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Abstract Crystal chemistry and structural data for clin-
opyroxene from the Aeolian islands (Southern Tyrrhe-
nian Sea, Italy) were determined with the aim of obtain-
ing geobarometric information and exploring implica-
tions for the structure of volcanic plumbing systems.
Cell and M1 site volumes for clinopyroxenes, which are
known to decrease with increasing pressure of crystalli-
zation, revealed variable values, both within some single
islands and along the entire arc, indicating polybaric
conditions of crystallization. The lowest cell and M1
volumes were found at Filicudi, plotting close to values
of clinopyroxenes from high-pressure ultramafic xeno-
liths entrained in alkali basalts. Indications of high-pres-
sure crystallization were also found at Salina and, to a
lesser extent, at Alicudi, all situated in the western sector
of the Aeolian Arc. The central and eastern islands of Li-
pari, Vulcano, Panarea and Stromboli generally show
higher values of cell parameters, suggesting crystalliza-
tion in shallow magma chambers. These islands are char-
acterized by the occurrence of large calderas, which are
apparently lacking at Salina and Filicudi. Time-related
variations were observed for cell and M1 volumes of
clinopyroxene for some islands. At Salina, the early-
erupted products display low values of cell parameters
with respect to later activity, thus indicating a decrease
in crystalization pressure with time. A similar, although
less striking, pattern is observed at Alicudi and Lipari.
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An overall increase in cell parameters with time was ob-
served at the scale of the entire arc. The observed varia-
tions in clinopyroxene structural parameters highlight
the significance of pyroxene crystal chemistry for petro-
genetic and volcanologica interpretation. Correlation
with time and the structural characteristics of volcanoes
suggest significant regional and temporal modifications
in the plumbing systems of Aeolian volcanoes. Clin-
opyroxenes from Filicudi and the older Salina crystal-
lized at high pressure in deep magma chambers, in the
lower crust or at the mantle—crust boundary. The lower
crystallization pressure in the younger Salinais interpret-
ed as evidence of upward migration of magma chambers
with time. Similar evolution can be envisaged for Ali-
cudi. Instead, the entire evolutionary history of the cen-
tral and eastern islands was dominated by low-pressure
crystallization, with formation of calderas and generation
of abundant acid products that are scarce or absent in the
western islands. Evolution of the plumbing system of
single volcanoes and of the Aeolian arc in genera is
probably related to modification of stress regimes and/or
thinning of the arc basement, due to the effect of upris-
ing mantle material above the lonian subduction zone.

Keywords Crystal chemistry - Clinopyroxene -
Geobarometry - Magma chambers - Arc volcanism -
Aeolian Arc

Introduction

The Aeolian Archipelago, Southern Tyrrhenian Sea
(Fig. 1) consists of seven volcanic islands (Alicudi, Fili-
cudi, Salina, Lipari, Vulcano, Panarea, Stromboli), of
which two volcanoes, Stromboli and Vulcano, are still
active. The Aeolian rocks have variable magmatic affini-
ties, from calc-adkaline (CA), high-K calc-akaline
(HKCA) and shoshonitic (SHO) to potassic (KS). A gen-
eral evolution from basic to more evolved products with
time in some islands has been recognized, and rhyolites
are the typical final products at Lipari, Vulcano, Panarea
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Fig. 1 Regional location of Aeolian volcanic system. Main re-
gional tectonic lines as reported by Falsaperla et al. (1999)

and Salina (Keller 1980; De Rosa et al. 1996; De Astis et
a. 1997). This temporal compositional evolution of Aeo-
lian magmas may reflect modifications of the plumbing
systems of these volcanoes, with magma chambers mi-
grating from deep crust to shallower levels (De Astis et
al. 1997; Nazzareni et a. 1998). According to this hy-
pothesis, magma processes in deep reservoirs are domi-
nated by mixing between mafic magmas and resident lig-
uids, which prevents evolution towards acid composi-
tions, whereas fractional crystallization plays a leading
role in shallow magma chambers, allowing evolution to-
wards acid compositions. These models are based mostly
on petrological and geochemical data, but geobarometric
constraints are lacking.

