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In the Campanian territory called Campi Flegrei in Italy, volcanic activity determines the area of
greatest risk in Europe, both due to the violence of the eruptions that took place and to the high
number of people who live there. The lack of eruptions for about 3000 years has allowed its
jagged coasts to become safe anchorages and has favored the development of the rich Greek
colonies of Cuma and Dicearchia, in the VII century BC, followed by the construction of the port
of Puteoli, in the I century BC, the most important commercial and military port of the Roman
Empire. However, the volcanic nature of the territory continued to manifest itself with the
subsidence of the ground which led to the submersion of the port structures and accelerated the
economic decline of the area. The inversion of the movement of the ground, which began in the
1400s and ended with the eruption of Monte Nuovo in 1538, dealt the final blow to the economy
and interrupted the frequentation of many thermal springs. Since then, the soil has begun to
move downwards, creating new problems for human activities, tackled since the end of the
1800s with industrialization. From 1950, a slow uplift has resumed, with two phases of greater
intensity, in 1970-72 and 1982-84, which reminded the community, established around the Gulf
for 2500 years, of living in a fragile and dangerous environment. Cohabitation with a territory rich
in natural resources, as well as dangers, continues thanks to the resilience of citizens and the
improved understanding of volcanic phenomena.



Campi FlegreiStories of Men and VolcanoesRoberto Scandone Lisetta GiacomelliCopyright ©
2019 Roberto Scandone Lisetta GiacomelliAl rights reserved. 9781687001801During our
studies, various people have significantly influenced our ideas and beliefs. Here we want to
recall some that are no longer with us. Paolo Scandone was, with his enthusiasm and desire to
live, our geological mentor; with Paolo Gasparini we shared a passion for history and
volcanology; to Nanni Sartoris we envied the fascinating speech with which he communicated
the rigor of science; with Jean D’Amato we shared the passion for Pietro Anzolino da Eboli;
finally with Francesco Bella, the first to date the Campi Flegrei products with the 14C method,
we shared the passion for volcanoes and memories of the Physics School of
Rome.   AKNOWLEDGEMENTSWriting a book on Campi Flegrei (Phlegraean Fields), Italy,
means relying on the work and commitment of the many who preceded us and, at the same
time, trying to look with the eyes of those who will follow; a difficult task, if we talk about a place
that boasts millennia of history and an incalculable number of scientific studies. A simple search
of the term Campi Flegrei in the scientific literature published since 1985 on a popular search
engine (Web of Science), reports 980 scientific papers, in increasing numbers over time. It is
beyond the possibility of anyone to read everything written on the subject throughout a single
life.In this work we mainly resort to our memory and to the contributions of friends and
colleagues who have undertaken research in this field.Among the many we want to thank, is
Giuseppe Luongo who devoted a large part of his scientific career to the study and surveillance
of Campi Flegrei, playing an important role in the course of major bradyseismic crises. With him
we have long discussed these and many other volcanoes. We cannot help but remember all the
friends of the Vesuvius Observatory, symbolically summarized in the name of the current
Director Francesca Bianco.Together with them, we want to mention friends and colleagues, met
in different times, of the Istituto di Fisica Terrestre, then Istituto of Geologia e Geofisica, then
Dipartimento di Geofisica e Vulcanologia of the Federico II University of Naples: Nicola Roberti,
Massimo Cortini, Giuseppe Capaldi, Raimondo Pece, Antonio Rapolla, Eugenio Carrara, Enzo
D'Isanto, Lucia Civetta, Gennaro Corrado, Lucio Lirer, Benedetto De Vivo, Giuseppe Rolandi,
Paola Petrosino, Mauro Di Vito, Francesca Bellucci, Annamaria Perrotta, Claudio Scarpati, Rosa
Di Maio, Ester Piegari, Maurizio Fedi, Giovanni Florio. With them we shared heated discussions,
works and, sometimes, moments of playful joy. And then, Grazia Giberti, Rodolfo Figari, Remo
Bianchi, Costanzo Federico, Angioletta Coradini, Valerio Acocella, Guido Giordano, Mauro Rosi,
Alessandro Sbrana, Roberto Santacroce, Gabriella Gribaudi. Christopher Kilburn, who in the
best tradition of English scholars, continues his work of study and dissemination on volcanic
phenomena in Campi Flegrei. The American friends, who came at various times during the crisis
