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11 - Structural pattern of the Campania-Lucania Apennines

BRUNO D’ARGENIO, TULLIO PESCATORE & PAOLO SCANDONE
Istituto di Geologia e Geofisica, Universita — Napoli

Riassunto — Schema strutturale dell’ Appennino Campano-Lucano.

Nell’Ttalia meridionale si riconoscono tre elementi tettonici di primo ordine: (1> La catena ap-
penninica s.s., costituita da una serie di coltri, di ricoprimento messe in posto essenzialmente durante
il Miocene, il cui spessore raggiunge i 15.000 metri; <2> 'avanfossa, il cui substrato & costituito dal
tetto dei carbonati dell’avampaese ribassato a gradinata, colmata da terreni pliocenici e quaternari
il cui spessore supera i 3000 m e che hanno subito solo movimenti verticali; <3> 'avampaese co-
stituito da una successione di carbonati neritici il cui spessore pud superare i 6000 m. Questi depositi
riposano su di un basamento non affiorante né incontrato in perforazioni.

Questi elementi tettonici sono costituiti da numerose unita stratigrafico-strutturali, di cui si de-
scrivono le principali caratteristiche stratigrafiche e tettoniche. Dall’analisi delle facies di tali unita
e dai loro attuali rapporti geometrici & possibile riconoscere, per le aree esterne, una corrispondenza
tra unita o gruppi di unita stratigrafico-strutturali e unitad paleogeografiche. Per le aree interne i
dati relativi non consentono ancora di stabilire una soddisfacente corrispondenza.

Si sono riconosciute, dall’esterno verso I'interno, le seguenti unitd paleogeografiche: Bacino
est garganico; Piattaforma carbonatica apula; Bacino molisano; Piattaforma carbonatica abruzzese-
campana; Bacino lagonegrese; Piattaforma carbonatica campano-lucana. L’evoluzione di queste
aree ¢ controllata, dal Trias medio all’Aquitaniano, da movimenti tettonici di tipo prevalente-
mente verticale. Tra il Langhiano e il Pliocene medio una serie di fasi tettoniche ha dislocato le unita
paleogeografiche mesozoico-paleogeniche dando origine alle unita stratigrafico-strutturali esterne
della catena. Dal Pliocene medio superiore iniziano infine le fasi orogenetiche s.s. che sollevano 1’edi-
ficio sud-appenninico e gli conferiscono l’attuale fisionomia.

1 — Introduction.

This brief description of the Campano-Lucanian Apennines is the result of more
than ten years of study by geologists of the University of Naples, as well as others from
the Universities of Bari, Bologna, Catania, Paris, and Montpellier, and from the Geolog-
ical Survey for the revision of the Geological Map of Ttaly carried out by G. BoNARDI,
E. Cocco, B. D’ArcExio, P. DE Castro, G. GuzzeTrTA, A. IETTO, T. PESCATORE, P.
ScANDONE, I. Sarosso, M. TorrE and A. VALLARIO, working under the direction of
F. ScArSELLA.

To the survey of the large Apennine region covered by the sheets of Isernia, Ca-
serta, Benevento, Amalfi, Salerno, Vallo della Lucania, Lauria, Potenza, and Castro-
villari were added stratigraphic and sedimentological field studies of the shelf carbon-
ates and flysch which produced a growing series of contributions extending finally, to
the whole Apennine chain in the area surveyed. Facies analysis and study of the pres-
ent relations between the stratigraphic-structural units composing the chain make
it possible now to present a unified picture of the paleotectonic, tectogenetic, and neo-
tectonic evolution of the Southern Apennines, especially their external zones (Plate 1).
The geologic history of the internal Apennine units, now being studied, is more dif-
ficult to understand and in several instances still no more than hypothetical.

Given its schematic character, this note will be limited to a summary description
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of the successions which make up distinct stratigraphic-structural units and of the tec-
tonic evolution of the region studied, leaving for later publications what has been
said elsewhere in greater detail (D’ArRGENIO, PESCATORE and SCANDONE, 1973; Prs-
CATORE and ORTOLANI, 1973; ScANDONE, 1972),

2 — General.

The Campano-Lucanian Apennines form a tectonic structure with nappes which
were produced and emplaced in the Cretaceous-Lower Pliocene interval, finally reaching
an aggregate thickness of about 15,000 m (Plate 1). The tectonic phases which have
affected the external zone of the Apennine region are naturally the most recent, and
cover substantially the whole Miocene-Early Pliocene interval (25 to 5 m. y. B.P.).
Enough is known of these tectonic episodes to reconstruct their development. Less
clear, as mentioned above, are the pre-Langhian events which, over a period of at least
50 m.y., affected the internal zone.

The Miocene tectogenesis was followed by creation of the other two first-order struc-
tural elements which, together with the mountain chain, make up the southern part
of the Italian peninsula, viz the Bradanic foredeep and the Puglian foreland. The Bra-
danic foredeep, whose floor is made of the uppermost carbonates of the Puglia foreland
depressed stepwise, is filled with Pliocene and Quaternary formations which have un-
dergone vertical displacement only. 1In these deposits are intercalated, by gravity
sliding, allochthonous masses from the Apennine front. The maximum thickness of
these formations filling the foredeep is more than 3,000 m.

Among the three primary structures of southern Italy: the south Apennine chain,
the Bradanic foredeep and the Puglian foreland, it is possible to distinguish a series of
stratigraphic-structural units. By these we mean large geologic bodies, integral or frag-
mented, corresponding wholly or partly to pre-existing paleogeographic units, and defined
by their specific lithologic character, homogeneous large-scale mechanical behaviour, and
their geometric relations with adjacent units. They may still be in stratigraphic contact
with their original basement, or else have been moved from their initial location. Final-
ly, they may have undergone more or less severe deformation or be only slightly formed.

