
Etna, Sicily, Italy 
 

Small ash eruption from Southeast Crater, Etna (June 7, 2014) 

Mount Etna (locally referred to as “Mongibello”) is the largest stratovolcano in Europe, with a summit of 
3,329 meters (10,922 ft) and covering an area of approximately 1,200 km2.  Due to Etna's nearly constant 
activity and the large population center in Catania (315,000 residents) on its flanks, Etna has been 
designated a Decade Volcano (as is Vesuvius).  Three hundred and fifty craters and minor vents cover  
Etna's flanks, each of which supported just one eruption; the mountain is dimpled with cones, many of 
them along lineaments.  Etna has produced eruptions of various styles, magnitudes and locations over the 
years.  Hawaiian, Strombolian, Subplinian, Plinian, Vulcanian, and Phreatomagmatic eruptions have 
emanated from this mountain. 

The plate tectonic setting of Etna is complex and the reason for the magmatism remains subject to debate.  
The volcano is part of the Calabrian volcanic arc, the product of subduction of the Adriatic (Ionian) Sea 
beneath the Eurasian content.  Some consider the Adriatic part of the African plate while others interpret a 
transform margin separating the African plate with the Adriatic micro-plate.  This suggests a simple 
magmatic arc setting.  The convergence of the African and Adriatic plates is complicated by the 
heterogeneous nature of the plates at the boundary.  In some sections it is oceanic lithosphere and in 
others continental.  This causes the 
nature of the convergent boundary to 
change from continental mountain-
building (northern Sicily, Apennines 
and Alps) to magmatic arcs (Calabrian 
and Aegean). 

It has been proposed that Etna is 
located above a hot spot in order to 
explain the high lava production and 
mafic magmas (Tanguy et al., 1997; 
Schiano et al., 2001).  Another theory 
is that Etna is part of a rifting complex 



with the volcano located at the intersection of several major regional fault systems (Behncke, 2001).  This 
recent hypothesis would make Etna genetically distinct from the volcanoes of the Aeolian Islands to the 
north.  Factors that support an extensional regime include: (1) movement between the Malta-Sicilian 
block and the Ionian basin (Geronimo et al., 1978; Gillot et al., 1994), (2) formation of a graben in the 
Catania plain, (3) intersection of Malta Escarpment and Messina-Giardini fault zone (McGuire et al., 
1997) with extension along the east-facing normal fault in the Siculo-Calabran rift, and (4) slab rollback 
of the Ionian lithosphere below the Calabrian arc causing the subduction zone to migrate southeast and a 
tearing of the subducting slab, decompression and formation of magma in the upper mantle below the gap 
(Gvirtzman and Nur, 1999; Doglioni et al., 2001; Schellart, 2010).  

The magmatic history of Etna has been 
divided into four phases: (1) the Basal 
Tholeiitic phase, (2) the Timpe phase, (3) 
the Valle del Bove phase, and (4) the 
stratovolcano phase.  Etna began erupting 
tholeiitic basalts approximately 500,000 
years ago off the coast of ancient Sicily (pre-
Etnean gulf).  Starting 170 ka, mafic 
alkaline magma (pigeonitic tholeiites, alkali 
basalts and trachybasalts) was emitted from 
several vents to the southwest of Etna 
referred to as the “ancient alkali centers” 
(Romano, 1982; Gillot et al., 1994).  This 
early phase is called the Basal Tholeiitic or 
“pre-Etnean” phase.  Submarine eruptions 
produced pillow lavas and breccias 
(hyaloclastite: fragments of volcanic glass 
altered to palagonite) and some small volcanic islands emerged from the Ionian sea.  The castle rock of 
Acicastello has well preserved pillows, breccia and hyaloclastite produced during this phase. 

The Timpe phase occurred between 220 and 110 ka along the “Timpe” (steps) fault system on the east 
flank of Etna.  This phase was characterized by fissure eruptions that produced a NNW-SSE elongated 
shield volcano.  During this phase the lava shifted in composition from tholeiitic to alkaline basalt. 

During the Valle del Bove phase the eruptive center shifted further to the west, from the Ionian coast the 
present location of the Valle del Bove.  Volcanism changed from dominantly lava flows during the first 
two phases to flows and explosive eruptions that built the first composite stratovolcanos in the Etna 
region, the Rocche and Tarderia volcanoes.  Trifoglietto (2400 m), Giannicola, Salifizoi and Cuvigghiuni 
volcanoes formed later during this phase.  The Valle del Bolve phase lasted from 110 until about 60 ka. 