Since the early 1980s clinopyroxene (cpx) crystal
chemistry has been related to pressure of crystallization.
Recent studies by Nimis (1995, 1999) and Nimis and
Ulmer (1998) attempt to calibrate the changes in clin-
opyroxene crystal chemistry (e.g. cell volume and poly-
hedral volumes) with pressure, and thus provide an op-
portunity to constrain the depth of magma chambers.

In this paper we review crystal-chemical data (single-
crystal X-ray diffraction and electron microprobe anays-
es) of clinopyroxenes present in rocks ranging from ba-
salt to rhyolite of the entire Aeolian arc (Faraone et al.
1988; Malgarotto et al. 1993; Pasqual et al. 1995, 1998;
Nazzareni et a. 1998). Clinopyroxenes from the islands
of Filicudi, Salina and Alicudi show evidence of high
crystallization pressure (ca. 6-8 kbar), whereas those of
the eastern islands of Lipari, Vulcano, Panarea and

Stromboli equilibrated at lower pressures (<3 kbar).
More importantly, estimated crystallization pressures for
the entire arc tend to decrease with time, and are aso
correlated with increasing proportions of high-silica
rocks in the erupted products. We interpret this to reflect
modifications of the plumbing system through time, re-
lated to changes of stress regimes and crustal thickness,
possibly as a consequence of rapid mantle upwelling be-
neath the Aeolian arc.

Geological and volcanological setting
of the Aeolian Arc

The Aeolian arc consists of seven islands and various se-
amounts (Fig. 1). It is built up on the Calabro-Peloritan
continental margin, a complex structure of Paleozoic
rocks, with minor Jurassic ophiolites and Mesozoic to
Recent sedimentary series. Crustal thickness varies from
4045 km under Calabria and 15-20 km under the Aeo-
lian Arc, to approximately 10 km under the Tyrrhenian
abyssal plain (Morelli et a. 1975).

Several authors (e.g. Keller 1980; Gasparini et al.
1982) consider the Aeolian islands to be a volcanic arc
associated with NW-dipping subduction under the Cala-
bria region. A close relationship between regional tec-
tonic structures and volcanism has been recognized in
the archipelago. Salina, Lipari and Vulcano rest on the
NW-SE Tindari-Giardini dextral transcurrent fault,
which separates the NE-SW alignment of Panarea and
Stromboli in the east from the E-W segment of Salina,
Alicudi and Filicudi in the west (Fig. 1).

The oldest rocks exposed in the arc apparently in-
clude Upper Pleistocene (1.2 Ma) volcanics at Filicudi
(Santo et a. 1995) and 1.0-0.8 Ma samples dredged
from the westernmost seamounts (Sisifo, Eolo, Enarete).
Salina is 430 to 32 ka old. Younger activity is concen-
trated at Alicudi (60-25 ka), the westernmost part of
Salina (Pollara, 30 ka), Lipari (<150 ka), Vulcano
(<120 ka), Panarea (60 ka) and Stromboli (<90 ka; Gillot
1987).

The petrological and geochemical variability of Aeo-
lian Arc magmas is believed to reflect the occurrence of
several compositionally distinct mantle-derived parental
magmas, and complex shallow evolutionary histories
(Ellam and Harmon 1990; Esperanca et al. 1992; De
Astis et al. 1997, 2000). Fractional crystallization of dif-
ferent parental magmas seems by far the most important
process of magma evolution (Peccerillo and Wu 1992;
De Astis et a. 1997; Del Moro et a. 1998; De Astis et
al. 2000). The occurrence of abundant metamorphic xe-
noliths (mainly quartzitic) in al the Aeolian volcanoes
suggests that crust plays an important role during magma
evolution (e.g. Barker 1987; Esperanca 1992; De Astis et
al. 1997); however, crustal assimilation does not appear
to be a first-order process in the generation of petrologi-
cal and geochemical variability of mafic magmas (De
Astis et al. 2000).