Before describing the geologic events which have created the present structures,
we shall briefly illustrate the different stratigraphic-structural units, beginning with
the internal ones which took shape first and generally occupy more elevated posi-
tions in the Apennine structure, then proceeding to the external ones. The nomencla-
ture and symbols are those of the general 1 : 1,000,000 map (Structural Model of Italy).

3 — Internal units.
3.1 — Liguride Complex.

9a  Upper part, mainly Eocene: Flysch of Albidona and of S. Mauro (Southern Apennines).

9b? Liguride Succession of the Southern Apennines (Santa Venere, Pollica, Frido, Crete
Nere, Saraceno).

In this complex we distinguish two units: the Frido and the Cilento.



Structural Model of Italy 315 [5]

3.1.1 — Frido Unit.

This name designates a terrigenous succession affected by low-grade metamor-
phism, usually at the base of the Cilento. It is the ¢ Ophiolitic Shale ’ of earlier au-
thors, and corresponds partly to the * Argillophyllitic Flysch * of Ipporiro and LuciNt
(1957), partly to the Santa Venere Formation of Ierro, PESCATORE and Cocco (1965),
and partly to the Black Flysch of Scanpox® (1967). It outcrops in southern Lucania
and northern Calabria, always above the limestone massifs of the Campano-Lucanian
platform (see below) and beneath the Cilento Flysch or the crystalline rocks of the
‘ Diorite-Kinzigite > Formation. The succession is, from the base upwards (VEzZzANT,
1968):

{ay Variegated shales, quartz conglomerates, calcirudites and graded calcare-
nites; some tens of m;

<b> Lead-grey shales with graded quartzarenite and calcarenite intercalations;
about 300 m;

<c> Alternation of grey and greenish quartzarenites with grey shales; 250-300 m;
{d> Graded calcarenites, calcisiltites, and grey shales; about 300 m;

<e> Lead-grey shales with intercalations of fine-grained quartzarenites and
calcisiltites; about 300 m.

On the basis of a fairly rich microfauna, the succession was attributed to the Neo-
comian - Albian interval by Vezzaxt (1969) and OaNIBEN (1969). Its relationship with
the Cilento Flysch is not clear: this may have been superimposed tectonically on the
Frido or is possibly in discordant stratigraphic contact with it. In the southernmost
part of the area the Frido Flysch occurs as a mélange containing blocks of ophiolites
in varying grades of metamorphism, and of old crystalline rocks.

3.1.2 — Cilento Unit.

This is a thick, largely terrigeneous unit outcropping extensively from the Ci-
lento to the Ionian slopes of the Pollino. Here are the oldest known flyschoid deposits
of the Campano-Lucanian Apennines, their age extending from Albian (VEzzANI, 1968)
to Oligocene (DoxzerLr and CrRESCENTI, 1962). The Cilento Unit corresponds variously
to the  Marly-Arenaceous Flysch * of Tpporito and Lucint (1957), the ¢ Cilento N. ap-
pes’ of SeLLr (1962), the ‘Cilento Flysch’ of Irrro, PEScaTorE and Cocco (1965),
and the ‘ Ligurian Complex * of OeNIBEN (1969). Tt lies always on top of the Frido, at
the same time covering tectonically the horizons of Monte Bulgheria-Verbicaro and
Alburno-Cervati. It comprises the following formations, from the base upwards:

1) Crete Nere Formation. Marly calcarenites, argillites and silty clays, sandy
limestones and graded quartzarenites, calcitutites (often siliceous, pietra paesina). There
are rather marked lateral variations; the fauna is entirely pelagic and indicates a
Cenomanian age; the thickness exceeds 1,000 m.
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2) Pollica-Saraceno Formation, From the base upwards:
<a> Sandstones: fine and medium-grained, with coarse grained intercalations;

<b> Well-bedded coarse-grained sandstones alternating with conglomerates
with abundant matrix, Intraformational slumps common in the upper part. The
sandstones are lithic arkoses with predominantly siliceous cement, and in the area east
of the Pollino (Saraceno Formation) there are calcarenite intercalations throughout,
Thickness about 800 m ; age between Cenomianian and Paleocene.

3) 8. Mauro-Albidona Formation, :

{ay Alternation of greyish silty and argillaceous marls in beds up to 10 m thick
and well-bedded sandstones. Thickness very variable, from 400 to 1,000 m, gradually
giving way to:

<b> Coarse sandstones and conglomerates with predominant matrix, about 1,000

m. In this formation are found olistostromes of Maestrichtian-Paleocene age. In

some places (Monte Sacro) it is completely conglomeratic. The age is Paleocene to
Oligocene.

The flysch type sequence of the Cilento was deposited in a basin supplied mainly

with terrigenous material from crystalline rocks in an area whose vigorous tectonic

3.2 — Sicilide Complex.,

10d Variegated Clay or Chaotic South-Apennine Complex; Molise-Sannitic Nappes; Tusa
Tuffite.

These last, according to our interpretation, should for the most part be placed
in the Irpinian Unit and the Lagonegro units described below. The Sicilide Complex
(Variegated Clay, sensu lato) is a calcareous-argillaceous succession exposed in Lucania,
and in Campania particularly to the east of the limestone massifs. Affected by sev-
eral phases of tectonic activity it lies in Lucania above the formations of the Lagone-
gro basin, and in Campania covers either the Campano-Lucanian platform (Langhian
phase) or the Abruzzo-Campania platform (Tortonian phase). It is composed, in
the Campano-Lucanian Apennines, of the V. ariegated Clay, the Tusa Tuffite, and the
internal Red Flysch.

