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Fig. 1 - Geological map of the island of Lipari, Aeolian Islands (from TRANNE et alii, 2002a, modified).



GEOLOGICAL SETTING

Lipari is the largest island of the Aeolian
Archipelago (Fig. 2), a ring-shaped Quaternary
volcanic structure consisting of seven main
islands (Alicudi, Filicudi, Salina, Lipari,
Vulcano, Panarea and Stromboli) and minor
seamounts emplaced on thinned continental
crust in the Southern Tyrrhenian Sea. With
Salina and Vulcano, the island of Lipari is part
of the central sector of the Aeolian Archipelago,
where volcanism started around 0.4 Ma BP and
is still active at Lipari (580 AD) and Vulcano
(1888-90 AD). Fumaroles, hot springs and
shallow seismicity characterise large submarine
and on-land areas. A NNW-SSE-striking fault
system (known as the "Tindari-Letojanni"
system and comprising the northern tip of the
larger-scale Malta escarpment fault system)
affects the volcanoes of this central sector,
which are aligned along a NNW-SSE-striking
structural depression. 
The island of Lipari is the emerged portion of a
broad volcanic edifice rising about 2000 m
above the sea floor. It is mainly made up of
volcanic products ranging in age from pre-
Tyrrhenian (about 223 ka BP) to late Roman times
(580 AD). Its magmatism is strongly controlled
by regional fault systems; the oldest and more
primitive CA basalt-andesite volcanic products
appear to be associated with N-S and E-W
fracture systems and are characterised by
strombolian falls and eruption of low viscosity
lavas, whereas younger high-K andesitic and
rhyolitic magmas produced stronger explosive
activity and eruption of viscous lava flows or
domes, primarily along the NNW-SSE tectonic
alignment.

CARTOGRAPHY IN VOLCANIC AREAS

Cartography in volcanic areas must be based on
an objective stratigraphic approach and on the
same stratigraphic, morphologic and structural
criteria which are used in classical geological
cartography (PASQUARÈ et alii, 1992). This
approach has only recently been applied to
Italian volcanic areas (PASQUARÈ et alii, 1992;
LANZAFAME et alii, 1994; MANETTI et alii, 1995;
CALANCHI et alii, 1999; TRANNE et alii, 2002a,
b; LUCCHI et alii, 2003), while more often litho-
logical and chemical-petrographical criteria had
been prevalently used. At times, volcanological
criteria have been adopted for volcanic areas
cartography in order to use "eruption and volca-
nic activity units" sensu FISCHER & SCHMINCKE

(1984) as mapping units; nevertheless, these
units require a high degree of interpretation, and
are better used in detailed volcanological papers
rather than in map-making, where more descrip-
tive units should be preferred (Tab. 1). The
application of a stratigraphic approach to a vol-
canic area should conform to current stratigra-
phic rules, in particular as regards the choice of
the stratigraphic units to be used in geological
survey and in map-making (AA.VV., 1983;
PASQUARÈ et alii, 1992). In this sense, carto-
graphy in volcanic areas must involve the use of
stratigraphic units of different type and hie-
rarchy; UBSU (supersynthems, synthems, and
subsynthems), lithosomes and lithostratigraphic
units (formations and members). Peculiar strati-
graphic units are sometimes proposed for use in
volcanic areas only, testifying to the innate pro-
pensity of volcanologists to overvalue the speci-

ficity of volcanic settings. For example, DE RITA

et alii (2000) suggested the use of "eruptive
units" (thus altering the meaning already given
by FISCHER and SCHMINKE, 1984) as a particular
kind of UBSU to be employed exclusively for
volcanic products. We believe that the prolifera-
tion of peculiar stratigraphic units should be
avoided and that sharing standard stratigraphic
units can favour a better correlation between
different environments. What is more, a careful
and flexible use of standard stratigraphic units
can fully reproduce the unquestionable peculiar-
ity of volcanic products, which are characterised
by a greater diversity of rock types than any
other surface environment and are conditioned
by specific origin (often with a punctiform sour-
ce, e.g. a crater), by emplacement dynamics and,
in particular, by the very marked episodic natu-
re of eruptive events. 
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Fig. 2 - Bathymetry of the Southern Tyrrhenian Sea and
location of the Aeolian Archipelago. 



