. 4) and Wa/chiostrobus sp. 

Two of these taxa are only known from the Cellio For
mation (S. suessi'.i, H. gein.itzii) whereas S. kukukiana and 
S. patens were originally described from the German 
Zechstein. The single specimen illustrated as 
"Sphenopteris" cf. interrupte-pinnata (Geinitz, 1869; Re
my & Remy, 1978) is very fragmentary preserved; this 
taxon was originally described from the Pennian Copper 
Sandstone of the Ural Mountains (Russia). None of the 
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sphenopterids is known from the classical Rotliegend. 
Wa/chiostrobus is a conifer cone originally described by 
Sordelli ( 1896) as Curionia triumpilina and assigned to 
Wa/chiostrobus by Florin (1940). Conifer foliage types are 
reminiscent of Hermitia (al. Walchia) germanica (Pl. J, 
13), H. ga/Lica, Culmitzschia (al. Lebachia) laxifolia and 
Otovicia (al. Walchia) hypnoides. These foliage types are 
normally found in the typical Rotliegend. However, forms 
similar (or identical) to the latter species are also known 
from the lower Upper Perrnian of the Arabian Peninsula. 
As already mentioned, these taxonomic assignments are 
only tentative because no cuticles are known. 

The Tregiovo nora 

According to Remy & Remy ( 1978), the flora of the Tre
giovo Formation in the upper Val dj Non, between the 
Bolzano and Trento provinces includes, apart from various 
conifer remains, lodevia (al. Callipteris) cf. nicklesii (Pl. 
I, Figs 5, 9, 10) and Lesleya (al. Taeniopteris) eckardtii (Pl. 
I, Fig. I L). Of the first species, that was originally de
scribed from the Lower Permian of Lodeve (Southern 
France), only a few incomplete pinnules have been found, 
whereas the second record refers to a single small frag
ment only; this latter taxon is a typical Zechstein element. 
More common are conifer remains. A variety of forms, 
ranging from very small-leaved types attributed to Otovi
cia hypnoides to large-leaved ones attributed to Ullmannia 
frumentaria (Pl. I, Fig. 8) has been recorded. Although al
so here identifications are still tentative due to the lack of 
cuticles, morphological similarities with these essentially 
Early respectively Late Permian species are striking. Oth
er conifer taxa from the Tregiovo Formation have been 

Plate I 

I. Cassi11isia arobica, polished section of a stroma1olite showing a 
conifer in the centre. Pizzo Tre Signori, western Orobic Alps; Pon
teranica Conglomerate. x I. 

2. Cassinisia oivbica, natural siltstone cast. Pizzo Tre Signori, western 
Orobic Alps; Ponternnica Conglomerate. x 1.8. 

3. Hennitia (al. Walc/ria) geinitz.ii. Monte Colombine; Collio Fm. x I. 
4. Detail of Fig. 3. x 2. 
5. lodevia (al. Calli[lleris) 11icklesii. Exact locality unknown, between 

Trento and Balzano; Tregiovo Fm. x 2. 
6. Sphe11opreri.1· suessii. Monte Colombine: Collio Fm. x I. 
7. Idem. x I. 
8. Ullmanniafmme11taria. rrregiovo; Tregiovo Fm. x I. 
9. lodevia (al. Cal/ipteris) 11icklesii. Exact locality unknown. between 

Trento and Bolzano; Tregiovo Fm. x I . 
I 0. Same specimen as Fig. 5. x I. 
11. Leslya (al. Tae11iopreris) eckardtii. ?Tregiovo; Tregiovo Fm. x I. 
12. Sphe11opteris kukukiana. Monte Colombine.; Collio Fm. x I. 
13. Hermitia (al. Wa/clria) cf. gemumica. Monte Dasdana; Collio Fm. x I. 
14. Isolated conifer leaf, showing similarities with Ortiseia leonardii 

leaves. Exact locality unknown, between Trento and Bolzano; Tre
giovo Fm. x 2. 

compared with Walchia piniform.is, "Walchia" stricta and 
Quadroc/adus. Isolated large, broad, apparently non-de
current leaves showing prominent parallel lines (stomata! 
rows?), previously assigned to Lepeophyllum or Cul
mitzschia (Remy & Remy, 1978) might well represent iso
lated Ortiseia leonardii leaves, well-known from the Val 
Gardena Formation (see below). 

The Ponteranica nora 

The Ponteranica Conglomerate near Gerola Alta in the 
western Orobic AJps has yielded a conifer species that was 
described as Cassinisia orobica (Kerp et al., 1996). This 
conifer has very robust axes and with up to 2.5 cm long 
leaves. Most remarkable is their three-dimensional preser
vation in stromatolites (Pl. I, Fig. 1; Freytet et al., 1996). 
Naturally formed casts are exact lifetime replicas of these 
Permian conifers (Pl. I, Fig. 2). 

The age of the Collio and Tregiovo Formations 

The age of the CoUio and the presumably time-equivalent 
Tregiovo Formation has been discussed for more than a 
century. Initially these discussions were based exclusive
ly on the megatloras, in later years palynological data have 
become available. Although both megatloras are rather 
poor in species and more material still should be studied. 
they both seem to include taxa which are so far only from 
the typical Zechstein. However, it should be noted that the 
ranges of taxa are still imperfectly known as most of the 
western and middle European Perrnian is either missing or 
unfossiliferous. Therefore, stratigraphical ranges of mega
plant taxa in this particular time interval are very still poor
ly known. The most recent palynological data suggest a 
late Artinskian -?early Ufimian, respectively a Kungurian 
-Ufimian age for the Collio and the slightly younger Tre
giovo Formation (Cassinis & Doubinger, 1991 a, b; Barth 
& Mohr, 1994), which is in accordance with the ages esti
mated by Remy & Remy ( 1978) on the basis of the 
macrofloras. The palynological assemblages from the Tre
giovo Formation seem to be younger than those from the 
marine Amanda Formation recognized in boreholes in the 
northern Adriatic Sea and probably corresponding to the 
Neoschwagerina (fusulinid) Zone (Sartorio & Rozza, 
1991). 

THEVALGARDENAFLORA 

Notably in the western Dolomites and in the Vicentinian 
Alps, grey interbeds in the Val Gardena Formation are 
sometimes rich in plant fragments of variable size and 
preservation. Although regularly reported since the second 
part of the 19th century, larger well-preserved plant fossils 
are rare. According to early identifications, the fossil as-
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semblages seemed to include coniferous foliage of both 
the Late Carboniferous-Early Permian genus Walchia and 
the Late Permian and Triassic genera Ullmannia and 
Vo/tzia. Based on foliage with preserved cuticle from the 
Western Dolomites, the only well-described element was 
the coniferous form-genus Ortiseia (Florin, 1964). 

In contrast to the rare megafossils, bulk-macerated 
samples of siltstones that are rich in plant debris, may 
yield cuticle residues from which large numbers of small 
(usually <I cm) but excellently preserved plant remains 
can be isolated (compare Pl. Ill) These cuticular fragments 
are dominated by conifer remains and include both vege
tative and reproductive structures, such as isolated leaves, 
minute twigs, ovuliferous dwarf shoots, seeds and mi
crosporophylls. In addition, one may note remains of 
pteridosperms. This material has been the basis for a de
tailed taxonomic study of the principal elements of the Val 
Gardena flora. 

In gymnosperms the epidermal structure, as reflected in 
the plant cuticles, may vary according to family, genus 
and species, and hence proves to be of great potential in 
natural classification. Like in extant taxa, reproductive or
gans provide the most successful characters for delimiting 
natural genera and families. In absence of organic con
nection, cuticle analysis provides a reliable alternative for 
the necessary correlation of vegetative foliage and repro
ductive organs. 

Through detailed comparative cuticle analysis it was 
possible to recognize three distinctive species within Or
tiseia (Clement-Westerhof, 1984), viz. 0. leonardii (Pl. II. 
Fig. 7) 0. visscheri (Pl. 11, Fig. 6) and 0. jonkeri (Pl. II, 
Figs I, 3; Pl. LII. Figs 2, 5, 6, 8). The species could be de
scribed in terms of characteristics of vegetative structures 
as well as the organization of ovuliferous and polliniferous 
organs. The form-genus Ortiseia thus became "promoted" 
(Visscher et al., 1986) to the status of a natural genus. It 
could be demonstrated that the ovules are characterized by 
the presence of a pollen/archegonial chamber, indicating 
the existence of zoidogamy among early conifers. The 

Plate ll 

I. Ortiseiajo11keri, late.ral shoot system. Cortiana, Val Gardena Fm. x 0,65. 
2. Peltaspermum 11wrti11sii, SEM outer leaf surface showing papillae 

and one stoma (compare Pl. m. 4). Butterloch, Val Gardena Fm. x 
700. 

3. Ortiseio jo11keri, polliniferous cone. Recoaro. Val Gardena Fm. x 2.2. 
4. Majo11ica alpi11a, seed. Butterloch, Val Gardena Fm. x 4,4. 
5. Majo11ica olpina, ovuliferous dwarf shoot, abaxial view. Butterloch, 

Val Gardena Fm. x 5,2. 
6. Ortiseia visscheri, shoot ultimate order. Taubenleck, Val Gardena Fm. 

X 3.5. 
7. Orriseio leo11ardii, cuticle showing stomata! rows. Butterloch, Val 

Gardena Fm. x 130. 

polliniferous organs yield distinctive pollen grains that 
correspond to the palynological form-genus Nuskoi
sporites. Size and wall organization indicates that the 
pollen grains represent prepollen, i.e. microspores of ex
tinct zoidogamous seed plants that have not yet developed 
the capacity to produce a distal haustorial pollen tube 
(Poort et al., 1997).The results of the work on Ortiseia 
formed a basic step towards a natural concept for the fam
ily Walchiaceae (Clement-Westerhof, 1984, 1988; Kerp et 
al., 1990). 

In the Val Gardena Formation, natural coniferous gen
era other than Ortiseia, include Majonica (M. alpina; Pl. 
11, Figs 4, 5; Pl. Ill, Fig. 3), Dolomitia (D. cittertiae) and 
Pseudovoltzia (P. liebea11a; Pl. fll, Fig. 7, P. sje,pii). These 
genera have been reconstructed with the aid of cuticle 
analysis on the basis of rich vegetatitive and fertile plant 
fragments (Clement-Westerhof, 1987). Particularly be
cause of a common characteristic organization of ovulif
erous dwarf-shoots, the three genera have been included in 
a separate family, the Majonicaceae. Polliniferous organs 
of Majonica yield pollen grains that belong to the palyno
logical form-genus Lueckisporites. 

As far as the coniferous remains are concerned, the de
tailed reconstruction of natural genera demonstrates that 
the composition of the flora of the Val Gardena Formation 
is different from what is assumed in earlier literature . The 
dominant conifers are Ortiseia, Majonica, Dolomitia, and 
Pseudovoltzia, rather than Walchia, Ullmannia, and 
Vo/rzia. 

The most prominent pteridosperm fragments from the 
Val Gardena Formation correspond to the species former
ly known from the Zechstein Basin of NW-Europe as Cal
lipteris martinsii. On the basis of a detailed analysis of fo
liage and ovuliferous organs, this species is now included 
in the natural genus Peltaspermum (P. martinsii; Pl. II, 
Fig. 2; Pl. m. Figs 1, 4) of the family Peltaspermaceae 
(Poort & Kerp, 1990). 

rt should be realized that the above-mentioned taxa are 
only part of the flora of the Val Gardena Formation.The 
bulk-macerated plant material has yielded a variety of fer
tile fragments that have not yet been identified. Also paly
nological assemblages (e.g. Klaus, 1963; Massari et al., 
1994) testify to a much more diverse flora. Yet, because of 
their natural status, the plant taxa so far described from the 
Val Gardena Formation, are important links in the recon
struction of gymnosperm evolution. 

It is now generally agreed that the age of the Val Gar
dena flora is Late Permian. All recognized species become 
extinct at or close to the Permian-Triassic junction. This 
extinction illustrates the profound effect of the Perrnian
Triassic biotic crisis on gymnosperm diversity in the Late 
Palaeozoic Euramerican floral realm (Visscher & Brug
man, 1988; Visscher et al., 1996; Poort et al., 1997). 
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2. Orriseiajo11keri, shoot ultimate order. Taubenleck, Val Gardena Fm. x 10. 
3. Majonica alpi1111, shoot. Bunerloch. Val Gardena Fm. x J. 
4. Peltaspennum 111arti11sii, leaf cuticle. Bunerloch, Val Gardcna Fm. x 270. 
5. Ortiseiu jonkeri, ovuliferous dwarf shoot. Butterloch, Val Gardena Fm. x 9. 
6. Orriseia jonkeri, leaf main axis. Butterloch, Val Gardena Fin. x I 0. 
7. P.1e11dovoltzia liebeana. ovuliferous dwarf shoot. abaxial view. Bunerloch. 

Val Gardena Fm. x 4. 
8. Ortiseia jm1keri, microsporophyls. Bunerloch, Val Gardena Fm. x I 0. 
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THE BELLEROPHON-WERFEN BOUNDARY 
IN THE WESTERN DOLOMITES (ITALY) - PETROGRAPIDCAL STUDIES 

AND A NEW INTERPRETATION 

CLAUDIO BERETIA' and SERGIO RADRlZZANI 2 

Key words - Bellerophon-Werfen Boundary; Depositional Evo
lution; Dolomites; Jtaly. 

Abstract-Analysis of some detailed sections at the transition be
tween the Bellerophon and Werfen Fms. in the western 
Dolomites has made possible a new interpretation of the fonna
Lional boundary. In particular the Tesero (Fiemme Valley) and 
Seres (Badia Valley) sections were chosen, being representative 
of proximal and distal palaeogeographical conditions respec
tively. The boundary is located at the base of the thick bed con
taining the first oolitic levels and overlying a thin black organic
rich shaly layer. The criteria enabling us Lo reach this new inter
pretation are: 
- a progressive and continuous cvolut ion of the petrographical and 
sedimentary characteristics of the microfacics in the thick bed; 
- a sharp morphological break on the outcrops. 
The different phases of the depositional evolution in the studied 
interval can be correlated on a regional scale; these have already 
been recorded but their boundaries are in part reinterpreted here 
both in terms of location and meaning. 

INTRODUCTION 

This paper deals with a new interpretation of the 
BeJlerophon-Werfen boundary through the study of two 
representative sections in the Dolomites area: the. Tesero 
section (Fiemme Valley) and the Seres section (Badia Val
ley) (Beretta, 1999) (Fig. I). 

This boundary, in previous studies, was generally dis
cussed together with the Permian-Triassic chronostrati
graphical boundary; the two boundaries are in fact very 
close and for many years were even considered to coincide. 

For the Dolomites area, before the fundamental paper by 
Bosellini ( 1964), this boundary was not defined so clearly 
(Leonardi, 1935) because of the presence of transitional 
beds between two distinct lithological complexes (Upper 
Penman Bellerophon Fm. and Triassic "Werfenian"). Ac-

Parole chiave - Limite Bellerophon-Werfen; Evoluzione depo
sizionale: Dolomiti; Italia. 

Riassunto - Lo studio di dettaglio di alcune sezioni al passaggio 
tra le formazioni a Bellerophon e di Werfen nclle Dolomiti occi
dentali ha permesso di proporre una nuova interpretazione per ii 
limite formazionaJe. In particolare sono state scclte le sezioni di 
Tesero (Val di Fiemme) e di Seres (Val Badia), rispeuivamenle 
rappresentative di condizioni paleogeografiche prossimali e di
stali. 11 limite viene ubicato alla base del banco che contiene i pri
mi livelli oolitici, in corrispondenza di un sollile livcllo pelitico 
nero e bituminoso. I criteri che permeuono di arrivare a questa 
nuova interpretazione sono i seguenti: 
- una progressiva e continua evoluzione dei carattcri petrografi
ci e sedimentari all'interno del banco; 
- un neno stacco morfologico in affioramcnto. 
Le differenti fasi dell'evoluzione sedimentaria ncll'intervallo 
esaminato sono correlabili a scala rcgionale; queste fasi sono gia 
note in leueratura. ma i loro limiti vengono qui in parte reinter
pretati, sia per posizione che per signi ticato. 

cordi (1958) located the boundary at the base of the Clara
ia marls in the Bletterbach-Butterloch section, lying above 
limestones and marly limestones; this author used the terms 
"fiemmazza" and "badiota" facies to label the two main 
lithological types of the Bellerophon Fm. The Claraia beds 
were also considered the base of the Werfen also in the 
Trento area (Venzo, 1955, 1962; Panizza, 1963), whereas 
the underlying thick oolitic limestones (about 20m) were as
signed to the Upper Permian Bellerophon Fm. 

Bosellini ( 1964) first recorded a mainly oolitic interval 
(from 20cm to 7-8m) in several sections of the Dolomites. 
This interval, initially defined "transitional'' and then as 
the "Tesero Oolitic Horizon" (TOH), was considered the 
base of the Triassic Werfen Fm. The TOH always begins 
with a 15cm to Im thick oolitic bed; its absolute base, in 
some sections, consists of facies representing the initial 

'Beretta C., Dipanimento per lo Studio del Territorio e delle sue Risorsc, Universita di Genova, Corso Europa 26, 16132 Genova, Italy. 
'Radrizzani S., Via Europa 28, 20097 San Donato Milanese, Milano, Italy. 
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phase of oolite production, i.e. bio- and intraclastic lime
stones followed by "coated grain" limestones and then by 
the first small oolites. 

For Assereto et al. (1973) the boundary was defined by 
a disconformity (or unconformity) at the base of the TOH. 
A hiatus was in fact recognised, based on biostratigraphical 
data: the Comelicania beds, present at the very top of the 
Bellerophon Fm. in the eastern Southern Alps, were corre
lated with the Comelicania beds of lower Dorashamian age 
found in the Transcaucasia, whereas the oolitic beds were 
considered of Lower Triassic age. Details on lithology at the 
boundary were not shown, but the Tesero section was in
cluded in the area where the TOH directly overlies the 
•'fiemmazza" facies of the Bellerophon Fm. 

Farabegoli & Viel (1982) considered the boundary as 
transgressive in the Trento-Val Sugana area. The TOH 
shows at the base, above bioturbated dolomitic mudstones 
of the Bellerophon Fm., thin black marls with volcanic 
pebbles and then fossiliferous mudstones interbedded with 
fine sandstones (80cm) before the appearance of an oolitic 
level (50cm). 

Subsequently the criterion of locating the boundary at 
the base of the first oolitic bed was instead chosen for the 
Dolomites, and also for the Trento-Val Sugana area, by 

~ 

SERESa ,:. TESERO 

many authors, including: Ghetti & Neri (1983), Neri & 
Pasini ( 1985), Broglio Loriga et al. ( 1986), Noe ( 1987). 
Broglio Loriga et al. (1988) and Buggish & Noe (1988). 
All these authors define the transition between the two 
formations as very gradual. 

More recently the Permian-Triassic succession was al
so interpreted in terms of sequence stratigraphy; the B-W 
boundary, i.e. the base of the first oolitic level, falls in the 
middle of a PAC (punctuated accretionary cycle) for Wig
nall & Hallam ( 1992), or in the middle of a transgressive 
system track bounded by erosional surfaces (the only rem
nant of a third-order cycle) for Noe & Buggish (1994). 
This boundary, for Massari et al. (1994), Massari & Neri 
(1997), Massari & Neri (in Cassinis et al., I 998) and Neri 
(in Cassinis et al., 1999), corresponds instead to the 
boundary between the two basal parasequences (CU cy
cles) of a third-order cycle. 

The evolutionary facies trend and morphological char
acters led Cirilli et al. ( 1998) to locate the boundary. in the 
Seres section, at the base of a sequence in the middle of 
which the first oolites appear. Beretta ( 1999) confmned 
the validity of this interpretation from other sections of the 
Dolomites as well, also using petrographical and geo
chemical data. 

SERES 

Unit 5 
Association W3 

MW PG 

Unit3 
Association Wl 

Unit 1 
Association BJ 

Fig. I - Correlation of the Tesero and the Seres sections. Lithologies clearly correspond to the description in the text. 
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LITHOSTRATIGRAPHY AND FACIES ASSOCIATIONS 
(FIG. l) 

Tesero Section: Lithostratigraphy 

BELLEROPHON Fm. 
Unit I: Tes28 to Tes44 (2.40 m): The interval is dominat
ed by grey-hazel dolomitic beds (2- IOcm thick), marly 
and s)jghtly vacuolar, with thin interlayers of bituminous 
clays. Bioturbations are frequent, with peculiar subvertical 
burrows. interpreted as root traces. 
Unit 2: Tes45 to Tes48 (20cm): This consists of nodular, 
compact, grey-yellowish dolomitic beds, 2-5cm thick, 
showing a rapid transition to a marly black layer at the top; 
this level, rich in organic matter, is 7-lOcm thick and more 
calcareous and nodular in the upper part. 

WERFEN Fm.- TESERO HORIZON 

The Tesero Horizon is about 8m thick here, but we will de
scribe the. lower 3m only. A sharp morphological bound
ary separates the TOH from the underlying unit. 
Unit 3: Tes49 to Tes7 l (2m): The base consists of dark 
grey, compact limestones in a 40cm thick bed, subdivided 
into six levels by stylolites or very thin pelites. Light grey 
limestones, in a 40cm layer resting on a wavy surface, 
overlie this interval. [t is made up of five beds: the two 
lower ones are bioclastic whereas the upper ones (32cm) 
are oolitic; these beds are lenticular, separated by stylolites 
and with a clear low-angle lamination. The same charac
teristics are also present in the overlying grey oo)jtic lime
stones (60cm), with mudstone lenses and channels at the 
top. A I 0cm thick packstone-wackestone separates these 
layers from a thick bed (50-80cm) of grey-hazel oolitic 
limestones at the top of the unit. 
Unit 4: Tes72 to Tes76 (70cm to I.Im): This unit shows 
different lithologies (and different thicknesses) with rapid 
lateral variations. Variously shaped microbialitic mud 
mounds are in fact laterally replaced by close interbed
dings of grey-hazel mudstone (2-7cm thick) and marls (up 
to 3-4cm thick). Thin dark to yellowish marls and mud
stones are sometimes interbedded in the mud mounds. 
Unit 4 is overlain by a very thick bed (up to Im) of grey 
oolitic and/or intraclastic limestones, which forms the base 
of the middle and upper parts of the TOH. 

Tesero Section: Petrographic-sedimentological analy
sis and facies associations 

Detailed analysis has allowed us to identify different pet
rographical-sedimentary facies associations in the litho
stratigraphic units. 

BELLEROPHON Fm. 
Association BJ (Tes32 to Tes44): Bioturbated mudstones 
and mudstone-wackestones prevail. The rare allochems 

are represented by bioclasts only (algae and bivalve frag
ments, gastropods and rare foraminifers). Thin micro
bialitic laminations are present in the upper part. Dolomite 
and calcite after anhydrite and gypsum pseudomorphs 
have been observed. The matrix consists of non-homoge
neous dolomicrite, often pelletoidal. 
Association 82 (Tes45 toTes48): This is mainly represented 
by wackestone-packstones characterised by an abundance 
of silt-sized peloids and algal fragments. Level Tes47 shows 
an increase in the terrigenous content and the presence of 
nodules of different lithologies: a) packstone-wackestones 
with echinoid and algae fragments. a high content of clay, 
organic matter, silty quartz grains, oxides and sulphides; 
this petrographic facies is also found in nodules at the top 
of the overlying black layer; b) unsorted detrital packstone
grainstone, with bioclasts (algae. bivalve and echinoid frag
ments, foraminifers), oomoldic oolites (0= I 00-200 mi
crons), micritic oolites (with bioclastic nuclei or formed by 
mi critic laminae only; 0 up to 500 microns); 10-15% of the 
constituents consist of terrigenous silty-sandy grains 
(quartz, muscovite and feldspar). 

WERFEN Fm.- TESERO HORJZON 

Association WI - Three subfacies can be identified within 
this association. 
Subfacies WJA (Tes49 to Tes54): This consists of pack
stones and rudstones, with packstone-grainstones at the 
top. Allochems are represented by bioclasts only (echi
noid and algae fragments and forarninifers are more fre
quent). The rudstone levels are characterised by iso-ori
ented echinoid fragments, an increase of marly-clayey in
flux and a pseudo-flaser type structure. The bioclasts 
show, towards the top, a slight decrease in size and an in
crease in roundness; they are also more packed, better 
sorted and generally thinly coated. The matrix consists of 
non-homogeneous micrite. The echinoid fragments are al
ways surrounded by a large syntaxial sparitic rim. 
Subfacies WI B (Tes55 to Tes61): lnterbedded packstones, 
grainstooe-packstones and floatstones (0.5 to 2cm thick) 
prevail, although grainstones are rare. The bioclasts (main
ly algae, then echinoid fragments, foraminifers, ga
stropods, bivalves and ostracods) prevail in the basal lay
ers (up to Tes58) and in floatstones and detrital pack
stones; these are interbedded in the oolitic sediments, 
which gradually predominate from Tes58 onwards. At first 
oolites are oomoldic, small (0= I 00-200 microns) and sur
ficial; numerous micritic peloids of similar size are pre
sent. Larger (0=0.4-0.5 mm) and complex oolites, spher
ical and mainly micritic, gradually replace the ever-pre
sent oomoldic ones towards the top. In the lower levels, as 
in the immediately underlying ones, bioclasts are thinly 
coated, more rounded and packed and better sorted. A few 
layers with finer bioclasts and marly clasts can also be 
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noted. The matrix, where present, is micritic. The 
oomoldic oolites most probably derive from dissolution of 
aragonitic peloids and a further crystallisation of fine lo 
medium equigranular sparite in the intragranular voids. 
These peloids originate from direct precipitation from 
oversaturated marine waters and characterise the initial 
phases of oolitic deposition. Three sparitic cementing gen
erations can be observed here. The beds are subdivided in
to centimetre-thick layers by frequent and high amplitude 
columnar stylolites, mainly subparallel to the bedding sur
face. A second less evident stylolytic system overlaps the 
low-angle lamination. Similar characteristics can be noted 
in the overlying layers. 
Subfacies WJ C (Tes62 to Tes7 I): This is mainly composed 
of grainstones. with a few interbedded floatslones, mud
stones and packstone-wackestones. Oolites are dominant 
among the allochems: grain-size (0 from 0.5 to I mm), 
complexity, proportion of aggregated and botryoidal 
forms, and sorting all increase towards the top. Micritic 
and oomoldic oolites and those with bioclastic/terrigenous 
nuclei are all present together; the fom1er are no longer 
present at the top of tbe interval. Bioclasts are frequent in 
floatstones only, where a few irregular and millimetre
sized intraclasts (reworked oolitic grainstone) have also 
been observed. Some levels (Tes67 and Tes71) show a 
transition from oolitic grainstone at the base to oolitic 
and/or bioclastic floatstone, and to mudstone at the top. 
The micritic matrix, where present, is non-homogeneous. 
Association W2 (Tes72 to Tes76): mudstones and mudstone
wackestones prevail. The few bioclasts are often trans
formed into microsparitic ghosts. Several strata show a mi
crosparitic to finely sparitic, irregular, pervasive, anasto
mosing reticule, entrapping the pelletoidal and non-homo

geneous micritic matrix. These characteristics are generally 
referred to the diagenesis of an original microbialitic/trom
bolitic texture (Bourque, 1997; Baud et al., 1997). 
Association W3 (Tes77 to Tes92): The basal part of the as
sociation only, where unsorted coarse grainstones and 
packstone-grainslones prevail. is described here. The al
lochems consist of bioclasts, small oomoldic oolites, large 
intraclasts and micritic algal peloids. The 1nicritic matrix 
is mainly non-homogeneous or pelletoidal. Grainstones 
and packstone-grainstones show two sparitic cementing 

generations. 

Seres section: Lithostratigraphy 

BELLEROPHON Fm. 
Unit I: S32 to S57 ( I2m): This consists of interbedded 

grey-yellowish bioturbated marly limestones and marls. 
Bed thicknesses vary from I 0-20cm to 60-70cm in both 
lithologies; the bedding shows irregular surfaces and 

nodular structures. 
Unit 2: S58 to S64b (I.Im): This consists of compact grey-

blackish limesmnes and is characterised by the disappear
ance of bioturbation. Bed thickness varies from J0-20cm in 
the lower part to 30cm towards the top. The top of the unit 
consists of a 3-Scm black organic-rich marly layer that 
marks the boundary with the overlying Werfen Fm. 

WERFEN FORMATION - TESERO HORIZON (4.90m) 
We will describe here only the lower 2.60m of tbe TOH. 
Unit 3: S65 to S70 (85cm): The base consists of a 50-cm
thick bed, subdivided into at least six layers by low-am
plitude stylolites; the first 20cm are made up of dark lime
stones, the upper 30cm of greyish oolitic limestones. Two 
other oolitic beds follow, separated by high-amplitude sty
lolites and with scattered micritic lenses. 
Unit 4: S7 J to S81 (75cm): This consists of fine light-grey 
limestones, in 8- I0cm thick beds, resting on an undulating 

surface. 
Unit 5: S82 to S86 ( 1 m): This consists of compact greyish 
coarse limestones. in irregular or lenticular beds, 20 to 
35cm thick. This unit is overlain by light-grey micritic 
limestones, in thick to very thick beds (25-35cm to Im). 

Seres sect.ion: Petrographical-sedimentological analy
sis and facies associations 

BELLEROPHON Fm. 
Association BI (S32 to S57): Bioturbated wackestones 

and packstones prevail, mudstones are subordinate and 
grainstones are rare. Bioclasts are dominant (bivalves and 
ostracods, tben algae and miliolids among others). Onco
lites can be observed in some layers. Some grainstones 
and packstones show iso-oriented bioclasts. A bioclastic 
silty-arenitic fraction is also common and characterises 
the biocalcarenitic levels. The micritic matrix is more uni
form in the mudstone layers than in the coarser ones. The 
grainstones are characterised by eogenetic meteoric

phreatic cements. 
Association 82 (S58 to S64b): Bioclastic packstones and 
packstone-grainstones prevail; large algae fragments, high

ly diversified foraminifers and algal peloids are the more 
frequent allochems. Packstones are commonly charac
terised by iso-orientation of the bioclasts, pseudo-flaser tex
tures and the constant presence of a bioarenitic fraction. 
Bioclasts show a strong diagenetic compaction. The black 
marly layer at the top has a high organic fraction that almost 
completely obliterates the compositional and textural char
acteristics, similar to those of the underlying levels. The mi
critic matrix is generally scarce and non-homogeneous. 

WERFEN FORMATION - TESERO HORIZON 
Association WI (S65a to S70): The base is composed of 
bioclastic packstone-wackestones and packstone-grain
stones (S65a and b) similar to those described for the up
per part of the Ass. B2. The bioclasts are mainly repre-
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semed by highly diversified foraminifers, algae fragments 
and algal peloids. Level S65c is a bioclastic grainstone 
with few oomoldic oolites; the grains are well rounded 
here, less sorted and thinly coated. The upper part of the 
association consists of oolitic grainstone; bioclasts 
(foraminifers and gastropods) are rare and present mainly 
in the lower layers. Oolites are at first small (0 = 0.2-
0.3mm). oomoldic and surficial. micritic or with bioclas
tic nuclei; they are well sorted and, upwards, are gradual
ly larger (0 from 0.4 to 0.8-1 mm) and more complex, with 
the micritic and oomoldic types prevailing; at the top, ag
gregated ooids and botryoidal forms are frequent, togeth
er with a few bioclasts and large calcarenitic intraclasts. 
Association W2 (S71 to S81): This consists of mudstones. 
with closed and narrow undulating laminae; very rare os
tracods are the only skeletal grains. Irregular, elongated 
and oriented micritic intraclasts are observed in the wacke
stones. inftlling isolated microchannels in the central part 
of the interval. The terrigenous content (up to 3%) is 
formed by quartz grains (0 0.2-0.3mm) and by mica 
lamellae (up to I 0mm). The matrix is micritic, brown and 
homogeneous. 
Association W3 (S82 to S86): This is represented by intr
aclastic grainstones only. The intraclasts are microsparitic 
and have a rounded irregular shape; they are often frac
tured, sometimes iso-oriented. Skeletal grains (gastropods 
and ostracods) are quite rare. 

CORRELATIONS AND DEPOSITIONAL EVOLUTION 

The depositional environment across the boundary be
tween the Bellerophon Fm. and the Werfen Fm. (Tesero 
Horizon) developed through the phases described below 
(Fig. I). 
Regressive (low energy) phase: Ass. BI deposited, at 
Seres, in a shallow-water, low-energy, sheltered environ
ment. Conditions of lowest energy and restricted water 
circulation are reached at the top of the association. Some 
levels, showing eogenetic meteoric-phreatic cements, 
could indicate a near intertidal environment. This associ
ation, in the central-eastern Dolomites, may be defined as 
"Low Energy Badiota Facies"; it represents a widespread 
regressive episode, already documented (Broglio Loriga er 
al., 1988). At Tesero the characteristics of Ass. B l point to 
inter/supratidal, clearly hypersaline conditions, then to a 
shallower and more restricted environment in relation to 
the underlying sediments. On the basis of these character
istics, the Ass. B I of the two sections can be correlated to 
a good extent. 
Transgressive phase - Black Level - Basal Oolitic Bed 
Transgression and Black Level: The Seres section shows, 
from the very base of Ass. 82, a gradual and constant in-

crease in the energy level: a strong current regime domi
nates the shallow waters and subtidal environment. At the 
top theAss. 82 shows a black organic-rich marly level. At 
Tesero the "fiemmazza" facies of the Bellerophon Fm. 
ends with about 10cm of dolomites showing a facies of 
higher hydrodynamic energy. This interval has only re
cently been recorded by one of the authors (Beretta, 1999). 
A black organic-rich marly layer is present at the top of this 
section too. Ass. B2 therefore show a good degree of cor
relation in both the sections. The black layer is found in 
many sections of the area and can be considered synchro
nous on a regional scale. The abundance and size of woody 
remains of continental origin, the palynological content 
(Cirilli et al .. 1998) and frequent terrigenous clasts indicate 
maximum proximity at the top of Ass. 82. This datum fits 
well, at least at Seres, with the interpretation of Ass. B2 as 
a CU and shallowing-up cycle. The Black Level is chosen 
as the boundary between the Bellerophon and the Werfen 
Fms; furthermore it does not represent a discontinuity in 
the evolution of the petrographic-sedimentary microfacies. 
Basal Oolitic Bed: The lower part of this thick bed (Ass. 
WI) is always formed by bioclastic layers with rounded 
and coated grains, peloids and rare small oolites at the top. 
The oolitic layers in a strict sense follow with a gradual 
evolution; towards the top, the ooids increase in size and 
complexity. A reverse grading trend in oolitic sediments 
has been recorded from bars (Persian Gulf; Loreau & Purs
er, 1973), and from prograding shoals (Bahamas; Bathurst, 
1975). A comparison with these modem areas enables us to 
interpret the Basal Oolitic Bed as an elementary CU cycle. 
The environment varies from subtidal to intertidal with 
even higher hydrodynamic levels. At Seres the succession 
is rather "clean". At Tesero, frequent muddy and/or bio
clastic interbeddings are instead present among the oolitic 
beds; furthermore the top oolitic layer is slightly different 
in relation to the underlying ones, with poorer sorting and 
lower hydrodynamic levels. However, the frequent lateral 
facies variations lead us however to hypothesise, for the 
whole Oolitic Bed, an environment in which various con
stituents accumulated; these elements derived from sur
rounding areas of oolitic and/or bioclastic production (bars, 
dunes, less restricted platforms) in diverse and differentiat
ed sedimentary conditions. This Bed shows a regional dis
tribution, with thickness decreasing eastwards: 2m at 
Tesero (50cm of the "non-oolitic" lower part) and 85cm at 
Seres (20cm "non-oolitic"). This bed is considered to be a 
record of a very rapid transgression which lasted a few 
thousand years only and, as a consequence, was synchro
nous throughout the area. 
Mudstones (low energy) and Microbasalric phase: The 
basal oolitic phase was followed by a period of low hy
drodynamism over the whole Dolomites; microbialitic or 
stromatolitic structures are in some places associated with 
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this phase (Ass. W2). At Tesero intertidal microbialitic 
bodies are interbedded with mudstones and pelitic layers, 
typical of tidal ponds. The transition between Ass. W l and 
Ass. W2 is sharp, but at Tesero a depositional continuity 
seems to be present. This phase can be considered syn
chronous on a regional scale too. 
Deepening phase- Storm Facies: An ~ccurate analysis of 
this interval is beyond the scope of this study; we can sim
ply note that it consists of sediments typical of muddy bot
toms (below the fair-weather wave-base) with interbed
dings o"f oolitic layers ~also intra- and bioclastic); the lat
ter do not show the typicaJ reverse grading of the Basal 
Oolitic Bed, but are totally unsorted; this is interpreted as 
being due to basinwards storm sedimentation. 

CONCLUSIONS AND INTERPRETATION OF THE FOR
MATIONAL BOUNDARY 

The Basal Oolitic Bed, over the whole area of the 
Dolomites, shows a continuous evolution of the petro
graphical-sedimentary characteristics; this evolution, in 
our opinion, does not make it possible to locate forma-

tionaJ or sequence boundaries inside the Bed. This event, 
if compared with present-day depositional areas, may ac
tually represent an interval of a few thousand years. 

For all these reasons, we consider it more appropriate 
to locate the Bellerophon-Werfen formational boundary at 
the base of the Basal Oolitic Bed. 

If the said time-span is correct, the meaning of bio- and 
chronostratigraphical events in this interval should also be 
reconsidered, as the resolution of these dating methods is 
clearly lower. 

This Bed, moreover, is part of an evolutionary trend that 
begins in the upper Bellerophon Fm. and continues in the 
Werfen Fm. without evident depositional discontinuities. 
This interpretation is in contrast with the more traditional 
location of the formationaJ boundary and the more recent 
sequence stratigraphy interpretations (see Introduction). 
We can instead confirm that the interpretation proposed by 
Cirilli et al. (1998) for the Seres section is valid on a re
gional scale. Further confirmation can be drawn from oth
er sections also; their description, with detaiJed petro
graphical (cathodoluminescence, SEM-EDS analyses), 
biostratigraphical and isotopic geochemistry data, will be 
the subject of a paper currently in preparation. 
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THE FUNES/VILLNOSS BASIN: AN EXAMPLE OF EARLY PERMIAN 
TECTONICS, MAGMATISM AND SEDIMENTATION IN THE EASTERN 

SOUTHERN ALPS (NE ITALY) 

LUCA BENCIOLINI 1, M. ELIANA POLI 1
, DARJ0 VISONA 2 and ADRIANO ZANFERRARJ 1 

Key words - Eastern Southern Alps; Permian; Athesian Volcanic 
District. 

