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M. ROSI·

THE ISLAND OF STROMBOLI

ABSTUCf. - Stromboli is the only island of the Aeolian arc in a persistent volcanic
acIivity since historica1time. 1l1e island has been mapped in delail and a 1/10.000 5l:&!e gcologiod
map is prescnled here. Two main cydes of volanic acIivity ha~ been recognized in lhe
subaerial pan of this central strato·volcano:
- an old cycle, which buih up all the eastern half of Suomboli with a rilhmical sequence

of pyroclastic prodUCIS and lava flows;
a young cycle which erupted all the volcanics (mostly lavas) of the western half of the island;
it includes the present activity of Sciara del Fuoco.

Some parasitic centres were active both during the old cycle (Strombolicchio) and during
the: young cycle (Vigna Vecchia, Timporn: del Fuoco).

MoS[ of the: volcanie activity at Stromboli has to be related to 1I main tectonic line which
crosses the centn.l part of the island along I NE.SW trend.

1be mqmatic products of Stromboli Ire typical of island arc volanism, showing a temporal
evolution from cakalkalirn: 10 shoshonitic. During the old cycle of activity, the magmatism of
Stromboli evolved from cak..lklline to high-K Indesitic products. A further evolution is observed
in thc young cycle and present activity, which eropted shoshonitic produeu. All the available
data suggest that the different terms present in each of the three magmatic series are produced
by dominant crystal-liquid equilibria, while the transition from one !eries to another seems
most probably to be related to a deepening, over a very short time interval « O.S m.y.), of the
Benioff wne beneath the Aeolian island an:;. The volcanic and petrogenetic evolution of Stromboli
fit therefore very well the general geodynamic framework of the southern Tyrrhenian $ea.

RJASSUNTO. - Stromboli, celebre fin dall'Eti Oassica, e l'unica isoa dell'aroo vulanico
delle Eolie a trovani in uno SlltO di aniviti perslstente da circa due millenni.

Un ri.levamento geologico di denaglio e StitO dlenuato nel 1975 e a nuova carta geologia
che DC: risulta (scala 1 : 10.(00) e allegata alla prescrtte notl.

La parle subaerea di questO strlt<>vukano centn.le si e formata esscnzialmcnte durante due
ben dininti tidi di attiviti: - un cicio antico, costituito da ritmiche enttioni di mateOale
pirocla.stico e di colate di lava, ha dato luogo aUa formazioDC: di tutta Ia parte orientale dell'isola;
- un cicio piu recente, durante il quale venivano erottate essenzialmente colate laviche,
raponsabile invece della fotrnazione di tutta la meta oa:::identale di Stromboli. L'a!livitit attuale
delle bocche $Ovrastanti la Sciara del Fuoco, viene considerata come facente parte del ciclo
receme. Apparlti eccentrici si sono manifestati sia durante il cicio antico (Strombolicchio), sia
durante quello recente (Vigna Vecchia e Timpone del Fuoco).

La maggior parte dell'attiviti vulcankl di Stromboli e da rnettere in relazione ron un'im·
portanle 1inea tellonica regionale the taglia prarieamcnte in due l'i$Oa, S«OtJdo una dire­
zione N£,.SW.

I proc\otti mqmadci di Stromboli applrtcngono ad associazioni CIrIueOlliche ddk Strut­
tun: di arco insuare (da caIco-alca.line I shoshonitic:be). La lUCCCSSiooe stratiJrafia delle prin-
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dpali formazioni vulcaniche e caratteriuat. cia imporunti cambiamenti neU. naNn peuolo¢ca
.dei mqmi erult.u. Si e infnti porulO riC'OnOKere dunmte il cicio pit.. anrico di .ttivitll, un'cvolu­
%ionc: cia vulanismo ca1co·alcalino tipko vtttO prodoni calco-alcalini ricchi in potassio. Un'u1te­
riorc cvoI.uzionc magmatica ha poi condono all'cmissionc dei prodoui del cido f'C'Cmte ed .ttuale,
• composizionc: shosbonitiao.

Introduction

Stromboli is. the nonhernmOSl island of the Arolian Archipelago and the:: only
one which is pr~mly in a persistent state of activity.

This island was known since the Qassical Age for the rithmical l:'xplosive
eruptions of scoria, cinder and ashes. This type of volcanic activity has been described
by many authors and the term of «strombolian. has been adopted by volcanologists
all over the world, to describe such a kind of eruptions.

However the geological, volcanological and petrological knowledge of this
famous volcano was surprisingly scanty. In fact in the aboundant literature on Strom­
boli, the available data (volcanology, petrochemistry, etc.) only concern the historical
and present activity of the volcano.

Up to date, a derailed geovolcanological map of Stromboli was lacking. In bet,
an old photogeological interpretation (MAGNANI, 1939) and a 1/100,000 scale map
(Foglio 244, carta geologica d'ltalia) were the only available geological maps of
this ishind.

