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Abstract. Stromboli is one of the most active volcanoes in devastating on long stretches of Tyrrhenian coasts, but par-
the Aeolian island arc in south Tyrrhenian sea, Italy. In theticularly in the neighbouring islands of Panarea and Salina,
last 100 years the most relevant volcanic eruptions have beeand along the Calabria coasts around Capo Vaticano.
accompanied by local tsunamis, that have caused damage
and casualties. In some cases the direct mechanism of local
tsunami generation is clear, i.e. pyroclastic flows entering
the sea. In some others it is uncertain and some speculatio?'n
concerning the collapse of the eruptive column on the se%

Introduction

surface or the failure of some underwater mass can be mad _tromboli ?S the youngest stratqvolcano of the Aeo_lia_n Is-
But the ordinary activity is unlikely to generate large regional ands and is Iocat_ed at the margin of the abyssa_l plain in the
uthern Tyrrhenian sea. It is the northernmost island of the

tsunamis. These can be produced by the lateral collapse lcani Fia. 1) Itis ch ised b :
the volcanic cone that geomorphological and volcanologicalv0 canic arc (see Fig. 1). It IS € aracter|se ya persistent
ctivity with moderate rhythmic explosions that is named

investigations have proven to have occurred repeatedly in thél I . )
recent history of the volcano, with return period in the or- strombolian” by volcanologists, and by occasional more en-

der of some thousands of years. The last episode is dated t%rgetic paroxysmic phases also with lava effusion and foun-
less than 5ka BP. and left the Sciara del Fuoco scar on th ins and pyroclastic flows occurring at intervals of several
north-west flank o’f Stromboli years or decades (Rosi et al., 2000). The volcanic activity of

Based on previous studies, the possible collapse of th‘?tromboh was known to ancient Greeks, according to Mer-

nort-western sector of Stromboli and the consequent gener:-:r?"'f_(lfggﬁ)' Itslerqptllon hl_lstglry howe(\j/er :cs mttjc?hshortgr, for
ation and propagation of a tsunami are explored. The im- e lirstchronological avaniable record relers o the major ex-

pact on Stromboli and on the other islands of the AeolianpIOSIOn of 1558 as reported in the catalogue by onfbo65)

archipelago is estimated, as well as the impact on the coasqnd in the list of the Strombolian eruptions due to Barberi et
of Sicily and the Tyrrheni:':m coasts of Calabria. The simula-al' (19.93)' Very likely the catalogue of erupti(.)ns.is complgte
tion is carried out by means of a double model: a Lagrangianonly since the end of the 19th century; that is since the first

block model to compute the motion of the collapsing mass,systematlc studies on the volcano and on its activity were un-

and a finite-element hydrodynamic model to compute thedertaken by Mercalli and his collaborators (see for example

evolution of the tsunami. Two distinct tsunami simulations th.e gurveys of the_1888-91 activity by Mercalli, 1891, and by
Riccd and Mercalli, 1892).

are carried out, one on a very fine grid around the source re- : ) i o
Accounts on tsunamis associated with Stromboli activity

gion to evaluate the tsunami near Stromboli, and one utilising K W si he | : ith
a coarser grid covering the whole south-east Tyrrhenian sed'© Known only since the last century and are associated wit

to compute the tsunami propagation toward Sicily and Cal-tN€ largest eruptions (Tinti and Maramai, 1996): they have
abria. It is found that a huge-volume collapse of the north-P€€n of moderate size, but have caused damage and casu-

western flank of the Stromboli cone is capable of producing?/ieS on the local coasts of Stromboli. Though the rela-

a regional tsunami which is catastrophic at the source andiOn Petween the observed tsunamis and the volcanic activ-
ity is unquestionable, the direct genetic mechanism of such

