Ofioliti, 2004, 29 (2), 177-211 177

THE PRE-OROGENIC VOLCANO-SEDIMENTARY COVERS
OF THE WESTERN TETHYS OCEANIC BASIN: A REVIEW

Gianfranco Principi*°, Valerio Bortolotti*°, Marco Chiari®, Luciano Cortesogno**, Laura Gaggero**,
Marta Marcucci*®, Emilio Saccani*** and Benedetta Treves®

* Dipartimento di Scienze della Terra, Universita di Firenze, ltaly (e-mail: bortolot@geo.unifi.it;
marta.marcucci@geo.unifi.it).
° lstituto di Geoscienze e Georisorse, C.N.R. Firenze, Italy.
**  Dipartimento di Scienze della Terra, Universita di Genova, Italy (e-mail: cortez@dipteris.unige.it;
gaggero@dipteris.unige.it).
***  Dipartimento di Scienze della Terra, Universita di Ferrara, Italy (e-mail: sac@dns.unife.it).
Corresponding Author: Gianfranco Principi, e-mail principi@geo.unifi.it

Keywords: ophiolitic volcano-sedimentary covers, Jurassic-Cretaceous, Western Tethys evolution. Central Alps, Western
Alps, Corsica, Northern Apennines, Southern Apennines, Betic Codillera

ABSTRACT

The records of the Jurassic Western Tethys Ocean are the ophiolitic rocks now scattered in the Tertiary orogenic belts of the Alps, Apennines and Bei
Cordillera.

These ophiolites, involved in a convergent margin environment, are affected I) by HP/LT metamorphism derived from a subduction process or Il) by very
low grade overprint, corresponding to the tectonic prism at the margin of the overriding plate. On the whole, they share common characteristics:

a- The MORB geochemical signature.

b- The ophiolitic successions often “reduced” and thin.

c- The volcano-sedimentary covers often directly overlying the serpentinised peridotites.

d- The widespread occurrence of cherts as Jurassic pelagic sediment.

In the thickest “complete” ophiolitic successions, basalt flows, generally thin, are preceded and followed by ophiolitic breccias. Only the basal portion of
the breccias on top of the serpentinites (Levanto Breccias) has a tectonic origin, all other levels have a sedimentary origin. These breccia-basalt assembla
are overlain by thick sequences of Mt. Alpe Cherts and Calpionella Limestones, followed by Palombini Shales. In the reduced (or incomplete) succession
thin breccias and cherts were directly depos#bdye the Levanto Breccias (ophicalcites pro parte), and followed by Palombini Shales.

This stratigraphic pattesseems to be widespread in the whole Western Tethys ocean.

In some sequences, transitional mid-ocean ridge (T-MOR) basalts are present and the ophiolitic rocks are associated with Variscan continental slices &
debris, as in the Err-Platta succession (Central Alps) and in some exotic blocks in the flysch of the External Ligurides (Northern Apennines). In the Balagn
(Corsica) T-MOR basalts are associated with quartzarenites. These occurrences show that an unroofed mantle and sections of oceanic crust evolved very |
to a continental margin.

The different radiolarian ages of the cherts deposited before, within, or on top of the MOR basalts allow to infer a minimum time interval for the Western
Tethys oceanisation. This interval can be considered between 16 and 21 Ma (from Late Bajocian to Kimmeridgian/Tithonian). If we assume 1cm/yr spreadir
rate during this time, the basin would have reached about 150-200 km width. The same ages suggest that the ocean opening was diachronous along the W
ern Tethys basin.

Mainly on the basis of the Northern Apennines and Corsica data, it is possible to reconstruct the following evolutive geodynamic, paleogeographic an
sedimentary evolution of the Western Tethys ocean basin:

1- Bajocian/Bathonian stage: opening of the Ligurian Northern Apennines oceanic segment and, perhaps, also of the Ligurian, Western and Central Aly
ones.

2- Bathonian/Callovian stage: opening of all the segments of the Western Tethys ocean basin. The volcano-sedimentary covers formed during these t
stages are constituted by breccias, basalts and siliceous pelagites (cherts).

3- Tithonian/Berriasian: end of the ocean spreading (Tithonian) and beginning of the quiescent stage in the whole basin, marked by the lack of any tector
activity and by the sedimentation of the Calpionella Limestones and, locally, of mixed siliceous-calcareous deposits (Nisportino-Murlo Fm.).

4- Hauterivian/Santhonian: this is the longest quiescent stage of the basin, dominated by the sedimentation of the Palombini Shales and Limestones. Sc
siliciclastic deposits are shed from both passive continental margin sides. During the Early Cretaceous, there is also evidence of a rare intraplate magn
tism in Southern Tuscany.

The Western Tethys ophiolitic successions are similar to those of present day, slow spreading oceans, in particular to those of the Atlantic Ocean (Mutt
and Karson, 1992; Tucholke and Linn, 1994). The Galician North Atlantic margin provides a model for the process of mantle denudation. For the oceani
evolution, the model of Tucholke and Linn (1994) is particularly taken in consideration. According to this model, tectonic extension was one major process ir
the Western Tethys oceanic development.

INTRODUCTION Apennines, North-eastern Corsica, to the Tyrrhenian basin,
Calabria and Betic Cordillera (Fig. 1).

The Western Tethys was a small Jurassic ocean that sep- In the Alps, Betic Cordillera and most of the Corsica and
arated the Europe-lberia plates to the NW from the Africa- Calabria, the ophiolites mostly show a medium- to high
Adria plates to the SE (Abbate et al., 1970; 1980; 1986).pressure-low temperature (HP-LT) metamorphic signature
The records of this ocean are the ophiolitic rocks now scat-and can attain pervasive alpine deformation In some por-
tered in the Tertiary orogenic chains from the Eastern Alps,tions of the Alps, Corsica and Calabria and all over the
through the Central-Western Alps, Ligurian Alps, Northern Northern Apennines, the ophiolites show very low grade
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Fig. 1 - Distribution of Jurassic Western Tethys ophiolites. Segmented
lines: orogenic fronts.

The knowledge of the present day oceans, thanks to the

- Deep Sea Drilling Program, Ocean Drilling Program and
other oceanic investigation programs, allows to compare the
environments of formation of present-day oceanic crust with
that of the ophiolitic rocks (e.g., Manatchal and Bernoulli,
1993).

The link among all the sedimentary covers of the West-

ern Tethys Mesozoic ophiolites is the ubiquitous presence,
at their top, of radiolaritic levels, similarly to almost all the
Phanerozoic ophiolites, as recognised by Steinman (1927).

The high-resolution radiolarian biostratigraphy provides

the different ages of the basaltic events and allows to com-
pare them with the radiometric ages of basalts, plagiogran-
ites and gabbros and, finally, to reconstruct the timing of the
magmatic evolution.

However, many questions are still unanswered, regarding

the paleogeodynamic, paleogeographic, and sedimentologi-
cal processes involved in the generation of the Western
Tethys ophiolites.

A first group of questions concerns the origin of the “in-

complete” crustal sequences. It is debatable whether this
crust was generated within transform zones (see the para-
graph on the ‘ophicalcites’), on an ocean-continent transi-

tion such as Iberia, or represents an ocean floor produced at

a slow-spreading ridge.

metamorphic conditions and weak orogenic deformations.

The ophiolitic units occupy the more internal and higher po-—

sition in the orogenic wedges.

The following characteristics are common to all these
ophiolites,

a- The Middle-Late Jurassic age. -

b- The mid-ocean ridge basalt (MORB) signature of the ig-

neous products.

The abundance of “reduced” ophiolitic successions (e.g.—

Gianelli and Principi, 1974; Galbiati et al., 1976; Barrett

and Spooner, 1977; Gianelli and Principi, 1977; Abbate

et al., 1980; Lagabrielle et al., 1984; Cortesogno et al.,

1987; Padoa, 1999; Bortolotti et al. 2001b). In particular, —

the exposed basement of the sedimentary covers is most-

ly represented by mantle-derived serpentinites, with only—
subordinate intrusives; a true sheeted dike complex is
lacking and basalt flows are missing in several se-
guences. -

d- The frequent exposure of serpentinised mantle peri-—
dotites on the ocean bottom (base of sedimentary-vol-
canic covers).

e- The widespread presence of cherts as first pelagic sedi-
ment above the magmatic section. -
The origin of the Tethyan ophiolites has been interpreted

through different mechanisms including: -

1- Lithospheric scale detachment faulting leading to mantle
exhumation (Peyve,1969; Decandia and Elter, 1972; El-
ter, 1972; Lemoine et al., 1987; Hoogerduijn et al., 1990;
Piccardo, 2003). In recent years Froitzheim and Man-

C_

A second group of questions are the following:

The paleogeographic meaning of the ophiolitic breccias,
in particular the role of tectonics, hydrothermalism and
seawater-rock interaction in the genesis of the ophical-
cites and ophicalcite-like breccias;

The processes originating the radiolaritic cherts, and their
sedimentation by direct deposition, or by reworking as
turbidite-like contourites;

The factors (magmatism, change of CCD level, up-
welling of nutrients etc.) of the change from carbonatic
to siliceous deposition in the pelagic environment, and
viceversa;

The connections between hydrothermalism, manganese
metallogenesis and chert deposition;

The paucity or absence of basalts, and their extrusion that
in most cases follows the sedimentation of ophiolitic
breccias and of the first pelagites (radiolarian cherts);

The timing and duration of the oceanic spreading;

The meaning of facies changes of the pelagic sediments,
their environment and the mode of deposition, as well as
their thickness variability (consequence of erosion or di-
astems ?);

The contemporaneity of the radiolarian cherts in both
oceanic basin and continental platforms;

The change of composition of the pelagites from both
oceanic and continental margin environment at the Late
Jurassic - Early Cretaceous boundary in the peri-Adriatic
realm.

This work summarises the present-day state-of-art con-

atschal (1996) and Manatschal and Nievergelt (1997) ob-cerning some of the questions above with the aim of provid-
served and described on the field, in the Grisons, thising answers to them.

type of detachment.

This revue will deal mainly with the cover successions of

2- Uplift of mantle diapirs along transform faults (Galbiati the well known Northern Apennines and Corsica. Succes-
et al., 1976; Gianelli, 1977; Gianelli and Principi, 1977, sively, we will add some notes regarding other Tethyan

Abbate et al., 1980; 1986).

ophiolites (Central, Western and Ligurian Alps; Calabria;

3- Rifting at a slow-spreading mid-ocean ridge, leading to Betic Cordillera). Finally, we will try to define the evolution
the exposure of mantle and lower crust rocks (Barrett andof the covers of all the Western Tethys, by reading the vol-
Spooner, 1977; Lagabrielle and Cannat, 1990; Bortolotticano-sedimentary logs.

et al., 1990; 2001b; Lagabrielle, 1994; Lagabrielle and
Lemoine, 1997; Desmurs et al, 2002).

In the Northern Apennines (Fig. 2) the ophiolites are

present in the Liguride Units, thrust onto the continental
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Adria Domain (Tuscan and Umbrian successions). The Lig-“Internal Ligurides” (see Abbate et al., 1980; 1986; 1992;
urides consist of Jurassic-Paleogene successions, topped Brincipi and Treves 1984; Principi, 1994), and preserves an
turbiditic formations that show a rough eastwards youngingophiolitic (oceanic) basement. On the contrary, in the “Ex-
(Late Cretaceous up to Middle Eocene). It is generally in-ternal Ligurides the ophiolites are present only as olistoliths
ferred that they all had an oceanic basement (except perer clasts of breccias (olistostomes) in the Cretaceous (e.g.
haps for the more external ones, and the Canetolo Com€asanova, Caio and Monteverdi M.mo Units) and Eocene
plex, generally attributed to a “Sub-Ligurian” Domain) and (Morello-Santa Fiora Units) clastic formations (Abbate et
a similar pelagic sedimentary succession until the earlyal., 1980; Bortolotti et al., 2001b).

Late Cretaceous. Moreover, Beccaluva et al. (1980; 1984; 1989) found

The Liguride Units successions have been described athat the the Internal and External Ligurides ophiolites (at
“Eugeosynclinal Sequences” by Abbate and Sagri (1970).least those of the Liguria-Emilia Apennines) differ in com-
They were divided into two groups: “Internal” and “Exter- position: in the last ones the peridotites are more fertile, and
nal” Ligurides, by Elter (1972; 1973; Abbate et al., 1980). the basalts more primitive.

Being, in the Northern Apennines, the tectonic transport
towards the east, the “Internal” Ligurides deposited in the
northwestern side of the Western Tethys domain and occupy
the higher tectonic position in the nappe pile; the “External”  The Internal Ligurides (Fig. 2) crop out in the Ligurian
Ligurides deposited in the south-eastern side, and underlApennines, in the coastal central Tuscany and in the Elba
the “Internal” ones. Island.

The ophiolitic Vara Unit represents the main unit of the  The Internal Ligurides consist of Jurassic-Paleogene suc-
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cherts in Liguria (see Fig. 6) and Tuscany (see
E;gu;;:(iffeégsc)tgolsog:;;:;g?1\,/;1 (gr'gsg;'"a; Syn- and post-orgenic sediments Ligurian Domain (Western Tethys)
6- Rocchetta di Vara; 7- Mt. Rossola; 8- Mt. =
Zenone and Passo Broccheie; 9- Pavereto; 10- |5 .~ 4 Neogenic Magmatism - Internal Ligurides
Case Gabbriello.
Tuscany: 11- Figline di Prato; 12- Sasso di -i Adriatic Domain Ophiolitic sequence
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26- Capannelle; 27- Sovana-EImo.
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cessions, and only the Vara Unit, preserves an ophioliticswarms (Cortesogno and Gaggero, 1992). In Southern
(oceanic) basement and a complete Upper Jurassic-Cretaruscany a small sheeted dike complex, some hundred me-
ceous pelagic cover; the other Liguride successions (both Intres in size crops out near Riparbella (Leghorn) (Bortolotti
ternal and External) are reduced and begin with Upper Cretaet al., 1976; Piombino, 1991).

ceous pelagites (Palombini Shales, or other shaly formations). In the Val Graveglia area the gabbros are dated at
All the Internal Ligurides successions end with Upper Creta-164+14 Ma (Sm/Nd; Rampone and Hofmann, 1998). In the
ceous-Paleocene siliciclastic (e.g., Gottero Sandstones) or cakame area, U/Pb dating on zircon separates from plagiogran-
careous (e.g. Mt. Antola Helminthoid Flysch) or mixed (Elba ites in the Lower Breccias (Mt. Capra Breccia), yielded an
Flysch) turbidites. Ophiolitic olistoliths and olistostromes are age of 153+1 Ma (Borsi et al., 1996).

absent in the more internal Upper Cretaceous successions. The low temperature metamorphism develops with a

After the closure of the ocean basin, during the first oro- generalised serpentinisation on peridotites, associated with
genic phases (Paleocene-Early Eocene) the Internal Ligactive tectonics, recorded by the ribbon textures and by
urides thrust eastwards onto the External Ligurides and, latbreccia levels within the ultramafic rocks. Frequently, gab-
er on (Miocene), as a whole, onto the Adria continental mar-bros and serpentinites have been tectonically juxtaposed by
gin (Tuscan and Umbrian successions). brittle faults of Jurassic age (Abbate et al., 1980). The top of
the basement is often characterised by tectonic breccias and
is unconformably overlain by sedimentary breccias, radio-
larian cherts and, locally, by basalts.

The Vara succession (Vara Valley Supergroup Auct.) is  The tectonic breccias on top of serpentinites contains sev-
one of the best exposed and studied Jurassic oceanic cruseral generations of fractures filled with calcite, serpentinitic
It widely crops out in the western side of the Northern clasts, and micritic sediment. Repeated episodes of infilling
Apennines arcuate chain, alongside and inside the Tyrrhenand growth of sparry calcite provide evidence of fluid-rock
ian-Ligurian seas. interaction during faulting close to the ocean floor. This lev-

The best outcrops are sited in the Bargonasco-Val Gravegel, known as ‘Ophicalcites’ p.p. (Levanto Breccia, Cortesog-
lia (Fig. 2, n. 5 and 8), Bracco-Levanto (Fig. 2, n. 7, 9, 10) no et al., 1978; 1987, with bibl. therein), is considered a tec-
and Rocchetta di Vara (Fig. 2, n. 6) areas, in Liguria; in thetonic-hydrothermal breccia, partly reworked at its top into a
Quercianella-Castel Sonnino (Fig. 2, n. 18, 23, 24), Mt Vital- sedimentary breccia (Bonassola Breccia; Cortesogno et al.,
ba-Riparbella (Fig. 2, n. 20, 21, 22) and Murlo-Pari (Fig. 2, n. 1978). It marks the exposed surface of the serpentinised ul-
19, 26) zones, in Tuscany; in the Elba Island (Fig. 2, n. 25). tramafics, which just reached the ocean floor (Cortesogno et

The Vara ophiolites suite can be divided into two por- al., 1978; 1980; 1987, Treves and Harper, 1994).
tions:

1)- a mafic-ultramafic ‘basement’
2)- a volcano-sedimentary unconformable ‘cover’.

The Vara Unit succession

The volcano-sedimentary “cover”

The Bonassola Breccia was divided into several mem-
bers, according to the composition (serpentinitic, gabbroic,
polymict) and stratigraphic position (Lower and Upper

The Vara Unit basement mainly consists of serpentinisedBreccias, the former underlying and the latter overlying, of-
mantle peridotites, ranging from more or less depleted Iherten interfingered with, the basalts).
zolites to harzburgites, with minor intrusions of isotropic or  In Eastern Liguria (Bargonasco-Val Graveglia, Fig. 2 n.
layered cumulate gabbros and dunitic-troctolitic cumulate 5, 8 and Figs. 3 and 23; Bracco-Levanto, Fig. 2 n. 7, 9, 10
lenses (Figs. 3, 4, 23, 24). and Figs. 3 and 24; Rocchetta di Vara, Fig. 2 n. 6 and Fig.

The ultramafic basement was affected by upper mantle re3) the best and the first studied outcrops of the Bonassola
equilibration (from spinel- to plagioclase facies), associatedBreccia occur (Passerini, 1965; Abbate, 1969; Galbiati,
with foliation and folding (tectonitic textures: see Beccaluva 1970; Decandia and Elter, 1972; Principi, 1973; Gianelli
et al., 1984). The ultramafites are mostly lherzolites. Most ofand Principi, 1974; Galbiati et al., 1976; Folk and McBride,
these peridotites are impregnated by MORB type melts com-1978; Cortesogno et al, 1978; 1981; 1987; Abbate et al.,
ing from a deeper mantle lithosphere and originating both in-1980; Barrett, 1982a; Treves and Harper, 1994; Bortolotti
trusive (rodingitic dikes, gabbro bodies) and extrusive and Principi, 2003; Bortolotti et al., 2005 in press).

(basaltic flows) rocks (see also Piccardo et al., 2004, with In Tuscany (Castel Sonnino-Quercianella, Fig. 2 n. 18,
bibl.). Minor extraction of melts, probably due to melting 23, 24; Mt. Vitalba-Riparbella, Fig. 2 n. 20, 21, 22; Murlo,

events (Triassic?) preceding the mantle denudation, could b&ig. 2 n. 19; Monti Rognosi-Pieve Santo Stefano, Fig. 2 n.
recorded by harzburgite bands, pyroxenite layers and dikes]l4 and 15) the ophiolitic breccias are correlated with the
and likely by dunite lenses. Everywhere, the contact betweerbreccias found in Liguria, on the basis of both the clast
gabbros and peridotites underwent rodingitization. lithology and the stratigraphic position, with respect to the

The gabbro intrusion was followed, during the latest up- basalt flows (Gianelli and Principi, 1974; 1977; Brunacci
welling of the peridotite mass, by ductile deformations as-and Manganelli, 1983; Bonechi, 1980; Bortolotti et al.,
sociated with high-grade (granulite to high temperature 1992; 1994; 2001b). In the Elba Island (Fig. 2, n. 25 and
amphibolite facies) metamorphism and later on, by a brit-Fig. 4) the ophiolitic breccias are lacking.
tle deformation phase, developed as a system of parallel
fractures associated with seawater circulation and amphiLower Ophiolitic Breccias
bolite to greenschist facies overprint (Cortesogno and(Bonassola Breccia p.p. of Cortesogno et al., 1978; 1987).
Olivieri, 1974; Gianelli and Principi, 1974; 1977; Corte- The Lower Ophiolitic Breccias (Figs. 3, 23, 24) consti-
sogno, 1980; Cortesogno and Lucchetti, 1982; Cortesogndute the basal terms of the ophiolitic sedimentary cover.
et al., 1975; 1977; 1987; 1994). The brittle phase is associThey mainly consist of serpentinitic clasts (Framura -sedi-
ated at depth to the intrusions of basalt dike parallelmentary ophicalcites- or Case Boeno Breccia; Folk and

The “basement”
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McBride, 1978; Cortesogno et al., 1978; 1987; Abbate et al. Boeno Breccias in the Val Graveglia-Bargonasco area)
1980; Bianco 1996; Bortolotti and Principi, 2003) or, local- varies from zero to about 200 metres. The mechanism of de-
ly, with Fe-gabbroic, dioritic and subordinate Mg-gabbroic position is mainly referable to debris-flows (Gianelli and
and serpentinitic clasts (Mt. Capra Breccia; Gianelli and Principi, 1974; Cortesogno et al., 1978; 1987; Abbate et al.,
Principi, 1974), or mainly Mg-gabbroic clasts (Bargonasco- 1980) deposited in small basins.

Val Graveglia, Bracco-Levanto areas). Inside them and, of- The age of the Lower Breccias is generally inferred from
ten, at their base, thin levels of cherty pelagites are interbedthat of overlying cherts, or provided by radiolarian from in-
ded. Generally, the composition of both clasts and matrixterlayered cherty levels. At Broccheie Pass (Bargonasco-Val
(mainly arenaceous) reflects the lithology of the underlying Graveglia) a radiolarian assemblage found in a metric cherty
basement (except for the Mt. Capra Breccia). Breccias overlevel in the Mt. Capra Breccia (Chiari et al., 2000) gave an
lying the ultramafic basement commonly have sparry calciteage from late Bajocian-early Bathonian to late Bathonian-
cement, more rarely the clasts (mostly spinel and chloritisedearly Callovian (UAZ. 5-7). At Mt. Rossola (Levanto) a
orthopyroxene serpentinites) lie in a micritic, hematite-rich sample of radiolarian cherts at the top of the Framura Brec-
matrix (Cortesogno et al., 1980; 1981; 1987). The clast sizecia, immediately below the massive basalts, gave a latest
is variable, from centimetric to metric and, rarely, decamet-Bajocian-early Bathonian (UAZ. 5) age (Abbate et al.,
ric. The thickness of the breccias (as the Mt. Capra and Cas&986; Chiari et al., 2000).

Levanto Bargonasco
Bracco Val Graveglia

Mt. SERRA

VOLTERRAIO

/;CQUAVIVA
CREEK
—— Mt. Gottero Sandstones
ESE  “Scisti Zonati”
=—| Palombini Shales 200

Calpionella Limestones
Mt. Alpe Cherts
Upper ophiolitic breccias
Pillow basalts

Massive basalts

‘o Lower ophiolitic breccias

BEL

== Palombini Shales 8% Basalts

o

Tectonic serpentinite breccias T Calpionella 7] Ophicalcites
Ophicalcites p.p.
! (GS[:;Z:S B === Nisportino Fm. Gabbros
Serpentinites 1] mt. Alpe Cherts Serpentinite

Fig. 3 - Columnar section of the ophiolite successions of the Internal Lig- Fig. 4 - Columnar sections of the four main sheets of the Ophiolitic Unit of
urides (Bargonasco-Val Graveglia and Bracco-Levanto areas). the eastern Elba Island.
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Basalt Flows 1987; Aiello, 1994; 1997).