During the Straovolcano phase, volcanic vents moved northwest to various positions and over the course 
of time eruptions of pyroclastics and lavas built the stratovolvano.  Between 35,000 and 15,000 ybp Etna 
entered an explosive phase that generated large pyroclastic flows and left extensive ignimbrite deposits.  
A series of Plinian eruption around 15 ka removed the summit of the volcano and created a caldera 4 kms 



in diameter.  Over the past 15,000 years this caldera has been filled by subsequent eruptive products 
(Coltelli et al., 2000; 2004). 

 

Approximately 8,000 years ago the eastern flank of Etna experienced a catastrophic collapse that 
produced a scarp known as Valle del Bove (Valley of the Ox). The sector collapse generated the Milo 
debris avalanche (Calvari et al., 1998) and may have triggered a tsunami that inundated parts of the 
eastern Mediterranean.  The collapse left a depression approximately 5 kms by 7 kms.  A subsequent 
collapse, around 3500 ybp, once again changed the shape of Valle del Bove.  A third collapse occurred 
around 2,000 years ago and formed Piano Caldera; this collapse has been associated with a Plinian 
eruption in 122 BC (Coltelli et al., 1998).  This caldera was subsequently filled with lava but can still be 
seen as a distinct break in the slope of the mountain near the base of the present summit cone (2900 m).  

The magmatic products of Etna tend to be in the Alkalic Series.  Over the past 100,000 years the erupted 
lavas are rather uniform hawaiitic in composition (Chester et al., 1985).  Some lavas are aphanitic but the 
majority of the lava is porphyritic with phenocrysts of plagioclase, Ca-augite, and olivine.   

Although the volcanic activity of Etna has been nearly continuous, the eruptions exhibit variations in 
location and style.  There are four historic summit craters: Northeast Crater, Voragine, Bocca Nuova, and 
Southeast Crater Complex.  In addition, there are over 350 vents on the flanks that range from small holes 
to craters 100’s of meters in diameter.  Because of the size of Etna, the summit eruptions are generally not 
hazardous but the flank eruptions can occur very close to populated areas.  Most of Etna’s recent 



eruptions have been non-violent but there have been some Plinian events; the Plinian eruption of 122 BC  
resulted in voluminous tephra deposits that caused roofs to collapse in Catania (the Roman government 
waived taxes for the residents of Catania for 10 years to allow them to rebuild). 

The behavior of Etna is characterized by eruptions from the summit craters or new flank vents every few 
years.  The summit eruptions vary considerably: Strombolian, high-discharge Hawaiian, and Subplinian 
fountains with the most intense activity lasting only minutes to hours.  The flank eruptions are generally 
lava releases.  Strombolian explosions may also occur, but they tend to form extensive lava field and only 
small cones.  Some of the flank eruptions are more explosive and generate larger cinder or scoria cones 
(this occurred during the eruptions of 2001 and 2002-2003).  The largest of the flank cone is Monti Rossi 
near Nicolosi with a height of about 250 meters.  This double-peaked cone formed during an eruption in 
1669.  The smallest of these flank cones are referred to as “hornitos” (small furnaces).  The flank 
eruptions only occur a single time in a particular vent (monogenic cones).  As seen in the map modified 
from Crisci and others (2010), lava flows from flank eruptions have traveled much further than those 

from the summit eruptions. 

  
The summit eruptions of Etna have modified the summit craters over time.  Currently, there are four 
active craters: Northeast (1911), Central Crater contains the Voragine (1945) and Bocca Nuova (1968), 
and the Southeast (1971).  Recently, the southeast crater has been the most active. 

As mentioned previously, Etna has exhibited a range of eruption styles and magma compositions.  When 
primitive magma enters the system the eruptions tend to be more explosive.  This magma contains high 
concentrations of CO2 as well as other volitiles (Coltelli et al., 2005; Kamenetsky et al., 2007).  An 



explosive Subplinian eruption 3920 ybp produced picritic magma enriched in CO2.  Etna continues to 
release large quantities of volatiles, primarily H2O (up to 200,000 tons/day) and CO2 (20,000 tons/day).  
As the magma has time to degas, the explosive potential decreases.  Decompression of the magma system 
has led to rapid exsolution of volitiles and explosive (Plinian) eruptions such as the one in 122 BC (Carlo 
and Pompilio, 2004).  Magma depleted in volatiles appears to reside in the upper magma chamber.  These 
low-gas lavas tend to exit laterally from the central conduit with little or no explosive activity initiating 
“lateral” flank eruptions.  The divergence of the magma cause the summit activity to stop and, in some 
cases, cause the summit crater to collapse due to the draining of the feeding conduit. 