Correspondence tdS. Tinti (steve@ibogfs.df.unibo.it) events is generally uncertain. Only for the 11 September
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Fig. 1. Map of the south-eastern Tyrrhenian region including most

of the Aeolian archipelago and bordered by Calabria (to the east) ‘

and.by Sicily (to the south)._ The entire region, except for tht_e small Distance (km)
marine area at the lower right corner is covered by the grid used
for the tsunami simulation in the far field. The rectangle surround-

ing Stromboli is the area where the near-field tsunami simulation19- 2- Geometry of the landslide model. The sliding surface is
has been carried out. Bathymetry labels are in metres. The numc_iellmlted by the lateral boundary curves (solid crosses). The pre-

bers correspond to the localities listed here. On Sicily coast: 1-d€fined common trajectory of the block is the inner curve (open
Capo d'Orlando, 2- Capo Calay3- Patti, 4- Tindari, 5- Milazzo circles). The initial basal area of the body is A0 and corresponds
6- Punta Faro, 7-Messina; On Calabria coast: 8- Reggio Calabriat© the hypothesis A formulated by Kokelaar and Romagnoli (1995).
9- Palmi, 10- Gioia Tauro, 11- Nicotera, 12- Capo Vaticano, 13- The landslide is partly subaerial and partly submarine. The basal

Tropea, 14- Lamezia; On Aeolian islands: 15- west Salina, 16- easf'€as Ao and Ay;, calculated respectively at= 90s and at the
Salina, 17- Panarea, 18- north Lipari, 19- south Lipari, 20- Vulcano, final computation time = 167's are also shown. The body spans
21- Filicudi. the sliding surface during its motion changing accordingly its shape.

Sea depth contour lines are in metres.

1930 eruption a straightward connection between dense py- ] o
roclastic flows and a local water wave can be established witfRgate far from the source reaching the coasts of Sicily and
certainty: the flows travelled down the deep valley namedthe Italian mainland.

Vallonazzo and entered the sea at the northern coasts north As we have seen, tsunamis produced by the largest explo-
of San Bartolo (see Rittmann, 1931; Abbruzzese, 1936; Tintisions of Stromboli can be damaging at the source, but not
and Maramai, 1996). For the other cases, some speculatioris the far field, where they arrive in form of small sea-level
can be made on the possible tsunamigenic role (1) of submaperturbations. However, recent research has recognised that
rine landslides triggered by the paroxysmic activity shakingStromboli has also potential to produce large catastrophic
the whole volcanic edifice and (2) of the impact of the col- tsunamis, which can be the consequence of the lateral col-
lapsing eruptive column on the sea surface. This latter mechlapse of the volcanic cone. The main purpose of this paper
anism has been suggested by Ponte (1921) to explain this to analyse the tsunami generated by a possible sector col-
1919 tsunami, and deserves careful attention. It is interestindgapse of Stromboli and to study its propagation in the south-
to point out that the 1919 tsunami, though it was small andern Tyrrhenian sea: the paper will examine how the tsunami
only of intensity 3 according to the Sieberg-Ambraseys scalewill affect not only Stromboli, but also the other islands of
(see Ambraseys, 1962), nonetheless it was observed in ththe Aeolian archipelago and the coasts of Calabria and Sicily.
whole southern Tyrrhenian sea, and recorded by tide gaugethis study will address first the problem of the flank col-
installed in Sicily, namely at Faro and in the Messina har-lapse of the Stromboli edifice and of its numerical simulation
bour (Platania, 1922; Tinti and Maramai, 1996). Accountsthrough a Lagrangian-type block model, then it will compute
on tsunami impact on the coasts of Stromboli and on damthe associated tsunami by means of a finite-element Eule-
age produced by the waves to boats of local people suggestan solver of the shallow-water equations applied (1) over
that the wave amplitude at the source was in the order of @ grid covering the near field around the island and (2) over
few meters. At Faro, some 80 km south of Stromboli, thea larger grid embracing the entire south-eastern Tyrrhenian.
record oscillations have 8—10 min period and height of aboutMore emphasis will be put on this last issue, that is on the
5-7 cm, well distinguishable from the background noise duecalculation and on the discussion of the tsunami in the large
to the sea agitation of meteorological origin. This testifies scale. We anticipate here that the main result of this research
that tsunamis generated in Stromboli have potential to propis that the tsunami energy radiation is almost isotropic around
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Fig. 3. Profiles of the landslide taken along the curvilinear trajec- ??
tory computed at various times. The time= O corresponds to the 01 -
beginning of the body motion. Solid squares show the heights of 0 20 40 60 80 100 120 140 160 180
the blocks forming the slide and are placed in the positions corre- Time (s)