The Lower Breccias, are overlain by MOR-type basalt Very thin levels (decimetric or metric) of cherts were
flows (Beccaluva et al., 1980; 1989; Venturelli et al., 1981; normally deposited also before the extrusion of the basalt
Figs. 3, 23, 24), mainly pillow lavas and locatlyassive  flows, within the Lower Breccias.
lavas (Levanto) in the so-called “complete sequences”. In the Bargonasco-Val Graveglia (Fig. 2 n. 5, 8) and
Feeder dikes are rarely found in the lower breccias and ar&®occhetta di Vara (Fig. 2 n. 6) outcrops, the variations in
locally frequent within lava flows. The massive flows and mineralogical and geochemical composition, petrography,
dikes induced a thermal rise at the contact with the brecciasextural features and sedimentary structures (lamination,
(Cortesogno et al., 1987; 1994). bioturbation and slumping) allow to recognise in the Mt.

In the “reduced sequences” the basalts are generally lackAlpe Cherts different depositional lithofacies (Cortesogno
ing and the ophiolitic breccias are mainly serpentinic (moreand Galli, 1974; Gianelli and Principi, 1974; Folk and
or less ophicalcitised: Framura type). The breccias and thévicBride, 1978; Cortesogno et al., 1979; Aiello, 1994; 1997;
ophicalcitised mantle carapace are directly covered by thinCabella et al., 1995; Marescotti and Cabella, 1996; Corte-
chert deposits. sogno and Gaggero, 2003).

The basalt thickness is very variable and ranges from few From the base upwards the following lithofacies can be
metres in the reduced sequences, up to more than 400 m idistinguished:
the complete sequences (Mt. Rossola), where the averaga- Reddish or greenish detrital cherts rich in pelitic compo-
thickness is about 200 metres. nent, with subordinate laminated radiolarites, intercalated

The age of the cherts (Figs. 2, 5, 6, 7) allows indirectly to  with ophiolitic sandstones and/or ophiolitic breccias and
date also the associated basalts. However, rarely the interca- slumps (facies C and A of Aiello, 1994).
lated chert levels have significative biostratigraphic records.b- Laminated red cherts with radiolaritic beds (hematite up
At Terriccio (Southern Tuscany, Fig. 2, n. 20) a sample to 10% in volume), often bioturbated, with interbedded
found in a thin cherty intercalation very close to the base of millimetric argillitic films, interpreted as counturites (fa-
the basalts provided a middle Callovian-early Oxfordian to  cies B); at the bottom of the red cherts or at the transition
middle-late Oxfordian age (UAZ. 8-9) (Nozzoli, 1986; between a) and b) lithofacies, thin (1-5 cm) manganesif-
Chiari et al., 2000). In the same area (Aiola) the radiolarian erous (braunite) layers, more rarely hematite or apatite
assemblage of the cherts at the top of the same basalt body layers, are interlayered, up to a total thickness of several
provided a late Oxfordian-early Kimmeridgian age (UAZ. metres. They lack in the reduced sequences.

10; Nozzoli, 1986; Chiari et al., 2000). Hence, in Southernc- Turbiditic greenish siliceous pelites (illite + chlorite) al-
Tuscany the basalt flows occurred during the Oxfordian. ternated with red cherts and radiolarites and light grey

In Liguria, on the contrary, the basalt flows seem to be radiolarites; parallel lamination and graded bedding are
older, in fact the chert level below the basalts (Broccheie commonly developed within radiolarites (“ribbon chert”
Pass, see before) is late Bajocian-early Bathonian to late of Garrison, 1974; facies D of Aiello 1994; “vari-
Bathonian-early Callovian (UAZ. 5-7) and at Mt Zenone
(Fig. 2, n. 8) a radiolarian assemblage from a chert level a
the top of the same basalt level, gave a late Bathonian-earl
Callovian age (UAZ. 7) (Bortolotti et al., 1991b; Chiari et
al., 2000). We can argue that in this zone the basalt flows
occurred during a time interval comprised between the late =
Bajocian and the early Callovian. Accordingly, the Ligurian /7 @/
oceanic crust results to be older than that of Southern Tus T
cany (i.e., a younging occurs from E to W in the restored 1-2—»

RN
N\, b

o
AL

Tethys Ocean; see Figs. 25-28) (see Abbate et al., 198€.» o e
1992; Chiari et al., 2000). - ..
Upper Ophiolitic Breccias 283 ’@ ““’&’x&
(Bonassola Breccia p.p. of Cortesogno et al., 1978 o £
The basalts are often covered by ophiolitic breccias (Prin- v N
cipi, 1973; Gianelli and Principi, 1974; Abbate et al., 1980; {\/\3
Barrett, 1982a; Bortolotti and Principi., 2003; Brunacci et al., | 4
1982). They are both monogenic and polygenic, with clasts ]
of flaser gabbros (Mt. Zenone Breccia), serpentinites (Mt. .,.{'me
Bianco Breccia), or polymictic (Movea and Mt. Rossola
Breccias). These breccias form lens-shaped bodies, from ze 3
ro up to 100 m thick. Their age is comprised between the N ey |
basalts and the overlying cherts ages (Figs. 3, 23, 24). b am '
o
Mt. Alpe Cherts -
Above the Upper Ophiolitic Breccias, the sequence con- |
tinues with a thick level of radiolarian cherts (Mt. Alpe 1 >
Cherts; Figs. 3, 4, 23, 24), ranging from few up to 200 m. At%\ /fo
the base they often alternate with thin strata of ophiolitic /> s

sandstones and bre_CCiaS (Abbate' .1969; P_ri”?iPia 1973'Fig. 5 - Sample sites of the dated radiolarian cherts in the studied areas. 1-
Cortesogno and Galli, 1974; Gianelli and Principi, 1974; 3 western Alps: Northern Apennines: 4-10, Liguria; 11-27, Tuscany; 28-
Folk and McBride, 1978; Barrett, 1982b; Cortesogno et al., 31, Corsica; 32, Calabria. Ophiolite outcrops in black.
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coloured cherts” of Cabella et al., 1995; Marescotti andversely, in the sequences of Mt. Alpe and Monte Zenone,

Cabella, 1996). the cherts overlying thick breccias are thinner and begin
d- Pseudostratified reddish pelitic to silty siliceous beds with the facies B.

(Al,O,, 7.81-15.87; Marescotti and Cabella, 1996) de-  Radiolarian-rich levels in the different lithofacies show

void of radiolarians and with millimetric green laminae radiolarian size gradation and size grading, considered as

(facies E). products of countourites (facies B) or turbidites (facies D).

Facies A and C are regarded as transitional to the ophifacies E of the Bargonasco-Val Graveglia successions is
olitic breccias. The facies A is present in the thicker suc-considered the transition to the Calpionella Limestones.
cessions (e.g. Ponte di Lagoscuro, Monte Zenone, RocchetAiello (1994) correlates these facies with the Scisti ad Apti-
ta di Vara). Slumps are often present, producing hardci of the Tuscan Sequences and with the Nisportino Fm. of
siliceous radiolaritic nodules embedded in shaly chertsElba Island Vara Succession (see below).
(Cortesogno and Galli, 1974; Cabella et al., 1995). At the The age of the formation, is comprised between Bathon-
Rocca del Sasso (between the Bargonasco and the Grave@gn and Tithonian (Figs. 2, 5, 6, 7). In particular, the radio-
lia Valley) a thick slump includes ophiolitic clasts and sili- larian biostratigraphy in Liguria (Figs. 2, 6) gives the oldest
cified woods (araucarioid type) in a silty matrix (Abbate et age as latest Bajocian- early Bathonian (UAZ. 5 - Rossola
al., 1980; Bortolotti and Principi, 2003). In the same area, section, Abbate et al., 1986; Chiari et al. 2000). Due to the
araucarioid (comparable taraucariopytisJeffrey) debris  scarce radiolarian preservation, in the upper part of the Mt.
are often found near the base of the cherts (Cortesogno anéllpe Cherts it is not possible to assign a precise age utilis-
Galli, 1974). In Val Graveglia, the thick chert sequence ing the radiolarian biostratigraphy. Cobianchi and Villa
overlies conspicuous pillow lavas above thick ophiolitc (1992), using the nannoplancton biostratigraphy, indicate a
breccia; at M. Rocchetta, thick cherts directly deposited onlate Tithonian age for the base of the overlying Calpionella
coarse gabbro and subordinate serpentinite breccias. Corl-imestones.
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Fig. 6 - Radiolarian age determinations in the Northern Apennines (with schematic stratigraphic sections): Liguria (UAZones, after Baumgartner et al., 1995
time scale after Channel et al., 1995 and Pélfy et al., 2000). The location of the studied sections is reported in Figs. 2 and 5.

4- Costa Scandella, Conti et al. (1988); Chiari et al. (2000); 5- Val Graveglia, Conti and Marcucci (1991); Chiari et. al. (2000); 6- Rocchetta di Vara, Baum-
gartner (1984); Chiari et al. (2000); 7- Monte Rossola, Abbate et al. (1986); Chiari et. al. (2000); 8- Monte Zenone and Passo Broccheie, Rosi (1995); Chia
et al. (2000); 9- Pavereto, Rosi (1995); 10- Case Gabbriello, Rosi (1995); Chiari (com. pers., 2004).
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In Tuscany (Figs. 2, 7) at Sasso di Castro (Fig. 2 n. 12),25, and Fig. 4) shows three main lithofacies (Bortolotti et
Terriccio (Fig. 2 n. 20) and Sovana Elmo (Fig. 2 n. 27), theal., 1994; 2001a):
base of the formation is comprised between the middlei- At the base 2-3 m of siliceous, sometimes cherty, lime-
Callovian-early Oxfordian and the middle-late Oxfordian  stones are followed by reddish siliceous-marly siltstones,
(UAZ. 8-9, Chiari 1994b; Nozzoli, 1986; Marcucci and shales and rare siliceous cherty limestones. This facies
Marri, 1990; Chiari et al., 2000). A Tithonian age has been ends with grey limestones. The age is Tithonian-Berri-
found at the top of the Mt. Alpe Cherts at Figline di Prato  asian, the thickness is about 20-25 m.
(Fig. 2 n. 11), (Chiari, 1994a), and a Tithonian-early Berri- ii- The central section (Rivercina Member) is made up of
asian one in the Elba Island (Bortolotti et al., 1994). medium to dark grey non stratified marly limestones.

After the cherts deposition, the pelagites change radically The thickness ranges from 10 to 30 m. The age is early
in composition, from siliceous to carbonatic (Calpionella  Berriasian.
Limestones). This change chronologically corresponds toiii- The upper section begins with 5-13 m of reddish silt-
the Jurassic/Cretaceous boundary and is widespread in both stones and shales with rare siliceous limestones. 9-25 m
the oceanic realm (Mt. Alpe Cherts to Calpionella Lime-  of non stratified marly-silty shales, with two calcareous
stones) and the Tuscan-Umbrian continental margin succes- beds follow. Upwards, the micritic limestone beds (pink-
sions (Tuscan Cherts to Maiolica). Nevertheless, this com- ish at the top of the section) prevail on siliceous and
positional change is not as abrupt elsewhere in the oceanic marly siltstones. At the top a marly-silty shales level
realm, as in Liguria. Transitional shaly-marly-silty forma- crops out. The thickness ranges from 50 to 70 m.
tions interpose between Mt. Alpe Cherts and Calpionella The total thickness of the formation ranges from 90 to
Limestones in some “complete sequences” of Elba Island130 m.
(Nisportino Fm., Bortolotti et. al., 1994; 2001a) and of Tus-  The Nisportino Fm. is not limited to the Elba Island: it is
cany (Murlo Fm., Signorini, 1963; Bonechi, 1980; Brunacci present, often with a very reduced thickness, in some out-
et al., 1982). Thin levels (up to few metres) of transitional crops of Southern Tuscany (e.g. Mt. Vitalba, Leghorn;
facies are present in other Tuscan outcrops (Gambassi, Cigsambassi, Florence; Ciscato, 1992).The formation is het-
cato, 1992, Bianco, 1996; Monti Rognosi, Conti and Mar- eropic with the lower portion of the Calpionella Limestones.
cucci, 1986, Sarri, 1990, Chiari et al., 2000). In the Bracco- In the Vara Supergroup of Southern Tuscany (at Murlo,
Levanto area the Mt. Alpe Cherts are stratigraphically Fig. 2 n. 19; etc.) also thurlo Formation (Signorini,
topped by the Palombini Shales, with a probable hiatus. 1963; Brunacci and Manganelli, 1980), very similar to the

Nisportino Fm. crops out. It consists of cherty limestones at

Nisportino and Murlo Formations the base, followed by marlstones with scattered levels of

The Nisportino Formation of the Elba Island (Figs 2 n.  siliceous/marly siltstones and, upwards, of marly limestones
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Fig. 7 - Radiolarian age determinations in the Northern Apennines (with schematic stratigraphic sections): Tuscany (UAZones from Baumgartner et al., 199"
time scale after Channel et al., 1995 and Palfy et al., 2000), The location of the studied sections is reported in Figs. 2 and 5.

11- Figline di Prato, Chiari (1994a); Chiari et al. (2000); 12- Sasso di Castro, Chiari (1994b); Chiari et al. (2000); 13- Impruneta, Chiari and Marcucci (1995);
14- 1l Conventino, Conti and Marcucci (1986); Chiari et al. (2000); 15- Il Rio, Conti and Marcucci (1992); Chiari et al. (2000); 16- Gambassi, Ciscato (1992);
Chiari et al. (1995); 17- Mandriolo (Larderello), Bianco (1996); 18- Romito, Marcucci and Marri (1990); Chiari et al. (2000); 19- Murlo, Conti and Marcucci
(1986); Chiari et al. (2000); 20- Terriccio and Aiola, Nozzoli (1986); Chiari et al. (2000); 21- Le Debbiare, Chiari et al. (1997); Chiari et al. (2000); 22- Monte
Vitalba, Picchi (1985); Chiari et al. (2000); 23- Quercianella, Nozzoli (1986); Chiari et al. (2000); 24- Castel Sonnino, Chiari et al. (1997); Chiari et al.
(2000); 25- Monte Volterraio, Baumgartner (1984); Chiari et al. (2000); 26- Capannelle, Marcucci and Marri (1990); Chiari et al. (2000); 27- Sovana-Elmo,
Marcucci and Marri (1990); Chiari et al. (2000).
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(Balzani Limestones, considered a local haeteropy of thecareous shales, marlstones, siltstones and sandstones can al-
Calpionella Limestones). This formation has the same stratiternate in different percentages with the main lithologies. In
graphic position as the Nisportino Fm., between Mt. Alpe the Ligurian successions siltstones and sandstones are com-
Cherts and Palombini Shales, and the same Berriasian agaon near the top, close to the “Scisti Zonati”.
(Fig. 7) (Bonechi 1980; Brunacci et al.,1982; Conti and In Liguria, in the Bracco-Levanto zone and in the re-
Marcucci, 1986; Bortolotti et al., 1994; Chiari et al., 2000). duced successions of Tuscany, the Palombini Shales directly
The thickness ranges from a few to more than one hundredie on the Mt. Alpe Cherts or on the ophiolitic basement.
metres. The formation is heteropic with the Calpionella In Liguria, the shales are composed of 70-80% clay min-
Limestones. erals (illite, and subordinate kaolinite, chlorite and
These southern Vara Unit successions differ from thechlorite/vermiculite, Pacciotti, 2000). Similar compositions
typical ones of the eastern Liguria (Bargonasco-Val Graveg-were found in other Apenninic areas.
lia, Bracco-Levanto, Rocchetta di Vara areas), where the In the Southern Tuscany, some quartzarenitic levels with
Calpionella Limestones overlie almost directly the Mt. Alpe carbonatic cement are often intercalated in the Lower Creta-
Cherts. Nevertheless, also here few metres of transitiorceous portion of the Palombini Shales (Lazzarotto, 1967;
(cherty limestones and red shales and siltstones) are presenitlberti, 1999).
The age of the Palombini Shales has been attributed to
Calpionella Limestones the Tithonian-Neocomian boundary on the base of a tintin-
The Calpionella Limestones are almost ubiquitous in thenid association studied by Ghelardoni et al. (1965). Co-
complete sequences of the Bargonasco-Val Graveglia zonéianchi and Villa (1992) and Cobianchi et al. (1994) attrib-
(Figs. 2, 3, 23). In the Bracco-Levanto and Rocchetta diuted the base of this formation to the Hauterivian-Barremi-
Vara zones (Figs. 2, 3) the Palombini Shales directly lie onan and, in the reduced sections, to the middle-late Barremi-
top of the ophiolites or cherts, both in complete (Levanto, an, on the base of nannoplancton biostratigraphy. The
Rocchetta di Vara) and reduced (Bracco Massif) sequencesiounger age, in the Vara succession of Statale (Val Graveg-
In Tuscany and Elba Island (Figs. 2, 4), the Calpionellalia) is early-late Aptian (Zone NC7). Perilli and Nannini
Limestones are always present on top of the Mt. Alpe (1997) found an early/late Valanginian age for the base of
Cherts or of the Nisportino Fm., except in an incomplete this formation in the Rocchetta di Vara outcrops. At the top
succession of the Elba Island (Acquavia Subunit) and in theof the formation in the Lavagna-Gottero succession Mar-
Murlo area, roni and Perilli (1990) found a nannofossil association of
The Calpionella Limestones consist of a succession oflate Santonian age.
micritic calcareous beds (often amalgamated, specially at Considering that the late Campanian is present in the
the base), or separated by very thin shaly intercalations. Abasal portion of the overlying Scisti Zonati, we can infer
metre thick marly level occur near the base throughout thethat the Palombini Shales should also reach the Campanian.
Val Graveglia Zone. Rare decimetric up to metric shalesHence, the age of this formation could be comprised be-
levels are present, mostly in the middle-upper portion. Thetween the late Hauterivian and the late Santonian or even
internal sedimentary structures testify a turbiditic origin the Campanian.
(Andri and Fanucci, 1975; Cobianchi et al., 1994). In the Case Luxardo succession, near Levanto, and in the
The age of the formation is Tithonian-early Valanginian reduced successions (Cobianchi et al., 1994) an important
according to Decandia and Elter (1972), Berrasian-earlychronological hiatus (from Tithonian to Barremian) is pre-
Valanginian according to Andri and Fanucci (1973). Accord- sent. Also on the Bracco Massif (Mola Pass, between Velva
ing to the recent studies (Cobianchi and Villa, 1992), the ageand Carro), the Palombini Shales seem to be interbedded
ranges from late Tithonian-early Berrasian to early Valangin-with, and directly sedimented on the gabbroic breccias. Here
ian-late Hauterivian. The presence of late Tithonian is docu-they include, near the base, small olistoliths of ophicalcites.
mented by the Calpionellid Zone A and corresponds to thelt is likely that, in spite of the lack of chronological data,
transitional facies E of the Mt Alpe Cherts by Aiello (1997). where the Palombini Shales were directly deposited on
Where the Calpionella Limestones lie on the Nisportino cherts, basalts or ophiolitic breccias, a sedimentary-chrono-
Fm., their base is not older than the early Valanginian (Bor-logical hiatus occurs. The possible significance of these hia-
tolotti et al., 1994). The thickness of the Calpionella Lime- tuses is discussed below.
stones ranges from zero, to about 150 m in the complete It is difficult to calculate the thickness of the Palombini

successions. Shales because they are always strongly deformed. Moreover,
often the ophiolitic succession of the Vara Unit is bounded by
Palombini Shales tectonic surfaces within the Palombini Shales. Their visible

The very long lived (Hauterivian to Santonian: 83-132 thickness is in the order of some hundred metres.
Ma) Palombini Shales formation was widespread through- Upwards, in Liguria, the Palombini Shales grade into the
out the Liguride Domain (Figs. 3, 4, 23, 24) (Zanzucchi, Scisti Zonati of the Lavagna Valley Group (Bortolotti et al
1963; Abbate et al., 1970; Decandia and Elter, 1972; Abbate2005, in press, and bibl. therein).
et al., 1980; 1984; Weissert and Bernoulli, 1985; Cortesog-
no et al., 1987; Marroni and Perilli, 1990; Marroni and Mec- Scisti Zonati
cheri, 1993; Cobianchi et al., 1994). They consist of siltstones, shales, marlstones and fine-
The formation consists of an alternance of shales andgrained silicoclastic sandstones alternating in variable pro-
subordinate micritic limestone beds. The limestones, oftenportions. The marlstone turbiditic beds have sometimes a
silicified along the bed surfaces (typical anvil-shaped ero-calcarenitic base. The thickness is not less than 250 m. They
sion), are more abundant near the base and become vegrade to the Mt. Gottero Sandstones through an increase of
rare and thin towards the top. At the base, the limestones athe sandstone beds.
the Calpionella Limestones, rapidly reduce to 50/50 lime- The nannofossils give a late Campanian age (Marroni
stone/shale ratio; upwards the shales become prevalent. Cadnd Perilli, 1990; Bortolotti et al., 2005, in press).
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Mt. Gottero Sandstones the Sillano Fm., and in the overlying Middle Eocene

The Mt. Gottero Sandstones consist of arenaceous-pelitic Helminthoid Flysch (Mt. Morello Fm., Bortolotti, 1962).
turbidites, including prevalent quartz-feldspatic sandstones, Also in the Western Liguria olistoliths of basaltic rocks
argillites and siltstones. The beds are some decimetres to (likely comparable with the External Ligurides ones) oc-
more than one metre thick, and often amalgamated. The cur, in the Cretaceous and Eocene basal complexes of the
thickness of the sandstone beds decreases at the top. Near Moglio - Testico, Borghetto di Arroscio and Colla
the base, polychrome argillite levels (Mt.Vallai Shales; = Domenica - Leverone units. (Cortesogno et al., 1988).
Marini, 1992) are present. The thickness of this formation is Two most remarkable characteristics differentiate the
not less than 600-800 m. ophiolitic blocks found in the External Ligurides of the

Its age is comprised between late Campanian and PaleEmilian-Ligurian Apennines from the ophiolites of the In-
ocene on the base of foraminifers and nannoplancton assocternal Ligurides: the geochemistry of the basalts (T-MORB
ations (Passerini and Pirini, 1964; Monechi and Treves,versus N-MORB) and the scant association with continental
1984; Marroni and Perilli, 1990). crust rocks.

According to Bortolotti and Principi (2003) and Bortolot- The Palombini Shales constitute the base of most Lig-
ti et al. (2005, in press), in the Bargonasco-Val Gravegliauride thrust sheets, and represent the stratigraphic link be-
area the Mt. Gottero Sandstones grade upwards to the Giatween all Upper Cretaceous-Lower Tertiary Internal and Ex-
ette Shales, without any evidence of the paraconformity deternal Liguride successions, and the Middle-Upper Jurassic-

scribed by Pertusati (1968), to the north. Lower Cretaceous ophiolitic succession. During the early
orogenic phases (Paleocene-Eocene), due to the rheology of
Giaiette and Tavarone Fm. highly pelitic deposits, the Palombini Shales played the role

The Giaiette Shalesconsist of stratified brown shales of decollement level between the ophiolites and the overly-

with rare fine quartz-rich sandstones. Yellowish marlstonesing pelagic-turbiditic succession.