The aim of the present paper is to bring a contribution to the geological
knowledge of this volcano. A detailed mapping (1/10,000 scale) of the island has
~n done, as well as an accurate sampling of the different volcanic products.
Petrochimical studies of these products g-..ve useful informations about the magma­
tologica1 significance of Stromboli in the wider contat of the Aeolian. islands
volcanism and, in turn, in the general geodynamic framework of the Southern
Tyrrhenian Sea.

Phy&iographic outline

ihe island of Stromboli is located ir: the Southern Tyrrhenian Sea, about 60 km
We::st of the Calabrian coast (fig. 1). The surface of the:: island is 12,2 km2

, with
a coastal countour of 14,4 km. Stromboli has an almost perfect conical shape above::
Sl::a level, with a maximum ele::vation of 924 m a.s.l. at I Vancori.

The most evident morphological f~ature of this volcano is re::preSl::nted by the
Sciara del Fuoco (NW slope), a deep (more than 300 m) and wide (1,000 m)
de::pre::ssion bounded by parallel ste~p walls (fig. 2).

A bathyme::tric surve::y of the neighborhoocl Sl::a Roor has bttn recently made::
(TESTON! & SE.ClE, 1971). It is cle::ar from the:: profile of fig. 3 that: J) Strombolicchio
XJCk structurally belongs to Stromboli, from which it is separated by a shallow
(about 20 m) water de::pth; 2) the:: submerged pan of Stromboli is the regular pro­
longation of the subaerial cone; 3) the:: volcanic cdificc= S«ffiS to be on the whole a
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ralher regular cone, about 3,000 meters high. However, while some authors (BuUAJ.D,
1963) consider Stromboli as big as £Ina, some others (SECIlE. 1968) believe that
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the volcanic nature of the submerged relief slops at about 1,000-1)00 meters
depth. where the crystalline oosament is ~uggested to exist. Another interesting
physiographic character, put in evidence by the bathymetric survey of StromOOl.i,
is the continuation, below the sea level, of the Sciara del Fuoco which extends for
about 2 km off the co.1St, down In a depth of nearly SOO meters. Finally, twO small
sea mounts located at about 4 km SW of the island arc clearly visible: from the
hathymetric survey of TESTONI & SECRE (1971). One of them, at about 1,200 m depth,
has a symmetrical position if compared with StromboJicchio.

Volcunoloe"Y

Stromboli is totally made of volcanic products: lava Rows, dikes, sills and
pyroclastics. The only sedimentary materials arc represented by recent beach deposits:
gravds, sands and layered rework~ !»'roclastics exist only around S. Vincenzo..
-Ficogrande (sec: geological map).

Although neither stI":ltigraphic nor radiometric age determinations exist, Strom-

L,.

Fill". 3. - Morpl\ol.otl>CI1 CJOI$ s<'Clions of SIromboli aflC"f TUTO"'l .. S£GU (1971).

bali must be considered very recent (Upper Pleistocene) in all its subaerial part.
This can be inferred according to chronostratigraphic criteria, adopted for the other
islands of the Aeolian Archipelago. Kf.l.LER (t972) distinguished the Aeolian vol­

,canism into two main periods according to the distribution and elevation a.s.!. of
marine terraces, radiocarbon dating and tephra layers. The first of these periods
has a Lower to Middle Pleistocene age and corresponds to the formation of Panarea,
Alicudi, Filicudi :and pm of both Salina :and Lipari. During the second period
(Upper Pleistocene) Vulcano and Stromboli were formed while Lipari and Salina
were completed up to their prCSC!:nt morphology.

No marine terraces exist on Stromboli; alllhe subaerial activity of this volcano
must be therefore considered to belong to ·the second main period of the Aaeolian
volcanism.

Chronological correlation, based on marine terraces, have a rather limited
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Fig. ~. _ Lav~ Rows ;ssuoo from Vijlna Ve"h;a parasitic vent
(3/~ 10 the lop of the picture) sttn from Ginostra harbour.

349

Fig. 5. - Huge dike cutting the lavas which limit Sciara c\d ,Fuoco to the North (Punta Lahronzo).

reliability when concerning volcanic is13nds. However the correlation made by
KE.LLER (1972) is in a. good agreement with the oldest radiometric age limits available
for Salina « 0.5 m.y.) and Filicudi « 1.0 m.y.) (BARBERI et aI., 1974)..
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Although the volc;mic products of Stromboli must be considered very recent,
all the whole it is possible to divide its activity mto two well defined main cycles
(old and young). The transition from the old to the young cycle IS marked by a
series of volcano-tectonic events, by a western shifting of the eruptive axes and by
a signific:lnt change of magma affinity.

It is whorlY of note that, if the isbnd of Stromboli is cut by an hypothetical
NE-SW line, passing through the pn:stntly active vents, two well distinct areas,
of old and young volcamc prodllcu respectively 3TC defined. In fact, all the ancient
products arc confined to the eastern part of the island, while the younger ones
constitute all the western halt of Stromboli (except for the thin byers of prescnt
ashes covering part of the castern summit of the volcano, near the vents). This
NE-SW line is actually an important tectonic lineament marked by trending of
dikcs and active or extint craters. This line is moreover coincident with the::
elongation of the island; finally on its NE off shore continuation an old cruptive
vent (Strombolicchio neck) outcrops.

