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Abstract 

Numerous volcaniclastic deposits are found interbedded in several Neogene-Pleistocene units of the Apen­
nines. They are mostly the result of volcanic activity that was contemporaneous with sedimentation and they 
thus have a specific geodynamic significance. 

These volcaniclastites are indicative of periods of intense volcanic activity (e.g. Aquitanian-Burdigalian­
Langhian), alternating with periods of lesser activity (e.g. post-evaporitic Messinian) . Periods of increased 
volcanic activity must be attributed to important tectonic phases in the Mediterranean area. Moreover, a 
migration of volcaniclastic products towards the external zones of the Apennines can be 'observed. 

The composition of the pyroclastites suggests an origin from calc-alkaline magmas that were generated in 
volcanic arcs probably developed on continental crust. No comprehensive hypothesis on the location of the 
Neogene-Pleistocene effusive centres has been put forward up to now. Nevertheless, some areas, such as the 
Po Plain and the Tyrrhenian zone, are particularly suspicious in this respect. 

Introduction 

Within the last decades many authors have report­
ed on the presence of volcaniclastic deposits that 
are intercalated in the various sedimentary se­
quences of the Apennines; detailed analyses with 
respect to type, age, distribution and origin of the 
volcanism, however, have remained scarce (e.g. 
Borsetti et al., 1983, 1984; Cortesogno et al., 1984; 
Di Girolamo et al., 1984; Guerrera, 1983; Guerrera 
et al., 1986; Mezzetti , 1969; Mezzetti & Olivieri, 
1964). In this paper, which pertains to a research 
project on the interrelation between volcanic and 
tectonic phases and their effects on sedimentation, 
data available from Neogene and Pleistocene units 
have been integrated into an evolutionary scheme. 
Within this scheme the data have been arranged 

systematically with respect to their age, whereby 
deposits from penecontemporaneous volcanism 
have been distinguished from those derived from 
the erosion of older sediments. 

Pettijohn et al. (1972) distinguished directly de­
posited volcanigenic materials, or pyroclastites, 
from redeposited volcanigenic materials, or epi­
clastites. 

As suggested by Zuffa (1985), this classification 
can be refined by separating neovolcanic epiclas­
tites, pertaining to penecontemporaneous volcan­
ism, from palaeovolcanic epiclastites. Consequent­
ly, both pyroclastites and epiclastites containing 
(empirically) more than 10% volcanigenic material 
have been considered indicative of penecontempo­
raneous volcanism. 
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Fig. J. Distribution of Upper Oligocene and Early Miocene neo- and palaeovolcaniclastites. Late Oligocene-unspecified Early Miocene 
interval: a) neovolcaniclastites; b) palaeovolcaniclastites. Aquitanian-Burdigalian-Langhian interval: c) neovolcaniclastites; d) palaeo­
volcaniclastites. Note that neovolcaniclastites have predominantly been encountered in the Northern Apennines, in Sardinia and in 
Sicily. 
1) European Foreland; 2) internal units; 3) external zones with African tectonic polarity; 4) late-orogenic units; 5) post-orogenic units; 
6) African Foreland; 7) Calabro-Peloritan basament thrust sheets; 8) Tertiary-Quaternary volcanites ; 9) thrusts; 10) faults. 



Recently Guerrera & Veneri (1989), proposed 
the following classification: 
A: Neovolcanism (penecontemporaneous with 

sedimentation): 
1. pyroclastic deposition (pyroclastites); 
2. epiclastic deposition, volcanigenic material 

abunds (penecontemporaneous epiclastites). 
B : Palaeovolcanism (volcanism prior to sedimenta­

tion): 
epiclastic deposition, volcanigenic material is 
scarce, differs from neovolcanigenic deposits in 
composition and in spatial and temporal distri­
bution (non-penecontemporaneous epiclas­
tites). 

The classification of Apennine volcaniclastites is 
supplemented by information on geographical lo­
cation, geostructural domain, age, stratigraphic 
position, type of volcanism, provenance and by 
bibliographic references. Seven broad age intervals 
are distinguished, namely Late Oligocene-unspec­
ified Early Miocene, Aquitanian-Burdigalian­
Langhian, Serravallian-Tortonian-pre-evaporitic 
Messinian, evaporitic and post-evaporitic Messin­
ian, Early Pliocene, Middle-Late Pliocene-earliest 
Pleistocene and Pleistocene. The areal distribution 
of the volcaniclastites is illustrated by Figs. 1 and 2. 

Evidence of volcanism in the Neogene-Pleistocene 
deposits of the Apennines 

For each of the time intervals defined, the distribu­
tion and provenance of volcaniclastites and the 
type of volcanism will be discussed. 