The Variegated Clay, of Cretaceous or Eocene age, has been subdivided by Oai-
BEN (1969):

I) Lower Member: red and green clays, slightly fissile; 500-800 m;

2) Middle Member: calcarenites, marly limestones and marls passing upward
nto sandstones and clays with calcarenitic and marly intercalations; about 1,000 m;
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3) Upper Member: red and green clays as n Lower Member; 500 m.

One of us (PEscaTorg) finds the S. Mauro Formation (Cilento Unit) and the
Middle Member of the Variegated Clay very similar in their sedimentary character.
They are lithologically alike, and of the same age but show opposite provenances.
The Liguride and Sicilide complexes could have been deposited in a single basin
west of the Campano-Lucanian platform: the Liguride internally and the Sicilide
externally.

4) Tusa Tuffite: alternation of tuffite, marl and limestone, 250-300 m thick;
age Late FEocene to Oligocene. The tuffites have been described as ‘ phenoandesites’
(OeN1BEN, 1969); recently WrzeL (1973) assigned the type section to the Lower
Oligocene-Aquitanian.

4 - External units.

4.1 — Internal carbonate platform or Panormide Complex.

13g?* Calcarenites in parallel transgression on 13g, passing into flysch (Cerchiara, Bifurto,
Punta Lagno, etc.; Aquitanian-Serravallian).

13g* Neritic carbonate sediments (Middle Triassic to Paleocene), with local volcanic rocks

of the limburgite cycle (Panormide Complex or Internal platform).

13g! Transition facies to pelagic environment (scarp and transition facies, reefs included).

Three stratigraphic-structural units are distinguishable in the formations making
up the internal carbonate (Campano-Lucanian) platform:

Bulgheria-Verbicaro Unit:
Alburno-Cervati Unit;
Foraporta-Monti della Maddalena Unit.

4.1.1 — Bulgheria-Verbicaro Unit.

This unit is exposed at Capri and Monte Bulgheria, and in northern Calabria.
Predominantly dolomitic in the lower part (Upper Triassic-Lower Lias), it becomes
largely calcareous in the upper (Lias-Aquitanian). Limburgites occur locally in the
Upper Cretaceous part of the section as lava flows (sometimes with pillows) and feed-
ers. The succession is interrupted by frequent disconformities, indicating oscilla-
tions of sea level. The reef facies is fairly widespread (lower Lias and Upper Jurassic
at Monte Bulgheria; Upper Jurassic at Capri and in northern Calabria), as are breccias
formed by disintegration of nearby reefs. Farther out in the basin the succession is
more nearly continuous, and the pelagic facies takes over (Monte Bulgheria). The cal-
carenitic and marly facies of the Upper Cretaceous and Paleogene joins this shelf area
to the Sicilide basin,
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4.1.2 — Alburno-Cervati Unit.

Exposed in Campania (Avella-Partenio, Monti Lattari, and Monti Picentini), in
western Lucania (Monte Coccovello, Monti di Lauria) and in northern Calabria
(Pollino and Catena Costiera Group, north of the Sangineto line). The succession, more
than 4,000 m thick, is made up of shallow-water carbonates, mainly dolomitic in the
lower part, mainly calcareous (back-reef facies) in the upper part. The age ranges
from Upper Triassic to Upper Cretaceous.

{a> Massive dolostones (250-300 m); blackish argillites and calcilutites with
Avicula and Myophoria (150 m); well-bedded white and grey dolostones with stroma-
tolites in the upper half; thickness more than 1,000 m. Towards the middle of this sec-
tion there occurs locally a laminated horizon with ichthyolites. Age: Late Triassic.

<b> Limestones and dolomitic limestones with megalodonts; limestones with
Palacodasycladus and Orbitopsella ; about 800 m.

<¢» Odlitic and pseudo-odlitic limestones, calcilutites and calcarenites with Cla-
docoropsis and Clypeina ; about 800 m. Age: Dogger-Malm.

{d> Calcilutites and calcarenites with subordinate dolomitic limestones and dol-
ostones. Diceratids in the lower part, rudists in the upper. The uppermost part of
this section has intraformational conglomerates with matrix of greenish clay, and cal-
cilutites and calcarenites with Spirolina and Alveolina. Thickness: 1,000 to 1,200 m;
age: Cretaceous, Paleocene, and Early Eocene. Followed concordantly by:

{e> Transgressive glauconitic calcarenites with Miogypsina (10-80 m); graded
quartzarenites, clays, graded calcareous microbreccia with macroforaminifera (100 m).
Aquitanian-Langhian.

The Alburno-Cervati Unit corresponds to the central zone of the Campano-Luca-
nian platform. Tt is tectonically superposed on the eastern sediments of this platform
(Foraporta-Monti della Maddalena Unit) and on those of the Lagonegro-Irpinian
basin, and covered by the Sicilide and Cilento units.

4.1.3 — Monte Foraporta - Monti della Maddalena Unit.

As mentioned above, this unit includes the sediments of the eastern margin of the
Campano-Lucanian platform. The outer shelf and slope facies outcrop at Monti della
Maddalena, and a proximal basin facies at Monte Foraporta. In the Monti della Mad-
dalena region the succession consists of white dolostones (Upper Triassic); limestones,
mainly of reef facies (Jurassic); calcarenites with rudist fragments and macroforami-
nifera (Upper Cretaceous-Lower Miocene), and clays, graded quartzarenites and mi-
crobreccias with macroforaminifera (Aquitanian-Langhian). At Monte Foraposta the
order (disturbed by greater tectonic activity), from below upward, is:

<ay White dolostones (Upper Triassic), about 100 m;
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<by> Grey and black ichthyolitic dolostones (Upper Triassic ?), about 100 m;

{c¢> Grey and black calcitutites, marly limestones and yellow marls; intrafor-
mational conglomerates, calcitutites and graded calcarenites (middle Lias to Dogger,
perhaps Malm. Thickness 300 m.