THE GEOLOGICAL MAP OF LIPARI

At Lipari, a purely stratigraphic approach was
adopted with the aim of producing a geological
map based on current shared stratigraphic,
morphological and structural criteria (PASQUARÈ

et alii, 1992). The stratigraphic units which
were fundamental tools during field work and
map-making were UBSU, lithosomes and
lithostratigraphic units used in parallel (Fig. 1). 
The choice of units to be mapped should take
into account the geological nature of volcanic
products, which usually show evident and clear
lithological features. 
Therefore, the lithostratigraphic criterion was
adopted in order to reproduce the great diversity
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UNITS TO BE USED IN GEOLOGICAL MAP-MAKING

UNITS UTILIZED FOR DETAILED VOLCANIC ANALYSES

SUPERSYNTHEMS

SYNTHEMS

UNCONFORMITY BOUNDED STRATIGRAPHIC UNITS

SUBSYNTHEMS

LITHOSOMES

LITHOSOMES

FORMATIONS

MEMBERS

GROUPS

LITHOSTRATIGRAPHIC UNITS

 VOLCANIC ACTIVITY UNITS ERUPTION UNITS

ERUPTIVE PULSES

ERUPTIVE PHASES

ERUPTIONS

PYROCLASTIC FALLOUT UNIT

PYROCLASTIC FLOW UNIT

LAVA FLOW UNIT

LAHAR UNIT

etc...

ERUPTIVE PERIODS

 sensu Fisher and Schminke, 1984

Tab. 1 - Summarizing
scheme of the units
which may be used in
the geological study
of a volcanic areas.
UBSU, lithosomes
and lithostratigra-
phic units should be
used in the map-
making whereas
eruption and volca-
nic activity units
(sensu FISCHER &
SCHMINKE, 1984)
should be used in vol-
canological works.

Fig. 3 - Sketch map of the lithosomes of the island of Lipari (3D morphological map courtesy of "Piano dei Beni
Culturali Eoliani - V. Cabianca, M. Carta"). In the picture, the distribution of the main lithosomes is shown.



of rock types which occur on the island of
Lipari. These include primary volcanic deposits,
e.g. lavas and pyroclastics, autoclastic volcanics
and epiclastic deposits. Particular attention has
been devoted to the characterization of epicla-
stic deposits which are often ignored in the map-
making of volcanic areas. In the case of Lipari,
marine deposits (conglomerates, sands and fos-
sils) occur interlayered with volcanics; they
have been lithologically characterised according
to suggestions for sedimentary rocks and have
been considered for all intents and purposes as
stratigraphic elements. 
Only those geological bodies having lithostrati-
graphic significance have been represented in
the geological map (Fig. 1). The lithostratigra-
phic units introduced (formations and members)
are listed in the legend according to the recon-
structed stratigraphy (Fig. 1) and have been
described in their main lithological and petro-
chemical features (objective or paraobjective
units). The concept of facies has been, used in
the case of pyroclastic deposits, to describe the
lithological and sedimentological changes indu-
ced by distance from the source area (crater,
proximal and distal facies). When the stratigra-
phic position of the formations is not clear, often
owing to bad outcropping conditions, the range
of stratigraphic variability is graphically repre-
sented in a special column using vectors. If avai-
lable from literature, the age of the formations is
highlighted in the last column right of the
legend (all references are properly reported).
The detail of cartographic representation
obviously depends on the scale of the map. In
this work, we draw a geological map at a scale
of about 1:25,000 (Fig. 1), including enlarged
boxes at a higher scale (3x enlarged) showing
particular sectors of the island where somelitho-
stratigraphic units or significant stratigraphic
relationships a require better representation. A
reconstructed shore-parallel, vertical profile has
been drawn for a limited sector of the western
coast to highlight certain particularly significant
stratigraphic relationships which cannot be easily
represented on the map.
The lithosomes in the central column of the
legend are based on morphological criteria and
show the geometry of geological bodies
strongly related to specific genetic processes.
The morphological factor is particularly impor-
tant in volcanic areas, where it considerably
contributes to the definition of mappable units,
to the attribution of volcanics to eruptive centres
and to the reconstruction of the geological evo-
lution of volcanic products. In the case of
Lipari, the morphology of both volcanics and
marine deposits has been evaluated. As regards
marine deposits, the lithosomes  consist of terra-
ced bodies related to marine sedimentation/ero-
sion processes. 
The evaluation of elevation above the present
sea-level, and of main morphological parame-
ters, has allowed the attribution of marine depo-
sits to successive sea-level highstands corre-
sponding to marine oxygen isotopes 5a, 5c and
5e. 
This attribution shows that a careful morpholo-
gical study can help clarify the relative chrono-
logy between different morphogenetic events,
thus integrating stratigraphic data (PASQUARÈ et
alii, 1992). As regards volcanic deposits, litho-
somes almost always coincide with volcanic
edifices. Lithosomes are dimensionless units