PARASITIC CENTRES AND l.ATERAI. ERUPTIONS

An important volcanological feature of Stromboli is represented by lateral
eruptions. Among them it is possible LO distinguish those related to fractures parallel
to the main tectonic trend (NE-SW) from those related to a system of radial
fissures. The formers erupted a more important volume of products than the latters
:llld thcy built up some well defined individual centres, e.g. Suombolicchio and
Vigna Vecchia.

Strombolicchio • The rock of Strombolicchio is located 1.7 km NE of Fico­
grande. It is a monolithic structure which rises from the sea level up to an elevation
of 49 m. It has to be considered a volcanic neck o( a rather important ancient
cone, almost completely destroyed by marine erosion. The stratigraphic position
of Strombolicchio lavas cannot be exactly determined; it is however reasonable, also
on tbe basis of its chemical composition, to presume that it belongs to the old cycle
of activity.

Vigna Vecchia . On the western pan of the island, about 800 m SW from thr
present boccas, an important lateral cwtre (Vigna Vecchia) has been recognized
at 600 III a.s.l. (fig. 4). A significam volume of products has been erupted from
this centre, covering a large part of the western slope of the volcano, above the
village of Ginostra. These products (a monotonous sequence of lava Rows and
scoria) have a very recent age (young cycle), since they represent the last eruptions
just before the formation of Sciara del Fuoco.

Timpone del Fuoco - Timpone del Fuoco (western coast of the island) is an
important lateral centre, not related to the main tectonic direction of Stromboli.
The shape of Timpone del Fuoco is similar to that of a very small shield volcano
:llld it is made up of an, horizontal pile of lava Rows, up to an elevation of 147 m
a.s.L The best exposure of these lavas is found along the faulted coost line where
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they outcrop as a 100 m high vertical wall. Timpone del Fuoco lavas are also very
recent: they are just a liule older thali the lavas of Vigna Vecchia.

01 KES

Radial dikes and mantle sills are numerous on Stromboli (fig. 5). Radial dikes
are found almost everywhere but thev are particularly concentrated at Valloni di
Rina, Vallone del Monaco, at the margins of Sciara del Fuoco and near the pres«=ntly
active vents. Mantle sills s«m to be 1('$5 numerous than radial dikes; however,
according to RlTT~IA~N (1967) mantle ~ills should repreS(:nt 20 % of the volcanic
products. The best example of a mantle sill is visible at u Schicciole.

Stralie,'Taphy

01.0 C'·CL£

The older part of Stromboli consists of :; typical strata-volcano, on which three
main stratigraphic units have been distinguished. They are, from the base to the top:

- pyroclastic basal formation
- lavas of the basal formation
- Vancori complex (lower, middle and upper)

and they will be described in some detail in the following sections.
Pyroclastic basal formalion - A series of explosive volcanic products (PetraZ7A'l

tuffs, Cavoni tuffs and Valloni di Rina tuffs) have httn grouJ)(d under this name.
These pyroclastics represent the oldest stratigraphic products outcropping on

Stromboli. They are exposed in the dtt~t erosional cuts of the island and they
are covered by lavas of the basal form.aion.

P~trazza IuDs have a maximum apparent thickness of about 50 meters at Val­
lonazzo (Eastern coast of the island). They consist from the base to the top, of:
a coarse breccia (about 10 m thick), a pumiceous layer containing numerous lithic
xenoliths (mostly affected by hydrothermal alteration), an ash layer covered by
some lava Rows C) (about 15 m thick) and a top layer of lapilli.

Catloni IUDS moslly outcrop in the highest part of the Cavoni gully (eastern
slope of the island). TheS(: products m:linly consist of scoria. with minor xenoliths
and lapilli.

On the NE wall of the gully, a 50 m thick sequence of red and grey layers of
these tuffs are found, while on the SW wall the tuff layers interbedded, near the
top, with more and more numerous l:lVa Aows. This makes a gradual upward
transition to a lava Aows form:ltion (Serra Monaco lav:ls).

Valiom· di Rina wOs (EaSt of Ginostra) cover an area of :lbout 03 km2

with a variable exposed thickness, reaching a maximum of 50 m. They consist
of several red and grey layers of weathered, scoriaceous material. Thes«= tuffs are

(I) 1bese lava lkrv.'S cointain sevenl big quartz xenocrysts. They \l'~ findy recognized
by H. JOHNSTON U.VIS (l894). II hu 10 be menlionM lhal quartz xeooc:rysu an:: also presenl
in lavas of Strombolicchio neck.
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panly covered to the west by the recelll lavas of Vigna Vecchia parasitic centrc.
Valloni di Rina ruffs are Cut by numerous dikes most of which show a trend
which is choerent with the main tectonic direction of Stromboli (NE-SW).

