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THE ISLAND OF LIPARI

ABSTRACT. - Four periods of volQ1nic activity can be distinguished on Lipari, rangirl,ll
in tim~ from th~ Tyrrhenian I up to the Late Roman decade. The rocks represent a lypiQlI
ClIlc·alkaline series comprising qUQrf:-a1/d~sitt!s to alkali Iddspar rbyolius. Among l!lis series
three different groups exist, each probably originlliing from a different magma source or/and
a different kind of magma evolution. The magma of Lipari may have been formed in the upper
mamle under low pressure bm high H.O conditions (mehs of periods I and II). Pam of these
subcrustal magmas (e.g. those of period II b) could have been contaminated by crustal material
With regard to the magma genesis of rhe kidi, rocks (periods III and IV) an origin by
anatexis of crustal rocks CIInnot be ruled out.

The: calc·alkaline volcanics of the Aeolian archipelago show petrochemical similarities to
[}'Pical rominemal '" _ndesites. .md differ significantly from island arc associ_tions. Seismic
_00 pctrochemiClli data are inconsistent wilh a relation of the Aeolian islands to such an island
arc system. Because: of t~ dati the existence of a seismic Benioff zone in the Tyrrhenian _rea
:.md the origin of the Aeolian volcanic magmas from a down·going slab cannot be supported.

RIASSUNTO. - Sull'isola di Lipari possono essen: distimi quallro periooi di anivitA vul·
canica, compresi tra il Tirreni~no I c l'Et~ RomaniQl. Lc vulcllniti allioranti rappresen
tano una tipica assodazione calCQ-alcalina, oon termini di composizione variabile da quarzo.
andesiti a rioliri alc_line. Tra Ie serie esaminate possono essere distinti tr~ diversi gruppi
di rocce, ciascuno dei quali pr~nd~ probabilm~nte origine da differenti sorgemi magmatiche e/o
ha subito processi difJeremi di ~\"()Iuzione magmatica. I magmi di Lipari possono essersi formati
ncl Mantello Superiore in OOIldizioni di bassa pressioni:' 100ale ed alia pressione parziale di
H.o (magmi del I e II periodo). Taluni di quesLi magmi subcrustali (e.g. queUi del periodo 11 b)
possono aver sublto la contaminazione di materiale crllSlaie. Per quanto riguarda la ger.esi
delle rooce acide (perKldo III e IV) non e possibik esdudcre processi di •.natessi di rocce crustali.

Lt vukaniLi c:aJro._IClliine del!'arcipelago Eoliano mostrano caraneri peuuchimici simili a
quelli e;kUe tipiche '" andesiti. di margine coruinentale e difleriscono pcrallro S05lanzialmcnlc
dall~ assoc:iazioni di areo imulare. I dati sismid e petrochimici non sono faVOJ'evoli nel me'llere
in n:tazionc: Ie hole Eolie con un sislema di ripo areo insulare. Sulla base: di lali dati non pub
eucre SOSIOlUla l'esiSltnza di una '" zona di Benioff. nell'.m del Tirreno, no!: I.ntomcno
l'otigine dei mllgmi Eoli_ni da uno '" slab. in sulxluzione.

Introduction

The main isl:tnd o( the Aeolian or Lipmi archipelago. Lip..1ri. has an a.rea of
barely 38 km: and consists entirely of volcanic rocks. Thick pumice series. which
are mined in opencaSl working. are the weallh of the island. During eolilhic
times. Lipari was one of the rare sources of obsidian in the Medite.rranean and
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Fig. 1. - Geologic skelch map of Lipui. 1· '·okanK. "f p'·n.....l I, I,artlj' cut by the T)"rrhcman
eu,tatic terrace (+ 18-35 m); 2 • 1",.;<)<1 II, moslly Plfocla.tics: 3 . l)('fiod II, bvas of ,,,b·,u,Il'cs II a
and lie: 4 • period 1I, cordie-rile-burin.': la"a. of sub,sla.':c lib: 5 . p<'.iod Ill, older nltLuivc lavas;
6 . !"'.iod Ill, pumice series; 7 . period Ill. y<>Ungc. cxtrusive b....o: 8 _ pC'fiotl Ill, glowing aval,....:",
dq>o$iu of M.lt Giardina; 9 . peri.od IV, ]OW(1" pumice scriM: 10 • pcr;oo IV, older obsidianie lavas:
II • ptt;od IV. Upl""f pumice ~'": 12 _ pniod IV. "en(-(I,Ie,,;njl; b.cccias of Rocdle ROMe and For~

V=:hi3; B - pttiOO IV, oo.idi:1In flowl of Rocchc- R~ and Forgla Vt«h",; Ii . pfriod IV, PMasilic
volcanic COMku: 15 • (r.l!Ct" rims. visibkjprob>.bk. of pn-i..:b I·IV.

the Near East. Objects made of Lipari volcanic glass have ba:n found on all
Aeolian islands, on the islands of Ustica and Malta, in Eastern Sicily and in soulhern
Italy up to Lucera and Bari (DIXON el al., 1968).
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The first systematic studies of the geology and petrography of Lipari were
performed by CoRTESE and $.-\B.ml"1 (1892) and BUGEAT (1899). Both publications
include schematic geologic maps to a scale of 1 : 5O,IXX), BUGEAT (1910) first made
a detailed study on the cordierite- and garnet-bearing _ andesitic ~ lava of Lipari,
which had httn discovered by that author some ye:Jrs ~fore (1895). Some small
nOles on the geolog). and morphology of Lipari were published by DE FlOn (1927a.

