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L. VILLARI·

THE ISLA D OF ALICUDI

AilsTRACT. - TM island of Alicudi is the summit part of • huge volcanic structure
CXII:nding widely below sea Icvel. down 10 .bout ItOO m dqllh.

Eruptive: products consist of pyroclastic layers, lawa flow and endogenous domes. forming
a central suato-volcano which te:Suhed from the activity of four subsequent volcanic cycles.

Volcanics lite ranging in composition from basalts to high.K andesites and are chataeterized
by a fast increase of K.o comem during differentiation. Major and trace element chemistry, in
agreement with the mineralogy of the lavas, points out a magmatic affinity which is transitional
between cale·alkaline and high-K ellie-alkaline.

The potassium-type ttace elementS (Rb, Sr llnd Ba) ~how high concentration, which
characterizes the Aeolian voleanism and is frequently reported with reference to i~land arc setting
where high-K cale·alkaline to shoshonitic products occur.

Both the petrographic features and the chemical characters indicate that the Alicudi rock
suite resulted from fractionation processes acting, at variance with the neighboring island of
Filicudi, under relatively low pO. and high pH.O.

lne high concentration of K.O, LEE and LILE, which is typical for the Aeolian Island
magmatism, suggesls that different degrees of partial meldng may have: affected a common source
region giving rise to parent magmas further C\oolving under different conditions. Bom mehing
and diffe:rentiation may acooum for the observed inter·island variations.

The cognate characters shown by the Aeolian volcanic products are in~I wim the
evolution of the arc dyl12mia lIS suggested by BAlBUl et aI. (1973, 1974) and may rdIc:et a
relalh'dy fractionated mantle source and/or a COIltribulion of relevant dements from the sub
ducted slab.

RtASSUNTO. - L'isola di AHcudi rappre:sema la parle somrnilale emet'$I di tlmI slrUuura
vulcanica di notcvoli dimensioni the si sviluppa c:sscmialmeme: SOllO il livello del In2tC, fino
ad una proConditi di Ol'Ql 1.100 m.

1 prodotti vulOlllio affiorami sull'isola sono rappresemali da live:lli pirodastio, colate
laviche e cupole: di riStagflO the si sussc:guono a formare nel Ioro insic:me uno strato-vulcano
centrale. Tale edi6cio si ~ sviluppato nel corso dell'atuviti di quauro disdnli cicli eruttivi.

Le vulcaniti srudiate prnentaoo una comJXlSiUone compresa tra i ba.salti e Ie andesiri
ricche: in potassio e sooo caraueriuate: da un incttmemo particolarmeme accentuato del (on
tcouto in K,o nel corso della dilfe:re:nziazione:. La comJXlSizione: chimica (e1emenli magglori,
in traccia e Terre Rare) e: mineralogica delle lave indicano un'affinitl magmatica di transizione
tra calco-alcalina e cako·akalina alta in potassio.

Gli e:le:menti in traccia affini al potassio (Rb, Sr e: Ba) mostrano Ie: concentrazioni devate
che: sano lipiche del vuleanismo Eoliano e: che: peraltro vengono comunerne:nte descritte: con
rife:rimento aile strutture: di area insulare: in cui affiolano rocce ricche in polassio 0 shoshoniliche.

Sia Ie caratteristichC' petrografiche: che que:llC' chimichc indicana coc:rentemente come la
serie di differe:nziazione mc:ssa in e:vidnza ad Alicudi possa derivare da processi di fraziona·
mento che, in conrraSlO con quanlO ossc:rvato per la vicina isola di Filicudi, si sana tC'ali:wtli
in condi:cioni di bassa prc:ssione parziale: di 0. ed alta ptcSsione di H,o.

I.e devate roncrnlrazioni in K.O. LREE e: LILE osscrvale ad Aticudi - perahro tipiche
del magmatismo Eoliano - suggeriscono, in una visione pili generale. come gtlldi diversi di
fusione: paniale di una sorgenle comunc: possano a\'Cr dato luogo .1Ia formaziooe di magmi
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caposlipiti che a loro volta abbiano subilO processi evolud...i indipendemi, dominati da dilferenti
condizioni di frazionamemo. I.e difIerenze rilcvatc Ira i prodotti delle varic irole dell'arcipe1ago
possono trovare spiegazione nella menzionata variabilitii. sia dei processi di fusione parziale che
in quelli di frazionamento.

I caraneri di affinita messi in eviJenzll nell'ambito del vukanismo delle Eolie, ben si
accordano (on la rapiJa cvoluzione della dinamica dell'arro suggerila da BARBERt et al. (1973,
1974) e possono riflcttere 13 natura relativameme frazionata di una sargente posta ne! Mantello
c/o risentire dell'apporto degli clementi arricchiti (K,O, Ba, Sr. ecc... l da pUle della" slab»
in subduzione.

Fig. J. - Isiand of Alicudi, western COan. The volcanic ""'quen,c amiLlU(C<! (0 th~ 11m cyck of activity
on the island, mainly consists of (hi" bn flows with subordi"at~ intcrbcxJded pyroclastic Lay~rs.