sponding to the co-ordinate of the center of mass of each block. The

number of blocks is 15. Fig. 4. Velocities of the blocks vs. time. Blocks move at different

speed at all times. Notice that the computation is stopped when all

h . di . but | h he f blocks have still high speed, since the tsunamigenic potential of the
the source at intermediate times, but later when the front ap;ye moving in deep ocean at this later stage is strongly reduced.

proaches the Calabrian coasts, the energy is focussed on the
Capo Vaticano promontory which happens to be attacked by

the highest waves. dilation and outward displacement of the flank of the vol-
cano; (3) the Tyrrhenian sea bottom on which the volcanic
edifice is located is asymmetric and deeps substantially to-
2 Collapses of Stromboli flank wards north-west, reaching depths larger than 3200 m in the
Marsili Basin (Kidd et al., 1998), which makes the NW flank
The last collapse of Stromboli was responsible of the for-more prone to instability than the SE one. It is interesting
mation of the Sciara del Fuoco (SdF) scar that is the mairalso to note that the investigations on the recent sequence
feature of the north-western sector of the island. Collapsesf four collapses found that their upper scarps are concen-
have occurred frequently in the history of the volcano. Astric, with the youngest being internal and show that the areas
regards the period of the last 13 ka, which is the most studand volumes involved by the failures tend to decrease with
ied and best known, evidence has been found of at least thregeir age, suggesting that each failure tends to affect at most
other episodes of flank collapse that affected the same seghe material extruded since the previous collapse and that the
tor of the volcanic edifice with intermediate phases of conethickness of the collapsing body tends to become smaller, or,
growth and accumulation of volcanic deposit (Tibaldi, 2001). equivalently, that the basal sliding surface tends to become
The first of these collapses involved the Upper Vancori aboutmore surficial (Tibaldi, 2001).
13ka BP (Tibaldi et al., 1994) with an estimated volume ex-
ceeding 2 kr, and was followed by the gradual building of
the Neostromboli that collapsed in the early Holocene more3 Modelling of the Sciara del Fuoco lateral collapse
than 5.6 ka BP (Gillot and Keller, 1993) with a sliding mass
in the order of 1 kr (Tibaldi, 2001). The Neostromboli de- In this paper we will focus on the last major slope failure
pression was later filled by the cone of Pizzo Sopra La Fossaf Stromboli, that is on the lateral collapse that occurred less
whose collapse can be dated less than 5000 years ago. Tliean 5 ka BP producing the SdF scar that is still visible today.
last cycle of cone formation and failure produced the SdF thafThe total volume of material involved is estimated to be in the
is certainly younger than the Pizzo Sopra La Fossa, thoughange 0.52-0.95 kfnby Tibaldi (2001), while Kokelaar and
its age cannot be determined bettei5ka BP). The recur- Romagnoli (1995) suggest the involvement of a larger vol-
rence of collapses affecting the same sector of Stromboli hasme, advancing two possible hypotheses on the position of
been explained by means of a number of concomitant factorghe sliding surface: a detachment surface giving a removed
the most important of which are (Kokelaar and Romagnoli, volume of about 1 kmand a maximum thickness in the or-
1995; Tibaldi, 2001): (1) the volcanic edifice periodically der of 150 m (hypothesis A); and a deep-seated surface im-
reaches a stage of critical mass overloading and of construglying a maximum landslide thickness of about 800 m and
tional oversteeping, leading to conditions of gravitational in- corresponding to circa 1.8 khghypothesis B). In a previous
stability; (2) regional tectonic lineaments control the mor- study Tinti et al. (2000) used hypothesis A, and this choice
phostructural developments of preferentially NE-SW trend-seems to be convenient also for the present analysis, since it
ing weakness zones consisting of systems of eruptive fissurds a good compromise between Kokelaar-Romagnoli's max-
and fractures, magma intrusion and dyking, with consequentmum and Tibaldi’'s estimates. The simulation of the motion
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Fig. 5. Water elevation fields around Stromboli calculated at various times. The area shown in the map corresponds to the area covered by
the finite-element grid used for the near-field tsunami simulation. Contour lines are labeled in metres. Solid circles and the related numbers
(see the upper left panel) denote the grid nodes where sea level time histories are computed. These correspond to the following places
1- Sciara del Fuoco, 2- Ginostra, 3- Malpasseddu, 4- Punta della Lena, 5- Scalo dei Balordi, 6- offshore node located on the slide path.