~¥,g. 2. _ Conglomer~lc of the T)'rrheni~n eU~I~(k lerr~ee (+ 20 m) covering submarine volc~niCf

of penod I. The conillorncrale is <J\'erlain bj' p\'roda~lIe >erics of pcrio,l. II and Ill. South of Cala Fico.
wC"Slern C""\1 of Lipari.

b, c, 1928), who also wrote a very useful bibliographic compilation on the Aeolian
islands containing the litl:':rawre up to thl:': year 1925. Until !hI:': ~ginning of the
last decade only very few petrochemical data existed on the volcanics of Li
pari. Between 1961 and 1964 fieldwork on Lipari and mapping of the island
10 a scale of I: 10,IXX) were carried out by the author who, :It that time,
was working at the International Institute of Volcanology (I.I.V.) in Ca
tania, directed in those days by Prof. Dr. A. RrrTM"NN, Parts of the results of
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Ihe aUlhor's studies on Lipari and the adjoining islands have been previously
published (PICHLER. 1967, 196.~, 1970). The works on Lipari are a part of an exten·
sive research program of the Italian G.N.R .. thanks to which the printing of the
GeologiClI Map of Lip.1ri 1 : 10,<XXl could be done.

The volcanic activity on Lipari is restricted to post-volcanic phenomena, i.e.
some low-temperature fumaroles (east of Timpone Ospedale and Timpone Pat3so)
(80.90" C) and the hot-springs of S. Calogero in the western part of the island
with a temperature of 57" C (CW... t........ RO, 19"4).

Geologiclil selling

Four periods or st:lges of volc:mic activity can Ix distinguished on Lipari. Age
and stratiW:tphic rel:llionships of these four units could largely be clarified by means

Fig. J. - P,llow·lih l~,,~s ~mbnldC'd in hplocb5lie m~teri~1 of
I'eriod L North of Puma ddle Fnntanclle. we~tcrn CaUt of Lip::tri.

of Plcistocene coast-lines of eustatic origin, which are developed on four of the
seven Aeolian islands, and by absolute age determinations using the Be and the
fission track methods. The younge$[ volcanic events during the Neolithic and Historic
times are datable on the oosis of their stratigraphic position within archeologic
standard sections (PICULER. 1967, 1968; KEl.LER, 1970; BtG",zzl and BoNAOOXNA, 1973).

Finl flmod
Subaerial lavas, dikes, welded scoriae, tufTs and submarine lavas and hyaloclastic
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volcanics of quartz latiandnitic to quartz alld~Jitic composition build up at least
twelve morphologically slrongly eroded strato-volcanocs which from the framework
of Lipari (fig. I). Most of theu: volcanoes are tOlally or p.1nially covered by the
products of periods II, III and IV. In the western pan of Lipari these volcanic
ruins reach ahiwdes of hctwcen 200 and 350 metres (Timpone Carrubba 195 m,
M.te Mnzacaruso 322 m. Timpone Pataso 336 m. Timpone Ospedale 356 m, Chiesa
Vtt.ehia volcanoes 350 m, etc.). Greater initial heights are shown by $Orne volcanoes
of period I a in the central pan of Lipari. buried under younger pyroclastic series.
i~. the Chi rica volcano (602 m) and the Cugno di Mandra volcano (470 m). On
some volcanoes remnams of craters can be found or supposed by means of discordant
bedding or the occurrence and thickening up of welded scoriae oonks (Chiesa
Vecchia volcanoes).

In the western pan of Lipari, from Puma del Legno Nero in the north to
P.ta Ie Grouieelle in the south, an eustatic terrace of Pleistocene age is cut into
the volcanics of period I, but not into those of the three younger stages (fig. 2).
The altitude of this fossil coast-line ranges between 18 and 35 m above the present
sea-level. Near Scaglio dell'lmmeruta. on the oothwestero coast of Lipari, this
terr:lce lies locally :loout 70 m nbove the sea-level. Field observations show that
the eustatic terrace, despite its different altitude, belongs, to the S<1me episode of
high sea-level, i.e. to the Tyrrhenian I (corresponding to Ihe Mindel-Riss-Inter
g1:Jcial). The various heights of the terrace are due to local volcano-tectonic move
ments which occurred during the activity of the volcanoes of period I. The throws
of these faults reach mostly only a few metres.

It is important to poim out that those volcanics of period I up to the level
of the Tyrrhenian I terrace are of typical submarine origin. Hyaloclastic prodw:ts
can be found along Ihe entire western coast of Lipari intercalated by submarin('
lavas and dikes. North of P.ta delle Fontanelle also pillow-like lavas occur (fig. 3).
On account of the more acidic composition of the period I volcanics of Lipari.
compared with the classic submarine volcanics in the Iblean region in Sicily, the
Lipari hyaloclaslites and pillows show less pronounced hyaloclastic and pillow-like
features. On the other hand, the volcanics of period I. which arc situated above
the level of the terrace, are products of subaerial volcanic :lctivity. This means
stratigraphically that the volcanism of period I (with exception of the Monterosa
volcanoes) occurred during, but not before the Tyrrhenian I episode of high sea-leveL

Very probably :l volcano-tectonic subsidence occurred at the end of period 1a,
which destroyed the eastern p:lIt of lhe Timp. Osped:llc-Pawso twin volcanoes and
parts of the neighbouring volcanoes. This Casldlaro cald~ra (or calda-a T)
was filled up in the following periods. mainly with P II tuffs.