1.. Introduction

The island of Alicudi is the westernmost island of the Aeolian Archipelago,
extending over about 5 km2 ard altaining a maximum elevation of 675 m a.d..



TilE ISL ... ND OF AL1CUDI 443

The island itself is the summit pan of a huge volcanic structure widely extending
below sea level, down to about 1100 m. The structure shows :m approximately
circular base and a well preserved conical shape, suggesting that the growth of the
volcanic edifice occurred by mainly ceillral eruptive activity giving rise to a stttp
strato-volcano with an average dip of about 20". The whole stralO-eone rises on a
relative basement, formed by the surrounding sea Aoor, ranging betwttn 1100 m
and 1200 m depth. Besides the neighboring island of Filicudi, to the ENE, a
well.shapl:d volcanic seamount rises from the same depth up to 590 m b.sJ., to the
WNW ~(ORH.L1. 1970).

Very few data were av::ailable up to now concerning the geology and the
petrology of the island and they were contributed as pan of more gerihal papers
on the Aeolian Archipl:lago (CoRTESE and S...BATINI, 1892; BUGEAT, 1918; KELLER,

1967; PICHLER. 1970; KLEIN et aI., 1975). A geological survey was carried out by
VIU.... RI and N...PPI in 1975 and the related geological map, primed in 1977, is folded
in the back of this issue.

The present paper aims to contribute original data dealing wilh lhe volcanology,
petrology and geochemistry of the island. which consisls of basic and intermediate
members of a calc.alkaline rock suite. in the framework of the Aeolian volcanism
evolution.

2.. Geology

The island of Alicudi is exclusively made up by volcanic rocks, consiting of
lava Rows and domes and pyroclastic layers. The stratigraphical succession observed
on the island allowed the distinction of four eruptivr.': cycles which developed in a
relatively Lontinuous time sequence, as suggested by the lack of evidenc... for relevant
erosional phases and/or formation of paleosoils. A well marked structural discon
tinuity can be observed between the first and the second cycle of activity_ The
latter developed after the formation of a large caldera, entirely filling the depression
and overAowing the rim.

A large crater formed on top of the volcanic pile belonging to lhe second cycle
of actiVity and later partially filled by domes and viscous lava Rows attributed to
tP~ third cycle 'x,me of these lava Rows overAowed the rim of the crater in its
SE sector, running down the Rank of the volcanic edifice down to the sea,

A late collapse of the summit dome during the fourth cycle gave rise to the
outpouring of short tongues of viscous lava, associatcd with minor outAow from
the southern Rank.

During the whole eruptive sequcnce, no major migration of the main fecding
conduit occurred and vents opened close to the main axis of the volcanic cone.

2.1. FIRST CYCLE: GALEJtA \'OLCANIC COMPLEX

The best exposure of this early volcanic sequence can be observed along the
western coast, in that section 10 the S of Sc. Galera. A pile of thin lava Rows '.nd
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Fig. 2. - hbnd of Alicu<!i. western coast. A den", network of dikes and ,ill, is
injected into the mlcan;c pile, rouxh1y trending accnnliog 10 a 'adial pattern,

Fig. 3. - Island of Alicudi, south·wntern ,lope. The sharp angular unconformity between the volcanic
units belonging [0 the Gakra complex and the later lava Rows filling the uldera depT"';On is further
emphasized by the quaquavcrS<ll byers mantling the rim of the caldera.

minor pyroclastic layers (fig. 1) is well exposed along the cliff and dissected by
numerous deep canyons. A dense network of dikes and sills (fig. 2) can be observed
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culting through the series and roughly trending (dikes) towards the center of the
volc:mic structure, according to a radial p.1ttern.

A well marked structural discontinuity occurs in this sector of the volcano,
between 150 and 250 m ahitucle, where a sharp angular unconformity emphasizes
the contact between the \'Olcanic units belonging to the Calera complex and the
overlying volcanic products, attributed to the second cycle of ativity on the island
(fig. 3). The contact is characteriud by the local occurrence of quaquaversal layers
which develop at the tOp of the Calera volcanic ~quence. The ob~rved features,
namely angular unconformity and quaquaversal structures, suggest that the e:'(po~d

contact developed along the rim of a large volcanic depression, which is imerpreted
as the result of a caldera collap~ occurring at the end of the first cycle ~f activity.

Lavas and pyroclastics belonging to the Calera complex Outcrop along the
northern coost and, in a minor exposure, along the northeast one. In spite of the
angular unconformity which is still evident on the northern A'lnk of the volcanic
structure, no evidence has been observed that allows the caldera rim to be traced
in that sector of the volcano. It is therefore inferred that the northern extension
of the caldera rim developed to the north of the present shore-line.