(Salino Marls, Marini, 1992) locally crop out in the upper-

most portion. The shales have the same composition as thkigurian-Emilian Apennines

Palombini Shales (Pacciotti, 2000). Upwards, the formation The External Ligurides of the Ligurian - Emilian Apen-
includes olistoliths of Palombini Shales and polygenic brec-ninesare organised in two groups of tectonic units.

cias. The age is Paleocene, on the base of foraminifers and The first group includes the Casanova, Cassio, and Caio
nannofossil associations (Passerini and Pirini, 1964; Mon-Units (Late Cretaceous to Early Paleocene) and encloses
echi and Treves, 1984) ophiolite debris and slide masses.

The Tavarone Formation (Decandia and Elter, 1972; The second group comprises the Dosso, Sporno, and
Marroni and Meccheri, 1993; Bortolotti et al., 2005, in press) Luretta Units (Late Cretaceous-Middle Eocene), and do not
is very similar to the Giaiette Shales in lithology and age, andcontain any ophiolite debris. The second group units under-
for the presence of olistoliths and olistostromes. The olis-thrust those of the first group from east to west during the
toliths are more abundant, come from the underlying forma-Ligurian orogenic phase.
tions, and consist of ophiolites (serpentinites, gabbros, Mt. In particular, the successions of the first group consist of
Capra Breccia, basalts), Palombini Shales, and Mt. Gotterdsantonian-Campanian mono- and polymict, coarse-grained
Sandstones. There are also olistoliths of a Helminthoid Flyschsandstones, and mudstones (e.g., Casanova Complex) and
in which nannofossil associations give a Cenomanian age&Campanian-Lower Paleocene Helminthoid carbonatic tur-

(Zones CC9 - CC10, Bortolotti et al 2005, in press). bidites (e.g., Caio Unit). The older, and paleogeographically
Some foraminifers found in calcareous beds suggest anore internal formations, enclose sedimentary mélange lev-
probable Paleocene age. els and isolated, huge, slide blocks (“olistoliths”) of mantle

It is noteworthy that ophiolitic olistoliths are found in the ultramafics, basalts, minor gabbro and pelagic sediments.
Internal Liguride Vara Unit succession, for the first time, in Gabbro-derived slide-blocks and quartz-feldspar granulites,
this Paleocenic formation. On the contrary, in the Externalgranitoids, rare micaschists and gneisses also occur, gener-
Liguride Units they are present from the Late Cretaceousally closely associated with the mantle peridotites (Marroni
(see later). et al. 1998, and bibl. therein). In the large slide-blocks, the
primary relationships between different lithologies, in par-
ticular between granitoids, basalts and radiolarian cherts, are
sometimes preserved (e.g., Pagani et al., 1972; Conti et al.,

The External Liguride Units crop out in the Ligurian- 1988).

Emilian Apennines, in the Tuscany hinterland and in the Southwards, the Helminthoid Flysch become prevalent

Tuscan-Marchean Apennines (Abbate et al., 1970; 1980put some olistoliths and olistostromes still sporadically oc-

Bortolotti et al., 2001b; Marroni et al.,1998; 2001). They cur (e.g. Casanova-Caio in Zignago, Treves, 1983; Treves

consist of thick units where the ophiolites occur as hugeand Andreani, 1984).

slide-blocks and clasts in the Cretaceous-Eocene succes-

sions. In particular: The oceanic basement rocks

a- in the more internal units, they are enclosed in the San- The mantle rocks are represented by slabs of spinel peri-
tonian-lower Campanian sedimentary mélanges (e.g.dotite with common pyroxenite bands considered of subcon-

Casanova Complex) and in the overlying Campanian-tinental origin (Beccaluva et al., 1984; Ottonello et al.,

Maastrichtian Helminthoid Flysch (e.g., Mt. Caio Fm., at 1984; Rampone et al., 1996; Piccardo 2003 and references

Montaione, Gardin et al., 1994, and ref. therein) (Abbatetherein), associated with slices of lower and upper continen-

et al., 1980; Principi and Treves, 1984; Marroni et al., tal crust. The peridotites were intruded by rare gabbro bod-

2001 and ref. therein) ies and basalt dikes (Marroni et al., 1998).

b- in the more external units, they are found in the Pale- Major and trace elements of whole-rocks and primary
ocene-Lower Eocene sedimentary mélanges included irclinopyroxenes evidence a fertile chemical signature (Ot-

The External Ligurides
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tonello et al., 1984; Rampone et al., 1996; Piccardo et al.et al., 1998). The igneous parageneses are often extensively

2002). affected by greenschist- to subgreenschist oceanic metamor-
Sm/Nd isochrons on plagioclase-clinopyroxene pairs phism, at least partly related to interaction with seawater-de-

(External Ligurides peridotite) gave ages of 164+20 Ma, in- rived fluids (Rampone et al., 1998).

terpreted as the time of the plagioclase facies re-equilibra- The basalts are stratigraphically overlain by Middle Juras-

tion (Rampone et al., 1995). sicradiolarian cherts in some blocks and, in general, also as-
sociated with blocks of Cretaceous pelagic sediments simi-
The upper and lower continental crust rocks lar to the Calpionella Limestones and Palombini Shales. Ra-

Pre-Jurassic continental mafic rocks (derived from diolarian assemblages indicating a middle Bathonian to late
tholeiitic gabbro protoliths), felsic granulites, granitoids Bathonian-early Callovian age (UAZ. 6-7) were found in a
with minor gneisses and micaschists, are closely associatedhert sample 6.50 m above pillow-lavas from Costa Scan-
with the mantle ultramafites either as slide-blocks or asdella(Casanova Complex, Emilian Apennines; Fig. 2, n. 4)
clasts in breccias. Primary relations between granulitic andConti et al., 1988; Chiari et al., 2000).
mantle lithologies are not observed, but are suggested by The stratigraphic relationships between the Mt. Alpe
their strict association in the breccias (Marroni and Cherts and the cataclastic continental granitoids described
Tribuzio, 1996; Montanini, 1997; Marroni et al., 1998), by Molli (1996) suggest that the cherts were deposited also

Slide-blocks of Hercynian (about 300 Ma, Eberhardt et on some slices of continental crust rocks.
al., 1962), granitoids (two-mica leucogranites, biotite-bear- The association of ultramafites, granulites, granitoids,
ing granodiorites and rare biotite-bearing tonalites to dior- Jurassic basalts and sedimentary rocks, in the Cretaceous
ites) are frequently associated with mafic and felsic gran-sedimentary mélanges and flysch of the External Ligurides,
ulites (Montanini and Tribuzio, 2001), and also with serpen- like in the Platta-Err Zone (e.g. Froitzheim and Eberli, 1990;
tinites and basalts. The granitoids show brittle deformationsFroitzheim and Manatschal, 1996; Manatschal and Niev-
(200°to 300°C, at a depth of 5-10 km; Molli, 1996; Marroni ergelt, 1997; Desmurs et al., 2001) and in the present-day
et al., 1998), and locally preserve primary stratigraphic con-Galician margin (Boillot et al., 1987; 1988; Whitmarsh et
tacts with radiolarian cherts and basalts (e.g. Pagani et alal., 2001) may testify an ocean-continent transition zone.
1972). These features allow recognising that the deforma-This zone was close to the Adria continental margin, which
tions predate the basalt effusion, and that they were exeoriginated from passive lithosphere stretching.
posed, probably on the Tethyan floor. The age of the radio-
larian cherts constrains the deformations to be older than th&uscany and Tuscan Apennines
Middle-Late Jurassic. The External Ligurides sequences of Tuscany are tectoni-

These continental rocks - peridotite associations are in-cally organised into two groups: an Upper Cretaceous-Pale-
terpreted as remnants of a “Galician like” transition from ocene group (Monteverdi M.mo Fm., Principi and Treves,
continental and oceanic domains realised at the beginning 01984) and a Paleocene-Middle Eocene group (St. Fiora-Mt.

the Western Tethys opening (Marroni et al., 1998). Morello Fms.), which underthrust the former from east to
west. Both groups contain ophiolitic debris in the

The oceanic cover rocks Helminthoid flysch and in the basal complexes. In the first
The ultramafic rocks, as well as the granitoids were in- group slide-blocks are present only in the western outcrops.
truded by basaltic dikes with MOR affinity (see also Molli, The emplacement age of the ophiolitic gravity flows is

1996), and are directly covered by massive and pillowedCampanian-Maastrichtian in the Helminthoid Flysch of the
MOR basalts. Lava flows and dikes are slightly less LREE-Monteverdi Marittimo Unit (Marino, 1988; Marino and
depleted than those of the Internal Ligurides and show interMonechi, 1994), and Early-Middle Eocene in the Morello
mediate geochemical features between normal- and transitnit (Bortolotti, 1962; Fig. 8).

tional MOR-basalts (Venturelli et al., 1981; Ottonello et al.,  These ophiolitic debris were deposited as gravity flows
1984; Vannucci et al., 1993; Marroni et al., 1998; Ramponeand huge slide-blocks. In the whole area, continental rocks
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are completely absent. Some blocks contain partially pre-al Nisportino-Murlo formation is well exposed (40-50 m at
served ophiolite successions comprising fragments of theSt. Martino-Gambassi) and dated to the Berrasian-Valangin-
basement (serpentinites, often ophicalcitised: Monti Rog-ian (Ciscato, 1992).

nosi, Fig. 2, n. 14, 15; Impruneta, Fig. 2, n. 13, and rare gab- Calpionella Limestones are usually widespread. Their
bros) and of the covers: basalts, Mt. Alpe Cherts, Nisportinoage is generally attributed to the Berrasian - Valanginian.
Fm., Calpionella Limestones, Palombini Shales. They areAlso this formation has variable thickness. In many cases
completely corresponding to the Vara succession covers dethe succession is interrupted at this formation. In other ones
scribed in previous chapters. it is truncated at the Palombini Shales level.

The cover successions are either complete (Figline di  Stratigraphically associated to the Palombini Shales at
Prato, Fig. 2, n. 11; Sasso di Castro-Monte Beni, Fig. 2, nthe base of the External Ligurides Flysch (St. Fiora?), in
12; Gambassi, Fig. 2, n. 16) or lacking some formationssome localities of the Southern Tuscany (Castiglioncello del
(Impruneta, Fig. 2, n. 13; Monti Rognosi, Fig. 2, n. 14, 15), Trinoro, Manciano, Murci, Bagnolo-Fiora Valley), alkaline
and generally very variable in thickness. olivine-basalts crop out (Passerini, 1964; De Benedetti,

Ophiolitic breccias (ophicalcites or serpentinitic sedi- 1972; Gianelli and Passerini, 1974; Faraone et al, 1979;
mentary breccias, at Pieve Santo Stefano; Fig. 8) and basalarcucci and Passerini, 1980; 1982; Faraone and Stoppa,
blocks lie sometimes near the base of the Morello Unit suc-1990; Brogi et al., 2001). Their radiometric age is referable
cession, but often the basal contact is not well preserved. to the base of the Late Cretaceous (K/Ar 110+5.5 Ma, Gi-

Many successions include a chert level (Mt. Alpe Cherts)anelli and Passerini, 1974). They are interpreted as due to a
whose thickness varies from a few tens of metres (Montiwithin-plate magmatism.

Rognosi, Sasso di Castro, Figline di Prato) up to 50-60 me-
tres (St. Martino-Gambassi).

The age of the base of the Mt. Alpe Cherts (Fig. 7) THE CORSICA ISLAND
ranges from middle Callovian-early Oxfordian to middle-
late Oxfordian (UAZ. 8-9) at Sasso di Castro (Chiari 1994b; The so-called ‘Alpine Corsica’ includes several oro-
Chiari et al., 2000), middle-late Oxfordian to late Oxfor- genic units overlying the Hercynian-Permian European
dian-early Kimmeridgian (UAZ. 9-10) at Conventino (Conti basement (Fig. 9). These units mostly consist of Piedmont-
and Marcucci, 1986; Chiari et al., 2000) and Gambassi-SarLiguride successions (Schistes Lustrés-Balagne Units) and
Martino (Ciscato, 1992; Chiari et al., 1995) to late Oxfor- subordinately of continental margin successions (Corte
dian-early Kimmeridgian (UAZ. 10) at Figline di Prato Slices).

(Chiari 1994a; Chiari et al., 2000). The top of this formation  The ophiolitic successions are included in both the Upper
provided a Tithonian age at Figline di Prato (Chiari 1994a (Inzecca) and Lower (Bastiese Castagniccia-Cape Corse)

In some reduced succession (Monti Rognosi, Impruneta)Schistes Lustrés Units. They have been affected by HP-LT
the cherts directly lie on the basement (mainly serpen-metamorphism, but in some minor areas non- or very slight-
tinites). ly metamorphosed successions crop out (Balagne-Nebbio,

In the Gambassi area, on top of the cherts, the transitionPineto, Rio Magno areas).

Cape Corse

Miocene-Quaternary sediments

“UNMETAMORPHIC” OPHIOLITE UNITS

—— Balagne, Nebbio and
Rio Magno Units

METAMORPHIC OPHIOLITES

Faeea] Upper Schistes Lustrés Units
| « % Lower Schistes Lustrés Units

i1 Schistes Lustrés meta-ophiolites
- (Undifferentiated)

Gneissic Units

.Cas.ta nigcia
j)fc EXTERNAL DOMAINS AND
% ) HERCYNIAN CORSICA
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7/ !
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Bastiese - Castagniccia - Cape Corse cover, including pelagic and deep-sea turbidite deposits.

These successions pertain to the Lower Schistes Lustrés | € ophiolite sequence begins with a 500 m thick ocean-
Unit (Durand Delga, 1984) and have been strongly de-'C basement made up of serpentinised lherzolites, intruded

formed. They also suffered eclogitic or blueschist metamor-PY & gabbroic complex. This basement is covered by pillow
phism retrograded to greenschist facies. Often, (e.g., Ac-Pasalts and pillows breccias (e.g., Gruppo di Lavoro sulle
cendipipa eclogites, Golo Valley., Rossi et al., 2002) Serpen_OfIOhtl Medl_terranee, 1977). Sl_lls of massive basalt also oc-
tinite-basalt-chert successions can still be recognised (Caroft- According to the Venturelli et al. (1979), Durand-Delga

and Delcey, 1979; Durand Delga 1984; Lahondére and La£t &l- (1997) and Saccani et al. (2000), the basalts have a T-
hondére, 1988; Rossi et al., 2002, with ref. therein). TheMORB affinity, interpreted as indicative of basalts extruded

uring initial stages of oceanic spreading. In the Pineto and

basement is generally constituted by serpentinites and minoy.: . 4 Liourid hi
metagabbro. The covers consist of metabasalts which show §'© Magno zone, instead, Liguride-type, non metamorphic
asalts show N-MOR characteristics (Saccani et al., 2000;

eochemical N-MOR signature (Saccani, 2003, and ref. . ;
g g ( Saccani, 2003, and ref. therein).

therein), quartzites and, in places, marbles and metapelite s of terri debri q ¢ d mi
(Schistes Lustrés). Thickness and ages are undefined. Levels of terrigenous debris, made up of quartz and minor
feldspar sandstones are found within the volcanic sequence

. (Durand-Delga et al., 1997; Rossi and Durand-Delga, 2001))
Balagne-Nebbio The ophiolites are overlain by radiolarian cherts.

A synthethic stratigraphic log of the Balagne-Nebbio = Near Bocca di U Sorbello, along the railroad (Figs. 5 and
“Liguride” succession can be reconstructed by adding thelO, n. 28, 29), radiolarian assemblages gave a late Bathon-
segments recognised in the different units and subunitgan-early Callovian age (UAZ. 7; Conti et al., 1985; Chiari
(Nardi et al., 1978; Dallan and Puccinelli, 1995). et al., 2000) and a latest Bajocian-early Bathonian to late

The stratigraphic log can be roughly subdivided into a Bathonian-early Callovian age (UAZ 5-7; De Wever et al.,
Jurassic ophiolite sequence and its deep-sea sedimenta©87b; De Wever and Danelian, 1995). At San Colombano
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(Figs. 5 and 10, n. 30, 31) a late Bathonian-early Callovianmain units: the Quinzena, the Pointe the Corbara, the Inzec-
age (UAZ. 7) was found in another outcrop (De Wever andca and the Punta Razzete Units. The successions, despite the
Danelian, 1995). metamorphic signature and deformations, preserve the pri-
Hence, the age of the underlying basalts is not youngemary stratigraphic and lithologic characteristics.
than Bathonian-Callovian. . : .
The cherts pass upwards to the Calpionella Limestones The_ Quinzena Unit (QU)only consists Of brown-black
o g o quartzitic schists and black, recrystallised limestones of the
(?Tithonian-Berriasian) through a few metres of alternance.Erba.oIO Fm. (Amaudric du Chaffaut et al., 1972)
Like in the Northern Apennines, the Calpionella Limestones J ' " )
consist of turbiditic calcilutites and marls. Coarse-grained The Pointe the Corbara Unit (PCU) consists of re-
continental debris beds occur within the Calpionella Lime- duced sequences (Fig. 11), where the basement, mainly ser-
stones in the San Colombano area. The formation grades uggentinitic and subordinately metagabbroic, is directly cov-
wards to the San Martino Fm. (Durand-Delga, 1977), con-ered by ophicalcites, ophiolitic breccias and sandstones (few
sisting of up to 100 m of marlstones, shales and silicified cal-to several tens of metres thick) and few metres of cherts,
cilutites of early Berriasian-early Barremian age (Marroni et followed by the Erbajolo Fm.
al., 2000). This formation can be correlated with the Palom- Peridotites and gabbros show both igneous and ocean
bini Shales of the Liguride Units of the Northern Apennines floor tectonic contacts before the breccias deposition. The
(Marroni et al., 2000). The age and some lithologies, howev-gabbros mainly consist of Fe-Ti-oxide gabbros locally af-
er, are comparable to the “transitional” levels described infected by strong oceanic ductile deformations (flasering).
the Northern Apennines (Nisportino and Murlo Fms.). The flaser fabric is cut by basalt dikes. The gabbroic base-
The San Martino Fm. grades upwards to the Lydienne Fly-ment (to the west, Pointe d’Ecilasca) is directly covered by
sch (early Barremian, Marroni et al., 2000; early Turonian, ophiolitic sandstones and cherts; the serpentinitic basement
Marino et al., 1995), consisting of thin bedded, mixed tur- (to the east, Pointe de Corbara) is ophicalcitised at the top;
bidites. According to Nardi et al. (1978), the Lydienne Fly- upwards, sedimentary ophicalcites and cherts alternate. The
sch, up to 300 m thick, is laterally and vertically heteropic breccias locally become very thick, roughly sorted, and con-
with the Toccone Breccia and Novella Sandstones, as can bmin clasts and blocks of gabbro, peridotite, plagiogranite,
observed in the Toccone and Novella subunits. The 200 nfe-Ti-oxide gabbros, dismembered basalt dikes and ophical-
thick Novella Sandstones (late Cenomanian-Turonian) arecites. The matrix is impregnated by haematite. These brec-
characterised by thick amalgamated beds of coarse-grainedias form a lenticular level, from zero to about 200 m in
arenites and rudites. The Toccone Breccia, less than 200 rthickness.
thick, is characterised by thick beds of ruditic debris of the  The overlying chert level is a few metres thick. The Er-
same composition of the Novella Sandstones and Lydienndajolo Fm. covers all.
Flysch. According to Sagri et al. (1982), these formations rep-
resent a portion of a complex turbidite system fed during the
Cretaceous by the Europe/Corsican continental margin. Western Eastern
The most impressive feature of the Balagne Nappe suc Succession Succession
cession is the presence of terrigenous debris throughout th
whole sequence, from the Jurassic basalts (Durand-Delga ¢
al., 1997; Rossi and Durand-Delga, 2001) up to the Novella g
Sandstones (Sagri et al., 1982). The terrigenous debris hav =
a mixed siliciclastic-carbonatic composition. The carbonatic
debris consist mainly of Triassic to Jurassic extrabasinal
rock fragments, whereas the siliciclastic ones are granitoids
low grade metamorphic rocks and acidic volcanic rocks.
This mixed composition suggests a continental margin |
source, with its Mesozoic carbonate platforms. According to &
Durand-Delga et al. (1997) the source area can be identifie( |
in the western Corsica Hercynian basement and its Permia
to Jurassic carbonate cover. '
Nardi et al. (1978) consider the Balagne Nappe sequenc: |
topped by a coarse-grained siliciclastic deposit (Alturaia -
Arkose) of unknown origin. Recently, a palynological assem-
blage of early-middle Aptian age has been found in it by Mar-
roni et al. (pers. comm.). According to these authors, the Al-
turaia Arkose can be regarded as a clastic deposit supplied k
the Hercinyan rocks of Corsica. The early-middle Aptian age
seems to indicate probable stratigraphic relationships betwee
the Alturaia Arkose and the coeval Lydienne Flysch.

Erbajolo Fm. - Basaltic dikes
Cherts - Flaser gabbros

T

Ophiolitic sandstones + 4 A Gabbroic Complex

Inzecca

The Inzecca Ophiolite Units crop out mainly in the medi- Colele!
an valley of the Fiumorbu and Tagnone Rivers, in the south- F&=— ; ; 55 _
: - : = Pol b E "ﬁ
ern part of Alpine Corsica. e g Serpentinites

A new geological survey made by Padoa (1999) dividesrig 11 - columnar sections of the reduced successions of the Pointe de
the metaophiolites and metasediments of this area into fou corbara Unit (Inzecca zone, Corsica; after Padoa, 1999).
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The metamorphism reached blueschist facies conditions  Northern Southern
(crossite/glaucophane + lawsonite + aegirine; Padoa 1997 Succession Succession
1999).

The Inzecca Unit (IU) has the more complete succes-
sions (Fig. 12). The basement consists of schistose serpent
nite cut by rodingitised gabbroic dikes. At the beginning of =TT
the Inzecca Gorge (U Pinzalone), the top of the serpentinite |
is ophicalcitised and a thin sedimentary level marks the con-
tact with the overlying basalts. Southwards (Lugo di Nazza) |
the ophicalcitic level is overlain and partially replaced by |
ophiolitic sandstones interlayered with red pelites. S

Upwards, the ophicalcites and the ophiolitic sandstones =
and pelites are overlain by N-MOR metabasalts (Beccaluve
etal., 1977; Venturelli et al., 1981; Saccani, 2003) similar to =
the Upper Schistes Lustrés (Saccani, 2003) and the Interne §
Ligurides basalts. They consist of metamorphosed pillow F
and massive basalts, pillow-breccias, ophiolitic sandstones
and red pelites, which alternate irregularly. The hyalo-
clastitic matrix is totally chloritised. The massive
metabasalts (dolerites) are generally aphanitic, and consti |<¢ < -
tute metric up to decametric levels intercalated within the [Z <
pillow flows. Ophiolitic metasandstones and metapelagites
occur both at the base and at the top of these levels. The pi
low breccias have a chloritised glassy matrix.

On top of the basalts, well-stratified cherts (from few
metres to ten metres), crop out. They consist of an irregula
alternance of meta-radiolarites and slaty metapelites. They
are often totally recrystallised. The primary characteristics
are still preserved in some outcrops (St. Polo Lake, Agheri).