In the eastern part of Lipari the volcanic activity continued into the post-Tyr
rhenian I. At that time the level of the sea was lower than Ihe present one and
therefore no eustatic terrace could have developed. The twin volcanoes of the Mon
terQS.1 promontory, which were formed in the post-Tyrrhenian J. are: called. in
conlradistinction to the older P I a volcanoes. P I b edifices.
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Srcond Pmod
Iktwttn th<: ~nd of the first period of volcanic activity on Lipari and the

~ginning of a new volcanic stage a long non-volcanic inu::rval of approximately
60,000 to 120.000 years elapsed.

During pt:riod II a large str-no-volcano, M.te $. Angelo (594 m). was
formed in the central pan of Lipari. Its crater, about 450 m wide:: and yet 90 m

Fig. 4. - L~har d~poI1ilJ of IXtiod II, M.lr S. Angelo ,{r~to-vok~no, Ullun sl"P"s.

dttp, is morphologically still well-preserved. About 2 km north of M.te S. Angelo,
a second strata-volcano, the Costa d'Agosro volcano, situated on the western side
of the old Chiric.a volcano of period I, was active. Large terminal and subterminal
lava Aows of qllQrtz l(Jtiand~Iitic composition poured om of the western and southern
.\icle of the volcano and reached the sea betwttn Fuori del Putuso and Cab Sciabeea.

The volcanic activity of ~riod II can be subdivided in thr~ substages. In the
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oldest one lavas and pyroclastics of quartz latiandesitie to quartz latitie composition
were produced (fig. 6). Effusivc :J.Cli"ity W:lS predominandy concentrated on the
Costa d'Agosto volcano while the S. Angelo volcano was 1ll long-lived explosive
activity which took approximately 30,000 years. Within the pyroclastic series of
that volcano, reaching a thickness of up to 300 metrcs, at least five paleosoil horizons
arc intercalated indicating long breaks of inactivity of several thousand years each.
Some of these horizons contain fossil plants, for example palms (DOLO"-IlF..U, 1783;
GAUDIN and MANDRALlSC.\, 1860). The fossil Rora Indicates that the climatic con
ditions at that time were nearly the same as at present. During the volcanic activity
of M.te S. Angelo cold and hot lahars and even some glowing avahlllches of
incandescent scoriae, lapilli and ashes were formed (fig. 4).

The second sub-stage of period II is restricted to M.te S. Angelo. In the south
western section of that vokano large subterminal bva Rows, up to 3 km long and
up to 20 m thick, poured out and covered a wide area in the southwestern part
of Lipari. At Punta delle Fontanelle some of these Rows reached the coast, overlying
the conglomerates of the Tyrrhenian terraces. These predominantly rhyodacitie lavas
arc of specific petrologic interest on account of their content of cordierite, garnet,
andalusite, sillimanite and spinel. Inclusions of metamorphic rock fragments, mostly
hornfelses, are common.

The third and last sub-stage of period II (P II c) is characterized hy explosive
activity and by terminal effusion of a viscous Aow of quartz latiandesitie lava on
the southern slope of M.te S. Angelo.

In the following epoch of approximately 20,000 years of volcanic inactivity the
uppermost parts of the P II pyroclastic series were more or less strongly reworked
by rainwash and defbtion, especially on the steeper slopes of M.te S. Angelo.
Heavy rains during the winter time produced cold mudRows (rain lah:lrs). Lifting
and removal of sand and dust by wind, especially from the pyroclastic layers, is
typical for periods of non-volcanic aClivity on all Aeolian islands and led to the
formation of a special type of aeolian sediment, a fine-grained, dark brown sand,
the so-called TuOloss.

Excellent outcrops of such reworked P II series, covered by P III pyroclastics,
are exposed by ro..1d cuttings north of the village of Varesana di Sopra. The outcrops
show several unconformities, mostly covered by cold lahar deposits with imerca
.lation of paleosoil horizons. Near the base of the cuttings a conspicuous, up to
70-cm-thick bipartite layer of dark grey scoriaccous lapilli exists. Lithologically,
these lapilli arc identical to the Grey Porri TuOs of Salina (KELLER, 1966). This
Porri tephra is, according to a He ddermination of KELLER, more than 36,000 years
old. The layer of Porri tephra is very common on Lipari, especially in its western
region, and represents an important stratigraphic key horizon.

There is no evidence of the existence of primary P II pyroclastic material in
the capping beds of the Porri tephra layer. That means, that the P II volcanic
activity ended before the deposition of the P~rri tephra or, absolutely measured,
is not younger than approximately 40.000 years. This corresponds with ;1 l~C de-
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termination of a cJrbonized remnant of a palm-tree found in a paleosoil horizon
in the capping bed~ of the Porri tephra (site of find: ncar the cementery of Quat
Lropani). The lIe age is 39,000 ± 2,000 years; this corresponds to Wiirm II/Ill
interstadial.

A second key horizon in the road cuuings of Varesana eli Sopra is represented
by a bed of only a few centimetres of white pumice ash. According to its chemical
:md mineralogical composition (e.g. sphene, biotite and brown hornblende) this
conspicuous layer, which was first found on Salin:!, Filicudi and Panarea by KEI.LER

(1%9), is identical with the Ischia tephra having an age of about 25,000 years.
Locally, owing to aeolian accumulation, the Ischia tephra reaches a thickness of
up to 60 em on Lipnri.