4.2 — Lagonegro Units.

14b3 Lagonegro Unit I; distal facies. Calcari con selce, Scisti silicei, Galestri (Upper Triassic
to Lower Cretaceous).

14by, Lagonegro Unit II; proximal facies. Zone of tectonic doubling of the Lagonegro Units
Monte Facito Formation; Caleari con selce, Scisti silicei, Galestri (Middle Triassic to
Lower Cretaceous).

These are basin sediments with terrigenous, shallow-water facies in the lower part,
bathyal pelagic in the middle, and clastic carbonate to terrigenous, more or less deep-sea
sediments at the top. In the whole area of outerop, which stretches from Monti Picen-
tini to southern Lucania, there is a tectonic duplication of the Lagonegro Unit, each
part presenting a more or less complete section.

4.2.1 — Lower Lagonegro Unit.

{ay Calcari con selce (cherty limestones): grey calcilutites with bands and
nodules of chert, 500 m. Fossils: Halobia spp.; Posydonomia spp.; occasional ammoni-
tes; radiolaria and sponge spicules. Upper Triassic.

<b> Scistr silicei (siliceous shales): siliceous argillites and radiolarites, with very
occasional limestone microbreccias; 70-80 m. TFossils: radiolaria; occasional forami-
nifera in the breccias. Jurassic.

{c> Galestri: alternation of lead-grey siliceous argillites and more or less sili-
ceous calcitutites, rich in iron and manganese; more than 400 m. Fossils: radiolaria
and nanno-fossils. Lower Cretaceous.

{d> Alternation of siliceous argillites, grey, red and green chert, and fine-
grained, graded calcarenites; a few tens of m. Tossils: occasional Globotruncana and
Moncharmontia appenninica in the middle part. Upper Cretaceous and perhaps Eocene.

4.2.2 — Upper Lagonegro Unit.

{a» Monte Facito Formation: alternation of clays, marls, siltstones, and sand-
stones with occasional calcarenite horizons, polymict breccias and conglomerates (ter-
rigenous member); 200 m. Fossils: Spiriferina fragilis, Daonella sp., occasional am-
monites (terrigenous member); algae; corals; molluscs; brachiopods (organic member).
Middle Triassic (Anisian-Ladinian),
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<b> Caleari con selci @ calcilutites, dolomitic limestones, dolostones and subor-
dinate intraformational conglomerates with bands and nodules of chert. 150 to about
250 m. Fossils: Halobia spp.; Posidonomia spp.; occasional ammonites; radiolaria and
sponge spicules. In the graded breccias: Dictyoconus cayeuxi, Protopeneroplis striata,
Nautiloculina oolitica ; Trocholina spp. Jurassic.

<c> Scisti silicei: radiolarites and siliceous argillites with intercalations of graded
calcarenites and calcirudites; about 250 m. Jurassic.

{d> Galestri : alternation of argillites, marls, and more or less siliceous calciluti-
tes, with intercalations of graded breccia; more than 300 m. Fossils: radiolaria and
sponge spicules; and in the graded breccias, Protopeneroplis spp., Trocholina spp., oc-
casional calpionellids. Lower Cretaceous.

<e> Cherts and siliceous argillites, calcirudites and graded calcarenites alternat-
ing with clays and red and greenish marls; limestone breccias, clays, and argillaceous
quartz-arenites. About 250 m. Fossils: Orbitoides media, Siderolites calcitrapoides
and Globotruncana in the lower part; nummulites and alveolinids in the middle, and
Miogypsina in the upper part. Upper Cretaceous to Lower Miocene.

The geometric and facies relationships between the two Lagonegro units show that
the sediments belonging to the eastern flank of the original basin have ridden over those
of the central part, while the sediments belonging to the western flank are not exposed
anywhere. The limestone-marl facies of the Upper Cretaceous-Miocene extends north
as far as the Sannio hills, in places passing or appearing to pass into the sediments of
the Irpinian units.

4.3 — External carbonate (Abruzzo-Campania) platform.

13h* Flysch (Pietraroia, M. Alpi) in stratigraphic succession of 13h' (Tortonian, locally to
Messinian).

13h* Neritic carbonates (Upper Triassic-Serravallian, generally with Paleogene hiatus (« Exter-
nal platform »).

13h; Transitional facies to pelagic environment (scarp and transition facies, reefs included,
at various levels; Lias-Paleogene).

The sediments belonging to the external (Abruzzo-Campania) platform are ex-
posed in Campania in the mountains of the Matese, at Monte Maggiore and Camposauro,
as well as in the tectonic window of Campania. In Lucaniathey are everywhere cov-
ered by the allochthon except where exposed in the tectonic window of Monte Alpi.
Three stratigraphic-structural units have been distinguished:

Monte Croce Unit;
Matese-Monte Maggiore Unit;
West Matese Unit.

4.3.1 — Monte Croce Unit.

Exposed in the Campania tectonic window. The outcrop is many hundreds of m
thick, and consists, from below upwards, of: white dolostones, sometimes with cherts
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grey argillaceous limestones; white dolostones with cherts (Carnian-N orian). Massive
limestones and breccias with ellipsactinids and corals (Malm) follow transgressively
on the Triassic, and are succeeded in turn by a discomformable sequence of Kocene
calcarenites with nummulites and alveolinids, and Aquitanian calcarenites passing
into Tortonian marls and sandstones. These sediments can be interpreted as belonging
to the margin of the Abruzzo-Campania platform.