In the chert succession three facies can be recognised:
a- at the base, a few metres of meta-radiolarites and/or cher E== Erbajolo Formation

ty-shales, with subordinate meta-argillites;

b- a few metres of a regular alternance of meta-radiolarites Cherts .| Opniolitic sandstones
and meta-argillites; ' _ : o
c- at the top, an alternance of meta-siltites and meta- 1] Pillow breccias =~ Rodingitic dikes

argillites, with silicic limestones in the upper portion.

The formation is attributed to the Middle-Late Jurassic.

At the top of the cherts the Erbajolo Formation (the
Schistes Lustrés sensu stricto) consists of an irregular alter- SN
nance of black quartzitic schists and recrystallised, boudi-Fig. 12 - Columnar sections of the ophiolitic successions of the Inzecca
nated calcarenites. Unit (Inzecca zone, Corsica; after Padoa, 1999).

Caron et al., (1979) attribute an Early Cretaceous age tc
the Erbajolo formation.

The metamorphic assemblage (Mg-riebeckite + chlorite)
indicates very low grade HP-LT conditions. The main schis-
tosity is parallel to the axial planes of east-vergent kilomet-
ric structures (Padoa, 1999).

Massive dolerites  542% Ophicalcites

Eal

Basalts S Serpentinites

dikes) followed by low-grade metamorphism (including ser-
pentinisation of the peridotites and rodingitisation of the
gabbro dikes) preceded a final event of ophicalcitisation.
This latter event occured when the denudated serpentinitic-
gabbroic oceanic basement was exposed at the ocean bottom
The Punta Razzete Unit (PRU)consists only of gab- on which ophiolitic debris (breccias and ophiolitic sand-
bros and subordinate Fe-Ti-oxide gabbros, cut by basalticstones) and pelagites (cherts) were deposited. A third mag-
dikes, which may be frequent locally. They are affected by matic event produced the basalt flows, and was followed by
HP-LT metamorphism (glaucophane/Fe-glaucophane/a new oceanic metamorphic cycle (albite + epidote +

crossite; Padoa, 1999). sericite + chlorite + actinolite + calcite) which also affected
This unit crops out in the southern area of the Inzeccathe ophiolitic debris and the basalts.
zone, south of the Fiumorbu River. Upper Jurassic cherts and Cretaceous shaly-siltitic-car-

The ophiolites locally show well-preserved structures bonatic pelagites covered this oceanic crust.
and parageneses, both magmatic and related to the oceanic
metamorphism. The Jurassic (see 161+3 Ma ages from pla-
giogranites, Ohnestetter et al., 1981) evolution of this  SOME NOTES ON THE COVERS OF ALPINE,
oceanic crust is very similar to that of the Vara ophiolitic CALABRIAN AND BETIC CORDILLERA
Unit of the Northern Apennines. A first magmatic event OPHIOLITES
(gabbro lenses and dikes intruding the peridotites) was fol-
lowed by ductile deformation (flasering), associated to HT- CENTRAL ALPS
LP oceanic metamorphism (brown hornblende, pyroxene, In this area the ophiolitic units belong to the Platta,
Ca-rich plagioclase). A second magmatic event (basaltArosa-Totalp, Malenco zones (Figs. 13, 14), and to Tasna
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Nappe. The first group of ophiolitic units are sandwiched The basement
between the Middle Pennine (Brianconnais) units at the

base, and the Err-Margna Australpine nappes, at the to The basement is transitional between continental and

. ; . . € TOR ceanic environment. In fact, in the western portion (Platta
(Bernoulli et al., 2001, with bibl. therein). The ophiolitic Unit) the basement is peridotitic, with slices (up to 100 m

aﬂg r;[1htehécui?g?eﬂglensesgmﬁw?:;?r?r((j)n?rlhélF()jlgg r%itr?;r%?;hmk) of granitoids and gneisses considered as extensional
P ' P allochthons in a “Galician like” continent-ocean transition;

genesis in the Arosa zone to the epidote-amphibolite facies

; L in the eastern portion (Err) the basement is continental
in the Malenco area (Desmurs et al., 2001, with bibl. there- T ;
in). The Platta Arosa(—TotaIp Malenco alignment is consid- (Desmurs et al., 2001, with bibl therein). A detachment fault

ered as pertaining to the South Penninic domain. At the Con_mechamsm for the mantle exhumation is also documented

; ; by a Jurassic pre-cover tectonic, metamorphic and metaso-
trary, the Tasna Nappe is generally considered part of th ; o
north Penninic Domain (Valais trough) (see Trumpy 1972;9711at|c records (Manatschal and Muentener, 2003, with bibl.

1988; Schmid et al., 1990; Florineth and Froitzheim, 1994), "€eiN)-

but this paleogeographic attribution is poorly documented The Platta Nappe mantle rocks (mainly serpentinised
and, for us, still debatable. The possible belonging of thelherzolites) constitute two thrust sheets: the Upper and Low-
Tasna ophiolite succession to a “Valais Ocean” successioner Serpentinite Units (Desmurs et al., 2001).

and the scarce and poorly dated covers suggest us to not |n the lower one the peridotites are moderately deformed.
consider in this work these very interesting outcrops. A retrograde pre-Alpine metamorphism, from high-
(clinopyroxene-brown hornblende), to low-grade (tremolite-
serpentine) to very low-grade (calcite-talc) grade (Desmurs
et al., 2001) is still recognisable. In the serpentinised peri-
dotite small gabbro bodies (161+1 Ma, U/Pb from zircons in
gabbros and albitites, Shaltegger et al., 2002), intruded at
shallow depth, and basalt dikes occur.

In the upper serpentinitic unit, the peridotites show a
spinel foliation with parallel pyroxenite bands. Several my-
lonite (top-to-east) shear zones with high-degree neoblaste-
sis (Al-diopside, orthopyroxene, olivine, spinel), in turn af-
fected by a low-grade metamorphism (chlorite, serpentine,
magnetite), cut the previous foliation (Desmurs et al., 2001).

A greenschist-facies imprint, linked to a top-to-west
shear zone, affected the previous paragenesis. Basalt dikes
cut finally all these structures.

The amount of basalts increases from the upper to the
lower serpentinitic units.

Europg__ —

The covers

In the western portion (Platta) the basaltic-pelagitic cover
rests on a peridotitic basement. In the eastern one (Err) it
rests on a continental basement (Figs. 13, 14). The cover of
the Upper Serpentinitic Unit is composed of polymictic
breccias and a basalt flow (South of Bivio, Desmurs et al,
2002) followed by cherty and shaly-carbonatic pelagites
(post-rift).

The slices (up to 100 m thick) of granitoids and gneiss
overlying the serpentinites are covered by some metres of

SR L cataclasite and then by a thin level of shales (Desmurs et al.,
"Insubric Ling -——" 2001).

s 30km: - In the Lower Serpentinitic Unit the cover begins with ei-

ther ophicalcites or breccias, associated with a gabbroic
body. They are overlain by basalts or (Arosa Zone, Fruh-
Green et al., 1990) directly by cherts. The basalts are either
massive or in pillows, and up to150 metres thick (Man-
atschal et al., 2003). Their chemistry ranges from T-MORB

|1 ol Tertiary intrusive rocks
£ |

‘ Middle and North Pennine to N-MORB, related respectively to a depleted mantle
S source (asthenosphere) and to an enriched-mantle source
[3 - UpperAustro-Alpine and South Alpine (lithospheric subcontinental mantle) (Desmurs et al., 2002).
Desmurs et al. (2002) compared the T-MORB to those of
+ .+ | LowerAustro-Alpine the Gets Nappe (Western Alps, Bill et al., 2000), of the Ex-
' ' ternal Ligurides (Vannucci et al., 1993) and of the Balagne
- South Pennine Nappe (Corsica, Venturelli et al., 1981), and the N-MORB
to those of Mongenévre (Western Alps, Venturelli et al.,

Fig. 13 - Structural Units of the Central Alps (redrawn after Bernoulli et al, 1981), of the Internal Ligurides (Venturelli et al., 1981,
2001). Vannucci et al., 1993; Rampone et al., 1998), and of the



Monte del Forno
Arosa Zone

- Platta Nappe

193

a-A westernmost group (Combin, Queyras) pinched, in
the Combin zone, between the overlying Australpine Sys-
tem and the underlying Adria and European continental
margins (Dal Piaz, 1999). Southwards, this group is meta-

morphosed under the blueschists-greenschists facies.
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Turbiditic arenites == Siliceous shales

I Black shales

) Pelagic limestones [ Ophicalcites

[l cherts

Fig. 14 - Ophiolitic successions of the Arosa and Platta Nappes and Malencc
zone (Monte del Forno) (redrawn after Weissert and Bernoulli, 1985).

7555 Pillow basalts

Serpentinites

Inzecca Nappe (Venturelli et al., 1981). They conclude that
the compositional variation represents the gradual transitior
from a near-sub-continental inception of oceanisation (like
the Galicia Bank, Charpentier et al., 1998, with bibl. there-
in) to a more evolved slow spreading ridge (like the Central
Atlantic, Karson and Lawrence, 1997).

The cherts, considered as post-rift pelagites, overlie botfr
the basalts and the peridotitic and gabbroic basement. The

range in thickness from 0 to more than 20 metres (Fruh-

TORINO

Green et al., 1990).

The cherts (?Middle - Late Jurassic) are overlain by mi-
critic (Apticus) limestones (correlatable to the Calpionella
Limestones of the Northern Apennines). An alternance of
siliceous shales, calcarenites and dark micritic limestones
(like the Palombini Shales), follows. The top of the succes-
sion consists of Aptian-Cenomanian (Dietrich, 1970) marls
with interbedded turbiditic sandstones, lithologically similar
to the Val Lavagna Fm. of the Northern Apennines (Weis-
sert and Bernoulli, 1985). The Cherts, Apticus limestones,
and shales have several intercalations of breccias with ophi
olitic, felsic and pre-rifting sedimentary clasts that docu-
ment the vicinity of the passive margin during a long depo-
sitional history (Manatschal and Nievergelt, 1997).

WESTERN ALPS

The ophiolitic sequences of the Western Alps (Fig. 15) are
metamorphic and belong to the oceanic Piedmont (Schiste:

Lustrés) Nappe system. This system consists of some trans

Blueschist oceanic units

——

 —
=
L
Lk

[£5d]
/|

Metasedimentary rocks
Ophiolites

Ophiolites and associated
Metasediments of the eclogitic units

Dora Maira continental basement

Metasedimentary rocks of the
Briangonnais Zone

Ivrea Zone (Adria margin)

External zones

posed units among which two main groups can be distin-gig 15 - western Alps geological sketch map with ophiolites distribution

guished (Dal Piaz, 1965; Elter, 1971; Dal Piaz and Ernst
1978; Kienast, 1983; Lagabrielle, 1994, with bibl. therein):

y(redrawn after Lagabrielle, 1994). Section 1 (Saint Veran) and 2 (Traver-
siera), the location of dated radiolarite samples.
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b- An easternmost group (Viso, Rocciavre-Lanzo, Zer- meta-limestones directly overlie the ophiolitic basement,
matt-Saas) pinched between the overlying Australpine Syswithout the Radiolarite Fm.
tem and the underlying Pennine units in a backthrust sys- The Meta-limestone Fm. shows a gradual transition to
tem. The metamorphic evolution ranges from eclogite- the Replatte Fm., which consists of an alternance of thick
blueschist to greenschist facies. schist layers and thin meta-limestone beds.

Many authors documented the presence of metamorphic This sedimentary succession has been correlated, since
covers on top of the meta-ophiolites in the Western Alpslong time, with the Mt. Alpe Cherts (Bathonian-Tithonian),
(Dal Piaz et al., 1979; Lemoine, 1980; Lagabrielle et al.,
1984; Polino, 1984; Lagabrielle and Polino, 1985; 1989;
Martin and Tartarotti, 1989; Lagabrielle, 1994; Burroni et
al., 2003).

Despite the metamorphic overprint, the stratigraphic suc-
cession and the sedimentary features are usually recognis
able in all the covers (Dietrich, 1980; Lagabrielle et al.,
1984; Lagabrielle, 1994). Ophiolitic breccias (also metaoph-
icalcites), basalts (metabasites), cherts (quartzites), lime
stones (marbles), shales (schistes), and terrigeneou
metasediments occur.

Ophiolitic olistoliths occur in the Late Cretaceous-Early
Tertiary of the Penninic and Australpine flysch successions
(Dietrich, 1980).

We will describe only the successions on top of the Mon-
genévre-Chabriere, Queyras and Col de Gets ophiolites
which are the more representative of the dated ophiolitic
covers.

Montgenévre-Chabriére

The “Chabriére series” (Fig. 16a), belonging to the Lago
Nero Unit, is the best studied ophiolitic succession of the
Western Alps (Lemoine et al., 1970; Bertrand et al., 1982;
1984; Burroni et al., 2003).

The ophiolite consists of meta-serpentinites (from a lher-
zolitic protolith) cut by rodingitised gabbroic dikes
(Bertrand et al., 1982; 1984). At their top, a few metres of
meta-ophicalcites occur. The meta-ophicalcites include two
end-members: a meta-serpentinite cut by a net of carbonati
veins (type 1 ophicalcite of Barféty et al., 1995), and a
meta-breccia where serpentinitic clasts are embedded in
calcareous matrix (type 2 ophicalcite of Barféty et al
1995).

A polymict meta-breccia, consisting of clasts derived
from both continental and oceanic source areas, crops out ¢
the top of the meta-ophicalcites. The lithic fragments consist
of granitoids sometimes biotite-bearing (Polino and
Lemoine, 1984); subordinate basalts, were also found. Al
the top of the polymict meta-breccia, or of the meta-ophical-
cite, a very thin level of meta-basalts, still showing pillow-
lava and pillow-breccia textures is exposed.

The metabasalt and/or the meta-ophicalcite are topped b
the Radiolarite Fm. consisting of a few metres of meta-chert
alternating with very thin layers of schists. The Radiolarite
Fm. is assigned to the late Oxfordian - early Kimmeridgian E Black schists
by radiolarian assemblages (Schaaff et 985 and bibl.
therein). A well-exposed transition from the basalts to the :

Radiolarite Fm. can be observed at Mt. Cruzore (Polino, - CUARZIES - SRRl
1984): the reconstructed sequence includes pillow meta- B Marbles ;
basalt followed by a few metres of a meta-breccia, consist-

ing of pillow-lava fragments, and the Radiolarite Fm., arhi
which bears thin intercalations of ophiolitic debris at the Calecnists - Gabbros

base. -
The Radiolarite Fm. is topped by the Meta-limestone I]]]:[m]] Cherts Serpentinites

Fm., conS|st|n_g of fan altemance of thick Cherty meta-lime- Fig. 16 - a: Columnar section of the ophiolite succession in the Chabriére
stone beds with thin schist Igyers. In the lower part of the sequence. Modified after Lemoine (1970, in Lagabrielle, 1994). b: Colum-
Fm., meta-chert layers are quite common. In some areas, thnar section of the La Taillante sequence (after Lagabrielle, 1994).

Ofiolitic breccias
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Calpionella Limestones (Berriasian-Valanginian) and Col de Gets
Palombini Shales (Valanginian-Santonian), the typical sedi-

mentary cover of the Jurassic ophiolites of the Internal Lig- Northwards, in the Prealps, in the Gets Nappe, the north-

; : . : > ernmost ophiolite-bearing sequence of the Alpine orogen crop
Egﬂgi#engﬁdoﬁitg;tNl%rgtgfm Apennines (Polino, 1984; out. Here, in the wildflysch (= mélange) at the base of the
The Replatte Fm. is folléwed upsection by the Gondran | 2PP€, fragments of ophiolites (serpentinites, gabbros,
Flysch, which is made up of an alternance of calcschists anc;gasalts) and of their cover (radiolarites, pelaglq Ilmest_ones
meta-sandstones. The Gondran Flysch consists of thin-be _nd.shz.ales) are present, I.n a chert block as_somated W.'th the
ded turbidites with minor thick and coarse-grained terrige- ogm%lm;nr%%f’(s Ar;dlg laé'iﬁnef‘;feggéige(%gldl%d 2 n;;dti{e
nous meta-sandstones (arkoses with quartz, feldspars an?abbro sample gave a radiometric age (U-Pb) of 166+1 Ma

minor lithics). The rock fragments mainly derive from gran- o 40 ,
itoids and carbonatic rocks (sometimes oolitic-grainstones""nOl an amphibolite¥Ar/4%Ar) 1652.2 Ma (Bill et al., 2001).

coming from of a carbonate shelf); low-grade metamorphic  The gphiolite covers just described have been correlated
and acidic volca}nlc.roqk fragments are also rec;qgmsed. Th&yith the very low-grade metamorphic and non metamorphic
presence of veins inside the fragment, pore-filling cement;qyers of the Northern Apennines: Ophiolitic breccias, Mt.

and angular shape indicate their non-coeval and extrabasing{|pe Cherts, Calpionella Limestones and Palombini Shales
origin probably from a Triassic-Jurassic carbonatic plat- (see before).

form. Even if no fossil has been found, the Gondran Flysch
is generally referred to a Late Cretaceous age (Polino and
Lemoine, 1984; Barfety et al., 1995). LIGURIAN ALPS AND SESTRI-VOLTAGGIO ZONE
A sedimentary complex, hereafter referred to as Rocher
Renard complex, occurs associated with these formations. The Sestri-Voltaggio Zone is a narrow N-S trending

This complex has been partially mapped in “Black Shale ¢omplex polyphase positive tectonic flower structure, that
Fm.” (Barfety et al.,, 1995) and also described as “dissociatinc|ydes platform and ophiolitic units, presently verging
ed facies” of the Replatte Fm. by Lemoine and Tricart i westwards and eastwards. It separates the Internal Lig-
(1986). The glacial deposits prevent to determine its strati-iges to the southeast, from the high-pressure metamorphic
graphic relationships with the formations of the Lago Nero ajnine ophiolite units of Voltri Group (Ligurian Alps) to the
Unit. The Rocher Renard complex is mainly constituted of 4 thwest.

homogeneous dark schists, which locally include several | ine Sestri-Voltaggio Zone two main ophiolitic units

blocks derived from an ophiolitic sequence and a relatedyccyr: the Cravasco-Voltaggio Unit and the Mt. Figogna
sedimentary cover similar to that of the Lago Nero Unit. it

The ophiolitic blocks are mainly metabasalts, metaophical- |, the voltri Group, the volcano-sedimentary se-
cites and minor metaserpentinites, and metagabbros. Thﬁuences, found in Palmaro-Caffarella and Beigua-Ponze-
stratigraphic relationships between meta-ophicalcites andy, ynits are generally detached from the basement, and
meta-basalts are still preserved in a decametric block, in th‘?arely preserve the inner stratigraphy. However, in the Pal-
lower part of the outcrop. The blocks derived from the sedi- y,4r0-Caffarella Unit and, locally, in the Beigua-Ponzema

mentary cover are mainly meta-limestones, probably de-ypit (Chiesa et al., 1975), the basement - cover succession
rived from the Replatte and the Meta-limestone Fms. A5 pe restored.

small block of meta-cherts has been also observed. Blocks The voltri Group is overthrust by an ophiolitic unit
derived from continental crust are missing at all. No data(Montenotte Unit) folded with a Middle Triassic - Liassic

about the age are available. platform succession (St. Pietro ai Monti Unit). The litholo-
gy, stratigraphy and metamorphic evolution of the Mon-
Queyras tenotte ophiolites are at all comparable with those of the

Cravasco - Voltaggio Unit.
In the Queyras area, the metamorphic ophiolites of the 99

Piedmont Zone crop out extensively, and some of them ) )
show sedimentary covers (Lagabrielle, 1994, and bibl. Figogna Unit
therein). A common feature of these covers is the presence |n the Figogna Unit (Fig. 17) the serpentinites (chrysotile
of ophiolitic sedimentary breccias of Jurassic age, lying onserpentinite), with harzburgite and lherzolite relicts, are
both ultramafics, meta-gabbros and meta-basalts. In particophicalcitised at the top. In places, the cover begins with
ular, along the La Taillante Creek, a representative se-meta-breccias and/or meta-sediments. The meta-basalts (pil-
quence crop out (Fig. 16b). The serpentinite and gabbrdow lavas, pillow breccias and hyaloclastites) are disconti-
body is covered by ophiolitic breccias, topped by basalts.nous (0 to > 100 metres thick). They are often cut by por-
Radiolarian cherts constitute thin intercalations and the topphyritic basalt dikes. The metamorphic overprint is under
of the basalts. Upwards, a marble formation include |eve|Spumpellyite-actinolite facies with localised lawsonite
of ophiolitic debris. This formation grades to a thick se- (Cortesogno and Haccard, 1984). The meta-cherts, laterally
guence of black schists and calcschists including Ophi0|itngrading to siliceous pelites, are very thin (up to few metres)
olistoliths and breccias. No significant microfaunas were or absent, and are followed by discontinuous, well stratified,
found, but nearby, at Saint Veran (Fig.10, n. 1 and Fig. 15,sometimes detrital (with quartz and mica fragments) meta-
Section 1), middle-late Oxfordian age (UAZ 9), and at Tra- |imestones, that can be assimilated to the Calpionella Lime-
versiera (Fig. 10, n. 2 and Fig. 15, Section 2) late Bathon-stones. This formation is covered by phyllitic shales with
ian-early Callovian (UAZ 7) ages were found in the radio- subordinate detrital meta-limestones, siltstones and fine
larian cherts (De Wever and Baumgartner, 1995, and bibl.sandstones, comparable to the Palombini Shales (Cortesog-
therein). no and Haccard, 1984).