At the end of period II, n volcnno-teClonic colbpse occurred, which caused the
southern piedmont subsidence of the S. Angelo volcnno. The following volcanic
events. ooth on Lip:ui and on Vulcnno, were concentrated on this submnrine P /I
caldera (or caldera II) which extended from the presem southern Lipari to northern
Vulcano. By this :lclivity the volcanic rocks of period III were formed on Lipari,
while on Vlllc:lllO the predominnntly extrusive nlifices of the Lentin region were
huilt up.

Period III

The occurrence of the Ischia tephra :It the bO!.lom of the P III series indicates
that the P III activity did not stan before 25,000 years ago. According to field
studies the volcanism of period III ranges in age from about 20,000 to 13,000
years B.P.; this corresponds to the end of Wiirm 1lI and to Wiirm IV. During
period III not only the southern part of Lipari bm also the Lentia hills on the
northwestern side of Vulcano were built up.

An older and a younger extrusive sub-stnge, in which voluminous endogenous
domes rose up, are subdivided on Lipari by a strongly explosive phase, producing
pumice, ashes and blocky material. Petrochemieally tbe volcanics of period III
:lre rhyolites :lnd alkali fadspar rhyolites (fig. 6). The older sequence of many
clustered endogenous domes was partially blown up :lnd two large craters, i.e. those
of M.te Guardia and M.te Giardim, were formed. Explosive activity of these
craters produced pumice- and ash-fall layers which were spread over the entire island
of Lipan, covering the top paleosoil horizon of P II. This pyroclastic series of P III
(P III pumice series) comprises at least four explosive phases, subdivided by an up
-to-l.5-m-thiek paleosoil horizon which was formed during a non-volcanic period
of several thousand years.

After the P III explosive activity the two great craters were filled by extruding
high-viscous lavas which built up two complex endogenous domes, i.e. the M.te
Guardia (369 m) and the M.te Giardina (278 m; fig. 5). The last volcanic event
of period 111 was the explosion of the top of the M.te Giardina dome and the
formation of a small crater (280X21O m). Thereby a downward directed glowing
avalanche was erupted and depmited on the eastern slope of M.te Giardina. During
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T"'OLE 1
Average chemical composition and norms of the volcanin of periods I·IV from Upari
1 :== period I (average of 20 maior element analyses), corresponding to quartz lafiandesi/e.
2 :== period 11, subs/age a and c (6 analyses), corresponding fo quarfz la/ite. 3:== period 11,
sub·stage b (8 analyses), correS{JQnding fo (cordierite.bearing) rhyodacite. 4:== period III
(4 analyses), corresponding fo alkali feldspar rhyolite. J:== period IV (17 analyses), correS{JQnding
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the fol1()wing non-volcanic interval of 3,000 LO 5,000 years, which separates
period III from period IV, the top layers of the P III pumice serie.~ were decomposed
to a capping paleosoil hOrlzOO up to 2 m in thickness.

Fourth period
During the last period of volcanic activity on Lipari, about 10,000 to 1,400 ye;lrs

ago, thick pumice series and ob.~idianic bvas were produced in the northeastern
p;lrt of the island. The volcalllCs of the famous M.te Pilato (476 m) and Forgia
Vccchia (303 m) vo!c,lIlOCS arc of the same petrochemical composition as the rocks
of period Ill, i.e. alkali fefdipar rhyolites and rhyoliui. The first volcanic event
of period IV is manifested hy the Lower Pumice Series (P IV-I) cropriing out in

Fij(. 5. - The >,,,unlowr end"J.:en"u< d"mn M.te (;ua,dia (.369 rn) and M.te Giardina (27H m) or
1"";,,,1 111 ;n the south....,n pMt of Lipari. The crat....r <If M.le Giardlrl'l, formed hy the blow;n.r: up of
the top "f the dume, i. dearl}' ";s;bk. At Ihe coo>! ,,'n'n'''''$ of older rnd"I>(.'nou$ du'",,,. In the
background the islan,l of Vulcano.

the Gabellotto hrorge northwest of Canneto. This pumice is overlaid with the older
obsidianic lavas which form the substructure of the M.te Pibto volcano. Once,
these highly viscous lavas composed a large complex endogenous dome with some
tongue-like offshoots, passing downwnrd on the eastern slopes into short thick lava
Rows. Fission track ages of these older obsidians gave as result 11,400 ± 1,800 and
8,300 ± 860 years B.P. (BIGAZZI "nd BONADONNA. 1973; WAGNER et al., 1976); this
corresponds to the post·Pleistocene pre-Boreal time. Later on, parts of M.te Pi
lato lav" dome were blown up and " large crater, about 1 km in diameter
and at least 200 m deep. the Fm~;l delle Rocche Rm~e, wa~ formed. Probably at
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the same time a second crater, that of Forgia Vecchia, was active. From these two
large craters the bulk of me Upp~r Ptlm;u S~ri~s (P IV-2), which reach a thickness
of up to 300 m, was produced. This pumice, being intensively mined, especially
on the eastern slopes of M.te Pilato, covers nearly totally the old M.te Pilato lava
dome. The formation of the P IV-2 pumice series occurred very rapidly (within
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days to a few weeks); the date of the eruption lies between 4,800 and about
10,000 years B.P.