4.3.2 — Matese-Monte Maggiore Unit.

This succession begins with Upper Triassic dolostones. It shows a strong gener-
al resemblance in its Mesozoic part to that of the internal platform, from which it
differs essentially in its smaller thickness (about 3,500 m) and by an extensive hiatus
in the Middle Cretaceous, generally marked by bauxite deposits. The Cenozoic suc-
cession is different, however; the Paleocene is generally absent, and the Miocene trans-
gression is a little more recent (Langhian, as opposed to Aquitanian-Langhian on the
internal platform), and is characterized by calcarenitic and organogenic deposits,
sometimes even Lithothamnium reefs, which pass upwards into a pelagic interval
(Serravallian) followed by terrigenous sediments of Tortonian age.

The formations of the Matese-Maggiore Unit belong to the central part of the
original Abruzzo-Campania platform.

4.3.3 — Western Matese Unit.

The sediments of the outer margin of the Abruzzo-Campania platform belong
to this unit. The facies are those of outer shelf, slope or very proximal basin; and the
succession, from below, is: white Upper Triassic dolostones; Jurassic intraformational
conglomerates, and calcarenites and calcirudites with rudist fragments and macro-
foraminifera of Upper Cretaceous to Lower Miocene age. These are followed by
Serravallian pelites and Tortonian marly sandstones.

4.4 — Molise-Sannio succession.

This Cretaceous-Miocene section outcrops in the Frosolone area. The succes-
sion has been logged in AGIP Frosolone Well T north of the Matese (Prert, 1966); it
consists, from below upward, of the following:

{ay Siliceous dolostone (Triassic-Lias);
<b> Argillites and radiolarites with volcanic intercalations (Jurassic);

{c» Calcarenites, calcirudites, calcilutites, and marl (Cretaceous-Paleogene);
and calcarenites, siltstones and sandstones (Miocene).
Terrigenous sediments begin in the Upper Serravallian-Tortonian.
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4.5 — Late orogenic Apennine Flysch.

11 Flysch of Castelvetere, of Caiazzo, of 8. Giorgio, of Gorgoglione.

14a Numidian flysch of Lucania and Serra Palazzo Flysch; Flysch of S. Bartolomeo and
of (Daunia Flysch).

The late orogenic Apennine Flysch (Irpinian Unit) has extensive outcrops in Cam-
pania, Lucania, and Puglie, from the eastern margin of the limestone massifs to the
Bradanic trough. It is a terrigenous and clastic-limestone deposit of Langhian to Tor-
tonian age, tectonically superimposed on the Matese-Monte Maggiore or more exter-
nal units, finally interfingering with the Pliocene sediments of the Bradanic trough.
Three essential facies are recognizable:

1) Sandy to conglomeratic. Flysch of Castelvetere and sandstones of Caiazzo,
typically occurring at the edge of the limestone massifs of Taburno, Partenio, and
Monte Marzano. Lies unconformably on nappes of more internal provenance (Cilento
Sicilide, Alburno-Cervati and Foraporta-Monti della Maddalena units), and contains
olistostromes whose volume reaches a million cubic metres. Thickness mere than 1,000 m

2) Sandy to pelitic. Corresponds to the central zones of the original basin, and
consists mainly of turbidites. Among these sandy to pelitic sequences, those (Gorgo-
glione and S. Giorgio formations, and Flysch of S. Bartolomeo) which lie unconfor-
mably on the nappes can be distinguished from those (part of the Serra Palazzo For-
mation) which are stratigraphically continuous with the deposits of the Lagonegro ba-
sin; the former lie to the west of the latter. The thickness of this facies reaches 2,000 m.

3) Calcareous to marly. This facies is found in the easternmost zones, at the
edge of the Bradanic trough. The series is an alternation of calcareous turbidites and
pelagic marls (part of the Serra Palazzo Formation; Faeto Flysch).

The Lagonegro basin, in which the Irpinian Units were laid down, originated in
the Langhian tectonic phase: in fact, there is contemporary folding of the more in-
ternal units into nappes reaching as far as the western part of the basin. A new ba-
sin resulted whose western margin is represented by these nappes, and whose eastern
margin was the Abruzzo-Campanian platform. The terrigenous material of the wes-
tern and central facies came mainly from erosion of the nappes of the internal
margin; the carbonatic one derived from the external margin of the platform. The
Trpinian Unit ends with pelitic sediments of the Lower Tortonian.

5 — Late and post-tectogenic units.
5.1 — Postorogenic series.

2a (essoso-solfifera Formation sensu lato, Tortonian and Messinian molasse.

1 Continental and marine sediments, almost every-where later than Middle Pliocene (Holo-
cene and Pleistocene sediments in general; Upper Pliocene-Calabrian marine cycle, Villa-
franchian, ete.).
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5.1.1 — Altavilla Unit.

These sediments were deposited in fairly ample basins which developed after the
early Tortonian tectonic phase. They are predominantly clastic and of Tortonian
to Pliocene age; evaporites are sometimes present at the base (Formazione Gessoso-
Solfifera = Gypsiferous and Sulphur-bearing Formation). The whole succession is
several hundred m thick, the facies varying from littoral to bathyal. This unit has
undergone décollement in the Middle Pliocene, as a result of which it occurs in the nap-
pes reaching into the sediments of the Bradanic trough.

5.1.2 — Ariano Unit.