Methods of crystal chemical investigation

Crystal chemical investigation is carried out on selected
fragments of clinopyroxene phenocrysts. These are ex-
tracted from euhedral crystals that do not show evidence
of disequilibrium (e.g. rounded edges, embayments) with
the surrounding matrix. Fragments from core and rim are
taken whenever crystals show optical zoning. Crystal
fragments are taken from a section approximately 150 pm
thick, after careful optical selection, and then submitted to
X-ray investigation under an automated diffractometer in
order to obtain structural parameters. After X-ray data col-
lection, the single fragments are embedded in epoxy resin,
polished, coated and analysed by electron microprobe. Up
to ten spot analyses (depending on the degree of homoge-
neity in composition) are then averaged in order to obtain
amean composition of the investigated surface as close as
possible to the bulk composition of the crystal fragment.
Site partitioning data are then calculated by least-squares
minimization of structural and chemical data.

Repeated determinations on various clinopyroxene
phenocrysts from a single sample gave reproducible val-
ues of structural parameters (VM1 and Vcell), with 20
around 1%. Moreover, chemical studies of zoned clin-
opyroxenes from single samples show that chemical vari-
ations such as those observed in the Aeolian clinopyrox-
enes do not affect significantly geometrical parameters
(Malgarotto et al. 1993; Pasqual et al. 1995). Further de-
tails on sampling, clinopyroxene compositions, and ex-
perimental procedure and equipment are given by Faraone
et a. (1988), Malgarotto et al. (1993), Pasqua et al.
(1995), Nazzareni et a. (1998), and references therein.

Clinopyroxene host rocks subjected to investigation
here include various lithologies which cover the entire
compositional spectrum of the Aeolian magmas as well
as various activity stages of the individual islands. Rep-
resentative chemical analyses of the investigated Aeolian
clinopyroxenes, and indications of host rock composition
and stratigraphic position are given in Table 1.

Geobarometric significance
of clinopyroxene crystal chemistry

Dal Negro et a. (1982) observed close relationship between
structural site occupancies and geometric modification in
site and cell structural parameters, by a systematic study of
crystal chemistry of volcanic clinopyroxenes. Further stud-
ies carried out on high-pressure natural and synthetic clin-
opyroxenes (Da Negro et al. 1984; Dal Negro et a. 1989;
Manoli and Molin 1988) pointed out the dependence of M1
site and cell volume on crystallization pressure.

Manoli and Molin (1988) showed that M1 and cell
volumes retain a record of crystallization pressure, and
they may thus be used to distinguish clinopyroxenes
crystallizing in various pressure conditions. For a given
composition, Vcell and VM1 decrease linearly as pres-
sure increases, due to a series of substitutions:
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. Ca(M2), Mg(M1) ~ Na(M2), Al(M1);
Mg(M1), Si(T) = Al(M1), Al(T); Ca(M2) = Mg(M?2).

Notwithstanding the chemical complexity of these rela-
tions, pressure can be expressed as a simple linear func-
tion of Vcell and VM1, making cpx a useful geobarome-
ter able to furnish the pressure equilibrium of magmeatic
clinopyroxene. More recently, Nimis and Ulmer (1998),
and Nimis (1995, 1999), proposed an equation that relates
Vel and VM1 to crystalization pressure of clinopyrox-
ene from basic to acid tholeiitic to mildly akaline types,
allowing a quantitative use of the cpx geobarometer. Ni-
mis (1999) found that standard error on prediction of
pressure crystallization values was approximately +2 kbar
for these magmas, however, errors for calc-alkaline mag-
mas were suggested to be higher, probably as a result of
the strong variability of experimental melt compositions
on which geobarometric studies were based. However, we
point out that petrological and volcanological interpreta-
tion of thiswork is not based on absolute values, but rath-
er on relative time- and space-related variations of crys-
tallization pressures; these are measured on composition-
aly similar clinopyroxenes, which have been extracted
from petrologically similar rocks types. This obviously
reduces compositional-dependent systematic errors.