The uppermost horizons (P IV-3) of the Upper Pumice Series, however, with
a thickness of only up to 10 m, represem a still younger volcanic event. This is
indicated by the faCl, that these capping pumice layers (P IV-3) arc separated
from the bulk of the l1ppa Pumice Series (P IV-2) by a thin, locally up-to-O.5-m.
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thick paleosoil horizon. This horimn, predominantly consisting of wind-laid deposits
deriving mostly from older paleosol! horimns of the island, contains locally obsidian
and cheramie artefacts of Neolithic age (BUCHNER, 1949; PICHLER, 1%8), The paleosoil
hori7-On represents an interval of non~volcanic activity of at least 3500 years. This
is indicated by the differing results of five He age 'determinations, i.e, 4810 ± 60,
3270 ± 100, 2R75 ± 110, 1765 ± 95 and 1220 ± 100 years B.P.
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The P IV·3 pumice layers, overlying that paleosoil horizon, represent the youngest
volcanic episode on Lipari, which occurred in the Late Roman Decade, about 1400
years ago (KELLE.R, 1970). The P IV-3 pumice-fall was followed by the extrusion
of high-viscous lava both in the Rocche Rosse and in the Forgia Vecchia crater.
In both cralers the glass lava froze solid as plugs, which soon after were blown
up by violent explosions. Thus the blocked vents in both craters became opened.
Ven..-opening breccias, consisting mostly of fragments of obsidian, occur around both
craters, in which overheated acidic magma then roS(: up and formed the famous
obsidian flows of we Rocche Rosse and Forgia Vecchia. The block lava flow of
the Rocche Rosse, about 2 km long, reprCS(:nts one of the rare. typical glass lava
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flows, whereas mat of the Forgia Vecchia must be described as a tongue-like
offshoot of a lava dome of highly viscous mdt. poured out over an inclined surface.
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The formation of [he youngest pumice (P IV-3), of the vem-opening breccias
and of the Rocche Rosse and Forgia Vccchia obsidian Aows occurred during the
6'h century A.D. This is indicated by the fact, that the P IV-3 pumice tephra covers,
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at that place with a thickness of 25 em, the Creco-Roman necropolis of Lipari,
i.e. strata of Lhe 4th and S'h century A.D. (KEI.LER, 1970). These last volcanic events
on Lipari :lTe reRected by the legend of S. Calogero (524-562 A.D.) saying that
lhe pious hermit had exorcised the devils and their fire from the c: Black Stone ~

of Lipari. After that the devils took up residence in the Vulcanello, but they were
also driven OUL from this place by the patron saint of Lipari into the Fossa of
VUlc:lllO. This legend was already transmitted by DOLO:>IlEU (1783, p. 73) who
connected it with the laSL volcanic eruptions on Lipari: c I suggest, that the last
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volcanic outbursts on this island did not end until the 61h century of the Christian
chronology... :to

PCll"ogl"uphy

The volcanics of periods I and II represent typical calc-alkaline series comprising
quartz andesites, quartz latiandesites, quartz latites, dacites and rhyodacites (fig. 6).
According to TAYLOR'S (1969) nomenclature, which is based on the potassium versus
silica relationship, these rock types correspond to high-AI basalts, low-$i andesites,
and andesites (period I) and to high-K ;)ndesites (period II). A quite similar calc
-alkaline trend is developed on four Olher islands of the Aeolian archipelago, i.e.
on Salina, Filicudi, Alicudi and Panarea (l1g. l3).

Mineralogically, these porphyritic lavas are composed of phenocrystic plagio
clase (mostly strongly oscillatory zoned with Ann'~5), augite 2 Vy = 44°_54°;
nylc = 40°-44°) and mostly microphenocrystic bronzitic orthopyroxene (2 Va =
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Fig. 13, - KrO ,'"rSllS 5iO. di~gram of Ihe 311al}'.w ,'obnie! of Lipari, Salina, Filieudi, Alieudi
and Panarea. The "oleanie rocks of Lipari show three differclll Irends: a I}'pical calc-a\blinc one
(comprising Ihe P I volcanics: identicall\' wilh the g:rouping of the olher four islands), a K-rich
(shoshonitic) Irend. which c:lraClerius th~ rocks of lx-rind II a, b, r, and the high-po!a!siurn and
high-silica groups of period III and IV.

= 65°-80°; FS1~.ao) set in a ground mass of microlitic plagioclase (An6~-4:;), clino
pyroxene, are minerals and glass. Some corroded olivint: (Fa~~.3o), oftenly showing
a reaction rim of pigeonitic dinopyroXt?ne (2 Vy = 25°; nylc = 38°), occurs in
the volcanics of period 1. This Ca-poor clinopyroxene is sometimes found also in
some volcanics of period II, forming there reaction rims around orthopyroxene.
Rare opacitized phenocrysts of brown IlOrnbfcnde are present only in a single lava
Aow of period I. Biotite is absent in all volcanics of periods I and II with the
exception of the cordierite-bearing lavas of period II,

These lavas carry corroded xenocrystic cordierite, up to 10 mm in diameter,
K-feldspar and spinel besides garnet, andalusite, sillimanite, biotite, zircon, apatite,
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TARLE 2
Maior and Jrau ~f~m~nl dala lind "S,/'"S, ,atios 01 fiw sampl~$ rtprrsenltlliut of ~riods I-N
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Li t:

Li 11 b:

U 11 c:

I.i Ill:
Li IV,

Quartz Ialia"d",il~, Lip",;, I'eri<~l I, lav~. Mnntcrosc volcanic c"'llpk~, wotern cone, directly
at the harbour nn the southern .ide of Momcrosa.
Cordicritdxaring .hyndacil" Lipari, ~,.i".1 11 b, lava, old UVC at the road WnlCWhal cast
of Ikh'Ncrc (Quaur'occhi).
Quartz latiande$ite, Lipari, I>c:riod II c, Ina, $ummit fluw of M.IC Sanl'Angclo vokallo
(southern rim).
Rh)'o'ile, Lipari, lK"1"io<l Ill, lava, old uvc nonh of Capi,tello, ""'thcm par! of Lipari.
Rh)'oli\e, pc'riO<! IV, lava, Rocche Rosse ob.idiall Row. (Majoor clemem anal)',i, taken from
"OS Pl.ATF.N. 1965, p. 339).