This unit outerops extensively in the region of Benevento, Panni, and Ariano
Irpino; in the upper valley of the Ofanto, and in the area around Potenza, Calvello,
and 8. Arcangelo. Tt lies everywhere discordantly on its substratum, and consists
mainly of neritic and terrigeous sediments laid down in intra-Apennine basins. Two
sedimentary cycles can be distinguished: Middle Pliocene and Plio-Pleistocene. The
sediments of the former are folded along the eastern margin of the Apennine chain,
while those of the latter are always undisturbed and subhorizontal.

5.1.3 — Bradano Unit,

The Bradanic trough developed after the Middle Pliocene tectonic phase. Its
western margin is the Apennine front, and to the east it is bounded by the Murgian
foreland which, deepening stepwise towards the Apennines, also forms parts of its floor.
The Bradano Unit is terrigenous with neritic to pelagic facies, and up to 3,000 m thick.
Hiatuses occur near the Apennine margin, but farther to the east the series is contin-
uous.

5.2 — External units.

15b Mesozoic-Cenozoic neritic carbonate sediments (Apulia, ete.), locally with volcanic rocks.

5.2.1 — Apulia Unit,

The Apennine foreland in southern Italy was represented by this unit following
the Middle Pliocene tectonic phase. It is a Mesozoic (Upper Triassic to Upper Creta-
ceous) carbonate shelf series resembling in some respects the Alburno-Cervati and Ma-
tese-Monte Maggiore units, covered concordantly by transgressive organogenic cal-
carenites of the Serravallian. Its thickness can exceed 6,000 m (Pozzo Ugento in the
Salento Murge).
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6 — Paleotectonics.

Th paleotectonic evolution of the external zones in the area studied is character-
ized by epeirogenic movements from the Middle Triassic to the Aquitanian (Plate 1),
The oldest formations found (Anisian) are terrigenous shelf sediments with local vol-
canic horizons (metamorphosed Triassic of Lungro and Acquaformosa in northern Ca-
labria; Monte Facito Formation). The Lagonegro basin developed in the Carnian,
between the Campania-Lucania and Abruzzo-Campania platforms. There is insuf-
ficient evidence to say shether the Molisano basin, too, was already outlined in the
Triassic.

All the external paleogeographic units were differentiated by the Early Jurassic,
following the Rhaetian-Liassic extensional phase, and they kept their individuality
until Barly Miocene time. From west to east they are:

— Campania-Lucania carbonate platform;

|

Lagonegro basin;

Abruzzo-Campania carbonate platform;

|

Molise basin;
— Apulia platform.

During the Jurassic, sedimentation always balanced subsidence of the platforms,
maintaining a shallow-water facies. In the basins subsidence exceeded sedimentation,
so that the facies are those of a gradually deepening sea. Platforms and basins are
often separated by steep escarpments due to contemporaneous faulting, which be-
gan in the Rhaetian-Liassic tectonic phase and continued throughout the Mesozoic
and Early Tertiary.

The Cretaceous history of the Campania-Lucania platform is not unlike that of
the Jurassic. The basin evidently became shallower; for the sediments, unlike those
of the Jurassic, were deposited above the compensation level for calcite. Substantial
uplift of the Abruzzo-Campania platform and part of the Apulia platform in the Mid-
dle Cretaceous caused a general emergence of these areas which is recorded by a bau-
xite horizon.

The main phase of tectonic activity was in the upper Senonian and effected both
of the south-Apennine platforms. The faults limiting the back-reef and outer shelf
zones were suddenly reactivated, and new faults also appeared. The central areas of
the platforms emerged while the margins rapidly deepened, gathering, where the steep
slopes permitted, clastic sediments (calcirudites and calcarenites with rudist fragments)
derived from erosion of the emergent zones. The platforms emerged completely in
the Middle Focene, together with much of their thresholds; and sedimentation con-
tinued in the basins with alternations of clastic carbonate and pelagic materials.

There was a general transgression on the Campania-Lucania platform in the Early
Miocene. The sediments, at first carbonates, became terrigenous and flyschoid in
the Langhian; analogous terrigenous sediments also occur in the uppermost part of
the Lagonegro succession. Tectogenesis had already started in the external zones
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(Campania-Lucania platform and Lagonegro basin). On the Abruzzo-Campania plat-
form the transgression took place in the Langhian, with deposition first of carbonates
thes, in the Serravallian and Tortonian, a terrigenous fiyschoid sequence. Similar ter-
rigenous sediments are also present in the upper part of the Molise Series (Froso-
lone). Even in these outlying zones, the beginning of terrigenous sedimentation coin-
cides with the onset of tectogenesis.

7 — Tectogenesis.

The external zones of the Campania-Lucania Apennines were deformed by a se-
ries of tectonic phases between the Langhian and the Middle Pliocene. Among these
can be distinguished:

- a Langhian phase, which affected the inner part of the external zones;

— a Serravallian phase, in reality a temporal and spatial extension of the Lan-
hian phase;

— a Tortonian phase, which formed the Apennine chain, and

— several phases from Messinian to Middle Pliocene, which brought the chain to
its present situation above the foreland sediments.

During the first of these phases, a series of nappes from the interior (Sicilide, Cilen-
to, and Frido units) rode up on the Campania-Lucania platform, which itself was
breaking up and riding over the sediments of the Lagonegro basin. In this last,
moreover, the sediments of the internal (western) flank overrode those of the axial part.
While all this was going on, the nappes which had ridden up on the platform advanced
still farther and came to rest on the Lagonegro sediments. Following the Langhian
phase, a new basin (the Irpino basin) developed in place of the former Lagonegro ba-
sin. Its boundaries were the Abruzzo-Campania platform to the east, and the nappes
of the Langhian phase to the west.