of 1982-84, John Dvorak, Dan Dzurisin, Chris Newhall. Prof. Izumi Yokoyama, with whom we
have been discussing volcanoes and calderas for a long time.The site www.archeoflegrei.it was
very useful for the many news on the history of Pozzuoli.The chapter on Bradiseism could not
have been written without the precious testimonies reported on the site www.bradismoflegreo.it
edited by the “Lux in Fabula” Association chaired by Claudio Correale.Eleonora Puntillo with her



chronicles on the newspaper L’Unità called attention to the crisis of 1970 and since then, it is the
vigilant memory of a phenomenon that never ceases to amaze us.Our thanks go to all of them
and to those whose memory does not reach, hoping to contribute to making known a volcano
full of history and looming over the future of thousands of people.The photos, if not otherwise
indicated, are of the authors.Prefaceby Roberto Scandone
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friends, who came at various times during the crisis of 1982-84, John Dvorak, Dan Dzurisin,
Chris Newhall. Prof. Izumi Yokoyama, with whom we have been discussing volcanoes and
calderas for a long time.The site www.archeoflegrei.it was very useful for the many news on the
history of Pozzuoli.The chapter on Bradiseism could not have been written without the precious
testimonies reported on the site www.bradismoflegreo.it edited by the “Lux in Fabula”
Association chaired by Claudio Correale.Eleonora Puntillo with her chronicles on the newspaper
L’Unità called attention to the crisis of 1970 and since then, it is the vigilant memory of a
phenomenon that never ceases to amaze us.Our thanks go to all of them and to those whose
memory does not reach, hoping to contribute to making known a volcano full of history and
looming over the future of thousands of people.The photos, if not otherwise indicated, are of the
authors.Prefaceby Roberto ScandoneFor many Neapolitans of a certain age, Campi Flegrei,
even before being a physical place, is a place of the soul that recalls ancient memories and
brings us back to a time when we were perhaps less rich but, at least in memory, happier.
Probably, as often happens with the passage of time, we were only younger.My first encounter
with the Campi Flegrei occurred when my family moved to Naples and, after several moves, a
provisional service house was assigned to my father, a naval officer, in Fuorigrotta, an area I did
not know then was geologically Phlegraean territory. The term Campi Flegrei was, for me, only
the name of a subway station, where, moreover, I didn't go down, but it hovered in the air, as if to
indicate a border area.It was here that my first encounter with the forces of nature took place,
when, on a summer afternoon, alone at home, I saw the huge television set of that time moving
on his trolley and coming towards me. It was the Irpinia earthquake of 1962, and the
phenomenon, perhaps due to unconscious youth or because we lived on the ground floor, did
not cause me particular apprehension, unlike my parents who rushed hastily, worried about the
smallest of the family. Only then, did I understand my mother's recommendation that, mindful of
the more violent Irpinia earthquake of 1930, urged me, before going to bed, to keep my clothes
in order to be able to escape dressed in the event of an earthquake.In the following years, when
we moved to another sector of the city, the Campi Flegrei remained a constant presence in my
life, especially during the summer season, when the Navy bus transported the employees'
families to the bathing establishments of Miseno. Every journey was a discovery and, when
taking the Domiziana Road, fascinating and mysterious buildings ran one after the other: the
new Academy of Aeronautics, which had recently left the historic site of Nisida, the Sanctuary of
San Gennaro, built from the city of Pozzuoli to protect from the continuous earthquakes, the old
military hospital of the Army, where I would have spent the medical examination for military
service, and then the great amphitheater of Pozzuoli, which in our imagination rivaled in size with
the Colosseum; the futuristic Olivetti factory built a few years before, resembled a large villa
surrounded by greenery and, in front of it, the watermelon vendors, who offered slices of
"mellone" at 10 lira each; beyond Lake Lucrino, the caves of Nero's stoves appeared, still
inhabited, as in the time of the ancient Cimmerians; after Punta dell'Epitaffio, there was Baia,
with its shipyard demolition site, where, among the various hulls of sea carts to be scrapped, two



caravels used, for those who know which pirate movie, stood out; then, we climbed along the
road towards the castle of Baia and finally, having passed Bacoli, we reached the coveted goal.