of the sliding body is computed by means of a numericalwith the neighbouring blocks). The blocks are allowed to
model based on a Lagrangian approach. We use here an uphange their shape during their motion, i.e. they may expe-
dated code, the first version and subsequent variant of whichience longitudinal/transversal extension or contraction, but
have been described in detail by Tinti et al. (1997) and bythey do not change their volume, which has the consequence
Tinti et al. (2000), respectively. Here it is worth outlining that any variation of their basal area reflects in a correspond-
only the main characteristics of the model. The body is con-ing change of their height. One of the advantages of the
sidered as a chain of blocks sliding on a predefined trackmodel is that it can deal easily with various rheologies since
The motion of each block is calculated by accounting for all the internal forces are expressed in terms of a number of pa-
the forces acting on it, namely the body forces (the force oframeters that can be conveniently adapted to describing very
gravity, the force of buoyancy if the block is partially or to- compact undeformable rocks moving as rigid bodies as well
tally underwater), and the surface forces (the friction basalas loose cohesionless debris avalanches (Tinti et al., 1998).
force, the resistance due to water, and the force of interactioilConversely, one limit of the model is that all blocks remain
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Fig. 6. Water elevation records calculated in the localities shown in the geographic maps of Fig. 5. The near-field simulation has been carried
out for 1000s. Notice that the negative trough of the Sciara del Fuoco, that is the source region of the tsunami, is truncated at the lower value
of —35m, which corresponds to the assumed depth of all coastal nodes of Stromboli.

