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Structure of the lithosphere-asthenosphere and volcanism in the

Tyrrhenian Sea and surroundings

Struttura della litosfera-astenosfera e vulcanismo

nel Mar Tirreno e regioni adiacenti

PANZA G.E (¥), PONTEVIVO A. (*¥), SARAO A. (¥+¥),

ABSTRACT - The Italian peninsula and the Tyrrhenian Sea
are some of the geologically most complex regions on
Earth. Such a complexity is expressed by large lateral and
vertical variations of the physical properties as inferred
from the lithosphere-asthenosphere structure and by the
wide varieties of Plio-Quaternary magmatic rocks ranging
from tholeiitic to calcalkaline to sodium- and potassium-
alkaline and ultra-alkaline compositions.

The integration of geophysical, petrological and
geochemical data allows us to recognise various sectors in
the Tyrrhenian Sea and surrounding areas and compare
different volcanic complexes in order to better constrain the
regional geodynamics. A thin crust overlying a soft mantle
(10% of partial melting) is typical of the back arc volcanism
of the central Tyrrhenian Sea (MAGNAGHI, VAVILOV &
MARSILI) where tholeiitic rocks dominate. Similar
lithosphere-asthenosphere structure is observed for Ustica,
Vulture and Etna volcanoes where the geochemical
signatures could be related to the contamination of the side
intraplate mantle by material coming from either ancient or
active roll-back. The lithosphere-asthenosphere structure
and geochemical-isotopic composition do not change
significantly when we move to the Stromboli-Campanian
volcanoes, where we identify a well developed low-velocity
layer, about 10-15 km thick, below a thin lid, overlain by a
thin continental crust. The geochemical signature of the
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nearby Ischia volcano is characteristic of the Campanian
sector and the relative lithosphere-asthenosphere structure
may likely represent a transition to the back arc volcanism
sector acting in the central Tyrrhenian. The difference in
terms of structure beneath Stromboli and the nearby
Vulcano and Lipari is confirmed by different geochemical
signatures. The affinity between Vulcano, Lipari and Etna
could be explained by their common position along the
Tindari-Letoianni-Malta fault zone. A low velocity mantle
wedge, just below the Moho, is present in all the regions
related to the inactive recent volcanoes (Amiata, Vulsini, &
Cimino, Vico, Sabatini, Albani Hills) in the Tuscany and
Roman regions. A very thick rigid body is found in the
upper mantle beneath the Ernici-Roccamonfina province
that exhibits very distinct geochemical and isotopic
compositions when compared with the Roman province.

KEY wORDS: lithosphere-asthenosphere system, geochemical-
isotopic composition, Italian volcanic provinces, magma
sources.

RIASSUNTO - La penisola italiana ed il Mar Tirreno sono alcune
tra le regioni pitt complesse dal punto di vista geologico. Tale
complessita ¢ resa evidente da ampie variazioni verticali e
laterali nelle proprieta fisiche della struttura litosfera-
astenosfera e dalla grande varieta di rocce magmatiche del
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periodo Plio-Quaternario, la cui composizione varia da
toleitica a calcalcalina, da sodio- e potassio-alcalina ad ultra-
alcalina.

I’analisi contestuale di dati geofisici, petrologici e geochimici
ha permesso di riconoscere vari settori del mar Tirreno e
delle aree circostanti ¢ di mettere a confronto diversi
complessi vulcanici con lo scopo di porre vincoli attendibili
ai processi geodinamici regionali. La presenza di una crosta
sottile che sovrasta un mantello soffice (10% di fusione
parziale) ¢ tipica del vulcanismo di retro-arco presente nel
Tirreno centrale, dove predominano le rocce toleitiche. Una
struttura litosfera-astenosfera simile ¢ stata osservata in
corrispondenza dei vulcani Ustica, Vulture ed Etna, dove le
caratteristiche geochimiche possono essere legate alla
contaminazione del mantello da parte di materiale derivante
da processi di roll-back recenti o passati. la struttura
litosfera-astenosfera e la composizione geochimica-isotopica
non cambiano in modo significativo se si considerano
Stromboli e i vulcani campani dove uno strato a bassa
velocita ben sviluppato, dello spessore di 10-15 km, ¢
presente sotto un sottile lid, sovrastato da una sottile crosta
continentale. I'impronta geochimica del vicino vulcano di
Ischia ¢ caratteristica del settore campano e la relativa
struttura  litosfera-astenosfera  puo  verosimilmente
rappresentare una transizione al settore caratterizzato dal
vulcanismo di retro-arco che ¢ presente nel Tirreno centrale.
Ta differenza, in termini di struttura, tra lo Stromboli ed i
vicini Vulcano e Lipari ¢ confermata dalle diverse
caratteristiche geochimiche. I’affinita tra Vulcano, Lipari ed
Etna puo, invece, essere spiegata dalla loro comune posizione
lungo la zona di faglia Tindari-Letoianni-Malta. Nella regione
Toscana e nella provincia Romana, il mantello, a bassa
velocita, affiora subito sotto la Moho in tutte le regioni in cui
sono presenti vulcani recenti inattivi (Amiata, Vulsini,
Cimino, Vico, Sabatini, Albani, Hills). Nel mantello superiore
sotto la zona Ernici-Roccamotfina ¢ stato identificato un
corpo rigido e molto spesso che presenta composizioni
geochimiche ed isotopiche ben distinte se paragonate con la
provincia Romana.

PAROLE CHIAVE: sistema litosfera-astenosfera, composizione
geochimica-isotopica, provincie vulcaniche italiane, sorgenti

dei magmi

1. - INTRODUCTION

Volcanism is controlled by the lithosphere
structure and architecture (e.g. McNuUTT, 1998;
ANDERSON, 2000). The Italian peninsula and the
Tyrrhenian Sea are some of the geologically most
complex regions on Earth. Such a complexity is
expressed by the strong heterogeneities of the crust-
mantle system and the wide varieties of Plio-
Quaternary magmatic rocks (e.g. PECCERILLO &
PANZA, 1999). This setting is the result of the complex
geodynamic evolution, of the Mediterranean during
the Neogene and Quaternary times (e.g. DOGLIONI ef
alii, 1999). This generated a mosaic of compositionally
and structurally distinct mantle domains that have
undergone different evolutionary histories in terms of
compositional and structural modifications.

The geodynamic evolution of the Mediterranean

can be hardly unravelled when making use of models
based on mono-disciplinary investigations. This is due
to the complexity of the study area and to the intrinsic
non-uniqueness of the inverse problem that is at the
base of any geological model. In this paper we supply
geophysical, petrological and geochemical data relative
to different magmatic provinces recognised in
Peninsular Italy and in the Tyrrhenian Sea. We
combine the different datasets in order to better
understand the genesis of the recent volcanism. Tying
together geophysics, petrology and geochemistry we
recognise various sectors in the Tyrrhenian Sea and
surrounding areas and compare different volcanic
complexes in order to better constrain the regional
geodynamics.