Miliscola beach was the site of endless summers, spent between baths, soccer games or
volleyball on the beach, practicing an athletic practice like thousands of years before the Roman
Navy crews had done, in a very different spirit in the place called Militum Scholae "School of the
soldiers ", from which the current Miliscola derives. And, without knowing where we were going,
and what incredible steps we were taking, we climbed Mount Miseno, from where Pliny the
Younger had observed the eruption of Vesuvius in 79 AD, and reached the ruined building of the
Roman lighthouse which was used to send messages to the Emperor Tiberius residing in Capri.

My first encounter with the Campi Flegrei occurred when my family moved to Naples and, after
several moves, a provisional service house was assigned to my father, a naval officer, in
Fuorigrotta, an area I did not know then was geologically Phlegraean territory. The term Campi
Flegrei was, for me, only the name of a subway station, where, moreover, I didn't go down, but it
hovered in the air, as if to indicate a border area.It was here that my first encounter with the
forces of nature took place, when, on a summer afternoon, alone at home, I saw the huge
television set of that time moving on his trolley and coming towards me. It was the Irpinia
earthquake of 1962, and the phenomenon, perhaps due to unconscious youth or because we
lived on the ground floor, did not cause me particular apprehension, unlike my parents who
rushed hastily, worried about the smallest of the family. Only then, did I understand my mother's
recommendation that, mindful of the more violent Irpinia earthquake of 1930, urged me, before
going to bed, to keep my clothes in order to be able to escape dressed in the event of an
earthquake.In the following years, when we moved to another sector of the city, the Campi
Flegrei remained a constant presence in my life, especially during the summer season, when the
Navy bus transported the employees' families to the bathing establishments of Miseno. Every
journey was a discovery and, when taking the Domiziana Road, fascinating and mysterious
buildings ran one after the other: the new Academy of Aeronautics, which had recently left the
historic site of Nisida, the Sanctuary of San Gennaro, built from the city of Pozzuoli to protect
from the continuous earthquakes, the old military hospital of the Army, where I would have spent
the medical examination for military service, and then the great amphitheater of Pozzuoli, which
in our imagination rivaled in size with the Colosseum; the futuristic Olivetti factory built a few
years before, resembled a large villa surrounded by greenery and, in front of it, the watermelon
vendors, who offered slices of "mellone" at 10 lira each; beyond Lake Lucrino, the caves of
Nero's stoves appeared, still inhabited, as in the time of the ancient Cimmerians; after Punta
dell'Epitaffio, there was Baia, with its shipyard demolition site, where, among the various hulls of
sea carts to be scrapped, two caravels used, for those who know which pirate movie, stood out;
then, we climbed along the road towards the castle of Baia and finally, having passed Bacoli, we
reached the coveted goal. Miliscola beach was the site of endless summers, spent between
baths, soccer games or volleyball on the beach, practicing an athletic practice like thousands of



years before the Roman Navy crews had done, in a very different spirit in the place called
Militum Scholae "School of the soldiers ", from which the current Miliscola derives. And, without
knowing where we were going, and what incredible steps we were taking, we climbed Mount
Miseno, from where Pliny the Younger had observed the eruption of Vesuvius in 79 AD, and
reached the ruined building of the Roman lighthouse which was used to send messages to the
Emperor Tiberius residing in Capri.Capo Miseno, in the center, overlooking the sea, the ancient
Roman lighthouse, to the left, in the background, Miliscola beach, Porto Miseno and the Dead
Sea (Italy)When I grew older, the Campi Flegrei were the place, beyond the hill of Posillipo,
where every evening the sky turned purple, not for the sunset, but for the steel cast of the
Italsider factory, then in full swing with its thousands of workers. It was that working class, always
respected in the political rallies of '68, from which emanated a calm and an extraordinary