Late Oligocene - unspecified Early Miocene 

In this interval, both neo- and palaeovolcaniclas­
tites were generated (Fig. 1). 13 of the 19 reported 
deposits have been attributed to andesitic volcan­
ism of 'Tyrrhenian' origin (Aiello, 1975; Alaimo et 
al., 1979; Guerrera & Wezel, 1974; Ogniben, 1964; 
Pecorini & Pomesano Cherchi, 1969; Yannucci & 
Wezel, 1978; Wezel & Guerrera, 1973), while one 
deposit has been ascribed to rhyodacitic volcanism, 
possibly of Euganean origin (Giammetti, 1967). 
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The volcaniclastites are mainly present in alloch­
thonous complexes of the Northern Apennines and 
the Sicilian Maghrebides. In the first sector, both 
pyro- and epiclastites occur while the second one 
lacks epiclastites. 

Taking into account the physiography of the sed­
imentary basins and the character of the inferred 
depositional processes, the effusive centres must 
have been situated in the vicinity of the pertinent 
basins. 

Palaeovolcaniclastites attributable to this inter­
val are restricted to the Northern Apennines (Fig. 
1), and are characterized by minor quantities of 
acid to basic materials. At first glance, they appear 
to be unrelated to the neovolcaniclastites. How­
ever, the spatial coincidence with the latter sug­
gests that such a relation cannot be excluded. 

Aquitanian-Burdigalian-Langhian 

This interval is also characterized by both neo- and 
palaeovolcaniclastites. 47 of the 59 occurrences re­
ported in the literature have been attributed to acid 
to intermediate volcanism as attested to by acid and 
rhyolitic-rhyodacitic-dacitic-andesitic glass. Vol­
caniclastites of this age have been encountered 
throughout peninsular Italy, especially in the Po 
Plain area, the Northern and Central Apennines, 
and southern Sardinia, less extensively in the 
Southern Apennines and the Sicilian Foredeep. 
The volcanic material is predominantly of pyroclas­
tic origin. Various hypotheses have been put for­
ward to explain the provenance of the volcaniclas­
tics. Thus, the Sardinian ones have been attributed 
to ' local' volcanism (Pecorini, 1974). For the vol­
caniclastics of the Northern Apennines, a Tyrrhe­
nian source (Mezzetti & Olivieri, 1964; Mezzetti, 
1969; Borsetti et al., 1979), an 'Euganean' source 
(Fazzini & Olivieri, 1961; Montanari et al. , 1984), 
and effusive activities close to the pertinent sedi­
mentary basins (Guerrera, 1979; Guerrera et al., 
1986; Coccioni et al., 1988) have been suggested. 
The volcaniclastites of more southern sectors have 
been ascribed to a volcanic arc situated somewhere 
in the Western Mediterranean (Carveni et al., 
1982). 
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Fig. 2. Distribution of Middle Miocene to Pleistocene neo- and palaeovolcaniclastites. Serravallian-Tortonian-pre-evaporitic Messinian 
interval: a) neovolcaniclastites, b) palaeovolcaniclastites; c) neovolcaniclastites of evaporitic/post-evaporitic Messinian interval; d) 
neovolcaniclastites of Early Pliocene interval; e) neovolcaniclastites of Middle-Late Pliocene/earliest Pleistocene interval; f) neovolcan­
iclastites of Pleistocene interval. Note that neovolcaniclastites are preferentially present in the Northern Apennines, the Southern 
Apennines and in Sicily. 
1) European Foreland; 2) internal units; 3) external zones with African tectonic polarity; 4) late-orogenic units; 5) post-orogenic units; 
6) African Foreland; 7) Calabro-Peloritan basament thrust sheets; 8) Tertiary-Quaternary volcanites; 9) thrusts; 10) faults. 



Stefani (1987) mentioned the presence of volcan­
iclastites in the Chattian-Messinian marine and 
continental deposits of the Veneto Basin. These 
were derived from Triassic volcanites of the South­
ern Alps, with a minor neovolcanic supply, charac­
terized as alkaline rhyolites, indicative of Burdiga­
lian extrabasinal explosive volcanism. The latter is 
correlatable with coeval Apenninic volcaniclas­
tites. 

Furthermore, Critelli (in press) described a vol­
caniclastic horizon of 15 to 20 m thickness belong­
ing to this interval from the lower part of the S. 
Mauro Fm in the Cilento Basin of the Southern 
Apennines. Up to 83% of this deposit consists of 
rhyolitic and rhyodacitic fragments indicative of 
synsedimentary calc-alkaline volcanism in unspec­
ified more internal parts of the orogen. 

This interval also hosts the widespread Burdiga­
lian tuffites and 'silexites' of the Western Mediter­
ranean (Lorenz, 1984). Lorenz (o.c.) attributes 
these deposits to an event at the Early/Middle Bur­
digalian boundary, a designation which, however, 
is not sufficiently documented. 