The succession continues with a level of shales with silt-
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stone and fine sandstone intercalations (Mignanego Shaleterised by blueschist assemblages (Na-amphibole + albite +
Auct.) that upwards evolves in a facies rich of calcareous-chlorite + pumpellyite + Na-Ca clinopyroxene + lawsonite £
marlstones and detritic limestones (Montanesi Shales andapidote ).
Ronco Fm., Busalla Flysch Auct.). In the Busalla Flysch a In the complete successions, the basement is mainly
reworked middle-upper Albian ammonoid fauna is found composed of meta-gabbros, meta-Fe-Ti-oxide gabbros and
(Haccard and Thieuloy, 1973), suggesting a Cretaceous ageninor meta-diorites (U/Pb on zircon: 156+1 Ma; Borsi et
The Flysches strongly resemble those of the Val Lavagnaal., 1996). In the Cravasco - Voltaggio Unit, also a reduced
Shales Fm. of the Northern Apennines (Cortesogno andsuccession is recognised, characterised by an ophicalcitised
Haccard, 1984). serpentinite (chrysotile and subordinate antigorite serpenti-
nite) basement. The meta-gabbros preserve also the high-
grade ocean floor metamorphic parageneses and deforma-
tions cut by diorite dikes. Meta-breccias, mainly consisting
The Cravasco-Voltaggio U. (Fig. 17) is the westernmostof gabbroic and basaltic reworked clasts are covered by
west-vergent unit of the Sestri Voltaggio Zone, affected by massive and pillow basalts, and locally cut by MORB-type
latest west-vergent folds, the Montenotte U. is the upper-dolerite (Bortolotti et al., 1976), diorite and plagiogranite
most, unit of the Voltri Massif, affected by post-Oligocene dikes (U/Pb on zircon: 153+1 Ma; Borsi et al., 1996).
back-thrusting to the E-N-E. The Alpine overprint is charac- Siliceous meta-sediments (meta-cherts) follow with discon-
tinous thickness (up to 10 m). Quartz-micaceous detrital

Cravasco-Voltaggio and Montenotte Units

Mt. FIGOGNA Unit crystalline limestones, zero to a few tens metres thick, over-
lie the cherts, and are compared with the Calpionella Lime-
= stones. The succession ends with phyllites and limestone
STl vain e ) beds (Palombini Shales).
|
Flysch r ~ Val Lavagna Voltri Group

Shales with silty

laminites In the Palmaro - Caffarella Unit, affected by blueschist
facies metamorphism ((Na-amphibole + Na clinopyroxene /
Na-Ca clinopyroxene + Lawsonite + Epidote ) and minor
greenschist overprint, a relatively well preserved ophiolitic
Ftanites and rare cherts (1-10m) succession starts with serpentinites (antigorite serpentinite)
Diorite and plagiogranite dikes intruded by gabbroic rocks (Cpx- and Fe-Ti oxide gabbros).
The gabbros locally developed flaser textures under HT-LP
ocean floor conditions, cut by diorite, plagiogranite (U/Pb
Hyaloclastites on zircon: 150+1 Ma; Borsi et al., 1996) and dolerite dikes.
il Basalt breccias Discontinuous meta-breccias (with prevailing gabbro
clasts) and meta-basalts cover the basement, in turn fol-
S lowed by quartzsc_hists (meta-cherts), locally with Mn-rich
=all \ith calcitic matrix levels and calcschists (Chiesa et al., 1976).
' (Rarsrpeuimeniary brocaias) In the Beigua-Ponzema Unit, affected by eclogite-bear-
€ f:;fgglﬂggeswﬁh relicsiof ing blueschist facies (Omphacite+Garnet + Na-amphibole +
Rutile + Ti-magnetite £ (Clino)zoisite Xalc) metamorphic
peak, and by later evolution up to greenschist facies condi-
tions, the relationships between basement and cover are on-

Dolerite and basalt dikes

Pillow basalts

= Shales with
Marly-calcareous levels

P Stratified, sometimes
Detrital limestones

CRAVASCO-VOLTAGGIO Unit ly rarely recognisable. Two reduced successions are de-
scribed overlying a gabbroic or gabbro/serpentineschist
Phillites with intercalations basement (Fig. 18); in this case, marbles with femic and ul-
Of crystalline limestones . . . . L
trafemic clasts are widespread, likey derived from ophiolitc
Detrital crystalline limestones breccias in abundant carbonatic matrix, similar to those
T —— rarely found in the Internal Ligurides of Eastern Liguria).

Pillow meta-basalts

oG ool SOUTHERN ITALY (CALABRIA)
Massive or dyke meta-basalts
In Southern Italy, ophiolitic units crop out in the Liguride

e | Mebiansdies Complex of Calabria and of the Calabrian-Lucanian Apen-
[==] WMeta-dolerite dikes nines, which suffered different tectonic evolution in the
I T I Do s okt “Apenninic Chain” and in the “Calabrian Arc”.

In the Apenninic Chain the ophiolites are present at the
B Partion s s MeRgbees nd base of the Calabrian-Lucanian Flysch Unit and in the Frido

i Unit (Amodio Morelli,et al., 1976), which tectonically over-

s e lies both the preceding one and the platform Carbonatic
Reduced sequence Serpentinites with Iherzolite relics Units.

Fig. 17 - Synthetic columnar sections from the ophiolitic successions of the In the Calabrian Arc the oph|oI|tes belong to the Lower

Figogna and Cravasco-Voltaggio Units (Sestri-Voltaggio Zone). Redrawn a_nd the Oyerlying Upper Ophiolitic Unit (Piluso, 1997, and
from Cortesogno and Haccard (1984). bibl. therein)

Cpx meta-gabbros
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PALMARO-CAFFARELLA UNIT

—
o

P wmetabasites

Gabbroic meta-breccias

Daleritic dikes

Flaser and banded meta-gabbros
(Ocean floor metamorphism)

# | Rodingitic gabbros dikes
Fe-Tioxide meta-gabbros with
local diorite dikes

" ~_| Chiloritoid-bearing

Micaceous schisis
E Quartz micaceous marbles

- Quartzschists

(rare relics of radiolarites,
Lecal Mn mineralization)

Cpx + Ol meta-gabbros

EEANENE

Serpentinites with Iherzolite relics

9
8
7
6
5
4
3
2
1

Mt. BEIGUA UNIT

Micaceous schists
E Micaceous marbles
- Quartz micaschists
m Basaltic metabraccias

Metabasalts

5058 Metagabbros

Shales

Quartzarenites

® aol
=

=

e

Marly limestones

Calcilutites, calcarenites

[Z==] Micaceous schists C herts
IEJ Mn-chloritoid bearing quartz and mica schists
Marbles with femic and ultrafemic clasts C herty S h a | es

Meta-ophicalcites and meta-ophisilices

Erro creek (near Sassello) area @ Antigarite bearing serpentinite-schisls

Pillow - breccias

Fig. 18 - Schematic columnar sections of the ophiolitic successions of theFig. 19 - Columnar sections of the Timpa delle Murge ophiolitic succes-

Palmaro-Caffarella and Mt. Beigua Units (Voltri Group-Ligurian Alps). sion (after Marcucci et al., 1987).
Apenninic Chain Calabrian Arc
The Calabro-Lucanian Flysch Unit. This Unit consists The Lower Ophiolitic Unit. It consists of meta-basalts

of a non-metamorphic and strongly disrupted complex madeand meta-hyaloclastites, with a cover mainly consisting of

of a pelitic-calcareous-arenaceous sequence, which enclosaslcschists.

blocks and slivers of different lithologies: black shales, = The Upper Ophiolitic Unit. It includes pillow meta-

siliceous limestones, volcanoclastics and ophiolites (serpenbasalts, hyaloclastites and a sedimentary cover constituted

tinites, gabbros and basalts) wich preserve in places theiby a basal level of siliceous slates, meta-radiolarites and

sedimentary cover. cherty meta-limestones grading upwards to meta-limestones
The most representative sedimentary cover, is exposed awhich sometimes show a relict detrital structure (Spadea et

Timpa delle Murge on top of a pillow breccia (Lanzafame et al., 1980). The meta-limestones yielded a Tithonian-Neoco-

al., 1978; Marcucci et al., 1987). The Timpa delle Murge mian microfauna (Lanzafane and Zuffa, 1976).

succession consists of a basal level of shales and cherts with

radiolarian assemblages of middle Callovian-early Oxfor-

dian age (UAZ 8; Marcucci et al, 1987; Chiari et al., 2000), BETIC CORDILLERA
covered by varicoloured shales with quartz-arenite interbeds
(Figs. 10, 19). In the Betic Cordillera (Fig. 20), the ophiolites constitute

The Frido Unit. It consists of a succession with poly- an ocean-derived tectonic unit sited between two continent-
metamorphic rocks, subdivided into two subunits. The low- derived tectonic units: the Caldera and the Sabinas, all per-
er one consists of meta-shales with arenite and siltite in-taining to the Mulhacen nappes. The Mulhacen nappes, tec-
terbeds, and the upper one of calcschists. The Frido Unit intonically lay on the Veleta nappes, which are the lowermost
cludes blocks of different lithologies: granofels, amphibo- tectonic units of the Internal Betic Zone. The Ophiolite Unit
lites, serpentinites, meta-basalts and calcschists (Spadeas the other Mulhacen units, suffered high-pressure eclogite
1982). The most representative meta-sedimentary cover, exfacies metamorphism during the early Alpine tectono-meta-
posed at Mt. Tumbarino (Lanzafame et al., 1979), lies onmorphic phases (Puga et al., 1993; 2002, and bibl. therein).
top of a pillow breccia. It consists of an irregular alternance Remnants of an ocean-floor metamorphism can be recog-
of aragonite-bearing low-grade metamorphosed, siliceousiised in the ophiolite unit.
limestones, calcareous rudites with clasts of quartz and The ophiolite comprises basal serpentinised ultramafites,
phyllites, cherts and pelites. No fossils have been found.  harzburgites and dunite lenses, cut by meta-rodingite dikes.
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Thin levels of ophicarbonates occur at the top. resumation and the denudation (“Galicia like” stage?), was
The ophiolitic magmatic sequence conprises a plutonicintruded by igneous vents from deeper sources that pro-
and a volcanic section. The first one consists of troctolitesduced, in a first stage, only intrusive bodies and veins and,
and gabbros, cut by basalt dikes. The second one consists of a second stage, a more wide magmatic MOR production,
basalts, sometimes pillow lavas, cut by basalt dikes. Allintrusive in the lherzolites (Piccardo e Muentener, 2004,
these rocks are transformed into eclogites and/or amphiboeum bibl.). The composition of fractionation products in-
lites. cludes a whole sequence from melatroctolites and rare peri-
The sedimentary cover, is made up of garnet calc-schistglotites, troctolites, gabbros.
with marble intercalations, and quartzites probably derived A metamorphic event developed in ocean floor condi-
from radiolarian cherts. Garnet micaschists are also presenttions is widespread and characterised by ductile deformation
It is noteworty that the base of the overlying Salinas (flasering) under high temperature to amphibolite facies
Unit, contains conglomeratic marbles with pebbles of the (750°-600°C). Subsequent deformative events are charac-
upper portion of the underlying Ophiolite Unit. terised by the transition to brittle regime, developed under
Radiometric Ar/Ar datings gave a 213+2.5 Ma (Triassic- amphibolite (hornblende+oligoclase + clinozoisite) up to
Jurassic boundary) for a meta-gabbro, and 158+4.5 Magreenschist facies conditions.
(Middle Jurassic) for an ocean floor metamorphism brown Basaltic dikes cut peridotites and gabbros after the duc-
amphibole vein in a meta-basalt (Puga et al., 1991; 1995)tile deformation event. In the Bracco area (Northern Apen-
Remnants of Albian-Turonian foraminifers are also found in nines) the contemporaneous intrusion of basaltic dikes in
the calcschists from the ophiolite sedimentary cover. hornblende + oligoclase fractures has been recorded.
Hydrothermal metamorphic conditions, characterised by
significant seawater - rock interaction mainly developed as-
DISCUSSION AND CONCLUSIONS sociated with fractures, and ruled the ophicalcitisation
processes in the serpentinised ultrafemic rocks exposed at
the ocean floor.
A remarkable common character of all the Western  Afterwards, the volcano-sedimentary history began on
Tethys ophiolite successions is that the volcano-sedimentaryhe uplifted mantle slice.
covers were deposited above a denudated and more or less It is worthwhile to briefly summarise the proposed mech-
ophicalcitised mantle carapace, locally intruded by gabbroicanisms of mantle denudation, ocean opening and ophicalcite
bodies. genesis, that were subjects of strong debate (e.g., Passerini,
Based on igneous, metamorphic and sedimentary feature$965; Abbate et al., 1972; 1980; 1986; Elter, 1972; Bor-
recorded in the Western Tethys ophiolitic successionstolotti et al., 1976; Folk and Mc Bride, 1976; Cortesogno et
(chiefly in the Alps - Apennines system), the following gen- al., 1978; 1987; Lemoine, 1980; Weissert and Bernoulli,
eralised history can be inferred: 1985; Lemoine et al., 1987; Piccardo et al., 1994; Piccardo
In a first stage, a fertile mantle Iherzolite uplifted chang- and Rampone, 2000). A first group of works (Gianelli and
ing its metamorphic paragenesis from spinel to plagioclasePrincipi, 1974; 1977; Galbiati et al., 1976; Gianelli, 1977;
facies and probably suffered a very limited partial melting Cortesogno et al., 1978; 1987; Abbate et al., 1980; Lemoine,
(Trias?). Successively (Early-Middle Jurassic), during the 1980; Weissert and Bernoulli, 1985) considered both the

The basement history
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Fig. 20 - Geological sketch of the Nevado-Fi-
labride Units (Betic Cordillera) (redrawn after
Puga et al., 1993).
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mantle diapirism and the ophicalcitisation as related to a
transform zone, as described by Bonatti et al. (1971; 1974)
Bonatti (1976) and Bonatti and Honnorez (1976).

More recent data (Lagabrielle and Lemoine, 1997; Can-
nat, 1993; Mutter and Karson, 1992; Tucholke and Lin,
1994; Mével et al., 1991; Auzende et al., 1994, odp leg 153
etc.) document that the mantle and the gabbroic intrusives
are exposed to the ocean floor also along the ridge zones ¢
slow spreading segments of the Atlantic and Indian Oceans
On the other hand in the Western Tethys ophiolites show
that mantle unroofing represents the active mechanism dur
ing the entire oceanisation stage. We interpret the so calle
“peculiar’ oceanic crust (Abbate et al., 1980) of Western
Tethys as a “normal” slow spreading ridge crust like the two
biggest intra-Pangean Mesozoic Atlantic and Indian oceans /
(Lagabrielle and Cannat, 1990; Treves and Harper, 1994
Lagabrielle and Lemoine, 1997; Piccardo and Muentener,
2004), as previously hypothesised by Bortolotti et al. (1976)
and Barrett and Spooner (1977) but without excluding that _ _
part of the denudation can be produced in transform fault"'9: 21 - The along axis Inner Comers (IC) and Outer Corners (OC) and

transform faults model for the mid-ocean ridge of the Atlantic Ocean (re-
Zonesf' Lo . drawn after Tucholke and Lin, 1994).

Being the sampled ophiolitic crust biased by the subse-
guent accretionary processes, we can argue about the repr
sentativity of the slices presently exposed in the Tethyaning ocean ridge segmented by major (first order) and mi-
orogenic belts. Accordingly, a combination of transform and nor (second order) transform discontinuities. According to
slow spreading ridge environments is still a viable hypothe-these authors the generally well documented topographic
sis for the Tethyan ophiolites. highs (IC, inside corners) and depressions (OC, outside

We can suppose that where the succession includesorners) of the axis ridge are related to the kind of cou-
abundant basalt flows we may be close to an active midling with axis and active (IC) or inactive (OC) side of the
ocean ridge, and where there are very incomplete succegfansform discontinuities.
sions without basalts, the sampled crust derived from a In the Inside Corners, intrusive mafics and ultramafics
transform or an amagmatic ridge environment. The actual-ocks and derivated breccias are widespread, and basalts are
istic slow spreading ridge models that we prefer, are thosdacking. In the Outside Corners basalt flows prevail.
of Mutter and Karson (1992) and Tucholke and Lin  Good examples of crustal fragments possibly represent-
(1994). The Fig. 21 shows the Tucholke and Lin (1994) in-ing an IC-OC couple paleoenvironment are that of of the
terpretative model for the Central Atlantic spreading axis ophiolites of the Western Alps (Fig. 22) and those of the
near the Atlantis Fracture zone. This model points out theophiolites of the Bargonasco-Val Graveglia (Fig. 23) and
structural and topographic characteristics of a low spread-Bracco-Levanto (Fig. 24) areas. The palinspastic reconstruc-

econd
order
Trasform

Trasform

Trasform Fault

@, Ophiolitic olistoliths
__ — Limestones and shales 72 Ophicalcites
FRNE Gabbros and flaser-gabbros

J___U Pelagic limestones
[IlMI]] Radiolarites and cherts S Serpentinites

Zes22 Ophiolitic breccias
Fig. 22 - Schematic reconstruction of the Pied- Faults

montese Ocean floor in the Western Alps sec-
tor. (after Lagabrielle, 1994).
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tions of these areas, obtained with very detailed field andlifting mechanisms, and at minor extent to magmatic activi-
petrographic data, show the paleogeographic coupling of dety. The serpentinitic-gabbroic basement denudation could be
nudated ophiolitic basements, as paleohighs, and of comrealised through low angle detachments as hypothesised by
plete successions, as topographic depressions . many authors (see, Lemoine et al., 1987; Overduijng Strat-
The lack of important sheeted dyke levels, the sporadici-ing et al., 1990; Treves and Harper, 1994; Froitzheim and
ty of gabbroic bodies and the small or even zero thicknessManatschal, 1996; Lagabrielle and Lemoine, 1997; Desmurs
of the basalt flows, lead to suppose that the ratio of tectonicet al., 2001; 2002; Manatschal, 2004).
versus magmatic extension in the Western Tethys ocean This mechanism, like in present-day ocean bottoms
ridge was even higher than in the present Atlantic Ocean. (Mutter and Karson, 1992; Tucholke and Lin, 1994), was
Hence, the construction of new ocean crust in the Westdikely active from the first continental rifting stages
ern Tethys ridge could be mainly due to tectonic mantle up-(Desmurs et al., 2001; 2002) like in the Galicia Bank, to the
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“mature” oceanic ridge stages (Treves and Harper, 1994; The consistent sequence of the different facies in the var-

Bortolotti et al., 2001b). ious outcrops of the Northern Apennines, indicates that
Ophicalcites seem to form all along the extension history,these stages could be related to variations of the tectonic ac-
from rifting to spreading. tivity and the consequent paleomorphology changes in the

In fact, we find ophicalcites in the Platta and Totalp suc- whole oceanic basin and could mark the sedimentary evolu-
cessions at the transition between continental and oceanition from the inner to the outer sides of a mid ocean ridge.
crust, which seemingly formed during the first stages of the The considerable thickness and the presence in the Mt.
Western Tethys opening (Desmurs et al., 2002), and in thélpe Cherts, of turbiditic chert levels in the complete suc-
Northern Apennines and Corsica ophiolites during their cessions (OC?) and, on the contrary, the thinness or the ab-
“mature” ocean stages (Cortesogno et al., 1978; 1987sence of turbiditic cherts in the reduced (IC/transform
Treves and Harper, 1994). zones?) successions (possible sources of the turbidites) sug-
gest that a tectonic regime was active, at least during the
first three stages, which could have occurred inside or very

The volcano-sedimentary events and time correlations near to the tectonically active ridge axis.

Igneous and sedimentary processes at the seavflrer The age of the beginning of chert deposition above the
reconstructed mainly from the best known Northern Apen-basalts, is very important for determining the age of oceani-
nines and Corsica ophiolitic successions. sation. As noted before, a clear diachrony has been detected

Sedimentary ophiolitic breccias and sandstones (Loweralong the Alps - Apennines Chain (Chiari et al., 2000). In
Ophiolitic Breccias), with ultramafic and mafic clasts and particular, in the Apennines-Corsica segment, the oldest
matrix, and siliceous pelagites (shales and cherts) constitutehert ages are: in Liguria latest Bajocian-early Bathonian; in
the earliest deposits covering the ultramafic-mafic base-Corsica late Bathonian-early Callovian; in Calabria middle
ment, also in the successions where basalt flows are presentallovian-early Oxfordian; in Tuscany middle Callovian-
This fact should confirm that the magmatic events in the early Oxfordian to middle-late Oxfordian.

Western Tethys Ocean ridge are always subordinate to the A similar diachronism is present also in the Western Alps,
tectonic processes. from middle Bathonian to middle-late Oxfordian, respective-

Upwards, basaltic flows occur at places, but lack in thely, in the various sections. This can be interpreted as due ei-
reduced and very reduced successions. In the complete suther to random tectonic sampling of the oceanic crust during
cession their thickness does not exceed a few hundred mehe orogenic stage, or to a real diachronism of the ocean
tres. The geochemical signature is N-MOR or T-MOR. The opening. The latest Bajocian-early Bathonian (perhaps also
latter are generally restricted to the oceanic crust close to théalenian, see above) age of the more evolved Ligurian
paleocontinental margins (Balagne, Platta, External Lig-basalts and the late Bathonian-early Callovian age of the less
urides). evolved Corsica ophiolites would agree with the second hy-

The basalts are locally overlain by the Upper Ophiolitic pothesis. However, the scarcity of data outside the Northern
Breccias (Bargonasco, Murlo) which have clast compositionApennines does not permit a definite interpretation.
generally gabbroic or polymictic (with abundant basalts).

The deposition of breccias, ophiolitic sandstones and la- Radiometric ages are very scarce; those obtained from
va flows can be considered as occasional events that oagabbros, pyroxenites, diorites and trondhjemites (Borsi et
curred along the first phase of siliceous pelagic sedimentaal., 1996; Bill et al., 1997; Peters and Stettler, 1987, Ram-
tion in the whole Western Tethys basin. pone et al., 1998; Rubatto et al.,, 1998; Costa and Caby,

The basalts and the ophiolitic debris, in fact, are sporadi-2001; Rossi et al., 2002; Schaltegger et al., 2002) are similar
cally intercalated along the base of the cherts and of the thifabout 169 to 156 Ma) all over the Western Alps, Northern
phtanites and thin siliceous pelagite levels that overlie atApennines and Corsica; those from the basalts and pla-
places the mantle basement. The main chert level lies directgiogranites (Bortolotti et al., 1990; 1991, 1995; Borsi et al.,
ly on top of the basalts and Upper Ophiolitic Breccias. 1996; Hohnenstetter et al., 1981) are slightly younger, and

This poses some questions regarding the significance andhow a narrow range (about 161 to 150 Ma).
extent of volcanism in the ‘ocean’, and in consequence also These data pose the intriguing problem of the correlation
about the nature and extension mode of the basin. between radiometric and biostratigraphical data. In the

The facies distribution of the Northern Apennines (Elba, Western Tethys, according to the GSA time scale (G.S.A.,
Bargonasco) cherts allows to reconstruct the evolution 0f1999, revised in march 2004) the radiometric ages of the
sedimentation above the preserved parts of the oceanimagmatic secion and the biostratigraphy ages on radiolarian
crust. Four sedimentation stages can be recognised in one aherts roughly correspond.
the most representative successions in Eastern Liguria The strict contemporaneity between the ages of gabbro
(Ponte di Lagoscuro; Aiello, 1994; 1997; Aiello and Chiari, cooling, basalts, plagiogranites and those of cherts deposi-

1997): tion found in some areas appears highly unlikely. This leads
1- A “transition to ophiolites stage” (facies A and C); to think that the current age data on the Tethyan ophiolites
2- A “quiet deposition stage” (facies B); are hard to fit in the radiometric and biostratigraphic time
3- A “turbiditic stage” (facies D, ribbon cherts); scales.