The import:lm landslides, visible on the southern and on part of the eastern
slopes of Stromboli, aTC related to the high unstability of deposits belonging to the
pyroclastic basal formation.

Lallas of til(: basal formation - Under this name, all the lavas covering the
pyrocbstic basal formation have been ~rouped. They aTC represented by Serra Mo­
Jlaco lavas (southern part of the island) and by the lavas of the NE sector of the
volcano. They can be distinguished only on petrochemical basis.

Lavas of Serra Monaco appear frequently dislocated by sliding of the entire
flow sequence.

The lavas of the NE sector of the island (just above the village of Stromboli),
show a stratigraphic position comprised between the pyroclastic basal formation

and the Vancori complex. It has to be noted that, on this part of the island, some
non erosional morphological anomalies, which break the regular conical shape of
the volcano, appear. They could be the result of an old lateral activity which is
now hidden by the most recem products. According to PUr.TANI/\ (1906) as historical
lava Aow should have covered ancient human settlements near S. Banolo. A detailed
exploration of that area did not confirm the existance of such historical lava.
Moreover the composition of all the lavas of this area is much more similar to that of
the ancient products th311 to that of the historical ones.

Vancori complex - An important almost circular, old depression of about 1 km
wide has been recognized just 3t the top of Stromboli. This depression, which formed
3iter the eruption .of Serro Monaco lavas, should correspond either to a small c3ldera
collapse or to a large explosion crater. The lack of any accumulation of ejected
materi31 around the visible rim, makes the first interpretation more likely. Anyway
this structure marks an important evem in the activity of the old eruptive cycle.

The depression was later filled by a huge pile of lava Aows and pyroclastics the
Vancori complex. A weak fumarolic alteration is sometimes visible on Vaneori
products. This complex has been divided into three subunits; lower, middle and
upper Vaneori. .

Lower Vancori - The activity which renewed after the formation of the summit
depression, produced the lava pile which is now visible along the lowest outer part
of Vancori rim. These Aows are perfectly horizontal and generally thin (about 2 m)
but som~ of them can reach a thickness of more than 10 m. Some of these thick
lava layers C3n be interpreted as mantle sills.

The top of this formation is visible only on the western side of Frontone and
corresponds to a paleo-erosional surface which unconformably cuts the lower lava
Aows. This surface is marked by a yellow-brown layer of fine pyroclastic material.

Middle Vancori - Between middle .. nd lower Vancori no important differences
exist, since the latter still consists of several horizontal lava Aows. However, a
distinction has been made because they represent two distinct periods of activity,
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separated by a break, during which lower Vancori products were partially eroded.
Upper Vaneori - They represent tht" last products ot the old volcanic cycle at

Stromboli. They consist ot lavas and pyroclastics, outcropping on the summit part
of the volcano (Vancori and Pizzo Sopra la Fossa). On the inner wall o[ Vancori
rim, the base of the [ormation is represented by a sequence (about 20 m thick)
of yellow and red tuffs. Tuffs are covered by two coarse breccia layers (about
20-30 m thick each) with a 15 m thick lava Aow in between; the top of the
formation consists of few and very thin (about 1 m) lava Aows.

The same sequence of products (tuff~, lavas and breccia) are also found on the
summit eastern part of the volcano (Pizzo Sopra la Fossa).

YOUNC CYCLE

The end of the ancient cycle is marked by a sinking of the craters which fed
the upper Vancori lavas.

This collapse was probably a consequence of a violent explosive event. In the
north.-eastern part of thi~ depression th~ vents of the young cycle g~t opened. The
tuffs of Pizzo Sopra la Fossa and the lavas which occur at the edge of Sciara del
Fuoco, were erupted from these boccas. L1ter, the activity moved westward and
the lateral structures of Timpone del Fuoco and Vigna Vecchia were built up.
The very recent collapse which formed Sciara del Fuoco, marked a further shifting
of the activity towards the centre of to(' cone giving to Stromboli its present ap­
pearance. Some small displacements of the boccas arc frequently still observed.

Pizzo Sopra fa Fossa luffs _ Thes~ tuffs are the typical products of Stromboli
explosive activity: welded and un welded scoriae, bombs and blocks cemented by
an ash-s:mdy matrix. They always appear as cross-bedded layer", probably as a result
of a cOntemporaneous activity at different vents. The total thickness of this formation
(NW wall of Pizzo) exceeds 150 m. The formation is strongly affected by currem
and fossil fumarolization processes. Contemporaneously and immediately after the
eruption of Pizzo Sopra la Fossa tuffs, the products which form the Sciara del
Fuoco margins were also erupted. They are represented by an alternance of lava
Aows and pyroclastic layers, cut by numerous radial dikes. These products cover
both the upper Vancori formation and the lavas of the basal formation. In rhe
western sector they are covered by the products from the eccentric vents of Tim­
pone del Fuoco and Vigna Vecchia.

Elsewhere they are covered by historical pyroclastics. The thickness of this
formation is very relevant (at least 300 m).