Etna also has flank eruptions that don't originate from the central conduit (“lateral”); in these cases the 
magma creates new “eccentric” or “peripheral” conduits that remain closed and hold the volatiles until the 
eruption (Ritmann, 1964; Neri et al., 2005).  These gas-rich flank eruptions are much more explosive and 
produce much more pyroclastic material, often more tephra than lava (Androcico et al., 2004; Corsaro et 

al., 2009).  Peripheral lateral eruptions occurred in 1974 and 2002-2003.2009). 

 

Flank eruptions, both peripheral and lateral, are very common on Etna.  This is probably in part due to the 
extensive network of regional fault systems that intersect in that region creating zones of weakness and 
contributing to the instability (Mazzarini and Armienti, 2001).  Chester and others (1985) suggested that 
the “hydrostatic” pressure of the central magma column could force open lateral fractures and promote 
lateral eruptions.  Consider that a 500 meter magma column would generate a pressure of approximately 
(2500 kg/m3 x 500 m) 1,250,000 kg/m2.   

The lateral movement of magma and the 
zones of weakness created by the fault 
systems make large parts of Etna's eastern and 
southern flanks susceptible to failure, similar 
to the south flank of Kilauea on Hawaii 
(Borgia et al., 1992; Rust and Neri, 1996).  In 



2002 the eastern and southern flanks moved toward the Ionian Sea and during a flank eruption on 2001, 
the eastern flank moved eastward (Bonforte et al., 2008).   

According to Boris Behncke (ScienceBlogs): 

So why does the flank of Etna move? It is now believed that much of the movement is 
caused by the pressure of magma accumulating within the volcano. As a matter of fact, 
much more magma enters into Etna’s plumbing system than exits during eruptions. The 
quantity of this unerupted “excess” magma can be approximately calculated from the 
amounts of gas emitted from the volcano, in particular sulfur dioxide. It has thus been 
revealed (Spilliaert et al., 2005; Allard et al., 2006) that at least three-quarters of the 
magma that enter into the Etnean feeder system stay there, which leads to a constant 
volume increase. Where does all this magma go? There are certainly no empty spaces 
that can host this magma, so space must be created, and this is best done in pushing the 
volcano, both upwards (so that the volcano swells, or inflates), and sidewards, in 
whatever direction the side of the mountain gives way most easily. At Etna this is on the 
eastern, southeastern, and to a lesser degree, southern flanks, which are not buttressed 
by surrounding mountains as the northern and western flanks. It can be speculated that 
the more magma accumulates below the volcano, the more unstable it becomes, and this 
in turn facilitates the opening of fractures on the flanks, allowing magma to escape in 
flank eruptions. 

The list of documented eruptions of Etna is greater than any other volcano 
in the world, going back to 1600 BC.  The eruption in 1669 that created 
Monti Rossi generated a lava flow that destroyed at least 10 villages on 
the southern flank of Etna.  This lava flow extended for 17.3 kms, fed by a 
lava tube, and reached Catania but was diverted by the city walls into the 
sea and filled the harbor south of the city.  The one place the lava flow 
breached the city wall, it stopped short of the Benedictine monastery and 
didn’t reach the center of town.  This eruption produced approximately 1 
km3 of lava and lasted four months (Behncke et al., 2005). 

Since 1600 there have been at least 60 flank eruptions and countless 
summit events.  Since 2000 there have been four flank eruptions (2001, 
2002-3, 2004-5, 2008-9) and three summit eruptions (2006, 2007-8, 2012-
13).  The latest eruption, in October 2012, involved a series of 25 lava 
fountain (paroxysms) events from a new vent that formed on the east flank 
of the Southwest Crater.  This was followed by a phase of mild 
Strombolian activity and lava emission within the Bocca Nuova Crater.  
The eruption ended in August. 

When we drove up toward Etna, coarse black ash could be seen on roofs 
and on the shoulders of the road north of Catania.  This black ash was also 
present in Taormina. 



Etna poses several hazards: lava flows, ash falls, earthquakes, flank collapse, tsunami, toxic gas emissions 
and pyroclastic flows. 