Absrract- The Funes Basin is an intermontane basin located in 
the northern Dolomites. At present, because of Neoalpinc com
pressional tectonics, it is exposed for 2 km in a NE-SW direc
tion and for about 3 km in an E-W direction. The basin is filled 
by up to 500 m thickness of andesitic lavas, which roughly thin 
eastwards and are replaced by up 10 200 m of pyroclastic -
mainly agglomerate - deposits. Stratigraphical, sedimentolog
ical and tectonic data indicate that the evolution of the Funes 
Basin was controlled by normal faults. No evidence of trans
current tectonics was observed. An Early Permian age for the 
Funes Basin is suggested by the presence of lenses of Ponte 
Gardena Conglomerate within andcsitic lavas and agglomer
ates, and by the calcalkaline cogenetic nature of the andesites 
of Funes and the Permian volcanics of the neighbouring Athe
sian Volcanic District. 

INTRODUCTION 

During Late Carboniferous and Early Permian times, the 
central-eastern Southern Alps were the centre of intense 
volcanic activity linked to the formation of a series of in
termontane basins and cauldrons (Massari, 1988; Cassinis 
et al., 1997 and refs therein). The geometry, stratigraphy 
and evolution of such basins are important tools in deci
phering the Late Paleozoic tectonic setting of the eastern 
Southern Alps. Up to now two contrasting scenarios have 
been proposed: i) a Late Variscan dextral transtensional 
regime (e.g. Cassinis & Perotti, 1994); and ii) opening of 
the Mesozoic Tethys (e.g. Selli, 1998). 

The Funes Valley, located on the left side of the lsar
co/Eisack river near Chiusa/Klausen, provides a good op
portunity of understanding the structural relationships be
tween the basal volcanic sequence of the •· Athesian Vol
canic District" (AVD), its coeval terrigenous volcaniclastic 
cover and the underlying Variscan metamorphic basement. 

Parole chiave - Alpi Mcridionali urientali; Permiano; DisLretto 
Vuk:anico Atesino. 

Riassumo - II bacino di Funes e un bacino intramontano affiorante 
nella porzione settentrionale delle Dolomiti. Attualmente, a causa 
dell'intensa tettonica compressiva neoalpina, affiora solo per cir
ca 2 km in direzione NE-SW e per circa 3 km in direzione E-W. 11 
bacino e riempito da lave andesitiche per uno spessore massimo di 
500 m. Nella porzione orientale del bacino le lave sono rapida
mente sostituite da potenti deposili di agglomerati cui si inter
calano depositi alluvionali (per uno spessore massimo di circa 300 
m). I dati sinora raccolti indicano che l'evoluzione del bacino di 
Funes e stata guidata da faglie norrnali; nessuna evidenza di tet
tonica trascorrente e stata sinora osservata. La presenza di lenti di 
Conglomerato di Ponte Gardena sia nelle lave che nei depositi 
piroclastici e l'affinita compositiva fra le andesiti di Funes e le vul
caniti del Distretto Yulcanico Atesino, suggeriscono che ii bacino 
di Funes si sia evoluto durante ii Permiano inferiore. 

GEOLOGICAL SETTING 

The Funes Valley is located in the westernmost part of the 
eastern Southern Alps (Fig. I), at the northern margin of the 
"Dolomitic sinclinorium" (Doglioni, 1987). The valley is 
located in the footwall of a Neogene north-vergent back
thrust system (Val di Funes and Passo delle Erbe backthrusts 
according to Doglioni, 1987, and Ring & Richter, 1994). 

This valley cross-cuts the Variscan metamorphic base
ment and its basal terrigenous and volcanic cover of Late 
Carboniferous to Permian age, showing their original 
structural and stratigraphical relationships. In the study 
area, the stratigraphic succession starts with the Variscan 
metamorphic rocks consisting of prevailing metapelitic 
and metapsammitic rocks of Early Paleozoic age (Bres
sanone Phyllite, Val Digon Fm. and Eores Quartzite), with 
interbedded acidic (Comelico Porfiroids, Caradocian) and 
basic (Gudon Fm., Early Silurian?) metavolcanic layers 
(Poli et al., 1996). 

'Dipanimento di Georisorse e Tenitorio, Universita di Udine. via Cotonificio 114. 1-33100 Udine, Italy. 
'Dipanimento di Mineralogia e Petrologia, Universita di Padova, Corso Garibaldi 37, 1-35137 Padnva, Italy. 
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The metamorphic thermal peak is Visean in age (350 
Ma; Del Moro et al., 1980), and white mica cooling ages 
suggest a date of approx. 320 Ma for cooling below 350°C 
(Hammerschmidt & Stockhert, 1987; Meli & Klotzli, 
1997). 

Ln the central-eastern Southern Alps, the deposition of 
elastic continental sequences of the "basal conglomerates" 
(Upper Carboniferous-Lower Permian) testifies the uplift 
and the erosion of the greenscrust-facies Variscan basement 
as from the Late Carboniferous at least (Krainer. 1989). 

During the Early Permian the magmatic activity began; 
the intrusion of the Bressanone Granodiorite (282 Ma± 14; 
Del Moro & Visona, 1988) and of coeval diorites (Luson, 
Chiusa) was followed by tbe deposition of the AYO se
quence (D' Amico & Del Moro, 1988; Barth et al., 1994; 
Di Battistini et al., 1989; Rottura et al., 1998). The depo
sition of the Ponte Gardena Conglomerate preceded and/or 
accompanied the AYO emplacement. Finally, the deposi
tion of the Val Gardena Sandstone in Tatarian times (Mas
sari et al., 1994) sealed both the volcanics and the effects 
of the tectonism of Early Permian age. 

THE FUNES BASIN 

A geological sketch-map of the study area is shown in Fig. 
2, while the tectonostratigraphic relationships are sum
marised in the sections of Fig. 3. 

Abrupt lateral variations in the stratigraphic succession 
reflect intense tectonic activity during the deposition of the 
volcanosedimentary sequence, which reaches a maximum 

.. 1 

CJ 2 

EJ 3 

0 

thickness of 500 m. The deepest portion of the volcanic se
quence crops out in the Mittermiihl locality where, how
ever, Quaternary cover hides the underlying metamorphic 
basement. Here, andesite block-lavas, altered by hy
drothermal fluids and intruded by basaltic-andesite dykes, 
crop out. In contrast, on Hauben/Mt. Cappello, at the top 
of the series, the andesite lavas have an amygdaloidal py
roxene-phyric texture. The irregularly-shaped elongated 
amygdales, usually filled with chalcedony, testify to both 
the magma high vapour-phase content of the magma, and 
the intensity of the late-stage magmatic activity. 

Thin, discontinuous layers of quartz-rich, biotite-bear
ing tuffs with rhyodacitic lapilli are interbedded in the an
desite lavas. Near Tiso/Teis, luffs directly overlie the 
metamorphic basement, here strongly deformed and in
truded by sets of dykes. 

Andesites and basaltic-andesite dykes always intrude 
the andesite lavas. Petrographical and geochemical analy
ses on andesite dykes reveal their low- to high-K orogenic 
andesite nature (Table I and Fig. 4). The similarity with the 
neighbouring Chiusa epiplutonic diorite is also demon
strated. The same composition was obtained for the lava 
flows and block-lavas, as already found for all the Perm
ian lavas of the AYO (Rottura et al., 1998). 

The andesite lavas reduce in thickness eastwards where 
they are replaced and covered by up to 200 m thick ag
glomerates and breccias. Along the northern margin of the 
basin, agglomerates and breccias directly overlie the meta
morphic basement. 

Agglomerates are chaotic and heterometric with clasts of 
prevailing andesitic composition, but clasts of rhyolites or 

rhyodacites as well as the un
derlying metamorphic base

20Km 

ment can be locally found. 
Graded and cross-bedded me
tre-scale quartz-rich lenses of 
tuffaceous arenites or microru
dites are sometimes present. 
Locally some reddish clay 
lenses were found. Bodies of 

Fig. I - Location of the study area 
(rectangle) in the eastern Southern 
Alps. Distribution of the volcanic and 
plutonic rocks is shown. I) Permian 
plutonics; 2) Permian volcanics of 
Athesian Volcanic District (AVD); 3) 
Oligocene Adamello pluton; NGF: 
North Giudicarie Fault: PEF: Passo 
delle Erbe Fault; PF: Pusteria Fault: 
SGF: South Giudicarie Fault: TF: 
Tonale Fault; VFF: Val di Funes 
Fault; VSF: Valsugana Fault. BL: Bel
luno; BRS: Bressanone/Brixen; BZ: 
Bolzano/Bozen: TN: Trento. 
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Fig. 2 - Geological sketch-map of the study area (location in Fig. I). I) Quaternary cover; 2) Val Gardena Sandstone; 3) rhyolites and rhyodacites; 
4) andesitic to basaltic-andesitic dykes; 5) agglomerates; 6) Pedrund unit; 7) tuffs; 8) andesitic lavas; 9) Ponte Gardena Conglomerate; 10) meta
morphic basement; 11) Neogene thrust; 12) Permian nonnal fault: 13) fault. A-A' and B-B': traces of geological sections in Fig. 3. 
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Fig. 3 - Geological cross-sections (/oca1io11 in Fig. 2). Legend: I) Quaternary cover: 2) rhyolites and rhyodacites; 3) andesitic to basaltic-andesitic 
dykes; 4) agglomerates; 5) Pedrund unit; 6) luffs; 7) andesitic lavas; 8) metamorphic basement. 
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Samele TPZ6 TPZ19 TPZ30 TPZ48 TPZ53 TPZ63 TPZ54 86-4 
Rocktwe L2 L2 L 1 02 L 1 L2 02 01 

SiO2 (wt%) 55.45 55.76 56.69 55.41 56.36 53.70 53.38 56.91 
TiO2 0.74 0.80 0.93 0.80 0.93 0.80 0.94 0.71 
Al2O3 15.18 17.11 17.02 16.73 17.03 17.33 17.05 16.34 
Fe2O3* 8.04 7.35 7.29 7.64 7.33 7.78 7.75 7.49 
MnO 0.13 0.13 0.16 0.14 0.10 0.16 0.16 0.13 
MgO 7.20 4.12 3.91 4.96 4.25 5.44 5.32 4.47 
CaO 9.23 9.46 7.90 8.59 7.84 9.16 9.87 6.94 
Na2O 1.68 1.61 1.90 1.67 1.94 1.74 1.52 1.73 
K2O 0.45 0.63 2.30 0.48 2.20 0.35 0.37 2.21 
P2O5 0.13 0.14 0.19 0.17 0.19 0.15 0.20 0.11 
Total 98.23 97.11 98.29 96.59 98.17 96.61 96.56 97.04 

LOI 1.74 2.90 1.61 3.37 1.73 3.79 3.41 3.11 
Mg# 63.94 52.61 51.51 56.25 53.45 58.07 57.62 54.17 

Cr (ppm) 640 248 220 206 222 300 234 277 
Ni 80 27 45 34 45 32 28 18 
Co 30 21 19 21 23 25 24 43 
V 172 132 146 156 153 179 165 179 

Cu 24 19 16 19 19 21 18 20 
Pb 13 15 16 13 14 11 14 14 
Zn 85 85 82 158 86 90 92 91 
Rb 19 11 95 13 99 10 11 96 
Ba 311 369 403 462 355 247 304 406 

Sr 482 1387 312 839 311 775 935 199 
Ta 0.76 0.83 0.97 0.82 0.92 0.85 0.92 0.98 • 
Nb 9.3 9.9 28.7 10.0 11.8 10.3 11.8 8.9 
Hf 3.87 4.22 4.32 4.00 3.82 3.74 4.02 3.47 

Zr 148 160 172 158 171 149 172 134 
y 24 25 27 25 25 25 26 24 
Th 8.94 9.73 10.1 10.4 10.3 9.32 9.42 9.00 

u 1.73 1.89 2.04 1.85 1.9 1.66 1.81 1.85 

Table I - Major and trace clement contents for lavas (LJ and dykes (D) of andesite (I) and basaltic andesi1e (2) composition in the study area. 
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Fig. 4- K20 vs silica classification diagram (Rickwood, 1989) for lavas 
(open diamond) and dykes (filled diamond). According 10 Bargossi et al. 
( 1981) and Di Battistini er al. ( 1989). lavas and dykes both show low to 
high K20 contents. 

chaotic andesitic breccias suggest a proximal location. 
Decimetre to metre-scale lenses of conglomerates and 

breccias composed of fragments derived from the under
lying low-grade basement (Ponte Gardena Conglomerate) 
are sometimes interbedded within the pyroclastic deposits. 

Between Miglanz and St. Valentin/St. Valentino, allu
vial terrigenous sediments (the Pedrund unit) replace the 
agglomerates. From the bottom to the top, thin layers of 
red to green arenites and red pelites pass into polygenic 
conglomerates (clasts of andesites, phyllites, phyllitic mi
ca-schists, quartzites and scarce rhyolites) crop out. A 
clear stratification is emphasised by decimetre-thick units 
of microrudites and red arenites. Some caliche-rich hori
zons in pelites and graded or cross-bedded arenites are ob
served in this unit. 

On top of the volcanosedimentary sequence, rhyolites, 
rhyodacites and rhyolitic ignimbrites have been emplaced 
tectonically. This volcanic unit overthusts both the sedi
mentary units (Pedrund unit and agglomerates) and the 
metamorphic basement. 
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STRUCTURAL ANALYSIS 

Compressional tectonics. The present structural setting of 
the study area is linked to the Neogene tectonic event 
(Doglioni, I 987; Castellarin et al., 1992; Ring & Richter, 
1994). Low- to middle-angle NNW-vergent backthrusts, a 
general tilting to the SSE and the inversion of some in
herited normal faults are ascribed to this event. 

Moreover, along the Funes creek (Fig. 2), a subvertical 
WNW-ESE trending fault separates the metamorphic 
basement from the volcanosedimentary succession. Ac
cording to Doglioni ( 1987) and Ring & Ricther ( 1994), it 
should correspond to a segment of the Funes Line, the ma
jor Neoalpine backthrust in the northern Dolomites. This 
fault is actually cut by the NE-SW trending NNW-vergent 
thrusts, and its fault zone shows evidence of a polyphase 
tectonic history and very different structural features with 
respect to the NNW-vergent backthrusts. 

Extensional tectonics. The western edge of the basin is 
well preserved and exposed near Tiso. Here the metamor
phic basement is characterised by: i) NE-SW and NW-SE 
trending andesitic and basaltic-andesite dikes (Fig. Sa), ii) N
S to NE-SW trending subvertical extensional fractures and 
sulphide- or barite-bearing veins; such veins also intrude an
desitic-fault-breccias along NE-SW nonnal faults; iii) "flu
idisation" breccias (sensu Reynolds, 1954). Locally a N 50°
trending dyke cross-cut by another trending N 160° was ob
served. In contrast, no dyke, vein or other extensional struc
ture was observed in the rhyolite and rhyodacite lavas. 

a) b) 

c) d) 

• + 
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• al 
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Fig. 5 - Selected sLructural data collected in the Funes Basin. a) Strike of 
andesiLic dykes. Dataset: 37. interval: 10°, max: 13,51°; b) altitude and 
vector displacement of normal listric faults in the metamorphic base
ment. Dataset: 5; c) an.itude and vector displacement of synsedimentary 
normal faults in the Pedrund unit; d) calculated stress field for Pennian 
normal faults. 

Also, the n01thern margin of the Funes Basin was tec
tonically active during the volcanism, as suggested by the 
presence of a set of WNW-ESE trending andesitic dykes, 
NW-SE trending and SW-dipping normal faults in the 
metamorphic basement (Fig. Sb), and a lens of agglomer
ates directly overlying the metamorphic basement. At least 
within the Pedrund unit, synsedimentary metre-scale 
faults trending NNW-SSE and dipping ENE were ob
served (Fig. Sc). 

Both NW-SE and NNW-SSE normal faults are consis
tent with a pure extensional stress field with horizontal, 
NE-SW trending 0'3 and 0' 1 subvertical (Fig. Sd). 

FIRST RESULTS 

These data indicate the presence in the northern Dolomites 
of an intermontane basin that at present is exposed for 2 
km in a NE-SW direction and for about 3 km in an E-W 
direction. A Neoalpine NNW-vergent thrust at the eastern 
edge and a WNW-ESE-striking subvertical fault at the 
southern edge prevent a correct evaluation of the original 
width of the basin. 

The Funes Basin is filled by up to 500 m thickness of 
andesitic lavas which roughly thin eastwards and are re
placed by up to 200 m of pyroclastic - mainly agglomer
ate - deposits. A I 00 m-thick, pelitic to ruditic alluvial se
quence, showing NNW-SSE-trending synsedimentary 
normal faults, is interbedded within the upper part of the 
agglomerates. 

East-dipping nonnal faults, andesitic dykes and hy
drothermal veins, N-S to NE-SW trending, mark the 
well-preserved western edge of the basin. 

Stratigraphic, sedimentological and tectonic data indi
cate that the evolution of the Funes Basin was controlled 
by normal faults. No evidence of transcurrent tectonics 
was observed. 

An Early Pennian age for the Funes Basin is suggested 
by the presence of lenses of Ponte Gardena Conglomerate 
within andesitic lavas and agglomerates and by the calcal
caline cogenetic nature of the Funes andesites and the Per
mian volcanics of the neighbouring Athesian Volcanic Dis
trict. 

In order to determine the precise age of formation of 
the Funes Basin, isotopic dating of zircons from the an
desites is in progress . 
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UPPER PALEOZOIC AND TRIASSIC CONTINENTAL DEPOSITS OF SARDINIA: 
A STRATIGRAPHIC SYNTHESIS 
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Abstract - Recently, a team of Italian and French geologists re
newed field research on some (late) post-Yariscan terrigenous 
and volcanic sequences in Sardinia. 
From stratigraphical, paleontological. petrological and geo
chemical investigations. two main volcanic and sedimentary cy
cles appear so far confirmed. 
In the older cycle (cycle I), Late Carboniferous to Early Permi
an in age, a number of narrow, fault-bounded subsiding basins 
developed. 
Mostly during the Early Permian ("Autunian") these troughs, 
which presently crop out in different parts of Sardin.ia, were char
acterised by both alluvial-to-lacustrine sediments, with differing 
lithofacies, and calcalkaline, mainly effusive, intermediate-to
acidic products. These latter volcan.ics were also distributed in 
large volumes outside the basin areas, covering a large part of the 
island. 
The deposits pertaining to the second cycle (cycle 2) crop out in 
a restricted number of sites in northwestem as well as central to 
Southwestern Sardinia. 
They consist of fossil-barren alluvial, coarse-to-fine elastic red 
beds, followed upwards, after an unconformity, by the Buntsand
stein, which is biostratigraphically related to late Olenekian(?)
early Anisian and late Anisian ages. 
Furthermore. in Nurra, the presence of alkaline volcaniclastic 
products in the relatively older red beds allows the correlation of 
the second cycle with similar deposits cropping out in southern 
France and the Catalonian Pyrenees, generally ascribed to the 
late Early Permian to early Late Permian (i.e. to the "Saxono
Thuringian'' p.p. of authors), with which Sardinia was linked 
during post-Yariscan times. 

GENERAL FRAMEWORK 

The aim of this paper is to show the current state of re
search on the Upper Carboniferous to Permian and Trias
sic sedimentary and volcanic sequences of Sardinia. 

In this regard, the fieldwork recently carried out by a 
group of researchers on some Late Paleozoic basins of the 

Pa,v/e chiave - stratigrafia; palaeontologia; Sardegna; bacini tar
do-paleozoici. 

Riasswuo - In questi ultimi anni, un gruppo di ricercatori italiani e 
francesi ha analizzato in dettaglio alcune delle piu importanti suc
cessioni vulcaniche e sedimentarie (tardo-) posterciniche deUa Sar
degna. Cio ha permesso di acquisire nuovi dati stratigrafici, pa
leontologici e petrografici, confennando l'esistenza nell'isola di al
meno due grandi cicti vulcanici e sedimentari. Durante ii primo fra 
questi (ciclo I). databile tra ii Carbonifero superiore e ii Permiano 
inferiore, una fase trascorrente interesso la catena varisica orma.i 
sollevata. dando luogo alla formazione di piccoli c incisi bacini 
transtensivi. Soprattutto nel Permiano inferiore ("Autuniano"), que
ste fosse continentali, presenti in varie zone dell'isola. furono ca
ratterizzate da una sedimentazione alluvio-lacustre. con facies mol
to differenti l'una dall'altra, e da prodotti magmatici, principal
mente effusivi, ad affmita calcalcalina. Tali prodotli magma'tici ri
sultano arnpiamente diffusi anche in zone cxtrabacinali di varie 
aree dell a Sardegna. Le successioni attinenti al secondo ciclo (ciclo 
2) affiorano molto piu limitatamente delle precedenti c precisa
mente nella zona nordoccidentale, sudoccidentale e centrale dell'i
sola. Esse sono caratterizzate dared beds alluvionali con caratteri 
sedimentologici e tessiturali diversi, con presenza di fossili solo nel
le porzioni sommitali, che richiamano ii Buntsandstein europeo e 
facenti pa5saggio all'ambiente marino del Muschelkalk. La corre
lazione di questi ultimi sedimenti con dati di sondaggio permetle
rebbe di assegnare loro un 'eta compresa tra l'Olenekiano?-Anisico 
inferiore e I' Anisico superiore. Intercalate nella pane basale dei red 

beds del secondo ciclo, ma solo nella Nurra, si trovano prodotti vul
canoclastici a carattere alcalino; cio ponerebbe a riferire l'insieme 
di questi depositi ad un'eta permiana superiore, in base a confron
Li con le analoghe successioni della Francia meridionale e dei Pire
nci catalani, cui la Sardegna era in quel tempo unita. 

island will be reviewed in the light of the relatively new 
data. 

On the basis of stratigraphical, paleontological, petro
graphical and radiometric data, two major volcanosedimen
tary cycles can be recognised in the post-Vari scan deposits 
of Sardinia. The older one (cycle I) is Late Carboniferous 
to Early Pennian p.p. in age, whereas the younger cycle 

'Dipartimento di Scienze della Terra, Universiti\ di Pavia, Via Ferrata I, 27100, Pavia, Italy. 
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(cycle 2) spans from Early Pennian p.p. (post-"Autunian") 
to Middle Triassic (Anisian). The latter cycle was also de
fined as "Permo-Triassic" by some authors (e.g. Gasperi & 
Gelmini, 1980; Fontana et al., 1982; Cassinis, 1996; etc.). 

At the beginning of the first cycle, a (trans)tensional tec
tonic phase affected the Variscan basement, giving birth to 
a number of small intramontane, fault-bounded subsiding 
basins, of which the most remarkable crop out presently in 
various parts of the island (Fig. I). They are the well-known 
basins of Lu Caparoni-Cala Viola (NW Sardinia), Seui-Seu
lo (Central Sardinia), Perdasdefogu, Escalaplano and Lago 
di Mulargia (SE Sardinia), Guardia Pisano and San Giorgio 
(SW Sardinia). Clear evidence of Upper Carboniferous de
posits occurs only in the ?Westphalian D to Stephanian sed
iments of the last-mentioned basin (Cocozza, 1967; Del 
Rio, 1973; Fondi, 1979; Del Rio & Pittau, 1999). 

Investigations seem to suggest an early structuration of 
the local basins in the Perdasdefogu and Seui areas, in a 
NE-SW trend. Subsequently, but probably still during the 
Early Permian. these troughs underwent major extension
al tectonism, along with NW-SE to NNW-SSE oriented 
faulting, which generated a horst-and-graben framework. 
This structural trend, which is generally known as "Her
cynian" in Sardinia, corresponds exactly to the major late
Hercynian (or late-Variscan) transcurrent faults (such as 
those of Posada and Mt. Grighini) and to the (late) post
Variscan dyke swarm cropping out in the western part of 
the island. 

At that time, close to the Carboniferous-Permian 
boundary but mainly during the beginning of the Early 
Permian (Autunian of French authors), these troughs were 
characterised by both alluvial-to-lacustrine sedimentation 
and calcalkaline intermediate-to-acidic magmatism. 

Due to the tectonic activity and the related subsidence, 
the Lower Pennian volcanosedimentary infills of the var
ious basins show thicknesses ranging from just a few me
tres to almost 400 m (see e.g. Broutin et al., 1996). The re
peated volcanic activity, mainly in the form of lava flows 
or shallow intrusions within the basin fill, and of pyro
clastic flow and fall deposits originating from nearby vol
canic centres, greatly contributed to the variations in basin 
sequences both in thickness and facies. This explains why 
precise correlation, even between successions cropping 
out in adjoining basins, has so far been hampered. 

The rich paleontological record (macro- and microfloras, 
and rarely ostracods, stromatolites, algae and amphibians) 
yielded by these sediments allows the confirmation of an 
Early Permian (Autunian) age for most of these sequences. 

The second cycle is, at present, clearly developed in 
northwestern Sardinia (Nurra), and probably in a few ar
eas in central to southwestern regions of the island. It fol
lowed a stratigraphic gap of unknown duration and is rep
resented by alluvial red beds, which are intercalated with 

tuffs and ignimbrites of alkaline composition in Nurra 
(markedly only at Monte Santa Giusta). This new volcanic 
and sedimentary period was seemingly connected V.:ith a 
more extensional regime and overlies the first cycle of 
Lower Permian deposits. 
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Fig. 1 - Location of the main late- to post-Hercynian sedimentary and 
volcanic sequences of Sardinia. I. a: Lu Caparoni-Cala Viola Basin: b: 
Monte Santa Giusta. 2. Li Reni-Azzagulta. 3. Gahelll. 4. Baunei. 5. Vil
lagrande-Strisaili. 6. Monte Perdedu-Monte Alastria. 7. Seui-Seulo. 8. 
Perdasdefogu. 9. Monte Ferru di Tertenia. I 0. Escalaplano. 11. Lago di 
Mulargia. 12. Guardia Pisano. 13. San Giorgio. 14. Punta Acqua Durci, 
15. Tuppa Niedda. 16. Teulada. 
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A clear unconformity between the two aforementioned 
cycles has not so far been observed at any of the previ
ously cited basin localities. However, the abrupt facies 
changes in the two volcanosedimentary sequences suggest 
fundamental changes both in the structural regime and in 
the depositional environment. Furthermore, a marked an
gular unconformity between the Autunian and the "Sax
onian-Thuringian" is recorded in various west-Mediter
ranean continental regions (e.g. Broutin et al., I 994) from 
which the primary Corsica-Sardinia block moved subse
quently towards the present-day Tyrrhenian. 

According to some authors (e.g. Cassinis et al., 1996, 
1998a; Fontana et al., this volume), the Lu Caparoni-Cala 
Viola Permian-Triassic detrital sequence ends with 
Buntsandstein-type deposits of early-to-late Anisian age 
(Pittau, 1999). These can be correlated by Lithofacies and 
microfloristic associations with the Cugiareddu-drilled red 
beds (NW Sardinia) (Pittau Demelia & Flaviani, 1982) 
and with the southwest Campumari and southeast Escala
plano outcrops (Pittau Demelia & Del Rio, 1980; Pittau et 
al., 1999b; Costamagna et al., 2000). 

STRATIGRAPHJCAL CONSTRAlNTS 

Although the Late Paleozoic troughs of Sardinia devel
oped in a similar intracontinental scenario, marked by a 
basin-and-swell landscape, their respective sequences 
greatly differ in thickness, extent and facial development. 
An extensional regime governed all these troughs, pro
ducing block-faulting and transtensional/transpressional 
movements. The environmental conditions of each basin 
were typical either of small lakes or of swamp ponds, from 
some centimetres to some metres in deep, and periodical
ly exposed. 

Hereafter, a brief stratigraphic synthesis of the most 
significant Upper Paleozoic basins of Sardinia are out
lined. In Fig. 2, the investigated Upper Carboniferous to 
Middle Triassic successions of the island are shown. 

First cycle 

The first cycle is generally ascribed to "Autunian" times, 
apart from the (?)Westphalian C-Stephanian deposits 
which have been discovered only in southwestern Sardinia 

Fig. 3 - Representative examples of the first-cycle sequences in Sardinia. A: alternating dolostones, limestones and silicified carbonates (Perdasde
fogu Basin, Ogliastra); B: coarse-to-fine red siliciclastics (Basal Conglomerate) disconformably overlying the Variscan basement (Escalaplano Ba~in, 
Gerrei); C: the subvolcanic rhyolilic dome of Monte Taddl (Seui Basin, Barbagia di Seu lo); D: Lower Permian coarse to fine elastics in tectonic con

tact with the Variscan basement (Lago di Mulargia. Sarcidano). 
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(San Giorgio Basin, lglesiente and Toppa Niedda. Arbu
rese). This cycle nonnally begins, in all the troughs, with 
more or less coarse basement breccias (Basal Conglomer
ates) unconformably overlying the Cambrian to Lower 
Carboniferous Variscan substratum (Fig. 3b, d). Alluvial
to-lacustrine, fossiliferous, mainly dark, shaly-to-sandy 
sedjments follow, together with frequent volcanic (lavas) 
and volcaniclastic products (ignimbrites, pyroclastic fall 
deposits and breccias). 

Locally, intercalations of conglomerates, lacustrine car
bonates (up to 70 m in the Perdasdefogu Basin) with fre
quent silicification phenomena, anthracite deposits and 
pedological as well as diagenetic nodules occur (Ronchi, 
1997 cum bibl.) (Fig. 3a). From most of these basins, i.e. Lu 
Caparoni-Cala Viola (Pecorini, 1962; Gasperi & Gelmini, 
1980), Seui-Seulo (Lauro et al., 1963; Sarria & Serri, 1987), 
Lago di Mulargia (Francavilla et al., 1977; Barca et al., 
1995a), Guardia Pisano (Barca et al., I 992; Pittau et al., 
1999a) and from other rrunoroutcrops (Barca et al., 1995b), 
the finer laminated sediments yielded abundant macrofloras 
and palynomorphs. 1n the Perdasdefogu Basin, other sig
nificant paleontological data such as perrruneralised plants, 
amphibians, algal stromatolites, ostracods and fish remains 
have also been highlighted. During the last century, many 
studies on the "Carboniferous-Permian" Sardinian 
macrofloras were performed (e.g. Comaschi Caria, 1959; 
Spano, 1976). Recently, according to Broutin (in Ronchi et 
al., I 998; Broutin & Ronchi, I 999) the palynological as
semblage of Perdasdefogu is qualitatively and quantitative
ly sirrular to that of Lu Caparoni Fm.; he relates these fonns 
to the "A3" Biozone of Doubinger (1974) for the "Autun
ian" of Europe. Furthermore, according to Barca et al. 
( 1992) and Pittau et al. ( 1999a), the well-preserved rru
croflora of Guardia Pisano allow correlation with the 
Stephanian-Autunian of Western Europe, the Wolfcampian 
of the North American Midcontinent and the Ghzelian-As
selian of the Donetz and Ural basins. 

In Sardinia, the first cycle generally ended with a ma
jor deposition of volcanic rocks, represented by rbyolitic 
and dacitic ignimbrites, lava flows and domes (Traversa, 
1979; Lombardi et al., 1974; Cortesogno et al., 1998). 
Widespread magmatic basins also developed in various 
parts of Sardinia, where the sedimentary record appears 
reduced or rrussing. As in other western Mediterranean re
gions, the first-cycle fossil content shows that it ranged 
from the Late Carboniferous to the first part of the Early 
Perrruan; this age assessment is also confirmed by the cal
calkaline volcanics found within and/or on top of these 
sedimentary sequences. However, we cannot exclude the 
possibility that this igneous activity continued up to the 
beginning of the Late Pennian, as some radiometric dating 
may suggest (see e.g. Cozzupoli et al., 1971; Edel et al., 
1981 b; Tab. I). This cycle is unconfonnably overlain by 

post-Autunian to Middle Triassic elastics in Nurra (and 
dubiously in Sarcidano and Sulcis) and by both Middle 
Jurassic and Eocene deposits in central to southeastern 
Sardinia (Barbagia, Ogliastra and Gerrei). 

Second cycle 

The second cycle consists of red azoic siliciclastic deposits 
(the so-called "Verrucano sardo" Auer.), which are main
ly widespread in the Lu Caparonj-CaJa Viola area (Nurra 
in northwestern Sardinia - Fig. 4a). ln southeastem (Lago 
di Mulargia in Sarcidano- Fig. 4b) and southwestern Sar
dinia (Guardia Pisano in Sulcis) there are also similar, but 
less thick, alluvial coarse-grained deposits, which still re
quire comparison with the Nurra sequence. Their chrono
stratigraphical attribution is hampered by the lack of fos
sils and the absence of reliable radiochronometric data 
(see Table I). 

Furthermore, the age of the Lu Caparoni-Cala Viola 
Basin (Nurra), alluvial to coastal plain sequence is still a 
matter of debate. ln this area, the first-cycle Autunian 
plant-bearing sediments, i.e. the Lu Caparoni Fonnation 
Auet. is (disconformably?) overlain by mature white 
quartz-conglomerate fan deposits (unit 1 sensu Gasperi & 
Gelmini, 1980). The above units, presently both ascribed 
to the same cycle (Cassinis & Ronchi, 1997; Fonta'na et 
al., this volume) are probably disconformably capped 
(without any clear evidence so far) by a fining-upwards se
quence, up to some 200 m thick (units 2 and 3 of Gasperi 
& Gelrruni, 1980), which is in tum followed by some 50 
m of Buntsandstein-like deposits. This last portion (unit 4 
sensu Gasperi & Gelmini, 1980), which can clearly be cor
related to the Buntsandstein of Provence, begins with a 
metres-thick quartz conglomerate. In this context, in fact, 
significant boreholes in Permian and Triassic deposits 
were drilled a little to the east of Cala Viola (Lotti, 1931) 
and north of this area, near to Cugiareddu (Pomesano 
Cherchi, 1968), helping to unravel the chronostratigraph
ical and depositional problems. The whole fossil-barren 
red beds have historically been attributed to the second, 
Permian-Triassic cycle (Vardabasso, 1966; Gaudin et al., 
1977; Gasperi & Gelmini, 1980; Fontana et al., 1982). 

The presence of some macrotlora imprints (Equisetum 
cfr. mougeotii) led Pecorini (1962) to attribute the top of 
the aforementioned sequence to a doubtful Early Triassic 
age. Recently, Pittau (1999) ascribed these deposits to an 
?Olenekian-early Anisian to late Anisian interval on the 
basis of lithostratigraphical correlations with similar 
sporomorph-bearing rocks in the Cugiareddu Well (see al
so Pittau Demelia & Flaviani, 1982). Concerning the 
stratigraphy as well as the petrography of sediments and 
volcanic rocks of the whole sequence, they have been 
analysed in detail by Cassinis et al. (1996, 1998b) and 
Fontana et al. (this volume). 
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At Monte Santa Giusta (Nurra), about 60 metres thick
ness of elastic deposits of uncertain age are poorly exposed 
at the base of the Muschelkalk and Keuper sequence 
(Fontana et al., this volume). These authors correlates this 
succession with the Lu Caparoni-Cala Viola red beds (see 
also the inferred correlation made by Gasperi & Gelmini, 
1980), explaining its reduced thickness as related to the 
structural height of the basement or to a slow subsidence 
rate. Acidic welded tuffs with alkaline affinities crop out at 
the base of the cited sediments (Lombardi et al., 1974, 
Cassinis et al., 1996; Cortesogno & Gaggero, 1999b). In a 
recent study, mainly dealing with the Muschelkalk and Ke
uper transgressive deposits, Carrillat et al. ( I. 999) attributed 
the whole siliciclastic succession at the base of Monte San
ta Giusta to a Lower Triassic to Anisian interval. 

MAGMATISM 

The voluminous late- to post-Variscan magmatic products, 
cropping out in Sardinia over more than 8000 km2, have 
always been considered a decisive tool in the better un
derstanding of the geological evolution of the island dur
ing the Late Paleozoic. 

For this reason, studies dealing with this issue are nu
merous (e.g. Vardabasso, 1939; Traversa, 1979; Lombar
di et al., 1974; Atzori & Traversa, 1986; Cortesogno et al., 
1998). Also, geochronological and geochemical studies 
were carried out recently by various authors on the Per
mian-Triassic dykes, cutting through the Variscan intru
sives and metamorphic basement all over the eastern part 
of the island (Atzori & Traversa, 1986; Vaccaro et al., 
1991; Traversa & Vaccaro, 1992). 

The volcanic products pertaining to the first cycle show 
a calcalkaline affinity, which has been variously interpreted 
by some researchers as the consequence of a poorly con-

strained active margin with a volcanic arc, located in the 
Ligurian-Provencal area (Cabanis, in Broutin et al., 1994, 
and references therein), and by others as due to partial melt
ing processes at the mantle-crust interface (Cortesogno et 
al., 1998). This magmatism affected all the Early Perrnian 
basins of Sardinia, although it consists of large volumes 
mainly distributed in extrabasinal areas, particularly on the 
eastern side of Sardinia. From north to south, it gave birth 
to broad volcanic complexes or calderas, like those of Li 
Reni-Azzagulta in Gallura (Traversa, I 979 cum bibl.; Del 
Moro et al., 1996), Monte Perdedu-Monte Alastria in 
Barbagia di Seui (Cozzupoli & Lombardi, l 969; Cozzupoli 
et al., 1971 ), Monte Ferru di Tertenia in Ogliastra, and Capo 
Teulada in Sulcis (Lombardi et al., 1974). 