strength that neither the extra-parliamentary groups, nor the Police, dared challenge. The Campi
Flegrei were the happy closure, outside the city, after the May Day demonstrations; with a group
of friends it was possible to reach Pozzuoli and the trattoria Martuscello, where the inevitable
fried anchovies were accompanied by carafes of white wine, sweetened by yellow peaches and
by discussions, jokes, laughter.The industrial area of Coroglio where the Italsider and Cementir
factories were located, behind them, Astroni crater and the Hill of Camaldoli (Italy)Some years
later, when I began to follow the Geophysics class of the degree course in Physics, rumors of a
strange ground uplift in Pozzuoli began to circulate at the Institute of Terrestrial Physics. So it
was that the professor with whom I would then discuss my degree thesis, Paolo Gasparini, led
his students and fellows to observe the coastline of the port.There we could see, even without
the use of sophisticated equipment, that the tide line marked on the pier was raised by about
half a meter and new small beaches were beginning to form near the ancient coastline. At the
time I didn't realize it, but that would have been the beginning of an exciting study on the origin
and activity of the Campi Flegrei that has lasted for almost 50
years. Paolo Gasparini, Roberto Scandone, Nicola Roberti,
Massimo Cortini, in 1972 (photo Glenn Fryer)Introduction to VolcanologyCampi Flegrei and their
geological and human vicissitudes cannot be fully understood if one does not have some basic
knowledge of volcanology. We can travel, go through many places and observe people who are
different from us, but without geology and, in this case, even a bit of volcanology, an important
part of the territory remains unknown to us. For this reason, we want to introduce some brief
notes that can help to understand some parts of the text. However, the reader who wants to
know more, as those who already know the subject, can safely skip the first chapter without
losing the core of the story.THE ERUPTIONSA volcanic eruption consists of the emission of
magma on the earth's surface. At the point where the eruption occurs, a volcano is formed.
Generally, the volcanoes have the shape of a relief, crossed by a feeding system, inside which
the magma rises. The outlet outside the feeding system is called crater or vent.The magma is
formed of a liquid with temperatures around 1,000-1,200 °C, which derives from the fusion of
some minerals of the earth's mantle. Along with the liquid there are also solid crystals and



gases.The most abundant chemical component of many magmas is silica. The silica molecule
consists of a silicon atom and two oxygen atoms (SiO2). Silica molecules tend to bind together,
forming long structures called silicates (polymeric chains). For this characteristic, a magma with
a lot of silica tends to be more viscous, that is, less fluid, than one that contains little. A less
viscous magma can release the gas before reaching the surface more easily than a more
viscous one.The gases contained in magma are numerous but, generally, the most abundant is
water (H2O) in the gaseous phase. This may derive from the fusion of minerals (iuvenile) or from
the interception of external water but, in any case, its presence tends to favor explosive
eruptions.Eruption of Etna in 2002 on the North-East flank (Italy)When the emission of magma
on the surface is almost continuous for long periods, the activity of a volcano is called persistent,
but numerous volcanoes have sporadic eruptions, separated one from the other by long phases
of quiescence or reduced activity.During eruptions, the amount of magma emitted can vary
greatly. The great eruptions are the less frequent ones, and, on the same volcano, they have
very long return times, that is they repeat themselves at a distance of even thousands of
years.WHY ERUPTIONS OCCUR?From the earth's mantle, magma rises upwards because it is
less dense than the solid material around it, like an air bubble or a piece of wood that rises into
the water.The buoyancy of the magma tends to decrease towards the base of the earth's crust,
where there are rocks less dense than those of the mantle. When the density of the solid
material is similar to that of magma, it slows down to a stop. The areas where magma
accumulates are called magma chambers. The solid parts surrounding the magma chambers
are called embedding rocks.