The volcanic cycle on the whole is characterized by the prevalence of lava Aows
over pyroclastic products. The lauer mainly consist of volcanic agglomerates and
pyroclastic Aows, with minor interbedded fall and surge deposits. Facies examination
of pyroclastics points out the close proximity of the velll area, suggesting that the
emplacement of the eruptive units occurred along the Rank of a steep volcanic
structure. Lava Rows show a thickness rarely exceeding a few meters and a well
developed scoriaceous crust forming the uppermost p3rt of each single Row unit.
Hand specimen examination revealed the constant presence of olivine and pyroxene
phenocrysts in a fine-grained groundmass. Very often. even the more dense portion
of lava Rows, are finely vesiculated.

21. SECO~I) CYCLE; DIRITVSO "OlCA~tC COMPl-EX

The volcanic sequence which was ascribed to the second cycle of activity on the
island is characterized by the prevalence of pyroclastic materials over lava Rows.
Volcanics belonging to this cycle outcrop over about one half of the island and are
wei! exposed mainly on the northern and western sector. On the upper slopes of
the w<:st<:rn Aank they unconformably rest on the volcanic units of th<: Galera
complex (fig. 4), filling the caldera depression which formed at the end of the first
cycl<:. In this area the average dip of Dirituso volcanic units gradually chang<:s
proceeding upward in th<: stratigraphic section. The basal units are clearly dipping
inland while lava Aows and pyroclastic layers dip towards the sea in the uppermost
portion of the sequence. Proceeding northward they entirely cover the Aank of the
volcano, reaching the sea near P. di Malopasso.

On the northern slope of th<: volcanic structure the comact between the Dirituso
volcanics and the underlying Galera complex develops at about 350 m altitude,
showing a clear unconformity betwttn the tWO volcanic piles.
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Fig. 4. - ..bud 01. Alicudi, wC'Stern sin!'e. Volc~n;cs from the o«ond C)'de of aCli~it)· nuinly
com;sl of pyrodaSlic layns, unconformably rCllln¥ OIl the Gal....a complu (lower left wro.".).

Fig. 5. - Island of Alku<li, ustern llosx. In a closer pro~jmity of the vent arn. the
pyrocla1l:K products of the SC'COoo C)~k: show lhe Ioc:JI occurrence ol lam.r typt" deposits.

Thl:: older Calera volcanics are almost entirely obscurc=d in the eastc=rn sector
where the: volcanic products of the: second cycle:: attain the ~-5horc:. On the up~r
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.<>lo.pe .of the eastern flank volcanic agglomerates and breccias (fig. 5) widely outcrop,
,)Ointing. out the dose proximity of the vent area. A crater rim is in fact clearly
eXJXlscd In the northern and eastern summit area and partly obliterated in its south
eastern scctor by the emplacement of the subsequent lava flows and domes belonging

Fig. 6. - lll~n<l of AEro<li, nonh..,n '0;I5t. The S<"Con<l cycle of acth'ily i. dominate<! by pyroclastics, among
which lly,ocbnK: flow! "ften OCCU'. Dik... arc inj«tro in the "<'<luence anti well "~llOKd along the cliff.

to the third phase of activity on the island. The deep erosion which affected the
western slope of the volcano prevents ,the crater rim £rom being traced in the
field, but the inferred devdopemem in that ~tor indicates that a crater of about
1 km in diameter was established on top of the Dirituso volcanic pile. The crater
depression was later filled with viscous lava flows and domes during the t.hird
cycle of activity, with the exception of an area of limited extent, dose to the
northern edge of the crater. In this area the crater floor is covered by a thick layer
of reworked volcanoclastic material.
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Fig. 7. - hland of Alicudi, north.weslern coa,t. P)·roclastic Aows are locally interbedded
with fall and .urge deposits of the 5"<00<1 cycle. The arrOw indicates a dike g,-atling into a sill.

Fig. 8. - Island of Alicudi, south·eastern COast. A viscous la,',. flow belonging to the third
cycle of activit}' shows wcll,o,,\·dop.:d lamination structures in a section along the sea_cliff.

A minor outcrop of the Dirituso volcanics can be also observed along the lower
southwestern slope. Volcanic products altributed to the second cycle are exposed on
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the sea<liff and can be traced upslope to approximately 100 m altitude, progressively
disappearing beneath younger lava flows.

The whole sequence is cut by numerous dikes and sills (figs 6 and 7), which
are better exposed on the western and northern sectors, as previously observed for
th older Galera volcanics. The local abundance of intrusions, which are regarded
as the feeding structures of the central volcanic activity, is considered to be the
mere conSCCJuc:nce of a more efficient erosion, which. developed in that area because
of the sea action, in view of the prevailing westerly winds. Erosive processes, cutting
deep into the volcanic structure, allowed the innermost part of the volcanic edifice
to become exposed.

Fig. 9. - Island of Alicudi, south-weslern upper slop<:. An endogenous dome belonging to the third cycle
shows evident laminar SIrUClUres in its innermnst part, while Ihe outer carapace is Characlerized by
a blocky surface.

The pyroclastic products, which are dominant in the volcanic pile, mainly consist
of pyroclastic flows (fig. 6) and minor fall and surge deposits (fig. 7). Volcanic
agglomerates and vent opening breccias are locally observed. Flow direction and
facies distribution of the pyroclastic surges JXlint to a radial distribution, relative
to the main strato<onc. No evidence has been observed suggesting the activity from
parasitic vents on the Ranks of the main structure.