Rare·earth clemenu. and U, 111, Hf, So: eomcnu for ",mple 110$. Li I, Li II c and l.i IV arc publi~

,n K,......" d .11. (l'li~. p...mel).

corundum, rutile and quanz (BUCEAT, 1910; MACCAllltOSE, 1963, 1967; HOSNOflEZ and
KULF..R, 19(8). This mineral assemblage and the abundant inclusions of metamorphic
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rocks, mostly hornfclscs. evidence th:n a pan of the:: magmas of pc=riod II was
comaminatro by panial re::sorption of metamorphic material of a continental crust
underlying poUts of the Tyrrhenian Sea. Up to the Miocene the Tyrrhenian aerea
was occupied by the so-<'illed Tyrrhenian Block of Cilabro-Peloritan Landmass
which linke-d thc cr\'~r;llIin(" ;mnM nf C;,lahria ann NE-Sicily (Pclorit:m Mount-
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Mj:i. 14 II, h. r. _ STUCI<F.1SkN dotlble_uianj:lc ,,]01. of all a\'aibble maior ckment analyscs from
lhe A<",I;an a'ehi"claj:o exeel'[;n/: Vulcan" and Slromboli (abo •• to (he kfl), from (he Tonga_Ke,mad~

i.bod ue (ao.ove. [0 [he r'j:h[). and from the ~ntr31 And (bduw). Oala from literalure and tram
lhe Amh, ... ·,. unlluhliohcd ~t"ek.

tains). The partially resorbed material represents in our case a typical high-grade
assemblage of a contact-melamorphic rock with cordie::rite and K-fddspar as dia
gnostic minerals (WINKt.EJl, 1974, p. 97).

The rhyolitic 10 alkali I~ldspur rhyolitic volcanics of pc=riods III and IV. bowever.
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are dearly separated from the volcanics of periods I and 11. The gap hetween huth
groups is evident in all diagrams (figs 7-10). Nevertheless, there is no doubt that
the acidic group belongs to the calc-alkaline association, though the average serial
index is slightly higher (0''''2.6) than that of period 1 (0' = 131; Table 2).
The slight incrc3se of the serial index, which is alrcildy devdoped with regard
to the oldest volcanics of period II, is due to a modestly increased potassium lcvd
in spite of a gradually higher Si02 content. This slight incre:lsc of potassium within
the calc-alkaline series of Lipari proceeded in time.

Petrographically, the volcanics of periods III and IV consist nearly clllirely
of glass with refractive indices between 1,490 :lnd 1,504. Some strongly corroded
phenocrysts of augite and, very rarely, even of olivine occur within the obsidian-like
lavas of period III. The pumice and obsidianic lavas of periods III and IV represent
over-heated melts with temperatures of about 900"-1000" C. This is evidenced by
the fact, that inclusions of quartz Jatiandnitic volcanics, frozen in the older obsidians
of period III, are preserved in :1 stretched. formerly plastic. high-viscous state.

Major element geochemi8try

Average chemical composition of the volcanics of periods I-IV and norms are
given in Table I. Differences of single m:Jjor element levels are gradual and
depend on the increasing silic:J content in lime, i.e. decrease of AbO~, tOtal iron,
MgO, C10 and increase of NazO :llld KzO (d. figs 7-10). As mentioned above,
there exists, in spite of a gradually higher SiOz content, a slightly stronger increase
of the potassium content in time. If we, however, consider the KzO/NazO ratio
(fig. 11), a gap between the older (periods I, II) and younger acidic group (periods
1II, IV) is clearly obvious. Therefore, no (onnexion exists between tbe acidic group
and the non<ordierite.bearing volcanics of period II which show a similar K~.Q!

Na:O ratio as tbe acidic group, i.e. > 1.0. This gap indicates a different magma
origin for both groups. A clear similarity is evident between the acidic group and
the unlla volcanics from the neighbouring island of Vulcano (fig. 11). Such a
similarity is also obvious with regard to the petrography and the age of the lavas
of period III and the bulk of the Lcmia volcanics which occur opposite the
period 111 volcanics of southern Lip.1ri across a small and only up-to-4()..m-deep
ch:lllnei.

Concerning the volcanics of periods I and 11, a sharp increase of the KzOI
Na20 ratios exists. The volcanics of period I mosdy show KzO/NazO rmios < 1.0,
whereas tbose of period III have values> 1.0. According to the diagram, it seems
that the cordierite.bearing and the non<ordierite-bearing volcaniu are separated
from each other by a gap due to very high K20/Na~ ratios for tbe cordierite
-bearing group. The difference of K20/ a20 between both groups of period II,
however, results only from a lower N:a~.Q level of the cordierite-be:aring group
related to a similar K~.Q content in comparison with the non<ordierite-bcaring
volcanics (cf. Table 1). In reality. both groups of period 11 :Ire tightly clustered.
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TABLE 3
Major charaCIn-istics 0/ typical island ora (/~/t column) with ugord

to th~ AC'olian /slands (right co/limn)
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This is demonstrated for instance by the Na~O or K~O versus differentiation index
plots (fig. 9).