contiguous and cannot separate from one another during slidacluding a term that accounts for the tsunami excitation in-
ing, which means that it cannot handle landslides fractioningduced by the landslide and that depends on the transient vari-
in distinct tongues nor the opposite case of various landslidetion of the sea topography associated with the landslide mo-
merging in a unique flow. tion and on the transfer function associated with the local sea
The thickness and distribution of the collapsing body asdepth and landslide size (see Tinti et al., 1999). The solu-
well as the sliding surface were available from previoustion is performed by means of the finite-element technique
studies in digital form on a 100 m100m grid (Tinti et al.,  described in the papers by Tinti et al. (1994) and by Tinti and
2000). The SdF scar extends from the cone summit at abouBavagni (1994). The basin is covered by a grid of triangles,
800a.s.l. down to 700b.s.l. The initial body is partitioned created by a mesh building code which is particularly suit-
into 15 blocks. The simulation is stopped about 167 s afterable to match coastlines with complicated pattern of bays and
its initiation when the slide reaches an ocean depth largepromontories and to optimise the triangle quality measured
than 2000 m, loosing most of its tsunamigenic potential. Fig-in terms of triangle isotropy and crossing times (see criteria
ure 3 shows instantaneous profiles of the slide taken at variof mesh building for tsunami equations solvers in Tinti and
ous times along the predefined trajectory, while Fig. 4 showsBortolucci, 1999).
altoghether the block velocities vs. time. It may be seen that
in the first stage, corresponding to the first 40 seconds of mo- The tsunami is calculated around Stromboli by means of
tion, the body accelerates strongly attaining a peak velocitya local grid covering the rectangular region shown in Fig. 1.
exceeding 60 m/s and increasing its maximum height. LaterThe mesh consists of 6210 nodes and 11 886 triangles with
it slows down progressively, due mostly to the resistant ac-an average crossing time of about 1.59 s and a characteristic
tion of the water against the landslide front, and it reduces itdength of about 40-50 m in the vicinity of the island coasts.
height, owing to the seaward widening of the sliding surfaceThe simulation has run for a period of 1000 s with an inte-
in distal region (see Fig. 2). Notice further that the velocities gration time step of 0.5s. The large volume collapse expect-
of the blocks tend to have the same trend, though they diffeedly generates very big waves that propagate from the source
from each other, with difference however becoming smallerand travel around the island. The main signal is formed by a
as time elapses. large positive leading front that is followed by an even larger
trough, that in turn is followed by a second crest. The water
elevation fields computed at intervals of 50 s and portrayed
4 The Tsunami around Stromboli in Fig. 5 help understand the main features of the propaga-
tion. Attt = 50s (upper left panel of Fig. 5) the slide is
The tsunami produced by a moving underwater body can benoving around its peak speed and has already generated a
computed by solving the long-wave hydrodynamic equationswell pronounced positive front (larger than 10 m) with a deep
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marked with a solid circle in the map of Fig. 5 are plotted
in Fig. 6. The characteristic sequence of crest-trough-crest is
Pt. della Lena clear only in the the marigram calculated in the node that is
placed in the open sea along the path of the landslide (lower
right panel). Coastal time histories are more complex. No-
tice that at the SdF the first big negative-positive oscillation
is the most remarkable feature, while at Malpasseddu on the
Malpasseddu lee side of the island the main wave system is formed by a
double trough sandwiching a very large crest. Notice fur-
ther that in all records the transition from low to high level
or from high to low level is as large as several tens of metres
I and occurs in a very short time (a few tens of seconds), which
2 km means that the main waves are very steep and that a virtual
observer would see an impressive wall of water attacking

Sc. dei Balordi

Sciara

Ginostra

—~ 60 2 - 4 S 1 the coasts of Stromboli. Figure 7 shows the minimum and
=) 504 ; maximum values of the water elevation calculated along the
g 404 coastline. Observe that the highest waves (about 50 m) are
g 304 computed in the proximity of the landslide area, that most of
EJ 20 the island coast experiences waves larger than 20 m and that
m in some places such as Malpasseddu the largest waves ex-
8 104 ceed 30m, because of the constructive interference of edge
g 04 waves travelling around the island along opposite paths. It
o ~10 is relevant to point out that our model does not compute the
g -20 run-up of the waves, that is it does not compute the propaga-
§ -30 tion of the waves that climb beyond the usual shoreline and
e ¥ S e — ? —— e flood the land above the sea level. The computational coastal
0 2 4 6 8 10 12 14 boundary is formed by vertical walls that reflect the waves
. perfectly (in our run the depth of the coastal nodes of Strom-
Distance Along The Coast (km) boli has been assumed to be 35m). Therefore we are able to

) ) o _ compute only the maximum and minimum water height. It
Fig. 7. Maximum and minimum water elevation values computed ;s known that these extreme values are quite useful, though
on the coasts of Stromboli plotted vs. distance. This is measure(ihey provide usually underestimates of the sea water run-up

along the curvilinear coastline counterclockwise from the starting . .
. L . L and draw-down (Kanoglu and Synolakis, 1998; Lin et al.
oint (solid diamond), that is arbitrarily taken to be to the west of . . ! ! !
point ( ) y 1999; Li and Raichlen, 2001),

the Sciara del Fuoco.