Lava Rows arc interbedded with the pyroclastic layers and they show a wide
range in thickness, suggesting a variable viscosity of the erupted magma. An overall
increase in thickness is however noticed proceeding upward in the stratigraphic
sequence. The scoriaceous crust of lava flows is well developed, both on top and
the base of thinner units, while it is pratically absent in those units showing a
greater thickness.
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Olivine and pyroxene phenocrysts arc observed on h:l1ld specimens throughout
the sequence and they arc associated with plagioclase phenocrysts in the more
viscous lava flows.

23. THIRD cyeu;: MO:-""ACNA \'OI.cAI\IC CO~IPLEX

The third cycle of activity consists. almost exclusively. of lava flow and domes
which developed on the summit area :md on the southeastern slope of me volcano.
Lava flows rcached the sea mainly in that stttion of the coast ncar Perciato, where
the thick flow units arc well cxpost:d showing a definite lamination structure (fig. 8).
A few lava tongues also attained the sc:Hhore farther to the west, flowing in a
radial gully which marks the contact Ixtwccn the Galera and Dirituso ,complexes.

Dome structures arc well exposed in thc summit area (fig. 9), mostly filling the::
crate::r de::pre::ssion which is Cut into the Dirituso volcanics. The:: viscous lava which
erupte::d on the crater Roor, progressively grew and accumulated, exceeding the
morphological capacity of the crater itself. Thick lava tongues overRowed the
southeastern sector of the crater rim, expanding downslope on the Rank of the
volcanic edifice. In spite of their high viscosity, lavas were able to Rowan the
Rank of the volcano, due to the Sleep slope of the structure. A closer examination
of the domes reveals their endogenous character. Flow lamination structures are
largely developed in the innermost pans of the domes, while the outer carapace is
characteri7..ed by a blocky surface (fig. 9).

The dome which extruded at the:: very top of the volcanic pile appears to have
suffered a summit collapse, giving rise to the formation of an elliptical crater.
The major axis of the:: depression is trending in a 'w direction, cohere::ntly with
the strike of a fault system which dissects the whole strato-volcano.

Hand specimens both of domes and lava Rows reveal the occurrence:: of plagio
clase and pyroxene phenocrysts, in a finegrained to glassy groundmass. Rare olivine
phenocrysts are also observed.

2.4. FOURTH c,·eLF.:: Fn.o DELL'ARPA VOLCASIC CO!-IPLU

The late stage of volcanic activity on the island gave rise to the eruption of
limited volumes of lava, forming shan and thick Rows mainly on the southern slope
of the volcano. Only a minor ton~ue of these flows auained the sea, showing a front
of about a few tens of meters in breadth. Some of the lava flows seems to originate
from the upper slope of the volcanic structure, but no further evidence has been
observed that allows a more precise location of the rdated vents. Two lava flows
originate, on the contrary, from a well defined fracture running across the collapsed
crater on the summit dome, according to its main axis. The distribution of both
the observed and the inferred vents proh:Jbly suggests a structural control on vent
location, due to the already·mentioned fault system trending in a NW-SE direction.

As far as the phenocryst occurrence is concerned, the lavas belonging to this
late stage of volcanism on the island, are very similar to those of the previous cycle.
Plagioclase is the dominant phenocryst phase. associated with minor but ubiquitous
pyroxene.
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3.. Petrology

The sample collection carried out during the geological mapping of the island
in 1975 allowed a careful examination of the petrological characters of this rock suite.
Thin section observations on all the sampled rock specimens (53) suggested the
selection of 24 representative lavas, on which major and trace element analyses
were carried out (Tables 1 and 2). REE were also determined on 6 samples (Table 3).

Very little data were available, before the present study, concerning the petro
graphy (BERG EAT, 1918) and the geochemistry (KLEIN et aI., 1975) of this rock suite,
there not being any precise reference to the stratigraphic position of the analyzed
samples.

The whole rock association outcropping on the island of Alicudi defines a
subalkaline sequence showing transitional characters between calc-nlkaline and
high-K calc-alkaline. The sequence concerned consists of basalts - basaltic andesites

-high-K andesites, according to the classification proposed by PECCERILLO and TAYLOR
(1976). Basa.lts and basaltic andesites are the dominant members of the suite, while
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Fig. 10. - h13nd of Alicudi. Per.;!tencc and rdat;,·c ~lJlIn<.lance (%> "I phcnocrl'.ts ;n thc
Alicud; rock suite, as a function on the Different;at;on lrukx of TIiOIlNTON and TUrn..E (1960).
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" " "Fig. I J. - Island of Alicudi. Na,o + K,o (Alk)
Ys. SiO. plot for the analysed laya samples. The
boundary line between the alkaline and the suo'
alkaline fields is uaced after hWtNE and B"U<lAR

(1972).

high-K andesites are confined to the
more recent domes and lava Rows of
the third and fourth cycle of activity.