Within the Lower Permian basins, acidic to intermedi
ate volcaniclastic deposits as well as rhyolitic to rhyo
dacitic domes, lava flows and dykes are always associat
ed with siliciclastic deposits (see the recent works of 
Cassinis et al., 1998a; Cortesogno et al., 1998; Cortesogno 
& Gaggero, 1999a). Commonly, the first-cycle volcanic 
activity began with acid explosives and major volumes of 
andesitic lavas with columnar joints and chaotic breccias 
(Seui, Escalaplano, Perdasdefogu), followed locally by 
dacitic lavas (Perdasdefogu) and dykes, and rhyolitic 
dykes and ignimbrites (Seui, Perdasdefogu). In the Seui 
Basin, spectacular updorning of dacitic to rhyolitic mag
matic bodies also occurs (Calzia et al., 1999) (Fig. 3c). In 
some sequences, like those of Escalaplano (Pecorini, 
1974; Ronchi, 1997), the volcanic products largely domi
nate the strictly sedimentary units, but mostly they are in
tercalated with the sediments and occur as lens-shaped 
volcanic breccias, stratified cinerites and tuffs, hyalo
clastites, lava plugs and sills. Stratigraphical and recent ra
diometric data generally place this volcanic activity during 
the Early Permian. 

In contrast, an alkaline affinity was stated for the first 

Fig. 4 - Two examples of the second-cycle continental deposit~. A: lhe Permo-Triassic siliciclastic sequence near Cala Viola (Nurra); B: channelled 
red alluvial deposits near Lago di Mulargia (Sarcidano). 
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REGION SITE AGE ISOTOPIC ROCK TYPE AUTHOR 
METHOD 

197+/. 6Ma K•Ar(WR) alkaline rhyolitic Lombardi et al., 1974 

NWSARDINIA 204+/· 6Ma ignimbrite 

(Nurra) Mt. Santa Giusta ---
297+/·9 Ma K·Ar(Bl) 

rhyolitic ignimbrite Edel et al., I 981 
244+/·9 Ma K·Ar(Fs) 
296+/·8 Ma K·Ar(Bl) 
247+/· 7Ma K-Ar(WR) 
21 I+/· 6Ma K·Ar(Fs) 

Azzagulta-Li Reni 
226+/·6Ma K·Ar(Fs) rhyolitic ignimbrite Edel et al. 1981 
258+/· 7Ma K-Ar(Fs+Q) 
267+/. 7Ma K·Ar (Fs+Q) 

N-NE SARDINIA 262+/· 9Ma K·Ar(Q+ Fs) 

(Gallura-Anglona) 249+/· 7Ma K•Ar(Fs+Q) 
260+/· 9Ma K•Ar(Fs+Q 

286+/.3Ma Rb-Sr(Ms) arkosic sandstone 

Coghinas Valley- 288+/•3Ma Rb•Sr (Bl) 
. Del Moro et al., 1996 

Aggius 288+/·1 IMa Rb-Sr(WR) rhyolitic ignimbrite 

268+/·8 Ma Rb-Sr(WR) intermediate dyke Vaccaro et al., 1991 
289+/·9 Mn .. 

273+/·9 Mn Rb•Sr(WR) 

(Goceano) Concas 
282+/-9 Mn Rb-Sr(WR) dyke Vaccaro et al., 1991 
280+/·9 Mn Rb•Sr(WR) 
210+/•I IS Ma Rb•Sr<WR\ 

Mt. Lerno 281+/.J0 Ma Rb-Sr(WR) dvke Vaccaro et al., 1991 

(Baronie) 291+/·9 Ma Rb-Sr(WR) dyke Vaccaro et al., I 991 

Son10no 298+/·9 Ma Rb-Sr(WR) dvke Vaccaro et al., 199 I 

268+/.J0 K-Ar(WR) 

Galtelll (Orosei) 248+/·9 
275+/·1 I 

.. 

.. rhyolitic ignimbrite Cozzupoli et al., 1984 

238+/•I I .. 

280+/-7Ma .. 

Mt. Perdedu- 260+/-SMa K·Ar(WR) quartzlatitic 

Mt. Alastria 212+/-SMn .. 
subvolcanite 

---
255+/•SMa " 

250+/.SMa " 
rhyolitic ignimbrite 

CENTRAL·E 262+/-5Ma .. 

SARDINIA .. 
Trattalas Diorite 

Cozzupoli et aL, 1971 

(Barbagia) Seui-Seulo 
255+/-oMa 
265+/·5Ma .. 

220+/-4Ma .. 

225+/•SMn " rhyolitic lava 
250+/·6Mn " 

255+/·8Mn .. 

--- ignimbrite 259+/-7Ma K•Ar(PI) Edel et al .. I 98 I 
261+/•8Ma K·Ar(Fs) ignimbritic tuff 

(N Ogliastra) Talana- 301+/-8Ma K-Ar(Bl+CI) dyke 

Villagrande 281+/-I0 Ma K·Ar(PI) ignimbrite Edel et al., 1981 

Strisaili 
308+/·l I Ma K-Ar(PI) 

---
235+/•7 Ma K·Ar(WR) 

rhyolitic ignimbrile Lombardi et al., 1974 
228+/·S ma .. 

251+/-S Ma .. 

---
289+/·9 Ma Rb-Sr(WR) intermediate dyke Vaccaro et al .. 1991 

281+/·10 Ma K-Ar(PI) 

Baunei 29t+/•I I Ma K-Ar(PI) ignimbrite Edel et al., 1981 
137+/·9 Ma K·Ar(Fs+Q) 
290+/.SMa K·Ar(Cl+Bl) 

Perdasdefogu 220+/.SMa K·Ar(WR) quarzlatilic lava (dacite) Lombardi et al., 1974 
218+/·6Ma " 

CENTRAL-SE Escalaplano 230+/-SMn K·Ar(WR) lalitic lava (andesite) Lombardi et al., I 974 

SARDINIA t97+/•7Ma .. 

(S Ogliastra) 
--

K·Ar(BI) andesite Edel et al., 1981 
295+/•8Ma 

Mt.Ferru 223+/.7Ma K·Ar(WR) rhyolitic ignimbrite Lombardi et al., 1974 

di Tertenia --
21 l+/•8Ma K·Ar(Fs+Q) 

ignimbrite Edel et al .. 1981 252+/.8Mn K·ArCPI) 

Capo Teulada 260+/•5Ma K·Ar(WR) rhyodacitic lava Lombardi et al., 1974 

SW SARDINIA 228+/-6Ma .. quartzlatitic lava 

(Sulcis) 
Guardia Pisano 295+/.Ma SHRIMP rhvolitic lava Pittau et al., 1999 

Table I - Radiometric data for the Late Paleozoic volcanic rocks and dykes of Sardinia. 
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time by Lombardi et al. ( 1974) for the volcanic deposits in
tercalated within the second sedimentary cycle of Nurra. 

This change to a typically anorogenic character has been 
related by some authors to a post-Yariscan global plate re
organisation (Cortesogno et al., 1998). Such straightfor
ward affinity is partly confirmed by recent works, but only 

for Monte Santa Giusta volcaniclastics (Cassinis et al., 

1996; Cortesogno & Gaggero. 1999b). In contrast, the por
phyric pebbles included in unit 2 of Lu Caparoni-Cala Vio
la Basin (Gasperi & Gelmini, 1980), as well as the pyro
clastic rocks cropping out at the base or intercalated in the 
same part of the second cycle, show a calcalkaline petro
graphic affinity which could be «either primary or induced 
by important secondary depletion of mobile elements» 
(Cortesogno &Gaggero in Cassinis et al., 1996 and 1998b). 

GEOCHRONOLOGICAL DATA AND AGE PROBLEMS 

Many isotopic age analyses have been performed on the 
Upper Paleozoic volcanic rocks (mostly using K/Ar and 
Rb/Sr methods) at various sites in Sardinia (Cozzupoli et 

al., J 971, l 984; Lombardi et al., 1974; Edel et al., 1981; 
Del Moro et al., 1996). These rocks have shown differing 
ages which span from the Late Carboniferous to the Late 
Triassic, and these discrepancies probably derive from al

teration processes (Table I). 
Even if Sardinia seems not to have been strongly af

fected by Alpine orogenic events, the calculated ages 
spread over a time span of more than 150 Ma (see also the 
schematic tables in Fontana et al., 1982; Beccaluva et al., 
1985; Gelmini, 1985). Furthermore, it appears very diffi
cult to compare data gathered using different isotopic tech
niques and based on whole rock or single mineral analy
ses. In the opinion of some authors, the late- to post
Yariscan volcanic activity developed in two different pe
riods: 250-260 Ma and 210-230 Ma for Fontana et al. 
( 1982), around 250 and 280 Ma for Gelrnini ( 1985), and 
340-275 Ma and 275-235 Ma for Broutin et al. ( 1994). 

In contrast with these authors, Edel et al. ( 1981) stated 
that the Upper Paleozoic volcanic products are almost 
contemporaneous and referable to an older calcaJkaline 
cycle (late Westphalian-early Stephanian) and a younger 
one with alkaline affinities (Stephanian). 

Jn the light of the modern reliability criteria, quality da
ta appear to be those gathered by Cozzupoli et al. ( 1984) 

on the Galtelll ignimbrites (284± 15 Ma), Del Moro et al. 
( 1996) on the Gallura rhyolites (288±11 Ma), and Pittau et 

al. ( 1999a) on the rhyolitic-rhyodacitic lavas intercalated 
in the Guardia Pisano sequence (295±5 Ma, SHRIMP). 
These measurements are in good agreement with macro
and microfloral associations, which point to a basal Per
mian age for the bulk of the first-cycle sequences. 
Geochronological Rb/Sr and Ar-Ar age determinations on 
whole rocks and mineral separates were also performed on 
a great number of Late Paleozoic dykes throughout the is
land (Vaccaro et al., 1991). 

For these authors and for Atzori and Traversa (1986 ), 
this type of magmatism in Sardinia was largely hete
rochronous, both preceding and following the Permian ef
fusive activity. The dyke activity probably occurred during 
two phases: the first one, represented by calcalkaline, nor
mal to high potassium and peralurninous anatectic litho
types, developed during two different stages, at 298-289 
Ma and 270 Ma; the second phase, which is represented 
almost exclusively by basaltic products and rare peralu
rninous rhyolitic dykes (subalkaline and transitional types 
are found in central-southern Sardinia, while alkaline 
types are restricted to the north), shows ages of approxi
mately 230 Ma. 

The geochronology of the second cycle is more doobt
ful and, conversely with respect to the preceding cycle, is 
not controlled by a paleontological record. As previously 
stated, the alkaline affinity of Monte Santa Giusta ign
imbrites prompts comparison with the Late Permian 
("Saxonian-Thuringian") activity developed in other west
ern Mediterranean areas, like Corsica and Provence. 

As shown, the evolution and timing of the Late Paleo
zoic to Middle Triassic sequences of Sardinia may not be 
properly unravelled until new isotopic dating measure
ments or paleontological discoveries are made. 
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STRATIGRAPHIC ARCHITECTURE AND COMPOSITION OF THE PERMIAN 
AND TRIASSIC SILICICLASTIC SUCCESSION OF NURRA 

(NORTHWESTERN SARDINIA) 

DANIELA FONTANA 1, CLAUDIO NERI2, AUSONIO RONCHP and CRISTINA STEFANI• 

Key words - Stratigraphy; red beds: arenite composition; Sar
dinia; Permian-Triassic. 

Abstract-This work represents a preliminary revision of the ter
rigenous Permian and Triassic stratigraphic successions of the 
Nurra region (northwestern Sardinia). On the basis of litho
stratigraphical. sedimentological and petrographic evidence, sup

ported by scauered and rare biostratigraphical data, the whole 
post-Variscan succession has been subdivided into the following 

units: I) the ''Punta Lu Caparoni Formation'' (PLC), made by the 
traditional alluvial-to-lacustrine deposits and upwards by a 

whitish succession which corresponds to the unit I of Gasperi & 
Gelmini, 1980; U) a volcanic-bearing unit of problematic geo
chemistry, scarcely cropping out in the Lu Caparoni-Ca.la Viola 
area and well-documented in the Monte Santa Giusta section, 
where shows an alkaline composition; Ill) a elastic unit of red
dish conglomerates. sandstones and minor pelites, rich in vol
canic-derived clasts; as in the Monte Santa Giusta, this unit rep

resents a fining-upwards sequence, evolving from alluvial 
fan/braided river sellings to meandering river and coastal plain 

deposits. and corresponds to units 2 and 3 of Gasperi & Gelmini 
( 1980); IV) an upper elastic unit, separated from the underlying 

deposits by a marked disconformity. It comprises a basal quartz 
conglomerate grading upwards into reddish sandstones and mi
nor pelites, showing alternating lluvial and tidal influx. 
Scarce biostratigraphical data allow us to relate the base of the 
investigated siliciclastic succession to the Early Perrnian ("Au
tunian" Auel.) and the top to an Olenekian (?)-early Anisian to 
late Anisian time, but do not allow a chronostratigraphical clas
sification, unit by unit, of the whole sequence and the evaluation 
of the duration of hiatuses at the main unconformities, 

Parole chiave - Stratigrafia: red beds; composizione delle are
niti; Sardegna; Permiano-Triassico. 

Rias.rnnro-Questo lavoro fomisce una revisione preliminare del
la successione perrniana e triassica della Nurra dal punto di vista 
stratigrafico, sedimentologico e composizionale. Sulla base di 
nuovi dati di campagna, gli autori propongono di suddividere la 

successione in quattro unita principali: [) la "Forrnazione di Pun-

ta Lu Caparoni" (PLC), che oltre ai Lradizionali depositi alluvio
lacusui comprende, per la prima volta, la sovrastante unita clasti
ca, di colore biancastro, gia denominata come unita I da Gasperi 
& Gelmini (1980); n) uno o piu corpi vulcanici, rappresentati da 

ignimhriti e tufi a composizione riolitica, spesso molto altcrati. 
Questi prodotti affiorano sia ad un livello stratigralico imprecisa

to tra la PLC e la successione rossastra perrniana e triassica di Lu 
Caparoni-Cala Viola e sia, benche la correlazione Lra i rispeuivi 

episodi vulcanici risulti tullora incerta, alla base della sezione di 
Monte Santa Giusta: ffi) la successione soprastante. che corri
sponde alle unita 2 e 3 di Gasperi & Gelmini (1980), e costituita 
da conglomerati e arenarie lluviali, con abbondanti clasti di origi
ne vulcanica. In base ai dati fomiti dalla sezione di Monte Santa 
Giusta. per quanto condensata e lacunosa. si pub ritenere che le 
unita 2 e 3 di Gasperi & Gelmini ( 1980)costituiscano un'unica se

quenza fining-upward, con transizione da facies braided a facies 
meandriforrni e quindi di piana costiera; IV) l'unita siliciclastica 

superiore (unita 4 di Ga5peri & Gel mini, 1980) e discordante sul
la successione precedente; la discordanza e marcata da un banco 

conglomeratico ricco in ciottoli di quarzo provenienti dal basa
mento metamorlico. Verso l'alto passa ad arenarie a stratificazio

ne incrociata bipolare e successivamente a siltiti ed arenarie fini 
con inllussi alternativamente fluviali e tidali. 
II Ii mite con i soprastanti depositi del Muschelkalk e graduale e 
parzialmente visibile nella sezione di Monte Santa Giusta, men
Ire a Cala Viola la successione si trova in contallo tettonico con 

i sedimenti del Keuper. 
I dati composizionali indicano contributi prevalenti dal basa
mento metamorfico e dalle vulcaniti permiane. Con la deposi
zione dell'unita sommitale (IV), arenarie e conglomerati mo

strano un'elevata maturita tessiturale e composizionale, con un 
consistente incremento nella quantita di quarzo. 
Sulla successione in esame sono disponibili solo rari dati crono
stratigrafici. La parte inferiore della "Formazione di Punta Lu 
Caparoni" e datata al Permiano inferiore ("Autuniano" Auer.) in 
base al contenuto macrolloristico e palinologico; la parte supe
riore dell'unita IV a Cala Viola ha fomito !lore mal conservate 

(Equisetum cfr. mougeotit). Le associazioni palinologiche rinve
nute nel pozzo Cugiareddu, entro depositi clastici probabilmen

te correlabili con l'unita IV, indicherebbero la presenza dell'Ole
nekiano(?)-Anisico inferiore e dell' Anisico superiore. 

' Dipartimento di Scienzc dclla Terra. Univcrsita di Modena, Largo S. Eufemia 19. 41100 Modena. Italy. 
' Dipartimento di Scienze Geologiche e Paleontologiche, Univcrsitli di Ferrara, Corso Ercole I d'Este 32. 44100 Ferrara, Italy. 
' Dipartimento di Scienze della Terra. Universita di Pavia. Via Ferrata I. 27100 Pavia, Italy. 
• Dipartimento di Geologia, Paleontologia. Gcofisica, Universita di Padova, Via Giollo I, 35137 Padova, l1aly. 
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INTRODUCTION 

ln the Nurra region (northwestern Sardinia), a post
Variscan continental succession, represented by terrige
nous deposits intercalated with volcaniclastic products, is 
discontinuously exposed (Fig. I). It has been the subject 
of a number of studies: Lotti ( 193 l ), Oosterbaan ( 1936), 
Moretti ( 1959), Pecorini ( 1962), Vardabasso ( 1966), 
Gasperi & Gelmini ( 1980), Fontana et al. ( 1982), Gelmi
ni ( 1985), Cassin is et al. (I 996, 1998a, 1998b) and Neri 
et al. ( 1999). The present study concerns the stratigraphy, 
sedimentology and composition of such a red-bed suc
cession, in the Alghero area, between Punta Lu Caparoni 
to the north and Cala Viola to the south (Fig. I). 

Gasperi & Gelmini (1980) provided the first litho
stratigraphical classification of the succession, subse-

9 

Cugiareddu 
~6 * 

C. Maccigutteddu 

Punta Lu Caparoni 

s 
' Km 

go di 
aratz 

(" 6 Mt. Zirra 

filTiilll Penman and Triassic deposits 

• Late Palaeol,oic volcanic rocks 

* • ~ --~ddlliaa 

Fig. I - Location map of the main outcrops of the Permian and Triassic 
deposits in the Nurra region. 

quently accepted by most researchers (e.g., Cassinis et 
al., 1996, 1998a, 1998b). According to their classification, 
the whole post-Variscan and sub-Muschelkalk (using the 
terminology of Owen, 1987) terrigenous succession has 
been divided into a thin, discontinuous formation (Punta 
Lu Caparoni Fm.), Early Permian in age, and in a terrige
nous sequence, 200-300 m thick. The terrigenous se
quence is in turn divided into four informal units: unit 1 
comprises mainly quartz conglomerates and coarse 
whitish sandstones; unit 2 consists of reddish conglomer
ate and sandstones, with clasts of volcanic and metamor
phic rocks; unit 3 consists of grey sandstones with tabu
lar and trough cross-stratification, alternating with up
ward-increasing red siltstones; unit 4 begins with coarse 
quartz conglomerate and grades into fine to medium
grained sandstones. 

The vertical transition from these siliciclastic deposits 
into the Middle Triassic carbonates (Muschelkalk) is not 
exposed over a great part of the investigated area, mainly 
due to tectonics, with the remarkable exception of Monte 
Santa Giusta (Carrillat et al., 1999; Neri & Ronchi, 1999) 
and of the Cugiareddu borehole (Pomesano Cherchi, 
1968). 

The biochronostratigraphical data are poor. and limit
ed to the basal and upper portions of the succession; the 
base (Punta Lu Caparoni Fm. s.s.) yields plant remains 
and palynomorphs of Early Permian ("Autunian") age. 
The upper portions of unit 4 (sensu Gasperi & Gelmini, 
1980) contain a scattered and poorly preserved paleoflo
ra (Equisetum cfr. mougeotii, reported by Pecorini, 1962) 
indicating a presumed Olenekian(?)-early Anisian to late 
Anisian, on the basis of two differing palynological asso
ciations of the top of the Permian and Triassic sequence, 
from the Cugiareddu well (Pittau Demelia & Flaviani, 
1982; Pittau, 1999). A considerable time-span is encom
passed by these two age-data points; we have tried to 
achieve new biostratigraphical data through a systematic 
sampling of the rare grey pelite horizons intercalated into 
the sequence, for palynological study, but without appre
ciable results. Thus, the stratigraphic gap associated with 
the unconformity between units 3 and 4 of Gasperi & 
Gel mini ( 1980) cannot be estimated. 

An attempt has been made by Cassinis et al. ( 1996, 
1998a) and Neri et al. ( 1999) to correlate the Permian and 
Triassic succession of Nurra to the "Two Tectonosedimen
tary Cycles" model proposed by the Italian IGCP 203 
Group ( 1986) for the South-Alpine area. Unfortunately, the 
poor biostratigraphical data and the fact that boundaries be
tween units 1, 2 and 3 have not been observed in the field, 
prevent such a correlation. We need more data on bound
ing unconforrnities (real or presumed) and their ages. 

However, research recently carried out by the authors 
may lead to a new lithostratigraphical subdivision for the 
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Permian and Triassic succession of the Nurra region, as 
documented in the following sections (note that we use 
the numbers 1, 2, 3 and 4 to indicate units of Gasperi & 
Gelmini, 1980 and roman numerals I, II, Ill and IV for 
new units from this work). Since an important sector of 
the study area (i.e., the steep sea-cliff south and west of 
Punta Lu Caparoni) has not yet been investigated, we do 
not propose new formation names here. 

STRATIGRAPHY 

Punta Lu Caparoni section 

According to the lithostratigraphy of Gasperi & Gelmini 
( 1980), this section, about 45 m thick, consists, of two 
units, separated by a marked disconformity. They are the 
Punta Lu Caparoni Fm. and unit I of the Permian and Tri
assic terrigeaous succession. 

The first unit (Figs 2 and 3) begins with a poorly sorted 
conglomerate, about l m thick, mainly consisting of angu
lar clasts derived from the local phyllitic basement. 

Dark-grey laminated shales, siltstones and fine-grained 
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sandstones are present upwards. Two main fossil-bearing 
horizons occur in this part of the section, about 5 m thick, 
yielding Autunian macrofloras and palynomorphs of Ear
ly Permian age (Pecorini, 1962; Broutin et al., 1996. 
1999). 

The following tract of Punta Lu Caparoni Fm. (about 
lO m thick) is discontinuously exposed. However, it does 
show some decimetre- to metre-scale conglomerate inter
calations, with clasts of quartz and phyllites, alternating 
with sandstones and siltstones. Yellowish and grey mas
sive fines, constituting decimetre- to metre-thick horizons 
with ferruginous crusts at the top, also occur: they are in
terpreted as kaolinised cinerites, and the crusts may rep
resent pedogenic horizons. 

Similar deposits also occur in the lower and middle 
part of the overlying unit I of Gasperi & Gelmini ( 1980), 
alternating with quartz-conglomerates and coarse sand
stone bodjes, increasing in thickness upwards. These 
coarse-grained bodies typically have scoured, erosional 
lower boundaries and marked lateral variations in thick
ness, mainly due to the deepness of scouring. 

The strongly channelised bodies, separated by consid
erable amounts of fines, grade upwards into laterally-con
tinuous conglomerate and coarse sandstone units, several 
metres thick, with trough cross-bedding. The uppermost 
part of the section is represented by a sandstone body 
showing a lateral accretion pattern. 

Evidence of volcanic activity in these upper deposits is 
clearly represented by rugh percentage of embayed quartz 
and volcanic rock fragments, as weU as by fine volcani
clastics. 

Facies inte1pretation. A possible interpretation of such 
a vertical evolution of the facies pattern may be the fol
lowing: 

- A fluvial-lacustrine environment may be suggested 
for the lowermost part of the section, dominated by silt
stones rich in plant remains. The basin was probably small 
in size; other deposits cropping out in the Nurra region 
and referred to as the Punta Lu Caparoni Fm. were prob
ably laid down in separate, endoreic basins. 

- Coarse sandstone to conglomerate bodies, progres
sively increasing in thickness, encroach on the sandy-pelite 
lacustrine deposits; each coarse-grained body has a dis-

conformable base, so it is difficult to indicate a major-rank 
disconformity, separating the Punta Lu Caparoni Fm. sen
su Gasperi & Gelmini ( 1980) from the overlying unit I. 

Finally, the tabular cross-bedded bodies may indicate 
the presence of a widely-distributed braided-river envi
ronment, possibly followed upwards by a meandering
river regime (Fig. 3). Unfortunately, we lack biostrati
graphical data to support the continuity between the two 
above units. 

Torre Bianca sect.ion 

In the Torre Bianca area the deposits corresponding to unit 
2 of Gasperi & Gelmfoi ( 1980) crop out with good expo
sures. A continuous tract more than 50 m thick can be ob
served, but its lower and upper boundaries are not exposed. 
Moreover, considerable tectonic deformation (faulting) 
separates this section from other outcrops in the area. 

The section has not been measured in detail, but care
fully examined and documented by photos and drawings 
of the main facies. Spectacular outcrops show the facies 
model of this tract, mainly dominated by braided river de
positional settings (Figs 4A and 48). 

The main lithofacies are represented by conglomerates 
and conglomeratic coarse sandstones, with clasts deriving 
both from the "porphyric" volcanics and the metamor
phic Variscan basement (quartz, minor phyllites). Depo
sitional structures consist of metre-sized trough cross
bedding and, subordinately, tabular cross-bedding form
ing sets up to a metre thick; they probably record longitu
dinal bars (Fig. 48). 

Torre del Porticciolo and Cata Viola sections 

The Torre del Ponicciolo and Cala Viola sections (Figs 5 
and 6) have been measured along the coastline between 
Cala del Turco and Cala Viola. Both sections may be sub
divided into two units, separated by an impressive un
conformity, and corresponding to units 3 and 4 of Gasperi 
& Gelmini (1980) respectively. Only the upper part of 
unit 3 crops out, and this makes defining the relationship 
with the underlying units problematic. Unit 4 crops out 
from the base, but its upper portion is cut by faults. In fact, 
this unit at Cala Viola is overlain, through a tectonic con
tact, by Keuper evaporites and dolomites. 

The lower unit (unit 3) is represented by grey-green to 

Fig. 4-A: sedimentary facies in the Torre Bianca area. Cross-cutting conglomeratic bodies represent braided-river dominated setting: B: thick (about 
1.20 m) conglomeratic body with planar, cross-bedding probably showing the frontal accretion of a longitudinal bar. Torre Bianca section; C: water 
escape structures on low-angle parallel lamination in the arenites of Torre del Porticciolo section. These deposits represent a laterally-accreted chan
nel fill; D: reddish floodplain deposits containing rhizoliths in the upper part of Torre del Porticciolo section; E: cylindrical, featureless, variably ori
ented burrows on a stratigraphic surface in the uppermost part of a channel body. Cala Viola section; F: sheet-like massive conglomerate bank with 
well rounded, imbricated quartz cobbles underlying the base of the upper unit in the Torre del Porticciolo section; G: tabular cross-lamination in the 
granule-cobble-bearing arenites at the top of the conglomerate bank. Unit 4 in the Torre del Porticciolo section: H: planar cross-bedding in the low
er part of unit 4 in the Torre del Porticciolo section; I: naser and wavy-bedded body cul by a small cross-bedded (lateral accretion?) channel-fill. Up
per part of the Cala Viola section. 
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Fig. 5 - Stratigraphic section of Torre del Porticciolo (see Fig. 2 for leg
end); Units 3 and 4 senm Gasperi & Gelmini, 1980. 

brown channelised arenitic bodies decreasing in thickness 
and lateral continuity upwards in the section, i_nterbedded 
with reddish pelites (Figs 5 and 6). Sandstones are com
monly medium- to coarse-grained, with sparse quartz 
pebbles, and form lenticular channel-fills, with a marked 
erosional base cutting into structureless (with the excep
tion of pedogenic features) reddish siltstones and pelites. 
Arenitic bodies show a complex internal organisation, 
with trough- and planar cross-bedding and minor, lens
shaped, intercalations of reddish pelites (Figs 5 and 6). 
From the outcropping base of the sections (in particular, 
in the Torre del Porticciolo area), the channel-fiJls show 
clinostratified sets indicating lateral accretion (Fig. 4C). 
Sets are 20-30 cm thick, dipping at 25°-30°, and are sep
arated by thin red pelitic interlayers. The internal struc
tures of sandstone beds within the channel-fills include 
trough cross-bedding and low-angle to parallel lamina
tion, accompanied by climbing ripple cross-lamination 
and water-escape structures (Fig. 4C). 

Sheet-like sandstones with scarce lateral persistence 
are also present, intercalated with the channel-fill bodies; 
they display planar cross-bedding and parallel lamination. 
These arenitic layers become more frequent in the upper 
part of the unit, where silty-pelitic bodies increase in 
thickness. 

Colour mottling and other pedogenetic features such as 
rbizoliths and carbonate concretions are frequent in the 
pelitic intervals, and become more abundant in the thick
er layers (Fig. 4D). Bioturbation, common both in red 
pelites and in fine- to medium-grained sandstones, is rep
resented by horizontal and vertical tubes on the set sur
faces (Fig. 4E). 

Facies interpretation. The overall facies model may 
indicate a sinuous (meandering?) channel complex for the 
lower part of the section, at least in the Torre del 
Porticciolo area. The thick reddish pelite horizons inter
calated between channel-fills are interpreted as flood 
plain deposits on which pedogenic transformations took 
place. Geometry and sedimentary structures suggest that 
sheet-Like arenitic layers intercalated within siltstones are 
crevasse-splay deposits. The main feature of the upper 
part of the unit is the very low lateral continuity of arenitic 
bodies (ribbon-like channel-fills) and the prevalence of 
pelites. 

The upper unit (unit 4) overlies unit 3 through a dis
tinctly disconformable contact and a sharp change in fa
cies. The lowermost part of the unit, 6-8 m thick, consists 
of a sheet-like conglomerate bank of regional extension, 
internally subdivided into decimetre- to metre-thick sets 
with erosional bases; conglomerates are usually matrix
supported, with well-rounded, imbricated (a-axis), cob-



The Permicm and Triassic .riliciclastic s11ccessio11 of Nurra 155 

ble-grade clasts made almost exclusively of quartz (Fig. 
4F). Planar and trough cross-bedded sets of microcon
glomerate and coarse sandstone are intercalated. 

The conglomerate bank grades upwards into a unit, 5-6 
m thick, of pebbly coarse sandstones; they show planar and 
trough cross-bedding, frequently with tangential basal con
tacts and opposite dips of the laminae (Figs 40 and 4H). 

The upper part of unit 4 crops out only in the Cala Vio
la section (Fig. 6); it is represented by medium-grained 
reddish arenites, with subordinate petites, forming metre
sized flaser-bedded sets, locally evolving upwards into 
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horizontal to low-angle laminated or trough cross-bedded 
thin sandstone layers (Fig. 41). Metre-thick fining-up
wards channel-fills occur at different levels. The upper
most part of the succession contains numerous small, 30-
50 cm thick, erosive sand bodies with little lateral persis
tence; they are frequently rich in tabular-shaped to round
ed intraclasts. 

Facies imerpretation. Facies analysis suggests that the 
basal coarse-grained conglomerate sheet was deposited 
within a braided fluvial system, probably during a tecton-
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ically induced lowstand phase of the base level. The pe
culiar clast composition suggests a rejuvenation of the 
source area and a new phase of sedimentation after a long 
period of non-deposition. The presence of tidal sedimen
tary structures in the upper part of the unit might also sug
gest the progressive establishment of a transgressive set
ting in a coastal environment. 

Monte Santa Giusta sections 

Two sections (Fig. 7), representative of the sub-Muschel
kalk succession, both poorly exposed, have been exam
ined on the northern and western slopes of Monte Santa 
Giusta. They have been subdivided by Neri & Ronchi 
(1999) into the following units: 

A) This unit is only recorded in the northern section 
and consists of volcanic products (ignimbrites), heavily 
weathered and tectonised. The rocks are made of reddish, 
roughly stratified "porphyries", with quartz and feldspar 
phenocrysts surrounded by an aphanitic matrix. Better
preserved volcanic rocks crop out just some tens of me
tres north of the section, but widespread cover masks their 
relationships with the sedimentary units (Lombardi et al., 
1974; Cassinis et al., 1996). 

B) Poorly exposed conglomerates with clasts deriving 
from both the Variscan basement and volcanics, sand
stones and pelites, mainly reddish in colour. Although 
their fluviatile nature is evident, detailed facies analysis is 
prevented by the poor exposures. The thick, isolated, con
glomerate/coarse sandstone body of the western section 
(Fig. 7), quite well-exposed, may have corresponded to a 
braided river setting. 

C) The base of the unit consists of a light grey to 
whitish quartz conglomerate, a few metres thick, easily 
recognised and correlatable all around Monte Santa Giu
sta, and thus regarded as a key marker bed. lt is overlain 
by a thin, poorly exposed silty-sandy succession. 

D) This represents the base of the Muschelkalk and 
consists of dolostones with a high terrigenous content, silt 
to sand-sized, alternating with stromatolitic dolomites. 
The terrigenous content and the degree of dolomitisation 
decrease upwards, and fossiliferous fine-grained lime
stones become the main lithofacies. 

Despite their poor exposure and relatively "con
densed" nature, according to the authors. the sections of 
Monte Santa Giusta represent the key to understanding 
the Permian and Triassic succession of the Nurra region. 
If the volcanics occurring at the base of the northern sec
tion are correlatable with the volcanics intercalated in the 
lower part of unit 2 of the Porto Ferro-Lake Baratz area 
(Lombardi et al., 1974), the conclusions may be: 

- Unit B of Monte Santa Giusta correlates with units 2 
(p.p.) and, possibly, 3 of Gasperi & Gelmioi ( 1980). 

- The quartz conglomerate of unit C may correlate, on 

the basis of lithofacies and stratigraphical setting, with 
the basal conglomerate of unit 4 sensu Gasperi & Gelmi
ni ( 1980) in the Torre del Porticciolo and Cala Viola sec
tions. 

However, the observed multiple faults in the Monte 
Santa Giusta sections could be responsible of the above 
"condensed" and/or incomplete succession, and to explain 
the apparent lack of unit 3, e.g. possibly emphasised by 
the pulse of intra-Permian tectonic movements. 

Furthermore, while some lithofacies affinities between 
the sedimentary units of the Monte Santa Giusta and Lu 
Caparoni-Cala Viola areas could be inferred, problems 
arise if we attempt to strictly compare the volcanic units 
in the differing successions. 

LITHOSTRATIGRAPIIlCAL REVISION 

The above-reported stratigraphical and sedimentological 
data allow a partial review of the lithostratigraphic classi
fication of Gasperi & Gelmini (1980); however, due to the 
numerous uncertainties, we have not introduced new for
mation or other hierarchic names, as suggested by the 
stratigraphic codes. A formal lithostratigraphy will be pro
vided when further investigations on the relatively contin
uous sections cropping out in the steep cliffs south of Pun
ta Lu Caparoni, in great part only approachable from the 
sea, clarify these relationships and the nature of boundaries 
between units I, 2 and 3 of Gasperi & Gel mini ( 1980). 

At present, the post-Variscan and sub-Muschelkalk 
succession could be re-organised into tbe following units 
(Fig. 8): 

I) "Punta Lu Caparoni Formation" (PLC), reviewed to 
include the elastic unit I, with clasts derived both from the 
metamorphic basement and volcanic sources. 

TI) A volcanic "complex•·, traditionally ascribed to the 
lower part of unit 2. It crops out clearly in the Monte San
ta Giusta section and is also documented in the Cugiared
du (Pomesano Cherchi. 1968) and Cuili Mola Casu wells 
(Lotti, 1931 ), where two "porphyrite" horizons occur, al
ternating with coarse elastic deposits with volcanic peb
bles. According to the literature (Lombardi et al., 1974; 
Cassinis et al., 1996) and field observations of the au
thors, other volcanic outcrops also occur in the Nurra re
gion (e.g., Casa Satta. northeast of Lake Baratz), presum
ably at the base of unit 2, but we are not able to confirm 
their occurrence and stratigraphical setting. The strati
graphic relationships and the correlation between the two 
episodes of volcaniclastic activity (presumed calcalkaline 
at Lu Caparoni-Cala Viola area. and alkaline at Monte 
Santa Giusta, respectively) reported in the Nurra region 
by Lombardi et al. (1974), Cassinis et al. (1996) and 
Cortesogno & Gaggero ( 1999) are, at present, unclear. 
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However, the importance of volcanics is documented by 
the great amount of porphyric pebbles and cobbles in the 
conglomerates and conglomeratic sandstones of the unit 
2 of Gasperi & Gelmini (1980). 

III) A elastic unit of conglomerates. sandstones and mi
nor petites, rich in volcanic-derived clasts (units 2 p.p. and 
3 of Gasperi & Gelmini), discontinuously cropping out 
along the coastline from Torre Negra to Porto Ferro. Al
though the contact with the overlying unit 3 bas not been 
observed, the overall facies pattern suggests that units 2 
and 3 may form a single, major fining-up sequence, 
evolving upwards from alluvial fan/braided river to 
coastal plain settings. 

IV) This corresponds to unit 4 of Gasperi & Gelmini 
(1980) and lies disconformabJy on the underlying unit 
(but with no possibility of estimating the duration of the 
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Fig. 8 - Comparison among the lithostratigraphic schemes of the Per
mian and Triassic succession of the Nurra region according to Gasperi 
& Gel mini ( I 980), Neri & Ranchi ( 1999) and that proposed in the pre
sent work. PLC: Punta Lu Caparoni Fm. 

hiatus) and grades upwards into the carbonate deposits of 
the Muschelkalk. 

COMPOSITION OF ARENITES 

The compositions of 50 selected samples of arenites and 
microconglomerates from the Torre del Porticciolo-Cala 
Viola stratigraphic sections were examined to determine 
the provenance of the detritus and to show the diagenetic 
overprinting. 

The most common clast types in the examined samples 
are monocrystalline quartz grains (with slightly to highly 
undulose extinction and, in some cases, deformation 
bands and lamellae). Polycrystalline quartz, with a wide 
variety of subgrain sizes and fabrics, show frequently un
dulose extinction and crenulate crystal boundaries. Other 
types of terrigenous clasts include volcanic and low-grade 
metamorphic rocks. Volcanic rock fragments are acidic 
vitric and porphyric rocks; phenocrysts of quartz with re
sorbed embayments are common, but other phenocrysts 
are preserved only as ghosts of original grains. Micron
sized inclusions of opaque minerals cause the cloudiness 
of most of these fragments. The groundmass is common
ly deformed between grains to form pseudomatrix. Silfci
fied porphyries are also present, composed of quartz phe
nocrysts in a groundmass of microcrystalline and 
mesocrystalline quartz. Low-grade metamorphic rock 
fragments include: microcrystalline and mesocrystalline 
quartz rocks with fine crystals of mica, quartz-sericite 
schist, quartz-albite and quartz-albite-muscovite phyllites. 