The lavas of Sciara del Fuoco - Sci"ra del Fuoco is the most striking structure
which marks the recent volcanological ev~lution of Stromboli. Following its for­
mation, in fact, the centre of activity tmplaeed on the summit part of it, at an
elevation of 750 m a.s.! .. Since that moment all the erupted products have Aowed
down this very steep (:-..:>40°) surface, mnde up of several thin Rows and pyroclastic
layers.

Lavas very frequently Aow in tunnels on Sciara del Fuoco. This fact makes
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sometimes difficult the localization of the eruptive vent ;lnd can drive to the wrong
conclusion that some hislOrical eruption of Stromboli were fed by boccas opened
at sea level (AIlRUZZESE & CAVALLARO, 1955).

VOLCANO-SEDIMENTARY PRODUCTS

The Teeelll age and the small dimensions of the island prevented the formation
of:m import<lm hydrographic network. Erosion therefore did not pby an iJ;flpoftallt
role and sediments are eXlremely rare :md mostly localized along the narrow
c0-1stai plain, where the village of Stromboli stands. The maximum thickness of
these products is of a few tens o[ merres. The products consist either of volcanic
ashes, mostly wind.trasported Of of v0lcanic material, partially reworked by the
sea. Finally, the finest materi:!1 presently erupted at the ncar summit vents, is
mostly deposited on the eastern part of the island, due to the action of westerly
winds which, at Stromboli, dominate. These products cover a large area of the
island but their thickness is generally in the order of few meters.

Volcano_tectonic evolution of Stromboli

for the genesis of Sciara del
of the Sciara, represent two

mechanism which could account
suggested. The present margins

The most important structural features of Stromboli are shown in fig. 2.
The most evident u:ctonic line shows a NE-SW trend and along it, Strombe>­

licchio, the present active vents and the parasitic centre of Vigna Vecchia are
perfectly aligned. Furthermore, on thl~ line, which matchs the elongation of the
island, the highest number of dikes (rends. as well as many zones of fumarolic
activity, gas emission (mostly CO~) and hot spnngs (about 40Q C). This tectonic
lrend is therefore interpreted as a structural element of regional importance.

An importam fault (with a visibl,: throw of more than 100 m) perpendicular
to the main trend, marks the western coast-line of Stromboli (Scaglia del Vento ­
Secche di Lazzaro).

Another minor tectonic direction (EW) is th'lt marked by two faults and by
a huge dike on the northern coast of Stromboli.

Sciara del Fuoco is the most spectacular volcano-tectonic feature, being the
result of a very important slidiog which affected all the NW sector of the volcano
and part of the submerged cone, down lO a depth of 500 m below sea level.

The steep walls which limit Sciara del Fuoco (Fili di Ramona to the SW and
Fila del Fuoco to the NE) are cut by :t large number of dikes, converging to the
top of the volcano near the active vents.

According to RllT~("NN (1967), Sciara del Fuoco was formed by a sliding along
an arched surface, due to a gravitational unstability, and favoured by the lubricant
action of a mantle sill infection. The dikes at Sciara del Fuoco margins should

have been injected, from the same sill, iuto fractures opened during the first stages
of sliding.

An alternative
Fuoco structure is
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important fractures produced by tectollic movements which acted perpendiculary
to the main tectonic trend of Stromboli. The opening of these fractures, also marked
by the emplacement of numerous dikes, produced the sliding of the lava pile which,
in this part of the volcano, must have reached its maximum thickness. The sliding
was favoured by the lubricant action of the underlying, old pyroclastic formation.

Some structures of minor importance are those found on the eastern and SW
slopes of the island. They are simple landslides probably originated by episodic
shaking of the volcano. The best example is represemed by Rina Grande. Some
authors gave the name of c Sciara Vecchia ~ to Rina Gmnde, ba:ause they believed
lhal it was the ancient equivalent of Sciam del Fuoco. Actually, Sciara Vecchia
has a completely different and much ltss important significance than Sciara del
Fuoco, as stated above.

Some informations about the deep structure of Stromboli can be obtained from
the gravimetric survey of BON...SI ... ;Ind YOKOY... M ... (1972). The distribution of Bouguer
anomalies is characterized by the pr(~s:.'nce of a minimum, localized in the centre
of the active zone, and by the tWO maxima, respectively in the West of the
island (Ginostra) and at the NE limit of Stromboli, including Strombolicchio.
While the maximum at Ginosua call be explained by the existence of Timpone
del Fuoco basic lavas, the other has not a clear volcanological meaning. The
minimum in the centre of the island has bet.-n im.erpreted by BoN...SI ... and yOKO\·...~I ...