On the other hand a clear separation between the volcanics of periods I and II
is evident in most of the diagrams, reflecting different magma sources or a different
magma evolution for both periods. Thus, three different groups of calc-alkaline
volcanics exist on Lipari, i.e.:
a) the typical (strong) calc-alkaline volcanics of period I (serial index (f = 0.91-1.61);
h) the K-rich calc.alkaline (shoshonitic) volcanics of period II (17 = 1.42-2.69);
c) the K- and SiO~-rich calc·alkaline (shoshonitic) volcanics of periods III and

IV (" = 2.02·2.03).
It is suggested that each of these groups has originated from a different

magma source or/and a different kind of magma evolution.
These three different calc-alkaline groups on Lipari are dearly distinguished

in the K~O versus SiO~ diagram (fig. 12). This plot shows three trends of different
K~O level related to increasing SiO~. It is possible that a part of the youngest
volcanics of period I, i.e. those of the Monterosa volcanoes (17 = 1.53-2.18), belong
to the group which comprises the volcanics of period Ill. Additionally, in the light
of the K~O versus SiO~ plot, it is apparr-nt that most of the volcanics of periods I
and II were involved in differentiation processes occurring in individual magma
chambers. Such a fractionation trend is evidenced by gradually increasing K 20
levels related to a corresponding increase of SiO~. It seems that no fractionation
exists within the acidic group (periods 1II, IV). It may be I1.(){ed, however, that the
obsidianic lavas of period IV show the highest Si02 level (> 73.5 %) not only
:lmong- the Lipari volcanics but also within the whole Aeolian archipelago.

Trace element geochemh;lry and R7Sr /S6Sr relations

Trace element abundances and Sr isotope ratios of five s:lmples representing
periods I-IV of Lipari are listed in Table 2. Additionally, a lot of unpublished
trace element data are incorporated into figs 7-10. Rb abundances increases propor
tionately with increasing K~O. A strong dispersion exists with regard to Sr. Even
within the volcanics of period I an obvious difference in the Sr level is evident
in spite of nearly the same differentiation index (30-45). Strong differences are also
significant in the period II. Low Sr levels « 50 ppm) appear in the volcanics of the
acidic group (periods III, IV), though single samples reach high values (> ISO ppm).
Nearly the same Zr level (150-200 ppm) has been found for all four periods, with
a slightly higher concentration for the volcanics of period II. Co is in the same
range for periods I and II (20-30 ppm) hut very low in the rocks of the :lcidic
group « 5 ppm). Ni shows tbe same low level (10-30 ppm) for all four periods,
V decreases rapidly with increasing SiO~ content (from about 200 to < 30 ppm).
Cr exhibits partly high concentrations in some volcanics of period I (up to ISO ppm)
whereas other samples of period I have low Cr contents « 50), similar to those
of periods II, III :'Ind IV « 50 ppm).
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S7S r j86 ratios (Tab. 2) of Lipari vobnics are in the range of 0.7045 to
0.7061 (KLERKX et al., 1974; BARBERI et al., 1974). Contrary to expectation, the cor
dierite-hearing lava of period II, which is evidently contaminated by crustal rocks,
shows only a slightly increased Sr isotope ratio (0.7057). The lowest value (0.7045)
was found for the obsidianic lavas of period Ill, whereas the Rocche Rosse obsidian
of period IV is characterized by an obviously higher r:nio (0.7061). K/Rb ratios
are higher (> 250) for the typical calc-alkaline volcanics of period I, whereas the
K-richer calc-alkaline rocks (periods II, III, IV) show lower K/Rb ratios « 250-1(0).

DiS('ussion

Fur some ye:m, the Aeolian archipelago h:ls been considered to be an island arc
structure '" similar La western Pacific island arcs •. Its volcanism is interpreted
La be related to an inclined seismic Benion zone dipping 50°-60" WNW from the
Ionian to the Tyrrhenian Sea. A '" rapid deepening. of the Benioff zone (" in a
restricted time (lcss than 1 m.y.). under the Aeolian Islands is suggested", by the
increase of K content observcd in recent volcanics:lo (BARBERI et al., 1973, 1974;
KELLER, 1974; C.~I'UTO et al., 1970, 1972; MORELLI, 1970; NINKovlcH and H.ws,
1972; etc.).

According to SUGIMURA and UYEDA (1973) island arcs arc characterized by
typical features, which arc compiled in Table 3.

It should be noted, however, that marked gravity anomaly and high heat-Row
are characteristics not only for isl:ind arcs hUI also for other volcanic regions on
the contincnts or on mid-oceanic ridges. Arcuate continuation of islands can also
he found in other non-volcanic or volcanic ;lrchipebgos, and prominent volcanic
activity at present is not restricted to island :ITC~. Thus, :IS typical features of island
arcs there remain:

I) active seismicity representing ;Ill inclined Benioff zone;
2) peculinr cnmp(l.~iti()n of volcanic rocks.