4- A “transition to limestones stage” (facies E, partially cor-  Unfortunatly, because of the lack of data, we can not take
responding to facies A of the Calpionella Limestones, ac-in consideration what occurred during the first amagmatic
cording to Cobianchi et al., 1992). stages, between the beginning of the new Jurassic continen-
In the reduced successions, the turbiditic facies (D,tal rifting, which is evidenced by the Sinemurian downing

resedimented) and the transition to limestones stage (faciesf the carbonate platform along the ingoing western Adria

E) are lacking, facies B prevails, but mineralised layers aremargin, and the Bajocian, the oldest age of the basalt/cherts

lacking, and the inception of chert sedimentation is general-contact. A former widespread Upper Triassic rifting phase,

ly younger (at least in the Liguria successions). is separated from the Jurassic one, as detected (e. g. in the
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Northern Apennines) by the uninterrupted sedimentation The Calpionella Limestones and Nisportino-Murlo Fms
from the Middle Triassic to Hettangian of shallow water are generally present in the complete successions. The
continental formations (“Verrucano” - carbonate platform). Palombini Shales lie directly on the cherts in the very re-
According to the cherts biostratigraphic ages (See Figsduced successions. Among the complete successions, only
6, 7), ocean spreading in the Western Tethys was still activén the Mt. Rossola (eastern Liguria) the Palombini Shales
from the latest Bajocian (oldest ages of the Ligurian cherts)directly cover the Mt. Alpe Cherts (see Fig. 24)
through the late Bathonian/early Callovian (Corsica- A connection between the Nisportino-Murlo Fms and the
Toscana), up to the late Kimmeridgian (early Tithonian). St. Martino Fm. (Balagne) is proposed by Marroni et al.
The oldest biostratigraphical ages are confirmed also by(2000). If this is true the marly-silty material could have
the radiometric data and by the ages of the Balagne and Plabeen supplied by the European passive margin. In the com-
ta oceanic crust that developed near the continental margin. plete successions that represent the topographic depressions,
The youngest ages, on the other hand, could not be repreghe Calpionella Limestones cover both the cherts and these
sentative, if we admit a demise of even younger crust durindgtransitional’ formations.
subduction. However the total absence of younger ages in The Calpionella Limestones and Nisportino-Murlo-San
the whole ophiolitic areas testifies that the late Kimmerid- Martino Fms. occur at the transition between Jurassic and
gian (early Tithonian) could be the age of the end of oceani-Cretaceous. The fact that this siliceous versus carbonatic
sation processes in Western Tethys. If this is true, thepelagites occur at this same time over a wide peri-Mediter-
oceanisation interval covers, at most, about 20 my (170-150anean area, both in the oceanic and continental domain
Ma), and can be estimated from 16 to 21 my (Chiari et al.,(e.g. cherts-Maiolica or cherts-Biancone transitions), leads
2000). Regarding the width reached by the Jurassic oceanito think that its origin is related to large-scale events as, for
basin, if we assume lcm/yr spreading rate, during the 16-2instance, the global change of CCD level (Winterer and
my oceanisation interval, the basin would have reached 150Bosellini, 1981), or the change of the nutrient upwellings
200 km width, plus an unassessable width due to the firs{Baumgartner, 1987).
amagmatic spreading stage. This is more or less the dimen- An intriguing significance can be attributed to the para-
sion of the present-day Aden Gulf Basin. conformities between cherts and Palombini Shales as are de-
scribed for the Eastern Liguria. If we consider the gabbroic
Upwards in the succession, the cherts are overlain by aBracco Massif as a paleo-morphological high and the
least three types of pelagic sediments: Calpionella Lime-Levanto succession as a relative high (considering that the
stones, the marly-silty Nisportino-Murlo Fms; the Palombi- thick basin must have been later uplifted) formed close to a
ni Shales. Jurassic ocean ridge, the Kimmeridgian-Valanginian lack of

Bajocian/Bathonian

'\ 30°

< Wé ~ 20°

1 00 Fig. 25 - Paleogeographic sketch of Western
Tethys in the Bajocian-Bathonian. Latitudinal
references for this and the following sketches,
from Dercourt et al. (1993). 1- Platta-Totalp;
2a- Western Alps (Col de Gets); 2b- Western
Alps (Traversiera); 3- Ligurian Alps; 4a- Exter-
nal Ligurides (with continental slices); 4b- Oth-
er External Ligurides (Liguria); 4c- Internal
Ligurides (Ligurian Vara Unit): 4e Rossola
and Val Graveglia older covers, A€ Rocchet-
ta di Vara and Val Graveglia younger covers;
5- Internal and External Ligurides (Tuscan
Vara Unit); 6a- Castagniccia (Corsica); 6b-

Oceanised areas with R Rifting Inzecca (Corsica); 7. Balagne (Corsica); 8a-

chert deposition D Driftin Calabria (Calabrian Arc); 8b- Timpa delle

9 Murge; 9- Betic Cordillera.
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sedimentation could be the interval that marks the axis to offOpening stage
axis displacement of these oceanic crust portions and the In Fig 25 (Bajocian-Bathonian) the earliest opening stage
end of thermal subsidence. is shown. We can observe that the beginning of the ocean
The long (about 40-50 Ma) and essentially monotonousspreading has been diachronous.
period during which the Palombini Shales sedimented A rather mature oceanic crust is documented only in the
marks a quiescent stage in the tectonic and geodynamic evdBargonasco-Val Graveglia and Bracco-Levanto ophiolites
lution of the Western Tethys basin. This period was inter-(4c,). Also for the Col de Gets (2a) a precocious opening
rupted only by some intraplate magmatism (alkaline basaltscan be supposed. The ophiolites with continental extension-
of Castiglioncello del Trinoro), by sporadic quartz-arenites al allochthons of External Ligurides (4a), probably formed
deposition, during the Early Cretaceous and by thin silici- during this period. An embryonic ocean can also be hypoth-
clastic turbidites during the early Late Cretaceous, suppliedesised for the Central Alps (1).
from both the European (Novella, Alturaia etc.) and the In-  The Ligurian-Tuscan (4a, 4b and 5) segment and, per-
subric (Ostia Scabiazza, Pietraforte) passive marginshaps, also the Alpine one (1, 2a, 2b and 3), should have be-
(Gardin et al., 1995). gun to open before the Balagne (7) segment.
For the other localities a rifting stage was still persisting,
but very near to the beginning of the ocean opening.
During the first opening stages, in all the Western Tethys
In Figs. 25 to 28 we propose a schematic evolution ofocean basin, ophiolitic breccias, cherts and sporadic basalt
the Western Tethys from the Bajocian-Bathonian to theflows characterised the sedimentary covers of the embryonic
Hauterivian-Santonian times. Fig. 25 (Bajocian-Bathonian) ocean basin. Near the continental passive margins (Balagne,
is referred to the opening stage; Fig. 26 (Bathonian-Calabria, External Ligurides, Platta) siliciclastic material in-
Callovian) to the spreading stage; Figs. 27 (Tithonian-tercalated within the basalts, breccias and pelagites occur.
Berriasian) and 28 (Hauterivian-Santonian) to the geody-
namic-tectonic quiescient stage (= stop of the drifting andSpreading stage
lack of convergence). As shown in Fig 26, all the ocean segments were active
Taking into consideration the different ages of the radio- during Bathonian-Callovian times.
larites, the ages and petrological characteristics of basalts (T The re-setting of the outcrops to the northwest or to the
or N-MORB), and the evidences of the vicinity or not of a southeast of the mid-ocean ridge often represents a problem.
continental margin (presence or lack of continental derivedFor instance, the Inzecca N-MOR basalts (161+3) and Bal-
sediments and of extensional allochthons), we try to resetigne (T-MORB) represent a roughly contemporaneous
the remnants of the Tethyan oceanic crust in an evolutivgUAZ 7) oceanic crust: they were unlikely generated in the
scheme. same ocean ridge segment. A possible solution (Fig. 26)

Paleogeographic restorations

Bathonian/Callovian 30°

10°

Fig. 26 - Paleogeographic sketch of Western
Tethys in the Bathonian-Callovian. Symbols in Oceanised areas with
Fig. 25. chert deposition
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could be that the Balagne segment was located SW of thephiolites.
Ligurian-Tuscan one, and opened at the Bathonian/Callov- The direction of migration of the different ophiolitic out-
ian boundary, while the more evolved Inzecca (6b) with thecrops that we propose, can be observed in Figs 26 and 27.
slightly younger and very similar Tuscan (5) oceanic crust
could represent the younger crust of the southern side of thQuiescient stage
Ligurian-Tuscan segment. The Tithonian-Berriasian boundary (Fig. 27) marks the
Very uncertain is the resetting of the Ligurian Alps suc- end (Tithonian) of oceanisation in the Western Tethys ocean
cessions (3): they could be sited in a segment between thbasin and the beginning (Berriasian) of its quiescent stage.
Western Alps (2) and the Liguria-Tuscany (4-5) ones, prob- The beginning of the Cretaceous is characterised by the
ably in the NW drifting side. At the southeastern corner of deposition, in the persistent topographic highs, of the Calpi-
the segment, near the Adria continental margin, we can lo-onella Limestones, continuously removed and redeposited
cate the External Liguride successions with continental al-in the nearby depressions. Marly-silty deposits (e.g., Nis-
lochthons (4a). portino and Murlo Fms.) locally substituted the Calpionella
The External Liguride Units nowadays without the basal Limestones (Corsica-Tuscany).
ophiolitic successions, probably occupied the Adria side of The long lasting (more than 40 my) Palombini Shales de-
the Ligurian-Tuscan segment. The 4d could be the locatiorposition (Fig. 28) accompanied this long quiescent stage of
of the oceanic crust of the Units with Cretaceous flysch (e.g.the oceanic domain. In their typical shaly-calcareous facies,
Caio Unit); 4e the location of the oceanic crust of the Unitsin the latest Early Cretaceous, quartzarenites are locally in-
with Eocene flysch (e.g. Morello Unit). tercalated (Tuscany). These sandstones probably came from
The Calabrian ophiolites (8a and 8b) were probably lo- the European continental margin. In the earliest Late Creta-
cated in the opposite sides of the ridge: the non-metamoreeous, siliciclastic turbidites (Liguria, Tuscany) of probable
phic Calabro-Lucanian Flysch Unit ophiolites (Timpa delle Insubric provenance occur.
Murge succession, 8a) near the European margin; the Cal- During the Early Cretaceous in the Tuscan External Lig-
abrian Arc metamorphic ophiolites (8b) in the southern side.urides an intraplate magmatism is documented (Faraone et
Site (9) is the possible location of the Betic Cordillera al., 1979; Faraone and Stoppa, 1990) .

Tithonian/Berriasian

Oceanised areas £ .‘\ ' Marlstones and Siltstone

; ; Fig. 27 - Paleogeographic sketch of Western
w Calpionella Limestones N Nisportino Fi: Tethys in the Tithonian-Berriasian. Symbols in
Fig. 25.
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Fig. 28 - Paleogeographic sketch of Western
Tethys in the Hauterivian-Santonian. Symbols’ Quartzarenites
in Fig. 25. latest Early Cretaceous)

Pietraforte Ostia-Scabiazza Sandstones
(early Late Cretaceous)

ACKNOWLEDGEMENTS olites, Western Area. Ofioliti, Spec. Issue, 1: 59-96.
Abbate E., Bortolotti V. and Principi G., 1984. Pre-orogenic tec-
Piera Spadea, and two other referees are kindly thanked tonics and metamorphism in Western Tethys ophiolites. Ofioli-
for their criticisms on the manuscript. Francesca Garfagnoli, U 9: 245-278.

; ; ; E., Bortolotti V., Conti M., Marcucci M., Principi G.
Francesco Menna, Giuseppe Nirta are thanked for their helg*PPate E-. ' ' oL M., .
in computer-processing of the pictures. Passerini P. and Treves B., 1986. Apennines and Alps ophio-

lites and evolution of the Western Tethys. Mem. Soc. Geol. It.,

31: 23-44.
Abbate E., Cortesogno L., Gaggero L. and Principi G., 1992. Gui-
REFERENCES da alla traversata dell’Appennino Settentrionale, Il parte: Le

ofioliti di Levanto. 78 Riunione Estiva Soc. Geol. It. Univ.

Abbate E., 1969. Geologia delle Cinque Terre e dell'entroterra di  Firenze - Centro Duplicazione Offset, Firenze, p. 46-77.

Levanto (Liguria Orientale). Mem. Soc. Geol. It., 8: 923-1014.  Ajello I.W., 1994. Stratigraphy of the Mt. Alpe Cherts in eastern

Abbate E., Bortolotti V., Passerini P. and Sagri M., 1970. The Liguria, Italy. Ofioliti, 19: 301-306.

Northern Apennines geosyncline and continental drift. In: G. Ajello I.W., 1997. Le rocce silicee biogeniche pelagiche della Tetide
Sestini (Ed.), Development of the Northern Apennines geosyn-  Occidentale (Giurassico). PhD. thesis, Univ. Firenze, 215 pp.
cline. Sedim. Geol., 4 (3/4): 637-642. _ Aiello I.W. and Chiari M., 1997. Biostratigraphy and facies analy-

Abbate E. and Sagri M., 1970. The eugeosynclinal sequences. In: sis of the Middle-Late Jurassic radiolarian cherts of the Western
G. Sestini (Ed.), Development of the Northern Apennines geo-  Tethys: the Monte Alpe Cherts in the Northern Apennines
syncline Sedim. Geol., 4 (3/4): 251-340. (Italy). Interrad &, Paris, September 1997. Abstr., p. 3.

Abbate E., Bortolotti V. and Passerini P., 1972. Studies on maficAmaudric du Chaffaut S., Caron J.-M., Delcey R. and Lemoine
and ultramafic rocks. 2- Paleogeographic and tectonic consider- M., 1972. Données nouvelles sur la stratigraphie des Schistes
ations on the ultramafic belts in Mediterranean area. Boll. Soc.  Lustrés de Corse: la série de I''nzecca. Comparaison avec les
Geol. It., 91: 239-282. Alpes Occidentales et I’Apennin Ligure: C. R. Acad. Sci. Paris,

Abbate E., Bortolotti V., Marcucci M., Passerini P. and Principi Sér D., 275: 2611-2614.

G., 1994. Genetic models for the Northern Apennines ophio- Amodio Morelli L., Bonari G., Colonna V., Dietrich D., Giunta G.,
lites: a discussion on the light of radiolarian biostratigraphy. Ippolito F., Liguori V., Lorenzoni S., Paglionico A., Perrone
Ofioliti, 19: 333-347. o _ _ V., Piccarretta G., Russo M., Scandone P., Zanettin-Lorenzoni

Abbate E., Bortolotti V. and Principi G., 1980. Apennines ophio-  E. and Zuppetta A., 1976. L’Arco Calabro-peloritano nell'oro-

lites: a peculiar oceanic crust. In: G. Rocci (Ed.), Tethyan ophi-  gene Appenninico-Maghrebide. Mem. Soc. Geol. It., 17: 1-60.



206

Andri E. and Fanucci F., 1973. Osservazioni sulla litologia e strati- Bill M., O’Dogherty L., Guex J., Baumgartner P.O. and Masson

grafia dei Calcari a Calpionelle Liguri (Val Graveglia, Val di H., 2001. Radiolarite ages in Alpine-Mediterranean ophiolites:

Vara). Boll. Soc. Geol. It., 92: 161-192. constraints on the oceanic spreading and the Tethys-Atlantic
Andri E. and Fanucci F., 1975. La risedimentazione dei Calcari a connection. Geol Soc. Am. Bull., 113: 129-143.

Calpionelle liguri. Boll. Soc. Geol. It., 94: 915-925. Boillot G., Winterer E.L., Meyer A.W. and 20 others., 1987. Tec-

Auzende J.M., Cannat M., Gente J.P., Henriet T., Juteau J., Karson tonic denudation of the upper mantle along passive margin: a
J.A., Lagabrielle Y., Mevel C. and Tivey M.A., 1994. Observa- model based on drilling results (ODP Leg 103, Western Galicia
tions of sections of oceanic crust and mantle cropping out on  Margin, Spain). Tectonophysics, 132: 334-342.
the southern wall of Kane FZ (N. Atlantic), Terra Res., 6: 143- Boillot G., Comas M.C., Girardeau J., Kornprobst L., Loreau J.-P.,
148. Malod J., Mougenot D. and Moullade M., 1988. Preliminary re-

Barféty J.C., Lemoine M., De Graciansky P.C., Tricart P. and sults of the Galinaute cruise: dives of the submersible Nautile
Mercier D., 1995. Carte géologique de la France a 1/50000, on the western Galicia margin, Spain. Proceed. O.D.P. Sci.
Feuille 823, Briangon. Res., 103: 37-51.

Barrett T.J., 1982a. Review of stratigraphic aspects of the ophi-Bonatti E., 1976. Serpentinite protrusions in the oceanic crust.
olitic rocks and pelagic sediments of the Vara Complex, North  Earth Planet. Sci. Lett., 37: 369-379.

Apennines, Italy. Ofioliti, 7: 3-46. Bonatti E., Emiliani C., Ferrara G., Honnorez J. and Rydell H.,

Barrett T.J., 1982b. Stratigraphy and sedimentology of Jurassic 1974. Ultramafic-carbonate breccias from the Equatorial and
bedded cherts overlying ophiolites in the North Apennines,  Atlantic ridge. Marine Geol., 16: 83-102.

Italy. Sedimentology, 29: 353-373. Bonatti E. and Honnorez J., 1976. Section of the Earth crust in the

Barrett T.J. and Spooner E.T.C., 1977. Ophiolitic breccias associ- Equatorial Atlantic. J. Geophys. Res., 81 (23): 4104-4116.
ated with allochthonous oceanic crustal rocks in the East Lig-Bonatti E., Honnorez J. and Ferrara G., 1971. Peridotite-gabbro-
urian Apennines, Italy: a comparison with observations from  basalt complex from the Equatorial Atlantic. Phil. Trans. Royal
rifted oceanic ridges: Earth Planet. Sci. Lett., 35: 79-91. Soc. London, 268: 384-402.

Baumgartner P.O., 1984. A Middle Jurassic-Early Cretaceous low-Bonechi G., 1980. Le zone ofiolitifere di Murlo, Siena: stratigrafia.
latitude radiolarian zonation based on unitary associations and Ofioliti, 5: 97-100.

age of Tethyan radiolarites. Ecl. Geol. Helv., 77: 729-837. Borsi L., Scharer U., Gaggero L. and Crispini L., 1996. Age, origin
Baumgartner P.O., 1987. Age and genesis of Tethyan Jurassic radi- and geodynamic significance of plagiogranites in lherzolites
olarites. Ecl. Geol. Helv., 80: 831-879. and gabbros of the Piedmont-Ligurian basin. Earth. Planet. Sci.

Baumgartner P.O., Bartolini A., Carter E.S., Conti M., Cortese G.,  Lett., 140: 227-242.

Danelian T., De Wever P., Dumitrica P., Dumitrica-Jud R., Bortolotti V., 1962. Stratigrafia e tettonica dei terreni alloctoni
Gorican S., Guex J., Hull D.M., Kito N., Marcucci M., Matsuo- (Ofioliti e Alberese) nei dintorni di Pieve S. Stefano (Arezzo).
ka A., Murchey B., O'Dogherty L., Savary J., Vishnevskaya V., Boll. Soc. Geol. It., 81 (2): 257-306.

Widz D. and Yao A., 1995. Middle Jurassic to Early Creta- Bortolotti V., (Ed.), 1992. Guide geologiche regionali. Appennino
ceous Radiolarian biochronology of Tethys based on Unitary = Tosco-emiliano. BE-MA, Milano, 329 pp.

Associations. In: P.O. Baumgartner, et al. (Eds.), Middle Juras-Bortolotti V., Cellai D., Vaggelli G. and Villa I.M., 1990.
sic to Lower Cretaceous radiolaria of Tethys: occurrences, sys- “°Ar/3°Ar dating of Apenninic ophiolites: 1. Ferrodiorites from
tematics, biochronology. Mém. Géol., Lausanne, 23: 1013- La Bartolina Quarry, Southern Tuscany, Italy. Ofioliti, 15: 1-
1048. 15.

Beccaluva L., Ohnenstetter D., Ohnenstetter M. and Venturelli G.,Bortolotti V., Cellai D., Vaggelli G. and Villa I.M., 1991a.
1977. The trace element geochemistry of Corsican ophiolites.  “°Ar/3°Ar dating of Apenninic ophiolites: 2. Basalts from the
Contrib. Mineral. Petrol., 64: 11-31. Aiola sequence, Southern Tuscany, Italy. Ofioliti, 16: 37-42.

Beccaluva L., Piccardo G.B. and Serri G., 1980. Petrology of theBortolotti V., Cellai D., Chiari M., Vaggelli G. and I.M. Villa,
Northern Apennine ophiolites and comparison with other  1995.4%Ar/3°Ar dating of Apenninic ophiolites: 3. Plagiogran-
Tethyan ophiolites. In: A. Panayiotou (Ed.), Proceed. Intern. ites from Sasso di Castro, Northern Tuscany, Italy. Ofioliti, 20:
Ophiolite Symp., Cyprus 1979, Geol. Surv. Cyprus, p. 314-331.  55-65.

Beccaluva L., Macciotta G., Piccardo and Zeda O., 1984. Petrolo-Bortolotti V., Cortesogno L., Gianelli G., Piccardo G.B. and Serri
gy of lherzolitic rocks from Northern Apennine ophiolites. G., 1976. | filoni basaltici delle ofioliti dell’Appennino Setten-
Lithos, 17: 299-316. trionale e il loro significato nella formazione del bacino oceani-

Beccaluva L., Macciotta G., Piccardo G.B. and Zeda O., 1989. co ligure. Ofioliti, 1: 331-364.

Clinopyroxene composition of ophiolitic basalts as petrogenetic Bortolotti V., Fazzuoli M., Pandeli E., Principi G., Babbini A. and
indicator. Chem. Geol., 77: 165-182 Corti S., 2001a. Geology of Central and Eastern Elba Island,

Bernoulli D., Manatschal G., Friih-Green G. and Weissert H., Italy. Ofioliti, 26: 97-151.

2001. Birth of an ocean. In: D. Bernoulli, G. Manatschal, G. Bortolotti V., Gardin S., Marcucci M. and Principi G., 1994. The
Fruh-Green and H. Weissert (Eds.), IAS 2001 Davos: Excur-  Nisportino Formation: a transitional unit between the Mt. Alpe
sion A5: 69-75 Cherts and the Calpionella Limestone (Vara Supergroup, Elba

Bertrand J., Courtin B. and Vuagnat M., 1982. Elaboration d’'un Island, Italy). Ofioliti, 19: 349-365.
secteur de lithosphére océanique Liguro-Piemontaise d'apresBortolotti V., Mannori G., Piccini L., Aiello I.W., Chiari M., Prin-
les données de I'ophiolite du Montgenévre (Haute-Alpes, cipi G. and Reale V., 2005, in press. Note illustrative della Car-
France et province de Turin, Italie). Ofioliti, 7: 155-196. ta Geologica d’ltalia alla scala 1:50.000 - Foglio 232, Sestri

Bertrand J., Nievergeld P. and Vuagnat M., 1984. Oceanic sedi- Levante. Serv. Geol. d'lt., Roma.
mentary processes and Alpine metamorphic events in the MontBortolotti V., Marcucci M. and Principi G., 1991b. Guidebook of
geneévre ophiolite, Western Alps. Ofioliti, 9: 303-320. the field trip in Tuscany and Liguria. Meeting: Sedimentary

Bianco A.M., 1996. Aspetti geologici e stratigrafici della zona cover in ophiolitic and oceanic sequences, Post-congress excur-
compresa tra Libbiano e Serrazzano (Pisa). Unpubl. Thesis, sion, Florence october 1991. GLOM, 23 pp.

Univ. Florence, 93 pp. Bortolotti V. and Principi G., 2003. The Bargonasco-Upper Val
Bill M., Bussy F., Cosca M., Masson H. and Hunziker J.C., 1997.  Graveglia ophiolitic succession, Northern Apennines, Italy.
High-precision U-PB and°Ar/3°Ar dating of an Alpine ophio- Ofioliti, 28: 137-140.

lite (Gets nappe, French Alps). Ecl. Geol. Helv., 90: 43-54. Bortolotti V., Principi G. and Treves B., 1990. Mesozoic evolution
Bill M., Nagler T.F. and Masson H., 2000. Geochemistry, Sm-Nd  of the western Tethys and the Europe/lberia/Adria plate junc-

and Sr isotopes of mafic rocks from the earliest oceanic crust of tion. Mem. Soc. Geol. It., 45: 393-407.