(1972) as due to the existence of a submerged caldera. Accordingly, all the emerged
part of Stromboli should be considered as formed during a post-caldera stage of
activity. An alternative hypothesis proposed by the same authors, is thm the minimum
could be the result of a local structural low of the crystalline basement, on which
the volcano stands. In this last case, ~hc structure should have a very important
regional significance. However no e,'idences of such a structure can be deduced
(rom the available bathymetric and gravimetric data on this part of the Tyrrhenian
Sea. The hypothesis of a submerged caldtra, cannot of course be verified on geological
basis. However, it is not excluded that the: gravimetric minimum could be the
result of the filling, by light pyroclastic matl'rial, of the summit part of the volcano
which has bet.-n affected by some volcano-tectonic collapse.

PClroehemistry

CU.SSIF1C...T10N

Major elements chemical analyses and C.LP.W. norms of 36 samples (selected
:lfter a detailed petrographic study of % rock samples) which are believed to be
representative of the whole volcanic products outcropping on Stromboli (fig. 6),
arc reported in Table 1.

The different products of Stromboli have been ploued on the K20/Na~ vs.
Si01 diagram (fig. 7 a). Boundary lines have been taken from B...ItBERI et al. (1974).

There is a marked tendency for Stromboli rocks to show a more rapid increase
of K~/ a~ mtio with increasing Si02 content with respt'et to the bound:!fY
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• TAB!.E I
C/lemical analyus "nd C.lP.IV. norms of Stromboli volcanic rocks
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(1974). 0 Young cyck: .6 Vancon compln and lava. of Ih, NE "";10'; • Serra.Monaco lavas;
4S18' 32, Slr()/noo';cchio. f,) Stromboli volean:" plot into Ihe cla.silication K,o \'$. SiC>. diagram by
I'£CCUILl.O and TAYLO"" (1976). c) K.o .s. 5.0, diaj,(ram for the Stromboli volcanic snics, compared
with (he "'crajl'c trend. for Ihe Ac'Olian hland. (B ...nul c{ a!.. 1974). A'a, calc·alkaline series:
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isl:ands. It can be seen that also the rate of K~O increase is more marked in Strom­
boli lavas, particularly in the shoshonitic hasalu, than in the other volcanic series
of the Aeolian Arc.

This character is even more marked if one considers that the K~-SiO:! va-
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TABLE 2
Main petrographic characteristics of the most representative lavas
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riation lines of Aeolian rocks have in turn a more steep slope lhan circumpacillc
calc-alkaline series. Their trends would in faet cross the boundaries of K20-SiO~

classification diagram commonly adopted (see f.i. fig. 2 in PtteF.RILLO and TAYLOR,

1976).
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It is however evident from the di..grams of fig. 7 that at Stromboli three
distinct magmatic series can be recognizt.d. They mark an important petrogenetic
evolution in time which probably reRects some significant tectonic changes in the
geodynamic regime of the Aeolian Island Arc. In fact, the products of me old
volcanic cycle have a calc-alkaline affinity, showing a transition from calc-alkaline
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to high-K caJc-alkalinl:. Thl: high.K calc-alkalin1: ~n1:S IS in turn r1:plac<=d by
basic rocks of shoshonitic affinity. 1.1:. all th1: prooucts l:rupted during the young
cycle of activity up to presem.

PETROG!L-\PHIC "I'D ~11~EkALOGIC.-\LounlNES
A short petrographic description, including optical detl:rminations of the silicate

milll:rais of th1: main rock types, ar~ givl:n in Table 2. In fig. 8, soml: mooal
estimatl:s are rq>Ortl:d. Optical data concerning minerals of Petrazza tufTs, have
been published by SARTORI (1969). They are in good agreement with thou: found
in the andcsitic lavas.

Fit!. 10. - Micropn.x"llraph of ..amplc SIC 9 Iohowmll ineluoons Wilh lilt Iypia.l arrangtmcnl parallel
101M kucilC f:a~es. The original Imeilc ha) b«n complcld}' tra.for~1 illlo anakilc. II N"1tOi1o

Isolaled clinopyroxene crystals, found within pyroclastics of the currem activity
at Pizzo Sopra la Fossa, have been analysed. The resulls are reported in T3ble 3
together with another analysis of pyroxene from the same locality (Kozu and
WASHINGTON, 1918).

Fig. 9 shows the variability field of r1inopyroxenes from shoshonitic associations,
according to JOPLIN Ct :II. om). Stromboli pyroxenes of Table 3 plOl within this
field as well as thOS(:, reported by GIROD (1975), belonging 10 :In analcite bearing
Ne·normalive lava Row from Filo del Fuoco.

As poimed out by JOPLIl' et al. (1972), the main feature of c1inopyroxenes
belonging to the shoshonitic a.sscx:iation is their narrow compositional range, even
in rocks with a quitl: variable chemical composition (from absarokites to l:ltites).
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In fact, the Fe/Mg r:ltio, which usually is a very sensitive para metre of fractional
crystallization, remains almost constant in shoshonitic pyroxenes. The only chemical
variation which can be nmiced from JOPLIN et al. (1972) data, is a decreasing of
Ca content in the pyroxene from absarokites to latites. It has to be nOled, however.
that the data of JOPLtN et al. (1972) do nm allow any definite estimation about the
variation range of clinopyroxene during the evolution of a given shoshonitic series.