Ad I): Based on n criticnl recalculation of hypocenter locations of all available
seismic events for the southern Tyrrhenian and the adjoining Calabrian
and Sicilian arca, SCHICK (1972, 1977) and RIUSCETII and SCHICK (1975)
have recently found th<lt the hypocenters never fall in the depth r<lnge
between 35 and 200 km. This broad gap in seismicity is inconsistent with
thc presence of :I Benioff zone in that region. The active seismicity is
restricted to a depth of 200-350 km. The lack of seismic activity within
a broad depth range is interpreted as an argument for a '" senile stage.
of the Aeolian is1:tnd ::lrC (BAR8ERI ct al., 1974). Recently, KELLER (1974)
has exp1:tined this (" very m<lture evolution stage:lo by way of a « detached
piece of a formerly continuous slab, which continues to sink with very
steep inclination into the mantle •. As these island arc dynamics should
have occurred in less than 1 m.y. (HARRER I et al.. 1974: KEUER. 1974), an
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TAIILE 5
Average of trace element and rare earth data of andesites and quarlz-anduiles (column l)
and quartz-lalianduiles (Ill) from Upari, Salina, Fificudi and AJicudi in comparison with
andesites, quartz-andesiles and plt/giadatilt! from the Tonga-Kermadec island arc (To-Ke) and with

quarlz-latiandFSiter from fhl.' ce,,'ral Andes (An).
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unusually high annual sinking Tate of the sl::lb of morc than 10 m/year
would resull. This high annual sinking rate should be connected with
unusual high seismicity in the Tyrrhenian area. In that region, however,
only some deep- but no i11lermcdiate-focus earthquakes are listed.

Ad 2): The average chemical compositions of the calc-alkaline group within the
Aeolian archipelago, i.e. of the islands Lipari (period I), Salina, Filicudi,
Alicudi, and Panarca, are compiled in Tables 4 and 5. There are obvious
discrepancies with regard to some major element contents in comparison
with a typical island arc association, e.g. the Tonga-Kcrmadec volcanic
rocks (Table 4). The most striking discrepancy concerns the potassium
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level which is threefold higher in Ihe Aeolian volcanics than in the Tonga
-Kermadec rocks. Great differences exist also for the K~O/NazO ratios
and the sigma value.~. Th(" petrochemical discrepancy between this Pacific
and the Aeolian archipelago is particularly remarkable with respect to
the trace element and rare earth element abundances (Table 5). Among
these data Rb, Sr, Cr, Ni, Zr, La, ee, Pr, Nd, Sm, Eu, and Th differ
significantly. Because of these strong petrochemical discrepancies between
the Aeolian VOlc;lllic rocks and a typical island arc assemblage~ a relation
of the Aeolian islands to such an island arc system is not supported.
This incompatibility is evidenc~d also diagrammmically, e.g. by way of the
STREC"EISEN double-triangle plot (figs 14 a-c). Significant differences are
clearly visible between the Aeolian islands on the one hand and the
Tonga-Kermadec group on the other. The Aeolian calc-alkaline volcanic
rocks show a quite different distributioll in the double-triangle, which is
not comparable with island ;lrc ;lssociations. There exisls, however, ;l simi
larity with typIcal continental 4: andesites:., e.g. those from the Central
Ande;ln area (Figs. 14a and He). This similarity is also reAected in
the average chemical composition (Tables 4 and 5), especially the KzO,
AbOa, Rb, Sr, Th, U, and the rare earth contents.
Because of these facts the existence of a seismic Benioff and of a subduction
zone in the Tyrrhenian nnd the ndjoining C1labrian area, and the origin
of the Aeolian volcanic magmas from a down-going lithospheric slab can
not be supported. It seems thnt the Aeolian calc-alkaline rocks resemble
more closely the continental type of 4: andesites) that may have been
formed in the upper mantle under low pressure but high H20 conditions.
Parts of these subcrustal melts could have been contaminated by crustal
material. With regard to the magma genesis of the acidic rocks of Lipari
(periods III and IV) an origin by anatexis of crustal rocks cannot be ruled
out. A similar mngma genesis indicated by Sr isotope data was also sug
gested for the shoshonitic association within the Aeolian islands (Vulcano,
Stromboli; KLERKX et aI., 1974). It should be remembered, that up to the
Miocene the area of lhe present Tyrrhenian Sea was occupied by the
Tyrrhenian Block. Since that time the Tyrrhenian Block was eliminated.
Great parts of its crust may have been carried off by way of 4: corroding:.
processes at the base of the crust. Due to this (oceanisation) the conti
nental crust of the southern Tyrrhenian was rCl~Jaced by oceanic crust
(MENARD, 1967; VAN BEMMEUN, 1%9). The orign and the evolution of
Aeolian magmns seems closely connected with these processes and can be
understood without the postulation of a steep-inclined subduction zone.
A similar style of tectonics ;lnd magma formation seems to exist in the
Aegean area, where the Cycladean volcanic arc represents neither a typical
island arc structure nor is connected with a subduction zone. The ingenious
model of plate tectonics is not a geoscientific panacea and should in each



440 IT. PICHLER

case be applied carefully :lI1d in strict coincidence with the facts. Dogmatical
interpretations of some plate teclonic functions, e.g. DICKINSON'S K-h
rel:nioll for Southern Italy ;lnd Greece by NINKOYICH :md HAYS (1972),
or creation of similar functions (Rb-h and Zr-h rebtions [h = curves of
equal earthquake foe:ll depth]) hy these authors may lead to serious
errors.