2. - GEOPHYSICAL DATA AND METHOD

We determine the thickness and the vertical
velocity distribution of the shear waves in the
lithospheric layers for the area under investigation,
represented in figure 1, using the surface-wave
tomography regional study made by PONTEVIVO &
PaNzA (2002) and, where pertinent, the large-scale
one by PASYANOS e# a/ii (2001).

The available surface waves dispersion curves at
regional scale (PONTEVIVO & PANzA, 2002; PANZA ef
alzi, 2003), have been used to obtain tomography maps
using the two-dimensional tomography algorithm
developed by DITMAR & YANOVSKAYA (1987),
YANOVSKAYA & DITMAR (1990). The lateral resolving
power of the available dispersion data is of about 200
km (PONTEVIVO & PaNza, 2002); however the
availability of a priori independent geological and
geophysical information about the uppermost part of
the crust improves the lateral resolving power and
justifies the choice to perform the non-linear inversion
of dispersion curves averaged over cells of a 1°x1°
grid (PANzA et alii, 2003). Each cell of the grid is
characterised by average dispersion curves of group
velocity, V (T) (in the period range of 10-35 s), and of
phase velocity, V,,(T) (in the period range of 25-100
s). Each mean velocity is the average of the values
read from the relevant tomography maps of
PONTEVIVO & PANZA (2002) at the four nodes of each
1°x1° cell. The dispersion relations computed in such
a way are listed in table 1. In the same table are shown
the errors considered in the inversion, at each period.
Following PANZA et alii (2003), each single point error
(Pg> Ppi) associated to group and phase velocity values
of a cell, is the quadratic sum of the measurement
etror (0’y, P°y) and of the standard deviation (G, O,)
of the average cellular velocities (V,(T), V,,(T)).

At each period, the measurement error associated
to the group velocity is estimated from the difference
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Fig. 1. - Structural and kinematic sketch of 1taly and surrounding areas, modified from MELETTI et alii (2000). The recent (active and not active) voleanoes in

the study area (see the legend) are indicated by triangles.

in the group velocity values determined along similar
paths crossing similar areas, and is considered to be
the same, P’,, in all the cells well covered by the
source-receiver paths. For the cells with a low path-
coverage, the assumed error in the inversion is 20’.
The measurement error associated to the phase
velocity, Py, is fixed accordingly to typical values
published in the literature (BISWAS & KNOPOFF, 1974;
CAPUTO et alii, 1976) for cells with a good path-
coverage, and it is 20’,, elsewhere.

The parametrization of the structure to be
inverted is chosen taking into account the resolving
power of the data (KNOPOFF & PANZA, 1977; PANZA

1981) and relevant petrological information (e.g.
RINGWOOD, 1966; GRAHAM, 1970; AHRENS, 1973;
BOTTINGA & STEINMETZ, 1979; DELLA VEDOVA et alii,
1991). In such a way we have fixed the upper limit of
V,, for the sub-Moho mantle, at 4.9 km/s, and the
lower limit of V at 4.0 km/s for the asthenosphere at
depths greater than about 60 km. Average models of
the lower crust and of the upper mantle are retrieved
by the non-linear inversion method called Hedgehog
(VALYUS et alii, 1969; VALYUS, 1972; KNOPOFF, 1972;
PaNza, 1981). Following this procedure, the structure
is modeled as a stack of N homogencous isotropic
layers in the elastic approximation, and each layer is
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segue Tab. 1

Cell C6 (16.5; 38.5) Cell D1 {11.5; 37.5) Cell DI (12.5; 37.5)

Perind | Vg Pz Wik P Ve Fe Wk P Ve Pz Vo P
() | Cams) | Chenfs) | Chanfs) | Clerns) | Clern/s) | (lornds) | (lernds) | Clemnds) || (lam/s) | (s | (lands) | (lands)
10 212 | 010 23% | 0.20 233 | 020

13 232 | 0.08 281 | 0.1é 254 | 016

20 .54 | 0.07 280 | 0.14 274 | 014

15 280 | 007 | 367 | 022 | 318 | 014 | 377 [ 011 | 313 | 014 | 376 | 0.11
30 305 | 008 | 371 | 018 || 332 | 0.1é | 378 | 009 || 327 | 014 | 377 | 0.00
35 325 | 016 | 376 | 016 | 350 | 0.32 | 3.81 | 008 || 346 | 032 | 3.80 | 0.08
50 385 | 0.12 386 | 006 386 | 0.0
&0 302 | 012 393 | 004 302 | 0.0
100 308 | 012 300 | 006 300 | D.04
TS 0.07 0.09 n.1z 0.055 012 0.55

Cell D3 (13.5; 37.5) Cell D4 (14.5; 37.5) Cell D% (15.5; 37.5)

Period | Vg P Vih P Ve [ Wik P Ve P Wik P
&) | Gewis) | () | Gl | (e | Geanss) | Qe | Gl | Gl || sy | sy [ sy | Gl
10 227 | 0.20 222 | 0.20 213 | 020

13 247 | 016 244 | 0.16 245 | 014

20 270 | 0.14 270 | 0.15 271 | 014

15 307 | 015 | 374 | 022 | 303 | 016 | 371 | 033 || 299 | 015 | 370 | 022
30 323 | 016 | 375 | 018 | 319 | 017 | 374 | 018 | 316 | 0146 | 372 | 018
35 340 | 032 | 378 | 016 || 334 | 032 | 377 | 0lé || 331 | 032 | 377 | 0.1é
50 385 | 012 385 | 012 385 | 012
a0 382 | 012 392 | 012 3892 | 012
100 308 | 012 308 | 012 308 | D12
TS 0.1z 0.09 n.1z 0.09 012 0.09

defined by V,, V,, density and thickness (h). Each
parameter of the structure can be independent (the
parameter is variable and can be well resolved by the
data), dependent (the parameter has a fixed
relationship with an independent parameter) or fixed
(the parameter is held constant during the inversion,
accordingly with independent geophysical evidences).
For the cells with a low path-coverage, both in phase
and group velocity, we have adopted a parametrization
with a number of independent parameters lower than
elsewhere. The adopted parameterization for each cell
is given in table 2.