Reports of palaeovolcaniclastites contain infor­
mation on the type of volcanism responsible. Thus, 
five occurrences in the internal parts of the Central 
Apennines have been attributed to rhyolitic-andes­
itic to diabasic volcanism, while the six occurrences 
of the Calabro-Peloritan Arc to the south are indic­
ative of acid to intermediate volcanism. Fontana 
(1980) suggested a Tyrrhenian origin for the first 
type, similar to the coeval neovolcaniclastites of 
the Northern and Central Apennines, while the 
southern deposits were referred to pre-Alpine and/ 
or Alpine units (Feria & Alaimo, 1977). 

Serravallian-Tortonian-pre-evaporitic M essinian 

16 occurrences of neovolcaniclastites and 25 occur­
rences of palaeovolcaniclastites attributable to this 
interval have been reported in the literature. 12 of 
the neovolcaniclastic deposits allude to basaltic to 
acid volcanism, with a predominance of the rhyo­
dacitic calc-alkaline type. Except for some occur­
rences in the Northern Apennines and Calabria, 
the reported deposits belong in the Hyblean sector 
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of Central-Northern Sicily. Notwithstanding the 
absence of compositional analyses, the latter de­
posits are referred to local volcanism (Di Grande, 
1969; Di Grande & Romeo, 1980). Other Sicilian 
volcaniclastites, determined as calc-alkaline prod­
ucts of andesitic and dacitic, but mainly rhyodacitic 
type, have been ascribed to western Mediterranean 
sources (Ogniben 1969; Carmisciano & Spadea, 
1973; Spadea & Carmisciano, 1975) or to Sardinia 
(Alaimo et al., 1979). 

Cipriani et al. (1977) perceived a local (volcanic) 
source for a volcaniclastic deposit of the Tuscan 
segment of the Northern Apennines. Otherwise no 
indications about the origin of the few volcaniclas­
tites of the Northern Apennines have been offered. 

Noteworthy is the presence of neovolcaniclastic 
components in the lower part of the Schlier Fm of 
the Umbrian Basin near Gubbio and of the Ex­
ternal Marchean Basin near Ancona (Guerrera et 
al., in prep.). Volcanigenic biotites from the Torto­
nian upper part of the Schlier Fm at Ancona have 
recently been dated radiometrically at 11.3 ± 0.5 
and 11.7 ± 0.4Ma (Montanari et al., 1988). 

Palaeovolcaniclastites are present in Central Si­
cily and in the Northern and Central Apennines 
(Fig. 2). In the Northern and Central Apennines, 
they occur in the Marnoso-Arenacea Fm or its 
external equivalents. In the Marnoso-Arenacea 
Fm s.s., materials of variable chemical constitu­
tion, from acid to basic, have been attributed to a 
supply from the Permian Atesine platform (Gan­
dolfi et al., 1983), while its external equivalents 
contain material derived from more internal zones 
(acid) and from allochthonous thrust sheets (basic) 
(Centamore et al. , 1979; Chiocchini et al. , 1982). 

The clastites of the Sicilian zone point to andesit­
ic volcanism in southern Sardinia (Feria & Alaimo, 
1977) or in the western Mediterranean near Alge­
ria (Ogniben 1955). 

Evaporitic/ post-evaporitic M essinian 

This interval is represented by three deposits re­
ported from the Southern Apennines and Sicily, 
and 20 recognized in the Marchean Foredeep (Fig. 
2). Only neovolcaniclastites have been described, 
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Fig. 3. A) Temporal distribution of volcaniclastites (with indication of numbers of deposits reported in the literature), arranged 
according to type of volcanism: a) acid; b) intermediate; c) basic; d) unspecified. 
B) Temporal distribution of maximum thicknesses of pyroclastites for each interval. 

Volcanic activity was evidently most intense during the Aquitanian-Burdigalian-Langhian interval, declined up to the post-evaporitic 
Messinian, after which it gradually increased until the Pleistocene. 

largely of rhyolitic and rhyodacitic type. For the 
volcanics of the Marchean Foredeep, a local origin 
seems most likely (Selli, 1954; Guerrera et al. , 

1986), but Tyrrhenian sources, such as the Isle of 
Capraia, have also been suggested (Carloni et al., 
1974). The chemical characteristics of the volcan-



iclastites of the Southern Apennines and Sicily do 
not differ significantly from those of the previous 
deposits. 

Early Pliocene 

Four neovolcaniclastites have been reported for 
this interval in Apulia and Sicily (Fig. 2). The Apu­
lian deposit is of the rhyolitic type, possibly result­
ing from anatectic processes in sialic continental 
crust (Di Girolamo et al., 1984). The Sicilian occur­
rences, on the other hand, are of the basaltic to 
ultramafic type, and can be attributed to Hyblean 
volcanism (Cristofolini, 1969; Brolsma & Broek­
man, 1978; Guerrera et al., 1985). 