The rock analyzed by GIROD h:lS :t higher Si~ and alkalies contem than Ihe
lavas presently erupted by Stromboli (to which the pyroxene :maliz.cd in this paper
belongs), whereas the pyroxenes show :~ther higher Mg ::md Ca coments. This is
therefore in contrast with the charactus stressed by JOPLIN et al. (1972), i.e. a
decreasing of Ca m the shoshonitic pyroxene, with increasing Si02 content of
the rock.

The existence of leucite in Stromboli lavas was firstly recognized by JAKOB

(1958), on the other side microphenocr}'sts of analcite have been found by GIROD

(1975) in a shoshonitic lava from Filo del Fuoco. Both minerals actually exist in
some of the most recent products of SHomboli. Leucite is present as micropheno­
crysts or in the groundmass (sec fig. 10), while analcite (determincd in sample
StC9 by X-ray diffractometry) has been interpreted as an alteration product of
leutite (see fig. 10).

Imeresting data by GIROD (1975) on the ground mass of Stromboli shoshonitic
lava are the abundance of sanidine (up to 21 % by volume), the phlogopitic com­
position of brown mica and the compo~ition of titanomagnetite (Usp. 543 mol.%).

PETROGENESIS

In order to decide whether or not the numerous chemical data published on
Stromboli rocks could be utili7.ed in the present discussion, a comparison between
old chemical analyses and present ones, has been done (see Table 4), referring to
samples collected at the same localitie~.

The most striking differences between new and old :lllalyses is the K20
content which is always higher in the ::mer. If the two analyses of Narici (quOled
by JAKOB, 1958) were plotted in the K20-Si02 diagram, they would indicate a
shoshonitic affinity for both Strombolitchio and Vancori lavas. However, all the
present volcanological, mineralogical and chemical data clearly indicate that these
lavas respeClively belong to the calc-alkaline and to the High-K andesitic series.

The old chemical data on Stromboli rocks :Ire therdore not taken into con·
sideration in the present paper. It is furthermore interesting LO compare the present
chemical data with those concerning thl.' other isl:ln~s of the Aeolian archipelago
which evolved in a relatively shon tim.: interval, towards more and more jXlt3ssic
members. Until now, high-K rocks were known only at Lipari; the present
data on Stromboli seems to supply a good c:xample of a complete three-steps
magmatic evolution.

The main petrogenetic problem of Stromboli volcaoism concerns the rela-
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tionships among the different members of each single rock series as far as those
among the three different series.
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TABLE 3
Clinopyroxene megacrysts from the

pyroclastics presently erupted
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Both calc-alkaline series of Stromboli range from high-AI basalts to andesites.
Chemical variations of major elements of the three series are shown in fig. 11.
The chemical variations within the tWI) calc-alkaline series are in agreement with
a possible evolution by fractional cry~tallization. The regular increase of alkalies
with increasing $i02 as well as the parallel decrease in MgO, total iron and Cao,
is in fact choerent with a fractionatiun controlled by the solid phases (olivine,
clinopyroxene, plagioclase and Fe-Ti oxides) which occur as phenocrysts in the
porphyritic rocks. Fractionation of olivine' is suggested to act only at the beginning
of both calc-alkaline series and it prob..bly drives the transition from th~ sligthly
silica undersaturated High-AI basalts, to the typical calc-alkaline oversaturated rocks
of Stromboli.

The shoshonitic series has a much more limited compositional range with Si02
varying from 49.8 to 52.8 %. It is formed by two groups of samples, respectivdy
represented by currently erupted lavas (lower Si02 content) and by the lavas of
the Sciara borders, Vigna Vecchia and Timpone del Fuoco. The most significant
chemical change between the two groups is the K20 increase from about 2 to 4 %
with increasing $i02 (from 53'70 to 55 %). Cao, total iron and MgO all decrease,
although less linearly the last, where,ls Na20 does not vary significantly. These
variations are qualitatively consistent with fractionation of a Ca·rich plagioclase,
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olivine and pyroxene in such proportions to mantain close to one the bulk solid.
liquid partition codficiem of Na~O. The high porphyricity of all the analysed rocks
does not allow !.hem to be considered as a suitt:: of liquids formed by fractional
crystalliultion.

The only mineralogical chan~ which can be noticed betwe<=n the two groups
of shoshonitic rocks, is the presence of leucite in the s:J.mples A3, C9, 01, of the
K~-rich shoshonitic lavas. The other minerals (olivine, clinopyroxene and pla­
gioclase) have almost identical compositions in both groups.

On the AFM diagram of fig. 12 are plotted all the analysro samples from
Stromboli. Their trends suggest a negligeable iron enrichment, typical of orogenic
associations. The High-K st:ries shows a more marked d«rease of magnesium
content. than the other ~ries.

The available chemical data therefore indicate quite clearly that the different
magmatic series observed at Stromboli are the result of three individual processes
of differemi:l(ion, probably controlled by a shallow crystal/liquid fractionation .