Alpine Tethys, Schweiz. Mineral. Petrogr. Mitt., 80: 131-145.  Bortolotti V, Principi G. and Treves B., 2001b. Ophiolites, Lig-



207

urides and the tectonic evolution from spreading to conver-  bassi e Castagno. Unpubl. Thesis, Univ. Florence, 142 pp.
gence of a Mesozoic Western Tethys segment. In: P.l. MartiniCobianchi M., Galbiati B. and Villa G., 1994. Stratigraphy of the
and G.B. Vai (Eds.), Anatomy of an orogen: Apennines and ad-  Palombini Shales in the Bracco Unit (Northern Apennine).Ofi-
jacent Mediterranean basins. Kluwer Acad. Publ., Dordrecht, p.  oliti, 19: 193-216.

151-164. Cobianchi M. and Villa G., 1992. Biostratigrafia dei Calcari a Cal-
Brogi A., Cornamusini G., Costantini A., Di Vincenzo G. and Laz- pionelle e delle Argille a Palombini nella sezione di Statale
zarotto A., 2001. Cretaceous volcanism of the Southern Tus- (Val Graveglia, Appennino Ligure). Atti Ticinensi Sci. Terra,

cany: record of volcanic bodies from Tuscan Succession of Pavia, 35: 189-211.

Rapolano Terme. Mem. Soc. Geol. It., 55: 329-337. Conti M. and Marcucci M,. 1986. The onset of radiolarian deposi-
Brunacci S. and Manganelli V., 1980. Geologia della zona ofioli-  tion in ophiolite successions of the northern Apennines. Marine

tifera compresa tra Murlo e Pari (Prov. di Siena e di Grosseto). Micropal., 11: 129-138.

Ofioliti, 5:161-194. Conti M. and Marcucci M., 1991. Radiolarian assemblage in the

Brunacci S. and Manganelli V., 1983. Indagini petrografiche, Monte Alpe Chert at Ponte di Lagoscuro, Val Graveglia (East-
chimiche e geologiche su ofioliti della Toscana. Affioramenti ern Liguria, Italy). Ecl. Geol. Helv., 84: 791-817.
nei dintorni di Roccatederighi (Grosseto). Ofioliti, 8: 77-102. Conti M. and Marcucci M., 1992. Radiolarian dating of the Monte
Brunacci S., Donati C and Faraone D., 1982. Indagini petrogra- Alpe Cherts at Il Conventino, Monti Rognosi (Eastern Tuscany,

fiche e chimiche su ofioliti della Toscana. 4 - Affioramenti Italy). Ofioliti, 17: 243-248.

nell’area compresa fra Murlo e Pari (Prov. di Siena e Grosseto).Conti M., Marcucci M. and Passerini P., 1985. Radiolarian cherts

Ofioliti, 7: 47-78. and ophiolites in the Northern Apennines and Corsica: age, cor-
Burroni A., Levi N., Marroni M. and Pandolfi L., 2003. Lithos- relations and tectonic frame of siliceous deposition. Ofioliti, 10:

tratigraphy and structure of the Lago Nero unit (Chenaillet  203-224.

Massif, Western Alps): comparison with Internal Liguride units Conti M., Marcucci M. and Zanzucchi G., 1988. Radiolarian dat-

of Northern Apennines. Ofioliti, 28: 1-11. ing of the Mt. Alpe Cherts at Costa Scandella, Mt. Penna, Mt.
Cabella R., Cortesogno L. and Gaggero L., 1995. Hydrothermal Aiona Group, Ligurian Apennines. Ofioliti, 13: 81- 84.

contributions to cherts deposition in Northern Apennines: a pre-Cortesogno L., 1980. Il metamorfismo giurassico nelle ofioliti

liminary report. Ofioliti, 19 (2b): 367-378. dell’Appennino Settentrionale: due distinti cicli metamorfici in
Cannat M., 1993. Emplacement of mantle rocks in the seafloor at ambiente oceanico. Ofioliti, 5: 5-18.
mid-ocean ridges. J. Geophys. Res., 98: 4163-4172. Cortesogno L., Di Giulio A., Galbiati B. and Vannucci R., 1988.

Caron J.M. and Delcey R., 1979. Lithostratigraphie des Schistes Volcanic rocks into Western Ligurian Flysch: petrographic-
Lustrés corses: diversité des séries post ophiolitiques. C. R. geochemical data and paleogeographic significance. Géol.
Acad. Sci. Paris, Série D, 288: 1525-1528. Alpine, Mém. H.S., 14: 179-195.

Casella F and Terranova R., 1963. Studio stratigrafico e tettonicoCortesogno L. and Gaggero L., 1992. The basaltic dikes in the
dei terreni cretacei nella Valle Lavagna e nelle zone limitrofe ~ Bracco gabbroic massif: petrology of the earliest phases of the
(Appennino ligure orientale). Atti Ist. Geol. Univ. Genova, 1: basaltic activity in the Northern Apennines ophiolites. Ofioliti,
349-472 (1964). 17:183-198.

Channell J.E.T., Erba E., Nakanishi M. and Tamaki K., 1995. Late Cortesogno L. and Gaggero L., 2003. Valle Lagorara: analisi delle
Jurassic-Early Cretaceous time scale and oceanic magnetic conoscenze litologiche nellEta del Rame. In: N. Campana and
anomaly block model. In: Geochronology, time scales and R. Maggi (Eds.), Archeologia in valle Lagorara. Monografia
global stratigraphic correlation. SEPM, Spec. Publ., 54: 51-63. Origines, Ist. Italiano Preistoria e Protostoria, p. 33-52

Charpentier S., Kornprobst J., Chazot G., Cornen G. and BoillotCortesogno L., Gaggero L. and Molli G., 1994. Ocean floor meta-
G., 1998. Interaction entre lithosphere et asthenosphere au morphism in the Piedmont-Ligurian Jurassic basin: a review.
cours de I'ouverture océanique: données isotopiques prelimi- Mem. Soc. Geol. It., 48: 151-163.
naries sur la marge passive de Galice (Atlantique-Nord). C. R.Cortesogno L., Galbiati B. and Principi G., 1980. Le brecce ser-
Acad. Sci. Paris, 26: 757-762. pentinitiche giurassiche della Liguria orientale. Arch. Sci.

Chiari M., 1994a. Radiolarian assemblage from ophiolite se- Genéve, 33: 185-200.
quences of Northern Apennines: 1- Figline di Prato sections.Cortesogno L., Galbiati B. and Principi G., 1981. Descrizione det-
Ofioliti 19: 177-192 tagliata di alcuni caratteristici affioramenti di brecce serpen-

Chiari M., 1994b. Radiolarian assemblage from ophiolite se- tinitiche della Liguria orientale ed interpretazione in chiave ge-
guences of Northern Apennines: 2- Sasso di Castro sections. odinamica. Ofioliti, 6: 47-76.

Ofioliti, 19: 377-395. Cortesogno L., Galbiati B. and Principi G., 1987. Note alla “Carta

Chiari M. and Marcucci M., 1995. Radiolarian biostratigraphy in geologica delle ofioliti del Bracco” e ricostruzione della paleo-
the Monte Alpe Cherts at Impruneta, Florence, Italy. 1.O.S. (In-  geografia Giurassico-Cretacica. Ofioliti, 12: 261-342.
tern. Ophiolite Symp.), Pavia, September 1995, Abstr., p. 32. Cortesogno L., Galbiati B., Principi G. and Venturelli G., 1978. Le

Chiari M., Cortese G. and Marcucci M., 1994. Radiolarian bios- brecce ofiolitiche della Liguria orientale: nuovi dati e discus-
tratigraphy of the Jurassic cherts of the Northern Apennines. sione sui modelli paleogeografi€fioliti, 3: 99-160.

Ofioliti, 19: 307-312. Cortesogno L. and Galli M., 1974. Tronchi fossili nei diaspri della

Chiari M., Ciscato B., Gardin S. and Marcucci M., 1995. The sedi-  Liguria orientale. Ann. Museo Civico Storia Nat., Genova, 80:
mentary cover of the Gambassi ophiolite, central Tuscay, Italy.  142-155.

1.0.S. (Intern. Ophiolite Symp.), Pavia, September 1995. Ab- Cortesogno L., Gianelli G. and Messiga B., 1977. Le rocce gab-
str., p. 30. briche dell’Appennino settentrionale. IlI: caratteristiche petro-

Chiari M., Cortese G., Marcucci M. and Nozzoli N., 1997. Radio- grafiche: evoluzione metamorfica in ambiente oceanico ed oro-
larian biostratigraphy in the sedimentary cover of the ophiolites  genico. Ofioliti, 2: 75-113.
of south-western Tuscany, Central Italy. Ecl. Geol. Helv., 90: Cortesogno L., Gianelli G. and Piccardo G.B., 1975. Pre-orogenic
55-77. metamorphic and tectonic evolution of the ophiolite mafic

Chiari M., Marcucci M. and Principi G., 2000. The age of the radi- rocks (Northern Apennine and Tuscany). Boll. Soc. Geol. It.,
olarian cherts associated with the ophiolites in the Apennines 94: 291-321.

(Italy). Ofioliti, 25: 141-146. Cortesogno L. and Haccard D., 1984. Note illustrative alla Carta
Chiesa S., Cortesogno L. and Lucchetti G., 1976. Gli scisti  Geologica della Zona Sestri-Voltaggio. Mem. Soc. Geol. It.,

quarzitici del Gruppo di Voltri: caratteri stratigrafici, petro- 28: 115-150.

grafici e mineralogici. Ofioliti, 1: 199-218. Cortesogno L. and Lucchetti G., 1982. Il metamorfismo oceanico

CiscatoB., 1992. Rilevamento delle Liguridi tra Montaione, Gam- nei gabbri ofiolitici dell’Appennino ligure: aspetti mineralogici



208

e paragenetici. Rend. S..M.P., 38: 561-579. De Wever P., Danelian T., Durand-Delga M., Cordey F. and Kito

Cortesogno L., Lucchetti G. and Penco A.M., 1979. Le mineraliz-  N., 1987b. Datations des radiolarites post-ophiolitique de Corse
zazioni a manganese nei diaspri delle ofioliti liguri: mineralogia  alpine a l'aide des Radiolaires. C. R. Acad. Sci. Paris, Série Il,
e genesi. Rend. S.I.LM.P., 35: 151-197. 305: 893-900.

Cortesogno L. and Olivieri F., 1974. Fenomeni metamorfici di alta Dietrich V.J., 1970. Die Stratigraphie der Platta-Decke: Fazielle
temperatura ed evoluzione polimetamorfica in ambiente  Zusammenhange zwischen Oberpenninikum und Unterostalpin.
“oceanico” e orogenico di diabasi, brecce e sedimenti associati, Ecl. Geol. Helv., 63: 631-671.
affioranti presso Framura (Liguria orientale). Rend. S.I.M.P., Dietrich V.J., 1980. The distribution of ophiolites in the Alps. In:
30: 931-959. G: Rocci (Ed.), Tethyan ophiolites, Western Area. Ofioliti,

Costa S. and Caby R., 2001. Evolution of the Ligurian Tethys in  Spec. Issue, 1: 7-51
the Western Alps: Sm/Nd and U/Pb geochronology and rare-Durand-Delga M., 1977. La Corse, Guides géologiques régionaux.
earth element geochemistry of the Montgenévre ophiolite ~ Masson, Paris, 208 pp.

(France). Chem. Geol., 175: 449-466. Durand-Delga M., 1984 Principaux traits de la Corse Alpine et

Dallan L. and Puccinelli A., 1995. Geologia della regione tra Bas-  correlations avec les Alpes Ligures. Mem. Soc. Geol. It., 28:
tia e St-Florent (Corsica Settentrionale), con carta geologica al- 285-329.
la scala 1:25.000. Boll. Soc. Geol. It., 114: 23-66. Durand-Delga M., Peybernés B. and Rossi P., 1997. Arguments en

Dal Piaz G.V., 1965. La formazione mesozoica dei calcescisti con faveur de la position, au Jurassique, des ophiolites de la Bal-
pietre verdi fra Valsesia e Valtournanche ed i suoi rapporti  agne (Haute Corse, France) au voisinage de la marge continen-
strutturali con il ricoprimento Monte Rosa e con la Zona Sesia-  tale européenne. C. R. Acad. Sci. Paris, 325: 973-981.

Lanzo. Boll. Soc. Geol. It., 84: 67-104. Elter G., 1971. Schistes lustrés et ophiolites de la zone piémontaise

Dal Piaz G.V., 1999. The Austroalpine-Piedmont Nappe stack and entre Orco et Doire Balte. Hypothése sur I'origine des ophio-
the puzzle of the Alpine Tethys. Mem. Sci. Geol., Padova, 51 lites. Géol. Alpine, 47: 147-169.

(1): 155-176. Elter P., 1972. La zona ofiolitifera del Bracco nel quadro dell’Ap-

Dal Piaz G.V., Di Battistini G., Gosso G. and Venturelli G., 1979. pennino Settentrionale. Introduzione alla geologia delle Liguri-
Micascisti granatieri a relitti di omfacite e quarziti a glaucofane  di. 66° Congr. Soc. Geol. It., Guida alle escursioni, Pacini, Pisa,
e granato nell’Unita di Zermatt-Saas della falda ofiolitica p. 5-35.
piemontese tra St. Jacques ed il Breuil. Rend. S.I.M.P., 35: 815Faraone D., Manganelli V., Brunacci S., Chiocchini D. and Donati
830. C., 1979. Su una particolare subvulcanite affiorante presso

Dal Piaz G.V. and Ernst W.G., 1978. Areal geology and petrology = Murci (Grosseto). Boll. Soc. Geol. It., 98: 249-258.
of eclogites and associated metabasites of the Piemonte ophio-araone D. and Stoppa F., 1990. Petrology and regional implica-
lite nappe, Breuil-St. Jacques area, Italian Western Alps. tions of Early Cretaceous alkaline lamprophyres in the Ligure-

Tectonophysics, 51: 99-126. Maremmano Group (Southern Tuscany, Italy): an uotline. Ofi-
De Benedetti A., 1972. Notizie preliminari sulla roccia trovata nel  oliti, 15: 45-59.
Mancianese dal Dott. Stea. Rend. S.I.M.P., 28: 359. Ferrara G. and Tonarini S., 1985. Radiometric geochronology in

Decandia F.A. and Elter P., 1972. La zona ofiolitifera del Bracco = Tuscany: results and problems. Rend. S.I.M4P: 111-124.

nel settore compreso tra Levanto e la Val Graveglia (Appenni- Florineth D. and Froitzheim N., 1994. Transition from continental

no Ligure). Mem. Soc. Geol. It., 11: 503-530. to oceanic basement in the Tasna Nappe: evidence for Early
Dercourt J., Ricou L.E. and Vrielynck B. (Eds.), 1993. Atlas. Cretaceous opening of the Valais Ocean. Schweiz. Mineral.

Tethys Paleoenvironmental Maps. Gauthier-Villars, Paris, 307  Petrogr. Mitt., 74: 437-448.

pp., 14 maps, 1 pl. Folk R.L. and Mc Bride E.F., 1976. Possible pedogenetic origin of
Desmurs L., Manatschal G. and Bernoulli D., 2001. The Stein-  Ligurian ophicalcites: a Mesozoic calichified serpentin@e-

mann Trinity revisited: mantle exhumation and magmatism ology, 4: 327-332.

along an ocean-continent transition: the Platta nappe, easterfrolk R.L. and Mc Bride E.F., 1978. Radiolarites and their relation

Switzerland. In: R.C.L. Wilson, R.B. Whitmarsh, B. Taylor and to subjacent “ocean crust” in Liguria, Italy. J. Sedim. Petrol.,

N. Froitzeim (Eds.), Non-volcanic rifting of continental mar- 48: 1069-1102.

gins: a comparison of evidence from land and sea. Geol. SocFroitzheim N. and Eberli G., 1990. Extensional detachment fault-

London Spec. Publ., 187: 235-266. ing in the evolution of a Tethys passive continental margin
Desmurs L., Muentener O. and Manatschal G., 2002. Onset of (Eastern Alps, Switzerland). Geol. Soc. Am. Bull., 102: 1297-

magmatic accretion within a magma-poor rifted margin: a case  1308.

study from the Platta ocean-continent transition, easternFroitzheim N. and Manatschal G., 1996. Kinematics of Jurassic

Switzerland. Contrib. Mineral. Petrol., 44: 365-382. rifting, mantle exhumation, and passive-margin formation in
De Wever P. and Baumgartner P.O., 1995. Radiolarians from the the Austroalpine and Penninic nappes (eastern Switzerland).

base of the supra-ophiolitic Schistes Lustrés Formation in the Geol. Soc. Am. Bull., 108: 1120-1133.

Alps (Saint-Véran, France and Traversiera Massif, Italy). In: Fruh-Green G.L., Weissert H. and Bernoulli D., 1990. A multiple

P.O. Baumgartner, et al. (Eds.), Middle Jurassic to Lower Cre-  fluid history recorded in Alpine ophiolites. J. Geol. Soc. Lon-

taceous Radiolaria of Tethys: occurrences, systematics, don, 147: 959-970.

biochronology. Mém. Géol., Lausanne, 23: 725-729 Galbiati G., 1970. Carta geologica della Ruga del Bracco tra
De Wever P, Baumgartner P.O. and Polino R., 1987a. Précision Monte Zatta e Moneglia (Appennino ligure). Atti Ist. Geol.

sur les datations de la base des Schistes Lustrés postophioliques Pavia, 21.

dans les Alpes Cotiennes. C. R. Acad. Sci. Paris, Série 1l, 305Galbiati B., Gianelli G. and Principi G., 1976, Nuovi dati sulle ofi-

487-491. oliti del Bargonasco e tentativo di una loro ricostruzione paleo-
De Wever P. and Caby R., 1981. Datation de la base des schistes geograficaOfioliti, 1: 391-406.

lustrés postophiolitique par des radiolaires (Oxfordien Gardin S., Marino M., Monechi S. and Principi G., 1994. Bios-

supérieur-Kimmeridgian moyen) dans les Alpes Cotttiennes tratigraphy and sedimentology of Cretaceous Ligurid Flysch:

(Saint-Véran, France). C. R. Acad. Sci. Paris, Série Il, 292:  paleogeography implication. Mem. Soc. Geol. It., 48: 219-235.

467-472. 1995
De Wever P. and Danelian T., 1995. Supra-ophiolitic Radiolarites Garrison R.E., 1974. Radiolarian cherts, pelagic limestones and ig-
from Alpine Corsica (France). In: P.O. Baumgartner, et al. neous rocks in eugeosynclinal assemblages. In: K.J. Hsi and

(Eds.), Middle Jurassic to Lower Cretaceous Radiolaria of  H.C. Jenkins (Eds.), Pelagic sediments: on land and under the
Tethys: occurrences, systematics, biochronology. Mém. Géol., sea.l. A. S. Spec. Publ., 1: 367-400.
Lausanne, 23: 731-735. Ghelardoni R., Pieri M. and Pirini C., 1965. Osservazioni stratigra-



209

fiche nell'area dei Fogli 84 (Pontremoli) e 85 (Castelnuovo Sci. Paris,série I, 307: 1081-1086.

ne’Monti). Boll. Soc. Geol. It., 84 (6): 297-416. Lazzarotto A., 1967. Geologia della zona compresa fra l'alta valle
Gianelli G., 1977. Vara Supergroup ophiolites probably represent del Fiume Cornia ed il Torrente Pavone (Prov. Di Pisa e Gros-
an ancient transcurrent fault zone. Ofioliti, 2: 115-135. seto). Mem. Soc. Geol. It., 6: 151-197.

Gianelli G. and Passerini P., 1974. A K/Ar dating of the pillow Lemoine M., 1980. Serpentinites, gabbros and ophicalcites in the
lavas of Castiglioncello del Trinoro (Southern Tuscany). Atti Piedmont-Ligurian domain of the Western Alps; possible indi-
Soc. Tosc. Sci. Nat.,, Mem., Ser. A., 81: 185-186. cators of oceanic fracture zones and of associated serpentinite

Gianelli G. and Principi G., 1974. Studies on mafic and ultramafic  protrusions in the Jurassic-Cretaceous Tethys. Arch. Sci.
rocks. 4. - Breccias of the ophiolitic suite in the Monte Bocco ~ Genéve, 33: 103-115.

area (Ligurian Apennine). Boll. Soc. Geol. It., 93: 277-308. Lemoine M., Steen D. and Vuagnat M., 1970. Sur le probleme
Gianelli G. and Principi G., 1977. Northern Apennine ophiolite: an  stratigraphique des ophiolites piémontaises et des réches sédi-

ancient transcurrent fault zone. Boll. Soc. Geol. It., 96: 53-58. mentaires associées: Observations dans le massif de Chabriere
Gruppo di Lavoro sulle Ofioliti Mediterranee., 1977. | complessi en Haute-Ubaye (Basses-Alpes, France). C. R. Séances,

ofiolitici e le unita cristalline della Corsica alpina. Ofioliti, 2: S.P.H.N., Genéve, 5: 44-59.

265-324. Lemoine M., Boillot G. and Tricart P., 1987. Ultramafic and gab-
GSA time scale (G.S.A., 1999, March 2004) broic ocean floor of the Ligurian Tethys (Alps, Corsica, Apen-

Hoogerduijn Strating E.H., Piccardo G.B., Rampone E., Scambel- nines): in search of a genetic model. Geology, 15: 622-625

luri M. and Vissers R.L.M., 1990. The structure and petrology Lemoine M. and Tricart P., 1986. Les Schistes lustrés piémontais

of the Erro-Tobbio peridotite, Voltri Massif, Ligurian Alps. des Alpes Occidentales: Approche stratigraphique, structurale

Guidebook for a two-day-excursion with emphasis on processes et sédimentologique. Ecl. Geol. Helv., 79: 271-294.

in the upper mantle (Voltri Massif, June 26-28, 1989). Ofioliti, Manatschal G., 2004. New models for evolution of magma-poor

15:119-184. rifted margins based on a review of data and concepts from
Haccard D. and Thieuloy Y.P., 1973. Présence d’ammonites de West Iberia and the Alps . Int. J. Earth Sci., 93: 432-466.

I'Albien dans les flyschs de Busalla de la zone Sestri-Voltaggio Manatschal G. and Bernoulli D., 1999. Architecture and tectonic

(region de Genes). C. R. Acad. Sci. Paris, 277: 13-16. evolution of non-volcanic margins: present-day Galicia and an-
Karson J.A. and Lawrence R.M., 1997. Tectonic window into gab-  cient Adria. Tectonics, 18: 1099-1119.

broic rocks of the middle oceanic crust in the MARK area near Manatschal G., Muentener O., Bernoulli D. and Desmurs L., 2003.

site 921-924. Proceed. O.D.P. Sci. Res., 153: 181-241. An ancient ocean-continent transition in the Alps: the Totalp,
Kienast J.R., 1983. Le métamorphisme de haute pression et basse Err-Platta, and Malenco units in the eastern Central Alps

température (éclogites et schistes bleus): données nouvelles sur (Graubunden and Northern ltaly). Ecl. Geol. Helv., 96: 131-

la pétrologie des roches de la crolte océanique subductée et des 146.

sédiments associés. Thése d’'Etat, Univ. Paris VI, 474 pp. Manatschal G. and Nievergelt P., 1997. A continent-ocean transi-
Lagabrielle Y., 1994. Ophiolites of the southwestern Alps and the tion recorded in the Err and Platta nappes (Eastern Switser-

structure of the Tethyan oceanic lithosphere. Ofioliti,19: 413- land), Ecl. Geol. Helv., 90: 3-27.