Middle-Late Pliocene/earliest Pleistocene 

28 Neovolcaniclastites attributable to this interval 
have been reported from central and southern Italy 
(Fig. 2). The volcanics are of acid to intermediate 
composition, except for the deposits of the Luca­
nian Apennines and Sicily, which are basaltic. The 
acid to intermediate volcanoes have been ascribed 
to the southern Tyrrhenian Region (Cello et al., 
1983), and, for at least a part of the deposits, to the 
Eolian arc ( Cortesogno et al., 1984). The Sicilian 
volcanics on the other hand are regardeq to be the 
result of Hyblean basaltic volcanism (Brolsma, 
1978; Guerrera et al., 1985). Finally, volcaniclas­
tites of the Northern Apennines may be attributed 
to local 'Tolfetan' calcalkaline volcanism (Fazzini 
etal., 1972). 

The volcaniclastites that are present in the well­
known argillaceous-siltitic Vrica section (Crotone, 
Calabria) also belong in this interval (Pasini et al., 
1975, 1977a, 1977b; Selli et al., 1977; Guerrera, 
1981), even though radiometric dating yielded con­
troversial results (Selli, 1970; Arias et al., 1977; 
Savelli & Mezzetti, 1977; Obradovich et al., 1982; 
Backman et al., 1983; Tauxe et al., 1983). 

Furthermore, epiclastites, more specifically vit­
reous turbidites, are intercalated in argillaceous 
deposits of Pliocene as well as Pleistocene age of 
the Bradanic Foredeep (Spadea, 1983). In the first 

387 

case, the glass is of rhyolitic compos1t10n with 
high-K andesitic and dacitic components of calc-

' alkaline character. The younger deposits display a 
trachitic composition of potassic alkaline affinity. 

Pleistocene 

Ten occurrences of neovolcaniclastites have been 
reported from the Valdarno Basin and the Bradan­
ic Foredeep (Fig. 2). For the first sector, acid vol­
canism has been implied. The chemistry of the 
volcanics in the second sector is variable from acid 
to basic. These are ascribed to Campanian volcan­
ism (Capaldi et al., 1979). Here, other neovolcan­
iclastites constituting calc-alkaline associations of 
andesitic, dacitic and rhyolitic composition and a 
shoshonitic one of trachytes have been attributed 
to the Eolian-Campanian arc (D'Elia et al., 1987). 

Conclusions 

Albeit frequently imprecise, the data reported in 
the literature demonstrate that volcanism affected 
the Italian sector of the Mediterranean throughout 
the Late Oligocene to Pleistocene (Fig. 3). It 
peaked during the Aquitanian through Langhian 
interval, thereafter decreased until the post-eva­
poritic Messinian, to then gradually intensify up to 
the Pleistocene. Simultaneously, volcaniclastic 
deposition migrated from internal to more external 
units of the Apennines (Fig. 3) . This could have 
been determined by an outward migration of the 
volcanic activity and/or by the tectonically induced 
migration of sedimentary depocentres in the same 
sense. The acmes of volcanic activity must have 
accompanied important orogenic phases of the 
Mediterranean area. Therefore, an alternation of 
periods of intense volcanism with periods more or 
less devoid of volcanism may be assumed. 

At the present state of the art, no clear trends 
have emerged with respect to the composition of 
the pyroclastites. In any case, volcanic material of 
intermediate composition prevails at the Oligo­
Miocene boundary, while acid volcanics are partic­
ularly abundant in the Aquitanian through Lang-
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hian interval. In subsequent stages, acid products 
were accompanied by basic and less frequently by 
intermediate elements (Fig. 3). 

All types of lava encountered belong to a calc­
alkaline magmatic series and are typical of orogen­
ic zones that can be attributed to complex volcanic 
arcs which developed on continental crust. 

Even though Di Girolamo et al. (1984) attempt­
ed it for the Late Tortonian to Early/Middle Plio­
cene of the Southern Apennines on the base of five 
cineritic layers, a more detailed reconstruction of 
the magmatic evolution is not well possible yet, 
taking into account the heterogeneity of the avail­
::ihle: pe:trnloe;ic: cfat::i . Also, since p;:iJ;:ieovolc;:inic 

centres have not sufficiently been preserved, an 
analysis of the position of the various effusive cen­
tres remains hazardous. An exception in this re­
spect is the Po Plain area, where subsurface surveys 
have revealed an extensive Tertiary volcanism 
(Cassano et al., 1986), at least partly compatible 
with the volcaniclastites described in this paper 
(e.g., andesites of well Mortara 1). The Po Plain 
area thus represents an important volcanigenic 
source area in an external position with respect to 
the Apennines. The similarity with the Bo-Oligo­
cene volcanism in the external zones of the West­
ern Alps (Giraud, 1983) is remarkable. 

The Tyrrhenian area was also of utmost impor­
tance, primarily because of the calc-alkaline vol­
canism typical of western Sardinia (Savelli, 1986, 
1987; Beccaluva et al. , 1987; Di Girolamo, 1987). 
At least part of the volcaniclastites treated here 
must have been derived from there. 