3. - AVERAGE CELLULAR LITHOSPHERIC
MODELS FROM GEOPHYSICAL DATA

The available interpretations of the seismic
profiles that cross most of the peninsula and adjacent
seas together with other information available from
literature (BALLY ef alii, 1986; CALCAGNILE ef aliz, 1982;
CATALANO et alii, 1996 and 2001; CERNOBORI ¢f alii,

1996; CHIMERA e alii, 2003; CRISTOFOLINI ¢ alii, 1985;
D& GOrI ¢ aliz, 2001; DELLA VEDOVA e alii, 1989 and
1991; DE MATTEIS et alii, 2000; DE VOGGD et alii,
1992; DOGLIONI ¢f aliz, 2001; FERRUCCI ef aliz, 1991,
FiNETTI, 1982; FINETTI & DEL BEN, 1986; FINETTI ¢/
alii, 2001; IMPROTA et alii, 2000; KERN & SCHENK,
1988; MANTOVANI ef aliz, 1985; MARSON ef aliz, 1995;
MORELLIL, 1998; MONSTAANPOUR, 1984; PEPE et alii,
2000; PIALLI e¢f alii, 1995; SCARASCIA & CASSINIS, 1992;
SCARASCIA et alii, 1994; VENISTI ef aliz, 2003) are used
to fix h and Vp of the uppermost crustal layers,
assuming that they are formed by Poissonian solids. In
table 2 the fixed V,,, V, and h of the upper crustal
layers are reported for each cell. The thickness of the
water layer is chosen accordingly with standard
bathymetric maps. The density of all the layers is in
agreement with the Nafe-Drake relation, as reported
by LUDWIG ef alii (1970): one and the same relation
between V,,, V, and density has been used for all the
dependent parameters in the inversion, in most of the
cells of the study area. The deviations from this rule
can be seen in table 2. The structure below the
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inverted layers is the same for all the considered cells
and it has been fixed accordingly with already
published data (DU ez alii, 1998).

In figure 2 (a & b) we plot all the solutions of the
inversion, that is V versus depth, from the surface to 250
km, and the explored parameter’s space (shadowed area).

For each cell we indicate the depth of the
Mohorovicic discontinuity (M) and the solution that we
select (bold line) following, as in PANZA e alii (2003), the
criterion that a simple solution is preferable to one that is
unnecessarily complicated (DEGROOT-HEDLIN &
CONSTABLE, 1990). The structural models chosen for all
the cells, whose uncertainty can be inferred from direct
inspection of figure 2, satisfy (within the r.m.s. value used
in our inversions, see tab. 1) the additional condition to
be consistent, at periods greater than 35 s, with the group
velocity values given by PASYANOS ¢ a/ii (2001).

3.1. - THE CRUST

Cells c0-c3 and b0-b3 (see fig. 2a) are characterized
by the presence of a relatively high velocity layer (V
3.0 km/s) in the uppermost crust, followed by one at
low velocity (2.60 V, 2.95 km/s) and less than about
10 km thick. In these cells the model in the uppermost
10 km is fixed according to the results obtained by
CHIMERA ¢/ ali (2003), which use CROP-03 profile to
define the sequence of the stratigraphic units, their
density and V.. The structures of cells b0-b3 and c3
are obtained considering the phase velocity data
ranging from 25 s to 100 s and not from 30 s to 100 s
as in CHIMERA ¢/ alii (2003) for the same area. The
differences between our structures and those of
CHIMERA et alii (2003) are negligible, and the use of a
larger period range of the phase velocity dispersion
confirms the findings of CHIMERA e7 /i (2003). In this
Apenninic area, the lower crust above the Moho has
the V, in the range 3.1-4.0 km/s. More to the South,
in cells al-a5 (fig. 2a), a positive velocity gradient is
present in the crust, reaching the velocity of about
3.75-3.95 km/s in the lower crust.

In cells A1-A3 (fig 2a) and B1-B4 (fig. 2b) the
sedimentary layer is very thin and it is followed by a
layering consistent with standard schematic oceanic
crustal models (e.g PANzA, 1984). In A5-A6 a low
velocity layer appears in the upper crust and it is just
above the Moho in A4, C4 and D5 with the V| in the
range 2.75-3.25 km/s. All the other cells are characterized
by a thick crust, where the velocity of the sediments
increases with increasing depth. With the exception of
cells b2, C3-C5 and D5, all the cells in the continental
region and in the Tyrrhenian offshore of Sicily, are
characterized by a layer, just above the Moho, with V| in
the range 3.5-4.0 km/s. The location of the Moho depth
in each cell is defined within a few kilometres.

3..2. - THE MOHO AND THE UPPERMOST UPPER
MANTLE.

In the Northern Apenninic area (cells from ¢0 to 3
and from b1 to b3) and in cell b0, which contains Elba
island, the Moho depth falls in the range 28-39 km with
the maximum value in ¢l and the minimum value in
cells b0-b2 (fig. 2a). In the structures of c0-c3, b0 and
b3 cells, the lid just below the Moho is characterized by
relatively high V, in the range 4.35-4.60 km/s. The
velocity of the lid increases with the depth in cells c2-
c3 and b3, reaching values between 4.6 km/s and 4.8
km/s. In cells c1-c3 and b3 the asthenosphere starts
below this high velocity layer at the depth of about 130-
175 km. In cell c0, instead, the lid has a thickness of
about 35 km. In cells b1l and b2, below the Moho, a
relatively low velocity layer (4.05 < V,<4.15 km/s) and
15-20 km thick is present. This layer defined mantle
wedge (layer with V| less than about 4.2 km/sec in the
uppermost mantle that overlies a high velocity lid with
V, greater than about 4.5 km/sec) by PANZA et alii
(2003), with a percentage of partial melting of about 1-
2% accordingly with BOTTINGA & STEINMETZ, 1979)
could be associated to the presence of the inactive
recent volcanoes of Amiata, Vulsini in b1 and Cimino,
Vico, Sabatini in b2. The structural model of cell b0 is
different from that of the neighbouring cells for the
presence of a lid about 50 km thick and with a V of
about 4.5 km/s. Going towatds the South, the Moho in
cells al-a5 falls in the depth range from 26 to 42 km. A
mantle wedge is seen in cells al-a3. It is characterized by
vatiable V, in the range 3.95-4.15 km/s, and its
thickness (about 10 km in cell a3) increases going
towards west (about 45 km). Cell a3 is characterized by
the thinnest mantle wedge (with a percentage of partial
melting of about 2-3%, accordingly with BOTTINGA &
STEINMETZ, 1979) of this northernmost study area and
it could be associated to the inactive recent volcano of
Roccamontfina; similarly the low velocity layer of cell a2
(with a percentage of partial melting less than 2%) can
be correlated with the inactive volcanoes of Albani
Hills. In cell a4 a relatively low velocity layer is also
present, with V, around 4.2 km/s, and less than 10 km
thick. A high velocity layer (4.65 < V_ < 4.80 km/s) is
surmounted by the mantle wedge layer in cells al-a4
and its thickness varies from about 35 km to 100 km.
Cell a5, on the contrary, has the uppermost mantle
structure rather similar to that of cell b3.