. . 5 The Tsunami in the south-east Tyrrhenian sea
trough (exceeding 30 m). High and low water levels are quite

close each other, and consequently the wave is very ste€fg tsunami propagation in the south-eastern Tyrrhenian sea
At 1 = 100s the leading front is leaving the computational 5, i the northern part of the Messina Strait has been stud-
domain, and a new crest is forming close to the SdF. Th&gq py means of a mesh covering the region shown in the geo-
intermediate trough is now well formed and dominates the raphical map of Fig. 1. The grid is formed by 25 126 nodes
graph. The snapshpts corresponding to 'Iater times show thaj, 4 more than 48 000 triangles having an average crossing
the main perturbation has left the domain, but a set of ed9&ime of 14.6 5. The grid includes more elements than the one
waves has formed around the islands and travel slowly sinCgijise for the near-source simulation, but has nonetheless a
they propagate in shallow waters: rat= 150s the tsunami  ,,ch coarser resolution: the length of its triangles ranges be-
has not yet reached the coasts opposite to the SdF, thatis Cir¢geen 200 m for near-shore shallow-depth triangles and more
7km from the source, though has already travelled a muchan 1500 m for larger offshore triangles with a distribution
larger distance in the offshore direction where the ocean isn,qa| value of about 400 m. The simulation is carried out for
deeper than 2000m. The formation of edge waves around, oo mpytation time of 2000 s with an integration time step of
conic |sl_ands is not surprising. The capability of such islands; ¢ The water elevation fields depicted in Fig. 8 are given at
of trapping the energy of waves that possess length compgyeryals of 200's and enable one to understand the propaga-
rable with the typical island size and that either approach thg;,n of the tsunami. The snapshot of the upper left corner is
island from remote sources or are generat.ed locally h.as.bee@ken at the same time £ 200 s) as the field calculated over
long explored and nowadays well ascertained (see Tinti angne smaller grid and shown in Fig. 5. Here the complete wave
Vannini, 1994, 1995). system can be seen, and it can be noticed that the perturbation
Synthetic tide-gauge records computed in the locationgends to split into a double system, one radiating outward and
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Fig. 8. Water elevation fields in the south-east Tyrrhenian sea computed at intervals of 200s. Contour lines are labeled in cm.

one trapped in the shallow water belt around Stromboli. Theing front of the tsunami, while the latter is on the opposite
outer system is attacking the neighbouring island of Panareaide of the island: it is screened from the direct attack and
and advances with almost circular fronts. A= 400s the  affected by the local system of trapped waves that is how-
tsunami has already passed the northern and western boundver weaker than the leading front. The waves calculated for
aries of the grid. The circular front can be still seen clearly, the other tide gauges are quite smaller having amplitudes of
though it deforms while interacting with Panarea, that hasabout one half. Figures 10 and 11 give the lowest and largest
been just passed, and with Salina and Lipari, that are undewater elevation computed along the coasts of Sicily and of
attack. It may be also distinctly observed that the leadingCalabria respectively. Almost all the coastline comprised
wave system consists of two crests separated by a large irbetween Capo d’Orlando and Milazzo in northern Sicily is
termediate trough, and that it is followed by a tail of more attacked by waves of about 1 m. This value increases gradu-
irregular oscillations. The further fields aftee= 600s and  ally moving eastward from Milazzo to Punta Faro and attains
t = 800s show that the tsunami travels beyond the islandhe largest heights of about 5 m slightly west of Punta Faro.
arc, passing first through the channel between Salina anéliotice that in the rightmost part of the plot of Fig. 10 the
Filicudi, and exciting local edge-wave systems that persistextreme values computed beyond Punta Faro, correspond-
around each of the islands. The south western sector of thang to the Sicily coasts of the Messina Strait, are very low
tsunami front looses energy interacting with the Aeolian is- (only a few tens of cm). Figure 11 confirms that the tsunami
lands. On the other hand, the south-eastern sector advancesvery modest in the Strait (see the leftmost portion of the
toward Calabria and Sicily with no obstacle interposed andgraph), but it shows also that on average Calabria is attacked
atr = 800s the attack on the main land has already be-by larger waves than Sicily. The only segments of coastline
gun. The bathymetry influences its propagation by focussingvith waves around 1 m are found south of Palmi and halfway
it strongly against the Calabrian promontory of Capo Vati- between Tropea and Lamezia in the central coast of the Gulf
cano and defocussing it from the Messina Strait. of Santa Eufemia. Oscillations are in the range of 2-5.5m in