It is thus premature to erect a comprehensive 
geotectonic model to account for the Neogene to 
Pleistocene volcanigenic deposits present in the 
Apennines. Further analytical studies of volcan­
iclastic deposits combined with reconstructions of 
primary volcanic phenomena are certainly neces­
sary. 

Acknowledgements 

This research was financially supported by 'Minis­
tero della Pubblica Istruzione - 60%' (responsible 
F. Guerrera). 

References 

Aiello, E. 1975 Le arenarie dell'Aveto, di Petrignacola e di 
Monte Senario (Appennino Settentrionale) . Osservazioni 
sedimentologiche e petrografiche - Boll. Soc. Geo!. It. 94: 
797-825. 

Alaimo, R., E . Azzaro & P. Feria 1979 Distribuzione degli 
elementi in tracce nei livelli vulcanoclastici a magmatismo 
calc-alcalino di Tusa, Regalbuto e Capo Rossello (Sicilia) -
Quadem. Ist. Miner. Petrogr. Geoch. Univ. Palermo 5: 3-18. 

Arias, C., G. Bigazzi, F.P. Bonadonna & 0. Giuliani 1977 
Fission track and K/Ar dating of volcanic glass as an aid to 
Neogene Stratigraphy - V Europ. Coll. Geochr. Cosmochr. 
Isotope Geo!., Pisa, 1977. 

Backman, J., N.J. Shackleton & L. Tauxel 1983 Quantitative 
nannofossil correlation to open ocean deep-sea sections from 
Plio-Pleistocene boundary at Vrica, Italy- Nature 304: 156-
158. 

Beccaluva, L., P. Brotzu, G . Macciotta, L. Morbidelli, G. Serri 
& G. Traversa 1987 Cainozoic tectono-magmatic evolution 
and inferred mantle sources in the Sardo-Tyrrhenian area. In: 
Boriani, Bonafede, Piccardo & Vai, Eds. , 'The lithosphere in 
Italy- advances in Earth sciences research' : 167-184. 

Borsetti, A.M. , C. Savelli, F. Cati & R. Mezzetti 1979 Evidence 
of explosive volcanic activity at the Oligocene-Miocene 
boundary from the Tyrrhenian Sea area - Rapp. Comm. Int. 
Mer. Medit. 25/26 (2a) : 57-59. 

Borsetti, A.M., F. Cati, R. Mezzetti, C. Savelli & G. Toni 1983 
The influence of tectonics on stratigraphy: A petrografic, 
geochronological and biostratigraphic approach on early Ne­
ogene sediments from north-central Italy-News!. Stratigr. 12 
(1): 54-67. 

Borsetti, A.M., F. Cati, R . Mezzetti , C. Savelli & G. Toni 1984 
Le intercalazioni vulcanoclastiche nei sedimenti oligo-mio­
cenici dell'Appennino settentrionale e centrale (dati petro­
logici, K/Ar e micropaleontologici) - Giom. Geo!. 45 (2): 
159-198. 

Brolsma, M.J. 1978 Quantitative foraminiferal analysis and en­
vironmental interpretation of the Pliocene and topmost Mio­
cene of the south coast of Sicily- Utrecht Micropal. Bull. 18: 
1- 159. 

Brolsma, M.J. & J .A. Broekman 1978 Micropaleontological 
counting methods and techniques - an exercise on an eight 
metres section of the Lower Pliocene of Capo Rossello, Sici­
ly. In: Zachariasse, W.J., Ridel, W.R. et al. - Utrecht Micro­
pal. Bull. 17: 11-18. 

Capaldi, G., L. Civetta, L. Lirer & R. Munno 1979 3.Caratteri 
petrografici ed eta Kl Ardelle cineriti intercalate nelle forma­
zioni argillose pleistoceniche della Fossa Bradanica - Geo!. 
Appl. e Idrogeol. 14 (III): 493-501. 

Carloni, G.C., F. Francavilla, A .M. Borsetti, F . Cati, S. D'O­
nofrio, R. Mezzetti & C. Savelli 1974 Ricerche stratigrafiche 
sul limite Miocene-Pliocene nelle Marche centro-settentrion­
ali - Giom. Geo!. 39 (II): 363-392. 

Carmisciano, R. & P. Spadea 1973 Cineriti riodacitiche medio-



mioceniche presso Piazza Armerina (Sicilia centro-meridion­
ale) - Geo!. Romana 12: 205- 225. 

Carveni, P., A. Di Grande & M. Romeo 1982 Ulteriori dati 
geologici e stratigrafici sulle cineriti inframioceniche della 
Sicilia centro-meridionale - Boll. Soc. Geo!. It . 101 (1) : 43-
56. 