DetritaJ potassium feldspars (mainly perthitic) occur 
in very small amounts in samples of unit 3. Mica (mus
covite) is abundant in fine-grained arenites and siltstones; 
mica flakes have an evident preferred alignment, except 
in bioturbated samples. 

Various types of intraclasts, such as carbonate nodules 
composed of numerous small dolomite rhombs and mud
stone clasts, are locally abundant in the upper succession 
(units Ill and IV). 

The abundance of ductile rock fragments in some aren
ites, chiefly volcanic rocks which are highly susceptible 
to mechanical compaction, produces large amounts of 
pseudomatrix. 

Modal analyses from this work and from previous 
studies (Cassinis et al., 1996) are reported in Fig. 9. Sam
ples are Litharenites to quartzarenites and show a clear 
compositional trend due to the progressive enrichment of 
quartz from the basal to the upper units. 

As for the provenance of the detrital material, rock 
types in arenites and conglomerates of the basal succes
sions (vein quartz showing various degrees of strain, 
quartz-mica schist and phyllites, porphyries and silicified 
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porphyries) indicate contributions from both the Hercyn
ian basement and Permian volcanites. Sediments from the 
upper successions (units JU and fV) show a higher tex
tural and compositional maturity, with a noticeable in
crease in quartz content. 1n particular, arenites and con
glomerates of unit IV are made up almost exclusively of 
quanzose grains. and most of these grains are fragments 
of vein quartz. Thus, the detritus of the upper unit is 
chemically stable and mechanically durable and could be 
the residue left after an intense chemical weathering and 
a long period of mechanical abrasion. 

Post-depositional events recognised in the examined 
samples include: - kaolinite cementation; - formation of 
iron oxides; - mechanical compaction; - quartz cementa
tion; - Fe-calcite cementation; - dolomite/ankerite cemen
tation; - pressure solution, - recrystallisation of clay to 
sericite and illite, and - precipitation of calcite in fractures. 

The ages of many of these events are not well con
strained. Hematite forms a red pigment that stains fine
grained constituents and partly or completely engulfs and 
surrounds some coarse grains. Kaolinisation of acidic vol
canic fragments is common, kaolinite also occurs as pore
filling cement. 

The most common cement is quartz. Quartz over
growths are present in most of the arenite samples and 
range from a trace to about 10%. Large quartz over
growths are especially notable in the coarser arenites of 
unit IV. Margins of quartz grains have dust rings, gener
ally of iron oxides. Pressure solution has destroyed or ob
scured the morphology of parts of some grains. The 
scarcity of quartz cement in fine-grained arenites and silt
stones may reflect the almost complete loss of primary 
porosity by ductile grain deformation prior to the time of 
cementation by quartz. As for the source of silica for the 

Quartz 

Feldspars Fine-grained Lithics 

Fig. 9 - Compositional plot of the examined Permian and Triassic aren
ites from Nurra (from this work and from Cassinis er al .. 1996). 

quartz cement, certainly there has been sufficient pressure 
solution of quartzose grains in conglomerates and sand
stones to furnish it. 

Diagenetic carbonates are Fe-calcite (mainly in lower 
samples) and dolomite and ankerite (in the upper sam
ples); they occur as patches in some of the arenites and lo
cally replace parts of detrital grains. Fractures developed 
after uplift were filled with sparry iron-free calcite. 

CONCLUDING REMARKS 

Based on detailed lithostratigraphical, sedimentological 
and petrographical data, supported by scattered and rare 
biostratigraphical evidence, a preliminary revision of the 
terrigenous Permian and Triassic successions of the Nurra 
region (northwestem Sardinia) has been attempted. The 
whole post-Variscan continental succession has been sub
divided, from bottom to top, into the following horizons: 

I) "Punta Lu Caparoni Formation". This formation, al
ready instituted by Gasperi & Gelrnini (I 980) to indicate 
vertically and laterally discontinuous alluvial-to-lacus
trine deposits, has been reviewed here to also include the 
overlying elastic succession (unit 1 of Gasperi & Gelrni
ni, 1980). 

11) Volcanic unit, documented in the Monte Santa Giu
sta section, the drillings of the Cugiareddu and Cuili Mo
la Casu Wells, and, according to the literature and field 
observations of the authors, in the Lake Baratz area. Its 
significant original extent is documented by the large 
amount of volcanic pebbles in the conglomerates and con
glomeratic sandstones of the overlying unit. 

ill) A elastic unit of conglomerates, sandstones and mi
nor petites, weathered and reddish in colour, rich in vol
canic-derived clasts. It crops out discontinuously along 
the shore from Torre Negra-Torre Bianca to Porto Ferro 
and in the Lake Baratz area. Based on our data, we inter
pret this unit ( corresponding to units 2 and 3 of Gasperi & 
Gelrnini, 1980) as a single major fining-upwards se
quence, evolving from alluvial fan/braided river settings 
to meandering river and coastal plain deposits. 

IV) The upper elastic unit consists of reddish sandstones 
and minor petites, showing alternating fluvial and tidal in
flux. The basal contact is marked by an evident disconfor
mity. The base of the unit, well exposed in the Torre del 
Porticciolo and Cala Viola area, consists of a quartz con
glomerate, followed upwards by cross-bedded sandstones. 
This unit corresponds to unit 4 of Gasperi & Gelmini 
(1980). The upper contact with the Muschelkalk deposits 
is, even if partly covered, transitional in the Monte Santa 
Giusta section, while at Cala Viola it has been faulted out. 

As for the provenance of the detrital material, rock 
types in arenites and conglomerates of the basal succes-
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sions indicate contributions from the Hercynian basement 
and Permian volcanic rocks. Moving upwards in the suc
cessions, sediments show a higher textural and composi
tional maturity. In particular, arenites and conglomerates 
of unit IV are made almost exclusively of quartzose grains 
(vein quartz). Th.is type of detritus is chemically stable 
and mechanically durable and could be the residue left af
ter an intense mechanical abrasion and/or chemical 
weathering. 

Although few biostratigraphical data are available, 
based on scattered macrotlora and palynomorphs occur
rence, they allow us to relate the base of sequence to the 
Early Permian ("Autunian") and the top to an Olenekian(?)-

early Anisian to late Anisian time, but do not allow a zona
tion of the whole sequence or an evaluation of the duration 
of hiatuses at the main unconformities. 
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A PERMIAN MARINE SEDIMENTARY RECORD IN THE FARMA VALLEY 
(MONTICIANO-ROCCASTRADA RIDGE, SOUTHERN TUSCANY) 

MAURO ALDINUCCI ', FAs10 SANDRELLI ', ENRICO PAN DELI' and ANNA GANDIN' 

Key words - Continental rifting sedimentation; Brachiopods; 
Permian; Southern Tuscany. 

Abstract-A new Permian, fossiliferous siliciclastic unit (Poggio 
alle Pigne Quartzite) has been recognised in the Farma Valley be
tween the Carboniferous Carpinela Formation and the Civitella 
Formation or probable Early Triassic age. It represents part of the 
rare evidence for Permian marine sedimentation in Tuscany, doc
umented by the occurrence in the upper part of the Poggio alle 
Pigne sequence. of brachiopods which can be related to 
Strophalosicea, probably Tschernyschewia typica. 
The Poggio alle Pigne Quartzite represents a transgressive cycle, 
probably related to an early stage of continental-rifting activity 
before Lhe beginning of the Alpine Cycle which led Lo the frag
mentation of the Hercynian continent and the subsequent open
ing of the Mesozoic Tethys. 

INTRODUCTION 

In the Farma Valley. near Poggio alle Pigne, Permian bra
chiopods have been found within a siliciclastic succession 
previously assigned to the Triassic (Aldinucci et al., 

1999). This new unjt, so far unrecognized, was mapped as 
the basal part of the unfossiliferous Civitella Formation, 
which in the Monticiano Roccastrada Ridge is the oldest 
member of the Verrucano Group (Costantini et al., 1987). 
In the Northern Apennines the Paleozoic and Scythian
Carnian successions belong to the deepest units of the tec
tonic pile (Tuscan Metamorphic Units) which are affected 
by Alpine low-grade metamorphism in the green-schist 
facies (Franceschelli et al., 1986; Conti et al., 1991; Elter 
& Pandeli, 1993 cum bib/.). 

In Tuscany, these epimetamorphic successions mainly 
crop out in the Middle Tuscan Ridge, extending from Alpi 
Apuane to Monte Leoni, on Elba Island, and in Monte Ar
gentario (Fig. I). 

'Dipartimen10 di Scienze della Terra, via Laterina 8. 53100 Siena, flaly. 

Parole chiave - Rifting Continentale; Brachiopodi; Permiano; 
Toscana Meridionale. 

Riassunto - Nella valle del Farma, in Toscana meridionale, e 
stata riconosciuta una nuova successione silicoclastica fossilife
ra di eta permiana, la Quan:ite di Poggio alle Pigne, compresa tra 
la Formazione di Carpineta, di eta carbonifera, e la Formazionc 
di Civitella di probabile eta triassica. Questa successione rap
presenta uno dei rari esempi di sedimentazione permiana marina 
in Toscana. I fossili rinvenuti sono brachiopodi strophalosicei, 
probabilmente riferibili a Tschernyschewia typica, di ambiente 
marina neritico. 
La successione di Poggio alle Pigne rappresenta un episodio tra
sgressivo probabilmente connesso con le fasi distensive prece
denti l"inizio del ciclo alpino. 

The Monticiano-Roccastrada Ridge, a segment of the 
Middle Tuscan Ridge south of the Amo River, ranging 
from Montagnola Senese to Monte Leoru, is deeply cut 
from west to east by the Farma River. The Farma Valley is 
a key area for the stratigraphy of the Permo-Carboniferous 
to Carnian in Tuscany. Thls time interval is particularly 
important in the tectono-sedimentary evolution of the Tu
scan domain because it includes the transition from the 
late-/post-Hercynian extensional events to the Alpidic 
continental rifting (Rau & Tongiorgi, 1974; Bagnoli et al., 

1979; Gattiglio et al., 1989; Rau, 1990; Pandeli et al., 
1994; Pandeli, 1998, 1999). 

Many authors have discussed the stratigraphy, sedi
mentology, and textural and compositjonal features of the 
Triassic siliciclastic metasediments of the Tuscan Domain 
(Verrucano Auct.: Rau & Tongiorgi, 1974; Canuti & Sagri, 
1974; Deschamps et al., 1983; McBride et al., 1987; 
Franceschelli et al., 1987 cum bibl.; Costantini et al.; 
1987), whereas data for the Permian successions are 

'Dipartimento di Scienze dell a Terra, via La Pira I, 50121 Firen1.e, Italy, and Centro di Studio di Geologia dell" Appennino e delle catene peri
mediterranee (CNR). via La Pira 4, 50121 Firenze. 
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scarce (Pasini & Yai, 1997; Pandeli, 1998). ln fact the 
known Permian successions are: 
- metasiliciclastics, graphite-rich lacustrine San Lorenzo 
Formation pp. (Rau & Tongiorgi. I 974) and coastal-nerit
ic Rio Marina Formation pp. (Bagnoli et al., 1979) which 
represent the "Autunian" interval of the Late Carbonifer
ous - Early Perm.ian sedimentary cycle; 
- hematite-rich, polymictic metarudites (Asciano breccia 
and conglomerate: Rau & Tongiorgi. 1974; Torri breccia 
and conglomerates: Costantini et al., 1998), and volcanic
rich metasiliciclastics (Castelnuovo red-sandstone: Ba
gnoli et al., I 979; Pandeli et al., 1991: Borro del Fregione 
siltstone: Costantini et al., 1998: Pandeli, 1998) which are 
related to a semi-arid continental environment of probable 
Middle/Late Pennian age; 
- graphite-rich marine metasiliciclastics and carbonates in 
the Monte Amiata subsurface ("Formation C": Elter & 
Pandeli, l 991) which contain early Late Permian (Kuber
gandian: Pandeli & Pasini, 1990) fossils. 

The finding in the Farma Valley, north of Poggio alle 
Pigne, of a siliciclastic succession (Poggio alle Pigne 
Quartzite) bearing Late(?) Perrn.ian fossils adds new data 
to our knowledge of the Late-Paleozoic in Tuscany. 
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Fig. I - Regional distribution or the Paleozoic-Triassic siliciclastic 
me1asediments (in black color) of the Northern Apennine. 

GEOLOGICAL SETTING 

In Southern Tuscany the Paleozoic to Carnian formations 
belong to the tectonic Monticiano-Roccastrada Unit which 
consists of two tectonic subunits: the Montepescali
M.Quoio-lano (internal) sub-Unit and the M. Leoni-Mon
tagnola Senese (external) sub-Unit (Costantini et al., 
1987). The Monticiano-Roccastrada Unit underwent two 
Alpine tectonometamorphic events in the lower green
schist facies, and later weak folding (Costantini et al.. 
1987: Franceschelli et al., I 986; Elter & Pandeli, 1993; 
Bertini et al., I 991). 

The Poggio alle Pigne Quartzite is part of the Monte 
Leoni-Montagnola Senese sub-Unit which in the study 
area consists of two lithostratigraphic units (Costantini et 
al., 1987): the Paleozoic Group and the Verrucano Group 
(Fig. 2). 

The Paleozoic Group includes from bottom to top: 
a) the Carpineta Formation: graphite-rich metasiltite and 
phyllite with carbonate-siltitic/limonitic nodules and Up
per Visean-Lower Namurian fossils (Redini, 1941; Co
cozza, 1965: Pasini, 1978b, 1980a, 1980b; Pasini & Win
kler Prins, 1981); 
b) the Farma Formation: alternating turbiditic metasand
stone and metasiltstone with dark-grey phyllite intercala
t.ions and locally with carbonate megabreccias (known as 
Lower Moscovian Sant' Antonio Limestone) and metacal
carenites of Upper Moscovian age (Cocozza, 1965; Pasi
ni, 1978a, 1980a, L980b). 

The Carpineta Formation and the Farma Formation. 
which were deformed during a pre-Alpine event (probably 
related to the "Asturian phase" of the Hercynian Orogeny: 
Costantini et al., 1987), are unconfonnably overlain by the 
Yerrucano Group. currently regarded as representing the in
ception of sedimentation connected with the continental-rift
ing that led to the fragmentation of the Hercynian continent, 
at the beginning of the Alpine Cycle (Cassinis et al., 1979). 

The Yerrucano Group consists of three formations 
which are, from bottom to top: 
a) the Civitella Formation: i) greenish to light grey, mas
sive to poorly graded quartz-metaconglomerates; ii) well
sorted, medium- to coarse-grained greenish to light-grey 
quartzite with local quartz-metaconglomerate lenses and 
green/purple metasiltstone intercalations; iii) green and 
purple metasiltstone and phyllite with interbedded 
quartzite. The inferred age of this unfossiliferous unit is 
Early Triassic, although a Late Perrn.ian age for its basal 
part cannot be dismissed (Costantini et al., I 987). 
b) the Monte Quoio Formation: purple metasiltstone, 
phyllite and quartzite with thick lens-shaped intercalations 
of purplish metaconglomerate ("anageniti" Auer.) charac
terised by the presence of pebbles of white and pink 
quartz, and subordinately of whitish and purple quartzite 
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and rare carbonate. Fossils of Scythian-Early Anisian (Co
cozza et al, 1975) and uppermost Carboniferous-Early 
Pennian age (Engelbrecht et al., 1989) have been found 
within the carbonate clasts in the Farma Valley. As a con
sequence, the age of this unit has been ascribed to the Mid
dle Triassic (Cocozza et al., 1975); 
c) the "Anageniti minute" Formation: alternating whitish 
to pink, finegrained quartz-metaconglomerate ("micro
anagenite" Auel.), whitish-pink to purple quartzite and 
purple metapelite, often arranged in fining-upwards se-

quences. Owing to the lack of fossils, a probable Ladinian 
age has been proposed for this formation on the ground of 
its stratigraphjc position beneath the Carnian Tocchi For
mation (Azzaro et al., 1976; Costantini et al., 1980). 

POGGIO ALLE PIGNE QUARTZITE 

The fossiliferous siliciclastic succession crops out in the 
valley of the Farma River, to the southeast of the villages 
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Fig. 2 - Geological map of the Poggio alle Pigne area, after Costantini et al., 1987. modified: a - fossiliferous sites; b- type section; at - alluvial ter
races; Am -Anageniti minute Fm.; MQ- Monte Quoio Fm.; Cv - Civitella Fm.; PP- Poggio alle Pigne Quartzite; Fa - Farma Fm.; Ca - Carpineta 
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Iesa and Solaia. In particular the outcrops are located on 
the western slope of Poggio alle Pigne hill (Fig. 2). 
The Poggio alle Pigne Quartzite is stratigraphically inter
posed between Civitella Formation (Verrucano Group), at 
the top, and Carpineta Formation (Paleozoic Group), at the 
bottom. 

The lower contact is not well exposed, but at the car
tographic scale, an unconformable and probably erosion
al surface separates the Poggio alle Pigne Quartzite from 
the underlying black silty phyllites of Carpineta Forma
tion, which was previously deformed during the "Astur
ian event" of the Hercynian Orogeny. The contact with 
the overlying metaconglomerates of the Civitella Forma-

Figs 3, 4 - Mould of valves of Tschemyschewia shell. 

tion is clearly erosional, although no angular unconfor
mity is recognisable. 

The Poggio alle Pigne Quartzite contains, in the upper
most sandstone bed, a monotypical Strophalosiacean bra
chiopod assemblage represented by moulds of Tscher
nyschewia shells (Figs 3, 4), whose features are similar to 
the type species of the genus, Tschernyschewia typica, oc
curring in the Upper Perrnian of Armenia, also reported 
from Salt Range, Pakistan (B. Wardlaw: pers. comm.). 

The investigated section of the Poggio alle Pigne 
Quartzite was measured in detail along the southern bank of 
the Farma River, and is composed of two fining-upwards 
sequences (Fig. 5) whith a total thickness of about 4 m: 
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Fig. 5 - Poggio alle Pigne section. 
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- the lower sequence consists of a basal, polygenic, fine
grained conglomerate followed by medium-to fine
grained, well sorted quartzitic sandstone with grey to 
black siltstones and rare phyllitic interbeds: 
- the upper sequence starts with a polygenic finegrained 
conglomerate followed by a medium- to finegrained, well 
sorted sandstone. 

The lack of lateral continuity of the type section is due 
to the poor conditions of exposure. Nevertheless, at the 
outcrop scale, the bedding geometry appears to be mainly 
tabular and the contacts between the layers are sharp, but 
not erosional, except for the basal conglomerate of the up
per sequence which is lenticular and rests with an evident 
erosional contact, on the lower quartzite. 

The composition of the conglomerate beds consists of 
sub-rounded, white quartz clasts (up to 2 cm) and sub-an
gular lithic clasts (phyllite, siltstone/finegrained quartzite, 
radiolarite). The matrix, made up mostly of fine-sand- to 
silt-sized quartz and white mica, is generally poorly rep
resented. 

The sandstones correspond to finegrained quartzite, 
characterised by the total lack of feldspars and the occur
rence of a minor amount of detritic white mica. 

DISCUSSION 

The finding of Late (?) Permian fossils in the Poggio alJe 
Pigne Quartzite represents the first evidence of an Upper 
Paleozoic succession along the Monticiano-Roccastrada 
Ridge. Tn fact, the youngest Paleozoic unit in this area is 
represented by the Upper Westphalian-Cantabrian Spiri
fer-bearing shale which unconforrnably caps the Sant' An-

tonio Limestone, south of the Farma Valley. 
The occurrence of well-preserved moulds of brachio

pod shells scattered in the sandstone testifies to a neritic 
environment. Moreover, the mineralogical composition of 
the sandstones points to a cratonic provenance for the ter
rigenous material, whereas the frequency of the conglom
erates of lithic clasts associated with the subrounded 
quartz pebbles suggests that at least part of the source area 
was not far from the coast and probably affected by block 
faulting. 

The relationships of the Poggio alle Pigne Quarzite 
with the mixed siJiciclastic/carbonate deposits of the Ku
bergandian "Formation C" recognised in the Monte Amia
ta deep drillings (Elter & Pandeli, 1991; Pandeli & Pasini, 
1990), and with the possible Middle Permian continental 
siliciclastics (e.g. Castelnuovo red sandstone, Asciano 
breccia and conglomerate) and volcanics (e.g. lano por
phyric schists) still remain undefined. 

If the Poggio alle Pigne Quartzite represents the strati
graphic cover of the Middle Permian red beds, then a Late 
Permian transgression in Tuscany would be documented 
for the first time. This transgression may be related to an 
early episode of continental rifting (possibly due to dextral 
megashears affecting the southern part of the Hercynian 
continent: Rau, 1990) which pre-dated the beginnihg of 
the Verrucano sedimentation. 
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THE LATE PERMIAN ALKALINE MAGMATISM OF THE CINCO VILLAS 
MASSIF (WESTERN PYRENEES, SPAIN): A RECORD OF THE LATE-VARISCAN 

EVOLUTION OF THE PYRENEES 

ESTHER LASHERAS ADOT ', MARCELIAN0 LAGO SAN JOSE', CARLOS GALE BORN AO 2, 
ENRIQUE ARRANZ YAGUE 2 and ANDRES GLL IMAZ 2 

Key words- basalts; dolerites; Late Permian; Western Pyrenees. 

Abstract -A basic, primary magmaLism, with subalkaline to al
kaline affinity, is exposed in three Upper Permian outcrops in Lhe 
Cinco Villas Massif (CVM; Western Pyrences. Spain) in the 
form of basaltic sills, interbedded into elastic sediments. 
These basalts are cogenetic (and probably coeval) with doleritic 
dykes emplaced into Upper Paleozoic rocks in the southern sec
tor of the CYM. 
This mantle-derived magrnatism is poorly fractionated, as shown 
by its petrology and geochemistry, especially the rare earth ele
ments. 

The emplacement of this anorogenic magmatism is related to 
late Yariscan distension, making it clearly different from the Late 
Carboniferous - Early Permian orogenic calcalkaline magrna
tism. 
The studied Upper Permian magmatic rocks are the earliest ex
pression of Alpine magmatic activity in the Pyrenees, prior to the 
Triassic tholeiitic magmatism. 

INTRODUCTION 

The study of continental deposits with interbedded ig
neous rocks in selected outcrops of Upper Permian basins 
is one of the best tools for gaining knowledge of this im
portant time interval, and allows comparison and correla
tion between different outcrops considered representative 
of Late Variscan geology in several European areas. Cassi
nis ( I 996) provided a synthesis of the information avail
able on the Late Carboniferous and Permian basins of 
southwestern Europe, underlining the need for studies to 
complete a detailed paleogeographical and geological 
scheme for Permian times. In this context, the Cinco Vi
llas Massif (CVM; Navarra, Western Pyrenees, Spain) 
provides new compositional and age information for three 
Upper Perrnian outcrops, affected by a post-Autunian to 
pre-Buntsandstein magmatism. 

The first data about this magmatism in the CVM (Fig. I) 

Parole chic,ve- basalti; doleriti: Permiano superiore: Pirenei oc

cidentali. 

Rias.mnto - II presente lavoro tratta del magmatisrno basico, ad af
finita da subalcalina ad alcalina, inerente a tre aflioramenti tardo
penniani del Massiccio di Cinco Villas (CYM: Pirenei occidenta
li, Spagna) sotto fonna di sill basaltici interstratificati con sedimenti 

clastici. Questi basalti sono geneticamente connessi (e probabil
mente coevi) con i dicchi doleritici posti, nel settore meridionale 

dello stesso Massiccio, entro rocce riferite al Paleozoico superiore. 
II magmatismo di derivazione mantellica c scarsamente fraziona

to, come si desume dalle composizioni petrologica e geochimica 
essenzialmente delle terre rare. La comparsa e la messa in posto di 
questo magmatismo anorogenico Fu legato alla distensione tardo
varisica, che l'ha reso chiararnente differente dal magmatismo cal
calcalino orogenico di eta compre.sa tra ii Carboni Fero superiore e 
ii Permiano inferiore. 11 magmatismo tardo-permiano in esame rap
presenta la primissima espressione dell'attivita magmatica alpina 
nei Pirenei, prima del magmatismo tholeiitico triassico. 

came from Le Fur-Balouet ( 1985) and Cabanis & Le Fur
Balouet (1989), who studied its petrography in the Larrun 
and Yanci-Aranaz areas. and lnnocent et al. (1994), who 
studied the magmatism cropping out in the Larrun Basin, in 
the context of Late Variscan magmatic episodes of the Pyre
nees. In this paper, we deal with the composition and em
placement age of this magmatism (not studied by previous 
authors), represented in three Permian outcrops (Larrun. 
Mendaur and Ibantelli) and also by cogenetic doleritic 
dykes in the Yanci-Aranaz area. 

GEOLOGICAL SETTING 

The studied outcrops are situated in the westernmost part of 
the Pyrenean Ax.ial Zone (PAZ), in a Paleozoic geological 
unit known as the Cinco Villa,;; Massif (CYM; Fig. I). The 
CVM is isolated from the rest of the PAZ by a crustal-scale 

' Departamento de Quimica y Edafologia, Universidad de Navarra. 31080 Pamplona. Spain. 
' Departamento de Ciencias de la Tierra, Universidad de Zarngoza. 50009 Zaragoza, Spain. 
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Fig. 1 -Geographical and geolog
ical location map for the studied 
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Quinto Real Massif (in the 
eastern sector) are com
pared. The Leiza Fault, 
which has been considered 
to be a continuation of the 
NPF, is the southern limit 
of the CVM. The CVM is 
mainly composed of De-

• 
Pamplona 

SURPYRENEAN 

40Km 

structure (ECORS Pyrenees Team, 1988), the Pamplona 
Fault, which also affected the North Pyrenean Fault (NPF). 
The Pamplona Fault divides the NPF into two sectors (east
ern and western); these two sectors show different strati-

vonian and Carboniferous 
rocks (Fig. 2), which were 
affected by the Yariscan 
and Alpine orogenies 
(Martfnez-Torres, 1997). 
The easternmost part of the 
CYM (also known as the 
"Allochtonous Unit') is af
fected by several Variscan 
thrust sheets; in contrast, 
the western part of the 
CV M (" Autochthonous 

Unit") was unaffected by Yariscan thrusts. Late Permian 
magmatism in the CYM is represented by: 

l) basaltic sills, emplaced into sedimentary materials in 
three areas of Permian rocks (Lamin, Ibantelli and Men-
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daur); the base of the Permian sedimentary pile lies uncon
formably on the Yariscan basement, while Buntsandstein fa
cies materials overlie the Pennian sedimentary rocks and 
basaltic sills. 

2) doleritic dykes, injected into the Yariscan rocks of the 
western and central sectors of the CVM. 

.Lesaka~ 

/-4;-

D 'L--Cinco Villas 
---:v Massif 
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The three Permian outcrops (Larn1n, Ibantelli and Men
daur; Fig. 3A, B and C) share some features in common: a) 

1 
N 

lOKm 

their stratigraphical record, 
comprising petites and mi
croconglomerates, equiva
lent to those described by 
Gisbert (1981) for the 
"Unidad Roja Superior" 
(URS, Upper Red Unit, 
Upper Permian); b) the oc
currence of basaltic sills 
(two to four events); and c) 
Buntsandstein facies Trias
sic rocks (Lucas et al., 
1980) resting uncon
formably on the Permian 
sequence. Stratigraphic 
sections for these outcrops 
are shown in Figs 4A (Lar
run), 4B (lbantelli) and 4C 
(Mendaur). The 1nicrocon-
glomerates seem to be re-

Fig. 2 - Geological map of Lhe Cinco Villas Massif. Capital leuers indicate the areas detailed in Fig. 3. 
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Fig. 3 - De1ailed geological maps of the study areas, with locations of the stratigraphic sections. A: Lamm; B: lban1elli; C: Mendaur and D: Yanci
Aranaz area. with location of doleritic dykes. 
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lated to basin-opening events, as is suggested by the oc
currence of basaltic sills just above each microconglom
erate layer (see Fig. 4C). Petite fragments are included 
within, and partially disaggregated into, the basalt, sug
gesting emplacement under a thin layer of unconsolidated 
sediment of nearly constant thickness and over a large 
area, as deduced from the lack of contact metamorphism 
and lava structures. In some cases (lowermost sill in Lar
run, of almost I 20 m thickness), gravitational settling of 
crystals is observed (olivine concentrates at the base of the 
siU, while the top of the sill is richer in plagioclase). 

Doleritic dykes crop out in Yanci-Aranaz sector (D in 

LARRUN 
IBANTELLI 

280 

IV 80 

240 

Fig. 2; Fig. 3D), emplaced in carbonate rocks (Lesaka lime
stones, Upper Famennian-Westphalian; Heddebaut, 1975). 

AGE AND EMPLACEMENT CONDITIONS 

The emplacement of the basaltic sills, took place at the same 
time as the deposit of the URS and before the sedimentation 
of Buntsandstein facies materials, as can be deduced from 
their stratigraphic position (Fig. 4). 

Taking into account the lack of dykes injected into Tri
assic ( or later) materials and the cogenetic character of these 
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dykes with respect to the basaltic sills deduced from their 
mineral and whole rock-compositions, the emplacement of 
both sills and dykes can be considered as coeval, favoured 
by reactivation of the Late Variscan strike-slip WNW-ESE 
trending fractures (Lucas & Gisbert, 1996; Arthaud & Mat
te, 1975; Carreras & Capella, 1994). 

The orientations of basins and hypabyssal dykes in the 
Pyrenees were controlled, during Permian and Triassic 
times by the sinistral transcurrent movement of the NPF ( or 
the equivalent strike-slip faults at that time) in the western 
and central Pyrenees, and by dextral shear movement of 
NE-SW faults in the eastern Pyrenees, as indicated by Lu
cas & Gisbert ( 1996; Fig. SA). These structures were still 
active in the early Triassic, controlling the evolution of the 
intracontinental Triassic basins. 

The strike of the dykes cropping out in the Yanci-Aranaz 
area shows a bimodal distribution, with N-S and NE-SW di-

0 

0 100 2001<111. 

--, 
~ Orientation ofb;isins(uots) \ 
~ :md dykes (,aripcs) 

N 

I 

( 
\ 

n=37 

rections (Fig. 58). The angle between the two sets of dykes 
is coincident with that indicated in Fig. SA for basins and 
dykes in the western Pyrenees, although slightly rotated. This 
change in orientation of the studied dykes, with respect to that 
proposed by Lucas & Gisbert ( 1996), can be related to the 
counter-clockwise rotation of Iberia during Alpine times. 

1f the Late Vari scan transtensional regime is considered, 
the formation of subsiding half-graben basins, filled with 
thick sedimentary piles and basaltic injections (favoured by 
the extensional regime; Fig. SC), is a reasonable model for 
the development of Permian basins. 

PETROLOGY AND GEOCHEMISTRY OF SILLS AND 

DYKES 

The basalts (sills) display a variety of textures, but the most 

© 

+ :.•. ·-: :;+ 
---.-

3 

. : . :1 B.mtsandstein fucies 

D Perrnian sediments 

- Bi!alts 

Fig. 5 -A: Orientation of Pennian-Triassic basins and dykes in the Pyrenees (simplified from Lucas & Gisben. 1996). B: Rose diagmm showing the ori
entation of doleritic dykes in the CYM. C: Basin development and emplacement model proposed for the Late Permian magmatism studied in this paper. 
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common types are hypocrystalline-porphyritic, and rich in 
vesicles (filled by chlorite and/or carbonates). The main pri
mary minerals are olivine (always altered), Ti-augite and 
plagioclase feldspar. The modal proportions of these min
eral can vary, and two rock types can be defined (olivine-py
roxene basalt, rich in plagioclase and olivine-plagioclase 
basalt, without pyroxene) in Larrun, but only one (olivine
plagioclase basalt) in lbantelli and Mendaur. 

The study of mineral compositions in sills and dykes is 
frequently hindered by the alteration of olivine and plagio
clase; accordingly, we have focused our study on clinopy
roxene compositions. A selection of clinopyroxene analyses 
is shown in Table f. These compositions correspond to Ti
rich augite (Fig. 6A), near the diopside-augite boundary, 
and their evolution is defined by positive correlations of Na 
vs. *Fe'• (Fig. 6B: *Fe'' stands for the estimated value of 
Fe'', following the algorithm of Droop, 1987). and Al vs Ti 
(Fig. 6C) The progressive increase in Ti and Na (reaching 
their highest concentrations at the end of the crystal I isation) 
is consistent with the evolution of an alkaline magma, as 

The dolerites (dykes) have doleritic and/or ophitic tex
tures and two rock-types can be defined: Ti-augite-rich do
lerites and plagioclase-rich (An 63.57) dolerites, with minor 
Ti-augite (less than 10%). 

SiO1 

TiO1 

AhO, 

V1O, 

Cr1O, 

Fe1OJ 

MgO 
CaO 

MnO 
FeO 

coo 
NiO 

ZnO 
SrO 

Na10 
K1O 

I TOTAL II 
Si 

Ti 
Al 

V 

Cr 
FeJ• 

Mg 

Ca 

Mn 
Fe,. 

Co 

Ni 

Zn 

Sr 

Na 
K 

48,763 
2,437 
3,340 
0,203 
0,014 
2,813 
12,568 
21,080 
0,212 
8,074 
0,000 
0,000 
0,000 
0,000 
0,595 
0,016 
100,t 15 

1,836 
0,069 
0,148 
0,006 
0,000 
0,080 
0,705 
0,850 
0,007 
0,254 
0,000 
0,000 
0,000 
0,000 
0,043 
0,001 

49,380 
1,733 
2,321 
0,176 
0,000 
4,073 
13,065 
21,597 
0,250 
6,754 
0,014 
0,000 
0,098 
0,000 
0,544 
0,008 

1 100,011 

1,859 
0,049 
0,103 
0,005 
0,000 
0,115 
0,733 
0,871 
0,008 
0,213 
0,000 
0,000 
0,003 
0,000 
0,040 
0,000 

4,ooo 1 4,000 
46,810 
38,830 
14,370 

47,740 
40,170 
12,090 

Basalts 
48,299 
1,948 
2,723 
0, 128 
0,089 
4,758 
13,453 
21,576 
0,296 
5,484 
0,000 
0,000 
0,000 
0,000 
0,453 
0,000 

1 99,201 1 
1,829 
0,056 
0,122 
0,004 
0,003 
0,136 
0,760 
0,876 
0,010 
0,174 
0,000 
0,000 
0,000 
0,000 
0,033 
0,000 

1 4,ooo 1 
48,150 
41,770 
10,080 

47,881 
2,023 
2,969 
0,135 
0,106 
5,066 
I 3,553 
21,583 
0,242 
4,665 
0,000 
0,080 
0,000 
0,000 
0,492 
0,000 
98,795 1 
1,818 
0,058 
0,133 
0,004 
0,003 
0,145 
0,767 
0,878 
0,008 
0,148 
0,000 
0,002 
0,000 
0,000 
0,036 
0,000 
4,ooo 1 

48,750 
42,590 
8,660 

50,029 
2,460 
3,427 
0,202 
0,000 
1,158 

13,120 
21,593 
0,143 
8,564 
0,000 
0,000 
0,063 
0,020 
0,470 
0,010 

101.zs9 11 

1,854 
0,069 
0,150 
0,006 
0,000 
0,032 
0,725 
0,858 
0,004 
0,266 
0,000 
0,000 
0,002 
0,000 
0,034 
0,001 
4,ooo 11 

45,501 
38,461 
16,038 

47,879 
2,626 
5,255 
0,201 
0,242 
3,055 
0,031 
12,117 
22,468 
0, 191 
4,888 
0,034 
0,030 
0,000 
0,495 
0,004 
99,s1, 1 
1,780 
0,073 
0,230 
0,006 
0,007 
0,085 
0,001 
0,727 
0,895 
0,006 
0,152 
0,001 
0,001 
0,000 
0,036 
0,000 
4,ooo I 

47,981 
38,968 
13,050 

47,818 
2,422 
4,919 
0,229 
0,129 
4,756 
0,002 
13,236 
22,236 
0,293 
4,560 
0,000 
0,020 
0,000 
0,518 
0,000 

101,139 1 
1,772 
0,068 
0,215 
0,007 
0,004 
0, 133 
0,000 
0,731 
0,883 
0,009 
0, 141 
0,000 
0,001 
0,000 
0,037 
0,000 
4,ooo 1 
46,539 
38,538 
14,923 

Dykes 
47,959 
2,476 
4,035 
0,254 
0,047 
2,753 
0,000 
12,549 
21,841 
0,283 
6,831 
0,000 
0,020 
0,000 
0,450 
0,000 
99,498 I 
1,813 
0,070 
0,180 
0,008 
0,001 
0,078 
0,000 
0,707 
0,884 
0,009 
0,216 
0,000 
0,001 
0,000 
0,033 
0,000 
4,ooo I 

46,680 
37,31 I 
16,009 

48,008 
2,574 
4,341 
0,222 
0,082 
3,646 
0,000 
12,962 
20,820 
0,224 
7,688 
0,000 
0,045 
0,000 
0,423 
0,008 
101,044 1 
1,792 
0,072 
0,191 
0,007 
0,002 
0,102 
0,000 
0,721 
0,833 
0,007 
0,240 
0,000 
0,001 
0,000 
0,031 
0,000 
4,ooo I 

43,748 
37,890 
18,362 

48,304 
1,836 
3,418 
0,113 
0,070 
5,312 
0,056 
11,406 
22,023 
0,330 
7,530 
0,002 
0,035 
0,000 
0,640 
0,000 
101,011 1 
1,817 
0,052 
0,152 
0,003 
0,002 
0,150 
0,001 
0,640 
0,888 
0,011 
0,237 
0,000 
0,001 
0,000 
0,047 
0,000 
4,ooo 1 

46,112 
33,223 
20,666 

Table I - Selected clinopyroxene compositions for basalts and dolerites (dykes). *Fe3+ stands for the calculated value for Fe3+ , following the algo
rithm of Droop, 1987. 
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can be deduced from a plot of compositions on a Ti vs 

(Ca+Na) diagram (Leterrier er al., 1982; Fig. 6D). 
The whole-rock chemical analyses (on 17 basalts and 9 

dolerites; selected data are shown in Table II) were carried 
out at the Universities of Oviedo (major elements and 
some of the trace elements by XRF) and Granada (rest of 
the trace elements, including REE, by ICP-MS). Chemical 
compositions of all the analysed samples show their sub
alkaline affinity (Fig. 7). On the other hand, Ti enrichment 
with respect to V (consistent with the Ti enrichment in 

A) 

Cl Elc-9 -Elc-5 
Cl Elc-8 - Elc-4 
m Ela-33 -Elc-1 

En 20 40 60 80 Fs 

* 

clinopyroxene), high contents of alkalis, P2O5 and Ta, to
gether with relatively low values for Y and Sr (Table Il and 
Fig. 9), argue for an alkaline affinity. The cogenetic char
acter of the sills and dykes can be inferred from the good 
positive, almost linear, correlations between incompatible 
elements, as shown by Ta vs La (Fig. 8A), Th/Ta vs Th/Hf 
(Fig. 88), Sm/Nd vs Th (Fig. 8C) and Lu/La vs Ce (Fig. 
8D) diagrams. 