and can either identify large polygenic volcanic
edificies, such as stratovolcanoes, or single
monogenic eruptive centres, such as tuff rings,
tuff cones, spatter cones, lava domes etc; a litho-
some can even correspond to a single lava flow
whose evident morphology can be indicative of
genesis from a specific source (Fig. 3).
Lithosomes should not depend on hierarchical
ties, and in their definition attention must simply
be paid to avoiding their excessive proliferation,
which would reduce their meaning. As regards
exotic tephras, lithosomes correspond to tabular
bodies with geometrical features which indicate
a provenance from eruptive centres not located
on the island of Lipari; in these cases, the rela-
tionship with the source area is established only
on the basis of textural and petrochemical featu-
res. For example, the Valle di Pero lithosome
consists of pyroclastics whose morphology indi-
cates an undefined exotic source, which has
been identified in the Monte dei Porri eruptive
centre at Salina purely on the basis of indisputa-
ble petrochemical features.

Lithosomes are used in parallel with lithostrati-
graphic units (Fig. 1). A lithosome often inclu-
des two or more lithostratigraphic units repre-
senting different lithological bodies having an
homogeneous morphology (e.g. the M. Chirica
lithosome includes the V.ne Malopasso and V.ne
Bezzotti formations). Nevertheless, a lithosome
may easily correspond to a single lithostratigra-
phic unit (Fig. 1). While lithostratigraphic units
are mainly significant in the vertical subdivision
of a stratigraphic succession, lithosomes can
emphasize the vertical-lateral relationships of a
geological body with a specific morphology
which may be mutually intertongued with one
or more bodies of different lithic constitution
(WHEELER & MALLORY, 1953). In this sense,
lithosomes are particularly useful towards dis-
criminating complex stratigraphic successions
of interlayered deposits coming from different
sources. A jigsaw graphic representation is used
in the legend to show the geometrical relations-
hips between different lithosomes, such as in the
case of the Varesana one, which is intertongued
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Fig. 4 - Synthemic map of the island of Lipari, Aeolian Islands, showing the distri-
bution of the main unconformities on the island of Lipari and of the relative UBSU

stratigraphic units. In the enclosed legend, the nature and field evidence for the
detected unconformities are described.



with other lithosomes (Figs. 1 and 8). 
In actual fact, the legend attached to the
geological map (Fig. 1) is not just included for
descriptive purposes, as it also enables the
relationships between the different stratigraphic
units adopted to be highlighted and, in this

sense, it provides an articulate but well-
constructed, synoptic table of the different
criteria (lithostratigraphic, morphological and
purely stratigraphic) used to characterize the
volcanic succession of Lipari. The integrated
use of UBSU, lithosomes and lithostratigraphic