Cell A1 mimics the structure geometry of cell al,
but with a lower velocity both for the mantle wedge
(V,around 4.05 km/s) and the layer below it (V,about
4.5 km/s). Similatly, cells A5 and A6 well resemble the
structural characteristics of the uppermost mantle of
cells a4 and a5, respectively, but with the lowermost lid
at a velocity of about 4.6 km/s and reaching a depth
of about 130-170 km.
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In the central area of the Tyrrhenian Sea study area
(cells A2, A3 and B1-B4), the average Moho is very
shallow (about 7 km deep) and the lid thickness is less
than about 15 km. Below this thin and strongly
laterally variable lid (V, in the range 4.0-4.4 km/s),
there is a very well developed low velocity layer (V in
the range 2.90-3.85 km/s) with variable thickness (in
the range 8-33 km) and centred at a depth of about 20
km (uppermost asthenosphere). A similar layering is
found in the uppermost 30 km of cell A4, the main
difference being a deeper Moho, at a depth of about
15 km.

The V, in the uppermost upper mantle of cells A2-
A4 and B1-B4 is consistent with a high percentage of
partial melting (about 10% accordingly with
BOTTINGA & STEINMETZ, 1979). This regional feature,
in cells B1-B4, is well compatible with the presence of
anomalous shallow mantle materials reported by TRUA
et alii (2002) in correspondence of the huge volcanic
structures like the Vavilov-Magnaghi and the Marsili
Seamounts; the shallow partial melting in cells A3 and
A4 can be associated to Ischia, Phlegracan Fields and
Vesuvio active volcanoes.

In cells A2-A4 the top of the high velocity lid (V
about 4.45-4.55 km/s) is at a depth of about 30-40 km.
In the other cells (B1-B3), the V| just below the very low
velocity layer in the uppermost asthenosphere, is in the
range 4.10-4.15 km/s. In cell B4, the asthenosphere is
perturbed by a layer with relatively high velocity (V about
4.4 km/s) and centred at a depth of about 120 km.

Going towards East (cells B5-B6) the Moho is as
deep as about 27-33 km. In B5 the lid velocity
increases with increasing depth and the lithosphere is
about 110 km thick; in cells B6 the lid is characterized
by high Vand reaches depths of about 100 km.

The structural models of cells C1-C5 (fig. 2b) are
markedly different from those of cells B1-B4. In fact,
the Moho depth varies from about 13 km to 34 km
and the smaller value is reached in correspondence of
the active Acolian volcanic islands (cells C4 and C5).
In cells C2-C3 the V| gradient in the lid, which is
about 70-90 km thick, is stronger than the gradient
that characterizes the sub-Moho materials in cell C1.
In C4, the V, immediately below the Moho can be as
low as 3.85 km/s (about 3-4% of partial melting,
accordingly with BOTTINGA & STEINMETZ, 1979),
while the high velocity lid is found at a depth larger
than about 40 km. In C5 the relatively soft lid extends
only to about 17 km of depth and itis on top of a low
velocity (V,about 3.5 km/s) layet, the mantle wedge
(about 10% of partial melting, accordingly with
BOTTINGA & STEINMETZ, 1979), which overlies a
lithospheric root (V, around 4.6 km/s) reaching about
140 km of depth. The large amount of partial melting
(where V; in the upper mantle is less than 4.0 km/s) in
C4 and C5 correlates well with the presence of the

Aeolian volcanic islands (Lipati and Vulcano in C4 and
Stromboli in C5).

The structural properties change abruptly in cell
C6. Below a crust about 25 km thick, and a very thin
lid, there is a low velocity (V, around 3.6 km/s) layer
about 10 km thick, on top of a layer with V around
4.6 km/ss that reaches a depth of about 100 km. These
features (not imposed a priori in the inversion scheme)
can be interpreted as a lithospheric doubling and the
deeper Moho can be seen about 38 km deep.

In Sicily, cells D1-D4 (fig. 2b) show a Moho that
deepens from West to Hast from about 25 km to 35
km, while in the Etna area (cell D5) the Moho is only
about 23 km deep. In cells D1-D2 the lid thickness
varies between 80 km and 40 km and the V| increases
with increasing depth, about 4.20-4.65 km/s. Cells D3
and D4 have a high velocity lid with V, 4.65 km/s,
reaching a depth of about 90 km.

In cells C5 and C6, below the high velocity lid of
about 4.60 km/s, there is a layer characterized by a V
around 4.25 km/s. PANZA e# alii (2003) suggest that the
structural setting depicted by the models for cells C5-
C6 and the area East of them indicate the subduction
of a rifted continental lonian lithosphere, formed
during the Jurassic extensional phase.

In cell D5 a mantle wedge (V, about 4.1 km/s) is
detected just below the Moho and it overlies a high
velocity lid (V, about 4.5 km/s) that reaches the
velocity of 4.8 km/s and the depth of about 160 km.
The V, around 4.1 km/s implies that, in the mantle
wedge, the partial melting is around 1-2% (BOTTINGA
& STEINMETZ, 1979).

3.3. - THE ASTHENOSPHERE.

The properties below the uppermost upper mantle
change significantly going from Sicily, through the
Tyrrhenian Sea and towards the Apennines. In fact,
the depth of the top of the asthenosphere is very
variable and its bottom is not always detected at about
200-250 km of depth.

In c0-c2 (fig. 2a) the asthenosphere has a V of
about 4.3-4.4 km/s, and it starts at a depth of about
170 km in c¢1-c2 and of about 70 km in c0. Cells c3
and b0-b3 are characterized by an asthenosphere with
V, varying in the range 4.00-4.25 km/s whose top is at
the depth of about 80 km in b0 and between 135-160
in b1-b3 and 3. The estimated thickness of the
asthenosphere is about 100 km in ¢3, b0, b2 and 70
km in b1, and not detectable in b3 (as in the cells c0-
c2). In cells b1-b2 and al-a4, the shallow mantle
wedge is separated from the asthenosphere by a high
velocity lid, very variable in thickness. In cells b1 and
al the asthenosphere is only about 60-70 km thick and
centred at an average depth of about 160 km. In b2 it
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Fig. 2. - (a and b) The set of solutions (thin lines) obtained through the non—linear inversion of the dispersion relations of each cell in the evidenced area (indicated
in the insert). The investigated parameter’s space (grey gome) and the chosen solution (bold line) are shown as well. The Mobo is marked with M. M1 and M2, in

cell C6, indicate the lithospheric doubling.

is deep as in b1 and has a thickness of about 100 km.
In cell Al the asthenosphere, with V; around 4.0
km/s, starts around the depth of 120 km and ends at
the depth of about 210 km. Going from cell a2 to cell
a5, the asthenospheric layer is very different. In cell a2
the top of the asthenosphere is at a depth of about
100 km, with a thickness of about 100 km. The
asthenospheric V, in a3 ranges from 4.4 km/s to 4.0
km/s. Finally, in a4-a5 the asthenosphere is
charactetized by V atound 4.2 km/s and in a5 it
reaches a depth larger than 250 km.