Lava flows are the most common hazard.  The lava has damaged agriculture, structures and, in rare cases, 
villages and cities.  A fresco in the cathedral of Catania depicts the 1669 eruption of Monte Rossi and the 
diversion of the lava flow around the city walls. An eruption in 1928 on Etna’s northeastern flank 
generated a lava flow that inundated the village of Mascali.  The eruption started high on the flank and 
new eruptive fissures opened at lower elevations with the third, and most destructive, opening just 1,200 
meters above sea level (Ripe della Naca).  Lava from an eruption in 1971 destroyed the Etna Observatory 
and the first cable-car system; it also threatened several small villages on Etna’s east flank.  During an 
eruption in March 1981 the town of Randazzo on the volcano’s northwestern flank was threatened by a 
lava flow.  Eruptions in 1991-93 threatened the town of Zafferana but diversion efforts were successful in 
altering the flow direction.  The diversion efforts included construction of an earth barrier to slow the 
flow and when that wasn’t successful, explosives were used to close the 7 km. feeder lava tube and divert 
the flow into an artificial diversion channel.  A lava flow in July, 2011 was also diverted successfully 
when it threatened the Sapienza Refuge. 

Crisci and others (2010) assessed the risk 
of lava flows from flank eruptions and 
created the adjacent map using the 
SCIARA lava flow simulation model.  
They ran computer simulations of lava 
flows from thousands of locations.  The 
flow simulations can be accessed, if 
needed, when a new lava flow is initiated. 

Scollo and others (2013) assessed the 
impact of tephra fallout from brief and 
extended eruptions.  They found that, due 
to prevailing wind directions, the eastern 
flanks of Etna are most affected by tephra 
fallout.  Infrastructure and agriculture are 
impacted by this pyroclastic deposition.  
An airplane leaving the Catania Airport in 
2001 encountered an ash plume and had to 
make an emergency landing with a 
cracked windshield.  The Catania Airport 
has been closed for up to weeks when ash 
plumes have present.  The airport was 
closed for a day on June 17th when a small 
eruptive episode generated an ash plume over Etna.  Ash can also produce chronic health effects such as 
silicosis and chronic pulmonary diseases (Horwell and Baxter, 2006). 

The movement of magma can trigger seismic events and earthquakes are common on the eastern and 
southeastern flanks of Etna.  Failure of poorly constructed structures are the most common cause of injury 



or, occasionally, death.  Since earthquakes can't be predicted, the best way to prevent hazards is to employ 
earthquake resistant construction methods.  It is estimated that in Catania and Messina 80% of the 
building stock would collapse during a major earthquake. 

Etna has a history of flank collapse, some being large and extensive (Valle del Bove).  Although rare, the 
damage that such an event would cause would be catastrophic.  If the landslide were to involve the Ionian 
Sea, a tsunami could be generated that would inundate coastal communities around the eastern 
Mediterranean (Pareschi et al., 2006).  This would be considered a low probability but extremely high 
impact hazard. 

Several small pyroclastic flows have been observed near the summit of Etna.  They are usually associated 
with the collapse of the tephra column and move down the summit slopes.  This represent a hazard for 
visitors n the summit area but don't threaten structures or people living on the flanks of the volcano.  
Evidence indicates that large pyroclastic flows have been generated in the past; cataclysmic eruptions 
around 15,000 ybp and in 122 BC produced pyroclastic flows that traveled well away from the summit 
source. 

Despite the activity of the volcano, there have been relatively few deaths associated with eruptions.  There 
have only been 77 deaths in historic times, the last two were in 1987 during an unexpected explosion near 
the summit. 

Etna is monitored by the Instituto Nazionale di Geofisica e Vulcanologia (INGV) in Catania.  The utilize 
a variety of geophysical, geochemical, photographic and geodetic monitors: 

 



On April 16, 2014 we traveled by bus from Messina to Spaienza Refuge, on the south flank of Etna at an 
elevation of 1910 meters.  Although within the national park, the Refuge has several bars, a hotel and the 
base of the cable car system that runs up to the 2500 meter level.  There are several small vents and 
craters that are easily accessed from 
the Refuge.  The Silvestri Craters are 
a row of flank eruption vents that 
were created in 1892 on the 
southeastern flank of Etna. 

We returned to Spaienza Refuge on 
June 7, and were guided by Marko 
from the Gruppo Guides 
(http://www.guidetnanord.com/en/ ).  
We took the cable car and then four-
wheel-drive vehicles up to the 2900 meter level.  Throughout the day there were loud explosions from the 
Southeast Crater most of which were accompanied by a small pyroclastic (ash) emission.   

After leaving Sicily for the Aeolian Islands, Etna experienced a small eruption that started on June 15.  
Strombolian activity produced a small lava flow high on the flank of the Southeast Crater and an ash 
plume.  The Catania Airport was shut down for a day and the area above 2500 meters was closed to 
visitors.  The volcanic tremor amplitude (see below) increased sharply on Etna.   By the 19th the episode 
was over.  The lava flow was no longer active and there were only infrequent and weak explosions in the 

crater.  The tremor amplitude returned to background levels. 

 

 

 

http://www.guidetnanord.com/en/
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