434, Marcucci M. and Marri C., 1990. Radiolarian assemblages in ophi-
Lagabrielle Y. and Cannat M., 1990. Alpine Jurassic ophiolites re-  olite sequence of Southern Tuscany: new data. Ofioliti, 15:

semble the modern central Atlantic basement. Geology, 18: 185-190.

319-322. Marcucci M. and Passerini P., 1980. Nannofossil dating of post-
Lagabrielle Y. and Lemoine M., 1997. Alpine, Corsican and Apen-  ophiolite magmatic activity at Castiglioncello del Trinoro,

nine ophiolites; the slow-spreading ridge model. C. R. Acad.  Southern Tuscany. Ofioliti, 5: 79-96.

Sci. Paris, 325: 909-920. Marcucci M. and Passerini P., 1982. The age of the Castiglioncello
Lagabrielle Y. and Polino R., 1985. Origine volcano-détritique de  del Trinoro magmatic phase in Southern Tuscany: a progress

certaines prasinites des Schistes Lustrés du Queyras (France): report and its relations to cretaceous orogenesis in Corsica. Ofi-

arguments texturaux et géochimiques. Bull. Soc. Géol. France, oliti, 7: 79-84.

4:461-471. Marcucci M., Conti M. and Spadea P., 1987. Radiolarian associa-
Lagabrielle Y. and Polino R., 1989. Un schéma structural du do- tion in cherts from Timpa delle Murge (Lucanian Apennine,

maine des Schistes Lustrés ophiolitiphéres au nord-ouest du Italy). Ofioliti, 12: 411-414.

massif du Mont Viso (Alpes sud-occidentales) et ses implica- Marescotti P. and Cabella R., 1996. Significance of chemical vari-

tions. C. R. Acad. Sci. Paris, Sér. Il, 306: 921-928. ations in a chert sequence of the “Diaspri di M.Alpe Forma-
Lagabrielle Y., Polino R., Auzende J.M., Blanchet R., Caby R., tion” (Val Graveglia, Northern Apennine, Italy). Ofioliti, 21

Fudral S., Lemoine M., Mevel C., Ohnenstetter M., Robert D. (2): 139-144.

and Tricart P., 1984. Les témoins d’'une tectonique in- Marini M., 1992. L'Unita del M. Gottero fra la Val Trebbia e Ses-

traocéanique dans le domaine téthysien: analyse des rapports tri Levante (Appennino Ligure): Nuovi dati di analisi di bacino

entre les ophiolites et leurs couvertures métasédimentaires dans e ipotesi di evoluzione sedimentaria. Boll. Soc. Geol. It., 111:

la zone piémontaise des Alpes franco-italiennes. Ofioliti, 9: 67-  3-23.

88. Marino M., 1988. Nuove datazioni con i nannofossili calcarei dei
Lahondére J. C. and Lahondére D., 1988. Organisation structurales Flysch cretacei a Helmintoidi che affiorano nella Toscana a sud

des “Schistes lustrés” du Cap Corse (Haute-Corse), C. R. Acad. dell’Arno. Unpubl. Thesis, Univ. Florence, 173 pp.

Sci. Paris, série Il, 307: 1081-1086. Marino M and Monechi S., 1994. Nuovi dati sull’eta di alcuni Fly-
Lanzafame G., Spadea P. and Tortrici L, 1978. Provenienza ed sch ad Helmintoidi cretacei e terziari dell’Appennino Settentri-

evoluzione dei flysch cretacico-eocenici della regione calabro- onale. Mem. Soc. Geol. It., 46: 43-77.

lucana: II: relazioni tra ofioliti e Flysch calabro-lucano. Ofioliti, Marino M., Monechi S. and Principi G., 1995. New calcareous

3:189-210. nannofossil data on the Cretaceous-Eocene age of Corsican tur-
Lanzafame G., Spadeaa P. and Tortorici L., 1979. Mesozoic ophio- bidites. Riv. It. Paleont. Strat., 101: 49-62.

lites of Northern Calabria and Lucanian Apennine (Southern Marroni M. and Meccheri M., 1993. Tectonic history of an accret-

Italy). Ofioliti, 4: 173-182. ed sequence: the Colli-Tavarone Unit, Northern Apennines,
Lanzafame G. and Zuffa G.G., 1976. Geologia e petrografia del Italy. Ofioliti, 18: 143-155.

Foglio Bisognano (Bacino del Crati, Calabria). Geol. Romana, Marroni M., Molli G., Ottria G. and Pandolfi L., 2001. Tectono-

Roma, 15: 223-270. sedimentary evolution of the External Liguride units (Northern
Lahondére J.-C and Lahondéere D., 1988. Organisation structurale Apennine, Italy): Insights in the precollisional history of a fos-

des “schistes lustrés” du Cap Corse (Haute Corse). C. R. Acad. sil ocean-continent transition zone. Geodin. Acta, 14: 307-320.



210

Marroni M., Molli, G., Montanini A. and Tribuzio R., 1998. The Padoa E. and Durand-Delga M., 2001. L'Unité ophiolitique du Rio
association of continental crust rocks with ophiolites (Northern ~ Magno en Corse Alpine: élément des Ligurides de I’Apennin

Apennine, ltaly): implications for the continent-ocean transi- Septentrional. C. R. Acad. Sci. Paris, 333: 285-293.
tion. Tectonophysics, 292: 43-66. Padoa E, Saccani E. and Durand-Delga M., 2001. Structural and
Marroni M., Monechi S., Perilli N., Principi G. and Treves B., geochemical data on the Rio Magno Unit: Evidences for a new

1992. Late Cretaceous flysch deposits of the Northern Apen-  “Apenninic” Ophiolitic Unit in Alpine Corsica and its geody-
nines, ltaly: age of inception of orogenesis-controlled sedimen-  namic implications. Terra Nova, 13: 135-142.

tation. Cretaceous Res., 13: 487-504. Pagani G., Papani G., Rio D., Torelli L., Zanzucchi, G. and Zerbi
Marroni M. and Perilli N., 1990. The age of the ophiolite sedimen- M., 1972. Osservazioni sulla giacitura delle ofioliti nelle alte

tary cover from the Mt. Gottero Unit (Internal Ligurid Units, valli del T. Ceno e del F. Taro. Mem. Soc. Geol. It., 11: 531-

Northern Apennines): new data from calcareous nannofossils. 546.

Ofioliti, 15: 251-267. Palfy J., Smith P.L and Mortensen J.K., 2000. A U-PB &nd

Marroni M. and Tribuzio R., 1996. Gabbro-derived granulites from AR/PPAR time scale for the Jurassic. Canad. J. Earth Sci., 37: 1-
EL units (Northern Apennine, Italy): implications for the rifting 23.
processes in western Tethys. Geol. Rundsch., 85: 239-249. Passerini P., 1964. Il Monte Cetona (Prov. Di Siena). Boll. Soc.

Marroni M., Pandolfi L. and Perilli N., 2000. Calcareous nannofos-  Geol. It., 83 (4): 219-338.
sil dating of the St. Marino Formation from the Balagne ophio- Passerini P., 1965. Rapporti fra le ofioliti e le formazioni sedimen-
lite sequence (Alpine Corsica): a comparison with the Palombi- tarie fra Piacenza e il Mare Tirreno. Boll. Soc. Geol. It., 84 (5):
ni Shales of the Northern Apennine. Ofioliti, 25: 147-155. 93-176.

Martin S. and Tartarotti P., 1989. Poliphase HP metamorphism inPasserini P. and Pirini C., 1964. Microfaune paleoceniche nelle
the ophiolitic glaucophanites of the lower St. Marcel Valley formazioni dell’Arenaria di M. Ramaceto e degli Argilloscisti
(Aosta, ltaly). Ofioliti, 14: 135-156. di Cichero. Boll. Soc. Geol. It., 83 (4): 211-214.

Meli S., Montanini A., Thoni M. and Frank W., 1996. Age of maf- Pertusati P.C., 1968. Segnalazione di una discordanza alla base del
ic granulite blocks from the External Liguride units (northern Paleocene (Formazione di Giariette) nel’Appennino Ligure e
Apennine, Italy). Mem. Sci. Geol., Padova, 48: 65-72. alcune considerazioni sul suo significato. Mem. Acc. Lunigiana

Mével C., Cannat M., Gente P., Marion E., Auzende J.M. and Kar-  Sci. G. Capellini, La Spezia, 38: 1-22 (1972).
son J.A., 1991. Emplacement of deep crustal and mantle rock$eters T. and Stettler A., 1987. Radiometric age, thermobarometry
on the west median valley wall of the MARK area (MAR 23 and mode of emplacement of the Totalp peridotite in the East-

N). Tectonophysics, 190: 31-53. ern Swiss Alps. Schweiz. Mineral. Petrogr. Mitt., 67: 285-294.
Molli G., 1996. Pre-orogenic tectonic framework of the northern Peyve A.P., 1969. Okeanycheskaya Kora geologicheskovo
Apennine ophiolites. Ecl. Geol. Helv., 89:163-180. ploshlovo: Geotektonika, 4.
Monechi S. and Treves B., 1984. Osservazioni sull'eta delle Are-Piccardo G.B., 2003. Mantle processes during ocean formation:
narie del M. Gottero. Dati del nannoplancton calcareo. Ofioliti, petrologic records in peridotites from the Alpine - Apennine
9: 93-96. ophiolites. Episodes, 26 (3): 193-199.

Montanini A., 1997. Mafic granulites in the Cretaceous sedimenta-Piccardo G.B., Muentener O. and Zanetti A., 2004. Alpine-Apen-
ry mélanges from the Northern Apennine (ltaly): petrology and  nine ophiolitic peridotites: new concepts on their composition
tectonic implications. Schweiz. Miner. Petr. Mitt., 77: 43-64. and evolution. Ofioliti, 29: 63-74.

Montanini A. and Tribuzio R., 2001. Gabbro-derived granulites Piccardo G.B., Rampone E. and Romairone A., 2002. Formation
from the Northern Apennine (Italy); evidence for lower-crustal and composition of the oceanic lithosphere of the Ligurian
emplacement of tholeiitic liquids in post-Variscan times. J. Tethys: inferences from the Ligurian ophiolites. Ofioliti, 27:

Petrol., 42: 2259-2277 145-161.
Mutter J. and Karson J., 1992. Structural processes at slow-spreadRiccardo G.B., Rampone E., Vannucci R., and Cimmino F., 1994,
ing ridges. Sciences, 257: 627-634. Upper mantle evolution of ophiolitic peridotites from the
Nardi R., Puccinelli A. and Verani M., 1978. Carta Geologica della  Northern Apennin: petrological constraints to the geodynamic
Balagne “sedimentaria” (Corsica) alla scala 1:25.000 e note il- processes. Mem. Soc. Geol. It., 48: 137-148.
lustrative. Boll. Soc. Geol. It., 97: 3-22. Piluso E., 1997. Evoluzione tettonometamorfica dell’'Unita Polia-

Nozzoli N., 1986. Micropaleontological study of radiolarian chert Copanello nel settore settentrionale della Catena Costiera Tir-
in the ophiolitic sequence south of Leghorn. Ofioliti, 11: 339- renica Calabrese. PhD Thesis, Univ. Calabria, 232 pp.
342. Piombino A., 1991. Le ofioliti di Riparbella - Provincia di Pisa.
Ohnenstetter D., Ohnenstetter M. and Rocci G., 1976. Etude des Evoluzione petrografica e tettonica. Unpubl. Thesis, Univ. Flo-
metamorphismes successifs des cumulats ophiolitiques de rence, 91 pp.
Corse. Bull. Soc. Géol. France, 18: 115-134 Polino R., 1984. Les series oceaniques du haut Val de Suse (Alpes
Ohnenstetter D., Ohnenstetter P., Vidal P., Cornichet J., Hermitte Cottiennes): analyse des couvertures sedimentaires. Ofioliti, 9:
D. and Macé J., 1981. Crystallization and age of zircon from  547-554.
Corsican ophiolitic albitites: consequences for oceanic expan-Polino R. and Lemoine M., 1984. Détritisme mixte d'origine conti-

sion in Jurassic times. Earth Planet. Sci. Lett., 54: 397-408. nentale et océanique dans les sédiments jurassico-crétacés
Ottonello G., Joron J.L. and Piccardo G.B., 1984. Rare Earth and supra-ophiolitiques de la Téthys ligure: la série du Lago Nero
3d transition element geochemistry of peridotitic rocks: IlI. Lig- (Alpes Occidentales franco-italiennes). C.R. Acad. Sci. Paris,

urian peridotites and associated basalts. J. Petrol., 25: 373-393.  Sér. I, 298: 359-364.

Perilli N. and Nannini D., 1997. Calcareous nannofossil biostratig- Principi G., 1973. Il conglomerato di Monte Zenone (Nota prelim-
raphy of the Calpionella Limestone and Palombini Shale (Brac- inare) Boll. Soc. Geol. It., 92: 75-84.
co/Val Graveglia Unit) in the Eastern Ligurian Apennines Principi G. and Treves B., 1984. Il sistema corso-appenninico

(Italy). Ofioliti, 22: 213-225. come prisma di accrezione. Riflessi sul problema generale del
Pacciotti V., 2000. Studio sull'lndice di cristallinita dell'llite nelle limite Alpi-Appennini. Mem. Soc. Geol. It., 28: 549-576.

Argille a Palombini delle Liguridi Interne in Liguria orientale. Puga E., Diaz de Federico A., Bodinier J.L., Monié P. and Morten

Unpubl. Thesis, Univ. Florence, pp. 106. L., 1991. The Betic ophiolitic eclogites (Nevado-Filabride
Padoa E., 1997. Geologia del Massiccio ofiolitico del'lnzecca, al- Complex, SE Spain).Terra Nova Abst"d Eclogite Field

ta Corsica (Francia). Unpubl. Thesis, Univ. Florence, 155 pp. Symp., 6: 8-10.

Padoa E., 1999. Les ophiolites du Massif de I'lnzecca (CorsePuga E., Diaz de Federico A., Molina-Palma J.F., Nieto J.M. and
Alpine): lithostratigraphie, structure géologique et évolution Tendero-Segovia J.A., 1993. Field trip to the Nevado-Filabride
géodynamique. Géol. France, 3: 37-48. Complex (Betic Cordilleras, SE Spain). Ofioliti, 18: 37-60.



211

Puga E, Diaz de Federico A. and Demant A., 1995. The eclogitisedSchmid S.M., Rick Ph. and Schreurs G., 1990. The significance of
pillows of the Betic Ophiolitic Association: relics of the Tethys the Schams nappes for the reconstruction of the paleotectonic
Ocean floor incorporated in the Alpine Chain after subduction.  and orogenic evolution of the Penninic zone along the NFP-20
Terra Nova, 7: 31-43. East traverse (Grisons, eastern Switzerland). Mém. Soc. Géol.

Puga E., Diaz de Federico A. and Nieto J.M., 2002. Tectono-strati- France, 156: 263-287.
graphic subdivision and petrological characterisation of the Spadea P., 1982. Continental crust rocks associated with ophiolites
deepest complexes of the Betic Zone: a review. Geodin. Acta, in Lucanian Apennine (Southern lItaly). Ofioliti, 7: 501-522.

15: 23-43.. Spadea P., Tortorici L. and Lanzafame G., 1980. Ophiolites of Lu-

Rampone E., Hofmann A.W., Piccardo G.B., Vannucci R., Bot- canian Apennine. VI Ophiolite Field Conf., Italy, 1980. Field
tazzi P. and Ottolini L., 1995. Petrology, mineral and isotope  Excursion Guidebook, G.L.O.M., Florence, p. 29-36.
geochemistry of the External Liguride peridotite (Northern Steinmann G., 1905. Geologische Beobachtungen in den Alpen, II.
Apennines, Italy). J. Petrol., 36: 81-105. Die Schardtsche Ueberfaltungstheorie und die geologische Be-

Rampone E., Hofmann A.W., Piccardo G.B., Vannucci R., Bot- deutung der Tiefseeabsatze und der ophiolitischen Massen-
tazzi P. and Ottolini L., 1996. Trace element and isotope geo- gesteine: Berichte Natur. Gesell. Freiburg im Breisgau, 16: 18-67.
chemistry of depleted peridotites from an N-MORB type ophio- Steinmann G., 1927. Die ophiolitischen Zonen in den mediterranen
lite (Internal Liguride, N. Italy). Contrib. Mineral. Petrol., 123: Kettengebirgen: Compte-rendu, XIVe Congreés Géologique In-
61-76. ternational, 1926, Madrid, Graficas Reunidas, 2: 637-667.

Rampone E., Hofmann A.W. and Raczek I., 1998. Isotopic con-Terranova R.1966. La serie cretacea degli “Argilloscisti” fra le
trasts within the Internal Liguride ophiolite (N. Italy): the lack valli dei torrenti Entella e Petronio (Appennino Ligure). Atti
of a genetic mantle-crust link. Earth Planet. Sci. Lett., 163: 175-  Ist. Geol. Univ. Genova, 4: 109-177.

189. Tiepolo M., Tribuzio R. and Vannucci R., 1997. Mg- and Fe-gab-

Rampone E. and Piccardo G.B. 2000. The ophiolite - oceanic  broids from the Northern Apennine ophiolites parental liquids
lithosphere analogue: new insights from the Northern Apennine  and differentiation process. Ofioliti, 22: 57-69.

(Italy). In Y. Dilek, E. Moores, D. Elthon and A. Nicolas Treves B., 1983. |l complesso di Casanova nell’area di Suvero, La
(Eds.), Ophiolites and oceanic crust: new insights from field  Spezia: sedimentologia e provenienza dei clasti. Ofioliti, 8:
studies and Ocean Drilling Program. Am. Geol. Soc. Spec. Pa- 165-168.

per, 349: 21-34. Treves B. and Andreani G., 1984. L'Unita di M. Caio nell'area di

Rosi M., 1995. Biostratigrafia a Radiolari dei Diaspri di M. Alpe Suvero, La Spezia. Ofioliti, 9: 155-184.
nelle serie ridotte della Liguria orientale (Val Graveglia e Val Treves B.A. and Harper G.D., 1994. Exposure of serpentinites on
di Vara). Unpubl. Thesis, Univ. Firenze, 59 pp. the ocean floor: sequence of faulting and hydrofracturing in the

Rossi Ph., Cocherie A., Lahondére D. and Fanning C.M., 2002. La  Northern Apennine ophicalcites. Ofioliti, 19: 435-466.
marge européenne de la Téthys jurassique en Corse: datation derimpy R., 1972. Zur Geologie des Unterengadins.
trondhjemites de Balagne et indices de croute continentales Komm.Schweiz. Natf. Ges. z. Wiss. Erforschung des National-
sous le domaine Balano-Ligure. C.R. Geosci., 334: 313-322. parks, 12: 71-87.

Rossi Ph. and Durand-Delga M., 2001. Significance of sandstonedrimpy R., 1988. A possible Jurassic-Cretaceous transform sys-
interbedded in the Jurassic basalts of the Balagne ophiolitic tem in the Alps and the Carpathians. Geol. Soc. Am. Spec. Pa-
nappe (Corsica, France). Ofioliti, 26: 169-174. per, 218: 93-108.

Rubatto D., Gebauer D. and Fanning M., 1998. Jurassic formationTucholke B.E. and Lin J., 1994. A geological model for the struc-
and Eocene subduction of the Zermatt-Saas-Fee ophiolites: Im- ture of ridge segments in slow spreading ocean crust. J. Geoph.
plications for the geodynamic evolution of the Central and Res., 99, B6: 11.937-11.958.

Western Alps. Contrib. Mineral. Petrol., 132: 269-287. Uberti G., 1999. Geologia dell'alta valle del Fiume Fiora (Toscana

Saccani E., Padoa E. and Tassinari R., 2000. Preliminary data on Meridionale). Unpubl. Thesis, Univ. Firenze, 105 pp.
the Pineto gabbroic Massif and Nebbio basalts: progress toward/annucci R., Rampone E., Piccardo G. B., Ottolini L. and Bottazzi
the geochemical characterization of Alpine Corsica ophiolites.  P., 1993. Ophiolitic magmatism in the Ligurian Tethys: An ion
Ofioliti, 25: 75-85. microprobe study of basaltic clinopyroxenes. Contrib. Mineral.

Saccani E., 2003. New geochemical and petrological data on Cor- Petrol., 115: 123-137.
sica ophiolites: possible geodynamic implications for the Venturelli G., Capedri S., Thorps R.S. and Potts 1.J., 1979. Rare
Alpine Corsica-Apennine system. Atti Conv. La geologia del Earth and other trace elements distribution in some ophiolitic
Mare Tirreno e degli Appennini. Bologna, Dicembre 2003. Ge-  metabasalts of Corsica. Chem. Geol., 24: 339-353.

ol. Acta, Spec. Issue, 2: 162-164. Venturelli G., Thorpe R.S. and Potts P.J., 1981. Rare earth and
Sagri M., Aiello E. and Certini L., 1982. Le unita torbiditiche cre- trace element characteristics of ophiolitic metabasalts from the
tacee della Corsica. Rend. Soc. Geol. It., 5: 87-91. Alpine-Apennine belt. Earth Planet. Sci. Lett., 53: 109-123.
Sarri A., 1990. Geologia ed idrogeologia delle rocce ofiolitiche dei Weissert H. and Bernoulli D., 1985. A transform margin in the
Monti Rognosi di Anghiari (Ar). Unpubl. Thesis, Univ. Flo- Mesozoic Tethys: evidence from the Swiss Alps. Geol. Runds.,
rence, 91 pp. 74: 665-679.

Schaaf A., Polino R. and Lagabrielle Y., 1985. Nouvelle décou- Whitmarsh R.B., Manatschal G. and Minshull T.A., 2001. Evolu-
verte de Radiolaires d’age Oxfordien supérieur-Kimméridgien  tion of magma-poor continental margins from rifting to seafloor
inférieur, a la base d’'une série supraophiolitique des Schistes spreading. Nature, 413: 150-154.

Lustrés Piémontais (Massif de Traversera, Haut Val Maira, Ital- Whitmarsh R.B., Pinheiro L.M., Miles P.R., Recq M. and Sibuet
ie). C.R. Acad. Sci. Paris, Sér.ll, 301: 1079-1084. J.C., 1993. Thin crust at the western Iberia ocean-continent

Schaltegger U., Desmurs L., Manatschal G., Miintener O., Meier transition and ophiolites. Tectonics, 12: 1230-1239.

M., Frank M. and Bernoulli D., 2002. The transition from rift- Winterer E.L. and Bosellini A., 1981. Subsidence and sedimenta-
ing to sea-floor spreading within a magma-poor rifted margin:  tion on Jurassic passive continental margin, Southern Alps,

field and isotopic constraints. Terra Nova, 14: 156-162. Italy. Intern. Geol. Correl. Progr., Proj. n. 105, p. 394-421.
Signorini R., 1963. La Formazione di Murlo a sud di Siena. Boll. Zanzucchi G., 1963. La geologia dell’alta Val Parma. Mem. Soc.
Serv. Geol. d'lt., 84: 65-81. Geol. It., 4:131-212.

Presented, May 20, 2004
Accepted, November 10, 2004