Trace element contents (averages of Larrun, lbantelli, 
Mendaur and dykes; Table II) have been normalised to N-

0.25 

0.20 

+ 
,.,(I) 0.15 

~ 

* 0.10 

0.05 

0 

0 0 

0 

0 ~~◊ 
*~ 

B) 

0.00 -+--~------------
0.00 0.02 0.04 0.06 

Na 

* Pyroxene in dykes 
* b. 

0 Pyroxene in basalts 

C) o.3o 0.16 D) 
6 frt:,. 

0.25 
~ 0.12 ' < 0.20 .:r· * 

0.15 

..... 
~ 

0.08 

0 

6 0 0.04 s 
0.10 

0/(g 

0.05 
0.00 0.04 0.08 0.12 0.16 0.00 0.40 0.80 1.20 1.60 2.00 

Ti (Ca+Na) 

Fig. 6 - Clinopyroxene compositions of basalt and doleri1e. A: Classification diagram (Morimoto er al .. 1988). B: *Fe3+ v.~ Na diagram. C: Al vs Ti 
diagram and D: Ti vs (Ca+Na), according to Leterrier er al .. 1982. where A: alkaline domain and S: subalkaline domain. 
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MORB values (Saunders & Tamey, 1984). The resulting 
patterns (Fig. 9) indicate the existence of an evolutionary 
trend (increasing differentiation) from the fbantelli basalts 
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Fig. 7 - SiO, vs Nb/Y classification diagram (Winchester & Floyd. 
1976). All the analysed samples fall in the subalkaline basalt field. 
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to the Mendaur basalts; this sequence is in good agreement 
with that obtained by petrographical criteria. 

On the other hand, the unexpectedly high values for Th, 
La and Ce can be explained by crustal contamination 
processes, which can also be inferred from the Ba, Sr and 
Rb contents, although these elements may also be affected 
by alteration processes. Finally, a mantle origin is proposed 
for the magma, taking into account its unevolved composi
tion and the isotopic ratios 87Sr/' 6Sr (0.706-0.7 I 0) and 
"

3Nd/' 44Nd (0.5123-0.5125) obtained by Innocent et al. 
( 1994) on Lamm basalts. These authors also suggest that the 
CVM magmatism can be considered as coeval with that of 
the Anayet area (Central Pyrenees). 

CONCLUSIONS 

Three Permian outcrops, located in the CYM (Western 
Pyrenees), show a sedimentary record supplemented by in
terbedded basaltic sills, which are cogenetic with doleritic 
dykes emplaced in other areas of the CVM. Basalts and do
lerites evolved from a basic mantle-derived magma, with 
subalkaline to alkaline affinities, as can be deduced from the 
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Fig. 8 - Compositions of basalts and dolerites. ploned on variation diagrams for incompatible elements and their ratios. The fairly good correlation 
of data points suggest the cogenetism of both basalt and dolerite. 
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SiO1 

TiO1 

Al1O, 

Fe,03 

MnO 

MgO 

Cao 

Na1O 

K1O 

P1O, 

LOI 

TO 

Li 

Rb 

Cs 

Be 

Sr 

Ba 

Sc 
V 

Cr 

Co 

Ni 

Cu 

Zn 

Ga 
y 

Nb 

Ta 
Zr 

Hf 

Mo 

Sn 

TI 

Pb 

u 
Th 

La 

Ce 
Pr 

Nd 

Sm 

Eu 

Gd 

Tb 

Dy 

Ho 

Er 

Tm 

Yb 

Lu 

46,78 

2,02 

17,16 

10,41 

0,10 

7,24 

3,91 

4,07 

1,52 

0,45 

5,76 

109,22 

16,08 

2,64 

1,88 

233,67 

314,73 

28,25 

179,37 

144,87 

34,94 

40,02 

33,77 

226,58 

19,64 

39,01 

17,38 

1, 15 

247,29 

5,81 

1,21 

4,00 

0,06 

15,98 

0,99 

6,17 

38,59 

82,18 

9,62 

37,53 

7,44 

1,81 

7,07 

1, 11 

6,87 

1,45 

3,86 

0,58 

3,55 

0,53 

46,54 49,07 46,85 

1,48 2,34 1,95 

17,69 16,54 16,82 

8,98 10,75 9,97 

0,09 0,11 0,15 

8,24 6,40 6,40 

6,30 2.48 6,77 

3,75 3,78 3,88 

0,41 0,16 1,03 

0,25 0,63 0,35 

6, 16==::==7=,3=7=:::;:==5=,2=2=:=:I 

110,40 

9,32 

2,76 

0,98 

313,20 

225,36 

29,83 

181,53 

261,00 

32,89 

30,65 

16,50 

134,37 

17,47 

26,88 

8,47 

0,60 

146,98 

3,70 

0,70 

2,37 

0,02 

23,59 

0,62 

2,46 

18,63 

39,98 

5,09 

20,44 

4,82 

1,64 

4,98 

0,82 

5,08 

1,09 

2,98 

0,46 

2,92 

0,45 

99,60 99,39 

177,98 47,00 

3,12 33,64 

8,19 1,74 

2,09 2,19 

65, 19 523,36 

77,38 170,00 

23,86 29,24 

149,80 179,63 

56,92 157,31 

36,22 36,51 

24,28 73,35 

14,55 42,13 

227,09 83,54 

22,31 18,96 

42,89 36,35 

22,19 15,05 

1,66 0,99 

332,15 211,52 

8,30 4,67 

1,25 1,26 

2,85 4,51 

0,03 0,19 

12,80 7,30 

1,90 0,68 

11,54 2,91 

78,37 21,27 

156, 19 47,65 

18,58 6,21 

69,28 25,95 

11,86 6,01 

2,37 1,65 

9,56 6, 10 

1,44 0,99 

8,20 6,20 

1,74 1,31 

4,60 3,50 

0,68 0,53 

4,22 3,16 

0,64 0,47 

Table n - Average whole-rock chemical compositions for basalts (Lar
run, lbantelli, Mendaur) and dolerites (dykes). 
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Fig. 9 - N-MORB-normalised spider diagram of average compositions 
for basalts (Larrun. Mendaur, lbantelli) and dolerite. See text for inter
pretation and further explanation. 

Ti enrichment in the clinopyroxene and the high contents of 
P, Ta and Ti in whole-rock compositions. The cogenetic 
character of the sills and dykes can be inferred from th~ir in
compatible trace element ratios and REE patterns, which al
so show the existence of an evolutionary trend from fban
telli basalts (the less evolved) to Lamm, and finally to Men
daur basalts (with minor modal olivine). 

This magmatism, related to the late-Vari scan extension
al strike-slip regime, can be considered coeval with that in 
the Anayet area (Central Pyrenees; Innocent et al., 1994). 
These Late Perrnian alkaline magmatic episodes, associated 
with basin-opening events, represent the first expression of 
the extension-related Mesozoic magmatism, clearly differ
ent from the Yariscan magmatism under a transpressional 
regime (Late Carboniferous-Early Permian), with calcalka
line affinities and a dominant crustal signature. Post-Au
tunian magmatic episodes are only expressed in central 
(Anayet; Innocent et al., 1994) and western (CVM, this pa
per) sectors of the Pyrenees. The available data for the 
CVM Upper Perrnian magmatic units are not sufficient to 
ascettain whether they share the same protolith (the same 
kind of mantle), or similar melting rates, or both. On the 
other hand, the emplacement conditions observed for the 
CVM magmatism are singular and, in this context, the 
CVM could be considered as a key reference area for the 
Late Perrnian magmatism in the Pyrenees. 
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THE PERMIAN CALC-ALKALINE MAGMATISM 
OF THE IBERIAN BELT (SPAIN): AN UPDATED SYNTHESIS 

MARCELIAN0 LAGO SAN JOSE', ANDRES GLL IMAZ 1
, ANDRES POCOYf JUAN', 

ENRIQUE ARRANZ YAGOE I and CARLOS GALE BORN AO 1 

Key words- magmatism; calcalkaline; hypabyssal; Iberian Belt; 
Permian. 

Abstract - The Upper Stephanian-Pennian calcalkaline magma
tism of the Iberian Belt is represented by hypabyssal intrusions 
(sills and dykes) and, less commonly, by pyroclastic deposits, 
emplaccd into Permian sedimentary basins, which are con
fonnably overlain by Buntsandstein facies materials Andesitic 
compositions dominate, with minor basalts and rhyolites. Strati
graphical, paleontological and radiometric age data. together 
with tectonic criteria, indicate that, in relation to the movement 
of NNW-SSE and NW-SE trending faults, this magmatism was 
emplaced in several stages during the Late Stephanian and Ear
ly Pennian. The least evolved types (basalt) were derived from 
the upper mantle, but the original magma composition was modi
fied by interaction with crustal materials, as deduced from the in
clusion of granitoid and high-grade metapelitic enclaves, par
tially or completely assimilated into andesite. These enclaves al
so provide evidence of deep fractures and, furthennore, they sug
gest hybridisation between the original magma and crustal 

restite-rich partial melts. 

INTRODUCTION 

The Permian calcalkaline magmatism of the Iberian Belt 
is remarkably interesting due to: 1) the great number -
nearly 1000 mapped outcrops- of subvolcanic intrusive 
bodies (sills and dykes); 2) all the members of a typical 
calcalkaline trend being exposed, andesite being the dom
inant rock type; 3) its epizonal emplacement into upper 
crustal sedimentary rocks ranging in age from Cambrian 
to uppermost Permian ("Thuringian"), 4) emplacement 
through basement fractures which favoured fairly rapid 
ascent of the magma; 5) the significant volume of crustal 
enclaves (granitoid rocks and metapelites); 6) the interac
tion between a mantle component and crustal materials, 
indicated by assimilation processes that affected meta
pelitic enclaves and finally, 7) in several Permian basins of 
the Iberian Belt, pyroclastic deposits - coeval with the hy-

Parole chiave - magmatismo; cakalcalino; ipo-abissale; Catena 

lberica; Permiano. 

Rias.rnnto - II magmatismo calcalcalino tardo-stefaniano c pcr

miano dclla Catena Iberica e contraddistinto da intrusioni ipo-abis
sali (in filoni-strato e dicchi) e, meno comunemente, da prodotti pi

roclastici, collocatisi in bacini sedimentari permiani, che sono ri
coperti in concordanza da depositi a facies di Buntsandstein. Si 
hanno in prevalenza rocce a composizione andesitica, e subordi
natamente basalti e rioliti. Datazioni stratigrafiche, paleontologichc 
e radiometriche, nonche criteri tettonici, indicano che questo mag
matismo, in relazione al movimento di faglie orientate NNW-SSE 
e NW-SE, si mise in posto a piu riprese durante ii tardo-Stefania
no e ii Penniano inferiore. I tipi meno evoluti (basalti) provennero 
dal mantello superiore, ma la compozione primaria del magma fu 

modi licata a seguito di un' interazione avvenuta con materiale cro
stale, come si puo dedurre dalla presenza di inclusi granitoidi e me
tapeliti d'alto grado, parzialmente o completamente assimilati dai 
magmi andesitici. Questi '·enclaves" suggeriscono anche l'esisten
za di profonde fratture, cosl come un'ibridizzazione tra ii magma 
primario e parziali fusi crostali ricchi in restite. 

pabyssal rocks - include fossil plants. which facilitates pa
leontological dating of these materials. 

GEOLOGICAL FRAMEWORK 

The Iberian Belt is an intraplate orogen. located in the NE 
of the Iberian Peninsula (Fig. 1) and divided into two sec
tors: the western sector is known as "Rama Castellana" 
and the eastern as "Rama Aragonesa". Both sectors are af
fected by Alpine structures which are compatible with re
activation of the main Yariscan faults of the Paleozoic 
basement. Most of these faults acted as NW-SE and NNW
SSE trending strike-slip faults, several kilometres in 
length, in response to the Vari scan structuration of the belt 
(Capote, 1983). 

Calcalkaline magmatism occurred in the Iberian Belt 

'Dcpanamcnto de Ciencias de la Tterra. Universidad de Zaragoza, 50009 Zaragoza. Spain. 
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during the late Stephanian-Permian interval, and was re
lated to the opening of sedimentary basins, controlled by 
steeply dipping normal faults that affected the Paleozoic 
basement. Pyroclastic deposits are interbedded in the 
Stephanian-Permian succession, which unconformably 
overlies the pre-orogenic materials and, in the studied out
crops, is overlain by Upper Permian and Lower Triassic 
terrigenous sediments (Lago et al., 1992). 

These pyroclastic deposits crop out at Sauquillo de Al
cazar (Figs I A and 2; Lago & Pocovf, 1991 a), Fombuena 
(Figs I B and 2; Conte. et al., 1987), locally over the top of 
the Ojos Negros sill (Figs IC and 2; Lago et al., 1994 ). 
Orea (Figs ID and 2; Lago et al., 1995), Atienza (Fig. I L; 
Hernando et al., 1980) and Rillo de Gallo (Figs 11 and 2; 
Ramos et al., 1976). In all these sectors, they are in
terbedded within sedimentary layers containing fossil 
plants which indicate an "Autunian" age (Lago et al., 
1991, 1995;Lago&Pocovf, 1991 a,b;Conteeta/., 1987); 
this age agrees with those obtained by K/Ar radiometric 
dating for andesites in Fombuena (292 ± 2.5 Ma; Conte et 

Legend 
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basement 
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"Rama Castellana" 

D Palaeozoic basement of tire 
• Hesperian massif" 

c::J Preca111bria11 

al., 1987) and Atienza (287 ± 12 Ma: Hernando et al., 
1980). Thus, the magmatic episode took place during Late 
Stephanian and Early Permian times and, in any case, pri
or to the Buntsandstein facies sedimentation. 

Hypabyssal intrusions (sills and dykes) are widely ex
posed in the Iberian Belt, especially at the SE sector of the 
Ranrn Aragonesa (Torres, 1989; Torres et al., 1993); the 
largest volumes crop out at the Sierra de Albarracfn (Rama 
Castellana; Lago et al.. 1993, 1996). In all cases, these in
trusions have three features in common: a) andesite - both 
basaltic and amphibole-bearing - is the main rock type: 
basalt (e.g. Ojos Negros, Fig. IC) and rhyolite (e.g. outcrops 
at Ateca - Fig. I J - and NW Montalban Anticline - Fig. I K) 
being less frequent; b) intrusion took place in several events. 
as deduced from the interference of andesite dykes cross
cutting more differentiated intrusions; and c) they are all co
genetic. An absolute Kl Ar age determination was made on 
biotite from the Loscos gabbro (Fig. I H: Lago et al., 1991) 
giving a 293 Ma (late Stephanian-early Perrnian) emplace
ment age. This finegrained gabbro is cut by andesite dykes 
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Fig. I - Geological sketch map of the Iberian Belt, with location of the outcrops cited in the text. 
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which are cogenetic wilh all lhe 01.her studied andesitic in
trusions and pymdaslic materials. 

MINERAL COMPOSITION ANO GEOCHEMISTRY 

Most of the igneous bodies (both hypabyssal and pyro
clastic) are pervasively affected by secondary alteration 

Hesperian Massif 

"" 

... 

Rama Castellana 

pttnhllUt'l 
wjffl1u(( 

processes, and only a few intrusions preserve their origi
nal mineral associations almost unaltered. These are the 
Ojos Negros basalt (Lago et al., J 994 ), the Loscos gabbro 
(Lago & Conte, 1989) an<l some andcsitcs from the Mon
talban Anticline (Torres. 1989: Torres et al .. 1993). The 
study of tbeir mineral composition (by electron micro
probc) and petrology, provides the basis for the definition 
of the main rock types (Fig. 3). A detailed chemical study 

Fsma Aragonesa 
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f7ig. 2 - St,Jligr-JphiCHI sections for selected outcrops (see Fig. I for hx:,1tin11J of rcm1iu11 h11si11s with pyr,x:lastic deposits. 

Fig 3 - Crystallisation ~equenc11 
for hypabyssal rock-types. 
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of the ortbo- a11d clinopyroxene and amphibole has also 
heen caJTied out and the results of this study, together with 
lhat of the whole rock geochemical compositions obtained 
by XRF and ICP-MS- (Table l) indicate a calcalkaline 
affinity (Lago et al., 1989 a). 

The basalts show a hypocrystalline porphyritic texture, 
characterised by olivine (Fo 73.68), clinopyroxene (Fs8.8 to 

M-und. M-dif. Ojos Negros 
samples N,,,5 N=3 N=5 

SiO2 52.540 53.700 51.000 
TiO2 0.796 0.900 0.803 

Al203 15.820 16.267 16.120 

fe2O3 7.178 6.937 6.698 
MnO 0.128 0.113 0.122 

MgO 5.622 5.010 5.176 

eao 7.890 6.980 10.532 

Na2O 1.726 2.277 2.102 

K2O 0.778 1.177 1.452 

P2O5 0.120 0.143 0.128 

L.O.J. 6.540 5.417 5.558 
ml(• 0.641 0.622 0.638 
Total 99.134 98.917 99.691 

Li 76.600 60.667 38.800 

B 36.400 3S.667 4S.600 

Sc 24.020 20.900 27.960 

V 137.400 126.667 207.600 

Cr 214.000 180.000 406.000 

Co 18.600 18.333 21.800 

Ni 18.200 27.000 13S.800 
Cu 16.460 17.833 35.860 

Zn 63.180 67.967 109.760 
Rb 27.200 43.333 39.200 

Sr 238.600 212.000 268.800 
y 17.600 17.333 23.000 

Zr 128.400 148.333 112.400 

Nb 9.600 9.667 3.600 

Ba 124.200 201.667 273.200 

La 18.140 21.233 18.180 

Ce 36.820 43.533 36.980 
Pr 4.560 5.300 4.220 

Nd 18.060 20.400 17.900 

Sm 4.220 4.800 3.S20 

Eu I.I 14 1.277 1.152 

Gd 4.080 4,700 3.360 

Tb 0.540 0.633 0.S60 

Dy 3.720 4.000 3.800 
Ho 0.700 0.730 0.662 

Er 2.040 2.133 1.940 

Yb 1.960 2.033 2.020 

Lu 0.276 0.293 0.216 
Hf 2.960 3.633 2.760 

Fs 11.R) and plagiocla~e (AnH3.72) zoned phcnocrysts. Basaltic 
(=pyroxene-bearing) andesitc is hypocrystallioe and por
phyritic, with scarce isolated orthopyroxene crystals 
(En78Wo3Fs 19 on average), clinopyroxene (En50Wo40Fs10 
on average) and plagioclase (An81_27) crystals as main min
eral phases. Amphibole (hornblende) is a minor phase. 
Quartz xenocrysts are common in these rocks. 

SiOZ % 
82 RHYOL!TE o. 

70 RHYODACJTE 
DACITE 

58 ANDES] 

• 
46 • SUBALKALI 

BASALT Nb/Y 34 
0.0 I 0.1 10 

(108 samples) 

Fig.4- %Si 0, vs Nb/Y ciassifica1ion diagram (Winchester & Floyd, l 976). 

~ 1000 
00 

"' 
.s= 
0.0 
:, 
0 
C 
0 
Q 
<.I :; 
~ 
= = 
~ 
~ ·c: 
"O 
C 
0 -= 
~ 
c..l 
0 

A11erages: 

-+- Mo11talban (und.) 

-8- MoHtalbdn (dif.) 

~ Ojos Negros 

Ba U Ta La Sr P Zr Gd 
CZ: 0 10 l-,-J._.--L_,,.--l..--.,---'--,--'-...-"--.....-''--,--'---, 

Rb Tb Nb K Ce Nd Sm Ti Y 

Fig. 5 - Multi-element, chondrire-normoUscd plm for !he average compo
sitions in Table I. Depictions in P, Nb and K ore clearly shown. See text 
for further details. 
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Tobie I - Average compositions of selected non-evolved rocks, reprcscn1a1ive of the studied 
magmatism. M-und: Pyroxene andesite from Montalban anneline; M•dif.; Amphibolc an
de~ire from Monralban Anticline. Ojos Negros: Ojos Negros basalt. 
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The amphibolc andesite is hypocrystallinc and por
phyritic. with minor clinopyroxcne, plagioclase (An70.20) 

and amphibole (hornblende. with Mg* values ranging 
from 0.52 to 0.48) as the main mineral phases. Gamet 
xenocrysts (Alm70-60) are frequent. They occasionally 
show zoning and reaction rims, showing their instability 
within the andesitic magma and some degree of re-equili
bration of the original metamorphic composition. 

The dacite is composed of plagioclase, alkali feldspar. 
biotite and quartz, with minor amphibole. Finally, the min
eral association in the rhyolite (both massive and fluidal 
varieties) is composed of alkali feldspar, albite. quartz and 
very scarce Fe-rich (schorl) tourmaline crystals. 

Averaged whole-rock chemical compositions for se
lected samples - representative of the least evolved mem
bers of the calcalkaline trend - are shown in Table I. A 
SiO2 vs Nb/Y plot of all the available data (Fig. 4) supports 
the calcalkaline affinity and displays an almost continuous 
trend from basalt to rhyolite. A chondrite-nonnalised mul
ti-element plot (chondritie values after Sun & McDonough. 
1989) for the compositions in Table 1 shows negative 
unomalies for Nb, K and P, together with enrichments for 
Ba, Th, U. LRF.Es (La. Ce, Sm and Nd) and Zr (Fig, 5). 

When normalising REE contents to chondrite (Boyn
ton, 1984), enrichments in LREEs with respect 10 HREEs. 
as well as fractionation from basalt to andesite (Fig. 6), is 
clearly shown; these patterns are in good agreement with 
other trace element data (Ni: 136 ppm in basalt and <30 in 
andesite: Cr: 406 ppm in basalt and <200 ppm in andesite, 
for a Mg*(= Mg/Mg+Fe) average value of0.64). The ob
served REE patterns are typical of a calcalkaline trend, 
with anomalous enrichment in LREEs (La, Ce and Nd) 
and Th. These enrichments in incompatible elements can 
be related to the important contribution of crustal materi
als to the original basic magmas. In spite of the lack of oth
er evidence (i.e. radiogenic isotope ratios). the origin of 
these basic magmas can be placed in the upper mantle 
since: I) there is no evidence of Variscan basic crustal 
melts for the Iberian Belt and 2) all the rocks fit on to acal
calkaline trend, 

CRUSTAL ENCLAVES AND THEIR SIGNIFICANCE 

1\vo kinds of deep-basement enclaves occur in this mag
matic unit: a) granitoids and b) metapelites. 

Granitoid enclaves (granite, syenite and aplite, all rich 
in almandinc garnet -Alm70_60-) are common in the hy
pabyssal intrusions of the Rama Aragonesa (e.g. Maicas. 
Monforte de Moyuela and Vistabella; Lago et al., 1991). 
The particularly interesting outcrop of an andesite dyke 
near Maicas (Fig. 1G; Lago et al., 1987) contains an un
common accumulation (up to 30% of the intrusion vol-

ume) of granitoid, metamorphic and sedimentary en
claves, which have several features in common: a) their 
long axis is clearly oriented, being almost parallel to the 
base of the andcsite dyke; b) contacts between enclaves 
(granite-granite, granitc-aplite, etc) are frequent and c) re
action rims can be observed between some of the enclaves 
and their host, giving rise to a hybrid rim surrounding the 
whole enclave. 

Metapelite enclaves arc also frequent; they show vari
able degrees of assimilation. from a thin reaction rim to 
complete assimilation, producing garnet (almandine) 
xenocrysts as relicts of the original enclaves. Two out
crops are specially rich in this kind of enclave: a) Maicas 
(Fig. lG), in which biotite - sillimanite - spine!~ plagio
clase ± corundum ± garnet metapelitic enclaves arc very 
common (Serra el al., 1997 a). and b) the dacite outcrop at 
Noguera (Sierra de Albarracfn: Fig.IF). ln this case. meta
morphic enclaves display reaction rims, granoblastic and 
decussate textures, and in most cases they preserve rel icts of 
an original foliation. defined by biotitc and amphibole, and 
two cleavages. The high-grade mineral association is com
posed of: hiotite - sillimanite - spinet(± garnet I Alm72-63] ± 
corundum). and aJso plagioclase (Anc,0.13), which is a late 
poik.iloblastic phase, usually including spinel and/or bi
otite crystals (Serra et al., I 997 b). 

Gamet .xenocrysts (Alm7o.61) arc common in both hy
pabyssal intrusions (sills and dykes) and pyroclastic de
posits (e.g. Fombuena; Conte et al., 1987), They are relicts 
of otherwise completely assimilated metapelitic enclaves: 
this interpretation is also supported by the clear correla
tion, for each outcrop, between the quantity of garnet 
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xenocrysts and that of partially assimilated metapelitic en
claves (Lago et al .. 1989 b). 

The occurrence of high-grade metapelitic enclaves and 
granitoid fragments within this magmatic unit provides 
evidence for a) the great depths of the magmatic conduits 
and b) the interaction between a magma originating in the 
upper mantle, and lower-middle crustal materials, which 
were partially or completely assimilated. modifying the 
original composition of the caJcalkaline magma. At this 
stage, we cannot rule out the possible fonnation of restite
rich crustal melLS that partially hybridised the basaltic 
magma, giving rise to more evolved andesitic and dacitic 

compositions. 

CONCLUSIONS 

The late Stephanian-Permian calcalkaline magmatism of 
the Iberian Belt, represented by hypabyssal intrusions 

(with dominance of andesite over basalt and rhyolrte) and 
pyroclastic deposits, was controlled by the Late Variscan 
extensional regime which was responsible for the forma
tion of deep, crustal-scale faults. This geodynamic frame
work made possible the ascent of a calcalkaline magma 
which was eventually emplaced in the fonn of hypabyssal 
intrusions (favoured by structural or stratigraphic discon
tinuities) and pyroclastic deposits which are interbedded 
into the sedimentary infill of Permian sedimentary basins, 
limited by normal faults. The primitive composition of the 
basic magma, derived from the upper mantle, was modi
fied by interaction with lower-<.:nistal materials (now ex
pressed as granitoid and metapelitic enclaves, frequently 
assimilated) which were carried up by the magma during 
its ascent and emplacement. 

Ack.nowledgeme111s - The authors wish to thunk L. Cortesogno 
and B. Bonin for their construclive reviews and criticism, which 

helped lo improve the original manuscripL 
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THE PERMIAN OF SOUTHERN FRANCE: 
AN OVERVIEW 

JEAN-PAUL DEROIN 1 (coordinator), BERNARD BONIN 1. JEAN BROUTIN ', BRUNO CA BANIS', 
JEAN-JACQUES CHATEAUNEUF 5• REN8E DAMOTTE°, MARC DURAND' and Gr:oRG!:S GANO~ 

Key words - Continental deposits: intramontanc hasins; macm
and microflora; tetrapod foolprints; ostracod; calcalkaline 
episode; alkaline episode: magmatic suite; ··Auluniun"; •'Saxon
ian··; .. Thuringian". 

Abstract - This paper deals with the recent advances in stratig 
raphy, magmatism and paleogcography of the Permian areas of 
southern France (French Pyrenees, Massif Central. Provence. 
Corsica, French Alps). especially since lhc publication of the 
Synthese des Bassins Permiens Fram;ais (Ch3.teauneuf & Far
j:mcl, 1989). The lithological successions of the basins have been 
dated using essentially macronora. micronora. footprints. crus-
1accans. insects. and some radiometric ages. The comparison be
tween the different basins reveals significant variations in the 
time of deposition of the red beds during the Permian and the ear
liest Triassic. In contrast. the Early Permian seems to be well-de
fined by the .. Au1unian" biostratigraphic content. 
The geodynamic sening of the studied area shows two contra~t
ing magmatic episodes. The first episode is mainly high-K cal
calkaline, its geochemical propenies providing evidence for a 
significant crustal component At the beginning of the second 
episode. the magmatic suites became abruptly alkaline. This sec
ond episode derived from an 018 source replacing the older 
lithospheric source with minor crustal contribution, and it is 
mainly represented by alkaline rocks showing widespread distn
hution (Morocco, Catalonia. Pyrenees. Corsica-Sardinia, 
Provence, the Alps). 
In many areas (Corsica, Pyrenees. Massif Central, etc.). supple
mentary evidence for a mid-Permian tectono-magmatic event, 
reflected by the magmatic episode al 270 Ma. is marked by an 
angular unconformity at the bru;e of lhc .. Saxonian" and some
times by slight tectonic movements. 

Parole rlriavP - Ocpos111 continentali; bacini in tramontani; ma
cro• e microflora; impronte di tetrapodi: ostracodi: episodic cal
culcalino: cpisodio alcalino: seric magmatica: "Autuniano"; 
"Sassoniano": "Turingiano". 

Riass111110-Questo lavoru espone i reccmi avanzamenti compiu
ti in stratigrafia, magmatismo e paleogeografia nellc aree pcr
miane della Francia meridionate (Pirenei francesi. Massiccio 
Centrale. Provenza, Corsica. Alpi Francesi), soprattutto a partire 
dalla pubblicazione relativa alla .. Simesi dei Bacini Permiani 
Francesi" (Chilteauneuf & Farjanel, 19!!9). Le successioni litolo
giche dei bacini sono state dat:ne ricorrendo essenzialmente allo 
studio della macrotlora, microflora, impronte di vertehrati. cro
st.acei e inseni, ed ai risultati di alcune eta radiometrichc. II con
fronto tra i divcrsi bacini rivcla significative variazioni di eta dei 
red bedr durame ii Permiano e l'inizio del Trias. Al contrario, ii 
Permiano inferiore sembra essere bcn definite dal contenuto biu
stratigrafico dell'"Autuniano ... L'assetto gcodinamico dell'arc:i 
studiat.a mostra due contrastanLi cpi~o!.li magmatici. II primo ep,
sodio e cssenzialmcnte calcalcalino, con alto contcnuto in K. e le 
sue proprieta geochimiche fomiscono evidcnze di una significa
tiva componcnte crostalc. All'inizio dcl secondo cpisodio, lase
rie magmatica divennc improvvisamente alcalina. Questo secon
do cpisodio provennc da unn sorgentc 018 che sostitul. con un nr
pono crostale minore, la piu vecchia sorgente liwsferica, cd e so
pratlutto rappresentato da rocce alcaline che assumono un • ampia 
distribuzione geografica (Marocco, Catalonia, Pircnei, Corsica
Sardegna. Provcnw. Alpi). In molte aree (Corsica. Pirenei. Mas
siccio Centralc. ccc.). l'cvidenza supplementarc di un cvcnto tel
tono-magmaLico medio-pcrmiano, che e riflesso dall'episodin 
magmatico di 270 Ma, c scgnato da una discordanza angolarc al
la base del "Sassoniano" e talora da deboli movimenti tettonici. 
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INTRODUCTION 

Southern France and Corsica constitute intrncontinental 
terranes, part of the large Variscan orogen that resulted 
from the collision between the African and the North Eu
ropean plates and extended from the Appalachians to the 
Urals (Fig. I). These termnes were subjected during the 
entire Permian period to post-collisional and pre-oceanic 
extensional episodes, resulting in contrasting magmatic, 
sedimentary and tectonic regimes (Bonin et al .. 1993, 
1998). The Late Paleozoic deposits of southern France 
(Chilteauneuf & Farjanel, 1989) are mainly continental 
sandstones, pclites. and volcanosedimentary rocks, as in 
the other intramontane basins of Spain (Martinez-Garcia, 
1983; Sopeiia et al .. 1988, 1993; Pieren et al .. 1995; Gand 
et al., 1997c) and Italy (Cassinis et al., 1992, 1995; 
Broutin et al .. I 994; Cassinis, 1996). fo southern France, 
the corresponding Permian outcrops are located in the 
Pyrenees. at the edges of the French Massif Central, in 
Provence, in Corsica, and in the Alps. In addition, many 
boreholes have found generally assumed Permian deposits 
below the Mesozoic cover in Aquitaine and in the South 
East Basin: Languedoc. Provence and Dauphine, 

At the end of the 19th century, Munier-Chalmas and de 
Lapparent defined two continental stages in the Lower 
Pennian deposits: the Autunian, from the Auton Basin, 
Burgundy, and the Saxonian by analogy with the red facies 
known in Saxony. These stages labeled. on the one hand, 
the dominantly greyish and highly fossiliferous strata 
overlying the Stephanian deposits and, on the other hand, 
the dominantly reddish and poorly fossiliferous strata 
overlying the former. The use of these names has been 
abandoned in the framework of the international time 
scale which n:jects any non-marine stratotype. As the 
terms were also used in the lithostratigraphic sense, for ex
ample by many mining geologists, one of us suggested the 
use of "Aut11nia11" and "Saxonian" only as groups, name
ly lithostratigrapbic units next in rank above formation 
(Gand et al., 1997 c). Very recently, Broutin et al. ( 1999) 
showed that the paleonlological content of the "Autunian" 
of the Auton Basin dated from the latest Gh1.elian to early 
Sakmarian. Therefore. they proposed to keep up the "Au-

tttnian" chronostratigraphic sense for any continental Per
mian deposits which could be characterised by the Autun
ian flora. 

The third Permian continental stage defined by Renevi
er also at the end of the 19th century, namely the 
Thuringian. has always been considered as equivalent to 
the German Zechstein (Upper Permian). 

DESCRIPTION OF THE PERM I AN OUTCROPS 

French Pyrenecs 

The Paleogene orogeny of the Pyrenees exhumed the old
est part of the belt in the central domain (Zone primnire 
axial). On both Prench and Spanish sides, the Upper Pale
ozoic and Mesozoic series have been strongly folded and 
faulted. The Permian deposits of the Pyrenees (Lucas, 
1985) consist of thick red beds comprising conglomerates, 
~andstones. and pelites, the volcanic rocks associated with 
the sediments being very common. They are located along 
the external part of the "Alpine" belt. From west to east, 
we distinguish (Table I a): the Basque deposits of La 
Rhune and Bidarray areas, the Haut Beam deposits of the 
Ossau Massif (linked to the A.nayet area in Aragon, Spain) 
and to the east of the belt a number of small outcrops in 
Hautes-Pyrenees department (Aure valley), Ariege de
partment (Labastide de Serou, Niort, Sainte-Colombe), 
and Pyrenees-Orientales department (Segure, Durban, 
Baixas) namely Roussillon deposits in Table la. 

The Permian in the Pyrenees was characterised by five 
volcanic episodes described by Bixel (I 984, 1988). Un
fortunately, no cross-section shows the superimposition of 
the five events. The descriptions of the different stages are 
mainly based on the geochemistry of the magmatic prod
ucts intercalated in the lithostratigraphic succession. A 
first episode dated from Late Carboniferous-Early Permi
an is well-exposed in the Ossau area. AJuminous rhyolites 
dated from 278 Ma (Innocent et al., 1.994) and calc-alka
line dacitcs dated from 272 Ma are intercalated within the 
Ossau Fm. A third episode is only revealed in the eastern
most part of the belt, notably in the Baixas cross-section. 
The fourth and fifth alkaline episodes are well-exposed in 

Fig. l - Location or 1he Penman deposi1S of Southern Fmnc(: und surroundi11g area~. 
a. Vuriscan basement; b. Exposed Permian dcposiL~; c. Main Late-Variscan faulL~: d. Main Alpine thrusts. 
Numbers rcrer tu the Penni;in outcrops: 
Main Penni<m 011rcrops of So111hem F,-a11ce. I to S French Pyrcnecs: l. La Rhunc, 2. Bidarray, 3. Haut-Beam (Ossau), 4. Aure Valley. 5. Roussillon 
(Buixas): 6 to 11 Southern Massif Ccniral: 6-Saint Sauves d' Auvcrgne, 7. Brivc, 8. Rodez. 9. Saint-Affrique, 10. Lod~ve, 11. Prades (Largcnliere); 
12 and 13 Provence: 12. Toulon-Cuers. 13. Ra~•Argens-Estcrel; 14. Corsica (Monte Cinlu): 15 10 19 French Alps: 15. liarrot, 16. Argemera, 17. Bclle
donnc, 18. Gulibier. 19. Vanoise. 
Other Permia11 deposits of Nort/iem France ,111d t11rro1mdi11g arMs. 20. F.xeter (England); 21. Carentan (Nonnandy, France); 22. Mose! (Germany): 
23. Saar-Nahc (Germany): 24. Landau (Gennany): 25. Seuil de Ja Haardt (/\lsace, r'rancc); 26. Schwarzwald (Germany); 27 lO 31 Vosges (France): 
27. La Pluine-Nidcck. 28. Champenay. 29. Sain1-Dlc. 30. Ville. 31. Ronchumps-Giromagny; 32 to 37 Northern Massif Central (France): 32. Autun, 
33. Montreuillon. 34. Decize. 35. Le Creusoi, 36. Bourbon-l'Archambaull. 37. Bert: 38 to 41 Italian Alps: 38. Southern Alps, 39. Sesia. 40. Dora 
Maira, 41. Liguria; 42. Sierr.i de Cat.Ii (Spain). 
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the western pan of the Pyrenecs. in the Ossau Massif 

(fourth and fifth) and in the Basque Country (fifth). 
The Pyrenean Permian formations are poor in paleon

tological evidence. Some microfloras indicate a Stephan~ 

ian (at the bottom) to Autunian age for I.he Ossau Fm. 
Rare footprints have been found by one of us in the Som
port Fm. (Gand, 1988). In spite of the absence of fossils. 

other methods. such as paleomagnetism, indicate a Perm
ian age for some non-fossiliferous series. for example in 
the Camous Fm. (Schott, 1985). 