Cassano, E., L. Anelli, R. Fichera, V. Cappelli 1986 Pianura 
Padana - Interpretazione integrata di dati geofisici e geologici 
-AGIP, Centro stampa: 27 pp. 

Cello, G., P. Spadea, L. Tortorici & E. Turco 1983 Plio-Pleisto­
cene volcaniclastic deposits of Southern Calabria - Boll. Soc. 
Geo!. It. 102 (1) : 87-93. 

Centamore, E., U . Chiocchini, N. Cipriani, G. Deiana & A. 
Micarelli 1979 Analisi dell'evoluzione tettonico-sedimentaria 
dei 'bacini minori' torbiditici de! Miocene medio-superiore 
nell' Appennino umbro-marchigiano e laziale-abruzzese: 5) 
Risultati cteeli studi in corso - Mem. Soc. Geol. Tt. 1R: l>'i-

170. 
Chiocchini, U., N. Cipriani & G. Giardini 1982 Petrologia delle 

arenarie dei bacini minori torbiditici di Camerino e di San 
Donato - Cantia (Marche) - Boll. Soc. Geo!. It. 100 (2): 
213--231. 

Cipriani, N., P. Malesani & S. Yannucci 1977 Ricerche miner­
alogico-petrografiche sui sedimenti neoautoctoni: I. - II Val­
darno superiore - Rend. Soc. It. Min. Petr. 33 (2) : 671- 688. 

Coccioni, R., F . Guerrera & F. Veneri 1988 Segnalazione di un 
intervallo piroclastico ('MEGA-P') di notevole spessore nel 
Bisciaro inframiocenico di Arcevia (Appennino marchigia­
no) - Boll. Soc. Geo!. It. 107 (1) : 25-32. 

Cortesogno, L., F. Guerrera, R. Franchi, R. Yannucci & S. 
Yannucci 1984 Le successioni 'Tripolacee' plio-quaternarie 
de! versante ionico dell' Appennino: una possibile interpreta­
zione dei processi vulcano-tettonici e sedimentari - Rend. 
Soc. It. Miner. Petrol. 39: 535- 554. 

Cristofolini, R. 1969 Le vulcaniti de! Miocene superiore e de! 
Pliocene inferiore della zona compresa fra Mineo, Palagonia 
e Vizzini (Altopiano lbleo) - Atti Acc. Gioenia Sc. Nat. 
Catania 1: 211-238. 

Critelli, S. (in press) Petrologia delle areniti della Formazione di 
San Mauro (Eocene superiore- Oligocene superiore, Bacino 
de! Cilento), Apennino meridionale -Atti Conv. Soc. Geo!. 
It., Naxos-Pergusa 22-25 aprile 1987. 

D'Elia, G., P. Di Girolamo & M. Guida 1987 Geological and 
petrological characters of some Quaternary calcalkaline tuf­
fites of Cilento (Southern Italy)- Boll. Soc. Geo!. It. 106 ( 4): 
699-716. 

Di Girolamo, P. 1987 Orogenic and anorogenic mantle-source 
components in the 'anomalous' post-collisional peri-Tyrrhe­
nian volcanics (Italy) - Boll. Soc. Geo!. It. 106 ( 4): 757-766. 

Di Girolamo, P., P . Nardi, F. Ortolani, D. Stanzone & M. 
Torre 1984 The petrological and geodynamic significance of 
late Miocene-Pliocene cinerites from the Southern Apen­
nines (Italy) - De Frede, Napoli: 1-29. 

Di Grande, A. 1969 L'alternanza neogenico-quaternaria di vul­
caniti e di sedimenti al margine nord- occidentale dell'Alti­
piano Ibleo - Atti Acc. Gioenia Sc. Nat. 1 (VII): 91-125. 

389 

Di Grande, A. & M. Romeo 1980 Caratteri lito-biostratigrafici 
dei depositi messiniani nell'area iblea (Sicilia sud-orientale)­
Riv. Ital. Paleontol. 86 (4): 855- 916. 

Fazzini, P. & R . Olivieri 1961 Osservazioni geologiche e miner­
alogico-petrografiche su alcuni affioramenti di sabbie vulcan­
iche nell' Appennino modenese e reggiano - Atti Mem. Acc. 
Naz. Sc. Lett. Arti, Modena 3 (VI) : 60--81. 

Fazzini, P., R. Gelmini, M.P. Mantovani & M. Pellegrin 1972 
Geologia dei Monti della Tolfa (Lazio settentrionale, pro­
vincie di Viterbo e Roma) - Mem. Soc. Geo!. It. 11: 65-144. 

Feria, P. & R. Alaimo 1977 Graniti e porfiriti dacitico-andesit­
iche nei conglomerati poligenici tortoniani della Sicilia cen­
trale - Boll. Soc. Geo!. It . 95 (3--4): 577-600. 