Further horizontal movements occurred in the Serravallian, especially of the Sic-
ilide Unit in the northern part of the area studied and of the Campano-Lucanian plat-
form sediments in the southern part. Meanwhile, between late Langhian and early
Serravallian times, there was a great concordant transgression on the Abruzzo-Cam-
pania platform. The sediments, at first calcarenites and organogenic limestones, be-
came terrigenous (mainly turbidites) in the lower Tortonian. At this point the next
important tectogenic phase is in evidence: the Lagonegro and Irpinia units travelled
over the area of flysch deposition bording the Abruzzo-Campania platform and part-
ly outdistanced it. At the same time the Abruzzo-Campania platform became de-
tached from its substratum and moved onito the sediments of the Molise basin. The im-
bricate structures and overthusts of the Campania-Lucania and Abruzzo-Campania
platforms belong to this Tortonian phase.

Between late Tortonian and Early Pliocene time several basins formed on the
advancing nappes or at their margins; in them were deposited the sediments of the
Altavilla Unit. This interval was marked by several minor tectonic events, and was
succeeded in the Middle Pliocene by an important phase of regional dimensions which
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moved the whole pile of nappes towards the Apulia platform. The latter was lowered
stepwise on its internal side, forming the Bradanic trough and assuming, as a whole,
the role of the southern Apennine foreland.

The Apennine front thus lies largely on Lower to Middle Pliocene sediments and
is covered unconformably by the Upper Pliocene-Calabrian. The Bradanic trough on
the other hand, unaffected by orogenic transport, has a continuous sedimentary record
from Middle Pliocene to Calabrian, disturbed only by olistostromes which slid down
from the front of the chain.

8 - Neotectonics.

The orogenic movements which gave the southern Apennines their present shape
began in the Late Pliocene after the tectonic phases just described. There are two
main systems of Plio-Quaternary dislocations, one striking NW-SE (Apennine), the
other SW-NE (anti-Apennine). These are well seen along the Tyrrhenian margin of
the Apennines, where they divide the coastal plains (Volturno, Garigaliano, Sele) from
the high coastal arveas (Sorrento peninsula, Cilento). They also formed the Plio-Pleis-
tocene intra-Apennine basins (Ariano Irpino, S. Arcangelo, etc.), which extend north-
ward as far as a transverse tectonic lineament which runs from the south flank of
the Gargano Mountains to the Phlegrean Fields. Plio-Quaternary deformation fur-
ther affected the Bradanic substratum, differentiating the Murge hills from the
Bradanic trough. In the latter the Apennine uplifit brought a final eastward advance
of the nappes, confirmed by the numerous oil wells drilled in the area.

Also related to this final tectonic activity are the volecanic phenomena of Campa-
nia and the Vulture. The Phlegrean Fields and Ischia are located on the transverse
Gargano lineament mentioned above; the Vulture lies on a fault-line joining the
mouths of the Sele and the Ofanto, at its intersection with the marginal faults of the

Bradanic trough.

BIBLIOGRAPHY

Accorbpl, B.: « La componente traslativa nella tettonica Cocco, E.: « Torbiditi calcaree ed arenacee nelle Argille
dell’Appennino laziale-abruzzese », Geol. Rom., 5, Variegate dei Monti del Sannio», Mem. Soc. Geol.
355-406 (1966). Ttal., 2, 145-159 (1972).

B(;Laig;ifl’uinﬁ;l« ({S]fc:zing::ﬁ cl e;ilollt:(rifu:- \(};m:l (1)11 Cocco, E. et al.: « Les faciés sedimentaires miocénes du

: X . . ° ° Basin Irpinien (Italie Meridionale)», Aiti Aeccad.
physique » Tesi, Montepellier (1972). Pont., 21 (1972).

Bousquet, J. C. & GraxpyacQuer, C.: « Structure de
I’Apennin calabro-lucanian (Italie mérid.)», C. Rend.
Acad. Sci., 264, 204-207 (Paris, 1969).

Copra DE CasTro, M. G. et al.: « Depositi miocenici e
pliocenici ad est del Partenio e del Taburno (Cam-
pania) », Atti Accad. Gioenia Sci. Nat., s. 7, 1, 479-

Carissio, L.; D’Acostivo, O.; Lobppo, C. & Pieri, 512 (1970).
M.: « Petroleum exploration by AGIP Mineraria and
new geologicael information in central and southern D’ARGENTO, B.: « Zone isopiche e faglie trascorrenti nel-
Ttaly from the Abruzzi to the Taranto gulf», 40 Con- PAppennino centro-meridionale », Mem. Soc. Ital.,

gresso Mondiale del Petrolio, Francoforte, sez. 1 (1963). 5, 279-299 (1966).



Structural Model of Italy

[327] 17

D’Arcexto, B.: « Evoluzione geotettonica comparata
tra alcune piattaforme carbonatiche dei Mediterraneo
Europeo ed Americano », At Acecad. Pontariana, 20,
34 (1970).

D’ArcENtO, B.; Pescarore, T. & Scaxpoxe, P.:
«Schema geologico dell’Appennino meridionale (Cam-
pania e Lucania) », Convegno su Moderne vedute sulla
geologia dell’ Appennino, Roma 1973; su: Atti Accad.
Naz. Lincei (1973).

D’Areexto, B.; Ravoricie, R. & SGrosso, I.: ¢ A pa-
leogeographic section through the Italo-Dinaric ex-
ternal zones during Jurassic and Cretaceous times »y
Symposium on Exploration for Oil and Gas Deposits in
the Adriatic Sea and Outer Dinarides Ziones, Beograd;
in: Nafta, 22, n. 4-5, 195-207 (1971).