From a structural point of view, the Permian outcrops 
are mainly - except for the Basque Country - situated in 
the north of the 'Zone primaire axiale (ZPA), in the so

called 'Zone Nord-Pyreneenne. In the Central Pyrenees. 
different senings could be defined. In the Aure Trough, at 

the northern front of lhe ZPA. the detrital series is very 
thick (more than 1,000 m). ln contrast, on the Paleozoic 

North-Pyreneun massifs the Permian deposits are usually 

thin, but generally present below the base of the Mesozoic 
formations. Some Permian rocks could also be involved 

in aJlochthonous Alpine units, such as the Gavarnie 
Nappe. All I.he paleomagnetic data show a considerable 
rotation for the outcrops of Central and Eastern Pyrenees 

(Baixas for example), such as the Spanish Permian and 
Triassic outcrops of Catalonia (between 90 and I 00°). 
Thus, except for the Permian layers of the Basque Coun
try, consistent with a fixed Europe. the Permian deposits 

were mainly deposited on the mobile block of Iberia. 

Edges of the French Massif Central 

The Permian deposits of the southern Massif Central are 
essentially located along its borders: the basins of Brive. 

Rodez, La Gresigne, Saint-Affrique, Lodeve and Prades 
(Table la). One small occurrence appears surrounded by 
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'J'Jhles I a and b 
Synihesis of the Pcrmian of Southern Frunce. a) frum 
the Pyrenees to the French Ma.,;sif Ccnlrnl. b) frum 
Provence-Corsica lo the Alps. 
A compilation of unpublished re.~uhs of Chiitcuuneuf 

& Farjanel ( I 989), and of: 
- for the Pyrcnccs: Bixel (1984). Bixel & Lucas 
( 1983), Cabanis ( 1996), Cabanis & Le Fur-Balouel 
( 1989), lnnocem era/. tl 994). Lucas ( 1985). Luca., & 
Gisbert-i\gullar (1996) and Scholl (1985). 
• for the Massif Cemral: Brivc Basin by Feys ( 1976) 
and Gand (1991); Rode1. Basin by Bourges (1987); 
Saint-Affrique 13a.~in hy Gand ( 1993 b), Gand er al. 
(1996). Rolando (1988) and Rolando er al. (1988): 
Lodeve Basin by Brou1in er al. ( l 992), Gand ei al. 
( I997a, b, d), Odin (1986) and Schneider et al. 
(1999); Prudes 8;1sin by Gand (1993a). 
- for Provence: Dematbieu et (I/. ( 1992), Gand et al. 
( 1995), Lelhiers er al. (1993), Toutin ( 1980), Toutin
Morin ( 1987, I 992), Toutin-Morin & Bnnijoly 
( I 992). Vozenin-Serr.t l'I al. ( 199 I) and Zheng e1 al. 
(1991-1992). 
• ror Corsica: Bonin e1 ul. ( 1987), Cabani~ n al. 
( 1990). Gondolo ( 1989). Vellu1ini (1977). 
- for the French Alps: Deroin er al. ( 1996), Vinchon 
(1984). 

Vertical dashed lines represenl Lhe stmtigraphic gaps. 
Bold horizontal dashes represem the main discomi
nuilics. 

Main hioslratigraplticfeatw'i!s ofeachforma1io11 

Flora: 
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Crus1accans: 
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'y (0~1mcods) 

~ Insects 

I Footprints 
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the basement, near the Sillon Houillcr, at Saint-Sauves
d' Auvergne. The basins are mainly characterised by well
developed red beds cropping out widely above a relative
ly thin. rhythmically deposited Autunian unit. representing 
the repeatt:d alternation of torrential with lacustrine de
posits. The red beds range in age from Autunian sensu 
Broutin et al. ( I 999) to Upper Pcnnian ("Thuringian"). 
Volcanic rocks are poorly represented in the Brive and 
Rodez areas but form thick pyroclastic deposits in the 
Lodevc Basin, possibly related to the volcanism of Sar
dinia, Provence, and Corsica. 

Paleontological discoveries have recently been made in 
the so-called "Saxo11ia11'' group sensu Gand et al. ( 1997d) of 
the Lo<l.eve Basin which was Jong thought 10 be non-fossil
iferous. Triopsids (Lepidurus, Triops), conchostracans (as
sociated with triopsids but with a larger vertical distribu
tion), insects (ten orders represented), arthropod tracks and 
burrows have been identified for the first time (Gand et al., 
1997 a, d). Among the triopsids, Triops corresponds 10 a 
species very close to present-day Triops cancriformis. This 
indicates that these arthropods have evoI ved little since Pcr
mian times. The range of insects suggests Leonardian to 
early Kazanian ages for part of the Salagou Fm. The Con
chostracans are represented by species similar to those de
scribed in the '·Rotliegende II" seT1s11 Schneider et al. 
(J995). They suggest a Kungurian (or Sakmarian) to Tatar
ian age tor the "Saxonia11·• group of the Lodeve Basin. In 
the La Lieude strata the occurrence of conchostracans with 
ornamentation suggesis a Tatarian age for the uppermost 
part of the Salagou Fm. Other investigations in the Saint
Affrique Pennian basin have discovered some triopsids, 
conchostracans, and insects showing the same fauna as in 
Lodeve (Gand et al., 1997 b). 

The intramontane basin of Saint-Sauves-d' Auvergnc 
extends for about I O km2. It has been considered as "Sa.x
onian" by Brousse ( 1981) in spite of ( or due to ?) the lack 
of any paleontological data. Unpublished analyses per
formed by one of us (JJC) provide the first elements for 
dating this small basin. Spores and palynomorphs from 
one of the greyish layers of the "Pelites Fm. •• have shown 
the spores: Thymospora sp., Spinosporites lpinosu,t. S. ex
ig1111s, Laevigarosporites perminutus, lycospora pusilla. 
Verrucosisporites sp., lophotriletes sp.. Granu
latisporites; and the pollen grains: undifferentiated smooth 
Disaccates and Monosaccatcs, some Florinires and Cor
daitina. At first sight, this microtlora could be dated to the 
Stephanian or the Early Permian, but not the "Saxonian". 
The solution has been found by using weathering effects 
(epigenesis of organic matter by pyrite) involving the 
degradation of the biggest species (Mono- and Disac
cates). The high quantity of Disaccate and Monosaccate 
remains suggests a Permian age, which is in better accor
dance with the occurrence of the red sandstones Lhan a 

Stephanian age well-known for coal-deposits along the 
Sillon Houiller (Singles, Messeix). 

In the Permian basin of Largentiere. on the soutbeast
em border of the Massif Central where no other Permian 
strata crop out, lhe reinterpretation of lhe post-Carbonif
erous and pre-Triassic deposits by Gand (l 993 a) has 
shown the presence of two fonnations: Luthe-Montquo
quiol and La Lande Fms. A number of fossils and fossil 
tracks have been identified including vertebrate footprints. 
macroflora mainJy composed of conifers and callipterids, 
and many Scoyenia beds. Using methods such as the com
parison with the same icbnofacics from the Thuringian 
Forest, a correlation with the Asselian - upper Sakmarian 
of the marine time-scale has been proposed for the La 
LandeFm. 

Provence 
The Permian basins of Provence (Toutin-Morin in 
Chaleauneuf & Farjanel, 1989) follow one another along 
the border of the Varisc-an Maures massif, from the east to 
the west: Esterel and Bas-Argens. bounded to the north by 
the Tanneron massif, then Le Luc and Cuers-Toulon, 
which are pa1tly concealed beneath the Mesozoic cover 
(Table lb). Whereas the Upper Carboniferous sediments 
are confined within a few narrow submeridian troughs, af
fected by a post-Stephanian compressive phase, each of 
these Permian grabens trends more or less E-W. The thick 
continental siliciclastic fills are organised in fining-up
wards sequences evolving from fanglomerates (Delfaud & 
Toutin-Morin, 1993) to meandering stream deposits (Du
rand, 1993) or playa mudstones where paludal lo lacus
trine carbonates occur sporadically (Toutin-Morin, 1992). 
They are interrupted at various levels by felsic or mafic 
volcanic units, which are mostly developed in the Esterel 
and Bas-Argens where their cumulative thickness reaches 
a few hundred metres. It is for the eastern basins that the 
most stratigraphical data are available (Toutin-Morin et 
al., 1994 a, b). The oldest deposits (L' Avellan Fm., E
sterel) are tilted in a very small ESE-WNW graben and 
capped by the only volcanics in the area pertaining 10 the 
calcalkaline episode; thus an Autunian age se11su Broutin 
et al. ( I 999) is assumed for this fonnation alone. Above 
the main marker is the A7-Rhyolite. in the mjddle part of 
the series, whose .,,,,Ar-'~Ar date is very close to 272 Ma 
(Zheng er al., 1991-92) fitting well with the age of the 
Art.inskian-Kungurian boundary proposed by Jin Yu-gan 
et al. ( 1997). Below, the Ambon and Bayonne Fms, devoid 
of any fossils, arc separated by a basalt flow of probable 
(early?) Artinskian age (278 Ma). Above, the Pradineaux 
Fm. may constitute a condensed section: the lower part is 
older than 264 Ma (age of a crossing dyke) but the upper 
part can be correlated with the lowermost Tatarian of the 
Russian platform owing to ostracod studies (Lethicrs et 
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al .. 1993). This last result doe~ not seem in conflict with 
paleobotanical and paleo-ichnological data obtained from 
the same fonnation (Gand et al, 1995 ). Finally, the macro
and microflora yielded by the Muy Fm. (Bas-A.rgens). 
very similar to those from the German Zechstein, are the 
youngest known within the entire French Permian. West
wards correlations become more and more ditlicult. Nev
ertheless the ichnofauna found in the uppermost red-silt
stone unit of each basin (Pelitique Fm. in Le Luc Basin: 
Gonfaron Fm. in Cuers Basin. and Fabregas Fm. in Toulon 
Basin) is nearly identical to the La Lieude association in 
the Lodeve Basin (Demath.ieu et al .. 1992). Around the 
middle part of the Toulon series, lacustrine laminated 
limestones and siltstones, deposited in a narrow sub
meridian half-graben, yield a rich macroflora and a paly
nological assemblage closely similar to that from the Tre
giovo Fm (Southern Alps, Italy) and for which a post-Kun
gurian ante-Tatarian age can be suggested (Broutin & Du
rand. 1995). In other respects, the possibility of correlation 
of the acidic tuffs described in the Saint-Mandrier Fm. 
(Durand, 1993) and the more distal ones discovered in the 
Lodeve Basin (Nmila et al., 1992) remains to be borne out. 

From a structural point of view the Permian basins of 
Provence are clearly related to N-S distensional conditions 
(Toutin-Morin & Bonijoly, 1992), but a transcurrent ele
ment is shown by the diachronic activity of nonnal faults 
expressed by many intra-Permian angular unconformities 
( Baudemoot, I 988). An overall depocentre migration can 
be traced in an E-W direction. Movement ceased before 
the end of the Permian and was followed by a long period 
of pediplanation. The oldest Tria~sic terrigenous deposits. 
located in the Toulon area, display paleocurrents in an op
posite direction to those from the Pcrmian (Durand et al., 

1989; Durand. 1993). 

Corsica and neighbouring areas 
After the Variscan event, in the continental block now de-
fined by Corsica and Sardinia, a new orogenic event akin 
to the Alleghanian was accompanied by Upper Carbonif
erous to Lower Pennian magmatic episodes. Several cal
calkaline magmatic pulses made up the huge 500 km-long 
and 50 km-wide Corsican-Sardinian Batholith (Orsini. 
1980). The older tonalitic units are interpreted as the result 
of renewed subduction processes (Finger & Steyrer. 
1990). The younger post-collisional plutonic units were 
coeval with volcanic formations. The compositionally ex
panded higb-K calcalkaline suite comprises cumulates, 
gabbro, diorite, porphyritic granodiorite and monzogran
ite, leucomonzogranite (Orsini, 1980), and an andesitc
dacite-rhyolite volcanic association (Vellutini. 1977). 
Trace element and isotopic compositions indicate mag
mas derived from a depleted mantle source with a sub
duction component and mixed with crustal products (Ca-

banis et al., 1990: Cocherie er al., 1994). 
The Permo-Triassic alkaline province was built during 

two episodes. The mid-Permian (270 ± I 0 Ma) was a crit
ical period marked by emplacement of numerous com
plexes. No time interval is substantiated between the lat
est high-K calcalkalinc and the earliest alkaline intrusions 
at about 280 Ma. After a quiescent period, renewed mag
matic activity took place at the Permian-T riassic boundary 
(245 ± I 0 Ma). The magmatic rocks are exposed within 
caldera volcanoes, dyke swarms and ring complexes. The 
compositionally expanded suite (Bonjn, 1986) encom
passes gabbro, monzogabbro, mon.zonite, syenite, alkali 
feldspar granite and syenogranite at the subvolcanic level 
(Platevoet, 1990), scarce basic lava flows and volumjnous 
trachyte-rhyolite ignirnbritic flows at the volcanic level 
(Vellutini, 1977). 

Trace-element compositions of dolerite dykes indicate 
derivation from an 018 source (Cabanis et al., 1990). Met
aluminous, slightly peraluminous or highly peralkaline 
granites exhibit high, yet variable, trace-element contents 
related to mineral fractionation and volatile transfer 
through F-rich complexing fluids (Egeberg er al., 1993). 
Initial Sr isotope ratios range from 0. 703 up to 0.737 
(Bonin er al., 1987) and eNd from +0.5 down to -5.8 
(Poitrasson et al, 1995). Chemical evidence precludes 
simple mixing processes by crustal contamination of man
tle-derived magmas and indicates primary magmas simi
lar to the Ivrea mafic compleK (Sinigoi et al., I 994 ), with 
an insignificant to minor contribution from old upper 
crustal units and a varying contribution of lower crust. 

The mid-Pennian episode can be considered as post-oro
genic, namely post-Alleghanian. It is characterised by two 
magmatic alignments (Bonin et al., 1987), one from Mo
rocco to Catalonia to Corsica-Sardinia to Esterel and Bri
anc;onnais to the Southern Alps. and the second from Cor
sica to Vosges-Schwarzwald to the Oslo Rift, defining a Y
shaped fault system associated with large sinistral shear 
zones. The Late Pennian to Triassic.: episode was markedly 
early anorogcnic (Bonin, 1990) and was related to an incip
ient rifting regime in Corsica, Esterel and Catalonia. It her
alded the Mesozoic evolution of the westem Mediterranean 
area, and can also be considered ea-Alpine. 

Thus, the Perrnian of Corsica is essentially magmatic in 
nature (Gondolo, 1989). Only two small outcrops at the 
western edge of the Monte Cintu caldera have provided 
paleontological data (Table lb). ln Mausoleu, near the Os
ani Stephanian basin mined for coal, flora revealed an 
"Awunian" age for sedimenlS intercalated within calcal
kaline andesites of the first magmatic episode. In Scandola 
(Capu Puppiaghia) some microfloras containing Plarysac
cus and Lueckisporites provide a Thuringian age for sand
stone-s and lacustrine limestones intercalated withi.n alka
line volcanic rocks of the second episode. 
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French Alps 
The French Alps are located in the westernmost part of the 
orogcn (Table I b). The main structural Alpi.ne units con
cerned are: the extemaI zone (Dauphine') and the internal 
zones (Bria111;011llflis and Valais). In the Alpine segment of 
the Vari.scan belt, the Upper Paleo:wic features arc often 
difficult to decipher because of the superimposition of the 
Ccnozoic orogcnic episodes. In the external zones. some oc
currences of Perrnian deposits are generally less deformed 
than their Mesozoic cover above the Tria~sic gypsum lay
ers. for example in the Belledonne Massif (Deroin et al., 
1996). The Permian deposits are better exposed in the 
southern French Alps. in the Barrot and Mercantour-Ar
gentera areas {Vinchon. 1984). Near Leouve (Barrot dome) 
the discovery of A rcrorypus vemeti (O<lonata) has provided 
a •"fhuringian" age for the top of the Cians Fm. (Laurenti
aux-Vieira & Laurentiaux, 1963). The same age has been 
proposed for the Leouve Fm. using palynomorphs. 

In the northern Alps, Savoie and Dauphinc, the Late Pa
leozoic deposits including Upper Carboniferous and Pcr
mian strata appear within very narrow troughs, mainly 
along the Belledonne granitic massif. Near Allevard, 1he 
pre-Mesozoic series is composed of a succession of: (i) 
hlack shales and coarse-grained sandstones daring from 
the Westphalian to the Stephanian, using macroflora: (ii) a 
200 m thick sequence of sandstones (Grand-Rocher Fm.) 
i1lcluding conglomerate and dolomite layers possibly Ear
ly Permian in age (some rare macroflora): (iii) sandstones 
probably Triassic as well as Upper Permian in age corre
sponding lo the Flumet- and Allevard Sandstooe Fm.). In 
the internal zones, the Pem1ian deposits are widely ex
posed in the Brian9onnais (Zone houillere), notably in the 
Vanoise and Galibier areas. Unfortunately, the amount of 
strain has destroyed any paleontological evidence. Thus, 
the Perrnian facies are mainly defined on structural con
siderations, the typical cross-section showi~g the "Eoper
mien·' or Early Permian overlain by the ''Neopermien''. 
namely the Late Permian. This megasequence begins with 
conglomeratic layers (Roche-Chateau Conglomerates), 
probably Upper Carboniferous as well as Early Pcrmian in 
age. and is overlain by the Ycrrucano facics. reputedly Per
mo-Triassic. All lhe "Permian" megasequence rests un
conformably on Carboniferous or older deposits. 

MAGMATISM 

Carboniferous to Ttiassk plutonic activity 

Progressive amalgamation of almost all continental ter
ranes into the last Pangaea during the Carboniferous re
sulted from the complex collisional interactions of two 
megacontinents, Laurasia to the north and Gondwana to 
the south. The scattered occurrence of Cadomian ages in 

sou1h Europe and eastern North America indicate that 
Gondwana-derived tcrranes, such as Avalonia, Armorica, 
lberia, and so on, collided early with the Laurasia mega
continent (Ziegler, 1986). Collision or the Mid-European 
Moldanubian terrane with the Intra-Alpine terrane 
(Stampfli, 1996) resulted in contr<l!iting plutonic episodes 
(Bonin er al., 1998, and references therein). 

Jn the Moldanubian terrane. the post-collisional mag
matic activity consisted of short-lived syntectonic 
episodes of a few million years, controlled by transcurrent 
crustal-scale faults. (I) Mg-K-rich magmatic suites, 
recorded at 345-330 Ma from the External Alps 10 the Bo
hemian Massif and at 310 Ma in the Aar Massif, probably 
derived from a subduction-enriched lithospheric mantle 
source with crustal contamination. (2) Peraluminous mag
mas were emplaced along dextral strike-slip faults at 307 
Ma in the Mont-Blanc and Aiguilles-Rouges and had 
dominantly crustal sources, but a mantJc contribution is 
documented by coeval gabbro and matic microgranular 
enclaves. (3) The lase magmatic episode was post-oro
genic and is represented in the Mont-Blanc, Central Aar 
and Gotthard Massifs by alkali-calcic plutonic suites at 
303-292 Ma, and by abundant intcm1cdiatc to acidic vol
caniclastic deposits at 303-299 Ma. Isotopic evidence 
points to an ultimately mantle source, with an increasing 
contribution from the upwelling asthenosphcric mantle 
relative to the subcontinental lithospheric mantle source, 
and to crustal contamination of unknown magnitude. In 
this intra-continental zone, magmatic activity was poorly 
developed during the Perrnian. 

By contrast, in the marginal Intra-Alpine te1rnne. mag
matic episodes were largely represented during the Permo
Carbonifemus. ( 1) 340 ± 5 Ma Mg-K-rich magmatic suites 
in the Pyrenees, Corsica and the western Alps resemble 
those within the Moldanubian terrane. (2) During the Late 
Carboniferous and the Early Permian in Morocco, Catalo
nia. Pyrenees. Corsica-Sardinia, Provence, the Internal Alps 
(lntemal Crystalline Massifs, Brian~onnais zone, Austro
Alpine realm and Southern Alps) and south Italy, normal to 
high-K calcalkaline bad1oliths and volcanic fom1ations de
ri vcd from a subductioo-enriched lithospheric mantle 
source with crustal contamination, but partia1 melting in
volved smaller amounti- of K-rich minerals. Peraluminous 
anatcctic massifs, well-developed in the Velay Dome of the 
French Massif Central, are also represented. (3) The mag
matic suites became abruptly alkaline 280 Ma ago, with no 
smooth transition from the previous suites. and produced 
two episodes, the major one at 270 ± 10 Ma in Morocco, 
Catalonia, the Pyrenees. Corsica-Sardinia. Esterel, and the 
Internal Alps. and the second minor one at 245 ± I O Ma in 
Catalonia, Corsica and Esterel. They derived from an OlB 
source replacing the older lithospheric source, with minor, 
yet varying, crustal contribution. 
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The Triassic (250-200 Ma) was marked by volcanic
plutonic complexes emplaced along faull zones, such as 
the 245 Ma Matterhorn-Mont Collon-Dents de Berto! 
transitional suite, the Austro-Alpine realm. the 237-232 
Ma Monzoni-Predazzo alkaline complex. the Southern 
Alps. and the tholt:iitic ophites of the Pyrenees. Lastly. a 
200 Ma thermal anomaly reset mineral and some whole
rock isotopic clocks. 

Permian volcanic activity 

Significant volcanism occurred during the Permian and the 
earlier Triassic in the western Mediterrannean province. 
Two main episodes, high-K calcalkaline and alkaline, are 
classically recognised. They correspond to the transition 
from post-collisional crustal-derived or contaminated mag
matism to anorogenic asthenospheric magmalism. 

The ft rst episode 
The first volcanic episode including andesites, daci1es and 
rhyolites of Early Permian age (290-275 Ma) is high-K 
calcalkaline wilh a significant crustal component. It is 
well-represented in the Pyrcnees (Cabanis & Le Fur 
Balouet, 1989; Innocent er al .. 1994: Cabanis. 1996). the 
Corsica-Sardinia block (Cabanis er al., 1990; Cortesogno 
et al., 1998) and the Iberian Cordillera. Similar volcanism 
occurred in the Ligurian and Southern Alps (Barth et al., 
1993: Cortesogno et al., 1998; Rottura e1 al., I 998). 

ln the Pyrenees and Corsica, geochemical studies show 
evidence for a crustal component (Cabanis. 1996; Cabanis 
et al.. 1990). Trace-element data from andesites show a 
strong LILE enrichment. particularly in K. U and Th. The 
Thrra ratio (3-6) is low and differs from the typical oro
genic andcsitc related classically to an actively subducted 
slab (Cabanis & Thieblemont. 1988). The strong decrease 
of compatible elements (Cr. Ni, Sc. Co) with increasing Th 
(Th considered as a differentiation index) shows that frac
tional crystallisation involving spine!, olivine and clinopy
roxenc was the main petrogenetic process. Low La, Ti and 
P contents in the most basic andesites could be interpret• 
ed in tenns of an important crustal contribution (Cabanis 
& Le Fur-Balouet. 1989). These crustal characteristics are 
well-illustrated in La-Y(Tb)-Nb(Ta) (Cabanis & Lecolle, 
1989) in which most of the rock compositions plot within 
a field intermediate between the typical orogenic andesite 
field and the non-orogenic basalt field. Similar character
istics have been found in the LigurianAlps and the South
ern Alps (Cortesogno et al. 1998; Rottura et al., 1998). 

In the Pyrenccs, isotopic studies (Gilbert et al., 1994; 
Innocent et al., 1994) confirm the importance of a crustal 
component. In the Sm-Nd diagram, the busic andesites of 
the Ossau caldera (France) and Sierra de! Cadi (Spain) 
plot in the field of Archean to Cretaceous sediments and 
have the same isotopic composition as the Querigut mon-

zogranite and granodiorite (Ben Othman et al., l984): 
their Nd signature yields a low initial eNd of -3 to-9 with 
very constant Sr iso1opic ratios. showing the crustal influ
ence. Very similar results have been found in the Southern 
Alps (Bar1h et al., 1993). 

The second episode 
The second Pcrmian episode (265-235 Ma) corresponds to 
the emplacement or bimodal volcanic products (basalts-ig
nimhritic rhyolite) into caldera structures during an exten
sional regime. It is localised in different areas in the Pyre
nees: La Rhune. Ossau-Anayet (Cabanis & Le Fur-Balou
el, I 989: innocent et al., 1994: Cabanis, 1996); Corsica 
(Cabanis et al .. 1990): Esterel (Gondolo, I 989: Poilrasson 
& Pin, 1998: Lapien-e et al .. 1999) and Toulon (Leroy & 
Cabanis, 1993). 

Jn a MORB- normalised spidergram (Pearce, 1982) 
basalts display a regular decrease from Th to Tb similar to 
alkaline or transitional basalts. Variable negative anom
alies in Ta and Ti suggest a mantle-source still affected by 
an orogenic component. The variable Th/Ta ratios - close 
to 3 in Corsica, nearer I in the Toulon Basin and Anayet, 
and 3-8 in La Rhunc and Esterel - are consistent with this 
hypothesis. Constant values of Cr. Ni. Co and Sc with a 
large increase in Th suggest variable degrees of partial 
melting in contrast with the fractional crystallisation 
processes of the first episode. 

Isotopic data (Rb-Sr, Sm-Nd) on Pyrenean volcanism 
(Innocent er al., 1994) agree with the trace-element study. 
Anayet basalts clearly originate from the melting of the as
thenosphere, and La Rhune basalts bavc Sr and Nd isotopic 
characteristics similar to the CFB continental tholeiites, and 
could have heralded the Triassic ophite volcanism. 

Position of Permian magmatism in the geodynamic set
ting 

Although considered initially as a continuous process, 
magmatism actuaUy occurred in discrete episodes accom
panying or heralding major geological discontinuities. At 
the Carboniferous-Permian boundary (ea. 300 Ma), ex
tensive volcanic and associated plutonjc activity occurred 
throughout Lhe area. It consisted of high-K calcalkaline 
andesite-dacite-rhyolite suites, mostly erupted from fis
sural vents in intramontane basins, filled with molasse de
posits produced by local erosion of high relief. The mid
Permian episode (280-260 Ma) was characterised by 
largely complete peneplunation artd widespread magma
tism, yielding the famous red landscapes of the western 
Mediterranean coasts (Lodevois, Provence basins. etc). 
Volcanic-plutonic complexes and fissural formations indi
cate a rapid shift from the older high-K calcalkaline suites, 
related to the waning post-collisional stages of the 
Variscan orogeny, to the younger alkali-calcic to alkaline 
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suites, implying new mantle-enriched source(s) aod the 
onset of Pangaea break-up. Lastly, at the Permian-Triassie 
boundary (ea. 245 Ma) and within the Early Triassic (up 
lo 220 Ma outside the study area), alkaline to peralkaline 
caldera volcanoes and ring complexes were emplaced 
within the future passive margins of the Tethyan ocean 
basin. Evidence for continental dislocation is provided by 
the large Triassic (ea. 220-200 Ma) thermal anomaly 
recorded in mineral ages of the older basement rocks. 

ntOSTRATIGRAPHY 

The stratigraphy of Permian terranes in southern France, 
Corsica, and the surrounding regions, is essentially based 
on continental biofossils. As a consequence the correla
tions with the marine time-scales, international orTethyan, 
are not reliable, except in the places where continental and 
marine deposits are intercalated. Moreover, the continen
tal basins frequently dried up during the Pennian. leading 
to disconformities, gaps and erosion of the deposits, as 
well as the destruction of biota by oxidation. Imprints or 
permineraJjsed fragments of macroflora, spores and pollen 
grains. ostracods and tetrapod footprints. and now con
chostracans and insects, are the most important tools to 
have been used for slratigraphy. 

Catalonian Pyrenees 

The Permian is crops out near Palenca de Naves, Baro, 
and along the Pallerols river. The basal conglomeratic or 
silty sediments have been dated from the Autunian sensu 
Broutin et al. ( 1999) by macroflora ( Broutin & Gisbert. 
I 983). ln the same area, above the red Pcrmian facies, the 
lower Buntsandstein facies which contains a L11eck
isporites association has been attributed to the Thuringian 
(Broutin et al., 1988). 

Southern edge of the Massif Central 

In the Lodeve, Saint-Affrique. Rodez, and Largentiere 
Permian basins. plant remains and footprints are abundant. 
Above the coal-bearing and generally tilted Stephanian 
(Rodez and Saint Affrique) or the Cambrian basement 
(Lodeve), the Permian sediments have been divided into 
five formations, on the basis of sedimentological criteria. 
The biostratigraphic content includes flora and fauna. 
Macroflora and rnicrotlora (spores and pollen grains) es
sentially are abundant in the grey formations. Systematic 
studies on the flora are as old as the l8''' century. The 
"Wa1chia" assemblages include a large range of Permian 
species belonging 10 the following genera: Pecopteris, 
Callipteridium, Rhachiphyllum, lodevia, Odontopteris, 
Autunia. Culmitz.schia, Gi11kgophyllum, Baiera, Arnhar
tia, Odontopferis, Corda ires and Supaia (Broutin et al., 

J 992). The age interpretation of such a flora fits very we! I 
with the paleo~ichnological results, except for the Usclas
Saint-Privas to Les Tuilicrcs-Loiras Fms which are as
cribed to the upper "Autunian"'. The microfloral content is 
likewise abundant from the base of the Usclas-Saint-Pri
vas Fm to the middle part of the Vial a Fm. It has been di
vided into three biozones (Lo I to Lo3) by Doubinger et al. 
(I 987). which arc successively assigned to the upper "Au
tunian", the Artinskian and the Thuringian (Ufimian to 

Kazanian). These microfloral interpretations are in con
flict with tetrapod and macroflora data. 

The recent paleontological discoveries in the Lodeve 
Basin improved the stratigraphical scheme by means of in
sects and conchostracans (Gand et al., 1997 d; Nel et al., 
1999 a, b; Schneider et al., 1999). These fossils are locat
ed in the Salagou Fm. dating from Leonarclian to Tatarian 
(Gand et al., 1997 d). From Schneider er al. ( 1999), the 
whole Usclas-Saint-Privas-Les-Tuilieres-Loiras and Viala 
Fms could be Asselian in age, and the Rabejac and 
Salagou Fms could have a Sakmarian-Dzulfian age. 

Provence 

With the exception of those recently discovered in the 
Toulon Basin (Broutin & Durand, 1995}, the study of 
which is still in progress, the fossiliferous hori:wns of 
Provence are restricted to the eastern basins in the 
Pradineaux, Mitan, Muy and La Motte Fms. They have 
yielded ve11ebrate footprints, macroflora, spores, pollen 
grains and invertebrate remains (mainly ostracods). 

The vertebrate assemblages include the following 
species: Hyloidichnus maj01; Dromopus didactylus, An

ticlmium salamandroides, Limnop11s zeilleri, Varcinopus 
rigidus and curvidactylu.f, Dimetropus lotus and Laoporus 
sp. The macroflora comprises: Wa/chia spp., Pseudovolrzia 
spp., Sphenopteris kukukiana. Ul/mannia Bronni and U. 
Jmmentaria, and Ginkgophytoxy/011 permiense. Amongst 
the palynological content, the following genera are well
represented: Nuskoisporites, Lueckisporites, Jugasporites, 
Klausipollenites, Limitisporires, Labiisporites, Taeniae
jporites and Vi1tati11a. This last set is assigned to the 
"Thuringian" (Kazanian to Tatarian). This fits very well 
with the recent data from ostracods discovered in the 
Pradineaux Fm., giving an early Tatarian age. 

Corsica-Sardinia block 

In the Osani area. northwestern Corsica, some fluvial and 
lacustrine layers are intercalated within the volcanic and 
pyroclastic deposit~ of the first calcalkaline episode (Gon
dola, 1989). Plant debris of Calamites, Cordaites and 
Walchia arc associated with the siJtstones attributed to the 
Autunian sensu Broutin er al. ( 1999). In the same area. at 
the edge of Scandola caldera, sandstones and lacustrine 
mudstOncS linked to the second volcanic episode contain a 
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Platysaccus and Lueckisporites association. most likely 
"Thuringian" in age. In Sardinia. new paleontological data 
(Roncbi et al., 1998) have recently enhanced the dating of 
"Autunian'' sediments in the Guardia Pisano area (Barca et 
al., 1991 ). Some additional sections in the north (Lu Capa· 
mni) and the southcast (Perdasdefogu, Escalaplano) have 
yielded plant remains, spores, pollen grains, algal colonies 
and ostracods, which have enabled the correlation of such 
fossiliferous sections not only with others within Sardinia, 
but also with the eponymous Autun Basin and. further to the 
west, with the Gerri de la Sal section in Spain. 

CONCLUDING REMARKS 

I. The Pcrmian of southern France is famous for its volcanic 
formations, like many other Mediterranean areas. The first 
magmatic episode is mainly high-K calcalkaline in charac
ter, and provides evidence for a significant crustal compo
nent. The second episode is mainly alkaline and derived 
from an OIB source replacing the older lithospheric source 
with minor crustal contribution. It has a widespread distrib
ution (Morocco, Catalmonia. Pyrenees, Corsice-Sardinia, 
Provence, Alps). la most areas (Corsica, Pyrenees, Massif 
Central, etc.) the Permian tectonomagmatic event was rc
nected by the magmatic episode at 270 Ma and tectonism 
(Bonin et al., 1993; Broutin et al., 1994; Deroin et al .. 1990). 
The Permian-Triassic boundary is marked by scarce (pcr)al
kaline magmatic complexes (Catalonia. Corsica, Esterel). 

2. The Permian sedimentary facies cannot be used as a 
stratigraphic marker. An example of evident diachronism is 
provided by the widespread transition from grey to red fa
cies. ln other respects carbonate deposits, including stro-

matolites (Freytet et ul., 1999), appear as peculiar facics 
scattered in space and time (Toulin-Morin, 1992). Com
plementary studies call into question some correlations be
tween volcanic units; in Le Luc Basin, for instance, a rhy
olite believed to be coeval with the A 7-rhyolite from the 
Esterel showed a normal magnetic polarity component 
(Merabet & Daly, 1986) which was not detected in the typ
ical A 7. Even biostratigraphical data give rise to debate. 
Conclusions based on macrotlora, palynomorphs and ver
tebrate footprints may be in conflict (e.g. Broutin et al., 
I 992). possibly owing to varying ecological and tapho
nomical conditions (Broutin et al., 1990). That is why there 
remain many discrepancies in correlations between the dif
ferent basins of southern France. 

3. From a paleogeographical point of view. it is important 
to emphasise the very close facies relationships displayed 
on the one hand by the Permo-Triassic siliciclastic se
quences in the Toulon Basin (Durand, 1993; Durand et al., 
I 989), and on the other hand by the "Verrucano Sardo" in 
the Nurra region, NW Sardinia (Cassinis et al., I 996). Fur
thermore the Autunian paleotlora recently discovered in 
the black-grey shaly deposits from Pcrdasdefogu, SE Sar
dinia. is very similar to the one from the Gerri de la Sal 
succession, Catalonian Spanish Pyrenees (Ranchi er al .. 
1998). These data are in full agreement with the paleopo
sition of the Corsica-Sardinia "block" stretching E-W. in 
a palinspastic reconstruction such as that proposed by 
Broutin er al. ( 1994) in a paJcogeographical reconstruction 
based on structural and magmatic data. In such a model, 
the Peimian vokanics of northeastern Corsica arc facing 
those of the Esterel massif. and the southern part of Sar
dfoia is Jinked with the eastern Pyrenean domain. the Late 
Paleozoic setting of which is harder to decipher. 
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SYNSEDIMENTARY VOLCANISM IN THE LATE CARBONIFEROUS 
SALVAN-DORENAZ BASIN (WESTERN ALPS) 

NICOLA CAPUZZ0 1 and fRAN<;OIS BUSSY: 

Key words - Western Alps; Aiguilles-Rouges; Late Carbonifer
ous sediments; Salvan-Dorcna1 basin; volcanism: fall-out de 
posits. 

Abstract - The Salvan-Dorenaz. basin is a NNE-SSW elongated 
imracontinental trough located in Lhe Aiguilles-Rouges crys
talline massif (Western Alps), which formed during the Late Car
boniferous post-orogenic evolution of tlte Variscan fold-belt. On
ly part of the origin.ii basin is preserved with a maximum thick
ncs~ of 1.5 - 1.7 km of continental sediments, represented by al
luvial fan, alluvial plain, lacustrinc and river deposits. Four dif
ferent lilhological uni1s formed in response to intrabasinal di f. 

ferential subsidence and tectonic movements: Unit I, at 1hc base, 
1:orresponds lo the emplacement of the basin and is composed uf 
alluvial fan and braided river deposits; Unit U consists of palus
trine and ana~tomosed river deposits; Unit lfl comprises mean
dering river deposits; and Unit IV consists of alluvial fan de
posits intcrfingcring with Units II and m and ~prcading into the 
nuvial basin from the northwestern margin. 
Syndepositional volcanism is documented in the Salvan-Dorcnaz 
basin by different volcanic and volcano-sedimentary layers. for 
which facies analysis and compositional studies revealed prima
ry as well as reworked characters for l11ese products. In particu
lar, basal subaerial nows and autobrcccia deposit~ are possibly 
related tu the emplacement of a rhyodacitic lava dome along the 
northwestcrn margin of the basin. 
On the other hand. several tuffo and resedimented volcaniclastic 
layers found wi1hin sediments of Units II and Ill testify periods 
of high-explosive volcanism from distant volcanic vents. Facies. 
petrographical and zircon typological analyses suggest coexis
tence of different magma sources during synsedimentary vol
canism. 

INTRODUCTION 

The Variscan orogeny in Europe is the result of the com

plex and oblique contincntaJ collision between Gondwana 

to the south and Laurasia to the north. Thrust tectonjcs and 

continental subduction led to a thickened continental crust 

Pamle chiave - Alpi Occidentali; Aiguilles-Rouges; sedimenti 
tardo-carbonifcri; bacino di Salvan-Dorcnaz; vulcanismo: depo
siti da "fall-out''. 