Fontana, D. 1980 Caratteri petrografici e sedimentologici delle 
Arenarie di Manciano nella Toscana meridionale - Miner. 
Petrogr. Acta 24: 77- 94. 

Ganctolfi , G , T. Pae;an.,lli IV G G 7.11ffa 1 <Jl.n Pt>.trnlogy ;inct 

dispersal pattern in the Marnoso-Arenacea Formation (Mio­
cene, Northern Apennines)- J . Sed. Petr. 53(2): 493--507. 

Giammetti, F. 1967 Le intercalazioni cineritiche di M. te Vara­
no (Fornovo) - L'Ateneo Parmense, Acta Naturalia 3 (2): 
3--20. 

Giraud, J .D . 1983 L'arc andesitique Paleogene des Alpes occi­
dentales - These de Doct., Univ. Nice: 352 pp. 

Guerrera, F. 1979 Stratigrafia e sedimentologia dei livelli ' tripo­
lacei' de! Miocene inferiore-medio appenninico - Boll. Serv. 
Geo!. d'It . 99: 233--262. 

Guerrera, F. 1981 Caratteristiche sedimentologiche e micropa­
leontologiche dei depositi tripolacei plio-quaternari de! Baci­
no Crotonese (Calabria) - L'Ateneo Parmense, Acta Nat­
uralia 17: 113--138. 

Guerrera, F. 1983 Sedimentazione ritmica e processi vulcano­
tettonici nelle successioni 'tripolacee' neogeniche dell' Ap­
pennino - Rend. Soc. Geo!. It . 5: 99- 104. 

Guerrera, F. & F.C. Wezel 1974 Nuovi dati stratigrafici sui 
flysch oligo-miocenici siciliani e considerazioni tettoniche rel­
ative - Riv. Miner. Siciliana 145-147: 27- 51. 

Guerrera, F., R . Coccioni, D . Corradini & R. Bertoldi 1985 
Caratteristiche lito-sedimentologiche e micropaleontolog­
iche (Foraminiferi, Dinoflagellati, Pollini e Spore) di succes­
sioni 'tripolacee' plioceniche de! Bacino di Caltanisetta -
Boll. Soc. Geo!. It. 103 (4) : 629-660. 

Guerrera, F., G . Tonelli & F. Veneri 1986 Caratteri litosedi­
mentologici e mineralogico-petrografici di vulcanoclastiti 
mioceniche presenti nella Successione umbro-marchigiana -
Boll. Soc. Geo!. It. 105 (3--4): 307-325. 

Guerrera, F. & F. Veneri (1989) Evidenze di attivita' vulcanica 
nei sedimenti neogenici e pleistocenici dell'Appennino: stato 
delle coscenze - Boll. Soc. Geo!. It. 108 (1): 121-160. 

Lorenz, C. 1984 Les silexites et Jes tuffites du Burdigalien, 
marqueurs volcano-sedimentaires - correlations dans le do­
maine de la Mediterranee occidentale - Bull. Soc. Geo!. 
France XXVI (6): 1203--1210. 

Mezzeti, R . 1969 Studio petrografico di ceneri vulcaniche ap­
penniniche. 1) Le intercalazioni langhiane dell'Emilia e delle 
Marche - Miner. Petrogr. Acta 15: 9-34. 



390 

Mezzetti, R. & R. Olivieri 1964 Intercalazioni cineritiche di eta' 
oligocenica e miocenica nell' Appennino centro-settentrion­
ale. Osservazioni sedimentologiche, petrografiche e micros­
tratigrafiche - Miner. Petrogr. Acta 10: 129- 147. 

Montanari, A., W. Alvarez, D . Bice, G. Curtis& R. Drake 1984 
Kl Ar dating of five stratigraphic levels in the Upper Eocene -
Lower Miocene pelagic sequence at Gubbio, Italy - Guide 
Ex. Gubbio - Visso-Cascia (Umbria, Italy), 26 April - 1 May 
1984, Univ. Perugia. 

Montanari, A. A.L. Deino, R.E. Drake, B.D. Turrin, D.J. De 
Paolo, G.S . Odin, G .H. Curtis, W. Alvarez & D.M. Bice 
1988 Radioisoto~c dating of the Eocene-Oligocene boundary 
in the pelagic sequence of the Northeastern Apennines. In: I. 
Premoli Silva, R. Coccioni & A. Montanari (eds): TEE Mtg, 
An~ona, Oct. 1987 - Spec. Publ.: 195- 208. 

Obradovich, J.D., C.W. Naeser, G.A. Izett, G . Pasini & G. 
Bigazzi 1982 Age constraints on the proposed Plio-Pleisto­
cene boundary stratotype at Vrica, Italy- Nature 298: 55- 59. 

Ogniben, L. 1955 Relazioni fra tripoli della serie solfifera sicilia­
na e vulcanesimo - Boll. Serv. Geo!. d'It. 77 (1): 23- 31. 