Crystal chemistry of Aeolian Arc clinopyroxene

According to the pyroxene nomenclature of Morimoto et
al. (1988), Aeolian cpx range from augite to diopside.
Extreme chemical cpx composition for various stages of
evolution in each island is reported in Table 1; quadrilat-
eral and non-quadrilateral components are also reported.
Composition of host rocks (classification according to
the Peccerillo and Taylor 1976) isaso givenin Table 1.
In the following section we present the cpx crystal-
chemical data for the Aeolian islands in the context of
chemical and temporal evolution of each volcano.

Alicudi

Theisland of Alicudi is awell-preserved 60- to 30-ka-old
conical volcano, consisting mainly of CA products. Erup-
tive activity is divided into three main stages. The first
two stages are characterized by basalts and basaltic ande-
site lavas and minor pyroclastics. Andesitic lava flows
and domes were emplaced during the third stage. Pecce-
rillo and Wu (1992) and Peccerillo et al. (1993) suggested
that early stages were fed by a relatively primitive mag-
ma, which underwent significant interaction with wall
rocks, whereas fractional crystallization dominated the
evolution of the latest emplaced magmas, with little or no
interaction with continental crust.

Clinopyroxenes range from diopside to augite (Fig. 2,
inset). Cell and M1 volumes are high indicating a moder-
ate to low pressure of crystallization; note, however, that
thereis asmall but systematic increase in the cell and M1
volumes in cpx from the first to the third stages, suggest-
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4.43
47.23
47.85

4.76

7.71
47.45
46.02

6.38

Stromboli

12.39

4457

41.74

13.27
CA: BA (2),
HKCA: BA(2), A (4)
HKCA: B (1), L (3),
SHO: B (6), L (1)
HKCA: B (2), BA (1),
SHO: B (4)

8.88

43.31
13.38

42.95
CA: A (3), D (4)

391
46.00

40.23

CA: D (6), RD (4)
CA:D (3),R(3)

Panarea
12.44

11.77
44.34

39.08
15.91

8.11

44.35

Vulcano

40.50

14.84
SHO: B (5)
SHO: B (2),
KS:' L (2),R (2
SHO: L (6)

9.67
43.47

43.67

12.50
et a. (1998); Vulcano, Faraone et al. (1988); Alicudi, Nazzareni et a. (1998); Panarea,

ber of samples analyzed for each lithotype is reported in brackets. Data source: Salina  S. Nazzareni et al. (in preparation)

HKCA: R (4)
and Filicudi, Malgarotto et al. (1996); Stromboli, Pasqual et al.(1995); Lipari, Pasqual

Lipari

14.21

46.00

38.46

14.86
CA: B (1),
HKCA: BA (4)
HKCA: A (12),
BA (2

17.14

45.76
41.14

12.84
CA: B (9), BA (2)
CA: B (1), BA (4),
A (1)

CA:BA (3), A (5)

6.36
41.67
40.59
16.61

Sdina

11.57
47.31
44.62
7.91
HKCA: BA (2), A (3)
CA: B (2), HKCA:

Filicudi

12.52

45.67

42.56

1151

CA: B (4),
BA (2),A (4
CA: B (5),
HKCA: A (1)

11.43
43.03
42.56
13.90

7.62
42.64

42.13

14.21
CA: B (5), BA (2),

A2
CA: A (5)

Alicudi

Samples referred with ¢ and r are fragments from core and rim of phenocrysts. The num-

Table 1 (continued)
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Fig. 2 Cell vs M1 site volumes for Alicudi clinopyroxenes
(Nazzareni et a. 1998): Different symbols are used to discriminate
cpx from mafic (S10,<53 wt.%) and intermediate (SIO,=
53-63 wt.%) and acid (Si0,>63 wt.%) volcanics. Inset: Wo-En—Fs
triangular classification for Alicudi clinopyroxenes. The shaded
field for the 12-kbar range, from high-pressure experiments of
Manoli and Molin (1988) and the high-pressure field, are reported

ing polybaric crystalization, with early basalts and basal-
tic andesites formed at higher pressure than late-stage
crystals (Nazzareni et al. 1998). Therefore, the various
stages of Alicudi activity may have been fed by magma
chambers at different depths beneath the volcano.