. . , L the stretch of coast north of Lamezia, and attain the largest
Figure 9 shows the tide-gauge time histories computed on

I . laced in the Aeolian islands. the | , éalues on the coasts around Capo Vaticano, that separates the
coastal stations placed in the Aealian islands, the location o, ¢ of Santa Eufemia (to the north) from the Gulf of Gioia

Whi?’h can be seen in'the general map of Fig. 1. The Iarges&o the south). Here the values exceed 2m in the area that
oscillations having height of about 8 m are computed for theiS found just north of the promontory, are remarkably larger
records of Panarea and east Salina, that are the first islanq§3m) south of the cape between Palmi and Nicotera, and

close_ to _Stromboh to be attacked by the tsur]am|. '_\IOt'Cereach the peak values of about 8 m just in correspondence
the big difference between east and west Salina marigramsy, e tip of the headland. This is the manifest conse-
which is easily explainable since the former faces the advanc-
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Fig. 9. Tide-gauge records computed for coastal stations placed in the Aeolian islands. The large-field tsunami simulation has been run for
2000s.

quence of the focussing of the wave front, that was alreadyby the eruptions should be verified by on-field investigations
observed on looking at fields of Fig. 8, and that is essentiallyaiming at finding the plausibility of sediment accumulation
due to the bathymetric features around the cape. As is clearlyaking place at shallow sea depth on the marine flanks of the
visible in the Tyrrhenian sea bathymetry portrayed in Fig. 1,volcanic cone all around the island and at quantifying their
the promontory continues for several kilometers underwatetthickness and stability. The further hypothesis that tsunami-
down to a depth of 1000 m (compare the 1000 m and 500 ngenesis is due to the overpressure induced on the sea surface
isobaths offshore the cape). by the collapse of the eruptive column (invoked by Ponte,
1921 to explain the 1919 tsunami) should also be tested by
numerical models combining the simulation of the forma-
6 Conclusions tion, ascent and collapse of the column with the simulation
of the ensuing tsunami. An example of such modeling ap-
In this paper we have examined the tsunamis that can be gerplied to exploring the tsunami potential of light pyroclastic
erated by Stromboli volcano. Historical accounts of Strom-flows moving seaward from the Vesuvius crater is provided
boli eruptions do not go back more than 500 years, but theyby the work by Tinti et al. (2003).
can be considered complete only in the last 120 years, since
the beginning of modern volcanological studies. The known Very big tsunamis can be generated at Stromboli by the lat-
tsunamis are all associated with eruptions included in theeral collapse of the volcanic edifice. These are extraordinary
complete portion of the Stromboli eruption data set. Theyevents that are quite likely on the geological time scale, since
occurred concomitantly with the major explosions of Strom- they repeated at least four times in the last 13 ka, with fea-
boli, and generally are events with damaging potential fortures that are more or less similar. They involved the north-
local structures, but not in the far field. Here they can pro-western flank with typical volumes on the order of 1%m
duce only slight oscillations of the sea level detectable byThe last one was the responsible of the present scar named
instruments, but likely to pass unnoticed by people. Albeit Sciara del Fuoco that collects all the present activity ejecta,
the association of tsunamis and volcanic activity is certain,channelling them to the sea. We have modelled the landslide
the generating mechanism of the tsunami is unclear, excegdty means of a numerical code based on the Lagrangian ap-
for waves killing some people in 1930 that were undoubt- proach, that considers the sliding body as a linear chain of
edly produced by hot avalanches entering the sea north ofontiguous interacting blocks and computes the motion of
San Bartolo in the northern coast. This lack of understand-all the blocks, that is assumed to occur along a common pre-
ing is a drawback that has to be overcome and future researcécribed path. We take the same body geometry, the same
should explore the possible direct causes of the tsunami, fosliding surface geometry and the same physical parameters
cusing at least on two possible mechanisms. The conjecturto describe the forces acting on the blocks that were used in
that they are due to small submarine landslides mobilisecprevious simulations performed by Tinti et al. (2000), and
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make use of an enhanced version of the numerical code. The
results obtained here are expectedly quite close to the previ-
ous finding: the slide is very fast and reaches a speed of more
than 60 m/s in about 40 s, keeping it for the next 60 s and then
slowing down gradually. Sensitivity analysis performed by
Tinti et al. (2000) showed that varying the dissipation coeffi-
cient give rise to faster or slower slides, but that the feature of
a body experiencing a large positive acceleration at the intial
stage and then a comparatively smaller negative acceleration
is common to all cases.