3.1. PETROCRAPHY
Basalts show a porphyritic texture,

which is characterized by large propor
tions of phenocrysts, ranging from 40 ';70
to 50 % of the total rock. The ground
mass largely consists of microlites of the
same minerals which occur as pheno
crysts, associated with finely dispersed
opaque minerals. Interstitial glass is
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TABLE 1
Major elements of AJiClldi volcanics (Aroiian Islands)
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N. Bauso .... A• PU,I.F.call<o'O (UF).

always present in variable proportions. Rare glomerphiric aggregates of olivine
and pyroxene were also observed in some samples.

Plagioclase is the predominant phenocryst phase, representing 4S % to 6S 'r'o of
of the total phenocrists. Most of the crystals show normal zoning with superimposed
we:ake:r oscillatory zoning. Frc=quent glass inclusions are obsc=rve:d in phe:nocrysu.
The: An conte:nt of large:r phe:nocrysts range:s bd.wttn 7070 and 75 %. while smalle:r
phe:nocrysu and groundmass microlites are: usually AnllO to AnTo in composition.

Clinopyroxe:ne: re:pre5('nts 15 % to 35 % of-phe:nocrysu and iu optical propertic=s
(2Vy 54·-58·; c"y 40"-45·) are: thosc= for augite:.

Subht'dral to rounde:d olivine: grains are: pre5('nt in fairly large proportions,
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TABLE " corJt;,mnJ

~-, -'- OOtr.....~c~
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ranging from 15 '7'0 to 25 % of phenocrysts. Some of the olivine crystals are deeply
affected by alteration which, proceeding through cleavage and fracture planes,
causes ,the progressive transformation into serpentine. The cOffi(X)Sition of fresh
phenocrysts was estimated, :J.ccording to their optical properties (2Vy 50°_92"), about·
Fal~'20. Small olivine grains were also observed in the ground mass.

Fe-Ti oxides are generally not represented among phenocryst phases, except in
sample Alll where they form less than I % of phenocrysts.

Basaltic andesites are porphyritic in texture and similar to the basalts described
above. The phenocryst coment ranges from 35 % to 55 % of the whole rock and
it is characterized by a large proportion of plagioclase relative to the ferromagnesian
minerals. The ground mass mainly consists of opaque minerals, plagioclase and
pyroxene mierolites, with minor glass and rare olivine grains. Subangular to rounded
interlocking aggregates, mainly consisting of plagioclase with minor pyroxene and
olivine, are frequently observed.
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TABLE " ('onti"",J
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Plagiocla~ is by far the: most abundant phenocryst phase, ranging between
60 % and 80 % of the total phenocrysts. The An contelll of phenocrysts is normally
comprised between 55 % and 65 ro. but more calcic cores up [0 An,s were observed
in some large crystals. Microlite composition is always in the range shown by ,he
outer rim of phenocrysts (An~:;.60).

Clinopyroxene represents 15 '710 to 3S % of tht": phenocrysts, showing the same
optical characters as in baS31ts.

Orthopyroxene occurs as phenocryst in most of the S<lmples, ranging from 1%
to 4 % of the total phenocrysts. The composition deduced from the observed optical
characters (2Va 70".75°). is En~.

Olivine content is highly.variable (1 % to 18 %) and normally dttreases with
increasing SiO:. Most of the olivine grains are intensely resorbed and almost entirely
transformed into alteration products of the serpentine group. Some fresh crystals
have however been observed, showing a composition of Fan_:o.
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Fe-Ti oxides are finely dispersed illlo the maHix and they do not occur as
phenocrysts.

High-K andesites are mainly porphyritic in texture and contain variable amounts
of phenocrysts, ranging from 35 % to 50 '70 of the tOUll rock. They are characterized
by the almost total lack of olivine and by the appear:\nce of Fe-Ti oxides among
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Fig. 12. - Isl~nd of Alicudi. K.o vs. SiO, plOl for the an~I)·scd samples.
The classification Kheme p'oposcd by PECCEk,Ll..O and TAYl..OI\ (1976) is reported.

,
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Fig. 13. - Island of Alicudi. The AFM diagram shows thaI the Alicudi rock suite is ch~raclerizcd hy a
weak iron enrichment. The shaded area rcpre>cms the field of calc_alkaline suiles ~fter RlNCWOOD (1974).

the phenocrysts. The ground mass consists of opaque minerals, pyroxene and pla
gioclase microlites, associated with variable percentage of glass. T rachytic textures
have been observed in samples from domes and viscous lava flows.

Plagioclase (70 % to 85 '70 of total phenocrysts) ranges in composition between
An~~ and An6~. Calcic cores (Anl~) are very common in larger phenocrysts, and
the apparent gap in composition between cores and outer rims suggests that the
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former are relicts from a more basic magma. Microlites show the same composition
of phenocryst rims.

Clinopyroxene (10 % to 2070) and orthopyroxene (1 % to 7 'l'o) phenocrysts
show the same optical characteristics as observed in basaltic andesites. They cao
be classified as augite and bronzite respectively.