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circulate at the Institute of Terrestrial Physics. So it was that the professor with whom I would
then discuss my degree thesis, Paolo Gasparini, led his students and fellows to observe the
coastline of the port.There we could see, even without the use of sophisticated equipment, that
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beginning to form near the ancient coastline. At the time I didn't realize it, but that would have
been the beginning of an exciting study on the origin and activity of the Campi Flegrei that has
lasted for almost 50 years. Paolo Gasparini, Roberto
Scandone, Nicola Roberti, Massimo Cortini, in 1972 (photo Glenn Fryer)Introduction to
VolcanologyCampi Flegrei and their geological and human vicissitudes cannot be fully
understood if one does not have some basic knowledge of volcanology. We can travel, go
through many places and observe people who are different from us, but without geology and, in
this case, even a bit of volcanology, an important part of the territory remains unknown to us. For
this reason, we want to introduce some brief notes that can help to understand some parts of the
text. However, the reader who wants to know more, as those who already know the subject, can
safely skip the first chapter without losing the core of the story.THE ERUPTIONSA volcanic
eruption consists of the emission of magma on the earth's surface. At the point where the
eruption occurs, a volcano is formed. Generally, the volcanoes have the shape of a relief,
crossed by a feeding system, inside which the magma rises. The outlet outside the feeding
system is called crater or vent.The magma is formed of a liquid with temperatures around
1,000-1,200 °C, which derives from the fusion of some minerals of the earth's mantle. Along with
the liquid there are also solid crystals and gases.The most abundant chemical component of
many magmas is silica. The silica molecule consists of a silicon atom and two oxygen atoms
(SiO2). Silica molecules tend to bind together, forming long structures called silicates (polymeric
chains). For this characteristic, a magma with a lot of silica tends to be more viscous, that is, less
fluid, than one that contains little. A less viscous magma can release the gas before reaching the
surface more easily than a more viscous one.The gases contained in magma are numerous but,
generally, the most abundant is water (H2O) in the gaseous phase. This may derive from the
fusion of minerals (iuvenile) or from the interception of external water but, in any case, its
presence tends to favor explosive eruptions.Eruption of Etna in 2002 on the North-East flank
(Italy)When the emission of magma on the surface is almost continuous for long periods, the
activity of a volcano is called persistent, but numerous volcanoes have sporadic eruptions,
separated one from the other by long phases of quiescence or reduced activity.During eruptions,
the amount of magma emitted can vary greatly. The great eruptions are the less frequent ones,
and, on the same volcano, they have very long return times, that is they repeat themselves at a
distance of even thousands of years.WHY ERUPTIONS OCCUR?From the earth's mantle,
magma rises upwards because it is less dense than the solid material around it, like an air
bubble or a piece of wood that rises into the water.The buoyancy of the magma tends to
decrease towards the base of the earth's crust, where there are rocks less dense than those of
the mantle. When the density of the solid material is similar to that of magma, it slows down to a
stop. The areas where magma accumulates are called magma chambers. The solid parts
surrounding the magma chambers are called embedding rocks.Scheme of magma ascent and
formation of a magma chamberInside a magma chamber the magma can remain for very long
periods and can also cool and solidify without reaching the surface, forming buried magmatic



rocks that are called intrusions.During the ascent, and while it remains in the chamber, the
magma begins to cool and crystallize a series of minerals that separate from the liquid (fractional
crystallization). The minerals that first return to the solid state as the temperature decreases,
contain magnesium and iron, and the residual liquid, depleted of these elements and, at the
same time, enriched with the gaseous phases that do not enter the crystal lattice, becomes a
less dense magma, lighter, that is with a new buoyancy.In addition to a renewed buoyancy,
triggered by the onset of crystallization, the magma can move and reach the surface also due to
an increase in pressure inside the magma chamber or due to the fracturing of the embedding
rocks.These mechanisms can be linked to one another. The increase in internal pressure can
cause fracturing of the embedding rocks, fractures can release the external pressure on the
magma, a factor that favors the release of part of the gas dissolved in the magma. The gas
separates from the liquid, forming bubbles that move upwards and press against the roof of the
magma chamber.In any case, in order for the magma to reach the earth's surface, the
equilibrium situation created between the still liquid in the magma chamber and the encasing
rocks must be broken, and through these fractures the magma can ascend to the surface.WHAT