The tsunami has been studied in the near-field around
Stromboli by solving the longwave hydrodynamic equations
over a very fine grid with a resolution much better than the
one used in previous computations (the number of nodes and 5.
elements is more than doubled). The main finding confirms
that the tsunami generated has the potential to cause a large
catastrophe along the Stromboli coasts. The main features
of the near-field tsunami can be summarised in the following
points: 4.

1. The most efficient tsunamigenic phase is the first stage

of the body motion, when the underwater displacement
occurs at shallow depth, and two favouring factors con-
cur simultaneously: (i) the body speed is approach-
ing the longwave celerity (and the Froude number ap-
proaches the critical value of (1); (ii) the transfer func-
tion, allowing one to compute the forcing term from
the transient bottom topography changes induced by the
landslide, is not too far from unity.

2. The main system of waves radiates outward from the

source and moves at high speed offshore. Its typical
signature offshore is the sequence of a positive leading
crest, a larger trough and a second smaller crest.

The tsunami travels around the island of Stromboli very
slowly in form of a set of edge waves with very steep
fronts, that give rise to a long tail of oscillations in the

computed marigrams.

The maximum positive and negative signals are com-
puted in the northwestern coast, which is the one in-
volved by the collapse. The entire coastline is attacked
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by giant waves with height larger than 20m and ex- collapses associated with giant eruptions of the volcano. The
ceeding 60 m in some places between Ginostra and Malhuge-volume landslide is capable of setting in motion a re-
passeddu. gional tsunami that may cause total destruction of all human

: . activities in Stromboli, and may cause large destruction in
The propagation of the tsunami in the ocean waters far,

f i h Ul . ,Ot:e neighbouring islands of Panarea and Salina within a few
rom Stromboli has been simulated by using a coarser gri inutes. Within 12—-15min the tsunami attacks the Sicily

embracing the whole sout_h-easte_r n Tyrrhem_an basin and thgnd Tyrrhenian Calabria coasts with powerful waves that are
northern part of the Messina Strait. The main results can b%xpected to be particularly dangerous in the area of Capo

listed as follows: Vaticano. The estimates of wave heights and travel times are

1. The main front of the tsunami tends to radiate in circular 'elevant to devise emergency and evacuation plans associated
fronts. This observation is relevant and is distinctive of With & scenario of volcanic giant eruption of Stromboli.
a tsunami generated by a landslide, that is by a source
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