Olivine phenocrysts are constantly less than 1 % of all the phenocrysts and
totally lacking in some samples. No olivine occurs in the groundmass.

Fe-Ti oxides represent 1 % to 270 of the phenocrysts.
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relative abundance of phenocrysts throughout the rock
fig. 10.

32. MAJOR f.L£l..IENTS

The Alicudi rock suite defines a subalkaJine trend (fig. II) consisting of basic
to intermediate members which alternate III the stratigraphic sequence. An overall
increase in SiO~ content is nevertheless observed with time, i.e. the most recent
eruptic!1S g":1Ve rise to the oUlAnw of 1:lvas consistently SJ1;lllllin.c: ill a Il;)TrOW SiO~

(, )

,
,

"Rb {ppm}

S,
(b)

(ppm)

'00 • • •• ..-- 0--';0 0

• .- -•
'00 •- ---.-. •• •
soo

La+ Ce (ppm)

" " '00 '"
FiJ:. 17. - Island uf Alicudi. K "•. Rb plots of Alicu<li ~ampks (a) show a dC'Crcasc of K(Rb ratio "s
fractionation proceeds. The overall increase of Sr (b) during diffcrcnlialion SOllllcslI a minor role of
plagioclase in fractionation.

range (56 %-58 %)j more basic rocks are virtually lacking.
The classification of the analyzed samples (Table 1) was obtained according to

the K~O vs. SiO~ plot (fig. 12), after the scheme proposed by PECCF,.RILU) and TAYLOR

(1976). Basalts and basaltic andesites are the dominant members of the first and
second cyclc:s of aClivity, whole high.K andesites prevail in the later cycles. It is to be
noted. however, that an apparent deviation from a well defined trend affects samples
in the basaltic andesites field. A small group ploLS (4 samples) shows a definitely
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TABLE 2
Trace element analyses of Aiicudi I/olcanics (Aeolian IS/'lnds)·
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lower K20 concentration, clustering close to the boundary line between basaltic
andesite and andesite fields. The regression line fitting most of the S<lmples shows
a stee~r slope, if compared with the boundary line between calc-alkaline and
high-K calc-alkaline fields, showing a marked K20 enrichment through the
rock suite.
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AFM plots of Alicudi sJmples (fig. 13) show J weak iron enrichment, even in
the less differemiatiated members. Plots Jre consistently within the field defined by
RINCWooD (1974) for the cJIe-alkaline rock suites, showing J flat trend which is
typical of most orogenic associations.

The variJtion diJgrJm (fig. 14) of major oxides vs. D.1. (THORNTON Jnd TUTfI.E,
1960) shows a steJdy increJse of NJ~O Jnd KtO with increJsing 0.1., while FeOtQI,
CaO and MgO progressively decrease. AbO:! COillent is comprised between 15 %
and 18 'Yo and it is characterized by an overJll increase with increasing 0.1 .. The
FeO'QI./MgO ratio is constantly below 2, with very few exceptions among the more
differentiated lavas (samples Al 18 = 2.04), suggesting a magmatic affinity similar
to island arc voleanics O.... KES and WHITE. 1972). The KtO/Na~O ralio IS approxi~

matdy constaQt throughout the whole series, ranging between 05 and 0.6. Such a
feature· is coherent with the character stressed by the iron/magnesium ratio and
confirms the island arc magmatic Jffinity of Alicudi volcanics OAKES and WHITE,
1972). Ti02, CaO Jnd Na20 abundances also show values which are in good
agreement with the average concentration reported by EWART (1976) for the island
arc suites and considered to be consistently different from that of their continental
margin compositional equivalent.

In spite of some scattering in the referred diagrams, the ovemll coherence of
sample distribution according to a defined trend suggests a possible comagmatic
affinity for the rocks forming the Alic.udi suite.

A more apparent distinction according to two different trends is emphasized by
FL{) + Fe~OJ/FeO + Fe~O:I + MgO vs. SiO~ plots (fig. 15). Both trends are
characterized by a noticeable iron enrichment, which is not typical for calc-alkaline
rocks ranging between 5i02 5070 and 60 %. The upper trend shows a pattern
which parallels the experimental curve obtained on liquids fractionally crystallizing
under constant pOt of 10 1 aun in the system MgO-FeO-Fe~03-C.1AbSi208-SiO~

(HMtlLTON and ANDERSU:-':, 19(7). The lower trend, distinct but similar to the first,
is characterized by an even steeper slope in the section between 5i02 55 'Yo and 58 %.