KIND OF ERUPTIONS?The eruptions can be very different from one another, depending on the
chemical composition of the magma and the conditions it encounters during the ascent to the
surface. The fundamental subdivision is between effusive and explosive eruptions even if there
is an almost continuous gradation between one and the other.In the effusive ones, the magma is
emitted to the surface in the form of lava and gives rise to flows that descend along the sides of
the volcano like a river. In explosives, magma comes to the surface with the over-pressurized
gas, it is fragmented into particles of various sizes that are thrown outside with violence and cool
to form pumice, scoriae and ash, called pyroclasts.Some volcanoes have mainly explosive
activity, others mainly effusive, but they can also alternate, during their eruptive history, the
different phenomena. The same eruption can have explosive phases and effusive phases.Types
of eruptions classified according to violenceMany eruptions take their name from the volcanoes
on which they are typical. Hawaiian eruptions, frequent on the volcanoes of the Hawaiian
Islands, are little or no explosive and form river of fluid lava. The explosive episodes of these
eruptions consist of copious jets of incandescent material that reach heights of a few hundred
meters, known as lava fountains.Strombolian eruptions take their name from the Stromboli
volcano in the Aeolian Islands in Italy and consist of a succession of moderate explosions,
separated by time intervals. During the explosions the shreds of incandescent magma are
thrown into the air and fall in the vicinity of the crater. In the most intense phases, material
launches can reach heights of a few kilometers.The so-called Vulcan eruptions refer to the one
that occurred in Vulcano, in the Aeolian Islands, in 1888-90 and are characterized by explosions
that mainly produce ash, expelled along with pieces of the conduit and large shreds of viscous
lava that fall to the ground in part still warm (bombs).Diagram of a Plinian eruptive columnPlinian
eruptions are characterized by the formation of eruptive columns tens of kilometers high,
composed of ash, pumice and gas. The term Plinian derives from Pliny the Younger who first



described an eruption of this type, that of Vesuvius which, in 79 AD, destroyed Pompeii and
Herculaneum and because of which his uncle, Pliny the Elder, died.During a Plinian eruption, it
may occur that the eruption column, which has become too dense with material to continue to
rise upwards, falls along the sides of the volcano forming extremely dangerous flows due to their
speed and temperature.Formation of Pyroclastic Flows at Mt St Helens (USA) (Photograph
USGS)The flows that form during explosive eruptions are composed of solid pyroclasts and
gases. If the amounts of solids are very abundant and the flow is almost as thick as an
avalanche, it is called Pyroclastic Flow. When the solid particles are few and dispersed in an
abundant gas phase, it is called Surge. According to a more recent definition both phenomena
are considered the extreme terms of a phenomenon that can have a variable gradation of gas-
pyroclast abundance. These phenomena have been defined with a generic term Pyroclastic
Density Currents.There are eruptions called ultra-Plinian, during which very high eruptive
columns or large pyroclastic flows develop. They are distinguished from the Plinian by the large
quantity of erupted products and by the size of the area on which they are dispersed.If the
magma approaches areas with underground water (aquifers) or superficial (sea or lake) and the
heated water forms jets of steam on the surface, the eruptions are called phreatic. A phreatic
explosion can form a column of steam several kilometers high and throw boulders weighing a
few tons at distances of hundreds of meters.If the magma comes into contact with the aquifer
and, together with the steam, pieces of magma are erupted, the eruptions are called phreato-
magmatic. Among the phreato-magmatic can also include the Vulcanian or similar ones, such as
the Surtseian (from the island of Surtsey, formed in the sea in 1963) which consist of a series of
explosions during which water vapor is expelled, along with pieces of rock deriving from the
fragmented volcanic apparatus, and magma, both in the form of ash and large bombs.An
explosion on the island of Vulcano occurred on 20 August 1888 during the eruption of 1888-90
(Italy) (photo Silvestri)LAVAThe magma, depleted of gas, that reaches the surface takes the
name of lava when it is emitted during effusive eruptions and forms the river that flow along the
sides of the volcano.The term originates from the Neapolitan dialect, which, with "lava",
indicates the torrents of water mixed with mud that descended from the hills around the city of
Naples after violent downpours. Tumultuous torrents swollen with ashes and other volcanic
material are described in the chronicles of the historical eruptions of Vesuvius and have
sometimes been interpreted as eruptive events.A Neapolitan neighborhood, frequently subject
to these phenomena, was called "il Lavinaio". With the effusive eruption of Vesuvius in 1737, the
term "lava of fire" was used by the scholar Francesco Serao to describe the actual lava
flows.One of the bread crust bombs erupted during Vulcano's 1888-90 eruption (Italy) ( Mercalli,