In the central part of the Tyrrhenian Sea study
area, the asthenosphere is as shallow as about 10 km
and, between the Tyrrhenian and Ionian basins (see
PANZA et alii, 2003), the asthenosphere is interrupted
by a seismogenic high velocity body dipping towards

NW (cells C5 and Co, fig. 2b).

In cells A2-A4 the high velocity lid is surmounted
by a mantle wedge (V, about 3.35-4.25 km/s)
originally detected by CALCAGNILE & Panza (1981),
PANZA et alii (1980) and confirmed by the geochemical
analysis of LOCARDI (1986). A similar situation is seen
in cells C4 and C5, where the V| in the wedge is in the
range 3.50-4.35 km/s. In the cells, A2-A3 and B1-B3,
V, reaches the maximum velocity of about 4.35 km/s
in the lower asthenosphere. The lower bound of the
asthenosphere is at a depth of about 215 km in A2
and B3, 245 km in A3 and deeper than 250 km in B1-
B2. In cells A4-A6 the asthenosphere is very
pronounced (V about 4.0 km/s), it starts at a depth
variable in the range from 130 to 170 km and reaches
the depth of about 190 km in A4 and A6 and larger
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than 250 km in A5. In cells A4 and A5, the relatively
low velocity layer could have the same origin as in cells
C5 and Co.

In B4, where the asthenosphere is perturbed by a
layer with relatively high velocity at about 4.4 km/s,
and B5 the V| at the low velocity asthenospheric layer
varies in the range 4.00-4.10 km/s and the bottom of
the low velocity layer reaches a depth larger than 250
km.

In A6 and B6 the asthenosphere starts at a depth
of about 130 km and 100 km, respectively, and
extends for 60-100 km with V, about 4.0 km/s in A6
and ranging from 4.0 km/s to 4.4 km/s in B6. In cells
C1-C4, going towards East, the asthenosphere is as
deep as about 75 km reaching a maximum depth of
about 115 km. The V| is in the range 4.20-4.40 km/s
in C1-C3 and is about 4.20 km/s in C4, with the
bottom of the low velocity layer detectable at depth
exceeding 200 km only in C1 and C4. The cells C6
and C5 are characterized by a low velocity layer about
60-70 km thick and with V_ about 4.25 km/s, deeper
in C5 than in C6. The asthenospheric low velocity
layer is well developed in cells D1-D5 (with the
minimum V about 4.0 km/s) with the top varying in
the depth range from 65 to160 km. In D5 a relatively
high velocity body (V in the range 4.5-4.8 km/s)
separates the asthenosphere from the shallow mantle
wedge with V around 4.10 km/s.

4. - PETROLOGICAL DATA AND METHOD

The study of primary (ie., not modified by
evolution processes) or near-primary magmatic rocks
is able to furnish a wealth of information on the
composition of their source zones. Since basaltic
magmas come from the upper mantle, their study can
provide important information on mantle
composition and evolution.

The major element composition of primary
magmas depends on the type and proportion of the
phases that enter into the melt during anatexis. This
can be better understood by the use of phase
diagrams, which can be constructed either
experimentally or on the basis of free energy values of
various phases at different P-T' conditions. Phase
diagrams are able to furnish information on the
stability fields of mineral phases, the proportions of
the phases that enter into the melt, the major element
composition and the degree of silica saturation of the
melts, and the modification of melt compositions with
changing degrees of anatexis.

Trace elements give additional and complementary
information on melt composition and their source.
The equation that describes the variation of trace
elements during equilibrium batch melting is:

C/Cy=1/(DA-F)+F) )

where Cl is the concentration of a given trace
element in the magma, CO0 is the concentration of the
same eclement in the source rock, D (partition
coefficient) is the ratio between the abundance of the
element in the residual minerals and in the coexisting
melt; F is the degree of partial melting,

Some elements, known as znompatible, strongly
prefer to enter the liquid phase during partial melting
(i.e. D~0). For the mantle rocks, incompatible
elements include Th, U, Ta, Nb, Rb, Ba, Light Rare
Earth Elements (LREE), Zt, etc. When D = 0
equation (1) becomes:

C/Cy~1/F 2

Equations (1) and (2) demonstrate that the
concentration of an incompatible element in the
magma depends on the concentration of the element
in the source rock, and increases with decreasing
degrees of partial melting.

However, ratios of incompatible elements are
largely independent of the degrees of partial melting
and reflect source composition. Therefore, different
ratios of highly incompatible elements in basaltic
magmas suggest distinct values for the source rocks.
These, in turn, reveal different evolutionary histories
of the mantle sources. Study of incompatible element
ratios in mantle-derived magmas is helpful for
reconstructing the nature of these modifications.

The isotopic ratios of several elements (e.g
87S¢/86Sr, 143Nd/144Nd, 206Pb/204Ph, 207Pp/204Ph,
208Ph /204Ph, 160 /180) are not significantly modified
during equilibrium partial melting; primary magmas
inherit the isotope signatures of their sources.
Therefore, isotope composition of basaltic rocks is of
key importance to understand the composition and
evolution of mantle rocks.

One of the main problems in investigating the
mantle composition, through the study of basaltic
rocks, is that magmas erupted at the surface rarely
represent unmodified primary melts. In most cases,
they undergo geochemical diversification by fractional
crystallisation, assimilation, and mixing, or, more
commonly, by a combination of these processes.
However, closed-system fractional crystallisation
produces strong variations in major and trace element
abundances, but leaves incompatible element ratios
and isotopic signatures unaffected. On the contrary,
assimilation and mixing may generate dramatic
modification of the element abundances and ratios,
and of the isotope signatures. Therefore, a golden rule
for studies of mantle compositions through studies of
the magmatism is to focus on the most primitive rocks
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(e.g. those with the highest Ni, Cr, MgO and Mg# =
Mg/(Mg+Fe*2) atomic ratio). Primary mantle-
equilibrated magmas have Mg# around 70, Ni = 250-
300 ppm and Cr = 500-600 ppm. Therefore, basalts
with high Mg#, Ni and Cr are the closest
representatives of their mantle-equilibrated parents
and furnish the maximum of information on mantle
composition and processes.

5. - REGIONAL LITHOSPHERIC MODELS
FROM PETROLOGICAL-GEOCHEMICAL DATA

Petrological and geochemical data of mafic rocks can
be used to place constraints on the composition of the
upper mantle beneath the Italian Peninsula and the
Tyrrhenian see floor. Figure 3 is a classification diagram
based on AQ vs. K,0/Na,O relationships (PECCERILLO,

2001a). AQ is the algebraic sum of normative quartz (Q),
minus nepheline (ne), leucite (Ic), kalsilite (ks) and
forsterite; it measures the degree of silica saturation of
magmas: AQ<0 means undersaturated magmas, whereas
AQ>0 reveals silica oversaturated magmas.