33. TRACE AND RE EU.MENTS
Trace element distribution of Alicudi samples is reponed in Table 2.
Residual trace elements (Ba, Rb and Zr) show a linear positive correlation with

La + Ce, used as a fractionation index, in the diagram of fig. 16. Total abundances
of Rb and Zr are in the range: suggested for most calc-alkaline to high-K cale-alkaline
associations (TAYLOR, 1969; JAKES alld WHITE, 1972). Ba concentration (300 to
700 ppm) is distinctly higher than the average given by TAYLOR (1969) and JAKES
and WHITE (1972) for island arcs, but similar abundances have been observed in
some high-K calc-alkaline rock suites (e.g. Eastern Papua, by JAKES and SMITH,
1970). The K/Rb ratio mostly ranges between 300 and 400 (fig. 17 a) and tends
to decrease with increasing differentiation, following a pattern usually ascribed to

fractional crystallization (JAKES and WHITE, 1970).
Strontium (600-700 ppm) is slightly higher than the average composition reported
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while LREE rloliccabl~' incr<:"asc: from basalts to higb·K 3mbit,s.

hy T"YLQR (1969) for calc-alkaline and high-K calc-alkalinc rocks, but values like
those obscrved at Alicudi are commonly found for high-K calc-alkaline suites
(T"KF.S and S~IITH. 1970; ]"KF.S and WHITE, 1972). Sr increases as fractionation
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proceeds (fig. 17 b), suggesting that fddspms are not a major early<rystallizing
phase.

Ferromagnesian trace dements (Cr, i and V) are characteriud by unusually
high concentration in most of the basalts and ba.sahic andesites, and they decrease
with increasing La + Ct: content (fig. IS).

It is however to be strCSS('d that two different trends are clearly defined (Cr and
Ni), showing a similar pattern. High Ni and Cr in SiO:!-poor calc-alkaline rocks is
usually considl:'rw to result from olivinl:' and clinopyroxl:'nl:' accumulation, but this

TABLE 3
REE analyu$ of AJiclIdi volcania (A~o/ian J$Jamh)-
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is not thl:' case for Alicudi volcanics. wherl:' samples belonging to different tfl:'nds
show thl:' same modI:'. Thl:' distinction of the two trends corrdates with WI:'
characteristics prl:'viously I:'mphasiud as far as thl:' F('() + FC:!03/F('() + Fe::03 +
+ MgO ratio is conel:'rnw: sampll:'s belonging to the low-Cr and low-Ni trl:'nd
show higher valul:'S of [hI:' ratio but a less markw iron I:'nrichml:'nt pattern (upper
trend of fig. 19).

Thl:' Nb and Y concentration is highly variable and the Nb/Y ratio ranges from
0.4 to 13. A similar variability is also observl:'d for the L.,/Y ratio (fig. 19). In spite
of such a scattl:'red distribution, 3n overall increase of La/Y and Nb/Y ratios is
observed with increasing K20 contl:'llt.

The Cao vs. Y plot (fig. 19), whl:'rl:' thl:' standard calc-alkaline trend of LAMBERT

and HOLl....NO (1974) is reported, show that the evolution of thl:' Alicudi suite is
coherent with the behavior of the orogenic associations.

REE concentration is reported in Table 3 and paul:'rn in fig. 20 is characte
rizc=d by strongly enriched LREE. Minor variations in HREE arc obsl:'.rvw through
thl:' rock suite, while LREE noticeably increaS(' from basalts to high-K andesites.
The La/Yb ratio ranges from 9.5 to 22.0, showing a positive linear corrdation with
K:tO. The high La/Yb ratio of high.K andesites is a character typically found for
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K-rich urogenic rocks in island aTC environments (JAKf.S and JILL, 1970).
Sr81f86 analyses of Alicudi samples show values of 0.7040 (KLERKX et aI., 1974)

and 0.7055 (B.~RBERI ct al.. 1974).

4.. Conclusion

The island of Alicudi is the summit part of a huge strata-volcano, widely
extending below sea level. Four subsequem volcanic cycles have been recognized on
the island, giving rise to the piling up of lavas Rows, endogenous domes ::md
pyroclastic layers. Lava Rows prevail among products of the first cycle, while pyro
clastics dominate the second cycle. The third and tourth cycles mainly consist of
lava Rows and domes.

No stratigraphic evidence exists about the age of the volcanism concerned.
The absence of Quaternary raised beaches, which are observed on some of the
islands of the Aeolian Archipelago (Filicudi, Salina, Panarea and Lipari), may
account for the recent age of the island or, alternatively, any trace of existent raised
beaches may have been cancelled by sea erosion.

The volcanic activity 00 the island maintained a central character through time.
No parasitic vents have been observed and the exposed feeding systems show a
radial pattern relative to the main axis of the strato-cone. A large caldera formed
at the end of the first cycle of activity and was later filled by the products of the
second cycle. A volcalllc depression (crater or caldera?) developed at the top of the
second cycle volcanic pile and was p3rtially filled and obscured by the endogenous
domes and viscous lava Aows of the latest volcanic activity.

Volcanic products ,ange in composition from basalts to high-K andesites and
are characterized by a fast rise of K 20 during differentiation. Major and trace
element chemistry, coherently with the mineralogy of the lavas, points to a magmatic
affinity which is transitional between calc-alkaline and high-K calc-alkaline.

1 he potassium-type trace elements (Rb, Sr and Ba) show high concentration,
which is typical for the Aeolian volcanism (KELLER, 1974) and frequently reported
with reference to island arc senings where high~K calc-alkaline to shoshonitic
products occur (JAKES and S;\llm, 1970; JAKES and WHITE, 1972).