D’ArGexio, B. & Scaxpoxe, P.: « Jurassic facies pattern
in the Southern (Campenia-Lucania) Apennines »,
Colloquwivim on the Mediterranean Jurassic, Budapest,
Sept. 1969; in: Ann. Hung. Geol. Inst., 54, 383-396
(1970).

DieTrIcH, D. & ScaxpoNEg, P.: « The position of the
basic and ultrabasic rocks in the tectonic units of
the Southern Apennines », Aiti Accad. Pontaniana,
21 (1972).

Doxzerr, G. & Crescexti, U.: « Lembi di flyseh oli-
gocenico affioranti a SE della Piana del Sele », Mem.
Soc. Geol. Ital., 3, 539-592 (1962).

GraNDIACQUET, C.: « Schema structural de I’Apennin
campano-lucanien (Italie) », Rev. Geogr. Phys. Geol.
Dynam., s. 2, 5, 185-202 (1963).

Irrro, A.: « T rapporti tettonici tra © scisti silicei ” e do-
lomia nei dintorni di Giffoni Vallepiana (Salerno) »,
Mem. Soc. Geol. Ital., 4 (1963).

IeTT0, A Prscarore, T. & Cocco, E.: «I1 flysch
mesozoico-terziario del Cilento occidentale », Boll.
Soc. Nat. Napoli, 74, 395-402 (1965).

Irrovrro, F. & Lucist, P.: « 11 Flysch nell’Appennino
meridionale », Boll. Soc. Geol. Ital., 75, 139-167 (1957).

OGNIBEN, L.: «Schema introduttivo alla geologia del
confine calabro-lucano », Mem. Soc. Geol. 1tal. 8, 453-
763 (1969).

OrroraNt, F. & Torre, M.: « Il Monte Alpi (Lucania)
nella  paleogeografia dell’Appennino meridionale »,
Boll. Soc. Geol. Ital., 90, 213-248 (1971).

Prscarore, T.: « Ricerche sulla depressione molisano-
sannitica », Atti Accad. Sei. Fis. Mat. Napoli, s. 3,
5, 101-145 (1965).

Pescarore, T.: « Considerazioni sulla sedimentazione
miocenica nell’Appennino campano-lucano », At
Accad. Pontaniana, 20 (1970).

Prscarore, T. & Orronaxt, F.: « Schema tettonico del”
PAppennino campano-lucano », Boll. Soc. Geol. Ital.
92, 453-472 (1973).

Pescarore, T.; SGrosso, I. & Torre, M.: « Lineamenti
di tettonica e sedimentazione del Miocene dell’Ap-
pennino campano-lucano », Mem. Soc. Nat. Napoli,
suppl. al vol. 78, 337-406 (1970).

Pierr, M.: « Tentativo di ricostruzione paleogeografico-
strutturale dell’Ttalia centro-meridionale », Geol. Rom.,
5, 407-424 (1966).

Scaxpoxe, P.: « Studi di geologia lucana: la serie cals
careo-silico-marnosa e i suoi rapporti con ’Appennino
calcarco », Boll. Soc. Nat. Napoli, 76, 30-469
(1967).

Scaxpone, P.: « Note illustrative della carta geologica
d’'Italia, Fogli 199-210, Potenza e Lauria », Serv,
Geol. Ital., 71 (1971).

Scaxpoxe, P.: « Studi di geologia lucana: carta dei
terreni della serie calcareo-silico-marmoreo e note
illustrative », Boll. Soc. Nat. Napoli, 81, 225-300
(1972)

Scaxpoxe, P. & Boxarpr, G.: « Synsedimentary tec-
tonies controlling deposition of Mesozoic and Ter-
tiary carbonatic sequences of areas surrounding Vallo
di Diano (Southern Apennines) », Mem. Soc. Geol.
Ttal., 1-10 (1968).

Scaxpoxg, I; Serosso, I. & Varnario, A.: « Finestra
tettonica nella serie calcareo-silico-marnosa prezzo
Campagna (Monti Picentini, Salerno)», Boll. Soc.
Nat. Napoli, 76, 3-10 (1967).

ScARsELLA, F.: « T rapporti tra i massicei calcarei meso-
zoici e il Flysch nell’Appennino centro meridionale »,
Boll. Soc. Geol. Ital., 75, 115-137 (1957).

SerLI, R.: «Sulla trasgressione del Miocene nell’Tta-
lia meridionale », (. Geol., s. 2, 26, 1-54 (1957).

SeLLr, R.: «I1 Paleogene nel quadro della geologia del-
I'Italia meridionale », Mem. Soc. Geol. Ital., 8, 737
790 (1962).

Serosso, I.: « Tentativo di ricostruzione paleogeografica
nella zona di Vietri di Potenza con particolare ri-
guardo alla trasgressione miocenica », Boll. Soc. Nat.,
Napoli, 75, 463-495 (1967).

VEezzaxt, L.: « La formazione del Frido (Neocomiano-
Aptiano) tra il Pollino e il Sinni (Lucania) », Geol.
Romana, 8, 129-176 (1968).

VEzzaNt, L.: «Studio stratigrafico della Formazione
delle Crete Nere (Aptiano-Albiano) al confine calabro-
lucano », Atz Accad. Gioenia Sei. Nat. Catania, s, 6
20, 189-222 (1969).

s

Wezer, F. C.: « Nuovi dati sull’etd e posizione struttu-
rale del Flysch di Tusa in Sicilia », Boll. Soc. Geol. Ital,.
92, 193-211 (1973).