Filicudi

The volcano of Filicudi is more complex than that of
Alicudi, from both structural and volcanological view-
points. It consists of severa centres, mainly aligned
W-E. Volcanic activity is much older than at Alicudi
(1.1-0.17 Ma; Santo et al. 1995) and consisted of both
effusive and explosive eruptions. Rock compositions
range from CA basalt to dacite.

According to Francalanci and Santo (1993) and Santo
(2000), the evolution of the Filicudi magmas was domi-
nated by fractional crystallization, with large-scale magma
mixing and significant crustal assimilation. Francalanci
and Santo (1993) suggested high-pressure crystallization
for the Filicudi magma, on the basis of the high Al and Sr
contents of the Filicudi rocks with respect to those of oth-
er Aeolian CA volcanoes. High Al and Sr requires that the
phases hosting these elements did not crystallize to any
significant degree during the evolutionary history of the
magma. Since plagioclase is the only common phase of
CA magmas which has partition coefficients higher than
one for both Al and Sr, it was concluded that the magma
crystalized outside the stability field of plagioclase
(Francalanci and Santo 1993). This points to pressure con-
ditionstypical of lower crust.

The Filicudi cpxs have compositions similar to those
of other Aeolian clinopyroxenes (Fig. 3, inset), i.e. dio-
psidic and augitic (Malgarotto et al. 1993). However,
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Fig. 3 Cel vs M1 site volumes for Filicudi clinopyroxenes
(Malgarotto et al. 1993). For further explanation see legend of
Fig. 2 and text

they show the smallest cell and VM1 values among Aeo-
lian samples, ranging, respectively, from 435.20 to
437.68 A3 and 11.740 to 11.919 A3 (Fig. 3). These val-
ues are close to data from high-pressure residual cpx
from spinel Iherzolite nodules (Dal Negro et al. 1984).
Furthermore, Vcell-VM1 plot does not show systematic
variations among samples from the various stages, point-
ing to agenerally high crystallization pressure; therefore,
structural data on clinopyroxene from Filicudi provide
support for the hypothesis of magma evolution in deep
magma chambers, as suggested by geochemical studies.

Salina

Theisland of Salina was built up during three main stag-
es of CA volcanic activity (Keller 1980; De Rosa et al.
1996). The earliest activity (430-127 ka) was mafic.
This was followed by a second stage (10066 ka) of ba-
saltic to high-K andesitic and dacitic volcanism. The
third stage (3013 ka) consists of basalt to rhyolite, the
latter marking the final explosive activity at Pollara, in
the western end of the island.

As in the other Aeolian volcanoes, magma evolution
at Salina has been the result of fractional crystallization,
magma mixing and crustal assimilation. However, trace
element data highlight significant time-related modifica-
tions of the geochemical signatures of mafic CA magmas
(De Rosa et al. 1996; Gertisser and Keller 2000). More-
over, late-stage rhyolites display variable trace element
characteristics, which indicate separate genetic processes
for various batches of acid magma. Magma mixing
played a key role at Salina (Calanchi et al. 1993) and is
especially evident in the | atest-stage acid rocks.