units fully accomplishes the tasks of describing,
documenting and interpreting different rock
types (using lithostratigraphic units) and
defining the geometry of volcanic bodies (using
lithosomes), or of highlighting the stratigraphic
relationships between volcanic bodies and their
bounding unconformities (with UBSU). 
The use of UBSU units should be given priority
in volcanic areas (PASQUARÈ et alii, 1992),
because volcanic successions are particularly
rich of unconformities as a consequence of the
strongly episodic nature of eruptive events.
UBSU units are shown on the left-hand side of
the legend and define the general stratigraphic
framework in which the descriptive lithosomatic
and lithostratigraphic units are included (Fig. 1).
UBSU units are useful tools towards defining
correlations at a local and regional level.
Moreover, they allow the main intervals of
volcanic activity (characterised by a
homogeneous eruptive style, or similar location
of volcanic centres) to be defined. In the last
column on the left-hand side of the legend,
volcano-stratigraphic schematic maps are drawn
to highlight these intervals and, in particular, the
location of active eruptive centres; these
pictures are not necessarily connected to
specific stratigraphic units, but are useful to
show the main building periods of the island of
Lipari.
UBSU stratigraphy should be represented in a
special thematic map (Fig. 4), to be attached to
the geological map, in which particular empha-
sis should be given to the distribution and cha-
racterization of main unconformities (and rela-
ted UBSU units) in the geological evolution of
the island of Lipari. This fulfils the need to show
the association of volcanic products on the basis
of their source or of the corresponding eruptive
periods; to this requirement should be given pre-
cedence over a mere lithostratigraphic descripti-
ve distinction (PASQUARÈ et alii, 1992). After all,
the synthemic map already provides an effective
synthesis of the geological evolution of Lipari,
which is typically characterised by several rela-
tively short stages of volcanic activity spaced
out by longer quiescent stages, resulting in the
formation of main unconformities in its volcanic
succession. 
These unconformities are described in a special
legend according to whether they are the result
of subacqueous or subaerial erosion (erosional
vacuity), nondeposition (hiatus), or a combina-
tion of these two processes. 
The unconformities (documented by angular
unconformities or paraconformities relations-
hips, etc.) have different areal and temporal
significance and have been related to "internal"
processes of modification of the volcanic edifice
(connected to volcanic activity, tectonic events or
to reworking processes in subaerial environment)
but also to regional (or "global") events such as
fluctuations in sea-level. 
The utmost care has been taken in identifying,
documenting and understanding the real strati-
graphic significance of unconformities, thus
defining the hierarchy of the UBSU units intro-
duced (Supersynthems, Synthems and
Subsynthems). In particular, the areal extendibi-
lity of unconformities has been considered to be
the most significant criterion to be taken into
account. In this sense, two first-order unconfor-
mities (UI and UII) were defined on Lipari and
then correlated at a regional scale on the islands
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Fig. 5 - Shore-parallel, vertical profile along the north-western coast of Filicudi, at Scoglio della Fortuna. In this
sector, a natural stratigraphic section displaying the main unconformities of the stratigraphy of Filicudi is
exposed. In particular, marine conglomerates of Tyrrhenian age (MIS 5) and of generically pre-Tyrrhenian age
(>MIS 5) occur. The occurrence of Tyrrhenian marine deposits has allowed the correlation of the first-order
unconformities UI and UII, which have been already defined on the island of Lipari, whereas the pre-Tyrrhenian
deposits have allowed the definition of two other significant unconformities (F1 and F2) in the stratigraphy of
Filicudi. 



of Filicudi (Fig. 5), Panarea, Salina and
Alicudi, taking into account stratigraphic rela-
tionships between volcanic products and mari-
ne deposits of Tyrrhenian age (CALANCHI et
alii, 2002). UI is the marine erosive surface
related to the sea-level highstand correspon-
ding to marine-oxygen isotopic substage 5e
(124 ka), whereas UII consists of the subaerial
erosive surface related to the sea-level lowe-
ring at the end of marine isotope stage 5 (age <
81 ka). The UI and UII unconformities, which
developed over a short time span, have a rele-
vant chronostratigraphic significance, as well