1907)The chemical composition of the lava is that of the original magma depleted by the gases
that are released into the air before and during the eruption. On the basis of the content of the
most abundant element, silica, magmas and the products derived from it are called acids if they
contain an amount of silica more than 52% by weight, and basic if they contain less.Front of a
2002 Etna lava flow (Italy)Many of the lavas present on the earth's surface derive from basic



magmas and are called basalts. Acid-type lavas are less widespread, as magmas with a high
silica content are more likely to cause explosive eruptions.One of the most important physical
characteristics of a lava is its viscosity. Viscosity is defined as the resistance of a fluid to flow and
depends in particular on the chemical composition and temperature of the fluid. A very hot lava
is less viscous and flows faster than one with a lower temperature.A very viscous lava flows
slowly and tends to accumulate in very thick lava, but it can even get out of the crater with
difficulty and form masses almost devoid of movement, called domes. At the same temperature,
the lavas deriving from basic magmas are generally more fluid than those deriving from acid
magma.With the distance from the eruptive center the temperature decreases and in each type
of lava the viscosity increases. The flow rate of the lavas is generally a few kilometers per hour
and decreases further in the areas farthest from the eruptive vent. Because of their low speed,
lava flows are rarely a danger to human lives.A lava dome on the island of Nea Kameni within
the Santorini caldera (Greece)THE PRODUCTS OF EXPLOSIVE ERUPTIONS: THE
PIROCLASTSAll volcanic products emitted during explosive eruptions are called pyroclasts.The
magma contains in solution a quantity of gas that depends on its chemical composition and on
the conditions of temperature and pressure at which it is found. As the magma rises towards the
earth's surface, the external pressure decreases and the quantity of gas that can be maintained
in solution decreases accordingly. When the external pressure reaches a critical value, called
saturation pressure, the gas begins to escape from the magma (exsolution process) and to form
bubbles.If the magma continues to rise, the external pressure becomes lower and the amount of
gas that can separate from the liquid increases. The bubbles expand and, being lighter, rise
through the liquid; at the same time, they increase its volume and ascent rate. Expanding, the
bubbles unite, but only up to a certain size, after which the pressure inside them can continue to
grow, both because of the heat of the magma, and because, upwards, they are in conditions of
external pressure always lower. When the internal pressure is higher than the strength of the
magma, the bubble explodes.The explosion of the bubbles takes place mostly within the
volcanic conduit, before the magma reaches the surface. Other bubbles burst at the exit of the
eruptive vent, when the external pressure is that of the air.The explosion of the bubbles
fragments the magma into pieces of various sizes, the pyroclasts, which are thrown up high. The
bubbles that do not have sufficient internal pressure to explode remain trapped in the shreds of
magma called pumices or scoriae.The higher the number of exploding bubbles, the smaller the
fragment size; in contact with the air, they undergo a rapid cooling which produces a vitreous
structure. The unexploded bubbles inside the fragments give the pyroclasts the porous and
vesicular appearance, typical of pumice and scoriae.Scheme of rising magma and gas
extraction with bubble formationExplosive eruptions generally occur from magmas with high
silica contents that are capable of retaining abundant gas inside them close to the surface, or
magmas (even basic ones) that come into contact with external water.Slightly rounded pumice,
typical of a fall deposit from an eruption columnThe pyroclasts take different names according to
their nature and their size: juvenile clasts, that is, deriving from the magma that produces the



eruption, can be glassy fragments such as pumice (vesiculated and light) or scoriae (with
greater density). Accidental materials from the conduit wall, are called lytics.The pyroclasts with
dimensions greater than 64 mm are called bombs, if they solidify during the trajectory in the air
or as soon as they reach the ground, or blocks, if they are emitted in the solid state. With
measurements between 2 and 64 mm, they are called lapilli and, with smaller sizes,
ash.Explosion at the Colima volcano, in Mexico (Photo Stefania Bartolini)THE
CALDERASAmong the Italian volcanoes, those that potentially pose the greatest risk do not
have the classic, cone-shaped form, with a summit crater, but are extensive depressions,
sometimes filled with lakes.The volcanic areas of this type, more or less round in shape and
lowered compared to the surrounding area, are called calderas in volcanology. The calderas are
formed after violent eruptions, during which large volumes of magma are rapidly emitted, which
cause collapses of the overhanging rocks, at depths of several kilometers. The collapse may
spread to the surface.The bottom of a caldera can have further collapses moving along the
fractures that delimit it and which become the magma's ascent path for subsequent eruptions.