A peculiar feature of the Alicudi rock suite is the high Ni and Cr abundance
in most of the basalts and basaltic andesites. Concentrations up to 300 ppm (Cr)
and 100 ppm (Ni) are observed on the basaltic end members of the association.
Two distinct trend showing a similar patlern can be tr;\ced on both the diagrams
Ni vs. La + Ce and Cr vs. La + Ce (fig. 18). The anomalous high Cr and Ni
concentration observed in some high-K calc-alkaline series from Eastern Papua
has been interpreted as the result of partial melting of a source material probably

containing a mica phase (JAKES and S"lITH, 1970). The same explanation docs
not hold for the Alicudi volcanics because of the lack of any apparent distinction
on Rb and Ba plots (fig. 16), which would be expected to match the sharp difference
observed on Cr and Ni distribution. A further element against a partial melting
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model involving a mica phase is the alternate occurrence of low- and high-(Cr, Ni),
rocks in the stratigraphic sequence. Peculiar features of the source material may be
suggested to account for magma generation on a regional scale, but they do no,
apply to variations observed on a given volcanic structure.

It is speculatively suggested therefore that both trends may proceed from a
common, more basic parent and differentiation occurred under different physico
-chemical conditions, accounting for a sharp variability of Cr and Ni partitioning
between liquidus and fractionating solidus.

Some petrographic features, e.g. the lack of Fe-Ti oxides amoung phenocrysts
in basalts and basaltic andesites, and chemical characters as suggested by FeO +
+ Fe20s/FeO + Fe20s + MgO vs. Si02 plots (fig. 15), point to fractionation
having occurred under relatively low pOz conditions. It should be stressed as well
that the investigated rock series is dominated by the early crystallization of ferro
magnesian phases relative to plagioclase, suggesting that the fractionation may have
been controlled by high pH20, at least in the range basalt· basaltic andesite.

It is concluded, therefore, that the Alicudi orogenic rock suite results from
fractionation processes acting, at variance with the neighboring isbnd of Filicudi
(VILl.AAI, this volume), under low pO~ and high pH20.

The high concentration of KzO, LREE and LlLE, which is typical for the
Aeolian Island magmatism, suggests that different degrees of partial melting may
have affected a cornmon source region giving rise to parent magmas further
evolving under different conditions. Both melting and differentiation may account
for the observed inter-island variations.

The cognate characters shown by the Aeolian volcanic produces arc in agreement
with the evolution of the arc dynamics as suggested by BARBERI et al. (1973, 1974)
and may reAect a relatively fractionated mantle source (Kf.l.LER, 1974) and/or a
contribution of relevant elements from the subducted slab (RINGWOOD, 1974;
NICHOLLS, 1974).
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Appendix

SAMPLE CAPTIONS

AI4
AIOI
AilS

(;ALERA VOLCANIC CO~IPLEX

AlB - Lava boulder from a volcanic agglomerate at the base of the cliff near
Sc. Galera, western coast of the island.

AlII - Lava Row at the hase of the vO]c;ll\ic pile olltcropping along the cliff to the
South of Sc. Galera, western coast of the island.

AI25 - Lava Row from the volcanic sequence outcropping along the se:H:liff, nor
thern coast of the island.

AI24 - LlVa flow from the base of the same volemic pile as sample Al 25,
northern coast of the island.

Al23 - Dike cutting the volcanic sequence along the northern coast of the island.

DrRITUSO VOLC.-\NIC COl-IPLEX

AI27 - Lava Row at the hase of the north-eastcrn slope, between Bazzina :llld
Chierica.

AI04 - Lava Row at the base of the volcanic pile filling the caldera, immediately
above the angular unccnformity along the south-western slope of the vol
cano.

Al02 Lava Row at the top of the volcanic pile filling the caldera along the south
-western slope of the volcano.

Al 03 Lava Row from the volcanic pile filling the caldera along the south-western
slope of the volcano.

AI22 - Lava Row from the northern upper slope of the volcano.
AI06 - Ltva Aow from the northern rim of the crater, near Dirituso.

MONTAGNA VOLCANIC CO),IPL.EX

AI07 - Viscous lava Aow from the upper south-western slope.
AIOll - Viscous lava Aow from the upper sout--eastern slope, near Pianicello.
All - Viscous lava Aow from the lower south-eastern slope, near Tonna.
AI09 - Viscous lava Row from the south-eastern slope.
Al 012 - Viscous lava Aow from the eastern upper slope, near Montagna.
AI08 - Viscous lava Row from· the upper south-western slope, immediately above

the Row unit from which sample Al 07 was collected.
- Viscous lava Aow at the base of the cliff, along the southern coast.
- Endogenous dome on the south-western upper slope of the volcano.

Endogenous dome on the eastern upper slope of the volcano, near Mon
tagna.

Fn..o DEl.L'ARPA COMPLEX

Al 010 - Endogenous dome from the summit are3, 'It Fila dell'Arpa.
Al 013 - Endogenous dome of Fila de1I'Arpa.