Ritusum<1-II baci110 continentale di Salvan-Oorcnaz si imposta nel 
Carhonifero Superiore sul basamento cristallino del Massiccio del
l' Aiguilles-Rougcs (Al pi Occidcntali} durantc la fasc post-collisio
n ale dell' orogenesi Varisica. Allungato in direLio11e NNE-SSW pre
senla uno spessorc massimo di l .5-J .7 km di depositi conlinemali 
costituiti do associazioni di facies di cono1de alluvionale, piana al
luvionalc, lacusui c fluviali. Quattro unita lito-stratigrafiche si for
marono in seguito a inlensa alliviti't Lellonica si11deposizionale ea 
differenti tassi di subsidenza intrabacinale. L'Unita I. alla base. cor
rispondc allc fasi iniziali di forrnazionc de) badno eel c composta 
da facies di conoide alluvionale e di cor.;i d'acqua imer.;ecamisi; 
!'Unit.a II consiste in scdimcnti palusrri c dcpositi di liumi anasto
mizzati: l'Unii~ ill e carat1erizza1a da sedimenti di fiumi meandri
forrni, c l'Unita IV consiste in conoidi alluvionali sviluppatesi dal 
Jato nord-occidentale <lei bacino. all'imemo delle Uni1a II e Ill. 
L' attivita vulcanica sinsedimeniaria e documentata da vari Jivclli di 
vulcanili e vulcanocla.~titi, per le quali l'analisi di fades c lo studio 
composizionale hanno rilevato caratteri di prodolti sia primari sia 
rimaneggiati. In panicolare. colate subaeree e depositi di aulobrc.c
cia che afliorano alla base della successione sedimentaria si for• 
marono possibilmente in relaz.ione alla messa in posto. lungo ii 
margine nord-occidentale del baeino. di un duomo vulcanico di 
composizione riodacitica. D'alll'll parte, numerosi livelli di cineriri 
c di vulcanocla~liti prcsenti nei sedimenti delle Unita ll e Ill testi
moniano un vulcanismo altamente esplosivo. proveniente da edifi
ei vulcanici distanti. L' aoalisi di facies. lo studio petrografico e la 
tipologia dcgli 1.irconi dei diversi prodotri vulcanici suggeriscono 
cocsistenza di varie sorgcnti di provcnic:nza del magma. 

and a Barrowian-type metamorphism culminating during 

Mid-Carboniferous times in western and southern Europe 

(Ziegler, 1986; Stampfli, I 996: von Raumer, 1998). Cur

rent gco<lynamic reconstruction for the Carboniferous in

fers a consolidated continent-continent fold-bell in the 

western part of the Yariscan orogen. whereas its eastern 

'Geologisch-Palaontologi)Chcs lnstitot, Univeri;itlil 13.iscl. 13emoullistr. 32. CH-4056 B<1sel, Swiuerlnrtd, 
'ln,1,11tt de M,nc:ratogie e1 PetrogrJphie, Univcr..1tc de Ulu)1Ulne, BFSH 2, CH-1015 Lausanne, Switierland. 
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part would still be characterized as an active margin with 
oblique subduction of Palaeotethys (Ziegler & Stampfli, 
1999 in this volume). 

The anti-clockwise rotation of Africa relar.ive to Europe 
during the Late Carboniferous induced the development of 
crustal-scale dextral strike-slip zones in the consolidated 
part of the Yariscan belt (Anhaud & Mat1e, 1977; Ziegler. 
1990) (Fig. I), where post-orogenic readjustment process-
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Fig. I - Late Carboniferous t'mmcwork illus1ra1inr, the wc~tem pnrt of the 
Variscan fold bell. after Ziegler ( 1990). Abbrev,aucms: B • basin, EUB -
El Biot Uplift, FZ- fracture zone. 
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Fig. 2 - Pre-Mcso,oic ba~ement in the Alpine External Massifs (sIip
plcd). AA: Aar; Go: Gotthard: AR: Aiguillcs-Rougcs: MB: Mon1-Blanc; 
B: Bclledonoe; A: Argcntcra. Study area is ~hadcd. 

es of the thickened crust took place (e.g. Burg et al., 1994, 
and reference therein). As a result numerous strike-slip and 
pull-apart basins formed in central and southern Europe 
(Ziegler, 1990; Cassinis et al., 1992; Krainer, 1993). The 
mRin characteris1ics of this post-orogenic development 
were: (a) regional uplift with erosional processes that 
reached mid-crustal levels; (b) localized area~ of intense 
tectonic subsidence filled with thick elastic continental se
ries: and (c) widespread intrusive and extrusive magmatism 
of mantle and crustal derivation (Benek er al., 1996; Bonin 
et al., 1993; Cortesogno et al., 1998; Bussy et al., in press). 

Tbis volcano-sedimentary cycle is recognized In both 
the southern and western regions of the European 
Yariscan orogen, for instance the Collio and Tregiovio 
basins in the Southern Alps (Cassinis & Neri. 1990), To
di basin in the Aar Massif (Franks, 1966: Schaltegger & 
Corfu, 1995), Salvan-Dorenaz (Sublet, 1962; Niklaus & 
Wetzel. I 996) and Pormenaz (Lox & Bell iere, 1993; Dob
meier & von Raumer, 1995) basins in the Aiguilles
Rouges massif, Saar-Nahe basin in central Germany 
(Schafer & Korsch, 1998). These intramountain and peri
mountain basins rest on top of the orogenically deformed 
and erosionally truncated Variscan basement and are fault 
bounded. They subsided rapidly and were isolated from 
each other by metamorphic or igneous structural heights. 
As a general characteristic, they are strongly conLrolled 
by the relation between tectonic, volcanic and sedimenta
ry processes. 

This first Late Carboniferous-Early Permian tectono
sedimentary cycle is separated from a second Late Perm
ian-Early Triassic post-tectonic cycle by a marked region-
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Rougcs and Mont-Blanc massifs. modified after Br.ln<llein "' al. ( 1994); 
insert show location of the study urea. 
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al unconformity associated with a time-gap of uncertain 
duration (Italian IGCP Group (ed.), 1986: Cassinis et al .. 
1988: Massari, 1988). 

The aim of this paper is to describe and characterize 
new evidences of syndepositional volcanism found at dif. 
ferent levels of a well-exposed continental sedimentary 
basin outcropping within the Aiguilles-Rouges massif, 
which developed during the Late Carboniferous - Early 
Permian tectono-sedimentary cycle. 

REGJONAL GEOLOGICAL SETilNG 

The Salvan-Dorenaz basin formed during the Late Car
boniferous (Late Westphalian - Stephanian; Jongmans. 
1960) as an intramountain trough within the crystalline 
and metamorphic basement of the Aiguilles-Rouges mas-

NW 

2000 

1500 ..... 

-
volcanism 

sif. The latter is one of the so-called External Crystalline 
Massifs of the Alps (Fig. 2), which were part of the inter
nal zone of the Variscan belt (von Raumer, i 998). 

The Salvan-Dorenaz basin is a 20 km long by 4 km 
wide, NNE-SSW oriented trough, bounded by crustal
scale faults (Fig. 3). It hosL~ 1.5 to 1.7 km in thickness of 
elastic sediments (Fig. 4) deposited in continental envi
ronments. They represent only part of the original series, 
which were partly obliterated during an intense erosion 
and peneplanation stage linked to a Late Permian tectonic 
inversion with possible tilting of the basin (Fig. 5). During 
Alpine orogeny, the basin was defom1ed into a complex 
syncline structure (Pilloud, 1991; Badertscher & Burkhard. 
1998), and Alpine metamorphic overprint in the Upper 
Carboniferous sediments only reached anchizone grades. 
as documented by illitc crystallinity measurements on 
muds tones by Pilloud (l 991 ). 
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Fig. 4 - Multiple ..:ross si:ctions of 1he nortl1ea,1em pa11 of 1he Salvan-Dnrenaz syncline, no1 exaggernred, modified after Pilloud ( 1991 ). 
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This sedimentary trough displays an asymmetric inlill 
with a shifting depocenter located next to the northwest
em side, a thick sedimentary series in comparison to basin 
area, rapid lateral and vertical facies variations, and high
average subsidence rates. All of these characteristics are 
typical for basins formed in strike-slip tectonic settings 
(Nilsen & Sylvester, 1995). 

The formation of the Salvan-Dorenaz basin started at 
the very end of the Westphalian, as indicated by paleo-flo
ra assemblages (Jongmans, 1960) and new radiometric 
age data on volcanic zircons (Capuzzo & Bussy. 2000). 
Large amounts of coarse-grained elastic deposits were 
transported from the northwestem margin via wet alluvial 
fans with dominant sediment-gravity flow deposits local-
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ed proximal to sources of elastic material. These mass 
flow deposits progressively change downstream into high
energy shallow-stream flows characteristic of braided riv
er facies associations. 

The average grain-size of the sediments drastically de
creases up-section. Facies assemblage und architectural 
elements of Unit II display characteristics of low sinuosi
ty streams with consolidated, fixed banks, which flowed in 
a mud-dominated and vegetated fluvial plain. Ln Unit m, 
on top of the anastomosed river and alluvial plain deposits, 
the average grain-size of the sediments increases. Typi
cally, channalized an.:hitectural elements which are char
acteristic of meandering fluvial channels occur. They 
show an increased length/width ratio and lateral accretion 
surfaces which testify to the migration of the channels 
along the nuvial valley. Sediments of Unit Ill arc capped 
unconformably and at low angle by Triassic shallow-ma
rine transgressive facies (f.ig. 5). 

Unit IV corresponds to dry alluvial fan deposits pro
grading into and rerreating from the upper part of Unit II 
and Unit Ill, entering the fiuvial system from the north
western margin of the basin. Coarse-grained conglomer
ates of mass flow deposits represent proximal areas co the 
basin margin, while sheet-flood sediments dominate distal 
parts of the fan. The aJluvial fan of Unit IV differs from 
that of Unit I in its reddish matrix color, possibly due to 
drained environments during early d.iagenesis, with local
iied oxidizing conditions. 

SYNDEPOSITIONAL VOLCANISM 

Basal volcanism 

The initial stage of development of the sedimentary basin 
is marked by a period of subaerial volcanism ranging in 
composition from dacites to rhyodacites. It is character
ized by variable propor1ions of coherent and autoclastic 
scoriaceous volcanic facies, interlayered toward the top 
with the Upper Carboniferous sediments (Pilloud, 199 I; 
and own observations). The coherent facies consists of so
lidified lava flows having a porphyritic texture, and typi
cally enclosed by a carapace and floor of autobrecciated 
products. The latter implies non-explosive fragmentation 
of the flowing lava commonly affecting the outer surfaces 
(top, base, sides) of the lava flows (McPhie ec al., 1993). 
The autoclastic facies consists of monomict, clast-sup
ported, matrix poor, and poorly sorted breccias which are 
composed only of volcanic clasts (Fig. 6A). and produced 
by the brittle response to srress of the cooler and more vis
cous outer part of the flow. Typical bread-crust structures 
an: visible in the coarser blocks and in the outer parts of 
the flows (Fig. 68) and denote rapid cooling and quench
ing in the surface environment. These deposits were only 
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found along the north western margin of the basin and they 
have a maximum thickness of 50-70 m, measured in non
continuous sections. They could represent the emplace
ment of a subaerial lava dome along the faulted margin of 
the basin. This was a common scenario during the evolu
tion of the Late Palaeozoic first sedimentary cycle (e.g. 

Seui basin, Sardinia, Cortesogno et al., 1998; Collio basin, 
Southern Alps, Breitkreuz et al., 1999). 

In thin section the coherent lava flows display porphyrit
ic textures with large euhcdral and subhedral phenocrysts of 
quartz and plagioclase (Fig. 7 A), with subsidiary altered bi
otite flakes and few k-feldspar dispersed in a microcrys
talline groundmass. Accessory minerals such as garnet, ap
atite, zircon and opaque minerals also occur. Qurutz fre
quently shows perlitic fractures and typical resorption fea
tures (Fig. 7 A) due 10 increased SiO2 solubility during rise 
and eruption of the magma (McPhie et al .. 1993). Coarse• 
grained garnets are interpreted as xenocrysts pointing lo 
crustal contamination from desegregating wall rocks during 
intermediate stages of the ascending magma. Fine-grained 
quartz reaction rims around garnets (Fig. 78) evidence 

Fig. 6 -A) Autoclastic brcccia from the basal rhyodacitic volcanism; B) 
Bread-crust structure denoting rapid cooling and quenching, from outer 
part of a volcanic now. Both photogrnphs were taken in the area of Plex 
(coord. 113800/570 I 00). 

chemical disequilibrium with the melt. Both pheno- and 
xenocrysts are frequently cracked as a result of shear during 
flow and/or pressure release during rise and eruption. Zir
cons separated from coherent lava flows yielded an U/Pb 
isotopic age of308 Ma (Capuzzo & Bussy, 2000), interpret
ed as the oldest possible age for the emplacement of this sub
aerial volcanism. Zircon morphology (Pupin, 1980) is typi
cal for cmstal derived S-type magmas (Fig. 14). 

Numerous rounded volcanic pebbles, texturally and 
peLrographically similar to the basal volcanic deposits, 
were found in the lower conglomeratic levels of Unit I. In 
thin section, these rhyolitic pebbles show eutaxitic texture 
with different welded pumice fragments and devitrified 
glass shards (Fig. 8): quartz and plagioclase phenocrysts 
are frequently aligned along flow direction. Coarse
grained garnet xenocrysts also occur. These volcanic rocks 
were probably erupted as ignimbritic 0ows in the source 
areas of detrital material, and subsequently eroded and 
transported through alluvial fan systems into the Salvan
Dorenaz basin. Their textural and compositional charac
teristics and their tectonically undeformed fabric suggest 

Fig. 7 - Microphotographs of the basal rhyodacilic volcanics. A) Por
phyritic texture with resorbed quartz (Q) and broken plagioclasc (P) phc
nocrysts: B) Gamet xenocryst surrounded by a microcrystallinc quartz 
reaction rim (R). Both photogmph~ were taken with crossed polars. 
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a direct link with the local magmatic pulse represented by 
the Salvan-Dorcnaz basal volcanic deposits and by the 
shallow-seated Yallorcine granite (Brandlein et al .. I 994). 

Primary to re-worked volcaniclastic deposits 

Several tuff and tuffaceous sandstone layers were recent-

Fig. 8 - Microphotograph of a rhyolitic pebble having cmaxitic texture 
with hrokcn quartz (Q) and plagioclase phenocrysLs and silicificd weld
ed pumice (P) fragments. Pebble from Unit I conglomcratic alluvial fan 
deposits, Trient area (coord. 101175/564435). Plane-polarized light. 

Fig. 9 - Tuff layer deposited from volcanic-ash fallout and intercalated 
into black alluvial plain mudstone, Montagne de Fully ;1rea (coord. 
112805/572423). Hammer is 37 cm long. 
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Fig. 10-A) Delicate planar lamin111ion partly disturbed from water es
cape structures. Polished surf uce of a silicified luff level from the Lac ln
fericur de Fully area (coord. 113252/573895); 8) Cross-stratification 
from climbing ripples in a fine-grained volcaniclastic sandstone. Tl!tc du 
Pon.ail area (coord. 112040/572935). 

ly identified in the alluvial plain and overbank deposits be
longing to the Salvan-Dorenaz Units II and lll. Their fa
cies and composition revealed both primary and reworked 
characters. 

Tuffs from volcanic fallout 

Fine to very fine-grained tuffs range from 5 to 70 cm in 
thickness and show lateral continuity, mantle bedding, del
icate planar lamina1ions and fining-upward tendency (Figs 
9 and I 0A). They were deposited from volcanic-ash fall
out and therefore are considered as primary pyroclastie 
deposits. They occur within black mudstone and mica
ceous siltstone characteristic of low energy alluvial plain 
and shallow lacustrine depositional environments, which 
allowed for their preservation (Fig. llA). Therefore they 
were more frequently found within the alluvial plain and 
anastomoscd river deposits of Unit II. Microscopical 
analyses revealed that they are mainly composed of a fine
grained matrix with dispersed chloritized glass shards, few 
fragmented quanz and plagioclase crystals, biotile flakes. 
and opaque and heavy minerals (Fig. 12A). The cryp
tocrystalline matrix is intensely silicified and might con
tain some carbonale patches. The main mineral phases de
termined with powder X-ray diffraction analyses are 
quartz, albite, illite and clinochlore, while their Ni vs. 
Zr/fi trace element ratio (Winchester er al., 1980) is con
sistent with a magmatic origin (Fig. 13). Textures and 
composition all suggest derivation from silica-rich, high
ly explosive volcanic eruptions from distant volcanic 
vents, and zircon U/Pb geochronological analyses pro-
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Fig. 11 - A} Stratigraphic section of a mff layer intercalated into block 
mudstone. Alluvial plain deposits imerbedded with crevasse splays and 
overbank fines (Unit II). Ash-fall layer shown in Fig. 9. BJ Stratigraphic 
section or a reworked volcaniclastic sandstone in crevasse splay deposits 
from the upper Unit Ill, Montagne de Fully area (coord. 114100/572585). 
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Fig. 12 -A) Microphotograph of a fine-grained tuff layer, mainly composed of light gray fine ash with disper.;cd cuspate (c) and platy (p) glass shard~. 
few bio1i1c (hi) nakcs and plagioclasc and quaro. crys1al fragmem~ ( fr); B) Microphotogruph of a matrix-supported volcaniclastic layer. composed of 
glass shards (sh), crysIal fragmcms (fr), biotitc nakcs (bi), polycrysllllline quartz (qt) und metamorphic (m) fragments. denoting their mixed volcanic 
.ind detriwl naIure. Borh phmographs in plane polarized lighc. 

duced a consistent age for this synsedimcntary volcanism 
at 295 +4/-3 Ma (Capuzzo & Bussy, 2000). Bimodal zir
con morphology distribution (Pupin, 1980) suggests de
rivation from alkaline magma series with crustal contam
ination (Fig.14). 

Volcaniclastic sandstone 

Strong volcanic influence during sedimentation is also 
recorded from several sandstone layers, which consist of 
mixed volcaniclastic and detrital grains and sometimes pro
vide evidence of reworking by traction currents (Fig. I 0B ). 
They range in thickness from 50 to 160 cm and arc in
terbedded with siltstone and sandstone layers interpreted as 
overbank and crevasse splay deposits (Fig. 11 B).They 
mainly occur within Unit m. Their fabric is matrix- to grain
supported with elastic components mainly derived from 
volcanic sources. Broken devitrified glass shards, mono
crystalline quanz and plagioclase fragments, and biotite 
flakes are abundant (Fig. 12B), while micaschist and silli
manite-bearing metamorphic clasts, polycrystalline quartz, 
intensely altered K-feldspar and white mica flakes indicate 
provenance from decrital sources. Their Ni vs. Zr/fi trnce el
ement ratio (Winchester et al., 1980) is also consistent with 
a prevalent magmatic origin (Fig. 13). 

CONCLUSIONS 

The Salvan-Dorenaz basin is a tectono-sedimentary 
trough, which formed towards the end of the Palaeozoic 
(Wcstphalian) within the Aiguilles-Rouges crystalline 
basement (Western Alps). Different periods of active 
synsedimentary volcanism occurred during formation and 
evolution of the Salvan-Dorenaz basin. Basal rhyodacitic 
flows and autobrecciated products localized along the 

0.1 

N 

0 
f:-. -... ... 
N 

0 

sedimentary 

o tuff 

... 8 ... • volcaniclastic 

... 
magmatic 

10 100 1000 

Ni (ppm) 

fig. 13- Discrimination diagr<lm between sedimentary vs. volcanic ori• 
gin of detrital mmerial based on Ni vs, Zr/fi tr:ice elemcnr concemr:uion.~ 
(after Winchester et (I/,, I 980): all tulfs 3nd volcaniclastic l:,yers plor con• 
corduntly into the magmatic field. 

n= 100 n =44 

L 
I 

L 
I 

L 
I 

~ .. 

I.A= 281 I.T:4I5 I.A:42I LT= 571 

A B 
Fig. 14 - Typologic distribution of tircon for lhe syndeposi1ional vol• 
can ism in the Salvan-Dorenaz basin, mean A/T values as in the classili• 
cation diogram of Pu pin ( 1980). A) basul rhyod.icitic volcanism present
ing an homogeneous population ch11racteriMic of anatectic magmas; 
B) tuff layer presenting a bimodal distribution of zircons with a maxi
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northwestem margin of lhe basin were deposited during its 
initial stage of development. Zircon typology suggests 
crustal derivation for this subaeriaJ volcanism, while pet
rographical studies provide evidence of contamination 
from disintegrating wall-rocks. An estimated age of em
placement at 308 ± 3 Ma was determined from U/Pb 
geochronological analyses on zircons (Capuzzo & Bussy, 
2000). This lower volcanism is possibly associated with a 
local magmatic phase documented in the Aiguilles
Rouges massif by numerous subvolcanic dykes and by the 
shallow-seared, anatectic Vallorcine granite (Brandlein et 

al., 1994), which intruded syntectonically along a dextral 
transcurrenl shear-zone at 307 Ma (Bussy et al., in press). 
On the other hand, ash-fall and volcaniclastic layers found 
within alluvial plain and palustrine sediments of Unit II 
and lll testify for high-explosive volcanic eruptions from 
distant volcanic centers, and a consistent age of 295 +4/-3 
Ma was determined from U/Pb geochronological analyses 

on zircons (Capuzzo & Bussy, 2000). Their zircon typol
ogy presents a bimodal distribution, which suggests de
rivation from alkaline magma series differently contami
nated by crustal material. Coeval, highly explosive vol• 
canism is known from theAar massif in the Central Alpine 
basement (Schaltegger & Corfu, 1995), and tuff layers as
sociated with this magmatic event have already been de
scribed in a Permo-Carboniferous basin located in north
ern Switzerland (Schaltegger, 1997). 
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STRATIGRAPHICAL CONSTRAINTS 
ON MOLASSE DEPOSITIONAL SYSTEMS IN THE PERMO-CARBONIFEROUS 

SAAR-NAHE BASIN, GERMANY 

ANDRIJAS SCHAFER I 

Keywords - European late Variscan sedimentary basin; Permo
Carhoniferous; silicicla~Lics and volcanltes; continemal deposi
tional environments; strike-slip basin model. 

Abstract - The Saar-Nahe Basin formed as an internal rift with
in the Central European Variscides. It may have communicated 
with othc;r freshwater basins, interconnected by depositional sys
tems during the Wcstphalian and the Stephanian in 1ropical 10 
subtropical latitudes, and in the Rotliegend in arid latitudes; ma
rine deposits are 001 known. Basin fill of about 7.5 km thickness 
today, con~;s1ing of ~'iliciclastic rocks together with rhyolilic/an
dcsitic volcanic rocks, exhibits a well documented standard for 
continental stratigraphy of the Central European Permo-Car
boniferous. 

GENERAL SETTING 

The Saar-Nahe Basin is one of the largest and best ex
posed sedimentary basins within the Variscan orogenic 
bell in Central Europe (Schl!Jer, 1989; Korsch & Schafer, 
199 I, 1995; Schafer & Kotsch, I 998). It extends over an 
area of 300 x I 00 km, within wnich it is exposed from un
derneath the Mesozoic cover by a size over 100 x 40 km. 
As drill-well evidence and seismic control is extraordi
nary, a three-dimensional basin model can be constructed. 

About 7.5 km thick non-marine molassoid sediments, 
consisting of 0.5 km Namurian, 2 km Westphal ian. 3 km 
Stephanian, and 2 km Lower Permian Rolliegend strata. 
were preserved in a wnolly structure-controlled setting in 
the Saxothuringian Zone (Schiifer & Korsch, 1998). The 
Saar-Nahe Basin is one of the locations of Central Europe, 
where continental sequences are exposed internal to the 
Variscan orogen, providing a complete stratigraphic stan
dard for major parts of the Penno-Carboniferous. 

STRUCTURE OF THE BASIN 

The basin is separated from the Rhenohercynian to the 

Parole chiave - bacino sedimentario tardo-varisico europeo; Per
rno-Carbonifero; rocce silicoclasuche e vulcaniche; ambienti de
posizionali continentali: modello di bacino a strike-slip. 

Rius:nmlo - II Bacino della Saar-Nahe si formo come un rift in
terno alle V:uisidi centro-europee. Esso puo aver comunicato con 
altri bacini d'acqua dolce, collegati da sistemi deposizionali du
rantc ii "Wes1faliano .. e lo "Stefaniano", a latitudini da tropicali 
a subtropicali, e nel Rotliegende a latitudini aride. Depositi ma
rini sono sconosciuti. II ricmpimento del bacino con depositi og
gi potenti all'incirca 7.5 Km. chc consistono di rocce silicocla
s1iehc e vulcaniti riolitichc/andcsitichc, rapprcscnta un hen do
cumentato standard per la straligralia continentale del Permo
Carbonifero centro-curopeo. 

north by the South-Hunsriick Fault, which is part of one of 
the major Variscan suture zones, running through Central 
Europe (Fig. l). From the deep-reflection seismic line 
DEKORP IC Korsch & Schafer ( 1991) argued that the fault 
plane is more or less planar in shape and steep, cutting 
most of the continental crust. Also, there are opinions. that, 
from a previous continental collision (the Rhenohercynian 
in the N with the E Avalonia continental crust underneath 
versus the Mid German Crystalline Rise belonging 10 Ar 
morica with the Saar-Nahe Basin above), the fault plane 
could be listric (Oncken, 1997). 

The basin developed as a dextral strike-slip controlled 
half-graben with southwestward-oriented oblique transten
sion (Korsch & Schafer, 1991, 1995). At the northeastem 
end of this fault with respect to the Saar-Nahe Basin, well 
exposed at the surface, shingled alluvial fans demonstrate 
the dextral strike-slip character of the basin - the youngest 
fans shingle on top of each other toward the NE (Schafer & 
Korsch, 1998). In the subsurface, isopach maps compiled 
from thick stratigraphic sequences also show a shift of theu· 
depocentres from the SW towards the NE. 

During its formation as a rift basin. internal to the 
Variscan orogen during the Penno-Carboniferous, the Saar
Nahe Basin is assumed to have been located in a mountain-

• lnstiiute of Geology, University of Bonn. Nussallee 8, 53115 Bonn. Germany. 
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ous area,(?) some hundreds of metres above sea-level. This 
could explain the rigid dewatering regime applied through
out the Weslphalian (toward the S), the Stephanian (toward 
the NE). and the Rot.liegend (toward the SW)- the latter two 
running in the Variscan axis. The distance from the sea dur
ing the Penno-Carboniferous could have easily been sever
al hundreds of kilometres (Tethys. Biscay). Both topo
graphic heighL and distance from the sea demand a fresh
water regime in the basin. The perennial water-rich deposi
tional environments of the basin formed greyish sediments 
in a tropical climate during the Westphalian and the 
Stepharuan (from paleomagneric re.~ults the latitude was 10° 
N in the Stephanian C; Schafer & Stamm, l 989); in the 
Rotliegend about 30° N is assumed from the alluvial 
ephemeral environments and reddish sediments (for an 
overview see Schafer & Korsch, 1998) . 

.. 

5l 

SEDIMENTS DEPOSITED 

The sedimeat-lill of the Saar-Nahe Basin i5 siliciclastlc in 
origin (Schafer & Korsch, 1998). 

During the Westphalian (Fig. 2), sediments derived 
from the Rhenohercynian Schiefergebirge in the north; as 
a consequence, greywackes formed. These were mean
dering-fluvial to deltaic sediments in the basin; close to the 
northern margin, alluvial fans are assumed, although they 
are not exposed. 

From the Stephanian onwards, the source of the sedi
ments was the Moldanuhian in the south and southwest of 
the basin, in the Black Forest, in the Vosges, and in the 
Massif Central in France (Schafer. 1986). All basement 
units provided detritus to fonn arkoses. The sediment in
put was tluvial, mostly of a meandering character. Clear-

100 ~m 
Bozen 

,o 12 ,.. 16 

Fig. l - Map of Central Europe showing lhe Vonsc1clcs together with Permo-Carboniferous conuncnrnl rocks in surface exposurci;, mostly part of lar&ct 
scdimcntnry basins (modified from S~hafer & Korsch. 1998). The shaded are.1 of the Nonh Gcrm~n Stephanian Basin (Ziegler. 1990) marks the central 
part of the depoccntre of the North Gem1iln Penno-Carboniferous Basin. The path of the Variscan deronna1ion from is from Franke (1992). TI1e codes 
84, 85. C4, C5. D4. D5 are the sheet numbers of the lntcmational Geological Map of Europe l • 1.500,000 used for the compilation of lhi, overview. 
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Fig. 2 - Strntigmphical standard section 
of the Saar-Nahc Basin. compiled from 
several well profiles, aligned 10 their lo· 
cation in individual dcpocentres of the 
Saar•Nahe Basin with group. subgroup. 
and formation names. currently in use 
(from Schafer & Korsch, 1998: modi
fied). HOLZ marks the Holz Conglomcr
a1c, ba~e of the Stcphanian. Numerical da• 
ta arc provided by Lippolt & Hess (1983. 
1989) and Burger et al. ( 1997) and are 
~•Ar/"'Ar sanidinc plateau ages. unless 
otherwise indicated. 
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Jy from orogenic pulses braided-nuvial conglomerate 
horizons invaded the basin in a Stream-channel sedimen
tation style, providing well-defined lithostratigrapbical 
markers. The Stephano-Autunian sedimenL5 were deliv
ered from the Moldanubian in the S and the SW. Thus, 
they are rich in feldspars and granitic fragments. Also, 
they contain reworked durnble siliciclaslics from the West
phalian below. The basin dewatered towards the NE. 

Intense Permo-Carboniferous volcanism produced lava 
nows, rhyolitic tuffs and intrusive rocks (Schwab, 1981, 
1987); the volcanic rocks achieved a thickness of about 
500 m. The rhyolites were mostly inlrusives (Arikas, 
1986; Hofmeister & von Platen, I 988; von Seckendorf & 
Chakraborty, 1993), but also formed volcanic tuffs show
ing a wide distribution and interacting with fluvial sedi
mentation (Stollhofen & Stanistreet, 1994). The volcanites 
were of the same chemistry as known from many other 
Permo-Carboniferous European continental basins (Plein. 
1990; Plein et al., 1995; Breitkreuz & Kennedy, 1999; 
Scha1tegger, 1997). This volcanism was close to the base 
of the Pennian Rotliegend. 

Alluvial sedimentation in the Rotliegend above the vol
canites (Stollhofen, 1994) was due to a change in basin 
geometry and the change of climatic conditions to more 
arid ones as before. Sediment input was from the north by 
rapid alluvial fans, and in addition from the E and SE 
where the Saxothuringian and the Moldanubian were 
eroded (Schafer & Korsch, 1998). 

After a folding event by the end of the Rotliegend, the 
basin was uplifted in the Cretaceous and the Tertiary. As a 
consequence. the Meso-Cenozoic overburden and part of 
the Rotliegend were removed (about 4000 m of bed thick
ness). The Saar-Nahe Basin became exposed from below 
the Mesozoic over a third of its surface. as it is known to
day (Schiifcr & Korsch. 1998). 

STRATIGRAPHY OF THE BASIN-FILL 

Rich coal measures were preserved in the Westphalian and 
to some extent in the Stephanian as they were formed from 
the production and decay of tropical floras (Fig. 2). A 
structural disconformity with considerable loss of strata is 
obvious between the Westphalian and the Stephanian. The 
time gap comprises about 2 myr, and it is assumed that the 
missing Cantabrian stage is located here (Wagner & Win
kler Prins. 1994, 1997; Korsch & Schafer, 1995). The base 
of the Stephanian is marked by the Holz Conglomerate 
(HOLZ; Schtifer, 1986; Schafer & Korsch, 1998). 

It has been trnditional to determine precise stratigraph
ic ages in the Saar-Nahe Basin by flora (Germer & Engel. 
1989; Kerp. 1996), pollen and spores (Mi.iller & Hoppe. 
1996), and also by footprints of sauropod~ (Boy & Fichter, 

1988; Boy & Martens, I 99 I). From this. the Carbonifcr
ous/Pennian stratigraphical boundary was posted close be
low the Dirmingen Conglomerate at the base of the Gian 
Group. Right below this conglomerate in lacustrine beds 
of Stepanian C in age, a tuff was preserved, numerically 
dated to 300.3 +/- 1.2 Ma with a.;(/ Ar/'0 Ar sanidine plateau 
age (Burger et al., 1997). 

The rhyolitic tuffs associated with the Permo-Car
boniferous revealed '0 Arf'"Ar sanidinc plateau ages of 
297.8 +/- 5.8 and 298.7 +/- 5.3 Ma (Lippolt & Hess, 
1989). From initiation by Burger et al. (l 997), Schafer & 
Korsch (1998) assigned the stratigraphic boundary be
tween the Carboniferous and the Permian to the Permian 
volcanites. Also, this age of roughly 298 Ma is about the 
same a!> was shown by Claoue-Long et al. (1995) and 
Roberts et al. (1995) using SHRIMP zircon '"'/Pbf-'~U 
ages, detennining the Carboniferous/Permian boundary in 
Australia. This indeed contradicts the international trend 
to locate the Carboniferous/Permian boundary at 291 -
292 Ma (Wardlaw, 2000). On the other hand, Boy & 
Schindler (2000) discussed the palaeoecology of fishes 
and amphibians in lacustrine to fluvial environments close 
to the Carboniferous/Permian boundary in the Saar-Nahe 
Basin. On top of the Stephanian C (Breitenbach beds), 
they inserted a Stephanian D (Remigiusberg to Allenglan 
beds), a Stephanian D / Autunian transition in the Wahn
wegen beds, and the Autunian from the Quimbach beds 
onw,t.rds. Also, they found reason to correlate the Stephan
ian D / Autunian boundary with an absolute age of 296 Ma 
age (probably even l or 2 myr older). 

DISCUSSION 

The continental Saar-Nahe Basin developed as an internal 
molasse basin of the Penno-Carbonj ferous. Its subsidence 
was due to a dextral strike-slip regime that was active dur
ing the orogenic shortening of the Variscides, forming an 
asymmetric half-graben (Korsch & Schafer, 199 I). The 
calculation of its subsidence strongly depends on strati
graphic markers reliable for dating numerical ages. These 
markers for most of the Permo-Carboniferous are vol
caniclastics, wind-born volcanic ruffs. produced external 
to the basin and assumed to be provided from the area of 
the northern Sch warzwald and/or the northern Vosges 
(Stollhofen, 1994). Some of them are numerically dated 
(Burger er al., 1997; Koniger. 1999). In addition to these, 
basin-derived rhyolitic tuffs originated from the Donners
berg (in the SE of the exposed part of the basin) and are as
sociated with its intrusion process (Stollhofen. I 994 ). 
These tuffs provided the above cited numerical datum of 
about 298 Ma, as used by Schafer & Korsch (1998). Yet, 
using this age, problems are obvious. The numerical age 
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of the tuff in the Breitenbach Formation (Stephanian C) is 
about 300 Ma (Burger et al. 1997). This demands a time 
span of 2 m.y. for the strata of the Olan Group having a 
thickness of 2 km (Menning. 1995 a, b; 1999 pers. 
comm.). In any case, a rather high subsidence rate has to 
be calculated (Fig. 3; Schafer & Korsch, 1998). 
It should be considered that the Saar-Nahe Basin fill is ex
tremely unbalanced during this period. Consisting of either 
a large amount of lake beds and meandering rivers versus 
coarse-grained conglomerates from stream-channels during 
the Kusel and Lebach Subgroups (Schafer 1986; Boy & 
Schindler, 2000), subsidence must have been considerable 
in the pre-volcanic syn-rift phase (sensu Stollhofen, 1994). 
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During the Tholey Subgroup, the basin regained a river
dominated environment with low-sinuosity meanders 
(Schafer, 1986). Together with this, the fluvial input 
changed its direction from the SW 10 originate now from the 
Vosges in the south. No longer did it follow the basin axis 
from the Massif Central in the SW. A structural reorganisa
tion is obvious. which may have been related to the volcanic 
syn-rift phase (sen.vu Stollhofen, 1994). 

Permo-Carboniferous volcanic rocks cover large parts 
of Central Europe providing a volcanic signal rather short 
in duration. The rhyodacitic lavas in the North German 
Rotliegend Basin achieved a thickness of about 2500 m 
(Plein et al., 1995; McCann, 1999). From these rhyo-
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Fig. 3 -The Saar-Nahe Basin subsidence plot is calculaled using the backStnpping technique (Sch:ifcr & Korsch, l\l\lll). The curves arc calculated from 
strarlgraphic data from the wells Saar I {Emsian to S1ephanian), Mciscnheim I (S1cphanian). and Olm I /S1ephaninn to Rotliegend). The lower curve 
shows the today's basin-fill, the upper one the struc1ural subsidence of the basin (more dclD.ils in Korsch & Schafer, 1995). n,e horizontal segment at 305 
Ma is 1he discordance due 10 deformation and erosion at I.he Westphalian/S1cphanian boundary and is emphasised by 1he dark vert.ic3l bar. 
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dacitic lavas, Breitkreuz & Kennedy ( 1999) provided nu
merical ages, ranging from 300 +/- 3 Ma to 297 +/- 3 Ma 
(SHRIMP zircon ages) each frorn the centre and the top of 
the flows respectively, the sample sites being roughly 1.4 
km apart from cachother (in well Mirow l/74). In r.he 
North German Rotliegend Basin, from use of lhe oil in
dustry, lhe volcanites mark the boundary between the 
Stephanian and the Rotliegend. In the Thi.iringcrwald 
Basin, the Carboniferous/Permian boundary is located in 
a stratigraphical gap between the Mohrenbach and Ilme
nau Group, whereby the effusive rhyolites in the Mobren
bach Group have a 296 +/- 5 Ma biotite age which is re
lated to the intrusion of the Ruhla granite (Andreas & 
Wunderlich, 1998). Boy & Schindler (2000) focussed on 
a correlation between the Saar-Nahe Basin and the 
ThUringerwald Basin with palaeoecological findings. and 

they suggested the use Stcphano-Autunian resp. Stephan
ian D to overcome the inconsistency of biostratigrapbical 
and numerical data. As a consequence. their Stephanian D 
is different from that used by Schafer & Korsch ( 1998) af
ter the suggestion of Doubinger ( J 956). 

Volcanic rocks in the continental Permo-Carboniferous 
of Central Europe provide stratigraphical markers. Yet. 
chronostratigraphical ages do not replace biostratigraphj
cal zones. Nevertheless, they provide a chance to correlate 
between sedimentary basins, distant from each other. and 
also internal and external to the Variscides. 
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VARIATION AND PRESERVATION OF ICHNIOTHERIUM IN TIIE TAMBACH 
SANDSTONE (ROTLIEGEND, THURINGIA) 

ScBASTIAN VOIGT 1 

Keywords - tt:trapod footprints: lchniothuium; Rotliegend. 
Thuringia; trackway preservation; ichnotaxonomy. 