as regional significance, and have enabled the
introduction of two major UBSU stratigraphic
units, called the Cala Fico and Punta le
Grotticelle Supersynthems (Figs. 1 and 4).
These units have been correlated to the islands
of Panarea, Filicudi and Salina and should pro-
vide stratigraphic constraints for the whole
Aeolian Archipelago (Fig. 6). 
Four second-order unconformities (L1, L2, L3
and L4) have been introduced and, together
with UI and UII, enable six synthems and the
informal Palaeolipari unit (comprising volca-
nic products whose bottom unconformity is not

visibile; Fig. 1) to be defined. 
These second-order unconformities should
have stratigraphic significance for the whole
island of Lipari; they are the result of marine or
subaerial erosion processes, or of nondeposi-
tion stages, and are documented by stratigra-
phic relationships between marine and volca-
nic deposits or between different volcanics.
Finally, seven third-order unconformities (l1--
l7) have been introduced, allowing eleven
subsynthems to be defined. 
These third-order unconformities represent
minor hiata and/or erosive stages having
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Fig. 7 - Summary scheme of correlation of composite schematic stratigraphic sections
of the island of Lipari. The sections are applied to the entire island for the purpose of

representing every stratigraphic unit defined in the geological map; in particular, the
UBSU correlations and main lithostratigraphic correlations are shown.

Fig. 6 - Scheme of UBSU stratigraphic correlations in the Aeolian Islands. The cor-
relation of main unconformities and UBSU units has been already defined for the
islands of Lipari (TRANNE et alii, 2002a), Filicudi (TRANNE et alii, 2002b) and

Panarea (LUCCHI et alii, 2003), and is proposed for the island of Salina and Alicudi
(LUCCHI, 2000a, b), where stratigraphic field work is still in progress Stromboli and
Vulcano data are not available.



stratigraphic significance for limited sectors of
the island.

TABLE OF CORRELATIONS 

Geological cross-sections of sectors of the
study area are generally attached to geological
maps. We believe the use of these sections in
volcanic areas not to be very effective, owing
to the unquestionable peculiarity of volcanic
products, whose behaviour is highly conditio-
ned by rheologic characters, by distance from
the source and by physical and morphological
features of the emplacement environment. All
these elements determine an extreme variabi-
lity, even in limited areas, in the horizontal and
vertical distribution of volcanic products
(PASQUARÈ et alii, 1992). Consequently, too
high a degree of interpretation would be requi-

red in drawing up stratigraphic relationships in
non-outcropping portions of these sections,
and an excess of subjectivity introduced in this
kind of representation. Conversely, we suggest
highlighting the stratigraphic relationships in
the studied area using a scheme of correlation
of composite schematic stratigraphic sections
(Fig. 7), applied to the entire island in order to
represent the lithostratigraphic units defined in
the geological map and the relationships with
all recognized unconformities. A summary cor-
relative scheme, such as the one shown, ena-
bles to represent actual field stratigraphic rela-
tionships with greater objectivity.

SHORE-PARALLEL VERTICAL PROFILES

Drawing reconstructed, shore-parallel, vertical
profiles in limited and significant sectors of a study

area can prove an effective tool towards sho-
wing the stratigraphic relationships between
geological bodies, in particular when these rela-
tionships cannot be easily represented on the
map. Moreover, these reconstructed profiles
show how the parallel use of UBSU and litho-
somatic and lithostratigraphic units can provide
a clear and effective stratigraphic framework
which can better illustrate an actual, significant
stratigraphic setting. This approach is described
for the southern sector of Lipari (Fig. 8), where
the reconstruction of a "natural geological sec-
tion" shows the main stratigraphic relationships
between the geological bodies in a stratigraphic
succession consisting of exotic tephras known
as "Brown Tuffs" (Varesana lithosome) and
interlayered pyroclastics and lavas related to the
Punta di Levante, Copparo and Monte Guardia
lithosome.
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Fig. 8 - Shore-parallel, vertical profile along the southern coast of Lipari, in the sector
between Spiaggia Valle Muria and Punta del Perciato. Here the coastal cliff shows a
natural stratigraphic section of volcanics related to the Valle Muria Synthem. In

particular, the interlayering between volcanic products of local and exotic provenance
and the intertonguing between different lithosomes is clearly visible.
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