Ogniben, L. 1964 Arenarie tipo Taveyannaz in Sicilia - Geo!. 
Romana 3: 125-170. 

Ogniben, L. 1969 Schema introduttivo alla geologia de! confine 
calabro-lucano - Mem. Soc. Geo!. It. 8 (4): 453-763. 

Pasini, G. , R. Selli, R. Tampieri, M.L. Colalongo, S. D'Ono­
frio, A.M. Borsetti & F. Cati 1975 The Vrica Section. In: Selli 
R. (ed.): The Neogene-Quaternary Boundary. II Symp. -
Excursion Guidebook: 44~58. 

Pasini, G., R. Selli, M.L. Colalongo & S. D'Onofrio 1977a The 
Section of Le Castella (Calabria, Italy) - Giorn. Geo!. 41: 
43~40. 

Pasini, G., R. Selli, R. Tampieri, M.L. Colalongo, S. D'Ono­
frio, A .M. Borsetti & F. Cati 1977b The Vrica Section (Ca­
labria, Italy) - Giorn. Geo!. 41: 44~56. 

Pecorini, G. 1974 Sui tufi pomicei langhiani della Sardegna 
meridionale - Boll. Soc. Geo!. It. 93 (4): 1001- 1012. 

Pecorini, G. & A. Pomesano Cherchi 1969 Ricerche geologiche 
e biostratigrafiche sul Campidano meridionale (Sardegna) -
Mem. Soc. Geo!. It. 8: 421-451. 

Pettijohn, F.J., P.E. Potter & R. Siever 1972 Sand and Sand­
stone - Springer, Berlin: 618 pp. 

Savelli, C. 1986 Evoluzione del vulcanesimo cenozoico ( da 
30 Ma al presente) nel Mar Tirreno e nelle aree circostanti: 

ipotesi geocronologica suite fasi dell'espansione oceanica -
Mem. Soc. Geo!. It. 27: 111-119. 

Savelli, C. 1987 K/Ar and chemical data of volcanism in the 
Western Pontine Islands (Tyrrhenian Sea) - Boll. Soc. Geo!. 
It. 106 (4): 537-546. 

Savelli, C. & R. Mezzetti 1977 The Vrica Section (Calabria, 
Italy): IV. K/Ar age and petrographic characters of the 'vol­
caniclastic' layer - X INQUA Congr., Birmingham, 1977, 
Abstract: 400. 

Selli , R . 1954 II bacino del Metauro - Giorn. Geo!. 24: 1-268. 
Selli, R . 1970 Report on the absolute age - Comm. Mediter. 

Neogene Stratigr. , Proc. IV Sess., Bologna, 1967 - Giorn. 
Geo!. 35 (1): 51-59. 

Selli, R., C.A. Accorsi, M. Bandini Mazzanti, D. Bertolani 
Marchetti, G. Bigazzi, F.P. Bonadonna, A .M. Borsetti, F. 
Cati, M.L. Colalongo, S. D'Onofrio, W. Landini, E . Menesi­
ni, R . Mezzetti, G. Pasini, C. Savelli & R. Tampieri 1977 The 
Vrica Section (Calabria, Italy). A potential Neogene/Qua­
ternary boundary stratotype - Giorn. Geo!. 42: 181- 204. 

Spadea, P. 1983 Pliocene and Pleistocene volcanogenic deposits 
in the Fossa Bradanica (Southern Italy) : record of calc-alka­
line and alkaline volcanism -54 Congr. S.l.M.P., luglio 1983, 
Abstract. 

Spadea, P. & R. Carmisciano 1975 Nuovi dati suite ceneriti 
riodacitiche del Miocene media della Sicilia centro-merid­
ionale - Boll. Soc. Geo!. It . 93 (4) : 1095-1126. 

Stefani, C. 1987 Composition and provenance of arenites from 
the Chattian to Messinian elastic wedges of the Venetian 
foreland basin (Southern Alps, Italy) - Giorn. Geo!. 49 (1): 
155-166. 

Tauxe, L., N.D. Opdyke, G . Pasini & C. Elmi 1983 Age of the 
Plio-Pleistocene boundary in the Vrica Section, Southern 
Italy - Nature 304: 125-129. 

Yannucci, R. & F.C. Wezel 1978 I conglomerati dell'Aveto e 
relative deduzioni tettoniche - Mem. Soc. Geo!. It. 19: 453-
460. 

Wezel, F.C. & F. Guerrera 1973 Nuovi dati sulla eta e posizione 
strutturale de! Flysch di Tusa in Sicilia-Boll . Soc. Geo!. It. 92 
(2): 193-211. 

Zuffa, G.G. 1985 Optical analyses of Arenites: Influence of 
methodology on compositional results . In: G .G . Zuffa (ed.): 
'Provenance of Arenites' - Reidel, (Dordrecht-Boston) 165-
189. 