• •

Fig. 12. - AFM d"'j;:um of Suomboll "ok:onlC ro<;:k. (WIGlb). S;\me .)"mbols a. 1ft fig. 6.
(C = allCld~; I and 2 = ak.alkalinc and ~bonlllC tr"nds of I"" A~li.ln arc aflu s......u, ~ al. 1974).

The parent magma at upper crustal levels, can be respectively identified in the
most basic member of each suite; i.e. 10w-Si01 andesites, High-K High-AI basalt
and shoshonitic basalts.

Although more geochemical work is needed in order to better clarify the
pttuliar character of these rock series, the available data seems to exclude the
existence of a direct genetic relationship betw~n the three associations. Particularly
the chemical differences between High.AI and shoshonitic basalts arc such as to
rule out the possibility of a genetic link Ihrough a process of fractional crystallization.
Shoshonitic basalts have in fact higher potassium and lower Si02 comenl than
High·AI basalts and are, moreover, characterized by higher values of 87Sr/'MlSr and
incompatible elements suc as Rh, U, Th.

It seems therefore more likely to suggest that the three volcanic suites of
Stromboli were produced by the fractionation of three different parent magmas,
originally generated under different tectonic conditions, as discussed in the fol­
lowing section.
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The structural meaning of Aeolian volcanism and its evolution in time has
bttn discussed by many Authors (RITSUIA. 1969; B.-\RBERI el aI., 1973; BAltBERt et al ..
1974; KEU-ER. 1974). The most rel:=valU fealures which have been poinled out by
these authors are:
- the Aeolian islands have volcanic nature and ~eophysical structure similar to

the circum pacific isl:tlld arcs;
- the trench which represenu the boundary betwcen African J.nd Eurasian plates is

located ill the Ionian Sea off the co:ast of Calabria;
- the metamorphic belt is represented by the Calabria-Peloritani chain, while the

Tyrrhenian Sea abyssal plain is considered to be a b.1ck-arc marginal basin;
- under the Aeolian islands an inclined seismic zone dipping about 50" towards

the Tyrrhenian Sea (i.e. to the W) has been recognized;
- the deepest earthquake are localed within the Tyrrhenian Sea abysul plain;
- the lateral extension of the inclined seismic zone is very limited (200 km);
- the Aeolian volcanism as a whole <\hows a significant evolution in a short time

interval (less Ihan 0.5 m.y.) wilh an important increase of potassium COnlent
which marks the transition from calc-alkaline 10 shoshonitic series;

- there is a good correlation between potassium content in historical lavas of
Stromboli and Vulcano with the depth of the seismic zone beneath them (300 km)
and the K-h values of circump:lcific island arc volc:lnoes (HATHEIlTON and
DICKINSON, 19(9).

As shoshonitic rocks usually occur in a late stage of the subduction process,
their presence in the Aeolian Arc would indicate that this arc has reached a senile
stage of evolution (BAltBEilI et al .. 1974) or, in other words, that the subduction
process of an oceanic slab beneath the Aeolian islands has presently come :tlmost
to an end. Thil> is also indicated by ,he continental nature of the crust on both
sides of the Ionian trench (FISETII and MoaELLl, 1m).

tnSr/NSr isotopic ratios af Aeolian volcanics (Ku,"x et al.. 1974) suggest that
magmas have a subcrustal origin and did not suffer significant contamination by
upper crustal material. Recent experimental geochemical work (NICIIOLLS and
RINGWQOI), 1973; KUSl-llRO et aI., 1972; MVSEN et aI., 1974) indicate the upper-mantle
as the most probable zone of island arc.~ magma generation.

The present data on Stromboli perfectly fit in such a general geodynamic context.
In fact, at Stromboli, the different magmatic series correspond to well defined cycles
of volcanic activity, and the evolution of its products as well as in other islands of
the Aeolian Arc (especially Lipari and Vulcano) is much more important in time
than in space. If the increase of K co.:ntent in a magma is an indicator of the
source depth, the volcanic evolution of Stromboli indicates a rapid deepening of the
Benioff zone beneath the arc.

Chemical data indicate that shoshonites arc richer in radiogenic and in residual
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elements such 3S U, Th, Rb, K than andesites. Shoshonitic magma should therefore
represcnt either a liquid produced by partial melting of mantle peridotite overlying
the subduction zone, with a minor degree of melting compared to that necessary
to generate 3ndesitic magma (as hypothyzcd by BARBERI et aI., 1974), or the result
of some process of zone refining within the mantle (Mi\CKENZIE and CHAPPEL, 1972).
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GEOLOGICAL !\tAP ERRATA

Printing errors

Errata

Pizw 0 Sopra la Fossa
Piseiata

Corrige
Pizzo Sopra L1 Fossa
Piscid

Drawing errore

1 - The fault line from Secche di Lazzaro to Sciara del Vento has been drawn
tOO far off the coast.

2 - Some dikes cut by the cross section between Serra delle Capre and FiJi di
Barona have been omitted.