It can be noticed that the Italian mafic volcanics
range from tholeiitic and calcalkaline to Na-alkaline,
shoshonitic, potassic and ultrapotassic. This is a strong
regional variation of magma types. For instance, Na-
alkaline rocks occur in Sicily; calcalkaline and
shoshonitic rocks are concentrated in the Aeolian arc;
potassic and ultrapotassic rocks represent the main
magma types along the Italian peninsula. However, the
potassic and ultrapotassic rocks from Umbria and
Tuscany have different composition than other K-rich
rocks from central Italy, and the Vulture rocks are
strongly undersaturated in silica and have variable
K,0/Na,O ratios.
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Fig, 3. - Classification diagram based on AQ vs. K20/ Na20 for Plio-Quaternary mafic rocks (MgO > 4 wt%) from Italy. AQ is the algebraic sum of normative
guartz (Q), minus lencite (Ic), nepheline (ne), kalsilite (kal) and olivine (0l); it measures the degree of silica saturation of rocks. Silica oversaturated rocks have
AQ> 0, whereas silica undersaturated rocks have AQ < 0. Modified after PECCERILLO (2001a).
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Other differences among various potassic rocks are
found for Na,O, Al,O5, CaO concentrations. Tuscany
ultrapotassic rocks are depleted in Na,O, CaO and
Al,O3: this particular type of ultrapotassic rocks are
known as lamproites. The rocks from Umbria are low in
Na,O and ALO; but have high CaO: these
ultrapotassic rocks are known as ultrapotassic
kamafugites (PECCERILLO et aliz, 1988).

Most mafic rocks in Italy have higher Na,O, Al,Os,
CaO than lamproites, and variable potassium contents.
These rocks are known as Roman-type potassic (KS)
and ultrapotassic (HKS) rocks (FOLEY ez aliz, 1987). KS
rocks are moderately rich in potassium and are nearly
saturated in silica; HKS rocks have K,O > 3 and
K,0/Na,O > 2.5, and are strongly undersaturated in
silica. KS and HKS form the large volcanic complexes
of Vulsini, Vico, Sabatini and Alban Hills, the Ernici
and Roccamfonfina centres, and the Campania
volcanoes (i.e. Ischia, Vesuvio and Phlegracan Fields).

Major elements and the degree of silica saturation
give important clues as to the genesis of the various
groups of Italian mafic rocks. The low Ca, Na and Al
of lamproites indicate a generation in an upper mantle
that was depleted in Ca- and Na- bearing phases such as
clinopyroxene. Therefore, a harzburgite source, ie. a
rock mainly formed of orthopyroxene and olivine, is
inferred for lamproites. The silica oversaturated nature
of lamproitic magmas suggests melting at low pressure
(FoLEy, 1992). However, the high K,O content of
these rocks require a K-rich phase (e.g, phlogopite,
pargasite) in the mantle. In summary, lamproites reveal
the occurrence of a phlogopite-rich harzburgitic mantle
at low pressure beneath southern Tuscany.

The high CaO of kamafugites require abundant
clinopyroxene; moreover, high K points to phlogopite
bearing upper mantle. Therefore, the kamafugite source
may be represented by a phlogopyre clinopyroxenite.
Kamafugites occur in Umbria, and this points to the
presence of clinopyroxenite upper mantle beneath this
region.

The high Al, Ca, K, and Na of Roman-type rocks
suggest that mantle sources were represented by a
phlogopite- clinopyroxene- bearing peridotite. The
variable enrichment in potassium of KS and HKS likely
relates to different degrees of partial melting and/or to
a variable quantity of phlogopite in the mantle.

A particular type of alkaline rocks, rich in both Na
and K, occur at Mount Vulture (DE FINO e7 alii, 1986).
High alkalis make the rocks in this volcano distinct
from any other potassic rocks from central-southern
Italy. However, the origin of these rocks is still poorly
understood.

The calcalkaline and shoshonitic rocks have
comparable Al, Ca and Na contents as the Roman-
type rocks, but display comparable to lower potassium
contents. The major element chemistry suggests a

genesis in lherzolitic sources, but with low amounts of
potassium-rich phases. Moreover, the CA magmas
require hydrous conditions during partial melting (e.g.
WENDLANDT &  EGGLER, 1980). Therefore,
petrological data suggest the presence of a hydrated
lherzolitic upper mantle beneath the Aeolian arc.

Thus, the major element data suggest that the
volcanism of central southern Italy has been generated
in petrologically heterogeneous mantle sources. Since
various types of magmas are concentrated in different
regions, the obvious implication is that the upper
mantle beneath Italy is a mosaic of mineralogically
different peridotitic rocks.

Trace element and isotope geochemistry can
furnish additional constraints on the nature of the
upper mantle beneath Italy. Variations of key
incompatible element ratios and isotopes are shown in
figure 4 and figure 5.

It can be noticed that mafic rocks from various
volcanic areas define different trends or plot in different
areas, which calls for geochemically different mantle
sources. In particular, it can be noted that the volcanic
rocks from Naples area plot in the same field as
Stromboli. These rocks show strong compositional
differences as Tuscany and Roman areas. Moreover, the
rocks from Roccamontfina and Ernici Mts. partially plot
with Neapolitan volcanoes and partly with Roman
volcanics. Therefore, the Ernici Mts.-Roccamonfina
region is characterised by the coexistence of two
geochemically and isotopically distinct rocks suites.

In conclusion, major element, trace element and
isotopic data on mafic rocks suggest that Italian volcanism
can be subdivided into different magmatic provinces,
which were generated by petrologically and geochemically
distinct mantle sources. These zones are shown in figure 6
(PECCERILLO, 1999; PECCERILLO & PANZA, 1999).

5.1. - SOUTHERN TUSCANY PROVINCE

The province extends from southern Tuscany and
the Tuscan archipelago to the Tolfa-Manziana zone. It
is formed by an association of mantle-derived mafic
magmas and crustal anatectic acid rocks. Mafic rocks
have variable enrichment in potassium, but have
peculiar incompatible trace element ratios and isotope
signatures. Lamproitic rocks occur in this region,
which suggest a phlogopite-bearing harzburgitic upper
mantle at low pressure. All the mafic rocks have
crustal-like isotopic signatures (e.g., 87St/86Sr around
0.712-0.717; PoLl et aliz, 1984; CONTICELLI &
PECCERILLO, 1992; CONTICELLL ¢f alii, 2001). Acid
crustal anatectic intrusive and effusive rocks (e.g.
Roccastrada, Elba, etc.) associated with mafic magmas
are likely related to intra-crustal anatexis induced by
isotherm uprise during mafic magma emplacement.
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Fig. 4. - Variation of trace element ratios in the Plio-Quaternary mafic
rocks (MgO > 4 wt%) from ltaly. Note that: 1) rocks from the various zones
Pplot in different fields; 2) Stromboli and Neapolitan volcanoes plot along the
same trend; 3) the Ernici and Roccamonfina potassic rocks (KS) plot with
Campania-Stromboli, whereas ultrapotassic rocks (HKS) plot in the filed of

the Roman Province.