The Salina cpxs show large variations in Vcell and
VM1 (Malgarotto et al. 1993). The smallest values are
those of crystals extracted from the early lavas. Cell and
M1 volumes increase up to values of 439 and 11.96 A3
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Fig. 4 Cell vs M1 site volumes for Salina clinopyroxenes
(Malgarotto et al. 1993). For further explanation see legend of
Fig. 2 and text

from second- to third-stage volcanics (Fig. 4). The cell
parameters of pyroxenes from the early stages of activity
are similar to those of Filicudi; therefore, high-pressure
(ca. 6-8 kbar) can be inferred for the magma chamber in
which they crystallized. The increase in Vcell and VM1
values in the younger rocks suggests a decrease of crys-
tallization pressure, consistent with upward migration of
the magma chambers with time. The increase in the de-
gree of evolution of rocks with time may be an effect of
such modifications in the plumbing system, i.e. magma
mixing with primary melts may have prevailed during
evolution of the deep reservoir, which was closer to the
source and therefore more abundantly refilled with mafic
magma. This kept the magma composition in the mafic
range, which istypical of the first stage of activity. Later,
upward migration of magma chambers was accompanied
by decreased mafic magma input and increased fraction-
a crystallization, with a consequent increase in the de-
gree of magma evolution.

Vulcano

Vulcano is one of the two active volcanoes in the Aeo-
lian Arc. Rock compositions range from basalt to rhyol-
ite and from HKCA to SHO and KS. Severa studies
(e.g. Keller 1980; Castellet y Ballarat et al. 1982; De
Astis et al. 1997; De Astis et al. 2000) recognize various
stages of activity, from 120 ka to present. The oldest
rocks (Primordia Vulcano) consist of HKCA basalts, ba-
saltic andesites and andesites; these were followed by
HKCA and SHO volcanism, mainly acid, of Lentia vol-
cano. The latest eruptive stages gave rise to the active
acid centre of La Fossa and to the historical leucite te-
phritic to trachytic centre of Vulcanello, which devel-
oped at the centre and on the northern margin of the
Lentia caldera. Petrological and geochemical data show
that potassium increases with time in mafic magma,
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probably reflecting source characteristics, however, the
increase in the degree of rock evolution with time is an
effect of low-pressure processes (De Astis et a. 1997).
The abundant rhyolitic rocks have been interpreted to de-
rive from shoshonitic mafic and intermediate parents by
fractiona crystallization and small degrees of crustal as-
similation (De Astis et al. 1997).

Structural parameters measured on clinopyroxenes
from Vulcano (Faraone et al. 1988) show no significant
variations of Vcell and VM1 from the oldest to the most
recent volcanics (Fig. 5). A small increase in Vcell for
cpx from the younger rocks may be related to the in-
creased alkalinity of the parent rocks. Similar variations
have been detected in other cpx extracted from tholeiitic
to Na-alkaline rocks from several areas, e.g. East Africa
(Da Negro et al. 1986). Structural data point to relative-
ly similar crystallization pressures throughout the evolu-
tion of Vulcano. Therefore, either polybaric crystalliza-
tion did not occur or it may have taken place, but the dif-
ferences in crystalization pressure were not large
enough to be recorded by significant changes in clin-
opyroxene structures.

Lipari

Lipari is the largest island in the Aeolian Arc. The low-
est exposed rocks are CA basaltic andesites and HKCA
andesites. Dacites and rhyolites dominate later activity,
which lasted until historical times. Several eruptive cy-
cles have been described in Lipari. Rocks are character-
ized by a very steep increase in potassium passing from
mafic to acid compositions. According to Crisci et al.
(1991) and Barker (1987), this increase and the associat-
ed geochemical modifications cannot be ascribed entire-
ly to fractional crystallization, but indicate a complex in-
terplay of fractional crystallization, magma mixing and
strong interactions with continental crust.
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Structural parameters have been determined for cpx
from volcanic rocks of various ages that we reduce to three
stages (Pasqual et a. 1998). The Vcell and VM1 valuesin-
crease with decreasing age (Fig. 6), indicating decreasing
crystallization pressure with time. A different feature is
typica of the xenocrystic cpx of the third-stage rhyolite,
which is enriched in trivalent cations (Fe3*, VIAI) and Ca,
causing a decrease in VM1 and a larger variation in Vcell,
as compared with the other Lipari samples. This feature
may reflect the complex processes (mixing and crustal as-
similation) suggested for the evolution of these magmas.