New accumulations of magma at depth, and gases that are released from it, can swell the
bottom of the cauldron without giving rise to eruptions, causing ground movements which, in
Italy, are called bradyseism from the Greek “Slow Movement”.The term "caldera" derives from
the Spanish language and was used by the inhabitants of the Canaries to identify natural
depressions of a circular shape. According to the Portuguese, the term derives from the
nomenclature used to describe the volcanic forms of the Azores.Caldera of Sete Cidades on the
island of San Miguel in the AzoresThe concept was first addressed by two Neapolitan
volcanologists, in spite of foreign names, Scipione Breislak and Antonio Winspeare, observing
the shape of Vesuvius at the end of the 1794 eruption: on the morning of the 18th there was a
short period of time, in which the ashes decreased somewhat, and the air became clear,
Vesuvius presented itself lowered from its primitive height, and the upper part of the cone
collapsed. ... The doubt could be moved, if the fallen portions of the mountain have fallen into it,
or if raised by the force of the explosions have been thrown out of the cone. However, since there
are no newly formed hills in his vicinity, or the appearance of the mountain's back is altered, the
first opinion seems more likely. (...) It seems that the immense emptiness formed in the
mountain, after having produced two vast torrents of lava, has inflamed the vault so much that
the end of the inverted cone, that is, of the crater, rested on it, collapsed. (Breislak and
Winspeare, 1794).The Cone of Vesuvius truncated after the 1794 eruption from a gouache of
the periodThe same concept, with the same arguments, was reiterated by the French
volcanologist Fouquet in the analysis of the Santorini caldera and then by the Dutch Verbeek,
interpreting the dismemberment of the Krakatau volcano after the 1883 eruption.The Santorini
caldera formed as a result of the eruption that occurred in the Minoan age (Greece)The term
caldera was adopted for the first time as a geological term more than a century ago and only
later and after many arguments was accepted the hypothesis, fist proposed by the Neapolitan
scholars, namely that the caldera formed due to a collapse of the volcano after a massive



eruption.On the wall of the Krakatau caldera in Indonesia, formed during the eruption of 1883,
stand the vertical ducts of magmatic feeders, called dykes (Indonesia)The eruptions that cause
the formation of caldera can emit volumes of magma ranging from tens to thousands of cubic
kilometers and the diameter of the depression can even reach 50 km.Some of the Italian
calderas are found along the Tyrrhenian margin of central-southern Italy; among these, there are
the calderas of Bolsena and Latera, the lake of Vico, the Colli Albani and the Campi Flegrei.The
caldera of the Alban Hills. On the left we see the craters of Albano and Nemi (Italy)Each of these
structures is the result of one or more explosive eruptions that have emitted, in the last million
years, volumes of magma ranging from tens to hundreds of cubic kilometers.VOLCANIC
RISKThe term "volcanic risk" indicates the effects of a possible volcanic activity and its impact
on the environment. The risk is formally defined as the product:Risk = (Value) x (Vulnerability) x
(Hazard)where the Value indicates the number of human lives at risk or the value of property at
risk; Vulnerability is the percentage value of human lives (or assets) at risk as a result of a given
event, and the Hazard is the probability that an area is subject to a specific volcanic event.This
definition seeks to assess the potential effects of an eruption on the environment as a whole. As
is evident from the relation, not necessarily an area with a high probability of eruption implies an
equally high risk since, if the value is low, the risk will also be low (for example Mount Erebus, in
Antarctica, although it is continuously in activity does not cause damage).The realization of the
Risk Maps serves to plan the development of the volcanic areas and to identify the areas where
corrective measures or particular attention are needed.   
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