5.2. - ROMAN PROVINCE S.S.

The province includes the Vulsini Mts., Vico,
Sabatini and the Alban Hills. It is formed by KS and
HKS rocks with variable degree of evolution. Trace
element ratios are different from those of Tuscany
rocks; moreover isotope compositions are less extreme
than in Tuscany (e.g 87St/8Sr is typically around 0.710;
e.g, CONTICELLI & PECCERILLO, 1992). The high CaO,
AL, O3, Na,O and K,O contents of Roman province
reveal the presence of phlogopite-bearing lherzolitic
mantle sources beneath the Roman area.

5.3. - UMBRIA PROVINCE

The province is formed by kamafugitic rocks,
which have incompatible element ratios and isotopic
signatures similar as those of the Roman province.
However, the low Na and Al and the very high CaO
and K,O suggest the presence of a phlogopite-
clinopyroxenite mantle source for these magmas,
which is distinct from the Roman province.

5.4. - ERNICI-ROCCAMONFINA

The province consists of potassic and ultrapotassic
(KS and HKS) rocks that display distinct enrichment
in potassium and incompatible elements, and isotopic
signatures. KS rocks are similar to Neapolitan
volcanoes and Stromboli, whereas HKS resemble
Roman rocks. This testifies to the occurrence of a
compositionally zoned upper mantle beneath Ernici-
Roccamontina, which is peculiar of this area.

5.5 - CAMPANIA PROVINCE- STROMBOLI

Campania volcanoes are represented by the active
volcanoes of Naples area (Vesuvio, Phlegracan Fields
and Ischia) and by slightly older volcanic rocks found
by borehole drilling (D1 GIROLAMO, 1978). Stromboli
consists of calcalkaline, shoshonitic and potassic
rocks, which show strong compositional similarities
with the Campanian volcanoes (PECCERILLO, 2001b).
However Vesuvio shows an ultrapotassic composition,
which is not found at Stromboli, Ischia and
Phlegracan Fields.

5.6. - AEOLIAN ARC.

Two sectors can be distinguished in the Aeolian
arc. The western Aeolian arc basically consists of CA
volcanics with low 87Sr/80St (= 0.7035-0,7045). The
eastern sector (Panarea and Stromboli) consists of
calcalkaline to KS rocks with Sr isotope ratios of
about 0.704 to 0.707 (i.e. from the low values typical
of the western arc to those typical of Campania
volcanoes; DE ASTIS e# aliz, 2000).

5.7. - MOUNT VULIURE

The alkaline rocks are enriched in both Na and K, and
hauyne rather than leucite is the most typical
teldspathoidal mineral. Vulture rocks have major and
trace element composition that is distinct from other
Italian volcanics, which indicates a different mantle source
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PECCERILLO & PANZA (1999).

5.8. - S1CILY PROVINCE

The province consists of tholeiitic and Na-alkaline
rocks (Etna, Iblei, Sicily Channel) with distinct trace
element and isotopic composition as the other

provinces. All these centres display typical intraplate
geochemical affinity.

5.9. - TYRRHENIAN SEA

Alarge volume of volcanic rocks are hidden below the
Tyrrhenian Sea. The few data available on the Tyrrhenian
seamounts indicate a compositional variability. Tholeiitic
rocks seem to prevail among the younger products. Ages
range from Miocene to Pliocene and increase in age going
westward toward the Oligocene-Miocene calcalkaline and
shoshonitic belt of Sardinia. This magmatism is the result
of the SE migration of subduction processes and of
asthenospheric mantle uprise behind the volcanic arc (e.g
BECCALUVA et ali, 1989; LOCARDI, 1988 and 1993;
Locarpr & NICOLICH, 1988).

6. - THE MODELS TYING PETROLOGICAL
AND GEOPHYSICAL DATA

In figure 7 the selected solutions for the 10x10
cells containing recent volcanism are shown. On the
base of the discussed data it is possible to recognize
the following groups:
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6.1. - MAGNAGHI, VAVILOV AND MARSILI

Magnaghi, Vavilov and Marsili are characterized by a
thin crust sitting on a very thin lid bounding a very low
velocity layer in the mantle. This low velocity in the
uppermost mantle can be interpreted as the indication
of the existence of large amounts of melt. These
seamounts represent back arc volcanoes with a
dominant tholeitic petrochemical affinity, which
requires a genesis at low pressure by high degree (some
10%) of partial melting in the mantle. Therefore this
uppermost mantle low velocity layer seems to be the
source of the back arc volcanism in the Tyrrhenian.

6.2. — UstiCcA, ETNA AND VULTURE

Ustica, Etna and Vulture are characterized by a
continental crust with thickness vatiable from about 23
to about 33 km, that overlies a2 mantle whose
uppermost part, up to a depth of about 50 km, has V
in the range from about 4.1 km/s (Etna) to about 4.3
km/s (Vulture); below this layer, the lid (V about 4.5-
4.8 km/s) extends to depths between 115-170 km. The
three volcanoes have variable geochemical signatures.
Etna and Ustica have Na-alkaline affinity, similar trace
elements and Sr isotopic compositions, which fall in the
range of the intraplate volcanoes, even if evidence for
a subduction related geochemical component has been
found (CRISTOFOLINI ez alii, 1987; CINQUE et alii, 1988).
The Vulture volcano results from the interaction
between intraplate and subduction related reservoirs,
but the subduction component is much stronger that at
Etna and Ustica. In spite of the variable petrological,
geochemical and isotopic signatures, subduction and
intraplate components have played a role in the genesis
of these volcanoes. The unifying elements of these
volcanoes are: (a) their lateral position with respect to
the active subduction, (b) the coexistence of
subduction and intraplate related geochemical
signatures, (c) similar structure of the lithosphere-
asthenosphere system. Thus, the structure of the
magma sources and the geochemical signatures could
be related to the contamination of the side intraplate
mantle by material coming from the either active (the
case of Etna) or ancient (the cases of Ustica and
Vulture) roll back.