Panarea

Panarea is the remnant of a larger structure, mostly hid-
den below sea level. Most of the exposed activity oc-
curred between approximately 150 and 50 ka (Calanchi et
al. 1999). Outcropping rocks are generally CA dacites
and rhyolites, but a few CA and HKCA basic and inter-
mediate rocks also occur, mainly as inclusions within ac-
id products (Calanchi et al. 1999). The studied cpxs most-
ly come from dacites and rhyodacites. Geometric parame-
ters increase dlightly from oldest rocks to the youngest
rhyolites, the latter having the largest cell volumes mea-
sured for Aeolian cpx samples (Nazzareni et a. in prepa
ration); however, cell and M1 volumes are typical of low-
pressure cpx, suggesting that the exposed Panarea magma
evolved in avery shallow magma chamber (Fig. 7).

Stromboli

Stromboli is the northernmost island of the Aeolian Arc.
It consists of a large variety of mafic and intermediate
volcanic products ranging from CA to KS. Present activ-
ity is represented by shoshonitic basaltic lavas and
strombolian scoriae. The exposed rocks at Stromboli are
younger than 90 ka and were erupted during four main
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stages of activity. The nearby CA neck of Strombolic-
chiois 204 kayears (Gillot and Keller 1993).
Clinopyroxenes at Stromboli range from diopside to
augite (Clocchiatti 1981), and geometric parameters
(Pasqual et al. 1995) point to shallow crystallization
pressure (Fig. 8). There is no clear relationship between
volcanic evolution stages and cpx geometrical parame-
ters, nor have significant variations been found for the
cpx from volcanics of different petrochemical affinities
(CA-SHO-KS). Francalanci et al. (1989) suggested that
the time-related changes in the petrological and geo-
chemical characteristics of the Stromboli magmas are re-
lated to evolution in two separate magma chambers at
different depths, which underwent different styles and
degrees of assimilation and fractional crystallization and
mixing with mafic CA magma. Our cpx data argue
against a polibaric evolution of magma, supporting in-
stead the alternative hypothesis that the geochemical and
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Fig. 9 Cel vs M1 site volumes for Aeolian clinopyroxenes. Geo-
metric parameter variations are reported as circled fields for each is-
land (Vulcano: Faraone et a. 1988; Salina and Filicudi: Malgarotto
et al. 1993; Stromboli: Pasqua et al. 1995; Lipari: Pasqual et a.
1998; Alicudi: Nazzareni et al. 1998; Panarea: S. Nazzareni et al. in
preparation)

petrological variations of Stromboli are related to source
characteristics and/or processes.

Implications for evolution of the Aeolian Arc

Previous petrological and volcanological studies have
shown that the Aeolian Arc is characterized by large-
scale regional variations. The western islands of Alicudi,
Filicudi and Salina have CA magmas with variable de-
grees of evolution but with the prevalence of intermedi-
ate and mafic compositions over acid rocks. In this sec-
tor, eruptions occurred either from central craters or from
centres aligned E-W. No caldera structures have been
identified on Salina or Filicudi, whereas two small calde-
ra-forming events occurred at the end of the first and
second stages of activity at Alicudi. The centra islands
of the Arc (Vulcano, Lipari, Panarea) revea the most
complex structures, with the remains of large calderas.
Rock compositions range from calc-alkaline to shoshoni-
tic and potassic. The degree of evolution is aso very
variable, and abundant acid rocks are associated with in-
termediate and mafic products. Lastly, the island of
Stromboli consists of a wide variety of magmatic types,
from CA to KS, but acid products are lacking. A caldera
structure has been recognized in the older series.