Abstrac1 -This contribution focusc.~ on the variation of the main 
Irackway charncters of Jclmiotherium cotJae Pohlig. 1889 from 
the Tambach Sandstone. The investigation is based on the de
tailed description of 22 trackways with nearly 330 tracks of 
manus and pes. altogether. 
As a resull, it can be shown that there is strict and direct control 
of the track way characters by substrate and gait Knowledge of 
the in1er-relationships of imprint morphology, trackway panem. 
and its controlling factors is of great importance for ichnotaxon
omy, and gives new insight into the ecology and environment of 
the trackmakers. 

INTRODUCTION 

For more than 110 years the Tambach Sandstone has been 
well known as a source of excellently preserved tetrapod 
tracks. Pabst (1908) gave the first extensive description of 
tetrapod traekways from the Tambaeh Sandstone. All 
trackway slabs come from sandstone quarries in the Bro
mackcr locality. 1.5 km north ofTambach-Dietharz vi I I age 
in the Thuringian Forest of central Germany (Fig. I). 

The Tambach Sandstone represents the middle unit of 
the Tambach Fonnation. which is stratigraphically posi
tioned at the base of the Upper Rotliegend, Lower Permi
an. In addition to the tracks, the recently discovered tetra
pod fauna at the Bromacker locality indicates a biostrati
graphical position near the base of the Lower Permian, 
comparable to the Wolfcampian Series of North America 
(Sumida er al., 1996). 

The Bromacker tetrapod tracks are preserved as casts of 
original imprints at the base of bedded, fine- to medium
grained, reddish-brown sandstones. The sandstones are 
underlain by thin mudstones, which represent the original 
surface of trackway fonnation. The sandstone-mudstonc 
interbedding of the trackway borizoo is derived from re-

Parole chiuve - impromc di tetrapodi: lcl111io1hcrium: Rotlie
gendc; Turingia; conservazionc dclle piste, icnotassonomia. 

Riass1111To - Quc~to contributo s'incentra sulla varial.ione tlei 
principali caraueri delle piste di lchnimharium cmrae provenienti 
dall'Arcnaria di Tambach. La riccrca c basala sulla dcttagliata 
descrizione di 22 piste t:on quasi 330 improme di manus e pes. 
complessivamentc. Ne conseguc chc si puo porrc in evidcnza chc 
vi e uno stretto e diretto conLrollo dei caraueri delle piste a sc
conda dell a cornposizione dcl substrato e dcll'andaturadcgli ani
mal i. La conoscenza <lei rapponi tra morfologia delle irnpronle. 
disposizionc dcllc piste, c loro fattori di controllo e di grande im
ponanza per l'icnotassonomia. e offre nuovc prospettive di stu
dio sull'ecologia c sull'ambientc dci rrackmakers. 

peated sheet floods followed by standing-water sedimen
tation in an intramontane undrained basin (Eberth et al., 
2000). The facies of the localjty indicates a position near 
the basin centre (Fig. 1 ). 

ANALYSIS AND MATERIAL 

More than 200 trackway slabs have been discovered at the 
Bromacker locality so far. The biggest slab is 8 metres 
long. In spite of the abundance of trackway slabs, only five 
iehnospecies could be differentiated (Haubold, 1998). Ap
proximately 70% of all trackways from the Tambach 
Sandstone are pentadactyl imprints of the ichnospecics 
lclmiotherium cottae Pohlig, I 885 (Fig. 2). This abun
dance of material and the obviously varying states of 
preservation were of prime importance to the analysis of 
the variability of the ichnospecies. The investigation fo
cused on analysis of the existing interrelationships of the 
main trackway characters, and the features of the subsrrate 
upon which the trackmak.ers walked. Knowledge of the in
terrelationships between imprint morphology. trackway 
pattern and the substrate characteristics is essential in 

'Martin-Luther University, lnsti1u1c ofGeol. Sc., Dornstr .. 5 D-06108, Halle, Gem1any. 
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Pig. I -The mnlim: of the Thuringian Forest area in central Gennany and 
the Brom~cker locality. The extent of the T.imbach Formation is shown 
by the sh.ided area. The dotted line rcpresenls the hypothi:tical limit of 
the Tambach Rasin (from Haubold, 1985). 

Fig. 2 - I. couae (MNG-1351 ): ·n,e first-discovered tmckway slab from 
the Tambach Sandstone. The track way is about 1.5 m long and one of the 
mosl represi:ntative examples of the ichnospecics from !he locality. 

avoiding the creation of new, unnecessary ichnotaxa. As 
shown below, there are new indications of the ecological 
situation of the trackrnaker from knowledge of its loco
motory behaviour. All results of this work are based on the 
investigation of 22 longer track ways of/. co/lae with 
about 330 single imprints in total. About 2500 measure
ments have been recorded for a broad-based quantitative 
analysis (Voigt, 1999). 

The vast majority of the investigated traekway materi
al is stored at the Museum der Natur Gotha (MNG). Some 
other important trnckway slabs are stored at the Museum 
filr Naturkunde Berlin (MB). 

IMPRINT MORPHOLOGY 

Imprint morphology represents the most impon.am charac
ters of a trackway. /. cottae from the Tambach Sandstone 
shows two fundamental differences in imprint morphology. 
The first relates to the depth and completeness of the im
prints. The other relates to certain dimensions of the imprint, 
especially the relative position and length of the digit V. 

The variation in depth and completeness of the imprints 
is very broad. There are all stages of transition between 
deep, plantigrade imprints and shallow, unguligrade-like 
imprints (Fig. 3). The depth and completeness of the im
prints arc firstly a function of the porewater content of the 
substrate. This relationship is very close and could be 
identified on a 2.3 m long trackway which was discovered 
in summer 1995. The extent and orientation of mudcracks 
and raindrop impressions on the surface of this trackway 
slab allows the reconstruction of small-scale palaeotopog
raphy in the area of the slab. The extent and orientation of 
the sedimentary surface structures indicate that the track
maker went from firm ground on to the soft sediment 
within a former pool or channel. Depth, completeness and 
the sharpness of the imprints change systematically in the 
direction of locomotion. Thanks to the preservation of this 
special trackway. it is possible to judge the relative con
sistency of the substrate of all investigated tracks at tbe 
time of track way formation. As a result, the variation of 
depth, completeness and sharpness of the imprints is first 
of all controlled by the parameters of the substrate. 

As mentioned above, there is variation in the propor
tions of imprints, too. Firstly, the pes imprints show differ
ent types of preservation with regard to the relative position 
and length of the digit V (Fig. 4). The remarkable lateral 
shift of the digit V as seen in the photograph on the right 
(Fig. 4) could be observed only on five of all 22 investi
gated track ways. An explanation of this kind of variation in 
imprint morphology is provided by the locomotory behav
iour of the trackmakers. Figure 5 shows the locomotory ef
ficiency of all 22 investigated trackways in order from low 



Fig. 3 - Left pcs imprints of/. cor
rae to dcmons1rate the wide dif
ferences of preservation in 1he 
depth and completeness of the i m
prints. lllumina1ion on bo1h pho
tographs is from the left. Scale: 5 
cm. Left: MNG-10072, right: 
MNG-1840. 

Fig. 4 - Lcfl pes imprints of/. cor
rae to demonstra1e the variability 
of imprint morphology with re
gard to the relative position and 
length of the digit V. The Roman 
numeral 'V' refers 10 the digi1 V. 
Illumination on both photographs 
is from the left. Scale: 5 cm. Lefi: 
MNG-1351, right: MNG-1352. 

Fig. 5 - I. GrJphical representa
tion of the rela1ive locomolOry ef
ficiency of all investigated 1rack
ways. The relative efficiency of 
the 1rackmaker's gait can be cal
cula1ed from the track way pattern. 
The relative locomotory efficien
cy is given by the ra1io DIA. II. 
The meaning of the measure
ments D and A is graphically ex
pressed in the lower part of lhe 
figure. D refers 10 lhe dislance be-
1ween the manus and pes imprinl 
of two successive sets. The mea
surement A refers to the distance 
between manus and pes imprint 
within one set. Abbreviations: p. 
imprint of the pcs; m, imprint of 
the manus. 

lchnio1herium in the Tambach Sandstone (Rorliegend, Th11ri1111ia) 

4,5 -

4 

3,5 

3 

~ 2,5 

0 2 

1 

II 

Relative locomotory efficiency 

3 5 7 9 11 13 15 17 19 

! ! 
' I 

I 
r ·r ..... 

21 

223 



224 $. Voigt 

to high. The five trackways characterized by a very lateral 
backward shift of the digit V in the pes imprints all lie at 
the higher end of the spectmm (numbers 18-22. Fig. 5). 
Therefore, I speculate that the trackmakers of/. cottae were 
able to change their gait from a more plantigrade to a par
tially digitigrade gait in order to achieve higher speed and 
an increac;ed efficiency of locomotion. 

TRACKWAY PATTERN AND MEASUREMENT DATA 

The second important track way character, the rrackway pat
tern, is also variable. In the case of/. cottae, two extremes 
in trackway panem can be observed (Fig. 6). In the first 
(type I, Fig. 6), the imprints of manus and pes on the left 
and right side of the trackway lie nearly opposite one an
other. In the second (type 2, Fig. 6), the sets of manus am.I 
pes of both sides are clearly arranged alternately. All stages 
of the transition, from an opposite to an alternating arrange
ment of the trackway pattern, are present. The shift in the 
trackway pattern coincides with a shift in the trackway mea
surement data. The trackways of type I show a low pace 
angulation, a large distance between manus and pes, and a 
low stride-body length ratio. In adclition, the type l track
ways arc more irregular. In contrast, the trackways with a 
clearly alternate pattern similar to type 2 are characterized 
by a high pace angulation, a small distance between manus 
and pes. and a high stride-body length ratio. Trackways of 
type 2 exhibit a more regular trackway pattern. 

MB.ICV. 1 (part) 
(No. 2, fig. 51 

Oi 
0\0 
o\o 
0\0 

MNG-1840·1 (part) 
!No. 7, fig. SI 

Moreover, tbcre is a specific relationship between the 
parameters of the substrate and the trackway pattern type. 
Trackways with deep. plantigrade, completely preserved 
imprints show only the type I trackway pattern. In contrast, 
the track way patterns of the second type could be observed 
only in trackways with shallow, digitigrade, commonly in
complete imprints. Thus, the gait of the trackmakers was 
limited by the characteristics of the substrate. The track
maker achieved a very low speed with a careful and shaky 
gait on soft sediments, and a high-speed. more agile gait on 
finner ground. lt can be concluded that the trackrnakers of 
I. cortae avoided walking on wet substrates. Most probably. 
the trackrnakers normally lived on firmer substrates. 

CONCLUSIONS 

The variation analysis of/. conae allows the differenti
ation between an input of substrate and an input of gait on 
the main trackway characters. As a result, the general re

lationship between imprint morphology, trackway pattern, 
and certain parameters of the substrate can be identified. 
All observed types of different preservation of/. co11ae 

can be explained by the influence of extramorphological 
parameters, namely the substrate and gait 

Therefore, it is evident that the various preservation types 
were formed by animals with identical anatomical structures 
of the hand and foot. Consequently, the tracks of these ani
m11ls should be assigned only one ichnotaxonomic name. 

MNG-2356-16-1 
INO. 22. fig, S] 
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Moreover, the analysis 
yields indications to the lo
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comotory behaviour and 
ecological situation of the 
trackmakers. The results of 
the investigation indicate 
that the trackmakers were 
fully terrestrial animals that 
walked preferentially upon 
firmer, drying, nmdcrack
ing surfaces. Consequently, 
the usual habitat of the 
trackmakers was not repre
sented by the muddy, wee 
substrates of the central 
Tambach Basin plain. The 
trackmakers of /. cottae type 1 lntermed(ale type2 

locomotory efficiency, speed of gait, and the regularity of the trackway pattern 

Fig. 6 - The range of the trockway pauem of I. couae in the Tambach Sandstone represented by three charac
teristic track ways for each stuge. The locomotory efficiency. the speed or gait and the regularity of the Lrack
way pauem increase from lcfl lO right For abbreviations see Fig. S. 

probably livec..l in fiat up
land areas around and away 
from the small pools and 
channels of the basin plain, 
and did not invade the ba<;in 
plain until an advanced 
stage of dessication. 
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PERMIAN EVOLUTION OF THE WESTERN CARPATHIANS, 
BASED ON THE ANALYSIS OF SEDIMENTARY SEQUENCES 

ANNA vozARov A 

Key words - Pcrmian sedimentary evolution: crystalline base
ment; collis-ion zones. 

Abstract - The Permian sequences oi' the Western Carpalhians 
are represented by continental, mainly coarse-grained vol
canoscdimcntary formation~, the origins uf which were ascribed 
to collision-related transpressional/extensional and extensional 
~cdimcntary basins. They originated in time and space a~ a con
sequence of the collisional events of the I Iercynian orogcny. The 
result was unevenly consolidated continental crust, which, after 
a short period of stability, was incorporated again into the Alpine 
orogcnic cycle. The three crustal type fragments of crystalline 
basement in the Alpine Western Carpathian units were distin
guished as: the Central Western Carpathian Crystalline Zone 
(CWCZ). the Northern Gemeric Zone (NGZ) and the Inner 
Western Carpathian Crystalline Zone (JWCZ). The main differ
ences between the zones are in Lhe chronological and spatial de
velopment of the Late Paleozoic sedimentary basins. 
The reliets of two Hercynian zones of distinctly different geody
namic aspects arc preserved in the Alpine slmccurc of lhe Wesl• 
ern Carpathians: the internal zone. with termination of collision 
during the Brclonian-Sudctian events; and the external, with ter
mination of collision during the Asturian phase. 

INTRODUCTION 

The kinematic evolution of the Western Carpathian oro

genic system occurred during both Variscan and Alpine 

times. Fragments of newly-formed Epi-Yariscan crust 

were incorporated in the Paleo-Alpine Western Carpathian 

units as evidenced by repeating subduction/collision and 

transform fault processes. Like most other collisional 

belts, the Western Carpathians have been divided into ex

ternal and internal structural zones. The main difference 

between the traditionally distinguished zones is in the age 

of the main Alpine events as well as in the intensity of their 

deformational and metamorphic effects: (I) the internal 

zone - the HP/LT Late Jurassic subduction event and 

Lower/Middle Cretaceous collision, followed by nappe 

Parole chiave - cvoluzionc sedimentaria permiana; basamenw 
cristallino; zone collisionali. 

Riassunto - Le successioni penni,u1e dci Carpazi occidentali sono 
csscnzialmcntc riipprcscntatc da forma7ioni vulcanichc e sedi
mentarie continemali. la cui urigine fu riferita a bacini transpres
sivi/cstcnsionali conncssi a collisionc cd a bacini cstensionali. Es
se si generarono nel tempo e nello spazio a seguilo degli eventi col
lisionali dclrorogcncsi ercinica. II risultato di questi evcnti fu la 
formazione di una crosta continentale non unifonnemente conso
lidarn, chc, dopo un breve pcriodo di stabililll, fu di nuovo inclusa 
nel ciclo orogenet.ico alpinu. Tre frammenti d_i tipo crostale di ba
samcnto cristallino ncllc unita dci Carpazi occidentali alpini furo
no contraddistinti: la Zona Cristallina dci Carpaz.i centro-oct:iden
tali (CWCl), la Zona Gemmerica settemrionale (NGZ) c la Zona 
Cristallina dci Carpazi occidcntali intemi (JWCZ). La principale 
differcnza tra queste zone sta nello sviluppo cronologico e spazia
lc dci bacini scdimcntari tardo-palcozoici. 
I resti di due zone erciniche con aspeui geodinamici distinta 
mentc divcrsi sono prcscrvati nclla strottura alpina dci Carpa1i 
occidentali: la zona interna. in cui la collisione si conclusc du 
rantc gli cvcnti tcllonici Brclonc-Sudc1ico, c la zona cstcma, in 
cui la collisione si estinse in concomitanza della fase Asturica. 

stacking; (2) the external zone - from the Upper Creta

ceous/Lower Paleocene to the Oligocene/Lowcr Miocene 

subduction/accretion and collisional events. The frag

ment~ of the Late Paleozoic sedimentary basin fi 11 are pre

served only within the internal zone. as part of the princi

pal Alpine crustal-scale superunits (Fig. I). Reliets of the 

Upper Carboniferous sedimentary sequences are proven 

by lithofacial and biofacial data in a relatively wide range 

of sedimentary environments, from shallow-water to par

alic and continental. The Lower Pennian sediments con• 

finn only a continental environment as a whole. The Up

per Pennian facial associations confirm more variability, 

from continental to sabkha-lagoonal evaporitic forma

tions, as a consequence of the start of a new sedimentary 

cycle. better developed during the Meso1.oic. 

Depar1ment of Mineralogy and Petrology, Fae. of Nat. Sci .. Con,eniu~ Umvers,1y, Mlynsk~ dolino puv. G. 842 15 B1111islnva, Slovak Republic. 
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CHARACTERISTICS OF THE BASEMENT 

In the Western Carpathians different types of Yariscan 
basement were overstepped by the Upper Carbonifer
ous/Permian sedimentary sequences. Regardless of the 
age of the metamorphic overprint. tbe Alpine-Western 
Carpathian basement can be subdivided into three zones: 
I. The Central Western Carpathian (CWCZ) crystalline 
~one composed mainly of metamorphic rocks and huge 
masses of pre-Mesozoic granitoids. Fragments of pre-Her
cynian metamorphic crust are probably also indudcd in 
this zone. Several pre-Alpine terranes were identified in 
the CWC-Alpine nappe units (the Tatra Plate: the relicts 
are preserved within the Alpine Tatric, Northern Yeporic. 
Southern Ycporic and Zemplinic Units; these substratum 
fragments w~re formerly described as the Tatra Terrane, 
Kohut Terrane and Suspected Ipoltica Terrane - within the 
Hronic Unit; Vozarova & Yozar, 1996). Nearly all under
went the Hcrcynian metamorphism during the Early Car
boniferous. postdating locally Silurian/Devonian and/or 
older metamorphic events. The magmatic activity took 
place in two stages as indicated by Rb-Sr and U-Pb dating, 
which gave 360-340 Ma and 320-300 Ma; (Cambel & 
Kral, 1989; Cambel era!., 1990). The age of rare post-oro
gcnic A-magmatites corresponds lo the Perrnian tRb/Sr: 

28()-250 Ma; Cambel el al., 1989). Geochemical data in
dicate the operation of subduction system and rhen colli
sional tectonics. 
2. The Northern Gemeric Zone (NGZ), with rclicts of the 
Visean-Namurian flysch and thrust wedges of pre-Car
boniferous oceanic crust. This zone represents a relict of a 
Hercynian collision suture. Two undated Hercynian ter
ranes, which differ in tectono-metamorphic development 
(amphibolite vs. greenschist facies) and probably also in 
the age of protolith, belong to this domain. Their gradual 
amalgamation took place during the Early Carboniferous 
because the Uppermost Visean/Serpukhovian. shalJow-wa
ter carbonate-cla,;tic development was. after a slratigraph
ic hiatus, unconformably overstepped by the Moscovian 
marine ·'molasse'·. This marine "molasse·· unconforrnably 
overlies part of the Lower Carboniferous flysch sequence 
(eastern part of the NGZ). to fix up the Late Vari scan thrust 
sheet structure. 
The higher-grade crystalline complex (the Klatov Terrane) 
consists mainly of amphibolitcs, subordinate gneisses and 
mctaultramafic rocks. This complex is considered as a 
partly incomplete ophiolite suite (Hovorka et al .. 1984; 
Spisiak et al.. 1985). Findings of regressively overprinted 
eclogitic rocks lead to the assumption of a polyphasc 
metamorphic P-T path, with high-pressure conditions dur-
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ing the climax of metamorphism. The low-grade crys
talline complex (the Rakovec Terrane) is composed of 
tholeiitic metabasalts and matavolcaniclastics. associated 
with smaller amounts of sandy-shaly melasediments and 
small bodies of gabbro-diorites and metakeratophyres. 
The rnagmatic rocks show geochemical characteristics 
near to E-MORB/OIT basalts (Ivan, 1994). 
3. The Inner Western Cmpathian c1ystalli11e zone (IWCZ). 
which is subdivided into two subzones - the S0111hem 

Gemeric Subzone (SGS) and the St.endro - Biikk Subzone 
(SzBS). The dominant part of the Southern Gemeric Sub
zone (corresponding to the Gelnica Plate) is composed of 
the Lower Paleozoic volcanigenic flysch formation and of 
its Permian-Triassic cover. An enormous mass of vol
canogenic flysch comprises distinct turbidity current and 
other mass-gravity flow sedimentation features. Besides 
redeposited acid to intermediate volcaniclastic material, 
derived from the synsedimentary continental magmatic 
,trc, detritus from the subduction complex and fragments 
of oceanic crust are also present. Regional metamorphism 
of the SGS basement did not exceed the low-pressure 
greenschist facies. The SGS Lower Paleozoic flysch se
quence was interpreted as a relict of the fore-arc basin re
lated to an active continental margin (Voz{trova. 1993). 

Within the Szendro-Biikk Subzone die pre-Carbonifer
ous complexes are preserved only locally. They are repre
sented mainly by the shallow-water to basinal sequences 
of the passive continental margin of the northern Gond
wana promontory (for a precise description see Kovacs & 
Pero, l 983; Ftilop. 1994 ). The most typical features of 
both these subzones are the Bashkirian olistostroma flysch 
complexes. They were reported from the Turnaic Unit in 
the Inner Western Carpathians (Vozarova & Vozar, 1992) 
as well as from the Szendro and Buick Mts. (Kovacs, 1988, 
1992). Typically, the Variscan metamorphism of the SzBS 
Paleozoic complexes is either slight or absent. 

LATE PALEOZOIC OF THE CENTRAL WESTERN 
CARPATIDAN CRYSTAI,UNE ZONE 

The Permian deposits of the CWCZ either gradually de
velop from the underlying Upper Westphalian-Stcpbaoian 
formations or unconformably overlie the crystalline base
ment rocks (Fig. 2). The Lower Triassic deposits discon
fom,ably re.st on both the above structural stages. The Up
per Carboniferous-Pcrmian as well as the Permian sedi
mentary basins were founded on continental crust. These 
basins probably formed cratonwards of thin-skinned 
thrusting, on both the footwalls and hanging walls of 
crustal-scale reverse faults that ruptured the continental 
basement. The typical result of deformation was a set of 
non-marine basins connected by basement uplifts and 

thin-skinned thrust belts (broken-foreland basins). These 
retro-arc foreland basins occurred behind the compres
sional belt. on the thickened continental crust. 

The Upper Weslphalian-Stcphanian sedimentary basins 
are represented by huge wedges of siliciclastic sediments 
deposited in continental, fluvial or fluvio-lacustrine and 
swamp sedimentary environments. These formations are 
associated with acid to intermediate calcalkaline volca
nism. The Upper Westphalian and Stephanian ages are 
proved by macroflora: Calamites cistii Brongn., Astero
phyllites tricl1011wtos1L~. Annularia pseudostelata Potonie, 
Pecopteris cyathea Schotheim, Cordaites borassifolitis 
Sternberg. Asterotheca milto11ii Artis, Asterotheca ar
borescens Brongn .. Cordaites palmaefomzis Goepp. and 
Callipteridium gigas Guttb. (Nemejc, 1947; Sitar in Plan
derova et al., 1981; Sit{tr & Vozar, 1973). The sedimenta
ry regime continued uninterrupted in this hasin during 
Permian times. Distinct changes in climatic conditions 
took place when the warm and humid climate was re
placed by dry and arid conditions. 

Generally. the Perrnian sequences are represented by 
continental, mainly varit:gated coarse-grained alluvial fan 
formations of red-bed type. lncegral parts of these forma
tions arc volcanic rocks and their volcanicla~tics, domina1-
ed by calcalkaline rhyolites-dacites, with subordinate an
desites and continental tholeiitic andesite-basalts. The Per
m.ian sediments indicate very low structural and mineraJog
icaJ maturity, with provenances from uplifted and tectoni
cally rejuvenated crystalline basement or from dissected 
magmatic arc (inactive in Permian times, produced by pre
Carboniferous subduction). The prevalent sediments were 
deposited in alluvial or fluvio-lacustrine and ephemeral lake 
environments, in semi-arid to arid climatic conditions as in
dicated by the typical sedimentary facies and absence of 
fauna and flora. The biostratigraphical data are based on rel
atively poor finds of pollen and sporomorphs. The Early 
Pem1ian age is generally documented by the presence of 
Pmonieisporites and Vittatina. The Upper Pcrrnian age is 
proved by the following microflora assemblage: Calwno
spora rwthorstii Klaus, Klausipo/lenites div. sp .. Lueck
isporires parvus Klaus, L. virkkiae (Pot.) Klaus, Monosul
cites minimus Cookson, Striatites richteri (Klaus) Jizba, 
Limitisporites rectus Leschik and J11gasporites lueckuides 
Klaus (Planderova. 1973; Planderova et al .. 1981). 

LATE PALEOZOIC OFTHE NORTHERN GEMERIC ZONE 

The continental Permian sequences overlie the slightly de
formed relicts of tbe WestpbaJian peripheral basin fill, as 
well as all pre-Westphalian crystalline complexes of the 
NGZ (Fig. 2). The mostly coarse-grained elastic sediments 
derived from the collisional belt arc associated with bi-
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modal andesite-basalt/rhyolite volcanism. The character
istic features are: ( 1) varicoloured clas1ic sediments of vi
olet and violet-red; 2) a gradual fining-upwards: 3) cyclic
ity manifested wiU1in the framework of small cycles as 
well as megacycles; 4) bimodal calcalkaline volcanism. 
The thickness of the basal formation is extremely variable 
(from several tens of metres 10 350 m). His composed of 
pebble material indicating source rocks from the immedi
ate basement. The immature coarse-grained sediments 
represent fossil mudflows, partly reworked in some 
places, continued by alluvial, mainly stream channel de
posits. An "Autunian'' age is proposed because of their 
position below the main volcanic horizon. The widespread 
upper part of the Lower Permian ("Saxonian") polyphase 
volcanic activity manifested the spatial and temporal rela
tionships to the large sedimentary cycles. Sediments are 
characterised by a low degree of maturity and by a mixture 
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of syngenetic volcanic and non-volcanic detritus. The fin
ing-upwards alluvial cycles. with channel lag, pointbar 
and floodplain lake facies alternating with playa subenvi
ronmcnts at the topmost part of large cycles. arc among the 
most striking features. The age is inferred from the iso
topic analyses of sulphides from the volcanigenic hori
zons: :!1"'Pbf"'U = 263 Ma: :i•

1PbP·'U = 274 Ma (Novotny & 
Rojkovi~, 1981 ). The upper part of the Lower Permian 
(''Saxonian") was also proved by poor microflora. 

The "Autunian-Saxonian'' formations are overlain by a 
relatively matUre sandy-conglomerate horizon. with some 
pebble material derived from the immediate stratigraphic 
underlier. This could indicate a break in the sedimentation 
after the "Saxonian", but there is no biostratigraphical ev
idence to support this assumption. Alluvial. stream-chan
nel deposits prograde upwards to the inland sabkha and 
neaJ-shore sabkha/lagoonal facies. with the anhydrite-
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Fig. 2 - Scheinc of ~cdimcntary evolution of the Wcs1ern Carpathians Carboniferous-Pcrmian hasins. 
I - cominemal, pn:valently coarse-grained alluvial, alluvial-lacustrine sediments; 2 - cominenml lacusllinc. OU\'io--lacusuinc scdimenL, with thin coal 
,eams in place,: 3 - aeolian. braided alluvium 10 lidal elastic sedimcnL< of greater maturity: 4 - sabkha-lagoonal facies: .Sa - l:1goonal 10 shallow-water 
ctu.~lic Sl!<limems with thin intcn::alation~ of carbo11a1es; 5b- shaley-sandy deposits with thin lcn.~s of phosphorites: 6-evaporites: 7 - delrnic and shal
low-marine <:1as1ic deposiL,, with less curbonatcs; 8- shaly-c~rbonatc shelf sediments: 9-ba"nal ~holy-carbonate sequences: JO-dolomi1e~. limes1ones: 
11 - Oysl'h: turbidites, olistosuume sequences: di~onformity: undulating line; unconromlity: double undulating lines: ovenhrust planes: oblique line. 
Abbrevintions of the main paleo-Alpine units: T - Talric Unit; NV - Northern Yeporic Unit: SY - Southern Veporic Unit: Z- 7.emplinic Unit; H -
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SZ- Szendro Mts.; 13 - BUkk Mts. Abbreviations of 1he substratum: CWCZ- Ccntml Westem Carpathian Crystalline Zone: NGZ- Non hem Gemcr
ic Zone; JWCZ - Inner Western Carpathian Crystalline Zone. 
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gypsum and sail breccia horizons. The isotopic analysis of 
sulphur (Vozarova, 1997) shows results similar to the da
ta obtained from the Upper Pennian to lowest Triassic. 
There are transitions up to the Pseudomonotis (Claraia) 
clarai (Emmr.) horizon (Griesbachian- ?Nammalian). 

The Perrnian sedimentary basin was part of the colli
sion-related foreland basins at the suture zone. The devel
opment of this peripheral foreland basin was preceded by 
the consumption of oceanic crust and, during the first 
stage of oblique continental collision, by development of 
an Early Carboniferous remnant ocean basin. Later colli
sional shortening led to deformation and cannibalisation 
by uplift and erosion of the early accretionary wedges. 
The sedimentary infill of the marine Westphalian basin 
shows evidence of active thrust-faulting in the adjacent 
collision belt. This can be documented by "elastic 
wedges'' of delta-fan conglomerates. Finally, the exten
sional faulting on the downgoing rifted continental margin 
resulted in widespread deposition of coarse-grained non
marine elastics during the Permian. These elastic red-bed 
wedges document a large sediment supply from the colli
sion fold-thrust belt. The continual collision during the 
Permian resulted in the development of a continental sed
imentary basin with dominant strike-slip faulting. 

LATE PALEOZOIC OF THE INNER WESTERN CARPA
THIAN CRYSTALLINE ZONE 

The Late Variscan, post-orogenic overstep sequences of 
the Southern Gemeric Subzone unconformably overlie the 
Lower Paleozoic crystalline basement of the IWCZ (Fig. 
2). Generally, the basal parts of the Lower Pertnian vol
canosedjmentary complexes are characterised by a high 
content of mature mineral detritus. Conspicuous fining up
wards is accompanied by a relative decrease in miner
alogical maturity of sediments. The whole sequence is 
subdivided vertically into two large cycles, with the quan
zose conglomerate horizons at the base of each and a sand
stone-shale member between the two. The stream-channel 
and sheet-flood deposits with unimodal transport systems 
predominate. The upper conglomeratic horizon contains 
detritus from rhyolite-dacite synsedimentary volcanism. 

The prograded Upper Permian horizon is a monoto
nous complex of cyclically alternating sandstones, silt
stones and shales. Lenses of carbonatic sandstones and 
dolomitic limestones with intercalations of shales occur 
only in its upper part. Exceptionally, thin lenses of phos
phatic sandstones and sediments with extremely high con
tents of albite (albitolites) occur. This sedimentary envi
ronment is interpreted as alluvial-lacuslrine and lacuslrine, 
with highly alkaline lakes in some places, prograding into 
the near-shore and lagoonal-sabkha fades at the top. The 

sediments represent the relic1s of sedimentary basin infill. 
whjch first developed in a transpressional tectonic regime 
and prograded to the initial stage of post-Yariscan rifting. 

The extremely mineralogically mature detritus of the 
Southern Gemeric Permian formations, allows us to cor
relate them with other early-Alpine riftogenic tectofacies 
of the Alpine-Mediterranean domain. 

The Early Perrnian age of the lowermost part of the 
basal formation is assumed on the basis of micronora. 
with predominant species of the genera Potonieisporites. 
Striatodhaccites, Vittatina sp. (Plandcrova, 1980). The 
Upper Permian date for the uppermost part of the forma
tion was proven on the basis of a cone slice and twig of 
Pseudovoft:;ia liebeana (Geinitz) Florin, and leaves of the 
genus Sphenozamites, as well as remains of bivalve tests 
of the genus Carbonicola McCoy. 1855 (Suf, 1963). 

The continental red beds unconformably overlying the 
Bashkirian flysch in the Turnaic Unit are most probably. 
Upper Permian in age. Upper Permian sediments of the in
nermost, Szendro-BUkk Subzone, are represented by the 
evaporite formation (Silicic Unit). They were spatiall_y 
connected with a Pennian epiplatform, characterised by 
shallow-marine facies of Sout.h Alpine-Dinaric type. The 
Serpukhovian-Bashkirian turbidite deposits and the 
Moscovian shallow-marine sedimentary sequences are 
characteristics of the Szendro-Biikk Subzone. 

DISCUSSION 

The typical distribution of the Carboniferous-Permian sed
imentary basins and, the lithofacial character of their infill, 
document the southern polarity of the Hercynian orogeny 
of the Western Carpathians, responsible for the opposite 
vergency compared with the Alpine branch (Table l ). 
Basins originated gradually as a consequence of different 
stages of collisional events. The beginning of collisional 
events was connected with the '"Bretonian" movements 
and development of the Lower Carboniferous flysch rem
nant basin sequences preserved within the Northern 
Gemeric Unit. Collision continued with the closure of the 
Lower Carboniferous flysch basin and caused a hiatus dur
ing Namurian 8-C. The ''Sudetian" movements gave rise 
to the Moscovian marine peripheral basin, whose basal 
sequences fixed the Lower Carboniferous flysch and both 
the pre-Carboniferous complexes (fragments of crust with 
oceanic/supraoceanic affinities). Closure of this basin was 
connected with Asturian events and is reflected by a hia
tus during the Skphanian, The North Gemeric Lower and 
Upper Permian continental red beds originated under 
transpressional and extensional tectonic regimes. 

The variously evolved basins were established on for
merly overthrust continental lithosphere, whose fragments 
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Relics in paleo-Alpine T I NV 
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units 

Character of substratum continental crust thrust consuming dlsruptea continental crust, attenuated In 
of Late Paleozoic basins wedges of 

oceanic filate-boundary 
ore-arc basin places 

crust filling 

Tectono-thermal Devonian-Carboniferous weak or no ma~matism; metamoWthlsm more advanced than 
development tectono-thermal activity with maximum deformation, anchlmetamorp ism/low-tempeta ure greenschist facles 

magmatism and metamorphism 

Main collisional events Bretonian-Sudetian Asturian 

Depositional system continental: 
Perrnian 

continental lo sabkha-lagoonal: 
. Permian 

-------- ----- - - - ..... ------------➔ Upper Carboniferous .sabkha to shallow-water: 

m.irlne: 
------➔ Permlan ---➔ 

shallow-water Moscovian .ind ---➔ .manna: 
shallow-water Stephanian -------➔ . Serpuchovian 

deer.-water deep-water pos -Bretonian flysch ---~ post-Sudetian flysch -·------+ 
---

Provenance continental block prov, continental block provenan(le mi~ed with recycled orogen 
-----------➔ provenance 
cut magmatic arc prov. --➔ 
orogen. provenance ---➔ ---------------------

T3hlc I -Schernc of tectono-scdimentary evolution of the Western Carpathian Carboniferous Permian basin. Expla11a1io11 of symbols: T - Tarric Unit; 
NV - Nonhem Veporic Unit; SV - Southam Vcporic Unit: 2 - Zcmplinic Uni1: H - Hronic Unit: NG- Northern Gcmeric Unit: SG- Soulhem Gcmer
ic Unit: M - Meliatic Uni1: TU - Tumaic Unit: S - Silicic Unit: U - Upponyi Mts.: SZ - Szcndrll Mts.: B - BUkk Mts. 

are dismembered within the several Alpine mega-units. 
Continental sedimentation under humid climatic condi
tions was characteristi1,; of this area during the Late Car
boniferous, with relicts preserved within the Zemplinic, 
Hronic and Southern Veporic Units. Generally, a charac
teristic feature for this development is gradual prograda
lion into the Permian arid/semi-arid red-bed formations. 
The sedimentary basins were established in pull-apart and 
rift-related tectonic settings. 

Particular features have been observed in the Pennian 
fonnations of the Southern Gemeric Unit. Their extremely 
mineralogically mature detritus, compared with other con
temporary sediments of the Western Carpathians, allows 
their correlation with other early-Alpine riftogenic tectono
facies of the Alpine-Mediterranean Domain. They were 
most probably areally connected with the Bashkirian flysch 
depositional zone of the Tumaic Unit (the Turiec Fonna
tion, in Brusnfk Anticline; Yozarova & Vozar, 1992), as 
well as with the corresponding facies in the SBsZ. 

CONCLUSION 

Two zones of Hercynian collision at different times were 
identified in the Western Carpathians on the basis of relict 
infilled Carboniferous-Permian bac;ins: 
- the internal zone, in which the collision terminated dur
ing ''Bfetonian-Sudetiao" events and resulted in the for
mation of a syncollisional Lower Carboniferous tlysch 

basin succeeded by a marine Upper Carboniferous and 
continental Permian peripheral foreland basin (NGZ) as 
wclJ as the formation of continental Permian back-arc 
transpressional/transtensional retro-arc basins (CWCZ). 
With respect to these characteristics, this zone corresponds 
to the Mediterranean Crystalline Zone as defined by 
Neubauer & Raumer ( 1993), comprising the eastern 
Grauwackenzone and Gurktal thrust system and the Car
boniferous of the Noetsch ar~ in the Eastern Alps, the 
nappe thrust system oftheBucovinian and Ghetic Unite; in 
the Eastern and Southern Carpathians in Romania, and 
part of the Balkan ides and Kraishtides in Bulgaria: 
- the external zone, in which the collision terminated dur
ing the "Asturian" events (TWCZ). This zone is represent
ed by the Bashkhirian flysch and the Upper West
phalian/Stephanian marine peripheral foreland basin (re
licts preserved only in northern Hungary), and the post
orogenic continental Pennian deposits (the Tumaic Unit in 
Slovakia). This zone was spatially connected with shal
low-marine foreland deposits of the Bilkk Mts. area in 
northern Hungary. Generally. this whole external zone 
could be correlated with the Noric-Bosnian and Belie-Ser
bian zones distinguished by Neubauer & Raumer (1993). 
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