6.3. — STROMBOLI, PHLEGRAEAN FIELDS AND VESUVIO

Stromboli, Phlegracan Fields and Vesuvio are
characterized by a thin continental crust (about 15 km
thick). Below the crust there is a mantle wedge with V as
low as about 3.35-3.50 km/sec in its deeper part and
about 4.25-4.35 km/s just below the Moho (the lid). In

correspondence of the Phlegracan Fields and Vesuvio,
the layering under the wedge is consistent with the
presence of a subducted lithospheric slab (Ionian/Adtia
slab), seismically active at depth larger than 300 km, and
the crust contains a well developed low velocity layer,
about 10 km thick and centred at a depth of about 10 km.
The strong similarity in the geochemical and isotopic
composition between Stromboli and Phlegracan Fields
and Vesuvio matches well the similarity in the lithospheric
structural models. The anomalous K enrichment in
Vesuvio magmas could be a feature acquired either by
melting of higher proportion of a K-rich phase or may be
related to low pressure magma evolution.

6.4. — VULCANO AND LIPARI

Vulcano and Lipari are in a thin continental crust,
less than 20 km thick, that overlies a very soft upper
mantle (V, ~ 3.85 km/s). In the mantle the V| reaches
about 4.65 km/sec and about 115 km of depth. This
lithospheric structural setting has relevant affinities with
the models described for Etna and Ustica rather than to
the one of the nearby Stromboli. The structural
difference between Vulcano and Stromboli lithosphere
is not surprising considering the different geochemical
signatures. On the other side, the affinity between
Vulcano, Lipari and Etna could be explained by the
common position along the Tindari-Letoianni-Malta
fault zone. The clear difference in V, distribution,
between the Eastern (Stromboli) and the Central-
Western (Vulcano and Lipari) sectors of the arc, could
have been partly masked by a different positioning of
the 10x10 cells, therefore the geochemical data are a
strong support for our findings. ZANON ez alii (2003),
FREZZOTTI et alii (2003), in their model of the Vulcano
island and Aeolian arc magmatic evolution, suggest the
existence of a deep accumulation reservoir, at about 18-
21 km, and of a shallow accumulation level in the upper
crust, at a depths of 1.5-5.5 km. Petrological and
geochemical data of GAUTHIER & CONDOMINES (1999),
FRANCALANCI e alii (1999) show that the magma of the
volcano has properties that are characteristic of magma
chambers located at different depths. It is possible to
associate the layer with V; at about 3.85 km/sec, just
below the Moho, to the deepest magma reservoir found
by ZANON et alii (2003), FREZZOTTI et alii (2003), while
the resolution of our data does not allow us to sort out
the uppermost (crustal) accumulation zone.

6.5. — IscHIA
Ischia is geochemically and petrologically belonging to

the other Campanian volcanoes. Therefore the quite
remarkable difference in the structural lithospheric
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model, with respect to the Phlegracan Fields and Vesuvio,
could be partly related to the resolving power of our
geophysical data and, however, it could reveal a transition
to the Tyrrhenian domain.

6.6. — AMIATA, VULSINI, CIMINO, VICO, SABATINI,
ALBANI, ROCCAMONFINA

Amiata, Vulsini, Cimino, Vico, Sabatini, Albani,
Roccamontfina sit on a continental crust about 30 km
thick (40 km for Albani) and the V, below the Moho
is rather low (in the range 3.95-4.15 km/sec). The
main differences are seen below the high velocity lid
(about 4.6 km/s). The asthenospheric “low” velocity
layer (V, < 4.4 km/s) is very deep (it starts at about
200 km of depth) under Roccamonfina, while it is
about 145 km deep in Cimino-Vico-Sabatini and
Amiata-Vulsini, and 100 km deep in Albani. The
region from Vulsini to Albani Hills is rather
homogenous from a petrological point of view, being
mainly formed by ultrapotassic rocks with poortly
variable geochemical and isotopic signatures. On the
other side, the Roccamonfina area differs significantly
form the northern Latium volcanoes because of the
occurrence of both potassic and ultrapotassic rocks
with very distinct geochemical and isotopic
compositions. Also in this case the differentiation of
the provinces of Roccamonfina and Latium finds a
correspondence in the upper mantle structure.

7. - CONCLUSIONS

In the Tyrrhenian Sea area, large-scale inhomogeneities
in the lithosphere-asthenosphere structure are reflected by
large variations in the composition of magma types.

The main features identified by our geophysical study
are: (1) alow velocity mantle wedge, just below the Moho,
as the common feature detected in all the cells containing
inactive recent volcanoes (Amiata, Vulsini, and Cimino,
Vico, Sabatini, Albani Hills and Roccamontfina) in the
Tuscany and Roman regions; (2) a very thick rigid body in
the upper mantle beneath the Ernici-Roccamonfina
province that exhibits a distinct geochemical and isotopic
compositions when compared with the Roman province;
(3) a shallow and very low V layer in the mantle in the
areas of Aeolian islands, Vesuvio, Ischia and Phlegracan
Fields, which represents their shallow-mantle magma
source; (4) a very shallow crust-mantle transition in the
Southern Tyrrhenian Sea and very low V| just below a
very thin lid in correspondence of the submatine volcanic
bodies (MAGNAGHI, MARSILI & VAVILOV); (5) a shallow
mantle wedge, below Etna’s crust, consistent with the
hypothesis of the presence of an asthenospheric window
feeding the volcano; (6) the subduction of the lonian

lithosphere towards NW below the Tyrrhenian Basin; (7)
the subduction of the Adriatic/Ionian lithosphere
underneath the Vesuvio and Phlegracan Fields.

Petrology and geochemistry reveal rocks ranging in
composition from tholeiitic to calcalkaline to sodium-
and potassium-alkaline and ultra-alkaline. Scrutiny of
the relevant data allows us to recognize several magmatic
provinces, which display distinct major and/or trace
element and/or radiogenic isotope signatures: Tuscany,
Latium (Roman Province), Umbria (kamafugitic
province), Ernici-Roccamonfina, Campania Province,
Stromboli, Vulture, Aeolian arc, Sicily and Sicily
Channel, Tyrrhenian Sea and Sardinia. The rocks from
the Aeolian arc and the Italian Peninsula range from
calcalkaline to ultrapotassic, and display trace element
ratios (e.g,, Th/Ta, La/Nb etc.), which fall into the field
of subduction-related (i.e., orogenic) magmatic suites.
On the contrary, Sicily, the Sicily Channel and Sardinia
rocks have intraplate, (anorogenic) geochemical
characteristics.

The combined analysis of petrological, geochemical
and geophysical data reveals a surprisingly close match
between geophysical characteristics of the lithosphere-
asthenosphere and the compositions of magmatic
rocks erupted at the surface in the various regions. This
suggests that variations of seismic wave velocity in the
mantle could be related to compositional modifications
of peridotite. The present paper, therefore, provides
important constrains that must be considered by
geodynamic models for the evolution of the Alpine-
Apennines systems.
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