Clinopyroxenes from various Aeolian rocks display
comparable, diopside to augite composition; however,
crystal chemistry data show important variations on are-
gional scale. Thisis shown in Fig. 9. High-pressure cpxs
are restricted to the islands of Filicudi and Salina, where-
as low-pressure crystals are typical of al the other is-
lands. The absence of caldera structures in the islands
with the lowest volumes of cell parameters for clin-
opyroxenes has important implications for models of the
plumbing system of these volcanoes, inasmuch as both
data provide evidence for the lack of large shallow-level
magma chambers.
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Falsaperla et a. (1999) emphasize the Aeolian-
Tindari Giardini tectonic line as a boundary between two
different tectonic domains with distinct seismogenic fea-
tures. Volcanism is extinct in the western arc, which has
only shallow seismicity; instead, the eastern and central
sectors host active volcanism and intermediate to deep
seismicity. The higher crystallization pressure of Salina
and Filicudi may therefore reflect a different stress re-
gime in the western arc with respect to the eastern and
central sectors; however, the low-pressure crystallization
of the Alicudi cpx does not completely fit this model.

A much better fit is obtained if the time-related varia-
tions of cpx structural characteristics are related with the
age of magma eruption (Fig. 10). Clinopyroxenes older
than approximately 150 ka have cell parameters indicat-
ing higher crystallization pressure than younger ones,
thus suggesting a relationship with the stage of arc evo-
[ution rather than with the areal distribution of its volca-
noes. Crystal chemistry data may thus reveal a migration
of magma chambers towards shallower levels with time.
This may have regional significance, although additional
data on old volcanic rocks (e.g. those dragged from se-
amounts) are necessary to confirm this hypothesis. The
decrease in crystallization pressure with time and the
shallowing of the magma chambers may be related to the
structural evolution of the arc. Wang et al. (1989) sug-
gested dramatic isotherms uprising during the last 6 Ma
under the Aeolian Arc at a rate of 10 km/Ma. According
to this model Esperanca et al. (1992) suggested litho-
spheric and crustal thinning by uprising of asthenospher-
ic mantle. The suggested regional upward migration of
magma chambers is in agreement with such an evolution
model. The magma reservair, sited at any level within
the crust, may have migrated upwards as a consequence
of changes either in the crustal thickness of the arc base-
ment and/or in the regional stress regime related to mantle
doming beneath the arc.
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Conclusion

The cell parameters of clinopyroxenes from the Aeolian
Arc volcanics show important variations as a conse-
guence of variable crystallization pressure. Crystals from
the island of Filicudi show the smallest Vcell and VM1
values, indicating the highest crystallization pressure over
the entire arc. Crystals separated from the lowest exposed
rocks at Salina also have high-pressure structural charac-
teristics, but the younger cpx appear to have crystallized
at low pressure. Filicudi and lower Salina are the oldest
exposed rocks in the Aeolian Arc. Shallow crystallization
is inferred for cpx from the other islands, although some
polybaric crystalization is recognized at Alicudi and Li-
pari. Cpx crysta chemistry data show a relation with
time, since those with smaller cell and M1 volumes are
all older than 150 ka. Low-pressure cpx are all younger
than this age and are found in volcanoes with caldera de-
pressions, indicating shallow magma chambers.

Crystal chemistry of clinopyroxenes together with vol-
canological and petrological data concur in indicating that
the Aeolian Arc volcanoes underwent significant variations
of their structure over time. Since cpx with the smallest cell
and M1 volumes are al from rocks older than 150 ka, low-
pressure cpx are all younger than this age and are found in
volcanoes with caldera depressions, indicating shallow
magma reservoir. Early stages, represented by Filicudi and
the older Salina, were fed by deep magma chambers, and
cpx geobarometry indicates pressures of 6-8 kbar, corre-
sponding to deep crust. Younger magmas evolved in shal-
low reservairs; these underwent collapse and experienced
higher degrees of fractionation, with the development of
huge amounts of rhyolites. Regiona modifications of the
plumbing system with time are probably related to mantle
dynamics characterized by uprise of hot materials which
caused arching, thinning of the arc and were accompanied
by changes in the style of magma evolution.

Clinopyroxene structural data have shed light on these
changes, providing significant constraints on the evolu-
tion of the Aeolian Arc. This emphasizes the importance
of clinopyroxene crystal chemistry study for constructing
models of the plumbing system of volcanoes.
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